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Research of a 2-layer Closed Vehicular Network

Nikolajs Bogdanovs®, Aleksandrs Ipatovs?, Janis Jansons®, *Riga Technical University

Abstract. In this article, the evaluation of a 2-layer network
has been performed. Buzen’s method has been applied for the 2-
layer closed network performance calculation.

This paper offers a 2-layer model of a wireless vehicular
network and presents a bandwidth calculation of each network
node. There is also described how the vehicle movement speed
and the number of terminals connected to fringe stations
influence the bandwidth of a 2-layer wireless vehicular network.
Bandwidth calculations of IEEE 802.11g and IEEE 802.16 are
demonstrated.

The mathematical models for 2-layer wireless networks have
been selected as ones which are to be used for choosing an
optimal method for performance evaluation of a short range
communication vehicular network.

Keywords: 2-layer network, IEEE 802.16,
vehicular network.
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|. INTRODUCTION

Vehicular wireless network is made using the IEEE
802.11p standard. This standard enables a wireless
access to vehicular environment. 802.11p functions in
the 5.9 GHz range; this technology permits access to
navigational options, multimedia information, as well as
telemetry. For creation of a wireless network that would
work by 802.11p standard, more expensive equipment is
required than for other IEEE wireless network standards.
This article offers to create a vehicular wireless network
using a 2-layer wireless network model as show in Fig.
1.

The terminal count in each vehicular wireless network is
usually high. On evaluation of bandwidth it is possible to
replace conveyor transfer of files with a consistent
transfer [9].
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Fig. 1. Vehicular network
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Il. LAYER WIRELESS VEHICULAR NETWORK
Starting point for the calculation is the normalizing
function G(N), that is chosen from the principle of the
sum of probabilities being one. p(ny,n;,n, ), Where n,
in vector n=(n;,n,,n;) is the inquiry count in i—th
node. The resulting equation for G(N) calculation looks
like this (Fig. 2):
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Fig.2. 2-layer network model
Bandwidth equation for a 2-layer network:
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Function for the studied 2-layer vehicular network looks
like this:

N
G(N) =1 > xjfi-ai) @
=0

Performance n of the 2-layered network is defined as

the count of processed inquiries per unit of time. The
finished task is put out trough the subsystem of
input/output, and instantly trough it a new task is loaded.
The output flow is equal to input flow and from this rule
of flow balance it is possible to write:

1= 41— ping =0}) (5)
Probability of a lack of inquiries in the i-th node:
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Fig.3. Data transfer rate as a function of location of the mobile object, during its movement at speeds of 20km/h
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Fig.4. Data transfer rate as a function of location of the mabile object, during its movement at speeds of 100km/h
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By inserting the G(N) from (4) in (6) and by moving on N (1, plNﬂxl, D.p, ) pz(l,( DLPs )N“Xl* p,)
to (5), we get the result of: to (- pMJL-pip2)- polt—(pipo)V J2—py)
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u — arrival time.

()

E[n] — number of queries in the mass service system.

A - system incoming flow.
u=E[n]/A

I11. CycLIC MODEL OF VEHICULAR MOVEMENT

As shown in Fig. 3 and Fig. 4, the speed of processing
the inquiries differs in various zones; of course, there
will be different performances. For calculation of the
general performance of the whole section it is necessary
to use the formula (17).

According to this research, the speed of vehicle
movement on highway is characterized by density [1][2].
The placement of vehicles per meter:

k
el

where, maximal permissible flow rat@,)and G, - initial

vehicular movement flow rate.

Under the assumption that the area of interaction
between vehicles and base station can be divided into M
intervals, we provide a number of trespassing vehicles
per second for each interval according to query intensity
and processing. If the interval length equals S;, and

(10)
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vehicle movement speed equals 4, then the intensity of
vehicle service by road interval equals:

(11)

According to (10), the intensity of vehicle service will
depend both on the initial vehicle flow rate in the road
interval and the density of vehicle location on the road
interval.

Vehicles pass all M intervals successively, and the total
number of vehicles within the range of the base station is
N.

Entering the area covered by a base station from the zero
state (a lack of connection with the station), the vehicle
finds itself in the zero state again. Such a system can be
described in a form of a closed cyclic mass service
system network with M service devices, N queries and
exponentially distributed service time. Query service

intensity in the i-th interval equals g as show in Fig. 5.

