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BRI E X2 LE 1992 4, MathWorks 2> 2% IE s HEH MATLAB 1.0 JitAs,
FIT 1999 5 MATLAB 5.3 Wit —0 it 7 IR Theg, [RIRF Simulink 3.0 MizAs
BB KAE. 7E 2000 4E 10 A, MATLAB 6.0 fiA#ES, HIGi8 270 #/E 5,
ERERFRMEN. MEEREONEEEHE O L, fERMEMMER A% H
PR T AR K77 {8 . 2001 45, MathWorks 2330 XH#EH T MATLAB 6.1 Jii%/Simulink
4.1 hie, JOBEWIRE T RS 07 545 RAE =S T Bk T H g s 7 52003
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% 6 AHEH T MATLAB Release 13, Bl MATLAB 6.5/Simulink 5.0, 7EA%/0M{ES
2 T AR DRI S5 £ 7 A AR B0t < 2004 4F IE R HEH MATLAB
Release 14, Bl MATLAB 7.0/Simulink 6.0, iX/&—/NHA BREME XA b5,
JUFRAER 3 AR 9 H MathWorks 23 &8l #B&HEH 44E (1) a BOF1 b iR B #7800
fiA & MATLAB 2014a.

MATLAB /& H i E fr_EERATRIREA RS TROGERGETRZ —, AR
MATLAB @MU 2 “HEFEER=E" T, BOLBRAEE Z N A&
1. EFAENREES, TUREE “FNR” HEHES. A 20 tHa 90
EAR AR, 35 EFIRR N - [ K o MATLAB iE RBNGFFUAE FIARME (9801,
MATLAB % CE MRS, BaiEhEe . gt K7 E S, i
(B85 M M)A RGN B R B AE 2 TR, O 2 A BT b 20 B4R Y R A
Bz —. EWISTITA TS, MATLAB a8k TREMA 1A S48 1 —Fh T H,
BN RAT R RS TR E iR T A.

2.1.2 MATLAB 7.1 (&5 Hifr

H MATLAB 6.5 WAL JG, & WA Z [6] i 57 10 XA AR AR AR, #R4F R 2
RKFE/NFE . BRRKAW—ARA, FHERIERASARRNENL. K
TR 2 2005 4F 9 A KA 1] MATLAB 7.1 fiAR . fE3d S, WmREER
4t & Windows XP, FBARMF]; @A #)/2 Windows Vista A& 5 5 WA (1451
ARG, MAEREMIFEIT MATLAB 4R, LW TR xE, WwE 2.1
Fi7R e

javax.swing.border.EmptyBorder.<init= (Unknown Source)
com.sunjava.swing.plsfwindows WindowsTableHeaderUI$XPDefau... |
com.mathworks.mwswing table.SortedTableHeaderRenderer.getTa...

javax.swing.plaf.basic.B asicTableHeaderUl.getHeaderRenderer(Unk...
javax.swing.plaf.basic.B asicTableHeaderUl.getHeaderHeight(Unkno...
javax.swing.plaf.basicBasicTableHeaderUlLcreateHeaderSize(Unkn...
javax.swing.plaf.basic.B asicTableHeaderUlgetPreferredSize(Unkno...
javax.swing.JComponent.getPreferredSize(Unknown Source)
javax.swingViewportLayout.preferredLayoutSize(Unknown Source)

B 2.1 iE{T MATLAB #1402 403 shiliR
IXEHEIE A R AR R, sSERE TR — “PERF” hikE
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/R EIRIK AP RN A—MATLAB {i &

iiilli\

MATLAB J5 ¥ “@tE”, 3@ 2.2 FiastighE, Ak “ iR iEirxy
R, fE FHrdF#HEfi%$E Windows Vista BN, HJ5Hd “Hie” &Hl. =
AT G REIEH IR shA# A .

st | REH

PR

el
LREFEETRMER:

wE
[F1m 256 @iEfT

I 840 x 480 RRAWEEST
(kU S
kT o

% i1 RENBAB TSI

HER
LEERSHHETHER

E22 FHAEEAEE

MATLAB 7.1 )RG5 2.3 Fizn, ©5ZAH 7.0 R, 6.5 RS S AR
ZT L. RENHEROPAFEESRE, THEE, 467 H% (Current Directory)
% . TAEZS[a] (Workspace) % . #7415 (Command History) & 115 . B4
LN 4 % 0 (Command Window), ‘BEFEFMMIA FM. LM, 7EB3H&
WHMNESRETOMRERAL, WREKERER MR, WJLIR G FERR
Desktop— Desktop Layer— Default SZH Pk 82 BRI\ & LA 5 .

e A& H, AT MATLAB RIEAJTES, #4815 3] sin(n/4) FIME,
A LAYE A2 B N sin(pi/4), ATLAR RIS RWT.

= of iAo wol. el e L SR i
>> sin ) "o b L L e T B e




2% MATLAB {FEEf

[#%# | [ simuink pRTR | | GUIDE EBAAREHX | [ Profiler {kiBiHiks# T |
Ele Edit Debug DResktop Ip
D& Mmoo o B|? | Corvant Directory: [c:\Program Files\MATLABTL _:]_l 2] - 5
Shortcuts [#] How to Add (2] ¥hat' 5 New
Current Directory - CAProgrem Flles\M&TLAB71 & X [[Command Window A x
BN B- |
AL Files [ 31 Tyme [size Tie To get [started, select MATLAS Help or Desos from the Help menu.
bin Folder 20° j
¢ demos Folder ao »
Lg‘af: ARaH || THzagn | X
pocs
& java Fdlder 20" 4
4 jhelp Fdider 20°
& notebook 20°~|
1 o

& 2.3 MATLAB 7.1 &% i

Ji5h, WRBEUEFI AR RS, W LAE A2 & LA help B F ZEREI
hREM L. i help &Y MATLAB HISCRYUEHT, R&E—PMHIEHE PR ERE
MATLAB %051 B0, fEM HbRERERI AR, WS oA, A A i
MIE AR e ? aTLAFE G2 & D P4 help gammd, 52& 2.4 P,

>> help gamrnd

GAMRND Random arrays from gamma distribution.
R = GAMRND (4,B) returns an array of random rumbers chosen from the
ganma distribution with shape parameter A and scale parameter B. The
size of R is the common size of A and B if both are arrays. If
either parameter is a scalar, the size of R i1s the size of the other

parameter.

R = GAMRND (4, B,M,N,...) or R = GAMRND (4,B, [M,N,...]) returns an
M-by-N-by-... array.

Some references refer to the gamma distribution with a single
parameter. This corresponds to GAMRND with B = 1.

See also gamcdf, gamfit, gaminv, gamlike, gampdf, gamstat, random.

Reference page in Help browser
doc_gamrnd

24 help #HBHFRS
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RS — S ERCIER S, LA doc gammd, WA KT %A%
FERBT, Wi 2.5 Bios.

File Edit View Go Favorites Desktop Window Help - ‘I

Help Navigator X [gm wp O | &

c“:‘“""”al:pl:::los;‘ﬂ::l Bmsl Title: ] ganrnd | Functions (Statisties Toolbox) ¥
i@ Model Predictive Control Toolbox & Eufictions: &
& & Model-Based Calibration Toolboxy [Note - The results inthe bl‘mrm elamplos “P"‘d R S :.
|| =@ Neural Network Toolbox . States of rand and randn If you run the code in these examples, your |
= & OPC Toolbox . !nsuﬂs myd&tfmmthcanmsshownhm "l
@ 4 Optimization Toolbox T 2 VY Lo e m -
= & Partial Differential Equation Toolb Examples *
& & RF Toolbox " .
- Robust Control Toolbox T nl = gamrnd(1:5, 6:10) -
=@ Signal Processing Toolbox il "'
& & Spline Toolbox 9.1132 12.8431 24,8025 38.5960 106.4164 .
& & Statistics Toolbox *
@ @ Gefting Started n2 = ganrnd(5, 10, [1 51) o
& [ Probability Distributions .'{
5 n2 = a

#-[B) Descriptive Statistics o

30.9488 33.6667 33,6837 65.2014 46,8265

i#-[@ Linear Models .
#-[@ Nonlinear Regression Mudals 13 = gannd(2:6, 3,1, 5)
- [@) Multivariate Statistics >
#-[@ Hypothesis Tests o nd =
w a Statistical Plots o 12.8715 11.3068 3.0982 15.6012 21.6739
- @ Statistical Process Control %
& @ Design of Expeniments || See Also
® % Hidden Markov mdals » || gamcdf, ganfit, ganinv, ganlike, ganpdf, ganstat, randz .
= B I List
*
& Probability Dastnbutlons || [ gampdf gamstat ]
Descriptive Statistics -
2w 1=} 1%4-2!15 Tha Mathorks Inc. - Le_(ms_quls_g F_‘g;gm_s_ I@_Qa_rmm -

Bl 2.5 help TR

2.1.3 M CPFgaasnfE

YH P EBITHIRARZ MR, BARE—HAEMSE DR, IFELEE
5, HORZREFA]T . 1 MATLAB ] M CHE4gniE 2% GEARYIX —ia) 8, FH P e LUK
—HMKATE AR AER —A ASCH fSdy2 X, BIFTIBMSFE. EERHE T
[, TR DEUAHE—A M X, Bdie UL — AR & M 3C
. A E] LUE L e 33 8 File—New—M-File 75 RE L — N Fr I ScAY,
B 2.6 Fion. M XCHFgniasto & B3, THA., REgHEE D%,

WAE, FFRE % —/ MATLAB F2F. &M Lk, Glg@—4 M ek, 1
R4 & O A LU FEF

e ff%ﬁ : m&& |
%% %%%%%y%‘f




[Mxcta | [amm| [Tae| [sresesesm]|  [wogeT

File Edit Text Cell Tools Debug Desktopy Window Heip ; 2 el
Dsllll.nﬂl.|lrilﬂllﬁﬂ lllsua:l_': BEODBESO
; ‘

fUESE A O

| serapt Jta 1 €l 1 [ovk ® |
26 M X{Hgifies
RGN, % Cul+S @aliF i M g 2300 “ORfF” %4l 48 M X

%54 examplel l.m, )58 TAPHZTRF (Run) %4, B1T4%
g 2.7 s

E

Edit Tea Cell T ug Desktop  » = » x i Fle Edh | Desktop Window Help x
DEE s wBo- & M7 = *BE oDﬂliIInnTln’l t”“h-r-'nln\lﬂ'gl"\-ﬁ¥_ I
. 1 —
2 N WEEE W W RS A R
3
4« AN EOSPTHYR. AUESSEOERRN - gure
B~ value=sin(pi/a) +eoe (1) +10g (2) f I Fle E64 View Inser Tosh Deckto Winden Help. >
7« GESEOWNR i u : B = & m‘.
B~ disp( Ballo ali'); L I
¥
10+ @1 FHAR
11 = t=0:0.5:2%p3;
12 = y=sint),
13 = plot(t,y, ~ke', MarkerFace',"3')
14
15
"
S f-d-18 THRE € -
C help ¥ "
! | help M-fals %1
R | R - help disp - <
foempt . a8 ca m lem L il e 4

27 HFEfTER
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22 HYEREAEA

AFE FNH MATLAB W B EERIRIE T, HANBEIRIRE, BhE
RAREUERA, RIE/4 MATLAB S EEHA .. BB RERIERAT
Hl, AEEERGERE.

221  KdRZUHEGA

MATLAB Hf 15 FEEAR IR, 53502 8 i A HESEA! (int8. uint8,
int16. uintl6. int32. uint32. int64. uint64). HKEEEVE ¥ DUGEF S5, 2
AR, FRAEBRA. oA, S, REm, Wk 2.1 B4 AT
A E T A X 9Pk, MATLAB A H 7 H E ST [a) %5 S0 FH P 8RR Java 24

R,
2.1 MATLAB g5
WO KR N B0
int8. uint8 (1) BRFSFICTT S8R,
int16. uint 16 a=uint16(8000) (2) RFRBEHER b b s 2R A D [ N 1745 1)
int32. uint 32 b=int8(123.5) (3) BRT int64 F uint64 AT SN B A 3EHERY, #aT LLRILE
int64. uint 64 Begi s
ing] o la(383 51 (1) HORSREEE e,
gl Sl (2) ARURBERAIALL, & 220>
_— (1) AR M RA,
double 411.234i (2) ‘E LR R SR MRORTEE T, & MATLAB ERiA 5
) e
(1) ZHEEEAR.
logical a=randn>0.5 (2) Gk randn B KT 0.5, W a fFEIEEHEM 1, F
0
char ‘Hello World !” FLFERER
A{l,13="Jack’ (1) TSR,
o Al 254) | 2 BAUEEATUR AR Bl A
station.id=123 (1) ghtyfkay,
structure station.x=100 (2) f CiBEEHERMEEAMERE, B CiESPIgb4E
station.y=120 HABL, ARG RE A Rl 7 BT DA it 22 R IRY () H
RO @sin R, ST MR

X 15 FREEAS MRS H R 4% B AT 2UFE W A7 T AR R IR . 8 P
EHERTY, ATUATRI RS A R8G0SR ERXURS BE V7 A 2 2R M T L iy B
&R N EIXPIR R B IS MBI AREE 4, R hE i LA B AT
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Z 1]y d

[65)2.1) Kv7 % 128.4 #4385

JEE 1: a=int8(128.4), 45HH a=127, Mifiditi. Fh 1284 B T int8 £
ANaHE (=27 ~27), XEHEIEH a=int16(128.4), N a=128.

J7i 2. R n) B (RS I EUEE round()pRi Y, BP a=round(128.4), 3%
a=128. KIA/PMEERT 2 0.4<0.5, FZREI NG KFET 0.5 B U& 7/ 8
HB4r, B 1, W round(128.5)=129.

Tk 3: R 0 BUEE R 3L fix(x), Bl a=fix(128.4), 45584 a=128. fix(—128.4)=
-128.

Jik4: RHAMAKRT x MRETLEHRE floor(x). floor(128.4)=128,
floor(-128.4)=-129, HERILS fix(x)&EHIX H .

TS MAHRANT x FMEELEHNE ceil(x). ceil(128.4)=129,
ceil(-128.4)=—128. iHFEIHE floor(x)IXT L.

2.2.2  BEHRGIE

e B TR AN ERHES 775K, MATLAB B %4 v L2 A BLF JLF.

(1) BATENTEHA (empty array).

(2) RE—NTGENFE (scalar), T%kr LR —1T—FIHI%E4.

(3) R —7a#F —FITCEM MR (vector), 43 MIMUAMAT FBFF A&,
GEFR A — YR -

(4) FHEMEAZITZHIM 454 .

(5) i 4R 2 4E5A .

[622] Gl NTHAA.

(23] @45 A.
Jrik 1: A=[1,2,3.4,5]
J5i%2: A=ones(1,5), RN

Jrik3: Wit E S ReIE.

13 |




———— FREEREERENA—MATLAB (HE

[f5)2.4] Gl —A 454 A ,
Tk 1: A=[123;4,5,6;7 8 9]. {FR G2 8] AT LA 25454 b FF-t 7T LA AE S b
It R AR5 LA 5 .

Jiik 2: A=zeros(3,3). A=ones(3,3)%. Bl 317 3 Flff, AT ER 0
B 1 TR,
Ji¥% 3: A=[1:3;linspace(4,6,3);7 8 9], FE#r4 B L MISITLE B F .

3
'

HYMEM, W LN ERRMERREMN 1 JFMh, Sigin 1 53 N. #55%
BB, W 1:2:N, WIRZRM | FFRE RN 2, — BRI T%F N R 5H.
fihn, ZEMAHIA 1:2:10 BEILLF 4R,

linspace(start,stop,n) BR 3 ¥ 15 FH A2 7 25— I start FFEA1K, B2f5 — AN stop [
LFHI, 7K (stop- start)/(n-1).

(61251 Ol —A =4l

U = S A RORA, TE E BRI, IR R
BT TRRZ YN, SR ES MATLAB J 389550, 101 ones() zeros() cat()%%.
ik 1 LRI AR RS L

EXH, HSENMERRZEN SRS Blm, AC:,DREEES] 1 1
FrfAT (247) FFTEH (2 51D,

§| 14
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¥ 2F MATLAB (HEEHA

Jiik 2 H catQpR i BIE

BJE, REEEE, O — AN, BEH zerosO MBI,
IR J5 R 5 TT AR A .
223 K@Y

MATLAB H 324t T KRR RS, TR B0 FENE, B
Hitl BABRSERAN, 4ERE, BOABARRAL, UBBALE A A & 02 Rl
DUSESE o AT L) T B R A R B B RS RN P (R R T o
[$)2.6] FREUEE —PMEAHKIKA size() -

A . size(A) B B E R B HIATRIS . B AMEAT LU length(A)BR%, 4 A £
— UL, length(A)IR B2 A $CALHO T ZEAE: 24 A 2 — 4ESUZ1 I 1%, length(A)
iR 0] size(A)f3E AT FNF A K AR AME

[512.7) FH length $KAFHEME A HORG—4ERE I T BN,




FREBIEKIFEREA—MATLAB {i&

[$52.8] FRASEALMYERL.

TR BATTER. —YEHAL, 7E MATLAB BL#0 HAN — 4804, Whe
MR B WAL (BDRGITAMIINANTTD . SRECEAHAI4ERE N ndims()
BRET .

224 FEHERE

TR L ARSI AT, SRR ARG, R0
PO, MBS, WS RIGHFS . F Il BT R 0 5
HAf Ty |

(61291 P TEHMES| 5L,

i
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[$512.10] X o3 BT AR .

[f512.11] HAHMEE. |
MATLAB #4745 40 % B 5 1] 50 i 28 5 AR ETE ().
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(#2121 HAHRIETRERIZSHE




(2% MATLAB {FEEH

(612131 HARIHF.

BRNEDL T, sort( & SO B R A2 THFHES . 352 AT LAFIA help sort 25
sort() R & ) HoAt HE P07 KA F 77 12

HAR MATLAB &R BAFMAIS H B SRS . s & A%
12, XA G gmfe R A B .

225 HEARRLCIREEH

iS4 MATLAB S FP 2% Hm KA. 4501k (Structure) 17T/ %4
(Cell Array). XPEFIEAIRMIEM, FrTLAAEA R B0, 7EF2 5 v
[T A EENAX BB R AR NIRRT FHE RS A%
IR AE R

1. 45tk
LRI QIR AT RS RE B AR SR T BORE; Eit s
ey A1) it PR HOR B2
(65 2.14] @b FBOREEI S5 H 14

M “ SR AR TR IR kAR . 5] 2.14 ol T
— AN, (station) 544K, K ZFR (name) FBUREA's1', KEESEIARFR (x,y)
B (100,1200. [FFE, w7 LAGIELGEMALA, WF.

|
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FREBIERFERMA—MATLAB iR .

X R X SRS A IRV, QI EE 3 DILRIG AL,
TR AN S LA BRI . WREGRENI0EE, WEFEHAp—
DNEHIER x M4%, IO EZMARAZRE, WT.

[ 2.15] @il struct B H1A.

struct(7-BLAFR, 7 BUE, 7 BCA IR, T BUE ), BILIZIVEQRE T — A4tk
Bl I FARR G 7 RER—ARR, .

[f2.16] ZHEKIRE.

A WA AR AR 2B, BN FBAL A DIk i Sk, X gt
IR E .
2. JUhe%4A

B T E 2 AT U ER BT cell B0, fETHBAlP, SFEA
MBS {}. ERWMER T,

(D fefE SR THR5| L, WHREREEUSES LN, BaaUR5%
FIRARALE LTI N RIBEE, Bl

| 20




2% MATLAB {FEER

|

(2) TCHUEAR i RS, IR ALERRE I %5 4 DA 4GS, St
HERTCRARA, FEAPRES, fim:

23 ERgit

MATLAB 2 —Fim M4feiE =, MHEAMESIES —FE, MATLAB g4t T
TR EA] KB ER S - BERMEsIER, MHAS C i@é‘ﬂﬁﬁ%ﬂ%ﬁj?ﬁ
AHAL .

TR X1 MATLAB 8547 if. else. end. switch, case. otherwise.
for, while. continue. break 5. RERVAHEIRIXLESHET, KT MATLAB 4ifig -,
EMATLAB ':P, Eﬁjb “%”’ Fﬁﬁﬁﬁ—%ﬁﬁlﬁ, Wﬂﬁﬂ:

Ok % ERRE. WREASEN, CHESBRERSED
231 FMHES

FAFEREEA if. switch iHA). if IEAEATERE ifelse-end, if &) a]

21 |
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FREIEKRIER L A——MATLAB {f &

LA E LA elseif 157, H K if EREKRAXLT .

