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[57] ABSTRACT 

A method for contact-free determination of quality 
features of a meat goods test subject provides for deter­
mination of a proportional fat-meat ratio of a carcass 
half. The test subject is illuminated and scanned by a 
video camera with the meat and fat tissues being distin­
guished from one another according to relative bright­
ness. Brightness signals from the camera are digitized 
by comparing the brightness signals with a discrimina­
tion-typical threshold value corresponding to a bright­
ness determined such that all brighter and all darker 
tissue parts respectively deviating above and below the 
threshold value are represented as white or approxi­
mately white image parts and as black or approximately 
black image parts. The discrimination-typical threshold 
value is established as a value which is substantially 
independent of a background brightness associated with 
the test subject so as to solely distinguish between 
brightness signals of the meat tissue only. 

10 Claims, 3 Drawing Figures 
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METHOD FOR CONTACT-FREE 
DETERMINATION OF QUALITY FEATUR_ES OF A 

TEST SUBJECT OF THE MEAT GOODS CLASS 

BACKGROUND OF THE INVENTION 

The invention relates to a method for contact-free 
determination of quality features of a test subject of the 
meat goods class, particularly for the determination of 
the proportional fat/meat ratio of a half carcass. The 10 

test subject is illuminated and its image is scanned or 
detected by a video camera. The meat or fat tissue is 
discriminated according to the measure of the relative 
brightness of the corresponding tissue parts. 

A method of this general type is known from U.S. 15 

Pat. No. 4,226,540, incorporated herein by reference. In 
this method, the real image of a sample scanned by a 
video camera is digitized relative to a threshold value 
for the discrimination of fat and meat. This threshold 
value corresponds to the mean brightness value be- 20 
tween the brightest and darkest image locations. Al­
though usable results have often beert achieved with the 
known method, erroneous results cannot be excluded 
and are particularly produced by the following causes: 

indistinct transitions from fat to meat and vice versa 25 
in a broad spectrum of gray scales of the real image; 

differing colorations of different tissue types in meat, 
for example muscle tissue and connective tissue; 

contaminations of the fatty cut surfaces, for example 
due to deficient draining of the blood when the carcass 30 
is split; 

hemorrhages embedded in the loin fat which are 
caused by blows; 

discolorations of skin areas when cooling the carcass; 
camera instabilities with a tolerance range, for exam- 35 

pie in the aperture setting, displacement of the white 
sensitivity due to voltage decompensations and the like; 

illumination instabilities; and 

2 
such a brightnes~ that all brighter or darker tissue parts 
which deviate from the threshold value are represented 
as' white or nearly white image parts or as black or 
• neatly black image parts and vice versa. 

For explanation purposes, it should be noted here that 
what ·is meant in this invention by digitization of the real 
image is a processing of the brightness values of the 
image in which brightness values or gray scales blend-
ing into one another are sharply delimited from one 
another at a specific threshold value by fixing an upper 
and/or a lower brightness threshold. Thus, it is a matter 
of editing the real image, which is originally composed 
of an analog sequence of gray scales of a gray scale 
spectrum from bright to dark, into a binary image state­
ment in which all brightness values below a randomly 
fixed brightness threshold appear as black or, in an 
inverse method, as white; and all brightness values 
above the brightness threshold appear as white or, re-
spectively, in an inverse method, as black. As a final 
consequence, the digitized image no longer contains 
any gray tones, but ortly substantially black or white 
image parts. Accordjngly, the advantage arises with the 
invention that by means of introducing a discrimination-
typical or specific threshold value which is different for 
each sample under consideration, the separating line for 
the precise recognition of the tissue types to be discrimi­
nated is placed at a brightness level which still yields 
perceptible features for these tissue types, even under 
the most unfavorable conditions. 

In a development of the method of the invention, the 
discrimination-typical or specific threshold value is 
selected in such manner that all brighter tissue parts are 
assigned to the fatty tissue and all darker tissue parts are 
assigned to the meat tissue. 

non-linear behavior of the image analysis in the com­
puter. 

