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Abstract: Accidents that occurred in major road tunnels of European countries in the past pointed
to the deficiency of safety management in these systems. Road tunnels represent a relatively weak link
in road traffic communications in respect of safety. Tunnels are, as a matter of fact, relatively closed
and not easily accessible places; their walls represent physical obstacles. In case of fire during
transportation of flammable goods, freight or fuel, temperatures accumulated in the interior of the
tunnel are high and resist for a relatively long time. Tunnel walls make heat dispersion difficult.

In order to prevent undesirable events or at least reduce their incidence, specialists are trying to
improve safety level in road tunnel systems by pursuing a safety policy by planning and making
preparation for appropriate action in the event of such an occurrence. Fuzzy decisions allow effective
control of safety and related hazards. They are based on the analysis of values that describe the
conditions inside and in front of the tunnel, acquired experiences and knowledge of the field of
research. Fuzzy logic allows a systems approach to safety and is indicative of the eventual occurrence
of serious accidents. Fuzzy logic ensures safety of tumnel systems and efficient management

organization at the same time.
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1
. INTRODUCTION

From security viewpoint, road tunnels
represent a relatively weak link in road traffic
communications. The outcome of dangerous
events that may occur in road tunnels and the
very severity of their consequences depend
largely on the basic structural characteristics of
individual road tunnels, their technical equipment
and type of safety management. Tunnels are
relatively closed and not easily accessible places;
their walls represent a physical obstacle.
In case of fire during transportation of flammable
goods, freight or fuel, the tunnel walls make heat
dispersion difficult.
As a result, the temperature inside the tunnel
accumulates and achieves high levels that are
maintained for a relatively long time. In case of
explosion caused by ignition of flammable
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substances, the tunnel walls intensify the strength
of the shock wave resulting from the explosion.
In case of escape of gases or vapours, their
dispersion is rendered difficult due to insufficient
airflow circulation. High concentration of
gases/vapours accumulates in the tunnel and
causes either direct (toxic and inert gases cause
respiratory complications) or indirect harmful
effects (smoke reduces visibility inside the
tunnel, hinder rescue actions) to the exposed
population. Spillage of hazardous liquids may
lead to environmental accidents, particularly in
cases when spilled liquids are not accumulated in
reservoirs built for this purpose through drainage
system.

As a result, the past events represent milestones
in introducing safer and more reliable
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technologies and action procedures in facilities
with a higher degree of safety requirements, i.e.
road tunnel systems. The operation of systems
and facilities with a higher degree of safety
requirements always involves a certain risk level;
therefore, the fundamental task consists of
providing a safe and reliable operation of the
system or facility and ensuring an appropriate
degree of safety of such system or facility.

The application of the approach to analysis,
evaluation and ensuring appropriate road tunnel
safety and the use of new technical and
technological as well as information technology
solutions makes possible the prevention of
critical and dangerous events since the very
beginning, during the tunnel system conception
and construction stage. In using road tunnels,
people are subjected and exposed to some
hazards and associated risks. And risks as such
are particularly expressive of the possibility that a
dangerous event might occur at a specified time
and under specific circumstances.

2. FUZZY LOGIC FOR INTELLIGENT
TUNNEL SYSTEM

Fuzzy logic is becoming an increasingly
widespread method in many areas of work. And
it has certainly demonstrated its attributes in the
management of the system of communications,
including corresponding sub-systems. As a
matter of fact, fuzzy logic manages a database of
simple rules of IF-THEN phrase forms by means
of which the management activity is calculated
by characteristics of the current situation. In our
opinion, fuzzy logic is an appropriate method of
managing road tunnel traffic flows since it
enables a simple transfer of expert knowledge
and approximate nature of human inference by
using linguistic variables and rules.

Fuzzy logic actually understands linguistic
instructions and thus enables generation of a
management strategy of which the basis is verbal
communication. At the same time, it also
represents a means of translating the linguistic
strategy of management expressed in terms of IF-
THEN phrases into a management algorithm.

