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ABSTRACT

To obtain good dehazed images at the receiver, this research
makes an investigation in the case that using guided filter and
bilateral filter to remove haze of images and then compressing
dehazed images respectively. Using MATLAB as simulation tool,
window size and regulation parameter of guided filter, as well as
geometric spread and photometric spread of bilateral filter, are
adjusted to obtain corresponding Peak Signal to Noise Ratio (PSNR)
and blocking artifacts data of decompressed and reconstructed
images. It can be concluded that the bilateral filter’s robustness in
PSNR performs better than guided filter’s, though the guided filter is
a better choice in single image removal. Using guided filter to
dehaze and then compress image is easy to deteriorate in PSNR.
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Image dehazing; image compression; guided filter; bilateral filter;
Peak Signal to Noise Ratio; blocking artifacts
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5. - C C ZZ‘] (X, ) 60 (2x+1)Un S(2y+1)Vn’ (5-2)
4 x=0 y=0 16

XH, JCRRICHEIANERER, ERG-1)ANR(G-2)F, 28 DCT 4845 1)
Hinsr &,

+ A, (5-1)

B 15X, y)— A (2x+1)Un (2y+lvn )
S, = Cu VXZ(;yZ? Tooy) T cos 5 (5-3)
2PN DCT 24 J5 (e PRI T 24k, BP
syu{ Su +1J, (5-)
g(v,u) 2

E¢,mwn%%%ﬁ?,@ﬁﬁb+ﬂ%ﬁﬁx@%£Am%oﬂm,%

S 1 (5-5)
q(v,u) 2
B (v,u) A RE ISR R, X JPEG brdEid iiRe EMAEN BRI £

B (v, u) Ab IR BE B4 TH BRI LR R R N
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Co -

Ki(X, y) =17 (x,y) - A°, (5-10)
Hp, @, () Rk x i DCT A4 J5 0% £ (u,v) EIRER .
BETEGRE RN 2%, HEEERE T REUER R T BEfAR, EAE
ZZN AT B K A2 — BN (BRI RS0 A2 ER) . BRI, HR4E 0(5-9),
15 K (%, y) AHFE SR, T, 8800, FEAIER (v, u) AL R0 78 Bk IR A 5t st )~ o
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i BRI ELOY N
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coarse(x) 1- a)yrerg(rl)|:cg;]’|gr:|b} AC :|, (5'11)
Tparse (X) =1— a)cer{rglgnb}{ A(Cy) } (5-12)
513
~coarse (X) t_coarse( ) (5'13)
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t~a\ccurate (X) 2 t_accurate (X) (5_14)
HE-1YRAKG9)F, %15

|5 {q)v,u [K| (X’ y)] < %q(vl u)faccurate} > IS{q)v,u [K| (X’ y)] < %q(V, u)t_accurate}' (5_15)

EUAHEE T B XMkt AT X 5 f R4, MBSt L5 150, EE S
18 i B BE R A5 R T 7 AR AR A RN

(DEEEFLISHE

TN I MR SO AR5 5 B LR MR S A S o B AT 1700 7R
ﬁﬁ?ﬂ‘?lv/)ﬁlﬂz%ﬁﬁﬂkﬂﬁ/ﬂz%&o A4 X P AP A BEAT 1 Lli@i%"*ﬁ
JEP R BG4 g2 o MR A&l 5-1 B, K/ 528x 704, R4
MR RS R RN 1

18



Bl 5-1 RN BR R IR R

HSERE G IR . B 5-2 o 15| FUEBAR A R E /NN (R 3 &
s 25), MEZMEEMEBERIFEN . AT 2 ORI, HA
AU (R (5 M L A, AR BN A A, B ER B EHAEE K

N

41 :
40.8 1
40.6 -
40.4
40.2

40
39.8
39.6
39.4
39.2

39

T

25 30 3 40 45
B O XD

(a) EfEEMEELAIE ORISR R

5 10 15 20 50

14
13.8|-
13.6|-
13.4|- .
13'2*;\‘\~\ﬁ§r/”//%sss\\\*?\\~\\ﬁ&f/f//'**\\\\\ﬁé//////&k\\\\\*l\\\\\;

13- ¥
12.8)- .
12.6-
12.4}-

12.2
12

25 30 35 40 45 50
B 0O X/

(b) PRBBLAE O RMHIRFR
B 5-2 ARE DRG] SIS BGRB8 IR

5 10 15 20

K 5-3 JEoR 1 51 S UE I AR AEAN [ T 48 AR B0 (B 1 K/ 30), X 5 iRk
HA BRI . R U AR EOR O, 5 (R AR 15 M AT R S N A

19



BRI SN, 6 BB ER AN K.

