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A Study on the Self Sustaining Unmanned Bicycle Robot

Jun-Hee Lee

Department of Control & Instrument Engineering Graduate School of

Pukyong National University

Abstract

Recently, a bicycle has drawn one’s attention “not because its use of
recreation but because its commuting ability.. As a bieycle is generally
powered by human muscle, it does not require fossil fuels to.move forward,
by which it does no cause any environmental pollution. However, safety
problems are always accompanied due to its instability inherent in the bicycle
dynamics.

In order to overcome its drawback, electric power-assisted bicycles have
been developed.and used in daily life, but most of them only assist the pedal
driving of a bicycle without_ helping stabilize its balanece: Some researchers
have proposed physical “bicyele® models based on the bicycle dynamics and
kinematics in order to improve the balancing while moving forward. It is
expected that such researches could improve the safety and efficiency of
bicycle.

R. S. Sharp proposed a bicycle model, which was called as “Sharp Model”,
and lots of research were conducted based on this model. However, due to
the complexity of the model, it is hard to implement it as real bicycle
balancing control.

In this paper, a practical control algorithm for bicycle balancing is proposed.

To simplify the bicycle dynamics, it is assumed that following two



assumptions are satisfied. Firstly, the moving effect of a rider is ignored.
Secondly, the speed of a bicycle is fixed. Based on the proposed model, the
PI and PID controller are designed and implemented through experiments.
Then, efficiency of the proposed model with the PI and PID controller are

confirmed through simulations and experiments of an unmanned bicycle robot.
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A : -106383, =H : +35694

_21_



v
0 B (CLVk‘l ) S‘f‘;
T\ bh Ve Vi
2 2 2_9 (3.2)
SR ST T
_ 015235 +1.62
s +1.4135+2.296
d A : -10.6383, =7 : -0.7067+j1.3403
( i
ky (V)= : = (.0474 (3.3)
! (V251n)\—bgcos)\)ma081n)\
bg
ky (V) —=0.44 (3.4)

 Visinh— bgcosA

PAS == ok el o] ARtd F3lan Algdeoldds Vairy

Ve= by _ 4.6025 (3.5)

F7h wEe) AAA, ANA A4

t
&
)
ol
X
N
X
BN
.t
ol
ol
rlr
=3
ully
o,
>,
o

TRO AhH o ofF A7 el Ar1AQ EHe dgdeE Akt

of Fe3 HIA4(Voltage constant) e} g gt

_22_



DC Motor Voltage Constant : 49.56 [V/Krpml]
TAstaR}; st A7) 2 ® 3.29 2
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F 32 Aei7)e A =4

Overshoot(OS) 5%
Settling Time(Ts) 0.2~0.4sec

A A el

System: sys_ff

Peak amplitude: 0.842
_ % | Overshoot (%): 18.3 Step Rezponse
<[ At time (sec): 2.23 T T T

Time (sec)

19 31 AAA Az B RA AwStt
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3.2 v g -F &P A7 AA

PI Ao} 7] (Proportional Integral Controller)ES X 3$Fst | F3 A] A~ 9]
55 tolojafe 1% 333 7}
PI M| 7]
KI/S
r : —
@
R(s) -v-> E(s) . K + U(s; ) (s);
H(s)
719 38 PI A|o]7] BE=Zctolo] 1
a9 339 &5 tolojrd ok dAEel =
£, A
K, Ks+K P\’ K, (36)
Gp]( ):KP+ ?: 5 = "

AAAFSEE 10%°) e A4 2 xF(steady-state error)eF 5% ] ¢
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Front ForkE X &3t AAA g de dEdol PI #Aloj7|E >3

015235+ 1.62 (Kps + K;)

(3.7)
s(s2+1.4135+2.296)

0.15235 + 1.62 (Kps + K;)
5 (5% +1.4135+2.296) +0.15235 + 1:62 (K ps + K,)

0.086795+1.847 (Kps + K;)

s34+ 104132 +(2.296 +0.1523 + 1.62K ) s + 1.62K,
(3.8)

St E AHES ¢ste] E 3.3% o] Routh-Hurwitz £ &0

= Augse) BAYAAS ugsd oldst gk

=

|

¥ 33 AT FHS 9%k Routh-Hurwitz%

s’ 1 (2.206+0.1523 +1.62K,,)
s 1.413 1.62K;
(1.62K;—1.413(2.296 +0.1523 + 1.62K,)
1413
st (34594+22801K;) —1.62K; 0
- 1.413

= 2.4483+1.62K,— 1.1465 K,

(2.4483+1.62Kp— 1.1465K;)1.62K;
g 2.4483+1.62K,—1.1465K, 0

= 1.62K,
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2.4483 +1.62Kp— 1.1465K, > 0 (3.9)
K;>0 (3.10)

4 39% 4 310 Azee] AFE Axsel ke S ey

B Aol e 212

K> 0.7077K,~ 15113 (3.11)
K, >0 (3.12)

o] 7|4 2z QA4 (Lamp error constant) K2

0.15235 +1.62(K,s + K,) 162K,

: = (3.13)
50 so0 s +1.4135+2.296 2.296

1 2.296 1.4173
= —_— = < 0.]_
“ 7K, 162K, K, (3.14)

ot wtA AL LA K= 4 B15)% 22 =15 whsjof st

K, > 14.173 (3.15)
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K= 1583 3tH Kp > 9.10429] =71& 7kt o] PI Aloj71& the

3 ol UEpd 4 9l
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Gp s) = L= =5 (3.16)

S S

oWl ¥ 329 A7 AL 2t FHE 42w, twid] 2o HE

FE S-S —20£520.97380] AL Z A2 o] HE Arpof Frh whebA]
<A Aol 069019 #ZHHHA ¢ B WAEHE AFHOR o5& -
o] 5-319 AL S itk
L £In(%08/100) T 4 001 (3.17)
V2 +1n%(%0S/100)
4
W, == =989810 (3.18)

n CTS
21 (3.16)9] PI AloJ71 & AFgstal AlGd=E S A7Me9S wWe 95

42 1%l 349 #Zr} [13] 19 3494 LW FES oF 247%E YERY
At}
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Amplitude

3.3 v & A&

= 1 Owershoot (%) 247 ! T T T
At time (sec): 0.069 H : : :

System: sys Pl

Peak amplitude: 1.25 Step Response

------------------------------------------------------------------------

e e e e

|| System: =y=_Pl
H i Settiing Time (zec): 0.265

|
}
|

S
! :
I
|
|

|
0.08 0.1 0.15 0.2 025 0:3
Time (zec)

19 34 PLAIo7] o] ARS S A E oA

n| 2(PID) Aloj7] A A

PID Alo]7]e] A s theu 7o),

4 K K,
K, Kok + Ky’ i *?3”?3
Ge(s) = K+ —+ Kys = =
S S S
(3.19)
of A F /e AR Aol Y e FHE Rk @
Aol da AR ol FHL ol ¥ wAvle o AAHT de
shitel G o) R wAbvlel os dAHh
2 (319)¢] AgeFE olefst 2o B theolojaAHH e £ 9
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PID H| 07|

> KDS
> KI/S
+ BAUE
R(s) + E(s) + U(s) Cls)
> K [ G >
H(s)

198 35 PID A|o]7] EEt}oloj1d

=

PID A A Axale= o3 2t}

L 7HE ¢4 AAEAL BEFEE PD A/1E AAstn 949
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