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Estimation of Visibility at Sea Based on Color Image

ZHOU Li-jia', ZHAN Yong-giang” , XU Guan-lei’
(1. Department of Military Oceanography,Dalian Navy Academy, Dalian 116018, China;
(2. Department of Graduate Management, Dalian Navy Academy, Dalian 116018, China)

ABSTRACT: Objective To realize real-time estimation of the visibility at sea. Methods From the perspective of image
processing, several experiments were conducted from different distance using color models to analyze the response relation-
ship between saturation and visibility. The least-squares and the multi-model fusion was used to build the best model by er-
ror analysis. Results There was a certain response between the visibility and the image saturation of multiple sets of color
models. Conclusion The model established could observe the visibility fast and continuously in a real-time manner. Com-
pared With the traditional method and observation with devices, it was more convenient.
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Fig. 1 The normal color model for visibility



- 170 - kS

2014 4F 12 H

a 21 b %

c W d =
&2 4 FIbRAER SR RREE T i s

Fig. 2 Display of four normal colors under different saturations

B C 2R By H @, i DA FESE PR R, R
55 BRI SR RAR PR RN RE B RRAIG . A S, Bt TR 2
AR o RS ST BT , o R K P 55 BT A, BE DL
BRI DL, 5 BRI AR AR S i A EE [R] E
ALJEZ B4 R RSASE TRUA A P AL A BE SIE A T RE DL

tEL70 AT BE WL FEE 4R Rz AR B

Xt AR — B BN, LLZL (5 Rl E AR
B, BN S BRI R ES ) d, i, fE LI o
FRAIRE s Z B RERA

v =a; (0) +ay (1) s +a}1(2) (') 4+ +a; (n)
(si)" (2)

XFF AR LI B AN [ BE DL 081 (1) ,07(2)
e () OIS B A A3 B h s (1), sM(2)
cosh(n) o HARIERTTIERR N .
v (1)=a"(0) +a" (1) s (1) +a;(2) (s01(1) ) *+
al(n) (s9(1))"
v1(2)=ay (0) +ay (1)s71(2) +a(2) (s1(1) )+
' (n) (s0(2))"
v (n)=al(0)+al' (1)s'(n) +at"(2) (s (1) )+
al'(n) (50 (n))"

2.2

(3)
v(1) al'(1)
, v(2) a'(2)
Aoyl = , A = , Sho=
v (n) a’'(n)

Lot (1) (st (1) )2 (s (1))
L5y (2) (s1(2)) 2+ (s71(2) )" o AERESLAS i 2 (]
1 st (n) (51 (n))? (s (n))"
Xof IO G AR ) I, Ay I AT D 22 , 05 e 0 1 405 it
2, AR IR/ N Tk SRR A B 2 AR AR AT 3R
RRBE AN KK,
Al =[SHSITITNSI) v (4)
KRB w AN, HEMRA T —EHE
L B AR R UL EE of KR AR B T
KRR d, ,dy PIRBILEE o 0B 45,
[F]3, F55 b 3 2 ABEA At AT DA ST AR RIS A
SRS AN R RS R [] B 125 6 760 85 N R UL JRE 22 ) 1)
KR,
2.3 SHBEMA
SCPCR AT 4 RBIARGIEAT S i TR S g
I — T RS AR A [T B LS AR AR 3
A4 ARTE] AR R B 2T i — A B R AR 1) e A
JEXTREDLEE RS2 AN AR [R] PR, 25 RS 21
PRGN | 308 3ok 8 R I ASE X 07 18 AN A ke ol /D A5
U] S5 B O 45 SR 115 2%
v? :M,v'f+u2vg+u3vﬁ+u4vf (o Hy s+, = 1) (5)
ey gy iy, 3 5EFEE Dy d )4
A LT E S

3 KBS

3.1 SIS

LA 1 B A 1.2 mx1 m, & FARIK
TRMGLT 2 W VUL, BESRAEIAS 0.5 mx
0.5 m, WK 3 FiR, #MHL1 &, 85 e R D5000,
B A5k VR AF-S NIKKOR 18-55

3.2 SCIGEFE

B SAHMLZ (B K BE B 3 560 d, L d, , d, .
SR AR A 11,19 F1 29 m F—2H SEB7E 3 4
PR E o AR (N 3 fir ) o b T LR
] AR K TR Pk DA A SR 1R 25, 7R — 1 B
AR R R, JfAE f S A 1R] P9 5 A, 6 I8 [ e
PEAT 8 UL RE ST S0 92 2 1 5 41 45 b s B3I 4
EPIR  Ar s NI R LA T O+ HLRE IS A W ik



1B Hel JRSEAESE  H TR @I B L RE WL EE A T <171 -

A R —BEEIE 3 A R R A LA 25 2R DL
AR B T8 2 (8] A SR AN 4 s, T 4a,
b,c 7RI REIER OBRIER Y d, ,d, Fld, 1
B 5 ROGEIEAAZRAL, K 4d e, £ 24 G B @R
B 18l 4g,h, 1 0 Bl R B ; 18] 4m,n,0 Y
IR AR

4 PR A SR IR T £ S I R AR 7E
AN [F B ) — M — kAL A — e R B T 4R
T RE DL JRE TR AL 4 00 57 5% 2R, AR B UL JRE a4
BESRAIEE A3 TR, B8 GBI 45 i e R 2L
R BE L RE I BEAT BB 0 2 54728 A 7™ A S i) R
B2, FLTR] — VR E XS IO 1) i DL JBE AR A R 3

K3 —RRFRAR SRS

Fig. 3 Experiment conducted during a fog event
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Table 1 The cumulative error analysis between fitting
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curves and real-time measurement for visibility
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