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EAS S8 fr B R 22 4 R ) Db BE SR O AR Y, 3B 26 b {5 FH 9 SINS/GPS hEE, DhRE R4
SRERATTRREEBENHE. 5RRY, 4RENKYLEWERLT 5m LIR; GPS X
BEEFRILT SINS, 7= GPS MErf A, 44 REMEER S SINS Y. B SINS
HREME R, HE GPS MB e [ FRE A4S KB R HR T, BIERAPESMENRE
X%, FATXH A BT A R ERE (X EMX AL R RA S R % GPS WS at jal & R i
fr BiREpRAFEH).
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BEEMZERNRERRE, BENAFHUKH., TRERSBASHEENRB RS
RHUTREBBHER. HREBERSE MRESHEEHEIL. ARILLETIE) BIMWE
R X AR FRAENMULE, RARS NG RBRERBSH P OFEHIRLIT R B4
B, AR50 X RAEMRARRPOA R HERAETEREREEE AR
T RE T RARAE BB T AL AR #B 4 12, GPS(Global Positioning System) % 4 i X554
WRGA P EMRIGEHZRN =40 E. FERNFGE, HILshA NN H M T3
BAOBE. BREBS RS (Strapdown Inertial Navigation System, SINS) A4k #1F 4547 4}
WREHERE, REGEEEHMATREES, TRERE. EEREHEEHTEH S
FE, BHAGKREZMEEMAR. SINS/GPS A4 RSKAIE GPS WS E S A
SINS B EHAHHE SRR, B—HEBNENRE.

BHj, XTF SINS/GPS A4 REMHREZLURA N B M Bl EBBRNAD, BRTEX
SINS/GPSHERERAMRRKISHRER S, XHE R thil 0. SO (4] 351,
HTEHAEGTEEMERLRIVE, UEA—MRBBRTHHIE, HERAMFBELRE
B, SERREREBRAMERBAE T RERS, ZR00E. HERASKELEMR.
AXFNERERD N SINS/GPS & R4, HAEURILRLIZEANSMEBLIRR, &
M T SINS/GPS 4l 8 REEMMF A, EEHEAHTEEANERMEREMXTNHE
EUMBRHNASSNEE, BEARARERETERT TIHRAMGE, 4T SINS/GPS
REMKPREPEE.

* P RS RREE ST B %
1999-12-25 W B RH, 2000-11-20 BB EH

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

15 YHEH%. SINS/GPS A4 RKMBHRBHE 87

2 REHERH

2.1 RGEREFE
URICESHAIRR YNBSS HEFEOEMELIRR, A1/ SINS/GPS 4 R4EWN
REFEN
X(t)= Ft)X(t) + GR)W(2), (1)

P, X)) NERSGRSAE, W) ARERHRE, Fi) ARGER, Git) AEES
MAAAERE. X BINRRESMERE T REEELAEIEE. DR RIEN AR
BAR. ABDERERER/TEER, BRENRREZPOEIEEM—HMIRTALE
BE&HA—PIRE XHEATHEREZEH 24 MEDH 18 1), BIE

X (t) = [6v, vy 60, by by bz 6L A 8h; 4b €yb €2 Vab Vb Vb Shp 8ty 5tea]™,  (2)

318 MRERSE, LXF TR oy, FHRXEMARRR, L. X=4HM[, TH
To, Ub, 2o FFREVELRRAR, YMMBER E=A8E; dv,, vy, v, FHAERE
RIERF MM EFEIRE; 62,0y, 0. ABFPEHRBEARE, L HHARGH. £
BEiRZE, Ok A SINS EEEIRE;  eon,6yb, €on A HLAAR R =8l 12 FE SR K9 BEAL B
Vab, Vb, Vao AP REANHEMEBE T RIEIIRE; oy ANEREIRE; ot
M 6ty 5510 5 GPS Bt 25 it iR 248 150 1) BE B iR 22 DU R 5 % B0 BB R R 2 MY
EEBRRE.

