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Image Processing for Recognition of Cow Teats and Selection of a NIR Filter for
Robot Milking System

W. Kim

D, W. Lee

| Abstrast )

This study was developed image processing algorithm for recognition of four teats of a cow in the image using black
and white camera attached with infrared filter. Spectroscopicv analysis was used for selection of a NIR filter to separate
teats from udder skin in the image captured. To verify the performance of image processing algorithm was developed and
NIR filter was selected, carried out an experiment with cows. NIR band-pass filter was used to pass the 975 nm band of
light spectrum. The image processing algorithm was developed could recognize all teats and the process time was 0.9
second to recognize the all teats and to acquire end position of teats.
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Fig. 1 Cow’s udder skin and teats.

Table 1 Specifications of NIRS system

Item Specifications
Wavelength range 400~2,500 nm
Wavelength accuracy +0.3 nm
Wavelength repeatability 240.015 nm standard deviation
Data interval 2.0 nm

Spectral bandwidth
(1,100~ 2,500 nm)

Stray light

10+1 nm reflectance,
8.5+1 nm transmission

less than 0.1% at 2,300 nm

less than 1.0% as measured
with Carbon Black

60 °F to 90 °F

specular reflectance

Operating temperature
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Table 2 Specification of B/W camera (STC-400)
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Model Effective picture element (Pixel) Cell size ( im) J Image censor Minimum illuminance | Lens mount type
STC-400 768 (H)x494 (V) 7.95 (H)x6.45 (V)i 172" interline CCD 0.3 Lux at F1.4 C
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Fig. 3 Main screen of program in the stereo vision system.
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Fig. 5 Searching direction to find four teats on image.

302



Left, right image capture
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Fig. 6 Flowchart of image processing for teats recognition.

(a) Without NIR filter
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Fig. 7 Spectrums of teat I (no brindle), IT (brindle) and udder skin
(hair) by average values.

(b) With NIR filter

Fig. 8 Images with NIR filter and without.
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Fig. 9 The threshold value by accumulation histogram.
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Fig. 10 Processed images by teats recognition algorithm.

Table 3 The recognition ratio and average end-point error of teats by time

Time 1 2 3 4 5 6 7 Average
Teat recognition ratio (%) 95 95 100 100 100 100 100 98.00
Average error of teat end-point (pixel) 0.8 0.9 0.3 0.2 0.4 0.4 0.5 0.52
Average execution time (sec) 1.0 0.9 1.0 0.9 0.9 0.8 0.8 0.94
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