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Abstract: The article studies temporal characteristics of functioning of the system of registration and data updating
about the wireless networks signal level by the vehicle telematics card. The article presents algorithms of
placement and retrieval of data about the signal level of wireless local area network of a geographical region
into the database of multi-protocol unit of the vehicle; conditions and results of experiments on the study of
functioning time of the system of database management of telematics cards. The experiments showed that
the technology for collecting and updating map data biz B2equest frequency can be applied. The results
of experiments can be used as a basis for development of a specialized layer of GIS to provide information
services of a moving vehicle to a driver and passengers.

1 INTRODUCTION The article covers one of the option of the telem-
atics map implementation, which suggests to store the
In a moving vehicle the problem of uninterruptible signal level of wireless networks in the regular grid of
access to informational resources outside of the ve-geographical coordinates. The choice of grid spacing
hicle occurs (Zheng et al., 2015; Gerla et al., 2014; is defined by the mean coverage area of Wi-Fi net-
Zaborovskiy et al., 2013). The problem relates to lo- works, GPS accuracy, and vehicle's speed. Different
cality of data about available wireless networks at cur- spacing leads to corresponding among of stored data
rent position on the route. The solution is to expand about wireless networks signal level in the multipro-
the scope of available wireless networks for driver and tocol device’s database. The analysis of dependencies
passengers on the whole route (Jaworski et al., 2011).between queries execution time and the grid spacing
In this case, implementing the technology of manage- values allows to draw a conclusion about applicability
ment of the telematics map gives the opportunity to of regular grid technology implementation in produc-
schedule the provision of telematics resources to thetion samples of multiprotocol devices.
driver and passengers during the movement of the ve-  The purpose of the study is to gather and ana-
hicle. lyze dependencies of execution times of the queries
Continuous supply with actual data about wire- which perform generalization and extraction of the
less networks of the region relies on the telematics data about telematics resources in the area on the reg-
map (Popov et al., 2015), which is a set of geoin- ular grid spacing using relational database.
formational system layers containing data about type,
name and signal level of wireless networks of the
area. In particular, it contains data about Wi-Fi, cellu- 2 AL GORITHMSOF
lar, DSRC network (Miller et al., 2010; Dupuis et al.,
2014). For the telematics map to operate correctly, MANAGEMENT OF DATA
each vehicle is continuously gathering data about sur- ABOUT WIRELESS
rounding wireless networks and writing it into the lo- NETWORKSSIGNAL LEVEL IN
cal (onboard) database where generalization occurs,
after which these data are ready to be extracted and THE AREA
used for scheduling the data transmission upon a vehi-

cle movement along the route (Glazunov et al., 2015). The process of management of data about wireless

networks signal level within the vehicle consists of
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two subprocesses: gathering and generalization of  Thealgorithm of adjusting the data about wireless
data about surrounding wireless networks signal level network signal level in the nodes of regular grid.
along the vehicle’s route, and extraction of corre- The data adjustment algorithm performs a task of
sponding data at any arbitrary location of the vehicle. updating the wireless networks data on the telematics
The first subprocess is functioning continuously and map as far as positioning device and Wi-Fi adapter
independently, while the second is starting only by feed it with new data.
the user applications request. Figure shows the struc-  |nput data for the algorithm are geographical re-
tural diagram of processes of service and user datagjon which is represented by the regular rectangular
transmission 1. grid with spacing of 5, 10, 15, 20, 25, 30 meters, the
latitude and longitude of position where new value of
l [ ‘ l I I I I I sig_nal Ievel_was m_easured and t_his new value its_elf.
Ve — — Using the given latitude and longitude values we find
; the four-linked rectangular area on regular grid, inside
,, o L of which area the vehicle is located. When the area is
L1 — = found, we calculate the values of signal level in four
~ /"‘we:”" neighboring nodes and update corresponding data in
S the database. Listing 1 shows the description of the
fetuyond ot Jon algorithm in pseudocode.
The algorithm provides continuously repeatable
calculations with frequency defined by GPS and Wi-

R
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fat, Jlon, L,

( ()/;.t..;, lons T?)\

Nt o WiFi Fi equipment polling rate. Latitude and longitude cal-

(oo e L I = culation of four neighboring nodes of the grid take
lat;, lon — . .

