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Automatic Measurement Method for Sheep Body Dimensions
Based on Multi-module Enhancement Strategy

Zhang Ji'® Cui Jingyue' Wan Bo’ Han Shuging' Song Zhanhua'~
Yu Zhenwei'> Han Changde’ Tian Fuyang'~
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Tai’an 271018, China
2. Shandong Engineering Research Center of Agricultural Equipment Intelligentization, Tai’an 271018, China
3. Linging Runlin Animal Husbandry Co. , Lid. , Liaocheng City, Shandong Province ,Liaocheng 252600, China
4. Key Laboratory of Agricultural Monitoring and Early Warning Technology ,
Ministry of Agriculture and Rural Affairs, Beijing 100081, China
5. Shandong Key Laboratory of Intelligent Production Technology and Equipment for Facility Horticulture, Tai’an 271018, China
6. Weichai Lovol Smart Agriculture Technology Co. , Lid. , Weifang 271599, China)

Abstract; When collecting body measurements of meat sheep using non-contact methods, the smooth
texture of the sheep’ s skin and their constantly changing postures can lead to difficulties in locating
feature points, inconsistencies in measurement reference points, and the loss of surface detail
information. In response, an automated method for measuring the body dimensions of meat sheep was
proposed based on a multi-module enhancement strategy. Datasets comprising 5 000 images each of sheep
viewed from the side and from above were established. Using YOLO 11n — Pose as the base model, the
keypoint detection model PDRE — YOLO was constructed by integrating the following modules: Faster_
Block with PConv, DCNv4 with dynamic deformable convolutions, RepViTBlock, and EVCBlock applied
to the spine, neck, and head detection regions, respectively. Using PDRE — YOLO, nine key points
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were extracted ;: shoulder break point, shoulder height point, chest depth point, chest height point, rump
height point, ischial tuberosity point, hoof tip point, left shoulder point, and right shoulder point. Based
on the pixel values of these key points and coordinate transformation algorithms, six body measurements
were automatically calculated: body length, body height, chest depth, chest height, cross height, and
chest width. Experimental results indicated that on the side-view dataset, the model achieved a keypoint
detection accuracy of 99.50% for the mAP @ 0.5 0.95,

improvement over the original YOLO 11n — Pose model; detection accuracy reached 93.60% , an

representing a 1.8 percentage point

increase of 3. 8 percentage points. On the top-view dataset, mAP@ 0. 5.0. 95 also achieved 99. 50% , an
improvement of 1.5 percentage points; with detection accuracy at 92.60% , an increase of 2.0
percentage points. The body measurements derived from coordinate-transformed keypoints were compared

with manual measurements, yielding mean absolute errors ( MAE) of 3.94 cm, 3.23 cm, 2.04 cm,

1.06 cm, 5.47 cm, and 1.42 cm, with average relative errors of 7. 63% ,

10.22% , and 9. 68% , respectively.

5.87% , 8.75% , 4.02% ,

Key words; meat sheep;body measurement; key point detection; PDRE — YOLO
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Schematic of non-contact measurement system
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Fig.8 Body measurement chart
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Tab.2 Definitions and methods of body measurement
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Tab.4 Performance comparison of different keypoint detection models on sheep side view and back view datasets
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Tab.5 Comparison of ablation test results for

sheep lateral datasets %
e T P

0.5:0.95
YOLO 11n— Pose 89.8 97.7 97.7
YOLO 11n— Pose + PConv 91.3 93.5 97.6
YOLO 11n— Pose + DCNv4 86. 4 94.2 95.3
YOLO 11n— Pose + RepViTBlock 84.5 85.8 98. 4
YOLO 11n— Pose + EVCBlock 87.6 82.3 98.8

