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Abstract  With the growing demand of cloud storage for user privacy protection, RDHEI (Reversible
Data Hiding in Encrypted Images), as a technology that can embed secret information in encrypted do-
main, 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. General RDHEI 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 hiding
method in encrypted images via an adaptive Huffman Encoding strategy., which utilizes diverse
Huffman codewords for various images to free up space to accommodate secret information. The

proposed method follows EPE-HCRDH (High-Capacity Reversible Data Hiding with Embedded
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Prediction Errors) method and is an improved method based on MPHC (multi-MSB Prediction and
Huffman Coding) method, which provides a high-security level to protect the original image
content, Firstly, by exploiting the correlation between the pixels of a natural image, each pixel
can be predicted by its 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 diverse codewords 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 information can 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 method outperforms MPHC method 0. 09 bpp,
0. 062 bpp and 0. 06 bpp on three datasets BOSSBase, BOWS-2 and UCID, respectively. In addition,
the texture complexity of the original plaintext image has a significant effect on the embedding
rate. Generally speaking, smooth images have a satisfactory embedding rate, while texture images
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. 01 bpp, 0. 039bpp, 0. 061 bpp higher than MPHC method
in the worst case, respectively. It is shown that the proposed method of adaptive Huffman
codewords encoding has better performance than the MPHC method of predefined Huffman
codewords encoding.

Keywords encrypted domain; reversible data hiding; Huffman encoding; adaptively; separately
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()= D b () X2 k=1,2,.8 (5)
k=1

3.4 GIE#HA

T e AL {E SR S )L TR AR AR R R
T St AL B AR BRI o T ARIE
A 107 B {5 2 A 08 1 i £ B, 75 22 55 K 358 43 o
K BAFETESE VAT RIS 1 9IS BB xR (T —
Sz PHURE 9 R b O TR S AR P RE e 4
WAL EE B AT LR E 2 1T AIME b 2 % B
EDNE /R P N i SR N o o N O e =
¥ 8 05— 3 A0 S BRI 2 5 AR K i A B 1#
B L AES G ER A

le(i,j)modf‘—l—z (b, X277, 0=<t=<6
s=0

(i, )= .
12(@%28 ), 718
o (6)
H o, HEARABMGEE 0 A L YFERER 2. (1. ))
AL PR ICE. TR AL B B S H R RTG53
IEALCEC
3.5 BEEH®A

05 B BT - A2 R 10 ep 4R B B 45 5.
TS AR L ATAEE 1 0 2 G o 7 B S 15 3
bR i b, 5 SEBRARICAE ¢ IR DG &R R [ Y
T AN BE L JER A 6 1 R HL R o
Y. RGN e A N B AT W 5E AT IS S0
R4 T A A G B A5 2 S AR R bR ic (8 ¢, 4k
SEAREL s AL EE B

1. 0=

Py t=38
TE AR B8 3 1) 07 U B B RS A, 5 58 PRAR ICAE
X R AL e JE Lo T - B R A A
B 1 2 4 P & 7 i A B 9 15 2 T T P 50 B0 Bt %
Bl X L HEAT % . AR A 1 AN =K C6) 8 i % S Y
B2 15 S A B I 2 % T 1018 =5 I v o A Bl e
LR BRI L.

X245 78 W — 1 m X n 1 JR IR EMR , B MED &
) T 00 P A 2 A s 6T I B P A5 R P A5
BFRE—Fric G AT A5 % R 09 07 L Y 3R A R 1)
BB 5 AR bR ICAE ¢ BT R GE it 4 g, s BT
DAt iz R B B iR A S 1 N

YD)

6 8
N=>1g XU+ +> g X8 (8)

t=0

MG AT N (O R AW A% r f
KAOHE .

