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Study of Error Propagation Characteristics of FOG ARW in INS
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Abstract ; Angle random walk (ARW) is a significant specification of FOG ( Fiber Optic Gyro) and one of the critical
error sources in INS ( Inertial Navigation System). To recognize the effect of ARW on system accuracy thoroughly,
propagation characteristics of navigation errors caused by ARW are investigated from the point of view of statistics.
Analytical expressions for the standard deviation of navigation errors caused by ARW are developed by considering system
errors owing to ARW as the output of the INS stimulated by incorrelate random pulse series. Computer simulation is made to
validate the correctness of these expressions. The simulation result indicates that the theoretical expressions are used to
describe propagation characteristics of navigation error caused by ARW well. The analytic expressions will help quantify to

what extent ARW degrades the system accuracy over any time interval and for any one gyro. This is valuable to system
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performance evaluation, error analysis and design.

Key words: Fiber optic gyroscope;

characteristics ; Error analysis

0 3

FCEFPRIRTERG B \ T2 AT S5 75 T T B 19
DR BB S SRR S T2 N, B
BHENRG - EE LR W . BRT, B E
FERR B 5 R B R BIAR W KO . B 2
JEET FEIR BHAR S U B IR ZE AR SE T W A BT FEAR

T

W B 30 .2012-09-25;  {&[8] H 3 .2013-01-06

Inertial navigation systems;

Angle random walk ( ARW); Error propagation

g TARAHE RS X EREAT R RENT
KM H . X TRERMA, SELRPLEFE
SRARLL , JEET FEIRA HAFIR Z AL, BRI BEXT B 2F B IR A
A2 S AL A PR IR BOR 22 R i iR 22 U8 S HLAE A

AR AT ORI B TRl BT B R 4
AL ARG BE 0T o
JBLFFEIR SR ST HL i FESR A — B2 X



618 S

H F34 %

ARG RS BRI R S BT AR
1 P ARG 7 AR 1) A B BT A (AR TP
BEHLIE E ) TR 22 B G EF PE BRI B RRFEAR Z
—, WHCA R BELEF R i) — N E BRI, B
L, R ERERREAMELARG , BEYLIE R
ZRAME— R RERPEERNER . NATF
KRS , B X BEVLIFAE RIBT 5T - 24 P 1
IFRE ™ R G2 B 5 BB AL 1 22 B i 5
RS BE R HogR >, BLARCR AR BE b 2 s PR B TR AL Y
SARZEFBRAFHRATHH o CER[12 -13]
3 HH BEALIE AE 1R 22 2 PR A 27 22 368 o bk 1] 9 5C B [
R, BEA X R b AL E 51 A i iR 2 AT
WABIIT . SCRRL 14 I3 IR 1T T 2047, SR B 24
TFEBFFERER , SRR 1 o B = 22 AR T fRT S
Bl ACRGHHTTE T FEIRFEHLIT E 1R 22X AT
BERIRZNE , NGETH A BER R LI AR AR 1 B i
WARLEHE S T BENLIE S RS A AL B R BE NS IR 22
RIS RIZA . ASSCRAR LDLE = X RF 5T RE
P EE AU P R, BEEE R THOLH =
LA ERA KD ERERMER TS RS

1 FEVREENSSRESR T

1.1 et ppiRpapLgs E iR 2

JEETFER AP OE R IR AR DEEF3R OLIRSFAR &=
AEBOR B A R R, B 7 A A B B PIL i
S GRB g B A A B AT S BN AL A U
"L X R GEPL IR, FE SRR 22 T i 7= AR
PIBEH AR, EEIRN REMREREN . Hik,
X B FIGEF B IR BEALIAE B 38 G2 U AR AL
fii 2 WA, T BN AR GE L A B2 23 BE ML
REVRZEXT AN B BIR
1.2 FELE R Z TR

MR 1. 1797, BEYLIFE AT AR

o) = [w(r)dr (1)

Ao, w(r) HEEEM,0(1) HFUHRHAE
BHLI .

