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Abstract

With the continuous improvement of the resolution of Side Scan Sonar (SSS) image, its small target
detection capability has gradually increased. For the problems of some of the traditional SSS im-
age target detection methods need to provide sample images, and the methods based on statistical
model need parameter estimation, which are supervision method, an unsupervised target detec-
tion method for SSS image is proposed. Firstly, the image is reduced in dimension by diffusion map;
secondly, based on the data after dimension reduction, the target score is calculated by the target
scoring equation which is defined by diffusion coordinate; finally, based on the target score, the
target detection is achieved. The validity of the method was verified through the detection expe-
riments of SSS images with different targets.
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Wl Bl b B Y ) H sy, SR [ K SRR T IR ) = AR A% et v, JRIE A g T
CHETERRE” L A BRT N U RS BR T R . FEIX BB SA RIS KRR TR, & AOK T A
BIESHWKANZETTRE, HIZK T B AR H )30 1 75 Rt H 28R RE[ 1] [2] [3]. 49 Al (Side Scan
Sonar, SSS)#&%t, 1EJy/K TSN EMGHIIRIC &, BRUTFARHR 70 s S0 e KT HARERI AR )
QU S TSR [4]. HARRNR S 28 B bR ER SR SR e, B bR AERRER IS SEEE H AR RS AE R 5
RMXER, Ak, ENIMEEIR TR BARRINTTEM G, EEAREE TR UL N, &gt
HARERI, 5 T GE vt A5 R i 2 08 PRI 77756 55 . Dobeck 5 [513& T /K MLE YA 7T 7 — P B 1& M
R NEVTHEC Y H bR ERIN %, 20T VERNE FEPR, (AL i s B s PE A UL RO AR IR E . Dura S5 [6]52H T
—F I TR B R T AL AR RN 77 7%, 1% 05 157 22 Unmanned Underwater Vehicles (UUV)7E 24 Jij il & [X
AR DB FRRI(B IR TSR, (HEGHEREMEIGI T, ATEEERE AR A DL =5 IR
Grasso 5[ 7]#tH 7 —Fh 3L T JR B o B A5 B A B A LS 5 110/ BRI J7 ¥, % 77755&E 6 Autonomous
Underwater Vehicle (AUV)F& FIHREFIEIE, X AUV Faerfa et ZRiIBm. EXN, HERRES], #
JEIEE [V FT 1 T BB FE 43 A Re AR I B ARIRIN TV, BT K FE G v A S5 LLERf i o, 20775
Xt 2 B S22kt A ) B AR TERR SR A5 = 77 ZRIRIRSE[ 1038 1 —MhEE T sh R BR AL iR /K 7
HARRI T, SIrEHmREVIE HARTEAR: Bk HARRIN 7 V524 R BRI A BUR, EASHED
v, B 4HSEUE F /N B bRAEFRER BN e /N[9S 7 — & T Ping [R5 5 10 H AR ERI
J7iE, BRGNS E A S R S X M T, O SRS = IR 1 E B A AT R AN
HXHE MR LA B s SR s PR A (121 R Ge o M 1N 7 W R 1) o B Re ), ik — B R Tz AT
KRS /NEFRBRI, HIRG H BARERINEE . BAT, D075 msods ko3 2 R 1 B AM R, Bopk “ 2
a7 B, oo Rgan B AR B SR ARG DI Re SRk 13] [14], AR 2 E N1 H R Bk, T#E—
AT E SR A . TR BRI T
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T Matlab 77 7ERCKRME R, AR BB TER 3. R B, AT 3 AT SO e . 2 e
7R 2R M G5 H, BB TR BRI, WAL RO e i A b L — 2
UERARLR PSR, O FRRONTEIGIS]. 5 BN (Diffusion Map) i B BRI — B, 7E MR 4
RERORIR , 3 TR A 2 S TUAT 4 HIRALE T —Fh A 2 7 161,

B T (R 45 A R MR RN, SRR TE N ARBR P 2 I PO B B A kA o . 4
X = (xpatyyees, )N m SRRSO B £ 0 L A I R SR AR A0/ MO 45 A2 W L,
35S A R R ELAR SR . R At e, M o 07 6 73

2
[

W(xi,xj)zexp e

(1)

) & FRBEESH, B BT SR L AR .
R ML K X x X > R, 3FHZMIHHE K, = Ko K, > 0. AT Wik
PR K =WW, TR K AR R IR, 2 KA, IR K PR, T
BIAGIE X — A T AR AT 96 (Markov)BE, 11k 31 A JLA k& 1% 5
1) HUHR £ x (O

d(x)= ZXW(x,y) )
BRI T HAE A x ) CREEE” .
2) M
P(x.y) =W (x.)/d(x) 3)
RS PON—ANIERERE, AN AR XS BRI o (H L 2
> P(xy)=1 )

