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Recursive least square based online error calibration method in
geomagnetic detection

Long Li,Huang Jiacai

(School of Automation, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract ; Aiming at the problem that projectile body geomagnetic survey is susceptible to various errors, which leads to the decreasing of
the geomagnetic attitude measurement accuracy, the geomagnetic measurement error of the ellipsoid model is established on the basis of
analyzing its own errors and environment errors, the maximum likelihood estimation algorithm is used to solve the static error
compensation coefficient; taking the static error coefficient as initial value, recursive least squares method is adopted to obtain the real
time update algorithm of the error coefficient. From above studies, the online combination correction algorithm for geomagnetic
measurement error compensation is formed. The simulation and experimental results show that the maximum attitude angle error is less
than 5° in near blind zone direction, the online combination correction algorithm can ensure the accuracy of the attitude detection system
under different shooting conditions.

Keywords : geomagnetic sensor; attitude angle; recursive least square; ellipsoid fitting

il MR IR A S AP AE SRR 2 . HURE S A5 B
R E 52 BB ) R T , 3 1 00 6 5 22 A5 1 J2 418 v b
BASKI R G RE I SR L STk 6 ) ) A% 12 e

1 5]

T

oL R TR PN AT AE 1) R AR WG PE B G, 2R i 3t
A SRS AR U S 37 15 S8 X AT AR B30, T e 4079 )
FOALI AT M RS I B A2 KRR
SREZ MR I A, [ Ik 3t el HAT B0 b il R o i 4R
FORE AR RS & TR A RIS SR, K
T3 LA FR R R R A R 1, B W3t i 0 s A T 5 S
T DN R IR AL [R) I ph T A 7 K A T 2 R

IeH H 3 :2016-05

Received Date: 2016-05

* FEGTH LA BRI 4 (BK20151463, 14KIB60016) | [E R A AR 2= H 4 ( 61104085 ) R it LAE2# B )2 K

4 (YKJ201414, YKJ201416) 55 H % 1)

Bl 1 A, e 3 A A/ AR SR A SR Y T A

TR ZEFI LB BORZE TR T PR E T, TP RE
TEICTE 1 B AR AN 5 5 FANIR S % {5 8 B AT 58 B b
BRIEVRE , (EANBEXS AR 1 U 25 AT A IE 5 SCHR[ 7 ] 75
TR B S AL P A R B R AL AR IR S SR A = b M 1
JEER IR ZES R, AT LI R R SRZEEA T Al 1T, B R AR
IR AR A EL AR BERAR w85, T 5% 28 3 0 10 7 w00 (BT

F1HEAT BT 32



56 1

TEMERR ARG SCHKT 8 | B2 th A4 ik AU A i ke 1 W)L IR A
EORFBRIE 1438 1V BE S NGt o AR SCHE T L IR W5 1) AL Bk
P R = ) PO 1 0 = A RS DA RS vl o R o I D
7 FLAN B0 S0 AT R AT BRI

2 MENEIRERR

2.1 SHEIERERS T

A P R 5202 0 U 2, AT 53 1 B %
FAIRHE T HLIR22 6. MR 22 (0 AL BT W B
S, G5 A A R B, MR SR 1 10 O
TR

H, =C.C,(CH, +b,) +b, +¢ (1)
(1) AT 25 AT 5
H,6 =SH +b +¢ (2)

A CONRBUE IR %, C, Wi RER 2%, C, HAEIESC IR
2,b, M ERE b, iR %E, S =C,C,C, HEK
EHFE,b =C,.Cb, B ImB R, ¢ HMAEIRE H, =
[ " ] b R H, =[xy 2] g
iRt o K HE R PG R A R R AT s -

H =S"'(H,-b) (3)

Z BB R IE & MANHE I, I J0I E 1R 22 S
2 (3 ) 73 b A 00 2H 474000 s 15 2 18 A TEASE 28 v 3 0k
TMEFIREE & HURME:, X0 T M P 3R 22 1Y A R R FH 8 i
SRR R ZE R M 5 R BT YL, k]
DARRAE 2 (3 ) ] FH b 1 SRt 0 i L (353075 381 LS
Gy .
2.2 MEREWKEERNET

G CER T AER 1 1 5 e R

S ={xeR:|x|f = C}
L={xeR:|S'Rx|f =C} (4)
e S AR, R MR A R AR [, R D IESE
FEFE, L FnMEERA 5 10 1, € i 8

Xf MU AR (2) Y S AT AT SE MR, 2 S =
Usv' Hrp UV 2 IECHFE, 3 X AR, & X
det(U) 0

J =[
0 I(n—l)x(n—l)

| & o= uvrs =3, -

\ZB

Hp, 8 =R,S, V' (R, .V, IEZHFE) . AN
N, I AT 2 10 e S i Ok R T IEBR
RIS BRURH 2 A D B0 AL B 3 5 B2 A o D I
Gy ELSAH H, WL Bk, th30(4) 7

e, P = o (5)
A H O bR, i TV, IESSHRE, &V, H, =
H

e AL % ST e D Tk 1 M R AR T 1 1441
| = o (6)
¥ SH, = R,S,H LA (4) sk e )y Bl 5
IS;'R" ,SH.IF = |H'|P = H’ 7

AILLVE Y SH W EREERTE 7 F2 , i LT 15 2] H,, (9
RO RIA R

H =RSH +b+¢ (8)
X HY = V' H, b HHERERORFS , R, MR 3R Bk
HITERG , S, PR R ER 0 il LU ], & Sl M e R 2%
V' RFRAR R . I, = AERG AL AR iR 24
RUAT AR bk 4 DS sRt .

