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A Study on the Design of Embedded System-Based Wheel Drive Robots
for Overcoming the Terrain

Kim Min Gyu® - Seon Ji Ho' - Jeong Se Jin" - Kim Sang Hoon'*

ABSTRACT

The purpose of this paper is to design and implement a wheel-driven small intelligent robot with intelligent sensor signal processing
and various driving methods to overcome non-flat terrain such as slopes and steps and avoid obstacles. An eccentric gear structure was
proposed to overcome non-flat terrain, optimal sensor signal processing was applied to maintain real-time balance, and an omnidirectional
driving method that enables obstacle recognition and escape from a narrow space using a LiDAR sensor was proposed and designed
to overcome obstacles. An optimal embedded system was designed and constructed to implement and control the intelligent elements
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of the robot.
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Fig. 1. Service Robots Currently Launched[13]
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(b) Real Robot

(a) 3D model of wheel drive robot
Fig. 2. Robot Design

Table 1. Proposed Robot Configuration

Sizelmml(L x W x H)
excluding wheels.

Weight [kgl 7.8 kg

Jetson Orin NX 16GB
(SBC)

Cortex-M4
(MCU)

14.8V Lithium

590 x 601.7 x 302

Main controller

Battery

YDLIDAR
G2(LiDAR)

Logitech C270
(Webcam)

HC-SR04
(Ultrasonic)

Sensors
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(a) 3D Model of eccentric wheel (b) gear structure

(c) Robot body combination (d) Real model
Fig. 3. Eccentric Gear Structure

Fig. 4. Principle of Eccentric Motion
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(a) Leg-wheel structure (b) Eccentric gear structure

Fig. 5. Comparison Between Eccentric Gear Structure and
Leg-Wheel Structure

(a) Body support structure for overcoming obstacles
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(b) How to use an ultrasonic sensor

Fig. 6. Body Support Structure for Overcoming Obstacles and
Role of Ultrasonic Sensor in Its Structure
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Fig. 7. How to Overcome the Step Difference
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Fig. 8. How to Drive on a Ramp
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(a) Zero turn

(b) rear wheel steering (c) crab walk
Fig. 9. Posture Control

HI

4, SEHQ ZFHOE Set XM|KI0f

RE M 2Fe dPoke AR BES
& AOBE, Fig. 9% o] ot AAE
. ol& B3 2R B A= 0040}711 =4 5
9low tjokst Ao B gyfAR o7 FESH 4= 9t} = X
F AAFL 20| 2 FA oj4te] sy 24Y=
a7 Bt} oS Sol, 39 Y3 BE HAE FA0) 2L
Yo g FAAA Ao ojFshs W0 AzHL
oS 990 38XA ARNA 360% Ak u
olt}. o]t VMELS B4 Bt Folut ¥ A
gol g5ttt B3] 3 vhele] 23 4w 2T 4 Ao
= HQl 23jo] 753l o]gA
=9 23 A2HL Mg 784S 2 FAA7IH, oo

% 5

A ot

—%V—?QEH
o]—/\ (})J\

2

\1
SF

.lL*

o)

5. 2fo|ct MIME 0|82t ToiE 2| UH

ROS2(Robot Operating System2) @ LiDAR AIA& &85t
v 158 229 AollE 33 AA"S FARh ] %\ Ea
g2 2R T 2 AARICE ATfste] FoliES B
stal, olof] 7|gkste] 2RO HARE AT & Aok
ROSE= 259 stEgojet AT Eo] FAYE 7t 53 &
Lo Z TG HT} ROSE AlA HojE 9 ﬁ%@' A, v
AR A, J21 25 Ao] PO Ay 5 7]*‘5"5}71] gt
t}. LiIDAR A4 = ¥ 49 #lo]A] A7idS Bl A Tl
o|E| & AlF3lttt o] A= 25 9 3605«] < v
sto] JoEo] YAeF AY FEE T

ol oy FaEEe] & AL e 22 o

o|Fojxitk:

R

l




12A(HolH $23): LiDAR AIAZRE 9] dlo]HE ROS
o o sHE. o] HlojEs 21 FH Sl o
St A 9 Z4x JHE Eﬁ]—ﬁ]-q-

227 (glole #2)): 3% dlolH = Callback S0l A
A2t o] ¥ LDAR HlolEE E4Isto] &2 9
Ag weofstal, 2= 3 AP JEE AR

3AFEE 2A): Aolene A=E 7Her 259 73

£ o2 2. Al 501, FolEel vF 7tel
Ao 2E2 £25 Fo|AY IS HMASH SE= W

4AA(FEY AY): HFH ez, ALtE F2o £= HJHE

= HAA ] 2
8 o] Fofxict.

of oA AHgE F8 WS 24 IS thadt Eot
@= A%

o714 0, LIDAR A 9] Hz: 2=, 40 AH7} &
o Azo] Frigold,

FHa A" 27)
D =min (d ! deDD d= DmmdLst andd < (hsf{m(?)
D =min (d ! dEDU d= Dmmdz',st andd < Ddistum?c)

min, L —

min, R

AN Dy B Dy & 247 92 2 2 2%0|A 714

£ A=) Fgoltt

(@A} A4h

1
S UV 2% Dijance X 100) = @ i gl = [(W/2+ Dianee X 100) =

E=3(W/2+ D gisiance < 100) — T min, B
(W/2 4 Distance X 100) = i 1
0

6.1 75 BEQ| &Y E3 M

250 ol = EE]L % 3Z2=3 HieF Xgko] TQst
29§ ME 2E 9 ot Fdo] 240 WAF BA Jlolg
AME HE A7 $40 %86} 38 DC HHE 745 9
G cfel-o o] 2Ra BA o] TEe) 2R nUY

=2 93 YHITIS AAY 7|8t IR S 2R A0 B3t A7 563

at”

(a) LiDAR visualization image

<" oemPry

A== A _EuiE0|S=sk >

ZEF A7 2

(b) Obstacle avoidance flowchart
Fig. 10. Obstacle Avoidance Method Using LiDAR
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Leg-wheel robot (left), Eccentric gear robot (right)
Fig. 11. Simulation of Step Climbing
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(a) minimum height (b) maximum height

Fig. 14. Eccentric Mechanism of Robot

(a) Step height detection (b) Overcoming step

(d) Height over 117.5mm
Fig. 15. Experiment to Overcome Steps

(c) Height less than 117.5mm
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Fig. 16. Balance Experiment
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Fig. 18. TCP/IP Communication Experiment

Table 2. Performance Specifications of Robot

performance value
Maximum speed 1.5 [m/s]
Variable height from ground 12.5~117.5 [mm]

Steering angle 0~60T[]

Runtime 100 [min]

Equilibrium maximum slope 33.49 (%]
Maximum torque required for driving 10 [kgf.cm]
Maximum torque required for steering 4.9 [kgf.cm]
Eccentric maximum required torque 32 lkgf.cm]
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