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Abstract: The evaluation of the deviation between of actual location of the animal-vehicle collisions
actual location in the road and their models location that rounded up to a certain number for each of the
models by using by 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 [8].

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 /;; AVC on the road and its model
location /y. Each of AVC in the road has its own
individual number Ny, that is corresponding 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
[y and individual number N, where i - count of
AVC if i=79 the graph cannot be fully reflected
all points of the values actual locations /y, for each
AVC. After rounding of the values actual location



[y, 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 n=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 I, [3;, I3, L
on the one coordinate plane; 2.) evaluation of their
absolute A(l,;) and relative error (/) 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 L, has transformed into
values /) that expressed only meters. In the
Microsoft Excel values /; was rounded to values -
l.i, where n - is the number of model location: for
n =1 model location is [;; for n =2 model
location is /»; for n =3 model location is /3;; n =4
model location is /.

The value of Ly, Iy 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: Ny, -
individual number of AVC; Ly - 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; l; - the value of the location after rounding
I3 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 /;;,
Liy Lsiy Ly -

Number of models, n i Ly L3 Ly
Class frequency, /,; 75 60 19 3
Amount of AVC, i 79 79 79 79

To evaluation the deviation between the value
actual location [y, and value model location /,;,
were used the following methods: 1.) the
graphical analysis comparing the values of the
point of models location /;;, I3, I3;, I, on the one
coordinate plane; 2.) the comparison of their
absolute A(l,) and relative error d(/,); c.) the
comparison of the class frequency f, for the values
of the models locations and the width of the class
frequency #4, after grouping numeric data by
intervals 700,1000,10000, 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 /;;,
Ly, L3, I;;  from Table 1 were constructed graphs
of distribution of point of models location of AVC
on each coordinate plane for n=17,2,3,4 (Fig. 1.
Fig. 2., Fig. 3., Fig. 4.).
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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
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Fig. 3. Graph with a point of the distribution of
values of model locations /y; 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 d(/,;)
was prepared in the Table 2. The calculation of the
absolute error A(l,;) and relative error J(/,) for is
held by the formulas (2) and (3):

A (Ln)= Mloi = (1)

1o~ 1,
- @
5(l)ni ! nj
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(l,) and relative error o (/,) for n-models.

NamdA(/1;) | oU)AU)| 612) AUs) | 0Us) |AUL) | 0(La)
i |79 179 |79 79 | 79 79 79 79

MIN 0 |0 0 0 ]150 |0,033] 150 | 0,05

max | 50 |0,02 500 | 0,17 4950 | 1,67749850 | 15,27

MIN - minimum values; MAX - maximum values that
selected from A(/;;) and 6(/,;) 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
I, 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  f; for model locations [; for n=I.

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
fsfor locations /3; for n=3 shown in Fig. 7.
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Fig. 7. The graph of the distribution of the class
frequency f; for model location /5; for n=3

The graph of the distribution of the class
frequency f; for locations /,; for n=4 shown in Fig.
8.
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Fig. 8. The graph of the distribution of the class
frequency f; for the model locations [/, for n=4
the models locations [, [»;, [3;, [4; that has n=1;2;34
from AVC individual number N, Note: Fig. 9 has
not two points =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 [;;, 1y, I3, l; 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 /y;, 15, I3, [; from individual
accidents Ny;.

2.)The second evaluation method on the
coordinate plane graphs of the relative error J(7)),
o(lz), 6(13), 6(1,) for n-models in shows in Fig. 10.
There are very significant difference data for the
absolute error A(/,; )for 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,), d(13), o(1,) in
the Table 2 for each of the individual numbers of
AVCs N()l',

3.)The third method evaluation of the deviation
between [y and /,; was calculated the f, — class
frequency are grouped by the value model
locations [;;, L5, I3, l; from the Table 2, and the
width of the class frequency 4, grouping numeric
data by intervals 100,1000,10000, 100000 for
each of n=1;2,3;4. To calculate the class interval
h,, for each n-model by using (3).



— Nomax = Nomin (3)
N

where h, - 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. 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 i Ly L3 Ly
Upper class limit, 5 3 16 60
Nmax
Lower class limit, 1 1 1 5
N min
Range, N,ux ~Nyin 1 2 15 58
Class frequency, f,| 75 60 19 3
Count of AVC, N,| 79 79 79 79

Class interval, 4, | 0,013 | 0,033 | 0,788 19,33

Absolute error,

Min, A(Z,; ) 0 0 130 >0
AI‘t\);;))l(l’lte Ae(rlrog 50 | 500 | 4950 | 49850
Rellz;il\:e;(l}r”‘))’r’ 0,00 | 0,00 | 0,033 | 0,050
Rel}\j;ze gggr 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 &, from class frequency f, for n-models

Discussion

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

. for model location [;;, in the next
distance of the graphs there are:

in the distance 250000< [;;, <300000 the AVC
individual numbers are / < Ny <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</;,<400000 the AVC
individual numbers are 37 < Ny, <68 and AVC
count is i=7;

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

Total count AVC is i=79 for model location
l]l'.

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.

° for model location /5;,:

in the distance 250000< [,,<300000 the AVC
individual numbers are /< Ny; <36 and AVC count
is i=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< Ny, <68 and AVC
count is i=6;

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

Total count AVC is i=79 for model location
121'.

The model location /5 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< [3; <300000 the AVC
individual numbers are /<N,<42 and AVC count
s i=42;

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

in the distance 3500000<[3<400000 the AVC
individual numbers are 63<N,<7/and AVC count
is i=9;

in the distance 400000</3<450000the AVC
individual numbers are 72<N;<79 and AVC count
s i=8;

Total count AVC is i=79 for model location
131'.

The model location /3 has enough of count
AVC individual numbers in the monitoring



systems graph. All the points can be seen on the
AVC graph.

o for model location /,;:

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

in the distance 300000<l,;<350000 the AVC
individual numbers are 6/<N;<77 and AVC count
isi=17;

in the distance 350000<l,;<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 d(1,;), for
models locations is 0<0(1,)<I; 0<o(l,)<I;
0<6(1,)<2; 0<6(1,)<I6. The models location ,,
I3, I3, 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 N,,=2 in the next point of models
location [;;: 290100, 337100, 404600. The graphs
of the distribution of the class frequency f> per
model location /5; 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
13;=300000 f; =7 in the point of model location
[3=340000 f; =6 in the point of model location
13;=400000 f; =3 in the point of model location
15;=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 /,=450000
f~17 in the point of model location /,=400000
f3 =2 in the point of model location /,=500000.
The class interval for /,2,3-models is A, < I 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 » = 4 as "maximum
deviation and maximum class frequency . Using
the n = 1 "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 [y and /,; in
models location n=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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