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Abstract: Information has been crucial in supporting daily activities. Many tasks must be accomplished by transferring
not only public but also private information. This situation has brought the necessity for protecting it during
transmission. Some mechanisms introduced, like data hiding, are still challenging, considering the quality of the data
and the secret size can be protected. This research presents a reversible data hiding method for digital video based on
prediction error and histogram shifting to approach those problems. There are six kinds of prediction errors used, three
are created from two adjacent frames, and three are from a single frame. The selection of the shift location is determined
by the histogram location, which has the highest peak point. The histogram is obtained by calculating the frequency
of the subtraction of each value from its predicted value. The PSNR calculated from the stego and the original videos
has an average of 73.45 dB. This value demonstrates that the proposed method outperforms the previous research.
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1. Introduction

Data confidentiality is getting more attention
nowadays, where data exchange often occurs. Data
hiding is one method that can approach this activity
[1, 2]. In general, there are two kinds of data hiding,
namely reversible data hiding (RDH) and irreversible
hiding. RDH can extract the embedded data and
recover the medium losslessly, which is useful for
hiding sensitive information such as in the military,
medical, legal, or something that requires no change
in a media cover [3, 4]. Many RDH algorithms have
been developed in various methods and applications,
which are analyzed from different aspects, like in
encrypted images [5], digital audio-based
classification [6], trends of digital image-based data
hiding [7], attack to cipher images [8], two-layer
embedding [9], and predictor-based RDH [10]. In
detail, the introduced methods include difference
expansion (DE), histogram shifting (HS), and pixel
value ordering (PVO), for various purposes, like file
tampering detection [11] and watermarking [12].
Furthermore, RDH can be developed in various
media, like image [7], audio [6], and video [13], with
either spatial or frequency domain. For example,
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multiple prediction error expansion [14], game-
theoretic approach [15], and dual-images [16].

DE-based RDH method uses the difference
between two pixels for its calculation. This difference
value is multiplied by two then the zero-valued least
significant bit (LSB) will be used for the embedding
location. Differently, the HS method employs a
histogram of all pixels as the embedding site. This
histogram is created by finding the frequency where
the value in each pixel appears. The HS method
begins by shifting all pixels between the highest
frequency (the peak point) and the lowest frequency
(the zero point) towards the zero point by one bit.
Confidential data can be embedded in pixels with the
same value as the peak point. The weakness of HS is
the large number of pixels that are shifted during the
embedding process. The more pixels shifted, the
worse the quality of the stego file.

In another study, Yeh et al. [17] developed the
neighboring similarity (NS) method. They take
advantage of the similarity of two adjacent frames in
avideo to create a prediction error. The similarity will
increase the number of the same value in the
prediction error. In this case, the greater frequency of
the prediction error means the greater both the
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frequency of the peak point and the number of
payloads that can be embedded. The shifting process
moves the histogram to the right towards the
immense value in the prediction error. The number of
changed pixels caused by this shifting is relatively big
because values around the peak points in the
histogram are considered high. This can be a
drawback of this method, which should be overcome.

Concerning the number of values change during
the shifting process, a scheme was developed [18] to
determine the location and direction of the shift. This
shift location can be done on the histogram created
from the frame or the prediction error. The direction
of the shift can also be done in three directions; it can
be towards the lowest frequency, the lowest value, or
the highest value. The selection is made by
calculating the ratio between the peak point
frequency and the number of shifted values. Overall,
that research is to refine that in [17], even though it
still has some spaces for improvement, considering
the number of changed pixels during the shifting
process.

Recently, a new high-fidelity RDH method,
called pixel-based pixel value ordering (PPVO), has
been proposed by Qu and Kim [10]. They use a
collection of adjacent pixels (the context pixels) to
make predictions. The embedding process can be
carried out on a pixel with a value equal to the largest
or smallest value of the context pixel. However, not
all conditions meet the requirements, making the
payload unable to be embedded into the cover.
Consequently, the number of bits (payload) that can
be protected in this scheme may not be adequate.