2.1 Variables (linguistic, intermediate and
output)

The primary building block of any fuzzy logic
system is the linguistic variables, which translate
real values into linguistic values. Linguistic terms
represent the possible values of a linguistic
variable. Here, multiple subjective categories
describing the same context are combined.

Term

Variable|, .. [Ma [Defaul
Min
Names

Type Name X It

low
medium
high

input | ADR | 0 | 4| 2

low
medium
high

input s t 01105

low
medium
high

traffic_d

input .
npu ensity

low
medium
high

input v 0 |100[ 50

low
medium
high

input V. s 016 8

small
medium
large

vtf | O

input 100 50

small
medium
large

vehicle

i t
mpu cat

low
medium
high

intermed|

) t flow | - | - -
1ate -

negative
Zero
positive

intermed

. tunnel | - - -
1ate

negative
Zero
positive

intermed

. vehicle | - - -
1ate

false

output rs 011105 true

Table 1: Description of input, intermediate and
output variables

Intermediate variables could be defined without
any membership functions and fuzzification.
Membership degree of the value corresponding to
term is set to 1. The membership degrees of all
other terms are set to 0.

The output variable r s define the ramp state.
Defuzzification, of the output variables is
produced by CoM (Center of Maximum), which
calculate the 'best compromise'. This is the most
effective method in control applications like
analyse of the traffic flow through a tunnel.

2.2. Fuzzy rule inference, aggregation and
defuzzification of output variables

The system is composed by four decision
blocks: three intermediate and the central one.
The computation of fuzzy rules is called fuzzy
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rule inference. The inference is a calculation
consisting of two main steps: aggregation and
conclusion.

Fuzzy-based systems use production rules to
represent the relation among the linguistic variables
and to derive actions from the inputs. Production
rules consist of a condition (IF-part) and a
conclusion (THEN-part). The IF-part may consist
of more than one precondition linked together by
linguistic conjunctions like AND and OR.

In our small control applications, we use MIN
operator for AND aggregation of different parts
of the condition.

[FUZZY DECISION TO0L
central rule block

intermediate rule blocks

input vasiables intermediate variables output variable

Figure 1: Structure of the Fuzzy Logic System
The conclusion part of each rule is computed by
aggregation of results. In our fuzzy system this is
done by the BSUM operator (Bounded Sum
Fuzzy Operator) for result aggregation:

BSUM: ju= min(l,z yij .

The result produced from the evaluation of

fuzzy rules is, of course, fuzzy. Such linguistic
values are not useful in control systems, so
membership functions are used to retranslate the
fuzzy output into a crisp value. This retranslation
is known as defuzzification and can be performed
by using several methods.
Our application uses the Center of Maximum
method (CoM) and the result is the "best
compromise solution" of all inferred results. The
crisp output is a weighted mean of the term
membership maxima, weighted by the inference
results.

3. SIMULATION

The system of managing traffic flows in road
tunnels is based on the information obtained by
detectors. The regulator receives first the number
of vehicles in a specified time unit from which it
separates all vehicles weighing more than 3.5 t.
Moreover, video detectors installed in front of the

tunnel carefully segment vehicles by categories
and, in case of a, determines the type of
dangerous substance it transports. The above-
mentioned rules are implemented upon receipt of
the information.

The output emerges in the form of a command
regarding whether the ramp before the tunnel
tube portal should be lowered and the traffic flow
redirected through an alternative route or whether
the traffic flow should remain unchanged. If the
output variable is unchanged, the following step
consists of verifying all the above-mentioned
criteria for maintaining the existing situation and,
if these criteria have been met, the ramp remains
up. Otherwise, the ramp goes down.

