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RESEARCH OF AUDIO AND VIDEO TRAFFIC THE CHARACTERISTICS IN LOW-
BANDWIDTH RADIO COMMUNICATION NETWORKS

The construction of mass service systems, namely automated control systems, requires preliminary analysis and modeling
of traffic in their communication networks. Mathematical models of various types of traffic have been developed for public
networks, which allows to estimate the necessary functional characteristics of equipment for building a communication network,
depending on the number of users. Low-bandwidth communication networks, which are built on the basis of ultra high frequency
and very high frequency (UHF/VHF) radio stations, are distinguished by low speed, high delay and jitter of data transmission. To
work in such communication networks, special data transmission protocols are adapted and developed. In this paper, a study of the
characteristics of audio and video traffic in low-bandwidth communication networks is carried out, which are built on the basis of
UHF/VHF radio stations, which will allow creating a software implementation of simulated traffic modeling for the further
determination of the services availability at the stage of planning and designing the communication system. Two personal
computers and two modern RF-7850M-HH UHF/VHF radio stations were used to study the characteristics of audio traffic. The radio
stations worked in three operating modes. narrowband mode with a fixed carrier frequency FF, narrowband mode with pseudo-
random adjustment of the operating frequency QL1A, and wideband mode ANW2C. The voice was transmitted in digital mode using
the built-in MELP 2400 codec, and the "iperf-v2.0.5" software was used to determine the characteristics of the audio traffic on
personal computers connected to these radio stations. Two personal computers, two modern RF-7850M-HH UHF/VHF radio stations,
a video encoder and a video camera were used to study video traffic characteristics. The radio stations operated in ANW2C
broadband mode. To evaluate the characteristics of the video traffic, the Wireshark software was used on a personal computer,
with the help of which the video broadcast from the video encoder was presented. It was found that voice transmission in low-
speed communication networks based on UHF/VHF radio stations occupies a bandwidth of 2 Kbit/s - 2.5 Kbit/s, and when voice and
data are simultaneously transmitted in radio stations, data buffering and jitter increase. The resolution, bitrate, FPS, and necessary
bandwidth of video traffic that can be transmitted via UHF/VHF radio communication channels are determined, Based on the
conducted research, recommendations are provided for the transmission of video traffic through low-bandwidth communication
channels.

Key words: low-banawidth communication networks, traffic, audio, video, radio station, UHF, VHF, performance quality
Iindicators, data transfer rate, jitter, channel loss, packet, video resolution.

CTPEJIKOBCDBKA Ipuna
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I[TACKAJIEHKO Bikropist

