
MICROPROCESSOR-BASED AGRICULTURAL

DIGGER CONTROL

Thesis subm itted in accordance with the  requirem ents 

of the University of Liverpool for the degree of 

Doctor in Philosophy

by

Edwin Richard Inigo Deane

August 1984



2

SUMMARY

This thesis describes the design, construction , and evaluation 

of a closed loop microprocessor based control system for a 

trac to r mounted type PA6 agricu ltu ral d igger as m anufactured by 

F.W. McConnel, L td ., Ludlow. A fter a description and analysis 

of the principal operations for which the d igger is used a set of 

functional objectives is defined. As agricu ltu ral d iggers are

used interm ittently and mainly for annual maintenance it was 

decided to develop a system to reduce the  level of skill to be 

maintained or acquired to use the  machine efficiently and 

effectively.

To reduce the degree of coordination requ ired  of the  opera to r 

the microprocessor system was designed to make s tra ig h t cu ts  at 

any specified pitch by the deflection of a single control lever. 

To facilitate repetitive difficult cu ts  a learn  and repeat facility 

was included to repeat a learned path  from any given s ta rtin g  

point.

To minimise the cost of the system single stage proportional 

electrohydraulic valves were used and were evaluated in a simple 

proportional controller built to operate  in a fashion similar to the 

conventional mechanical control system . Having dem onstrated 

that satisfactory manual control may be achieved using  these  

valves the microprocessor system was b u ilt, based on an Intel 

8085 with an AMD 9511 Arithmetic Processor Unit.

For closed loop control mechanically robust and water



res is tan t tran sd u ce rs  were designed to mount on the machine 

pivots and measure arm positions. The valves were in terfaced  to 

the computer by an eight bit pulse width modulator circu it and 

an eight b it multiplexed analogue to digital converter was used 

to input tran sd u ce r signals and control inpu ts from the portable 

control un it. The computer is based on an Intel SDK-85 

development k it and power for the system is derived from the 

trac to r b a tte ry .

The system software was w ritten in assembly language for 

speed of execution and stored in EPROM. The program reads 

the control inpu ts and machine o u tp u ts , in v erts  the machine 

geometry to calculate the required  output positions and assigns 

the valve settings according to the positional e rro rs . The 

sampling and execution frequency of th e  control software is 

30 Hz.

Evaluation tria ls were carried  out with both skilled and novice 

u se rs . The principal resu lts  were th a t the system assisted  with 

levelling and trench  cu tting , bu t overall did not provide any 

significant consistent increases in work ra te  for e ither group of 

u se rs . Finally, fu r th e r  areas for research  are d iscussed , with 

reference to both d iggers and electrohydraulic hedge c u tte rs .
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1.1 M icroprocessors in A griculture

Over the past few years m icroprocessors have been used in 

an increasing number of applications in ag ricu ltu re  to help make 

optimal use of the resources of energy , m aterials, money, and 

manpower. The firs t area in which they  were applied is th a t of 

record  keeping; subsequently  they have been used in modelling, 

instrum entation, and the control of farm equipment and field 

m achinery. The subject of th is work is the application of

m icroprocessors to the control of a trac to r  mounted hydraulic 

d igger. It is usefu l, however, to s ta r t  by p u ttin g  the work in 

context and examining how the potential of microcomputers has 

so fa r been exploited by the agricu ltu ral in d u s try , and what the 

fu tu re  developments are  likely to be.

1.2 Record Keeping

In 1982 it was estimated tha t about four hundred

microcomputers were being used in farm offices is the UK for

accounting, handling payrolls, livestock ration formulation and

performance monitoring1. This num ber will have greatly

increased with decreasing system cost and availability. One

particu lar area for which a num ber of system s have been

developed is tha t of dairy herd  monitoring. In d iscussing  th is
2

application Speicher sta tes

"The ultimate goal is  for the computerised data  acquisition 

system to be fully informed on the  p roduction , n u tritio n , 

reproduction, health , and economic s ta tu s  of all animals at 

all times and to notify the manager of any appropria te  

action to be tak en ."
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In some installations this goal is effectively a tta ined , and in

addition the monitoring system is used in conjunction with

automatic feeding m achinery. The data acquisition is automated

by the use of cow iden tifiers, e ither implanted or worn around

the n e ck , which allow detectors at the  milking parlou r and
3

feeding points to recognise individual animals .

The US Department of A griculture (USDA) is developing a

minicomputer system for maintaining record  of feed consumption,

milk production, tem perature, and condition on individual animals

to improve the performance of the livestock p roducer^ . The

computer system facilitates the management of la rg e r h e rd s and

enables changes in performance and health  problems to be more

easily detected by giving data on both the herd  and individual

animals. It will be a short time before such system s are

implemented on microcomputers and come into more w idespread

use . In a scheme run  in Scotland a num ber of farms use

microcomputers to monitor health and , by linking individual

micros to a mainframe, large scale sta tistica l studies may bç

carried  out for disease control and stud ies on optimum herd
5

management stra teg ies .

Another area where microcomputers are  used for record  

keeping is th a t of plant b reed ing  where conventionally card  

index systems are used . The USDA have produced a program  to 

be run  on a desk microcomputer for use by plant b reed ers  and
g

horticu ltu ra lists for maintaining reco rds on p lant pedigrees . 

The program sto res , searches, l is ts , co rrec ts , appends, and 

duplicates p lant pedigree records using  magnetic tape  for 

backing sto re .
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1.3 Modelling

A number of program s have been developed for modelling and

evaluation of the efficacy of d ifferent farming s tra teg ies . With

for example arable farm ing, given data  on the cropping h istory

of the fields involved, soil analysis, and fertilise r in p u t, the

gross profit margin and cash flow for d ifferent crops may be

calculated. The Ministry of A gricu ltu re, in conjunction with

the National In stitu te  for A gricultural Engineering have

developed a program for glass house crops and field vegetables

where soil analysis data is  used to provide information on the

fertilise r requirem ents of each crop . Work has also been done

on the optimisation of grassland usage. A num ber of detailed

modelling program s have been w ritten to ru n  on mainframes, not
7

directly  accessible to the  farm er . With the  low cost and 

versatility  of desk top machines such program s should become 

increasingly available for use on microcomputers.

1.4 Instrum entation

Certain diseases affecting fru it and vegetables may be 

accurately  p red ic ted , and preventive  action tak en , by  close 

monitoring of such environm ental factors as tem perature and

hum idity. Microcomputer system s may be used to continuously 

monitor these variables and a lert the grower when dangerous

conditions arise . One such system is being developed for the 

prediction of apple scab fungus which affects o rchards; the

processor monitors tem perature, leaf w etness, and relative
o

humidity in the  o rch a rd , checking for dangerous conditions' . 

The system gives on the  spot warning as well as keeping record  

of the  variables monitored for la te r reference.
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Another system for pred icting  potato blight (the fungus

Phytophthora in festans) is  now commercially available and collects

data every ten minutes on tem perature , relative hum idity, and 
g

rainfall . When "blight weather" is detected a display indicates 

that preventive sp ray ing  is requ ired .

An ingenious system has been made for the weighing of

poultry  whereby a perch  is fitted  with a load cell and linked to

a microcomputer1®. The mean flock weight is  thus monitored as

random birds alight on the  p erch . This saves time otherw ise 

spent weighing manually, enables fu tu re  weight prediction to be 

made, allows feed conversion measurement, avoids s tre ss  to the 

b ird s , and facilitates diet control to maximise the num ber of 

fertile  eggs for b reed ing  flocks.

An automatic system for weighing the d ifferent defect

categories of fru its  and vegetables has been made to facilitate

grading  operations11. The micro controls the  weighing of the

contents of each compartment of a mechanical grading table and

records the data for the batch on a grade certificate .

Microcomputer technology is  also used for m easuring grain  
12moisture , which must be carefully monitored when d ry ing  and

sto ring  grain , and the  quan tity  of grain harvested  on a combine 
13h arv este r . On the  combine h a rv e s te r  it is grain  volume tha t 

is measured and the  system must be f irs t calibrated with the  

appropriate  mass/volume se ttin g . Acreage h a rv ested , average 

yield, work ra te , ground speed , and runn ing  yield are  also 

measured and displayed.
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1.5 Control of Machinery and Equipment

A major growth area in computerised farming equipment is 

tha t of automated animal feeding system s. As early as 1976 a 

microprocessor based system was developed for cattle recognition
3

and feeding as well as for recording milk production . It is also

possible to mix rations automatically to suit individual animals.
14A pig feeding system described by Fuller weighs and mixes

skim milk and meal and pumps a controlled amount to each pen .

Feed can be programmed to be given several times a day using

up to four solid and two liquid feed ing red ien ts. In principle

each animal may be identified , weighed at the feeding poin t,

have high and low density  feeds mixed, and be fed in relation to

cost and appetite . The ventilation and heating may also be kept

under computer control and an adaptive model used to increase
15feeding when tem perature drops .

In the N etherlands micros are  used extensively for

greenhouse climate control and sophisticated adaptive control
16schemes are employed using  on-line identification . Potato

sorting  has been automated using a microcomputer and a TV
17camera to sort the potatoes according to size . Systems also

exist for the control and monitoring of the  dry ing  and storage
18conditions of grain .

In the area of field machinery the use of m icroprocessor for 

control and monitoring functions is now well established . On 

combine h a rv este rs  the grain loss varies with the  harvesting  

speed. As the machine is driven fa s te r  the  grain loss increases, 

however to reduce the  loss almost to nil the speed is
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prohibitively low so a compromise must be found. On a 

commercially available system produced by RDS Farm Electronics 

Ltd. an acceptable level of grain loss is selected and the grain 

loss monitor is  used to control the forward speed of the machine, 

using another sensor at the front to give advance information 

about cropping levels*^.

When spraying crops the amount of chemical applied per unit 

area must be very  closely controlled; if  too little  is applied the 

spraying  may be ineffective and the cost of the chemicals 

w asted, if  too much is applied the crop may be damaged. On 

the sp ray er produced by RDS the operator keys in data on the 

num ber of nozzles in u se , ta rge t speed , flow ra te , p ressu re  

limits, e tc . and by m easuring forward speed and nozzle p ressu re  

the flow is closely controlled. The system compensates for the  

square law relation between speed and p re ssu re . The unit 

displays speed, application ra te , p re s su re , a rea , tr ip  area as 

well as the preprogramm ed ta rge t values. Also, commercially 

available from E vrard , is a microcomputer based spray  system 

using sonic sensors to measure boom height and keep it constant 

by controlling the trac to r hydraulics .

A trac to r safety  system has been developed using  a

m icroprocessor to sense p . t .o .  engagem ent, th ro ttle  se ttin g ,

b rak es , hydrau lics, opera to r's  seat and b rak e . If, for example

the d riv er leaves his seat with the  p . t .o .  engaged it will

automatically be stopped. The equipment may also be connected
21up to equipment such as h a rv este rs  drawn by the  trac to r .
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These examples show that the use of m icroprocessors is well 

established in the agricultural in d u stry  and that there  is a

growing number of applications both in the farm office and in 

the h a rsh e r environment of equipment and field m achinery. In 

view of the  rapid  growth in the  use of these devices in 

ag ricu ltu re  generally , and th e ir low cost and flexibility , it was 

decided to investigate  th e ir applicability to trac to r mounted 

d iggers.

Considerable skill is requ ired  to operate these machines 

efficiently and effectively and a computer assisted  control system 

p resen ts  the  possibility of facilitating th e ir u se . The availability 

of proportional solenoid valves makes it possible to in terface a

computer to the machine without the  high cost of two stage servo

valves. The scope of th is work is the  development and

evaluation, both functional and economic, of a computer based 

control system for a trac to r mounted hydraulic d igger. To the 

knowledge of the au thor there  is  not any o ther computer assisted  

d igger in operation.
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2.1 Description of Conventional Machine

The machine used in th is study was a "Power Arm 6" trac to r 

mounted digger m anufactured by F.W. McConnel L td ., Ludlow. 

A side view of the machine is shown in Fig. 2-1; the main 

features are two arms and a bucket pivoted as shown and the 

machine may also slew about a vertical axis. The movement

about each of the pivots is effected by double-acting hydraulic 

ram s, shown shaded; for slewing there  are two rams, one on 

each side of the machine.

‘Xm&or cafa Cwtrcf [every

Fig. 2 - 1 : Side View of Me chine 

Dimensions and masses of the arms and the bucket are as

follows:

Main Arm: Pivot to pivot length  2.28 m

Mass 68 kg

Dipper Arm: Pivot to pivot length  1.57 m

Mass 53 kg

B ucket: Pivot to blade length  0.4 m

60 kgMass
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The opera to r's  seat is situated on the slewing column on the 

machine and he operates the proportional valves by levers on the 

valve block. The layout of the control joysticks is shown in 

Fig. 2-2: the Lift or Main Arm moves Up and Down, the Reach 

or Dipper Arm moves In and Out. The Open and Close 

functions operate the Bucket, and Right and Left the Slew. 

A lternatively he may sit in the trac to r cab with mechanical cables 

linking the control levers to the valve block. The d igger is 

prim arily intended for use as a farm maintenance tool and is 

attached to the th ree  point linkage of an agricu ltu ral tra c to r  and 

powered by the  trac to r engine.

%n Clex

Fi g . 2-2 : Layout of Joystick Control Functions

Three links attach  the digger to the trac to r: two d raugh t 

links and an adjustable top link. Associated with each d raugh t 

link is an additional 'In stan t Weight T ransfe r ' (IWT) ram which, 

when activated by the operator, ex erts  a lifting  force against 

the trac to r via the d raugh t links and p resses  the feet of the 

machine onto the ground and increasing the machine's rig id ity . 

The slewing axis may be set vertically by adjusting  the top link



and the feet at the side of the machine; on la te r models the top 

link is hydraulically adjustable as is the sideways tilt.

20

The power for the machine is derived from the trac to r Power 

Take Off (PTO) shaft, which th rough  a gearbox d rives a

Syoot
vaivts

Fig. 2-3: Hydraulic Circuit
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constant displacement pump. The basic hydraulic circu it is
99shown in Fig. 2-3 . The PTO shaft is set to ro ta te  at 

approximately 540 rev/m in which gives a pump flow rate  of 0.25 

1/s (4 g .p .m .) .  The safety valve connects the pump output 

back to the tank and opens in the event of a blockage in the 

output line. The relief valve is set to 1.7 x 10  ̂ Pa (2500 

p . s . i . )  and limits the supply p ressu re  to the system . When 

none of the services (Slew, Lift, Reach, or Bucket) is selected, 

the spool valves are in the position shown and the ou tpu t from 

the pump is fed stra igh t back to the tank .

When any of the services is selected the tank re tu rn  line is 

closed and oil passes through the check valve to one po rt of the 

corresponding ram. The o ther port of the ram is sim ultaneously 

connected to the tank via a one-way re s tric to r which re s tr ic ts  oil 

flow from the ram to prevent cavitation. The check valves 

between the pump and the spool valve prevent any back flow 

from the ram if the supply p ressu re  should be reduced because 

of high demand from more than one service or if a high load is 

applied. The IWT is not shown in th is diagram.

In normal operation the supply p ressu re  is lower than  the 

relief valve p ressu re  and there  is hydraulic in teraction between 

the services. As more than one service is selected the supply 

flow will divide depending on the valve opening, re s tr ic to rs  and 

load forces on the rams.
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2.2 Machine Usage

The digger is a versatile  machine and for different operations 

a range of buckets and implements may be fitted in place of the 

bucket shown above. These include auto-eject trench ing  

buckets, wide and narrow digging and ditch cleaning b uckets , a 

g rab , and pick tine . Also the machine configuration ( i .e . pivot 

positions) may be changed to suit the  task  in hand.

77777 T/Tr n fTT
t. ttM ifng

The principal operations for which the digger is used are 

digging, ditching, trench ing , levelling, and loading (see Fig.

2-4). However considerable practice is requ ired  to do work 

accurately and rapidly . There are  five main aspects to the  skill 

developed by an operator over a period of time:
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1. Relating the control joystick axes

to the corresponding rams.

2. Combining ram movements and valve

settings to give the desired bucket 

blade movement given the mechanical 

and hydraulic interaction between the 

serv ices.

3. Judging the inclination of planes to be

cut.

4. Positioning the arms and bucket to

b ring  maximum cu tting  force to bear 

against an obstruction .

5. Judging the behaviour of the material

being handled

When an operator has acquired a "feel" for the machine and 

the ta sk , these five aspects of the skill are  developed and there  

is no need for him to stop and think to operate the machine once 

the task is defined. Whereas for an inexperienced operator 

considerable mental effort is req u ired , and pauses and e rro rs  

are  made. The main users of the machines tend to be farm ers 

who do not run  the machines all the year round bu t only 

in term itten tly  for maintenance task s. Therefore they do not 

develop and maintain the level of proficiency of, for example, a 

full time operator employed on a la rger machine. Let us now 

look in more detail at the tasks for which the machine is used .

For digging it is  often required  to cut holes with flat bottoms 

or sides and in rough, uneven ground it is not always easy to
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judge vertical and horizontal planes by eye. Having filled the 

bucket in making a cu t, care must be taken not to allow material 

to tip from the bucket by closing or opening it too far in moving 

it to the point where the spoil is to be dumped.

In ditching there  are  two cases to be considered: the cu tting  

of new ditches and the cleaning out of existing ones. For new 

ditches it is desirable to keep the sides stra igh t and smooth and 

to maintain a constant profile along the length of the  d itch , 

moving the trac to r along from one cut to the nex t. For clearing 

existing  ditches the process is more one of piecemeal atten tion  to 

local obstructions.

Trenching involves the cutting of a channel in line with the 

direction of travel of the trac to r and at a constant p itch . This 

tends to be a very  repetitive process and care must be taken to 

maintain a constant slope on the trench  bottom.

The levelling of ground is effected in two stages: firstly  

using the bucket blade to shift peaks of ground into tro u g h s, 

then a smoothing process using the bottom of the bucket to 

flatten the ground. For the inexperienced operator th e re  are 

two main difficulties: the very  precise combined control of the  

valves to obtain linear bucket movement and the judging of the 

location of the level plane to be achieved.

When loading the operator is often picking up material from 

level ground and the need then arises to move the blade in the 

plane of the floor. Having filled the bucket, it is necessary  to
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adjust the bucket angle as the machine moves so that material 

does not spill out through its being too far open or closed.

2.3 Potential Functions, Advantages & Limitations of Computer

Control

The first question which must be asked is w hether the 

operator could be replaced by a computer controlled system . 

T here are strong  technical, economic, and social argum ents 

against try ing  to do so. The control system would have to have 

a visual sensing system and very  sophisticated intelligent 

software to in te rp re t and execute in structions for anything o ther 

than a repetitive task without obstructions or irregu laritie s to 

accommodate. In addition an in terface to the trac to r would be 

required  adding to the cost and in troducing considerable safety 

problems. It is socially undesirable to increase unemployment, 

particu larly  if there  are no economic benefits in automation.

Potential gains in learning time, accuracy, and speed of 

completion many tasks may be made if  the process of combining 

control functions in order to effect linear movements of the 

bucket blade is automated. In addition similar gains may be 

made in automatic compensation for the hydraulic and mechanical 

coupling of the arms tending to deflect the blade of the bucket 

from the intended path . So ra th e r than  have control lever axis 

correspond to particu lar ram speeds they correspond to 

particu lar directions of bucket blade trave l. For cu tting  the 

sides of d itches, sloping ground, and the bottoms of tren ch es a 

calibrated control of the inclination or p itch of bucket blade 

movement is desirable. The blade may then be set to cut at any 

desired angle relative to the machine.
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For repetitive ta sk s , e .g . trench ing , an automated digging 

cycle would allow the operator to concentrate on driv ing the 

trac to r once the cu tting  cycle had been "taught" to the machine 

manually. The mechanical constrain ts of the machine are 

unaffected by the control system , for example the maximum

cutting  force i .e .  the load which will stall the machine. In

automated digging cycles the machine is unable to correct

automatically for the problem of earth  falling back into the cut 

d itch , or to respond to the particu lar form of obstructions 

encountered.

2.4 Objectives and Functional Specification

With the availability of cheap m icroprocessors and

electrohydraulic valves the general objective of the study  was 

defined to develop and evaluate a m icroprocessor-based d igger 

controller to assist the operator with many of the difficulties 

mentioned above.

From the discussion of machine usage the main areas which 

emerge where computer assisted  control may be of value are:

1. Simultaneously controlling ram speeds to

produce linear bucket movement.

2. Accurately gauging the pitch of sloping

cu ts .

3. Automatic repetition of taugh t cu tting

profiles.

A general advantage of electronic controls is  that they  enable
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the operator to work the machine remotely as the control panel 

need only be connected to the machine by an electric cable. 

Thus an electronic unit is easier to install in the cab than 

conventional cable controls and may be used off the machine for 

b e tte r  visibility and comfort provided appropriate safety 

precautions are taken. Control lever loads may also be

considerably reduced from those requ ired  on a cable operated 

system or a system with levers mounted on the valve block, 

making the machine easier to operate.

The objectives then are:

1. To develop and evaluate a control system 

to provide these functions using the lowest 

level of technology suitable for the task  to 

minimise cost.

2. To evaluate the functional benefits to 

experienced and inexperienced operators 

in term s of learning time reduction

and work th roughpu t.

3. To determine the economic viability of the 

system as a product.

The specification for the system is to achieve linear bucket 

blade movement by using the computer to create lift and reach 

functions which move the bucket blade in nominally horizontal 

and vertical, H and V, directions. The conventional machine 

gives to operator control of a ,  p , and y (see Fig. 2 -5 (a)) 

whereas the computer system gives control of x , y , and 0. The
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slew control is the same on both system s. The bucket angle is 

kept constant relative to these axes as the blade moves. To cut 

slopes at defined pitches one may rotate the axes in Fig. 2-5(b) 

through a pitch angle variable from +45° to -45° using  a 

calibrated dial on the control panel.

Fig. 2-5: (a) Conventional and (b) Computer Control
Coordinates

For the automation of repetitive tasks it was decided to 

implement a learn and repeat facility operating in such a way 

that in Learn Mode the movements of the  bucket blade from its  

initial position are recorded. When one of the repeat modes, 

Repeat Fast or Repeat Slow, is selected the stored path  is 

executed from the new s ta rtin g  point (see Fig. 2-6).

Fig. 2-6: Learn and Repeat Operations
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2.5 Design C onstraints

From a commercial viewpoint, m anufacturing and components 

costs are major factors in considering the viability of a p roduct. 

In o rder that the cost of any commercially produced electronic 

control system be minimised it is important that mechanical 

changes to the machine be kept as few and as minor as possible: 

the control system should be an optional fitting  to an otherwise 

standard  machine. It was decided to design the system keeping 

the  cost of components to a minimum with the limits of the 

functional specification and the o ther design constrain ts with the 

overall view of having a working system which, with very  little 

development or experimental work, could be pu t into production. 

Where possible in the design, standard , readily available p a rts  

should be used to minimise cost and availability problems in 

m anufacture.

Typical agricultural working environm ents for electronic 

equipment are extremely harsh , and that of field machinery is 

the most demanding. As the system operates outside, protection 

must be given against water and damp to all p a rts  of the system 

not mounted in the trac to r cab. The en tire  machine is subject 

to continuous vibration from the trac to r engine and the pump 

while the machine is  in operation and there  are additional shocks 

to the machine from the bucket when digging which must not 

affect the system operation.

All tran sd u cers  must be w eatherproof, dam p-proof, 

unaffected by the vibration, protected from damage if  they  are
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immersed as happens when cleaning d itches, and must be 

sufficiently mechanically robust to w ithstand contact with earth , 

stones, b ranches, and any o ther material encountered as the 

digger is used. The machine must be able to w ithstand wide 

range of operating tem perature as the d iggers may be used in all 

climates. The system must function in the range -10°C to

+35°C. The sealing and corrosion-proofing of the controller and 

transducers must be such that when the machine is stored  for 

long periods no deterioration or corrosion occurs: it must work 

firs t time when switched on.

The power for the system is derived from the 12 V trac to r 

supply and must be immune to d rift in the supply voltage of ±2 

V according to the sta te  of the b a tte ry . Spikes on the supply 

line from inductive loads must be filtered out and' the system 

protected against the "load dump" phenomenon when the b a tte ry  

is accidentally disconnected from the a lternato r and a high 

cu rren t surge is applied to the 12 V line. The circuit must be 

able to w ithstand indefinite reverse  polarity connection of the 

supply , have minimum cu rren t consumption, and be free from 

in terference and electromagnetic noise.

The diggers are frequently  attached to and detached from the 

trac to r and the control system must be built to w ithstand rough 

handling and have reliable connectors. The control system must 

also be easy to service so tha t faults can easily be found and 

the  construction such that system modules can be replaced when 

faulty by the operator. This necessitates some self-diagnostics 

to assist in detecting the faulty  module. An im portant
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ergonomic consideration is that the layout of the controls must 

be such as not to create difficulties for an operator already 

familiar with the conventional mechanical control system . This is 

achieved by having the x , y , bucket, and slew axes on the 

joysticks correspond to the reach , lif t, bucket, and slew axes of 

the conventional machine.

As the system is experimental, the facility must be provided 

for a ltering the control software as well as having the facility 

for a ltering control param eters in the field without having to 

reprogram  EPROM's for example. A production machine must be 

able to accommodate changes in the machine geometry arising  

from the use of different pivot positions, digging implements and 

rams. Also it should not be difficult to modify the system to 

accommodate fu tu re  design changes in the mechanics of the 

digger.

As well as providing proportional control of the bucket blade 

cu tting  speed, the maximum speed available should correspond to 

zero relief valve oil flow so that machine power is not w asted. 

The dynamic characteristics of the machine should not be 

critically dependent upon the PTO speed which may not be well 

regulated by the trac to r.

2.6 Method of Approach

As a first stage in the development of the m icroprocessor 

system it was decided to firs t construct a simple electric 

proportional control circuit functionally similar to the 

conventional mechanical control system . The construction of an 

electronic control unit for the machine involves the selection of
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appropriate valves and a hydraulic circuit which can then be 

used as the basis of the microprocessor system in terface. It was 

also considered to be of potential value by F.W. McConnel, Ltd. 

as such a system has advantages of reduced lever loads, ease of 

installation, and electronic simplicity. This prelim inary system is 

the subject of the next chapter.
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CHAPTER THREE

DEVELOPMENT OF MANUAL PROPORTIONAL CONTROLLER

3.1 Introduction

3.2 Selection of Electrohydraulic Valves

3.3 Hydraulic Circuit

3.4 Control Circuit

3.5 Performance Evaluation

3.6 Discussion



34

3.1 Introduction

The function of the manual or open loop contro ller is 

essentially to simulate conventional mechanical cable controls for 

the d igger, but using electrohydraulic valves, giving a valve 

spool deflection and hence speed of arm movement vary ing  with 

control joystick deflection. This forms a valuable basis for the 

m icroprocessor system as, having selected appropriate  valves and 

developed a satisfactory hydraulic circuit for manual contro l, the 

valves may then be in terfaced to the m icroprocessor in 

conjunction with appropriate feedback tran sd u ce rs  to obtain the  

desired control functions described in C hapter Two.

3.2 Selection of Electrohydraulic Valves

There have recently been a number of developments in low

cost electrohydraulic valves, particu larly  for use in computer

based control system s. The standard  valve to use for

proportional flow control from a computer is a two stage

electrohydraulic valve using a digital to analogue converter to

drive the valve control inpu t. The main spool position is

controlled by a flapper valve, the position of the flapper being

set by the actuating c u rre n t. These valves are  v e ry  fas t,

having a bandwidth over 100 Hz, and can pass high flow rates
23bu t they are also very  expensive

The Japanese m anufacture digital hydraulic  flow control valves 

with p ressu re  compensators; the  position of the flapper is 

controlled by a stepper motor and the main spool follows the 

flapper . The use of the s tep p er motor simplifies the 

in terfacing  of the valve to a com puter. Another type of digital
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valve which has been produced has a ro tary  spool positioned by

a stepper motor. There are also being developed low cost spool

valves with d .c . motor drives bu t these were not on the market
25at the time the work was carried  out

The cost of two stage valves suitable for use on the d igger, 

with a flow rating  of 0.3 1/s (4 g .p .m .)  and p ressu re  ra ting  of 

17 MPa (2500 p . s . i . )  is in the o rder of £200 each. As the basic 

machine sells for approximately £3500 is was decided tha t the 

total cost to m anufacture the microcomputer control system should 

be around £1000 maximum. Two stage valves were thus ruled 

out on a cost basis.

Experimentation using bang-bang  solenoid operated valves 

showed that they are not suitable, as variable speed control is 

required  and when bang-bang valves are used high acceleration 

changes occur in s ta rting  and stopping which could only be 

overcome by reducing the maximum speed to a prohibitively low 

level. The possibility was also explored of pulsing bang-bang  

valves on and off with a view to getting  proportional control by 

vary ing  the m ark-space ratio . This did not work however: at 

low frequencies the pulsing caused the machine to oscillate and 

at high frequencies the valve latched on o r off.

In view of the high cost or lack of availability of the types of 

valve discussed above it was decided to initially use proportional 

solenoid valves as supplied by A & D Fluid Power L td. which 

cost £50 each. A section through the  valve is shown in Fig.
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The valve comprises a valve block with a sliding spring  

centred  spool which can be moved e ither way by a pair of 

solenoids. By controlling the mean solenoid cu rren t and hence 

the solenoid force, the spool position is continuously variable. 

In the past th is type of valve, which has a bandwidth from 0 to 

between 10 and 20Hz, has not been used a great deal. The 

reason being tha t flow reaction forces and stiction effects tend 

to give the device high hysteresis and poor repeatability . These 

can be overcome by the use of stro n g er sp rings and more 

powerful solenoids but th is increases the power consumption and 

heating effects.

An alternative means of improving the valve perform ance, 

employed in the A & D valves, is to drive the solenoids from a 

pulse width modulator circuit which pulses the cu rren t through 

the coils and gives variable spool deflection by vary ing  the 

mark-space ratio . The frequency of the pulse tra in  is set to 

v ibrate  the spool about a mean position determined by the 

m ark-space ratio so as to minimise stiction effects. The 

solenoids are rated  at a nominal 8 V, 28 W and were run  at a 

^frequency of 50 Hz. Also the spool is machined so as to be 

balanced and to minimise flow reaction forces at the orifices.

3.3 Hydraulic Circuit
27The hydraulic circuit for the digger employing the electric 

valves is given in Fig. 3-2. When none of the  services is 

selected, the cu t-o ff valve is open allowing oil from the pump to 

flow stra igh t back to the tank . When any of the services is 

selected the cu t-o ff valve is closed, the supply p re ssu re  rises
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and fluid flows through the valve from the supply line and 

through the two check valves to one port of the selected ram. 

Simultaneously the output from the ram flows th rough  the 

corresponding re s tric to r and the pilot operated check valve 

which is unseated by the supply p ressu re .

The valve metering occurs on the oil inlet side to the ram, 

i .e .  the valve spool is of the "meter in" type. The bucket is 

operated using a bang-bang valve in conjunction with the one 

way res tric to r which re s tric ts  flow into the gland end of the ram 

as the required  maximum speed of bucket movement is relatively 

slow. The use of the bang-bang valve instead of a proportional 

valve introduces a cost saving and simplifies the control 

c ircu itry . On the lift service the one way relief valve which has 

an adjustable p ressu re  se tting , is connected to the base end of 

the ram to p revent cavitation as the arm moves down assisted  by 

the strong  gravitational force acting upon it. Without th is  relief 

valve, at low flows from the control valve, the arm was found to 

move down in a series of jerks as the pilot operated check valve 

between the base end of the ram and the re tu rn  line opened and 

shu t.

3.4 Control Circuit

A simplified schematic for the electronic c ircu it, just showing 

the control of the lift service and the cu t-o ff is given in Fig.

3-3. The control voltage from the joystick potentiom eter is 

sub tracted  from the output from the triangle wave oscillator by 

the summing amplifier. The output from the summing amplifier is 

fed to a pair of com parators, with threshold  voltages and
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F i g , 3-3 : Schematic of Control Circuit for Lift Service

Vrp2» which switch the power tran sis to rs driv ing the proportional 

valve solenoids. As the joystick is deflected in one direction or

Fig. 3-4: Timing Diagram for Lift Service
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c u rren t through the corresponding solenoid valve varies 

accordingly. When a solenoid is activated , th is is sensed by the 

cu t-o ff circuit which activates the cu t-o ff solenoid closing the 

cu t-o ff valve which is of the bang-bang  type. The circuit 

operation is shown in Fig. 3-4; th is shows the  waveforms 

produced and the resulting  solenoid switching for d ifferent 

joystick deflections.

The full circuit diagram is shown in Fig. 3-5 and the 

component values and specifications are given in Table 3-1. The 

power source for the circuit is the trac to r b a tte ry , nominally 12 

V, but which may vary between 10 V and 16 V. To provide a 

stable supply for the pulse width modulators and switching 

c ircu itry , a semiconductor regulator RG1 is used with feedback 

res is to rs  R1 and VR1 to provide a stable supply (V+) of 8.2 V. 

Capacitors Cl and C2 provide smoothing for the regu la to r. 

R esistor R2 and Zener diode Z1 provide a 4.2 V reference for 

the triangle wave oscillator.

The oscillator is of relaxation type and comprises operational 

amplifier A1, potentiometer VR2, variable res is to r VR3 and 

capacitor C3. VR2 and VR3 set the  amplitude and frequency of 

the output waveform, taken from capacitor C3. The output is 

not a perfect triangle wave, as the capacitor voltage rises and 

falls exponentially, bu t it is a satisfactory  approximation. The 

single oscillator circuit is used to drive all th ree  pulse width 

modulators for the slew, lift, and reach serv ices. The oscillator 

is set to give an output of 0.25 V peak to peak at 50 Hz.
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Cl 100 nF
C2 1 pF Electrolytic
C3 22 \iF
C4 20 pF
VR1 5 k Q  10 turn Cermet
VR2 10 k Q  " "
VR3 2 k Q  " "
VR4-7 Type JS4 joystick

from Flight Link, Dropper resistors for pro-
Alton, Hants. portional valves: I Q  17 W

VR8-10 10 k Q  10 turn Cermet
RG1 317K regulator

R1 240Q 0.25 W Carbon Al-4 324 Quad op-amp
R2 120Q CR1-7 LM319
R3-14 68 k Q  " Ql-8 BDX54C
R15-22 4 60Q " Q9 BFX85
R23-30 220Q Q10 2N3055
R31 270Q Z1 4 . 3 V  1.3 W
R32 2 20Q Dl-17 1N4001

Table 3-1: Components for Proportional Control Circuit

The joystick potentiometers VR4 to VR7 are in fact inductive 

devices m anufactured by Flight Link Controls L td . ,  and have an 

equivalent circuit of a potentiom eter, with a 1.8 kQ res is to r in 

series with the wiper. The devices have no sliding p a rts  to 

wear ou t, they are linear, noise free , mechanically ro b u st, and 

very  low priced at £15 for each dual axis un it. The devices 

give a 3V output for zero mechanical deflection and 0.8 V swing 

(10% of supply) each way.

The three unity  gain summing amplifiers using operational 

amplifiers A2, A3, and A4 have the oscillator output connected 

to the ir non-inverting input and the slew, lift and reach control 

voltages to the ir respective inverting  in p u ts . The ou tpu t from 

each amplifier is fed to a pair of com parators, which detect when 

the control voltage crosses the th resho ld  voltages for opening
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and closing. The threshold voltages are provided by VR10 and 

VR9.

Comparators CR1 to CR8 have open collector ou tpu ts . 

Devices Q1 to Q8 are PNP Darlington p a irs , drawn here for 

simplicity as single PNP tran s is to rs . R15 to R22 limit the base 

cu rren ts  and R23 to R30 ensure  that th e ir corresponding 

tran sis to rs tu rn  off. Diodes D1 to D9 connected across the 

solenoid coils suppress the inductive tran sien ts  occuring when 

the cu rren t through the coils is  tu rned  off. In series with each 

of the proportional solenoid coils is a lQ  res is to r, between each 

coil and ground (not shown) to limit the cu rren t th rough  the 

coils operating from the 12 V supply.

The cut-off valve V9 requ ires a continuous cu rre n t to 

activate it as it is operated by a simple bang-bang solenoid. 

When any of the valves VI to V8 is tu rned  on, capacitor C4 

charges through the base of Q9 via R31, tu rn in g  on the 

Darlington pair between successive pulses of cu rren t through  

any of the proportional valves. R32 ensures tha t Q9 and Q10 do 

not conduct due to any leakage c u rre n ts . Switch SI is a safety 

switch mounted on the control box which p reven ts activation of 

the cut-off solenoid when thrown hence rendering  the machine 

immobile.

The physical layout of the different sections of the circu it is 

shown in Fig. 3-6. The control cable, linking the control box to 

the junction box, only carries signal c u rre n ts  and the supply to 

the control c ircuit; the cable is  also screened to
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minimise electromagnetic p ick-up . The heavy valve cu rren t 

switching takes place in the junction box to avoid in terference 

with the control c ircu itry . The joystick axes and functions are 

aligned as on a conventional, mechanically controlled d igger so 

th a t a direct comparison of performance could be made by 

experienced operators without th e ir having to learn a new 

control configuration.

Vmiv* M(*tk

F i g . 3-6 : Constructional Schematic of Proportional Controller

3.5 Performance Evaluation

The proportional manual control system was tested  by the 

au thor and two experienced d igger operators who perform ed 

machine evaluation tria ls  for F.W. McConnel L td. The system 

was found to give controllability equivalvent to tha t of a direct 

mechanical link from joystick to spool. H ysteresis effects in the
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valve were not noticeable and the unloaded speed range of arm 

movement was the same as that on a conventional system ( a : 0

- 0 . 3  rad s 1 , p : 0 - 0.4 rad s 1).

The operator lever loads were ligh ter which was an advantage 

and g rea ter operator mobility was available as the control box is 

portable. A fu rth e r advantage is that the control box may

easily be installed in a trac to r cab as it is only necessary  to

accommodate a single electric cable leading into the  cab as 

against a set of heavy mechanical cables. The only disadvantage 

of the system was that the control box was difficult to support 

when used off the machine; a problem readily overcome by 

attaching a strap  to each side of the box so tha t it may be worn 

around the neck.

3.6 Discussion

The proportional valves selected and hydraulic c ircu it, used 

in conjunction with the control c ircu itry  described were found to 

give perfectly  satisfactory  control of the d igger. This implies 

th a t, used in conjunction with appropriate feedback tran sd u ce rs  

and control algorithm the valves may be used satisfactorily  for 

the microprocessor system to provide X-Y movement and a 

learn /repea t facility. The cost of p a rts  for making the 

prototype circuit was £160 which is quite acceptable from a 

potential production viewpoint.

There are improvements to be made to the c ircu it, however. 

The proportional valves should be supplied from regulators 

deriving a steady 8 V supply from the b a tte ry . Also the power



47

switching, effected in the above prototype by the b a tte ry  

connectors, should be done using a relay in the junction box 

switched from the control box; th is would add to the safety  of 

the system.

The circuit has been redesigned to incorporate these features 

as well as modifications for the control of a type PA8 d igger, a 

la ter machine, the king post of which may also be tilted  level 

under electrohydraulic control.
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4.1 Introduction

The development of a control algorithm for a manipulator 

system falls into two main p a rts : kinematics and dynamics. The 

firs t concerns the derivation of the joint coordinates, and their 

necessary  derivatives, in real time to execute the motion of the 

tool as demanded by the operator. The second, a potentially 

much more difficult problem, is th a t of implementing a control 

system to apply the necessary torques at the pivots to make the 

linkage follow the desired trajec to ry . With the growth in the 

use of industrial robots, a great deal of work has been done on 

the development of both kinematic and dynamic algorithms for 

manipulators.

4.2 Kinematics

There are two ways in which the input velocity command from 

the joysticks (x^, y.) may be used to derive the path to define 

the machine coordinate trajectory . By the first method, at each 

sampling instant the input velocities x. and y. are read and the 

equations relating the joint velocities to the input velocities are 

solved to provide inputs to joint ra te  servos:

. Q • ,____  v  4- a  •
Q — X 1 y  y i

p • ^ P A
P = —  x ,- + X 1 —  y .y  i

This method, however, produces a trajectory  subject to 

cumulative e rro r as illustrated  in Fig. 4-1. The machine s ta r ts  

at point S with the horizontal input vector shown. When the 

machine encounters an obstacle (shown shaded), a small 

positional e rro r d arises which the system does not co rrect.
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T he  d es ired  t r a je c to ry  is shown d ash ed  with the  maximum value 

of d as small as p rac ticab le  so th a t  th e  feedback  system  o p e ra te s  

so as to maintain th e  machine on th e  o rig inal p a th .

Input venter
jSrtaal trajectory........
'faesircd trajectory-----

Fig. 4-1: Simple control scheme allowing
cumulative error

The a l te rn a t iv e  method which overcom es the  d r i f t  problem is

to g e n e ra te  a 'T a rg e t  Point ' in softw are  which follows th e  d e s ired

tra je c to ry  and  to have  a position con tro l  se rv o  system  to make

th e  machine t ra c k  th e  T a rg e t  Point. Th is  may be  d one , as

h e re ,  by  d ire c t ly  in v e r t in g  th e  machine geom etry  ( i . e .

c o n v e r t in g  u s e r  co o rd in a tes  to machine coo rd ina tes )  o r  by

Resolved Rate Motion co n tro l ,  p a r t ic u la r ly  usefu l for re d u c in g
28th e  com putational load fo r  complex linkages  .

To implement th e  con tro l of ho rizon ta l and  v e r t ic a l  b u c k e t  

b lade  movement it is  n e c e s sa ry  to be  able to co n v er t  machine
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coordinates ( i .e . angles measured at the pivots) to Cartesian 

u ser coordinates and to convert u se r coordinates to machine 

coordinates. The machine coordinates are shown in Fig. 4-2(a); 

H and V designate the horizontal and vertical directions in 

relation to the machine body, V being parallel to the slewing 

axis. The u ser coordinates axes are shown in Fig. 4-2 (b ); the 

Out and Up directions x , and y , are rotated through the pitch 

angle 0 relative to the machine horizontal and vertical. The 

machine configuration is described by the x and y coordinates of 

the bucket pivot P and the bucket angle iji, measured from the 

u se r vertical.

To convert from machine coordinates to u se r coordinates (see 

Fig. 4-3):

L e t q'=  q - 0 and x , y be th e  c o o r d in a te s  o f
° ° point P

Where 0 = O p e ra to r  s e l e c t e d  p i t c h  a n g le
Then x = L s i n  a + R s i n  ( a' + B -  tt ) o

y = -  L cos a' -  R cos ( a' + 6 -  n )J o r
i|)=  a ' + p + Y - u
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To convert from u se r coordinates to machine coordinates:

Let A 1 cos
2 L D

and A

a
2 cos 1 (- y / D) 

a x + a 2 + e

p = CO S
2 L R

Y = ('J' + tt) -  ( a  + P )

4.3 Generation of Target Point

If the machine is static and the joysticks are deflected to 

select x and y velocities x , and y , then the T arget Point onto 

which the bucket pivot is servoed should move from the cu rren t 

output position at the selected velocity. When the inpu t velocity 

is changed by the operator the Target Point should begin a new 

trajectory  from the position of the machine at the time of the 

input change. It is necessary  therefore to threshold  a 

’significant' change of joystick input otherwise the ta rg e t point 

may be reset by the slightest unsteadiness of the opera to r's 

hand or by signal noise.

An additional consideration in determining the movement of 

the Target Point is what should happen if the machine is stalled 

by an immovable obstacle. It is necessary  to stop the movement 

of the Target Point when the positional e rro r  exceeds a critical 

value determined by the characteristics of the control scheme.
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4.4 Bucket Kinematics

In moving the bucket pivot in the x and y directions the 

control system must act in such a way as to maintain a constant 

bucket angle ijn To do th is it is necessary  to feedback the 

angle y by means of an appropriate  tran sd u ce r. R ather than 

mount a tran sd u cer on the bucket pivot where it may be 

vulnerable to physical damage it was decided to mount it 

so as to measure the angle 6 and from th is to derive y.

Fig. 4-4: Bucket Linkage and Geometry



The relationship between y and 6 may be derived as follows 

(See Fig. 4-4):
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.2
3 =

2 2 (h + i 2 h i cos 6 )

T COS -1 2 2 K + 1*
2 k 1

.21

Y = 2 t t +§ - ( t + fjt )

The dimensions of the bucket linkage are as follows:

i = 0.228m 5 = 2.83° = 0.049 rad

h = 0.335m \i= 136° = 2.37 rad

1 = 0.164m

Hence :

j2 = 0.164 - 0.153 cos 6

0.104 - j2 
0.091

y = 3.96 - T

Y = 3.96 - cos ^ ( -0.660 - 0.153 cos 6)

4.5 Learn and Repeat

The function of the Learn facility is to record the movements 

of the bucket blade from the s ta rtin g  position when the Learn 

mode is selected to the moment it is deselected. In Repeat 

mode, the blade cu ts the same path as executed in Learn mode 

relative to the x and y axes bu t offset to the new sta rtin g  

poin t, being the position of the machine when repeat mode is

-1T = COS

selected.
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There are two basic ways in which the Learn process may be 

executed: one method is to record points of the path at regu lar 

in tervals in time and the o ther is to record points at even 

spacing. The firs t method retains information on the velocity of 

the blade whilst the second does not. However to record the 

speed of movement as the path was taught is not particu larly  

useful as an operator may deliberately slow down certain  p a rts  of 

the learned operation to perform them accurately  whilst such 

speed reduction in Repeat mode may be undesirab le .

The method of recording a path at regu lar spacing has other 

advantages. The method is more economic in term s of memory 

usage i .e .  a longer path may be stored in a finite memory 

space. With a constant sampling frequency and finite memory 

space there  would be a time constraint on the operator in 

executing the path in Learn mode which is obviated by regularly  

spaced sampling. Having equispaced points in memory facilitates 

speed control in Repeat mode as the repeat speed may be 

determined by the rate  at which data is sequentially retrieved  

from the list of input points. It was decided to allow the

operator a choice of two repeat speeds selected by switches on 

the control panel.

When Repeat mode is selected the offset to be added to the 

path  points in memory is calculated by sub trac ting  the  x ,y  

coordinates of the s ta rtin g  point on the path  in memory from the 

cu rren t output position of the machine. The tra jec to ry  for the 

Target Point is then generated by accessing and o ffsetting  the 

successive points in memory at a ra te  corresponding to the



selected repeat speed. The bucket angle at the successive 

points is unaffected by the change in sta rting  point of the path 

and requires no offset.

56

Let successive points on the learned path be represented 
by vectors

L .—l (xL. ' Y L . ' ^L. ) i  = 1 ,
i l l

Let the starting point for the repeat be 

S - <xs , y s , * s )

Then Offset 0 = (xg - x^ , y g - y L , 0)

and repeat path points R. = L. + 0 i = 1,

n

n

4.6 T ransducer Resolution

A major factor in determining the minimum resolution requ ired

of the transducers for measuring a , p, and Ô angles is the

maximum acceptable positional e rro r  at the bucket blade. A

worst case configuration for e rro r  in calculating the y coordinate

of the bucket pivot arises when the machine is in the position

shown in Fig. 4-5. The reach arm is fully ex tended, p= 142.0°,

and q = 105.4° then _iy and are at maxima and y = 0. For
aa

eight bit resolution of a and p the worst case e rro r  in y is 15

Fig. 4-5: Position for worst case error in 
determination of y coordinate

mm.
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Thus positional resolution of eight b its is quite sufficient for 

digging purposes; the additional e rro r introduced by 

quantisation of the bucket angle may be neglected as the bucket 

pivot to blade distance is relatively small.

4.7 Dynamics

Having established the kinematic requirem ents of the system 

and solved the machine geometry, a control scheme of minimum 

cost and complexity was sought which would give satisfactory  

perform ance. For the purpose of analysis the machine to be 

controlled may be divided into the sections of hydraulics and 

mechanics, including load.

4.8 Hydraulics

The complete hydraulic circuit for the control of d igger using 

A & D Hydraulics' proportional valves is given in Fig. 3-3. The 

sections for the supply and the Lift service are shown in Fig.

4-6. The accumulators and Cg rep resen t the compliances of 

the  hoses supplying the ram . This example of the Lift service 

is taken as it is the most complex individual service in the 

c ircu it. Given the valve se tting  and the ram velocity X^, 

the ram force F^ and the  flow Qg may be found computationally 

as follows. Consider the case where the valve deflection is 

negative:

> = P + 1 0RB RB . i  WCBn n-1 C n-
A  t

Where subscripts n-1, n denote successive 
samples at interval A t
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Q

Q

P

Q

P

F

L = V  VL VPS -  PRBn

CR = ql -  aa xln n

=
i  qca , A t + P XC n -1  nn

CA = -A. x -  R* a/p A A ' xn n

= P , + R, J pRA RV A * x

= P „ , A, -  P -^  A_ L RA A RB B

1

F i g .  4-6: Hydraulic Circuit for Supply and Lift Service
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Similar sets of equations may be drawn up for each of the 

o ther services. The supply , comprising the pump and the relief 

valve, is governed by the  following equations:

Qp Qs  + Qrv

Q RV 0 p < P S RV1

The value of Pg may be found at each sampling in stan t by 

perform ing an in terval bisection type iteration vary ing  Pg from 

0 to PRy 1 until the flow continuity constraint is satisfied:

Qs q s l e w  + q l i f t  + B r e a c h

+ q b u c k e t  + q i w t

It may be seen from the above tha t the hydraulic circuit is 

highly non-linear with saturation effects and interaction between 

the services. In addition there  is the o ffset, h y ste resis , 

leakage and dynamics of the valves to accommodate. The pump 

rate  is subject to variation due to m is-setting and trac to r 

governor imperfections. The oil viscosity changes significantly 

with tem perature (changing effective re s tric to r and valve 

constants) becoming lower as the oil heats up and making the 

machine move noticeably fas te r.

4.9 Mechanics

In modelling the mechanics of the d igger, in general, the 

following forces and corresponding to rques must be considered:
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1. Accelerational

2. Gravitational

3. Centrifugal

4. Frictional

5. Stictional

6. Coriolis

For very  complex robotic systems Lagrangian dynamics

provides a system atic and efficient method for solving the

equations of motion. For a digger with a relatively simple

geometry, the equations may be w ritten and solved applying

Newton's Laws directly . For slow moving manipulators the

inertia l forces may be negligable and the device may be trea ted
28purely  kinematically . Slow moving in th is context means about 

1 m/s or less and the maximum speed of motion of the  bucket 

blade of the digger in a horizontal cut at mid reach is 0.5 m /s.

f i g .  4-7 : Schematic of System Model
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The overall s tru c tu re  of a complete model of the machine is 

shown in Fig. 4-7. The model operates by in teg rating  the 

angular acceleration at each sampling instan t to give velocities 

and positions; th is data in conjunction with the load torques and 

valve settings enables the net acceleration torque to be 

calculated for the next sampling in s tan t. Block P solves the 

geometry associated with each ram to convert the angular 

velocities at the pivots to ram velocities. This data is fed into 

the hydraulic model constructed as described above along with 

the valve setting  to give the ram forces. Block Q converts the 

ram forces into angular torques at the corresponding pivots. 

The Mechanical Model M calculates the direct and induced torques 

listed above and hence the total non-accelerational torques using 

the basic laws of mechanics.

The derivation of the equations of motion is a lengthy but 

straightforw ard piece of mechanical analysis. The load forces 

acting on the bucket may change with position from that of a 

pure  mass in the bucket to frictional forces as the blade cuts 

ground. To simulate a m icroprocessor controlled system care 

must be taken to include the effects of quantisation and finite 

word length arithm etic. It can readily be seen that the 

mechanics constitute a highly non-linear tim e-varying coupled 

system.

4.10 Control Algorithm

Two control schemes particu larly  suited to non-linear
29 30in teracting  robotic system are sliding mode ’ control and

28invariant control . Both of the schemes requ ire  minimal 

information of the system to be controlled in term s of modelling.
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Sliding mode control operates by switching between two control 

schemes which may be individually unstable chosen so as to keep 

the system in the region of a chosen switching line in phase 

space. Invariant control uses measurement of acceleration to 

eliminate the d istu rbances caused by the mechanical interaction 

of the joints to be controlled. Both these systems requ ire  

additional tran sducers  for measurement of velocity or acceleration 

in addition to sensing position, or a sufficiently well resolved 

position measurement to permit sufficiently accurate 

d ifferentiation.

In view of the complexity of modelling it was decided to 

initially adopt an empirical approach to the development of a 

suitable control scheme. The most important question about the 

control scheme so far as the hardw are specification is concerned 

is the number and type of feedback tran sducers req u ired . 

Position, velocity, acceleration, and ram p ressu re  are  all 

variables required  by different robotic control system s.

Early crude experimental work was carried  out using a valve 

d riv er supplied by A & D Fluid Power, realising the scheme 

shown in Fig. 4.8 (a) using the apparatus shown schematically 

in Fig. 4.8 (b ) . Experiments were done using the lift arm as 

the linkage for th is service has the highest moment of inertia  

about the pivot. An SDK-85 microcomputer was used to run  a 

program to give proportional feedback using 8-bit in teger 

arithm etic. An 8-b it digital to analogue converter was used to 

drive the analogue voltage controlled pulse width modulator 

supplied by A & D Fluid Power. This device was found to have
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a vary ing  frequency with control voltage.

Fi g . 4-8: Control Loop (a) and Hardware Schematic (b)
for experimental system

A carbon potentiometer mounted on the spindle of the  pivot 

was used to measure the output angle giving a voltage fed 

through a gain and offset stage to an 8-b it analogue converter. 

