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Abstract

In this paper, I proposed an effective technique for accurately predicting pixel values using edge components.
Adjacent pixel values are similar to each other. That is, generally, similarity exists between adjacent pixels in an
image. In the proposed algorithm, edge components are detected using the surrounding pixels in the first step,
and pixel values are estimated using the edge components in the second step. Therefore, the prediction
accuracy of the pixel value is improved and the prediction error is reduced. Pixel value prediction is a
necessary technique for various applications such as image magnification and confidential data concealment.
Experimental results show that the proposed method has higher prediction accuracy and fewer prediction
error. Therefore, the proposed technique can be effectively used for applications such as image magnification
and confidential data concealment.
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1. Introduction

Adjacent pixels of the image have similar pixel values. Edge components exists in the boundary region of
the image. Pixel value prediction is used in applications such as image magnification and confidential data
concealment. Various techniques for predicting pixel values using gradient adjacent pixels have been proposed
[1-10]. Techniques for predicting pixel values using gradient adjusted prediction and the similarity of adjacent
pixel values of images have been proposed [1-3], and techniques for predicting pixel values using curved
surface characteristics of images have been proposed [4-6]. In addition, other techniques for predicting pixel
values have been proposed [7-10].

In this paper, I proposed a pixel value prediction algorithm using edge characteristics. The proposed
technique can be effectively used for applications such as image magnification and confidential data
concealment. Experimental results show that the proposed pixel value prediction technique is superior.

This paper is organized as follows: In Section 2, the proposed algorithm is described. In Section 4, the
experimental results for evaluating the performance of the proposed algorithm are described and analyzed. The
conclusions are described in Section 5.
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2. Proposed algorithm

Adjacent pixels of the image have very similar values, and there is an edge component in the boundary
region of the image. Thus, adjacent pixels can be used to accurately predict pixel values with edge components.
In the proposed algorithm, edge components are detected using the surrounding pixels in the first step, and
pixel values are estimated using the edge components in the second step.

The predicted pixel value PPV at the position (X, y) where the pixel value is to be predicted is obtained as
follows: First, Equation (1) is calculated to determine whether to obtain a predicted pixel value using the edge
component at the corresponding position. If Equation (1) has a small value close to zero, it indicates that there
is little change in values of adjacent pixels. In other words, there is a high possibility that no edge component
exists. Therefore, as shown in Equation (2), when the value of Equation (1) is less than a predetermined value
(diff_threshold), the pixel value becomes the predicted pixel value (PPV). If the value of Equation (1) is larger
than the predetermined value (diff threshold), the edge component is likely to exist, so the edge component is
precisely investigated to calculate the predicted value (PV). Thereafter, the result of rounding the PV is set as
the predicted pixel value (PPV).

Figure 2. Adjacent pixels used to find edge components in the proposed algorithm

diff(xi'}’j) = | P(Xi—l'Yj) - P(Xi—I'Yj—l) | + | P(Xi—lﬂ}’j—l) - P(Xi'Yj—l) | + | P(Xi'Yj—l) - P(Xi+1'Yj—1) | 1
Cover image pixel value if(diff < diff_threshold
PPV(x;,y;) = {PV(xi,y]-) otherwise )
In order to determine whether edge components exist, differential values are obtained for each edge as in
equation (3)-(6), the sum of the absolute values of the differences between adjacent pixels at 135, 90, 45, 0
degrees. If the edge(i) diff value is 0, it is determined that an edge in the corresponding direction exists and
the value of the corresponding edge is set to 1. Where i has a value between 0 and 3. At that location, the
predicted value (PV) using the edge component is calculated as shown in equation (8). In Equation (8), V_
(weighted avg) represents an average value of neighboring pixels in consideration of the weight, and this value
is calculated as in Equation (9). When the predicted value (PV) is obtained, the result of rounding the PV is
set as the predicted pixel value (PPV) as shown in Equation (2).

edge(0)_diff = |P(Xi—1'Yj) - P(Xi—Z'Yj)l + |P(Xi—2'Yj) - P(Xi—S'Yj)l 3)
edge(1)_diff = [P(x;_1,¥j-1) = P(Xi—2, ¥j-2)| + |[P(i=2,¥j-2) = PGiza,yi-)[¢ | | ) (4)
edge(2)_diff = [P(x;,yj_1) — P(x;,¥j-2)| + [P(x5, ¥j—2)—P(X;, ¥j—3)| (5)

edge(3)_diff = |P(Xi+1'Yj—1) - P(Xi+2'Yj—2)| + |P(Xi+2'Yj—2) - P(Xi+3'Yj—3)| | ] (6)
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if(edge(i)_diff = 0

N (1
edge(i) = {0 otherwise )

PV(x;,¥)) = {Viveighted_avg (X0 ¥j) + P(Xi—1,¥;) - edge(0) + P(x;_1, ¥j-1) - edge(1) + P(x;, yj-1) - edge(2)
+ P(xi_1,¥j-1) - edge(3)}/{1 + edge(0) + edge(1) + edge(2) + edge(3)} (8)

