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Abstract Population in cities is increasing very rapidly and hence demand of utility commodities is also increasing day
by day. There is a need for the fleets of vehicles to deliver goods and material from distribution centres to local consumer
locations within optimal travel distance and time. In this study, the above transportation problem have been tackled by
solving the vehicle routing problem for the distribution of goods and material from the multiple distribution centres (depots)
to the individual customer locations (stores) within predefined time window of each customer and distribution centre, and
based on the carrying capacity of the moving vehicle. The Multi-Depot Capacitated Vehicle Routing Problem with Time
Window (MDCVRPTW) can be described as the combinatorial optimization transportation problem based on minimum cost
route for a fleet of vehicles from the depot to a set of geographically scattered customer locations. The route must be defined
in such a way that the each customer location is visited only and only once and only by one vehicle within a given time
window, all the routes start and end at the same depot, and the total demand of all the customers on one particular route must
not exceed the capacity of the vehicle moving on that route. In this study, geographical information system (GIS) technology
is used for obtaining the near optimal solution of MDCVRPTW in terms of minimizing delivery cost with respect to travel
distance and travel time, without violating the capacity and total trip time constraints for each vehicle. Multiple parameters
like customer demand in terms of type of material and time, service time, waiting time, violation time, vehicle capacity,
vehicle type, multiple-distribution centres, trip duration, lunch break during the trip, travel restriction over areas, time
window at stores, type of delivered material, time impedance, distance impedance, over time servicing have been considered
to perform the MDCVRPTW. We have taken three distribution centres and thirty nine stores, and different types of vehicles
like three, four and six wheeler of varying capacity to deliver the goods and materials from the distribution centres to the
individual stores. In this study the Tabu search algorithm is used in GIS for the near optimal solution of MDCVRPTW. This
algorithm uses three types of movements to obtain multi route adjacent solutions: the relocation, interchange and crossover
movements. Computational results are presented and demonstrate the effectiveness of the proposed approach on
MDCVRPTW in GIS environment.

Keywords Tabu search algorithm, Transportation network, Time windows, Vehicle capacity, Multi-depot, Geographical
Information System (GIS)

customers within minimum time and cost frame by covering

1. Introduction shortest distances to cover each customer once. In any city,
' road network is the backbone of the circulation within city
1.1. Background for the delivery of goods and services. There can be various

types of road networks which have been developed in cities,
linear, organic, grid iron, radial are some of them. Road
networks play an important role in the development of the
city and an efficient network provides optimum travel time
and distance to the user from origin to the destination.
The class of vehicle routing problems addresses situations
characterized by a variety of operational characteristics, such
) as the type of distribution, service nature, constrained
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The urban population and number of vehicles are
increasing rapidly day by day and causing problems in road
traffic movement which affect various human activities. Due
to growth of population in cities, demand of utility
commodities is also increasing day by day, so there is a need
for the fleets of vehicles to deliver goods and material to the
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classification, so

lution methods and applications of vehicle

numerous reports comprising surveys of problem routing.
; Store-4, T4, dg,
Store-12, T,q3, dip, . M, [Perqal, Tes
L [DP12,A12]) Toaz, Megz . ""\”\' """""""""""
g t -7 IR ‘
P e i
//// s\\\s\ //// \\\\ Store-3, Tv3! d3,
// ‘\s‘\ ’/’ ~ r. -1 m ar
Sso Pae
” ~o
Store-13, T3, di3, -7 S~ N
' [ 1, T3, M ” TSl | N
VP13, 9130 1s13, Mys Se.ea N
Y Store-11, Tyq1, dyq, v. Store-5, Ts, ds, N
i N
\\ \ D11, 0111, Terr, Mias P [ps,as], Ts, M N
\ \ - ” i
\ \ - -
\ Phe
Store-14, T, 14, dig, \\ ,,’ Store-2, ., do,
i - -
[ ’ ]n T ’ M \ - - /
\\3 P14, 914); Ts14) Meas \*I// [pz,qZ]ll Tsz, Myz
\ 1
3 Y Depot-1 Depot-2 /
i Store-15, Tv“s, dys, \\\ !
: s < 1
: \ ’ So l
.‘Epl& 5], Toze, Muss | Name, Type of Goods, Type and ~ /
- \ s ~ /
Te=L_ /11 Number of vehicles, Trip duration, Q RN N /
' ! TTe-s /l 1 REN !
\ \\ 7 T=lsT -—o_ ~
\ -~
\ \ / Depot-3 |
A \ 4 i
\
\ \ ,' \\ Store-1, T,q, dq,
\ \ 7 \
\\ ‘\ ,I \\ [pr, a1l Ty, My
\ \
\ ' N
\ ] \
i \
N ~ Store-6, Ty, dg,
\ |
N i [peqel, Tser Mes : ‘
' oo Store-8, T, dg, | 4 Store-10, Tyyg, dio,
\ [
\ ,dgl, Tsgy Mg 17
\\ [Ps: Go]. Too Mis i [P10,q10], Ts10, Miro
1
\
\ 1
\ . So 1
\ - 4 So 1
\ -7