MixHapoaHHI TyMaHITApHUI YHIBEPCUTET

JOCIIIKEHHSA XAPAKTEPUCTHUK AYJIO TA BIJZEOTPA®IKY B
HU3bKOIMBUJIAKICHUX PAIIOMEPEKAX 3B’A3KY

[TobysoBa cucrem MacoBoro ob6C/yroByBaHHs, a CaMe aBTOMAaTU30BaHUX CUCTEM yrPaB/IiHHS MOTPEBYIOTE MONEPEAHBOIO
aHanizy 1a MOAEOBaHHS TPAQIKy B ix MEPEXaxX 3BA3KY. /15 MEDEX 3ara/IbHOr0 KOPUCTYBAHHS HA CbOrOAHILLIHIY Yac po3poblieHo
MatemMaTuyHi MOZEN PIBHOro Turly Tpagiky, O A[O3BOJMSE B 3a/IEXHOCTI B KiSIbKOCTI KOPUCTYBAYiB OLIHUTY HEOOXIAHI
QDYHKUIOHATIbHI XapaKTeEpUCTUKN OO7I8AHAHHS U151 M0BYA0BN MEPEXI 3B A3KY. HU3bKOLUBUAKICHI MEDEXT 3B 3Ky, SIKI MOOY.A0BaHI Ha
6a3i y/IbTPAKOPOTKOXBUITLOBUX PaRIOCTaHLIY, BIAPIBHAIOTLCS HUZLKOKO LUBMAKICTIO, BEMKOK 3aTPUMKOK Ta [KUTTEPOM MEPELAYS
AaHux. 15 poboTu B TaKuX MEPEXAaX 3BA3KY adarTyroTb Ta pPO3PO6/ISOTh CrielialibHi MpOToKo/m NEpeqaYi gaHnx. Y AaHivi poboTi
MIPOBOANTBLCS AOCTTIIKEHHS XaPaKTEPUCTUK ayio Ta BIACOTPAQIKY B HU3LKOLIBUAKICHUX MEDEXaX 3B53Ky, sKI nobyAoBaHi Ha 6a3i
WIIbTDAKOPOTKOXBU/IbOBUX PaRioOCTaHLIY, 1O JO3BO/INTL CTBOPUTU MIPOMPaMHy Peasti3auito IMiTaiviHoro MoAEeItoBaHHS TPagiky oo
1104a/1bLLIOMO BU3HAYEHHST AOCTYIHOCTI CEPBICIB HA €Tari /1aHyBaHHS Ta [POEKTYBAaHHS CUCTEMU 3BS3KY. /1S AOCTIIKEHHS
XapakTepUCTHK ayRioTpaiky 6y/10 BUKOPUCTaHO [Ba [EPCOHA/bHUX KOMITIOTEPU Ta ABI Cy4YacHi y/ibTPaKOPOTKOXBU/IbOBUX
pagioctanuivi RF-7850M-HH. Pagioctanuii npauytoBam B TPbOX pexumMax poboTH. BY3bKOCMYrOBUM DEXUM 3 @IKCOBAHOK HECYHOH0
4acToTolo FF, BY3bKOCMYroBu PexviM 3 ICEBAOBUINEAKOBOK NEPEGYAOBOI pobo4Oi Yactotn QLIA Ta LUMPOKOCMYroBuU PExuM
ANWZ2C. [lepegaya ronocy BIA6YBanacs y UM@PPOBOMYy PEXUMI 3 BUKOPUCTaHHAM BOyAOBaHoro kogeky MELP 2400, a ans
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BU3HAYEHHS] XapaKTEPUCTUK ayaioTPAQIKy BUKOPUCTOBYBA/IOCh [IPOrpamMHe 3abesrieqeHHs <«iperf-v2.0.5» Ha [epcoHanbHux
KoMITtoTepax, Lo MIAKIIOYEH] A0 Umux PagiocTanuivi. [ AOCTIKeHb XapakTeEPUCTUK BIAEOTPAQIKy 6yJ/1I0 BUKOPUCTAHO 4Ba
[IEPCOHANIbLHUX KOMITIOTEPH, ABI CyHacHi yJibTPaKOPOTKOXBUIbOBUX PadiocTaHLivi RF-7850M-HH, BiaeoeHkodep Ta Bifeokamepa.
PagioctaHuii npauyroBamm B LMPOKOcMyroBomy pexvimi ANW2C. 19 OLIHKM XapaKTepUCTUK BIAeoTPaQIKy BUKOPUCTOBYBAa/IOChH
nporpamHe  3abezneqeHHs «Wireshark» Ha repcoHasbHoMy KOMItoTepy, 3a [OMOMOroww SKoro Oysia PeaCcTaB/IieHo
BIAEOTPaHCIALUIO Bif BiaeoeHKogepy. by/io oTpumMaHo, 1o rnepegaya ro/iocy B HU3bKOLIBUAKICHUX MEDEXAX 3BS3Ky Ha 6a3i YKX
PagiocTaHuyivi 3aimae rosocy npornyckarHs 2 Ko6it/c - 2,5 K6iT/c, a Takox rnpu O4HOYacHiv nepegadqi rosiocy 1a faHux B
PaaIoCTaHLISX 36I/IbLLYETLC Bydepu3alis JaHux 1a [KUTTED. Bu3HayeHo po3gibHy 34aTHICTL, GITpedT, FPS, HeobxigHy ronocy
IPOITyCKarHHs BigeoTpagiky, Lo Moxe nepegasatics Yepe3 YKX pagiokaHam 3853Ky. Ha OCHOBI poBefeHNX JOCAKEHD HAAaHo
PeKoMeHAaLIT 1yo[0 nepeaaYl BigeoTpa@iky Yepe3 HU3bKOLUBUAKICHI KaHam 3B S3KY.