W(t) = [wza Wya Wza Wrg Wyg Wzg Wre Wye Wre Wev Wyv Wv Wp Wiy wtru]T- (3)

ERA waa, Wya, wea FHIERMEEIHBERVARZROERE; wov, wyv, wev 75
FRMEFEARZENER=HN M DIRTRSBEB G HEARE;  wag, Wy, wag 7
PIRTIEREBEIERZ MO ERA;  Wae, Wye, Wz HHBRRBREBEVER =4
K—Br DR AIBERFHARA, w, AMERERRERYFHABRE; w, W
SHER GPS BN S HIEH REREBERRERERYPH RS,

REBRIRKREFE, RBHMEREHRERE, SERBERURE GPS Sl
RERE B8 TLBE F(t) F1 G(2).
2.2 RERWNFHE

. SINS/GPS fyEEfhBE R4 Amf, FIH SINS SMHMIE. HESEM GPS LEEH
HEYNERFSH—E GPS TEMMWEMOAER, wWE GPS Bt A O BEmOh BE
R, BAR/RKSWEBUNE. EHERNEREN, BRI CIEIME. AXEEXR
BEEELAE, TREELL SINS Wi BA LB EE, IRR&TETRE WRAER
SR R RN SRR, LER B RBEFRAH, HEFHE. TESHANER
WA 2B BiREARXTN, hEE BHEKSHASHRNGE:

Z(t)=H(t)X(t) + V(t), 4)
D, O04x3 D, O4x7 041 Dtru] )

H(t) = .
O4x3 Osxz eDa 0sx7 Dy 04y
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K@) Z0e) ARERWEE, H() A REWMERE, V() ARERAMEE, Z(1) =
(661 8p2 63 8pa 8p1 Bp2 Sps 6pa)T, 6, 6p: 3B A FI A SINS Hitif5 B & GPS EFitE®
KHER FEEMKWER. hIEYS GPS B2 ILNAN WHIEE : IDEMEER,
BEZ ;s V(t) = [Vp1 Vo2 Vps Vs Vo1 Vo2 Vps Vpa| ¥, Vpi B Vi FBIAKHEZE i BIDEK
thie g, PHEEMMPMRE (i =1,2,3,4).

X B+, D, =eC.,D,=eDg+ED, D, =[1111]%, D, =[1111]T;

T— Ty —Ysi Z — 2y
e = [eij]4><3 ('l = 1,2’3’ 4’ J = m’y’z), €iz = _xﬂ, €iy = w, iz — _”;
T T Ty
E= [Eij]4x3 (’L = 1,2,3,4; .7 = w,y,z),
1. . 1. . 1. . .
Eiz = T—(x — Typi — Ti€iz), Eiy = ;(y — Ysi — Ti€iy), Eiz = ;(z — Z5i — Ti€iz),

ri = V(& = 26)% + (U — 40i)? + (2 — 200)%, Ti = €ia(& — Toi) + €3y (§ — Usi) + €i2(2 — 203);
~vycosLecos A — v, sinLcosA —vycos A+ vysinLsinA —v,cosLsinA 0
Dg = |: —vycosLsinA —v,sinLsinA  —u;sinA — vy sinLcosA + v, cos L cos A 0] ;
—vysinL + v, cos L 0 0
—(Rny +h)sinLcosA —(Ry+h)cosLsinA cos Lcos\
D,= )| —(Ry+h)sinLsin\x (Ry + h)cosLcos) cosLsin)\il .
[Rn(1 = f)2+ h]cosL 0 sin L

FEREXH (zy2) AN ERRERRAPOELENE, (20 ysi 2.) HE 1 P OLEEHIR
AFREMMNE, rn ACHEINVNEZE (FDEMER, A, L. koA HBHL
BE, GEMER; C, ASHARARFMIRAIRRNTHRER, Ry HINEE L& A6k
BB, MEE f=1/298257.

3 YHERGEEE

PRREWEEHAYN At AREFY, BRERSTEARWATEEBNL, &

Xe=@rp1Xp-1+ Thp—1Wi_1, (6)
Z,=Hi X+ Vs, (M

4+ on . n+1
KB By k1 = exp[F(te)- At), Tk 1 = Z ud (t(krz +(1A)f) -

G(ti), tr = kAt k=1,2, .- -.

n=0
REWRBHMUMEEWE E{W,} =0, E{W, W} = Q,d;, E{WVF} =0, E{V,} =
1, k=j
0, E{VV{} = Riby;, 6x; = o kis

L SHEEFER At ARERAY, BRERSTEREHL, &

X = ém,m—lX.m—l + Fm,m—lwm—la (8)
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+o00
Fn tm . Ati n+1
F Pmm-1 = exp[F(tm) - At], Imm—1= Z ( (7‘2 +(1)' :
n=0 ’

