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RCGA-Based State Feedback Control for

Seesaw Systems

AT-Tak FKvu

Departiment of Mechatronics, Graduate School

Aorea Maritime University

Abstract

Generally, most of the physical processes affected by disturbance or
incomplete knowledge are complex and highly nonlinear. To solve these
problems, many researches are ongoing in modern control theory recently.
Owing to those efforts, several Kkinds of controllers using different
techniques have been proposed. The controllers play major roles in the
robotization. For instance, it can increase productivity and sophistication.
But the researches need apparatuses, which can verify the controller for
being not damaged the plant. In this paper, therefore, a seesaw system is
considered one apparatus to analyze and apply the control theory.

A seesaw system consists of a moving cart on the rail and seesaw
frame made to demonstrate the effectiveness of the control theory. The
system has balancing and positioning problems, and the driving force is
applied on the DC motor of cart, but not on the pivot. The purpose of
control is to maintain an equilibrium of seesaw frame in spite of an
allowable disturbance.

First, the mathematical model of the seesaw system is derived from the
Langrange’s formulations. Second, a stable feedback loop is constructed
for the nonlinear seesaw system, and the parameters of its linearized
model are estimated using input-output data, a real-coded genetic

algorithm(RCGA) and the model adjustment technique.
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Third, the PI-type state feedback controller and the reduced-order
observer are designed based on estimated linear model and RCGA. The
proposed control system combines the Pl-type state feedback controller
with the reduced-order observer.

Finally, the proposed methods are applied to the seesaw system and a

series of simulation are carried out to verify the effectiveness.
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Nomenclature

fh row and /th column element of matrix A
matrices

augmented matrices

viscous damping coefficient at motor pinion
viscous damping coefficient at seesaw pivot
matrices in reduced-order state observer
distance from pivot to cart rail

distance from pivot to centre of gravity seesaw system
error state vector

matrices with proper dimension

fitness function

fitness of the best

objective function

cart driving force produced by motor
gravitational acceleration constant

armature current of motor

performance index

moment of inertia of seesaw system
moment of inertia of motor

Ah generation

gain of error compensator

state feedback gain matrix

augmented state feedback gain matrix

back e.m.f. constant of motor

gear ratio in gear box

torque constant of motor

observer gain matrix

lagrangian

mass of cart

mass of seesaw system



N population size

P(K) population at Ah generation

7’(1{) population after crossover at jh generation
P population after reproduction at Ah generation
P. crossover rate

Pm mutation rate

the number of instrumentation possibility of state vector

Q. generalized force of X,

@ generalized force of O

’@ positive-semidefinite hermitian matrix

R real number

R positive—definite hermitian matrix

Ra armature resistance of motor

r random real number between 0 and 1
Fmp radius of driving gear of motor

S string or chromosome

5 string or chromosome after crossover

; string or chromosome after reproduction
Si fh chromosome

t; final integral time

T maximum generation of RCGA

Tr total kinetic energy of seesaw system
T translational kinetic energy of cart

The rotational Kinetic energy of driving motor
Ths rotational Kinetic energy of seesaw

u control input or voltage applied to motor
Vr total potential energy of seesaw system
Ve potential energy of cart

Vs potential energy of seesaw

Xe position of cart

‘)E velocity of cart

Xj(L) lower boundary of /th gene
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upper boundary of /th gene
/th gene of fh chromosome
/th gene after mutation

gene of parent chromosome

gene of offspring chromosome

state vector

chromosome of the best

state vector of system

state vector of observer

augmented state vector

system output

position of cart

angle of seesaw

reference input

error state variable

constant

parameter of the reproduction operator
output vector of the reduced-order state observer
angle of seesaw

angular velocity of seesaw

multiplier

random number of 0 or 1
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Y.=D.cosO

beoz gae FAARE GeF o Yed 4 o

XC:_DTSiIl6+XCC()Se
Y . =DycosP+x sin®
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X =—D1OcsO+ x, cosO—x Osin® (3.6a)

Y. =—D1OsinO+ x, sin®+x,Ocos® (3.6b)

tgom 75 ned o 04 £5UA T Fad Gew 2

2
Tm:% J"(L“) X (3.7)

97N o lkgmie WS HARY ZUE, 1, [mlEs RE 9 FE7o]
WAE, K= Zlolwrze loju g ouath gy pERE o 84
FEAUAE 1 Fo] Madnz FAR

Azae JEAFS FA0E AL stna i AL FAYA T

T.=15.@ (3.8)

Tr=T.+T.
- JZMC(\/ X+ 'Ycz)2+%JS'62 (39)
- ichif—McDT'eS(c+ %MCDZT—I—%MCXZC—F%JS).@Z

o2 X, el W@ HawA wAAs aEstd oAt

(Lagrangian)@} 228X %44 S o537 o] Yebd 4 ),
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L(XC? ;(Cie? .e?t) :TT( Xc» .}(cyev .evt)_VT(X» eyt)

