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Abstract 
In recent years, there are many reversible data hiding scheme proposed. Most 

schemes are guaranteed that the original cover image can be reconstructed completely. 
When the secret data are hidden in the compression image, the receiver need to extract 
the secret data, reconstruct the original cover image, and compress the image to save the 
space. In 2006, Chang et al. [5] proposed a reversible data hiding scheme based on 
SMVQ (Side Match Vector Quantization). Their method can extract the secret data and 
reconstruct the SMVQ-compressed cover image. In this paper, we proposed a 
capacity-enhanced reversible data hiding scheme. The hiding payload size of secret data 
of our proposed scheme is more than that of both Chang and Wu and Chang et al.'s 
schemes for VQ-based and SMVQ-based compressed images. 
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1 Introduction 
 
Data hiding is a technique that hides the secret data in the digital cover image [1, 4, 5, 6, 
10, 12, 13, 15, 18, 19, 21]. The secret data means the information we want nobody to 
know but some specific people. However, the traditional data hiding has a disadvantage; 
in fact, the original cover image may be changed during the data hiding process. In order 
to restore the cover image when decoding the secret data, some researchers proposed the 
reversible data hiding. 
 

The first reversible data hiding scheme was proposed by Barton in 1997 [2]. This 
method is to compress bits and hide the data and payload in the host image. After 
retrieval, the host image can be restored by the modified bits with the compressed bits 
and payload. After Barton's scheme, there are many researchers presenting various 
schemes [7, 20, 21]. 
 

Because of the limited bandwidth, the networks can not maintain heavy-size 
multimedia files. In order to resolve this problem, many compressed image data methods 
were proposed, such as VQ (Vector Quantization) [9], SMVQ (Side Match Vector 
Quantization) [11], JPEG [16], and JPEG 2000 [17], etc. 
 

Vector Quantization (VQ) [8, 21, 4] is one of the image compression techniques. 
Using this method, first we need to train the codebooks. There are many training methods, 
e.g., LBG method [14]. Suppose the finite set }1,...,1,0|{ −== nicC i  is the codebook 
size n, where },...,,{ 21 imiii cccc = is the m-dimension codeword size. And we divide the 
image I into non-overlapping blocks. When the j-th block

jXI wants to find the best 

codeword, usually we will calculate the Euclidean distance between
jXI and each 

codeword in codebook C to find the shortest codeword ck by the following equation: 
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The k is the index of the current block. When we decode the image I, 
jXI is decoded 

by Ck. This method is very simple and efficient, but it still has limitations. Because the 
block and its neighboring blocks are all independent, usually, there are visible boundaries 
between blocks. SMVQ can solve such problem. 
 

In 2005, Chang and Wu proposed a hiding scheme using SMVQ and VQ [6]. They 
use two mapping tables, listVQ and listSMVQ to check whether it matches the secret data. 
For SMVQ, if it does, they will calculate the distance between the original block and the 
compressed block. If the distance is less than THSMVQ, the index in subcodebook will be 
stored in the compressed code; otherwise, it will use the VQ to hide the secret. If the 
distance is greater than THVQ, the block will not hide the secret data. In their method, the 
payload size of secret data is small, and the stego-image can not be restored by the 
compressed code. Moreover, they need to store the extra mapping tables for the sender 
and the receiver. 
 

In 2006, Chang et al. proposed a reversible scheme based on SMVQ [5]. The secret 
data are hidden in the SMVQ compressed cover image. And after extracting secret data, 
the original SMVQ compressed cover image can be completely restored by this method. 
And the reconstructed compressed data can be stored to save space and be reused for 
other purposes. In their method, the payload size is also small. And when they hide the 
data, they need to process the multiply operation. 
 

In this paper, we proposed a capacity-enhanced reversible data hiding scheme based 
on SMVQ. The secret data are hidden in SMVQ compressed cover image in our scheme. 
In addition, we don't hide the secret data in the first row and the first column that are 
compressed by VQ. In each pixel in a residual block, we could hide a secret bit. 
Therefore, it could hide larger capacity of secret data using our scheme than that using 
Chang-Wu [6] and Chang et al.'s [5] schemes. 
 

This paper is organized as follows: Section 2 introduces SMVQ and Chang et al.'s 
method. We propose our method in Section 3. Section 4 gives the experimental results 
and discussion. The final section contains our conclusions. 
 

2 Related Works 
2.1 SMVQ 
 
In VQ, it considers pixels' correlation in one block. When using VQ to compress image, 
every block is independent. In fact, blocks just consider themselves without considering 
their neighboring blocks. This characteristic causes the visible boundaries between blocks. 
SMVQ [11] can reduce this disadvantage because when current block compresses, it 
considers neighboring blocks. It uses the above and the left-hide side of current block to 
predict this block. Following we briefly introduce the SMVQ scheme. 
 



