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Video Input Control/Status Register 1 (lNCSRl) 

The INCSRI register is a read/write register that interfaces with and controls the 

1)'1'2853 frame store. This register can be read and written at any time. 

Bits 15-8 - RESERVED. Read as I/Write ignored. 

These bits are unassigned and read back as ones. All writes to these bits arc 

ignored. 

Offset from base address Register Name Register Function 
(hex) 

0 Video Input Controls the video input 
ControliStatus Register I 
(INCSRl) 

2 Video Input Control! Controls the video input 
Status Register 2 
(INCSR2) 

4 Video Output Controll Controls the video output 
Status Register 2 
(OUTCSR) 

6 Cursor (CU RSOR) Contains the cursor 
position 

8 Index (INDEX) Contains the LUT index 

A Input Look-Up Table 
Entry (INLOT) 

Contains the LUT entry 

C Red-Green Output Contains the red and 
Look-Up Table Register green LUT entry 
(REDGRN) 

E Blue Output Look-Up Contains the blue LUT 
(BLUE) entry 

Table A4.1: Frame Store Control Register Summary 
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Bit 7 - BUSY, Read/Write. 

Setting BUSY starts the operation selected by MODE (bits 4 to 6 of INCSR2). 

While BUSY remains set, the selected operation is in progress. If the ENSTOP 

(Enable Stop) bit is set, BUSY clears automatically at the completion of an 

operation. Otherwise BUSY remains set and multiple operations occur. The 

board may be brought to an immediate stop by writing a 'I' to the ENSTOP bit, 

then writing a '0' to the BUSY bit. This is not recommended by the 

"manufacturers except when initialising the board. BUSY is clear on power-up 

and cannot be set when in "reserved" operating mode (MODE equals 010 or Oil 

binary). 

The "video in" and "feedback" operations are synchronised with the board's video 

timing. When BUSY is set, "video in" and "feedback" modes do not actually 

begin until the end of an even field vertical sync. BUSY is automatically cleared 

at the beginning of the next even field vertical sync. If ENSTOP is clear, BUSY 

sets again to perform another operation. ENSTOP must be set for BUSY to 

remain clear and stop operations. When ENSTOP is clear, a done interrupt is 

generated each time BUSY temporarily clears (if interrupts are enabled). 

If ENSTOP is clear, BUSY remains set. BUSY cannot be cleared unless 

ENSTOP is set first. To achieve this, ENSTOP must be set by writing to 

INCSRI (BUSY then clears and stays clear after the operation is complete). If 

no operation is pending, another write to INCSRI is necessary to clear BUSY 

with ENSTOP kept set. 

Bit 6 - INTERRUPT ON DONE (DONEINl), Read/Write 

When set, DONEINT enables an interrupt to occur at the end of any operation. 

Bit 5 - EXTTRG - read only. 
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Anything written to this bit will be ignored. The bit is the logical OR of two 

external trigger inputs (not used here). 

Bit 4 - RESERVED, Read as I/Write ignored. 

These bits are unassigned and read back as ones. All writes to these bits are 

ignored. 

Bit 3 - ENABLE STOP (ENSTOP), Read/Write. 

When set, writing a I to BUSY (bit 7) enables a single operation. The operation 

starts as specified in the description of BUSY. Whcn the opcration is completed, 

BUSY automatically clears. When ENSTOP is clear, BUSY automatically sets, 

regardless of the status of board operations. BUSY remains set despite any 

attempts to clear BUSY by writing to the Il"CSRI register. This allows multiple 

operations without having to set busy each time. 

Bits 2-0 - INPUT LUT SELECT (ISEL2,ISELI,ISELO), Read/Write. 

These bits select one of eight input look-up tables to be used during input 

operations (see table A4.2). All input data is transformed through these tables 

before being written to the frame store image buffer. 

Input LUT Select Bits 
Input LUT ISEL2 ISELI ISELO 

0 0 0 0 

I 0 0 I 

2 0 I 0 

3 0 I I 

4 1 0 0 

5 1 0 1 

6 1 1 0 

7 1 1 I 

Table A4.2 Input LUT Select 

! 
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Video Input/Control Status Register 2 (INCSR2) 

The INCSR2 register is a read/write register which interfaces with and controls 

the OT2853. The register can only be written to if BUSY (bit 7 of INCSRI) is 

clear; otherwise writes are ignored. INCSR2 can be read at any time. 

Bits 15-8 - RESERVED, Read as I/Write ignored. 

These bits are unassigned and are read back as ones. All writes to these bits are 

ignored. 

Bit 7 - BUFFER SELECT (BUFSEL), Readl Write. 

This bit determines which frame store image buffer is used during the execution 

of any of the operating modes. When set, this bit specifics frame store image 

buffer I. When clear, this bit specifics frame store image buffer O. (N'ote: a bit 

in the OUTCSR, OISBUF selects the buffer used for display and feedback data). 

Bits 6-4 - MODE (MODE2,MODEI,MODEO), Read/Write. 

These bits control which operation occurs when BUSY (bit 7 of INCSRl) is set 

(sec table A4.3). 

Bit 3 - WRITE PROTECT 3 (WP3), Read/ Write. 

When set, this bit disables all write operations to bit planes 4, 5, 6 and 7 of the 

frame store image buffers. Bus reads and writes are affected as well as video 

acquisition. 
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Modes MODE2 MODEl MOOED 
Bit 6 Bit 5 Bit 4 

Feedback 0 0 0 

Video In 0 0 I 
Reserved 0 I 0 

Reserved 0 I I 

Load LUT I 0 0 

Trigger In I 0 I 

Reserved I I 0 

Reserved I I I 

Table A4.3 Mode Sl'lect 

Bit 2 - WRITE PROTECT 2 (WP2), Read/ Write. 

When set, this bit disables all write operations to bit planes 2 and 3 of the frame 

store image buffers. Bus reads and writes are affected as well as video 

acquisition. 

Bit 1 - WRITE PROTECT I (WPI), Read/ Write. 

When set, this bit disables all write operations to bit plane I of the frame store 

image buffers. Bus reads and writes are affected as well as video acquisition. 

Bit 0 - WRITE PROTECT 0 (WPO), Read/ Write. 

When set, this bit disables all write operations to bit plane 0 of the frame store 

image buffers. Bus reads and writes are affected as well as video acquisition. 

Video Output Controlf Status Register (OUTCSR) 

The OUTCSR register is a read/write register which interfaces and controls the video 

output portion of the DT2853. This register can be read or written at any time. 

Bit 15 - VERTICAL SYNC (VSYNC), Read/Write ignored. 
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When set, this bit indicates that a vertical sync is occurring in the video timing. Changes 

to the input and output look-up tables, cursor and BUSY (bit 7 of INCSRI) may be 

made without showing up on the output display, if done during the vertical sync. 

VSYNC is set for 10 lines at the beginning of each field. After the bit changes from 1 

to 0, there is an additional 10 lines before active video display begins. This guarantees 

at least 630 JlS of blanking after the bit is checked and found to be set. 

Bit 14 - INTERRUPT ON SYNC (SYNCINl), Read/Write. 

When set, this bit allows an interrupt to occur on the next clear to set transition of 

VSYNC. 

Bit 13 - FIELD, Read/Write ignored. 

When this bit is set, it indicates that the odd field is being digitised. When clear, this bit 

indicates that the even field is being digitised. 

Bit 12 - EXTTRG, Read/Write ignored. 

This is a duplicate of the EXTTRG bit in INCSRI. 

Bit 11-8 - RESERVED, Read as I/Write ignored. 

These bits are unassigned and read back as ones. All writes to these bits are ignored. 

Bit 7 - DISPLAY (DISP), Read/Write. 

When set, data is taken from the selected frame store image buffer (DISBUF of 

OUTCSR), transformed by the selected output look-up table (OSELO, OSELI, OSEL2 

and OSEL3 of OUTCSR), and presented to the inputs of the red, green and blue 

digital-to-analogue converters. When clear, a black image is displayed on the monitor. 

Bit 6 - CURSOR (CURS), Read/Write. 

When set, a full-screen cross-hair cursor is presented to the video outputs to be 

displayed. 

Bit 5 - EXTERNAL TIMING (EXTTIM), Read/Write. 

When set, video timing is synchronised to the input signal through a phase locked loop. 

When clear, video timing is generated by an internal crystal-controlled clock. 
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Bit 4 - DISPLAY BUFFER SELECT (DISBUF), Read/Write. 

This bit determines which of the two frame store image buffers is selected for display and 

for the feedback data source. When set, this bit specifics frame store image buffer 1. 

When clear, this bit specifics frame store memory o. 

Bits 3-0 OUTPUT LUT SELECT (OSEL3, OSEL2, OSEL I, OSELO), Read/Write. 

These bits select one of eight output look-up tables to be used for the output display (sec 

table A4.4). OSEL3 is unassigned and reads back as zero. All writes to this bit are 

ignored. 

Cursor 

The cursor register contains the pixel and line position of the cursor divided by two. 

This allows 8 bits for the pixel address (bits 0 to 7) and eight bits for the line address (bits 

8 to 15). The cursor can only be set to even pixels and even lines. The resulting 

full-screen, cross-hair cursor is two pixels wide and two pixels high. This cursor c?vers 

not only the selected line and pixel, but the odd line and pixel as well. 

Output LUT OSEL3 Bit 3 OSEL2 Bit 2 OSELI Bit I OSELO Bit 0 

Feedback 0 0 0 0 

Video In 0 0 0 1 

Reserved 0 0 1 0 

Reserved 0 0 I 1 

Load LUT 0 I 0 0 

Trigger In 0 1 0 I 

Reserved 0 1 1 0 

Reserved 0 1 1 1 

Table A4.4 Output LUf Select 
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Index 

The INDEX register is a read/write register which determines the LUT index to be used 

when reading or writing look-up table entries of the INLUT, REDGRN or BLUE 

registers. This register can be read and written only when the board is in "load LUT" 

mode (MODE = 1(0). 

Input Look-Up Table Entry (INLUTj 

The INLUT register is a read/write register which contains the data to be written to or 

the data that was read from the selected LUT (specified by ISEL2, ISELl and ISELO 

of INCSR1) entry (specified by INDEX). This register can only be accessed when the 

board is in "load LUT" mode (mode = 100). 

Rcdgrecn Output Look-Up Table Register (REDGRN) 

The REDGRN register is a read/write register which contains the data relating to the 

red and green outputs of the selected look-up table entry. 

Bits 0-7 contain the data of the RED output look-up table selected by the values of 

OSEL2, OSELl, and OSELO (specified by INDEX). I[the bits are all zeros, the lowest 

intensity (black) is produced; if they are all ones, full intensity is produced. This register 

can be accessed only when the board is in the Load LUT mode (mode = 100). 
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Blue Output Look-Up Table Register (BLUE) 

The BLUE register is a read/write register which contains the data relating to the blue 

output of the selected LUT (specified by INDEX). If the bits are all zeros, the lower 

intensity (black) is produced; if they are all ones, full intensity is produced. This register 

can be accessed only when the board is in the Load LUT mode (MODE= 1(0). 



APPENDIX V 

8086 ASSEMBLER CODE INTERFACE 

ROUTINES 
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function: camera (input_buffer, input jut, output_buffer, output_lut) 

arguments: 

returns: 

description: 

int input_buffer 

int input_Iut 

int output_buffer 

int outputJut 

none 

image buffer into which images are captured 

input LUT used to modify input image data 

image huffer in which the displayed image is 

stored 

output LUT used to modify output image data 

This function causes the frame store to repeatedly capture frames from the video source. 

The buffer into which the video data is written and the input LUT by which the data is 

modified can be selected using the input_buffer and input_Iut arguments. The function 

also allows the output huffer from which the output video data is read and output LUT 

through which the data is modified to be selected using the output_buffer and output_lut 

arguments. If the buffers used for reading and writing are the same then a real-time 

image is produced on the output monitor. 

8086 assembler code: 

The caller's stack frame pointer is first saved and the function's stack pointer established. 

ENSTOP (bit 3 oflNCSRl) is then set allowing BUSY (bit 7 oflNCSRl) to clear at the 

end of the present operation. This allows the operating mode of the frame store to be 

changed. 
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Once the BUSY bit has cleared, indicating that the previous operation has been 

completed, then the first argument (input_buffer) is read from the stack and it's least 

significant bit written to BurrER SELECT (INCSR2 bit 7). The MODE bits (INCSR2 

bits 4 to 6) are then set to 001 giving "video in" operation. The write protection bits 

(least significant nibble of Il"CSR2) are cleared to give full access to the selected image 

buffer. 

The second argument (inputJut) is then read from the stack and it's least significant 

nibble written to INPUT LLT SELECT (bits 0 to 3 of INCSRI), so that the desired 

input LUT is placed in the input data path. By clearing bit 6 of INCS R I, the D01'\E 

INTERRUI>T is then disabled so that the host computer processor cannot be 

interrupted by the frame store. 

The output buffer and LUT are set up by writing to the OlJTCSR register, the third 

argument (output_buffer) is read from the stack and it's least significant bit written to 

OUTPUT BUFFER SELECT (OUTCSR bit 4) so that the desired output LUT is placed 

in the output data path. The final argument (output_lut) is then read from the stack and 

it's least significant nibble written to output LUT select (bits 0 to 3 of OUTCSR). In 

the present application the cursor and external timing functions of the frame store are 

not required and arc disabled by clearing bit 5 (ENABLE EXTERNAL TIMING) and 

bit 6 (CURSOR) of OUTCSR. Finally ENSTOP is cleared and BUSY set so that 

repeated frame capture occurs. 
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function: capture (inpuchuffer, input_lut, olltpuChllffer, output jut) 

arguments: 

returns: 

description: 

int input_buffer image buffer into which an image is captured 

int input_Iut input LUT used to modify input image data 

int output_buffer image buffer in which the displayed image is 

stored 

int output_lut 

none 

output LUT used to modify output image data 

This function causes a single frame to be captured, into the image buffer specified by 

input_buffer, on each invocation while displaying the contents of the image butTer 

specified by output_buffer. 

8086 assembler code: 

The assembler code for this routine is identical to that of the camcraO function with the 

exception that ENSTOP is set, rather than cleared, at the end of the routine. This allows 

BUSY to clear at the end of the operation so that only a single frame is captured. 

function: date() 

arguments: none 

returns: 
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long int date present date 

description: 

This function returns the present data as a long integer in the form: 

where: 

8086 assembler code: 

CC I YY I MM I 00 

CC = century 

YY = year 

M~ = month 

DD = date 

(all the values arc in BCD) 

Interrupt lAB is used to trap to the system BIOS with the All contents set to 0411 on 

entry to indicate that the date is to be read from the real-time clock. On returning from 

the BIOS routine CH holds the century reading, CL holds the year reading, DII holds 

the months reading and OL holds the date reading. These values are copied to the BH, 

BL, AH and AL registers, respectively, so that the result is returned in the form given 

in section 3.4.1. 



function: ilut (tahie, index, value) 

arguments: 

returns: 

description: 

int table 

int index 

int value 

none 
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input LUT who's contents are to be modified 

table index number (0 to 255) 

value to be written at LUT location given by 

index 

This function allows the contents of the input LlJTs to be modified so that the input 

grey scale mapping can be altered. 

8086 assembler code: 

The caller's stack frame pointer is first saved and the function's stack pointer established. 

The BUSY bit is then polled to check if there is an on-going operation. When this bit 

clears the contents of the INCSRI and INCSR2 registers arc saved. The INCSR2 

contents are then modified by writing 004011 to the register; this sets the MODE bits to 

100 and select.s "load LUT" operation. 

The LUT to be written to is selected by adding the first argument (table) to the contents 

of INCSRI and writing the results to the register. This modifies the LUT SELECT bits 

(bits 0 to 2) according to the LUT specified in the function argument. The table element 

is selected by writing the second argument (index) to the INDEX register and the LUT 

contents then modified by writing the third argument (value) to the INLUT register. 



- A21 -

Finally the INCSRI and INCSR2 register contents are restored in order to return the 

frame store to it's previous operating mode. 

function: Itime (centre, ncolumns) 

arguments: 

centre 

int ncolumns 

returns: none 

description: 

column number of first column to be 

transferred 

number of groups of four columns to be 

transferred 

This function reads the data contained within groups of four columns from frame store 

buffer 0 and writes them to consecutive locations in the host computer memory. The 

locations used, in base memory, are the same as those used for down-loaded image 

frames (see rna v_butt». 

8086 assembler code: 

The assembler code used for this function is similar to that of readpixlO. The physical 

address of the source is found in the same manner as in readpixlO with the first argument 

( centre) used as the y value and the x value set to zero. The physical address of the 

target is calculated as in readpixl(). 
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The frame store is then configured for continuous frame capture operation as in the 

cameraO function. Ilere image buffer 0 is configured for read/write access and the data 

routed via input LUT 2 and output LUT O. A variable containing the number of 

captured frames is then initialised and the OUTCSR register polled for the start of an 

odd field. This is signalled by VSYNC and FIELD (bits 13 and 15 respectively) both 

being set. Once this condition has been detected the BIOS "move blockH function is 

called with the block size set to 40011 (i.e. 2kbyte = 4 rows of pixels). This transfers the 

grey levels of four columns of pixels to base memory within a single video blanking 

period. A check is then made to see if sufficient frames have so far been captured. If 

this is not the' case control is transferred back to the polling loop. otherwise continuous 

frame capture operation is disabled by setting ENSTOP and the routine is exited. 

function: mov _buf (buffer) 

arguments: 

int buffer 

returns: none 

description: 

number of buffer who's contents are to be 

transferred 

This function down-loads the contents of an entire image buffer (specified by the buffer 

argument) to the host computer memory. The data is stored in the host computer 

memory at .locations 5COOOH - 9BFFFH. 

8086 assembler code: 
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The routine moves data in 64 kbyte blocks from the frame store image buffer store to 

the host. BIOS calls are required to achieve this since the image buffers form part of the 

host's extended memory. Interrupt 1511 is used trap to the BIOS and the required "move 

block" BIOS function is selected by setting the accumulator to 8711 on entry (i.e. before 

the interrupt occurs). The number of words in the block to be transferred is stored in 

the CX register. The BIOS function also requires that a descriptor table (GOT) be set 

up; this includes, amongst other things, the physical addresses of both the source and 

target locations. The GOT is described fully in the IBM Technical Reference Manual 

[47). The 24 bit physical address of the source, (AOOOOOI I for buffer 0, A4000011 for 

buffer I) is calculated as follows. The least significant word of the address is first set to 

000011 and the first function argument (the buffer number) read from the stack. This, 

two byte, value is then multiplied by 4 and AOH added. The most significant byte of the 

(three byte) result is used as the most significant byte of the physical address. The 

source address, pointed to by read_add, is then complete. 

The next step is to calculate the 24 bit physical address of the target location. Of this 

address, pointed to by point_tgt, only the least significant 20 bits of the address are in 

fact significant since the target location is in base memory (i.e. the first Megabyte). A 

value of 5COOOH was chosen for the target location and this value is written to the GOT 

in the same manner as the source address. Before the BIOS function is called the 

location of top of the GDT needs to be passed to the function in the form of 

segment-plus-offset. These values are calculated and placed in the ES and SI registers 

respectively. The size of the block to be moved is then specified as 32k words (64k 

pixels) and the BIOS function invoked. 

The above process is repeated until the entire contents of the image buffer (256 kbyte) 

have been transferred. This requires a total of eight block transfers so the above 
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operation is repeated a further seven times with the source and target addresses 

incremented by 1000H (64k) after each BIOS call. 

fllnction: oillt (table, index, vallie) 

arguments: 

returns: 

description: 

int table 

int index 

int value 

none 

output LlJT who's contents are to be modified 

table index number (0 to 255) 

value to be written at L lJT location given by 

index 

This function allows the contents of the output LUTs to be modified so that the output 

grey scale mapping can be altered. 

8086 assembler code: 

The assembler code for this function is almost identical to that of the ilutO function. 

The major differences are that the output LUT is selected by writing to the OSEL bits 

(bits 0 to 3 of OUTCSR), rather than ISEL, and that the specified table value is written 

to both the blue and red/green LUTs using the BLUE and REDGRN registers. This 

gives a full intensity image when the output video is fed to a monochrome monitor. 



function: readJ'ix (x, y, huffer) 

arguments: 

returns: 

description: 

int x 

int y 

int buffer 

int pixel 
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x co-ordinate of pixel to be read 

y co-ordinate of pixel to be read 

buffer containing the specified pixel 

grey scale of pixel at location (x,y) 

This function reads the grey scale value of a single pixel, located at (x,y), in a specified 

image buffer. 

8086 assembler code: 

The code for this function is similar to that used in the mov _but{) routine and in fact this 

function uses the same GDT. The offset of the pixel address from the image buffer base 

address is calculated and the result added to the image buffer base address to give the 

required source address. Since the video signal is digitised row by row the offset of the 

pixel location from the base can be calculated by forming the product of the row length 

(here 200H = 512) and the y co-ordinate then adding the result to the image buffer base 

address. The assembler code implements this equation and adds the result to either 

AOOOOOH (for buffer 0) or A40000H (for buffer I). In both cases the physical address 

of the source is pointed to by read_add. 
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The next stage is to calculate the physical address of the target. This occupies three 

bytes of storage and is pointed to by point_tgt. The (data) segment value of the target 

and it's offset are first determined, the segment value is then mUltiplied by 16 and added 

to the offset in order to obtain the 24 bit physical address. The most significant 4 bits 

of this address are always zero since the target is located in base memory (i.e. the first 

Megabyte). 

The location of the GDT is then passed to the BIOS "move block" function as in 

mov_but{) and the function called. The BIOS function actually transfers the grey scale 

values of two pixels on each invocation, since only word transfers are permitted. The 

most significant byte of the target data is set to zero before being being passed to the 

calling program. 

function: readpixl (x, y) 

arguments: 

returns: 

description: 

int x 

int y 

int pixel 

x co-ordinate of pixel to be read 

y co-ordinate of pixel to be read 

grey level of the pixel located at (x,y) 
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This routine is similar in effect to read _pixO, however here pixel data is read from a 

previously down-loaded image frame, held in base memory, rather than the frame store 

image buffer. 

8086 assembler code: 

The stack pointer is first set up in the same manner as in the other routines. The offset 

of the start of the row, specified in the second function argument, from the base address 

of the data block is calculated by mUltiplying the length of a row (20011 = 512 pixels) 

by the y co-ordinate. Of the 32 bit result, stored in the (OX,AX) register combination, 

only 12 bits of the value are in fact significant; the least significant 8 bits are always zero 

(since the lower 8 bits of the multiplier are zero) and the most significant 12 bits always 

zero (since the result is always less than 0004000011). The 12 significant bits are shifted 

to the most significant bit locations of DX and the base address divided by 16 (i.e. 

5COOI I) is added. The result gives the physical address of start the specified row divided 

by 16. Clearly, by specifying this result as a segment value and the x co-ordinate (first 

function argument) as an offset the memory location holding the pixel value is 

addressable. In this routine the current data segment value is saved onto the stack, the 

data segment register contents are then overwritten by the required segment value and 

the offset (x co-ordinate) written to the base index (BX) register. An indirect move is 

then used to fetch the pixel value before the previous data segment value is restored. 

function: res_huf (huffer) 

arguments: 



int buffer 

description: 
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number of buffer who's contents are to be over 

written 

The function restores the contents of a previously down-loaded image buffer, held in 

base memory, to the frame store image buffer. 

8086 assembler code 

The assembler code and GDT used for this routine are virtually identical to that used for 

the mov _ buf{) function, the only difference being that the pointers to the source and 

target locations are interchanged. 

function: time() 

arguments: none 

returns: 

long int time present time 

description: 

This function returns the present time as a long integer in the form: 

time: 00 I HH I MM I SS 



where: 

8086 assembler code: 
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1111 = hours 

MM = minutes 

SS = seconds 

(all the values are in BCD) 

Interrupt lAII is used to trap to the system BIOS with the All register contents set to 

021 I on entry to indicate that the time is to be read from the real-clock clock. On 

returning from the BIOS routine, ell holds the hours reading, CL the minutes reading 

and 011 the seconds reading. The values are copied to the AL, BII, and BL registers 

respectively so that the result is returned in the same form as in section 3.4.1. 

function: wrtJJix (x, y, value, buffer) 

arguments 

description: 

int x 

int y 

int value 

x co-ordinate of pixel location 

y co-ordinate of pixel location 

byte value to be written to image buffer 
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This function changes the grey level of a pixel located at (x,y) by writing a single byte 

to the specified image buffer. 

8086 assembler code: 

The assembler code for this function is similar to that used in readpixlO and the GDT 

is the same as that used by res_buf{). The routine is complicated by the fact that only 

word transfers of data are possible using the BIOS "move block" function. Consequently 

two bytes need to be read from the frame store image butTer, the byte corresponding to 

the specified pixel over written and the resulting word then returned to the butTer. 

function: wrtpix/ (x, y, value) 

arguments: 

description: 

int x 

int y 

int value 

x co-ordinate of pixel location 

y co-ordinate of pixel location 

byte value to be written to base memory 

This routine is similar in effect to rcad"pixO, however here the pixel data is written to a 

previously down-loaded image frame, held in base memory. rather than the frame store 

image buffer. 

8086 assembler code: 
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The code is almost identical to readpixlO, the only difference being that a byte value is 

written to the base memory rather than read from it. 
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;-----------------------------------------------------------------------------
; This program contains functions which initialise the control registers 
; and Look Up Tables of the DT2853 frame store.lt also controls the 
; operation of DT2853 via functions CAMERA, CAPTURE, DISPLAY. 
; DATA transfcr is also facilitatcd betwecn the frame store and programs. 
; It is to be called from a C program which supplies the values for 
; initialisation and control. 
; ................ -_ .... -_ ............ -_ ............ -_ .... -- ........ -_ ................................................ -- -_ .. --_ .... --_ .. 
, 

, 

TITLE Board initialisation and data access 
SUBrrL 29/1/88 
NAME dt2853 

INCLUDE DOS.MAC 
PUB LIC read yix,wrt -pix,camera,capture,show _ buf,ilut,olut ,pcapture,fbaek,syne 
PUBLIC tum_on,tum2,turn3,cam2 

;NOTE: lbe base address for control registers has been CHA~GED to 250h 
; For details of registers sec DATA TRA1"SLATION manual pp 5-5 to 5-30 
, 
; Defme register addresscs: 
, 
basc_add equ 250h 
incsrl equ basc_add ; Video Input Control/Status 1 
incsr2 cqu basc_add + 2; Video Input Control/Status 2 
outcsr equ base_add + 4; Video Output Control/Status 
cursor equ base_add + 6; Cursor control 
index cqu base_add + 8; Contains the LUT index 
inlut equ base_add + OaH ; Contains LUT entry 
redgrn equ base_add + OcH ; Contains the red & green LUT . 
blue equ base_add + Ocll ; Contains the blue LlJT entry 

; ................ ---_ ...... _ .. -.. ---_ ...................... -_ ...................... -_ .................................... --_ .. _-_ .... -_ .. .. 

; DATA items now declared and descriptor tables set up. 
; For details of descriptor table see IBM tech. ref. pp 5-149,5-150. 
, 
DSEG 

PUBLIC tgt_data 

; The following is the descriptor table for reading from the frame store 

dummy DQO 

gdtJoc DQ 0 

src_segJimit DW omnl 
src base add DB 7,?,?; DT base address = AOOOOOH 

-To be filled by pointer 
src dat ri DB 93" 
src=da(res DW OOH 

tgt_segJimit DW 0flHh 
tgt_basc_add DB 7,?,7; To be filled by pointer 
tgt_dat_ri DB 93" 
tgt_dat_res DW OOH 
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temp_ss DQ 0 

next location holds 100 rows of pixels 
tgt_data DW 100 DUP (256 DUP (?» 

gdt OD dummy; gdt points (scg,offset) to top 
of table 

read_add DW src_basc_add ; points(offsct) to source 
basc address 

point_tgt OW tbtl_basc_add ; pointer defmed for 
filling target address 

xtemp OW ? ; store for x window co ord 

ytemp DW ? ; store for y window co ord 

pixcnt OW ? ; number of white pixels counted 

rows D8 ? ; number of rows to be read 

columns DB ? ; number of colums be read 

nwords DW ? ; total number of words to be moved 

; _ ................ --_ .......................... --- .... -_ ........ --_ .................................. ~ ........................................ .. 
; Write descriptor table now sctup 

wdummy DQ 0 

wgdtJoc DQ 0 

wsrc_scgJimit DW Offifl-l 
wsrc_basc_add D8 ?,?,?; Equivalent to tgt_base_add 
wsrc dat ri DB 93H 
wsrc=da(res OW OOH 

wtgt_scgJirnit DW 0fI1lh 
wtgt_base_add DB 7,7,7; Dt board;To be filled by pointer 
wtgt_dat_ri 08 93H 
wtgt_dat_res OW OOH 

write_add OW wtgt_base_add ;pointer to DT board 
address location 

wgdt DO wdurnrny ; wgdt points (seg,ofTset) to top 
of table 

wrt_SCf_add OW wsrc_base_add : points(ofTset) to source 
base address 

tgt_dat_add OW? ;variable to hold pixel value 
address 



xtempx 
ytempx 

DB 
DB 

? 
? 

- A34-

;------------------------------------------------------------------------------

, 
; defme variables for control purposes 

inc 1 val OW? ; value in INCSRI 
inc2-val OW? ; value in INCSR2 
out val OW?; value in OUTCSR 

ENDDS 

;--------------------------.. ---------------------------------------------------
PSEG ; program segment starts 

;----------------------------------------------------------------------------~-
, 
; This procedure continually captures frames 

BEGIN tum3 
int 3 

push bp 
mov bp,sp 

; Busy must be clear to proceed 
mov dX,incsrl 
movax,08H 
out dX,ax ; Set ENSTOP 
out dX,ax ; Clear BUSY 

zcheck b: 
in axAx 

, 

and aX,080H ; Check BUSY is clear 
jnz zchcck_ b 

value for inser2 now calculated 
mov dX,incsr2 

mov aX,OffIOH ; MODE = 001, no write protect 
out dX,ax 

mov dX,outcsr 
mov aX,OOOOlllllOlOOOOOb; Set DISPLAY,EXTERNAL TlMING,O/p BUF = 0 
out dx,ax 

mov dX,incsr I 
mov ax,0fT82H ; Set BUSY, Clear ENSTOP; Input LUT = 002 
out dx,ax ; board set to capture continuously 

mov 
cic 
sbb 
mov 
mov 
shl 

, 
; calculate number of pixels to be checked 

ax,lbp+ 10] ; xmax into ax 

ax,lbp+ 8] 
pixcnt,ax 
cl,l 

aX,cl 

; subtract xmin to give number of pixels 
; number of pixels to pixcnt 

; divide by two to give number of words 
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mov nwords,ax ; number of words to nwords 
movax,200H ; length of one line i.e 512 pixels 
mov bx,lbp + 61 ; L memory model used; bx = y position 
mul bx ; calculate y position in memory,result in DX:AX 

add ax,lbp + 8) ; include x offsct . xmin 
add dx,OaOH 

mov bx,rcad_add ; bx points to base address in GDT 
mov Ibx + 21,dl ; put hi byte pixel address calculatcd into GDT 
mov Ibx + Ol,ax ; put low word of pixel address into GDT 

; 24 bit address of target now calculated 
mov ax,ds ; ax 

.SI 
loaded with (segment:offsct) of 
lea si,tgt_data ; intended location of pixel value 

, mov bx,1OH ; ax now shifted 4 places left and result 
mul bx ; placed in DX:AX 
, 
add ax,si ; offset address now added to lower word 
adc dx,OH ; and any carry resulting added to DX 

mov bx,point_tgt ; bx points to target base addrcss 
mov IbxJ,ax ; tgt_basc_add now filled with 
mov Ibx + 21,dl ; low word, high byte 

; wait for video blanking period 
zstart: 

mov dx,outcsr 
zwait...,sync: 

m ax,dx 
and ax,08000H ; mask off vsync -bit IS 
cmp ax,08000H ; vsync set ? 
jne zwait_sync ; no, hang on 

; yes, start processing 

les si,gdt ; cs 
.sl 
now points to top of G DT 

; BIOS call now set up 
mov ah,87H ; BIOS function 871-1 
mov cx,256 ; number of double pixels to be moved 
int ISH ; BIOS interrupt 

lea 
mov 

mov 
next-pix: 

mov 
inc 
~p 
JC 
inc 

zblack: 

got the data now sort it out 

; extablish start of data 
bx,tgt_data ; bx holds start address of data block 

dx,O ; dx holds number of white pixels found 
; count reset here 

cx,5l2 ; cx holds total number of pixels to be read 

aI,lbx] 
bx 

aI,O 
zblack 
dx 

; get the data 
; update data address 
; pixel white ? 
;no 
; yes, increment pixel count 



loop 

cmp 
jge 
jmp 
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next-pix ; get next pixel value 
check threshold 

dx,(bp + 81 ; no of white pixels > threshold 
zfmish ; yes, fmished 
zstart ; no - try again 

zfmish: 
pop bp 
ret 

return to calling prog 

tum3 ENOl' 

; ...... ----- -_ .............. -_ .......... ------_ ...... -_ ............. - .............. --- ........ -_ .... -_ .............. -- ........ .. 
, 
; This procedure continually captures frames 
, 
BEGIN tum2 
push bp 
mov bp,sp 

calculate number of rows to be moved 
mov bx,(bp + 121 ; ymax into bx 
dc 
sbb bx,lbp + 81 ; number of rows into bx = ymax - ymin 
mov rows,bl ; number of rows into rows - one byte only 

mov 
dc 
sbb 
mov 

mov 
mov 
mov 
mul 
mov 

calculate number of columns to be moved 
bx,(bp + 101 ; xmax into bx 

bx,(bp + 6) ; number of columns into bx = xmax - xmin 
columns,bl ; number of columns into columns 

; - one byte only 

al,rows 
calculate total number of words to be moved 

; total number of pixels = rows • 512 
ah,O 
bX,lOOH 
bx 
nwords,ax 

; total number of words = rows • 256 

; Busy must be clear to proceed 
mov dx,incsrl 
movax,08H 
out dX,ax ; Set ENSTOP 
out dx,ax ; Clear BUSY 

xcheck b:· 
in ax,dx 
and aX,080H ; Check BUSY is clear 
jnz xcheck_b 

value for inscr2 now calculated 
mov dx,incsr2 

mov ax,OfIlOH ; MODE = 001, no write protect 
out dx,ax 

mov dx,outcsr 
mov ax,OOOOIIIIIOIOOOOOb; Set DISPLA Y,EXTERNAL TIMING,Otp BUF = ° 
out dx,ax 
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, 
mov dx,incsrl 
movax,0ff82H ; Set BUSY, Clear ENSTOP; Input LUT = 002 
out dx,ax ; board set to capture continuously 

; wait for video blanking period 
xstart: 

mov 
mov 
mov 

xwait_sync: 

bx,O 
pixcnt,bx 
dx,outcsr 

in ax,dx 

; reset pixel count 

and aX,08000H ; mask off vsync -bit 15 
cmp aX,08000H ; vsync set ? 
jne xwait_sync ; no, hang on 

; yes, start processing 

, 
; calculate start address of block to be moved 

movax,200H ; length of one line i.e 512 pixels 
mov bX,[bp + 8( ; L memory model used; bx = ymin position 
mul bx ; calculate y position in memory,result in OX:AX 

add dx,OaOH 
mov bx,read_add ; bx points to base address in GOT 
mov Ibx + 21,dl ; put hi b)1C pixel address calculated into GOT 
mov [bx + O(,ax ; put low word of pixel address into GOT 

; ; 24 bit address of target now calculated 
mov aX,ds ; ax 

.SI 
loaded with (segment:offset) of 
lea si,tgt_data ; intended location of pixel value 

, mov bx,lOll ; ax now shifted 4 places left and result 
mul bx ; placed in OX:AX 

'add ax,si ; offset address now added to lower word 
adc dx,OH ; and any carry resulting added to OX 

mov bx,point_tgt ; bx points to target base address 
mov Ibxl,ax ; tgt_base_add now filled with 
mov Ibx + 21,dl ; low word, high byte 

les si,gdt ; es 
.sI 
now points to top of GOT 

BIOS call now set up 
mov ah,87H ; BIOS function 8711 
mov cx,nwords ; number of double pixels to be moved 
int 15H ; BIOS interrupt 

mov 
dec 
mov 

bl,rows 
bl 

bb,O 

got the data now sort it out 

make temporary store for rows 

; subtract I - make 0 the start 
; set high byte zero 
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ytcmp,bx moy 
moy 
dec 
moy 
moy 

bl,columns ; temp store for columns 

lea 
add 

bl ; make 0 the start 
bh,O ; sct high bytc zero 
xtcmp,bx 

; cxtablish start of data 
dx,tgt_data ; dx holds start address of data block 
dx,lbp + 6) ; add xmin to cxtablish frrst pixel in window 

ncxt_col: 
moy 
add 
moy 

bX,dx 
bX,xtemp 
al,lbx) 

; add the x offset 
; gct thc data 

cmp al,O 
je xblack 
inc pixcnt 

; pixel white ? 
; no 
; yes, incrcment pixel count 

xblack: 
dec xtemp ; updatc x co-ord 
~p xtcmp,O 
Jge next_col 

; start of row ( going backwards ) ? 

moy 
dec 
moy 
moy 
add 
dec 
cmp 
jge 

moy 
cmp 
jle 
jmp 

; no - carry on 
; yes - start the next row 

bl,columns ; reset xtemp 
bl 

bh,O 
xtcmp,bx 

dX,200H 
ytemp 
ytemp,O 

next_col 

; add 512 pixels to start ncxt row 
; decremcnt row count 

; all rows done ? 
; no - do another 

; ycs - fmished 
, 
check threshold 

bx,lbp+ 14) 
bx,pixcnt 

xfmish 
; no of white pixels > threshold 

; yes, fmished 
xstart ; no - try again 

xfmish: 
popbp 
ret 

return to calling prog 

turn2 ENDP 

;------------------- ... ----------------------------------------------------------
, 
; This procedure continually captures frames 
, 
BEGIN tum on 
push bp -
moy bp,sp 

; Busy must be clear to proceed 
moy dX,incsrl 
moYax,08H 
out dX,ax ; Set ENSTOP 
out dx,ax ; Clear BUSY 

bcheck b: 
in ax,dx 
and ax,080H ; Check BUSY is clear 
jnz bcheck_b 



value for inscr2 now calculated 
mov dX,incsr2 
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mov aX,OffIOH ; MODE = 001, no write protect 
out dX,ax 

mov dX,outcsr 
mov aX,OOOOI I lllOlOOOOOb; Set DISPLAY,EXTERNAL TIMING,OjP BUF = 0 
out dX,ax 
, 
mov dX,incsr I 
movax,0ff821I ; Set BUSY, Clear ENSTOP; Input LUT = 002 
out dX,ax ; board set to capture continuously 

; wait for video blanking period 
start: 

moy 
moy 
moy 

bx,O 
pixcnt,bx 
dX,outcsr 

; reset pixel count 

wait_s'ync: 
aX,dx 
aX,08000l1 
aX,08000H 

III 

and 
cmp 
jne 

mov 
moy 
moy 
mov 

; mask off vsync -bit 15 
; vsync set ? 

