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MATLAB 24t 7 — AN s K I BB AL 07 32 T H Simulink . X 4] A ] MATLAB
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(D AL 38 RE ML RS XMW Simulink A B
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h = figure;
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Hardware -in-the-Loop Simulation Model

Compensator Design for the Inverted Pendulum by the Root -Locus Method
Control Theory Lab , Dept of Automation , Tsinghua University

Initialize »
GT400-SV P Pos

To Workspace

L]

Scope 1

GT400-SV Initialization

In1  Out1
Angle Ref .

EnterAng Controller K (s)

Real Control

P Angle

To Workspace1
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&
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A9BSR TAEE RO R MR X I, il A4 R AR
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In1 Out1
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AT DR [F) 5 ] AT S ERE AR (I DI RE o ELAS 321K, IR GH S T “Saturation”
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AR ), femRGERIFEMEMPERE TR bR . EATM R T 2tz i B 4 i R e vh 1Y
THENE. EBRRITIEEEAR, BEEER]T 5 i F] TR HReR .

A SR AZ F AT R BRI R (K R R IE RS Y, E AR 2, BT
AR GRS VAR IE AR R TE 5 MATLAB 45 30, AR MW AR IE Simulink B4
SRR M) NEASS L B AE A S B o Ay B AR BRI R e v S 2R 8L, AR
2 L B U ) i R R SR T R ORI AN R 2 Ak, Tt A 3R] A

5.1 S ES#h (FIJAR)
PR o B 2 A R L 1 ]
(1) EHEAATER (Bode Plots) MZRAEMHFE (Nyquist Plots) 2 BINZi% R LM

TFFF -8 5 4 G (s) = % R (BoR: AT MATLAB #54 “bode” il

“nyquist”);

(2)  FIWHZ RS A o] DOk P 38 PR 20 4 R gk e I e B JEi A

(3) XWNTIZARSG, BATNAZB PP H R 1E a3 R g he e I 2 — IS
PEREER GEFMRIE. #ir e IEsGE A G R 1), MfhAa?

5.2 SR RERIE Rt S MATLAB (T E (FISIAZA)
RGAEEWE 10 Prow, 3z H S L vh il ey K(s), R IE 5 31745 R
gehaoe Him iSO BEIRZEH K, >10, MMAEEM TR >50°,
SR et g H
(D gy FEflgs st DB,
(2) AERIEJE RGO R R 22 R ], 30Uk R G PERE 2 17 I8 B BT 2K .
Perr: IR IR AT LI AT MATLAB 4B iseit « i RAEH 17 MATLAB, %5 tHAH W () MATLAB
P (Bom: nlREFH 21 MATLAB #5841 “rlocus”. “rlocfind”. “step”. “plot” %),

5.3 $uE IR K IE Simulink 37 E

MATLAB $24t 7 —A o KK EAL 45 B T H Simulink. XFF#1K A H MATLAB
Simulink SEEGFE, TEERAT SIS 2 Wi 2K Simulink AHOC I AT VRFIE H 7% .

AL 10 iR RS Simulink B0, JEATERAGTEL, IRl sRI b0 FLgh

5.4 SHUmiNE N R IE AR E
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el i A I BRE A AE PR B 5 MR AR AE A F e A [R], IR R 42 il i 1
A AT LB AL E AR AT, 3L Simulink SEAE/EIA ECRAL NI 14 FTR

Hardware -in-the-Loop Simulation Model

Compensator Design for the Inverted Pendulum by the Frequency -Response Method
Control Theory Lab , Dept of Automation , Tsinghua University

Initialize »
GT400-SV P Pos

To Workspace

L]

Scope

GT400-SV Initialization

In1  Out1

Angle Ref .

