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The article is devoted to the study of the influence of mobile network settings on the energy consumption of
electronic car control units. Signal quality and mobile network coverage are also important for both users and
automotive devices that use real-time information from the network using cloud technologies to transmit, process
and store data. For the quality of service measurements, Communications Regulatory Authority uses just HTTP data
transmission (receipt) speed rate values in the operators’ UMTS (3G) networks (as CRA stated in annual report).
But speed is not everything as many consumers in the industry are experiencing recently. In addition, improvements
now also revolve about reducing the signaling load incurred when a radio bearer is established, modified or released.
Another area for improvements is the signaling overhead on the air interface when little data is transferred as it
consumes resources and causes battery drain from the mobile phone's point of view.

The authors focused on the UMTS (the Universal Mobile Telecommunications System) 3G network, which is
among the most popular 3G mobile communication technologies. We explore the RRC state machine of large cellular
networks which operate in Lithuania.

Note that in UMTS network, the centralized core network (CN) is responsible for ensuring switching and routing
for the end users traffic. All Network management functions and required databases are also implemented in core
network. The core network domain is further divided into sub categories: serving network domain, home network
domain and the transit network domain. It consists of two kinds of General Packet Radio Service (GPRS) Support
Nodes (GSNs), in 3GPP named as Gateway GSN (GGSN) and Serving GSN (SGSN) (Figure 1). SGSN is the central
node of the packet switched (PS) domain. It provides for routing functionality and interacts with databases (like Home
Location Register (HLR)) and manages many Radio Network Controllers (RNCs).

So the authors were researching the RRC machines of Lithuanian cellular operators’ networks. The purpose of
those experiments was to identify which network could provide a best user internet browsing experience, best user
equipment battery consumption feature and best radio network resource utilization scheme. We can state, that
comparing all these partitions, Operator2 has the optimal configuration for user experience, UE device battery
consumption and network resource utilization of RRC state machine point of view.
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Introduction

Modern technologies allow to monitor traffic jams due to the signals of the drivers’ and passengers’ mobile
phones, radio signals influence energy consumption of electronic control units.

Signal quality and mobile network coverage are also important for both users and automotive devices that
use real-time information from the network using cloud technologies to transmit, process and store data.

Cellular data networks in Lithuania are growing very rapidly despite the appearance of the new network
technologies on the market. As when writing this paper, 262k users were using UMTS high speed data transfers
and this is 24.4% more than the last year [1]. All mobile network providers in Lithuania can offer high data
transfer rates for various user needs and the applications they use. For the quality of service measurements,
Communications Regulatory Authority uses just HTTP data transmission (receipt) speed rate values in the
operators” UMTS (3G) networks (as CRA stated in annual report). But speed is not everything as many
consumers in the industry have been experiencing recently. In addition, improvements now also revolve about
reducing the signalling load incurred [6] when a radio bearer is established, modified or released. Another area
for improvements is the signalling overhead on the air interface when little data is transferred as it consumes
resources and causes battery drain from the mobile phone's point of view [7]. Battery lifetime is a big challenge
with smart phones.In this paper, we focus on the UMTS (the Universal Mobile Telecommunications System)
3G network, which is among the most popular 3G mobile communication technologies. We explore the RRC
state machine of large cellular networks which operate in Lithuania.
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Overview of UMTS

In this section we provide a short background of UMTS network for further discussions in this paper.

The UMTS network consists of three major parts or subsystems: User Equipments (UE), UMTS Terrestrial
Radio Access Network (UTRAN), and the Core Network (CN) (refer Figure 1). UEs are mobile handsets used
by the end users. The UTRAN is for connecting the end user equipment (UE) with the core network (CN). It
consists of two components: base stations, which by 3GPP are called NodeBs, and Radio Network Controllers
(RNC), which control multiple NodeBs. Such UTRAN features as packet scheduling, radio resource control
and handover control are implemented at the RNC node [2].

UE UTRAN Core Network (CN)

Fig. 1 —Simplified UMTS network architecture

In UMTS network, the centralized core network (CN) is responsible for ensuring switching and routing for
the end users traffic. All Network management functions and the required databases are also implemented in
the core network. The core network domain is further divided into sub categories: serving network domain,
home network domain and the transit network domain. It consists of two kinds of General Packet Radio Service
(GPRS) Support Nodes (GSNs), in 3GPP named as Gateway GSN (GGSN) and Serving GSN (SGSN) (Figure
1). SGSN is the central node of the packet switched (PS) domain. It provides routing functionality and interacts
with databases (like Home Location Register (HLR)) and manages many Radio Network Controllers (RNCs).
GGSN provides the interconnection of UMTS network with other Packet Data Networks (PDNs) like the
Internet. In particular the GGSN (Gateway GPRS Support Node) within the CN serves as a gateway hiding
UMTS internal infrastructures from the external network.