HAEARIEN 1 HER, PATHSGER 1 CEUERREHELMHEREN 2,
MR ZRIEANE, WPATH3CER) 20, WRFMREX N, WHBATERNK 2
SCER), BRSSO IS U B AR A .

1 X<—T
[61217) W5 f(x)=13x x>7
' sin x —T<XST

switch 5 case it &1 H . [HAFEREMIZ, 7 MATLAB H [ switch ik A] LA
TR, BT,




$2F MATLAB {FEEHY

(512181 #2014 EMFEAD AR, FhiZ A6 HRE.

switch A% ) LRI T F break K817, X455 CEBESAM, iFiE
FER.
232 HERiE
MATLAB H (KRR E A4 for TEFA A while FEFRBIFIER . for FEFR LA
AW, |

BARERNME 1, P AT LASE IE SE 800 51 S s Bl AR o . 1 FIESL, 78
IRBOERNTLIER, ERGR: ST RH, FEHREROME DT LIER,

TG
(612191 i sum=1+2+3+---N, N=10.

while TR IR F .

|

B IV




HII\U

€ /REIEHRIZRAA—MATLAB i

HPAT AR A, mERERXANE, WPATREFEANE, PATEFFANRE
RREHE, FHREUBEHEARA, [ FREEIT, HRIBkH LR,
[612.20) it sum=1+2+3+---N, %4 sum>100 H{ 1k,

FEFFAE n=14 B 455, 1XBY sum=105.

ZEEER T, HrH 4 3 continue A1 break 5] . continue 5] R 4 IRTEHR A
kG FIAT, TR EE R AR B AT Y, BT —IKMEH . 1M break i)
FIFIB HAER .

[4512.21] M 100 ANBEHLEIEESL C/MEEE 0~50) F8kii KT 25 14K,

FERPEATRA, AR T 150 WATLAE L, JFTEDH Dk RS

24
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IBATERUT

sum= 161 I A e
 B=4 » = e i SR A
233

FIAh & RE S —H#, MATLAB R EEEEGRA S (BT EMASED,
REEIHSE (BT EIREED, & R T 2 function. & X eREHIAE A
wr.

 funcion [%wam#mwé £l

DS RET, KA E M AR B, BATBS R
¥, HAH M SRS, SAWE 2.8 Praaflis, REERE, BRI M XS
main. TS ERBSEER A M X, af LI ORAE A M . {8
RAEITH, —EEHENBER —TERXT.

: Flle Edlt ext Cell Tools Debug Desld:op  » ‘ i
D W |imlo (& A -] @

function main NTEE—n3CfFeh. EEEELIFERR
a=1;

b=2,

c=3;

d= getmax(a,b,c) % \HAFH

% FH. MEEEFRASHARANI

function m=getmax (x,y, z)

m=X;
if y>m

m=y,
end

|
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MATLAB 1 —Fh iR B 42 e 8, B0l W= — 1T AR RE S 58 A 1o £ pR 2
5M X+, EARETURKESNISH, IRESREERAwT.

5@ MATLAB 612 B B iR 1R, ot AS iy RME
BN E R BRI, JFEIX AN R EANIR [F145 45 & fhandle, X FERE AT DL i
thandle K il F & SCAFIIX AR 3L T o Bildn:

PR B SR _ESRAt T —b a) 1% 18 I R E 7 ¥ - MATLAB $2 689 % M 3C
P EREOR P AR K, AT LB B B RO, T e A RO X I R S B ]
Filo 3 e B AR ) — ROR TR N R

Hrh, function_filename J2 R ECHT N M S Z FRELE MATLAB P43 66 501 42
P, @RAIWGIEIR/ERF, fhandle EIRFFRREAIMIAS R . Blt, fhandle=@sin

FEIE T MATLAB P #8858 sin OA)HE, FFARFELE fhandle 25 &, LU AT LLE
it fthandle(x)>REH sin(x) I ThAE. A HATIR'S B A kE, wE 2.9 s, H

S R

File Edit View Debug Desktop Window Help File Edit Text Cell Tools Debug Desktop  » | # x|
D@t Rl o~ BB P|owa D@ 'm8o - &M - "B
Shortcuts (] How to Add [E] ¥hat's New - DETT [

| Current Directogy - CAPragrem Rle \WITLAB T1\wark * x |42

At RS B- ‘

-

function main XEE—a¥fd, zEHEUFEH
=~ & randn
4 - b=randn

= c=randn
6 %d= gzetmar(a,b,c) ¥ WAFHH

- fd=@getmax % il EN AR & BGRAD|

- d=fd(ab,c)

‘ Lx—— 1d-4-17 FH1:06 —%
N 14-4~22 EF8:03 —%

B%— 14-4-23 E¥F1:10 —%
}—hnlp randint

[osinwe ¥ gotnexn %]
C |mein [a 7 cta 2 [om

K29 REAIMREIEIERMEM
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5E M IFERECH getmax(x,y,z) (BREASE 2.8 SEIINA 3, HEE e iR ir
7E M U, it fd=@getmax SEELAJANBIEE, IR fd(x,y,2)SEER A .

234 mpE

MATLAB 4 & B s BT e A, %140 plot. plot3. bar, line %. F
[ LA plot eREOAHY, N-ARanfar R 26 & AP AR EE - plot BREFEZAE X F .

A LU 45 8 LineSpec 455€ HIZR 28, Hifa LA R KR S pbid KA. X
TER B 7R IR A R AL X 23 2 20 500 i st 4 2+ 40 )

B, “-or” BRAKHA MIELZL, B HEE R, R4 . MATLAB
RN MBEX 2 Z A &N, (BERRREOITHSHAE BRNER T, M
B R LR R R ME— X 2 T .

® 225 T MATLAB Al it £ R thZR A2 8L . Bita MR cibrid 88, X
Xt FHoAth MATLAB 18 5] & 347 52 18 11 .

# 2.2 LineSpec A[IEFFF5I%R

53] B, Bl R IC R
PR HX PRRTE BX PRI =X
Stk r AN + s
JEqES" g 53] 0 1] e
HEZE, b [ R EN = By
M c e : =
m & RN x XS
y g g5 s (5 squre) Vil
k R d (%4 diamond) 2
w Sf) " NP
v I [ = f
> [m 45— T
< P A =T
p (8# pentagram) Hik
h (8# hexagram) 7NiAT

(61 2.22]) @ HIBEYLER AL randn 724 3 AHBEHLEL, 541 10 4, KEdkEH plot

L —
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| File 'Ek\f'"' Insert Tools Desktop Window Help
lbsus b @t @ 0d =0

(b)
Kl 2.10 WEAFEBE LR mEESR (4
B AT A AA R A &, K &R ETEBOR . [Fi 3 16 ] LL7E
plot £z {1 [F I B R ML 5 . AR IR/, bRid N IE SRS . IXLEE
JEifl i plot(-++,"PropertyName', PropertyValue, - )iX £ [iE 4 Aok 2L, S

R 2.3 MZSEUH .
#* 23 LEGSLHAE PropertyName

PropertyName X b U
LineWidth KR ¥, W05, 1, 2.5%
MarkerEdgeColor Fric s L HELR R PE TR, Wr. go b
MarkerFaceColor Fric s e AR, Wi, g b
MarkerSize Fiid s K ¥, wo.s. 1, 2.5%
24 NG

AT M4 MATLAB KJEJTSEATF, iS4 T MATLAB 7.1 [RAK RS .
2.2 T4 T MATLAB OB AERY, 5#5 B8 R B e SRR e Tk, 1
G Fe F NOZ RE A I B R E I & RN TS . 2.3 WA T RSO, FE5
A9 AR R PR hE ), EENR T RBEMEH T, a2
2218, MATLAB 58 K FEHE v AL ThRE, BENFRF 07 B4R B FhSE ML R Hh

AE & MATLAB 7 Kalman JEB A6 BN A 0 5ERl, A SBYEE AR,
[ B} A5 B e S () oA A28 MATLAB 4f2H P4, A BRESARN A
Al MATLAB %if%, #2538 2% .



ﬁ 3E %M Kalman gl

EVFZ TR, EEARE EEA 2R ZE ARSI EE. B,
IR ARSI A H PRI, AR S SN B AE RRES H BARIEE R, (B HIEHK
LA P AAAERENL TR RS, T BHEM MG B RIE 5 PR B S .
AT N2 A BEALE 75 OIS 5 b 2> B KA T i Ie s RS &, EHE
A3 B A FPRSZRBREARTRER,  HAERIEII = R Al v BR PRI X SRS
At Kalman J§3 a5 9 A2 X P REAT RBRARME 75 SEma AR 45 . EZRMERZEF, Kalman
IEBERANIED AT . B THHHEARII A RE, Kalman JER T HER 5RHC
ANER RO FON F I REAS, EoREZ BT bR . H AT Kalman 3830 O
ZNHEEP . FH. RER. HI9EF L MRS

3.1 Kalman J&RERE

£ )L L, Kalman JE3 28 Al LA VEARAZZ B AE th I A= Rl iy 26 44 2 18] L 0 5
o RIS 5% 5€ B2 Kalman JEPRAERIVIEA T H . 7EN AL R R4 Kalman
JEWTTFELZ AT, e B EH,
3.1.1 Ghgaes
[EX 31) Himx1 4N & ye R™ LM R BUE T nx] 4EBEHLA &
xeR", WAh{EN
x=b+Ay,beR", Ac R"™ (3.1)
A x M rEREFR bR J, B
J =E[(x-%)"(x-X)]
TR % A BENLAR & x /N T b, Hd E AMES, TA%ES.
O IAE y SKEEPLAR R x Bt B/ 77 Z il iR E A
x =Ex+Cov(x, y)Var(y)"'(y—Ey) (3.2)



F3FE %M Kalman &K

LMt E AT x BRI R

(1) XTfmtt, BEx=Ex.

(2) IEAHE, BRE[(x-%)y"]1=0.

(3) x—x5y &P HRHBEHIAR .

[EX32] Mx-xH5y A XA x-x5y EX (GFEH), dhx-x Ly, If
FRx A xfEy ERSHRE, Wl x=proj(x|y).

SRR LT L 3.1 Biow o

x y
B 3.1 SR LR X
[EX33) HETBEHLZER y(1), p(2), -, p(k)eR™, PR x e R™ L1
BNV E XK
x = proj(x | w)Aproj(x | y(1), (2),---, y(k)) (3.3)
R x A x FEHEREY Lw)E L(p(D),---, p(k)) EHIS .
[EX 3.4] & y(1),y(2), -, y(k) € R" RAFAE_MAERIBENUFTZ], EHIHEF
F) G R EXH

(k) = y(k) — proj(p(k) | y(1), ¥2),--, Mk =1)) , k=1,2,- (3.4)
I S y(k) 1) — 5 BAR TR Ak 4
Y(k |k =1) = proj(y(k) | y(1), ¥(2),---, p(k — 1)) (3.5
R i S 370 Al 5 S
e(k) = (k) — ylk |k =1), k=12, (3.6)

A, HE p(110)=Ep(1) , KLRIET Ee()=0. i H e(k) iU nE 3.2 fr
7, ATLAE H e(k) L L(y(D),--, p(k 1)) .

I
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k)
a(ky=y(ky»k|k-1)

e

(k| k=1)

B 3.2 e ek LR X
[#i2 3.1) &R xe R, WH
proj(x | y(1), »(2),---, y(k)) = proj(x | &(1),&(2),--,&(k)) (3.7)

BT B BT A A, X — B KR S 0 5

[ER 3.1]1 CHEMERZEH) BHEHIER xer, LTI y0,»(2), -,
y(k)eR", HeENHFE—RrE, WAHBHERZAX

proj(x | y(1), (2),-+-, (k) = proj(x | p(1), ¥(2),---, k = 1)) +
E[xe" (k)I[E(s(k)e" (k)] (k)

e(l)
g=| A
e(k)

2R (3.7 M AKX, JFhEe() =0, 3%

proj(x | y(])’ y(2), ) y(k)) — proj(x I 8(1)’ 8(2)a T S(k)) =
proj(x | &) = Ex+E[(x - Ex)(g" (1).&" (2),---,&" (k))]x

E[z(D)e" ()] 0 &(l)
0 E[e()e" ()] || e(k)

Ex+ Z E[xe" ()][E[e()e" ()] &(i)] =

(3.8)

MERR: SIAGEINE

Ex+ Z E[x&" ())][E[£(i)e" ()] " &(i)]+ E[xe" (k)][E[e(k)e" (k)] (k)] =

proj(x | &(1),&(2), -+, &(k 1)) + E[xe" (k)I[E[e(k)e" (k)] &(k)] =
proj(x | y(1), ¥(2),-++, p(k —1)) + E[xe" (k)][E[e(k)e" (k)] (k)]

= 0



E3E %4 Kalman Eig
IBHES Y PR HES Kalman JEJ 28 R HEEE R & .
3.1.2 Kalman JEJ57%S

% &I TR R R MBI R S
X (k+1)=®X (k)+ I'W (k) (3.9)
Y(k) = HX (k) +V (k) (3.10)

b, kB ETE, REFERZ) & FPREN X (k) e R"; Y(k) € R™ Jyxd BARZ
MBES: W(k)e R AMANKIEABEFS; V(k)eR" MM,

Pl (3.9) RAEHFE, KRR (3.10) AR HTE. o I REHEBMERE, T
AW P IR R, H R IR R

(B 1] W) RV (k) ZMERFT. HEMSA QA R KA [,

EW(k)=0, EV(k)=0, EW(kW"(j)=05,, EV(kWV(j)=R5,, W(k)H
V(k) AR, HEHEEW KWV ()]=0, Yk,j, Hbd,=1, 6,=0, V Fx “4F

= 9
T ©

L% 2] WERA X (0) BT W) FaV (k)
E[X(0)] =4, E[(X(0)—,)(X(0)—p,)"]=P,

Kalman 3% 82 : TGS F1),YQ), - Y (k) , kA X)) ikt

BN EMTHE X k), ERAMEERERR AR
J =E[(X(j)-X(j k) (X(j)-X(j k)] (3.11)

ST j=k, j>k, j<k, %RFX(j|k) X Kalman JEREE. FHRESAITHE
92, BEPE LR X AR MR A M AT . TR IS AN AR, &% SRt
. TR B ) R SR RS TR . S S R AR RS
A3 P B TR AT A e

EPEREERR Y (311D T, WAL ke

X(j k) =proj(X(j) | ¥(1),¥(2),--, ¥ (k) (3.12)

A (R R 3.1) B3 HEL R
X(k+1|k+1)=X(k+1|k)+ Kk +1)e(k +1) (3.13)
K(k+1)=E[X(k+1)&" (k +1)]{Ee(k + )" (k +1)}" (3.14)

I
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PR K (k+1) % Kalman JEJ 25625 .
SPREFIE (3.9) FLEUHES
X(k+1|k)=®X(k |k)+ Tproj(W(£) | ¥ (1),¥(2),---, ¥ (k)) (3.15)
hl (3.9) &RE
X (k) € LW (k 1), W(0), X(0))
HMAR 3.100 &
Y (k) € L(V (k),W (k =1),---,W(0), X (0))
BAl it
LY (1),---,¥(k)) = LV (k),--,V (1), W (k - 1),---,W(0), X(0))
WA, ik 1 k2, B
W(k) L L(Y(1),---.¥ (k))
NS % A EW (k) =0 A 43
proj(W (k) | ¥ (1),¥(2),---, ¥ (k)) =0 (3.16)
FR#A
X(k+1|k)=®X (k| k) (3.17)
FIEEH I AR (3.10) PEILEUHEE
Y(k+1|k)= HX (k +1|k)+proj(¥ (k +1) | ¥ (1),¥ (2),---, ¥ (k))  (3.18)
BV (k+1) L LY (1),Y(2),--, ¥ (k) , #H
proj(V (k +1) [ ¥ (1), ¥ (2),---, ¥ (k)) = 0

TRA
Y(k+1|k)=HX(k+1|k) (3.19)
fEIX B 5| i B RiIE R
ek+1)=Y(k+1)-Y(k+1|k) (3.20)
IR AR TR E IR 2 BT 2R R
X(k|k)=X(k)- X (k| k) (3.21)
X(k+11k)=X(k+1)—-X(k+1|k) (3.22)
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I

P(k|k)=E[X(k | k)X (k |k) (3.23)
Pk +1|k)=E[X(k+1|k)X"(k+1|k) (3.24)
Wk (3.10). K (3.19) Fk (3200 FH
e(t+1)= HX(k+1|0)+V(k+1) (3.25)
HREHE 3.9 fik 3.19) FH
X(k+1|k)=®X(k | k)+TW(k) (3.26)
i (3.13) 1
X(t+1|k+1)=X(k+1|k)- K(k+1e(k+1) (3.27)
¥ 325 AKX (3.27) A3
X(t+1|k+)=[I, - K(k+)H)X(k+1|k)- K(k+1)e(k+1) (3.28)
XA, LA nXm BALFE. B
X (k| k)= X(k)- X(k |k)e LW k), -,V (1),W (k —1),---,W(0), X (0))

WA W (k) L X (k|k), WEW ()X (k|k)]=0.
TR (3.26) F3
P(k+1|k)=®P(k |k)®@" + TQF" (3.29)
ESpS]
X(k+11k)=X(k+1)— X(k+1|k)e LW k), V), W(k), -, W (0), X(0))

HWHV(k+1) L X(k+1|k), WEWV(k+DX"(k+1]k)]=0.
X (3.25) HEFETZEMR

Ele(k +1)&"(k+1)] = HP(k +1|k)H" + R (3.30)
R (3.28) A[f§

P(k+1|k+1)=E[e(k + 1)e" (k +1)]
=[I, - K(k+)HIP(k +1|k)[I, - K(t + DHT + K(k + )RH" (k +1)

FHEFHEE K Kalman JERE 8308825 K(k+1), AI5ER E[X(k+1e"(k+1)], B

(33D

|- —
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E[X (k +1)e"(k+1)] = E[(X (k +1]k)+ X (k+1|k))(HX (k +1|k)+V (k+1))" (3.32)
PR A S B A TEAE
X(k+1]k) L X(k+1]k)

HEERVE+) LX(Kk+1k), Vk+)LX(k+1k), T£

E[X(k+1)e"(k+1)]=P(k+1|k)H" (3.33)
B (3300 Mk (333) AR (3.14), H
P(k+1|k)=®P(k | k)®" + IOr" (3.34)

BAER K(k +1) A @ P(k+1]k+1) 958 (3.31), #REER (3.31)
Aumnstbr, BR (3.34) AR B3 FH

P(k+1|k+1)=[I,—KH|P-PH'K" + KHPH'K" + KRK"
=[I,-KHIP-PH'K" + K(HPH" + R)K"
=[I,-KH|P-PH'K" + PH'K"
=[1,- KH\P

B
P(k+1|k+1)=[I - K(k+1)H)P(k +1|k) (3.35)

2, Kalman JE HIRAMES e, WLUBHES S R AT T e,
[E£33.2] (Kalman JEH2%) 2420 (3.9) fX (3.10) 76 [ 1) LR
#2) F, #4# Kalman JEF 22T .

RE— T X(k+1|k)=®X(k|k) (3.36)
R Hr: Xk+1|k+1)=X(k+1]k)+ Kk +1)elk +1) (3.37)
etk +1)=Y(k+1)— HX (k +1|k)

TP K(k+1)=P(k+1|k)H'[HP(k+1|k)H" +R]'  (3.38)
— B F 7 2 - P(k+1|k)=®P(k |k)®" +IQI" (3.39)
T EREER:  Pk+1k+1)=[1, - K(k+)H]P(k +1|k) (3.40)

X(0]0) = p,, P(0|0) = P,



¥ 3F %M Kalman ik

fE— MBS AW, A Kalman 3§35 75 4 F 2 2645 B AW I 45 8 B 56 = X
F7k%, Kalman JESEA AU R0 (E B EH LR I R 5 H i A A0 il 5
Bk . X (3.36) UiHA TARYE k-1 I Z0 IR ZS Al vF T & i 2R 2 1 75 ¥
3 (3.39) XfXFh A R B S M T € B HE . AT PR TS
AZMEEFHERARNGELE, WRE - DEBHEME. BAERMARE. dRERA
JiZ=WF . NI RIEHER S BERE, PO AN k-1 B ZIHERE S & i %),
iR T Kalman 383 (1 B ) 58 37 5d F2 . 04 4% 20 F ke - i B U] O 38746 10 45 1F
7, B E & R E R R RS (PEE-1)), WRERRRERS (R).
MR ERERI KR (HD) LAREARRIE B YR Frifize, PrfiXLdsiHse
—AHI, BIER. GE AR Y (), BrelX— R T Kalman JEJ
f1 00 ) B8 L A

3.1.3 Kalman JEJERSEAbA

1. BREEMERY LI

Pt (3.9) I (3.10) #RKIRSGE, WA V(k)7 52 FE e 7S
MRS, —BEREAI AT MRS (White Gaussian Noise), ‘BT 225l
& QAR (—RBRENAEARRRELZLEN.