The resu lting  step response, by adjusting the gain K was fast 

and without overshoot similar to th a t of a firs t o rder system but 

had a small e rra tic  residual e rro r  due possibly to 

non-repeatability  of the valves.

It was decided therefore to s ta r t by building a system with 

more precise hardw are to implement proportional control, 

adjusting the gains to obtain the fastest possible response 

without overshoot. The main effect of the hydraulic in teractions 

is to reduce the gain of the services individually so if a gain is 

selected which gives a stable response for a service in isolation 

it will remain stable in conjunction with the o ther serv ices. The 

fas te r the step response of the system , the b e tte r  track ing  is 

obtained to a ramp inpu t.
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Fig 4-9 shows a simplified schematic for control of the lift and

reach ( a and p) pivots to give x -y  control of the bucket pivot.

The control voltages V and V from the joysticks (J /S )  are  fedx y
into the analogue to digital converter (ADC) to the computer. 

The corresponding velocities x. and y. are in teg ra ted  to give x. 

and y ., the coordinates of the Target Point, onto which the 

bucket pivot is servoed. Code segment G calculates the

corresponding coordinates and p.; the corresponding e rro rs

are multiplied by the gain constants Aa and Ap and the resu lts 

output to the pulse width modulators which drive the valves. It 

is necessary to prevent excessive e rro rs  accumulating if  the 

machine encounters an obstacle that stalls it i .e .  causes the 

relief valve to blow. The is detected by threshold ing  the  x and 

y e rro rs  (ex and ey) and disconnecting the x. and y. inpu ts to 

the in teg rato rs when a critical e rro r magnitude arises.

The controller for the bucket angle is shown in Fig. 4-10 

(a ) . The overall effect of the system is to maintain the bucket 

angle constant in the user coordinate system as the bucket pivot 

is moved, th is function being over-ridden  by control signals 

from the bucket control joystick. With zero joystick deflection 

the Sample and Hold outputs the angle to be maintained to 

summing point which calculates the e rro r  signal which is 

used to switch the bucket valve. When the joystick is deflected 

the sample and hold is put in sample mode and becomes zero 

and the value of the joystick voltage is fed to the  valve 

controller. When the joystick is released the sample and hold 

holds the value of the bucket angle at release which then 

becomes the new input to the regulator.



F i g .  4-9: Control System for Lift ( a  ) and Reach ( B J
---------2 ----------------------- J  O  O 05cn
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The slew controller (see Fig. 4.10 (b )) is functionally

equivalent to that of the proportional electric control system but 

implemented through  the computer. The control joystick voltage 

V is fed to the ADC, multiplied by a gain constant An and 

output to the PWM to drive the valve.



Fig. 4-10: Bucket Control Loop (a)
^

 *
and Slew Control 

Schematic (b)
-a
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5.1 Design C onstraints

With the availability of cheap m icroprocessors, a major p a rt of 

the total hardw are cost of a com puter-based control system can 

lie in the feedback tran sd u ce rs . As the cost of the d iggers is 

relatively low, the cost of the output transducers must be kept 

as low as possible.

The tran sducers  must be able to give eight bit resolution 

over the measured angle of travel and must be repeatable to less 

that half a least significant b it. The devices used must also be 

mechanically robust: vibration is transm itted to the tran sducers 

from the trac to r engine and from the pump. They are also 

subject to mechanical shocks from the bucket when digging. The 

tran sd u ce rs  must be made w aterproof to w ithstand w eathering 

and mud splashes; the bucket tran sd u cer may even be immersed 

if  the machine is being used for clearing waterlogged ditches.

They must be easy to fit to a standard  machine in the sense 

tha t no significant mechanical modifications have to be made. 

They must also be able to withstand the rough handling of the 

agricu ltu ral environment as well as any impact in use if  the 

machine h its an obstacle. All electrical connections must be well 

screened to p reven t electromagnetic in terference from other 

c ircu its on the machine (e .g . solenoid valves) or from nearby .

Easy access to the workings of the tran sducers  is desirable 

for ease of serv icing . Also it should be possible to replace any 

one independently  of the o thers if a fault should arise .
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5.2 Selection Possibilities

There ex ists a number of types of tran sducer commercially 

available for angular position measurement. The most simple to 

in terface to a computer is an absolute encoder which gives a bit 

parallel output in binary  or Gray code corresponding to the 

m easured angle. The objections to using th is type of encoder 

are  cost and the number of wires to be connected to the 

com puter. Connectors capable of w ithstanding the working 

environm ent of field machinery are expensive and the cost 

increases with the number of ways that are  connected.

Incremental encoders overcome the problem of a large number 

of connectors bu t they are still relatively expensive and they 

must be re-datum ed if  the machine is switched off. Hydraulic 

rams exist which have capacitive tran sd u ce rs  built in ; they are 

well pro tected  but have the disadvantage again of cost. The 

possibility was considered of using an ultrasonic pulse-echo 

technique to measure ram extension with the  tran sd u ce rs  

mounted inside the ram. This was not pursued  however, owing 

to the difficulty in finding a suitable piezo-electric m aterial, the 

complexity of the driv ing c ircu itry , and the necessity  for 

tem perature compensation.

In view of the drawbacks with various o ther measurement 

system s it was decided to design a tran sd u ce r using  a high 

quality plastic film potentiom eter. These devices have 0.5% 

linearity  and virtually  infinite resolution giving a calculated total 

worst case positional e rro r  of ±26 mm.
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5.3  C o n stru c t io n

The se t  of th re e  t r a n s d u c e r s  may th e n  be in te r fa c ed  to th e  

com pute r  u s in g  an  analogue m ultip lexer and  an analogue  to 

d ig ita l c o n v e r te r .  An exp loded  sec tion  th ro u g h  the  device  is 

shown in Fig. 5 -1 . The po ten tiom ete r  is mounted on a s tee l  r in g  

a t ta c h e d  by  a b r a s s  s t r ip  to the  t r a n s d u c e r  body ; th e  s t r ip  is 

flexible to accommodate any  m is-alignm ent of th e  p o ten tiom ete r  

sp ind le  re la t iv e  to th e  sp ind le  block.

V//AV//A

VUU J>UeL 
fcrass SggkJli

Fig. 5-1: Exploded Section through Transducer
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The pin at the top of. the diagram acts as the pivot for the 

two arm s, the angle between which is being measured. The pin 

or pin plate is secured to one or o ther of the arms by a co tter 

pin or by a weld. The cover plate serves to p ro tect the  in te rio r 

of the tran sd u ce r if  it is removed from the machine and there  

is a w ater-tigh t 'O' ring  seal between the plate and the 

tran sd u ce r body. The plate is secured to the body using an 

alien screw fitted  with a shakeproof washer to p reven t it from 

loosening with vibration.

The screened cable to the tran sducer passes th rough  a 

sleeved grommet sealed with plastic glue to make it w ater-tigh t 

and a stra in  relief clip is used to preven t the cable from pulling 

out o r stre ssin g  the potentiometer connections.

The spindle block is secured to the body with a fixing ring , 

held in place by th ree  screws at 120° around its  front face. A 

seal is made using an 'O' ring to p reven t the ingress of w ater.
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Fig. 5-2 shows a side view of the assembled tran sd u ce r 

attached to the bucket linkage (see also Plate I) . The pin plate 

is welded onto the radius arm of the bucket linkage to p reven t 

the tran sd u ce r body from ro tating . The connecting arm engages 

in the slot in the locating block. The locating block is shown in 

detail in Fig. 5-3.

Fig. 5-3: Detail of Locating Block

The elongation of the slot serves to accommodate any 

movement of the tran sducer in the plane of the connecting arm 

due to pin wear. The space between the connecting arm and the 

slave link accommodates any movement axially along the pin. 

Plates II and III show the tran sducers  fitted  on the machine for 

measuring angles a and p respectively.

The locating pin shown in Plate II above the tran sd u ce r 

p reven ts it from rotating; the  junction box for the tran sd u ce r 

connections can also be seen on the machine body. The pin for 

the  tran sducer measuring angle p is fixed by  a co tter pin to the 

lift arm.
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Plate III: Reach Transducer
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6.1  System S t r u c tu r e

A block diagram  o f th e  con tro l system  h a rd w are  is  shown in 

F ig . 6-1 . The system  is b ased  upon  an In te l  SDK-85 s ing le  

b o a rd  m icrocom puter. It u ses  an In te l 8085A m ic ro p ro cesso r  and  

th e  u n it  in c lu d es  a hexadecimal k e y b o a rd ,  d isp la y ,  a m onitor, 

and  in i t s  most basic  form 2K of ROM and  256 b y te s  o f  RAM. 

The p ro c e s s o r  has  as e igh t b it word len g th  and  is ru n  on a 6 

MHz c ry s ta l .  T he  system  is compatible with th e  In te l  " In te llec"  

developm ent system  in  th e  depar tm en ta l  m ic ro p ro cesso r  la b o ra to ry  

allowing th e  u se  of an in -c i rc u i t  em ula tor fo r  d e b u g g in g  

h a rd w a re  and  for softw are  developm ent. The  8085A is  a lso  a 

widely available  i n d u s t r y  s ta n d a rd  dev ice .

F i g .  6 - 1 :  B l o c k  D i a g r a m  o f  S y s t e m  H a r d w a r e
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The memory was expanded to give a total of 4£K of RAM and 

8K of EPROM.

The arithmetic processor unit (APU) is an Advanced Micro 

Devices AM9511 which will operate on 32 bit floating point 

data , as well as 32 bit and 16 bit in teg ers . The device perform s 

arithmetic and trigonometric operations and runs with a 3 MHz 

clock giving a maximum floating point multiply time of 56m s.

The Valve D rivers interface the CPU to the proportional and 

Bang-Bang solenoid valves. The cu rren t through the 

proportional valves is controlled to seven bit accuracy, with an 

eighth sign b it, from zero to full, and the frequency of the 

cu rren t pulsing is set at 50 Hz. The Bang-Bang valves are 

switched on and off by power tran sis to rs  and the cu t-off valve 

is operated by hard  wired logic so as to close when any of the 

control valves is selected.

For analogue inpu ts to the system , an 8-bit analogue to 

digital converter is used in conjunction with an 8-channel 

analogue multiplexer. The transducer outputs pass through 

conditioning amplifiers to the m ultiplexer, and the control 

joystick and pitch control voltages pass through buffer 

amplifiers. The digital inpu ts are from the mode selections 

switches on the control panel and the digital output are to the 

mode indicator LED's.

The power supply provides the 5V digital supply for the 

computer and logic circuits using the trac to r b a tte ry  as the
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pow er so u rce  and  employing smoothing c ircu its  and  re g u la to r s .  

DC to DC c o n v e r te r s  a re  used  to p rov ide  the  dual ra il  su p p lie s  

to  th e  am plifier c i r c u i t ry  and  fo r  the  s tab le  +12 V su p p ly  fo r  th e  

APU.

<Tm tticUuers

T he physica l  layout and  in te rco n n ec tio n  of th e  d if fe ren t  u n i ts  

o f  th e  co n tro lle r  a re  shown in Fig. 6 -2 . The t r a n s d u c e r s  a re  

co n n ec ted  by  s c ree n ed  leads to a junc tion  box mounted on th e  

machine from which a single  sc ree n ed  cable then  r u n s  to the  

p ro c e s s o r  u n i t .  The con tro l box , which houses  th e  con tro l 

jo y s t ic k s ,  p itch  co n tro l ,  mode selection and  indication c i r c u i t r y ,  

is  l inked  by  a s ingle  s c re e n e d  cable to th e  p ro c e sso r  u n it .

T he  sw itch ing  un it con ta ins  th e  main re lay  which sw itches  th e  

b a t t e r y  su p p ly  to th e  system  on and  o ff , a c tiva ted  b y  a sw itch 

on th e  contro l p ane l.  It also supp lies  the  re g u la to rs  fo r th e  

p ro p o r t io n a l  va lves  and  th e  power t r a n s i s to r s  fo r all th e  va lves  

as well as th e  sw itch ing  c ircu it  fo r th e  c u t-o f f  v a lv e .  Two
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cables link the switching unit to the processor unit: one is a 

screened signal cable for operating the valves and the other is 

the power cable for the processor unit.

6.2 Processor Board

The detailed schematic diagram of the main processor board is

shown in Fig. 6-3. The main circuit board is that of an Intel

SDK-85 microcomputer system design kit and a detailed

description of this standard  unit in not included here as the
31information is contained in the Intel "SDK-85 U ser's Manual" . 

The custom built p a rts  of the board are shown marked with a 

dot in Fig. 6-3.

The 8085A crystal which is normally supplied at 6.144 MHz is 

replaced by one of 6 MHz so that the AM9511 arithmetic

processor unit may derive its  clock signal of 3 MHz from the 

CLK pin of the CPU which produces a signal at half the crystal 

frequency.

The 8205 Address Decoder decodes the bottom 4K of memory 

into eight 2K blocks. The utilisation of each of the decoder 

ou tpu ts is shown in the Memory Map given below. The 2K

Monitor ROM, to which control jumps on power on, may be

replaced by an EPROM programmed to tran sfe r control the the 

d igger program stored in the 4K EPROM thus making the 

computer transparen t to the u se r . To facilitate swapping of 

these chips, as the monitor is often required  in experimental 

work, the board is fitted with a zero insertion force socket.

The monitor ROM, or its  su b s titu te , and the two 8155 RAM and
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I/O chips have bit programmable I/O ports used for interface to 

the valves, the ADC, and the mode selection and indication 

c ircu itry . Details of the port usage are given in the I/O map 

below.

The keyboard has 24 keys and is used in conjunction with the 

display and monitor program for inspecting memory locations 

and reg iste r contents, en tering  data into memory, and initiating 

program execution. The display has six hexadecimal d ig its: a 

four digit address field and a two digit data field. A program 

was written for displaying 32 bit floating point variables stored 

in memory for checking the operation of the program s during 

development.

The custom built circuits are shown marked with a dot in Fig.

6-3 and are described in detail la ter.

6.3 Memory Expansion

The circuit for the 4K x 8 bit RAM expansion for locations 

3000H to 3FFFH is shown in Fig. 6-4 . Lines ADQ to ADy and 

A8, A9 are common to all the devices. The additional address 

decoding is effected by using A^q, CS6 and CS7 and control is 

effected using ALE, RD, and WR. The 4K x 8 bit EPROM 

expansion schematic is shown in Fig. 6-5 and the circuit 

diagram in Fig. 6-6. The ROM is located at address 8000H to 

8FFFH.
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Fig. 6-5: 4K EPROM Expansion Schematic
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6.4 Arithmetic Processor Unit

The arithmetic processor unit in terface schematic is shown in

Fig. 6-7. The APU has an in ternal stack to which data bytes

are pushed and pulled, and a command/status reg is te r both
33accessed by the eight bit bidirectional data bus . The stack 

is located at address 1000H and the command/status reg is te r at 

address 1100H.

Fig. 6-7: AM9511 APU Interface Schematic

The device has a 3 MHz clock input derived from the CLK pin 

of the CPU which synchronises the two devices. At power on 

the device is reset from the RST OUT line of the CPU.
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F i g . 6-8: APU Interface Timing Diagram

When reading data from the device with the PAUSE line of the 

APU connected directly to the CPU READY pin it was found that 

e rro rs  occured owing to delay in the PAUSE line going low when 

the APU was accessed by the CPU. The CPU was reading data 

from the bus before it had settled . The logic shown in Fig. 6-7 

pulls the READY line low immediately the device is selected 

allowing it to re tu rn  high when PAUSE goes high. The timing 

and wiring diagrams are shown in Figs. 6-8 and 6-9 

respectively.
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Fig . 6-10: Layout of Modifications to SDK-8 5 Board

6.5 Board Layout

The layout of the custom built c ircuits is shown in Fig. 6-10. 

The diagram also shows the power supply connection to the 

processor board and the ribbon cable connectors. Plate IV 

shown a plan of the complete main circuit board. The details of 

the complete ribbon cable connections are given la te r, in the 

chapter covering the rack wiring.
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6.6 Memory and  I/O  Maps

T ables 6-1 and  6-2 re sp ec t iv e ly show the memory map

(in c lu d in g  the active 8205 chip select lines) and th e  I/O map

with the  u sage  of th e  d if fe ren t  p o r t s .

I/O Map

Port Chip Port Function No. of bits
Address used
00 H 8355 A Slew 8
01H 8355 B Lift 8
21H 8 1 5 5 A Reach 8
22H 81551 B Bucket 2 of 8
23H 8155, C Mode 2 of 6.L Indicate
29H 81552 A ADC Bus 8
2AH 81550 B Mode 2 of 8z Select
2BH 81550 C ADC 5 of 6A Control

Table 6-2: System I/O Map



Memory Map

Address Function Active 8205 
chip select

0000H
07FFH

Monitor ROM 
(8355)

CSO

0800H
OFFFH

Expansion EPROM 
(8755)

CS1

1000H APU Data 
(AM9511)

CS2

1001H
10FFH
1100H APU Command/ 

Status 
(AM9511)

1101H
17FFH
1800H 1 8 0 0 H : Keybd./ 

Display Ctlr. 
Command Loc.

CS3

1FFFH

19 0 0 H : Keybd./ 
Display Ctlr. 
Data Loc. 
(8279)

2000H
20FFH

Basic RAM 
(81551 )

CS4

2100H
27FFH

Basic RAM 
fold back

2 800H 
28FFH

Expansion RAM 
( 815 5 2 )

CS5

2900H
2FFFH

Expansion RAM 
fold back

3000H
33FFH

Expansion RAM 
( 818 51 )

CS6

3400H
37FFH

Expansion RAM 
( 818 5 2 )

3800H
3BFFH

Expansion RAM 
(81853 )

CS7

3COOH
3FFFH

Expansion RAM 
(81854 )

4000H
7FFFH
8000H
8FFFH

Expansion EPROM 
(2732)

Table 6-1 : System Memory Map
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7.1 Analogue Interface Card

The circuit schematic for the analogue interface card is shown 

in Fig. 7-1. The 5 V reference supply acts as the reference 

voltage source for the position tran sd u ce rs , the control 

joysticks, and the pitch control. The voltage reference is also 

connected to the Analogue to Digital C onverter, the ADC0816 

manufactured by National Semiconductor, as the reference supply 

across the divider chain. The ADC has eight bit resolution and 

the chip incorporates a sixteen channel multiplexer for analogue 

inpu ts of which only eight are used here .

Joints iofttr 
t / o f io r ii

Fig. 7-1: Analogue Interface Card Schematic
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The analogue inpu ts from the transducers pass through signal 

conditioning amplifiers with a variable gain and offset. The 

function of these is to map the full scale output swing of the 

transducers onto the full range of the converter. The joystick 

and pitch control voltages are fed into unity gain b u ffers . The 

range of joystick voltage variation does not require any ampli

fication and the pitch control potentiometer is variable between 

0 V and 5 V.

The analogue inputs to the multiplexer all pass through low 

pass filters to keep the overall noise at the input to the ADC 

below 10 mV; the cut-off frequency of the filters is set at 1 

kHz. The clock for the ADC runs at 640 kHz to give a maximum 

conversion time of 114 m s . The control lines select the analogue 

in p u t, initiate conversion, and signal the data to be output onto 

the 8 bit bus at the end of the conversion.

The circuit for the 5 V analogue reference is shown in Fig.

7-2; the two 10 pF capacitors Cl and C2 smooth the supply for 

the operational amplifier and the Zener Z l. The voltage across 

the Zener is 8.2 V and from this is derived 5 V using the
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potential divider of VR7 and R23. This voltage is buffered  by 

the op-amp, and the BFX85 transis to r is used to boost the 

bu ffer output cu rren t. The 10 k resisto r provides a load for 

output stability  if no other load is connected. Output smoothing 

is provided by C13 and C14.

The circuit used for the variable gain and offset amplifiers is 

shown in Fig. 7-3. Operational amplifier B acts as an input 

bu ffer for the transducer and amplifier A buffers the offset 

voltage into the unity gain summing amplifier C. Amplifier D 

provides the gain stage. The wiring diagram for the three 

tran sd u ce r amplifiers is shown in Fig. 7-4. Operational amplifier 

3244 is used to buffer the voltages from the joysticks.

Fi g . 7 - 3 : Transducer Signal Conditioning Amplifier

The circuit for the ADC is shown in Fig. 7-5; the ADC0816 

has a built-in  analogue multiplexer with sixteen inpu ts of which



-v*' V

Fi g . 7-4: Wiring Diagram of Amplifiers and Buffers
COOi
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Fig. 7-5 : Analogue to Digital Converter

eigh t, INO to IN7, are used here . The chip runs off the 5 V 

logic supply and also has a 5 V reference input for the divider 

chain in the ADC. Control lines ADD A, ADD B, ADD C are 

used to select the input line add ress . ADD D is tied low as 

only eight of 16 inputs are used. The START and add ress latch 

enable (ALE) are connected to control line C4 which is pulsed 

high to initiate a conversion once the address for the  input has 

been presented  on ADD A-C (see timing diagram Fig 7-6 ). C5 

goes high to activate the tr i-s ta te d  8-bit output port at the end 

of the conversion. The ADC has a clock input of 640 kHz 

provided by the Schmitt T rigger in v e rte r  with the feedback 

res isto r and capacitor to g ro u n d , the second gate acting as a 

bu ffer.
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F i g - 7 - 6 :  ADC Timing Diagram

The w iring diagram  for th e  ADC c irc u i t ry  is shown in Fig. 

7 -7 ,  and  the  layout in Fig. 7-8 and  Plate V.



F i g .  7 - 7 : ADC Wiring Diagram
co
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7.2  Valve D riv e r  C ard

The valve d r iv e r  c a rd  is e ssen tia l ly  a 3 -ch an n e l  d ig ita l pu lse  

w id th  m odulator c ircu it  for d r iv in g  th e  SLEW, LIFT, and  REACH 

v a lv e s .  T h e re  a re  th re e  8 -b it  d ig ita l in p u ts ,  seven  b i t s  for 

each  channel a re  u sed  to select th e  mean valve  c u r r e n t  and  the  

e ig h th  to select th e  d irec tion  of movement: R ight o r  Left e tc .

Cfoc£

Co«ntif

C t - C i

57

Ài» f
Compandor

i

t
X7

*>I
ComparpAm

,37

Cumpmnttor

-£ > » —  t > —

iQo-- O ’bdWK

-£>•—  1 D ° —
I

Fig . 7-9: Valve Driver Schematic

The c ircu it  schem atic  is shown in F ig . 7 -9 . T he th r e e  con

tro l  in p u ts  S0-S7, L0-L7, and  R0-R7 a re  fo r  the  Slew, L ift ,  and 

Reach func tions  re sp e c t iv e ly ,  line 7 se lec ting  th e  d irec t io n  in

each  case .
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Fig. 7 -10: Valve Driver Timing Diagram

For each channel there  is a seven bit digital comparator: one 

input is from a cyclic counter generating a sawtooth output and 

the  o ther is the control signal. The logic operates as shown in 

Fig. 7-10 so that the valve cu rren t is ON when the control input 

is g rea te r than the counter value. So over an input range of 0 

to 127 the mean valve cu rren t varies linearly from zero to 

maximum. The frequency of the valve switching pulse train  is 

set to 50 Hz by adjusting the clock to run  at 6.4 kHz.

The wiring diagram for the clock and counter circuit is shown 

in Fig. 7-11. A 555 timer is used for generating the clock 

signal, adjusted by potentiometer VR1. The counter employs two 

74LS163 four bit counter chips, the output being taken from the
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Fig. 7-11: Wiring Diagram of Clock & Counter Circuit

sev en  least s ign if ican t b i ts .  Fig. 7-12 shows the  w iring  of the  

com para to r and logic c i rc u i t ry .  The o u tp u ts  from th e  c a rd  to 

th e  va lve  sw itch ing  c ircu its  a re  ac tive  low. The c ircu it  layou t is 

shown in Fig. 7-13 and  Plate VI.

Plate VI: Valve Driver Card



F i g . 7 - 1 2 : Wiring Diagram of Valve Driver Comparator
S Logic Circuitry

103
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Fig. 7-13: Valve Driver Circuit Layout

7.3 Power Supplies

The main 5 V power supply for the logic c ircu itry  is shown in 

Fig. 7-14. The input comes from the trac to r ba ttery  via the 

power switching relay situated in the switching unit. The 27 V 

Zener is to act as protection against any high voltage spikes or 

surges; the smoothing circuit comprising LI, L2, C l, C2 removes 

ripple and high frequency noise from the input to the regulator 

RG1. The feedback network of R1 and VR1 may be adjusted to 

give the desired output of 5V and C3 and C4 provide output 

smoothing.

Fig. 7 -14: 5 V Regulator Circuit
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Fig. 7-15: 12 V APU Supply

The +12 V supply for the APU is shown in Fig. 7-15. CV1 is 

a DC to DC converter with a 100 mA output ra tin g , L3 and C5, 

serve to eliminate high frequency noise from the output probably 

due to in ternal switched mode operation of the converter. The 

240 dummy load on the negative output is necessary to p reserve  

regulation of the positive output.

Fig. 7-16: ±12 V Analogue Supply

A similar converter is used in the DC supply for the analogue 

board (Fig. 7-16) which additionally has 100 uF capacitors on 

each output line to eliminate ripple. The circuit board layout is 

shown in Fig. 7-17 and Plate VII.
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7.4 Rack Layout and Connection Tables

The front view of the main rack is shown in Fig. 7-18 and 

Plate VIII show the in terio r wiring at the rea r . The blue

ribbon cable connects the main board to the back plane; the 

connections to the  power supply board are also visible. The 

rea r of the rack is shown in Fig. 7-19 and Plate IX. The 

fuseholder is for the input from the b a tte ry  via the power 

switching unit and the fuse is rated  at 2 A. Plate X shows the 

front of the rack with the processor board withdrawn to show 

the power supply.

' 'ftutdtüCrr 
■* 12V input

Fi g . 7-19 : Rear View of Main Rack
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Plate IX:

Tables 7-1 to 7-4

Rear Panel of Main Rack

lis t the  connections  to th e  c irc u i t  b o a rd s

an d  the  socke ts  on th e  back  panel o f  th e  rack
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Rack C o n n e c tio n s

SDK-85 Edge Rack F u n c tio n A nalogue D r iv e r
C o n n e c to r C o n n e c to r Card Card

1 c 1 SO 3
2 a 1 SI 4
3 c 2 S2 5
4 a 2 S3 6
5 c 3 S4 7
6 a 3 S5 8
7 c 4 S6 9
8 a 4 S7 10

9 c 5 LO 11
10 a 5 LI 12
11 c 6 L2 13
12 a 6 L3 14
13 c 7 L4 15
14 a 7 L5 16
15 c 8 L6 17
16 a 8 L7 18

17 c 9 RO 19
18 a 9 Rl 20
19 c 10 R2 21
20 a 10 R3 22
21 c 11 R4 23
22 a 11 R5 24
23 c 12 R6 25
24 a 12 R7 26

25 c 13 OPEN
26 a 13 CLOSE
27 c 14 MIO
28 a 14 M il
29 c 15 MSO
30 a 15 MSI
31 c 16 MS 2

32 a 16 CO 2
33 c 17 Cl 3
34 a 17 C2 4
35 c 18 C4 5
36 a 18 C5 6

37 c 19 DO 7
38 a 19 Dl 8
39 c 20 D2 9
40 a 20 D3 10
41 c 21 D4 11
42 a 21 D5 12
43 c 22 D6 13
44 a 22 D7 14

Table 7-1: Main Circuit Board (SDK-85) Rack Connections



110

A nalogue and D r iv e r  C ard C o n n e c to rs

P in  no . A nalogue C ard D r iv e r  C ard

1 5V 5V
2 CO RIGHT
3 Cl SO
4 C2 SI
5 C4 S2
6 C5 S3
7 DO S4
8 DI S5
9 D2 S6

10 D3 S7
11 D4 LO
12 D5 L l
13 D6 L2
14 D7 L3
15 n /c L4
16 n /c L5
17 VREF L6
18 V L7
19 V RO
20 V RI
21 VS R2
22 VY R3
23 VX R4
24 VB R5
25 VP R6
26 A. Gnd. R7
27 S c re e n LEFT
28 n /c UP
29 +12V DOWN
30 -12V IN
31 n /c OUT
32 GND GND

Table 7-2: Analogue and Driver Card Connections



I l l

R e g u la to r

In p u t Brown
R ef. B lack
O u tp u t B lue

Supply

V. Brownin p u t
GND B lue

P o s i t i o n  T ra n s d u c e rs

F u n c tio n S o c k e t C o lo u r C ab le Rack
P in No. C o n n e c tio n
1 Red 3 A 17REF

L i f t 2 B lue 3 A 18
Reach 3 Y ellow 3 A 19
B ucket 4 W hite 3 A 20
GND 5 G reen 3 A 26
S c ree n 6 S c ree n 3 A 27
ON/OFF 7&8 B lack J y s t k .  8

B lack Sw. U n it
20

C o n tro l U n it
F u n c tio n S o ck e t C o lo u r C ab le C o n n e c tio n s

P in No. Rack O th e r
V _ 1 Red 1 A 17REF
5V D ig . 2 B lack Power s u p p ly  b o a rd
Slew 3 B lue 1 A 21
L i f t 4 Y ellow 1 A 22
Reach 5 W hite 1 A 23
B ucket 6 Brown 1 A 24
P i t c h 7 P u rp le 1 A 25
O n/ 8 B lack T ra n s d u c e r  S k t .  7
O ff 9 B lack S w itc h in g  U n it  11
IWT 10 B lack S w itc h in g  U n it  9
MSO 11 W hite 2 c 15
MSI 12 P u rp le 2 a 15
MS 2 13 B lue 2 c 16
MIO 14 G reen 2 c 14
M il 15 Red 2 a 14
D ig . GND 16 B lack Power s u p p ly  b o a rd
An. GND 17 G reen 1 A 26
S c re e n 18 S c ree n 1 A 27

Table 7-3: Back Panel Connections (I)
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Switching Unit

Function Socket Colour Cable Connections
Pin No. Rack Other

Up 1 Green 4 D 28
Down 2 Purple 4 D 29
In 3 Yellow 4 D 30
Out 4 Brown 4 D 31
Right 5 Red 4 D 2
Left 6 Blue 4 D 27
Open 7 Black 4 c 13
Close 8 White 4 a 13
IWT 9 Black Joystk. Unit 10
On/ 10 Black Transducer 8
Off 11 Black Joystk. Unit 9
I" GND 12 Black Power supply
Screen 13 Board
Screen 4
.Screen 2

Table 7-4: Back Panel Connections (II)
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CHAPTER EIGHT

HARDWARE III:

CONTROL UNIT, TRANSDUCER WIRING, & 

POWER SWITCHING UNIT

8.1 Control Unit

8.2 T ransducer Wiring

8.3 Power Switching Unit
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8.1 Control Unit

The layout of the controls on the Control Unit is shown in 

Fig. 8-1. The joystick units are sp ring  centred inductive 

devices which are very  reliable as there  are no potentiometer 

wipers to wear out. The orientation of the joystick axes and 

th e ir corresponding functions is in a similar fashion to that of a 

conventional mechanically controlled d igger. This is to minimise 

the re-learn ing  necessary  for operators already familiar with 

conventional controls. The carry  strap  supports project out 

from the case approximately 40 mm on each side to keep the 

s tra p , worn around the operator's neck, away from his hands 

while operating the unit.

Fig. 8-1: Layout of Controls
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The pitch control is situated in the centre of the control 

panel and comprises a plastic film potentiometer calibrated to 

correspond to pitch angles of -45° to +45°. The power and 

Instant Weight T ransfer (IWT) switches are of the latching type 

with LED's mounted above them to indicate their s ta tu s . The 

mode selection switches are of momentary type and have in tegral 

LED's; this arrangem ent allows mode selections and changes to 

be made in software e .g . to s ta r t up at power on in Manual Mode 

and to revert to Manual Mode at the end of a Repeat sequence. 

The large Emergency Stop button is mounted on the front of the 

control unit and latches when depressed , being released by a 

tw ist.

-o +

l} * i  m  0 " ]  § * i

7S2 •JS3 JS4 V*1
-o  g t r fi

vs Vy Vi V ,  Vp

Fig. 8-2: Connection of Joysticks & Pitch Control

The circuit for the joysticks and the pitch control is shown in 

Fig. 8-2. The 5 V reference is from the analogue in terface 

card; the output voltage swing of the joysticks is J V from a 

central position with a standing output of 2$ V and they have an 

output resistance of 1.8 kQ.

The mode selection switch circu itry  is shown in Fig. 8-3 along 

with the tru th  table for encoding the five possible switch se t

tings to the th ree  mode select lines MSO, MSI, and MS2. The
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normally closed emergency stop switch is in series with the 

on/off switch and closes the path  for operating the power 

switching relay. The mode indication circuit is shown in Fig.

8-4 and decodes the two mode indication lines MIO and Mil to 

operate the four LED's according to the tru th  table. The four 

NAND gates in the 7403 have open collector ou tpu ts, tu rn ing  the 

corresponding LED on when the output goes low. The layout of 

the circuit board for the mode selection and indication circuits 

is shown in Fig. 8-5, and Fig. 8-6 shows the layout of the 

connecting strip  mounted at the bottom of the case and the 

colour coding of the connector cable. Colour coding for the 

analogue control leads is given in Table 8-1.

Joysticks

V _ ref Red
Gnd. Black
Slew Blue
Lift Blue
Reach Yellow
Bucket Yellow

Pitch Control

Wiper
V ref 
A . G n d .

Grey
Violet
White

Table 8-1: Colour Coding of Analogue Control Leads

A top view of the control unit is shown in Plate X, and front

view with it placed on the processor unit in Plate XI.
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Fig. 8-6 : Connector Layout & Control Cable
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8.2 T ransducer Wiring

Fig-. 8-7 and Plate XII show the wiring diagram and junction 

box mounted on the side of the d igger. The cable to each 

transducer is screened to minimise any pick-up from 

electromagnetic fields. Linking each transducer to the junction 

box is an in-line connector so that each transducer may indi

vidually be disconnected and replaced. The use of a junction 

box also reduces the amount of cabling required to link the sejt 

of th ree  transducers to the processor unit.

C *m *A vrt

Fig. 8-7: Transducer Circuit

8.3 Power Switching Unit

Fig. 8-8(a) shows the three regulator circuits for driv ing 

the solenoid valves at 8 V from the nominal 12 V trac to r supply.



(a) Valve Supply Regulators

■* nv httttry

(b) IWT Valve Switching

Fig. 8-8 : Power Switching Unit Circuitry 121
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Plate XIII: Side View of Machine Showing Junction Box 
S Transducer for Main Arm

T he IVVT va lve  is d r iv en  u s in g  a TIP125 t r a n s i s to r  (F ig .  8-8 

( b ) ) .  R es is to r  R17 limits th e  base  c u r r e n t  and  R18 e n s u r e s  th a t  

th e  t r a n s i s to r  t u r n s  h a rd  off. The opera tion  of th e  c u t -o f f

c ircu it  (F ig . 8-8 ( c ) )  is  to switch th e  c u t -o f f  va lve  u s in g

d a r l in g to n  p a ir  Q10, Q l l  and  delay the  t u r n - o f f  of th e  valve 

u s in g  C l and  R19 so th a t  th e  valve is  held on be tw een  c o n se c u 

tive  p u lse s  from one o r more p ro por tiona l va lves .

The pow er sw itch ing  for the  in p u t  to th e  system  from th e  

b a t t e r y  is  e ffec ted  u s in g  th e  c ircu it  of F ig . 8-8 ( d ) .  F u se  FI is 

r a te d  at 32 A to p ro te c t  the  b a t t e r y  and  th e  c i r c u i t ry  ag a in s t  

any  major sh o r t  c i rc u i t .  Relay RLA1 is u sed  to sw itch  the  

pow er to the  system  when th e  o n /o f f  con tro l loop is c losed . 

Diode D12 p re v e n ts  the  re lay  from o p e ra t in g  i f  the  su p p ly  is 

re v e r se  connected  b y  m istake, th u s  indefin ite  r e v e r s e  su p p ly  

connection  does not damage th e  system .
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Fig. 8-9 Valve Switching Circuitry
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Fig. 8-9 shows the complete circuit for the switching of all 

the proportional and bang-bang valves for the different s e r 

vices. The control inpu ts are buffered by the 7407 gates and 

the open collector gate outputs sink the base cu rren ts  from the 

switching tran sis to rs  Q1-Q8 . Diodes D13 to D20 link each of 

the valve solenoids to the cut-off control circuit while isolating 

the services from each other.

The circuit board layout is shown in Fig. 8-10 and the layout 

of the internal connector in Fig. 8-11 with the wiring details in 

Fig. 8-12. The colour coding of the control cable is shown in 

Table 8-2. Figures 8-13 and 8-14 show external views of the 

box and the component mounting configuration and cable gland 

layout. Plate XIII shows the switching unit on the digger with 

the cover plate visible at the left hand end and the cable glands 

to the righ t. Sealing cable glands and a screw-on lid to the box 

were used to prevent the ingress of moisture to th is particularly  

exposed part of the system.
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Core Colour Function

1 Red Up
2 Blue Down
3 Yellow In
4 White Out
5 Black Right
6 Brown Left
7 Violet Open
8 Orange Close
9 Pink IWT

10 Turquoise On/Off
11 Grey
12 Green G N D .
13 Screen n/c

Colour Coding of Power Switching Unit
Control CableTable 8-2:
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Fig. 8-13: Side View of Power Switching Unit Showing
Layout of Power Transistors & Cable Glands

Cimb-vi
coil* JV»ccD*rH*Wt

Hill M|- MM#

cW»rßl»tr

Fig. 8-14: End Views of Power Switching Unit Showing 
Semiconductors S Cable Glands
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9.1 Arithmetic Processor Unit

The principal advantages of using an Arithmetic Processor 

Unit (APU) are its speed of operation and the ease with which 

complex computations may be programmed. Two major program s 

were w ritten for controlling the digger:

MANCON which mimics the operation of a conventional 

mechanically controlled digger

and DIG which provides the features described in Chapter 

Two of automatic stra igh t line cu tting , pitch 

control, and the learn /repea t facility.

Both programs make extensive use of the APU and a set of 

macros and subroutines common to both program s was w ritten to 

simplify data tran sfe rs and APU commands so tha t any calculation 

could be coded as a Reverse Polish sequence of in structions. A 

macro was also written to effect conditional jumps depending 

upon the relative values of two 32 bit floating point variables. 

All the system software was w ritten in assembly language for the 

8085A processor using an Intel Intellec Development System.

The arithmetic processor has as in ternal stack 16 b its wide by 

8 levels deep for single precision values or 32 b its wide and 4 

levels deep for double precision or floating point values (Fig.

9-1).

Data is entered on the stack in the sequence B l, B2, B3, B4 

and removed in the reverse sequence. The stack is located at 

add ress 1000H. Commands are w ritten to the APU as 8 bit 

words to the addresss 1100H and commands operate on e ith e r the



1 3 0

Top of stack (TOS) 
Next on stack (NOS)

I_________I_________I

-— 16--------►

TOS

Fig. 9-1: APU Internal Stack Structures for Single 
and Double Precision Data

TOS or NOS or both. The device sta tu s (B usy, Sign, Zero, 

E rro r, e tc .)  may be read from the sta tu s reg is te r, also located 

a t address 1100H.

B4 B3 B2 Bl

•32-

l. s. byte

m .  s. byte

Fig. 9-2: Data Format for 32 Bit Floating Point Variable

Thirty-tw o bit floating point variables and constants used in 

the programs are stored in RAM or EPROM as a sequence of four 

consecutive bytes as shown in Fig. 9-2 with the least significant 

byte at the lowest address. The variable name or iden tifier acts 

as a label to the address of the least significant byte.

9.2 Subroutines for APU Stack Data T ransfer

Subroutine PSHT pushes a 32 bit variable onto the APU 

stack . Register pair DE, used as a data po in ter, controls the

A ddress Data
n byte 0
n+1 byte 1
n+2 byte 2
n+3 byte 3
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address of the least significant byte on calling and of the most 

significant byte at re tu rn  (see Fig. 9-3).

A-*-(DE)
A-«-1000H

POP B 
A-*-B 
POP B

( RETURN )

Fig. 9-3: Flowchart of Subroutine PSHT

A more efficient coding for storing the A reg is te r would be 

PUSH PSW, and for recovering it POP PSW.

Subroutine PLLT pulls a 32 bit variable from the APU stack . 

Register pair DE, used as a data pointer, contains the address 

in memory of the least significant byte of the variable (see Fig. 

9-4).

A more efficient coding for storing  the A reg is te r would be 

PUSH PSW, and for recovering it Pop PSW.

Macro PSH generates the code for pushing a 32 bit variable

( START )

PUSH B 
B-*-A 
PUSH B

A-*-(DE) 
A-«-1000H 
DE-*-DE + 1

X
X

onto the APU stack using subroutine PSHT.
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X

Fig. 9-4 • Flowchart of Subroutine PLLT

The call instruction is of the form 

PSH var

Where var is the identifier of the variable to be pushed , and the 

corresponding code generated by the macro is

LXI D .var ;Load data pointer

CALL PSHT ; Call APU stack push

subroutine

Macro PLL generates the code for pulling a 32 bit variable 

from the APU stack using subroutine PLLT.

The call instruction is of the form

PLL var
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Where var is the identifier of the variable to be pulled, and 

the corresponding code generated by the macro is

LX I D ,var ;Load data pointer

CALL PLLT ; Call APU stack

pull subroutine

9.3 Subroutines for APU Operations

Macro MATHS generates subroutines which when called give 

commands to the APU to perform different arithmetic operations.

The calling instruction  is of the form 

MATHS function, code

Where function is the name of the operation carried out by the 

APU and the name of the subroutine generated by the macro 

and code is the 8 bit code wirtten to the APU command reg is te r 

to carry  out the required operation.

The macro generates code of the form

function: STA ASTR ;pu t A reg . in

tem porary location

MVI A, code ;A-*—APU op code

STA 1100H ;A—►APU command

reg is te r

LDA ASTR ; resto re  A reg is te r

RET

fected: None

Subroutine FIX is used to convert the 32 bit floating point



contents of the TOS to 8 bit in teger format in the A reg is te r 

(see Fig. 9-5).
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START )
= 3 = — ------1CALL FIXS I 

I
A-*—1000H 
A-*—lOOOH

CRETURN )

Fig. 9-5: Flowchart of Subroutine FIX

Subroutine FLOAT converts the 8 bit in teger contents of the 

A reg is te r to 32 bit floating point format on top of the APU 

stack (see Fig. 9-6).

Fig . 9-6: Flowchart of Subroutine FLOAT

9.4 Macros for Conditional Jumps

Macro IFF generates code for conditional jumps depending 

upon the relative values of two floating point variables. It 

generates code to operate as follows:

IF varl{> | » | = |*  | « | <}var2 

THEN GOTO label 

ELSE CONTINUE

The calling statement is of the form



1 3 5

IFF v a r l ,  {GTHAN|GEQUAL| EQUALS |NEQUAL|LEQUAL|

LTHAN}, var2 , label

and the macro generates code as in the flowchart of Fig. 9-7.

<  A = 5 ? > -gP  CG0T0 l a b e l  
Yes

( CONTINUE )

Fig ■ 9-7: IFF Macro Object Code

Subroutine op te s ts  the validity of the relational operator (>, 

e tc .)  on VI and V2, return ing  the result as T rue (1) or 

False (0) in the A reg is te r. The different cases for subroutine 

op are flowcharted in Fig. 9-8.
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(a) Subroutine EQUALS (d > Subroutine LTHAN

( START 3

CALL EQUALS

A-*-A

(  r e t u r n )

(b) Subroutine NEQUAL

( START )

I CALL LTHANI 
—

("return )
(e) Subroutine GEQUAL

(c) Subroutine GTHAN

CSTART )
7=E=L__ _
I CALL GTHAN

(“"return *)

(f) Subroutine LEOUAL

Fig .__9-fi: (a)-(f) Flowcharts of Relational Operator
Subroutines called in Obiect Code of TFF Macro



CHAPTER TEN:

SOFTWARE H; 

PROGRAM MANCON

10.1 Introduction

10.2 Algorithm

10.3 Memory Utilisation

10.4 Code Documentation



1 3 8

10.1 In t roduc t ion

Program MANCON simulates the operation of a conventional 

mechanical control system, opening each hydraulic valve in 

relation to the corresponding joystick deflection. In addition to 

the  routines for utilisation of the arithmetic processor described 

in the previous chapter there are a number of subroutines 

common to program MANCON and program DIG, which is 

described in the next chapter. These common subroutines are 

mainly for input and output.

10.2 Algorithm

The flowchart for the main program is shown in Fig. 10-1 

indicating which code segment, the main program or a 

subroutine, executes each function.

Ç  START ) Code Segment

I n i t i a l i s e
system Main program & 

subroutine INIT
{ L O O P )

OUTPUT

Main program

CONV

Fig. 10-1: Flowchart for Main Program

The executable code begins at address 80D0H in ROM with the  

system initialisation procedure. Default values of characteristic
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constants for the valves are copied from ROM into RAM. This is 

so that the constants may be changed by the u se r when 

operating the system and program execution may be resumed 

from location 80E0H to avoid corrupting  the modified data. The 

in te rru p ts  and stack pointer are initialised to allow the program 

to be in te rrup ted  at a selected point when the Vectored 

In te rru p t key on the keyboard is depressed . Subroutine INIT 

sets the I/O port data direction reg is te rs .

Location 20CEH in RAM, to which control jumps when the 

Vectored In terrup t key is p ressed , is loaded with the instruction  

code CFH (RST1) to re tu rn  control to the monitor.

The main control loop first calls subroutine CONV which reads 

in the joystick deflection JXDOT, JYDOT, JBKT, and JSLEW 

corresponding to Lift, Reach, B ucket, and Slew. These 

variables are assigned values in the range -1 to +1 according to 

the magnitude and sense of the corresponding joystick 

deflections.

The values of JXDOT, JYDOT, JBKT, and JSLEW are copied 

via the top of the APU stack to variables VVBETA, VVALFA, 

VVBKT, and VVSLEW which are the corresponding valve 

se ttings.

Subroutine OUTPUT is then called and sets the control 

signals for the valve d rivers. The final p a rt of the main control 

loop allows an in te rrup t from the 'Vectored In te rru p t' key of the 

monitor; this allows the program to be halted at th is specific
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point so that the values of variables may be examined. Control 

then jumps back to the s ta r t of the main control loop.

Memory Utilisation

The basic memory utilisation for the program is shown in Fig.

10-2. Program variables are stored in RAM (block A); certain  

constants, those describing valve characteristics, are also stored  

in RAM (block B). Default values of user alterable constants 

are stored in EPROM in block C, and fixed constants in block D. 

The program code is stored in ROM in block E.

RAM
3000H

3043H

A Program
variables

3044H
B User-alterable

304FH
constants

EPROM
8000H

800BH

C Default constant 
values

800CH

803BH
D Constants

80DOH

8550H
E Program code

Fig. 10zA: Memory Map

The control s tru c tu re  for se tting  up default constants is 

shown in Fig. 10-3. Normally program execution begins at 

START A and the default constant values are copied from Block 

C to block B then control moves to the  main routines. If the
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program is halted by depression of the Vectored In te rru p t 

button or Reset then the u ser alterable constants may be 

changed and program execution recommenced from START B to 

preserve  the modified data values.

( START A )

Copy block C 
to block B

-Ç START B )

Main control 
routines

Halt? > Yes -Ç STOP )
No

Fia. 10-3: Control Structure for Setting 
Default Constants

10,4 Code Documentation

Line numbers re fe r to those on the listing  included in 

Appendix A.

Subroutine INIT (lines 203-210)

This subroutine writes the appropriate bit p a tte rn s  to the I/O 

port data direction reg isters as given in Table 10-1.

Registers affected: A

Subroutine CONV (Lines 219-246)

This subroutine reads the output from each joystick axis
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Ç START )

A^-Channel number

CALL ADCON

CALL JOYSTK

Pull result 
from TOS___ _

( RETURN 3

Joystick
axis

Channel
number

Result

Slew 03H JSLEW
Lift 04H JYDOT
Reach 05H JXDOT
Bucket 06H JBKT

F i g .  10-4: Flowchart for Subroutine CONV

using subroutine ADCON and sends the resu lt to subroutine 

JOYSTK which tran sfe rs  the resu lt to the range -1 to +1 in 32 

bit floating point format. This process is effected four times to 

obtain values for the Slew, L ift, Reach, and Bucket joystick 

axes. The subroutine is flowcharted below in Fig. 10-4 and the 

table gives the channel number and resu lt name for the  different

I/O Port 
Address

Function Data
Direction

Data
Direction
Register

Control
Byte

21H Reach Out
<
1

22H Bucket Out >20H OFH
23H Mode Out «1

indicate
OOH Slew Out 02H FFH
OlH Lift Out

'

03H FFH
29H ADC Bus In
2AH Mode In  ̂28H OCH

select
2BH ADC Out

Control

Table 10-1: i/O Port Usage and Control Bytes

Registers affected: A ,D ,E ,H ,L , S tatus
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This subroutine operates the analogue to digital converter. 

The channel number is passed to the routine in the A reg is te r 

and the A reg is te r contains the eight bit resu lt at re tu rn . The 

flowchart for the routine is shown in Fig. 10-5.

S u b r o u t i n e  A D C Q N  ( l i n e s  2 5 9 - 2 7 3 )

( START )
;  i— _________
/ Output channel / 
/ number to ADC /

Latch ADC input 
buffers and initialise 
conversion___________

LClear control 
lines

Call subroutine 
PAUSE

Activate 3-state 
ADC output

Pause to let ADC 
output data settle

j Read result into 
/ A register_______

( RETURN )

Fig. 10-5: Flowchart for Subroutine ADCON

R egisters affected: A, H, L, Status

Subroutine PAUSE (lines 284-288)

This subroutine effects a delay, the duration of which is 

determined by the contents of the HL reg is te r pair on calling 

and given by the formula

Delay = (0.008 C + 0.013) ms

Where C = value of counter in HL reg is te r pa ir on calling.
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T h e  s u b r o u t i n e  f l o w c h a r t  i s  g i v e n  i n  F i g .  1 0 - 6 .

( START )

De
r e

crem en t HL 
g i s t e r  p a i r

Yes

C RETURN")

Fig. IQ-6: Flowchart for Subroutine PAUSE 

R egisters affected: H, L.

Subroutine JOYSTK (Lines 439 - 505)

This subroutine converts the eight bit joystick voltage to the 

range -1 to +1, corresponding to the full mechanical travel of 

the lever. This is shown graphically in Fig. 10-7 and Fig. 10-8 

gives the program flowchart.

Fig. 10-7 Transfer Characteristic of 
JOYSTK

Subroutine

Registers affected: A, D, E, Status.
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Fig. 10-8: Flowchart for Subroutine JOYSTK

Subroutine OUTPUT (lines 519 - 622)

This subroutine takes as input param eters the fractional valve 

openings VVSLEW, VVALFA, VVBETA, and VVBKT. They are 

offset and scaled in tu rn  by subroutine VLIN to give the 

requ ired  valve control bytes which are then output to the valve 

d riv ers . The subroutine has the following input param eters.

Fractional valve opening FVO

Positive Offset POF

Positive Maximum PMAX

Negative Offset NOF

Negative Maximum NMAX

The d river control byte is re tu rned  in the A reg is te r.

The input param eter names for the different valves are as

follows:
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Slew Lift Reach

FVO VVSLEW VVALFA VVBETA

POF SPOF APOF BPOF

PMAX SPMAX APMAX BPMAX

NOF SNOF ANOF BNOF

NMAX SNMAX ANMAX BNMAX

Control byte VS VL VR

The bucket is contolled by a bang-bang valve and is operated 

by a separate piece of code which switches the bucket valve 

according to the sign of VVBKT.

Fig. 10-9: Flowchart for Subro utine OUTPUT
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This subroutine derives the control byte to be output to a 

proportional valve given the demanded fractional valve opening 

and a set of param eters describing the valve characteristics. 

The demanded fractional valve opening (FVO) is expressed as a 

32 bit floating point quantity in the range -1 to +1. The 

simplified characteristic  of a valve is shown in Fig. 10-10.

S u b r o u t i n e  V L I N  ( L i n e s  6 6 1  -  7 6 1 )

Fig. 10-10: Simplified Valve Characteristic

The subroutine maps an input in the range 0 to -1 onto the 

negative linear region. The format of the control word is as 

shown below in Fig. 10-11.

cycCt
ourrt**

POF -  P o s i t i v e  O f f s e t  
PMAX -  P o s i t i v e  Maximum 
NOF -  N e g a tiv e  O f f s e t  
NMAX -  N e g a tiv e  Maximum

Ut.

Fig . 10-11 : Valve Driver Control Word Format
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The most significant bit gives the sense of the movement as

1 0

Slew Right Left

Lift Up Down

Reach In Out

The seven least significant b its determine the magnitude of 

the mark to period ratio (duty  cycle) of the valve c u rre n t. The 

magnitude is calculated for positive inpu ts as 

Magnitude = POF + FVO (PMAX - POF) 

and for negative inputs

Magnitude = POF + FVO (NMAX - NOF)

The subroutine flowchart is shown in Fig. 10-12.

Fig. 10-12: Flowchart for Subroutine VLIN

R egisters affected: A, D, E, S tatus.
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11.1 Functional Description and Algorithms

Program DIG is the main control program which implements 

the function specified in Chapter Two of automatic linear cu tting  

of the blade, calibrated variable p itch , and a learn and repeat 

facility. The program effects four modes of machine opera tion :-

Manual: 'X-Y' control of bucket movement, Bucket Angle 

and Slew from joysticks. Calibrated Pitch control.

Learn: Control is as for Manual but path is recorded as a

sequence of X, Y, ij/, coordinates. Any path 

previously recorded is overw ritten.

