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Ia La Ra
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Vi Lf % |Ea Va

Stical) gl 93 aliesal) & jaall AblSal) 3 Al 1-3 JSAN)

E,=Cp0.w [3-2]
([3-1] Asled) 3 omgsaily

dl,
LaS®+ Raly =V, — Eq [3-3]
:[3-3] e (DY il bl
(Lg.S+R)I, =V, — E, [3-4]

relpaall 5 jeSl) audll JEl) ol a5 4la

I, 1
Va—E,  Lg.S+Rg

[3-5]

A (g Alalea die e (SOlSa) andl) L]

Jwm =Tem — Ty, [3-6]
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TL = Td + B. Wm [3_7]
Ty, Wl e s LSSy odISiaY) el B 5 cilall jall Ty Jias G

$JSal e Jany 35 haall SlSaal) andll Ji ol a3 Gaw WS GOLY Jasat elaly

Wm _ 1 [3—8]

Tem—Ta  J.S+B

saiaall Ll dae ziges e Juasi MATLAB/SImUlink & (e 26l <Y abed) Jiaiss

1/Ra la I L Te 1B W
-1 g I=Cmphi I+ = 2
ot La/RasH r| TN JiB.sH -—C%}
&
Tl
CmphiI#

MATLAB/Simulink diy & jaiwal) d aal) Jiad 2-3 JSil)

(3-3) SV damsall lilly depull L) it Guan) Aseally sal) Gulais dadl Lials
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Wm _ /].La [3-9]

Va g2 JRatB.La IRa.B+K2

J.La J.La

K=C,.0
Db ae 4 adas U alay J¥) ouklS aanlis grediias el Ly Ao alaiy ol
calaiall jia e dad) Cadail) Yol Cadain g cAepud) oy Sl LIS LAl dals (s JJaidl)
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Ia KP_I/La

la_ref - 5+KP—I/La

[3-10]
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Kp_1 Lq

S g (SaSl) o ad) Q) Gaiats Kp_g, 5 Kpogy culsill depudl aliie (V) Caaa

KKp_oKp_g
om - L [3-11]

- Kp_ KKp_o.Kp_
Wy ref s248P=1 ¢ B P—wP-]
La J.La

i Kp_ ) 5 Kp_(, lsil o Cus Alag

1
nsal g [3-12]
J.Lawy? 3
Kp_y = Lo [3-13]
B
Ki—w= KP—a)7 [3-14]

YL daia gl llain) e Jeanss (5-3) JSAlL mase sle alaill oy Allal) o2a b
bl depull (7-3) 5 (6-3)
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_ ].KP_I+B.LG, . _ .
gy == 5 §=1 [3-16]
K, = wnq2.J.La—Kp_i.f [3-17]

Kp_1.K
KKyKp_1Kp_w

Wm J.La
= KKy Kp_ 1K [3-18]
omref  §24p S—YP-l"P-w

T
Wy = % ;&= \/iz [3-19]
K= e 3-20
K_,=Kp P, : Py=P, [3-21]
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:gjg,ﬁﬂ‘ ?SL"LA.“ Al 4-3
sy (bl diadll 3 Jaadilly leayd 5 Al dplaill il shaall Gl s (g5aiil) aSafiall aranad ()
g pSaiadl dlaadl eoadpdn ) jlaws oAl Slal) oSaall 6l JSE e aeld Glaay
Kalman cladipe Jad (e o3l aSaiall 3 a5 ) Aadal) sy Al elld ) Ciliays
leadsal Gns e aSaiall dlaall o il aae e bl Uadll Qi Caagy cale IS culiaddlly

aSaidl Jaly byl

S Ay agaill (ae alaaiuly [2-52] el el o Jganll Ayl magin b L
LD S Ll 8 aSanl) g gilal ASA] Gl haal) (alid (e i

usall Alal) e slas il Jisis 1-4-3
Jall MATLAB/SimuIink By eag Al Y gata cliad & el padl GV alze aad
:L"gtd\