FESERR I FH A, B4 ial, Qo] 4niE R4 R FE e S @ AWM E 5 R WE 2
XFF AR RS, e RS, e R R R AR R B R B A . B, —
ANV R ZE R £0.1°C: 2AEFHZIERMEER, ©HRER:1mm;
REMEAERRZE R g, RIEXLER, ATATLLRBENIE S AT &
M 7S R /N e — et WEIMEFS 7522 R B — it B L LIS %, T UAEER:
AL AR R RS T KBRS, SHERNESZE. flm, FHEE
v 100 55 )R B, X 100 (RIGERIR I 7T 2 R, X 5% ERAE LT
% R RAFEHER. FHE, MTEERS 0, ERIERBR LT Z. #l, &
HARERER R G, W FEng s R AER . TREAFREERN, iR
EMERSE D, JdEREEHTAETIE. HCERE. RERZIELY, Zg
RN Q & LLA IR MY, AT DAIE kXt LR B 3675 . B, Hlgs A/NEAEEI I
PR LAT B S A MRS ) B TED AT I, P T bRk T LR 15 AR M 1T 6 B
=, M\iTn 75 PE ) e RS O £ Q.

I
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2. FARTERANALIE

CELMERGA (3.9) M (3.10) FRIERKIEHETE, T —E5ZRZFEEA
A—BHIRERG O, FEERHSEFEEEMAERK (3.9) X (3.10) 1
BB 1 1) R

(1) A. HAHiE. 4t Kalman JEHE ™ E KRG NEERSE, WSl
HEIEERL. NTARRSE, EMRSEHEE 4. H, REZE X(k), %75 0. RES
EA—FER, ZAIA Kalman S8R ACBERE 7S, e BE AV IF RAMBCARA, 4%
JERITER L RG T A H FEAHE, HHBEHBEWK) . V) RGEHREE A %E
(Bl Q. B, BAKMIHRE A, HEEWK) . V() WG R EN, HEE
it 240 TS5, SEM R e AR 8 . EXFES T, —BRNMHBIE

(2) EHEHBRMRGHE. ZBWT RS,

X(k)=AX(k—1)+BU(k-1)+IT'W(k-1)
Y (k)= HX(k)+V (k)
A, Ul)REHE. XMERER (3.9 fk (3.10) iR FE R, 2
T R E R BU)EI T b, 398 55 PEAn R 2= P e 2 — 3
(3) M (3.9) Fik (3.10), (HRGM:S A GMES, BIf

W (k)= ITW (k—1)+ &k —1)

(3.41)

X, S0 hEMES.
KEERFIMERRG WORFIRGS, WG & KRS

X (k)}

b [W(k)

B R RS T AR 5 ARl 5 A
BN
W (k) 0 I |Wk-1) / {

X(k)} +V (k)

Z(k)=[H 0][W(k)

A LA 5 4
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X (k)= A° X" (k 1)+ T“W (k1)
Z°(k) = H X* (k) +V (k)
HEEIfFER (3.9) fisk (3.10) FrfEidi—ME K.

Kalman J83% 8% B A W FHRF .

(1) #1F Kalman 8 EZ#AGTHIE S B EE R SEER T —/NBENLL M
R, I HHRA /i ok R o2 RS 7 FE R4 7 FRAE I ()t Py 45 He 1
BRI X g e T EADGE T F RS BE AL AR R 3E,  T BLRRALE R T PR a T
Pty IR AT K31 8l - SR BT K FFF B8, B DALY FYaRLE 2 iz 1.

(2) Kalman JEE VLR MR EIRIER T, RAREZE#MAERS. R4
AR S B A AR TEBBROXN R, SN0 IE 2 AR
PR EMAHBER, T EMRNEEARENZI—. ZHEEA L E
FIIE ] o

(3) H1T Kalman JE FIEEA T 722 0 A A R, HtEgRE—1
AWt “F-EIE” BERE, ERBNAZERFHAREEE, HFH—BERNE T
BHOEAE, BEED AT LSRR e e, FIHOX PR g vk AR W& A T SER b
R

(4) W T U8B ARHE m A P ST K, FIvEr e B H, Mimnl Ll
/D SER R LRV R . AR UEV ARG s KRR, BSR—ANMEREMY, B A
BT T R4, TR R IR, XM, RKESHEHWETER. 5
Ab, FESRAF ISP ARG 2 Fd R, B AT ARAS S A8 RS FEdR bR P, HXT 4L |
HITERERERERNES T BRI HZ.

3.2 Kalman iEREIENEPHINAE

(3.42)

321 EER

BXH, EEBYFERF I Kalman MBI RE AR — /MR, Eikg
BriE R R T, fFE AT LB T ## Kalman 383

BERANEF RN SR A B EMEE. RIESRAINT, XA a5
KHWETE 25°CZad, TIRESSZEAR0E. PRSI Z W, 5310 PR A2 /I i e
Ao BATASBH N A, ERIIEE R, XEM 1 408, B DAL TR

39 |

|
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£ /REIEIR R RN A—MATLAB AR

] . MRS B, SRR EZ =, PR TG, R RAZ 100%
wEE, AREE N SRR, B RERE Wk, HTEN O,
KAMBGE S @=0.01 (RANAE [ELFRE A e, BIESEiREREER, AKX
HE @=0). Xt (3.9) fxX (3.10), HHNHE, 4=1, I'=1, 0=0.01, K7 X(k)
SEAESE kAN EPI B BS AR EE, R4 . MARREPRETEATLLE N
X(k)= X(k=1)+W(k)
PR RO E v TR R0 & 55 A (R RE, RV BE T R ZE A +£0.5C, M
U ERA TR AR T R 0.25. kR, WAV & R
PEAIE 100%AERAN, ERAMEREE Vi, J HILT7% R=0.25, KULil&E e
Hh Z(k=X(ky+V(k).
Bk, FEEMRAELRBR], ZRGHPRESHN T5FE R
X (k)= AX(k-1)+TW(k-1)
Z(k)= HX (k)+V (k)

AN, Xk)2—4ETREE; A=1; I'=1; H=1; WM VKT %R QO flR.

PRI G LA, AT LA A Kalman 383 T . BRATEAG AR k 2016 SEPrif
{E, 1 BARYE S k=1 B 2 2 BEE (R R T & o 221 PRI FE

(1) BES 1 HZIFREENRER 23.9C, FHRESESRER 24.0C, %
M mZER 0.1°C, Bith 2 Plk—1)=0.1% .

(2) 755 k W%, FBHEAEEEER 24.1°C, BEETHEZN ZM & KE A
24.5°C, N 04°C. BATHFEESE  NZIMEEAHANEEE, 252 1
%) 23.9°CH k BFZIH 24.5C, TRt &XPAEEE, 1521 5EE L SLE il
e ?

B, R 1 RZEEEETE £ S RIEEE, Kt mERN P*klk-1)=
P(k—1)+0=0.02, 45 Kalman 1425 K=P (k| k-1)/(P(k|k-1)+R)=0.0741, AL XM
FIH kB2 00 E, 75208 E R EA X(0)=23.9+0.0741%(24.1-23.9)=
23915°C. A[ M, 5 23.9°CHI 24.5°CAHILL#E:, Kalman flii1{E 23.915°C ST B 5K
{8 24.1°C. UL EEHT k 22 PUo=(1-K*H) P(k|k-1)=0.0186. #/5 1 X(k)=
23.915°C 1 P(k)= 0.0186, W] A4k ZEXt T — i ZI MW B Z (k+1)3EAT 3 B i
A,

(3) IXFf, Kalman 83355 AWTHIAE 57 2235605, Al 5 B0 P B A

(3.43)
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¥ 3&E %M Kalman JER

18R, WATH I E Kalman JEBEF A DHIAGE, 72512 X(0)F1 P0).
BT 3.2.2 TR B & 3.3 A1 3.4 Bros i AR

26.5 T Li
o ¢ e
26} ol —e— H(E |
' —o— Bl{E
P o 0B 1 ——4— Kalman ji{&
255 4 |
O 25T
@ 4
?jg 245+
24
235
23 L 1 1 l
0 20 40 60 80 100 120
FAERT A] /s
3.3 pElaRE A
l 4 =F n T T T T
" —eo— {llE{RZE
—— Kalman JEif (2
].2 ™ [ p
p
1 ® f Ly
, l
£ 08 \b
at |
s . ]
£ o6l | .
= ® dlll
& s ‘ f '
04 ’ "J Il
| 1 l :
0.2 ‘ Lyaly | ’ '
" 4T [
. o/ L Tl 1% I
] i | e
0 3 1
0 20 40 60

FAET ] /s
3.4 55lalE R ZE T
ME _EnTPLE 1, Kalman 380 S5 VF M S OEA L, KRR T W2,
HAR Kalman JEH R ZE R A MK, B eMRESR ] fehiE i B85 E .

o R
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3.3 Kalman i@REBEBEIZE) EARRERPEINE

331 REFEE

W 3.5 Froi a8l Je—YATEE M A hkkizs), W E X H
MR HATRN, FEARSZIRMOMLMENGESHTINT, BATFHEMS T

YA IE B AR FE
P E 2(0)=100
o
Ay \\‘-\
el Sttt
— yhk=x(k)+(k)
(e EB T 4 8 28
i T

3.5 BAhEEWN RS
XN LBEBER M RG, BT MRFHT, &)
Z=-g,t>20 (3.44)

WK z=x FEEZ=x,, &XWTFHRE:
xl
x(t)=[ ] (3.45)
X,
MEHERZEHE R ERFRORSEREMN. AeANES%RE, B5HFH1ZE
R FPRE TR

11 0.5
x(k)=[0 1}c(k-l)Jr[ 1}(—g) (3.46)

BN E, ERNEEZBIEMML, YT vk K, 07y
BA5R

y(k) = x(k) +v(k) (3.47)
By

= «
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y(k)=[1 0]x(k)+v(k) (3.48)

95
&4 & v(k) it 75 % R(k)=0, =1, %%H‘J%ﬁﬁﬁ?&%x@){l], Y145 iR = A

J100 0
P(O)=[ ’ ﬁJo
B i35 12 ) B R A %0
Q(0)=[° °]=0
0 0
& X BT RE
P(k)=E[e(k)] (3.49)

B (3.45) A (3.49) Ik A5 Kalman JE3 FEHELFE. 188

#(k) = A&(k —1)+ K(k)[ y(k) - CAZ(k —1)] (3.50)
Hep s R A

P(k)=AP(k-1)A" +Q(k-1)
K(k)= P(k)C'[CP(k)C" +R]" (3.51)
P(k) = P (k) - K(k)CF, (k)

ZEfhiHaERERX (3.50), EESEPANERS, ArE T, FEENEIE:

x(k)=Ax(k -1)+ K(k) [y(k)—CAx(k—1)]
| S—p—]
i 56 ) (3.52)
5 5

&k NZIRIMAEVHR B -1 HZITMEN LB ERREIN, BLIRESR
B ket 1 2 G T -

(k+1|k)= A%(k) (3.53)
#30 (3.53) giEfhihasmRAR, W45 % Kalman (7S FE. Kalman il

A
X(k+1|k)= Ax(k) = A{Ax(k —1)+ K(k)[y(k) — CAx(k - 1)]} (3.54)

Hrp xR A 3.5,
% EREVERIRE, X (3.46) #iidH B % 4iZsh H briE4T Kalman 383
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AT . B 3.6 R£RFEIIES, FEAG]F 202 S E R, B L
0=0, [ 3.6 (a) BARTIX—&F, UREFBTLE 0 whiEZF. K 3.6 (b)
JEARTHMER 0. 2R 1 IEMERS, "TLUEH, WS R AEIEL 4, X2IEH
KPR ZE, RORA B B R 22 B K T IA B 4m,  IXFE (1000 BE A% J 2% . 1% 5
BVEIK T .

2 4
05 *
X
= 0
i
2]
-0
= : : : : 4 s gl s .
112 14 16 18 2 0 200 400 600 800 1000
s Bl /s
() HAERE (b) J it

K36 RIHIBEE

K 3.7 /& Kalman JEJH LA BSR40, WE 3.7 () MBS, S
{ELSZ B I EE A5 )75 4%, (B2 Kalman JEJ L AR G Ho B T e S 1040, 76
k=200s LLJ5, PrEmZERE 0. B 3.7 (b) /& Kalman i#HES 775 3 o B 2=,
woEH, ELEDENILIKIERIEIRER RIS 2B

—e— RLE
3 . »— Kalman f&LfLi

nnhl
his |||i I, ‘| (“Ih‘! ‘:)‘ if' ! “ l v\‘ :I'!I

' |||
\‘;' 0 IK
—I llH'] I!“\ | || "" ~ 1 | 1”' li "'Illi l"il 5

bk d i

.

-3

-4 1 L 1 L
0 200 400 600 800 1000
KAt A /s

(a) BMGLE . B OIR SHKIEZ A RE

/3.7 Kalman 3835355 7 (1) 2b B
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0.1F
0

# —0.1
=
=) -0.2

0.3

0.4

0.5 i L 1 L

200 400 600 800 1000
At /s

(b) Kalman i 5 #93 HE 55 St 2 1R a2
3.7 Kalman JEHFIEN B FIALIE (42)
P 3.8 J& Kalman JERFEAE R NN ZPREH T 2, B 3.8 () RBHR
Z A, K 3.8 (b) REERNRELIE, CIIEABLFrsStE, o7 gtk
Kalman %&H%%"ﬁ% (AL B R H A

10 10 v —
8t 4 8t
d o
R 6 R 6}
£y 8
ﬁ 4r & 4r
8 &
E=] w
2 2t
o L " 0 L " A A
0 200 400 600 800 1000 0 200 400 600 800 100
R i8] /s SR ] /s
(a) Prfs¥y)s % (b) HREETj %

3.8 Kalman JEJ FIEAE BB ZPRE B £
3.32 MATLAB i Efy5

|
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ylabel({ #7245 /7 {H");

figure

plot(err_P(:,1));

xlabel ("R AE R [E)/s");

ylabel ('8 & 12 235 75 (),

%%% %% %% %% %% % %% %% % %% % % % %0 %0 % % %% % %0 % %% % % %% % % % %% % % % %0

3.4 Kalman JERERLHE GPS SMEN ARSDHVN A

34.1 PSR

S IREN R Y (Global Positioning System, GPS) J vz T % FifH &
2o & AR . MR GPS SAUE MR B 3.9 BiR, ¥ —& GPS #&ihl w4
B Hbs (AR bt el AT SAUE R vHE . GPS #lebl wT LA SE I e B 7E 5L
FSem LR RNGES, FHEZEE () A EMER . BT KA
GPS Tl LEHBEMGE S ANMA T @ik THE S, BUEFAHEIREM
PREGSYmEmmEsh. A TR e, TEXT GPS KT Ml i A7 & A
TP N1 5 AT IE UK - £ GPS ARG H A A A BE LT85 5 7T B Bk
& GPS S AL WLMIE 7S . WP RE AR E (7 2) Al i GPS MLIN{E 5 H R4 H
R KA.

Kl3.9 fiff GPS FHUE N R

JR AR AT Ak, BCE MR I R L T AT . BAHE DRSSk R Ak
MARRIE 5, BERAERT AR T, F s(l)R R RATZE R RER Z) kT AR ELSERLE, FH y(k)

| 50
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FRAERZ kTo &b GPS 5ERLAMIIAE, I DI A

y(k) = s(k) +v(k) (3.55)
R, wk)For GPS EALRZE MM, WERRTEEHME. HEHko! IIE%
7, J5% o) W LLGEIE KR GPS WA B Fl Gt 7 i3RI . R R 2 ATy A
ARG Jg $(k) , IGESE R atk), BIAIPNEEEHARA

s(k+1)=s(k)+5(k)T, +0.5T}a(k) (3.56)
s(k +1)=s(k)+ Tya(k) (3.57)

11 N E @) HIHLAN I BE w(l) FIBEAL AN BE wik) P38 54 i, B
a(k) = u(k) + w(k) (3.58)

s wl) ARSI R G ERUE S, ER A B CABLEE S w2 H
W RAIHEIR S E M BEHLINE RS, REe—RFHE. TER o, BSLTF vkl s
7o 38 SAERFERTZY KTo b ZR e MRS x(k) A M AR RO AL B, B

| s(k)
x(k) = [s.( k)} (3.59)
A3 EIfEARE S RS 72
stk+1)] _[1 T, [s(k)] [0.57; 0.577
L(k+l)}_|:0 I]L(k)]+[ T }u(k){ T ]W(k) (3.60)
MR 72
=0 0" ® |+
y(k)=[1 0] §0 v(k) (3.61)
BV AR G5 (1R A 23 (R A A Ay
x(k +1) = @x(k)+ Bu(k) + T'w(k)
(k) = Hix(k)+v(k) (3.62)
K,

1 T 0.5T;
¢=[ °], B=1"=|: 5"],11:[1 0]
0 1 T,

THEMA GPS FATE AL Kalman JEHR)EUR : 5T GPS WLMEHE ( »(1), »(2),---, y(k) ),
FRIMARALE k N2 E st B flivt Sk k)

I
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TEAZE NS B ir B S K31 EER (uk)=0), HEEELIZN MRS
)2 PULE, Ep

X (k) =[x(k) x(k) y(k) p(o)T' (3.63)

REQE KT W WA BEFAEERG m A BEAERE, WREHAEATLLH TR
RRNo
x(k)] [1 T 0 0][x(k-=17] [057> o0
(k)| [0 1 0 0 x(k-1) T 0
y@|7lo o 1 7| yk-1 + 0 05T w,,, (k) (3.64)
yk)| [0 0o 0o 1yk-D] | o T
[ x(k)
[1 0 0 0] k)
Z(k)—[0 o4 o] St + ¥, (k) (3.65)
| (k)

e M AATE — 4 /KF i Bz, WIRALE N (—100m, 200m), 7K FiEzhHEE
o 2m/s, FEE T A IS EEEE A 20 m/s, GPS LIRS RN T=1s, WM
FEMER 0, F7%EH 100, SFEMESEN, HisBELaEELE); k2, N
i hzkizzsh. (TEAFILLTER.

Bl 3.10 FOUiEzE i e, BN R AR K, 4d Kalman

IEBJE, IEBALTHLEBEEIE H AR ESHIE L -

2000

T

1800 H

— Akl
—— B

| —— MR

50 0 50
A FR x/m
K 3.10 BRERBERE

100
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Bl 3.11 m] LA A RS R SL 0 e 75 J K #EIT 35m, X F Hinizshizith (K4
1800m, FE4y 250m) K, XAMEEIEHE K, BRXBRR TR, Lhrfkmkas
IR ZEATTREIX A K. 25t Kalman 3802 5, 7 BWZEMREE 10m LT,
ATLAE . Kalman JEJK BARANRESE S THIRMEFS, (B2 'E T4 i AR B M FRAg
T .

