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Introduction
1.1 The Kansas State University Meat Grader is basically an image processing
system. The documentation for the system consists of three manuals titled:
Operating and Hardware Service Manual Section 1-8, Software Operations Manual,
and Operating and Hardware Service Manual Section 9. This manual, Software
Operations, describes all software for the system as well as providing flow-
charts and summary sheets for each program. Each summary sheet contains the
subroutines, registers and variables used by the routine. Routine inputs and
outputs are indicated. The version number is located at the bottom of the
summary sheet and should match the corresponding assembly code version number
located at the top of the code listing. For further details refer to the
assembly listing for each program.

Section 1 describes some of the system software organization. The memory
map and system program hierarchy are explained.

Section 2 contains the beef grading programs which include some display
and computational modules. Although this section contains routines which are
seemingly not heef grading e.g. Save results, the routines were included
because they are the basis for a minimum software beef grading svstem.

Section 3 contains the utility programs to facilitate data analysis. The
utility programs allow the system operator to 1) display picture data; 2) plot
area as a function of light intensity; 3) adjust the average light intensity;
4) provide communication to a Nova 4 computer system; 5) enter date and
location information for data storage; 6) successively store one line of
picture data for diagnostics; 7) quickly check purged data and 8) allow

classifier level changing.



Section 4 contains the floppy disk support package for off line storage
of data and/or pictures.

Shown in Fig. 1.1-1 is a typical cross section of the meat surface show-
ing the various muscle (lettered areas), bone and fat locations [4]. It may
be helpful to refer to the figure when reading some sections of the manual.

A typlcal grading session is described below to give the operator some
insight into the software procedures.

The video camera is held a fixed distance and perpendicular to the cut
through the loin eye muscle and surrounding tissue and the button on the
handgrip is pressed. The analog video image is digitized (analog to digital
conversion) and entered intc high or picture memory via command from a picture
loading program called Mext picture. After storing the image, the processing
begins. The picture datz is classed as lean meat, fat, or background based
on its light reflectance. A boundary is drawn in picture memory totally or
partially around the outside of the longissimus dorsi (loin eye) muscle and
a determination is made as to whether the eye is left or right sloped. An
attempt is made to eliminate those muscles or bounded areas that should not
be included. The total lean and fat area is found and stored for later
calculation. Depending on whether a righﬁ or left loin eye is indicated the
fat thickness measurement is taken on the appropriate right or left side and
stored. At the present time the fat thickness location depends upon operator
positioning of the cross hair targets at the proper location within the leoin
eye.

The operator at this time may view the precgress of the algorithm by
calling in the Squeeze-display program. The program compresses the 240 row x
248 column data point picture memory for display on 24 row x 80 column data

terminal.



A section of picture memory expected to be within the loin eyve is sampled
for marbling data, where the fat, lean and number of fat pieces is determined
and stored.

. All the intermediate calculations are stored until the next image is
processed. Potentially the yield grade and quality grade could be calculated.

The system user is encouraged to become familiar with the 8086
microprocessor architecture as well as the 86/12 monitor and monitor commands.
Knowledge of the registers and how they are used will be invaluable for any
future modifications by the user [1].

A short listing is given below;

Destination index DI - usually used as picture pointer
Source index SI - general purpose
CX - usually used as counter, general purpose
BX - general purpose
DX - general purpose
Accumulator AX - general purpose
Base pointer BP - used as memory pointer, general purpose
Code Segment register CS - usually set to zero
Data Segment register DS - usually zero, 1000 or 2000
Extra Segment register ES - usually zero or 40
Stack Segment register SS - usually zero

Addresses to picture memory are given in row-column form, e.g., 7E6FH

is row VE, column 6F. Throughout the manual, if a number is followed by an H,

it is a Hexadecimal Number (base 16).



Knowledge of the 86/12 monitor will be helpful in debugging. A short

description follows:

Keys Name Example

D Display D7000, 73FF

M Move M1000:400, 7FFF, 400
S Substitute S1E00,00 FF

G GO G1000,1100

Action

Memory is displayed
from 7000H to 73FFH

Memory is moved from
1000H on high memory
locations 400H to 7FFFH
to low memory starting
at location 400H

Substitute FFH for 0QH
in location 1EOQOOH

Execute at location
1000H until 1100H
break point

NOTE: If the breakpoint is never reached a CC will be stored at the

breakpoint location. This must be removed for proper program execution.

N Next N 1000
0 Output OCE, 82
I Input Ic2,

Execute the instruction
at location 1000H. A

typed comma single steps
to the next instruction

Output an 82H to
output port CEH

Input a value from
port C2H.
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Memory Map
1.2 The Memory map gives information relating to the locations of all
programs, data and variables in the computer system, Fig. 1.2-1. Remember,
this is program memory, not picture memory which is located much higher in
the system architecture. The addresses are listed on the left by hexa-
decimal numbers from top of program memory to bottom. The program name is
next followed by the shortened mnemonic that corresponds to the program.
This mnemonic is used for the XASM86 Assembler as a shortened program
name for convenience purposes. Listed with the mmemonic is a symbol.
To run a program from the Master loop precgram only that symbol need be
typed in. Variable names are represented by the following fields;
variable name: (description), program using the variable, next program
using the variable. The isolated input-output (I/0) port is shown at
the bottom of the memory map. The setting and clearing of these bits
control the focus and flood lights as well as communication to the data

terminal.
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ADDRESS

?000-97FF
7AR00-7CFF
7500~-7517
7200-79FA
7100-71FF
7030-7050
7000~

6200-46270
6100-46183
6000-460E7
S7Q0-57FF
5300-53CA
S000-524E
4D00-4036
4800-40100
4600-4748
4400-4543
4200-42FF
4180-41F¢9
4000-4130
3020-302F
3000-3D1E
3C00-3C1E
IR00-3R2A
3A00-3AFE
3900-398F
3800-3842
3600~-3773
3580-35CD
3400-34E8
3340-33CF
3100-3302
3000-3050
2F00-2F17
2B00~-2E8C
2A20-2A31
2A00-2A10
2700-273F
2600-248C
25350-2300
2528-2545
247B-248K
2434-245C
2400-2433
2200-2270

MEMORY MaAF
MEAT GRANING RESEARCH
FIG&I.E‘

NAME

FIRMWARE-BOOTSTRAP ON EPROM
SPLINE REDUCTION SFLINE

FOROK KRR KO A AOR AR KRR KRR R R KRR ARRIR E KRR RO KX

SYMEBOL

X

TRACK SET VAR FOR R/W/FIC ON DISK

SFLINE ADDR STOR(OK OVERWRT ARV)
DATA EUFFER FOR INDAT

RECIPE FOR MASTERLOOF RECIFE
MASTER LOOP STRING STRING
SET DATE AND LOCATION SETDAT
INITIALIZE DATA DISK INTDAT
FORMAT DISK FORMAT
BUFFER FOR READ RIN

BINARY READ VARIAELES

READ RIN DISK DSKBIN
LINE LOAD UTILITY LINLOD
LIGHT METER LMETER
BOX DISTRIRUTION BOXDIS
FATBOUND SUBROUTINE FATRDY
FAT PIECES FATPCS
DRECTN SUBROUTINE

FAT THICKNESS FTHICH
TRANSFER CORR TABLE TRSCOR
CLOCKWISE TAERLE CWTEL
COUNTERCLOCKWISE TABLE CCWTEHEL
FIND MAX SUBROUTINE FINDM
NEXTPOINT SUEBRROUTINE NEXTFT
DISTANCE SUBROUTINE DISTAN
MAX POINT SEARCH MXMAIN
PRINT DISTRIBRUTION PTDIST
DISTRIRUTION DISTREB
AREA AQUISITION AREAAQ
SQUEEZE DISPLAY KRMDSF
BOUNDARY SEARCH EOUSCH
CLASSIFIER CLSIFR
MOVFPOS SUEROUTINEsEOUSCH
CALCULATE RESULTS CLCRES
FAUSE FAUSE
TEMPORARY STOF THMFSTF
NEXT FICTURE NEXFIC
DISPLAY RESULTS LSPRES
IRAW A& BOX IN MEMORY DRWEBOX
MESSAGES FOR DISFIC

NON SEQ WRITE FICTURE NSWROSK
WRITE DISK FICTURE WRISK
DISK READ FPICTURE RODOSK

MESSAGES FOR SAVE RESULTS

nmcon

DPODomMmmM

Iz oTwaor A



2100-22467
2060-20KC
2000-2036
1FBE-1FC8
iFEC
1FERA
1FE8
1FR6
1FE4
1FR2
1FERO
1FAE
1FAaC
1FAA
1FAB
1FAé
1FA4
1FAZ2
1FAO
1F9E
1F9C
1F94A
1F?8
iF9é
1F%?4
1F92
1F?0
1FSE
1FeC
1F8A
i1F88
1F8&
1F84
1F82
1F80
122
1EQ0-1EE1L
1DFF

[l
1400-1442

126C-1200
1200-1248
1000-118C
OF ZE
OF3C
OF 3A
OF3?
OF37
OF 35
OF33
OF 31 ¥
OF 2F
QF2D
OF2ER

SAVE RESULTS SAVRES K
LIGHT CALIERATION LGTCAL Y
FREFROCESSOR 64K FREFRO WV
MESSAGE FOR MASTER LOOF, FROGRAM?

PO MMOINCANIZOTDDUACCEX <NM N L

OFFSET BACK MASTER
CNT1:sMASTER

GET STRING ENTRY FT GETSTR
MASTER LOOF MASTER
DISK CONTROL FROGRAMS

VBLES FOR DSK SUBSsHEX»DECTEL»NUMy TEMF

CLASSIFIER LEVEL CH MESSAGES
CLASSIFIER LEVEL CHANGE CLLVCH Z
RLOCK DISFLAY FPICTURE BLKDPY J
M:yCLCRES

KFHH: »CLCRES

WGTH: sCLCRES

MAFCNT ! »CLCRES

LESCNT:sCLCRES

GRTCHT s CLCRES

EQUCNT : »CLCRES

SGECNT: »CLCRES

FATTH:»CLCRES

NFCS! sCLCRES

FFATBX ! (PERCENT FAT IN BOX)sCLCRES



FMEAT : (FERCENT MEAT)»CLCRES
FFAT:(FCTFAT)CLCRES

AMEAT! (AREA OF MEAT)»CLCRES
AFAT: (AREA OF FAT)CLCRES

AREA: (AREAHU) »CLCRES
SIGL:(SIGNIFICANT BOX LEVEL),CLCRES
BXAREA: (BOX AREA)CLCRES
DELL:C(DELTA LOWER)»CLCRES

DELU (DELTA UPPER) CLCRES
TEMF I (TEMFORARY STORAGE) »CLCRES
ASCERUF : (ASCII BUFFER)»LSFRES

CTRL :DUMMY 3 » SURS

CNT3:

SGBCT: »CLCRES
CNT2:,SUES

CNT1:»5UBS

IRV ?»SUES

ADDIR : » SURS
RSEADLDR: » SUBS
FIRST:»SUEBS

LEN? »SURS

TRK1:»SURS

NUM? » SUEBS

SEC?+SUES

TRK?: »SUES
COMMAND? » SURS

FROFLG?

