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Predicting Method of Dairy Cow Weight Based on
Three-dimensional Reconstruction

CHU Mengyuan' LIU Gang® SI Yongsheng' FENG Fan'
(1. College of Information Science and Technology, Hebei Agricultural University, Baoding 071001, China
2. Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education,
China Agricultural University, Beijing 100083, China)

Abstract: In order to complement the missing point cloud and improve the selection of single-view mirror
symmetry planes, and solve the problem of low parameter dimensions in the existing cow weight
estimation model, a method of dairy cow weight estimation based on 3D reconstruction was proposed.
Firstly, a cow depth video acquisition platform was built, and the cow’ s top and side perspective data
were collected by using the Kinect camera. After selecting the synchronized top and side view frames in
the depth video, they were converted to point clouds, and the complex background was removed to extract
the cow points cloud. Then it was proposed to use the side view point cloud of different frames to
complete the missing part of the selected side view point cloud, and after registering the top view and side
view point clouds, for the single view side view point cloud, a method was proposed to select the
symmetry plane based on the position of the cow spine in the overlook point cloud, so the dual-view side-
view point cloud was obtained, and the reconstruction of the point cloud on the surface of the cow was
completed. Finally, point cloud surface reconstruction was carried out, and the volume and surface area
of the surface model were used to establish a cow weight estimation model. The data of 29 cows were used
to verify the model, and the results showed that the surface area of the cow’s curved model, the volume of
the curved model, excluding the limbs and head, and body weight were significantly positively
correlated. The absolute error of weight estimation was between - 18.67 kg and 23. 34 kg, the relative
error was less than 3.40% , and the average relative error was 2. 04% .

Key words: cows; Kinect camera; point cloud completion; mirror symmetry; 3D reconstruction; weight
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Fig.1 Platform for cow data acquisition
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Fig.2  Cow point cloud extraction
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Fig.5 Statistics of number of points in sliced point cloud
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Fig. 6 Top and side view point cloud registration
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Fig.9  Point cloud mirror symmetry
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Fig. 10  Cow surface reconstruction
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Fig. 13 Side view point cloud completion sample results
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Fig. 15 Regression analysis of weight estimation model

IIBTER 25 7 AR B R IR A W A AEFE B AT R
SEBIT, BB AR IR 22, RV ECSAE T BE R AT — i B iR
7& 5 FbR s o B KE o W8 P8 R e 1 05 20 1
HOR, FEURE UG R

A 30 = 2 SR B T T T W AR R A L
Al — 2 T3 A R R

3 £t

(1) #5431 1 05 A4 R B B dl b AT 1 Ak B
SERITRIYIE FAR, BRSSOy A E T
Hefil

(2) 7 M 3 T W A i D 42 07 3%, AT LA 2
RO RE 2z b 4, AR A 2 AR R, 2 3K 3

98.84%

(3) NARMGE R WY - R R A =, B T
2 I R A SR A5 0 Bk - T i BT % 05 9 AT LA
BOARS E AR B A R = B AR, R RO
93.02%

(O FRAAT TR =48 =, KR
B B S ¥ ) TR Y A B A T Y ok E AR B
0.799 4, K AU ¢ {A B 2 AR 5 0K Tk E R HC N
0.8202,

(5) ) FHAR S A i 9 A6 280 R AR 5 2 Tl AR At s
[ A B A 29 Sk g A AR iR 4 R R W, g
PR TR A 28 X IR ZELE - 18. 67 ~23. 34 kg JUH N,
HIXTRZE/INT 3. 40% P I RIXT R 2ZE 0 2. 04% .

& % x Wt

(1] THuE,sKREAe R TY. 24 Pk R 0 1 R R IR A7 7 [R) R e 3 3R 43 A [T ] 77 B ACMRR4,2018,59(7) =33 - 35,63.
MA Cong,ZHANG Jianhua,ZHU Dan. Present situation, problems and countermeasures of weighting system in cattle farm[ J].
Ningxia Journal of Agriculture,2018,59(7) :33 -=35,63. (in Chinese)

[2] ZANTON G I, HEINRICHS A J. Meta-analysis to assess effect of prepubertal average daily gain of Holstein heifers on first-
lactation production [ J]. Journal of Dairy Science,2005,88(11) ;3860 —3867.