The entire decision- or conclusion-making
process is repeated at short time intervals.
Managing road tunnel traffic flows comprises
permanent making of decisions, such as (see
Figure 2):

a) leave the current traffic situation such as
it is and thus,

b) maintain the ramp in its current position
and redirect the heavy cargo vehicles via
alternative routes, and

c) lower the ramp and redirect the traffic via
alternative routes.

Like the majority of management problems, the
case of traffic flow management structure also
includes some elements of the management
system. These are: input, output, objective,
assessment criteria and return loop.

The system's operation is based on a system of
rules that, given the input data such as:

— ADR (transport of dangerous substances),

— v (speed of the vehicle before the ramp)

— vehicle_cat (vehicle category),

— s_t (particularity inside the tunnel system)

— v_s (wind speed),

— traffic_density (traffic density), and

— v_t_f(speed of the traffic flow),

that makes a decision to leave the traffic flow in
the tunnel as it is or to redirect the heavy cargo
vehicles only or to redirect it. The output is a
result of the processor control as to the moment
in which the objective is to define the moment
where the risk of accident is still within
acceptable limits and where it is not. Assessment
criteria represent the process of comparing the
output to the objective, which, in this concrete
case, illustrates the ramp position and the
probability of occurrence of traffic accident or
fire.
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Figure 2: Ramp state
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Figure 3: Fuzzy system scheme
ramp_state:
ADR v vehicle cat s t v_s traffic density | v t f rs 0-ramp up
1-ramp down
0*-alert
0 100 0.2 0.16 3 0.65 90 0.16666 0
0 100 0.2 0.8 10 0.85 40 0.43332 0*
0 100 0.2 0.8 10 0.85 37 0.51332 1
0 100 0.8 0.16 3 0.65 90 0.16666 0
3 100 0.8 0.16 3 0.65 90 0.16666 0
2 100 0.8 0.5 3 0.55 40 0.35712 0
1 90 0.6 0 1 0.45 85 0.16666 0
0 100 0.1 0.4 16 0.85 70 0.16666 0
1 100 0.7 0.1 3 0.85 80 0.16666 0
2 100 0.7 0.1 3 0.85 80 0.16666 0
3 100 0.7 0.1 3 0.85 80 0.16666 0
4 100 0.7 0.77 3 0.85 38 0.53744 1
3 100 0.7 0.1 3 0.85 80 0.16666 0
2 100 0.7 0.1 3 0.85 80 0.16666 0

Table 2: results of simulated flow throw a tunnel in different conditions
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Above are presented calculation details of the
output variable r_s when:

ADR=0, v=100, wvehicle cat=0.2, s t=0.8,
v_s=10, traffic_density=0.85 and v_t_f=37.

Rule block: VEHICLE

IF ADR=low & v=higt &
vehcle cat=small THEN
vehicle=positive
vehicle=(0,0,1)

Rule block: TUNNEL
IF s t=higt & v _s=higt THEN

tunnel=negative

tunnel=(1,0,0)

Rule block: FLOW

IF traffic_density=higt ¢ THEN
t flow=low
IF traffic density=higt & v_t f=small

THEN t_flow=medium
t flow=(0.47998,0.52002,0)
Rule block: TS

IF t flow=Ilow & tunnel=negative &
vehicle=positive THEN r_s=false

IF t flow=mediumt & tunnel=negative
& vehicle=positive THEN r_s=true

r s=(0.47998,0.52002)
1 =(0.166,0.835)

CoM gives the final crisp value of r_s:

s _ M TS TS,

r_s
My T
. 0.166-0.47998 +0.835-0.52002
s = =0.513
0.166+0.835
CONCLUSIONS

In this paper, we analyse the variability of
traffic flow and present the connections between
dates from sensors and fuzzy logic decision tool
for incident detection. Specifically, this paper
addresses a novel approach to of fuzzy logic to
traffic flow through tunnel system analyse. The

paper discusses the development of a new
approach to safety in road tunnels.

