2022 4F 2 A
E RS B

[ DA N e 3

Journal of Northwestern Polytechnical University

Feb. 2022
Vol.40 No.1

https://doi.org/10.1051/ jnwpu/20224010069

e AR AT ARG RO

W ARekH ) KRR Mgk, BuR'

(LPEHE T RS [ Bhfbs B, BaVE P52 710129; 2528 Tk P52 ©AT A shaxhilar 5 ir, Bevh V5% 710065)

H EAT AT RAERT LR -FALSMN) ¥ T8 R 69 3AR SR Y B H R G Rk

R B

TROPE-FACCINS) 69 1928, 3% 38 7 K TA R A 09 Mo AR 5 7T AUV RAE Fok L i SR U T Z R 5 3bAF
B R T SR MAR S IR BT A Rk AR R AT R A AL B S BT A AR B A et % A K
AT B B RATIR . ABPLEIA A B INS 24512 £ A X BA AR SN TILEE , F 46 R R £ A1
AREERR KATHE T O ERME T HAREAMLE 6 HARE TN ME R R AL B R IAR ST
AW R R, HASRBIET ZE XA, HBIARE T A2 R T A INS A A A
WA S IATAURHALK] , T ILKACE | Z - FAIR BRI

E
HESES:TP391.9 LHRFRRED : A
5 % VL IC 3 A ( scene matching navigation,

SMN ) 1738 3o 40 5 7 SR8 AR B RAT o B S A IR 1R
SAEIC R bR R AT UT IC , AT 3R B AT 2 £
B, BABBUN AR A BRI OF
RERE A &80T IE CAT A% 18 M 2 L (inertial navigation
system, INS) "B () 7 B AR 22, bR SRR
HAT U] WAL, ELRRAE M — P RS E PR 9 X
Sk, AR LA ORI AT SMN (9SG BERAR

SCHR[ 6-9 ] 7 T PR i e b i 2 g
APRHIERE AR | O 32200 Hubs 0 A Sk BOT i bR
SAEAN RIS /N B C e 1 E LA R S5 R DE i
WREEBI AT T o3 Hr . 1X L8773k 2 1 [w) fili s SMN
PEATHESE bR i RO 2 FRIE B 5, X
SRR, bR 5 T A e S B E AR Bl R
B> HICH W G ARR AR, TR 3 bR 5 e 30T
IEASEAE . TRl i e b s b B A A
Poy, AT A AT A Al o AEAR A — BE )
Tou MBI MR 45, DR 701 5 T b 55 X
STEAJR) RATIE BN A AT R REAT 20 BT, %5 INS K
FUUIRT R R SR A B

BEOXE B TR, AR SCHR 315 Vi 4k 19 98 5 05 00 A1 1

¥ #s B H9:2021-04-19

5 B B BB AR S, I B & TR MR
SCE RS 1000-2758(2022) 01-0069-07

DLRRAIEAR BE T =2 Mubn i, 45 th T =3T3
R K5ORS T ) S5 G VE PRE S0k B SRS, S8 I T T S
B s AR M FIAS [R] AT v B T ARSI e Bk
PEREI AT $Hh T —Fh e T AR (0 TS A £
AP B3 150kl i R St A 5 K3 A
BT DN BEANOL S T AT AR s =2 ] AR
KA G AT R AT R AT U ALY
P L S INS PERS DR ZE 7 58 51 M b a5 A8 m] LSS
[, 4 AN RS R M AR md AE AN [R) AT B R A DR S
LRI B A — 5 RAT 2R 1F R Al UL 2
Hobm S BRI Sl b T PR AR
=, AT DX KL R B A

1 EEMRRE X R LES R

1.1 =EiBEMIREENX

B X AT X R A X IR T AR
WA/ HICH] AR, AT AR HAR 22 09 3 58 B 05 53
A5, Hgit S0 55 BRI R i s 1
ASOOPIRE AR B W5 04T 3 bR s S 78] 43

EEWB : HEK AR (U20B2067) B {5540 H1 H K E 4 S0 00 = 420w SR H (61424131903 ¥ Bl
{EE B AT FHE(1991—) , Pdt Tk KA -Hase 4, EENFEIRE FHIFIT . e-mail : tianzx1991@ mail.nwpu.edu.cn