; no, hang on 
; yes, start processing 

bx,lbp + 6) ; initialise co-ords 
xtemp,bx 
bx,lbp+ 8) 
)1emp,bx 

get_data: 
; get pixel value 

mov aX,200H ; length of one line i.e 512 pixels 
mov bx,ytemp ; L memory model used; bx = y position 
mul bx ; calculate y position in memory ,result in DX:AX 
mov bX,xtemp ; L memory model used; bx = x position 
add aX,bx ; calculate true location in memory:include x 

add dX,OaOH; include offset of DT2853 base address 
mov bx,read_add ; bx points to base address in GDT 

mov Ibx + 21,dl ; put hi byte pixel address calculated into GDT 
mov (bx + O),ax ; put low word of pixel address into GOT 

; ; 24 bit address of target now calculated 
moy aX,ds ; ax 

.SI 

, 

, 

loaded with (segment:offset) of 
lea si,tgt_data ; intended loeation of pixel value 

moy bX,lOH ; ax now shifted 4 places left and result 
mul bx ; placed in OX:AX 

add ax,si ; offset address now added to lower word 
adc dX,OH ; and any carry resulting added to OX 

mov bx,point_tgt ; bx points to target base address 
moy (bxJ,ax ; tgt_base_add now filled with 
mov (bx + 2),dl : low word, high byte 

les si,gdt ; es 
.SI 



now points to top of GDT 
BIOS call now set up 

mov ah,871-1 ; BIOS function 871-1 
mov CX, I ; number of pixels to be moved 
int 15H ; BIOS interrupt 
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movax,tgt_data ; pixel value put into AL for return to C 
xor ah,ah ; clear AH 

black: 

~mp 

JC 
mc 

mc 
moy 
cmp 
jne 

moy 
mov 
mc 
moy 
cmp 
jne 

moy 
cmp 
~le 

ax,O ; pixcl white ? 
black ; no 
pixcnt ; yes, increment pixel count 

xtemp ; update x co-ord 
bX,xtemp 
(bp+ IO),bx ; x = xmax? 

get_data ; no, keep going 

; reset x co-ord 

; update y coord 

; yes 
bx,lbp+6) 
xtemp,bx 

ytemp 
bx,ytcmp 
Ibp+ 121,bx 

get_data 
; y = ymax? 

; no, keep going 
; yes, fmished 

bx,lbp+ 14) 
bx,pixcnt 

fmish 
; no of white pixels > threshold 

; yes, fmished 
Jmp start ; no - try again 

fmish: 
pop bp return to calling prog 
ret 

tum_on ENDP 
; .. -... _ ... _ .. --" .... ---_ .. _ ........... --_ ................. ---_ .. --_ ...... -- .. --------_ ....... -_ .. -_ .................. ---
; This function initialises the input look up tables 
; Porm ilut(table_number,index,vaiue) 
, 
BEGIN ilut 
push bp 
mov bp,sp ; establish this program's stack framc pointer 

moy dx,outcsr ; clear OUTCSR bit7 to tum off the display 
in ax,dx 
and ax,lI11lll 1011 III lib 
out dX,ax 

; To program input LUT, BUSY must fll'St be clear 
moy dX,incsr 1 
in ax,dx 
and aX,080H ; check bit 7 (BUSY) 
jz continue ; Busy clear ,continue 
moy ax,08H ; Set ENSTOP to allow 
out dX,ax ; busy to be cleared 
out dx,ax ; Oear BUSY 

continue: 
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Input LUT programming begins 
, 
in aX,dx ; read INCSR 1 
moy inel yal,ax; store INCSR I yalue at inel val 
moy dx,incsr2 -
in aX,dx ; read INCSR2 
moy inc2_yal,ax; store INCSR2 yalue at inc2_yal 
, 
moy aX,04OH ; 
out dX,ax ; set INCSR2 to load LUT : MODE 100b 
moy bx,lbp + 6) ; fetch table number 
moy dX,incsrl . 
in aX,dx ; read incrs 1 

and ax, J II 11111 1111 IOOOb ; set LUT bits to 000 
add aX,bx ; include LUT number 
out dX,ax 
, 
moy ax,lbp + 8) ; fetch index 
moy dX,index 
out dX,ax ; output LUT index to INDEX register 
, 
moy dX,inlut 
mov ax,lbp + 101 ; fetch lut entry 
out dX,ax ; 

mov dX,outcsr ; set OUTCSR bit7 to enable the display 
rn aX,dx 
or aX,OOOOOOOOIOOOOOOOb 
out dx,ax 

, 
pop bp 
ret 

ilut ENDP 
; -_ .... --------------------------_ .. -- ----_ ............................ ---_ ........ ----------_ .. --_ .. 
, 
; This function loads output LUT 
; Fonn olut(table_number,index,value) 
, 

, 

BEGIN olut 
push bp 
mov bp,sp '; establish this program's stack frame pointer 

mov dX,incsr I 
in aX,dx 
and aX,080H ; check bit 7 (BUSY) 
jz cntnue ; Busy c1ear,continue 
movax,0811 ; Set ENSTOP to allow 
out dX,ax ; busy to be cleared 
out dx,ax ; Clear BUSY 

cntnue: 

, 
output LUT programming begins 

mov dX,outcsr 
in aX,dx ; read OUTCSR 
mov out_val,ax; store OUTCSR value at out_val 
mov dX,incsr2 
in ax,dx ; read INCSR2 
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mov inc2_val,ax ; store INCSR2 value at inc2_val 
, 
mov aX,040H ; 
out dX,ax ; set INCSR2 to load LUT : MODE 100b 
mov bX,[bp + 6) ; fetch table nUll1ber 
mov dX,outcsr 
in aX,dx ; read outcsr 

and ax, 1111111111111 OOOb ; sct LUT bits to 000; 
add aX,bx ; include LUT number 
out dX,ax 
, 
mov ax,lbp + 81 ; fetch index 
mov dX,index 
out dX,ax ; output LUT index to INDEX register 
, 
mov dx,redgm 
mov aX,[bp + 101 ; fetch lut entry 
movah,a1 ; GREEN LUT = RED LUT 
out dX,ax ; 
pop bp 
ret 

olut END}> 

;--------------------------.---------------------------------------------------

;------------------------------------------------------------------------------
; The following functions capture(ip_buff,lLUT,op_buff,OLUT) 
; display(buffer,OLUT), camera(buffer,inlut,outlut) capture and display 
; the specified buffer or camera through the specified LUTs 
; .. -----_ .... ------- -_ .. -_ ...... ----_ .. --_ .. ---_ .. -_ ........................ -- .............................. --------
, 
; This procedure captures one frame 
, 
BEGIN capture 
push bp 
mov bp,sp 

; Busy must be clear to proceed 
mov dX,incsrl 
movax,OSH 
out dx,ax ; Set ENSTOP 
out dX,ax ; Clear BUSY 

check b: 
in ax.dx 
and ax,OSOH ; Check BUSY is clear 
jnz check_b 

; value for inscr2 now calculated 
moy c1,7 
moy bx,(bp + 61 ; fetch input buffer number 
shl bx,c1 ; shift bx 7 places left 
mov dx,incsr2 

moy ax,OffIOH ; MODE = 001, no write protect 
add ax,bx 

out dx,ax 
moy dx,outcsr 
mov bx,(bp + 10] ; fetch display buffer 

moy cl,4 
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shl bX,el ; shift buffer selcct to bit 4 
add bx,lbp + 121 ; fetch output LUT 

mov aX,OOOOlllllOIOOOOOb; Sct DISPLAY,EXTERNAL TIMING,OjP BUF=O 
add aX,bx 
out dX,ax 
, 

, 

mov dX,incsrl 
mov bx,lbp + 8) ; fetch INPUT LUT 
mov aX,0ff88H ; Sct BUSY,ENSTOP; Input LUT = 000 
add aX,bx 
out dX,ax 

check_by: 
in aX,dx 
and aX,080H 
jnz chcck_by 

Framc captured, rcturn to caller 
pop bp 
ret 

capture ENDP 

; .......... _. ---._ ....... -_ ........................ -_ ........ -_ ............ -_ ............ --_ ...... -_ .......... -_ .................... .. 
; Thc following functions capture(ip_buff,ILUT,op_buff,OLUT) 
; display(buffcr,OLUT), camera(buffer,inlut,outlut) capture and display 
; the specified buffer or camera through the spc .. ified LUTs 
; Thc most significant four bits are write protected. 
; .............. ---........... --_ .......................... -_ ...... --_ .. -_ .... -_ .... ------_ ...... -_ .. -_ ...... _ .. "' .......... -_ .. .. 
, 
; This procedure captures one frame 
, 
BEGIN pcapture 
push bp 
mov bp,sp 

; Busy must be clear to proceed 
mov dX,incsr I 
movax,08H 
out dX,ax ; Set ENSTOP 
out dX,ax ; Clear BUSY 

check b2: 
in ax,dx 
and aX,080H ; Check BUSY is clear 
jnz check_b2 

; value for inscr2 now calculated 
movel,7 
mov bx,lbp + 6) ; fetch input buffer number 
shl bx,c1 ; shift bx 7 places left 
mov dX,incsr2 

mov ax,Oft'18H ; MODE = 001, ms nibble write protected 
add aX,bx 

out dx,ax 
mov dX,outcsr 

mav bx,lbp + 10) ; fetch display buffer 
add bx,(bp+ 12) ; fetch output LUT 
mov ax,OOOOll 1 llOlOOOOOb; Set DISPLA Y,EXTERNAL TIMING,O/P BUF = 0 
add aX,bx 
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out dX,ax 
, 
moy dX,incsr 1 
moy bx,lbp+ 81; fetch INPUT LUT 
moy aX,0fT88H ; Set BUSY,ENSTOP; Input LUT = 000 
add aX,bx 
out dX,ax 
, 
check_by2: 
in ax,dx 
and aX,080H 
jnz check_by2 

Frame captured, return to caller 
pop bp 
ret 

pcapturc ENDP 

;-------------- ... ------------------------------------------------------------ .. --

; This procedure displays the captured frame 
, 
BEGI~ show buf 
push bp -
moy bp,sp 
moy dX,outcsr 
moy bx,lbp + 61 
moy cI,4' 
shl bx,c1 

; fetch buffer number 
; shift to bit 4 - o/p buf select 

add bx,lbp + 81 ; fetch output lut 
moy ax,OOOO 11111 0 1 OOOOOb 
add aX,bx 
out dX,ax ; CURSOR OFF,BUF = O,SYNC INT,OjP LUT= 0 

pop bp 
ret 

show_buf ENDP 

;---------.. --------------------------------------------------------------------
, 
; This procedure feeds back a frame through the input lut 
; usage: camera (i/p buffer, i/p lut o/p buffer, o/p lut ) 
, 
BEGIN fback 
push bp 
moy bp,sp 

Busy must be clear to proceed 
moy dX,incsr I 

movax,08" 
out dx,ax ; Set ENSTOP 
out dx,ax ; Clear BUSY 

chk_by3: 
in aX,dx 
and ax,080H ; Check BUSY is clear 
jnz ehk_by3 



, 
mov dX,outcsr 
mov bx,lbp + tol ; fetch display buffer 
add bx,(bp+ 12) ; fetch output LUT 
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mov aX,OOOOlllllOlOOOOOb; Set D1SPLAY,EXTERNAL TIMING,OIP BUF=O 
add aX,bx 
out dX,ax 

; value for inscr2 now calculated 
mov d,7 
mov bx,lbp + 6) ; fetch input buffer number 
shl bx,cl ; shift b", 7 places left 
mov dX,incsr2 

mov aX,OfruOH ; MODE = 000, no write protect 
add aX,bx 

out dX,ax 

mov dX,incsr I 
mov bx,lbp + 8) ; fetch I!'PUT LUT 
movax,0ff88H ; Set BUSY, set ENSTOP 
add aX,bx . 
out dX,ax 

mov dX,incsrl 
chk_by4: 
in aX,dx 
and aX,080H ; Check BUSY is clear 
jnz chk_by4 
pop bp 
ret 

fback ENDP 

; ...... --_ ...... -- .. -_ .............. --_ .. -- --_ ....... --_ ........ --_ ... -_ ..... -_ .. -_ ... --_ .............. _ .............. -_ ... -_ ..................... ... 
, 
; This procedure displays the camera output 
, 
BEGIN cam2 
push bp 
moy bp,sp 

Busy must be clear to proceed 
moy dX,incsr I 

moyax,OSH 
out dX,ax ; Set ENSTOP 
out dX,ax i Clear BUSY 

achk_by: 
in aX,dx 
and ax,080H ; Check BUSY is clear 
jnz achk_by 

i value for inscr2 now calculated 
moy cl,7 
mov bx,[bp + 6) ; fetch input butTer number 
shl bx,cl ; shift bx 7 places left 
mov dX,incsr2 

moy ax,OffI8H ; MODE = 001, ms nibble write protected 



add aX,bx 
out dX,ax 

mov dX,outcsr 
mov bx,lbp + 101 ; fctch display buffer 
add bx,lbp + 121 ; fctch output LUT 
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mov aX,OOOOII II 1OIOOOOOb; Sct DlSPLAY,EXTERNAL TIMING,OjP BUF = 0 
add aX,bx 
out dx,ax 
, 
mov dX,incsr 1 
mov bx,lbp+81; fetch INPUT LUT 
mov aX,0tT80H ; Sct BUSY; Input LUT = 000 
add aX,bx 
out dX,ax 
, 
pop bp 
ret 

cam2 ENDP 

; ......... _ ... -_ .............. -_ .. ------_ ..... _ ...... -_ ................. -_ ........ ----_ ............ -_ ................. -_ ............................................. ... 
, 
; This proccdure displays thc camcra output 

BEGIN camcra 
push bp 
mov bp,sp 

Busy must be clear to procecd 
mov dX,incsr I 

movax,08H 
out dX,ax ; Set ENSTOP 
out dx,ax ; Clear BUSY 

chk_by: 
in aX,dx 
and aX,080H ; Check BUSY is clear 
jnz chk_by 

; value for inscr2 now calculated 
mov cl,7 

, 

mov bx,(bp + 6) ; fetch input buffer number 
shl bx,cl ; shift bx 7 places left 
mov dX,incsr2 

movax,OffIOH ; MODE = 001, no write protect 
add ax,bx 

out dx,ax 
mov dX,outcsr 
mov bx,lbp + 10) ; fetch display buffer 
add bX,(bp+ 121 ; fetch output LUT 
mov ax,OOOOll II 10lOOOOObj Set DISPLA Y,EXTERNAL TIMING,O/p BUF = 0 
add ax,bx 
out dX,ax 

mov dX,incsr I 
mov bx,(bp + 8) ; fetch INPUT LUT 
movax,0ff80H ; Set BUSY; Input LUT = 000 
add ax,bx 



, 
out dx,ax 

pop bp 
ret 

camera ENDP 
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; ..... --- ... -_ ............. -------_ ........ -........... --_ ........... -------_ ........... -_ ............................. ---- ... -------_ ......... ... 
, 
; This procedure selects the internal sync source 
, 
BEGIN sync 
push bp 
mov bp,sp 

Busy must be clear to proceed 
mov dx,incsr I 

movax,OSH 
out dx,ax ; Set ENSTOP 
out dx,ax ; Clear BUSY 

chk2: 
in ax,dx 

, 

, 

and aX,08011 ; Check BUSY is clear 
jnz chk2 

mov dx,outcsr 
in ax,dx 
and ax, lllllllil JO Illll b; set bit 5 - internal sync 

out dx,ax 

pop bp 
ret 

sync ENDP 

;----------------------------------------------------------------------- .. ------
; This is function .. read....Pix(x,y,bufTer)'" which obtains the pixel value 
; at position (x,y) in butTerand returns this value (in ax) to the caller. 
; It utilises BIOS INT 15H, Function 87H, to access the frame store. 

; This function returns the pixel value in AL; All dermes status 
; of BIOS call:see IBM tech. ref. 

BEGIN read""pix 
push bp ; save caller's stack frame pointer 
mov bp,sp ; establish this function's stack 
mov ax,20011 ; length of one line i.e 512 pixels 
mov bxJbp + 8) ; L memory model used; bx = y position 
mut bx ; calculate y position in memory,result in OX:AX 
mov bx,lbp + 6J ; L memory model used; bx = x position 
add ax,bx ; calculate true location in memory:include x 
mov cx,lbp + lOJ ; fetch buffer no. 
jcxz bO 
add dX,0a4H ; start of butTer I 
jmp bl 

bO: add dX,OaOH ; include otTset of DT2853 base address 
bl: mov bx,reruCadd ; bx points to base address in GOT 
mov fbx + 21,dl ; put hi byte pixel address calculated into GDT 
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mov (bx + Ol,ax ; put low word of pixel address into GDT 
; ; 24 bit address of targct now calculatcd 
mov aX,ds ; ax 

.SI 
loaded with (scgmcnt:offsct) of 
lea si,tgt_data ; intendL'<i location of pixel value 
, 
mov bX,IOH ; ax now shifted 4 places left and result 
mul bx ; placed in DX:AX 
, 
add aX,si ; offset address now added to lower word 
adc dX,OI-l ; and any carry resulting added to DX 

mov bx,point_tgt ; bx points to target base address 
mov Ibxl,ax ; tgt_basc_add now filled with 
mov Ibx + 21,dl ; low word, high byte 

les si,gdt ; es 
.SI 
now points to top of GOT 

BIOS call now set up 
mov ah,87H ; BIOS function 871-1 
mov ex, I ; number of pixels to be moved 
int 15H ; BIOS interrupt 
movax,tgt_data ; pixel value put into AL for return to C 
xor ah,ah ; clear AU 
pop bp 
ret 
readJ>ix ENDP 

;.--------_ .. ------.. ----------------_ .. --............................. -_ .... --_ .... -- ........ -_ ........ ----
; This is function "writej>ix(x,y,z,buffer)" which writes the pixel value 
; z to position (x,y) in buffer .. 
; It utilises BIOS INT 15H, Function 87H, to access the frame store. 
j Because the BIOS interrupt moves one word of memory,writing to one 
; byte involves reading two bytes,at x and x + I ,modifying byte at x 
; and rewriting to x and x + 1 
;------------------------------------------------------------------------------
BEGIN wrtJ>ix 
push bp ; save caller's stack frame pointer 
mov bp,sp ; establish this function's stack 

First read the memory word starting 
; at the pixel location required 
mov aX,200H ; length of one line i.e 512 pixels . 
mov bx,lbp + 8) ; L memory model used; bx = y position 
mul bx ; calculate y position in memory,result in DX:AX 
mov bx,[bp + 6) ; L memory model used; bx = x position 
add aX,bx ; calculate true location in memory:include x 
int3 
mov cx,lbp + 12) 
jcxz buO 
add dX,0a4H 
jmp bul 

buO: add dX,OaOH ; include offset of DT2853 base address 
bul: mov bx,read_add; bx points to SOURCE address in READ GDT 
int3 
mov (bx + 2),dl ; put hi byte pixel address calculated into GOT 
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moy Ibx + 0l,ax ; put low word of pixel address into GDT 
moy bx,writc_add ; bx points to TARGET address in WRITE GDT 

moy Ibx + 21,dl ; put hi byte pixel address calculated into GDT 
moy Ibx + Ol,ax ; put low word of pixel addrcss into GDT 

; ; 24 bit address of target now calculated 
moy aX,ds ; ax 
.sl 

, 

, 

loaded with (segment:offset) of 
lea si,tgt_data ; intended location of pixel value 
moy tgt_dat_add,si ; store location in tgt_dat_add 

moy bX,lOll ; ax now shifted 4 places left and result 
mul bx ; placcd in DX:AX 

add aX,si ; offset address now added to lower word 
adc dX,OH ; and any carry resulting added to DX 

moy bx,poinUgl ; bx points to TARGET base addrcss in READ GDT 
mov Ibxl,ax ; tgt_base_add now filled with 
mov Ibx + 21,dl ; low word, high byte 
lca bx,wsrc_basc_add; bx points to SOURCE addrcss in WRITE GDT 
moy Ibxl,ax ; wsrc_base_add now fillcd with 
mov Ibx + 21,dl ; low word, high bytc 

les si,gdt ; es 
.SI 
now points to top of READ GOT 

; BIOS call now set up 
moy ah,87H ; BIOS function 87H 
moy ex, I ; number of pairs of pixels to be moved 
int ISH ; BIOS interrupt 
mov bx,lbp + 101 ; value to be written to frame store in bx 
lea si,tgt_data ; 
mov Isil,bl ; byte overwritten in tgt_data 
Ics si, wgdt ; cs 
.sl 
now points to top of WRITE GOT 

; BIOS call now set up 
moy ah,87H ; BIOS function 87H 
moy ex, I ; number of pixcls to be moved 
int 15H ; BIOS intcrrupt 
pop bp 
ret 

wrt""pix ENOP 
, 
ENDPS 
END 
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; --_ ..... ----_ .. -----_ .............. --_ ...... -_ ........ -_ ............ -_ ........... ----_ ........................................... .. 
; This program moves DATA between the frame store and system memory. 
; If the whole buffer is to be moved,5COOO to 9BFfF is occupied. 
; Otherwise 64K blocks arc sequentially copied to block starting 
; at 8COOO. 
; It is to be called from a C program which supplies the values for 
; buffer moves. 
;-----------------------------------------------------------------------------
, 

, 

TITLE Data access 
SUBTI'L 22/2/88 
NAME dt_mov 

INCLUDE DOS.MAC 
PUBLIC mov_buf,res_buf,rcadpixl,wrtpixl,ltime 

DATA items now declared and descriptor tables set up. 
; For details of descriptor table sec IBM tech. ref. pp 5-1~9,5-150. 

, 
DSEG 

; addresses used for control purposes 
, 
base_add equ 250h 
incsrl equ base_add; Video Input Control/Status I 
incsr2 equ base_add + 2; Video Input Control/Status 2 
outcsr equ base_add + 4; Video Output Control/Status 
cursor equ base_add + 6; Cursor control 
index equ base_add + 8 ; Contains the LUT index 
inlut equ base_add + Oall ; Contains LVT entry 
redgrn equ base_add + Ocll ; Contains the red & green LVT 
blue equ base_add + Oell ; Contains the blue LUI' entry 

;-----------.-----------------------------------------------------------.. ------

~ The following is the descriptor table for reading from the frame store 

dummy DQO 

gdUoc DQ 0 

src_segJimit DW otnnl 
src base add DB ?,1,1; DT base address = AOOOOOH 

-To Ii filled by pointer 
src dat ri DB 93" 
src=da(res OW OOH 

tgt_se&.Jimit OW 0fllTh 
tgt_base_add DB ?,?,?; To be filled by pointer 
tgt_dat_ri DB 93" 
tgt_dat_res OW 00" 
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temp_ss DO 0 

gdt DD dummy; gdt points (scg,offsct) to top 
of table 

read_add DW sre_basc_add ; points(offsct) to source 
basc address 

point_tgt DW tgt_basc_add ; pointer defined for 
filling target address 

frames DW? 
;------------------------------------------------------------------------------
; Write descriptor table now sctup 

wdummy DO 0 

wgdtJoc DO 0 

wsrc_scgJimit DW OOftn 
wsrc_basc_add DB ?,?,?; Equivalent to tgt_basc_add 
wsrc dat ri DB 93H 
wsrc=da(res DW 0011 

wtgt_scgJimit DW Offflh 
wtgt_basc_add DB ?,?,?; Dt board;To be filled by pointer 
wtgt_dat_ri DB 93H 
wtgt_datJcs DW DOH 

write_add OW wtgt_base_add ;pointer to OT board 
address location 

wgdt DO wdummy ; wgdt points (scg,offset) to top 
of table 

, 

wrt_sre_add DW wsrc_basc_add ; points(offset) to source 
base address 

ENDDS 

;----------------------------------------------------------------.. _------------
PSEG ; program segment starts 

, 
; This is function "mov_buf(buft) .. which moves DT buffer "butr 
; to system memory. 
; It utilises BIOS INT ISH, Function 87H, to access the frame store. 

BEGIN mov buf 
push bp ; save caller's stack frame pointer 
mov bp,sp ; establish this function's stack 
mov bX,rea(t add ; bx points to base address of DT 
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movax,OOH 
mov [bxl,ax ; put low word of pixel address into GOT 
mov ax,[bp + 61 ; fetch buffer no. 
mov c1,4 
sW ax,c1 ; Do adjustmcnt for buffer number 
add al,OaOH 
mov [bx + 21,al ; put hi byte pixel address calculatcd into GOT 

mov bx,point_tgt ; bx points to target base address 
mov ax,OcOOOH 
mov [bxl,ax ; 
moval,0511 
moy [bx + 21,al ; low word, high byte 

les si,gdt ; es 
.SI 
now points to top of GOT 

BIOS call now set up 
mov ah,87H ; BIOS function 87H 
mov cx,8000H ; number of pixels to be moyed:64k 
int 15H ; BIOS interrupt 
, 
moy bx,rcad_add ; bx points to base address in GOT 
moyax,OOh 
mov (bxl,ax ; put low word of pixel address into GOT 
moy ax,[bp + 61 ; fetch buffer no. 
mov c1,4 
shl ax,cl ; Do adjustment for buffer number 
add al,OalH 
mov [bx + 21,al ; put hi byte pixel address calculated into GOT 

mov bx,point_tgt ; bx points to target base address 
movax,OcOOOh 
mov Ibxl,ax ; 
moyal,06h 
moy [bx + 21,al ; low word, high byte 

les si,gdt ; es 
.sl 
now points to top of GOT 

; BIOS call now set up 

, 

moy ah,87H ; BIOS function 87H 
mov cx,8000H ; number of pixels to be moved:64k 
int 15H ; BIOS interrupt 

mov bx,reruCadd ; bx points to base address in GDT 
movax,OOh 
mov (bxl,ax ; 
mov ax,(bp + 61 ; fetch buffer no. 
mov cl,4 
shl ax,cl ; Do adjustment for buffer number 
add al,Oa2H 
mov (bx + 21,al ; put hi byte pixel address calculated into GDT 

; 24 bit address of target now calculated 

mov bx,point_tgt ; bx points to target base address 
mov aX,OcOOOh 



mov (bx),ax ; 
moyal,07h 
moy Ibx + 2),al ; low word, high byte 

les si,gdt ; es 
.SI 
now points to top of GDT 

BIOS call now set up 
mov ah,871-1 ; BIOS function 871-1 
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mov eX,800011 ; number of pixels to be moved:64k 
int 1511 ; BIOS interrupt 
, 
mov bx,read_add ; bx points to base address in GDT 
moyax,OOh 
mov Ibx),ax ; put low word of pixel address into GDT 
moy aX,(bp + 61 ; fetch buffer no. 
mov cl,4 
shl ax,cl ; Do adjustment for buffer number 
add al,Oa31-1 
mov (bx + 21,al ; put hi b)1e pixel address calculated into GDT 

; 24 bit address of target now calculated 

mov bx,point_tgt ; bx points to target base address 
mov aX,OcOOOh 
mov (bxl.ax ; 
moval,08h 
mov Ibx + 21,al ; low word, high byte 
les si,gdt ; es 

.SI 
now points to top of GDT 

; 810S call now set up 
movah,87H ; BIOS function 87H 
mov cX,8000H ; number of pixels to be moved:64k 
int 15H ; BIOS interrupt 
pop bp 
rct 

mov_buf ENOP 

; ..... ------_._----------_ ...... _. __ .... _-------------------------------------------
; This is function "res_buf(bufty which restores the buffer from system 
; memory to buffer buff on DT2853. 
; It utilises BIOS INT 15H, function 87H, to access the frame store. 
;----.--------------------------------------------------_ .. _---_ ... _-------------
, 
BEGIN res buf 
push bp ; save caller's stack frame pointer 
mov bp,sp ; establish this function's stack 
mov bx,write_add ; bx points to base address in GDT 
movax,OOH 
mov [bx + O),ax ; put low word of pixel address into GOT 
mov ax,lbp + 6) ; fetch buffer no. 
mov c1,4 
shl ax,c1 ; Do adjustment for buffer number 
add al,OaOH 
mov (bx + 21,al ; put hi byte pixel address calculated into GOT 

mov bx,wrt src add; bx points to target base address 



moy ax,OcOOOH 
moy [bx),ax ; 
moyal,OSH 
moy [bx + 21,al ; low word, high byte 

les si,wgdt ; es 
.SI 
now points to top of GOT 

BIOS call now set up 
moy ah,87H ; BIOS function 8711 
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moy cx,80001 ( ; number of pixels to be moyed:64k 
int 1511 ; BIOS interrupt 
, 
moy bx,write_add ; bx points to base address in GOT 
moYax,OOh 
moy [bx),ax ; put low word of pixel address into GOT 
moy ax,lbp + 6) ; fetch buffer no. 
moy cl,4 
shl ax,cl ; Do adjustment for butTer number 
add al,OalH 
moy (bx + 2),al ; put hi byte pixel address calculated into GDT 

moy bx,wrt_src_add ; bx points to target base address 
moy ax,OcOOOh 
moy (bxl,ax ;. 
moyal,06h 
moy (bx + 2),al ; low word, high byte 

les si,wgdt ; es 
.SI 
now points to top of G DT 

; BIOS call now set up 
moy ah,87H ; BIOS function 87H 
moy cx,80001 ( ; number of pixels to be moyed:64k 
int 15H ; BIOS interrupt 

, mov bx,write_add ; bx points to base address in GOT 
moYax,OOh 
moy (bxJ,ax 
moy ax,(bp + 61 ; fetch buffer no. 
moy cl,4 
shl ax,cl ; Do adjustment for buffer number 
add al,Oa2H 
moy (bx + 2),al ; put hi byte pixel address calculated int~ GOT 

moy bx,wrt_src_add ; bx points to target base address 
moy ax,OcOOOh 
moy (bxl,ax ; 
moyal,07h 
moy (bx + 2),al ; low word, high byte 

les si,wgdt ; es 
.SI 
now points to top of GOT 

; BIOS call now set up 
moy ah,87H ; BIOS function 87H 
moy cX,8000H ; number of pixels to be moved:64k 
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int ISH ; BIOS interrupt 

mov bx,writc_add ; bx points to base address in GOT 
movax,OOh 
mov Ibxl,ax ; put low word of pixel address into GOT 
mov ax,lbp + 6) ; fetch butTer no. 
mov cl,4 
shl ax,cl ; 00 adjustment for butTer number 
add al,Oa3H 
mov Ibx + 2J,al ; put hi byte pixel address calculated into GOT 

mov bx,wrt_src_add ; bx points to target base address 
mov aX,OcOOOh 
mov IbxJ,ax ; 
moval,08h 
mov [bx + 21,a! ; low word, high byte 

les si,wgdt ; es 
.SI 
now points to top of GOT 

BIOS call now set up 
mov ah,87H ; BIOS function 87H 
mov cX,8000H ; number of pixels to be moved:64k 
int ISH ; BIOS interrupt 
pop bp 
ret 

res_buf ENOP 

;--------_ ... __ ._----_ ....... _------------------------_ ... _---------- ... _ .. _ ... _------------
, 
; This is function "mov_blk(butT,blk)" which moves DT block "blk" in 
; 'buff' to system memory. 
; It utilises BIOS INT 1511, Function 8711, to access the frame store. 

BEGIN mov blk 
push bp ; save caller's stack frame pointer 
mov bp,sp ; establish this function's stack 
mov bx,read_add ; bx points to base address of DT 
movax,OOH 
mOY Ibxl,ax ; put low word of pixel address into GDT 
int 3 
mov ax,lbp + 61 ; fetch buffer no. 
moy c1,4 
mul cl 
add al,OaOH 
add al,lbp + 81 ; add block number to al 
moy Ibx + 2J,al ; put hi byte pixel address calculated into GDT 

moy bx,point_tgt ; bx points to target base address 
moy aX,OcOOOH 
moy Ibx),ax ; 
moval,08H 
moy Ibx + 21,al ; low word, high byte 

Ie! si,gdt ; es 
.SI 
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now points to top of GOT 
BIOS call now set up 

mov ah,8711 ; BIOS function 87H 
mov cX,8000H ; number of pixels to be movcd:64k 
int ISH ; BIOS interrupt 

pop bp 
ret 

mov blk ENOP 

;------------------------------------------------------------------------------
; This is function "res_blk(butT,blk)" which restores OT block 'blk" in 
; 'buff' from system memory. 
; It utilises BIOS INT ISH, Function 87H, to access the frame store. 