KIito4oBi  C/10Ba:  HUSLKOLUBUAKICHI MEPEXi 3BA3Ky, Tpagik, ayaio, siaeo, pagioctaruis, YKX, [oKasHuku SKOCTI
QDYHKLIOHYBAHHS, LBUAKICTD MEPEAAYI AaHUX, [XKUTED, BTPATU B KaHAa/l, MAKET, PO34i/IbHA 34aTHICTb BIAEO.

Introduction

Modeling the load on the communication system during the construction of automated control systems
allows you to obtain the necessary functional characteristics of the equipment even at the stage of designing such
systems. For public networks, the characteristics and types of traffic circulating in these communication networks
have already been defined. For example, for the LTE network, several QoS (Quality of Service) service classes [1],
service traffic parameters (service duration, required bandwidth) are described, and the law of interval distribution
between service requests for each type of service is defined [1,2]. Unfortunately, for the construction of automated
control systems in low-speed communication networks based on ultra high frequency and very high frequency
(UHF/VHF) radio stations, service classes and traffic characteristics are not described. UHF/VHF radio networks
are characterized by low speed, high delay and jitter of data transmission [3], so special transmission protocols are
developed or existing ones are adapted to work in such communication networks.

In works [4, 5], automated control systems in low-bandwidth communication networks were simulated, the
STANAG 4677 and AdatP-36 standards traffic indicators were obtained, and the distribution density of time
intervals between the moments of packets arrival for the maintenance of these standards was determined. In [6], a
study of file transfer protocols in the UHF/VHF radio network was conducted, traffic characteristics were obtained,
and recommendations were given for the use of these protocols. Through modern low-bandwidth radio networks
based on UHF/VHF radio stations, it is possible to transmit audio and video traffic.

Traffic parameterization in radio communication networks is performed according to QoS service classes
[1, 2]: conversational, interactive, streaming and background. Audio and video traffic services are included in the
conversational class of services. Each type of service has its own law of distribution of intervals between requests
for service, for example, for audio traffic - it is exponential, and for video conferences - Pareto distribution [1, 2].
According to ITU-R.1768 [1], it is determined that audio traffic is transmitted at a speed of 64 Kbit/s and a service
duration of 90 - 450 s. But in low-bandwidth communication networks built on the basis of UHF/VHF radio
stations, the maximum bandwidth usually does not exceed 64 Kbit/s, and the value of jitter is much higher than in
public networks. For the transmission of voice messages in such communication networks, special codecs are used,
which have their own speed and influence on the jitter of data transmission in UHF/VVHF radio networks.

The purpose of the work is to determine the bandwidth required for the transmission of audio traffic, to
investigate the effect of voice transmission on jitter in low-bandwidth communication networks, to determine the
optimal characteristics of the video stream and its bandwidth in communication channels built on the basis of
UHF/VHF radio stations, with regard to the further implementation of simulation modeling traffic and determining
the availability of services at the stage of planning and designing the communication system.

Audio traffic research

To conduct a study of audio traffic indicators in low-speed communication networks built based on
UHF/VHF radio stations, the scheme shown in Figure 1 is being built. Modern RF-7850M-HH radios manufactured
by Harris are used as UHF/VVHF radio stations. The radio stations are located at a distance of 100 m from each other,
personal computers (PCs) are connected to the radio stations using a special Ethernet cable with RJ-45 (12067-5220-
01) from the set of radio station accessories. Antennas of the pin type are connected to the radio stations. The power
of the radio stations is set to 1 W, the measurement is carried out in an open space at a temperature of 24-26°C, air
humidity of 60% and a pressure of 761 mm Hg.

