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Abstract. In the supplemental material, we first provide some more
information on our annotated single pigeon data set. Next, we report
detailed results on our network training and ablation studies. Also, we
briefly explain the metrics used in our main paper. Finally, we report
more qualitative results on the I-MuPPET tracking performance. Please
check out our videos on |https://urs-waldmann.github.io/i-muppet/| for
further insights into the multi-pigeon pose estimation and tracking part.
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1 Additional Information on Data Acquisition

In Fig. [T] you can see the imaging facility where our pigeon data was recorded.

Fig. 1: Imaging Facility for Data Acquisition. The system consists of six Vue
2, four Vantage 5 and 26 Vero 2.2 sensors covering a volume of approximately
15 x 7 x 4 meters. (C) CASCB Uni Konstanz.

Single Pigeon Data. The 27730 frames of our annotated single pigeon data
set are from four recording sessions on two days where session one, two and four
contain 183, 1614 and 2823 frames for each camera view respectively. Session
three contains 9578 annotated frames for one view and 8912 for the other. This
is due to the absence of the recorded pigeon in some frames in the second view.

2 Results on Network Training and Ablation Studies

In this section of our supplemental material, we give more detailed results on
experiments on network training and ablation studies.

2.1 Data Augmentation for Pigeons

In Tab.[TJand Tab.[2]you find detailed results on experiments for data augmenta-
tion in the case of our annotated single pigeon data set. No change in brightness
and a sharpness probability of 0.2 yield the best result (cf. Tab. . Scaling and
flipping does not essentially improve results (cf. Tab. .

2.2 Data Augmentation for Cowbirds

In Tab. [3]you find detailed results on experiments for data augmentation in case
of the single cowbird data from [I]. Randomly changing brightness by a factor
chosen uniformly from [0.7,1.3] and a sharpness probability of 0.1 work best (cf.

Tab. .
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Table 1: Ablation Study. Data augmentation ablation study (single pigeon data)
for the parameters brightness (b) and sharpness probability (sp). Framework
trained on whole session four (s4) with batch size 20, learning rate 0.005, step
size 10, gamma 0.5, number of epochs 100, no flipping and no scaling. Results
are given as RMSE [px] for predictions where confidence score exceeds 0.999. s1,
s2 and s3 denote the different recording sessions. *: No change in brightness.

config sl s2 s3

b=[1,1]*,sp=0  25.16.409.7
b=1[0.7,1.3], sp = 0.1 14.3 4.4 6.9
b = [0.4,1.6], sp = 0.1 12.7 4.5 6.6
b=
b=

0.7,1.3], sp = 0.2 13.0 4.6 6.8
0.4,1.6], sp = 0.2 13.3 4.6 6.9
b=1[04,1.6],sp=0 13.54.7 7.1
b=[1,1]*, sp=0.2 17.03.96.7

Table 2: Ablation Study. Data augmentation ablation study (single pigeon data)
for the parameters flip probability (fp) and scale range (sr). Framework trained
on whole session four (s4) with batch size 40, learning rate 0.005, step size 77,
gamma 0.7, number of epochs 500, brightness 0.6 and sharpness probability
0.2. Results are given as RMSE [px] for predictions where confidence score ex-
ceeds 0.999. s1, s2 and s3 denote the different recording sessions. No significant
improvement within sessions.

config sl s2 s3

fp =0, sr = [50,200] 14.34.77.5
fp = 0.5, st = [75,150] 12.3 4.6 7.0
fp = 0.5, sr = [90,110] 11.9 4.6 7.0
fp = 0.5, st = [78,125] 11.8 4.7 6.8
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Table 3: Ablation Study. Data augmentation ablation study (cowbird data from
[1) for the parameters brightness (b), sharpness probability (sp), contrast (c),
saturation (s) and hue (h). Framework trained on their training split with batch
size 20, learning rate 0.005, step size 9, gamma 0.5, number of epochs 45, no
flipping and no scaling. Results are given as PCK and evaluated on their test
split. *: No change in brightness.

config @0.05 @0.1
b=[1,1]",sp=0,c=0,s=0,h=0 0.37 0.55
b=[1,1]",sp=0.1,¢=0,s=0,h=0 0.35 0.54
b=[1,1]",sp=02,¢=0,s=0,h=0 0.38 0.55
b=[0.7,1.3], sp= 0.1, c= 0, s= 0, h=0 0.39 0.56
b=[0.4,1.6], sp=10.2,c=0,5s=0,h =0 0.36 0.52
b=1[0.7,13],sp=0,c=0,s=0,h=0 0.37 0.56
b=1[0.4,1.6],sp=0,c=0,5=0,h =0 0.37 0.55

