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Multiagent Based Algorithmic Approach for Fast
Response in Railway Disaster Handling

Poulami Dalapati
Department of IT
NIT Durgapur
India
dalapati89 @ gmail.com

Abstract—Disaster management in railway network is an
important issue. It requires to minimize negative impact and also
fast, efficient recovery from the disturbances. The main challenge
here is that, the effect of inconvenience spreads out very fast
in time and space. It takes noticeable amount of time to get
back everything in the previous situation. This paper proposes
a multi agent based algorithmic approach for disaster handling
in Railway Network. This takes care of fast response to get total
number of affected trains in a fast and efficient manner. We
propose few algorithms to handle this situation and simulate
it using JADE (Java Agent Development Framework) platform.
Finally we take a case study and compare our proposed method
with an existing manual technique.

Keywords—Multi agent system; Disaster management; Opti-
mization; Distributed systems.

I. INTRODUCTION

Real world problems very often have higher complexity
levels. Usually it is possible to decompose them into dif-
ferent complex units with certain well defined functionality.
With this notion, various traffic environments, their control
and scheduling have been focused by number of researchers
[2], [3], [4], [16]. In particular, the need for some degree
of autonomy, to enable components to respond dynamically
changing circumstances while trying to achieve over-arching
objectives becomes fundamental. During the last years, agent
based approaches to handle railway network [6], [1], [7] have
shown that they are able to capture necessary details at entity
level as well as to reproduce relevant realistic phenomena. In
practice any railway network is broadly distributed all over the
country. All the time large number of trains are in circulation.
Every train has a particular arrival and departure time and
a specific route of journey. This is generally published in
timetable which is known to the passenger. These details are
also monitored by the station authority. The problem here with
such centralized system is that the control is on only one
system (central server), which is very vulnerable in practice.
Anytime any disaster can happen to the network, due to natural
calamities, technical fault, signaling error or due to sabotage.
These causes deviation from scheduled operation and hampers
number of trains. The severeness of the disruption is measured
by the number of these affected trains. But due to complex
infrastructural network the effect of one disaster easily gets
distributed into some other parts also. This is known as knock-
on effect [10].
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Avgoustinos Filippoupolitis [8] in his paper has proposed
a fully distributed system, which takes into account the spatial
characteristics of hazard propagation. Their system is com-
posed of number of decision nodes (DN). When a change
occurs in environment, the DN close to the respective location
detects the event. In order to inform the rest of the DNs
regarding this change, the system floods the information. S.
Cicerone et. al. [9] have given a new concept for planning un-
der disturbance, dividing it into two phases: Strategic Planning
Phase and Operational Phase. But the drawback is, typically
there is not only one place of disruption. The consequence may
appear one after another. Their model do not handle this. Victor
Sanchez-Anguix et. al. [13] in their paper have presented an
agent-based add-on for the Social-Net Tourism Recommender
System that uses information extraction and natural language
processing techniques in order to automatically extract and
classify information. Aitor Mata and Beln Prez and Juan M.
Corchado [14] have given an idea about Organization Based
System for Forest Fires Forecasting (OBSFFF), which is able
to generate a prediction about the evolution in certain areas.
This is based on the Case-Based Reasoning methodology,
which uses historical data to create new solutions to current
problems. The system employs a distributed multi-agent ar-
chitecture so that the main components of the system can
be remotely accessed. Some researchers in their paper [15]
have presented a self-adaptive cooperation model to achieve
collaborative goals in crisis management scenarios. Though
there are large number of works on disaster management
in various traffic related problem [5], [11], [12], but a very
few paper properly handle the same in an optimized and
autonomous way. So, to handle such challenging scenario
in efficient manner, where network is broad and complex,
we use multiagent based approach which is autonomous and
inherently distributed in nature.

II.

As the Railway System is concerned, the problem of
scheduling a new train in an existing timetable can suitably
modeled through discrete mathematics where we can represent
the Railway System as a graph G =< V, E' >. We put Railway
Network (RN) as a pair of a graph (G) and an agency (A),
RN =< G, A >. Again, G =< V, E >, where V is set of
vertices and F is set of edges. In our system, V' represents a
station S and E represents a track between two stations. In
general, a station can have more than one platforms and trains
can stop here.

SYSTEM MODEL
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A. Notation

Indices and Parameters:

i Station index j Train index

l Track index k Platform index

n Number of stations m Number of trains

p Number of platforms oﬁT Arrival time of train j at i*"
at each station station in scheduled timetable

ojDiT Departure time of train j from 6ji Delay of train j at station ¢
station 4 in scheduled timetable ¢ Time instant

STh Threshold value for delay oni Journey time of train j in
of all trains original timetable

a Agent index q Number of agents

Decision Variables:

zfiT Arrival time of train j at station ¢ due to disaster

:L'ﬁT Departure time of train j from station ¢ due to disaster

tp Time of disaster

tr Time to recover with the density function ¢(x), where, z € [11, T2]

So, from the above notations,V = {v;|i € [1,n]} and v; =
s; means vertex is a station. There exist number of trains (7")
which are already in circulation, T = {T}|j € [1,m]}. The
agency is composed of number of agents as, A = {A,]a €
[1,q]}. Each station and train is associated with an agent. SA
and T'A denote the station agent and train agent respectively,
where s; € S with sa, € SA and T; € T with Ta, € TA.

