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Abstract—The purpose of this article is to simulate data transmission and calculate traffic parameters in
SAGIN air segment for which Ad Hoc network of flying drones is considered as a model. Traffic modeling
is based on the manet-routing-compare example from the ns3 simulator library, which has been
supplemented with code to calculate packet loss, throughput, and message transmission delays. The
program allowed considering drones movement at both low and high speeds from 3.6 km/h to 72 km/h.
The dependences of traffic losses on data transmission power, transaction sizes and data transmission
speed are obtained and analyzed. The distribution of the average effective arrival rate A and the
throughput/goodput for drones has been studied. Comparing traffic characteristics in models with
different numbers of drones allows to judge how the required quality of service can be achieved by

choosing the right transmission parameters.

Index Terms—SAGIN; packet loss ratio; transaction size; transmission power; throughput/goodput.

I. INTRODUCTION

Space-Air-Ground Integrated Networks (SAGINSs)
have been developed over the years for providing
global coverage anytime, anywhere to support custom
applications. Integrated networks such as Globalstar
[1], Global Information Grid (GIG) [2],
Transformational Satellite Communications System
(TSAT) [3], Integral Satcom Initiative (ISICOM) [4],
OneWeb constellation [5], O3b system satellite [6],
IridiumNEXT [7] and SpaceX Starlink [8] are already
in use. Such networks have new architectures, are
intensively researched, and offer significant benefits
for practical services and applications (Fig. 1).
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Fig. 1. SAGIN architecture [9]

Building SAGIN faces difficult challenges due to
its characteristics such as heterogeneity, self-
organization and variability over time. Limited
resources in all three network segments affect

SAGIN, making it difficult to obtain the required
performance to deliver traffic. It is known that not
all network performance metrics can be optimized at
the same time. When you achieve maximum
network reliability and invulnerability, then you
have to sacrifice delay or data transfer rate.
Therefore, system integration, protocol optimization,
resource management and resource allocation in
SAGIN are of great importance.

Satellites, airplanes, balloons and drones in
SAGIN move, which leads to a constant dynamic
change in the network topology and restructuring of
packets delivery paths. Existing transport protocols
assume a persistent network connection with
persistent message delivery paths. However, in
SAGIN, permanent delivery paths between sources
and recipients rarely or never exist, resulting in
much higher transmission delays than in terrestrial
networks.

In this regard, the study of data traffic in SAGIN
air segment is of particular interest. High-altitude
platforms, stratospheric drones and low-altitude
Unmanned Aerial Vehicle (UAV) swarms will most
likely play the leading role in the creation of the
SAGIN middle layer. With the help of such air
elements, it is possible to design Flying Ad Hoc
NETwork (FANET) or Mobile Ad hoc NETwork
(MANET) structures. A highly mobile UAV-based
air-to-ground communication system can provide
significant  benefits for improving network
performance, giving end users instant access to real-
time data. The use of a mobile relay strategy through
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flying UAVs reduces the distance between the
source and the destination on the ground, which
provides a significant improvement in throughput
compared to relaying with fixed UAVs location.

The development of a fully autonomous and joint
system with several UAVs requires reliable
communication between UAVs [10]. Currently,
there is not enough research devoted to the
peculiarities of data traffic in the middle segment of
SAGIN. Depending on the application, UAV
networks can have stationary, slow moving or highly
mobile nodes. Some applications require UAV
nodes to act as base stations in the sky to provide
coverage. In addition, there is a group of
applications in which the nodes must be highly
mobile and communicate, interact and establish the
network dynamically in an arbitrary manner.

Our contributions can be summarized as follows.
Using the ns3 simulator software, we created models
for modeling data exchange in Ad Hoc Network of
Flying Drones simulating SAGIN air layer. For this
Ad Hoc Network traffic characteristics have been
calculated. The results obtained are of practical
importance, since they allow predicting the behavior
of SAGIN.

This article is organized as follows. In Related
Works, we review some works related to SAGIN,
FANET and MANET. In Problem Statement and
Aim, we formulate the goals of our research. In
Models, we describe the architecture of proposed
models. In Results, we describe obtained data. In
Conclusion, we note the contribution of our research
to the development of methods for predicting the
SAGIN functioning.

