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Abstract. Data hiding is a technique which embeds secret data into cover
media. It is important to the multimedia security and has been widely studied.
Recently, some researchers paid attention to reversible data hiding methods.
These methods can reconstruct the original image from the stego-image when
embedded data are extracted. In this paper, we extend the hit-pattern-based
reversible steganographic method for vector quantization (VQ) compressed
images. A block is embedded with 2-bit secret data, which efficiently enlarges
the embedding capacity. Also, threshold-bounded hit patterns efficiently keep
the embedded results with high PSNR values. Compared to Chang et a.’s
method and Yang et a.’s method, the experimental results show that the
proposed method has both higher capacities and better PSNR values.

Keywords: Date hiding, Reversible data hiding, Steganography, Vector
quantization, Side match vector quantization.

1 Introduction

Data hiding is one of the most important technologies for the multimedia security.
Digital multimedia can be copied easily or tampered illegally. Therefore, integrity
authentication and copyright protection of digital multimedia have become thorny and
critical issues. For digital images, a lot of data hiding techniques have been proposed
for different purposes, such as secret communication, copyright protection, and
tampering detection [1, 2]. These techniques embed secret messages into original
images and create stego-images.

Digital images are usually stored in compressed formats, such as JPEG, vector
quantization (VQ), and side match vector quantization (SMVQ). Some hiding
schemes based on VQ or SMVQ have been proposed [3, 4]. Fig. 1 shows the process
of VQ encoding where the codebook size and the vector size are 256 and 16,
respectively. The cover image is divided into 4x4 non-overlapping blocks. Then,
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each block finds out the closest codeword from the codebook, and outputs the index
of this codeword to the index table. For example, codeword cw, is selected by the

first block, and index 1 isrecorded in the index table.
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Fig. 1. The process of VQ encoding.

Some data hiding techniques have the reversibility characteristic, which can
recover the original image after the embedded message is extracted [5-10]. In these
developed reversible hiding methods for original images, the difference expansion [5-
7] and the histogram [8-10] are two mainly technologies. On the other hand, some
reversible hiding methods for VQ-compressed images have been proposed [11-18].
These methods refer to owning the ability of extracting hidden data and recovering
the embedded results into the origina VQ codes or the SMVQ codes. In those
developed reversible hiding approaches based on VQ or SMVQ, they can be
classified into three categories according to their outputs: images as outputs [11, 12],
legitimate VQ codes or SMVQ codes as outputs [13, 14], and VQ codes or SMVQ
codes with additional control messages as outputs [15-18].

() Imagesas outputs.

After data are embedded, some approaches are limited to producing images as
outputs [11, 12]. Chang et al.’s method [11] is SMVQ reversible. Another Chang et
al.’smethod [12] isVQ reversible.

(2) Legitimate VQ codes or SMVQ codes as outputs.

After data are embedded, the legitimate VQ codes or SMVQ codes are as outputs
[13, 14]. In Chang et al.’s reversible hiding method [13], it is based on the side-match
approach and utilizes the local characteristics of the image. In Chang et al.’s method
[14], they proposed a modified side match vector quantization (SMV Q) technique.

(3) VQ codesor SMVQ codes with additional control messages as outputs.

After data are embedded, the outputs contain some leading messages within VQ
codes or SMVQ codes [15-18]. In Chang et al.’s method [15], it is based on a
declustering strategy and takes advantage of the local spatial characteristics of the
image. In Chang et a.’s method [16], they used a VVQ codebook, which was clustered



into three groups, to achieve secret concealment and data recovery. In Yang et a.’s
method [17], a sorted VQ codebook is divided into 2° clusters and half of clusters are
used to embed secret data. Chang et al.”s method [18] embedded a secret message into
VQ indices of an index table during the process of compressing the index table by the
block-by-block manner.

In this paper, we extend the hit-pattern-based VQ reversible hiding scheme to
embed more than one bit of secret datainto a block [19]. Both input and output of our
method are legitimate VQ compressed codes. Also, the original VQ compressed codes
can be recovered after the embedded data are extracted. In our method, the codebook
is partitioned into state codebooks for each processed block by the extension method,
in which each codeword of a state codebook finds its closest codeword from the
remained codewords as the corresponding codeword of the next state codebook. In the
embedding process, the threshold-bounded hit patterns which deal with conflict cases
are small and are easy to be embedded together with secret data. The remainder of
this paper is organized as follows. In Section 2, Chang et al.’s method is introduced.
Our proposed method is presented in Section 3, and the experimental results are
shown in Section 4. Finally, we draw our conclusionsin Section 5.