B. Properties of the System

Properties of the Railway System can be expressed by
fluents (functions whose values change over time) and by
persistent functions (whose values do not change over time).
Persistent Function of the RN Physical Network:
max_capacity : S — N
max_capacity(s;) = n iff station s; can host at most n trains.
This information is only available to station agent.

Fluents Representing RN's Features:

current_capacity : N x S — N

current_capacity,(s;) = n iff station s; has room for n more
trains at time . This information is only available to station
agent sa;.

running_on: N x E—T

running_ont(e(i, j, k)) = Ty, ..., Ty iff T,,, ..., T| are the
trains currently running on edge e(i, j), where, T} is the first
train that left the station and 7, is the last who is following
previous trains maintaining a critical distance. This information
is only available to the station agent in charge of the station
from which the edge exits.

Persistent Functions of Train Schedule:

route : T x N — S

route(t;,i,) = S; iff the 4,'h station in #'s scheduled path is
S; (i, ranges between 1 and the maximum number of stations
that ¢; is expected to traverse).

scheduled_arrival : T x S — N
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scheduled arrival (7},S;) = n iff n is the time instant when
T} should arrive in S; according to the planned schedule.
max_speed : T — R

max_speed(T;) = r iff the maximum allowed speed for T}
is r, expressed in some suitable speed unit measure.
stop_value : T x S — Bool

stop_value(T;, S;) is true if T; will stop in station S; and
false otherwise.

Fluents of Train's Features:

current_position : N - (VUE) x R

current position (T;) = (v/e,d) iff T is currently either on
vertex v, in which case 7 is 0, or on edge e, in which case
d is the distance from the edge origin expressed in a suitable
distance measure unit.

C. Assumption

e There is only one track connecting two neighboring

stations and no crossover in-between.

e  There is at least one platform at each station.

e  Station Agent can communicate with incoming and
outgoing trains and with neighboring stations.

e  Train agent can communicate with station agents only.

e  All the trains begin and end their journey at stations.

e  All the trains move at a constant speed (generally with

its average speed).

I11.

METRIC DEFINITION

TRACK

" Directly Affected Track
""" Knock-on Effect
. Directly Affected Station
Ti05
T103 : -
— 13 () Knock-on Effect
T101 ~
{2 Train on Track

Train at Station

T102

T110

Fig. 1: Representation of Severeness and Knock-on Effect

o Severeness (|Tarr,|): It is described as how many
trains will be affected. Severeness of any disruption is
not easily assessed.

Tarr, CT
e Knock-on effect (KoE): A very common problem

in railway is that, due to strong interdependencies
in RN, and due to cost efficient resource schedules,
disruptions are very likely to spread over the network.
The key to good performance of railways is to limit



the knock on effect and thereby limit the impact of
single disruptions. We represent it in percentage. It
can be defined as,

|TarF,|

KoFE =
Ty

x 100 (1)

where 17 is the set of affected trains in the RNN.

IV. PROBLEM FORMULATION

There are n number of stations and m number of trains,
ie. S = {Sli € [I,n]} and T = {T; | j € [1,m]}. We
are assuming that every station S; has a particular number
of platforms P, (0 < P < p) and there is only one track
connecting S; to S/, where i,7 € [i,n] and i # i . These are
called the required resources R(T}) for train T; at any time
instant ¢. Every train T} has a predefined route of its journey
Route(T;) from source and destination. This route is defined
by sequence of stations S; where S; € V from the system
model of RN. Every station has its own database with all
the details of its neighboring stations and incoming-outgoing
trains, their arrival and departure and stop time. They also
have their own updation mechanism on time or trigger
basis, i.e. whenever any changes occur either for schedule or
disastrous phenomena it updates its database accordingly.
Initially TRACK (S;, S;) = 1 if two stations S; and S, are
adjacent to each other and zero otherwise. Now if any link gets
destroyed due to disaster, the end stations of this particular
edge updates its database as TRACK (S;,S;/) = —1. This is
denoted as TRACK p.

Let us now assume that 3 T; where j € [1,m] who have this
TRACKp in their scheduled route. These 7 are directly
affected trains. So, initially 77 = T;|j € [1, m], where T} is
the set of affected trains in the RN.

Both the stations S; and .S;; have an idea about the recovery
time tp of the disaster as per prior experience. .S; and
Sy send this tr as a message to all its neighbors S(; 1),
S(i'+1)’ where i,i/ € [1,n], from where some trains are
scheduled to come to these stations(either S; or S,/ or both).
Now S(;41) and S(¢’+1) will check for the fastest, say, T .
which is to arrive in S; or S, within that recovery time ¢. i.e.