The RRC State Machine

User specific packet scheduling is mainly responsible for the utilization of the Radio Resource Control
(RRC) states, transport channels and their bit rates according to traffic pattern. The packet scheduling is done
by RNC in UMTS network. In packet scheduling, NodeB provides for the air interface load measurements and
the UE provides the uplink traffic volume measurements to the RNC. In the UMTS, the radio resource refers
to WCDMA codes that are potential bottleneck resources of the network. To efficiently utilize the limited radio
resources, the UMTS radio resource control (RRC) protocol introduces a state machine associated with each
UE. There are typically three RRC states and those states are described bellow [3, 4].

RRC state IDLE. This is the default state when a UE is turned on. The UE has not yet established an RRC
connection with the RNC and no radio resource is allocated to UE. The UE cannot transfer any user data and
just network control data is allowed.

RRC state CELL PCH. Even while in CELL FACH state, the mobile device requires a considerable amount
of power to listen to the forward access channel (CELL FACH) despite its minimal activity. Because of
noticeable delay when resuming data transmission from the idle state, one further state have been specified
which are between Idle and CELL FACH. In CELL PCH state, the mobile needs to periodically listen to the
paging channel while the logical connection the radio network and the device remain in place. If there is
renewed activity, the connection can be quickly resumed.

RRC state CELL FACH. The RRC connection is established but there is no dedicated channel allocated to
a UE. The UE can only transmit user data through shared low-speed channels that are typically less than 15
kbps. Henceforth CELL FACH is referred as FACH from this point in this paper. FACH is designed for
applications requiring very low data throughput rate. It consumes much less radio resources than the DCH UE
state.
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RRC state CELL DCH. The RRC connection is established and a UE is usually allocated dedicated
transport channels in both downlink (DL, RNC to UE) and uplink (UL, UE to RNC) directions.

This state allows a UE to fully utilize radio resources for user data transmission. Henceforth CELL DCH is
referred as DCH in from this point this paper. At DCH state a UE can access HSDPA/HSUPA (High Speed
Downlink/Uplink Packet Access) mode, if supported by the ISP network infrastructure. For HSDPA, the high
speed transport channel is not dedicated, but shared by a limited number of users [3]. Even more, when a large
number of UEs are in DCH state, the radio resources may be all exhausted due to the lack of channelization
codes in the cell. In this case scenario some of the UEs have to use low-speed shared channels although their
RRC states are still DCH mode [3].

The RRC states impact a UE’s energy consumption significantly. To utilize the limited radio resources,
RRC state machine determines radio resource usage affecting device energy consumption and user experience.
An UE can be in one of three states, each with different amount of allocated radio resources. The transitions
between states also have significant impact on the UMTS system. Frequent state promotions (allocation of the
resources) could yield long delays for the UE and additional processing power for the UTRAN nodes [5].
Resource releases, or state demotions, are controlled by inactivity timers, which affect radio resource usage
and UE energy consumption [5].

There are two types of state transitions in the RRC state machine. State promotions, including
PCH—FACH, FACH—DCH, and PCH—DCH, switch from a state with lower radio resource and UE energy
utilization to a state which consumes more radio resources and UE energy. State demotions are DCH—FACH
and FACH—PCH. Depending on the starting state, a state promotion is triggered by user data transmission
activity, if the UE is at IDLE, or the per-UE queue size, called Radio Link Controller (RLC) buffer size, if the
UE is at FACH state [3]. The state demotions are triggered by two inactivity timers maintained by the RNC.

Promotions need more work to be done than demotions. In particular, a state promotion gives a long latency
of up to couple of seconds during which a lot of control messages are exchanged between the UE and the RNC
for resource allocation. State promotions increase the management overhead at the RNC and degrade user
experience [2], especially for short data transfers.

Figures 2 and 3 shows possible state machine models for UMTS networks. The difference of state
transitions gives a problem to investigate for the optimal state machine configuration for better balance of radio
resource utilization, performance and user experience.