Ethernet RadioLink Low-bandwidth RadioLink Ethernet
S — radionetwork —
PC N21 Harris
RF-7850M-HH

Harris PC N22

Fig. 1. Communication network diagram for audio traffic research
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To evaluate the characteristics of audio traffic, we will use three operating modes of radio stations: FF -
narrowband mode with a fixed carrier frequency, ANW2C - wideband mode, QL1A - narrowband mode with
pseudorandom adjustment of the operating frequency. Voice in all operating modes is coded and compressed using
the MELP 2400 codec [7]. MELP 2400 is a low-speed digital audio codec with a bit rate of 2400 bit/s, adopted by
the NATO standard STANAG-4591 [7]. To transmit voice messages, it is enough to press the side button and start
speaking. The use of a digital codec allows simultaneous transmission of voice and data over low-bandwidth
communication channels built based on modern UHF/VHF radio stations. Radio stations are configured with the
ability to transmit voice messages in parallel with data transmission.

The "iperf-v2.0.5" software is installed on personal computers. Before starting the study of traffic
characteristics, it is necessary to determine the parameters of the radio channel between personal computers.
According to work [3], we will measure the bandwidth and jitter of the low-bandwidth radio network in three
operating modes: FF, ANW2C and QL 1A (Table 1) for three minutes.

Tabl 1.
Measurement results without voice transmission
Operating mode Bandwidth Jitter
FF 64,8 Kbit/s 258,31 ms
ANW2C 357 Kbit/s 46,07 ms
QL1A 15,8 Kbhit/s 955,81 ms

Figure 2 shows a fragment of the "iperf-v2.0.5" program when measuring bandwidth and jitter of a low-
bandwidth radio network in FF mode.
E¥ Windows PowerShell - O *

sec .31 KBytes .3 kKbits/sec

sec .0 KBytes 82.3 Kbits/sec

sec /.18 KBytes 3.8 Kbits/sec

sec .74 KBytes 7.0 Kbits/sec

sec .9 KBytes 6 Kbits/sec

sec /.18 KBytes .8 Kbits/sec

sec KBytes 7.0 Kbits/sec

sec 7.18 KBytes 3.8 Kbits/sec

sec .74 KBytes 7.0 Kbits/sec

sec .9 KBytes 6 Kbits/sec

sec . KBytes .3 kKbits/sec

sec /.18 KBytes 3.8 Kbits/sec

sec .9 KBytes 6 Kbits/sec

sec . KBytes .3 Kbits/sec

sec .5 KBytes 94.1 kKbits/sec

sec 74 KBytes 7.0 Kbits/sec

sec 7.18 KBytes 3.8 Kbits/sec

sec 8.61 KBytes 7/ Kbits/sec

sec /.18 KBytes Kbits/sec

sec .61 KBytes Kbits/sec

sec /.18 KBytes Kbits/sec

sec .0 KBytes Kbits/sec

sec .87 KBytes Kbits/sec

sec .5 KBytes Kbits/sec

sec .74 KBytes Kbits/sec

sec .0 KBytes Kbits/sec

sec .74 KBytes Kbits/sec g
~100.0 sec 7.18 KBytes 58 8 Kbits/sec 200 702 ms
0.0-101.0 sec 5.74 KBytes 47.0 Kbits/sec .458 ms
.0-102.0 sec 12.9 KBytes 106 Kbits/sec 9.875 ms
.0-103.0 sec 7.18 KBytes 58.8 Kbits/sec 7.339 ms
.0-104.0 sec 7.18 KBytes 58.8 Kbits/sec .380 ms
.0-105.0 sec 8.61 KBytes /0.6 Kbits/sec 9.569 ms
.0-106.0 sec 0.00 Bytes 0.00 bits/sec 249.569 ms
6.0-107.0 sec 10.0 KBytes &2.3 Kbits/sec 262.230 ms

7.0-108.0 sec 10.0 kKBytes 82.3 Kbits/sec 273.921 ms

8.0-109.0 sec 0.00 Bytes 0.00 bitsfsec 273.921 ms
9.0-110.0 sec 15.8 KBytes Kbits/sec 266.300 ms
.0-111.0 sec 7.18 KBytes y Kbits/sec 266.690 ms
.0-112.0 sec 8.61 KBytes Kbits/sec 259.062 ms
.0-113.0 sec 5.74 KBytes Kbits/sec 260.994 ms
3.0-114.0 sec 10.0 KBytes Kbits/sec 252. ms
.0-115.0 sec 10.0 KBytes Kbits/sec 258. ms
.0-116.0 sec 7.18 KBytes Kbits/sec 261. ms
6.0-117.0 sec 4.31 KBytes Kbits/sec 258. 3 ms
7.0-118.0 sec 12.9 KBytes Kbits/sec § )1 ms / )
8.0-119.0 sec 7.18 KBytes 3.8 Kbits/sec .583 ms / 0% v

