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ABSTRACT   

The article presents the development of a mathematical model of video monitoring based on a self-organizing 

network of unmanned aerial vehicles. The necessity of developing models and algorithms for providing 

geoecological monitoring using a wireless self-organizing network based on unmanned aerial vehicles is 

shown. Models are presented that allow calculating the speed of information transfer in the network and 

reducing the number of failures in the process of transmitting video data. With the help of models, it is 

possible to substantiate the power of network transmitting devices, at which the losses of transmitted packets 

are significantly reduced. The practical use of the model contributes to the achievement of the required 

quality of video surveillance in a wireless self-organizing network of unmanned aerial vehicles in the process 

of geoecological monitoring. 
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1. Introduction  

A promising scientific and technological trend is information transmission on the basis of flying wireless self-

organizing networks (Flying Ad hoc NETwork, FANET). The functioning of FANET is based on using 

unmanned aerial vehicles (UAV), on which the hardware and software of network nodes are installed [1]–[5]. 

Due to the fact that each node can perform the functions of a sending-receiving retranslate and a packet router, 

such a decentralized network is able to transmit data flows in conditions of random topology, quick-changing 

in three-dimensional space. This specific character allows using FANET networks for solving a large variety of 

problems, connected with aerial photo and video monitoring of extensive or hard-to-reach areas, transmitting 

research information concerning the measuring data of various parameters (air pollution level, temperature, 

humidity etc.), providing communication in conditions of emergencies or combat actions, organizing goods 

delivery [6]–[9]. Wireless ad hoc networks on the basis of UAV can be used for providing geo-ecological 

monitoring of agro-industrial complex resources, detection of forest fires, inspecting overhead power 

transmission lines and diagnostics of electrical power network equipment [10-14]. A challenging issue of using 

FANET is loss of video communication quality, preconditioned by high dynamicity of network topology due to 

rapid motion of its nodes. The frequent alterations of network configuration and distances between its nodes 

result, firstly, in a randomly occurring deficit of wireless channels capacity due to quick alteration of their 
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loading because of active forced reallocation of video streams transmission routes, and secondly, in the increase 

of packet loss due to bit mutilation. There are various methods and algorithms aimed at improving 

communication quality in wireless ad hoc networks. In order to improve the physical performance of wireless 

channels the simulation results of radio wave propagation [15] and multichannel retransmission [16] were 

obtained, and the antennas structures were studied [17-18]. The engineering solutions at the level of access 

control to wireless channels are presented, the algorithms of FANET-channels balancing with the use of radial-

basis functions are developed 19]. Many papers are concerned with analyzing the efficiency of using routing 

procedures in ad-hoc networks and developing network level algorithms, adapted to the FANET functioning 

conditions [8], [20-22]. The transport layer protocols within the architecture of message exchange between 

unmanned systems JAUS (Joint Architecture for Unmanned Systems) were developed [23]. A model of data 

streaming in wireless networks is created, with restoring lost fragments by application layer means on the basis 

of automatic request for repeat or retransmission [24]. A number of papers are concerned with developing 

models and algorithms, aimed at providing the efficient audio communication in a wireless ad hoc network  [25-

28]. They suggest using redundancy of channels performance to increase the load of wireless channels and 

improve the quality of voice streams transmissions. These projects, as shown by the analysis results, should be 

upgraded by considering the high probability of packet losses in FANET networks and the specific nature of 

transmitting video data taken by UAV cameras. The arguments presented above determine the relevance of 

carrying out research in simulating a process of video streams transmission over FANET channels to provide 

the required quality of video broadcasts, used for geo ecological monitoring. The purpose of this work is to find 

a method to provide the required quality of video broadcast, implemented by means of a flying ad-hoc network, 

based on developing a model of video streams transmission in wireless channels in conditions of high nodes 

mobility. 

2. Developing a model of video streams transmission process in FANET 

The quality of video data streams transmission over the network can be provided under condition of minimizing 

the values of the following parameters: packet delay, jitter, packet loss. Maintaining the acceptable values of 

packet delay and jitter can be achieved by redundancy of channel performance for transmitting certain video 

streams. Due to possible overloads at certain segments of the ad-hoc network, part of requests for video streams 

transmissions can be buffered, and some of video streams can fail to be transmitted, when there is no free space 

in the channel buffer for request queue. Besides, there can be cases of low quality of video data streams 

transmission due to unacceptable level of packet loss, which results in losing broadcasted video segments. 

