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ABSTRACT

In this paper, a method of detecting beef fat content based on maximum entropy image segmentation is introduced
for the application of estimating beef quality in computer vision field. Beef images were captured by DC and
transferred to the computer at first. Then, Otsu algorithm was performed to isolate the pork image background, and
R layer in RGB color space was used to isolate accurately. For isolating beef muscle and fat, maximum entropy
segmentation method, hue segmentation method in HSV color space, minimal cross-entropy method and Otsu
method were tested and compared. The fat content results that estimated by the first two methods were also tested in
different light conditions, and compared with the results that tested by Soxhlet extractor method. Then, a detective
formula was proposed to estimate the real fat content by the results of maximum entropy. Experimental results show
that in natural light condition, maximum entropy method is accurate for isolating fat and then estimating fat content.
The method in this paper can detect beef fat content accurately, rapidly and non-destructively, and it laid the
foundation for the practical application.
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INTRODUCTION

In recent years, the domestic animal husbandry etsiikcrease greatly. Beef production has beereasing at the
rate of about 20% per year. In 2012, our countrgfhgroduction total quantity reached 7 million tpts only

inferior in the United States and Brazil, occupiexld third. Simultaneously, with development obaomic level,

improvement of quality of life, more and more pepplre paying much attention to the beef qualityirtga an

increasingly high requirement of its quality. Se tinalysis of beef quality is becoming more imputrta

Compared with the developed countries, the bediecatustry is relatively backward in China, amere is still a
long way to go to catch up with them. At presehéré aren't still corresponding methods and staisdair quality
evaluation. The traditional chemical method hashhigeasurement accuracy, but it requires usuall\yemsige
testing equipment, complex operation, long meagutime, and higher testing cost, and it belongsldstructive
testing method. The nondestructive testing methatigsh mainly include near-infrared detection melfig, NMR
image analysis method[2, 3] and ultrasonic detactizethod[4], also exist some disadvantages suchigis
equipment cost, limited test conditions, susceetitgtection accuracy, etc. Therefore, recentlyarebers become
interested in the computer vision detection methédsnito, et al [5] presents a method which juddes optimal
threshold between lean and fat by using eye musEge gray histogram, but the accuracy is low. Aditg to the
fuzzy c-means clustering model (FCM) based on dastl squares principle, Jeyalnkondan, et al [@lutated the
threshold value for every eye muscle image, b #itgorithm is complex. In [7], two methods of mart score
and grey space correlation matrix were used toyaaahe image features of fat and no fat structuresilled beef,
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and the results showed the proposed method caacextre characteristic information and has highueszy, but
this method for measuring beef fat content in rommperature storage has certain limitations. Wangl €3]
applied computer image analysis method to extiaetcharacteristic of the marbling content, then leygd the
multiple linear regression, nonlinear regressiod aaural network to calculate the intramuscularcfattent, but
this method has a large number of requirementsrapthctical.

In order to improve the speed and the accuracyheflieef fat content detection, this paper emploggimum
entropy segmentation method to carry out the adaptireshold segmentation to finish the recognibbheef fat
content, comparing with two test results based eef bat image characteristics and the chemical aggtanalyzing
the correlation between two methods, setting upctiveelation model to get highly correlative imagature with
beef fat content, and then applying the fuzzy aifjor to establish a set of automatic recognitiayoathm of beef
fat content with higher accuracy.

EXPERIMENTAL SECTION

Inspection Standards and Experimental materials. There are many factors affecting beef quality. The
intramuscular fat content is one of the most keydis that influence beef quality. The subcutandatibas some
influences on the beef quality, especially the lieatflerness. Fat color is also taken as referanciaé evaluation

of the quality rating. Fat color can be divideditihe quality grade 1, 2, 3, 4, 5, 6, 7, 8, antis®level is the highest
grade, and 9th level is the worst grade.

The lean backs of the fresh beef, which were boérgim supermarkets and farmers market, were seletdethe
experimental samples. The purchased beef, whichweatied with clean water and drained well, willdog into

uniform sliced meat about 3-5 mm thickness, and filace them in a glass dishes. A total of 12 rmaatples were
usually preserved in dark blue background at roemperature. While gathering image, they were plageder

uniform light source and the different images infation were collected by the camera, which is CaPowerShot
SX30 1S, fixed-focus 4 mm macro mode.