The overall influence of these errors has led, in cer­
tain instances, to errors in the digitization, whereby 
particularly in the indistinct transitions from fat to meat, 
fat components were reproduced as meat or meat com­
ponents were reproduced as fat. 

The advantage which arises is that the unclear areas 
present in the sample, such as contaminations of the 
fatty cut surfaces by blood or hemorrhaging in the loin 
fat or different brightness values in the meat, etc., no 

40 longer lead to evaluation errors since by use of the 
discrimination-specific threshold value, a correct digiti­
zation for sharp contrasting is also made possible even 
for the inherently indistinct sample parts proceeding 

SUMMARY OF THE INVENTION 

An object of the invention consists of improving the 
known method in such manner that the perceived diffi­
culties are overcome. In particular, distinguishing fea­
tures for fat and meat should be reliably perceived with 
the improved method even when, as a result of the 
aggravating conditions which have been described 
above, such features can only be unclearly perceived 
given an indistinct transition from fat to meat. Accord­
ingly, the recognition quality of the video-optical means 
should be sensitized by means of an improved method 
to such a degree that it approximately corresponds to 
the perception and discrimination capability of the 
human eye. Apart from the insufficiencies to be attrib­
uted to the condition of the sample, those errors are 
particularly to be eliminated which are attributable to 
illumination instabilities as well as, under certain condi­
tions, deficiencies in setting or conversion of the camera 
device. 

The object is achieved by digitizing the observed real 
image of _the sample by. reference or comparison to a 
discrimination-typical or specific threshold value of 

45 from the gray zones. Likewise, illumination instabilities 
or sensitivity shifts in the camera and in the transmission 
system are compensated. 

In a further development of the method of the inven­
tion, the determination of the discrimination-typical 

50 threshold value is carried out according to the follow­
ing steps: 

(a) The sample is optically scanned line and image­
wise against a dark background with a black-white 
camera, and a sharply emerging contour which arises at 

55 the brightness transition background/sample, is re­
corded and/or stored as a skip or step function on a 
brightness/image location x/y graph or diagram with 
the step function being parallel to the brightness Y-axis. 

(b) Brightness values of the brightest part "Ph" and of 
60 the darkest part "Pi' are determined from the image 

components at both sides of the step function and are 
converted into numerical values in accordance with the 
brightness scale on the Y-axis. From these numerical 
values a first threshold value of the brightness "S1" is 

65 calculated according to the equation 
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(c) The calculated first threshold value. S1 is shifted 
up in the direction of increasing brightness at the Y-axis 
until the skip or step function changes into a finite func­
tion y=n x due to a deviation or inclination froin the 
vertical direction. • 5 

(d) The real image is digitized into the black-white 
image with the new threshold value of the brightness 
"S2" thereby determined. 

By means of the determination of the discrimination­
specific threshold value, the discrimination limit of the 10 
various tissue types is lifted to that brightness level from 
which a high-contrast discrimination of the individual 
tissue parts is reliably possible while avoiding the 
sources of error cited above. 

Accordingly one can proceed in such manner that the 15 
shift of the threshold value in the direction of increasing 
brightness is undertaken by means of readjusting the 
aperture of the camera in the closing direction. By so 
doing, the indistinct range within the gray zones is 
shifted to a range of greater discrimination by means of 20 
darkening such gray zones which originally were in a 
brighter range. 

The same effect can be achieved to shift the threshold 
value in the direction of increasing brightness by means 
of corresponding voltage changes in the comparator of 25 
the video camera and, finally, an identical effect in the 
shift of the threshold value in the direction of increasing 
brightness can be undertaken by means of reducing the 
illumination intensity of the observed image. 