Failures to transmit video streams and transmitting video streams with low quality over FANET channels reduce 

the resulting quality of video broadcast. In this research it is suggested to use parameter  – probability of 

providing the required quality of video streams transmission over a FANET channel. Let  requests for 

transmitting video streams be sent over a FANET channel during a specified interval of time . Then we 

assume that the required quality of video streams transmission over the channel is provided, if the sum of the 

number of failures to transmit video streams and the number of streams, transmitted with low quality, doesn’t 

exceed  . The required quality of video streams transmission can be achieved if the bit rate in the channel 

possesses values, which would allow minimizing failures to transmit video streams, and the signal transmission 

power is so high, that the packet loss becomes negligible and doesn’t considerably affect the quality of video 

streams transmission. At the same time, it is necessary to consider impracticality of the excessive increase of 

transmitting modules power, due to necessity to save power resources of FANET nodes, equipped with 

autonomous accumulator power batteries. To obtain the dependence of probability to provide the required 

quality of video broadcasts on the values of channel bit rate it is necessary to develop a corresponding 

mathematical model. The process of video streams transmission over a FANET channel at  and  is 

presented as a probabilistic graph in Figure 1. 
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Figure 1.Probabilistic graph of the process of transmitting video streams over the FANET channel 
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The simulated process is described with a set of states, to which the following graph vertexes correspond: «B» 

– start of video broadcast process over a channel; «H» – video stream is transmitted with high quality over the 

channel; «F» – failure to transmit video stream over the channel; «G» – video stream is transmitted with low 

quality over the channel; «E» – the required quality of video broadcast over the channel is provided. Transition 

to any «H» vertex is performed with probability . The value  is the probability of transmitting a video stream 

with high quality over the channel. Transition to any «F» vertex takes place if there is a failure to transmit video 

stream due to no free space in the channel buffer for request queue. The probability of such transition is equal 

to . The value  is called probability of failure to transmit video stream over the channel. Transition to any 

«G» vertex simulates a case of transmitting a video stream with low quality, due to unacceptably high packet 

losses. Such transition is characterized with the value  

1. Probability of transmitting a video stream with low quality over the channel. Finally, vertex «Т» is 

terminal for those graph paths, in which the sum of «F» and «G» vertexes doesn’t exceed . The exhaustive 

search of possible graph paths, connecting vertex «B» with vertex «Т», has allowed obtaining an expression for 

calculating the probability of providing the required quality of video broadcast over the channel: 

𝑝𝑐 = ℎ4 + 4ℎ3𝑓 + 4ℎ3𝑔 1 

Similarly the expressions for calculating value  at various other values of variables  и , were obtained. 

These expressions are presented in Table 1. 

On the basis of analyzing the expressions, presented in Table 1, a formula for calculating value  was 

deduced as follows: 

 

 

2 

The values of coefficients  in the systematized form are presented in Table 2. 

The analysis of data in Table 2 demonstrates that it is a fragment of binomial coefficients table. This fact allows 

obtaining the following equation: 

 

 

3 

Taking into account expression (3), the formula for calculating probability of providing the required quality of 

transmitting video streams over the channel can be written as follows: 

 

 

4 

It is reasonable to assume that the required quality of video broadcast over the network would be provided if 

the required quality of video streams transmission over each channel of the network is provided. Then the 

probability of providing the required quality of video broadcast over the network can be calculated by the 

following formula:  

 

 

5 

where K – average number of channels, used for transmitting one video stream over the network. 

The value  can be calculated as a probability of failure to serve a request in a multichannel system with limited 

queue length [29]: 
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where  – number of video streams, which can be simultaneously transmitted with high quality over the 

channel;  – capacity of request queue buffer for transmitting video streams over the channel;  – intensity 

of request rate for transmitting video streams over the channel;  – average duration of video stream 

transmission over the channel. The expression (6) is valid at the fulfillment of condition . 

The number of video streams, which can be simultaneously transmitted with high quality over the channel, is 

calculated by the expression: 

𝑛 =
𝑅

𝑟
 

 

7 

 

where  – bit rate of data transmission over the channel, bps;  – capacity of the channel, used for transmitting 

one video stream with high quality, bps. 

To calculate the probability of transmitting a video stream with low quality over the channel the following 

expression can be used [27]:  

 

 

8 

where  – number of packets in the video stream, transmitted over the channel;  – probability of packet loss 

during transmission over the channel;  – the highest number of lost packets, with which the high quality of 

video stream transmission is possible. 

The value  can be calculated by the formula:  

 

 

9 

 

Coefficients  can be calculated at  by the formula:  
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Expressions (8) – (10) take into account the possibility of restoring lost packets at the receiving node by means 

of approximation procedures. But in order to restore a lost packet at the receiving node it is necessary to receive 

no less than  previously transmitted packets and no less than  subsequent packets. 

The packet loss probability in the process of transmitting over the channel can be calculated by the following 

expression [30-31]:  
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11 

where  – probability of signal distortion during transmission over the channel;  – number of bits in one 

packet. 

Probability of signal distortion during transmission over the channel can be calculated by using Q-function with 

the formula [32]:  

 

 

12 

where  – signal power per 1 bit of the received transmission;  – power spectral density of the noise. 

The ratio  can be found by means of expression [28]:  

 

 

13 

where  – signal-to-noise ratio in the channel;  – channel bandwidth, hz. 

For calculating signal-to-noise ratio the following formula can be used [33]:  

 

 

14 

where  – received signal power, W;  – Boltzmann constant, W·s·K-1;  – temperature, K; 

 – noise ratio. 