2 Literaturereview

In this section, Chang et al.’s reversible embedding method is introduced [13]. They
used the concept of SMVQ to create three state codebooks Gy, G;, and G, for each
processed block X. Figure 2 shows the relationship of three 4x4 blocks, where
block U is the upper adjacent block of X and block L is the left adjacent block of X.
Both U and L have been encoded. First, the border values of X are temporarily
assigned by its upper and left adjacent blocks U and L, such that Xy = (uyp + 13)/2, X3 =
Uz, Xo = Ugg, X3 = Ugs, X4 = |7, Xg = 13, @and x5 = I35. Second, the seven assigned values
are used to search the n closest codewords Y; ’s according to the following equation:

DY) =3 (%, =¥,)* + 3%~ i) @

where n is the size of the state codebook, x; and y;; are jth elements of X and Y;. Then,
the n closest codewords are used to construct a state codebook. Finally, the codeword
of the state codebook with the minimum Euclidean distance from X is used to encode
X.
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Fig. 2. Block X and itsleft block L and upper block U.

The input of Chang et al.’s method is a VQ-compressed image (i.e., a VQ index
table). For convenience of description, referring to a block as “X” means that the
block is reconstructed from the corresponding VQ index. In their method, blocks of
the first column and the first row are unprocessed. Then, from left to right and from
top to down, each block X is processed by the side-match concept. For each block X,
three state codebooks G, G;, and G, with the same size are created. Fig. 3 shows an
example of constructing Gy, G;, and G,, where the size of Gy, G;, and G, is 4 and the
size of the super codebook is 16. In the initial stage, the codewords of the super
codebook are clustered as shown in Fig. 3. Gy is constructed by the side-match
prediction of X, where the 4 closest codewords are selected from the super codebook
by the distance function defined in Eq. (1). Then, each codeword cw; of Gq
successively finds its closest codeword in the same cluster as the corresponding
codeword of G;. If a codeword of G, can not find its closest codeword, the
corresponding position of G; is set to null. The finished corresponding state codebook
G; should satisfy G,NG,=¢ and V_, cw, cw, G, cw =cw,. For example,

as shown in Fig. 3, codeword cw, of G, finds the closest codeword cw; as the
corresponding codeword of G;. Codeword cwg of Gy cannot find the closest codeword
fromits cluster. Then, the corresponding position of G; is set to null.

After Gy and G; are constructed, they can be used to perform the embedding
process. If X isequal to the ith codeword of Gy and the ith codeword of G, is available,
one secret bit is embedded in X. If the secret bit is 0, X is unchanged; otherwise, X is
replaced with the ith codeword of G;. If the ith codeword of G; is null, X cannot
embed any secret bit. However, if X is in G;, X must be replaced with the
corresponding codeword of G,. Moreover, in order to recover X correctly, ther
method creates state codebook G, for X and guarantees that X is not in G,. A hit map
records which codeword is possible or is not possible to be equal to X. For example,
as shown in Fig. 3, codeword cw; of G; finds its closest codeword cws from the
codewords with hit rates of zero. If aposition of G, is null, the corresponding position
of G, is set to null. The third state codebook G, should also satisfy the following
conditions: G,NGNG,=¢ and V,  cw, cw, €G,, cw #cw,. The hit map is



created by training each block X as follows: If X is equal to the ith codeword of its
sorted codebook, the ith bit of the hit map is set to 1. Otherwise, the ith bit of the hit
map remains as 0. The sorted codebook consists of the codewords sorted by Eq. (1) in
the super codebook. Moreover, in order to enlarge the number of positions with hit
value 0, 12 hit maps are proposed and separated according to the smoothness in the
neighborhood of each block X.
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Fig. 3. Anexample of generating Gy, Gy, and G..

3 Our proposed method

Yang et a. has proposed a hit-pattern approach to perform a VQ reversible scheme
[19]. Compared to the size of Chang et a.’s multiple hit-maps [13], the hit-pattern is
much smaller. Moreover, the hit pattern is easy to be embedded together with the
secret data. The drawback of the hit-pattern approach is that the PSNR values of the
embedded results are worse. In this section, we extend the hit-pattern-based VQ
reversible hiding scheme to embed multiple bits into a block [19]. Also, threshold-
bounded hit patterns are proposed to improve the PSNR results. The following
descriptions show the case that the embedding size of ablock is 2 hits.