To increase the possibility of whether pixels can
be embedded, a new scheme was developed by
Ahmad and Fatman [19]. They take advantage of the
similarity of values in the prediction error level two
to increase the likelihood that the payload can be
embedded. Nevertheless, their experimental results
show that those values are not always more similar
than those in level one. Furthermore, the similarity
level of three sequential values in the prediction error
is considered low, which affects the quality or
imperceptibility.

It is shown that the use of prediction errors in the
existing methods [10, 17-19] may not be optimal,
depicted by their stego file quality. Furthermore,
some recent video-based RDH research takes
different views, such as compression [20] for hiding
the data.

In this research, we improve the quality of the
stego file by creating six prediction errors, three of
which are created from two adjacent frames, and the
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other three are created from a single frame. The
number of prediction errors can be used to find the
embedding location to produce the best stego file.

The rest of this paper is organized as follows.
Section 2 presents a brief review of some existing
studies. Section 3 describes the proposed algorithm,
which includes the embedding and extraction
processes. The experimental results and analysis are
shown in Section 4. Finally, Section 5 provides the
conclusion.

2. Previous research

In this section, related research is reviewed. Here,
research in [19] closely relates to this study, whose
data embedding and extraction processes are
presented.

The embedding stage starts with the creation of
two-level prediction errors. In this case, prediction
error level one is obtained by reducing the first
frame's pixel value with the second frame's pixel
value. The second level prediction error pes; is
created by reducing each value at the first level
prediction error (pef;) with the third next value
(pefit+3) based on Eq. (1).

pes; = pef; — pefiys 1)

The pixel changes are based on the previous two
values, called predictive values (z, ). In this research,
T denotes the predicted value with the most
considerable value, and g is the smallest predictive
value. The two predicted values are used to determine
the direction of the pixel shift. The shift direction has
three possible directions: to the right, away from the
midpoint, and closer to the midpoint. The shift to the
right is done when both predicted values have the
same value; away from the midpoint is when the
difference of the predicted values is one; closer to the
midpoint is when the difference in the predicted
values is more than one. The midpoint value (med)
can be obtained based on Eq. (2).

2L if(r+B)mod2 =0

(2
T+§+1, if(t+pB)mod2 =1

med =

The values in the prediction error level two are
divided into several groups using Eq. (3).

The embedding process is carried out when the
value is equal to the value of either 7 or §. This
embedding process is implemented according to Eq.

(4).
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Figure. 1 The embedding process

Figure. 2 The predictive value
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( ves; +b, ifpes; € S1TUS3U S8
pes; — b, if pes; € S4U S7
pes; +1, if pes; € S2US5U S10 (4)
L pes; — 1, if pes; € S6 U 59
pes;, otherwise

pes; =

The original values equal to the midpoint or
values that change to the same as the midpoint will
be stored in the location map for use in the extraction
process. The (+3)-th value in the first prediction error
(pefis3) is obtained using Eq. (5).

pefisz = pef; + pes;’ (5)

The -th pixel value of the frame in the stego video
(f;) is obtained based on Eqg. (6). To prevent it from
underflow or overflow, the method changes f; either
from -1 to O or 256 to 255, stored in the location map.

fi = fi-1 + pes; (6)

The steps in the extraction process are the same
as those in the embedding process, except changing
the values in the second-level prediction error. The
payload value of this prediction error is obtained
using Eq. (7).
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if pes; = torpes; =f
ifpes;=t+land|t—B| =1 0
ifpes;=t—1and|t—fB| > 1
ifpes; =B+ 1land|t—p|>1

0,
1,
b= 1
1,

For each pes; whose value equals to the med, the
algorithm subtracts one if the location map is one;
and adds one if the location map is two. Next, shift
the value in the second prediction error as in Eq. (8).

pes; — 1, if pes; € S2US5U S10
pes; + 1, if pes; € S6 U S9 (8
pes;, otherwise

pes; =

3. Proposed method

In this section, the embedding and extraction
processes are explained. As previously described,
this paper proposes an embedding method that
improves several processes based on that in [19]. This
change is illustrated by Fig. 1.