4 
S1 =0.5 X (Y1 + Y2), 

then a sharp discrimination line would result for the 
bright/dark transitions of the body edge 6 at the dark 
background 7 but not for the areas of indistinct gray 
tones, for example at transitions from brighter meat 
areas into contaminated areas of fatty tissue. Therefore, 
the original threshold value S1 is shifted upwardly with 
the features of shifting in the direction of increasing 
brightness disclosed in the invention (i.e. in the direc­
tion of the arrow of the Y-axis in FIG. 2) until, at the 
threshold value S2, the skip or step function changes 
into a slope at 6' (the body edge) and begins to shift 
parallel toward the right in the X-direction with a slight 
rounding in the brightness curve. This is the indication 
that the discrimination-specific threshold value S2 has 
been reached at which the boundary line represented by 
S' obliterated with a broad spectrum of mutually bleed­
ing gray tones is imaged relatively sharply. 

When the real image 1 is now digitized with the 
newly gained discrimination-specific threshold value 
S2, all darker tones, for example gray tones, appear 
black and all brighter tones, for example gray tones 
appear white. And given an inverse method, all brighter 
tones appear black and all darker tones appear white. 
Given this formation of the threshold value, all error 
sources which were initially cited and are presently 
known are eliminated. Misadjustments of the camera 
brightness sensitivity level or the illumination intensity 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a greatly simplified real image of the video 
camera of the loin fat of a carcass half; 

30 can likewise no longer influence the contrast sharpness 
of the image, since the method with the discrimination­
typical threshold value S2 either supplies proper image 
information or no image information. 

A preferred embodiment of an apparatus for analysis FIG. 2 illustrates the brightness profile along the 
section line III-III in FIG. 1; and 

FIG. 3 is a block digram illustrating a preferred em­
bodiment of the apparatus employed to create and ana­
lyze the brightness profile. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 of the brightness curve shown in FIG. 2 and for setting 
the threshold value S2 is shown in FIG. 3. The system 
consists of a normal continuously operating television 
camera 8 as well as a trigger circuit 10 whose threshold 
value can be adjusted over the total dynamic range of 

Greatly simplified, FIG. 1 shows the real image 1 of 
the loin section of a carcass half with a layer 2 of loin 

40 the video signal, that is from O to 1.5 volts. In between 
there lies a pulse separating stage 9 which has the task of 
separating the synchronizing pulses from the picture 
content. For processing of the picture information, the 

fat, a somewhat darker layer 4 of fatty tissue and, en­
closed between them, a section of muscle tissue 3. The 45 
representation of the real image 1 ensues against a dark 
background 7, in comparison to which the body edge 6 
of the real image 1 emerges with a sharp profile at the 
limit of the fatty layer 2. A second contour S is pro­
duced at the boundary line between fat 2 and meat 3 on 50 
the one hand and fat 2 and fat-permeated tissue 4 on the 
other hand. 

FIG. 2 shows the brightness profile at the section line 
III-III in FIG. 1. Here, Y 1 indicates the lower bright­
ness value as a product of the dark tone of the back- 55 
ground 7 and the so-called dark current of the camera. 
A skip or step function "F" in the brightness curve is 
produced at the body edge 6 between the dark back­
ground 7 and the layer 2 of loin fat, the body edge 6 
being sharply imaged with said skip or step function 60 
"F" at the dark background 7 by the camera lens. Ac­
cordingly, the edge of the contour at the body edge 6 
has a finite rise composed of band widths and image 
focus, but this is so slight that it plays no part in the 
image evaluation. When, therefore, the contour at the 65 
body edge 6 is formed with the threshold S1 according 
to the equation 

arrangement also has a 16 bit computer 12 with pro­
gram memory 11 and video memory 13 as well as a 
digital-analog converter 14. 

