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i. INTROLUCTION

The price of the ueat is one of the major concerns fox
consumers going to the supermariet, It is determined by the
quality grade and yield grade, which are obtained by human
Judgement. There are two factors that determine the quality
grade, The first cne is the total area of fat inside the loin
eys ares, called marbling, Secondly, the maturity of the beef,
The formula for czleulating 3;ield grade iss

YG=2,542,5FT+ 0.2%KPH + 0,0038HC{ ~ 0, 32LEA
where YG=Yield Grade; an integer number,

FT=TFat Thickness in inches,

S(PH="Percent Kidney, Pelvis, and Heart fat,

ECW=Hot Carcass Veight in pounds,

IEA=hoin Eye Area in square inches,

Presently, the loin eye area, marbling area, and the fat
thickness are found by using transparancies on the beer, and
the scale unit is 1/10", So, there will be an error from -0.25
t6+ 0,25 for 2,5FT and from -0,16 to+0.16 to -0.32 to 40,32
for 0,32LEA, where -0,16 to+4 0,16 is for 6 sguare inches' loia
eye area, and -0.32 ¥o+0,.,32 is for 25 square inchest lola eye
area., Tke typiecal values for loin eye area are from & sguare
inches to 25 square inches. These two errors are just the scale
grror, A cowmbined error of +0.41 to 20,61 is produced in PP and
IFA viaen using a grid resolution of 1/10", Even just the average
errsy will otill be £0.2 to £0.%. If one adds the =ivors that

the human grader mekes, which range arcund 30%, and the EPE errow,



which is a judzement, the total error will be still larger,
Also, this kind of judgement is not fast enough to deal with
tue large quantity of meat and still be highly accurate. So,
the idea of using a computer to take care of this judgement
is forth conming.

The proposed system as shown in Fig. 1 contains a CCD camera,
digitizer, memory, and microconpubter, When a piece of beef is
scanned by a CCD camera, digitized and the resulis stored in
memory, then the microcomputer will have the information about
the beef available. The system permits rapld acquistion of a
digital matrix represention light intensities in a scene. The
size of the matrix is dependent upon the CCD camerglbut may be
as large as 226 X 492 points. The quantized data will be classified
via thresholding into 3 categories. Each point of the nmatrix
contains = itwo-bit number, "0" for baciground, "2" for fat, and
"3" for meat. By means of certain algorithms with inputs of KpH
and ECW, the computer can obtain the yield grade.

This report deals with the developments of the desired
algorithirs, Since the CCD camera and digitizer are currently not
available, the matrix was be reduced in size to 50 X 72 points,
ard then using & trensparancy grid on a photograph, the data was
cueniized manually. Also, the IBI 370 was used to perform the

related calculatviens,
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Fig., 1. Proposed beefl grading system.

iIl. TETE GRADING PROCESS

Vhen a piece of beef is passed by the system as skown in

I“iga 1,

Step 1.

Stﬂp 2,

Step 4.

Step 5.

{the Tull system will operate as the following steps:

The CCD camera will take the picture of beef, and divided

{nils picture into 226 X 492 points.

L/D converter will digitized the level of each point
according to its light intensity.

The classifier will identify which parts are bacliiground,
fat, end meat.

Lefine the background as "o, fat as "2", ani meat as
"3, and store in memory, .

& microcomputer will use the methods described in the

section vhat follows to obtain the yield grade.

In this report the process for finding the loin eye area
and £at thinkness will be discussed, The outs of meat that were

used are shown in Figure 2, The points of interest ave lsbeled in

the figure as the loin eye region and fat thickness, The loin

eye srea. ls the area within the loin eye region enclosed by the



dark line, The fat thickness can be determined by the following

steps.

Step 1. Find the largest axis of the loin eje area,

Step 2. Pind the 3/4 point of this axis from bone end,

Step 3. Find the line perpendicular to largest axls and passing
through the 3/4 point of the axis.,

tep 4. Find the intersection of this line and loin eye boundary,
define it as A,

Step 5. ™ind the shortest distance between point A znd boundary
roints between background and fat. This location is
shovn in Pig. 2 by the location of the ruler.

These 3 photograph wWere obtained from the Depariment of

Aninal Science & Industry. Figure 3 shows the flow diagram for

overall program,



Plgs 2a. Photograph of the cut of beef.



Fig. 2b, Photograph of the cut of beef.
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Pig. 2c, Photograpa of the cut of beef,



Find the loin eye boundary

!

Find the marbling area, *
the neat area inside
the boundary

~ -
Tind the loin eye area

e

Pind the largest axis of
the loin eye area

J

Pind the 3/4 poiat of
the loin eje area '

!

Tind the line perpeundicular
to this axis and passed
througn 3/4 point

.

Pind the intersection of this
line and loin eye boundary

|

Pind the shortest distance
between above point and the
boundary point between fat
and background

#ig. 3. Plow diagram for overall program.

# Mot necded for yield grade but only for quality grades



III. EYPLANATION OF ALGORITHM
There have been many algorithmggdeveloped for {inding

the edges and areas of pletures, becausge of time and mewmory

limitations they can not applied to the problem of finding

the boundary and area of the loin eye region, Therefore we

have developed algorithms for this application, Before discussing

these algorithms, there are some assumptions which must bs made

in order to detect a boundary and yet save computing time.

After getting the information about the boundary and structure

of the loin eye area, the following assumptions will be made,

1. The classifier can distinguish the background, fat, and meat
in a given photograph.

2, In Fig. 2, if 226 X 492 points are used, the fat cellas
defining the boundary are at least two cells wide. In the
case of hand reduced data, it is also assumed that the fat
cells outside the boundary at the right side are at least
two cells wide,

3. The midpoint of the photograph is inside the loin eye area,

4+ The cut of meat is oriented so that the two bones are located
on the right side of the image.

Figure 4 shows the quantized images of the pictures in Fig, 2.

This data was obtained by digitizing by hand snd following the

essumpilons given ahove,
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Pig. 4e. The quantized data for Pig. 2c.
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(A) Finding The Loin Boundary

Visible "edges" ‘in a scene are often associated with abrupt
changes 1in avérage éray level. In this report, if iwo adjacent
polnts have different gquantization levels it is defined as a
boundary., The direction that the boundary moves from a point
can be detected by compa}ing the quantization levels of that
point and the other points surrounding it., The relative orien-
tation of the firs{ pair of points that are the same determines
the direction of the boundary that will be detected. The boundary
direction is defined as shown in Fig, 5.

3 2 1
4 S 3 0
5 6 7

Pig. 5. Boundary direction.

The flow chart as shown in Fig. 6 is for finding the loin
boundary., If the number of boundary points is less than 40, it
will not be considered as the true boundary, but rather a boundary
around an isolated fab area inside the loin eye. This boundary
will be reset back to 2's and the algorithm will continue on
searching for the loin éye boundary,



Initialize
(middle point)

L
[~

\1/ i

L Column — column—1l

No

Fat ?
Yes

Save begining point

.

4

Change matrix value from fat
to boundary.
Count number of boundary points

Can find next fat ¢ He

Find next fat l

Erase boundaxry
point

3
No 1

““-EE begining polat 7

b

Yes

Humber of béundary
points> 40 ¢

Fige. 6., Flowchart for finding the loin beundary.
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The major concept for this algorithm is using the former
boundary direction for a decision where it should start to find
the next boundary point. Pigure 7 shows the testing order for
detecting a boundary point for all of the eight possible
directions. In Fig, 7, the current boundary ﬁoini is B, the meat
cell is M, and the number from 1 to 7 indicateg the testing order.

3 J=1 J J+l i d=1 J J+1 g Jd=1 J J+1
I~ I- I=-

5 141 3 514 1|53 31211
Il6|B]| 2 Il 8|2 Tlslsin
I+l M ¥ 1 I+l M 1 I+l 5 ot M

(a) (b) . (e)

J=1l J J+1 ” J=1 J J+1 vy J=1 J J+1
=05 T2 1 =1 Tu EREIE;
T Il2]3s Il1o]8]s

() {e) | A{£)
. Mle6]ls 716 (5 |

— " il Fat | M M M
1l 1 | 2 | 3 I+lf 1 | o '

(g) (h) (1)

Fige 7. The testing order for finding thes boundary point.
Ea; to (h); boundary directions from 0 to 7.
i) detection of initial boundary poiunt.
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The following steps are used for finding the loin boundary,

Step 1,

Step 2.

Starting from the midpoint of the photograph (M,N),
(that means point (25,36)), find whether (M,N-1) is the
first boundary point or not. If not, decrement the
related column, i.e. (M,N-2), (M,N=3)..eetc,, until a
fat point is found, and this point may be a boundaxry
point. Now, let this point be (I,J), and assume the
boundary direction was "3", because the preceding column
was meat. (Fig. Ti) o

After having obtained this point, only‘one of the follow-
ing steps is carried out.