Repeat Slow: Path is repeated at a slow speed from the

machine position when the mode is selected. If th is 

mode is selected when the machine is already in 

repeat fast mode, the path is not recommenced but 

continued at the slow speed.

Repeat Fast: Path is repeated at maximum speed from the

machine position when the mode is selected. If this 

mode is selected when the machine is already in 

Repeat Slow mode, the path is not recommenced but 

continued at the higher speed.

Figure 11-1 illustra tes the different possible mode transitions 

and the conditions causing them. The flowchart for mode 

control, which is the highest level of the machine software is 

shown in Fig. 11-2.

Manual Mode

The manual routine, flowcharted in Fig. 11-3 firs t se ts the

mode indicator on the control panel and then en ters the  main 

loop. Subroutine XY reads in the machine position and control



Mode P ro c e s s

S t a r t  r 
s t a t e  ^

T r a n s i t i o n ----------- ►-------------
Condition for 

transition

inpu ts and sets the control valves accordingly. If any mode 

select key has been depressed then control re tu rn s  to the main 

mode control program. The Vectored In te rrup t key is briefly 

enabled so that program operation may be checked, which 

completes the sequence of operations of the subrou tine 's  main 

control loop.

Learn Mode

The learn routine allows the u ser to control the machine as in 

Manual mode bu t equi-spaced points in the c u rren t X-Y 

coordinate framework are stored sequentially in memory as the



Fig. 11-2: Flowchart for Mode Control

( START)

/ I n d i c a t e  / 
/  mode /

C a ll  XY I
-( LOPPI 0

Any mode s e l e c t  \  Ye; 
key d e p re s s e d ?  /

No A llow  i n t e r r u p t

{. RETURN ^

F i g . 1 1 - 3  : F l o w c h a r t  f o r  M a n u a l  Mode
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machine moves. The first point stored is the initial position of 

the machine when the mode is selected. The routine s ta r ts  (see 

Fig. 11-4) by indicating the mode by the appropriate LED on 

the control panel, then the data pointer and counter are  

initialised and the cu rren t output position stored .

F i g .  11-4 : Flowchart for Learn Mode

In the main loop of the subroutine, subroutine XY is called to 

read the machine inpu ts , output position, and to set the valve 

ou tpu ts . The updated machine output position is compared with 

the latest stored value and if  the separation is g rea te r than a 

critical value then the new position is recorded. Thus
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approximately equi-spaced points are stored as the trajectory  is 

executed and there  is no time constraint upon the operator as 

would be imposed by sampling at regu lar time in te rvals. Once 

the memory is full then control re tu rn s  to the mode selection 

program which defaults the system to manual mode. Control may 

also leave Learn Mode if  one of the mode selection keys is 

depressed .

Repeat Slow and Repeat Fast Modes

The essential operation of the routine is to feed the stored 

path  points to the position control program as ta rg e t poin ts, 

offset to accommodate the new sta rtin g  point. The stored points 

are  approximately equi-spaced so the delay between each point 

controls the speed. The main program for Repeat Slow mode is 

flowcharted in Fig. 11-5.

F i g .  1 1 - 5 : F l o w c h a r t  f o r  R e p e a t  S l o w  Mode



155

The routine s ta r ts  by checking that there is a path stored in 

memory and if there  is not, control re tu rn s to the calling 

program . If there  is a path  in memory, the data counter which 

counts the successive path points is set to zero, and the data 

poin ter to the base address for the stored path . If Repeat Slow 

mode is selected while the system is in Repeat Fast mode then 

the path being repeated at the mode change is continued at the 

new slow speed, so control en ters at point RSCON. The Repeat 

Slow mode indicator on the control panel is then se t. The value 

for the delay between successive path  points is set and 

th is determines the speed at which the path is repeated . 

Subroutine REPEAT is then called which has as calling 

param eters the number of path poin ts, the data po in ter, and the 

delay between points.

Ç START )

C RFCON>

I s  t h e r e  a s to r e d  
p a th  in  memory?

Yes

Initialise data 
pointer and path 
point counter

^  ' —_________________
/  I n d i c a t e  mode /

No

S e t  v a lu e  f o r  
d e la y  be tw een  
p a th  p o in ts

I C a l l  REPEAT
I

( RETURN )

-{ RETURN )

F i g .  1 1 - 6 : F l o w c h a r t  f o r  R e p e a t  F a s t  Mode
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The operation of Repeat Fast mode (see Fig. 11-6) is very  

similar to that of Repeat Slow mode described above. Entry 

point RFCON is used when the mode is changed from Repeat 

Slow to Repeat Fast so that the path being repeated is continued 

bu t at a h igher speed. No additional delay is introduced 

between path  points so the path execution is as fast as the 

system will allow.

11.2 Memory Utilisation

In program DIG, as for program MANCON described in the 

previous chap ter, certain program constants are  made user 

alterable by storing  them in RAM, allowing access th rough  the 

SDK-85 monitor. Default values of the constants are stored  in 

ROM and these are loaded into RAM by the firs t segment of 

the main program.

ROM
OOOOH JMP 80D0H

RAM
3000H

30CCH

Program  v a r i a b l e s

30CDH

3111H

Program  c o n s ta n t s

ROM
8000H

804BH

D e fa u l t  v a lu e s  f o r  
c o n s ta n t s

804CH

80CCH

Program  d a ta

80D0H

8F2FH

Main Program

F i g .  1 1 - 7 :  Me mo r y  U t i l i s a t i o n
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At power on control goes to address OOOOH at which may be 

located the monitor program or an EPROM programmed so as to 

send control to the s ta rt of the main program at address 80D0H 

(see Fig. 11-7). The la tter arrangem ent makes the system 

transparen t to the u ser.

11.3 Code Documentation

(Line numbers re fe r to those on the listing in appendix C).

Main Program (Lines 189 - 271)

The flowchart for the main program is shown in Fig. 11-8.

The program s ta rts  at address 80D0H and the first segment 

copies the default values of user-a lterab le  program constants 

from ROM, sta rting  at address 8000H, to RAM, s ta rtin g  at 

address 30DCH. Register B is used as a data counter and 681() 

by tes are tran sfe rred .

The in te rru p t mask is set to allow the VECT. INT. key to 

operate and the in te rru p t mask is disabled, to be re-enabled at 

specific points within the program . The stack po in ter is then 

set to 20C2H, and subroutine INIT called to set up the  I/O port 

data direction reg is te rs . The byte MODFLG which acts as a 

mode flag for the previous mode is set to Manual and this 

completes the initialisation process.

The main control loop s ta r ts  at label MLOOP and the first 

operation is to tu rn  off the valves by ou tpu tting  the appropriate  

bit pa tte rn s  to the d rivers (Lines 217 - 221). The system then
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Fig. 11-8 : Flowchart for Main Program

reads the sta tu s of the mode select switches , MODE, the switch 

s ta tu s  is debounced by a delay, and the processor waits for the 

switch to be released. By not proceeding to the selected mode 

until the switch is released, holding a mode select button down
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for an extended period does not give rise to any undesired 

system response by repeatedly entering and immediately leaving 

the selected mode. According to the bit pa ttern  input from the 

mode select sw itches, the appropriate mode subroutine is called 

(Lines 242 - 271). If two buttons are depressed simultaneously a 

p rio rity  system is effected. The bit pa tterns are a rranged  so 

that the depression of two buttons simultaneously does not 

generate the pa ttern  of a th ird . When control re tu rn s  from the 

selected mode it re -en te rs  the mode selection segment.

Subroutine MANUAL (Lines 280-290)

MANUAL is the master subroutine called when Manual mode is 

selected (see Fig. 11-9). MODFLG is updated and the

appropriate mode indicator is set on the control panel (lines 280 

- 282). The main loop then begins: subroutine XY is called to 

implement X-Y control of the machine from joystick in p u ts , the 

mode switches are checked and control re tu rn s  if any of the 

switches is depressed (lines 284 -  286). An in te rru p t from the 

Vectored In terrup t key is allowed and then control jumps to the 

s ta r t of the main loop.

F i g .  1 1 - 9 : F l o w c h a r t  f o r  S u b r o u t i n e  MANUAL
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Subroutine XY (Lines 303 - 319)

Subroutine XY is the subroutine used in Manual and Learn 

modes to read the control settings and machine position and 

assign the valve settings accordingly. It simply calls a sequence 

of subroutines to effect the different operations (see Fig.

11-10).

g-L£.:. . .L L zlP . •’ F l o w c h a r t  f o r  S u b r o u t i n e  XY

Subroutine CONV reads in the joystick positions, pitch 

control setting, and the position of the machine arms. COORD 

then calculates the output position in the Cartesian user 

coordinate system. Subroutine IP1 compares the settings of the 

joysticks with previous values and if  there  is significant 

difference then updates the input velocities to the control 

system . This has the effect of filtering out any noise due to 

unsteadiness of the operator's hand. The positional e rro r 

between the output positon and the latest value of the demanded 

position or Target Point is calculated by suboutine EPOS. A
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critical value of position e rro r is  set by subroutine SETEC 

according to the input velocities such that if the system is 

sa tu ra ted  ( i .e . valves fully open) then the ta rge t point is 

frozen.

Subroutine IP2 freezes the target position if the modulus of 

the  positional e rro r , ETA, exceeds ECRIT, otherwise a new 

position on the demanded trajectory  is assigned to the targe t 

po in t. Subroutine FFD assigns the valve openings depending on 

the angular positional e rro rs  at the individual pivots. 

Subroutine OUTPUT then converts the demanded valve se ttings 

to control bytes which are output to the valve d rivers.

Subroutine LEARN (Lines 463 - 552)

The firs t operation perform ed by the subroutine (Fig. 

11-11) is to indicate Learn Mode by outpu tting  the bit pa ttern  

01H to the LED control port at I/O address 23H. PCOUNT which 

is a counter of the number of points in the stored tra jec to ry  is 

se t to zero and the data pointer PPOINT is set to the  base 

address of the path storage area. Subroutine XPXO is called to 

sto re  the cu rren t output position defined by XO, YO, PSIO in 

the variables XP, YP, PSIP respectively (initialising the 

so-called Previous Output Position). Subroutine TPUSH pushes 

the th ree  variables comprising the Previous Output Position onto 

the stored path  stack. This constitu tes the firs t path  point and 

control then en te rs the main loop at label L206.

The first operation in the main loop is to call subroutine XY 

which implements the control of the valves. The distance of the
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Fig* 11 1 1 : Flowchart for Subroutine LEARN

c u rren t XY coordinate from the last sto red  point XP, YP is 

calculated and if it exceeds the critical value DCRIT, se t at 0.1 

m, the new output position is stored on the stack . The bucket 

angle PSI is  also compared with PSIP and if  a change g rea te r 

than  DPCRIT, set to 5°, has occured then  also is th e  new 

position recorded .

The sequence of operations for recording a path  point (Lines 

540 - 548) is as follows: subroutine XPXO is called to update
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the value of XP, YP, PSIP to the cu rren t output values. 

Subroutine TPUSH pushes the new point onto the path  stack . 

The path point counter PCOUNT is incremented and compared 

with MAXPTS, the maximum number of points that can be sto red , 

and if the memory is full control re tu rn s  to the main program .

The final p a rt to the main loop (Lines 541 - 551) is to check 

that none of the mode select switches is depressed and to jump 

to the s ta r t of the loop or else to re tu rn .

Subroutines RFAST and RFCON (Lines 729 - 744)

Figure 11-12 shows the flowchart for subroutine RFAST and 

when subroutine RFCON is called control en ters at label RFCON. 

Subroutine RFAST is for repeating a stored path  i .e .  operating 

the system in repeat fast mode, and is called when changing 

from manual or learn mode to Repeat Fast mode. When changing 

from Repeat Slow mode to Repeat Fast mode RFCON is called to 

continue, at a faster ra te , a path already being repeated.

Fig. 11-12: Flowchart for Subroutines RFAST
and RFCON
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The first operation when RFAST is called is to check that 

there  is a path in memory by examining the value of PCOUNT, 

the counter of the number of points sto red . If PCOUNT is zero 

then  control re tu rn s  to the calling program (lines 729 -  733). 

Subroutine RSETUP is then called to initialise the data points 

and the offsets in the X and Y directions to compensate for the 

new sta rting  point being different from the first stored point.

The Repeat Fast mode indicator LED on the control panel is  

then turned  on and MODFLG byte is set to indicate repeat fast 

(Lines 735 - 738). To control the speed of execution of the 

stored path , the rate  at which the ta rge t points are p resen ted  to 

subroutine XY is varied. The number of calls of subroutine XY 

in between successive points is stored in FCOUNT and is 

assigned the value FFAST, here set to 1. NCOUNT, the number 

of the path point reached is then initialised to zero. Subroutine 

REPEAT is then called to execute the  repeat process using the 

above defined initial conditions and param eters.

Subroutines RSLOW and RSCON (Lines 762 - 775)

Subroutine RSLOIV (see Fig. 11.13) is for operating  the 

system in Repeat Slow mode and if  th is mode is selected from 

Repeat Fast mode then control en ters at Label RSCON. The 

routine is similar to RFAST.

The path point counter is checked to determine if th e re  is a 

path  in memory: if it is zero then control re tu rn s . Subroutine 

RSETUP is called to initialise the data pointer and the  position 

offsets to be added to each successive path point to compensate
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to the new s ta rt point.

The mode indicator LED's are set to indicate RSLOW and 

MODFLG to the value 01H. PCOUNT is assigned the value of 

FSLOW (12jq) so that a new target point is assigned every 12 

calls of routine XY. Subroutine REPEAT is then called to 

execute the path using the above assigned param eters.

Pia, H-13: Flowchart for Subroutines RSLOW
and RSCON

Subroutine REPEAT (Lines 617 - 713)

This subroutine is called in both Repeat Fast and Repeat Slow 

modes to pull points from the stored path  stack , add the 

appropriate offset and call the control routines for operating  the 

valves. The subroutine flowchart is  shown in Figure 11-14

The magnitude of the  cu rren t output e r ro r , ETA, is compared 

with the value ECRIT and if ETA is g rea te r control jumps to the 

segment for setting the output. This is to ensure tha t the

machine gets close to one target point of the path  before 

inpu tting  the next.
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Fia. 11-14: Flowchart for Subroutine REPEAT

NCOUNT, which is a count of the number of calls to the set 

of position control routines, is incremented and compared with 

PCOUNT, the value of which determines the frequency at which 

target points are pulled from the stack. If NCOUNT has not yet 

reached the value FCOUNT then control moves to L301 to call the 

position control subroutines.

Otherwise, the path point counter RCOUNT is compared with 

the total number of points sto red , PCOUNT, and if  the final
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point has been pulled from the stack MODFLG is set to zero and 

control re tu rn s  to the calling program . At label L308 path point 

counter RCOUNT is incremented and NCOUNT reset to zero. 

Subroutine TPULL is called (Line 678) to pull the top of the 

path  stack and assign the values to XI, YI, and PSII which are 

the inputs to the position control loop. The X and Y offsets are 

then added (lines 679 - 698). S tarting  at label L301 the

sequence of position control subroutines is called: CONV inputs 

the machine position, COORD calculates the output X and Y 

coordinates, EPOS calculates the positional e rro rs , FFD calculates 

the required valve se ttings, and OUTPUT sets the valve control 

by tes. The mode selection switches are checked and if  any is 

depressed then control re tu rn s  to the calling program (lines 704 

- 706). An in te rru p t is then allowed from the keyboard so that 

program execution may be stopped at this point.

Subroutine CONV (Lines 808 - 845)

Subroutine CONV reads all the inputs from the control box 

and the positions of the arms from the tran sd u ce rs . The 

flowchart is given below in Fig. 11-15. For operating the 

analogue to digital converter subroutine ADCON (see C hapter 9) 

is used . The joystick input voltages are normalised to the  range 

-1 to +1 by subroutine JOYSTK (see C hapter 9). Subroutine 

SLOPE converts the voltages read by the analogue to digital 

converter from the pitch control knob to the range -n /2  to +tt/2 . 

Subroutines ALFIP, BETIP, and DELTIP input angles a , p, and 

6 respectively.
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( s t a r t )

/Read slew^input 
f Read Y input 
/ Read X input 
/ Read bucket control input 
/ Read pitch control setting
• . c ;iz z :-------------

Call SLOPE 
Call ALFIP 
Call BETIP 
Call DELTIP

( RETURN~)

F i g .  11-15: Flowchart for Subroutine CONV

Subroutine COORD (Lines 1209 - 1308)

This subroutine calculates the output coordinates XO, YO, 

and PSIO from the measured angles a , p, and 6. To increase 

the  speed of calculation a second o rd e r polynomial is used to 

approximate the function y ( 6 ) .  In lines 1209 - 1240 XO is 

calculated, then YO is calculated in lines 1241 - 1274. The 

polynomial approximation to y (6 ) , calculated in lines 1278 - 1294 

gives a maximum e rro r  of 3% over the range of travel of the 

bucket, a level of accuracy found to be quite acceptable. The 

coefficients GCO, GC1, and GC2 were calculated in a separate  

program to give a least squares approximation to the analytical 

values of the function y (8 ). PSII is then  calculated in lines 1295 

- 1307.

C START )

XO=LA*SIN (ALPHA) + (RA*SIN (ALPHA+BETA^PlJT" 
YO=-LA*COS(ALPHA)- (RA*COS(ALPHA+BETA-PI))
iGAMMA=GCO+(GCl*DELTA) + (GC2*DELTA**2) ) 
PSIO=GAMMA+BETA+ALPHA-PI

( RETURN- )
F i g .  1 1 - 1 6 : F l o w c h a r t  f o r  S u b r o u t i n e  COORD
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Subroutine IP1 (Lines 1438 - 1584)

This subroutine is called in Manual and Learn modes and is 

shown flowcharted in Figure 11-17. When bucket movement is 

selected by the operator the cu rren t bucket output angle, PSIO, 

is  assigned to the variable PSII which is then used as the  input 

to the bucket position control loop to keep the bucket angle 

constant when bucket movement is deselected. This is effected 

by lines 1438 - 1459.

( START~)

c h d —

t JBKT -  07 }------------
NO

Vfs:[I-*-PSIO~l
-------———

11-«-(JXDOT -  CXDOTlI

m  ; C N S T 1 0 > ~-
r l22~)—-— ti!IL*-IJYD0T ~ CYDOTI

< II : CNST10 > ~

( L23> < JYDOT o D — return )

Yes
C'L2 4_>

cud—
< JXDOT = 0? >—^ - C RETURN") 

Y e s ___^______
XI-*-X0 
YI-«-Y0 
PSII-*-PSI0 
CXDOT-*- JXDOT 
CYDOT-*-JYDOT

( RETURN**)

Fig. 11-17: Flowchart for Subroutine IP1

The cu rren t X and Y direction joystick input velocities are  

compared to the cu rren t input velocities to the control loop
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(lines 1460 - 1519). If there is a significant difference in e ither 

(>CONST10) then the target point defined by (XI, YI, PSII) is 

set to the cu rren t output position and assigned a new velocity 

given by JXDOT and JYDOT (Lines 1554 -  1584).

Also if  e ither of the joystick input velocities is set to zero 

the target point and control loop input velocities are reset (lines 

1520 - 1553). This ensures that small changes or noise on the 

joystick input do not continually reset the target point and that 

the  machine stops abruptly  if the  joysticks are released.

Subroutine EPOS (Lines 1321 - 1373)

This subroutine, flowcharted in Figure 11-18 calculates the 

positional e rro rs  of the machine in x , y , and iji (lines 1321 - 

1365). As this subroutine is called in all modes an execution 

timing test segment has been included in i t .  Byte TFLAG is 

complemented and output to port 08H so tha t by monitoring the 

s ta tu s  of any pin on the port the execution loop time may be 

measured as half the period of the observed rectangular wave.

Fi g .  1 1 - 1 8 : F l o w c h a r t  f o r  S u b r o u t i n e  EPOS



1 7 1

Also a delay loop is included with a delay which may be set to 

zero to examine the effects of increased loop execution time. 

This enables a minimum specification of the hardw are and 

software execution speed necessary for effective control to be 

achieved.

Subroutine SETEC (Lines 1399 - 1422)

When the position e rro r ETA exceeds a critical value the 

position of the target point is frozen. Hence if  the bucket 

motion is stalled by an immovable load the  ta rg e t point does not 

continue moving indefinitely. The maximum allowable e rro r  

ECRIT is calculated in the routine such tha t ECRIT has a basic 

value of ECMIN (set to 0.1 m), increasing with the  value of the 

demanded velocity.

( START )
f , 1 ---------------------------------

ECRIT-*—
ECMIN(1+SQRT(CXDOT* * 2 +

CYDOT**2)
r i. - i :( RETURN )

Fig. 11-19: Flowchart for Subroutine SETEC

Subroutine IP2 (Lines 1649 - 1903)

This subroutine (see Figure 11.20) is for updating the  ta rg e t 

point coordinates in each cycle of the main control loop. If the 

positional e rro r of the bucket pivot ETA exceeds ECRIT then the 

target point coordinate is left unchanged. Otherwise the X and



Y input coordinates XI an YI are incremented according- to their 

corresponding input velocities.
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( START)

/ETA > ECRITTV^p-C^ T U R N )  
No ( L32 )

XI«*-XI + CNST11 * CXDOT 
YI-^—YI + CNSTll * CYDOT

( r e t u r n  )
Fig. 11-20: Flowchart for Subroutine IP2

Subroutine FFD (Lines 1649 - 1903)

Subroutine FFD is the code segment which se ts the fractional 

valve openings. The slew valve se tting  VVSLEW is assigned the 

value of the slew joystick input JSLEW (Lines 1649 - 1654) 

MODFLG is then checked to determine if  the system is in Manual 

mode and if not the JXDOT and JYDOT joystick inpu ts are 

disregarded (Lines 1656 - 2658). If in manual mode and both 

joystick inputs are  zero then subroutine FREEZE is called to set 

the lift and reach valve settings to zero (Lines 1661 - 1695) 

This is to ensure that the machine stops when the joysticks are 

in their central positions.

If motion of the bucket pivot is not to be frozen then the 

geometry of the machine is solved to derive the  p and a values, 

BI and AI, required  to position the bucket pivot at the target 

position (lines 1713 - 1774).

The e rro r  in a ,  EALPHA, is calculated and i f  the  e rro r  is 

smaller than the quantisation level of the ADC input then the
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F i g .  1 1 - 2 1 : F l o w c h a r t  f o r  S u b r o u t i n e  FFD



1 7 4

e rro r  is assigned the value zero. The value of the valve 

opening for the alpha valve is then the gain constant A1A x 

EALPHA. A similar operation is then carried  out to set the beta 

valve opening VVBETA (Lines 1775 -  1810).

Subroutine CHKLMT is called to check if the machine position 

and the valve setting  are such as to try  and make a ram move 

beyond the limit of its  travel; if  so then subroutine FREEZE is 

called. The final p a rt of the subroutine (Lines 1812 -  1903) is 

for determining the requ ired  bucket valve opening. If the 

system is in repeat mode then the joystick input is ignored 

(Lines 1812 -1814), if manual or learn mode the valve is set 

according to the joystick (Lines 1818-1849).

If the machine is in repeat mode or the joystick inputs are 

zero then the bucket valve se tting  is assigned a value according 

to the sign and magnitude of the angular positional e rro r  EPS I 

(Lines 1850 - 1903); threshold values PCRIT and NCRIT are set 

ju st la rger than the quantisation value of the bucket position 

inpu t.

Subroutine XPXO (Lines 391 -  400)

This subroutine is called in Learn mode to copy the set of 

output coordinates XO, Y, PSIO (memory locations 3064H thro ' 

306FH) to XP, YP, PSIP (memory locations 3020H th ro ' 302BH). 

R egister pair DE acts as the source data pointer and HL as the 

destination data poin ter. R egister B acts as the  data counter. 

The routine is flowcharted in Fig. 11-22.



1 7 5

Fig. 11-22: Flowchart for Subroutine XPXO

Subroutine TPULL (Lines 414 - 426)

This sub ro u tin e , called in Repeat modes, pulls 

coordinates from the stack and p u ts  them in XI, YI, 

PPOINT contains the address of the top of the stack 

reg is te r  B acts as a byte counter.

— ’ 1 1 ~ 2 3 : F l o w c h a r t  f o r  S u b r o u t i n e  TPULL

path

PSII.

and
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Subroutine TPUSH (Lines 414 - 426)

This subroutine is used in Learn mode and pushes the output 

coordinates XO, YO, PSIO onto the path stack . PPOINT is the 

path  stack poin ter and the B reg is te r is a data counter to the  12 

by tes tran sfe rred .

Flowchart for Subroutine TPUSH

Subroutine ALFIP (Lines 855 - 880)

This subroutine (see Fig. 11-25) is for inpu tting  the machine 

coordinates MCALFA, and ALPHA, the u se r coordinate lift arm 

angle, the two being related by the pitch angle selected on the 

control panel. The appropriate channel of the ADC is read  and 

the result pu t on the  top of the APU stack and converted to 32 

bit floating point format. MCALFA is  found using the scale 

factor MA and offset CA.
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Fig. 11-25: Flowchart for Subroutine ALFIP

Subroutine BETIP (Lines 890 - 907)

Subroutine BETIP (see Fig. 11-26) inpu ts angle BETA 

between the reach and lift arms. The appropriate  channel of the 

ADC is read to give VBETA which is then  scaled and offset by 

MB and CB to give BETA.

( START )

fT̂ oi i
/  C a l l  ADCON/

BETA-*—(VBETA*MB) +CB

( RETURN )

Fig. 11-26: Flowchart for Subroutine BETIP

Subroutine DELTIP (Lines 918 -  935)

Subroutine DELTIP (see Fig. 11-27) inp u ts  the bucket linkage 

angle DELTA. The appropriate ADC input is read and the 

re su lt, VDELTA, scaled and offset by MD and CD.
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C s t a r t  ) 

fA^-02 7
/ C a l l  ADCON /

PELTA-*-(VDELTA*MD) +CD

( r e t u r n ")

F i g .  11-27: Flowchart for Subroutine DELTIP

Subroutine SLOPE (Lines 1183 - 1198)

This subrou tine, flowcharted in Figure 11-28 reads in the 

pitch angle from the knob on the control panel. The ADC inpu t 

channel number is  in  the  A reg is te r on calling and the  resu lt is 

pu t into the APU and scaled and offset by CNST13 and CNST14 

to give the pitch angle in the range - tt/4  to +tt/4 .

f START )
;  i
/C a l l  ADCON/

IA-hU-OSI
1 _ ________________________

PITCH-*-(T0S*CNST13) +CNST14

( RETURN )

Fig. 11-28: Flowchart for Subroutine SLOPE

Subroutine RSETUP (Lines 569 - 604)

This routine is  for se tting  up the  necessary  variables before 

repeating  a stored  pa th . NCOUNT, the counter for the number 

of control routine calls p e r point, is set to zero as is the repeat 

path  point counter RCOUNT. The data po in ter PPOINT is set to 

the base address of the FIFO path  stack . Subroutine TPULL is 

called to pull the first path  point and the X and Y o ffse ts XOF 

and YOF, to be added to subsequent pa th  po in ts , a re  calculated.



The inputs to the position control loop are set equal to the  

ou tpu ts and subroutine EPOS is called, setting the positional 

e rro rs  in X and Y to zero.
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—i2~:— Z 29.: Flowchart for Subroutine RSETUP

Subroutine CHKLMT (lines 1914 - 2048)

Subroutine CHKLMT (see Figure. 11-30) checks the machine 

position and valve setting  to determine if an attem pt is being 

made to move an arm beyond the limit of its  trave l. If so, 

subroutine FREEZE is called to set alpha and beta valve openings 

to zero.

Subroutine FREEZE (Lines 2058 -  2068)

Subroutine FREEZE (see figure 11-31) simply sets the alpha 

and beta  valve openings VVALFA and VVBETA to zero.



( S T A R T  )

<Tmcalfa amax? >
C L 8 0 >  

Yes
Yes

< WALFA 0? >

f L 8 l >
No

< MCALFA AMIN? >
Yesr L 8 2 )---------

« Y—-----< WALFA 0? >

( L83 > No
< BETA BMAX?>

C L 8 0 -
Yes 

( L85 >

Yes

< WBETA 0? >
NO

f L 8 6 >
Yes

< BETA BMIN?>
Yes

< WBETA 0? >

— C L87~)
C a ll
FREEZE

NO

C*L88 )
( RETURN )

No

No

No

No

Fi a . 11-30: Flowchart for Subroutim

( start" )

WALFA-^0
WBETA-«-0

( RETURN )

CHKLMT

Fig. 11-31: Flowchart for Subroutine FREEZE
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CHAPTER TWELVE

FIELDWORK AND SYSTEM EVALUATION

12.1 Introduction

12.2 Tuning of Control Param eters

12.3 Kinematic Evaluation

12.4 System Reliability

12.5 Functional Evaluation

12.6 Learn & Repeat Facility

12.7 Estimation of Cost
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12.1 Introduction

This chap ter deals with the experim ents carried  out and 

observations made to assess the technical and functional aspects 

of the system as built. Also considered are the economic factors 

influencing the viability of the system as a commercial p roduct.

12.2 Tuning of Control Parameters

Havings established the basically correct operation of the 

software with the digger fixed to the floor in the Mechanical 

Engineering Laboratories at Liverpool U niversity , the electronic 

hardw are and the transducers were taken to the prem ises of 

F.W.McConnel L td ., Ludlow for adjustm ent and evaluation when 

used  on a trac to r mounted d igger.

For experimental work and development, the facility for 

vary ing  control param eters via the SDK-85 keyboard and monitor 

was found to be effective and simple to use . It was readily 

posssible in the field to change param eters to determine the ir 

effect on system perform ance.

Valve Offsets

The code was originally w ritten in such a way that diffeent 

values of offset and maximum valve cu rren ts  could be stored  for 

each valve so that individually they  could be operated over the ir 

linear region. In practice however it was found that th is was 

unnecessary  and that common values could be used for all 

valves. By setting  the offset cu rren t of the valves sufficiently 

low it was found unnecessary  to threshold  angular e rro rs  in 

alpha and beta  to the ir quantisation levels as the dead band on
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the valves provided an automatic th resho ld . Also the h y ste resis  

of typically 4 b its , and d rift of the valve characteristic  of a 

measured maximum of 16 b its , were overcome in th is way.

Gains for Angular Position Control

The values of A1A and A1B were varied to find maximum 

stable values so that the highest possible speed of response 

could be obtained without any instability  or overshoot. On the 

reach service the value of 5.1 r a d /s /ra d  was used and on the 

lift service 2.6 ra d /se c /ra d  (both these figures are equivalent to 

a fractional valve opening of 10 /rad ). It was found that values 

much higher than th is gave overshoot, and lower values reduced 

the speed of movement, and so did not make the best use of 

available power.

Target Coordinate Increment Factor

Having set the gains for satisfactory  control the  T arget 

Coordinate Increment Factor (CNST11 in the program  code) was 

adjusted to give the maximum speed range over the  full joystick 

trave l. The param eter was set by increasing it un til in general, 

at maximum joystick deflection, no oil would flow th rough  the 

relief valve. Relief valve flow was detected by monitoring the 

supply line p ressu re  and could also easily be heard .

12.3 Kinematic Evaluation

A series of experim ents were carried  out to te s t the accuracy 

of the stra igh t line cu tting  of the  bucket blade with the  bucket 

moving in air and also when cu tting  ground.
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The maximum deviation from a s tra ig h t path  when driven 

against an immovable obstacle was found to be 50 mm ± 5 mm at 

the blade and was measured against a s tra igh t piece of wood laid 

alongside the path of the bucket. The angular accuracy of the 

machine was measured over the  range of p itch se ttings and the 

mean e rro r was found to be 3° with a maximum e rro r  of 6°.

The speed range with a pump flow rate  of 0.28 I/s  (4.5 

g .p .m .)  was from 0.14 m/s to a maximum of 0.44 m/s measured 

over 2 m horizontally in air above ground.

The system positional accuracy was measured by positioning 

the bucket at various places on its  envelope of movement, 

measuring its  position with a steel tape m easure, and comparing 

it with the calculated values of XO and YO as displayed on the 

monitor display using a data inspection program . The pitch 

control was set to zero so the X and Y axes were horizontal and 

vertical respectively. The mean e rro r  was found to be 30 mm.

A summary of the kinematic evaluation resu lts  is give below: 

Correctness of Manual, Learn, and Repeat algorithms 

and code

Controllability of machine using single stage valves and 

eight bit ADC resolution of position 

Sampling frequency 33 Hz 

Minimum workable sampling frequency 26 Hz 

Maximum deviation from s tra ig h t path  50 mm 

Angular accuracy 3°

Speed range at 1200 r .p .m . engine speed 0.14 - 0.44

m /s.



1 8 5

12.4 System Reliability

The evaluation phase of the pro ject, carried  out on the 

prem ises of F.W. McConnel L td ., was conducted over a period of 

two months. The system construction was found to be such that 

very  little time had to be spent finding and rectify ing hardw are 

faults arising , ra th e r  than fine tun ing  the software and 

conducting experim ents. The problems which did arise however 

were as follows.

The weight of the tran sducers and the length of the screws 

used to secure the tran sducer bodies to the machine were such 

that vibration would tend to loosen the screws over a period of 

time despite the use of shake-proof w ashers. This is a design 

fault which could easily be recified by using la rg e r screws or by 

moulding the tran sd u cer body out of p lastic. Vibration again 

caused a problem in the wiring of the junction box housing the 

power switching tran s is to rs  for the solenoid valves when a screw 

came loose. The use of double n u ts , shakeproof w ashers, or 

nu t locking compound should eliminate the problem. A spring  

loaded fuse holder on the back of the main rack also gave some 

trouble with a bad connection due to slight tension in the 

in ternal wiring.

The system was used in the field in conditions of frost and 

drizzle giving no o ther hardw are problem s. Use in heavy rain 

was not possible as a trac to r with an enclosed cab was not 

available for housing the main rack .
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12.5 Functional Evaluation

A series of tria ls was carried out to determine the relative 

m erits of the computerised system against a conventional control 

system . The evaluation objective was defined to determine the 

relative work ra tes and quality of work for both experienced and 

inexperienced u se rs . A total of six subjects were used in the 

course of the evaluations, two of whom were expert u se rs  of 

d iggers , evaluating systems for F.W. McConnel, L td ., and th ree  

of whom had no experience of using  a d igger at all, the 

remaining subject having limited experience.

When the equipment was firs t constructed  the  layout of the 

controls did not conform to that of a s tandard  machine and th is 

made the system totally unaccepable to experienced operators 

running the system under program  DIG. The system was 

modified and was then found to be quite comfortable and easy to 

use for extended periods but the lever loads, if any th ing , were 

too light to readily discriminate by feel between the  two d ifferent 

axes, sometimes causing selection of the wrong serv ice . To 

avoid any problem of different joystick handling charac teristics it 

was possible to use the same joystick unit for both system s and 

just change the EPROM in the computer to change from one 

program to the o ther.

It was decided to assign simple, well-defined ta sk s  to 

different u sers and measure the time taken to perform  the tasks 

and the quality of finish achieved over a range of ta sk s . All 

the digging operations were carried  out on the prem ises of F.W. 

McConnel, Ltd. on a piece of ground of uniform soil composition
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and s tru c tu re  to eliminate any effects due to variation in 

te rra in .

XY Control

With two of the novice users it was decided to attem pt to 

reduce the effect of learning on performance evaluation of the 

two systems by having one subject run  the system under 

program DIG then under MANCON, and the o ther subject in the 

reverse  o rder. The actual digging process is a complex

combination of vision, physical coordination, and judgement of 

how the material being dug behaves, as well as audible and 

visual cues from the machine. In view of th is it was thought 

that whichever system a novice used firs t it may improve his 

performance on the second.

The experimental procedure taken was to explain the

operation of the machine to the u se r , making sure  tha t they

fully understood the operation of the controls. For safety  they 

were instructed  to keep well out of reach of the machine bu t to 

stand wherever they wanted for v isib ility . The task  to be 

performed was then explained and they were advised not to rush  

bu t to work steadily and get as good a finish as they reasonably 

could.

The first task  was defined as to dig a rec tangu lar hole the 

width of the bucket (1 m) and 2 m long and 60 cm deep,

estimating the dimensions of the hole from the bucket. Two

such holes were dug side by side to provide uniformity of
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dimensions, one hole being dug under program DIG and the 

o ther under program MANCON, the times being noted for each. 

Without being given the ir times the operators were asked which 

system they would choose to use firstly  to perform the task  in 

minimum time, and secondly to perform the task  as precisely as 

possib le .

The second task  was defined as filling up the original hole 

and levelling off the  surface as flat as possible.

The times taken by the two novice u sers are given in the

following table:

User Task Mode Time (R

A Dig trench XY 10

Conventional 8

Rll and Conventional 7

level XY 10

B Dig trench Conventional 22

XY 22

Fill and XY 20

level Conventional 30

Different u se rs  vary  dramatically in th e ir ability to learn to 

control the machine when fitted  with conventional mechanical 

controls. It was not su rp ris in g  therefo re  to find a considerable 

difference between the two novice u se rs  in the time taken to 

perform nominally the  same task under program MANCON.
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Both operators expressed  a marked preference for the 

machine operating under program DIG i .e .  X-Y control.

A timed tria l was also carried  out with one of the experienced 

operators in digging a similar trench  and the times taken were 9 

minutes for the conventional and 14 minutes for the XY control 

system.

The feature of XY control was found not in general to 

significantly increase the work ra te , in fact the indications are 

to the con trary . However, for making the final precise cuts 

necessary  for a stra igh t bottom or side to a hole the XY mode 

was very  effective and the operator could trim the pitch control 

to get exactly the desired angle of cu t.

Ditching

The XY facility was found to be of little value for the  digging 

p a rt of the ditch construction but readily gave uniform slopes to 

the sides of the ditch once the bulk of the earth  had been 

rem oved.

Trenching

As described above for digging, the cu tting  of flat bottomed 

trenches was greatly  facilitated for novice u se rs  as the exact 

desired slope could be obtained from a single control lever by 

se tting  the pitch to the appropriate angle.

Leveling

Novice users were immediately able to achieve resu lts  similar
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to those of experienced operators by setting  the pitch to the 

horizontal and using the bottom of the bucket to spread  the soil. 

The degree of coordination requ ired  to get a level surface with 

conventional controls takes a great deal of practice to acquire.

12.6 Learn & Repeat Facility

The Learn and Repeat algorithms and code were tested  and 

operated as designed. One problem which p resen ted  itse lf in 

repeat mode was that of the bucket encountering an immovable 

obstacle and stalling i .e .  being b rought to a halt and with the 

relief valve blowing. It was found however tha t if  the machine 

was set then to Manual Mode the bucket could almost invaribaly 

be freed by just opening and closing it th rough  a small angle. 

This operation could be built into the software so that when the 

machine is stalled automatic correcticve action is taken .

For digging and trenching  the learn  and repeat facility was 

not found to be particu larly  useful even allowing for the 

tendency of the machine to stall. In Repeat Mode the principal 

difficulty was to s ta rt the repeat trajec to ry  at an appropriate  

point to make the machine do useful work as it has no sensitiv ity  

o r response to how full or empty the bucket may be. The 

repeat slow mode was found to be of no value at all.

The learn and repeat facility was evaluated on the cu tting  of 

ditches by an experienced operator and by the  au tho r. A 

problem which arose was the large num ber of piecemeal 

prelim inary cu ts  to form the basic d itch . A fu r th e r  problem was 

in estimating where to commence the repeat p rocess. The actual
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repeat cu tting  process itself was accurate and smooth, i .e .  

kinematically to specification.

12.7 Estimation of Cost

In o rder to asses any potential commercial viablilty of a 

m icroprocessor based system a specification of the hardw are was 

given to the company Monolog for prelim inary costing of a small 

batch  of control units excluding the tran sd u ce rs . The price 

that they  quoted was £1100 pounds per unit and the cost of the 

basic conventional digger is £3500 re ta il. T herefore very  

substan tia l performance gains have to be dem onstrated to justify  

the  ex tra  cost on a functional basis.

The set of th ree  tran sducers  used in the  experim ental 

pro to type were made by an apprentice and took one month. 

However, if  the bodies and spindle block were cast out of a 

suitable plastic material or automatically machined, they  could be 

made rapidly for a fraction of the cost.
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13.1 Hardware

The system hardw are as constructed  was found to meet quite 

adequately the functional and experimental requirem ents for 

evaluation purposes. Inevitably there  were some short-com ings 

in the design, a num ber of which have been mentioned in the 

hardw are chap ters and some of a more general na tu re  are  

discussed below. If the system were to be m anufactured there  

are a number of modifications and additions which would have to 

be made.

T ransducers

The principal fault with the tran sd u ce rs  as produced was th a t 

of the securing screws working undone with v ibration . This can 

be rectified by lengthening the  screws and increasing  th e ir 

diam eter. Access to the screws with alien keys was difficult and 

could be eased by the use of hexagonal headed bolts. Plastic 

film potentiom eters were employed as the sensing elements and 

they have and extremely long life bu t if these were subject to 

wear they could be replaced by inductive potentiom eters of 

appropriate resolution. The 'O' ring  seal on the spindle block 

could also be replaced with a type b e tte r  suited  to rotation.

Computer

In terms of cost, speed, and I/O  capabilities the combination 

of the SDK-85 and AM9511 Arithmetic Processor Unit were ideal, 

however as costs come down Intel 8086 and 8087 devices may 

become a viable alternative . The minimum satisfactory  sampling 

frequency was found to be 26 Hz, corresponding to a loop cycle 

time of 38 ms. Throughout the program th ere  is overkill in
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precision of numerical computation which is almost exclusively 

carried  out in 32-bit floating point format. However, even if the 

word length were halved, it is unlikely that the APU could be 

replaced with a sequence of software routines for mathematical 

operations and achieve a sufficiently short loop execution time. 

Relative times for APU computations and software computations 

on 32 bit floating point numbers given by AMD are:

AM9511 Software

(Times in microseconds)

Multiply 200 7,000

SQRT 400 77,000

Sin(x) 2,000 118,000

Thus for a 32-bit word leng th , a single software square  root 

takes over double the requ ired  minimum loop execution time. It 

is unlikely therefore  tha t the software could be w ritten to run  

effectively on a single 8-b it p rocessor. Sine and cosine 

calculations could be done at high speed with a look-up table to 

eight bit accuracy but there  are still over 70 basic arithm etic 

operations to be carried  out in the  main loop in manual mode.

I/O Capability

The keyboard and display are only necessary  for 

developmental purposes and could be dispensed with on a 

commercial machine. Additional valve control c ircu itry  should be 

used to replace the bang-bang  valve on the bucket with a 

proportional valve. The bang-bang  valve used at p resen t gives 

rise  to sharp p ressu re  tran sien ts  in the  supply . For use on a
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machine with changeable geometry a set of ro tary  thumbwheel 

switches are required  to input data on the machine configuration 

being employed. The number of analogue input channels should 

be increased by one to allow the slew function to be incorporated 

in the Learn and Repeat facility and a certain  amount of memory 

expansion to contain the additional slew position data would be 

required .

Controls

B etter waterproofing of the mode selector switches could be 

achieved by using customised tacitle p ressu re  switches which are 

cheap and reliable. The joystick axis directional sense could 

also be improved by stronger spring ing  to p revent accidental 

selection of the wrong service.

C ircuitry

For a commercial machine the c ircu itry  should be constructed  

on prin ted  circuit boards and ideally built in a modular form so 

that whole assemblies may be replaced if  a fault arises in the 

field. Self-diagnostics would be useful for th is purpose 

provided that they did not add significantly to the cost. The 

packaging of the rack and control panel should also be made 

w atertight. Waterproof connectors to the rack should also be 

used despite th e ir price as they  do provide w eather-proofing.

13.2 Software

Very considerable simplifications could be made to the  ex isting  

software to shorten i t .  The emphasis is the way it was w ritten 

in the project has been on readability and convenience of coding
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by extensive use of the APU. Also the data s tru c tu re  is such 

that program constants may be varied which is not necessary  as 

optimal values are now obtained. A commercial system should 

have the control of the slew service incorporated into the learn 

and repeat facility which was omitted in the p resen t system 

because there was not enough room to tes t th is function in the 

laboratory . Also, d ifferent configurations of the machine, 

requ iring  different program constants, should be accommodated 

in any commercial system.

13.3 Safety

To be completely safe from any contact with the moving arms 

o r the  bucket the operator should at all times stand behind the 

machine, out of reach. However with a portable control panel 

the operator may walk forward to improve his visibility of the 

bucket. The potential dangers of slipping on wet ground and 

falling in the path ot the bucket or in the hole being dug are 

lethal. The dangers may be reduced by the use of an 

emergency stop button on the front of the control panel as 

included on the circuit built and the use of a m ercury switch 

in ternally  to disable the power supply if the box should be tilted 

as the operator falls o r drops i t .

Besides the danger of the operator stray ing  or falling into 

the  path of the machine there  is the danger of a circuit 

malfunction causing some e rra tic  or unexpected behaviour of the 

machine thereby  also endangering the operator or any o ther 

person within range.
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The Health and Safety Executive recommendations on 

operating procedures for m icroprocessor controlled m an ipu lato rs^  

sta te  that safety should be ensured  by e ither ensuring  the 

operator cannot come with in the range of the machine or tha t a 

working procedure be adopted which guarantees against any 

dangers from machine malfunction. In an agricu ltu ral 

environment the only way to ensure th is is to have the control 

panel mounted in the trac to r cab or on the machine itself.

13.4 Hydraulics

The question may be asked as to w hether the machine work 

ra te  may not be increased by ra ising  the supply p ressu re  and 

hence the system speed and cu tting  force. There is however a 

limit to the acceleration which can be to lerated without material 

spilling from the bucket and also, particu larly  in the case of the 

slewing service, the angular momentum which is imparted to the 

machine may cause overshoot under manual control.

The IWT and tilt functions necessary  for the la te r model of 

machine should be incorporated into the electronic design so that 

all function may be operated from one control panel. Also a 

proportional valve for operating the bucket would improve the 

smoothness of response of the system by eliminating the sharp  

p ressu re  transien ts imposed on the supply by the opening and 

closing of the bang-bang valve.

13.5 Functional Aspects

The tria ls carried  out dem onstrate that there  is no consistent 

significant increase in work rate  for new u se rs . Despite the
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effective rationalisation of the lever functions to bucket blade 

movements so that linear cuts may readily be obtained the overall 

digging process was not facilitated.

Part of the reason for th is may lie in the fact that the 

movement produced by the deflection of a particu lar lever is not 

obvious from the geometry of the machine. On the conventional 

control system the effect of each control axis is to operate a 

particu lar ram so by viewing the geometry of the machine it is 

clear which rams need to be activated to move the bucket in 

particu lar directions. With the XY control system a single 

joystick axis in conjunction with the pitch  control will give any 

stra igh t cut but the path  has to be visulaised and is not 

determined from the machine geometry.

In the levelling process however, and in cu tting  smooth 

planes, the XY control is extremely effective. To get a p lanar 

cut with conventional controls it is necessary  to continuously 

vary  the bucket, lift, and reach valve openings as against 

operating one lever with appropriate pitch se tting .

Another problem for the novice u se r is tha t of selecting the 

appropriate joystick axis for the movement requ ired : th is still 

has to be learned even though the  num ber of simultaneous 

selections is reduced.

The lack of workrate increase for experienced operators must 

be a ttribu ted  to th e ir optimal use of conventional control so that 

maximum power is used from the machine in all operation and no
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wrong service selections are made. Having to unlearn the 

ingrained experience of conventional machine use may detract 

from th e ir performance in the XY system.

More detailed tria ls on a la rger number of subjects would 

yield more insight into the different factors of the complex 

man-machine interaction such as e rro r  ra tes and learning effects. 

However conditions and time constrain ts did not allow for more 

numerous and detailed investigations.

13.6 Commercial Considerations

To evaluate the microprocessor based system as a potential 

p roduct it is necessary to weigh up the various pros and cons 

comparing it with the conventional mechanical system which is 

tried  and tes ted . The functional advantages include the 

improved accuracy and control for novice u se rs , the facility for 

cu tting  at defined inclinations, ease of installation in the cab, 

and reduced lever loads giving less fatigue. It also has a 

definite technological gimmick value for those susceptible to such 

things! The novice users p re fe rred  it both for speed and

precision even though for speed there was no gain.

However, cost, reliability, based on the number of p a rts  to 

fail, and also possible serv icing , count heavily against the 

system . The technological and manpower investm ent necessary

to launch commercially into the development and support of such 

a high technology device could only be justified  on the grounds 

of very  significant functional advantages, far g rea ter than the 

marginal benefits shown by the experim ental system produced in
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th is project. In addition there  may be a certain  amount of 

technologial resistance, which would have to be assessed , from 

those having to s ta rt dealing in a new technology be it from 

salesmen, dealers, or customers.

The mechanical control system s cu rren tly  employed have 

evolved over a period of years to a high degree of reliability . 

Commercial experience with functionally relatively simple electric 

valve controllers for hedge cu tte rs  working bang-bang  valves 

has shown that exceedingly high standards of design and 

m anufacture are necessary to make the p roduct a success. With 

a functionally much more complex system the task  can be no 

easier.

The case for the commercial development of the simpler 

electronic controller described in its  basic form in C hapter 3 is 

much stronger however, as the system is much simpler 

electronically and offers the advantages of ease of installation 

and light lever loads. Ease of installation is im portant as the 

digger may frequently  be attached to and detached from the 

trac to r, and mechanical cables can be difficult to accommodate 

and to feed into the cab; they also impose h igher lever loads on 

the operator than levers mounted on the valve block.
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14.1 Conclusions

The work carried  out shows tha t the solenoid operated 

proportional valves can be effectively used for both manual open 

loop control of the machine and computer closed loop control. 

The open loop controller is functionally advantageous over the 

conventional mechanical control system with cables for in-cab 

operation. It is both easier to install and reduces the lever 

loads resulting from spool re tu rn  springs and the connecting 

cables, which can become tiring .

The algorithm developed for control of the machine effectively 

converts the control functions from individual rams to those of 

veclocity control in a Cartesian framework with an accuracy 

sufficient for all digging operations. The pitch control allows 

control of the angle of cut to an accuracy of ±3°. The learn 

and repeat software functioned as designed allowing any profile 

once taught to the machine to be repeated from any new s ta rtin g  

point at any angle selected on the pitch control.

The computer hardw are and the tran sd u ce rs  functioned 

reliably and as designed. With a few modifications given in the 

Discussion the hardw are could be put into production if  desired . 

The work dem onstrates the technical feasibility of producing  a 

closed loop microprocessor based control system at a cost 

commensurate with that of the machine.

Evaluation tr ia ls , carried  out with both experienced and 

inexperienced digger operators, however showed that th ere  was 

no consistent significant increase of work ra te  using  the
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computer control system in e ither its  manual or learn and repeat 

modes of operation. The operations of making stra igh t cu ts and 

levelling were facilitated for both classes of u ser and novice 

operators were able to achieve resu lts  otherwise impossible 

without extensive practice.

In the light of these resu lts  it may be said that the benefits 

to the operator are not such as to justify  development of the 

existing prototype computerised system for commercial 

production. However, the open loop electronic controller, 

provided a sufficiently reliable and robust design and 

construction are employed, is a fa r more viable p roduct.

14.2 F urther Work

It has been shown that the automation of the cu tting  of 

stra igh t lines does not effectively increase work th ro u g h p u t, a 

necessary condition for a viable p roduct. The decision making 

stage in lever selection is not eliminated. However th is does 

suggest that a telechiric type of system with the control handle 

mounted on a miniature linkage similar to that of the d igger may 

prove more successful. If  the manually imposed troques at the 

pivots of the control linkage are sensed and used to operate the 

corresponding va lves, while at the same time the position of the 

control inkage is sevoed by say d .c . motors to correspond to 

that of the machine then a sense of feel would also re su lt. The 

digger would automatically mimic the movements of the control 

handle and the operator would not have to consciously control

individual rams.
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T ractor mounted hedge cu tte rs  are limited in th e ir speed of 

operation be the rate  at which the operator can adjust the 

inclination of the head to the hedge and trac to r position. It may 

be possible to apply a control regime, as here developed for a 

d igger, to obtain independent control of up-and-dow n and 

in -and-out movement from two levers. The hardw are bu ilt for 

the digger could readily be re-programmed to operate a hedge 

cu tte r  if appropriate transducers were fitted  and e ither using  a 

similar control regime or resolved rate  motion.