The manner of operation is as follows. The camera 8 
sees the picture section of a body according to FIG. 1. 
This picture section consists of the dark background 7 
and the bright body which is composed of fat 2, meat 3, 
and connective tissue portions. In FIG. 2, the relative 
brightness values of a line of this picture section are 
represented. One sees that the dark background begin­
ning with Y 1 is to have a significantly lesser brightness 
and thus a lesser video level than the body portion 
beginning at the step function with 6'. At a random 
point in time, the computer 12 obtains the command 
from the program stored in 11 to evaluate a picture. 
Now, the computer 12 outputs a digit lying between 0 
and 255, synchronized with a camera picture change, 
into the digital-analog converter 14 which converts this 
into a proportional analog value between O and 1.5 volts 
and places it at the trigger 10 as a threshold value. From 
this point in time on, all picture points which are larger 
than the threshold value are written into the video 
memory 13 via the computer 12 by the trigger 10 as a 
high level and all picture points lying lower are written 
in by the trigger as a low level. After an iterative proce-
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<lure, in order not to have to pass through all of the 256 
(0+255) gray stages, the computer 12 reduces the 
threshold value until all picture points of the total pic­
ture comprised of the body plus background are dis­
played white or, respectively, as a high level. The com- 5 
puter 12 notes this threshold value, let it for example be 
62. Now the threshold value is raised iteratively until all 
picture points of the picture (body+ background) are 
written into the memory as a low level, in other words 
as dark data points. Let this value, for example, be 154. IO 
The computer from this calculates the arithmetic mean 
(154+62)/2= 108 and provides this threshold value to 
the digital-analog converter 14. This corresponds in 
FIG. 2 to the value S1. One sees that now only the 
background 7 lies below this threshold value, while the 15 
brightness of the body, whether meat, fat, or connective 
tissue, is larger. The picture now written into the video 
memory contains per line a black-white or, respec­
tively, low-high transition, namely where the back­
ground to body transition occurs. These transitions 20 
from low to high of all lines stored as image point loca­
tion coordinates (line number/column number) charac­
terize precisely the location of the leading edge of the 
carcass of the slaughtered animal. 

Proceeding from this value 108 or respectively S1 in 25 
FIG. 2, now the threshold value is raised in steps and 
after each step the background/body transition 6 in 
FIG. 1 is determined and is stored with the stored 
boundary 6 in FIG. 1. As long as the threshold value is 
located in the steep region between background and 30 
body, the boundary limit 6 in FIG. 1 does not change or 
changes only a little with respect to that determined 
with the threshold value 108. 

As FIG. 2 shows, however, the brightness profile of 
the body beginning from 6' is rounded. Accordingly, 35 
when the threshold value is increased step-by-step up to 
threshold S2 so that the point 6' is reached, the position 
coordinates of the leading edge rtow found no longer 
agree with those found at the setting 108. In act, they 

6 
as a value which is substantially independent of a back­
ground brightness associated with the test subject and 
so as to solely distinguish between brightness signals of 
the meat tissue only; and the establishment of the dis­
crimination-typical threshold value is carried out in the 
following steps 

(a) optically scanning the sample linewise with a 
black-white camera against a dark background and 
storing a sharply emerging contour thereby arising 
at a brightness transition from background to sam­
ple as a vertical line forming a step function defined 
in a brightness verses image location x/y diagram 
and where said step function lies parallel to the 
Y-axis plotting brightness; 

(b) brightness values of the brightest part "Ph" and of 
the darkest part "Pi' are determined from image 
points at both ends of the step function and are 
converted into numerical values according to the 
brightness scale at the Y-axis, and calculating from 
these numerical values a first threshold value of the 
brightness "S1" according to the equation 

(c) shifting the calculated first threshold value S1 in a 
direction of increasing brightness along the Y-axis 
until the step function changes into a finite function 
y=n x due to sloping of the brightness curve away 
from the vertical; and 

(d) digitizing the real image into a black-white image 
by use of the newly established threshold value of 
the brightness. 

2. A method according to claim 1 wherein the dis­
crimination-typical threshold value is selected in such 
manner that all brighter tissue parts are allocated to the 
fatty tissue and all darker tissue parts are allocated to 
the meat tissue. 

