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Abstract: In the article we evaluate the deviation between actual location of the animal-vehicle collision and its
models which were rounded up to a certain numbers. The authors use three methods: a.) graphical analysis
comparing the values models location on the single coordinate plane; b.) the comparison of their absolute and relative
error; c.) the comparison of the class frequency for the values of the models locations.
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1. Introduction

Animal—vehicle collisions (AVCs) are a serious
problem that can result in property damage and
human and animal injury and death that increased
the importance of studies of AVC locations [1, 2].
Such consequences are requires for building of
predictive model for AVCs that has temporal and
spatial components [3] as part of the monitoring
system that has been used for identification of
spatial clustering of AVC a long period of time [4].
The predictive models with reliable statistical
evaluation and accuracy can be generated from
government databases [5]. If the database has AVCs
location with errors in records are realistic problems
that often compromise accuracy of safety model
outcomes [6].

2. Problem statement

The identification of crash hotspots is the first step
of the highway safety management process. Errors
in hotspot identification may result in the inefficient
use of resources for safety improvements and may
reduce the global effectiveness of the safety
management process [7]. The high-risk locations or
hotspots for detailed engineering study and
countermeasure evaluation is the first step in a
transport safety improvement program [§].

3. Analysis of previous studies

Systematically collected animal-vehicle collision
data help estimate the magnitude of the problem and
help record potential changes in animal-vehicle
collisions over time. Such data also allow for the
identification and prioritization of locations that has
to require mitigation. Furthermore, systematically

collected animal-vehicle collision data allow for the
evaluation of the effectiveness of mitigation
measures in reducing the number of animal-vehicle
collisions [9]

To implement the previous provisions regarding
the management and reduction of AVC is needed to
developed a system of monitoring AVC, which
includes the following principles [10] The article
proposes to add to statistic methods for evaluate of
identification of AVC [11, 12], the another method
that are not popular in AVC's researches. It is
graphical method of identifying of hotspots of AVC
by using the graphical representation of which is
investigated in our article and can be a tool for
monitoring system for AVCs. After the AVC, there
are some deviation determining of its location [13].

4. Method

The study has another important issue to evaluate
of deviation of AVC's location. The graphical
methods can use in the monitoring systems for AVC.
The monitoring system with only database is limited
in using its full function for monitoring. The authors
have proposed to improve of the functionality of the
monitoring system by using a graphical
representation of AVC data. There are some
problems with choice of the graphical representation
of AVC data that has been solved by using of
evaluation method of the deviation graphical
representation of the model location AVC as
additional tool for monitoring. The present study is
developing a graphical representation of AVCs
model location by using evaluation of the deviation
between the actual location /y;; AVC on the road and
its model location /y. Each of AVC in the road has
its own individual number N, that is corresponding
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to the own value of the location /y on the road. Fig.
1. shows the graph of distribution 79 points of
AVC that they have actual values of the locations /,
and individual number Ny;, where i - count of AVC
if =79 the graph cannot be fully reflected all points
of the values actual locations /, for each AVC. After
rounding of the values actual location [, that were
obtained in the model location [, where n=1;2;3;4
number of models for rounding: a.) numbers to the
nearest 100 in the model n=1; (b.) numbers to the
nearest 1000 in the model n=2; (c.) numbers to the
nearest 10000 in the model »=3; d.) numbers to the
nearest 100000 in the model n=4. For each n-models
is proposed to evaluate the value of deviations |/y; -
[ using the following three methods: 1.) graphical
analysis comparing the values models location /;;, [,
I3, I;; on the one coordinate plane; 2.) evaluation of
their absolute A(l,) and relative error o(/,) 3.)
evaluation of the class frequency f, and of the width
of the class frequency #4, from f, after grouping
numeric data by intervals 100,1000,10000, 100000
for each of the n-models locations.

These methods are basis of graphic to represent
data and authors propose add to monitoring system
which has already temporal and spatial components.
The article is represented of development principal
of graphical representation AVCs as a part of the
monitoring system. For this will be evaluated
deviation between the value of the real location /),
AVC on the road and its rounded value model
location /,;.

The study used AVC data i = 79 which have
place in period from 18.12.2007 to 23.12.2013 on
the highway M-18 in  Zaporozhye region of
Ukraine. Every AVC has its own individual number
Ny; and appropriate of value of the real location of
the accident L, was expressed in kilometres and
metres from AVC government database. The values
of Ly; has transformed into values /) that expressed
only meters. In the Microsoft Excel values /) was
rounded to values - [,;, where n - is the number of
model location: for » =1 model location is [;; for
n =2 model location is /,; for n =3 model location is
l;;; n =4 model location is /.

