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The Obstacle Size Prediction Method Based on YOLO and IR Sensor
for Avoiding Obstacle Collision of Small UAVs
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Abstract

With the growing demand for unmanned aerial vehicles (UAVs), various collision avoidance methods have
been proposed, mainly using LiDAR and stereco cameras. However, it is difficult to apply these sensors to
small UAVs due to heavy weight or lack of space. The recently proposed methods use a combination of
object recognition models and distance sensors, but they lack information on the obstacle size. This
disadvantage makes distance determination and obstacle coordination complicated in an early-stage collision
avoidance. We propose a method for estimating obstacle sizes using a monocular camera-YOLO and infrared
sensor. Our experimental results confirmed that the accuracy was 86.39% within the distance of 40 cm. In
addition, the proposed method was applied to a small UAV to confirm whether it was possible to avoid
obstacle collisions.
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Fig. 1 Size Estimation Method of Obstacle
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Fig. 3 The Process of Projecting 3D into 2D
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-P,, - Length ratio to lower IR
based on upper FoV
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—z' Distance to the obstacle[cm]
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Eq. 1 Calculation of Overlapping Detection Area
of Monocular Camera and IR Sensor
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-Dist: Distance from IR sensor to target[cm]

(D st + Cl’m'zzontal)

-L,,.,; Actual length of the target[cm]

7

-L. : Length of the target in the image frame[px]

H’Vl(]
- P : Proportional coefficient for size — distance

-G

h()m'zontal:

monocular camera and IR sensor[cm]

Horizontal distance between

Eq. 2 Equation for Actual Length Estimation
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Table 1 Specification of RMTT

Category Content
Image transfer HD720P30

UAV Max Speed 8 m/s

IR detection distance 50 cm
dspy 41.5 deg

d;, 20 deg

C;wrizonz‘al -3 cm

C;)artiwl 7 cm

eS¢ %H o] Al A gk v d A, JhdE)
, YOLO % 7]e} =8 Ao st Hx
Table 2914 &<Aa 4 AqrH[12].



423 UAVE FedlE 5 395 2% YOLO ¥ IR A4 7]8F FellE A7) A5 Uy 21

Table 2 Specification of Environment

Category Content
P 960
Camera calibration Zhengyou Zhang
YOLO version Ultralytics YOLOv8
model YOLOv8s
CPU Intel i5-10210U
GPU NVIDIA GeForce MX250
CUDA 11.6
RAM DDR4 16384MB
0S Windows 10
Language Python 3.9
Image codec H.264
Protocol UDP/IP - WiFi
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Table 3 Minimum, Maximum, Average Accuracy
of IR Sensor

Target Min[%] Max[%] Avgl%]
Apple 80.00 100.00 91.96
Person 77.50 100.00 89.98
Cup 80.00 100.00 92.68
Overall average 91.54
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Table 4 Minimum, Maximum, Average Accuracy

of YOLO
Target Min[%] Max[%] Avg[%]
Apple 92.19 100.00 98.55
Person 89.69 98.44 93.41
Cup 90.00 95.83 93.15
Overall average 95.04
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Fig. 11 Size Measurement Accuracy of YOLO
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Table 5 Minimum, Maximum, Average Accuracy
of the Proposal Method

Target Min[%] Max[%] Avgl[%]
Apple 76.02 99.79 91.19
Person 69.13 98.23 82.70
Cup 68.75 95.83 85.28
Overall average 86.39
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