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Abstract: To address the problem that the low contrast and visibility of medical CT images are not conducive to human
eye observation and post-processing, this paper proposes a contrast enhancement algorithm for medical CT images
based on a multi-scale exposure fusion framework to achieve enhancement of medical CT images. Firstly, the original
image is decomposed and reconstructed by laplace pyramid to reduce the interference of image noise and enhance the
imagc details. The image is then cnhanced by calculating the weight cstimation matrix, the exposurc rate and the
brightness conversion [unction of the reconstructed image using the cxposurc combination algorithm, which enhances
Experiments show that the mcthod is

the image contrast and improves the image visibility at the samec time.

signilicantly better than other traditional image enhancement algorithms and has a signilicant enhancement cffect on
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mecdical CT images.

Keywords: CT imagc; medical image enhancement;cxposure [usion; pyramid of Laplace

=

=]

51

CTHEERNERRBEENRGT N — e
LW AARERNE, HES CT B& B R X M
S 2 [T PR 20 0 DX o Al T AR I K B L TR
AR A IR HLA 5 X e AN AR T R R
P, R CT BR  BB IR DT I — B R 2 R ER
Ak PR A ) S U (B 5T R AL R AR A
FEOR I R O A B B0 T B BE ML S AR R T A
AR E R R, o CT BG83 D] 2 4o 15 o kb DX 38 A4
AT A B 5 B R 5 WA BT B LI

B2 2 [ R A B A 25 R /) A B3 B A D s ) SR AR

W RS H . 2021-12-21

+ 106 -

He s » 2 18] 330 AR T PR BEAT Ak 8L, 72 0 s R A I e i s
B Py 2 L AR S O IR AR L B P R
AR CE KT ML T W 2073 LB 5 R 1k
Retinex B8 \CLAHE B3k IR B ) J5 B 45, X 46 J5 B 48
HA & A Bstad.

VLRI T 2 RO 2 o B e i B
PR3 T7 vk - 17 6 AT LA 35t i e DU B — 4 7 1
B AL Th A e RO AR 1Y 5 5% R, 1T HL 2% 07 ¥ TR I 77 7E 78 14
TS AT MR | LR R ) B, Tal 25542 00 H R B B R
PR b BE RS 09 A 30 7 ¥ L 1005 1 2 B0 IR I AR A
Wk, FE S RAWL AN Y SRHITAGENE TR
B Al X B O P SRR S PR B — 4k 5 2



FREXFATERABARSHES CT AR BT &

4 6

MrE s 1 BB b RS HEAT B L E A Bl R, 4
NASA EEGEHS/E ARG Bt T, B R R
G R AR . Hassan 257 R /3 3L T Retinex A2
KRG EE L, ZBEEES N 3AWE, FRMA
CLAHE R34 K T B9 BT 4h 31, 48 )5 B F F Retinex
Bf BTG SR, SR 3k kb CLAHE 8535 %) B 4 18 58 I 5 1
AR B K T, B S R P OB U B R AT R L
RZBEEEREGR —ENHGKE  FESE CT B4
REEBRGEH.

BEAh . TR SRS B N TR R 5 B s R A R
Ta BT IRk I 2 IR A R B LR & SR T TR
B RAR AT RO A B, ) e S B Y TR ] 41K R PR B
R 1 SR B AL A b B R A T B SRR TSI A R
o Bb BE Sk B 4 5 AN R B 8 A I B A R AR B R E L
A AR 6 25 4 3] 5 5 Rl B30 3% o TR R IR O BN 2 9 IX
W, HEEXEEEERENE LB TES. BEERSL
HRR AR D oS B R ECRH B R OR A RS A B R AR R
SCHRL9 182 31 i 66T T 1 400 32 42 1 1) 8 B O 09 2 B O
FE A& B, BB ETEBOLE & AL T A T 5 4%
1E, A LUE s far A RZ W 1 BB S 1 L (H2 TR N A3 4R i AL /1%
BEERERE.

