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Algorithm of Medical Image Reversible Data Hiding for Contrast Enhancement

OU Bo', JIANG Xiyuan, XIONG Jianqgin
(College of Computer Science and Electronic Engineering, Hunan University, Changsha 410082, China)

Abstract: Reversible data hiding for medical image contrast enhancement can not only store patient information
imperceptibly, but also improve image contrast quality to facilitate the accurate diagnosis in the remote medical af-
fairs. In this paper, a new reversible data hiding algorithm for medical image contrast enhancement is proposed. The
medical image is segmented by the superpixel algorithm, and then the modifications on the region of the interest
(ROI) of the image are optimized. Since the image is divided into blocks, the embedded regions can be selectively
modified block by block according to their statistical characteristics. Subsequently, the modification of each pixel
block applies the classical histogram modification manner, and embeds the payload into multiple embedding points at
one time. We take the histogram equalization as the optimization goal, and then reduce the embedding distortion in
the process of contrast enhancement. Experimental results show that when compared with the state—of—the—art meth-
ods, the proposed method is reversible and can improve the visual quality of medical images in terms of contrast en-
hancement.

Key words: reversible data hiding; contrast enhancement ; superpixel segmentation ; histogram equalization

x Wi B H#3:2021-10-08
HEEW B FEK A RR-IL 4 BT H (61872128 ), National Natural Science Foundation of China(61872128)
FEE B B (1985—) , 55 W BRI A, 01 RE 2F mil 38d%
+ W EHE R A, E-mail : oubo@hnu.edu.cn



543

BAC LA < FH T 0T LR 50 1 I P mT 30 i S R 12 27

T 156 B AR B i (reversible data hiding, RDH) &
— PRI 1945 B B AR TR S8 UE A S A
CREHS B b $2 IR 5 15 2. L 3 RETC K 32 I 4 P 152
IXFPAT 00 TR B2 2 R R IR A o T 40l e
S PR ORIk L T, R R A0 B
FLAG A 2 432 (0 AN X AR 32 RS AT 396 4 o0
%, B 2 R AR R B9 AT AT i N A2 AR ] g
A2 Wl R R 1 ™ R BRI SR Rt BB
N2 I TC IR LR I S i 5 B DR A1

H AT, KZ % RDH H3EL DLE SRR R B | A i
o E AR, BN T B SRS 853 0 T %
4 RDH %57 32 2230 17 W 5 W L (peak—signal—
to—noise—ratio, PSNR) 2k PF-A 15 B ik A J5 19 & i
AR, A BT B2 2 R 1 RDH J5 s R 2 DL S
PR R 25 i RSB R B PSNRAE N H AR AR 02 JE 3
B2 UG R . 58 b R BB 2 SR AL 3% K
F 5 X, — PRIE SRR 19 PSNR (A — g IR
A R i BLAF an, xF Lo BE R A R i A K
Jo AL BT EE AT SRR AR XA B LT, R B B 5
Jo e 2 ] LA S ) L R A R R R M Y, LR
B I 5 G W S SR T T
Xof L 1 ik Y AT 30 E0Hhe R Sk L TR AR B Y TR
I 38 5 PRI B B B X I AERE R 1 VR 2 0F5E N
P IX — U AT S, IF Bt T LR O s ok
[Fi) B ORFRp 5 oo A R A B i RV B T 1
FE A5 RO B2 2 UG i A S 6 L EE SR B B
RS Z RAE R SRS B T3 B R
FREEMALE R B R 1 I AR BT HAE#R 2 W
SRR DX gl 5 EAE W] 300 i A0 (]I 350 P 2 [ R
JRR R DI 0T L i,

BT BRER ARSI T AR T R A ER
Xof L FEE 1 5 Y A 30 RCHE BROR v O e R
AR ZR A3 BT DB 2 G rh 43 8 L0 RO R X
F 5 ARF G ER AT 20 B JF TR A A Hged
DR 5 P DG PE e 4R X6 L BEAR (7 B 43 A AN 1
A W H AT 55 A AR BT Ak i A G AR
P38 5 22 KR AR B R AL, T LA 23 A1 2 i 13X
— H bR R B85, — O L7 B 2 A
[ IR A T4 58 B4 R Y 2 AR A, TE 4R TS L B 3 it
ROR BRI, BRI 20 B S 4 2R 3R, 74K
Pt A B I R v, 32007V T LU RO 5 R R X Ja
AR R, 32 e R AL S RIOCR . A, X LY 3 48
J R B A7 RG] DA Af MR 52 5 s PR