3.1 Embedding Process

The embedding process is done by creating a
level one prediction error by subtracting all pixels
from the frame with the pixel value of the next frame.
Prediction error level two is created by subtracting all
values in the prediction error level one with the
following three values using Eq. (1). Furthermore,
creating the third-level prediction error is done the
same way, but it takes the value of the second-level
prediction error, which will be deducted.

The prediction error is also created using the
pixels in the second frame only as of the
establishment's source. Taking the same method as
forming the second level prediction error from the
level one prediction error, this level one prediction
error frame is created from the second frame. The
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creation is also carried out to make a level two
prediction error frame from the level one prediction
error frame and level three prediction error frame
from the level two prediction error frame. The
number of prediction errors created is six, three from
two adjacent frames and three from only one frame.

The next stage is the selection of the location of
the shifting process. The location is determined by
the predictive value of several prediction errors.
There are two prediction values, namely the previous
value and the previous third value, as illustrated in
Fig. 2. The third value was chosen because the pixels
from the video have three primary colors for each
pixel, namely red, green, and blue.

Each value of each prediction error is to construct
a histogram. Instead of calculating the frequency of
each value, we take the frequency of the subtraction
of each value from its predicted value. The shifting
process is carried out on the prediction error, which
has the peak point with the highest frequency.

The shift direction of the value in the selected
prediction error is determined by the two predicted
values (t, ) and the peak point (p) value. The values
in the selected prediction error will be divided into
several groups based on Eq. (3). The payload can
insert the values in the prediction error if the value
has the same value as one of the predicted values plus
the peak point. The shifting process is carried out
based on Eg. (9).

pes; =
( pes;+b, ifpes; —p €S1US3US8
pes; — b, ifpes; —p € S4US7
pes; + 1, ifpes; —p €S2US5US10 (9)
pes; — 1, if pes; —p € S6 U S9
pes;, otherwise

The value of the shift location, the peak point
value, and the values that change to the midpoint
value will be saved into the location map.
Furthermore, this information will be used in the next
step.

3.2 Extraction process

The extraction process begins by creating the
selected prediction error in the same way as the
embedding process. Then payload value is obtained
based on Eg. (10).

0, ifpes;—p=rtorpes;—p=p

1, ifpes;i—p=t+land|t—-fF]| =1 (10)
1, ifpes;—p=t—1land|t—B| > 1

1, ifpes;—p=B+1land|t—fF]|>1
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The next stage is the shifting process which is
carried out based on Eq. (11).

pes; =
pes; — 1, ifpes; —p € S2U S5U S10
pes; + 1, ifpes; —p € S6 U S9 (11)
pes;, otherwise

4. Experiment results

The experiment was conducted using 15 videos
as the cover taken from [21] and 11 payloads of
different sizes, starting from 1 kb to 100 kb. These
sizes represent various files in the actual application.

We first consider the impact of shifting locations.
Tables 1 - 6 show the PSNR results from embedding
with different shift locations. These tables show that
the embedding performed using prediction error level
one has the best stego video quality with an average
PSNR value of 73.46 dB. The higher the level of
prediction error used, the lower the quality of the
stego video.

The same result happened to the prediction error
frame. The higher the level of the prediction error
frame, the lower the quality of the stego video. The
embedding process using prediction error also has
better stego video quality than using a prediction
error frame.

Table 7 shows the PSNR value of the stego video
using location selection. This table shows that most
shift locations are carried out at prediction error level
one. It can be seen from the PSNR value, which is
mostly the same as the PSNR value from embedding
using prediction error level one. Only a few
embedding processes use shift locations in the level
one prediction error frame; most of them are carried
out at level one prediction error.

The results of the embedding PSNR using other
methods were also used as a comparison, as depicted
in Fig. 3. To make this comparison as fair as possible,
we implement those methods, and evaluate them
using same cover and payload data. Overall, it is
depicted that increasing the payload size decreases
the quality of the stego file. This pattern applies to all
methods in the experiment. This figure shows the
PSNR value from [17, 10, 19, 18]. The proposed
method's PSNR value has slightly increased
compared to [19] where the proposed method has an
average PSNR of 73.45 dB while [19] is 73.04 dB.
The improvement is significantly big compared to
[17, 10], which have 70.43 dB and 69.07 dB,
respectively. In a relatively small payload size, in this
experiment is 1 kb, [18] generates the highest PSNR
value. However, the increase of payload sizes causes
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Table 1. PSNR of stego files obtained by the proposed method using prediction error level 1
PSNR of Various Payload Sizes (dB) for each payload size (kb)