3.1 Reversible hiding scheme

For convenience of description, as shown in Fig. 2, the current processed block is
named as block X, and the left block and upper block of X are L and U, respectively.
The flowchart of processing block X is shown in Fig. 4. Firstly, codebook C is



partitioned into m state codebooks, S, S, ..., Sn1 With the same size, where S is
caled the embedding state codebook, S;, S, ..., Sns are caled the middle state
codebooks, and Sz, Sna, Sni are caled the final state codebooks. S, is generated
based on the SMVQ method, which uses left block L and upper block U to predict and
select codewords from codebook C. S is generated by using codewords in S_; to find
their closest codewords from remained codewords in C, wherei =1, 2, ..., m=1. This
extension method can reduce the distance between each pair of corresponding
codewordsin S_; and S. Now, X will fall into one of the three following cases.

Case (a): If the block X is equal to the ith codeword of S, the embedding processis
invoked. If the to-be-embedded bits are 00, X remains unchanged; on the
other hand, if the to-be-embedded bits are 01, 10, and 11, X is transformed
into theith codeword of S;, S, and S, respectively.

Case (b): If block X is equal to the ith codeword of one middle state codebook §, X is
transformed into the ith codeword of S.s. If the original X isin Sy, Sus,
and S, 4, ahit bit 0 is outputted.

Case (c): If block X is in the final state codebooks Sz, Sna, S, @ hit bit 1 is
outputted and X remains unchanged.

The overview of our embedding and transforming strategy for block X is shown in

Fig. 5. Arrows show the transforming rules. Two secret bits are embedded when X is

in S, and one hit bit is created when X isin Sn6 Sus, ... Spa.
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Fig. 4. The embedding flowchart of block X with 2 embedded bits.
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Fig. 5. Thetransforming rule of our embedding method.
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3.2 Embedding algorithm and extracting algorithm

The algorithm of our reversible embedding method is presented below. Both input
and output of our algorithm are index tables, which are legitimate VQ compressed
codes.

Algorithm Embedding

Input: Index table I, codebook C, secret W

Output: Embedded index table| ', hit pattern H

1. Indexes belonging to the first row or the first column of | do not participate in the
embedding process. For each index |; in the first row or the first column, set I;' =
li.

2. From left to right and from top to down, process each remained index I; by
executing Step 3 ~ Step 6.

3. Forindex I;, construct state codebooks S, S, ..., Sya from codebook C.

4. Ifl; € S, two bits are embedded. If the to-be-embedded bitsin W are 00, set |}’
= |;. If the to-be-embedded bits in W are 01, 10, and 11, set |;' to the
correspondingindex in S;, S;, and S, respectively.

5 Ifli € §andj =1, 2, ..., m4, no embedding. Set index |;' to the corresponding
index in Sus. If Ii & Sye, Sis, and Sy4, OULPUL & hit bit O to hit pattern H.

6. Ifl; € Sna Swo and S;1, N0 embedding. Set I} = I;, and output a hit bit 1 to hit
pattern H.

Figure 6 shows an example to describe the embedding process, where 32 state
codebooks are used. Indexes located in the first row or the first column of the index
table remain unchanged and are used as seek blocks. Then, the other indexes are
performed by executing Step 3 to Step 6 from left to right and from top to down. Each
index needs to construct its own state codebooks S, S, ..., Sn1- However, in Fig. 6,
state codebooks are fixed for the purpose of ease explanation. The first index 46
belongs to . Therefore, Step 4 is executed. Because the to-be-embedded secret bits
are 10, so |;' is set to the corresponding index 13 in S,. Next, index 44 is processed
and it belongsto S. Therefore, Step 4 is executed. The to-be-embedded secret bits are
00, so I;' is set to 44. The third index is 89 in &, and the to-be-embedded secret bits are
11, so |;" is set to the corresponding index 15 in S;. The fourth index is58 in ) and the



to-be-embedded secret bits are 01, so |} is set to the corresponding index 69 in S,. The
next index is 27 in S, Step 5 is executed. There is no embedding and |}’ is set to the
corresponding index 29 in S,. The sixth index is 13 in S, there is no embedding and I}’
is set to the corresponding index 20 in S5, The next index is 10 in Sy Therefore, Step
5isexecuted. I;' is set to the corresponding index 99 in Sy and a hit bit O is outputted.
The eighth index 65 isin S. Therefore, Step 6 is executed. |;' is set to 65 and a hit bit
1 is outputted. The ninth index 80 is in S,;. Therefore, Step 5 is executed. |Ii' is set to
the corresponding index 88 in S; and a hit bit 0 is outputted.