8
N,:N*<4><9+2/1,+ [log,m |+ [logsn|+2)—Lm

t=0

D)
P Nr
d m Xn
8
N—(4X94> A, + [og,m 1+ [log.n | +2) —Lm
_ =0
- mXn
(10)
AT UL i AR BB
N,
r= N (11D
mXn mXn

K H AR B B 38 LY G I 200 g 5, DL AR AR
P ZHEH RS K E L, gETAEAS N, 56 08 T
N AT i AR,
3.6 FEERN

B B WOE A B BUR % (5 BT 56 3% BB
L35 VAT RIS 1 30 p 3R BGHR 47 &1 5 5. i a3 8t
A EE B 3.5 AT R AE I 5 vk S e A 3R A e S 2
AR ZE RN A% A5 B I 2 58 Rk
M 1 ATAEE 180 AR T, gl Ra
B BRRE 2 A Ry s WU AT LI 0 A 2 B HRE IR R
BRI b () F 2% 15 8. 2R . i T3 BG4
WA kSRR W SCEMR TG L A
3.7 BBmE

PIA EG % % 51 k. U TT LAl R, AR BR
THBEMLAE RS R L g1 20 (4O X I, PEAT fif 2 b B L 45 3] fi#
WG EG .. Wt RS GE w2 A e
B—1NESEBRENE G+ D A SEEER
ANTR] PR Ay 3k AR AR P A7 1l oA AR el ¢ iR AT
sk G+ DR B F BN ZE A N BT B 5eTT
JEHRRE MR KR I, AR S 1% %, D
TFENFE R L G ) PINE paCiyj) s 2 7
LR IE R R o () 1 ¢ i MSB 48 X5 i 1Y
i) T4 e+ 1) 7 MSB A] L3 i %t pr Gisj)
M G+ 17 MSB SR A3, Y =8 B, iR 1R R
G SHEHBUE pa Gy AR EA LRI
ng +g,+20, GG.jd)mod2" ", 0<{r <7
| pating), t=38
Hrh g =pa G ™y pa (L) B ¢ i MSB{H ,
2= (px (i, DA X2 pa (i )N paliyg)
55 e+ 147 MSB B, DR 58l 5.t Ik 2 &
— N ESEBR R 515 B O R R 4G HSCER T

AR SCRL R AT LIOR D B S G RN L 4% {5 S SE

x(i,g)= 12



44 SRR T L K A A 190 % SO 39 £ B BB ik 853

G 5 19 TG IR S N4 M 1A R B T Rl 9
TR T AR O iR 10 B 2 A S A TR
YT kW TR WO RE T B M K A2 U W] SC PR
=4 [7) P A7 50308 B B e 0 PEL 4500 265 2 40 e i
I W B RE IE B 42 BOUSURR 1 B 15 B L e
Jo bt i 52 I A SCIET .

4 XWHERSHH

S T B UE AR ST B AR A A AT L A S
HXE 5 MR AR ERY 512 X512 JK BE BRI AT T M RE I
KL AN 10 Fros. teah 85 51 T BOSSBase™ |
BOWS- 2 1 UCID?* = 4~ 45 4 . H v BOSSBase

(b) Baboon

(¢) Jetplane

BRI BOWS-2 4% £ 44 10000 8K 512 X512
(K B AR, UCID % ds 46 A 1388 5K K B2 KI5, K]
/A 512X 384 F1 384 X 512 Wi fh. %5 3¢ I8 AT 06
T B RO AL B b T 1 R B IR B AR L
B0 A IR A A P M S5 o 22 ) R B A 1) ST A
A SR AT L D e B S TR RN R 2 15 B S B
(14 TC AR R BRI B, JIF A AR S B B 2 SR T 11
A T U B B M R P 0 A1 1 L
PSNR(Peak Signal-to-Noise Ratio) F 4% #4 #H bl &
SSIM(Structural Similarity) 7§ 4§ 47 3% 37 4 J5 4G
B SC PG 1 0 A D5 S il P 3 B 1R 3 T fik AT
Fo 7 £ (bit per pixel, bpp) , Bl A AE S 2 WL F)
A B AT 1) S R R

(a) Lena (d) Airplane (e) Tiffany
& 10 Wi E B
4.1 REWSH HE AR50 W A S i %8 1 A A M Dy T AR B T AR

Bl 11 L Lena BUG R ). 45 T A SCHBEEA
[ B BT 7= A i AN Tm) L& T 11 Ca) 2R s LR T
L1 Ch) Sy ) T 5 51 k.45 30 0 n 25 R 1. ik
A EE BRI EE TnE 11 fis. B 11(dD2H
KB ER Lo ik AR 2.617 bpp. K& 5 1
Bl E 11 Ce) i, 55 45 B& B 11 Ca) [H] 1)
PSNR —> + co, SSIM=1, % 77 55 H: 5 4 # [].

