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Abstract

In this paper, an image enhancement method based on histogram equalization and wavelet trans-
form is proposed to solve the problems of unclear underwater images and weather affected fog
images. First, the image is normalized into gray level image, and then the image is divided into
four subgraphs by two-dimensional discrete wavelet transform. Then, the low-frequency sub-
graphs are enhanced by histogram equalization, and the other subgraphs are zeroized. Finally, the
four subgraphs after processing are reconstructed by two-dimensional discrete wavelet inversion.
In this paper, the filter in wavelet transform is processed in multiple dimensions, and the levels of
decomposition and reconstruction of wavelet transform are further analyzed. The results show that
with the increase of filter dimension and wavelet transform layer, the image enhancement effect is
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Figure 1. Basic principle of image enhancement based on wavelet transform

1 BT /NRERREE IR B A R

IR AL P /N R A Dk B A, SR T AT S BB ) R A LA R A RS S R
ARRENBRR TS . ZETESRR TESHEA R AR _E 35 HRAL .

wya)=[ 7 100 =] 1000 = Ja e
£(2) :Ci [ a?w, (a.b)g,,(r)dadb (2.2)

Hr

C = jf:de@o 2.3)

¢ ®
Hot, g AR, C, I BRE.

NP 53 RIS /N S 4 (Continuous Wavelet Transform, CWT)A!E /)N ik 48 #2 (Discrete Wavelet
Transform, DWT)FFiTat . MBS HRAEES RS XS SHET MR, R RIES MK R, T
BN AR A (5 5 RN R R BRI LR BN R, T3 2 S T LA B R 115 5
[ R RT3 8. ZE S B I #, ES8 INE A 0 25 DA B Ak TR, A 00 B W 52 NI B o, (1)
RSN w, (a,b) BE . BTLL, ACSCTE 2 H B BN A AR

TEXESE/NE T, R A

0., (1)= a2¢>(ﬂJ (2.4)

XH, beR, aeR,, Ha=#0, o&&VWN, AHEEN, E£HBMLT, SREH o REOEHE, X
FEARZR SRR A
C, :I:Mda')«)o (2.5)
(4]
M SO N RS AL a FIF RS S8 b (KBS B 22 2000 BIERS BL ) B BN R B o, (1)
TS Ea=al» b=kalb,, XHjeZ, FREK a1 RERE, NTEER, BREEEG>1. HiLl
SR BN R R o, (¢) BRI 1

J t—ki ./b
0. (t)= aﬁw(%

j = agégo(agjt — kb (2.6)

a4
T B U /N SR BN P 3R
Cu=]" F (D)0} (1)dr=(1"0,,) @.7)
HEMOIARXH
F(6)=CY" 3" C o, (1) (2.8)

DOI: 10.12677/jisp.2024.131001 3 1G5 (55 A3


https://doi.org/10.12677/jisp.2024.131001

T Z, W « 2R

CRNEESTRIEL.
3. WERH

7 B R okt UG B 7 AT AR, (A A3 S M EME B BT AR

FEETT BRSO T, S E 7 B AR T LA R A BE AR e A X

s=f(r)zj(:pr(w)dw 3.D

Horp, r ORI BB RN IKEEE, p, (w) AR r KR T LR R E, s N
e Ja B R A .

EAESEBRIT RGO, BRI K B B R A IR B . X IBCRE r LER— MR
B WTAH LMKEAERE T Rer) AL R » ok, TR MG A r BRI SR AE AL -

pr(rk)z%",k:O,l,Z,---,L—l (3.2)

Hrb, o NEBTHRERBHBEE o RKEEN R FGEEH, L VRGP TR K EEH .
JFERAESENG HLF IR AT LAAT L7 1AL 341 08 SR 0 2 e b K 14 B BOE AU RT AR N«

n.
5, =T(rk)=lezopr(rj)=Z};:07],k=0,1,2,---,L—1 (33)

TEEUGIG5R T, Bt AR 42 i i i o] UG BAR BB AT 2R MR A SR o EUR s B FE RIS BE . 2t
A 1) — T 2R AR IR
Y=kX+b (3.4)
Wt B =E = [REERE < RIFE + #ib.
X E AR 4 PG i rh — M 7%, T T3 9RO EU RE PR B AT AR RIOR o X B0 e 1) i
T I R IR AR FEAE HEAT R B e, 4 R 2 PR PR A 9 L ol S 380 B PR BB P DT 38 5 PR R 0T L
FERIZHTT o RTHCE R H  RIA T
A0 =c*log(1+ 4) (3.5)

Hor, A0 B RE 4 RFGRME, c R RE, BHERENRE. —BENT, o MIVEER
7E 0 3] 255 2 |,

LL| HL +

LL | HL LH| HH

[SEEY

LH | HH

Figure 2. Hierarchical decomposition of wavelet transform
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Figure 3. Main steps of wavelet transform
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Figure 4. Lena diagram under different enhancement methods
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Table 1. Related indicators in Lena map

3% 1. Lena ERYHE 1G4 R

oRUUECZS Xt AR Ltk it 7 B AN A
PSNR 8.4183 6.2513 35.5228
RMSE 86.5009 111.0117 3.8176
SSIM 0.0147 0.4635 0.8412
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Figure 5. Underwater images under different enhancement methods
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Table 2. Relevant indicators of underwater maps
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PSNR 5.6976 7.2795 35.6629
RMSE 132.3312 110.2974 4.6876
SSIM 0.0116 0.7146 0.8904
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Figure 6. Fog images under different enhancement methods
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Table 3. Related indicators of fog map
3. EXREREXER

(AR X H2E LA FLI7 B AN AR
PSNR 3.3739 3.1358 40.5813
RMSE 162.7489 167.2713 2.3037
SSIM 0.0089 0.6351 0.8986
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Figure 7. Lena enhancement of wavelet transform under different filters
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Table 4. Related indicators in Lena map

3% 4. Lena ERYHE IR

. FRBER

Rl b Dbl Db2 Db3 Db4
PSNR 33.6629 352910 35.5143 35.5831
RMSE 49675 4.4606 40521 3.9485
SSIM 0.8714 0.9021 0.9039 0.9103

JE K Dbl Db2 Db3 Db4
Figure 8. Underwater enhancement of wavelet transform under different filters

Table 5. Relevant indicators of underwater maps
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Rl Dbl Db2 Db3 Db4
PSNR 35.6629 37.1930 37.5023 37.5940
RMSE 46876 4.1606 3.9511 3.8397
SSIM 0.8904 0.9129 0.9199 0.9233
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Figure 9. Fog enhancement of wavelet transform under different filters
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Table 6. Related indicators of fog map
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PSNR 405813 42,0166 433322 44.4927
RMSE 23037 1.9248 1.6315 145155
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Figure 10. Lena diagram of different wavelet transform layers
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Figure 11. Underwater maps with different wavelet transform layers
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Figure 12. Fog map with different wavelet transform layers
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