70 Wodb T ok ok

¥ 5 40 &

1) —JEH bR (IRE L) - 7E L 37 9 [ P4 Ml A
By U5 BB 25 L 3% LR Hah g og 8 Bk &
U, HAR AR RO S RS

2) ZRMAR LR B USRY)  AE WL Y 1] P A
BHbR 5 05 BAR R i L 3% A B BB ARG i al

L, M A5 it A PELAGO B A B B TG v e i 3
FE

3) =RHAR S (2 BI5H)  AEMGEENA
2 ANDA B0 bR A B 05 5 R AR R
2 AN B B R = A - - 5 B
5 3 AN B05H = MR U s i RS B

ASCHE DR E N 5 000 m BHERERDL - =
SR B G IR o R4 b B A BRI
SE B AR AT B B A, el 1 RTR

a)  —HibRA

e Ot S T 0 ZFHRA
Bl =R AR £

12 ZEXCEE XN K

B AN ) 2H 78 1% g 3l b s 458 FHOAS [] B DS B
2, AR SCHR H SR A A5 A AR VT SR G T

1) EFXF—2EHbR 2, B — SR 2 o R A
S 5 2H B, PR R P TG 030 S 0, AR UE T M b B e
—E, VLR, o] E 4l ad 3T OSTU P &%
(5 430 0 S P W RGN, f6fF T 35 K B A
A MG AR BO i A B B 5 O, TR, 0
T AL F b B A

2) BEXF IS HIAR A R LK AR B SR AR
A AR G (NCC) B AR DG it 330 25 31 3
R SIS DS LA B FE 3845 S IR i DG iAoz
BRI EEE

3) PR ZHbR A, B S 05 22 (a5 AR XA B
KF R 1) i 5 12k 58 S e o 5 05 P A

D55 B0 BRI AR 3 A4S B W Bt i e 2H i 3 -
B-h7 5 B S bR R A A - - (R B
PEAT = A TBOCHC M 75 5 b 0 S B P DG A
B, IFAAF SN R DT BC AT 3] = A8 Pl B b B A7
BIFE,

= 2R MR A BT PC S 7R S L ANTA 2 R

R TR

ﬂ%ﬁﬁ
1 [FE| [AF| [AeE
kil m&% mﬁ; mﬁ;

A Y k1
| lm%wl ﬁgﬁﬂ

s

bR B
AR B
IR AR

(2 i P D o
by R

P2 =2 b s VE SR W

2 iEiEtieR AR AR E R

2.1 HikiEZE

®ATRR T ATALER
(epoyy) (e
HFR A
B
s ) G, o7
TRATHE Vs RITR T
Hubs AT A EAG

PO 1) 5i=15250 5t j=1,2,..50

P30 b e ol I PPAG S HE 2R

HobR T IR VPAS BT AN P 3 Fo 4 kAT e
TR AT XN LA — L8 (x,,y,) HRIHR RAT A,
M 5 5 PR U G ) A VR AT IX T i
SEIDLE AN, i T AT EAE SRR 5 kAT
bR P R O S L2 Bl R AT R AT AR AE
RATREEN H BKFRGE i B e gz g, T«
TPV, BORAE AT TA) T 22 LI 2 b A 5
P RE LAEIZAE T AT ae e CATIEE] 7 Z AR
B RHPR R RIBER T P(x,,y,) o X TR IR ]



51

TR, &5 - St b i ] PRI 0% 71

KVt CATERAEREAOL E 1T LLE 2 M bR SR AR 0] LA
FHP(x,,y,),i=1,2,,u,j=1,2,- v Rk, W
BURATIRN P, (i,)) = P(x,,y,) i = 1,2, ,u,j =1,
2,0 v R OHESR 25 RS RS | Ay T 3l A i ] FH 42
BEARHE

22 HARSRFTILSEEITE

R
AL »
\
Orov
H1 ) 5 N
NG
H RRR:samp;

) ML b HHLEH
4 ARBLR G S BoR A

KATES ALV BN 4a) FroR, Hod kAT
B H ABRBAIPLI R 5 WA R apoy
oy = gy IETTTEE R B3I R K

R =2H - tan( ey, /2) (1)

B ©ATRE H = 5 000 m, HHHLITBEHE R R,

pixel X R, pixel , Hibm s ZCHE 2 v bR S0 TE TR

BEN r, pixel x r, pixel H¥E H=5 000 m B 4% , 3

W5y HE3RA p = (2 - 5000 - tan( a0y /2) ) /R, I
4b) iR

bR S EE RN R rox e, Hir

r=r,+ (25000 - tan( a0, /2) ) /R, (2)