If successful, simplification could then be made to the  

mechanical construction of the machine offsetting  the cost of the 

electronics and tran sducers . Automation of control of the  c u tte r  

to compensate for varying trac to r-hedge  distance as well as 

variations in trac to r inclination would be extremely complex and 

expensive. The principal problem is to find a suitable reference 

line in the hedge being cut from which the c u tte r  can be 

positioned. A fu rth er possibility would be to employ a telechiric 

system for hedge cu tte r control.
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i s i s - i i  s o e o /e o e s  m a c r o  a s s e m b l e r » v a . o

L O C  O B J S O U R C E  S T A T E M E N T

1 » M 0 D S 5  M A C R O F I L E
2  O R O  3 0 0 0 H

43
6
75 
9101112

1 3
14
1 5
1 6

3 0 0 0 1 7 J X D O T * D S 4
3 0 0 4 1 8 J Y D O T * D S 4
3 0 0 8 1 9 J S L E W i D S 4
3 0 0 C 2 0 J B K T  * D S 4
3 0 1 0 21 r w D S 4
3 0 1 4 2 2 12« D S 4
3 0 1 8 2 3 S T A T U S * D S 1
3 0 1 9 2 4 S i D S 4
3 0 1 0 2 5 V I  * O S 4
3 0 2 1 2 6 V 2 * D S 4
3 0 2 3 2 7 V V S L E W ) D S 4
3 0 2 9 2 8 V V A L F A  * D S 4

3 0 2 0 2 9 V V B E T A * D S 4
3 0 3 1 3 0 W B K T i D S 4

3 0 3 3 31 V S * D S 1
3 0 3 6 3 2 V L * D S 1
3 0 3 7 3 3 V R J D S 1
3 0 3 8 3 4 VB> D S 1
3 0 3 9 3 5 F V O * D S 4

3 6
3 0 3 0 3 7 A S T R * D S 1
3 0 3 E 3 8 O F F S E T ! D S 1
3 0 3 F 3 9 M AX* D S 1
3 0 4 0 4 0 P Q F  * D S 1
3 0 4 1 41 N O F  * D S 1
3 0 4 2 4 2 PM A X * D S 1
3 0 4 3 4 3 NM AX  I D S 1
3 0 4 4 4 4 A P O F * D S 1
3 0 4 5 4 5 A P M A X i D S 1
3 0 4 6 4 6 A N O F * D S 1
3 0 4 7 4 7 A N M A X ! D S 1
3 0 4 8 4 8 B P O F » D S 1
3 0 4 9 4 9 B P M A X  * D S 1
3 0 4 A 5 0 B N O F i D S 1
3 0 4 B 51 B N M A X 1 D S 1
3 0 4 C 5 2 S P O F * D S 1
3 0 4 D 5 3 S P M A X i D S 1
3 0 4 E 5 4 S N O F» D S 1

MODULE 1

I U N I V E R S I T Y  O F  L I V E R P O O L  
« D E P A R T M E N T  O F  E L E C T R I C A L  E N G I N E E R I N G  
( A N O  E L E C T R O N I C S  
«
I E . R . I  • D E A N E<
« T H I S  I S  A N  A S S E M B L Y  L A N G U A G E  PR O G R A M  
« F O R  M A N U A L  C O N T R O L  O F  A  P A 6  D IG G E R  
«
« C O D E  E D I T E D  1 5 3 0  4 T H  J A N U A R Y  1 9 8 3  
t D IS K «  N O .  4  V E R S I O N  2 . 6  
«
«
( • •  R AM  L O C A T I O N S  F O R  PR O G R A M  V A R I A B L E S  * *
«

« J O Y S T I C K  I N P U T  X D O T  I N  U S E R  C O -O R D S  
« -  -  Y D Q T  -

* • -  S L E W  R A T E
« “  • B U C K E T  M O V E M E N T
I I N T E R M E D I A T E  R E S U L T  L O C A T I O N  
« I N T E R M E D I A T E  R E S U L T  L O C A T I O N  
« S T A T U S  O F  A P U
« I N T E R M E D I A T E  R E S U L T  L O C A T I O N  
( L O C A T I O N  F O R  I F F  D A T A  T R A N S F E R  
( L O C A T I O N  F O R  I F F  D A T A  T R A N S F E R  
(S L E W  V A L V E  S E T T I N G  < 32  B I T  F O R M A T )
( A L P H A  V A L V E  “  "
( B E T A  V A L V E  •  -  -
( B U C K E T  V A L V E  * “  “
(S L E W  V A L V E  S E T T I N G  <8 B I T  F O R M A T )
( L I F T  -  "
( R E A C H  -  -  -
( B U C K E T  -  -
( F R A C T I O N A L  V A L V E  O P E N I N G  U S E D  A S  
( A  P A R A M T E R  F O R  S U B R O U T I N E  V L I N  
( S T O R A G E  L O C A T I O N  F O R  A  R E G I S T E R  
( W O R K S P A C E  F O R  S U B R O U T I N E  V L I N  
(I ((I
« A L P H A  ♦ VE  O F F S E T  
( A L P H A  ♦ VE  S A T N .  0 / P  
( A L P H A  - V E  O F F S E T  
( A L P H A  - V E  S A T N .  0 / P  
( B E T A  ♦ VE  O F F S E T  
( B E T A  + V E  S A T N .  0 / P  
( B E T A  - V E  O F F S E T  
« B E T A  - V E  S A T N .  0 / P  
( S L E W  + V E  O F F S E T  
( S L E W  ♦ V E  S A T N .  0 / P  
( S L E W  - V E  O F F S E T

O
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L O C O B J L I N E S O U R C E S T A T E M E N T

3 0 4 F 5 5 S N M A X : DS 1 < S LE W  - V E  S A T N .  0 / P
5 6 1

8 0 0 0 5 7 O R G 8 0 0 0 H « * *  E PR O M  L O C A T I O N S C O N T A I N I N G
5 8 t PR O G R A M  D A T A  * *
5 9 «
6 0 f D E F A U L T  V A L U E S  F O R V A L V E  O F F S E T S

8 0 0 0 CO 6 1 X A P O F : OB O C  OH
8 0 0 1 F F 6 2 X A P M A X : DB O F F H
8 0 0 2 4 0 6 3 X A N O F t OB 4 0 H
8 0 0 3 7 F 6 4 X A N ftA X : OB 7 F H
8 0 0 4 4 0 ' 6 5 X B P O F i OB 4 0 H
80<*3 7 F 6 6 X B P M A X * OB 7 F H
8 0 0 6 C O 6 7 X B N O F > DB O C O H
8 0 0 7 F F 6 8 X B N M A X : OB O F F H
8 0 0 8 CO 6 9 X S P O F  * DB O CO H
8 0 0 9 F F 7 0 X S P M A X  : DB O F F H
8 0 0 A 4 0 7 1 X S N O F : DB 4 0 H
8 0 0 B 7 F 7 2 X S N M A X : DB 7 F H

7 3 tP R O G R A M  C O N S T A N T S
8 0 0 C 0 0 7 4 T E N : DB O O H  « OOH  * O A O H »0 4 H 1 1 0 D
8 0 0 0 0 0
eooe AO
8 0 0 F 0 4
8 0 1 0 0 0 7 5 TW O : DB O O H  * O O H 1 8 O H 1 0 2 H V 2D
8 0 1 1 0 0
8 0 1 2 8 0
8 0 1 3 0 2
8 0 1 4 0 0 7 6 H 8 7  : DB O O H 1 0 O H  « 6 7 H  * 0 8 H 1 S 7 H  -  1 3 5 D
8 0 1 5 0 0
8 0 1 6 8 7
8 0 1 7 0 8
8 0 1 8 0 0 7 7 H 7 9 1 DB O O H  « O O H •0 F 2 H * 0 7 H 1 7 9 H  ■  1 2 1 D
8 0 1 9 0 0
8 0 1 A F 2
8 0  I B 0 7
8 0 1 C 0 0 7 8 Z E R O : DB O O H  « OOH * O O H  « OOH 1 C D
8 0 1 0 0 0
8 0 1 E 0 0
eoiF 0 0
8 0 2 0 0 0 7 9 O N E : DB O O H t O O H t S O H 'O lH 1 1 0
8 0 2 1 0 0
8 0 2 2 6 0
8 0 2 3 O t
8 0 2 4 F E 6 0 H A L F : DB O F E H iO F F H . O F F H . 7 F H 1 0 . 5 0
8 0 2 5 F F
8 0 2 6 F F
8 0 2 7 7 F
8 0 2 8 0 0 8 1 M I N O N E : DB OOH » OOH  » 8 0 H  * 8 1 H 1 —ID
8 0 2 9 0 0
8 0 2 A 6 0
8 0 2 B 81
6 0 2 C 0 0 8 2 D 1 4  : DB O O H 1 0 O H  » O E O H « 0 4 H < 1 4 0
8 0 2 0 0 0
8 0 2 E E O
8 0 2 F 0 4
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L O C  O B J L I N E S O U R C E S T A T E M E N T

@ 0 3 0  OO e 3  C N S T 2 0 J D8 O O H * O O H  » O F O H »0 6 H 1 3 C H - 6 0 D
8 0 3 1  OO
8 0 3 2  F O
8 0 3 3  0 6
8 0 3 4  0 0 8 4  C N S T 2 1 * OB O O H «O O H «9 S H  * 0 7 H I 4 C H - 7 6 D
6 0 3 3  OO
8 0 3 6  9 8
8 0 3 7  0 7
8 0 3 8  0 0 8 3  H 2 5 3 I 0 6 O O H . O O H  » O F F H . 0 8 H I F F H - 2 3 3 D
8 0 3 9  0 0
8 0 3 A  F F
8 0 3 B  0 8

6 6 I
8 0 0 0 8 7 ORG 8 0 0 0 H « * •  M A I N  P R O G R A M  • *

8 8 1
8 9 f A P U  S T A C K  P U S H  M A C R O
9 0  P S H M AC R O X Y 2

- 9 1 L X  1 D « X Y Z
- 9 2 C A L L P S H T

9 3 ENO M
9 4 I A P U  S T A C K  P O P  M A C R O
9 5  P L L M AC R O P Q R

- 9 6 L X  I D t P Q R
- 9 7 C A L L P L L T

9 8 ENO M
9 9 <

8 0 0 0  0 6 0 C 1 0 O MV I B  • O C H I S E T  U P  D E F A U L T  V A L V E  C O N S T A N T S
8 0 0 2  1 1 0 0 8 0 1 0 1 L X  I 0»  X A P O F
8 0 0 3  2 1 4 4 3 0 1 0 2 L X  I H » A P O F
8 0 0 6  1A 1 0 3  D L O O P J L D A X 0 I L O O P  TO  C O P Y  D E F A U L T  O F F S E T
8 0 0 9  7 7 1 0 4 MOV M * A 1 V A L U E S  F R O M  ROM  T O  RAM
8 0 0 A  1 3 1 0 3 IN X D
8 0 D B  2 3 1 0 6 IN X H
8 0 D C  0 3 1 0 7 O CR B
8 0 0 0  C 2 D 6 6 0 1 0 8 JN Z D L O O P

1 0 9 1
6 0 £ 0  3 E F 8 1 1 0 MV I A  * Ö F 8 H IU N M A S K  A N D  D I S A B L E  I N T E R R U P T S
8 0 E 2  3 0 11 1 S IM
8 0 E 3  F 3 1 1 2 01

1 1 3 1
8 0 E 4  3 1 C 2 2 0 1 1 4 L X  I S P »2 0 C 2 H I S E T  S T A C K  P O I N T E R

1 1 3 1
8 0 E 7  C D 2 B 8 1 1 1 6 C A L L I N I T U N I T I A L I S E  S Y S T E M

1 1 7 1
8 0 E A  3 E C F 1 1 8 MV I A »O C F H I S E T  U P  V E C T O R E D  I N T E R R U P T  R E S E T
8 0 E C  3 2 C E 2 0 1 1 9 S T A 2 0 C E H 1 I N S T R U C T I O N  B Y  L O A D I N G  L O C A T I O N

1 2 0 1 2 0 C E H  W IT H  O C F H

12 1 1

1 2 2 1 * *  M A IN  C O N T R O L  L O O P  • •

8 0 E F  C D 3 A 6 1
1 2 3
1 2 4  L O O P » C A L L C O N V 1 S U B R O U T I N E  C O N V  R E A D S  I N  C O N T R O L

1 2 5 1 S E T T I N G S  J X D O T » J Y D O T » J B K T

1 2 6 1 A N D  J S L E W
1 2 7 1
1 2 8 P S H J X D O T 1 A S S IG N  TO  E A C H  V A L V E  S E T T I N G  T H E
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L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

8 0 F 2  1 1 0 0 3 0  1 2 9 +
8 0 F 3  C D 9 4 8 1  1 3 0 +

1 3 1
8 0 F 8  1 1 2 D 3 0  1 3 2 +
8 0 F B  C D A E 8 1  1 3 3 +

13d
8 0 F E  1 1 0 4 3 0  1 3 3 +
8 1 0 1  C D 9 4 8 1  1 3 6 +

1 3 7
8 1 0 4  1 1 2 9 3 0  1 3 8 +
8 1 0 7  C D A E 8 1  1 3 9 +

1 4 0
8 1 0 A  1 1 0 C 3 0  1 4 1 -
8 1 0 0  C 0 9 4 8 1  1 4 2 +

1 4 3
8 1 1 0  1 1 3 1 3 0  1 4 4 +
8 1 1 3  C 0 A E 6 1  1 4 5 +

1 4 6
8 1 1 6  1 1 0 8 3 0  1 4 7 +
8 1 1 9  C D 9 4 8 1  1 4 8 +

1 4 9
8 1 1 C  1 1 2 3 3 0  1 S 0 +
8 1 I F  C D A E 8 1  1 3 1 +

1 3 2
8 1 2 2  C D B 7 8 2  1 3 3

1 5 4
1 3 3

8 1 2 3  F B  1 5 6
8 1 2 6  0 0  1 3 7
8 1 2 7  F 3  1 5 8

1 3 9
8 1 2 8  C 3 E F 8 0  1 6 0

1 6 1
1 6 2
1 6 3
1 6 4  
1 6 3  
1 6 6
1 6 7
1 6 8
1 6 9
1 7 0
1 7 1
1 7 2
1 7 3
1 7 4  
1 7 3
1 7 6
1 7 7
1 7 8
1 7 9
1 8 0
1 8 1  I F F
1 8 2  
1 8 3

L X  I D » J X D O T
C A L L P S H T
P L L W B E T A
L X  I O v V V B E T A
C A L L P L L T
P S H J Y D O T
L X  I D t J Y D O T
C A L L P S H T
P L L V V A L F A
L X  X D t V V A L F A
C A L L P L L T
P S H J B K T
L X  I D » J B K T
C A L L P S H T
P L L W 8 K T
L X  I D i W B K T
C A L L P L L T
P S H J S L E U
L X I D * J S L C U
C A L L P S H T

P L L V V S L E U
L X I D . W S L E W

C A L L P L L T

C A L L O U T P U T

E l
N O PDI
J M P  L O O P

M A C R O  I D 1 « O P  « I D 2  « L A B L
P S H  10 1
P L L  V I

« C O R R E S P O N D IN G  J O Y S T I C K  D E F L E C T I O N

I
I O U T P U T  D A T A  T O  V A L V E  C O N T R O L  
« I N T E R F A C E  I
« A L L O W  I N T E R R U P T  F R O M  K E Y B O A R D

«
«I
« * +  m a c r o  f o r  c o n d i t i o n a l  j u m p s  +*;
« T H I S  M A C R O  G E N E R A T E S  C O D E  F O R  M A K IN G  
« C O N D I T I O N A L  J U M P S  D E P E N D IN G  ON  T H E  V A L U E S  
I O F  TW O F L O A T I N G  P O I N T  V A R I A B L E S  X D l AN O  I D 2  
«
I I F  1D 1 G T H A N «G E O U A L J E Q U A L S 5N E Q U A L 5L E Q U A L ! L T H A N  ID 2  
< T H E N  G O TO  L A B L  
« E L S E  C O N T I N U E  I
« R E G I S T E R S  A F F E C T E D *  A tD * E » S T A T U S  I
« D A T A  I S  P A S S E D  T O  S U B R O U T IN E  O P  I N  T E M P O R A R Y  
I V A R I A B L E S  V I  A N D  V 2 .  T H E  R E S U L T  IS  R E T U R N E D  
1 I N  T H E  A C C .  I 1 - T R U E ,  0 "» F A L S E .  T H E  R E S U L T  O F  
« O P  I S  C H E C K E D  A N D  C O N T R O L  J U M P S  OR  C O N T I N U E S  
I A C C O R D I N G L Y .«
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L O C  O B J L I N E S O U R C E S T A T E M E N T

1 3 4 PS H ID 2
1 3 3 P L L V 2
1 8 6 C A L L O P
1 8 7 A N I 0 1 H
1 3 3
1 8 9
1 9 0
1 9 1
1 9 2
1 9 3
1 9 4  
1 9 3
1 9 6
1 9 7
1 9 8
1 9 9
2 0 0  
2 0 1  
2 0 2

J N 2
ENO M

L A B L

8 1 2 B  3 E 0 F 2 0 3  I N I T * MV I A » O F H
8 1 2 0  0 3 2 0 2 0 4 O U T 2 0 H
8 1 2 F  3 E F F 2 0 3 MV I A  » O F F H
8 1 3 1  0 3 0 2 2 0 6 O U T 0 2 H
8 1 3 3  0 3 0 3 2 0 7 O U T 0 3 H
8 1 3 3  3 E 0 C 2 0 8 M V I A .O C H
8 1 3 7  D 3 2 8 2 0 9 O U T 2 3 H
8 1 3 ?  C 9 2 1 0

2 1 1
2 1 2
2 1 3
2 1 4  
2 1 3  
2 1 6
2 1 7
2 1 8

R E T

8 1 3 A  3 E 0 3 2 1 9  C O N V *
2 2 0

M V I A . 0 3 H

8 1 3 C  C D 7 3 8 1 2 2 1 C A L L A D C O N
8 1 3 F  C D 2 E 8 2 2 2 2

2 2 3
2 2 4

C A L L J O Y S T K

2 2 3 P L L J S L E U
8 1 4 2  1 1 0 8 3 0 2 2 6 + L X  I D . J S L E U
8 1 4 3  C D A E 8 1 2 2 7 + C A L L P L L T
8 1 4 8  3 E 0 4 2 2 3 M V I A  • 0 4 H
8 1 4 A  C D 7 3 3 1 2 2 9 C A L L A D C O N

8 1 4 D  C D 2 E S 2 2 3 0 C A L L J O Y S T K

2 3 1 P L L J Y D O T
8 1 5 0  1 1 0 4 3 0 2 3 2 + L X  I D . J Y D O T

8 1 5 3  C D A E 8 1 2 3 3 + C A L L P L L T
8 1 3 6  3 E 0 3 2 3 4 M V I A  « 0 5 H

8 1 3 8  C D 7 3 8 1 2 3 5 C A L L A D C O N
8 1 3 B  C D 2 E 8 2 2 3 6 C A L L J O Y S T K

2 3 7 P L L J X D O T
8 1 5 E  1 1 0 0 3 0 2 3 3 + L X  I D » J X D O T

3

* *  S U B R O U T I N E  I N I T  * *

S E T S  U P  I / O  P O R T  D A T A  D I R E C T I O N  
R E G I S T E R S

R E G I S T E R S  A F F E C T E D *  A

S E T  P O R T S  2 1 t 2 2 > 2 3  F O R  O U T P U T

1
« * *  S U B R O U T I N E  C O N V  * *<
1 R E A D S  I N  C O N T R O L  J O Y S T I C K  S E T T I N G S *  
I J S L E U *  J Y D O T t  J X D O T »  J B K T  I
I R E G I S T E R S  A F F E C T E D *  A * D » E » H » L .S T A T U S  I
I L O A D  A  R E G I S T E R  W IT H  S LE W  C O N T R O L  
I J O Y S T I C K  C H A N N E L  N U M B E R  
I P E R F O R M  A  T O  D C O N V E R S IO N  
I T R A N S F O R M S  J O Y S T I C K  I N P U T  TQ  
I R A N G E  - l  T O  ♦  !  L E A V I N G  T H E  R E S U L T  
I O N  T H E  T O P  O F  T H E  A P U  S T A C K

I R E A D  Y D O T  I N P U T  F R O M  J O Y S T I C K

t R E A D  X D O T I N P U T  F R O M  J O Y S T I C K

214
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L O C  O B J L I N E 5 0 U R C E S T A T E M E N T

8 1 6 1  C D A E 8 1 2 3 9 + C A L L P L L T
8 1 6 4  3 E 0 6 2 4 0 M V  I A  * 0 6 H I R E A D  B U C K E T  V E L O C I T Y  I N P U T  FR O M
8164»  C D 7 3 8 1 2 4 1 C A L L A D C O N 1 J O Y S T I C K
8 1 6 9  C D 2 E 6 2 2 4 2 C A L L J O Y S T K

2 4 3 P L L J B K T
6 1 6 C  1 1 0 C 3 O 2 4 4 + L X  I D « J B K T
8 1 6 F  C D A E d t 2 4 3 + C A L L P L L T
8 1 7 2  C 9 2 4 6 R E T

2 4 7 «
2 4 8 1
2 4 9 1
2 3 0 « * *  S U B R O U T I N E  A D C O N  • *
2 3 1 1

2 3 2 1 O P E R A T E S  T H E  A N A L O G U E  T O  D I G I T A L

2 3 3 1 C O N V E R T E R .  T H E  C H A N N E L  N U M B E R
2 3 4 1 I S  I N  T H E  A  R E G I S T E R  ON  C A L L I N G
2 3 3 « A N D  T H E  R E S U L T  A T  R E T U R N
2 3 6 «
2 3 7 « R E G I S T E R S  A F F E C T E D :  A » H » L » S T A T U S

2 3 8 1

8 1 7 3  D 3 2 B 2 3 9  A D C O N l O U T 2 B H « O U T P U T  C H A N N E L  N U M B E R
8 1 7 3  C 6 0 8 2 6 0 A D I 0 6 H « L A T C H  C H A N N E L  N U M B E R
8 1 7 7  D 3 2 B 2 6 1 O U T 2 B H «

8 1 7 9  A F 2 6 2 X R A A « C L E A R  C O N T R O L  WORD
8 1 7 A  D 3 2 B 2 6 3 O U T 2 B H
8 1 7 C  2 1 1 1 0 0 2 6 4 L X  I H t 0 0 1  IH « S E T  D E L A Y  V A L U E
8 1 7 F  C D 8 D 8 1 2 6 3 C A L L P A U S E « C A L L  D E L A Y  R O U T I N E

8 1 8 2  3 E 1 0 2 6 6 M V  I A t  1 0 H « S E T  T R I S T A T E  O U T P U T
8 1 6 4  D 3 2 B 2 6 7 O U T 2 B H
8 1 8 6  0 0 2 6 6 N O P
8 1 8 7  OO 2 6 9 N O P
8 1 8 8  0 0 2 7 0 N O P
8 1 8 9  0 0 2 7 1 N O P
8 1 8 A  D B 2 9 2 7 2 I N 2 9 H « R E A D  R E S U L T
8 1 8 C  C 9 2 7 3 R E T

2 7 4 «

2 7 3 I

2 7 6 « « •  P A U S E  « «
2 7 7 f

2 7 8 « S U B R O U T IN E  F O R  D E L A Y
2 7 9 1 D E C R E M E N T S  I N P U T  I N  H L

2 8 0 % R E G I S T E R  P A I R  U N T I L  Z E R O
2 8 1 «

2 6 2 « R E G I S T E R S  A F F E C T E D :  H » L » S T A T U S

2 6 3 «

8 1 8 D  2 B 2 6 4  P A U S E i DCX H
8 1 8 E  7 C 2 8 3 M O V A t H
8 1 8 F  B 3 2 6 6 O R A L
8 1 9 0  C 2 8 0 S 1 2 8 7 J N Z P A U S E
8 1 9 3  C 9 2 6 8 R E T

2 8 9 «

2 9 0 «
2 9 1 t

2 9 2 « * *  S U B R O U T I N E  P S H T  * *

2 9 3 f
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IS I S— 11 8080 /8083  MACRO ASSEMBLER* V 4 . 0 MODULE PAGE 7

L O C  . O B J L I N E  S O U R C E  S T A T E M E N T

8 l 9 d C 3

2 9 4
2 9 3
2 9 6
2 9 7
2 9 8
2 9 9
3 0 0
3 0 1
3 0 2
3 0 3
3 0 d  P S H T * P U S H B

8 1 9 3 d 7 3 0 3 MOV B * A
8 1 9 6 C 3 3 0 6 P U S H B
8 1 9 7 1A 3 0 7 L D A X D
8 1 9 8 3 2 0 0 1 0 3 0 8 S T A 1 0 0 0 H
8 1 9 B 13 3 0 9 IN X D
8 1 9 C 1A 3 1 0 L D A X D
8 1 9 D 3 2 0 0 1 0 3 1 1 S T A lO O O H
8 1 A 0 13 3 1 2 IN X D
8 1 A 1 1 A 3 1 3 L D A X D
S 1 A 2 3 2 0 0 1 0 3 1 A S T A lO O O H
8 1  A 3 1 3 3 1 3 IN X D
8 1 A 6 1A 3 1 6 L D A X D
8 1 A 7 3 2 0 0 1 0 3 1 7 S T A lO O O H
8 1 A A C l 3 1 8 P O P B
8 1  A B 7 8 3 1 9 MOV A * B
8 1  A C C l 3 2 0 P O P B
8 1  AD C 9 3 2 1 R E T

8 1 A E C 3

3 2 2
3 2 3
3 2 4  
3 2 3
3 2 6
3 2 7
3 2 8
3 2 9
3 3 0
3 3 1
3 3 2
3 3 3
3 3 4  P L L T  * P U S H B

8 1 A F d 7 3 3 3 MOV B * A

8 1  BO C 3 3 3 6 PU S H B
8 1 B 1 1 3 3 3 7 IN X 0
8 1 B 2 13 3 3 8 IN X D

8 1 B 3 13 3 3 9 IN X D
8 1 B d 3 A 0 0 1 0 3 4 0 L O A 1OOOH
8 1 B 7 1 2 3 4 1 S T A X D
8 1 B 8 I B 3 4 2 DCX D
8 1 B 9 3 A 0 0 1 0 3 4 3 L D A lO O O H

8 1 BC 1 2 3 4 4 S T A X 0

8 1 B D I B 3 4 3 O CX DeiBE 3 A 0 0 1 0 3 4 6 L D A lO O O H

8 1 C 1 12 3 4 7 S T A X D

8 1 C 2 I B 3 4 8 DCX D

I P U S H E S  A  3 2 - 9  I T  F L .  P T .  V A R I A B L E  
< O N T O  T H E  A P U  S T A C K  
« D E  C O N T A IN S  T H E  A D D R E S S  
1 O F  T H E  L S  B Y T E  O F  T H E  
I O P E R A N D  O N  C A L L I N G  
I A N D  O F  T H E  M S  B Y T E  A T  
1 R E T U R N  
«
« R E G I S T E R S  A F F E C T E D #  D « E«
« P U S H  A C C  O N  S T A C K

« L D  A C C  W IT H  L S  B Y T E  
« P U S H  A C C  TO  A P U  
« I N C R E M E N T  D A T A  P O I N T E R

««
« * *  S U B R O U T I N E  P L L T  * *«
» P U L L S  A  3 2 - B I T  F L .  P T .  V A R I A B L E  
« F R O M  T H E  A P U  S T A C K  
I O E  C O N T A I N S  A D D R E S S  O F  L S  
« B Y T E  O N  C A L L I N G  A N D  MS 
* B Y T E  A T  R E T U R N  
«
« R E G I S T E R S  A F F E C T E D *  D * E«
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IS IS —I I 8 0 8 0 /8085  MACRO ASSEMBLER• V d .0 MODULE PACE e

L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

8 1 C 3 3 A O O 1 0 3 4 9 L D A lO O O H
8 1 C 6 1 2 3 S 0 S T A X D
8 t C 7 C l 3 5 1 P O P B
8 1 C 8 7 8 3 3 2 MOV A »8
8 1 C 9 C l 33-3 P O P B
8 1 C A C 9 3 3 d R E T

3 3 3
3 5 6
3 3 7
3 3 8
3 5 9
3 6 0
3 6 1
3 6 2
3 6 3
3 6 d

8 1 C B C D 0 6 8 2 3 6 3 G T H A N ) C A L L E Q U A L S
3 6 6

8  I C E E 6 0 1 3 6 7 A N I O I H
8 1 0 0 C A D S 8 1 3 6 8 J Z L 2
8 1 D 3 A F 3 6 9 X R A A
8 1 D d C 9 3 7 0 R E T
8  ID S 3 A 1 8 3 0 3 7 1 L 2 1 L D A S T A T U S
8 1 0 8 E 6 4 0 3 7 2 A N I 4 0 H
8 1 0 A C A D F 8 1 3 7 3 J Z L 3
8 1 D D A F 3 7 4 X RA A
8  I D E C 9 3 7 3 R E T
8  I D F 2 E 0 1 3 7 6 L 3 ) M V I A f O l H
8 1 E 1 C 9 3 7 7 R E T

3 7 8
3 7 9

8 1 E 2 C D O Ô 8 2 3 8 0 L T H A N ) C A L L E Q U A L S
8 1  E S £ 6 0 1 3 8 1 A N I O I H

3 8 2
8 1 E 7 C A E C 8 1 3 8 3 J Z L 4
8 1 E A A F 3 8 4 X R A A
8 1 E B C 9 3 8 3 R E T
8 1  E C 3 A 1 3 3 0 3 8 6 L d  j L D A S T A T U S
8 1 E F E 6 4 0 3 8 7 A N I 4 G H
8 1 F 1 C 2 F 6 8 1 3 8 8 J N Z L S
8 1 F d A F 3 8 9 X RA A
8 1 F S C 9 3 9 0 R E T
8 1 F 6 3 E 0 1 3 9 1 L S I M V I A . O I H

8 1 F 8 C 9 3 9 2 R E T
3 9 3
3 9 4

S I F 9 C D E 2 8 1 3 9 3 G E Q U A L ! C A L L L T H A N

8 1 F C 2 F 3 9 6 CM A
6 1 F 0 C 9 3 9 7 R E T

3 9 8
3 9 9

8 1 F E C D C B 8 1 4 0 0 L E C U A L : C A L L G T H A N

8 2 0 1 2 F 4 0 1 CM A
8 2 0 2 C 9 4 0 2 R E T

4 0 3

II
( * *  S E T  O F  S U B R O U T I N E S  F O R  E V A L U A T I N G  
« O P E R A T O R S  I N  C O N D I T I O N A L  J U M P S  * *I
( E A C H  S U B R O U T I N E  R E T U R N S  O I H  I N  T H E  
I A C C U M U L A T O R  I F  T H E  C O N D I T I O N  I T  T E S T S  I S  V A L I D  I
( R E G I S T E R S  A F F E C T E D  A * D » C » S T A T U S  
(
( C A L L  E Q  TO  C H E C K  F O R  E Q U A L I T Y  A N D  
( S E T  S IG N  B I T
( O F  T H E  A P U  F O R  T H E  S U B T R A C T I O N  V 1 - V 2  
( I F  V A R I A B L E S  A R E  N O T  E Q U A L  T H E N  L 2  
( E L S E  C L E A R  A C C U M U L A T O R  A N D  R E T U R N

( C H E C K  S IG N  O F  R E S U L T  V 1 - V 2

( N E G A T I V E  R E S U L T  S I G N i  C L R  A C C  *  R E T U R N

( P O S I T I V E  R E S U L T  S I G N )  S E T  A C C  TO  0 1  & R E T

((
( C A L L  E Q  TO  C H E C K  F O R  E Q U A L I T Y  A N D  S E T  
( S IG N  B I T  O F  A P U  F O R  T H E  S U B T R A C T IO N  
( V 1 - V 2
( I F  V A R I A B L E S  A R E  N O T  E Q U A L  T H E N  L d  E L S E  
( C L E A R  A C C  4  R E T U R N

( C H E C K  S IG N  O F  R E S U L T  O F  S U B T R A C T I O N  V 1 - V 2

( P O S I T I V E  S I G N )  C L R  A C C  A N D  R E T U R N

( N E G A T I V E  S I G N )  S E T  A C C  T O  O l  A N D  R E T

((
( C A L L  L T  A N D  I N V E R T  R E S U L T

((
( C A L L  G T  A N D  I N V E R T  R E S U L T
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i s i s - 11 s o s o / e o e s  m a c r o  a s s e m b l e r « v j . o MODULE PACE

L O C  O B J L I N E  S O U R C E S T A T E M E N T

8 2 0 3  C D 0 8 8 2 4 0 4  N E Q U A L : C A L L E Q U A L S
8 2 0 6  2 F 4 0 3 C M A
8 2 0 7  C 9 4 0 6 R E T

4 0 7
4 0 8
4 0 9  E Q U A L S : P S H V I

8 2 0 8  1 1 1 D 3 0 4 1 0 + L X  I D . V t
8 2 0 B  C D 9 4 8 1 4 1 1  + C A L L P S H T

4 1 2 P S H V 2
8 2 0 E  1 1 2 1 3 0 4 1 3 + L X  I D * V 2
8 2 1 1  C D 9 4 8 1 4 1 4 + C A L L P S H T
6 2 1 4  C D B 5 8 4 4 1 3 C A L L F S U B
8 2 1 7  3 A O O H 4 1 6  L 6 : L D A 1 lO O H
6 2 1 A  E 6 8 0 4 1 7 A N I 8 0 H
6 2 1 C  C 2 1 7 8 2 4 1 8 J N Z L 6
8 2 1 F  3 A O O H 4 1 9 L D A 1 1 0 0 H
8 2 2 2  3 2 1 8 3 0 4 2 0 S T A S T A T U S
6 2 2 3  E 6 2 0 4 2 1 A N I 2 0 H
8 2 2 7  C 2 2 B 8 2 4 2 2 J N Z L 7
6 2 2 A  C 9 4 2 3 R E T
8 2 2 B  3 E 0 1 4 2 4  L 7 : M V  I A * 0 1 H
8 2 2 D  C 9 4 2 5 R E T

4 2 6
4 2 7
4 2 8
4 2 9
4 3 0
4 3 1
4 3 2
4 3 3
4 3 4
4 3 3
4 3 6
4 3 7
4 3 6

8 2 2 E  3 2 0 0 1 0 4 3 9  J O Y S T K : S T A 1O O O H
8 2 3 1  A F 4 4 0 X R A A
6 2 3 2  3 2 0 0 1 0 4 4 1 S T A lO O O H
8 2 3 3  C D A 9 6 4 4 4 2 C A L L F L T S

4 4 3 P L L 11
8 2 3 8  1 1 1 0 3 0 4 4 4 + L X  I D« 11
8 2 3 8  C D A E 8 1 4 4 5 + C A L L P L L T

4 4 6 I F F 1 1 « G T H A N  » H 8 7  « L 3 0
4 4 7 + P S H 11

8 2 3 E  1 1 1 0 3 0 4 4 8 + L X  I D« 11
6 2 4 1  C D 9 4 6 1 4 4 9 + C A L L P S H T

4 3 0 + P L L V I
8 2 4 4  1 1 1 0 3 0 4 3 1  + L X  I D » V t
8 2 4 7  C D A E 8 1 4 5 2 + C A L L P L L T

4 3 3 + P S H H 8 7
8 2 4 A  1 1 1 4 8 0 4 5 4 + L X  I D . H 6 7
8 2 4 0  C D 9 4 8 1 4 5 5 + C A L L P S H T

4 3 6 + P L L V 2
8 2 3 0  1 1 2 1 3 0 4 3 7 + L X  I D * V 2
8 2 3 3  C D A E 8 1 4 3 8 + C A L L P L L T

9

«I
I S U B T R A C T  V 2  F R O M  V I

« W A IT  T I L L  A P U  N O T  B U S Y

« T R A N S F E R  A P U  S T A T U S  T O  C O R E  
« C H E C K  Z E R O  B I T

« R E T U R N  OO  I N  A  R EG  I N D I C A T I N G  I N E Q U A L T Y  
« R E T U R N  0 1  I N  A  R EG  I N D IC A T I N G  E Q U A L I T Y

««
« • *  S U B R O U T I N E  J O Y S T K  * *«
« T H E  J O Y S T I C K  V O L T A G E  IS  I N  T H E  A  R E G I S T E R  
« O N  C A L L I N G .  T H E  S U B R O U T IN E  C O N V E R T S  
« I T  T O  T H E  R A N G E  - 1  TO  + 1 A N D  L E A V E S  
« T H E  R E S U L T  O N  T O P  O F  T H E  A P U  S T A C K  
(
( R E G I S T E R S  A F F E C T E D :  A « D « E ,S T A T U S  
(
« C O N V E R T  J O Y S T I C K  V O L T A G E  TO  3 2  B I T  
( F O R M A T

« I F  J O Y S T I C K  V O L T A G E )  S 7 H  T H E N  L 3 0

00



I S I S - I I  8 0 8 0 /8 0 83  MACRO ASSEMBLER« V 4 .0 MODULE

L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

8 2 3 6  C D C B 8 1 4 3 9 * C A L L G T H A N
8 2 3 9  £ 6 0 1 4 6 0 + A N I O lH
8 2 3 B  C 2 8 3 8 2 4 6 1  * JN Z L 3 0

4 6 2 I F F 1 1 » L T H A N  » H 7 9  « L 3 1
4 6 3 + PS H I t

8 2 3 E  1 1 1 0 3 0 4 6 4 + L X I D • 1 1
8 2 6 1  C D 9 4 8 1 4 6 3 + C A L L P S H T

4 6 6 + P L L V I
8 2 6 4  1 1 1 D 3 0 4 6 7 + L X I D« V I
8 2 6 7  C D A E 8 1 4 6 8 + C A L L P L L T

4 6 9 + PS H H 7 9
8 2 6 A  1 1 1 8 8 0 4 7 0 + L X I D » H 7 9
8 2 6 D  C D 9 4 8 1 4 7 1  + C A L L P S H T

4 7 2 + P L L V 2
8 2 7 0  1 1 2 1 3 0 4 7 3 + L X I D « V 2
8 2 7 3  C D A E 8 1 4 7 4 + C A L L P L L T
8 2 7 6  C D E 2 8 1 4 7 5 + C A L L L T H A N
8 2 7 9  £ 6 0 1 4 7 6 + A N I O lH
8 2 7 B  C 2 9 E 8 2 4 7 7 + JN Z L S I

4 7 8 PS H Z E R O
8 2 7 E  1 1 1 C 8 0 4 7 9 + L X I D« Z E R O
8 2 8 1  C 0 9 4 8 1 4 8 0 + C A L L P S H T
8 2 8 4  C 9 4 8 1 R E T

4 8 2  L 3 0 i PS H 11
8 2 8 3  1 1 1 0 3 0 4 8 3 + L X I 0 «  11
8 2 8 8  C D 9 4 8 1 4 8 4 + C A L L P S H T

4 8 5 PS H H 8 7
8 2 8 B  1 1 1 4 8 0 4 8 6 + L X I D « H S 7

6 2 S E  C D 9 4 8 1 4 8 7 + C A L L P S H T
8 2 9 1  C D B 3 8 4 4 8 8 C A L L F S U B

4 8 9 PS H D 1 4
8 2 9 4  1 1 2 C 8 0 4 9 0 + L X I D « D 1 4
8 2 9 7  C D 9 4 8 1 4 9 1  + C A L L P S H T
8 2 9 A  C D C 1 8 4 4 9 2 C A L L F D 1 V
8 2 9 D  C 9 4 9 3 R E T

4 9 4  L 3 i : PS H 11
8 2 9 E  1 1 1 0 3 0 4 9 5 + L X I D .  11
8 2 A 1  C D 9 4 8 1 4 9 6 + C A L L P S H T

4 9 7 PS H H 7 9
8 2 A 4  1 1 1 8 8 0 4 9 8 + L X I D . H 7 9
6 2 A 7  C D 9 4 8 1 4 9 9 + C A L L P S H T
8 2 A A  C D B 3 8 4 3 0 0 C A L L F S U B

3 0 1 PS H D 1 4
8 2 A D  1 1 2 C 8 0 5 0 2 + L X I D « D l4
8 2 B 0  C 0 9 4 8 1 3 0 3 + C A L L P S H T
8 2 B 3  C D C 1 8 4 5 0 4 C A L L F D  I V
8 2 B 6  C 9 3 0 3 R E T

5 0 6
5 0 7
5 0 8
5 0 9
3 1 0
5 1 1
3 1 2
5 1 3

10

I I F  J O Y S T I C K  V O L T A G E < 7 9 H  T H E N  L S I

I J O Y S T I C K  I N  C E N T R A L  D E A D  B A N D :

« R E T U R N  Z E R O  R E S U L T  
1O F F S E T  A N D  S C A L E  J O Y S T I C K  V O L T A G E

I F O R  P O S I T I V E  D E F L E C T I O N  

( P U S H  14  B A S E  1 0

I O F F S E T  A N D  S C A L E  J O Y S T I C K  V O L T A G E  

I F O R  N E G A T I V E  D E F L E C T I O N

*♦  S U B R O U T IN E  O U T P U T  * *  

O P E R A T E S  C U T - O F F »  O F F S E T S
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IS IS -1 1  8080 /0083  MACRO ASSEMBLER» V 4 .0 MODULE

L O C  O B J

8 2 B 7  1 1 2 3 3 0  
8 2 B A  C D 9 4 8 1

8 2 B D  1 1 3 9 3 0  
6 2 C 0  C D A E 3 1  
8 2 C 3  3 A 4 C 3 0  
8 2 C 6  3 2 4 0 3 0  
Ô 2 C 9  3 A 4 E 3 0  
8 2 C C  3 2 4 1 3 0  
8 2 C F  3 A 4 0 3 0
8 2 0 2  3 2 4 2 3 0
8 2 0 3  3 A 4 F 3 0  
8 2 0 8  3 2 4 3 3 0  
8 2 D B  C D A B 8 3

8 2 0 E  3 2 3 5 3 0  
6 2 E 1  0 3 0 0

8 2 E 3  1 1 2 9 3 0  
8 2 E 6  C 0 9 4 8 1

8 2 E 9  1 1 3 9 3 0  
8 2 E C  C 0 A E 8 1  
8 2 E F  3 A 4 4 3 0  
8 2 F 2  3 2 4 0 3 0  
8 2 F 3  3 A 4 6 3 0  
8 2 F 8  3 2 4 1 3 0  
8 2 F B  3 A 4 3 3 0  
8 2 F E  3 2 4 2 3 0  
8 3 0 1  3 A 4 7 3 0  
8 3 0 4  3 2 4 3 3 0  
8 3 0 7  C D A B 8 3  
8 3 0 A  3 2 3 6 3 0  

8 3 0 0  0 3 0 1

8 3 0 F  1 1 2 0 3 0
8 3 1 2  C 0 9 4 8 1

8 3 1 3  1 1 3 9 3 0  
8 3 1 8  C D A E 8 1  
8 3 I B  3 A 4 8 3 0  
8 3 I E  3 2 4 0 3 0  
8 3 2 1  3 A 4 A 3 0

S O U R C E  S T A T E M E N T

P S H V V S L E W
L X  I D 'V V S L E W
C A L L P S H T

P L L F V O
L X  I 0 » F V 0
C A L L P L L T
L D A S P O F
S T A P O F
L D A S N O F
S T A N O F
L O A S P M A X
S T A P M A X
L D A S N M A X
S T A N M A X
C A L L V L I N

S T A V S
O U T O O H
P S H W A L F A
L X  I D i W A L F A

C A L L P S H T
P L L F V O
L X  I D t  F V O
C A L L P L L T
L O A A P O F
S T A P O F
L O A A N O F
S T A N O F
L O A A P M A X
S T A P M A X
L O A A N M A X
S T A N M A X
C A L L V L I N
S T A V L
O U T 0 1 H
P S H V V B E T A
L X  I D * V V B E T A
C A L L P S H T
P L L F V O

L X  I 0  » F V O
C A L L P L L T
L O A B P O F

S T A P O F
L D A B N O F

L I N E

3 1 4
3 1 3
3 1 6
5 1 7

.3 1 8
3 1 9  O U T P U T
5 2 0 +
3 2 1  +
3 2 2
3 2 3
5 2 4
5 2 3
3 2 6
3 2 7
5 2 8
3 2 9 +
3 3 0 +
3 3 1
3 3 2
3 3 3
3 3 4
3 3 3
3 3 6
3 3 7
3 3 8
3 3 9
5 4 0
3 4 1
5 4 2
3 4 3  L 5 2  *
5 4 4 +
3 4 5 +
5 4 6
3 4 7 +
3 4 8 +
3 4 9
3 3 0
551
3 3 2
3 3 3
3 5 4
3 3 3
3 3 6
3 3 7
3 3 8
3 3 9

3 6 0  L 3 3 :
5 6 1  +
5 6 2 +
3 6 3
3 6 4 +
3 6 3 +
5 6 6
3 6 7
5 6 8

I A N D  O U T P U T S  V O L T A G E S  TO  
1 V A L V E S  1
I R E G I S T E R S  A F F E C T E D :  A » D » E » S T A T U S  I
« S E T  S LE W  V A L V E

« S E T  U P  P A R A M E T E R S  F O R  S U B R O U T IN E  
I V L  IN  W H IC H  C O N V E R T S  3 2  B I T  V A L V E  
« S E T T I N G  W S L E U  T O  8  B I T  C O N T R O L  B Y T E  
« TO  B E  O U T P U T  T O  T H E  V A L V E  D R I V E R  
« C I R C U I T  1
« F V O - V V S L E W

« P O F - S P O F  

« N O F -S N O F  

t P N A X - S P M A X  

IN M A  X * S N M A X
« S U B R O U T IN E  V L I N  R E T U R N S  R E S U L T  
< I N  A  R E G I S T E R

« O U T P U T  D A T A  T O  S LE W  V A L V E  D R IV E R  
« S E T  L I F T  V A L V E

« S E T  R E A C H  V A L V E



IS IS-11 8080 /8083  MACRO ASSEMBLER * V 4 .0 MODULE PAGE 12

L O C  O B J L I N E S O U R C E S T A T E M E N T

8 3 2 a  3 2 a 1 3 0 5 6 9 S T A N O F
8 3 2 7  3 A a 9 3 0 5 7 0 L D A B PM A X
8 3 2 A  3 2 4 2 3 0 5 7 1 S T A PM AX
8 3 2 D  3 A 4 B 3 0 5 7 2 L D A BNM AX
8 3 3 0  3 2 4 3 3 0 5 7 3 S T A NM AX
8 3 3 3  C D A B 8 3 5 7 4 C A L L V L I N
8 3 3 6  3 2 3 7 3 0 5 7 5 S T A V R
8 3 3 9  0 3 2 1 5 7 6 O U T 2 1 H

5 7 7  L S 4 i I F F V V B K T »E Q U A L S « Z E R O  « L 5 2
3 7 8 + P S H V V 6 K T

8 3 3 B  1 1 3 1 3 0 5 7 9 + L X  I D iW B K T
8 3 3 E  C D 9 4 8 1 5 8 0 + C A L L P S H T

3 8 1  + P L L V I

8 3 4 1  1 1 1 D 3 0 5 8 2 + L X  I D * V 1
8 3 4 4  C D A E 8 1 3 8 3 + C A L L P L L T

3 8 4 + P S H Z E R O
8 3 4 7  1 1 1C S O 3 8 3 + L X  I D iZ E R O
8 3 4 A  C D 9 4 8 1 5 8 6 + C A L L P S H T

3 8 7 + P L L V 2
8 3 4 0  1 1 2 1 3 0 5 8 8 + L X  I D t V 2
8 3 5 0  C 0 A E 8 1 5 8 9 + C A L L P L L T
8 3 S 3  C D 0 S 8 2 3 9 0 + C A L L E Q U A L S
8 3 5 6  E 6 0 1 3 9 1  + A N I 0 1 H
8 3 5 8  C 2 7 E 8 3 5 9 2 + J N Z L 5 3

5 9 3 I F F V V B K T  < G T H A N « Z E R O  * L 3 6
3 9 4 + P S H V V B K T

8 3 5 B  1 1 3 1 3 0 5 9 3 + L X  I D t V V B K T
6 3 5 E  C D 9 4 8 1 5 9 6 + C A L L P S H T

5 9 7 + P L L V I
8 3 6 1  1 1 1 0 3 0 5 9 8 + L X  1 0 « V 1
8 3 6 4  C 0 A E 8 1 3 9 9 + C A L L P L L T

6 0 0 + P S H Z E R O
8 3 6 7  1 1 1 C 8 0 6 0 1  + L X  I 0« Z E R O
8 3 6 A  C 0 9 4 8 1 6 0 2 + C A L L P S H T

6 0 3 + P L L V 2
8 3 6 0  1 1 2 1 3 0 6 0 4 + L X  I D « V 2
8 3 7 0  C 0 A E 8 1 6 0 3 + C A L L P L L T

8 3 7 3  C D C B 8 1 6 0 6 + C A L L G T H A N
8 3 7 6  E 6 0 1 6 0 7 + A N I 0 1 H
8 3 7 8  C 2 8 6 8 3 6 0 8 + J N Z L 5 6
8 3 7 B  C 3 8 E 8 3 6 0 9 J M P L 5 7
8 3 7 E  3 E C 0 6 1 0  L 3 3 2 M V  I A . O COH
8 3 8 0  3 2 3 8 3 0 6 1  1 S T A V B
8 3 8 3  0 3 2 2 6 1 2 O U T 2 2 H
8 3 8 5  C 9 6 1 3 R E T
8 3 8 6  3 E 8 0 6 1 4  L 3 6 * M V  I A «8 OH

8 3 8 8  3 2 3 8 3 0 6 1 5 S T A V B
8 3 8 8  D 3 2 2 6 1 6 O U T 2 2 H
8 3 8 0  C 9 6 1 7 R E T
8 3 8 E  3 E 4 0 6 1 8  L 3 7 S M V  I A . 4 0 H
8 3 9 0  3 2 3 8 3 0 6 1 9 S T A V B
8 3 9 3  0 3 2 2 6 2 0 O U T 2 2 H
8 3 9 5  C 9 6 2 1 R E T

6 2 2
6 2 3

I S E T  B U C K E T  S W IT C H

» S E G M E N T  F O R  S T A T I C  B U C K E T

» S E G M E N T  F O R  O P E N I N G  B U C K E T

» S E G M E N T  F O R  C L O S I N G  B U C K E T

»
«
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I S I S - I I  8 0 3 0 /8063  MACRO ASSEMBLER* V 4 .0 MODULE PAGE 13

L O G  O B J  L I N E  S O U R C E  S T A T E M E N T

6 2 4 \ * *  S U B R O U T I N E  F L O A T  * *
6 2 3 1
6 2 6 I P U T S  C O N T E N T S  O F  A  R E G I S T E R
6 2 7 t ON  T O P  O F  A P U  S T A C K
6 2 6 , t .
6 2 9 1 R E G I S T E R S  A F F E C T E D *  A
6 3 0 1

8 3 9 6 3 2 0 0 1 0 6 3 1  F L O A T 1 S T A IO O O H
8 3 9 9 A F 6 3 2 X R A A
8 3 9 A 3 2 0 0 1 0 6 3 3 S T A lO O O H
8 3 9 D C D A 9 8 4 6 3 4 C A L L F L T S
6 3 A 0 C 9 6 3 3 R E T

6 3 6 1
6 3 7 1
6 3 8 1++ S U B R O U T I N E  F I X  ++
6 3 9 1
6 4 0 1 P U T S  3 2 - B I T  T O S  O F  A P U
6 4 1 I I N  T H E  A  R E G I S T E R
6 4 2 1
6 4 3 1 R E G I S T E R S  A F F E C T E D *  A
6 4 4 1

6 3 A 1 C D C D 8 4 6 4 3  F I X ) C A L L F I X S
8 3 A 4 3 A 0 0 1 0 6 4 6 L D A lO O O H
8 3 A 7 3 A 0 0 1 0 6 4 7 L D A lO O O H
8 3 A A C 9 6 4 8 R E T

6 4 9 1
6 3 0 1
6 5 1 1+ « S U B R O U T IN E  V L I N  * *
6 5 2 1
6 5 3 1V A L V E  O P E N I N G  I N  N O M IN A L  R A N G E  - l
6 5 4 f +1 I S  P A S S E D  I N  F V O .
6 5 3 1 S U B R O U T IN E  C A L C U L A T E S  B Y T E  TO
6 5 6 « B E  O U T P U T  T O  T H E  D R I V E R  C I R C U I T
6 5 7 1 U S IN G  D A T A  PQ S *  P M A X » N O S *  6  N M A X
6 5 8 I
6 5 9 1 R E G I S T E R S  A F F E C T E D *  A * D \ E « S T A T U S
6 6 0 1
6 6 1  V L I N * I F F F V O  * G T H A N  * Z E R O . L 6 1
6 6 2 + P S H F  V O

8 3 A B 1 1 3 9 3 0 6 6 3 + L X I D t F V O
8 3 A E C D 9 4 8 1 6 6 4 + C A L L P S H T

6 6 5 + P L L V I
6 3 B 1 1 1 1 0 3 0 6 6 6 + L X I D f V l
S 3 B 4 C D A E 8 1 6 6 7 + C A L L P L L T

6 6 8 + PS H Z E R O
8 3 8 7 iliceo 6 6 9 + L X I o >z e r o

8 3 B A C D 9 4 8 1 6 7 0 + C A L L P S H T
6 7 1  + P L L V 2

6 3 B 0 1 1 2 1 3 0 6 7 2 + L X I D » V 2
8 3 C 0 C 0 A E 8 1 6 7 3 + C A L L P L L T
8 3 C 3 C D C B 8 1 6 7 4 + C A L L G T H A N
6 3 C 6 £ 6 0 1 6 7 5 + A N I 0 1 H
8 3 C 8 C 2 E 0 8 3 6 7 6 + JN Z L 6 1

6 7 7 I F F F V O •L T H A N • Z E R O  * L 6 2
6 7 8 + PS H F V O
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i s i s - i i  e o e o /e o e s  m a c r o  a s s e m b l e r t v 4 .o MODULE PACE 14

L O C  O B J L I N E S O U R C E S T A T E M E N T

8 3 C B  t 1 3 9 3 0 6 7 9 + L X  I D t F V O

6 3 C E  C D 9 4 8 1 6 8 0 + C A L L P S H T
6 6 1  + P L L V I

6 3 D 1  1 1 1 0 3 0 6 8 2 + L X I D » V I
8 3 0 4  C 0 A E 6 1 6 8 3 + C A L L P L L T

6 8 4 + P S N Z E R O
© 307  1 1 1 C 8 0 6 6 5 + L X I D t  Z E R O
8 3 D A  C D 9 4 8 1 6 8 6 + C A L L P S H T

6 6 7 + P L L V 2
8 3 0 0  1 1 2 1 3 0 6 6 8 + L X I D t V 2
8 3 E 0  C D A E 8 1 6 6 9 + C A L L P L L T

8 3 E 3  C D E 2 e i 6 9 0 + C A L L L T H A N

6 3 E 6  £ 6 0 1 6 9 1  + a n : 0 1 H
8 3 E S  C 2 2 1 8 4 6 9 2 + J N Z L 6 2
6 3 E B  A F 6 9 3 X R A A
8 3 E C  C 9 6 9 4 R E T

