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Agenda

1. Motivating Questions

2. UAS image understanding
1. Data Fusion
2. Segmentation
3. Classification

3. Further Questions & Extensions



Papers, Papers & more Papers
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Motivating Questions
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J. Waldchen, P. Mader, Machine learning for image-based species identification, Methods in Ecology and Evolution
Redmon et.al.,

Large Deer ~ Object size: 95 x 30 pixels 
XT2 Img size 4000 x 3000 ~ @85ft



UAS Image Understanding ---
Some Experiments



Why is ML successful in classification?

1. faster & powerful computer hardware (GPUs)
2. algorithms tailor-made for these architectures
3. almost unlimited amounts of training data

1. Images (ImageNet 14,197,122 images ~ ILSVRC '10-
'17)

2. Documents (270 GB of all arXiv research papers, )
3. Social media posts (Sentiment 140 -160,000 tweets 

each with 6 data, query, text, polarity, ID, and user)
Y. Bengio, A. Courville, P. Vincent, Representation learning: A review and new perspectives. IEEE Transactions on Pattern Analysis and Machine Intelligence, 2013 
Y. LeCun, Y. Bengio, G. Hinton, Deep learning. Nature, 2015
Russakovsky et. al. ResNet, 2015



Quail Covey @Night --- Fusion for Localization

Domain adaptation for RGB object detection by translating the low-level features 
adopted from source domain (thermal) to target domain (RGB)

Farzeen Munira et. al, Exploring Thermal Images for Object Detection in Underexposure Regions for Autonomous Driving, https://arxiv.org/pdf/2006.00821.pdf



Another night capture attempt of a covey



Captured on a Zenmuse H20T @GulfShores in Apr 22

Background clutter removal



UAS Image Understanding --- Shadow Correction



UAS Image Understanding --- Shadow Contd.
Aerial view -> Background separation & Shadow extraction



Classification & Segmentation



UAS Image Understanding --- Classification

Classification Networks: Outputs of classification from few networks [Resnet18, 34 [See Zhou 21]] Yolov5.
Classes: Cow, Deer, Horses. 60 epochs, batch size = 16

Model summary: 213 layers, 7018216 parameters, 0 gradients, 15.8 GFLOPs
Class Images Labels P R mAP@.5 mAP@.5:.95

all 23 23 0.749 0.886 0.995 0.967
cow 23 10 0.644 1 0.995 0.995
deer 23 9 0.604 1 0.995 0.995
horse 23 4 1 0.658 0.995 0.91



UAS Image Understanding --- Classifier outputs



Segmentation

http://kaiminghe.com/iccv17tutorial/maskrcnn_iccv2017_tutorial_kaiminghe.pdf ---K He, Mask RCNN Tutorial from ICCV'17

http://kaiminghe.com/iccv17tutorial/maskrcnn_iccv2017_tutorial_kaiminghe.pdf


UNet Outputs (Decoy – vs - Real)



UAS Image Understanding --- Summary
Study of the model’s parameters to provide intuitions about the 
trade-offs between acquisition settings, image resolution and the 
complexity of the appearance descriptors involved (Landon's & 
Jared's talk)

Choices for future annotations: crowd sourcing (Sathish's AWIR 
poster)

Data Fusion (Thermal + RGB)

Generate more Data / more Segmentation

Environment/
Background

Occlusions

NO Distinguishing
features

Small Object Size

Small Annotated
Dataset



• Questions?

• Thank you for your time!



Extensions

Counting animals
• semi-automatically localize and count animals
• Bias estimation

Tracking in Dynamic Environment

• Advantage from using a sequence of images rather than a single image
• how are we using the classification algorithms for this purpose?

More Data Augmentation - Multiple views of one object
• Difference in classification accuracy between single view classifier and multi-

view classifier?



UAS Image Understanding --- Augmentation

Why bother?
Option & Result

What Next?
1. GAN

2. Meta-Learning problem --- Few-Shot learning
1. N-way-K-Shot-classification [N~# classes, K~# training samples for each class]
2. Meta Learning: we learn how to learn to classify given a set of training data instead of learning the training data to 

classify
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