BEGIN res blk 
push bp ; save caller's stack frame pointer 
mov bp,sp ; establish this function's stack 
mov bX,write_add ; bx points to base address of OT 
movax,OOH 
mov Ibxl,ax ; put low word of pixel address into GOT 
mov ax,lbp + 6) ; fetch butTer no. 
mov cI,4 
mul cl 
add al,OaOH 
add al,/bp + 81 ; add block number to a1 
mov fbx + 21,al ; put hi b)1e pixel address calculated into GOT 

, 
int3 
mov bx,wrt_src_add ; bx points to target base address 
mov aX,OcOOOII 
mov Ibxl,ax ; 
moval,08H 
mov fbx + 21,al ; low word, high byte 

les si,wgdt ; cs 
.SI 
now points to top of GOT 

; BIOS call now set up 

, 

mov ah,S7H ; 810S function 87H 
mov cX,800011 ; number of pixels to be moved:64k 
int ISH ; 810S interrupt 

popbp 
ret 

res_blk ENOP 

; ... --------------------------------------------------------------------------
; Function wrtpixl(x,y,z): writes value z to location x,y in butTer 
; currently in system memory 
, 
BEGIN wrtpixl 
push bp 
mov bp,sp 
mov aX,2ooH ;length of one line 

mov bx,(bp + 8) 



mul bx ;result in DX:AX 
mov d,l2 
shl dx,cl 
mov bX,ax ;temp store of ax 
mov d,4 
shr aX,d 
add dX,ax 
add dX,5cOOH ;include memory offset 
mov aX,bx ; restore ax 
and aX,OOOfh ; dear top 12 bits of ax 
mov bX,(bp + 61 
add bX,ax ; 
mov al,(bp + WI ;value to be written 
push ds 

mov ds,dx 
mov (bxl,al 
pop ds 
pop bp 

ret 
wrtpixl ENDP 
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; .. ---------_ ..... _--_ .. _------- ..... _-- .... _------------_ ..... -------------_ .... _--------
; Function readpixl(x,y): reads value at location x,y in buffer 
; currently in system memory. 
, 
BEGI~ readpixl 
push bp 
mov bp,sp 
mov aX,200H ;length of one line 

mov bx,(bp + 81 
mul bx ;result in DX:AX 
mov d,l2 
shl dX,cl 
mov bX,ax ;temp store of ax 
mov cI,4 
shr ax,cl 
add dX,ax 
add dX,5cOOII ;include memory offset 
mov aX,bx ; restore ax 
and ax,OOOfh ; clear top 12 bits of ax 
mov bx,lbp + 61 
add bX,ax ; 
push ds 

mov dS,dx 
movax,lbxl 
xor ah,ah 
pop ds 
pop bp 

ret 
readpixl ENDP 

;_._-------------------------------------_ ... _-------------------_ ... ----------... -
; Function wrt_bllc(x,y,z): writes value z to location x,y in block 
; currently in system memory 
, 
BEGIN wrt blk 
push bp -



moy bp,sp 
moy aX,200H ;length of one line 

moy bx,lbp + 81 
mul bx ;result in DX:AX 
moy cl,l2 
shl dx,cl 
moy bx,ax. ;temp store of ax 
moy cl,4 
shr ax.,cl 
add dx.,ax 
add dx,8cOOll ;include memory offset 
moy ax.,bx. ; restore ax 
and ax,OOOth ; clear top 12 bits of ax 
moy bx,lbp + 61 
add bx,ax ; 
moy ax,lbp + 101 ;yalue to be written 
push ds 

moy ds,dx 
moy Ibx.I,ax 
pop ds 
pop bp 

ret 
wrt_blk ENDP 
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;--_ ... _----------------------_ .. _---------------------------------------------
; Function rcad_blk(x,y,): reads value at location x,y in block 
; currently in system memory. Returns value in AL. 
, 
BEGIN read blk 
push bp -
moy bp,sp 
mov aX,200H ;Iength of one line 

moy bx,lbp + 81 
mul bx. ;rcsult in DX:AX 
moy cl,I2 
shl dx,cl 
moy bx,ax ;temp store of ax 
moy cl,4 
shr ax,cl 
add dx,ax 
add dx.,8cOOIl ;include memory offset 
mov ax.,bx. ; restore ax 
and ax,OOOfh ; clear top 12 bits of ax 
moy bx,lbp + 6) 
add bX,ax ; 
push ds 

moy ds,dx 
moYax,(bxl 
popds 
xor ab,ab 
pop bp 

ret 
read_blk ENDP 

;------------------------------------------------------------------------------



BEGIN ltime 
int 3 

push bp 
mov bp,sp 

set up source and target base addresses 
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mov aX,20011 ; lcnbrth of one row - 512 pixels 
mov bx,lbp + 61 ; bx = y position 
mul bx ; calculate y posn in memory result in DX:AX 
add dX,OaOh ; include bufferO offset address (aOOOOOH) 

mov bx,read_add ; bx points to base address of DT 
mov Ibxl,ax ; put low word of pixel address into GDT 
mov Ibx + 21,dl ; put hi byte pixel addrcss calculatcd into GDT 

mov bx,point_tgt ; bx points to target base address 
mov aX,OcOOOII 
mov (bxl,ax ; 
moval,05H 
mov (bx + 21,al ; low word, high byte 

mov frames ,000001 I ; frame count set to zero 

, 
mov dx,incsr 1 
movax,0811 
out dX,ax ; Set ENSTOP 
out dX,ax ; Clear BUSY 

check b: 
in ax,dx 

, 

, 

and aX,080H ; Check BUSY is clear 
jnz chcck_b 

value for inser2 now calculated 
mov dX,incsr2 

mov aX,OffIOH ; MODE = 001, no write protect 
out dX,ax 

mov dX,outcsr 
mov aX,OOOOIlII 10100000b; Sct DISPLAY,EXTERNALTIMING,O/P 8UF=0 
out dX,ax 

mov dX,incsrl 
moyax,0ff82H ; Set BUSY, Set ENSTOPj Input LUT = 002 
out dX,ax ; board set to single continuously 

next frame: 
- moy dX,outcsr 

check_b2: 



in aX,dx ; poll ysync and field • bit 15/13 
and aX,OaOOOH ; vsync set and odd field? 
cmp aX,08000H 

jne check_b2 ; no . wait 

; get the data 
les si,gdt ; es 

.SI 

; yes • continue 

now points to top of G DT 
BIOS call now set up 

moy ah,8711 ; BIOS function 8711 
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mov cX,400Il ; number of double pixels to be moved 
int ISH ; BIOS intenupt 

inc 
mov 

cmp 
Je 

moy 
moy 
mov 
add 
moy 
adc 
moy 
jmp 

fmi: 

frames ; update frame count 
dx,lbp + 81 ; check frame count 

dx,frames ; all done? 
fmi ; yes • finished 

; no • update target address 

bx,point_tgt 
ax,lbxl 
dl,lbx + 21 

ax,8001 I 
IbxJ,ax 

dl,OOOH 
Ibx+ 21,dl 
nextJrame 

; get low word 

; get high, low byte 
; add 2k • pixel count for 4 rows 

; return result to pointer low word 
; add any carry to high word, low byte 

; return result to pointer 

pop bp 

ltime 
ret 

ENDP 

ENDPS 
END 



, 
TITLE Clock access 
SUBTTL 1/12/88 
NAME clock 

INCLUDE DOS.MAC 
PUBLIC time,date 
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; ........................... -_ ...................................................... -_ .................................. -_ ...... -- -_ ............... -- ............... -_ ......................... ... 
PSEG ; program segment starts 

BEGIN time 
push bp ; save caller's stack frame pointer 
mov bp,sp 

movah,02h 
int lah 
mov ah,OOh 

; ah = 3; read real time clock 
; interrupt -time of day 

mov al,ch ; hours (BCD) into at 
mov bh,cl ; minutes (BCD) into bh 
mov bl,dh ; seconds (BCD) into bi 

; result returned to Cas: 
; bit31 bitO 

pop bp 00 I hours I minutes I seconds 
ret 

time ENDP 

; -_ ......... -_ ........................................ -- -_ .. -_ .............. -_ ... -_ ......... -_ .. ------------_ ......... _ ................ -_ .................... ... 

BEGIN datc 
push bp ; save callcr's stack frame pointer 
mov bp,sp 

mov ah,04h ; ah = 4; read date from clock 
int lab; interrupt - time of day 
movax,cx ; year(BCD) into ax 

mov bX,dx ; month(BCD) and day(BCD) into bx 
; result returned to C as 

; bit 31 
; century I year I month I date 

popbp 

ret 

date ENDP 

;----------------------------------------------------------------------------
ENDPS 

END 

; PROGRAM SEGMENT ENDS 



APPENDIX VI 

C PROGRAM CODE FOR THE 

SHORE SYSTEM 



function: calihration (scale,centre) 

non-pointer arguments: none 

pointer arguments: 

returns: 

called nmetions: 

description: 

float scale 

centre 

none 

cursor() 
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horizontal scaling factor for the image in 

mm/pixel 

column containing the guide tube centre line 

in the frame store image buffer. 

This function displays the calibration menu, containing the "set centre line" and "set 

scaling" options. The first option allows the position of the guide tube centre line in the 

captured image to be passed to the C program by the user. A grey scale image is first 

captured and a moveable cursor then superimposed on the output image by calling the 

cursor function. The user is then prompted to pla~e the cursor at the guide tube centre 

as seen on the output monitor. 

If the set scaling option is selected then the user is given the option of either typing in 

the vertical scaling factor in mmjpixel or determining it interactively using a pair of 

cursors. In the latter case, the cursor() function is called twice to establish two reference 

points on the test rig scale, as seen on the output monitor. The user is then instructed 
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to enter the scale values at these two locations. The scale factor can be calculated using 

the formula:-

vi - v2 
scale factor = I 2 x -x 

[A6.1] 

where vi and v2 are the scale readings corresponding to the cursor locations (xl,y) and 

(x2,y). 

fUllction: cross_section (huffer, hsection, co_ord) 

non_pointer arguments: 

int buffer number of frame store butTer containing the 

image data 

int hsection TRUE: if horizontal cross section required, 

FALSE: if a vertical cross section is required. 

int co ord number of required row or column containing 

the image data 

pointer arguments: none 

returns: none 

called functions: none 

description: 

This function produces a plot of grey level along a row or column of a captured image 

on the computer monitor. The function makes extensive use of the HALO software 

library to supply the graphics functions. These routines are highly specific and will not 
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be discussed in detail (for further information see (46)). Essentially, the axes are plotted 

first, followed by the tick marks and finally the data. 

function: cUI'sor (x,y,huffer,twoJ'ass,pass) 

non-pointer arguments: 

pointer arguments: 

int butTer 

int pass 

int x 

int y 

returns: none 

called functions: none 

description: 

displayed image butTer 

I - if first cursor is to be placed; 2-if second 

cursor is to be placed. 

TReE - if two cursors are to be placed; 

FALSE - if only one cursor is to be placed. 

cursor column number 

cursor row number 

The function produces a "+ H shaped cursor, 40 pixels square in size. It's movement can 

be controlled using the w, a, sand z keys on the keyboard with the SHIFT key used to 

speed up the movement and the H*" key is used to mark the final cursor position. In the 

case of a single cursor, the following algorithm is used to move the cursor: 
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< store pixel values at present cursor location> 
< over write cursor at present location> 

WHILE « key pressed> AND < key is not II." key» 
IF « key is a movement key» 

< restore pixel values at present location> 
< get direction of movement> 
< up-date co-ordinates of cursor> 
< store pixel values at new cursor location> 
< over write cursor at new cursor location> 

ENDIF 
ENDWHILE 

< restore pixel values at current location> 

If two cursors are to be placed the first cursor is not overwritten at the end of the first 

function call. This ensures that both cursors are visible on the output image when the 

second cursor is placed. Once the second cursor has been placed, both cursors are 

overwritten by the original pixel values. The grey scale values of the pixels covered by 

the first cursor are stored in a global array so that they may be recalled on the second 

function call. 

function: def() 

arguments: none 

returns none 

called functions: none 

description: 
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This function sets up the initial contents of the input LUTs on the frame store. LUTO 

is configured to give a direct grey scale mapping, LUTI an inverted grey scale mapping, 

and LUT2 a binary mapping (for thresholding operations). 

function Ilistogram (bllffer,xmillm,xmaxm,J'maxmJ 

non-pointer arguments: 

int buffer 

int xminm 

int yminm 

int xmaxm 

int ymaxm 

pointer arguments: none 

returns: none 

called functions: none 

description: 

image butTer containing the required data 

co-ordinates of the lower left 

hand window corner 

co-ordimltes of the upper 

right hand window corner 

This function produces a grey level frequency plot, for a captured image, on the 

computer monitor. The histogram frequency table, contained within an array, is 

calculated by reading the grey level of every pixel, located within the specified window, 

from a previously down-loaded image frame. From this data the mode grey level and 

number of pixels having this grey level are determined. The function makes extensive 

of the HALO software library to supply the graphics functions. These routines are 

highly specific and will not be discussed in detail (for further information see [46]); 
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essentially, the axes are plotted first, followed by the tick mark and the histogram bars. 

Finally the mode grey level and number of pixels having this grey level are given. 

function: measurement (centre,scale) 

non-pointer arguments: 

int centre 

float scale 

pointer arguments: none 

returns: 

float shorenum 

called functions: none 

description: 

co-ordinate of guide tube centre line 

camera scaling factor in mm/pixel 

calculated Shore number 

This function contains the image analysis software for measuring the rebound height of 

the indenter. The assembler function ItimeO·is first c~lled so that 128 consecutive frames 

are captured from the video camera. As indicated in section 3.4.2, the assembler 

function transfers the contents of four rows of pixels, from each captured frame, to base 

memory to form a contiguous data block which is analysed by the measurement 

function. The window limits are calculated as in section 3.3.2. If the left hand limit 

cannot be found then an error is signalled and the function is exited, however, if the right 

hand limit cannot be found a worst-case estimate is instead used (Appendix I I). The 

rebound height is found in the same manner as described in section 3.3.2, if either the 

rising or falling part of the initial rebound cannot be found then an error is signalled and 
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the function is exited. Finally, if no errors are found, the Shore number is calculated 

using the following formula (see section 2.2.4): 

Shore number = 140 x __ 2_5o __ 
h x scale 

[A6.2] 

where scale is the scaling factor of the camera in mm/pixel and h is the rebound height 

in pixels. 

fllnction: measmenll( scale,centre) 

non-pointer arguments: 

int scale horizontal scaling factor for the image in 

mm/pixel 

int centre row containing the guide tube centre line 10 

the image array 

pointer arguments: none 

returns: none 

called functions: measuremcntO 

description: 

This function displays the measurements menu containing the "take a single 

measurement". "take mUltiple measurements" and "write results to file" options. The 

measurement options both use the measurementO function to return the Shore hardness 

for a given test. A returned value of -1 indicates that an error has occurred and in such 

cases the measurement is repeated. 



- A69-

If the "take multiple measureme.nts" option is selected the user is prompted for the 

number of measurements to be taken and the measurementO function called the required 

number of times. The Shore hardness obtained from each measurement is stored in an 

array from which the group mean and standard deviation are calculated according to:-

i=N 
- I ~ 

mean, x = N Lfi 
i=l 

i=N 

standard deviation, (1= I ~Ix-xd 
N-l ~ 

i=1 

[A6.3] 

[A6.4] 

where Xi is the result of the ith measurement and N the number of results in the group. 

The "write results to file" option allows the results of single or group measurements to 

be included in a file stored on the hard disk. The code used to perform this operation 

makes extensive use of Lattice "e" library functions [41), not all of which are present in 

the Kernigan and Ritchie 13S1 "standard". 

The user is first prompted for a file name and the specified file opened for readl write 

access using the library function "opcn" which returns the file handle (channel number). 

If the named file does not alrcady exist then a m;w file is created. A header containing 

a file description string, supplied by the user, is then written to file using the "write" 

library function. In order that the results may be referenced at a later date, the present 

date and time are written to file. 

The, user-supplied, dateO and timeO functions return the date and time as long integers. 

The C program breaks down the date and time variables into short (two byte) integers 
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containing year/month/date and hours/minutes/seconds respectively. These variables 

are then converted to string form before being recorded on file. The measurement results 

are then written to file in string form. The conversion process involves an intermediate 

step of changing the results in integer form to floating point, using a cast, before 

conversion to a string using the "ecvt" library function. This is because there is no 

library function supplied by Lattice to convert an integer directly into a string. Finally 

the results file is closed using the" close" library function. 

function: paramctcrs() 

arguments: 

returns: 

called functions: 

description: 

none 

none 

thresh20, sectionO, histogramO 

This function displays the parameters menu, containing the "histogram", "grey level 

cross-section" and "alter thresholds" options. If the "histogram" option is selected then 

the capturcO function is first called causing a single image frame to be digitised. The 

histogramO function is then called to produce.a grey level frequency plot for the 

captured image. If the "grey level cross-section" option is selected a frame is captured 

and the cross_sectionO function called. This produces a plot of grey level against 

co-ordinate for a row or column of the image array. Finally, if the "alter thresholds" 

option is selected, then the thresh20 function is called. This produces a real time binary 

image for which the threshold limits can be altered interactively. 



function: section (huffer) 

non-pointer arguments: 

int buffer 

pointer arguments: none 

returns none 
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buffer containing the required image 

called functions: cross_sectionO, cursor() 

description: 

This function simply prompts the user to indicate whether a plot of grey level against 

co-ordinate for a captured image is required in the horizontal or in the vertical direction. 

The cross_sectionO function is then called with the hsection argument set according to 

whether a vertical or horizontal section is required. 

function: thresh 1 (lower,upper) 

non-pointer arguments: none 

pointer arguments: 

int lower 

int upper 

returns: none 

called function: none 

description: 

lower threshold limit 

upper threshold limit 
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This function writes to input LUT2, using the ilutO function, to give a binary grey scale 

mapping. Each input grey scale value g is mapped to a new value g' according to:-

g'= 

255, t\ < g < 12 

0, 1\ ~ g 

0, 12 ::;;' g 

where I. and 12 arc the lower and upper threshold limits, respectively. 

function: thresh2 ( ) 

arguments: 

returns: 

called functions: 

description: 

none 

none 

threshlO 

[A6.5] 

This function produces a real time binary image on the output monitor and allows the 

user to alter the threshold limits interactively. The user is first prompted to supply the 

upper and lower threshold limits and the threshlO function is then called with these 

values as arguments. The threshlO function writes to input LUT2 on the frame store 

to give the required grey scale mapping and the cameraO function is used to produce a 

real time binary image. The user is then asked whether the threshold limits are to be 

altered. If they are then the limits can be changed interactively using the d, a, I and j 

keys on the keyboard; otherwise the function is exited. In the former case the program 

waits until a valid keystroke is detected and then updates the limits as follows:-
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a decrease lower limit 

d increase lower limit 

j decrease upper limit 

I increase upper limit 

Traps are included to ensure that the lower limit is greater than or equal to zero, the 

upper limit is less than 255 and that the upper limit is always greater than the lower 

limit. 



.li on 
#include H\lc\stdio.h" 
#include "\lc\dos.hN 

#includc H\Ic\math.h" 
#includc H\lc\fcntl.hH 

#includc H\lc\string.h" 

#define 
#define 
#defme 
#define 

TRUE 
FALSE 0 

BLACK 
WHITE 
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o 
255 

extern void eameraO; 1+ real time display ( ilp butTer, iJut, olp butTer, oJut ) +1 
extern void captureO; 1+ real time display ( i/p butTer, iJut, olp butTer, oJut ) 

+1 
extern int read..rixO; 1+ read pixel from butTer ( x, y, butTer) +1 
extern void wrt..rixO; 1+ write pixel ( x, y, value, butTer) +1 
extern void olutO; /+ set the output lut ( table, index, value) +1 
extern void ilutO; 1+ set the input lut ( table, index, value) +1 
extern void mov_bufO; 1+ moves a whole frame (buff) +/ 
extern void res_bufO; 1+ restores a whole frame (bull) +/ 
extern void mov_blk(); 1+ moves a section (butT, section) +1 
extern void res_blkO; 1+ restores a section (butT,section) +1 
extern void wrtpixl(); 1+ writes to the local butTer (x,y,value) +1 
extern int readpix.l(); I + reads the pixel from the local butTer (x,y) +1 
extern void pcapturcO; I + as for capture, ms nibble write protected • / 
extern void fbackO; 1+ feeds back a frame through the lut - same args as cam 
era +/ 
extern void 
extern void 
extern void 
extern void 
extern void 
extern void 
extern void 
extern long 
extern long 

show_bufO; 
sync(); 
tum_onO; 
tum20; 
tum30; 
cam 20; 
ltimeO; 
dateO; 
timeO; 

float measuremeotO; 

mainO 
{ 

int option; 
int error; 
int centre = 205; 
float scale = 0.0; 

def 0; 

do 
{ 

1+ displays captured frame show_bur (butTer,olut)·j 
I + select internal sync ·1 

error = system rCLSI; 
printf r OPENING MENU \nl; 
printf r = = = = = = = = = = = \n\n\ol; 
printf r r display Real time image \n\nl; 
printf r p adjust Parameters \n\nl; 
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} 

printf r c Calibration 
printf r m Measurements 
printf r. q quit 
option = getchO; 
error = system(*cls1; 
switch ( option ) 
{ 

case 'r': camera(O,O,O,O); 
break; 

case 'p': paramctcrsO; 
break; 

case'm': measmenu(centre,scale); 
break; 

case 'c': calibration(&centre,&scale); 
break; 

} while t o'ntic)Jl . 

1+ cnd of main +1 

\n\n"); 
\n\nN); 

\n\n"); 

mcasmcnu( ccntrc,scalc) 
int centre; 
float scale; 
{ 

int option; 
int error; 
float hard; 
int nvalues; 
float valuellOOI; 
float mcan,stddcv; 
int I; 
float total; 
int me; 
char + filename; 
int mode; 
int status; 
int length; 
char +p; 
double dvalue; 
int ndig; 
int +dcc= 0; 
int ·sign = 0; 
char +dummy; 
int j; 
int valnum; 
int hours,minutes; 
int year ,month,day; 

do 
{ 

error = system ("CLS"); 
printf r MEASUREMENTS MENU \n"); 
printf r = = = = = = = = = = = = = = = = \n\n\n'}; 
printf r s take a Single measurement\n\n,,); 
printf r m take Multiple measuremnts\n\n1; 
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printf (* w Write results to ftle \n\n); 
printf (* q Quit - return to main menu \n\n); 
option = getchO; 
error = system(*cls"); 
switch ( option ) 
{ 

case's': hard = measurement(centre,scale); 
printf r --- press any key to continue --- \n1; 
error = getchO; 
break; 

case 'm': printf r number of measurements to be taken < ret> ?\n"); 
scanf ("%dq,&nvalues); 
printf (,,\n\o\n"); 
for ( i = 1; i < = nvalues; i + + ) 
{ 

printf ("\n\n ••••• measurement %d of %d .. ···\n\n",i,nva 

value Ii) = measurement (centre, scale ); 

if (valueliJ < 0.0) 
i-oj I· trap any erroneous results ., 

} 

,+ calculate mean .,. 

total = 0.0; 
for ( i = I; i < = tlvalues; i + + ) 

total = valucliJ + total; 
mean = total / (float)nvalues; 

/. calculate standard deviation + / 

total = 0.0; 
for ( i = I; i < = nvalues; i + + ) 
total = «valueli) - mean) > O)? valueli)-mean + total: mea 

o -valueliJ + total; 
stddev = total / (float)nvalues; 
printf r mean value = %6.lf \n\n*,mean); 
printf r standard deviation = %6.lf \n\n',stddev); 
printf r --- press any key to continue --- \n); 
error = getchO; 
break; 

case 'w': ,. open results me - read / write aCcess ./ 
I. seck end of me before each write ., 

error = systcm( "CLS"); 
printf nn name of results me ?}; 
ftlename = gets (dummy); 
mode = O_RDWR J O_APPEND IO_CREAT; 
file = open ( ftlename, mode ); 

,. write out the header ./ 

dummy = 'n\n\n·············································· 
······················\n\n .. ; 
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length = strlen(dummy); 
status = write ( fUe, dummy, length ); 

printf r enter identifier for the results \n"); 
p = gets(dummy); 

length = strlen ( p ); 
status = write ( fUe, p. length ); 

dummy = 'n\n···························· •••••• •• ••••• ••• ••• • 
····················\n\n\n~ 

length = strIen (dummy); 
status = write ( fUe, dummy, Icnb>th ); 

I· write the date and time ·1 

I· extract date fust ·1 

year = ( dateO & OxFFFFooOO ) I OxlOOOO; 
year = 1000· ( ( year & OxFooO ) I Ox 1000 ) + 

100 • ( ( year & OxOFOO ) I OxlOO ) + 
10 ·«year&OxOOFO)/OxIO ) + 
( year & OxOOOf); 

month = (datcO & OxOOOOFFOO ) I Ox 100; 
month = to· ( ( month & OxFO ) I OxlO) + 

( month & OxOf); 

day = dateO & OxOOOOOOFF ; 
day = to· ( ( day & OxFO ) I Ox 10) + 

( day & OxOf) ; 

I· now the time ., 

hours = ( timeO & OxFFFFooOO ) I Ox 10000; 
hours = 1000· ( ( hours & OxFOOO ) I Ox 1000 ) + 

100 • ( ( hours & oxoroo ) I OxlOO ) + 
10 • ( ( hours & oxooro ) I OxlO ) + 

( hours & OxOOOf ); 

minutes = (timeO & OxOOOOFFOO ) /OxIOO; 
. minutes = 10· ( (minutes & OxfO ) I OxlO ) + 

( minutes & OxOf); 

I· write time and date to me ·1 

dummy = ' results recorded on '; 
length = strIcn(dunimy); 
status = write ( fUe, dummy, length ); 

length = steu d ( dummy, day); 
-status = write ( fUe, dummy, length ); 

dummy = 'I'; 
status = write ( me, dummy, I ); 
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length = steu _ d ( dummy, month ); 
status = write ( ftle, dummy, length ); 

dummy = "r; 
status = write ( ftle, dummy, I ); 

j* length = stcu_d ( dummy, year, 5 ); 

{ 

} 

status = write ( me, dummy, length ); 

dummy =" at .. ; 
length = strlcn(dummy); 
status = write ( ftle, dummy, length ); 

length = stcu_d ( dummy, hours ); 
status = write ( file, dummy, length ); 

dummy = ":"; 
status = write ( file, dummy, I ); 

if ( minutes < 10) 

dummy = "0"; 
status = write ( me, dummy, I ); 

length = stcu_d ( dummy, minut~s ); 
status = write ( file, dummy, length ); 

dummy = ",\n\nSHORE NUMBERS\n\n"; 
length = strlen(dummy); 

status = write ( file, dummy, length ); 

elTOr = system{'"clsj; 
printf r writing to file 'Y.s ",filename); 
j. print out the measurements *' 
nvalues = 10; 

for ( valnum = 1; valnum < = ovalues; valnum + + ) 
{ 

dvalue = 3.14159; 
ndig= 8; 

/* convert shore number (float) to a string *j 

p="'.; 
dummy= ...... ; 
p = ecvt ( dvalue, odig, dec, sign ); 

/. include the decimal point ./ 
i = j = 0; 



} 
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do 
{ 

+dec ) if ( i 
+(dummy+ i) = +(p+ j); 

else 
{ 
~(dummy+ i) = '.'; 
J--; 

} 
i+ +; 
j+ +; 

} while (i < = ndig); 
+(dummy + i) = '\n'; 

/. write string to me + / 

lenb1h = 10; 
status = write ( me, dummy, length ); 

} ;+ end of write measurements loop • / 

break; 

} while t o'Af'i<)J1 

;+ end of measmenu + / 

parametersO 
{ 

int option; 
int error; 

do 
{ 

error = system ("CLS1; 
printfr PARMETERS MENU \n"'); 
printf r = = = = = = = = = = = = = \n\n\nl; 
printf r t alter thresholds \n\n"); 
printf r g grey level cross section \n\nJ; 
printf r h histogram \n\n"'); . 
printf r q return to main menu \n\nl; 
option = gctchO; 
error = systemrclsl; 
switch ( option ) 
{ 

case 't': thrcsh2(); 
break; 

case 'g': capture(O,O,O,O); 
section(O); 
break; 

case 'h': capture(O,O,O,O); 
histogram(O,O,O,51I,511); 
break; 
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} 
} while =f dWi<)ll 

} 1+ end of parameters +1 

calibration( centre,scale) 
float +scale; 
int +centre; 
{ 
int x,y; 
int option; 
int crror; 
int xmax, xrnin; 
int maxmm,rninmm; 

do 
{ 

error = system ("eLS"); 
printf r CALIBRATION MENU \n"); 
printf (" = = = = = = = = = = = = = = = \n\n\n"); 
printf (" c set Centre line \n\n"); 
printf (H s sct Scaling \n\n"); 
printf (" q return to main menu \n\n"); 
option = gctchO; 
error = systcm("clsJ; 

if (option = = 'e') 
{ 

} 

capture (0,2,0,0); 
printf r usc cursor to mark the centre of the ball at rest \n\nJ; 
x= y= 256; 
cursor (&x,&y,O,FALSE,I); 
·centre= y; 

if ( option = = 's') 
{ 

printf r usc cursor (yin)? \nJ; 
x= gctchO; 
if( x== 'y') 
{ 

capture (0,0,0,0); 
printf (* use eursor to locate largest value on graticule\n\nJ; 
x=y=256; 
cursor (&x,&y,O,FAl.sE,I); 
xmin=x; 
printf (* enter the value in nun < ret > \n\nJ; 
scanf ("'%d*,&maxmm); 
printf (* use cursor to locate smallest value on graticule \n\nl; 
x=y=256; 
cursor (&x,&y,O,FALSE,I); 
xmax=x; 
printf (* enter the value in mm < ret> \n\nJ; 
scanf ("%d*,&minmm ); 

I + scale factor in mm per pixel + I 



); 

} 

} 

- A8) -

·scale = «float)maxmm - (float)minmm ) / ( (float)xmax - (float)xmin 

printf ('" scale factor = %f mm / pixel \n\n",·scale); 
printf ('" any key to continue ... \nj; 
x= gctch(); 

else 
{ 

} 

printf ('" enter scale factor in mm / pixel j; 
scanf ("'%f",scale); 

} while t o'Rl'i~ll 

section (butTer) 
int butTer; 
{ 

int x,y; 
int option; 

printf r 
printf r 
printf r 

x=y=256; 
do 

GREY LEVEL CROSS SECTION\n\n\nj; 
h - horizontal section \o\n H); 
v - vertical section \n\n "); 

{ 
switch ( option = gctchO) 
{ 

case 'h': printf r use cursor to indicate required ordinate"); 
cursor (&x,&y,buffcr,FALSE,l); 
cross_section (buffcr,TRUE,y); 
break; 

case 'v': printf ('" use cursor to indicate required abcissa j; 
cursor (&x,&y,buffer,FALSE,l); 
cross_section (buffer,FALSE,x); 
break; 

} 
} while (~ op)iti ( option = 'h'»; 



} 

defO 
{ 

int i; 

I· set up luts ·1 

I· LUT 0 - direct grey scale mapping ., 

for ( i = 0; i < = 255; i + + ) 
ilut (O,i,i); 

I· LUT I - inverted grey scale ·1 

for ( i = 0; i < = 255; i + + ) 
ilut (I ,i,255-i); 

1+ LUT 2 - thresholding ./ 

for ( i = 0; i < 128; i + + ) 
ilut (2,i,255); 

for ( i = 128; i < = 255; i + + ) 
ilut (2,i,0); 

,+ LUT 3 - XORing ./ 

ilut (3,0,0); 
ilut (3,15,255); 
ilut (3,240,255); 
ilut (3,255,0); 

camera (0,0,0,0 ); 

} /. cnd of default ., 
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, ...................................................................... , ,. ., 
I· name: thresh2( lower, upper, n ) ., 
,. sends: lower - initial lower threshold bound I MUST BE ., 
I· upper - initial upper threshold bound I POINTERS ·1 
I· returns: lower - fmallower threshold bound ., 
I· upper - fmal threshold bound ./ 
I. synopsis: as threshl but thresholds can be changed interactively·, 
I· using a d I j keys. ., 
I· lut n. ., 
I· ·upper > ·lower 0 < = n < = 6 ., 
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I· ·1 
I······································································1 

thresh20 
{ 
int 
int 
int 
int 

move; 
lower; 
upper; 
answer; 

do 
{ 

printf ("Enter lower bound < return> \n"); 
seanf( N%d",&lowcr); 
printf CEnter upper bound < rcturn > \n"); 
seanf(H%d",&upper); 

} while ( ( upper < lower) II ( upper > 255 ) II 

camcra (0,2,0,0); 
threshl (&lowcr,&upper); 
camera (0,2,0,0); 

do 
{ 

printf ("Adjust thresholds ( yin) ? \n"); 
answcr = gctchO; 

} while:: (,W1sM (answer = 'n'»; 

if ( answer = = 'n') 
return; 

printf (* d to increase lower bound \nl; 
printf (* a to decrease lower bound \nl; 
printf (* I to increase upper bound \n1; 
printf (* j to decrease upper bound \nM); 
printf (* • to quit \n\nl; 

while t=(t'rt(tve = gctch()) 
{ 

switch (movc) 
{ 
case 'j': (upper)--; 

break; 
case 1': (upper)+ +; 

break; 
case 'a': (lowcr)--; 

break; 
case 'd': (lower) + +; 

break; 
} 
if ( upper > 255) 

upper = 255; 
if (lower < 0 ) 

lower = 0; 
if ( upper < lower) 
{ 

( lower < 0»; 



} 

lower = upper; 
upper = lower; 

printf (" \r"); 
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printf (10wer= %d upper= %d\r",lower,upper); 

} 

camera (0,2,0,0); 
threshl (&lower,&upper); 
camera (0,2,0,0); 

} /. end of thresh2 • / 

/ ••••••••••••••••••••••••••••••••••••••••••• ++.++++++.++++.++++ •• + ••••• / 

I· ·1 
/+ name: thresh l( lower, upper) +/ 
/. sends: lower - lower threshold bound ./ 
I· upper - upper threshold bound • I 
I· returns: none • I 
1+ synopsis: converts all pix.el with grey level between lower and ./ 
I· upper to white, all others to black by altering input • I 
1+ lut n. ./ 
I· upper > lower 0 < = n < = 6 • I 
I· ·1 
1+·················+······························+··· .. ++.++.+ ••• + •••• / 

thresh 1 ( lower, upper) 
int ·lowcr; 
int ·upper; 
{ 

int i; 

for ( i = 0; i < ·Iower; i + + ) 
ilut ( 2, i, 0 ); 

for (i = +lower; i < = tupper; i + +) 
ilut ( 2, i, 255); 

for (i = ·upper + I; i < = 255; i + + ) 
ilut ( 2, i, 0); 

} I· end of thresh I ·1 

/+ ••• ++.+ ••••••••••••••••••••••••••••• +.+ •••••• + •••••• ··+·++··++++··+++1 
/. ./ 
I· name: cursor(x,y,buffer) ·1 
1+ sends: x - initial cursor column number I MUST BE ./ 
/+ y - initial cursor row number I POINTERS +1 
I· buffer - displayed buffer number - 0 or 1 + I 
I. two -pass - true if routine to be called twice + I 
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I· e.g for windowing 
I· pass - oumber of times cursor invoked 
I· returns: x - fmal cursor column oumber 
I· y - fmal cursor row oumber 
I· synopsis: displays white cursor over displayed buffer 
I· cursor may be moved using was z keys 
I· ·1 
I· 0 < = x, y < = 511 
I· ., 

·1 
./ 

./ 

"'/ 

·1 
./ 

I····················································· ................. / 

cursor ( x, y, buffer, twoyass, pass) 
int ·x; 
int .y; 
int buffer; 
int two yass; 
int pass; 

{ 
static int store(40J; 

iot wspaccl401; 
int i,j,movc,oldx,oldy; 

printf ('" move cursor using:- \0\0"); 
printf (" w \0"); 
printf ('" a s \0"); 
printf (" Z \0"); 
printf ('" usc SHIFT to speed up movement\o"); 
printf ("\0 type • to quit "'); 
printf ("\0\0"); 

I'" read old pixel values "'/ 

oldx= "'x; 
oldy = "'y; 

j=O; 
for ( i = -9; i < = 9; i + + ) 

{ wspace(j) = rcadJ>ix( ·x + i, .y, buffer ); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

wspacc(j) = rcadyix( ·x, .y + i, buffer ); 
j+ +; 

} 

/. over write cursor • / 
for ( i = -9; i < = 9; i + + ) 

wrt"pix ( ·x, .y + i, 255, buffer ); 
for ( i = -9; i < = 9; i + +) 

wrt'pix ( ·x + i, .y ,255, buffer ); 
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while f«(rt~e = gctch(» 
{ 

if «move = = 'a')11 (move = = 's')II(move = = 'w') II (move = = 'z')11 
(move = =' A')II(move = = 'S')II(move = = 'W')II(move = = 'Z') ) 

{ 
/ + rcsorc previous pixels • / 

j=O; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrtyix( ·x + i . • y. wspace[jl. buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrtyix( +x, +y + i, wspace[j), buffer); 
j+ +; 

} 
switch ( move) 
{ 

case 'a': (+x)--; 
break; 

case's': (+x)+ +; 
break; 

case 'w': (.y)--; 
break; 

case 'z': (+y) + +; 
break; 

case'N: (·x)-= 10; 
break; 

case'S': (+x) + = 10; 
break; 

case 'W': (+y)- = 10; 
break; 

case 'Z': (.y) + = 10; 
break; 

} 
if ( ·x < 0) 

·x= 511; 
if(+x>511) 

·x=O; 
if (+y > 511 ) 

+y=O; 
if (+y < 0) 

+y= 511; 

/ + read old pixel values + / 



} 

j=O; 
for ( i = -9; i < = 9; i + + ) 
{ 
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wspaceljJ = read-pix( ·x + i •• y, buffer ); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

} 

wspaceli) = read-pix( ·x, ·y+i, buffer); 
j+ +; 

I· over write cursor ·1 

for ( i = -9; i < = 9; i + + ) 
wrt-pix ( ·x + i, .y, 255, buffer ); 

for ( i = -9; i < = 9; i + + ) 
wrt-pix ( ·x, .y + i, 255, buffer ); 

printer \r1; 
printerx = %d y = %d\rN, ·x .• y); 

} 1+ end if ./ 
} I· end of while ./ 

if ( two -pass = = FALSE) 
{ I· restore previous pixels ·1 

j=O; 
for ( i = -9; i < = 9; i + + ) 
( 

wrt-pix( ·x + i, .y. wspacc(jJ, buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrt-pix( ·x •• y + i, wspacelj), buffer); 
j+ +; 

} 

else 
{ 

if(pass== 1) 
{ /. write old pixel values to store ./ 

for ( i - 0; i < = 40; i + + ) 
store{i) = wspace(i); 

} 
else 
{ /. reinstate old values ./ 

j=O; 
for ( i = -9; i < = 9; i + + ) 



} 
} 
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{ 
wrt-'pix( ·x + i, .y, wspacc(jl, buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

} 

wrt-pix( ·x, .y + i, wspacelil, buffer); 
j + +; 

j = 0; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrt-'pix( oldx + i, oldy, store(j), buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

} 

wrt-'pix( oldx, oldy + i, storclil, buffer); 
j+ +; 

} / ·end of cursor + / 

histogram(buffcr,xminm,yminm,xmaxm,ymaxm) 
int buffer; 
int xmaxm,ymaxm,yminm,xminm; 
{ 

int four = 4; 
long data(2561; 
int i,x,y; 
long maxm; 
int mode; 
float xl, x2, yl, y2; 
float xmax, ymax, xmin, ymin; 
int colour; 
static char text(13)( 10) = { 

}; 

{"O"} , {"20"} , C40"} , {"60"} , {"SO"}, 
{"lOon}, {"120"}, {"140N}, {"160"}, {NISON}, 
{ "200"}, {"220"}, {"240H