A% S FH U 2 A X SR s R R AT I T LB
JE SR B REAE S B X TF—4 m X n B IR B EE L R
BEDLA 4 R i 3R 5 50 BE Ry m X X8, 7 4]
AR Al fE R 0 B 1. BIZ N BE L 51 B AL A
2m S RAT REL TEIRA N RS BLT 3RS —
A58 4 TE B 0 I TP AU %R 17200 an AR

TE. RV O #2015 B BRI 1Y) 22 42 Mk AR SCAE i A Bl
15 508 P AR PR % 4 ke o L HEAT 300 0 % L %o
FAREN num WFEAE B kA 25 1) Ry 20
AF— AT A W00 7 SRy 1/2m A R
A DR B 25 15 18 1 4 42

% ST 305 BB B R A R A A
MEE & 11(b) (o) A () J& B 11 Ca) il = AN 48 i
AL AT LA L B 1T1Ch) | Co) FiT (D) o AR i 46 30 31
1O BRES. Fd B 11 FT(d) g J A 17 B (E
SR AT AR S — o M RRAE A 5 R bR ER N
RIKLTCEMNE 11 (o) F () 15 3] J5UIE K%
R TH LB R E ML et R 1~%3
25 T IR R = A0 8 BRAS 5 %8 10 D A P45 T

(a) J5R B

(b) JnEEg

(o) B hrlEl i maz g

(d) BHEEIR
(R Ar=2.617bpp)

() AR
(PSNR—+ e, SSIM=1)

Bl 11 ARSCH AT Lena BB 1) 52 50 45 21
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) PSNR F1SSIM {l. 3 4. % 5 4 T B EH =
AT WA G 5 %R D 4 1% D8] Y F- 3 PSNR
I SSIM fH. ] LA & th 4~ PSNR {6 #B 4k # %,
SSIMAEJLT-HJ 0,3 B F A SCH L A 5w
LA, AT LA 850 H OR3P D bR R P 25 T A A
B .

x1 MEEGSXEFESESGE PSNR 1 SSIM &
g E R L PSNR/dB SSIM
Lena 9.2255 0.0341
Baboon 9.5108 0.0299
Jetplane 8. 0077 0. 0346
Airplane 8.9521 0. 0403
Tiffany 6. 8839 0. 0389

®2 SEEMEZEGSXEERSEGE PSNR 1 SSIM &

oz e B g LR I PSNR/dB SSIM
Lena 9.1754 0.0351

Baboon 9.4678 0.0361
Jetplane 8.3378 0.0361
Airplane 9.2331 0. 0407
Tiffany 7.2487 0. 0389

%3 HZTEGESXHEEKRESRAL PSNR 1 SSIM &

B ER L PSNR/dB SSIM
Lena 9.1676 0.0331
Baboon 9.4689 0.0382
Jetplane 8.3506 0.0374
Airplane 9.2403 0. 0403
Tiffany 7.2520 0.0371
B4 RIRSER S MEALA E G S X AR 1A B R

F 15 PSNR &

Bose e ER L SAERmEER L R ER L.
BOSSbase 7.7203 7.5032 7.5053
BOWS-2 8. 2902 8. 3092 8.3140

