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Development of small multi-copter system for indoor collision avoidance flight
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'Department of Unmanned Aircraft Systems Engineering, Cheongju University

Abstract

Recently, multi-copters equipped with various collision avoidance sensors have been introduced to improve
flight stability. LiDAR 1is used to recognize a three-dimensional position. Multiple cameras and real-time
SLAM technology are also used to calculate the relative position to obstacles. A three-dimensional depth
sensor with a small process and camera is also used. In this study, a small collision-avoidance multi-copter
system capable of in-door flight was developed as a platform for the development of collision avoidance
software technology. The multi-copter system was equipped with LiDAR, 3D depth sensor, and small image
processing board. Object recognition and collision avoidance functions based on the YOLO algorithm were
verified through flight tests. This paper deals with recent trends in drone collision avoidance technology,
system design/manufacturing process, and flight test results.
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Table 1 Specifications of Skydio drones

Specifications Skydio R1 Skydio R2
No.of cameras 12 6
Main processor TX1 ™2
GPU 256 Maxwell 256 Pascal
Flight time 16 mins 23 mins
Weight 9979 7759
Configuration m ‘m‘

Table 2 Multi-copters used for other obstacle

detection&avoidance researches[2~6]

(e) nVidia

(f) Everdrone
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Fig. 1 TBS Discovery® FPV Drone
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Fig. 2 System block diagram of the drone

Table 3 Specifications of drone platform

Specifications TBS Discovery

Type Asymmetric spider quadrotor
Airframe Reinforced black fiberglass
Battery 45(14.8V) 250074500mAh LiPo
Propellers 9x5inch or 10x5inch

Motor 2212 or 2216 class, 700-900kV

ESC 18730A 400Hz
Duration 8715min
Weight 1,40072,000g
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Table 5 Comparison of power boards

Specifications PM02 v3 PM06 v2 PMO7
Manufacturer Holybro
Max current 120A
Regulator 5V 3A
Input voltage 7751V 7742V 7751V
Weight 20g 79 419
Extras - - inc. /O
channel
Config.

Table 6 Comparison of mission computers

Spec. Nano TX2 Xavier NX
CPU Quad ARM Hexa ARM Hexa ARM
GPU 128 Cores 256 Cores 384 Cores
(Maxwell) (Pascal) (Maxwell)

RAM 4GB 8GB 8GB
Power 5-10W 7.5-15W 10-15W
Size 100x80x29mm | 170x170x16mm | 103x91x34mm
Weioht 1429 1,610g 1729

(Dev.Kit)

Config.

Depth Sensor
Color Left R Right
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|
Sin;\g:l Vision
Processor Processor
| I
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Memory VE Clock
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Fig. 4 System block diagram of 3D depth sensor
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Table 7 Comparison of 2D LiDAR sensor

Specifications St UST-05LN TX8
Manufacturer Slamtec Hokuyo YDLIDAR
Range 40m 5m 8m
Accuracy 5cm 4cm 2cm
Scan rate 15Hz 40Hz 12Hz
nauar 0391° 05° 0.63°
Voltage 5V 10-30V 5V
Interface TTL UART usB UART
Weight 1059 130g 180g
Configuration ‘

Table 8 Comparison of 3D Depth cameras

Specifications T265 D435i D455
Range - 0.1710m 0.476m
Depth Res. - 1280x720 1280x720
Depth FOV - 86°x58°(£3°) | 86°x57°(+3")
RGB Res. 1920x1080 1280x800
(Frame) 8484600 (90FPS) (90FPS)
RGB FOV - 69°x42°(£1°) | 86'x57°(£3°)
Power 1.5W 3.5W 3.5W
Size 108x25x13mm | 90x25x25mm | 124x26x29mm
Weight 559 729 103g
Configuration T— % ~
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Table 9 System parts list and weight

Name Part Weight(g) | Ratio
Frame TBS-500 370 22.6%
Propeller set(4ea) 9.4 x 5 inches 48 2.9%
Motor set(4ea) 2213-920kV 216 13.2%
ESC set(4ea) AIR 20A 56 3.4%
RC receiver R2000SBM 3 0.2%
FCC Pixhawk4 49 3.0%
Power module Holybro PM-07 20 1.2%
Telemetry 3DR 433MHz 15 0.9%
GPS Antenna Holybro Pix32 34 21%
GPS Ant. Stand - 17 1.0%
W/H&accessory - 145 8.8%
BEC(MC) UBEC 5V7A 16 1.0%
MC Jetson Nano 142 8.7%
Wifi antenna(2ea) Dual band 32 2.0%
3D Camera T435i 75 4.6%
LIDAR Slamtec S1 105 6.4%
Battery 4S 3,850mAh 297 18.1%
Total 1,640g -
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Fig. 5 Flight testing of the multi-copter
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