6 9 5  L 6 U I F F F V O ' L T H A N t O N E «L 6 3

6 9 6 + P S H F V O
8 3 E D  1 1 3 9 3 0 6 9 7 + L X I D t F V O
8 3 F 0  C D 9 4 8 1 6 9 8 + C A L L P S H T

6 9 9 + P L L V I
8 3 F 3  1 1 1 0 3 0 7 0 0 + L X I 0  t V I
6 3 F 6  C D A E 8 1 7 0 1  + C A L L P L L T

7 0 2 + P S H O N E
8 3 F 9  1 1 2 0 8 0 7 0 3 + L X I D t O N E
8 3 F C  C 0 9 4 8 1 7 0 4 + C A L L P S H T

7 0 5 + P L L V 2
S 3 F F  1 1 2 1 3 0 7 0 6 + L X I D < V 2
8 4 0 2  C D A E 8 1 7 0 7  + C A L L P L L T
8 4 0 3  C D E 2 8 1 7 0 8 + C A L L L T H A N
8 4 0 8  E 6 0 1 7 0 9 + A N I 0 1 H
8 4 0 A  C 2 1 1 8 4 7 1 0 + J N Z L 6 3
8 4 0 0  3 A 4 2 3 0 7 1 1 L D A P M A X
8 4 1 0  C 9 7 1 2 R E T
8 4 1 1  3 A 4 0 3 0 7 1 3  L 6 3 : L D A P O F
8 4 1 4  3 2 3 E 3 0  # 7 1 4 S T A O F F S E T
8 4 1 7  3 A 4 2 3 0 7 1 5 L D A P M A X
8 4 1 A  3 2 3 F 3 0 7 1 6 S T A M A X
8 4 1 0  C 3 6 0 8 4 7 1 7 J M P L 6 4
6 4 2 0  C 9 7 1 8 R E T

7 1 9  L 6 2 * I F F F V O «G T H A N «M IN O N E  * L 6 5
7 2 0 + P S H F V O

8 4 2 1  1 1 3 9 3 0 7 2 1  + L X I D t F V O
8 4 2 4  C 0 9 4 8 1 7 2 2 + C A L L P S H T

7 2 3 + P L L V I
8 4 2 7  1 1 1 0 3 0 7 2 4 + L X I D * V 1
8 4 2 A  C 0 A E 6 1 7 2 5 + C A L L P L L T

7 2 6 + P S H M I N O N E
6 4 2 0  1 1 2 8 8 0 7 2 7 + L X I 0 1 M IN O N E
6 4 3 0  C 0 9 4 6 1 7 2 8 + C A L L P S H T

7 2 9 + P L L V 2
8 4 3 3  1 1 2 1 3 0 7 3 0 + L X I D t  V 2
6 4 3 6  C 0 A E 6 1 7 3 1  + C A L L P L L T
6 4 3 9  C D C B 6 1 7 3 2 + C A L L G T H A N
6 4 3 C  E 6 0 1 7 3 3 + A N I 0 1 H

« S E G M E N T  F O R  F V O - O

« S E G M E N T  F O R  F V O > P M A X  

« S E G M E N T  F O R  0 < F V 0 < 1

223



is i s * - 11 e o s o /e o e s  macro a s s e m b le r « v4 .o MODULE

L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

8 4 3 E  C 2 4 3 8 4 7 3 4  + JN Z L 6 3
8 4 4 1  3 A 4 3 3 0 7 3 5 L D A N M A X
8 4 4 4  C 9 7 3 6 R E T
6 4 4 5  3 A 4 1 3 0 7 3 7  L 6 5 * L D A N O F
8 4 4 8 .  3 2 3 E 3 0 7 3 8 s t a O F F S E T
8 4 4 B  3 A 4 3 3 Ö 7 3 9 L O A N M A X
6 4 4 E  3 2 3 F 3 0 7 4 0 S T A M AX

7 4 1 P S H F V O
8 4 5 1  1 1 3 9 3 0 7 4 2 + L X  I 0 « F V O
8 4 5 4  C D 9 4 8 1 7 4 3 + C A L L P S H T
8 4 5 7  C D 9 D e 4 7 4 4 C A L L C H S F

7 4 5 P L L F V O
8 4 5 A  1 1 3 9 3 0 7 4 6 + L X  I D . F V O
8 4 5 0  C D A E 8 1 7 4 7 + C A L L P L L T
8 4 6 0  3 A 3 E 3 0 7 4 8  L 6 4  i LO A O F F S E T
6 4 6 3  C D 9 6 8 3 7 4 9 C A L L F L O A T
8 4 6 6  C D E 5 6 4 7 5 0 C A L L P T O F
8 4 6 9  3 A 3 F 3 0 7 5 1 L D A M AX
8 4 6 C  C D 9 6 8 3 7 5 2 C A L L F L O A T
8 4 6 F  C D 3 9 8 5 7 5 3 C A L L X C H F
6 4 7 2  C D B 5 8 4 7 3 4 C A L L F S U B

7 3 5 P S H F V O
8 4 7 5  1 1 3 9 3 0 7 3 6 + L X  I D . F V O
8 4 7 6  C D 9 4 8 1 7 3 7 + C A L L P S H T
8 4 7 B  C D 9 1 8 4 7 3 8 C A L L F M U L
8 4 7 E  C D 8 S 8 4 7 3 9 C A L L F A D D
6 4 8 1  C D A 1 8 3 7 6 0 C A L L F I X
8 4 8 4  C 9 7 6 1 R E T

7 6 2
7 6 3
7 6 4  
7 6 3
7 6 6
7 6 7
7 6 8  M A T H S M AC R O F N C T N .C O D E

- 7 6 9  F N C T N » S T A A S T R
- 7 7 0 M V I A tC O D E
- 7 7 1 S T A 1 1O 0 H
- 7 7 2 L O A A S T R
- 7 7 3 R E T

7 7 4 ENO M
7 7 5
7 7 6
7 7 7
7 7 8
7 7 9
7 8 0
7 8 1
7 8 2 M A T H S F A D D . 1OH

8 4 8 5  3 2 3 0 3 0 7 8 3 + F A O D J S T A A S T R

8 4 8 8  3 E 1 0 7 8 4 + M V I A .  1 0 H
6 4 8 A  3 2 0 0 1 1 7 8 3 + S T A 1 1 0 0 H
8 4 8 D  3 A 3 0 3 0 7 8 6 + L D A A S T R
8 4 9 0  C 9 7 8 7 + R E T

7 8 8 M A T H S F M U L .1 2 H

IS

1 S E G M E N T  F O R  F V O  < « - l  

« S E G M E N T  F O R  - 1 < F V 0 < 0

(C O M M O N  S E G M E N T  F O R  I N T E R M E D I A T E  
I V A L V E  O P E N IN G

• •  M A T H S  S U B R O U T I N E S  M AC R O  * *  

R E G I S T E R S  A F F E C T E D * N O N E

(I
( M A T H S  M AC R O  C A L L S  
(
( A L L  O P E R A N D S  A R E  3 2  B I T  F L O A T I N G  P O I N T  
( U N L E S S  O T H E R W IS E  S P E C I F I E D  
(
I T O S -T O S + N O S

IT O S -T O S + N O S
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i s ï s - i i  e o e o /s o e s  m a c r o  a s s e m b l e r « v 4 . o MODULE

L O C  O B J L I N E S O U R C E  !S T A T E M E N T

6 4 9 1  3 2 3 0 3 0 7 6 9 + F M U L J S T A A S T R
6 6 9 4  3 E 1 2 7 9 0 + M V I A« 1 2 H
6 6 9 6  3 2 0 0 1 1 7 9 1 * S T A 1 1 0 0 H
6 6 9 9  3 A 3 D 3 0 7 9 2 + L D A A S T R
8 4 9 C  C 9 7 9 3 + R E T

7 9 4 M A T H S C H S F  « 15 H

6 6 9 0  3 2 3 D 3 0 7 9 3 + C H S F i S T A A S T R
6 6 A 0  3 E 1 S 7 9 6 + M V I A«  1 5 H
8 6 A 2  3 2 0 0 1 1 7 9 7 * S T A l lO O H
8 4 A 5  3 A 3 0 3 O 7 9 6 + L D A A S T R
S 4 A Ô  C 9 7 9 9 + R E T

8 0 0 M A T H S F L T S * 1 D H
6 4 A 9  3 2 3 0 3 0 6 0 1 + F L T S i S T A A S T R
6 6 A C  3 E 1 D 6 0 2 + M V I A t l O H
6 4 A E  3 2 0 0 1 1 6 0 3 + S T A 1 1 0 0 H

6 4 B 1  3 A 3 0 3 0 6 0 4 + L D A A S T R  %
6 4 B 4  C 9 6 0 5 + R E T

6 0 6 M A T H S F S U B  « 1 1H
S 6 B 3  3 2 3 0 3 0 8 0 7 + F S U B J S T A A S T R
S 6 B 8  3 E 1 1 8 0 8 + M V I A«  1 1H
8 6 B A  3 2 0 0 1 1 8 0 9 + S T A 1 1 O 0 H
6 6 B D  3 A 3 0 3 0 8 1 0 + L D A A S T R
8 4 C 0  C 9 8 1 1  + R E T

6 1 2 M A T H S F D I V » 1 3 H
6 4 C 1  3 2 3 0 3 0 S 1 3 + F 0 I V » S T A A S T R
8 6 C 4  3 E 1 3 6 1 4 + M V I A«  1 3 H
6 4 C 6  3 2 0 0 1 1 8 1 5 + S T A 1 1 0 0 H
6 6 C 9  3 A 3 D 3 0 8 1 6 + L D A A S T R
6 4 C C  C 9 8 1 7 + R E T

6 1 6 M A T H S F I X S . 1 F H
8 4 C D  3 2 3 D 3 0 6 1 9 + F I X S i S T A A S T R
8 4 D 0  3 E 1 F 8 2 0 + M V I A t l F H
8 4 0 2  3 2 0 0 1 1 6 2 1  + S T A Ü O O H
6 4 0 3  3 A 3 D 3 0 8 2 2 + L D A A S T R
6 4 0 8  C 9 8 2 3 + R E T

6 2 4 M A T H S P T O S  « 7 7 H
6 4 0 9  3 2 3 0 3 0 e 2 5 + P T 0 S » S T A A S T R
8 4 0 C  3 E 7 7 6 2 6 + MVX A « 7 7 H
6 4 D £  3 2 0 0 1 1 6 2 7 + S T A 1 1 0 0 H
6 4 E 1  3 A 3 0 3 O 6 2 8 + L D A A S T R
6 4 E 4  C 9 6 2 9 + R E T

6 3 0 M A T H S P T O F  « 17H
8 4 E 3  3 2 3 0 3 0 8 3 1 + P T O F  » S T A A S T R
6 4 E 8  3 E 1 7 8 3 2 + M V I A«  1 7 H
6 4 E A  3 2 0 0 1 1 8 3 3 + S T A 1 1 0 0 H
6 4 E D  3 A 3 D 3 0 6 3 4 + L D A A S T R
6 4 F 0  C 9 8 3 3 + R E T

6 3 6 M A T H S P O P F t lS H
6 4 F 1  3 2 3 0 3 0 6 3 7 + P O P F  t S T A A S T R
6 4 F 4  3 E 1 6 6 3 8 + M V I A« 1 6 H
6 4 F 6  3 2 0 0 1 1 8 3 9 + S T A 1 lO O H
6 4 F 9  3 A 3 D 3 0 6 4 0 + L D A A S T R
8 4 F C  C 9 6 4 1  + R E T

8 4 2 M A T H S P U P I  « I A H
6 4 F D  3 2 3 0 3 0 8 4 3 + P U P I  : S T A A S T R

16

» T O S — TO S

» C O N V E R T  1 6  B I T  T O S  TO  3 2  B I T  F L .  P T .

» T Q S * N O S -T O S

» T O S - N O S / T O S

» C O N V E R T  3 2  B I T  F L .  P T .  T O S  T O  1 6  B I T

» C O P Y  1 6  B I T  T O S  O N TO  S T A C K

» C O P Y  3 2  B I T  T O S  O N TO  S T A C K

» R O T A T E  T O S  T O  B O T T O M  O F  S T A C K

» P U S H  P I  O N T O  T O S 225



i s i s - i t  e o e o /e o e s  macro assem bler» v4 .o MODULE PACE 17

L O C  O B J L I N E  S O U R C E  S T A T E M E N T

8 3 0 0  3 E 1 A 6 4 4  + M V  I A« I A H
8 3 0 2  3 2 0 0 1 1 8 4 5 + S T A l lO O H
8 3 0 3  3 A 3 D 3 0 8 4 * + L D A A S T R
8 3 0 8  C 9 € 4 7  + R E T

8 4 6 M A T H S S I N « 0 2 H
8 3 0 9  3 2 3 D 3 0 6 4 9 + S I N l S T A A S T R
6 3 0 C  3 E 0 2 8 5 0 + M V  I A * 0 2 H
8 3 0 E  3 2 0 0 1 1 8 5 1  + S T A l lO O H
8 5 1 1  3 A 3 D 3 0 8 5 2 + L D A A S T R
8 3 1 4  C 9 8 5 3 + R E T

8 5 4 M A T H S A S I N «  0 5 H
8 5 1 5  3 2 3 D 3 0 8 5 5 + A S I N i S T A A S T R
8 3 1 8  3 E 0 5 8 5 6 + M V  I A f 0 5 H
8 3 1 A  3 2 0 0 1 1 8 5 7 + S T A l lO O H
6 5 I D  3 A 3 D 3 0 8 3 6 + L O A A S T R
8 5 2 0  C 9 8 5 9 + R E T

6 6 0 M A T H S C 0 S » 0 3 H
6 5 2 1  3 2 3 D 3 0 6 6 1 + C Q S ) S T A A S T R
6 3 2 4  3 E 0 3 8 6 2 + M V  I A * 0 3 H
8 5 2 6  3 2 0 0 1 1 64.3+ S T A l lO O H
8 5 2 9  3 A 3 D 3 0 € 6 4 + L D A A S T R
6 5 2 C  C 9 8 6 5 + R E T

6 6 6 M A T H S A C O S  « 0 6 H
8 5 2 D  3 2 3 D 3 0 6 6 7 + A C O S l S T A A S T R
8 3 3 0  3 6 0 6 8 6 8 + M V  I A * 0 6 H
6 5 3 2  3 2 0 0 1 1 84 .9+ S T A l lO O H
8 5 3 5  3 A 3 D 3 0 8 7 0 + L D A A S T R
8 5 3 8  C 9 8 7 1  + R E T

8 7 2 M A T H S X C H F .1 9 H
€ 5 3 9  3 2 3 D 3 0 6 7 3 + X C H F * S T A A S T R
8 5 3 C  3 E 1 9 8 7 4 + M V  I A  • 1 9 H
8 5 3 E  3 2 0 0 1 1 8 7 5 + S T A l lO O H
8 5 4 1  3 A 3 D 3 0 8 7 6 + L D A A S T R
6 5 4 4  C 9 8 7 7 + R E T

8 7 8 M A T H S S Q R T t O lH
8 3 4 5  3 2 3 D 3 0 8 7 9 + S Q R T  « S T A A S T R
6 5 4 8  3 E 0 1 8 8 0 + M V  I A t O l H
6 5 4 A  3 2 0 0 1 1 8 6 1  + S T A l lO O H
8 3 4 0  3 A 3 Ü 3 0 8 8 2 + L D A A S T R
8 5 5 0  C 9 8 6 3 +

6 8 4  E N D
R E T

I T O S - S I N ( T O S )

1 T O S - A S I N Í T O S )

I T O S - C O S C T O S )

t T O S - A C O S C T O S )

I E X C H A N G E  T O S  A N D  NO S

IT O S * S Q R T  C T O S )

P U B L I C  S Y M B O L S

E X T E R N A L  S Y M B O L S

U S E R  S Y M B O L S
A C O S A 8 5 2 D A D C O N A 8 1 7 3 A N M A X A 3 0 4 7 A N O F A 3 0 4 6 A P M A X A 3 0 4 5 A P O F A 3 0 4 4 A S I N A 8 5 1 5
A S T R A 3 0 3 D B N M AX A 3 0 4 B B N O F A 3 0 4 A B P M A X A 3 0 4 9 B P O F A 3 0 4 8 C H S F A e 4 9 D C N S T 2 0 A 8 0 3 0
C N S T 2 1 A 6 0 3 4 C O N V A 8 1 3 A C O S A 8 5 2 1 D 1 4 A 8 0 2 C D LO O P A 8 0 D 8 E Q U A L S A 8 2 0 8 F A D O A 8 4 8 5
F D I V A 6 4 C 1 F I X A € 3  A l F I X S A 8 4 C D F L O A T A 8 3 9 6 F L T S A 6 4 A 9 F  M U L A 8 4 9 1 F S U B A 8 4 B 5
F V O A 3 0 3 9 G E O U A l A 8 1 F 9 G T H A N A 8 1 C B H 2 5 5 A 8 0 3 8 H 7 9 A 8 0 1 8 H 8 7 A 8 0 1 4 H A L F A 8 0 2 4
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I S I S - I l 8 0 8 0 / 8 0 8 3 M A C R O A S S E M B L E R  1» V 4 . 0 M O D U LE P A G E  1 8

1 1 A  .3 0 .1 0 1 2 A  3 0 1 4 I F F ♦ 0 0 0 2 I N I T A  8 1 2 B
J X D O T A  3 0 0 0 J Y D O T A  3 0 0 4 L 2 A  8 1 0 3 L 3 A  8 1 D F

L 3 1 A  8 2 9 E L 5 2 A  8 2 E 3 L 5 3 A 8 3 0 F L 3 4 A  8 3 3 B
L A A  8 2 1 7 L 6 1 A  8 3 E D L 6 2 A 8 4 2 1 L 6 3 A  8 4 1 1

L E Q U A L A  S t F E L O O P A  8 0 E F L T H A N A 8 1 E 2 M A T H S ♦  0 0 0 3
NM AX A  3 0 4 3 N O F A  3 0 4 1 O F F S E T A 3 0 3 E O N E A  8 0 2 0

P L L T A  8 1 A E PM A X A  3 0 4 2 PO F A 3 0 4 0 P O P F A  6 4 F 1

P T O S A  8 4 0 9 P U P I A  8 4 F D S A 3 0 1 9 S I N  « A  8 5 0 9
S P O F A  3 0 4 C S O R T A  8 3 4 3 S T A T U S A 3 0 1 8 T E N A  8 0 0 C
V B A  3 0 3 8 V L A  3 0 3 6 V L  IN A S 3 A B V R A  3 0 3 7

W B K T A  3 0 3 1 V V S L E U A  3 0 2 3 XAN M AX A 8 0 0 3 X A N O F A  8 0 0 2

X B N O F A  8 0 0 6 X B P M A X A  8 0 O S X B P O F A 8 0 0 4 X C H F A  8 3 3 9

X S P O F A  8 0 0 8 Z E R O A  8 0 1 C

A S S E M B L Y  C O M P L E T E N O  E R R O R S

J B K T  A  3 0 0 C  
L 4  A  e i E C  
L 5 3  A  8 3 7 E  
L 6 4  A  8 4 6 0  
MAX A  3 0 3 F  
O U T P U T  A  8 2 B 7  
P S H  ♦  OOOO 
SNM AX  A  3 0 4 F  
TU O  A  8 0 1 0  
V S  A  3 0 3 3  
X A PM A X  A  8 0 0 1  
XSN M AX  A  SO O B

J O Y S T K  A  8 2 2 E  
L 3  A  8 t F 6  
L S 6  A  8 3 3 6  
L 6 3  A  8 4 4 3  
M IN O N E  A  8 0 2 8  
P A U S E  A  8 1 8 D  
P S H T  A  8 1 9 4  
S N O F  A  3 0 4 E  
V I  A  3 0 1 D  
V V A L F A  A  302*9 
X A P O F  A  8 0 0 0  
X S N O F  A  8 O 0 A

J S L E U  A  3 0 0 8  
L 3 0  A  8 2 8 3  
L 5 7  A  8 3 8 E  
L 7  A  8 2 2 B  
N E Q U A L  A  8 2 0 3  
P L L  + 0 0 0 1  
P T Q F  A  8 4 E 5  
S P M A X  A  3 0 4 D  
V 2  A  3 0 2 1  
V V B E T A  A  3 0 2 0  
X B N M A X  A  8 0 0 7  
X S P M A X  A  8 0 0 9
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A sn e o  s F lsD IG .S R C

i s i s - t i  e o e o /e o e s  macro assem bler* v a . o

L O C  O B J L I N E S O U R C E S T A T E M E N T

3 0 0 0

3 0 0 0

1 * M 0 D 3 5  M A C R O F I L E
2  O RG  3 0 0 0 H
3
4
5
6  

7  
3  
9

1 0

1 1
1 2

1 3
1 4
1 5
1 6  
1 7
1 3  M O D FLG S  D S  1

3 0 0 1 1 9 DX i D S 4
3 0 0 3 2 0 A I * DS A

3 0 0 9 2 1 B i t DS 4
3 0 0 D 2 2 A A l D S 4
3 0 1 1 2 3 AB* D S 4
3 0 1 3 2 4 X O F i D S 4
3 0 1 9 2 5 Y O F I D S 4
3 0  I D 2 6 M ODE* D S 1
3 0  I E 2 7 P P Q I N T  * DS 2

3 0 2 0 2 8 X P i DS 4
3 0 2 4 2 9 Y P I D S 4
3 0 2 3 3 0 P S I P » D S 4
3 0 2 C 31 D I S T s DS 4
3 0 3 0 3 2 D P S X i D S 4
3 0 3 4 3 3 P C O U N T * D S 1
3 0 3 5 3 4 R C O U N T I D S 1
3 0 3 4 3 5 N C O U N T t D S 1
3 0 3 7 3 6 T F L A G l D S 1

3 0 3 3
3 7
3 3 J X D O T i DS 4

3 0 3 C 3 9 J Y D O T  » D S 4
3 0 4 0 4 0 J S L E W s D S 4
3 0 4 4 4 1 J B K T i D S 4
3 0 4 3 4 2 U S DS 4
3 0 4 C 4 3 1 2 * D S 4
3 0 5 0 4 4 C X D O T s D S 4
3 0 5 4 4 5 C Y D O T x D S 4
3 0 5 3 4 6 X U D S 4
3 0 5 C 4 7 Y U D S 4
3 0 6 0 4 3 P S I  i s DS 4
3 0 6 4  ^ 4 9 X O i D S 4
3 0 6 3 5 0 Y O l D S 4

3 0 6 C 5 1 P S IO S D S 4

3 0 7 0 5 2 E X i D S 4
3 0 7 4 5 3 E Y i D S 4

3 0 7 8 5 4 E P S I s D S 4

MODULE PAGE 1

« U N I V E R S  I T Y  O F  L I V E R P O O L  
« D E P A R T M E N T  O F  E L E C T R I C A L  E N G I N E E R I N G  
1 A N D  E L E C T R O N I C S  
«
« E . R . I .  D E A N E  I
«T H I S  I S  A N  A S S E M B L Y  LA N G U A G E  PR O G R A M  
* F O R  M X —Y " C O N T R O L  O F  A  P A 6  D IG G E R  
« W I T H  A  L E A R N  A N D  R E P E A T  F A C I L I T Y  
«
« C O D E  E D I T E D  1 6 0 0  5 T H  J A N U A R Y  1 9 3 3  
« D I S K S  N O .  A  V E R  5 . 3 3  
««
« * »  R A M  L O C A T I O N S  F O R  PR O G R A M  V A R I A B L E S  * *«
« B Y T E  T O  R E G I S T E R  M O D E
« D I S T A N C E  F R O M  A L P H A  P I V O T  TO  B U C K E T  P I V O T
« I N P U T  T O  A L P H A  C O N T R O L  LO O P
« I N P U T  T O  B E T A  C O N T R O L  LO O P
« I N T E R M E D I A T E  R E S U L T  I N  C A L C U L A T I N G  A I
« I N T E R M E D I A T E  R E S U L T  I N  C A L C U L A T I N G  A I
«X O F F S E T  U S E D  I N  R E P E A T  MODE
« Y  O F F S E T  U S E D  I N  R E P E A T  MODE
« IM A G E  O F  D A T A  F R O M  M O D E S W IT C H E S
« P A T H  S T A C K  P O I N T E R
« V A R I A B L E  F O R  L E A R N  R O U T IN E« “
« -« "« -
« P A T H  P O I N T  C O U N T E R  F O R  L E A R N  
« C O U N T S  P A T H  P O I N T S  F O R  R E P E A T  
« C O U N T S  C O N T R O L  R O U T I N E  C A L L S  F O R  R E P E A T  
« IM A G E  O F  D A T A  S E N T  T O  PORT* 2 A  F O R  
« M E A S U R I N G  L O O P  E X E C U T I O N  T I M E  
« J O Y S T I C K  I N P U T  X D O T  I N  U S E R  C O -O R D S
« « Y D O T  "  *
« -  •  S L E W  R A T E
« -  * -  B U C K E T  M O V E M E N T
« I N T E R M E D I A T E  R E S U L T  L O C A T I O N
« I N T E R M E D I A T E  R E S U L T  L O C A T I O N
« X D O T  I N P U T  T O  C O N T R O L  LO O P
« Y D O T  I N P U T  T O  C O N T R O L  LO O P
«X I N P U T  T O  C O N T R O L  L O O P
« Y  I N P U T  T O  C O N T R O L  L O O P
« P S I  I N P U T  T O  C O N T R O L  L O O P
«X O U T P U T  P O S I T I O N
«V O U T P U T  P O S I T I O N
« P S I  O U T P U T  V A L U E
«X P O S I T I O N A L  E R R O R  »  X X -X O
« Y  P O S I T I O N A L  E R R O R  »  Y I - Y O
« P S I  P O S I T I O N A L  E R R O R  *  P S I I - P S I O
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L O C  O B J S O U R C E  S T A T E M E N T

3 0 7 C 5 5  E T A * D S 4
3 0 8 0 5 6  M C A L F A : D S 4
3 0 6 4 5 7  A L P H A * D S 4
3 0 8 6 5 6  B E T A * D S 4
3 0 6 C 5 9  D E L T A * D S 4
3 0 -7 0 6 0  S T A T U S * DS 1
3 0 9 1 6 1  S* D S 4
3 0 9 3 6 2  V I  * D S 4
3 0 9 9 6 3  V 2 * D S 4
3 0 9 D 6 4  P I T C H * D S 4
3 0 A 1 6 5  E A L P H A * D S 4
3 0 A 5 6 6  E B E T A * D S 4
3 0 A 9 6 7  V V S LE W * D S 4
3 0 A D 6 8  V V A L F A l D S 4
3 0 3 1 6 9  W B E T A I D S 4
3 0 3 3 7 0  V V B K T * D S 4
3 0 B 9 7 1  V S * D S 1
3 0 9 A 7 2  V L * D S 1

3 0 3 B 7 3  V R» D S 1

3 0 3 C 7 4  V B * D S 1

3 0 E D 7 5  F C O U N T * D S 1

3 0 B E 7 6  E C R I T * D S 4
3 0 2 2 7 7  F V O * D S 4
3 0 2 6 7 8  A S T R * D S 1
3 0 C 7 7 9  O F F S E T * D S 1

3 0 C 9 8 0  M AX* D S 1
3 0 2 9 6 1  P O F  » D S 1
3 0 C A 8 2  N O F * D S 1

3 0 C B 8 3  PM A X * D S 1

3 0 C C 6 4  N M AX* D S 1

3 0 C D 8 5  A P O F l D S 1

3 0 C E 6 6  A P M A X * D S 1
3 0 C F 8 7  A N O F l D S 1
3 0 0 0 8 8  A N M A X I D S 1

3 0 0 1 8 9  B P O F * D S 1

3 0 D 2 9 0  B P M A X * D S 1

3 0 D 3 9 1  B N O F s D S 1
3 0 D 4 9 2  B N M A X * D S 1

3 0 D 5 9 3  S P O F i D S 1

3 0 D 6 9 4  S P M A X * D S 1
3 0 D 7 9 3  S N O F* D S 1
3 0 D 8 9 6  S N M A X * D S 1
3 0 D 9 9 7  A 1 A * DS 4
3 0 D D 9 8  A 1 B * D S 4
3 0 E 1 9 9  P C R I T * DS 4

3 0 E 3 1 0 0  N C R I T * D S 4
3 0 E 9 10 1  E C M IN * DS 4
3 0 E D 1 0 2  C N S T 1 0 * DS 4
3 0 F 1 1 0 3  C N 5 T 1 1 * D S 4

3 0 F 3  ^ 1 0 4  D C R IT * D S 4
3 0 F 9 1 0 3  D P C R I T * DS 4

3 0 F D 1 0 6  F F A S T * D S 1

3 0 F E 1 0 7  F S LO W * DS 1

3 0 F F 1 0 8  D E L A Y * DS 2

3 1 0 1 1 0 9  A M IN * DS 4

2

( S Q R T ( E X * * 2 ^ E Y * * 2 >
I A N G L E  O F  L I F T  A R M  O N  M A C H IN E
( A N G L E  A L P H A
( A N G L E  B E T A
( A N G L E  D E L T A
( S T A T U S  O F  A P U
( I N T E R M E D I A T E  R E S U L T  L O C A T I O N  
( L O C A T I O N  F O R  I F F  D A T A  T R A N S F E R  
( L O C A T I O N  F O R  I F F  D A T A  T R A N S F E R  
( P I T C H  A N G L E  S E L E C T E D  B Y  O P E R A T O R  
( A L P H A  E R R O R  
( B E T A  E R R O R
(S L E W  V A L V E  S E T T I N G  ( 3 2  B I T  F O R M A T )
( A L P H A  V A L V E  S E T T I N G  ( 3 2  B I T  F O R M A T )
( B E T A  V A L V E  S E T T I N G  ( 3 2  B I T  F O R M A T )
( B U C K E T  V A L V E  S E T T I N G  ( 3 2  B I T  F O R M A T )
(S L E W  V A L V E  S E T T I N G  ( 9  B I T  F O R M A T )
( L I F T  V A L V E  S E T T I N G  < 8  B I T  F O R M A T )
( R E A C H  V A L V E  S E T T I N G  ( 8  B I T  F O R M A T )
( B U C K E T  V A L V E  S E T T I N G  ( 8  B I T  F O R M A T )
( N O .  O F  C O N T R O L  R O U T I N E  C A L L S / P O I N T  IN  R E P E A T  M O D E
( C R I T I C A L  X O R  Y  E R R O R
( F R A C T I O N A L  V A L V E  O P E N I N G
( S T O R A G E  L O C A T I O N  F O R  A  R EG
( I N P U T  P A R A M E T E R S  F O R  S U B R O U T IN E  V L I N

I  •  m  M M  M

I  ■ m  M M  M

( ■ “ •*
( A L P H A  + V E  O F F S E T
( A L P H A  ♦ VE  S A T N .  O / P
( A L P H A  - V E  O F F S E T
( A L P H A  —V E  S A T N .  O / P
I B E T A  ♦ V E  O F F S E T
( B E T A  ♦ V E  S A T N .  O / P
( B E T A  - V E  O F F S E T
( B E T A  - V E  S A T N .  O / P
(S L E W  ♦ VE  O F F S E T
(S L E W  ♦ V E  S A T N .  O / P
(S L E W  - V E  O F F S E T
(S L E W  - V E  S A T N .  O / P
( A L P H A  F E E D F O R W A R D  G A I N  -  2 0

( B E T A  F E E D F O R W A R D  G A I N  *  3
( P C R X T - B U C K E T  E R R O R  M A R G I N - 0 . 0 7  RAD
( N C R  I T  « - B U C K E T  E R R O R  M A R G IN — 0 . 0 7  RAD
( M I N .  C R X T .  X O R  Y  E R R O R  •  0 . 1 «
( C R I T .  C H A N G E  I N  J O Y S T K  R E A D IN G  «  0 . 1 6 7
( T A R G E T  C O O R D I N A T E  IN C R E M E N T  F A C T O R  *  0 . 0 4 «
( S P A C I N G  O F  P A T H  P O I N T S
( B U C K E T  A N G L E  B E T W E E N  P O I N T S
( C O N T R O L  C A L L S  P E R  P O I N T  F O R
( F A S T  A N D  S LO W  R E P E A T
( V A L U E  O F  D E L A Y  I N  C O N T R O L  LO O P
( M IN IM U M  A L P H A  V A L U E
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i s i s - i i  ©oeo/eoes macro assembler« v4.o module page

L O C  O B J S O U R C E  S T A T E M E N T

1 0 3
1 0 9
1 0 D

3 1 1 1

110 111 112 
1 1 3  11A
1 1 5
1 1 6  
1 1 7

AM A X *
BM 1NS
B M A X I
B A S E )

DS
DS
D S
D S

6 0 0 0 1 1 8 O RG ©OOOH
6 0 0 0 CO 1 1 9 X A P C F * DB OC OH
6 0 0 1 F F 1 2 0 X A P M A X J DB O F F H
6 0 0 2 4 0 1 2 1 X A N O F t DB 4 0 H
6 0 0 3 7 F 1 2 2 XAN M A X » D B 7 F H
6 0 0 4 4 0 1 2 3 X B P O F  s D B 4 0 H
6 0 0 3 7 F 1 2 4 X B P M A X l D B 7 F H
6 0 0 6 CO 1 2 3 X B N O F i D B O COH
6 0 0 7 F F 1 2 6 X BN M AX  s D B O F F H
6 0 0 6 CO 1 2 7 X S P G F  * DB OCOH
6 0 0 9 F F 1 2 8 X S P M A X i D B O F F H
6 0 0 A 4 0 1 2 9 X S N O F i DB 4 0 H
6 0 0 B 7 F 1 3 0 X S N M A X  x D B  • 7 F H
Ô O O C 0 0 1 3 1 X A lA * DB G O H « O O H « O A O H « 0 5 H
S O O D OO
6 0 0 E AO
6 O 0 F 0 5
6 0 1 0 0 0 1 3 2 X A l B i DB O O H » OOH « O AO H  « 0 3 H
6 0 1 1 0 0
6 0 1 2 A O
6 0 1 3 0 3
6 0 1 4 4 A 1 3 3 X P C R I T i DB 4 A H * Û F 3 H « ©EH « 7 D H
6 0 1 5 F 3
6 0 1 6 6 E
8 0 1 7 7 D
6 0 1 8 4 A 1 3 4 X N C R I T : DB 4 A H * 0 F 3 H * ©EH * O F D H
8 0 1 9 F 3
8 0 1 A 6 E
e o i B F D
e o ï c C C 1 3 3 X E M IN * DB O C C H  « O C C H , O C C H « 7 D t

8 0 1D C C
6 0 1 E C C
8 0 1 F 7D
8 0 2 0 0 2 1 3 6 X E A C R T i D B 0 2 H  « 4 2 H  « 0 B 2 H  « 7 8 H
6 0 2 1 4 2
6 0 2 2 B 2
8 0 2 3 7 8
8 0 2 4 C 2 1 3 7 X E B C R T * DB 0 C 2 H » 1 6 H « 6 2 H « 7 9 H

6 0 2 5 1 6 "
6 0 2 6 6 2
8 0 2 7 7 9
6 0 2 8 OO 13© X C S T lO ï DB O O H ♦ OOH » 8 0 H  » 7 F H
8 0 2 9 0 0
8 0 2 A 6 0
6 0 2 B 7 F
8 0 2 C 0 6 1 3 9 X C S T 1 1 : DB 0 6 H  « 0 D 7 H . 0 A 3 H  « 7 B H

6 0 2 0 D 7

3

« M A X IM U M  A L P H A  V A L U E  
« M IN IM U M  B E T A  V A L U E  
« M A X IM U M  B E T A  V A L U E
« B A S E  L O C A T I O N  O F  RAM  F O R  P A T H  S T O R A G E«
« * *  ROM  L O C A T I O N S  C O N T A I N I N G  D E F A U L T  
« V A L U E S  O F  PR O G R A M  C O N S T A N T S  * *
«

« A L P H A  + V E  O F F S E T
« A L P H A  + V E  S A T N .  Q / P
« A L P H A  - V E  O F F S E T
« A L P H A  - V E  S A T N .  0 / P
« B E T A  ■ ► VE O F F S E T
« B E T A  ■ ► VE S A T N .  0 / P
« B E T A  - V E  O F F S E T
« B E T A  - V E  S A T N .  0 / P
« S LE W  + V E  O F F S E T
« S LE W  •► VE S A T N .  0 / P
« S L E W  - V E  O F F S E T
« S LE W  - V E  S A T N .  0 / P
« A L P H A  F E E D F O R W A R D  G A I N  »  2 0

« B E T A  F E E D F O R W A R D  G A IN  *  5

« P C R I T  -  B K T  E R R O R  M A R G IN  -  0 . 0 7

« N C R I T  -  - B K T  E R R O R  M A R G IN  *  - 0 . 0 7

« C R I T I C A L  X OR  Y  E R R O R  -  0 . 1 m

« C R I T .  A L P H A  E R R O R  •  0 . 0 0 2 7 2

«C R I T . B E T A  E R R O R  »  0 . 0 0 3 9 7

« C R I T .  C H A N G E  I N  J O Y S T K  R E A D I N G  «  0 . 2 3

« T A R G E T  C O O RD  IN C R E M E N T  F A C T O R  «• 0 . 0 2
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L O C  O B J L I N E S O U R C E S T A T E M E N T

8 0 2 E  A 3  
8 0 2 F  7 B  
8 0 3 0  CC 1 4 0 X O C R I T  * D B O C C H « O C C H « O C C H 17D H
8 0 3 1  CC
8 0 3 2  CC
8 0 3 3  7D
8 0 3 4  A A 141 X D P C R T * D B 4 A H  « 0 F 3 H  « G EH  « 7 E H
8 0 3 5  F 3
8 0 3 6  E E
8 0 3 7  7 E
8 0 3 8  01 1 4 2 X F F A S T  * D B 0 1 H

8 0 3 9  OC
1 4 3
1 4 4 XF s l o w * D B O C H

8 0 3 A  01
1 4 3
1 4 6 X D E L A Y : D B O lH iO O H

8 0 3 B  0 0  
6 0 3 C  4 0 1 4 7 X A M I N i D B 4 0 H  « 3 E H  »9 £ H  « 0 1 H
8 0 3 D  3 £  
8 0 3 E  9 8  
Ê 0 3 F  O l  
6 0 4 0  A 8 1 4 6 X AM AX  * D B 0 A 6 H  « O F 1H «0 A 2 H  « 02H
6 0 4 1  F I
6 0 4 2  A 2
8 0 4 3  0 2
8 0 4 4  C 2 1 4 9 X B M IN I D B 0 C 2 H  t O F E H 19 2 H  » OOH
8 0 4 5  F E
8 0 4 6  9 2
8 0 4 7  0 0
8 0 4 8  F 2 1 5 0 X BM A X* D B 0 F 2 H  » O FD H  « 9 C H 1 0 2 H
6 0 4 9  F D  
6 0 4 A  9C  
8 0 4 B  0 2  
6 0 4 C  F F 151 M A X P T S * D B Û F F H
8 0 4 0  0 0 1 5 2 TE N * D B O O H  ♦ O O H  « OAOH « 0 4 H

6 0 4 E  0 0  
8 0 4 F  AO  
8 0 5 0  0 4  
8 0 3 1  0 0 1 5 3 TWO* D B O O H  « O O H i ©OH» 0 2 H

6 0 5 2  0 0
8 0 5 3  8 0
8 0 5 4  0 2  
6 0 5 5  A 2 "  1 5 4 MA * D B O A 2 H  * 3 0 H 10 B 6 H  ♦ 7 9 H

8 0 3 6  3 0  
8 0 5 7  B 6  
8 0 3 8  7 9  
8 0 5 9  CC 1 5 5 C A i D B O C C H  » 0 F 7 H . 9 3 H  » 0 1 H

6 0 5 A  F 7  
6 0 S B  9 3  
6 0 S C  01  
8 0 5 D  4 0 1 3 6 MB* D B 4 O H . 5 0 H  » O F C H 17 9 H

8 0 5 E  5 0  
8 0 3 F  F C  
8 0 6 0  7 9  
6 0 6 1  0 0 1 5 7 CB» D B O O H  • 2 B H ♦ 8 7 H « OOH

8 0 6 2  2 B

4

« P A T H  P O I N T  S P A C I N G  -  0 . 1 *

«A N G U L A R  P A T H  P O I N T  S P A C I N G  «  0 . 1 4 0  RAO

« N O . O F  C O N T R O L  C A L L S  B E T W E E N  P A T H  P O I N T S  
« F O R  R E P E A T  F A S T
« N O . O F  C O N T R O L  C A L L S  B E T W E E N  P A T H  P O I N T S  
« F O R  R E P E A T  S LO W

« M IN  A L P H A  V A L U E  -  1 . 1 9  r a d

«M AX  A L P H A  V A L U E  *  2 . 3 5  r a d

« M 1N  B E T A  V A L U E  «  0 . 5 7 4  r a d

«M AX  B E T A  V A L U E  «  2 . 4 3  r a d

« M A X IM U M  N U M B E R  O F  P O I N T S  IN  S T O R E D  T R A J E C T O R Y  
« lO D

« 2D

«V A L P H A  S C A L E  F A C T O R  «  0 . 0 0 5 5 6  r a d / b i t

« V A L P H A  O F F S E T  -  1 . 1 6  r a d

« V B E T A  S C A L E  F A C T O R  *  0 . 0 0 7 7  r a d / b i t

« V B E T A  O F F S E T  -  0 . 5 2 8  r a d
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IS  IS -11  6 0 60 /8083  MACRO ASSEMBLER » V 4 .0 MODULE PACE 3

L O C  O B J L I N E  S O U R C E  S T A T E M E N T

6 0 6 3  8 7  
8 0 6 4  0 0  
6 0 6 3  3 2
8 0 6 6  1 3
8 0 6 7  A 9
6 0 6 8  7 9
6 0 6 9  E A  
8 0 6 A  3 1  
6 0 6 B  F 8  

8 0 6 C  7 F  
9 0 6 D  8 4  
8 0 6 E  E B  
8 0 6 F  91
8 0 7 0  0 2
8 0 7 1  CO
6 0 7 2  F 3
6 0 7 3  C d
6 0 7 4  0 1  
6 0 7 3  0 0  
8 0 7 6  0 0  
6 0 7 7  8 7
8 0 7 8  0 8
8 0 7 9  0 0  
8 0 7 A  0 0  
8 0 7 B  F 2  
8 0 7 C  0 7  
8 0 7 D  OO 
6 0 7 E  0 0  
8 0 7 F  0 0  
6 0 8 0  0 0  
6 0 8 1  0 0  

6 0 8 2  0 0  

6 0 6 3  6 0  
8 0 8 4  0 1  
6 0 8 3  F E  
8 0 3 6  F F
6 0 8 7  F F
6 0 8 8  7 F  
8 0 6 9  0 0  
8 0 6 A  0 0  
8 0 6 B  8 0  
8 0 6 C  8 1  
6 0 6 0  1 4  
6 0 6 E  A E  
8 0 8 F  9 7  
8 0 9 0  0 2  
6 0 9 1  C A
8 0 9 2  C C
6 0 9 3  C C
6 0 9 4  7 C
8 0 9 3  O E  
6 0 9 6  3 8
8 0 9 7  E 9
8 0 9 8  0 2
8 0 9 9  F 2

1 5 8  M D t DB

1 3 9  CD* DB

1 6 0  L A »  DB

161  RA» DB

1 6 2  H 8 7 *  D B

1 6 3  H 7 9 »  DB

1 6 4  ZERO » DB

1 6 5  O NE» DB

1 6 6  H A L F »  DB

1 6 7  M iN O N E  * DB

1 6 6  MU» DB

1 6 9  Z E T A »  DB

1 7 0  GCO* DB

17 1  G C l»  DB

3 2 H ♦ 1 5 H  » 0 A 9 H » 7 9 H

O E A H  * 0 5 1 H 1 0 F 6 H » 7 F H

8 4 H  « O E B H  « 9 I H  1 0 2 H

O C O H « 0 F 5 H  * 0 C 6 H  « 0 1H

Û O H • OOH « 0 6 7 H  « 0 6 H

O O H » OOH » 0 F 2 H  » 0 7 H

O O H  « O O H  t OOH  « O O H

O O H  « OOH « 8 0 H 1 0 1 H

O F E H » O F F H  « O F F H » 7 F H

O O H • O O H  « 6 0 H  « 6 1 H

14 H  » O A E H 1 9 7 H  » 0 2 H

O C A H  * O C C H  t O C C H  t 7 C H

O E H » 3 8 H ♦ 0 E 9 H » 0 2 H

0 F 2 H • 0 B 9 H  « O D A H • O F F H

( V D E L T A  S C A L E  F A C T O R  »  0 . 0 0 5 1 6  r a d / b l t  

( V D E L T A  O F F S E T  -  0 . 4 8 3  r i d  

( L E N G T H  O F  L I F T  A R M  -  2 . 2 8 «

( L E N G T H  O F  R E A C H  A R M  «  1 . 5 7 «

I 6 7 H  «  1 3 5 D

( 7 9 H  -  1 2 1 D

(O D

( I D

10.5D

1 - t D

( -  2 . 3 7  r^ d  

f -  0 . 0 3  r i d

( C O E F F I C I E N T S  F O R  G A M M A C D E L T A )
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I S I S - I l  8080/8065  MACRO ASSEMBLER % V 4 .0  MODULE PAGE 6

L O C  O B J L I N E  S O U R C E  S T A T E M E N T

8 0 9 A  B 9  
6 0 9 B  DA 
S 0 9 C  F F  
8 0 9 0  4 4  
© 09E  5 0  
8 0 9 F  8 C 
6 0 A 0  8 0  
6 0 A 1 C 0  
8 0 A 2  5 9  
8 0 A 3  F 5  
8 0 A 4  0 3  
8 0 A 3  2 8  
S 0 A 6  18 
6 0 A 7  E S  
6 0 A 8  0 3  
6 0 A 9  A 8  
6 0 A A  F 1  
8 0 A B  A E  
6 0 A C  0 2  
8 0 A D  8 4  
8 0 A E  E B  
8 0 A F  91 
8 O B 0  0 3  
8 0 B 1  OC 
6 0 B 2  C 7  
8 0 B 3  B A  
8 0 B 4  7C  
e O B S  C E  
8 0 B 6  D9 
8 0 B 7  C 9  
8 0 B 8  7 9  
8 0 B 9  F 6  

S O B A  O F  
8 0 B B  C 9  
8 0 B C  8 0  
6 0 B D  0 0  
S O B E  0 0  
8 0 B F  FO  
8 0 C 0  0 6  
8 0 C 1  0 0  
S 0 C 2  OO 
8 0 C 3  9 8  
8 0 C 4  0 7  
8 0 C S  0 0  
6 0 C 6  0 0  
8 0 C 7  E Oeoce 04
8 0 C 9  0 0  
S O C A  0 0  
8 0 C B  F F  
S O C C  0 8

1 7 2  G C 2*  D B

1 7 3  C N S T 1 *  D B

1 7 4  C N S T 2 *  D B

1 7 5  C N S T 3 I  D B

1 7 6  C N S T 4 i  D B

1 7 7  C N S T 9 *  D B

1 7 8  C N S T 1 3 *  D B

1 7 9  C N S T 1 4 J  D B

1 8 0  C N S T 2 0  * D B

1 8 1  C N S T 2 1 »  D B

1 6 2  D 1 4 *  DB

1 6 3  H 2 5 5 »  D B

4 4 H  « 5 0 H  %6 C H  * 6 0 H

O C O H  » 3 9 H  * 0 F 5 H . 0 3 H

2 8 H  » 18 H  » 0 E 5 H  » 0 3 H

0 A 6 H * O F 1H *O A E H 1 0 2 H

6 4 H  * O E B H  » 9 1 H  * 0 3 H

O C H  * O C 7 H t  OB A H » 7 C H

O C E H « 0 D 9 H . 0 C 9 H » 7 9 H

0 F 6 H  » O F H » 0 C 9 H  * 8 0 H

O O H « O O H * O F O H •0 6 H

O O H  * Û O H  » 9 8 H  t Û 7 H

O O H  « OOH « O E O H  « 0 4 H

O O H ♦ OOH » O F F H 1 0 6 H

1 6 4
1 8 5
1 6 6
1 8 7

I L A * * 2 + R A * * 2  *  7 . 6 6  .» **2

? 2 * L A * R A  *  7 . 1 6  * * * 2

1 L A * * 2 - R A * * 2  *  2 . 7 3  fu* * 2

$2 * L A  «  4 . 5 6 m

i k * l  *  0 . 0 4 5 6  m * * 2

I S L O P E  S C A L E  F A C T O R  *  0 . 0 0 6 1 6

1 S L O P E  O F F S E T  -  - 0 . 7 6 5  r a d

1 3 C H  *  6 0 D

I 4 C H  »  7 6 D

1 1 4 D

t F F H  -  2 5 5 D

t
t * *  M A I N  PR O G R A M  * *  1
U N I T I A L I S E  S Y S T E M

r a d / b i t
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i s i s - i i  e o e o /e o e s  macro a s s em b ler» v4 .o MODULE

L O C  O B J L I N E  S O U R C E  S T A T E M E N T

1 6 3
e o D O i e * O R G 8 0 D 0 H
S O D O  '0 6 4 4 1 * 0 M V  I B»  6 ©D
8 0 D 2 1 1 0 0 8 0 1 * 1 L X  I D t X A P O F
S O D S 2 1 C D 3 0 1 9 2 L X  I H * A P O F
e o o © 1 A 1 * 3 D L O Q P i L D A X D
© O D* 7 7 1* 4 M O V M * A
8 0 D A 1 3 1 * 3 I N X D
S O D S 2 3 1 * 6 I N X H
© ODC 0 3 1 9 7 D C R B
© ODD C 2 D 8 8 0 1 * 8 J N Z D L O Q P

1 * 9
2 0 0

e o E O 3 E F © 2 0 1 M V  I A . O F S H
8 0 E 2 3 0 2 0 2 S I M
8 0 E 3 F 3 2 0 3 D I
8 0 E 4 3 E C F 2 0 4 M V  I A «O C F H
8 0 E 6 3 2 C E 2 0 2 0 5 S T A 2 0 C E H

2 0 6
2 0 7

© O E 9 3 1 C 2 2 0 2 0 6 L X I S P  « 2 0 C 2 H
8 0 E C C D F E 8 3 2 0 * C A L L I N I T

2 1 0
2 1 1

2 1 2

2 1 3
2 1 4

8 0 E F A F 2 1 3 X R A A
S O F O 3 2 0 0 3 0 2 1 6 S T A M O D F L O
8 0 F 3 D 3 0 0 2 1 7 M LO O P  * O U T O O H
© O FS D 3 0 1 2 1 8 O U T O l H
© O F7 D 3 2 1 2 1 * O U T 2 1 H
© O F* 2 F 2 2 0 C M A
S O F A D 3 2 2 2 2 1 O U T 2 2 H
© O FC D B 2 A 2 2 2 L I  0 0 » I N 2 A H
© O FE 4 7 2 2 3 M O V B * A
© O F F C 3 2 2 4 P U S H B
8 1 0 0 2 1 F F 0 0 2 2 5 L X I H  t O O F F H
© 1 0 3 C D * 7 8 7 2 2 6 C A L L P A U S E
© 1 0 6 D B 2 A 2 2 7 I N 2 A H
8 1 0 9 C l 2 2 8 P O P B
8 1 0 * B 8 2 2 9 C M P B
3 1 O A C 2 F C 8 0 2 3 0 J N Z L l O O
© lO D 3 2 1 D 3 0 23 1 S T A M O D E
8 1 1 0 2 1 F F 0 0 2 3 2 L 1 0 1  I L X I H . O O F F H
© 1 1 3 C D * 7 8 7 2 3 3 C A L L P A U S E
© 1 1 6 D B 2 A 2 3 4 I N 2 A H©ne F E O O 2 3 5 C P I O O H
© 1 1 A C 2 1 Û 8 1 2 3 6 J N Z L l O l
8 1 1 0 2 1 F F 0 0 2 3 7 L X I H ,O O F F H

e i 2 o C D * 7 8 7 23© c a l l P A U S E

© 1 2 3 D B 2 A 2 3 * I N 2 A H
8 1 2 3 F E O O 2 4 0 C P I O O H
8 1 2 7 C 2 1 0 8 1 2 4 1 J N Z L l O l
8 1 2 A 3 A 1 D 3 0 2 4 2 L D A M O D E

7

«

« S E T  U P  D E F A U L T  C O N S T A N T S  I N  RAM

« L O O P  T O  T R A N S F E R  D A T A  F R O M  ROM I N T O  RAM

(«
« U N M A S K  A N D  D I S A B L E  I N T E R R U P T S

« LO A D  L O C A T I O N  2 0 C E  W IT H  O C F H  
« F O R  V E C T O R E D  I N T E R R U P T  H A N D L IN G  
(I
« S E T  S T A C K  P O I N T E R
« C A L L  R O U T I N E  F O R  S E T T I N G  U P
« I / O  P O R T  D A T A  D I R E C T I O N  R E G I S T E R SI«<
(S E G M E N T  F O R  M O D E  S E L E C T I O N

« T U R N  O F F  V A L V E S

( R E A D  S W IT C H E S  F O R  M O D E  S E L E C T I O N

« P U T  I N P U T  O N  T O S  
( C A L L  D E L A Y  R O U T I N E

« R E A D  S W IT C H E S
( C O M P A R E  W IT H  P R E V I O U S  I N P U T

( W A I T  F O R  S W IT C H  T O  B E  R E L E A S E D

( C A L L  R O U T I N E  A C C O R D IN G  T O  M O D E  6
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IS IS -II 8080/8085 MACRO ASSEMBLER« V4.0 MODULE