WA ASH TR RN kRS, R %I ZEi
AN, MEF 2R AR N A E2E CT
Bl G s i ok ARERE S I MK HEBRESH
BRI R SR, 7 BT B AR B 2% 1 W 4% Sk 4T U 455, 5 %)
TR B SR AR 7 PR 78 1T 24 )R AR | 34 g ke B AR 4 )
BB, Xia 780 S TG R CT R H5R. % 8 %7
FATWREZI TR EMY, ftr TSRS ¥R
Z IR 2D TR AT M, Kinoshita M- 2111
VR S ST IE R 6 ST TG A 6L R A I BRI AR T ik
%5 s R EMR SRR B 2 ok AT A R E A L 22
FHE MR IE R 4T B G 58  EAT PR R B 08 , 2 R (U
1E T (A B ARG T RS 58 A M BE B 2 TA N A
FTRESI=EHaHEERRERINMGER R 2AF
—ERREIS ., CBRL12-15 ]38 H MR FIRE 2 MM
&MU TRGHEEAEL, FEEMASERMLE R
(FCND 22 & U-Net SBAE B FZE LI W 4454, 7T LA
TR A% 55 e B R S AT e, XS HLBE 3T . ARV, LR Bk
e B R AR A T [ B TR S O EIAR
B OB R E,

28 1 AT E R R EE T 2L B A, Hoh
WIAE S OpenCV B ILFE B2 3 B o XL & H Fl
B, H B B IR IB AR R R ELEH b R 2R
B R TR S R R S W B a8 A, SRR
R BT RERREENEH, et r s R —En
fERE., ACEBWETEREREAMAEEE . MAT
ElR AL P, 7 BB SRRl A S bk SR 2 AT b AT h i &

B mEEM . RRWE T Rk E T RS ELT il
AR M 5 0T Z R B Retinex .CLAHE gy g Bt L &
A I] 50 R MG A B2 w8 0 RIAG Ib 32 ) T T X5 o NG R )
WA R B IR SRR L,

1 fuEiiieFiEREE

g T EME e TEAERNLR, BX
FEREI RGN E— R SRR ORMAR #3525 & — )
AR 2 M o hr e i 4 73 . AR &N BT T #
e 4 EAR B A0 AT I T

2 BABEEEER

TEBE % CT BB A EE W £ KB L IR E B &,
FHAE B AR 12 T A0 S R AR ME B 3 Tk X389 R 22 2 W R
THERE L A A AR GEARHLIA B R B b & A A
G0 TR R R B0 Rl R X SR BT — T
fit & A SRR R — SR BB B S CT B3 58 . B8

L AR
N
R = >IW.P: ¢))
i=1

KN BREBIECE, P, REBOLE S DB,
W, RGP M EGBRER o 2 RGB =@i#E
51RO R AR R 7E R AT B O Rl & AY T AR
HRRCERL SR AN TR 19 AN B B A RO HE B R AR R B
R BRCR B 2s . OB R R EALE AR AL L BT DUR AL

TR DW, — 1.

Ie P 77 A B0 T 30 5 ) I 7 B2 4R B OR [R) B DL BE Y
PR 2 T8 FR) R 2 TR 5 52 57 B T e o 50 g L ik IR 15 04K
RN R b, MR g TTUITE P R
AR IS N AR RI

P =g(P.k) (2)

ARSI AT IR AKX BT AL AR T I R 20
e e LR

R, =WxP +({1—W)xg(P' k) (3)

ORI A 50 3 ANER Ay Wik A SR
2.1 WMEHEES

P R B OCR S Bk B R R A — 25, Ho AL
A B2 O AR O RN R B R R B RO RAF X Y
X U RE o 3 5 X i A A R AR A [R] X R R L TR 5
FCE 5 A AR 3R B O DX I AY AR D P, A B I B A
KN

W =T 4)
K8 T RGFOCIREL S5 BN T MM,

A3 A P T B B D ol BRAL T I B0 A
{6

T(z) < max P.(x) (5)
CERGLB)

+ 107 -



545 B W F o

F R K

TEfp o SRR T B, A SCRECT R e AR .

min | T—T |24, |M-vT ], 6

o, |« [l # | x|, 25 EEE, v — Wil
PERA . HAT TRERE v. T MEEME v . T.p0 AW
BOM O RRCESERE . 7R 1 UMW A T A2 5
W T Z AR ERECEE 56 2 T RIS AL B A i Ak 3,
2.2 HEHLNBRE R

T AR AL R AR RS SR

g(P.k) = pP7 = 1+ pu D

Hr, gty BEARBMPASHG A LG o 0 IR

ﬁ‘ﬁik AR,
2.3 HTEBAE

TEX — 4 5, D3 A 7S S 32 2 Ak PG e BE /R IO R %
F M Z X ER DE AT b 08 i R R P L R R & R
BRBERR.

