Modeling and robust attitude control of stationary
self-sustaining two-wheeled vehicle
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Modeling and Robust Attitude Control of
Stationary Self-sustaining Two-wheeled Vehicle

Hiroshi SATOH? and Toru NAMERIKAWA

*1 Nagaoka National College of Technology
888 Nishi-katakai, Nagaoka-shi, Niigata, 940-8532 Japan

Stability of two-wheeled vehicles depends on their running speed. The running vehicle at
high speed is stable but the vehicle in a state of stillness is unstable. In order to stabilize two-
wheeled vehicles in the state of stillness, center-of-gravity movement and handle operation by the
rider are indispensable. Then we develop a stationary self-sustaining two-wheeled vehicle which is
a two-wheeled vehicle equipped with a cart system to move a center-of-gravity of the vehicle for
stabilizing the system. We derive a state space model of system based on Lagrange method and
identified model parameters by control experiments. A robust attitude controller is desigrd via
Loop Shaping Design Procedure (LSDP). Experimental results show an effectiveness of the derived
mathematical model and the designed robust attitude controller compared with LQ controller.
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Fig. 1 Overview of experimental system
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Fig. 2 Two-wheeled vehicle model

oboooooboooooboooooon

1. 00000000000000000 x00x0
000D0y0O0O0O0D0000z0OOODO

2. 00000000000 t)0000000 d(t)O0
00000000 ¢t) 0000

3. 0000000000000000000000
000000000000000000

4.0000000000000000000000
ooooooo

5. 0]000000000000000x0000 z
00000000000000

6. 000000000000000000

7.0000000000000000000000
000

8. 00000000000000000D00000
0000000000000000000

9.000000020000000000000

23 000000 6(t) DO00000000

00000000000 x00000 et)0000

0000000 et)000000000000000

000003000000000000000000

0oooooooo

~ Lesing(t)
@nd(t) = I cosut) + Ln @
6(t) =tan 1(A)
(2)

=sin?t

Le sing(t)

- Lr+ Lr cosy(t)
0@QO0D0D00000 6000000000 g(t)
000000000000000

24 DO0DO0O00O00O00OO0OOO0 00
0000000000000 000000 O 400
000400000 )0 (p)00000000000
0000000000000000000000(c)0
O000000000 @t) 000000000000

00000000000 00000000 6(t)0
00000000000000000000000z2
000000000000000000000000
000000000000000000000000
Ooooooooooo (yrz)O(yw,z)00OD0OO
ooooo

yi = Hgsing(t) + Lgs sin{y(t) — 6(t) } cosp(t)
zi = Hicosp(t) — Lgs sin{y(t) — 6(t)} sing(t)

®)

r = Hy si L, sing
Y sing(t) + L, sinB(t) cosg(t) @

z = H; cosp(t) — L, sinB(t) sing(t)



Table 1 Definition of Symbols

Mg, My, Mc Mass of each part

H¢, Hr, He Vertical length from a floor to a center-of-gravity of each part

Lrf, L Horizontal length from a front wheel rotation axis to a center-of-gravity of part of front wheel and
steering axis.

L, Lr Horizontal length from a rear wheel rotation axis to a center-of-gravity of part of rear wheel and
steering axis.

Lc Horizontal length from a rear wheel rotation axis to a center-of-gravity of the cart system.

Jx Moment of inertia around center-of-gravityaxially.

Jiz Moment of inertia for part of front wheelaxially.

J; Moment of inertia for part of rear wheel that contains cart systexxially.

Ly Viscous coefficient aroundaxis.

Uiz Viscous coefficient for part of front wheel aroundxis.

Uz Viscous coefficient for part of rear wheel that contains cart system aroaxid.

e A viscosity coefficient of a movement direction of the cart system

subscriptf, r, ¢ | Part of front wheel, rear wheel, and cart system respectively
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Fig. 5 Center-of-gravity coordinates of a cart
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Table 2 Physical parameters of Two-wheeled vehicle

Parameter| Value Parameter Value

M; [kg] 2.14 H¢ [m] 0.0800

M [kg] 5.91 Hy [m] 0.161

M [kg] 1.74 He [m] 0.0980

Les[m] 0.0390 || Lg [m] 0.133

Ly [m] 0.128 Lr[m] 0.308

Lc[m) 0.259

Ji[kgn?] | 0.2 x [kgn?/s | 0.333
905 B 255

y 111 o) 253

3. D0Oooooooo

31 H,O0OOOOOOOO (LSDP)  LSDPO
oooooooooooooooooooo®og
000000000000000000000000
000000000000000000000

00000000000 G(s)000000000
00000000000 W(S)0O00000 V(s)O



00000000000000000 Gs(s)0000
000 Ke(9O0ODOD (0 60)0000000 Ky 0O
000000000000000000000 W(s)O
V(000000000 0000000000000
0000 K(s)0ODOD0 (0 60)0

,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 6 The loop shaping design procedure
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Fig. 7 Configuration of LQ controller
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Fig. 8 Frequency response of GK with LSDP con-
troller
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Fig. 9 Frequency response of GK with LQ controller
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Fig. 10 Step responses
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Fig. 11 Impulse disturbance responses




