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Abstract: Modern monitoring and operational decision-making systems based 
on image series have become widely used for a wide variety of applications. 
At the stage of identification of graphic images, the affiliation of the found 
dynamic object to the class of objects of interest is established on the basis of 
a comparative analysis of its contours with a given template. The article 
continues the cycle of research in which the identification process is considered 
and the algorithm of machine graphics is given. A description of the interaction 
of the structural components of the video analytics system is presented. 
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1. INTRODUCTION 

Modern monitoring and operational decision-making systems based on image series 
have become widely used for a wide variety of applications. At the stage of identification 
of graphic images, the affiliation of the found dynamic object to the class of objects of 
interest is established on the basis of a comparative analysis of its contours with a given 
template. The article continues the research [1-3]. 

The video analytics system shown in Figure 1 includes the following structural 
components [1]: 

- a set of video cameras, 
- image capture and preprocessing module, 
- dynamic object detection module, 
- object recognition module, 
- databases and knowledge bases, 
- decision-making system, etc. 
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Figure 1. The video analytics system: AW - Automated workplace 

Within the framework of this study, it is assumed to consider a video analytical 
system that includes a set of static cameras for continuous observation of a specific space 
of the real world. In other words, video recording is assumed within the same scene, 
where there are static objects marked as a common background. All changes occurring 
inside the scene are represented as areas of interest where the presence of a dynamic 
object is assumed. 

The dynamic object detection module is a mathematical and image processing 
software embedded in a video analytics system in order to increase the efficiency of 
detecting dynamic objects. This component is an intermediate link for organizing 
interaction between software subsystems: the image capture and transformation module, 
discussed in more detail in Section 2, and the recognition module described in Section 
3. The structure of the components of the dynamic object detection subsystem and their 
interaction is demonstrated in Section 4. The input data of the video analytics system is 
the sequence of images, as well as the settings of the detection and recognition modules. 
The output information is the decision received from the decision-making system in 
accordance with the decision-making rules based on the results obtained from the image 
recognition module. The decision-making system is described in Section 5. 

2. IMAGE CAPTURE AND PREPROCESSING MODULE 

The image capture and preprocessing module adjusts, receives and controls the 
video stream from CCTV cameras, as well as converts images into the required input 
format for further analysis. 
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The diagram of the structural components of the module in question, shown in 
Figure 2, includes the following components: 

1. A computational module that includes a mathematical apparatus for calculating 
the resulting array of intensities and preparing input images for analysis. 

In the case of a 24-bit input image, the conversion to the 8-bit Grayscale format 
(Grayscale) is carried out according to formula (1). 

The formula for converting a 24-bit image to a grayscale format using the values of 
each of the channels R, G and B [4, 5]: 





 ++= ijB*ijG*ijR*ijA 1140,05870,02989,0  (1) 

where A is the intensity matrix images; i, j – pixel coordinates. 
2. The video data flow control module, which provides integration of the software 

environment with video surveillance cameras, interaction with the computing module, 
as well as sending the processed array of images. 

Methods of organizing the interaction of the software environment and video 
surveillance cameras [6]: 

- Real Time Streaming Protocol – a protocol for transmitting various streaming 
information in real time without pre-compression, supported by most modern IP 
cameras. 

- Software Development Kit – a set of tools, interaction interfaces, descriptions, as 
well as examples of programs demonstrating integration with the hardware component 
provided by the manufacturer for a specific type of camera, usually machine vision. 

- Open Network Video Interface Forum and Physical Security Interoperability 
Alliance – unified standards for working with digital video cameras, built on Web 
services in the WSDL language, as well as on RTSP, SOAP and compression standards 
H264, MJPEG, MJPEG-4 [7]. 

- HyperText Transfer Protocol is an application layer protocol that provides the 
transfer of an MJPEG video stream and interaction with an ip camera by means of Web 
requests and Web responses. 

In video analytics systems, as a rule, machine vision video cameras or IP cameras 
are used. The method of integration into the system is determined depending on their 
type and manufacturer. 

3. A video camera control module that provides the possibility of both one-way and 
two-way communication. 

The input data of CCTV cameras are commands to control the gain settings, 
exposure, image transfer rate, etc. The output information is a sequence of images in 
various supported formats. 

