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ABSTRACT. Fat content is an important index of basis of beef quality. This paper stud-
ied and developed an on-line non-destructive detection system for beef fat content, which
includes the overall design of the system scheme, the hardware design and functions,
the software functions and detection algorithm. The systematical hardware is composed
of image acquisition unit, transmission unit and processing unit. For the software im-
plementation, Otsu algorithm was performed to isolate the beef image background, and
R layer in RGB color space was used to isolate accurately at first. Then, a maximum
entropy segmentation method was presented to estimate the fat content compared with
other 8 methods. And the results were analyzed to contrast with the results by Soxhlet
extractor method. The testing of 50 samples has shown that the method is accurate for
estimating fat content and the system is a fast and effective on-line detecting system.
Keywords: Beef, Fat content, On-line detecting system, Maximum entropy

1. Introduction. In 2012, beef production total quantity reached 7 million tons in
China, which is only inferior in the United States and Brazil in the world. And the
quality of beef is paid more attention to by consumers. Fat content is one of the most im-
portant standards of measuring beef quality. The higher intramuscular fat (IMF') content
means the beef quality is better and shows marbling. The traditional method of detecting
fat content is chemical methods, which takes a long time and is destructive. Therefore,
research on non-destructive and fast detecting methods is popular in recent years.

In non-destructive detecting methods, there are mainly four methods including ultra-
sonic method, near-infrared method, NMR image analysis method and computer vision
method [1]. In ultrasonic method, fat and salt content of meat can be detected, but
the errors of detecting fat content were big [2]. NMR method analyzes NMR images to
predict fat content in [3,4], the results are accurate, but the facility is expensive and not
convenient to use. In near infrared method, though the detection results are accurate,
they are easily influenced by fat meat, which is big and attached to lean meat in [5].
Computer vision method estimates fat content by analyzing the pictures, which is fast,
much cheaper and convenient [6]. In [7], a method which judged the optimal threshold
between lean and fat by eye muscle image gray histogram is presented, but the accuracy
is low. Marbling score and grey space correlation matrix were used to analyze the image
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features of fat and lean structures in [8], and it can extract the characteristic information
and appears accurate by experiments, but has certain limitations in lab conditions. [9]
extracts the characteristic of the marbling content and calculates the intramuscular fat
content by the multiple linear regression, nonlinear regression and neural network, but it
has a large number of requirements and is impractical.

There are a few on-line meat quality detection systems, which are studied and have
already made considerable success, but also need to be improved. In [10], an on-line
device was developed by NIR and visible spectroscopy. Traits evaluated were pH value,
water content and color, but there are relatively small root mean square errors. In [11],
tenderness and Escherichia coli of pork meat were detected by line-scanning hyperspectral
imaging system with a CCD camera and an imaging spectrograph. It has potential for
on-line detection.

In this paper, a non-destructive on-line system for predicting beef content is presented
based on machine vision and image processing technology. Section 2 introduces the overall
composition and process of the system. Section 3 presents the explanation of software
design. This work employs maximum entropy segmentation method to identify beef fat
and predict fat content. And the hardware design and function of every unit are presented
in Section 4. Section 5 shows the experimental results compared with chemical method,
and the discussion. Finally, Section 6 shows the conclusions.

2. The Overview of On-Line System.

2.1. The composition of on-line detecting system. The on-line detecting system for
predicting beef fat content needs to construct automatic data acquisition and processing
system based on computer vision. It can automatically acquire the beef sample images
that placed in production line and process them in real time. This system includes a
camera, a transfer device, a control circuit and a computer with video capture card. The
schematic diagram is shown in Figure 1.
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F1GURE 1. The schematic diagram of on-line detecting system

The blueprint of on-line detection system without computer shows in Figure 2, in which
Figure 2(a) is the top view of the system, and Figure 2(b) is the main view. In Figure
2(b), 1 is a CCD camera with two LED lights beside it. It connects to the computer. 2
is an opaque cover for preventing the light outside. 3 is a conveyor belt with grid that is
used for laying beef. 4 is a stepper motor, which drives the belt to move a grid each time.

2.2. The operational process of detecting system. Firstly, tile the beef sample on
the grid of conveyor belt. The stepper motor drives the conveyor belt to move to make the
beef sample under the camera. Secondly, the beef images are captured and transmitted
to the computer. Thirdly, the computer processes images in real time and analyzes to
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FI1GURE 2. The top view and main view of on-line detecting system

output the detecting results. Then, the computer instructs the control circuit to regulate
the motor. Finally, repeat above processes to detect next beef sample.

