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INTRODUCTION

Today there are many applications of augmented reality that can be classified into six large groups: medicine; assembly, maintenance and repair of the complex equipment; addition of the private and common information of private to the existing objects; control of robots, unmanned aerial vehicles, etc.; gaming and entertainment industry; military [START_REF] Soh | Virtual and augmented reality applications in manufacturing[END_REF][START_REF] Billinghurst | A survey of augmented reality[END_REF]. In addition, the use of augmented reality for the management and monitoring of telecommunication networks is a special interest [START_REF] Bergenti | Augmented Reality for Field Maintenance of Large Telecommunication Networks[END_REF][START_REF] Hui | Highway traffic flow nonlinear character analysis and prediction[END_REF]. Also, augmented reality is used to analyze traffic flows in the Vehicular Ad-hoc networks (VANET) [START_REF] Abdi | In-Vehicle Augmented Reality Traffic Information System: A New Type of Communication Between Driver and Vehicle[END_REF][START_REF] Park | Design of a visual perception model with edge-adaptive gabor filter and support vector machine for traffic sign detection[END_REF][START_REF] Vinel | A simple analytical model for the periodic broadcasting in vehicular ad-hoc networks[END_REF] and other transport networks to detect congestions [START_REF] Hong-Bin | Analysis and prediction of complex dynamical characteristics of short-term traffic flow[END_REF][START_REF] Topór-Kamiñski | Delays models of measurement and control data transmission network[END_REF]. There are a few applications that allow user to manage various engines and devices [START_REF] Ng-Thow-Hing | User-Centered Perspectives for Automotive Augmented Reality[END_REF], informing drivers about the rod situation [START_REF] Winter | Preparing drivers for dangerous situations: A critical reflection on continuous shared control[END_REF], and control the UAVs [START_REF] Zollmann | Augmented Reality Supported Micro Aerial Vehicle Navigation[END_REF]. Flying ubiquitous sensor networks (FUSN) based on UAVs is gaining more popularity with arising of the Industrial Internet of Things (IIoT). Among the industries that demonstrate the greatest interest in the introduction of the Industrial Internet, can be called mining, engineering, agriculture, and transport. It is widely believed that data collection from the devices and data analysis are the main ideas of the FUSN. At the same time the important aspect is missed, that the transfer of a rapidly growing raw data in processing centers requires new technological solutions and methods of the network planning [START_REF] Shafig | A First Look at Cellular Machine-to-Machine Traffic: Large Scale Measurement and Characterization[END_REF][START_REF]Analysis of routes in the network based on a swarm of UAVS[END_REF]. For some applications, for example, observing over the territory, cameras may be installed on the UAVs. Such systems apply new restrictions on the application and impose new requirements to the telecommunication networks, because of high sensitivity of the UAVs to the network performance. The accuracy and maneuverability of UAV management depends on the quality of service and quality of experience.

Due to the fact that there are many fundamentally different services, it is necessary to develop models for the interaction of network elements while providing the services of the augmented reality, the traffic model, the user's behavior model, and the density model of both users and objects of augmented reality.

In this paper, we investigated traffic pattern for the augmented reality applications that use video camera for control, observation, monitoring, surveillance etc.