Video
1 10 20 30 40 50 60 70 80 90 100
akiyo 86.18 | 80.67 | 78.18 | 76.62 | 75.43 | 7454 | 73.75 | 73.13 | 7251 | 71.98 | 71.55
bowing 86.51 | 81.55 | 78.62 | 76.92 | 75.62 | 74.69 | 73.89 | 73.24 | 72.68 | 72.13 | 71.69
car-phone 76.23 | 75.23 | 74.36 | 73.64 | 72.99 | 70.86 | 70.51 | 70.20 | 69.02 | 68.78 | 68.57
claire 78.73 | 77.17 | 75.96 | 75.04 | 74.27 | 73.67 | 72.24 | 71.83 | 71.46 | 71.08 | 70.78

coastguard 7549 (7464 | 73.88 | 73.23 | 70.87 | 70.54 | 70.21 | 69.92 | 68.64 | 68.42 | 68.22
container 8248 | 79.29 | 77.37 | 76.06 | 74.98 | 74.17 | 73.44 | 72.15 | 71.72 | 71.28 | 70.92
deadline 7555 [ 74.69 | 7391 | 73.26 | 71.22 | 70.86 | 70.51 | 70.20 | 69.21 | 68.95 | 68.73
foreman 76.23 | 75.23 | 74.36 | 73.64 | 7299 | 70.97 | 70.61 | 70.29 | 70.01 | 68.76 | 68.55
galleon 75.86 | 7495 7415 | 73.47 | 71.60 | 71.21 | 70.84 | 70.51 | 70.22 | 69.32 | 69.09

grandma 81.23 [ 78.75 | 77.11 | 75.94 | 7497 | 7421 | 73.50 | 72.61 | 72.17 | 71.71 | 71.34

mother_daught
er

pamphlet 78.04 | 76.76 | 75.56 | 74.64 | 73.83 | 73.19 | 72.04 | 71.60 | 71.23 | 70.83 | 70.50

80.22 | 78.09 | 76.56 | 75.45 | 7451 | 73.79 | 73.14 | 72.17 | 71.75 | 71.31 | 70.94

paris 7496 (7420 | 73.50 | 71.19 | 70.81 | 70.48 | 70.16 | 68.97 | 68.76 | 68.53 | 67.71
sign_irene 7851 | 76.95  75.71 | 74.76 | 73.93 | 73.31 | 71.64 | 71.25 | 70.90 | 70.52 | 70.22
silent 84.82 [ 80.26 | 77.94 | 76.45 | 75.28 | 74.41 | 73.65 | 73.04 | 72.21 | 71.72 | 71.31

Table 2. PSNR of stego files obtained by the proposed method using prediction error level 2
PSNR of Various Payload Sizes (dB) for each payload size (kb)

Video 1 10 20 30 40 50 60 70 80 90 100
akiyo 85.24 (80.39 | 78.02 | 76.51 | 75.34 | 74.46 | 73.69 | 73.07 | 72.43 | 71.92 | 71.49
bowing 85.25 | 81.10 | 78.39 | 76.76 | 7551 | 7459 | 73.81 | 73.17 | 72,55 | 72.02 | 71.58
car-phone 75.64 7476 | 73.97 | 73.31 | 70.81 | 70.48 | 70.16 | 69.87 | 68.65 | 68.42 | 68.22
claire 78.26 | 76.81 | 75.69 | 74.82 | 74.07 | 73.49 | 71.95 | 7157 | 71.22 | 70.87 | 70.58