:% Mcizc ~M.D;x.© +% (MCXZC+MCD2T+JS)'92 (3.10)

—(M_gD+M.gD )cos® —M, gx  sin®

ﬁ(;ﬂ*) —L q, (3.11a)
X c ¢
{i(g.lé) —f% Qo (3.11b)

o] wf &% (Coulomb) vp#=ES FAISH 24 (311)& thg Zo] YEd

F e,

Q..=F.—B, x. (3.12a)
Qo =—B.P (3.12b)

AN Q. QE %o o U dUHE gelu, pst pr 44 ¢E

=28 JUdel AAAEASS Ax ARAE vhEe 9F AAAFALE

of u] gk,

4 @108 4 (3122 A G1Dd dd
¥

o 3
3o 2 MAE A9 MEdgAe JEd & g

M. X.~M.D1O—M.x. ©*+M.gsin® =F —B, X, (3.13)
~M.Dp x +M.x:+] +M D7) O+2M x, x ©

—(M.gD1+M.gD,) sin®+M gx .cos©= —B,©

2 @13k A BlhE Ty ol sk Aelskd opefer 2 27 wjAdg

A=} [e] o >~
AY MEPFLS Qe 5 9
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X =

M. ©°x’ +(F M, —gM sin® —B, X M)x"

M.x,.+M,J,
(—2M:Dy x, O+ (M.DG + M. J,) ©* —~M: Dy g cos6) x,
M.x.+M_J,
, (OM.D4B,—B,J) %, ~M.D;B.D (315
M:x: +M.J,
N (F. — gM,sin®) J.+M_.D4F_+M_D;gM.D, sin®
Mex? + M.J,
.2 ..
"e . (DT]‘VIC S _2M X o _gMCOSe)Xc
MX:+Jg
i ) (3.16)
—D:B, x, —B, © +gM.D,sin® +D,F,
M, x.+]Js

Table 3.1 Al& A]2=H 9]

Aoltt.

A AbSE vy uE AT

Mo
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Table 3.1 Parameters of the seesaw system

Parameters Unit Descriptions
Xe [m] Position of cart
X [m/s] Velocity of cart
s [rad] Seesaw angle from the horizontal position
ys) [rad/s] Seesaw angular velocity
M. [kg] Mass of cart
M, [kg] Mass of seesaw system
Js [kg'mg] Moment of inertia of seesaw system
Dr [m] Distance from pivot to cart rail
D, (m] Distance from pivot to centre of gravity seesaw
system
B, [N's/m] Viscous damping coefficient at motor pinion
Bs [N-m-s/rad] | Viscous damping coefficient at seesaw pivot
F. [N] Cart driving force produced by motor
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3.2 A& Ax=de] 755

T REQ DCREe] dghe sy mEel el WAL, o] F
Ade dAe 4 Nag YA FANAEY Fig 32 EEHE ¥
Fd Ax Azde FEFE el ol AE @ Fe NI 7% 2E
of A7kH= A u [V #AE fEGES @

Fig. 3.2 Actuator part of the seesaw system

DCEH O A7FHGS u [V A7} AR/E & [Al 97148 d+E K
[V-s/rad, N-m/Al]l, B8 EZANFZS K, [N-m/Al, 7]oja2=n]3 K, dA7]#
A& Ra [Q] EHY FJYA WHAF S 1y [mle AYstar fAE 754
71v @ Feob ¥ A7FASH ud #AE dEidd o33 2ol el 5 9l

ool w 2E O JYda g misrE FAgT

R,r KK, -
= —e=h (3.17a)
u KK, F. fro X a

5 % c (3.17b)
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ok Aol A 3k xeoF el tig 22k HAdE Ay v A lA o] MEe] vl

2ot vt o] vkl S Qlth

.. MCDTg MSDTDCg e
X, = X -
roATT
(3.18)

B, BDW. DB../1 D;
T _» ey L T
(s 1) =

= _MJg % +MJD£ o _QJ"'—Bn > _% o +% F, (3.19)

s EFHA A A G189 4
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il
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J

i sho) A ek Thea ge 24 AY v
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B, B, KKK, DiKKKn o
) ¢ (3.20)

Me T MahRy FohR
B.Dy . 1 KK, . D7K K.,
— u

2
oo M MDgg DiB, DKy o
Js Js JrmRa

B, ¢, DrKuK,
JS JsrrrpRa

(3.21)
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Aoz B@HW et 2ol ey F vk

;c = Ax+ Bu
y = Cx
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D:B, D:K,KiK, B,
ap=— - =—
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2dZzA 7% (Model adjustment technique)> Fig. 3.39 #o] o] A3}
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Fig. 3.3 RCGA-Based model adjustment technique