RELATED WORKS

By now, several works on new traffic patterns have been known in the context of the introduction of the concept of the Internet of Things (IoT). Thus, in [START_REF] Pokric | Augmented Reality Based Smart City Services Using Secure IoT Infrastructure[END_REF] authors investigated the solutions for a smart city service based on the technology of augmented reality and Internet of Things infrastructure. They described the implementation of delivering the important information about the bus arrival times, tourist landmarks to the citizens, using bus-mounted IoT devices which transmit the data to the associated cloud servers. In the paper [START_REF] Drajic | Traffic Generation Application for Simulating Online Games and M2M applications via Wireless Networks[END_REF] traffic modeling and simulation of multiplayer realtime games and M2M applications are presented. Authors evaluate the impact of additional simulated traffic on the performance of mobile wireless network. The researches from Japan in [START_REF] Orlovsky | Virtual and augmented reality on the 5G highway[END_REF] review 5G network to perform augmented reality applications. They investigated the influence of the bandwidth and the latency on the development and implementation augmented reality services. In [START_REF] Westphal | Challenges in Networking to Support Augmented Reality and Virtual Reality[END_REF] the features of augmented reality applications researched. They consider network requirements, such as bandwidth, delay and propose to reevaluate the network infrastructure to support such applications. In this paper [START_REF] Vybornova | Traffic Analysis in Target Tracking Ubiquitous Sensor Networks[END_REF] traffic in Ubiquitous sensor networks is analyzed. The new on-off model for the source traffic simulating described. During the investigation authors determine how parameters of such model influence on the traffic at the sink. It is also worth noting that today much attention is paid to models of downloading traffic D2D [START_REF] Andreev | Analyzing Assisted Offloading of Cellular User Sessions onto D2D Links in Unlicensed Bands[END_REF][START_REF] Pyattaev | Networkassisted D2D communications: Implementing a technology prototype for cellular traffic offloading[END_REF]. These works are important and allow us to move forward in analyzing traffic, but for augmented reality there are features associated with the emergence of new parameters such as traverse speed, the angle of sector of the review, density of objects, which are planned to be taken into account in the developed model.

The goal of the investigation is the development a traffic pattern, depending on the UAV's position changes in the augmented reality applications.

INTERACTION MODEL

To develop an interaction model of the network elements, we chose as an example an application for the city area monitoring. In the observed area, the objects are people, their personal devices, buildings, cars, traffic conditions, etc. Installing the camera on the UAV allows the pilot to detect the obstructions, to control the UAV, collect data from land sensors and observe everything in the surveillance area. For example, the pilot can determine the object by the sensor located on it and get all the necessary information with the augmented reality glasses or visually identify the object independently if it does not have sensors. The pilot controls the actions of UAV through the AR device (glasses or helmet) by means of turns and nods, fig. 1. The camera is installed on the UAV, video stream displayed on the AR device that is on the head of the pilot. Based on the video stream, pilot can define the UAV location and control both the UAV itself and the camera to change the viewing angle. So, it is necessary to transmit two streams simultaneously with different requirements to quality of transmission; the first one is a video stream, the second is a control stream. Also, objects found in the field of view may transmit information to the AR device. Depending on the movement of the UAV or the camera number and type of objects in the field of view may change, which affects both the video stream itself and the control flow.

TRAFFIC PATTERN

For the description of the traffic made by service it is necessary to connect volume given by the user and the user of data in case of changes of his surrounding:

─ -service space model; ─ -model of a surrounding of the user; ─ -behavior model.

As a service space we will understand an information model of physical threedimensional space in which there can be a user of service. The information model includes the description of some objects which are in this space of , where n is total number of objects.

The model of a surrounding of the user is a subspace of service space, i.e. a part of space limited by perception opportunities (model of these opportunities). A surrounding is usually bound to position of the user in space of service and includes a set of objects of

, where k is a number of the objects, which are in the area of perception of the user.

The behavior model describes changes of position of the user and his surrounding in service space. Changes in a surrounding of the user can be caused by relocation of the user, and relocation of objects in service space. The change caused by appearance in a surrounding of the user of a new object , leads to a request of data on this object.

The algorithm of implementation of service shall provide performance of the following functions: ─ -identification of an event of change of a surrounding and computation of parameters of change; ─ -information request about surrounding change; ─ -receiving data and its display.

The possible diagram of a data interchange is provided on fig. 2.

As a surrounding also as well as space of service is limited (area of perception) physical three-dimensional space, changes in it can be described as a stream of events connected to appearance of objects in it. Objects can enter through its boundaries owing to relocation of these boundaries or objects. In the first case, relocation of boundaries is connected to behavior of the user, and in the second to behavior of objects. In that and other case quality of functioning of system will depend on its ability to timely service events of this flow. Thus, the task of support of quality of service can be considered as a choice of parameters of system (productivity, throughput, distribution of its functionality) from the characteristic of an event stream and load of the system made by this flow.