1 FrRAE

HT, XS L BERESR  RDH B K2 R E
77 %% 81 (histogram shifting, HS)"™* 5 22 3k 5280 ] 356
A TERE— YR A R P S s e R E T 1
HhOR AR B e AR R AE HEAT IR LA EAT B 0 B e
S A O A 58 IR AR A A RO L TE BRI
AT S R R R AE L AT R AR W T A
B AR R R B, B A AL A R L 2K
AT X A A DR, e ST X L
JE R R ASOR

ARSI SRR SR BN B A R B RDH B,
A A5 e RN R0 B IO SR a3, e Bl
s AR R N R 1 R
1.1 B=a3MEHKRSR

TE R Z BB 2 PR b, O R X I 7 o
R O DI, 330 A XA Bl T R A A )
HERGIZ T, SR 5 DO A a5 8 7E 2 W h
JETCHII G, BE 2 G IR R DX Il 35 Xk
A DAAR AR G R 5 B AT IX 43, n o P 1 {3 s
W OB DX AT S5 DX B AR SR SLIC
GRS BE A7 R HEAT 43 ) He R 0 1 ik
RN BURA TR] 9 AN DU 5 R B, 38 3k A I i 3
i S AR R HR AR UL R R DX ) $E J5 , LA
I ORe 7 B R DX A 5 X, AT B A B A
TS T ML R L

F T8 5 S A BT T (R RE A 515 23 1 AT
DA S I 0 BV, i 28 2ok B0+ A5 D ik EHR 23
AR N BE DR AIE XS 1 i R 4T [R) A 19 20 1
W, R Y AR A IR G AR SO T RUZ i A 7
2, ol AT AR R o B R A B 2 s,
W A AR I BT AR R 53 xR AR
TEER— 2 R - AR T x4 5 R L]
FERY 7 A . H b, 2R R AR w, ;3 3 PO AH 4R

1%%%(Ui,j_1,1),41,/-,7%,.,-”,7}[-_lyj)ﬂﬁ)ﬂ\u,ﬂj‘bﬂ\u@u,{jﬁﬁ
2 (1) 35
I Uy
u{,,f={vl"1 UHI"4U”” vl"/J (1)

LA — = AR B, 3 2R o )2 R
SLIC 731, unl&l 3 frn , K R R IR R, H a3k
ARTIHERER . th T8 — 2 2R —— XN,
wf  Mlw, N RE, MRS R B 7 R AE R E 2R — )R



28 IR K4 SRR )

2022 4F

>

A P

e KR A <

/\

Bt ————————P
P50 X IR 177 P
PEPEXT L AR IEH
{1 £ PR ke
fii ¥ ;
55001 EH it s
[S-4,5] i i FES
W FEsh "\
[S-A,S+B]

B1 #AERELEARE

Fig.1 The flowchart of the data hiding process

| Ve
X | e X °
V,J—l | Wy i+l
e | X ° X
le,/
X ° X °
° X ° X

B2 EHTAHEX
Fig.2 Rhombus prediction pattern

Ji& TSR XA R Z, SR JF X 5 — JR Ol X I
WY LR R R B TR . B RUL IR X iR AR
SYEE — 2R 58 ] AT E B R B o R 4
R BRJE RS 258 Ui S IO R U )
FHEC, RISEAb BRES —J2 BB R M, 77 2 — 2 IR R
R )5 FRAL PRER — 2 XA, 5L AT LT R S A4
Wesim EAT [R)RE A 0 1 0 B R R AL, ALK
EMERER.

o AR R FTRUN O R DX SR o A
KBRS W n x n NEBRBEB I RN N x N,

AH RN K (N X (Nin), 3180 45 A He g 04 i
X3 A B R 3 O R A AN AT R B o e
DA R A K IR, I AfE A

e w )z

' '

Rl B R I T
< SLIC 43!
B [ il

.

