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Abstract: In order to solve the problem of low contrast and fuzzy details of infrared image, an infrared
image enhancement method based on multi-scale convolution combined with adaptive bi-interval
luminance equalization is proposed. Firstly, the image is pre-processed by multi-scale convolution; Then,
the threshold of image segmentation is solved by genetic algorithm, where the function of maximizing intra
class variance and minimizing inter class variance is taken as its fitness function, the double interval
histogram with detail information is used to equalize, and the brightness of image is improved by
introducing the gray level homogenization of mean square and mean square. Finally, the image with clear
details and strong contrast is reconstructed by linear weighted fusion of the detail image extracted by
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adaptive limited Laplace and the image with brightness enhancement. Compared with conventional methods
in the infrared images of different scenes and gray images with abundant details to verify the validity of the
proposed method, the maximum growth rates of En, EME and AG in images processed by this method
increased from 5.039 1, 13.446 1 and 7.845 0 to 7.163 3, 90.252 5 and 53.617 7, respectively. The
experimental results show that this method has better performance.

Key words: Image enhancement; Contrast enhancement; Histogram equalization; Infrared image; Detail
sharpening ; Multi—scale convolution
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0 55

LA AR AR AE A 23 LK i LR A2 0 E AR AT A5 G N R A Ry )iz LR, R T A AME R
FI B JE 1 1 52 i 1 LT A0 R 15 S 5 E AR TRL X L B AR i GRS R T3 s B AR S A IR
P A, E £ AR B 3K A5 SR AR 22 T 32 KRR B S5 5 e T B4 A R P AR AE A R R B H BR SUHEAE B
A5 BRI SE R 220 T A B8 1 21 A0 RGO B ™ I ERR 40 AR AE Bl R e OR | ’R
B e — P AT 2 A A TR

AT AR Sk, T P H A AR 3 T AR ek b A Ak BRSPS T RS B T R R T, 2 3] T E A
SEE T O . R B A A AR R — RO L R (1 RS 5 vk BB AT AR TR 0 e 2 A R
SR MAGUDE V' TSATY W' HI VELUCHAMY M"™/45 5% FH S 5] 19 130 1 6 5 I 19 2 77 14 4l
43 WA B2 A K] HEAT G A0 349 5 AL B AR | ok B 0 G 0  10 H AY  (H X B8 Ty vk 7 130 (8 2k B R %
JE TP B e R B a0 A, HL 204 TR % T P B R R e e 5 K SR A 25 PARTHAR A S %R AR &
185 BB TR EMG 08 J B 64T 7 IX R sh A R4y, AR IZ A TE S 80 T 48 8 X R R o g (R R £
YO B MR A5 B N T 3k B 44 SINGH K4Sk H 7 B3 B1 B R , WONG C Y 455k A Jin
B AR HUANG 7 %5 5R FHAN S bR 55016 1 38 58 05 10 1507 B SR R ARk ml AR AT BRI 38 i 45 A | Tk 2 Jy 7
5 H T EMG B b s— HE 7 2 sh AN K 3 5, BB A Sy 3 00 5 i B 5 9 AR B .GHOSH S KRN
ZHAO W SE 55 45 e A VS FZ oA 43 M7 45 B X6 TRl A5 20 A7 38 58, 30 26 5 vk AN RO T R B 7 e o A, Rl
Foe MR A2 19 25 10 SR A H AR B AT (R B2 38 S 9o & 4 BT 22X H b B 5 B/ 43 A IARUTE M . PRASATH
S WANG Y A 8 5B I R AE 25 18] b AT 2 BB R | SRR A8 X B A 7 Bl ST AT Y A Ak Ak 3 BT LA
5 B 5 T BSR40 15 FRAE A R0 AR R I B Oy B AR T B b R AT 3 AR R A S A HRtR BT 2 AN 5
PRG35 SRR 5 AN A 5 B 2 UG AT ¥ AL B T A R B 2 DL ik R R IR O R E
WG HEATIF 9T TAE , ¥ 38 B 7 5 b (0 36 i 8028 T B el 35 A B R 7 PR 25 %% IR 22 RS AL B L) K H A
ARG T 46 45 1 S AR

