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Abstract With the growing demand of cloud storagefor user privacy protection, RDHEI (reversible data hiding in
encrypted images), as a technology that can embed secret information in encrypted domain, has attracted more
and more attention.A good RDHEI method expects to find the best balance between the number of erroneous
extracted bits of the secret information, the embedding rate and the quality of the reconstructed image after
data-extraction. GeneralRDHEI methods ensure that the embedded secret information can be extracted without
error and the original plaintext image can be restored losslessly, thus the embedding rate is the key index to
evaluate the performance of an RDHEI method. This paper proposes an effective reversible data hidingmethod in
encryptedimagesvia an adaptive Huffman Encoding strategy, which utilizes diverseHuffman codewords for
various images to free up space to accommodate secret information. The proposed method follows
EPE-HCRDH(high-capacity reversible data hiding with embeddedpredictionerrors) method and is an improved
method based on MPHC (multi-MSB prediction andHuffman coding) method, which provides a high-security
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level to protect the original imagecontent. Firstly, by exploiting the correlation between the pixels of a natural
image,each pixel can be predicted byits neighbors, so as to obtain the entire prediction image. Next, from
MSB(most significant bit) to LSB(least significant bit),the same number of bits between each pair of original and
predicted pixels is identified and stored in a label map. Then, the label map is compressed by adaptive Huffman
encoding with diversecodewords for various images. Using an encryption key, the original plaintext image is
encrypted with stream cipher, and the compressed label map is embedded into encrypted image.Finally, according
to the extracted label map,after using a data-hiding key, multi-bit secret information can be embedded adaptively
in each encrypted pixel through multi-MSB substitution.Due to the reversibility of Huffman encoding and
decoding, the secret informationcan be extracted error-free and the original plaintext image can be restored
losslessly by MSB prediction. For different keys, image-recovery and data-extraction can be performed
separately. Compared with the experimental results of several state-of-the-art methods, the proposed method has
better security performance and achieves higher embedding rate. The average embedding rate of the proposed
methodoutperforms MPHC method 0.09 bpp, 0.062 bpp and 0.06 bppon three datasets BOSSBase, BOWS-2 and
UCID, respectively.In addition,the texture complexity of the originalplaintext image has a significant effect on the
embedding rate. Generally speaking, smooth imageshave a satisfactory embedding rate, whiletextureimages have
a less ideal embedding rate. For both smooth images and texture images,the proposed method achieves higher
embedding rate and outperforms the competitors.On the three datasets, the embedding rate of the proposed
method is 0.958 bpp, 0.797 bpp, 0.320 bpp higher than MPHC method in the best case, and 0.01bpp, 0.039bpp,
0.061bpp higher than MPHC method in the worst case, respectively.lt is shown that the proposed method of
adaptive Huffman codewords encoding has better performance than the MPHC method of predefined Huffman
codewords encoding.
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Ja, RAEARICE t X NGt E g, ST BATE
HHZEGH R HRASEN -

N:ggtx(t+l)+§7:gtx8, 8)

WFE A= N, AAROQ)FTR, AN H
~R(10) 15
N, =N —(4><9+28:ﬂt +[log,m]+[log,n|+2)—Lm, (9)

71

N —(4x9+ZS:ﬂ1 +[log,m|+[log,n |+2)—Lm

= _ , (10
mxn mxn
Al AR EE RN 5
r=Ne Ny
mxn mxn

S AR 0 1 R K R4, LA B
B R AR Lm, T N, 9 IEE N
AR K.
3.6 {EEIZE

LR ICE IR £ AT, SR R
I,,, AT — U RIS 4 R . il i
RrEE B, I 3.5 5 R RERI 7 HE S A v P
BAAGE R RS B AR 2 4% 2 e
TR, ARG, . AR T
SRR 4T K, T AT D AR LRI R £ R
SIS IARRR (5 8. SRTTT, b T B g i 4
K, o JEH S R T T