coastguard 7484 | 74.09 | 73.41 | 72.83 | 70.42 | 70.12 | 69.82 | 68.43 | 68.25 | 68.04 | 67.08
container 81.36 | 78.72 | 76.99 | 75.78 | 74.76 | 73.98 | 73.29 | 71.83 | 71.43 | 71.02 | 70.68
deadline 75.18 [ 74.38 | 73.65 | 73.04 | 70.90 | 70.56 | 70.23 | 69.94 | 68.89 | 68.66 | 68.45
foreman 75.80 | 74.88 | 74.07 | 73.40 | 71.04 | 70.69 | 70.35 | 70.05 | 68.73 | 68.50 | 68.31
galleon 75.36 | 74.54 | 73.80 | 73.17 | 71.18 | 70.83 | 70.48 | 70.18 | 69.16 | 68.91 | 68.69

grandma 80.11 [ 78.09 | 76.65 | 75.57 | 74.68 | 73.96 | 73.28 | 72.31 | 71.90 | 71.47 | 71.12

mother_daught
er

pamphlet 77.00 [ 7596 | 7494 | 7413 | 73.40 | 71.95 | 71.56 | 71.17 | 70.82 | 70.46 | 70.15

79.34 | 7753 | 76.16 | 75.13 | 74.26 | 73.57 | 72.94 | 71.87 | 71.47 | 71.06 | 70.71

paris 74.78 | 74.05 | 73.37 | 71.00 | 70.63 | 70.32 | 68.99 | 68.78 | 68.57 | 68.35 | 67.52
sign_irene 77.93 | 76.54 | 75.40 | 7450 | 73.72 | 73.16 | 71.36 | 70.99 | 70.66 | 70.31 | 70.05
silent 83.46 | 79.73 | 77.62 | 76.23 | 75.11 | 74.27 | 73.53 | 72.93 | 72.00 | 71.52 | 71.13

it to drop more dramatically than that of the proposed caused by the rise of the payload size. Additionally,
method. It also presents that the proposed method is the proposed method outperforms HEVC [20], which
more stable than others, considering the decline also carries out a compression technique.
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Table 3. PSNR of stego files obtained by th

e proposed method using prediction error level 3

PSNR of Various Payload Sizes (dB) for each payload size (kb)

Video
1 10 20 30 40 50 60 70 80 90 100
akiyo 84.64 | 80.18 | 77.90 | 76.42 | 75.27 | 74.41 | 73.65 | 73.04 | 72.37 | 71.86 | 71.44
bowing 84.17 | 80.64 | 78.14 | 76.59 | 75.38 | 74.49 | 73.72 | 73.09 | 72.42 | 71.90 | 71.48
car-phone 75.25 | 74.44 | 73.70 | 73.08 | 70.58 | 70.26 | 68.82 | 68.61 | 68.41 | 67.54 | 67.38
claire 77.65 | 76.37 | 75.35 | 74.53 | 73.84 | 72.09 | 71.68 | 71.30 | 70.99 | 70.67 | 70.40

coastguard 74.70 | 73.98 | 73.32 | 70.62

70.29 | 68.73 | 68.51 | 68.31 | 67.26 | 67.10 | 66.28

container 80.97 | 78.51 | 76.85 | 75.67

7468 | 73.91 | 73.23 | 71.68 | 71.30 | 70.90 | 70.56

deadline 7478 | 74.04 | 73.36 | 70.98

70.61 | 70.29 | 69.07 | 68.85 | 68.64 | 68.42 | 67.62

foreman 75.54 | 74.68 | 73.90 | 73.25

70.84 | 70.51 | 70.18 | 68.76 | 68.56 | 68.34 | 67.33

galleon 75.11 | 74.33 | 73.62 | 71.32

70.94 | 70.60 | 70.27 | 69.14 | 68.93 | 68.69 | 68.49

grandma 79.08 | 77.43 | 76.14 | 75.19

7437 | 73.67 | 7249 | 72.04 | 71.67 | 71.26 | 70.92

mother_daught
er

78.73 | 77.12 | 75.86 | 74.90

74.06 | 73.40 | 72.09 | 71.66 | 71.28 | 70.89 | 70.56

pamphlet 76.36 | 75.44 | 74.53 | 73.79

73.11 | 71.67 | 71.25 | 70.89 | 70.56 | 70.22 | 69.54

paris 7450 [ 73.80 | 71.07 | 70.72 | 70.37 | 68.96 | 68.73 | 68.52 | 67.61 | 67.43 | 67.28
sign_irene 7744 (76.18 | 75.12 | 74.28 | 7353 | 71.52 | 71.11 | 70.76 | 70.44 | 70.13 | 69.13
silent 82.79 | 79.44 | 77.44 | 76.10 | 75.01 | 74.18 | 73.46 | 72.31 | 71.86 | 71.41 | 71.03