(1) TSR E R

(1) #i8

() =Elo] = [Elu(n)]dr =0 (2)

(2) trifEZE

(1) 52
P = B = B[ w(r,)dn, [ w(r,)dn,]

= E{f(:fotw(Tl)w(Tz)d'T]de}

- fotf;mw(ﬂ)w(fz)}dﬁdfz (3)
w(r) AW, FENTRR
0, 7 #m7
mwuomn>}={2 (4)
» T1 T T

A, K Hw(r) BT ELRG) RARK(),H4
r =7 = i85

(1) = f(:KZdT = K4 (5)
bR

o(t) = Kt (6)

o K B h BERLIE E R B AR (2) L (6) ATHT, BEHL
WeE RERZEZ, b 22 Bl B 8] 5 AR 48 K i FE AL
I, REALIEE REL K FRAE T K MR E

2 FENLFES BRI SMIREBRITRER

2.1 REREHE
B RERERA A f T3 3 NEAFTRE

—[16]
N :

7N
¥ =- [, X1 + 60}, - Cjda,
v = [f" x1g + Cof' - [ 20}, + ),) x]ov -
[ (26w}, + bw,) x]v - bg
op = ov (7)
R, [A x] FREER A KRR FRER
N R B A ) 1Ak, AR bR R B
AR b KRB R (ENU) , B (7) BFFAT
BERGIRZE T
X = AX + GW (8)
:Tit':':', X = ['/fE Yy Yy Ovg Ovy oL 5/\]T %
RRGEFMSHPRZE, K, ¢,0v,0p HES HE
B R 25 v B L,0L 0N 7 Al R 4 & IR &=
W =[dw, 0w, ,8w,,8f, 5, 0f. ] FnFEIRFIINFEIRZE;
Gl 03><3
A, A,
A= [ ],G - lom G,
A, A,




58 £ &% SR F A E I E IR ZEBSF TR 619
I 0 wpsinl = wycosL = E{ftlftzf(tl - )f(t, = m)w(r)w(r,)drdr,}
A, = | - wgsinL 0 0 070
~ wgcosL 0 0 (10)
] 1 ] B 9) , y(0) TN w(r) BEMAKL
0 -= 0 0 P HOBEH LR 5 B2 o 76 R By i 5o R 9 3 4
. KRB RO B S R AR BT,
A=l g 0 —asinl 0 B, 58(10) 75
_% 0 wgpcosL 0 (1, t,) =f:j:f(h -Tm)f(t, = 7) -
0 -g O Elw(r,)w(r,)tdr dr, (11)
W _|e 0 0 B (4) AT (1), FEFTHIR BB TS
Cojooo o0 o(t, 1) =K2f(:f2(7)d7 (12)
R st 0 o XH3(9) PR BHCEM, AR HER (2) 50
o 0 0 y(t) BIIE T, X T 290 2 aBE AL 72, 4
g et 1A g S [ 56 BR B TR B AR AE ¢ B
A, = 0 % 0 0 22, B, 50 (12) B SATRE M 2, AR
| Y S 22 PR M2 TT LA e
i 0 0 0] ‘
RcosL o(1) = KL [ f*(r)dr]" (13)
[~ Cn ~Ce =~ G I SALRE (S , RARAHB L 0(1)
Gr=|-Ca -G -Gy = M EEA(1) B (1) WTEE B, AR
Tl -Gy EHTR(8) HHEH MR ™ BB EE (1) A
6 - [Cn Ce CB] K (13) ST LS BIREHLIAE MR T 19 AR 24T
e, ¢, ¢, W KR T RS, 3 A4t ok e o o7 A B B % =

EIRFBOERE wp NHLER B FE AL R JyHERF
1o, L N Lt BB g NE SN BE ;5 C, (i, j =1,
2,3) NEFTHEMITR,
2.2 BEMLIEES RN FARZEILHES
HRYBBEHLIFE B 7= A LB , BEALIT AE XS SRS B
HIRANRTA] AR RS A BEALEK mh e 51 R T A
RGto E—MZIBATRZENE Z BT A BEHLEK i
AFEIZIS 27 A R sis A AT R

() = [fa-nudr  ©)

K, y(0) FRFMBSEARE w(r) AFHLIRR
AR AR I R f(2) Dy R GE N LK i A
AIA R FER(9) , TIRZE Y B AR BT AR
2.k

d)(tl’ tz) = E{f;lf(tl - Tl)w(Tl)dTl :