Case I, former boundary direction was even.

If the last directlon was even, then after moving
to the last boundary point detected, we start searching
in a direction that 1s one less than the previous direc-
tion, (in model 8). Therefore if the last direction was
0,2,4, or 6 we start searching in a direction of 7,1,3,
or 5 respectively, (P ig. 7a,7c,7e,78) '
Case II, former boundary direction was odd,

If the last direction was odd, then after moving
to the last boundary point detected{ we start-searching
in a direction that is two less than the previous direc-~
tion. (in model 8). Therefore if the last direction was
1,355, or 7 we start searching in a direction of 7,1,3,
or 5 respectively., (Fig, Tb,7d,7%,7h)
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(B)

Step 3. Starting from this initial direction, all the eight
neighbors are searched in a counterclockwise direction
until a fat point is detected.

Step 4. Ve then repeat step 2 until a closed houndary is formed.

Finding The Loin Eye Area _

The purpose here is to find the loin eye area and the area
of marbling inside the loin eye area. This is done by scanning
from the middle row to the top of the loin region and then from
the middle to the bottom of the region. For each row within the
loin area we scan from left to right adding up the area between
boundary points. This test uses the assumption that any boundaxy
must be more than two cells wide at the right side beundary., If
the point after a boundary is fat, then that area is outside
the boundary,

Tue following flow chart(Fig. 8) 1s used for finding the
arcas of meat and marbling inside the loin eye boundary.

Find boundary point |
le

Hext column is
Anside the boundary

exh calwmll
/ i
§/
Couat the number Count the number
of meat of marbling
_ 4

Pig. 8. Flowchart for finding the areas of marbling and
meat inside the lcin boundary,
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In Fig. 9 a more detailed flow chart is glven for finding
the areas of marbling and meat inside the loin boundary. This
can be broken down into the following steps,

Step l. Search M row from the first column to the last column
to find the boundary point.

Step 2, After the boundary point is found, the next column
tested may be meat, fat, or anotger boundeary,

Step 3. If it is meat, count 1t to the meat, then go to step 6,

Step 4. If it is fat, then go to step l. (step 1 will stars
from present row,‘pﬁxt colunn) .

Step 5. If it is a boundary, then go to step 2.

Step 6. Find whether the next column is meat, fat, or boundary.

Step 7. If it is ﬁeat, count it as meat, then go to step 6.

Step 8, If it is fat, count it as fat, then go to step 6.

Step 9. If it is a boundary, then go to step 2,

After finishing the M rew, it will begin to test the M+l
row, M+2 row...ete,, untii it can not find any boundary point
in a row. Then it will record this row as row IB, (the bottonm
Tow of the loin eye), and change to test the M-1 Tow, F-2 ToW.,,
ete,, until it can not find any boundary point in a row, FWext
it will record this row as row IA, (the top row of the loin oye).
At this point the areas of marbling and meat inside the loin
boundary have been completely determined, The loin eye area 1s

the result of those two areas added together.

RR:}



Tnitialize
meat H=0 X
marbling F=0 , [ Colunn=columntl]
middle row M '

first column

&P Colunn=columntl|

Row=row-1
column=1
A

Is any boundary
in this row ?

Yo

| IB=row's number

Fige 9. The flowchart for finding the areas cf marbling and
meat inside the loin boundary above the M-th TOW. '

The algorithm for finding JA and the areas below the M-th

row ié, of ccurse, very similar to that given above.
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(C) Finding Tne Fat Thickness
Fat thickness has already been defined in Section III,
The following procedure is used to find it.
(1) Find Center
So far, the top and botton boundary rows have already been
found, so it is easy to find the middle row of the loiun area.
Yow, the left-most and right-most columns of the loin area still
need to be found. After getting them, the middle column of the
loin area is found. The center point of the loin eye area will
be assumed to be the middle row and middle column of the loin
eye area, Two methods for finding these boundary points are
described., The following steps and Fig. 10 are for finding the
left-most and right-most boundary columns by the first method.
Step 1. From first column and first row, determine if 1t is a
boundary pcint‘or not.,
Step 2, If it 1s not a boundary point, then test a point in the
same column, and row=row+l.
tep J. If there is no boundary point in this coluun, then let
columan=colum+l, row=1, and go to step 2. -
Step 4. If it is a boundary point, then record this point as
(IL,JL), and go to step 5. Note IL is rscorded for +the
hext procedure, _ ‘
Step 5. Prom the last column, first row, determine if it is a
houndary peint or not.
Step 6, If it is not a boundary point, then test a point in the

same column, and 1oW= row-l
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Step 7. If there 1s no boundary point in this column, then let
column = column-1l, row=1, and go to step 6.

Step 8, If it 1s a boundary point, then record this colum as
JR. So, the center point of -the loin-eye area is

((IA+T3)/2,(TRHITY/2).

First column

-

First row

IL=row's number
Jh=zcolum's -
nunber

Colunn = column4l

Row=row+l

Last column

=

Flrst row

JR=column's |
number

Colum = colum-1,

Row=row+l

Plg. 10, Flowchart for finding left-most and right-most columns,
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Another method to Zind the center polnt is during the
£inding of loin eye bourdary. The following steps are used in
this method for finding the left-most and right-most columns,
Step l. When the first boundary point is found, record its row
and column as the left-most boundary (IL,JL), and as the
right-most boundary point (IR,JR).

Step 2. VWhen another boundary point is found, coupare its column
with the current left-most boundary point (IL,JL). If

" it is smaller, then record this boundary point as the

current left-most boundary point (IL,JL).

gtep 3, Compare its column with the current right-most boundary
point (IR,JR). If it is larger, then record this boundary
point as the current right-most boundary poilut (IR,JR),

Step 4., After finding the boundary, the center point of the loin
eye area can be found using the results of step 2 and 3.
Wote, the largest colwrm will be calléd JR, the smallest
¢olumn will be called JIL,

Pind Maximum Distance and 3/4 Perpendicular Iire's Equation

From Fig. 2, it is easy to see that the largest axis of
the loin eye area is very close to the line passing through the
left-most point (IL,JL) and the center point (IN,JK) obtained
previously. There are two methods for finding the maximum
distance, The flowchart for the first method for finding the
maxizum distance is shown in Pig, 11, This method finds the
maximum distance betweer the midpoint and several boundary

points near the left-meost boundary point,
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D=distance between points
(IL JI.) and {I¥,JN)
K=0, IAA=IIL, JBB=JL

4

Pind the clockwise dlrection

boundary point

N

3= distance between this |
point and point (IM,dN)

D=3
IL=row'!'s number
JL=colum's number

—

Point (TIAA,JBB)
J

S

Find the counterclockwise
direction boundary point

!

B=distance between this
point and point (IM,JN)

K= K+1

D=BR
IZ=row's number
Jh=colum's number

i |

Pig., 11, The flowchart for finding the maximunm distance,
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The following sieps can be used to find the largest axis
of the loin eye area, the 3/4 point of this axis, and equation
of the line passing through this point by using the first method.
Step 1. Find the distance be*tween points (IL,JL) and (IM,JM),
let it be D,

Step 2. Pind the next clockwise direction boundary point from
point (IL,Jd%).

Step 3. Pind the distance between this point and point (IM,JH).

Step 4. Use this method to find 5 continuous boundary points,
and calculate their distances to the point (IN,JM).

Step 5. Find the next counterclockwise direction point to the
point (IL,JL). |

Step 6. Find the distance between this point and point (IN,JN).

Step 7. Use this method %o find 5 continuous boundary points
and calculate their distances to the point (IM,Ji).

Step 8. Compare these 10 different distances with D, and find
the maximun one.

Step 9. Record the point which is the maximum distance to point
(1M, JH) as (IT,JL). o

Step 10, Find the largest axis! slope. This value will be
(IM-IL)/{JN~JL).

Step 1l. Find its perpendicular line's slope. This value will
be —(JH~JL)/{ IM=-IL),

Step 12, Pind the 3/4 point of the largest axis of the loin eye
area, let i1t be (ID,JD), where ID=(IM-IL)/2 and
JD = (JM-JL)/2,
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Step 13. Use the wvalues. obtained from step 12 and the slope

obtained from step 11 to find the equation for the
perpendicular bisector. Using y= mx 4+h, whers y= row's
number, Xx=column's number, Now, m, the slope and the
point (ID,JD) are already known. Thus it is easy to
find b, ' '

The second method for finding the maximum distance 1s more

accurate than the above method, since it does not assume this

line goes through the midpoint. This method finds the maximum

distance between the left-most point (IL,JL) and several boundary

points in the right side. This algorithm is as follows:

Step 1.
Step 2.