UCID 7. 8876 7.8299 7.8361

RS HEEVP=AMERAEGSERAERHN
34 SSIM &

4.2 MEBESHT

TEAS SC A SCER (23] MPHC 83k h, 254545 &
B AL E G Rl AT iz BB S i A & N
ey I g B 1 4 7 1] 5 El R 3 Sk OC &R T DA
AP A BE AT A5 2 ik A 25 i N, R AR 7.
2% 6 I LA Lena B1G R H, 45 1 T A SCH MPHC
B AR ES SR L6 PE 1M —118
RESHZE BRI C - AS 5 S5 2 F7 M5 317
AN AR ICE ¢ DB o SR 5 4 4T
R T4 AR IC H BE ik AR Rk (bits) 5 2% 5 173
BT Lena BRI Mk A NLBI 1470568 bits;
MPHC 835 %7 1] 4 15 (4 5% 5 h, S 2, a0k
% 6.7 AT TN s 5 S AT T MPHC 5k i ]
G fith J5 1) — R P S BE Lim 2l 793 304 bits; 4% 3¢
XA ] i B ) A - o ARG A AN R R 2R 9010 47
55 1L AT H ) T T AR SCER R R A ] G )
J&5 B eI R 14 BE Lim Ry 784 371 bits, tt MPHC
VR Z R4S T 8933 bits. R 7 45 T 5 MR K K&
I R 2 g i 5 5. 3 7 AT 0, MPHC 553k XE:
HEMBGE— R HUE L9 R ST % ik
HRAE A7 1] AR (S B e 3ok A3 e 9 A
BT A 3 C 245 95 22 (R B A (L o B 35K 0 8 5 40
T 25 288/ AR AR 5 17 A S35 1 B AR 0 (8 52 1 19 1
FROPAT AR AR 3 AT R B A Y R = i AT
i P-4 A A SR SE B T e O G i 1 S 4 L BE B SR
b R 45 007 S DT AT 42 v i A B i N RO R
r A T MPHC S35 48—k HIB0E LI 9 g
Fe B X e — W R 0 G 1 e O T i AR
G AR I T 2 R R 2 5 A5 < 1) ] B o A Y
RECT Hoe BG A g i 65 5, 3 3O BUR IR L
RIS 2 (AT RE MBS 0. T AR SC 5 VR RS [ 1 1R

s R R L S ERnEER I RERR L. K FHR ] R 57 33 R 0 1 A 8 A 5 1y &1 4% vh Sk 3k
BOSSbase 0.0273 0. 0266 0. 0269
BOWS-2 0.0327 0. 0327 0. 0331 B S 0 S R R <7 A MPHC B3 5 T 4
ucb 00270 0. 0275 0. 0217 22 G BV 3 T3 L AR 1 % A
F6 Lena BRI XSHEMELSHITE
o7 B T i pR i AH ¢ —1 0 1 2 3 4 5 6 7 8
MG 2. 1023 9818 9742 15247 33246 44509 53359 41758 24353 29089
[ e ARin / 0.0376  0.0373  0.0584  0.1273  0.1705  0.2043  0.1599  0.0933  0.1114
751 /bits / 1 2 3 4 5 6 7 8 8
Mk A 25 N/ bits 9818 X 149742 X 2415247 X 3+ 33246 X 4444509 X 5453359 X 6+41758 X 7424 353 X 8+29 089 X 8=1470568
. [CEY / 11110 11111 1110 101 01 00 100 1101 1100
M;;gt/ K A / 5 5 4 3 2 2 3 4 4
FEEKCBE Lin/bits 9818 X 549742 X 5415247 X 4433246 X 3+44 509 X 2453359 X 2441758 X 324 353 X 4+29 089 X 4="793 304
L B h, / 10111 10110 1010 100 111 00 110 010 011
§é i A / 5 5 4 3 3 2 3 3 3

{7 Lin/bits 9818 X5+9742X 5-+15247 X 4+33246 X34+44509X3+53359X2+41758X3+24353X3+29089X3=784371
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H T D SR A B 4 ST 3£ B BB ik

®7 SEFAENKEGNIEXSHLEF

— e
WHAER MPHC % 3% RS i

Lena 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 00, 111, 110, 100, 011, 010, 1010, 10110, 10111
Baboon 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 00, 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 0, 111, 101, 100, 1101, 11001, 110001, 1100001, 1100000
Tiffany 00, 01, 100, 101, 1100, 1101, 1110, 11110, 11111 00, 111, 110, 101, 100, 010, 0111, 01101, 01100

