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Measurement method of sheep body parameters based on
3D point cloud

MA Xuelei, JIANG Xinhua“, ZHOU Yangqing

(College of computer and information engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)

Abstract To address the time-consuming and labor-intensive issues associated with traditional sheep body
measurement methods, this study employed an integrated approach combining iteratively reweighted least
squares(IRLS), k-means algorithm, Gaussian mapping and Gaussian kernel mean shift clustering algorithm
for analyzing sheep body dimension measurement based on 3D point cloud. The results showed that: 1) The
normal estimation method of the iterative reweighted least squares method demonstrated strong noise immunity
and yielded more accurate results. 2) The mean shift clustering algorithm based on the Gaussian kernel can
accurately identify and separate the sheep body area data from the point clouds, effectively avoiding the over-
segmentation or under-segmentation of other methods precalent in alternative methods. 3) Body measurement
points were selected from the sheep point cloud to calculate four morphometric parameters such as body length,
body height, chest depth, and rump height. The maximum relative error of the four body size parameters was
1.72%. In summary, the proposed 3D point cloud-based approach enables accurate extraction of sheep body
point clouds and non-contact morphometric measurement through strategically selected anatomical landmarks.
This methodolody provides a reliable technical references for both body dimension quantification and live weight
estimation management.
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Fig. 1 The framework diagram of the research method used in the study
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Fig. 3 Preprocessing results of the original sheep point cloud
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Fig. 4 Normal estimation results of planar point cloud using different methods
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(a) Sheep point cloud Datal to be segmented; (h) Sheep point cloud Data2 to be segmented (¢) Normal estimation result of Datal; (d) Normal
estimation result of Data2 ; (e) Datal, region growing method; () Data2, region growing method (g)Datal, ~=0. 25, mean shift clustering; (h)
Data2, h=0.25, mean shift clustering; (i) Datal, 2=0. 15, mean shift clustering; (}> Data2, h=0.15, mean shift clustering; (k) Sheep region
extracted from (e); (1) Sheep region extracted from () ;(m) Sheep region extracted from (g); (n) Sheep region extracted from (h).
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Fig. 7 The segmentation results of sheep point cloud based on mean shift clustering
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Table 1 Comparison of accuracy rate between two sheep point cloud segmentation methods

B [X 35k A= K 7% Region growing YIMH 345 T 25 Mean shift clustering

Dataset Ngp Nrp Qr Qr n Ngp Nrp Qr Qx n
4 1 Datal 239 9342 97.47% 99.96% 61 35 9 549 99.63% 100% 36
K4 2 Data2 161 7563 97.92% 100% 53 15 7709 99.81% 100% 39

TE = Qp F HET 5 Qe A7 44 10136 50 pyp TE T 23 ) A K 5 e B85 D2 53 0 1O 15K m 20 B RR
Note: Qp represents accuracy rate; Qg represents recall rate;npp represents the number of correctly segmented points ; npprepresents the number

of incorrect segmented points; n represents the number of clusters.
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Fig. 8 Segmentation accuracy rate curve of sheep point cloud under different bandwidth £
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(a) Number of incorrect segmentation points; (b) Number of segmentation clusters.
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Fig. 9 Number of wrong segmentation points and segmentation clusters under different bandwidth A

110 25 2 R TR M R T S R AR i B v A 0.45% . FARR SH00 A e KARHR2ZE R 1.72%,
R A X 1% 22 20 9 0.61% .0.54% . 1.72% Fi T A2 A b R sl A RO e 1) 158 22 2K



95 1119 o A BT S S AR RSB &y vk 179

(b)

(d)

&

COTFA IR sz 5 () KR AE 15 5 CoO BB RS R3S 5 (D A (o) i 5 A = R X5 Ced DA Cod P 488 BB =6 A X I
(a) Original sheep point cloud to be segmented; (b) Region growing method; (¢) Mean shift clustering; (d) Sheep region extracted from (b);
(e) Sheep region extracted from (c).
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Fig. 10 The segmentation results of the original sheep point cloud based on mean shift clustering segmentation method
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Ca) EBRME TR B RR 2 UG - 5 25 5 (b) KU 1 5 CoO BB EEAE R S 5 (D AN (b)Y R SR IBRUAY - A XI5 5 Ced IR Cod F B IR A AR X3
(a) Removing noise from the original sheep point; (b) Region growing method; (¢) Mean shift clustering; (d) Sheep region extracted from (b);
(e) Sheep region extracted from (c).
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Fig. 11 Segmentation results of the original sheep point cloud with external noise removed
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Table 2 Comparison of running time and number of segmentation clusters for original sheep point cloud segmentation

73 T5 % o3 B H/ A B 4TI H] /s
Segmentation method Number of clusters Running time
X 3§ A= K % Region growing 146 110. 97

Y % 8 25 Mean shift clustering 106 12.12




180 0 LN ES I Y NS S 4

2025 4F 45 30 %

x3 FRIMAM =LA

Table 3 Three dimensional coordinates of sheep point cloud measurement points

14 Group 1 % 24 Group 2

% 34 Group 3 % 44 Group 4

1 (—0.087,0.467,1.626) (—0.096,0.472,1.605)

2 (—0.084,—0.020,1.59) (—0.09,—0.037,1.541)

3 (—0.855,—0.173,1.587) (—0.847,—0.173,1.587)

4 (—0.854,0.510,1.579) (—0.853,0.499,1.580)

5 (—0.466,0.007,1.606) (—0.463,0.001,1.597)
6 (—0.066,0.357,1.583) (—0.065,0.345,1.573)

