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Analysis of Color Error and Distortion Pattern in
Underwater images

!Jeong Yeop Kim

9_]|:

TooA ZFFE FFE et A s Jﬁ}L Ao dyA Aok, tizA
AN FAEol ot &1k Alkgh(backscattering) «] lolo vl#st= A4 Ald 2249
7 (attenuation)o|t}. ¥ =Fo A= ”201]/\1 o3l 3 of thalo] AMAle] WA A o
AL df=e] sES A st Al gtk ol o sk b Ak gk Al "HOHH‘C =22
Ao thE o Holrt. B Ao A= Jamieson 5] A2t DeepSeeColor REl-S 7|HFO 2
sto], A B s HAE, 59 o] Wl W}E AL ofate] sElS EAS. E
G732 Jamieson o v=rE WF FX=(US Virgin Islands)ollA] #G3E A8 o885,
1190 & oA Zet AEES E3bsls 330742 ez stk 9= Atk DeepSeeColor
Ldo| o5t B s ol&ato] M B e 4% 2 AF(Angular Error) = st
Jamieson &< %}F/} A FolA T AAwS o8] e eE AN o
AREA QD A o2t digk &gk FAS A AISHA] KT, B =woll A= A A AE
A E O o R sto] AMAF 1A 9AE ALlsiglong Hds At oo AEE AT
$Ic}. DeepSecColor W] AT FAL 17k 8] 2ol A mz, o] Wae] whe A2
= HE S BAE 4 Q). dvtd o= Zo|rl QoA HA Alde] A4 a7t A
Zlo] Wiglol wp2 Mg o= g AAYT A o] F Y @ﬂ]i R AE] Sho] zlo] W sl
2 ﬂ]j‘% AS5e = JEF Q. zlol7t Zojdgys Mt E@—% At 2ALL
=73 QAL AT, AQbeE WS Fgk A4 BAge] Hee 7S Wy gy
41.5% 7H/\%E]S?q

Abstract

Videos shot underwater are known to have significant color distortion. Typical causes are
backscattering by floating objects and attenuation of red colors in proportion to the depth of the water.
In this paper, we aim to analyze color correction performance and color distortion patterns for images
taken underwater. Backscattering and attenuation caused by suspended matter will be discussed in the
next study. In this study, based on the DeepSeeColor model proposed by Jamieson et al., we verify color
correction performance and analyze the pattern of color distortion according to changes in water depth.
The input images were taken in the US Virgin Islands by Jamieson et al., and out of 1,190 images, 330
images including color charts were used. Color correction performance was expressed as angular error
using the input image and the correction image using the DeepSeeColor model. Jamieson et al. calculated
the angular error using only black and white patches among the color charts, so they were unable to
provide an accurate analysis of overall color distortion. In this paper, the color correction error was
calculated targeting the entire color chart patch, so an appropriate degree of color distortion can be
suggested. Since the input image of the DeepSeeColor model has a depth of 1 to 8, color distortion
patterns according to depth changes can be analyzed. In general, the deeper the depth, the greater the
attenuation of red colors. Color distortion due to depth changes was modeled in the form of scale and
offset movement to predict distortion due to depth changes. As the depth increases, the scale for color
correction increases and the offset decreases. The color correction performance using the proposed
method was improved by 41.5% compared to the conventional method.
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Figure 1. The flowchart of proposed performance evaluation stage
a9 1L AIRKe s B dAle] S5 %

a9 194 dlolE Ao o= G4 JFS Joe = E7]3F 3L, Jamieson 5] DeepSeeColor
Rdlof o3 2~ Eq] 74 of S Abet el Bl & A4t gt fofxl ja}ulﬂ% o] &sfo] A4
BAS T 9dom BAAE A3 QS Jou 012t T Jr= G0l ©] -89 Z-e} Al 7] o] DGK-
Color Tools Wl Aol 13 29} 7t} H Ze} A A 2E2 CIELAB Zef 22 7} 9 ] o] Z-e}
E4& AXAERYH 8 5 A5

