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Abstract  
Abstract. The article deals with issues related to the processing of aerial photographs, which 

were obtained while using emergency aerial monitoring systems. It shows the actual 

involvement of unmanned aerial monitoring systems to prevent, as well as localization of 

emergency. Here, the key information is aerial images having different properties, syntactic 

and semantic components, and also a plurality of landscaped areas, both of natural origin and 

man-made objects. With the help of aerial photos of various processing methods highlighted 

important information about the characteristics of semantic objects. A study is an informative 

description of aerial photographs as well as processing techniques justified selection of aerial 

photographs, at which manage to retrieve images from the most critical information, thereby 

reducing the flow of processed and transmitted over the communication channels. It is proved 

that dedicated key information from aerial photographs provides operator-interpreter in a 

timely manner, accurately make decisions to prevent crises and emergencies. 
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1. Introduction 

In today’s world issues associated with the processing of aerial images, obtained through reference 

aerial monitoring Unmanned Aerial Vehicles (UAVs) are actual [1–10]. A good example here is the 

use of aerial monitoring systems for early warning and emergency response related to natural disasters 

(fires, floods, natural disasters), man-made disasters on the territory of the state (explosions at military 

arsenals, state-owned enterprises), registration and checking the state of special objects with high-

security level (state-building, transport and energy facilities of national importance). 

Aeromonitoring systems are especially important in the protection of critical infrastructure. The 

security of a critical infrastructure object is determined by the state of its functionality and continuity 

of operation. Ensuring the possibility of identifying factors that could potentially affect the 

characteristics of this condition is one of the most important tasks that can be solved with the help of 

aerial monitoring systems using UAVs. After all, in the vast majority of cases, critical infrastructure 

facilities implement functions and services, the termination or cessation of which can lead to negative 

consequences for the population, social and economic status of society, and national security and 

defense of the state. Intruders or special forces of enemy countries are likely to attack any of the critical 

infrastructures on a daily basis. The efficiency and effectiveness of their detection require the use of 

monitoring tools capable of obtaining and processing data in real-time. Such means can be air-based 
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monitoring systems based on the use of UAVs. However, the existing air monitoring systems are not 

equipped with onboard subsystems for the analysis of objects located on the surface images obtained 

by them. This is due to the limited capabilities of computers installed on aircraft. The task of analyzing 

and identifying objects in images is quite time-consuming. An additional complication is the need to 

create criteria for evaluating and classifying objects. Based on this criterion, it is possible to classify the 

identified objects and analyze the situation around the critical infrastructure object in order to protect it 

or prevent an attack on its security perimeter. 

In these circumstances, it is necessary to organize a rationale using aerial monitoring systems to 

control the elimination of the situation. Also, must be provided a sufficient security level for all data in 

this system. Key information at each stage of monitoring, for processing and decision, will be obtained 

by aerial photos. On one, aerial required a high degree of saturation of small parts, having significant 

amounts reaching approximately 100 Mbps. On the other hand, the onboard equipment of UAV is not 

only a means of collecting data but also performs the function of transmitting information via 

communication channels on a ground complex in real-time.  

Today, the trend of development of UAVs attests to their complex construction . On one bead 

complex set of functions implemented as intended, which in the past were not available to them or 

perform other forces and means. However, the limitations associated with the lack of size of the 

antenna and low power data communications equipment do not allow us to apply the powerful 

radios. The consequence of these deficiencies is the problems associated with data transmission 

organization. Data channels between UAV and ground complex do not provide timely data 

delivery. Not timely delivery of information in the process of aerial monitoring leads to its 

obsolescence and loss of relevance. This affects the timeliness of reporting of information 

corresponding to the agency, as well as the effectiveness of the tasks in the system using aerial 

monitoring of UAVs. 