Experimental methods:

Image acquisition: considering that the shooting process of the carnsesensitive to light source and light intensity,
the different light source and different light ingity will lead to the color change of the imag®imation. Here we
need to extract the color feature of the imagearspof the above can affect the filming, and thanher influence
the result of the experiment. In order to avoid tlappening of this kind of phenomenon, the normedliprocess to
light source and illumination brightness shoulddaeried out before experiment. In the process efekperiment,
the beef images are obtained respectively undesuhéght scattered light and incandescent lighire® so as to
verify the test results in different light conditia Simultaneously, the image acquisition is cdroat at the same
time, under the same desk lamp and in the samégrosd ensure that the light source and illumioatbrightness
are changeless in every photograph. Furthermoeebdlef samples are put on the deep blue clothderdo avoid
reflection against the experiment result appeairirthe process of collecting image.

Image preprocessing: in the process of image acquisition, there arekalds of influence factors such as
illumination, brightness, angle and etc., which mdke collected images containing different degreesoise
affecting on the experimental result, so it is ssegy to do the image de-noising. For the elimimatf random
noise, many smoothing image methods have beenhsshi@and used to remove the noise from image. In the
smoothing process of image, it is very importantaserve fringe detail of image or keep clear contme while
filtering noise. There are some commonly used agtc such as median filter, partly average alparit and
K-nearest neighboring method. By contrast, meditier fcan lift the image clarity while eliminatingpe noises.
Therefore, here the selected smoothing technolesgynédian filter, which is a nonlinear signal prcieg
technology based on the order statistical theany,iican effectively suppress the noise.

Image segmentation: As the key steps from image processing to imagb/sisaimage segmentation is just to divide
an image into different and specific sub-imaged wifferent characters and extract some intereslgelcts. Based
on the used technology or algorithm, PalandPaldduwithe image segmentation algorithm into six caieg
including threshold segmentation, splitting pixektdod, range image segmentation, color image setgtiam
edge detection and image segmentation method loaskdzy set [9-11]. In threshold segmentation roétthow to
select the optimal threshold is the core of thebjam, and it is also a delicate matter. Differembice criteria will
get a different threshold algorithm. The commonligoathm includes maximum entropy, minimum entrogyd
fuzzy entropy [12-14]. Here, maximum entropy is l&gpto carry out the image segmentation.

The beef image background is segmented by Otsuithign which has the characteristics of simple catapon
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and stable effects. The application of the adaptiveshold is to separate the beef image fromntage background,
and finish the individual treatment of the beef gmaBut the traditional segmentation method doemt'ta good
effect of gray-scale beef image segmentation dukgsmall color difference between the backgroamd the beef
image in the gray-scale image, and consequentlgataaccurately detect the beef image boundary. pégser, for
the sake of increasing the contrast between theifege and the background, improved the algoribymmaking
the background the dark blue. On the basis of tlerdmage collected under the improved backgrouhe,
segmentation is carried out by using the red (Ragenlayer, on which the beef pixel value is biggkile the
background pixel value is smaller,( that is, thésean obvious difference between the beef image thed
background).

(©) (d)

Fig. 1. Comparison of Otsu segmentation resultsby gray and R layer

The segmentation image by Otsu algorithm are givefigure 1, in which (a) is the original image,) (is the
gray-scale image which adopts Otsu to confirm teshold of binary image, (c) is the R layer imagethe color
image, and (d) is the image segmentation resuttmHiigure 1, the application of R layer image cacuaately
separate the beef region with the background.

The image segmentation algorithm for the maximum entropy: for the image segmentation, maximum entropy
method has quick speed, simple calculation and gegdhentation quality, and thus it has been widpplied [15].
The main idea of maximum entropy segmentation ntedmropy algorithm is [16]: The image pixels al&ssified

by selecting one or more optimal gray thresholdnéselly, The image pixels less than the threshalbies are
supposed to be the same category and the imaglks gipeater than the threshold value is be classHig another
category, while these equal to the threshold vearebe classified as either category. And findily $pecific goal is
extracted.