High power
and Bandwidth

DCH
Send and ldle
Receive data DL/UL
Queue
PCH - FACH
Idle

No Bandwidth
Very Low Radio Power

Fig. 2 — The RRC state machine model 1

Measuring RRC state parameters

There are three public mobile telephone communication operators, operating in the Republic of Lithuania
with their own network infrastructure [1]. All operators have implemented 3G technologies and have a
significant number of consumers generating revenue for mobile data transmissions. In this paper, we name
these operators as Operatorl, Operator2, and Operator3 to avoid misunderstanding in terms of commercial
dependencies. The design of the RRC state machine is ad-hoc with statically preconfigured parameters [2] and
these network settings are individual for each cellular ISP. In this paper we study the design using real cellular
traces of Lithuanian cellular ISPs and analyze the effect on important factors from both the network operator’s
perspective (radio resource usage efficiency) and from end-user’s perspective, namely mobile device energy
consumption and performance of applications.
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High power
and Bandwidth

DCH
Idle
DL/UL
Queue
Send/Receive data
PCH -l FACH
Idle
No Bandwidth Low power
Very Low Radio Power and Bandwidth

Fig. 3 — The RRC state machine model 2

According to organizations of market research (for e.g. Gartner), mobile email and other services, related
on it, are top data generating applications used in smart phones worldwide. Power consumption measurements
were done receiving one email message 10 kB of size and recording the UE power consumption and the RRC
state during the download. The phone was connected as “always on” to the internet, which means it was in
PCH state at least.

We have used Nokia mobile phone for our measurements. All unneeded services (applications) and
features, such as Bluetooth, were turned off during the measurements. To measure the energy consumption as
precisely as possible, we connected the phone to an external power supply with multimeter and phone battery
was not used to avoid any inaccuracies of battery. Network state measurements were done with Nokia Energy
Profiler 1.2 software and recorded to the phones internal memory. All data were collected in one location
avoiding power from NodeB fluctuations. Also all measurements were repeated several times in different
months of the year. We noticed that cellular operators’ network settings remained the same during our
measurement period. Comparing received power (Rx) at the UE, we can conclude that Operator’sl NodeB
was closest to our location and Operator’s3 — furthest (refer Table 1).

Table 1
Summarization of RRC state parameters of operators
MeasurementsMOb”e ISP Operatorl Operator? Operator3
Promotion power, [mW] none none none
PCH -> FACH 600 n/a 556
PCH -> DCH n/a 868 n/a
FACH -> DCH 406 n/a 560
Demotion power, [mW] none none none
DCH -> FACH 618 565 647
FACH -> PCH 388 302 469
Duration in state, [s] none none none
DCH 14,25 6,25 7,25
FACH (promotion) 1,75 0 1,75
FACH (demotion) 10,5 33,00 7,25
Average Rx level [dBm] -37 -60 -64
Average Tx level,[dBm] -48 -37 -22

In Figure 4, Operator’sl RRC state transitions are displayed when data is transferred (Figure 5). From the
graphs it is seen, that RRC state machine model 2 is used.

Only Operator2 uses RRC state machine model 1 (Figure 2), which lets UE overpass state FACH and use
all the benefits of DCH. This method lets to improve user internet browsing experience and reduce UE’s battery
power consumption.
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I, [kB]

L [s]
0 10 20 30 40 50 60 70 80
—DOWNLINK ——UPLINK

Fig. 5 — Data download from Operator’s] network to UE

B[]
24

DéH

0.8

0.4
Al WA

0.0 T [s]
0 10 20 30 40 50 60 70 80
= POWER e==sRRC Channel

[
P‘

Fig. 6 — Operator’s2 RRC states and consumed power



ISSN 2415-3486. Bicnux mawunobyoyeanns ma mpancnopmy Nel(13), 2021

Operator3 uses the RRC state machine model 2 as Operatorl and transition time from FACH to DCH
match.
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Fig. 7 — Operator’s3 RRC states and consumed power

Comparing RRC state machines

Comparing RRC state machines of cellular operators in terms of user experience, Operatorl is the best. The
network has the longest DCH state (almost 15 seconds), which lets users comfortably browsing the internet
without waiting FACH—DCH promotion time, which is almost 2 seconds (refer Table 1 and Figure 7). Also,
UEs are left quite significant time in demoted FACH state, which lets quickly resume to DCH. The longest
demoted FACH state has Operator2. Operator2 uses first RRC state transition model (refer Figure 1), which
lets to improve user experience in internet browsing activity.