,24,



rlo
=
o
>
[>
o
o
2
oxl
ofr
ox
o
=2
rir
ja
I
u
)
ofo
N
)
olr

LA
F JdE d="e Adsof dh wpElA Fig. 349 Zo] HFELE FA Y
BT Al2ds tAs AIEA SetvHE FASE
astA w9, A28 AASE T HFx geu o] 59

Wol AgFE A4 AgA,

L

X y
bl = Model adjustment technique ——N c —

KK

Fig. 3.4 Model Adjustment Technique with a Closed-Loop

Aude 4 (3229 AFALu U gAel AgHne 38 A9 4

& RCGAZ Argstnz gaA s

s=(azi, as, as, as, aq, ap, a, d, bz, ba) (3.23)

N

A% GAA s9) 4 FARES g 20 WEHES

ﬂ,{
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N
o
i,
0

g%[ x,—x]=0 (3.24)
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MA ] AF=g Frhstr] 98 A (3259 & ZA4%FE ALEsAch 4
Az gAsop & selnlHE 4 (323)3 o] 107101 A% Al Al=glo] Al
298" @ IHYAFBYE 002 7H5H, RCGAE HFH o7 AJxd
o 2D Abel o] AEpHE E(Norm)o]l HAR HES g/9 setve s &

A7) g,
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A 47 AN A" Aolr] 2

Alz=gl Aojel] 9le] ZIEUHE (S, FxAo] 0o, RE FHHFE 002

sHA st FAE A 7] (Regulator)t ¢t} o] =47 AAZS 94
FAT Al Aade] APRAS o] §sto] AT AloE AT

LQR(Linear Quadratic Regulator) ©] &l 7]¥-& & PIF o] Aejg=u] Ao

S Agan. d8, 247 22 AHIAE Aore RE AHdsE A

Z3todof s} AAH o BRE HJHUFE AFT

gt A So] oA@AY ASFE Hell arke] FHE AgstoloF st A+E

nelstel JEMEE FARE Yol A Lopct

¥
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ol
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4.1 PIZ 9 ea=u Aoj7z] AA

Al Al=dle] ek Agst AlojE fs] AHgEHE B =29 Aol EAHL
Z LQR o] &2° 7|4tE T3 9tk PY AFxA7 AS Aoddd Al2E
of 9ol AT W ARHAAV LA F Utk AGL T FHgol
ZAsE BAAAE AAME A7 glo] kAT Aot HE=2 7] 9
L2 BAA7IE 7hx PIRe] AHa e Aejvl & AART

A, 2 (322)9 WAAE BEd 2ol AZEA

x = Ax+ Bu (4.1)

y=Cx

ANA pegs AR AEME, yere EHORAM MRS AR,
weRE Allgddolx, AeR™ BER™, CeER™E A gDl @A I

24 (A, B7F Aol bssk, dus= Aol shse,
o WAL 9% AR AUWS 22 e o] Helwrt

z=f (v—ypdt (4.2)
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- A| 0x 0
[ﬂ:[CJE n j” v (43)
Z Z 0 -1
A (43)& T EHehd thg ) 2ol YEd 4 gl
=A%+ Bt Dy,
y—’(?/x\ (4.4)
S ) x = y A: 3 B: y C:[ C]7O D:
0 0 —1
Ao A== 4 (41)°] Alo] 7he (Controllable)stal rank( Z=n+19] ¥#77}
S A (442 xdE GFA =" E Ao 7hEstA 4],
sgA Rl 2ANE 4 @B)sh 2e 24 A WAREE AT 4 vk

JIZI(; T’(\) Z+uTRu)d (4.5)

A7IM g ¢ R Lol gE: Fo skE ATl RS
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B oERAAE 4 @) gEslEe oS & A4 AHA Riccat
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Fig. 4.1 Optimization of state feedback gain using RCGA
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u=— K, % +k; [(n—y)t (4.9)
AN o = AEA, ol 5 A (49)e] Y™ us HE 2ok
u=—K(zx—e) + k [yt (4.10)
aeEe A4 AFE Asge te 2o

x=Ax—B K(x—e+k2) (4.11)

422 FaAF ZUBZF7]

x A B
1 = J ﬁ:j + ju (4.12a)
.;Cb Ab B
x
y=lI, 0 j (4.12b)
x
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By((n-q)x1)& 4zt g9 PES Yl Lgxg)E @9 Dol
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& GRS RS F
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Aoz B & g
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o Fol AU, WE (4 b BE
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4 (413a)9F 4 (413b)ell Wste] FHjaS715 AAGE & A& d=th
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e s sE AR Wy g Aedd
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Fig. 4.2 Optimization of the reduced-order observer gain matrix

using RCGA
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Fig. 5.1 Input-Output data for parameter estimation
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Fig. 5.2 Parameter estimation of the seesaw system using RCGA
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