P EME BB T g i )5 5 Ln A7 — 3t il ¥ 51 5 36
LG T A0 R 2 i R h i b, 5 SEPRARICME ¢
fR X6 I 5 28 R B Lo Xk 18— 9 198 2K 19 B o 15
R84l T 5 mEi EHR ) B AR = LR
SUTA S 5L Lena &8 9 451 . MPHC 55 4k 7
P L b 8 B I B4 52 bits, T A 3C H & T K]
BN Gt T 2 0 7 R A7 G R =2 i R i)
Foh, 5 IBRARICAE ¢ BXF R OC &R L 2E AT 87 bits Bt
=B H 36 bits(4 X 9=236, M F K BE 4 bits
FEAE T HEAif 9 AR 52 B9 K B2, 31 bits I T 77 1iff
HAE R 9 A AE B . 53 20 bits T 17 6iff B 4L
Lm XY — k#2238 8 A, 78 MPHC %
Pirp Lena BUR i J5 B BHIR A4S B2 677 212 bits,
Rl A3 2. 583 bpp, MIAS SUEE L I ik A 2
686 110 bits, Bl A &N 2. 617 bpp. H & JLIE b 4
M BRI 25 5, W3k 8 Fis , AR SCHL IR 19 A 8 3k oy
t MPHC B2 42 .

R T AN 32 e O AR BEBLPE I 52 e 2 9 45
T AN B A I A SR T B i Y AR
A AL & B R T A R ME 38 40 A1 A D DR 1) 6.7 F

8 B b o A R A B K. AR B X T A BB 1 AR
A7 & H B B 10 B R M 8 03 A AR A /N 0. 1.2 i F
A BT BN INTEHE £ BOSSBase H . i AR TE
G BL Ry 6.856 bpp. T E i 22 15 L T AUA
0. 674 bpp. [F]#, F il 22 BOWS-2 Hriig AR T7E
TEOL NN 6. 419 bpp, F 22 1E LTy 0. 667 bpp; B4l
£ UCID Hrig A BRAIERAETE LT 24 5. 330 bpp, 5 22
1560 T R 0. 458 bpp. = AEHE 4 (11 Kk A3 531
A 3. 451 bpp.3. 308 bpp 1 2. 748 bpp. #4 X% MPHC
VR SRS 4 0 I i A R R A R A
Byiix AR Fir 4 i . 0 H 2 X e B oF i i R
TERAEE LT A SCE B A Z I MPHC 841
S5 0. 958 bpp. 0. 797 bpp I 0. 320 bpp. 7E it 22
TEOLN AR R A I MPHC 843 31 &
i 0. 01bpp.0. 039 bpp il 0. 061 bpp. F-#Jfix A K Lt
MPHC & 4% 532 & T 0.09 bpp. 0. 062 bpp #
0.06 bpp. B 9 iy PSNR—> +cofl SSIM=1,
Ul B R B A GO 5 % A SO MPHC 847
AT D ST 5t 2 B S PR A TRk 5

AR SR HT B R 8 W R S A S g B, AR A0 7 14

x8 SEIRANKEGHEHRANTE LERFRMENHAT

St Eﬁ'ﬁ/\é% {7 K BE Lm/bits FfFm A B8,/ bits Bk AZ5 i N, /bits A r/bpp
’ N/bits MPHC A MPHC A3 MPHC A MPHC A
Lena 1470568 793304 784371 52 87 677212 686110 2.583 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
Airplane 1659203 682803 657136 52 95 976348 1001972 3.724 3.822
Tiffany 1526934 786527 769862 52 87 740355 756985 2. 824 2. 888

RI =/ HBEENNRER
BOSSbase BOWS-2 UCID
SRR WA r/bpp PSNR/dB SSIM  # A% r/bpp PSNR/dB SSIM  # A% r/bpp PSNR/dB SSIM