Fig. 2. Measurement of bandwidth and jitter in FF mode
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To evaluate the influence of voice transmission on the UHF/VHF parameters of the communication
network, we will conduct the following experiment. According to work [3], we will measure bandwidth and jitter,
but during the measurement we will transmit a voice message from one VHF radio station to another. The results of
the study are shown in Table 2.

Table 2.
Measurement results with voice transmission
Operating mode Bandwidth Jitter
FF 62,3 Kbit/s 310,11 ms
ANW2C 355 Kbit/s 49,28 ms
QL1A 13,4 Kbit/s 1005 ms

Figure 3 shows a fragment of the "iperf-v2.0.5" program when measuring the bandwidth and jitter of a low-
bandwidth radio network in FF mode with voice transmission.

EN Windows PowerShell

=

o0
5o 00 00 50 ] -
)

SO ooOoOooooOoooOoOooooOOoDoo oD

O 00 = N LA P P = S WD 00 ] Ch LA B

|
=SSO 00000 oot o to ol

0.0 sec
01.0 sec
.0-102.0 sec
.0-103.0 sec
.0-104.0 sec
.0-105.0 sec
.0-106.0 sec
6.0-107.0 sec
7.0-108.0 sec
3.0-109.0 sec
9.0-110.0 sec
.0-111.0 sec
.0-112.0 sec
.0-113.0 sec
.0-114.0 sec
.0-115.0 sec
.0-116.0 sec
6.0-117.0 sec
7.0-118.0 sec
3.0-119.0 sec

.0
.0
.0
.0
.0
.0
.0
.0
.0-
.0
.0
.0
.0
.0
/.0
5.0
9.0

= |
=1

Cooo oo OO o OO oo o

sec 0.00 Bytes 0
sec 15.8 KBytes
sec 0.00 Bytes 0
sec 15.8 KBytes
sec 0.00 Bytes 0
sec 0.00 Bytes 0
sec 23.0 KBytes
sec B8.61 KBytes
sec 4.31 KBytes
sec 11.5 KBytes
sec 7.18 KBytes
sec 0.00 Bytes
sec 15.8 KBytes
sec 0.00 Bytes
sec 14.4 KBytes
sec 0.00 Bytes
sec 0.00 Bytes
sec 18.7 KBytes
sec 12.9 KBytes
sec 0.00 Bytes 0.
sec 15.8 KBytes
sec 5.74 KBytes
sec 0.00 Bytes 0
sec 0.00 Bytes 0
sec 20.1 KBytes
sec 0.00 Bytes 0
sec 0.00 Bytes 0

0.00 Bytes

38.8 KBytes
0.00 Bytes
0.00 Bytes
20.1 KBytes
0.00 Bytes
0.00 Bytes
0.00 Bytes
21.5 KBytes
0.00 Bytes
27.3 KBytes
0.00 Bytes
0.00 Bytes
0.00 Bytes
0.00 Bytes
21.5 KBytes
0.00 Bytes
34.5 KBytes
0.00 Bytes
12.9 KBytes

276.427 ms
285.805 ms

285.805 ms
283.323 ms

.00 bits/sec
129 Kbits/sec
.00 bits/sec
129 Kbits/sec
.00 bits/sec 283.323 ms
.00 bits/sec 283.323 ms
188 Kbits/sec 268.847 ms
70.6 Kbits/sec 261.098 ms
35.3 Kbits/sec 257.663 ms
94.1 Kbits/sec 264.871 ms
58.8 Kbits/sec 257.543 ms
.00 bits/sec 257 3
129 Kbits/sec
.00 bits/sec
118 Kbits/sec
.00 bits/sec
.00 bits/sec
153 Kbits/sec
106 Kbits/sec
00 bits/sec
129 Kbits/sec
47.0 Kbits/sec
.00 bits/sec
.00 bits/sec
165 Kbits/sec
.00 bits/sec
.00 bits/sec
0.00 bits/sec
318 Kbits/sec
0.00 bits/sec
0.00 bits/sec
165 Kbits/sec
0.00 bits/sec 270
0.00 bits/sec 2 88 ms
0.00 bits/sec 270.788 ms
176 Kbits/sec 313.552
0.00 bits/sec 313.552 ms
223 Kbits/sec
0
0
0
0
0
0