HubR S5 S R VERCHE R PLLL = 1,2,3 S Hibs

FUZEAN Y RHLAEAS [R] (4 w5 B2 R AT B, X )
Yoy P P AN, an(3) s

P =2H - tan(a;,/2)/R, (3)

T HuAR SRS TE H = 5 000 m B34, 24 RAT
= H T 5 000 m B, 40 (3) s, SR )
Y15y HER P A, D05 B s J A T 4 AL B
TCHOA) 53 B3 5 S 1 — 3, 5 S0 Rl EF T IC L,
) PR, LR R RN R x RIS RETEE
H FH A oy A K, MR SHBIR RN o x r IHZOR
ARG (2) TS, TR bR A5 SR 0 45 iR SO
Hu ) o3 FEAR AR 72 AT R H 3 T 5 000 m B HibR
S5 S B A VE RCREAR /N T B2 5000 m B A DG
B

HUbR 5 AT WL RN S5 R bR 5 AT LI R
2450 D, H KN R e x o BYIE T Ryt 5 3t

I

rHbR R R
D : b i AT PN B A2
0, INS IR

HEALE
>0

/& N\
) INS R0 8

&
\4//
,l

bR L
2

K5 ubrs T EL s

Ny

HGH, Mg N E , LLEIETTE N kAT
VL L 2L @R O O s IS RN R x
R, AR LY INS F8/R 00 H# 5, 4 INS BYIEFS 1R 2
KN, 5 INS /NI iR 26 BERS K/ & F1 kAT 2 K]
TZHR SR R I ] ¢ A G

6, =6"1 (4)
W H AR 5 0] WS Rl A2 42 D N (5) SR
R r
D=3 -1 -8 (5)

23 MRAATWNEERITE

1 2.2 1 AT TR — s L, ST OO v
FEIREAR N D, 002 8] e — 47 8 5 A A ] L IX
B AR XS OC R A 6 BTN

K6 kst al WG AR X OC &

Hop 2L il 1 (x,,y,) A AT SRR — IR AL
B O AIE HbR AL L, BT Sk R
bR L, BT DB,V O AT T N AL K



72 Wodb T ok ok

ATHFE],S =V« T Az R P feiz RA T B, HE
MaaBERR,0, AHbR S L, B9 0] 0 £ B
Bl 4 RBLBLIA A TEA 60, JUHE P A g al DLAE T
Bsf 1] PN 28 5 oA o L, I 28 HibR L, AOMER

1)

P.6,
Pi(x,y) | ki = = (6)

K, 6, H RATEAE T W] A MR L, A] UL
DX [ (4) 3 BE VL FRL 5 P, S B A L, PO DEFCARER
0, SE M (x,,y,) BIHAR L, Z A1 BRACHE B
d, . RATHRTE T W N ) AT BR IR 2 S | DA S B4
HoAR S L, B RTULIYE FEE AR D, A5G, I (7) s
0, =
21t d, <D,

D,
! D, <d, <. D; +§

2arcsin —
k

di +(8)* - D;

2arccos D +8 <d, <D, +8S
2d,S
0 d, =D, +8S

(7)
Hodv | i T 2 Hobs 25 n] U A FE VG R 6, R RE
SAFES ME 6 I Xk 6, f16, EEIEEN
0y, , W25 FE AR 552 TR AR DG | 25 18] A5 (L y,) 8
JEAT— AT LI bR A A HE R
2 AII

Py =" (8)

Hirp A S RATERAE T BF1E) PN V& A 25 i A S
WHIF N AEXE (e, ,n=1,2,---N,N = K) Il
SRIE . MAEIXA LS (o, € 6,) ,IE 6 h
I XS RUR R

A, =Pi1;9k (9)

M EEIX A Z A LR (¢, € 6,,0,,,

6,) ,anlE 6 11 KR SR B A

A, = ipl}kak (10)
o, m A ABEIXIE] @, A7 n] AR S AR
HRAE(8) ~ (10) 3, i 7 2 1) o A £
B TR T IR RO b A R B 2
HHRLE P,
P (i) = P(xi,yj) Ja=1,2,u,j=1,2,- v
(11)