N

Fig. 5. Cyclic system

Then probability of query (vehicle) distribution among
service devices (road intervals):

1 ﬂlN_nl

(N Vi G(N) ' ,UQZ ,’usns __#'V\}IM

(12)

Here G(N) — normalizing constant, resulted from adding
up and equating to one all probabilities or by Buzen’s
method. 9,
Naturally, that there are no limitations for the number of
vehicles (queries) in the i-th interval.

Average number of queries (vehicles) in the i-th interval:

M k G(N-k)
E[ni]:ZKzl(Xi) TGN) (13)
Here X, is determined by equitation system:
Hi%; :Zi'\ilruixi pj 1<j<M (14)

Because of the cyclic nature of system:
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X, 1=23,..M
HiX% = Fia l. (15)
One of X can be equated to one and thus:
Xlzl, Xzzﬂ, X3=ﬂ,....XM_1= l\;ll l,
Hy H3 H (16)
H
Xy =——
M M
Performance of cyclic system:
m-P(n )+, -P(ny )+ .1y - P(ny ) =7 (17)

An experiment took place, where a 200-meter range of
operation of base station was divided into 5 intervals, 40
meters each. The third interval was closer to the base
station. In case if there is one car that (Fig. 6):
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Fig. 6. 200-meter interval divided into intervals with 1 car
Speed of a car in zones (Table 1):
TABLE 1
AUTOMOBILE SPEED PER AREA
i 1 2 3 4 5
M 40 80 120 160 200
9 399 (639 | 783 86.9 92.1
1
H; 0.27 | 0.44 | 054 0.6 0.64
TABLE 2
BUZEN’S TABLE
N X1 Xz Xs X4 Xs
0 1 1 1 1 1
1 1 1.62 2.1 259 |3

Probability that the first node will not be idle (Table 2):
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P(n, >1) = CIN-D) _1_4333 (18)

G(N) 3

Probability of this node being idle:
1-P(n, >1)=1-0.333= 0.667 (19)

If there are 10 vehicles in a closed cyclic mass service
network then (Fig. 7):
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Fig. 7. 200-meter interval divided into intervals with 10 car

Probability that the first node will not be idle (Table 3):

depends on the frequency, for antennas with similar
characteristics there is a frequency dependent effect on
the reduction in signal strength as measured by two
antennas. This effect is commonly referred to as
frequency dependent path loss [3].

Coverage is better at 2.4 GHz and fever access points are
needed, lowering the overall system cost. 802.11g access
points can also communicate with 802.11b devices as the
current 802.11g products show.

As discussed in the previous section, the maximum
throughput at the upper layers depends on the overhead
of the layers below. The TCP protocol dynamics has a
direct impact on the throughput as well. In this paper we
do not consider the effects of the TCP protocol on the
throughput. The objective is to calculate the maximum
throughput of IEEE 802.11 technologies in the medium
access control (MAC) layer for different parameters such
as data rate, packet size. The maximum throughput in
higher layers will be lower due to additional overhead at
each layer [8].

The size of data frame is 1536 bits and its transfer speed
is 54 Mbps (such data has also been received during the
experiment). Knowing that on a physical layer 802.11g
uses OFDM technology with 64-QAM modulation,
which encodes 216 data symbols in a single OFDM

G(N -1) symbol at a speed of ¥, we can calculate the_number of
Pn,2)=——F"—"= OFDM symbols for a single data frame. It is equal to
G(N) (20) ~57 symbols. By multiplying the count of symbols with
16.52190141 the transfer time of a single symbol (4 us) and adding
~16.90699228597 OFDM preamble time of 20 ps and signal extension time
6 ps, mentioned in theoretical part of “ERP-OFDM
TABLE 3
BUZEN’S TABLE
e | X, =1| X, = 0.624 X, =0300 X, =0450 X, =0433
o 1 1 1 1 1
1 1 1.624 2.133 2.502 3.025
2 1 2013376 ER k] 4 2BRED1 5.508626
3 1 2. 256346 3.B33774 3.B02354 B 2265305
4 1 2.407T080 4350351 T.02X2623 10.5847147
1 2. 502567 4. 721477 T.044B612 125280427
& 1 1.5616010 4. 064833 B.6115251 1403616766
T 1 25084306 5.125540 SOTEIS0D 15155800480
g 1 2.62142632 5.2303262 D.30TI533E 1303073448
o 1 263577002 5. 20800606 DLE1133638 16.52150141
10 1 2.64472040248 5.34140557702 L. TE300B0T544 18, 008e0228207