281.419 ms
281.419 ms
281.419 ms

283.980 ms

283.385 ms
283.385 ms

274.617 ms

272.205 ms
272.205 ms
272.205 ms

284 .682 ms
284.682 ms
284.682 ms

284.682 ms

248.452 ms
248.452 ms

.00 bits/sec 253.583 ms
.00 bits/sec 253.583 ms
.00 bits/sec 253.583 ms
.00 bits/sec 253.583 ms
176 Kbits/sec
.00 bits/sec

282 Kbits/sec
.00 bits/sec

106 Kbits/sec

304.935 ms

246.906 ms

248.452 ms

270.788 ms
8

253.583 ms

304.935 ms
246.906 ms

271.680 ms
Fig. 3. Measurement of bandwidth and jitter when transmitting voice in FF mode
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If you compare the operation of the "iperf-v2.0.5" program without voice transmission and with voice
transmission in FF mode, you can see that transmitting voice in radio stations, more buffering of data occurs than
when transmitting only data (Fig. 2 and Fig. 3). This buffering affects the jitter in the communication channel, which
can be seen from the results of the "iperf-v2.0.5" program (Table 1 and Table 2). Data buffering also occurred in the
ANW?2C and QL1A operating modes, which led to an increase in jitter with these operating modes (Table 2).

It is not difficult to see that the QoS parameters of a low-bandwith communication network is degraded
when transmitting voice. For FF mode, bandwidth decreased by 2.5 Kbit/s and jitter increased by 52.2 ms, for
ANW2C mode, the bandwidth difference is 2 Kbit/s, jitter is 3.21 ms, and for QL1A mode, the bandwidth difference
is 2.4 Kbit/s, jitter 49.91 ms, respectively. The difference in QoS indicators of a low-bandwidth communication
network without voice transmission and with voice transmission is shown in Table 3.

Table 3.
The difference in bandwidth and jitter without voice and with voice transmitting
Operating mode Bandwidth Jitter
FF -2,5 Kbit/s +52,2 ms
ANW2C -2 Kbit/s +3,21 ms
QL1A -2,4 Kbit/s +49,91 ms

Thus, voice transmission in low-bandwidth communication networks based on UHF/VHF radio stations
occupies a bandwidth of 2 Kbit/s - 2.5 Kbit/s, which approximately corresponds to the bitrate of the MELP 2400
audio codec. Based on the obtained traffic characteristics, it is possible to create a model for simulating audio traffic
in low-bandwidth communication networks to further determine the availability of services at the stage of planning
and designing the communication system.

Video traffic research

It is advisable to evaluate video traffic parameters only in broadband ANW2C mode, since in other modes
of operation there is not enough bandwidth, high delay and jitter of data transmission [3]. To conduct a study of
video traffic indicators in low-bandwidth communication networks based on UHF/VVHF radio stations, the scheme
shown in Figure 2 is being built. Modern RF-7850M-HH radios manufactured by Harris are used as UHF/VHF
radios. The radio stations are located at a distance of 100 m from each other, PCs are connected to the radio stations
using a special Ethernet cable with RJ-45 (12067-5220-01) from the set of radio station accessories. Antennas of the
pin type are connected to the radio stations. The power of the radio stations is set to 1 W, the measurement is carried
out in an open space at a temperature of 24-26°C, air humidity of 60% and a pressure of 761 mm Hg.

