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Abstract: Our project team found that, in combination with the characteristics of 

strong illumination in the plateau area, a non-contact measurement based on machine 

vision for yak signs based on machine vision and the limitations of manual 

measurement. Construction method: Considering the high altitude breeding 

environment, used the embedded real-time operating system (Raspberry Pi) to obtain 

the image of the yak through the RGB wide-angle camera, and call the open source 

computer vision library OpenCV to process the image in real time, find the feature 

points and calculate the body height of the yak. Body length and other physical signs 

data; Image processing: background difference, image denoising, binarization, 

contour extraction and feature point recognition; The experimental results show that 

the measurement method has certain error, but the average relative error does not 

exceed 3%, so the measurement method has good practical value. 

 

Keywords: Machine Vision; Outline Extraction; Feature Points; OpenCV; Embedded 

Systems。 

 

1. Introduction 

The growth sign of yak is one of the main parameters of the pasture breeding industry, 

and it is also an important indicator in the breeding and feeding management of yak. 

Especially in the yak research and breeding station, body height, body length, body 

width and other body data are important indicators for selection. 

It has been found that finding the feature points is the key to the body-scale extraction 

process of yak images. According to field research, the site environment is complex and 

the ideal yak image cannot be obtained. So how to identify the yak's physique points in 

a complex field environment and improve image utilization is based on the key to 

measuring the body of the yak. 
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2. Overall Design of the System 

The overall structure of the immune system identified by the calf photovoltaic 

intelligent identification of the project team can be divided into two parts: information 

collection system and source system. The research method to be adopted in each part 

is as follows: 

 

2.1 Information Acquisition System: 

This system is mainly to image acquisition of objects entering the immune area, and 

return to the lower computer for image processing, specifically background difference 

method, image denoising, image binarization, region filtering, contour extraction, 

feature recognition and body size calculation (Statistical calf count, body length, 

shoulder height, etc.) Finally, the relevant information is transmitted back to the upper 

computer via the Wi-Fi module. 

In the image preprocessing stage, image enhancement is performed using the 

maximum entropy method. The maximum entropy method properly protects the 

image's features while properly enhancing the contrast of the image, so that the image 

can provide accurate information. 

Since the detection device works outdoors, there is a high temperature difference in 

the high altitude area；and when the yak individual passes through the detection 

device, the system inevitably generates vibration. Therefore, it is susceptible to two 

kinds of noise interference, one is due to the sensor noise (Gaussian noise) brought by 

the electronic circuit; The other is the motion blur caused by system jitter. For image 

degradation caused by these two reasons, this paper constrains least-squares image 

filtering. Its main feature is that it only requires knowledge of noise variance and mean 

value, both of which can be calculated from degraded images; Two-multiplier filtering 

yields optimal results for each image processed. 

From the characteristics of the detection device to remove some of the background, 

highlight the image area where the cow body. Saves computer resources, improves 

computational efficiency, and reduces the difficulty of subsequent image processing. 

 

2.2 Energy supply system: 

The energy supply system is mainly composed of a transformer, a rectifier circuit, a 

filter circuit, a photovoltaic cell panel, and a photosynthetic silicon energy cell. After the 

solar panel generates electricity, it is stored in a battery, such as a battery, after being 

regulated by a voltage regulator, and the power is supplied to the rest of the system 

after being transformed at various levels. 

Hardware Platform  

This experiment uses a wide-angle camera to collect RGB color image information of 
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sheep from the side, the image size is 640 ×  480 pixels, and the experimental platform 

is embedded Linux operating system (Raspberry Pi). 

Core ideas 

 Image processing uses OpenCV, a real-time cross-platform open-source computer 

vision library. Firstly, the background difference method is used to extract the 

foreground image (Yak); Then convert the RGB color image to a grayscale image, 

dynamically determine the image binarization threshold to generate a binary image; 

remove the noise, extract the side and back contours of the yak, and then find the Yak's 

various feature points through the feature point algorithm and output The calf's height 

and body length were calculated using a body measurement algorithm. The system 

flow is shown in Fig 1 

 

Fig1. System Flow Chart 

 

3. Image Processing 

3.1 Background Difference Method 

 Common background removal methods include background difference method, frame 

difference method, and Gaussian model removal background method. In the study of 

the outline of the extracted yak, it is found that due to the more complex background 

environment, in order to better extract the yak lifting contour, the background 

difference method is more appropriate. To facilitate subsequent image processing, we 

need to convert a 3-channel color image into a single-channel grayscale image. 