SAVR:FTHICH

SAVG: »FTHICH
SUMDST:FTHICHM

BKGD POINT ROW ADDR
BEGD FOINT COL ADLR
EDGE ENDY FT., ROW ADDR
EDGE ENDY PT., COL ADLIR
RESERVED FOR DISFLAY RESULTS
ROUTINE

DFYBUF : (DISPLAY STRING)DSFRES

FCRKDEC: (FPACKED LECIMAL STRING)rDSFRES
+ SAVRES» INTDAT»CLCRES

SAVCNTtSAVRES s INTDAT »SETDAT
LOC1:SAVRESy INTOAT s SETDAT
DAT2:SAVRES» INTDAT»SETDAT
DAT:SAVRESy INTDAT»SETLAT
HEX VALUE STRING FOR CALCUL

FREAD:! sCLCRES
MFSQU! (MEAT FAT IN SGUARE)CLCRES



03L&
08L4
o802
cgno
08CIH
Q8CE
08CaA
08C?
08C8
08Cé
08C4
08C2
Cc8CO
$810-08A0
0718
0714
0714
0712
0710
070E
a70cC
0704
0708
0704
0704
0702
0700
0&E1

0672
0671
04670
0&84E
0464C
04644
0649

04640
0639
0837
0633
042E
062A
04828
046246
0622
0620
0&61C
061a
04619
0618
0617
0616
06135

MEATSQ ! {MEAT IN SGUARE) CLCRES,AREAAQ
FATSQ!(FAT IN THE SQUARE)sCLCRES:AREAAR
SMLFLG:»CLCRES s DRWEOX»CLSIFR»AREAAQG
LCRS! s DRWEOX » BOUSCH»FTHICH

OLDEQU: (BOUNDARY WRITE OVER LOC)»EOUSCH
LWRLV2? (LOWER LEVEL 2),CLSIFR

LWRLV1: (LOWER LEVEL 1)sCLSIFR
UFRLV2:(UFFER LEVEL 2)»CLSIFR

UFRLV1: (UFPER LEVEL 1)sCLSIFR
STARTD:LGTCAL »FREFRO»FTHICHM

LMSKF$ »LGTCALsPREFRO,FTHICH

LMFLAG: sLGTCALPREFRO,FTHICM

LMRVAL : »LGTCAL »PREFROYFTHICHM
COMMUNICATION TO NOVA COMNOV W
FATCNT: (FATCOUNT) sCLSIFR

MEATCNT: (MEAT COUNT),CLSIFR
ERGDCNT:sCLSIFRsAREAAQ»EBOXDIS

CFLG:

MEACNTP: (MEAT COUNT F0OS SLOFPE)FTHICM
FATCNTF:(FAT COUNT NEG SLOPE)sFTHICM
SLENGTH: (LENGTH OF SFLINE)»SPLINE
STTPT:(START POINT SFLINE)s»SFLINE
SFFLG! (SFLINE FLAG) »SFLINE

SFLTD?: (SPLINE TAIL DIRECTION)SFLINE
SPLT:(SFLINE TAIL ALDRESS)»SFLINE
SFLHDO: (SFLINE HEAL' DIRECTION)SFLINE
SFLH! (SFLINE HEALD ADDRESS)sSFPLINE

BXDISVI(BOX DISTRIBUTION)CLCRESsBOXLDIS
BXSIZE:ROW,CLCRES»HOXDIS

BXSIZE!COL CLCRES-RBOXDIIS

KFH: (PERCENT KIDNEY)CLCRES
WEIGHT:CLCRES

STRFLG: sLMETER

ERROR COUNT:

OLOVAT:(OLD VALUE) »CLCRES

EGNA? »CLCRES

NOFCS: (NUMBER OF FIECES) FATPCSsCLCRES
EQFT?:,CLCRES

FTTENS ! »CLCRES

FATMEA? CLCRES

EQKFH?! »CLCRES

EQUWEI ! CLCRES

FTHRUN?: (RUN FLAG)FTHICM,CLSIFRKRMISF
EFRAG: {ERROR LOC FOR FATEDY):FATFCS
MTFT: (CHANGED MEAT TO FAT)»RBOUSCH

FAT THICKNESS: FTHICH

FAT THICKNESS¢NUMMILFTHICH

FAT THICKNESS:MSD:FTHICH

BRKGD POINT ROW ADDR:FTHICH

BKGD FOINT COL ADDR:»FTHICH

10



0614 EDGE ENDY PT. ROW ADDORS: FTHICM

0613 EDGE BNDY PT. COL ADDR:FTHICHM
0612 MAX DIS STORAGE? »MXMAIN
0411 MAX DIS STORAGE§F s MXMAIN
0610 MAX DIS STORAGE MSD:sMXMAIN
060F MVELE ROW MAX DIS FT 1 A:rMXMAINsAREAAQR
0&60E MVELE COL MAX DIS FT s MXMAINY AREAAR
040D STNRY ROW MAX DIS FT 1 EB!sMXMAINsAREAAQ
060C STNRY COL MAX DIS PT J:sMXMAINrAREAAQR
0460FE MCHIGH: (MEAT COUNT HIGH)s»CLCRESrAREAAQ
04604 MCLOW: (MEAT COUNT LOW):CLCRESsAREAAR
0609 FCHIGH: (FAT COUNT HIGH)CLCRESrAREAAQ
0608 FCLOW: (FAT COUNT LOW) »CLCRESsAREAAQR
0607 EROW: (BROT ROW ADR)BOXDOISsFATFCSr»AREAAQ
0606 ECOL: (BOT COL ADR) BOXDIS:FATFCSsAREAAQR
0605 TROW: (TOF ROW ADR)sBOXDIS»FATFCSrAREAAQ
05604 TCOL:(TOF COL ALR)sBOXDISsFATFCSsAREAAR
0603 RROW: (RGT ROW ADR)sEBOXDIS»FATFCSsAREAAQR
0602 RCOL : (RGT COL ADR),BOXDIS,FATFCSsAREAAR
0601 LROW: (LFT ROW ADR)»BOXDISsFATFCSrAREAAR
0600 LCOL:(LFT COL ADR)BOXDISsFATFCSsAREAAQ
OSFF RESERVED BLOCK FOR LSDI’S:»DISTRE

i
03500

O4FF RESERVED BLOCK FOR MSD‘S:s+DISTRB
| THIS AREA WILL BE WRITTEN OVER IF
i THE DISTRIBUTION PROGRAM IS RUN
0400 ALSO USED BY BROUNDARY SEARCH.
011A AR » NEXFPIC

FORT ASSIGNMENTS

ce OUTFUT PORT
EIT 0 - FICTURE
BIT 1 FLOOD
BIT 2 - FOCUS

CaA INFUT FORT
BIT O
CE STATUS CONTROL REGISTER USUAL SET 82
DE COMM FORT STATUS-CONSOLE
D8 COMM FPORT DATA-CONSOLE
END

11



Program Hierarchy
1.3 The Beef grading, utility and disk support programs are semi-independent.
Certain programs can be run at any time (Set date & location) while others
require a particular order to have meaningful results.

The program hierarchy chart is shown in Fig. 1.3-1. The chart gives an
indication of the proper order for program execution. TFor each block the
preceding block must at least be run for outputs toc have meaningful data.

For example, the Squeeze-display program must be preceded by the running of
the Classifier program. Squeeze display can also be run after Fat :hickness
or any program following Classifier. ©Note that Squeeze-display cannot be

run directly following Next picture.
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Master Loop (MASTER)
2.1 Master loop is designed to input a string of symbols or letters from
the keyboard corresponding to the programs to be executed and then executes
each one in order. When the string of programs has completed execution
Master loop continuously repeats the string except with the Q (Temporary
Stop) or L (Pause) command.

Master loop starts by calling subroutine INIT to initialize the string
pointer to -1 (FF%F Hex). Next the routine GETSTR inputs the string of
symbols. Each symbol is converted to a number (A=1, B=2, etc.) and stored
in the string called STR. The program continues inputting symbols until a
[CR] is pressed. Then a zero is stored to terminate STR, and the string
pointer is zerced. If an error is made on the keyboard, a rubout should
be typed. The RUBOUT routine causes the pointer to decrement thus ignoring
the error.

The first value in STR is loaded and multiplied by two. Now the
number corresponds to a location in the jump table TBL. The values in TBL
are the starting addresses of each program. An indirect call is perfcrmed
to call that program. When control returns to Master loop the string pointer
is incremented and this process is repeated. A program called BACK is
executed when the string pointer peoints to a value of zero in STR. BACK
resets the string pointer so that the next program executed is the first

value in STR. An example of Master loop response is shown below.

G 2434- B8 1EQ0

Programs: PVABXDGHCISROK [CR]
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Master Loop (MASTER)

SUBROUTINES: GETSTR, MESSAGE, CHARIN, RUBOUT, CHAROT, INIT

REGISTERS: BP - input string pointer
BX - calling program address
ST - message pointer
DI - string pointer

AX

general purpose, counter, input, output

VARIABLES: 1F82H-1FB6H  TBL

1FB8H-1FBFH MESS1

1F80H CNTL

7000H STR
INPUIS: ASCII characters from data termiﬁal
OUTPUT: Indirect calls to stored programming
LOCATION: 1EOOH
SIZE: 0B1lH
VERSION: 2/12/81
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Next Picture Routine (NEXPIC)
2.2 NEXPIC turns on the focus lights then waits for the picture taking
button to be pushed on either the computer enclosures or the camera handle.
Once the button has been depressed NEXPIC turns off the focus lights, turns
on the flash and after the light has reached full intensity NEXPIC then
activates the digitizer to take a picture. Upon the completion of the
picture storage by the direct memory access (DMA) board this program turns
off all lights then returns.

If while NEXPIC is waiting for the picture button a [CNTL C] is
pressed on the keyboard the program returns control back to the monitor
routine. This gives an escape point from the string of programs presently
executing.

The warmup time for the flood light was chosen to be 30 frames (about
one second). This allows the lamp to reach a constant color temperature prior

to storing the picture.

NOTE-
PORT A IS OUTPUT PORT B IS INPUT
bit O Gl and G2 bit O picture taking but;on
bit 1 focus lamp cortrol it 1 VSYNC
bit 2 flash iamp control bit 2 n/c
bit 3 n/c bit 3 n/c
bit 4 n/e bit & n/e
bit 5 n/c bit 5 n/c
bit 6 n/c bit 6 n/c
bit 7 n/c bit 7 n/c

where n/c means no connection
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Next Picture (NEXPIC)

SUBROUTINES: none

REGISTERS: AY - Input, Output

CX - delay counter, counter

VARIABLES: 011AH ADR
INPUTIS: Control signals from digitizer and ports
CUTPUTS: Signals to ports for flood, focus and DMA transfer

to take picture.

LOCATION: 2700R

STZE: 0628

COMMENTS: Must be run from Master Loop
VERSION: 3 8 22.36
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Preprocessor (PREPRO)
2.3 The purpose of the Preprocessor is to help remove the non-uniformity of
the flood light illumination.

Each location in picture memory has its own encoded 8 bit multiplier.
The aultipliers are stored in upper memory (20000H) henceforth called
multiplier memory which is above the picture memory (10000H). 1In general
the program tzkes in each multiplier, decodes it, then multiplies the
corresponding location in picture memory and adjusts that location towards
the average intensity found from LMETER.

The encoding of multipliers enables multiplications by any number
between zero to 1.99 decimal. Bits 0-6 of the multiplier represent the
value of the multiplier. Bit 7 is the code bit. A 1 represents a sub-
traction while a O represents addition. For example if value 20H was a
multiplier at address 20143H and 13H was a number stored in address 10143H,
then after decoding and multiplication the top byte of (13H x 20H) = 0260H
or 02H would be added to the value leaving an 15H at address 10143H. The
addition occurs because of the encoding of a 0 in the most significant bit
and the multiplier actually represents the fractional difference to the
average. BRefer to Section 3.6 for a further discussion of multiplier
encoding.

Fig. 2.3~1 shows a graph of picture memory value vs. address. After
running the Preprocessor the values are closer to a sample average as
determined by the Light calibration program and LMETER. Also marked
improvement can be observed in an intensity distribution of a uniform surface.
Obviously the correct multipliers must already reside in multiplier memory

before attempting to execute the Preprocessor routine.
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Intentionally or unintentionally the preprocessor can bias the entire

picture memory.

Value
| |
f* | I
il et R Sl
RIS
BEILE
o f
— b oz sl
0 Address
Before
Preprocessor
FIG. 2.3-1.
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Preprocessor (PREPRO)

SUBROUTINES: None

RESISTERS: DI - Picture pointer
DS - segment set to 1000
ES - segment set to 2000
CX - general purpose
AX - multipliers, general purpose
BL - add or subtract flag

DL - general purpose

VARIABLES: 08C4 LMSKP

INPUTS: Values from picture memory and multiplier memory.

OUTPUTS: Values to pict;re memory linearized with respect to light
intensity.

LOCATION: 2000H

SIZE: 36H

NOTE: Preprocessor should be executed before Classifier and the

proper multipliers should reside in multiplier memory.
This program could be transferred to the Classifier
routine but is left in the present configuration to

aid analysis.

VERSION: 8 10 13.52
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Classifier (CLSIFR)
2.4 The Classifier routine separates the picture data stored in picture
memory as fat (02), meat (00) or background (03). The useful picture
information resides between rows 00 and EF and columns 00 to EC as shown
in Fig. 2.4-1. All surfﬁunding areas are ignored. In addition boundary
values are stored on the perimeter of the useful stored image by the calling

of DRWBOX Subroutine.

