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NONLINEAR IDENTIFICATION/STABILITY/TABU SEARCIVTWO-INERTIA SYSTEM

This research attempls to extend the operational range of a two-inertia system which is
precompensated for torsional resonance. Tts objective is to maximally utilize the system of which
performance is limited by nonlinearity therein. Tabu Search (TS) plays an important role on the
identification of such nonlinear characteristics. The thesis reviews the TS method, a kind of
efficient stochastic search ones. The work proposes a new technique incorporated into the
conventional TS for faster search performance and better avoidance of being trapped by local
optimum solutions. The stability of the extended system is investigated using the describing
function, the Popov's criterion, and the circle criterion methods, respectively,

The modified TS results in a family of nonlinear saturation characteristics in the feedback
path of the control loop. The upper and lower limits of these nonlinear characteristics are
employed for the stability test. The speed output of the extended system can be increased by

55.94 % and the system’s stability is guarantead.
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% his program | oads DATA obtai ned from
experinments conducted, cal cul ates absolute
errors, and displaysrelevant data
graphi cal |l y.

| oad datall

U%set time

%1 : tinme for response from SI MJLI NK

%t : time for response from experinment

t 1=0: 0. 2/ 2000: 0. 2;

tt=0:0.2/249:0. 2;

%set nunber of DATA from experinment (datall)
%and simulation(yll) equal to 250 points
oBy function 'selectx' witten by Kongpan
%Areerak to perform data conversion necessary
[ xsimxsc,t_def]=sel ectx(yll,t1,datall,tt, 250);
%ol ot graph conpare between output from
%experiment and SI MJLI NK

pl ot (t _def, xsi mt_def, xsc)

hol d on

pl ot (t _def, abs(xsi m xsc))

gtext (' experinment')

gtext (' simulation w thout nonlinear')
gtext (' abs.error")

title("lnput = 1.1 V)

x|l abel (" Tine (sec.)')

yl abel (' Anplitude')

hol d of f
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SB = overall_search_space

=search_space
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i load data ;

A
Identify initial feasible solution
SO with best_error ( SO)

Y

set

best_neighbor = SO
overall_best_error = best_error
overall_neighbor

= best_neighbgr

Yes

for each neighbor

v

SO = best_neighbor and
generate randomly a set of trial
solution S1(r) in the current neighbor
(number_neighbor=30,radius=0.1)

objective_functio|

n

Y

set best_neighborl and best_errorlL
update to neighbor_list

best_errorl > =

No

overall_best_error <
best_error

Yes

v

best_error = overall_best_error
best_neigh=overall_best_neighbor

Report as answers
:best_neighbor and
best_error

best_error No
Yes
n=n+1 n=0

best_neighbor = best_neighborl
best_error = best_errorl

Yes
A

aspiration

display count, n, best_error, overallibestierrc*r

count = count+1
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Yuaouil 5 AUTUMIAIUIUAT cost YOIAWTFNUABZAINOG Y S (1) tazdonNAT cost
A = d'dydd a A o Yya 1 ° 9
naNngadaluNiNA® best_errorl HAazAMFNULY S, (1) NN IWIAAAT best_errorl dziMuAlH

I . 0911 o T v 1 o y
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uaasui ludunoun 3 Ina
a’/ d’ Qs’l d‘ 9 = a d' Y = 1 1
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09/’ { < 1 o . 1 o 1 1
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S,4,1) S,42) 8,43 S44) S45 S406) S47 ..S(4n) S,(4,n+1)
S,51) S,52) S,(53) S,(54) S,(55) S,(56 S,(57) ..S,5n) S,(5.0+1)

S(m,1) S(m,2) S(m,3) S(m,4) S(m,5) S(m,6) S(m,7) ...S(m,n) S(m,n+1)




21
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oSuwldduaalun il 3.4 uazumug fifosinesdeludiuueanisii back tracking 9%

wanalunndi 3.5

new search space
to escape local
-optimum

Nelghbor#z (

550
Neighbor#3 5% §

. m
‘4_’0%

AN 3.4 MNLAAINTTNIUTUBI back_tracking

= o VoA A ° ) - = oAl 9 °
MNANT 3.4 UMD back_tracking dziAa U Inal e 15 umsAumdmen
" r—"ay P o W 9 o 9 e 9 Vo _
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WU InaaIM iU uda v back tracking

back_tracking

Yes

h J

set 50,best_error from neighbor_list and
n_back_tracking = n_backtracking+1

Y

-‘best_error <
overall_best_erro
r

Yes
A S
overall_best_error = best_error
overall_best_neighbor =
best_neighbor
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1ndiAee (neighborhood search)  LAMIAUIAMABLAIBITAMIAINEA 1 1Mo undum

