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Abstract

Our unicycle robot has simple mechanical structure. But unicycle’s dynamical system is a very sensitive
unstable system. Equation of motion of this simple unicycle robot was derived using Lagrange’s method. In this
paper a human inference control mechanism was established throughout an inquiry into human riding a unicycle,

and we developed a

hybrid controller to control our unicycle robot. Our controller is consisted with the PD and

fuzzy controller containing fuzzy gain scheduling technique. Computer simulation shows good results.
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(a) human riding a unicycle (b) unicycle robot

Fig.l Comparison of human riding a unicycle and
a unicycle robot.
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o, FUAlo]Ze AuHE HuHozm ANFIAR g= Unicycle Body's Pitch Motion Equation

oA A BRF AL AU Ee AMd g 0.210675 4,

@ s AN BF P fUAelZY 238 FH 2 ~ 2.943 C6, S8,

9 AP AN wWolzolh o AL FEFI Y WA + {0.120675 ( Co4, — C4,)

Pl AR dEd Fre fusleld 2Xe 25wy +0.06 (C4.C8, + C6,CH,CH,) } b, 4
AL Fxdi AFAFAIL ol AHE ojf3 A — 0.06 sin6, siné, cos8, 6, &,

Zhel Bt Uil E 2R FHe42M Y BA 9 + 0.06 sind, cosf, cosb, 8, &,

Brretn dHdewA e A, A A, Hn FA + 0.06 cosd, sind, cos, 6, &,

% R 82 £%d WAy Eeatel Agm A — 0.06 sin6, cosd, 4,

thoae" ados e vdg Axd Ao + 0.06 sinb, cosé, cosb, B

yaw — 0.120675 siné, siné, &,

z ZQ z ~ 0.06 cosé, cosf, cosb, &

applied input pitch torque

Il

Unicycle Body’s Roll Motion Equation

( 0.410708 C%@, + 0.124008 S%, ) &,
+ { (0.16 S8, C9, S%8,
— 0.3734 S6, CO, + 0.16 C26, S6, ) 4,
+ (0.16 ( C%4, S%, — S8, C8, )
+ 0.08 S8, C4, 5%, ) &,
0.06 S8, S6, C6, 6,
~0.32 86, C6, 86, C8, d,) 6,
- 9.81 (0.4 + 0.3C6,) S8,
+ (0.08C6, Cb, S8, — 0.316633 S6, C6, ) 6, 4,
+ (0.06 C8, C#, C6,
+ 0.124008 C6,
- 0.06 C4, C6, — 0.120675 C6, ) 6, 6,
—0.06 S8, S6, C6, 6, 4,
+ 0.06 S8, C6, S6, 4, 6,
+ 0.06 C8, S6, C6, 4, b4
+ (0.003333 C8, — 0.08 C24, S%,
—0.08C8,C26,) &, &
0.08 Sé, Cé, C%6, 8, 6,
0.08 S8, C6, S6, 8,
0.124008 S8, S8, 4,
+ 0.06 S8, C6, C6, &,
0.120675 S6, 4,
+ ( 0.003333 S8, — 0.08 S8, C8, S, ) &,
applied input roll torque

Fig.2 Simplified model of unicycle robot.

124 EAE fFUA]E 2R mde) slelug S ofg
o o] T3 FHXANL AR G S 2o
wheel’s mass = 1 (kg)
body’s mass = 1 (kg)
wheel’s radius = 0.2 (m)
body's size = 06 X 0.09 X 0.09 (m)
Wheel's Driving Equation
{0.08(C6 C6 + S%,S%,) + 0.003333 } &,
+ 0.08 ( S26, S%6, 6, — C%0,526, 8,) 4,
— 0.08526, S8, 6, 8,
+ { 0.08 ( C6, C6, CO, + S28, C26, S%, )
+ 0.003333 ( C6, — C6,) } 6, 6,
0.08 sin8, cosd, sin26, 8, 8,
0.06 sinf, cosb, cosb, 8, 6,
0.06 cos8, sind, cosb, b, 6,
0.06 cos8,cosf,sinb, 4, 4,

I+ o+

+ o+ 4
I |

+ (0.08 cosd, cosf, — 0.003333) sind, 4, Unicycle Body’s Yaw Motion Equation
+ (0.08 sin@, cosé, sin’6, + 0.003333) sin6, &, ( 0.204008 S%6, + 0.011383 C%4, ) 4,
+ 0.06 cos 8, cosé, cosb, 6, + {(0.08(2 — C8,) S8, Cé, Cé,
= applied input driving torque + 0.21525 S6, Cé,
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+ 0.120675 S4, C8, ) 6,
— 0.120675 Cé, S8, 4,
~ 0.08 S6, CO, S8, 6.} 8,
+ { 0.08 S8, Co, C6, — 0.08 S8, C26,
— 0.003333 S6, C4, + 0.2067 S8, Co, )} 6, 4
{ 0.06 Co, C6, — 0.120675 Sé, C8,
— 0.120675 C6, + 0.06 C4, C6, C4,
— 0.120675 C6, } 4. 6,
{ 0.06 56,86, + 0.06 S8, C8, C6, } 6, 6,
0.08 Sé, Co, S8, &, 4,
{ 0.08 S8, S6, C26, + 0.003333 C4,
+ 0.003333 C8, } 8, 64,
0.08 S, Cé, S*, 8, b4
— {0.08 86, C6, S6, + 0.003333 S8, S6, } &,
{ S6, C8, + 0.120675 S8, S6,
0.120675 S6, } 4,
0.08 Co, C6, S8, ~— 0.003333 S4, ) 4,
applied input yaw torque
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Unicycle Control By PD & Fuzzy Controller
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Fig.3 Simulation results of Euler angles.

-361-



Usicyele Comtrol By PD & Fuzzy Controller
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Fig.4 Simulation results of angular velocities.
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Fig.5 Simulation results of angular accelarations.
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Fig.6 Simulation results of applied torques.
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Fig.7 Simulation results of contact position on the ground.
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