1V. BANDWIDTH CALCULATIONS OF IEEE 802.11G

The 802.11g standard uses a frequency range of 2.4
GHz, providing a transfer rate of 54 Mbit/s. Because the
size of the antennas used to transmit and receive signals

37

Frame”, we receive that data transfer needs 254 ps.

Data frame is followed by SIFS interval, whose length is
10 ps and which is needed to separate one frame from
another (Fig. 8).



Scientific Journal of Riga Technical University
Telecommunications and Electronics

After SIFS interval, in case of a correct reception of data
frame, a confirmation frame follows, with a size of 14
bytes, and that is transferred with a speed of 24Mbps (as
it also was in the experiment). This frame has also the
OFDM preamble and a signal extension (20 us and 6
us), but unlike a data frame, a 16-QAM modulation at a
coding speed of % is used for its transfer. This means
that a single OFDM symbol (4 ps) is needed to transfer a
single ACK frame. By adding all time intervals together,
we conclude that it takes 30 ps to transfer a confirmation
frame.

2011
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number of attempts made (including the current one) to
transmit the frame, and k is the constant minimum

contention window, CWmin (Table 4).

TABLE 4

IEEE 802.11g PARAMETERS
Parameters Value
MAC 34 bytes
ACK 14 bytes
Bandwidth (r) 54 Mbps
CW in 15
CW jax 1023
Slot time 20 micro sec
SIFS 10 micro sec
DIFS 50 micro sec
PHY 20 micro sec

S0ps | 310ps 192us 4 10ps

Fig.8. Performance of IEEE 802.11g networks
The theoretical total time of single frame transmission is
DIFS time plus data time plus SIFS time plus ACK time
and that is equal to 344 ps [6].
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Fig. 9. Distributed Foundation Wireless MAC

We consider the 802.11g based WLAN. We expect a
wider deployment of 802.11g WLAN because of its
ability to inter-operate along with the widely prevalent
802.11b networks. Our aim is to analyse the 802.11g
mechanism at its highest data rate, 54mbps. Also, instead
of analysing it in its pure mode, where only 802.11g
clients can exist, we would like to observe the legacy
mode performance, where 802.11b clients can co-exist
along with it. The 802.11 DCF mode uses a Carrier
Sense Multiple Access with Collision Avoidance
(CSMAJ/CA) algorithm to mediate access to the shared
medium [2].

When a client has to send data, it senses the medium for
at least a DCF Inter Frame Space (DIFS) period of time.
DCF control functions are the mechanisms of access to
the wireless environment used in the 802.11p protocol.
As a possible setting over DCF, the PCF central control
functions are used (Figure 9). DCF model has a high
efficiency, while the network load is low. If the medium
is found idle, the frame is transmitted. Otherwise, a
backoff time (measured in time slots) is chosen
randomly in the interval 0 - CW, where CW is the
contention window, calculated as CWi, where i is the

38

The calculation proceeds as follows (time is in
microseconds and throughput is in Mbps):

e time taken to send just the packet (without
calculating ACK, PHY and backoff) is

tpkt:(p+MAC)*8:(200+34)*8:33.06 1)
k.r 56.623k k
where, k is some fraction of the raw available
bandwidth(r).
e time taken to send ACK is
fo = ACK*8 14*8 1978 (22)

kr 56623k  k
e time taken to send a packet + ACK + PHY overhead
+ backoff is
backoff

tiow =2*PHY +SIFS+ DIFS+T*slot+tpkt ok

23
~100+ 10*backof +733|'(°6 L1978 (23)

k

=100+ 10*backoff + 35.038

Now theoretical throughput is given as,

T Payload
(24)

ttolatl

_ p*8
100+ 10*backoff +

35.038

1600

100 + 10*backoff +

35.038

The first field, DIFS (DCF Interframe Space), is a fixed
interval of 50us. That is the time spent by all stations to
hear the medium before assuming that it is free.
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The second field, backoff time, is a random value that
the stations must wait to access the medium, once they
have verified that the channel is free [5].

i
2 '(CWm2in+l)]_l.S|_OT[ys] 0<i<6

-SLOT[1s] i>6

tbackoff(i ) = cwW (25)
max

The PLCP-p and PLCP-h fields of the IEEE 802.11g
networks last 192 us (144 us for the PLCP preamble and
48 ps for the PLCP header) to ensure compatibility with
IEEE 802.11 devices, as explained afterwards [7].