Vweighted_avg(xi'Yj) = [P(Xi—p}’j) + P(Xi—I'Yj—l) + P(Xi'Yj—l) + P(Xi+1'Yj) + {P(Xi—Z'Yj) + P(Xi—Z'Yj—l)
+P(Xi-2,9;) + P(%i_1,¥j-2) + P(%0,¥j-2) + P(%ir1,¥j-2) + P(Xisz ¥jo2) + P(Riszo¥jo1) }- /{4 +8-a (9)

3. Experimental results

The performance of the proposed algorithm was evaluated using Gold-hill, Girl-face, Vivian, Elaine, Sail-
boat, Hara grayscale images with 512x512 pixels as shown in Figure 2. The alpha used in equation (9) was
0.45. After predicting the pixel values using the proposed algorithm in the remaining areas except three lines
above, below, left, and right, the accuracy of the prediction was calculated by comparing the predicted pixel
values with the pixel values of the original image at that locations. The results of experiments on six images
are shown in Table 1. As shown in Table 1, the proposed technique can accurately predict pixel values. So, the
prediction accuracy of the proposed algorithm is very high and the prediction error mean is very small. As
shown in Table 1, the prediction accuracy of the proposed technique was up to 30.73%, and the minimum
prediction error mean was 1.2.

(a) Gold-hill (c) Vivian

(d) Elaine (e) Sail-boat (f) Hara

Figure 3. 512x512 Gray scale images used in the experiment
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Table 1. Experimental results

Image Prediction Prediction error Number of

Accuracy(%) mean predictions
Gold-hill 19.01 2.19 3,320
Girl-face 26.55 1.50 19,379
Vivian 30.73 1.08 32,107
Elaine 13.35 244 2,604
Sail-boat 21.85 1.81 4,306
Hara 29.50 1.20 17,756

4. Conclusion

In this paper, a technique for precisely predicting pixel values using edge characteristics of surrounding
pixels is proposed. Adjacent pixels of the image have similar pixel values. Edge components exists in the
boundary region of the image. In the proposed algorithm, edge components are detected using the surrounding
pixels in the first step, and pixel values are estimated using the edge components in the second step. Therefore,
the prediction accuracy of the pixel value is improved and the prediction error is reduced.

The performance of the proposed algorithm was evaluated using Gold-hill, Girl-face, Vivian, Elaine, Sail-
boat, Hara grayscale images with 512x512 pixels. When predicting pixel values using the proposed technique,
the prediction accuracy has a maximum value of 30.73% and the prediction error is very small. The proposed
technique is an effective pixel value prediction technique and can be effectively used for applications such as
image enlargement and confidential data embedding.

References

[1] M. Fallahpour, “Reversible image data hiding based on gradient adjusted prediction,” IEICE, Vol. 5, No. 20, pp.
870-876, 2008. DOL: 10.1587/elex.5.870

[2] S. M. Jung, “An advanced reversible data hiding algorithm based on the similarity between neighboring pixels,”
Journal of The Korea Society of Computer and Information. Vol. 21, No. 2, pp. 33-42, 2016. DOI:
10.9708/jksci.2016.21.2.033

[3] Sahmyook University Industry-Academic Cooperation (S. M. Jung), “A method for data hiding based on pixel value
predictions, a method for data watermarking using it, and an apparatus for data hiding.” http://www.kipris.or.kr,
Korea Patent, 1017645300000, July 2017.

[4] S. M. Jung, and B. W. On, “Reversible data hiding algorithm using spatial locality and the surface characteristics of
image.” Journal of The Korea Society of Computer and Information. Vol. 21, No. 8, pp. 1-12, 2016. DOI:
10.9708/jksci.2016.21.8.001

[5] Sahmyook University Industry-Academic Cooperation (S. M. Jung, B. W. On), “A method for reversible data hiding
based on pixel value prediction according to spatial locality and surface characteristics, a method for reversible
watermarking using it, and an apparatus for reversible data hiding, reversible watermarking,”
http://www.kipris.or.kr, Korea Patent, 1018754010000, July 2018.

[6] S. M. Jung, “Pixel Value Prediction Algorithm using the Similarity of Adjacent Pixel Values,” The 2017 Fall
Conference of Korea Information Electron Communication Technology, 2017.

[71 H. TANG, and S. KAMATA, “A Gradient Based Predictive Coding for Lossless Image Compression”, IEICE
Transactions on Information and Systems, Vol. E89-D, No.7, pp.2250-2256, 2006. DOI: 10.1093/ietisy/e89-
d.7.2250



Advanced Pixel Value Prediction Algorithm using Edge Characteristics in Image 115

(8]

(9]

W. Hong, “An Efficient Prediction-and-Shifting Embedding Technique for High Quality Reversible Data Hiding”,
EURASIP Journal on Advances in Signal Processing Volume 2010, Article ID 104835, 12 pages,
doi:10.1155/2010/104835

B. Ou, X. Li, Y. Zhao, and R. Ni, “Reversible data hiding using invariant pixel-value-ordering and prediction-error
expansion”, Signal Processing: Image Communication, Vol. 29, No. 7, pp. 760-772, 2014. DOI:
10.1016/j.image.2014.05.003

[10] X. Qu, and H. J. Kim, “Pixel-based pixel value ordering predictor for high-fidelity reversible data hiding,” Signal

Processing, Volume 111, pp. 249-260, 2015. DOI: 10.1016/].sigpro.2015.01.002