MRS T X MR A Markov 8, H& T EIARIEEN RS S, I T SR
A BIEENE T A IR, T S Px, 7)) ¢ KR . % Markov BEH— 1 S IPERR,
EPCN AT, MR R T, 24 X N TR O M P TR E AR, RIS e . A4
EFR y g NG, ATABIERGERRT: A 24 24, 2, W ¢ KA Markoy 5727 9:

Pt(x,y)=§ﬂ,t(pl(x)l//1(y) )

o N H, M4 Mishne and Cohen [17]/IWF 5T, W HE— 53 B RoR A
Y, x> (20, (x). 40, ()., 20, (x)) -

3) ¥R

PEE R R — MM R PEBES, AP — R4S B BRI E o X BB RS B 2 P
FEES, LSNPy B i S A LA A R R EREE B[ 15], BN A x, y Z T8 B BT S an K 6):

D, (x’y)2 _ Z;( (pt (X,Z;O—(}Z?t)(y,z))

(6)
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J1R5E, — BRI R B SRR R, L RIIX N B B A IR R I SRR

ZEI(S) (6), Dx, y)r] Lz (7) 5

D (x.3) =347 (0, (x) =0, () =¥ (x)-¥ () ™)

Gt B T SR JEUR B AR KRR R X W) — R AR R W, T 6 o
B ELHEE SO RS, SOMTH SRR (8 RS OO S S T SR D 5 . st A i
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WG AR Y BN S A SR B, AP R s BRI A R R 15 2 kAR, RS
AR, VRSt FARGHMER], BE— DR BOEE, WA O R A B A B . A
BE, T HRER B AR O R R AR A BE R AR, IR X KRS E AR A
BT Ry RO 2 )5, BRSO 5 1 SR R SO R 2 AR, AR O e = ]
SEHLA 75 B RS FAR B4R o

Bk, NEFHFS B AR T, HARRI B bRAE, WE AN EARS TR, KB E R SR
DRI R S5 SCHR[17] [1SIRIBTTL, H H AR 5 REsE LR -

c=1—exp{—lzk: D(p,.p;)/20, } @®

kS 1+3><dposi1ion (pi’pj)

K@) F dyosivion NEKJLEAFHE, D N R, kNI MX R/ B S A H AR75 20 1
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4. SRR SR
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Figure 1. Side scan sonar image with single distinct target
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58, A EGEATY B T, SR ER . AR bR AT = 4R BRI ARBR A E] 2(a),
K 2. B 2 GBI, ARKET RGB 8, UERAEY HUAbhr il =4E5E 1 KN KR,

ME 2(a), B 200)FAIFE W, E£—lESA H R G 2T B o5, 5200 1k
bR, EBUE EAFETE R, AAAREEE A ATE BEAE, TR —E iR 2 AIRES: 2 HRE 1
A 2(a), AIAEH, BFIREGBERALE, EE 2P FENE XA S HE N RANBERILE, RALLAY
HICAR b 5 0 L S XA AR IR 22 5 o i, PTdEAT HARIAI. PRIE, 2T @®) it B AnfE 70, THERT,
SRk FALARIKN, BUED 64 THELFTS HARS 0 BAa 45 R W&l 3 for.

XTEEIE 10 &3, AT, HRXIEIRERD, TR TEREG, SR e XIS 25
e TR B X, (BE EWR T 50 B ARDIAL, ATk fa] S PRI AT B b, 2T
Hep A 2Is s, AT BARBUOIREL, S BRI EE Rl 4 fros. WL, WCHEVERZEET S
O H DX, A RSB T O P A /s B R R R R0

N HE—DISIER SCRE A R, RAVDSBAIEF HAR, K& 2 HARB My B R AT B AR
S, HARRIAE R WIA 5 Fros. ATOL, W3R A H ST HER AR, RSV S Kb T B
JRREAR H AR 3RS i B 75, B R AR IR X802 22 B ARG b i T A A H AR AR,
PEAPE— A HARBARI oK, MRIAAAE BRI, A ESEEL T HARHER AR -

(@ (b)

Figure 2. The first three-dimensional data of the diffusion coordinates, (a)
color image; (b) distribution of the coordinate data
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Figure 3. The target scoring
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Figure 4. The target detection result
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Figure 5. Side scan sonar image target detection results with Multi-target or
target in sand slope topography
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Pay (S0 S = SRR P g ) S
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ok, SMRIREEE; RN, RAORE REGE, B WAE T MBI SORRE T, R m X
HEMIH MRS, (OETH Ebbre LEARS 778, A DSl B AR AERR IR . B X IX 28 5T 6 1
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FBIFATIB T 1) L
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FUBR A BB SUHARHIE ) B AR50 T3 R e LA e
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