II. RELATED WORKS

In aviation, satellite links between air traffic
controllers and aircraft have been standardized in
ICAO document [11]. In our work [12], we simulated
the transmission of  Automatic  Dependent
Surveillance — Broadcast (ADS-B) messages using
the Low Earth Orbit satellite complex Iridium. In the
article [13] dependences of the message travel time
on the number of satellites and aircraft were
calculated and then experimentally confirmed in 2017
in studies conducted by the USA and Canada [14].

Survey of important issues in UAV
communication networks is given in the paper [10].
The article [15] notes that one of the most important
problems in the design of systems with several
UAVs is communication. A dedicated network
connection between UAVs can solve the problems
encountered with fully infrastructure UAV
networks. The article [15] discusses flying peer-to-
peer FANETS, which are an ad hoc network that

connects UAVs. FANET is considered as a separate
family of networks and several scenarios of their
application are presented. The differences between
FANET, MANET and Vehicle Ad-Hoc Networks
(VANET) are discussed.

New MANET security schemes such as the
Intrusion Detection System (IDS) can prevent black
hole attacks. The study [16] proposes a new
integrated inter-corporate structure for an intrusion
detection system to protect the network from attacks.
This algorithm is used for routing and securing
nodes based on maximum throughput.

The development of wireless devices has led to
the creation of the mobile peer-to-peer network
MANET. It is a self-organizing network that does
not have any structure. Each device in MANET can
dynamically move in any direction to exchange
information between devices or network nodes.
MANET does not have any administrative node that
is responsible for managing other nodes, each
MANET node behaves like a router and a host itself
and forms its own network. Various routing
protocols are responsible for routing in MANET.
The paper [17] introduces the routing protocol and
discusses the benefits, problems, applications, and
characteristics of MANET.

The paper [18] investigates wireless relay
networks using drones as emergency communication
systems during large-scale disasters. Flying drones
tilt in the direction of their movement. This tilt
causes a decrease in received power, taking into
account the effects of wvertical directivity and
polarization plane deflection. The article simulated
the relationship between tilt and flight speed of
drones and calculates the power taking into account
the tilt. The influence of the tilt of the drone on the
delay time was estimated.

Advances in mechanical automation for drones
have led to the creation of detachable access points
and replaceable batteries that can be carried on
drones and placed at arbitrary locations in the field.
The article [19] proposes a structure of wireless
networks, which depends on the capabilities of
separating access points and replacing UAV
batteries.

In peer-to-peer networks, communication is
provided without the aid of a fixed infrastructure.
Routing in MANET is challenging due to dynamic
changes in node topology and lack of centralized
coordination. In the paper [20], simulations were
performed using NS2 with existing MANET
protocols. The analysis considered network
throughput, delay and packet delivery rate.

In MANET, mobile nodes can communicate with
each other without relying on any infrastructure. The
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dynamic MANET topology complicates the design
of routing protocols. Various mechanisms such as
source, distance vector, and link state routing are
used to discover routes in MANET. The article [21]
compares several MANET routing protocols.
Protocols under study: Destination Sequence
Distance Vector (DSDV), Optimized Link State
Routing (OLSR), Ad Hoc On-Demand Distance
Vector (AODV) protocol, and Dynamic Source
Routing (DSR). The range of network dynamics and
node density is considered, and three mobility
models are studied: steady-state random waypoint
(SS-RWP), Gauss-Markov (GM), and Lévy Walk.
Simulator ns-3 was used to evaluate their
performance for metrics such as packet delivery rate,
end-to-end delay, and routing overhead.

III. PROBLEM STATEMENT AND AIM

The operation of SAGIN is impossible without
reliable communication channels between all
components. Our previous works [12], [13], [22] -
[33] were devoted to the study of SAGIN
communication channels using MATLAB Simulink
and NetCracker software.

