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Abstract: Considering the problem that it is difficult to obtain the initial position accurately in the low-
precision Inertial Measurement Unit/Global Navigation Satellite System (IMU/GNSS) loose integrated
navigation system and the course divergence is easy to travel. A two-segment continuous alignment method
assisted by dual antennas is designed. Firstly, the influence of initial bearing error on heading accuracy is
analyzed. Secondly, due to the characteristics of high accuracy and poor dynamic response of the GNSS
direction-finding system, a least-squares attitude estimation model is derived based on the dual-antenna
baseline vector for initial alignment. Finally, for the alignment between travels, the research extendes the one-
dimensional measurement based on the heading difference to suppress the heading error. The design experiment
explores the influence of the dual antenna baseline vector on the initial alignment and the heading accuracy
between travels. The improved method can make the initial azimuth error better than 0.7°. At the same time,
the heading angle between travels can be tracked more accurately. For the initial alignment of the target and
the alignment between the traveling, the dual antenna can provide auxiliary information, its effect is better

than the single antenna IMU/GNSS combination, and the method calculation is moderate.

Key words: Dual antenna; Alignment; Baseline

ek 2019-12-23; CRAI Y 2020-09-13; 945 HiRR: 2020-09-28

SEAEVEE: KBS 0217673@stu.lzjtu.edu.cn

HEDIH: EEXEAFEE (61863024, 71761023), Hil & M5 EREINTH (2018C-11, 2018A-22), Hil 4 B E (18JR3RA130,
18JR3RA110)

Foundation Items: The National Natural Science Foundation of China (61863024, 71761023), Gansu Provincial University Research
Project Funding (2018C-11, 2018A-22), The Natural Science Foundation of Gansu Province (18JR3RA130, 18JR3RA110)


http://radars.ie.ac.cn/CN/10.11999/JEIT191021

502 G

o

=]

2 %

43 %

1 58

Bt & L L R 48 (Micro Electro Mechanical
Systems, MEMS) & &, & TMEMS RGN &
H.JG (Inertial Measurement Unit, IMU)F A H A 1K
FSCAS B 3 5 R D0 3 A R R S A )iz
R o BT MEMS-IMUE A 21 (1 2 i 76 42 4k
BORW, FEAEF AT R G AT X HE A L BT .
FRAS T PRI SR b v, ATt R X o mT A R
AR INLBNRE 7T, H T E AN i & R AL A B 1E
B ANEBIA SRR R, 2 REFHKR
%, EENBSHBSFEET T, A EHTERS
PR . 2K FAT LA R4 (Global Navigation
Satellite System, GNSS) 5IMU4 & H ik L&A
SRR, AEAFTE AN R, H— RS ESINS 1%
7 BREK, R I8 8L RIMNEE A,
SRR A R PTEESg . FET R A, AR T
FORZAT AT 1, 46 R/RZIEE, Wit
TP BOESE A HET I, HURE W,
BIARS BEIMU 52 B ST — 20 B 3 30, #ld) 1
R R, 9N T RGP SR .

R, T HBR IR BN, BT RASE
ANE R AT . FEGNSSI A RS0 1E & TAE R AT
T, BRERLTENFIES BT SLE, WREK
AT IE BAR TR A BT BERAS AT DA R I 045 12 4%
PRSI AR S RAT A, S DR 26 I ] [ B 4558 #1044
INEEM. Bk b, REHERSZ, Mkl
5], FREREFE M, (R T A RIRG B R A S
bR &, ASCHIGNSSHEEL N 7] R G o WK ZAh
Jio HTXWREAB A RLA A E N, BEET
MERS RS, B seE 2 TR A, AR
XUR 2 ¥ #6 li BHIMU 5 BA #E o B GNSS ] 5
g, SCHR[6]EI GNSSI M SR /A, SEI 5K
K BESIN SHII U of e 1) ELAR AR S . SRR 7] 4R 1
FhZ REG e BT, SCHR[S) Wit 7 — i B2k e 4%
SE M ik BP0 E EXTE, SCER[9)FFFT T — PR
SR MARIM UL A WL A0 € J7%, SCHER[10]#F
T RAT AR HE, SCER[11) 8 FHHGNSS R 2k
MEMSPEME 5 i 77 1H 26 S 3 1E - B HiTSCHR
B F0 2 22 i B b 78 S B0 AT [0 o 1 B3 2R
W, AR RRCRZAT G, FRAHCR EEIMU /GNSS
MERAEGFMARR, ECIR[7)ERE, ST
BT BRI R B W /N 3 g iy, Hakey
7 —MEEREENRR/R SRR, &EEM
TR BRSNS, IR ERRE AT T 4R
(R A AR WU 5 A7 2 1] () 4H & S Al it