Set the image segmentation thresholdi3 [17], the probability of background regionRg, the probability of the
target area iB,, then

H =H,+H, (1)

The discriminant function of image entropy is detims

(st)=H(0)+H(b)

=D +igH, + - +Ig(L-P)
P, 1-P (2)
H,  H_-H,

=lg[F, @~ Po)]+F°+

o]

1-R,

The optimal threshold vector (s*, t*) have to sgtihe following condition
(st t*) = max(f (s,t)) 3)

This paper applied maximum entropy method to segrti®n image, but simultaneously considering thais it
difficult to segment the image successfully usirsglitional method, the red (R) image layer on thiercimage was
used for image segmentation. In order to compagestigmentation effects of different methods, tlipep also
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studied the minimal cross-entropy segmentation atkttsu method and HSV color space segmentatidhade
under the same conditions, analyzing and discush@igsegmentation results.

RESULTSAND DISCUSSION

Region segmentation of fat and lean meat: for the sake of accuracy of region segmentatiorntiierfat and lean
meat, this paper studied four segmentation algosthincluding maximum entropy method, the minimal
cross-entropy segmentation method, Otsu method H8W color space segmentation method. Among four
segmentation algorithms, three algorithms, whick araximum entropy method, the minimal cross-entropy
segmentation method and Otsu method, employed & layage on based on RGB color space to segment the
image. While the detailed description for HSV capace segmentation method is: The color layer éfthdpnyer)

are used to segment the fat and lean meat in begfing after converting the obtained RGB image &Y image.

The image segmentation is based on the optimadhbid, which is to calculate the hue boundary tiwksbetween

the fat and lean area.

This paper took the red areas of color as the settien threshold, which is obtained from experitnexperience.
The muscle tissues are the range of the hue compseatisfying H > 0.89 or H<0.05. Other hue compuasdelong

to fat area. Figure 2 gives the beef fat areas satgd by four segmentation algorithms. Figure 2igdhe image
wiped off the background. Figure 2(b), (c), (d) &ed are the binarization segmentation image offttearea
orderly based on maximum entropy segmentation ndetihtSV color space segmentation method, minimal
cross-entropy segmentation method and Otsu adafitreshold segmentation method. The white areaath e
binarization segmentation image is the fat areguréi 2(f) and (g) are the beef muscle image basehaximum
entropy segmentation method and HSV color spaceeetation method.

Fig. 2. Theresults of separating muscle and fat

From the figure 2, the segmentation effects of maxn entropy segmentation method and HSV color space
segmentation method are better, while that of mahigross-entropy segmentation method and Otsu i@dapt
threshold segmentation method are relatively p@grcomparing figure 2(f) with figure 2(g), we caeesthat there
are still the minimal residual fat in the figuregRput the fat area in figure 2(f) is completelgappeared. Therefore,
from this experiment, we come to the conclusiora the improved maximum entropy segmentation mettad
accurately segment the fat and lean meat in begjiimy, and can further calculate the amount in faefontent.

The beef fat content under different light conditions: to observe the influences of the illumination cdiotis on
the image processing, the experiment are carrigtbrutwo kinds of light sources including naturajhli and
incandescent light. And the detection results aragared and analyzed to further study the illunigmatlifferences.
Furthermore, the fat percentages, which are oldamemaximum entropy segmentation method and HS@rco
space segmentation method, also are calculatekebly.t).4
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S
=" x100% 4
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wherep is the fat percentag&.is the area. Subscrifat andtotal are the fat area and the beef total area respictive
Here the Hydrote and Soxtec made in FOSS Inc.raptoged to rapidly determine the beef fat, which eegarded
as the comparable data of detection result. Hydristeised mainly for hydrolyzing experimental sagspio avoid
the error resulted from the traditional manual agien. Soxhlet's extraction was used for the stah#alue of fat
content. This system can quickly and accuratelyycaut the total fat content detection, crude fahlgsis and
extractable matter. This paper detected 50 beegpleamFor measuring the difference with standarddatent in 50
samples, figure 3 shows the absolute differencak standard fat content by each sample. From fi@Jréhe
differences of fat content by maximum entropy mdtieomuch smaller than HSV color space segmentatietnod
under different light conditions.