Step 3.

Step 4.
tep 5.

S‘kep 6c

Step 7.
Step 8,

Use the method mentioned above, from step 1 to step 9.
Prom point {IY,JM), test its next column point (IN,JM4l),
(IM,IM+2),..eetc,, until find the boundary point. Suppose
this point is (IR,JR), then £ind the distance betvween -
point (IL,JL) and point (IR,JR), let it be D.

Find the next clockwise direction boundary point from
point (IR,JR). | |
Pind the distance between this point and point (IL,JL).
Use this method to find 10 continuous boundary points
and calculate their distances to the point (IT,JL),

Find the next counterclockwise direction boundary point
from point (IR,JR).

Find the distance between this point and point (II,JT).
Use this method %o find 4 continuous boundary points and
caleculate thelr distances to the point (IL,&L).
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(3)

- Step 2, Is this point an approximate solution to the line eguation?

Step 9.

Step 10.

Step 11.

Step 12,

Step 13.

Step 14.

Compare these 14 different distances with D, and find
the maximm one,.

Record the point which is the maximum distance to point®
(15,95) as (IR,JR). |

Find the largest axis! slope. This value will be
(IR=-IL)/(JR~JL),

Pind its perpendicular line's slope. This value will

be =(JR-JL)/(IR-IL).

Find the 3/4 point of the largest axis of the loin eye
area, let 1t be (ID,JD), where ID=1/4 X (IR-IL)+IL
and JD=1/4 X (JB-JL) +JL.

Use this point and step 12's slope to find the pexrpen-
dicular line's equation. The method is the same as first
method's step 13, '

Find Boundary Intersection
This algorithm finds the intersection point bastween loin

boundary and perpendicular line's equation. The following steps
are used for finding this intersection peoint,

Step l. Find the next boundary point in counterclockwise direction

from point (IL,JL).

Step 3. If not, find next counterclockwise éirection boundary

voint, then go to step 2.

Step 4. If it is, then this point is the intersection between

loin boundary and perpendicular line's sgquation.
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(4) Pind Fat Intersection
| Define the intersecvion in last section as A, Then using
this point the boundary point between background and fat can
be found. Using this point's row as a starting poin%, find an
edge between fat and background in this row, then calculate
the distance from this edge to point A. Moviug counterclockwise
along the background and fat edge, calculats a new distance
until the edge point is an approximate solution to the line
equation. Comparing these distances and find the shortest one.
This shortest one is the fat thickness. The following steps
are used for finding the fat intersection and thickness.
Step l.Pind the boundary point between background and fat in
the row of point A,
Step 2. Calculate the distance beiween this point and point
A and save it.
Step 3. Is this point an approxinmate solution to the line
equation ?
Step 4. If not, find next counterclockwise direction boundary
point then go to step 2,
Step 5. If it is, £ind the shortest one in step 2's vesults.
This distance is the fat thickness. |
The following flowchart{ (Fig. 12) 1s used for finding the

fat thickmess,
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Point at location
(IL,J5)

Y

Find next counter-
clockwise direction
boundary point

pproximate solution
the line eguation 2

IX = row's number
JX= column's number
point A (IX,JdX)

Find boundary vetween
background and fat

D=distance between
this point and A

D is the
fat thickness

SToP

T P

pproximate solution
the line equation ?

Pind next counterclock-
wise direction boundary D=8
point between fat and e _
background

L

B =4distance between |
this point and A -

Fig, 12. The flowchart for finding the fat thickneas,



IV, RESULTS OF CAICULATIONS

Using the algorithms mentioned above, for Fig. 2a, the
loin eye area (LEA) was calculated to be 13,86 square inches,
fat thickness (PT) was 0.303 inches and the jield grade (YG)
was 2, For Fig. 2b, the LEA was calculated to be 11,59 square
inches, FT was 0.707 inches and the YG¢ was 4. For Fig. 2c, the
LEA was calculated to be 15.41 square inches, ¥T was 0,223
inches and the YG was 1. Figure 13 shows the final output
obtained by processing the data in Fig, 2 using the algorithms
mentioned above. Ones indicate the boundary.

The estimates obtained via human processing for Fig. 2a,
IEA= 14,1 square inches, FT= 0,3 inches, hot carcass weight
(ECW) =838 1lbs, the #KPH=2,5, and the ¥G=2. For PFig. 2b:
LEA=11.6 sgquare inches, FTI'= (0,7 inches, HC7=887 1lbs, the
“KPH=3, and YG=4, For Pig., 2c: LEA=1l square inches,
PT=0,22 inches, HCW= 817 lbs, the %I(i’ﬂ=3, and the YG=3.

Comparing these resulis, i‘or Pig. 2a and 2b, it is scen
taat the Y¥G, PFT, and LEA are almost the same., But for Fig. 2¢,
the results of the LEA and ¥G are quite different. After
examining the pghotograph with Department of Animal Science &
Injustry, it was found that no record of the same cub of beef
\;J_as available, The data for Fig., 2c¢ that they do have i1s

pertineet to another photograph,
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GHE IS THE BCUNDARY BETWEEN FAT AND MEAT
233333233333333322222233322222220000400000000000000000000000000000000000
23333322333333333322223332222222003000020000C000000000C0000CC0OC0COGO2G0Q
22333322223333333332223332222222000000€¢00000000000009060CCACCO0000C0CGID
22333322222233333333223332222222000000600000000000000000000000000030G220
222333222222233333332233323333222200C0C0C0000000000000C000CCCO0000C0CICZ
22233322222222333332111233333322232000000000000000€000000000000000000022
2222332222222222111133211123333323333000€0000000000000000020000000000C22
22223322222222213333333333112333233333333300000000C600000C00CC0C000002222
22222322222222133333333333331122322333332300000000C000€00C00002222222222£000000000000000000C000CI0000G302222222223333333333333333322323322222222
050200000000000000000C0CCN0C0ORC00222222222333333333333333222223222222222
0G000000000000000G5000000000000000002222222223333223222333222223222222222
860200000000000000000000000003000000222222222232333332332222222222222222
0260000000000000000030000001000000002222222222233333332332222222222222222
0000000000000000000000000006000000060222222222233333332332222222222222222

Fig. 13a. The outcome of Fig. 2a by using the algorithms
mentioned in this report.
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ONE IS THE BLOUNCARY BETWEEN FAT AND MEAT
2333333322222222222000005032710010:3600UCHG0CA0I00C0COCLC0CA00024,22222222
223333343222222.222233033G8003373C3023030:230042333)0531331393)3333022:22232222
2233523233322222222220000Co000000Ld00C0CGCOGSCOCHGHGCCaCa0CCL2:222222222
2233333333333322222,22200C02000000000000000602000G6GL0CC0A022222222222222
2223233333323333322222223023002003993333C63C83032093333L20000023322:222L2222
2222233%33353333222222222222000C)0C00:3GC0CN00CACELCCLCCLGR333222.,224222222
22232332333233232°222222222200C0 30000362 303003000C0009:0333333£2222222222
22227333333333333222323222:22222.203C000LLCICCCCC0M022222243235333322222222222
2222233733323 111111232222222222220J00CGC0C0C22222222222222232322:22222222
222272231111 1332233330 12222222222 220227200)2222222220222:22223232202¢0222222
22222221553333333333331211022222222222222222222222224222222233300c22222422
22220°212%33333333333380133112222222222222222222252272222222323222722222222
22721133333332323337331132311220222221112222222822220 222222285220202£42222
2¢2133333334333353333332335331L1122211333122222222222022222222482022222222
221%1433233333232332333333333233331113333111222233101110°271122322:222.22222
221373332333 33333332333233323 11 1233331113231122113323211413311224:22222222
2213}335333?3353333333333333333333333333313311333335333533331’227'222222

22133333332333333333335343333332333433333333333335352533313333122,22222222
2°21332433353230433233322333353553332353.3333333:23:23 3,_4'“'3172L1£2222’7
222123333333233352333335333533333335 3j3i!i35333*j’3J53_: 3311220222222
2222133332333332333233333333023333233333335353233353533333533321424.522222222
222221i333333333333333333333333333333333333333333335:3 323331222£22223222
2222221[333353333333333333333333333’33333353333335" 3333211122222222222
222222221332 343253353532333333333533333333333535332335334 3: 3331122222222z

022£22222133333222332433333533322335333332333333233=233322

3
33
22
23
32
3
|

3

33323312:2222222
UDZ222222211332325333493333333333333533333333233333333232323333L32122822222
G00222222222133323233332334333233232332333333333322323382522322:23172222222
OCS02724222221123232233%333333332435333333334323335332355235324:3331222222
0033322222222221113323733332133 J35"J335 323333333333333333353553L314£2222
OOCILDN222222222221132323533433233253333232435335333322234822232:52521222222
0000“9“7232_2222”’”2‘1133q313*4j3 33733372 333333353333324233333253422122232:2
Q0030 Iuc0222232442222221323333533L355332332335435023303332332353353321222224
COCOCO0SG022 2222222222221 132333333333333 4533333555353 2233333323132353122222