} 

static char anykeyl30) = CPRESS ANY KEY TO CONTINUE"}; 

for ( x = 0; x < = 255; x + + ) 
data[x) = 0; 

printf ("\n\nCollccting data, please wait ... \n\D",); 

mov_buf (buffer); 
for ( x = xminm; x < = xmaxm; x + +) 

for ( y = yminm; y < = ymaxm; y + +) 
data( readpix1(x,y) ] + +; 



maxm = 0; 
for ( x = I; x < = 254; x + + ) 
if ( datal xl > maxm ) 
{ 

}; 

maxm = datal x); 
mode = x; 

sctdev( 1taloibmc.dcvj; 
initgraphics( &four); 
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xl = 0.0 ; x2 = 276.0; yl = 0.0; y2 = 120.0; 
sctworld (&xl, &yl, &it2, &y2); 
clrO; 
xmax = 276.0; :unin = 20.0; 1+ histogram bounds +1 
ymax = 110.0; yrnin = 25.0; 

colour = 0; 
sctcolor(&colour); 
bar (&xl,&yl,&x2,&y2); 
colour = 6; 
sctcolor( &colour); 
x= I· 
sctln~tylc(&x); 
sctlnwidth( &x}; 

movabs (&xmin,&ymin); 
!nabs (&xmax,&ymin); 

movabs (&xmin,&ymin); 
!nabs (&xmin,&ymax); 

,. x tick marks ., 

Y 1 = ymin-3.0; 
for (xl = xmin; xl < = xmax; xl + =2 ) 
{ 

} 

movabs (&d,&ymin); 
lnabs (&xl,&yl); 

y 1 = ymin-7.0j 
for (xl = xmin; xl < = xmax; xl + = 10 ) 
{ 

} 

movabs (&xl,&ymin); 
lnabs (&xl,&yl)j 
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1+ y tick marks +1 

xl = xmin-3.0; 
for ( y I = ymin; y I < = ymax; y I + = 1.7· ) 
{ 

} 

movabs (&xmin,&yl); 
lnabs (&xl ,&y I); 

x I = xmin-7.0; 
for (yl = ymin; yl < = ymax; yl + = 8.5) 
{ 

} 

movabs (&xmin,&yl); 
lnabs (&xl,&yl); 

colour= I; . 
sctcolor( &colour); 
for ( x = I; x < = 254; x + + ) 
{ 

} 

xl = (float)x + xmin; 
movabs (&xl,&ymin); 
yl = ymin + (ymax-ymin)+data(xl/maxm; 
Inabs (&xl,&yl); 

It add the text +/ 

x = 0; 
y = 6; 
ftcolor ( &y, &x ); 

x = 2; 
y = 16; 
ftsize(&x,&y); 
ftinitO; 

y = 20; 
for ( i = 0; i < = 12; i + +) 
{ 

} 

x = 6 + (70+i)/12; 
ftlocate ( &y, &x ); 
ftext ( textliJ ); 

x = 4; 
Y = 0; 
ftcolor ( &x,&y); 
x = 2; 
Y = 16; 
ftsize(&x,&y); 
ftinitO; 



} 

y=22; 
x= IS; 
ftlocatc (&y, &x); 
flex.t ( anykey ); 
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printf Cmode at grey level %d:- %d pixels", mode, maxm); 
x= getchO; 
closcgrapbicsO; 

cross_scction(buffer,hscction,coord) 
int buffer; 
int hscction; 
int coord; 
{ 

int four = 4; 
int datal 5 12); 
int i,x,y; 
float x.l, x2, yl, y2; 
float xmax, ymax, xmin, ymin; 
int colour; 
static char xtextl 1311 10) = { 

{"ON} , r 50"}, {" 100"}, {" ISO"}, {"200"}, 
{"250"}, {"300"}, {"350"}, {" 400"}, {" 450"} , 
{"500"}, {"550"} 

}; 
static char ytcxtl1411101 = { 

,. get the data ., 

{"O"} , {"20"} , {"40*}, {"60"}, {"80"}, 
{"100"}, {"120"}, {"140"}, {"160"}, {"ISO"}, 
{"200"}, {"220"}, {"240 M

} 

}; 

if (hscction = TR UE ) 
for ( x = 0; x < 512; x + + ) 

datal x) = rcad"pix (x,coord,buffer); 
else 

for ( y = 0; y < 512; y+ + ) 
dataly) = rcad.J'ix (coord,y,buffer); 

,. get the graphics going • / 

setdev("baloibme,dev"); 
initgrapbics( &four); 

xl = 0.0 ; x2 = 600.0; yl = 0.0; y2 = 430.0; 
sctworld (&xl, &yl, &x2, &y2); 
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clr(); 
xmax = 562.0; xmin = 40.0; It histogram bounds t/ 
ymax = 315.0; ymin = 60.0; 

colour = 0; 
sctcolor( &colour); 
bar (&xl,&yl,&x2,&y2); 
colour = 6; 
sctcolor(&colour); 
x= I; 
sctlnstylc(&x); 
sctlnwidth(&x); 

It x axis tl 

movabs (&xmin,&ymin); 
lnabs (&xmax,&ymin); 

It y axis tl 

movabs (&xmin,&ymin); 
lnabs (&xmin,&ymax); 

It x tick marks ./ 

yl =ymin-5.0; 
for (xl = xmin; xl < = xmax; xl + = 10.0 ) 
{ 

} 

movabs (&xl,&ymin); 
Inabs (&xl,&yl); 

Y I = ymin-IO.0; 
for (xl = xmin; xl < = xmax; xl + = 50.010 ) 
{ 

} 

movabs (&xl,&ymin); 
lnabs (&x I ,&y I); 

It y tick marks tl 

xl = xmin-S.O; 
for (yl = ymin; yl < = ymax; yl + = 2.0) 
{ 

movabs (&Xinin,&yl); 
lnabs (&xl,&yl); 

} . 
xl = xmm-IO.0; 
for (yl = ymin; yl < = ymax; yl + = 10.0) 
{ 

} 

movabs (&xmin,&yl); 
lnabs (&xl,&yl); 



colour= I; 
sctcolor( &colour); 

l+data+1 

for ( x = 0; x < = 512; x + + ) 
{ 

xl = (float)x + xmin; 
movabs (&xl,&ymin); 
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yl = ymin + (ymax-ymin)tdata(xJ/255; 
Inabs (&xl,&yl); 

} 

} 

It add the text +1 

x = 0; 
y = 6; 
ftcolor ( &y, &x ); 

x = I; 
y = 8; 
ftsizc(&x,&y); 
ftinitO; 

y = 40; 
for ( i = 0; i < = 12; i + +) 
{ 

} 

x=6+6+i; 
ftlocatc ( &y, &x ); 
flext ( xtcxtliJ ); 

x= I; 
for ( i = 0; i < = 12; i + +) 
{ 

} 

Y = 38· i • 2; 
ftlocate ( &y, &x ); 
ftext ( ytextliJ ); 

x = 4; 
Y = 0; 
ftcolor ( &x,&y); 
x = 2; 
y = 16; 
ftsizc(&x,&y); 
ftinitO; 
printf (,"Press any key to continue}; 
x=getchO; 
closcgraphicsO; 

float measuremcnt( centre ,scale) 
int centre; 
float scale; 
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{ 
float heightmm; 
float shorenum; 

int x,Y; 
int dummy; 
int nwhite; 
int ymin,ymax; 
int success; 
int yt,i; 
int npoints; 
int maximal 1281; 
int diflll28J; 
int lower,upper; 
int least _ diff; 
int tuminut; 
int maximum; 
int zero; 
int zero2; 

printfC --- press any key to start measurement ___ \rH); 
x= getchO; 

printf r \r}; 
printf r processing raw data ..... \r}; 
if ( centre=°;g ~ 

ccntre+ +; 
ltime (centre, (28); 
capture(O,O,O,O); 
res_buf(O); 
printf r \r}; 
printf r sorting odd and even fields \r}; 

/ + sort groups of four rows into groups of two - + / 
/ + odd and even fields + / 

for ( y = 0; y < = 511; y + = 4 ) 
for ( x = 0; x < = 511; x + + ) 

{ 

} 

dummy = rcadpixl ( x, y + 2 ); 
wrtpixl ( x, y + 2, readpixl ( x, y + I ) ); 
wrtpixl ( x, y + I, dummy); 

1+ OR corresponding pairs of rows +1 

res_buf (0); 
printf r \to'); 
printf r OR ing corresponding rows \r1; 

for (y = 0; y < = 508; y + = 2 ) 
for ( x = 0; x < = 511; x + + ) 
{ 

dummy = readpixl ( x, y) I readpixl (x,y+ 1) ; 
wrtpixl ( x, y , dummy); 
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wrtpixl ( x, y + I , dummy); 
} 

res_buf (0); 
printf r \r"); 
printf r calculating zero level \r'" ); 

1+ find first column with number of white pixels> 25 % ·1 
I· this gives the position of the base of the stand ., 

success = FALSE; 
for ( x = 511; ( x > = 0) && (success= = FAUm ) ; x-- ) 
{ 

} 

npoints = 0; 
for ( y = 0; y < = 511; Y + + ) 

if ( rcadpixl(x,y) = = WIIITE) 
npoints+ +; 

if (npoints > 128) 
success = TRUE; 

dummy= x; 
zero2 = dummy; 

I + find first column with number of white pixels < 25 % +1 
I + this gives the position of the top of the ball bearing +1 
1+ at rest +1 

success = FALSE; 
for ( x = dummy; (x > = 0) && (success= = FALSE) ; x--) 
{ 

npoints = 0; 
for (y = 0; y < = 511; y+ + ) 

if ( rcadpixl(x,y) = = WHITE) 
npoints+ +; 

if (npoints < 128) 
success = TRUE; 

} 

zero = x -I; 
zero2= (zero2 + zero) /2; 

printf r \r"'); 
printf rzero level at x = %d \n "',zero); 
printf r calculating window \r'" ); 

/ + fmd where intial descent occurred ., 
1+ fust row with > = 10% white pixels +, 

success = FALSE; 
for (y=O; (y< =508) && (success= = FALSE); y+ =2) 

{ nwhite = 0; 



} 
} 

for ( x = 0; x < = 511; x + + ) 
{ 

if (readpixl(x,y) = = WHITE) 
nwhite+ +; 

if (nwhite > 50) 
success = TR UE; 

ymin = y; 
if ( success = = TR UE ) 

for ( x = 0; x < = 511; x + + ) 
wrtyix ( x, ymin, 255, 0 ); 

else 
{ 
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printf ("ERROR - unable to locate lower window bound\n\n"); 
printf r --- press any key --- \n1; 
x = getchO; 
rcturn( -1.0); 

} 
;+ fmd end point .; 

success = FALSE; 
for( y = ymin; (y <= 511)&&(success==FALSE);y+=2) 
{ 

} 

nwhite = 0; 
for (dummy = 0; dummy < = 50; dummy, + + ) 
{ 

} 

if ( readpixl( zcro2, y - dummy) = = WHITE) 
nwhite+ +; 

if (nwhite > 40 ) 
success = TRUE; 

if ( success = = FALSE) 
{ 

} 

printf rupper window bound not found; using worst case estimate instead\n\nN

); 

ymax = (y > 256)? 511 : y + 256; 

else 
ymax=y; 

for ( x = 0; x < = 511 ; x + + ) 
wrt.J>ix (x, ymax, 255, 0 ); 

printf r \c"); 
printf r removing noise - vertical lines \c' ); 

foc ( x = 0; x < = 511; x + + ) 
{ 

nwhite = 0; 
foc ( y = ymin; y < = ymax; y + = 2 ) 

if ( readpixl(x,y) = = WHITE) 
nwhite+ +; 

if (nwhite > (ymax-ymin)/8 ) 
foc (yt = ymin; yt < = ymax; yt+ + ) 



} 
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wrtpixl ( x, yt, BLACK ); 
} 

res_buf(O); 
printf r \r1; 
printf r calculating rebound height \r1; 

/ + get white pixel with max height for each row + / 

i=O; 
for ( y = ymin; y < = ymax; y + = 2 ) 
{ 

success = FALSE; 
for (x= O;(x<=SIl )&&(succcss==FALSE)&&(i< 128);x++) 
{ 

} 

npoints= 0; 
for ( dummy = 0; dummy < = 10; dummy + + ) 

if ( rcadpixl(x + dummy,y) = = WHITE) 
+ + npoints; 

if ( npoints > = 5 ) 
success = TR UE; 

if ( success = = TRtJE ) 
{ 

} 

maximalil = x; 
i+ +; 

npoints = i-I; 

/ + calculate differences t / 

for ( i = 0; i < = npoints-l; i + + ) 
difQil = maximafil - maxima Ii + II; 

for (i = 0; i < = npoints-I ; i + + ) 

/ t find farst three points with + ve differences t / 

success = F AlliE; 
for (i = 0; (i < = npoints-2) && (success = = FALSE); i+ + ) 

if( (difQil > = 0) && (diffli+ II > = 0) && (difQi+21 > = 0) ) 
{ . 

} 

success = TR VE; 
lower = i; 

if ( success = = FALSE) 
{ 

printf ("'ERROR - unable to frod first positive gradient\n\n1; 
printf r --- press any key --- \n1; 
x = getchO; 
retum( -1.0); 

} 
It frod farst three points with -ve differences t, 



- A98-

succcss = FALSE; 
for ( i = lowcr; (i < = npoints-2) && (success = = FALSE); i + + ) 

if ( (difflil < = 0) && (diffli + II < = 0) && ( diffli + 21 < = 0) ) 
{ 

success = TR UE; 
upper = i; 

} 
1+ convcrt all diffemces to + vc +1 

if ( succcss = = fALSE) 
{ 

} 

printf ("ERROR - unable to find frrst negative gradient\n\n"); 
printf (" --- press any key --- \n"); 
x = getch(); 
rctum( -1.0); 

for (i = lower; i < = upper; i + +) 
difflil = (difflil > 0) ? difflil : -difflil; 

1+ fmd least diffemce between lowcr and upper - tuming point +1 

least diff = 1000' 
for (1 = lower; 'i < = upper; i + + ) 
if (difflil < least_diff ) 
{ 

Icast_ diff = diff(il; 
tuminUt = i; 

} 

I· fmd the value corrcsponding to tumingyt ·1 

maximum = (maximaftumingytl < maximaltumingyt + II )? maximaltumingytl : maximalt 
umingyt + 11; 

for ( y = 0; y < = 511; y + + ) 
wrt'-pix ( maximum, y, 255, 0 ); 

hcightmm = «float)zero - (float)maximum ) + scale; 
shorenum = hcightmm + ( 140.0/ 250.0 ); 

printf r \r"); 
printf r rebound height = %d pixels \n"',zero-maximum ); 
printf ('" = %6.lf mm \n\nM,hcightmm); 
printf r Shore number = %6.lf \n\n "',shorenum ); 
printf r any key to continue \n "'); 

retum( shorenum); 

} 
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fUllctioll: average( data) 

non-pointer arguments: none 

pointer arguments: int data 

returns: none 

called functions; none 

description: 

This function produces a running-averaged version of the input array. Each clement of 

the array is replaced with the average ofit's own contents and those of the following two 

clements. 

fUllction: hinary() 

arguments: 

returns: 

called functions: 

description: 

none 

int error status FALSE: no errors found, image 

suc~essfully thresholded; NON _ FA TAL: 

image thresholded but poor contrast 

present in original image; FATAL: no 

threshold found. 

averageO, get_threshO 
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The function first captures a single frame and transfers it to base memory. Each pixel 

of the frame is read to produce a frequency table of grey levels within the image, held 

within a 256 clement array. Small fluctuations in the frequency table are removed by 

calling the averageO function and the image is threshoIded by calling the get_threshO 

function. The latter function also returns the error status. 

function: blob (x_bar, y_bar) 

non-pointer arguments: none. 

pointer arguments: 

int x bar 

int y_bar 

pointer arguments: none 

returns: 

x co-ordinate of the centroid 

y co-ordinate of the centroid 

error status TRUE if excessive number of blobs found; 

FALSE otherwise. 

called functions: none 

description: 

This function implements the region labelling and. label collection operations described 

in section 4.4.5. Instead of assigning each object pixel in the binary image a label (which 

is inefficient), labels are written to which ever memory partition is not being used by the 

current run-length code. The label list is arranged in such a way that each label has the 

same index in the list as the corresponding run in the run-length code. This is achieved 

as follows; for each row number (RN) codeword in the run-length code, a "blank" is 

written to the label list (the actual value being 2 (00). For each TWI codeword in the 
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run-length code the row number of the following run, plus 1 000, is written to the label 

list. For each TW2 codeword the value of the label corresponding to the run is written 

to the label list. In this manner all the runs corresponding to a given label can easily 

be located. 

At the same time as regIOn labelling is taking place the areas of labelled blobs are 

calculated using [4.74). Each blob area area is stored in an array indexed by label. If 

the number oflabels at any time exceeds 256 then the function is exited with error_status 

returned TRUE. 

The label collection operation is as described in section 4.4.5, with one exception; instead 

of using separate stacks to store equivalent labels, an array is used. Equivalent labels 

are stored in consecutive elements in the array with different groups of labels separated 

by an clement holding an illegal value (actually 300). 

Once the label collection operation has finished, the function sums the areas of 

connected blobs to give region areas. The largest region and largest blob arc then found. 

If the largest blob has the greater area then the centre of area equations [4.72],[4.73] are 

applied to all the runs making up the blob so that the centroid co-ordinates may be 

determined. 

The same method is used if the largest region has the greater area however, here the 

centre of area equations are applied to all runs of all constituent blobs. In both cases 

the centroid co-ordinates are returned by the function. 



non-pointer arguments: none 

pointer arguments: 
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int x x co-ordinate of the centroid 

int y y co-ordinate of the centroid 

returns: none 

called functions: none 

description: 

Reads each pixel of the thresholded image and calculates the centroid co-ordinates by 

implementing eqns (4.101,(4.111,(4.12). 

Junction: code (no_oJ_trans) 

non-pointer arguments: none 

pointer arguments: 

int no of trans number of codewords in the resulting run 

length code. 

returns: 

int error status 

called functions: none 

description: 

TRUE if excessive number of runs found; 

FALSE otherwise. 

This function forms the run-length code for a down-loaded binary image. The 

run-length code is stored in the same part of extended memory as for down-loaded 
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images to save space in base memory. The reserved space for down-loaded images is 256 

kbyte. This is divided into to equal partitions so that two run-length codes can 

simultaneously he stored. This allows for "ping-pong" processing i.e. taking data from 

one part of memory ,operating on it and then transferring it to a different part of 

memory. The data flow is then reversed for the next operation. Each codeword is stored 

within a single int (two bytes) of storage. Codewords are represented as follows: 

R~ = y co-ordinate of the run 

TWI = left co-ordinate of the run + 1000 

TW2 = right co-ordinate of the run + 2000 

This allows the shrinkO, expandO and dcleteO functions to distinguish between different 

types of codeword. 

The function sets the first and last columns of the binary image to white so that each 

row begins with a white to black transition and ends with a black to white transition. 

The image is scanned row by row and as each transition is found the corresponding 

codeword is written to memory. The run-length code starts on row 0 however, the image 

scanning starts on row 2. By this arrangement the image data can never be over-written 

by the run-length code prior to it being read. 

If more than 20 000 codewords are recorded thel) error_status is returned true. This 

value was set not by storage limitations but was determined empirically. Images 

requiring more than this number of codewords were found to be of such poor quality 

that further processing did not yield any significant improvements. 

function: cursor 

description: 



- AI04 -

This function is identical to the function used in the Shore hardness program, described 

in Chapter 3. 

function: delete (no_of_trans,n) 

pointer arguments: 

int n maximum length of runs to be erased 

pointer arguments: 

int no of trans number of codewords in the resulting 

run-length code 

returns: none 

called functions: none 

description: 

The function reads each pair of transition codewords (TW I, TW2) from the first memory 

location and writes them to the second memory location if they are of length greater 

than n. 

function: draw_line (xJ,yJ ,x2,y2) 

non-pointer arguments: 

int xl 

int yl 

int x2 

int y2 

pointer arguments: none 

x co-ordinate of fIrst point 

y co-ordinate of fIrst point 

x co-ordinate of second point 

y co-ordinate of second point 
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returns: none 

called functions: none 

description: 

This function draws a straight line from (xl,yl) to (x2,y2) by writing to the frame store 

image buffer. Those pixels forming the line are set to grey level WHITE. 

Jllnction: expand (no_oJ_trans) 

pointer arguments: none 

pointer arguments: 

int no of trans number of codewords in the run length 

code 

returns: none 

called functions: none 

description: 

This function implements the expansion opera~ion described in section 4.4.3 The 

x-direction expansion is first achieved by reading, from the first memory partition, a pair 

of transition codcwords (TW I, TW2), altering the x co-ordinates according to 

[4.19),[4.20) and then writing the resulting codeword pair to the second memory 

partition. If the resulting run NtouchesH another run on the same line the two runs are 

condensed into one. 
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The expand operation in the -y direction ( a + y direction expansion was not found to 

be necessary) is then implemented as follows. A pair of codewords (TWI,TW2 are 

taken from the run-length code corresponding to a run on the (i + l)th row. The 

codewords (TW1,TW2) corresponding to all the runs on the ith row which overlap the 

run on the (i + I)th row are then found. If a simple configuration is found 

(configurations I to 5 in section 4.4.3) then the codewords corresponding to the run on 

the ith row arc modified according to [4.28)-[4.33). and written to the second part of the 

memory partition. 

If a block is found then all connected runs on both the ith and (i + I)th row are located. 

A single pair of codewords are then written to the second memory partition. This gives 

a single run which replaces all the connected runs on the ith row. The process is 

repeated for the next run on the (i + l)th row and then on subsequent rows. 

function: get_thresh (data,error) 

non-pointer arguments: none 

pointer arguments: 

returns: 

called functions: 

description: 

int data 

int error 

none 

threshO 

array holding the grey level frequency table 

FALSE: no errors found,imagc successfully 

thresholded;· NON_FATAL: image thresholded 

but poor contrast present in original image; 

FATAL: no threshold found. 
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The function implements the automatic thresholding algorithm given in section 4.3.2. 

The mode value is found from the grey level frequency table and the search is first 

carried out on the lower side of the mode to locate the other mode and minimum. If a 

threshold is found, it is judged to be acceptable if: 

(n(g\)/n(g3) > 2) n (n(g2)/n(g3) > 2) n 

(n(g\) > 1(0) n (n(g2) > 1(0) 

This condition IS stricter that in section 4.4.6. 

[A7.1] 

The conditions 

n(gl) > 100 and n(g2) > 100 are necessary to prevent the algorithm taking small modes 

caused by noise as belonging to the object. If the above condition is met then the input 

LUT is set up by calling the thresh function, error is set to FALSE and the routine is 

exited. If a threshold is found but:-

(n(g\)/n(g3) :s; 2) n (n(g2)/n(g3):S; 2) n 

(n(g\) > 1(0) n (n(g2) > 1(0) 
[(17.2] 

then the threshold is noted so that it may be used later with error set to NON_FATAL 

to warn of poor contrast. 

A search is then made on the upper side of the mode. If a threshold is found and the 

condition given in IA7.IJ holds then the threshO function is called with the threshold as 

an argument and error is set to FALSE. If a threshold is found and [A7.2] holds but 

[A 7.1] does not then the threshO function is called with the threshold as an argument 

and error is set to NON_FATAL. Finally if no threshold is found on the upper side of 

the mode then the function checks to see if a threshold was found on the lower side of 

the mode. If it was, then the previous threshold is used as an argument for the threshO 
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function and error is set to NON FA TAL. If no threshold at all is found then error is 

returned to TRUE and the threshO function is not called. 

function: new_centre (nvalllc.f,X,Y) 

non-pointer arguments: 

pointer arguments: 

int nvalues number of boundary points for the 

indentation 

int x x co-ordinate of the centroid 

int y y co-ordinate of the centroid 

returns: none 

called functions: none 

description: 

The function calculates the centroid of the indentation based on the boundary pixels of 

the indentation. The centre of area equations (4.10],[4.11 ],[4.12J are applied to the 

boundary co-ordinate data (held in two arrays) with the area taken as the number of 

boundary points (nvalues). 

perimeter( x,y ,nvalues) 

non-pointer arguments 

int x x co-ordinate of the centroid 

int y y co-ordinate of the centroid 

pointer arguments: 



int nvalues 

returns: 

error status 

called functions: none 

description: 
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number of boundary pixels for the indentation 

TRUE if indentation boundary meets the 

image border; FALSE otherwise. 

The function scans the image radially, starting from the centre of area, at I degree 

increments. The nominal radius increment is 1 pixel, however the polar (radius, angle) 

form is converted to rectangular co-ordinates in order to address each pixel. A pixel is 

taken as a boundary point if the following 5 contiguous pixels in a given radial direction 

are found to be white (i.e. have the value GREY). If the radius at any angle is found 

to extend to the image boundary then the error_status variable is set TRUE. The 

co-ordinates of the boundary points are stored in two arrays ( one for x and one for y ) 

indexed by angle in degrees. 

functions: screen] ( ), screen2 () ••• etc, perimeter _error( ), thresh_error(), etc 

arguments: none 

returns: none 

called functions: none 

description: 

These functions provide prompts and program status information for the user by writing 

to the VDU. 



non-pointer arguments: none 

pointer arguments: 

- AllO -

int no of trans number of codewords in the resulting 

run-length code 

returns: none 

called functions: none 

description: 

This function implements the shrink operation described in section 4.4.4. The 

x-direction shrink is first achieved by reading from the first memory partition each pair 

of transition codewords (TWl,TW2), altering the x co-ordinates according to 

[4.45],[4.46] and then writing the resulting codeword pair to the second memory 

partition. If the original run was of length two or less then the codcwords are not 

written to the second memory partition. 

The shrink operation in the -y direction is then implemented as follows. A pair of 

codewords are taken from the run-length code corresponding to a run on the ith row. 

The codewords of all runs on the ith row which overlap the run on the (i + I )th row are 

then located. If a simple configuration is found (configurations 1 to 5) then the 

codewords corresponding to runs on the (i + I )th row are modified according to 

[4.47]-[4.50] and written to the second memory partition. 
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I f a block is found then all runs on both the ith and (i + I )th lines which are connected 

arc located. A series of transition codewords are then created according to [4.53]-[4.63] 

and written to the second memory partition. The process is then repeated for each new 

run on the (i + I )th line. 

function: sct_up() 

arguments: none 

returns: none 

called functions: none 

description: 

This function writes to the frame store input look-up table to give a direct grey scale 

mapping for captured frames. 

function: sig ( nvalues, x, y, angJ, ang1, angJ, ang4 ) 

non-pointer arguments: 

pointer arguments: 

returns: 

int nvalues 

int x 

int y 

int ang l..ang4 

none 

number of boundary points for the 

indeQtation 

x co-ordinate of the centroid 

y co-ordinate of the centroid 

angles of the indentation corners from 

the horizontal 
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called functions: none 

description: 

The function locates the corners of the indentation from the data held in the boundary 

co-ordinate arrays. The signature is first calculated by computing the distance of each 

boundary pixel from the centroid. The distance values are stored in two arrays indexed 

by angle in degrees. The distance between two co-ordinates (XIYI) and (X2J'2) is given by:-

[A7.3] 

however, a modified form of this equation is used in the program so that the distance is 

normalised with respect to the aspect ratio. The modified equation is:-

,[IJ _ Jex - X[I])' + ( (Y - Y[IJ) )2 
aspect [A 7.4] 

where r[/J is the distance of a boundary pixel at (x[/J,Y[/J) from the centroid, (x,y) are 

the centroid co-ordinates and aspect is the aspect ratio (approximately 4/3). To reduce 

the cfTccts of small fluctuations in the signature (which could cause problems when 

determining the peaks in the signature) each distance value is replaced by the average 

taken over five clements, i.e. a new set of signature values, 

r",,[l], are created such that:-

rave,] = -+ (r[i - 2] + rei - I] + r[/] + rei + I] + rei + 2]) [A7.5] 

To locate the first comer of the indentation the maximum distance value in the signature 

is found. The index of the array element holding this value is then the angle of the first 

corner to the horizontal and is recorded as angl. The location of the second comer is 
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then found by scanning the signature array over the interval [a~gl + 45, angl + 135] and 

locating the maximum distance. The index of this value gives the angle of the second 

corner. The process is repeated until all four corners have been found. 

function: sig_check ( nraiues, x, y ) 

non-pointer arguments: 

int nvalues 

int x 

int y 

number of boundary points for indentation 

x co-ordinate of centroid 

y co-ordinate of centroid 

pointer arguments: none 

returns: 

error_status TRUE: if the centroid IS outside the 

indentation or too close to the boundary; 

FALSE: otherwise. 

called functions: none 

description: 

The function calculates the distance of each boundary point from the centroid. If more 

the 180 points have a distance of to pixels or less from the centroid, it is assumed that 

the centre of area is outside the indentation ( since the background is white, the 

perimeter function will, ideally, record zero distance for each boundary point). In this 

case the error_status is set to TRUE and the routine is exited. The ratio of maximum 

boundary distance to radius for each boundary point is recorded. If this ratio is greater 

than 5 for more than to boundary pixels (these values were determined empirically) it is 
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assumed that the centroid is too close to the boundary. Here the error status variable 

is set to TRUE. 

function: smooth ( ) 

arguments: none 

int error status TRUE: if excessive number of transitions 

called functions: 

found; FALSE: otherwise. 

codeO, deletc(), expandO, shrinkO 

description: 

This function performs the binary smoothing operation discussed in section 4.4.1. The 

codeO function is first called to produce the run-length code from data in a down-loaded 

binary image. The expandO function carries out the expansion of section 4.4.3 and is 

then called twice. The shrinkO function, which implements the shrink operation of 

section 4.4.4 is then called twice. Finally any runs of length 10 or less are erased from 

the code by calling the delete() function. This has effect of removing small groups of 

black pixels which have been erroneously thrcsholded. 

function: stretch ( ) 

arguments: none 

returns: none 

called functions: none 

description: 
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This function "stretches" the grey scale of an image so that the entire grey scale range 

of the frame store (here 0 to 255) is used by the image. A frame is first captured and 

down-loaded. Every pixel is then read to ascertain the maximum grey level (gmu) and 

minimum grey level (gmin). Each grey level is then mapped to a new grey level according 

to:-

-+ 255 ( g - gmin ) 
g g -g. max mm 

[A7.6] 

This is achieved by writing the transformed grey scale to the input LlJT and then 

capturing another image. 

function: tllresh( t J ,t2) 

pointer arguments: 

int t I lower threshold 

int t2 upper threshold 

pointer arguments: none 

returns: none 

called functions: none 

description: 

This function writes to the frame store look-up table to give the required grey scale 

mapping for capturing binary images. Any pixels having grey levels between tl and t2 

are converted to black while those outside this ran.ge are converted to white. 

function: verify (magnifiClltion,weight) 



non-pointer arguments: 

pointer arguments: 

returns: 

called functions: 

description: 
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int magnification 

int weight 

none 

none 

stretchO, cursor() 

microscope magnification 

applied load in kgf. 

The function first prompts the user if she/he wants the grey scale of the image to be 

"stretched". If so then the stretchO function is called. The user is then prompted to 

place four cursor at the corners of the indentation as seen on the output monitor. 

Cursor movement is performed by the cursorO function which also returns the cursor 

co-ordinates once placed. The diagonal lengths are then calculated as in the vickersO 

function (A 7. 7) and the corresponding hardness calculated using eqn [4.14). 

function: vickers ( magnification, weight, anglel, angle2, angle3, angle4) 

non-pointer arguments: 

pointer arguments: 

returns: 

called functions: 

int magnification 

int weight 

int angle 1 ... angle4 

none 

none 

draw_line() 

microscope magnification 

applied load in Kgf 

angles of indentation corners 
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. description: 

The function first finds the co-ordinates of the indentation corners from the boundary 

co-ordinate arrays using the corners angles. The diagonal lengths in millimetres are then 

calculated using the following formula:-

d= ( xl ;/2 )
2 

+ ( yl ;t )' [A7.7] 

where d is the diagonal length, (xl,yl) and (x2,y2) arc the co-ordinates of the corners 

and Sx and Sy are the x and y scaling factors in pixels/mm. The Vickers hardness is then 

calculated using [4.141. Before the function is exited the set_up() function is called to 

produce a real-time grey scale picture on the output monitor. 



.Ii on 
#include "\lc\stdio.h" 
#include "\lc\dos.h" 
#include "\lc\math.hH 
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extern void camcraO; It real time display(i/p buff,ilut,o/p buff,olut) tl 
extern void captureO; It real time capture {i/p buff,ilut,o/p buff,olut) tl 
extern void ilut(); It i/p look up tablc (tablc,index,value) tl 
extern void olutO; It o/p look up table (table,index,value) tl 
extern void roov _ bufO; I t move buffer to local buffer (bull) ·1 
extern void rcs_burO; I· restore to buffer(bull)·1 
cxtcrn int rcad--.rixO; I· read (x,y) pixcl from buffcr (x,y,bull) ·1 
cxtcrn int rcadpixlO; I· read (x,y) pixel from local buffcr (x,y) ·1 
extcrn void wrt-pixO; I· write pixcl to buffcr (x,y,value,buffer) ·1 
extcrn void wrtpixlO; It write pixel to local buffcr (x,y,value) ./ 
extern void write 2_ wordO; /. read/writes direct to buffer ·1 
extern int read 1_ wordO; 
extern void write2_wordO; /. (index,:value) t/ 
extcrn int rcad2_wordO; I· (valuc) ·1 
extcrn void hcadcrO; 
extcrn void verify(); 
extcrn void thrcsh_crrorO; 
cxtcrn int smoothO; 
extcrn int blobO; 
extcrn void vickcrsO; 

#define 
#defme 
#dcfine 
#dcfinc 
#define 
#dcfmc 
#dcfinc 
#dcfine 
#definc 
#defmc 
#dcfmc 
#dcfine 
#dcfinc 
#dcfmc 

WIIITE 255 
BLACK 0 
GREY 150 
TRUE I 
FALSE 0 
FATAL I 
~ON FATAL 2 
NAVE RAGE 3 I· number of histogram averages tl 
ASPECT 1.362 
SCALE 454 It pixcl/mm in x direction tl 
SCALEX 454.0 
SCALEY 673.0 
DISTANCE RATIO 5 
MAX_POIN";tS 10 

int stack = 32000; 
int xcoordI360)i 
int ycoordI360); 
int distancc/360); 
int data(256J; 

mainO 
{ 
int option; 
int magnification, weight; 
int i,j; 
int x,y; 
int nvalues; 
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int ang 1 ,ang2,ang3,ang4; 
int error_status; 

/. dcfault settings • / 

START: magnification :; 10; 
weight :; 20; 

ang 1 :; ang2 :; ang3 :; ang4 :; 0; 

header( magnification, weight); 
do{ 
option:; gctch(); 

ease'm': 

printf ("\x07*); 
switch (option) 
{ 

printf ("%c(44m",27); 
systemCcls"); 
printf C%c(41m",27); 
printf ("%c(37m',27); 
printf ("%cI12; lSf",27); 
printfr "); 
printf C%cI13; lSf",27); 

printfr Enter new magnification factor < ret > }; 
printf ("%cI14; lSf",27); 
printer "); 
printf C%c( 13;59[",27); 

scanf("%d",&magnification); 

case 'w': 

header( magnification, weight); 
break; 

case 'v': 
systemrcls}; 
Yerify(magnification,weight); 
headcr( magnification, weight); 
break; 

printf ("%cl44m',27); 
system("ds1; 
printf ("%c(41m',27); 
printf ("%c(37m',27); 
printf (,,%cI12;2Sf",27); 
printer }; 
printf (,,%cl13;2Sf",27); 

printf(* Entcr ncw weight in Kg( < ret > }; 
printf (,,%c(14;2Sf",27); 
printer }; 
printf ("%c(13;59f",27); 

scanf("%d" ,&weight); 

break; 
case 'pi: 

header(magnification, weight); 

screen 10; 
screen20; 

error status = binaryO; 
if (error_status = = FATAL) 



{ 

} 

thresh_errorO; 
goto START; 
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else 
if ( error status = = NON_FATAL) 
{ -

} 

scrcen70; 
error_status = smoothO; 
if ( error_status) 

goto START; 
scrcen80; 
error_status = blob(&x,&y); 
if ( error_status) 

goto START; 
eapturc(O,O,O,O); 
mov_buf(O); 

else 
{ 

} 

scrccn30; 
ccntre_oCarca(&x,&y); 

scrccn4(); 
error_status = perimeter (x,y,&nvalues); 

if ( error_status) 
{ 

} 

perimeter _ error(); 
goto START; 

error_status = si1L check(nvalucs,x,y); 
if ( error_status ) 
{ 

scrccn70; 
error_status = smoothO; 
if ( error_status ) 

goto START; 
scrcen80; 
error_status = blob(&x,&y); 
if ( error_status) 

goto START; 

capturc(O,O,O,O); 
mov_buf(O); 
pcrimctcr(x,y,&nvalues); 

} 
screenS(); 
new _ centre(nvalues,&x,&y); 
sig(nvalues,x,y ,&ang l,&ang2,&ang3,&ang4); 
screen6(); 
vickers(magnification, weight,ang l,ang2,ang3,ang4); 
header(magnification,weight); . 
break; 

case 'x' : 



printf(",%c(Om",27); 
system(",cls1; 
break; 

default: 
printf ("'%c(46m",27); 
printf no; 
printf (" 1; 
printf ("'%c(4Im",27); 
printf ("'%c(37m",27); 
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printf ('" --- invalid option ---
1; 

1; 

} 

for ( i = 0; i < = 30000; i + +) 
for ( j = 0; j < = 5; j + +); 

printf (",%cl46m"',27); 
printfnr1; 
printfr 1; 
printf ("%cl44m",27); 
printf r%cI37m",27); 
printf r please enter an option 

break; 

) while (option = 'x'); 
} 
/. end of main ./ 

/. sets up the input LUT to give direct grey scale mapping ./ 

for (i = O;i < = 2SS;i + +) 
ilut(O,i,i); 

camcra(O,O,O,O); 
} 
/. end of setup·/ 

binaryO 

{ 
register x,y; 
int data(2S6J; 
int error; 

/. calculates grey level histogram, prints it out .1 
I· and fmds the threshold bounds ·1 

I· frequency values ·1 

I· move a frame down to base memory ·1 



} 

capture(O,O,O,O); 
mov _buf(O); 

I + clear the tally table +1 

for ( x = 0; x < 256; x + + ) 
datal xl = 0; 
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1+ calculate the frequencies for the tally tablc +1 
I + note only 114 of the pixcls arc read + I 

for ( x = 0; x < 512; x + = 2 ) 
for (y = 0; y < 512; Y + = 2 ) 

datal rcadpix.l(x,y) J + + ; 

1+ remove fluctuations from the tally table by averaging +1 
avcragc(data); 

1+ get the threshold bounds and threshold image +1 
gct_ thrcsh( data,&clTor); 

camcra(O,O,O,O); 

I· clear the histogram from the display +1 

capturc(O,O,O,O); 

rctum( elTor); 

1+ end of binary t I 

thresh(tl,t2) It alter the input LUT values tl . . 
1+ grey level betweem tI and t2 map to black(O) +/ 
I· those outside to white +1 

int tl,t2; 

<. . 
tnt I; 

for (i = O;i < = 255;i + +)( 
if«i> =tl) && (i< =t2»){ 
ilut(O,i,BLACK); 

} 
else 
ilut( O,i,G RE Y); 



} 
} 
I + end of thresh +1 

a veragc( data) 
int datall; 
{ 
int i,j; 

for (j = I; j < = ~AVERAGE; j + + ) 
for ( i = 0; i < = 253; i + + ) 
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datali) = ( datali) + dala(i + I) + data(i + 21 ) I 3; 

} 

gct _ thresh( data,crror) 
int datall; 
int +crror; 

/+ computes the threshold values +/ 

I + return valucs for error: + I 
1+ fALSE - no error, thresholds found +; 
1+ :'\ON FATAL - error, both thresholds found +1 
1+ FATAL - error, no thresholds found +1 

{ 

long maxJrequency I; 
long min_frequency; 
long maxJn:qucncy2; 
int i; 
int mode I ,mode2; 
int old thresh; 
int thrCsh I ; 
int interval; 

,+ fmd mode value +, 
maxJrequcncyl = 0; 
old_thresh = 0; . 

for ( i = 0; i < 250; i + + ) 
if ( data/i) > maxJrequency I ) 
( 

} 

max_frequency I = datali); 
model = i; 

interval = 20; 

do 
{ 



y2 ) 

- Al24 -

It fmd other mode - must be at least interval pixels +1 
It distant from 1st mode +/ 

maxJrcquency2 == 0; 

for ( i = 0; i < = mode I-interval; i + + ) 
if (dalalil > == maxJrequency2) { . 

