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OFFERING A METHOD TO FIND THE MOST
PROPER PARKING SPACE IN THE CITY AUTOMOBILE
EXPEDIENCY NETWORK BY GENETIC ALGORITHM

Finding a free space for parking in rush hours and heavy traffic has been always a boring and time-consuming problem
for drivers. Recently, VANET networks have found special attention among economists and university researchers. Due to
day-by-day expansion of wireless communicative systems, many car manufacturers have been installing such communicative
tools as OBU on their products. The RSU tools give drivers the possibility to have better and more convenient means of
communication. They can trace the availability of parking spaces using these tools and be guided to there, while the
automobiles can be equipped with anti-burglar systems to have a higher security. In this research, a comprehensive method
using the genetic algorithm have been offered to find a place for parking in the automobile expediency network, which has
considered many parameters such as parking space being located near or far, cost of parking space for drivers, the
probability of parking space remaining available until the car arrives and reduced past defects as much as possible.
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indicator.

The researches that have been done so far in
this field have both their advantages and disad-
vantages. The advantages points are the possibi-
lity to find a parking space in accordance with
individual needs using mathematical and statis-
tical methods in the intra-automobile expedien-
cy network taking into consideration its disad-
vantages. Such parameters as the location of par-
king space (is it far or near), the cost of parking
space for driver, the probability of parking space
being available upon arrival of the car have been
taken into account and remedied disadvantages
of previous researches as much as possible [1].

Before designing the system, first we should
consider the following hypotheses:

The first hypothesis: TAs are reliable for all
OBUs and RSUs.
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The second hypothesis: each OBU has private
code and drivers before starting should enter
their codes. Therefore, not every person can ac-
cess to data and information in it.

The third hypothesis: the useful reach and dis-
tance between RSUs are calculated correctly and
the RSUs are installed in proper places.

Our purpose is to design an intelligent parking
system. This system will meet the following needs:

1. The least error data error that system sug-
gests to driver.

2. The system is comprehensive and takes into
account various parameters such as the location
of parking space (far or near), parking fee, the
probability of parking space availability upon car
arrival.

3. Reliability of obtained information.

4. Use of the best method to publish data for a
certain user.
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5. Enhanced security and prevention of car-
jacking.

PROPOSAL

This proposal is based on 3 steps:

1. As soon as a car with OBU installed enters
an urban area covered by the intelligent parking
management system, the first action is to refer it
to cluster r region under control of RSU, and that
car is dedicated there.

2. Each vehicle at any time can issue an appli-
cation for available parking.

3. This application is a message to the other
available vehicles of that cluster, and the other
transportation systems share the parking con-
dition.

Yet, the driver can do the following actions de-
pending on the parking condition and the time he
wants to stay in the parking:

a) depending on the parking condition, a cer-
tain suggestion is sent to reserve one of available
spaces;

b) depending on the parking condition, a cer-
tain suggestion is sent to reserve one of available
spaces in a certain time;

¢) depending on the parking condition, an un-
certain suggestion is sent to reserve one of avai-
lable spaces;

d) based on driver’s selection criteria, the sys-
tem is required to calculate the best place for
parking and to suggest it to the driver.

Applications from other vehicles in the cluster
are sent to RSU and then to the intelligent park-
ing management system in order to make deci-
sion. Now based on drivers’ responses, one of the
following responses is sent:

1. If the driver accepts a certain suggestion to
reserve one of available parking space, the system
reserves the place for him, records duration, puts
for that place indicator 1, and publishes the new
condition.

2. If the driver certain a certain suggestion to
reserve a certain parking space in a certain time,
the system calculates that place will be available
in the future and publishes a respective report.

3. If the driver accepts uncertain suggestion to
reserve one of available parking spaces, the sys-
tem calculates the probability of parking space
availability in the future and publishes a respec-
tive report.

If the driver asks the system to calculate the
best place according to a certain criterion and
to suggest it to him, the system using the goal
function, based on the criterions, finds the best
place and suggests it to the driver, then activates
the indicator of that place, and the new condition
is published by sending a respective message to
the cars.