Ac=[-Ra/La, -Cmphi/La ; Cmphi/} ,-B/}]1;
Bc=[1/La 0;0 -TL/J1;

Cc=[10;0 1];

Dc=[0 0;0 0];

A0 e lsall by ki) s Lmil) ) i [2-48] poussall JSEN Y o 35aill 138 Jysa

[Ap,Bp,Cp,Dpl=c2d(Ac,Bc,Cc,Dc,ts);
[ml,nl]=size(Cp);
[n1,n_in]l=size(Bp);

A e=eye(nl+ml,nl+ml);

A e(1:nl1,1:n1)=Ap;

A e(nl+1:n1+ml,1:n1)=Cp*Ap;
B_e=zeros(nl+ml,n_in);
B_e(1:nl,:)=Bp;

B e(nl+1:n1+ml,:)=Cp*Bp;
C_e=zeros(ml,nl+ml);
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C e(:;,nl+1:n1+ml)=eye(ml,ml);
cpmagall magaill gl e = adly Jaally Al et Gldsias 4 C_e 5B e yA e s

A8 Al L) Glaally 5t Adas ela) 2-4-3
Blal) b Gigedly H 5 P fighead) ala) o ol (S8 adiny [2-23] 5l dlee cla) ()

O i gl Y1 piliall aiad e s pSatl) el cilas o adies ba Wl SE aa ([2-22]
B (y50 Apleal) lleal) ans 5203 Liat [2-40] 4l e ce 33

Al el g led e dad U3l e amy @ [2-52] Sledl) aSaill el ) Laghy Lo sag agle ABY
Ny, d}lnl\ Lfb

il Lay Ly aSatl) alyall dleall cxmpal) Sluall aaad oSaill gl Glis 8 degall jualiall (0 ()

Pl et Ry Adshoae JS& 33% jlaal) 138 0l8 il Clpha aa] Cavay oS3 al Ll

Ry=[1 1 - 1]7.7r(k) [3-1]
Ny,

R,=[1 1 - 1]F [3-2]
Ny,

o2 albad o) adlll & ARl cligad] Cpa ls sae asag aSadll el e Laadly
S a5 Jlad IS5 Ly Leiplinay i lal duslyy (3 alay) (e e Saaal) il sioadl
tstlaall aSaill el palic Glual ol il BUS aobiis 4gle s L [6] 8 moase (3yhall o281

n=nl+ml;

h(1,:)=C_e;

P(1,:)=C_e*A_e;

for k=2:Nu
h(k,:)=h(k-1,:)*A_e;
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P(k,:)= F(k-1,:)*A _e;

end

v=h*B_e;

H=zeros(Nu,Ny); % Declare the dimension of H
H(:,1)=v; % First column of H

for i=2:Ny

H(:,i)=[zeros(i-1,1);v(1:Nu-i+1,1)]; % Toeplitz matrix
end
BarRs=ones(Nu,1);
H H= H'*H;
H P= H'*P;
H_R=H'*BarRs;

r SN ASaill el any laaic s

DeltaU=inv(H H+Lambda*eye(Nu,Nu)*(H_R*r(k)-H P*X(k));
deltau=DeltaU(1,1); % First element of the control law

AN allai 3-4-3

Ll Gl SBs glladl) dumaall dals Ladiye J5¥) opalad Goan WSatl) el 8 daadls
& LY Sl el il gya of Lide ol (38Y) 5)S8 Gadail (V) AN il 4pall
Adee aia (a3 G a3l Jsbe Yol sass @il GlLally L aaiiall o aiall a3l e ddaal (S
lual 25 dila e aSaill el Jad W caSadil) AUt pealic Cabinal 4800 adlls sl
tlenll 038 prmgy MU aapd) Gail) LAyie) Aaal S pe dlesd