2 FINRESH

AR IR AR RSB AR R, AR
FEARANSCHR[12] 0 KRBT a6 X HEE SONIE BAR AL BR
RIS E LA AR R RN IR TT AR
FAFAER SRR T s ) 5 Jse s A — 2, Bt
ST SR AR R 5 B ST AR RAF AL 2 &
o, MHARMERIRE.

o, GNSSHll[F RGN AR 2 A RE& %
LR A GE R A E B AR LS s, BAREE.
TR ER RN, BRI 7 2URAE A b
e B A R S R EARR, H SUEGR AR L 22 7
MEFAR, RPFBIFLRE, HIk, MHRELR
O A B AT BB R T LA AR R . BRARSRAT
T, GNSSll & R4 5ig B K- 1 AL bR e 23 7] L
L. bR b, B EGNSSRE M) 2 BAFAE—
MR, EEHEERIREEIN, Kl s
B ARFR R L, S SBOTALE I AN R
ZEo HIR, GNSSKEA B i) 2 B A B A 45 I 2 2k
AT M, WS RGIRE. TR
K FESINS IR 18 5 (I8 HUA SR U, R mTE
F2 . PR R ZE S IR T5 LR TS I8 SR HR 0 RS
JEBIH R . WITRTT AL R ZZAE0° ~B TG N, 2
min P A7 B IR 7 AERTOK, FE180° U5 A iR % ) 1§
BUF, AL E R IEHE K,

ARG AT6 XA ) U e o B AT A6 R A 3K
I, AHXUOR B & S b RSk, AMRER
ZRBPRMVIGES . EREUGTHREMRE R
e, BEAT AL AN, (1), Hhey NIt E
BRI, ¢ NESETTNA, ARRNIRER,
KAEMI IR (2)

Ap=p, — ¢ (1)

@Pr = WiesSIN L - oy —wiecos L+ @, - 5 + wy

Py = —wiesin L - @ + €y + wy } (2)

@z =wieCoSL g +e, +w,

Horp, DAL, [wo, wy, w.DUBEIRBEHLIT
£, wie NHIR A AL RE, (e, ey, P UREIRH
HER, 02,0y, 0l N3NRIEM . B TTALA KR
P NRHEM IR ZE SESIERE W7y, Wl(3)

Ap =tgh(sinL - p; —cosL - @,) + ¢,

Af=sinL -, —cosL- g, (3)

Ay = —(sinL - @y +cosL-p,)/cosb }

Hb, (o, 0.9 BN A A . BHEA .
3 FHAXE
3.1 FRESXNE
PSR LG (I G, B2 S B e 2 ittt



523 WaBAESE: — PR 24l B ) P Bz 8k 2Oxt v DA S AR 22 20 B 503
HARRR AT &, A AR AR A A S A A Horb, A, BERPIANRE, Réwe el BAG IR

= (4)

y = —arctan(zap/yaB)
} ()

p = arctan(zap/\/@3p + ¥ip

= \/yABUIAB + sin?