[t = m)u(r) dn)

iR ZMEZ B IR AR -

fin(1) = R( = cos’L — sin’Leoswyt + coswgtcoswyt)

fre(t) = R(coswyt — coswgtcoswpt)

P . Wg .
fw(t) = RCOSL( - sinwgt + —Esmwstcosa)pt)
@s

fEPU(t) =

. Wg . . .
RCOSL(smLcosa)Et + —sinwgtsinwyt — smL)
@y

Fn(8) = R(wgsin’Lsinw,t — wgsinwgtcoswyt —
®pCOSwWgISinw it )

fae(t) = R( - wsinwgt + wgsinwgtcoswyt +
®COSWESINw i)

fa(t) = RwgcosL( — sinLsinw,t + coswgtsing,t)

o (t) = RwgeosL( — coswgt + coswgtcosw,t)

fi(t) = secLsinwgt — tanLcoswgtsinw ¢



620 FLFHR F34 %

fh(t) = tanL( — coswyt + coswgtcoswpt) RREL S (1) AR Z = PV FonhiE HE
. v Y, AR XY 0 X [ SRS BORER Y 00 A9
fou(8) = coswgt + wssmwstsmwFt + Wi H X = EN.ULY = ENU. |8 AGE
wy (13) , 15 B BENLITE WA T M AR ZE «
— COSWsICOSW yt (14)
WDs
K, s HEFRIRG A HE, 0, HAFHRG M
opy(t) = {(cos L+ %sin“L + %)t + —Slzl;jLsinwEt + %( Si;l:LsiHZwEt + 511212(;)31: + Sl;iap)pt) -

coszL[ sin(wg + wp)t . sin(wg — wF)t]

L[ sin2(wg + wp)t . sin2(wg — wF)t] _
Wy + Wy wWg — Wp 16 Wg + (O wg — Wp

1
sin’Ly sin(ws + wp + wp)t sm(a)s +wp - wp)l N sin(wg — w; + wp)t . sin(wg — w; — wF),:] }2
2 ws + wp + wp ws + Wy — Wy ws — wg + Wy w5 — Wg — Wy

o+

U'NE(t) = 4

{ 3 : (sta)s 2sin2wyt . sin2wFt) N %[ sin2(wg + wp )t . sin2(wg — wF)t] _

wWg Wi Wy wWg + Wy wg — Wp

1
L[ sin(wg + wp + wp)t . sin(wg — wp — wp)t . sin(wg + wp — wp)t . sin(wg — wj +wF)t] }2
2

(l)s+wE+(l)F Wg — W — Wp (1)5+(1)E_(1)F (l)s_(l)E+(l)F

1 2
ohy (1) =RK,,cosL{( L, “’E)t - ( 3sm2w5t + sm2a)Et Or sin2a)Ft)—
Wy

2 4w 8 WWg

2, . . .
Wy [sm2(a)s + wp)t N sin2(wg — wgp )t +&[ sin(wg + w; + W)l . sin(wg + w; — wy )1
1605 -

wg + wy w5 — Wp 2w ws + wp + wp ws + wp — Wp

1
sin(lwg — w; + wp)t  sin(wg — wg —a)F)t]}z
ws_(l)E‘l'a)F a)s_(l)E_a)F

2

2sin’ Ls 2wzt + s1n2a)Ft)

Wg wst

2sin’L . 1 (w .
Sinwzl — g(—fsnﬁwst
g

oy (1) =RKUcosL{ (%smzL + —)

Wg

ﬂ[ sin(wg + wp)t ~ sin(wg — a)F)t] + wg [sinZ(a)S + wp)t N sin2(wg — a)F)t] _

2
Ws wg + wy Wy — Wy 16¢; ws + Wy wg — Wy

YN

ﬂ[ sin(a)s + wp +wp)t . sin(a)s -wp +wp)t sin(a)s +wg — wp)t sin(ws - wg —a)F)t]}

2wy ws + wp + wWp ws — wp + Wp ws + wp — Wp w5 — W — Wf
2 2 2 .+ 4 2 2
v : 1, , 2 . 4 2 1 (w5 — wF . 2wysin’ L | w5 — Wy .
opy(t) _RKN{Z((US + 2w;sin’L + wp)t - ?( ——sin2wgt + ———sin2w;t — sin2ewyt | =
Ws W Wr