[3] KEOWN JF, EVERETT R W, EMPET N B,et al. Lactation curves[ J]. Journal of Dairy Science,1986,69(3) .769 —781.

(4] RJEBL R EZ P54 g (s n b5 (1], ZRUR 4~ 4,2014,20(16) : 113 ~ 114,

XU Qiming. Study on the influence of different factors on milk production of dairy cows[ J]. Anhui Agricultural Science Bulletin,

2014,20(16) :113 - 114. (in Chinese)

[5] BRICKELL J S, POLLOTT G E, CLEMPSON A M, et al. Polymorphisms in the bovine leptin gene associated with perinatal
mortality in Holstein-Friesian heifers[ J]. Journal of Dairy Science,2010,93(1) ;340 —347.
[6] 4@ % ST =48 2 MU R RO & 5 R 8 00 7 I 0F 5 [ D] B« IU AL RBR R K 2% ,2018.

NIU Jinyu. Body size measurement and weight prediction for dairy cows based on 3d point cloud[ D]. Yangling: Northwest A&F

University,2018. (in Chinese)

[7] PEZZUOLO A,MILANI V,ZHU Dehai, et al. On-barn pig weight estimation based on body measurements by structure-from-
motion (SfM)[J]. Sensors ( Basel,Switzerland) ,2018,18(11) :3603.
(8] K3, NIRT,BWT, 5. HTHGEN B REMANT]. B FEAR 554 TR/ ,2020(1) 100 - 101.

WU Yao,LIU Zhenyu,GU Yaning, et al. Sow weight estimation based on machine vision[ J]. Electronic Technology & Software

Engineering,2020(1) :100 — 101. (in Chinese)

(9] SRSLAE. 3T HOM & I B AL SRR A 9 A A & (7). RHEGE R ,2013,29(11) 1149 ~ 152,

ZHANG Liqian. The cows weight calculation based on non-measurement machine vision [ J]. Bulletin of Science and

Technology,2013,29(11) ;149 —152. (in Chinese)

[10] AP #F. & T R 45 4k A b JE 2 (A B A S BT 52 [ D] iDL s DUHE TR % ,2015.

HAO Xueping. Research on dorper sheep weight estimation model based on image processing [ D]. Wuhan: Wuhan University



384

& BLOW o R 20204

(11]

[12]

[13]

[22]

[25]

[26]

of Technology,2015. (in Chinese)

Pt e CHE A5 ORI T LA B8 B AE R (A R 3 A 33 T i i T [ C ] /2005 4F i [ ol TR 2% 2 2 RAF 28 3C
SE 5 =0 1 ,2005 :399 - 402.

YANG Yan,TENG Guanghui, LI Baoming. Determining pig dimensions and weights using computer vision techniques[ C] //
Volume 3 of the 2005 Annual Conference of the Chinese Society of Agricultural Engineering, 2005:399 —402. (in Chinese)
U AR A, 2 6 TR TF 55 B T B0 =k B R AR I R A 3 2R 1 B R KB A2 7 i [ T/70L ] Al B 4 41, 2018 ,49
(6):225 -231.

HE Dongjian,NIU Jinyu,ZHANG Ziru,et al. Repairing method of missing area of dairy cows’ point cloud based on improved
cubic B-spline curve[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49(6) :225 —231. http: /
www. jesam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20180626&flag =1. DOI.10.6041/j. issn. 1000-1298.2018.
06.026. (in Chinese)

SCHOFIELD C P, MARCHANT J A, WHITE R P, et al. Monitoring pig growth using a prototype imaging system[ J]. Journal
of Agricultural Engineering Research, 1999, 72(3) . 205 -210.

TASDEMIR S, URKMEZ A, INAL S. Determination of body measurements on the Holstein cows using digital image analysis
and estimation of live weight with regression analysis[ J]. Computers & Electronics in Agriculture,2011,76(2) :189 - 197.
JORGEN K. Estimation of pig weight using a Microsoft Kinect prototype imaging system[ J]. Computers and Electronics in
Agriculture ,2014,109 .32 - 35.