Table 4. PSNR of stego files obtained by the proposed method using prediction error frame level 1

PSNR of Various Payload Sizes (dB) for each payload size (kb)

Video
1 10 20 30 40 50 60 70 80 90 100
akiyo 7581 | 7491 | 7411 | 73.43 | 71.09 | 70.74 | 70.40 | 70.10 | 68.87 | 68.64 | 68.44
bowing 7719 | 7598 | 7496 | 7415 | 73.42 | 71.52 | 71.11 | 70.76 | 70.44 | 70.11 | 69.11
car-phone 75.60 | 74.72 | 73.94 | 73.28 | 70.95 | 70.60 | 70.27 | 69.98 | 68.75 | 68.52 | 68.32
claire 77.01 | 75.86 | 74.88 | 74.10 | 73.43 | 71.46 | 71.07 | 70.73 | 70.43 | 69.33 | 69.08

coastguard 75.17 | 74.38 | 73.65 | 73.04

70.63 | 70.32 | 70.01 | 69.73 | 68.46 | 68.24 | 68.05

container 75.99 | 75.09 | 74.25 | 73.55

71.23 | 70.87 | 70.53 | 70.21 | 69.01 | 68.77 | 68.56

deadline 7491 (7415 | 73.46 | 70.78

70.43 | 68.90 | 68.67 | 67.59 | 67.44 | 66.59 | 66.46

foreman 75.13 | 74.36 | 73.63 | 73.02

70.60 | 70.29 | 69.98 | 68.63 | 68.43 | 68.22 | 67.27

galleon 75.16 | 74.43 | 73.70 | 71.02

70.68 | 70.36 | 68.91 | 68.70 | 68.50 | 67.50 | 67.35

grandma 7554 | 7470 | 73.96 | 73.31

70.92 | 70.59 | 70.27 | 68.94 | 68.74 | 68.52 | 67.58

mother_daught
er

75.45 | 74.60 | 73.84 | 73.21

70.83 | 70.50 | 70.18 | 68.84 | 68.64 | 68.42 | 68.22

pamphlet 75.90 | 7497 | 74.15 | 73.46

72.83 | 70.77 | 70.43 | 70.12 | 69.85 | 68.67 | 68.46

paris 7455 [ 73.85| 70.85 | 69.10 | 68.86 | 67.67 | 66.72 | 66.59 | 65.84 | 65.19 | 64.64
sign_irene 7543 | 7458 | 73.82 | 73.20 | 70.83 | 70.49 | 70.17 | 68.84 | 68.63 | 68.41 | 67.48
silent 7486 | 74.13 | 73.44 | 70.76 | 70.41 | 68.87 | 68.65 | 68.45 | 67.41 | 67.24 | 66.44

It can be inferred that changing the prediction
value from the previous two values to the previous
value and the previous three values can improve the
quality of the stego video. It can be proven as shown
in Fig. 3. In the case of the method [19], it is because

they use level two prediction error as the shift
location. The graph also depicts that [19] and the
proposed method have almost similar characteristics.
Furthermore, the proposed method can steadily
improve [19].
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Table 5. PSNR of stego files obtained by the proposed method using prediction error frame level 2
_ PSNR of Various Payload Sizes (dB) for each payload size (kb)