TE 0 5 25 R DR 22 PR VE TR 8, B HH e 4% b
kAt th 5 i RT RERAR 20K IR 546 S =R, S, 3%
75 DIE BRI SR 2K 04 e % FA J il L 1 A8 Ak, D2 25 K
b FEERERC RIS o BB A ) 2L 4 00 15 25 A IR ASE 1Y
WE 1 R,

1.0
0.5
0
-0.5

-10]
0.5

~05 ~
g es

BT MR i DR 2 A RR A
Fig. 1 Ellipsoidal model of the geomagnetic

o

measurement errors
3 ETHRAMUREIHIKIE

3.1 HWEkEEE

ASUAH P R AR AL 11255 5K (8) Fh i S8 73k
fiff , AR = (8) mIAN

H - (RSH +b) =¢ (9)
o & AR IR A P SR 22 B, IR IS B R O (Y 1E 3
oA BT 2R o LB

g ~ N(,0")=(H, - (R,S,H +b)) ~
N(0,6°)=H, ~ N(R,S,H" +b,5") (10)

HASK sRECH

L(H! H.,-- H'| RSH +b,5°) =

S, ClCH, ) - RS,H)

(1270 ) *exp| _ 1 (11)

20"
SRR (1) o198 B8 L, 0 B XA
SRS R B
min Y, (| (H, - b) - &,S,H )’ (12)
SR12) S AR 1105 (H, — b) B4 U



1442 oA & 2

38 %

Kl (RS, H') o B4, Wil = (12) o 5 a5k
(S;'R',(H, - b)) 1SR4 ek H (g, 1.

min ¥ ([|S,'R',(H, - b) - H! [’ (13)
R (6) 2 i AT BB A L (13) B oy
min 3% (||S,'R’,(H,, ~b) |- )" (14)

Rz (R,,S,,b) JzU(14) [Fff , X FAT 5 1 3 AR B
VL yﬁ:

|‘V/,S;1R,/,(H,,L - b) ” = ”S/_,IR,/,(H,U - b) H (15)

PRI AlEE (14) 2R R -

minZ(HT(Hm -b)||-H)? (16)

Hfgh (T,b) ,FHEFRESMT = US, V', ,

W (14) W R, = V.S, = S;' o FULHERIT R (8)
SRR AR (16) Anag SE i T 133 xhX(16)

DBEXRIFREMO << 1, ¥k, e R, %
k=0,

Dt g = V)  H g < & ks, 53
x" =,

3NIHE G, = Vflx,) KRR d,.Gd, =-g,

WA, =, +d k= k+1 FEEE2)

HAY x, AT AR B /b 3k 0 L 5 3,
FH MATLAB $1{ g B2 % 2K (16) #E47 3K i, 75 31 = 5 g
(R,,S,,b) BIAI153] L ALFR R rhi 22k ME TN

H; = S;'R',(H, -b) (17)

IR e S T, HY = VO H, R (17) [
SR HY R Ll H, s/ ek il 4l LIS 5]
V', o HE RS R

H =V,S,'R',(H, -b) (18)
3.2 HEGESERASW

B UERE BRI T 0 A RO 6 TR e DX 1) b
315 BAE R B IAEE (R Hb G798 B H =48 152 nT
Tiff & = —4.75°  BEMf & =44.57°) WA 520G AT 8 45
TV E AL BRI B2 Mg A% IR 1Y) 3 S R i
ZEFRBO BN S, =1.2.5,=0.8 f1 S, =1,3 PMEIECIR
ZEFT NN a=1° B=89.5°F y =89°,3 M ik % R
KM 34 b, =900 nT b, =860 nT I b, = -780 nT,3 /4>
WG iR2E RN by, = =75 nT b, = =70 nT 1 b, =

1.2 0.2 0.3
85 nT, KGR ZEHE R C, = [0.2 1.4 0.4}
0.3 0.4 1.5

ARG BUE YR 22 S ] AE B A — AL SRR 22
T 3t T A2 TR i 1 RSO o AR AR ST i SR A Ty Yk
FPTHEE A EIR 2R, BISK(3) R IE A S ™ Rl
% x ® b 45 kST =

r0.7745 -0.0981 -0.1567
-0.0862 0.9932 -0.209 8], b =
L-0.1437 -0.1937 0.7550
[ 824.263 2
810.478 3]0
- — 683.298

AR ELARAF T AR B IE SR S ' AR 22K 4 b
A N s =
[0.7383  -0.1124 -0.169 1

-0.0685 0.977 1 —0.2040], b =
L-0.1294 -0.2381 0.7549
r811.064 3

805. 195 310
L - 695

AT LAE Y A B AR TE AR M R R 22 Ok B LA
(R EEE Sl

P 2 i 7 SR MR A i 2 A AR BB ATL ™ A 1) b o 3 e
20, KLU A B IR ZEA R . RS 2 HPT LI
P T AR RS IR 22 , 1) P 3t 3 e #0045 300 A Ay
BRI BERUAT A BE e M J il A i, 181 3 B i s
REIEJG I eI S AR BRI, 223 T AL UE, M )
B0 U — A TEBR A, b RO AR P 4 BT
DR AE T PR B 88 5, DA P T LA H | I T
TStk B BBl LR, 280 W IE T 119 e Tl 0 3 B AR i
JFU — A% B 2R, HWE A K /N A A U A BT B
48 152 T,

o~

Z/nT

0

Yy 0 05 o ST

K2 EREME AR

Fig.2 Measurement error fitting effect
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