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A novel Reversible Data Hiding Scheme based on
Modulo Operation and Histogram Shifting
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ABSTRACT

In 2009, Tsai et al. proposed reversible image hiding scheme using linear prediction coding and
histogram shifting. Tsai et al.’s scheme improved the hiding capacity of Ni et al.’s scheme by using
the prediction coding and two histograms. However, Tsai et al.’s scheme has problems. In the prediction
coding, the basic pixel is not used from embedding procedure. Many additional communication data are
generated because two peak and zero point pairs are generated by each block. To solve the problems,
this paper proposes a novel reversible data hiding scheme based on modulo operation and histogram
shifting. In experimental results, the hiding capacity was increased by 28% than Tsai et al.’s scheme.
However, the additional communication data was decreased by 71%.
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F7F g dolg =7) LM gulEY} "k

4. o

oo

21t

o] ZellME Tsal 59 WHI £ =&A Altst
W] A3 AAE vlwste] A E AT 512512
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FE7F AdE olwl Ao, PSNR gkel

H B2
oA FH&

X 1olA= 3x3
o]

HARE 4 F HAEE o 7o 52.18dBE 2.21bB wHEF 7E.¢é}9iz1 g o A3
v A 1071 ©]-&-3te] vtk Lena o] 7| A of A 50dB o]d 2.2 o]u|x|e] sfjFo] At FES Tsal 5
A3 A7 Tsai 59 WM E 93044 BIES & of WHNE I e WHIst FHL o)A
7 4 3 vY HEIF AYE olu) A9 PSNR & (smooth image)®} A 3t Wgrt B2 o]n| A
54.14dB o™, Aotk WHE 1123390 ES =2 F (edge image)oll A HIE ARE &2 4 A= 49
A3, PSNR #-2 52.18dB °] ¥tk & ¥H-& vlws} ztol7h 1RF HIE o] e AL B & AAT At
AL W, HL ARE 4 F e °oh3— 19,295 HIE 3 o M= om 2] Ao Adglo] B HR
wE Z7lst9em, PSNR #& 1.96dB WHE 748t 5 4 F Axe FF oHA Y dfFo] FFT AES
At} dAwH PSNR 7S 30dB ol*o° ) ARSHe] E 4 At

TORE oluX 9 xS & F glo] v HrI} I 29 B 3 BEES tusiA Festke v
FARA Ag B27] Wi, on| x| o] Hria = 4 F Jde I o)uAY g3 Hlwst
g