USEFUL PICTURE INFORMATION

0000 0001 0002 0003 ... OOEC E OOFF
0100 0101 0102 0103 ... OIEC |... OLFF
0200 0201 0202 0203 ... O02EC ! 02FF
0300 0301 0302 0303 ... O03EC i... O3FF
0400 0401 0402 0403 ... OAEC ... O4FF
0500 0501 0502 0503 ... OSEC '... OSEFF

EF00 EF0l EF02 EF03 ... EFEC ... EFFF

FFO0 FFO1l FF02 FF03 ..« FFEC ... FFFF

FIG. 2.4-1. Picture Memory

Fig. 2.4-2 is a distribution showing the light intensity on the x axis
vs. area on the y axis for all data points in picture memory. Initially
assume points 1, 2 are tcgether -and points 3, 4 are together. The classi-
fier separates meat from background (1,2) then meat from fat (3,4). The

values 03, 00, 02 are assigned to background, meat, and fat respectively.
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FIG. 2.4-2. Intensity Distribution

If points 1,2 a2nd 3,4 are sepsrated there remains regions B and D that
are unknowns. For these unknown regions the hysteresis algorithm can be
used to determine their classifications based on the previously classified
point. TFor example if the pointer had been classifying background and hit
a slightly higher intemsity pixel (region B) it will be classed as background.
Only if it exceeds point 2 will it be classed as meat or fat. This effect is
commonly known as hysteresis and may be implemented merely by separating in

value points 1,2 and 3, 4.
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Classifier (CLSIFR)

SUBROUTINES: DRWBOX

REGISTERS USED: DI

used as pointer to upper memory picture array

52

temp storage

store the # of columns in a row

last address storage

BEX - # of rows in the matrix

VARIABLES: 620H FTHRUN
8C8H ﬁPRLVl
8C9H  UPRLV2
8CAH LWRLV1L
08CBH LWRLV2
8CCH BIGFLG

8D2H  SMLFLG
INPUTS: Hex intensity wvalues from picture.

OUTPUIS: Values 00,02,03 back to picture memory.

Previous values purged.

LOCATION: 3000H

SIZE: 7CH

COMMENTS: Classifier must precade any beef grading analysis programs.
VERSION: - 9 5 14.18
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Boundary Search (BOUSCH)
2.5 This program finds the boundary between meat and fat. In Boundary search
the background is also treated as fat so a boundary can be drawn between meat
and background also.

The search starts with a pointer at the center of the loin eve (location
7F76H). Unusual conditions must be accounted for in starting at the center.
If the pointer lands in the miédle of a large piece of fat or background the
pointer must be moved until it is in the meat area. The pointer is positioned
according to the cross hairs from the focus lights. (It is assumed that the
pointer will land inside the loin eye.)

Some of the conditioms that the program will encounter are illustrated
in Fig. 2.5-1. Pointer movement is from right to left in this case with the

exclamation point indicating where the boundary will be drawm.

OK B F # M F

No meat error B F B F

OK F B # M F

No meat error B B F B
BACKGROUND - B

OK B B F * M
FAT - F

OK B B B * M
MEAT - M

OK B B * M B
BOUNDARY - *

OK B *# M F B

OK F * M B F

OK B F # M B

FIG. 2.5-1. Boundary Conditions
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When the pointer finds a fat cell it checks to see if it is an isolated
cell., 1If it is isolated Fig. 2.5-2 the pointer will start searching for
another fat cell again. If another fat cell is found and non-isolated, a

bouncary search is attempted, Fig. 2.5-3.

M M .|
M F M
M M M

FIG. 2.5-2. 1Isolated Fat Cell (no attempt to draw boundary).

F M M
F M M
M M M

FIG. 2.5-3. Nom-isolated Fat Cell (boundary search attempted).

When a boundary search is attempted the pointer must follow a line that
will lead it to the inner most edge between meat and fat. The first boundary
point is saved.

The following describes the Freeman chain code algorithm [2]. The
boxes in Fig. 2.5-4 represent the directions the pointer may take in searching
for the next fat cell. The pointer moves in a counterclockwise direction

e.g., 0-1-2-3 urtil it finds a fat cell.

3 2 1

4 c 0 C = Current Boundary
Point

5 6 7

FIG. 2.5-4. Direction Boxes
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When a2 fat cell is found the direction boxes are overlayed onto the fat cell
with the fat cell in the center of the boxes, Fig. 2.5-5. The center fat
cell is changed to a bourdary point represented by an "X” Fig. 2.5-6. The

boundary address is stored in lower memory.

3 2 1

4F CF OM M
F

57 6F 7F M

FIG. 2.5-5., Box Overlayed Onto Memory Cells.

F F M M
F OF M W
F & b M
5F GF 7F M

FIG. 2.5-6. Center Fat Cell to Boundary Point.

At this point a new direction is sought. The new direction is chosen by the
relationship.

% Mod (N-1) N even
N =

Mod (N-2) N odd
where N+ is the new direction
N is the old direction
Mod 8 arithmetic is used.
Example 1. 1If the fat point was found in the direction 4,
(even) the next direction starts at direction 3.
Example 2. O0ld direction = 5

New start direction = 3
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3 2 1
4F CF OH M
SF BX 7H M

F F F M

FIG. 2.5-7. New Box Location.

If a fat cell is not found in the new direction the pointer moves in a
counterclockwise direction until it finds a fat cell. The direction boxes
are centered about the new cell, Fig. 2.5-7, and the process is repeated
wtil the pointer reaches the original starting peint.

The boundary is now checked to see if it is large enough to be called
a valid area. If the bounded area found is too small (Fig. 2.5-8 and Fig.
2.5-9) then 21l previocusly found boundary points are changed back to fat.
The locations of the boundary points to be changed have been stored in lower
Memory.

The pointer is moved vertically, about an inch, and the search for a
large enough boundary continues. Fig. 2.5-10 and Fig. 2.5-11 shows the
correct boundary. The initial pointer direction is determined by the LCRS
flag which is set by the DRECIN Subroutine. If the LCRS flag is a 1 the
pointer moves to the left in subroutine MOVPOS. If the LCRS is zero, the
pointer moves to the right or is incremented in MOVPOS subroutine.

It is interesting that after classification, many boundarys exist.

The Boundary search program along with Spline must choose the proper valid

boundary.
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SUBROUTINE:

REGISTER:

VARIABLES:

INPUTS:

OUTPUTS:

LOCATION:

SIZE:

COMMENT:

VERSION:

Boundary Search (BOUSCH)

THER, OVRWRT, DRECTIN, MOVPOS

DI - picture pointer

BP -

BH - fat or Bkgd indicator, #
DX - starting point

CX - counter

400-600H MBLXK BCCH
061AH MTFT 8CDH
06D2H FLAGOV 8DOH

Bytes 00,02,03 nominal or 00,01,02,03 from picture memory.

Boundary (01) along Meat/Background or Meat/Fat edge.

3100H

1DBH

pointer to lower memory storage of Boundary Location

of Boundary points

BIGFLG
OLDROU

LCRS

Must be preceded by Classifier.

9 3 13.52
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Spline (SPLINE)
2.6 The Spline routine eliminates the boundary, if any, around the Spinalis
dorsi, longissimus costarum and serratus dorsalis muscles. See Fig. 1.1-1.
These muscles should not be included within the longissimus dorsi (Loin eye)
boundary. This is an acute problem because the separation may not be large
enough to determine the muscles from the running of Boundary search routine.

Spline also reduces the "breakout" effect that may occur in Boundary
search. Breakout occurs when the boundary follows the edge of the carcass
towards the edge of picture memory.

The routine first steps to the boundary and overlays a line of
specified length on top of the existing boundary. This line is called a
spline. The first spline length drawn is extremely long compared to the
circumference of the longissimus costarum (LC) muscle. Its purpose is to
help eliminate the breakout problems associated with incomplete fat around
the loin eye proper.

The entire spline is moved one position along the boundary.

The distance between the beginning (H) and ending (T) points is
computed. If the distance is within an allowable minimum distance the H
and T addresses are stored in memory for later processing.

After the points are stored the spline is moved one position along
the boundary and a check on the H-T distance is made again.

The process continues until all allowable minimum distance points
are loaded into memory. Subroutine PRECON is called which calls CONNT
Subroutine to connect point pairs whose addresses are stored in memory.

The points are connected by storing an (0l1) boundary along the path between

2 points. Fig. 2.6-1, illustrates the original boundary. Fig. 2.6-2 shows
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the altered boundary after CONNT, REST and BOUSCH subroutines. REST is a
subroutine that converts all boundary points to fat cells. BOUSCH is
the Freeman chain code algorithm described in Section 2.5.

After the CONNT subroutine has connected all the points previously
stored in memory, the entire process is repeated using shorter apline
lengths. Ideally the spline length should be reduced by one for each
complete path around the boundary. The new spline length is chosen as
new length = old length - n. As n gets larger the number of iterations
about that loin eye is reduced thus improving execution speed. Also as
n increases the smoothness of the boundary decreases.

In Fig. 2.6~3 the original boundary is shown. Note the inclusion of
the L.C. muscle and musculature in the lower right section. The first run
through Spline removes some of the excess boundary from the bottom,

Fig. 2.6~4. The next run further reduces boundary in this area, Fig.

2.6=-5., Next the top L.C. muscle is removed, Fig. 2.6-6. More boundary

is removed to the final configuration, Fig. 2.6-7. The final Figure 2.6-8
is included to show that after the spline program is called again no further

reduction of the boundary takes place.
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SUBROUTINE:

REGISTERS:

VARIABLES:

INPUTS:

OUTPUTS:

LOCATION:

SIZE:

COMMENTS:

VERSION:

Spline (SPLINE)
REST, BOUSCH, SPLN, SMOVE, PRECON

NEXTPT, SQUARE, CONNT, POCK

CX - counter, spline length

DI - picture pointer

BX - direction pointer, general

DX - difference, slope flag, general

BP - memory pointer to 7204

060EH SPLHM 07Q%H SPFLG
060CH SPLTM 070AH STTPT
060CH SPLIB 070CH SLENGTH

060EH SPLHB
0700H SPLH
0702H SPLHD
0704H SPLT

0706H SPLTD

00, 01, 02, 03 from picture array

00, 01, 02, 03 to picture array (altered shape)

7AOCH

1EDH

Boundary search must precede Spline

8 2 11.13
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SUBROUTINE SPLINE
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SCALL SUBRQUTINE®
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Area Acquisition (AREAAQ)
2.7 Area acquisition totals the meat and fat within the boundary. The
picture pointer DI is initialized to the bottom left point of useful
_picture information in upper memory. The pointer is moved across the row
searchiné for a boundary point. If the end of the row is reached before a
boundary point is found, the pointer is moved up one row, placed to the left
edge anc the process continues until a boundary point is found. When the
first boundary point is found its picture memory address is saved as the
bottom point. The LRFIND subroutine is then called to record whether the
point found is the left or right most boundary point. Assuming the pointer
is not at the end of the row a check is made on BIGFLG. If BIGFLG is zero,
and a meat cell is found to the right of the boundary point the fat or meat
counting begins. The fat and meat are counted as the pointer moves left to
right across the row. 1If BIGFLG is set, counting begins regardless of the
type of cell following the boundary. When the pointer reaches the next
boundary the counting ceases, the pointer is moved up one row and the process
is repeated.

An error condition exists if the pointer finds the end of the row before
finding a boundary point. This error usually occurs when only one boundary
point is found in the row, i.e., top or bottom point. In this case the
previcusly counted cells must be subtracted from their respective counters.

The picture pointer moves up a row and continues until a boundary is no
longer found in the row. The top most boundary point address is saved and

the fat cell, meat cell and background cell count is saved in memory.
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The output of Area acquisition is the bottom, top, left and right most
boundary points of the enclosed boundary along with the total meat cells,
total fat cells and total background cells.

Note that the background cells are recorded separately in memory, but

since they were located within the bounded area they should be considered

very dark meat.
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SUBROUTINE:

REGISTERS:

VARIABLES:

INPUTS:

OUTPUTS:

LOCATION:

SIZE:

COMMENTS :

VERSION:

Area Acquisition (AREAAQ)

LRFIND
BP - variable pointer DH - first boundary point flag
DI - picture pointer DL - row boundary point flag

AY - meat counter/adder compare SI - current boundary point

BX

fat counter

CX - loop counter

0600H LCOL 0606H BCOL - 0714 BEKGLCNT
0601H LROW 0607H BROW oscc BIGFLG
0602H RCOL 0608 FCLOW o8p2 SMLFLG
0603H RROW 0609 FCHIGH , 08D4 FATSQ
0604H TCOL 060AH MCLOW 08D6 MEATSQ
0605H TROW 060BH MCHIGH

00,01,02,03 from picture array.

Meat and fat cell count as well as top, bottom, left and right
edge points. Alternate storage locations depending on flag

settings.

3400H

11BH

Must be preceded by Boundary search.