S5 T 72 0 Sl 1 PR 3 5y kT 3 R SR R R A 48 0 D A e Ay A e 00 o R SR N Ui B A
PG 289 M A 30 5o PR o o 0 2 S e 1 IR 40715 15 8, HCRE 8% 25 T B 100 78 K s R B B (i
R . GOPINATHAN S™ il SHEN Lei ™ 45 7 B 7 B RLE Ak F2 A hg | 3 358, I 2R FH R0 =3 07 R 450
55 T PR IR Bl A 14 07 3R AT b PR B BE S i F R LT ST Y ANG S48 1) F PRI A5 4 132 8 sz Ioke 11 4% 1) 400
R ST 5 AN RGO L R SR RSO AR I O AL S8R AR /N B R 41 2R AR T R AE X I e
TR B, G T S B B A JEOGT IO AT A0 2R B, W50 T A /0N D 3 5 00 R A 4 i o R R 4 46 A /0N i R B
B KAUR AP SEFE /NP 306 B 2 MG IEAT 4 BE XS s b, A5 31 7 /8 o ik 1) B2 % R . BILEL S™ 76 /N i 3k
) ST AR P 0 B PR A% 1 s 7 s 4R s T RR B R TQBAL M Z5UH NATMI H'™ 45 F1) I 8UR 52 18 {1 /) 9% 7% #6e
SE4 HAMAL G Ty 0 B SE BT B 2R RS Y 5 M R i 2700 CHY 25 FH R 00 J2 1 AR S B T 20 A R 1Y
YT IG5 X Uy R T MR A AN SO B R R N BE e ER Y 58 R R R A T

25 LAy BT, O T R b AR 2T AN R B A s R OB B AR S A 2 RUE B B (Multi-scale
convolution, MSC) EIZ 41 5 FEAiE 42 B L 38t 1% 587k (Genetic Algorithm, GA) FH 3 1 5 {8 43 %1 3CX 8] [ 38 K
5% P BT VR Y5 4 AL AR AN TR) DX I 3E A7 259 i Al A | T] el ok 2 A i 1) 5 X 5 A R A2 BR A 5
PO G5 B AN 5 B AT IR A 2 TR T2 RESRE S ML /NI R8s Ll TR &

1010002-2



B, 26 22 RUBE A RS 5 11 3 XU (1) 32 A £ s Pl 1538

PG L BE R T 1A 45 578 B [ Bsf 348 i ] 0 80 B0 4 P 2802

1 ExJFEiE
23 P4 90 7 B R R 1

Features Image C

Sub-image 2

= =

) Input

Multiscale convolution @ Detail enhancement Q Multipication

Adaptive bi-interval brightness
histogram equalization

K, Gaussian kernel @ Weighted sum

W1l HEms
Fig.1 Algorithm flow

I FE A A B B 2 R 4 AL (Multi-Scale Convolution, MSC) XX [6] A 1& W 5= & ¥ i 1k
(Adaptive Bi-interval Brightness Histogram Equalization, BABHE) | B ifi W 52 FR $i 3 $i7 7 8¢ /b (Adaptive
Limited Laplace, ALL) FZ % AL fil & (Liner Fusion, LE). & 5%, I 6 4~ K/ L2 80O TR 1 55 3 46 BB
IR AT 45 BRI 6 A RUBEFRRAE 18], 45 S AL Rl & B 7 I 24 5 1k (W eighted fusion Histogram Equalization,
WHE ) AR REAE 1 B 5 i R 47 Ze vk Rl 5 15 310 45 AU 5 5 19 S Tmage C3 885, Dhi RKAGZE N 7 22 H &
IR ZE (8] 7 2245 S 38 07 B2 oK EOR] T G A SR AR B, 4 B8 Tmage C 432 5 B2 FE )2 A5, 1 FH 5
A AE LA UK 8] 5 T TR TR A DX R R AT 34 685 Ak -5 20485 A0 5 0 A4S B2 AT vk Rl [R5 1A
A RN 18 05 2 0 K B 1 59 A Oy 4R e AR 58 B, A5 300 5 J3 4 T Al 1 £ 55 1) ISR Tmage H 5 Lk, R A 3 B
32 BRI P A8 4 42 X Tmage C v HARFE B S A0 75 R AE 5 555 6] AR AR % WHE UK B bR 48 B K S0 4015
& Image C 5 5% FE 42 T+ H 407 45 KR Image H 3047 ARG, 45 3 S0 W 4 L RE 5 3 [] o 40 o R0CR B
U B 3 5 AR
1.1 ZRESHR

TR 2 2] F2 BAR M 22 30 38 5 B SR T R A TR 2 40 17 R AR 4R B R SO SR T 25 ) vh 2 3l i B LR
R 6 A RUBEARTR] A8 B R /IR 32X 3 114 1o 307 45 FRUR VIR T £ 09 20 80 BUR HE A7 4 AR AE DL 6 S RUEE 3R
VPRI ASB%) 415 SRR, R F5 4 4 BB A AR 0 1 T 55 D P81 AT n AR il 45 B

I :I()ringe + [))F (1)

A, T AR R A 5 IR Lo AR AR 20 A R B IR BEAE, fACRAE K 5, FARER MSC 42 By 4 40
FRRT L 22 R S AR IO A 4 B R PR A f (e, ) UL

=2 () ()] (2)

S R e B B B I R TR, P 2 BUE B g, () AR e B B B BB, 7T e
1 (3)