40

—O— IBATRE
P | . Wi SRR % .

oK

10H @F ¢

M et /s
311 BRERER
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$£3F %M Kalman gl

~ iflength(X2)<=2 ,
dlst=sqﬂ( (Xl( DX2(1)2 + (XI(K)*X2(2))"2 )
else
dismsar (KI(X X212+ (KIG) X202 )
%% %% %% %% %" /o%“o%"o%" Yo% %% % %% % %% %% % %% %% %Y % %% % %% %% Yo

3.5 Kalman KRG HIMEENEDAIN A

A i 3t 7 B R e LR R FH HRAE M 3R R O ME 2R U 7 AR I M FE AR T2 (R R
S REUFIIRMEAIE R, SRAIWRE A i K LSRR A B RO 2 3
Fe31n] i Bernoulii-Gaussian [582f3k3R7~, DA (1 M A5 Aty 1 i S0k e o 3th 7 B
RCHE ). Mendel H] Kalman 3% /7 V2 gixX A ial 8, $24 T RGEH% 34
Pl TS, thny s R SRR RS -
3.5.1 AR IR A OB RIS I bR

A R YR IR EE G 1] 3.12 A 3.13 for . JEZGHETERD R T ARKE S Pe A 1
e SR T x(k) g R i R e AN (AL B8 ) e, Bl S 524 2(k) , Horp z(k)
R LI e 75 vk ) V5 35 5 . B v(k) REME AT, HZEN ol FEakES, ol
W T G RBE A AR A i R R R S

L

.‘Fh'-\ e ‘ / 1

B 3.2 Al B R

k
x(k)= Zh(k — Iw()) (3.66)
2(k) = x(k) + v(k) (3.67)

A, h()) RS RS RAINK a5 wk) D920 R REUF8, e

55 ==



:

EREIEKFIER N HA—MATLAB (FE

A A U AR RN EZES R, @5 7] Bernoulli-Gaussian [ 1
A, A

PR S h(j) x(k) z(k)
I gy B

>\\\\\\\\\ NN

Q

B 3.13 Aoy A Eh A SR

{H 2

w(k) = b(k)g(k) (3.68)
A, b(k) HEUE 0 F1 1 (1 Bernoulli (Mg, BUEMEE K

Poy={ P07
= lid.: 30 (3.69)
Tii g(6) 49K 0, 2% ob, FMLT b(k) ) Gaussian (MR, 7B

HIRBEBOARLE T3 3R wlk) BBt vHE. X (3.66) FxX (3.67) HEI, K

- REP I wlk) REBRBEA . S FRERR R H 2(0) il ok o wik) Y jz

B
H3 (3.68) A1 (3.69) 51t wk) BRAFBAEIT MR A, BIRFTE 1) w(t)
RWMENE. F2h o, =Ao [fIFAMS,
BRUE (3.66) R (3.67) AT LAyt TR A2 [ L
x(k+1)= @x(k) + Tw(k) (3.70)
z(k) = Hx(k) +v(k) (3.71)
AH, x(k)eR"; &, 'FlH 551K nxn. nx1 Fl 1xn BFEME. ¥1{Ex(0)=0,
Hz b, R (3.70) ERE

k
z(k) = H®"x(0)+ > H®" ' T'w(j)+ v(k) (3.72)

J=1

Hific e x(0) =0
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k
2(k) = D H®"'Tw(j) + (k) (3.73)

e (3.72) fIR 3.73), &
h(i)=H®'T , =123, (3.74)
R Ho' I #iFRh Markov S5, 1 A0 ki 5. 51 {A(0), (1), A(2), -~} SR P
& . Il H FCRSUEE n 1 18] R ST ) 351
gr ERTR, b R R i) S e 9 45 A R AR (3.66) 1 (3.67)
T z(0) Ak 2 wk) ) R EFREE S

3.5.2 iR S R A RIS 7 FLIC B
FAE R (M RS RBUTFD B R 3.4 FiR, T
T4 HH 7 S 1 0 7 S R B O

wk)
+

B 5t Z 051 wik) Az | ¥R + 2K | g e Ww(k—N| k)
LPNEL Vo [ il FEG1ER

Bl 314 A o bt R SR e P B A o
% [EHEHL ARG

1 0 -1 :
x(k+1)={03 0 5]x(k)+[2}w(k) (3.75)

2(k)=[1 1]x(k)+v(k) (3.76)

A, wlk)=b(k)g(k) j& Bernoulli-Gaussian (M7, b(k) RE{EN 0 F1 1 1)
Bernoulli F1Mg 7, MERHUE WK (3.69); g(k) BRIME N T Ji %K o, HASLT b(k)
(I S . 5 &0 E[B(K)]=A , E[F(k)]=4, o.=EW (k)]=E[b’ (k)=
E[g’(k)]= Ao, -

B FET, BA=03, o2 =0.1, o} =49, {E4REmE 3.15 fix. B+,
S I s NAARR R wik), ARRELSEAE; [ A AR IR wk) ) Kalman 83 (il TH
fH. WTLAER], wk)ZBEAEF BRTKEBES, wik)SENHLEAR 0, H wk)
ECA 25 {1 A i 52 R0 TR A ) i 20 R L) o 7 ELGS SRR, Wik [k +2) [
VRS BELL Wk [k +1) &y, 1 Wk | & +3) SCEE Wk | K+ 2) B0 1R B

Ll =—
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0 50 700 150 200 250 300
w(k) F1 1 BPRE

0 50 100 150 200 250 300
wik) 12 PR 2%

w(k) 13 $F %
P 3.15 iy i A HY £ e S A (2%
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3.6 Kalman J@RIEAANE &R EMRRIRPHINF

TR R IE A R S S S U 2 TRDATE . AR A 1) 22 W i 5 A4 L
FRARMCEAREE RS . MR SEIE. SR, Bkt R

60
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o —for . BESKENREERER, SHEEARNE, REKIRIAIM
PG T g K RIS AEER S, KRR B AR, SR AR
MR RLESEE R, XSS BB AR AERER . FEATTR, BN
P B AL EE FH LA R AL JFREN RS PSR R A AL 2. 325 AT LA
SHEMPERAC R BFE, LA ERA LRI B bRl k.

3.6.1 PEHRALPRIGIEAS )57k

AN EZN 4 MATLAB P55 R RS BEANERER ST 7T . 2AE MATLAB
TR H bRERER S, B SRR BRI B T, A SRS SR A
KA, AT ARG R, WIS, S —-wihRRAEN A R
BEIRIXLLT TR, A RETT AL H bRERER ) TAE

1. YRS ERAN R I

TS WA H AR IR ER, B SE ERE AN . 7ML A, IR £ B &
K A SE IR AE K . A fE MATLAB R85 T 1] 52 B 6] 40 49139 4T Sz i S 45
We ? E1X B a] LA MATLAB #8 T E 48, ©F H MK A 5 Windows #1E
RY 4L VFW (Video For Windows) [ i ¥k Xf USB #% SL #EAT#:1E .
VFW HI-T Windows ¥ 55 T SE 3L SE i LA 3k . AVICAP.DLL #i & VFW [
—ANEBEHAR, B EEEH LS. AVICAP 4 N 2732
BT —ANWERA . ETHEME D, AT LU a) P05 8 & S AE, I
2 A AT B A 3K . AVICAP 3¢ 5 S i M0 ATl SR A0 ity 3, JF 4R 4t
SRR ()2 o RE LRV R RS PP X, AN 7 AR P IR SO, SRR
MR, MEG. EHTUMMRZIHEZQE N HRER, ERITEHM
PARAE R IR E A .

TR Z A AR 2 AVIAS ), 15 B T Hgmhd 5 AN [F] F BUMATLAB JGiE4T 7,
ifif H MATLAB 5%l (1) AVI FLS A FEIX AN ) B 38 ik MATLAB $ifi 3R 1% | AVI
WAL RE S, A AMEEERRELINA, B videoinput. 'EH =PEEKHA
ZH, 45l s& adaptorname. devicelD. format, W 3.16 7w, HAhZSE =] LA
FIEPEMEHI R E . device]D WRAREMNE, RESFHE N THEGRE
Wk, e, MR LT 25K, BamEREEIIWID 5.
format ZRAE A, YUV BSHE2—, 1 YUY2 M2 YUV Hi—Fp.
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Image Acquisition Toolbox
videoinput

Create a video input object

Syntax

obj = wvideoinput (adaptorname)

obj = wvideoinput (adaptornams, deviceID)

obj = videoinput (adaptorname, devicelD, format)

obj = videoinput (adaptorname, deviceID, format,P1,V1,P2,V2,...)

Description

] 3.16 videoinput &%
EAE I HYLE 2R RERSOZIRIE O T, oTLAER O a7 A
info=imaghwinfo, #FH C&EMEGRERSE, XETUFEEN LT —
MRS R R &, B 14 T /& winvideo, W1 3.17 FiR.

>> info=imaghwinfo
info =

InstalledAdaptors: { winvideo’}
MATLABVersion: 7.1 (R14SP3)’
ToolboxName: ~Image Acquisition Toolbox’
ToolboxVersion: "1.9 (R14SP3)’

3.17 imaghwinfo
gia Ul B4, BAVELFEFREF MATLAB PUAHH IR 3% AVI LS5
W FEHIFEF W F BN

A
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DA BRI AT AT A B — MR PU & O (G EEAT EIRRE, TR
CEER EREk, BNPKEABIFZHINID. —NRABRE D . BFETes
W, AJLAYE C:\Program Files\MATLAB71\work H 5% T 2SRl AVI $L4-

2. MHFAFIRT

MATLAB & %(E B = %245 aviinfo. avifile. movie, aviread JLA™ & #UH T4

63 |—
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MRS TR R . I 24 aviread pR%L.
EH TS B AV U, JRELE C:\Program FilesMATLAB71\work\

HET, I EEZBSRI &k h video.avi. TSIRAEHABAIE, iSEE B,

TR SRR, EEUOE R AVI AR BRI R TR . '

}

X T B B8 imshow B8 %K. imshow /& MATLAB H - 7~ FI& 1 R 4L,
ELARI I FA% 3T LUy

FfEE IR VG [low highl s KEEB 1. Borg R, BEBPKEES
FEAET low M#CK FH B AR, MABEAKTST high WEERAEE, NT
low 1 high 2 [ ¥y I HC 2K 2R PO BRUMEL () o ) €5 8 B SRR T — AN 2SR ]
KAE [low high], imshow BRECKER] [min(I(:))max(IC)IFERHE =S5,

3. XHLSTMIATIRIE

RS BRI T, EEIh AR T B — Wi A7k bmp #% 2
B AR TE A SO T o X B E T SR EAA . 5O AT B AT o Ak B i L
BRGNS TR KA EE R, iEE R WA K $ imresize,
TRAF B 5 bR £ imwrite 55 . 7E % O v 24THI A\ doc imwrite 7] DL B3¢ T 1% of
Brdd, i 318 fis: HPE—ASHATLUE MXN KERE, Habli
MXNX4 R ERB: BE-ANSHEREME NI BEASHEKR, 7T
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LI bmp. gif. jpg %%.

imwrite

Write image to graphics file

Syntax
imwrite (4, filename, fat)
imwrite (¥, map, filename, fmt)
imwrite(...,filename)
imwrite(...,Paraml, Vall, Paran2, Val2...)

3.18 imwrite EG %

BRI .

|
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FREIEIRIFIE R H—MATLAB {H K

IZ1TFE, A LAE C:\Program Files\MATLAB71\work\imageFrame 3 {4:3% F & %]
—# 4 Jy imagel, image2, -, imagel00 [IERFH. XA IS w2 s U A,
HARF BT IR — IR — IR R, B R%E—H “imaget/T5” IEK.

4. xR R IR EIRAE

IR AR A R (R OG5, A SRS RE X WA P (015 e, whC ik SEan
AR, JTTiEMNEB IR B E . M. JieSER. miiiEd A& Eg
AEFETT A AR, AR PSRN ZE RS . MREEAR &R TE
BACER T AR, ES 0 EIR A B, EENKERG. BaRg.
TAEAL. DSGARE. WUEZESIEA B, b TikEE A MEREIAR, XEAH—
AN, SEBATAT A WP ST A “+7 T8 logo, BEEXTH AP RBE
Wh 0 83 255, BREREEMRHA—H A BaXE,

% 7 A C:\Program Files\MATLAB71\work H 5% F#E &% — B & H
video.avi [FIMAIAI—5K 42 4 Lpng B9 “+” B f, RBIFEFWF.

| 66




¥ 3F 4% Kalman JEi%

subplot(1,2,1);
imshow(frameData)
xlabel('The original video')

% R MU A
for ii=1:height
for jj=1:width
for kk=1:channel
%l & (ﬁﬁa) ,
ﬁ'ameData(n,u,kk}'—"lmageLogo(nm,kk)
% EETZRMRIUBE, W
% frameData(iijj kk)=255
end b
end
end
Yol At B I (¥ WL JB'I?E?E‘ 121
subplot(1,2,2);
imshow(frameData)
xlabel('The processed video')

% WEEE—T, HMEEAR, SBERHIEY

pause(0.02); : ‘ ‘
end - .
%%%%%% %% %% %% %% % %% % %% % % %6 %% % % %% % % %0 % Y% % % % %% % % %% % %%

BATRER, BEIWE 3.19 Frosiigs R, He, Zeiliff 2 5 enmsm, 4 rm
PR 2 B E— MR

(a) JRALA (b) FERpMIrhFT_EFREE S5 AN

B 3.19  JARSANFE R 4T L AR A WLAT

67
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3.6.2 Kalman JEJ0 A H1 B %00 B ERERER N

BT 3.6.1 WS EGAFERERY, AR DT LG B 1T 9 0 B BRAA B 45 a3 AT
FREFACFR T . AT 3.20 Fiasi B i P& EER, BEAEMMP M E Hir,
BRI H bRy, BRZOO R ERGEL . (ERI 2 N7 I 0] OB iZ Bl % Bk —
T, AR A (X, ) .

K320 T#REK

E X FER PR FRE N XK =[x y x y]', IREFEWF

1 d&¢ 0 0 0
0 1 dr O 0
X(k+1)= X(k)y+| [W(k) (3.77)
0 0 1 0 0
0 0 0 1 g

ARSI, RMRRA B -HEAR, Ho de KA a] ARG . 2B %
1, Wﬁv%MM@PxﬂLF%FM%M,ﬁL% LR FERR A 0.
TEBER, EHRAERHEARTIRE E, AT LRI H &
ﬁﬁﬂiﬁﬂﬂﬁéénkikﬁiEQE?EPLézbFﬂbﬁ, AP RIER B LR EE R, S ARVFREH
MﬁW%Bﬁﬁﬁ@,E#M%&ﬁmﬁﬂ ﬁﬂmHhUE%%&%ﬁ%%o
AR, BATTHERAMATE 2 WifE%E, B3 HRIMERR, A 55T
U;J/‘J
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Z(k)= L1092 X (k) +V (k) (3.78)
=01 0 0 o

EXANEFED, BT (x, y) TR 5 A B brERERH M B Fr 6z & 2R,
Al AxF s (3.64) Filzl (3.65), uﬂ RS T RRFAL I 77 R LT 2 — B . X
TRRME R, SEFRgkmEdmmmn, B EsEN, E T ER LT
b ey B I N i e S e 7 OB Tz?:?ifk#’J/IﬂJMu.!@llm, U5 A B B R 1)
Hbr@ sl vk, AR, B 3.21 fE 3.22 & F i E iz sh
R RZER, UL B LR ER S

B 3.21 KR &R ER

Bl 3.22 ERER FI&MIER

|

|
\
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B4E ¥R Kalman gl

55 3 T 45 Y Kalman JEW B R ME MR ) 2500 T, X H AR RPIR
HIARAG T, BB RERER R . (B, LR SN FRIFEE AR
P, AR BOCRBEIEF I RR. KRR, BEBCCR. =AREBECR
F. ARG RS AT UEE MRS, B4 TR RERES, K2
ARG WA GAHEE M TTIERE, WAL ITIRE. FHMHEHSRE. B
BEINARSGY, HPhmIEgkttBHZA 20, LWE LiEH TIEEHERENIERK
Hiko

XA RGEUEUE a) 8, P B AL BE T R R A B T A o —
NEMR L EIg s 8, R NHE ZR5%ELY B Kalman 383K 77 %
(Extended Kalman Filter, EKF). ¥ & Kalman i€ 2 v/ 7F 2t Kalman 38 3% ff) 5L 7l
b, HEOEAER, SRR RS, o kB X, IR R 5 £ (*)
0 h(*) RETT R Taylor Ze¥Fms 2 —Fr K LLETR, 733 —MERBIIZMEER, R
J& . Kalman 8% 58 B0 H AR I8 AL THE AL EE

EKF (R s A b TS vH AR RN GLFRE 5 W (k) S0 5 v (k) #4924 0
ALkt AR EIRD, (AT RAEEEEREE X, =X, - X, &X— 5 %%
X =X, — X BUN A feAE A .

4.1 ¥R Kalman ERERE

4.1.1 JaiRgetEie
B RS A TR R RN
X(k+1)= flk, X (k)]+G(k)W (k) (4.1)
Z(k)=hlk,X(k)]+V (k) (4.2)

IS FEMEFS W (k) FOLI R 75 v (k) 1E A TR, RERE (4.1). (4.2) BN
ALY BRI R, SRR “Arfrshis” sk “HaiRA”, MIEIELM RS (4.1).



\Hl\

FREEHRERHA—MATLAB (B

(4.2) MIESEMRFRRH “EAE” 8L “EHARE.

N TETHCEFATE, AV RERAERRENEA, RS REME N T &
W, ELME A ORBN A RS G (k) SE ELAN, ALBURE 75 V7 (k) 2 NS48 h 2 1 i
FIME R, JEBE L FEME 75 W (k) FOLIIE 75 v (k) 7548 e A ST o

56, ¥ Kalman 383 (EKF) FFHAEZ M o B0 R g tidr e, #AEZett
B R 2 AL .

HMRGCRES T (4.1), HAELEREL £ (+) FSSEBAE X (k) B Taylor &
7, 73

X(k+1)~ flk,X(k)]+ o [X(k)— X (k)]+G[ X (k), kW (k)

aX (k)
%
of _A1X(K).A] — Dk +1]k)
oX (k) OX(K)  |xwy-xw)
. of o
X (k). k-5~ X(ky=ptk
SIX(R).A] OX () iy k) i
WPREFTFER
X (k+1) = @k +1| k)X (k) + GO (k) + $(k) (4.3)

YIUETEA X (0) = E[X(0)] -

i) Kalman S8 AL, 7ECERKERT—SIEBME X (0 AT, R
A4 (43) BN T AEBENLISME TR (k) -

HARGOREHE (4.2), BIELERE h(*) FISEIEBAE X (k) fi—Fr Taylor &
7, #

Z(k)= i X (k| k~1),k]+ ;:'k) b [X (k)= X(k|k=D)]+V (k)
Z:z\
o 4 = H(k)
X (k) X (k)=X (k)
(o) = X (k| k=1).k]—— )??k) i 8. X(k|k=1)

—



SRR 5 A A

Z(k)=H (k)X (k) + y(k)+V (k)

4.1.2 £V Kalman 38)%

¥4F ¥R Kalman gl

(4.4)

ML PEAL G AR (4.3), (4.4) W Kalman JEJHEA 7 FEr] 159 2 Kalman

T HE I

X(k|k+1)= f(X(k|k))

(4.5)

Pk+1]k) =@k +1|k)P(k | k)P (k+1|k)+Q(k +1) (4.6)

Kk+1)=Plk+1| k) H (k+D)[H(k+1)P(k+1|k)H  (k+1)+ R(k+ D] (4.7
Xk+1|k+1)=X(k+1|k)+ K(k+D[Z(k+1)—h(X(k+1|k)] (4.8)
P(k+1)=[I - K(k+1)H(k+1)]P(k+1|k) (4.9)

A, BBAMERIIEBRZE T7 Z R IAME 7 ) A

X(0)=E[X(0)] P(0)=var[X(0)]

[] Kalman JE3 AT FEAH L, ZEERME R G TR REHEB D(k+1|k)
FIARMAE ME H e+ ) B £ A BORERT LA PEAR RS . BBORASZRSH n 4, W

X=[x x, - x,], WAHSHERT HCAERE AL T

A
ox, Ox,

I R
¢(k+l)=%: x, ox,
% Y
| Ox;  Ox,
o o
ox, Ox,

oy o
Hk+)=2P |3 &
(k+1) =75 1 )
\on on
| Ox;  Ox,

C ox

ok

9
Ox

n

s
Ox

n

Y

n

. o]
Oox

n

oh,
ox

n

n

Oox

n

(4.10)

(4.1

|
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42 FEPIFEUERGOY R Kalman JRRESRIT

4.2.1 JRASE

A UMY & Kalman JE3¢ ) 3, M FiiARERGEHAT . RIUIRETT
N

25X (k-1)
= 05X (k) p 222 Dl s i .
X (0= 05X (k~1)+ =25 =L+ 8005120+ (4 (4.12)
I 75 FE A
2
Y(k):X—Z(()Qw(k) (4.13)

X (4.12) BEEHXXR, FHXR. SARBCCRMAELRE TR, wk) hid
Femars, HIEANE. TERHQ - MATTFE (4.13) &, MAES Y(k) 5SREX (k)
IR R ARARLIER), Vi) WEBENFT. HTENRKGETEBRS . KA R
G — A A PR T A A AL PER R GE . AT DU BB AR 2R 1 R 480 4
SAHT el FH Y Kalman 83 R A B 75

F—: VIRUPIEIREXO) Y(0) Py Z5HEE Py o

b RET
25X (k-1)

X(k|k=1)=0.5X(k—-1)+ +8cos(1.2k (4.14)
(k1K= =0.5X(k =)+ =250+ Beos(1.2)
=20 AT
2
Y(k|k—l)=ﬂw (4.15)

B —HrEtE RS TR, RIFRSHEB R o (k) .

of 2.5[1- X% (k| k-1)]
D(k)====0.5 ;
i [1+ X2 (k| k-DT o=

BHL: — PO, KRR H (k)

oh _ X(k|k=1)
oxX 10

BN KT ZEHPETRM P(k | k—1)

H(k)= (4.17)

— | 80
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P(klk—l)=d7(k)P(k—l|k—1)¢T(k)+Q (4.18)

$-H4: 3K Kalman JEHIE 2
K (k)= P(k | k—1)H" (k)(H(k)P(k | k 1) H™ (k) + R) ‘AN

)\ SRR B

X (k)= X (k| k-1)+K¥(k)-Y(k|k-1)) (4.20)
B o EEHR
P(k)=(I, - K(k)H (k))P(k | k—1) (4.21)

L ESUE AP & Kalman SEBASBOVH— DS AR, &%) EKF X 4R
P R G0 ) b R XAV S A WA T R L AR

EVI RS, BAVREEACER 50s, SFEEEFETTZE 0=10, MR TT
# R=1, WA ERZIMR/NNE 4.1 fras. A6 EE RS mWK, BEPLILS)HE
Z1, 3X%f Kalman JEEK LR Db -

) d
£ i
= =
& =
A 5 =3
-10 : : : : -2 : . ' .
0 10 20 30 40 50 0 10 20 30 40 50
e /s il /s
(a) ERBRHE (b) WG

B 4.0 MRS IR A

VIE X(0)=0.1, ¥UEIW 7% PO)y=1. LA LRSI, [EPRESMBLR
mnE 4.2 Fizns.