The Data field, in addition to physical headings and
preambles, consists of 28 control bytes and the MSDU
(MAC Service Data Unit), which make up the message's
payload. The duration of the Data field depends on the
MSDU value, and also on the frame's transmission
speed.

_ (MDSU +28)-8

)= Ry(Wbps) 20)

tfr(/“S
SIFS (Short Interframe Space) is a fixed interval of
10ps. SIFS is used for the highest priority transmissions
enabling stations with this type of information to access
the radio link first.
The ACK field is composed of physical headings and 14
control bytes.

14.8

Rg(Mbps) @7

tack(/us) =

V. BANDWIDTH CALCULATIONS OF IEEE 802.16

IEEE 802.16 architecture consists of two kinds of fixed
(non-mobile) stations: a subscriber station (SS) and a
base station (BS). The BS regulates all the
communication in the network.

We assume that there are N SSs in the system, and
BS broadcasts a back-off window size B. Since each
user will choose between the 1st and Bth reservation
slots to send its bandwidth reservation, the probability of
choosing a given slot is p=1/B. As a result, the
probability of a given slot that is not selected by any SS
is given by [4]:

Pus =(1- p)N

Probability of a successful broadcast equals the
probability that one user will choose the given slot.

Therefore the system performance is calculated by
formula [5]:

(28)
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P =Np(1-p)" ™ (29)

To maximize system throughput, we have to get:

dPy

=N(1-p)" " =N(N-1)p(1-p)"?=0
dp

(30)

=N=B (3D)

T S
B N

V1. CONCLUSION

This paper has presented the performance evaluation of
the 2-layer network.

The calculation of bandwidth for each node of 2-layer
network has been provided. In the article, it has been
explained how the wvehicle speed influences the
bandwidth of a vehicular wireless network. A significant
gain in bandwidth by using the 802.11g standard has
been demonstrated. This paper has presented a simple
scheme to compute the maximum throughput for an
IEEE 802.11g network, which is the most popular
WLAN standard at the moment.

In the future our laboratory will research a multipath 2-
layer network model and a change of signal volume.
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Nikolajs Bogdanovs, Aleksandrs Ipatovs, Janis Jansons. Divu limenu bezvadu transporta tikla modelis

Saja raksta tika veikts divu mezglu tikla veiktsp&jas novértgjums, vispirms nosakot katra tikla mezgla joslas platumu. Lai aprekinatu divu
mezglu tikla veiktsp&ju, tika izmantota Buzena metode. Tika apskatits slégts tikls, kas sastavéja no M neatkarigiem centriem, kur adresgjas N
prasibas, kuru sadale notick p&c eksponenciala likuma. Dotais tikls strada ar fiksétu uzdevumu skaitu N. Bija noteikta regularitate datu
parraides atruma izmainas no skaitla M izdz€sto objektu. Demonstréta iespgjama dazadu ielas iecirknu slodze atkariba no bazes stacijas
attaluma un automobilu atruma. Ir noteikts, ka atkariba no transporta lidzekla attaluma lidz bazes stacijai, atruma apstrades pakete un
intensitates apstrades pakete bazes stacija biis dazada.

Saja darba tiek piedavats divu limenu bezvadu transporta tikla modelis. P&tijuma aprakstita bezvadu fikla radi$ana kustigiem objektiem.
Atrisinata probléma, ka noteikt kustigu objektu skaitu uz magistrales atkariba no objektu attaluma lidz bazes stacijai. Tika demonstréts katra
tikla mezgla caurlaidibas aprékins. Raksta ir aprakstita automobila kustibas atruma un pie gala stacijam pieslégto terminalu skaita ietekme uz
divu Itmenu bezvadu transporta tikla caurlaidibu. Tika demonstréti caurlaidibas aprékini standartiem IEEE 802.11g un IEEE 802.16.
Izmantojot sanemtos eksperimenta rezultatus, bija izstradats modulis, kas tika pielietotas, lai noteiktu realo datu parrades atrumu bezvadu
transporta tikla, atkariba no N skaita kustibas objektu, kas pienak bazes stacija.