} 

maxJrcqucncy2 == dalali); 
mode2= i; 

I + find "'valley" between modes - this lowest frequency + / 

minJrcqucncy == 300000; 

for ( i = mode2; i < == mode I; i + + ) 
( 

if (d.ltali) < minJrequcncy) 
{ 

minJrcquency == dataliJ; 
threshl == i; 

} 
} 

interval + == 10; 

} while ( ( (minJrequency < maxJrequencyI) && 
(minJrcquency< maxJrcquency2) ) && (mode I-interval > 0) ); 

if ( (minJrequency < maxJrequency 1 ) && (minJrequency < maxJrequenc 

&& (maxJrcquencyl ::> 100) && ( maxJrequency2 > 100) ) 
old_thresh = thresh I; 

if ( ( model-interval> 0) && (max_frequencyl/miriJrequency > 2) && 
(maxJrequcncyl > 100) && (maxJrcquency2 > 100) ) 

{ 
terror = PALSE; 

} 
else 
{ 

interval = 20; 

do 
{ 

It find other mode - must be at least interval pixels tl 
I + distant from I sl mode + / 

maxJrequency2 = 0; 



) ) 
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for ( i = model + interval; i < = 255; i + +) 
if (data(iJ > = maxJrequency2) 
{ 

} 

maxJrcquency2 = data(iJ; 
modc2=i; 

1+ find "valley" between modes - this lowest frequency +, 

minJrcquency = 300000; 

for ( i = mode I; i < = mode2; i + + ) 
{ 

if (data(iJ < minJrequency) 
{ 

} 

minJrequency = data(iJ; 
thresh I = i; 

interval + = 10; 

} while ( ( (min Jrequency < max Jrequency I) && 
(minJrcquency < maxJrcquency2) ) && (mode I + interval < 250»; 

if ( ( maxJrcquencyl/minJrcquency > 2) && ( mode2 < 250) && 
(maxJrequcncyl < 100) && (maxJrcquency2 < 100» 

{ 

} 
terror = FALSE; 

else 
if ( ( mode2 < 250) && ( max_frequency I 

{ 
terror = NON_FATAL; 

} 
else 
if (old_thresh > 0) 
{ 

} 

thresh I = old_thresh; 
terror = NON_FATAL; 

else 
{ 

} 

terror = FATAL; 
return; 

< 100) && ( max_frequency2 < 100 

} ,+ lower threshold = 0 ., 



} 

capture(O,O,O,O); 
thresh(O,thresh I); 
capturc( 1,0,0,0); 
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drawJine(xl,yl,x2,y2) 1+ draws a line on the output image from +/ 
int xl,yl; 1+ (xl,yl) to (x2,y2) +1 
int x2,y2; 
{ 
float grad; 
float offset; 
float y; 
int x; 

I + calculate gradient +1 

grad = (float)( y I - y2 ) I (float)( xl - x2 ); 

/ + calculate intercept on y axis +1 

offset = (float)y I - grad +(float)xl; 

if (xl < x2) I + check for smallest x coord +1 
for (x = x I; x < = x2; x + + ) , 
( 

} 
else 

y = grad+(float)x + offset; 
wrt"pix(x,(int)y, WIIITE,O); 

for (x= xl; x> =x2; x--) 
{ 

} 

y = grad+(float)x + offset; 
wrt "pix( x,(int)y, WI lITE,O); 

} 1+ end of draw lines ., 

perimeter( xbat ,ybar ,nvalues) I· calculates the outside of the indetation +1 
,. by a radial line scan centred on (xbar,ybar)·/ 

int +nvalues; 

,. nvalues returns the number of boundary + / 
,. pixels actually found • / 
/. the coordinates of the boundary pixels are ./ 
,. recorded in the xcoord and ycoord arrays +, 
/. returns TR VE if error found ., 
/. FASLE otherwise +/ 
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int xbar,ybar; 
{ 
double pi; 
register x,y; 
register r; 
int theta_deg; 
double thetaJad; 
int success; 
double value sin; 
double value -cos; 
int nwhite;-

pi = 4 + atan{ 1.0); 
x= y= 256; 

+nvalues = 0; 

1+ scan radii at I degree increments +/ 

for ( theta_dcg = 0; thcta_dcg < 360; thcta_deg+ + ) 
{ 

thetaJad = {double)theta_deg + ( pi / 180.0); 
valuc_sin = sin(thetaJad); 
valuc_cos = cos(thetaJad); 
success = FALSE; 
x= xbar; 
y= ybar; 
nwhitc=O; 

1+ scan radius at I pixel increments - check point is +/ 
/+ actually within the image limits • / 

for { r = 0; ( r < 512) && ( x > = 0) && ( Y > = 0) && 

{ 
( x < = 511 ) && (y < = 511 ) && (success= = FALSE); r+ +) 

/ + polar to rectangular convcrsion + / 

x = xbar + (int)«double)r+value_cos); 
y = ybar + (int)«double)r+value_sin); 

,. fust five white pixels mark the boundary • / 

if ( (readpixl(x,y) = = GREY» 
nwhite+ +; 

else 
nwhite=O; 

if « nwhite = = 5) /I ( x < = 0) /I (x> = 512) II (y < = 0) II (Y> = 512» 
{ 

if( (x< =0) /I (x> =512) II (y< =0) II (Y> = 512» 
retum(TR VEl; 

success = TRUE; 
·(xcoord + (.nvalues» = xbar + (int)«double)(r-5)·value_cos); 
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+(ycoord + (+nvalues» = ybar + (int)«double)(r-5)+valuc_sin); 
(+nvalues) + +; 

} 
} 

rctum( FALSE); 

} 1+ end of perimctcr +1 

new_ccntre(nvalucs,xhar,yhar) 1+ calculates the centre of area based on thc·/ 
/. boundary pixels ( coordinates stored in +1 
I· xcoord and ycoord arrays ) • / 

int nvalues; 
int ·xbar, ·ybar; 
{ 
int x,Y; 
long sum; 

/ + nvalues is thc number of boundary points + / 
1+ (xbar,ybar) returns the centre of area ./ 

1+ area = no of values+/ 

1+ get centre of area +1 

sum = 0; 

for (x= 0; X < = nvalues; x+ + ) 
sum = sum + xcoord(xl; 

+xbar = sum I nvalues; 

sum = 0; 

for (x = 0; x < = 512; x + + ) 
sum = sum + ycoord[ xl; 



+ybar = sum / nvalues; 

} /+ end of new_centre +/ 

si!L chcck(nvalues,xbar,ybar) 
int xbar; 
int ybar; 
int nvalues; 
{ 
int error; 
int dummy; 
int i; 
int minm; 
int maxm; 
int count; 

count = 0; 
minm = 32000; 
maxm=Oj 
error = FALSE; 
for ( i= 0; i < = nvalues-I; i + + ) 
{ 
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dummy = (int)(sqrt«double)(xcoordlil-xbar)+(doublc)(xcoordlil-xbar) 
+ (doublc)(ycoordlil-ybar)+(double)(ycoordlil-ybar)/(ASPEC 

T+ ASPECT) »; 

} 

if ( dummy> maxm ) 
maxm = dummy; 

if (dummy < 10) 
count + +; 

if (count > 180) 
retum(TRUE); 

count = 0; 
for ( i = 0; i < = nvalues-l; i + + ) 
{ 

dummy = (int)(sqrt«double)(xcoord(iJ-xbar)+(doublc)(xcoord(il-xbar) 
+ (double )(ycoord(i)-ybar) +( double )(ycoord(i)-ybar)/(AS PEC 

T+ASPECT) »; 

} 

} 

if (dummy < l) 
count + +; 

else 
if( maxm/dummy > DISTANCE_RATIO) 

count + +; 

if (count > MAX_POINTS) 
error = TR VE; 

retum(enor); 
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sig(nvalues,xbar,ybar,angle I ,angle2,angle3,angle4) 

int nvalues; 
int xbar,ybar; 1+ calculates signature of coordinate array +/ . 
int tangle I, +anglc2, +angle3, +angle4; 

{ 
int i; 
int minm; 
long sum; 
double mean; 
long area; 
int dummyI360J; 

int four = 4; 
int x,y; 
long maxm; 
int mode; 
float xl, x2, yl, y2; 
float xmax, ymax, xmin, ymin; 
int colour; 
static char textl1311lOJ = { 

} ; 

{"O"}, {"20"} , {"40"} , {"60"} , {"SO"}, 
{"lOON}, {"120"}, {"140"}, {"160"}, {"ISOI, 
{"lOON}, r220"}, {"240"} 

static char anykcyl30J = {",PRESS ANY KEY TO CONTINUEN}; 

1+ adjust the y values to allow for aspect ratio +1 

nvalues--; 
for ( i = 0; i < = nvalues; i + + ) 
{ 

dummyliJ = (int)(sqrt«double)(xcoordlil-xbar)+(double)(xcoordlil-xbar) 
+ (double )(ycoordlil-ybar) +( double )(yeoordliJ-ybar)/(ASPEC 

T+ASPECT) »; 
} 

for (i = 2; i < = nvalues-2; i + +) , 
distance(iJ = (dummy(il + dummy(i-ll + dummyli-2J 

+ dummyli + II + dummy(i + 21 ) / 5; 

distancelOJ = (dummylOI + dummy(nvaluesl + dummy(nvalues-ll 
+ dummy(ll + dummy(2]) / 5; 

distance(ll = (dummy( 1 1 + dummy(nvalues] + dummy[OI 
+ dummy(2] + dummy(3] ) / 5; 

distance(nvalues-II = (dummy(nvalues-I) + dummy(nvalues-21 + dummy(nvalues-3) 
+ dummy[nvalues] + dummy[O) I 5; 

distance(nvaluesl = (dummy(nvaluesl + dummy(nvalues-ll + dummy(nvalues-2J 
+ dummy(O) + dummy( 1 J ) I 5; 



} 

maxm = 0; 
minm = 32000; 
for ( x = I; x < = 254; x + + ) 
{ 

if ( distance( xl > maxm ) 
{ 

} 

maxm = distance(x); 
mode = x; 

if (distance(xl < minm) 
minm = distance(xl; 
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if( maxm I minm > = DISTANCE_RATIO) 
rcturn(TR UE); 

/ t calculate mean of distances t I 

sum= 0; 
for (i = 0; i < = nvalues; i + +) 

sum + = distancc(il; 
mean = (double)sum/(double}nvalues; 

area = (long)(4.0 t (rncanl 1.1221997)t(mean/ 1.1221997»; 

/ t find first corner - scan whole of distance array - 360 deg t I 

maxm = 0; 
for ( x = 0; x < 360; x + + ) 
if ( distance! xl > maxm ) 
{ 

} 

maxm = distancclxJ; 
+anglel = x; 

/ t fmd second comer - scan over angle + 45 deg - > angle + 135 degt / 

maxm = 0; 
for ( x = tangle I + 45; x < = tangle 1 + 135; x + + ) 
( 

if(x>=360) 
y=x-360; 

else 
y=x; 



} 

if (distance[y) > maxm) 
{ 

} 

maxm = distancc[y); 
+angle2 = y; 

/ + third comer + / 

maxm = 0; 
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for ( x = +angle2 + 45; x < = +angle2 + 135; x + + ) 
{ 

if(x >= 360) 
y= x-360; 

else 
y=x; 

if (distancc[y) > maxm ) 
{ . 

maun = distancc[y); 
+angle3 = y; 

/ + fourth comer + / 

maun =,0; 
for ( x = +angle3 + 45; x < = +angle3 + 135; x + + ) 
{ 

} 

if(x>=360) 
y= x-360; 

else 
y=x; 

if (distancc(YI > maxm ) 
{ 

} 

maxm = distancc(y); 
+anglc4 = y; 

} ,+ end of signature +, 
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centre_oCarea(xbar,ybar) 1* calculates the C of A for an entire *1 
int ·xbar,*ybar; 1* thresholded frame, coords of centre *1 
{ 1* are returned as (xbar,ybar) */ 
long area; 
register x,y; 
long sumx; 
long sumy; 

1* calculate area and centre of area *1 

mov _buf(O); 

area = 0; 
sumx = 0; 
sumy = 0; 

for (x = 0; x < = 512; x + + ) 
for ( y = 0; y < = 512; y + + ) 

if ( readpixl(x,y) = = BLACK) 
{ 

} 

area + +; 
sumx + = x; 
sumy + = y; 

• xbar = sumx' area; 
·ybar = sumy , area; 

} '* end of centrc_oCarca *' 

scrccnlO 
{ 

1; 

printf(" 

1; 

} 

printf ('"%c(44m",27); 
systcmr'cls"'); 
printf r%c(4Im",27); 
printf ("%cI37m",27); 
printf ('"%cI12; I Of"',27); 
printf(" 

printf ("%c(I3;10f",27); 
position the sample and press any key to continue 

printf (N%c(14; I Of"',27); 
printf(" 

printf (",%cl13;63f",27); 
getchO; 

1; 



scrcen20 
{ 

"); 

"); 

"); 

} 

scrccn3() 
{ 

"); 

"); 

"); 

} 

scrccn4() 
{ 

j; 

j; 

j; 

} 

printf (H%c(46m*,27); 
systcm("cls"); 
printf (,,%cl44m"',27); 
printf (*%c(37m*,27); 
printf (*%cI12; I Of",27); 
printf(" 
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printf (*%cI13;10f",27); 
printf(" collecting grey level data 

printf ("%c(14; I Of",27); 
printf(" 

printf r%c(13;63f",27); 

printf r%cl46m",27); 
systcm("clsl; 
printf ("%c(44m",27); 
printf ("%c(37m",27); 
printf (,,%cl 12; I Of",27); 
printf(" 

printf (H%cl13; 10f",27); 
printf(* calculating the rough centre of area 

printf r%c( 14; I Of",27); 
printer 

printf C%c( 13;63f",27); 

printf ("'%c(46m*,21); 
systcmrclsj; . 
printf (*%cl44m',21); 
printf ("%c(37m',27); 
printf (,,%cI12; I Of",27); 
printf(* 

printf ("'%c(l3;lOf",27); 
printfr calculating the perimeter and signature 

printf ("'%c[14;10f",27); 
printfr 

printf ("'%c[ 13;63f" ,27); 



screen5() 
{ 

}; 

}; 

}; 

} 

scrccn6() 
{ 

}; 

} 

scrcen7() 
{ 

"'); 

"'); 

printf (%c(46m"',27); 
systcm("'cls"'); 
printf (%c(44mH,27); 
printf (%c(37mH,27); 
printf ("'%c(12; I 0i,27); 
print£(" 
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printf ("%c(l3; lOi,27); 
printf(", calculating the accurate centre of area 

printf ("'%c(14; 1 Of' ,27); 
printf(" 

printf (~oc(I3;63f',27); 

printf ("'%c(46m",27); 
systcm("'c1s}; 
printf ("%c[4-'m",27); 
printf ("'%c(37m",27); 
printf ("'%c(12; lOi,27); 
printf(" 

printf ("'%c[ 13; lOi,27); 
print£(" fitting lines to the object 

printf ("%c(14; lOi,27); 
printf(", 

printf ("%c(13;63f',27); 

printf ("'%c(46mH,27); 
systcm('" cis"'); 
printf ("'%c(44m",27); 
printf ("%c(37in",27); 
printf ("'%c(12;10f",27); 
printfr 

printf ( .. %c( 13; 10f",27); 
printfr binary smoothing the image 

printf ("'%c(14; IOf",27); 
printfr 



1; 

} 
printf r%c(13;63f',27); 
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screen80 
{ 

1; 

"); 

1; 

} 

printf r%c(46m',27); 
systemrc1s1; 
printf ("%c(44m"',27); 
printf r%c(37m",27); 
printf ('%c( 12; 1 Of' ,27); 
printf(' 

printf ("%cIl3;10f',27); 
printer fmding the largest region 

printf r%c( 14;10f',27); 
printf(" 

printf ("%c(13;63f",27); 

perimeter _ errorO 
{ 

} 

printf C%c(4Im",27); 
systemrcls1; 
printf r%c(47m",27); 
printf C%c(3Om",27); 
printf r%c(6;12r,27); 
printf(" 1;· 
printf (,,%cI7;12r,27); . 
printf(" PERIMETER CALCULATION ERROR 1; 
printf ("%cI8; 12f",27); 
printfr 1; 
printf (''''oc(9;I 2f",27); 
printf(" possible causes:- 1; 
printf ('%c(lO;12f",27); . 
printf(' poor illumination or sample not in field of view 1; 
printf ('%clll; 12f",27); 
printf(' 1; 
printf ("%c( 18; 12f" ,27); 
printf(' press any key to continue 1; 
printf r"'oc( 18;S7f",27); 
printf{,,\071; 
printf(,,\071; 

getchO; 
printf ('%c[Om' ,27); 
system('clsl; 



#include H\lc\stdio.h" 
#include H\lc\dos.hH 

#include "\lc\math.hH 
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extern void cameraO; /+ real time display(iJp buff,ilut,o/p buff,olut) +/ 
extern void captureO; /+ real time capture (i/p buff,ilut,o/p buff,olut) +/ 
extern void ilutO; /+ i/p look up table (table,index,value) +/ 
extern void olutO; 1+ o/p look up table (table,index,value) +1 
extern void mov_bufO; /+ move buffer to local buffer (buff) +, 
extern void res_bufO; 1+ restore to buffer(buft)+1 
extern int readyixO; /+ read (x,y) pixel from buffer (x,y,buff) +1 
extern int readpixlO; /+ read (x,y) pixel from local buffer (x,y) +1 
extern void wrtyix(); /+ write pixel to buffer (x,y,value,buffer) +/ 
extern void wrtpixlO; /+ write pixel to local buffer (x,y,value) +, 
extern void write2_wordO; /+ read/writes direct to buffer +/ 
extern int readl_word(); 
extern void write2_ wordO; /+ (index,value) +/ 
extern int read2_wordO; /+ (value) +/ 

#dcfme 
#define 
#definc 
#definc 
#define 
#dcfine 
#dcfine 
#dcfine 
#dcfine 
#defme 

WHITE 255 
B1,ACK 0 
GREY 150 
TRUE I 
FALSE 0 
l'AVERAGE 3 /+ number of histogram averages +/ 
ASPECT 1~362 
SCALE 454 /+ pixel/mm in x direction +/ 
SCALEX 454.0 
SCALEY 673.0 

extern int xcoordI3601; 
extern int ycoordlJ60l; 

header( magnification, weight) 
int magnification,wcightj 
{ 

\nl; 

\nl; 

\nl; 

\nl; 

printf (A'%el46mA',27); 
system("'clsj; 
sct_upO; 
printf (",%cI41mA',27); 
printf (A'%cI37mA',27); 
printf (A'%cI2;6f",27); 
printf (N 

printf C"%c(3j6f",27); 
printf (N Vickers Hardness Tester v4.0 

printf ("'%c(4;6f",27); 
printf (N (c) 1989 l.e.Smith, University of Liverpool 

printf ("'%c(5;6f",27); 
printf ('" 

printf (N%c(46mN,27); 



) 
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printf ("\0\0"); 
printf ("'%cj3lm",27); 
printf ('" preseot settings:- magnificatioo = %d, applied weight 

%d Kgf\o",magnification,wcight); 
printf ("\0\0"); 
printf ("'%cj30m",27); 
printf('" m1; 
printf (",%cl34m"',27); 
printf ('" alter Magnification \o\n"); 
printf ("'%cpOm"',27); 
printf ('" w1; 
printf (",%cI34m",27); 
printf ('" alter applied Weight \o\n,,); 
printf (*%cI30m",27); 
printf(", p1; 
printf ("%cl34m",27); 
printf (* Process a sample \n\ol; 
printf ("'%c(30m",27); 
printf ('" v"); 
printf ("'%cl34m",27); 
printf (H verify hardness manually \o\n"); 
printf (H%cI30mH,27); 
printf ('" x"); 
printf ("'~ocp4m",27); 
printf ('" eXit program \n\ol; 
printf ("\n\n1; 

priotf ('" H); 
printf (H%cl44m",27); 
printf ("%cI37m",27); 
printf (" please enter an optioo 

vcrify( magnification, weight) 
int magnificatioo,wcight; 
{ 

int x,y; 
long x I ,x2,x3,x4; 
loog y I ,y2,y3,y4; 
int diagonal I ,diagonal2; 
int mean_diagonal; 
int answer; 
double diagl ,diag2,mean_ diag; 
int hardness; 

printf ("%c(44m",27); 
system(" cis"); 
printf ("%c(4Im",27); 
printf ("%c(J7m",27); 
printf ("%c(12;18f"',27); 
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printer "); 
printf ("%c(13;IS£"',27); 
printer Stretch the grey level scale (Yin) ? "); 
printf (,,%c(14; 18£"',27); 
printer "); 
printf ("%c(13;59r,27); 

if ( (answer = gctch(» = = Y) 
stretchO; 

printf r%c(44mW,27); 
systcm( "cls1; 
printf (,,%cI41 mW,27); 
printf ("%cI37m"',27); 
printf (H%cI7; IS£'" ,27); 
printer 1; 
printf ("%cIS; 15£"',27); 
printer Locate the corners of the indentation using "); 
printf r%cI9; IS£"',27); 
printfr the following cursor keys: 1; 
printf C%cllO; IS£"',27); 
printW 1; 
printf C%c(ll; 15£"',27); 
printW \V "); 
printf r%c(12; 15£"',27); 
printfr A S N); 
printf ("%cl13; ISf",27); 
printf(' Z 1; 
printf r%cI14; 15£"',27); 
printf(* 1; 
printf ("%c(1 5; 15£"',27); 
printfr Usc thc • key to mark the location 1; 
printf ("%c(l6; 15£"',27); . 
printer Usc the SIlIFT key to speed up the movcment 1; 
printf r%c(17; 1 Sf", 27); 
printf(' 1; 

printf r%c(20; 1 Sf"', 27); 
printer press any key to continue 1; 
gctch(); 

capture(O,O,O,O); 

printf r%q44mW,27); 
system('c1s1; 
printf (,%cI41m",27); 
printf r%cI37m",27); 
printf ("%clll ; 15£"',27); 
printf(* 1; 
printf (,%cI12; 1 Sf'" ,21); 
printf(* locate the first comer 1; 
printf ("%c(13; 15£"',27); 
printf(* 1; 
x==y== 255; 
cursor(&x,&y,O,TRUE,I); 



xl =x; 
yl =y; 

printf ("%cl44m'",27); 
system('"clsj; 
printf ("%cI41m",27); 
printf ("%cI37m",27); 
printf ("%clll;ISr,27); 
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printf{" j; 
printf r%cI12;ISr,27); 
printf{" now the opposite comer N); 
printf (,,%cI13;ISr,27); 
printf{" j; 
cursor(&x,&y,O,TRVE,I); 
x2=x; 
y2=y; 

printf ("%cl44m",27); 
systcm("cls"); 
printf (H%cI41 m N ,27); 
printf r%cI37m",27); 
printf ("%c(11 ; Isr ,27); 
print£(" H); 
printf r%c(12; ISr,27); 
print£(" locate another comer j; 
printf ("%c(13;ISr,27); 
print£(" j; 
x= y= 2SS; 
cursor( &x,&y ,O,TR VE, I); 
x3=x; 
y3=y; 

printf ("%c(44m"',27); 
systcm("'clsH

); 

printf ("%c(41m"',27); 
printf (,,%cI37m"',27); 
printf (",%clll;ISr,27); 
printfr 1; 
printf ("%c(12; IS"",27); 
printrr now the opposite comer j; 
printf r%cI13; IS"",27); 
printrr j; . 
cursor(&x,&y,O,TRUE,I); 
x4=x; 
y4=y; 

diagonal I = (int)(sqrt«double)({x2-xl)+(x2-xl) + (double)«y2-yI) +(y2-yl»/(ASPECT+A 
SPECT)))); 

diagona12 = (int)(sqrt«double)({x4-x3)+(x4-x3) + (double)«y4-y3)+(y4-y3»/(ASPECT+ A 
SPECT)))); 

diagl = sqrt( 

diag2 = sqrt( 

(double)(x2-xl) +(double)(x2-xl)/(SCALEX +SCALEX) 
+ (double)(y2-yl)+(double)(y2-yl)/(SCALEY+SCALEY) ); 

(double)(x4-x3) +(double)(x4-x3)/(SCALEX +SCALEX) 
+ (double)(y4-y3)+(double)(y4-y3)/(SCALEY+SCALEy) ); 
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mean_diagonal = (diagonall + diagonal2 )/2; 
mean_diag= (diagl + diag2) / 2.0; 

hardness = (int)« 2.0 + weight + sio(6S+3.l416/IS0) ) / ( mean_diag + mean_diag 
) ); 

1; 

"); 

printf C%cl46m",27); 
system("cls1; 

printf ("%c[41m",27); 
printf ("%c(37m"',27); 
printf ("%c[2;6r,27); 
printf (" 

printf ("%c[3;6r,27); 
printf (" Vickers Hardness Tester v4.0 

printf (,,%cI4;6r,27); 

\n 

\n 

printf (" (c) 1989 l.e.Smith, University of Liverpool \n 
1; 

"); 

} 

printf r%cI5;6r,27); 
printf (" 

printf ("%cI3OmH,27); 
printf r%cI46m",27); 

\n 

printfC\n\n\n1; 
printf nt fIrst diagonal length = %d pixels\n"',diagonall); 
printf nt 
printf nt 
printf ("\t 
printf nt 
printf (",\t 

= %4.3fmm \n\n"',diagl); 
second diagonal length = %d pixels\o"',diagonal2); 

= %4.3f rom \n\n"',diag2); 
mean diagonal length = %d pixels\n",mean_diagonal); 

= %4.3f rom \n\n",mean_diag); 
printf nt Ilardness = %d HV%d",hardness,weight); 
printf ('"%c(23; I Of",27); 
printf (,"%cl44mH,27); 
printf (,"%cIJ7mH,27); 
printf ('" press any key to continue 1; 

getchO; 

set_up(); ,. restore default grey scale mapping ., 

vickers(magnification, weight,angle l,angle2,angleJ,angle4) 
int magnification,weight; 
int angle l,angle2,anglel,angle4; 
{ 



long xl,x2,x3,x4; 
long y l,y2,y3,y4; 
int diagonall,diagonal2; 
int mean_diagonal; 
double diag l,diag2,mcan _ diag; 
int hardness; 

xl = xcoordlanglcl); 
y I = ycoordlangle II; 
x2 = xcoordlanglc21; 
y2 = ycoordlanglc2J; 
x3 = xcoordlangle3); 
y 3 = ycoord(anglc3); 
x4 = xcoord(anglc4); 
y4 = ycoord(anglc4J; 

draw _linc«int)x I,(int)y 1,(int)x2,(int)y2); 
draw _linc( (int )x2,(int )y2,(int )x3,(int)y 3); 
draw _Iinc( (int )x3,(int)y 3,(int )x4,(int )y4); 
draw Jinc«int)x4,(int)y4,(int)xl,(int)y I); 
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diagonal I = (int)(sqrt«double)«x3-xl)+(x.3-xl) + (doublc)«y3-yl)+(y3-y I»!(ASPECT+A 
SPECr))));· . 

diagonal2 = (int)(sqrt«double)«x4-x2)+(x4-x2) + (douhle)«y4-y2)+(y4-y2»/(ASPECT+A 
SPECT»))); 

) ); 

j; 

j; 

diagl = sqrt( (double)(x3-xl) +(doublc)(x3-x l)/(SCALEX+SCALEX) 
+ (doublc)(y3-yl)+(douhle)(y3-yl)/(SCALEY+SCALEY) ); 

diag2 = sqrt( (doublc)(x4-x2)+(douhlc)(x4-x2)/(SCALEX+SCALEX) 
+ (doublc)(y4-y2) +(doublc)(y4-y2)/(SCALEY +SCALEY) ); 

mean_diagonal = (diagonall + diagona12 )/2; 
mcan_diag = (diagl + diag2) / 2.0; 

hardness = (int)« 2.0 + weight • sin(68·3.1416/l80) ) / ( mean_diag • mean_diag 

printf C%c/46m"',27); 
system("'cls"); 

printf r%c/41m",27); 
printf r%c(37m",27); 
printf r%c(2;6f",27); 
printfr 

printf C%c(3;6f",27); 
printf r Vickers Hardness Tester v4.0 

\n 

\n 

printf r%cI4;6f",27); 
printf r (c) 1989I.C.Smith, University of Liverpool \n 



"); 

"); 

printf ("%c(5;6f',27); 
printf (" 

printf ("%c(30m",27); 
printf C%c(46m",27); 
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\n 

printf( "\n \n \n "); 
printf ("\t first diagonallcngth = %d pixcls\n",diagonall); 
printf ("\t 
printf ("\t 
printf ("\t 

= %4.3fmm \n\n",diagl); 
second diagonal length = %d pixels\n"',diagonal2); 

= %4.3f mm \n\n",diag2); 
printf ("\t mcan diagonal length = %d pixels\n",mcan_diagonal); 
printf ("\t = %4.3f mm \n\n",mcan_diag); 
printf ("\t Hardness = %d HV%d",hardness,weight); 

} 

printf ("%c(23;lOf',27); 
printf ("%c(44m",27); 
printf ("%c(37m",27); 
printf r press any key to continue 

gctchO; 

sct_upO; f· restore default grcy scale mapping .; 

"); 

f····················································· ................. / 
f· ./ 
f· name: cursor(x,y,buffcr) ./ 
f. sends: x - initial cursor column number I MUST BE ·f 
f. y - initial cursor row number I POINTERS ·f 
f· buffer - displayed buffer number - 0 or I • / 
,. tw0-PMs - true if routine to be called twice ., 
,. e.g for windowing • / 
,. pass - number of times cursor invoked ·1 
I· returns: x - final cursor column number • I 
,. y - fmal cursor row number ., 
I. synopsis: displays white cursor over displayed buffer ., 
I. cursor may be moved using was z keys ., ,. ./ 
I· 0 < = x, y < = 511 • / ,. ., 
I······································································1 

cursor ( x, y, buffer, two-pass, pass) 
int ·x; 
int .y; 
int buffer; 
int two -pass; 
int pass; 



{ 
static int store(40J; 

int wspace(40J; 
int i,i,movc,oldx,oldy; 

I· read old pixel values ·1 

oldx= ·x; 
oldy = .y; 

j=O; 
for ( i = -9; i < = 9; i + + ) 
{ 
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wspacc(jJ = readj)ix( ·x + i, .y, buffer ); 
j+ + ; 

} 
j= 20; 
for ( i = -9; i < = 9; i + + ) 
{ 

} 

wspace(jJ = readj)ix( +x, .y+ i, buffer); 
j+ +; 

I· over write cursor ·1 
for ( i = -9; i < = 9; i + + ) 

wrtj)ix ( ·x, .y + i, 255, buffer ); 
for ( i = -9; i < = 9; i + +) 

wrlj)ix ( ·x + i, .y ,255, buffer ); 

while ( (move = getchOY·') 
{ 

if «move = = 'a')11 (move = = 's')II(move = = 'w')II(move = = 'z')11 
(move = =' A')II(move = = 'S')II(movc = = 'W') II (move = = 'Z') ) 

{ 
;. resore previous pixels ./ 

j=O; 
for ( i = -9; i < = 9; i + + ) 
( 

wrtJ)ix( ·x + i, .y, wspace(jJ, buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrtJ)ix( ·x, .y + i, wspace[jJ, buffer); 
j+ +; 

} 
switch ( move ) 
{ 



} 

case 'a': (·x)--; 
break; 

case's': (·x)+ +; 
break; 

case 'w': (.y)--; 
break; 

case 'z': (.y) + +; 
break; 

case 'A': (·x)- = 10; 
break; 

case'S': (·x)+ = 10; 
break; 

case 'W': (+y)- = 10; 
break; 

case 'Z': (.y) + = 10; 
break; 

if ( ·x < 0) 
·x= SlIi 

if ( ·x > 511 ) 
·x=O; 

if (+y > 511 ) 
·y=O; 

if (.y < () 
.y= 511; 

I· read old pixel values ·1 

j= 0; . 
for ( i = -9; i < = 9; i + + ) 
{ 
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wspacefjJ = rcadyix( ·x + i •• y. butTer ); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

wspace(jJ = rcadyix( ·x. +y + it buffer ); 
j+ +; . 

