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ABSTRACT
It is well-known that control system plays on important role in the industrial, robotics,
aircraft. including Acrospace design methodology since it can improve the overall system stability
and performance. This project presents the controller design using Hg, Loop shaping which can

guarantee the closed loop performance and stability robustness.
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(2.28)

| 1 ! o
M,2R2+R2C(sI-A—-HC)'H

TRl A,B,C,D flomaindmaeilin/Sglidouz(State spacc)uod szl G (lugumsna.s)

R=1+DD"
T T ] é A A = =y - =y [} o
H=—(ZC"+BD" )R %3 Z A0HANasvUARLIVOITUNTINATPHTINTAMNATINITY

Fansenivynll Tuaunisi 2.29)
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GFARE)
(2.29)

(A-BD"R'C)Z + Z(A-BD"R™'C)" - ZC"R'CZ + B(I-D"R™'D)B" =0

2.53 waasmmaanuvesialsznoulnlwsnmuedo(Robust stability left coprime factor)
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=y { A o e o T
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Genld du [“}:[ﬂ—m)‘KM,‘]gﬁ T
y (1-GK)' M, ‘

| K(-GK)Y' M,
e T A=GKYMT T T T T

|:u] 'y K(I-GKY'M
nn | |= Mg mszaniusglan M= N
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K(I-GK)Y*'M |

K <— (2.35)
(I -GKY'M £

1 o 1 ci
Tae & Bond) voulvaEdesMn(Stability margin) mivuald & =— Taefl y =0 910(2.35)
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2 K (I-GK)Y'M~ (2.37)
ymin - inf I i !
K siabilizing ]
- ~ gwTaT 7, Tasassn TN 237 fufirmdmradeinddimsdr e oo o o

~ 1
- =(1-”[AN AM]H:) " —14 p(XZ)? Hadrwsomsfiuin

= o . =
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SR . P T 7S B S R N SN SORT e
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Equation:GCARE)

(A-BS™'D'C)' X +X(A-BS'D'C)-XBS'B'X +C'(I-DS™'DYC =0 (2.38)
-auMsSamABIHyaAng v susanseariona | (Generalizo Filter Algebraic Riccati
Equation: GFARE)

(A= BDTRC)Z + Z(A~ BD"R™'C)" = ZC"R™CZ + B - D'R™'D)B" =0 (2.39)

Tagf A,B,C,D flaumsnmasiluilspianiuz(State space)vo sz G (luawmsh 2.5)
REI+DD", S2I+D'D
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1 7, AvunlgezSondulumimingauigaOptimad $1lnslui lludee litonlde g,

& = 1 1 ' B
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- BTX l __DT
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YA YU oKV e e Ye Yo ooV Y Yo Ye e e Yo T Yo Yoo Yo Yo Yo YoY% Yo %o Ve %o %o Yo Yo %o
RCOU O

%%%% H_inf Loop Shaping design

%%%% For disturbance rejection

%% Y6% %% %0 % % %6 % % % % % % %6 %0 %0 Yo %e e Y Yo Yo % % %e % %6 %0 Yo % Y6 % Y0 %0 Y6 % Yo Yo % Y % %% % % % % % % 0% % %
2%%%% %% %%

Yo% %% % %0 V6% %6 Y0 % %% %0 Y0 % % Y0 %% Y6 % %6 % % %6 % %% %0 %6 % % % %% Y0 e % Ve Y % Y % % %% %% %% % % % % Yo %
%%%% %% %% %

%% Example for Disturbance rejection )

%% Consider the plants is

%% 1 200 100
%% Gls)= ==---- 2 - , Gd(g)= -
%% (0.05s+1) (10s+1) (10s+1)
%%

%% block diagram show is

%%

%% d
%% |
%% |
%% -
%% [0.5}
%% -

s e e T L T T

%% e
%% r  + |-—lut] 1 | V+]|200 | y

%% nmnanes S e I e e Rt F >
%% A+ | [(005s+D)|  +  [(10s+1) |

%% | e B E

%% e
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%%
o I:'éa"/o_“/n"/_o‘Vc."A)“/o"Au%"A_:_%‘%)”Az%%%%%%%%%‘%:"/a‘%:%%%%%%%%%%%%%%%%"/n%‘%:"ﬁ:.‘%:"/n%%%"A)%)“A:‘%)%)“/n
N S AL AUA LA SR e

%% Objective

%% 1.tracking reference: Rise time(90%)less than 0.3 s, Overshoot 5%

%% and no stcady stafe erron{(=0).