3. The Software Design. In this section, a beef fat content detecting method is pre-
sented as the software part.

3.1. Fat content detecting method based on maximum entropy. For predicting
beef fat content, fat and lean regions of meat must be segmented accurately at first. In
image segmentation methods, maximum entropy method has quick speed, simple calcula-
tion and good segmentation quality, which has been widely applied [12]. The main idea of
maximum entropy segmentation method is [13]: the image pixels are classified by selecting
one or more optimal threshold. Generally, the image pixels’ value less than the threshold
value are supposed to be one category and the pixels’ value greater than the threshold is
classified as another category. The key problem is how to choose the optimal threshold.
The maximum entropy segmentation determines the optimal threshold as follows.

Set the information entropy of image is Hy, information entropy of objective in image
is H,, and information entropy of background is Hj, and then

H;,=H,+ H, (1)
Set the image segmentation threshold is (s,t) [14], the probability of background region

is P,, the probability of the target area is P,, and then the discriminate function of image
entropy is defined as

(S, t) = HO + Hb
H, H;, —H,
= —+1lgH,+ ——=+1g(1 - P,
p, Tt + 55~ +lsl ) (2)
Ho HL - Ho
=lg|P,(1 - P, —_—t —
[Pl = P)) + 5+ T
The optimal threshold vector (s*,¢*) has to satisfy the following condition
(s7,1%) = max(f(s, ) (3)

This paper applied maximum entropy method to segmenting the image, and improved
it to separate the fat regions from meat. The main color of lean meat is red, but it is
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white for fat. Therefore, the R layer in RGB color space appears significantly different
between lean and fat. In order to compare the segmentation effects of different methods,
this paper also studied the minimal cross-entropy segmentation method, Otsu method
and HSV color space segmentation method under the same conditions, analyzing and
discussing their segmentation results in experiment.

The fat content of beef is measured by fat percentages, which are obtained by maximum
entropy segmentation method and also are calculated by Equation (4)

Sta
p= 1% 100% (4)
Stotal

where p is the fat percentage. Sy, is the fat area measured as pixels. Siq is the beef
total area.

3.2. The process and methods of the software.

e Image pre-processing. This paper selected median filter to smooth noise, which is a
nonlinear signal processing technology based on the order statistical theory, and it
can effectively suppress the noise.

e Background segmentation. The background of images may influence the results of
detecting [15]. In this paper, the background of beef image is segmented by Otsu
algorithm, which has the characteristics of simple computation and stable effects.

e Fat segmentation and fat content detection. In this step, fat and lean meat is
separated by maximum entropy method. Ternary nonlinear regression method is
used to estimate a function for predicting fat content by fat percentage.

4. The Hardware Design. The hardware of on-line detecting system mainly consists
of image acquisition unit, transmission unit and processing unit. Though it is simple, it
can capture high quality images and control the conveyor belt accurately.

4.1. Image acquisition unit. The main device in image acquisition unit is camera. Its
performance parameters directly affect the systematical performance. We choose German
AVT F-038 industrial camera, with resolution of 768 x 494 and 6 mm prime lens. When
installing components, the camera need keep parallel with the beef sample to avoid the
image distortion. It is set in light cover.

The light sources are also a component of this unit, which is fluorescent light and
fixtures. Two soft and white LED are set besides the camera and inside the light cover.
They are to provide sufficient light intensity for collecting image information.

4.2. Transmission unit. Transmission unit is mainly used to transport the beef samples
and adjust its position for capture. This unit consists of the control circuit, stepper motor
and conveyor belt. When it is working, the start/stop of the motor is controlled by the
control circuit. The required space of grid on the conveyor belt is determined by the
movement of the stepper motor and the size of the detected beef sample.

4.3. Processing unit. Processing unit consists of industrial personal computer (IPC)
with detecting software. The computer is in charge of the coordination and operation of
each part of the system, fulfills the tasks of the image acquisition, real-time processing and
the output of the test results. This system selected Siemens SIMATIC IPC547eco indus-
trial computer with image acquisition card, the Intel Pentium dual-core E5300 processor,
2 GB DDR2 800 memories, 800 GB SATA — HD 2.5 inch hard disk.
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5. Experimental Results and Discussions.

5.1. Experimental materials. In this paper, the standard beef fat content is tested by
Hydrote and Soxtec made in FOSS Company, which are regarded as the comparable data
of detection result. Hydrote is used mainly for hydrolyzing experimental samples to avoid
the error resulted from the traditional manual operation. Soxhlet extraction method was
used for the standard value of fat content. This system can quickly and accurately carry
out the total fat content detection, crude fat analysis and extractable matter.

The fresh beef samples were bought from supermarkets and farmers market. The pur-
chased beef, which was washed with clean water and drained well, will be cut into uniform
sliced meat about 3-5 mm thickness as 50 samples. They were put on dark blue back-
ground grid of conveyor belt in the system, captured and moved one next another.