XEIRERIRARE

B3 HERANT R, UG — BB
Fig.3 Twice-layered embedding scheme,

taking the first layer as an example

1.2 HEEAN

T s o EVR MR Ay BE | TR A BB R X
B By L SR BE 43 A AN X S0 0 B AT Ak
5 HT B 20% 1K BE SR Z 5 H 1 80% ,



543

BAC LA < FH T 0T LR 50 1 I P mT 30 i S R 12 29

0 8 37 B K 5 9% My 0~255, 7 [0, 255 1 1 20% 15 Fl
W EEE S S B E R R E W
80% , BV ELJ5 3 A ANY 5 BN B R IR IE 1Y
XCHL R IR F 0 B R R RS ol T =
PO Horp 52 BRE UG R P IE TR
Jran T .

1 1
BR = 721{. (2)

Ao IR R R ZE B H L 2 BR < 500, BE &R
R AE 7 BIZEM, R I G 5 24 BR > 200 B, B4
FAETAEAM 5802 5 A0, B 7 B ol it 80%
MR 2R 43 A 750,200 ] N HK BE 9038 il 50 1), ife
Syt T E A GG E 4 FR Bl 4(a) Sk
IEH B 4() R, B 4(e) M se, B 4(d) i F

LS FNS + 1(ELS — 1) % T W5 19 B /L ALK
B E NS, S + B, KA W REE 045 R
TE X T B i A XS8R [S - A, S,
X 3k P AR R A 0 2B s B IF s X Tad TR A
D7 A XI5 B[S - A, S+ BL[S-A,5 - 1]
WG ZAE 0 ZE B BT R[S, S + B 1HMR ZEAE
RS ETE . Hod AR BRI A XY R ER , At
JEAR A S B B IR R A 1 A SR EA (0, 64),
B € (0, 64). =R mECH i AALHI W S prs
B A T b T 4 L R R 1 RS S Y
L, T T L O R AR R B s 1 BT L K b
I AR R AT T 800 Bkt , R bR L IR R A FROR
KBS, A atrC R EREE R R BN .

700 140
600 120
7 500 100 n
% 400 & 80 |
#& 300 ik 60} L
500 & 40
100 20
% 50 100 150 200 250 0 50 100 150 200 250
1R ZIR LG, 1R FZIKE
(a) IEH (b) s
£ —
4000 220
zi =
ﬁ2 500 ﬁ o
252000 o Y
‘2 “
500 20 i
% 50 100 150 200 250 % 50 100 150 200 250
QR IKER 1R ZIKE R
(e) s ()T FHEp

B4 BB
Fig.4 Histogram distribution

i it 3 (3) A A B BT L C, p S B kit
F EE IR IR e A B
€ =>8(i.j)P,i.j) (3)

A:80i,7) =i — j|, BTSRRI A I BE 9% 5 P, (i, )
S AHARAGZR I KBS 25 0 8 AR 2R 43 A EE

e A IR AT 22 0 T2 34 2 X3
— R8I, AR U A B i B L
X 1B A8 1Y LT IR B T A A SRR MU Z 1)
JRBEAR) B 1 RV e iy DX 3 g DX 3l o
R ZAE AN E B, 1 X AR R Y R
Jo8 T A A 40 - L RS0 M ST (0 10 350, e R S 4 K

NN
NN\
5 N\\N\\\\

?

(b)ﬂﬁm

-+ S+2B+1

()i THET
B 5 = oL # RAE SR A BLE]
Fig.5 The proposed three data embedding manners



30 PN QR 2]

2022 4%

XF TS s 1 =R B, R I %) B ik A
AR

1) AR HXT L BE e 15 155, B (61 A (B4
U0, IR R A =B M Z p Jp,
P p<S
2p-S+m,S<p<S+8B (4)
p+B+1, p>S+8B

