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Analysis of Color Distortion in Hazy Images

"JeongYeop Kim
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2 AT E AAl(haze) 7t EASEE GFdlAe] A gfstol diste] E4]staiz) skt
e QN7 2SR A, oA WRALE = Zek Alse Q] Ao e FiEd
dakoz MAtol efFo] FubETE, FAAQl 9 A A (de-hazing) WHOZ Sbrfo] &S
WA A9 A ool FEs| slAHA v Aol vk, Khoury & B
Ao A AFEE ol mdl tpA-xfg-2elo]o](dark channel prior) 7|WS ©]&-38}¢]
ARGl = AEE Foteigitt. ey A 9 gt T 9= A whE @Rlsklar,
TFAAJA A gfate] ek BAS FA] &t B =FoAe A ofare] HEHE FAIshaL,
Aol & Ed F dv HYE WS AT, Khoury 5ol AREEE tlo]EH]| o]~
A FAoll= w2k =< W2 ZekA| A (Macbeth color checker) 7} ZgE o] Qlt},
W 2 Z-epA] A (Macbeth color checker)®] Ze} k&S o]&3sto] M/l w9 Wsl w&
A s A, REES Fate] =S A ¢l 2dS AA Gt Aljbs
W o) Fwx Wsle wE 9AMH A %(chromaticity)®] W3ske} 7| A H.(ground
truth)®] AM=F o] &3ste] AP (mapping) & 3ot zolth. A sf=o] He7b <t

sxol ddlste] WA Aolr} geme BE wA6lN ddden Eet FEA
A BEE ek Aol BRS B =RIME A WS B9 A% 9T 48NS

=}
7} QAH(angular error)®] S 7|Fo® FAHIIGow, 7|E Mo HEke] 15% P9
MAart s AT

Abstract

In this paper, the color distortion in images with haze would be analyzed. When haze is included in
the scene, the color signal reflected in the scene is accompanied by color distortion due to the influence
of transmittance according to the haze component. When the influence of haze is excluded by a
conventional de-hazing method, the distortion of color tends to not be sufficiently resolved. Khoury et
al. used the dark channel priority technique, a haze model mentioned in many studies, to determine the
degree of color distortion. However, only the tendency of distortion such as color error values was
confirmed, and specific color distortion analysis was not performed. This paper analyzes the
characteristic of color distortion and proposes a restoration method that can reduce color distortion.
Input images of databases used by Khoury et al. include Macbeth color checker, a standard color tool.
Using Macbeth color checker's color values, color distortion according to changes in haze
concentration was analyzed, and a new color distortion model was proposed through modeling. The
proposed method is to obtain a mapping function using the change in chromaticity by step according to
the change in haze concentration and the color of the ground truth. Since the form of color distortion
varies from step to step in proportion to the haze concentration, it is necessary to obtain an integrated
thought function that operates stably at all stages. In this paper, the improvement of color distortion
through the proposed method was estimated based on the value of angular error, and it was verified
that there was an improvement effect of about 15% compared to the conventional method.
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Figure 1. Sample images from CHIC database
1% 1. CHIC dlo] ¥ Hlo] 2 A E 94

Figure 2. Sample images from CHIC database — Inside Light
T1¥ 2. CHIC Hlo] ¥ wlo] = A& G2 — iy =1

; = % it
Figure 3. Sample images from CHIC database — Inside Light
1% 3. CHIC Hlol ¥ o] AE 94 — iy =7
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Table 1. List of data for analysis
E 1L EAE ol d&

Name Syntax Semantics
Input image I Input images from CHIC database
Input image(inside) I_inside Input images from CHIC database with indoor light
Estimated scene Jdark Recovered scene J using dark channel prior model
Transmission t Estimated transmission using dark channel prior model
Estimated Transmission treal Averaged transmission from dark channel prior
Ground Truth Jground Level 10 images