MPHC %3 5. 898 + oo 1 5. 622 +co 1 5. 010 + oo 1
At A 6. 856 4o 1 6.419 +oo 1 5. 330 4o 1
R 1 0.958 / / 0.797 / / 0. 320 / /
MPHC # 0. 664 + oo 1 0.628 + oo 1 0. 397 + oo 1
% A3 0. 674 4o 1 0. 667 + oo 1 0. 458 +oo 1
2 fof 38 0.010 / / 0. 039 / / 0. 061 / /
MPHC % 3. 361 4o 1 3. 246 +oo 1 2. 688 4o 1
S ARS8 3.451 + oo 1 3. 308 + oo 1 2. 748 +oo 1
AR fr 1 0. 090 / / 0.062 / / 0. 060 / /
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bR T2 L 1 AE 2 53 A0 X AS [R) 19 LAGCR L AS 7] 1) 2t 1)
B FH X R 9 A5 7 4 5 1) MPHC 853, #&
T gt e ek TR AR T AR
4.3 EHEREZHEHI

B 12 FE 13 25 T A SO E 5 Fh R 285504
IR LE S5 T R T BT L B B A S B LAl
1305 L 5 vk e AR 19 B8 4 0 1k RE . 1 I SE 58 ok
PBTL BIE S H o F1B 435I E R 5 1 2, R/
WHE N 3X3;IPBTL Bk d 1 o Fl g [FAERE R
5 fil 2; ERLC-BMPR &3k H e () K /N5y 4} 4,
I HL e i K B B 3.

P12 5% 5 M A o DU PS4 A e A SR R AT LE 3

#£ EPE-HCRDH J5 & itk AZ/NTF 1bpp, iX & A
Jy EPE-HCRDH 5 H & 4 17 —fii. MSB K fix A
R £ . TMP S5 ik 4 2 i MSB, i 15k A
Ful ¥ T 1bpp. PBTL & ¥ ERLC-BMPR % 3% I
IPBTL B3k 4E 5 W br o 0 3 B B3R 18 T8 &
FA A S8 T AR SR T R 1 P R ) g ) ok
FE4EAi B R Lena EIR 09 A % B3k T IPBTL
L Fow I B S A S S0 R RS Y Baboon
16 AR RSB AR SO VL B R A8 T I R i A .
13 W# T ARSCMIZ 5 RRETE =84 B
R A A 13 PR AR SCREIR IS T i
AR HE— 25 U T AR SOOI R R

OEPE-HCRDH, 2018 & TMP, 2018
ZIERLC-BMPR, 2019°!" EIIPBTL, 2020

BPBTL, 2019
2 WA

.NC\]
o~
[32]

B

o0

o~
[o's] o :
SELX
Eln
S S
:
B4

Baboor

el 2.014

ey
o o O
1T110.977
[Z2277]1.156
10.969
Ee=—=1.098

2 ENNNNNNNNN1.928

—
C
@
=

& 12

N
N
xQ
jael
&
o 5
O o o~ d
< I}
ch\! < T < 1
N ~H N
S il [ 7|
T FAL B . > .
_agill =B =i
=) / < B w2
N , g\],_: o
k1ol L o SR
7 , i O heof ] P S L B i
o ’ i S ol L o [« S Ll i)
o / it % B o F i
N 578 % B 8l 0]
N S7Is % B o 0]
e o g.: o o ]
Al 7L il %!
Jetplane Airplane Tiffe
M 5

AN T3 1A S MR A o 00 3K ] B L G R R

O EPE-HCRDH, 2018™ 5 TMP, 2018*”
ERLC-BMPR, 20192 [ IPBTL, 202022 [} AL 5%

EIPBTL, 20191

4.0 =
g 2
3.5 ael ,E*ff, -
3.0 S
o, o
o
2 25 .
< 2.0 e - ohd
B 3 e = b
F1d g R I fR w = / rerd
* = S WK % b
1.0 <] RS / HY
o] ] »in
0.5 wond B2 / IS
. i SRR g’:‘: / :.::.:
0 " IR SlslZ1ss
UCID