I8 L&

=

i 18 1

PN

41
40.8
40.6 -
40.4 -
40.2

40+

7

39.8p— o —O0—

39.6-
39.4
39.2

39

T T T T 13 T 13 T

0 15 20 25 30 35 40 45 50

14
13.8
13.6

13~
12.8
126
12.4~
12.2-
12

13.43 _ i
13.2 ) -
T T

(a) UEfE SRR ELAIARE RBHI R R

r r r r r r r r

5

10 15 20 25 30 35 40 45 5C
BEZY

(b) BRBATREERIHIRR

Bl 5-3 ARERARLA T SUBBPHEX BB ELERRM
HAEXGLPER A . Kl 5-4 JoR 1 UG NE B s A AN R] L AR] i [l I (5 P8 S e st
N0.1), xRS EM BRI, AT LA E G R, AR

FARR, B MR B BB B i B AIC, B EIR BE R .

12 tb

=

W 15 1

41
40.8 -
40.6 -
40.41-
40.2 -

40+
39.8-
39.6 -
39.4 1
39.21/

39

T 13 T T T

2 3 4 5 6 7 8 9 10
NLEsEE

(a) VEEAMRELAN LTI IR R

20



14
13.87
13.6
13.4
13.2

13
12.8
12,6
12.4-
12.2-

12

BRI

{ 2 3 4 5 6 7 8 8 1o
JL 35 B
(b) BRI LA R

Bl 5-4  ANIRIJLARIVE Bl R X028 B At MG ER 48 T2

K 5-5 Jor 1 RGE A (14 9 v B AR AL (LA Vi il i S)xt 25 2 i B A
PR 52 o AT LA B SHL Xt B g P 5 1 U A5 M6 b 5 DR N AR B S

Vil .
40.8
40.6
40.4
40.2
40
39.8
39.6
39.4
39.2

39
0.1 02 03 04 05 06 07 08 0.9 1

% 5 55 H
(a) WEE(EMREL SRR KX R

1% EE

e AN A \ T
|
\
\
h o)
1

=

I 18 1

r r r r r r

14
13.8\- -
13.6 1
13.4+ 1
132 EF % % = 5

13- 1
12.8+ 1
12.6 -
12.4+ 1
12.2

12 r r r r r r r r
01 02 03 04 05 06 07 08 09 1

3% 8 E
(OR:S5IVASE: A PSS

Bl 5-5  7ANIRJ 5 Bt Bl AR X2 98 8 A ot MR R 48 T2

RN

I
1

21



R e 2% L FZ MG, BEA JURIARURE fI3e &, RefEMisEM 5, 1R
FRR S L, RIS BRI, AT R B 48 B A ik
AL 5] S UE AR 225 5 B, MES O RERE K, EMEERZ G, BE
ERetL BT e, BEGEEERBREZE . Nk 2 2% ff e &
G RIGAIE LR 55

PSR B 2 s 7R 1 SRR A AT 2 5 5 R T fE I A T B
3NN T HXGAMER AT 25 5 R 5 g . X8, WHKEHRKAR N E
5-1, 5 SRR B E TR/ NS % R 505 708 30 A1 25, XU 2% B LA e
L FEYa 4y 0 5 A0 0.1 D 1 TE I B i AL HE PG s A R DR A
AR, A SO PR 2 5 P 1R 3 F 2T AE P 1 PR AT AR B, AR BT 43 RO
5 2> il tn Pl 5-6 AR 5-7 il

(a) E4aHT

(b) E4)5
Bl 5-6 5| SUBBEEAT X5 )5 M BRESERTEXT (BB 4))



(a) E4aHT

(b) &4
Bl 5-7 fEFXUAUSH:ARBT E F )5 K EG E4EHT 53T L (BEGER A

S, AT RIE] 5-6(b) 4 i i s B AL (IR 5 18] 5-6(a) 4 i ) LA
bC, AT E GRS, T 5-7 (o) He 4 i A s EA R S 1 5-7 () R 4 T Y
PIEALE, FEAREA ZE0 . XATATHIAISEE, BRI SEA g s 34T B L 5 Ak
A, LEHI S UEEcas BEAT BB 25 55 1 I 4 e DR BE iy O W R Mg LU AR — 2

23



7 BESRE

A R G E B A A H A SR e R EEN. BEFE RS
BRI (5 A, QT AR R0 55 (1 o A R LA i 2 S R A5 T W 10 B4R
A Y5 B I AL A ST A 1 A T IR IE 1 25 B AN BB R e R
Wi, I LASGL g e AN 51 U8 e s AT T H .

