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IMPLEMENTATION
OF INCIDENT DETECTION ALGORITHM
BASED ON FUZZY LOGIC IN PTV VISSIM

Nikolaev A.B., Sapego Yu.S.

Traffic incident management is a major challenge in the manage-
ment of movement, requiring constant attention and significant invest-
ment, as well as fast and accurate solutions in order to re-establish
normal traffic conditions. Automatic control methods are becoming
an important factor for the reduction of traffic congestion caused by
an arising incident.

In this paper, the algorithm of automatic detection incident based
on fuzzy logic is implemented in the software PTV VISSIM. 9 different
types of tests were conducted on the two lane road section segment
with changing traffic conditions: the location of the road accident,
loading of traffic.

The main conclusion of the research is that the proposed algorithm
for the incidents detection demonstrates good performance in the time
of detection and false alarms

Keywords: Traffic incident management, PTV VISSIM; Automatic
methods, detection of road incident.

1. Introduction
Application of fuzzy logic in the system of incident detection al-
lows to make a decision under conditions of uncertainty. Process of
traffic incidents detection is a process of finding difficulties in traffic,
which occur on the roadway. The difficulty in the conveyor flow is
a major indication that there was a road accident and its elimination
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requires a reaction. The difficulty in traffic is the main indication that
there was a road accident and its elimination requires a reaction.

This conclusion led to the use of input data that will be relevant to
the vehicles and the road, with this data must be considered togeth-
er and should be compared with the corresponding values for further
analysis. The main parameters of the traffic flow, which can character-
ize its current state, are: flow rate; flow volume.

Necessary to analyze the data received from the sensors. After that,
the fuzzy rules take these data as evidence, and depending on them
and imposed fuzzy rules will be taken action that will improve the
situation in traffic or at least not allow it worse.

When an incident occurs, it is formed on the road a congestion. Once
the incident is considered to be eliminated, the road capacity is increased
and congestion is dissipated. The algorithm determines the state of the
road on changing of flow rate and flow volume [11]. In proposed algo-
rithm based on fuzzy logic, the following data are used (Fig. 1).

flow rate

change of rate

Status of
incident

flow volume

. -

change of volume

Fig. 1. The input data to determine the status of the incident

Proposed algorithm will produce one of the following results:

1. The traffic is normal.

2. Incident is probably occurred.

3. Incident is found.

The algorithm of the incident detection system is the following
(Fig. 2).
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Fig. 2. The algorithm of the incident detection system

During a certain period, current state of traffic will be for occur-
rence of the incident. If the analysis shows that the traffic is not nor-
mal, it is considered likely that the incident occurred (situation 2),
or — situation 1. If the situation is over 3 time intervals measured traf-
fic is not normal, it is considered that a road incident occurred, then
the output will be situation 3. If the situation has returned to normal
flow, so that the incident has been eliminated, and the output will again
situation 1. After the system has shown that the incident occurred, the
incident classification stage starts.

2. Determination of efficiency measure of the algorithm
The effectiveness of traffic incident management system is relat-
ed especially with the implementation phase of the detection of the
incident. The following parameters characterize the effectiveness of
incident detection algorithms:
* DR (Detection Rate) — is defined as the percentage of incident
cases detected correctly by the algorithm.
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DR = (%) «100 1)

TI
where N, — the number of detected incidents,

N,,— the total number of incidents.

* FAR (False Alarm Rate) — is an index to represent the rate at
which the non-incident cases are falsely classified as incident
cases.

FAR = (”ﬂ) 100 )
NTA
where N, — the number of false alarms,

N, — the total number of alarms.

* MTTD (Mean Time to Detection) — it is defined as the time from
the moment when the incident occurred until it is discovered.

MrTD =% Nt =t/ G)

where N — the number of detected incidents,
t,— the time when the incident was discovered,
¢, .— the time when the incident occurred.
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Fig. 3. Simulated study area

Detection of the incident can be considered as an essential com-
ponent of the incident management process. As soon as an incident
1s detected and verified, and other actions must be launched for the
elimination of the existing incident. In order to ensure effectiveness
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of any incident management process it is important that emerged in-
cident was detected as soon as it arose. A timely and accurate incident
management becomes more important when one considers the nega-
tive impact on road traffic and its safety. The delay in identifying the
incident may lead to long traffic jams, which can be a major cause of
secondary accidents.

