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A Fusion Algorithm of Pure Pursuit and Velocity
Planning to Improve the Path Following Performance of
Differential Driven Robots in Unstructured Environments

A% o] FE W 5l o] 4 322 3 B

Bongsang Kim', Kyuho Lee!, Seungbeom Baek', Seonghee Lee?, Heechang Moon "

Abstract: In the path traveling of differential-drive robots, the steering controller plays an important
role in determining the path-following performance. When a robot with a pure-pursuit algorithm is
used to continuously drive a right-angled driving path in an unstructured environment without turning
in place, the robot cannot accurately follow the right-angled path and stops driving due to the ground
and motor load caused by turning. In the case of pure-pursuit, only the current robot position and the
steering angle to the current target path point are generated, and the steering component does not
reflect the speed plan, which requires improvement for precise path following. In this study, we
propose a driving algorithm for differentially driven robots that enables precise path following by
planning the driving speed using the radius of curvature and fusing the planned speed with the steering
angle of the existing pure-pursuit controller, similar to the Model Predict Control control that reflects
speed planning. When speed planning is applied, the robot slows down before entering a right-angle
path and returns to the input speed when leaving the right-angle path. The pure-pursuit controller then
fuses the steering angle calculated at each path point with the accelerated and decelerated velocity to

achieve more precise following of the orthogonal path.

Keywords: Differential Drive Robots, Path Tracking, Speed Planning

.M &
4718k 9 S-Aeo|-2 Aol WA 7], FR171E o]
B3 dAp g4 o2 Q8] F-g-Eo] A= ot dxdE 9
I E2he A1 T 7AE THstal k. =gty
A A T S99 TR FERP 2 Q1) X&) Frk. o]

Received : May. 27. 2023; Revised : Jul. 13. 2023; Accepted : Jul. 26. 2023

% This work was supported by Korea Research Institute for defense
Technology planning and advancement (KRIT) grant funded by the
Korea government (DAPA (Defense Acquisition Program Administration))
(No. KRIT-CT-21-009, Development of Realtime Automatic Mission Execution
and Correction Technology based on Battlefield Information, 2022)

1. PhD Students, Autonomous Vehicle & Intelligent Robotics Program, Hongik
University, Seoul, Korea (bongsai, rbgh0214, q001v@mail.hongik.ac.kr)

2. Engineer, Hanwha Systems Co., Ltd., Seongnam, Korea (glimlee82
@hanwha.com)

+ Associate Professor, Corresponding author: Mechanical and System
Design Engineering, Hongik University, Seoul, Korea (hcmoon@hongik.ac.kr)

Copyright©KROS

‘?——-_*35“3} ate] 79 o
|5 5 (Differential drive ) wHALS ARSI ARk
0}‘4‘1} DA, T T TS Eobell e AFs 5 E Al
o] A &-¥th 7} o B Fet Ay 555 9 Abs 75
Fejo] ZIF Alo] el gk A77F 7laE AL gick
s TE B T TR Aol o SR Al F
Aol o]F X 33 Alo] = F3) oAl & e
o}, Sk Ao & 918l TRk o] ARRE AL 9o T)E
514 B Q1 Pure-pursuit #1719} 59814 mdlof =
MPC (Model predict control)**! " o] it} 7} #lof vy =
gl o] AIRE Alo] wheste] A g lel] Ak 7]
18H2] 7]9ke] Ao ¥hHo] wo] ARE-¥™ Pure-pursuit 4]

7 ke g AT 44T A5 k. A

¢

P
¢

11 ‘m

[


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2023.18.3.251&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

252 =333 =522 A18W AI3E (2023.9)

[Fig. 1] Russian tanks in the mud and excavators scooping up
mud. (Yonhapnews, 2022, 02.15)
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[Fig. 2] A geometry of the pure pursuit algorithm
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F: Centrifugal force

W : Robot weight (kg)

V: Robot Speed (km/h)

R : Radius of curvature (m)

g : Acceleration of gravity (m/s”)
i : Superelevation (%)

/ : Road friction coefficient
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[Fig. 3] Centrifugal force acting on a robot when driving on a
curved slope. (F : Centrifugal force, W : Robot weight, f :
Friction force, a: Superelevation)
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[Fig. 4] Concepts for Real-Time Radius of Curvature Calculations
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[Fig. 6] Flowchart of the fusion algorithm of pure pursuit and
velocity planning for a differential driven robot
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[Fig. 7] Differential drive robot

[Table 1] Differential drive robot specification

Drive Type Differential drive
Size (W x D x H) 1500 x 1480 x 1650 mm
Motor 4kW (2 kW x2ea)
Battery 12kW (50.3 V /240 Ah)
Weight 590 kg
Speed Max. 7 km/h (Working speed : 2.3 km/h)
Hill Climbing Ability 20 deg
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[Fig. 11] Create a driving section path using LIDAR
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[Fig. 12] A robot driving around a test site
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[Fig. 14] Driving results before applying algorithms (Black :
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[Table 2] Differential drive robot specification

o, Path following error when | Maximum current value
turning when turning
1 0.253 m 91A
2 0.294 m 98 A
3 0.258 m 89 A
4 0.262 m 95 A
5 0.283 m NA
AVG. 027 m 93 A
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