3.7 BBRE

A BB A 5 5 K, iU v DL K, A ety
BEHUERE R, BRI, BT ALTE, 13518
JERIEEL,, . S, BB EGRREEWENS, Hib
G MES BB Rt +1)0 5 R BB R A
[l DRI A 2 AR A7 [ R A IR I AE E RN T
PrEk(t+1) M5 8. FRBMNEAL . N AT AT
IR, RxmE L, FrdEsHEBE. HRQ)
ARG E x, (, §) M pxd, j), 4t<7
B, AR X, ]) BIE t AL MSB & T X L)
px(i, j)» TEE(t+1)h MSB AT LLEE X pXx(i, j) i
F(t+1)fr MSB RRFH]. “t=8H, FIHBR
X(i, j) SHAMAE px(i, j) M. Ea R L
XG0, ) = g,+0,+X, (i, j)mod2™™, 0<t<7,

’ px(i, J) , t=8,
Hrrg, = px(i, )™ A px(i, j) Kt Az MSB {H,
g, =(px(i, ) @D <2, px(i, j)™ A px(i, J)
MEE(t+1)4 MSB fH, @ MNfiRsizf. mIkkE &
—NESEBE, RGBT EEHCEEL .

AR SCHE AT A 546 B S AR AL 2 45 5 S B
I B I TCA R AN SR L, A SR BB B K, 1A
Felseas vl LR BUR A IR 255 5., I8 RSN 25 25 4
k, FIA VI B TC AR K S T 4 B ST G M [RIE
T o Bt £ k, MG N3 B8 ki, Bk
Wi BE B I A PR S AR 1 AR A A5 S, BB TG K
S FEIHIH SR

4 LWHERS S

N T BRAEA SO SRR A R, AR BLSE g
X 5 MEARAER) 512X 512 K B 45347 T M AR,
W 10 Fras. Bedh, B8 BIIK T BOSSBase™,
BOWS-2%1fi1 uCID® = A 444, Hfr BOSSBase
Hdl 4 A BOWS-2 #5455 %47 10000 7K 512 X512 ]
K EM%, UCID $idli4E% 1388 sk K FE %, EB K
/N 512 X384 F1 384X 512 Wfh. B I AT B
Fesk E7E 0 B bR e A (5 Bl R LL R 2. B
e R A YT Wl IR b e i T N
AT DA 546 WA S PG AL 5 A5 2SI S 1Y TE 45
PR ANFEEC, BT LLAS ST H A2 38 SR T N
RONT ERE U EIE R R, 6 IR (5 1 L PSNR
(peak signal-to-noise ratio) fl 45 #4 A 1Ll £ SSIM
(structural similarity) ™8 bR K PPA IR 46 B SC B 1)
WAL, Al P R8T N 1 ELARE S (bit per
pixel, bpp), BIHRAZEAE 9LV A R (1) 5 5

a1
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JSENE TR B G it ) ST A SR R

ks,
’,

o

Laah ! o ST :7_;‘
(a) Lena(b)Baboon (c)Jetplane(d) Airplane (e) Tiffany

- Wi:

K 10 Wl R

41 REMSH

] 11 B Lena B8 90, 41 T 430 BEAE R
BB R . B 1@ MR | L
11(0) MR I EE B 4k, IR R 1,
I R S |, i 11T, [ 11(d) R
WG|, Ty 2.617bpp. W EJE G
e B & . 5 E %A% [ 1@ [

PSNR—+o0, SSIM=1, F/~5H5E4HE

(d) #HEER () KEMER
(B AZ T =2.617bpp) (PSNR—+00,SSIM=1)
B 11 AN Lena BRI 15230 45 5
AR SR P I et T s PG AT s, T LR
B FRFIEE R, ST — D mxn KRG, b
MU RE R i) ik 3 51K FE A mxnx 8 , JRF1IH 1)
ACATHER 0 5k 1, BIZOhBEALR 71k sty 278 i
AIRE. RN EHK BT, Sk —A AR
N5 e 5 R 2 R 1 2™, b Rk 2% 35 B AR
SCHIIN S AL 2 A T TR 3 TR, R, R
S S BRI 2 A, AR SCAE RN L2845 S A 36 FH 4
T B 2 B kAT RN, KB num (1

BBk BHII 20
I SR 0 L 2 R R £

RERILH — EIRHE, H5REEBNETLR, ik
ME 11 () FI(d) AR EEEGRNE. T E
BINRE R 2 ek, £ 1-3 4 TR G =4
IR W AR 5 0] B iR 46 P AT B PSNIR A1 SSIM R 3%
4-5 25 H T BEAE R = AN A BUE 0 R 6 1
RIF 715 PSNR F1 SSIM 18. 7T LLA H &4 PSNR
HAERAEHAK, SSIM {EJLF N 0, XM AR
BABEN 220, v DA R 566G A 2
ALY

