FuEHEILE R K%M - fFE R %W Vol. 34 No. 11
2009 4F 11 H Geomatics and Information Science of Wuhan University Nov. 2009
XEHS.1671-8860(2009)11-1320-04 LR ER A

— R HER TERCOM JK b Mz VU iC S0 57k

R R

EH% 1,2

TEF

(1 BB 222 e iBUTIT B8 G i 129 5. 430079)
(2 PR TR S E AL HORBEFE L iDUTT 38 M % 129 5.430079)

 E.ATINSREZiRZZ TERCOM IT e ik AL £k 1 st b A T Be S A Efe T SE M0 Hol 32 T —
iR o9 TERCOM IE B $#R ik . 547 T % 50k 09 ML I B 14, 4% 22 T Hausdorll 35 % 49 IT fie 4 1 3] A 3%
Hkd RBTHEEE AR ENR AL AL REREA FRERFFIF LG GEF L E A AR S
TRTIRBERFAGHE A TEE, @ RRKRIET XKLL EGERRL,

K §2iF . TERCOM; Hausdorff 3B & ; 3 55 IT Bt ; % 3 A

hEESEE . P228; P229.2

IR A I 5 AU ) R — T 4% [ F 5 110
M T A DRI R PR R B M) — R R
(OAG RS 3 A = 11 N = A N S DA S 3
WREEBPE S0 R 48 INS FIK R 75 2 G 37 15 Ff 4%
Ao SARPERE IR LR (1 BRI L INS 3 50 % 37 B 22
Sl A I ] i AR 2R R /K T S8 R i %
FGEME LLAE I [] 5 BUAS B 5 0T 5 0 P 2
JL s BRI K T R 22 A, HAE B35 0 5
B o 3 L[] R R A KR SR Y 2 A
Lo U AL Y HER IR . AR BT OB (O SE
RFAE P DS T 5 AT B AR 19 K T 5 2% R S HL 9 R
JE i A B S A R AR, Ho 5y B o eoh . —
SE DX I BBl 2 I T AR AR AR R B L
S EL R R E ) KR DR A E A BORT BE . HiL
AR AE B R W S HE 3 A R O D S S Y
LU . g DT E S 00 L T B R M E AT X
A 3 0 37 5 2R R L S b R 8 A
Lo T 44 0 R M i (o2 5 1 INS R &8, DL 5
U5 e et K T UE S S AR — R H OB

1 TERCOM &% FE HELA
TERCOM((terrain contour matching) J& VG fi¢

SR AR G — i DS AR ik R D B A AT
T INS 32 0 8 19 — 417 5 Ay f 2% U8 BC ¥

Y75 B #5:2009-09-15,
1B SRIE - [E &K 863 iR ¥ BT H (2007 AA12Z326)

HNS L AT SRS P B 5 — A INS HE
FAAALE, RS INS R 1T 8 B
(9751 5 388 H7 56 — 4~ INS #5507 B A 300 Bl i
W A3 5] 2 41 5 INS 500 17 1 7 51 5 8
T — 20 91 4 RS 190 XoF 7 ) b % (-5 % 1 S 0B
HEAT DE AL, -4 VT E fe 10 19— 2H A Oy de 44 1 DL T
R,
i I VB TC 25 4 40 T R I AH O 20 A 3 vk, H Al
F R M AH G BHAH G COR (cross corre-
lation) & ¥ F 35 46 XF 2% MAD (mean absolute
difference) DA } 3 )7 2% MSD(mean square differ-
ence) ik, Hir, COR W Fa e M FOKS B 3 e 2=
ANIE A A O DR IE 25 SR B B SE R 45 AR s MAD Al
MSD B triz i, LT COR f845. (HMNPH
YA 7 3K 43 B o MSD & MAD 15 )7, SE bR | 2
¥ MAD JEOR G By 48 5 . v LLik oy MSD B RE K 2
W VT I ORGSR . PRI, A S B 0 R SR T MSD
TEHR