7 (—0.300,—0.353,1.520> (—0.295,—0.367,1.542)

(—0.087,0.467,1.626) (—0.097,0.490,1.632)

(—0.091,—0.028,1.552) (—0.090,—0.037,1.541)

(—0.855,—0.173,1.587) (—0.849,—0.164,1.600)

(—0.866,0.511,1.577) (—0.866,0.511, 1.577)

(—0.463,0.001,1.597) (—0.466,0.007,1.606)
(—0.065,0.328,1.584) (—0.066,0.341,1.599)

(—0.281,—0.361,1.516> (—0.291,—0.353,1.523)

TE 1, A B s 25 s 2, & WAl 3, AUl 4, S B 5, RN 6, Bmdll s 7, BB agaa . 595 1~4 40 5 40R 4 il 53,
Note: 1, Posterior edge point of ischial end; 2, The point of withers; 3, The lowest point of fore leg; 4, The lowest point of hind leg;

5, Chest depth measurement point; 6, Hip height measurement point; 7, Anterior point of scapula. Groups1-4 represent four measurment points,

respectively.
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Table 4 Comparison of point cloud detection values and actual values of sheep size measurement cm
25 2R 5 R 22 (L3S ey e JITRES
Measurement result and error Body length Body height Hip height Chest depth
S {E Manual measured values 85. 67 76.12 77.87 37.89
5 = K {E Point cloud detection value 86.19 76.53 79.21 38.06
26 %} 1% 2% Absolute error 0.52 0.41 1.34 0.17
AHXF 1% 25 Relative error 0.61% 0.54% 1.72% 0.45%

R I B

AHF Y 7 B AT =4 R R R S5
TR T o A B AL G0 i R RO 3t 7 3, A B 9% 7 1%
FE 35 0] Al T B 1 23 v B SR ] DL R R R
DK B 3 A T R T R

Wang 2510 B H — Pl 56 1 4 T8 IR 24 5RAG 1A
JRU A5 5 A0 7 5, AR i 0 5 B) BE A sh i S AR R, P
BRI XH R 2 5.00%~7.40% . SR, 1% J7 il 3
XiF R T B 15 A BT B s B vk 2 B R R
W2 . Ak, T Xtion M HLAY BRI, 5 F o 2 % F
JEHESR ZU M A B R TE ), B B A AR R
AR B DA RO E TR AN s s, M L
ZF ARG D5 R T Y s R R A TFM AL
HLA T4 (9 i 6 aT R b S A b R R

B TR VT R AN B B B AR AR . ARE S O T
FAEEK R B S ERIER S8 AR R S5
YR RF R 22 3 5 0.61% . 0.54% . 1.72% Al
0.45% , Fe RHAEXTIR2ZE M 1. 34 cm.,

Li G575 2o K UM FUTE 36 5 2 Bls R RRAE
AR B oty RN RO S AR AR R O K AR
BT SRR R S8, 8 ML A 2 ) SR b R
fli SR AL M MR . SRR IR K R
B 1 28R X a5 25 43 i Sy 4.206.3.8%0 A1 5. 1% .
SRIM 1% J7 1% 76 5 06 o B 5% R 88 05 25 M s 38m
SR RO R AN TR 2 . BRAh, 7E A
I8 KRR R AR B R Ho R A EE R R A
85%~90% , H N TG LLabFE IF . AW 58 )5 3%
JIT R FH G B0Hs R AR R A L TR I 0k, Z BRI &
SR /N o L 7R AL B Y B, d T 48 g



5114 o

1k

AF s BT = s W AR SO &y 181

J7 R AT DL R 2 MR 7S B T R X 4 R
MY SE I o ASHIF ST R L T R0 s = 43 H 7 kiR
S AEAR B Ay, 38 R S 1 AR B ek
I FH 1808 T % 3R 2 S IR AR DX Sl BR 40 1 3 1) A
B X 2RO R B A o R 253 1 99. 63 %6
99.81% 1M HAr#I T EATLENRNS

Hu %48 1 —Fh £ T 2 ik PointNet+ + 5%
W85 A SRR &5 . R s &
b PR E HEAT U SCA3 ), F ] A3 A8 R 5 U IR R 2
B TR S B EIMERR R 91, 7%, MR RO
MR R 2 R 2. 1% ~3.5% o SR, 1% 7 B 4 1A
TR A5 R B O B s 8 O AN VB, 51 R A s a0 E K
R L BB 2 S AR DL R N bR T A B 4y
A A FRERE ) AS B R 25 R 0 4 Rl A
Ab FRFN G380 5 R 68 A AN R AR ) v 1 R Y R Al
R R B R AR AR 2 S AE N PR TR . AR
PTG 2 8 s BT A IR IR 12,12 s, A4 R
HR R IRZEN1.72%

ZE bR AR R AR IR T = B AR
D 7 0 A 43 0 M0 23 ) s ) R A RO £
LT Y RTHESY R R MO AR TR X
FEMELES%

4 & it

AW ST B — Bl BT =R R S R R R S8
Wit 77 vk ol IFM 3D SR HL R B 6 1K 6 = 8K
i, 38 Az T BRI 2 o F B R R s
B BB AR DR | AR A0 30 IR A A R Y =
AR F AR S8 RS H0 f JH X
W2EN L. 720 ARBPFIH T AT I E LA
FARRSEA R B AR S EORE /D BT
] b, ELaE S T N A, Sy o 5% B I £ AR B 32
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