The value of Ly, I, and [, were included in a
calculation table where each records has an
individual number to identification AVC N,. The
calculation table has the following columns: N, —
individual number of AVC; L, - reallocation of
AVC from the database of AVC of the State traffic
police Zaporozhye and which expressed in
kilometers and meters, /y; - copy column "L,;" which

is transformed into only meters; /;; - the value of the
location after rounding /y; for n=1; [, - the value of
the location after rounding /»; for n=2; I3, - the value
of the location after rounding /;; for n=3; I, - the
value of the location after rounding /, for n=4. The
data for all model location n=1,2,3,4 are
summarized in Microsoft Excel’s Table 1.

Table 1.The result of calculation table for the values
of the location /y; accident and after rounding to the
values of the models location /;;, 15, I3, 14 .

Number of models, n 1 L 13 Ly
Class frequency, /,; 75 60 19 3
Amount of AVC, i 79 79 79 79

To evaluation the deviation between the value
actual location [/, and value model location /,;, were
used the following methods: 1.) the graphical
analysis comparing the values of the point of models
location /;;, 15, I3;, I; on the one coordinate plane; 2.)
the comparison of their absolute A(/,) and relative
error o(/,;); c.) the comparison of the class frequency
[ for the values of the models locations and the
width of the class frequency #, after grouping
numeric data by intervals /00,1000,10000, 100000
for each of the n-models locations.

4.1. Comparing the values models location on the
single coordinate plane

For the first evaluation method: graphical
analysis comparing the values /;;, for columns /;;, [,
l3;, l; from Table 1 were constructed graphs of
distribution of point of models location of AVC on
each coordinate plane for n=1,2,3,4 (Fig. 1. Fig. 2.,
Fig. 3., Fig. 4.).

450000
& 430000
_¥ 410000
390000
370000
350000
330000
310000
290000
270000
250000

1 11 21 31 41 51 61 71
No,

1

Fig. 1.Graph with a points of the distribution of values
of model locations /;; for n=1 for Ny; AVC
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Fig. 2. Graph with a point of the distribution of values
of model locations [;; for n=2 for Ny; AVC

absolute error A(l,;) and relative error d(/,;) for is
held by the formulas (2) and (3):

A ()= loi - 1 (1
1o 1,
_ Vi 'm
5(1)7”' = —lnl- (2)

The data for all models location »n=1,2,3,4 are
summarized in Microsoft Excel’s Table 2.
Table 2. Calculation of the absolute error A(/,)
and relative error 6 (/,) for n-models.

5
2450000
430000
=
2410000
=

€ 390000
}% 370000
8350000
% 330000
=310000

290000
270000
250000

;YMXXXMA

LB e
1 11 21 31 41 51 61 71
Individual number of AVC, Ny,

Fig. 3. Graph with a point of the distribution of values
of model locations /; for n=3 for Ny; AVC
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Fig. 4. Graph with a point of the distribution of values
of model locations /,; for n=4 for Ny; AVC

4.2. The comparison of absolute and relative error

The second method of evaluation of the
deviation between [y, and /,; using the calculations of
the absolute error A(l,;) and relative error J(/,;) was
prepared in the Table 2. The calculation of the

Name | A()| 6(1n) | Al) | 6(1x) | Alls) 0(l5:) |AUs) | o(lw)
i 79 79 79 79 79 79 79 79
MIN 0 0 0 0 150 0,033 | 150 | 0,05
MA 150 0,02 | 500 | 0,17 | 4950 | 1,677 45908 1527
X
MIN - minimum values; MAX - maximum values that

selected from A(/};) and 6(l,;) for n=1,2,3,4; i - amount of
AVC.

4.3. Comparison of the class frequency for the
values of the models locations.

The third method evaluation of the deviation
between /;; and /,; by calculating the class frequency
f» for the values of the models location /,; and of the
width of the interval grouped 4, for n=1,2,3,4 that
are presented in Table 1.

For each group Ini for n-models create the
distribution graph of the class frequency fn for
model location Ini (Fig. 5. Fig. 6., Fig. 7., Fig. 8.).
Graph of the group for the model 11i shown in
Fig. 6.
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Fig. 5. The graph of the distribution of the class frequency
1 for model locations /;; for n=1.
The graph of the distribution of the class frequency
f; for locations /,; for n=2 shown in Fig. 6.
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Fig.6. The graph of the distribution of the class frequency
f>for model location /,; for n=2

The graph of the distribution of the class frequency
f3for locations /;; for n=3 shown in Fig. 7.
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Fig. 7. The graph of the distribution of the class frequency
5 for model location /;; for n=3
The graph of the distribution of the class frequency
4 for locations /; for n=4 shown in Fig. 8.
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Fig. 8. The graph of the distribution of the class frequency
f4 for the model locations /,; for n=4

The models locations I;;, 15, I3, 14 thathas n=1;2;3;4
from AVC individual number Nj; Note: Fig. 9 has not
two points i=78 and i= 79 for n=4 models locations /.