03IN0IGIINN22222222222222212333332323333133333313232333335333353531242422
G230 IDIA0DI22222222222¢272211 33232 333333111111121 93222233 2 aR 32 I DA
QOCOCIGTOCON000022222222222221133231153312222221103235332533333333122:22222
03)3“])0303)030002222224222¢2¢2111L£2112222"2133323j33;J4133*3’12¢222122
CLOS000IC05Q0000C022222222222222202¢22222222213335333333433343333122222222
OCOnICIG )0IINDNISVIIINL2L2222222222222222222222153535:33233533311222222222
0C0ICHIN0DICLOICO0IC0G002222222222222222222213332:353333111122:222222222
00000330 C0030CCIATCO00I0000022222222222222222221313535331122:2522222222222
00070723395233223233003333003))2222322222222222222 21011110222223333222222222
00GSG0Y3IGNGS25C0C00000C00060 3222222222, 2223333333353 32253332252532222222
OGO‘DJJJP”nﬂ}J}COFOOEQOCPGOCu32&2Z?c2£¢£522’3333353a3l?5333?353332222222
UJCGL‘JJJ“UJqQOGOLu;,D“L{JG}C“)’2;2&224222¢333333jJ4 32¥32332333533222222
NGORCIMIC00ICIQUINNII0ACC0IN0N2222222222 222333333335 3224433333343222,2222
033@91!“]00]]1‘1)“J‘J30 J0IIVI22 2622222022233 32333557533253333335532222222
0C00IG0C2CONCCIACCAVNIRCTONN0DIL2 222222222223 23332333322 8232232323 44222222
006233333800 3CCLINI0NIAC L0022 2222222232 2333335332333233333233532.222222
000003203000 I0C00000wA0CO80I0 522242222 22232335333532253233533532222222

Pige, 13b. The outcome of Fig., 2b by using the algorithms
mentioned in this report.
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-

S THE 3QUNDARY SETWEEN FAT ANC MEZAT

22333332233733532333 3233453323333 )00030G6033006293300232303330222003332330723
Y2222222233333333323353532323535,C0LCCCICCCICIL0TLCETCCICACCCICIo0TIgad
22222222223%3333333333123333332335332300002C20000059.3C3C2C0CUICAI0ICELEA0000
222222222210 11101111122233%33332323323C3C00320313992038C5C2CLCGCLI00u3TUI
222222222135 333333325311111223333423323353060COCHCLEACCEACICCCA32CCCCLLTD
2272222113333%5332333332235111112223%333323330002222022323333322233030)
222222133332 3323333333323231333311012523233323333533222222353323533322222222
2722213333732 3343237233 333332322333 32111233323332332343322243332333322202222
2222133333353322333333323531332:3233301233333333453,33353332333322.22222
2221333133333333353353323334534443333334321L11102333333433332531334223522222:222
2272133334323233223332353:43333333332354533333331233323393333333220222£222222
2213333333335332332333325333328333233533333333251233353333232333332£22222222

22123334333333233335333533333343335333333333331222222323533332333322.2222
221233343333352533343332332253233332332323333311 1101102223223 2223524222222
222133333333333323333333333333333323533353333133325331122222422322.2:22222
22213332333$333234333333233333333333333533333333233,522111122225532422227
U22213333%3333332323333233335333353332332435333333353535222423111122222£2222
00222133233333933322233323333333432323333353233333233:32234523322212222:.2222
NNZ222213533523323333333:5333233333353233332353333333313332242332331232222222
00022212323323333333335333333433532333333333333933243323223333231224222222
0N0NN22113353232323333323335332343235333335333333353353383332312232222222
0192))2213333335332432 523233235333 33323923233323333533,53232,33332312222.2222
OCONMINA21333333333¥ 3222323332393 35433332333353332253333331343132120222222
QCO00JC02213339333343793233323335335333333333335222533233322332122:2222
OuLDUN0II2221 32333333235 2335353333353324333233353323231033233222333312222222

0000000022212 423333335 3233333353235333333333335,534313542232232321422222
G333000100J2202333333523233332333223343332325553331353323333333285131222222
SUODL000CC002215332332372023333333333323323333393353332332232322233331222222
00000013000 02213332333%333333333533333333333333333333333533433331222222
099393337033 3922113233333 2%232221231,5533333323232235332233:333332212322222
CO00NN0LIC0I0C02221)33303532323233333335222233333232332332332233821222222
000000CSIC030000022213351233533333333333332333333533333323533333312.2222

QGINCOLIUCUL I0IG0022213333%333355323543232323353335333333353233331222242
0CCI0203ACA33027N0022213533333333332333333335335333335252323123132123.222222
023332)333033333032303022213%33333233333333333333333533232333333312222222242
QUOO0NU0oCANCL0C000NU2241135333335333223332311352233325483333312222222222
000200002000 730800000002221333233533232332311133333332332334312122522222222
JD3333C350973)033300230G090222113333335232311113332322223535331222222222222
03390035 CNLCICCT000CINDCC2221103323333331221333933324232333212432222422222
GGO304009803N3CeICONCeNCC0I2222111111011221333333333533331124232:20222222
UZC00U02I000IILUR0UDSCLICIVN000242222222221333333333333323122223332£422222222
CCOOLO2CICONCULS003LI0OCUNIN002222222222133333333553332122323232224222222
5332369223095 330 3320380 3033105022222222201033333353233233123333332222222222
QUS300000000 350309 000CO0ANIN0CON22222226 211330353233 112323335223822£224222
00020000 00NQSCCOCO00CALCNACCO0NNN2: 2222222013332 323122332332222225222222
DGB35000536G 33011008000t CLlUCIuIN03e22222222 1L 1122323333 32482482¢2¢2222
CONL 0003309 0CE200I0300300C00CI3GU0022222222225 2422383823132 222222222422
0G0GN13D33) 31318300 3309GI933033030D30222222222222222333533332222222222222
DG000UUYIT0IIVLUICANGIDCGCCILCALIGCCODGL222282222222223333333:2222222222222

Pig. l3c, The outcome of Fig, 2¢ by using the algorithms
mentioned in this report.
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v.

CONCLUSION

~ fhe algorithms presented in this paper enable one %o
readily compute the loin eye area, fat thickness, and with
the input of other factors, to obtain the yield grade by
vsing the microcomputer, The estimated time requirsd for

whole system by using MC 6800 microcomputer is about 7 seconds

. for real meat, Transfering the data from photograph to memory -

will take about 0,5 seconds, finding the bowndary of loin

' eye area will take about 1.7 seconds, finding left and right

most colums will take aboubt 0.3 seconds, finding loin eye
area will také about 3 seconds, finding the largest axis of
the loin area and its perpendicular linet!s equation will take
about l.2 seconds, and finding the fat thickness will take
about 0.2 seconds,

If the system uses a CCD cemera with 226 X 492 celis,
the scale wunit will be approximately 1/32%, Then, the maximum
error will from -0,078 to +0,078 for 2,5FT and from -0.048
to +0,048 to -0,1 to -0.,1 for Q,3%2LEA, where -0,0438 to
+J,048 is for a 6 square inches LEA and-—0.l to-+0,1 is for
a 25 square inches LEA, Th2 typical values for loin eye arcas
are from 6 squars to 25 square inches,

Comparing this system and human judgement, one can find
that this system is as good as human judgement for isolated
cut of beef, and it is better than human judgement on line

production,
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APPENDIX

FORTRAN IV G LEVEL 21 MAIN DATE = 78133 13.