Such criterions are accessible for the drivers
and the selected goal function tries to have the
most influence on choosing a parking space:

+ the nearest parking space;

+ the cheapest parking space; and

+ use of the guide (navigation) system.

The car parking backgrounds are kept in the
databank of intelligent management system. This
matter can be used to suggest a certain parking
place or exploring times series of car parking [4, 8].

PARKING CONDITION INDICATOR

In this structure we try to show parking as fol-
lows: each parking space is indicated either with
0 or with 1 (0 for available space and 1 for occu-
pied one). All parking conditions can be identi-
fied just by one of the two numbers, which is easi-
ly transferrable among the cars.

For example, 0000000 means that the parking
is completely empty, while 1111111 means that
the parking is completely full. 00010101 means
that the places 1, 3, and 5 are occupied, while the
others are available. The only shortcoming of this
system is the length of numbers for very large
parking area, but it can be solved using the hier-
archy structure.

Using a 48-byte number, the city parking con-
ditions are showable.

Example:

10101010.11111111.00000000.11001010.
00000001.00000010.
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The first 8 bytes are equal to 00001000 and
show the number of certain parking area in the
city. This is a decimal number that equals to 2 and
indicates that this parking area is numbered 2™in
the city.

The second 8 bytes 01000000 are used for hier-
archical structure of parking. Here this number
shows that there are 32 parking spaces in the
parking area No.2.

The third 8 bytes mean 01010110 and show
the situation in the first parking line. As it was
said before, 0 means that the place is empty and 1
shows that the place is occupied. Here, 01010110
means the places 1, 3, 5, and 6 are empty and the
others are occupied.

The fourth 8 bytes mean 00000000 and show
the situation in the second parking line. Here,
00000000 means all places from 8 to 15 are empty.

The fifth 8 bytes mean 11111111 and show the
situationin the third parkingline. Here, 11111111
means that all places from 16 to 23 are full.

The sixth 8 bytes mean 10101010 and show
the situation in the fourth parking line of this
parking area. Here, 10101010 means that the pla-
ces 25, 27, 29, and 31 are occupied, whereas the
other spaces are available, which is shown by deci-
mal TP number. The amounts corresponding to
the above numbers are 170, 255, 0, 200, 1, and 2,
and indicate the available parking spaces in the
city. Of course, if necessary, the hierarchical struc-
ture can be expanded. These numbers are trans-
ferred easily among the cars and RSUs. In order
to show the parking condition in a given moment,
another parameter, Time Stamp, can be added [3, 4].

SECURITY OF COMMUNICATIONS

Since the car drivers are competing for a proper
parking space, there is a risk that some of them
change the information content in the course of
data transfer. In order to increase information se-
curity of OBUs and RSUs and to decrease a risk
of unauthorized interference, MAC ID codes are
used. The MAC ID code signing ensures the
transfer of message that can be confirmed or re-
jected message safely and checks the sender iden-
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tity. The MAC code producing algorithm uses a
series key agreed between 2 parties and produces
a string of bytes called Tag.

OBUs while transferring information send the
main message with MAC code to RSU. RSU pre-
cisely repeats this procedure. The main message
with series key is delivered to algorithm and cor-
responding MAC code is produced and compared
to the MAC code of the message. If this compari-
son result is positive, firstly, we become sure that
message is integral without any modification.
Secondly, as no other OBU knows agreed key of
the parties, there would be no chance of fake. The
best features of this method as compared with
other ones are high speed and very short length,
so its implementation is possible at both software
and hardware levels [4].

One of the MAC code calculation algorithms is
well-known HMAC function. In the first step of
this algorithm, a series key agreed among parties
become linked to the constant ipad with simple
XOR structure. The connection results become
abstract and are placed at the beginning of mes-
sage (by the method of SHA-1). Another key
time series with constant amount of opad is sim-
plified as XOR and then attached to the begin-
ning of abstract. At the end, it is congested by the
mixer function. The result of this congestion is a
new abstract that is the same identity code and
data safety [4, 11].