A

= I 540 %
1 — 2 bR S
2 TR MR

.= — b (12)
3 =2 MR s

All A HA 1,

3 HESSH

S SR ArcGIS T2 &, # B0 I (L4
2°~22° ZRZ:108°~118°) (=& H 41 5 000 m [X 3k ifi]
bR EUR M PER N 19.11 m/pixel , R KN K
750 pixelx750 pixel , o —ZE bR &1 12 4>, 25
FRi 143 A4S, =28 bR 5 77 A, s 4 S 780 1 A
S R, SEEE B SR R 1000 pixel X
1 000 pixel, ML A 1 a0y = 96°, BEE KITHE K
1T H 2 5 000,7 500,10 000 m,

3.1 EEtAR SR SR TR R

it FHBE AT (9 A 2 85O 1, 3 3 IR MR 75 8
{4 O, FRIEZEN 0.1 1Y = T 75 | A A 78 SR &
A S E S UC A B A L B 22 O DR R
2100 VR DUFLR 2 M T, =2 pixel , PG FL R 22 /)N
TZBEN R VCHL T, DEECHER Pl(1=1,2,3) K
DT BC B D DE e S B i), 43l % = 2 b o5
i 1.2 35 Fr R[] A DE B BB AR A 3 A [R] o
XA TSR R T SRR 1 s,

1 FEASET=XMRRETRAEER
N PERCHR
% H/m P,l P? PE
5 000 1 0.88 0.93
7 500 0.99 0.85 0.89
10 000 0.96 0.81 0.83

T 1.1 45 P ST — K b LA I —
e (53 B 0 LB B 52 PR M 5 5
PEI I i, 50— 2K b 1010 G 35222 S 00 B2 L
P2 A H T S MR SR VIR B, 7
B DB 30 5 3 — 2K M 5 8 10K B £ .38
FHELRICID S WA RO, = ki o PR 42
A 0 - 1 BT = T DL, 32
PSR/, B = 25 i A U R B L 2
BRSSP B G R o T bR Y
15 ATRIE H 5 000 m FhI4 4 CATRSIE H
7.500,10 000 m I, 7 ZEAG bR 45 40 M 25 15 HEd
B S, S PRI DG i, 227 A BSR4 A 22



5511 TR, &5 - St b i ] PRI 0% 73

PRI DC FCARE 2 HE 3 B2 5 000 m B BEAR TP H 3 FORA] AT R BE, V=200 m/s,T=3 h,
3.2 HubRS AT AR 8=200 m/h, oy = 96°, HiUAR s B PR Hh 45 S A
A KATE ARG I 4h 20~ 220 2R 4 108° ~118°  Ap AU & anE 7 Fizs .
22 o 22 22 221 o —KHBREL o
~ 18 . oo~ - ~ 18 ® ~ *%gw;p .
<14 ° e o < hal \14 & ° Zido =xumbin
= I ° o i 3
g R 10 . &%@ 0® 4 =R SR Mﬁm
6 § 6
og Tio Tz T Tie iz ios Tio 112 a6 Tis  fog Tio Tz T Tie Tis o5 Tio Tiz 17 Ti6 TTs
g /(%) g /) g /) g /()
a)  —JHbR R b) TR o =RMARH d) BT

K7 b i 608 A

R 3.1 WA R RFE R AU bR S AR B RULARUTA M S nT R = & Pl P2 P P
X £ DT AR T%é%r?fﬁmi’af 1000 m 4 8~10 s,
THE — AR s AT LI AL R | B 445 5] 3 RS R 28
iR MR B3 HE=R

22 1.0 1.0 22 1.0 1.0

0.8 ) 0.8

< 06 =14 6 = . 0.6
~ ~

%‘% 04 43510 ' % ) 0.4

0.2 ) ) 0.2

2 0 2 2 0

108 110 112 114 116 118

0
108 110 112 114 116 118 108 110 112 114 116 118 108 110 112 114 116 118

g /() g /() ZE /() ZREE/(°)
a)  —HibR R b)  TRHRR A o) =Mk d)  FrAHIkR R
&8 H=5000 m A [ 2R AR o5 ] WL AL 2R 2 (5]

HEZR [Rz3 W3 W
. 1.0 22 1.0 1.0
‘ . 0.8 0.8
< 6 =14 6 = 0.6 0.6

::d =l -

& 4§ 4 & 04 04
. . 0.2 0.2

0 2 0 2 0 2 0

108 110 112 114 116 118 108 110 112 114 116 118 108 110 112 114 116 118 108 110 112 114 116 118

w8 /(7)) B /(°) g /() e /()
a)  —RHuBRA b)  TRHARA o) SHMkRA 4 AR
K9 H=7 500 m B} AR 2B HAR 55 0] L0 AR 2 2 14

B3 i

22 K 1.0 1.0
) 0.6 = 14 ) 0.6 — 14
~ ~ ~
= =
$® 4 8] - 4§

. . 6 .

