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RS A TEE I, IR B A% 326 B 2L
055 +1
TS +1

Ge(s) =
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UBZ IE Ja 28 G I OT %38 iR N -

(S — G (51 (5 = S+ 25 25
) = Ge($)Go () = Zre77 *5055+1D) STS+1)
AL P P R A 328 R 4

G(S)+1 TS2+S5+25 S2+S/T+25/T S?+2fwS+a’
FRAE: wt=2, 2w, =2
T T
JERZIE G RGN E 5, <20%, XBEIE=05(5, ~16.3%) » m\UZXOB\/?TS::_"

T=0.04°,

XFE PR IR 3 B (V4% 38 i O -

G, (S) = 05S +1
0.04S +1
WRIESEE Go(S)RIHL S an ] 6-3 s
| - i SR ”"
—t fat

6-3 F52 112 L) LIS ]

HAR, = 510K, C, = 1uF,R, = 390K, C, = 0.1uFi ¥4

RCS+1 051S+1 05S5+1
R,C,S+1 0.039S+1 0.04S+1

Kl 6-4 (a). (D)7 AN I RS IERT J5 RS LB ER A B )7 i i 22

G,(S)=

C(t)‘ c(t) 1
1 1
0 ) 0 >
t(s) t(s)
(@) (5, Z1°4 63%) (b) (6, 2179 16.3%)

&1 6-4 IS IR B AT G R RGTRIBT R N i 2k
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B ERPE

TR AHE I (B T RS IE

1. KIERT

RAEE 6-2 ZBh RGMITHER, IEBESLI0 & bR P SR 0 U T S 4 A B PR AL E
%, W 6-5 FioR.

200K 200K lu
200K 100K 200K
1 . + - +
L It L

61 6-5 i BIIR AR SRR AL Pl ) (I J0%)
FE r g A AN — DN AL G T, I SRA N ) SEg d 2, I SERE T
s
2. RiEJa
{EFE 6-5 1R Fn b —> B R I A% B AE RGN — AN AL RS 5,

TCFAARL SR 2, IS BB HEAT UL, RIS, A2 i AL et 23K

7N~ SERIREER

1. ARIEXS RGPERERIEER, W RGN BB AR E, I e 1 L

2. MRAESCHLIR, W H R HT 2R G BT BRI S i 28 B A I 1) 3 & RE TR AT

3. MMGINBIEREE G RS ERm S 2k, IR i SEae & i TE e fabn 5 B R THRME
PELLHL

4. SERVIRBRIERRERMRSE, MARAGNSL. FHSTERSm 2 BT R, FFa i
SR SRR R G BE A RE .

t. LREBHFE

1. IMNEHRTRIERE G, Jvtta RGBS N 2 A2 PR ?

2. AR ATRIE R B A E AL E, BT AR IE R B T AR PER R ST AL
E?
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EHa TEASEE AN A

§1 MATLAB
§ 1.1 MATLAB fijft

FERVERF M TR R, AR AT RENBCA R, RSRMARER 58
CAMAMN R S TR ZR . — 2R A 5125 A Basic. Fortran LK C 15 & Sl 12
FeoRI R TR AR & . B gm AP AU R 2R T RIE 5 W87, 3O 20 Rk T
RS, BUERNE TAEEERAR FAETE 2R, D 7 2 B o AR B 2K,
— SRR A FARGRHE S T B SRR N B, i MATLAB. Xmath, Mathematica.
Maple %5, Hrh, Mathworks 23 7] #E H ) MATLAB (B[l matrix 1 laboratory [ 5 =7 7 BE4H
A LLHER K T RN 55 F 4 52 BBk 1 2 1) R TAESE povil.

MATLAB #2472 /F A4 % S26 25 (Matrix Laboratory) %+ LINPACK 1 EISPACK % [
BT (LINPACK A2 fRZe M 7 2K Fortran $542 %2, BISPACK 2 ffFFEE 7] ) Fortran
W2 ). 5 Basic. Fortran UL C B 5 LA, MATLAB (BN i 8L, ZmARgs s G
N EYET7 30, TR TR T A AR AR T it m T e misiE 5 .

Matlab B F:F2/%. Simulink Z)#& i K RFi. 1 Matlab T HFE =& dpk. HPFRFA
7% Matlab 185 . TAESREILA R N FHFERF; Simulink IS H ARG L —MHEL LIRS, H
FUE MBI RS, JEEhSIEH e M LA Matlab FEATE 4] 1 & Fh 112 5 F1 Bk 2K
FE. EA AT UG DR tE AN AR T RAE . DhRe e T HAR E2H T4 & Matlab 1555115
Thee. EDE@SEDIRe. SCHACE DR AN SR S RS O R, infF S bR D HRARSE . SR
Ve T RAEMA R T, TR MR, M 5 a3 T RAEAEAE TR,

a4y, Matlab FRAF IEZE AN B L 2Rt ARE LA R At — 6 v 55 5 FH A 5 DR ATl B
FUEMA I T AETREEORF, Matlab BAF AR KA 5 70 A — 8 SRR ) B A
A, FOR RN O BUE TR SETROE 5 IE, DA S SRR AR R TSN, NG
it EGAE. AEhiEHES. BEE SO, REIRBIMME MK, AR T RRRIET
FLAF (Toolbox) 1) 5% 2 B 1] R (1R Mf T . T HLAR PR &% Matlab BAFEATH & R ) —
£71 Matlab BRE(FRA M BRECCAR), 0] FRSRABVE 2 22 BH 1 R EAE b 525 43 #r 10 8 o
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Matlab ) E4: 5 H
1. Matlab FIFEAAFERE, EFRIERSE S TRETFEIRRL, FFE TR &, mHE

FTRIBTE /5 5E 3o

2. Matlab % #5iR AT DAL RIS, I HEATifRe, RoR> 1 A g fE ) TIE &, H
HATRUF I AL I

3. Matlab 1% 5 NG T22i, i H A KREEASE O oae, JFHR#. B
M TifE .

&

4. Matlab B A VL TAM, &80 T HMAEER % T8 n) BGE Sk AR o,
NHEEFIRME 7 &M D, DUSCIEER LA =,
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1.2 MATLAB ZhEe/48
L 2019a fi A< 194 .
1.matlab FH

Je b AH, home (FETD FrZET, #F layout (fifm) #ATERE/E AL, A LI E SHRIRK

wonSkEmE. HPa LA, SRR

(DCurrent Folder (CHFTCAFIE): wE ARA SR SCHFIE, FlanF SO R s —
/> matlab A3
@Command Window (7@ [1): HRISITAN, A AR &S 2 R IX B A

@Workspace (TAEZ[AD): EAFTABITERIHTT, KM matlab J5 304 %%

2. WA REAES
2.1 ¥

Matlab AMUSEHERFE I RREL, W] UL H € LRE, 77i72: Home->New->function
(FT->HE->RED . HE SR — RORAEE TAESA T . RECUHIRIER: ¥ R4 m,
WA K517 LA function JF3k, 58 A i th A = (N &) HRBoa At
£ AR A o

PR #E Command Window H1i21T, HRTEHUAFEMTHEAR S, 181777 A2 th A2
BRGNS HRIAIZE . GInAAS R AW IR SRR EXHMER, R
abs, JITLLfE Command Window B4 N\ “a=abs(-1)”, #t<rBorniag: fh<a=17. HizH 4R
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21F Workspace FLHIL—ME 5 a, XG0l &2 a F{EL 1.
2.2 JHiA

FIERONRE IR R, RN BT KA function, PRIILEATIA. Ml E, WA
B O A MR E 52 m, WHFHEAE Command Window Hiz4T. BIASHGEH
SLH, J7i%FE: Home->New Script (ET->JAIAD . — BIRAAAE TAFERAE T BIARIZIRERZ
SERH T E . BRI SARSS, A B2 AR 2 R

3IREBHEY
W FH B3R5 35 WA DU Fh g 1%
1). home #3ZH, HA Help #rd, SJFERTPASRIG S T HR/ A 528/ O . #r

A BRAME FITELR,  SUH A B I35 R 7E home #7345 HL, Preferences I [¥] matlab/Help
HL %% installed locally

2). cn.mathworks.com B W 3 FISCHE, RGP DAIRAEAE . X P 7 23145 10 35 1 SO
FEE—Fp ik —#E

3). f£ Command Window 4N doc+ef ¥4 HKIFAFHB. LA "doc fit"n] LASRAT
B HL AR R A £ A BRG] o SRR VAR 0 SR R P AR T SO R R . 2
SR, BIIRRRERIER A, A RIRBIH B, IXR T 5E & T 3005 R 55 1 R A0 48 it
R

4). KT —/> MATLAB FI¥]%& K0t J8id MATLAB 24161 722 >) MATLAB &5
W R—FhEREEN T . 9T MATLAB [ Fi0R 7%

a. fE MATLAB W4 & HfiiA\: demo fird

b. £ MATLAB 1% B 514047 “Examples and Demos” 74>

X R TVERREAE MATLAB 4 & 37T demo 4.

XJUR O, B RS =R, RERIIE H O R ENR A, T DU RO Rk
A3 UL A

6 5



(2): BERRMERE
matlab $e B ERYIR L, X PN HRERMPTEREY. HELE. FF5TE,
1L.BETE

matlab T i U AR EARZAERE, R, UGS NIRMEi R, Pl GE 5 e
R EIRATICR, DS 501441 BilinsE Command Window B4 A

>> a=[1 2;3 4]

IBREAIRI:
a=

1 2

3 4

ae—PMHUEZ =, [EF workspace L — PMHFZIEHAE a, WD E a B8 25
ERIE
] 2 AN ] AR AR IR PR RE B, il 4

>> a=[1 2]

o

a:
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TP AFEAT ARG [
1]

>> a=[1]

>> a=1

o A ] o

HUAAR RNy 4 ZORZ IR L, AR ERIRAT T, KANEHUK. HEFER T
LRAAT B, B0 value of A, S AMYRFETE S Iy 2 A 2 .

WA, ANFHEAREELS], fline X DrEa=[1 2 3], WERIEHS, ] UE
H

>> a=[1:1:3]

LN SR AR B K S SR ISR B 7 SR T AR A A5
PR, TP S . 2K L, AT KR — A, T AL
5%

>> a=1:3

I BRI RS TR IR

>> a=[1 2;3 4]

B 1N -
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EXNARR aZ)A,

>> a=[1 2;3 4];

>> b=a(1,2)

HATLUE a 958 —AT 5 —FIuRIRES b, MR W e DL

>> a(1,2)=3

KASERER R R E. XEFEFR, FoULI0e AR, HAREE.
QEFERE

i FH B R E i 22

>> syms a b

syms FoniX BEE L SR, a b RAEA, 54814 A EE 2 &
—HE. A fERERA

>> syms a real

Kokl a /&SLB T, HARRTLL doc syms KIRTGHE B,
P AR R &R, BRI AT DLSE X

>> syms X y(x)

A x R AR AR, RSNy RS, Ly I xR, SO TR
PRSI . AR ORI B ALE . AT L)

>> syms X y z(X,y)
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KE XA E 2, 2 WM x My FZMLT oIS . XRAEFES ZRMEIE
AR INEESE e, J— My, HTRERMARSAZEARNE L. Hri

fE5£ 2] matlab (IdRE, —E EX D BEHARMT SR,

(2): HHIBHERF

BAZHL R BRI FelFr
RiEG | R BIFr | e | mR | ws | W
\ n = 5T : R e, REE
- W - TET | TTEE T
x R > *T - BT | 1
= BT < T 0 AT ZH
e S KFST § P SRV
. | - T 0 TACE B
\ i e . N
N L . A
/ R N
i WAL 5 AT
| R
- W

(M) AT SRR

FWHE TR oy Borl i, SO R 2% 0 R e B AR . BRI R

LEZERE

11 AR R A

AEEF T CiEST, ZEAEL -MLTIRRERM, HEN true B false,
matlab FHAXANRA, HEAE 1 8F 0. BET R “BEA=KLX" , BEANTH

M 5 HUEA Bk, RiAE R, ELanBofE /N r A, B v % ek B W . 45
LUETTPN

>> a=1>2

Bt -
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EN—PNEHEAAE a, HER0, £ false, {F workspace B AJDLE WL a (KA 2

logical,

XL, AT DVOEAE RN A, REAR A el 4B BUEAR R . AUE K/

BIITEA: SKTF: ONFr =K TFHTF, CAFST: =BT, “=A%F 6 F. BEH
A G AR, BTN TN, A 7 S

>> abs(x1-x2)<eps

AR AFERRAR, Hrd eps & matlab P /NRAREEE, A THNRZERRE.
PRI, IR RGE W LR, Bl

>> a=exist(x)

k.