The option of placing more powerful computing subsystems onboard the UAV is not acceptable 

as it will increase the mass of the aircraft and reduce its flight characteristics and reduce the ability 

to carry additional suspension modules. Transferring the object detection and identification function 

to the operator’s flight control panel also has a significant disadvantage. This will lead to the need to 

increase the intensity of the information flow of data coming from the UAV to the control panel in 

real-time. In the conditions of dense industrial buildings or the presence of obstacles from systems of 

electronic warfare of the enemy, it will lead to the emergence of a large number of errors in the 

transmission channel. Also, the situation of complete refusal of the management of the aircraft is 

probable. Therefore, this solution cannot be applied. 

This also raises the question of protection of the transmission channel of aerial photographs obtained 

by UAVs and control signals coming to it from the basic ground control point. 

Implementation of protection systems against unauthorized access significantly complicates the 

complex as a whole and leads to the need to use more advanced computing modules. Their use, as a 

rule, increases the total cost of the complex, increases the processing time and delivery of data through 

the transmission channel (additional service data is imposed), and even increases the weight of the 

aircraft (reduces the possibility of using some other hanging equipment). 

One effective solution for expediting communicating information is to reduce the volume of 

processed and transmitted over the secured communication channels. This board serves to conduct pre-

processing UAV aerial photographs. However, in this case, it may be distorted or lost part of the useful 

information. The resulting aerial image processing can be performed correctly. And this in turn leads 

to a decrease in efficiency. 

Therefore, to aid decision-making in emergency aerial monitoring system is proposed to apply 

rapid detection of critical infrastructure objects onboard UAVs. This will allow us to identify the 

most crucial information on the photograph, and thus reduce the flow of unnecessary information 

during transmission over communication channels, which are limited to high capacity. Also, it 

provides to simplify the task of providing a given level of protection of the work onboard 

photographic and control signals sent to the operator of the aircraft on ground control points in 

real-time and in the presence of high-density electronic interference and origin. 

But it is required to consider restrictions on the computing resources on-board complex, as well as 

the degree of wearable limit losses (need to ensure minimization of distortion) [5–12]. 

Thus, the purpose of the article is an informative description of aerial images with the features 
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of the landscape using aerial monitoring system in emergencies situations; the rationale for the 

choice of aerial photos processing technology that will identify objects bearing basic semantic 

saturation, thereby reducing the amount of processed and transmitted over the communication 

channels. 

2. Main Material 

2.1. Aerial Photographs Description 

The result of doing emergency aerial monitoring means UAV is to obtain a set of aerial images 

with its characteristics. Aerial photographs are characterized by various properties, syntactic and 

semantic component images. Aerial photos to be deciphering, depending on the applied 

photographic aerial monitoring systems proposed to classify into two groups [2–7] (see Fig. 1). 

 

 
 
Figure 1: Aerial photos classification 

 

1. Aerial photos that contain a relatively familiar to the eye image objects. The image is similar 

to the one that is visually observed from an unmanned complex. They are black and white and color 

aerial photographs. 

2. Aerial containing visual images differ significantly from the visual images of real objects. 

These include multispectral aerial photography, infrared (heat) , and laser aerial photographs. It is 

obvious that such uniformity will landscape the area of the area (see Fig. 2). 

Offered their description for the presentation of aerial photographs: 

1. On the concept of the information in question. 

2. On the structural description. 

From the standpoint of the structural description, aerial photographs contain: 

1. The scope of key facilities for decryption. 

2. The scope of the landscape. 

And the region of the key objects to decrypt plays an important (pivotal) role. The purpose of the 

decryption in this area is the identification of the object of interest. 

The main method of extracting information from aerial photographs is their interpretation, the 

disclosure of diverse content which contains information about the area. The main complex of 

measures for photographic interpretation is carried out on the ground together with the help of the 

operator-interpreter. 

Depending on the tasks to be solved during the interpretation of aerial photographs, are two types of 

decoding: general geographical and sectoral. 

In turn, the general geographic interpretation of aerial photographs has been involved in the 

preparation of the generalized information on the Earth’s surface and includes two types: topographic 

and landscape. 