112 O ik e, 55, JET LabVIEW [0 H LR E RGEAGMBE R B 7 [ C /7 I & o B 24 5 BHOR 4
S8 TR ARV S0 304 20171146 - 155.

SHI Chen, TENG Guanghui,ZHANG Jianlong,et al. Binocular stereo vision system based on LabVIEW to estimate pig weight
[ C] // Proceedings of the 12th Academic Symposium of Information Technology Branch of Chinese Society of Animal Husbandry
and Veterinary Medicine, 2017 :146 - 155. (iin Chinese)

FIK M, 22 R XM, 4. BT Kinect FHBLAY M (S5 AR 2 2546 D0 15 1A RO 5 [ 1/ OL ] Ol HLA A4 ,2019,50(1) + 58 —65.

ST Yongsheng, AN Lulu,LIU Gang,et al. Ideal posture detection and body size measurement of pig based on Kinect[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50 (1) :58 - 65. http: // www. jesam. org/jcsam/ch/
reader/view_abstract. aspx? file_no =20190106&flag = 1. DOI:10. 6041/j. issn. 1000-1298.2019.01. 006. (in Chinese)
IME, . BT RBF MM A S I8 5 = B RO )] M52 ) i #AE 5L ,2020,43(2) - 105 - 108.

SUN Wei,MA Zhanwu. Research on point cloud filtering and cavity restoration based on RBF neural network[ J]. Geomatics &
Spatial Information Technology,2020,43(2): 105 —108. (in Chinese)

ZHANG Yang, LIU Zhen, LI Xiang, et al. Data-driven point cloud objects completion. [ J]. Sensors ( Basel, Switzerland) ,
2019,19(7) :1514.

BTV, RALN-, L, % BT 200 SO AR i a fb e M4 [T 80t 5t 124 95,2020 1 - 14.

LUO Kaigian, ZHU Jiangping, ZHOU Pei, et al. Point cloud shape completion network with multi-branches generation
architecture[ J | . Laser & Optoelectronics Progress,2020:1 — 14. (in Chinese)

X[ i, e , 5K AR R , 55 B T s s B s it T = e S @ 5 R [J/OL ] A0l LR 2% 4R ,2014,45(6) 1291 - 295.
LIU Tonghai, TENG Guanghui,ZHANG Shengnan, et al. Reconstruction and application of 3D pig body model based on point
cloud data[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(6): 291 —295. http: / www.
jesam. org/jesam/ ch/reader/view_abstract. aspx? file_no = 20140644 &flag = 1. DOI: 10. 6041/j. issn. 1000-1298. 2014. 06.
044. (in Chinese)

EFL SR, B A BT LA A B B R A R RO 5 s [ 1701 ] AL HLA A% 4T ,2018,49(3) 1187 - 195.

WANG Ke,GUO Hao,MA Qin,et al. Pig body size measurement method based on mirror reflection of single angle point cloud
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018,49(3) :187 - 195. http: / www. jcsam. org/
jesam/ch/reader/view_abstract. aspx? file_no = 20180323 &flag = 1. DOI; 10. 6041/j. issn. 1000-1298. 2018. 03. 023. (in
Chinese)

Wi, EZON, EMIR, 5. —FhSa i (8) P2k B b R IBCH ik (] b3 7 R4 4 ,2015,24(6) 975 - 981.

SHEN Wei, WANG Jiawei, WANG Linzhen, et al. One new method of bedrock (island) coastline extraction[J]. Journal of
Shanghai Ocean University,2015,24(6) : 975 —981. (in Chinese)

Wt OCHE 2 ORI, 45 B T S ALAL S BOAR AR RN R R R B R ATFE [T ] Al TR 2% 41 ,2006,22(2) « 127 - 131.
YANG Yan,TENG Guanghui, LI Baoming,et al. Measurement of pig weight based on computer vision[ J]. Transactions of the
CSAE,2006,22(2) :127 - 131. (in Chinese)

YANG Yan,TENG Guanghui, LI Baoming. Measurement of pig weight based on image analysis[ C] // Proceedings of the 3rd
International Symposium on Intelligent Information Technology in Agriculture ( ISIITA) ,2005.5.

el B, N R E,5F . B T HLAR 0038 (0 8 BT i A A Y L B 5 AR [T] . Al TAR 224 ,2015,31(2) : 155 - 161.
LI Zhuo, MAO Taotao, LIU Tonghai, et al. Comparison and optimization of pig mass estimation models based on machine

vision[ J]. Transactions of the CSAE, 2015, 31(2): 155 - 161. (in Chinese)