} 

I· over write cursor ·1 

for ( i = -9; i < = 9; i + -fr ) 
wrt-Pix ( ·x + i, .y, 255, buffer ); 

for ( i = -9; i < = 9i i + + ) 
wrt"'pix ( ·x, .y + i, 255, buffer ); 

} 1+ endif ·1 
} I· end of while ./ 



} 

} 

if ( twoyass = = FALSE) 
{ 1* restore previous pixels *1 

j=O; 
for ( i = -9; i < = 9; i + + ) 
{ 
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wrtyix.( *x + i, *y, wspacc(j), buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

} 

wrtyix( *x, *y+i, wspacc(jJ, buffer); 
j+ +; 

else 
{. 

if(pass== I) 
{ / * write old pixel values to store * / 

for ( i = 0; i < = 40; i + + ) 
store(il = wspace(il; 

} 
else 

} 

{ /. reinstate old values *1 
j = 0; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrtyix.( ·x + i, .y, wspace(jJ, buffer); 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
{ 

} 

wrt"pix( ·x, .y + i, wspaccJjJ, buffer); 
j+ +; 

j = 0; 
for ( i = -9; i < = 9; i + + ) 
{ 

wrt"pix( oldx + i, oldy, storelj), butTer)j 
j+ + ; 

} 
j=20; 
for ( i = -9; i < = 9; i + + ) 
( 

} 

wrt"pix( oldx, oldy + i, storeJjJ, butTer); 
j+ +; 



stretchO 

1+ 
alter the imput LUT grey level mapping 
so that all of the 256 possible grey levels 
arc used in the image 

+1 

{ 
int x,y ,max_grey ,min_grey; 
float scale; 
int grey_data; 

carnera(O,O,O,O); 
capture(O,O,O,O); 
mov_buf(O); 

/ + find highest grey level present + / 

printf r%cI46m",27); 
systcm("cls"); 
printf ("%cl44m",27); 
printf C%cIJ7m",27); 
printf ("%cI12; 10f',27); 
printf("' 
printf ("%c( 13; I Of' ,27); 
print£(" collecting grey level data 
printf r%c( 14; I Of',27); 
printer 
printf ("%cI13;63f',27); 

max~y = 0; 
min~y = 255; 

for ( x = 0; x < 512; x + + ) 
for ( y= 0; y < 512; y + + ) 
{ 

} 

if (readpixl(x,y) > max..,grey) 
max..,grey = readpixl(x,y); 

if (readpixl(x,y) < min.;ey) 
min..,grey = readpixl(x,y}; 

1+ scale grey LUT values +1 

- Al47 -

"); 

j; 

scale = 255.0 / ( (float)max.;ey - (float)min.-srey ); 

for { x = 0; x < = 255; x + + } 
{ 

grey_data = (int)«float)x + scale )-min.;ey; 
if ( (grey_data> = O) && (grey-data < = 2S5) } 

ilut ( O,x,grey-data ); 

j; 



} 

else 
{ 

} 

if (grey-data < 0) 
ilut ( O,x,O ); 

else 
ilut ( O,x,255 ); 

capture(O,O,O,O); 
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} j. end of stretch • j 

thresh_ errorO 
( 

} 

printf C%cI4ImN,27); 
systcmCclsl; 
printf ("%cI47m",27); 
printf ("%cI30mN,27); 
printf ("%cI6; 12f",27); 
printf(" "'); 
printf ("%cl7; 12f",27); 
printfC THRESIIOLD CALCVLATIO~ ERROR 1; 
printf ("%cI8;12f',27); 
printf(H "'); 
printf r%cI9;12f',27); 
printfC possible causes:- 1; 
printf r%cllO;12f",27); 
printfr poor illumination or sample quality ,; 
printf r%clll; 1'2£",27); 
printer "'); 
printf r%c( 18; 12f",27); 
printf(" press any key to continue 1; 
printf r%c( 18;57f",27); 
printf(",\071; 
printf("'\071; 

getchO; 
printf r%cIOm",27); 
systemrcls1; 



#include "\lc\stdio.hN 

#include "\lc\dos.h" 
#include "\lc\math.hN 

#define TRUE I 
#dcfine FALSE 0 
#define GREY ISO 
#dcfme BLACK 0 
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#define MAX_TRAf'S 200001+ maximum pennitted number of transitions +1 
#define MAX_LABEL 255 ,+ maximum pennitted number of labels +1 

codc(count) 
int ·count; 
{ 
int x,y; 
int pixel I ,pixeI2; 

1+ set last column all white +1 

for ( y = 0; y < 512; y + + ) 
wrtpixl(511,y,GREY); 

+count=O; 

/ + run length code image + / 

/ + set first two rows blank ( white ) + / 

write 1_ word( +count,O); 
(+count)+ +; 
write l_word(tcount, 1); 
(+count) + + ; 

for (y= 2; Y < 510; y.+ + ) 
( 

pixcll = GREY; ,+ first column all white +, 
write 1_ word( ·count,y); 
(+count) + +; 
if ( +count > MAX_TRANS) 

retum(TRUE); 
for ( x = I; x < 512; x + + ) 
( 

pixel2 = rcadpixl(x,y); 
if ( (pixcll = = BLACK) && (pixeI2= = GREY) ) 
( , 

writel_word(tcount,x + 10(0); ,+ black to white transition +1 
(+count)+ +; 

} 
else 
if ( (pixe12 = = BLACK) &.& (pixell = = GREY) ) 

( writel_worcl(+count,x+ 20(0); ,t white to black transition +, 
(tcount) + + ; 

} 
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pixell = pixel2; 
} 

} 

It image ends with two white lines - no runs t I 

write 1_ word( t count,51 0); 
(tcount) + + ; 
writel_word(tcount,511); 

rctum(F ALSE); 

} It end of code tl 

smoothO / t returns TR UE if maximum number of transitions exceeded t / 
It FALSE othcwisc tj 

{ 
int count; 
int error; 

count = 0; 
error = codc(&count); 
if ( error) 
{ 

} 

trans _ errorO; 
rcturn(error); 

expand(&count); 
expand( &count); 
shrink( &count); 
shrink(&count); 
dcletc(&count, 10); 

rcturn( error); 

} ,t end of smooth .1 

shrink(no _ oUrans) 
int tno of trans; 
{ --
int i; I· various loop variables 
int i,k; 
int line_numberl; I· index of ith line 
int line_number2; I· index of (i + I)th line 
int r I ; ,t index of a run on the ith line 
int r2; /. index of a run on the (i + l)th line 

,. each row must start with a W > B transition 
,. each row must end with a B > W transition 
I. OR be completely white - contain no runs 



int left; 
int right; 
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I· W> 8 (left) transitions have odd indices .1 
I· W > B transitions have 2000 added to the x co-ord • / 
I· B > W (right) transitions have even indices .1 
I· 8 > W transitions have 1000 added to the x co-ord • / 
I· left most pixel of new run written to second array '1 
I· right most " " " " " '" H '" • I 

int condition2; 
int condition3; I· connectivity conditions ./ 
int condition4; 

I· condition 1 got lost for hisft,jrical reasons 

I·········· .................. condition2 •••••••••••••••••••••••••••••••• 

-------------...... _----------------
•••••• row 1 ------_ ................... _---------

••••••••••••••••••• row i + 1 ------_ ................... _---------

...................................................... ···················1 

I' •• • • • • • • • •• • • • • • •• • • ••••••• condition3 •••••••••• + • • • •••• • • • • •• • • • •• • • • 

----------------_ ... ~ ........... _---"' ............. . row i ------_ ... , "' .................... _---
................... row i + I 

------_ ................... _---------

, ...................................•.•................ ···················1 

I' • • • • • • •••••••• • ••• • •••••••• condition4 •••••••••••••••••••••••••••••••• 

_ .................. _----------------
•••••••••••••••••• row i 

_ ......................... _---------
................... row i+ 1 

------_ ................... _---------

......................................................................... / 

j = 0; 
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for (i = 0; i < = +oo_oUrans; i + +) 
{ 

} 

if ( read 1_ word(i) < 1000) 
{ 

} 

write2_ word(j,read 1_ word(i»; 
j+ +; 

else 
if « readl_word(i) > 2000) && (readl_word(i) < 3000) ) 
{ 

} 

if ( read 1_ word( it -hOOB ._ word(i + I) 
{ 

} 

/ + white to black transition +, 
write2_word(j,readl_word(i) + I); 
j + +; 

else 
/ + isolated black pixel + / 
i+ +; 

else 
if « readl_word(i) < 2000) && (readl_word(i) > 1000» 

{ 

} 

1+ black to white transition +, 
writc2 _ word(j ,read 1_ word(i)-I); 
j+ +; 

for ( i = 0; i < = +no_oUrans; i + + ) 
write 1_ word(i,read2_ word(i) ); 

1+ shrink in the y-direction +1 

j = 0; 1+ index for first run-length code array +, 
k = 0; /+ index for second run-length code array +/ 

line_number! = 0; 

while (1) 
( ,+ write line number to second array +/ 

write2_word(k,readl_word(lioe_numberl»; 
k+ +; 
if ( readl_word(line_numberl) = = 511) 

break; 

/+ get the first line index +/ 
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j+ +; 
while ( read 1_ word(j) > = 1000) 
j+ +; 
linc_numbcr2= j; 

if ( line_numbcr2 - line_numbed > I) ,+ if not a white line +, 
{ 

r2 = I; 
rl = I; 
while « rcadl_word(line_number2+r2) > 1000) ) 
{ 

1+ whilc there's a run on thc (i + I)th line +, 
I + check for end of ruc +, 

condition2 = condition3 = condition4 = FALSE; 

whilc ( (read 1_ word(linc _numbcr2 + r2 + 1)-1000 

{ 

> = rcadl_word(linc_numbcrl + rl)-2000 ) 
&& (readl_word(linc_numbed+rl) > 1000 ) ) 

,+ whilc thcre's a run on thc itb linc +, 
1+ and rgt( sli+ l,ql ) > = lft( sfi,rl) +, 

condition2 = condition3 = condition4 = FALSE; 

I + check for condition2 or condition3 + I ,+ Ift( sli + l,ql) < = lft( sri + I,rl < rgt( sri + l,q) ) +, 

2000) && 

. )-1000) ) 

if ( ( readl_word(linc_numbcr2+ r2)-2000 < = readl_word(linc_numbcrl + rl)

( read 1_ word(linc_numbcrl + rl)-2000 < read 1_ word(linc_numbcr2 + r2 + 1 

{ 
1+ rgt( sfi + l,ql) > = rgt( sli,r) } +, 

if( read l_word(linc_number2+ r2+ 1)-1000 < = readl_word(line_numbed 
+ d + 1)-1000 ) 

( 

} 

condition2 = TR UE; 
left = readl_word(line_numberl + d); 
right = readl_word(line_numberl +rl.+ I); 

else 

} 
else 

{ 

} 

condition3 = TR VE; 
left = readl_word(lin~_numberl +rl); 
right = readl_word(line_number2+r2+ I); 

,+ Ift( sli + l,q) ) < rgt( s(i,r) < rgt( sri + l,qJ ) +, 
,. )ft( sli,r) < rgt ( sli + l,q) ) ., 
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if ( ( rcadl_word(linc_numbcr2+ r2)-2000 < rcadl_word(linc_numbcrl + rl + I 
)-1000 ) && 

( readl_word(linc_numbcrl + rl + 1)-1000 < readl_word(linc_numbcr2+ r2 
+ 1)-1000) && 

2000) ) 
( rcadl_word(linc_numbcrl + rl)-2000 < rcadl_word(linc_numbcr2+ r2)-

)&& 

I» ) 

{ 
condition4 = TR VE; 
left = rcadl_word(linc_numbcr2+r2); 
right = rcadl_word(linc_numbcrl + rI + I); 

} 
I+dothcshrinkt~an 

if ( condition2 II condition3 II condition4 ) 
{ 

} 

writc2 _ word(k,left); 
k+ +; 
writc2_ word(k,right); 
k+ +; 

else 
1+ lft( sti,r) < = 1ft ( sli + I,q) ) +/ 
1+ rgt( sti,r) > = rgt (sli+ l,q) +1 

if( (readl_word(linc_numbcrl+rl) < = rcadl_word(linc_numbcr2+r2) 

{ 

} 

( readl_word(linc_numberl + rI + I) > = readl_word(linc_number2 + r2 + 

write2 _ word(k,read 1_ word(linc _number2 + r2»; 
k+ +; 
write2_word(k,rcadl_word(linc_number2+ r2+ I»; 
k+ +; 

rl + = 2; 1+ up date the ith row pointer +/ 
} 
r 1- = 2; I t point to last run on i not to the right of the run +1 

1+ on i + 1 t/ . 
if (rl < I) 

rl = I; 

r2 + = 2; I t up-date the (i + 1 )th row pointcr +; 

} It cnd while +1 

} 1+ end if +1 

It up date the line index t, 

line_number! = linc_number2; 

} ;+ cnd while t, 



I· restore array ·1 

·no of trans=k-I· - - , 

for ( i = 0; i < = ·no_oUrans; i + + ) 
write 1_ word(i,rcad2_ word(i} }; 

} I· end of shrink ./ 
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expand (no_oCtrans) I· expands the bounday of every black pixel by 1.1 

int ·no of trans; I· total number of transitions 
{ --
int i; /. various loop variables 
int j,k; 
int line number!; I· index of ith line 
int line=number2; I· index of (i + l}th line 
int r I; I· index of a run on the ith line 
int r2; I· index of a run on the (i + I }th line 

./ 

./ 
./ 

./ 
./ 

I· each row must start with a W > B transition • I 

int left; 
int right; 

I· each row must end with a B > W transition ·1 
1+ OR be completely white - contain no runs ·1 
I· W > B (left) transitions have odd indices • I 
/. W > B transitions have 2000 added to the x co-ord • / 
1+ B > W (right) transitions have even indices • I 
I· B > W transitions have IOOOaddcd to the x co-ord + I 
I· left most pixel of new run written to second array ·1 
/. right most ,. ,. ,. ,. ,. ,." N • / 

int condition2; 
int condition3; I· connectivity conditions ·1 
int condition4; 
int conditionS; 

I· condition I got lost for his~rica1 reasons 

I •••••••••••••••••••••••••• •• condition2 ••••••••• ~ •••••••••••••••••••••• 

------------_ ...... _----------------
...... rowi ..............•....•............... -

................... row i + I 
._. __ ..................... _._._-----

...................................................•.. ···················1 
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/ •••••••••••••••••••••••••••• condition3 •••••••••••••••••••••••••••••••• 

----------------_ ............... _---
••••••••••••••• row 1 ------_ ......................... _---

................... row i + I 
------_ ................... _---------

......................................................................... / 

/ ••• ++ ••••••••••••••••••••••• condition4 •••••••••••••••••••••••••••••••• 

_ .................. _---------------
•••••••••••••••••• row 1 

_ ......................... _---------
••••••••••••••••••• row i + I 

------_ ................... _---------

......................................................................... / 

/ •••••••••••••••••••••••••••• condition5 •••••••••••••••••••••••••••••••• 

_ ................................ _
•••••••••••••••••••••••••••••••• row i 

_ ................................ _--
................... row i+ 1 

-------................... _---------

......................................................................... / 

j = 0; 

for (i = 0; i < = ·no_oCtrans; i + +) 
{ 

if ( read 1_ word(i) < 1000) 
( 

write2_word(j,readl_word(i»; 
j+ +; 

} 
else . 
if (readCword(i) > 2000) 
( 

/. white to black transition ./ 
if (readl_word(i) > 2001 ) 

write2_ word(j,read C word(i)-l); 
else 



} 

write2_word(j,readl_word(i»; 
j+ +; 
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else 
if ( read 1_ word( i) > 1000) 

if ( ( read 1_ wtJI'~61I)-readl_ word(i» 
{ 

/ + black to white transition + / 

if ( read 1_ word(i) < 1500) 
writc2_ word(j,read 1_ word(i) + 1); 

else 
writc2_ word(j,read 1_ word(i»; 

j+ +; 
} 
else 
{ 

/ + single white pixel +1 

wnte2_word(j,readl_word(i + 2) ); 
i+ =2; 
j+ +; 

+no_oCtrans= j-I; 

for ( i = 0; i < = +no_oCtrans; i + + ) 
write 1_ word(i,read2_ word(i) ); 

/ + expand in the y-direction +1 

j = 0; / + index for first run-length code array +1 
k = 0; 1+ index for second run-length code array +/ 

while (I) 
{ 

/+ write line number to second array +/ 

writc2_word(k,rcadl_word(line_numbcrl»; 
k+ +; 
if ( readl_word(line_numbcrl) = = 511 ) 

break; 

/+ get the flI'St line index + / 

j+ +; 
while (readl_word(j) > = 10(0) 
j+ +; 
line_numbcr2= j; 
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if ( ( linc_number2 - line_numbed> I ) && ( rcadl_word(line numbcr2) > 10» 
1+ if not a whitc linc +1 . -
{ 

r2 = I; 
rl = I; 
whilc ( ( read 1_ word(line _ numbcr2 + r2) > 1000) ) 
{ 

1+ while there's a run on the (i + I)th line +1 

left = readl_word(linc_number2+ r2); 
right = rcadl_word(linc_numbcr2+r2+ I); 

condition2 = condition3 = condition4 = conditionS = FALSE; 

while ( (read 1_ word(line _ number2 + r2 + 1)-1000 

{ 

> = rcadl_word(line_numbcrl + d)-2000 ) 
&& ( read 1_ word(line _number I + r I) > 1000 ) 
&& ( read 1_ word(line _ number2 + r2) > 1000 » 

;+ while there's a run on the ith line +1 
I + and rgt( s(i + I,ql ) > = lft( s(i,rl ) +; 

I + initialise left and right to 1ft and rgt of +1 
1+ run on (i + I)th line +1 

condition2 = condition3 = condition4 = conditionS = FALSE; 

I + check for condition2 or condition3 +1 
1+ 1ft ( sli+ I,q() < = lft( s(i+ I,r) < = rgt( s(i+ I,q) +1 

20(0) && 

I)-WOO ) ) 

if ( ( read l_word(line_number2+ r2)-2000 < = readl_word(line_numbed + d)

(readl_word(line_numberl +rl)-2000 < = read l_word(line_numbcr2 + r2+ 

{ 
It rgt( sJi + I,ql) > = rgt( sfi,r) ) +1 

if ( read 1_ word(line _number2 + r2 + 1)-1000 > = read 1_ word(line _numbed 
+ d + 1)-1000 ) 

} 

condition2 = TR UE; 
else 

{ 
condition3 = TR UE; 
right = readl_word(linc_numberl + rl + 1); 

} 

else 

,+1ft( s(i + l,ql) < = rgt( s(i,rl) < rgt( s(i + l,ql ) +, 
,+1ft( sli,r) < rgt (sfi+ I,ql) +, 
if ( (readl_word(linc_number2+r2)-2000 < = readl_word(linc_number~ + rl + 

I)-WOO ) && 
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+ 1)-1000 ) && 

2000) ) 

( read 1_ word(linc _number 1 + rl + 1 )-1000 < read 1_ word(linc _ number2 + r2 

( read 1_ word(linc _number 1 + r 1)-2000 < read 1_ word(linc _ number2 + r2)-

&& 

» 

,. 

( 
condition4= TRUE; 
Icft = readl_word(linc_numberl + rl); 

} 

else 

I· lft( sli,rl) < Ift( sli + I,ql ) ·1 
1+ rbrt( sli,rl) > rgt( sli + I,ql ) +1 

if( (rcadl_word(linc_numberl +rl) < readl_word(linc_number2+r2) ) 

( rcadl_word(linc_numberl + rl + I) > readl_word(linc_number2+ r2+ I) 

. ( 
conditionS = TRUE; 
left = read 1_ word(linc _ numberl + rl); 
right = rcadl_word(linc_numbcrl + rl + I); 

} 

/ + if run on ith row not connectcd to run on (i + 1 )th row +1 
/+ thcn writc it to thc second array ., 

if ( condition2 && condition3 && condition4 && conditionS) 
( 

writc2_word(k,readl_word(linc_numberl + rl»; 
k+ +; 
writc2_word(k,readl_word(line_numberl +rl + I»; 
k+ +; 

printf ("'\n I: linc= %d left= %d, right= %d, rl = %d, r2= %d"',readl_word(linc_numbcrl), 
readl_word(line_numberl + rl)-2000,readl_word(line_numberl + rl + 1)-IOOO,rl,r2); 
+, 

} 

rI + = 2; /. up date the ith row pointer ./ 
} 

/ + check for a branch point + / 

if ( condition2 " condition4) 
( . 

/ + do the expansion + / 

write2 _ word(k,left); 
k+ +; 
write2_ word(k,right); 
k+ +; 
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1+ 
printf nn 2: linc= %d Icft= %d, right = %d, rl = %d, r2= %d",readl_word(linc_numbcrl), 
left-2000,right-1000,rl,r2); 
+1 

} 
if ( condition3!! condition5 ) 
{ 

do 
{ 

} 

1+ rgt( s(i,rl) > = lft( s(i + I,ql ) and not cnd of line +, 
r2+ =2; 

whilc ( (readl_word(linc_numberl + rl-I)-1000 > = readl_word(linc_number 
2 + r2)-2000 ) 

1+ 

&&( rcadl_word(line_number2+r2) > 1000»; 

r2- = 2; 
if ( r2 < I) 

r2 = I; 

1+ rbrt ( s(i,rl ) > rgt( s(i + I,ql +1 

if( rcadl_word(linc_numbcrl+rl+ I) > = rcadl_word(lin~_number2+r2+ I» 
{ 

writc2 _ word(k,left); 
k+ +; 
write2_ word(k,right); 
k+ +; 

printf ("\n 3: line = %d Icft = %d, right = %d, rl = %d, r2= %d*,readl_word(linc_numberJ), 
left-2000,right-1 OOO,r 1 ,r2); 
t/ 

} 

} 

else 
( 

} 

rl-=2; 
r2-= 2; 
write 1_ word(line_numberl + rl ,left); 

if (r2 < 1 ) 
r2 = 1; 

r2+ = 2; ,t up-date the (i+ I)th row pointer +1 

if (r2 < 1 ) 
r2 = 1; 



I + up date the line index +1 

} 1+ end while +1 

+no of trans = k-l' - - , 

1+ restore array +1 

for ( i = 0; i < = +no_oUrans; i + + ) 
writcl_ word(i,read2_ wonl(i) ); 

} 1+ end of expand +1 
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delete ( no _ oC trans, n ) / + deletes all runs of length n or less +1 

int +no_oCtrans; 
int n; 
{ 
int j,k; 

j=O; 
k=O; 

do 
{ 

if ( read 1_ word(j) < 1000) 
{ 

} 

write2_ word(k,read 1_ word(j»; 
j+ +; 
k+ +; 

else 

if( (readl_word(j+ I) - readl_word(j) + 1000) < = n ) 
j+ =2; 

else 
{ 

} 

write2_ word(k,rcad 1_ woed(j»; 
j+ +; 
k+ +; 
write2_ word(k,read 1_ word(j»; 
j+ +; 
k+ +; 

} while ( j < = +no_oCtrans ); 

+no_oCtrans = k-I; 



for ( j = 0; j < = t no _ oUrans; j + + ) 
write 1_ word(j ,read2 _ word(j) ); 

} It end of delete tl 

· A162· 

blob(x_bar.y_bar) 
int +x bar" 

/ t perform region labelling +1 

int +y=bar; 

{ 
int label; 
int j; 
int y; 
int i; 

It label num~r +1 
1+ index for run length code list +1 
I t row number +1 

int connection; 
int rl; 
int r2; 
int line numberl; 
int line - numbcr2; 
long blob_areaI256J; 
long rcgion_areaI256J; 
int convlist 112561; 
int convlist212561; 
int stack_addressI2561; 
int no of stacks; 
int in list;-
long maxJcgion_area; 
long max_blob_area; 
int blob index; 
int rcgionjndex; 
int dummy; 
int no_otconverge; 
int x; 
long x_sum; 
long y_sum; 

1+ label list has corresponding indices to run list +1 
1+ value = 2000 represents a blank +1 
I· 1000 < = value < 2000 y co-ordinate ·1 
/. value < 1000 label number ., 

1+ intialise the area table +1 

for ( j = 0; j < 256; j + + ) 
blob_areafj) = 0; 
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j=O; 
linc number I = 0; 
no _ oC converge = 0; 
label = 0; 
writc2_word(O,2000); 1+ flJ"st line +1 

while (I) 
{ 

1+ get the first line index +, 

j+ +; 
while ( readl_word(j) > = 1000) 

j+ +; 
line _ number2 = j; 
y = read 1_ word(Iine_number2); 

/ + writc blank to label list +1 

write2 _ word( line _ numbcr2,2000); 
if(y==SII) 

break; 

if ( linc_number2 - linc_numberl > 1 ) 
( 

r2 = I; 
rl = I; 
whilc (rcadl_word(linc_flumbcr2+r2) > 1000) 
{ 

1+ while there's a run on thc (i + I)th line +1 

connection = FALSE; 

while ( (readl_word(line_numbcr2+r2+ 1)-1000 

{ 

> = readl_word(linc_flumberl + rl)-2000 ) 
&& (readl_word(linc_numberl+rl) > 1000 ) ) 

1+ whilc there's a run on the ith line +, 
I· and rgt( sli + l,ql ) > = lft( sfi,r) ) +1 

I· test for a connection ·1 
1+ 1ft ( s(i + I,ql ) < = rgt ( s(i,rl) < = rgt ( s(i + l,q) ) ., 

1+ OR 1ft (sfi+ I,ql) < = 1ft (sli,r) < = rgt (s(i+ I,q)·' 
,. OR 1ft ( sfi + I,q) < 1ft ( sli,r) ) AND rgt( s(i + l,q) ) > rgt ( s(i,rJ 

if ( ( read 1_ word(line _number2 + r2)-2000 < = read 1_ word(line _number! + r 1 
)-2000 ) && . 

(readI_word(line_flumberl+rl)-2000 < = readl_word(line_number2+r2 
+ 1)-1000 ) II 
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+ 1 )-1000 )&& 
( read 1_ word(line _ numberl + rl + 1)-1000 < = rcad 1_ word(linc _ numbcr2 + r2 

+ 1)-1000 ) II 
< read 1_ word(line _ number2 + r2 

) ) && 

I) ) 

{ 
if ( connection = = FALSE) / + tcst for previous connection +1 
{ 

/ + assign run on i + 1 with label of run on i + / 

writc2_ word (line _number2 + r2,read2_ word(line_number I + r I »; 

writc2_word (line_numbcr2+r2+ l,y+ 1000); 
conncction = TRUE; 
bIob_arcalread2_word(linc_numbcrl + rl)J + = ( rcadI_word(Iinc_numbc 

r2+ r2+ I) - rcadI_word(linc_numbcr2+ r2) + 1000 ); 
} 
else 

1+ sort out convcrgcnce +/ 

I» 

in list = FALSE; 
for ( i = 0; i < no_oCconverge; i + + ) 

1+ is this convergence in the list +1 

if ( ( convlist IIi] = = rcad2_word(linc_numberl + rl) ) & 
& ( convlist2(iJ = = read2_word(linc_number2+ r2) ) 1/ 

(convlistIliJ = = read2_word(linc_numbcr2+r2» & 
& ( convlist2(iJ = = rcad2_word(line_numbcrl + rl) ) ) 

); 

); 

} 

{ 

} 

in list = TRUE; 
breatc; 

if ( (in_list = = FALSE) II ( no_otconvcrge = = 0» 
{ 

convlist 1 (oo_oCconverge) =.~ad2_ word(line_number2 + r2 

convlist2(no_otconverge] = rcad2_word(line_numbcrl + rl 

} 

} . 
r I + = 2; / + up date the ith row pomter + / 

~ 1- = 2; /. point to last run on i not to the right of the run + / 
1+ on i + 1 +/ 



if(rl < I) 
rl = 1; 

if (connection = = FALSE) 
{ 
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/. if no connection found for this run assign a new label + / 

writc2_ word (linc_number2 + r2,label); 
writc2_word (linc_number2+r2+ l.y+ 1000); 
blob_arcallabcll+ =( readl_word(linc_number2+r2+ I) - readl_word(linc_numbe 

r2 + r2) + 1000 ); . 
label + +; 
if ( label = = MAX_LABEL) 
{ 

} 

label_ CITorO; 
rctum(TRUE); 

r2 + = 2; /. up-date the (i + 1 )th row pointer ./ 

} I· end while ·1 

} 1+ end if ·1 
else 

if ( rcadl_word(linc_number2 + l) > = 1000) 
{ 

r2 = I; 
while ( read 1_ word(line _number2 + r2) > = 1000) 
{ 

writc2_ word (linc_number2 + r2,label); 
writc2_word (line_number2+r2+ I,y+ 1000); 
blob_arca(labcIJ+ =( rcadl_word(linc_number2+r2+ 1) - readl_word(linc_Du 

mber2 + r2) + 1000 ); 
label + +; 

} 
} 

if ( label = = MAX_LABEL) 
( 

labet crror(); 
retum(TR VEl; 

} 
r2+ =2; 

/. up date the line index • / 

} ,. end while ., 
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label--; 

capturc(0,2,0,0); 
for (i = O;i < 255;i + +) 

ilut(2,i,GREY); 
capture(0,2,0,0); 

if ( no_oCconvcrge > 0) 
{ 

I + sort out equvalcnt stacks +1 

for ( i = 0; i < = 255; i + + ) 
stack_addrcsslil = 300; 1+ set all addresses to illegal values +1 

for ( i = 0; i < = no_oCconverge; i + +) 1+ search the label lists +1 
{ 

if ( (stack_addrcss/convlist llill = = 300) 
&& ( stack_addrcsslconvlist2liJJ = = 300) ) 

{ 

} 

/. neither label is in a stack • / 
/. assign both labels to a new stack +/ 

no of stacks + +; 
stack_addresslconvlist IliJJ = stack_addresslconvlist2liJJ 

= no_oCstacks; 

else 
if ( ( stack_add~~nvlistlliJJ 

&& ( stack~$f);onvlist2IiJJ 
{ 

/+ both labels are in stacks +/ 
/+ change addresses of aU labels in the same stack as ., 
I· the fmt label to that of the second ., 

if ( stack_address(convlist21ill > stack_addrcss(convlistl[iJl) 
{ 

} 

dummy = stack_address[convlist2(iJJ; 
for ( j = 0; j < = label; j + + ) 

if ( stack address(jt ::; = dununy) 
stack_address(jl = stack_addrcss(convlistllill; 

else 
{ 

dummy' = stack_address[convlis~l(iJJ; . 
for ( j = 0; j < = label; j + + ) 

if ( stack address(j) = = dununy) 
stack_8ddrcss(jJ = stack_addressfconvlist2(i)); 

} 
for ( j = 0; j < = label; j + + ) 



} 

- AI67 -

if «stack_aed~tjft&(stack_addrcssUi > dummy) ) 
stack _ address(j I~-; 

no_oCstacks--; 

else 
if ( stack_ addres~r)vlist I(ill 

I· first label is in a stack - second isn't +1 
1+ assign second label to same stack as flfst +1 

stack _ addresslconvlist21ill = stack_addrcss[comlist I (i II; 

else 

I + second label is in a stack - flfst isn't +1 
I + assign flfst label to same stack as second + / 

stack_ addrcss(convlist I (ill = stack _ address(convlist2(ill; 
} 1+ end for +1 

} 1+ end if +1 

if ( no_oCconverge > 0) 
{ 

} 

/ + add up the blob areas to give region areas + / 

for ( j = 0; j < = no_oCstacks; j + +) 
rcgion_arcaljl = 0; 

for ( j = 0; j < = no_oCstacb; j + +) 
for ( i = 0; i < = label; i + + ) 

if ( stack_addrcssli) = = j) . 
region_area[j) + = blob_areafi); 

/ + find the largest region + / 

for ( j = 0; j < = no_oCstacks; j + + ) 
if (rcgion_areafj) > maxJcgion_area) 
{ 

} 

max_region_area = rcgion_areaJj); 
region_index = j; 

/+ fmd the largest blob +/ 
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max blob area = 0; 
for (J = 0;1 < = label; j. + + ) 
if ( blob_arcaljJ > max_blob_area) 
{ 

max_blob_area = blob_arcam; 
blob_index = j; 

} 

/ + locate largest region/blob + I 
1+ calculate it's centre of area +1 

if (max_region_area > max_blob_area) 
{ 

} 

for ( i = 0; i < = label; i + + ) 
{ 

if (stack_address(iJ = = rcgionjndex) 
{ 

} 

j=O; 
while ( read 1_ \90til(j) ) 
{ 

if ( read 2_ word(j) = = i ) 
{ 

} 

y = read2 _ word(j + 1)-1000; 
for ( x = read 1_ word(j)-2000; x < = read 1_ word(j + 1 )-1000; x + + ) 
{ 

} 

y_sum + = y; 
x sum + =x· - , 

y _sum + = (read2_ word(j + 1)-1000); 
x_sum + = « (Iong)( readl_word(j + I)-readl_word(j) + 1001 ) 

+(Iong)( readl_word(j+ 1)+ readl_word(j) + 1000» I 2); +/ 

j+ +; 
} 

} . 
·x_bar ::: x_sum I max_regIon_area; 
.y_bar = y_sum / max_region_area; 

else 
{ 

j=O; 
while ( read 1_ word(jJ 11 ) 
( . 

if( read2_word(j) = = blob_index) 

( y = read2_word(j+ 1)-1000; . 
for ( x=readl_word(j)-20oo; x< =readl_word(j+ 1)-1000; x+ + ) 



{ 
y_sum+ =y; 
x sum+ =x· } - , 
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y_sum + = (rcad2_word(j + 1)-1000); 
x_sum + = « (long)( read 1_ word(j + I)-read 1_ word(j) + 100 I ) 

t(long)( readl_word(j+ 1)+ readl_word(j) + 1000» /2); tl 
} 
j+ +; 

} 
tx bar = x sum I max blob area; 
ty=bar = y=sum / max=blob=area; 

} 

retum(FALSE); 

} It end of blob tl 

printf ("'%c(41mW,27); 
system("'clsj; 
printf (,,%cI47mW,27); 
printf ("'%cpOmW,27); 
printf ("'%c(6; 12f",27); 
printf('" 
printf ("'%cf7; 12f",27); 

H); 

printer TOO MANY TRANSITIONS 
printf ("'%e(8; 12f",27); 
printf('" 
printf ("%e[9; 12f",27); 
printer possible causes:-

1; 

printf ("'%c[ 10; 12f",27); 
printer analogue pick up, poor sample quality, 

printf ("'%c[ II; 12f",27); 
printer dust on microscope lenses 

printf C%c(l2;12f",27); 
printer 
printf C%e(18; 12f",27); 
printer press any key to continue 
printf ("%c[ 18;57f",27); 
printC("\07j; 
printf("\07j; . 

getchO; 
printf C%c[Om"',27); 

1; 

j; 

j; 

j; 

j; 



} 

} 

systcm( "cIs 1; 

printf r%c[4Im",27); 
systcmrcIs"); 
printf ("%c[47m",27); 
printf ("%c[30mN,27); 
printf ("%c[ 6; 12f" ,27); 
printfr 
printf r%c[7; 12f",27); 
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printf(* TOO MANY LABELS 
printf ("%c[8;12f",27); 
printf(* 
printf ("%c[9; 12f",27); 
printf(* possible causcs:-
printf ("%c[ 10; 12f",27); 
printf(* poor sample quality, crystal defects 

printf r%c[ II; 12f",27); 
printf(" 
printf ("%c[ 18; 12f",27); 
printf(" press any key to continue 
printf ("%c[l8;57f",27); 
printf(N\07"); 
printf("\07"); 

getchO; 
printf ("%c[Om",27); 
system("cls1; 

1; 

1; 

"); 

1; 

H); 

H); 

"); 



APPENDIX VIII 

C PROGRAM CODE FOR THE QA 

SYSTEM 
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function: calculatc.J'rofile (distance, x_har, y _har, minor, major, rotation 

horder _x, horder J') 

non-pointer arguments:-

int y_bar 

int minor 

int major 

int rotation 

pointer arguments: 

int distance 

int border x 

returns: none 

x co-ordinate of the ellipse centroid 

y co-ordinate of the ellipse centroid 

ellipse minor axis length 

ellipse major axis length 

major aXIs rotation from the 

horizontal in degrees 

array holding deviation values 

array holding x co-ordinates of 

border pixels 

array holding y co-ordinates of 

border pixels 
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called functions: none 

description: 

This function is used to calculate the deviation of the inner edge of the disc from the 

fitted ellipse. The deviation of each border point is found by applying equations 

(5.261-(5.351 to the co-ordinates of the border points and the corresponding points on the 

fitted ellipse. The deviation values are returned in a 360 clement array indexed as 

rotation angle in degrees about the ellipse centroid from the horizontal. 

Junction: centre_oJ_area (xhar,),harj 

non-pointer arguments: 

int xbar x co-ordinate of the disc centroid 

int ybar y co-ordinate of the disc centroid 

pointer arguments: none 

returns: none 

called functions: none 

definition: 

This function makes an estimate of the centroid of the disc based on all of the pixels 

within the image using equations [5.1],[5.2]. Here:-

f{x,y) = 1 for object pixels (labelled as BLACK) 
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ftx,y) = 0 for background pixels (labelled as GREY) 

fllnction: chip_borderJollow (x_bar, y_har, "points, length) 

non-pointer arguments: 

pointer arguments: 

returns: 

called functions: 

description: 

int x start 

int npoints 

int length 

int error 

none 

x co-ordinate of the border starting 

point 

y co-ordinate of the border starting 

point 

. number of pixels in the border 

contour 

border length 

TRUE- if seed pixels are encircled 

by contour; F ALSE- otherwise. 
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This function implements the border following algorithm given in section 5.3.4 to trace 

the border of a chip or crack feature. Each border pixel is assigned grey level CHIP and 

the length of the border is calculated using equation [5.36J. 

fllnction: chip Jill( ) 

arguments: none 

returns: none 

called functions: ehip _ border JollowO, fill_ chipsO 

description: 

This function is used to identify chip and crack regions within the disc, calculate size and 

shape parameters for each feature and present the data to the user in tabular form. The 

image array is scanned row by row from top to bottom until a suitable pair of seed pixels 

are found using the requirements shown in Fig 5.14. A pair of pixels which may be used 

as starting points for the border following algorithm given in section 5.3.4 are then 

located by scanning further along the row containing the lower seed pixel until a pair 

of adjacent dissimilar pixels are found. The border of the region is traced by calling the 

chip_borderJollowO function and a check made to ensure that the seed pixels are 

encircled by the border contour. If this is not the case then scanning continues, 

otherwise the region enclosed by the contour is filled by calling the chip_fillO function. 

