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Abstract
As for the problems existed in the Touch screen picture such as relatively dark image as a whole,
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low contrast, background noise interference and difficulties in segmenting the defects in image, a
wavelet transform image enhancement algorithm based on improved Multi-Scale Retinex (MSR) is
proposed. The algorithm first performs Wavelet Transform on image, does improved MSR using
median filter template instead of Gaussian filter template on the low frequency component of im-
age to enhance the low-frequency coefficient, finishes homomorphic Filter on the high frequency
component to limit the noise, and finally reconstructs the image by inverse wavelet transform. This
paper applies improved algorithm to image enhancement and carries out simulation experiments
by using multiple images. The algorithm proposed in this paper is realized by VS2017 software
programming and is compared with homomorphic filter algorithm and the MSR algorithm. The
experimental results show that the use of the improved MSR algorithm improves the running
speed of the algorithm. This algorithm is better than the HOMOMORPHIC filtering algorithm and
MSR algorithm and has a good effect on image enhancement and noise suppression, improves the
overall visual effect of the image and greatly shortens the running time of the algorithm.

Keywords

Improved MSR, Discrete Wavelet Transform, Homomorphic Filtering, Image Enhancement

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
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BEE HE 2 R RV AT R4S, FHL, TR RN &5 = i S5 R 28 THAAE & 1Y) A 28 AN B
BT, TR TSR H AN . FEAREE AR R R G, EERRAE B UGS I B AR  1ZgETT
BORIANG . X LR S i), 5 20 G AT G i A B, DRI TS SR B . H RIS AR T
JE F1 PR 386 58 1) 0 90 T B A G AR 4 ek (ki) [1]. 25 IRk Ah F gk (2 k) R i 92k [ 2]« 25 TR s A 3
FEEHEE T EE3] KA A [4] Retinex 5%[5]%5, HA Retinex FEig &3 T NHRAL W G Mt
TR R G ST 1) — b UG 0 7 1%, BE S AR L I et MG B S G, R vz T UG i P A0k
W UL Retinex BEUE GRS VL EEE: R FE Retinex 5% (Single Scale Retinex—SSR), #£ X Retinex 5H.i%
[6] (Multi-ScaleRetinex—MSR), McCann’s Retinex 51555, HT £ JRJE Retinex FIJH 7K. #. DM=FA
A ROBE IRy, I s8R AR 145 G i 2 RUBE Retinex 7%

ANB AR [T] /2 M (AR IR AR G R Rk, AR N S SRR E S A ES, K. 2
HEER L BAHCHERGE S REPESER T, 4 V2 B T MR AL B AT

FT 2 REE Retinex BOEETHE S R AEE R ERERISHE, K 7 EIERNEITAE, RN 7G5
PRI TR RS, BRXE IR R, AR SRR AT MSR /N R e UG I SR B, AT o R 4
TR R B AR S WS FABAR () MSR Sk T Y 5, =il o0 M8 RIS B Uk Baemde, i BV AE 4 i MSR 5.
VRIGAT L )[R 7 s, SR R R EUFE

2. INET R
2.1, INEEREIER

FEANBGEI L, SEFOCTE I IEACH S XRFRAG/NER AL PR B AL s A S BE PR TR SRR B 2 v
A DL G G AL B R AEARRS . W2 BRI db /N R S sym AN R, [ db AN RAALL, sym /b
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FIR B . o EERAE A7 N B AR O] BB R S LD, RUACP, TR, A5 1 s e
FHLY L LHY, HAO (i=12,3). KR SIOISUELOGHT F— B, Wb T % /5]
B AT 0 BRI RS SR« S RI0 2 UK E AT LR 75 B . 49— 24 B T R A
R HER, REEHAN, 2P, BN RIT B E 1R,
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Figure 1. Schematic diagram of
two-layer wavelet decomposition
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3.1. Bu#m MSR Bk

RBEEEAS(xy), FEEGHIL(Y), REEBAR(xY), HIREEGE PN, m5:
S(x.y)

log[ R(x,y)]=log Cy) =log[S(x,y)]-log[S(xy)*G(x.y)] (1)
Hrf, G(x,y) MEEEF KL, FARMNEERB T EEEEEL(xY), G(xy) TRERA:
feor)
G(xy)=1e ¥
Hp A R EIR—ERE, (5.
ﬂG (x,y)dxdy =1 ©))

COERUEH R, YUE T AR, RIYGE T H& R Rser.
MSR 52§ U Retinex RN, HAE X B b T 2R 9

r(xy)= %:a), {Iog[s(x, y)]-log[S(x,y)]*G(x, y)} (4)