5. Results

1. Graphical analysis on the coordinate plane graphs
of the distributions of the values of the models
locations /;;, /5, 13, 14 from individual accidents Ny;
in Fig. 9.
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Fig. 9. Graphical analysis on the coordinate plane graphs
with points of the distributions of the values of the models
locations /;;, [5, I3, [; from individual accidents Nj,.

2. The second evaluation method on the
coordinate plane graphs of the relative error §(/)),
o(ly), o(l3), o(1y) for m-models in shows in Fig. 10.
There are very significant difference data for the
absolute error A(/,; Yfor n=1 and n=4 they were not
to show in graphic.
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Fig. 10. Graphs of values d(1;), d(1,), 6(13), 6(l,) in the
Table 2 for each of the individual numbers of AVCs N,

3. The third method evaluation of the deviation
between [/y; and [, was calculated the f, — class
frequency are grouped by the value model locations
11, L, 13, 1 from the Table 2, and the width of the
class frequency £, grouping numeric data by
intervals 100,1000,10000, 100000 for each of
n=1;2;3:;4. To calculate the class interval 4, for each
n-model by using (3).

=Sl 3)

N,
where 4, - class interval; N,,- upper class limit at
the groups AVC for each n; N,,;, - lower class limit
value of the amount at the groups AVC for each n.
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Data for calculating the width of the interval
grouping for each model are given in Table 3.

Table 3. The evaluation of the results of the three
methods for models n=1,2,3,4.

Name/ models 1y Ly I3 1y
Upper class limit, 2 3 16 60
Nmax
Lower class limit,
N, 1 1 1 2
Range’ Nmax 'Nmin l 2 15 58
Class fr}:quency, 75 60 19 3
Count of AVC, 79 79 79 79
Noi
Class interval, /,| 0,013 0,033 0,788 19,33
Absolute error,
Min, A(l,,) 0 0 150 150
Absolute error,
Max, A(,) 50 500 4950 49850
Relative error,
Min, 5(,), 0,00 0,00 0,033 0,050
Relative error,
Max, O(l,). 0,019 | 0,171 1,677 15,2738

Graph of the dependence for the class interval
h, from class frequency f, for n-models are shown in
Fig. 11.
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Fig. 11. Graph of the of the dependence of the class
interval 4, from class frequency f, for n-models

Discussion

1. The graphs of the animal—vehicle collisions
(AVC) nns models location mae next values:

o for model location /;;, in the next distance of the
graphs there are:

in the distance 250000< [;;, <300000 the AVC
individual numbers are / < N, <36 and AVC count
is i=36;

in the distance 300000<l;,<350000 the AVC
individual numbers are 37 < Ny; <6/ and AVC count
is i=25;

in the distance 350000<l;,<400000 the AVC
individual numbers are 37 < Ny; <68 and AVC count
s i=7;

in the distance 400000<l;<450000 the AVC
individual numbers are 69 < Ny; <79 and AVC count
s i=9.

Total count AVC is i=79 for model location /;,.

The model location /;;, is have enough of count AVC
individual numbers in the monitoring systems graph.
But not all the points can be seen on the AVC graph.
e for model location /,;,:

in the distance 250000< [5;,<300000 the AVC
individual numbers are /< N,); <36 and AVC count is
i1=36;

in the distance 300000< [,<350000 the AVC
individual numbers are 37< Ny, <62 and AVC count
is i=26;

in the distance 350000< [,,<400000 the AVC
individual numbers are 63< N, <68 and AVC count
18 i=6;

in the distance 400000</,<450000 the AVC
individual numbers are 69<N,;<79 and AVC count is
i=11.

Total count AVC is i=79 for model location /5;.

The model location /,; is have enough of count AVC
individual numbers in the monitoring systems graph.
But not all the points can be seen on the AVC graph.
e for model location /3;:

in the distance 250000< I;; <300000 the AVC
individual numbers are /<N;<42 and AVC count is
=42,

in the distance 300000</3<350000 the AVC
individual numbers are 43<N;;<62 and AVC count is
=20,

in the distance 3500000<l3,<400000 the AVC
individual numbers are 63<N,;<7/and AVC count is
i=9;

in the distance 400000<l3<450000the AVC
individual numbers are 72<N;;<79 and AVC count is
i=8;

Total count AVC is i=79 for model location /;;.