5 €Xp
2no”
e BT 2 B ok B0 H AR R B9 B8 B AR Tl A o ATl B 2 AR R R R R E S
FHEAT R A0 15 R AE B B, 20 40 R 40 15 e AiF B2 B R o ] 2.

g (2, y)=

1010002-3



I~ —

e IV e T e i

M2 ZREFRBBEGE T RAL
Fig.2 Multi—scale convolution extraction process of image details
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Fig.3 The process of solving threshold values by genetic algorithm
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Table 1 Running time of MSC with different parameters and En.EPI of images processed by MSC

Kernels Scales En EPI Time
3 0.1, 0.5, 1 5.63 4.20 0.28
6 0.1, 0.3, 0.5, 0.7, 0.9, 1 6.39 4.96 0.53
9 0.1, 0.2, 0.3, 04, 0.5, 0.6, 0.7, 0.9, 1 6.41 5.01 0.81

(b) p=0.6 (©) p=0.7 (d) p=0.8

M4 pHrEE EGRESER
Fig.4 Image fusion result with different §
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(a) Original image (b) Enhanced image by HEEF (c) Enhanced image by MSC
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Fig.5 Original infrared images of building, enhancement results by different methods and their histograms
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£ BABHE (19 K B 34 51 4k B B v o B9 3 %58 52 ) JEI A9 5 B, 00T SR FH A8 500400 3 55 20 A1 UG ORT L 306 47 1
FE L BEE FER /N M=10, 38 X3y P=0.4, 28 RN P,=0.7, e KERWECH N, =150, IS S5k
e=0.000 1. K~ [F] y {6~ ,BABHE S BLIE 438 5 K2 19 AG . EME F En @135 2 s . R AT LLAE 2 /)
F 090, B % y 934 in BABHE X F [&] 3 @ 50 W 2040 R 3G 5 25 5 1) AG .EME fil En B ¥ 48 K, 24 24 0.8
i, R B9 AG . EME #l En 4 B85 fie KA8 5 101y b 0.9 F1 1EF, BHR 59 AG .EME 1 En J2 ifij B, i A< 3C o B
0.8. F it — L Bk BABHE B4 80Pk, >R H @ 5T 9 ) 5 R HE AT 30k 52 50 0F 5 HEEF Fi5E B O 4 BUE 5 8]
1471k (Brightness Preserving Bi-Histogram Equalization, BBHE ) ) 5 55 24 S 47 %5 Fb , 5256 25 S 40 & 6 e
3HR .

%2 7T [y T BABHE 3% E % AG.EME 1 En
Table2 AG, EME, and En of enhanced images by BABHE with different y

AG EME En

3.4353 4.369 8 5.360 3

0.1 3.436 8 4.3700 5.444 5
0.2 3.4440 4.421 2 5.598 6
0.3 3.6850 4.632 8 5.6856
0.4 4.2320 5.002 1 6.002 3
0.5 4.498 5 5.3323 6.112 3
0.6 4.902 1 5.9520 6.399 8
0.7 5.253 6 6.2329 6.860 0
0.8 6.360 2 7.033 4 7.368 8
0.9 4.553 6 5.369 8 6.998 5
1 4.033 2 5.3320 6.523 0

M 6(a) i & H, 22 HEEF 35 J5 FR 52 BE 4 5, BBHE 3458 )5 BUR 52 BE A T 42 THE R 38 18 5 AR B
W, 25 BABHE b3S B 52 BEAS 2 7 4c i AR TH N F 4 rh Al B W SR SR 20 A R - 24 0K B ol 57 VIR
FEG KR 2324 A5 B 6.635 7. JF @AY 41 4h K115 4 HEEF \BBHE Hil BABHE 1§ 38 )5 5145 °F- ¥ K
535 R 46 (68 FIl 88, JK FE G4~ Hh 254,256 Fi1 256, {5 B R 435l 2 6.554 3.7.272 4 F17.368 8, i 4k BABHE 7]
T UG 00 S 2 ¢ R B 4 - PRG035 i, DA RGO 8 X3k 91, AL 6 (b) 7T 7 48 HEEF |
BBHE 3 58 J5 F% v #5080 48 BERORT , (022 BABHE 4b 35 PR 8 5080 48 B0 3 b % e A 1 45 &
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(a) Original infrared image of building and enhanced images of building by each algorithm

(b) Details image of original image and enhanced image by each algorithm
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Fig.6 The enhancement effect and local detail image of the infrared images of building
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Table 4 Objective evaluation of image quality after enhancement processing by each algorithm