L( 2 w;)[siﬁ(ws +wyp)t .\ sin2 (wg —wF)t] _ stwF[siﬁ(ws + wp)t _ sin2(wys —a)F)t] N

wg + Wg Wy — Wy 8

ws + wp W3 ~ Wp

wg (w5 + a)F)sinZL[ sin(wg + wg + wp)t  sin(wg — wy + wp)t] +
> -

(l)S+(l)E+(DF a)s_(l)E'l'wF

1
wz(wg —a)F)s1n2L[ sin(wg + wz —wp)t  sin(ws — w; —a)F)t] }2

2 ws + wp — Wy Ws — Wg — Wp
Vv 1 2 2 2 1 (l)Z 2 2 0)2 - 2
o (2) :RKE{I((”S + 2wy + wp)t - ?( 2 sm2wst + —Lsin2awyt - — Fsm2a)Ft)

W Wg Wy



HS5H & B%% AR M R REYLIEE DR 2= e TR PR BT 5T 621

w5 + oprsin2(wg + o)t sin2(wg - o)1) 1 sin2(ws + wp)t  sin2(wg — wp)t
+ ]‘ 8 “’5‘"’“[ - ]*

16 w5 + wp w5 — wp w5 + wp ws — Wy
wg (s +wp)[sin(a)s twy +wp)t  sin(wg — +wp)t]+

2

ws + wp + wp ws — wg + Wy
1
wg (w5 _wp)[sin(ws twy —wp)t  sin(wg — wp —a)F)t] }2

2

w5 T wp — Wy ws — Wy — 0y
1 .2 .
O'EU(t) =RKU“’ECOSL{(Lsin2L n L)t + L( sin2wgt B 2sin LSin2a)Et _ Sana)Ft) _
2 s\ e, ey -

L[ sin2(wg + wp)t . sin2(wg - wF)t] N sinL[ sin(wg + w; + wp)t . sin(wg — wp — wp)t
16 ws + wp W5 — Wp 2 ws + wg + wp W5 — Wg — Wp

L
sin(wg + wp — wp)t  sin(wg — o +wF)t]}2

(l)s+wE_(l)F (l)s_wE+(l)F

ol () =RKUa)EcosL{%t N %( sin2wgt N 2sin2wt N sm2a)Ft) + 11_6[ sin2(wg + wp)t . sin2(wg — wp)t] B

W5 wg Wp ws + wp W5 — Wp

1
L[ sin(wg + wp + wp)t . sin(wg — wp — wp)t . sin(wg + wp — wp)t . sin(ws — wg +wF)t]}2
2

ws+(l)E+wF ws_wE_wF wS+wE_wF ws_Q)E'l'wF
3 1 1 (tan’L . 2sec’L . tan’L .
o (1) =KE{(Ztan2L + 7)t + g(—suﬂwst - sin2wyt — s1n2wFt) -
wg wg w5

2 . . . .
taln6L[ sin2(wg + wp)t .\ sin2(wg - wF)t] N sethanL[ sin(wg + wp + wp)t . sin(wg — w; — wp)t _

ws + Wy Ws — Wy wgs + wp + wp Wg — Wy — Wy

L
sin(wg + wp — wp)t  sin(wg — g +wF)t]}z

ws + W — Wy ws — W + wp

ol (1) =KNtanL{%t N %( sin2wgt N 2sin2wmyt N sin2a)Ft) + 11_6[ sin2(wg + wyp)t N sin2(wg — a)F)t] _

Wy Wy wp Wg + wp wWg — Wp

1
L[ sin(wg + wp + wp)t N sin(wg + wp — wp)t N sin(wg — wp + wp)t N sin(wg — wp — a)F)t] }2
2

wg + wp + wyp wg + wp — wp ws — wg + wp Ws — Wy — Wp

2 4 4 2 . . 4 2 .
o' (1) =K (L_i_& &)t+i[ wp  op sm2a)5t+2s1n2a)Et+ wr  op s1n2wFt]_
" N2 T 40 4ol 8U\w: wi s Wi ws oyl or

16

w_;[ sin2(wg + wp)t ~ sin2(wg — a)F)t] N 1 (a); a)_zp)[siHZ(a)S + wp)t N sin2(wg — a)F)t] B

