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ABSTRACT

A design of model-free controller for segway with unknown

control coefficients

Kim, Byung Woo
Advisor : Prof. Kim, Youn Tae Ph.D.
Department of Electronic Engineering

Graduate School of Chosun University

The Segway is becoming more prevalent on urban sidewalks. In order to design
the controller for Segway, the linear controllers such as PID and LQR were firstly
proposed. These methods require the linearized model of Segway and thus, have the
limit due to the narrow operating range. To solve this problem, various nonlinear
control methods such as sliding mode control and adaptive control based on the
backstepping technique were proposed. As it is well known, the backstepping
technique requires the differentiation of virtual controls and this complicates the
controller. Although the dynamic surface control method can remove the disadvantage
of the backstepping technique, it is still complex because it should use the adaptive
technique or neural network to deal with the uncertainties.

To reduce the complexity of the nonlinear control methods, a low-complexity
control method was recently proposed. By using the prescribed performance function,
it can adjust the transient and stead-state response. Further, it does not require the

adaptive technique and neural network to compensate the uncertainties. Hence, the
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controller can be implemented more simply. In this regard, several controllers for
Segway were presented using this method. However, previous works assume that the
unknown control coefficient is constant. This assumption is not applicable to real
systems because it is time-varying. Thus, we need to relax this assumption.
Motivated by these observations, we propose a model-free controller for Segway in
the presence of the unknown control coefficient and model uncertainties. Firstly, we
employ the Nussbaum gain technique to deal with the unknown time-varying control
coefficient. Then, the approximation-free controller using the prescribed performance
function is designed to compensate the uncertainties. For the stability of the proposed
scheme, we prove that all error signals of the closed-loop control system are
bounded using the Lyapunov stability theory. Finally, the simulation results are

provided to demonstrate the effectiveness of the proposed control method.
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o714 §, =2cosh’¢,/p, >00ltk. AN 4](26)& o] &3td 4(28) T3 2
o},

‘./1 = d16; (at2ppp — :.Cd - Z1b1 ) (29)

7 AT o T} o] AAeT
a=—ke (30)

AN k& Folth B0 A9l HYsHd
V=3, (— ke, +tanh(e,/2)p, — ,— tanh (e,/2)p,) (3D
2@EDA 7Hg 294 pEe Aodl sz, p, pE FAEHC JoE=E
[tanh (e,/2)p, — 1, — tanh (e, /2)p,|< &, & 2& FF o 7F ZATE webA 24

GBD2 v+ #Zo] 23 = Uk

V, <6, (= ke,P + @ e,)) (32)
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ek |e|> P /k oW, V,<0& uEaA Aok wEtA <, E FAHH,
o} 7] A4 Elzmax{el(()),%}c’]‘jr. ol ¢k FAEY Yot AL oHEH, o
3} % FAEE oug
Step 2 : e, g glofx X 55 Th o] gt
V,= %63 (33)
2260 o] 3t A(3L Azkel weh mEsE
V= 6,6, = 0,6, (Ty— O— 2, (34)
714 5, = 2cosh’,/p, > 001tk AANL Aol Yt Thea 2rh.
V, = 6,6, (A+BV+d(t) — ke,— 2,p,) (35)
AA AeigEe e gol AT
- _262 (36)
A7NH ki Folth 4G6)¢ 4G5l ystd
V= 0y, (A+d(t) — kyey — kye,— zp€,) 37)
ANNM Alx,, z,)E AH 2,9 x,0 whel Waie, A@25)9 226 YL S
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Az, +z,pp at20p,) 2 BEF 7431tk Step 13 714 10 28 o 2 dt)7F &
ARl AL, a4 2y, 20 pp p7t FAEOIUNS WEA AL SAHE, p, =D
A IHER [A+dE) ke —zp|< b, S B F5 b7 EATT ot
ZHA A@NE Tt 2ol FEE F 9l

V < 5 2|62| +Q52|62| (38)

T o> By/ky o)W, V, <0 BEFA Bk @A |o|<e, = FAEH,

b,
A7NA €,= maX{eg() } k=3

WebA 2 F oz, = 22D Bl o3 1<z <13 -1 <2, <19 HH
UA HH, ol —p, le(t)—xd(t) £ ou)dt) webd FF 229z, (t)
A Well JA Hoh =3 A BelR e wiA