Q091 REAL B,D

0002 INTEGER A

Q003 DIMENSION At{&60,840)
C READ THE DATA FROM PICTURE

0004 READIS,2TTI ((A(I,d)yd=14T72),1=1,501)

0305 2T7 FORMATIT7211)

0006 WRITEL6,7864) L{A(L+J)sd=1,4T72),1=1,501

QQa7 786% FORMATISX,7211)
< MNI AND NMJ ARE USED TO FIND THE CENTER PCINT CF MASS BELONGS
c TO THE LCIN EYE AREA

0008 MNI=0

Qoos KMJ=0

0010 11K=1
c MIDDLE POINT OF THE PICTURE
c I I5 THE ROW OF THE PICTURE

H] B I=25
< 4 IS THE COLUMN OF THE PICTURE

oa1z J=36

0013 13=0

0014 3 =41
CHEXFIEFPFRRTAF R RN REER LR RN IX FEFEAFEREXRE R RS IR R kAR R T RER KFRTEEY
c FIND THE LOIN EYE BOUNDARY, RIGHT MCST AND LEFT MOST COLUMNS
CF3ak RAAFFEREE R EBABEXERER XL T IR IR IR LN FL XX FX TR RS TR XXX B BE XN IR REFFA X BN
c FIND THE FIRST BOUNDARY PCINT

0015 IFI(ALL »4)—-311543,5
c THE FIRST BOUNDARY POINT
c M IS THE MIDDLE ROW OF THE PICTURE

galé 5 M=l
c N IS THE MIDDLE COLUMM OF THE PICTURE

0017 N=J

' C MIJ IS THE LEFT MOST COLUMN OF BOUNDARY

oolis MIJd=J
c MAJ IS THE RIGHT MOST COLUMN CF BOUNDARY

gois MAJ=J
C K 1S THE TOTAL BOUNDARY PGINTS

0020 K=0

0021 AlIrJi=1

0022 GO TO 18

Q023 7 IF{J=MI4}1,1,2

0024 1 MId=J

0025 60 TO 9996

002¢& 2 IF{J-MAJ)B, 8,909

0027 908 MAJ=J

opz2s 8 GO TO 99%&

0029 9956 A(l,Ji=1

0Q30 IF{IM-T)118,+61:18

0031 él IF(I{N-J}])18,62.:18
c FIND THE OTHER BOUNDARY PCINTS

0032 18 K=K+l

0033 I=1-1

Q034 J=J+1

3035 G0 70 118
c THE LCIN EYE BCUNDARY ?

0036 62 IFIIK-40))63,63,64%
c NOT THE LOIN EYE BOUNDARY,; RESET THE BCGUNDARY PCINT

0037 63 All.J)=2

o038 I=i-1

0039 J=J+1

A
(o)}



FORTRAN IV G LEVEL

7040
0041

0042
0043
0044
2045
Q046
0047
_0048
0049
Q050
0051
0052
Q053
0054
9055
0056
0057
poss
2059
Q060
0081
Qo062
Q063
Q064
0065
0066
0067
Q068
3069
0Q70
aaTl
9072
0073
0074
2075
Q076
Qo077
Qo078
0079
00380
Qos8l
0032
2083
q084

3085
008é&
0087
Qoas
0089
Q090
0091
0092
Q093
0C9%4
2095
0096

72
82
83
92
93
94
95
96
77
84
86
a7
88
89
51
52
53
a5

118

T

16

75
$990

TP

70

12

11
15

21 MAIN

3F3(%ll.J)—1}372,63.72
IF(CAIT ,J)~1)182,63,82
J=J-1

IFL(A{LI J)-1)183,63,83
1=1+1
IF(LIALIJ)-1])152,63,92
I=1+1
IF({ATI,J)-1))93,63,93
J=J+l

IFU(A{L ,J)=1)194%,63,94
J=J+1
IF(CALIJ)-11195,63,95
I=1-1
IFICALI,J)=1)196,563,96
1=M

JaN

J=J+1

IF((ALI ,J)-11)84%4,85.,84
I=I+1
IF((A{I,J)-1}))8B5,85,86
J=J-1
IF{{A{I,J)-1)187,85,87
J=J4-1
IF({A(I,J)-1)}88,85,88
I=1-1
IF((A(I,J)-1))89,85,89
I=I-1
IF((A{I,J1-1)151,85,51
Jaygrl
IF(LAtI,J)-11)52,85,52
J=J+l
IFCCA(TL 4 J)=11153,85,52
I=M

GC Ta 3

AlI,d)=2

GO TCQ 77

IF((ALI ;43-3))9,;10.,9
IF{J-MIJIT3:73.:74
MIJ=Jd

GO TO 9990
IF{J=MAJITS,T5,76
HAJ=)

GO TO 9950

AllsJd)=1

FINISH THE FINDING CF BCUNDARY

IF((M=1)170,71,70
IF{IN=J)1}T70,62,70
K=K+1

I=]+1

JzJ+l
IF{{AL{I,J1-3)111,12,11
I=1=-1

IF(LALT yd}=3219,414,9
I=1-1

GO 7O 118
IF(J-HIJ)15,15,+16
MIJ=d

DATE =

78133



FORTRAN IV G LEVEL

QQ97
0098

04a99
Q100

0191
0102
0103
0104
0105
0194
0107
0108
0109
oi10
Q111
aliz
o113
Q114

0115
J11é
0117
ollis
ol19
0120
2121
o122
0123
Q124
0125
G128
0127
alzs
3129
0130
0131
2132
0133
0134
Q135
Q136
2137
0138
0139
01490
Q141
0l4a2
0143

2144
0145
0146
d147
0143
0149
150

oLs1-

16
903
17

22
24
20
28
20

10

i0l
100

39
40

21 MAIN DATE = 78133
GC TG 9991
IF(J=-MAJIL1T7,17.,908
MAJd=J
GC TO 9991
FINISH THE FINDING OF BGUNDARY PCINT 7
All,di=1

IF{(M=-11)80,81,80
IF{{N-J]1)80,+62,80
K=K+1

[=1+1

J=J-1
IF{ACTJ1-31219,20,19
IF{J=-MIJ)21,21.,23 =
MIJ=d

GO TQ 9992

IF{J=-MAJ) 25,25,26
MAJ=J

GQ TC 9992

Al di=1

FINISH THE FINDING OF BCUMDARY PCINT 7
IF{(M-1)190,91,90
IF{IN=J1190,582,:90
K=K+l

I=i-1

J=4-1

IFCLACT ,31-3)17,22,7
I=1+1
IF{CALTIJI-31138,24,38
I=1+1
IF{{ALI,J1}-31)19,42,19
J=J+1
IF({LAL] v J)=-30111,28,11
J=J+1

IF{{A(I +J1=31111,30,11
I=1-1
IF(LA(L+3)=3)}1%¢14,9
J=J-1

IFL(ACT ,J)=3217,34,7
J=J-1
IFUCALT o d)=3))7,37,7
I=1+1
IF{{A{]I,J)-3})38,39,38
IF(J=-M1J)27,27,29
MiJ=J

GO TC 9993
IFlJ=-MAJ}31,31,22
MAJ=J

G0 TO 9993

All.Jdi=l

FINISH THE FINDING QF BGUNDARY POINT ?
IF{(M-1))100,101,120
IF{{N-J) 100,662,100
K=K+l

I=[-1

J=Jt=1

GQ TG 35

I=1+¢l
IF{CALT 2 J)=31)119,42,419

il
w

13



FORTRAN IV G LEVEL 21 MAIN DATE = 78133 12

g152
0153

Q154
0155
2156
Q157
0158
0159
0160

olsel
0162
9163
0lé4
Q165
Q166
0167
0168
0169
0170
a171
0172
Q173
2174
0175
Q17é
QL77
0178

o179
ol30

01sl
ols82
0la3

0l8s
01as
Qls8s
Q187
o188
o189
0150

191
ols2
0193

0194
a1598

42  J=Jd+1
IFT(ALL +J}=3)043,4%,43
43 IF(J-MIJ133,.33,3¢

33 MIJ=Jd

GO TO 9994
36 IF{J-MAJ)54,54,55
55 MAJ=J

54 GO TO 9994 -
9994 A{l,J)=1
c FINISH THE FINDING OF BCUNOARY POINT ?
IF((M-1)1110,111,110
111 IF({N=-J}1}110,562,110
110 K=K+l
I=[+#1
J=J-1
GO TO 40
&4 J=d+l
IFLLALL vJ)=31143,46,43
46 I=1-1
IF({ALL+J}-32)9,448,9
48 IF((K-=1}114,49,14
49 J=J-1
All,Jdi=2
GO 70 3
64 WRITE(&,1950)
1550 FORMAT{("1',3X,"CNE IS THE BOUNDARY BETWEEN FAT AND MEAT*)}
1951 WRITE{6,20L)1((ALLI,J),J=1,72),I=1,50}
201 FORMAT(5X,T72I1)
CEXTAREEEFXIIREEIFNEREFEFEIRRAZTFER IS AR EEFE X R BREZX RN AT RR R AR T RN R

c FINISH THE FINDING CF 3CUNDARY POINT
CHAZEFRINEFF XX AN NERXIXEXF XX IR IR AT RXF AP AIXII I AR XTI 222 A FX RPN RR:
I=1
J=MIJ
c
c FIND THE LEFT MOST POINT CF LLCIN EYE BGUNCARY
c
899 IF{(All,J)-1)1801,802,801
801 I=I+1
GC TG 899
c (IL,JdL) IS THE LEFT MOST POINT GOF LCIN EYE BCUNCARY
802 JL=J
IL=1