The value of received signal power in dBm is calculated by means of an expression [34-35]: 

 

 

15 

where  – signal transmission power, dBm;  – signal propagation speed, mps;  – signal frequency, 

hz;  – average distance between transmitting and receiving nodes, m;  – system losses. 

The value   can be calculated by total probability normalization condition [36]:  

 
16 

Table 1. Expressions for calculating the indicator  

Values  Value  Values  

1 0  

1 1  

2 0  

2 1  

2 2 
 

3 0  
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Values  Value  Values  

3 1 
 

3 2 
 

3 3 
 

4 0  

4 1  

4 2 
 

4 3 
 

5 0  

5 1 
 

5 2  

5 3  

6 0  

6 1  

6 2 
 

6 3 
 

Table 2. The values of the coefficients  

 
 

0 1 2 3 

1 1 1 - - 

2 1 2 1 - 

3 1 3 3 1 

4 1 4 6 4 

5 1 5 10 10 

6 1 6 15 20 

3. Conducting of computational experiment 

With the use of expressions (5) – (16), obtained in the process of simulation development, a series of 

computational experiments was performed. The input data for calculations are presented in Table 3.  

The performed calculations results, presented in Table 4, demonstrate that at the fixed signal transmission power 

 dBm and the average distance  m between transmitting and receiving network nodes the 

probability of FANET video broadcasting required quality assurance is over 0.95, if the bit rate of data 

transmission is 8 Mbps. Increasing the average distance  even by a small amount (10–20 m) results in the fact 
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that at the same power  it is impossible to find a value of , which would allow to achieve the level of  

no less than 0.95. 

Table 3. Initial data 

№ Variable Value Unit of measurement 

1.  290 K 

2.  5 - 

3.  40 MHz 

4.  1.08 - 

5.  5.18 GHz 

6.  104 - 

7.  18×104 - 

8.  8 - 

9.  6 - 

10.  10 hour-1 

11.  0.5 hour 

12.  10 - 

13.  2 - 

14.  1 hour 

15.  1 Mbps 

To increase the probability of providing the required quality of video broadcast up to  it is possible 

to increase signal transmission power. The computational experiments for studying the dependence of  value 

on  values for different average distances between transmitting and receiving nodes were carried out. The 

computational results in the form of graphs of dependence  at  Mbps are shown in Figure 2. 

Analysis of the presented findings shows that for various values of  such values of signal transmission power 

can be selected, at which the probability of providing the required quality of video broadcast reaches the level 

0.95. Thus, for example, if the average distance between transmitting and receiving nodes in FANET is 500 m, 

then, at the bit rate of data transmission 8 Mbps, to achieve the probability value  the power  

should be set at 15.2 dBm. 

Table 4. Values  calculated at  dBm 

,m 

, Mbps 

4 5 6 7 8 9 

480 0.004 0.155 0.624 0.919 0.982 0.012 

490 0.004 0.155 0.624 0.919 0.930 1.253×10-12 

500 0.004 0.155 0.624 0.917 0.521 9.850×10-44 



 PEN Vol. 10, No. 6, December 2022, pp.84-95 

92 

Here it is important to note that at  dBm calculations according to the Shannon's equation 

 

 
17 

show a theoretical possibility to provide the bit rate of data transmission 83.56 Mbps, which is over by 10 times 

exceeds value , sufficient for achieving . 

As a result of the research we have calculated the values of power , which are recommended to set at 

transmitting output modules of FANET nodes to achieve the probability of providing the required quality of 

video broadcast equal to 0.95 depending on the average distance between transmitting and receiving nodes (see 

Table 5) 

 

Figure 2. Graphs of dependence at  Mbps 

 

Table 5. Recommended  values, at which  

, m , dBm 

500 15.20 

550 16.03 

600 16.79 

650 17.48 

700 18.13 

750 18.73 

800 19.29 
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4. Conclusions  

So, the paper presents the research findings in developing a mathematical model of transmitting video streams 

in wireless channels in conditions of high nodes mobility. The application of this model allows providing the 

required quality of video broadcast in a flying wireless ad hoc network, used for geoecological monitoring. The 

carried-out analysis has demonstrated that the quality of FANET video broadcasts is impaired, firstly, by failures 

to transmit video streams, caused by deficit of channel capacity, and, secondly, by the cases of transmitting 

video streams with low quality, conditioned by unacceptable level of packet loss, which results in losing 

broadcasted video segments. 

The developed model makes it possible to calculate the values of bit rate of data transmission over FANET 

channels, recommended for minimizing failures to transmit video streams. Besides, this model allows 

calculating the recommended signal transmission power values of the network nodes, the setting of which in 

transmitting modules would help reducing packet losses and, consequently, providing the required level of 

quality of video broadcast over the network. 

The object of the further work within the research topic will be creating algorithms and software for 

implementing the model suggested in this paper. 
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