Properties of an event stream substantially define properties of a data stream between system elements. For example, in system of positioning on the district map such flow is defined by events of change of coordinates of the user and is defined by characteristics of his movement, in system with using AR glasses it will be determined by their orientation in space and, probably, by the events connected to transferring data about objects in field of view or their characteristics.

It is obvious that characteristics of a flow will depend on distribution and characteristics of objects in service space, and also characteristics of movement of the UAV.

Let's make an assumption that objects in space of service are distributed in a random way (form a Poisson field) and are fixed, only the UAV is mobile. Then, change of position of the UAV is equivalent to change of its surrounding. Taking into account properties of space of service and surrounding, this change can be described by the volume or the area.

Properties of the traffic generated by the UAV device, depends on the distribution of objects of the UAV surrounding and the UAV behavior (motion and rotation).

Poisson field is a one of the possible distribution of the objects. This distribution may not very close to real world distribution, bat it is very convenient to get final solutions for the queuing system model. The arguments for the Poisson field are that we do not know for now the exact distribution of the objects in the real world, but we know exactly the solutions for the Poisson field. This model can be used for comparison and quality angling of the service system.

In case information about surrounding of the user represents the image, received by the videocamera, set on the unmanned aerial vehicle, for determination of field of restriction of a surrounding of the user it is necessary to consider features of movement of this device and the transferring video camera. Let's consider 2D option of a surrounding (terrestrial objects) and will describe a surrounding of the user by radius sector r. Such model is closer to a real situation, than model of a circle [START_REF] Koucheryavy | Applications of Augmented Reality Traffic and Quality Requirements Study and Modeling[END_REF] since the video camera has limited viewing angle, and probably rather high line speed of movement restricts opportunities regarding the circle review. We will mean the line speed of relocation of the UAV v a constant. Then, during t change of a surrounding will be defined by number of new objects in the area defining a surrounding of the user.

As an example, when using the UAV, the district map with the conditional text and graphics images or designations of objects can be model of a surrounding. The highspeed link of video transmission is more subject to changes of conditions of reception, than low-speed link of signal transmission of control. In case of decline in quality of transmission channel of video, the image, represented to the user. can be changed for the district map which is available on the local server.

Let's estimate quantity of new objects in a surrounding during t as
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Where ( )
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-is square of change of a surrounding; ρdensity of objects (objects/sq.m). The density is equal to the number of objects to the service area ratio.

The model illustrating relocation of the user and change of its surrounding is given in fig. 3. Offset of the sector representing a surrounding of the user from starting point on distance L is led to formation of area (the shaded area) which defines surrounding change. Objects in the field are identified according to a service provision algorithm, therefore requests for provision of additional information are created. From the given figure, the area of the shaded area can be determined by a formula (2)
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The number of new objects in the area can be defined as
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where ρ -density of objects (objects/sq.m), α -the angle of sector of the review (radians). Dependence of the number of new objects the area on the time, for different angle and velocity, is depicted on the fig. 4. As you can see from this picture, when the viewing angle or speed increases, the number of new objects in the area also rises over a time interval. Stabilization of the number of objects in the case as a speed exceeds over some value occurs when a complete change of all objects in the area takes place during the considered period of time. This is because their number is determined by the area of the sector.

Considering this process in progress, i.e. in case of movement of the user, there is the event stream (data requests).

Intensity of an event stream (data requests) can be defined as number of objects in a small increment of the area of the considered figure
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where ρ -density of objects (objects/sq.m), v -traverse speed (m/s). Derivative of formula (2) in a point L=0.
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Considering properties of the Poisson field accepted for model the quantity of objects in some limited area is accidental, distributed under the Poisson law and depends only on the area (or volume) of the considered area. Therefore, for the accepted model the flow of requests will represent the elementary flow for which the probability of arrival of k of requests for an interval of time of t will be defined as
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Probability of k arrival requests during the time interval given in the fig. 5.

Fig. 5. Probability density of k requests during the time interval (moving)

With translational motion the device can make rotational motions. The model of rotational motion is given in fig. 6.