%% 2.Disturbance rejection : Unit step disturbance(d=1) the output remain

%% Inrangc l-I,I_J reduce to U qﬁlckly ﬁnd aﬁ;:r hmé Jsthe responsé if
%% should be less than 0.

Ve %% %% %o % % Yo % 10 %0 %6 % % % % % %6 %% %0 % %0 % % %0 % %0 %6 % Y0 % % Y % % % %% Y 7o % %o 0% % % % %% % Y% % %o %
%% %% %% %% %

%% %% %% %% Y % Yo Yo Y V6% %0 %% % %0 % Yo % Ya % % 6% % % %% % % % %6 Y0 %% % % Y % Yo% U % Y %% %% %6 % Y Ye
%%%% %% %% %

clear all

cle

pause on

help HL_inf.m

%disp('please enter to controller design ')

disp('First Consider plant and disturbance plant ')

pause
w=0,01:0.01:1000;

g G1=tf([1},[0.0025 0.1 1]) %plant
G2=tf{[2001,[10 1])  %plant
Gd=tf([100],[10 11} % disturbance plant
numg=[2¢4]
deng=conv([10 11,[0.0542 0.1 1]}
G=tf{[numg],[deng]) % G total = G1*G2

— . —_ _ _ disp(please enter-to.showmarginofG'y ___ . __ __ _ _ _

pause

%% before add controller

%% frequency response & time ressponse (feedback plant)
figure(1)

margin(G);grid

title('margin of G before add controller')



disp(‘please enter to show step response before add controller’)

_pause
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‘:g".ll c{?,)_
slep(feedback(G,1});grid

title('step response of G before add controller’)

disp(‘pleasc enter {0 show slep disturbance response before add canfroller’)

pause

figure(3)
step(Gd/(1+G));grid
title{'step disturbance response before add controller”)

disp('please enter to continue ')

pause

disp(* step 1) loop shaping ")

disp(' consider bode plot of Gd have over cross frequency(How much w_d 7))
disp(please enter to show margin of Gd )

pause

Tigure(4)

margin{Gd);grid

title('margin of Gd ")

disp(‘please enter conlinue to pre-post compensator ')

pause

disp(' select w_c approximate to w_d")

disp(' and sclect pre_compensator (w1}, select post_compensator’)

— disp{(w2-for-simply-let- w2 is constant (w2=1)) for shape plant). _ _

"

disp(’ st2 )
disp(’ select wl=--—, s+2 for reduce loop to -20dB/dce at crossover frequency )
disp(' 1 5 N

disp(* and --- for performance in low frequency , w2=1 ")
disp(" s D

disp('  sclect pre-post compensation for loop objective ')



disp(’ 1. high gain at low frequency for disturbance reject and tracking command *)

_ . disp(". slope at N=-1(-2,...) or <=-20dB/dec ")

: o
Ton="5)=—=" T

disp(" slope should be have rolloff-rate -N >2 (or <-40) dB/dec ")

disp(* 3. compensator has term of integal action for -20dB/dcc at crossover frequency’)

o disp('please enter continue’)

pause

numwl=conv(1*[1 2],[1]) % select W1
denwl=conv([1 0],[1]) % select W1
disp('w1"}y;w1=tf{[numwl],[denw1])
numgs=conv([numg],[numwl])
dengs=conv([deng],[denwl]}
disp('combine pre-post compensator with G Define lo Gs=w1*G')
disp('Gs"); Gs=tf{[numgs], [dengs])
disp{'please enter to show margin of Gs ')
pause

figure(5)

margin{Gs);grid

title('margin of Gs ")

disp(‘please enter to continue step 2.)

