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Calibration of Mobile Robot with Single Wheel
Powered Caster
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Hyoung Cheol Kim!, Suhan Park!, Jaecheung Park '

Abstract: Accurate kinematic parameters of mobile robots are essential because inaccurate kinematic
model produces considerable uncertainties on its odometry and control. Especially, kinematic parameters
of caster type mobile robots are important due to their complex kinematic model. Despite the importance
of accurate kinematic parameters for caster type mobile robots, few research dealt with the calibration
of the kinematic model. Previous study proposed a calibration method that can only calibrate double-
wheeled caster type mobile robot and requires direct-measuring of robot center point and distance
between casters. This paper proposes a calibration method based on geometric approach that can
calibrate single-wheeled caster type mobile robot with two or more casters, does not require direct-
measuring, and can successfully acquire all kinematic parameters required for control and odometry.
Simulation and hardware experiments conducted in this paper validates the proposed calibration

method and shows its performance.
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[Table 1] Comparison of calibration methods for mobile robots

x Steering axis

x

ASOC

[Fig. 1] Active Split Offset Caster (ASOC, left) and Single
Wheel Powered Caster (SWPC, right)
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[Fig. 2] Single wheel powered caster (SWPC) module (left) and
bottom view of SWPC mobile robot (right)

USEPERER

7e] 1 go] 4 W & AR, [Fig, 2101

SWPC 257} o] W55 Ag-3 wilel 23S Lhebdr)
9] A3 e o] Mz} 2 e Ro A Aokl

=g B o)A M o] E4S-[Table 1]0] Bl atleh &=
ol A A ksl & SWPC 76k inhel 2ite]l 4.8 7ks

g o R 7|EH
sk giil sl E
L 7)1 584 @ A} =)
¥ QA W8 Ae|Beol e Wagt) olHgk W
3l ARE A7) wlitol] 78 Al EA
= wam Qo] FofslA = gl WA o] A% g

q o

|

r

l

Telng F

rlo mlo

o o o

—

) 23] FS

Wl ol ) 93 S 40| 2 ALe
A SAsh= H4E ek 71 %
LAfe] IAE vpg o= T3

F714 Aofol ek, 1] ula) Aoreh

ﬂﬂﬂﬂﬂ#ﬂéﬂ%iiﬂﬂﬂﬂﬁﬁi%%
1

A3
H|A| 2612 © 2jol] W] w A 73Ql5h A o Ho

Compared Method [8] [9] [10] [11] Proposed Method
. . . . . . . . Active Split Offset | Single Wheel Powered
Drive Type Differential Drive Difterential Drive Car-Like Caster (ASOC) Caster (SWPC)
External
Metrology System o © o X ©
.. Assuming kinematic Con51f1 ering dependent Assuming kinematic Requiring direct- Not requiring direct-
Characteristic - relationship between - . :
errors are independent . . errors are independent measuring measuring
kinematic errors
Calibration |- Using relationship between odometry error and kinematic parameter error |- Using geometric relationship
Method - Analyzing odometry error after driving - Analyzing self-rotating information
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[Fig. 3] Rotation of ASOC mobile robot with regards to a
steering point of a stationary caster (left) and its geometric
relationship when rotating (right)
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[Fig. 4] Unwanted rotation occurring at wheel contact point
which disturbs the robot from generating pure rotation centered
at steering point (left) and kinematic parameters of stationary
caster being included when calculating parameters of active
caster (right)
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[Table 2] Kinematic parameters of each caster module

P (z,,y,) |Position of steering axis with regards to robot base

Angle error between assumed and real position of
homing sensor of steering axis

B

b Distance between steering axis and wheel axis (Offset)

r Wheel radius
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[Fig. 5] Rotation of single wheel powered caster mobile robot
where rotation center is located at a wheel contact point of a
stationary caster (left) and another rotation center point (2,)
after changing the steering angle of a stationary caster (right)
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[Table 3] MAE of given and calculated parameters in simulation

Mean Absolute Error (MAE)
P, (mm) 6.7818e-15
8(°) 2.7289%-16
b (mm) 7.1324e-15
r (mm) 1.0411e-13
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[Fig. 9] Three motion capture points for measuring position and
orientation of robot
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[Fig. 11] Trajectory of robot center point measured by motion
capture system

[Table 4] Kinematic parameters of each SWPC module

Caster module | w/o Calibration| w/ Calibration
1 (215,125) (216.16,126.96)
P (z,,y,) 2 (215,-125) (216.52,-124.74)
(mm) 3 (-215,-125) | (-216.22,-125.26)
4 (-215,125) (-216.67,126.47)
1 0.0 0.6349
Jél 2 0.0 1.5247
©) 3 0.0 0.9764
4 0.0 1.2154
1 20.0 20.3907
b 2 20.0 20.2223
(mm) 3 20.0 20.3055
4 20.0 20.2897
1 55.0 54.3960
r 2 55.0 54.7413
(mm) 3 55.0 55.9731
4 55.0 55.6682
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[Fig. 13] Robot trajectory: counterclockwise (CCW) path with
calibration (top left), counterclockwise path without calibration
(top right), clockwise (CW) path with calibration (bottom left),
and clockwise path without calibration (bottom right)
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[Table 5] Mean Absolute Error (MAE) of position and heading

w/ Calibration
0.1655
1.9200

w/o Calibration
0.4674
9.6721

Position (m)
Heading (°)
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