Q={P)T(x) <0.5} (8

QHEETHEFEGPHIRBESRE, HAESH
FIERET FHEGRERE SR L FEEER HEAR
SENBEMNBREFOEARMEN, A EWNITTRER - i H
ZEIE LR, FNILTHER RGB =8 f) F ¥ EET .

= J/Q Q. -Q, &)

Hh, Q,.Q, #1Q, #HliEMm AEZH RGB —J@i& .
£ 3N, B EIITESCEVERL S5 8 AR 1R .

B = J/Q-Q.-Q, =/BQD - (R - (A =
B(V/Q, - Q, - Q,) =pB’ (10)

BAH & REZEMB N AR 0. B I R
KA5T

k :arggnaxH(g(B,k))

(1D

(a) JRIE (b) XL TRB
2

+ 108 -

(c) RIFTURSE
TRl e ek 4 TR O R B T AR R A R i R BE o CT B R 3R

3 EFsREBERSEEEE

Rk
1) %t Dot 4y PG 30 47 1005 12 10T & 7 55 o0 1, 3 IR 3
W15 B, R BB B 0 Mg, BRBUEMR I 2T

2) 35 YRR A B T R A 25 i BUR AL T AR T
RE R S B L B PRV 0 270 I T 0 R B o6 LR HE A7 3 5
3.2 REHTSFEEGEN

AR SCE Sl RS R & FIE X R G T 4 A
FEAMER T X E G T, RS, 2 REEN
A B E 1 iR,

3.1

0 |

Laplacmn
3% 7 | @{%

H1 Fkik

3.3 IBXRAELEKRIEE
FEHATERRRL A BRI A T R AT & IR 4R 1R

Jemn A BRI AR LA R EE A E% CT
B, KREFIFE 2 CT EMGAEXT b B 3 AR M R e A
VT 22 8 03 HA0 AN A OB E, B 7E o 2 Al b X B il
B BB SR R AT B, 76 X B AR 0 AR 2 A X BB AT
TRAL L, 2 3 B 43 I AT R0 8 L T B8 = TR
Pt B A SR AR £ B B B £ IS R R
A L 2 R v PR A 1 R AR, i A PR R 7 X L
Wal . A SCEF R A G IR 2 BHR B 4R @ it Python 4815
B A pycharm XS 3 M ARFA A E 2 CT BHRIEFTIE
ESCUS L WEARACR B WS R 2 PR .

(d) H{E R (o) AR CH



FREXFATERABARSHES CT AR BT & 5 6 1

L

3.4 SHMEEIML

[e] i e 2 ) 114 22 R B G Rl A SR X T R A R Y
AR X B HG A B s AR A A S 3 B RCR L A DUAR B 2 R
CT R AE M. X AR S CT BG40y

{a) IR (b) Equa

(¢) Retinex

TR L GAR » RIS ik £ 7 A 5 g, sk IR S B i e
(e B, A 45 AR B B O O . 0 R OCR AN 4.
MATLAB #fExi KRB BE 22 CT BB A7 3 o S0 38 IR . 3L
R B G nE 3 R

S

(d) CLAHE (e) AR Bk

B3 AT PR 004 50 B T S 0o LA S ik X I A L M B AN A Y BE 2 CT B4R o

4 THESHETFMHER

4.1 FHHE(AVG)
SR BT S W A R AR B A R TR A SO

SR R ()

(12)
Kbom o HEBWTER . fG.5) ARBERR G.7) WK
FEAR 1 2470 B B K R4 K B S R Ay, B SR A R M AT
4.2 Roberts iF &
Roberts b &4 X £ 7 ) AU 4R 22K B R A2 SRR
ZERUHBR R R S I RUCR B T AR
22[f<7+1,y+1>7f<1 N

[f(x+l,y>—f(x,y+1)] (13
4.3 EEH

HRMERAER M EER A — A EGTE N E
BEE EHERETHAGER ITHEARMT .