Huxonaii Bornanos, Anexcanap Unartos, SInuc SIuconc. Moaeab 1ByXypoBHeBOii 6eclpoBo/IHOIi TPAHCIIOPTHO¥ ceTH.

B nanHoO# cTaThe OBbLTa CcENMaHa OIleHKa NPOW3BOINTENLHOCTH ABYXY3IO0BOH ceTH. J[ys pacuera NpOM3BOANTENBHOCTH [BYXY3JIOBOH 3aMKHYTOH CeTH OBLI
ucnonp30BaH Meron byseHa. PaccmaTpuBanach 3aMKHyTast CeTh, COCTOSALIMS M3 M HE3aBHCHUMBIX LIEHTPOB, B KOTOpoW oOpamaercss N TpeOoBaHui, rie
pacmpezenenie IpOHCXOIUT M0 HKCIOHEHIaTbHOMY 3akoHy. JlaHHas ceThb paboTaeT ¢ (UKCHPOBAHHBIM YHCIOM 3aad N. Bpuia BhIBICHa 3aKOHOMEPHOCTD
HN3MEHEHUs] CKOPOCTH Mepefadd JaHHBIX OT 4ncia M ynanéHHbIX oO0bekToB. IIpencTaBiieHa BEpOSTHOCTH 3arpy)KEHHOCTH DasHBIX YYacTKOB JOPOTH B
3aBHCHMOCTH OT yJAJIeHHOCTH 0a30BOIl CTaHLIUM U CKOPOCTU aBTOMOOHJeHl. BBIBIEHHO, YTO B 3aBHCHMOCTH OT YAaIEHHOCTH TPAHCIIOPTHOTO CPEICTBA OT
0a30BO# CTaHIMU, CKOPOCTh 0OPaOOTKHU MAKETOB U MHTEHCUBHOCTH 0OPA0OTKHU MAaKeTOB B 0A30BOW CTaHIMK OyJIET pa3inyHa.

Ipennoxena 1ByXypoBHEBasi MOJIENb TPAHCIIOPTHOI OeCTIpOBOIHO ceTn. Beut mpescTaBieH pacueT MpoIycKHOH CIIOCOOHOCTH KaXkI0TO y371a CEeTH.

B cratbe onucbiBaeTcs co3gaHue 6eCIpOBOJHON CETH AJIA MOABIKHBIX 00bEKTOB. Periena mpobiaema onpeneneH s Yicia HOABIKHBIX 00beKTOB Ha MaruCTpaau
B 3aBHCHMOCTH OT YAaJIEHHOCTH OOBEKTOB OT 0a30BOHl CTaHIMH. B craThe ommucaHO BIHAHHE CKOPOCTH IBMDKGHHS aBTOMOOHIA U KOJNHYECTBO TEPMHHAJIOB,
MOAKITIOYEHHBIX K CTAHIMSIM Ha MPOIYCKHYIO CIIOCOOHOCTH B JIBYXY3JIOBOH TPaHCIIOPTHON OecripoBOAHOIT ceTu. IIpoeMOHCTpUpOBaHEl pacyeThl IPOITyCKHOH
cnocodnoctu crangapra IEEE 802.11g u IEEE 802.16. Ha 6a3e peanbHbIX JaHHBIX, TOJYYEHHBIX B PE3yJbTaTe SKCIEPUMEHTOB, Oblila pa3paboTaHa MOJENb,
KoTopasi OblIa MCIONb30BaHA IS OIpEJENeHUs pealbHOH CKOPOCTH Iepeadd JaHHBIX B OSCIPOBOJHON TPAHCIIOPTHOH CETH B 3aBUCUMOCTH OT uucia N
JIBIOKYIIIXCS 00BEKTOB, TIPEOBIBAIOIINX B 30HE AEHCTBHS 0a30BOI CTAHIINN.
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