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Circle Fitting Without Latitude
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Abstract: As the traditional initial alignment algorithms with swaying base of strapdown inertial
navigation system(SINS) ,such as the integral double vector method and the multi-vector Wahba
method, need accurate latitude information and have large coarse alignment error, a SINS initial a-
lignment method based on spatial circle fitting without latitude is proposed. According to the fact
that the information of north is included in the gravity vector’s rotating about the earth’s axis in
the inertial frame, the gravity vector is firstly projected and filtered in the solidification carrier
frame which is taken as inertial frame, and the spatial circle fitting is performed with vector ends,
then the navigation frame is obtained through triangular geometric relationship, and finally the a-
lignment process is completed. The simulation results verify that there is no need to provide the
precise position information of the alignment point to the proposed alignment method, and com-
pared with the integral double vector method and the multi-vector Wahba method, the yaw angle
alignment accuracies are improved by 12. 37" and 5. 10’ respectively.
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Fig. 1 Schematic diagram of the geographic coordinate

system constructed by the solidified coordinate system

2 EEMMREER

2.1 ENXEBEHEHEZR
T I b A 1 B SR AR X o B ) A — AR T
@ 2t b 1 e B L BSR4k o i e S ) 1R 0L
B, SN 1 SR ) Ok 6 i i 25 (B B A0, 1 e
SO EE I R e R b R
Jio=Cp fin (9
X rh
Cﬁjj; =Cj; (@7, X (10)
T2 W ] AR A P M8 %) i AT S TR, e, X
TRt o, R = 2 RO R B
M TR S B A 2 AL B S T4, 3L
To Al FH LS B (5 L Ry G R 5 | A 8
P S5 OB E ) S A TIR AL . DRI iR
HORTE by RS IR B B AR ARy

. 1 .

T — M1 B0 ™ 5 88 S8 3 5 R i 2z 2 TR Y
ARG T DRI AT DA SR BRI 3 3 i Ak B 202 B
T4 .

VR U8 U5 45 S BGE B R - B AR 2R A T
TR TV S8 RS ADLE I #5 , l H7 AT % W, =0. 001 Hz, il 7
I R, =1dB, i IE#1# W, =0. 05Hz, B = R,
=40dB, RAEESI Ky 125Hz, 1% 08 I 28 AT DL AR 45 1
{5 38 R A B S A A B R A

2.2 RBUEHmSTEGE

MR A5 B ) O 5 s Sl e e e M PR O DR S 1Y
A RE o A AR L o ] '
R VIR =)

ar +by +cx—1=0 (12

K, abc HPHSEBERT 00 RN
JIT AT B % 805 s i e A — A T 7 AR L DA
IH A A 58 2 L 5 A

D= Caflo +bf +cfte —1)7  (13)
i=1
F 8 e/ e BEE O TRk ) N

Lasb,c]"=(ATAY 'ATI (14)
Evi
f/’_() f”o .ee f/’_u
A=1f fl o S (15
f'/ir» f/i() cee f/:n
I=[1 1 - 1] (16>

2.3 KEBHEEE D LLER

WAL O (2o sy020) SIEEZ T S ELEH
T 52 A a5 X T B AT R A T A R R
Lo = S s S5 = Sl S — S ] e

fio + o Lo+ ERREE b
': ) — T, ; —Yos ; z0:| =0
an
254 T 5 RE (12)  n] 4 g 1% 22 WL Jy
[‘Ul vy e van:
(@ Af, Afl, Afh ]!
b AfY. Af%, NS
Lc Af% AfY, Af,
-
yo |—[1 &, 1, L] (1%)
L<o
X
A T o i i Tl i Mt i Mt N
' 2
(19

A 18 FIZ (19) B Ay [a] 422 - 25 45 AU 00 AR g
/N e s B O W/ kit N

O'"=(F"PF) 'F"PI 20)
Horp BUEHFE PRy B B
a Afl, Afh Af ]!
F=\|b AfY, Af%, AL 2D
o AfY AS, AfY,



5 5

RN ST B T 23 (] B B9 SINS 40 4 X 94 J5 125 21

1=0 1 I L ]” 22)

i3 bR S BT TR X E T VA N T E B

(1 7 B8 A5 S X T T S ) T ABE 2 i 1 0 £ B

A7 7 ) [ 4005 45 30 2 B 180 IR0 O, i35 4 23 (] 2%
T 5 R R 3 SR A 2 X A

3 {FEWIE

UL TS 18] R A SINS RIG %575 (AR
T FR R Fh A5 AT 1) B 8 e B BB AN TS

ST S AR BR 2 108°, 4 B 35°, B AR 443m., K kE
48 100Hz, X #E I [8] 1min, BE 82 % (6 & 7 3 %
0. 01C*)/h BEHLIFFE 2% 0. 001 (") /b, sk B 11 i

R 510 g FlALIFEE R4 110 7 g //Hz , S8 3%
JERIRHIN M 0 KR A v AW A ¢ CRALRD YR
o

0 = 3cos(0. 3wzt)

Y =7cos(0. 4mz) (23)

¢ =50+ 5cos(0. 5ntt)

H1 T3 38 S 3 5 1R A Bk 3 AN by i 2z 3+
P RN m/ ) e R

v, =0.01cos(0. 5¢)
v, =0.02co0s(0. 332) 2o
v, =0.02cos(0. 25¢)

3 VS 0L G R T 2 RO RUR T EE 22 2K
 Wahba J5 3547 50 YOW i, Horh 2% 5 Wahba J5
25K F B O e e oAl ot 5 i AT SR A, FOE A AR 2
WA 2 Fios LS MR EBE R 1 PR,

T 3 3 A AT R AR R B S A AR 22 B Y fiE
IREHS SR, H = 07 25 10 7K 2835 AR RS A
20 DL X8 TR T 1% 14 D A 7R R AR L T R U T
LA Z Kk Wahba J5 350 04& T T 12. 37'F1 5. 10,

=< 05
3 TN =3 N
,f;s 0 |*5F/\JJ 7%9&2 _%U\III|'
& 50577570 15 20 25 30 35 40 45 50
C < l
i
%f o
= E
EE

0 5 10 15 20 25 30 35 40 45 50
e
3
5 0| TR AN O o)
= 5 =50

0 5 10 15 20 25 30 35 40 45 50
Number of alignments
B2 AEMEFEESAIRE

Fig. 2 Attitude angle error of different alignment methods
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Tab. 1 Comparison of mean values of attitude angle

errors of three alignment methods
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