PR P2 A AR B SO

1.2 WA R I)Z I

WA R IIUE R A 0 83 1, M2 LT E s R, B4 &l |8
XEFHEER:

D THERORARIZ SR, BT ANE T =N

2) WA E R AR BB S ARE S, AT DLSeBUAIW, i 4n

>> a=~isprime(x)

HUH 2 T AW x 2 E A
1.3 WA R HUEIZH
matlab FIZBART UZ5HHIZE, S5, Su8dE 0 A 1A, Fl

>> a=1>2;b=a+1
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matlab AW IEAERATHUEIZ S, RERIEHALE o HAURBUERRE, BT a AEEHAR
RINEIR false, FrRARALRS, a IS THEZRE 0, HILXEAHEA R b=0+1=1.

2. MR

matlab FIFAEFEHIAN C 1B Z28ML, if Ml switch VENHIWHKTE, 24 T HRAEEINZETE
HE, for Al while fENPEIR, M2 THFEEIA A&7k,
2.1  if AW

A
if WHAE1
PATIER) 1
elseif WA 2
PATIER) 2
else
PATIER) 3

End

HEXS CEFT 28, RWyHW, RIEEA if B elseif #HAT A, HEHAREN
L, WIPATIER], 2509 0 WEEAT R —4 ik Hrpi2i e 2 M RN Rz H Y
R, BlindAIeHE 212

>> if x>1 && y»>1

5



>> a=(x>1) && (y>1)

>> if a

TR ARHMEAN T BERFER, Wake X —1NMEEAE flag, RAEH if flag.
2.2 switch FHr

switch BB VE 2

switch A= 1
case #ff1
PATIEA] 1
case #fH 2
PATIEA] 2
otherwise
PATIEA] 3

End

switch 5 if S KHIAFGE, switch RFEAT—FIN, BRIEEMEAR & 1 FERIUE R
ITHE—A case, TMAME if SHIWTEA elseif. TEMMMZE, HALEETE 1==5E 1
I, ASPATiEA 1, M2, ==X MHWOEH &N RZER, Bt switch — M T4l
i 1 HBCEHET, i stun BN, XWIEFET S, AT PLETEM switch.

2.3 for i

for FEMAIIEEL A :

for H{HAE=7&E
AT TEH]

End

HE e, BJEAESHET RS —ME, REHITER, ERITEAT, FELE
A 1x1 SERE, Eetn

>> for a=[0 1 3]
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Mexik a=0, $ATIER], RJE a=1, PATIER, &G a=3, PATHN. XEEGHMRELE
FIRE, A e=[0 1 3] M HEARERE, BEE a 2 mE, HEiNET for 5, ak
11 HfF. Si4h, TEHUEZ R, A3 A —FrH A RIRME 7 E R a=YIiaE b K
287, HARRM a MER—mE, FXWZHT for ifH)H
>> for a=HJIGH DK Z&H
TAESHATER F, a2 N I HME B ZAE K 161 6
2.4  while {E¥F
while i ATV SE -
while A&

AT

End

HE 2, HBEARN LK, PATEM, HERZHLERN 0, Kk while HHATIER
Fr, —EA SRR RS, SUHREL. LS T vhile a<10, & XEHAT
AR, amatl XFFMIRETER), (R4 TRIEHE, ZELER 0. BAKIMNE, while
AN for F35E, FrLAW)FE AT LAJCAE whileo

(R): wEIR

5 : matlab PIEEARMHTEEANZNHT T, Hia @A BUE/fF5) , wmfE
CRREL/ A FEsiTRIn] . (HEMAGmFEE RS, RIFMAITEEE EE, —HmE T, 5
— 7 T AR 49 A2 o

1. ¥R

matlab FEMEPEFIERE, A E%% % %%— M —4T, HSRBL PA%%Z 8] H) N2
MA—B, R, LB N T —BREEEE, MRS BRI iT4
R FHEHWT:

%%MRAE
TR AE A A

%% — K Bt 5
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B BeACHS
%% B B
B BeARRS

%t

ot B BRI AR AR TN, & BB BosdT, Wit e BN )e, fr H gt
WA, BRI BLFE workspace A RIIE B IZ1T4E R, DMEFINZ B2 G 1Ef. %5
T AR R R, ARUEIIX A7 AARS 055 3L, filan

2=9. 8% JJnid T H

ZREZ R B, LGB 4T, IHESAHRACS . FFEE R, WIEAT N,
MHEHRINERR, BR A AT G R tAh, TR Es, ERNAS TR NEE.

2. T

T matlab ISR HAMFEFES, WEBREBGERMA, KIKBITIEBITAEARE, Kt
PAT—WAGLEATHINBEKRZ, FANRXFEATEZR . HR— g EFHXE—ATRKR
15, matlab #2647 —Fh 47005 e A FERAERMPEMAN=AS. , RGHEZE. X~
R ARG L -

a=...

1

RATANGA a=1 58 —FF. FEIRHAE, XTI OTER AN AR, L PRIsAT
F1, matlab 5RO —ATAUY . X R AT B 53— Rl 20 AR R IE , Eedn

a=[1 2;...

3 4]

XFERT AR A H a /& 2%2 HHfE.
3.5

matlab & —4TCH, —MKESAE command window BB REIT4EE, MEAEER,
A DERIEEHE — N5, XA A RZITHEBITE R, HEEENZ: H—, 5
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NG ST REISAT AR, B, BoRisir 4R 2R 2 AT ar, Pik—k
L

MiEAE S bas, K=, if. for FRMMBEHIEM, X—I7AMS5.
4. Yore (HBAEH

B8 matlab PR PLESEME a (2, 2) =1 ZFERJIEHR], MEREE X a £2 KRYEFERIE
B, (HIXFE R REIE BT AL . S SCRME R AR AN I8, JEH R A S A R A Db
zeros fl ones IXHFMTEFR], SEITIEREAEE E if, FHENTRIESE REWE, 75

N— Sy
N

5. RHWEHEABES

matlab M T C 18 5 90 K ZAME T R s AR 30, thln a A b 2 [F46 R
B, BORABATTR R TR AR, AR HIEE A, AU, £ matlab A AR SR, *. ££C
S PR E A for B3N, WPy a M b KEEAICER, MIREIMELEIREM. 2R,
matlab R LU for FEMORSEDLX AR, EMLILR IS, for i MRCRIAE R ZXR
%o FRIEFEAAB A B RO T IR AT R LB,

(7%): GRERRSEHE Wi
1. fTH A B

GEMAIRAF S5, AR AT AT PTG ET, AT, AR R E R
AR, “Brror in X4 (line 17%9) 7 XFEMIIEA, H A AT 5t AT MT
Fo MELUHIX AT R HATRMY, TARER. AR IMEEL, IR 2R AR VAL AT,
YWIER M B WE | — DM sl AT, B2 A3, JFEARRER. 1k
I AT LAHS continue 4REE30AT, WATLL step BATHAT, tHATLL step in BEA T B 3k
170 HI%E —AGE step RITT,

BE N, W RAMEE workspace B R, FHRMMBUE 4, WA LIE
command window B4 A\ H AR BIE AT HAMIAS/ 08 8. AR PR A, R] DU e S 7 o
CZLRD A/INBEZR R BE BT I W7 RO TH AW e AT A% quit debugging B H i iAR
Fav
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oy BRI A — R T, 2% bR PR UL . MR T 2 AN%%
i, %%k T B S, A8 run and advance A LLSEELBBUELT, BT —BJE, HHT
BENRAER, P LLYE workspace A HIBITEE R, HILMMMIRIE—BAEVGET. HEIE
ITH R — RS, R TR ARG, TR T — B, #E, e — B
.

2. B RS

BATHANS, 2fF command window I B AN T, MLSmREEE SR B
Je, WEVE RS HER, WA, BT ANSES N E S AR, XU R
TR R &, BN B € SUA At n AT 7 B € X8 B, 1 E B B m A7 Hi B
T WEREHE B2 A B n A1 B By m, BRI HIT A, FHSOE B m 4
T, ESEprrP AR A B BT AR . XAE S C S BRI R4 5w e B,
if— 2 R 77 A, B LS A B n.

ks EN ), FRERENIREEEE T, natlab o WA — 24555 B A

Undefined function or variable ' H¥/AF&44’.

W WA A B2 iV TR 56 18 S FH g iR )

Inner matrix dimensions must agree.

HUHIEHE P WAHR, S5 EUERAIZ BN B s R 7

Index exceeds matrix dimensions.

RG], Flna=[1 2 3], SEATMHE a4) B

BAREN T al™3, HEAE L a4, HEEHT] T a4, FIHHRES

AR b, X RE SR R R

Subscript indices must either be real positive integers or logicals.

ST IRE T P U E) o BRRE, RS S PR M BB e S, AR S IR AR
KO

Expression or statement is incorrect——possibly unbalanced (, {, or [.

AIE SSRGS, SEARETmERATE S, Bt EORKImTE 1

Invalid data type. B{3# Data must be numeric.
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8% Undefined function ’PR%(4 for input arguments of type  double’.
SERRPIBMEZE S5 2HENUH, AR A TRE, AL HHT/RS, BH
B 4R 8

(i



1.3 MATLAB B E#
1. AREO

£ MATLAB @3 — M & H dr 2 (Bl 1-2-3)figure 58/,  (Hifn4 & 1 FILE-
NEW-FIGURE #£30) , & AT—IX figure sy & ir=A—ANEEE D, |

XA RRE EBV BA) AN SED) S0W  SEH
Ddde @ 08 KE

/K 1-2-3 MATLAB B & 1
PRI = A TN B & 1, MATLAB H Z04EIX B85 H 4 F iR P 5 (No. 1,
No. 2, - )WENXJ, [N, XEEE C#EE 00— MO, &0 EA e T AN, H
E I SR A &L SRS, W BRI ARERE . AR SR BT BB B T
B, d&m Oy EEG AR . S ar S BERIIE & . B0, XBEAENH
KM% H H close fir @K e R, BHAT — X close & XM — M HETHEIE G 1, 2
[FI I S PR AT & 11, A close all SR 58 i

2. EA-HERE

2l — 4 BRI 2 plot s, XFARKAASE, xR B AR .
(1) plot(y)
HHAA—NZHUN, plot LS EHME NP ALER, BARFR A | IH46 B ZhRE D m] 5[ 2

3| HF B E, MERTRAMKESSHy ME. B, TH6mL:
y=[0 1 2 1 0];

plot(y)

TT DAL 4, HEMAbR AL 23 4 5]
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-
MHE WEE FSV BAN) IEM SED) SOW)  EEH) »
Ogde @08 | E

0.8 / N
0.6 / \
0at N\

0z / NA

1-2-4 plot(y) eR £ 2 il (1) i 28
(2) plot(x,y)

KRRE KR x IR FE, y MR, B, NS

x=0:0.1:2%pi;

y=sin(x)
plot(x,y)
i — AN AR AR5 i £ .

|=
| x4 #50 28w #\0 I=2m SED) =0wW 280 ~
MNod«|@|/0&8E| KE |

7N\
/ \

1

0.8
0.6 [
04 /

/ \
i 02}/ \
0 r A
0.2
04
06 \ /

081

-1
0 1 2 3 4 5 1 7

Y

*
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IS8
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(3) XTHAsbr LR

=A% semilog . semilogx. loglog AT LAl —4EXt A AR 2k, X UAN B H
1540 plot BRECHTF] . 5140

X=0:0.1:2%pi;
y=sin(x)
semilogx(x,y)

grid on

2 H B IR SE R AR B DU B Ak b, IR “grid on” A N D B N T A

4
MHF REE EEV BAa IRM A0 s0w  EEH)
Odde @ 0H|RE

1

08l \\
\
06 \
\'u

| o \II
02

or
021
04
06k

08f[

- .
107! 10° 10’

1. 4 MXf4HRE

M A& MATLAB Firks A B8 XS 5 90 5 BIRERE SCIF . B B9 MOSCHR AR BL “m”
VERNSCHRIY Fe 44 o AL —ASHI M SO R R E 385 “File” TFik#f “NEW” —
“M—FILE”, )52l MATLAB &t 9w %5, MATLAB Editor/Debuger 41| 1-3-1.
MATLAB 1] M SCAERT DAG PR AR A, — g A, 53— Pl s 3.