Original image HEEF BBHE BABHE
Average grays 57 46 68 88
Number of gray levels 232 254 256 256
En 6.6357 6.554 3 7.2724 7.368 8
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Fig.7 Image fusion result with different A
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Fig.8 The enhancement effect of different algorithms
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Fig.9 The enhancement effect of different algorithms
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Fig.10 The enhancement image of different algorithms
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®4 FEEEWIZITHE R EEEGH EME.Enfl AG
Table 4 Running time of different algorithms and EME, En and AG of processed image by different algorithms

Image Evj::liion Original BBHE HEEF DOTHE RLBHE FCCE Wan Our
EME 5.2197 6.959 3 12.022 9 8.069 1 3.893 2 7.998 5 2.144 6 15.139 1
En 7.0711 7.2935 6.773 2 7.639 2 6.526 1 7.117 2 6.839 9 7.846 8
Image 4 AG 3.586 3 5.154 7 6.296 3 6.398 6 2.5315 3.999 7 3.6853 13.718 8
t — 0.632 5 0.017 8 11.176 6 0.867 2 0.423 0 58.029 5 16.536 5
EME 1.457 2 8.454 9 3.4778 9.1950 2.856 0 7.2229 0.951 0 13.466 6
En 5.820 8 7.642 5 5.690 6 7.6557 6.614 2 7.5358 5.857 8 7.5254
fmage b AG 24159 9.2830 4.5290 8.876 2 4.8339 8.196 0 24677 15.863 7
t — 0.510 3 0.0129 12.364 4 0.908 0 0.392 1 56.983 3 16.145 2
EME 1.832 2 6.4153 2.024 7 5.273 4 1.816 7 1.655 3 1.133 2 7.067 9
. En 5.0391 7.5239 3.857 2 7.856 0 6.144 5 5.768 3 5.533 6 7.163 3
Image C AG 1.142 6 6.099 0 0.740 0 7.864 3 2.433 2 5.363 9 1.337 5 11.988 4
t — 0.600 2 0.150 4 16.010 4 1.017 2 0.446 8 52.362 3 16.688 0
EME 3.178 9 8.685 8 9.287 2 7.347 4 3.094 6 2.0955 0.9410 17.322 8
En 5.468 1 6.8950 5.317 3 7.634 1 5.589 2 5.874 1 5.409 6 7.290 4
fmage AG 1.782 0 5.3419 4.156 7 5.709 2 1.243 6 2.104 9 2.203 5 13.991 8
¢ — 0.663 5 0.018 5 14.450 0 1.106 O 0.4320 61.036 5 14.064 7
EME 0.821 4 7.2099 2.063 2 6.452 3 2.3910 4.5757 0.767 1 12.594 9
En 54256 6.766 1 5.2501 7.7625 6.617 1 7.650 5 7.310 3 7.809 1
Image £ AG 1.001 5 3.088 8 2.0219 6.523 1 2.4425 54354 4.785 2 11.516 9
t — 0.234 5 0.0112 9.972 4 0.869 3 0.274 0 58.258 0 10.694 6
EME 13.446 1 23.586 9 75.9017 32.3115 23.5401 26.066 4 4.360 1 90.252 5
) En 6.587 4 7.014 2 6.3218 7.306 8 6.409 3 7.4030 6.3315 7.540 3
fmage F AG 7.8450 9.748 9 22.313 3 19.900 7 11.317 3 14.236 5 6.889 9 53.617 7
¢ — 0.223 5 0.006 6 7.0116 0.678 6 0.139 8 22.406 9 6.303 9

it — 2 U W AR SCT7 1 A0 4% [ B AR B I R TR B, 36 5 40 T R A~F 145 B BEry HARFERS . vk
AU AR SOOI 5 22 I Bt 2 204 v 7 1 3 W LI (] 7 J3E B 1] 8 A0 Ak I B i HG A B B AR I A
IX T IR Hhy T A 1 1 SR I R A R 2 A PR kA

x5 AXHEHEEMRIEBTHIE
Table 5 Running time of each stage of the algorithm in this paper

Input MSC/s BABHE/s ALL/s LF/s
Image A 0.6159 15.4854 0.058 7 0.376 5
Image b 0.577 8 15.504 4 0.060 3 0.001 3
Image C 0.553 3 16.032 5 0.068 5 0.033 6
Image D 0.602 3 13.336 2 0.060 3 0.0659
Image E 0.583 8 10.048 2 0.0617 0.000 9
Image I 0.360 3 5.8816 0.061 4 0.000 6

K114 7 AR SO 0 38 5 Al 2T A0 TR B IR 58 S8R, b 18T 11 (a) S LR 205 AT 18T 11(b) Sy AR 305 vk
W R N R A AR SR AR 2 Rl g S LD BB g R R B T B AR RE . AR SO L R
LG (9 35 1 M BB A% A AKCHE T RGOS LE B 1 SR R 40 1 15 8. o 2L A R T &
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(a) Original infrared image (b) Enhanced image by our method
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Fig.11 Comparison of image enhancement effects by the method in this paper
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