The system of managing traffic flows in road
tunnels is based on the information obtained by
detectors and use measurements from a station to
detect anomalies or character of traffic flow. The
paper shows a new approach that identifies
potential accidents and prevention this. The
system works according to the principle of
enabled disabled or conditionally enabled
passage through the tunnel. In this regard, it is
important to stress that the fuzzy logic system
takes into consideration both: traffic density and
vehicle category before the tunnel portal itself,
particularity, wind speed and traffic flow inside
the tunnel. Special attention being made to the
transport of dangerous substances.
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FUZZY AHAJIU3 HA TPAHCIHHOPTHHUTE NNOTOLU 3A CUCTEMA HA
BE3OITACHH TYHEJIN

HJanunena Tynak-Cyoon, Anapei Cruiienny

unoc. Jlanuena Tynax-Cybon, unsc. Anopeu Cmuiienuy., @axyimem 3a MOpeniasare u mpascnopm,
Yuueepcumem 6 Jlobnsina, Pot pomorscéakov 4, SI- 6320 [Topmopooic
C/IOBEHHA

Pe3rome: Kamacmpoghume, Koumo ca cmanaiu HA 21aéHume NWoMHU MYHeIU 6 e8PONelcKume
CMPAHU, NOKA36amM HeOOCMAamvyu 6 YAPAasieHuemo Ha bezonachocmma ¢ mesu cucmemu. [Tomnume
MYHeU NPeoCmasnnsam CPASHUMENHO clada 6pb3Ka 6 NbMHUMmMe CbOOWEeHUs NO OMHOWEHUE Ha
bezonacnocmma. Tynenume 6CHUHOCM CA CPABHUMENHO 3AMBOPEHU U HEOOCMAMBYHO OOCMBIHU
Mecma, mexHume CmeHu npedcmasisiéa @usuyecku npensmcmeus. B cnyuati ma nooicap npu
npegossare HA 3ANANUMU  CMOKY, MOSAPU UWIU 20PUBO, NOJYYEHUME MmeMnepamypu 6b8
8LMPEUIHOCIMA HA MYHeAd CA GUCOKU U Ce 3and3eam CpasHumenno 0vieo epeme. Cmenume Ha
MyHenaume npaesim mpyoHo pasnpbCKEaHemo Ha MONIUHAMA..

3a 0a ce npedomepamsm Hedceranu CvOUMUL UTU NOHE O Ce HAMAIU MAXHOMO HACMBHEAHE,
cneyuanucmume ce ORUMBEAm 00 NOOOOPSAM PABHUWEMO HA De30NACHOCH 8 CUCIeMAama HA NbMHU
MYHenu upe3 NoAumuKka 3a 0Oe30nacHOCm NOCPeOCmEOM NIAHUPAHE U NOO20MOBKA 34 NOOX0OSuU
Oelicmausl npu 8b3HUKEAHE HA MaKosa cvboumue. Fuzzy peuwlenusma no3eonssam eghekmugen KOHmpoIl
Ha Hezonachocmma u cvomeemuume puckoge. Te ce bazupam Ha ananuz HA CMOUHOCMUME, KOUMO
onuceam YCio8usima sbmpe u nped MyHeAaHampynaHusi OnuUm u 3HaHus 8 001acCmMma Ha U3C1e08aHUS.
Fuzzy nocuxama noseonsea cucmemen nooxoo Kvm OE30NACHOCMMA U € NOKA3AMen 3a e6eHMYAIHO
Bb3HUKBAHE HA cepuo3eH unyudenm. Fuzzy noeuxama ocueypsisa bezonacHocm 6 mynennHume cucmemu
U CHUIeBPEMEHHO eqheKMUBHA YNPABICHCKA OP2AHU3AYUSL

Knrouoeu oymu: noemen mymnen, bezonacna cucmema Ha myHeaume, fuzzy ioeukd, mpancnopmHu
nomoyu, OMKpUsaHe.
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