2%

f£ MATLAB ™', BEAESZHASAABANIR [B]455 1 S50 M OSCHFRZ A . 35Xl M 3C
PFREAE MATLAB ) A3 18] X BORHEAT AR 1Y
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U E MATLAB Hif FH—/NEIA SO, MATLAB 3T 7E Z A SO B ml iR 1)
HIar 2o BIAS SO A RS XF TAE 28 (8] N A AFAE AR B TERAE, IERENS 1 X LR & 6
A

= NATLAB Editor/Debugger - [Untitledl]
[ File Edit View Debuz Tools Hindow Help -8 x|

DEeH| 28| &% | &%
292 12 42 | stack: | |
[
__Ij Uriitiedit
Ready Line 1 [ [5:i6 B0,

Kl 1-3-1 M S 2
JRE AR ASBEIR B tH 240, (B ST AR E A BRI IR A7 E MATLAB 1) T.1E
ZlazH, HFHRBTEZ G R . Btk 4h, A SCIFIS REBS 18 Ff MATLAB 1)
2 P R BOR P A B A A R

2. BH

MATLAB () B B2 R IR LE B RO 1 2808 M SCF . 72 MATLAB HY, B8 44 A
M SR DL AR E B, H R B AR B KRR e AR FL R BUR Y, XA #R(E 5 MATLAB 1E
AR 73 18] AR AR B R R A 1 B R AN R

X, KM 7R Bl A AR X —

B, xFTRRE “rank” BB RSRFEFERIRR, AEZREAIARS. £ MATLAB K]
(RN EE 1PN

>> type rank

W TR R Erank” FIARAS 40T

function r = rank(A,tol)
%RANK  Matrix rank.
%  RANK(A) provides an estimate of the number of linearly

%  independent rows or columns of a matrix A.




%  RANK(A,TOL) is the number of singular values of A

% that are larger than TOL. By default, TOL = max(size(A)) * eps(norm(A)).

%  Class support for input A:
% float: double, single
%  Copyright 1984-2015 The MathWorks, Inc.
s = svd(A);
if nargin==1
tol = max(size(A)) * eps(max(s));
end

r = sum(s > tol);

£ MATLAB o1, BRI 58— 47 g BACBER “function” FF4R, AN, 124745 H
TREBAMSHNPRES . EARBIF, REBRERE—ATHH T REE “rank” , ERRZSR
AW NMINSEE—AES . UL “%” SIRIIERIE MATLAB il kR R1%A4T
TR Z BRI B VRS, IR LR T AR T P A A Bl A W R U R

PR EARRL B B S5 — 04, B2 MATLAB HSEILIZ R B BERIPATIE A o X2 RAD S
br EA R R BRI TR R H T S8 A, tol, r #GE RN IR, XA
5 MATLAB TAEZE 8] N R3S B2 0 B Y
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§2 Simulink %4}
1. Simulink f&j4}

Simulink /& MathWorks 2 5] & 1 3 —N = A RS20 [P 3R dlh e B REAERA I 20 BT 7%
PR RGBT, 7F 1990 4E, Mathworks 4 MATLAB #2418 AL 4% i R G i AN 5
TiETH, I Simulink, Hra & 7R L2 78GRGS0 HEARLPE,
Simulink T CLFOREERE. AT R S FhEhAS R0, BFEIES. B SRS REE
M7 RAME R R R, i E T RE, DU E A 07 EAR A . 1
AR R TR0 S . AR U, P DL E R BRARTE AL & 1 e BT
R RO, SR PR FZ AR SR A I D e SR R Gt B AT A0, . AREH R, Xl
OEEAF— DN EARR G R0 RGBS SN . Simulink FH I, 115 Matlab 7E45H| &
4575 2L LA K B il B e (CAD) 82 FH T 81 1 37 38 i — T

Simulink J& Matlab P38 T PR TR, HCHZRAN.mdl, Simulink 9 P #24E 17 5 & 1)
AR, DM MRS, FRRTIRE, et . SEERIR,
Simulink A& F Matlab 5 & (5 S B EIES, RIE s R BUARHER X, 5 E & L DIhE
e, RULHY TR, FR AR . SO 2RA N AR, Sels HAE s 1 H
o FEISLIR R G R HAL R b2 I 2] Simulink B AR5 E AT .

Simulink & MATLAB [ 8 2 Bl 73, AR e BA M ML Dhge A4 H 75 . Simulink
O BUNTESNAS RGBSR 57 TR ) Z Rz —, #bIH, e=0318 2%
BATEA. DT EA T — AN B SRR AR LR I R G LA IR RGE . B O (R
ARG ELEAEEURE RS

Simulink JEA# 1

BT Simulink 77 A =

a. 7E MATLAB KT 4 & H EL#E A “simulink”

b. #di MATLAB TR % ¥ Simulink El4x

c. 7E MATLAB 3¢H | 3% %% File—New—Simulink Model

W AE—Fh 7 iz 47 5 2 o Simulink Start Page T T ,

8 3



XLt Blank Model B AJ 3 X\ Simulink academic use %t1fi, s Library Browser( = ), BEA

Simulink Library Browser % 1, FlAr /88y Simulink 55 50, FTRBEREE 1, 72 T4
S, AR AT E, AR I R B i) & PR, i ] Continuous LY
AR

,
5 (7
Eq

5 HEH N
EE8S
EE8EE

B E

2. Simulink £5Ef#H

Bl: —Fr RGTFIME % B B ———. 7F Simulink 7 EFRh, 4Lk 1R FAFF R S

S24+6s5+5’

PiEHERE, WLEEHIC % B B BRI . 45
(1) . 7F source J&E ik % step fHt, 7 Continuous & T iHk Transfer Fen &b, 7F
Math Operation /& H1i%#¢ Sum #ibk, 7E Sinks FE i $% scope &, 7 l#EFE] Simulink

academic use F,

8 4



(2) . X7 ransfer Fon Bk, FRYE4% 18 bR H0 7 H1E 20 Numerator coefficients.
Denominator coeffs %, N K~

:i::'3.=-.="—:'.—:--:- Transfer Fen x

|- Transfer Fen |
The numerator coefficient can be a vector or matrix expression. The |
denominator coefficient must be a vector. The output width eguals
the number of rows in the numerator coefficient. You should specify
the coefficients in descending order of powers of s.
Parameters
Numerator coefficients:

[[10] E

Denominator coefficients:

[[1 65 I

Absolute tolerance:

‘iL'.Il\': | i

State Name: (e.g., 'position’)

J' 0K Cancel Help Apply

(3) + Rl7 sum BEER, Bi++0N+-.
(4) . WTFER, SRS, MRS

T 2 -
s+6s5+5 "

(5) . i TEF LM Run %4, FFUGf5E, Xii scope, BIRIE Flfm Ny, 45
R~

[#] Scope — [} x
File Tools View Simulation Help ~

-0 P® | =-aa-|Cl- | FH-

Ready Sample based | T=10.000
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3. Matlab #Hi| KRG H H R S RN A

1) . G=tf(num,den)
Difig: ENLSEHR I HAt 126 R BB Y BORPIRAS T R L R 0 25 1B R B A R A 32 R 5

YH: num 7>T, den NrBE, G NRGLIEREL.
Bl 1. LM P, SO A AR RAE, T

num = 1; % oy 2N R
den = [2, 3]; % B2 T R

G = tf(num, den) % SRAL 3% pR L

A7), sfTHn N

2s + 3

2). G=zpk (Z, P, K)

Dhifg: LT AL 3 R U R
UL Z NES. P AN K NI,
Bl 2: AR AT R GG R BT

num = 1; % oy 2O R
den = [1,3,2]; % B2 A R

Z = roots(num)
P = roots(den)

G = zpk(z,P,1)

3 iR KN

G =

8 6




(s+2) (s+1)

Continuous-time zero/pole/gain model.

3) . G=ss(A,B,C,D)

Thig: U SEHEE BRI, Bl A% 2 R B8OR 25 A 08 2 A Y B IR 2
IR

Yl A, B, C, D il RS TTIRM REHERE

4) . [num,den] = ss2tf(A,B,C,D,iu)

Theg: A& RGUIRE AT U 9 1% 33 pR Fis 5

Y RGRPIRE R ER RN

x = Ax + Bu
y=Cx+Du
S F A 38 B BN H () = 229 = ¢(s1 = A)7B + D

den(s)

[num,den] = ss2tf(A,B,C,D,iu) Al REIRAS 75 [H] e 7 8 4 Joof B A% 3 R 8RR, iu TR
()AL 8 it T L RN &

5)\ [zp.k]=ss2zp(A,B,C,D,iu)

Difg: ORI R o T 2 T AR

6)+ [A,B,C,D]=tf2ss(num,den)

Dhfg: FAkidh oY AR ) IRE T R AR

7\ [z.p.k]=tf2zp(num,den)

Dhfg: R R GuA% % pR B R e oy TR 1 & I AR

8). [A,B,C,D]=zp2ss(z,p,k)

Dife: ¥ RA TN Y B N O RAS  AE 2C

9). [num,den]=zp2tf(z,p.k)

Dhfg: BT 1 2 T S 4 o 36 R s AL

2s+5
M3\%%%mg=%%%%§ﬁ&ﬁ§§@%ﬁo

8 7




num

[0 2 5;1 4 4];

den

[10.2 1];

[A,B,C,D]=tf2ss(num,den)

By -

A =

-0.2000 -1.0000

1.0000 0
B =
1
(%]
C =
2.0000 5.0000
3.8000 3.0000
D =
(%]
1

=]
=

5. B RGH(s) = S i i 2%

$2-2s5+1

o

num [1 0.5 1];

den [1 -2 1];

[z,p,k]=tf2zp(num,den)

N

Z =

-0.2500 + 0.9682i

-0.2500 - 0.9682i

p:

8 8




10)+ [r,p,k]=residue(num,den)
hig: R Z T B(s)Fl A(s)Z LR 220 sUR T B £, RS AN B2 10

“ B(s) r(1) r(2) r(n)
H ¢ —_——_— —_— ces
i o= mao et T om TR

(] 64 SR HLfE R IEE) = 2SSO s R it

A(s)  s3+652+115+6

num [2 53 6];

den

[16 11 6];

[r,p,k]=residue(num,den)

o
-
-6.0000
-4.0000
3.0000
) -
-3.0000
-2.0000
-1.0000
k =
2
kA

B(s) 2s°+5s°+35+6 —6 —4 3

= = + + +2
A(s) s3+6s2+11s+6 s+3 s+2 s+1

11). sys=append(sysl,sys2)

89



Theg: KZA LTI Rg4la CRmA Sk AR RO

u Sysl V1

u; Sys2 NP
|
|

ux SysN N

%1 7.