*’ Store-9, T, do,

[Po, o], Tso, Myg

Store-7, T,, dy,

[p7,q7], Te7, My

T,; = Violation Time at store i

d; = Demand at store i

|:| Depots (Distribution Centres)

. Stores (Customers) [a;, b;] = Time Window of store i

T,1 = Service Time at store i

M,; = Type of delivered material

Q = Set of Vehicle Capacities at each

depot

Figure 1. Example of MDCVRPTW
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Road network is basically a system of interconnected
linear (Roads) and point (junctions/intersections) features
through which vehicles are moving and this can be represent
in terms of graphs. All the point and line features can easily
be represent in geographic information system in referenced
way. Remote Sensing (RS) and Geographic Information
System (GIS) technologies have the capability to solve the
network related problems such as optimal path finding,
closest facilities searching, service area analysis, travelling
sales man problem, vehicle routing problem. All the real
world restrictions, limitations and constraints can also be
handled very easily with the help of GIS technology.

In this study we have used the capabilities of RS and GIS
technologies to handle the vehicle routing problem in
Dehradun city for the delivery of goods and material from
main distribution centre to the local store keepers
(customers). The main interest of this study is to incorporate
the multiple vehicles, capacity of each vehicle and also the
time preferences of each customer (time window) in the
solution of VRP using Tabu search algorithm in GIS
environment and finally find out the results in the form of
maps with proper travel directions of routes of vehicles.

Digital database creation of road transportation network
for MDCVRPTW in GIS, analysis of MDCVRPTW using
Tabu search algorithm by considering multiple parameters in
GIS environment, and finally generate the results in map
form with proper routes and travel directions of every
vehicle, are the main objectives of this study. In this study
multiple parameters like customer demand in terms of type
of material and time, service time, waiting time, violation
time, vehicle capacity, vehicle type, multiple-distribution
centres, trip duration, lunch break during the trip, travel
restriction over areas, time window at stores, type of
delivered material, time impedance, distance impedance,
over time servicing have been considered to perform the
MDCVRPTW.

The potential challenges in obtaining the solution of
MDCVRPTW in GIS environment using Tabu search
algorithm are like what are the essential attributes of the
transportation network (includes line and point features) and
Network Dataset to find out the solution of MDCVRPTW
and how can these be incorporated in the analysis using GIS
technology? If the carrying capacity of the wvehicles is
varying then how the Tabu search algorithm handles this
situation? If the total time span for the services is very large
(since morning to evening), then the drivers also want to take
a lunch break in between the journey, so how this lunch
break can be incorporated in the solution of MDCVRPTW?
Apart from these if any particular location or area is blocked
temporary or permanently then how the vehicle routes are
affected under this situation?

1.2. Multi-Depot Capacitated Vehicle Routing Problem
with Time Window (MDCVRPTW)

Vehicle Routing Problem (VRP) is an important problem
in the fields of road transportation, distribution and logistics

in the context of delivery of goods or materials located at the
central distribution centre (depot) to geographically scattered
customers (stores). Since each vehicle has its own carrying
capacity so this normal VRP is called Capacitated Vehicle
Routing Problem (CVRP). The capacitated vehicle routing
problem with time windows (CVRPTW) is an extension of
CVRP in that each customer location must be served by a
vehicle within a certain given interval of time (time window).
The multi-depot capacitated vehicle routing problem with
time window (MDCVRPTW) is the further extension of
CVRPTW in that there are more than one central distribution
centres (depots) to serve the customers. This MDCVRPTW
is very frequently used in making decisions for the
distribution of goods and services.