S 8 8 S; Ss S Sar S Sw Sy Y
88

46|44 (89 4| 13 20 13 44|15
s8|27]13 [15] % = 69[29[20
10|65 |80 - 69 5 99 65|88
Index table - T Embedded index table

Sceret bits = 10001101 ... Hit pattern = 010...

Fig. 6. Anexample of our embedding method.

The algorithm of the reversible extracting scheme is presented as the following
steps:
Algorithm Extracting_and_Reversing
Input: Embedded index table | ', codebook C, hit pattern H
Output: Original index table |, extracted secret W
1. Indexes belonging to the first row or the first column of | ' do not participate in
the extracting process. For each index I;" in the first row or the first column, set [;

2. From left to right and from top to down, process each remained index I;' by
executing Step 3 ~ Step 9.

3. Forindex I}, construct state codebooks S, S, ..., Sy.1 from codebook C.

4. Ifl;' € S, extract bits00toWand set |; = 1;".

5. Ifl;' € S, extract bits 01 to W and set |; to the corresponding index in S,.

6. Ifl;' € S, extract bits 10 to W and set |; to the corresponding index in .

7. Ifly' € S extract bits 11 to W and set |; to the corresponding index in .

8. Ifli' € §Sandj=4, .., m4, setl; to the corresponding index in S_s.

9. If ;' € Sn3, Sno, S and the to-be-processed hit bit in H is O, set |; to the

corresponding index in Sye, Sns, Sna if i € Sna, Swa Swi and the to-be-
processed hit bitinHis1, setl; = I}

Figure 7 shows an extracting and reversing example, where the embedded index
table is created from Fig. 6. Similarly, indexes located in the first row or the first
column of the embedded index table remain unchanged. The other indexes are
performed by executing Step 3 to Step 9. Each embedded index |;' needs to construct
its own state codebooks, which are the same to the state codebooks created by index I;
for the reason that indexes |;' and |; have the same left index and the same upper index.
In Fig. 7, state codebooks are fixed as Fig. 6. The first embedded index I;' is 13 and it
belongs to S,. Therefore, Step 6 is executed. The secret bits 10 are extracted and | is



set to 46. Next, the embedded index |;' is 44 and it belongs to S,. Therefore, Step 4 is
executed. The secret bits 00 are extracted and |; is set to 44. In the third index, I;' = 15
belongs to S;. Therefore, Step 7 is executed. The secret bits 11 are extracted and |; is
set to 89. In the fourth index, I;' =69 isin S;. Therefore, Step 5 is executed. The secret
bits 01 are extracted and |; is set to 58. The next index is29in S;, Therefore, Step 8 is
executed. |; is set to the corresponding index 27 in S;. In the sixth index, I;' = 20 isin
S. Therefore, Step 8 is executed. |; is set to the corresponding index 13 in S,. The
next index is 99 in Sy Therefore, Step 9 is executed. Because the to-be-processed hit
bit is O, I; is set to the corresponding index 10 in Sy. The eighth index 65 isin S,.
Therefore, Step 9 is executed. Now, the to-be-processed hit bit is 1. Therefore, |; is set
to 65. Next index is 88 in S, Therefore, Step 9 is executed. Because the to-be-
processed hit bit is 0, |; is set to the corresponding index 80 in Sy,.
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Fig. 7. Anexample of our extracting and reversing method.

3.3 Threshold-bounded hit patterns

Our hit pattern is different to Chang et al.’s hit map. In Chang et a.’s hit map, its size
is fixed and equal to |C| , the number of codewords in codebook C. Twelve hit maps

are used in their method. Therefore, the total size of their hit mapsis 12x|C| bits. In

our hit-pattern strategy, a hit bit is created only when X isin Sy, Sns, «.., Sn1, Where
its probability is very little.