 

3.2 Image Denoising  

The image noise is caused by the internal factors such as the lens and the photoelectric 

conversion device and the random influence of external light and electricity during the 

image acquisition and transmission. Denoising the yak image is to eliminate various 

noises introduced during the process of collecting yak images so that it does not affect 

the extraction of yak contours and feature point analysis, so that more accurate 

measurement results can be obtained. The kernel size of the filter used in this paper is 
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3*3 pixels. 

 

3.3 Image Binarization 

In order to extract the outline images of yaks better, dynamic threshold segmentation 

was used in this study to obtain the binary image of yaks. Through research and 

comparison, it is found that it is ideal to divide the image with a threshold T=45. 

 

3.4 Area Filtering 

By calculating the centroid of the image and setting the region of interest, the effect of 

noise on the image analysis is eliminated, which lays the foundation for the next step 

to extract the ideal yak profile. In this study, 320*240 pixels centered on the image 

centroid filter out most of the non-interesting background image noise. The effect is 

shown in Fig 2. 

 

3.5 Extracting Outlines 

This paper uses the Canny edge detection algorithm (threshold 100,150) in the 

OpenCV library to extract the yak outline. In order to make the contour curve smooth, 

a median filter is used first, and then image morphology processing is used once more. 

In this paper, the closed-form operation is used. The essence of this operation is to 

perform one expansion operation first, and then to perform a corrosion operation. The 

advantage of a closed operation is that it eliminates isolated points below its immediate 

point, fills small holes in objects, connects adjacent objects, and smooths its 

boundaries without significantly altering its area. 

After de-noising the yak outline effect is not ideal, some lines are not continuous, which 

will directly affect the accuracy of the results of the next feature point search. In this 

study, all outlines were detected from the extracted rough outline binary image. Then, 

area noise filtering was used to remove small areas of noise, and the outermost outline 

was extracted. At this time, the outline image was ideal. 

      

Fig 2.  Yak outline (binary) extraction 
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4. Analysis of experimental results 

In order to test the accuracy of the algorithm in measuring body weight of yak, in this 

study, before and after collecting images of yaks, the yak body scales were measured 

manually using canes, tapes, and other tools, and the measuring points were 

consistent with the measurement points of body measurements. For the seven yak 

used for the analysis and accuracy test of the present study, the height and length data 

of the yak were actually measured, and each measurement was performed five times. 

The average of five measurements was taken as the true measurement value. Then, it 

compares and analyzes the calculation results obtained by the body measurement 

algorithm of this study. As shown in Table1. 

Tabelle 1  Comparison of body measurement algorithm results with measured values 

Yak 

number 

Actual value /cm BMAC value /cm error 

length height length height δＬ％ δＨ％ 

1 251.6 175.8 260.3 180.8 3.34 2.76 

2 245.5 172.3 237.9 165.9 3.19 3.86 

3 230.2 169.1 239.6 176.5 3.92 4.19 

4 256.3 176.5 262.8 182.3 2.47 3.18 

5 260.6 180.1 269.9 186.2 3.44 3.28 

6 253.8 172.6 260.9 179.1 2.72 3.62 

7 255.5 171.6 249.6 162.3 2.36 5.73 

δ％  3.06 3.80 

 

Note: δ% is the average relative error; δＬ％ is the relative error between the 

calculated body length and the measured value; δＨ ％is the relative error between the 

calculated and measured body height. 

From the analysis of the error data in Table 1, the relative error of the body length of 

the seven yaks measured by this algorithm is 3.97% at the maximum, and the 

maximum relative error of the body height is 4.20%, and no more than 5%; 7 yak The 

average relative errors were 2.95% and 2.81%, respectively, and did not exceed 3%. 

Overall, experimental measurements are more reliable and stable. 

 

5. Summary 

The development of yak sign measurement system based on embedded machine 

vision is based on the actual application requirements. It is a non-contact 

measurement system with high real-time and high accuracy. It has no stress on 

livestock growth, the algorithm is stable, and the measurement results are reliable. 

Stronger robustness. The system provides strong support for the development of 
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modern animal husbandry, with a high application prospect and practical use value. 

Neural networks have more efficient fault diagnosis than standard neural networks. 
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