1
H(X):E[ ? J Ep<a>1ogp<a> (14)

BRI Sy b 4 RE 19 PR AR RL L A B R e — B, i R
P B SRk o . 5 BT H &R, JLA AR bit,
HE T BUE R, BB N E B R A
KIF

H = Zpllogp, (15
4.4 K =
YO Wt R E T M R ECE B B 2R 1
WERTF 2.
Lo

MSE = — X oot (16)

4.5 PIQE
PIQE B2 X & H RGBT, v BRESEFIH
Vo RAGTIHRE D, -

1
Dy =<vm a7
(1*71};1&‘)
%9[/(‘[3])%‘!3" it ¢
ED;; +C,

Hip, C, mﬁTﬁfﬁﬁ%H@ﬁ%ﬁb Nsi &% spatially
active blocks fit) 5.8, B {5875 W . PIQE S8t #k /),
4.6 PSNR

HE— m X n FEBT WS BREBRKTTREN

MSE*—EZ[I(Z,])*K(”])] 19

PSNR HIE LA «

+ 109 -



545 B W F o

F R K

(20)

MAX?)

PSNR = 10 - 1g<MSF

4.7 EMER

TEEELA A AE JL Ak f B A BB AT &8
PRI L R UE T L A DRI DL R SCAR B R R T E A
B, X 3 AE W E S CT B4R #1718, @7
MATLAB 34 DL K pycharm 3K {43 & F PE-4 8 45 1153 3F
% A UFHRALEENFIES CT RN EAELR D
BB R 1~3 fiR .

F1 K CTEBEGITEMIER

Brm _ Roberts W
v RS e T e
=R7S M ES
Bk 0.98 3.365 4.7320 3.9320  48.697
WP 1.14  3.646 4.6000 3.5697  18.2412
MEED 1,10 3.643 4.5144 3.6950  25.609
AxEE 1,91 6.134 5.2084 4.1337 3. 860
R2 EHCTEERGTEMIER
B . Roberts BI7
LOAVG U ' pIQE
(=R PR =
EHrgET 0.92 2.837 4.3070 2.5221  17.567
FHIEI 0.96 3.120 4.3002 2.7384  26.369
P EEYE 0.85 2.881 4.5396 3.2050  50.702
AICEE 1.80 5.709 5.0690 4.464 8 2. 996
#3 ZhCTHEREBGIEMIER
Frim Roberts biayin
oAve ST fEam PIQE
Bk PR L =
EHrEE 1.46  4.794  4.9821 2.8464  11.309
WipEdr 1.29 4.363 4.9145 2.9599  27.773
P EYEYE 1.08 3.764 5.0858 3.0033  56.942
ARSCEE 2.30 7.570 5.4442 3.6881 4.518

I b A S R 5 B B £ 8B 3% . Retinex £
SR LR CLAHE 85k, M RN AR A T 15 5 Lok
Y ER RS & B U KRGS A BREA %GR %t
X3 MVEM BRI E T DE R . T2 REEC#EE
BT T E R G A G R A M 3 PR FH B AR
R NEE 1~6 Fis.

x4 TEIEREFEREE CT BEIEMISER
PINEAC=R7S PSNR 5 B PIQE
By R EL 11,358 0 4.929 6 23. 298
Retinex & 3k 7.944 6 4.760 1 10. 570
CLAHE &3 7.901 6 4,901 6 22. 966
AR SCER 15.5113 5.444 2 4.518

+ 110 »

x5 AEEBEZEEME CTBGIFMIER
PN A RS PSNR 5 B4 PIQE
B 7 B 54k 11.138 0 4.471 8 22.735
Retinex &1 8.2333 4.3515 10. 473
CLAHE ®Hi% 7.037 8 4. 465 4 23. 090
R EE 14.224 4 5.208 4 3. 860

* 6 FEMEIEEREEES CT BEITMNIER

PIREA-R7S PSNR % B PIQE
Evaer 2 11.227 7 4.3305 27. 207
Retinex B 8.310 6 4,314 9 11. 589
CLAHE & 7.033 8 4,314 9 26. 676

VNG Y= B2 3 13.780 2 5.069 0 2.996

5 & it

FEXJBESE CT BR X L BRI A Rl AL A 7T
Z BB R B AR TE— S W, LI G R E B R E
AL B 6T A P (BT R S )R P AR SR R T — b
FEREBCEMAMEZ CT BHF R E %, i (5
BElR iR B2 CT RURSTHEAT S 0 & 7 05 M, X H
ATk B L b L b 3 350 B8 05 B 0 R A K B CT IR+
A IR 5, 4R T BT B D L SRS G TR Ol 5 B vk e
Fro SCHREERRW 5 M L 58 R0 R X L
WA LA RO IR R R R W, AP R SR AR
WL R G R TR R,
S % UK
(1]  YANG W, WANG W, HUANG H, et al

gradient regularized deep retinex nmetwork [or robust

Sparse

low-light image enhancement[]]. IEEE Transactions
on Image Processing, 2021, 30:2072-2086.

