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WHY TAIL-BITING DETECTION MATTERS?

CORE TECHNICAL CHALLENGES ARE
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Welfare-critical behaviour in commercial pig productio
Early detection prevents escalation and injuries
Manual observation at scale is infeasible

Existing CV systems fail under high animal density

Occlusions and body overlap
Perspective ambiguity in top-down
view

Unstable individual ID across frames
Incidental proximity # directed contact
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FasterRCNN ResNet50 FPN v2

Pig detection - bounding boxes per frame

HRNet W32 — pose estimator
14 keypoints per pig - heatmap + location refinement

Hungarian tracker
Stable individual IDs - 5-frame holdover

Pose analysis J

/ AY

RF classifier Keypoint filter
Standing - lying - sitting Ik > 0.5 - imputation

PoseVoter — 45-frame majority vote - 60% hysteresis

_____________________________ e

Pseudo-3D lift
DLC-14 — Animal3D-26 - Z-profile per pose class

Interaction detection
Snout-tail proximity - directional alignment - persistence

Annotated MP4 .npz tensors
cv / mpl backends coords - ID - pose label
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14 KEYPOINT MODEL

3. ear r

2. ear | \i 4.bodyl  5.body2 8.body3 9.body4  12.body5

13.tail
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Starting setup for detector & pose ¥ i
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Video input
Top-down camera - 25 fps

FasterRCNN ResNet50 FPN v2
Pig detection - bounding boxes per frame

HRNet W32 — pose estimator
14 keypoints per pig - heatmap + location refinement

Hungarian tracker
Stable individual IDs - 5-frame holdover

& J
_Poseanalysis . J ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
RF classifier Keypoint filter
Standing - lying - sitting Ik > 0.5 - imputation
E PoseVoter — 45-frame majority vote - 60% hysteresis }

Pseudo-3D lift
DLC-14 — Animal3D-26 - Z-profile per pose class

Interaction detection
Snout-tail proximity - directional alignment - persistence

N \ J

e N
Annotated MP4 .npz tensors

L cv/ mpl backends coords - ID - pose label )
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Video input
Top-down camera - 25 fps

FasterRCNN ResNet50 FPN v2
Pig detection - bounding boxes per frame

HRNet W32 — pose estimator
14 keypoints per pig - heatmap + location refinement

T S e e e Yo A
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<X Hungarian tracker
Stable individual IDs - 5-frame holdover

Paose analusis |
Y

Standing - lying - sitting

RF classifier Keypoint filter
lk > 0.5 - imputation

‘ PoseVoter — 45-frame majority vote - 60% hysteresis ‘

Pseudo-3D lift
DLC-14 — Animal3D-26 - Z-profile per pose class

Interaction detection
Snout-tail proximity - directional alignment - persistence

Annotated MP4 .npz tensors
cv / mpl backends coords - ID - pose label
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Confusion matrix | CV F1 = 0.932

lying - 238 0 1 F1=0.994

sitting - 0 223 5 F1=0.967

True label

standing - 2 10 F1=0.992

Iyilng sittling standing
Predicted label

Classification report — Random Forest pose classifier | CV F1 = 0.932

Class Precision Recall F1 Support

lying 0.992 0.996 0.994 239

sitting 0.957 0.978 0.967 228
standing 0.995 0.990 0.992 1,169
macro avg 0.981 0.988 0.984 1,636
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Video input
Top-down camera - 25 fps

