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An Initial Coarse Alignment Algorithm for Strapdown Inertial Navigation System
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Abstracts: In this paper, a coarse alignment algorithm for strapdown inertial navigation system is proposed and evaluated analytically.
The algorithm computes roll and pitch angles of the vehicle using accelerometer outputs, and then determines yaw angle with gyro
outputs. It is referred as two-step coarse alignment in this work. With the geometric relation between sensor outputs and roll, pitch and
yaw angles, the algorithm error is analytically derived and compared with the previous coarse alignment algorithm introduced by
Britting. The results show that the proposed two-step coarse alignment algorithm has better performance for pitch angle computation.
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Fig. 1. The relations between the attitude and the accelerometer error

€, =l|:§£_6£[an[d_§&secL:| (7
2 g g ©,
& do
g, =——tanL+—=seclL (18)
g @,

322007 AHGHY FueF
2eHA AEd duEFe eak #MAE fste] WA A7)
o A@lA 2, AA7 tEEA £33 #AHE e
o} ThA] BEHTTH

tan¢ = L (19)
/.
tan = ___.f‘— (20)
)2 +f;z
% ua oy 2o o e 4%

o}

% @A B23 9 4Rel Ewd AEEAY B
qe thgst g

S, +8f
80) =22 2

tan($+80) = 22 @n
22t o3 80 7b hS ATA A kel VA 4
et

sind¢ ~ 8¢, cosd ~ 1, tandd = 8¢ (22)
9 AL Aend dgstd s 22 FARE BE 5 A
T}
b
tang + 8¢ _ J,+9f @3)

1-8¢tany [ +8f
A23elA a3 AFTE
&3 2k

6¢ _ f,+8ﬁ—ftan¢—6ftan¢ o
S, tang+ f,
Aael o) THEEA YEg
thE3 gol AR HCH
- gcoso

FAISDL 8¢ o Wikl PeisE o

ddsw Bz o3 8=

oA g 2k
tan(0+80) = /.43 : 26)
U +80 ) +(f.+81)
9 e $we) ¥rE AFT Weolmz AL 1Y s

date] s JHS ddstd g H Zol HAZL
[+ Y+ +8) = (gcosBy —2gcos®(df, sing+df. cosd)+f +Of”
~ (gcos0) ~2gcosO(8f, sing +3f, cos¢)
~ (gcosB-df, sing—5f, cosd)’ @n

el Aene Wdstn 4Rgs H4ag olgste WA
A 9zt 2z 80 v oS o] FHIL

50 = 87, cosB+sinO(Jf sing +0f, cosd) 28)

g

9 Aol TRz LA x, y, 25 HEEA QAo BF 43
< gegs 1S 9 F Aok

gZog Aolz £8E olgIE a7 o4 ‘-% e
A YA FEFT DA A3l g #ATE HH
Elg=g

®
tany = — —= (29)
O)I
AN o, 0,9 o Qg Fe gor EEA
Qo olste] RAHE 5,80 & AolR 23 &, dv,, dv,
7 ok 23d 87 23 Sy & JMEEA el o 9F
BrhE ol eate) 3 ko]l AujAolE2 AN o
S Zo] do,,8n, 5 EEE + U
3w, ~ 3w cosO+8w sinsinB+3w . cos¢sind

30
dw, ~ 3w, cosd—Bw _sin G0

2@oE 2 17 FAE A dEstze ogw 2ol
AAE F Ao
tan(\u+6\y)= tan\v+6w =_m1+8m1 (3])
1-dwy tany ®,+50,
9 48 e AFLL FAs: Sy ol dzta Pk
8.7t eae the 20
Sy = - 8w, siny +8m, cosy 32)

2]

v

@)= FAe) At Aoz ool o 87 oxE
s Aol

oA REF A25), 48) 21 AGREH ABH
A AH oAb AEEAS Aol 2l og MA Q3bsh
Aol 27] ZAel st S Witk AE & F Ak

4. NFAE dugdF A5 vl

Britting®] Al A| & "4% Nedd ¢naEd & =84 Al
Ag e AEAE gxneF Ase wnEry] Hsted 3%
AN FET LANG ol%s}oq 23 ¥Me FHwc o3
AL o 71A 2AEo] FAlol UBFHZEZ SRSS(Square
Root of Sum of Squares) 2 }E o] &3l 43 i8]

858



Bk Y 2aE o

Table 1. Algorithm errors for two coarse alignment methods
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Fig. 2. Roll angle error for the coarse alignment
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