WRITE{(6,1952)IL,JL
1952 FCORMATIU///,3X,'THE LEFT MCST POINT AT IL=",12,3X,'JL=1,12)

JR=MAJ
WRITE(6,190C}JR
1900 FORMAT(///,3X,y'THE RIGHT MOST COLUMN JR=',I2)
c L IS THE TOTAL MEAT CELLS INSIDE THE LGIN EYE AREA
L=0
c LL IS THE TOTAL CELLS OF MARBLING
Li=90
c LLL IS THE TOTAL BOUNDARY PCINT IN SGME RC4
LLL=1
I=H
4=1
CRRELIXREA AR H BB R AR SR FRF SR RS T AR IR AR IERR SRR A AE AR AR SH S IR R I RRR R LRI R
c FIND THE MADBLING AREA AND LOIN EYE AREA

CETEEEZXAAX XX XXE IR EXIRXEXAREXR XX I XE XA EXXEZ IR X RTAI TR NN RR B XX WA



FORTRAN IV G LEVEL,

0196
o187

oiss
2199
0200
0201
3202
0203
0204
2205
0206
0207
9208
0299
0210
2211
021z
Q213
02l4
0215
021e
Q217
0218
0219
Q220
0221
0222
0223
Q224
0225

0226,

3227
0228
0229
0230
Q231
232
0233
0234
2235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
Q246
Q247
0248
0249
0250
0251
0252
2253

500
200

300
400
600

800

221
700
900
160

120
150

180
262

350
320

330

340
380

310
370
390
460

427
450

480
360

361
1979

21 MAIN DATE = 78133
IF((ALT ,Jd)=1)1200,221,200
J=J+1
IF((J=-T2))1300,300,400
LLL=LLL+1
GO TG 500
IF((LLL-72)1800,600,600
LLL=1
I1e=1
GC TO 282
LLL=1
I=1+1
J=1
GO TO 502
J=d+l
IF({(J=-T2)) 700,700,800
IF((A(],J)-2)1)180,20C,5C0O
L=L+1
MNI=MNI+I
NMJ=NNJI+)

JaJel
IF{{J~-T72))120,122,800
IF{{A(Ll,J)=-2))221,150,900
LL=LL+]

MNI=MNI +1

NMJ=NNMJ+J

GO TO 180
IF{{A(I,J4)-1}))200,221,200
I=m-1 .

J=1
IF(LA(CI,J)=-1))320,310,320
J=J+l
IF((4=-721)330,3390,340
LLL=LLL+]

GO TO 350
IFIILLL=-T2)13804360,3260
LLL=1

I=1-1

J=1

GC TC 350

J=J+l
IF((J-72))370,370,380
IFCLALL ,J9-2)1)480,320,4390
L=L+l

MNI=MNI+]

NMJI=NMJ+J

J=J+1

IF((J-T2)) 420,423,380
IF((A(I yJ}=-2})310,450,350
LL=LL+]

MNI=MNI+I

NMJ=NMNJ+)

G0 TC 460
IF{(A{I,J)-11)320,310,320
[A=]

WRITE(6,361)L
FORMAT(///7,3X*THE TOTAL CELLS FOR MEAT ARE!',IS5)
WRITE(6:.197T9I)LL
FCRMAT(///+3X.*THE TOTAL FAT ARE?,I5)

40

13



FORTRAN IV G LEYEL 21 MAIN DATE = 78133 13

0254
0255
n25é&

0257
0258
0259
0260
2261
0262

0263
3264
0265
0266
0287
0268
0269
0270
0271
2272
0273
0274
2275

02756
277
0278
0279
g280
028l
Q282
0283

0284
Q285
0286
0287
0288
0289
0290
2291
a2s2
0293
0294
Q295
Q296
0297
0298

C XL IS THE LCIN EYE AREA
XL=L+LL
WRITE{6,3678)XL
3678 FORMATI(///+3X4s'THE LOIN EYE AREA IS',Fl2.6)
CEXREXFFIXABIFARIIIXFARAXARIFE IR PAFF AL XXX IFIA IR IR IT R AR R BRF X IREEFRE S

c FINISH THE FINDING OF MAREL ING AREA AND LCIN EYE AREA
CRIXEFFATIFR XXX FBIAXTIFRIXXRF TR P IFTIFRSERSF XX F IR BB B XA XS RBIH FIRXET
c (XXI,XXJ} IS THE CENTER PCINT OF MASS BELCNGS TC LOIN EYE ARE

XXI=MNLI/{L+LL}

XXJ=NMJZ7(L+LL)

WRITE(6,401031XXI,XXJ

4010 FORMATU///7+23X ' THE CENTER RCA=*,F8.4¢3X,'COIUMN="4FB.4}
WRITE{6,1949) IA,IB
1949 FORMAT(////3X,'UP ROW IS5',15,4X,'B0TTOM ROW IS5',15)
CEPRRERIARARFEITRERE R LRI XL AL LT AP AIFEILEERE I IR TRV ILLRR A RE R TR S

G FIND THE 3/4 POINT OF LARGEST AXIS CF THE LCIN EYE AREA BY
c USING THE- FIRST METHQD
CEXEFXBNABABXXARAXTRXASBAXIXAIVFR XX IXAFIXXA AR X R IR AFH B e RR IR B RRD T4
c (IMyJM) 15 THE 3/4 PCINT CF LARGEST AXIS CF THE LCIN EYE AREA
IM=(1A+IB) /2
JM={JR+JL)/2

W= {JM=-JLI® [ JM=-JL}
WW={IM=IL)*(IM=-IL)
WY=W+Wh
0=SQARTI{UWY)
IAA=1IL
JBB=JL
I=[L-1
J=JL+1
K=0
KK=5
718 IF({A{I,J}=3))709,710,709
C CALCULATE THE ODISTANCE BETWEEN BOUNCARY AND CENTER POINT
T09 W=({[=IM)={]I-IM}
Wh={JM=J)* (M=)
HY=W+WHW
B=SQRTLWY)
IF((D-B))1100,1101,11C1
1100 D=8
IL={
JL=J
c FINISH THE FINDING OF LARGEST AXIS OF LCIN EYE AREA IN
[ CLOCKWISE DIRECTION
1101 IF((K-KK)1750,751,751
750 K=K+l
I=1+1
J=J+l
IF(CACIJ}=-3))T711,712,711
TLL W=({I=-1IM}=*(I-IM)
Wes( JM=J)*={ JM=J])
HY=W+WW
B=SQRT{ WY}
IF{(D-8)11102,1103,1103
1102 D=8
IL=]
JL=J
1103 IF{{X-KK)) 740,751,751
T40 K=K+l



FORTRAN IV G LEVEL

Q299
0300
0301
Gg3a2
0303
0304
0305
Q306
Q307
a308
0309
0310
0311
0312
0313
0314
0315
Q316
2317
0318
0319
0320
0321
1322
Q0323
Q324
2325
2326
Q327
03z2s8
0329
Q330
0331
0332
Q0333
Q334
Q335
Q336
Q237
0338
0339
0340
q341
Q342
0343
2344
0345
0346
Q347
0348
1349
3350
0351
0352
03532
Q354
Q355
0354

719

1104

1105
770

707

1108

1107
741

710
T34

T35
738

1108

1109
760

T12
714
720
728 -
T22
T42

21 HAIN DATE = 78132
I=1+1
J=J=-1
IF{(A(I,J)=3))T12,T20,719
W=(I=-IM)=([~IM} :
WH=(JM=Jd)*{ JH-J]
WY= W+
B8=SQRT{ WY}
IF{{D-8))1104,1105,11045
D=8

L=l
JL=J

IF{(K-KK}} 770,751,751
K=K+1

I=1-1

J=J-1

IF(CALIL »J)=3))707,722,707
n={=-IM)={]-1IM)
WH=( JMN=J) = (JM=-J]
WY=W+WH
B=SQRTIWY}
IF{(D-B))1106,1107,1107
0=8

IL=1
JL=J
IF{(K-KK)}T41l,.751,751
K=K+l

I=1-1

J=J+l
GO TO 718
J=J=1
IF{CA(L ¢ J1-3)1707,734,707
J=J4-1

IFCCALT J)=3))T07,722,707
W={I=-IM)={ I-[M]
AWn={ JM=J)=(JM=J])

WY= i+
B=SQRTINWY}
IF((D-B)11108,1109,1109
0=3

IL=1
JL=J
IF((K=-KK}])T60:+751,751
K=K+1

I=1-1
J=d-1
GO TO 735

I=[-1

IF{{A(L ,J)=3)1709,714,709
I=I-1
GO TC 718
J=J+1
IF({A(IJ)=3)0711,728,711
J=d+1

IF{ACT «J}=-320711,712,711
I=l+1
IF{(A(T,J)-31)738,739,738
J=J+1
IFULALL 4 J)1=3))T43,T44,743

o
o
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FORTRAN IV G LEVEL 21 MATN JATE = 78133

