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Image Registration Based on Correspondence of Seabed Structures
Reflecting the Sensor Characteristics of Scanning Sonar
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Abstract: The accurate registration of scanning sonar images is essential for underwater navigation and mapping, especially in
environments where navigation sensors such as doppler velocity log or digital compasses are unreliable. Conventional sonar image
registration methods often rely on navigation data or brightness-based keypoints, which are highly sensitive to intensity attenuation,
reflection nonuniformity, and acoustic shadows, resulting in unstable correspondence under real underwater conditions. To overcome
these limitations, this study proposes a structure-based registration algorithm reflecting the sensor characteristics of scanning sonar.
The proposed method extracts structurally consistent feature points using azimuthal peak-response sampling and selects stable anchor
points through multiscale accumulation. An uncertainty-weighted triplet structural hash descriptor is then constructed to model
geometric consistency while suppressing unreliable correspondences. Reliable inlier pairs are identified without relying on any
navigation data using k-dimensional tree based nearest neighbor search and mutual-consistency filtering. the experimental results
demonstrate that the proposed method achieves a mean registration error of 4.6 pixels in translation and 0.29 °in rotation. These
results confirm that the proposed algorithm can robustly align sonar images even under severe intensity distortions and shadow
regions, providing a foundation for structure-based underwater image registration that reflects sonar sensor characteristics.
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Fig. 1. Appearance of subsea walking robot CR200.

Kl

e 915 24 D A4 Alolzt BRI
A Awg BAeke 94, A4 Aolg sk A
ot} o2 93 iH(CR200)~ CRFsE A AlA e} o
& AXE HAste 3 @Y ARE A5 3 A
o= IMU (Inertial Measurement Unit), DVL (Doppler Velocity
Log), Digital Compass, SVS (Sound Velocity Sensor), GPS (Global
Positioning System), —L2] 31 USBL (Ultra-Short Baseline) 5-°] 3
Fhem, 2 Ax == 227Hd Axtk(sector scanning sonar)7} QAT

\Iu_{}

* Corresponding Author

Manuscript received November 13,2025; revised December 2, 2025; accepted December 22, 2025

FaA: S W7tERY 2238 o8kl A (enp94@outlook kr, ORC

258} o) 8+ A (ghksdI218@o.cnu.ac.kr, ORC
0000-0001-9700-0629)
: GhstA| 2~ FRIAAAE] HEA T (smyoon@hanwha.com, ORC

7%k i‘#ﬂiﬁ—}ﬂ m7tERY

o gt WFFER Y 23819 W (koyh@enuackr, ORC
2

S|

o
E

quv F

o|X]F: Fedghl H7FERY g8t w4xjihong@cnu.acks, ORC

O o [

o

F

Copyright© ICROS 2026

0009-0007-6322-4668)
0000-0003-2098-0192)

0000-00002-3523-3221)

0000-0002-7889-4935)
| =22 2022 AR AR S7EXFA T 7 E)e] A)9S ol FalE AT (KRIT-CT-22-066)
5ol g% AId A} dlo|Ee Avls HokjﬂEoﬂﬂLi(KRISO)i‘r]ﬂ A BHkS


https://crossmark.crossref.org/dialog/?doi=10.5302/J.ICROS.2026.25.0314&domain=https://jicrs.icros.org/&uri_scheme=http:&cm_version=v1.5

228 Hyo-Jeong Jang, Kihwan Choi, Yun—Ho Ko, Suk—-Min Yoon, and Jihong Lee

2:71'd 22LHSONAR, Sound Navigation And Ranging)= A7l
FFNAME 53 B} A ii(intensity) XS o]-83) A
2o Fs Qs 5 e R, A AR 943
Fd BFY] Fa AXME GEETHTIL & ATlAE oY
g 2d v el 58S wkdstd, A & oA
& 7Moo g = IS AR daElEs Aje)

7189 Ay 4 A ATFES UEE 2% W As
5, A e Bgkell olEshe o w alE o] gith
olgfst 44t 8t7] 7]dk 71320 Ekeypoint) HE7]0ME E
O =2 SIFT (Scale-Invariant Feature Transform)2} SURF
(Speeded Up Robust Features) &-312]50] Ut} 0|52 338}
FellA 58 oS KHolAR, Avp el v 2
= EA40= QlE) Aol AstEth AA, 7T 7] Ao
2 03] FxE9 Aol ohd, A Ao|vte R WA}
7} @A EAE 2As) A4, 22 FREolEE Ak
Zh AE, 19 A7), S A, v A2 9L Tl
2} WAL A7)7F SR o8 dAeHA] oAl e s BRAF

B X(intensity inhomogeneity)©] =3 AA] A}
A FFAATE 2 B 9E8E 3] Wil 53 A
270l Zgk wRARAE EAE A 1 F 90 o9 A
(shadow region)o] WHAYSte] ARI7}F AT o]#gk 89l
o= Qs FUF FFRE| EABRE AUt QE AlodllA
L= FEHE 58 (feature)®] FENZF GEAIAY, 54 A
7F HIE A AZEE BAVE 2RSS A e B
7% 7EA AR ARFom dEgHA gom, B 7]
W AR SR A SIS ZEITH10-12].

