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Abstract

Due to the serious underwater light attenuation and low visibility, it is difficult to extract the un-
derwater image features collected during ROV operation, and the recognition quality of the recon-
structed underwater target 3D point cloud is low. In this paper, an optimization method for un-
derwater target 3D point cloud generation based on improved SIFT scale space is proposed. This
method enhances the perception of color edge feature information and improves the number of
effective feature points. The experimental results of underwater dataset taken based on ROV show
that compared with the traditional SIFT algorithm, the number of image feature points, matching
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and point clouds are increased by 2.9 times, 1.78 times and 1.04 times respectively. The effect
of 3D reconstruction model is remarkable. Therefore, this method can solve the problem of dif-
ficult detection of underwater image feature points and poor quality of 3D model to a certain
extent.
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1. 5|8

KT HLE ANV EEAEAE BE WA K BUEM 5710 SR, RN BUR B Z A 2UEA1E &,
EUGAT I B2 5 DL B H ARii . BUESERHE, HH AR =4 s s G, BEIK T =48 5 A
FIg & . Bk, 158 ROV (Remotely Operated Vehicle) A /K N ERUGHFE, REA BUSME S, 2 H
T A% 75 g R X

FRAE SR = e g AR/ ERT, [E NAMSEE KA T . RRAE SR I =5 2 EUE A B
TR GRS B, CMERSHER R B sk, Rk, 75EXERERKT BUR T AL EE, WiskFH
ZF[1]381Z ORB (Oriented FAST and Rotated BRIEF)RHIE syt 7K T BURSEAT RS2 B VT RC Y, XS %
FEZRK ARSI B E T S BURMG R & T R &, k£ B 7 BRI E N EHUR AL B 7, skiegh R
Bk 7 MR AL F T 7K T R RHE PR, VUBCECE 77 38 B oK e, U HGR AR LU R, iR
VCFCHCIA s 2R AR S5 (2 ]IEXT 2 R A 4 51T SIFT (Scale-invariant feature transform)fF/iE R ER
I SE A B RN B A 5 By O PR AT AL B, (SR IEI Y SIFT FHiEEE THEZNEBEE: £
PS8 [317E2E T SIFT FHIERIZK T BURPHERT L, $R T 2 R Rl & 1) BRI o SR R A IR /K I8
P AR, e 7K T BURBCHE A A PHE R RO . BURAL PR 2 J5 AT DLBEATRRAE skl HL
i 3 44 B 72 Kanade Lucas Tomasi (KLT) /572, %5 V248 F Y6 v R EE H BLAE AT — il o ) S B 55 (4]
[5]1[6]. AT IR KLT (138 %, Sinha 58 A[7] [8]fE&B) KLTGPU [HE AL 5. 56(GPU) L2817 KLT. {H
f&, RAULKLT MITERE 5 P2 AR R RHIEILES . ASFIT SFM (Structure-From-Motion, 831Kk 5 45 14)
F1 SLAM (Simultaneous Localization and Mapping)H (IRFIEEREE[9]. N T #& @2 KLT HiERIREE, Myung
SE[1OTE AR A5 L I & B To (AIMU) i Bl KILT /b iR 72 R (H2, KL KLT WIJNELERE . W H AR
A B B SN e, X4 Rl SEM [11] [12]41 SLAM [13] [14]H BEFIEER, BN E R K R IR,
BT, T AR ARG I R DG PCAE 48 0 AR AE PR R O 32 B vH AL A 15] [16)A1TH AL EIE [ 141002 %
o i, Zhang ZF[1515&H 7 —FPEXT SFM AR IESE MU = RURHIE BR IR SRE 2 SBEA0 R s 17 DC A
Xof SR A BRI AR 1r) R DAt G RfAEEE RS o O T g m SLAM RGURHIEAT I & #ePE,  Garrigues 55 A\ [17]42
W7 R B A R ERER SRR RO B B A U BRI . Lee ZE[ 18142 HH T — M s OGRS RP 1R ER
EERAS I TE bR 10 G 50 B0 S A R AN AR RRAE 25 . 7E Bundler R4t7, SIFT A1 BF J5 v FH T 46 AU e S
B, THER R K . Buchanan ZE[19]38 H T —Fh 32 B AKHMEIRES 75, &AM KD-Tree fa)A MR
FEARKINBAFAE R FFULHC o Ay 7 AERRAE B R 77 VR 3RS VA B RFAE X B, Zhang 25 [20]42 48 26401
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SR s FL AR 2R BT B B REE . Wu ZE[21]32 Y Viewpoint-Invariant Patches (VIP)R UL HC &= 73 R 1 E1E
RGP AEMERRUCEC IS Ao (Hag, VIP DhRgdEHFen, FRK VRrERER R . N T s A, nf
LA RANSAC 5L 5B 5 A8, BIA0 Lee S5([ 18152 17— HI T- M9 5 sk (VR SRR ER R TT V5, 1207
FAEH Z FhsEng, A4 GR. RANSAC. RN, UERAHHE, REEHIEMKILEDT. W,
FH LT AEAG I 28 7T DU P AE ER R O FE , U0 Zach 2522181 # Ff SURF (Speeded-Up Robust Fea-
tures)fXE SIFT, DA BERITHEEE . Svarm ZF[23148H 7 —MpdE T B B s ER 7, HRA T
Gomory-Hu 592 [ 2411 & A 1E 4 i UG i 20