*= 1 MEERSTRIERE S PSNR 1 SSIM &

In#Z®E % 1, Lena Baboon Jetplane Airplane Tiffany
PSNR(dB) 9.2255 9.5108 8.0077 8.9521 6.8839
SSIM 0.0341 0.0299  0.0346 0.0403 0.0389

*® 2 SEMMEERE SN R RIAE SR PSNR 1 SSIM &

B
ez E 4% Lena Baboon Jetplane Airplane Tiffany
L
PSNR(dB) 9.1754 9.4678  8.3378 9.2331 7.2487
SSIM 0.0351 0.0361 0.0361 0.0407  0.0389

# 3 HEZE G ST IRIEEREI PSNR F1 SSIM {&

o EG Lena Baboon Jetplane Airplane Tiffany
lew

PSNR(dB) 9.1676 9.4689  8.3506 9.2403  7.2520

SSIM 0.0331 0.0382  0.0374 0.0403 0.0371

T ABFEED =B RRAE GRS R RIGE R E9F 19 PSNR

&
HHsE OmEER L SUEENEERL REEE L,
BOSShase ~ 7.7203 7.5032 7.5053
BOWS-2 8.2902 8.3092 8.3140
ucID 7.8876 7.8299 7.8361

[ty 4.

5 S0 AT A R R T (B A PR P A R
MhEE, B 11(b)s () FN(d)AL & 12 () =AM A,
AU, A 11(b)~ (c)FI(d) R AR 2] ] 11(2)
fropazs. vl 11 () () B o P % BN 7T

5 HRET =N MERAE G SN M RIEE REIF SSIM
&

Bk mwmEG ), SEmnEER BEEE

BOSSbase 0.0273 0.0266 0.0269
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BOWS-2
ucCib

0.0327
0.0279

0.0327
0.0275

0.0331
0.0277

4.2 MHREDHT
FEASCAISCHER[23]/) MPHC kb, 43R5 K145
OEDAL =R IS = AL REA L C GRS /NS il
I 2 gt s 46 7 T J5 FR S R 5 56 R T DA B A
BIE B E, WM RS B N, FHRAZET . &
6 L= LA Lena EIE B, 45 H T ASCH MPHC 51k
AR GRS B 45 FE . % 6 R —1T -1 IR S K%
EWILME, A5 5 AT AT AR
WEt NS g, SR BT RR T &hx
TCME RE NG ELAF B (oits)s 2B FLATHH5E T Lena E&
f AN E N, B 1470568 bits; MPHC HiEx 7
Bl g 5 = h, MRS A, iR 5578 BAT s
F)UTIHFEH T MPHC kb AL E 9wt f5 it — i3k
FEAKEE Lm A 793304 bits; s SR I 4 i fR AL
h RS A R E L. TR B —1THA

K@) T A SCE 7 B gt 5 1 — 3k 1] 7 5]
K& Lm &y 784371 bits, bt MPHC 3% 45 T 8933
bits. & 7 25t T 5 R EHZ B0 K 2 9wl ig+~. i
7 A%, MPHC SiEsH T G 8t — R H e X
9 MG KRB, ZFARIEN bR ICE AN S
TR 9 ME T, KEIE N 7S B L krid
B, BB S RSB AR A &
bR A THNEZE AT, AR PR o A K & R
e KBy, AP IERSKaRE, SEBL T g ig
PERE, ReSE AR RSO, I AT 32 mifi N2
2 N, FIHNZET . Ah, BT MPHC B4 —RH
THE S 9 AN R 2R, o I — g R 1) A i Ui
T AR 2 R BT IR EL T 120 AR G S A - 11 [
W, WA TSR T HAb R G gmin iy, SEGh
PG ARV SR B 255 0 mT RE MR N T A ST VR AS
I () G R A TR RS 7, X RETEv A E A 2 A A%
bk SR BCH A B K g igig 7, AXT MPHC S04
& T gt e, RIIESE 75 BN R 1w e