For each contour which is filled the area of the region is calculated along with the 

maximum and minimum bounding radius (from the region centroid) of the contour, the 

position of the region centroid and the compactness (perimeter/area). 
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function: draw -profile (distance, draw_inner) 

non-pointer arguments: 

int draw inner 

pointer arguments: 

int distance 

called functions: none 

returns: none 

description: 

TRUE- if inner edge profile is to 

be plotted; FALSE- otherwise. 

pointer to array holding deviation 

values 

This function plots the profile of a disc edge using the edge deviation data held in an 

array. The mean, maximum, minimum, and RMS deviations are also calculated and 

presented to the user. The function makes extensive use of routines from the IIA LO 

graphics library to plot the data. These routin~s are highly specific and will not be 

discussed here; for a detailed description see [46]. 

function: ellipse_results (sum_x, su.my, sum_x_squared, sumy_squared, sum_xy, 

area, x_bar, y _bar, major, rotation) 

non-pointer arguments: 
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double sum x 

pointer arguments: 

int x bar 

int y_bar 

int major 

int minor 

int rotation 

returns: none 

called functions: none 

description: 

LX for region 

D for region 

LX2 for region 

~ for region 

LXY for region 

x co-ordinate of ellipse centroid 

y co-ordinate of ellipse centroid 

major axis length of ellipse 

minor axis length of ellipse 

major axis rotation from the 

horizontal 
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This function calculates the parameters of an approximating ellipse for a region given 

the summation parameters (Lx etc) using equations [5.17J-[5.25). 

non-pointer arguments: 

pointer arguments: 

called functions: 

returns: 

description: 

int x bar x co-ordinate of lower seed pixel 

int y_bar y co-ordinate of lower seed pixel 

int x centre x co-ordinate of region centroid 

y co-ordinate of region centroid 

int area area of region 

link20, left20, Iright20, push20, push2dO, pop20. 

pop2dO 

none 

This function fills a chip or crack region using the region filling algorithm given in 

section 5.3.5. Each pixel within the bounding contour is assigned grey level CHIP2 and 

equations [5.1),(5.2] are used to calculate the centroid of the filled region. 
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function: ji/Cho/e (xhar, yhar, sum_x, slimy, slIm_x_squared, sumy_squared, 

sum_xy, area) 

non-pointer arguments: 

pointer arguments: 

returns: 

int xbar 

iot ybar 

double sum x 

double sum _x _ sq uared LX2 

double sumy_squared y 

x co-ordinate of the disc 

centroid 

y co-ordinate of the disc 

centroid 

double area number of pixels in the filled 

region 

none 
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called functions: leftO, linkO, pushO, pushdO, popO, popdO 

description: 

This function fills the hole region of the disc using the algorithm given in section 5.3.5, 

each pixel within the filled region being assigned grey level ALMOST_WHITE. As each 

row is filled the summations required for calculating the ellipse parameters (equations 

[5.81-[5.101) arc updated using equations [5.171- [5.25). 

The stack holding the seed pixel addresses is realised as a pair of arrays (one for the x 

co-ordinates and one for the y co-ordinates) and is manipulated using the pushO and 

poP() functions. The stack holding the scanning directions for seed pixels is realised 

using another array and is manipulated using the popdO and pushdO functions. Two 

global variables arc used to hold the stack pointers so that the positions arc not lost 

during calls to other functions. 

function: inner_border Jollow (xbar ,ybar) 

non-pointer arguments: 

int xbar co-ordinate of the disc centroid 

int ybar y co-ordinate of the disc centroid 

pointer arguments: none 

returns: 



int error 

called functions: none 

definition: 
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TRUE- if inner border and outer borders 

are traced; F ALSE- if only inner border is 

traced. 

This function traces the inner edge of the disc using the algorithm given in section 5.3.4. 

The image array is first scanned in the + x direction, starting at the centroid, until five 

contiguous pixels labelled as BLACK are found. The first BLACK pixel and it's left 

hand neighbour are then used as the starting point for the border. Each border pixel is 

assigned grey level WHITE and ~or each pixel the distance from the centroid is 

calculated using equation (5.28J and the angle of rotation about the centroid from the 

horizontal is calculated using equation (5.31 J. 

A 360 clement array, indexed by angle in degrees, is used to store the distance values. 

If the distance from the centroid of a given border point is greater than the value held 

in the array clement having the same angle then the array value is overwritten by the 

new distance value (all the array values arc initialised to zero at the start of the function). 

The co-ordinates of the border pixel are written tQ two arrays (one for x and one for y) 

in this case. These co-ordinate arrays contain 360 clements ~nd are also indexed by 

rotation angle in degrees. 

The final action of the function is to calculate the mean border distance from the 

centroid and check if this is greater than the mean of the nominal inner and outer edge 

radius. As indicated in section 5.3.4, if this is so then both the inner and outer edges of 
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the disc must have been traced therefore the disc contains a disc from the inner to the 

outer edge. In this case the error variable is returned TRUE otherwise it is returned 

FALSE. 

fillletion: Icft (x,y) 

non-pointer arguments: 

int x x co-ordinate of pixel address, p 

int y y co-ordinate of pixel address, p 

pointer arguments: none 

returns: 

int x x co-ordinate of pixel address, LEFT(p) 

called functions: none 

dcscription:- This function implements the LEFT function described in section 5.3.5. 

function: Iright (x,y) 

non-pointer arguments: 

int x x co-ordinate of pixel address, p 

int y y co-ordinate of pixel address, p 
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pointer arguments: none 

returns: , 

int x x co-ordinate ofpixcl address, LRIGIIT(p) 

called functions: none 

description: 

This function implements the LRIGIIT function described in section 5.3.5. 

[unction: link (x, y, ahove, helow, el, el, pI) 

non-pointer arguments: 

int x x co-ordinate of input pixel address 

int y y co-ordinate of input pixel address 

pointer arguments: 

int above, below as defined in section 5.3.5 

int el, e2, pi as defined in section 5.3.5 

returns: none 

called functions: none 
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description: 

This function implements the LINK algorithm given in section 5.3.5. Ifany of the pixel 

addresses e I, e2, or p I are undefined an illegal value ( = -I) is returned. 

fllnctions: linkl0, It!ft1() , Irightl() , pllslll(), popl() pllsh2d(), pop2d() 

description: 

These functions operate in the same manner as linkO. leftO etc but are used in 

conjunction with the fill_chipsO function rather than the fill_ wholeO and fill_diskO 

functions. 

fllnction: outer _horder Jollow (xhar,yhar) 

non-pointer arguments: 

int x bar x co-ordinate of the centroid 

y co-ordinate of the centroid 

pointer arguments: none 

returns: none 

called functions: none 

description: 
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This function traces the outer border of the disc using the algorithm given in section 

5.3.4. The image array is first scanned in the + x direction, starting at the first column, 

until five contiguous pixels labelled as BLACK are found. The first BLACK pixel and 

it's left hand neighbour are then used as the starting point for the border. Each border 

pixel is assigned grey level WHITE and for each pixel the distance from the centroid is 

calculated using equation 15.281 and the angle of rotation ahout the centroid from the. 

horizontal is calculated using equation [5.31]. 

A 360 clement array, indexed by angle in degrees, is used to store the distance values. 

I f the distance from the centroid of a given border point is less than the value held in the 

array clement having the same angle then the array value is overwritten by the new 

distance value (all of the array values are initialised to largest possible int at the start 

of the function). The co-ordinates of the border pixels are written to two arrays (one for 

x and one for y) in this case. These co-ordinate arrays contain 360 clements and are also 

indexed hy rotation angle in degrees. 

function: pop (x_stack, y_stack, px, py) 

pointer arguments: 

int x_stack array holding the x co-ordinates of the pixel 

addresses 

int y_stack array holding the yeo-ordinates of the pixel 

addresses 



int px 

int py 

non-pointer arguments: none 

called functions: none 

returns: none 

description: 
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x co-ordinate of pixel address read from the 

stack 

y co-ordinate of pixel address read from the 

stack 

This function simulates a stack poping operation using a pair of arrays. On each 

invocation a variable corresponding to the stack pointer is decremented if it's value is 

greater than zero (i.e. the stack is not empty) and the px and py arguments are read from 

the arrays having an index equal to the stack pointer value. If the stack is empty, pX 

and py are returned as illegal values (= -I). 

pointer arguments: 

int d direction variable to be read from the stack 

int d_stack array array holding the stack elements. 

non-pointer arguments: none 
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called functions: none 

returns: none 

description: 

This function is identical to the poP() function with the exception that it acts on one 

array. 

function: push (x_stack, y_stack, px, py ) 

non-pointer arguments: 

pointer arguments: 

returns: 

called functions: 

int x x co-ordinate of pixel address 

int y y co-ordinate of pixel address 

int x stack 

none 

none 

array holding x co-ordinates of pixel 

addresses 

array holding y co-ordinates of pixel 

addresses 
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description: 

This function simulates a stack pushing operation using a pair of arrays. On each 

invocation a variable corresponding to the stack pointer is incremented and the 

arguments of the function (x,y) are written to the clements of the arrays having an index 

equal to the stack pointer value. 

function: plls/,d (d_stack,d) 

non-pointer arguments: 

pointer arguments: 

returns: 

called functions: 

description: 

int d variable holding direction (lJl) or DOWN) 

to be placed on stack. 

int d stack array holding stack elements 

none 

none 

This function is identical to pushO with the exception that it acts only on one array. 

function: secup() 
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arguments: none 

returns: none 

called functions: none 

description: 

This function sets up input LUT 0 on the frame store to give a direct grey scale mapping. 

function: thresh (t1,12) 

non-pointer arguments: 

int t I lower threshold limit 

int t2 upper threshold limit 

pointer arguments: none 

returns: none 

called functions: none 

description: 

This function sets up input LUT 0 on the frame store for thresholding operations. For 

each captured frame the original grey level of a pixel, g, is mapped to a new grey level 

g' according to: 
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{

BLACK (= 0), 

g' = GREY (= 20), 

BLACK (= 0), 

I) >g 

I) 50 g 50 12 

12 <g 

[AS. I] 



.li on 
#include "\lc\stdio.hM 

#include "\lc\dos.h'" 
#include ",lc\math.h" 
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extern void cameraO; 1+ real time display(i/p buff,ilut,o/p buff,olut) +1 
extcrn void captureO; /+ real time capture (i/p buff,ilut,o/p buff,olut) +1 
extern void ilutO; 1+ i/p look up table (table,index,value) +1 
extcrn void olutO; 1+ olp look up table (table,index,value) +1 
extcrn void mov _ buf(); I + move buffer to local buffer (butl) +1 
extcrn void res _ bufO; 1+ restorc to buffer(butl) + / 
extern int readyixO; 1+ read (x,y) pixel from buffer (x,y,butl) +/ 
extern int readpixlO; 1+ read (x,y) pixel from local buffer (x,y) +/ 
extcrn void wrtyixO; /+ writc pixel to buffcr (x,y,valuc,buffer) +1 
extcrn void wrtpixlO; /+ write pixcl to local butTer (X,y,value) +1 
cxtcrn int disk2Jead(); ,+ read image from disc and threshold betwecn tl and t2 (tl,t2 
)+/ 
extcrn void ccntrc_oCarcaO; 
cxtern void fill_holcO; 
extcrn void fill_discO; 
cxtern int inncr_borderJoUowO; 
extern void outcr_bon.lcrJollowO; 
extcrn void fit_cllipsc(); 

#dcfinc 
#dcfinc 
#dcfinc 
#dcfinc 
#dcfUlc 
#dcfUle 
#dcfUlC 
#dcfUlC 
#dcfUlC 
#dcfUle 
#dcfUlC 
#defUlc 
#dcfUlC 
#defUlc 
#defUlc 
#defUlc 
#defUle 
#defUlc 
#defUlc 
#dcfUlC 
#defUlc 
#dcfUlC 
#defUlc 

I + various grey scalcs, for:- + / 
WHITE 255 /+ inner and outcr bordcr 
WHlTE2 254 1+ inncr ellipse +/ 
WHITE3 253 1+ outer cllipse +/ 
ALMOST_WHITE 128 1+ hole region +, 
ALMOST WHITE2 127 r disk region ( minus chips) .; 
BLACK -0 /+ inital disk grey scale +/ 
GREY 64 1+ background grcy scale +/ 
G REY2 1 /. chip regions +, 
TRUE 1 
FALSE o. 
ONE 64 
SX 1.33 
SY 1.00 
UP· I 
DOWN 0 
ILLEGAL -1 
ONTOP I 
UNDER 0 

/+ x direction scale factor +, 
/+ and y direction factor for aspect ratio + / 

CHIP 252 ,+ chip borders +, 
CHIP2 251 . /+ chip colour after filling +, 
HORIZONTAL 0 
VERTICAL 1 
DIAGONAL 2 

_stack = 32000; 

int inner_distance(360Ji 
int outer_distance(360); 
int inner_border_x(360); 
int inner_borderJ[360); 



int outcr_bordcr_x(360); 
int outcr_border..Y1360); 
int chip_border _ x( 256); 
int chip_bordcr..Y1256); 

static int stack-.J'Ointcr2; 
static int x_ stack 21 I 00); 
static int y _stack211001; 
static int sp2; 
static int d_stack21100); 

main(} 
{ 
int error; 
int option; 
int x,y; 
int count; 
int x_bar I ,y _bar I ,major I ,minor I; 
int rotation I; 
int x_ bar2,y _ bar2,major2,minor2; 
int rotation2; 
int pX,py; 
double sum xl; 
double sumYI; 
double sum_x_squaredl; 
double sumJ_squarcdl; 
double sum_xyl; 
double areal; 
double sum' x2; 
double sum32; 
double sum_x_squared2; 
double sumJ_squared2; 
double sum_xy2; 
double area2; 
double chip_area; 
int threshold; 

x= y= 255; 

START: do{ 
system("'clsj; 
sct_up(); 
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printfnn 

printf(\n 

Defect Analyser v3.0 I.e Smith, University of Liver 
pool 1; 

------1; 
printf nn\n\n\n\n\nl; 
printf (\o\n 
printf (\n\n 

optioo = getch(); 

case 'p': 

switch (option) 
{ 

p process j; 
x exit 1; 



to inner edge\n"); 

o continue -- "); 

thrcsh( 0,20); 
capture(O,O,O,O); 
system(" cls"); 
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printf ( calculating centre of area "); 
ccntre_oCarea(&x,&y); 
res_buf(O); 
header(); 
printf( "\n \n \n \n \n \n \n \n \n \n "); 
printf ( tracing the border ") 

error = inner_borderJollow(x,y); 
if (error) 
{ 

system( cis"); 
printf("\n\n\n\n\n\n\n\n\n\n\n\n"); 
printf(" disk contains crack from outer 

printf( "\n \n \n 

getch(); 
goto START; 

} 
mov_buf(O); 
headerO; 
printf( "\n \n \n \n \n \n \n \n \n \n"); 

--- press any key t 

printf (" filling the closed region N); 
fill_hole(x,y,&sum_x I ,&sum_y l,&sum_x_squared I ,&sumy _squared I 

,&sum_xy 1 ,&areal); 
headerO; 
printf( "\n \n \n \n \n \n \n \n \n \n "); 
printf (" tracing the border ") 

outer_borderJollow(x,y); 
mov_buf(O); 
headerO; 
printf( "\n \n \n \n \n \n \n \n\n \n "); 
printf r filling the closed region "); 
fdCdisk(x,y,&sum_x2,&sumy2,&sum_x_squarcd2,&sumy _SQuarcd2 

,&sum_xy2,&arca2,&chip _area); 

\0"); 

\n"'); 

rotation I , 

headcrO; 
printf("\n\n\n\n\n\n\n\n\n\n"); 
printf r calculating ellipse parameters 

cllipscJesults(sum_xl,sumJl,sum_~_squaredl,sumy_squarcdl,s 

sum_x2,sumy2,sum_x_squared2,sumy_squared2,s 

header(); 

& x_bar I ,&L bar 1 ,&minor I ,&major l,&rotation 1, 
&x_ bar2,&L bar2,&minor2,&major2,&rotation2 ); 

printf("\o \n \0 \n \n \n \n \n \n \n"); 
printf r calculating inner edge profUe 

calculate j>rofUe(inner _ distance, X_ bar l,y _ bar I ,minor I ,major 1, 



\n"); 

rotation2, 

} 
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inner_border _X, inner_border 3); 
draw.l'rofile(inner _ distance,TR VEl; 
headerO; 
printf("\n\n\n\n\n\n\n\n\n\n"); 
printf (" calculating outcr edge proftle 

calculate .l'rofile( outer _ distance,x _ bar2,y _ bar2,minor2,major2, 

outer_border_x, outer_bordef_Y); 
draw .l'rofile( outer _ distancc,F ALSE); 
chip _lillO; 
brcak; 

} while (option = 'x'); 

} 
/+ end of main +/ 

sct_upO 
{ 

/+ sets up the input LVT to givc direct grey scale mapping +/ 

int i; 

for (i = O;i < = 255;i + + ) 
ilut(O,i,i); 

camera(O,O,O,O); 
} 
/+ end of setup+/ 

headcrO 
{ 

systcm( "cis "); 
printf ("\n 
printf ("\n 

priotf ("\o\n"); 

Defect Analyser v3.0, I.e Smith University of Liverpool ); 
---------------~----------------------------------------"); 

thrcsh(t l,t2) / + alter the input LUT values + / 
/ + grey level bctwccm t I and t2 map to black(O) + / 
/ + those outside to white + / 

int tl,t2; 
(, . 
wt 1; 

capture(O,O,O,O); 
for (i = O;i < = 255;i + + )( 
if «i > = tl) && (i < = t2»{ 
ilut(O,i,GREy); 

} 
else 



} 

ilut(O,i,BLACK); 
} 
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/. end of thresh ., 

draw yroftlc(dist:mce,draw jnner) /. draw the proftle using HALO garphics functions • 
/ 
int tdistance; 
int draw_inner; 
{ 

long sum; 
int nns; 
int max deviation; 
int min.=-dcviation; 
int maxm,minrn; 
noat scale; 
int four = 4; 
int i,x,y; 
no at ifloat; 
int mode; 
float xl, xl, yl, y2; 
float xmax, ymax, xmin, yrnin, yzero; 
int colour; 
float dummy l,dummy2; 
static.: char textl13111 OJ = { 

}; 

CO"}, {"20"} , {"40"} , {"60 M

} , {"gO"}, 
{"IOO"}, {"120"}, {"140"}, {"160"}, {"ISO"}, 
{"200"}, {"220"}, {"240 M

} 

static char anykcyl30J = CPRESS ANY KEY TO CONTINUW}; 

max deviation = 0; 
min -deviation = 0; 
sum-= 0; 

maxm = minm = 0; 

for (i = 0; i < 360; i + + ) 
{ 

} 

if ( distance(iJ > maxm ) 
maxm = distanceliJ; 

if (distance(iJ < minm ) 
minm = distance(il; 

setdev( "'haIoibme .devl; 
initgraphics(&four); 
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xl = 0.0 ; x2 = 400.0; yl = 0.0; y2 = 120.0; 
sctworld ( &xl, &yl, &x2, &y2); 
clrO; 
xmax = 380.0; xmin = 20.0; 1* histogram bounds *1 
ymax = 100.0; ymin = 0.0; 

scale = ( ymax - ymin ) I (float)(maxm-minm); 
yzero = ymin - (float)minin * scale; 

colour = 0; 
setcolor( &colour); 
bar (&xl,&yl,&x2,&y2); 

x= I; 
sctlnstyle( &x); 
sctlnwidth( &x); 

colour = 7; 
sctcolor( &co lour); 

1* data *1 

for ( i = 0; i < 360; i + + ) 
{ 

} 

if (distanceli) > max_deviation) 
max....:deviation = distance/i); 

if (distanceli) < min_deviation) 
min_deviation = distanceli); 

sum + = «long)distanceli) * (Iong)distanceli) ); 

dummy} = (float)yzero + (float)distanceliJ * scale; 
ifloat = (float)i + xroin; 
movabs( &ifloat,&yzero); 
lnabs( &ifloat ,&dummy I); 

colour = 4; 
setcolor( &colour); 

movabs (&x.min,&yzcro); 
lnabs (&xmax,&yzero); 

It yaxis tl 

movabs (&x.min,&ymin); 
lnabs (&xroin,&yrnax); 

It x tick marks ·1 



dummy 1 = yzero + 5.0; 
dummy2 = yzero-5.0; 

It x tick marks t/ 

for ( i = 20; i < = 380; i + = 20 ) 
{ 

} 

ifloat = (float )i; 
movabs( &ifloat,&dummy I); 
lnabs( &ifloat,&dummy2); 

It y tick marks t/ 

dummy2 = xmin-5; 

for ( i = 0; i < = (maxm-minm); i + + ) 
{ 

dummy 1 = ymin + (float)i t scale; 
movabs(&xmin,&dummy I); 
Inabs(&dummy2,&dummy I); 

rms = (int) sqrt ( (double) sum / 360.0); 
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if ( draw_inner ) 
printf r 

else 
printf r 

Inner Edge Proftle \n"); 

Outer Edge Profile \n1; 

printf r each vertical division represents 1 pixel, each horizontal division 20 de 
grccs\nN); 

printf r maximum deviation = + %d/%d pixels, nns deviation = %d pixels\n", 
max_deviation, min_deviation, nns ); 

printf r 
gctchO; 
c1oscgraphicsO; 

} / + cnd of draw -profile + / 

press any key to continue1; 

get .J>rofllc( xbar 1 ,ybar 1 ,minor 1 ,major 1 ,rotation I, 
xbar2,ybar2,minor2,major2,rotation2,distance 1 ,distance2) 

int +distance I ; 
int +distance2j 
int xbarl,ybarl; 
int major I ,minor I; 
int rotation 1; 
int xbar2,ybar2j 
int rnajor2,minor2; 
int rotation2; 
{ 
int x,Y; 



int r; 
int theta_deg; 
double theta_rad; 
int success; 
double value sin; 
double value-cos; 
int radius; -
float rot rad 1; 
float rot - rad2; 
double x_component,y_component; 
double vector; 
double delta radius; 
double nom radius; 
double angle; 
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rot_radl = (double)rotationl + ( PI I 180.0 ); 
rotJad2= (double)rotation2 + ( PI I 180.0 ); 

/. scan radii at 1 degree increments +1 

for ( theta_deg = 0; theta_deg < 360; theta_deg+ + ) 
{ 

} 

thetaJad = (doublc)theta_deg + ( PI I 180.0 ); 
value_sin = sin(thetaJad); 
valuc_cos = cos(theta_rad); 

success = FALSE; 

I + scan radius at I pixel increments - check point is ·1 
1+ actually within the imagc limits +1 

x=y=256; 

for (r = 0; ( r < 512) && (x > = 0) && ( y > = 0) && 

{ 
( x < = 511 ) && (y < = 511 ) && (success = = FALSE); r+ +) 

I + polar to rectangular conversion + / 

x = xbarl + (int)«double)r+value_cos); 
y = ybarl + (int)«double)r+value_sin); 

if ( rcadpixl(lF,y)\LMOST _WHITE) 
{ 

} 

success = TR UE; 
radius=r; 

norm_radius = (doubJe)radius • sqrt( SX + SX + value_cos + value_cos 
+ Sy + SY • value_sin + value_sin ); 

angle = atan2( ( SY • value_sin) , (SX + value_cos) ); 



); 

); 

} 
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x_component = (double)majorl + cos( angle - rotJadl ); 
y_componcnt = (double)minorl + sin( angle - rot_radl ); 

vector = sqrt( ( x_component + x_component) + (y_component + y_component ) 

deltaJadius = vector - norrnJadius; 

distance l(theta_dcgl = (int)dcltaJadius; 

for ( theta_dcg = 0; thcta_dcg < 360; theta_dcg+ + ) 
{ 

thcta_rad = (double)theta_dcg + ( PI /180.0 ); 
valuc_sin = sin(thetaJad); 
valuc_cos = cos(thctaJad); 

success = FALSE; 

/+ scan radius at 1 pixel incremcnts - check point is +/ 
/+ actually within thc imagc limits +/ 

x=y= 256; 

for ( r = 0; (r < 512) && ( x > = 0) && (y > = 0) && 

{ 

} 

(x < = 511) && (y < = 511) && (success = = FALSE); r+ +) 

/+ polar to rectangular conversion + / 

x = xbar2 + (int)«doublc)r+valuc_cos); 
y = ybar2 + (int)«doublc)r+value_sin); 

if ( readpixl(x,y) = = GREY) 
success = TRUE; 

nonn_radius = (doublc)r + sqrt( SX + SX + value_cos + value_cos 
+ Sy • SY • value_sin + . value_sin ); 

angle = atan2( ( SY + value_sin) , ( SX + value_cos) ); 

x component = (double)major2 + cos( angle - rot_rad2 ); 
y:component = (double)minor2 + sin( angle - rotJad2 ); 

vector = sqrt( ( x_component • x_component) + (y_component • y_component ) 

delta radius = vector - nonn radius; - -
distance2(theta_degJ = (int)delta_radius; 
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} 

} / + end of inner profUc + / 

/ + print out ellipse results • / 

cllipse_results(sum_x I;sumj' I ,sum_x_squared I ,sumj' _squared I ,sum_xy I ,areal, 
sum_x2,sumj'2,sum_x_squared2,sum_y_squared2,sum_xy2,arca2,chip_area, 
x_bar I ,y _ bar I ,minor I ,major I ,rotation 1 , 
x_bar2,y _bar2,minor2,major2,rotation2 ) 

double sum_x I,sumj' I ,sum_x_squared I,sumj' _squared I ,sum_xy I ,area I; 
double sum_x2,sumj'2,sum_ x_squared2,sumj' _squared2,sum_xy2,area2,ehip _area; 
int +x_barl, +y _barl, +minorl, +majorl, +rotationl; 
int +x_ bar2, +L bar2, +minor2, +major2, +rotation2; 
{ 
double total area; 
int offset; -
double ratio; 

sum x2 + = sum_xl; 
sumJ2 + = sumj'l; 
sum_x_squarcd2 + = sum_x_squaredl; 
sumj'_squared2 + = sumj'_squaredl; 
sum_xy2 + = sum_xyl; 
total_area = areal + area2; 

headcr(); 
printf{'"inner edge parametcrs:- \n"); 
fit_cUipse( sum':"xl, sumj'l, sum_x_squaredl, sumj'_squaredl, sum_xyl, areal, 

x_bar I , y_barl, minorl, major I , rotationl); 
printf("'\n outer edge parameters \n"); 
fit_cUipse( sum_x2, sumj'2, sum_x_squarcd2, sumj'_squared2, sum_xy2, total_area, 

x_bar2, Lbar2, minor2, major2, rotation2); 

offset = (int)sqrt ( (doublc)( ( ·x_bar2 - ·x_barl ) • ( ·x_bar2 - ·x_barl ) + 
( +Lbar2 - +y_barl ) + ( +y_bar2 - +Lbarl ) ) ); 

ratio = 100.0 + chip_area I area2; 

printf("'\n\nl; 
printf("'\t offset between centres = %d \n',offset); 
printf("'\t total chip area = %d = %3.1f %% of disc area \nH,(int)chip_area,(fioat 

)ratio); 

printf ("'\n\n}; 
printf r all dimensions in pixels normalised w.r.t aspect ratio \nl; 
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printer 
getchO; 

press any key to continue "); 

} 

chipJillO 
{ 
int x,y; 
int area; 
int nonn area; 
int length; 
int noofpoints; 
int noofchips; 
int xbar,ybar; 
int error; 
int xl,y I; 
int x2; 
int ratio; 
int x_bar,y_bar; 
int i; 
int max radius; 
int min -radius; 
int radius; 
int nborder; 
int rad ratio; 

noofchips = 0; 

headerO; 
printf rchip parameters :- \n\n*); 
printf rarea\tperimeter\tP·P/A\tposition\tmax r\tmin r\t max / min \n1; 
printf r ----\t---------\t-----\t--------\t-----\t-----\ t----------- \nN); 

for (y = 2; y < = 509; y + +) 
{ 

x=2; 
while( x < = 509) 
{ 

/. find an interior point ./ 

if ( ( readpixl(x,y) = = GREY2) && ( readpixJ(x + I,y) = = GREY2 ) && 
(readpixl(x-I,y) = = GREY2) && (readpixl(x,y-I) = = GREY2) && 
(rcadpixl(x-I,y-I) = = GREY2) && (readpixl(x+ I,y-I) = = GREY2) && 
(readpixl(x,y+ 1) = = GREY2) && (readpixl(x+ I,y+ I) = = GREY2) && 
(rcadpixl(x-I,y+ I) = = GREY2) && (readpixl(x,y+2) = = GREY2) && 
(readpixl(x-l,y+2) = = GREY2) && (readpixl(x+ l,y+2) = = GREY2) 

) 
{ 

/. take this point as the seed point ./ 

x1=x; 
yl=y; 
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1+ fmd a boundary point +1 

while (readpixl(x,y) = = GREY2) 
x+ +; 

x--; 

I + trace the boundary ·1 
chip_border joUow( x,y ,&noofpoints,&length,&xbar,& ybar ,&nborder); 
mov_buf(O); 

I· check for false perimeter tracing ·1 

if( 
{ 

for ( x2= xl; ( x2 > 0) && (readpixl(x2,y) = = GREY2); x2--); 
if (readpixl(x2,y) = = ALMOST _ WIlITE2 ) 

error = TRUE; 
else 

error = fALSE; 

error) 

noofchips + + ; 
ftltchips(xl,yl,&arca,&x_bar,&y_bar); 
norm_area = (int)( (float)(area + noofpoints) • SX • Sy ); 
ratio = (int)«long)length • (long)length I (long)norm_area); 

max radius = 0; 
min -radius = 32000; 

for ( i = 0; i < nborder; i + + ) 
{ 

radius = (int) sqrt ( (double)( ( chip_border_xlil - x_bar) • ( 
chip_border_xlil - x_bar) ) • (SX·SX) 

+ (double)( ( chip_borderYlil - Lbar ) • ( 
chip_borderYlil - y_bar) ) • (SY·SY) ); 

} 

if (radius > max_radius) 
max radius = radius; 

if (radius < min_radius) 
min_radius = radius; 

rad_ratio = max_radiUS I min_radius; 

printf ('"%d\t%d\t\t%d\t%d, %d\t\t%d\t%d\t%d\nN,nonn_area,length,ratio, 
x_bar,y-bar,max_radius,minJadius,radJatio); 

if ( noofchips % 10 = = 0) 
{ 
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printf ("\0\01; 

t ratio \n1; 
printf (N all dimeosioos in pixels nonnalised w.r.t aspec 

\01; 

oued ... \01; 

printf C 

printf (,,\n 

getch(); 
header(); 

press any key to continue 

conti 

printf ("chip parameters :- \n\ol; 

o \n1; 

-- \n1; 

} 

} 
} 

x+ +; 

printf C'area\tpcrimeter\tP+P/A\tposition\tmax r\tmin r\t max / mi 

printf (" ----\ t---------\t-----\t--------\t-----\t -----\t---------

} 1+ eod while +1 
} 1+ end for +1 

printf ("\0\01; 
printf r all dimeosions in pixels nonnalised w.r.t aspect ratio \n1; 
printf r press any key to continue \01; 
gctch(); 

} 

chip_border _ foUow(x_ bar,y _ bar,opoints,leogth,xbar2,ybar2,nborder) 
/ + traces the chip borders in the disc +/ 

int x_bar,y_bar; 
int +npoints, +length; 
int +xbar2, +ybar2; 
int +oborder; 
{ . 
int cX,cy; 
int dX,dy; 
int x,i,k; 
int index; 
int exl81; 
int ey181; 
int success; 
static int x_offsct(16J = {O, I, I, 1,0, -I, -I, -I, 0, I, I, 1,0, -I, -I, -I }; 
static int y_offset(16J = { I, 1,0, -I, -1, -1,0, 1, I, 1,0, -I, -I, -1,0, 1 }; 
int c; 
int fanished; 
int nblack; 
int nhorizontal; 
int nvertical; 
int ncrossing; 
int cx last; 
int cy)ast; 
int found_seed; 
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int direction; 
int previous_direction; 
int points; 

points = 0; 
direction = previous_direction = HORIZONTAL; 

nhorizontal = 0; 
nvertical = 0; 
nerossing = 0; 

cx last = O· 
cy)ast=O; 

cx = x bar· 
cy = y=bar; 

dx = x_bar + J; 
dy = y_bar; 

/ + set C to 3 • / 

wrtpixl(ex,cy,3); 

1+ set d to 2 +1 

wrtpixl( dx,dy ,2); 

I + get direction of d + / 

finished = FALSE; 
do 
{ 

success = FALSE; 
for ( i = 0; (i < = 7) && (success = = FALSE); i + + ) 

if ( (dx-ex = = x_offset(iJ) && (dy-cy = = y_offset[i») 
{ 

} 

index = i; 
success = TR UE; 

1+ assign e(i) +, 
success = FALSE; 
for ( i = 0; (i < = 7) && (success = = FALSE); i + + ) 
{ 

ex[il = ex + x_offsetfindexl; 
eYlil = cy + y-offsetlindexl; 

if ( (readpixl( ex[il,eyfi) ) = = GREY2) II 
( readpixl( ex[il,eYli) ) = = 3 ) II 
( readpixl( ex[i),ey(iJ ) = = 4 ) ) 



} 

success = TR UE; 
else 

index+ +; 
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k=i-I; 

if( «c=readpixl(cx.ey))= =3) && (readpixl(extkl.eylkJ)= =4» 
for (i=O; (i < k) && (finished = = FALSE); i+ + ) 

if (readpixl(exlil.cyliJ) = = 2) 
{ 

} 

wrtpixl( ex. cy. 4 ); 
wrtpixl( exlil. ey(il. 0 ); 
fmished = TRUE; 

if(fmished= = FALSE) 
{ 

if( c= = GREY2) 
wrtpixl(cx.cy,4); 

wrt...,Pix(cx.cy.CIIIP.O); 
chip_bordcr_x lpointsl = cx; 
chip_bordcry (pointsl = cy; 
points+ +; 

if( cxJast = 0) 
{ 

} 

previous_direction = direction; 
if( cy = = cyJast) 

direction = HORIZONTAL; 
else 
{ 

} 

if( cx = = cxJast) 
direction = VERTICAL; 

else 
direction = DIAGONAL; 

if (direction = = DIAGONAL) 
{ 

} 

ncrossing + +; 
nhorizontal + + ; 
nvertical + + ; 

else 
if (direction = previous_direction) 

ncrossing + + ; 

if (direction = = HORIZONTAL) 
nhorizontal + + ; 

if (direction = = VERTICAL) 
nvertical + +; 



} 

ex last == ex; 
ey =Iast == cy; 

ex = ex(kJ; 
cy = cy(kJ; 

dx = ex(k-IJ; 
dy = cy(k-lJ; 

} while ( finished = = FALSE ); 

+nbordcr == points; 
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+npoints = nerossing + nvertieal + nhorizontal; 
+Icngth = (int) (0.984059 • ( sx • (float)nhorizontal + SY + (float)Jlvcrtical -

0.5 + ( SX + SY - sqrt ( SX ·SX + SY+SY» + 
(float)ncrossing ) ); 

} 
/. end of bordcrfollow + / 

left2(x,y) 
int x; 
int y; 
{ 
int i; 

} 

if ( readpixl(x,y) = CHIP) 

{ for ( i = x; (i> = O)~ill1(i)Y) 
rctum(i + I); 

} 
else 
{ . 

for ( i == x; (i> = O)&&(readpixl(i,y) == == CIIIP); i--); 
rctum(i + I); 

} 

lright2(x,y) 
int x; 
int y; 
{ 
int i; 
int dummy; 
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retum( left2( left2(x,y)-I, y ) - 1 ); 

} 

fill chipsO 

fllls in the hole region of the disk - pixels forming part of the region 
are set to CHlP2 - border pixels are taken as being ellIP 

inputs:-

xbar,ybar - co-ords of centre of area of entire image, used as a seed 
point by the filling algorithm 

outputs (used for calculating ellipse parameters):-

sum_x 
sumj' 
sum_x_squarcd 
sum_y_squared 
sum_xy 
area 

+/ 

ftll_chips(xbar,ybar,arca,x_centre,y_ccntre) 
int xbar,ybar; 
int ·x centre; 
int +y=centre; 
int +arca; 
{ 
int px_right,py _right; 
int pX,py; 
int other; 
int u; 
int dir; 
int above,below; 
int el,e2; 
int x; 
int px_ne.xt,py-next; 
int pxl,pyl; 
double xs; 
double xf; 
double ys; 
long x_sum,y_sum; 

mov_buf(O); 
stackJ>Ointer2 = sp2 = 0; 
+area=O; 
x sum = O' - , 
Y sum = O· - ' 

push2(x_stack2,y _stack2,left2(xbar,ybar),ybar); 
push2d(d_stack2,OOWN); 
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push2(x_stack2,y_stack2,lcft2(xbar,ybar+ l),ybar+ I); 
push2d( d _ stack2, UP); 
px= xbar; 
py=ybar; 

while(stack.J>Ointer2 > 0) 
{ 

pop2(x_stack2,y_stack2,&px_next,&py-next); 
pop2d( d _ stack2,&dir); 
pXJight= 511; 
py Jight = py; 

if( die = = DOWN) 
{ 

other = UNDER; 
u=2; 

} 
else 
{ 

other = ONTOP; 
u=l; . 