2) QR LR R se i, BB A B
U1 255, W AT AB MR =,

p'=

p-A-1,p<S-4A
p=12p-S-mS-A<p<S$§ (5)
P p>S

3) MR FR At TR, RVECT B A e
[ X 35 ELW S s R /N Ak T X7 o

p—A, p<S-A
2p-S-m+1,S-A<p<S

p = (6)
2p-S+m, S<ps<S+BHB
p+B+1, p>S+B8B

X p HIFIRBR R, p WG R R R R,
m e (0, 1) M AR ZHEHITE B, S o o EIE(E A
A B AR A XK R

XT AT EIE S, FRAT o d H 6 fi ke sk A F1 B
A, 4 BT CSRAR R I eS8 n, 2 i s B B
fEBLd: ‘0’ FRIEHR , 1 Fonlmis, 2" £,
3 FoR TR T 7 b R R R S A
S A7 BT A S B B 4r A i i d
WA TN TEHTES i —4E I E S . d
{E, LA S AR B B, n B E R 0 5 5 — 17 26 MR E
[ 55 fIC A ALV (least significant bit, LSB) , fizJg —17
(1926 ™ME % 1 LSB B i A e fi — e
1.3 REAMRE

B4, WG — 1719 26 MR K 1) LSB HH 3l B A
F1 B WIE «n B DA Kt J — AN B i S BRI 57 1 43 A
T d, AR n B G o B, 8% 5 ARl A B L
Oy ARG B RIIEAEL S i 1k LA R A sBEBUR AR B AR
IR EE .

1) d = 1 BMmEEE {5 B4R UM BRI 2 A X
wr,H A b e{0,1,-+,B).

,_J0,p"=S5+2b

m_{l,p’=8+2b+1 (7)
p-B-1, p'>S+2B+1

p= p’—|_(p’—S)/2-|,S<p’<S+ZB+1 (8)
P p'<Ss

2)Md = 2 BMwse i, 5 B PRI ISR B A =
mr, Hfae{0,1,--,A}

, 0,p'=S-2a
m_{l,p'=5—2a—1 )
P's p'>S8
p={p +[(S=-pH2],S-24-1<p'<S (10)
pEA+I, p'<S-24-1

3)Yd = 3 Rlat FAEHES {5 S R BOR G 2
F (1) 2 (12) KT
(0, p'=S+2b p'=S5-2a+1
m :{1, p=S+20+1% p'=5-2a

p-B-1, p>S+2B+1

=T =92]s<p<s+2B+1 (1)
P p’+|_(S—p’)/2J’S—2A<p/<S

p’<S—2A

(11)

p' +A,
Horp, m/ AR —HE RN B LT 15w B
E NI

2 KWERESH

A SC A NBIA P 3y | B ATL 356 B T — 18 K/
51251248 K 1 CT BMGHEAT 525, — 5K & 2 EIZ an
L6 s 0T e 24 B, AR SCR T SLIC R 3R 43
(I ME—SHUR AR R A BUK, L5 3 Ko 80. 78
TEFR AR R B B B Hoh iR SR R A ik
FERERNE S A T, BATEFE AL RT T
1) B AR 2R B A Ay BRI DX 35K, AR 4R AS [] 174 Tl 5 B
AR TAE, SRR AT AHERR T 5e X3 53 40, 4 B4
53R 2x2 YA AxA YLy AT S, O T U6 AR SR
P RE R, 3R A5 ACERDH ™ .RDHMBP" 7 I 3¢
BR[21 189 05 ¥ 247 % 1 . ACERDH By J&—Fh [ 3
Xif b JEE 58 0y s, RDHMBP 33 5k J2— b 3 i Ji 4 [
GO LU B RO R 52 BE R T 1, SCR[ 21 D2 XT
P27 R ) RDH J7 2 A FH DU A B8 12 b 31 b id
EIG an &l 7 fir s, w] LLUE 8 ACERDH 5532 il
RDHMBP 5345 2] 1 B2 4 R 75 5t & 4B TR K

I

(b) HERE
Ho RisEM%
Fig.6 Original images

(a) LI (e) FME



543

BAC LA < FH T 0T LR 50 1 I P mT 30 i S R 12 31

ARAE IR N S A o B R BRI A R R
PLBE R L, SCHRL 21 ] Hp 8 Tt Ak PR oA 2 = OO 5
KHE, Wﬁ{iﬁﬁzlilﬁ’]ﬁﬂ&&ﬁtﬂfju_ﬁ oL