TERCOM H¢ A & H i & Hl e ) 1z 19 IE i
AL A AH BT INS S48 5 i 8 5 52 B A 8 7 7
— & A B 22 . T TERCOM B35 %k AT INS 42
Bt AL HE 1T 7% DT IC  BR tE  8R S BUAE T A
Hh TR IS RS B S R E MR LR 2 . T HL
H H R 0 = Fl 5 A T v Dt D00 A7 76 AH (W) ) AL 3
AN BE S IAH B HE



34 B 11

B R A —Fh ki B TERCOM 7K R Hi f UG e S 0 3075

1321

2  E F Hausdorff 25 25 By T &L A M

Hausdorff B 58 & — Ff il i /N i B R R
25 H 32 A T B e A 5 Z 1) i DG E AR
C 2B 2 0 A5 U L A A D T 46 4] % DL
fic 45tk . 3G TERCOM DG it 55 v i A 5 vk A
FO At AR OG5 25 9 7T 5 % 4% Hausdorff #1855 A
TERCOM s # VT i T it

Hausdorff #5225 X WA R A& A5
AR ) B B B i A B X IRER IS RS AR I
P A 32 B K, R D R A B 2% 5 R BB/, I
BCAR BE M . A R AAER A X (s s
s ) FNY (s yee s ) MUK P 5 4 22 18]
) Hausdorff B Eg a] LAFRR N

H(X,Y) = max(h(X,Y) ,h (Y, X)) (D

KA HOX, YO Wl LIFR Oy X SR & fY S 45l
B &L ) Hausdorff B g h (X, Y) (R (Y, XD 35
RAEAXBESGY LG Y BES X KH@
Hausdorff #i5,

h(X.,Y) = max mion — yH
reX yeyY

h(Y,X) = max rl'rél)r}”z*y”

A [ [ 3R BRI AT U] 2 Fi i B Y 4
FER o H R O PR K A A Bl KRB %R

3 Ao 6T 5 de L 30 T I ) e 2 AS ) 0 LN
SR IR s TG e 2o 11 LTV 3 R o v B EE
1l DL . =3 5 RE 08 35 B 45 my 1Y D8 IC 5 i A
B, MSD Bt 1.1 s, 1 Hausdorff fif} 1. 8 s, 0&
{&F MSD,{H Hausdorff i g 24t T — 8 19 H
s o U F TERCOM DE Fe S 0 » 386 i 77 15 DG i
192 Wi dE b A R T 1R VC C Y & BE

F 1 MSD #0 Hausdorff 7 N 0T & 45 R % At (8] bk %5
Tab.1 Comparison of MSD and Hausdorff
AR 0 /nT B 5 /nT 1 10 /nT
dx/m dy/m T/s dx/m dy/m T/s dx/m dy/m T/s
MSD 5 52 1.1 28 77 1.1 78 77 1.1
Hausdorff #{ & 5 52 1.8 28 77 1.8 78 77 1.8

3 ETHENKREZEHRE TER-
COM Hi%

B XML 58 TERCOM B85 A8 BE K 153 31 T i
5 R R 25 1 T B IS N iE R A AR
DAL ) TERCOM 36 Fi 77 510KS DC FL 376 . 1 5%
HRAE TNS £2 125 19 A3, ) o A~ DG 5 ot 328 1) 00
AR (2, s vy )

1 N 1 N
J x, = W;w,xi, Vg = W;w,yi

\ W - Zwi, w,; — 1/(TgT - TA(‘Q)
A (e ) g INS S Bt B AT 58 - 1 37 B AL A 5
W; ﬂﬂ/ﬁ\:f/zﬁo

HAU, LLZ L BC 7 91 (8 B0 07 O T s % INS

(3

a=0°5=0.5°

" ISR St a
K Syt R 2 -

A 11 f 28 396 I e A

[x,sv,] =R(@[x—a,,y— y,] (4)
o, Loy sy, JRIRINBERE R M a 22 )5 B 0 35 A
bR N ER a 41000 E 6 0 I . K e ) 0 ol
[, s v, JAE N0 46 DL i ¥ 81 1t /7 TERCOM Pt
BiC » fe &SI E A .