Topographical interpretation of aerial photographs carried out in order to identify, recognize, and 

characterization of objects that should be represented on the maps when they are drawing up or 

updating. When decoding the landscape—the goal is regional or typological zoning areas. 

Sector interpretation of aerial photographs is sufficiently numerous and conducted by various 

organizations to address their departmental objectives (military, forestry, geology, agriculture, 

surveying, etc.). 

Aerial photos 

Aerial photos that contain a relatively 

familiar to the eye image objects 

Aerial containing visual images, differ 

significantly from the visual images of real 

objects 
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Depending on the complexity and composition of objects located on aerial photographs, objects are 

divided into simple and complex. 

Simple objects are called individual natural or artificial objects (facilities, education), located on 

land or water and operating a particular function (tank, airplane, ship, building, tree, grass, etc.). 

 

 

 

 
 

Figure 2: Aerial photographs with the drone UAV: 1–5 corresponds to the agricultural landscape;  
6–8 corresponds forestry, industrial, and landscape settlements; 9–12 terrain objects that need to be 
identified 

 

Complex objects are called natural or artificial systems, occupy considerable space on the size, the 

specific operating functions, and consist of a plurality of identical or different simple objects that are in 

a particular relationship. 

Military objects decryption is complex objects (troops, ships (vessels), submarines, underwater 

mines, and networking boom, military installations, military and industrial facilities, area) as a rule. 

In the process of deciphering aerial images, the following interpretive features of objects (Fig. 3): 

 Total direct. 

 Individual (private) attributes of object types. 

 Group. 

 Indirect (logical). 

 Complex identification (unmasking) signs. 

When the decoding of images by the operator, the information it receives through the visual 

analysis of the screen image. The interpreter perceives primarily spatial information (often about 

the quantitative characteristics of the operator does not know). In this case, the brightness 

differences it estimates at a high level. In addition, the operator uses the decrypted and other 

characteristics: the shape of the image; image size; tone image; shadow image; feature location; a 

sign of activity. 

 

homogeneity 

of the topography 
terrain objects  
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Figure 3: Basic decryption features 

 

The shape and dimensions of the image are the most important information for decoding, as in the 

first place most of the objects are identified by their shape and size. However, the identification of 

objects on aerial photographs depends on the consideration of all the decrypted signs in general. There 

is a direct relationship between the decrypted signs. 

Thus, the systematization of the entire set of objects encountered in decoding images is provided. 

Therefore, the interpreter, the operator has the opportunity to operate more general categories than a 

single object (type), if necessary [13–21]. 

The area of the landscape plays a supporting role to decrypt. Here the focus is on the texture 

areas. We will be called the homogeneous areas of land under the landscape within which the rocks, 

terrain, climate, water, soil, vegetation, fauna constitute interdependent and interrelated unity. The 

advantage is that most of the aerial photos take natural objects under the guise of areas of 

vegetation. In order to solve the problem of the processing of such texture areas, you must first 

reduce the search area of the object. It is obvious that those are the areas of uniformity of the 

landscape areas. 

Landscapes combined into certain groups – are classified. This takes into account their origin 

and history of development, the relationship between components (between human deposits soils, 

climate, vegetation, topography and moisture conditions, and others.) As well as the level of 

influence on their business. The classes are combined landscapes with similar symptoms relief. For 

example, in Ukraine, there are two classes of landscapes: plains and mountains. Therefore, the 

concept of “homogeneity” of the landscape dialectically combined with the idea of its diversity  

Let us consider the texture areas of aerial photographs as the most important parts of an aerial 

photograph. 

2.2. Presentation of the Texture Areas of Aerial Photographs 

Aerial photographs are a lot of texture areas as natural characters, and man-made objects. It is 

proposed to classify the texture area. Examples of artificial and natural textures are in Fig. 4. 

The texture can be divided into artificial (see Fig. 4a) and natural (see Fig. 4b). 

The artificial texture is this structure of graphic characters arranged on a neutral background. 