% 6 Lena ElfgHIME K SRS EFL 12

AL R ICE t -1 0 1 2 3 4 5 6 7 8
MG g, 1023 9818 9742 15247 33246 44509 53359 41758 24353 29089
W3 A1 / 0.0376 0.0373 0.0584 0.1273 0.1705 0.2043 0.1599 0.0933 0.1114
78 (bits) / 1 2 3 4 5 6 7 8 8
HHAEE N (bits) 9818x1+9742>2+15247>3+33246>4+44509>5+53359>6+41758 x7+24353>8+29089>8=1470568
7 h / 11110 11111 1110 101 01 00 100 1101 1100
MP?C i 4 / 5 5 4 3 2 2 3 4 4
Sk B Lm (bits)  9818>65+9742>8+15247 x4+33246>3+44509>2+53359>2+41758 >3+24353>4+29089>4=793304
=7 h / 10111 10110 1010 100 111 00 110 010 011
AL
. i A, / 5 5 4 3 3 2 3 3 3
ik LK Lm (bits)  9818>5+9742>6+15247 >4+3324653+44509>3+53359>Q+41758>3+24353>3+29089>3=784371
7 75 IR E R B R G K BRI F
TR ks

MPHC 5=

A

Lena 0o, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 0O, 111, 110, 100, 011, 010, 1010, 10110, 10111
Baboon 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 0O, 111, 110, 101, 011, 010, 1000, 10011, 10010
Jetplane 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 00, 111, 110, 101, 100, 010, 0110, 01111, 01110
Airplane 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 O, 111, 101, 100, 1101, 11001, 110001, 1100001, 1100000
Tiffany 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 0O, 111, 110, 101, 100, 010, 0111, 01101, 01100

% 85 IBENXEGH S BRASTE . MEESMENHA

S MTRAAR = A B BE Lm (bits) BEINAES S (bits)  {FERAE N (bits) AT (bpp)
N (bits) MPHC AL MPHC A3  MPHC AL MPHC A

Lena 1470568 793304 784371 52 87 677212 686110 2583  2.617
Baboon 1074384 794941 786599 52 87 279391 287698  1.066  1.098
Jetplane 1587880 793441 778244 52 87 794387 809549  3.030  3.088



o T IR K G 1 SR A S R

Airplane 1659203 682803 657136 52 95 976348 1001972 3.724 3.822
Tiffany 1526934 786527 769862 52 87 740355 756985 2.824 2.888
R =AM HIEEHNRER
Rt )7 T3
/TS RIE L MPHC A #fai MPHC AL  #fa MPHC A #f
Bk Ay iEm BE BB ME B B M
WNZET (bpp) 5898 6.856 0958 0.664 0.674 001 3.361 3.451 0.09
BOSSbase PSNR(dB) +o0 +o0 / 400 +o0 / 40 +00 /
SSIM 1 1 / 1 1 / 1 1 /
NI (bpp) 5622 6419 0797 0.628 0.667 0.039 3.246 3.308 0.062
BOWS-2 PSNR(dB) +o0 +o0 / +o0 +o0 / +o0 +o0 /
SSIM 1 1 / 1 1 / 1 1 /
AT (bpp) 5.010 5330 0.320 0397 0458 0.061 2.688 2.748 0.06
UCID PSNR(dB) +o0 +00 / +00 +00 / +00 +o0 /
SSIM 1 1 / 1 1 / 1 1 /

P EUE B T g 16 L A7 k751, &
B TG R 2R i h 5 Sehrbrid (it
HOPSPNVESEY I E.CS il W s e si il bi = Wi ] L iR
B, RBAH T 5 IEMAEGHEIRASRE. E
=5 RAE S E . 5L Lena B 951, MPHC %
AL EME B NG B8 52 bits, 1A H &M
TEUG AN RIS, BHE L A RFM RS0 E
T h 5 SEhrbricE t IR OC R, LA 87 bits
BindE ., Hrdr 36 bits (4X9=36, fAMGFKEH
4 bits /7)) TA74i 9 MSFHIK A, 31 bits T
R EER 9 MYF(E R, 5 20 bits T 17664
L xR G —HERIE . BEE 8 WAL, 7E MPHC
ik, Lena BMG &G MEIRAR RN 677212
bits, Bl ANZF Ny 2.583bpp, M4 CHE KT R
&N 686110 bits, Bk A% 4 2.617bpp. HAthJL
AR R 25 5, sk 8 Fion, ASCHIEM)
AR B MPHC LA 2 5.