The block diagram of the components of the image capture and preprocessing 
module shows the following input and output parameters: 

niiI 1, ∈  - stream of images coming from the camera i, 
nii 1,C ∈  - a stream of camera i  control commands, 
niiA 1, ∈  - a parallel stream of processed images converted from input data 

coming from the camera i. 
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Figure 2. Block diagram of the structural components of the image capture and 

preprocessing module 

3. OBJECT RECOGNITION MODULE 
The pattern recognition module performs the function of detecting, identifying and 

tracking an object based on the analysis of video sequences. 
The input data of the subsystem consists of a stream of images and recognition 

settings, including the following fields: 
- static area of interest in the image; 
- probability filter, which is the limit value of the probability at which an object can 

be considered recognized; 
- scale range of the object of interest; 
- recognition result; 
- the period for issuing intermediate recognition results; 
- the period after which, if the object has stopped appearing on the video sequence, 

a decision is made to lose it and issue a recognition result.; 
- the angle of rotation of the image required if the camera is placed at an angle, etc. 
The output data is the recognition results in a specific format depending on the 

specific system developer. 
The recognition results include the following fields: 
- the image on which the decision was made; 
- image creation time stamp; 
- the recognized object in the form of a set of its characteristics for unambiguous 

correspondence with the object of the real world; 
- coordinates of the location of the object in the image, etc. 
A distinctive feature of modern recognition systems is the consideration of each of 

the intermediate results of pattern recognition in relation to each other and making a 
decision after the object is lost from the visibility of the system [8]. 

Figure 3 shows the relationship of the databases of intermediate recognition results 
for each of the objects with the algorithmic part of the module. The knowledge base 
contains basic recognition settings, such as object shape templates and specific 
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information from developers of a single recognition subsystem, as well as accumulated 
previous results. 

The process of pattern recognition includes obtaining the detection result, clarifying 
the boundaries of the object within the area of interest, recognition and output of the 
result [8]. 

 
Figure 3. Data flow diagram of the pattern recognition module 

The accuracy of recognition directly depends on the number of frames received of 
a real-world object and on the image quality. 

Increasing the efficiency of the object recognition process is achieved by 
transferring already accumulated information about the object in the form of an image, 
the time of its creation and the area of interest [9]. 

Firstly, obtaining the location zone of the object in the image allows you to reduce 
the complexity of the search stage by the subsystem for recognizing the coordinates of 
the exact location, or abolish it altogether. Secondly, the described implementation 
makes it possible to take into account only the actual objects of interest of the system, 
avoiding false positives and increasing the accuracy of recognition. 

4. DYNAMIC OBJECT DETECTION MODULE 

Due to the operation of video analysis systems in real time, time constraints are 
imposed on the recognition subsystem. This means that the speed of image processing 
affects the accuracy of recognition and the number of fixes of high-speed objects. 

The main purpose of the dynamic object detection module is to increase the number 
of recognized objects and reduce the number of false positives by transmitting 
information about the location of the object of interest on the frame to the recognition 
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subsystem [1]. The detailed format of the output data is presented in Section 2 on the 
diagram of the relationships of program classes. 

The embedded module performs parallel processing of graphic data for each of the 
received preprocessed video data streams. The parallelism model of graphic data 
processing is shown in Figure 4. 

The main tasks of the detection module are, firstly, motion detection on video 
sequences, secondly, the selection of an area of interest and the search for an object 
corresponding to the shape of a predefined template on it, and thirdly, the formation and 
transmission of the detection result to the recognition subsystem. 

The input data of the detection module are 8-bit grayscale images, as well as 
detection settings. The output data is the detection results received by the image 
recognition module. 

The description of the input and output data formats is discussed in Section 2. 
Figure 4 shows a model for processing a single stream of video data coming from 

one of the video surveillance cameras to the input of the embedded subsystem. Within a 
single stream, as shown in Figure 4, sequential image processing is provided up to the 
stage of calculating areas of interest [10]. 