3 4 2
8wy ws + wp w5 — OF w; ws ws + wp w5 — Wy

L(WF ai)[sin(ws +wg + wp)t + sin(w; — wg +wF)t] +

2

2
Ws  wWs ws + wg + wp ws — W + wf
1
2 . . -
1 (a)F +wp)[sm(ws towp —owp)t  sin(wg — wg —a)F)t] }2 (15)
—(=£ + = +
2
2\ wy ws ws + wp — wp Ws — Wgp ~ Wp

KA, Ky Ky Tl Ky 23R 8 AR 1 AL AR T
i BEMLIE E R B, BT AR e A (14) #IF], %
TAFR DL AR AE T —7 P UL 3.1 PiEFAMSINE
N TR EIE AT IRAE, A SR



622

EhH

F34 %

STARBEF N 100 £10. 003 (°) / /h K BEHLIFEE B
AJPH, TR RGEAE FEALIE E T 518 T W AR
2, 5B EH 100 HZ5 R FMSEREE,
HE5mR(15) BRWIESHEE TR G F L
= 39.9121°(Jt&h) ;B HIEE g = 9. 8m/s” ;bR
42 R = 6378137m,

BENLIGE 51 M S ATIR 2 ISR B R (15)
SRR 2 2R G0 3% 2 R 2R 1 b 1 K 1] BE ML I
M, HIRZE TR (8) , FAUALIR R P 1 5 3 b
B AT LA R Ry

(wg wy WU)T =-C, (1) (bw, ow, Swz)T
(16)
KF C(2) = (Cp)yjorns WESHE ;we w0y wy
AR R ZR 1) b AR [ PR AR BE AL 1R 2
SRS C (1) RWiAEAL, 25 e e IR e -
RIREHLIE B AR, B84 3R (16) AT, 30K

A Ial b 1] R K 1) BE AL AE B R RS S A R
C; (¢) Tk T AR J7 i b B BEALI E X R 48
IR B[R], X AR A BB i f B 45 R i X
(15) WIERAYE, Bk, A TRIE Bl B ir 4 2
AT (ENU) MEBELIEES S5 SMME, B
YEQNF b3 .

(bw, bw, bw)" = Cp(t)(wy wy wy)"

(17)

Sw,, \Sw, \Sw, N BT E 5 HIINTE 2y 2 BB IR EK
& ERIBEPLIRE IR 2
3.2 fiE4R

1 2 AR 3 4 AR ) A b e s
AL Sy %ok BEATLIE AE 5 2 2 B | R RS A IR 2
RBELS(E R HERIAT T . IEHTAT LLE W
A Y, BB A S B AR 22 A0 ELA5 R AR
ARG HIY) & X IR T IS A ER T

Y 1.5 a
& | xm ¥ e 08| KM TN
W 1| o g 0.6 ;
a o PR :
£ os A 04
5K e I 3 (8 0.5 | o om0 (7 02 o oo T ]
i S—— , v ' - PiEAE
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
t/ t/h t/h
B SFRORE/ALRE K 1 B E 5 | R AR [ o B R 22 A v 22 B A0 B EL R
Fig.1 Comparison of theory and simulation standard deviation of east position error due to equivalent east/north/up ARW
kL T f‘ 0081 %y , %W
s | A y @“"”“‘“" 0.06 | / :
Al g I
‘ﬁ 05 s <24 ‘ 0.5 0.04 | #WW’* !
W y oo s T Y mmmmn FSA | | et eesss A
i ' 0.02 |
= ! PiEs s () AR Pisfa
=/ 9 | . s . . . 0 s N - . . 0 . . . . .
0 4 8§ 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
t/ t/h t/h
B2 SERORIE/ALRE/ K i R E 5 | AL [ 3R TR 22 AR v 22 B A0 B EL R

Fig.2 Comparison of theory and simulation standard deviation of north velocity error due to equivalent east/north/up ARW