In order to adjust our hit pattern size flexibly, a threshold TH is used and the
transferring rule and hit-bit-generating rule shown in Fig. 4 are modified. For each
block X, suppose that X’s closest codeword belongs to § and is denoted as cw;. Let
CWp, CWj, ..., CW, 1 be codewordsin S, S, ..., Sni, respectively, with the same position
which equals to cw;’s position in S. As shown in Fig. 8, al codewords are listed in
order, including two additional dummy codewords cw.; and cw,, Let DS(cw;, CWi.3)
mean the Euclidian distance between codewords cw; and cwi.s If DS(cw;, cwi.3) > TH,
edge(cwi, cwi.3) is denoted by a bold line. Otherwise, edge(cw;, cwi.s) is denoted by a
thin line. Note that edge(cw.;, cwp) is defined as a thin line and edge(cwiy, 1, CWy,) is
defined as a bold line. Then, the new transferring rule and hit-bit-generating rule are
shown below:

(1) Block X can be transferred from § to S.; only if DS(cw;,cwi,5) < TH.

Otherwise, the transfer is forbidden and X remains unchanged.

(2) Let cw; be the final encoded result of X. Note that cw; could be cw; of cwi.s.
Then, a hit bit is created when DS(cw;, cwi,3) > TH and DS(cw.3,cw) < TH
asfollows:

Case (8): cw; = cwpand DS(cwy, cwy), DS(cwo, cws), or DS(cwy, cws) > TH



If the to-be-embedded bit is 0, bit O is embedded and a hit bit O is
created. If the to-be-embedded bit is 1, bit 1 is embedded and a hit
bit 1 is created.

Case (b): cw; # cwg
The created hit bit is 1 or 0 according to cw; = Cw; Or CwW, = CWi4g,

respectively.
B CWing CWis CWard W3 Wi CWint CWpy
e '\!‘ R QOO0 QOOOOO
hit bit hit bit hil bit

Fig. 8. Thetransferring rule and hit-bit-generating rule.

4  Experimental results

In this section, some experiments were performed on an Intel Core 2 T5500 1.66 GHz
NB with 2 GB RAM and the Microsoft XP operating system. Our methods are
implemented by C language. In the experiments, cover images are 512x512 gray
images. Also, the secret is a random bit strings. The codebook has size 512 and is
created by the Linde-Buzo-Gray (LBG) agorithm, and the size of a state codebook is
16. We used the peak signal-to-noise ratio (PSNR) to quantify the stego-image quality.
Figure 9 shows the VQ cover images Lena, Sailboat, Baboon, and Peppers. In the
experiments, we set a threshold (TH) to limit the transfer from a state codebook to its
next state codebook. The bounded rules are shown in Section 3.3. Also, state
codebook rows participating in the embedding and transferring operations are limited.
A state codebook row means the codewords located in the same position of all state
codebooks S, Sy, ..., Swi- An active size s is used such that only the front s rows
participate in the embedding and transferring operations. If block X is equal to a
codeword of the m— s hind rows, no embedding and no transferring is done.

© @

@)
Fig. 9. Four VQ cover images. (a) Lenawith a PSNR of 32.24 dB. (b) Sailboat with a

PSNR of 29.25 dB. (c) Baboon with a PSNR of 24.70 dB. (d) Peppers with a
PSNR of 31.40 dB.




Table 1 shows the results of our method with different active sizes and Chang et
al.’s method [13]. When the PSNR values are similar, our hit-pattern sizes with active
sizes is 2 and 4 are smaller than their hit-maps size and all our payloads are much
higher than theirs. Chang et al.’s multiple hit mapsneed 512x12 = 6144 bits, where
512 is the codebook size and 12 is the number of hit maps. Note that secret data and
hit maps cannot be embedded together in Chang et a.’s method. However, it is very
possible to embed hit patterns successfully in our methods. In the experiment, only
few hit-pattern bits cannot be embedded for images Baboon and Sailboat. The
numbers shown in parentheses represent the numbers of un-embedded hit bits. For
example, four bits of the 697 hit bits cannot be embedded for images Baboon when
the active size is 2.When active sizes are larger, our payloads become larger. But, the
hit patterns become larger too. When the active size is 8, our averaged hit-pattern size
is close to Chang et al.’s hit-map size and our averaged payload is about 253% of
theirs.

Table 1. Comparisons between our method with different active sizes and Chang et

al.’s method when PSNR results are similar.