=R AERS AHY 5 Youe FF ox 4

Qo] 4] Known Control CoefficientE &3t @& BRIEE Zt= Aojr]= Al
259 AAYHAFTE & A7 wjZol AV wie Ao SHA T AA
A z=dlo] miHEES FARRE &7 gAR A ot 7]= o] Hoh
mEbA AR wEy WskE mA Y] A GATE Ze AA AlxdRdo] Z
& 7l A7 AA s okg
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2. Nussbaum °]& 714

HIAZA 715 AAT o, It 7o ARl whe Wete w29 W
o wrﬂﬂﬂa‘ﬂﬂ}%,i ofHA ¥t Y AAJEAFTE Azl o
2 Wste v W A A71E AASHE A2 4E3E] olge EAoIth
frfstH %3%iﬁ% 71 g AodES AASAAE Aol ot W)
+ "AS ®Wo] o) Aod™® A7 v olw el 7] wizolth ol & sAsY]
el oA A77F AFHAL, T F HEAJ] WP O E Nussbaum o] 5 7IH<S
o] gg AT7F 7P ®ol 2t o] AHoAe e EFEE e A7)
Nussabaum ©]5 7IW<& AEAIA AlZtel] wel Wsh= mx] Y AAYHAFE
Zb= Alade]l =dof tigk A7) AAE AR

Nussbaum ©]5 7]®¥H-& Nussbaum gH<=(function)o]gt E2l= N(O)E ©] &3t

Z kel

A)71E AA T Nussbaum 3+ offje} 22 EAE Zke ol

hm sup / N(Q)d¢ =+ (39)
lim inf /SN(Q)dgz — o (40)

B =BoMEs o] 2AL wEsE= Nusshaum 342 N(<>:6<2cos(g<> o=

13t o] F4E o] 83l Nussbaum ©] 5 7S HALA7]7] YaiAs o
oF 2 BxAEE gefor gt

BzAY L Vi) =0, VtE[0,¢,)2kA, N+ inequalityol] wheh ofefj o} o]
fr=do

t)<cyte © /b (O)Cedr+e /Ce Tdr (41
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=y

[17] R=A= 2

el

P

3. H|A Y] AAUHATE

E 1HF A7l 2A B <A
i
ARl we} sk wA Y AYYEAFE e AsEe nEF model-free
Aei7lel AL e Pk WA A% gD 29 ge] eAE
sl Aol® A B4E e ol HF

AEAIZ17]

pl(t>:(p1(0>—p1(00>>e th—f—pl(oo)
pQ(t):(pQ(U)—pQ(OO))e = —|—p2(oo) (42)
o 7] A P1 ) > |x1(0)_$d(0)| ) P2(0)> |5U2 _Ul | = Ps]'/\ =713k, L,
o LyE pEFe] oI5, pi(0) 8 py(o) & p&rol HFFholth
A7 2 AA 7] sl 222 g3 o] At
()=, (t) o 142,(0)
Zl(t>—W, 61(t>—1n1_21(t> (43)
xQ(t)—a(t) 1+z2(t)
B=""m— al=hy (44)

A7NA ky, ko FFOIH, alt)E Pl AN, o, E
oth. Alol7] HAE

H =, Ty

= Ao} Egoln A
sl wAEE e o] AAFT

Step 1 : ¢,° WhE FolZ e FE 33} 2ol

A Ay,
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Vi= %63 (45)
\

21(43)S o] &3l 2(4HE A7t uke}t = EshA
V1:€1é1 :5161@1—%—21'&) 46)

o714 §, =2cosh’¢,/p, > 0°lth. 217N} 2(44H)E o] &3tH 2Ub)= o3 2
o,

Vi= b1, (0t 200, — 24— 2,p)) 7
g AePEH e thest gol AT
a=—ke (48)
A7IA k2 FFolth AU8)E AUDe dYdstH
V,=6,¢, (— ke, +tanh (e,/2)p, — x,— tanh(e,/2)p,) (49)

Ty prs p7F HEEE HOIA7] W& |tanh (€5/2)py —x,— tanh(e,/2) p1|< o, <
e W5 o) AR GebA AWDE e o) EAY & 3tk

V, < 6, (= ke +e)) (50)

ek o> @, /k, oW, V,<0g WA Aok mEkA f¢|< e, 2 FAH,
A7NA T, = max{61< 0), }om ol= ¢ 7k fAH Ao AL omad. 1
NEZ o3} 6% $AHIA
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Step 2 : e, 0 TS BopZ = S5 T3} o] AAT
1