EnterAng Controller K (s)

Real Control

P Angle

To Workspace1

14 B SLIRAR SRR B 77 SE A2 R B AR T B AR R

SR A5
(1) S AR BEAEAEFR SR BT 3 UL, DA BT F (R A B
B “Controller K(s)” H;
(2) AR HE A RO E SR O ST IR0, W BRI AT S SEBERIARTAT
S I UL SR R
(3) PSRBT AN BRI, (R PAERR S 0 P 92, LIS i 2 SRy
%5
5.5 BEH
(1 Afieiz i m ek v bl K O) A arm s R ok FL AL s
B EH B, > 20, MfEERE =507 102 (4 TS IR T B )
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20 W IV T BIF U0 e 2 A B N B 1) 3R e AR IR R 0 20 s 2
IS B AL M R PO BB B RS R B 2 E R RS
[ VAV PR 2R G B B ST 0 8 L, NS R 006 AL S PR A b il T A7)
LA B T (8 43 R GEI AR (K30 J3 2L, R Ik BL e — il 2 R
7 PR A B R R 2

6.1 MEEERRAE (MIAS)

WE —MIRE T FEx = Ax+Bu, HoxCORIRERE, whibl e, EHRmbiE S
Jpu=—Kx K E, 28 xt) = (A—BK)x(t) . QIR RGORAATH, Witk Es
3T 1 5 BRI K T LK LR R S R T BT S R (0, T2 R 30 B30T S fry ok

*E?Efiﬂ_ﬂ%ﬂ’]f >RGN AT
{X AXx -+ Bu
y=Cx+Du

Kfix=[x X ¢ ¢] , u=a=x, y=[x ¢[.

KHPRIARI T, WHIRAS RBAERE, FCE AR RGN A, Al R S
HFERt, ~3s, PHEREC=05, HKARIRGIEANKT 15 Hz.

TR Sk gy M P IR 45 R .

6.2 thmBLERITE

Software Simulation Model

Compensator Design for the Inverted Pendulum by the Pole -Placement Method
Control Theory Lab , Dept of Automation , Tsinghua University

[0.01; 0; 0; 0]

Disturbance

Integrator Scope

' » y
To Workspace

Feedback

Gain I
>
Ll

15 B R SR E R EER
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(1) Ml SO B A B K DL BN AR TR R GRS T R HRE A, B, C, D i A2 & 15 fir
NI Simulink ALY,
(2)  FEATHAOTRLSER:, WUEI STARIRFT A LR N A B N, Al sk Se i Eidls, W &R
Gt se AT 0 M s
(3)  BUREBAMMEN TGS (BATIERME 5 IR BRIEED, UL ZR e e SRR

6.3 thmEC EFEH AT RSN

Hardware -in-the-Loop Simulation Model

Compensator Design for the Inverted Pendulum by the Pole -Placement Method
Control Theory Lab , Dept of Automation , Tsinghua University

Initialize
GT400-SV

Scope

GT400-SV Initialization

»  Angle

ﬁ

To Workspace1

Y
Pos Ref. } 'L Dlle_erance
, Signal
d 1 4..“
! To Workspace2
+ Pos
.
pi~pi : Feedback Gain
: Real Control

+ Angl
Angle Ref . gl
| .

16 B R R B B MM ERE

Sy I

(1) HEA Simulink, FTIFUIE 16 Fros FEISLIE s 5 TAE 7RI SO

(2) s “Feedback Gain” FEHLBCEMRA BT MEZEL, AT 07 B85 KA 2
oA 2B

(3) g PEREY, SERUE R SR B S I

(4)  RAFRSA TR, feEENIENIEA 2% ) BRAE, AR B s E
It

(5)  Xili “Scope” ML&LSLuG 45 HL,

(6) TESEBRNLIRT G, MELLI LTI, Il i S it & 7598 B 22K

6.4 B2

(1) BINZIRSE T IRATTH BE HBRAF B A BEAV NG B X MG 5 o seii i
DN BT IRAGIEAT A0 T8 BE AN T o 1 R IX M7 Ve AR AE IR 2 RAE
S R TS AR R ) T 2
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AEBLICREISRAE 3 T~ U RE S bR B 00 210 0 MO B i
AT R AR ) S P I 0 B T — YR 5 B0 B
ST

7.1 LOQR =#HIZZT (FIAR)
LR S TC PR IS TR) vk AT ) AL, ot AR AT FE R U A A
x(t) = A(t)x(t)+Bt)ut) , x, =x(t,)
MRt e i 24, S RkmiEtlat), ArEREERR

J:ﬁﬁf@pgﬂ+w@mmﬂm

B /M, Horb Q > 01 R > 0 #SJ2:  BOR FR B

PEREFEAR J & —TZR G 4RbR. B Th IR SE — DR s P IRES x (t) 2Kk . kAl &
AN HIHIR RS SEPRIRES 5 45 e IS Z M I Z5A i 22« FAGT AR U2 s LS e
1) PR