3. Data Description

Simulation of the incident and collect data about it will be imple-
mented in software PTV Vissim. Software PTV VISSIM is micro-
scopic simulators stochastic traffic that was used to create a detailed
model of [-210 West. In the past, it used mainly as a tool for the design
of urban public transport systems, but later was used for the simula-
tion of traffic on the highway.

Vissim has not tools for real model simulations of the traffic in-
cident, so the data will be collected through the creation of on the
roadway a parking space that will be considered as a traffic accident.

Installed road options in PTV Vissim (Fig. 3):

*  Number of lanes in one direction — 2 lanes;

*  Width of the roadway — 3.5 meters (based on the average value
of the width of the roadway for the roads usual use (not high
speed) of different categories according to GOST R 52398);

* The length of the roadway — 1000 m;

» The distance between the sensors — 500 m;

* The transport stream: motor cars — 95%, HGV — 2%, buses — 3%.

Definition of conditions of traffic incident simulation:

* In order to analyze the efficiency of the algorithm in a variety
of traffic conditions, road section will be loaded with 3 different
traffic load values: 2000 vehicles/h, 4000 vehicles/h, 8000 ve-
hicles/h.

» Incidents (parking spaces) will be established in three different
places:
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o Ata distance of 100 meters after the first detector.
o Exactly halfway between the detectors (at a distance of 250
meters).
o 100 meters up to the second detector.
The data will be obtained every 30 seconds from the sensors. Inci-
dent detection algorithm will be tested at 3 different road conditions
(with different traffic loads and with different location of incident).

4. Experimental Analysis

The performance of the proposed model has been evaluated by
standard parameters (MTTD, DR, FAR), assessing the effects of some
factors. 9 various experiments were performed with different traffic

conditions in software PTV Vissim:
» Parking space located in three different locations with respect to
the installed sensors (after 100 m, in the middle, before 100 m).
* Change traffic load values (2000 vehicles/h, 4000 vehicles/h,

8000 vehicles/h).
e G o s
AHO ORI BQ BAQ @ §5 K 8§ datnisna - 1 e

-
S y — 3 prare ot T = W = L - =
D> S S S T T P S e

bn

‘RBARID
b At o ot

Fig. 4. Screen simulation of traffic when incident occurs

10 situations were simulated in each experiment, in which the in-
cident occurred (Fig. 4). It was analyzed the data before the incident,
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during (as the car took the parking space), after. Below are the average
values of the results of all of the experiments (table 1):

Table 1.
Results of all of the experiments
Location Traffic load values,
N of the incident vehicles/h MTTD,s| DR,% | FAR, %
|1 2000 63,3 100 0
| 2 ] after 100 m 4000 20,7 100 0
3 8000 18,3 100 0,1
| 4] 2000 64 100 0,1
| S in the middle 4000 36,3 100 0
6 8000 39,3 100 0
| 7 2000 65,3 100 0
| 8 |  before 100 m 4000 31,7 100 0,1
9 8000 30,3 100 0
Total 41,02 100 3,33

The proposed algorithm showed poor results at low loading of traf-
fic (2,000 vehicles) — incident detection time is maximum. Minimum
detection time was observed at high loading (8000 cars) — 18.3 se-
conds, which is caused by the fact that the presence of incident on the
road more rapidly affect the overall traffic flow than at low loading.

Several experiments showed false alarms of incidents, two of them
were at a loading of 4,000 cars. At higher loading of traffic, the system
showed the presence of incident after his elimination. It is caused by the
during incident action on the simulated road congestion was formed,
which was not disappeared immediately after the removal of incident.

It’s observed the following regularities: the more loading of traffic,
the less time of detection.

5. Conclusions
In this paper, the algorithm is implemented to detect incidents based
on fuzzy logic in program PTV VISSIM. 9 various experiments were
performed with different traffic conditions in software PTV Vissim:
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» Parking space located in three different locations with respect to
the installed sensors (after 100 m, in the middle, before 100 m).

* Change traffic load values (2000 vehicles/h, 4000 vehicles/h,
8000 vehicles/h).

According to a result of modeling the effectiveness of the proposed

algorithm has been evaluated on three basic indicators (Mean Time to
Detection (MTTD), Detection rate (DR), False Alarm Rate (FAR)).

The following conclusions can be drawn based on the results of

algorithm performance:

*  Mean Time to Detection (MTTD) is 41,02 seconds. This means
that the system can detect the presence of incident in two phases.
(each phase lasts 30 seconds), which is a very good indicator.

* Detection rate (DR) is high (100%) even at low loading of traffic.

» False Alarm Rate (FAR) has an average value. The system
showed only 3 false signal at 90 test.
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