BATVEEIORAE S Kalman it FPRESEZ KL E, Bl RMS(h)=|Xeeal(k)-
Xexe(b)|> 13BN ZI RS A VHmZE T B 4.3 Frs.

MAtTH %7, Kalman 383 )L FEAABR, XRFE A FEE A K, Bl
AR P “TERERATIE”, B AT IR A8 TovE PR P o E ) SR i e
FECEAN 0=0.1, XEHE AT LARBH 25 3 Kalman S8 RE R RPRARMER, 4410w
ZE KRS, Wi 4.4 Fis.
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—@— Kalman &% & HHE =
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N R ® ‘- / @ )
y | ‘ 7 | & L Al g
/ \ ANIEEETERE
0\ J O \ ‘ » \‘. i s .
= I 5 L & & ‘ O
= d !
B =5r / I Q) i\ \ A\
) \ - T A 0
~10 | & @ \r T
4 &
{
—-15 ! < S| ! 1 1

0 5 10 12 20 25 30 3'5 4|0 45 50
42 EKF JEWAEEERAS JAEMIT

R&EMHIHRE

o
%
T

R Rz
o
T

=
S
T

0 5 10 15 20 25 30 35 40 45 S0
it 1l /s
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4.2.2 FridESME &% EKF (1) MATLAB %
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¥4F ¥R Kalman i

R, R IR

B B Hkizsh, B3R v, BARTE k BZIMALE WA stk), A
LS FAEE) T, BASHIAEEN A stk +1) =s(k)+vT - {RER, EEHMBIRRT
Hixf x My TSR, SBEhRFEFPREROSRE x T ROALE. y A HE .
x 7 ) (R EER y J7 M RS . B Anizg st #E b 52 B BEH IS K os A Uk), wT LA
BRARRN
[ x(k+1) = x(®)+ v (BT +%ux (k)T?
Jvelk+ D) = v () +u ()T
yk+1) = y(k)+vyT+%uy(k)T2
\vy(k +1)=v (k) +u, ()T
A TRRTE, BRITEEBREFIRESH

X (k +1) = [x(k), x(k), y(k), p(k)]"

M ZGHPRES T RN
X (k+1)=®X (k)+ I'U(k) (422)

A,

1 71040 [72/2:: 0

01 0 O T 0

¢= ) F‘—'
000 1 T 0 T2 /2
OF 0 QU 0 T

N Sty a8 A g ot B bR BEAT R, DAEEAEERI A, R A Tk kA B
(Xp,¥0)» EHFR k WZIMALE R Cx(k), y(k) ), B IERS A& H br 58
I 2 (6] R S R W Z, D R A

Z(k) = (x(k) —x,)? + (k) — y,)> +V (k) (4.23)

A, V) —REZESGWIEIRE, K HEHNR.
2k, AHEIE SN RGO gl T, HORAS T REA I A R A K (4.22)
X (4.23). MR L&, RAEFTFERLMEN, Wiy f 2 dE2vEm .

4.3.2 FETUWMER 2R EKF HbriRERE:

RIEIZ I ARG O BIE T, S, FEESSE) Xb H bR T IR 2
HbRiz s 73 s rh ) — AN 8, 7R 20 I F 3 & W] AR AR5 g 5 1 1) P

85 |
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B B, EKTFHENERGS, KUr sl bk 20k e 2035050 5 AR
FEES, ALK 2 A0 H AR AT AifE B ER R e A ; e MR, Ingara Fi ik
HAY EAR BUSAERERPI RS, PREFACHRIH ISAR P 0 e B4 K 26 S 45
ST B HAREAT RIS Ft, SRR A B B R ST B AR R EE R A+
N EEME L.
UAHARERER R G (4.22) sk (4.23) W, ZEOFELEGIP, € Hiss
HHZIZE, YRR X(0) 4@ AR IR . DR U (k) 3975 2%k
w 0
o[y )
X, wh— DA SE, w<l. WEBREYE) KT ZER=5.
MR &, REFE (422) REHH, EHLEMREOK), mT
FE (4.23) RARZNER), Kb, BT IR E BT H AR ERER R — N EL A ) 8,
A LR H$ & Kalman 387 2557 H bk 4T IR IR .
RAE 4.1.1 48 LA T B AL Z AR et T FR Ak, MRIEX (41 18

FUAR . (0 AE W] LE R R

_0Z(k) _02(k) 02(k) 0Z(k) Z(k),
OX (k) " ox(k)’ ox(k) * ay(k) > op(k)

x(k)_xo 0 y(k)_yO 0]
JE) =52 + (k) =3,)° k) =x0) + (k)= yo )

zie 3 (4.22), KX (4.23) FIR (4.24), HRIE 4.1.2 W4 H Y EKF 3572,
A LA 4w 5 MATLAB 1/ 5HF2 7. (B4R W 4.5 A1 4.6 Fis.

1400

H
(4.24)

=[

=
—+— EKF #ih

Y\ EER p/m
o0
=

A =l |
=100 -80 =60 —40 -20 0 20

Fi4sbR x/m
Kl 4.5 EKF X{iz 3l H bR B




$4E R Kalman jEiK

—_—
<

£ o)) o0

fr B T RE /m

[
T

<

1'0 20 30 4b 50
ietia] /s
4.6 EKF fRiEFRZE L

433 TR H ARSI MATLAB F25
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¥4E ¥R Kalman jEiK

4.3.4 FT EKF mygli i H brifis ik

ati 7 BRIz sh i 2 — FrBRieR A RO i, e R H BiRAS E R
SR, WHREBARST. MRS, SRS, B RS ECE, E 5 HARTT
TP, KA S LS H bR e A S ERER . XA XTIE 8 B br i Bk
ENL G IREE R R TP RAKBERPL. RMi%g, SLiixt HiaRRE LB +26
FIFBE . EIARE S LPrIA B B, @ HEMAREHL (WD FFEHE L EFEER
1, 1 BRI JLF R T ME— AT SER S EL, B ta] CUR) Bl 43 6 H b5 5 AL £
{5 Bt BARMIZsh 2480 (ALE . HEE. IEESE), ML &l (W) 24T
BT EMEF . [J4.3.10 18, ey 358 5 2E 301 B et
ITaE 7 AEEREE, B Wl s 0 H AR VIR -

FEF4Ai 7 1 B bz s R T LS plotnn R g

X(k)=®X(k-1)+T'Uk) (4.25)

Z(k) = arctan (iﬂ):%}wk) (4.26)

X, SHRES 431 FHE; vk HTZER=1°.

MRS B, RETFE (4.25) ZL&MER, TRNAE (4260 ZAELMEM,
RYE 4.1.1 4G H LN TTE TR ZAREH TR, RIEA (411 194
IS () T B R R A

_0Z(k) =[aZ(k) 0Z(k) OZ(k) aZ(k)]
oX(k) | ox(k)’ ox(k)” oy(k) * op(k)
=[ (k)= ,) 0 x(k)—x, 0]
(x(k)=x)* + (k) =y )* " (x(k) = x0)? + (k) = )"

gl (4.25). K (4.26) Ak (4.27), HRHE 4.1.2 154 H ) EKF #5712,

AT LA RS T A H bRERER )8, W1 4.7 B

H

(4.27)

8 |
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1400

—e— ASHL

—+— EKF #ii%

1300 i
£
=4
16 1200}
H
S

1100+

1000 L i L i i 4 L 1

0 10 20 30 40 50 60 70 80 90

B sty x/m
4.7 FT EKF B4 5 47 H AR ER BRI

X BRI MR (root mean square, RMS) 15 2 e iy & FREE 10 2 .
RMS =232, (" () - x@) + (" () - ()’ (4.28)

EFK 1) H prER ER002E LA St — P43 B R Bl 25 RMS Ui & 4.8 A7

30

Rt im
s & 8 B

25 30 35 40

0 5 10 15 20
st iA] /s

il 4.8 EKF FIIRERIRZ RMS

MERERPIEPE 4.7 AT UE H EKF SRR THIUEROR — 8, mT AU %=,
EANFERFREZU4EE R, MU —4AEER, HAENSRES
() xy AL R R, XHEE L EKF SiE18 BI8GT 45 B AR XK .

ME 4.8 B, &t LIREFIE, EKF {51 HRZBRERK, /5 EKF #ik
JUFRRER . ARt RS, ZERBYILRERMNE S, EBIXT HArkeL:
PRES, RBEMER. TR (4.25) F (4.26) XFERIREAR, RRIEH WK
BIGEARZS (1), VE B DAL 00 T E AR BR R 28 0 10 m W0 A 0% 32 1 AR 28 5 B AR X
—HERT .
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TN 5 5y, f MR B XS L 4.9 Fim . AGIAEfT R
(ORI 75 1 B LUK, B rp AT REAS & X P& Ot

100———— . -

e ERAE |

—o— MLl £ BE |

0 5 100 15 20 25
fist 18] /s

(@) fh BEALINAE A KA X EL

0.1 v -

0.05F ~

W 7=

-0.05F

S0 15 20 25
fit i /s
(b) MG A/

30 35 40

B 4.9 WL AT EC ST A H SO 7 kAN
4.3.5 aijifi HbsiEssi: MATLAB 2%

I
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4.4  EKF fE4E50 1 FHVS38H S PHIN A

44.1 —“HEFRIS RS

H B ANES Y x-p-z WIS A M, HAEE—IZ% & (A5, EEERM
I3 P T 2 ] LA o |

X0 =[rk) nk) r®) vE) v,E) v.0) a®) a® a®]
A M AT BE = 4 8 P A T IE 30, TR = A oy T 18] L3520 B e
GO W (k). WIAEH R LSRR R F iR A5 3R A TR

X(k+1) = £ (X (k),W (k)

HHEOLT, LRTGFEALMER, BaERR DU TR,

X(k+1)=@X(k)+ TUk)+W (k) (4.29)

A,

._

I, A %(e"w-t-ﬂm—l)&

—(A2/2)I,
0, 0, e M, 05




¥ 4F B Kalman JEiK

Ar TR, iR, REEREERE. SIS Wk A
WER)=[0 0000 0 ok ok o®]

0 O,
E[W®)]=4,=0s., E[W W *)]=0 =[0 o ]
3x6 3

W (k) 22 B BB B .
E AT A RSN TR S, BERHARE M, MBI H AT
WL, S5 5 HARRAX AL ERR AT Xz RoR, wnkEd 4.10 Bror.

24 /—gf?# /—Eﬁ‘s

Ty

el

d 1 r;

//0 n *// ¢
Bl 4.10 SH5HRRAEN A EREE

S H AR R A 2875 A0 A, LI A A A A KCE T R R e A, SRR
EREERAMENRERESEY k), E£8HFJLRRT, WTRER

Z(k)=h[X(k)]+V (k) (4.30)
A,
r, (k) -, (k)T
WX (k)] =| arct Y , arctan—= (4.31)
[X (k)] =| arctan \/rf(k)+r22(k) arc "0

V(k) i, e aakEilingErsl, H
E[V(0)]=r =0y, E[V(W" (k)] =R, (432)

TR, HEXH

.
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i

R, (k)= D" (k)xD" (k) (4.33)
X, x=0.11,
Jr2 ) +r2 (k) +r2 (k) 0
D(k) = ' (434)
0 Jr2 k) + 72 (k) + 72 (k)

e (4300 ~3k (4.34) ml40, EHEILWRR T, 2z BN 5 2
AR

4.4.2 EKF 1E0HI S @by 5k 00

THEZ% EP DR EE (FHSHEHTA S5 M) % 5.5 M 5.6 1,
255 FHIRERRR L, 41E EKF 5L IR,
B Ytk
BUE KPR ], TR
At =0.01s, =378
BE T IHI RS
x(0) =[3500,1500,1000, — 1100, — 150, — 50,10,10,10]"
W€ EKF JEE A T BT IRES
ex(0) =[3000,1200,800, — 950, — 100, —100,0,0,0]"

02 =01, @=[0g4.0::053.0> % E55]

WI4hi4k EKF S8 v PR B 7 Z R R
P, =[10* % 1;,0,,:0, ., 10° < 1,]
/. EKF 3B fhit
for k=2:T:
Stepl: Hixizz)
x(5,K)=F*x(:,k-1)+G*u(: k-1)+w(: k-1);
Step2: A& At = 0.01s X E BRIHS, BRI,
z(: k)={atan(x(2,k-1)/sqrt(x(1,k-1)"2+x(3 k-1Y"2)), atan(-1*x(3.k-1)/x(1k-1)]+v(:.k);

=——| 96



I

¥ 4EF ¥R Kaman K

Step3: HH 4117 Z 1T R, R=0.1*eye(2)/(DD*DD")

Step4: JRATM (454 Kalman JEHAZLO A, Xn=F*ex+G*u;

Step5: MMM (454 Kalman JEFHIZ LA, e (ZNERF)

Step6: 75 Z T, P=F*PO*F'+Q;

Step7: IX—0 &%t T EKF &5 &M, b2 EKF Mzl tHELME H MR
MFATIHEMAELME RS (4.29), (4300, EX

ka = 6-f‘k (‘Xk)
aX X‘ =‘X."u4,

oh, (X})

ki =—ox

A=

Bh RGORE TR (4.29) ALMER, FrLl fF=F , TORNGTTE (430) A
FELMER, MIEKT o KWT, 7

—r,(k)r, (k) ./rj (k) +r2 (k)

= MR _| PR+ R +r2 k)[R )+ 2+ k)

o r, (k) 3
rl(k)+r (k)
1 (r () 000000
r2(k)+r] (k) +r} (k)
&) 500000
r2(k)+r2 (k)

Step8: 1% Kalman JEJ 1 25 K=P*H/(H*P*H'+R);
Step9: RAHH ex=Xn+K*(z-Zn);

Stepl0: Ph A ZEFEEH, PO=(I-K*H)*P

End for

443 PiE&gR

BT, B3 BRRRERPETE 4.11 Fs. IREPUBRARE, JEMHMG
TRREBAFHERER T B A%, Pudbs T—2.
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K& 4.11

[FIFETHS EKF 3835 FIR
ZE W TR 2 E A RE 2= P, G 4.12~ 18] 4.14 FiR . TR B ik %,

275000 T H EKF BREZHZ 5 B L3

HSORASZ @ wZE, 7T LA 247 B fhi

7N

SESES

HIMEN .

B ARSI, 0 T B3 28 A e PE AR €

||||||||||

FT=""F N 5= o Fa T
i

s

w Y E

200 --~-<-~=~-

)4

-

2 25

AT /s

S

1

e

35

————— e ]

|||||

25

Kﬁéﬁh
K413 F-H'53 EKF 2R ER A 2=
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444 FHIS MATLAB #¥
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B5E TiF Kalman Bl

5 4 FIHL Y Kalman S8 552X JEL M 1 2R Gt 77 PRl WLl 7 #E AT
RENEIHARE LB, XA R R AN TEMEMiRE. mRELMEL
BRAKAL, RAXFEEN S SFEIERK B TR TElR#. 75, 7
— GO TR RGERESTT AN 7T FER) Jacobian HEFERA G LI, N T
HERTEERE.

Jci7F Kalman 383 (Unscented Kalman Filter, UKF) ##35 T % JE£k M ok Bk 4T
LA LG, KA Kalman e HEIEIAESE, X F— BT A #2, {#/H T2
# (Unscented Transform, UT) RACFEI(EAMIP 7 Z R AELe AL a8 . UKF &
VR RN ARG BRI B A ATIE L, H— RV e AR E R &N G
BMEFE, MARNIELEREHAITIEL, ATEXS Jacobian FFEHITR S,
UKF BAEEHTZ, Rt TIEEH S Agit B8R 8m0itEBE, A%
Hi3e Ak T4 & Kalman JEB L THREBEIR . 20 M 2= ARG

5.1 il Kalman &R RE

5.1.1 Joibdsn

TG Kalman JE3 2 S.Julier 55 A$& i) —FpIELE U8 77 . 59 /& Kalman
WA R, EHARAELETTE £ 0 fEfb v s R MR, 172 R T
A W AEAS I 5 PR SRR p, X e RE A i 3R B o 30 8 B I LR A& R

UT BB SEIL 7700 FE RS A P i 3 — IR ER — SR A, XK
R BMEM T 25 T RS AREN T 2 HXE e RAIEL M R E
t, MNAF B AL R B AR, X L RS SREUR e S E A T % . X
FEAR B AR A AR5 R IE A ) 7 ZEXE B> B 2 Bk (Taylor [F 5T ).
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STl An, AR 3 PR . HOREE SRR R TR SMEM R T =
KRR R°F 5 AR B AH B SEBR I
et bW 5.1 Fizs.

Q. 0 \&

(%) PA"PA e
Ak 2
i Sx) "35#9&7%
UT 0K Sigma £,
B .
HlE A'PA UT %
(a) ks (b) #BRREuEk (c) UT 256k

B 5.1 ARt AeH b

LA FRA AT KAL) UT 288k fl, fRiZA9H UT iR REE. &—
MNEEMTH y = f(x) JRERE x A n EREYIE R, FACMELBEXMTEP .
)R] 3R A UT 283 5 2n+1 4> Sigma £ X FIARMN (BUE o K15 y B9580T
REAE -

(1) T8 2n+1 4> Sigma £1, BURFES, XEE n R REM LS.

=

X9=X i=0
XD =X +(J(n+A)P),, i=1~n (5.1)

X=X —(J(n+2)P),, i=n+1~2n
AR, P (VP)=P, (JP),FrmEMEITRRIE i 5.
(2) THEIX LR fUAH N R AUE

o__A4

Om =0 A

4a)§°’=ﬁ+(l—a2+ﬁ) (52)
oG SRR A S P

\a)m =, 2(n+/1)’l 1~2n

X, T m ABME, ¢ AhTTZE, ERRAEILNRES. 28 A=d’(n+Kx)-n 2
AR BIS L RRBHES I TINRE, o MBS T REE R0 ARE,

=—| j04
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I

K HFRESE, HEAREE BRI TR, EIE R SR (n + A)P h 3 IE 46
B, FkSH B> 02— AN ERIRERS, SR UA I ET RN IRNEhZE, X
L FIT LS 80 T £ B L R E 1A

UT 28445 216 Sigma S EH FAKMR:

(1) BT Sigma s8I (E AR5 A5 I ELOHR 4 B AR R AR, PR
Sigma HEAMIREAIIE X X, SHEHLINE X MBIMEARR .

(2) T Sigma SEKIBEA T 2 5REHLEE X 177 Z A

(3) ERIEASMA Sigma £k, RAFEESSFM Sigma £42d—4
BHAFEI
5.1.2 JC¥F Kalman ik 5755280

XFARNZ & BRI ERE W) MEEPLIRR X MEA ST E RS
V(k) B2 Z FI AR R G AT LA SN (5.3) Hiik,

{X(k +1) = f(x(k), W(k))
Z(k) = h(x(k), V (k)

(5.3)

K, fRAEEMRESTTEREG b ZIREHENN T RRE. & Wh)EB T =K
0, VIOEBMTEM R. FEVIRE X TEARZ k FIJCZE Kalman 383K FHA
BRI

(D FAHL 5.1 1 (5.2) RE—HRFER (A Sigma mifE) RIHXTMN
BUE .

XU\ k)=[X(k|k) X(k|k)+[(n+ APk |k) X(k|k)—J(n+A)P(k|k)]

(2) 5 2n+1 4> Sigma SEM—PHM, =1,2, -, 2n+l.