The model location /5 has enough of count AVC
individual numbers in the monitoring systems graph.
All the points can be seen on the AVC graph.

e for model location /,;:

in the distance 250000</,<300000 the AVC
individual numbers are /1<N;< 60 and AVC count is
=60,

in the distance 300000<l,<350000 the AVC
individual numbers are 6/<N,;<77 and AVC count is
i=17;
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in the distance 350000</,<400000 the AVC
individual numbers are 78<N;;<79 and AVC count is
i=2;

Total count AVC is i=79 for model location /;.

The model location /,; has very small point in the
AVC monitoring systems graph. All the points can
be seen on the AVC graph.

2. The graphs of values relative error (1), for
models  locations is  0<6(1,)<I; 0<0(l,)<I;
0<6(1,)<2; 0<5(1,;)<I16. The models location /;;, I,
l3;, 1s accurate for monitoring systems graph. The
model location /,; is inaccurate for monitoring
systems graph.

3. The graphs of the distribution of the class
frequency f; for model location /;; has the following
values: lower class limit N,;,=1, upper class limit
Nuax=2 in the next point of models location /;; :
290100, 337100, 404600. The graphs of the
distribution of the class frequency f, per model
location /,; has the following values: lower class
limit N,;, = 1, upper class limit N, =3 in the next
point of models location [,; 290000, 339000. The
graphs of the distribution of the class frequency f;
per model location /; has the following values:
lower class limit N,,;,=1, upper class limit N, =16
and the next class frequency: f; =16 in the point of
model location is /3=300000 f; =7 in the point of
model location /3=340000 f; =6 in the point of
model location /3;=400000 f; =3 in the point of
model location [3=450000. The graphs of the
distribution of the class frequency f; for model
location /,; has the following values: lower class
limit N,;, = 1, upper class limit N,,,, =60 and the
next class frequency: f;=60 in the point of model
location is 1,=450000 f,=17 in the point of model
location [,=400000 f; =2 in the point of model
location [,=500000. The class interval for 7,2,3-
models is 4, < [ that is an acceptable result for
monitoring systems. The class interval for 4-
models is 4, =19,3 that is an unacceptable result for
monitoring systems.

6. Conclusions

Four models location can be used in the monitoring
system as four modes, ranging from n = [ as
"minimal deviation and minimum class frequency "
and ending with n = 4 as "maximum deviation and
maximum class frequency . Using the n = [
"minimum deviation and minimum class frequency "
allows to use monitoring of the animal vehicle
collisions that has approach to the real location, and

in case n = 4 deviation of location - has a maximum
value and maximum concentration of point. In the
case n = 4 mode as "maximum deviation and
maximum class frequency f, has count of class
frequency f, the minimum value that makes it
impossible use the graph in the monitoring system
the number of locations AVC, allowing to identify
the location on the highway, where the greatest
number of hot spots of animal—vehicle collisions in
the road M-18 in Ukraine. Deviations between [/
and /,; in models location »=2 and n=3 are the most
optimal to represent the value of the location /,; as
the characteristics of the AVC monitoring system.
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O.B.Koxaﬂl, ﬂ.I.MOB‘-laHI, I[.B.Fynenemf. InenTudikanis Micue3HaXoIKeHb JAOPOKHBO-TPAHCIOPTHUX

MPHUToJ 3 KATEropi€cio «Hai3x Ha TBAPHH» HA aBTOA0PO3i M-18

!“>*HanionansHuit aBianiinnit yaisepeuter, npocit. Kocmonasra Komaposa, 1, Kuis, Yrpaina, 03680