In the SMVQ scheme, we have two codebooks: one is the main codebook which is 
used to compress the first row and first column of blocks in the image. In Figure 1, 
supposing that the current block IX will be encoded, we use the previously encoded 
upper-side block IU and left-side IL block of IX to generate the subcodebook. After 
computing the distortion by the grey values and the codeword in the main codebook, we 
select N least side-match distortions as the subcodebook. Then, we compress current 
block by this subcodebook. 
 

Next, we introduce how to generate the subcodebook as follows. First, we select the 
gray area in IU and compute the upper-side distortion IUD(c) with all codewords c in the 
main codebook C by the following equation: 
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Then, we compute the left-side distortion ILD(c) by the following equation: 
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Finally, we compute side-match distortion of codeword c as follows: 
).()()( cIcIcSMD LDUD +=  

 
After compare with all codewords in the main codebook C, we pick up N code- 

words with least side-match distortion as the subcodebook }1,...,1,0|{ −== NikK i . Here, 
N is a multiple of 2 and is smaller than the size of the main codebook. After choosing 
N-size subcodebook, we use the VQ method to decide the IX's best codeword. This phase 
will be repeated until all residual blocks are encoded. When we want to decode the image, 
we first restore the blocks in the first row and the first column by VQ, and use these 
blocks to predict the subcodebook to reconstruct the other blocks. 
 
2.2 Related SMVQ schemes 
2.2.1 Chang and Wu's scheme [6] 
 
They generate two mapping tables, listSMVQ and listVQ by random seed. In the two tables, 
they contain half 0's and half 1's. The size of listSMVQ is equal to the size of the 
subcodebook, and the size of listVQ is the same as the size of the main codebook. First, the 
image is divided into the non-overlapping blocks, and VQ is used to encode the first row 
and the first column. Then, for each residual block, its corresponding subcodebook is 
created by SMVQ. Each residual block will hide one bit in the secret data. 
 

In terms of one residual block, we first use SMVQ to hide the data. In the 
corresponding subcodebook, the three closest codewords will be found. In terms of the 
first closest codeword, we check the hiding bit and the index in listSMVQ. If the hiding bit 
is matched with the index in listSMVQ, the distance between the original block and the 
compressed block will be calculated. If the distance is less than THSMVQ, the index in 
subcodebook will be stored in compressed code; otherwise it will use the VQ to hide the 
secret. If the distance is greater than THVQ, the second and the third index will be checked. 
If all of them don't match the condition, the block will not hide the secret data. 



2.2.2 Chang et al.'s scheme [5] 
 
There are three phases in their scheme: first is the preprocessing phase, second is the 
hiding phase, and the last one is the extracting and reversing phase. We introduce the 
phases in this subsection. First, we define some symbols: the main 
codebook }1,...,1,0|{ −== nicC i , the subcodebook }1,...,1,0|{ −== NikK i , the SMVQ 
compressed cover image M, subindices },...,1,0|{ rjsS j == and the secret 
data },...,1,0|{ rlbB l == , where }1,0{=lb , and rl ≤≤0 . 
 
1. Preprocessing phase: In this phase, the secret data are encrypted by some known 

methods and are compressed. After this preprocessing, the cover image will be 
encoded by SMVQ for hiding the secret data. 

 
2. Hiding phase: In this phase, the secret data B are hidden in the blocks without blocks 

in the first row and the first column. These blocks are called residual blocks. For 
every residual block, we compute the Euclidean distance between the block and the 
subcodebook to get its closest codeword kx from its subcodebook K. If bl = 0, then kx 
is the content values of the block in the stego-image. Else, we find another codeword 
ky from K which has the shortest Euclidean distance between itself and kx. And 
calculate the approximate codeword, which becomes the values in this block, by the 
following equation: 
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3

12
⎥
⎦

⎥
⎢
⎣

⎢ ×+×
= yx kk

 (1)

We repeat the above processes until we generate the whole stego-image. 
 
3. Extracting and reversing phase: When the receiver receives this stego-image, the 

receiver could extract and reverse the image. First, this image is divided into the 
non-overlapping blocks, and the blocks in the first row and the first column are 
decompressed by VQ. For each residual block, we generate the sub- codebook K by 
its upper and left blocks, and we calculate the closest codeword kx. For current 
block

iXI , we compute the Euclidean distance ),( xX kIED
i

. If the value is equal to 0, 
then secret data bl will be 0. The kx is used to restore the current block

iXI . If the 
value is not equal to 0, then secret data bl will be 1. The kx is also used to reconstruct 
the current block. 

 
In Chang et al.'s method, each block hides one bit, and if the secret bit is equal to 1, 

the approximate block is computed by Equation (1). This quality of stego-image will be 
lower. In this paper, we propose a novel method based on SMVQ. Our scheme hides 
more secret data in SMVQ compressed image, and can get better quality in stego-image. 
 