L O G  O B J

S I 2 D  E 6 0 6  
8 1 2 F  F E 0 6  
£ 1 3 1  C 2 4 8 8 1  
8 1 3 4  3 A 0 O 3 0  
€ 1 3 7  F E O l
8 1 3 9  C A 4 2 8 1  
S 1 3 C  C D C O S 3  
€ 1 3 F  C 3 F 3 8 0  
8 1 4 2  C D C A S 3  
€ 1 4 3  C 3 F 3 8 0  
€ 1 4 8  3 A 1 D 3 Û
8 1 4 0  E 6 0 5  
€ 1 4 D  F E 0 5  
S 1 4 F  C 2 6 6 8 1  
€ 1 5 2  3 A 0 0 3 0  
£ 1 5 5  F E O t  
€ 1 5 7  C A 6 0 8 1  
S 1 5 A  C D E 1 8 3  
€ 1 5 0  C 3 F 3 8 0  
8 1 6 0  C D E B 8 3  
8 1 6 3  C 3 F 3 8 0  
8 1 6 6  3 A 1 0 3 0  
8 1 6 9  E 6 0 2  
8 1 6 B  F E 0 2  
€ 1 6 0  C 2 7 6 8 1  
€ 1 7 0  C D E 6 8 1  
£ 1 7 3  C 3 F 3 8 0  
8 1 7 6  C D 7 C 8 1  
8 1 7 9  C 3 F 3 8 0

8 X 7 C  A F  
8 1 7 0  3 2 0 0 3 0  
8 1 6 0  0 3 2 3  
€ 1 6 2  C 0 9 0 8 1  
€ 1 6 5  0 B 2 A  
€ 1 6 7  F E O O  
8 1 6 9  CO 
E I S A  F B  
£160 00 
£ 1 6 C  F 3  
6 1 6 0  C 3 8 2 8 1

S O U R C E  S T A T E M E N T

A N  I 0 6 H
C P I 0 6 H
J N Z L I  0 2
L D A M Q D F L G
C P I 0 1 H
J Z L 1 0 8
C A L L R F A S T
J M P M LO O P

L I  08 * C A L L R F C O N
J M P M LO O P

L 1 0 2 * L D A M O D E
A N  I O SH
C P I 0 5 H
J N Z L I  0 3
L D A M O D F L G
C P I O lH
J Z L 1 0 9

C A L L R SLO W
J M P M LO O P

L I  0 9* C A L L R S C O N
J M P M LO O P

L I  03 * L D A M O DE
AN1 0 2 H
C P I 0 2 H
J N Z L I  0 4

C A L L L E A R N
J M P M LO O P

L 1 0 4  > C A L L  • M A N U A L
J M P M LO O P

M A N U A L  * X R A A
S T A M O D F LG
O U T 2 3 H

L 0 0 P 1 * C A L L X Y
IN 2 A H
C P I OOH
RNZ
E l
N O P
D !
J M P L 0 0 P 1

L I N E

2 4 3
2 4 4
2 4 5
2 4 6
2 4 7
2 4 8
2 4 9
2 5 0
2 5 1
2 5 2
2 5 3
2 5 4
2 5 3
2 5 6
2 5 7
2 5 8
2 3 9
2 6 0
2 6 1
2 6 2
2 6 3264
2 6 5
2 6 6
2 6 7
2 6 8
2 6 9
2 7 0
2 7 1
2 7 2
2 7 3
2 7 4
2 7 3
2 7 6
2 7 7
2 7 8
2 7 9
2 8 0
2 8 1
2 8 2
2 8 3
2 8 4
2 8 3
2 8 6
2 8 7
2 8 8
2 8 9
2 9 0
2 9 1
2 9 2
2 9 3
2 9 4
2 9 5
2 9 6
2 9 7

8

I J U M P  ON  R E T U R N  T O  S T A R T  O F  L O O P

U F  M O D F LG  »  R E P E A T  S LO W  T H E N  C A L L  R FC O N  
1 E L S E  C A L L  R F A S T

I I F  M O D F L G  «  R E P E A T  F A S T  C A L L  R S C O N  
1 E L S E  C A L L  R SLO W

tI
1 * *  S U B R O U T I N E  M A N U A L  • *I
{ S U B R O U T IN E  F O R  M A N U A L  M O D E  O P E R A T IO N  1
{ R E G I S T E R S  A F F E C T E D s  A * D » E « H * L » S T A T U S  I
{ I N D I C A T E  M ODE

{ C A L L  R O U T IN E  F O R  X Y  C O N T R O L  
{ C H E C K  M O DE S W IT C H E S

{ A L L O W  I N T E R R U P T

{{
{ * •  S U B R O U T I N E  X Y  * •I
{ T H I S  S U B R O U T I N E  I S  T H E  M A IN  
{ C O N T R O L  R O U T I N E  F O R  L I N E A R  X - Y  
{ M O V E M E N T  O F  T H E  B U C K E T  B L A D E  A N D
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ISIS -11 8080/8085 MACRO ASSEMBLER» V4.0

L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

8 1 9 0  C D 1 3 8 4

2 9 8
2 9 9
3 0 0
3 0 1
3 0 2
3 0 3  XY  * C A L L C O N V

8 1 9 3  C D 3 F 8 6
3 0 4
3 0 5 C A L L C O O R D

8 1 9 6  C D D 5 8 7
3 0 6
3 0 7 C A L L 1 P 1

8 1 9 9  C D 2 4 8 7

3 0 8
3 0 9
3 1 0 C A L L E P O S

8 1 9 C  C D 9 E 8 7
3 1 1
3 1 2 C A L L S E T E C

8 1 9 F  C D 0 2 8 9 3 1 3 C A L L I P  '2

6 1 A 2  C D 5 F 8 9

3 1 4
3 1 5
3 1 6
3 1 7 c a l l F F D

8 I A S  C D 9 6 8 C 3 1 8 C A L L O U T P U T
S I A S  C 9 3 1 9 R E T

MODULE

3 2 1
3 2 2
3 2 3
3 2 4  
3 2 3
3 2 6
3 2 7
3 2 8
3 2 9
3 3 0
3 3 1  P S H
3 3 2
3 3 3
3 3 4  
3 3 3
3 3 6
3 3 7

M A C R O  X YZ  
L X l  D * X Y Z
C A L L  P S H T
E N D M

3 3 9
3 4 0
3 4 1
3 4 2
3 4 3
3 4 4
3 4 3  P L L  
3 4 6  
3 4  7
3 4 8
3 4 9
3 5 0
3 5 1
3 5 2

M A C R O  PO R  
L X  I  D » PO R
C A L L  P L L T
E N D M

PAGE 9

I I S  U S E D  I N  M A N U A L  A N D  L E A R N  M O D E S  I
( R E G I S T E R S  A F F E C T E D *  A % D » E * H tL -» S T A T U SII
I R E A D S  I N  C O N T R O L  S E T T I N G S  AND  
» O U T P U T  P O S I T I O N S  
I C A L C U L A T E S  O U T P U T  P O S I T I O N S  I N  
( U S E R  C O O R D IN A T E S  
I C A L C U L A T E S  C H A N G E S  I N  C O N T R O L  
( S E T T I N G S  A N D  D E F I N E S  C O N T R O L  L O O P  
\ I N P U T  V E L O C I T I E S  
I C A L C U L A T E S  P O S I T I O N A L  E R R O R S  
\ I N  X A N D  Y ♦  A N D  T O T A L  E R R O R  M A G N IT U D E  E T A  
I S E T  E C R I T  A C C O R D IN G  T O  I N P U T  V E L O C I T I E S  
1 I F  E T A  I S  G R E A T E R  T H A N  E C R I T  T H E N  
I F R E E Z E  T A R G E T  P O S I T I O N  E L S E  A S S IG N  
I N EW  T A R G E T  P O S I T I O N  A C C O R D IN G  T O  
I I N P U T  V E L O C I T I E S  
( C A L C U L A T E  V A L V E  S E T T I N G S  
( O U T P U T  V A L V E  C O N T R O L  B Y T E S

II(
( * *  A P U  S T A C K  P U S H  M A C R O  * *(
( T H I S  M A C R O  G E N E R A T E S  C O D E  F O R  
( P U S H I N G  A  3 2  B I T  O P E R A N D  F R O M  
I M E M O R Y  O N T O  T H E  A P U  S T A C K  I
( R E G I S T E R S  A F F E C T E D *  D « £(

((
( * *  A P U  S T A C K  P O P  M A C R O  ♦ * 
(

M A C R O  F O R  P O P P I N G  A  3 2  B I T  
O P E R A N D  F R O M  T H E  A P U  S T A C K  
I N T O  M E M O R Y

(I (
( R E G I S T E R S  A F F E C T E D *  D . E  
(

((t
( « •  M A C R O  F O R  C O N D I T I O N A L  J U M P S  * *
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i s i s - i i  e o e o /ô o e s  macro assem bler» v4 .o MODULE PAGE 10

L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

3 5 3
3 5 4
3 5 5
3 5 6
3 5 7
3 5 8  
3 3 9
3 6 0
3 6 1
3 6 2
3 6 3
3 6 4  
3 6 3
3 6 6
3 6 7  ZlQ
3 6 9
3 7 0
3 7 1
3 7 2
3 7 3  I F F M ACRO I D I » 0 P « I D 2 i L A B L

- 3 7 4 PS H I D I
- 3 7 3 P L L V I
- 3 7 6 PS H I D 2
- 3 7 7 P L L V 2
- 3 7 8 C A L L O P
- 3 7 9 A N I 0 1 H
- 3 8 0 J N Z L A B L

3 8 1 END M
3 8 2
3 8 3
3 8 4  
3 8 3
3 8 6
3 8 7
3 8 8
3 8 9

8 1 A 9 2 1 6 4 3 0
3 9 0
3 9 1 XPXO * L X  I H  • XO

e i A C 1 1 2 0 3 0 3 9 2 L X  I D« X P
8 1 A F 0 6 0 C 3 9 3 M V I B « O C H
8 1 8 1 7 E 3 9 4 L 2 0 1  * MOV A » M

8 1 B 2 1 2 3 9 5 S T A X D
8 1 B 3 2 3 3 9 6 I NX H
8 1 B 4 13 3 9 7 I NX D
8  I B S 0 3 3 9 8 D C R B

6 1 0 6 C 2 B 1 6 1 3 9 9 JN Z L 2 0 1

6 1 9 9 C 9 4 0 0
4 0 1
4 0 2
4 0 3
4 0 4
4 0 5
4 0 6
4 0 7

R E T

I
5T H I S  M A C R O  G E N E R A T E S  C O D E  F O R  M A K IN G  
1 C O N D I T I O N A L  J U M P S  D E P E N D I N G  O N  T H E  
I V A L U E S  O F  TW O 3 2  B I T  F L O A T I N G  P O I N T  
t V A R I A B L E S  ID 1  A N D  1 D 2

1 I F  I D l  G T H A N 1 G E Q U A L  5 E Q U A L S i  N E Q U A L '
< L E Q U A L ! L T H A N  I D 2
< T H E N  G O TO  L A B L  
1 E L S E  C O N T I N U EI
1 R E G I S T E R S  A F F E C T E D * A » D » E » S T A T U S  I
t D A T A  I S  P A S S E D  T O  S U B R O U T I N E  O P  IN  
I T E M P O R A R Y  V A R I A B L E S  V I  A N D  V 2 .  T H E  
t R E S U L T  I S  R E T U R N E D  I N  T H E  A  R E G I S T E R *
1 1 - 7 R U E »  O - F A L S E .  T H E  R E S U L T  O F  O P  IS  
( C H E C K E D  A N D  C O N T R O L  J U M P S  O R  C O N T IN U E S  
I A C C O R D I N G L Y  1

t1I
1 « *  R O U T I N E S  F O R  L E A R N  A N D  R E P E A T  F U N C T IO N S  * *  I
1 « *  S U B R O U T I N E  X P X O  * *  'I
1 R E G I S T E R S  A F F E C T E D *  A * 8 « D » E » H » L « S T A T U S  t
I T H I S  R O U T I N E  C O P I E S  T H E  C U R R E N T  O U T P U T  
I C O O R D IN A T E S  XO* Y O  4  P S I O  TO  X P»  Y P  
* A N D  P S I P  R E S P E C T I V E L Y

(I
«♦ * S U B R O U T I N E  T P U L L  * *C
« T H I S  R O U T I N E  P U L L S  A  C O - O R D I N A T E  
I F R O M  T H E  P A T H  S T A C K  U S I N G  P O I N T E R  P P O I N T .  
I 1 2  B Y T E S  A R E  P U L L E D »  R E G I S T E R  B  A C T I N G  AS
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L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

4 0 3
4 0 9
4 1 0
4 1 1
4 1 2
4 1 3

8  I S A 2 A 1 E 3 0 4 1 4  T P U L L * L H L D P P O I N T
e i s D E B 4 1 5 X CH G
e i  b e 0 6 0 C 4 1 6 M V  I B » O C H
e i c o 2 1 5 8 3 0 4 1 7 L X 1 H» X I
8 1 C 3 1A 4 1 8  L 0 0 P 3  * L D A X D
8 1 C 4 7 7 4 1 9 M OV M« A
8 1 0 5 2 3 4 2 0 1N X H
8 1 C 6 13 4 2 1 1N X D
3 1 C 7 0 5 4 2 2 D C R B
3 1 C 8 C 2 C 3 8 1 4 2 3 J N Z L Û Q P 3
8 1 C B E B 4 2 4 X CH G
8  I C C 2 2 1 E 3 0 4 2 5  - S H L D P P O I N T
e i C F C 9 4 2 6

4 2 7
4 2 8
4 2 9
4 3 0
4 3 1
4 3 2
4 3 3
4 3 4
4 3 5
4 3 6
4 3 7
4 3 8
4 3 9
4 4 0
4 4 1

R E T

© ID O 2 A 1 E 3 0 4 4 2  T P U S H * L H L D P P O I N T
8 1 5 3 E B 4 4 3 X CH G
3 1 D 4 0 6  OC 4 4 4 M V  I B fO C H
6 1 D 6 2 1 6 4 3 0 4 4 5 L X  I H « X Oexo* 7 E 4 4 6  LO O P * M O V A » M
3 1 D A 1 2 4 4 7 S T A X D
B I D S 2 3 4 4 3 IN X H
8 1  D C 13 4 4 9 IN X D
e iD D 0 5 4 3 0 D C R B
S I D E C 2 D 9 8 1 4 5 1 J N Z LO O P
8 1 E 1 E B 4 5 2 XCH G81E2 2 2 1 E 3 0 4 3 3 S H L D P P O I N T

8 1 E 3 C 9 4 5 4 R E T
4 3 5
4 5 6
4 3 7
4 5 8
4 5 9
4 6 0
4 6 1
4 6 2

( T H E  B Y T E  C O U N T E R .  H L  P O I N T S  T O  T H E  
( D E S T I N A T I O N  A D D R E S S  A N D  D E  T O  T H E  S O U R C E  
» A D D R E S S .(
( R E G I S T E R S  A F F E C T E D *  A » B » D ,E » H » L » S T A T U S  I

III
( « •  S U B R O U T I N E  T P U S H  * *I
( T H I S  R O U T I N E  P U S H E S  XO» YO « A N D  P S I O  
t O N T O  T H E  P A T H  S T A C K  U S IN G  D A T A  
I P O I N T E R  P P O I N T .  1 2  B Y T E S  A R E  T O  B E  
I T R A N S F E R R E D «  R E G I S T E R  B  I S  T H E  B Y T E  
( C O U N T E R .  H L  P O I N T S  TO  T H E  S O U R C E  A D D -  
( R E S S  A N D  D £  TO  T H E  D E S T I N A T I O N  A D D R E S S .  I
( R E G I S T E R S  A F F E C T E D *  A « B « D .E « H . L » S T A T U S  
((
( L O A D  D E  W IT H  C O N T E N T S  O F  P P O I N T  

( B « 1 2 D

( L O A D  P P O I N T  W IT H  C O N T E N T S  O F  D E

• «  S U B R O U T I N E  L E A R N  « •

R O U T I N E  F O R  L E A R N I N G  A  P A T H  

R E G I S T E R S  A F F E C T E D *  A « H « L .D « E » S T A T U S
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L O C  O B J L I N E S O U R C E S T A T E M E N T

S l E 6  3 E 0 1 4 6 3  L E A R N » M V  I A . 0 1 H * I N D I C A T E  M O DE
6 1 E 8  D 3 2 3 4 6 4 O U T 2 3 H
8 1 E A  A F 4 6 5 X R A A 1 Z E R O  P A T H  P O I N T  C O U N T E R  P C O U N T
S I E B  3 2 3 4 3 0 4 * 6 S T A P C O U N T
6 1 E E  2 1 1 1 3 1 4 6 7 L X  I H 'B A S E ( I N I T I A L I S E  P P O I N T  T O  B A S E  A D D R E S S
8 1 F 1  2 2 1 E 3 0 4 6 8 S H L D P P O I N T I O F  P A T H  S T O R A G E  A R E A
6 i F 4  C D A 9 8 1 4 6 9 C A L L X P X O ( S E T  X P  -  X O  E T C .
e i F 7  c D D o e i 4 7 0 C A L L T P U S H ( P U S H  C U R R E N T  O U T P U T  P O S I T I O N  ON  S T A C K
8 1 F A  C D 9 0 8 1 4 7 1  L 2 Ö 6 I C A L L X Y ( C A L L  X Y  R O U T I N E

4 7 2 P S H YO ( I F  C U R R E N T  X Y  C O O R D I N A T E  >* D C R I T
8 1 F D  1 1 6 6 3 0 4 7 3 + L X  I D « Y O
£ 2 0 0  C D 0 1 8 5 4 7 4 + C A L L P S H T

4 7 5 P S H Y P ( F R O M  L A S T  X Y  C O O R D IN A T E  J M P  L 2 0 2
£ 2 0 3  1 1 2 4 3 0 4 7 6 + L X  I D « Y P
£ 2 0 6  C D 0 1 6 5 4 7 7 + C A L L P S H T
£ 2 0 9  C D 9 4 8 E 4 7 8 C A L L F S U B ( D I 5 T * S Q R T < ( Y O - Y P ) * * 2 + C X O - X P > + * 2 )
S 2 0 C  C D C 4 8 E 4 7 9 C A L L P T O F
£ 2 0 F  C D 7 0 8 E 4 8 0 C A L L F M U L

4 6 1 P S H x o
£ 2 1 2  1 1 6 4 3 0 4 8 2 + L X  I D .X O
£ 2 1 3  C D 0 1 8 3 4 8 3 + C A L L P S H T

4 6 4 P S H X P
£ 2 1 8  1 1 2 0 3 0 4 8 5 + L X  I D* X P
S 2 1 B  C D 0 1 8 3 4 8 6 + C A L L P S H T
£ 2 1 £  C D 9 4 6 E 4 8 7 C A L L F S U B
£ 2 2 1  C D C 4 8 E 4 6 8 C A L L P T O F
8 2 2 4  C D 7 0 8 E 4 6 9 C A L L F M U L
8 2 2 7  C D 6 4 8 E 4 9 0 C A L L F A D D
£ 2 2 A  C 0 2 4 8 F 4 9 1 C A L L S O R T

4 9 2 P L L D I S T
8 2 2 D  1 1 2 C 3 0 4 9 3 + L X I D t D I S T
6 2 3 0  C D 1 7 6 3 4 9 4  + C A L L P L L T

4 9 5 I F F D I S T  » G E O U A L  « D C R I T  « L 2 0 2
4 9 6 + P S H D I S T

8 2 3 3  1 1 2 C 3 0 4 9 7 * L X I D t D I S T
8 2 3 6  C D 0 1 8 3 4 9 8 * C A L L P S H T

4 9 9 + P L L V I
8 2 3 9  1 1 9 5 3 0 5 0 0 + L X I D « V I
8 2 3 C  C D 1 7 8 5 5 0 1  + C A L L P L L T

5 0 2 + P S H D C R I T
8 2 3 F  1 1 F 5 3 0 5 0 3 + L X  X D . D C R I T
8 2 4 2  C D 0 1 8 5 5 0 4  + C A L L P S H T

5 0 5 + P L L V 2
8 2 4 5  1 1 9 9 3 0 5 0 6 + L X I D » V 2
8 2 4 8  C D ! 7 6 5 5 0 7 + C A L L P L L T

8 2 4 B  C D 5 E S 5 5 0 6 + C A L L G C Q U A L
8 2 4 E  E 6 0 1 5 0 9 + A N I 0 1 H

6 2 5 0  C 2 9 1 6 2 510 + j n : L 2 0 2
5 1 1 P S H P S I O ( I F  C U R R E N T  P S I O  V A L U E  > -  D P C R I T

8 2 5 3  1 1 6 C 3 0 5 1 2 + L X I D t P S I O
6 2 5 6  C D 0 1 6 5 5 1 3 + C A L L P S H T

5 1 4 P S H P S  I P ( R E C O R D  NEW  P A T H  P O I N T  E L S E  J M P  L 2 0 5
8 2 5 9  1 1 2 8 3 0 5 1 5 + L X I D t P S I P
8 2 5 C  C D 0 1 8 5 5 1 6 + C A L L P S H T
8 2 5 F  C D 9 4 8 E 5 1 7 C A L L F S U B
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L O C  O B J L I N E S O U R C E S T A T E M E N T

8 2 6 2  C D C n e e 5 1 8 C A L L P T O F
8 2 6 3  <C D 7 0 8 E 5 1 9 C A L L F M U L
8 2 6 3 C D 2 A 8 F 5 2 0 C A L L S Q R T

5 2 1 P L L D P S  I
8 2 6 B 1 1 3 0 3 0 5 2 2 + L X  1 D « D P S !
8 2 6 E C 0 1 7 8 5 5 2 3 + C A L L P L L T

5 2 4 I F F D P S I i L T H A N iD P C R I T  « L 2 0 3 U D P C R I T  *  3  D E G .  ■  0 . 0 8 7 3  R A D )
3 2 5 + P S H D P S I

8 2 7 1 1 1 3 0 3 0 5 2 6 + L X  I D « D P S I
8 2 7 4 C D 0 1 8 3 3 2 7 + C A L L P S H T

5 2 8 + P L L V I
8 2 7 7 1 1 9 3 3 0 3 2 9 + L X I D« V I
8 2 7 A C D 1 7 8 3 5 3 0 + C A L L P L L T

3 3 1  + P S H D P C R I T
3 2 7 0 1 1 F 9 3 0 5 3 2 + L X I D . D P C R I T
8 2 8 0 C D O 1 8 3 5 3 3 + C A L L P S H T

3 3 4 + P L L V 2
8 2 8 3 1 1 9 9 3 0 3 3 3 + L X I D « V 2
8 2 3 6 C D 1 7 8 5 3 3 6 + C A L L P L L T
828*9 C D A 7 6 3 3 3 7 + C A L L L T H A N
8 2 3 C £ 6 0 1 3 3 8 + A N I 0 1 H
3 2 8 E C 2 A 4 S 2 5 3 9 + J N Z L 2 0 5
8 2 9 1 C D A 9 8 1 5 4 0  L 2 Û 2 I C A L L X P X O t X P  -  XO E T C .
8 2 9 4 C D D 0 8 1 5 4 1 C A L L T P U S H I P U T  C U R R E N T  0 / P  P O S N  ON  P A T H  S T A C K
8 2 9 7 3 A 3 4 3 0 3 4 2 L D A P C O U N T 1 I N C R E M E N T  P A T H  P O I N T  C O U N T E R  P C O U N T
8 2 9 A 3 C 5 4 3 1N R A 1 6  T E S T  F O R  F U L L  M E M O R Y
8 2 9 9 3 2 3 4 3 0 5 4 4 S T A P C O U N T
8 2 9 E 4 7 3 4 3 M O V B i  A
8 2 9 F 3 A 4 C 6 0 5 4 6 L D A M A X P T S
8 2 A 2 B 8 5 4 7 C M P B
8 2 A 3 C 9 3 4 8 RZ
8 2 A 4 D B 2 A 5 4 9  L 2 0 5 * IN 2 A H U F  I N P U T  F R O M  M O D E S E L E C T  S W IT C H E S  *  0

8 2 A 6 F E O O 3 5 0 C P I OOH t T H E N  R E T U R N  E L S E  J U M P  T O  L 2 0 6
3 2 A 9 C A F A 8 1 5 5 1 J Z L 2 0 6
8 2 A 9 C 9 5 5 2 R E T

5 5 3 1

5 5 4 1

5 5 5 *+ • S E G M E N T S  F O R  R E P E A T I N G  A  S T O R E D
5 5 6 1 P A T H  * *

3 5 7 1

5 5 8 <
5 5 9 » * *  S U B R O U T I N E  R S E T U P  + •

5 6 0 1

5 6 1 1 T H I S  R O U T I N E  I N I T I A L I S E S  T H E

3 6 2 * C O U N T E R S «  T H E  D A T A  P O IN T E R *

5 6 3 l  A N D  O F F S E T S .  I T  T H E N  R E A D S  T H E

5 6 4 ? F I R S T  P A T H  P O I N T  F O R  R E P E A T I N G

5 6 3 1 T H E  S T O R E D  P A T H  A N D  C A L C U L A T E S

5 6 6 1 T H E  O F F S E T S  X O F  A N D  Y O F . I T  A L S O

3 6 7 t A S S IG N S  X I - X O  A N D  Y I * Y O

5 6 9
8 2 A C A F 3 6 9  R S E T U P i  X RA A I Z E R O  N C O U N T  A N D  R C O U N T
8 2 A 0 3 2 3 6 3 0 3 7 0 S T A N C O U N T 1 W H IC H  C O U N T  C O N T R O L  R O U T IN E  C A L L S

8 2 B O 3 2 3 5 3 0 3 7 1 S T A R C O U N T « A N D  P A T H  P O I N T S  R E S P E C T I V E L Y

8 2 9 3 2 1 1 1 3 1 3 7 2 L X I H i  B A S E U N I T I A L I S E  D A T A  P O I N T E R
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L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

8 2 B 6 2 2 1 E 3 0 5 7 3
S 2 B * C D B A 8 1 5 7 4

5 7 3
S 2 B C 1 1 6 4 3 0 5 7 6 +
8 2 B F C D 0 1 8 5 3 7 7 +
6 2 C 2 C D C 4 8 E 5 7 8

5 7 *
8 2 C 5 1 1 5 8 3 0 5 8 0 +
8 2 C S C D 0 1 8 5 s e i+
8 2 C B C D * 4 8 E 5 8 2

5 8 3
S 2 C E 1 1 1 5 3 0 5 8 4 +
8 2 0 1 C D 1 7 8 5 5 8 5 +

5 8 6
8 2 D 4 1 1 5 8 3 0 5 8 7 +
8 2 D 7 C D 1 7 8 5 5 8 8 +

5 8 *
8 2 D A 1 1 6 8 3 0 ' 5 * 0 +
S 2 D D C D 0 1 8 5 5 * 1  +
8 2 E 0 C D C 4 8 E 5 * 2

5 * 3
8 2 E 3 1 1 5 C 3 0 5 * 4 +
8 2 E 6 C D 0 1 8 5 5 * 5 +
6 2 £ * C D 9 4 8 E 5 * 6

5 * 7
8 2 S C 1 1 1 * 3 0 5 * 8 +
8 2 E F C D 1 7 8 5 5 * * +

6 0 0
8 2 F 2 1 1 5 C 3 0 6 0 1  +
6 2 F 5 C D 1 7 8 5 6 0 2 +
8 2 F 8 C D 2 4 8 7 6 0 3
8 2 F B C * 6 0 4

6 0 5
6 0 6  
6 0 7  
* 0 8  
6 0 *
6 1 0
6 1 1
6 1 2
6 1 3
6 1 4
6 1 5
6 1 6
6 1 7  R E P E A T i  

6 1 8 +
8 2 F C 1 1 7 C 3 0 6 1 * +
8 2 F F C D 0 1 8 5 6 2 0 + 

6 2 1  +
8 3 .0 2 1 1 * 5 3 0 6 2 2 +
8 3 0 5 C D 1 7 8 5 6 2 3 +

6 2 4 +

8 3 0 8 1 1 B E 3 0 6 2 5 +

8 3 0 9 C D 0 1 8 3 6 2 6 +
6 2 7 +

S H L D  P P O I N T
C A L L  T  P U L L
P S H  XO
L X 1 D* XO
C A L L  P S H T
C A L L  P T O F
P S H  X I
L X  I  D * X I
C A L L  P S H T
C A L L  F S U B
P L L  X O F
L X  X D * X O F
C A L L  P L L T
P L L  X I
L X I  D* X I
C A L L  P L L T
P S H  YO
L X I  D * YO
C A L L  P S H T
C A L L  P T O F
P S H  Y l
L X  l  D * Y I
C A L L  P S H T
C A L L  F S U B
P L L  Y O F
L X I  D * Y O F
C A L L  P L L T
P L L  Y I
L X I  D * Y I
C A L L  P L L T
C A L L  E P O S
R E T

I F F  E T A * G T H A N * E C R I T » L 3 0 1
P S H  E T A
L X I  D * E T A
C A L L  P S H T
P L L  V I
L X I  D »V I
C A L L  P L L T
P S H  E C R I T
L X I  D t E C R I T
C A L L  P S H T
P L L  V 2

14

1 R E A D  1 S T  P A T H  P O I N T *  C A L C U L A T E  
\ O F F S E T *  S E T  X I - X O  & Y I - Y O

\I
1 * *  S U B R O U T I N E  R E P E A T  * *

' T H I S  R O U T I N E  P U L L S  S U C C E S S I V E  
\ P O I N T S  F R O M  T H E  P A T H  S T A C K  A N D  
I C A L L S  T H E  C O N T R O L  R O U T I N E S  TO  
I M A K E  T H E  M A C H I N E  F O L L O W  T H E  
« S T O R E D  P A T H .(
( R E G I S T E R S  A F F E C T E D :  A * B * D » E * H * L iS T A T U S  I
t I F  E R R O R ) E C R I T  O R  ¡ E P S l i l P C R I T
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L C C  O B J L I N E S O U R C E S T A T E M E N T

8 3 0 E  1 1 9 9 3 0 6 2 8 + L X  I D « V 2
© 3 1 1  C D 1 7 S 3 6 2 9 + C A L L P L L T
8 3 1 A  C D 3 0 8 5 6 3 0 + C A L L G T H A N
8 3 1 7  E 6 0 1 6 3 1  + A N I 0 1 H
8 3 1 9  C 2 A 3 8 3 6 3 2 +

6 3 3
JN Z L 3 0 1

6 3 4 P S H E P S I
8 3 1 C  1 1 7 0 3 0 6 3 5 * L X I D « E P S 1
8 3 I P  C D O ie S 6 3 6 + C A L L P S H T
8 3 2 2  C D C A 6 E 6 3 7 C A L L P T O F
8 3 2 3  C D 7 0 6 E 6 3 8 C A L L F M U L
8 3 2 8  C D 2 A 8 F 6 3 9 C A L L S O R T

6 4 0 P L L 1 1
8 3 2 B  1 1 A 8 3 0 i»41  + L X I D« 11
S 3 2 E  C D l7 e S 6 4 2 + C A L L P L L T

6 4 3 I F F X 1 « G T H A N  « P C R 1T  « L 3 0 1
6 4 4 + P S H 1 1

8 2 3 1  1 1 4 8 3 0 6 4 5 + L X X D « X 1
£ 3 3 -1  C D 0 1 8 3 6 4 6 + C A L L P S H T

6 4 7 + P L L V I
8 3 3 7  1 1 9 3 3 0 6 4 8 + LX X D* V I
S 3 3 A  C D 1 7 8 3 6 4 9 + C A L L P L L T

6 5 0 + P S H P C R I T
8 3 3 D  2 1 E 1 3 0 6 5 1  + L X I D . P C R I T
8 3 4 0  C D 0 1 8 3 6 3 2 + C A L L P S H T

6 3 3 + P L L V 2
8 3 A 3  1 1 9 9 3 0 6 3 4 + L X I D . V 2
6 3 4 6  C D 1 7 8 5 6 3 3 + C A L L P L L T
8 3 A 9  C D 3 0 8 S 6 5 6 + C A L L G T H A N
8 3 4 C  E 6 0 1 6 5 7 + A N I 0 1 H
8 3 4 E  C 2 A 3 8 3 6 3 8 + J N Z L 3 0 1
8 3 5 1  3 A 3 6 3 0 6 3 9 L D A N C O U N T
8 3 5 A  3 C 6 6 0 IN R A
8 3 3 3  3 2 3 6 3 0 6 6 1 S T A N C O U N T
8 3 3 3  4 7 6 6 2 M OV B  « A
8 3 3 9  3 A B D 3 0 6 6 3 L D A F C O U N T

8 3 5 C  B 8 6 6 4 C M P B
8 3 3 D  C 2 A 3 8 3 6 6 5 JN Z L 3 0 1
8 3 6 0  3 A 3 4 3 0 6 6 6 L D A P C O U N T
8 3 6 3  4 7 6 6 7 M OV B ♦ A
8 3 6 4  3 A 3 5 3 0 6 6 8 L D A R C O U N T
8 3 6 7  B S 6 6 9 C M P B
8 3 6 3  C 2 7 0 8 3 6 7 0 JN Z L 3 0 8
3 3 6 B  A F 6 7 1 X R A A

8 3 6 C  3 2 0 0 3 0 6 7 2 S T A m o d f l g

8 3 6 F  C 9 6 7 3 R E T

6 3 7 0  3 C 6 7 4  L 3 0 8 J IN R A

8 3 7 1  3 2 3 3 3 0 6 7 3 S T A R C O U N T

8 3 7 4  A F 6 7 6 X RA A

8 3 7 3  3 2 3 6 3 0 6 7 7 S T A N C O U N T

8 3 7 8  C D B A 8 1 6 7 8 C A L L T P U L L
6 7 9 P S H X I

8 3 7 B  1 1 3 8 3 0 6 8 0 + L X I D * X I

8 3 7 E  C D 0 1 8 S 6 8 1  + C A L L P S H T

6 8 2 PS H X O F

« OR  C N C O U N T + t ) <F C O U N T  T H E N  J M P  L 3 0 1  
« P I N O  S E P S IS

t I N C R E M E N T  N C O U N T  A  C O M P A R E  W IT H  F C O U N T

I I P  E N D  O P  P A T H  C L E A R  M O D F LG  
; A N D  R E T U R N

‘. E L S E  IN C R E M E N T  R C O U N T  A  R E S E T  
« N C O U N T

X R E A D  P A T H  P O I N T  A N D  
«ADD  O F F S E T



i s i s - i i  © oeo/eoes macro assembler« v4 . o MODULE

L O C  O B J

©3-81 1 1 1 3 3 0  
8 3 8 4  C D O 1 8 5  
6 3 8 7  C D 6 4 6 E

6 3 S A  1 1 5 8 3 0  
© 3 8 D  C D 1 7 8 5

6 3 9 0  1 1 5 C 3 0  
6 3 9 3  C D 0 1 8 3

6 3 9 6  1 1 1 9 3 0  
© 3 9 9  C D 0 1 6 3  
8 3 9 C  C D 6 4 8 E

© 3 9 F  1 1 3 C 3 0  
© 3 A 2  C D 1 7 6 3  
6 3 A 5  C D 1 3 8 4  
6 3 A 8  C 0 3 F 8 6  
© 3 A B  C D 2 4 8 7  
8 3 A E  C D 5 F 8 9
6 3 9 1  C 0 9 6 8 C  
6 3 B 4  D B 2 A  
£ 2 9 6  F E O O  
S 3 B 8  CO

6 3 B 9  F B  
8 3 B A  0 0  
© 3 B 8  F 3

8 3 B C  C 3 F C 6 2  
8 3 B F  C 9

6 3 C 0  3 A 3 4 3 0  
6 3 C 3  4 7  
8 3 C 4  A F  
8 3 C 5  9 8  
8 3 C 6  C 8  
6 3 C 7  C D A C 8 2  
6 3 C A  3 E 0 3  
6 3 C C  D 3 2 3  
8 3 C E  3 E 0 2

S O U R C E  S T A T E M E N T

L X I D « X O F
C A L L P S H T
C A L L F A D D
P L L X I
L X I D* X I
C A L L P L L T
P S H Y I
L X I D . Y I
C A L L P S H T
P S H Y O F
L X I D « Y O F
C A L L P S H T
C A L L F A D D
P L L Y I
L X I D « Y I
C A L L P L L T
C A L L C O N V
C A L L C O O R D
C A L L E P O S
C A L L F F D
C A L L O U T P U T
I N 2 A H
C P I O O H
RN Z

E l
N O P
D I

J M P R E P E A T
R E T

L D A P C O U N T
M O V B « A
X R A A
C M P B
RZ
C A L L R S E T U P
M V  I A . 0 3 H
O U T 2 3 H
M V  I A . 0 2 H

L I N E

6 8 3 +664+
6 8 3
686
6 8 7 +
688+
6 8 9
6 9 0 *691+
6 9 2
6 9 3 +
694 +

6 9 5
6 9 6
6 9 7 +
6 9 8 +
6 9 9  L 3 0 1 *
7 0 0
7 0 1
7 0 2
7 0 3
7 0 4
7 0 3
7 0 6
7 0 7
7 0 8
7 0 9
7 1 0
7 1 1
7 1 2
7 1 3
7 1 4
7 1 3
7 1 6
7 1 7
7 1 8
7 1 9
7 2 0
7 2 1
7 2 2
7 2 3
7 2 4
7 2 5
7 2 6
7 2 7
7 2 8
7 2 9  R F A S T
7 3 0
7 3 1
7 3 2
7 3 3
7 3 4
7 3 5  R FC O N ;
7 3 6
7 3 7

16

¡ C A L L  C O N T R O L  R O U T I N E S

( C H E C K  M O D E  S W IT C H  I N P U T S

I
( A L L O W  I N T E R R U P T

(

(II
( • •  S U B R O U T I N E  R F A S T  +«(
( S E G M E N T  F O R  R E P E A T  F A S T  M O D E .
I C O N T R O L  N O R M A L L Y  E N T E R S  A T  L A B E L  
( R F A S T .  H O W E V E R  I F  T H E  M A C H IN E  I S  
I A L R E A D Y  I N  R E P E A T  S LO W  M ODE C O N T R O L  
( E N T E R S  A T  R F C O N .  T H I S  A L LO W S  T H E  
( R E P E A T  S P E E D  T O  B E  C H A N C E D  W IT H O U T  
( R E S T A R T I N G  T H E  T R A J E C T O R Y .I
( R E G I S T E R S  A F F E C T E D *  A « B * D « E » H « L t S T A T U S  I
( R E T U R N  I F  N O  P A T H  I N  M EM O R Y

» I N D I C A T E  M O DE 244



ISIS-11 0080/0085 MACRO ASSEMBLER« V4.0 MODULE

L O C  O B J L I N E S O U R C E S T A T E M E N T

8 3 D 0  3 2 0 0 3 0 7 3 8 S T A M O D F LO
8 3 0 3  3 A F D 3 0 7 3 9 L D A F F A S T
8 3 0 6  3 2 B D 3 0 7 4 0 S T A F C O U N T
8 3 D 9  A F 7 4 1 X R A A
8 3 D A  3 2 3 6 3 0 7 4 2 S T A N C O U N T
8 3 D D  C D F C 8 2 7 4 3 C A L L R E P E A T
6 3 E O  C 9 7 4 4 R E T

7 4 5
7 4 6
7 4 7
7 4 8
7 4 9
7 5 0
7 5 1
7 5 2
7 5 3
7 5 4
7 5 5
7 5 6
7 5 7
7 5 8
7 5 9
7 6 0
7 6 1

8 3 E 1 3 A 3 4 3 0 7 6 2 R S LO W : L D A P C O U N T
S 3 E 4 4 7 7 6 3 MOV B « A
6 3 E 5 A F 7 6 4 X RA A
8 3 E 6 B 9 7 6 5 C M P B
8 3 E 7 C 8 7 6 6 RZ
S 3 E 8 C D A C 8 2 7 6 7 C A L L R S E T U P
S I E B 3 E 0 2 7 6 8 R S C O N t M V I A « 0 2 H
8 3 E D D 3 2 3 7 6 9 O U T 2 3 H
S 3 E F 3 E 0 1 7 7 0 M V  I A « 0 1 H
S 3 F 1 3 2 0 0 3 0 7 7 1 S T A M O D FLO
S 3 F 4 3 A F E 3 0 7 7 2 L D A F S LO W
8 3 F 7 3 2 B D 3 0 7 7 3 S T A F C O U N T
S 3 F A C D F C 8 2 7 7 4 C A L L R E P E A T
6 3 F D C 9 7 7 5 R E T

7 7 6
7 7 7
7 7 8
7 7 9
7 8 0
7 8 1
7 8 2
7 8 3
7 8 4
7 8 5

8 3 F E 3 E 0 F 7 8 6  I N I T : M V I A fO F H

8 4 0 0 D 3 2 0 7 8 7 O U T 2 0 H

8 4 0 2 3 E F F 7 8 8 M V I A t O F F H
8 4 0 4 D 3 0 2 7 8 9 O U T 0 2 H

8 4 0 6 D 3 0 3 7 9 0 O U T 0 3 H

8 4 0 8 D 3 0 A 7 9 1 O U T O AH
8 4 0 A 3 E 0 C 7 9 2 M V I A .O C H

17

( S E T  U P  N O . O F  C O N T R O L  R O U T I N E  
( C A L L S  B E T W E E N  P O I N T S  
\ C L E A R  N C O U N Î

I(
( * *  S U B R O U T I N E  R S LO W  * *(
I S E G M E N T  F O R  R E P E A T  S LO W  M O DE I
( C O N T R O L  N O R M A L L Y  E N T E R S  T H E  
( R O U T I N E  A T  L A B E L  R S L O W .  H O W E V E R  
( I F  T H E  S Y S T E M  I S  A L R E A D Y  I N  
( R E P E A T  F A S T  M O D E  T H E N  C O N T R O L  
( E N T E R S  A T  L A B E L  R S C G N .  T H I S  
I A L L O W S  T H E  R E P E A T  S P E E D  T O  B E  
I C H A N G E D  W IT H O U T  R E S T A R T I N G  T H E  
» T R A J E C T O R Y .I
( R E G I S T E R S  A F F E C T E D *  A » B « D « E t H » L « S T A T U S  S
( R E T U R N  I F  NO  P A T H  I N  M E M O R Y

( I N D I C A T E  M ODE

tI$
» * •  S U B R O U T I N E  I N I T  * *  
(
T H I S  R O U T I N E  S E T S  U P  T H E  I / O  

P O R T  D A T A  D I R E C T I O N  R E G I S T E R S

R E G I S T E R S  A F F E C T E D :  A

S E T  P O R T S  2 1 * 2 2 « 2 3  F O R  O U T P U T
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ISIS -11 8080/6065 MACRO ASSEMBLER « V4.0 MODULE

L O C O B J L I N E S O U R C E S T A T E M E N T

8 4 0 C D 3 2 8 7 9 3 O U T 2 S H
6 4  O E A F 7 9 4 X R A A
S 4 0 F 3 2 3 4 3 0 7 9 5 S T A P C O U N T

6 4 1 2 C 9 7 9 6 R E T
7 9 7
7 9 8
7 9 9  
6 0 0  
6 0 1  
6 0 2  
6 0 3
eod
6 0 5606 
6 0 7

6 4 1 3  3 E 0 3 6 0 6  CO NVS  
6 0 9

M V  I A « 0 3 H

6 4 1 5  C D E 7 6 4 6 1 0 C A L L A D C O N
8 4 1 8  C D 9 3 6 5 6 1 1

6 1 2
C A L L J O Y S T K

6 1 3 P L L J S L E U
6 4 1 8  1 1 4 0 3 0 6 1 4 + L X  I D « J S L E U
6 4 1 E  C D 1 7 8 3 6 1 5 + C A L L p l l t

8 4 2 1  3 E 0 4 6 1 6 M V I A '0 4 H
8 4 2 3  C D E 7 8 4 8 1 7 C A L L A D C O N
8 4 2 6  C D 9 3 6 5 8 1 8 C A L L J O Y S T K

8 1 9 P L L J Y D O T
8 4 2 9  1 I 3 C 3 0 8 2 0 + L X  I D « J Y D O T

Ê 4 2 C  C D 1 7 8 S 8 2 1  + C A L L P L L T
8 4 2 F  3 E 0 5 6 2 2 M V I A t 0 5 H
8 4 3 1  C D E 7 8 4 6 2 3 C A L L A D C O N
6 4 3 4  C D 9 3 8 3 6 2 4 C A L L J O Y S T K

8 2 5 P L L J X D O T

8 4 3 7  1 1 3 8 3 0 6 2 6 + L X  I D « J X D O T
6 4 3 A  C D 1 7 6 3 6 2 7 + C A L L P L L T

6 4 3 D  3 E 0 6 8 2 8 M V I A 1 O 6 H
6 4 3 F  C D E 7 8 4 8 2 9 C A L L A D C O N

6 4 4 2  C D 9 3 8 3 6 3 0 C A L L J O Y S T K

6 3 1 P L L J B K T
8 4 4 3  1 1 4 4 3 0 6 3 2 + L X  I 0 • J B K T

8 4 4 8  C D 1 7 6 3 8 3 3 + C A L L P L L T
8 4 4 B  3 E 0 7 6 3 4 M V I A . 0 7 H
e 4 4 D  C D E 7 8 4 6 3 5 C A L L A D C O N

6 4 5 0  C D 1 C 6 6 £ 3 6
6 3 7
6 3 6
6 3 9
6 4 0
6 4 1

C A L L S L O P E

6 4 5 3  C D 5 D 6 4 6 4 2 C A L L A L F I P

8 4 5 6  C D 9 7 6 4 6 4 3 C A L L B E T  I P

8 4 5 9  C D B F 6 4 6 4 4 C A L L D E L T I P

6 4 S C  C 9 6 4 5 R E T
6 4 6
6 4 7

18

( Z E R O  P A T H  P O I N T  C O U N T E R

III
; « •  S U B R O U T I N E  C O N V  * •I
I T H I S  S U B R O U T I N E  R E A D S  I N  T H E  J O Y S T I C K  
1 A N D  P I T C H  C O N T R O L  S E T T I N G S  A N D  T H E  
I M A C H I N E  P O S I T I O N  I
1 R E G I S T E R S  A F F E C T E D *  A » D iE iH » L » S T A T U S  I
( L O A D  A  W IT H  J O Y S T I C K  S LE W  C O N T R O L  
( C H A N N E L  N U M B E R

( T R A N S F O R M S  J O Y S T I C K  V O L T A G E  
I T O  R A N G E  - 1  T O  + 1 ( R E S U L T  ON  TO S>

( R E A D  Y D O T  I N P U T  FR O M  J O Y S T I C K

( R E A D  X D O T  I N P U T  FR O M  J O Y S T I C K

( R E A D  B U C K E T  V E L O C I T Y  I N P U T  F R O M  
I J O Y S T I C K

( P I T C H

( C A L C U L A T E  I N P U T  P I T C H  A N G L E  
( F R O M  C O N T R O L  K N O B  V O L T A G E  I
( R E A D  I N  V O L T A G E S  FR O M  P O T E N T I O M E T E R S  
( O N  M A C H IN E  P I V O T S  A N D  C A L C U L A T E  A R M  
( A N G L E S
( I N P U T  A L P H A  A N D  S U B T R A C T  P I T C H  
( I N P U T  B E T A  
( I N P U T  D E L T A

II

246



ÎS IS -II 6060/6085 MACRO ASSEMBLER* V4.0 MODULE

L O C  O B J L I N E  S O U R C E  S T A T E M E N T

848
© 49
8 3 0esi
8 3 2
8 3 3  
8 5 4

8 4 3 0  3E O O 8 3 5  A L F I P * M V  I A .O O H
8 4 3 F  C D E 7 8 4 6 5 8 C A L L A D C Q N
8 4 8 2  3 2 0 0 1 0 8 5 7 S T A 1 0 0 0 H
8 4 8 5  A F 8 5 8 X R A A
8 4 8 8  3 2 0 0 1 0 8 5 9 S T A 1 0 0 0 H
8 4 8 9  C D 8 8 8 E 6 8 0 c a l l f l t s

8 8 1 P S H MA
S 4 8 C  1 1 3 5 8 0 8 6 2 + L X I D .M A
8 4 8 F  C D 0 1 8 3 8 8 3 + C A L L P S H T
8 4 7 2  C D 7 0 8 E 6 8 4 C A L L f m u l

8 8 5 P S H C A
6 4 7 5  1 1 3 9 8 0 8 8 8 + L X I D . C A
8 4 7 8  C D 0 1 8 3 6 8 7 + C A L L P S H T
6 4 7 B  C D 8 4 6 E 6 8 8 C A L L F A D D
G 4 7 E  C D C 4 8 E 8 8 9 C A L L P T O F

6 7 0 P L L M C A L F A
8 4 8 1  1 1 8 0 3 0 8 7 1  + L X I 0 * M C A L F A
6 4 8 4  C O I 7 8 5 8 7 2 + C A L L P L L T

8 7 3 P S H P I T C H
6 4 3 7  1 1 9 D 3 0 6 7 4 + L X I D . P I T C H
8 4 8 A  C D 0 1 8 5 8 7 5 + C A L L P S H T
8 4 6 0  C D 9 4 8 E 8 7 8 C A L L F S U B

8 7 7 P L L A L P H A
8 4 9 0  1 1 8 4 3 0 8 7 8 + L X I D . A L P H A
8 4 9 3  C D 1 7 8 5 8 7 9 + C A L L P L L T
6 4 9 8  C 9 8 8 0 R E T

6 8 1
8 6 2
6 8 3
6 6 4
8 6 3
6 6 6
6 8 7
6 6 3
6 6 9

¿ 4 9 7  3 E 0 1 8 9 0  E E T I P * M V  I A . 0 1 H
8 4 9 9  C D E 7 6 4 6 9 1 c a l l A D C O N
8 4 9 C  3 2 0 0 1 0 6 9 2 S T A 1 0 0 0 H
8 4 9 F  A F 6 9 3 X R A A
8 4 A 0  3 2 0 0 1 0 6 9 4 S T A lO O O H
6 4 A 3  C D 6 8 8 E 8 9 3 C A L L F L T S

6 9 6 P S H MB
6 4 A 8  1 1 S D 6 0 6 9 7 + L X I D .M B

6 4 A 9  C 0 0 1 6 3 8 9 6 + c a l l P S H T
S 4 A C  C D 7 0 8 E 8 9 9 C A L L F M U L

9 0 0 P S H C B
6 4 A F  1 1 8 1 8 0 9 0 1  + L X I D .C B
8 4 B 2  C D 0 1 8 S 9 0 2 + C A L L P S H T

19

; • *  S U B R O U T I N E  A L F I P  * *I
« I N P U T S  A L P H A  V O L T A G E .  S C A L E S  I T .
« A D D S  O F F S E T .  A N D  S U B T R A C T S  P I T C H  I
« R E G I S T E R S  A F F E C T E D *  A«  D . E . H . L . S T A T U S«
j A - A L P H A  C H A N N E L  N U M B E R  

« P U S H  V A L P H A  O N T O  A P U  S T A C K

« C O N V E R T  R E S U L T  T O  3 2 - B I T  F L .  P T .  F O R M A T  
« P U S H  S C A L E  F A C  4  M P Y

« P U S H  O F F S E T  A N D  A D D

« P U L L  L I F T  A R M  A N G L E

« S U B T R A C T  P I T C H

II
I * *  S U B R O U T I N E  B E T I P  « •«
« I N P U T S  V B E T A *  S C A L E S  I T .  A N D  A D D S  
« O F F S E T(
« R E G I S T E R S  A F F E C T E D * A . D . E . H . L . S T A T U S<
S A * B E T A  C H A N N E L  N U M B E R

« C O N V E R T  TO  3 2 - B X T  F L .  P T .  F O R M A T

« M PY  B Y  S C A L E  F A C

« P U S H  O F F S E T  A N D  A D D 247



i s i s - i i  © oeo/eoes macro a s s em b ler* v4 .o MODULE

L O C  O B J L I N E  S O U R C E S T A T E M E N T

S 4 B 3  C D 4 4 8 E 9 0 3 C A L L F A D D
9 0 A P L L B E T A

8 4 B 8  1 1 6 8 3 0 9 0 5 + L X  1 D » B E T A
8 4 B 9  C D 1 7 S 3 9 0 4 + C A L L P L L T
S A B E  C 9 9 0 7

9 0 8
9 0 9
9 1 0
9 1 1
9 1 2
9 1 3  
9 1 A
9 1 3
9 1 4  
9 1 7

R E T

8 4 B F  3 E 0 2 9 1 8  D E L T I P * M V  I A  * 0 2 H
S 4 C 1  C D E 7 S A 9 1 9 C A L L A D C O N
S A C A  3 2 0 0 1 0 9 2 0 S T A lO O O H
£ A C 7  A F 9 2 1 X R A A
S A C S  3 2 0 0 1 0 9 2 2 S T A lO O O H
S A C B  C D 8 8 8 E 9 2 3 C A L L F L T S

9 2 4 P S H MD
S A C E  1 1 4 5 8 0 9 2 3 + L X  I D »M D
8 A D 1  C D 0 1 8 5 9 2 6 + C A L L P S H T
S A D A  C D 7 0 8 E 9 2 7 C A L L F M U L

9 2 8 P S H CD
8 A D 7  1 1 4 9 6 0 9 2 9 + L X  I D »CD
S A D A  C D 0 1 8 3 9 3 0 * C A L L P S H T
S A D D  C D 4 A 8 E 9 3 1 C A L L F A D D

9 3 2 P L L D E L T A

S A E O  1 1 8 C 3 0 9 3 3 + L X I D . D E L T A
8 A E 3  C D 1 7 6 3 9 3 4 + C A L L P L L T
8 4 E 4  C 9 9 3 3

9 3 4
9 3 7
9 3 8
9 3 9
9 4 0
9 4 1
9 4 2
9 4 3  
9 4 A  
9 4 5
9 4 4  
9 4 7

R E T

8 A £ 7  D 3 2 B 9 4 8  ADCO N* O U T 2 B H
8 A E 9  C 6 0 8 9 4 9 A D I 0 £ H

8 A E B  D 3 2 B 9 5 0 O U T 2 B H

8 A £ D  A F 9 3 1 X R A A

8 A E E  D 3 2 B 9 3 2 O U T 2 B H

6 A F 0  2 1 1 1 0 0 9 3 3 L X I H .0 0 1 1 H

8 A F 3  C D 9 7 8 7 9 5 4 C A L L P A U S E

8 A F 4  3 E 1 0 9 3 5 M V I A t l O H

S A r  8  D 3 2 B 9 5 4 O U T 2 B H

8 A F A  0 0 9 5 7 N O P

20

II
< **  S U B R O U T I N E  D E L T I P  * •(
« I N P U T S  V D E L T A *  S C A L E S  I T *  A N D  
« A D D S  O F F S E T  
«
« R E G I S T E R S  A F F E C T E D *  A * D » E « H » L * S T A T U S  I

« C O N V E R T  I N P U T  T O  3 2 - B I T  F L .  P T .