Video 1 10 20 30 40 50 60 70 80 90 100
akiyo 75.22 | 74.43 | 73.70 | 73.08 | 70.69 | 70.37 | 70.05 | 68.71 | 68.51 | 68.30 | 67.35
bowing 76,51 | 75.46 | 74.55 | 73.80 | 73.12 | 71.14 | 70.77 | 70.44 | 70.14 | 69.00 | 68.78
car-phone 75.08 | 74.29 | 73.58 | 72.97 | 70.57 | 70.25 | 69.95 | 68.61 | 68.41 | 68.20 | 67.27
claire 76.29 | 75.29 | 74.42 | 73.72 | 71.42 | 71.04 | 70.68 | 70.37 | 69.18 | 68.93 | 68.71
coastguard 74.73 | 74.00 | 73.33 | 70.67 | 70.33 | 70.03 | 68.58 | 68.38 | 68.19 | 67.17 | 67.02
container 75.43 | 74.63 | 73.86 | 73.21 | 70.84 | 70.50 | 70.18 | 68.85 | 68.64 | 68.42 | 67.48
deadline 74.48 | 73.79 | 73.15 | 70.44 | 70.12 | 68.57 | 68.36 | 67.26 | 67.12 | 66.26 | 66.14
foreman 7466 | 73.96 | 73.29 | 70.59 | 70.27 | 69.97 | 68.50 | 68.30 | 68.12 | 67.10 | 66.95
galleon 7474 | 74.05 | 73.38 | 70.71 | 70.37 | 68.81 | 68.60 | 68.40 | 67.37 | 67.20 | 66.38
grandma 75.24 | 74.45 | 73.74 | 71.07 | 70.71 | 70.40 | 68.95 | 68.74 | 68.55 | 67.54 | 67.39
mother_daughter | 74.92 | 74.16 | 73.46 | 70.80 | 70.45 | 70.14 | 68.68 | 68.48 | 68.29 | 67.27 | 67.12
pamphlet 75.29 | 74.48 | 73.73 | 73.10 | 70.72 | 70.39 | 70.07 | 68.73 | 68.53 | 68.31 | 68.12
paris 7431 | 73.65 | 70.63 | 70.31 | 68.66 | 67.47 | 67.30 | 66.39 | 66.28 | 65.53 | 64.91
sign_irene 7495 | 74.19 | 73.49 | 70.84 | 70.49 | 70.18 | 68.74 | 68.53 | 68.34 | 67.33 | 67.18
silent 7454 | 73.85 | 73.20 | 70.51 | 70.19 | 68.64 | 68.42 | 68.23 | 67.18 | 67.02 | 66.21

Table 6. PSNR of stego files obtained by the proposed method using prediction error frame level 3
_ PSNR of Various Payload Sizes (dB) for each payload size (kb)

Video 1 10 20 30 40 50 60 70 80 90 100
akiyo 75.15 | 74.37 | 73.64 | 70.99 | 70.63 | 69.10 | 68.87 | 68.65 | 67.63 | 67.46 | 66.65
bowing 76.41 | 75.38 | 74.48 | 73.74 | 71.47 | 71.08 | 70.71 | 70.39 | 69.21 | 68.95 | 68.73
car-phone 7492 | 74.16 | 73.46 | 70.80 | 70.45 | 68.93 | 68.70 | 68.50 | 67.48 | 67.31 | 66.51
claire 76.34 | 75.34 | 74.47 | 73.79 | 71.44 | 71.07 | 70.73 | 69.44 | 69.21 | 68.97 | 68.06
coastguard 74.83 | 74.09 | 73.41 | 70.75 | 70.40 | 68.87 | 68.65 | 68.44 | 67.40 | 67.24 | 66.42
container 75.24 | 74.47 | 73.72 | 71.06 | 70.70 | 69.17 | 68.94 | 68.72 | 67.70 | 67.52 | 66.72
deadline 74.72 | 73.99 | 70.96 | 69.21 | 67.96 | 66.99 | 66.84 | 66.07 | 65.42 | 64.84 | 64.34
foreman 74.60 | 73.90 | 70.90 | 70.57 | 68.90 | 68.69 | 67.54 | 67.38 | 66.51 | 66.37 | 65.66
galleon 7484 | 7414 | 71.12 | 70.78 | 69.12 | 68.89 | 67.74 | 67.57 | 66.70 | 65.96 | 65.85
grandma 75.16 | 74.39 | 73.68 | 71.00 | 70.65 | 69.13 | 68.90 | 67.82 | 67.66 | 66.81 | 66.68
mother_daughter | 74.83 | 74.08 | 73.40 | 70.71 | 70.37 | 68.83 | 68.60 | 67.52 | 67.36 | 66.51 | 66.38
pamphlet 75.16 | 74.37 | 73.64 | 70.99 | 70.63 | 70.31 | 68.86 | 68.65 | 68.45 | 67.45 | 67.29
paris 7461 | 71.28 | 69.40 | 68.09 | 66.39 | 65.69 | 64.64 | 64.15 | 63.73 | 63.03 | 62.69
sign_irene 75.01 | 74.24 | 7356 | 70.89 | 70.54 | 69.01 | 68.78 | 67.71 | 67.55 | 66.70 | 66.57
silent 74.66 | 73.95 | 70.95 | 70.61 | 68.95 | 67.76 | 67.59 | 66.69 | 65.95 | 65.83 | 65.21