G (xy) BRRESHCH ¢ MR, N R RESH SN, —RIEHLT, MSR FVEIEEUK .
F. NIARE, —fN: 0,<50, 50<0,<10, 0,>100, N=3. o £RIBEH, Hie:

N

o =1 ®)

i=1
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HHEPUE AT @, =1/3

EUE 2w s UGS 159 20 BR RAUE B, 3 BT = B A nT M BUE AT B3 1) 2 .
23 F = s R RUBE ORI, AR A BB B0 T AHEE . 6] 2 O o= 200 B, AR K/ 129 x 129 [
T INBERE . WTLAE RN O EUE I ZE B AR, T L S AORUE A A T 1, e Ry BAAE
FiI 129 x 129 FRERCIS MBI M B A P (B, B 129 x 129 BEAR F{E A 0.609 4 x 107 [ HA{E A AR
RARE 1% = TR
[0.5614 0.5623-0.5829+- - .- 0.5829---0.5623 0.5614
0.5623 0.5632---0.5839 -+ -+ - 0.5839---0.5632 0.5623

0.5909 0.5919---0.6171--- 0.6219 ---0.6171---0.59191 0.5909

x107*
0.5742 0.5751---0.6093 -+ --- --- 0.6093---0.5751 0.5742
0.5623 0.5632---0.5839--- .- ... 0.5839---0.5632 0.5623
0.5614 0.5623---0.5829 -+ -+ --- 0.5829---0.5623 0.5614

Figure 2. Large-scale Gaussian convolution template

B 2. ARESHERER
FR[10RT 40, =it gyt 1) 5 50k o R R ) 3B R T SR 300 2 H{eE Rk AT o8, HRERXN:
v =J22(gi,,- ) /M) ©

i=0 j=0

Esrb, M, NGRS, 0, my 23l s I EMG AN B D RS B X RERA i, ) AR
FAH. Y5 2w, W I R SR AR B AR o AR A AR FE B i, X o = 30,90, 200 f)
AR, T A AR /N2 A7 (30~40), (60~70), (125~135)fWTEFE ILE, 5 V REFREER/ME.

3.2. UM MSR 5INEBRES

FEANBAR S BEGE F, RSO MSR 5005 5 R IR SR GF IS &, JeEEPTAR B T B IR AL D %
Ko BARRIEWT

1) NEI R

N2 RUEE M R [L L] Xt LB AT AN RUR B (0 90 A, BIERT AR RUBE M ¢ P (BRI RPALE , AT LU R
FEML S BRI R AE . X BT 2 R T USRI ER I 2 A5 B, (HESMINEEEE, Hik
IR, Dy 1 AN 3RS 58 22 IR A1 R [RII DRAIE S B8R, DRI AR SOnt S e P EAT — S /N ik
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Figure 3. Original picture of
heterochromatic defect
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Figure 4. Second level wavelet decompo-
sition of heterochromatic defects

4. REHIBEZRINE S RRE

2) F i REOHEAT A UER, AR ECK A SO ) MSR Sk ab .

Xof /N G S A5 380 ) e A BN i B R S AN R R B [R) S IR e AT IR, VB AR R
HO:

) (a)hz +a)v2)
H(vamwv):(?ﬁ—?/z) 1_9Xp{—2j—Kc} +7, (7
Hee y A, p, MESUGEE, K ONBE R, 2d 20k, =25, »,=03, K =2Hf,
XF RAE O [R] — IR B8 T (o 5 5 R B U DB L M ROR N R KT O
H,(o,0,)=(10): EEMTFEV, (0, 0,)=(01), WA D, (0, 0,)=(11).

A [10] S TIREEBE P FEFE R, IFHSHEDREEES, Bk A fF MR g7
SR R S o R AR DO L o R TS 43, SR FH ek ) MSR Syt AT b B . FE ARSI Sk,
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Figure 5. Flow chart of the algorithm in this paper

B 5. AXEERIEE

4. SREEER

A BFAELL TR Intel(R) Core(TM) i5-4210M CPU @2.60GHz, W18 GB, #{F %% A Windows 10
HEIN K Visual Studio2017 47 BELSEH . A 1 BeE B0 10 R, A Sk B EMR R /N 7 5l A 180 x 120,
100 x 100, 120 x 120 =FARNFHIE A . FERKButRL L6 45 B 5 R AR . MSR FikstiT bk, R
B 2 MUAH 45 & (1) 5 10 AL B 5 1 B 3T P4 o T PRy Sz i i A 03 ) TR I DA R A B 2 T (R R R
4.1. EWIFMH