Such signs may be segments of lines, dots, stars, or characters. Natural texture is implied in their 

name, or an image of natural scenes containing almost periodic structure. Examples include photos 

of brick walls, tile roofs, sand, grass, etc. Further analysis is limited to the natural texture textures.  

Patterns describe a very broad class of objects. For example, a brick wall—consists of identical 

picture elements. Their scale and rotate the image changes on a relatively simple law. The movement 

corresponds to a change-view shooting. A more complex pattern is composed of a limited number of 

quasi-randomly arranged elements of the plane. Texture classification is given in Fig. 5. 

These flat textures include text on a sheet of paper. Qualitatively, the texture can be divided into 

fine-grained, coarse-grained, smooth, granular, undulating. This division is based on signs basic 

primitives or spatial interaction therebetween. 

Individual  

(private) 

Indirect 

(logical) 
Integrated 

Decryption features 

Group 
General direct 

(physical) 
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Figure 4: Examples of artificial (a) and natural (b) textures 

 

 

 
 

Figure 5: Texture classification 
 

According to the degree of interaction of the basic elements distinguish weak and strong texture. 

The weak interaction spatial textures nonderivative elements are small. To distinguish such 

textures, it is sufficient to determine the repetition rate of a non-derivative element in a local area 

of the image. The strong texture is those in which the spatial interaction is not random. Such a 

variety of textures indicates the need for the development and application of various processing 

methods of texture areas in aerial photographs.  

TEXTURE CLASSIFICATION 

 

Simple 

texture 

Natural  

texture 

Artificial  

texture 

Complex  

texture 

Coarse  

texture 

Smooth  

texture 

Granular  

texture 
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texture 
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texture 
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With the help of various image processing techniques, we can identify the most relevant information 

on the characteristics of semantic objects. In the future, information about objects is transmitted while 

maintaining the highest information content to the next phase efficiently transmit information with the 

least distortion. 

2.3. The choice of aerial photography processing technology 

Among the processing methods of various types of data (text, images, video, sound) occupies a 

special place in image processing [4]. The use of image processing methods is based on the fact that, 

firstly, it is the first area where the user operates a large number of files that you want to compress, and 

secondly, there is first found data compression with partial information loss. However, the analysis of 

existing image processing methods (JPEG, JPEG2000) revealed the following problematic 

disadvantages: 

 Keeping uniform picture elements does not consider the semantic load of photograph fragments. 

 Reducing the image resolution violates the achievement of the required level of detail of objects 

of aerial monitoring. 

 The achievement of the required level of information is provided in case of loss of the entire 

picture. 

The concept of the algorithms of existing image processing techniques is based on a preliminary 

segmentation of images with specified dimensions [4–6]. Generally used blocks of standard size N×N, 

so the image is processed block by block. Block conversion has low requirements for memory and is 

suitable for processing the residual image obtained by block-based motion compensation. Technology 

discrete cosine transform (DCT) is one of the most frequently used in image processing. The use of 

orthogonal transformation based on the discrete cosine transform DCT, coefficients form arrays 

(component) conversion—transformants. Further components transformants were treated as weights, 

which is necessary to calculate the basic image, that would get the original picture. The image of 

radiation as a result of the aerial photograph consists of texture and informational pieces. It is the texture 

of the image that must be present in the spectral space based on the discrete cosine transform DCT. 

To perform processing onboard aerial photographs UAV will be the most significant structural 

features of the image: the contour, texture, and homogeneous field. However, the interpreter-operator 

may be interested in the picture, not all but only certain objects. Therefore, this processing technology 

is necessary to use aerial photographs, which will be able to extract from the images the most crucial 

information at a minimum expenditure of computing resources. 

Thus, the use of an efficient method of processing images onboard provide a reduction in the volume 

of transmitted information; improving the quality of homilies (restored) aerial images (which will 

properly recognize and distinguish different objects meaningful fragments on an aerial photograph); 

reduction of time-consuming to analyze and forecast the situation. This will, in turn, increase the speed 

of adjusting information relevant departments but will also increase the efficiency of tasks in an 

emergency aerial monitoring system using UAVs. 