25T T43 wW=lI=-IM)}=(I-1M)
0358 WR={JM=J)*(JIN=-J)
3359 AY=H+NW
0360 3=5GRTIWY!}
J3é61 IF{{D=-8))1110,1111,12111L
0352 1110 D=8
0363 iL=1
0364 JL=Jd
c FINISH THE FINDING OF LARGEST AXIS OF LGIN EYE AREA IN
c COUNTERCLCCKWISE DIRECTION ?
0345 1111 IF((K-KK}}TTL,751,751
0356 T71 K=K+1
0367 I=1+1
0348 J=J-1
0359 G4 TC 779
Q370 Teésd J=d+l
0371 IF(TACL 4 J}=3))T743,712,743
0372 739 I=[+1
0373 779 IF(LA(L,J)-3)}T719,742,719
0374 751 I=1AA-1
9375 ' J=.JB8=-1
0376 K=3
0377 KK=5
Q378 G0 TC 635
0379 622 I=I+1
0380 IF{CA(] ,J)-1)}639,638,639
Q381 439 I=I+1
0382 640 IF{(A(I, J)-1)1842,619,642
0383 642 J=J#1
0284 [IF{LA(Ll+J)=1) 644,643,844
3385 644  J=J+l
0286 IF{LA(I JJ)=1)1612,643,4612
0387 6l2 I=i-1
0389 IFCLALIL ;J)=1)1614,609,614
0389 &1 I=I-1
030 618 IF((A(I,41-11181Q,480Q09,45610
0391 613 J=J=1
9392 IFL(AIL J}-1)1634,607,634
393 634 J=sJ-1
1394 635 IF((AII,Jd)-1)}1622,6074622
Q3485 638 W={I-IM)=(I-IM}
0394 W= M= J % (M=)
2397 WY=W+HW
0398 B=SQRTUNWY!
0399 IF{(0-8))1112,1113,1113
0430 1112 C=B
0401 IL=1
2402 JL=J
0403 1113 IF{IK~-KKD))}661,651,651
0404 661 K=K+l
3405 I=I-1
0406 J=J=1
0407 GO TC &35
Q408 619 W={I-1M)%{I-IM])
0409 Hn=(JM=d)x(JH~J)
0410 HY=hi+WW
0411 B=SQRT(WY)
0412 IF{{D=-8))1114,1115,1115
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0413
J4lae

0415
0416
3417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
044k
0445
0444
0447
0448
0449
0450
0451
0452
0453
0454
2455
0456
0457
0458
0459
0460
0461
0462
2443
0464
0465
Q466
0447
0468
0469
0470

1114

1115
671

643

1116

1117

68l

609

1118

1119

691

611

1120

1121

601

607

1122

1123
677

21 MAIN DATE = 78133
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IL=1
JL=J
IF{{K-KK}}&T1,651,651
K=K+l

I1=1-1
J=J~1
IF(LALI,J)1-1))622,607,822
Ws(I=IM)*{I-1IM]
Wh=(JM=J) & JM=-J )
WY=W+Ul
B=SQRTIWY)
IF{{D-8))1116,1117,1117
C=8

IL=1I

JL=J
IF{{X~KK) 1 681,651,451
K=K+1

I=i+l
Jd=4-1
GO TO 8440
W={I-IM}={ I-IM}
We={ JM=J)*{ IM-J}
HY=W+WW
B=SQRT( WY}
IF({D-B)}1118,1119,1119
D=8

It=]
JL=Jd

IF{{K-KK)) 691,651,651
K=K+1
{=1+1
J=J+l
IF((ACT ¢ J3)-1))612,611,0612
W=(I-IM)={I-]M)
W= JM=J)=(JIM=-1])
HWY=H+WW
B=SQRTI(HY)
IF((D~-B))1120,1121,1121
0=8
IL=1
JL=J
IF{{K-KK} 601,651,851
K=K+]1

I=1+1
J=J=1
IF(1ALT,J)~1)1620,619,620
W={I-IM)={1-IN)
Wh={ JM=J) > {IM—J}
HY=W+ul
B=SQRTIHWY)
IF({0-8111122,1123,1123
D=8
IL=1
Ji=J
IFLIK-XKK)} 677,651,651
K=(+1
I=[-1

13,
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0471
0472
0473
0474
Q475
0476
0477
Q478

Q479
2480

0481

0482
0483
0484
0485
0486
0487

0488

0489

0490
0491
0492
0493
04394
04495
0496
0497
0498
0499
3500
0501
0502
2503
0504
0505
0506
0s07
2508
Q509
0510

J=J+l
G0 TC 618
620 J=J+l
IF({A(T ,J1-1)1628,611,628
8§28 JsJd+l
IF{{AlL,J)-1))612,611,612
651 I=IL
J=Jb
c (X1D,XJD) IS THE 3/4 POINT GOF LARGEST AXIS CF LCIN EYE AREA
CEERERXFFENIRIXEFFUZZREEFEFFEZFFFEEIBEXXRILFF XS ARITFF ISR I IR FEETER ¥ &
c FINISH THE FINDING OF 3/4 PCINT OF THE LARGEST AXIS OF LOIN
C EYE AREA BY USING THE FIRST METHQO

CEEeRI IR B R S ASRRT TR E AR IFINFE AR L ID I RE Pk r IR R TP T oWk
(e 2T EE R -REE SRR ESEELIELSEEE AL EERE LS LR E ST RS LSRR BT F
c FIND THE PERPENOICULAR LINE EGUATION
(R LA AR ER o2 e PR LEEEEEELEE SRS LSRR RS LA ESEEEL LSRR OSSP
XID={IL+IM)/2
XJD=(JL+JM] /2
c {XIL,XJL) IS THE LEFT MOST BQUNDARY POINT
AIL=1tL
c {XIM,XJM} IS THE MIDDLE PCINT OF THE LCIN EYE AREA
XIM=1M
XdL=JL
XJM=JM
4000 IF{{XIL-XIM))11961,1962,1961
1962 XIL=XIL+1
1961 X=(XIL~XIM)/{XJL-XIMI
C IS THE SLCP CF THE LARGEST AXIS OF LOIN EYE AREA
C=1/X

B8 15 THE LINE EQ. WHICH IZ PASSED THROUGH 3/4 POINT AND
PERPENDICULAR THE LARGEST AXIS OF THE LCIN EYE AREA

OO0 O

BB=XIC+C*XJ4D
b 2 e - EL AR LR LR ELE SRS L EE SR bR s R RS A R R RS EL L S 2L L
c FINISk THE FINGING OF PERPENOICULAR LINE EQUATICN
CHFERRXF LY TR RRE XX XZ X FHAEXEFRE I FF I XXX IXBEZF IR EEXSFF R R RS EXI BN ERT
WRITE{6,1901) IL JL,XIM,XJM
1901 FERH‘T‘/II.3X,'IL"|IZ.3X.'JL=.912.3X,'X‘H"|F8-413X|‘xd:="F5
WRITE(6,:2100) X,XID,XJO
2100 FORMATL/ /733Xy %= 3F9.6,3X, ' X10=",F8.4,3X,"XJD=",FB. 4}

I=1L-1
J=JL-1
GC TC 535
522 1=i+1
IF(CALL,d)=1))529,53E,539
539 I=I+l
540 IF((A{I J}-1})542,519,542
542 J=J+l
IF{CA(I+d}=11)544,543,:54%
544 J=J+1
IF((ALILI,J)-10)512,543,512
512 1I=i-1
IF(LALL,J}~11)514,5C9,514
514 I=I-1
518 IF(tA(I,4}-11)510,509,510
510 J=J-1

IF(¢A(I +J)-11}1534,507,534%

45
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0511
9512

2513
0514
0515
0516
0517
Qsie
0519
0520
0521
0522
0523
3524
0525
0526
0527
0528
0529
0530
0E31
0532
0533
0534
0535
0538
0537
3538
o539
0540
0541
Q542
0543
0544
0545
0546
0547
0548