(a) i J ACERDH"1* "% {zwfm@%

‘.

b)fdi F§ RDHMBP 7527 i Ric B4

\/

.v

(c)ﬁiﬁﬁiﬁﬂm]ﬁ/fﬂ’]ﬁﬂ@%

() A SRR AR I R
BT A RE kAR B g
Fig.7 Marked images using different algorithms

ARHE L EIRE R O(n®). FEMFHRA KT,
e AT M8 F PSNR, 25 #4 A B P (structural similarity,

SSIM) , A Xt X} Lt & % 22 (relative contrast error,
RCE) , 53k A7 I [ 4 Ry PEH 48 Ao U Fh 38 vk 04T
TVEY, ik 1R o RCE 2 FH R P4k X LY JiE
SRR RR A W, KT 0.5 Fom BUE X L
JEE A g

Std, — Std

Horr Sed, 1 Std, 43 1 27 SR BRI 5 S R Y
FrRufEZE X T 8 KB EE R = 256.
MERAAT LA 35 2019 PSNR 5% LA
BiRARAR Y HEXS T =R R G 1 T iR
FE Y SSIM {H . iX £ B 5 ACERDH . RDHMBP %3
LU, ol AR SO ) S R S5 R A5 30 1 B4 A DR

FEh KT E6(a) (K 6(h), il il ACERDH 5492 114
RCE fEAXF 0.5, %F b BE & A ¥ 5, i xF T 6(c)
RCEfHZE® T 0.5, #an ok B . X T 6(a) .
Kl 6(c), ffi H RDHMBP 537k RCE {E I & T 0.5, 3=
X B I A Ak AN WY L R SCmik [ 21 Bk
SSIM 5 A4 Y, (A )& RCEEAR T AR %, Hiz
TR . 5 HAt =y A b, AR SO R A B

PRICEIER RS T B RCEE .
F1 AXHEMACERDH"” .RDHMBP!"",
K21 EER R EE R LR
Tab.1 The experimental results of the proposed
algorithm compared with ACERDH",
RDHMBP!"” and literature [21]

A BfT
K1z Bk "% PSNR SSIM RCE )
ES A ] /s

09783 0.5104 3.49

ATC(2x2 H) 025 31.26

ARI(4x4 He) 025 3176 09767 05082 5.41

Fl6(a)  ACERDH 025 2885 04957 04698 2.18

RDHMBP  0.25 2422 04889 0.5068 0.71

__________________ zkjc(zxzi;e)osszwo
ARL(4x4He) 055  28.05

Kl6(b)  ACERDH 055 3325
RDHMBP 055 43.46

cwk[21] 055 37.00

.................. 7KI(2X21}%)0153496
ACERDH  0.15 24.24

FEl6(c)

RDHMBP  0.15 50.53 0.2010 0.5005 0.05

k(21 ] 0.15 4236 09605 04958 5.33

AR ST FH 08 155 B A AN 38 S0 0 0 s o 2 L
J7 B v 209 114 K B 9 rh AR 2 8 H il 1k 80% , 4 T HIE
AN [R) A M AR SO B s, AT L3 T BT I
1 25% 1Y IR FE G AR R R B R I 75% T 15% 1K
B PR E 8 H Ed 85% MBI, N e 2 fir s LAl LU
F TR 6(a) AR SO B IX —FRIE I PPN 45
HB A A, X TR 6(h) , JLAME BT FIPEA 45 R0
ZEAK.

