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Method for Detecting Abnormal Cow Behavior in Fishbone-style Milking
Parlors Based on Facial Landmark Trajectories
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Abstract: The milking process is a high-risk phase for stress responses and animal welfare issues in dairy
cows; automated monitoring of abnormal behaviors is crucial for improving milking management and
ensuring cow welfare. Aiming to address the challenges in herringbone milking parlors, such as limited
space, multiple cows entering the field of view simultaneously, frequent occlusions, and erratic individual
trajectories, the detection of abnormal cow behaviors was investigated based on facial landmark
trajectories, specifically tailored to the unique environment of herringbone milking parlors. Using
DeepLabCut as the keypoint detection module, stall position constraints and cow-face orientation
constraints were introduced to correct multi-cow trajectories, and combined scenario-specific behavioral
features with rule-based classification to achieve event-level anomaly detection. Experimental results
showed that the dual-constraint fusion correction based on stall position and cow face orientation reduced

the number of keypoint ID changes for multiple cows from 18. 500 to 0. 125, while increasing accuracy
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from 93.83% 1o 99.96% . In event-level detection of abnormal behavior, the precision, recall, false

negative rate, and false positive rate for single-cow abnormal behavior events were 96.55% , 96.55% ,

3.45% , and 3.45% ,

respectively. For multi-cow interactive abnormal behavior event-level detection,

the precision, recall, false negative rate, and false positive rate were 85.71% , 100% , 0, and

14.29% , respectively. The keypoint detection module achieved a precision of 98.69% , a recall of

98.61% , a mean average precision of 97.22% , and a standardized mean error of 5. 31% . This method

can provide a viable solution for the automatic detection of abnormal behaviors in fixed-view milking

scenarios, offering good interpretability and engineering applicability.

Key words: Huaxi cattle; fishbone-style milking parlor; facial landmarks; abnormal behavior detection;

trajectory correction; rule-driven
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Fig.7 Key point detection results
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Tab.3 Key point detection results in complex scenes
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Fig. 8 Method for correcting key point trajectories of

multiple cows
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Fig.9 Diagram of cattle social behavior
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Fig. 10 Cow face orientation constraint
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Tab.4 Results of dual-constraint fusion weight

determination

« B FHHTBUEWE MR/ %
1.0 0 3. 000 99. 00
0.9 0.1 1. 875 99. 41
0.8 0.2 0. 625 99. 82
0.7 0.3 0. 125 99. 96
0.6 0.4 0.375 99. 89
0.5 0.5 0. 875 99.71
0.4 0.6 1.750 99. 38
0.3 0.7 3.125 98. 96
0.2 0.8 4.750 98.53
0.1 0.9 5.875 98. 04

0 1.0 7.250 97.58
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Comparison of key point trajectories of multiple cows before and after correction
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Tab.5 Ablation experiment results
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- - 18. 500 93. 83
vV - 3.000 99. 00
- Vv 7.250 97.58
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Fig. 12 Detection performance of abnomaly detection methods

AN ARG B9 53 8 S 1 4 2 2% HA|, X7
5 AW 45 2R 2E AT F A X oy Ao g il St A%
5 W AT BN AR F SR T IR R A
Ko7k TR =R R T IR R AR R R R R O
RN R C R SR R (R Q1T R v S UG s
R S

T3 1A SR O R A5 R AR I R 4R S
N AR S S A7 A 88 B 16 00 5 O 125 T R S 1
8N AR TEAFAE AR T7 5 R REAG I 2 (9 53 % =055 7
VEGR AR E U 48 5 2 A6 DU B (HL N TR v v AN A 7R X
WL B E . TR R I A 2R R 6 B R, 18 A
S AT ORI 5 i, N TTARIE 29 A SR AR, 7 ik
Bt FF 29 A IEBR I RCHAF 28 A AU L 1T AT

R A0 1 AR A 00, F 4 S 0K il 3R LA Tl 5
T K 28 F R A R 43 )l 96. 55% .96.55% 3. 45%
M 3.45% 5 78 2 4 38 5.5 H AT R O T, N AR
IEHE R R 12 A, P S 14 4 IE R D G
PR 12 A4 B 2 AR, oA 3 U A1 O,
QR R SNPERT  o  C I R B
85.71% .100% 0 Fl 14.29% . i 523 &5 5 7] 1
AR SCHE I 5 A 5 R AT ORI ik A A B R
W (6 2 500 4 F T RES AR I B R Z 8N T
EMSEFE R RS N TWERLA R —
oM, WY R T /b 5 OGBSO U 8K Bl 1Y O 1k g
% TE R K AT M FEAR I AT 3 LB A TR
R ST

x6 MEREITARUER
Tab.6 Evaluation of methods for detecting abnormal behavior in dairy cows
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Fig. 13 Schematic of facial landmark selection
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