Bl 13

4.4 BITETEIS

B SCHRT W AE B R R BI N R #E E R
ReL A A IS = 7. Hoh N 45 B A 1 55 4T I 1]
W B e TP R . AR AR S A AR R
3 N T B g b RO L AL B LA Rk
A A5 BB IBOR BRI SL 7 A3 43 Ferbir 4 A0

® 10 NEMAEWETHEL

AN [ J7 B AE = A B 48 P 7 B iR AR

N AT & 5. A T A SO S B N2
F A5 % 1932 1T . 7E CPU J Intel(R) Core(TM)
i5-6200U, F 454 2. 30 GHz, N 17K 4. 00 GB(3. 89 GB
AR B A 1 E B R . FE Windows 10 2 /E R G2
Matlab R2016a 5255 F- 5 XF 804 4 A [ R/ iy
FIMGHL 10 YA 17 S35 st a) L 25 Rk 10 s,

(Qifj : s)

Elf% K/ EPE-HCRDH,2018M%) TMP,2018%°) PBTL,2019/'8) ERLC-BMPR.20192) IPBTL,2020122) MPHC,2020°%%) A 08 ¥
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
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AT LUA L SCHRC18 ] PBTL 508 VRBE J5
% AT A B R T AT BRI 4R A i T ]
L. EF N ¥ RRBE () J7 & v, SCilik L1919
EPE-HCRDH %3 MSCHk[ 20 189 TMP 5895 . W& B
A B AESAAT G0 3 i 200 B 1 A7 MSB A 2 {3
MSB -4 B 5 22 7 B 45 S A7 20 2 B o b
A B s AT AR s T SCEk[ 21 ] ERLC-BMPR 5
VA BN A A R e L L TR B R A AT E
R 4 Jie i I 18] 520 s ek [ 22 19 IPBTL Rk
HI N2 BT A AR Al PN 45 2 R AT — SO AR IC . B A
1847 I AL s A SCRSCR[ 23 T MPHC 3k 1
PG 0 %% /i Xt 22 47 MSB 3 17 07 B AR i, =3 1) &
B DX A A7 s 4 1 2 4 5 XL AR S0 R A L AR
TCAE A ME R 20 AT SR OE D A Y K g
J7 2 i MPHC 8095 5% I BUE S 7 1R i 2K 5 25
7 3 T 2 — 58 W I 8] R B E e S 7 5 5
PrBRIC R X I 56 & o 26 10 m]H AR SO TR 2
Frif[a] b4 BUE SO 7 ) MPHC 53k, 7E B R
/N 512X 512 I AR SRR I N AR BT A & as 47 I ]
2. 18 s AR Al 452 BT ] n] R B S Y N
Y5t

204 T o) 2 % ST 30 A S RO A L —
Je A AT A SCHE T SCHR 23[9 i 1 — il ik
T I L Kt g T 114 S IRl 3 i S ROk
A AR AR B R B0 HR i A 25 18] 5 B 1 JL P 7 12
FH EE A SCR AL 18T Hh A 32 8 A9 B 38 40 A1 23 TiE AN [+)
R AYRS T 5R T B 38 I A I R e B A A BE TS
o AR L B 3 TR R AL R 2 Ak, ik
BT R AR BEAb T K A AR A 1
A kWA AT LK D ey Y S A R B %
SVIEBL B 9 JC K A AN $R . R OR 9 T AR T 5
N T A R A 00 e R 3 A7 ] I 4 114
% 77 2 A 5 18 oA it — 2 48 i A AT

2 % x #
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RDHEI method that follows Puteaux et al. ’s work and is an
improved method based on Yin et al. ’s work. As with these
methods, our proposed method allows perfect reversibility
and error-free data-extraction. We aim to obtain the largest
embedding rate. The experimental results show that the
average embedding rate of the proposed method outperforms
Yin et al. ’s work 0.09 bpp, 0.062 bpp and 0.06 bpp on
three datasets BOSSBase, BOWS-2 and UCID, respectively.
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