This study is developing methods for assessing
the parameters of real traffic in SAGIN middle layer.
The aim of this article is to simulate data transfer
and calculate traffic parameters in SAGIN air
segment using ns3 software. To do this, we need to:
1) construct models for simulating data exchange; 2)
obtain dependences of Packet Loss Ratio (PLR) on
the transmit power, size of transactions and data rate
(bandwidth) for a different nodes speed; 3) study
distribution of average effective arrival rate A and
throughput/goodput on nodes.

IV. MODELS

To simulate SAGIN air layer, consisting of flying
drones, we used an example from the public library
ns3 manet-routing-compare, which was
supplemented to calculate PLR, Throughput and
Delay. This example program allows running ns-3
DSDV, AODV, or OLSR under a typical random
waypoint mobility model. The number of nodes is
50, which move according to
RandomWaypointMobilityModel with a speed of
(1 —20) m/s and no pause time within a 300x1500 m
region. The Wi-Fi is in ad hoc mode with 2 Mb/s
rate (802.11b) and Friis loss model, which
determines the power received by one antenna under
ideal conditions from another antenna located at a
certain distance and transmitting a known power.
The Friis model describes wave’s propagation in
free space and is used to simulate line-of-sight path
loss that occurs in an environment devoid of any
objects that create absorption, diffraction,
reflections, or any other phenomenon that alters the
characteristics of the emitted wave.

It is possible to change the mobility and density
of the network by directly modifying the speed and
the number of nodes. It is also possible to change the
characteristics of the network by changing the
transmit power. Specifying a value of 2 for the
protocol we cause AODV to be used. By default,
there are 10 source/sink data pairs sending UDP data
at an application rate of 2.048 Kb/s each. The Model
1 and Model 2 used in traffic simulation are shown
in Figs 2 and 3.
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Fig. 3. Model 2 with 10 source/sink data pairs and 20 nodes
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The Figures 2 and 3 shows nodes trajectories and
direction of data transmission at arbitrary moment of
simulation.

V. RESULTS

When transmitting data in SAGIN, and in the air
segment in particular, it is important to understand
how the features of data transmission mode are
related to traffic quantitative characteristics. How do
the transmit power, Transaction Size (TS), and data
rate (Bandwidth) affect packet loss? How are the
average effective arrival rate A and throughput
distributed over the network nodes?

It is interesting to establish how much packet loss
can change with increasing transmit power. Figures
4 and 5 show PLR dependences on Transmit Power
in Models 1 and 2 for different nodes speed. Here
two facts can be noted. First, increasing the transmit
power leads to a significant decrease in losses.
Secondly, losses decrease with decreasing speed of
network nodes, regardless of the transmission power
in both models.

Figures 6 and 7 show the dependences of PLR
parameter on transaction size in Models 1, 2,
respectively, for different nodes speed for a fixed
total simulation time. In such a situation, an increase
in the size of transactions leads to a decrease in the
total number of transmitted packets. When
calculating these dependences, TS parameter varied
in the range from 10 Bytes to 1000 Bytes, and the
power and data transfer rate were set. For Model 1
(Fig. 6), PLR parameter weakly depends on the size
of transactions and practically does not change at a
speed of 1 m/s. With an increase in the speed of
nodes to 20 m/s, the losses more than double. For
Model 2 (Fig. 7), there is a significant dependence of
losses on the size of transactions due to a decrease in
the total number of transmitted packets for a fixed
simulation time. It should be noted that NetCracker
software allows you to set the transaction size, data
transfer rate and calculate the average workload and
average utilization of the communication channel,
regardless of the simulation time.

The data in Figures 8 and 9 show dependences of
PLR parameter on the data transfer rate in Models 1,
2 for different nodes speed. In the calculations, the
data transfer rate varied from 2 Kbps to 12 Kbps,
and the transmission power and transaction size
were specified. At low node speeds for Model 1, the
losses practically do not change with an increase in
the data transfer rate, and at high speeds, they slowly
increase almost linearly. At low node speeds for
Model 2, PLR parameter also changes
insignificantly with increasing bandwidth, although
more than twice the values for Model 1. At high

speeds of nodes, PLR parameter slowly increases
with increasing data transfer rate.