9 5 12.34
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Max Point Search (XMAIN)

2.8 Max point search pregram finds the longest line or axis that can be
drawn within the loin eye. The top and bottom most boundary point addresses
are loaded in from their storage locations as found frgm AREAAQ. The picture
pointer is set to the address of the top most boundary point. This point is
called movable. The other point is called stationmary. The movable point is
moved to either side of the original point searching for the maximum distance
to the stationary point. When a certain number of points each side of the
original point are checked then the program makes the movable point statiomary
and changes the stationary point to movable, then repeats the process. The
two points that have the maximum distance are stored in memorv to be used
later in the fat thickness measurement routine.

Within the Max point search paﬁkage is included the subroutines Next-
point, Find max and Distance.

The Nextpoint subroutine finds an adjacent point along the boundary.
The Freeman chain code algorithm is used [2]. The description is the same
as Boundary search with the exception that the Nextpoint routine can change
direction. A clockwise or counterclockwise table is used for this functionm.
The table is chosen by the top byte of a two byte register BX called BH.
The specific direction within the table is referenced by the registe; BL, the
lower byte of the BX register. Every time BL is loaded within the subroutine,
a new direction is chosen. When a boundary point is found, the program
returns to the calling program with the picture pointer (DI) at the next

boundary point.
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The Findmax subroutine is essentially the counter that records the
number of points each side of the original point. The changing of BH
via correction table is to reverse directions of the next point.

The distance subroutine is used by Max point to find the distance
between two points. The maximum or minimum distance can be found
depending on flag settings. Note that the distance subroutine has
various checks to recognize the calling program, i.e. SPFLAG, SI
register.

The stationary row and column is loaded into the DX general purpose
register. The movable point is already pointed to by the DI register.

The equation to determine distance between the two points is

d2 = (mrow - srow)2 + (mcol - scol)2

The program computes for the distance squared not the distance. It
is not necessary to take the square root at this time.

Since the aspect ratio (width to height) of the individual pixels

is not 1:1, a correction must be made to linearize the squared distance.



Max Point Search (MXMAIN)

SUBROUTINES: FINDM, NEXTPT, DISTAN

REGISTERS: CX - counter, general purpose, 2 MSD, LSD
SI - ofiset data pointer, move data pointer,
temporary storage of movable, stationary.
DI - move data pointer
BP - data peinter
DI - picture pointer
DX - mask and test for picture pointer, temp DI storage
BL - direction indicator for table
BH - which table pointer

DL - most significant digit for distance

VARTABLES: 704H SPLT
708H SPFLG
3CO0H-31FH CCW table

3D00H-3DIFH CW table

3D20B-302F TABLE transfer correction

INPUTS: Values from area acquisition, TROW, BROW, TCOL, BCOL.

Values 00,01,02,03 from picture memory.

OUTPUTS: Maximum axis points on the boundary.
LOCATION: 3800H
SIZE: 52EH



COMMENTS: Area acquisition must precede Max point.

VERSION: 9 5 12.34%
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Fat Thickness (FTHICM)
2.9 The Fat thickness program finds the fat thickness at a point between
a boundary and the external background. The boundary point that is chosen
is based on the placement of the cross hairs during picture loading. If
the loin is right sloped then the fat thickness will be found off the right
cross hair. If loin is a left sloped, the fat thickness will be measured
from the left edge of the cross hair. The placement of the cross hair is
important in locating the proper fat thickness measurement location.

Before Fat thickness is called, DRECIN should already have been rum
by 2 call from Boundary search. The DRECIN Subroutine determines whether
the stored picture image is right or left slope oriented. A short descrip-
tion follows here because of the subroutine's location in the assembly
listing.

The MEACNTP and MEACNTN are cleared initially and the picture pointer

is set to 7679H (center of the screen where the cross hairs cross).

FIG. 2.9-1. Right Sloped Lein Eye. FIG. 2.9-2. Left Sloped Loin Eye.
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Two slopes at 45° to the cross are followed down until 2 boundary is
reached. The meat is counted in each line and totalled in MEACNTIP and
MEACNTN.

If the MEACNIN was less than MEACNTP then the LCRS flagz is cleared,
Fig. 2.9-1. Otherwise the LCRS flag is set, Fig. 2.9-2.

The pointer is shifted left or right depending upon the slope. The
routine then returms to the calling program.

The proper center location is found after CORRECTQ has been called.

4 check is made to see if the LCRS flag is set or cleared. If set, the
picture pointer (DI) moves to the left searching for a boundary point.
When a boundary is found the program checks to see if it is the first
boundary point found or not. If the pointer moves a fixed distance left
or right without finding a boundary the program tarminates.

After the boundary is found a search begins for the background point.
When both a boundary point and background point are found each address is
stored for processing. A minimum distance must be found between the back-

ground point and a boundary point to eliminate angle as an influencing

factor, Fig. 2.9-3.

f . .-

FIG. 2.9-3. Minimum Fat Thickness
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Before the fat thickness measurement 1s summed the minimum fat
thickness must be found by moving the boundary point up and down the
edge and calculating the distance at each location. When the minimum is
"found, it is summed in a program called TABUL for tabulation. The above
procedure is repeated eleven times, Fig. 2.9-4. Each time the procedure
is rerun the initial start point is moved downward by CORRECTQ. Each fat
thickness measurement is summed in SUMDST, Fig. 2.9-5.

When the iteration is complete the average over 1l distances are
found and loaded into NUMM.

The program returns to Master loop. If an error occurs, e.g. not
finding a boundary point, the average over the existing sum is taken and
loaded into NUMM. The approximate fat thickness location for a left slope

loin is shown in Fig. 2.9-6.

Cross Hairs

Fat \J,_

Thickness™ \\<“

FIG. 2.9-6. Aprroximate Fat Thickness Location.
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Fat Thickness (FTHICM)

SUBROUTINES: CORRECTQ, DISTAN, NEXTPT, TABUL, CHECK

REGISTERS: BH

table pointer

BL - element pointer

DI

picture pointer, boundary address

SI - address pointer

AL - boundary found £flag

DX - background address, row-columm check
AX - summations

CS - counter

VARIABLES: 620E - FTHRUN 8C6H - STARTD
708H - SPFLG 8DOH - LCRS
€18H - NUMM DOSH - SUMDST
710H - MEACNTP DO7H - SAVG
7DEH - MEACNIN DO9H - SAVB
INPUTS: Values from picture array. 00,01,02,03
OUTPUTS: Squared average fat thickness value to NUMM. The output

is an average squared of eleven measurements.

LOCATION: 4000H

SIZE: 1F9

COMMENTS: Fzt thickness must be preceded by Boundary search.
VERSION: 9 2 10.32
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SUBROUTINE CRECTA
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Squeeze-Display (KRMDSP)
2.10 The Squeeze display program allows the operator to see a compressed
view of the picture memory.

A determination can quickly be made as to whether a correct boundary
has been found in addition to the fat thickness measurement locatiom.

Note that the view as seen on a data terminal is distorted, mainly
because the data terminal is usually an 80 column by 24 row display.

The cells in a 3 x 10 block of picture array are summed. The sum
is compared to a constant level value and a character is loaded into tﬁe
printer buffer according to this level. For example, if the 3 x 10 area
is mostly fat cells (02) then the character for fat is loaded into the
printer buffer. If the 3 x 10 group of cells was mostly meat then the
meat character is loaded into the print buffer. If any one cell in the
3 x 10 group is an edge character (04) or boundary character (01) the
ASCII character representing an edge or boundary is loaded into the print
buffer directly without regard to the sum. An edge character has priority
over a boundary character for printing.

After the single character for the 3 x 10 block is printed the
character for the next 3 x 10 block to the right is printed and so on
until all characters for all blocks in useful picture memory are printed.
At this point the operator should see a complete picture on the data
terminal.

Note that Squeeze-display may be run after Fat pieces or Fat thickness
to get some indication of the fat piece distribution and/or fat thickmess

measurement location. The display is a summation-comparison process and
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gives no useful data other than a rough estimate of the accuracy or
inaccuracy of the boundary and fat thickness measurement locatioms.
Examples of the output from Squeeze-display may be seen in Figs. 2.9-4

and 2.6-5.

83



Squeeze-Display (KRMDSP)

SUBROUTINES: CHRO

REGISTERS: DI - picture pointer
AX - character register
SI - sum register
CX - character rows
BX - character columns

DX - mask and compare rows and columms

VARIABLES: 620H FTHRUN
INPUTS Values from picture memory 00,01,02,03,04
OUTPUTS: ASCII characters to data terminal representing a

3 x 10 block in picture memory.

LOCATION: 3300H

SIZE: 8TH

COMMENTS: Classifier must precede Squeeze-display.
VERSION: 9 3 16.47
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Box Distribution (BOXDIS)
2.11 The Box distribution module breaks the boundary enclosed area into
sixteen separate boxes and stores the cell type distribution for each box
in memory.

The Area acquisition module must be run first in order to obtain the
left, right, top and bottom edges of the bounded area. These four edges
form a largé box around the area.

In the initialization section of the module the edge points from Area
acquisition are used to find the box sizes. After determination, the box
sizes are stored in DCOL and DROW.

Box distribution works very much like Area acquisition in that the
pointer (DI) begins at the lower most edge of the large box surrounding
the bounded area. The pointer moves from left to right while loocking for
a boundary point. If found the program attempts to determine whether the
pointer is inside or outside the area. It does this by checking to the
right of the boundary point if BIGFLG is a zero. If the position is fat
or background then the pointer must be outside the loin eye area. If the
cell pointed to is meat then the counting or distribution data gathering
pegins. If BIGFLG is set to a one then no check is made to the right of
the boundary point.

Subroutine Whatbox finds what box the pointer DI is in. It then
gets the memory pointer (BP) to point to the proper meat or fat storage
location for the box. In Fig. 2.11-1, numbers 672 and 673 are the meat
count locations, 1 is the box number and 674 and 675 are the fat count
locations. The figure shows the meat and fat counter locations for all

16 boxes.
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Each time the pointer is incremented, 2 check is made to see if the
pointer is at the right edge of the large box surrounding the area. If
the end of the row or edge of the large box is found before finding the
right boundary point an error condition exists. Upon error the Fixup
routine subtracts off the cell counts that were accumulated in error.
The usual running of the Fixup routine occurs when there is a single
boundary point in the bottom or top row. The cells to the right of this
singular point are not in the bounded region and thus are subtracted
from the box distribution tally locatioms.

With no error condition the end of the row is found. Tﬁe pointer
is moved up 1 row (decremented in memory) and the process of finding the
distribution is repeated.

When a boundary point is not found in the row being scanned the

module is done and returns to Master loop.
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SUBROUTINES:

REGISTERS:

VARIABLES:

INPUTS:

OUTPUTS:

LOCATION:

SIZE:

COMMENTS :

VERSION:

Box Distribution (BOXDIS)

WHTBOX

105:4

counter, general purpose
BP - memory pointer to box-meat, fat counts

DI

picture pointer

DX

masking for DI

600H LCOL.
602H RCOL
605H TROW
607H BROW
670H DCOL
671H DROW

672-6B1l meat and fat counts for individual boxes

Top, bottom, left and right edge points of the loin

eye area (computed from Area acquisitionm)

Stored meat and fat counts for each of the sixteen

boxes and box size.

4600H

148H

Area acquisition must precede Box distribution

8 14 14.59
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Fat Pieces (FATPCS) and Fat Boundary Search (FATBDY)
2.12 FATPCS finds all the fat pieces within the loin eye and stores the
number in memory.

The pictire pointer (DI) begins outside the loin eye area (OLEA). The
bottom row, top row, left column, right column information founq_from area
acquisition is loaded into registers. The top row left column address is
loaded into the DI register. The pointer DI is moved to the right until it
hits a boundary point or the right column. If a boundary point is found the
pointer is incremented to the right znd checked to see if it has reached the
right columm. If the cell is exclusively meat then 1) a flag is set indicat-
ing inside the loin eye, 2) the picture pointer (DI) is incremented. The
pointer continues row by row until finding a fat cell. Subroutine Fat
boundary is called and a boundary is drawn around the fat piece and the
number of fat pieces is increased by 1. Compare Fig. 2.12-1 and 2.12-2.
Note that the boundary is drawm by storing a (04) in the picture memory
location. This is to distinguish a fat boundary from a loin eye boundary
(01). After the fat boundary is drawn the pointer is back to the starting
point on the fat piece. The pointer is moved one position to the right.

At this point it is likely that the pointer has landed inside the fat
piece. The pointer is incremented until it finds a meat cell, then the
search for all fat pieces continues. If a single fat cell is encountered,
the cell is changed to a fat boundary and the fat counter incremented.