olg]gh Bf7] 7k A3jte] SHAE SHsh] Sl

k1

12 o o2

o=
Held A B4 229 289 A} 3y ud A7EE
AEsa i) Held J e gl uagAe
v] walel del 2 el AAAS Bue 4 rks
4AE A, e dlolElE sMhow Mel 7w sl
qEls hon v oy

iic)
= ot
]
4 ®
o)
[
)
s
o,
I
ot
iz

& o] S5 HlolEell ek ofF=rrt a1, dhgell AR
A 2 ol AlA =7 ®stel tis) duisl Aol
Ashd 7hsrdo] EARITE 58], A4 G2 Ao B
718k, & Atdk 54, a2lal el o 9= -9
Gl G DBl ARAJN FEFE WA wiel, 9

o gk ged 7Iuke] At Al AAl A dgellA of
| T2 9A47F dEEH A=A tigk s4]o] ol Al
ofo] At
718] ¥7] 71Nk Aokt Hed 7Ivke] @A Helshr]
el H2 ATelME I AXZFE FH5T dolHE B
Z2 07 Z-83= ICP (Iterative Closest Point) 3 W] A
SFEIATH13]. Aoksh= WH[13]> &Y dlo]HE ol &d) T
&3 TR FHE ARl FAska, g e 54
ato] G WS Tk o] W
e A, 24 99S B9 o)A (outlier)
A7t A F4E FoAFT=
AR a7t FAHEAY MM wmolzr A FHol

)

¢

of

flo
ofie
TS/
K
AN
N gl
lo
2
fo

oo i &

e

Ast=EA ICP2] F-Ho] A5H A9 #Sgklocal minimal)2-
2 FHste] A A2 Ert AekEe dHAE 7RItk E o

2 F Aol ¥] AR EddAdE Beks] fsl
G Ul B4 GROL, Region of Interest) 7Fe] & A<}

W3 BAE Tleste EZEAZA T3 HH(topological
descriptor) 718 FtHe] ARFEATH14]. o] FHHS ROI
3 FEH WA AEgoRA WL P dolee] 44
o)]&FA] 3 e Ak
eiuf AAl Ak Frgoll A= WAL
of ok ROI ¥4 o
IA7E S ERI
AT E 2E Aol AN 548 e d e
oF dA FERE 45 deEHE 5AAE 7R = A
o AAkE ARKEE Aljbels 7S ¢4, dAEE 7ReA
[e)

=
)
(o0

HIAL ZH5-5 Al A o] d/dol A 92N azimuth) ko]
TS FESIL ol FAste] FRAem gE TIeA
(anchor point) e AL ©]F- Ail(iplet) 719 7= A
(hash) 7|2 sl 7 Q4 e oS T xE 284
o= st e e HA 4 AF(mutual-best filtering) 7+

s B3 ARE gsH1s AAS S, 99 7= Ao
2 2E 7 Y BAE oHEkela, AT d9E s
q gaoR 3 B Glolw ol dXE AAste], 43t
A= PAAE FAle FSAITITE Bl Alteh HH
2 av Y AR B T o 22 S 7RIk
1) A8 &4 median filter®] A35-AA4kA|7 ] T3l A
4421 J7HE B H4 2714 AA
2) WA oldA IA 715 dE dlso] dE 2 s
AT ARg37] Wizl 9 glo] o)A A 7
3) W75 ®stel oisk A1 WAL W) Hgstel W
9 72 TH Be B8 Wl Aol 9 Yol o
kS Wx) ka1 FREO &% HEo| Je
4 dauEE Ak = 7IEE 3 71E[13,14] i)
a3k w3y Ak AEeta, A s 1A
o] 18 Mol 2odds a3 3y 4 1
Z7F B7Fse 3ol A 20 Aol WA 7H 3 REAL
AE 548 aEgh 72 g3 71ake] ARt whge] g A
o2 v G AES FATE gFSt

1. 290 A 4k MX2]( Image Preprocessing)

T 2GS g Bt Al o] A e
HIAL /o) u} Ao et wEbA ALl A
g et WAl AE BadAdS RS, wo]2E oAl
WA 2 FARE BES] 9 dXg #A4o] st
o AellME 2 2-()0] 98 v Gl ol dinl Al
gk A3 3| 2~E1% HESHCLAHE, Contrast Limited Adaptive
Histogram Equalization) & #-83}0] 2|94 Ou]|E A7),
7} B4 (gamma correction)S &3 ] 2l wE H]HAH
7] f=S sl 4 | (bilateral filtern) = WA} 77|

of AR FEE §AT A AT w02 oAlsgih of 3

ey
=
2
ofk
12



Image Registration Based on Correspondence of Seabed Structures Reflecting the Sensor Characteristics of Scanning Sonar 229

a9 2. 973 A3kE 98] CLAHE, gamma correction, bilateral
filtter 28 (3) Y& 93 (b) 28 I

Fig. 2. Sonar image enhancement with CLAHE, gamma correction
and bilateral filter. (a) original. (b) enhanced image.
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Fig. 3. Result of median filter 50 iterations. (a) original. (b) result.
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Fig. 4. Convergence curve of the relative change according to the
number of median filter iterations.
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Table 1. Ground truth of registration for datasets (a)-(€).
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Fig. 10. Mosaicking results using ground-truth registration for
scanning sonar image datasets (a)-(e).
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