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Multi-scale detail enhancement and layered noise suppression
algorithm for image dehazing

YANG Yan,SHEN Wang-liang
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Abstract: An image dehazing algorithm based on a pyramid structure with multi-scale detail enhancement
and hierarchical noise suppression is proposed to address the issues of detail blur and noise amplification in
existing algorithms. Firstly, a multi—scale detail enhancement algorithm is designed to weight and fuse
multiple different exposure images generated by gamma correction, resulting in a fog image after detail
enhancement, along with corresponding detail layer and fuzzy layer images, for enhancing the details of the
restored image. Secondly, a non-local weighted average algorithm is constructed to optimize the initial
transmittance estimated by prior dark direct attenuation, so as to reduce morphological artifacts, while the
final transmittance is obtained using a small radius Weighted Guided Image Filter (WGIF). Finally,
through the proposed multi—scale hierarchical noise suppression and fog removal algorithm, the fog—free
image is restored while noise amplification is suppressed. Experimental results demonstrate that the

proposed algorithm can better suppress noise amplification, producing fog—free images with clear details,
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natural colors, and higher—quality sky region restoration. Furthermore, multiple objective evaluation

metrics are significantly improved compared to those of current mainstream algorithms.

Key words: image processing; image dehazing; pyramid structure; detail enhancement; layered noise

suppression
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Fig. 1 Overall flow chart of the algorithm in this paper

FEUC, 8 A B Z2 ol PR i T SR

0.9+ M

0.8 Q(I)ZZW,(JC)L(I) (2)

vl Aot MO R R L () RO Q) %

g@ R Rl S 40 B SR 0 B W () R R B

0.4] P4 6 Fr R

03 AR Q) 76 AT B35 Bl AL E W ()

N | A O3 W ()= 1) TR 6 3 1
0'%.0 02 0.4 % 0.6 0.8 110 SE 26 RUBE il PG 1 ot ot

L 16 K% 2 WG A T 55 b A BRST 3R I T

H2 MO3EM S [ T B B P 8 T 8 0L A 2

Fig.2  Gamma function T AT 55, 5000 B 0 2 s 1 AR L 5 1

DS A5 B, IR DI T 0 . R R R LRGSR E A R N,
ATE y €4y yes s yu A ERT () g A S 3 68 LU C 5 A1 S 19 e BRLPE S
PEATREOL  E N —H 2B E AR, 1, L, -, KBl & 19 BT SR 3K

Iiv '"7IM 1’IM]9;H\:EFIO§%%JE\‘ﬁﬁﬁ%$1%O @3 W(Ij):C(l})°S(.Tj) (3)
JR TR T A [R) B R R A RSO B T D N (D 1(x)
R IR 2 O s 0 19 Al 4 38 A ) I 2035 Clo)=—5 ot lw) @
S(x;)=
2 I"(x])—l (xj)JrI'(?)xj)JrI’(xj) (5)
) EREBER (b)y=0.5 (©=3.0 I (e )JC () IP () )R R i x, e(x, y)
E3 SBrE& A RGB = 03 38 15 3= 8 X FJE C () 2 i

Fig.3 Multiple exposure image L3077 307 0 7 4 Xof L 2% 7R 14 X LG BE S ML RN EE S ()



% 12

M ORE.HSREMVBRE SRR AR EE L E - 4013 -

SR P 3 A e T 4 B A 2 R B AR R |

A HEE TR (2) 5 )G £ B E R
EE 11 L, L, Iy W Iy 2R EME R
(1 Tl 15 50 a0 A 8 0o B i, e R 1YL R,
R SN 25 2 L1 TR o 0 4 o 3 R R 1T 4
TR 22 RO iR 1y 2R 3R BN T 8 S 1Y
F Q(x). B4R T T 3EE&FIENPRA
I W s AR 1 22 RUBE Rl 5 el 2 o

WP 4 BF 7, XA IS 95 1 A AR A 22 1 O TR R
(10,10, Loy ooe Iy e Ty, Do 153 500 v 38 42 2 05
[G{1}, G2}, -, GM{N } TR 47 7 4 7 3%
(L1, L2}, -, L'"{N— 1} i@ BT .

G"{nlev+ 1}=Gd [ G"{nlev}] (6)
L'{nlev}= G"{nlev}— Gd '[ G"{nlev+ 1} ]

(7)

K. Gd [+ 1w o il iz 845 Gd - )i

SRE AT G PR L o i o R T

37 75 $8 R B 307 A8 e 5 G (e ) S e 0 A e A

o P R FEAR B Y R s nlev Oy 4 5 55 X 2 4L

(1<<nlev<{ N ),

AT — RS T 1 AR R/ INE S — )2

19 1/4. $r3t F 07 4 5 55 A5 30 00 J2 X N7 B ' (R

LAE nlev ROBE I 0930 SR 4005 Rk B, W 280 E &,
G'{N}=G"{N}.