3. A method according to claim 1 wherein the step of 
shifting the threshold value in the direction of increas­
ing brightness is undertaken by means of readjusting an 
aperture of the camera in a closing direction. 

are all positioned to the right, more or less, in parallel 40 
fashion. This criterion or comparison indicates to the 
computer 12 that the adjustment sought for the picture 
evaluation at which the critical transition from fat 2 to 
meat 3 is correctly reproduced at point 5' has been 
found. 

4. A method according to claim 1 wherein the step of 
shifting the threshold value in the direction of increas­
ing brightness is undertaken by means of a voltage 

45 change in a comparator of the video camera. 
Although various minor modifications may be sug­

gested by those versed in the art, it should be under­
stood that I wish to embody within the scope of the 
patent warranted hereon, all such embodiments as rea­
sonably and properly come within the scope of my 50 
contribution to the art. 

I claim as my invention: 
1. A method for contact-free determination of quality 

features of a meat goods test subject by determining a 
proportional fat-meat ratio of a carcass half, comprising 55 
the steps of: illuminating the test subject and scanning 
its image by a video camera, the meat tissue and fat 
tissue being distinguished from one another according 
to a measure of relative brightness of the corresponding 
tissues; digitizing brightness signals created by the cam- 60 
era observing the image of the sample by comparing the 
brightness signals with a discrimination-typical thresh-
old value corresponding to a brightness determined 
such that all brighter and all darker tissue parts respec­
tively deviating above and below the threshold value 65 
are represented as white or approximately white image 
parts and as black or approximately black image parts; 
establishing the discrimination-typical threshold value 

5. A method according to claim 1 wherein the step of 
shifting threshold value in the direction of increasing 
brightness is undertaken by means of reducing an illumi­
nation intensity of the observed image. 

6. A method for contact-free determination of quality 
features of a meat goods test subject by determining a 
fat-meat tissue ratio of a carcass, comprising the steps 
of: illuminating the test subject such that the meat tissue 
and fat tissue create areas of differing brightness corre­
sponding to the amount of meat or fat present, and 
scanning an image of the test subject by a video camera 
along a given line which begins at a background area 
and proceeds to a boundary of test subject with back­
ground, and then inwardly over the test subject; storing 
the resulting brightness signals from the camera; deter­
mining a first threshold value as an average value 
(Ph+Pd)/2 between a brightest picture part "Ph" and a 
darkest picture part "Pi' from the brightness signals of 
the scanned image; shifting the calculated first thresh­
old value up in a direction of increasing brightness 
along a step function portion of a brightness curve 
formed by plotting brightness signal level verses 
scanned image location, the step function formed as a 
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vertical line parallel to a brightness Y-axis of the plot 
and arising from scanning the bound.ary between the 
test subject and· the background, the threshold value 
being shifted up until the brightness curve changes into 
a finite function formed by a sloping portion of the 
brightness curve away from the vertical axis; and digi­
tizing the r~al image into a black-white image by use of 
the newly. det_ermined discrimination-specific threshold 
value of the brightness, all ~tored brightness signals 
being catergorized as either black or white depending 
upon whether they are above or below the discrimina­
tion-specific threshold value. 

7. A method according to claim 6 wherein the step of 
shifting the threshold value in the direction of increas-

ing brightne_~s is undertaken by means of readjusting an 
aperture of the camera in a closing direction. 

8. A method according to claim 6 wherein the step of 
• shifting the thteshold value in the direction of increas-

5 ing brightness is. undertaken by means of a voltage 
change in a comparator of the video camera. 

9. A method according to claim 6 wherein the step of 
• 'shifting threshold value in the direction of increasing 

brightness is undertaken by means of reducing an illumi-
10 nation intensity of the observed image. 

10. A method according to claim 6 wherein the dis­
crimination-specific threshold value is selected in such 
manner that all brighter tissue parts are allocated to the 
fatty tissue and all darker tissue parts are allocated to 

15 the meat tissue. 
* * * * * 
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