Video encoder HDMI camera

HDMI

Network switch

Ethernet RadioLink Low-bandwidth RadioLink
S e —

. radionetwork

U yI3

Fig. 4. Communication network diagram for video traffic research

As a source of video traffic, we will use a video encoder and a video camera connected to it. The video
encoder has the ability to configure the following parameters of the video stream (Fig. 5):

- number of frames per second (FPS);

- bitrate (Bitrate);

- video resolution (Encoder size);

- H.264 level (H.264 Level);
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- bitrate control mode (Bitrate control);
- network video transmission settings.

Main stream

FPS: 5 |15-60]

[32-32000]

Bitrate(kbit): |256

Encoded size: [ 1024x768 v|

H.264 Level: | baseline profile w
Bitrate control:

RTSP URL: |/0 |[Enable + |

Multicast IP: [225.0.1.0 |[Enable |
Multicast port: [1234 [1-65535]

RTMP PUBLISH URL: |rtmp://192.168.1.50/live/0 |[Disable +|

e/ ip' KRR KX of rimpe/user:pass@ip/ KX/ XXX

Fig. 5. Setting the parameters of the video stream

To transmit a video stream, the encoder is configured to transmit data to a multicast group. This setting
allows you to receive video on both PCs. PC Ne2 receives video over the local network, and PC Nel - through the
radio network. The "VLC mediaplayer v.3.0.7.1" program is used to display the video stream on the PC. The
software "Wireshark v.3.4.3" is used to analyze the video traffic on both PCs, which allows you to compare the
traffic before and after transmission over the radio channel.

We will transmit the video every 2 minutes, changing the parameters: number of frames per second, bitrate
and resolution. Let's consider the parameter of the number of frames per second equal to five and the bitrate - 32
Kbit/s. The results of the study are shown in Table 4.

Table 4.
The results of the video traffic study at FPS - 5, and the bitrate - 32 Kbit/s

Video Number Average

Ne - PC accepted Loss, % s
resolution Kbit/s
packages

1 320x240 2 483 - 43
2 320x240 1 468 31 42
3 640x360 2 473 - 42
4 640x360 1 462 23 41
5 850x480 2 490 - 44
6 850x480 1 474 33 42
7 1280x720 2 520 - 47
8 1280x720 1 499 3,9 44
9 19201080 2 790 - 71
10 1920x1080 1 701 12,7 63

The video in all experiments on both PCs was blurry, pixels appeared on the image when the camera or the
user moved, and the loss of video data was visible when transmitting video with a resolution of 1920x1080, which
led to the freezing of the image.

Let’s set the bitrate parameter to 64 Kbit/s and repeat the traffic study. The results of the study are shown in
Table 5.

Table 5.
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The results of the video traffic study at FPS - 5, and the bitrate — 64 Kbhit/s

Video Number o Average,
N resolution PC accepted Loss, % Kbit/s
packages
1 320x240 2 880 - 79
2 320x240 1 870 11 79
3 640x360 2 883 - 79
4 640x360 1 869 1,6 78
5 850x480 2 886 - 79
6 850x480 1 865 2,4 78
7 1280x720 2 910 - 81
8 1280x720 1 865 49 78
9 1920x1080 2 1172 - 104
10 1920x1080 1 1070 8,7 96

Video with a resolution of 320x240, 640x360 and a bit rate of 64 Kbit/s did not differ in image quality
from a bit rate of 32 Kbit/s. Video with a resolution of 850x480, 1280x720 and a bit rate of 64 Kbit/s was
transmitted much better compared to a bit rate of 32 Kbit/c, the facial expressions of the user who was conducting a
conversation and video transmission were clearly visible, the blurring of the image was insignificant. The loss of
video data was visible when transmitting video with a resolution of 1920x1080, which led to the freezing of the
image

Let’s set the bitrate parameter to 96 Kbit/s and repeat the traffic study. The results of the study are shown in

Table 6.
Table 6.
The results of the video traffic study at FPS - 5, and the bitrate — 96 Kbit/s
. Number
Ne V'de(.) PC accepted Loss, % Aver‘age,
resolution Kbit/s
packages
1 320x240 2 1269 - 114
2 320x240 1 1250 15 114
3 640x360 2 1285 - 115
4 640x360 1 1275 0,8 115
5 850x480 2 1320 - 119
6 850x480 1 1268 4 114
7 1280x720 2 1341 - 121
8 1280x720 1 1266 5,6 114
9 1920x1080 2 1468 - 132
10 1920x1080 1 1337 89 120

Video at 320x240, 640x360 and 96 Kbit/s bitrate was less blurry compared to 64 Kbit/s or 32 Kbit/s
bitrates, but still appeared pixelated when the camera or user moved. When transmitting video with a resolution of
850x480, 1280x720 and 1920x1080, a loss of video data was visible, which led to the image freezing every few
seconds.