FasterRCNN ResNet50 FPN v2
Pig detection - bounding boxes per frame

HRNet W32 — pose estimator
14 keypoints per pig - heatmap + location refinement

Hungarian tracker
Stable individual IDs - 5-frame holdover

Pose analysis J

Standing - lying - sitting

RF classifier Keypoint filter
Ik > 0.5 - imputation

PoseVoter — 45-frame majority vote - 60% hysteresis

Pseudo-3D lift
DLC-14 — Animal3D-26 - Z-profile per pose class

Interaction detection
Snout-tail proximity - directional alignment - persistence

Annotated MP4 .npz tensors
cv / mpl backends coords - ID - pose label
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Feature importance — top 12 predictors

tail_ body5 dist 0.1413
lateral_spread 0.0636
leg _dist mean 0.0517
leg_spine_dist_norm 0.0513
rear_leg_tail 0.0497
leg_x ratio 0.0491
bbox_w 0.0385
rear_leg_spine 0.0357
body angle 0.0351 Gini importance from the Random Forest,
ranked by discriminative power across the
body_length 0.0344 three pose classes.
rear_leg_tail_norm 0.0338 B > 0.05
leg_x_diff 0.0319 <00
O.IOO 0.62 0.|04 0.66 0.|08 0.|10 0.|12 0.|14 0.|16

Gini importance
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Video input
Top-down camera - 25 fps

-
Built on FMPose3D

Wang, Yu & Mathis - CVPR 2026
github.com/AdaptiveMotorControlLab/FMPose3D FasterRCNN ResNet50 FPN v2

Pig detection - bounding boxes per frame

— Pretrained weights

SuperAnimal quadruped HRNet checkpoint used for riRNet W32 — pose estimator
14 keypoints per pig - heatmap + location refinement
pose

estimator warm-start - no training from scratch

Hungarian tracker
Stable individual IDs - 5-frame holdover

— Skeleton definition J

Pose analysis

Animal3D-26 joint layout and keypoint mapping
adapted from FMPose3D codebase

Standing - lying - sitting

RF classifier Keypoint filter
lk > 0.5 - imputation

‘ PoseVoter — 45-frame majority vote - 60% hysteresis ‘

— Z-lifter concept

MLP 2D—3D inspired by FMPose3D flow-matching

(100k synthetic poses - used as auxiliary validaton) | | r

Pseudo-3D lift
DLC-14 — Animal3D-26 - Z-profile per pose class

— Integration path

FMPose3D integrated into DLC in March 2026 Interaction detection
— natural upgrade to replace hand'Crafted Z_proﬁles Snout-tail proximity - directional alignment - persistence

_/ cv / mpl backends coords - ID - pose label

Annotated MP4 ‘ ‘ .npz tensors
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Standing Lying Sitting

Reference 3D skeletons with augmented variants (5 samples each)




MSE loss
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Z-lifter training curve | 80 epochs

+ Adam Ir=1e-3

— train loss
= = val loss

final MSE = 0.0041

0 10 20 30 40 50
Epoch

60 70 80

MAE (normalised Z, 0-1)

0.10 7

0.08 A

0.06

0.04 A

0.02 1

Z-lifter validation MAE by pose class

0.0750

overall

standing sitting lying overall
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Frame 4400 — 2D
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Frame 14686 — Real 3D (FMPose3D)

Frame 14686 — 2D
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Current limitations

— No ground truth for 3D

Z-profiles are hand-crafted approximations.
No stereo/depth sensor to validate joint heights.

— Interaction detector not validated

No annotated tail-biting episodes available.
Precision/recall cannot be formally evaluated.

— Single-pen generalisation

1,650 labels from one recording session.
Performance on other farms untested.

— Our 0D classifier still need adjustment
Object detector performance remains
inconsistent; ID assignment errors persist across
frames despite Hungarian matching.
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® We built a complete pipeline that turns raw overhead video into tracked pseudo-3D pig
skeletons — running on a single camera with no extra hardware
® Our pose classifier learns to tell apart standing, lying and sitting pigs with 93%

accuracy, just from the geometry of 14 body keypoints
® By linking Z coordinates to predicted pose, we recover enough depth to score snout-to-
tail proximity in 3D — which is exactly what tail-biting detection needs

® The hardest remaining problem is identity: when pigs overlap, IDs still occasionally

swap, and that is what we want to solve next
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