Gl=tf(1,[1 2 1]);
G2 = tf(1,[1 1]);

G=append(G1,G2)

B -

G=
From input 1 to output...

s"2+2s+1
2: 0
From input 2 to output...
1. 0

s+1

Continuous-time transfer function.

12). G=series(G1,G2)

Thitt: SBL GI*G2, FI/ T FRSEA A LN 1) 55 2 FUAT M L B 000 5 O T 25
o

¥ RE: G=series(G1,G2,outputs]1,inputs2) outputsl Fl inputs2 H T8 7€ sysl Wi HiH 5
sys2 HIEB A AN BEAT L, a0 BIFR

V2 ———f Sys2 |

u ———{ Sysl |y U

%1 8. ffiH series Gl = —TG2 = T;%H%

1
s+2

90



Gl=tf(1,[1 2]);
G2 = tf(1,[2 3]1);

G=series(G1,G2)

By -

28"2+7s+6

13). G=parallel(G1,G2)
Theg: SCIL G1+G2

14). G=feedback(G1,G2,sign)

Thee: LU Gl, G2 MR, Hrp Gl ARTmiEE, G2 Nx

I, sign=-1 N7,

15). G=connect(G1,Q,inputs,outputs)

Thie: SCOUMERNER:, B RGTH A% 38 R 2L

YW: Gl i append A I TEIER TR G, Q FEFEHITHRE RS sys [N B
KA, HAPREFEREATHN - MaA, B Dua AT, HENERIZM AR
Mm-S, Wk fUER:, MLLFAUERR. inputs 1 outputs FI-T-48 & T+ R Gt Hh I L4 N/

i L P B 1 D 8 £ N i

B 9. WRYERGHER], K RS0 IR AL

1

m

3st1

i —{ u

2s+1

¥s

Ss+1

IAIE, sign=1 NIEX

Gl

tf(1,[3 1]);

G2 = tf(1,[2 1]);

G3

tf(1,[5 1]);

()]
I}

append(G1,G2,G3);

[2 -3 1;3 2 @];

©
1




inputs = 1;
outputs = 2;

GC = tf(connect(G,Q,inputs,outputs))

By -

GC=
0.1667 s + 0.03333

s"3 +1.033 s"2 + 0.4333 s + 0.06667

E[I]j\j: GC — 5s+1

3052+31s2+13s+2

initial
vk initial(G, xo, Ts)
ly,t,x] = initial(G, Xq, Ts)
Theg: RKIELRGHER/MATINL
Y G LAUNRGHPIRE AR, xo NRIIRZEAE, TR AL, RIS, y oAt i
B, tOARSIE R, AT, x RSB, A

impulse
HyE:  impulse(G,Ts)
[y,t,x] = impulse(G,Ts)
TheE: JESE ARG AL Y .
Yl G NRGHA, TSR EL RS EWE A y RN 0
I IE ) x JPIRASZREMWSL: Ts AR, tx,Ts Al HHE.

step
ik step(G,Ts)
[y.t.x] = step(G,Ts)

Ui S WL impulse.

[sim

9 2



% 1sim(G,U, Ts)
Lsim(G1,G2,...,U,Ts)
[y;t,x] = Isim(G,U,Ts)
Y U NSMINTH, G500 RN Ts AR, U MTECS Ts AHXT R ¢ A
X A1 .

B 10: HEHEEHN G = ——— FEAT SN TR, S B R IE .

$2+55+10

t=0:0.1:10;

u = sin(t);

G

tf(10,[1 5 10]);

1sim(G, 'r--",u,t)

AR D
AN
WHF) REE BBV EAN) IEM SEO) BOW) EE(H)
NDods |8 0B kE
Linear Simulation Results
1
08
04
@ 02
3
2
= 0
E
< 02
0.4 \
0.6 \
8 \
rl =
0 1 4 5 6 10
Time (seconds)
tzero

HEyk: z=tzero(G)
[z,gain]=tzero(G)
U FHERFENE S

damp
EyE: damp(sys)
[wn,zeta] = damp(sys)

[wn,zeta,P] = damp(sys)

9 3



ThRg: TFE AR e .
Y. Hrh, wn NEIBEIE on; zeta NEHJE REC .

Bl 11: HERLG = ————(it s, MERS, EGHE.

$2+55+6
FEFIE 5.
num = [10];
den = [1 5 6];

G = tf(num,den);

[wn,zeta] = damp(G)

o L P A

wn =

2.0000

3.0000

zeta

Bl 12: G = ——> [k 1

$2+55+6
RSP iE 5L

num = [10];

den

[156];
w=1;

Gw

polyval(num ,j*w)./polyval(den,j*w)

Aw = abs(Gw)

Fw

angle(Gw)

ot -

Gw=
1.0000 - 1.0000i

9 4




Aw =
1.4142
Fw =
-0.7854
bode
PREL:  bode(sys) %21l bode
[mag, pha] = bode(sys, w) YoZex | w Xt N B TE B AN AH £
[mag, pha, w] = bode(sys) Yol HIBIE . AHAA. AR

Y. sys NRGRA, w A, mag AIEE, pha N,

nyquist

PREL:  Nyquist(sys) %21l nyquist HiZk
[Re, Im] = nyquist(sys, w) Yo FH w15 H GE I /) SI 8 A R 5
[Re, Im, w] = Nyquist(sys) Yol S L. M,

Yil: sys ARG, w NRGWHE, Re NRKFERISH, Im AAHZRRE: 1 623

margin
A% margin(sys) %2221 bode [, FHT H I (ELHS LAV i 4 it
[Gm, Pm, Weg, Wep] = margin(sys) %75 H i {E ik 15 A0 44 6
B Gm WA R, Pm ARG, Wog JUR(EH AR MBI, Wep AR
FAT SIS, %5 Weg, Wep B9 nan 5 inf, ISR IR AT BN LS5 K .

rlocus
A3 rlocus(sys) o2z AL
[r, k] = rlocus(sys) Yot B PH PR AR s RIS R 1) k
r = rlocus(sys, k) Yok JuHE g, IRINZIE A8 N HIRRPIUE & AN s R B2 EE
B
pzmap

95



BR%L: [p, z] =pzmap(sys)

96
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4 Matlab ¥ 4B w4

e Vi B
grid on TE BT H 1 B A A5 A i A A
grid off 5 FriE H ) BT AR AR o 7 A A
hold on T B TARFFCE B S LA, RIS FO VR AEIX AN A8 A 22 i) 573 b —
NMEE .
hold off 7 5 TH ]

axis([xmin xmax ymin ymax])

BERE A b

text(x,y,” FAF )

FEEDE IR E AR AL B (x, ) Abs bios 5] SRR 745 R

gtext(“FHFHR”)

A SR AE B 3 — A B bR 54 £

title(“F 1)

A i PR PR B L i St 7 5 Y A2 R T A ) 45

xlabel(‘string’),ylabel(‘string’)

B x, v ARFREIAAR, S ANRRIR I ST /5 E T BORHAT (\) Ik

legend(‘string1’,‘string2’,...,‘stringn”)

FEFR R LI R — NS, IR IRIE 4 B S fa 0, I
778 X BTE E 2k

subplot(m,n,k)

pan LISVATS e
m: B RGEIANEL n A ASEINNE ke TR S

semilogx 2 LA x RO AR B (BL 10 W) 5 v BlOAERAEARAR (140 B A b
KiFiZ
semilogy 2 LAy RO AR B (BL 10 W) 5 x Bl A ERAEARAR (140 B A b

Uz
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§3 SimCap A FEMER

S Simscape #&7£ Simulink 3855 R G 2P R Gei R ) T HANE = Simscape [ H & hl 2E 5
EREER Y SEREPEREE F . G LM B VRS RS IAHTRSEIR, WE 1R m
PR A 153, 2. ARSI, W 2 FioRs RO SRR E E SUBER,

sscnewfile( ‘ B & XA AT ).
=

. k4 5
Simscape
Electrical Mechanical Magnetic  Thermal ~ Custom *
equations lllll'l

BT - e v
3 XX hlddd 1 | Electrical Driveline Multibody Fluids

Hydrauvlic  Thermal Two-Phase Gas Moist Q W W Q
EE Liquid Fluid d) Air S i m ch e
& ] 'y P 4
1-1-1 Behik e 1-1-2 @R

FER 2 AR ER 32 B ) A Elements(JTF) . Sensors(f4)%4%). Sources(f8 SY8). o445 i H
PRALZE. PR3 EE. AR S5, PRI R G TR, (LI an
LR R R AR AL RS, (5 S YR B R VR B IRR . R AR RS

AL B R AR A SR H T3S 5 5 Simulink {55 B R BEEL, SR
fir AR AR SE . Simulink H1[1) Scope. PID S5/ 1] LU T Simscape H SRR 545«

Forr, simulink R EE D FH BRI S5 H AR EY: PS-Sinulink Converter A4 #5 5 -
simulink 155 #4:8%, KEEE (solver configuration) >KJ3 31 H .

SimCap H 217 E 244 :

1F Matlab R2019a 652475 %N : simulink, [F14, BIA[37HF simulink 5, 7EK& 1-
1-3 1, $£#] simcape
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[om

98 Simulink Library ser _ 0 x|

R ra— L A= b

Simscape/Electrical /Passive

Data Acquisition Toolbox =
Deep |

rning Toolbox
DSP System Toolbox e ] e
DSP System Toolbox HDL Support IT (L =

>
>
>
> Embedded Coder
>
>
>

Fuzzy Logic Toolbox
HDL Coder
HDL Verifier

Lines RLC Assemblies Thermal Transformers Capacitor

Image Acquisition Toolbox Phns - . e
Instrument Control Toolbox S ML '@' e

> LTE HDL Toolbox

> Mixed-Signal Blockset

5 Model Predictive Control Toolbos Crystal Diffusion Resistor  Eddy Current  Incandescent Lamp Inductor
OPC Toolbox

> Phased Array System Toolbox - Laran-Re i

> Powertrain Blockset E = HAr 5,
Reinforcement Learning i R T
Report Generator

> RF Blockset Nonlinear Inductor Potentiometer Resistor Supercapacitor

> Roboti System Toolbox

Robust Control Toolbox
> SerDes Toolbox . .

K1)

Variable Capacitor Variable Inductor Varistor Winding

Sil

> Foundation Library
Utilities

> Driveline

w Electrical

Connectors & References

Control

Electromechanical

Integrated Circuits

Passive

Semiconducto

sors & Tr

& Converters
sducers

urces
Switches & Breakers
Utilities
> Additional Components
> Specialized Pover
> Fluids

> Simulink 3D Animation

> Simulink Coder

> Simulink Control Design

> Simulink Design Optimization
> Simulink Design Verifier
>
>
>

mulink Desktop Real-Time

Simulink Extras

Simulink Real-Time

Simulink Requirements

Simulink Test v

P 1-1-3 simcape
7t simcape/Foundation Library/Electrica H & T 2| FEZKI BT ooff, FEESLETTHER
HLER ], DU 9, 5 () s g B an ] 1-1-4 o, i an & 1-1-5 pos

+
Pulse Voltage Source| [ \/ i (Vv
> .‘ >
1 |
f(x) = 0 -—I —

1-1-4 A5 ER Y L% K]

99



—H

K 1-1-5 IR ¥

K 1-1-4 8L E 2 AW R -

th

1. FEAHFE. B2, BOKES 1947 B N:Simcape/Foundation Library/Electrical/Electrial

Elements.

fx)=0

2. PS-Sinulink Converter ¢ P» ) JZsRfiE#% (

") K47 B :Simeape/Utilities, 41

1-1-6 flr7
Simscape/Utilities
~
C>O p =g
Connection Po? Simscape Bus Simscape Simulink-P¥
Component Converter
-
sundation Library . e
Utilities Spectrum Tuwo—Way
Driveline Analyzer Connection
v Ele
rs & References
ectromechanical
- d Pl

& 1-1-6 Ps-Simulink /% Solver Configuration /i &

3. HJELRERIRAIEN: Simcape/Foundation Library/Electrical/Electrial Sensor.

4, NEEMINEDRE, WA 1-1-7
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Explore
Open

cut Cul+X

Copy Ctri+C

Paste crl+v

Comment Through Crl+Shift+Y

Comment Out Crl+Shift+X

Delete Del

Create Subsystem from Selection  Ctrl+G

Observers »

Format »

Rotate & Flip »

Arrange »

Mask »

Library Link »

Signals & Ports 1 Number of Input Ports. »

a— B > Input Port Signal Properties >

e 3 Output Port Signal Properties >
More...