0 2 2

%08 110 112 114 M6 118 %08 110 112 114 116 118 108 110 112 114 116 118 ° 108 110 112 114 116 118
%R/ () ZRE/(C) ZRE/(C) ZRE/()
a)  —HHARR b) ISR o)  ZSHbRA d)  FrAHAR R

K10 H=10 000 m WA [RIZEAEL bR a3 DL R = ]

/()




74 W odb T ok ko E R 5540 %
FOA LT (K B SR bR TR A 4 &

1, B RR 1, 3% B AR s 0 ] R MR A, € X
F14) 710 FB1 98 78 b o5 R ORI ABE 2 BRI, e/ Ry 0,
HbR s B AT R PR 2E . I 8 ~ 10 218 X3k 7 L iy
KANAT LI FEAS [R] g BE R 2R b 2 1) AT P
PoT—ZE R =25 A, Xt Y 3 Tl 2 AU b A 52K
S EAB A B 53 A A AN 8] T 3 e 1), (LS 43 5300 %o
T 3 Fh 2T A bR AT 1, M bR A5 R 5 4R 1Y) DXk
AT FHH R v B bR A R i B 1 DXl T R PR AR
HEE 8~10 Hiy d) B 5 & 8~10 1Y b) EIXT L,
AL HORTRN R R AT, R 2 bR T 7 H )
2, A —2H =25 B9 T A Hbs i i ] R iz
TSP TRl Y 2 bR S AT R 8 X R — 2 A
(4 A SR DI A A 28 78 ) b s A T $2 T M e
ARG FPE, B 8~10 Hh d) EIXF LAl 0, Bl
AT R RGN, MR A DT RO R AR TR,
{HRARI G FE AR K, HbR a5 RTHLSE FB K, R A 4
Je 3 Bl P AR T A P R

SE M

N TP RAT AR AR G DT IRE S0 nl a8 3]
(AR s A o Al AN 2 B TR, AR SCHR Y T —
P TSR AT I St s 5 ) TP PR 0 . A
SCHR A SR b 53 AR A5 SR 17 B0 HL kA T
T 3R S G T 3 Fh ST M bR 0 R
DERCE I, JFHE el A 1AL 5k = 2R b A PR
EAE B AR, [ IR B bR s B P, R AT AR
RATACE AT AT U AL A LA
INS PERS R 22 2 B> o hs s B ] WS I, OF 455
ANFIZERIHAR s AR AN [R] AT w8 B R B IERCAE R, i1
X E=| S A DR IR AN DYIRIE i S o S e g
M RAT BN IR b A AT PR R B R D5 E
SR R 5 % B 1) X ] TP g, 4
F8) DIPTSR 5 I AAS ] 26 2 ) s A R T
BRI R AR AT P S g AT R BB
b R B ] PR R 5 1 REAE AL L 4 £t
WA, I Bl INS HEAT AT, w5 B A AL

(1] BEME, JFRRE, MR, 3 TAPLRRICE A SR GIR[T]. hER AR B, 2019, 49(5) : 507-519
ZHAO Chunhui, ZHOU Yihui, LIN Zhao, et al. Review of scene matching visual navigation for unmanned aerial vehicles[ J].
Scientia Sinica Informationis, 2019, 49(5) : 507-519 (in Chinese)

(2] BUIME, ERT7, Bl SERUCECAT B T AU SE T HOR S SRR L) ], SRS IER, 2009, 92(5) : 62-65
JIA Wanbo, WANG Hongli, YANG Jianfei. Application of scene matching aided navigation in terminal guidance of ballistic
missile[ J ]. Journal of Tactical Missile Technology, 2009, 92(5) : 62-65 (in Chinese)