The square of the shaded area can be determined by a formula (8) The number of new objects in the area can be defined as
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where ρ -density of objects (objects/sq.m), β -the turning angle (radians), α -the angle of sector of the review (radians). Dependence of the number of new objects the area on the time, for different angle, is depicted on the fig. 7. Considering this process in progress, i.e. in case of movement of the user the event stream (requests of data) takes place.

Intensity of an event stream (requests about data) can be defined as number of objects in a small increment of the area of the considered figure For example, upon rotation 2 π β = for the one second traffic intensity is equivalent to the traffic intensity of the linear motion with speed of 50 m/s (180 km/h). In this example, the radius is selected to be 50 m. This ratio of produced traffic and UAV motion features should be considered when choosing a method of selection and implementation of data delivery.

The traffic flow made as a result of service provision is defined by a flow of replies to the data requests. Generally, both the single data packet, and a flow of packets (transmission of video or audio data) can be the response. Intensity of this flow can be described as η λ λ r s = [START_REF] Pokric | Augmented Reality Based Smart City Services Using Secure IoT Infrastructure[END_REF] where η -average quantity of the packets necessary for processing of a request.

By transmission of video data can exceed intensity of requests in tens and hundreds times. Taking into account requirements to quality it leads to essential growth of requirements to throughput of communication network.

The physical amount of surrounding of the user is, as a rule, commensurable with a radius of wireless technologies used for the PAN organization, for example group of Wi-Fi standards. Many objects of AR services (elements of city infrastructure, vehicles, household appliances) can be equipped with nodes of access and necessary data which can be presented to users. Therefore, use of D2D technologies can be the possible decision, providing essential lowering of a traffic on a communication network.

Intensity of this flow will be defined as
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, γ -part of the objects of surrounding supporting D2D technology.

Certainly, application of D2D of technologies is possible only when objects of service are the physical entities mentioned above, which can be equipped with the respective communication centers. Rather wide range of services requires interaction with remote data bases and the solution of tasks of provision of quality.

FURTHER RESEARCHES

The model considered above allows analysis of the AR service traffic regardless of a service implementation methods, both on the server and client components. The specific method of implementation can significantly influence the nature of the traffic. Implementation is characterized by distribution of data handling functions between the client and server applications, and also methods of data selection. In particular, it is the organization of a buffer memory (cache) of the client application, determination of its size, speed of updating, formations of data requests with the forecast of movement. Control of these parameters allows to select the most acceptable usage mode of resources depending on requirements and behavior of the client application or device.

CONCLUSION

The article represents the investigation of the Augmented Reality scenario that uses UAV for data and video collection. This application may be widely used for the monitoring of the remote and inaccessible areas, restrained urban conditions with the busy streets and roads. The UAV with a video camera installed is used as an intermediate element. The user of the application through the AR glasses may see not only the picture from the video camera, but also an additional information about objects on the picture, due to the data collectoin from the sensors and online data analysis on the servers.

During the investigation, the service model of the AR application with the UAV was developed. From this service model, it appears that the characteristics of the created traffic depend on the UAV behavior, UAV surroundings, and the way of data transmission.
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 4 Fig. 4. Dependence of the number of new objects the area on the time (moving)
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 6 Fig. 6. Change of Surrounding in case of turn.
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 7 Fig. 7. Dependence of the number of new objects the area on the time (turn)

  ρ -density of objects (objects/sq.m), w -angular speed of turn (rad/s). Derivative of expression (2) in a point β=0 model of a Poisson field, the flow of requests will represent the elementary flow, for which the probability of arrival of k-requests for an interval of time t will be defined as of k arrival requests during the time interval given in the fig.8.
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 892 Fig. 8. Probability density of k requests for an interval of time (turn)
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 9 Fig. 9.The ratio of angular speed of turn (rad/s) and the line speed of relocation (m/s) for the equal traffic intensity.

Further authors develop the traffic model that considers the UAV-based AR service characteristics, such as a limited lookout angle, speed of the UAV, and a number of objects in the service area.

The proposed model estimates traffic parameters of the new, previously not investigated application. For this reason, authors began the investigation with the Poisson field model for the object distribution, as it has known solutions, and the real objects distribution on the territory is unclear. In the future works authors are going to provide models for the other distributions.
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