0549
Q550
3551
0552
0553

0554
0555

534 J=J4-1

535 IFU(A(I,J)-1)1522,507,522
CEEFFTARTEIAXAIRFAR I IR IEXTI IR AR IRFFXXILIIRXLIIR XX IBRIE SR KX F IRX A
c THE METHOD TO FIND THE INTERSECTIGN BETWEEN BCUNDARY AND LINE
c EQUATICN

fof b T T § T 1T T T PP P e et
538 XJO=(I1-881)/(-C}
IF{{J-XJD1)577:559,599
577 I=]-i
J=J=1
GO TG 535
519 XJO={(I-88}/(-C}
IFL{J=-XJD))5T71,599,599
571 I=I-1
d=J4=1
IF(LA(I,J1~-1)1}522,507,522
543 XJO=(1-BB)/(-C)
IF(({J-XJD1)581,559,569
531 I=I+1
J=J-1
GO TO 540
3C9 XJD={I1-3B1)/(-C)
IFL(J-XJD]1591,595,599
591 I=I+1
J=J+1
IFL(A(L ,J4)-1)1)512,511,512
511 XJD=(I1-88)}/(-C}
IF{(J-XJD) 501,599,599
5§31 I=I+1
o d=Jd-1
IF((A{l,J1-1]1)520,519,520
507 XJd0=(I-BB}/(-C)
IF{(J=-XJD)1578,5959,599

578 I=I-1
J=J+l
GG TC 518
520 J=Jsl
IF{t{A(I,J4)-1))528,511,528
528 J=J+l

IF({A{T,J1-1))512,511.512

599 WRITE{6,1000) I,J

1000 FORMAT(///,:3X,%'3/4 POINT IS AT I[=*,14,3X,"J=1,14])
CHEXAFAFERATEIXFXBR AT RIA S PET 2R IR AR AR R WPk kR e R s R phr R S dh R RRE KK
c FINISH ThE FINDING OF INTERSECTION BETWEEN BUUNCARY AND LINE
c EQUATION
CHIFRBABTARFE A IXXRF A EAXR IXFEFX AR IR IR SRR RS ERE X TR ER T XRR AR X XK SR E R R
CHEXRRAFFXERIKAXE EXRNREX XL AR ERE XX BA FRER AR AR IR NRIF IR SR XS ER AR IH R EH R R KI

c FIND THE FAT THICKNESS
CEEEXAIPRXFIRRTAIAXAXAXERAIRE XX IR IXXLTAXARIARE IR XFFXXXIFAXIR S RX TN
c (IXeJX) 1S5S THE INTERSECTION BETWEEN BCUNCARY ANC LINE EQ.
IX=1
JX=J
303 [IFlA(1,J)1301,302,301
301 J=J-1
GO TO 303
c (IXX,JXX) IS THE BOUNDARY BETWEEN BACKGRCUND AND FAT
302 IXX=I
JXX=J

g
On
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0556
4557
0558
@559
0E&0
0561
0562
0563
0564
0565
0566
0567
0568
0549
Q570

0571
0572
0573
574
0575
Q576
0577
0578
Q579
0580
0581
0582

0583

0534
Q585
0586
os87

gsses
0589
0590
0591
3592

0593
0594
0595
0596
Q597
0598
0559
34600
2601
Qe02

IV G LEVEL 21 MAIN DATE = 78133 13,

c AX IS THE INITIAL FAT THICKXNESS
I=1+1
XX=J4%X-J
J=J+1
343 IF(A(1,J)1355,307,355
355 J=J-1
IF(AC(TI,J)1323,307,323
323 J=J-1
312 IF{A(I,J))371,307,371
371 J=J-1
GG TC 312
397 Xy=I-1X
XZ=J=-JX
XY=XY®XY
XZ=XZ*XZ
XS=XY+X2Z
C XW IS THE FAT THICKNESS
XW=SQRT(XS}
IF(XW-XX1358,397,397
368 XX=XW
IXX=1
Jxx=J
397 XJOo=(1-BB)/(-C)
IF((J-XJDY)388,399,399

388 J=Jrl
IFLAL{I,J))319,307,315
319 I=1+1
GO TO 343
399 WRITE(6,1001) 1,4
c THE ANSWER BY USING FIRST METHOD
1601 FORMAT(///,3X,'0OUTSIDE 3/4 POINT IS5 AT I=%,I14,3X,'J=1,141]
c THE ANSWER BY USING SECCND METHOD

WRITE{6,1234) IXX,JXX
1234 FORMATI(///+3Xe "QUTSIDE 3/4 POINT 1S AT I=',14,3X,%J=4,14)
WRITE(6,41404) XX
1404 FORMAT(///43X,'THE DISTANCE BETWEEN MEAT AND FAT IS',Fl2.6}
CHEEEEXXFIZIXRERXR PSR EIRBAIERIIEIZIZIX R INFINIFI ARSI IERE R IR XA R RE IR RR T RFTR I RS

c FINISH THE FINDING CF FAT THICKNESS
CEEXRIFAXFIXB XX EFXBERRERAI IR SR IR A IR EXIXEF AR B AXEX XA FRFF R IR I R RNS
R=LL/XL

WRITE(6,378) R
378 FCRMATIL///,3X,'THE RATIO BETWEEN FAT AND MEAT I[S°,F12.9)
IF(IIKI4111,4111,4112
4112 IIK=0
CREEAREXEATFARRLEEFREIARF B AR XX DR AR IH IR RAIAFX S XA AR A D IR S SR XX F SR RRT
c FIND THE 3/4 PCINT OF LARGEST AXIS CF LOIN EYE AREA BY USING
c SECOND METHOD
CHFEe 3 AR RN IRAR R IR N IR IR AR R S IR AR AR AR TS AR F R I RE R Z R TS AW LR RS
I=IM
J=JM
2002 IF(A(1,J1-1)3000,3001,3000
3000 J=J+l
GC TC 3002
3001 w=(I-IL)*{]I-IL)
Wh={J=JL)*{J=JL)
KY=W+WW
8=SQRT{ WY}
IMR=1



FORTRAN IV

2633
0604
Q&05
0606

0607
0608
Qs09
Q&ld
061l
0él2
0613
Jél4
2615
Q61é
Qél7
0&la
0s&19
0620
ge2l
0622
0623
0624
Q625
0626
0627
0éz2s8
2629
G630
Q631
2632
0633
Q&34
0635
0&36
0637
'04&38
0639
0640
064l
0642
0643
0644

0645
Q646
0647
0648
0649
3650

0651
0652

G LEVEL

3012

3003
3005

3007
3008

3009

3011

2010

3120
2340
3100
3122

3104
3109

3209

3111

c
c
3121

21 MAILN DATE = 78133 134
JMR=J
IRR=1
JRR=J
NK=0
NKK I5 THE BCUNDARY POINTS NEAR THE RIGHT MAST BOUNCARY
NKK=4

I=1-1

J=J-1
IF(ALI,J)=-1)3003,3008,3003
J=J+1
IF(A(T,J}-1}3005,3008,3095
J=J+1
IF{A(1,J)-1)3007,3008,3007
I=I+1

NK=KK+1
IF{(NK-KKK])3009,32009,3010
W={I-IL)*(I-IL}

WH=(J=JL)*{J=JL)

WY=W+ Wi

BC=S5QRTINHY}
IF((B-8C))3011,3012,3012
8=8C

{RR=1

JRR=J

60 7O 2012

NK=0

NKX=10

I=IMR

J=JMR

J=4d-1
IF(Al1,J)-1)33C0,3106,330¢C
I=1+1
IF{AITIJ)=-1)3100,3109,3130
J=J+1
IF{ALT,J)-113102,3109,3102
J=J+1
IF{A(I1,J}-1)3104,3109,3104
I=i-1

NK=NK+1
IF{{NK~NKK}]13209,3209,3121
W=(I-IL)*=(1I-IL)
HW=(J=JL)=*{ J=JL)

AY=W+ub

BC IS THE DISTANCE OF LARGEST AXIS
BC=S5CQRT{wWY)
IF((B-BC)13111,3120,2120
B=8C

IRR=1

JRR=J

GO TG 3120

3/4 PCINT CF LARGEST AXIS OF LOIN EYE , USING THE SECCND
METHCD

XID=0.,25%{ IRR=-IL}+IL
XJD=0.25%( JRR=JL}+JL

EEEEE 2 LR LR RIS EES P EE LR L P REE EREL S EE LS S L

C
c

FINISH THE FINDING CF 3/4 PCUINT CF THE LARGEST AXIS CF LCIN E
AREA BY USING THE SECOND METHED

CEEFXXFIIIXFIXXRBRAEIRABRXREEXEXFE SR AF IR IR IXFIEFREZRBE X R SRS E R R REE TN



FORTRAN IV G
2653
0654
0655
Q656
Q657
0658
Q659
0660
0661

LEVEL

4111

21 MAIN
XIL=1L

XIM=1IRR

XJL=JL

XJIM=JRR

I=IL

J=JL

GO TO 4000

STCP

END

DATE
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In this report algorithms are presented whick ray be
used in gutomatic grading of beef. Quantities such as fat
thickness and meal areas are computed from digitized images
of cuts of beef. This is done by tracing out the boundaries
of meaty regions and finding the areas within. These
algorithns are intended for use in a real-time microprocessor
grafing system. Results obtained indicates taat sutomatic

zeat grading is comparable in accuracy to huxan grading.