[n,n_in]=size(B_e);

xm=[0;0]; % Initial value of state variables
Xf=zeros(n,1); % Initial value of state feedback
N_sim=200; % Number of simulation samples
r=ones(N_sim,1)*209.4; % Set point (here of speed)

u=0; % u(k-1) =0

il a8 SSatl) JUas o Ll dlenll ) ST dane e o3l 055 il (g 3 Aadail 8

(o))
w
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y=0;

for k=1:N_sim;
DeltaU=inv(H_H+Lambda*eye(Nu,Nu))*(H_R*r(k)-H_P*Xf);
deltau=DeltaU(1,1);
u=u+deltau;
ul(k)=u;
yl(k)=y;
xm_old=xm;
xm=Ap*xm+Bp*u;
y=Cp*xm;
Xf=[xm-xm_old;y];

end

) L aSatll oyl Aleall o Glee diplt (o 3 Y aSatll el e Jseanll 00 WS o 2
Uy (A sl oSl Alie (e e e Jaall 23 Gl e 3L (ol Leadsad aSaiall ey
Sy el Bl 8 el sy Bydiad) Al ae Julely J) (MATLAB/Simulink
b ISl dasla & Jonathan Currie cald) U8 (e oysh 43 3 5 dadaifiall adail) ae ooy

Jadhy e

) aladiuly MATLAB/Simulink 4iy e o3l a5 o) JalSl) alaill sl g (o peia
of Ji alail) 13 ¢l ~Lay <Model Predictive Control igSs e MPC TOOL il
Ll (1-3) J<al (ppn Ailialy w3l Joad paa ADA (e lede llias ) 80 gy o0

alail) 13¢] dalall
lealla 8 ddais dayy ozplaally Jalaall sasie daail pe doleil) daasly LIS) MPC TOOL i
Al ol 05 3ab o o ) sl Bl bl e puls Ciula e Jalail o L3y
Lasit LA ol (g 520Y) Liml adtisall i LS L odiadl) ladasy dama il S5
Jamy pSatia o liy e 13gn (Sl el ey Ciladiney Clinda (g 4aSaial 2l olial 2l b

cA3nll ae i Al Alasdly sl dajang Wi Al de))lsally
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DG Motor

Control law ~ MPC

Plant Cutput

Ref. Signal

\_‘

la_ref

MPC Controller

Wr [rad/sec]

\_‘

Wir_ref

Wir_max

(5. 5510) aSatiall aladiiady aSal) AU 1-3 (S

il dgals Gava afied) baasy ) clled) e Lie C dal Gl (gl 2Sall 51 Al

[(2-3) Ll b Al

File MPC Help
ot & | b (E

o Workspace MPC structure overview
= MPCdesign

;L 0 Measured 0

[ scenarios disturbances (T—

BRI 1P Cesign1 | Setpoints 1 Manipulated Irpuits - Qutpuits
BB Plant modals (reference) variables 2 | Plant 2
Controllers UinrreEEuE] WMeasured
53 scenarios disturbances 2

[ importPiant... | | mmport Contraller... | [ Help |

Input signal properties

Name Type Description Units Neminal
Va |Manipulated | [volts 0.0
Tl |Unmeas, disturb. [M.m [0.0

Output signal properties

Name Type Description Units Nominal
Current |Measured | 3 0.0
Spead [Measured | |Rad/sec 0.0

MPC kask "MPCdesign” created,

MPC TOOL 5133 4 g )1l dgal gl 2-3 JSl)
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Abstract

ABSTRACT

I\/I PC is one of the most promising control techniques that has been
developed and implemented along the past two decades. It has
been widely used in many industrial plants and especially in chemical
processes. Yet, theoretical analysis of this technique and its stability is
still taking place until present. In this thesis, we present a review of
model predictive control through its implementation on a DC motor. The
generalized predictive control (GPC) algorithm is used to control
motor’s current and speed under constraints associated with each of
them. A comparison between MPC and the conventional controllers
represented by PID is present to reveal the advantages and disadvantages
of this type of controllers.

Keywords: MPC, prediction, constrained optimization, DC motor
control.
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