2144)E o] &3t A(BDE AlZtel wet mEstd

V= €yey= 0yt (y— O 2op,) (52)
o714 §, =2cosh’e,/p, > 00Tk 2/(17)E 2(62)ol Y3t th=3 2Tt
V, = 6,6, (A+BVHd(t) kye,— 2,p,) (53)
AA AR H 2 o3 2ol AA3H.
= N(On
0y
n= ket
C=0dne, (54)
AN ky, v Folth 2163 AGHE sk
(55)

1./2 =0, [BN(C)UGQ +(A+d(t)— k1b1_ Z2b2)62]

t)— k1€.1_ ZQP.Q‘ <&, %

At d()7F A= A7) W', |A+d(
ATt

AT kA AGdHE et 2ol RIS

€1, 22> P2,

ZE]-:TC_)_‘ OO}: @27}'

V, < 6,(BN(Q)ne, + Be,) (56)

sk7] fall, 2166)2 =3 2ol fF=dh
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V, < BN(C)8,me, +(— (+6,B,e,| (57)
21(564)& 257Nl tYstd

065

2
V, < BN(Q)C+C— kyb,e2 — 22 +0,8,e,| (58)

21(57)& Younge] #%52}(Young inequality)ol] wel b3} o] F=Ht}
V, < BN(Q)+(—hybyes + C (59)
o714 C=d3/2velth AGDA 23 A4(69)= o 2
V, <—2ky5,V, + [ BN(Q) +1]¢+ C (60)
21(60)2] FHol e Faid e 2k

2eydot

Z(V,(0)e”™?) < [BN(¢) +1]¢e™™ + Ce (61)

9 A6DE (0,414 = aha
- t . J— 3 J— t J— 3 J—
V,0) < V,(0)e 2 4 / [BN(O) +1]¢e 2 Vgr / Ce g (62)
0 0

2625 B2AE 19 W29 V, (), ¢ ,7F [0.¢)A t; =cod W FA =]
R =

oo
o

o
A

AY 1 AdDY AlLdol 2ds uesiat. W 2542 Ao 4] 13|
AH Ao Alz=Hle] BE 24 ¢ 3 e, Be Aol tisl FAEH, ol F
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of\
to
2
HH
=
|
8
=%
~

tlo

=9 AG0FH AEDEREH ¢, F .= FADT
webA 23 zE AQ23)9] ool g8 —1< 2 <13 1<z, <19 W
JA =W, ol —p <z,@t)—x,0) < p, E I WA FF oA (1)
Al el A Aok =S 242)0 Foj" Fe vl

HAFHS AHL F oz FF 2349 ¢
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Al 4 AEHA A

ol
-

o FolX 3FNA AAE AoriEe] dee A A8 RdPe

L 712 Ao7lEHe] Ao e HlaE HoE

Al 14 MATLABS 33 Al&dolA

Azdlel Azee melAgsy] ANA =Dl WARSE Sk W

A BLDC RE(SQ-016)¢] wi7ids SAHLS th= & 413 2o

¥ 4.1 BLDC E¥E uj7jdHS

7% J R K, K,

SQ-016 1.39 kg m2 143 R 761 Vsec/rad 85 Nm/A

4.29F #Zt},

=5

AlZLolol tigk M vy

E 4.2 Alage) uwi/pEs

75 w7 T3
g FTHMEE 9.8 m/s
m A FA 70 kg
M ALl BAe] FA 20 kg
r =E uF o WA E 0.08 m
2=7}lo] = Z Al 31
LTI e
Jy Aol A2 B4 17.86 kg m?
J, RE uF e ¥4 0.06 kg m’
_ o6 -
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o] M= MATLABS &3l 9lof 22 v #eEe HEAA 2oy
st7| = gty Bojd oA AlE " EFd(sampling time) ¢,= 0.1ms ©]Th.

1. Known Control Coefficient& 1&3F Al Ed o)A
2172 AALdEAS Blx,)ol thals ZAHo| 7hssty 2 w74 ghol W
SHA] EE=th= 7H4 Sholl AAIE Alojr]e] dEHES A2Hd HEAHE o, 0

=
b ek 1% @ g2 S s o5 @l K3 Ko @ p¥s wiAl

Z1Z@T 08 Aol A5 AFAE AoH AT p )0 WAETE

¥ 4.3 Known Control CoefficientE 123 p, ,(t) &< wi7/iHs

7% et r P1 P2
wo | el 2% | LsT 5
Peo p&Tel HAZTH 0.02 0.5
L p&Te o= 2 10
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