A 1 I~ o 9 1as kY o Aq ¥
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MBI YUIAUDY neighbor list = m, Awndeues S, 1 neighbor list Miwnldluns

AmuanuTudu lug19n139%197U back_tracking, A1 number neighbor LA radius 1992 3A1

=

1 U [ 1 d‘ Y a o dg’ [ -] [ d' o Yya Ll
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number_neighbor L1a¢ A1 radius NMaNgaudmsuvIUITeiiazesuelurideds 1

% a
3.4 MINnaaavaandINN
o w a Y A v o XY o & Y A '
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[ NUMH, DENd] = C2DMNUM DEN, Ts, ‘tustin’)
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D(z) _ 14.28z% - 35.04z° +28.67z - 7.819

3 5 (4-2)
R(2) 7% - 2.355z% +1.843z - 0.4893
LYUADINIA
E,(z) _ le —006(0.1654z> +0.4934z2 +0.4963z + 0.1654) 43)
E1(2) 73 - 2.9972° +2.9957z - 0.9987
drvaue luInilounay
C(z) _ le +004(1.222z3 - 3.6153z° + 3.5659z +1.1725) (4-4)

Y(2) 73 - 2.3534z2 +1.8431z - 0.4897
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“Hyun 1

0/P|  m*xu if (input>=-x1)&(input<=xu)
output=input*m;

elseif input>xu

m output= m*xu;

Xl /| xu |p elseif input<-x1
output=-m*xI;

else

-m*x end

A o 4 [ 13 a 9 ~
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o/P if (input>=0)&(input<=xu)
output=input*m;
m x| elseif input>xu
output= xl;
Xu p elseif input<0
output=0;
else
end
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if (input>=0)&(input<xuu)
output=input*mm;
elseif (input>=xuu)&(input<xll)
output=(2*mm*xuu)-(mm*input);
elseif input>=xll
I/IP output=mm?*(2*xuu-xll);
else
output=0;
end
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Xuu Xl
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-m1 output=input*mm;
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output=(mm*xuu)-(m1*input)+(m1*xuu);

elseif input>=xII
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else
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end
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Tilsunsadsmsaumsuuniy

function [best nei ghbor, best _error, tinme, SO] =t abusearch(N)

%N\=nunbers of paraneter of nonlinear el enent

% andom'y selecting initial solution

tic;

% owl of xlimt=upper limt

%ow2 of xlimt=lower limt

xlimt=[10 5 5;0 0 0];

VBt R IR R AR R R A R R R AR R H R AR R R R A R R

% ind feasible solution for initial solution

for r=1:5
S(r,:)=((xlimt(l,:)-xlimt(2,:)).*rand(1,N))+xlimt(2,:);

end

% or input 1.7 volt

| oad datalv;

t si m=0: 0. 2/ 2000: 0. 2;

for k=1:size(S, 1)
ysi mesi mul ati on_systen( 1.7, 2000, S(k, 1), S(k, 2), S(k, 3));
[ysiminterp,t_def]=sel ectxsimysimtsin;
errorval ue(k, 1) =sunm((ysi m.i nterp-datal7).”2);

end

[ best _error,index]=mn(errorval ue);
SO0=S(i ndex, :);

B R R R N N R N R R R R R N it
max_count =50;

best nei ghbor =S0;

nei ghbor _|i st=zeros(5, N);

radi us=0. 1,

Nunber _nei ghb=30;

overal | best error=best _error;
overal | _nei ghbor=best _nei ghbor;
n=0;

n_back_tracki ng=0;

%start program: Tabu search

for count=1: max_count
Sl1=r andom nei gh( Nunber nei ghb, radi us, xlimt, S0);

[ best _errorl, best nei ghbor 1, best _error, best _nei ghbor] =hj ect
ive_function
(S1, best _error, SO);



1

menod( count , 5) ;
if me=0
k=5;
best nei ghbor
el se
K=
end

nei ghbor _|ist(k, 1:size(S0, 2))=[ best _nei ghbor 1] ;
nei ghbor | ist(k, size(S0, 2)+1)=best _error1l,

if (best _errorl-best _error)>le-18
n=n+1;

el se
n=0;

end

%ack_tracking
if n>15
n_back_tracki ng=n_back_tracki ng+1;
nei ghbor =nei ghbor _|i st (3, 1: si ze(nei ghbor_list,2)-1);
SO=nei ghbor;
i f best error<overall best error
overal | best error=best _error;
overal | best nei ghbor =best nei ghbor;
n_back_tracki ng=0;
end
n=0;
best _error=nei ghbor |ist(3,size(neighbor_list,2));
el se
SO=best _nei ghbor;
best error=best _error;
end
%end back_tracking
di sp([count n])
format long e
di sp([ best _error overall best _error])
disp(" ");
f or mat
i f n_back_tracki ng>15
br eak
end
% f best error<=3. 75e-001
%br eak;
%end
end