3. Findings 

1. Spend an informative description aerial photo view of features of the landscape. It was revealed 

that the landscape plays a supporting role in the processing and decoding, which focuses on the textured 

areas. 

2. The description of the aerial photos of the concept of the information in question and on the 

structural description. It turned out that from the perspective of the structural description, aerial 

photographs contain a region key to decrypt objects and landscape the area. 

3. To aid decision-making using emergency aerial monitoring systems proposed to use aerial 

imagery processing technology onboard UAV), namely the discrete cosine transform. Justified selection 

processing technology aerial photographs in which manage to identify the most critical information, 

thereby reducing the amount of data to be processed, as well as improve quality teachings (recovered) 

aerial photographs. 



189 

4. References 

[1] S. Ramakrishnan, et al., Cryptographic and Information Security Approaches for Images and 

Videos. CRC Press, 2018, 962 p.. doi: 10.1201/9780429435461. 

[2] Announcing the ADVANCED ENCRYPTION STANDARD (AES). Federal Information 

Processing Standards Publication, 197 (2001). 

[3] DSTU 7624:2014: Information Technology. Cryptographic protection of information. Symmetric 

block transformation algorithm. Order of the Ministry of Economic Development of Ukraine № 

1484 (29.12.2014). 

[4] DSTU GOST 28147:2009: Information processing system. Cryptographic protection. 

Cryptographic transformation algorithm GOST 28147-89 (22.12.2008). 

[5] F. Dufaux, T. Ebrahimi, Toward a Secure JPEG. Applications of Digital Image Processing XXIX, 

Vol. 6312, 2006. doi: 10.1117/12.686963. 

[6] M. Farajallah, Chaos-based crypto and joint crypto-compression systems for images and videos, 

2015. URL: https://hal.archives-ouvertes.fr/tel-01179610. 

[7] T. Honda, Y. Murakami, Y. Yanagihara, T. Kumaki, T. Fujino, Hierarchical image-scrambling 

method with scramble-level controllability for privacy protection, in: IEEE 56th International 

Midwest Symposium on Circuits and Systems (MWSCAS), 2013, pp. 1371-1374. doi: 

10.1109/MWSCAS.2013.6674911. 

[8] Information technology – JPEG 2000 image coding system: Secure JPEG 2000. International 

Standard ISO/IEC 15444-8; ITU-T Recommendation T.807, 2007, 108 p. 

[9] Sh. Ji, X. Tong, M. Zhang, Image encryption schemes for JPEG and GIF formats based on 3D 

baker with compound chaotic sequence generator, 2012. URL: https://arxiv.org/abs/1208.0999. 

[10] JPEG Privacy & Security Abstract and Executive Summary, 2015. URL: https://jpeg.org/items/ 

20150910_privacy_security_summary.html. 

[11] R. L. Rivest, A. Shamir, L. M. Adleman, A method for obtaining digital signatures and public-key 

cryptosystems. Communications of the ACM, (2) 21, 1978, pp. 120–126. doi: 

10.1145/359340.359342 

[12] R. Sharma, S. Bollavarapu, Data Security using Compression and Cryptography Techniques. 

International Journal of Computer Applications, Vol. 117, No. 14, 2015, pp. 15-18. doi: 

10.5120/20621-3342. 

[13] V. B. Vasiliev, I. N. Okov, Yu. N. Strezhik, A. A. Ustinov, N. V. Shvetsov, Video data 

compression and protection in UAV information exchange radio channels, in: Scientific and 

practical conference on Prospects for the development and use of complexes with unmanned aerial 

vehicles, 924 State Center for Unmanned Aviation of the Ministry of Defense of the Russian 

Federation, 2016, pp. 202–204. 

[14] K. Wong, K. Tanaka, DCT based scalable scrambling method with reversible data hiding 

functionality, in: 4th International Symposium on Communications, Control and Signal Processing 

(ISCCSP), 2010, pp. 1-4. doi: 10.1109/ISCCSP.2010.5463307. 