 
Figure 4. A model for processing a single stream of video data 

Stages of processing incoming images to the input of the built-in subsystem: 
1. Formation of key I-frames or intermediate P-frames at the stage of finding the 

inter-frame difference. The description of the algorithmic part of the stage is presented 
in [3]. 

2. Moving data to the buffer of intermediate and key frames. 
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3. If the number of frames is sufficient, then a set of motion vectors is formed for a 
separate object. 

4. Calculation of areas of interest, which are synthetic frames of objects collected 
on the basis of sets of vectors of their movements. A description of the mathematical and 
algorithmic apparatus for finding vectors of block displacements and areas of interest is 
presented in [3]. 

5. Identification of the object for each of the areas of interest described in [3]. At 
this stage, the contours of the object are searched and compared with the standard loaded 
from the detection module settings. A detailed algorithm for machine graphics and image 
processing for recognizing the contour of an object is described in [3]. 

6. Output of detection results for each dynamic object found. 
Since several areas of interest and dynamic objects can be recorded in one of the 

time intervals of observation of the real world, respectively, a mechanism for parallel 
data processing is provided within the framework of the subsystem under consideration. 
The parallelism model of data processing by the dynamic object detection module is 
shown in Figure 5. 

 
Figure 5. Multithreaded video data processing model 
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Parallelism is achieved at three stages of data processing. First, at the stage of 
receiving the video sequence. For each of the image sequences, it is assumed that a 
separate stream is allocated for independent computational operations. Secondly, at the 
stage of creating key and intermediate frames, if there is an inter-frame difference. 
Thirdly, the implementation of a parallel analysis of the generated synthetic frames and 
the output of the detection result. 

The following input and output parameters are presented on the model of parallel 
processing of video data of the embedded subsystem: 

niiA 1, ∈  - independent and parallel incoming sequence of images from the 
image capture and preprocessing module; 

mniiT *1, ∈  - the flow of performing image processing operations; 
niV 1,i ∈  - list of motion vectors for iA ; 
niiO 1, ∈  - list of synthetic frames for iA . 

The quantitative limitation of allocated streams is regulated by the operating system. 
If the limit is reached, the processing of operations scheduled within the new execution 
thread is carried out after one of the already running threads finishes its execution [11]. 

5. DECISION-MAKING SYSTEM 

A subsystem of decision-making means such a system, the purpose of which is to 
help in decision-making in difficult conditions for a complete and objective analysis of 
the environment. 

The block diagram of the decision-making subsystem is shown in Figure 6. 

 
Figure 6. Block diagram of the decision support system 

The input data are lists of recognition results coming from the object recognition 
module. The output data represents the decisions made about the need to perform any 
action, for example, writing to the log of logging situations or displaying an alarm 
notification on the screen form of the application, etc. [1]. 

The knowledge base contains a list of rules according to which data analysis and 
processing and decision-making are carried out. 
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The database of decisions made is also designed to support decision-making by 
establishing links with previous events and incidents, as well as with their conditions of 
occurrence. 

Data management refers to the formation of new information based on available 
input parameters, knowledge bases and management models. 

The component of the management model provides accounting and analysis of the 
current situation based on the available input parameters and knowledge bases and data 
of the decisions made. 

The data management component provides the possibility of manipulating the 
accumulated information about incidents. 

The decision-making system has interactive interaction with the system operator to 
ensure flexibility of configuration and decision-making. 

6. CONCLUSION 

1. The components of the video analytics system are considered, which are a set of 
video cameras, an image capture and transformation module, an object recognition 
module, databases and knowledge, a decision-making system, as well as an embedded 
part for effective detection of dynamic objects. The flow diagrams of data flows are 
given. The organization of the interconnection of software subsystems and the place of 
the embedded part in the structure of the video analytical system is shown. 

2. A model of multithreaded processing of graphical data for the dynamic object 
detection module is demonstrated. The implementation of parallelism is carried out, 
firstly, at the level of receiving a video stream, providing independent processing of a 
single sequence of images, and secondly, at the stage of formation and transmission of 
areas of interest, allowing their simultaneous analysis within independent execution 
streams. 

A more detailed structure of the embedded subsystem, as well as data flows inside 
the component are shown on the model of processing a single video data stream. 
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