T 1—Key®ipad

T 2CONCAT(T_1,Message)

H_ 1< Hash(T 2)

T 3«—Key®opad

T 4« CONCAT(T 3,H 1)

H_ 2<Hash(T 4)

Return H 2

Can be described as the following semi-code:
HMAC

ipad<363636....

opad<5c5c5c

CRITERIONS TO EVALUATE THE GOAL FUNCTION

When an OBU asks the parking intelligent ma-
nagement system to find a parking place the sys-
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tem should suggest the best and the most proper
place according to criterions the driver indicated
and use a goal function. Such criterions are:

1. The nearest parking space.

2. The cheapest cost.

3. A fast parking space.

4. Use of guide (navigation) system.

5. Adaptation of places with a high probability
of their application in the future.

It is clear that the goal function should have
the ability of influencing all or some of the men-
tioned criterions in the parking space calcula-
tions. Below, we try to study how each one influ-
ences |7, 8] them.

CALCULATING THE NEAREST PARKING SPACE

In order to calculate the nearest parking space,
a set of 2 distances should be obtained:

The Nearest Parking Space When the Car
is outside of the Parking Area inside the City

As the discussed system has the ability of park-
ing management for the parking areas, it is neces-
sary to use GPS to determine OBU places in the
city. According to the proposed structure; each
OBU immediately after its activation and assign-
ment of identity code is recorded in one or sev-
eral RSU, and its distance criterion as regards the
parking area is calculated as follows:

POSO (x_iy j): geography condition OBU
based on x, y

POSR (X i, Y j): geography condition of RSU
based on X,Y

Now, if OBU is at the parking entrance, its
Euclidean distance is calculated by the follow-
ing relationship and the nearest RSU is guided
by OBU:

Distance = \(x, — X, )* + (y,—Y).

Otherwise, if OBU is within the range of RSU,
the distance between it and the nearest RSU at
the entrance of parking area should be added. It is
necessary because RSUs are fixed and conse-
quently each RSU is aware of the distance be-
tween itself and other RSUs:

Distance, = (x, — X, )* + (y,—Y)+
+ Distance BASE RSU.

The BASE RSU Distance: the distance from
the current RSU to the RSU at the entrance of
parking area [9].

The Nearest Parking Space inside
the Parking Area

In order to cover the whole parking area, sev-
eral RSU are used depending on their scope. As a
vehicle enters the parking area, based on the driv-
er priorities and goal function results, firstly,
RSUs select a proper parking space, and then all
RSUs calculate the distance from every one to
the vehicle. For example, (D _1, D 2, D_3), the
least value Min (D_1, D_2, D_3) is selected
among distances; therefore, RSUs can determine
the shortest distance between the car and the
parking space.

Distance, RSU1=(x,— P, )* + (y,— P),

Distance, RSU 2=\(x, — P, )* + (y,— P)’,

Distance, RSU 3=\(x, — P, )* + (y,— P)~

POSP (P, P): parking space geographical con-
dition based on i and j:

Distance, = min (Distance, RSU 1, Distance,
RSU 2, Distance, RSU 3).

Therefore, the current distance from the carto
the parking space is equal to:

Distance = Distance1 + DistanceZ.

The Probability of a Parking Space
Being Available at Time t

The probability of a parking space for the j-th
car out of i vehicles is calculated according to the
Poisson distribution:

p—Z
J Zi:ﬂni

In this relation, user applications for parking
with the Poisson distribution and A, rate are
written:

A
,x=0,1,2, ..

fary =R
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The possibility of parking for the car upon its
arrival in the parking area can be obtained by the
following probability:

O
The probability p of available place is:

P(X<M)=) P(X-x)-
=/(0) + [ (1)++ [ (M).

USING THE GENETIC ALGORITHM
TO DETERMINE THE BEST PARKING SPACE

Since there are several criterions such as the
distance, the number of available spaces, the pro-
bability of available space upon arrival to the par-
king area, and safety, while determining the best
parking space for the car, for each case of the goal
function, one criterion is considered:

X1: the distance from the car to the parking
space;

X2: the number of available parking spaces;

X3: the probability of, at least, one available
parking space upon the car arrival in the parking
area;

X4: parking fee; and

X5: carjacking risk.

7\’1" efh
x!