Ak, FRATEEE 6(h) 4351k A 10 000 bit, 50 000
bit, 130 000 bit, 41 &l 8 fr7i , F B3R 7 i A X3k, /]
Lt A DX 3K R 18] T 46 720 0 R, S W a0 R %
DI, Ul AR SCR AP S BT LU BE AR A B AR



32 PN QR 2] 2022 4

FR2 NHEAHEINAEIREI A X EER G
Tab.2 The influence of different standards with

uneven distribution on the proposed method

IR IE G
e PSNR SSIM RCE AR
%% 5 /% "
25~75 30.11 09723 0.5100 0.2560
20~80 3146 09759  0.5083 0.2690
& 6(a)
15~85 36.63 09894 0.5036 0.1338
25~75 2763 09432 0.5100 0.5729
20~80 2763 09432  0.5100 05727
& 6(h)
15~85 28.11 0.9470 05097 0.5339

(a)10 000 bit (h)50 000 bit

(¢)130 000 bit
B8 A4 AR F bit B 693 N R 3%,
Fig.8 The embedded regions of different

bits respectively embedded

MR T’ 6(a) FIE 6(b) BUANE A BAEXT L
Pt A PSNR \SSIM A K RCE B A4 520, W&l 9 i
. NE9(a)~E 9 () X TR 6(a), 547
I Ax4 HAR L , 23 E0 B 2x2 Bt i AR &=, PSNR Al
SSIM {E G . XF F & 6 (b) , i oL T ixX =445 b5
FHZEAK . NE9(d) T E 1, RCE & A \BEINIE K
MK AR IR 405, 7E A BIEECKET , RCE
(H BT RS, BT LLA BAEA E R 30.

AR ITE# 50T E¥ BN
RHCRDH"fil RDHACEM"™" J5 % A It , RHCRDH*
2 T IR R DX I 1 v 2 T 3 B RO O T
RDHACEM™ &3 [ sl Xt L B 38455 A ] 306 50040 e
T, K P O YRR B A R R AT T T SR
I8 1k Ly PR S BROGE B RE BA 5 G ] 10 A R IR
BE A UG AT BRI, = Fh O sk i S g 25 SR N3k 3
BTN AR A 0.1 bpp B, A8 SCH LT LIRS o
) PSNR F1 SSIM. X} F ¥ 10 (a) , RCE {H & F
RHCRDH, {H{f T RDHACEM, %f T/ 10(b) , RCE {&
B o A SR I 1S RT3 O, T AR P AR ARL L RCE(H
TN BE L AR X T B IR RS, A SCRTE AN R IS #
1bpp [ AR 3002 PR R AR S HOG% 2 X i A —
U ARG, TR F AR X 15 55 X AT T 4K
P .

0.60 .
0.55 T 6(a) 223k
—=6(a) 4xd
0:50 ¥l 6(b) 252 bt
0.45 —oTH6(1) 4xath
# 0.405
#2035
0.30 .

Mo *
£

0.25
0.20,
0.15

"0 15 20 25 30 35 40 45 50
A BIUHE
(a) R A

& 6(a) 2x2 Bk
—E- [ 6(a) 4x4 Bt

[ 6(h) 2x2 b
—©— A 6(h) 4x4 1k

10 15 20 25 30 35 40 45 50
A BBUH
(b)PSNR

[ 6(a) 224k
0.94 B 6(a) 4x4 2k

) [# 6(b) 2x2 4
—©— & 6(bh) 4x4 4y

10 15 20 25 30 35 40 45 50
A BIRUE
(¢)SSIM

——[&6(a) 2x2 B
—=—& 6(a) 4x4 1t

0-5070 P 6(h) 2x2 3
0.506 5/ —o—[K6(h) axa bt
0506409520 25 30 35 40 45 50
A B
(d)RCE
9 A.BFREMER 5T A F PSNR.SSIM
VAR RCEAL®) %5 v@

Fig.9 Influence of different values of A and B
on embedding rate, PSNR, SSIM and RCE



543

BAC LA < FH T 0T LR 50 1 I P mT 30 i S R 12 33

(b) a5
A 10 MK E S B

Fig.10 Test medical images

(a) i

%3 A& RHCRDH™ RDHACEM"”
EERKEERILE
Tab.3 The experimental results of the proposed algorithm
compared with RHCRDH™! and RDHA CEM'*"!