Gdl°]

G2

______________

) \ sEzazaesha=ans
]

1

1

1

1

! I

B4 ZREBMERETSE

Fig.4 Multi—scale fusion process diagram
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Fig.5 Subjective detail comparison
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Fig. 9 Defogging results of real dehaze image containing large sky areas by different algorithms
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Fig. 10 Defogging results of real dehaze image without large sky areas by different algorithms
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Table 1 Comparison of objective indicators 1 of different algorithms

Bk EizRan (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) BfiEN
e 58.347 7.930 29.344 5.998 1.612 1.340 0.297 0.245 45.506 0.444 15.106

r 6.902 3.057 5.444 4.050 2.114 1.018 2.399 1.380 1.638 2.671 3.067

DCP s 10.808 12.271 12.007 12.015 13.334 13.493 15.748 14.606 12.600 16.522 13.340
IVM 6.406 5.317 5.983 4.878 6.609 8.544 9.629 9.627 9.950 10.013 7.696

vC 54.333 44.833 53.667 20.500 28.333 55.833 96.500 57.500 50.143 84.839 54.648

e 60.140 7.103 31.861 3.151 2.956 1.416 0.108 0.151 55.699 0.242 16.283

r 9.662 5.695 7.662 8.056 3.540 2.424 2.496 2.332 3.115 2.399 4.738

HLP s 10.012 14.119 13.311 13.593 14.470 14.934 16.355 15.941 14.727 17.242 14.470
IVM 6.466 5.968 5.994 4.808 6.515 9.830 9.830 9.868 11.470 9.404 8.015

VC 30.667 24.833 24.333 37.167 37.833 69.000 95.833 85.655 44.143 78.871 52.834

e 25.399 3.158 4.897 1.838 0.797 1.101 0.370 0.194 50.018 0.458 8.813

r 2.367 2.532 2.239 2.218 2.284 2.318 1.934 2.240 2.864 1.992 2.299

AMEF s 10.687 12.906 11.938 11.893 14.517 15.383 16.463 16.318 15.208 17.992 14.322
IVM 0.512 2.324 1.032 1.823 4.505 7.614 9.607 9.230 6.510 10.251 5.341

vC 16.000 43.333 29.167 40.333 45.500 64.000 96.167 74.167 35.429 75.887 51.998

e 33.047 7.615 22.273 5.275 1.175 1.425 0.037 0.137 57.008 0.362 12.835

r 4.500 3.117 3.951 3.586 2.018 2.176 2.246 2.446 2.167 1.986 2.819

MLGP s 14.035 14.926 14.552 14.342 15.398 15.140 16.302 15.206 14.151 17.622 15.167
IVM 3.734 6.110 5.301 5.083 6.199 9.663 10.138 9.872 10.790 10.436 7.733

vVC 42.167 53.167 56.333 31.667 37.667 59.667 95.667 91.667 18.714 76.290 56.300

e 24.907 3.323 3.757 1.472 0.710 1.015 0.345 0.328 45.485 0.363 8.171

r 1.980 1.752 1.864 2.072 1.398 1.527 1.631 1.607 1.504 1.915 1.725

SGID s 11.732 12.665 12.168 11.680 13.790 14.078 15.796 14.828 12.355 17.050 13.614
IVM 0.528 2.556 0.904 1.767 4.432 7.308 9.336 9.613 7.060 8.871 5.237

VC  26.667  42.500  28.000  44.333  39.500  41.667 74.667  65.625  46.571  60.081  46.961

e 63.434 17.427 35.174 5.815 1.071 1.315 0.153 0.386 59.300 0.350 18.442

r 12.195 6.332 9.292 6.651 3.304 3.893 4.387 2.710 8.100 2.325 5.919

A3 s 11.961 13.309 14.738 12.560 13.723 14.519 16.592 15.933 15.700 17.073 14.611
IVM 4.673 5.395 5.571 5.246 5.703 9.863 10.637 10.161 11.906 10.308 7.946

vC 63.667 39.833 41.500 42.500 51.000 84.500 100.000  93.750 89.429 81.048 68.723

®2 AEEXREVER 23
Table 2 Comparison of objective indicators 2 of different algorithms

Bk |k (1D (12) (13) (14) (15) (16) (17) (18) (19) (20) (21 I{E
. PSNR 14.787 14.221 9.568 14.669 13.205 15.141 18.878 15.768 18.785 19.902 17.035 15.633
per SSIM 0.775 0.743 0.613 0.732 0.714 0.781 0.822 0.873 0.831 0.836 0.864 0.780
PSNR 16.064 15.653 17.632 15.197 13.086 16.842 18.102 16.695 16.767 18.303 14.495 16.258

e SSIM 0.823 0.776 0.842 0.773 0.686 0.870 0.853 0.886 0.781 0.826 0.810 0.811
PSNR 15.838 18.412 17.756 18.936 15.266 19.902 23.152 18.122 23.034 17.989 16.733  18.649

AMEE SSIM 0.885 0.852 0.812 0.822 0.887 0.887 0.891 0.826 0.798 0.810 0.762 0.839
. PSNR 12491 12.303 16.067 13.520 13.060 16.617 20.026 18.644 19.258 19.388 18.829  16.382
MLer SSIM 0.614 0.612 0.794 0.655 0.645 0.863 0.887 0.903 0.841 0.847 0.887 0.777
. PSNR 13.846 12.459 13.659 18.109 15.726  20.713 18.693 18.704 20.055 23.256 16.167  17.399
Seib SSIM 0.688 0.666 0.668 0.861 0.857 0.917 0.916 0.919 0.942 0.959 0.922 0.847
PSNR 16452 15.688 20.410 17.740 15465 19.571 19.377 22.273 21.979 23.416 22.945 19.574
o SSIM  0.805  0.854  0.900  0.847  0.849  0.884  0.892  0.901 0.849  0.874  0.892  0.868
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