Methods Measures Lena Baboon | Sailboat | Pepper | Average
Changet| Payload (bits) [8707 3400 7601 8421 7032
al.’s PSNR (dB) 30.23 24.04 28.00 29.15 27.86

method | Hit-mapssize [6144 6144 6144 6144 6144

Payload (bits) |10606 3058 10702 11248 8904

Active PSNR (dB) 30.25 24.04 28.00 29.16 27.86

size=2 | Hit-paternsize |906 697(4) 3058(2) (1653 1579

TH 205 240 185 235 216

Payload (bits)  |15882 5258 15166 16538 13211

Active PSNR (dB) 30.24 24.05 28.04 29.20 27.88

sze=4 | Hit-patternsize |4877 1940(1) |5394(1) [5314  |4381

TH 155 185 151 150 160

Payload (bits) (21494 8574 19504 21850 17856

Active PSNR (dB) 30.26 24.05 28.10 29.21 27.90

size=8 | Hit-patternsize |7646 3640(3) [7395(2) |7938 6655

TH 130 150 137 125 136

Payload (bits) {23900 10812 21760 24392 20216

Active PSNR (dB) 30.27 24.04 28.04 29.18 27.88

size=12| Hit-patternsize |[8710  |4887(5) |8327(3) [9039 7743

TH 124 139 136 123 131

Payload (bits)  [25380 12516 23296 26004 21799

Active PSNR (dB) 30.25 24.08 27.99 29.19 27.88

size= 16| Hit-patternsize [9342 5734(1) [9081(10) |9692 8462

TH 122 128 135 121 127




Table 2 shows the results of our method and Yang et al.’s method [19] when the
PSNR values are similar. The parameters of our method are that the active size is 16
and TH is 250. The results show that our averaged pure payload 21799 — 3497 =
18302 is much higher than their averaged pure payload 10677 — 110 = 10567, where
the pure payload means the size of payload minus the size of the hit pattern.

Table 2. Comparisons between our method with active size = 16 and TH = 250 and
Yang et a.’s method when PSNR results are similar.

Methods Measures Lena Baboon | Sailboat | Pepper | Average
Yang et Payload (bits) |27.72 21.83 25.72 25.99 25.32
al.’s PSNR (dB) 12665 6242 11621 12178 10677
method Hit-mapssize |74 198 114 52 110

Payload (bits)  |27.31 22.58 25.59 27.02 25.62

Our

method PSNR (dB) 25380 12516 23296 26004 21799

Hit-pattern size  |3311 3358(3) 4192 3126 3497

Table 3 shows the run time of Chang et al.’s method, Yang et al.’s method and
our method, where Yang et a.’s method and our method pre-construct the lookup
table recording the distance between each pair of codewords. The time of pre-
constructing the lookup table is about two seconds, which is included into the time
shown in Table 3, in spite of the fact that lookup table can be created once then used
for each embedding process. Our averaged run time is calculated from all cases with
TH =100, 150, 200, 250, and «. The run-time results show that our method is faster
than Chang et al.’s method and is little Slower than Y ang et al.’s method.

Table 3. The comparison of averaged run time.

Chang et Y ang et a.’s method Our proposed method
al.’s method with lookup table with lookup table
Runtime 36.6 30.3 313
(seconds)




Figure 10 shows the relationships among the PSNR, threshold, and pure payload
(numbers above the curves) of our proposed method with different active sizes. For a
given active size, the payload of a test image is fixed. Larger TH values result in
smaller hit-pattern sizes. Therefore, the pure payloads become larger. However, larger
TH values result in lower PSNR values. Compared to Chang et al.’s averaged pure
payload 7032 — 6144 = 888, our method creates a lot of spaces for embedding secret
data.
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Fig. 10. Relationships among the PSNR values, thresholds, and pure payloads
(numbers above the curves) of our proposed method with different active
sizes. (a) size=2, (b) size=4, (c) size= 8, and (d) size=16.

5 Conclusions

In this paper, we successfully extend our VQ reversible data hiding scheme to embed
multiple bits into a block. The embedding capacity is largely increased by this method.
Threshold-bounded hit patterns are proposed to adjust hit-pattern sizes and PSNR
values. Compared to Chang et a.’s method, our proposed method has larger
capacities and better PSNR values. Moreover, most of our hit patterns can be
embedded together with the secret data.
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