START |

|
[

‘ Get input image set from Database ‘

|

|

[

Calculate transmission(t), airlight(A) ‘
[

Calculate Jaare ‘
[

C-alculate t_real, IGT, [M{;{;j‘vIM{;cp

[
FInd fc(tea) mapping from
Invces~Inces 10 Lot
[
Apply f{; to [).jCCj"”I_\{CCQ & calculate

real

|
Calculate estimated error
AE‘(Jda.rk: ngcmd): AE(Jrezls Jg:romd)
|
| END |

Figure 4. Flowchart of proposed analysis process
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Figure 5. Coefficient a of RGB mapping
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Figure 6. Coefficient b of RGB mapping
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Figure 7. Mapping between scale s and transmission t
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Figure 8. Chromaticity distribution of input and ground truth images
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0.3850, f=-0.5369, h =0.1056 &= FE}REAL, A % 238 7Fe] 7 2] Arg = 8.82 = WEFST 2(9)+=
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UERATh %3 9 TEkhs 715 W 29 93 A4S vEh & okojolth

Ay B4 okl Ak 7% wkao] B A olth. AE(Angular Error)ts 7]% 29 A%
Hxoh FAE 29 A% AF 7o) A% 2A1415 vEke 2(10)7 2k o] ghe] A
FH LA AR 4 Ak

[e)
o
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Bt BA Q9 AF(Average error of correction)E,
ojm gttt AVG = H#kS, STD = X+ AE

AE = 2Xr'Xe
[l 1l el
(10)
AZA x 2= 71 A E, x. & FAE 29 AMEo|a FR = ZF % F7](norm) 9] ¥ o]t

Table 2. Performance of correction for color distortion : average & standard deviation (default)
T 2.4 g2 0 A% By TEA(E 2H)

AVG STD

Image AE_corr AE_Dehaze AE_corr AE_Dehaze
#5_L 7.7995 10.4828 6.5816 8.6295
#5_R 6.6082 10.0607 5.4525 8.1478
#6_L 5.6575 7.5258 5.2531 6.4925
#6_R 4.6638 6.0267 4.7125 5.4617
#7_L 5.2997 6.8046 4.5587 5.5928
#7_R 5.7461 5.2073 4.5003 4.7099
#8_L 3.6857 3.3657 3.7418 2.1988
#8_R 4.7570 2.7090 3.5360 1.8596
#9_L 2.7311 2.0381 2.6878 1.8283
#9_R 4.2621 1.9338 4.4149 1.5832
average 5.1211 5.6155 4.5439 4.6504

F 2 9 3 9 xaxﬂ Ho of et Fzke e 2o WA HFFk AE corr = 5.4389,
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Table 3. Performance of correction for color distortion : average & standard deviation (inside)
X34 N By e Ha ) EEA R 29)

AVG STD

Image AE_corr AE_Dehaze AE_corr AE_Dehaze
#5I_L 9.4384 11.0932 8.2977 8.9051
#5I_R 9.1947 11.3219 7.9736 9.1791
#6I_L 6.1214 9.0859 6.1142 7.5985
#6I_R 5.5882 8.8042 5.2537 7.5645
#71_L 4.9117 8.2056 4.8043 6.7147
#71_R 6.2204 7.9470 5.4770 6.6549
#8I_L 4.2382 5.3647 4.1190 4.5969
#8I_R 4.3436 4.4677 3.9894 3.8405
#9I_L 3.2271 2.8602 2.8404 2.0700
#9I_R 4.2836 2.1822 3.1863 1.5582

average 5.7567 7.1333 5.2056 5.8682

V.Z2E&

B =R AE ezt EAekes g4 Ao nRE o) Fiho wE A I EHS
BAET duwrd o g o) vt Zold 2 At gk AR A EE ko] gt
gAroll E3bgl WM ZehA| A Rie] et hES o] fato] QY] FE B ujsfE
A o3t AL stttk Frhgo] Robd 45 Q) BRIt dolA & Ao, 9 fE
olate] Tk ThA = A g0l = A 9 o] A zkale] BAlo] B &)Y
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