T AR G BE L s, 3R 9 45
T EA BRI R T g R I E G
Kevt, A B AR ICAE KR AR R OK T 6, 7
M8 E E, EREmRA. M, ST SEHRE
EIUE, A B bsId B R E 0 A fE /N 0, 1,
2 b, ARG, e HdE 4 BOSSBase H,
RN FALEIREE L N 6.856 bpp, M£EHRZ R L
1A 0.674bpp. [FIFE, HE4E BOWS-2 Hiixk NZRAE
BAEIL TN N 6.419 bpp, FZEREHL T A 0.667bpp;
A UCID R NZRLE RS L N M 5.330 bpp,
HRZEILT )9 0.458 bpp. =AM B AE RN R

439~ 3.451bpp, 3.308 bpp Al 2.748 bpp. HiX}
MPHC 5%, =AMEERERRESIRAZE . RICHRA
BRI R LG, JCH X SO
g, fEmERHILT, A CEERIRANZFELL MPHC
Bk i 0.958bpp, 0.797bpp A1 0.320bpp. 7E
2B T, ARSCEVERRAZE H MPHC S5 5
7 H 0.01bpp, 0.039bpp i1 0.061 bpp. PR A
ZE MPHC 5% ll$2m 1 0.09 bpp,0.062 bpp Al
0.06 bpp. %3 9 i) PSNR—+oofll SSIM=1, {55
REHA ER N %51, 8 3CF MPHC B4 mT A
SN R 46 B SC BB I e IR .

AR I N SR SRS g, AR AL
HH bR B AR 2R 3 A1 X AS [R] 6 BEASCR: FAS TR (6 G
o hd =, AR e SRS 4w it i) MPHC 51k,
Perm T mtid e astk, [FB RS THIRONER.
43 S5HEMELREEIXTEL

Bl 12 F1E] 13 45 1 ASORI A 5 Fh [F] 2R 5002
X ELZE R, AT ERA T, BERESH
fifg o L VL R IRAS AP vERe 0 L SEBe ok
PBTL BVEMIZ4¥ o Ml B 7l E N 5 il 2, Huk
NEEN3x3; IPBTL Bykd o f1 f R E
N 5 F 2; ERLC-BMPR Hykrhifl KN E N
4x4, FHEEBTFKEREN 3.
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3.0 el 5ol ) o
o (SIS = A -+ =
£25s B / E B3
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=15 il
10 | |
0.0 AL KAL)
Jetplane Airplane Tiffany
MR 5
BEPE-HCRDH, 2018 [19] = TMP, 2018 [20] ®@PBTL, 2019 [18]
BERLC-BMPR, 2019 [21] mIPBTL, 2020 [22] oA SRk
Bl 12 AR JVE7E 5 MR A E iR 2
4.0
is 3451 3308
30 2.748
&
£ 2.5
< 2.0
E
&5
B
1.0
0.5
0.0

BEPE-HCRDH, 2018 [19] ©TMP, 2018 [20] BPBTL, 2019 [18]
@ERLC-BMPR, 2019 [21] oIPBTL, 2020 [22] oA SR

& 13 AR T = SRS I R
4.4 BITEE S AT

B THE BRI L BINETA #E . 5 E
Rl FHscE =5 . o WA BTA 3 1I8 A7 5 [A]
VB RS AR SRR B E AT
W, FIERIE R &, EURME, A EmA
B RIAN, 15 BIRHCEUR IR 7 A E5r, Al
4 AR N A FTAF TR T AR SCRIAR O
LN ATE #H AT, /£ CPU A Intel(R)
Core(TM) i5-6200U, F 4~y 2.30GHz, W AN
4.00GB(3.89GB w] ) H M- i E ¥ 58, £E Windows
10 ¥1E 240 A1 Matlab R2016a SZ46-F- &, X ¥iEdE
AR ER/N B EMRELC 10 RIS AT BRIt a], 455
% 10 k.