Fig. 2.12-1 shows a magnified view of picture memory. The fat cells
are indicated by colons, meat by a period, and loin eye boundary by an
asterisk. Fig. 2.12-2 shows the same area of picture memory after the

fat pieces routine has executed. The fat boundaries are indicated by a
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zero., In all, eleven fat pieces are shown. Figure 2.12-3 gives a rough
estimate of where the fat pieces reside in the loin eye. Fig. 2.12-3 is
the output of Squeeze-display. A zero may represent one or for worst
case twenty-two fat boundary cells.:

When the picture pointer is at the bottom row right column the

procedure is done.
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Fat Pieces (FATPCS) and Fat Boundary Search (FATBDY)

SUBROUTINES: INCR, FATB

REGISTERS: AX - fat pieces counter
BX - last row, columm
CX - end address for current
DH - new row indicator
DL - inside/outside loin eye flag
BP - error pointer table
DF - pointer to picture memory
DS ~ pointer to data

SI -~ first fat boundary in FATB search

VARTABLES: 6008 LCOL
602H RCOL
605H TROW
607H BROW

633H NOPCS

INPUTS: Values from piecture array 00,01,02,03

OUTPUTS: Altered picture array. Fat boundaries around fat

pieces. Number of fat pieces to memory NOPCS.

LOCATION: 4200H

SIZE: 3A3H

COMMENTS: Area acquisiton must precede Fat pieces.
VERSION: 8 13 16.59
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Calculate Results (CLCRES)
2.13 CLCRES performs all the calculations necessary for the beef grading
programs. Although the program has the capability to enter values from the
keyboard e.g. weight, ZKPH, the present version does not querv the keyboard
for information.

Two programs are called to give the proper results, CALCUL and PCNTOT.
T@e CALCUL subroutine first adds the fat count and mest count together to
form a total fat meat area. In each case a subroutine, AREAML, is called
to convert to hundredths of an inch from the pixel element count.

The next section in CALCUL converts the meat, fat areas into Zfat and
Zmeat of the total area. The subroutine PERCNT does the actual calculation
after the proper registers are loaded. The Zfat in the square is also found.

The fat thickness calculations are performed by taking the squared
average fat thickness and square rooting by an interval halving technigque
until the proper tolerance is found. The fat thickness is converted to
inches.

Next, from the results of BOXDIS, CLCRES uses the subroutine PCNTDT
to calculate the percent of the total loim eye cells in each box to the
total cells in each box. PCNTDT then calculates the percent of fat cells
in the box to the number of loin eye cells in the box. All percents are
found for each of 186 boxes that contain the loin eye. Each calculation
performed is checked for a zero divide and the fractional part is rounded

not truncated.
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The map for DSPRES is also created in CLCRES. The symbols are as
follows:
[ ] - non significant box less than 1/3 of its contents is
loin eye.
[--]1 - significant box, percent of loin eye fat in box is
less than overall percent of loin eye fat.
==] -~ significant ﬁox, percent of loipn eye fat in box is
the same as the overall percent of loin eye fat.
[++] - significant box, percent of loin eye fat in box is
greater than the overall percent of loin eye fat.
After all the percentages are calculated, the numbers are converted to
their equivalent decimal numbers and stored in the PCKDEC string for later

printout or display.

NOTE - BOXDIS must be executed prior to executing CLCRES for this area to

have any meaning.
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Calculate Results (CLCRES)
SUBROUTINES: STX, INPINT, ASCII, STRl, DECEEX, CALCUL, PCNTDT,

MESSAGE, DECLOD, INSMAP, DECMIL, CHAROT

REGISTERS: SI - header string pointer
CX - counter
AH - general purpose
DI - string transfer, map pointer
DX - general purpose

BX - general purpose

VARIABLES: 608H - FAT
60AH - MEAT
618H - NUML
622H - EQUEI
626H - EQKPH

628H - FATMEA

62AH - FTTENS
62EA - EQFT
633H ~ NOPCS
6374 - EQNA

639H - OLDVAT

900H - FREAD

AOOH - PCKDEC, WGT
AOZH - KPH
F13H-F16H-ASCBUT
F17H - TEMP

F19H - DELU
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F1BH - DELL

F1DH - BXAREA

F1FH - SIGL
F21H - AREA
F23H - AFAT
F25H - AMEAT
F27H - PFAT
-F29H - PMEAT

F2BH - PFATBX

F2DH - NPCS
F2FH - FATTH
F31H - SGBCT

F33H - EQUCNT
F35H - GRTCNT
F37H - LESCNT

F39H - MAPCNT

F3AH - WGTH
F3CH - KPHH
F3EBR - M

2DEFH - 2DFEH HEX
Z¢DFFH - 2EO8H DECTEL

2EQ9H - 2E11H NIM

INPUTS: Values from Box distribution, Area acquisition and

Fat thickness that were stored in memory.

OUTPUTS: Computed beef grading results stored in memory.
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LOCATTION: 2BOOH

SIZE: 311H

COMMENTS : Must be preceded by inputting routines; Box

distribution, Area acquisition, Fat thickness.

VERSION: 9 7 16.22
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Display Results (DSPRES)

2.14 Display results takes the decimal values found in the PCKDEC string,
converts the numbers to their ASCII equivalents, inserts the ASCII into
a string called DPYBUF, then outputs the DPYBUF to the data terminal
screen.

DPYBUF is a display string which contains the english identification
(in ASCII equivalent code) for all the numbers in PCKDEC as well as the
ASCIT equivalents of PCKDEC. DPYBUF is created in the loading of the
program and is updated with the new values of PCKDEC each time Display
results is executed. The DPYBUF as created is seen in Fig. 2.14~1 and
Fig. 2.14-2 includes a sample set of data. Notice that the X location

in the first figure are updated to numbers in the second figure.

NOTE - This program assumes that the string PCKDEC has been properly
created and contains the valid numbers for the selected carcass (i.e.,
all the measurement programs and calculation programs were run prior to

DSPRES).
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AREA=XX, XX

FAT IN BOX=XX.X%

ZFAT XX.X
DISTR XX.X
XX.X
=%

AREA=08.48

FAT IN BOX=06.97%

ZFAT Q7.5
DISIR 00.7
00.0
00.0

TOTAL FAT=XX.XX

TOTAL FAT=03.23

HEEH

TOTAL MEAT=XX.XX

TOT FAT=XX.XX TOT MEAT=XX.X&

NO OF PCS=XXXX FAT TH=X.XX SIG BOXES XX =XX >XX <XX
X XX.X XX.X ZAREA XX.X XX.X XX.X XX.X MAP | ]
X XX.X XX.X DISTR XX.X XX.X XX.X XX.X [ ]
X XX.X XX.X XX.X XX.X XX.X XX.X [ ]
X XX.X XX.X XX.X XX.X XX.X XX.X [ ]
FIG. 2.14-1, Empty DPYBUF Output.

FIG. 2.14-2.
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TOTAL MEAT=05.25

NO OF PCS=0008 FAT TH=0.36
1 00.0 00.0 ZAREA 73.9 96.7
.0 00.0 12.9 DISTR 78.5 99.9
8 09.9 07.9 07.9 75.9
0 11.1 00.0 00.0 03.1

TOT FAT=38.0%7  TOT MEAT=61.9%

SIG BOXES 12 =03 >05 <04
34.9 02.0 MAP [====—= ]
51.0 73.1 [=—t——t+]
99.9 92.8 [ +HH==]
33.2 78.5 [ -]

Sample Data in DPYBUF Output.



SUBROUTINES:

REGISTERS:

VARIABLES:

INPUTS:
OUTPUTS:
LOCATION:
SIZE:
COMMENTS:

VERSION:

Display Results (DSPRES)

ASCII, STOR, MESSAGE, CHAROT

BP - increment table pesition
SI - message pointer
DI - display pointer

BX

length table pointer
CS - counter
AX - mask, data input, output

DX - general

AQOH - A55H PCKDEC

A56H - C34B DPYBUF

C3CH

CCOH INCTBL
CClH - CCCH LENTEL

CCDH - STP

Tables and values stored in memory.

Proper ASCII characters to data terminal.

2600H

8CH

Must be preceded by Calculate results program.

g 5 19.44
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Save Results (SAVRES)
2.15 Save results stores the date, location, area, and all the data
presented in the displayed results (i.e. total fat, total meat) on a disk
previously initialized as a data disk.

Save results reads track one sector one of the disk using a universal
disk read/write routine DSKIO. The data is stored in a buffer called BUFF
location at 7100H. This data is a directory of the date, location, carcass
count, next track and sector addresses, and the number of data fields
stored on the disk. Save results compares the present date and location
to the one of the directory to see whether to continue with the carcass
count (same date and location) or start counting at one (either different
date, different location, or both). Using DSKIO, the present data in PCKDEC
is stored on the disk at the track and sector specified by the directory.
The sector address is incremented and compared to the maximum sectors on a
track, If it exceeds the maximum then the track is set to one and a message
is output to the terminal which reads; '"'THIS DISK IS FULL PLEASE REPLACE IT
WITH A NEW FORMATTED DISK AND PRESS RETURN WHEN READY". The directory is
then updated and stored on the disk using DSKIO whether 2 new disk was
installed or not.

Save results uses the Disk support package and the routine DSKIO for

support.
NOTE: This routine assumes that an initialized data disk is in drive 0

and all the data to be stored has been already calculated and the

present date and location are stored in memory.
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SUBROUTINES:

REGISTERS:

VARIABLES:

Save Results (SAVRES)
DSKIO, MESSAGE, CHARIN, OUTHEX, DMASET, VFYDRVRDY,

PARMREG, RESULT, ERROR

DX - general purpose, track, sector number
DI - string pointers,

SI - string pointers, message pointer

AL - track number, sector number

2200 FLG

2202-225F MESS1 Full disk message

2260-2267 MESS2 Disk error message

0F00 COMMAND
0FO01 TRK
0F02 SEC
0F03 NUM
0F04 TRKL
0FO05 LEN
0F06 FIRST
0FO08 BSEADDR
OFO0A ADDR
OFOC DRV
OFOD CNT1
OFOF CNT2
OF11 CNT3
0F12 CRTL

0F13-0F16 ASCBUF

09F8 DAT
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INPUTS:

OUTPUTIS:

LOCATION:

SIZE:

COMMENTS:

VERSION:

09FA DAT2

09FC LOoCl
Q09FE SAVCNT
0400 PCKDEC
7100 BUFF

Values from computed beef grading results.

also from Date & location.

Stored beef grading results on data disk.
2100H

l67H

Should bg run after Calculate results.

3 19 14.11
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Draw Box (DRWBOX)

2.16 The Draw box routine essentially forms a rectangular boundary of (01)
cells in memory. The location and size of the box depends upon whether a
right or left slope area is detected.

A call is made to DRECTN subroutine to determine right or left slope.
The LCRS flag is set if a left slope was found. Before the box is drawn
a call is made to RESTORE subroutine. The subroutine removes any previ-
ously drawn boundaries (0l) by changing them to (02) cells.

The appropriatg starting top left edge of the box is loaded into
registers.

The top edge of the box is drawm, then dowm to the bottom right
edge, followed by the left and bottom edge. When complete, flags are

set and the program returns to Master loop.
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SUBROUTINES:

REGISTERS:

VARJABLES:

INPUTS:

OUTPUTS:

LOCATION:

SIZE:

COMMENTS :

VERSION:

Draw Box (DRWBOX)

DRECTN, RESTORE, DRWBOX

DI - picture pointer

BX - start address for right box
DX - height, width

AL - boundary

CX - number of columns, counter

08CCH - BIGFLG
08DOH - LCRS

08D2 - SMLFLG

Values from picture memory.

Boundary points in a square pattern in picture memory.

2550 Start

2580 DRWBOX subroutine

80H

The start location refers to the normal entry point to
draw a box within the loin eye proper. Any box drawn
without regard to the loin eyve slope should be implemented

with a direct call to DRWBOX subroutine.

9 12 1.58.21
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Block Picture Display (BLKDPY)

3.1 BLKDPY displays a block of upper memory 80x23 bytes on the terminal
screen as wel)l as the address of the upper left hand corner (the start of
the block). BLKDPY inputs a character from the keyboard and compares it to
its set of commands. If the character is not one of the commands the program
ignores the character. The valid commands are:
R (Relocate) - changes the starting address of the block (frame) to

be displayed to that specified. Then displavs that

block. EXAMPLE: R<new address>[CR].
H (left arrow) - changes the starting address of the block (frame) to

be 80 columns to the left of the present position

(one to the left). Then displays that block.