[15] L. Yuan, P. Korshunov, T. Ebrahimi, Secure JPEG Scrambling enabling Privacy in Photo Sharing, 

in: 11th IEEE International Conference and Workshops on Automatic Face and Gesture 

Recognition (FG), 2015, pp. 1-6. doi: 10.1109/FG.2015.7285022. 

[16] K. M. Faraoun, A parallel block-based encryption schema for digital images using reversible 

cellular automata. Engineering Science and Technology, Vol. 17, 2014, pp. 85–94. doi: 

10.1016/j.jestch.2014.04.001. 

[17] S. Auer, A. Bliem, D. Engel, A. Uhl, A. Unterweger, Bitstream-based JPEG Encryption in Real-

time, in: International Journal of Digital Crime and Forensics (2013). doi: 

10.4018/jdcf.2013070101. 

[18] H. Kobayashi, H. Kiya, Bitstream-Based JPEG Image Encryption with File-Size Preserving, in: 

IEEE 7th Global Conference on Consumer Electronics (GCCE), 2018, pp. 1-4. doi: 

10.1109/gcce.2018.8574605. 

[19] K. Minemura, Z. Moayed, K. Wong, X. Qi, K. Tanaka, JPEG image scrambling without expansion 

in bitstream size, in: 19th IEEE International Conference on Image Processing, 2012, pp. 261-264. 

doi: 10.1109/ICIP.2012.6466845. 



190 

[20] A. Phatak, A Non-format Compliant Scalable RSA-based JPEG Encryption Algorithm. 

International Journal of Image, Graphics and Signal Processing, Vol. 8, No. 6, 2016, pp  64-71. 

doi: 10.5815/ijigsp.2016.06.08. 

[21] Ch.-L. Tsai, Ch.-J. Chen, W.-L. Hsu, Multi-morphological image data hiding based on the 

application of Rubik’s cubic algorithm, in: IEEE International Carnahan Conference on Security 

Technology (ICCST), 2012,  pp. 135-139. doi: 10.1109/CCST.2012.6393548. 

[22] K.-W. Wong, Image encryption using chaotic maps. Intelligent Computing Based on Chaos, Vol. 

184, 2009, pp. 333–354. doi: 10.1007/978-3-540-95972-4_16. 

[23] Yu. Wu, S. Agaian, J. Noonan, Sudoku Associated Two Dimensional Bijections for Image 

Scrambling, in: IEEE Transactions on multimedia, 2012, 30 p. URL: 

https://arxiv.org/abs/1207.5856v1. 

[24] Y. Yang, B. B. Zhu, S. Li, N. Yu1, Efficient and Syntax-Compliant JPEG 2000 Encryption 

Preserving Original Fine Granularity of Scalability. EURASIP Journal on Information Security, 

Vol. 2007, Article ID 56365, 2008, 13 p. doi: 10.1155/2007/56365. 

[25] V. Barannik, N. Barannik, Yu. Ryabukha, D. Barannik, Indirect Steganographic Embedding 

Method Based On Modifications of The Basis of the Polyadic System, in: 15th IEEE 

International Conference on Modern Problems of Radio Engineering, Telecommunications 

and Computer Science (TCSET’2020), 2020, pp. 699-702. doi: 

10.1109/TCSET49122.2020.235522. 

[26] V. Barannik, V. Barannik, Binomial-Polyadic Binary Data Encoding by Quantity of Series of 

Ones, in: 15th IEEE International Conference on Modern Problems of Radio Engineering, 

Telecommunications and Computer Science (TCSET’2020), 2020, pp. 775-780. doi: 

10.1109/TCSET49122.2020.235540. 

[27] V. Barannik, T. Belikova, P. Gurzhii, The model of threats to information and psychological 

security, taking into account the hidden information destructive impact on the subconscious of 

adolescents, in: 2019 IEEE International Conference on Advanced Trends in Information Theory 

(ATIT), 2019, pp. 656-661. doi: 10.1109/ATIT49449.2019.9030432. 