4 Rk A PSNR  SSIM RCE
ARL(4x4 H) 0.1 40.15 09882 0.5013
ARIL(4x4H) 015 31.82 09790  0.5067

RHCRDH 0.1 26.34 09641 04912

B 10(a) RHCRDH 1 2539 09551 0.5036
RDHACEM 0.1 2651 09450 05503

RDHACEM 1 2651 09440 05507

ARIL(4xa ) 0.1 4771 09972  0.5010

AL (4x4 H) 055 30.58 09576 05134

RHCRDH 0.1 2408 08563 05127

B 10(h) RHCRDH 1 2501 0.8661 0.5047
RDHACEM 0.1 2462  0.8835 05328

RDHACEM 1 2463  0.8867 05321

3 & it

ARSCHE T —Fp LT B A GO FL R 385 1 T
W5 B RO AR B 2 EUR R A e
fii FH SLIC A5 2R 43 B8 T S RN 5 DA o JE % IX.
B, R TR O X o B AR 6 B R o A % B
W, IR e BE RN b BEAR Y B A T B A . S b
BR300 B0 ) AR 2 i A
ez kA i DL B B AR B AR — IRk
BT Z M A S R B . S0 25 R 5
A 6T L BE SR ) RDH 5995 AH L 2B R AR T8 &
1) SSIM 1 RCE {f , BEAT RIHY 6 = =4 R 1 % EL

[ f PR 1 e AR A AR A58 B, B S Y
PLRE ST AR A9 L

S&

[1] SHIY Q,LI X L,ZHANG X P,et al. Reversible data hiding: ad-
vances in the past two decades[J]. TEEE Access,2016,4:3210-
3237.

[2]  Sauet, T, X5, 45 FET RS R LBk (5 B R
TrLI]. BRI (A RREARR) , 2019, 46(12) 1 25-32.
WU JB,KANG Z Y,LIU Y W,et al. Coverless information hid-
ing algorithm based on image classification[J]. Journal of Hunan
University (Natural Sciences) , 2019, 46 (12) : 25-32. (In Chi-
nese)

[3] LIUYL, QU X X, XIN G J. A ROI-based reversible data hiding
scheme in encrypted medical images[J]. Journal of Visual Com-
munication and Image Representation,2016,39:51-57.

[4] XIONG L Z,DONG D P. Reversible data hiding in encrypted im-
ages with somewhat homomorphic encryption based on sorting
block—level prediction—error expansion [J] . Journal of Informa-
tion Security and Applications,2019,47:78-85.

[5] CHEN X Y, ZHONG H D, QIU A Q. Reversible data hiding
scheme in multiple encrypted images based on code division multi-
plexing [J] . Multimedia Tools and Applications, 2019, 78 (6) :
7499-7516.

(6] MOCIL, SREURE, JARE, 55, KL TR AN Y2 SChonT (5 B

EATIE[I]. (FE MY 24, 2021,21(4):73-80.
LIN W B,ZHANG M Q,ZHOU N, et al. Research on technology
of reversible data hiding in encrypted domain based on homomor-
phic encryption [J]. Netinfo Security, 2021, 21(4) : 73-80. (In
Chinese)

[7] HOUJC,OUB,TIAN H W, et al. Reversible data hiding based
on multiple histograms modification and deep neural networks[ J].
Signal Processing: Image Communication,2021,92:116118.

[8] PARAH S A,AHAD F,SHEIKH J A, et al. Hiding clinical infor-
mation in medical images: a new high capacity and reversible data
hiding technique [J]. Journal of Biomedical Informatics, 2017,
66:214-230.

[9] LIXL,ZHANG W M, GUI X L, et al. Efficient reversible data
hiding based on multiple histograms modification [J]. IEEE
Transactions on Information Forensics and Security,2015,10(9) :
2016-2027.

[10] SKEIE RO, e 2. ARl or 28 T AT B g i
ARENFE Y], HdioRAE S b1, 2013,28(5) :626-632.
ZHANG Z T,ZHAO Y,NI R R, et al. Reversible watermarking
algorithm for high—capacity medical images based on parity of data
[J]. Journal of Data Acquisition & Processing, 2013, 28 (5) :
626-632. (In Chinese )

[11] WUHT,DUGELAY JL,SHIY Q. Reversible image data hiding
with contrast enhancement[]] .

2015,22(1):81-85.