K (up arrow) changes the starting address of the block (frame) to
be 23 rows up from the present position (one frame up).

Then displays that block.

L (right arrow) changes the starting address of the block (frame) to
be 80 columns to the right of the present position

(one frame to the right). Then displays that block.
J (down arrow) - changes the starting address of the block (frame) to

be 23 rows down from the present position (one frame

down). Then displays that block.

E (escape) exit the program and return to the calling program.
After a command is typed the program offsets to the proper value then calls
subroutine Display frame. Examples of output from block display can be seen

in Figs. 2.9-53 and 2.6-1, 2. Although any location within memory can be the
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* = wraparound

FIG. 3.1-1. Block Display Addresses
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top left location in the displayed block, Fig. 3.1-1 shows the block
locations if only the arrow commands are used. Remember the data terminal
output is distorted because a rectangular block in memory is shown as a

square like display.
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Block Picture Display (BLKDPY)

SUBROUTINES: MESSAGE, CHARIN, INPINT, DISP, OUTWRD, CHAROT, OUTHEX

REGISTERS: SI - message pointer, picture location
AL - input, output data
DX - picture location
BX - row counter

CX - column counter

VARTABLES: 110D w
110E-1111H TABLE
1112-1121H HEX
1122-11770 MESS1
1178-117FH MESS2

1180-11874 MESS3

INPUTS: Values from picture memory

OUTPUTS: ASCII characters to data terminal representing a

block of picture memory.

LOCATION: 1000H

SIZE: 180H

COMMENTS: Block display is run after the data is classified.
VERSION: 0
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Distribution (DISTRB) and Print Distribution (PTDIST)

3.2 The purpose of Distribution and Print distribution is to display for
the operator a plot of light intensity (abscissa) vs. area {ordinate).

If the operator wishes to view the plot on the data terminal the
Baud rate must be slow enough to view the information. The Baud rate
(rate at which the terminal allows the information to be received) is
set by first removing the plate on the data terminal located to the left
of the keyboard. With a ball point pen or other object set the rate of
300 or 1200 Baud by pressing in the appropriate switch. The previous
setting (usually, 9600) must be disabled by resetting the 9600 switch.
The operator should then reset the system. The Distribution program lozds
in the starting and ending picture row and colummn. A section of memory is
cleared to make ready for fresh data. The intensity values in upper memory
can range from O0OH to FFH. If the value pointed to by the picture pointer
(DI) was 3DH, location 3DH in lower memory would be incremented by 1. 1If
all of upper memory was filled with the wvalue 3DH then another counter would
be needed since each address in lower memory can be increased to FFH maximum.
Therefore, two addresses for each value are needed.

If the first address fills to FF and is incremented, the second adldress
is incremented and the fir-st cleared.

The picture pointer is set to the next position and a check is made for
last row, last column. The process repeats until all memory values are

tabulated.
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After the distribution is stored into lower memory it must be printed
or displayed on a data terminal to be of any use. Print distribution
program takes these values and sends them to the data terminal along with
the appropriate control characters, Fig. 3.2-1.

If the @istribution is such that there is a gap of no area between
two values, two stars are printed in place of intensity numbers. This
procedure saves paper. After each intensity value is printed, the number
or area is printed followed by a series of stars. The number of stars is
equal to the area divided by a constant. The comnstant can be changed to
scale the ordinate of the graph.

When all the intensity and area numbers are printed the program
returns to Maséer loop.

Note that Print distribution can be run without destroying the stored

values from Distribution.
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Distribution (DISTRB) and Print Distribution (PTDIST)

SUBROUTINES:

REGISTERS:

VARIABLES:

INPUIS:

OUTPUTS:

LOCATION:

PTDIST

STARTING ADDRESS:

SIZE:

COMMENTS:

VERSION:

CHAR

AX - starting row, column
EX - ending row, column
PI - picture pointer

CS - number of locations counter
36D3H-36E3H TABL - ASCII numbers for printing
Values OOH-FFH from picture array

Values to 400H-600H in lower memory and ASCII values

to data terminal.

3580H

3600H
173H

Should be run after a picture is loaded to upper

MEemory.

2 & 20.26
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Light Meter (LMETER)
3.3 The Light meter routine finds the average light intensity from a block
of picture memory (256 points) and displays the result on the data terminal.

This utility program is used to set the light intensity seen by the
charge injection device (CID) imaging circuit in the camera. To rum the
program the proper symbol must be entered into the Master loop monitor
command string. After typing a carriage return the program is in a loop
waiting for the operator to take a picture. After taking a picture the
average intensity is displayed. The operator should adjust the f-stop on
the lens until the average is at the proper level.

The program immediately calls the Next picture program to operate the
focusing and flood lamps and takes care of loading the image to picture
memory.

The data terminal screen is cleared to make ready for output
information. The row counters are cleared and a check is made to see if
a key was pressed at the data terminal. This is the escape from program
execution. If a key was not pressed the sum for averaging is cleared.

The pointer DI is set to location 6766H in picture memory. The value
pointed to by DI is added to the sum. DI is moved two positions to the
right and the value pointed to is again added to the sum. The process
continues across the row until 32 points are summed. The pointer is
moved down three rows and the process repeats until 32 points in 8 rows
are summed. The sum is divided by 256 for the average intensity.

The next section of the program displays one of the four scales

shown in Fig. 3.3-1. Scale 2 shows an average level of 86.
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To determine which scale is displayed the average intensity is
compared to 75. If less than 75 scale one is displayed. If greater
than 75 but less than 151 sczle two is displayed, etc. The exclamation

mark is displayed to show the level. The entire program repeats until a

key on the data terminal is pressed.
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Light Meter (LMETER)

SUBROUTINES: CHRO, NEXPIC

REGISTERS: 8I - row character pointer

AX

input, output, general
BX - scale counter (pointer)

DX - sum value

DI - picture pointer

VARTABLES: D64AH STRFLG
48FDH-49EEH MSCO1  Scale 1
49E7H~-4ADOH MSCO2  Scale 2
4ADIH-4EBAH MSCO3  Scale 3

4BBBH-4C1FH MSCO4 Scale 4

INPUTS: Now classified values 00-FFH from picture memory

OUTPUTS: ASCII characters to data terminal representing

relative light intensity.

LOCATION: 4800H
SIZE: 41FH
COMMENTS: This program lcads the picture automatically.

Previous picture data is destroyed.

VERSION: 8§ 10 14.15
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Communjcation to Nova (COMNOV)

3.4 The purpose of the module is to transfer picture memory to the Nova/
Grinnell image processing system. The image processing system has, at the
present time, matrix handling as well as disk and magnetic tape storage
capabilities.

The proper hardware connections should be made between the Nova and
the data terminal on the beef grading instrument. The RS232 terminal cable
from the Nova needs to be connected to the extension output of the ADM data
terminal. After data is loaded into picture memory the program is started
by typing the prcper svmbol into the Master loop. A carriage return is typed
to start execution. The program should start before the Nova comes on line
to request data. After the program receives the proper message from the Nova
receiver, an on-line message is sent to the Nova. The routine sends one row
of picture data then waits for receiver ready. The process is repeated until

all rows are sent.
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SUBROUTINES:

REGISTERS:

VARIABLES:

INPUTS:

QUTPUTS:

LOCATION:

SIZE:

COMMENTS :

VERSION:

Communication to NOVA (COMNOV)

CHARIN, CHAROT, MESSOUT

AL - input, output data
SI - pointer for message routines

DH - top row

left column

DL

DI

picture pointer

874-884H MESS1 - on line code to NOVA
885-888H MESS2 - received data code

889H DUMMY

Datz from picture array. Usually not classified.

Input data to output ports to NOVA

Ports: STATUS ODEH

DATA OD8H
810H
8FH
8 15 9.54
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Set Date and Location (SETDAT)
3.5 SETDAT is a stand alone program starting execution at 6200H. SETDAT
inputs from the keyboard the month, day, year, and a three letter identifier
for the location. The string is stored in memory starting at 9F8H. The
data is stored as a number and the location is stored in ASCII. For a
date of 5/26/81, for example, the string as seen in memory would be as
follows: (note all values are in hexadecimal notation) 26H, O5H, 4DH,
81H, 4EH, 41H., The location was MAN for Manhattan., The data is stored

as words; 05, 26, 81, M, A, N.
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SUBROUTIXES:

REGISTERS:

VARIABLES:

INPUTS:

OUTPUIS:

LOCATION:

SIZE:

COMMENTS:

VERSION:

Set Date and Location (SETDAT)

MESSAGE, INPINT, CHARIN

S1 - message pointer

AX - input, output

9F8H - DAT
9FAH - DAT 2
9FCH - LOC

624DH-625DH MESS1 month ? message
625EH-626CH MESS2 day ? message
626DB~6275H MESS3 year ? message

6276H-627DH MESS4 location ? message

Values of month, day, year and location from data terminal.

Storage into memory

6200H

7DH

Set date and location must proceed Initialize data disk

routine.

3 19 14.09
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SUBROUTINE SE7 CATE AND LCCATICN
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Light Calibration (LGTICAL)
3.6 The purpose of Light calibration is to ultimately load in multipliers
to the multiplier memory. The routime will store values to linearize the
video image with respect to light from the flood lamps.

The initial value to be determined is the peak or average value-of an
area of the stored image. To obtain an average value the light meter flag
(LMFLAG) is set to @@H. To get a peak value, LMFLAG is set to @1.

After calling LMETER (description 3.3 in this manual) the location
LMRVAL contains the average or peak value.

The multiplier routine (DDDD) is called to find the multiplier for a
value in picture memory pointed to be DI.

(pointer DI) (multiplier) = average value

A multiplier for each value of picture memory is found and stored in
the multiplier memory.

The multipliers are encoded to indicate whether the DI value was
larger or smaller than the average wvalue.

For example if the average was 47H and the DI value was 45 the
multiplier would be

l_l;gg with a remainder of 2. The remainder needs to be
45 47H )

fractional so is divided again by 45H to obtain @7H.

.07H
45|02.00H

Since 45H is smaller than 47H it is encoded as such by clearing the
carry bit and shifting to the right. By shifting, one bit of resolution

is lost.
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00000111
00000011
The multiplier is stored as 0O3H.

During the Preprocessor routine the multiplier is loaded back and
shifted left. The carry was cleared so the multiplicant will be added to
inage memory.

45H

x @6H
0l.9EH

The value of 01H is added to 45H to obtain 46H or 47H % 1 bit. If
the value in DI was greater than 47H, then it will be encoded as negative
(carry set) and a subtraction will take place in Preprocessor. When the
multipliers for every position are determined and stored in multiplier

memory the program returns to Master loop.

-
Ln
£~



Light Calibration (LGTCAL)

SUBROUTINES: LMETER, DDDD

REGISTERS: CX - genmeral, temp. storage LMRVAL
DI - picture pointer
ES - extra segment to 2000H
DS - data segment to 1000H
AL - average or peak value, general
BL - plus or minus flag

DL - general

VARIABLES: 88C0O-LMRVAL
C8C2-LMFLAG

08C4-NUMZERO

INPUTS: Average or peak value from LMETER program.

Unclassified values from picture memory.

OUTPUTS : Multipliers to multiplier memory located at 20000H
LOCATION: 2060H

SIZE: 65H

COMMENT: Light calibration is usually run at the beginning of a beef

grading session., If the multipliers are to be retained they

may be stored on diskette and reloaded.

VERSION: 8 10 13.52
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SUBROUTINE LIGHT CALIRATICH

FLOWCHART
sewnjjusses enss
L] .
. START b4
L] L]
stevisesTe Sy & eema
. (] .
- LI R
- . -
. ssas
. .
. .
. .
X H
¥ L4
= L] L] Jivice sv .
® INMITIALIZE = & AVERAGE INTQ »
L] SEGRENT L] SVALUE AT MERQRYS
* REGISTERS L] . POINTER »
[ 3 - - .
. .
. .
. -
. .
. .
] ]
sasesljevasssases swes s (ssmiaTm sl
T LNFLIG TO » . STORE TeE [
® CCMPUTE THE o ® WULTIPLIER [M &
. AVERAGE L4 s PULTIPLIER L4
*  VaLUE.00 . - NERQRY L]
- . I [ L]
sasssystssuesNAs 8 SET A NS MNP ENDE D
. : :
- .
: :
. 2
X als
sssse(issesssviss oa .
= IGHNT.ATR L JCnE =,

.*
e s L] .8 wiTh VALY o,
® SUBROUTINE s ,.....%. IR PICTURE .o
SRETURRS AVEAASES *. RERORY? .¥®

s QVéR 2%s L . 4, .®
sashsasusssseuss e " 0, .=

. . * TES

» . .