« M U L T I P L Y  B Y  S C A L E  F A C T O R

«A D D  O F F S E T

«I
« • *  S U B R O U T I N E  A D C O N  * *  *«
( T H I S  R O U T I N E  O P E R A T E S  T H E  
I A N A L O G U E  T O  D I G I T A L  C O N V E R T E R .
I T H E  C H A N N E L  N U M B E R  I S  I N  T H E  
( A  R E G I S T E R  O N  C A L L I N G  AND  
« T H E  R E S U L T  A T  R E T U R N  I
« R E G I S T E R S  A F F E C T E D *  A . H i L ' S T A T U S  I
( O U T P U T  C H A N N E L  N U M B E R

( L A T C H  C H A N N E L  N U M B E R  
( C L E A R  C O N T R O L  WORD

( S E T  D E L A Y
( C A L L  D E L A Y  R O U T IN E
( S E T  T R I S T A T E  O U T P U T 248



Isis-ix eoso/eoes
L O C  O B J

8 4 F B  0 0  
8 A F C  0 0  
B A F D  0 0  
S 4 F E  D B 2 9  
8 5 0 0  C 9

8 5 o t  F S  
8 3 0 2  I A  
G 5 0 3  3 2 0 0 1 0  
8 5 0 6  1 3  
8 3 0 7  I A  
8 5 0 8  3 2 0 0 1 0  
» O B  1 3  
8 3 0 C  I A  
£ 5 0 0  3 2 0 0 1 0esio is
8 5 1 1  I A
8 5 1 2  3 2 0 0 1 0  
8 5 1 5  F l  
£314 C9

8 3 1 7  F S
8 5 1 8  13
8 5 1 9  13  
8 3 1 A  1 3  
8 3 1 B  3 A 0 0 1 0  
8 5 1 E  12  
8 5 1 F  I B
8 5 2 0  3 A 0 0 1 0
8 5 2 3  12
8 5 2 4  18  
8 5 2 3  3 A 0 0 1 0

M A C R O  A S S E M B L E R »  V 4 . 0  M O D U LE  P A G E  21

L I N E S O U R C E  S T A T E M E N T

9 5 8 N O P
9 5 9 N O P
9 6 0 N O P
9 6 1 I N  2 9 H ( R E A D  R E S U L T
9 6 2 R E T
9 6 3 (
9 6 4 t
9 6 5 ( * •  S U B R O U T I N E  P S H T  * *
9 6 6 1
9 6 7 ( P U S H E S  A  3 2 - B I T  F L .  P T .  V A R I A B L E
9 6 8 % O N T O  T H E  A P U  S T A C K .
9 6 9 t  D E  C O N T A I N S  T H E  A D D R E S S
9 7 0 ( O F  T H E  L S  B Y T E  O F  T H E
9 7 1 I O P E R A N D  O N  C A L L I N Q
9 7 2 ( A N D  O F  T H E  M S  B Y T E  A T
9 7 3 1 R E T U R N
9 7 4 1
9 7 3 ( R E G I S T E R S  A F F E C T E D »  D » E
9 7 6 1
9 7 7  P S H T  » P U S H P S U
9 7 8 L D A X D ( L D  A C C  W IT H  L S  B Y T E
9 7 9 S T A 1 0 0 0 H ( P U S H  A C C  T O  A P U
9 8 0 1N X D ( I N C R E M E N T  D A T A  P O I N T E R
9 8 1 L O A X 0
9 8 2 S T A lO O O H
9 8 3 1N X D
9 8 4 L D A X 0
9 8 3 S T A lO O O H
9 8 6 1N X D
9 8 7 L D A X D
9 8 8 S T A lO O O H
9 8 9 P O P P S U
9 9 0 R E T
9 9 1 (
9 9 2 1

9 9 3 ( • *  S U B R O U T I N E  P L L T  * *
9 9 4 (
9 9 3 ( P U L L S  A  3 2 - B I T  F L .  P T .  V A R I A B L E
9 9 6 1 F R O M  T H E  A P U  S T A C K
9 9 7 I D E  C O N T A I N S  A D D R E S S  O F  L S
9 9 8 1 B Y T E  O N  C A L L I N G  A N D  MS
9 9 9 ( B Y T E  A T  R E T U R N

1 0 0 0 t

l O O l ( R E G I S T E R S  A F F E C T E D *  D « E
1 0 0 2  P L L T  » P U S H P S U
1 0 0 3 IN X D
1 0 0 4 I N X D
1 0 0 5 I N X D
1 0 0 6 L D A lO O O H
1 0 0 7 S T A X D
1 0 0 8 D C X D
1 0 0 9 L D A lO O O H
1 0 1 0 S T A X D
1 0 1 1 D C X D
1 0 1 2 L D A lO O O H
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i s i s - i i  s o e o /s o c s  macro assem bler* v a .o MODULE

L O C  O B J

6 5 2 3  12 
£ 3 2 9  I B  
£ 5 2 A  3 A 0 0 1 0  
8 5 2 D  12  
£ 5 2 E  F I  
S 5 2 F  C 9

£ 5 3 0  C D 6 D S 5

£ 5 3 3  E 6 0 1  
£ 5 3 5  C A 3 A 8 5  
£ 5 3 8  A F  ' 
£ 5 3 9  C 9  
£ 5 3 A  3 A 9 0 3 0  
£ 5 3 D  E 6 4 0  
£ S 3 F  C A A 4 S 3
8 5 4 2  A F
8 5 4 3  C 9
8 5 4 4  3 E 0 1  
8 5 4 6  C 9

£ 5 4 7  C D 6 D 8 5  
8 5 4 A  E 6 0 1  
£ 5 4 C  C A S I £ 5  
8 5 4 F  A F  
£ 5 5 0  C 9  
£ 5 5 1  3 A 9 0 3 0  
£ 5 5 4  E 6 4 0  
£ 5 5 6  C 2 5 B 8 5  
£ 5 5 9  A F  
£ 5 5 A  C 9  
£ 5 5 0  3 E 0 1  
£ 5 5 D C 9

£ 5 5 E  C D 4 7 8 5  
£ 5 6 1  2 F  
8 5 6 2  C 9

£ 5 6 3  C D 3 0 8 5  
£ 5 6 6  2 F  
£ 5 6 7  C 9

S O U R C E  S T A T E M E N T

S T A X D
D C X D
L D A IO O O H
S T A X D
P O P P S U
R E T  1

G T H A N * C A L L E Q U A L S

A N I 0 1 H
J Z L 2
X R A
R E T

A

L 2 * L D A S T A T U S
A N I 4  OH
J Z L 3
X R A
R E T

A

L 3 i M V I 
R E T

A * 0 1 H

L T H A N s C A L L E Q U A L S
A N I O lH
J Z L 4
X R A
R E T

A

L 4 I L D A S T A T U S
A N I 4 0 H
J N Z L 5
X R A
R E T

A

L 5 1 M V I 
R E T

A , O l H

G E Q U A L  s C A L L
C M A
R E T

L T H A N

L E O U A L i C A L L  G T H A N  
C M A  
R E T

L I N E

1 0 1 3
1 0 1 4
1 0 1 5
1 0 1 6
1 0 1 7
1 0 1 8
1 0 1 9
1020
1021
1022
1 0 2 3
1 0 2 4
1 0 2 5
1 0 2 6
1 0 2 7
1 0 2 8
1 0 2 9
1 0 3 0
1 0 3 1
1 0 3 2
1 0 3 3
1 0 3 4
1 0 3 5
1 0 3 6
1 0 3 7
1 0 3 8
1 0 3 9
1 0 4 0
1 0 4 1
1 0 4 2
1 0 4 3
1 0 4 4
1 0 4 5
1 0 4 6
1 0 4 7
1 0 4 8
1 0 4 9
1 0 5 0
1 0 5 1
1 0 5 2
1 0 5 3
1 0 5 4
1 0 5 5
1 0 5 6
1 0 5 7
1 0 5 8
1 0 3 9

1 0 6 0
1 0 6 1
1 0 6 2
1 0 6 3
1 0 6 4
1 0 6 5
1 0 6 6
1 0 6 7

22

((
( * *  S E T  D F  S U B R O U T I N E S  F O R  E V A L U A T I N G  
1 O P E R A T O R S  I N  C O N D I T I O N A L  J U M P S  * *1
1 E A C H  S U B R O U T I N E  R E T U R N S  0 1 H  I N  T H E  
I A C C U M U L A T O R  I F  T H E  C O N D I T I O N  I S  V A L I D  
(
I R E G I S T E R S  A F F E C T E D I  A * D * E * S T A T U S  
(
( C A L L  E Q U A L S  T O  C H E C K  F O R  E Q U A L I T Y  AND  
( S E T  S IG N  B I T  O F  T H E  A P U  F O R  T H E  R E S U L T  
1 O F  T H E  S U B T R A C T I O N  V I - V 2  
( I F  V A R A I B L E S  A R E  N O T  E Q U A L  T H E N  L 2  E L S E  
I C L E A R  A C C U M U L A T O R  A N D  R E T U R N

( C H E C K  S I G N  O F  R E S U L T  V I - V 2

( N E G A T I V E  R E S U L T  S I G N i  C L R  A C C  & R E T U R N

( P O S I T I V E  R E S U L T  S IG N S  S E T  A C C  T O  0 1  6  R E T

((
( C A L L  E Q  T O  C H E C K  F O R  E Q U A L I T Y  A N D  S E T  
( S I G N  B I T  O F  A P U  F O R  T H E  S U B T R A C T IO N  V 1 - V 2  
( I F  V A R I A B L E S  A R E  N O T  E Q U A L  T H E N  L 4  E L S E  
( C L E A R  A C C  4  R E T U R N

( C H E C K  S I G N  O F  R E S U L T  O F  S U B T R A C T I O N  V 1 - V 2

( P O S I T I V E  S IG N S  C L R  A C C  A N D  R E T U R N

( N E G A T I V E  S IG N S  S E T  A C C  T O  0 1  A N D  R E T

((
( C A L L  L T  A N D  I N V E R T  R E S U L T

((
( C A L L  G T  A N D  I N V E R T  R E S U L T

(
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isis-ix eoso/eoes macro assembler* va.o MODULE PAGE 23

L O C  O B J L I N E  S O U R C E S T A T E M E N T

8 5 6 8  C D 6 D S 5 1 0 6 8  N E Q U A L i C A L L  E Q U A L S
8 5 6 B  2 F 1 0 6 9 C M A
© 5 6 C  C 9 1 0 7 0 R E T

1 0 7 1 {
1 0 7 2 1

1 0 7 3  E Q U A L S ! P S H V I {S U B T R A C T  V 2  F R O M  V I
© 5 6 D  1 1 9 3 3 0 1 0 7 4 + L X  1 D t V l
© 3 7 0  C D 0 1 8 5 1 0 7 5 + C A L L P S H T

1 0 7 6 P S H V 2
© 5 7 3  1 1 9 9 3 0 1 0 7 7 + L X  X D * V 2
© 5 7 6  C D 0 1 8 5 1 0 7 8 + C A L L P S H T
© 3 7 9  C D 9 4 8 E 1 0 7 9 C A L L F S U B
© 5 7 C  3 A 0 0 1 1 1 0 8 0  L 6 ! L D A 1 1 0 0 H { W A IT  T I L L  A P U  N O T  B U S Y
© 5 7 F  E 6 8 0 1 0 8 1 A N I 8 0 H
© 581  C 2 7 C 8 3 1 0 8 2 J N Z L 6
© 3 8 4  3 A 0 0 1 1 1 0 8 3 L D A H O O H
© 5 8 7  3 2 9 0 3 0 1 0 8 4 S T A S T A T U S 1T R A N S F E R  A P U  S T A T U S  T O  C O R E
© 5 8 A  E 6 2 0 1 0 8 3 A N I 2 0 H { C H E C K  Z E R O  B I T
© 5 S C  C 2 9 0 S 5 1 0 8 6 J N Z L 7
8 5 S F  C 9 1 0 8 7 R E T { R E T U R N  0 0  I N  A  R E G  I N D I C A T I N G  I N E Q U A L T Y

1 0 8 8 1

© 3 9 0  3 E 0 1 1 0 8 9  L 7  * M V  I A * O lH { R E T U R N  0 1  I N  A  R E G  I N D I C A T I N G  E Q U A L I T Y
© 3 9 2  C 9 1 0 9 0 R E T

1 0 9 1 «

1 0 9 2 «

1 0 9 3 t
1 0 9 4 1

1 0 9 3 « * «  S U B R O U T I N E  J O Y S T K  + *
1 0 9 6 1

1 0 9 7 { J O Y S T I C K  V O L T A G E  I S  I N  ' A '  R E G I S T E R

1 0 9 8 { O N  C A L L I N G .  T H E  S U B R O U T IN E  T R A N S -
1 0 9 9 1 F O R M S  I T  T O  T H E  R A N G E  - 1  T O  +1 A N D
I lO O ( L E A V E S  T H E  R E S U L T  ON  T H E  T O S

1 1 0 1 1

1 1 0 2 { R E G I S T E R S  A F F E C T E D  A * D « E * S T A T U S

1 1 0 3 1

© 3 9 3  3 2 0 0 1 0 1 1 0 4  J O Y S T K i S T A IO O O H { C O N V E R T  J O Y S T I C K  V O L T A G E  T O  3 2  B I T
© 5 9 6  A F 1 1 0 3 X R A A { F O R M A T
© 5 9 7  3 2 0 0 1 0 1 1 0 6 S T A 1 0 0 0 H
© 5 9 A  C D 8 £© E 1 1 0 7 C A L L F L T S

1 1 0 8 P L L 1 1

© 39D  1 14© 3 0 1 1 0 9 + L X  1 D* X I
© 3 A 0  C D 1 7 e 3 1 1 1 0 + C A L L P L L T

1 1 1 1 I F F 1 1 * G T H A N » H 8 7 * L 5 0 5 I F  J O Y S T I C K  V O L T A G E ) 8 7 H  T H E N  L 3 0

1 1 1 2 + P S H 1 1

© 3 A 3  1 1 4 8 3 0 1 1 1 3 + L X  I D « 1 1

© 5 A 6  C D 0 1 8 5 1 1 1 4 + C A L L P S H T
1 1 1 5 + P L L V I

© 3 A 9  1 1 9 5 3 0 1 1 1 6 + L X ! D * V 1

© 5 A C  C D 1 7 8 5 1 1 1 7 + C A L L P L L T
1 118 + P S H H© 7

© 5 A F  1 1 7 5 8 0 1 1 1 9 + L X  I D *H © 7

© 5 B 2  C D 0 1 8 5 1 1 2 0 + C A L L P S H T

1 1 2 1  + P L L V 2

Ê 5 B 3  1 1 9 9 3 0 1 1 2 2 + L X  1 D * V 2
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i s  i s - 11 eoeo/soes macro assem bler« v4 .o MODULE PAGE

L O G  O B J L I N E S O U R C E S T A T E M E N T

8 3 B 8  C D 1 7 8 3 1 1 2 3 + C A L L P L L T
8 3 B B  C D 3 0 8 5 1 1 2 4 + C A L L G T H A N
8 3 B E  E 6 0 1 1 1 2 5 + A N I O lH
e s c o  C 2 E A 8 5 1 1 2 6 + JN Z L S O

1 1 2 7 I F F 1 1 « L T H A N « H 7 9 t L 5 i
1 1 2 8 + R S H 1 1

8 3 C 3  1 1 4 8 3 0 1 1 2 9 + L X I D« 11
8 3 C 6  C D 0 1 8 5 1 1 3 0 + C A L L P S H T

1 1 3 1  + P L L v t
8 5 C 9  1 1 9 3 3 0 1 1 3 2 + L X I D « V 1
B 5 C C  C D 1 7 8 3 1 1 3 3 + C A L L P L L T

1 1 3 4 + P S H H 7 9
8 5 C F  1 1 7 9 8 0 1 1 3 3 + L X I D « H 7 9
8 3 D 2  C D O 1 8 3 1 1 3 6 + C A L L P S H T

1 1 3 7 + P L L V 2
8 5 D 3  1 1 9 9 3 0 1 1 3 8 + L X I D * V 2
8 3 D B  C D 1 7 8 3 1 1 3 9 + C A L L P L L T
8 3 D B  C D 4 7 8 3 1 1 4 0 + C A L L L T H A N
8 3 D E  E 6 0 1 1 1 4 1  + A N I O lH
8 3 E 0  C 2 0 3 8 6 1 1 4 2 + J N Z L S I

1 1 4 3 P S H Z E R O
C 5 E 3  1 1 7 D 8 0 1 1 4 4 + L X I D • Z E R O
8 3 E 6  C D 0 1 8 3 1 1 4 5 + C A L L P S H T
8 3 E 9  C 9 1 1 4 6 R E T

1 1 4 7  L 5 0 * P S H 1 1
8 3 E A  1 1 4 8 3 0 1 1 4 8 + L X I D« 11
8 3 E D  C D 0 1 8 3 1 1 4 9 + C A L L P S H T

1 1 5 0 P S H H 8 7
8 3 F 0  1 1 7 5 8 0 1 1 5 1  + L X I D « H 8 7
8 3 F 3  C D O 1 8 5 1 1 5 2 + C A L L P S H T
6 3 F 6  C D 9 4 8 E 1 1 5 3 C A L L F S U B

1 1 5 4 P S H D 1 4
8 5 F 9  1 1 C 3 8 0 1 1 5 5 + L X I D« D 1 4
8 3 F C  C D 0 1 8 3 1 1 5 6 + C A L L P S H T
8 5 F F  C D A O S E 1 1 5 7 C A L L F D I V
8 6 0 2  C 9 1 1 5 8 R E T

1 1 5 9  L 5 1 * P S H 1 1

8 6 0 3  1 1 4 8 3 0 1 1 6 0 + L X I D« 11
8 6 0 6  C D O IC S 1 1 6 1  + C A L L P S H T

1 1 6 2 P S H H 7 9
8 6 0 9  1 1 7 9 8 0 1 1 6 3 + L X I D » H 7 9
8 6 0 C  C D O 1 8 5 1 1 6 4 + C A L L P S H T
S 6 0 F  C D 9 4 8 E 1 1 6 5 C A L L F S U B

1 1 6 6 P S H D 1 4
8 6 1 2  1 1 C S 8 0 1 1 6 7 + L X I D • D 1 4
8 6 1 5  C D 0 1 S 5 1 1 6 8 + C A L L P S H T
8 6 1 8  C D A 0 8 E 1 1 6 9 C A L L F D I V
8 6 I B  C 9 1 1 7 0 R E T

1 1 7 1
1 1 7 2
1 1 7 3
1 1 7 4
1 1 7 5
1 1 7 6
1 1 7 7

24

U F  J O Y S T I C K  V O L T A G E  < 79H  T H E N  L S I

I J O Y S T I C K  I N  C E N T R A L  D E A D  B A N D t

« R E T U R N  Z E R O  R E S U L T
« O F F S E T  A N D  S C A L E  J O Y S T I C K  V O L T A O E

I F O R  P O S I T I V E  D E F L E C T I O N  

« P U S H  1 4  B A S E  l O

« O F F S E T  A N D  S C A L E  J O Y S T I C K  V O L T A G E  

« F O R  N E G A T I V E  D E F L E C T I O N

«t
« * *  S U B R O U T I N E  S L O P E  « •I
« T H I S  R O U T I N E  C A L C U L A T E S  T H E  
« P I T C H  A N G L E  F R O M  T H E  P I T C H  
J C O N T R O L  V O L T A G E .  T H E  V O L T A G E
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i s : s - i i  eoeo/8065 macro assem bler* v4 .o MODULE PACE

L O C  O B J  L I N E  S O U R C E  S T A T E M E N T

1 1 7 6  
1 1 7 9  
1 I S O  11S1 
1 1 6 2

8 6 1 C  3 2 0 0 1 0 1 1 6 3  S L O P E » S T A lO O O H
S A I F  A F 1 1 6 4 X R A  A
£ £ 2 0  3 2 0 0 1 0 1 1 8 5 S T A 1Û O O H
8 6 2 3  C D 8 S 8 E 1 1 8 6 C A L L F L T S

1 1 8 7 P S H C N S T 1 3
Ç 6 2 6  1 1 B 3 6 0 1 1 8 6 + L X  I D » C N S T 1 3
8 6 2 9  C D 0 1 6 ? 1 1 8 9 + C A L L P S H T
S 6 2 C  C D 7 0 8 E 1 1 9 0 C A L L F M U L

1 1 9 1 P S H C N S T 1 4
6 6 2 F  1 1 B 9 S 0 1 1 9 2 + L X  I D f C N S T ld
8 6 3 2  C D 0 1 8 3 1 1 9 3 + C A L L P S H T
8 6 3 3  C D 6 4 6 E 1 1 9 4 C A L L F A D D

1 1 9 3 P L L P I T C H
8 6 3 8  1 1 9 D 3 0 1 1 9 6 * L X  I 0»  P I T C H
8 6 3 B  C D 1 7 8 3 1 1 9 7 + C A L L P L L T
8 6 3 E  C 9 1 1 9 8 R E T

1 1 9 9
1 2 0 0  
1 2 0 1  

1 2 0 2
1 2 0 3
1 2 0 4  
1 2 0 3  
1 2 0 6  
1 2 0 7  
1 2 0 6
1 2 0 9  COORD» P S H A L P H A

8 6 3 F  1 1 8 4 3 0 1 2 1 0 + L X  I D « A L P H A
8 6 4 2  C D 0 1 8 3 1 2 1 1  + C A L L P S H T
8 6 4 3  C D E S S E 1 2 1 2 C A L L S I N

1 2 1 3 P S H L A
8 6 4 8  1 1 6 0 8 0 1 2 1 4 + L X  I D * L A
8 6 4 B  C D 0 1 8 3 1 2 1 3 * C A L L P S H T
6 6 4 E  C D 7 0 8 E 1 2 1 6 C A L L F M U L

1 2 1 7 P L L 1 1
8 6 3 1  1 1 4 8 3 0 1 2 1 6 + L X  I D* 1 1
8 6 3 4  C D 1 7 e ? 1219«- C A L L P L L T

1 2 2 0 P S H A L P H A
6 6 3 7  1 1 8 4 3 0 1 2 2 1  + L X  I D * A L P H A
8 6 3 A  C D 0 1 8 S 1 2 2 2 + C A L L P S H T

1 2 2 3 P S H B E T A

6 6 3 D  1 1 6 6 3 0 1 2 2 4 + L X  I D * B E T A
6 6 6 0  C O O 1 8 5 1225-*- C A L L P S H T

6 6 6 3  C D 6 4 6 E 1 2 2 6 C A L L F A D D

6 6 6 6  C D D C 6 E 1 2 2 7 C A L L P U P I
6 6 6 9  C D 9 4 6 E 1 2 2 8 C A L L F  S U B

6 6 6 C  C D E 6 6 E 1 2 2 9 C A L L S I N

1 2 3 0 P S H RA

6 6 6 F  1 1 7 1 6 0 1 2 3 1 * L X  1 D iR A

6 6 7 2  C D 0 1 6 3 1 2 3 2 + C A L L P S H T

; I S  I N  T H E  ’ A* R E G I S T E R  ON  C A L L I N G  
I A N D  T H E  R E S U L T  ON  T H E  T O S  A T  R E T U R N  t
« R E G I S T E R S  A F F E C T E D :  A * D * E
«
« C O N V E R T  V O L T A G E  T O  3 2  B I T  F O R M A T

« P S H  8 . 1 8  E - 0 3

« P S H  - 1 . 0 4 7

It
I * #  S U B R O U T IN E  C O O R D  * *  l
1 C A L C U L A T E S  O U T P U T  C O O R D IN A T E S  XO*
« Y O *  A N D  P S 1 0 *  FR O M  A L P H A *  B E T A *
( A N D  D E L T A  t
< R E G I S T E R S  A F F E C T E D »  D * E  
(
« C A L C U L A T E  X - C O O R D IN A T E  O F  B U C K E T  P I V O T

« I N  U S E R  D E F I N E D  A X E S
« X O - L + S I N Í A L P H A ) + R * S I N < A L P H A + B £ T A - P I  >
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isis-ii eoeo/eoes m a c r o  a s s e m b l e r * va.o M O D U LE

L O C  O B J L I N E S O U R C E S T A T E M E N T

£ 6 7 5  1C D 7 0 8 E 1 2 3 3 C A L L F M U L
1 2 3 4 P S H 1 1

8 6 7 8 1 1 4 8 3 0 1 2 3 5 + L X  X D i l l
8 6 7 B C D 0 1 8 5 1 2 3 6 + C A L L P S H T
8 6 7 E C D 6 4 6 E 1 2 3 7 C A L L F A D D

1 2 3 8 P L L XO
8 6 8 1 1 1 6 4 3 0 1 2 3 9 + L X I D i  XO
8 6 8 4 C D 1 7 8 5 1 2 4 0 + C A L L P L L T

1 2 4 1 P S H A L P H A
8 6 8 7 1 1 8 4 3 0 1 2 4 2 + L X I D iA L P H A
8 6 6 A C D 0 1 8 S 1 2 4 3 + C A L L P S H T
8 6 S D C D 0 0 8 F 1 2 4 4 C A L L C O S
8 6 9 0 C D 7 C 8 E 1 2 4 5 C A L L C H S F

1 2 4 6 P S H L A
8 6 9 3 1 1 6 D 8 0 1 2 4 7 + L X I D i L A
8 6 9 6 C D 0 1 8 3 1 2 4 8 + C A L L P S H T
8 6 9 9 C D 7 0 8 E 1 2 4 9 C A L L F M U L

1 2 5 0 P L L 1 1
8 6 9 C 1 1 4 8 3 0 1 2 5 1 + • L X I D i l l
8 6 9 F C D 1 7 8 5 1 2 5 2 + C A L L P L L T

1 2 5 3 P S H A L P H A
8 6 A 2 1 1 8 4 3 0 1 2 5 4 + L X I D t A L P H A
8 6 A 5 C D 0 1 8 5 1 2 5 5 + C A L L P S H T

1 2 5 6 P S H B E T A
8 6 A 8 1 1 8 8 3 0 1 2 5 7 + L X I D iB E T A
S 6 A B C D 0 1 8 S 1 2 5 8 + C A L L P S H T
8 6 A E C D 6 4 8 E 1 2 5 9 C A L L F A D O
8 6 B 1 C D D C 8 E 1 2 6 0 C A L L P U P I
8 6 B 4 C D 9 4 8 E 1 2 6 1 C A L L F S U B
8 6 B 7 c o o o e F 1 2 6 2 C A L L C O S

1 2 6 3 P S H R A
6 6  B A 1 1 7 1 8 0 1 2 6 4 + L X I D iR A
8 6 BD C D 0 1 C 5 1 2 6 5 + C A L L P S H T
8 6 C 0 C D 7 0 8 E 1 2 6 6 C A L L F M U L

1 2 6 7 P S H 1 1

8 6 C 3 1 1 4 8 3 0 1 2 6 8 + L X I D i l l
6 6 C 6 C D 0 1 6 3 1 2 6 9 + C A L L P S H T
6 6 C 9 C D 1 8 8 F 1 2 7 0 C A L L X C H F
S 6 C C C D 9 4 8 E 1 2 7 1 C A L L F S U B

1 2 7 2 P L L Y O
8 6 C F 1 1 6 8 3 0 1 2 7 3 + L X I D iY O
6 6 D 2 C D 1 7 8 5 1 2 7 4 + C A L L P L L T

1 2 7 5 P S H D E L T A
6 6 D 5 1 1 8 C 3 0 1 2 7 6 + L X  I D iD E L T A
6 6 D 8 C D 0 1 8 S 1 2 7 7 + C A L L P S H T
8 6 D B C D C 4 8 E 1 2 7 8 C A L L P T O F
8 6 D E C D C 4 8 E 1 2 7 9 C A L L P T O F

8 6 E 1 C D 7 0 8 E 1 2 8 0 C A L L F M U L
1 2 8 1 P S H G C 2

6 6 E 4 1 1 9 D 8 0 1 2 6 2 + L X I D i  G C 2
8 6 E 7 C D 0 1 8 3 1 2 8 3 + C A L L P S H T
8 6 E A C D 7 0 6 E 1 2 8 4 C A L L F M U L
8 6 E 0 C D 1 8 8 F 1 2 8 5 C A L L X C H F

1 2 6 6 P S H G C 1
6 6 F 0 1 1 9 9 8 0 1 2 8 7 + L X I D i G C l

C A L C U L A T E  y  c o o r d i n a t e

« Y O — L * C O S C A L P H A ) - R * C Q S C A L P H A + B E T A - P I >

« C A L C U L A T E  P S I

» C A L C U L A T E  G AM M A  
I X - D E L T A
! G A M M A « G C 0 + (G C 1 * X > + C G C 2 * X * X >



IS IS-11 80150/8065 MACRO ASSEMBLER* Vd.O MODULE

L O G  O B J

6 6 F 3  C D 0 1 6 3  
6 6 F 6  C D 7 0 6 E  
8 6 F 9  C D 6 4 Ê E

8 6 F C  1 1 9 5 8 0  
6 6 F F  C D 0 1 8 5  
6 7 0 2  C D 6 4 8 E

6 7 0 5  1 1 8 8 3 0  
6 7 0 8  C D 0 1 8 5  
8 7 0 B  C D 6 4 8 E

8 7 0 E  1 1 6 4 3 0  
6 7 1 1  C D 0 1 6 S  
8 7 1 4  C D 6 4 6 E  
6 7 1 7  C D D C 8 E  
8 7 1 A  C D 9 4 8 E

6 7 I D  1 1 6 C 3 0  
8 7 2 0  C D 1 7 8 5  
8 7 2 3  C 9

8 7 2 4  1 1 5 8 3 0  
6 7 2 7  C D 0 1 8 3

S 7 2 A  1 1 6 4 3 0  
8 7 2 0  C D 0 1 8 5  
6 7 3 0  C D 9 4 6 E

8 7 3 3  1 1 7 0 3 0  
6 7 3 6  C D 1 7 8 5

6 7 3 9  1 1 S C 3 0  
8 7 3 C  C D 0 1 6 5

8 7 “3 F  1 1 6 8 3 0  
6 7 4 2  C D 0 1 8 5  
8 7 4 5  C D 9 4 6 E

8 7 4 8  1 1 7 4 3 0  
6 7 4 B  C D 1 7 6 5

6 7 4 E  1 1 6 0 3 0

S O U R C E  S T A T E M E N T

C A L L P S H T
C A L L F M U L
C A L L F A O D
P S H GCO
L X  I D iG C O
c a l l P S H T
C A L L F A O D
P S H B E T A
L X I D » B E T A
C A L L P S H T
C A L L F A D D
P S H A L P H A
L X I D 'A L P H A
C A L L P S H T
C A L L F A D D
C A L L P U P I
C A L L F  S U B
P L L P S X O
L X I D t P S I O
C A L L p l l t

R E T

P S H X I
L X I D* X I
C A L L P S H T
P S H x o
L X I D* XÜ
C A L L P S H T
C A L L F S U B
P L L EX
L X I D « E X
C A L L P L L T
P S H Y I
L X I D t Y l
C A L L P S H T
P S H YO
L X I D» YO
C A L L P S H T
c a l l F S U B
P L L E Y
L X I 0  * E Y
C A L L P L L T
P S H P S I I
L X I O t P S I X

L I N E

1268+
1 2 8 9
1 2 9 0
1 2 9 1
1 2 9 2 *
1 2 9 3 +
1 2 9 4
1 2 9 5
1 2 9 6 +
1*297*
1 2 9 8
1 2 9 9
1 3 0 0 *
1 3 0 1 *
1 3 0 2
1 3 0 3
1 3 0 4
1 3 0 5
1 3 0 6 *
1 3 0 7 *
1 3 0 8
1 3 0 9
1 3 1 0
1 3 1 1
1 3 1 2
1 3 1 3
1 3 1 4
1 3 1 5
1 3 1 6
1 3 1 7
1 3 1 8
1 3 1 9
1 3 2 0
1 3 2 1  E P O S
1 3 2 2 *
1 3 2 3 *
1 3 2 4
1 3 2 5 *
1 3 2 6 *
1 3 2 7
1 3 2 8
1 3 2 9 *
1 3 3 0 *
1 3 3 1
1 3 3 2 *
1 3 3 3 *
1 3 3 4
1 3 3 5 *
1 3 3 6 *
1 3 3 7
1 3 3 8
t 3 3 9 *
1 3 4 0 *
1 3 4 1
1 3 4 2 *

27

i  l e a v e s  g a m m a  o n  t o s  
* C A L C U L A T E  P S I « G A M M A + B E T A * A L P H A —P I

II
1 * «  S U B R O U T I N E  E P O S  * *I
I C A L C U L A T E S  P O S I T I O N A L  E R R O R S  
I E X  * E Y .  E P S I  A N D  E T A .  T H E  
( R O U T I N E  A L S O  C O N T A I N S  A  D E L A Y  
I S E G M E N T  T O  V A R Y  T H E  L O O P  E X E C U T I O N  
( T I M E  F O R  E X P E R I M E N T A L  P U R P O S E S  
'
( R E G I S T E R S  A F F E C T E D *  A * D » E iH » L t S T A T U S  I
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i s i s - i i  so e o /e o e s  macro assem bler» v 4 .o

L O C  O B J L I N E S O U R C E S T A T E M E N T

8 7 5 1  C D 0 1 S 3 1 343 + C A L L P S H T
1 3 4 4 P S H P S I O

S 7 3 4  1 1 6 C 3 0 1 34 5+ L X I D» P S I O
8 7 5 7  C D 0 1 8 5 1 34 6+ C A L L P S H T
8 7 5 A  C D 9 4 6 E 1 3 4 7 C A L L F  S U B

1 3 4 8 P L L E R S I
8 7 3 0  1 1 7 8 3 0 1 34 9+ L X I D » E P S I
8 7 6 0  C D 1 7 8 S 1 3 5 0 + C A L L P L L T

1 3 3 1 P S H E X
8 7 6 3  1 1 7 0 3 0 1 35 2+ L X I D « E X
8 7 6 6  C D 0 1 8 3 1 3 3 3 * C A L L P S H T
8 7 6 9  C D C A 8 E 1 3 3 4 C A L L P T O F
8 7 6 C  C D 7 0 8 E 1 3 5 5 C A L L F M U L

1 3 5 6 P S H E Y
8 7 6 F  1 1 7 4 3 0 1 3 3 7 + L X I D » E Y
8 7 7 2  C D Û 1 8 3 1 3 3 8 + C A L L P S H T
8 7 7 5  C D C 4 8 E 1 3 3 9 C A L L P T O F
8 7 7 8  C D 7 0 8 E 1 3 6 0 C A L L F M U L
8 7 7 B  C D 6 4 8 E 1 3 6 1 C A L L F A D D
8 7 7 E  C D 2 4 8 F 1 3 6 2 C A L L S O R T

1 3 6 3 P L L E T A
8 7 8 1  1 1 7 C 3 0 1 3 6 4 + L X I D » E T A
8 7 8 4  C D 1 7 8 3 1 3 6 3 + C A L L P L L T

1 3 6 6
8 7 8 7  3 A 3 7 3 0 1 3 6 7 L D A T F L A G
8 7 8 A  2 F 1 3 6 8 C M A
8 7 8 9  D 3 0 8 1 3 6 9 O U T 0 8 H
8 7 e D  3 2 3 7 3 0 1 3 7 0 S T A T F L A G
8 7 9 0  2 A F F 3 Ö 1 3 7 1 L H L D D E L A Y
8 7 9 3  C D 9 7 8 7 1 3 7 2 C A L L P A U S E
8 7 9 6  C 9 1 3 7 3 R E T

1 3 7 4
1 3 7 5
1 3 7 6
1 3 7 7
1 3 7 8
1 3 7 9
1 3 8 0
138 1
1 3 8 2
1 3 8 3

8 7 9 7  2 9 1 3 8 4  P A U S E » O C X H
8 7 9 8  7 C 1 3 8 3 M O V A * H
8 7 9 9  B 3 1 2 8 6 O R A L
8 7 9 A  C 2 9 7 8 7 1 3 8 7 J N Z P A U S E
8 7 9 D  C 9 1 3 8 8 R E T

1 3 8 9
1 3 9 0
139 1
1 3 9 2
1 3 9 3
1 3 9 41395 
1 3 9 6  
1 3 9 7

MODULE PAGE 28

I C A L C U L A T E  E T A - S Q R T C E X * * 2 + E Y + * 2 >

«T I M I N G  S E G M E N T  
1C O M P L E M E N T  A N D  O U T P U T  T F L A G

III
' • «  S U B R O U T I N E  P A U S E  « •I
t S U B R O U T I N E  F O R  D E L A Y  D E C R E M E N T S  
I I N P U T  I N  H L  R E G I S T E R  U N T I L  Z E R O  f
« R E G I S T E R S  A F F E C T E D »  A » H » L .S T A T U S
;

«
«

«*+  S U B R O U T I N E  S E T E C  * *«
« C A L C U L A T E S  E C R I T  -
« E C M I N * <l+ S Q R T C C X D 0 T + « 2 + C Y D 0 T # # 2 > )
«
« R E G I S T E R S  A F F E C T E D »  D » E
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i s i s - i i  e o e o /e o e s  macro assem bler , v4 .o MODULE PAGE :9

L O C  O B J l i n e S O U R C E S T A T E M E N T

1 3 9 8
1 3 9 9  S E T E C * PS H C X D O T

8 7 9 E  1 1 5 0 3 0 1 4 0 0 + L X I D .C X D O T
S 7 A 1  C D 0 1 8 5 1 4 0 1  ♦ C A L L P S H T
Ê 7 A 4  C D C 4 6 E 1 4 0 2 C A L L P T O F
6 7 A 7  C D 7 0 6 E 1 4 0 3 C A L L F M U L

1 4 0 4 P S H C Y D O T
6 7 A A  1 1 5 4 3 0 1 4 0 5 + L X I D .C Y D O T
6 7 A D  C D 0 1 6 5 1 4 0 6 + C A L L P S H T
8 7 B 0  C D C 4 6 E 1 4 0 7 C A L L P T O F
S 7 B 3  C D 7 0 B E 1 4 0 8 C A L L F M U L
8 7 B 9  C D 9 4 8 E 1 4 0 9 C A L L F A D D
8 7 B 9  C 2 2 4 6 F 1 4 1 0 C A L L S O R T

1 4 1 1 PS H O N E
6 7 B C  1 1 8 1 6 0 1 4 1 2 + L X I D »O NE
8 7 B F  C D O ie S 1 4 1 3 + C A L L P S H T
8 7 C 2  C D * 4 8 E 1 4 1 4 C A L L F A D O

1 4 1 5 P S H E C M IN
8 7 C S  1 1 S 9 3 0 1 4 1 6 + L X I D .E C M I N
8 7 C 6  C D 0 1 8 3 1 4 1 7 + C A L L P S H T
8 7 C B  C D 7 0 8 E 1 4 1 8 C A L L F M U L

1 4 1 9 P L L E C R I T
Ë 7 C E  1 1 & E 3 0 1 4 2 0 + L X I D . E C R I T
8 7 0 1  C D 1 7 S 3 1 4 2 1  + C A L L P L L T
8 7 D 4  C 9 1 4 2 2 R E T

1 4 2 3
1 4 2 4
1 4 2 5  
1 4 2 9  
1 4 2 7
1 4 2 6
1 4 2 9
1 4 3 0
1 4 3 1
1 4 3 2
1 4 3 3
1 4 3 4
1 4 3 5  
1 4 3 9  
1 4 3 7
1 4 3 6  I P l * I F F J B K T . E Q U A L S
1 4 3 9 + P S H J B K T

8 7 D 3  1 1 4 4 3 0 1 4 4 0 + L X I D . J B K T
8 7 D 8  C D 0 1 8 5 1 4 4 1  + C A L L P S H T

1 4 4 2 + P L L V I
8 7 D B  1 1 9 3 3 0 1 4 4 3 + L X I D .V 1
8 7 D E  C D X 7 6 5 1 4 4 4 + c a l l P L L T

1 4 4 5 + PS H Z E R O
8 7 E 1  1 1 7 D 6 0 1 4 4 6 + L X I D * Z ERO
8 7 E 4  C D O ie S 1 4 4 7 + C A L L P S H T

1 4 4 6 + P L L V 2
8 7 E 7  1 1 9 9 3 0 1 4 4 9 + L X I D . V 2
8 7 E A  C D 1 7 e 5 1 4 5 0 + C A L L P L L T

8 7 E D  C D 6 D 8 5 1 4 5 1  + C A L L E Q U A L S

8 7 F 0  E 9 0 1 1 4 5 2 + A N I 0 1 H

(

\I«
; « *  s u b r o u t i n e  i p i  • *  i
« I F  I N P U T  B U C K E T  V E L O C I T Y  I S  N O N -Z E R O  
I .TH E N  P S I I » P S I O
I I F  J X D O T  O R  J Y D O T  H A S  C H A N G E D  S 1 G N I F -  
( I C A N T L Y  O R  B O T H  A R E  E Q U A L  T O  Z E R O  
( T H E N  U P D A T E  C X D O T  A N D  C Y D O T  A N D  S E T  
I T A R G E T  P O S I T I O N  TO  C U R R E N T  O U t P U T  
I P O S I T I O N  I
( R E G I S T E R S  A F F E C T E D *  A » D » E . S T A T U S  l
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isis— x i  eoeo/eoes m a c r o  a s s e m b l e r i  va.o m o d u l e  p a g e  3 0

L O C  O B J L I N E S O U R C E S T A T E M E N T

6 7 F 2  C 2 0 1 6 8 1 4 5 3 + J N Z L 2 1
1 4 5 4 P 3 H P S 1 0 \ S E T  P S 1 I - P S I 0

8 7 F 3  1 1 6 C 3 0 1 4 5 5 + L X 1 D « P S  10
S 7 F 8  C 0 0 1 6 3 1 4 3 6 + C A L L P S H T

1 4 3 7 P L L P S I I
8 7 F 9  1 1 6 0 3 0 1 4 5 6 * L X I D i P S I I
8 7 F E  C D 1 7 6 3 1 4 3 9 + C A L L P L L T

1 4 6 0  L 2 1 i P S H J X D O T 1 C A L C U L A T E  D I F F E R E N C E  B E T W E E N  J X D O T
8 8 0 1  1 1 3 8 3 0 1 4 6 1  + L X I D i  J X D O T
8 8 0 4  C D 0 1 8 3 1 4 6 2 + C A L L P S H T

1 4 6 3 P S H C X D O T 1 A N D  C X D O T
8 8 0 7  1 1 3 0 3 0 1 4 6 4 + L X I D iC X D O T
S 8 0 A  C D 0 1 8 5 1 4 6 3 + C A L L P S H T
8 8 0 D  C D 9 4 6 E 1 4 6 6 C A L L F S U B
8 8 1 0  C D C 4 6 E 1 4 6 7 C A L L P T O F
8 8 1 3  C D 7 0 6 E 1 4 6 6 C A L L F t tU L
8 8 1 6  C D 2 4 6 F 1 4 6 9 C A L L S O R T

1 4 7 0 P L L I I
8 8 1 9  1 1 4 8 3 0 1 4 7 1  + L X I D i  I I
8 8 1 C  C O I 7 8 3 1 4 7 2 + C A L L P L L T

1 4 7 3 I F F 1 1 1 L E Q U A L  i C N S T 10«  L 2 2 « C C N S T 1 0 - C R I T I C A L  V A L U E  O F  D I F F E R E N C E )
1 4 7 4 + P S H 11

8 8 I F  1 1 4 8 3 0 1 4 7 3 + L X I D i  1 1ee22 cooies 1 4 7 6 + C A L L P S H T
1 4 7 7 + P L L V I

8 8 2 3  1 1 9 3 3 0 1 4 7 8 + L X I D i  V I
8 8 2 8  C O I 7 8 3 1 4 7 9 + C A L L P L L T

1 4 6 0 + P S H C N S T 1 0
8 8 2 9  1 1 E D 3 0 1 4 6 1  + L X I D iC N S T 10
8 8 2 E  C 0 0 1 8 3 1 4 6 2 + C A L L P S H T

1 4 6 3 + P L L V 2
8 8 3 1  1 1 9 9 3 0 1 4 6 4 + L X I D i  V 2
8 8 3 4  C D 1 7 8 3 1 4 6 5 + C A L L P L L T
8 8 3 7  C D 6 3 8 3 1 4 6 6 + C A L L L E Q U A L

6 S 3 A  E 6 0 1 1 4 6 7 + A N I 0 1 H
8 8 3 C  C 2 4 2 8 8 1 4 6 6 + J N Z L 2 2
6 6 3 F  C 3 C 3 8 8 1 4 6 9 J l i P L 2 6

1 4 9 0  L 2 2 » P S H J Y D O T « C A L C U L A T E  D I F F E R E N C E  B E T W E E N  J Y D O T

6 8 4 2  1 1 3 C 3 0 1 4 9 1  + L X I D i J Y D O T

8 8 4 3  C 0 0 1 6 3 1 4 9 2 + C A L L P S H T

1 4 9 3 P S H C Y D O T 1 A N D  C Y D O T

8 6 4 8  1 1 3 4 3 0 1 4 9 4 + L X I D iC Y D O T

8 6 4 B  C D 0 1 8 3 1 4 9 3 + C A L L P S H T
8 8 4 £  C D 9 4 6 E 1 4 9 6 C A L L F S U B
6 8 3 1  C D C 4 6 E 1 4 9 7 C A L L P T O F
8 8 3 4  C 0 7 0 8 E 1 4 9 8 C A L L F f lU L
6 8 3 7  C D 2 4 8 F 1 4 9 9 C A L L S O R T

1 5 0 0 P L L 11
6 8 3 A  1 1 4 8 3 0 1 5 0 1  + L X I 0 * 1 1

8 8 3 0  C D 1 7 6 S 1 5 0 2 + C A L L P L L T

1 5 0 3 I F F 1 1 i L E Q U A L i C N S T 1 0 i L 2 3
1 3 0 4 + P S H 11

6 5 6 0  1 1 4 6 3 0 1 3 0 3 + L X I O í  11
8 6 6 3  C D 0 1 6 5 1 5 0 6 + C A L L P S H T

1 3 0 7 + P L L V I
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ISIS-11 8080/8083 MACRO ASSEMBLER« V4.0 MODULE PAGE 31

LOC □BJ LINE SOURCE STATEMENT
119530 1308+ LX I D« V I©869 CD1785 1509+ CALL PLLT1510+ PSH CNST10886C 11ED30 1311 + LX I D«CNST10686F CD0183 1312+ CALL PSHT1313+ PLL V28872 119930 1314+ LX I D*V28873 CD1783 1315+ CALL PLLT8673 CD6383 1316+ CALL LEOUAL8879 E601 1317+ ANI 01H667D C2G388 1318+ JNZ L238880 C3C368 1519 JrtP L261520 L23I IFF JYDOT«EQUALS« ZERO«L241321 + PSH JYDOT6883 113C30 1322+ LX I 0«JYDOT8888 CD0183 1523+ CALL PSHT1524+ PLL VI8889 119330 1325+ LXI D« VIG88C cpi7es 1326+ CALL PLLT1327+ PSH ZERO886F 117D60 1328+ LXI D * ZERO8892 CDO183 1329+ CALL PSHT1530+ PLL V28893 119930 1331 + LXI D«V28698 CD1785 1332+ CALL PLLT6699 CD6D83 1533+ CALL EQUALS889E E601 1334+ ANI 01H86A0 C2A488 1335+ JNZ L2488 A 3 C9 1536 RET1337 L241 IFF J  X DOT•EQUALS « ZERO«L261538+ PSH JXDOT88A4 113830 1339+ LXI D « JXDOT63A7 CD0163 1540+ CALL PSHT1341 + PLL VI8GAA 119530 1542+ LXI D« VI88AD CD1783 1343+ CALL PLLT1344+ PSH ZERO

8 8 B 0 117D80 1345+ LX X D« ZERO88B3 CD0183 1346+ CALL PSHT1547+ PLL V 288B6 119930 1548+ LXI D«V268B9 CD1783 1349+ CALL PLLT88BC CD6D85 1330+ CALL EQUALS88BF E601 1351 + ANI O lHeeci C2C588 1532+ JNZ L26eecd C 9 1333 RET1354 L26: PSH XO88C3 116430 1335+ LXI D« XOG6C8 CD0163 1336+ CALL PSHT1337 PLL XIeecB 113830 1338+ LXI D* XX6 see CD1763 1359+ CALL PLLT1360 PSH YO88D1 116630 1361 + LXI D« YO88D4 CD0183 1362+ CALL PSHT 259



ISIS-IX 8080/8065 MACRO ASSEMBLER. V4.0 MODULE PAGE 32

L O C  O B J L I N E S O U R C E  S T A T E M E N T

1 5 6 3 P L L Y I
8 8 0 7  1 1 5 C 3 0 1 56 4+ L X  I D» Y I
S 6 D A  C D 1 7 8 3 1 5 6 5 + C A L L P L L T

1 5 6 6 P S H P S I O
6 8 C D  1 1 6 C 3 0 1 5 6 7 + L X I D t P S lO
8 8 E 0  C D 0 1 S 3 1 5 6 8 + C A L L P S H T

1 5 6 9 P L L P S  11
6 E E 3  1 1 6 0 3 0 1 5 7 0 + L X I D » P S 11
S S E 6  C D 1 7 8 5 1 5 7 1  + C A L L P L L T

1 5 7 2 PS H J X D O T
8 8 = 9  1 1 3 8 3 0 1 3 7 3 + L X I D » J X D O T
8 6 E C  C D 0 1 8 S 1 5 7 4 + C A L L P S H T

1 5 7 3 P L L C X D O T
S S E F  1 1 3 0 3 0 1 5 7 6 + L X I D tC X D O T
8 £ = 2  C D 1 7 8 3 1 3 7 7 + C A L L P L L T

1 5 7 8 PS H J Y D O T
6 S F 3  1 1 3 C 3 0 1 5 7 9 + L X I D » J Y D Û T
8 8 F 3  C D O 1 8 3 1 3 8 0 + C A L L P S H T

1 5 8 1 P L L C Y D O T
8 8 = 3  1 1 3 4 3 0 1 5 8 2 + L X I D * C Y D O T
8 8 F E  C D 1 7 8 3 1 5 8 3 + C A L L P L L T
8 9 0 1  C 9 1 3 8 4 R E T

1 3 8 3
1 5 6 6
1 5 8 7
1 5 6 8
1 5 8 9
1 5 9 0
1 3 9 1
1 3 9 2  
1 5 9 3  
1 3 9 4
1 5 9 5  I P 2 * I F F E T A  « G T H A N . E C R I T  »L 3 2

1 5 9 6 + PS H E T A
8 9 0 2  1 1 7 C 3 0 1 3 9 7  + L X I D * £ T A
8 9 0 3  C 0 O 1 8 3 1 5 9 8 + C A L L P S H T

1 3 9 9 + P L L V I
8 9 0 8  1 1 9 3 3 0 1 6 0 0 + L X I D « V 1
8 9 0 3  C D 1 7 e S 1 6 0 1  + C A L L P L L T

1 6 0 2 + P S H E C R I T
8 9 0 E  1 1 B E 3 0 1 6 0 3 + L X I D ' E C R I T
8 9 1 1  C D 0 1 8 3 1 6 0 4 + C A L L P S H T

1 6 0 5 + P L L V 2
8 9 1 4  1 1 9 9 3 0 1 6 0 6 + L X I D t V 2
8 9 1 7  C D 1 7 C 3 1 6 0 7 + C A L L P L L T
8 9 1 A  C D 3 0 8 3 1 6 0 8 + C A L L G T H A N
8 9 I D  E 6 0 I 1 6 0 9 + A N I 0 1 H
8 9 I F  C 2 3 E 8 9 1 6 1 0 + J N 2 L 3 2

1 6 1 1 PS H C X D O T
e 9 2 2  1 1 5 0 3 0 1 6 1 2 + L X I D 'C X D O T

8 9 2 3  C D 0 1 8 3 1 6 1 3 + c a l l P S H T

1 6 1 4 PS H C N S T 1 1

8 9 2 8  1 1 F 1 3 0 1 6 1 3 + L X I D . C N S T 1 1

8 9 2 8  C D O 1 6 3 1 6 1 6 + C A L L P S H T

6 9 2 E  C D 7 0 6 E 1 6 1 7 C A L L F M U L

XX
X *«  S U B R O U T IN E  I P 2  • *
X
X I F  P O S I T I O N  E R R O R  I S  B E LO W  T H R E S H O L D  
X V A L U E  E C R I T  T H E N  U P D A T E  X I  A N D  Y I  
X E L S E  R E T U R N
X
X R EG  I S T E R S  A F F E C T E D *  A . D . E . S  I
X I F  E T A ) E C R I T  T H E N  C O N T I N U E  E L S E