12 % 5 MEAr AR R RN R AT LR,
£ EPE-HCRDH 77, #AZ/NT 1 bpp, X2
[A°4 EPE-HCRDH £ R &t 7 —1f7 MSB Kk A
VS S, TMP Bk & 2 fif MSB, 15k
ANF T 1bpp. PBTL 5y%. ERLC-BMPR ik
ATIPBTL SHVATE 5 bR UG _E# 3RS T8
RN ZR . AR SR A I B 0GR 20 7 gm i ok
JE4ehiEl, A Lena EG IR A ZBEE T IPBTL
Bk, HAMR AR, SFESEA kSR Baboon
B, MXTFEZREVE, ASCEBEVERA T ik
K. K13 IR T AR 5 BEVEE AR E
ERPBmONE. il 13 s, AR S
TREIRANE, BB U T A SCEVE R A BT
PERE.
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FET & R % B G 5 1) ST SRR

% 10 AEBERIEITRTEIRTEE(S)

SEEd EPE-HCRDH, TMP, PBTL, ERLC-BMPR, IPBTL, MPHC, AL
KN 2018 [19] 2018 [20] 2019 [18] 2019 [21] 2020 [22] 2020 [23] Bk
512X 384 0.29 0.39 0.06 26.94 0.20 1.80 1.52
384 X512 0.24 0.43 0.06 22.25 0.19 1.82 1.39
512 X512 0.37 0.49 0.13 33.07 0.30 2.30 2.18
AL H, SCHR[18]# PBTL 51y% A VRBE
%, WETAE RTHRATEGINEEAE, Fr e & # %

4. fEFI TN RRBE 754k, SCHA[19]14
EPE-HCRDH HiE I SCHR[20]1) TMP 5%, N2 HT
HEIEPAT EUGINZ AT 7 2050 i 1 472 MSB i 2
KL MSB F45 T 22 47 B A5 B A7 B 2 B 5
WA B S IS TR T SCHR[21]1 ERLC-BMPR
SRVE TR LN S IR 308 i AL AT S THI ) B AR IR 2R AT
HAFRSE, Frage s SCik[22]8) IPBTL &
15T P S BT AR TR 2 AT = X AR I,
SIS AT I AR s T AR SCRSCHR[23] 1 MPHC 4
EE RGNS N 2460 MSB BT AL -FRE, — &
(1) B XONTE T B R4 gatis 7 X, ARSCH REAL
EIbRICEMEZE 0 A1, K B 18 SRS - [ G R 2 o
1575 5K, 1 MPHC S8032:R F e S [0 K 2 G
7750, 7R B A — 2 B )R s e S+ 5
SEFRPRICAEI N KR, HE 10 ATk, ASCHEE
TEIBAT I (8] AT FE SRS MPHC 5%, 72
% K/NN 512X512 B, RXEIEHINETAEIE
ATHS IR 2.18s, 7EF P Al 252 (ya F, AT F3sk
1 N FH 3 55

=+
5 IEI\ gl:l

E IR EAY '8 TIBUREPSY S8 w43 hf ik
R RS, WA SCEE T SCHR[23] 5 H T — A
=PIV PN =L I TR @ I BUNEPSY SF: %2
%, ATUMRZE KRR . SEUA I LR
JHERALE, AR SOR AL B A b C (8 R A 73 P
AFHCEERIRS 5, SR B IE L R B 7 b
RESE TS A ], 15 15 B RN RE R 224
P, Wk E| 7 HE AR, HAh, TR 8 g
BRI AS (O RT3, v RN mT LA TR AR S
AR A5 DS B B B R B AR . KRR
AR RGN T A RE B 0B F) T 5 AN B
A7 1l s 4 F) 2 0 75 3P A 7 T SR ik — 20 Rt v A K
AT
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privacy protection,reversible data hiding in encrypted images
(RDHEIl)has aroused extensive research interest from the
information hiding community, due to its potential applications
when images are not allowed to be disturbed.

The RDHEI technology embeds secret information into
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encrypted images rather than plaintext images. In general, the
reported RDHEI techniques can be classified into three
categories, namely vacating room after encryption (VRAE),
vacating room by encryption (VRBE) and reserving room
before encryption (RRBE). In the previous RDHEI methods,
data-extraction and image-recovery should be processed jointly.
To separate the process of data-extraction andimage-recovery,
separable RDHEI methods have been studied.

In this paper, the authors provide anRRBE separable
RDHEI method thatfollows Puteaux et al.’s workiS an
improved method based onYin et al.’s work. As with these
methods,our proposed method allows perfect reversibilityand
error-free data-extraction. We aim to obtain the largest
embedding rate. The experimental results show that the average
embedding rate of the proposed methodoutperformsYin et al.’s
work 0.09 bpp, 0.062 bpp and 0.06 bppon three datasets
BOSSBase, BOWS-2 and UCID, respectively.
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published many papers in the top journals and conferences,
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