5.2. Segmentation of fat and lean meat. For the sake of accuracy of region segmen-
tation method, this paper studied and compared four segmentation algorithms includ-
ing maximum entropy method, the minimal cross-entropy segmentation method, Otsu
method and HSV color space segmentation method. In these algorithms, maximum en-
tropy method, the minimal cross-entropy segmentation method and Otsu method em-
ployed R layer image in RGB color space to segment the image. While the process for
HSV color space segmentation method is: converting the obtained RGB image into HSV
image at first, then the Hue layer (H layer) is used to segment the fat and lean meat
based on the optimal threshold that is to calculate the hue boundary threshold between
the fat and lean area. The muscle tissues are the range of the hue component satisfying
H > 0.89 or H < 0.05. Other hue components belong to fat area.

The results of four segmentation algorithms are shown in Figure 3. Figure 3(a) shows
the image without background. Figures 3(b), 3(c), 3(d) and 3(e) are the fat area af-
ter segmentation as binary image based on minimal cross-entropy segmentation, Otsu
segmentation, HSV color space segmentation and maximum entropy segmentation in se-
quence. The white areas in binary images are the fat areas. Figures 3(f) and 3(g) are
the beef lean image without fat based on HSV color space segmentation and maximum
entropy segmentation.

It can be seen from Figure 3: minimal cross-entropy segmentation and Otsu adaptive
threshold segmentation are relatively poor in 3(b) and 3(c), while some lean areas are
divided into fat areas. The segmentation effects of maximum HSV color space segmen-
tation and entropy segmentation are better in 3(d) and 3(e). In addition, by comparing
Figure 3(f) with 3(g), it can be seen that the fat areas are still larger than the real fat
areas in Figure 3(f), but the fat areas in Figure 3(g) are much more accurate. Therefore,

(e) () (2)

FI1GURE 3. The segmentation results of separating fat and lean based on
four methods
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this experiment shows that the improved maximum entropy segmentation method can
accurately segment the fat and lean meat in beef imaging.

5.3. Fat content detecting results. After the fat and lean areas are separated, the
fat content of beef is calculated by Equation (4). HSV color space segmentation method
and maximum segmentation method were all tested to estimate fat content. The data
were analyzed and compared to get a better method. For showing the difference of fat
content with the standard fat content by chemical method, Figure 4 shows the absolute
differences by each sample. The z axis is the number of beef samples, and y axis is the
difference value of predicting fat content and standard one. The unit of chemical results
is g/100g, and we convert it into percentage that is easy for comparing. From Figure 5,
the differences of fat content by maximum entropy method are much smaller than those
of HSV color space segmentation method.
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FI1GURE 4. The differences of fat content with 50 samples

The detecting results and differences are also shown in Table 1. The first row of Table 1
is the average value of fat content under different detection methods. The second and the
third rows are the maximum and minimum differences between the first two columns and
the standard fat content tested by Soxhlet method. The last row is the total Euclidean
distances of 50 samples. From this table, it can be seen that the smallest value in the
last row is using maximum entropy method, and the difference is smaller than standard
values. The results of maximum entropy method are better than HSV color space method
among all the data.

Then, ternary nonlinear regression analysis method was applied to making the pre-
diction results accurately. Figure 5 shows the results of nonlinear regression under two
methods as y-axis. And the z-axis is the standard fat content percentage. Figure 5(a) fits
the standard fat content by maximum entropy method, and 5(b) is HSV color segmen-
tation method. In Figure 5(a), the data are closely distributed around the fitted curve
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FiGURE 5. The results of ternary nonlinear regression

TABLE 1. The differences of fat content

Items | Maximum entropy | HSV color space | The fat content
Average 8.8162 10.1751 9.3870

Max 1.1326 5.0128 -

Min 0.0142 0.0705 =

Total 5.2342 14.7263 -

obviously, but they are distributed dispersively in Figure 5(b). Therefore, the maximum
entropy method is more effective. The detective formula that is calculated by ternary
nonlinear regression is as follows:

y = 0.00172° — 0.106522 + 2.528% — 6.532 (5)

where y is the final detecting result of fat content percentage, and z is the fat content
percentage that is calculated by maximum entropy method. In addition, the cube coeffi-
cient is very small, and the fitted curve in Figure 5(a) is like a quadratic curve. Therefore,
the cube coefficient is eliminated for simplifying the formula, and the formula becomes as
follows:

y = —0.106527 + 2.5287 — 6.532 (6)

For testing the accuracy of the whole method and the on-line system of this paper, other
50 new samples were estimated by the proposed method and Soxhlet method. When the
accuracy was calculated comparing two method results in the errors of 5% allowed, the
accuracy of the proposed method was 92%. The detecting speed of on-line system was
also tested, and the processing time is 0.83s per sample in average. It means that the
system can process about 72 samples in one minute.