3 The Proposed Method 
 
Similar to the Chang et al.'s method, we first encrypt the hidden data and compress these. 
For the cover image, we divide it into the non-overlapping blocks and compress them by 



SMVQ. Besides the blocks in the first row and the first column, we hide the secret data in 
the residual blocks. There are two phases in our method. We describe these in the 
following subsections. The symbols of the main codebook, the SMVQ compressed cover 
image, and the subindices, are the same as those in Chang et al.'s scheme. We divide the 
secret data B into },...,1,0|{ rlbB l == where },...,,{ 21 lmlll bbbb = . 
 
3.1 Hiding Phase 
 
There are the following steps in this phase: 
1. The compressed cover image M is divided into mm ×  non-overlapping blocks. 

Because the blocks in the first row and the first column are compressed with VQ, we 
don't hide the secret data in these blocks. We could hide the secret data B in the 
residual blocks. 

 
2. For each block, we generate the corresponding subcodebook K={ki|i=0,1,…,N-1}, 

where },...,,{ 21 imiii kkkk = , from the main codebook C by using the upper and 
left-side blocks. And we use the subindex si to find the corresponding codeword kx 
from K. 

 
3. For each residual block, we hide the bit in every pixel in this block. In the other 

words, we hide n bits in one residual block. For each secret bit
plb , mp ≤≤0 , if 

plb  

is equal to 0, the pixel value xpk ' of the block in the stego-image will be the same as 

xpk . Else, in default, xpk ' is equal to 1+xpk . After comparing all bits in bl, we 
restore xk ' into the stego-image. In this step, we need to consider whether xk ' is the 
same as the other codeword in the subcodebook K. If it is, we may extract the wrong 
secret data and reconstruct the wrong block in the next phase. Thus, we need to 
check the block when we change values in this block. We use Algorithm 1 to check 
whether yx kk ?' , where ky denotes a codeword in K. If it does, we change the values 
of the pixels which hiding data is 1. We use 1' += xx kk or 1' −= xx kk  to get 2a-1 
results and check whether one of these results is or not equal to other codewords ky 
in K. For example, m = 16 and bl1 = 1111000000000000. In default, we 
compute 1'' 00 += xx kk , 1'' 11 += xx kk , 1'' 22 += xx kk , and 1'' 33 += xx kk . 154 '' xx kk − are the 
same as 154 xx kk − . If xk ' is equal to ky, we compute 1' 00 −= xx kk . We then check 
whether xk ' is or not equal to ky. If it is, we will compute other results. The worst case 
is that all of the results collided with other codewords in the subcodebook K. When 
the worst case happened, we don't hide secret data in this block and hide the block 
index in the stego-image. 

 
4. Repeating the Steps 2-3 until the whole stego-image is generated. 
 
 
 



Algorithm 1 Hiding process in one block 

1: for each block after hide the secret data 
2: a = 0 
3: if yx kk =' , where ky is one codeword in the K then 

4: for i=0;i++;i ≤ m do 
5: if 1' += xixi kk  then 

6: Compute a = a + 1 
7: end if 
8: end for 
9: end if 

10: for j=0;j++;j≤ 2a-1 do 
11: Compute xk '  that 1' += xixi kk  or 1' −= xixi kk  when kxi is hide 1 

12: if yx kk =!'  then 

13: quit 
14: else 
15: continue 
16: end if 
17: end for 
18: if yx kk ='  then 

19: % xk ' still equals ky 

20: We do not hide the secret data in this block and hide the block index in the image. 
21: end if 
22: end for 
 
3.2 Extracting and Reversing Phase 
 
When the receiver receives this stego-image, he/she extracts the secret data andvreverses 
the SMVQ-compressed cover image as follows. 
1. The image is divided into mm × non-overlapping blocks. The blocks in the first 

row and the first column are compressed by using VQ and generate their 
corresponding indexes. 

2. For every residual block, we generate the subcodebook }1,...,1,0|{ −== NikK i  
using its upper and left-side blocks. And find kx whose Euclidean distance is the 
shortest among the current block

iXI . 
3. For the current block

iXI , we compare the kx and
iXI . If 

1iXI is equal to the kx1, then 
the secret bit will be 0, else the secret bit will be 1. After we compare all pixels in 



this block, we can get the Bi bits secret data. Then we reconstruct the block by using 
kx. 

4. Repeating the Step 2-3 until the whole stego-image is extracted. Finally, we can get 
the whole secret data and reverse the SMVQ-compressed cover image. 