=1,2,---,At/At; - 1. RERFWRE E{W,} =0, E{W W]} = Q,6mj, bm; =
=J

" B P R O MR S AR,
m# j

b

G(tm), th, = ti + mAL,,

¥

—— 3
o —

b

P, = Qm,m—lpm—lﬁz,m—l + Fm,m—lQm—II'a,m—l' ‘ (9)

B HIE E R E R At T NT IR EF A A(BI GPS ¥4E B H i 8 EIRE). Al
ERBERBRNVSHFEEF R, FERA LS MNHSHEBRRHOMESE. RIEX (6) .
(M), LAt AP KBERREWPHE, BAETHSRERE t HZMREERE; Ll At
ALK, BAR (). 9), B3, HAREMREMB T E. a1& KB A GPS WERE
HRGERFBRENMH I, /58K SINS REX S KiRE R EEE.

4 HEZHE

AXMET SINS/GPS A REGEKME. HAHN CITHDEREBEME. Bithmn
E. JeFmE, HEEME. A ME., HPHKAE CITHE, MBMLENILS 30°, K&
120°, &476¢ A 34 3000s.

B R A Bl AL 4R R =S4 AR M EAR [R) ) BE SRAUFN I BEvH, PR RIS P BE AL BobR
#EZ Y 0.5°/h, BEBLIER (—Br /R RIE) SrdEEN 0.1°/h, HXE 54 30 min, F K
o BRARMEZE N 0.02°/h; IR EPBEILEEAREENR 1074 g, BEHLIRE (—Br DK
AT RAFE) FRAEERN 1078 g, HXEEN S5min, AR FEHBIREEN 1070y, A EEHE
BEXTHESG, SINS RMEBWRME (WEE) A KPRHEM 207, TTHLRHEMA 132, (L EIR
# 50m, HERZE 0.6m/s.

B GPS B HLEBEVLOYBER BIRZE A 32m, PhEERMEREH 0.1 m/s; WK ARA
ls. B 1—5 55|44 0—3000s ARMBEEIRE, K. b, REFRKREAIRERIR
MEREREE. £0-3000s Jdb, RKaAFEFRERATEERSRABFRELL K
|, R BRETAFESEMMLBREZRY, BTFEE XBER——4AH. AHBR

20q

¢./(")

0.1 1000 2000 3000 -20% 1600 3600 3000
time /s time /s
B1 ReEEERE (0—-3000s) B2 FREEHER (0—3000s)
Fig.1 East velocity error (0—3000s) Fig.2 East attitude error (0—3000s)
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GEBIRERL, A H 500-510s ARAAHERH. LM ERE (6. B7) LR
500—501s b BEiREFEE (A 8). HEP, BENIREE, TRAREFEHE

RE.
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B3 dumZk¥Ef (0—3000s)
Fig.3 North attitude error (0—3000s)
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Fig.5 North position error (0—3000s)
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Fig.7 North position error (500—510s)
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Fig.4 Up attitude error (0—3000s)
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Fig.6 Up attitude error {500—510s)
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Fig.8 North position error (500—501 s)
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5 & %

AXFREBETERAL SINS/GPS AL ARG, HAEURILRLIRR Y SHERE IR
R, BT SINS/GPS Al & RARSNHEHE, BEAHTREROE B EREN
KBS HERAMERINA S FHEE, BEMNASERETEHTTHANE, S5
B: SINS/GPS fhEE, thERRA R RLREEE Sm LAKKB FHME. 7 GPS MEn
BRI R, 4RGN H SINS JRE. B SINS iR ERM R R, HE GPS N
BETEERY 1s OHELT, WERAPSRBORENE, HARR A BB OLAD) K
%.
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SIMULATION OF SINS/GPS INTEGRATED
NAVIGATION SYSTEM

CAO Fuxiang BAO Zheng
(Key Laboratory for Radar Signal Processing, Xidian University, Xi’an 710071)

Abstract

The main aim using SINS/GPS integrated system in navigation is to improve
long-term accuracy. For remote sensing application, both long-term accuracy and
short-term accuracy are important. The SINS/GPS pseudo-range and pseudo-range
rate integrated navigation system are studied based on the precise model of pseudo-
range rate in which position error is concerned in this paper. Simulation results
show that the long-term position error of integrated system is within 5 meters. If
the middling accuracy inertial instrument is used, the relative change of position
error in the time interval of GPS measurement is centimeter level.

Key words GPS, Strapdown Inertial Navigation System (SINS), Kalman
filter
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