PropagationDelayModel in ns3 calculate the
propagation delay between the specified source and
destination and in our case varied from 0.96 s to
15.0 s, depending in TS parameter and data rate.
Figures 10 and 11 show the results obtained using
the tracemetrics.1.4.0 program, which provide an
indication of the data traffic in Model 2.
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Fig. 4. Dependences of PLR on Transmit Power in
Model 1 for different nodes speed (TS = 100 Bytes,
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Fig. 5. Dependences of PLR on Transmit Power in
Model 2 for different nodes speed (TS = 100 Bytes,
Total Time = 200 s)
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Model 1 for different nodes speed
(Transmit Power = 7 dBm, Bandwidth = 2048 bps,
Total Time = 200 s)
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Fig. 7. Dependences of PLR on Transaction Size in
Model 2 for different nodes speed
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Total Time = 200 s)
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Fig. 10. Dependences of Lambda on Node Number in
Model 2 for different simulation time
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Fig. 11. Dependences of Throughput and Goodput on
Node Number in Model 2 (Transmit Power = 7 dBm,
TS = 2500 Bytes, Bandwidth = 2048 bps,

Total Time =200 s, Nodes speed = 20 m/s)

VI. CONCLUSIONS

This work is devoted to modeling traffic in
SAGIN air segment containing ad hoc network of
flying drones. The presented study contains traffic
parameters for two models based on the example
manet-routing-compare from ns3 library. The
dependences of traffic losses on data transmission
power, transaction sizes and data transmission rate
are obtained and analyzed.

Traffic characteristics were compared in models
with different numbers of nodes and their speed.
This  comparison provides a  quantitative
understanding of how the required quality of service
can be achieved in SAGIN air segment by choosing
the right transmission parameters.
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B. II. Xapuenko, A. M. I'pexos, B. M. Konapatiok. Ilepenaua nanux B SAGIN 3a nonomoror Fanet/Manet 3
JIPOHIB

Meroto AaHOi CTATTi € MOJICNIOBAHHS Nepeadi JaHuX Ta pO3paxyHOK mapamerpiB Tpadiky B aBiacermenti SAGIN, mis
SIKOTO B SAKOCTI Mojeii posrsimaerbes mepexka Ad Hoc mitarounx nponiB. MopentoBaHHA Tpadiky 0a3yeTbes Ha
NPUKIIaZl TOPIBHSHHSA Mapuipyrusamii manet 3 0i0miotekn cumynsitopa ns3, ska Oyna JOMOBHEHA KOAOM JJIs
OOYMCJICHHSA BTpaT IIaKeTiB, MPOIMYCKHOI 3MAaTHOCTI Ta 3aTPUMOK Iiepenadi IOBiIOMJCHb. [Iporpama no3BoJise
PO3IIISIaTH PYX JPOHIB SIK Ha MaJUX, TaK 1 Ha BEIMKUX IIBUIKOCTIX Bix 3,6 km/rox mo 72 km/roa. OtpumaHo Ta
MPOaHAIi30BaHO 3aJISKHOCTI BTpaT Tpadiky BiJ MOTYXKHOCTI Nepenadi JaHWX, PO3MIpIB TpaH3aKIild Ta MIBUIKOCTI
nepenadi  gaHux. JlochipKeHO pO3MOAiT cepedHboi  epEeKTHMBHOI IIBUIKOCTI TPHOYTTS A Ta IPOMYCKHOI
3JIaTHOCTI/BHUITYCKY JUIsl ApOHIB. [TOpiBHSHHS XapaKTepUCTHK TpadiKy B MOJAENSX 3 PI3HOIO KUTBKICTIO APOHIB JI03BOJISIE
CYIMTH TIPO T€, SIK MOXKHA JIOCSATTH HEOOXIIHOI SIKOCTI 00CIyroByBaHHS, BUOpABINY MPaBWIbHI IMapaMeTpH nepenadi.
KawuoBi cmoBa: SAGIN; koedimieHT BTpaT MakeTiB; po3Mip TpaH3akilii; MOTYXHICTh Iepeaadi; MpPOITyCKHA
3JIaTHICTB/XOpOIIIa TPOYCKHA 3/IaTHICTb.