pause

disp('step 2.) Robust stability (normalize left coprime factor )
disp("  H-inf robust stability for close loop stability)?)

disp(’  evalueate equetion to Robust stability’)

disp(’ -1 ~-19
o dispt K] (FRsGs) M | = mmin ) = o
disp(’ il [linf )]

disp('  find r_min(optimal control) to satisfy Ks for robust stability")

disp(  ifr_min-1 <<1 to step of loop shaping reselect pre-post compensator’)
disp('enter to compulte stability margin®)

pause

[a,b,c,d]=tf2ss([numgs],[dengs]}




S=eye(size(d™*d))+d'*d;
_ R=eye(size(d*d))+d*d;

T AT VS * 4", = ==

Qli=c"*inv(R)*¢;
R1=b*inv(S)*b’;

[xl,x2,eig,xerr,wellposcd,X]=?cs{)-lv(Al,Q1,Rl); %solve Riceati eq, find X

[x1,x2,eigxerr,wellposed, Z]=aresolv{A1",R1,Q1); %solve Riccati eq. find Y

gamin=sqrt(1 +max(eigs(X*Z))}; % find r_min(for optimal coniroller) by spectal radias
gam=1.1*gamin ; % select 10% for suboplimal controller
fprintf('gamma_min =");disp{gamin)

disp('select 10% for suboptimal coniroller)
fprintf'gamma =");disp(gam)

disp('please enter to continue ')

pause

disp(* enter to find Controller Ks )

pause

L=eye(size(X*7)) HX*Z-gam*gam*eye(size(X*Z)))
Fe=-inv{Sy* (d"#c+b"*X);
ac=a-+H(b*F)+(gam*gam*inv(L)*Z*c"*(c+d*F));
be=gam*gam*inv(LP*Z¥c';

ce=h'*X;

de=-d";

[num,den}=ss2if{ac,bc,cc,dc)

ks=ti{[num)],[den]}  %controller at k_hinf

disp{'step 3.combine Ks ,wt define to K =wl*Ks*w2')
K=-ks*w] %real controller

fprintf’Ks=";ks

- = ~disp(please enter to combine Ks with pre-post compensator(w1*Ks*w2))- —— —— - — —

pause

fprintf{’K=")K

[numg1,dengl]=tfdata(G1,'v"); %define to simulink program
[numg2,deng2]=tfdata(G2,'v'); %edefine to simulink program
{numk,denk]=tfdata(K,'v"); %adefine to simulink program

pause



ol=Gs*-ks

_ cl=feedback{ol1) ... _.

disp('please enter to show margin of G*K ')

pause

AiSprSysenT aner-aesi g Conmoliery ==

figure(6)

mar;gin(ol);grid

T E0.0R200 T T e T T

Litle('margin of G*K ")

disp(*please enter to show loglog plot G*K ')

pause

[mag,ph]=bode(Gs,w);

[maxs,ph]=bode(al,w);

figure(7)

loglog(w,mag(:),'r',w,maxs(:),'b--);grid

title("loglog plot of Gs (1) and G*K(b--)")

xlabel("w (Rad/sec));ylabel('Magnitude (dB)")
disp('please enter plot bode fo compare )
subplot(t,3,1);margin{G);grid;axis([0.01 100 -100 100])
litle("G")

subplot(1,3,2);margin(Gs);grid;axis([0.01 100 -100 100])
title("Gs')

subplot(1,3,3);margin(ol);grid;axis([0.01 100 -100 100])
title{'Gs*Ks")

disp('pleasc enter to continue’)

pause

disp{'Test for performance and robust stabilily')

S=l1-cl;

in=ones(1,length(t});
disl=ones{1,length(t));
In = LSIM(cLin,t};

pause

disp('1.tracking reference:follow objective in above’)
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figure(8)
—step(K*¥*G1*G2/(1+K*(G1*G2),3);erid