%set over al



if overall best error<best _error
best error=overall best _error;
best nei ghbor =overal | _best nei ghbor;
end
ti me=toc;
return

12
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Tsunsuilanduingilszasn

#afdu Objective function.m

function

[ best _errorl, best _nei ghbor 1, best _error, best _nei ghbor] =(nj
ective_function(S1, best_error, SO)

t si m=0: 0. 2/ 2000: 0. 2;

error=[];

| oad datal7v;

for k=1:size(S1,1)
ysi mesi mul ati on_systen( 1.7, 2000, S1(k, 1), S1(k, 2), S1
(k,3));
[ysiminterp,t_def]=sel ectxsimysimtsin;
error(k,1)=sum (ysi minterp-datal7).”2);
end

[ best _errorl,index]=mn(error);
best nei ghbor 1=S1(i ndex, :);

if best _errorl<best error
best error=best _errorl;
best _nei ghbor =S1(i ndex, :);

el se
best nei ghbor =S0;

end

return

s .
#Wlan¥u random neigh.m

functi on Sl=random nei gh( Nunmber nei ghb, radi us, xl i mt, S0)
for u=1: Nunber nei ghb

for k=1l:size(xlimt,?2)

S1(u, k)=S0(1,k)+(radius*(xlimt(1,k)-xlimt

(2,k))*randl(-1,1));

end
end
return

S o
Nan¥y randl.m

function x=randl(a,b)
% a uniformdistribution on the interval (a,b).
% a < b.



x=a+rand*(b-a);

S o .
Nan¥u selectxsim.m

function [ysiminterp,t_def]=sel ectxsimysimtsimnm

nsi mel engt h(tsin;

| ast _sinrtsim(nsim;

t _def=0:1last_sim (250-1):1ast_sim

ysim.interp(1l)=0;

for u=2:250
ysiminterp(u)=interpl(tsim,ysinm K t_def(u)');

end

return
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% unction nodel plant with nonlinear el enent
%I =l ower input of nonlinear

%% u=upper inper of nonlinear

%n=sl| ope of nonlinear

function y=simulation_system A N, m xu, x| )

% nitial val ue

[CEC BN NeNOR -

NEX 000
Hilloooo

oOoB>-

Ystart program

for k=1:N+1
if k>1
ykl=y(k-1);
ckl=c(k-1);
dk1=d(k-1);
ekl=e(k-1);
elkl=el(k-1);
e2kl=e2(k-1);
rkl=A;
el se
yk1=0;
ck1=0;
dk1=0;
ek1=0;
rk1=0;
elk1=0;



e2k1=0;
end
if k>2
yk2=y(k-2);
ck2=c(k-2);
dk2=d(k-2);
ek2=e(k-2);
elk2=el(k-2);
e2k2=e2(k-2);
rk2=A;
el se
yk2=0;
ck2=0;
dk2=0;
ek2=0;
elk2=0;
rk2=0;
e2k2=0;
end
if k>3
yk3=y(k-3);
ck3=c(k-3);
dk3=d(k-3);
ek3=e(k-3);
elk3=el(k-3);
e2k3=e2(k-3);
rk3=A;
el se
yk3=0;
ck3=0;
dk3=0;
ek3=0;
elk3=0;
e2k3=0;
rk3=0;
end
if k>4
ykd=y(k-4);
ekd=e(k-4);
el se
yk4=0;
ek4=0;
end
d( k)

2. 35318362706083*dk1 -

1.84252416145537*dk2 +

0.48934053439454*dk3 + 14.27571276293349*rk -
35.04038587265492*r k1+ 28. 66940662308130*r k2-

7.81892907902217*r k3;
(1.0e+004*(1.22198522194186* ek1-

c(K)

3.61536425740991*ek2 + 3.56585047000498*ek3 -
1.17246285539129*ek4) + 2. 35347217286232*ckl -
1.84313028644538*ck2 + 0.48965811358305*ck3);

el(k )

d(k)-c(k);

76



e2(k) = 1.0e-006*(0. 16544682759865* e1( k) +
0. 49634048279595* e1k1l + 0.49634048279595* e1k2 +
0. 16544682759865* e1k3) + (2. 99703414559973* e2k 1-
2.99569733361198*e2k2 + 0. 99866245762881* e2k3) ;

y(k) =e2(k);
%onl i near elenent ( saturation )

i (y(k)>=-xl)&y(k)<=xu)
e(k) =y(k)*m
el sei f y(k)>xu

e( k)= mFxu;
el seif y(k)<-xl
e( k) =-nmxl;
el se
end
end
return

%end program
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