6. Conclusions. This paper presented an on-line non-destructive beef fat content detect-
ing system including the hardware and software. The hardware design was introduced
at first. Then, the software and the improved methods in it were mainly introduced and
tested. A maximum entropy segmentation method was presented by employing R layer
of image. It was proved to be the best method compared with other three segmentation
methods including HSV color space segmentation method, minimal cross-entropy method
and Otsu method. In addition, the fat content results estimated by the first two meth-
ods were also tested and compared with the results tested by Soxhlet extractor method.
Experimental results show that maximum entropy method is accurate for isolating fat
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and then computing fat content. A nonlinear regression function that approximated the
standard fat content was calculated by the results of samples. Finally, by testing 50
new samples, the calculated result by maximum entropy method is in good agreement
with the standard value by the accuracy of 92% and the detecting speed is 0.83s per
sample. Therefore, the on-line detecting system can predict beef fat content quickly and
accurately, and is suitable for practical use.

Acknowledgment. This work was supported in part by the Science and Technology
Support Program of Hebei (No. 12220139), and Polytechnic Foundation of Agricultural
University of Hebei (No. LG20130703).

REFERENCES

[1] M. A. Nathan and P. N. Walker, Measuring fat content of ground beef stream using on-line vis-
ible/NIR spectroscopy, Transactions of the American Society of Agricultural Engineers, vol.46,
pp-117-124, 2003.

[2] K. N. Sing, G. Andrew, P. Graham et al., Bimodal method of determining fat and salt content
in beef products by microwave techniques, IEEE Trans. Instrumentation and Measurement, vol.58,
no.10, pp.3778-3787, 2009.

[3] B. Lucia, H. Anders, B. Gunilla et al., A segmentation technique to determine fat content in NMR
images of beef meat, IEEE Trans. Nuclear Science, vol.49, no.1, pp.195-199, 2002.

[4] F. M. V. Pereira et al., Fast determination of beef quality parameters with time-domain nuclear
magnetic resonance spectroscopy and chemometrics, Talanta, vol.108, pp.88-91, 2013.

[5] X. Tian, Y. Xu et al.,, Add to selected records rapid detection model of beef quality based on
spectroscopy, Chinese Society of Agricultural Machinery, vol.44, no.1, pp.171-176, 2013.

[6] K. Xiao and G. Gao, Research on detection of pork freshness system based on mobile photograph
image analysis, ICIC Express Letters, vol.7, no.12, pp.3265-3269, 2013.

[7] F. Yoshikawa, K. Toraichi, K. Wada et al., On a grading system for beef marbling, Pattern Recog-
nition Letters, vol.21, no.12, pp.1037-1050, 2000.

[8] Y. Sun, X. Zhao and J. Xianyu, Appraising method for freshness of chilled beef based on computer
vision technique, Journal of Agricultural Machinery, vol.35, no.1, pp.104-107, 2004.

[9] X. Wang, Y. Sun, X. Fan et al., Method of simulation technique detecting beef tenderness, Journal
of Chinese Food, vol.12, pp.185-190, 2012.

[10] X. Zheng, Y. Peng, Y. Li and A. Adnan, A nondestructive detection method of multi-quality param-
eters of beef by visible/near-infrared spectroscopy, American Society of Agricultural and Biological
Engineers Annual International Meeting, vol.5, pp.3773-3779, 2015.

[11] F. Tao and Y. Peng, A method for nondestructive prediction of pork meat quality and safety at-
tributes by hyperspectral imaging technique, Journal of Food Engineering, vol.126, pp.98-106, 2014.

[12] M. Apro, D. Novakovic, S. Pal et al., Colour space selection for entropy-based image segmentation
of folded substrate images, Acta Polytechnica Hungarica, vol.10, no.1, pp.43-62, 2013.

[13] D. Zhou, Q. Pan, H. Zhang et al., Maximum entropy thresholding algorithm, Journal of Software,
vol.12, no.9, pp.1420-1422, 2001.

[14] W. Wang and F. Wang, Maximum entropy method of image segmentation based on genetic algo-
rithm, Computer Simulation, vol.28, no.8, pp.291-294,319, 2011.

[15] S.-G. Shu, H.-H. Lin, S.-W. Kuo and S.-S. Yu, Excluding background initial segmentation for ra-
diographic image segmentation, International Journal of Innovative Computing, Information and
Control, vol.5, no.11(A), pp.3849-3860, 2009.



