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Introduction
 Unmanned Aerial Vehicles (UAVs) are 

increasingly used in various fields
 Search and rescue
 Emergency management
 Infrastructure inspection

 High versatility
 Fast, cheap and easy deployment
 Aerial image capture from various 

angles/altitudes
 Unmanned  Ideal in dangerous situations!

 Effective object detection is crucial for UAVs
 Identify objects of interest
 Situational awareness  Navigation/Obstacle 

avoidance

Images sources: https://www.flytbase.com/blog/drone-disaster-relief
https://www.nbcnews.com/mach/science/drones-are-fighting-wildfires-some-very-surprising-ways-ncna820966
https://haztech.com/uav-inspection/
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Challenges in UAV Object Detection

 Real-time processing needs

 Limited on-board computational and power budget

 Models must be computationally efficient while maintaining the desired accuracy

 Large variety angles and altitudes

 Traditional models are typically trained to generalize on images taken from similar 
angles/distances

 Diverse environmental conditions

 Reflections, smoke, and occlusions can obscure objects

 Weather conditions (rain, fog, sun rays etc.) can reduce image clarity
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Objective
Examine the effect of 
CNN parameters for 
UAV object detection at 
various altitudes

1. Input image 
resolution

2. Network width 
(number of 
channels)

 Higher resolutions:
 Capture more detail 
 Increase computational load

 Goal: Find optimal parameter values for various altitude ranges
 Optimize accuracy-performance trade-off

 Wider networks: 
 Learn more features
 Increase computational load
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Dataset
 Multi-Altitude Aerial 

Vehicles Dataset [1]

 Single-class object 
detection (Car)

 Images taken from 
50 to 500 meters 
with a 50-meter 
step

 Each altitude 
contains:
 ≈250 training 

images
 ≈60 test images
 ≈60 validation 

images

[1] https://www.kios.ucy.ac.cy/evai/datasets/multi-altitude-aerial-vehicles/

50m 200m

350m 500m
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Dataset

[1] https://www.kios.ucy.ac.cy/evai/datasets/multi-altitude-aerial-vehicles/

50m 200m

350m 500m

 Multi-Altitude Aerial 
Vehicles Dataset [1]

 Single-class object 
detection (Car)

 Images taken from 
50 to 500 meters 
with a 50-meter 
step

 Each altitude 
contains:
 ≈250 training 

images
 ≈60 test images
 ≈60 validation 

images
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Methodology

 Model: tiny YOLOv7

 Resolutions:
 1088 x 1088

 896 x 896

 768 x 768

 640 x 640

 512 x 512

 384 x 384

 256 x 256

 Width Multipliers:
 1x (Default)
 0.75x
 0.5x
 0.25x
 0.1x
 0.01x

 Evaluation Metrics:
 Accuracy

 mAP@.5

 Computational Efficiency
 MAC Operations

 Network size (MB)
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Methodology

 5 variable models for altitude ranges:
 50-100m

 150-200m

 250-300m

 350-400m

 450-500m

 1 fixed model including the whole dataset

 Each model trained for all parameter combinations

 Trained in python using PyTorch

ValueParameter

300Epochs

16Batch size

SGDOptimizer

0.01Initial learning rate

0.1Final learning rate

0.937Momentum

One Cycle
Learning rate 

scheduler
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Results – Accuracy
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Results – Computational Efficiency
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Case Study Target Accuracy: 90%

MAC 
Operations (M)

Width 
Multiplier

ResolutionModel

0,860.01x640p50-100m

0,860.01x640p150-200m

8,140.25x896p250-300m

22,711x768p350-400m

31,991x896p450-500m

16,351x640pmix_alt
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Case Study – Dataset

 50-100m: 0.01@640p

 150-200m: 0.01@640p

 250-300m: 0.25@896p

 350-400m: 1@768p

 450-500m: 1@896p

 mix_alt: 1@640p

Selected models:Dataset test set images:

 50-100m: 93

 150-200m: 122

 250-300m: 122

 350-400m: 122

 450-500m: 128

MAC Operations using:
 Variable models:

 MAC Operations: (93 x 0,86) + (122 x 0,96) + (122 x 8,14) + (122 x 22,71) + (128 x 31,99) = 8055,52M
 Accuracy: 90,5%

 Fixed model:
 MAC Operations: 587 x 16,35 = 9597,45M
 Accuracy: 91,9%

 +19.1% Speed

 -1.4% Accuracy
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Case Study – Theoretical Lower Altitudes

 50-100m: 0.01@640p

 150-200m: 0.01@640p

 250-300m: 0.25@896p

 350-400m: 1@768p

 450-500m: 1@896p

 mix_alt: 1@640p

Selected models:Theoretical image distribution:

 50-100m: 35%

 150-200m: 30%

 250-300m: 20%

 350-400m: 10%

 450-500m: 5%

MAC Operations using:
 Variable models:

 MAC Operations: (35 x 0,86) + (30 x 0,96) + (20 x 8,14) + (10 x 22,71) + (5 x 31,99) = 608,75M
 Expected Accuracy: (35% x 93,6%) + (30% x 94,3%) + (20% x 93,8%) + (10% x 92,2%) + (5% x 89,7%) = 93,5%

 Fixed model:
 MAC Operations: 100 x 16,35 = 1635M
 Accuracy: 91,9%

 +168.6% Speed

 +1.6% Accuracy
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Conclusions

 Different altitude ranges require distinct parameter configurations to 
achieve target accuracy

 Dynamic network structures that adapt parameters based on 
altitude data can significantly enhance the efficiency and 
performance of UAV object detection

 Flexible and efficient object detection for UAV applications
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Challenges – Next steps

 Implementing seamless switching between models
 Dynamic networks
 Reconfigurable hardware

 Determining optimal parameters for each altitude range
 Testing everything is time/computationally intensive

 Selecting the appropriate model for each image
 Addressing scenarios with unknown current altitude

 Creating a comprehensive dataset with:
 Non-fixed altitudes
 Diverse locations and environmental conditions
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Thank you for your attention!