Bogogumup Ilerpony Xapuenko. ORCID 0000-0001-7575-4366. JlokTop TexHidHMX HayK. [Ipodecop.

JIMpeKkTop HayKOBO-HaBYAJILHOTO HEHTPY «AepoKocMiuHMi HeHTp», HamioHanbHuii aBiamidHuil yHiBepcuter, Kuis,
VYkpaina.

Ocsita: KuiBcbkuii iHCTUTYT iH)KeHepiB LUBiLIBHOI aBialii, (1967).

HamnpsiMok HaykoBOI IisUTBHOCTI: 3B'SI30K, HaBiralis, ClloCTepeXEHHsI, OE3ITIIOTHI MOBITPSIHI CUCTEMH.

[My6mnikamii: 6muzbko 600.

E-mail: kharch@nau.edu.ua

Annpii Muxaitnosua I'pexos. ORCID 0000-0001-7685-8706. [TokTop (izuko-maremMaTHuHux Hayk. [Ipodecop.
HaykoBo-HaBuanpHUi IIEHTp «AepOKOCMIUHUH IIeHTpy», HarioHanpHuMii aBiamiiauil yHiBepcuteT, KuiB, Ykpaina.
Ocsirta: KuiBcbkuit nepsxaBuuii yHiBepcurer iMm. T. IlleBuenka, Ykpaina, (1973).

HamnpsiMok HaykoBOI IisUTBHOCTI: criocTepekeHHs, cuctremu ADS-B, TenekomyHikanii, KOMIT'FOTEpHE MOAETIOBAHHS.
[My6nikamii: 6muzbko 220.

E-mail: grekhovam@gmail.com
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Bacuis MuxaiinoBuu Konapatiok. ORCID 0000-0002-5690-8873. Kannunat TexHiuHuX Hayk. Crapiiuii HAyKOBUH
CHiBPOOITHHK.

HaykoBo-HaBuanbHU IIEHTP «AepOKOCMIUHUH IIEHTp», HarioHanpHuMiA aBiamiiHuil yHiBepcuteT, KuiB, Ykpaina.
Ocsita: KuiBcbkuii monitexHiuHuid iHCTUTYT, YKpaiHa, (1985).

HamnpsiMox HaykoBOi IisSUTBHOCTI: TJI00aJIbHI HaBITaIliHHI CYMyTHUKOBI CHCTEMH, O€3MIJIOTHI JIITAJIBHI anapaTH, aBiallis,
HaBiranis Ha ocHOBi xapakrepuctuk (PBN), ekcriepuMeHTanbHa TEXHiKa.

[My6mnikamii: 6musbko 50.