Let’s set the bitrate parameter to 128 Kbit/s and repeat the traffic study. The results of the study are shown
in Table 7.

Table 7.
The results of the video traffic study at FPS - 5, and the bitrate — 128 Kbit/s
N Video PC 2::%2:3?:5 Loss, % Average,
resolution packages Kbit/s
1 320x240 2 1650 - 148
2 320x240 1 1635 0.9 147
3 640x360 2 1708 - 154
4 640x360 1 1679 1,7 150
5 850x480 2 1720 - 155
6 850x480 1 1552 9,8 149
7 1280x720 2 1730 - 156
8 1280x720 1 1506 13 135
9 1920x1080 2 1750 - 157
10 1920x1080 1 1389 20,6 125

Video with a resolution of 320x240, 640x360 and a bitrate of 128 Kbit/s was blurry and the pixels in the
image also appeared when the camera or the user moved. When transmitting video with a resolution of 850x480,
1280x720 and 1920x1080, the loss of video data was visible, which led to the freezing of the image every second.
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In subsequent experiments, increasing the FPS or bitrate only resulted in greater loss of video data and
constant freezing of the image or its complete absence.

Attempting to transmit two video streams simultaneously from two video encoders resulted in loss of video
data and constant freezing of the image or its complete absence, even with an image resolution of 320x240, a bit rate
of 32 Kbit/s and an FPS value of 5.

Recommendations

Based on the video traffic research, the following recommendations can be made:

1. Narrowband FF and QL1A modes are impractical to use for video traffic transmission due to insufficient
bandwidth, high delay, jitter, and the probability of data transmission loss, so it is necessary to use only wideband
operating mode - ANW2C.

2. It is impractical to transmit video with a resolution higher than 1280x720, as video with a higher
resolution leads to significant data loss - from 8.7% to 20.6%.

3. If it is necessary to receive a clear image when transmitting video traffic over UHF/VHF radio networks,
it is necessary to use video with a resolution of 850x480, 1280x720, a bit rate from 64 Kbit/c to 96 Kbit/c and an
FPS value equal to 5. Otherwise, it is advisable to use a video with a resolution 320x480, 640x360 to minimize
loading of the permissible bandwidth.

Conclusions

1. A study of the influence of voice message transmission on jitter in low-bandwidth communication
networks was carried out and indicators of the bandwidth occupied by voice message transmission in three operation
modes of the UHF/VHF radio station were obtained: FF, ANW2C and QL1A. It was determined that voice
transmission in UHF/VHF radio networks occupies a bandwidth of 2 Kbit/s - 2.5 Kbit/s. In the narrowband
operation modes of UHF/VHF radio stations, there is a significant increase in data transmission jitter approximately
by 50 ms.

2. It was determined that the maximum resolution of the video should not exceed 1280x720 when
transmitting video traffic through the UHF/VHF radio communication channel, otherwise the video with a higher
resolution leads to significant data loss - from 8.7% to 20.6%.

3. The value of the loss during the transmission of video traffic is from 0.8% to 20.6%, and the necessary
bandwidth for the transmission of video traffic through low-bandwidth communication networks is from 43 Kbit/s
to 157 Kbit/s at a bit rate of 32 Kbit/s up to 128 Kbit/s and FPS values - 5.

4. Recommendations for the transmission of video traffic through low-bandwidth communication channels,
which are based on UHF/VVHF radio stations, are provided.

5. Based on the received audio traffic characteristics, it is possible to create a software implementation of
simulated traffic modeling in low-bandwidth communication networks for the further determination of service
availability at the stage of planning and designing the communication system.
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