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Abstract Underwater optical imaging has the problem of “not seeing far” and “not seeing clearly” due to the
absorption and scattering of the water body. Underwater laser range-gated imaging technology can improve
the underwater optical imaging distance and image contrast. The paper presents the research of underwater
long-range target intelligent identification system based on underwater laser range-gated imaging technology.
Laboratory test results show imaging distances in excess of 7 times the attenuation length. The study combines
deep learning algorithms to achieve quasi-real-time detection of targets in power-constrained hardware
conditions. The combination of underwater laser range-gated imaging technology and deep learning algorithms
is expected to enable underwater optical imaging to “seeing far” and “seeing clearly”, while “seeing fast” and

“seeing accurately”.

Keywords underwater optical imaging; range-gated imaging; deep learning; target detection

Funding This work is supported by National Key Research and Development Program of China
(2019YFB1312404), International Science and Technology Cooperation fund of Science and Technology
Planning Project of Guangdong Province of China (2018A050506065), Chinese Academy of Sciences Youth
Innovation Promotion Association, and Construction of Underwater Mobile Observation and Testing Platform,

a Special Fund Project of the Central Government to Guide Local Science and Technology Development

5

il

R J5 1 B 45 AR A AR SN SR ZL RS, 3

BIERTLLEERRAIR . BRIk, KRR 5521%7(?70:_ “&
FRRBA A RAERK TG EZRR Ar” A “HAE” KRE. ysePiK Rz

FBLo PR A FH 75 I AT A K Iz S A A B, K FEOCHRRE Y K R 6k

KK R PR B AR AT IR . H AR R K RO B R T A AR B 4

K, MAFBRGREINEEPRBIR. A% k. XEEEORCISTERER T kAt 45 & AR
fﬂ7k?%%@¥$1%ﬂ@iﬁu$, ARG S AR
AR A AR, KARXS LRGSR Ml e, KON S0 B I E AR BOR B AT AR R
FHOIAE RIS KR 62 B 1 8% BE
WMHAWR, HAHENEPEREBES, We  FLPr. el KRS 2 O &

MG AL BESE, AT T B B B A i &

BIL . FER R B HE R R R R, AT K



2 3

Zhijun Zhao, %%: FFHOCLLIE MR BORRIK Iz R B H bR LR RS 41

FEAEFH, & T 3% Al SeUT 17K iz PR 3 g R
Z

KON EE B8 g OK N ki) R 2 %
WFPESR E DGE M E AL, W& KPR T LUCIE &
FK il R4, EEHRIE T See-Ray R4
FOEAET 158 R, B vEEDL PR
B gV A B HEAT T MR RGBT . E AL
R TR A R B 2 S AR ST
b RE R PE A TT R T K R iR I
BT, BUS T 0= 0 B e B ok = ZE g
LB SR . PEREAR R K N ki R R IEE A
EmSEHA. EEBEZR T 20 D 90 FAAK)
BEAT 255220 5 21 4D 10 AR EO K TN
REPMTH . ORI RG] MR R
HR R0 AT R (K R P, AR aE
TR . EFXH AR OB B0, B TR
T HBOGE . BTSRRI S
T 2 5 BB A AL PR A BT R BRI 7K R 5K
i 4= 52 OE AL (Underwater Time-of-Flight Image
Acquisition, UTOFIA) 15 H . UTOFIA TiH
M 2015 SETFFLEBHE], 20k 3 ik, T 2018
FESERG R T 2019 AEHE B TH R T3 05 .