4 FENLFES REERERI IS 1T

AR R A5 2 B BEALIE AE 5 I S IR 22 il
Praass(15) 45518 1181 2. |8 3, AT AR i -

(1) MAK(LS), BEYLIFE SR #—T T
PSR 2 M i 8 5K b AR &5 I [8] 197 D7 AR

T, 3% FHREHLIEE 51 & I AR 22 e 1 =
TR A, AR A i £ 19 A BOE Bt FT L E Wt
A X — A, X5 R E BRI & 5
(2) BENLIFAE BN R e iR 22 76 A 7] B A 1] B
B BEAN R, B 40, 2R 1o BEATLIR A S0 T~ Bt sk
BERZETESR 1 /A A RAR PR, T 7ESH 6 — 10 /)i



LERE

& B%% AR M R REYLIEE DR 2= e TR PR BT 5T

623

R ) T adwe 06 T e
& 08| KN ﬂﬁf : 0.6 | ENL ,wmﬂ“w‘%'}f"
A ,
W06 | ’3{ . 04| W :
& 0.4
& 04
@ 02 o e 1 5] 02 | o v o oo 5 0 [ 0.2 | [r——iit Y]
E i} {7 S g e {1 EUAH
= 0 . . " N " 0 . " N N 2 ol . . . . .

0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24

t/h t/h t/h

B3 SFRORE/ALRE/ XK 8 REHLE S R R IR Z A EZ B A0 B

Fig.3 Comparison of theory and simulation standard deviation of heading error due to equivalent east/north/up ARW

NEAARZE, H I, AT RN E 5 R R R GRZE R
RN B R B T AR 1] 5

(3) AT kB EEHLIE E Xt 2R Gk e A i
REBEAN R, A8 HAK ST 18, 2K 1] B SR BE AL E X &R 48
A BE IR/ o

it

H T REALIFAE R 22 A REE 1 — B AR e i R 1
UL TTIEABAM I, B LA BERLI AE B 22 10 R Al
RS R RERLRBENEZRNR . RIEHE
HLE BTE S A2, °T UK BERLIR AE 51 & B SR
ZE N R GUTE AN HE 2K IR BE ALK b P 510 Rl T #) B
i GETH i BER FH B ALt A2 24 1 A 4 i iy B2 35
T H BEYLIE SR M SATIRZBIE A, NE g
R T RERLIEAE TR 22 AE T A R AR R LA
AR A ) A B 23 5T LATE AR Rt (] Be Y 34—
HEg RN E 5 B M SAIRZHITE BT 7
WA b X HAT T = AN IESS 5 1) R SR R iR
BEYLIFE X REVERERI R . S5 RFTM, K1l PRI
BENLIFE SRR FATIRZB/DN . B AT DURYE R/
AR 55 #5 T AN R)J 1e) _b BRI PR R AR 2R AT 20 B, 5%
FRF RGBT TARRA IR TR TR Lo

2 £ X W

5 &

[1]

Barbour N, Schmidt G. Inertial sensor technology trends [ J].
IEEE Sensor Journal ,2001, 1(4) ; 332 -339.

[ 2] Adams G, Gokhale M. Fiber optic gyro based precision navigation
for submarines [ C]. ATAA Guidance, Navigation, and Control
Conference, Denver, USA,2000.

ERL VL, 5. JGEr R SR REHLIR RS IR SC I s 7 B iF
FE[I]. FMis#,2010,31 (12) ;2717 -2721. [ Li Jia-lei, Xu
Hua-long, He Jing. Real-time filtering methods of random drift of

[3]

fiber optic gyroscope[ J]. Journal of Astronautics,2010,31(12) ;

2717 -2721. ]

XU, VI, T 540, 3£ F Kalman Y62 & 18 1 W6 HLAE B AL
B[], FAL2EHE,2009,30 (2) ;604 - 608. [ Liu Jian-feng,

[4]

Jiang Yong, Ding Chuan-hong. Based on Kalman filter processing
of FOG signal[ J]. Journal of Astronautics, 2009,30(2) :604 —
608. ]

REE,WEE, K/NK. AR IRMEILIER ARMA BAIPF5
[J]. S 24,2006, 27 (5) ;1118 — 1121. [ Zhu Kui-bao,

[5]

Zhang Chun-xi, Zhang Xiao-yue. Study on modeling and
identification of random drift for FOG [ J ].
Astronautics, 2006, 27(5) ;1118 - 1121. ]