Fitness Function

According to the stated specifications of the
genetic algorithm, the following linear equation
can be used to determine the best parking space
among the available ones:

F=min (w, Xtw, X, +w, X, +w, X, +©, X,).

In the above equation, w, are variable weights.

Genetic Algorithm Parameters

Population size: 100;

Selection operator: based on the contest pattern;

Intersection operator: spinal intersection 0.58;

Jump operator: 0.02;

Generation numbers: 50.

In this research, Ring Cross Over operator has
been used, with genes selected just from spinal
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chromosomes. The determination of the best par-
king space using GA has the following steps:

Input: the existing parking spaces;

Random production of a collection of solutions;

Fitness calculation values for each solution;

New population by repeating the following
steps:

Selecting parents of current population based
on fitness;

Using the Ring Cross Over to make a new ge-
neration;

Using the jump operator to produce a new
child;

Putting the new child in the population;

Using the new population to implement the
next algorithm.

If the last condition is met, the algorithm fi-
nishes and the best solution for the current po-
pulation is adapted to the chosen criterions.

In comparison with the existing methods that
focus on one criterion only, the stated method can
consider combination of various criterions for
example, certainty or uncertainty. Besides, the
existing methods have this ability only in one
parking range, while the mentioned method is
easily usable all over the city.

CONCLUSIONS

In this research, the problem of an intelligent
system for parking in the city automobile expe-
diency network. The purpose is to design an in-
telligent system for parking, which is able to cal-
culate and to suggest the best and fastest parking
space. A structure how to show the parking con-
dition and to ensure related information transfer
using 0 and 1 bytes has been suggested. In this
structure, 0 is indicator of available parking space.
This structure provides an easy communication
among the cars. The policies introduced in this
research show various conditions and, finally, the
goal function and the current parking lot condi-
tion are created among variables selected by the
system or by the driver by statistical methods. In
comparison with the existing methods that focus
on one criterion (for instance, the nearest par-
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king lot) only, the suggested method can take | methods. Besides, all mentioned methods can be
into consideration all stated criteria, certainty or | applied within one parking range, while this
uncertainty, and this is its advantage over other | method is usable all over the city.
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METO/I 3HAXO/PKEHHS HAVM3PYUHIIIOTO MICIIA JIJId TAPKYBAHHSA B MICBKIN MEPEXI
ABTOMOBUIbHUX CTOAHOK 3 BUKOPUCTAHHAM TEHETMTYHOTI'O AJITOPUTMY

ITomyk BiJIbHOTO MiCH /IS CTOSHKM B TOAMHU IHK 3aBxkAu € mpobsaemoio st Boaiie. OcranHiM yacom cyO’exTr
€KOHOMIKH Ta yHiBEpCUTETH PUILIAIOTH 0coOmBy yBary Mepeskam VANET. 3Baskaioun Ha OCTIHHIIT pO3BUTOK GE31POTOBUX
KOMYHIKaIilHIX CHCTEM, YNMaJI0 BUPOOHUKIB aBTOMOOIJIIB BCTAHOBJIIOIOTh Ha CBOIO TPOAYKIII0 KOMYHIKATOPH, 30KpeMa
Taki sk, 6oproBi npucTpoi 06pobku manux (onboard units, OBU), a npumoposxui npuctpoi (roadside units, RSU)
3a0e31euyioTh BOAISIM 3pyYHUH CIIOCiO KoMy HIKaIii Mizk c06010. 3a 10MOMOr0IO IIUX IHCTPYMEHTIB BOIii MOKYTh BiICTEKYBaTH
HAsABHICTb MICIlb /I MApKyBaHHs i MapumpyT a0 Hux. OKpiM TOTO, 3 METOIO IiBUIEHHS OGe3NeKn BOHK nepeadavaroTh
BCTAHOBJIEHHSI 3aXMCHUX CUCTEM HPOTH 3jiamy. Y PoGOTi 3alPONOHOBAHO KOMILIEKCHUIT METOJI HA OCHOBI '€HETUYHOTO
QJITOPUTMY JIJIs TIOTIYKY BiJIbHOTO TAPKYyBaJIbHOTO MICIlsl B MiChKiil Mepeski aBTOCTOSIHOK. 3a3HAauyeHUil MeTOJ/i BPAaXOBYE
3HAYHY KiJIbKICTb ITapaMeTpiB, 30KpeMa TaKUX K Bi/ICTaHb JI0 CTOSIHKH, BAPTiCTb MiCIIs /IJId TAPKYBaHH:A, IMOBIPHICTb TOTO,
1110 MiCII€ 3aJIUIIUTHCSI BIJIbHUM /10 TIPUOYTTSI HA CTOSIHKY, & TAKOJK Iepeibauae BIOCKOHATIEHHSI POOOTH 3aBJSIKU YCYHEHHIO
MonepeHiX HeloJiKiB.