. . .

L) . -

. . .

z . .
sssacflesasssnana % I
L4 - . 5052 4O LEISBN D
=SET POINTER TQ » . . [}
s LCCATICH ZZRg » . RAETLAN -
* [N RENCRY s . L]
L] L] . Sedeasdavesiace
[ FPTERTT TR T ¥ o

. L]

. .

slosnsvonanse
.
.
.

CONT 3
ssssefjssasasssasn

L L
L -
® GET AVERAGE o
L] -
L] .
savisecdsasnsuNen
.

Hewoae

savesg jesssvensnae
3000 »
s s s s
L L]
CIL SUBROUTINE S
a2 -

sesssssesasssssen



Wlm".
. -
. LTQRE WIGH @
. vALUE
L
L &
MISITIISP SVES RIS
a 1.2
- L] -
eke D4 @
- -
ssew

*xe.
.

SUSACUTINE DC0D

SVIN

+9 S,
. s, vet
-.I..-. m;‘lﬁ-u .l:..unu“o--n--

L R RN N Y

L L]
*3 4T FQR COOE aSe
- 400 .

. B
L] -
534838408 uT RN

Recsecnssansnsnssrsnscnase

FLOWCHART
seas
. .
s ia s
. »
sens
.
1
SBSedjANsS TR
seasjjesssanars = s
. SGET DIPFERENCE »
e START - ® ARG MESATE .
» . L] .
tdsas et e at e - .
n sesnsevasvIS I e
. .
. .
- .
. -
. .
. .
3 |
assmegjsssssssasy ssssefisunsssnses
L] . L] L]
® SET PLAG T = e SEY FLAG FCR &
*  POSITIVE L4 - SUBTRACT .
= . . L]
3 .. - L]
tsaasEes et TA RN S tevasssussssvasan
. .
. .
. = -
=CoR 1 1- 131 2
sssnely sCssemmesssns
. . . .
*  AVE TME . *0(VIDE TQ TURM ®
4 AVERAGE FRGR @ cnneoX® AEAAINGEA TQ o
. LMETER . . L4 FRECTION L]
* L] . = .
savesaseenTemm e & ssstsesmsevevece s
. - -
. . .
. . .
. . .
1 . x
s « NOTMOw 8.
03 =, - e =,
.0 L ]
vEE .o ., e
seeess®. DIVIDING BY .0 .
X .. a7 - - e .. «®
. o, - . . L (L4
- %y . . 8, .
- - - L
. . . .
. . -
. . .
. . . S2m -
. b . 1
. sssssilesssssnsasn . sssevfsessaznsunwae
. a . . L] L)
. L . . SCLLE SET 33 FOAs
. b QIVIDE . . . SUATRACT .
. - - . L .
. = L] - L L
& sssmasssssssssnss - Insesassnssssesng
- - - -
. . - .
. . . .
. . .
. L3 . .
. v « CCDE 1
. 53 -, - ssagetissaasnasen
. -® -, - . .
« YES . RmED > W, . . .
sevssals 1? .8 . * COGE TeE BYTE o
. " g . .
., ) e e L]
., .8 . sssssssasssesssse
L4 - L]
- . -
. . .
. . .
1 . .
¥, . .
3 ., . T
" [ « veReGisenesnane
«8  EQUAL ®. TES. L .
L 19 17 reae » RETvRN .
., ) . ]
., a® sssssssssssassa
., .8
* NQ
.
.
4
ssas
L] .
e A4 ®
L] -
ssae

157



Line Load (LINLOD)
3.7 The Line load utility's purpose is to load the same line from successive
pictures into multiplier memory to test camera repeatability.

The SI register points to the desired line out of the picture. The
output and input ports are initialized. The picture is taken with no control
signals to the focus or £lood lights and loaded into picture memory 10000H
to 1FFFFH. The selected line is pulled out and stored into the first line
of multiplier memory 20000H. The multiplier memory pointer (DI} is moved
to the next line and the process repeats storing the selected line into
20001H. When all multiplier memory is loaded the program returns to Master

loop.



Line Load (LINLOD)

SUBROUTINES: None

RESGISTERS: CX - general purpose, counter
DI - destination index
SI - source index, line loaded

AL - port control, data

VARIABLES: None

INPUTS: Line of data from each stored picture image.
QUTPUTS: Line storage to multiplier memory.

LOCATION: 4DO0H

SIZE: 36H

COMMENT: This utility is used for camera evaluation.
VERSION: 9 8 15.55



Exclusive-or (XOR)
3.8 The XOR utility is a simple data check scheme. The area checked is
between the 10000H and 20000H physical address space.

The program sets the pointer to the address 10000H and loads in the
first value. The pointer is incremented and the value at 10001H is exclusive
Or'ed with the previous value. The process continues until location 1FFFDH
is reached. The old value of the exclusive oring process is stored at 1FFFEH
and 1FFFFH. 1If a change has occurred between the old memory block and the
new memory block the new XOR value will not match the old.value. in this
case the new value is stored intc the old location and a message is output
to the terminal indicating a change of data has occurred.

The normal procedure for rumning XOR is to load the EPROM program down
into memory, read in a picture or program disk, then run the XOR program to
see if the program disk programs were unchanged. After the XOR program is
run the program disk contents between 10400H and 17FFFH can be loaded into

work addressable memory space if desired.
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Exclusive-or (XOR)

SUBROUTINES: MESSAGE

REGISTERS: CX - general purpose
DI - picture pointer

DX - Exclusive-or register

VARTABLES: 153DH-154DH MESS4
INPUTS: Values from picture memory, classified or unclassified.
OUTPUTIS: Stored Exclusive-or code into picture memory with a message

to the data terminal.

LOCATION: 1500H
SIZE: 4DH
COMMENTS: XOR resides in the start-up EPROM. It can be used on

program as well as on image.

VERSTON: 9 16 18.00

16l



R R R R R R e R N A

SUBROUT INE ZOR UTILITY

sssaijeswiasiae
L4 L]
s STMT -
L .

IMITIALLIZE
SEGNENT

REGISTERS

tassasEsszasences

caqua

=

z
mesast Jeassase e
*SET POINTER TR ¢
oF [RST POSITION =
# W PICTURE =

* HEMCRY .
* .
Tt Evedatsdew v d

.

.

.

-

0

.

x

SEssamm ee e
o GET THE VALUE =
L4 AT TWAT 3
® LOCATION a6p &
s sTORE IT .
. =
ssasssgssssssssss

Then X

sasusi 2T SR RLn
-

*nQVE PQINTER TOs

ek® REXT PLSITION =
. .

-
]
-
]
.
4

ssssaglsssssssany

-
s IXCLUSIVE CA

sese® WITH PRSVIQUS
L]

.
.
VALUES b
.

FLOWCHART
et raidsusssnise
- (]
SSTONE NEW VaLUEs
ascasessmrresevecd?® INFQ OLD .
. e  POSITION L]
- L] L]
. FESSIEmESTYSnIN S
. .
- ]
i tesasfissssdadans
. - -
. s L1FaR SEEWEMT 0
. &  BEGISTER *
- - Ll
3 . .
. IR LSS AN S
.= .
afa3 e E
El L1 s sasfisamsusnsa s
e a, - »
R} NEW ., SSET POINTER TC @
seek®, ¥8Lo = QLD .® 2 wE€5IAGE =
. ®, ALY Lo - ]
. ., ol - (]
. s, ., SERSANIA R SR sARE
. = 7ES .
: x :
. 3= sasesh
. L4 L suESSAGE L]
. s CLEAR CECMENT = et -
« % REGISTER - - .
a . SCALL SUBRCUTIAE®
L] L] L] .
skossssnnscssnnannnagnanannas
34CR :
b 4
sassgissamesnss
*AETURN TO A6S12°
. AN ITCR -
L4 L]
ssssassssERESSs

162



Classifier Level Change (CLLVCH)

3.9 The Classifier level change utility retrieves and stores classifier
levels from the data terminal to a specific memory locatiom.

Initially the message pointers are set and a message is displayed on
the data terminal asking for the lower ciassifier level. The old classifier
level is displayed and the program is now promptizg for input. If a valid
number is entered it is stored into a memory location. If an improper number
is entered the program skips to the next section and nothing is stored in
memory. The same procedure occurs for the upper level except that upon

completion the program returns to the Master loop program.
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Classifier Level Change (CLLVCH)

SUBROUTINES: CHAR, INPINT, MESSAGE

REGISTERS: BX

hex table pointer

SI - message pointer

8

counter for shifts

AL - general purpose transfer

VARIABLES: 8C8H LWRLV1
8C9H LWRLV2
8CAH UPRLV1
8CEH UPRLV2
126C-1295 MESS1 - lower classifier message
1296-12BF MESS2 - upper classifier message

12C0-12CF hex table

INPUTS: Values from program memory and/or the keyboard.
OUTPUTS: Values stored back into memory for classifier levels.
LOCATION: 1200E

SIZE: CFH

COMMENTS: Classifier level change is the program by which quick

level changes may be made.

VERSION: 9 5 14.18
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Recipe (RECIPE)
3.10 The Recipe routine moves a total of 32 characters to the Master loop
program.
The characters or program list (e.q. PABCHCQ) must alreadv reside in
program memory.
To run the standard recipe only a (\) backslash need be typed followed

by a carriage return.

PROCEDURE FOR LOADING A NEW RECIPE
1. Type GlEOO [CR]
System => 2. PROGRAMS?
3. PABCGHCQ or new string characters.
4. Do not type [CR]
5. Reset the system.
6. Type U,U
System => 7. 86/12 monitor message.
8. Type G7045 (stores the new string).

9. Type GIEOO (back to Master loop).
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Recipe (RECIPE)

SUBROUTINES: None

REGISTERS: CX - counter
SI - location of recipe string, master string (SENTRY)

DI - location of master string, recipe string (SENTRY)

VARIABLES: 1F80H CNT1
INPUTS: Values.from recipe string or master string.
OUTPUTS: Values to master string or recipe string.
LOCATION: 7030H RECIPE
7045H SENTRY
SIZE: 20H
COMMENTS: Recipe makes easy the running of strings of programs by

typing in only one symbol in Master loop.

VERSION: 9 14 21.52
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Disk Support Package (SUBS)

4.1 SUBS are the subroutines necessary for control of the floppy disk control

board, and gensral use utilities. Twelve routines are in this package. They

are: MESSAGE, CHARIN, CHAROT, DMASET, VFYDRVRDY, COMMANDBUSY PERMREG, RESULT,

OUTHEX, DECHEX, INPINT, and DECMIL.

MESSAGE

CHARIN

CHAROT

DMASET

VEYDRVRDY

This routime outputs an ASCII string of characters startiag
at the address passed in the SI register and ending at an
ASCII null character (00). The output goes to the terminal.
This routine_inputs an ASCII character from the terminal
keyboard, masks off the most significant bit (not used in
ASCII characters) and uses CHAROT to echo the character
to the terminal display screen.
This routine outputs to the display screen an ASCII
character passed to it.
DMASET sets the floppy disk controller's;

1) base address register,

2) starting memory address register,

3) the DMA enable bit and

4) the DMA control register,
by outputting to its proper port addresses.
This routine is to verify the selected drive is ready by
outputting 2 read drive status command of the drive speci-
fied in DRV, A drive goes ''mot ready" on power up or
when the drive door is opened. To clear the "drive not
ready' line the read drive status command must be output

twice.
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COMMANDBUSY

PARMREG

RESULT

OQUTHEX

DECHEX

INPINT

DECMIL

This is also a wait routine. It waits for the command
busy line of the FDC to go inactive. (Ready for another
command byte.)

This is also a wait routine. It waits for the parameter
register full line to go inactive. (Ready for another i
parameter byte.)

This routine waits for the command to complete its
execution and retrieves the result bvte.

This routine takes the byte passed to it and converts the
byte to the ASCII representation of that byte and uses
CHAROT to output the ASCII to the terminal screen.

This routine converts the number passed to it to a hexa-
decimal equivalent of that number. NOTE: this routine
assumes the number passed is a valid BCD number. The
result is passed in the AX register.

This routine inputs a string of numbers until a [CR] is
pressed. Then takes the last four and converts it from
ASCII to a hexadecimal number. The number is returned in
the AX register.