XO(k+1|k) = fIk, X (k| k)]

(3) WHARGRESEN— ST L 5 Z5M, ©l Sigma AR TME N
PURFI133], HPPUE o BidX (5.2) B8, X—ARETHELR Kalman JEH
Hi%, 1548 Kalman 8k R i@ E—ZIEPRESCNORE T, (UHE— k@3
FRARZS AT ; 177 UKF 266 A) FH —4H Sigma ST, 30+ 85 STk H48E,
BRI RGRE RN — LW .
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X(k+1k)=> 0" X" (k+1|k)
i=0

Plk+1|k)= }sz“’[f((k+1lk)—x<”(k+1 | X (k+1]k)— XDk +1]k)]"+Q

(4) RIE—LTME, IR UT 288, #4851 Sigma /4.
XO(U+11k)=[X(k+1|k) X(k+1|k)+/(n+A)P(k+1]k)
X(k+1|k)=(n+ )Pk +1|k)]

(5) KB (4) TIE Sigma rSRAAAMMTTHE, 52T KRR, =1,
2, =, 2n*l.

ZO(k+11k)=hH X" (k+1|k)]

(6) MBI (5) 132 Sigma sUARMWLITIGE, i IBCR A2 R gl
MIME R T5 22

ol 2n ) i
Z(k+11k)=> 0" Z(k+1|k)
i=0
2n o
P => od"[Z"(k+1|k)-Z*k+1|IZV(k+1|k)—Z*k+1]k)]" +R
i=0

P . =zzna)”)[X“’(k+llk)—Z(k+l [OIZY (k+1|k)=Z(k+1| k)]

(7) 148 Kalman 3 23 50 % .
K(k+1)=P._P"

XpZp " Zpzy

(8) FJa, WWHARRIPREEH AT ZF .
X(k+1|k+1)=Xk+1|k)+ Kk +D[Z(k+1)—Z(k+1|k)]
P(k+1|k+1)=P(k+1|k)-K(k+1)P, K'(k+1)
H AT U Y, T02E Kalman Ji8 7% 7E Ab BB JE LR P 838 i F A T8 BEAE Al v A b

Taylor EGRETT, SRJG FHEATRT n BHEL, TORLEM U RHIEREST UT 2 H, 3R
1319 Sigma FUSEAIMEFP 7 2 5 RGEVHFFEEICAS, B HHEXXLE Sigma AR
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ATARERPE WL, LA BPRS A B R iR B, IX PP L SE B — P it bl
A -

5.2 Foilh Kalman 82 NS EiRR RPN FE

5.2.1 JFERASER

e BAntisI i Hekizah, Rt B prger W arde T, FHiik
HFRIPIRRES O/ |1 4.3 TWAZEATA, HEsHEs) 75 fE e BUS sedn B 1K

X(k+1)=®X(k)+TW (k) (5.4)
Z(k) = J(x(k) = x,)* + (y(k) = y,)* +V (k) (5.5)
&,
1 F 0 0 (e 0
0" 1900
¢= ’ r = T O
0O 0 1 T 0 T2 2
0O 0 0 1 0 T

KR W RO R, B

1 1 0 0 05 0

01 0O 1 0
¢ = ’ =

0 0 1 1 0= A5

0 0 0 1 0 1

W (k) ¥ 24 Q=ow*diag([1,1]), ow A— DTS E, ow<<l. V(k)
¥HZA R=5. FR&E UT BB OHXRE, =001, =0, f=2, 4¥#
n=9. FIEFTALMINLE A LURAEER), fEXHLE A E A (200, 300). K52 %
BT UKF S R ER 2 B

B H AE 3 & 20 S SR A B b

X e (6) = X (5)s X (KD, Y (K)s g ()]
ifi ) F UKF 8% 5543 200 HARRE A
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X s () = [¥ne (B, S (6, Ve (), P (O]

SE ¥R (RMSE):
RMSE(K) = /(u (k) = X (K))? + (Ve (K) = Yy () (5.6)

1400

ey
1200 —— UKF 3

L " 1 1 A i =
—-100 -80 =60 —40 -20 0 20 40
xABER /m

B 52 HF UKF ﬁ?ﬂﬁﬂ&ﬂ%ﬂmﬁ@

MMaRIEIE X, HAREIT &M%, FH UKF 3552008 5 H bR ISEAr & 1
#, HERWE 5.3 frr.

8 - —
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W itz RMS
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fit i) /s '

5.3 UKF Sk 2z ih 2k E
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5.3 UKF ZEN0EE B 4S5 BRI

531 P4

SIIIE H B AR RO R 5 S H A SRR, ATLAS % 4.3 1.
HB—ANE YR x-y WIBBIR M, HAERE—NZ) k FALE . TR0
ATSREE X (k) =[x, Vis X Do %o 931" Ferme BB M AEARTFIT L G Bl 1) 3G

WS ELkIES), TETTE L (p #75ED IMEEMSINMEELES). B L
EFRAMERGRE W (k) , WHESH R ILAFRR TR EPRE R

X(k+1)=®X(k)+W (k) e T
A,

w =
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f 2
10T0T70
2
010T0T7
=0 0 1 0 T O
0001 0 T
0000 1 0
0000 0 1

BRBAFFALE A (xo, yo) MIFRIERTHUR M BEATERER, AT DAFS 2 3 ik A5k A3
M Z IR EE S TS M AR T HRIENAE @, LhRllR A+ ERE R A INPER 28

BV(k), 1ELEENPORBRRET, Wl
r(k)+V, (k)

o(k)+V,, (k)

VR = x, 2 + (k) =y, )* +V, (k)

y(k) -y,
arctan (;(k)—_xo-) =+ V¢(k)

Z(k) = k(X (k) +V (k) {

(5.8)

EHFILAARRT, ZERAPRETFERLEER, W22 IEL IR .
BEE AT LA — PR R R G RB| =4 6] x—y—z AR R T, A HAREPRSNZ 9
$ef5 8, ERFE LR

ET R R RGNS W (k) BAEWIERQ, . Vk) BEWHEER, . 55

nr

10 0 0 0 0

01 0 0 0 0

000 0 0 0 5 0
%=l 0 0o or o o | *=[o 0.012}

00 0 0 00 0

00 0 0 0 0.0

W, V ZEAMRK, MIKRE N=50, KFERER T=0.5s. ¥IEIRA X(0)=
[1000,5000,10,50,2,—4]", WAERKKEZEHTMPE 5.4 fin, REALERZEWE 5.5
Bz .
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5.4 UKF 5 EKF 8/ARIN LR

A TXH UKF 1 EKF PRSI ASEM R, FRATEE R F M i RS AT 1 2
e XEEH—HEIEEMERS, REFEN
2.5X(k-1)

X(k)=05X(k~1)+-= T

+8cos(1.2k)+ W (k)

R 757 R

X (k)

Z(k) =2 v (k)

WA, R W), bm—%w 0, WA e RV (k) , oy
%% R.
7E EKF S0k, SR 7 R0 7 2 e 1 s e LA e B 7 v F

_i_ 2.5(1+X(k—1)2)_5X(k_l)2
F—aX =05+ @ X617

_0oh _X(k)
H=3%="T0

iM7E UKF {) UT Z&ferh, BTFRELLH L-1, WHHa=1, k=0, f=2,
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A=3-L.
k=1~N, N=50; LFfEWgmE O=10, MillES R=1, HEZRS, 5EMREA
TS R 5.6 Fror.

20

—— ARRE |
|| —&— EKEF fit
—+— UKF fiit

L L 1 1 1 i L
0 5 10 15 20 25 30 35 40 45 50
fietfia) &/s

€ 5.6 EKF il UKF PiFuiR S0 H45 Bt bk

AT EEMBAREM T e TE, BATREEA N2 A vHE 5 B,
G RILERE %, R
X

rcall

RMS(k) =| X

mate

133 EKF f1 UKF &I THmZE 45 R an & 5.7 fios, MBS e LIE H,
k=1~N i, FFARE—IK UKF flivH 45 RARLL EKF i i e, {B2%4% 1
KA, UKF [Ffh W2 2 EKF /),

H T ERENEAKE, BT 2RTEER, BRERIRZERTFHE
& XA

_1x
RMSE —NéRMS(k)

MFE 5.1 hafLAE H, X N AR FIAE TR, 84 UKF iR 258

HRZHUFHLZ L EKF /MY, iXRBPIREM VR | UKF 48T EKF, B4

AL, LR 5.1 B 3 KA, EKF MMEE/D, WitZi, UKF %
ik & EAL T EKF. |
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o EKF il |
16{ —+— UKF féit

4 h - W
25 30 35 40 45 SO
i} i Ais

¥ 5.7 EKF Fl UKF &N 200045 v 22 54t

0 5 10 15 20

F51 ZRRAEATFIE

1 2 3 4 5 6 7 R
EKF | 25738 | 15331 | 15093 | 1.7568 | 1.6331 | 20469 | 1.6692 | 1.8235 | «e-eer
UKF | 21106 | 13132 | 15310 | 1.6758 | 14332 | 1.8934 | 1.5931 | 1.6121 [ «eee

H1Z A F A Al LU M - FEAH R 9 AR T UKF B A 8 EKF 58 5 [0 38 BORTFE
% RMSE [ ¥{ERT7 2 B9 S E A b B T UKF SEAHX EKF AR

k.

UKF SECL U B A0 UT Ao Sal, EROCRERE Eodlik T RERI etk
iRz, BATZINAER . UKF SEMSRaAE T HS MR S a5
F5e i, i HILIEEBOR S EKF Sk —FE 52 338 B AIME 2w .
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Fo6E UHZEE Kaman iBiE

E Kalman JEWE L H B TRESEB RN 5 F2E, #0571 =B a) 2
t, ER—FIEMIE. EERRED, A LEE H AR E 3R e 8 L
g EHbRRRES R (NLE, BES, BRERERNENYE. B2 H st
PLEIE (RARFEDEIN. WSS, [CRAEAN Kalman JEH AT EEA T
HAEMER., XNFEXHAENEZE. XELHEE (IMM) £ —FRb)#HH
W, HA¥IH H.A. PBlom 7& 1984 “E3&H, HREIZENLZ) H brERERSUSAG S| T2
IR . IMM B A P B0 2 A B R TAE AR p T et &, BJs
W A R A A AT RGCREMTE, R e MR T ARl R =K
i) 8

6.1 AROXHER Kalman BRERE

IMM HEFRH £ Kalman JEB AT AT . BASUER: 2855 M AS ] R
SR, AR FPRSZ R RAR A [F B H bs T, B LA AN 83 a8 %
HARRERM TS RAE . IMM JErEABERES —NZ], BT
AER 2B BEAMAT, EidIR AT — B ZI A S8 PR S THE RIS 51X
AR E BT VT T (R P8 A8 I aG 25 F AR S R MR AT SEBE I8 CFl
REIE) B8 )5, CABIBITCHRCADUR el B0y Reak ST BL UM, JFUL & A I8
A BIEEFPREMTHE OB IEBMRESMTH. Fik IMM 8% 45 R
XA R BT TR S, AR IR S — AN ZIE B 56 45 1E i B Y R
. FTHEAYE IMM B35 — PR,

e BAnAE r Miza R3S, XNF r NMEFER (B r MREEB T, &
% IERRRK BARETER

X, (k+1)=®,(k)X (k) + G, (k)W (k) (6.1
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BT K

Z(k)= H(k)X (k) +V (k) (6.2)
K, Wi(k)RIEAT, MR Q MM FFS. BHR [BHHS
IR R, HH MIT0ER p, Fon BRI SR | NSRBI

MEFERKIME, MEEBEGWT.
Py Py
P= k- H
By ANy,

IMM SR OB HETT SCBEAT RO, S HE E 25 0 LUF IUANE IR,

ST WMAZH BA )

1 EAREPRESA T X, (k- 11k - 1) §5_E—5 G4 DR 3 OBENER p (k1)
BERAM X, (k—1k-D) R 72 P (k—1|k—1), FREMETHE R LATHEE
KRS . BAERSEOHEWT:

BB j TR (3L HE0 K

(6.3)

'c'jzzr:p‘_jpi(k—l) (6.4)
i=1
BEA | BRI j BIR AR
py =11k = p,pu(k-1)/T, 6.5)
i=1
B j (VR APRSAE v
)‘(Oj(k—uk—l)=2X’,.(k-1|k-1)y,.j(k-11k-1) (6.6)
=]
570 5 fRR A 254G o

P (k=11 =)= g, (k—1[k~1{P(k—1] k1)
+[ X, (k—11k=1)- X, (k1| k=1)]
X (k=1 k=1 = X, (k=1 k= D]}
A, p, BT BRERY j R (k- 1) IR j 7E k — 1| I ZIEORER

(6.7)

— | 120
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1% 2: Kalman JEJ (B /)

|

LLX, (k=11k=1) Py (k—1|k=1) J Z(k) {E R % \#4T Kalman 3E3%, KE

FIARA X (k | k) RIEBE DI J7 % P, (k| k) .
bl
X (k|lk-1)=@,(k-1)X,,(k-1|k-1)
TR 2= s %=
P(k|k-1)=®,P, (k-1k-1)® +G,0,G
Kalman 4 &
K, (k)=P (k|k-1)H"[HP (k|k-)H" +R]"
X (k|k)y=X,(k|k-1)+K (k)[Z(k)- H(k)X (k| k—1)]
IEW I I7 %%
P, (k| k)=[I - K ,(k)H(K)]P,(k|k—1)

PR3 HAIEER ER
R FACUER pR BOR BB TR 1 (k) 5 BRZY j (KUK BRSO

4®) = |{S‘, B exp{—%v TS (kv j}
XA,
v, (k)= Z(k)~ HIOX, (k| k~1)
S, (k)= H()P,(k | k~)H (k)" + R(k)
MR j IR

(k)= A,(k)e, / c
Koty ¢ WH—HHLE, He=Y 4,007, .

P4

(6.8)

(6.9)

(6.10)

(6.11)

(6.12)

(6.13)

(6.14)

TR, BRI B B S5 RS IF, 1R EBE AR A&

X(k | k) FUR I 20853 P(k | k) -
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SEPRAMS T
X(k|k)=3 X, (k| b, (k) (6.15)
S ZE G

P(klk)=in,-(k>{P,(k|k)+[5r,(k|k)—fr(k|k)]-[i,-(klk)—f((k|k)r}

j=1
(6.16)

FrEL, BSR4 2 2 USRI INBCTFIME. AUERD A i
ZIBRS A A HARIZZ) MO, fIFROURIE .

T PE B s ) H ARz 2 AR, RTELARE 3 ANJ5 T 2% 8 -

(1) EF—ENER IMM JEBES, SIS AR R R A HLRE AR
IMM JEB AR T H bR RELLIZIRE, 1 HAE T B AspdLah .

(2) ByIRAIRBEREH BB AIE IO IMM I8 R TERER BUE M. /R
A REPRASF MR M SC P EAR S TRARLRES TR AR BERE, S E#
SRR R 22 AR R R A T OMER . — RSO T, B SRl RERIRASH B8
F R —E RN, IMM S8R GRS G R A H hRiza) .

(3) IMM ¥EB LR A BB E. 200 HAREsh B ), 38
AT LUEPERE WS LL BN it i B ARIZ SRR . 29 T0EkTivkl B AR iz s ML
I, BUNZIERESE — AR, B N R A R A B

6.2 AROXER Kalman JEREBIRRERDEINE

6.2.1 [n]iffik

BEf — W IEX i _HEsh i) B AR Tl . HARTE =0~ 40s 3y y FifES)
HLRIZE), iz - 15m/s, HFRIAZES £ 20 (2000m,10000m); £ £ = 400 ~ 600s
l6) x 77 i 90° MBS, MNEBER u, =u, =0.075m/s , SEMARHES 5 sk

Kk % e =610s FFAAM 90° MREETS, IEE R 0.3m/s™; 7E 660s 454425,
MEEREEE, TAERMAMT =2s, x Fy ST AT, W00 S bR 2=

—1 1




¥68 REZHE Kalman &l

#909 100m. @S F AR HARMEREREVE, I AT 05 LT, A T BB s 3L
i AR ELSZ B . AR O R O i 2% <
6.2.2 IMM JEikZsixit

$F BRI, BRATKRA=AEE: 8- MEAR RN, fEeiR
G T 22 A%, BIAEE W, . MR LSRR, BoEsh
TR RGBT 2 Q@ = 0.0011,,, , B =MER K RGBT N
0 =0.01441, , . FEHIBRIEEHR ) T /R W] REERIFERE IR HFE
095 0.025 0.025

0.025 0.95 0.025
0.025 0.025 0.95

P =

{ERRERVILART B, 8 56 KB % M Kalman JE3% (AENMLEIAERLD) HEATERER, M
55 20 CRHEITER, K =/MERLE) IMM 807, 3808 S A5 R0 7 b b 21 AT R 2 23 i
Jp =08, m=01, m=01.

BRI HE LT .
[ x| [x] [12/2 0 ] (1274 0 ]
X % T 0 T2 . 0
y y 0 T?/2 0 ‘T/4
KXozl (o s Xy= il 106 v G, =G, =
y y 0 T 0 T
0 ¥ 0 0 1 0
0] ¥ 0 0 0 |
(1 T 0 0 0 0] (1 7.0 0 T%2 O |
01 00 0O 01 00 T 0
0 01 T 00 0 01 T 0 T*2
¢l= ’ ¢2=¢3=
0001 00 0001 0 T
000000 000 0 1 0
00 00 00 0000 0 .

KM R IRTE (WIDRGEIEZ —), REVIEREA

I

123 |
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zx(z);zx(l) zy(z) z)'(z);z}'(l) 0 0}

|

X@ﬂ%{g@)

[ 62  o2/T 0 02, 00
ol/T 20%/T? 0 0 00
0 0 o, o,/T 00
PQ|2)= At
0 0 o-/T 20,/T° 0 0
0 0 0 0 0 0
0 0 0 0 0
s S
«w=ﬁ2uw)umm
S S b

o, = \/%Qxi(k)—&(k/mz [e®]

A, M AFREERERIRE L=1,2,--,N, N AFXFEXE.
6.2.3 TiE»Hr

BEE T 5 H AR E e 8o . oo K — R penk g8 R 2k an b 6.1 B KA
SRR HFTE 50 Ik, 153085 R ZE IXME thk fbrE 2= ik 2 ml 6.2,
B 6.3 fic. ME 6.1 hEH, JEHEMEEA bl iniEs), e iz
EHLENEZNEN, FHEE TR E B bR, AP T BT sk R .

10000 —
— AEHE
smo . L L R Y e Ly BmsseEE ﬂm#*
— - — (i
6000}
E
¥ 4000f
#
" 2000} - )
0 L
_2”) L 1 1 1 i
1500 2000 2500 3000 3500 4000 4500

x HekR /m
B6.1 HPRRFEEHE. WIMPE., HitHl (—RaER g
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x FR iR E
|
8 < 8

y H RS
|
8 o

=, —200
=300 =300
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il /s [ /s

6.2 JEFIRZEMIIME ML

&= 200 200
: z
- P
T o E oo A
ﬂ —
: :
B 00 R -200
100 200 300 400 100 200 300 400
i f6l/s It il /s
(a) (b)
100 100
i -
50 i&’ 50
i X
: -
2 =
0 P mil
100 200 300 400 100 200 300 400
Bl WHils
(e) (d)

Bl 6.3 JEBGRZEMIPREE LK

B 6.1 22t TAENLBN I LU T 1 B Ar a8 2k, 7EINA R G0 5h e 75 I sk th 2k
LACSERGE P A RN, IRTEZ iR T Kalman JE5GEFE .

B 6.2 Fos IR TE x Ml y J7 i ERRZESME L, EHM&PEL, BTAERX
Hes, PrUERS TR R Z RER TDIRECREE), £ B s sl LA
NEIEFN, REMEFRAETEBIERNBE).

Bl 6.3 IR x M y J5 7] _ERRZERMEZ thEk, #E1E L A] AT 58 — ik
SRR —KER, FATEIRERUEE Lk L= T ERMRZE A EE . 7EIE
ARERESG, PEERAD, XU IMM 8755 B ErHLEn 2 m e

MEL R34 AT LA, SRA IMM Kalman 3835075 T AR BREZHL S0 B
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B7E Kalman iEEM Simulink (A &

Simulink /& MATLAB X {FHI4 R, J2& SR 2h 24 R G @A B A — AN A4,
‘B MATLAB &5 MFEEXHZE, 5P EEOZET Windows [HE{L
BTSN, {7 AT DAE 2 (RS R\ B R G AY (R, MRS S gfe L.

7.1  Simulink AR

1990 4, MathWorks #1472 &) 3 MATLAB 24t T H i R R LN 517 K
TH, Jfdr4 Kk SIMULAB, % LEARMRERAE TREFRE T/ Z AT, f{iEK
TFEN T AL TE AR B, BRI 4 75 X0 HE 42 R 1 SIMULA 254U,
BT AE 1992 4= IE 20K 8K 4F 58 44 28 Simulink.