REEST KPR, 2557 5T, 4. JGET BESRBEVLIE REUK AT
BHELI]. P BB R 22 4, 2004, 12 (4) : 34 - 38. [ Song
Ning-fang, Zhang Zhong-gang, Li Li-jing, et al. Random walk

Journal of

[6]

coefficient of fiber optic gyro [ J]. Joumnal of Chinese Inertial
Technology,2004,12(4) ;34 —38. ]

BURHEE (TR, TR 22 . J64F P R A AL IS 3 4007 O B 5%
[J]. B2 ,2009,30 (6) : 1003 — 1006. [ Zhu Shu-sheng,

[7]

Ren Jian-xin, Zhang An-feng. Random walk analysis of fiber optic
gyroscope[ J]. Journal of Applied Optics,2009, 30(6) ;1003 —
1006. ]

IME K, RATIE, KA. 6L B R v BE AL E 1 4 B 5
[J]. lRAR S M AR ,2009(1) :75 - 78. [ Sun Guo-fei, Wu Yan-
ji, Na Yong-lin. Investigation into random walk in optical fiber
gyroscope[ J]. Tactical Missile Technology,2009(1) :75 —78. ]
FAEY, &0, REET, 55, B EOL A RS R R 5 0 8 IR
[J]. SEMi2E %, 201,32 (11) :2346 — 2350. [ Wang Xue-gin,

[8]

[9]

Jin Jing, Song Ning-fang, et al. Optimum modulation depth in
spacecraft-bomne IFOG[J]. Joumal of Astronautics, 2011,32
(11) ;2346 -2350. ]

KA T, AR, RETT. LR IEAE MBI ET SRS
SN[ T]. R 56,2007 ,29(3) 1292 - 294, [ Zhu Kui-bao,

[10]

Zhang Chun-xi , Song Ning-fang. Effection of angle random walk of
fiber optic gyro ( FOG) on INS [ J]. Piezeltectiics &
Acoustooptics, 2007, 29(3) :292 —294. ]

TRAPRE, AR, 22, 4. AT IS R G I BE LI A 1R 2
AR XM F 2 [T]. RE TR 58 FHK,2011,33

[11]



624 FALFER LoRUE
(9) : 2050 —2054. [ Zhang Zhong-yi,Xu Ye-feng,Li Kui,et al. 2106.
Angle random walk error propagation and suppression methods in [16] David HT ,John L W. Strapdown inertial navigation technology
long-term inertial navigation system[ J]. Systems Engineering and [M]. 2nd Edition. United Kingdom & USA: the Institution of
Electronics,2011,33(9) ;2050 -2054. ] Engineering and Technology, and the American Institute of
[12] Levinson E. Laser-gyro strapdown inertial navigation system Aeronautics and Astronautics,2004.
applications [ R ]. AGARD Lecture Series 95 on Strapdown [17] Savage P G. Strapdown analytics [ M ]. Minnesota: Strapdown
Inertial Systems,London: Technical Editing and Reproduction Ltd Associates , Inc. ,2000.
Harford House,1978. [18] Britting K R. Inertial navigation systems analysis [ M]. New
[13] Kuritsky M M, Goldstein M S, Greenwood I A. Inertial Navgation- York: Wiley Interscience,1971.
RLG Strapdown System Design Viewpoint[ J]. Proceedings of the [19] JEBARE. BEDLERBEIM]. 55 2 K. Jbat. B F ok B Ak,

[14]

[15]

IEEE,1983,71(10) ; 1156 —1170.

Flynn D J. The effect of gyro random walk on the navigation
performance of a strapdown inertial navigator[ C]. Symposium on
Gyro Technology, Stuttgart, Germany ,1982.

Aboelmagd N D, Irvine-Halliday, Herb T, et al. New technique
for reducing the angle random walk at the output of fiber optic
gyroscopes during alignment processes of inertial navigation

systemtems[ J ]. Optical Engineering, 2001, 40 (10): 2097 -

2006:105 - 107.

YEH RS

EZ(1982 - ), 5, W4, BFR 7 16 0 S0 = 5
Bk

BFHAE ACHCTH 142 54 402 M4 T8 % (100854)

i3 : (010) 68763592

E-mail : 111i2001 @ 163. com

(iE:EIE)