[2] LI C, TANG S, YAN J, et al
enhancement based on
functions by fusion[J]. Symmetry, 2020, 12(9):1561.

[3] QIY, YANG Z, SUN W, ct al. A comprchensive

overview of image cnhancement techniques [T .

Low-light image

quasi-symmetric  correction

Archives of Computational Mcthods in Enginecring,
2021.1-25.

(4] BG4, BOwiE . wh g, 5. S5 T 20/ BAE Sl & 09 B2
% CT BRI 7RI ] T IR, 2021, 44(9) .
122-127.

(5] W4, 2 RE 4 E 7 B4 B 78 B 2 B R g
SRy B LD K AR LW K%, 2017,

[6] LAL S, NARASIMHADHAN A V, KUMAR R.
Automatic method for contrast enhancement of natural
color images[J]. Journal of Electrical Engineering and
Technology, 2015, 10(3):1233-1213.



FREXFATERABARSHES CT AR BT &

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HASSAN N, ULLAH S, BHATTI N, et al.
based
enhancement[ J|. Multimedia Tools and Applications,
2021, 80(2).1839-1857.

X B E 4, RE L. TH MR AR EE Il 45 0 o 1 LR
JLEh O A BB R ] A TR, 2021, 34(6) :31-39.
IMJAE, PARK, DEAJUN, et al. Modified exposure

[usion with

The

retinex improved underwater image

improved cxposurc adjustment using

histogram and gamma corrcction [ J]. Journal ol
Broadcast Engincering, 2017, 22(3):327-338.

XIA K, ZHOU Q, JIANG Y, ct al. Dcep residual
ncural nctwork based image cnhancement algorithm
[or low dosc CT images[J]. Multimedia Tools and
Applications, 2021,

KINOSHITA Y, KIYA H. Huccorrection scheme
bascd on constant-huc planc [or dcep-learning-bascd
color-imagc cnhancement[J]. IEEE Access, 2020, 8.
9540-9550.
HTEETREZINHECFGTREAHEARRE
WL R H B 7 2021, 37(10) : 118-121.
SHUKLA A K, PANDEY R K, YADAV S
Adaptive [ractional masks and supcr resolution basced
approach [or image enhancement [ J]. Multimedia
Tools and Applications, 2020(3):30213-30236.
SAGHEER S, GEORGE S N. A review on medical
image denoising algorithms [ J]. Biomedical Signal
Processing and Control, 2020, 61:102036.

WANG W, WU X, YUAN X, et al. An experiment-
based review ol low-light image enhancement methods
[J]. IEEE Access, 2020.

YING Z, GEL, REN Y, et al. A new image contrast
enhancement algorithm using exposure [usion
[ramework[ C]. International Conference on Computer

Analysis of Images and Patterns. Springer, Cham,

% 6 441
2017.36-16.
[17] GUO X. LIME: A method for low-light image

enhancement[J]. the 2016 ACM, 2016:87-91.
YING Z, GE L., REN Y, et al
image enhancement algorithm using camera response
model [ C .

Computer

[18] A new low-light
2017 TEEE International Conference on

Vision Workshops ( ICCVW ), IEEE

Computer Socicty, 2017:3015-3022.

Hat BB SE F AHHE L BT SRR I BLRY B A R
PEVLE S RE R LT B I & 548 3 4R, 2020,
34(3).1-8.

T XEE 5W, % £ TERE¥J ML MR
B 8 304 & 7 B LT AU IR 4R, 2020, 41 (6)
140-149.

[19]

[20]

[21] #bs wd T, TAM. % —Ff B HE Deeplab V3
T EFEEGSE TR HAb e FI 2R, 2021,
40(9) :18-23.
EEE
SBERAL MR BRI o EEE G A T
HHLIIE S Gab

E-mail ; ssjhustler@163. com

BETGEGES . AR O LRE LS, ML A1
F L, SRRSOy A B R AL RS AL B AR S
W3 55 ER Ab 2 5 458
E-mail ; hanjn46@nuc. edu. cn

KRB B, BT 5 o B ER AL R
B LA T
E-mail; 1257643169@qq. com

R AR A, REWRR S W E A ERA A
IR,
E-mail:84163883@qq. com

SR MOk, R T O B AR AL L F
BEETARE.
E-mail:1257643169@qq. com

« 111 »