 
4 Experimental Results and Discussion 
 
In this section, we describe the experimental results and discuss them to show our 
proposed method is efficient. In our experiments, we use five standard 512  512 
gray-level images as follows: “Lena”, “F16”, “Boat”, “Peppers”, and “Baboon”. And we 
compress these images by the main codebook of 256 codewords and the subcodebook of 
128 codewords. We use a random generator to generate the secret data. Table 1 is the 
relative PSNR (with/without hidden secret data) for the cover images after 
SMVQ-compressed. The PSNR is computed as follows: 
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where m  n is the image size of the cover image M and the stego-image T. 
 

Since the without hidden data images are compressed by SMVQ, the without hidden 
data images are lossly, and the PSNR are lower than original images. By our experiment, 
we hide the secret data according to the codeword. The pixel values with hidden secret 
data images are changed. After performing SMVQ, with hidden secret data images may 
lead to get better PSNR in some cases. 

 
 Figure 2 is our results after hiding the secret data. The images in Figure 2(a) are the 
original images, in Figure 2(b) are the images after compression, and in Figure 2(c) are 
the results after hiding the secret data. 
 

Table 2 is a comparison among the Chang and Wu's scheme, Chang et al.'s scheme, 
and the proposed scheme. In Chang and Wu's scheme, the THSMVQ = 30, THVQ = 100, and 
the size of the subcodebook is equal to 16. Because we hide the bit in each pixel, we can 
get better payload size than those in both two schemes. And we also hold better visible 
quality of stego-images. 

 
Figure 3 shows the results for SMVQ-compressed Lena in (a), Chang and Wu's 

method in (b), the Chang et al.'s method in (c), and the proposed method in (d).With eyes, 
(b), (c), and (d) can have high quality. 

 
Table 3 is a comparison among the 1-bit LSB method [3]. Comparison the payload 

size, the LSB method is better than the proposed scheme because we don't hide the secret 
data in the first row and the first column that are compressed by VQ. Comparison with 
PSNR, the 1-bit LSB is also better than the proposed method because in the LSB method, 
secret data are embedded in spatial domain, but in the proposed scheme, we hide the data 



in the images compressed by SMVQ. 
 

5 Conclusion 
 
Many reversible data hiding schemes are guaranteed that they can extract the secret data 
and reconstruct the original cover image. Due to the limitation of network bandwidth, 
most images are compression formatted by VQ, SMVQ, JPEG, JPEG 2000, and so on. 
For SMVQ hiding, Chang and Wu proposed a steganographic scheme in 2005. In order to 
extract the secret data and reconstruct the compressed images completely, Chang et al. [5] 
proposed a reversible data hiding scheme based on SMVQ in 2006. Their method can 
extract the secret data and reconstruct lossless the SMVQ-compressed cover image. In 
this paper, we propose an enhancement of reversible data hiding scheme to improve the 
size of secret data and visual quality. The experimental results show that the performance 
of our proposed scheme is better than both Chang and Wu and Chang et al.'s schemes for 
VQ-based and SMVQ-based compressed images. 
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Figure 1: Using upper block IU and left-side block IL to generate subcodebook 

 
Table 1: The relative PSNRs (with/without hidden secret data) for the cover images 
(at the same 0.44bpp) 

Images PSNRs(dB) without hidden PSNRs(dB) with hidden 
Lena 31.0741 31.3436 

baboon 22.6943 22.6884 
boat 28.4740 28.4481 

peppers 27.6886 27.6042 
F16 28.3786 28.3950 

 
Table 2: Comparison among the proposed scheme, Chang and Wu's scheme, and 
Chang et al.'s scheme 

 
 
 
 

Chang and Wu's scheme Chang et al's scheme The proposed scheme 

Images Payload 
size 
bits 

PSNR(dB)
Payload 

size 
bits 

PSNR(dB)
Payload 

size 
bits 

PSNR(dB)

Lena 15950 30.4468 16129 30.7883 258064 31.3436 
baboon 12650 22.5630 16129 22.5746 258064 22.6884 

boat 15619 28.0097 16129 28.2303 258064 28.4481 
peppers 15297 27.2916 16129 27.4717 258064 27.6042 

F16 15503 27.8472 16129 28.0276 258064 28.3950 



 
(a) original images 

 
(b) compression images 

 
(c) stego images 

Figure 2: Our results 
 
 
Table 3: Comparison between the 1-bit LSB and the proposed schemes 
 
 
 
 
 
 
 
 
 
 
 
 

1-bit LSB scheme The proposed scheme 
Images Payload size

bits 
PSNR(dB) 

Payload size
bits 

PSNR(dB) 

Lena 262144 51.1227 258064 31.3436 

baboon 262144 51.1365 258064 22.6884 

boat 262144 51.1344 258064 28.4481 

peppers 262144 51.1303 258064 27.6042 

F16 262144 51.1372 258064 28.3950 



 
   (a) The SMVQ-compressed Lena        (b) The Chang and Wu's method 

 
   (c) The Chang et al.'s scheme           (d) The proposed scheme 

 
Figure 3: Example of Lena 

 