IEEE Signal Processing Letters,



34 W 224 (A ARBL =R 2022 4
[12] ¥, oK I fgese 2 25 HLAG RF FL R B gl s 1 19 vl i {5 B B with contrast enhancement for medical images[J]. Journal of Vi-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AT e S RE ], M4 515 B % 2%, 2016,2(4)
12-20.

YANG Y,ZHANG W M,HOU D D,et al. Research and prospect
of reversible data hiding method with contrast enhancement [J] .
Chinese Journal of Network and Information Security,2016,2(4) :
12-20. (In Chinese)

CHEN H S,NI'J Q,HONG W,et al. Reversible data hiding with
contrast enhancement using adaptive histogram shifting and pixel
value ordering [J] . Signal Processing: Image Communication,
2016,46:1-16.

GAO G Y,SHI'Y Q. Reversible data hiding using controlled con-
trast enhancement and integer wavelet transform[J]. IEEE Signal
Processing Letters,2015,22(11):2078-2082.

WU H T, TANG S H,HUANG J W,et al. A novel reversible data
hiding method with image contrast enhancement[J]. Signal Pro-
cessing:Image Communication,2018,62:64-73.

KIM S,LUSSI R, QU X C, et al. Automatic contrast enhancement
using reversible data hiding [ C]//2015 IEEE International Work-
shop on Information Forensics and Security. Rome, Italy: IEEE,
2015:1-5.

KIM S,LUSSI R, QU X C,et al. Reversible data hiding with auto-
matic brightness preserving contrast enhancement [J] . IEEE
Transactions on Circuits and Systems for Video Technology, 2019,
29(8):2271-2284.

CHEN H, HONG W, NI J, et al. A tunable bound of the embed-
ding level for reversible data hiding with contrast enhancement
[C// International Conference on Cloud Computing & Security.
2016: 134-144.

WU H T, MAT W Q, MENG S Y, et al. Reversible data hiding
with image contrast enhancement based on two—dimensional histo-
gram modification[ ] ]. TEEE Access,2019,7:83332-83342.
YING Q C,QIAN Z X,ZHANG X P,et al. Reversible data hiding
with image enhancement using histogram shifting[J]. IEEE Ac-
cess,2019,7:46506-46521 .

WU H T,HUANG J W,SHI Y Q. A reversible data hiding method

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

sual Communication and Image Representation, 2015, 31:
146-153.

GAO G Y, WAN X D, YAO S M, et al. Reversible data hiding
with contrast enhancement and tamper localization for medical im-
ages[ﬂ . Information Sciences,2017,385/386:250-265.

YANG Y,ZHANG W M, LIANG D, et al. Reversible data hiding
in medical images with enhanced contrast in texture area [J] .
Digital Signal Processing,2016,52:13-24.
AT SRS ORAOR 5 ] R R s A R R L
B LT]. T HLRL2 53R ,2016,10(6) : 856-866 .
YUANT X,WU H T,XU Y L, et al. Reversible data hiding algo-
rithm and its application to medical images[J]. Journal of Fron-
tiers of Computer Science and Technology, 2016, 10 (6) : 856—
866. (In Chinese)

YANG Y,ZHANG W M, LIANG D, et al. A ROI-based high ca-
pacity reversible data hiding scheme with contrast enhancement
for medical images [J] .
2018,77(14):18043-18065.

YANG Y, XIAO X X, CAI X, et al. A secure and privacy—

Multimedia Tools and Applications,

preserving technique based on contrast—enhancement reversible
data hiding and plaintext encryption for medical images [J] .
IEEE Signal Processing Letters ,2020,27:256-260.

GAO G Y, TONG S K, XIA Z H, et al.
with automatic contrast enhancement for medical images [J]. Sig-
nal Processing,2021,178:107817.

NIZ C,SHI Y Q, ANSARI N, et al. Reversible data hiding[J] .

Reversible data hiding

IEEE Transactions on Circuits and Systems for Video Technology,
2006,16(3):354-362.

ACHANTA R,SHAJI A,SMITH K, et al. SLIC superpixels com-
pared to state—of—the—art superpixel methods [J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2012, 34
(11):2274-2282.

National Biomedical Imaging Archive (NBIA) [EB/OL]. (2014—
11-30) [2015-04-28 ]. http: //imaging.nci.nih.gov.