K 6. P 7. B 8 AR AS SCHR HH R SRV SR P i 45 57 2 T 46 B PG LTSI 45 S AN T L
i R RIS SR TS G E— e RS LI E 7 S AT LB, (H A o g e e s 2
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(al) JEE (a2) RIS IEDE (a3) MSR (ad) A SCHE:

Figure 6. The effect of each algorithm to process figure a

E 6. EalSERLEBYRE

(b1) JFE (b2) ISR (b3) MSR (b4) ASCH

Figure 7. The effect of each algorithm to process figure b

7. B b B R EELIEHRE

(c1) JEE (c2) [FlASIED (c3) MSR (c4) ACHEE

Figure 8. The effect of each algorithm to process figure ¢

E 8. [EcBERLEHRE

4.2. BWIFEMH

FEWFN BT N BN, A S, PP AR R ZE . TN, BEEhxt
BUERATITAY, A SCEREUEEE L (PSNR) K35 {H (mean) 15 208 (En). bRtk 2 (std) E AN Fa s
FLr A5 e bR, MM e 75 B 0 bR [13], {5 E[L4E K R IS B R, brifk 2 [15)8
Ko XECEERUBOR, KEEERME, EEBE IR, 4 DI R EBOC E R 5 bl .

RL R 2, RINEBFFIFACTLL G IEHRSE R, & 4 75 7 R AR AT BB AR (1) AL RIS
()% L &5 2R

Table 1. Comparison of the data processed by the algorithms for figure a

® 1 BEVEATEE a BBIELLEL

; I SR IRIEHIME By BEG brifE 2=
FIBORIE (PNSR) (mean) (En) (std)
FREEE 28.45 73.65 4.26 8.38
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Continued
[ A5 I8 24.39 113.34 5.23 14.23.
MSR 26.18 118.08 4.74 10.58
ARSI 27.85 73.92 4.28 9.43

Table 2. Comparison of the data processed by the algorithms for figure b
Fz 2. FEEAIEE b MBEELE

. ; DA AR £ W B = 2 P (5 A 22

K] Sy SRS

E G K (PNSR) K 5 548 (mean) (En) (std)

FREGEE 33.21 66.95 4.40 8.13

[ A5 e 27.15 102.47 5.36 17.54
MSR 24.61 51.42 5.83 19.40

NS = R7 28.17 4559 453 17.06

Table 3. Comparison of the data processed by the algorithms for figure ¢
Fz 3. BEZAIEE b MEBIELE

JE I S 28.42 85.01 473 10.32
[F A5 I 2257 133.00 5.72 20.56

MSR 23.49 45.13 5.79 17.99
AR 24.58 40.93 479 16.15

Table 4. Comparison of processing time for Gaussian template and mean template (ms)
4 SETEMR. BEBRARACERAE A EL B (ms)

FHME KR K a b Hc
MSR 163.48 74.55 114.84

e TR 46.89 40.00 33.43

BIE AR 29.15 21.34 24.65

M BRI, ASCERAC B Fr B fE R L e, 5 BB, e T IR EK T MSR 55
FEAF SR E, U IZ SRR S IR I m . BGRERAN, BS IR B S B E R
TR, 0 UL SR AE TR T RS IER . MSR Sk, MBI, ASCHRIRAE —ERR R EI s 1 B Fy foxt
PLRE HAM] 7 s, WG 4 spaT DG, i T B E B X R 8, T LAGE AT DB SR () MSR Sikiz
AT TR EEAR, R TR SE N MSR SE DL AT AT s AR 1) MSR B9 . £k BRTiR,  ASSCHR I B
B DR R SRR 7 o] A A b A T RIS DB, MSR 5.

5. &

AP T — MO S, SR I MSR S R AR B RNE I N AR A B, ATELA AL
W 1) o 5 J R e PR RO MR 7, 88 PR 0000 U [ I 3 et EE S5, A RS0 DB S o A v ST Ut
B ) MSR SR A BEARAIE 2., $2i 1 RE AL B SE, 7T DALE i A2 S A0 B 5 1) [ DR T IR
MEE, AT BRI EACTE . ASOR /N AR e 5 B2 R 38 A I AR s 1 LK 2 70 S
Y, FEATERIBER TAER AT LRSI N curvelet. Ridgelet. /N &7 {5 8 N =F & 7 M T B
HE5E
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