UTOFIA %t ) U AYRE SR S Bidg, I HL Al
AR RN B B g AT I . A R}
2 e 2 S AR B ST TR 0 RUER P R 48, 7 2018
FEREERT, T T2 1000 m 23] 1 /K EEEE
K& . RUIR RSG5 EK T kil R 408 H T iRt
HI L RARTE . [ N Ao LR RS G S HE
25 1 R,

KT a8 38 B R B 8 KR 5% A 5 R) HIUR 3 2L
() BEAGONS bL B B A ) 3, (H JC vk Rk 4 B b B T
AKAR 2 A2 1 J5 ) ORGSR AT . AR R
e, A5 5 G HT ) BNt 2 AR EHE 7 2
BOCT I RS, B RATIA
) e Ath e 7 S R 2 R I R . 2R BT
iR, HECAUR B S R A B AR R R R
G, RS HEnE LT SO R S K NI R
GRS VR EZ TAE. A% RGE IS 4 ik
TE A BB T DG INF (A, 93k /N 13E N AR e A 1) e
AU, LUCIE 245 005 o i & hn 2 e Y. i g
Andersson""* 5 FH #4145 40 B A 10 36F B 8 5
A A P8I R o e Il B T & . BTN ) Tan
28 DU o of bb R 32 BB 1 1 3 SN B 7 [ 4 i L B
P ST R UG R AR D R O . VR IE

Fz1 ERMEBKTRBREXESH
Table 1 Key parameters of typical domestic and foreign underwater range-gated systems
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0.025~ 50~
[10]
LUCIE 1 YLF 532 2 000 025 500 7 7 MCP 1 000 000 30 7.35
N 0
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Table 2 Illumination laser parameters
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Table 3 Range-gated camera parameters
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Fig.1 Schematic diagram of underwater laser range-gated imaging system



44 £k H 7N

2023 4F

MK IR N 19.3°~3.4°, REls e 478 5
FEREB X $ . Al I e s e fE R S R AR Ak
GEEES, R4 AR o fat s Bl AN i AR 11 38 25
H5EOLThRM AR A, DO a .

S FPGA LSk iR Ry e/ NP 3R 3.1 nss
Tk FOE Y 2.25X10% m/s, BRI R F B¢ 70
YN AT FEEE A 0.35 mo SEPR H G A) AT %
I THT TR I 8] 38 52 1) T B oK S % 1 R Gi 4l 3
PR R RN SESR , 1K A A ASCAN RO R
PEMTEE IR M E . RAEFEETERG, LhRNER
SERAE IR BN 20 ns.

Wi fE RGIEALRIWE 2 Fiw, EHEERK

TikiE ARG UWE 3 Firos.
FRAL
il
T
feBE. | EMEAREL ik A o
M. |, | Bobs @ﬂ]ﬁ‘
B[N kit 7 PRHEIE
FPGA
B )
Tk ik
ICCD #H#1 kot
=S Ak B RS

B2 BRGRALEN
Fig. 2 Hardware architecture

2.3 RRI&MR

RO ARG, KTFIEIERGELREK
FE(LXWXH=9.0 mX 1.7 mX 1.0 m) HEHT 2%
M

1] SR K KA (8.9 mX 1.7 mX 0.8 m) I
— BRI LR YY, AR HIAS [V B 7K . BRI
IR IR MG, R 4 FrRfsEm s
B Eah, SAFRAMERKER TR, F
&, RS EBE0n, i R RO L%

E3 HERZZMNA. sTERSEERER

Fig. 3 Images of the side, front and rear panels of the
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Table 4 Measurement of attenuation coefficients for different turbidity levels

bl JEUEEIE (mW) FIJE L5 (mW) FEMAREL (m™) FIHKSE (m) W (NTU)
PRl 4.38 4.00 0.30 3.36 0.46
80 mL 44 4.52 3.97 0.56 1.79 1.08
160 mL 44 4.45 3.63 1.05 0.95 2.05
240 mL ‘1) 4.20 3.08 1.75 0.57 3.51

KT ik
A hR HAS
EI
_
KAl

Bl 5 @EBREMAIR

Fig. 5 Range-gated system test scene
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Fig. 7 Images of the targets at different distances with different turbidity levels
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Fig. 10 Underwater range-gated image dataset
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Fig. 11 Range-gated images detection results of the diver

model target from 4 m and 5 m away
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