Email: kon_vm@ukr.net

B. II. Xapuenko, A. M. I'pexoB, B. M. Konapatiok. Ilepenaua nanunix B SAGIN ¢ momomrsio Fanet/Manet ¢
JIPOHOB

Lenpro maHHOW CTATBhH SBJISETCS MOJCIMPOBAHUE NEPEavyd JaHHBIX M pacdeT MapaMeTpoB Tpaduka B aBHACErMEHTE
SAGIN, mis xotoporo B KauecTBe Mojaenu paccMmarpuBaercs cetb Ad Hoc jerarommx npoHOB. MomenupoBaHHE
Tpaduka 6a3upyercs Ha MpUMepe CPaBHEHUS MapUIpyTH3alUu manet U3 OHMOIMOTEKH CUMYIATOpa Ns3, JOMOIHEHHON
KOJIOM JIJIsl BBIYMCIICHUSI TTOTEPh ITaKEeTOB, MPOITYCKHOW CIIOCOOHOCTH U 3aJepXkKeK mepenadn coodbuienuid. IIporpamma
MO3BOJISIET PACCMaTPUBATh JABWKEHHE JPOHOB KaK Ha MaJlbX, TaK U Ha OOJNBIIMX CKOPOCTSAX OT 3,6 KM/4 0 72 KM/4.
[onmyueHbl W mNpOaHATU3UPOBAHBI 3aBUCHMOCTH IIOTEph Tpaduka OT MOIIHOCTH Mepelnadd JaHHBIX, pa3MepoB
TpaH3aKLHKA U CKOPOCTH Tiepeaun NaHHbIX. VccinenoBaHo pacnpezenenue cpeaneil 3pGeKTuBHON CKOPOCTH MPHOBITHS
U TPOIYCKHOHW CITOCOOHOCTH/BBIITyCKa Uil ApoHOB. CpaBHEHHE XapaKTEepUCTHK TpaduKa B MOJENSAX C Pa3HBIM
KOJIMYECTBOM JIDOHOB TMO3BOJISIET CYJUTh O TOM, KaK MOXKHO JTOOMTHCS TpeOyeMOoro KauyecTBa 0OCITYy:KUBaHUS, BHIOpaB
MIpaBUIIbHBIE MTApAMETPhI IEpeIayn.

Karwouessbie ciioBa: SAGIN; ko3¢ dHuIMeHT moTeps MakeTOB; pa3Mep TPaH3aKLUK; MOIIHOCTH HepeaayuH; MpoImyCcKHas
CIIOCOOHOCTR/XOpOIIIas MPOMyCKHAsT CIIOCOOHOCTD.

Baaguvup Ietposuu Xapuenko. ORCID 0000-0001-7575-4366. Jloktop TexHuueckux Hayk. IIpodeccop.
Jupexrop Hay4HO-y4eOHOro eHTpa «A’poKocMHUUYecKuil IIeHTp», Kues, YkpanHa.

O0pasoBanue: KueBckuii HHCTUTYT HH)KEHEPOB TpaXkIaHCKoW aBuanud, (1967).

HamnpaBnenue HayqHOH JIeSITENFHOCTH: CBS3b, HABHUTAIMS, HAOIIOIEHNE, OECITMIIOTHBIE BO3IYIIHBIE CUCTEMBI.
[Ty6nukanuu: okono 600.

E-mail: kharch@nau.edu.ua

Annapeii Muxaiinosud I'pexos. ORCID 0000-0001-7685-8706. Jloktop ¢usuko-mMaTeMaTuueckux Hayk. [Ipodeccop.
HayuHo-y4eOHbIH 1eHTp « A9poKocMHYeCKUil LieHTp», HalmoHanpHbIl aBHallMoHHbIH yHUBEpcuTeT, Kues, YkpauHa.
Oo0pasoBanue: Kuesckuii rocynapcrBeHnsii yauBepceuter uM. T. [lleBuenko, Ykpaunna, (1973).

HanpasieHue HaydHON JeSITEIBHOCTH: HaOmoneHue, cucteMbl ADS-B, TelekOMMYHHMKAIMH, KOMIIBIOTEPHOE
MOJIEIUPOBaHUE.

[Ty6nukanuu: okono 220.

E-mail: grekhovam@gmail.com

Bacunuii Muxaiaosnu Kongpatiok. ORCID 0000-0002-5690-8873. Kangupmat TexHuueckux Hayk. Crapiuit
Hay4HBIN COTPYIHUK.

HayuHo-y4eOHbIH eHTp « AdpoKocMHYeCKUil LieHTp», HalmoHanpHbIl aBHallMoHHbIH yHUBEpcuTeT, Kues, YkpauHa.
O0pasoBanue: KreBckuii MOMTUTEXHUYECKUI HHCTUTYT, YKpaunHa, (1985).

HampaBnenue Hay4yHOW JAEATENBHOCTH: TJIOOANIbHBIE HABUTAIIMOHHBIE CIHYTHHKOBBIE CHUCTEMBI, OECIMIIOTHBIE
JieTaTeNbHBIE alllapaThl, aBUallys, HaBUralys Ha ocHOBe XapakrepucTuk (PBN), skcriepuMeHTanbHast TEXHUKA.
[Ty6nukanuu: okono 50.

E-mail: kon vm@ukr.net