AL Hir e LA BB 20, HSBs ERR 1 RIR, =AM RSt
AL A ALAT B R 34T £ S AR, DR SRR 2 R IE 1 25 55 U7 iR AL
R4 s R AR A LB . BT R ESKTFER, RXR 5 7T EFEN
JPEG L8 IR KI5, Kok Al 28 BT 72 Z 0 MPEG/H.264 [k 45 tLAR IR,
PRI Rl a0 4% B3 5 FH - MU 5 25 AN A g

24



SE 3Rk

[1]508k, 2 E X, i, & KBREXFHARM ARG EREN]. HEIMA,
2010.09, 15(1): 2417-2421.

[21049 SO, 2515, FhViRdE. — RG22 %S 735 0]. tFENLSIH, 2006.08, 26(1):
154-156.

[3]JA. gaian, M. Roopaei. New haze removal scheme and novel measure of
enhancement [A]. In: Proceedings of the IEEE International Conference on
Cybernetics [C], Lausanne, Switzerland, Jun. 13-15, 2013, pp. 219-224.

[AAWTE, M, B, & BT 50 BN AR B (o R R o R 2 F
[J]. MA/RVEH TR 2% 4], 2011.08, 16(4): 59-62.

[5]W. Z. He, Y. F. Ma. Clarity algorithm of image in the fog and application [A]. In:
Proceedings of the International Conference on Computation Intelligence and
Security [C], Beijing, China, Dec. 11-14, 2009, pp. 583-586.

[6]N. Desai, A. C. Jeey, S. Mishara, et al. A fuzzy logic based approach to de-weather
fog-degraded images [A]. In: Proceedings of the 6th International Conference on
Computer Graphics, Imaging and Visualization [C], Tianjin, China, Aug. 11-14,
2009, pp. 383-387.

[7]S. G. Narasimhan, S. K. Nayar. Vision and the atmosphere [J]. Computer Vision,
Sep. 2002, vol. 48, no. 7, pp. 233-254.

[8]S. G. Narasimhan, S. K. Nayar. Chromatic framework for vision in bad weather
[A]. In: Proceedings of the IEEE Computer Society Conference on Computer
Vision and Pattern Recognition [C], Hilton Head Island, USA, Jun. 13-15, 2000,
pp. 598-605.

[9]S. G. Narasimhan, S. K. Nayar. Vision in bad weather [A]. In: Proceedings of the
7th IEEE International Conference on Computer Vision [C], Kerkyra, Greece, Sep.
20-27, 1999, pp. 820-827.

[10]Y. Y. Schechner, S. G. Narasimhan, S. K. Nayar. Instant dehazing of images

using polarization [A]. In: Proceedings of the IEEE Computer Society Conference
on Computer Vision and Pattern Recognition [C], Kauai, USA, Dec. 8-14, 2001,
pp. 325-332.

[11]S. Shwartz, E. Namer, Y. Y. Schechner. Blind haze separation [A]. In: Proceedings
of the IEEE Computer Society Conference on Computer Vision and Pattern
Recognition [C], New York, USA, Jun. 17-22, 2006, pp. 1984-1991.

[12]D. Miyazaki, M. Baba, R. Furukawa, et al. Polarization-based dehazing using two
reference objects [A]. In: Proceedings of the IEEE International Conference on
Computer Vision Workshops [C], Sydney, Australia, Dec. 1-8, 2013, pp. 852-859.

[13]S. G. Narasimhan, S. K. Nayar. Interactive deweathering of an image using
physical models [A]. In: Proceedings of the IEEE Workshop on Color and

Photometric Method in Computer Vision [C], 2003.
25



[14]R. Tan. Visibility in bad weather from a single image [A]. In: Proceedings of the
26th IEEE Conference on Computer Vision and Pattern Recognition [C],
Anchorage, USA, Jun. 23-28, 2008, Article number: 4587643, 8 pages.

[15]R. Fattal. Single image dehazing [A]. In: Proceedings of the International
Conference on Computer Graphics and Interactive Techniques [C], Los Angeles,
USA, Aug. 11-15, 2008, Article number: 72, 10 pages.