28 7 1) (32 R 2R A AR A A0 48 1) OR 2R AR A Fp 0 )
LA bR Ry B8 X (4) AT R
RN AR S 2 (B IA OGP, BB AR ES
PR A iR Z= = (5) FX (6)

2
02,/ (o + kn) = \feos (1)02,, + sin®

ym/SAB cos(p) (5)

= \/ (sinpcosy)’o o2+ (sinpsin y)’o o2+ (cosp)? o2 /SAB (6)

Hoep, SasNELKE, oRRIFEZEMITE, WTH
GNSSEN AR, FRAXTUERS, (KRR EIMURE
WEASCTE I AU I A5 R ) % AR R, A s
THSEIE FAR A 7 e, ()
p = —arctan(fy,/f.) (7)
Hodr, FAINERE R AL FR R R R KT B
wd, R E. R AR L, Sid s
FEFECT B T 15 3]
[b1,bo, . bi]" = CP[S1, S, Si]" (8)

Hoh, by Sir BINTED B Rin R T I 551 4 3 48 %

&, @R ETEEMINA(9)(11)
V=AX-L (9)
A= aaigs aanzS 8525 (10)
L=b-C"0)S (11)

Hob, ANRBUERE: FHREEX = [y, 0p,or]"

NERRTE; LNFFRERERRIE, AR
R R R B2 CL (0 8 H(4). (T
LSHME AR R e AR fe /) — i HE A 5
= (12) F1(13)

X =(ATPA)'ATPL (12)

= (CrQ.Cy + Q)" (13)

Hr, PABUERE, Q«5QuirHINSFbIH T 2R
3.2 {TiH[EXHE

B K ) iR 2 K AR () I, AR SCHEERA R
THEFHET RR SRR EBAT R JER A, &
St GNSSUR 28 2 45 52 FL 28 77 W) AT T3k R 11
Yith, RIF]H GNSSH ) 45 F 4 BhiIMU 5¢ il 21 &
S Bt b, —MMEEARHIMUS BRI 1E1
frim R E R, EETFIMUERE L, S8IMU
THEAS BT ) A 5 00K 245 AT ) A A — 2K
3.2.1 KEHE

X TR EIMU,
P 2 7 o AR 22

(1) 220 i T fr 8 45 44, 51
(2) W Hh BR 15 31 2 1

SRR R %, BBIFEAEREMS T, W
i (14)

$=-cpe
SV =Cpe x fly +Cpv (14)
op = v

Hob, RPHRKMMEE, CPRbR SR
SEREE, P NIEIER AR, £, TRk i
W, VORI T . A4 (14) 5T
1R (15) P (16)

¢E = —€E
ON = —en
by = v (15)
Vg =oufn — énfu + AVwie + VE
VN = dpfu — dufe — AVpwie + Vi
SVy =énfe—dpfn +Vu
eg=[1 0 0]-Cp-[eh & & 1t
= Cnsg + C’lgsg + C’lgsl;
eg=[0 1 0]-Cp-[<h e & 16)
= C1€) + Cagel) + Cazel
epg=[0 0 1]-Cy-[eh & "
= Cyeb + C’ggsg + C33eb

Hordr,  f Joil & 0 B vkt be M, VORI
I3 EE M. #T0(15)530(16), EHURAEMA R
Z 3R ZE . 3N FEIE RS 3N I T F
fERNRGRESE, Wl(17)

X =[¢p, on,900,6VE,0VN, 0V, B, eN,

ev, Vi, Vn, Vot (17)
R NAT IR A HEIRAS 2 (A 2 1=K (18)
X =FX +GW (18)

H, FARG - DIREHBIEE, Wk (19),
G BARAT HE 1R R GE MR 75 7 BOAE R, =X (20)
ﬁ<21)’ W:[ngvwgyﬂwgwwgwwgyv az] jj/%éﬁ

N P R, w3 B IR R R (IR, wl ORI
LT ) g



504 7T 5 & B % # 543 %
03x6 —eyesx3  Osxs

0 —fu fn wie 0
F= fuo 0 —fp 0 0 0303 eyes s (19)