Comparing UE’s battery consumption when user is in different mobile networks, UE in Operator] network
consumes energy the most (despite it is closest to NodeB) and in Operator’s3 network — the least. The
difference between energy consumption in Operator’sl and Operator’s3 networks is quite significant (about
50%) (refer Figure 8, 9). So theoretically, Operator’sl network drains UE’s battery 2 times faster than
Operator’s3 network. And it is obvious, because duration time in DCH state is also about 50% longer
comparing Operator’s1 and Operator’s2 networks.

T [s]

40

DCH time FACH Time FACH Time
(promotion) (demotion)

B Operatorl E Operator2 B Operator3

Fig. 8 — RRC states transition times

In terms of network resource utilization, Operator2 uses the longest DCH duration time, about two times
longer than the other operators. That means that users have to compete between the total channel throughputs.
During peaks, data download speed was varying quite significantly. Operator2 uses shortest DCH duration
time, the download speed was quite constant.
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Fig. 9 — UE’s consumed energy in different operators’ UTRANSs

Conclusion

In this paper we were researching the RRC machines of Lithuanian cellular operators’ networks. The
purpose of those experiments was to identify the network that could provide a best user internet browsing
experience, the best user equipment battery consumption feature and the best radio network resource utilization
scheme. We can state, that comparing all these partitions, Operator2 has the optimal configuration for user
experience, UE device battery consumption and network resource utilization of RRC state machine point of
view.
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A. Tlaymokac!
B. I1. Ky:keun?

BruiuB HaslamITyBaHb MOOIJIBHUX Mepex
HA CNIOKUBAHHA eHeprileJIeKTPOHHUX 0JIOKIB KePyBaHHA aBTOMOOLIeM

lyuisepcurer Bitayraca Benukoro
’BiHHUIBKAI HALIOHAEHUH TEXHIYHUN YHIBEPCUTET

Cmamms npucesiyeHa O0CiOXeHHH0 8rusy HanawimyeaHb MOOBINIbHOI Mepexi Ha eHeP20COXUBAaHHS €/1IeKIMPOHHUX BIIOKi8
KepysaHHs1 asmomobinis.Skicmb cueHany i nokpumms MOOGIIbHUX MepeX mMmakKoX Maromb eaxnuse 3Ha4YeHHs 5K Ons
Kopucmysadyie mak i 055t aemomobinbHUX npunadie siki UKOPUCMOBYOMb iHGhopMaUito 3 Mepexi 8 PeXUMI peasibHO20 Yacy 3a
00rnomMoe2or XMapHUX mexHorioaili 0nisi nepedadi, 06pobku i 36epicaHHS OaHUX.

Ans sumiprosarHsi sikocmi nocriye OpeaH peayrneaHHsl 38'S3Ky B8UKOPUCMOBYE Jflule 3HavyeHHs weudkocmi nepedadi
(ompumaHHs)) OaHux HTTP e mepexax UMTS (3G) onepamopis (sik 3a3Ha4eHo y wjopiyHomy 38imi CRA). Ane weudkicmb - ue
Oarieko He 8ce 3 mux 8UMOe, IKi oOCmaHHIM Yacom eucyearome bazamo crioxueadie eanysi. Kpim moeo, 800CcKoHaneHHs menep
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mako) CMOoCYoMbCS1 3MEHWEHHS] HagaHMaXeHHs 8i0 cuaHarnie, Wo eUHUKaromb rpu ecmaHoeneHHi, Modugikayii abo pobomi
padiokaHarny. Lle oO0Hieto obracmio 800CKOHaNEeHHs € HaknadHi eumpamu Ha cueHanu 8 egipHomy iHmepdgbelci, Konu
nepedaembcsi Mano 0aHUX, OCKINbKU 80HU 8umpayaromb Pecypcu ma CrpuyuHsiiomb po3psd akyMynsmopa 3 MOYKuU 30py
MOobinbHO20 meneoHy i iHWUX MpuliMaro4ux npucmpois, Hanpuknad 8 asmomobirii.

Asmopu 3ynuHunucb Ha mepexi 3G UMTS (YHieepcanbHa cucmema MObinibHO20 mesieKoMyHikauiliHo2o 38'a3Ky), sika €
OO0Hie 3 HaunonynsapHiwux mexHomnoeil mMobinbHoz2o 38'a3ky 3G. Mu docnidxyemo OepxasHuli asmomam RRC eenukux
CMINbHUKOBUX MepeXx, siki npauroroms y Jlumsi.