Figure 2. The color checker model used
9 2. 4H8H 2o AA 2

A<

%
o

°k%L(D65) A A ¢ RGB o=

ARG M E 7)EH 2 o] Lsty] Yste] AubAel gl
z B2 233y, dmdl Zkw o x}9}

E‘ = -]
Lk *éb 337}L 2(10) ~ (11)°] 2= 22b
Jamieson 59| 7t QA& S-Sl Aldigkt AnkA 9l 7t @ 2= 18719 RE L YA E
Woz ﬁmfg P R1.ow, Jamieson 50 21 23k WA oy 17 20 Ae 6] oA

o 3 A 5k Al Aol 7he sttt

o

SEBLEEREERREEL TR
DecpSeeColor 79 A AHg3F 2 34e ~eldl e b s o] §3te] ofe)= W

I A0, H9 9 2 18, 20l B 2 199 F 11 ER T4 5 of Tk, 2 Aol

42 QA8 TIE e £ 19180 B4 FoIA 2} AR £ 33088 ol 43500 2

O



J.Y.Kim : Analysis of Color Error and Distortion Pattern in Underwater images 21

3¢ vhok tigshe ol Gagol AFHM, 2 9 vick 187he] 2ot Ao o A g
WEL A 5 glomz, glolo) Mol }2 A T WL BAY 5 glr)

o) o) Sl e zlolo] w2 ] o) WAL RS o, 19 33 ge o
REEIES

| START |
‘ Get input image setl from Database: Jug ‘
‘ Sampling color info ﬁl‘om 18 patches: (r,2)n ‘
‘ Grouping color i:nfo.| with depth: (,2)depth ‘
‘ Load reference for lolor checker: (r,g).s ‘
‘ Calculate functional mappilng from (r.g2)apn 10 (1)t ‘
‘ Find out color correction t[unction with depth change ‘
| D |
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Figure 4. Sample images from DeepSeeColor Model
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Figure 5. Sample selected images with color checker
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Figure 6. Sample depth images for selected
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Figure 7. Sample corrected images for selected
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Table 1. Calculated angular error for DeepSeeColor color correction in degree
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Type\Depth D1 D2 D3 D4 D5 D6 D7 D8 AVG
Uncorrected 30.8850 31.0946 30.0418 30.7677 31.9429 32.7013 33.0324 34.1546 31.8275
Corrected 29.2097 28.6505 25.8227 25.7273 26.8853 30.6096 28.0947 33.2441 28.5305
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Table 2. Calculated general angular error for DeepSeeColor color correction in degree
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Type\Depth D1 D2 D3 D4 D5 D6 D7 D8 AVG
Uncorrected 32.1892 32.5072 31.8976 33.0547 35.1687 36.7260 37.6469 37.8793 34.6337
Corrected 24.1910 21.2865 18.8214 18.7558 21.0171 21.7229 20.9329 23.5932 21.2901
RS AR M B 2 9 A Ak At B A o] 91 H Al A= 1t
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Table 3. Calculated general angular error for DeepSeeColor color correction in degree (grey patch only)
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Type\Depth D1 D2 D3 D4 D5 D6 D7 D8 AVG
Uncorrected 38.4090 38.9017 37.7604 38.7981 40.3687 41.4051 41.8728 43.4588 40.1218
Corrected 33.3160 30.8857 28.5339 29.6001 31.3798 32.0873 30.8154 39.9494 32.0710
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Table 4. Calculated scale and offset foe each depth
E 4 ZHol HE A ~ALH oA
Type\Depth | D1 D2 D3 D4 D5 D6 D7 D8
Scale 0.9900 1.0129 1.0969 1.1476 1.1687 1.3605 1.4269 0.3118
offset 0.0172 0.0065 | -0.0246 | -0.0439 | -0.0521 | -0.1134 | -0.1365 0.2298
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Figure 8. Estimated scale and offset for arbitrary depth value
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Table 5. Calculated general angular error for proposed color correction in degree
® 5. Aleret whel oak A By ek AuHel 2w 9.5

Type\Depth D1 D2 D3 D4 D5 D6 D7 D8 AVG

Uncorrected 38.4090 38.9017 37.7604 38.7981 40.3687 41.4051 41.8728 43.4588 40.1218
Corrected:Color 13.1837 12.8879 12.1958 12.2132 12.5632 12.4723 12.7586 11.4435 12.4648
Corrected:grey 6.5726 6.9808 8.3429 7.6278 5.8263 4.6929 3.7659 1.1410 5.6188
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