This routine tazkes the hexadecimal number passed to it and

converts it to its equivalent decimal value. The result is

returned in AX register.
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Initialized Data Disk (INTDAT)
4.2 INTDAT constructs the directory for a data storage disk, then writes
that directory on the disk in drive #0. The directory consists of the
month (1-12), day (1-31), year (0-29), location (any three ASCII
characters), and the carcass count of zero. The directory is written
on sector one of track one on drive #0.

INTDAT is a stand alone program starting execution at 6100H.

NOTE: The set date routine must have been run prior to this program.
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SUBROUTINES:

REGISTERS:

VARIABLES:

INPUTS:

OUTPUTS:

LOCATION:

SIZE:

VERSION:

Initialized Data Disk (INTDAT)
DSKIO, MESSAGE, OUTHEX, DMASET, VFYDRVFDY,

COMMANDBUSY, PARMREG, RESULT, ERROR

CX - counter

DI - buffer pointer

51 - data pointer, message pointer
AX - input, output

DX - port address

9F8H - DAT
9FAH - DAT 2
9FCH - LOC 1

9FEH - SAVCNT
AOOH - PCKDEC
FOOH - COMMAND
FOlH - TRK
FOEH ~ BSEADDR
FOCH - DRV
F12H - CRTL

617BH - MESS1 disk error message

Input values from Set date and location

Constructed directory on disk in drive @

6100H

831

3 19 10.29
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Disk Format (FORMAT)
4.3 FORMAT meets the requirements of the floppy disk controller (FDC) for
formatting a floppy disk to IBM standard format (128 bytes per sector, 26
sectors per track, and 76 usuable tracks per disk) for single density floppy
disks. To meet the requirements of the FDC, FORMAT creates a table of numbers
the FDC manual calls a format table. The table consists of (in order); track
addresses, head address, sector address, and sector length for each of the
26 sectors of a track. The table is for only one track. The numerically
consecutive sectors (1, 2, 3, etc.) are spaced or interleaved three apart.
This means the adjacent sectors on a track are numbered; 1, 10, 19, 2, 11,
20, 3, 12, 21, 4, 13, 22, 5, 14, 23, 6, 15, 24, 7, 16, 25, 8, 17, 26, 9, 18.
After this table is written for track zero just the track addresses and head
addresses are updated for the remaining 76 tracks. The error bit is checked
after each track is formatted and if an error is detected the routine ocutputs
the error code to the terminal and terminates execution. The buffer for the
format table is at 7100H in the system memory. Disk format is a stand alone

program set to format a write enabled disk in drive 1.
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Disk Format (FORMAT)
SUBROUTINES: VFYDRVRDY, TABLE, DMASET, COMMANDBUSY, PARMREG, RESULT,

ERROR, MESSAGE, OUTHEX, CRLT

REGISTERS: AX

general purpose input, output

DX

port address

BX

track pointer

SI - base pointer, pointer to format table/message pointer

CX - sector count
VARIABLES: OFQ0H - COMMAND
0F0lH - TRK
OF08H - BSEADDR
OFOAH - ADDR
OFOCH - DRV
60DFE - MESS1 disk error number message
INPUTS: None
OUTPUTS: Formatted data disk
LOCATION: 6000H
SIZE: E7H
COMMENT: Format disk must be run on a blank data disk before trying

to store disk data. Any previous disk data will be purged.

VERSION: 3 18 20.52
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Binary Read From Disk (DSKBIN)
4.4 DSKBIN inputs from the keyboard a block address and number of blocks
then reads the blocks from the disk in drive #1. The data blocks are on
the disk in a PDP/1l format.
A PDP/11 block structure is as follows:

BLOCK TRACK SECTORS

ADDRESS  ADDRESS FIRST SECOND THIRD FOURTH
e e T 3

0 1 1 3 5 7
1 1 9 11 13 15
2 1 17 19 2% 23
3 1 25 2 4 6
4 1 8 10 12 14
5 1 16 18 20 22
6 1/2 24 26 7 9
7 2 11 13 15 17
8 2 19 21 23 25
9 2 ] 3 5 8
10 2 10 12 14 16
11 2 18 20 22 24
12 2 26 2 & 6
13 3 13 15 17 19
14 3 21 23 25 1
15 3 3 5 7 9
16 3 11 14 16 18
17 3 20 22 24 26
18 3 2 4 6 8
19 3/4 10 12 19 21
20 4 23 25 1 3
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This continues in the same manner for all the 492 blocks,

To translate the block numbers inputted to the proper track and sector
addresses the equations lcok like these;

TRE=INTEGER (I/26)+1

SEC=[SECI[I+1)MOD26 ]+6 (TRK~1) ]MOD26
with I being BLKx4 for the first sector of the block, I=BLKx4+l for the
second sector and so on for the thrid and fourth sectors. The string

SECI in the above equation is

location SECI location SECI
PR SR 2 e g T R S S R T A T
0 26 13 25

1 1 14 2

2 3 15 4

3 5 16 6

4 7 17 8

5 9 18 10

6 11 19 i2

7 13 20 14

8 15 21 16

9 17 22 18

10 19 23 20

11 S 21 24 22

12 23 25 24

The INTEGER function takes the parameter and truncates the fraction and

MOD26 is a modulo divide.



The data read from the disk is a string of ASCII characters in paper
tape format. The string is stored in a buffer called BUFF. Once in BUFF
the data is then converted and stored in memory using a paper tape read
routine called READIO.

DSKBIN is a stand alone program starting execution at 5000H.
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SUBRCUTINES:

REGISTERS:

VARIABLES:

Binary Read From Disk (DSKBIN)
MESSAGE, INPINT, DECHEX, READONE, RESULT, ERROR,
READIO, CHARIN, DMAI, VFYDRVRDY, COMMANDBUSY,

PARMREG, BYTEI, WORDI, CONVHEX, OUTHEX, CHAROT

SI - message pointer

AX

block number, general purpose, track number,
hex converted number, input, output

CX - counter

BX - general purpose
5300H BLK
53020 LEN
5304H I
5305H TS
5306H TRK
5307H SEC
5308H CRTL
53094 DRV
530aH DRIVE
530BH TEMP

530DH-531CH HEX

531DH-5324H NUM

5325H-5332H SECI

5333H-533EH SECI2

533FH-5363H MESS1 read object code
5364H-5376H MESS2  starting block

5377H-538BH MESS3 length in blocks
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538CH-5394H MESS4 Done?
5395H-53BDH MESS5 disk error

53B1H-53C7H MESS6 checksum error

53c8d BUFF

INPUTS: Values from disk in PDP/1l block format

QUTPUIS: Messages to data terminal. Data to proper location in
memory.

LOCATION: 5000H

SIZE: 24BH

COMMENTS: Preceded by Master loop. Data is in standard paper

tape format.

VERSION: 0
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DSKBIN Procedu;e
Get into the 86/12 monitor. If in the program mode, type in a Q
and two carriage returns.
Load transfer disk into drive #1 making sure that the metallic strip
is removed from the disk.
Type G5000[CR].
The system will prompt for the starting block on the transfer disk.
Enter the proper block corresponding to the program to be loaded
and type [CR].
The system will prompt for the number of blocks used to store the
program. Read this number from the directory listings and type [CR].
The system will respond with Done? Type a 'Y' if you wish to enter
more programs from the transfer disk, otherwise type 'N' and exit
the program. The program will automatically load into the correct

position in memory.
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Read (RDDSK)/Write (WRDSK) Disk Picture
4.5 DISPIC transfers picture data (256x244 bytes) between upper memory and
one of four locations on disk drive #1. The starting track and sector

addresses for the four locations (pictures) on a disk are as follows:

PICTURE NUMBER STARTING TRACK STARTING SECTOR
Lt e ettt e e e e e S T e P b e R P
1 20 19
2 39 13
3 58 ' 07
A 01 25

These addresses are indexed in table TRKSET by the inputted picture number.
The picture is then read or wirtten sequentially by sector and by track.
DISPIC has three entry points:

RDDSK - This routine iﬁputs a picture number from the
keyboard and transfers the corresponding
picture frem the disk to memory.

WRDSK - This routine writes the picture number found in
variable CNT3. CNT3 is incremented for sequential
writing onto the disk.

NSWRDSK - This routine inputs a picture number from the
keyboard and transfers memory tec the correspond-

ing picture location on the disk.
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SUBROUTINES:

REGISTERS:

VARIABLES:

INPUTS:
OUTPUTS:
LOCATION:
SIZE:

VERSION:

Read (RDDSK/Write (WRDSK) Disk Picture
MESSAGE, CRLF, CHAROT, CHARIN, SETPIC, PICT, VFYDRVRDY,
DMASET, RWNSEC, DMAI, COMMANDBUSY, PARMREG, RESULT,

ERROR, OUTHEX

SI - message pointer
AX - input, output, general purpose, track and sector
CX - counter

DX - general purpose

0F17 HEX hex characters

7500-7517 TRKSET

Values from/to disk.

Values to/from picture memory.

2400H

13EH

3 13 10.32
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Test Patterns
A.1 Two basic test pattern are stored on floppy disk to test programs such
as Area acquisition, Box distribution, Max point and others. The patterns
may also be used for program modification.
The test patterns are provided to help the operator load in a known
shape quickly instead of entering picture data point by point.
The first pattern shown (#2 on Test Pattern disk) was used for testing
Max point and Fat pieces, Fig. 4.1-1. It can be seen that there are 6 fat
pieces as well as 1 section of background. ‘
From the top left point 1F65 one can find the address of any point in
the display, e.g., the top most boundary point is located at 1F84.
top most point 1F84H
left most point 2C6AH
bottom most point 356FH
right most point 2890H
There is a total of 104 decimal boundary points.
The second pattern (pattern #3 on Test pattern disk) was used mainly for

Area acquisition, Max point, and Box distribution. Fig. A.l-2.

hex decimal
Meat in LEA 478 74
Fat in LEA 13H 19
BKGD LEA 10H 16
Total Meat Count LEA 57H 87
Maximum top point 7971H
Maximum bottom point 8679H
Center point JF76H
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10.

11.

12,

13.

14,

15.

A.2 Start Up Procedure

The operator types what is indicated above the asterisks.

Plug in box.

Turn on fan and power switches.

Type the indicated

a) UU
&%

b) M9000,97FF,1000[CR]
kkkkkhhdhkhkdhht &

Wait for the prompt. (.)
Insert a blank disk in drive
Insert PROGRAM DISK in drive
Type the indicated

a) GOO0O- XX 1000[CR]
* kkikx *

This prompt will return
READ

?

Type 1

Wait for the prompt. (.)
Type the indicated

a) M1000:400,7FFF,40C(CR]
sxARRkE Rk AR ARERRE &

Wait for the prompt. (.)

Insert current data disk in drive #0.

Insert current picture disk in drive #1.

Type the indicated

a) GXXXX- XX 6200[CR]
fkkk X

b) MONTH 91-12) ? 3[CR] (
® %

f#0.

#1.

CURRENT MONTH)

198



c)

d)

e)

£)

g)

DAY (1-31)? 25[CR]
kk %

YEAR? 82[CR]
*k &

LOCATION? CCN([CR]
kAk *

GXXXX- XX 1E00([CR]
* kikk &

PROGRAMS?

(CURRENT DAY)
(CURRENT YEAR)

(PROPER LOCATION)

* dedrdevrdvedrhdedek
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Start Up Procedure Example

ACTUAL SAMPLE OF STARTUP:

{

ISBC 86/12 MONITOR, VI.2
.M9000,97FF, 1000

.G 0000- 50 1000
READ

21

@0000:1062
.M1000:400, 7FFF, 400
.G 2434~ B8 6200
MONTH (1-12)? 5

DAY (1-31)? 27
YEAR? 81

LOCATION: MAN
@0000:624D OD

.G 624D~ OD 1E00

PROGRAMS
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3.

A.3 Procedure For Making A New Program Disk
Using Binarv Read from Disk, load into memory all programs to be stored
on the new program disk.
Make any variable changes necessary.
Type M400, 7FF,1000:400[CR]. This command moves all the programs from
lower or program memory to picture memory.
Use Read/Write Disk Picture to write the picture image (now programs) to
the disk by tpying:

G1EQ@ [CR]
System -+ PROGRAMS?

TQ[CR]

System -+ WRITE?

1 or whatever section on the disk you wish
System -+ , to write on.
[CR]

yvou should now be back in the 86/12 monitor.
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ABSTRACT
The computerized beef grading instrument was developed as an aid to
the beef grader in making a more accurate analysis of the exposed cut
surface of a carcass. The analysis includes a determination of fat area
and lean meat area over the surface as well as the fat thickness covering
the longissimus dorsi muscle. The software manual herein describes the
algorithms and procedures necessary to perform the data acquisition and

analysis.