O;‘iT(TjF’ Sl) = OinT(Tij S/) =tp+ir 2)
or
0 (T, 8i) = 05 (Tj, Sy) = tp +tr  (3)
Then set of affected trains will be updates as
Tarr =11 N T}, 4)

We then check for other trains at that particular route which
may arrive to S; or S within ¢tp. From this we will get
the set of trains which are Directly Affected Trains due to
disaster. Another consequence of this is the other trains which
follow this trains those may or may not get affected. For
the directly affected trains if we reschedule its path to avoid
disturbed route, there may arise a case where they conflict
with other trains in the network in terms of resources. As the
priority of trains also matters so for some trains 7}, where
j € [1,m]\TaFr, rescheduling may hamper scheduled route
of the other. Then these train will also be added with T4 rF.
So, this will be our total optimal set of affected trains T4 pr,,.
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A. Proposed Algorithm

To formulate our methodology we propose three algorithms
here. Algorithm 1. gives the idea about database updation of
neighboring stations before and after disaster. Algorithm 2.
determines the directly affected trains whereas, final optimized
number of trains are determined by Algorithm 3. as discussed
previously in section IV.

Algorithm 1 : Updation of Neighbourhood Stations

for VS; € S do
if Si/:Adj(Si) then
TRACK(S;, Slz )y=1
if TRACK (S;, Si, ) = TRACKp then
TRACK(S;,S,)=-1
end if !
end if
if Si/=NAdj(S,,) then
TRACK(S;,S/)=0
10: end if ‘
11: end for

Algorithm 2 : Getting the Directly Affected Trains

1: while TRACK (S;, Sir )= —1do
2 for vI; € T do

3 if (Route(T;) = S; ) V (Route(T;) = S, ) then
4: Tr =Tj N

5: end if
6

7

8

1:
2
3
4
5:
6:
7
8
9;

end for
for VI € T do
it (0" (Typ +Si )=tp + tr) V(0" (Tjp ,Sy ) = tp +tr) )
then
9 Tapr =T NT;,
end if
it (07T (Ty
Tarr =T NT;
end if
14: end for
15: end while

Algorithm 3 : Getting Total Optimized Number of Affected
Trains
1: for VT; € Tarpr do
2: CALL(Reschedule(T;(S;, S, )
T =T —TarFr
if R(T; ), = R(T, ), then
TAFFO = Tj +TJ_/
end if
end for

Si)=tp+tr) V(oFT (T}

r Sy ) =to+tr)) then

3
4
5
6;
7

B. Indian Railway System : A Case Study

In Indian Railway System, divided into 17 main zones
in total, which are again divided into number of divisions
and sub—divisions, a large number of trains are always in
circulation. However, unexpected events during the operation
process may cause disturbances. So, railway authority needs
to manage the whole network the trains with the help of the
real-time traffic management system to minimize the negative
effects arising from those disturbances. What makes it even
more challenging is that depending on the recovery time for
disturbance they have to take the decision that which trains
are being affected. Moreover traditionally, in Indian Railway
System, the operations are done manually. So, it takes huge
time to resolve everything (takes few hours or more). Whereas
in our case as autonomous agents communicate with each other
and collaborate in distributed fashion, it takes much less time
to overcome the scenario (few seconds only) as shown in Fig.
4.

V. EXPERIMENTS AND RESULTS

In our system we use two metrics Knock-on Effect [10]
and Severeness [10]. The effect of disaster in Railway Network
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Comparison between case-study and our proposed method

40

14 ' TRACK(2,3) —— ' TRACK(2,3) —— 400
TRACK((5,6);(5,10)) TRACK((5,6);(5,10) proposed*10 (time in second)
12 ;Eﬁg&g?g; 80 $E§8§ﬁ,g; 4 350 present/100 (time in second
g 10 : 8 ’ 300
g g 60 o 250
g P < T 200
4
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100
50 -
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Time of Recovery
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Fig. 2: Severeness for Disaster in dif-
ferent Track with respect to Time of

Recovery Recovery

is measured using the expression of metrics given in section
III. We consider ten stations with defined paths along with
fifteen trains in the network as represented in Fig. 1. In order to
simulate our proposed methodology i.e. to schedule a new train
in an existing timetable with delay optimization, we use JADE
[17]. We run our algorithm for different TRACK which faces
inconvenience due to disruption. We also vary recovery time to
elaborate the effect. Fig. 2. represents the graph of severeness.
Here we plot severeness with respect to time of recovery for
each track. In the second graph, i.e. Fig. 3., we plot knock-on
effect with respect to time of recovery for each track. It is
plotted in percentage basis for convenience. Fig. 4. shows the
comparison between existing solution from case study and our
proposed solution, where the deviation of the proposed method
is noticeable in positive sense. It is also clearly seen that our
scheduling algorithm generates faster response.

VI. CONCLUSION

Few algorithms are proposed here which handle disastrous
situation in railway network. The simulation is also done to
make sure the effectiveness of those algorithms. The use of
agent technology makes the system more efficient. Future work
focuses on probabilistic nature of disaster and its recovery
through rescheduling.
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