Kurwouoei crosa: posymMHe apKyBaHHsl, TIPUIOPOKHI IPUCTPoi, GOPTOBI mpusiain 06poOKH JaHUX, MEPEKA aBTOMO-
6iJIBHUX CTOSTHOK, IHAMKATOP CTaHY TAPKYBAJIbHOTO MICIIS.
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METO/I OIIPEAEJIEHMA HAMBOJIEE YIOBHOT'O MECTA JIJIA ITAPKOBKU
B TOPOJ/ICKOM CETU ABTOCTOSAHOK C UCITOJIb3OBAHUEM TEHETUYECKOTO AJITOPUTMA

[Touck ¢BOGOAHOrO MecTa JUIsl CTOSTHKU B Yac TIHK BCer/ia sSBJsieTcst pobaeMoil uist BopuTeseil. B mocaentee Bpemst
CyOBEKTBI 9KOHOMUKK U YHUBEPCUTETHI yieasior ocoboe Buumanue cetssMm VANET. Yuurbisast nocrosiuoe passutie oec-
IIPOBOIHBIX KOMMYHUKAIIMOHHBIX CHCTEM, 3HAYMTEIBHO KOJMYECTBO U3TOTOBUTEEI aBTOMOOMIIEN YCTAHABINBAIOT HA CBOIO
MPOAYKIIMIO KOMMYHHUKATOPbI, B YaCTHOCTHU TaKue Kak 60pToBble ycTpoiicTBa 06paboTku aanubix (onboard units, OBU), a
npugoposKHbie yerpoiictsa (roadside units, RSU) obecneunsaior BoauTesssM yA0OHBIH CII0c06 KOMMYHUKAIIUU MEK/Y CO-
60ii. IIpy TOMOIIM 9THX WHCTPYMEHTOB BOJUTEIHM MOTYT OTCJIEKUBATH HAJIMYIE MECTA JUUISI TTADKOBKH 1 MAPIIPYT K HUM.
Kpome Toro, ¢ 11e/1p10 TIOBbIIIeHNsT GE30IIACHOCTH OHE MPELyCMAaTPUBAIOT YCTAHOBKY 3alIUTHBIX CHCTEM ITPOTHB B3joMa. B
paboTe MPEIOKEH KOMILIEKCHBII METOI LISl TOMCKA CBOOOAHOTO MECTA JIJISI TAPKOBKU B TOPOJICKON CETH aBTOCTOSIHOK, KO-
TOPBII HCITOJIb3YeT TeHETHYECKUI AJITOPUTM. METOJT YUYUTHIBAET MHOKECTBO NTAPAMETPOB, B YACTHOCTH TAKUX KaK PACCTOSTHIIE
[0 CTOSTHKH, CTOMMOCTB MECTa JIJISI TAPKOBKH, BEPOSITHOCTD TOTO, 4TO MECTO OCTAHETCST CBOOOHBIM IO TPUOBITHSI HA CTOSIHKY,
a TakKe TIPeLyCMaTPUBAET YCOBEPHICHCTBOBaHKE PAOOTHI GJIaroiapst INKBUAAIINY TIPE/BILYIINX HEJOCTATKOB.

Kniouesvie crosa: ymuas napkoBKa, MPUIOPOKHBIE YCTPOICTBA, GOPTOBBIE TPUOGOPHI 00PaGOTKI JAHHBIX, CETh ABTO-
MOOHJIBHBIX CTOSTHOK, WHIMKATOP COCTOSTHUST TAPKOBOYHOTO MECTA.
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