E-mails: 'interecocentre@gmail.com; “yaroslav.movchan@gmail.com; *gulevets@gmail.com
Inentudikanis Micle3HaX0IKeHb JOPOKHBO-TPAHCIIOPTHUX IPUro] 3 Kareropiewo «Haizx Ha TBapun» (ATII HT) nHa
aBToyiopo3i M-18 B 3amopi3bkiii obsacti VYkpaiHM 3a [JONOMOTOK OLIHKM BIIXWIEHHS MIDK peabHUM
MICIIC3HAXO/DKECHHIM Ta WOT0 OKPYIJICHHM 3HAYCHHSM, 110 CKJIaJa€ MOJAEl Micue3HaxokeHHs. OIliHKa BiAXUICHHS
MoJieniell MiCIIe3HaXOJDKEHHS BiOyBa€eThCs 3a JIONOMOrol0 rpadidHOro MpPEACTaBICHHS 3 BHKOPUCTAHHSM TPHOX
MeToAiB: a) rpadiyHOro aHajisy, IO HOPIBHIOE PO3TAallyBaHHS Moejeld Ha OJHIH KOOpAMHATHOI IUIOIMHH; b.)
MOPIBHSAHHS 1X aOCOJIOTHOI 1 BiIHOCHOI MOXHMOKM; C.) MOPIBHSHHSA YacTOTH KJIacy Ul 3Ha4€Hb MiCLE3HAXOKEHHIX
Mojenel. Bumeska3ana oOIiHKa JOMOMOTTIA OL[IHUTH MOJEII MiCIIE3HAXODKEHHS JUIA ii ONTHMAJIBHOTO IPEICTABICHHS.
BusHaueHHST «TOYOK HeOE3MeKW» OITOMOKE BH3HAYMTH MICHS Ha aBTOJOPO3i, Ie TBAPWHHU HAHYACTIIIE MEpexolsTh
aBTOJOPOTY 1 Ie BUHUKA€E pyU3nK HaiOinpmoi kimpkocTi JTII «Haizx Ha TBapuH». Y cTaTTi Oy BUKOPUCTAHI JaHi PO
ATITHT JAI MBC Ykpainu.
Ki1104oBi c10Ba: BUSBICHHS «TOYOK HEOE3MEKH »; JOPOKHBO-TPAHCIOPTHA NPHUIOAa «HAI3A Ha TBapUH»;, MOJEIb
MICLI€3HaXO/PKEHHS; CUCTEMa MOHITOPUHTY

0.B.Koxan', SI.1.Moguan', JI.B.I'yaesens’. MaenTudguKanus MecTOHAX0KICHHMII 10POKHO-TPAHCIIOPTHBIX

NMPOUCLIECTBUI ¢ KaTeropuei «Hae3 Ha »KUBOTHBIX» HA aBToA0pOre M-18

L23HaumonansHbli aBHALMOHHBIN yHHUBepcuTeT, npoct. Kocmonasra Komaposa, 1, Kues, Ykpanna, 03680

E-mails: ' interecocentre@gmail.com,: ? yaroslav.movchan@gmail.com, *gulevets@gmail.com
Wnentudukaiys MECTOHAXOXKICHUN TOPOKHO-TPAHCITIOPTHRIX MPOUCIIECTBHIA ¢ KATETOpPHEH «Hae3]] Ha )KUBOTHBIX) Ha
aBromopore M-18 B 3amopokckoii oOmacté YKpaWHBl C IIOMOIIBIO OLEHKH OTKIOHEHHS MEXKIy pealbHBIM
MECTOHAXOXKICHHEM M €r0 OKPYIJIEHHBIM 3HA4YeHHEM, 9TO COCTaBisieT ero mosenu. OIeHKa OTKIOHSHHS MoJenei
MECTOHAXOKICHUS TPOBOAMIACH C WCIIOJNB30BAaHHEM TpPEX METOJOB: a) TpadUvecKoro aHauW3a, CpaBHUBAET
pacmoyioKeHUue MoJielel Ha OJHOW KOOPIWHATHOW IIJIOCKOCTH; 0) cpaBHEHHE WX aOCONIOTHOH W OTHOCUTEIIbHOM
MIOTPEUTHOCTH; B.) CPABHEHHE YAaCTOTHI Kiacca IS 3HAYCHWH MECTOIOJIOXKEHHEM Mojienell. BrimeykasanHas oleHka
MMOMOTJIa OIICHUTh MOJEIH MECTOHAXOXISHHUS [UIi €€ ONTUMAJIBHOrO mpeacTaBieHus. OmpeneneHne «TOYeK
OIIACHOCTH» IIOMOXET OIPEIENIUTh MECTa Ha aBTOJOPOre, € JKUBOTHBIE 4YacTO IMEPEXOIST aBTOLOPOrY W TIAe
BO3HHKAeT pUCK HauboJbiero koauuectsa JTII «Hae3n Ha )KUBOTHBIX». B craThe ObUIM MCTIONB30BaHbI AaHHbIe 0 JITIT
HT I'AUW MBJ1 YkpauHsl.
KuiroueBble €10Ba: BBISIBICHHE «TOYEK OMACHOCTHY; JOPOKHO-TPAHCIOPTHOE MPOMUCILIECTBUE «HAE3[ HA KUBOTHBIXY;
MOJIE/Ib MECTOIOI0XKEHUS; CHCTEMbI MOHUTOPUHTA
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