Model Advisor
Fixed-Point Tool...
Model Transformer

C/C++ Code
HDL Code
PLC Code

Block Parameters (Scope)
Properties...
Help

1-1-7 7Ry s AN 1w E

5. W E T R 50 C, BIATgiB o NasfE IR . 218
K 1-1-5 7 e i E R B B 7 1
1. IEF View->style, BRI HILE 1-1-8

¥ Scope - a X [#] Style: Scope - X
File Toals View Simulation Help sl

Figure color: | & . Plot type: Auto
@-| 40P @ =-A-C-F&-

B Axes colors: [ +| [Z +

[ Preserve colors for copy to clipboard

Active display: |1 v

Properties for line: | PS-Simulink Converter1

[ Visible

Line: ~ 075 ~ ﬁ-

Marker: none ~

OK Cancel Apply

Ready Sample based Offset=0 T=10.000

Kl 1-1-8 Bl F#E
2. f£ Figure color 55 Axes colors N7 ik 1, Properties for lines #7525
ith 2 (g .
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Fi Simscape SCIL =W H-BI LB RG24

1 FTJF Simulink, 7= 7T ->3 £ ->Simulink Model.

4\ MATLAB R2019a

3 fRAF

¥ Test01 - Simulink - o x
File Edit View Display Diagram Simulation Analysis Code Tools Help

-~ = - [ o @ v/ &b~
E-=-8 He-E-ed4@P = - Q@ -
Tes101
@ [aTesmn -
Q
i s O Urray
&=
&

Eiu ik

Ready 100% VariableStepAuto

[

4 Wiz El/ Joint) o BRAR Ao 88 X 4T 7 Open Simscape Multibody Library

R »__@ Open Smscape hutbody

6. FRE|“Joints” It S

102


https://so.csdn.net/so/search?q=Simulink&spm=1001.2101.3001.7020

=l
IR —1“6 DOF Joint”, $% Fbs Ao BEEAS Bl Ho A H 207 B AR -
,u ke ,,,

6-DOF Joint Bearing Joint Bushing Joint Cantesian
Joint

Constant Velooity Cylindrical Gimbai Joint Lead Screw
Joint Joint Joint
u I y n“
Pin Siot Joint Planar Joint Prismatic Rectangular
Jint
=' T ‘F i
Revolute Joint Spherical Telescoping Universal
Joint Joint ot

7. BIEEPUA Solid bk
8 e8]

#2#F: Shape : Brick, Dimensions : [0.1 0.05 1] m

i Solid : Solid - [=] X ‘

2heovtAUQlw@IoHd @ -

= e
nent. and rigidly attached frames
ingle unit. A solid is the common building block
& Solid block obtains the inertia from
and density, from the geometry and mass,
ertia tensor that you specify.

In the expandable nodes under Properties, select
inert

types of geometry, i
u want a

¢ geometry. Each add
frame generates another frame port

[oK] ‘Cancel] Help [Apply

{24 5: Shape : Cylinder; Radius: 0.02m; Length:0.2m
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- o X

W solid - B4R
pti 2EevbdlU@dTgnTE -

Represents a solid combining a geometry, an inertia and
mass, a graphics component, and rigidly atiached frames
into a single unit. A solid is the common building block
of rigid bodies. The Solid block obtains the inertia from
the geometry and density, from the geometry and mass,
or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the
types of geometry, inertia, graphic features, and frames
that you want and their parameterizations.

Port Ris a frame port that represents a reference frame

[l v
frame generates another frame port, «

o cancel Help ipply

JE S #: Shape : General Extrusion; Cross-section :[2 -1;2 1;1 151 0;-1 0;-1 15-2 1;-2 -1]

cm; Length:1.2m

- a x
2EevbdlU@dTgnTE -

@ solid: solid2

Represents a solid combining a geometry, an inertia and
mass, a graphics component, and rigidly atiached frames
into a single unit. A solid is the common building block
of rigid bodies. The Solid block obtains the inertia from
the geometry and density, from the geometry and mass,
or from an inertia tenser that you specify.

In the expandable nodes under Properties, select the
types of geometry, inertia, graphic features, and frames
that you want and their parameterizations.

Port Ris a frame port that represents a reference frame

[l v
frame generates another frame port, «

pes

Shape Ceneral Extrusion

o cancel Help ipply

JH: Shape : Brick; Dimensions : [2 12 20] cm

i solid : Slid2

- o x ‘
2heotdld@®II00 @ -

R s a solid combining rtia and
mass, a graphics companent, and rigidly attached frames
into a single unit. A solid is the commen building block
of rigid bdies. The Solid block obtains the inertia from
the geometry and density, from the geometry and mass,
or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the
types of geometry, inertia, graphic features, and frames
that you want and their parameterizations.

Port R is a frame part that represents a reference frame
associated with the geometry. Each additional created
frame generates another frame port.

pe
Shape Brick _lv

Dimensions

Cancel| Help Apply

7y LA TERIARR R IR AR G AR R U0 B, DR A R A b R A R LA 2 T Y
S M,

+1

+X

HEIF I B A U0 B s
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00 =0 : B)"(F ; e g? 8 Bf F ? i
T T
L

;\Ci

Hrp R B R A LA
D IFSRE PR AR A R EER, R R AR R, AT ShEE Y ST

R X A Z 8 BT A

3 Cartesian Joint : Cartesian Joint - o x
v—

6], FRATTIE R = B R AR R

Represents a cartesian joint between twa frames. This joint has
three translational degrees of freedom represented by three
e e ey

et of

ually
This jeint constrain the axes of these frames remain aligned,
while allowing unconstrained 3-D translation.

In the expandable nodes under Properties, specify the state,
actuation method, sensing capabilities, and internal mechanics.
of the primitives of this joint. After you apply these settings, the
block displays the corresponding physical signal ports.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The joint direction is defined by
mation of the follower frame relative to the base frame.

I Specify Lower Limit
Bound

Spring Stiffness. [ie6 N/m -
Damping Coefficient  |1e3 NS ]
Transition Region Width |Te-4 m

I Specify Upper Limit
e L — N
Spring Stiffness i3 N/m ~]
Damping Coefficient |1e3 NAws) ]

Transition Region Width 1e-4

2R ik

(0% ‘Cancel [Help Apply

2) HHLE solid HLFYARR & 5 KT PR E BAAS —BUR CLbn e shit, $hhnaity z
D, w FEEEAZEL Solid HLFI A bR 28 SEL AR AR R e F A2 #i o

@ solid : 124 - B x
2RleowtQR L I@TITHT F| ),

Frame Name: sl

Frame Origin

(® At Reference Frame Origin

O At Center of Mass

() Based on Geometric Feature Use Selected feaatune

Frame Axes

Primary Axis: +Z ~| (2
® Along Reference Frame Axi
©) Along Principal Inertia mﬁ
O Based on Geometric Feal Use Selected Festure.

| 1 «
Secondary Axis: +X ~ ()
(® Along Reference Frame fuis 10
O Along Principal Inertia foiff | +%
(O Based on ic ’ re U

[

A BA s Ot A S R A R (R
G 25 A b R R A 7D

| save | cancel
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3) N Vs i BT aa R e LIRS, &2 R in O A B A ERRASAL , 2
SRS R KR 46 LRI

@ Revolute Joint : Revolute Joint - [u} X

Represents a revolute joint acting between twa frames. This
joint has one rotational d of freedom by one
revolute primitive. The joint constrains the origins of the two
frames to be coincident and the z-axes of the base and follower
frames to be coincident, while the follower x-axis and y-axis can
rotate around the z-axis.

In the expandable nodes under Properties, specify the state,
actuation method, sensing capabilities, and internal mechanics
of the primitives of this joint. After you apply these settings, the
block displays the corresponding physical signal ports.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The joint direction is defined by
motion of the follower frame relative to the base frame.

P
= Z Revolute P

et
High (desired]

Value 0.1 deg
Specify Velocity Target [ |

[+ Internal

%] Limits

= Actuation

-/ sensing

Composite Force/Torque Sensing

ol (Cancel, Helg| %pgly

AR PP 22 G A2 L HE BRI A% 1825

+
RERE ? | PID WiEE R ]

8+ NARAGINIME IS
(1) Mgt hee kT

JEHT

{ﬂL

e

hB*FL RCEN

RS

i%%(

;ﬂvu

(2) TEJRMERIRFE RS (Sensing) FEILTALH /A AE (MFED R (HIf
P, WA Apply
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@ Revolute Joint : Revolute Joint - [u] X

Represents a revolute joint acting between twa frames. This
joint has one rotational d of freedom rep by one
revolute primitive. The joint constrains the origins of the two
frames to be coincident and the z-axes of the base and follower
frames to be coincident, while the follower x-axis and y-axis can
rotate around the z-axis.

In the expandable nades under Properties, specify the state,
actuation method, sensing capabilities, and internal mechanics
of the primitives of this joint. After you apply these settings, the
block displays the corresponding physical signal ports.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The joint direction is defined by
motion of the follower frame relative to the base frame.

p
I State Targets ~
(2l Internal Mechanics

-l Limits

Acceleration
Actuator Torque
Lower-Limit Torque
imit Torque  [1

[
Ll
O

v

okl (Cancel, Helg| Apply

=
ab
wh

(3) AILAERIX /ML T AN (). wOf i E):
9. IshnizE s
PR AR SL R IR Y B a2 S O SR B B D

(1) Wi =HhrahoeT
(2) fEJE MBS (Actuation), ¥43Z Jj(Force)i A« AFRAL (Provided bu

input) ”, 123 (Motion) % N“HBNT5 (Automatically computed”,#X 5 fidF Apply

3 Cartesian Joint : Cartesian Joint - o *®
5

Represents a cartesian joint between two frames. This joint has
three translational degrees of freedom d by three
prismatic primitives along a set of mutually orthogonal axes.
This joint constrains the axes of these frames remain aligned,
while allowing unconstrained 3-D translation.

In the expandable nodes under Properties, specify the state,

tion method, sensing ilities, and intemal mechani
of the primitives of this joint. After you apply these settings, the
black displays the corresponding physical signal ports.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The joint direction is defined by
maotion of the follower frame relative to the base frame.

Force Provided by Input
Motion Automatically Computed

m Composite Force/Torque Sensing

oKk Cancel Help Apply

(3) ALLEFIBHE T —4 Y HE A 7
10 FR s

(1) £ 2Z HT R %1 Rk B5KA0, #in— R (Torque) HiA:
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@ Revolute Joint : Revolute Joint - [u] x

Descripti
Represents a revolute joint acting between two frames. This
joint has one rotational d of freedom rep by one

revolute primitive. The joint constrains the origins of the two
frames to be coincident and the z-axes of the base and follower
frames to be coincident, while the follower x-axis and y-axis can
rotate around the z-axis.

In the expandable nades under Properties, specify the state,
actuation method, sensing capabilities, and intermnal mechanics
of the primitives of this joint. After you apply these settings, the
block displays the corresponding physical signal ports.

Ports B and F are frame ports that represent the base and
follower frames, respectively. The joint direction is defined by
motion of the follower frame relative to the base frame.

Proper
= 7 Revolute Primitive (Rz)
- State Targets

=l Internal Mechanics.