- fe 0 0 0

0612

G- 51 OCZS,XB (20) TrRLfR RS, A7 3R [ADF AEIAT 1F) A RO M 2k 1
o FRE L B B o 1 S A E S ] 2
Fi, P SRZ NS R B A PR 2, MR 2k
C =Cy } (21) AT BEIADO HE ) BV AL PR £ . B SR AR HUAR IR
C=[1 1 0]-Cf R BN TA) R 0k, R OBUR e 1508 P f /N — 3R i

3.2.2 ENFTE

A FEMEMSBRIEAUE 5 ER i FE ik
AT 7] £ 5 1 S L ) A 2 7= AR AN AT 2 R 22
B CAAEIMU S B 5 0UR 2645 s % 2 2B R
RN FERE b, BT AR AR B 22
W, 5l NXCRLREL MR A, 578 AIMUAR S
SR IEL A Az Z14EEN. BT
GNSSHi % N2 Hz, B 5IMUZ S, H—w
fif R T 2 ), H T AR R R sh A T
BORERRTAE . Ba(3), BUsiMiRZER AR,
3 F e AR DY, e (22) F(23), B RS
TR (24)

_ | O2x3 eyess
H = M 015 0346 (22)
M =] —sinptanf —tanfcosyp 1 ] (23)
Z=HX+V (24)

ST R I — A OBUR 2l B IO FEIMU ) 7
S VTV T A A AT 0 A 55 4T 3k 18] AR —
ZIHH xS e, BRGNS SHii B R A Z
IMUBEAT # BUE S A RREHE ], Ferp, R
BMEVE R ZE AT S 5, W 2 AT i e 5
BT, A0 R AT (R B, AR P BOE S
S T AL S RGEAT A SRS T AMEIG

| (K] %= =
[GNSS/ o K1 o B0 B =
e 5 wn it
Por N — iy}
b o =4 =
Py i
[ IMU / iy Bl E g
= g 2]
= ) = Z
—_ = Lol
Z| |

1 e AL

WAGTHS BV BN B IR LA A U Eik 4t
FATHERE, RIHATR ZEY 78R~ R 2 080 U
W B AT IRER MR, 56 R BUOE 25T
. 25 b, ARSCRHRUR 2 5l BUKORS BEIMU T #E,
PN T HIGEXTHE I 22, $0H] T 47 33k ) ) 7 6 A )
FA R
4 I
4.1 FERAE

EATHEREY, HAREHESRMN, B
BRAR B R HE DT FF R SN3000 s, WA AR 2N
0°, 5°, 10°, Z5RE/RMIAMIEL00 sz N ATISA .
RIBIH T 5 L FLEA R P28 A 5% 22 S5 0106 75 4r
RZEEOL T URSIE, PI1SE], PRI E
S A A EIUE . Ik, W E MEMSFERE 2R [H] &
HIEF0.007° /s, NIEETHEE 9200 mgf{k
FEEEIMU SR 2, LLO°, 5° 510°H146 7 fr iR 2 1)
B AEES, EARR TR ARRZER. 1,
WG T5 AR ZE7E5° 2 P LML 1) (3R 3% Y Bl A B A
th, fE5°2 b, HARGVEEZIAERE, fimiz
FERERRFFEL5° 2 N AT1RE5 18 B EIMU
WIERTHE, WG T AriR 2 Rl Redh /N, DUE(E1S
LR AR Ve FE D, RE R AR HbIF LRI SR, A
5 B A PR S E R HER S

PN 5T

TR e

2 XPESHENE



2 4

WBGAES . — PR L B A P B 8 O v LK R 22 0

505

4.2 FHIRW
4.2.1 FESIHE

TEESE MY T, AR 2R R
72, M HEESE SR mESE LR, AR ES
WAC ST Ti) TS 2 AN s Pk 8 o o XU 26 B BER P
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