YOLO 1ln — Pose + PConv +
92.1 95.8 98.2

DCNv4
YOLO 1In — Pose + PConv +

92.8 96.2 98.9
RepViTBlock
YOLO 1ln — Pose + PConv +

93.0 94.1 99.0
EVCBlock
YOLO 11n — Pose + DCNv4 +

91.5 95.8 98.7
RepViTBlock
YOLO 11n — Pose + DCNv4 +

90.2 94.5 98.5
EVCBlock
YOLO 11n— Pose + RepViTBlock +

91.8 95.2 99. 1
EVCBlock
PDRE - YOLO 93.6 98.4 99.5

K5 M ) 7 2 249 4 1 A B KT R R A
AT I . MEEIRER 22 0 A R (] 9) « BT
(AR AT A D0 B (R At 2, A 1] 9a IR, A7 75
— B AE 10 i 22 , G - 3 e A g ) i 25
R R, T L A D 22 BN I
CONEES SN e S TP (= N NN TSN
v MR 2EAETT 22 M H i 5w (R 7)o gE—2
o3BT N T 5 A R R R R Xk % 25 R4 X % 22,
P Ob FT 7S o v Aty 000 ) 30 B v, R 4 X R 22 o
{80/ (0. 50 em) Hor i e B b (B2 1. 19 em)
PR 1 R 22 v A7 Bl AR X AR (1. 23 em) |, (H 50 A
FEXT 70 (B 22 2. 61 em) |, 7 3l PR 5K 5 i 1% £ 10
R E TR (bR vfE 22 1.26 em) |, b (7 30 5 ¥ (8

F6 FRAMUHMEEAHMLEILER

Tab.6 Comparison of ablation test results for

sheep back dataset %
pem Wk AEE

0.5:0.95
YOLO 11n— Pose 90.6 97.7 98.0
YOLO 11n— Pose + PConv 91.0 93.5 97.6
YOLO 11n— Pose + DCNv4 86. 4 90.5 98.6
YOLO 11n— Pose + RepViTBlock 84.5 88.3 97.2
YOLO 11n— Pose + EVCBlock 90. 1 88.9 97.7

YOLO 1ln — Pose + PConv +
DCNv4

91.5 95.0 98.9

YOLO 11n — Pose + PConv +
RepViTBlock

YOLO 11n - Pose + PConv +
EVCBlock

YOLO 11n — Pose + DCNv4 +

92.5 94.5 98.8

90.8 96.0 99.0
RepViTBlock

YOLO 11n — Pose + DCNv4 +
89.5 94.8 98.8

EVCBlock
YOLO 11n— Pose + RepViTBlock +
91.2 95.8 99.2
EVCBlock
PDRE - YOLO 92.6 98.3 99.5

AHIT (X978 2. 04 em 2245 ) , 52 BLAT ALK FR 434 5 1y
ot % 15 22 AL BCRAIR (1,42 em ) H 53 A 1 B 48 %%
(PR 22 0.81 em) 5 IR A9 28 XF i 22 h L B0 =
(3.73 cm) o HT 60 Hlk 3 Ry 2584, 115
C IR N SN =R 7N = i o (= Nl DR <]
o Wb 15 2% 4% 9 ke 3.94.3.23.2.04,1.06, 5.47 .
1.42 cm; F Y9 A X 3% 22 50 5 R :7.63% . 5.87% .
8.75% 4.02% 10.22% 9.68% , | iRi% 2% FR1iF &
BR TR RSB B 15 07 AR KA 80
B e A IR 8 2508 (7 A 18] /K P Bl B R R L 1
IMBR R 1R 25 5 AR A0 T T B TIOR8 2 0 1
Jib s DAL ) e (A B A /), A [) 268 T 15 2 T R O 152 22
[EN=1
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Tab.7 Comparison between manual and model body measurements at different ages

(U (N1 Jikg i 5 TFEEHE i) v
A Tk g, 2/ BdEs WX/ BUH/ mE/ B, E/ Bdbs rE/ Bdis iR/
cm sz cm sz cm sz cm sz cm sz cm (‘,m2
AT 43.0 40.9 20.8 20.7 42.5 13.1
2 A 4.2 0.2 1.5 0.2 2.5 1.6
Jicgisl 47.2 41.8 23.0 21.2 44.8 11.8
AT 60.3 60. 2 29.6 31.3 58.5 18.3
6 H 1.7 0.2 1.6 0.2 6.0 1.9
150 75 61.3 64.2 30.3 31.9 61.2 19.6
AT 60. 1 58.9 30. 1 30.2 63.0 20.7
8 H 4.2 1.4 1.4 2.0 7.2 4.3
e 75 61.5 64.2 30.5 31.2 66.5 22.2

T < 7 22 9 4 I N T 5 R A0 e (1 22 A9 D5 2%, R A R TN i 22 Y 1A AR 2
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Fig.9  Error distribution and comparison of body measurements
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