[+I Limits.

| Actuation

Torque Provided by Input
Motion Automatically Computed

posite Force/Torque Sensing

Ok (Cancel, Help, Apply

(2) M Simulink FE#EH —Mkib R A — MG SRS Tkt KA (Simulink ->
Sourses) {5 5 F ¥t 45 (Simscape -> Utilities):

ﬂ_ﬂ? >

Pulse Simulink-PS
Generator  Converter

(3) UNEERR AR KT -

e

) BT

(4) BB R AEASSE: KRR 5 Sk SERE: 5% Akt aEms: 1

[Fal Block Parameters: Pulse Generator ®

if (1= PhaseDelay) &k Pulse is on o
V(8) = Auplitude

else
V() -0

end
Pulse type determines the computational technique used.

Timo-based is recomended for use with a variable step solver,
while Sanmple-hased is recomended for use with a fixed step
solver or within a discrete portion of a mdel using a variahle
step solver.

Parameters
Pulse type: [Time based B
Time (1): [Use simulation time -
Al Lude:

B Ji]
Period (secs)

B I
Pulse Width (% of period):

[ |
Phase delay (secs):

[t 6]

Interpret vector parameters as 1-D

< >

9 Cancel Hel! Tl

a

11. %hn PID 4
5 B — AN Se e FE AR IR R AEAENURAE X A EE 3 ) (REARTTLLE S, IR
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https://so.csdn.net/so/search?q=PID%E6%8E%A7%E5%88%B6&spm=1001.2101.3001.7020

\
Iil

d\

FERATT AR, BT PAFR R 7R B ™A% SR 1 A2 A PD #4511 2%
LR, BT RZESTRMA (B8 BEit, mmAERNE, FHRZESE AR
AL, RZER B AIEEE, BATX Br] DU RS E e . BIR]4 B0 -t

\

TR )R, BAVTRE T TRE iz s
(1) M Simulink 214 H /MG 25 855 (Gain) USRI PR RS 5 74088, I3k &
AN

Simulink-PS 7
Converter1 Gain1 PS-Simulink
Converter1

(2) HwhIn— I (Add), FZERIZERE:

s
_<}._.

(3) BUEFZ M IRATH 12 B HE B 76 B4 %, B Kp=200,Kd=1, WK PrRisEs:

fix)=0p Dz:.";:F: 3 i 3 .r#:fm _ : f;f
3 B ‘
Kt
Kd
o [
Kp
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§4 python-control fEFH

Python JF %41 £ 4t (python-control) /& —™ Python £, AEIE A SN 2 1545 il 2 55 194 B A
wit.

RFIE :

1. RSN/ R GOIRAS 7 R AU,

2 ARLRHERIN /S RGO T

3. MEERECH AT JRT RIS R

4. IR RL: TR, R,

S SN B AR AR

6. EHIRG I A ENE. RefEtk. BRI, s e

7. BRI RGRITAHEMERE, LQR, H2,Heo

8+ AT BTN Al T B (R/R B85

python-control f/&—%H python A%, F TSI B B R G070 B A v 1) 0 45
€. BHI B ARSI 5E i Astrom A Murray OB A R Bt R G 7R BT 75 I Th g . AERL
IR 2 s %05 MATLAB 5l R 40 T 24 o] F s A2

{EAFE R R/ python il H NumPy l SciPy. %+ python-control £, [A] & H1
IS, FrBA[123]1—ER[1,2,3]. REZNSHRIR LA oA . Ea A TdRE R
5.

7

python-control € A] LAf§i H pip, conda EGFR#ENT distutils/setuptools ML HEAT 242 . 1%L
H numpy M scipy, Z2EFIFETE matplotlib. M4k, F-LbFIfETHE slycot A RESZHLH =

FIThEE (o MIMO IhFE).

1. pip 3

pip install slycot ~ # optional

pip install control

2. conda ZZ%%

conda install -c conda-forge control
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conda install -c conda-forge slycot
3. VRAD %
TS SE, fER4E, HEANEZ, WAmS

python setup.py install --user

Python Z 7

TR python FVEREAEM “#7 AMRISIX 7p, ZATERBRERE, R =/H515 “»”

I I I

R 1

R 2

TR PTG Python R IR RAL . JATATBMEM 515 (1 80") REIET
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RERE

A EEAFMAE NP IE, ZIMEWREAQEREN AN IR 20E T3
EMEHERA, RS2 IR E NAE, JRoE A B AT g e A P DI, AR
A UAREA R B, XA R T IR, N 4T .

ZEWE

Python R RBEAFERUAY . GILRANFPEE, HMEFHERMRIR, 4
MRS IX (5 S AR AL IR E, ZEREUZEELS 2 aldE. &
T = HRGEEERE. %5 =BRALUR -NEEY, %5 =BRAAURAHELET
e

ENZERE

Python foVFRIAIIN N2 AN AZEI{E . Hilln:

a=b=c=1

PAESEf], Gl —REMXR, [E8 1, =B R FE A7 . AT
NENXRIGEL N E. Hli:

a, b, c =1, 2, "john"

PLESEf], PIAREAINT S 1 A1 2 A0SR a M b, FIFEXSR "john" L

Co

/E

il

PSR A

TENAF P A E B v DI 2 M2, filan, — AN ANRER ] DU RAAE, 4
FA] DL P KA. Python & ST —YEhrifEsRM, H T A S MR 5dE .

Python & TN bR B dE 257

1. Numbers (F{5)

\S}

. String (FFFH)
. List (F158)
. Tuple (Jo4l)

B~ W
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5. Dictionary (-4iL)

B B HAR R TR, AT SCREERE R, X B SR BT HE 2R
ool — TR R

Mg —AMERT, Number X552 G2

varl = 1

var2 = 10

tny DU del T8 AR — Xt G 51
del TEA)IIHIEA:

del varil[,var2[,var3[....,varN]]]

A LLEIE ] del TEAMMER A~ B2 X R A 51 . filln:

del var

del var_a, var_b

Python SCRFVUPIANFE BT 2R int CHFSEAD. long (KEER, W] DIARER )\t
A 752EFD . float (FF /M), complex (EH0D

f0: int: 10; long:51923461L; float:15.20; complex:3.14j

PR FREECE (String) & U FEE TRIZRA RN — 7455 —Badk

s = "ala2- - - an" # n>=0

FERETE 5 RIS A B R

python {7 5 FIZRAT 2 FiHUE N
o MEBARIIBON 0 IR, RRVEEE TA R RED 1
o MAEBIZERGIBOA-1 TG, SAREH 7R 87k

RUNOOB

ARSRAREL S A5 B PR B — Be A AP A B, TRV (SRR3R T 5] SR IUH
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Hogrre, S FRRRA 0 TR, WLURIER AL, FhRa LA R Bk .
Bk TAR R TAR] S T 0 5 23k FARIIE TS, BRSPS . .

>>> s = 'abcdef'
>>> s[1:5]
"bcde’

M UVE SR8, python 3R I8l —NETIXS G, 45 RAE 1 BLZXH A2 bR iR 1
NG, AR REE T TR, EHSREE T s[1] KE b, TR
EIAOIERE T, 2 s[5 HfE f.

MEEES| : -6 -5 -4 -3 -2 -1
HMAIEES| @ 1 2 3 4 5

T R et T R
lalblc|d[e]Tf|

b e

M EIEEE : 1 2 3 4 5
MISEEEN : -5 -4 -3 -2 -1

s (B REFFRERIEEN, B () ZEERME. sl

str = '"Hello World!'

print str # G SRR

print str[0] # G TR R S AN TA

print str[2:5] # K TR R AR S A Z A R
print str[2:] # 4R AR I IR I 5 o

print str * 2 # HtH TR IR

=
print str + "TEST" # ¥idi&EEM 75 $

Bt o -

Hello World!

H

1lo

1lo World!
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Hello World!Hello World!

Hello World!TEST

Python FIZRAHA] IS =S8, SHAEMRZEIIIPK, LUFSEHIERS 1 2
=5 4 WA EIFRERDKN 2 (ARG —MIE) REHCERF S

e 1 2 3 4 5 &

>>> letters = ['c’, 'h’, 'e’, ‘¢', 'k', 'i’, ‘0']
2 . I

>>> letters[1:4:2]

[lhl‘ FCF]

FIR: List (FI3K) & Python WIS R . FIRATBLSE R 2 2R 42K
MRS SEHL. ESCRFTAF, By, TR EET IR SR (RIHRE).

FIFRH [1 457, /2 python fIEMESGEHEEA. SR FEKDIF thr] LU 148
B TR TR, sl DN 5%, WERERIIEIN 0 THh, WARIAERIIE
-1 JFES, AR A DU SRR R Sk e

,t s |:i21l, ll:)l, {(:l, l‘:ll, feal]

0 1 2 ;.
g;§|<< -5 -4 -3 -2 -1
| | | | |
I | [ [ [
= 0

2554 [1 23] =~ S>o3E3:]
['b','c'] ['d', 'e']
>>> t[:4] S5
['a', ', ', 'd'] ['a', b, 'c, 'd', 'e' |

M5 + RANFERIZHELT, RS * REEHRMNF. Wyl

#!/usr/bin/python

# -*- coding: UTF-8 -*-
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list = [ 'runoob', 786 , 2.23, 'john', 70.2 ]

tinylist = [123, 'john']

print list # i e

print list[0] # MR- IOER

print list[1:3] # W ECARE AR

print list[2:] # B = AR SRR R PTE TR
print tinylist * 2 # SR IR

print list + tinylist # ATENHEININER

LA_E Sy 1 45 2R«

["runoob', 786, 2.23, 'john', 70.2]
runoob

[786, 2.23]

[2.23, 'john', 70.2]

[123, 'john', 123, 'john']

["runoob', 786, 2.23, 'john', 70.2, 123, 'john']

Jed: Judl R —AMEIEEE, KT List (F1FR). w0 brill. WETREMHES
BT (ESETCHANEE IR MR, M T Rk,

#!/usr/bin/python

# -*- coding: UTF-8 -*-

tuple = ( 'runoob', 786 , 2.23, 'john', 70.2 )

tinytuple = (123, 'john')

print tuple # i e
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print tuple[Q]
print tuple[1:3]
print tuple[2:]
print tinytuple * 2

print tuple + tinytuple

# M TH S OR

# S ARSI CRES) R
# it W =ATHR B IR R ER A TR
# Hth o H PR

# FTENA AR TA

DL St 45 2R -

('runoob', 786, 2.23, 'john', 70.2)

runoob
(786, 2.23)
(2.23, 'john', 70.2)

(123, 'john', 123, 'john')

('runoob', 786, 2.23, 'john', 70.2, 123, 'john')

o

ER: JTCHEA SRV

FH: FUlil(dictionary) 2R FZK LAA python & Wi RIGHI N B ISR, IR EH
PN GES, FHELTFIINRES. WEZEMXHET: FHH TR 2didEk
AAEET, A R IRFE I . FHA"{ } bR PR 5] (key) FE XS M IME value 21

#!/usr/bin/python

# -*- coding: UTF-8 -*-
dict = {}

dict['one'] = "This is one

dict[2] = "This is two"

tinydict = {'name’': 'runoob’','code’':6734, ‘dept': ‘'sales'}

print dict['one']

print dict[2]

# BN one' HIME
# e 2 ME

1




print tinydict # b e R
print tinydict.keys() # b T B

print tinydict.values() # Wi PTA A

By -

This is one

This is two
{'dept': 'sales', 'code': 6734, 'name': 'runoob'}
['dept', 'code', 'name']

["sales', 6734, 'runoob']

PRI

BB HLFH, FTEREEMAR, HERSEBUR—, SRR RIS B . R A RESR =
B e, ARG A EE SR . Python 424 T V2 W BEL,  ELAN print(). AT PAH
CEERE X B e SCR L

ERBEEeWUE

1. BREACEEEREL def REERDITL, R BRIRTT BRSSO,

2 AEATAE NSO B AL B TS 45 5 T 8] [R5 5 2 (8] AR5 XS 8

3. PR SR —AT T8 A AT AR A A SORS 54 o — A7 TR 25 B

4. RBARLLE 5, JFH4HEt.

5. return [RiXI] AR, EFVEMGR B AMELG T . AnrRIE I return £
TR A None.