[28] V. V. Barannik, M. P. Karpinski, V. V. Tverdokhleb, D. V. Barannik, V. V. Himenko, M. 

Aleksander, The technology of the video stream intensity controlling based on the bit-planes 

recombination, in: 2018 IEEE 4th International Symposium on Wireless Systems within the 

International Conferences on Intelligent Data Acquisition and Advanced Computing Systems 

(IDAACS-SWS), 2018, pp. 25-28. doi: 10.1109/IDAACS-SWS.2018.8525560. 

[29] V. V. Barannik, Yu. N. Ryabukha, О. S. Kulitsa, The method for improving security of the remote 

video information resource on the basis of intellectual processing of video frames in the 

telecommunication systems, Telecommunications and Radio Engineering, Vol. 76, No 9, 2017, 

pp. 785-797. doi: 10.1615/TelecomRadEng.v76.i9.40. 

[30] V. V. Barannik, Yu. N. Ryabukha, V. V. Tverdokhleb, D. V. Barannik, Methodological basis for 

constructing a method for compressing of transformants bit representation, based on non-

equilibrium positional encoding, in: 2017 2nd International Conference on Advanced Information 

and Communication Technologies (AICT), 2017, pp. 188-192. doi: 

10.1109/AIACT.2017.8020096. 

[31] V. Barannik, S. Shulgin, The method of increasing accessibility of the dynamic video information 

resource, in: 2016 13th International Conference on Modern Problems of Radio Engineering, 

Telecommunications and Computer Science (TCSET), 2016, pp. 621-623. doi: 

10.1109/TCSET.2016.7452133. 

[32] V. Barannik, D. Tarasenko, Method coding efficiency segments for information technology 

processing video, in: 2017 4th International Scientific-Practical Conference Problems of 

Infocommunications. Science and Technology (PIC S&T), 2017, pp. 551-555. doi: 

10.1109/INFOCOMMST.2017.8246460.  

[33] Ch.-Ch. Chen, W.-J. Wu, A secure Boolean-based multi-secret image sharing scheme. Journal 

of Systems and Software, Vol. 92, 2014, pp. 107-114. doi: 10.1016/j.jss.2014.01.001. 

[34] T.-H. Chen, Ch.-S. Wu, Efficient multi-secret image sharing based on Boolean operation. 

Signal Processing, Vol. 91, Iss. 1, 2011, pp. 90-97. doi: 10.1016/j.sigpro.2010.06.012. 

[35] M. Deshmukh, N. Nain, M. Ahmed, An (n, n)-Multi Secret Image Sharing Scheme Using 

Boolean XOR and Modular Arithmetic, in: IEEE 30th International Conference on Advanced 



191 

Information Networking and Applications (AINA), 2016, pp. 690-697. doi: 

10.1109/aina.2016.56. 

[36] M. Naor, A. Shamir, Visual Cryptography, in: Proceedings of the Advances in Cryptology – 

EUROCRYPT’94. Lecture Notes in Computer Science, Vol. 950, 1995, pp. 1-12. doi: 

10.1007/bfb0053419. 

[37] Ch.-N. Yang, Ch.-H. Chen, S.-R. Cai, Enhanced Boolean-based multi secret image sharing 

scheme. Journal of Systems and Software, Vol. 116, 2016, pp. 22-34. doi: 

10.1016/j.jss.2015.01.031. 

[38] P. Korshunov, T. Ebrahimi, Using warping for privacy protection in video surveillance, in: 18th 

International Conference on Digital Signal Processing (DSP), 2015, pp. 1-6. doi: 

10.1109/ICDSP.2013.6622791. 

[39] G. Nattress, Chroma Sampling: An Investigation, 2008. URL: 

http://www.nattress.com/Chroma_Investigation/chromasampling.htm. 

[40] D. A. Kerr, Chrominance Subsampling in Digital Images, 2012. URL: 

http://dougkerr.net/Pumpkin/articles/Subsampling.pdf. 

 