[3] DUAN X ], ZHANG S D, PENG L J. Uncertainty quantification towards filtering optimization in scene matching aided navigation

systems[ J]. International Journal for Uncertainty Quantifications, 2016, 6(2) : 127-140
[4] BARBOUR N, SCHMIDT G. Inertial sensor technology trends[ J]. IEEE Sensors Journal, 2001, 1(4);: 332-339

(6]

[7]

(8]

(9]
[10]

HOHEE. BUE SAERANT[J]. BERBR, 2017(1) : 41-43

DONG Jinwu. Analysis on inertial navigation technology[ J]. Journal of Instrumentation Technology, 2017(1) ; 41-43

(in Chinese)

AR, BT, TRWT, 25 SCRVCECHIBIAL & S0 S G Ol BUPERT S e (). AiZs=# 4, 2010, 31(3) : 553-563
SHEN Lincheng, BU Yanlong, XU Xin, et al. Research on matching-area suitability for scene matching aided navigation[ J ].
Journal of Aeronautics, 2010, 31(3): 553-563 (in Chinese)

ANERF-, REVKHE, R, A SEGICRC AP AN A SBR[ T ] TR, 2014, 31(8) ; 60-63

GONG Xuping, CHENG Yongmei, SONG Lin, et al. Automatic extraction algorithm of landmarks for scene-matching-based
navigation[ J]. Journal of Computer Simulation, 2014, 31(8) ; 60-63 (in Chinese)

LIU X C, WANG H, DAN F, et al. An area-hased position and attitude estimation for unmanned aerial vehicle navigation[ J].
Science China Technological Sciences, 2015, 58(5) : 916-926

ANDREA M, ANTONIO V. Improved feature matching for mobile devices with IMU[J]. Sensors, 2016, 16(8) : 1243
TREAR. FET IR/ AU B9 Otsu PRI EI7 R [T]. MR8, 2021, 33(1): 70-76

XU Jiandong. A fast Ostu image segmentation method based on least square fitting[ J ]. Journal of Changzhou University, 2021,



%1 TR, &5 - St b i ] PRI 0% 75

33(1): 70-76 (in Chinese)

[11] HE Y, WANG H, FENG L, et al. Centroid extraction algorithm hased on grey-gradient for autonomous star sensor[ J]. Interna-
tional Journal for Light and Electron Optics, 2019, 194.162932

[12] CUIZJ, QLW F, LIU Y X. A fast image template matching algorithm based on normalized cross correlation[ C] /2020 Confer-
ence on Computer Information Science and Artificial Intelligence, 2020

[13] 5k, AT, MoRid, 25, —Rphos =M BENE D[ T]. MAYE, 2018, 39(1): 71-75
ZHANG Lei, ZHOU Yu, LIN Rongfeng, et al. Fast triangle star pattern recognition algorithm[ J]. Journal of Applied Optics,
2018, 39(1): 71-75 (in Chinese)

[14] B, O, B, % 3T =MIBICECR R EPUN R R[], B3t TR, 2018, 26(5) : 137-140
GUO Lei, LI Baoquan, CAO Yang, et al. Star map recognition algorithm based on triangle matching and optimization[ J].
Electronic Design Engineering, 2018, 26(5) : 137-140 (in Chinese)

Usability evaluation algorithm of sea area landmark
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1.School of Automation, Northwestern Polytechnical University, Xi’an 710129, China;
2.AVIC Xi'an Flight Automatic Control Research Institute, Xi’an 710065, China

Abstract; The landmarks encountered by a flight vehicle in its scene matching navigation are insufficient and dis-
tributed unevenly, thus being unable to effectively assist in its inertial navigation system (INS). Therefore, this
paper proposes a novel algorithm for sea area landmark usability evaluation based on the probability model. The
algorithm defines three types of sea area landmarks and gives their matching method and strategy. The visible range
of each sea area landmark is determined according to its relative relations between each position and all landmarks
in flight area, flight altitude, flight speed, camera field of view angle and INS drift error. The matching probability
of different types of landmarks at different flight altitudes is calculated. Then the observable probability of each
landmark is reckoned to give the probability cloud of the sea area landmark usability. The simulation results verify
the effectiveness of the algorithm. The sea area landmark usability evaluation results can provide bases for INS to

effectively utilize landmarks to perform route planning and realize long-time flight and high-precision navigation.
Keywords: scene matching; sea area landmark ; matching probability ; usability evaluation
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