e o ) into account the correction factors for parallels and

meridians at the location where the data were ac-
Figure 1: Structural diagram of wireless networks data man- quired. For this purpose, we calculate the distance
agement within the vehicle. corresponding with one degree of latitude and longi-

_ ] . tude at the given location, thus allowing to consider
Data write cycle provides updated representation . rection values for any location.

of wireless networks signal level, while read cycle

is a service for determining the networks availability. -
Each subprocess is implemented as distributed algo-
rithm which is functioning on both vehicle and server
sides (Popov et al., 2015). In our work we set up
both parts on a single telematics device to eliminate _.. . Ny

. . . atics unit during its movement
the impact of delays and bandwidth of communica- " . . :
tion channels and o get the accurate data about coop- /€N & new position with some signal level is de-

erative functioning of telematics map application and termined in_side th? grid, we calculate the.distar}ce
database, GPS and Wi-Fi devices and services. between this location and each of the neighboring

The algorithms handle the environment which in- nodes of the grid, then we normalize this distances
cludes geographical region data defined by the lati- and calculate the adjustments that will be applied to

tude and longitude from upper right corner to lower tSr1ehS|gan level vaIues_ alre?dﬁ( store_d n thi nodes.
left one, current vehicle’s coordinates, and coordi- >¢ ematic representation of this routine is shown on

nates of the area where the wireless networks avail- (€ figure 2. . . i
ability data must be obtained. Let z, be the signal level at the point with

To represent the geographical area on the telem-coordinatesl@ty, lony) and signallevely;and let the
atics map we specify a regular rectangular grid with four nearest grid points with latitude and longitude
fixed spacing. Each node of the grid stores the value t© ((1ati,1on;), (i, j) = [1...4]); a b, c, d be the dis-
of wireless network signal level. This value is then tances from the poink to nodes of a regular grid
updated with the new values from the vehicle’s on- C€ll;and letk; and Kz be the coefficient of linear-
board telematics unit. To implement the proposed Iy; and letmy andm, be the length of the diagonals;
concept we have developed and examined the al-2nd letz,i = [1...4] be the signal levels of nodes of
gorithms for gathering, generalization, updating and quadruply-connected areas calculated using the algo-
extraction of relevant data about wireless networks fthm of data update see bellow.
availability. First compute the distan@gb, c, d from the point

x to the closest nodes of the cell; then calculate and

The algorithm of approximation of wireless net-

rks signal level in the area.

The algorithm’s purpose is to approximate the sig-

nal level written to the nodes of the grid according to

the signal level values gathered by the vehicle’s telem-
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Algorithm 1: The pseudocode of the algorithm of ad-
justing the wireless networks data in the grid nodes

Data: Latitude and longitudé aty, lony) of the
vehicle’s locationp; — regular grid
nodes with coordinatg$at;,lon;), where
i =[1...4]; geographical grid of
rectangular area with corners coordinates
(laty,long); (latz,lony) and spacings.

Result: Updates values of signal level at four

neighboring nodes.

1 while Have GPS and W-Fi data do

(laty, lony)

Z4

(lat,, lon)

(lat,, lon,) Z3
o
g Ys

Z4

(laty, lony) (lat,, lony)

2 GET from GPSlaty, lony); from Wi-Fi
level
3 latym, — length of one degree of latitude in
meters
4 lonym — length of one degree of longitude
in meters
6 Nion :((\I(:nzlﬂ;:tor;m)&(lo::*lonm)\
*lalm)+ *
7 Zilat — 2 ot | at
longlonm) 4N gn*K
8 2 = %&ﬂ)
laty«latm)+N g xK
9 21231:(( 2 Iat,): hat +K)
lony*lonm Njon+1)*
10 Zizon _ ((tong+lon I);][rf] ont1)#K])
lato*latm)+[(Njat +1) *K]
1 21331:(( 2 )at[:qm )#K])
Iong 1 0nm) +Njgn*k
12 ﬁon e olr;n)+ ool
13 44 ((Ialz*|alm)l [(Nigt+1)+K])
14 a4 |0n2»s<lonmI -T[(N,on+l)*k])
on — OoNm
15 database query
16 updaie(
17 (ZiatsZion); (Zat» Zon);
18 | (4 Z0n): (Za:Zon))
19 end

normalize the given to diagonal distances np; and
then on their basis determine corrections to the sig-
nal levels at the nodes. At the last step of the algo-
rithm the corrected values are taken as new nodes in
the mesh. The block diagram of the algorithm is given
in figure 3.