3sepHimb ysazy, wo e mepexi UMTS uenmpanizosaHa ocHosHa mepexa (CN) sidrnosidae 3a 3abe3nedeHHs Komymauii ma
mapwpymu3auii mpagiky KiHuesux kopucmyseadis. Yci hyHKUil yrnpaeniHHa mepexero ma HeobxiOHi 6a3u OaHUX MmaKoX
pearnizosaHi 8 6a3osili Mmepexi. [JomeH 6a3080i mepexi Oani nodindemscs Ha nidkamea2opii: obcriyzosyroHull Mepexeguli OOMEH,
domeH domawHboi Mepexi ma OoMeH mpaH3umHoi mepexi. BiH cknadaembcsi 3 080x e8udig 8y3rig niOmMPUMKU 3a2aribHol
nakemHoi padiocmaHuii (GPRS) (GPN) - y 3GPP, HassaHux wito3om GSN (GGSN) ma obcnyzosyrodum GSN (SGSN). B ceoro
yepay SGSN - yeHmpanbHuli 8y3051 doMeHy 3 Komymaujieto nakemie (PS). BiH 3abe3neydye yHKUiOHaIbHICMb Mapwpymusauii
ma e3aemolie 3 baszamu OaHux (Hanpuknad, Peesicmp domawHb020 posmawyeaHHsi (HLR)) ma ynpaense 6ascambma
koHmpornepamu padiomepex (RNC).

Takum 4uHoM asmopu docnidxysanu mawuHu RRC mepex onepamopie cmifibHUKO8o20 38'a3Ky Jlumeu. Memoto yux
ekcriepumeHmie 6yno gusHadumu, sika mepexa Moxe 3abesrneyumu Halkpawy sikicmb pobomu 6 IHmepHemi, Halkpauwly
QyHKUiH0 crioxXueaHHsI akymynsimopa obnadHaHHS ma Halkpawy cxeMy euKopucmadHsi pecypcie padiomepexi. Mu moxemo
cmeepdxysamu, Wo, nopieHroYu eci yi saumoeu, Operator2 mae onmumaribHy KOHbieypauito Onsi Kopucmyeada, CrioXueaHHs
6amapei npucmpoto UE ma sukopucmaHHsi Mepexxesux pecypcie moyku 3opy asmomama RRC.

KnroyoBi cnoBa: aBToMob6inb, MobinbHa Mepexa, enekTpoHHMI 60K ynpasniHHS, cucTeMa MoBinbHOro 3B'sI3Ky, yNpaBniHHSA
Mepexeto.
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A. Maymokac!
B. II. Ky:kein?

Binsinue HacTpoeKk MOOMJIbHBIX ceTel
HA MoTpel/ieHNe JHEPTrUH YJIEKTPOHHBIX 0JI0OKOB YIIPABJICHUS ABTOMOOHJIEM

'Yuusepcuter Burayraca Benukoro
°BUHHHULKAN HAIIMOHAIBHBIN TeXHIYECKUN YHUBEPCUTET

Cmambsi nocesiujeHa uccnedo8aHUIo 8MUSTHUS HAacmpoek MoburbHOU cemu Ha 3HepaornompebrieHue 31eKmMpOoHHbIX 610Kko8
ynpasneHusi asmomoburnel.Kasecmeo cueHana u nokpbimue MobusbHbIX cemell makxe UMeKm 8aXHoe 3Ha4yeHue Kak ons
rnonb3oeamenel mak u 01151 a8moMobUIbHbIX MPUOOPO8 UCHOb3YIOUUX UHGhOPMAaYUI0 U3 Cemu 8 Pexxume peasibHo20 8peMeHU
C rnomoubto obnayHbix mexHosioeuli 0nsi nepedayu, 06pabomku U XpaHeHUs1 OaHHbIX.