+
%2,
o

ot

=

o
Or

fo

Q) 4

= A ek
= uf B HET 25305HE
= Z

A= %ﬂ“ﬂ HY YRS #2 F

Z7hek A

2y 7|

ZED AN SIAETY 0[S0 7|HE MER 719 FE 2

-

Hol 112,426V EZ Tsai C«]
E E T A)\ PSNR

E 1. Tsai S92 YT Motst 2ol H|Y HEE =Z + U= LT o[0|X[e] A=HE Hlw (3X3 EF)
Tsai 59 Wd Atk W
Test images - - -
Capacity (bit) PSNR (dB) Capacity (bit) PSNR (dB)
Lena 93,044 54.14 112,339 52.18
Airport 80,842 55.19 112,437 52.19
F16 97,977 53.70 112,439 52.15
Baboon 70,470 56.31 113,605 52.19
Boat 82,995 55.15 113,550 52.17
Man 88,052 51.81 114,216 52.24
Peppers 88,756 54.51 111,651 52.18
Toy 101,693 53.20 109,216 52.13
Village 83,632 55.02 112,480 52.16
Woman 83,750 54.85 112,322 52.18
Average 87,121 54.39 112,426 52.18
E 2 Tsal 59 4ol 25 37|¥ H|Y MEE &2 F U= 2o} o[0|X|e A=FH=
2x2 block 3x3 block 4x4 block 5x5 block
Test images Capacity PSNR Capacity PSNR Capacity PSNR Capacity PSNR
(bit) (dB) (bit) (dB) (bit) (dB) (bit) (dB)
Lena 113,814 54.30 93,044 54.14 78,310 53.64 68,155 53.11
Airport 109,154 54.67 80,842 55.19 65,518 54.95 55,569 54.48
F16 117,903 54.01 97,977 53.70 83,175 53.25 73,058 52.81
Baboon 104,197 55.03 70,470 56.31 54,184 56.84 44 478 56.84
Boat 108,609 54.71 82,995 55.15 67,714 55.03 57,903 54.53
Man 112,178 51.78 88,052 51.81 71,935 51.76 61,710 51.58
Peppers 111,261 54.51 88,756 54.51 74,155 53.99 64,500 53.32
Toy 118,292 53.92 101,693 53.20 90,495 52.50 82,522 52.10
Village 110,416 54.59 83,632 55.02 68,217 54.92 57,761 54.60
‘Woman 109,573 54.56 83,750 54.85 68,087 54.62 58,134 54.26
Average 111,540 54.21 87,121 54.39 72,179 54.15 62,379 53.76
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E 3 Mokt o] E5 37| Y HEE 52 5 Js YT o[0]X|e =™ =
2x2 block 3x3 block 4x4 block 5x5 block
Test images Capacity PSNR Capacity PSNR Capacity PSNR Capacity PSNR
(bit) (dB) (bit) (dB) (bit) (dB) (bit) (dB)
Lena 171,829 51.70 112,339 52.18 82,364 52.31 63,535 52.32
Airport 171,523 51.71 112,437 52.19 80,607 52.37 61,033 52.51
F16 169,316 51.72 112,439 52.15 83,488 52.24 66,042 52.29
Baboon 172,085 51.71 113,605 52.19 81,805 52.44 61,967 52.56
Boat 172,402 51.72 113,550 52.17 82,280 52.37 62,258 52.49
Man 171,563 51.80 114,216 52.24 84,676 52.40 66,084 52.49
Peppers 171,668 51.72 111,651 52.18 80,349 52.33 61,121 52.41
Toy 167,960 51.73 109,216 52.13 83,113 52.17 69,216 52.10
Village 170,946 51.72 112,480 52.16 81,510 52.37 61,908 52.48
Woman 170,927 51.73 112,322 52.18 81,334 52.38 62,455 52.49
Average 171,022 51.73 112,426 52.18 82,153 52.34 63,562 52.41
Fol Z7BHE AL B 5 QAW BEL A G5 olEe] Fo] 44008 BES] T, 3x3 LFo) A9 Tai
& FHoigt A&k o] ol A F7F AF 5o WA F71 AE dlolEl o] o] 924800H1E
OB 7} AX & AZF AT} A9k, Al W Z AR oM e EE9 V& 9 HY HR
NX= Ak Hagk S g 554 & 4 A g F2 F U & FVHIIIEAME Tsal 9 W
ste] 37 A% dlolEe] e Farlzh Mol F7) A% HlolE o) o) 489 wrel W) 9
E 44 <= Lena °|P] A oA Tsai &< WH= = A& E 7 ATk
AreE W el F71 W vlolE 9] g vl T3 o5 ojn Ao digk AReAe v A
3x3 EE A At I Tsai 59 WHEG 5374 vlzs g4 gho] Wol| X35t HY JRE
Z7h A% volEle] o] 71% AAHE AL B & FT 5 UE P /4L 1228 MES IA 4T
At 2x2 BFANA ALH YW Fh AE W @ ARG Aol 2X Gk

T = 2x2 block 3x3 block 4x4 block 5x5 block
Tsai 59 ¥ 2,097,152 924,800 524,288 332,928
A gk v 444,003 265,786 180,361 124,007
T a2 & 78% 71% 65% 62%
E 5 9|F o|O|X|o|M Tsai S9| &Hnt Mokst ghHo| HIY HEE &2 = JUs 21 o[0|X|9| H=HT H|W =3 =)
Tsai 59 B4 Ae g
Test images - - - - -
Capacity (bit) PSNR (dB) Capacity (bit) PSNR (dB)
a 101,996 53.80 120,160 52.06
b 146,624 54.10 169,465 54.16
c 118,981 52.51 115,467 52.03
d 98,769 54.07 117,717 52.11
e 119,339 52.51 116,568 52.01
f 104,502 53.14 112,809 52.11
g 205,949 52.09 235,778 51.38
h 104,380 53.09 110,644 52.13
Average 125,068 53.16 137,326 52.25
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