A

def functionname( parameters ):
"R SR A R
function_suite

return [expression]

BREUE e B A G, R 5 — > e O FH AT
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#!/usr/bin/python

# -*- coding: UTF-8 -*-

# E LR

def printme( str ):
"FTEMAE AR N 1
print str
return

# R

printme ("FREIHH 2 L)

printme (" P H R — R %)

ot -

a=[1,2,3]

a="Runoob"

R

HAIE S

— BF | FEF >KF —KTET
if 3

IERFY

</NT

<= NFETF

if FFfRIE A
T 2 Rk U AT Ab P
else:

AN e KR AU AT AL 2

1

B R 2N, BT and FH or.

19




for &

IERFA

for A& in X %:

PAT b

PR

BREGEZ MR Ok &S, M import #E47 7 ABLEL, 4.

import numpy
import numpy as np #4& numpy #5& 4 np
from numpy import sqrt #M numpy IR F A sqrt Fik

from numpy.linalg import #S N\ numpy.linalg HFprE 7%,

WHBEEA: numpy (CBUE R IEMFEED . matplotlib (T EELH]D . scipy (BUE T

HEZY BARTO. sympy (FF5iHHEBH), python-control (FZ | HiHR)

BRI HR

R4 Bk Ui B

tf sys=tf(num,den) A H AL PR U

ss sys=ss(A,B,C,D) iy HOIRAS 2 [A)AE2Y

tfdata [[num]],[[den]]=tfdata(num,den) ORI T2 I AEZ
A

ssdata A,B,C,D=ssdata(sys) IR A2 T8I H A, B, C, D

tf2ss sysss=tf2ss(systf) A% 356 pR UL P AR S 2% )

ss2tf sstf=ss2tf(sysss) RFS 7 [a) R A 328 bR £

series sys=series(sysl,sys2) ARGk

parallel sys=parallel(sysil,sys2) EC i S

feedback sys=feedback(sysl,sys2,sign = -1) | &% /in

minreal sys=mineral(sys) KRG /Nl
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BRI T

AR ERFN Wi B

pole p=pole(sys) f L A 3 o K PR B

zero z=zero(sys) i e L pR T 2R

dcgain k=dcgain(sys) b E2E

step y,t=step(sys,Td) [NRUEIA

impulse y,t=impulse(sys,Td,x0) TR N

initial y.t=initial(sys,Td,x0) E N

1sim y,t,x0=1sim(sys,Ud, Td,x0) AT 72 56 N T[] ] o7

bode gain,phase,w=bode(sys,w) 1B 7 1

nyquist re,im,w=Nyquist(sys,w) HEMEE

nargin oM, P, wpC, wgC=margin(sys) B AR E . X AR B AR,
Iz PR e e

fregresp g,ph,w=fregresp(sys,wc) THERURE E SN A IR AR AR oz

2 Python-control {2545
% 1: #E python control 3FIEH SEHL R 41 B B

import control as ctrl
import matplotlib.pyplot as plt

import math

sysl = ctrl.tf([0,1],[1,1])

sys2 = ctrl.tf([1,1],[1,1,1])

sys3 = ctrl.series(sysl,sys2) # PIRGH R
print(sys3)
e
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s"3 + 2 s™"2 +2s +1

B 2: 7E python 3;3EH, 2| bode

FEIE 5

import control as ctrl

import matplotlib.pyplot as plt

import numpy as np
psilist = [0.05,0.2,0.5,0.707,1.0]
sysTfList=[]
for psi in psilist:
sysTfList.append(ctrl.tf([1],[1,2%psi,1]))
mag,phase,omega=ctrl.bode(sysTfList,omega=np.logspace(start=1,stop=1,num=200),

dB=True,deg=False)

plt.show()

ot -

Magnitude (dB)

0.000 4

—0.785 1

—=1.571 4

Phase (rad)

—2.356 4

—3.142 1

T T T
107! 10° 10!
Frequency (rad/sec)
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%1 3: python HitH BRI R, i N

plt

t1,y1

plt.
plt.
plt.
plt.
plt.

plt.

plt.
plt.
plt.
plt.

plt.

plt.

import control as ctrl

sys6 = ctrl.tf(1,[1,0.2,1])

subplot(121)

plot(tl, y1)
title('step response')
ylabel('Amplitude')
xlabel('time (s)")

grid(1)

subplot(122)

plot(t2, y2)
title('impulse response')
ylabel('Amplitude’)

xlabel('time (s)")

.grid(1)

show()

import matplotlib.pyplot as plt

# W RG, BARERIE N 1, HE N e.1, IR

ctrl.step_response(sys6)

t2,y2 = ctrl.impulse response(sys6)

frH
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%l 4: F)FH python, %t nyquist &

step response

impulse response

Amplitude

0 20 40
time (s)

60

o

20

40
time (s)

60

import control as ctr

import matplotlib.pyplot as plt

# T H tf ERCRE T

sys = ctr.tf([25],[1,4,25])

# RS S RS T2
s = ctr.tf('s")

sys = 25.0/(s**2+4.0*s+25.0)

plt.figure(figsize=(5,5))
ctr.nyquist _plot(sys)

plt.show()

HHoN:

1
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Imaginary axis
o
o

-1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

% 5: F)FH python, %iHREZE

import control as ctr

import matplotlib.pyplot as plt

# T H tf ERCRE T

sys = ctr.tf([25],[1,4,25])

# Al RIS VE BUIRS T 1
s = ctr.tf('s")

sys = 25.0/(s**2+4.0*s+25.0)

plt.figure(figsize=(5,5))
ctr.rlocus(sys)

plt.show()

HHoN:
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Root Locus
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p:[pl7 p27 °ty pn];
k=[k];
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MR 28 G 1) A 38 o A 7Y
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AR A N Y 5

2. 7£ Simulink {7 E5LIREE Y, ARG 07 JAHER], ELRALH BRI R it 28 5% 2
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A (Preshoot) : ) s IME B K 3R1EZ £ 5 iafi 6y tLfd.

3948 (Average) : Az 0 18] N 4Z 5 89 -F ¥ M d,

¥ AAL (Vrms) : BPA B fh. RABZAIZ T AT ATRE A6k 2, ST 2AFARENA
REE, BT ARE,

RAE
(Vmax)

(o) Pid%
T
(Vep) - I 50%
(Vhase)
p 3 _]_ — 10%
(vmin) ;L
(Pief;ll’xoo()
Kl 22 WS E shillE K K 23 i [E1 2 B sl &

B 18] A4 88 B B =

DS1102E *T A A #)ME A2 F a9 F ., FH, LAsbE, FruE, £ T, AL, ER 14 2f,
R A2t EEER, R GRITAEA ALK AFHNE. LA (RiseTime) : & E A 10% L
5 QOWHTE 5 MBI, TR (Fal ITime) - i A A 90%F e 10%55 2 5 4914 1.

ERRSE (+Width) : SERK P 72 50%1@ & BT 69 bk o 5E L o

RBRSE (“Width) : 5 Bkt £2 50% M B B 69 B b 58 .

MR 1+2f (Delayl 4 2f) ;@18 1, 2 48t T EA G aE e,

R 142 & (Delayl+2 4): @i 1, 2403 T T M5 o &0,

B G ($Duty) : E AR T 5 B 269 EbAE

Rk e (Duty) : f Bk 5T 5 B 449 1AL
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DG1022U SUEERBAERE BT R LB N

DG1022U XUHEIE b 3T 2 R A el F B & e (DDS)HAR, Al ifase . K
B B AR A IETZES . EIRAHRE SMHz, A POl BT R B3, 54k
EEA R S RN E DR . DG1022U S2HL T 5 FPE. LR B ARTEHR A2 Th
RERFPEM e 2E G, mIHS B A P B PR 58 i TARAE 55

DG1022U F 5 XGHEAE bR B0/ AT B A s 1) F P 4 A ] B0 171 T e BH T A R T b . A1
WA AT RAFE R AR B 0, BEDMR R R A i, N B RS R A R SR B
RGN T BRI R, H P A8 K& 1 (8] 255 ST RITARAS 5 R AR AR I 4
&, BDATEASRAEFT . PN AM. FM. PM. FSK A% hAE A% BE 0% 05 (OB T, 6
5 B R Y

[EGAETISE

DDS HAEH T A B, MREREH. e, MRARNHEHES, SUBEKE, 77selhs
EHG, WEEH; Wl S MIEEANE, WE 48 MMTEBY; Wi 14-bit. 4k SHIH
JUHEE AT E Y 100MSals SKAFEE

IR

1E3%3%: 1 wHz 3 20MHz; J79%: 1wHz | SMHz; #&U53: 1 wHz 8| 150kHz; ikt
. 500 uwHz 3| 3MHz; AWM. SMHz %% (-3dB); {FEKF: 1uHz 3] SMHz

REESEE: 2mVpp—10Vpp(50 Q). 4mVpp~20Vpp(FiFi)

HAFEWEGIThEE, b SR #iE (AM). #5 (FM). E#H (PM). it
SRS B (FSK). ZRMEAIXS g3t (Sweep) kit (Burst)f

ERENG L SMEEBIUR, SMEIEUE 1OMHz BRI, AMiR RN, SRR, B
EEZERSEiE

SRR SEAH AR T IR ThAE: AL L Al IR/ UK T R -

Ely

100mHz~200MHz (H.i#1E)

SRFRIIARI A USB 1745 W 4%, FFrlilit USB A6 & 176t SEEUR A B S50
HE AR, PASGHAT A T2
FRUERC B #2100 USB Host&Device;
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KT AL 5 1 BT LUK 5 180 B AT nT AAL 38AIE 5

RN T B R 4

YRR

DG1022U R A48

DG1022U [m] P42 (L i i Th e AR I R i AR, 4ol 1-3 Ao, ATl RS S FhTh i
ToRg . BEAT M SE R, SR AT DAHENAS B ) Th BESE B ol B S ASS 2 I Th RE N o

USB #0I LcD B/ Hae el 10MHz
| AN FSHH A
| A
(RIGOL °=,., ) |_-\\
[ ] [ ]
oooooo | o A R
‘ ’7
. WEES mikhs | CHLBmER -~ N
S G Tl SRS USB Device B IETTR
s KRR BB WEEA  CH2AHALEE CHL S FSK/Burst '
& 1 DG1022U Hij itk 2 DG1022U JETH R

DG1022U ¥ 7 Fi 1
DG1022U XUHIE b BT B KA e it 1 3 Fh A ol Bl TE g, &
T AR S UG TE AR e 1X 3 Fi i /s A X ATl A AR 22 Y View $2 88 D14, P
FEE AR G shEE, DME T e FEEN S B NS HBEIE .

it i".‘iu
Rt +———(CSine )| hzm—> 4 i i
HIVEIRX €\ |, ,p 000 000 OkHz T ZHERK
BAER AR 1E{E | {REE [ 80y [FI+AME

1-5 L IE LR A

MRS B ZH LRI
Phisx e——Frequency<CHT> H—1m:ﬂ
N ERK 5.000 VPR ;
ZED X | e | F e N _—
e 0,008 VD S A S
UrkiitE «—y(C =B W 00
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E TR bR e AL

f
X _ ™o | G2 RamP DFF——> I R
e =] 000, 00K Hz KRN
A — WeiE | (REE | tBi [FIFAN

B 1-7 BUHEIE H R s
RN UL
AATXT AR AR R AT IAHE ) T 77 2R, 40 Sine AR ATHIAR L — MRk “Sine” FRIHITIRERE, S PR AIbRIR AT IR

MR, AU FR sine R “Hi%” B
BRRE

N E PR, AERRAFIARCZE NN I5a — R A B Ros s, el nle: k5L
B TTpe BRI BRI MERI. AERGE MCANEA AT L. JEIERFALE D)

ok
Sine | [Square] [Ramp] [Pulse] [Moise Arb CHI ;
Ao ) I~ ) w1 CHZ EHH

K 1-8 bl
. H Sine %5, WIKEIFFERNIEZE S, RS M H I Sine” FFF .
DG1022U ] % th A Y Hz 3| 20MHz B IESZBIY . Wil B/ AW, i/ m-r
MR ARAL, TS RIS RIS HUE B 5%

Sine High £

M 000 000,0kHz

EEIR EE | R Al |RiAm |
Kl 1-9 IE5ZIE LR A
FEFTRIEZEEH R BIAS L SiFN 1kHz, TR{E8 5.0VPP, &N 0VDC,
WIEEAAL g 0°
2. fiH Square %5, WILEIARENTTHAG S, FFERESXAEM I “Square” FH.