PR AERA A TTRE, Bt LQR #2008, A A 470/ Batihn 0. 2m [RBY BRAS
S, AR RGN AR A (Béas: TLUEH MATLAB HHF) “lar” $84 %0 LQR 4%
GilE )
(D M ¢ FUNERFE x B E TR /N T 5 4P
(2) ¢ MBI E/NT20° (0. 35 R
(3) frERERZENT 4%

T ) PR BETR BRI FE Q AT R J2 i fe] 5E M R S PERER) 2 AR & AT IE L Q AT R
MIEUE I ? FEFE R AT AR E A% IEE 1), AR 1E E ?

7.2 LQRIZHIBIAE
SERAT 55
(1) THE Y LQR # RPRAS SO K
(2)  XPARA BRI R GEHAT N EN 0.2 m BRI A 2L, RS IHQ IR, 45
FIARFIM K, H 2R G0 N e 5Bk . CrTLA# ] MATLAB 545k & 17 R
] Simulink 7 )
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Software Simulation Model

Compensator Design for the Inverted Pendulum by the LQR Control Method
Control Theory Lab, Dept of Automation , Tsinghua University

[0.01;0;0; 0]

Disturbance

Integrator

%%

Feedback

Gain I
;

17 LOR = HIER (A EIEEY

To Workspace

7.3 LOR = HI @A AR LA E 5288

Hardware -in-the-Loop Simulation Model

Compensator Design for the Inverted Pendulum by the LQR Control Method
Control Theory Lab , Dept of Automation , Tsinghua University

Initialize
GT400-SV : :

GT400-SV Initialization Scope
-_|_> E’i V“ Angle
To Work: 1
Pos Ref. + Disturbance 0 Workspace
Ladl
To Workspace2
| ghd Pos ]
- '- » ) ’ >
Angle Ref N

-pi~pi Feedback Gain Angle

du/dt Real Control

Angle | _

18 {857 32 LOR 45 REF ZE R EL A B
SRR
BEN Simulink, FTFFWIE 18 B RIS 4% LQR 42wl Bf A1 2L 3R FAR Y

(D
(2)

(3
(4D

(5)

midi “Feedback Gain” MBI EIRAS SO FE S, T 1 2 45 KB 1 2
B A\ B

RO ERERE S8R s AT R U R S5 3

R TRES, PR BINLAR IR B T ERALE, EREPEEA B s R
It

FEPHALE, 2 HBOE R =ME S, kBRI E s I O
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(D

(2)

(3

TWAE S HiFE0.2Hz, WE{E0.1m;
EsZfE5: HER0.2Hz, HEOLImM;
AR 5. M 0.2Hz, ME{EHO0.1m.

i
W B LIRS SHAT RN TS, LQR AU H 38 e ORUE R MR e Pk
2 A (For: LOR FEHIE IAEAR
0 ST FR S0 h AT BE EL B RAHE AT A BRI AL B IX M 5 sl bl
TR T3 AT SRAGIEAT A SER N AR o 36 ) I VR A AE IR 2 R A
S R B AR PRI LT 2
(B N7 S RES ELRR DN B A5 5 BT EERVINE AL B T vt gk
IR EEAN I NEIR A A%, PLIRAF RGEMPIRES DAL A0 4% (1 2 1
ARG NARAE 5 PR S EEED .
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TEARGE AN NG, BAT RSl . DU LMERIIITR L, S5
(1) RIFLMTEB R, BATT B XA A Bz, isefs % 18/ Ge

(RIREE o PR AEFH 20 Sl T 5 [ By S BSR4 e 2

(2) AESEs, AR T 2O Ptk . PR REE I P2 4% SE DL AT 1 B 30

AR ?

fern: BRI A BT BRI R AT QR A AR A AL WO AT il i o
WA ALK BRSBTS O P IRIEAT . RO SR 2 W, A
TR Gy BATREAEIA S8, DA BN B 5 3 AR a5 B
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9 Mix: 1=HIFEIRHE FAHY MATLAB R %]
A EZY N Ihag g™
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ngrid SRR (Nichols) EESIIMAE
nichols 2l e BRI
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