} 

while(l) 
{ 

if ( (px_next = = ILLEGAL) II 
( readpix1(px_next,py_next) = = CIIlP2 ) ) 

goto FINI2; 

px=px_ncxt; 
py = py _next; 

link2(px-1 ,py ,&above,&bclow,&e 1 ,&c2,&px I); 
pyl = py; 

if ( « dir = = DOWN) && (above > 1) II 
(dir = = UP ) && ( below> 1) ) && ( px > pXJight» 

goto fINI2; 

if ( (above > 0) && (below > 0» 
( 

} 

if(u==l) 
{ 

} 

px_nexf = el; 
PLnext= py+ I; 

else 
{ 

} 

px_next = e2; 
py_next = py-I; 

else 
{ 

if ( readpixl(px,p)') CHIP2 ) 



} 

{ 

} 
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push2(x_stack2,Lstack2, left2( lright2(px,py),py ) , py ); 
push2d( d _ stack2,dir); 

if( (above = =OO»)&'6'&«(b&w = DOWN) II 

{ 

} 

(above = 0) && ( below = = 0) && ( dir = = UP) ) 

if(u==I) 
{ 

} 

px_next = el; 
py_ncxt= py+ I; 

else 
{ 

} 

px_ncxt = e2; 
py_ncxt = py-l; 

else 
if ( ( othcr== ((]Nl'l!>J>I. && ( readpixl(px,py + I) 

{ 

} 

(other==(lItI~~) && (rcadpixl(px,py-I) 

if ( ( othcF=C=ti I~TQl P ) && ( rcadpixl(px,py + I) 
{ 

} 

px_ncxt= Icft2(px,py+ I); 
py_ncxt= py+ I; 

else 
if ( ( other€I+lR2~I))ER ) && ( rcadpix1(px,py-l) 
{ 

} 

px_next = left2(px,py-I); 
py _next = py-I; 

else 
px_next = ILLEGAL; 

for ( x = px; ( x < Sli pw.p(~dpitd~,py) 
px_right= x-I; 
PLright = py; 

for ( x=px; x< =px_right; x+ +) 

wrtpixl(x,py_right,CHIP2); 

.arca + = (px_right-px + I); 
x_sum + = (Iong)(px_right + px) • (Iong)( px_right - px + 1); 
Y _sum + = (long)PLright • (Iong)( px_right - px + 1 ); 

link2 (px_right + 1 ,PLright,&above,&below ,&e I ,&e2,&pxl); 
py 1 = py _right; 

if ( « above = = 0) " ( below = = 0» && 
(readpixl(pxl,,,,,1J::HIP2) ) 
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{ 
push2( x_ stack2,y _ stack2,px I ,py I); 
if (above > 0) 

push2d( d _ stack2, UP); 
else 

push2d(d_stack2,DOWN); 
} 

} 
FINI2: ; 

} 
rcs_buf(O); 

+x_ccntrc = x_sum I ( 2 + +arca ); 
+y_ccntre = Lsum I ( +arca ); 

} 1+ cnd of fill_chips +1 

link2( x,y ,abovc ,below ,c I ,c2,p I) 
int x,y; 
int +abovc, +bclow; 
int +cl, +c2, +p1; 
{ 
int dx,dy; 
int xl,x2; 
int i; 

x = Icft2(x,y); 

+abovc = +bclow = 0; 
dx=dy= I; 

xl = x2= ILLEGAL; 
tel = +e2= ILLEGAL; 

if ( rcadpixl( x-dx,y + dy) = = CHIP) 
{ 

} 

(+abovc) + +; 
xl = x-dx; 

if ( rcadpixl( x-dx,y-dy) = = CHIP) 
{ 

} 

(+bclow) + +; 
xl= x-dx; 

while (readpix1(x,y) = = CHIP) 
{ 

if ( ( readpixl( x,y + dy) = = CHIP) 
&&( readpixl( x-dx,y "'~~IIP ) ) 

(+above) + + ; 



if ( ( readpixl( x,y-dy ) = = CHIP) 
&&( readpixl( x-l,y-dy )CHIP) ) 

(+below)+ +;. 

} 

if ( rcadpixl(x,y + dy) = = CHIP) 
xl =x; 

if ( rcadpixl(x,y-dy) = = CIIIP) 
x2=x; 

x+ +; 

+pl = x; 

if ( readpixl(x,y + dy) = = CIIIP) 
xl =x; 

if ( readpixl(x,y-dy) = = CHIP) 
x2=x; 

if ( xl = ILLEGAL) 
{ 
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for (i= xl; (i < 5(2) && ( rcadpixl(i,y+ dy) = = CIIIP); i + + ); 

} 

+el = i; . 
} 

if ( x2 = ILLEGAL) 
{ 

} 

for ( i = x2; (i < 512 ) && (rcadpixl(i,y-dy) = = CIIIP); i + + ); 
+e2= i; 

if( (readpixl( x-dx,y+dy=)CHlP) 
&&( readpixl( x,y+ dy) = = CHIP» 

(+abovc)+ +; 

if ( ( rcadpixl( x-dx,y-dy". CIII),) 
&&( rcadpixl( x,y-dy ) = = ClIIP» 

(+below)+ +; 

push2(x_stack2,y _stack2,px,py) 
int px,py; 
int +x_stack2, +Lstack2; 
{ 
int i; 

} 

stack.JX>inter2 + + ; 
+(x_stack2 + stack.JX>inter2) = px; 
+(y_stack2+ stackJ>Ointer2)= py; 

pop2(x_ stack2,y _ stack2,px,py) 
int +px, +py; 
int +x_stack2,+y_stack2; 
{ 

if (stack.JX>inter2 > 0) 
{ 

stack.JX>inter2--; 



} 

} 

+px= +(x_stack2+stackJXlinter2+ I); 
+py = +(y_stack2 + stackJXlinter2 + I); 

else 
+px = +py = -I; 

push2d( d _ stack2,d) 
int d; 
int +d stack2· - , 
{ 

sp2+ +; 
+( d _ stack2 + sp2) = d; 

} 

pop2d( d _stack2,d) 
int +d +d stack2· 
{ '- , 

} 

if (sp2 > 0) 
{ 

sp2--; 
+d= (+(d_stack2+ sp2+ I»; 

} 
else 

+d= -I; 
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calculatcj>roftic(distancc,xbar,ybar,minor,major,rotation,bordcr_x,bordcry) 

int +distance; 
int xbar,ybar; 
int major,minor; 
int rotation; 
int +border x· 
int +border3~ 
{ 
int X,Y; 
int theta_deg; 
double theta rad; 
double value- sin; 
double value-cos; 
double radiuS; 
float rot rad; 
double x:.. component,y-component; 
double vector; 
double delta radius; 
double nonn radius; 
double angle; 



} 
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rot_rad = (doublc)rotation * ( PI / 180.0); 

for (thcta_dcg=O; thcta_dcg < 360; thcta_dcg+ + ) 
{ 

thcta_rad = (PI/180.0) * thcta_deg; 

value_cos = cos(thcta_rad); 
valuc_sin = sin(thcta_rad); 

/* polar to rectangular convcrsj~n */ 

x = bordcr_xlthcta_dcgJ; 
y = bordcr.Ylthcta_dcgJ; 

radius = sqrt( (float)(x - xbar)+(tloat)(x-xbar) + 
(float)(y - ybar)*(float)(y - ybar) ); 

nOnDJadius = radius * sqrt( SX * sx • valuc_cos • valuc_cos 
+ Sy * SY • value_sin * valuc_sin ); 

angle = atan2( ( SY • value_sin) , ( sx * value_cos) ); 

x_component = (double)major * cos( angle - rotJad ); 
y_componcnt = (double)minor * sin( angle - rotJad ); 

vcctor = sqrt( ( x_componcnt + x_componcnt ) + (y_componcnt * y_component ) ) 

delta_radius = vcctor - normJadius; 

distancel theta _ degJ = (int )dclta _radius; 

} / + cnd of inner proflle + / 



#include ",\lc\stdio.h~ 
#include "'\lc\dos.h" 
#include "'\lc\math.h" 
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extern void cameraO; 1+ real time display(i/p buff,ilut,o/p butT,olut) +1 
extern void captureO; 1+ real time capture (i,p butT,ilut,o/p buff,olut) +, 
extern void ilutO; 1+ ilp look up table (table,index,value) +1 
extern void olutO; 1+ o/p look up table (table,index,value) +1 
extern void mov _ bufO; I + move buffer to local buffer (buf1) +1 
extern void res_bufO; ,+ restore to butTer(buf1)+1 
extern int readyixO; 1+ read (x,y) pixel from butTer (x,y,buf1) +1 
extern int readpixl(}; 1+ read (x,y) pixel from local butTer (x,y) +1 
extern void wrt-pixO; ,+ write pixel to buffer (x,y,value,buffer) +1 
extern void wrtpixlO; 1+ write pixel to local butTer (x,y,value) +1 
extern void disk2_read(); 1+ read image from disc and threshold between tl and t2 (tl,t2 
)+1 

,+ various grey scales, for:- +1 
#defme 
#defme 
#defmc 
#defme 
#define 
#defmc 
#defmc 
#defme 
#defme 
#define 
#defme 
#deftne 
#defme 
#defme 
#defme 
#defme 
#defme 
#define 

WHITE 255 1+ inner and outer border 
WlIITE2 254 1+ inner ellipse +1 
WHlTE3 253 1+ outer ellipse +1 
ALMOST _ WIIlTE 128 It hole region +, 
ALMOST_ WIIITE2 127 ,t disk region ( minus chips) tl 
BLACK 0 It inilal disk grey scale tl 
GREY 64 1+ background grey scale +; 
GREY2 1 It chip regions +1 
TRUE I 
FALSE 0 
Oi'lE 64 
SX 1.33 
SY 1.00 
VI' I 
DOWN 0 
ILLEGAL -1 
ONTOP 1 
VNDER 0 

static int stack-POinter; 
static int x_stackflOOJ; 
static int y_stackIIOOJ; 
static int sp; 
static int d_stackIIOOJ; 

I t x direction scale factor + I 
I + and y direction factor for aspect ratio t I 

centre_oCarea(xbar,ybar) It calculates the C of A for an entire ., 
int txbar, .ybar; It thresholded frame, coords of centre t/ 
{ It are returned as (xbar,ybar) ./ 
long area; 
register x,y; 
long surnx; 
long surny; 



1+ calculate area and centre of area +1 

area = 0; 
sum x = 0; 
sumy = 0; 

for (x = 0; x < = 512; x + + ) 
for ( y = 0; y < = 512; Y + + ) 

. if ( readpixl(x,y) = = BLACK) 
{ 

} 

area+ +; 
sumx + = x; 
sumy + = y; 

+xbar = sumx / area; 
+ybar = sumy / area; 

I + plot centre on the screen +1 

for ( x = 0; x < = 511; x + +) 
wrt-pix(x, +ybar,WHITE,O); 

for ( y = 0; y < = 511; y + +) 
wrt-pix(+xbar,y,WIIITE,Q); 
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inner_bonierJollow(x_bar,Lbar) 1+ traces the inner border of the disc +1 
int x_bars_bar; 
{ 
int cX,cy; 
int dx,dy; 
int x,i,k; 
int index; 
int exlSI; 
int cyIS!; 
int success; 
static int x_offset(l6J = {O, I, I, 1,0, -I, -1, -1,0, I, I, 1,0, -I, -I, -1 }; 
static int y_offsetl16J = { I, 1,0, -I, -I, -I, 0, I, I, 1,0, -I, -I, -1, 0, 1 }; 
int c; 
int fmished; 
int nblack; 
int angle; 
int radius; 
int distance(360); 



extern int innerJxmler_xIJ; 
extern int inner_borderyll; 
long sum_distance; 

for ( angle = 0; angle < 360; angle + +) 
distanee(angleJ = 0; 

I + find frrst border point +1 
1+ - first one with 5 black pixels +1 

success = FALSE; 
nblack= 0; 
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for ( x = x_bar; ( x < = 511 ) && (success = = fALSE); x + +) 
{ 

if ( (rcadpixl(x,y_bar) = = BLACK» 
nblack+ +; 

else 
nblack=O; 

if ( nblack = =. 5) 
success = TR UE; 

x-= 5; 

cx = x-I; 
cy = y_bar; 

dx = x; 
dy = Lbar; 

wrtpixl( cX,cy ,3); 

1+ set d to 2 +1 

wrtpixl( dX,dy ,2); 

I + get direction of d + / 

finished = FALSE; 
do 
{ 

success = FALSE; 
for (i= 0; (i < = 7) && (success = = FALSE); i + + ) 

if ( (dx-cx = = x_offset(iJ) && (dy-cy = = y _offset(i)) ) 
{ 

} 

index = i; 
success = TR UE; 



} 
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1+ assign e(i) +1 

success = FALSE; 
for ( i= 0; (i < = 7) && (success = = FALSE); i + + ) 
{ 

ex(i) = ex + x_otTsct(index); 
ey(i) = ey + y_otTset(index); 

if ( (readpix1( exli).cYli) = = ONE) II 
( readpixl( exlil.eYlil) = = 3 )" 
( readpixl( exlil.eyli) = = 4 ) ) 

success = TR UE; 
else 

index+ +; 

k=i-I; 

if ( ( (e = rcadpixl( cx.cy» = = 3 ) && (readpix1( cxlk).cylk)) = = 4) ) 
for ( i = 0; (i < k) && (finished = = FAI1iE); i + + ) 

if ( readpixl(cxlil.cylil) = = 2) 
{ 

} 

wrtpixl( ex. cy, 4 ); 
wrtpixl( ex/il. cy/il. 0 ); 
finished = TR UE; 

if(finished = = r ALSE) 
{ 

} 

if( c= = ONE) 
wrtpixl( cx.cy .4); 

wrt.J>ix(cx,cy,WIIITE.O); 

radius = (int)sqrt ( (float)(ex-x_bar)+(float)(ex-x_bar)+(SX +SX) + 
(float)( eY-L bar) + (float )(eY-L bar) +(SY+SY) ); 

angle = (int)( (180.0/PI) + 
(PI + atan2«float)(ey-y_bar)/SY,(float)(cx-x_bar)/SX))); 

if ( radius> distancelangle) ) 
{ 

} 

inner_border_xfangle) = ex; 
inner_borderj'(angle) = ey; 
distaneelangle) = radius; 

ex = exJk); 
ey = eylk); 

dx = exfk-l); 
dy = eYlk-I); 



} while ( finished = = FALSE); 

for ( angle = I; angle < 359; angle + + ) 
if (distancc(anglel = = 0) 
{ 
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inner_border_x(anglel = (inner_border_xlangle + I) + inner_bordcr_x(angle-I) ) 
/ 2; 

/2; 
} 

if (distanccIO) = = 0) 
{ 

} 

inncr_border_x(OI = (inncr_bordcr_x(I)+inncr_border_x(359)) / 2; 
inner_border3(OI = (inner_border3(1) + inner_border_y(2591 ) / 2; 

if (distance(3591 = = 0) 
( 

} 

inner_border_x(359) = (inner_border_xIO) + inncr_border_xj3581) / 2; 
inncr_border3(3591 = (inner_border3101 + inncr_border3j3581 ) I 2; 

sum distance = o· 
for C angle = 0; an~e < 360; angle + + ) 

sum_distance + = distancclanglel; 

if ( sum_distance / 360 > 160) 
return(TR UE); 

else 
return(FALSE); 

} / t end of border follow t / 

outerJ)()rderjollow(x_bar,y_bar) It traces the outer border of the disc +/ 
int x_bar,y-bar; 
( 
int cX,cy; 
int dx,dy; 
int x,i,k; 
int index; 
int ex(8); 
int ey(8); 
int success; 
static int x_ offsct(16J = {O, 1, 1, I, 0, -I, -I, -I, 0, I, I, I, 0, -I, -I, -I }; 
static int y-offset(16J = { I, 1,0, -I, -I, -1,0, I, I, 1,0, -I, -I, -I, 0, I }; 
int c; 
int finished; 
int nblack; 
extern int outer_border_xlI; 
extern int outer_borderJ(); 
int radius; 
int angle; 
int distance(360J; 
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for ( angle = 0; angle < 360; angle + + ) 
distancc(anglcl = 32000; 

It fmd frrst border point tl 
It - first one with 5 black pixcls tl 

success = FALSE; 
nblack= 0; 

for ( x = 0; ( x < = x_bar) && (success= = PALSE); x + +) 
{ 

if «readpixl(x,y_bar) = = BLACK» 
nblack+ +; 

else 
nblack= 0; 

if ( nblack = = 5) 
success = TR VE; 

x-= 5; 

cx = x; 
cy = y_bar; 

dx = x-I; 
dy = y-bar; 

I t set C to 3 t I 

wrtpixl( cX,cy ,3); 

It set d to 2 t/ 

wrtpixl( dx,dy ,2); 

1+ get direction of d +, 

fmishcd = FALSE; 
do 
{ 

success = FALSE; 
for ( i = 0; (i < = 7) && (success = = FALSE); i + + ) 

if ( (dx-cx = = x_offset[iJ) && (dy-cy = = y_offset(i)) ) 
{ 

} 

index = i; 
success = TR VB; 



12; 

I 2; 

} 
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success = FALSE; 
for ( i=O; (i< =7) && (success = = FALSE); i+ + ) 
{ 

exlil = cx + x_otTsctlindexl; 
eylil = cy + y_otTsctlindexl; 

if ( (rcadpixl( cxfil,cylil) = = BLACK) II 
( rcadpixl( exlil,eylil) = = 3 ) II 
( rcadpixl( exfil.cylil) = = 4 ) ) 

success = TR UE; 
else 

index+ +; 

k = i-I; 

if( «c=readpixl(cx,cy»= =3) && (rcadpixl(ex{kl,eylkl)= =4» 
for ( i = 0; (i < k) && (finished = = FALSE); i + + ) 

if ( rcadpixl(cx{il,eylil) = = 2) 
{ 

} 

wrtpix.l( cx, cy, 4 ); 
wrtpix.l( cxlil, cylil, 0 ); 
fmishcd = TR UE; 

if(fmishcd = = FALSE) 
{ 

if( c= == BLACK) 
wrtpixl( cX,cy ,4); 

wrt.J)ix(cx,cy,WIIITE,O); 

radius = (int)sqrt ( (float){cx-x_bar)+(float)(cx-x_bar)/(SX+SX) + 
(float)(cY-L bar)+(float)(cy-y _ bar)/(SY+SY) ); 

angle = (inl)( (180.0/PI) + 
(PI + atan2«float)(cy-y_bar)/SY,(float)(cx-x_bar)/SX »); 

if (radius < distancelanglcl ) 
( 

} 

outcr_bordcr_xfanglc) = cx; 
outer_borderJlangiel = cy; . 
distancclangle) = radius; 

for ( angle == 1; angle < 359; angle + + ) 
if ( distancc(angle) = = 32000) 
{ 

outer_border_xfangleJ == (outer_border_xfangle + II + outer_border_xfangle-I) ) 

outer_borderJ(angleJ = (outer_borderJ(angle+ II+outer_borderJlangle-I) 

} 



if ( distancelO) = = 32000) 
{ 
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} 

outer_border_xfOI = (outer_border_xfll + outer_border_x(3591) I 2; 
outer_bordcr-.YIOI = (outcr_border~'(ll + outer_bordcr_yI2591 ) I 2; 

if (distancel359J = = 32000) 
{ 

} 

outcr_bordcr_xf359J = (outcr_bordcr_xIOI+ outcr_bordcr_x(3581) 12; 
outer_bordcr313591 = (outer_borderyIOJ + outcr_bordcr-.Y13581 ) I 2; 

} 

ex = exfkJ; 
ey = eYlk); 

dx = exlk-l/; 
dy = eylk-l/; 

} while ( finished = = FALSE ); 

} It end of border follow tl 

fit ellipse 

fits an ellipse given the region parameters 

inputs ( region parameters ): 

sum_x 
sum3 
sum_x_squared 
sum3 _squared 
sum_xy 
area 

outputs ( ellipse parameters ) 

x bar 
y=bar 
minor 
major 
rotation 

co-ords of the centre 

minor axis length / nonnalised w.r.t 
major axis length I aspect ratio 
major axis rotation from horizontal 

fit_eUipse( sum_x, sum3, sum_x_squared, sum3_squared, sum_xy, area, 
x_bar, Lbar, minor, major, rotation) 

double sum_x; 



double sum 3; 
double sum_x_squared; 
double sumy_squared; 
double sum_xy; 
double arca; 
int +x bar' 
int +y=bar~ 
int +minor; 
int +major; 
int +rotation; 
{ 
doublc a,b,c,c,f; 
double theta rad; 
double rot rad; 
int theta_deg; 
long norm_area; 
int x,y; 

/ + calculate area and centre of area + / 

norm_area = (long)(SX +SY + area); 

+x bar = sum x / area; 
+y=bar = sum3 / area; 
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a = (4.0/P1) + SX+SX+SX+SY • ( sum_x_squared- sum_x + sum_x / (double)area); 

b = (4.0jPI)· SX·SY·SY+SY + ( sum~y_squarcd - sumy + sum_y / (double)arca); 

c = (4.0/PI) + SX·SX·SY+SY + ( sum_xy - sum_x • sumy / (double)arca); 

e = sqrt ( (a-b)+(a-b) + (4.0/pI)+c+c); 

f = sqrt ( sqrt ( a·b - c·c ) ); 

+major = (int)(sqrt ( ( a + b + e) I (2+1) »; 
+minor = (int)(sqrt ( ( a + b - e ) / (2+1) »; 
+rotation = (int)( (90.0WI) + atan( 2+c/(a-b) ) ); 

rot_cad = +rotation + PI /180 ; 

1+ plot it out +/ 

for ( theta_deg = 0; theta_deg < 360; theta_deg+ + ) 
{ 

} 

theta_rad = theta_deg + PI / 180; 
x= +x_bar + (+major/SX) + cos(theta_rad-rotJad); 
y= +y-bar + (+minor/SY) • sin(theta_rad-rotJad); 
wrt-pix ( x, y, WHITE2, 0 ); 
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printf("\t centre at %d.,%d \n",.x_bar,+y_bar); 
printf("\t major axis length = %d \nH, +major); 
printf("'\t minor axis length = %d \nN, +minor); 
printf("\t major axis rotation = %d dcgrcss \n H

, +rotation); 

} 1+ end of ellipse +1 

left(x,y) 
int x; 
int y; 
{ 
int i; 

if ( readpixl(x,y) = WI lITE ) 

} 

{ 

} 

for ( i = x; (i> = O)&&'(IiHlIJili)(iiy-); 
rctum(i + 1); 

else 
{ 

} 

for ( i = x; (i> = O)&&(rcadpixl(i,y) = = WI lITE); i--); 
retum(i + 1); 

lright(x,y) 
int x; 
int y; 

~ . 
lOt I; 
int dummy; 

retum( lcft( lcft(x,y)-l, y ) - 1 ); 

} 

1+ fill holeO 

fills in the hole region of thc disk - pixcls forming part of the region 
are set to ALMOST_WHITE - border pixels are taken as being WHITE 

inputs:-

xbar,ybar - co-ords of centre of area of entire image, used as a seed 
point by the filling algorithm 

outputs (used for calculating ellipse parameters):-



SUffi_X 
SUffiJ 
sUffi_x_squared 
SUffiJ _squared 
SUffi_Xy 
area 
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filthole(xbar,ybar,sum_x,sumJ,sum_x_squarcd,sumJ_squared,sum_xy,area) 
int xbar,ybar; 
double +sum_x, +sumJ; 
double +sum _ x_squared, +sum J _squared; 
double +sum_xy; 
double +area; 
{ 
int pX_right'PLright; 
int pX,py; 
int other; 
int u; 
int dir; 
int above,bclow; 
int e l,e2; 
int x; 
int px_next,py_ncxt; 
int px l.py I; 
double xs; 
double xi; 
double ys; 

ffiOV _ buf(O); 
stackjJOinter = sp = 0; 

+sum x = 0.0; 
+sumy = 0.0; 
+sum_x_squarcd = 0.0; 
+sumJ_squared = 0.0; 
+SUffi_XY = 0.0; 
+arca = 0.0; 

push(x_stack,y _ stack,left(xbar ,ybar),ybar); 
pushd( d _ stack,DOWN); 
push(x_stack,y_stack,left(xbar,ybar+ I),ybar+ I); 
pushd( d _stack, UP); 
px=xbar; 
py=ybar; 

whilc(stack.JX>inter > 0) 
( 

pop(x_stack,y _stack,&px_next,&py _next); 
popd(d _stack,&dir); 
px_right= 511; 
py_right = py; 

if( dir = = DOWN) 
{ 

other = UNDER; 
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u=2; 
} 
else 
{ 

} 

other = ONTOI'; 
u= I; 

whilc(l) 
{ 

if ( ( px_ocxt = = ILLEGAL) II 
( rcadpixl(px_ocxt,py _oext) = = ALMOST_WHITE) ) 

goto rINI; 

px = px_oext; 
py = py _ oext; 

link(px-I,py ,&above,&below ,&e I ,&e2,&px I); 
pyl = py; -

if « ( dir = = DOWN) && ( above> I ) II 
( dir = = UP ) && ( below> I) ) && ( px > pXJight » 

goto fIN(; 

if ( (above > 0) && ( below > 0» 
{ 

} 

if(u==I) 
{ 

px_oext = el; 
py_ocxt = py + I; 

} 
else 
{ 

} 

px_oext = e2; 
PLoext = py-I; 

else 
{ 

if ( rcadpixl(px,py) ALMOST_WHITE) 
{ 

} 

push(x_stack,y_stack, left( lright(px,py),py ) , py }; 
pushd( d _ stack,dir); 

if ( (above = =OO»)886'&.((bImw = DOWN) II 

{ 
(above = 0) && ( below = = 0 ) && ( dir = = UP ) ) 

if(u== I) 
{ 

} 

px_oext = el; 
py_next= py+ I; 

else 
{ 

px_next = e2; 



) 

) ) 

} 
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py_ncxt = py-I; 
} 

} 
else 

if ( ( other== ,UN;IOIJIlJWd:l{li£:I~dfxl(px,py + I) 

{ 

} 

( other == A.L~mRT.l W.RI~·Ie~ixl(px,py-l) 

if ( ( otheF=AL\lN~O l'"I&I(£I{ )'cadpixl(px,py + I) 

{ 

} 

px_next = Idt(px,py + I); 
py_next= py+ I; 

else 
if ( ( other AE1\tO~"'UJ\lUtI;Eli ( rcadpixl(px,py-I) 

{ 

} 

px_next = left(px,py-I); 
py _next = py-I; 

else 
px_ncxt = ILLEGAL; 

for ( x = px; ( x < 5 ~ )Wir{IicAdpilU~,ror) 
pXJight=x-l; 
py _right = py; 

for ( x= px; x < = px_right; x + +) 
wrtpixl(x,py _right,ALMOST _WHITE); 

1+ fill region from px to px_right then calculate region 
parametcrs • I 

xs = (doublc)px; 
xf = (doub\e)px_right; 
ys = (doublc)py _right; 

+arca + = (xf-xs + I); 

+sum_x + = ( 0.5 + ( xf - xs + 1.0) + ( xf + xs ) ); 

+sumJ + = ( ys + ( xf - XS + 1.0»; 

+sum_x_squared + = « 1.0 I 6.0 ) + 
( xf + ( xf + 1.0) + ( 2.0 + xf + 1.0)-
xs • ( xs • 1.0 ) • ( 2.0 • xs - 1.0 ) »; 

+sumJ_squared + = (ys • ys· (xf - xs + 1.0»; 

+sum_xy + = { 0.5 + ys + ( xf - xs + 1.0) + ( xf + xs»; 

link (px_ right + l,py _ right,&above,&below ,&el ,&e2,&px I); 
pyl = py_right; 
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if ( ( ( above = = 0) II ( below = = 0) ) && 
( readpixl(pxl ,1'1 I )\LMOST _ WHITE) ) 

{ 

} 
} 

FINI: ; 

push(x_stack,y _stack,pxl ,py 1); 
if (above > 0) 

pushd( d _stack, UP); 
else 

pushd(d_stack,OOWN); 

L 
res_buf(O); 

} 

fills in the disc region of the disk - pixels foaming part of the region 
are set to ALMOST_ WIIITE2, chips (dark areas) are set to GREY2 
- border pixels are taken as being WHITE 

inputs:-

xbar,ybat, ·co-ords of centre of ~ of entire image, used 
·to find seed point for fillin algorithm 
- seed point taken as mid point 

. ,,' between inner and outer borders 

outputs (used for cakutatiDg ellipse parameters):-

sum_x' 
sumJ 
sum_x_squared 
sumJ_sqwnd· • 
sum_Xf 
area 
chip_area 

actual disk area • including chips 
chip area 

.' 



int above,bclow; 
int el,e2; 
int x; 
int px_next,py _next; 
int pxl,pyl; 
int success; 
int xl,nblack; 
double xs; 
double xf; 
double ys; 

mov_buf(O); 
stack "'pointer = sp = 0; 

+sum x = 0.0; 
+sumJ = 0.0; 
+sum_x_squared = 0.0; 
·sumj' _squared = 0.0; 
+sum_xy = 0.0; 
+area = 0.0; 
+chip_area = 0.0; 

/. get start point + / 

success = FALSE; 
nblack= 0; 
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for (x = 0; (x < = xbar) && (success = = FALSE); x+ +) 
{ 

} 

if ( (rcadpixl(x,ybar) = = BLACK» 
nblack+ +; 

else 
nblack= 0; 

if ( nblack = = 5) 
success = TR UE; 

xl =x; 

for ( x = 0; (x < = xbaW)lK~~itIlx,ybar) 

xbar = (xl + x) I 2; 

push(x_stack,y-stack,left(xbar,ybar),ybar); 
pushd(d_stack,DOWN); 
push(x_stack,y-stack,left(xbar,ybar+ I),ybar+ I); 
pushd( d _stack, U P)j 
px=xbarj 
py=ybar; 

while(stack.J>Ointer > 0) 
{ 

pop(x _ stack,y _stack,&px_ next,&py _next); 
popd(d_stack,&dir); 
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px_right = 511; 
py _right = py; 

if (dir = = DOWN) 
{ 

other = UNDER; 
u=2; 

} 
else 
{ 

} 

other = ONTOP; 
u= I; 

while(l) 
{ 

if ( ( px_next = = ILLEGAL) II 
( readpix1(px_next,PLnext)= = ALMOST_ WIlITE2) II 
( readpixl(px_next,PLnext) = = GREY2 ) ) 

goto FINISH; 

px = px_next; 
py = py_ncxt; 

link(px-I ,py ,&above,&bclow ,&c 1 ,&e2,&px I); 
pyl = py; 

if ( ( ( dir = = DOWN) && (above > 1) II 
( dir = = UP ) && ( below > 1) ) && ( px > pXJight » 

goto FINISH; 

if ( (above > 0) && ( below > 0» 
{ 

} 

if(u== I) 
{ 

} 

px_next = el; 
py_next= py+ I; 

else 
{ 

} 

px_next = e2; 
py_next = py-I; 

else 
{ 

if ( ( readpixl(px~~LMOST _ WHlTE2 ) && 
( readpixl(PXW)qJREY2 ) ) 

( 

} 

push(x_stack,y_stack, left( lright(px,py),py ) , py ); 
pushd( d _ stack,dir); 

if ( (above = =(0»)888&.((bimw: = DOWN) II 
(above = 0) && ( below = = 0) && (dir = = UP ) ) 

{ 



&& 

&& 

2) && 

if(u== I) 
{ 

} 

pX_Dext = el; 
PY_DCXt= Py+ I; 

else 
{ 

} 

pX_DCXt = e2; 
PY_DCXt = py-I; 
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} 
else 

if ( ( other = = iu~tOl'll"&:I {1(lti!a)Jpixl(px,py + I) 

{ 

= G RETic)ic)nJxl(px,py + I) 

( other == Al~ID!R'.l \uRI(I·~a:g.dpixl(px,py-l) 

= GREYic)t"gixl(px,py-l) 

if ( ( othet=M.,\lN1'Oj\\}I&la:Il ( rcadpixl(px,py + I) 

= GREY2 0 ~~dpixl(px,py + I) 

{ 

} 

pX_DCXt = Icft(px,py + I); 
py_Dcxt = py+ I; 

else 
if ( ( otherAI:;M(J)~""l)J'1UJI&& ( ( rcadpixl(px,py-I) 

TE2)&& 

) 
= GREY2 ) 0 rcadpixl(px,py-I) 

} 
else 

{ 

} 

pX_Dcxt= Icft(px,py-l); 
py _Dext = py-I; 

pX_Dcxt = ILLEGAL; 

1+ fill the area +1 

for ( x= px; x < =px_right; x+ +) 
{ 

} 

if ( readpixl(x,py ..:n~EY ) 
wrtpixl(x,py _right,ALMOST _ WHITE2); 

else 
{ 

+chip_area + = 1.0; 
wrtpixl(x,py _right,GREY2); 

} 



/ + calculate region parameters + / 

xs = (doublc)px; 
xf = (double)pxJight; 
ys = (doublc)pYJight; 

+arca + = (xf-xs + I); 
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+sum_x + = ( 0.5 • ( xf - xs + 1.0)· ( xf + xs»; 

+sumy + = ( ys • ( xf - xs + 1.0»; 

·sum_x_squarcd + = « 1.0 / 6.0 ) • 
( xf + ( xf + 1.0)· ( 2.0 • xf + 1.0)
xs • ( xs - 1.0) • ( 2.0 • xs - 1.0) »; 

·SUffi_Y _squared + = (ys • ys· (xf - xs + 1.0»; 

.sum_xy + = (0.5· ys • ( xf - xs + 1.0) + ( xf + xs ) ); 

link (pxJight + I ,py _ right,&above,&bclow,&c I ,&e2,&px I); 
py I = py _right; 

if ( ( ( above = = 0) II ( below = = 0 ) ) && 

} 

( ( rcadpixl(px I if>yA:LMOST _ WIIITE2 ) && 
( rcadpixl(px I ;p~REY2 ) ) ) 

push(x_ stacks _ stack,px I ,py I); 
if (above > 0) 

pushd( d _stack, UP); 
else 

pushd( d _ stack, DOWN); 

} 
FINISH: ; 

} 

} 
res_huf(O); 

push(x_stack,Lstack,px,py) 
int pX,py; 
int +x_ stack, .y _stack; 

~ . 
mt I; 



} 

stack -pointer + +; 
+(x_stack + stack.J>Ointer) = px; 
+(y_stack + stack-POinter) = py; 

pop( x _ stack,y _ stack,px,py) 
int +px, +py; 
int +x _stack, +y _stack; 
{ 

} 

if (stack.J>Ointcr > 0) 
{ 

} 

stack.J>Ointcr--; 
+px = +( x_stack + stack -pointer + I); 
+py = +(Lstack + stack-pointer + I); 

else 
+px = +py = -I; 

pushd(d_stack,d) 
int d; 
int +d_stack; 
{ 

sp+ +; 
+(d_stack + sp) = d; 

} 

popd(d_stack,d) 
int +d +d stack· '- , 
{ 

} 

if (5p > 0) 
{ 

5p--; 
+d= (+(d_5tack+ sp+ I»; 

} 
else 

+d= -I; 

link(x,y ,above ,below ,e I ,e2,p I) 
int x,y; 
int +above, +bclow; 
int +c I , +e2, +p I ; 
{ 
int dx,dy; 
int xl,x2; 
int i; 

x = left(x,y); 

+above = +below = 0; 
dx=dy= I; 
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} 

xl = x2 = ILLEGAL; 
·el = ·e2= ILLEGAL; 
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if ( readpixl( x-dx,y + dy) = = WI liTE ) 
{ 

(·above) + + ; 
xl =x-dx; 

} 
if ( readpixl( x-dx,y-dy) = = WHITE) 
{ 

(·below) + +; 
x2= x-dx; 

} 

while (readpixl(x,y) = = WHITE) 
{ 
if ( ( readpixl( x,y + dy) = = WHITE) 

&&( readpixl( x-dx,y ~dW}UTE ) ) 
(·above) + + ; 

if ( ( rcadpixl( x,y-dy ) = = WHITE) 
&&( rcadpixl( x-I ,y -d,. )W IIITE ) ) 

(·below) + + ; 
if ( rcadpixl(x,y + dy) = = WHITE) 

xl =x; 
if ( rcadpixl(x,y-dy) = = WHITE) 

x2=x; 
x+ +; 

} 
·pl = x; 

if ( rcadpixl(x,y + dy) = = WHITE) 
xl =x; 

if (readpixl(x,y-dy) = = WI liTE ) 
x2=x; 

if ( xl = ILLEGAL) 
{ 

} 

for ( i= xl; (i < 512) && ( readpixl(i,y+ dy) = = WHITE); i + + ); 
tel = i; 

if ( x2 = ILLEGAL) 
{ 

} 

for ( i = x2; (i < 512 ) && (readpixl(i,y-dy) = = WHITE ); i + + ); 
·e2=i; 

if( (readpixl( x-dx,y+d,.)WHITE ) 
&&.( readpixl{ x,y+dy) = = WHITE» 

(tabove)+ +; 

if ( ( readpixl( x-dx,y-dy,. WHITE ) 
&&.( readpixl( xiy-dy) = = WHITE» 

(tbelow) + + ; 
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