DG1022U w4 A A 1 u Hz 3] SMHz 3+ EA A48 52 L) 7. it s B/ . &
fl/ T mEE AT, Hasth. M6, AT RS RIAE S EUE 1K 73 .
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Squarel iHigh 7

o= I 000 000 OkHZ

EER &E | "E (S| F80 | FHE |
Bl 1-10 J7 R S
Bl 1-10 B 7 A RSB\ S HUAZ N 1kHz, TR{EN 5.0VPP, &N 0vde, 5
TN 50%, FIGEFELA 0°
3. {8 H Ramp 158, BRERZNERKES, HFERSXAEMEI “Ramp” F4F.
DG1022U A% HAZE K/N 1 uHz 3 150kHz 2 A P ARSHFR M A48 06 i . 83 15 B AT
I R T AR WRRYE L AL, AT AR RS A S HUE R R

Ramp | iHigh Z

2 11.000,000,0kHz

EEER TEE | R JoantE | A0 | RHARL |
B 1-11 S B s A
1-11 FrRsm b A8 F RGNS 4 SN 1kHz, WR{EN 5.0Vpp, Mm% 0Vdc,
SFFRIER 50%, HIUEAENAI A 0°,
4. f#iFH Pulse #24#, WIREIFRRABKITBAES, FADRAEX LML “Pulse” FH.
DG1022U A% A 500 w Hz 2| 3MHz F 5 A A7 AR kb 56 B 1 ks 7 o 385 3 B
R/ WA/ E A RS BKTE/ S b G, AT DAL 2IAS [R] 2 HUE K .

Pulse | iHigh Z

/- 11.000,000,0kHz

EER &E [ RE (G SR |[RHAR
B 1-12 Bk e s A
1-12 FoR Bk A RGBS 5% 1kHz, TR{EN 5.0VPP, fWfé&HN
0VDC, k% 500 MY 575 LN 50%, SERF Y Os.
5. f#ifH Noise 1%, WKL ABEES, FEREXZEMHI “Noise” FFf.
DG1022U AJ it 75 58 SMHz (e o Sl 3 B IR/ & iF . RAs/ICHSFE, Al LA A ]
SHEIE (S S
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Hoise | High £
w5000 vpp'“'j

e J

] 1-13 1 i B R ST

Kl 1-13 Fisie e N RSB ENTIE 5S40 188 5.0Vpp, IWEZE Y 0Vde

6+ A Arb #258, WIREIFRENERBEES, HERSXAMEI “Arb” FF. DG10
X2 AR % 4K AN SRR SMHz SRR AR R . i BB AR/ A IRE/ s
o AR MG, FTRAVREIAESHUE M RE S
| Arb_[MNegRemp:  HighZ

~1 - 000 vee

L (R | BE | wmiE | -

| Arb_[MNegRemp: ... HghZ
O E] 0
EETFER RIATL [ [ 4=
K 1-14 AR S BOEF AR R F

Kl 1-14 Fr7s NegRamp 18| = A AT H RSB MiFE N 1kHz, TE{EN 5.0Vpp, 1
B 0Vde, HHLIA 0°,

7. {4 CH1/CH2 # ) #diE, Murdk pdiEn] LT 80k B . 785 IR B
AT LAGHAT I IE V)4, DU S L E A R

8. Ml View BV, ATEIE BoR 7 HLIHIE B . SOl TE BIEA OGHTE R
R I A, SACER A TR, % Nz s v] DAY B AR H s 0.

M RE

T 1-15 B, fERTTHOE A TIA e, TSRt . SRR T
I 3] 56550 PR i Tl

§ < h

@

Bl 1-15 @iE . SRR
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B 1-16 368 TE 17 )

] Output #2%8#, 5 FHBCEE I Ay mo Ak e s i (5 5. il 1-16 P, &%
T Output #HEIE TR “ON” H Output 5%,
- SR EUT, CH2 XJ M) Output BEEZSAE ZTTHI1E 4 A, CH2 H3hK

i, 2RI
M N\KE R

N 121 Bos, AERTIEAR EA PRALIZEE, ol AT s Aedl . B, T
R WPRE 2T 5| 3 BB T A T RE I H .

|
|
|

(7)) (8] (o)
@ &) ©®
D)@ G
N @

P 1-21 AR £ A
~ RS TTAE, HTBUEA RS DI AL, SR B S B R A
HAARIR/D, TedH I NG 2 09, e dH IR &1 i —H%,  HfE s 1.
2. R, HTROESHENBE, BERSEESHER N, WE L
i Sine #28#, WMEARMNT, E5R N7 BoR IEZ B ERIE ., 2 B R 20T
BICAAFR . RLAEFH IESZ P AR S Y, X I 52t T S AT I
BEIEZN NS EARE: FUR/AW], WEE s, WA, A,
AL BRARMIEZE. W 2-1 7R, EREERT, Ewhiieg , e T2 8ExR
XHMR A E, P AT BRI A A 7 1) B OB LR S SR B 34T 12
P BRAESA I8 I b2 il 18

lF-
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firihig e 4—Sine | High Z JIEx

Bl v I 000,000,0kHz > =i

imi s < E WeE J (W J 48T [FHA [

e A
K 2-1 IEsZ3 S HUE W E B S
2% 2-1 Sine P T H)SZ B

DR | W o
ﬁﬁg 6l T A 07

Eﬁ% 8 T T O L P T
gf% A T
R 0 E Ak R

B
BIESA PRI S FITF AT T - S ERICR

pa-gihpikIEE

1. % Sine—-Hi/ WM, i BHRSHUE

Ji SRR SR Dy BN I ERIMEL, B0 R TSE I 8 AR . £ S Au, Wik
R AR 0B A R, WARSAE I A A Z B B BOE AW, W LA )
g, DAV R CHATIETUN R B8 R) .
2. RIS (EHACT A, HEMAPTESEIE, RRIRFESR TS AL, %
XL e AL A .t R] DU A B R R BB LU S B ME R, YA A i
LRI PN

* i e 2 i— (Frequendy

- (M 29 _

pHz | mHz | Hz | KHz | MHz | ERiH

2-2 WEMFEMSHE
PRV
SEMABTREMASEN, ERTRRNZREM, WERIT—AREA, 8 SRARNSE.
AR ARER, FRTRfERREBRNMYE, ERREAER, R FEsRd, Bl
Py, TR EREE.
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BB R ME

1. $% Sine—WR{E/ = i - IEE, WERESHUE. B Son PR EDY LR BOME, BE
FE TS e MINEME . A5 SE e MU, U 2R 2 R (X BT B 2 R, 4R S48 H 24 iy
{35 B P A P B B R, SR (B i P B A M T AR, DA 2
e P A T B CHATIR U S (s ) .

2. NPT HIEE . AE S A A e, A PTRSEE, AR RIRE T F AL, L
Xt B e B R B

24 A7 2 1. +—{Amplitude

mivpp | Wpp  [mvrms| Yems [ dBm | BRI

2-3 W B IR ZHE
RV
WEE R EH A “dBo” AL IR XA 7E R H B DT E N 50Q B4 H 3.

pa-Nlrrz 2N

I\ 1% Sine>{mAZ MK AT~ WA, BB ks S HUH .

i o (A S Dy BRI ERME, BB R T e M fmis & . £ S H,
R A% B RO R R, AR S 2 A2 {E .

2 H NP e AR A2 HL

i B S B, MAPTRSEE, IRIR RS M BT AL, 4% TR T R
(OAIIE7 G5 B

i 25, +—dOmse

[TRES =S {\ﬁ 1 0 _

I [ wvoc [mvoc | Yoo | HRiH

K 2-4 BB MEENSUE
wE R AL

1. % Sine—~M{L, W EEIGHLZHUA.
B s IATAE AR Ay N BRIME,  BE R et IARAL. S Hu, R
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2RI ARSLX TR B2 R, 2R {8 Y =2 A m A% (8
2 P AR .
i P e A B, M PTR S HUE, IR R A
Phase
-~ 45_
[ I I [ = T
K 2-5 BEEMMSUE
PRI % View S UIFONEIE Bon s, EFEILSHL W EPR.

Phase<CH1> ———25 000, 000K Hz——
50.0mYPP
10.0mVDC
B. | inlles5 (° |

£ 2-6 FEI 7 o Biat T b 5 8
it BRI E I Y
i Y IE 3% 3%

gyt — AN 20kHz, TRAEA 2.5Vpp, WFEE N 500mVDC, WA 10°H 1E
SR -

HRED R

1. WEBRME

1% Sine—>E 4%/ RIS D)4, BRBESE AR R R

BN “207, EFERAL “kHz”, BCEMIFN 20kHZ.

2. WHEBEE

SRR/t HEP R D) 3, RS PR R B R

BN “2.57, EFERAL “Vpp”, WHEIRIEA 2.5Vpp.

3. WHEMmMEE

AL A P B D) 4, OB SR B % S (1 2O

i B “5007, EFEHRA “mVDC”, WE WL EN 500mVDC.

4. BCEAENL
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FEMRAST g A L I £ SR o
BN 107, EBFERAL “° 7, WEVIIGMHEM N 10° .
R EERG, % View #UHCNEE ERER, 55 k48 FERFIRIEZK.

Phase<CH1> f——20.000, 000KHz——
2,500 VPP
200.0mY D
B. | Ly 0" |
P 3-1 f 1B SZ B

0 HH Bk 8

W s — M SkHz, &N 50mVpp, (RN SmVDe, FkHiR 20 us(52 A
10%), ZERFA 200 us [FIBKIHETE .
HAE DR
1. WEFME
1% Pulse— 15 AT/ JA ARV, OB BRI S (YR 5
R A A “57, WAL “kHz”, BWEMFE ) SkHz.
2. WHEEEE
TR L/ v PP D)4, B S B S £ R
B sa N “507, EFEERAL “mVpp”, WEMEEN 50mVpp.
3. WHEMmMEE
A A A T s ) 4, B SR B S S £ O
FHRECE RN <57, EFEAL “mVDe”, WE M RN SmVDe.
4. WHEMKTE CHEHD
ke (AR, BRI CEE) REORR;
i BB ON “207 (“107 ), EFEEHAL “us" (“%"), KEKEAN200s (5§ FFlk
N 10%).
5. WHELER
FZIEIS , BRSNS (SR 5
AR N “2007, JEFEELL “us”, WEIEN Y200 bs.
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ER R ESERIA, 1% View UIFON B Bon i, 155 kB a8 T B B ki

Delay<CHT> ——5 000,000 ORFz——
50.0MmVPP
5.0mYDC '*' H—z_m;
EN e 20,000 00
K 3-4 i Rk e

a0 HH R P 5%

T s —MIEAE A 30mVpp, R &N 10mVDe A Y .
AP IR:
1. WEEEE
1% Noise—MRF/ & HT- B D)4, 0B S SRR S £ B0
fEHE A “307, IEFPAL “mVpp”, WEMEEN 30mVpp.
2. WEREE
A AL AR P D)4, B S B I A% S £ R
RN €107, EFRA “mVDe”, B E WM EN 10mVDc.
PR E RS, 1% View BV ETE Bor i, (55 KA A T B BT g
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30.0my PP
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P 3-5 %t e 7= I
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