[
[
b=1[0.7,13],sp=0.1,¢=02,s=0,h=0 0.38 0.55
b=10.7,13],sp=0.1,¢c=04,s=0,h=0 0.37 0.53
b=1[0.7,13],sp=01,¢c=06,s=0hh=0 037 0.55
b=1[0.7,13],sp=0.1,¢c=08,s=0,h=0 0.38 0.55
b=10.7,13],sp=0.1,¢=0,s=02,h=0 0.38 0.54
b=1[0.7,13,sp=01,c=0s=04,h=0 037 055
b=1[0.7,13],sp=0.1,¢c=0,s=0.6, h=0 0.38 0.54
b=[07,1.3,sp=01,c=0,5=08h=0  0.37 0.56
b=1[0.7,13],sp=01,¢c=0s=0,h=01 038 0.55
b=1[0.7,13],sp=0.1,¢c=0,s=0,h = 0.2 0.38 0.56
b=[07,1.3,sp=01,c=0,5s=0,h =03  0.37 0.56
b=1[0.7,1.3,sp=01,¢c=0s=0h=04 037 053
b=1[0.7,1.3],sp=0.1,¢c=0.2,s=0.8, h=0.2 0.38 0.55
b=[0.7,1.3], sp=0.1,c = 0.8, s = 0.8, h = 0.2 0.37 0.55
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2.3 Training Hyperparameters

In Tab. 4] you find detailed results on experiments for hyperparameter tuning.
A step size of 50 and a multiplicative factor of learning rate decay v = 0.5 yield
the best result (cf. Tab. [4).

Table 4: Ablation Study. Hyperparameter ablation study related to training for
the parameters step size (sz) and +. Framework trained on entire session four
(s4) of our single pigeon data with batch size 20, learning rate 0.005, number of
epochs 250, no change in brightness, sharpness probability 0.2, no flipping and
no scaling. Results evaluated on 200 randomly sampled frames from session two
(s2) for predictions where confidence score exceeds 0.999.

config RMSE [px]
sz =10, v = 0.5 5.5
sz =25,v=0.5 4.6

sz= 50, v = 0.5 3.8
sz =175, v=0.5 4.3
sz =25,v=0.7 4.5
sz =50, v=0.7 4.3
sz ="T5,v7=0.7 4.4
sz = 25, v =0.95 4.6
sz = 50, v = 0.95 4.7
sz =175, v=0.95 4.4

3 Metrics

In this section of our supplemental material, we briefly explain the metrics used
in our main paper.

3.1 Pose Estimation

The RMSE is the L2 distance between the predicted and ground truth positions
of keypoints. We average over samples and keypoints like [6].

The PCK is the percentage of predicted keypoints that fall within a normal-
ized distance of the ground truth. This normalized distance in 3D Bird Recon-
struction [I] is a fraction (0.05 and 0.1) of the largest dimension of the ground
truth bounding box containing the bird and so do we use this, too.

3.2 Tracking

The CLEAR-MOT metrics are the Multi Object Tracking Accuracy (MOTA)
and the Multi Object Tracking Precision (MOTP). MOTP is the total error
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in estimated position for matched object-hypothesis pairs over all frames, aver-
aged by the total number of matches made [2]. MOTA summarizes three sources
of errors with a single performance measure, i.e. the ratio of misses in the se-
quence, computed over the total number of objects present in all frames, the
ratio of false positives and the ratio of mismatches [2I[4]. The track quality mea-
sures are classified as Recall, Precision, false positives per frame (FPF) mostly
tracked (MT), partially tracked (PT) mostly lost (ML), fragments (Frag) and
ID switches (IDS). Recall and Precision are the frame-based correctly matched
objects divided by total ground truth objects and total output objects respec-
tively [B]. MT and ML are the percentage of ground truth trajectories which are
covered by tracker output for more than 80% and less than 20% in length [5].
Frag is the number of fragmentations where a track is interrupted by miss de-
tection [3]. The trajectory-based metric IDF1 is the ratio of correctly identified
detections over the average number of ground-truth and computed detections
7).

4 I-MuPPET Tracking Performance: Additional
Qualitative Results

In this section of our supplemental material, we give more qualitative results on
the LlMuPPET tracking performance.

I-MuPPET is trained on our single pigeon data set. Nevertheless we are able
to estiamte and track poses for multiple pigeons. Please check out our videos for
further insights into the multi-pigeon pose estimation and tracking part.

We also train -MuPPET on the odor trail tracking data set from DeepLab-
Cut [6].

Videos can be found at |https://urs-waldmann.github.io/i-muppet /.


https://urs-waldmann.github.io/i-muppet/
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