The algorithm performs the following mathemati-
cal operations:

calculation of distances to the grid poirash, c,
d, for example, on distance

la| = \/(lat — laty)2 + (lonk — long)2;

calculation of the lengths of the diagonats and
mp, for example onmy:

Imy| = +/(latz — lat1)2 + (lonz — lony )2,

calculation of the normalized distances:

to the first diagonalmy = y1 +vya :

lya| =
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Figure 2: Graphics representation of the algorithm of digna
level approximation.

—

BEGIN )
>
v
Get new signal level value
and vehicle coordinates

e

7Calculﬁating the diagonal lengths of the regular
grid cell (1)

Finding the cell of a regular grid with the }
vehicle (2)

|
v
Calculation distance from the vehicle to the ‘

node cell (3)
v

Calculating the normalization coefficients (4)

Calculation correction on the signal levels at
the nodes of the cell (5)
\4

Calculating the and correction values of the
signal levels at the nodes of the cell (6)
I 2
END

A
. //

Figure 3: Flow chart of the algorithm of linear approxima-
tion of the signal level.

(@P—d?+mg) |

(2m1 |yl =M —yi;
for the second diagonaty, = yo+y3 : |yo| =
2 b2
ﬂ Iyl = m2 —ya;
Calculatlon of the normalization coefficients:
Ki=3 Ke=2

the calculation of the correction of the level sig-
nals is based on the following formula:
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for the first node: Az = z + (z * levely x Kiz), prototype of the telematics device used in experi-
wherei € [1...4]; ments is the multiprotocol unit, which was earlier

following equations are used to calculate new val- used as a part of cloud services test bench (Glazunov
ues of signal levels of node cells: etal., 2013).

for the first nodeZ = Az + |%|, The algorithm of regular grid management, gen-

eralization algorithm, and wireless data extraction al-
gorithm were all tested using a PC with an Intel Core
i5 processor clocked at 2.4 GHz, and equipped with
8 GB of RAM. The code and services were running
inside a virtual PC environment under Ubuntu Linux
12.04 LTS as a guest operating system. To implement
the algorithms, we used PHP version 5.3.10 program-
ming language. As a data storage we used MySQL
version 5.5.40 relational database management sys-
em.

For each algorithm we wrote the script which in-

wherei € [1...4] andn; is the number of changes
of the signal level in the corresponding unit cell.

The algorithm supports continuous updating of the
values of the signal level at the nodes of a regular grid.

The algorithm of selection of signal level data of
wireless networks availablein the area.

The algorithm of selection of wireless networks
signal level allows to schedule the provision of telem-
atics resources to the driver and passengers during th
vehicle’s movement along the route. Schematic dia-
gram of the algorithm is shown on the figure 4. Input ) : : .
data for the algorithm are: latitude and longitude of pludgs |mplementat|on of the algorithm and time reg-
diagonal corners of the rectangular geographical area's"at'c.’n routl_nes. As a test area we use_d the geo-
where the signal level values must be obtained. g.raphlcal reglon of 80& 30,0 metS:rs Size ‘,N'th C?,OF
dinates of its center at N80 18.94 E3(0°22 33.32 .

The data updating script generated equidistributed
random coordinateslaty,lony) inside the selected

\ ; area and signal level valudsvely at 2 Hz fre-

guency, and registered the time spent on execution

" BEGIN

\

Search network in user- of data updating routines. Data extraction script gen-
defined radius erated equidistributed random coordinates of rectan-
gular area(laty,lony); (latz,lony) and registered the
¢ time required to extract the maximum and minimum

signal level within the area. Execution times were

written to file for subsequent processing. Data updat-
ing script and data extraction script executed simulta-
neously.

After conducting a series of experiments, we got
some statistics about operations of data generalization
and selection in cases of different grid spacing.

Experiment shows that number of very slow data
] generalization queries is a fraction of a percent. Mini-
Figure 4: Schematic diagram of the algorithm of selection mal query execution time equals for any S?IeCted g”d.
of wireless networks signal level. spacing, because da_tabase updates the first records in
the index of telematics map tables. The number of

The algorithm allows to extract the data about records to store updated telematics map data depends
maximum and minimum signal level of wireless net- quadratically on grid spacing value. The grid data
works within the selected rectangular area. took one page of the database table, so the size of the
table is constant.