Simulink [JHILH RGME S RIHHRME T BEEX, HRFAFHAFE
ThgE: Simu ({FE0) M Link GEHL, BIZAFe LA A RS E 1 B2t
BT B (45 BL R G, ARG AIH Simulink 325K ThRERAT RGEHEAT 5 B AN T

Simulink /& MATLAB #1049 & , /& S84 R G0 B A4 B — DR AF .
‘©5 MATLAB &5 M EEX A2, H5HPREEDZEET Windows HIHEAUL
BIHI, 48] P 0] AR SE £ R DB RS R it g, miEE = 1gfE L.
{H&, ZFE Simulink A NMERPE, DARER—EWNRETE, THE—
U 5 CREERAN S pRELHI BT S5 R .

7.1.1 Simulink }33)

Simulink )38 PIF X —H& )53 MATLAB J5, Hili MATLAB I &
FIffHRtd44H & , 7 JF Simulink Library Brower & H, 11 7.1 fix. 5H—Ffh K
JEfE MATLAB 4 & L4 simulink, #R/5#% FRI4=8#, 74 Simulink Library
Brower & I,

54k, 7E MATLAB 4% P4 simulink3, 45 82765 B —
PR R Library: simulink3 (#) Simulink BRFER L, WK 7.2 Fis. X



#7E KamanEiEH Simulink (FE a=

R O S SRR R B, B PR DRSS B QAT — Ok
B 7.1 PronE O AR KR, SHTH%EEH, AEHNSITIFRZHTEH.

lDb-wull

Used Blocks

Commonly Used Blocks: simulink/Commonly

R "] simiink|

& Wl Aerospace Blockset

#- ll COMA Reference Blockset
@ B Communications Blockset

|l Control System Toolbox

El"- Embedded Target for Infineon
#- §i Embedded Target for Motoro
#- | Embedded Target for Motoro
- |l Embedded Target for OSEK/V
®- §ll Embedded Target for TI C2001
@ W Embedded Target for T1 C600/ =

ommorty
k) |
! =
Continuous "y
|
|
=

Discontinuities
Discrete

Logic and Bit Operations

Bi| Lookup Tables
e B

Sinks connm Dunh Mlm Functions Noﬂlmw Signals
&

& Tables

depracated
Please use the following command to open the new Simulink library.

Note: simulink3.md| has been

open_systemn(simulink mdl’)

Simulink Block Libeary 5.0
Copyright (c) 1980-2003 The MathWors, Inc.

B 7.2 Simulink3 B3N % A

Simulink J& #J5, 7F Simulink Library Browser & 132541, #+¢ File—~New—
Model, %% i File S8 T8 —MGER D, EReaeEid — R4 M0 Bomik

i, wiE 7.3 Fﬁm

' D{sﬂéwma;@a M_

iy afoo fed o D@BS: REE®

Ready

T Y I g
T

& 7.3  Simulink {7 EL4w48 % 1
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7.1.2  Simulink fjj Fi%
el 73 PESEHER, WMBHEFZE, TEREEEESH. B
Simulation 325 Ffiff) “Configuration Parameters” 1EIH L # B 44 HREERE Ctrl+E,
Es i 7.4 o ERE, CAFBGEESE (Solver) RE. LIET(RIE
#5 FA/FH (Data Import/Export) W . Pt (Optimization) WE. ZWiZE
(Diagnostics) % &« ffi{F5CH (Hardware Implementation) ¥ & . &% 5|H] (Model

Select: —Simglation time

[ - | start time:[0.0 Stop time: [10.0
i~ Dats Import/Export |
|- Optimization L — .|
- Diagnostics Solver options —— S =
| |~Sample Time B = g .
. | Dats vaiidity : Type: I\-nilblrnw _v_l Solver: l ode45 (Dormand-Prince) ;]
3 - Trpe Conversion | Maxz step size: l-uto Relative tolerance: Ilra
i— Connectivitr
| Compatsbility 1 ¥in step size: Futo Absolute tolerance: quto
‘~Model Referencing | Imitial step size: l.ugg
—Hardwara-Implemen. . .
|_Model Neferwncing Zero crossing control: ll:u local settings :J
=-Real-Time Worksho? | ™ sutomstically handle data transfers betwsan tasks
i~ Comments |
-~ Symbols [ m— e SR S riy L e e = 1 ] e
- Custom Code
.. Debug
- Interface
| 1>

[—Q—I Cancel l Help Aoplr J7
& 7.4 Simulink ¥ & 71

NG ENHET S, XERERATELS), RN E T
AT E. BRKEMNIEZ, HHMUWEAILA, FHaniad.

1. (FE#ES5¥ (Solver) ¥ 8

PiEZERE R O WE 7.5 i, el TR E. {5 3a5anfE . &
PR A8 S TS I+
(1) i FLI[a]
T X B S (A S S FLSE R I R AR, FUR VSR B A et e Al g —
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¥ 7% Kalman JEik#aY Simulink {5 E

Fhgon. o, 10s FIPFEETE, WAL KER 0.1, WFHEEHAT 100 22, #
KRN, WSRAE S n, A4 LRRAPAT I E s m. — MO BTG
(6] 4 0, 17745 AR IR REAS [ R BRI R T OE R . S iR, BT — IR b7 BLEERE DR (1)
kTR R E, OEEENEREE. RERIUPKMIERE. tHEHR B
10038 85 5

Sisulation time —
l> Start time: [ Stop time: [10.0 ‘
— Solver options i

Type: l\l’uilblrstm :] Solver: Iode45 (Dormand-Prince) :ﬂ

Max step size: lluto Relative tolerance: |u—3

Min step size: Imo Absolute tolerance: l-uto

Initial step size: |auto

Zero crossing control: Iﬂu local settings ‘:]

[T Automatically handle data transfers betwsen tasks i

75 HESHRERD

(2) PiEP KA

F P HE Type JGH )58 — AN P HOEIAE P 45 5E 0F AP KRR 2, T {ikik$E
45 Variable-step (Z55K) Fl Fixed-step ([EEHK) Hak. 2K a] LAZE
PEMEEP LK, REREEHRSTRN. FEe P KECE g Tl B+
ROt 2 K, AREGREEGIAE TR . G BAZES AT hr g e
ch g AR R 0 BLBT R A I S

3P KA AL H odedS. ode23. odell13. odelSs. ode23s. ode23t. ode23tb
F discrete .

oded5: BRINME, VU/HBEKE-FEMEE, EH TR HEESRSH AL, BHA
ERTRIME siff) RSE. BERASMHER, W&, EH y¢,) N, BNFE
AT AL FRI 2 EE R y(r,,) o — R, TN — M B ) U 4T 42 1 55 i odeds .

ode23: T/=Mrehs-PEIEVE, EAEVR 2 PR SRKAN EASK AR I il AN K HE A
M, AIRESLE odedS EHR. ode23 2 — /N HIDHEIEEE.

odell13: R—FMEBTAEKIMIEDS, EAERERVFERT™H MO T
ode45 HR. odell13 B—F L LML, B a2 H e, B EL
(IEZME L] 8

odel5s: & —FhEETE P AN APIf#EEZE (NDFs). odelSs t2 —Fh £ i

135 |=——
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k. EHTRIMERSZ, MR AT E ARG ) SR LN AR, B ASRENEH
ode45, R BIAEAE AR A, #iaT LUA odel5s.

ode23s: ‘B FHUMER, TIINHTRILRS, E55RZERVF FIRCR
BET odelSs. T AEMRURIELE odel s FTASAEAS AR YA stiff i 3L, ‘

ode23t: JEBREHNI K —Fp B hIBE ST . X FRVESE R TRMEIERE stiff
(il A it F P S A TR R AR I Ot

ode23tb: & TR-BDF2 [fJ—FhSZHl. TR-BDF2 j&H A AN B e k-
PERE AR

discrete: 4 Simulink £ & R B A ELREMEH E .

[ 58 KA A S 84 4 odeS. oded4. ode3. ode2. odel Fil discrete.

ode5: MRIME, J& oded5 MIFEELKMA, EHTFRKELEELKE KRS,
A& F NI RS .

oded: VUPRJubs-FEESTE, HE—ERHEREE,

ode3: [ KM /=M JoAk-FEHEE

ode2: MUKz .

odel: RK#zik.
discrete: & — AN SEIBU M E B KA, EEG T EBLESREN
ARG

(3) BKS¥H

ALK, B AT AR B B K AHERE (B a P K2 BUAEOL T,
B K AFE, EH{E auto KR,

Maximum step size (B KB KSHO: YRIE T ML RENS fE F BRI AP
ERIMEh OB 1E)/507, EEAN R R /D 50 MR ke (RN T 0 BLi
A R GE, XA A B I T R BOORE il TR, MO L R R —
FEe A U0 LN TR AR L 15s KR ZE, RABGAERI AT X Tl 15s (a2

Initial step size (W& KSED): —BEVEH “auto” ERIAERIHAT,

(4) (iR RERIE X

Relative tolerance (AHXTiRZ%E): IRIRZEMX TIREHIE, £ EAH, BRIk
624 1e-3, XAREHITHHEZRTHE] 0.1%.
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Absolute tolerance (ZExfiR%E): RNRZEMEMIIMR, HEFLWARSEHIF
AL R, ATLABESZ IR 2. R EHR AR T auto, A4 Simulink A& —MIRE&
WEAVIIRLERIRZEAN 1e-6.

(5) Mode ([i]5E P KBIAIEFE)

Multitasking: X P, 24 Simulink £ 2R ] 515 1K RAE 3 54
e, G HRRIER . FTEAEE R R AR I TAEEAS [RR AR AR R
ZIEFHEERE. EXNZEFRET, MRS Z AR R R i,
A2 AT AT i HH B — AR i AR ) — MR E N R E R A S oL .l
KX Fp 4, Multitasking KA B TH P E# L —MFEIEN 2R RA AN
PR o A FH A e B R AT DA /D ABE 2R v ) v e e

Simulink $2{t T AN IXFERIBLEL: unit delay FEHLFN zero-order hold ARk . X} T
MG F B Pk e g AL, AT LAZEAS 460 Hh v R0 PR A S 198\ — > SR AE
i unit delay Bk, XS THRGEF B R FH, AT LHEA — D FH R IREF
#% zero-order hold.

Singletasking: IXFPH A AR IR B4, AR BBATS RGP
IEAER A, X RGP AR5 A 25 ja) .

Auto: {EIXFIEEEL, Simulink SAREEE P EERFRIFER EE 3, B3
Y5E V)4 3] multitasking 1 singletasking .

(6) %t LI

Refine output: X/ A] LB AR SRS Al dan it , 038 SURTEDT B4 RARAA R,
Simulink &/~ ABSMOREAHEH, X— A BEELE —F. HP LI refine
factor By B (8] 25 (]9 A f 4 A L.

ARG R e, SRR T LMD KR R R4
HEER P KR A R, I HAE odeds BUR BT

Produce additional output: XANED RV P BEEdE € r= A4 B e . —
HAE$E 723, WFEE A2 HIL— output times 4ufHHE, 75X 5 P I8 €%
SRR DT B AL B RERT RAR — e &, el LR RIAR . SRR T A L,
XANEI S TR B AP K.

Produce specified output only: XM [ 7 B2 il Simulink H #E 35 & [ a]
m AR o Ol AR AR B R RO BUP K DUE 2 R E (A S E A . XN

m=
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FR@IERRIEREI A ——MATLAB R
TRUAE LA ] ) 47 B ) CAife DR AT TAE AR ] PO B e i
2. THE=EHEINZHIZE

Tz EEESA/ FHEEGOWE 7.6 Fa, EEEMTLE Simulink 5
MATLAB TAEZ [B)AZ e BUE () eI E, 4% Load from workspace. Save to
workspace F{l Save options = MET .

'»La-dfx‘u'ozksme~4——~— - —_—
I~ Imput: rt 1l
| [T Initial state: [zInitial

~ Save toc workspace —_—

‘ ¥V Time: Itout
i |~ States: I.‘:r.-x.!
i [V Output: [rout

{ I Final states: [aFinal

[V Signal logging: Ilozsout
| [T Inspect signal logs when simulsticn is paused/stopped

r Save options
| ¥ Limit data points to last: lwoo Decimation: [1
; Formst: lexa,v ;l

! L aa e =1}

Bl 7.6 TAE2EEHE A/ FHEEER O

Load from workspace: & RTHIEEHE, BIA] A MATLAB T {F =% [A) SRE B
[MFAGAL R, —M, BEZEE XNt FALEE XN u. Initial state FIRE
XM MATLAB TAEZ (A 3RAF PR SHIEE AR R 4 .

Save to workspace: F R EF7E MATLAB T {E=5[0] (AR SRR AL B 4,
i v AR B R A ) SOEAE AN R B AR . — AR LA 2 18] () 28 = 46
e )& (Time). ARA & (States) A E (Output). Final states FK &
SCRs RO EAAAE LAEAS ) BT AR = 4

Save options: F K% BAFE TAEZ 8] (4 9<% . Limit data points to last K
W E Simulink 7 BL45 BB 0] f74E MATLAB "L AE 25 8] (925 B (A, X6 ) B 1y
=N 4ER, X TR S BIHRL. Decimation & T — NIRRT, EHER
WEA 1, WRAHE AN B B = AR, R 2, MR —NM
FLNZIA RAF—AME . Format FIRUEAHIR BI04 (4% X, BIEHERF matrix. 454
struct S I (8] ff) 4584 struct with time.
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3. eHisHgE

WSRO E B RAER ) BURA R . R . R
{RAFRIREA S| S LA T I 207. 2 Al LA E 2 Simulink £ 75 313 46 715 3
PERT R M0 TR, T AR R BT —HMERR. RERILEHSE. REHT
AFRRAH Simulink (45645 )L
7.1.3  Simulink BEHERIF

PRUER) Simulink B3 FE H (3515 S YR (Sources ) i H VAL H2H ( Sinks ) |
AR HL4] (Continuous ) &5 AU (Discrete ) JELEPEREEZ (Discontinuities )
{6 5B E4] (Signal Routing). 15 5@ MM (Signal Attributes). 2%z 5
K4 (Math Operations). 2 5712 A (Logic and Bit Operations). 71
B4l (Lookup Tables). H/ HE X4 (User-Defined Function) Flii 51
ARG (Ports & Subsystems) %5 JLAN4>. IXLLRIHA AR 7R R G @A
R, sEbr b, BRibZAMEHIRZ Dhaeks, H P el blg B O i Th e
B FH3] Simulink ARG . AR o 3 LM T v, fE)S
T P ARt 2 v a8 A S AR 2 PR A 4

T RS LA R AR ) BT RE .

1. 155iR#EHRE (Sources)

5 SHRA 2 RGRAESFME SUE, HHRBERWE 7.7 B,

(1) Sine Wave: ERIESZS, & HEHHIES KA.

(2) Ramp: AERFHEES .

(3) Step: ERMEK(ES -

(4) Chirp Signal: A= pl—MZEEIE ) 1IE 5%

(5) Random Number: A£ i {7 7 A B BEN LA 5, & R HA0AR 5 % AR08 .

(6) Uniform Random Number: 4= m345) 43 A IBEHLIG 5

(7) Constant: HHEHFA, FE—NMEEES, HEFH.

(8) From File: MAh3CHH S HUEE -

(9) From Workspace: M MATLAB T {F %% [a] Hh i HUEE
HAWBI AN TFEL, v DL o0 AR A 5 55 help for the XXX block, 7E help

199 1=
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i

AT H A AR . Wik 7.8 BTzl /& Constant [¥4# FH i B4

Pulse Signal Builder
Generator

Ramgp Sine Wave Step Repesting
Sequence

T g Vi

| Chirp Signal Rtndom Unnurm Random Band-Limited
White Noise

[

Sequenu FnQ-Rul\Ing Limmed
Interpolated

ol T

Digital Clock

Bl 7.7 S

2. HitHithiEER4E (Sinks)

i B R A O 07 FOBR MR TR, TR BR. Mt IS R

A B AR S D T .

(1) Scope: BT EAMNEMGS, HE TR,
(2) XY Graph: 1§ MATLAB B & 1 Borihi(s 51 X-Y E.

(3) Display: ‘B<#ii{E.
(4) Outl: MARIERT RGEHLAE—A N it

(5) Terminator: #4 EHHH{ES Ch T Bl b —ANr 380 3% 32 3 4 it s 45

FLHIVE SIS .
(6) Stop Simulation: 4 &%tk AT {Z 1L E.

HABBIIRUNTE 2L, W] LA oo AR A R A B

_.___L 140




#7E Kaman ik Simulink (i =ie

e Eit View Go Favorites Desktop Window Help

Holp Navigator Xle=a & #
Contents IIndnxl Surchl D-o:'
- -
1 nsirument Control Toolbox - i Itonstmt - nod“ (Smuhnk R‘&:enf'z e e __,_,,__—_—_l_

# & Link for Code Composer Studio(tr" = -
@ g Link for ModelSim® Sl Rutsrunce ]

i+ @ Mapping Toolbox ‘|| Constant

& & Model Predictive Control Toolbox - Generate a constant value

& & Model-Based Calibration Toolbox

i & Neural Netwark Toolbox || Library

# & OPC Taolbox = sources

& @ Optimization Toolbox
@ & Pantial Differential Equation Toolb Description
i & RF Toolbox
@ & Robust Control Toolbox 1 b
@ @ Signal Processing Toolbox

& @ Spline Toolbox
i @ Statistics Toolbox The Constant block generates a real or complex constant \@Iue. The block
& @ Symbolic Math Toolbox || generates scalar (1x1 2-D array), vector (1-D array), or matrix (2-D array) output,
Y o *|| depending on the dimensionality of the Constant value parameter and the setting
# z Sy stelede'mlﬁ;anin Toolbox || of the Interpret vector parameters as 1-D parameter.
& & Virtual Reality Toolbox

The output of the block has the same di ions and el ts as the Constant
4 Wm!m Toalkox wvalue parameter. If you specify a vector for this parameter, and you want the block
& & Simulink || tointerpret it as a vector (i.e., a 1-D array), select the Interpret vector
- @ Getting Started || parameters as 1-D parameter; otherwise, the block treats the Constant value
@@ Using Simulink ~{| parameter as a matrix (i.e., a 2-D aray).

# Q Blocks - Categom:al List

;'| Data Type Support
ol | By default, the Constant block outputs a signal whose data type and complexity

/{ 7.8 Constant [¥){% FH i} BH

opAa =

Flosting v Graph
Scope

Simulation Control

Stop Simulstion

K79 Hhibda
3. ¥FiEeHEYY (Math Operations)
e s FRESE 0 0 BRI BB O e, B RIS S msiz &

=
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I

RIBHSE . W HOECAZERRWT .
(1) Sum: KALEH.
(2) Add: hnik.
(3) Bias: fhif%. _
(4) Abs: HUAHHIZERE
(5) Sqrt: HAEHRS .
(6) Product: I AME KR AELRT o
(7) Dot Product: BT SFIEEH .
(8) Sign: H—MF5 BREONH A IE StEAE th 41 B
(9) Rounding Function: $47 5 %% bk %5 .

Unary Minus

o Solve
infu, i t: L zp
)Rmm(uy)y 3 sin m'(z)=0

Minhax Trigonometric  Sine Wave  Algebraic Constraint
Function Function

Running

Kl 7.10 HFsEBia
H2pis FARR A SLAbAR TR, A] DA AR R A A T B
4. BPEENXEEIEHRE (User-Defined Functions)

P OBRRE, hEmEH P &MFER, EIH S B E XEREA
AER L. H B SR BRI A 7 PRS- AR R, RERE LEBL R 241
ThEetsr, EaeR MM B O S KT RERR L.

=18 B
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User-defined Functions

o MATLAB
Function Au

MATLAB Fen

MATLAS Function

B 711 HF A e R4

(1) Fen: HHEXMEE (RERX) #ITIEH.

(2) InterpretedMATLAB Function : F|fH MATLAB KA R EGHTIEH

(3) MATLAB Function: %k Aff] MATLAB p&i4%{.

(4) S-Function: A B4l S MEFEFHATIEH, FERLELNA.

(5) Level-2 M-file S-Function: M 45 S K%,

(6) S-Function Builder: S pREE 3%,

EEAARR Simulink BEHREE BB . FRitZ b, Simulink S8R4T
U2 L IhRETR K RIBIREE, B RBERE ., BERANTEBRIE. BFES
AbEREEHREE, SHAE. IXUOBIHREEE MR R SC B pr B n) B R B TR KRIMER, H
A LURYE B i@ kiE R, EXmA——N 4.

7.2 SEH

S BA¥ (S-Function) Z2ZRZ K% (System Function) [IfEFK, 22— aER
G ENIESHIA . £ MATLAB 1, AP RTLLUEEERH M XURS, tha] Lk
P CiBEFE#HE HEX UMH'S .