W1 Frs . 3 F [ 35 e 5 A 4 0 HL Y
TERCOM 3 Bt /3 1) A VT e 3 i 2 A7 i F2 40 F -
DXt F 4344 W, 9 4k VE B 5 5E 5% /1 N 0° T #h
PLs AR G BB N 0.5 X JF4h INS i o 17
Tt A 2 — YR R PR 5% I 0 O 328 8 A 7 — IR
4z TERCOM UL Rc, B 3 e 5% f KT 2 fi5 INS £
R REZEGEE R 37, OMRPFE MSD fH i It e
Y] DA YK DG T 45 JR op A5 31 5/ () MSD e
XERL ) TERE i aie QLA a; D FELa — s a,
Fs VB R A LLs /1008 KEE Q. 21775 3 3%

A1
Fig. 1

=Ty V&S Sy
Y [ A fh s (a) m:‘/t\liél j\ b UM
a=a;s
k=a;s
s=s/10

i K ) TERCOM VG i 5 0 5 95 7 7
Flowchart of Improved TERCOM for Matching Positioning and Navigation



1322 BRI - B R

2009 4F 11 H

o @ ARAR PV TE 45 2 14 22 16 196 2 PR 22 1)
P58 Ak R AR 35 S I A T S (B i 22 1Y
PO, ©m R XN R M. T8
BRO~O 133 — 2 52 3 (B 5 75 54 0% 77 16D
2B ART A - A% 7 51 o 348 RS JE e i 1Y
— X IO R R T T 07 BRI A 28 A 2 AT Y
(DA

ML B e n] LU L e s A A I T — 4
FREL I % BIR e % (3 F2 . 52 B 1 INS 4@ A i 28
) LS 30 )RS i 5 I o A TR O 52 B T S 0
J¥ 51 5 5 S5t M R 97 )RS Afl DC S DA R AR A
TR A AR B

4 KWk

ok BRAE AL 8 TERCOM 5873 1Y
DL . 2008 4F 9 A L 75 Fp [ ) it 7 5 i k17
TSP T MG RS . XV 30 km X
20 ke, JMEELHIR g 125 000,

X S B DX ) i 1 O 0 4R AT Ak PR A A R
R AL L 50 m X 50 m A AL A 1Y
. WG INS B R 22 BEE D 37 WD HR A7
B ZEAE o My T 2 000 mo >R Bt
) TERCOM B3LFif% 48 i) TERCOM 533 73 5l
PEATDEC Sl A2 5256 . 18 2 Won TIERCEs R Y
LI A i 22 43 A o I 3 SR T Ay vk DE G
SE AN 9 BT IE W) R . R 2 45 T IL S
Jei 21 TE AL 1] 55 ECSAL 10] 9 i 22 o

x2 REFYEMESESLMENKEE

Tab. 2 Difference Between Modified INS Track

and Actual Track After Matching Processing

J R D 22 [ WIRTS B
3 3 0.39°
200 —o— Y TERCOM X fhi e
400 |,——  —=— il TERCOM Y fii %
—&— {45 TERCOM X fhii %
s = —— {645 TERCOM Y fhi %
~ 200 J x Ah
5 VY .= W
£ 100 P
0
- 13 7 9 11 13¥15
100 \
-200

Wl 2 [T 45 2R 158 22 3 A1
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An Improved TERCOM Algorithm for Underwater
Geomagnetic Matching Navigation
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Abstract: Considering the influences of the accumulation errors of inertial navigation system
(INS) and the principle shortcoming of traditional terrain contour matching (TERCOM) al-
gorithm for underwater geomagnetic matching navigation, an improved TERCOM method is
presented. A new matching criterion based on the Hausdorff distance is used in the system
algorithm. The improved TERCOM algorithm is analyzed by increasing the rotation change.,
determining the optimum rotation angle automatically, and getting the precision matching re-
sult in appropriate matching area, which obviously improves the accuracy and credibility of
underwater geomagnetic matching navigation compared with to traditional TERCOM algo-
rithms. The new algorithm is verified by experiments.
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Abstract; Combined with VTEC Spherical Harmonic Function Model, the Kalman Filter
with external constraint condition between some parameters solved is used for real time esti-
mation of GPS satellite and receiver’s Differential Code Bias (DCB). This can be used to
provide DCBs for Wide Area Augmentation System’s real time ionosphere delay modeling.
The results show that the DCB can converge in short time in this solution. The final value of
those DCBs is in little bias comparing with the results of IGS.
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