Ans usmepeHus kadecmea ycnye OpeaH peaynuposaHusi Cesi3U UCMOMb3yem MOJbKO 3Ha4YeHUe cKkopocmu rnepedayu
(nonyyveHusi) daHHbIx HTTP 6 cemsx UMTS (3G) onepamopos (kak yka3aHo 8 exxeeco0Hom omyeme CRA). Ho ckopocmb - amo
dareko He 8ce u3 mex mpebosaHull, Komopsble 8 rnocsiedHee spemMs 8bidguzaom MHoaue nompebumenu ompacniu. Kpome moeo,
CO8EpWEHCMBO8aHUE Mmernepb MakKXe Kacalmcs yMEeHbWEeHUS Hagpy3Ku Om CU2Haso8, 803HUKAaIWUX Mpu yCcmaHo8neHuu,
modugpukayuu unu pabome paduokaHana. Ewe o0Hol obnacmbio coseplieHCmeo8aHuUsi s18M1siemcsi HaknaoHble pacxodb! Ha
cuzHarnbl 8 3chupHOM UHmMepgpelice, koeda nepedaemcs Maso 0aHHbIX, MOCKOIbKY OHU Mpamsim pecypchbl U 8bi3bigarom paspsio
aKkKymMynsmopa ¢ moyku 3peHusi MoburibHo20 meneghoHa u Opyaux MpUuHUMaroWuUx ycmpolicms, Harpumep 8 asmomoburie.

Asmopbl ocmaHosunucb Ha cemu 3G UMTS (YHusepcanbHass cucmema mMobusibHOU mesieKOMMYHUKaUUOHHOU €8s3u),
Komopasi s1.ensiemcsi 00HOU U3 caMbiX MOMYyfsiPHbIX mexHonoaul mobunbHol ces3u 3G. Mbi uccnedyem 2ocydapcmeeHHbIl
asmomam RRC KpyrnHbix comosbix cemel, kKomopsle pabomarom e Jlumse.

O6pamume eHumaHue, imo & cemu UMTS ueHmpanu3osaHHass ocHogsHass cemb (CN) omeeyaem 3a obecrieyeHue
KOMMymauuu u Mapupymusayuu mpaghuka KOHeYHbIX rosib3ogamenel. Bce ¢byHkuuu ynpaeneHusi cembto U Heobxodumble
6a3bl O0aHHbIX makxe peasnu3osaHbl 8 b6asoeol cemu. [omeH 6a3oeoli cemu Oanbwe Oenumcs Ha nodkameaopuu:
obenyxusarouwuli cemesoli domeH, domeH domawHel cemu u 0omeH mpaHaumHol cemu. OH cocmoum u3 dsyx 8udos Y308
noddepxxku obuweli nakemHol paduocmaHyuu (GPRS) (GPN) - 6 3GPP, Ha3gaHHbIx wimo3om GSN (GGSN) u obcnyxusarouum
GSN (SGSN). B ceoto o4epedr SGSN - ueHmpanbHbil y3en domeHa ¢ Kommymauyuel nakemos (PS). OH obecrieyusaem
QyHKUUOHanbHOCMb Mapwpymu3ayuu u esaumodelicmeyem c¢ 6a3zamu OaHHbIX (Harpumep, Peaucmp JdomawHeeo
mecmononoxeHus (HLR)) u ynpaensem mHo2umu koHmpornnepamu paduocemel (RNC).

Takum obpasom asmopbl uccredosanu mawuHbi RRC cemel onepamopos comosol ces3u Jlumesbi. Llenbo amux
aKcrnepumMeHmos 6bi0 onpedenums, Kakasi cemb MOXem obecriedums Haumydwee ka4ecmeo pabomsi 8 VIHmepHeme, nyquyto
yHKYu0 nompebneHusi akkymynsmopa obopydogaHus U fly4wyro CXeMy UcCrofib308aHus pecypcos paduocemu. Mbi moxem
ymeepxdamb, 4Ymo, cpasHusas ece amu mpebosaHusi, Operator 2 umeem onmumarbHy KOHgu2ypayuto 0 1o16308amers,
nompebrnieHue bamapeu ycmpoticmea UE u ucrnonb3o8aHuUsi cemeabix pecypcos moyku 3peHusi asmomama RRC.

KniouyeBble croBa: aBTOMOGWIb, MOGUNMbHAs CETb, JNEKTPOHHBLIA OGMOK ynpaBrneHusi, cuctemMa MOGWUMbHOW CBSA3W,
ynpaBrneHusi CeTblo.

Haynoxac Apeudac — n-p TexH. Hayk, npodeccop, e-mail: arvydas.pauliukas@vdu.lt.
Kyswcens Bnaoumup Ilempoeuu — xaHA. T€XH. HAyK, JOIEHT, OUEHT KadeIapsl aBTOMOOWIEH W TPaHCIIOPTHOTO

MeHemKkMeHnTa, e-mail: kuzhel2017 @gmail.com.
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