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A Stereo—Vision System for 3D Position Recognition
of Cow Teats on Robot Milking System

W. Kim

B. R. Min

D. W, Lee

Abstract

A stereo vision system was developed for robot milking system (RMS) using two monochromatic cameras. An algorithm
for inverse perspective transformation was developed for the 3-D information acquisition of all teats. To verify performance
of the algorithm in the stereo vision system, indoor tests were carried out using a test-board and model teats. A real cow

and a model cow were used to measure distance errors. The maximum distance errors of test-board, model teats and real

teats were 0.5 mm, 4.9 mm and 6 mm, respectively. The average distance errors of model teats and real teats were 2.9
mm and 4.43 mm, respectively. Therefore, it was concluded that this algorithm was sufficient for the RMS to be applied.

Keywords : Inverse perspective transformation, Monochromatic cameras, RMS, Stereo vision
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Fig. 3 Test board for camera calibration (a) and main screen of
program (b).

Fig. 4 Experiment of teat-model.

Fig. 5 Experiment of sterco vision by cow.
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Table 1 Position error of each point on test-board (unit: mm)
Axis Computed Measured Error
Point x y z X y 7 X 1yl 7 E
1 75.00 | 3500 | 200.00 | 75.00 35.00 200.00 0.00 0.00 0.00 0.00
2 7499 | 8491 | 25978 | -75.00 85.00 260.00 0.01 0.09 0.22 0.24
3 7500 | 3501 | 32000 | -75.00 35.00 320.00 0.00 0.01 0.00 0.01
4 2496 | 8515 | 38048 | -25.00 85.00 380.00 0.04 0.15 048 0.50
5 2500 | 3498 | 44000 | 25.00 35.00 440.00 0.00 0.02 0.00 0.02
6 2496 | 8494 | 499.73 | 25.00 85.00 500.00 0.04 0.06 027 0.28
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Table 2 Position error of each teats on teat-model {unit: mm)
Axis Computed Measured Error
Point no. X y z X y z Ix| Iyl I E
Front-Left -79.11 -123.04 561.68 -80 -123 560 0.89 0.04 1.68 1.9
| ’_Rear-Left -30.23 -126.36 666.33 -30 -125 670 023 1.36 3.67 39
Rear-Right 43.12 -119.54 667.28 45 -120 670 1.88 0.46 272 33
Front-Right 82.67 -116.56 570.99 83 -115 570 0.33 1.56 0.99 1.9
Front-Left -120.6 -145.4 546.7 -120 -145 550 0.6 0.4 33 33
) Rear-Left -84.4 -139.5 659.6 -85 -140 660 0.6 0.5 0.4 0.9
Rear-Right -12.8 -153.1 666.6 -13 -155 670 0.2 1.9 3.4 3.9
Front-Right 35.8 -136.8 570.7 35 -138 570 0.8 1.2 0.7 1.6
Front-Left -40.3 -143.1 556.8 -40 -143 560 0.3 0.1 32 33
3 Rear-Left 14.4 -161.0 656.0 15 -160 660 0.6 1.0 40 42
Rear-Right 88.2 -138.2 659.9 88 -140 660 02 1.8 0.1 1.9
Front-Right 121.8 -144.0 555.6 120 -145 560 1.8 1.0 44 49
Front-Left -80.7 -1345 404.5 -80 -135 400 0.7 0.5 4.5 4.6
4 Rear-Left -39.0 -137.1 503.6 -40 -138 500 1.0 0.9 3.6 39
Rear-Right 322 -1354 498.3 33 -135 500 0.8 0.4 1.7 1.9
Front-Right 77.0 -132.1 404.6 78 -133 400 1.0 0.9 4.6 4.8
Front-Left -89.5 -129.7 618.0 -90 -130 620 0.5 0.3 2.0 2.1
s Rear-Left -50.1 -127.5 729.0 -50 -128 730 0.1 0.5 1.0 1.1
Rear-Right 222 -1284 739.0 23 -128 740 0.8 04 1.0 14
Front-Right 70.3 -122.6 6459 70 -123 650 0.3 0.4 4.1 4.1
Average 0.7 0.8 2.6 29
Table 3 Distance error of base point to teats (unit: mm)
Axis Computed Measured Error
Position X y z X y z x| lyi |2 E
Front-Left -83.58 -156.75 158.52 -80 -155 160 3.58 1.75 1.48 43
Rear-Left -28.02 -156.33 282.92 -30 -155 280 1.98 1.33 2.92 3.8
Rear-Right 26.75 -156.67 300.63 30 -155 300 3.25 1.67 0.63 3.7
Front-Right 65.51 -148.34 176.38 70 -150 180 4.49 1.66 3.62 6.0
Average 333 1.60 2.16 443
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