X X I - X I + C N S T 1 1 * C X D O T

X Y I - Y I + C N S T U + C Y D O T

260



i s i s - i i  e o e o /e o e s  macro a s s em b ler» v4 .o MODULE PAGE

L O C  O B J L I N E S O U R C E S T A T E M E N T

1 6 1 8 P S H X I
8 9 3 1  1 1 5 8 3 0 1 6 1 9 + L X  I D* X I
8 9 3 d  C D 0 1 8 S 1 6 2 0 + C A L L P S H T
8 9 3 7  C D 6 4 8 Ê 1 6 2 1 C A L L F A D D

1 6 2 2 P L L X I
8 9 3 A  1 1 3 8 3 0 1 6 2 3 + L X  I D * X I
8 9 3 D  C D 1 7 8 3 1 6 2 4 + C A L L P L L T

1 6 2 3 P S H C Y D O T
8 9 4 0  1 1 5 4 3 0 1 6 2 6 + L X  1 D * C Y D O T
8 9 4 3  C D 0 1 8 3 1 6 2 7 + C A L L P S H T

1 6 2 8 P S H C N S T 1 1
8 9 4 6  1 1 F 1 3 0 1 6 2 9 + L X  I D .C N S T 1 1
8 9 4 9  C D 0 1 8 3 1 6 3 0 + C A L L P S H T
S 9 4 C  C D 7 0 8 E 1 6 3 1 C A L L F M U L

1 6 3 2 P S H Y I
S 9 4 F  1 1 5 C 3 0 1 6 3 3 + L X  I D » Y I
8 9 3 2  C D O 1 8 3 1 6 3 4 + C A L L P S H T
8 9 3 3  C D 6 4 6 E 1 6 3 5  . C A L L F A D D

1 6 3 6 P L L Y I
8 9 3 8  1 1 3 C 3 0 1 6 3 7 + L X  I D* Y I
8 8 5 B  C D 1 7 8 3 1 6 3 8 + C A L L P L L T
8 9 3 E  C 9 1 6 3 9  L 3 2 *

1 6 4 0
1 6 4 1
1 6 4 2
1 6 4 3
1 6 4 4
1 6 4 5
1 6 4 6
1 6 4 7
1 6 4 8

R E T

1 6 4 9  F F D * P S H J S L E U
8 9 5 F  1 1 4 0 3 0 1 6 5 0 + L X  I D « J 5 L E W
8 9 6 2  C D O 1 8 3 1 6 5 1  + C A L L P S H T

1 6 5 2 P L L V V S L E U
8 9 6 3  1 1 A 9 3 0 1 6 3 3 + L X  I D * V V 3 L E U
8 9 6 8  C D 1 7 8 3 1 6 5 4 +

1 6 5 5
C A L L P L L T

G 9 6 B  3 A 0 0 3 0 1 6 5 6 L D A M O D F LG
8 9 6 E  F E O O 1 6 3 7 C P I OOH
8 9 7 0  C 2 B F 8 9 1 6 5 8

1 6 5 9
1 6 6 0

J N Z L 4 3

1 6 6 1 I F F J X D O T  » E Q U A L S  « Z E R O  * L 4 4
1 6 6 2 + P S H J X D O T

8 9 7 3  1 1 3 8 3 0 1 6 6 3 + L X  I D » J X D O T

8 9 7 6  C D 0 1 8 3 1 6 6 4  + C A L L P S H T
1 6 6 5 + P L L V I

8 9 7 9  1 1 9 3 3 0 1 6 6 6 + L X  I D* V I

8 9 7 C  C D 1 7 e 3 1 6 6 7 + C A L L P L L T

1 6 6 8 + P S H Z E R O
8 9 7 F  1 1 7 0 8 0 1 6 6 9 + L X  I D * Z E R O

8 9 8 2  C D O 1 8 3 1 6 7 0 + C A L L P S H T
1 6 7 1  + P L L V 2

8 9 8 5  1 1 9 9 3 0 1 6 7 2 + L X  I D . V 2

;3

t
t
I * *  S U B R O U T I N E  F P D  * *  I ;
«(
«I
;

C A L C U L A T E S  V A L V E  O P E N IN G S *  
R E S U L T S  I N  R A N G E  - 1  TO  +1

R E G I S T E R S  A F F E C T E D *  A .D » E * S T A T U S  

S E T  S L E W  V O L T A G E

I
¡D I S R E G A R D  J O Y S T I C K  I N P U T S  I F  I N  
f  R E P E A T  M ODE

¡ I F  J X D O T  A N D  J Y D O T  B O T H  -  0  T H E N  
; S E T  V V A L F A  A N D  V V B E T A  TO  Z E R O
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i s i s - i i  e o e o / e o s s  macro assem bler» v4 .o MODULE PACE 34

L O G  O B J L I N E S O U R C E S T A T E M E N T

£ 9 8 8  C D 1 7 8 5 167 3+ C A L L P L L T
£ 9 £ B  C D 6 D 8 5 1674+ C A L L E Q U A L S
8 9  S E  E 6 0 1 1675+ A N 1 0 1 H
£ 9 9 0  C 2 9 6 8 9 167 6+ J N Z L 4 4
£ 9 9 3  C 3 B F 8 9 1 6 7 7 J M P L 4 3

1 6 7 8  L 4 4 t I F F J Y D O T « E Q U A L S « Z E R O »L 4 6
1 6 7 9 * P S H J Y D O T

£ 9 9 6  1 1 3 C 3 0 168 0+ L X  I 0 * J Y D O T
8 9 9 9  C D 0 1 8 3 1681  + C A L L P S H T

168 2+ P L L V I
£ 9 9 C  1 1 9 5 3 0 1 68 3+ L X  I D » V t
S 9 9 F  C D 1 7 8 5 168 4+ C A L L P L L T

168 5+ P S H Z E R O
8 9 A 2  1 1 7 D 8 0 1 68 6+ L X  I 0 »  Z E R O
8 9 A S  C D 0 1 G 5 168 7+ C A L L P S H T

168 8+ P L L V 2
8 9 A 8  1 1 9 9 3 0 1 6 8 9 * L X  I D » V 2
£ 9 A B  C D 1 7 8 S 169 0+ C A L L P L L T
E 9 A E  C D 6 D 8 5 169 1  + C A L L E Q U A L S
£ 9 9 1  E 6 0 1 1 69 2+ A N  I 0 1 H
8 9 3 3  C 2 B 9 8 9 169 3+ J N Z L 4 6
8 9 B 6  C 3 B F 8 9 1 6 9 4 J M P L 4 3
e 9 B 9  C D 8 0 8 C 1 6 9 5  L 4 6 1 C A L L F R E E Z E
8 9 B C  C 3 B B 8 A 1 6 9 6 J M P L 4 7

1 6 9 7  L 4 3 I P S H X I
8 9 B F  1 1 5 8 3 0 169 8+ L X  X D « X I
8 9 2 2  C D 0 1 8 5 169 9+ C A L L P S H T
8 9 C 5  C D C 4 8 E 1 7 0 0 C A L L P T O F
£ 9 2 8  C D 7 0 8 E 170 1 C A L L F f iU L

1 7 0 2 P S H Y I
8 9 C B  1 1 5 C 3 0 170 3+ L X  X D » Y I
8 9 C E  C D 0 1 8 5 1 7 0 4 + C A L L P S H T
8 9 0 1  C D C 4 8 E 1 7 0 5 C A L L P T O F
8 9 0 4  C D 7 0 8 E 1 7 0 6 C A L L F M U L
£ 9 0 7  C D 6 4 8 E 1 7 0 7 C A L L F A D D
6 9 D A  C D 2 4 8 F 1 7 0 8 C A L L S O R T

1 7 0 9 P L L DX
8 9 0 0  1 1 0 1 3 0 171 0+ L X  X D » D X
8 9 E O  C D 1 7 8 S 1 7 1 1 *

1 7 1 2
C A L L P L L T

1 7 1 3 P S H C N S T 1
8 9 E 3  1 1 A 1 £ 0 1 7 1 4 * L X  I D » C N S T 1
8 9 E 6  C O O 1 6 5 1 7 1 5 * C A L L P S H T

1 7 1 6 P S H OX
S 9 E 9  1 1 0 1 3 0 1 7 1 7 * L X I D v D X
8 9 E C  C O O 1 8 5 1 7 1 8 * C A L L P S H T
8 9 E F  C D C 4 e E 1 7 1 9 C A L L P T O F

8 9 F 2  C D 7 0 8 E 1 7 2 0 C A L L F M U L
8 9 F 5  C D 9 4 8 E 1721 C A L L F S U B

1 7 2 2 P S H C N S T 2
8 9 F 8  1 1 A 5 8 0 1 7 2 3 * L X I D » C N 5 T 2

8 9 F B  C O O 1 8 5 1 7 2 4 * C A L L P S H T

8 9 F E  C D A 0 8 E 1 7 2 5 C A L L F D I V

6 A 0 1  C 0 0 C 8 F 1 7 2 6 C A L L A C O S
1 7 2 7 P L L B I

I
; B I * A C O S ( C L A * *  2 + R A * *  2 - D X * *  2  > / 

I ( 2 * L A * R A ) )
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L O C  O B J L I N E S O U R C E S T A T E M E N T

8 A 0 4  1 1 0 9 3 0 1 7 2 8 + L X I D iB I
8 A 0 7  C D 1 7 8 3 1 7 2 9 *

1 7 3 0
C A L L P L L T

1 7 3 1 P S H C N S T 3
S A G A  1 1 A 9 8 0 1 7 3 2 + L X I D * C N 3 T 3
8 A O D  C D 0 1 8 5 1 7 3 3 + C A L L P S H T

1 7 3 4 P S H DX
G A I O  1 1 0 1 3 0 1 7 3 5 + L X I D«D X
8 A 1 3  C D 0 1 8 5 1 7 3 6 + C A L L P S H T
G A I 6  C D C 4 8 E 1 7 3 7 C A L L P T O F
G A 1 9  C D 7 0 8 E 1 7 3 8 C A L L F M U L
G A 1 C  C D 4 4 8 E 1 7 3 9 C A L L F A D D

1 7 4 0 P S H DX
8 A 1 F  1 1 0 1 3 0 1 7 4 1  + L X I D *D X
8 A 2 2  C D O ie S 1 7 4 2 + C A L L P S H T

1 7 4 3 P S H C N S T 4
8 A 2 3  1 1 A 0 6 0 1 7 4 4 + L X I D * C N 5 T 4
8 A 2 8  C D O ie S 1 7 4 5 + C A L L P S H T
G A 2 B  C 0 7 0 S E 1 7 4 4 C A L L F M U L
8 A 2 E  C D A 0 8 E 1 7 4 7 C A L L F D I V
8  A 3 !  C D O C 8 F 1 7 4 8 C A L L A C O S

1 7 4 9 P L L A A
8 A 3 A  1 1 0 D 3 0 1 7 3 0 + L X I D* A A
8 A 3 7  C D 1 7 8 3 1 7 3 1  +

1 7 3 2
C A L L P L L T

1 7 3 3 P S H Y I
8 A 3 A  1 1 3 C 3 0 1 7 3 4 + L X I D * Y I
8 A 3 D  C 0 0 1 8 3 1 7 5 5 + C A L L P S H T
8 A 4 0  C D 7 C 8 E 1 7 3 4 C A L L C H S F

1 7 5 7 P S H DX
G A A 3  1 1 0 1 3 0 1 7 5 8 + L X I D iD X
6 A 4 4  C O O 1 8 5 1 7 5 9 + C A L L P S H T
8 A 4 9  C D A 0 8 E 1 7 4 0 C A L L F D I V
S A 4 C  C D O C 8 F 1 7 4 1 C A L L A C O S

1 7 4 2 P L L A B
Ê A 4 F  1 1 1 1 3 0 1 7 4 3 + L X I 0« A B
S A 3 2  C D 1 7 8 5 1 7 4 4 + C A L L P L L T

1 7 4 5 P S H A B
8 A S 5  1 1 1 1 3 0 1 7 6 4 + L X I D* A B
8 A 3 8  C 0 0 1 8 3 1 7 6 7 + C A L L P S H T

1 7 6 8 P S H A A
8 A S B  1 1 0 D 3 0 1 7 6 9 + L X I D* A A
8 A 5 E  C D 0 1 8 3 1 7 7 0 + C A L L P S H T
8 A 6 1  C D 6 4 8 E 1 7 7 1 C A L L F A D D

1 7 7 2 P L L A I
8 A 6 4  1 1 0 5 3 0 1 7 7 3 + L X I D* A I

8 A 6 7  C D 1 7 8 5 1 7 7 4 + C A L L P L L T
1 7 7 3 P S H A I

8 A 6 A  1 1 0 3 3 0 1 7 7 6 + L X I D* A I

8 A 6 0  c o o i e s 1 7 7 7 + C A L L P S H T

1 7 7 8 P S H A L P H A
8 A 7 0  1 1 8 4 3 0 1 7 7 9 + L X I D * A L P H A
8 A 7 3  C O O 1 8 3 1 7 8 0 + C A L L P S H T
8 A 7 4  C D 9 4 8 E 1 7 8 1 C A L L F S U B
8 A 7 9  C 0 C 4 8 E 1 7 8 2 C A L L P T O F

33

I
t A A > A C O S C C L A * « 2 + D X * « 2 - R A * * 2 ) /  

» ( 2 * L A * D X ) )

I
I A B “ A C O S < —Y I / D X )

tA l~ A A + A B

i  E A L P H A - A I - A L P H A



i s i s - i i  e o e o /s o e s  macro assem bler  * v a . o MODULE PAGE 36

LOC iOBJ L IN E SOURCE STATEMENT

1783 P LL EALPHA
SA7C 1 1A130 1784+ LX I D«EALPHA
6A7F CD17S3 1785+ CALL PLLT

1786 PSH A1A
8A82 11D930 1787+ LX I D .A1A
BASS CD0185 1788* C ALL PSHT
SACS CD706E 1789 C ALL FMUL

1790 P LL VVALFA
8A8B 11AD30 1791 + LX  I D* W A LF A
BASE CD17S5 1792+ C A LL PLLT

1793 PSH BI
8A91 110930 1794+ LX I D«BI
8A94 CD018S 1795+ C ALL PSHT

1796 PSH BETA
8A97 11SS30 1797+ L X I D «BETA
8A9A CD01SS 1798+ C A LL PSHT
SA9D CD946E 1799 CALL FSUB
SAAO CDC48E 1800 C A LL PTOF

1801 P L L EBETA
SAA3 11AS30 1802+ LX I D«EBETA
6AA6 c o i7 e s 1803+ C A LL PLLT

1804 PSH A1B
6AA9 11DD30 1803+ LX I D« A1B
6AAC c d o i s s 1806+ CALL PSHT
SAAF CD708E 1807 C ALL FMUL

1608 P L L W B E TA
8AB2 11B130 1809+ L X I D« W B E TA
SABS CD1783 1810+ CALL PLLT
8AB8 CD6D8B 1811 CALL CHKLMT
8ABB 3A0030 1812 L4 7 I LDA MODFLG
8ABE FEOO 1813 CPI OOH
8AC0 C2038B 1814 JN2 L49

1815
1816
1817
1818 IF F JB K T «GTHAN. ZERO«L 4 1
1819+ PSH JBK T

SAC3 114430 1820+ L X I D «JBKT
SAC6 CD0165 1821 + CALL PSHT

1822+ PLL V I
8 AC 9 119330 1823+ LX I D* V I
SACC CD17S3 1824+ CALL PLLT

1825+ PSH ZERO
6ACF 1 17D60 1826+ LX I D * ZERO
SAD2 c D o ie s 1627+ CALL PSHT

1828+ PLL V2
SADS 119930 1829+ LX I D»V2
6AD8 CD17S5 1830+ c a l l PLLT
SADB CD30S3 1831 + CALL GTHAN
BADE £601 1832+ ANI 01H
SAEO C2508B 1833+ JNZ L41

1834 IF F JBKT,LTHAN»ZER0«L42
1833+ PSH JBKT

8AE3 114430 1836+ LX I D«JBKT
SAE6 CD01SS 1837+ CALL PSHT

«V V A L F A * A 1 A * E A L P H A

» E B E T A * B I - B E T A

1 W B E T A - A 1  B * E B E T A

« D I S R E G A R D  J O Y S T I C K  I N P U T S  I F  IN  
; R E P E A T  M O D E

« C A L C U L A T E  W B K T
« I F  J B K T - 0  T H E N  V V B K T * S G N < E P S I ) 
I E L S E  V V B K T - S G N C J B K T )
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i s i s —11 e o e o /e o e s  macro assem bler» v 4 .o MODULE PAGE 37

L O C  O B J L I N E S O U R C E  S T A T E M E N T

1 8 3 8 * P L L V I
6 A E 9 1 1 9 5 3 0 1 2 3 9 + L X  I 0»  V I
8 A E C C D 1 7 6 3 1 8 4 0 + C A L L P L L T

1 8 4 1  + PS H Z E R O
8 A E F 1 1 7 D 6 0 1 8 4 2 + L X  I D« Z E R O
8 A F 2 C D 0 1 S 3 1 8 4 3 + C A L L P S H T

1 6 4 4  + P L L V 2
8 A F 5 1 1 9 9 3 0 1 6 4 3 + L X I D * V 2
8 A F 8 C D 1 7 8 3 1 8 4 6 + C A L L P L L T
8 A F B C D 4 7 6 5 1 8 4 7 + C A L L L T H A N
S A F E E 6 0 1 1 8 4 8 + A N I 0 1 H
S BO O C 2 5 D 6 B 1 6 4 9 + JN Z L 4 2

1 8 5 0  L 4 9 I I F F E P S I » G T H A N  « P C R I T  * L 4 1
1 8 5 1  + PS H E P S !

S B 0 3 1 1 7 6 3 0 1 6 3 2 + L X I D . E P S I
8 B 0 6 C D 0 1 6 S 1 8 3 3 + C A L L P S H T

1 8 5 4 + P L L V I
8 B 0 9 1 1 9 5 3 0 1 8 3 3 + L X I D t V l
S B O C C D 1 7 6 3 1 8 5 6 + C A L L P L L T

1 8 5 7 + PS H P C R I T
e a o F 1 1 E 1 3 0 1 8 5 8 + L X I D* P C R I T
8 B 1 2 C D 0 1 6 3 1 8 5 9 + C A L L P S H T

1 8 6 0 + P L L V 2
S B  1 3 1 1 9 9 3 0 1 8 6 1  + L X I D . V 2
S B i a C D 1 7 6 3 1 8 6 2 + C A L L P L L T
S B 1 B C D 3 0 6 3 1 6 a 3+ C A L L G T H A N
S B l  E E 6 0 1 1 8 6 4 + A N I 0 1 H
S B 2 0 C 2 5 O 0 B 1 8 6 5 + JN Z L 4 1

1 8 6 6 I F F E P S I t L T H A N » N C R I T t L 4 2
184.7+ PS H E P S I

8 B 2 3 1 1 7 6 3 0 1 8 6 8 + L X I D » E P S I
S B 2 6 C D 0 1 6 5 1 8 6 9 + C A L L P S H T

1 8 7 0 + P L L V I
8 B 2 9 1 1 9 3 3 0 1 8 7 1  + L X I D* V I
S B 2 C C D 1 7 6 3 1 8 7 2 + C A L L P L L T

1 8 7 3 + P S H N C R I T
8 B 2 F 1 1 E 3 3 0 1 8 7 4 + L X I D 'N C R I T
S B 3 2 C D O ie S 1 8 7 3 + C A L L P S H T

1 8 7 6 + P L L V 2
S B 3 3 1 1 9 9 3 0 1 8 7 7 + L X I D * V 2
8 B 3 S C D 1 7 6 3 1 8 7 8 + C A L L P L L T
S B 2 B C D 4 7 8 3 1 8 7 9 + C A L L L T H A N
S B 3 E E 6 0 1 1 8 6 0 + A N I 0 1 H
8 B 4 0 C 2 3 0 6 B 1 8 8 1  + JN Z L 4 2

1 8 6 2 PS H Z E R O
6 B 4 3 1 1 7 D 6 0 1 8 8 3 + L X I D iZ E R O
6 B 4 6 C D 0 1 6 3 1 8 8 4 + C A L L P S H T

1 8 8 5 P L L W B K T
© B 49 1 1 B 5 3 0 1 8 6 6 + L X I D i W B K T

8 B 4 C C D 1 7 e 5 1 8 8 7 + c a l l P L L T
8 B 4 F C 9 1 8 8 6 R E T

1 8 8 9  L 4 1  : PS H O N E

S B 3 0 1 1 6 1 8 0 1 6 9 0 + L X I D tO N E

6 B 5 3 C D 0 1 8 5 1 8 9 1  + C A L L P S H T

1 6 9 2 P L L V V B K T

Ç E P S I - 0 * V V B K T » 0

265



i s i s - i i  eoeo/eoes macro a s s em b ler» v 4 .o MODULE PAGE 30

L O C O B J L I N E S O U R C E S T A T E M E N T

6 B 5 & 1 1 8 3 3 0 1 8 9 3 + L X  X D » W B K T
© B 5 9 C D 1 7 C 3 1 8 9 4 + C A L L P L L T

O B  5 2 C 9 i e 9 5 R E T
1 8 9 6  L 4 2 * R S H O N E

© BSD l i e i e o 1 8 9 7 + L X  X D tO N E
S B 6 0 c D o i e s 1 8 9 8 + C A L L P S H T

8 B 6 3 C D 7 C 8 E 1 8 9 9 C A L L C H S F
1 9 0 0 P L L W B K T

© B 6 6 1 1 B 5 3 0 1 9 0 1  + L X  I D» W B K T
© B 6 9 C D 1 7 8 3 1 9 0 2 + C A L L P L L T
© B 6C C 9 1 9 0 3 R E T

1 9 0 4 1
1 9 0 5 (
1 9 0 6 » + * S U B R O U T I N E  C H K L M T  * *
1 9 0 7 «
1 9 0 8 ( F R E E Z E S  L I F T  A N D  R E A C H  ARM
1 9 0 9 ( M O V E M E N T  I F  A T T E M P T  I S  M A D E  TO
1 9 1 0 ( E X C E E D  T H E  L I M I T  O F  RAM  T R A V E L
1 9 1 1 1
1 9 1 2 ( R E G I S T E R S  A F F E C T E D * A « D * E * S T A T U S
1 9 1 3 t
1 9 1 4  C H K L M T * I F F M C A L F A  »G E G U A L  < A M AX  * LO O
1 9 1 5 + P S H M C A L F A

8 B 6 D 1 1 8 0 3 0 1 9 1 6 + L X  I D iM C A L F A
© B 7 0 C D 0 1 8 5 1 9 1 7 + C A L L P S H T

1 9 1 8 + P L L V I
8 B 7 3 1 1 9 5 3 0 1 9 1 9 + L X  I D « V I
S B 7 6 C D 1 7 8 5 1 9 2 0 + C A L L P L L T

1 9 2 1  + P S H A M AX
8 B 7 9 1 1 0 3 3 1 1 9 2 2 + L X  I D « A M A X
6 B 7 C C D 0 1 8 5 1 9 2 3 + C A L L P S H T

1 9 2 4 + P L L V 2
e B 7 F 1 1 9 9 3 0 1 9 2 5 + L X  I D t V 2
8 B 0 2 C D 1 7 C 3 1 9 2 6 + C A L L P L L T
6 B 8 5 C D 3 E 8 S 1 9 2 7 + C A L L G E G U A L
B B S S £ 6 0 1 1 9 2 6 + A N I 0 1 H
© BOA C 2 9 0 8 B 1 9 2 9 + J N Z L 8 0
© BSD C 3 B 0 8 B 1 9 3 0 J M P L 8 1

1 9 3 1  L 8 0 i I F F W A L F A  « G E G U A L  * Z E R O  * L 8 7
1 9 3 2 + P S H W A L F A

8 B 9 0 1 1 A D 3 0 1 9 3 3 + L X  I D f  W A L F A
© B 93 C D 0 1 8 5 1 9 3 4 + C A L L P S H T

1 9 3 5 + P L L V I

8 B 9 6 1 1 9 5 3 0 1 9 3 6 + L X  I D ' V l
6 B 9 9 C D 1 7 6 3 1 9 3 7 + C A L L P L L T

1 9 3 8 + P S H Z E R O
8 B 9 C 1 1 7 D 6 0 1 9 3 9 + L X  1 D* Z E R O
6 B 9 F C D 0 1 8 5 1 9 4 0 + C A L L P S H T

1 9 4 1  + P L L V 2
6 B A 2 1 1 9 9 3 0 1 9 4 2 + L X I D f  V 2

8 B A 5 C D 1 7 8 5 1 9 4 3 + C A L L P L L T

8 B A 0 C D 3 E 8 5 1 9 4 4 + C A L L G E G U A L

© BAB £ 6 0 1 1 9 4 5 + A N I 0 1 H

© BAD C 2 7 C 8 C 1 9 4 6 + J N Z L 8 7

1 9 4 7  L S I  I I F F M C A L F A  « L E C U A L  * A M IN  » L 0 2
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i s i s - i i  eoeo/eoes macro assem bler» v a .o MODULE PAGE 39

LO C  1DBJ L IN E SOURCE STATEMENT

1948+ PSH MCA LFA
8BB0 11S030 1949+ LX 1 D*MCALFA
SB33 CD0183 1950+ CALL PSHT

1951 + PLL V I
6BB 6 119330 1952+ LX I D»V1
SBB9 CD1785 1953+ CALL P L LT

1954+ PSH AMIN
8BBC 110131 1955+ LX I D » AMIN
SBBF CDOlSS 1956+ CALL PSHT

1957+ PLL V2
8BC2 119930 195S+ LX I D»V2
8BC5 CD17S5 1959+ CALL P L L T
6BCS CD6385 1960+ CALL LEOUAL
B h Z B E601 1961 + ANI 01H
©BCD C2D36B 1962+ JNZ LS 2
SBDO C3F3SB 1963 JMP LS3

1964 LS2* IF F VVALFA  > LEO U AL» ZERO » LS7
1965+ PSH W A L F A

S3D3 1 1AD30 1966+ LX 1 D* W A L F A
8BD6 CDOlSS 1967+ CALL PSHT

1968+ PLL V I
SBD9 119530 1969+ LX 1 D« V I
SBOC CD1783 1970+ CALL P L L T

1971 + PSH ZERO
SBDF 1 17D80 1972+ LX 1 D* ZERO
S E E2 CD0185 1973+ CALL PSHT

1974+ PLL V2
8B E5 119930 1975+ LX I D* V2
8B E8 CD1783 1976+ CALL P L L T
6 E E 9 CD63S5 1977+ CALL LEQUAL
SEES £ ¿ 0 1 1976+ ANI 01H
8BFO C27C8C 1979+ JNZ LS 7

I960  L83* IF F BETA « GEQUAL « BMAX « L64
1981 + PSH BETA

8B F  3 11SS30 1982+ LX I D»B£TA
SB F6 CDOlSS 1983+ CALL PSHT

1984+ PLL V I
S B F9 119330 1985+ LX  I D* V I
8BFC CD1783 1986+ CALL P L L T

1987+ PSH BMAX
S B FF 110D31 1966+ LX 1 DtBMAX
SC02 CDOlSS 1989+ CALL PSHT

1990+ PLL V2©cos 119930 1991 + LX 1 D« V2
8C08 CD17S5 1992+ CALL P L L T©cos CD5ES3 1993+ CALL GEOUAL
s c o e £ ¿ 0 1 1994+ ANI O lHscio C2168C 1995+ JNZ L84
SC 13 C3368C 1996 JMP LS 3

1997 L84 I IF F W B E T A  • GEQUAL » ZERO » L87
1998+ PSH VVBETA

e c i6 11B 130 1999+ LX I D .VVBETA
SC 19 CD01S5 2000+ CALL PSHT

2001 + PLL V Iscie 119330 2002+ LX I D* V I
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IS IS -II 8080/8085 MACRO ASSEMBLER» VA.O MODULE

L O C  O B J

8 C 8 0  1 1 7 D 6 Û
ecs3 cooles
8 2 8 6  C D C 4 8 E

8 C 8 9  1 1 A D 3 0  
8 C 6 C  C D 1 7 S 3

8 C 8 F  1 1 B 1 3 0  
8 C 9 2  C D 1 7 8 3  
8 C 9 5  C 9

8 C 9 6  1 1 A 9 3 0  
6 C 9 9  C D 0 1 8 3

8 C 9 C  1 1 C 2 3 0  
8 C 9 r  C D 1 7 8 3  
8 C A 2  3 A 0 5 3 0  
8 C A 5  3 2 C 9 3 0  
8 C A 3  3 A D 7 3 0  
6 C A B  3 2 C A 3 0  
8 C A E  3 A D 6 3 0  
8 C B 1  3 2 C B 3 0  
6 C B 4  3 A D 8 3 0  
8 C B 7  3 2 C C 3 0  
6 C B A  C D 8 A 8 D  
8 C B D  3 2 B 9 3 0  
6 C C 0  D 3 0 0

8 C C 2  1 1 A D 3 0  
8 C C S  C D 0 1 8 3

8 C C 8  1 1 C 2 3 0  
S C C B  C D I 7 8 5  
8 C C E  3 A C D 3 0  
8 C D 1  3 2 C 9 3 0  
8 C D A  3 A C F 3 0  
8 C D 7  3 2 C A 3 0  
8 C D A  3 A C E 3 0  
8 C D D  3 2 C B 3 0  
8 C E 0  3 A D 0 3 0  
8 C E 3  3 2 C C 3 0  
8 C E 6  C D 8 A 8 D  
8 C E 9  3 2 B A 3 0  
6 C E C  0 3 0 1

S O U R C E S T A T E M E N T

P S H Z E R O
L X  I D » Z E R O
C A L L P S H T
C A L L P T O F
P L L V V A L F A
L X  I D » V V A L F A
C A L L P L L T
P L L V V B E T A
L X  I D » V V B E T A
C A L L
R E T

P L L T

P S H V V S L E W
L X  I D « V V S L E W
C A L L P S H T
P L L F V O
L X I D » F V O
C A L L P L L T
L D A S P O F
S T A P O F
L D A S N O F
S T A N O F
L D A S P M A X
S T A PM A X
L O A S N M A X
S T A NP1AX
C A L L V L  I N
S T A V S
O U T O O H
P S H V V A L F A
L X I D » V V A L F A

C A L L P S H T
P L L F V O
L X I D » F V O
C A L L P L L T
L D A A P O F
S T A P O F
L O A A N O F
S T A N O F
L D A A  PM A X
S T A PM A X
L D A A N M A X
S T A NM AX
C A L L V L I N
S T A V L
O U T 0 1 H

L I N E  !

2 0 5 8  F R E E Z E *
2 0 5 9 +
2 0 6 0 +
2 0 6 1
2 0 6 2
2 0 6 3 *
2 0 6 4 +
2 0 6 5
2 0 6 6 +
2 0 6 7 +
2 0 6 8
2 0 6 9
2 0 7 0
2 0 7 1
2 0 7 2
2 0 7 3
2 0 7 4
2 0 7 5
2 0 7 6
2 0 7 7
2 0 7 8
2 0 7 9  O U T P U T
2 0 8 0 +
2 0 8 1  +
2 0 8 2
2 0 8 3 +
2 0 8 4 +
2 0 8 3
2 0 8 6
2 0 8 7
2 0 8 8
2 0 8 9
2 0 9 0
2 0 9 1
2 0 9 2
2 0 9 3
2 0 9 4
2 0 9 3
2 0 9 6  L S 2 *
2 0 9 7 +
2 0 9 8 +
2 0 9 9
2100+

2101  +

2102
2 1 0 3
2 1 0 4
2 1 0 3
2 1 0 6
2 1 0 7
2 1 0 8
2 1 0 9
2110
2111
2112

1
;* +  S U B R O U T I N E  O U T P U T  * *;
? O P E R A T E S  C U T - O F F »  O F F S E T S  
? A N D  O U T P U T S  S I G N A L  TO  
t V A L U E  D R I V E R S  I
I R E G I S T E R S  A F F E C T E D *  A « D » E » S  I
; S E T  S L E W  V A L V E

\ S E T  L I F T  V A L V E



i s i s - i t  soeo/eoe3 macro assem bler« v4 .o MODULE PAGE 42

L O C O B J L I N E S O U R C E S T A T E M E N T

2 1 1 3  L 5 3 i PS H W B E T A
8 C E E 1 1 B 1 3 0 2 1 1 4 + L X I D « V V 8 E T A
e c F  1 C D 0 1 8 3 2 1 1 5 + C A L L P S H T

2 1 1 6 P L L F V O
8 C F 4 1 1 C 2 3 0 2 1 1 7 * L X I D « F V O
8 C F 7 C D 1 7 8 3 2 i  ie + C A L L P L L T
S C F A 3 A 0 1 3 0 2 1 1 9 L D A B P O F
8 C F D 3 2 C 9 3 0 2 1 2 0 S T A P O F
S D O O 3 A 0 3 3 0 2 1 2 1 L D A B N O F
8 D 0 3 3 2 C A 3 0 2 1 2 2 S T A N O F
8 0 0 6 3 A D 2 3 0 2 1 2 3 L O A B P M A X
8 0 0 9 3 2 C B 3 0 2 1 2 4 S T A PM  A X
8 D 0 C 3 A D 4 3 0 2 1 2 5 L D A B N M A X
6 D C F 3 2 C C 3 0 2 1 2 6 S T A N M A X
S D 1 2 C D 8 A 8 D 2 1 2 7 C A L L V L I N
8 D 1 S 3 2 B B 3 0 2 1 2 8 S T A V R
8 D 1 8 0 3 2 1 2 1 2 9 O U T 2 1 H

2 1 3 0  L 5 4 * I F F V V B K T  * E Q U A L S « Z E R O . L 5 3
2 1 3 1  + PS H V V B K T

8 D 1 A 1 1 B 3 3 0 2 1 3 2 + L X I 0 « V V B K T
8 D 1 D C O O 1 8 3 2 1 3 3 + C A L L P S H T

2 1 3 4 + P L L V I
8 0 2 0 1 1 9 3 3 0 2 1 3 5 + L X I D « V 1
8 0 2 3 C D 1 7 8 3 2 1 3 6 + C A L L P L L T

2 1 3 7 + PS H Z E R O
8 0 2 6 i i 7 o e o 2 1 3 8 + L X I D* Z E R O
8 0 2 9 C O O 1 6 5 2 1 3 9 + C A L L P S H T

2 1 4 0 + P L L V 2
8 D 2 C 1 1 9 9 3 0 2 1 4 1  + L X I D « V 2
8 D 2 F C D ! 7 8 3 2 1 4 2 + C A L L P L L T
8 0 3 2 C 0 6 D e 3 2 1 4 3 + C A L L E Q U A L S
8 0 2 3 £ 6 0 1 2 1 4 4 + A N I 0 1 H
8 0 3 7 C 2 5 0 8 D 2 1 4 3 + JN Z L 3 3

2 1 4 6 I F F V V B K T  « G T H A N  * Z E R O »L 5 6
2 1 4 7 + PS H V V B K T

6 D 3 A 1 1 B 5 3 0 2 1 4 8 + L X I 0*  W B K T
8 D 3 D C O O 1 8 5 2 1 4 9 + C A L L P S H T

2 1 5 0 + P L L V I
8 0 4 0 1 1 9 3 3 0 2 1 3 1  + L X I D « V 1
8 0 4 3 C 0 1 7 8 5 2 1 5 2 + C A L L P L L T

2 1 5 3 + PS H Z E R O
8 0 4 6 1 1 7 0 8 0 2 1 3 4 + L X I 0«  Z E R O
8 0 4 9 C O O 1 6 5 2 1 3 3 + C A L L P S H T

2 1 5 6 + P L L V 2
6 D 4 C 1 1 9 9 3 0 2 1 3 7 + L X I D . V 2
6 0 4 F C 0 1 7 8 3 2 1 5 8 + C A L L P L L T
8 0 3 2 C 0 3 0 6 3 2 1 5 9 + C A L L G T H A N
8 0 5 3 E 6 0 1 2 1 6 0 + A N I 0 1 H
8 0 3 7 C 2 6 3 6 0 2 1 6 1  + JN Z L 5 6
8 D 5 A C 3 6 D 8 D 2 1 6 2 J M P L 3 7
8 0 3 0 3 E C 0 2 1 6 3  L 3 5 * M V I A «O C O H

8 0 S F 3 2 B C 3 0 2 1 6 4 S T A V B

8 0 6 2 0 3 2 2 2 1 6 3 O U T 2 2 H
8 0 6 4 C 9 2 1 6 6 R E T
8 0 6 3 3 E 8 0 2 1 6 7  L 5 6 » MV I A « 8 0 H

\ S E T  R E A C H  V A L V E

; S E T  B U C K E T  S W IT C H

fS E G M E N T  F O R  S T A T I C  B U C K E T

I S E G M E N T  F O R  O P E N I N G  B U C K E T
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Is Is—11 eoeo/eo£5 macro assem bler* v4 .o MODULE PAGE 43

L O C  O B J L I N E  S O U R C E  S T A T E M E N T

0 0 6 7  3 2 B C 3 0  
S 0 6 A  D 3 2 2  
S D 6 C  C 9  
6 D 6 D  3 E 4 0  
S D 6 F  3 2 B C 3 0  
S O 7 2  0 3 2 2  
6 0 7 4  C 9

8 D ? 5  3 2 0 0 1 0  
6 0 7 8  A F  
£ 0 7 9  3 2 0 0 1 0¿070 coeeee
S D 7 F  C 9

6 0 8 0  C D A C 6 E  
6 0 6 3  3 A 0 0 1 0  
6 0 3 6  3 A 0 0 1 0  
6 0 3 9  C 9

8 D S A  1 1 C 2 3 0  
6 D 6 D  C O O 1 6 3

8 D 9 0  1 1 9 3 3 0  
6 0 9 3  C O 1 7 6 3

2 1 6 8 S T A V B
2 1 6 9 O U T 2 2 H
2 1 7 0 R E T
2 1 7 1  L 5 7 i M V  I A * 4 0 H 1 S E G M E N T  F O R  C L O S I N G  B U C K E T
2 1 7 2 S T A V B
2 1 7 3 O U T 2 2 H
2 1 7 4 R E T
2 1 7 5 (
2 1 7 6 «
2 1 7 7 ( * *  S U B R O U T I N E  F L O A T  » *
2 1 7 8 1
2 1 7 9 5 P U T S  C O N T E N T S  O F  * A ’  R E G I S T E R
2 1 8 0 % O N  T O P  O F  A P U  S T A C K
2 1 8 1 1
2 1 8 2 1 R E G I S T E R S  A F F E C T E D «  A
2 1 8 3 l
2 1 8 4  F L O A T : S T A lO O O H
2 1 8 5 X R A A
2 1 8 6 S T A lO O O H
2 1 8 7 C A L L F L T S
2 1 6 8 R E T
2 1 8 9 t
2 1 9 0 (
2 1 9 1 1 « *  S U B R O U T I N E  F I X  * *
2 1 9 2 f

2 1 9 3 « P U T S  3 2 - B I T  T O S  O F  A P U
2 1 9 4 1 I N  T H E  A  R E G I S T E R
2 1 9 5 «

2 1 9 6 « R E G I S T E R S  A F F E C T E D «  A
2 1 9 7 «
2 1 9 8  F I X « C A L L F I X S
2 1 9 9 L D A lO O O H
2 2 0 0 L D A lO O O H
2 2 0 1 R E T
2 2 0 2 «

2 2 0 3 «
2 2 0 4 «*#  S U B R O U T I N E  V L I N  * •

2 2 0 3 «

2 2 0 6 « V A L V E  O P E N I N G  I N  N O M IN A L  R A N G E  - 1  T O
2 2 0 7 « +1 I S  P A S S E D  I N  F V O .
2 2 0 8 1 S U B R O U T I N E  C A L C U A L A T E S  B Y T E  O P  T O
2 2 0 9 « B E  O U T P U T  T O  T H E  D R I V E R  C I R C U I T
2 2 1 0 « U S I N G  D A T A  PO S «  PM A X «  NO S« 6  N M A X .
2 2 1 1 «

2 2 1 2 ( R E G I S T E R S  A F F E C T E D «  A « D « E iS T A T U S
2 2 1 3 1

2 2 1 4  V L I N : I F F F V O « G TH A N  >ZERO  « L 6 1
2 2 1 5 + P S H F V O
2 2 1 6 + L X  1 D « F V O
2 2 1 7 + c a l l P S H T
2 2 1 8 + P L L V I
2 2 1 9 + L X  I 0 « v i

2 2 2 0 + C A L L P L L T
2 2 2 1  + P S H Z E R O
2 2 2 2 + L X  I D * Z E R O6 0 9 6  1 1 7 0 6 0
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ISIS-11 6080/8083 MACRO ASSEMBLER» V4.0 MODULE PAGE 44

L O C  O B J L I N E S O U R C E S T A T E M E N T

8 D 9 9  C D 0 1 8 5 2 2 2 3 + C A L L P S H T
2 2 2 4 + P L L V 2

8 D 9 C  1 1 9 9 3 0 2 2 2 3 + L X  I D » V 2
8 D 9 F  C D 1 7 8 3 2 2 2 6 + C A L L P L L T
8 D A 2  C D 3 0 8 3 2 2 2 7 + C A L L G T H A N
6 D A S  E 6 0 1 2 2 2 8 + A N I O lH
8 D A 7  C 2 C C 8 D 2 2 2 9 + J N Z L 6 1

2 2 3 0 I F F F V O » L T H A N »  Z E R 0 » L 6 2
2 2 3 1  + P S H F V O

8 D A A  1 1 C 2 3 0 2 2 3 2 + L X  I D »F V O
8 D A D  C D 0 1 8 5 2 2 3 3 + C A L L P S H T

2 2 3 4 + P L L V I
8 D B 0  1 1 9 3 3 0 2 2 3 3 + L X I D « V 1
8 D B 3  C D 1 7 8 3 2 2 3 6 + C A L L P L L T

2 2 3 7 + P S H Z E R O
8 D B 6  1 1 7 D 8 0 2 2 3 8 + L X I D» Z E R O
6 D B 9  C D 0 1 8 3 2 2 3 9 + C A L L P S H T

2 2 4 0 + P L L V 2
S D B C  1 1 9 9 3 0 2 2 4 1  + L X I D » V 2
8 D B F  C D 1 7 8 3 2 2 4 2 + C A L L P L L T
8 D C 2  C D 4 7 8 3 2 2 4 3 + C A L L L T H A N
8 D C S  E 6 0 1 2 2 4 4 + » A N I O lH
6 D C 7  C 2 0 0 8 E 2 2 4 5 + J N Z L 6 2
8 D C A  A F 2 2 4 6 X R A A
8 D C B  C 9 2 2 4 7 R E T

2 2 4 6  L 6 1 « I F F F V O »L T H A N  * O N E  « L 6 3
2 2 4 9 + P S H F V O

8 D C C  1 1 C 2 3 0 2 2 3 0 + L X I D » F V O
8 D C F  C D 0 1 8 3 2 2 3 1  + C A L L P S H T

2 2 5 2 + P L L V I
8 D 0 2  1 1 9 3 3 0 2 2 3 3 + L X I D .V 1
8 D 0 3  C D 1 7 8 3 2 2 3 4 + C A L L P L L T

2 2 5 5 + P S H O N E
8 0 D 8  1 1 8 1 6 0 2 2 3 6 + L X I D » O N E
8D D B  C D 0 1 8 3 2 2 3 7 + C A L L P S H T

2 2 5 8 + P L L V 2
6 D D E  1 1 9 9 3 0 2 2 3 9 + L X I D « V 2
8 D E 1  C D 1 7 8 3 2 2 6 0 + C A L L P L L T
8 D E 4  C 0 4 7 8 5 2 2 6 1  + C A L L L T H A N
6 D E 7  E 6 0 1 2 2 6 2 + A N I O lH
8 D E 9  C 2 F 0 6 D 2 2 6 3 + JN Z L 6 3
8 D E C  3 A C B 3 0 2 2 6 4 L D A PM A X
8 D E F  C ? 2 2 6 5 R E T
6 D F 0  3 A C 9 3 0 2 2 6 6  L 6 3 > L D A P O F
8 D F 3  3 2 C 7 3 0 2 2 6 7 S T A O F F S E T
8 D F 6  3 A C B 3 0 2 2 6 8 L D A PM A X
6 D F 9  3 2 C B 3 0 2 2 6 9 S T A M AX
8 D F C  C 3 3 F 8 E 2 2 7 0 J M P L 6 4
8 D F F  C 9 2 2 7 1 R E T

2 2 7 2  L 6 2 * I F F F V O  » G T H A N  » M I N O N E »L 6 3
2 2 7 3 + P S H F V O

8 E 0 0  1 1 C 2 3 0 2 2 7 4 + L X I D » F V O
8 E 0 3  C D 0 1 8 3 2 2 7 3 + C A L L P S H T

2 2 7 6 + P L L V I
8 E 0 6  1 1 9 3 3 0 2 2 7 7 + L X I D» V I

tS E G M E N T  F O R  F V O - O

( S E G M E N T  F O R  F V O > P M A X  

(S E G M E N T  F O R  0 < F V 0 < 1

272



i s i s - i i  s o e o / s o e s  macro a s s em b ler* v4 .o MODULE

L O C  O B J L I N E S O U R C E S T A T E M E N T

8 E 0 9  C D 1 7 8 3 2 2 7 8 + C A L L P L L T
2 2 7 9 * P S H M IN O N E

8 E 0 C  1 1 8 9 8 0 2 2 8 0 + L X  I D * M IN O N E
S E O F  C D 0 1 8 3 2 2 8 1  ♦ C A L L P S H T

2 2 8 2 + P L L V 2
8 E 1 2  1 1 9 9 3 0 2 2 8 3 + L X  1 D * V 2
8 E 1 5  C D 1 7 8 3 2 2 8 4 + C A L L P L L T
S E 1 8  C D 3 0 8 5 2 2 8 3 + C A L L G T H A N
Ê E 1 B  £ 6 0 1 2 2 8 6 + A N I 0 1 H
S E ID  C 2 2 4 8 E 2 2 8 7 + J N Z L 6 3
8 E 2 0  3 A C C 3 0 2 2 8 8 L B A N l iA X
8 E 2 3  C 9 2 2 8 9 R E T
8 E 2 4  3 A C A 3 0 2 2 9 0  L 6 3 * L D A N O F
6 E 2 7  3 2 C 7 3 0 2 2 9 1 S T A O F F S E T
6 E 2 A  3 A C C 3 0 2 2 9 2 L D A N M A X
8 E 2 D  3 2 C 8 3 0 2 2 9 3 S T A M A X

2 2 9 4 P S H F V O
8 E 3 0  1 1 C 2 3 0 2 2 9 3 + L X  I D »F V O
Ê E 3 3  C D 0 1 8 3 2 2 9 6 + C A L L P S H T
8 E 3 6  C D 7 C 8 E 2 2 9 7 C A L L C H S F

2 2 9 8 P L L F V O
8 E 3 9  1 1 C 2 3 0 2 2 9 9 + L X  I D . F V Q
8 E 3 C  C D 1 7 8 3 2 3 0 0 + C A L L P L L T
8 E 3 F  3 A C 7 3 0 2 3 0 1  L 6 4 * L D A O F F S E T
8 E 4 2  C D 7 5 8 D 2 3 0 2 C A L L F L O A T
8 E 4 3  C D C 4 8 E 2 3 0 3 C A L L P T O F
8 E 4 8  3 A C 8 3 0 2 3 0 4 L D A M A X
8 E 4 B  C D 7 S 8 D 2 3 0 3 C A L L F L O A T
S E 4 E  C D 1 8 S F 2 3 0 6 C A L L X C H F
8 E 3 1  C D 9 4 8 E 2 3 0 7 C A L L F S U B

2 3 0 8 P S H F V O
8 E 3 4  1 1 C 2 3 0 2 3 0 9 + L X  I D « F V O
8 E S 7  C D 0 1 8 3 2 3 1 0 + C A L L P S H T
6 E 3 A  C D 7 0 8 E 2 3 1 1 C A L L F M U L
G E 3 D  C D 6 4 8 E 2 3 1 2 C A L L F A D D
8 E 6 0  C D 8 0 8 D 2 3 1 3 C A L L F I X
G E 6 3  C 9 2 3 1 4 R E T

2 3 1 3
2 3 1 6
2 3 1 7
2 3 1 8
2 3 1 9
2 3 2 0
2 3 2 1
2 3 2 2
2 3 2 3
2 3 2 4
2 3 2 5
2 3 2 6
2 3 2 7
2 3 2 8  M A T H S M A C R O F N C T N » C O D E
2 3 2 9  F N C T N * S T A A S T R
2 3 3 0 M V J A  « C O D E

2 3 3 1 S T A 1 1 0 0 H
2 3 3 2 L D A A S T R

43

I S E G M E N T  F O R  F V O <  — 1 

? S E G M E N T  F O R  - 1 < F V 0 < 0

IC O M M O N  S E G M E N T  F O R  I N T E R M E D I A T E  
( V A L V E  O P E N I N G

»I
« * *  M A T H S  S U B R O U T I N E S  M AC R O  * *I
1 T H I S  M A C R O  G E N E R A T E S  T H E  S U B R O U T IN E S  
t F O R  O P E R A T I N G  T H E  A P U .  T H E  P A R A M E T E R S  
% A R E  T H E  F U N C T I O N  N A M E  ’  F N C T N *  A N D  T H E  
t A N D  T H E  C O N T R O L  B Y T E  ’ CODE* T O  B E  S E N T  
\ TO  T H E  A P U  C O M M A N D  R E G I S T E R ,  f
1R E G I S T E R S  A F F E C T E D *  N O N E  
\

\
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i s i s - i i  e o s o /e o e s  macro a s s em b ler» v a .o MODULE

L O C  O B J L I N E

233 -3
2 3 3 4
2 3 3 5  
2 3 3 ^  
2 3 3 7

2 3 3 9
2 3 4 0
2 3 4 1

S O U R C E

R E T
END M

S T A T E M E N T

2 3 4  2 M A T H S F A D D  » 1OH
8 E 6 4  3 2 C 6 3 0 2 3 4 3 + F A D D : S T A A S T R
8 E 6 7  3 E 1 0 2 3 4 4 + M V I A«  10 H
8 E 6 9  3 2 0 0 1 1 2 3 4 5 * S T A 1 1 OOH
8 E 6 C  3 A C 6 3 0 2 3 4 6 + L O A A S T R
8 E 6 F  C 9 2 3 4 7 + R E T

2 3 4 8 M A T H S F M U L « 1 2 H
6 E 7 0  3 2 C 6 3 0 2 3 4 9 + F M U L : S T A A S T R
8 E 7 3  3 E 1 2 2 3 5 0 + M V I A *  1 2 H
S E 7 5  3 2 0 0 1 1 2 3 5 1  + S T A 1 lO O H

8 E 7 8  3 A C 6 3 0 2 3 5 2 + L D A A S T R
8 E 7 8  C 9 2 3 5 3 + R E T

2 3 5 4 M A T H S C H S F  ? 15 H
8 E 7 C  3 2 C 6 3 0 2 3 5 5 + C H S F i S T A A S T R
8 E 7 F  3 E 1 3 2 3 5 6 + M V I A ,  1 5 H
8 E 8 1  3 2 0 0 1 1 2 3 5 7 + S T A 1 1 0O H
6 E 8 4  3 A C 6 3 0 2 3 5 8 + L D A A S T R
6 E 8 7  C 9 2 3 5 9 + R E T

2 3 6 0 M A T H S F L T S « 1 D H
8 E 8 8  3 2 C 6 3 0 2 3 6 1 + F L T S * S T A A S T R
8 E 8 B  3 E 1 0 2 3 6 2 + M V I A  « 1D H
8 E 8 D  3 2 0 0 1 1 2 3 6 3 + S T A 11 O O H
8 E 9 0  3 A C 6 3 0 2 3 6 4  + L D A A S T R
8 E 9 3  C 9 2 3 6 5 + R E T

2 3 6 6 M A T H S F S U B  « 1 1H
8 E 9 4  3 2 C 6 3 0 2 3 6 7 + F S U B * S T A A S T R
8 E 9 7  3 E 1 1 2 3 6 8 + M V I A«  1 1H
8 E 9 9  3 2 0 0 1 1 2 3 6 9 + S T A 1 1 0 0 H
8 E 9 C  3 A C 6 3 0 2 3 7 0 + L D A A S T R
8 E 9 F  C 9 2 3 7 1  + R E T

2 3 7 2 M A T H S F D I V » 1 3 H
8 E A 0  3 2 C 6 3 0 2 3 7 3 + F D I V  s S T A A S T R
8 E A 3  3 E 1 3 2 3 7 4  + M V I A  * 13 H
8 E A 3  3 2 0 0 1 1 2 3 7 5 + S T A 1 1 0 0 H
8 E A S  3 A C 6 3 0 2 3 7 6 + L D A A S T R
6 E A B  C 9 2 3 7 7 + R E T

2 3 7 8 M A T H S F I X S . 1 F H
8 E A C  3 2 C 6 3 0 2 3 7 9 + F I X S í S T A A S T R
8 E A F  3 E 1 F 2 3 8 0 + M V I A  » 1 F H
8 E B 1  3 2 0 0 1 1 2 3 8 1  + S T A 11 OOH
8 E B 4  3 A C 6 3 0 2 3 8 2 + L D A A S T R
8 E B 7  C 9 2 3 8 3 + R E T

2 3 8 4 M A T H S P T O S » 7 7 H
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