TitIe( UNIL SLCp TeSpoNnse 10T [Tacking TCICTente ) — == =
xlabel('Time (sec));ylabel('Magnitude (unit)")

fprint{*Peak over shoot=");disp(max(In))

__ disp(‘please enter to show Disturbance response for Unit step input’)

disp("2.Disturbance Rejection :follow objective in above')

pause

Ul=1*sin{1*1);

U2=sin(.1%1);

U3=sin(.01%t),

Ud=sin(,001*t);

In =LSIM(cLin,b);

Dis_re = LSIM(Gd/(I+K*G1*G2),disl,t);
Dis_rel = LSIM(Gd/(1+K*G1*G2),U1,1);
Dis_re2 = LSIM(Gd/(1+K*G1*G2),U2,1);
Dis_re3 = LSIM(Gd/(1-tK*G1*G2),U3,1);
Dis_re4 = LSIM(Gd/{(1+K*G1*G2),U4,1);

figure(9)

plot(t,Dis_re,'b");gridsaxis([0 5 -2 2])

title('Disturbance response for Unit step input’)
xlabel('Time (sec)");ylabel("Magnitude (unit)")
fprintf('™ax of Disturbance response’);disp(max(Dis_re))
fprintf(’"Min of Disturbance response’);disp{min(Dis_re}))

disp(‘please enter to show Disturbance response for sin signal input at we=1,0.1,0.001 rad/sec)’)

figure(10)
subplot(3,1,1);plot(t,Dis_rel,'b);grid;axis([0 200 -1 1])
title('disturbance w=1")
subplot(3,1,2);plot(t,Dis_re2,'b);grid;axis([0 200 -1 1])

litle('disturbance w=.1"



subplot(3,1,3);plot(1,Dis_red,b");grid;axis([0 200 -1 1]}

title("disturbance w=.001")
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ulspl responscolnoiscaticnuation’)
pause

disp('In addition test; Noise attenuation at high frequency')

disp('Test:start at frequency wc=100 to high frequency )

T D Ulmlssie@or)T e e e e T

noise1=sin{100*t);

noise2=sin(500*t);

noise3=sin(1000*t);
no_isel=lsim{ks*Gs/(1-ks*Gs},noisel,th;
no_ise2=lsim(ks*Gs/(1-ks*Gs),noisc2,1),

no_ised=lsim(ks*Gs/(l -ks*Gs),noise3, ),

disp('please enter to show Noise attenuation at for sin signal input we=100,500,1000 rad/sec')
pause

figure{11)

subploi(3,1,1);plot{t,no isel,'bY;grid;axis(0 200 -.1 .1])

title('noise w=100")

subplet(3,1,2):plot{t,no_ise2,'b";grid;axis([0 200 -.1 .1])

title('noise w=500")

subplot(3,1,3);plot(t,no _ise3,'b ;grid;axis(0 200 -.1 .1])

title('noise w=1000")

disp('please enter to test response for alt input')

pause

U_in2=sin(0.001*1);

U_in3=sin{0.0001*t);

n_inl=sin{100*t);

n_in2=sin(500*t);

n_in3=sin{1000*t);

Dis_outl = LSIM(Gd/1+K*G1*G2),U_inl,t);



Dis_out2 = LSIM(G/(1+K*G1*G2),U_in2,0);
_Dis_out3 = LSIM(Gd/(1+K*G1*G2),U_in3,1);
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- = [l:uuri—isi‘mfks*ﬁsfﬁ’kﬂ*@ﬁ;:1:iu-'1—,1),
n_out2=lsim(ks*Gs/(1 -ks*Gs),n_in2,t);

n_out3=lsim(ks*Gsf(1-ks*Gs),n_in3,1);

yl=In+Dis_outl;

y2=In+Dis_out2;

y3=In+Dis_out3;
y4=In+n_outl;
y5=Intn_oui2;
y6=In+n_out3;
y7=In+Dis_cutl+n outl,
y8=In+Dis_out2+n_out2;