Figure 5 shows the distribution of execution time
3 EXPERIMENTAL CONDITIONS ?Jrgﬁtasgsgﬁgahzanon routines on the grids with dif

AND RESULTS Diagram shows that query execution times distri-
bution is a gamma distribution, and that maximum

Using the database scheme from (Glazunov et al.,number of operations for any grid spacing except 5
2015), we had implemented the algorithm of gener- and 10 meters fall less than 2.50 ms execution time
ation of regular grid with given spacing value, data range. Maximum number of values in the range of
generalization algorithm, and algorithm of extraction 2.50-4.00 ms in case of grid with 5 meters spacing is
of wireless networks data from four-linked area. The explained by the increasing search time of required

Fetch all signal levels in user-defined radius
from the database

Computing min and max levels of signals in
user-specified radius

END

141



VEHITS 2016 - International Conference on Vehicle Technology and Intelligent Transport Systems

S5 500 —
The distribution of run-ti ions data i s} xexution time
ongrids of different steps a8 0 p2(0.4357:

2,500

u|S meters 450

10 meters

2,000

=15 meters

(20 meters

a8 1,500

400

=125 meters

30 meters

Execution time, s

1,000

Number of records, pes

9 500

@

0

0 5 10 15 20 25 30 35
Mesh step, m

0,00-2,50 2,50 - 4,00 4,00-5,50 5,50 - 7,00 7,00 - 8,508,50 - 10,000,00- 11,501,50 - 13,003,00- 14,504 50 - 16,00
Query execution time, x10"

] . L ) Figure 7: Dependency of execution times of the queries on
Figure 5: Distribution of execution time of data generaliza the number of database records.

tion routines on the grids with different spacing.
pendence of query execution time on the number of
range in the database table by the reason of largenodes. Irrelational increase in query execution time
amount of points. in case of 30 meters grid spacing is explained by the
More than 70% of all queries were executed faster deny of the database query optimizer to use indexes
than 5 ms, thus allowing these algorithms to operate in due to relatively small number of records in the reg-
parallel with other applications and processes which ylar grid table. Data processing time in this case will
use the telematics map. noticeably decrease with the larger geographical area.
The distribution of execution times of data extrac-
tion routines in case of different grid spacing is shown

bl o 4 CONCLUSION AND
- The distribution of run-time operations data selecttion SU B SE Q U E N T W O R K

100 on grids of different steps
95

90

85

This paper describes the experiments with the proto-
type of the multiprotocol node in part of implemen-
tation of the technology of wireless networks data
management within the telematics map with the use
of relational DBMS and high-level programming lan-
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Bast guage. The implemented algorithms of data gather-
g0l ing, updating, and extraction shown the operability of
= the prototype as a whole.

2t Conducted research of execution times has proved

the applicability of technology of telematics map data
: updating and extraction at a rate of 2 Hz.
0,00-2,30 2,30-3,60 3,60-4,90 4,g(l)];rsy,i())(ei“zl?"rna?ge?;sl%:isxnsxﬂrm,mn,]m11,4m1,40712,7112,70714,00 Whlle the total erte CyC|e t|me averages at 0.5

Figure 6: The distribution of execution times of data extrac  S€conds, the algorithm only requires 3.6 ms average
tion routines using different grid spacing. in case of data updating and 1.45 ms average in case

of data extraction, which does not exceed 12% of to-

Diagram shows that 90% of all operations require tal cycle time. These results allow to confidently talk
less than 2 ms to complete, thereby providing uninter- about possibility to increase the rate of map data up-
ruptible processing of large amount of queries from dates or connect multiple additional user applications
the multiple user applications. to the telematics map.

Diagram 7 shows the dependency of the mean exe- ~ As a subsequent work we consider to analyze the
cution time of data updating and extraction algorithms operational quality of algorithms of signal level val-
on the telematics map grid spacing. It is seen that ues approximation in the grid nodes and a research
algorithms execution time quadratically depends on on synchronous and asynchronous mechanisms of
grid spacing, which relates to quadratic dependency database replication between the local telematics map
of number of grid nodes on its spacing and linear de- and the cloud service.
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