721 S EERAR
S M FTUL AL, REHEFRNEHEEGINEERT, Xk

143 |
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oA HE M AE A S ER Simulink #HCR#EH, Bl MATLAB Frigfiti
Simulink FEERAREREH P TR, TERAMENEXEHE S Rk, RiE
KA B RGE . WRE A S k¥, B LJFal LA{E Simulink FXMERE
RINARGHAITHE . AP EENGEHIREMIREREE, WA IERE L, B4
R TTEALH S eil, W EIEIFREAE S MBI T, XFFLE Simulink F{HE
AW T .

S R E MR,  MATLABiES AT AS'E S A%, ANE i H
J M C.C++. Fortran fl Ada 5515 =5 #AT9E - FHF MATLAB 15 5 #1744 5 i,
T LK g 28 A BN A BEREEE DLL XX fEf 2 % D4 sfundemos, Bk
#.if5 Simulink—User-Defined Functions—S-Function Examples, Bl o] B 4n&] 7.12
PR S, AT BUEFENT B () g 8 5 B 5 s S

MATLAB & THPERE, A4 S BREAIER sfuntmpl.m. —RK 3,
FTANNTFEAE sfuntmpl.m FIEEAS B ATIE BN v] . 7EAr2 % A edit sfuntmpl
BT H AR R B N 2, AT CATEGH ML S 3L B 6 B AESE 4 b T /% S el 2R
TAEIRE.

C++

C++
S-functions

B 7.12 S &BGEd
AR o i 1) 5 OB R
fucton [sys st} shummplusiog)

KRR MSEOERE,  RIRRAZ R EOMA SRR T
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B 7E Kaman jEiKHI Simulink {FE

H i sfunc B B A XHBREBATK. MASE . x. u, S50 NEAE]L R
A, NG flag WArEAL, HEEAR, S eREHATIIES R 5] 1) F t 2
AR Pn AFSNISE. HWIHSE sys A—MNERRFESEUE, HEMERTE
flag (AN FETIANE: x0 ARESHILEEAE; str 76 H AT 1EH MATLAB R4 %
AHAEH, PSR str B ts APPSR, & KPR [ F W &
PNSH, IR EE A0 0], ABARFA LSRRI RIEEIZIT, [-1 0JIR R
SRR (R (R R AR 31T, [0.25 0.1]R A5 B4R 0.1s J5 4 0.25s 1I847—
K, KHER[A] 55 4 TimeHit=n*period-+offset.

S B FEP AR IS ERER, BEWT.

(1) DirFeedthrough, WHJME T PR, M4 H 2 E R AAH XCHK,
B4 A A A S I bR, RN 1, BWAh 0. —M&n] IRYETE flag=3
R, mdlOutputs R XU I FHHIA u A 275 HH 1t .

(2) dynamically sized inputs, WA FRREL, FEZLE HESRENAEL
BHCREMAN L MASEH. Wl ESE.

S BRI HRTSZHREM flag EFEA 0. 1. 2. 3. 4. 9 %)L EME. Filme—F
TEAE R flag 15U T S BREHIPATIE B«

(1) flag=0. #HITRGEHIWIEHALILFE, V8 mdlinitializeSizes PR ¥, XSt
ITHIEHRE, WA ECREN T EEREN . BPR AT s 8. Bk
IRAE AN RS BYIRBUE S -

(2) flag=1. FATELRSZEMEF, H mdiDerivatives %L .

(3) flag=2. HATERCREZEREH, A mdlUpdate K%L,

(4) flag=3. KW ARZGHHHIES, A mdlOutputs K%L,

(5) flag=4. i mdlGetTimeOfNextVarHit P& %L, 5 F— iM%, i sys
R[] |

(6) flag=9. Z1-{iEd#E, A mdlTerminate K%L,

722 S BB TERTRRE

S BREUH R flag AR RAEHIK . FEMTHAIMEAENBL, iR E
flag bR 0 KA S K%Y, FHERRMUEE, TRAFBESRS. HERE.
AT B FIERIRAS . REFEI a5 . 2T K flag B8 3, K S ot
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HR i . RERE flag brER 2, EHEBRES. BHPEREHERES

ok, ATEE flag bR 1, BSRESMEARS AT EREHE. HHHRES
HAEFRECREZ G, BLRE flag fr&A 3 RIFEBIRAHL, XHHE R

T—AMEEA. Bl RREER LR AR, PEAMT RSN E, XA E flag

&R 9, AWM. XA EREME 7.13 Fias.

7.3 £ Kalman 8Y Simulink {5 &

731

= | 48

BEMRRE

HRF A FFER
(T 2SR A iR

R MG

flag=0
mdllnitializeContitions
mdllnitializeSizes
mdllnitializeSampleTimes
flag=4

mdlGetTimeNext VarHit

flag=3
mdlOutputs
flag=2
mdlUpdata
flag=3
mdlOutputs

flag=1
mdIDerivatives

flag=9
mdITerminate

Bl 7.13 S BREEEHIRE

7€ S MBI BT, e ERE R A 2 DN ELENEERE,
B OB (R RAE SR 2 A0, TR B B T AR R 3 S A R R IR T R 4l A2
4, T RR.

— 4R Kalman J83% 20F]

W PR, 55 PRSI ER R LEE 48RS, /&
TSR, YRR R R B W, X — 4 AR TR 2 B A 3
o0 T AR 7 ik o AR 4 EYC T Ak I L B — 4 B BN WU & R B, ke A
Simulink T[] Kalman JE3% 7] 8 .
B TR A B R I Sz b — R L R RS, IR E AT LA & (0,00, T
T EIEMIER T, ALEHR (5000,0), HAREZEREE KZH4 5000m.
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#£7F Kalman jEiK a8 Simulink (A&

BT AR R IE 7.14 Fias.

X
0(0,0) P(5000,0)

K 7.14 FixSzmlhLrrER

T2 F R, #RESTIERTUS R
x(k+1)=Fx(k)+w(k)

KE F=1, TFEMERAE Y 0, WTLLEWE wik) . TR x R L x A bRk
(B, TIEE HFRE, e
z(k) = Hx(k)+ v(k)

X R EESE, FET HAR x B E, S H=1, FIARIERS v(k) 1
BUER 0, HEHRS. BAFZFRGH Simulink {5 i F2UF .

[Fie ormat_Tools He
| D | = e Al e

$—%. @8, B3) MATLAB, i Simulink, #E#H ¥ Simulink Library
Browser i [1H1i%EF#E File—New—Model, XFFBHE T — M EdmiE e 0, RN
1% Ctrl+S B 'E R 474 DistanceMessurement, fE Sources EH1#£F Constant ik
F1 Random Number #Ht, 7E Sinks FEH1 %3 Scope #8t, 7E Math Operations /!
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l‘lfl“

FeF SRR, 7F User-Define Functions FEH13#£ %! S-Function B8, F & 1#HEA
DistanceMessurement % 17, #1[& 7.15 FizR.

B0 BSH. B Constant FEHX 78 4 8 1EFF Constant Parameters,
7E38 Y Source Block Parameters:Constant & 1 &4 Constant value {Hi%E A
5000; [FIFE4A/EH Random Number FER[FI3ME A 0, J7 2N 5. Mkt Scopel
Pk, fEgH 0 O SR S SR T H Parameters, 1% B AK45%l Number of axes
MIEME R 3. SR UL 7.16 %ﬁ@*

[File Edit MUMWTW u-ap
D& $Be == ¢ |2 2

User—definable block. Blocks may be written in C, M (level-1), Fortran, and
Ada and sust conform to S—function standards. The variasbles t, x, u, and flag
sre automatically passed to the S—function by Simulink Additional parsmeters
may be specified in the 'S—function parsmeters’ field If the S—function block
requires additional source files for the Real-Time Workshop build process,
specify the filenames in the 'S—function modules’ field Enter the filenames
only: do not use extensions or full pathnames, e. g, enter 'sre srci’, not
‘src.c srel.c'.

. 2
2 -3

|| S—function name: [Siwsltx

: S—function nu'-tus:l

& 7. 16(b) S @%{%ﬁ’f%&

=——|




#7E Kalman jEiE# Simulink (A2

=4 Al S-Function #HL, EMMKE OhRmE 7.16(b)F 5, &
S-Function name SCASHE 4 A SimuKalmanFilter (YEIX 2 fif, 57E MATLAB [ T
1 H 3% C:\Progam FilesMATLAB71\work % SimuKalmanFilter.m 31} ),
SR 5 By Edit 480, X BHE B AT ZEX S BREd 4, S5 Kalman XA 5988
Br—A M 3, 78 SimuKalmanFilter.m SCAFHHIA LR AR
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sampleTime=1; % ULAbIRE F—0iENZ4 1s BUS

sys = t + sampleTime;

6% %% % %% %% %% %% %% %0 %% %0 %0 % % %0 %6 %6 %% %0 %0 % %% %6 % %0%6% %% %% %0 % % %0
%6. AiR{IETHRE

function sys=mdlTerminate(t,x,u)

sys =[];

%% %% %% %% %% % %% % %0 %0 %% %0 %% %0 % %0 %0 %0 %% %6 %% %% % % %0 %% %0 % %0 %0 %0 %Yo

ZAT EARRIS RN 7.17 FIPE 7.18 g A, ¥ 7.18 /&2 7.17 48— A brgt .

& 7.18 Scope fEtR Y HNEES— )G 45 R
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FE7: Scope BIRTEN E AT, HHZeA M JCiEIER R n7EmitR - ia), Xafaf
LAPA 7 Scope T EA%[ Autoscale # Plif T H, XiffhekSBREGEMME. AT
HELRRER RO, K Y MiVERIZ —, 7F Scope I B X8k i 45 8 — Axes
properties, {EHLH FIXTIEHERFIA Y B K Be/AME, W 7.19 Fias, KRR
A MR AL PR RPAT FIFEAOIRAE, IR/ 2IR 7.18 Fis IR .

Title ('%=Signallabel=' replaced by signal name):
I%:S)gnalLM

K| concel | _sosy |

B 7.19 AR Y S EE 0

ME 7.18 el LLEH, HFHiASE L ESEER A 5000m, {H 5 Rl
HSZ BRI EIRZE R, BRI TIRKMIBB). £l Kalman 35 )5, #dE X
A1 H B A E WSHE 5000m. A WL Kalman JER A 2K, B R KBHE 7l
S RE) .

7.3.2 ARZETIFERDIEIN G FR) Simulink HE

RS2 (AR B 45 | R GE BB 5 BBl 0 HiR 77 v - 76 B % 43 Bt « HapLAz )
H FRERER S — ) S 6] P S AH SR IR R, £E MATLAB T #87] LLIE S #4 8 REE 1K)
RS T FEARI 75 FE I BEAT P L

E Simulink F, 1] LLEid Continuous JE5L# Discrete i State-Space itk
KAGBLNE RARPIRESTTREAWR AL, Wi 7.20 s, @iddE A, B. C. D
VAR, (A DU SRR R R EAL. (B, REIFLMUREIEA
RESE U A3 REDERE AL By C. D, HAXKEERIH S RECk e oRES
TR SRR A . O S BB B KT, PIRURIEFRE, RaEMER
PR (]



E7E Kaman fEiK#aY Simulink (&

T, LAEARERER A, @i REHRE T FERDIA 7 2R Simulink

PR
g — 1 BirSIE BZIES), RETEN

X(k+1)=F*X(k)+G*w(k) (7.1

o BARIPRE i X (K) = [x(k), x(k), y(k), p(K)]" > M6 2 (946 O X(0) =
[10,5,12,5]" , HARKISFERE: S w(k) (975 % 0 @ = diag([0.01,0.09]) ,  BIAKF-AE
7 17 B 3H P W 75 7 2243 50 4 0.01 F10.09, RATSKAERS[E] 4 1s, W FF1 G 42354

=

1 At 0 0 1 100
F_0100_0100
e o 1 _afllolo 1 Ll
0 0 0 1 000 1
0.5A¢* 0 05 0]
D
e At 0 |_
0 0.5A¢* O .05
0 At 0.1 3.4

MK 7.21, 7r4E Simulink 15 %% % DA Sources FEH ) Random
Number #E#4~, Signal Routing ] Mux fl Demux #E% 1 4>, Sinks
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[f] Floating Scope ikt 3 ~F XY Graph #b 1 4>, User-Defined Functions }EEF' iG]
S-Function B 1 A, e liERGR K.

B E P Randon Number $EEFIEIEL 4 0, 75 2543 51 49 0.01 A1 0.09, Initial seed
(B A —FERIAT . AR e 1758 E N 0 A1 3, Sample time #RBLE N 1
Wit S B HBEE, ¥4 S-Function name 4 SimuStateFunction, 4 F K445 M 3 1F
SimuStateFunction.m. JJ7F M C{F4ai#s, %A LL FACHS,

SimuStateFunction

B 721 S RGURE T FERRY




# 7% Kalman jEiK# Simulink {75

sizes = simsizes;

sizes.NumContStates =0; % JLi&LkE
sizes.NumDiscStates =4; % SEUIRE 4 4E
sizes.NumOutputs =4; % 44, NAPREER x-y AR A BRI
sizes.NumlInputs =2; % AYERL PH O EALR 2 4
sizes.DirFeedthrough = 0;

sizes.NumSampleTimes = 1; % F/b 77 EHRFER] A

sys = simsizes(sizes);

x0 =[10,5,12,5]; % WILHIRE
str=1[]; % str SRR ENT

ts =[-10); % FoRZAHORAERT 4RI IBICR FEm ) ¥

%% %% %% %% %% %% % %% %% % % %6 %6 %% %6 % %% % %% % % % % %% %% %0 % %0 % %% %
% 2. HEATEBURAZ R ER

function sys=mdlUpdate(t.x,u)

G=[0.5,0;1,0;0,0.5:0,1]: % idFEM S IR A F

F=[1,1,0,0:0,1,0,0;0.0,1,1:0,0,0,1]; % ARZ&FE B4

sys =F*x+G*u; % R&EH

9%6%%%%0%% %% % % %% %o %% %6 %% YoY% % %0 % %% %0%6%6%6%0%6 %% %6 % %% %% %% %% %,
% 3. KMARZMMEES

function sys=mdlOutputs(t,x,u)

sys=x; % TOSLLTRBEHLET Y ) EIRG sys

%%%% %% %0 %0 %o % %o %% % %% %% %% %Yo % %6 %% % %0 % %0 %0 %0 %0 %% % % Y0 %6 %0 % % % %%

{RAFRE P A, K5 Simulation stop time ff(EY 100, EATHHELEIAL, 433 H bR
SRR S & 7.22 B, IBATHUEEI 7.23 s, X 5 Y 5 53 5
el 7.24 A 7.25 B

B 7.22 b FR S ALY
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& 7.25 YTH%@E
T oRM NI 5 R, e B IEXT B AL B E, TR

Z(k)=H*X(k)+1I*v(k) (7.2)
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]

1 0 O D 1l 10 . ) .
1 — ) = ) y NIEE u"" - A ) T = _‘\ =
X, H [0 G 1 O} 1 [0 IJ 1T I B8 e A v(k) W1 7 2 4 R = diag

([0.04,0.04])

AT B AR B 1 4k 254 A Random Number #54k 2 4>, M Math Operations %
BB 2/~ Sum B, 2 4 Floating Scope £k, #1& 7.26 fr7x. [FF4¥ Random
Number2 £l Random Number3 fEREMEE R 0, F7 =48 H 0.04, Initial seed
WEANAFPERIR], AR EERA 1. '

M — Floating XY Graph M :]
Scope
Random Random Floating
Number Number2 Scope1
SimuStateFunction —" | |
f !

S-Function Floating
M L 2] L o :' N Scope2
Random Show Vx Random
Number1 Siaplon:S
| L IF
Show Vy

B 726 —Ac¥MRS R

BATOFE, wILAERI X Y J7e EALE, Wi 7.27 FE 7.28 Fras.
o e E@l?"’i*

B 727 X AL E
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EOLL AEBE B A&

K 7.28 Y Jy AL E

Filt, —ANERAGHAE Simulink FRES T AR D58 . 70X B AR
FIRERANEN, IR EEAE I SRR, FIRERTLARIE S BRBGE AR, i
A LA E O 2R
7.3.3 JET S s Kalman JEJ 2501t

e REHIECAER R (7.0 MK (7.2) KB 7.29 fis, Mg HRERES R
i, IXHFFE 4 4~ Random Number i, B> Mux BIRFPE A Demux 5EL, #
ANSKFN Sum R, 7 /™ Scope #iHL, P4 XY Graph fibk, P4~ S-Function ik,
BeENrEEEE k. H9, Random Number F1 Random Numberl 175255 K
0.0001 F1 0.0009, PJE#AL A 0, KAFER] 4 1; Random Number2 Al Random Number3
(77 Z BB 0.04, KHEARN 0, KAERTTRIELA 1.

5 B R A B g SRR, A S-Function F1 S-Functionl 43 5145 & 17
S-Function name % & & SimuStateFunction £l KalmanFilter.

£ MATLAB " %q% M 3{} SimuStateFunction.m fil KalmanFilter.m, 73 %1 F
FiR.

(1) SimuStateFunction.m 3 {F
% DNREU]: S BT ELRGHRAT L >
function [sys,xO,str,ts]=”$inn;tS€a e

global Xstate;
switch flag
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BAT AR, 15 3 L SE P BT Y of XY Graph s I BETE Wi B 7.30 Fis .
1] Kalman €3 ({1471 B2 7E XY Graphl A5 871, WP 7.31 fizs. Scope fiith
R ST S AL TR, Wil 7.32 A1 7.33 ik

7.30 ESEHE

Kl 7.31 Kalman JEB fiti v+l
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¥7E KamanEiKH Simulink (FE s

%#1iAK, Simulink 1] Sinks FEP )R8, ¥ MATLAB H [ plot o %
{iiFFl R, Scope Al XY Graph M2 R AN 6 AT SRR PE. PRIEAEMGR 2 207
i, A G0 B bRz 3 0 L SOR SR 7R Xstatemat 57, WLl B4 PR A7 £
Zobserv.mat ', Kalman JE3 AR 45 RARAF/E Xkalman.mat ', I i ik 4
5% ZE M1 A B DeviationAnalysis.m 3C{F, % L AR MG — 2 o B AL

|T1mect1 set: O

&l 7.33  Kalman J8B AT X 75 ) 8B

%% %% % %% %% %% %% %% %% %6 % %6 % % % %% % %0 %0 % % % % % %% % %0 % % % % % % % %o
% FRERWZE 5T

function DeviationAnalysis

load Xstate;load Xkalman:load Zobserv;

Xstate % {E 2 & 1 AA SR A(E

Xkf % {Ef4 % 0 #A Kalman JEH 4S5 R

Z % TEfn 2 h L AE MR
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‘ —eo Wik '
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l

B 735 frEmzERE

HEEARIPILE 7 A3, 4 5)/& DeviationAnalysis.m. KalmanFilter.m.
SimuStateFunction.m. System TargetTracking KF Simulation.mdl. Xkalman.mat.
Xstate.mat. Zobserv.mat. 7', KalmanFilter.m 1 SimuStateFunction.m &/~ G Jil
SCIZATHY, f.mat {4 EIZ1T System TargetTracking KF Simulation.mdl f5E
ESli

DeviationAnalys KalmanFilter SimuStateFuncti  System_TargetT
is on racking_KF_Sim
ulation

(1151
i
i
(RNE1]
1
LLIRNS
nin
(HURN}
1

Xkalman Xstate Zobserv

M 7.36  AHl A S

7.4 3JAEL&M Kalman 8K

7.4.1 3&F Simulink 1Y) EKF 38052501
B MEANESEESERS, CHRSEG HTE, B Xk =
[x(k) x,(0)] » REHFEWF.
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Z(k) = Jx2 (k) + X2 (k) + v(k) (7.4)
A, SRR w, (k) Rl w, (k) KIME R 0, T 24500, =0.01F1Q, =0.04 .
DM v(k) I 0, TTZEA R=1. HEREK X(0)=[0 0] .
A (7.3) MR (7.4) MR FR G0 AL AAAR 2 7 RRADULIN 77 T A ek
\%0 .
fE Simulink PRI A EEA LSRN 7.37 FioR.
Ho @ ZAFIM A Random Number FEHLAE it R A5 w, (k) Bl wy (k) 1 A
Random Number #EH A 4 W7 v(k) , B4 XY Graph BHes: §o5 H bR 2SR
M EKF JEBR FPRZS . 3 A HE XS R HBIRIOFLT 2 B4 F
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(4) ffun.m

(5) hfun.m

A T SCAHE AP 7.38 s
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DataAnalysis EKF

€ 7.38 EKF 383 2% 1) TR SO %1%
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