AWM T —MoK T BAr =4 Sz A 77, 8 st SIFT FRAEksill, $25xd7K~ B A5 B
FHIEAE B DAL A5 BARELEE 7T, BRI R R SRR A I, AR A AR Bl =4 i 2B, FFIE T Visual
Studio 2017 F1 OpenCV HHE AL, 7E ROV KHERI/K N BG 551 A 56 0E % 5 15 KA 20tk
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Figure 1. SFM block diagram
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FNHE T KGR R IO, R, TefesE22i, AN OCH A BRI RERFEA
AR AR R, RIS B S B P R FE AR RO REME - SIFT I s 2 UL A2 A4 LR DU AN B :
1) 2 R[S

L(x,y,a):G(x,y,O')*I(x,y) )
Kbt I(x,y) HHAER, G(x.y.0) ARSI FHiw:
G(x,y,O') = > ei7 2)
2no

A, o RFREREEE T, o BEBHFE AL E TR . (x,y) #nE o REZ TIEIGE R L. @il
VS H o AR i R A 18], AR R i 7 RUBE 25 8] T AR AT 2 A6 ARG R AT AR, 75 21 =¥ 22 73 (DOG)
&7, WEAN PR

x y,0 [ x y,kO' x y,a)}*l(x,y)
L(x y,kO') (x v, )
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2) Her RO A R AR

BERT RS RAE SRR AR 26 A~ s (RUREE R B 8 A ml BLEAHAT 1N REEHI% 9 A rOZEAT RS,
RAZ R N HABIBIINAL mi, BATNIA TR AR R

3) HFIE AT 18 73 AL

)

m(e3) = {[(e410) == 1) T 4L (o +1) - L(my-1)T ] )

L(x,y+1)—L(x,y—1)}

L(x+1,y)—L(x—1,y)

O(x,y)=arg tanl: 5)
A, m(x,y) RoRBERAE, 6(x,y) BRI

4) FIERHIE ) &

B PL EEANB R, AR S B AR E . R 1), NARIE e AR, IS BT
R X CVRFIE ST 1)), BT AT e, WERAE s AR bR AR, AR bR 8 ST i :

x' cos@ —sinf || x
e ol
y sind cosd ||y

o AR e i B DGR i T 1), SRR T R DIORBE U R0 1 16 * 16 FARIEOR/IN, HE KRR 1 70 1 Rk

N16A 4 * AT, IHEAGNFERLE S N FIMAIEEE B, FHE IR & B ATE FH R85 7 17 B E
FTEWHR, Frel—ANEE T PLEA 8 * 16 = 128 4EHI4FIE A & .
2.3. By SIFT REZSafE S =

FH T 7K A B UL S R SR B, & 3 R s MG TE I R . H AR SR ANt 2 20, AT
SE SIFT S B R AE s BCE D, )5 SR ARNLIE sh b VK 52 N = 4k 55 7 SR Pk ik o %o Lok ) AL,
AR T — i SIFT RRE 28 (] et v, i AE 2 R 25 (A # it i FE o 5] N BE S s, B2
WIS T BbRA SR SR . BAREE SR BUA RN A 2 AR .
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Figure 2. Flow chart of feature point extraction based on underwater image
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Table 1. Experimental data source and processing platform

=1 SRHBERERLEF S

HE R S F A B M
K SRR KF B Ar EHG EdE 5
BIERS GNU/Linux
A OpenCV-3.4.3
Wb FE 5 % CPU Intel(R)Core(TM) i5-8300H
EREEFR NVIDIA GeForce GTX 1060

HE 3(a), Bl 3(b), K&l 3(e), Bl 3(OAHI, SOHEFIREYARL A2 50 5 U4
VK I RRAE 25 B b SIFT Sk BB 3R T, Q@)1 T BG4 (E B, a7 KGR S M AE s B0E
1EKE 3(c), K 3(d), B 3()~(n)F, Sl EyRaEY R E & X S E S EEHE ST SIFT Hik,
KR TAERIE 2 RS 2 A FR oSO BT bR T R ROREN )R R RS S P e BR SR DB &8s 7214
3(g), E3(h), El3(0)~(0)F, PEEEHY HESXIER D, Sl E R SIFT AR st 301%
5 131.88%, HAHEA FLEAMEYARCER, XRMIEZ RS MAiE hu R 45 BIge, A achdd
TR AR A

SEHGSE R, AR SCIRR AR ORI LS, SRR TR, SR T RIS B,
THER T RIMEE TP, HARIRRRE S BCE R I, Rk T B 2 RIS B AL E R

(a) A 4 SIFT A& G Sy AE ARG (b) A A SCEFEFE s
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Figure 3. Underwater image target feature point detection rendering
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Figure 4. Columnar comparison chart of underwater image target feature point
inspection measurement
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Figure 5. Effect picture of feature point matching (Left: SIFT algorithm; Right: This algorithm)
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Figure 6. Comparison of underwater image object matching to cylindrical
image
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Figure 7. Rendering of point cloud model
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