Extracting video-based
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breeding programme
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Project: Genes2Behave

Norwegian research council grant for 4 year project led by Kristin Hov Martinsen:
«build a pipeline using videos of pig behavior in a commercial farm setting,
extract novel traits or features and use these for genetic evaluation of animals»
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Use case description and technical approach

Detect undesirable behaviours in housed pigs
and identify the animals taking part in the
detected behaviour
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Dataset

Animals :

Only males,Norwegian Landrace and
Duroc

Housed in pens of 11 animals

Test period: around 110 days, from 30kg
to 120kg

Installed 18 cameras, started recording
and storing 24/7 in summer 2021
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Pig detection - training
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Annotated dataset

Images: 1800 images
Videos: 108 minutes, 12960 images
Total animals ~ 19K + 142K = 161K animals

Training/validation dataset

Images: 1800 images
Videos: 63 minutes, 7560 images
Total animals ~ 19K + 83K = 102K animals

Cross-validation ->
10 subsets of 80% randomly chosen form
the training/validation dataset
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CV average (64 epochs) 0.935 0.980 0.963
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https://darwin.v7labs.com/datasets/538213/dataset-management

Pig detection - inference

13id v1|1zssmem 71| 123 methodid 1| 123 1abelia 72| 123 relativeid 73| 123x v:|1zay v1|1zsw v1|1zsh w:|1zsz_bbox 1| 125 eartagid 1| 123 conf_cartag 71| 123 tracking_id T3] 123 testnr T2
1 18 12 1 1 0370536 0142763 073363 00986842 0.828161 1
| 2 | 2 16 18 5 2 0734003 0825653 00654762  0.130263 0.845041 2
3 3 18 12 1 3 0518973 0235855 0175595 0.169079 0.877289 3
b > e 4 16 18 5 4 0680304 079375 00847321 0.179605 0.880796 4
doi 5| 5 18 12 1 5 0547247 0103289 0209821 0134211 0.895935 5
b 8.370536 ©.142763 0.173363 0.0986842 0.828161 3 6 160 12 1 6 0566406 0911513 0144717 0.117783 0910717 6
5 0.734003 0.825658 0.0654762 0.130263 0.845041 7 7 1@ 1= 3 U | OEEERE | DTERD | V(o | (25 (ST 77 7
1 9.518973 ©.235855 0.175595 0.169079 @.877289 . 8| 3 1= e 1 8 0747024 0332474 0093006  0.186342 0.921033 3
5 ©.680804 ©.79375 ©.8647321 0.179685 0.889796 9 9 16 18 1 9 0438616 0416447 (0107887 0313158 0.329088 9
1 8.547247 ©.183289 0.269821 0.134211 .895935 a n n Otatlo n S ta b U Ia r d ata 0 10 g 18 5 0 07766 0775087 00435268  0.191447 0930161 10
1 8.566486 0.911513 0.144717 8.117763 0.918717 EH 1 19 19 5 10645461 0850539 0136161 0117763 0.932131 1
5 0.723958 0.700329 0.104167 0.153289 8.916717 Pl 12 2d 16 1 1 0367746 0142763 0153854 0.0960526 0.783821 1
1 ©.747624 ©.539474 0.093006 0.186842 .921053 2 |
1 8.438616 0.416447 0.107887 8.313158 ©.929088 13 13 28 e 5 2 0733817 0826974 00658482 0.123684 0840734 2
5 ©.7766 ©.775987 ©.0435268 ©.191447 ©.930161 4| 14 2 ¢ 1 30522870 023816 0167032 0163158 0.206045 3
5 8.645461 6.859539 0.136161 0.117763 0.932131 5 15 26 19 5 4 0680432 079375 00639881 (0.179505 0.89657 4
16 16 e 16 1 50542783 0102303 021131 0132237 0.800203 5
7 17 25 12 1 6 056622 0811184 0144345 0118421 0.899893 6

Inference: data amount — e = |

Full test period: 110 days -> 1430 hours (8h->21h)
Th ~ 1G video -> 1.43 TB of video to analyse for 11 animals
1000 animals -> 1300 TB of video to analyse

Inference: practical implementation =
Output model -> files with numbers

Need to
- give context to these numbers by relating them to classes,

acquisition time of the video, pen, department, etc... =T

- make contextualized results available to the next module
- ease of debugging / monitoring of the module

Creation of a data model
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Tracking - description

images

tabular data

Algorithm used: StrongSORT
Uses appearance and motion to assign a detection to a track

Appearance Motion
Computes a similarity of the current detection with previous Based on the previous positions of the animal, estimates the
detections probability of the current detection being part of this tracklet
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https://github.com/dyhBUPT/StrongSORT

Tracking - evaluation

images

tabular data

Dataset : 6 videos (2 fps)

V1: 30min -> used for training of detection model
V2: 10min -> used for training of detection model
V3: 5min -> used for training of detection model
V4: 25min -> used for training of detection model
V5: 15min -> used as validation for tracking
V6: 25min -> used as validation for tracking

V5 : 11 tracks of 1800 timesteps (15*60*2)
V6 : 11 tracks of 3000 timesteps (25*60*2)

tracking-
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Ground truth: annotations

— Multiple object tracking accuracy (MOTA) , identity switches (IDs), etc...
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Tracking - results

Algorithmic constraints
* Number of animals in the pen is known
* The initial frame is correct: all animals are detected

__ MOTA -E

0->5min 948

\\

5->10min  92.1 10 Cancra 4
10->15min  91.9 0 /
V6 0->5min 924 35 /
5->10min 925 71
10->15min  97.1 24
15->20min  94.6 42
20->25min  98.2 62
MOTA : multiple object tracking accuracy
IDs : identity switches
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Identification - description

4

tabular data tabular data

Colocalisation of an animal location in the feeding station — > Query the feed data for temporal match

tyes ! if yes
Assign the ID to the animal in the feeding station
| if tracked
Propagate the ID to the whole track
11D = 1 track
Same track gets assigned An ID is assigned to
two or more IDs two different tracks

10

@ Topigs Norsvin




Identification — how to validate ?

12 Nov 2022

08:08

»20:40

752 minutes

No ground truth -> need statistical approach to convince us of the validity of the results

11 animals -> how often each animal is identified during the analyzed period ?

Animal ID 46244 m 46246 | 46247 | 46248 | 46249 mmm 46253 m

# frames detected

26420 9668 14563 13741 7978 26140 63391 31491 8005 18078 25363
Period detected (min) 220 81 121 114 66 218 528 262 68 151 211
% analyzed period 29.3 10.7 16.1 15.2 8.8 29.0 70.2 34.9 8.9 20.0 28.1

l |

large difference

Median time between
2 feed events (min)
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Eartag detection
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