y9=I+Dis_outd+n_out3;

figure(12)

subplot(3,1,1),plot{t,y1);zrid

title('response of y at —unit step disturbance w=0.01 rad/s")
subplot(3,1,2),plot(1,y2);grid

title('response of y at r=unit step ,disturbance w=0.001 rad/s")
subplot(3,1,3),plot(t,y3);grid

title('response of y al r=unit step ,disturbance w=0.0001 rad/s"}
figure(13)

subplot(3,1,1),plot(t,y4);grid

titleCresponse of y at =unit step ,noise w=100 rad/s")
subplot(3,1,2),plot{t,y5);grid

title{'response of y at r=unit step ,noise w=500 rad/s')

— ———subplot(3;1,3)plot(ty6)grid——— ——— -~

title("response of y at r=unil step ,noise w=1000 rad/s’)
figure(14)

subplot(3,1,1),plot(t,y7);grid

title{'response of y at r=unit step ,disturbance w=0.01 rad/s,noise w=100 rad/s')
subplot(3,1,2),plot(t,y8);grid

title("response of y at r=unii step ,disturbance w=0.001 rad/s,noise w=500 rad/s')



subplot(3,1,3),plot(t,y9);grid

. title(Cresponse of y at r=unit step ,disturbance w=0.0001 rad/s,noise w=1000 rad/s")
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Pause
disp("Case study")

disp(*-input high frequency signal at disturbance input’

disp(*-input low frequency signal al neise input')

__ disp(enter to show frequency response closed-loop tf disturbance and noise ')

T NneCws10) T T

pause

figure(16);bode(Gd/(1-ks*Gs)),grid

title(disturbance frequency response’)
figure(17);bode(ks*Gs/(1-ks*Gs)y;grid

title{'noise frequency response’)

pause

- disp('test input signal at w=0.01,10,1000 rad/sec r=unit slep’)
inputl=sin(0.01%*t); inputl _1=sin(0.01*t);

input2=sin(10%t);

input3=sin(1000*t);

disturb_st1=Isim{Gd/( | +K*G1*G2),inputl,i);
disturb_st2=Isim(Gd/( 1 +K*G1*(G2),input2,t);
disturb_sr3=lsim{Gd/(1+K*G [*G2),input3,t);
noise_st1=Isim(ks*Gs/(1-ks*Gs),inputl_1,6);
noise_st2=lsim(ks*Gs/(1-ks*Gs),inpul2,t);
noise_st3=lsim{ks*Gs/(1-ks*Gs),input3,i);

figure(18)% disturbance response for w=0.01,10,1000 rad/sec r=unit step
subplot(3,1,1);plot(t,disturb_st1+In);grid

title( 'w=0.01")

subplot(3,1,2);plot(t,disturb_st2+In);grid

subplot(?,1,3);plot(t,disturb_st3-+In);grid

title( ‘w=1000"

figure(19)%noise response for w=0.01,10,1000 rad/sec r=unit step
subplot(3,1,1);plot{t,noise_st1+In);grid

title( "w=0.01")

subplot(3,1,2);plot(t,noise_st2-+In);grid



title( 'w=10"

~_ - _ subplot(3,1,3);plot(t,noise_si3+In);grid
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T titfeC™ W= 0007 =
disp(*please enter to simulink for sinulation )

pause

open test

L disp(' To The End_I_’rocess Hi'lf !o_op shaping design”}

Tulsunsuly Simulink 5 inssadradiy

@ E I‘ E i-lNI:um_aI :J . ::“

. AN
Lt l:] distarb ance
in1 I:l
o | I h
l u iﬁ
Galn disturbance
in : o —
. ‘numbk(s) | numgi@ Tt numg2(s) r v
- - |
L o denl(s) dengl(s) + deng2(s)
input (1) "Contraller G4 &2
D
noise
AN
\¥i
Readyio. o o S e VL S IS DU lodeds P
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