[16]K. M. He, J. Sun, X. O. Tang. Single image haze removal using dark channel
prior [J]. IEEE Pattern Analysis and Machine Intelligence, Mar. 2011, vol. 33, no.
12, pp. 2341-2353.

[17]K. B. Gibson, D. T. Vo, T. Q. Nguyen. An investigation of dehazing effects on
image and video coding [J]. IEEE Transactions on Image Processing, Feb. 2012,
vol. 21, no. 2, pp. 662-673.

[18]E. J. McCartney. Optics of the Atmosphere: Scattering by Molecules and Particles
[M]. New York, USA: John Wiley and Sons, Aug. 1976, 23-32.

[19]H. Koschmieder. Theorie der horizontalen sichtweite [J]. Beitrge zur Physik der
Freien Atmosphre, 1924, vol. 12, pp. 33-53.

[20]K. M. He, J. Sun, X. O. Tang. Guided image filtering [J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, Jun. 2013, vol. 35, no. 6, pp.
1397-1409.

[21]A. Papoulis. Probability, Random Variables, and Stochastic Processes [M]. New
York, USA: McGraw-Hill College, Feb. 1991, 35-42.

[22]C. Tomasi, R. Manduchi. Bilateral filtering for gray and color images [A]. In:
Proceedings of the 6th IEEE International Conference on Computer Vision [C],
Bombay, India, Jan. 4-7, 1998, pp. 839-846.

[231H M, HEE. Sa kiR Es Bt S B g IeEFED]L HEERE
FE224R, 2013.05, 18(5): 583-590.

[24]1SO/IEC 10918-1. Information Technology--Digital Compression and Coding of
Continuous-Tone Still Images-Requirements and Guidelines [S]. International
Telecommunication Union, CCITT, Sep. 1992.

[25]S. Liu, A. Bovik. Efficient DCT-domain blind measurement and reduction of
blocking artifacts [J]. IEEE Transactions on Circuits and Systems for Video
Technology, Dec. 2002, vol. 12, no. 12, pp. 1139-1149.

26



M =

Bf s 1: IR GE R IR T 4 520 ) MATLAB A5
close all; clear all; clc;
| = imread(‘fogl.jpg);
| = extend(l, 1);
fori=1:1:10
W_X_axis(i) =i *5;
G_X axis(i) = 1;
%% %L%E
guideDehazedl = hazeremoval(l, 2, W_X_axis(i), 25);
bilateralDehazed| = hazeremoval(l, 1, G_X_axis(i), 0.1);
% 15 A%
[guideTransDehazedl, PSNR_guide(i)] = transmission(guideDehazedl, 2, 1, 1);
[bilateralTransDehazedl, PSNR_bilateral(i)] = transmission(bilateralDehazedl, 2,
1,1);
guide_J = RGBtoYUV(guideTransDehazedl);
bilateral J = RGBtoYUV/(bilateral TransDehazedl);
il B LR K
[quide_artifactMap, guide_allartifact(i)] = Allblockartifact(guide_J(:, :, 1), 8,
0.02);
[bilateral_artifactMap, bilateral_allartifact(i)] = Allblockartifact(bilateral_J(:, :,
1), 8, 0.02);
end
%o1H) ||
figure, plot(W_X_axis, PSNR_guide, 'r-0");
set(gca, 'xtick', [5: 5: 50], 'ytick', [38 : 0.5 : 42]);
title("UE (A5 e EL AT B 1 R/INEI SR RY); xlabel (“E 1 K/NY); ylabel (U845 15 e L
0
figure, plot(W_X_axis, guide_allartifact, 'b-*");
set(gca, 'xtick’, [5: 5: 50], 'ytick’, [10 : 1 : 16]);
title("BRAL N AN 1 R/NEIIE R'); xlabel (& 1K /1NY); ylabel (B AR,
figure, plot(G_X_axis, PSNR_bilateral, 'r-0");
set(gca, 'xtick’, [0.1: 0.1 : 1], 'ytick’, [38 : 0.5 : 42]);
title(VEEE (5 e LU 5 T LATYE I OC RY); xlabel (JLATYEFE'); ylabel (WA 5L
)
figure, plot(G_X_axis, bilateral_allartifact, 'b-*");
set(gca, 'xtick’, [0.1: 0.1 : 1], 'ytick’, [10 : 1 : 16]);
title (RGN AN T LA S B (1) 9% RY); xlabel (LT YE F'Y); ylabel (ERRLNY);
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