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Kinematic Optimal Design on a New Robotic Platform for Stair Climbing
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Stair climbing is one of critical issues for field robots to widen applicable areas. This paper
presents optimal design on kinematic parameters of a new robotic platform for stair climbing. The
robotic platform climbs various stairs by body-flip locomotion with caterpillar type main platform.
Kinematic parameters such as platform length, platform height, and caterpillar rotation speed are
optimized to maximize stair-climbing stability. Three types of stairs are used to simulate typical
user conditions. The optimal design process is conducted based on Taguchi methodology, and
resulting parameters with optimized objective function are presented. In near future, a prototype
is assembled for real environment testing.

Key Words: Stair Climbing Robot (HESHHZ%), Optimal Design (£/&A 7)), Taguchi Methodology (CHM 2 ),
Caterpillar (HE{ 2 2{), Kinematic Parameters (7|13} #H4)
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Fig. 1 Mechanism configuration of the robotic platform
for stair climbing. A: Main platform using
caterpillar mechanism, B: Connecting link to the
rear wheel, C: Rear wheel for high-obstacle
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Fig. 3 Design parameters of the robotic platform. A:
Length of the main platform. B: Height of the
main platform, C: Angular velocity of the track
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Table 1 User condition of stairs

Values
Parameters
Stair 1 Stair 2 Stair 3
Width (mm) 300 310 240
Height (mm) 100 160 200
Slope (degree) 18.4 27.3 39.8
Stair 1 Stair 2

Stair 3
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Table 2 Simulation plan and results of 1 stage optimization based on Lo(3*) orthogonal array

Design parameters Noise Factors
Simulation Value (level) Stair 1 Stair 2 Stair 3 SN ratio
number w), (rad/s) (dB)
I (mm)  h, (mm) . . . Ji
Stair 1 Stair 2 Stair 3

1 310 (1) 100 (1) 7.87  4.76 3.71 23022.2 22064.5 11530.6 -85.84

2 310 (1) 120 (2) 8.41 5.56 3.71 22890.3 21043.5 11796.4 -85.67

3 310 (1) 140 (3) 896  6.46 3.71 22677.8 19709.7 12649.2 -85.49

4 340 (2) 100 (1) 5.83 3.06 2.86 22612.5 23337.5 11121.8 -85.95

5 340 (2) 120 (2) 6.73 3.98 2.86 227522 22486.1 11582.5 -85.86

6 340 (2) 140 (3) 749 484 2.86 22580.2 21329.6 11196.9 -85.60

7 370 (3) 100 (1) 4.00 1.00 2.00 21905.1 23080.5 11180.5 -85.79

8 370 (3) 120 (2) 4.00 1.00 2.00 21225.5 21778.9 10985.3 -85.42

9 370 (3) 140 (3) 4.00 1.00 2.00 20747.8 20693.6 10899.0 -85.13
A% M #% AEFLVE e 4T
Btk 1 A HAAANA AdE S AAUS
o s F7F A5 A, FE

Fig. 6 Photo of simulation by using AutoCAD. a) Stair 1,
b) Stair 2, and c) Stair 3 when /, = 340 mm and 4, =

120 mm
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Table 3 Simulation plan and results of 2™ stage optimization based on Lo(3*) orthogonal array

Design parameters Noise Factors
Simulation Value (level) Stair 1 Stair 2 Stair 3 SN ratio
number wy, (rad/s) (dB)
l,(mm)  h, (mm) . . . Ji
Stair 1 Stair 2 Stair 3
1 355(1) 140 (1) 457  3.77 2.43 22474.8 21766.6 11122.2 -85.653
2 355(1) 150 (2) 4.67  3.77 2.27 224279 21107.9 10965.3 -85.518
3 355(1) 160 (3) 2.88 1.13 2.13 21273.2 19085.7 11199.6 -84.970
4 370 (2) 140 (1) 2.86  0.86 2.00 21524.0 21537.0 10788.6 -85.414
5 370 (2) 150 (2) 2.67  2.13 1.87 20412.5 21004.1 10750.6 -85.112
6 370 (2) 160 (3) 3.79  3.29 1.75 23220.3 22161.8 10760.5 -85.821
7 385(3) 140 (1) 243 043 1.57 27908.1 22084.3 10648.6 -86.627
8 385(3) 150 (2) 227 040 1.47 21179.2 21493.2 10563.6 -85.324
9 385(3) 160 (3) 2.13  0.38 1.38 20911.8 20922.6 10479.2 -85.163
igg; 310 340 355370 385 100 120 140160180 a) Stairl

-85.3
-85.4
-85.5
-85.6
-85.7
-85.8
-85.9

—86

S/N ratio

Platform length (mm) Platform height (mm)

Design parameters

Fig. 8 Sensitivity analysis of the 1% and 2™ stages: blue:
1% stage, red: 2™ stage

Table 4 Initial design parameters and optimal design

parameters
Values
Parameters (units)
Initial Optimal
1, (mm) 340 355
hy, (mm) 120 160
Stair 1 6.73 2.88
wy, (rad/s)  Stair 2 3.98 1.33
Stair 3 2.86 2.13
SN ratio (dB) -85.86 -84.97
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