5. Conclusion

The method proposed in this paper develops a
technique that uses six prediction errors. Three of

International Journal of Intelligent Engineering and Systems, Vol.15, No.1, 2022

which are created from two adjacent frames, and the
other three are created from a single frame. The stego

video quality of the proposed method has improved
when compared to previous research. The best stego
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Table 7. PSNR of stego files obtained by the proposed method using location selection

) PSNR of Various Payload Sizes (dB) for each payload size (kb)
Video 1 10 20 30 50 60 70 80 90 100
akiyo 86.18 | 80.67 | 78.18 | 76.62 | 75.43 | 7454 | 73.75 | 73.13 | 72,51 | 71.98 | 71.55
bowing 86.51 | 81.55 | 78.62 | 76.92 | 75.62 | 74.69 | 73.89 | 73.24 | 72.68 | 72.13 | 71.69
car-phone 76.23 | 75.23 | 74.36 | 73.64 | 72.99 | 70.79 | 70.45 | 70.14 | 68.98 | 68.74 | 68.53
claire 78.73 | 77.17 | 75.96 | 75.04 | 74.27 | 73.67 | 72.24 | 71.83 | 71.46 | 71.08 | 70.78
coastguard 75.49 | 7464 | 73.88 | 73.23 | 70.87 | 70.54 | 70.21 | 69.92 | 68.64 | 68.42 | 68.22
container 82.48 | 79.29 | 77.37 | 76.06 | 74.98 | 74.17 | 73.44 | 72.15 | 71.72 | 71.28 | 70.92
deadline 75.55 | 74.69 | 73.91 | 73.26 | 71.22 | 70.86 | 70.51 | 70.20 | 69.21 | 68.95 | 68.73
foreman 76.23 | 75.23 | 74.36 | 73.64 | 72.99 | 70.97 | 70.61 | 70.29 | 70.01 | 68.76 | 68.55
galleon 75.86 | 74.95 | 74.15 | 73.47 | 71.60 | 71.21 | 70.84 | 70.51 | 70.22 | 69.32 | 69.09
grandma 81.23 | 78.75 | 77.11 | 75.94 | 74.97 | 74.21 | 7350 | 72.61 | 72.17 | 71.71 | 71.34
mother_daughter | 80.22 | 78.09 | 76.56 | 75.45 | 7451 | 73.79 | 73.14 | 72.17 | 71.75 | 71.31 | 70.94
pamphlet 78.04 | 76.76 | 75.56 | 74.64 | 73.83 | 73.19 | 72.04 | 71.60 | 71.23 | 70.83 | 70.50
paris 74.96 | 7420 | 7350 | 71.19 | 70.81 | 70.48 | 70.16 | 68.97 | 68.76 | 68.53 | 67.71
sign_irene 7851 | 76.95 | 75.71 | 74.76 | 73.93 | 73.31 | 71.64 | 71.25 | 70.90 | 70.52 | 70.22
silent 84.82 | 80.26 | 77.94 | 76.45 | 75.28 | 74.41 | 73.65 | 73.04 | 72.21 | 71.72 | 71.31
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Figure. 3 PNSR values of the proposed method and the previous research

video quality is obtained when the shift location is at
prediction error level one.

For further research, it is possible to determine the
method for making prediction errors and the
embedding process so that fewer pixels change. As
the number of changing pixels decreases, the quality
of the stego file will increase.
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