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Odometry Path

D

713 1.1: Different effect of parameter error on odometry. differential drive mo-
bile robot(top) and car-like mobile robot(bottom).
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x Steering axis x
&= (83—
b

ASOC SWPC

19 1.2: Active Split Offset Caster(ASOC, left) and Single Wheel Powered
Caster(SWPC, right).
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Steering axis Py

4>

— = measured direction

-
Py(xs, I A
(X5, Vs) =\ Angle error 8
) real direction
Xrobot-

. l ; robot

Rolling axis

Offset b

719 1.3: Single wheel powered caster(SWPC) module(left) and bottom view of
SWPC mobile robot(right).
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1.1: Comparison of calibration methods for mobile robots.
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Active Casters

4 /\ measured caster direction
A . 4 . .
Yeew, yf‘,"’/ real caster direction

travel direction

6,

Stationary Caster Stationary Caster

713 2.1: Rotation of ASOC mobile robot and its geometric relationship.
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Active Casters

-
measured caster direction
\ v
ﬁ - real caster direction
\
\
.

r L
> travel direction

D = JE? + b%2 — 2Ebcosa

Unwanted rotation at
wheel contact point

Stationary Caster Stationary Caster

713 2.3: Problems when applying calibration method of ASOC mobile robot
to SWPC mobile robot.
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I 3.1: Kinematic parameters of each caster module.

Ps(zs,ys) ‘ Position of steering axis with regards to robot base
Angle error between assumed and real position of
I3 homing sensor of steering axis
b ‘ Distance between steering axis and wheel axis(Offset)
r ‘ Wheel radius
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s Stationary Caster (x3) %13)
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/ Active Casters

719 3.1: Rotation of SWPC mobile robot(left). Two different rotation center
point(Py, P»)(right).
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measured direction

i

real direction

19 3.2: Geometric relations: offset b(left), steer axis Ps(center), and angle
error B(right).

PP, = 2bsin ‘Aj‘ (3.2)

¢ = sign(Af) x ™= 146 (3.3)
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Stationary Caster

719 3.3: Geometry of robot while robot rotates around Py for computation of
r.

% ot

D =1\/b2+ PP’ (3.5)

TAewheel = DAerobot (36)
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13 4.1: Rotation data generating process in simulation.

3 4.1: Mean Absolute Error(MAE) of given and calculated parameters in sim-
ulation.

Mean Absolute Error(MAE)

P, (mm) | 6.7818e-15

B() | 2.7289¢-16

b (mm) | 7.1324e-15

r (mm) | 1.0411e-13
23



INNSVS

Z13 4.2: Three motion capture points for measuring position and orientation
of robot.
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Outer part
(Fixed)

e
>

713 4.4: Fixing tool for slip prevention. Inner part is connected to stationary
caster wheel and outer part is connected to ground.

13 4.5: Self rotation process for calibration.
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13 4.6: Trajectory of robot center point measured by motion capture system.

I 4.2: Kinematic parameters of each SWPC module.

‘ Caster module ‘ w/o Calibration ‘ w/ Calibration

1 (215.0,125.0) (216.16,126.96)
Py(zs,ys) 2 (215.0,-125.0) | (216.52,-124.74)
(mm) 3 (-215.0,-125.0) | (-216.22,-125.26)
4 (-215.0,125.0) | (-216.67,126.47)
1 0.0 0.6349
B 2 0.0 1.5247
(°) 3 0.0 0.9764
4 0.0 0.2154
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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T1% 4.7: Tracking test environment with motion capture system for measuring
robot pose.
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719 4.8: Robot tracking square path in clockwise direction.
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713 4.9: Robot trajectory of tracking test.
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0.2

w/ calibration

o—== ¥—> start pose
O0——> end pose
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—_—

=
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| 1 1 | 1 L
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719 4.10: Results of tracking test: end position and heading.
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Abstract

Calibration of Mobile Robot with

Single Wheel Powered Caster

Hyoung Cheol Kim
Department of Intelligence and Information
The Graduate School of Convergence Science and Technology

Seoul National University

Kinematic parameters of mobile robot have a great influence on its odometry
and control, so many researches were conducted to find accurate kinematic
parameters of mobile robot. Since a kinematic calibration method, for finding
accurate kinematic parameters, is dependent on the kinematic type of mobile
robot, calibration method for certain type is hard to apply for another type.
For caster type mobile robots which has complex kinematic model, kinematic
parameters are important since inaccurate kinematic parameters cause internal
force which results in wheel slippage, a non-systematic error. Previous study
on kinematic calibration for caster type mobile robot proposed a method that
can only calibrate double-wheeled caster type mobile robot and not single-
wheeled caster type mobile robot. This paper proposes a kinematic calibration

method for single-wheeled caster type mobile robot. Proposed method uses

39



geometric relationship and movement information of robot and its motor when
the robot rotates around its stationary caster wheel. Simulation and hardware
experiments conducted in this paper validates the proposed calibration method

and shows its performance.

Keywords: Kinematic Calibration, Mobile Robot, Powered Caster

Student Number: 2020-27847
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