7

® Natural light by Maximum Entropy

® Natural light by Color Segmentation

B Incandescent light by Maximum Entrop|

® incandescent light by Color Segmentati

=
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Fig. 3. The differences of fat content with 50 samples

Tab.1. Thedifferences of fat content with standard resultsin beef

ltems _ Natural light _ Incandescent light Thefat content
Maximum entropy HSV color space  Maximum entropy HSV color space
Average 8.8055 10.1820 8.8378 10.6115 9.2258
Max difference 1.1655 4.0547 1.3485 6.2774 \
Min difference 0.0153 0.0696 0.0209 0.064 \
Total distances 5.3742 14.625 6.349 18.744 \

Table 1 also gives the detection results and diffees of them. In table 1, the first row of datthis average value
of fat content under varying light conditions aniffedent detection methods. The second row is tlaimum
difference between the first four columns and tia@dard fat content tested by Soxhlet method, bedHird row is
the minimum difference. The last row is the totackdean distances of 50 samples. From this tébéan be seen
that the difference of fat content with standartiga is much smaller by maximum entropy segmentatiethod,
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and the smallest total distances is using Maximuatropy method in natural light.

In addition, we analyzed and calculated these datemt data by Ternary Nonlinear regression analgstthod.
Figure 4 shows the results of nonlinear regressimter varying light and two methods as y-axis, thedx-axis is
the standard fat content percentage. Figure 4&jhe standard fat content by maximum entropy otkth natural
light, and figure 4(b) is HSV color segmentationtlie same light condition. Figure 4(c) and (d)his tegression
results in incandescent light by the two methodsnithese figures, the data are closely distribatexind the
fitted curve in figure 4(a) obviously, and the dat& distributed dispersive in other three figurBlserefore, the
maximum entropy method in natural light is an effecmethod of detecting beef fat content. The ctate formula
that calculated by Ternary Nonlinear regressiaasifollows:

y=0.001%3-0.1065+2.52&-6.532 (5)

wherey is the final fat content percentage anid the fat content value that detected by maxineumtnopy method
in natural light. In addition, the fitted curve figure 4(a) is like a quadratic curve, and thedhioefficient is very

small. Therefore, for simplifying the formula, thkird coefficient is eliminated, and the formulacbmes as
follows:

y=-0.1065+2.528-6.532 (6)

That is the final detective formula that we progbse this paper. And we also proposed a fat contietection
method by maximum entropy segmentation method tiarahblight.
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Fig. 4 Theresultsof Ternary Nonlinear regression

For testing the accuracy of the detective formuid the whole method of this paper, other 50 newpsasmvere
estimated by proposed method and Soxhlet methodn The accuracy was calculated comparing two method
results in the errors of 5% allowed. In the 50 slesipthe detection results of 4 samples were naeagith the
Soxhlet method, and the accuracy of proposed metlasdd2%.
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CONCLUSION

This paper presented a method of detecting beetdatent based on the maximum entropy. In view hef t
shortcomings of the traditional gray image segnteniaalgorithm, Otsu algorithm was performed tolase the
beef image background, and the improved R lay&@B color space was used to isolate accuratelypdied area
from the beef image background. For isolating beaécle and fat, maximum entropy segmentation method
segmentation method in HSV color space, minimalssmntropy method and Otsu method were tested and
compared. The fat content results that estimatedhkyfirst two methods were also tested in differbght
conditions, and compared with the results thaetefty Soxhlet extractor method. Experimental ressittow that
that in natural light condition, maximum entropytimed is accurate for isolating fat and then comqufat content.
The calculated result by maximum entropy methad good agreement with the standard value by tleeracy of
92%. Therefore, we proposed a maximum entropy ndeitnthe beef fat segmentation and a detective itanThe
proposed segmentation algorithm can rapidly, comvely and non-destructively detect beef fat coptamd has
low cost, small error and stable light source. Bhemme factors, in turn, make it has a good agjgitarospect.
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