This problem involves a fleet of vehicles starting from the
depots to serve a number of customers only and only once at
different geographical locations along with various demands
and within a specifictime windows before coming back to
the same depot. The main objective of this problem is to find
routes for all vehicles to serve all customer locations only
once at a minimum total delivery cost (in terms of travel
distance and time) without violating each time window set
by customers at customer location and carrying capacity of
vehicle. In this study the optimal solution of MDCVRPTW is
carried out using Tabu search algorithm in GIS environment
under without violation of above mentioned constraints.

For better understanding to this problem, a practical
example with three depots and fifteen customers is illustrated
in Figure 1. In this figure the values in the dotted box beside
the depots represents the name of the depots, type of material
which is delivered to the customers, type and number of
vehicles available at the depots, total allowed trip time and
the capacity of each vehicle. The values in the dotted box
beside the stores represents the number of store, violation
time by the vehicle, demand of material, delivery duration
(time window), service time and type of demanding material
at that store.

In this study we have three depots having different
materials to deliver to the store through vehicles of same as
well as varying capacity. The stores also have the varying
demand in terms of type of material, quantity and time.

1.3. Mathematical Formulation of Multi-Depot
Capacitated Vehicle Routing Problem with Time
Window

In the context of graph theory the MDCVRPTW can be

defined by a directed graph G = (N, A) where
N=N,uU N, is the set of nodes with
NC={N1,N2, ...... ,Nn} is the set of n customer
locations (stores), N, :{le, N Nw}‘ is the
set of r depots, and

A={(N;,N;): N;,N; € N,UNy, i=jj is the set

of arcs, satisfying the condition that all the routes of vehicles
will start and end at the same depot.
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A cost C; (travel distance) and travel time t; where
i#], are assigned with each arc (N;,N;) €A of the

road network, and the non-negative demand d; and
non-negative service time (delivery time or time window)
T :[ai,bi] are associated with each customer location
e N, . Let a set of m vehicles is V={V1,V2, ...... ,vm}
and corresponding set of non-negative carrying capacity of
each vehicle is Q={g,,0y,......qm }- Let T,=[a,,b,] is
the loading time (depot time window) for each vehicle at the
depot locationie N, and D is the total allowed time span

(trip time) of complete service by all the depots in a day.

At each customer location, the service must be start within
the given interval of time, called a time window
t,=[a,,b,]ieN,. The vehicle is allowed to reach the

customer location before the opening of the time window,
and wait at no cost until service becomes possible, but it is
not permitted to arrive after the latest time window.

A route R is characterised by the set of customers it
contains. Hence for this two coefficients are defined as

1
iR = 0

if customer iis onthe route R
otherwise

1 if route starts and ends at depot ¢
Pre ={O otherwise
If F represents the set of all possible route R satisfying
n
D A4rGi<Q (1)
i=1
and
r
D Bri=1 @)
=1

Our formulation for MDCVRPTW uses three binary
decision variables as follows

1 if and only if route R e Fis assigned
to vehicle k
0  otherwise

k
XR:

1 if and onlyif thevehicle k starts at
depot /

0 otherwise

and

1 if and onyt if the vehicle kserve the

K custormer i
Zi =

0  otherwise

Let define the parameter Ag and pg are the travel time
of the vehicle on route R and total time (travel and service
time at customers on that route) of route R respectively. If the
route R starts and ends at the same depot then the parameter
Ar can be obtained by solving the travelling salesman

problem only on the nodes of route R. Thus the g can be
written as

n
,uR:Ti+/1R+ZaJ-RTj, ieNyg&jeNc
=t

Here the main objective is to find out a route set of
minimal cost, only one for each vehicle in such a way that
every customer is served only once. All the routes must be
feasible with respect to the time windows of customers
serviced and the carrying capacity of vehicles.

Mathematically the MDCVRPTW using Tabu search
algorithm can be stated as-

Minimization conditions

m [F]
minimum ) > g Xg
k=1R=1
®)
m n K
minimum » > c;j Xg
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The objective function (3) states that the total costs should
be minimized in terms of travel distance and travel time.
Constraints set (4) states that each customer location must be
visited exactly once, while constraints set (5) make sure that
at most one rotation is assigned to one vehicle. The
constraints set (6) ensures that when a vehicle goes to an
intermediate customer location, it also leave that customer
location. Constraints set (7) ensure that the total duration of a
rotation of a vehicle, and constraints set (8) impose that no
vehicle can serve more customers than its capacity permits.

The constraints set (9) states that the vehicle k cannot

arrive at j" customer before Z+1; +t; if it travels from i"

customer to ™ customer. Constraints set (10) guarantee that
every route starts and ends at the same depot location.
Constraints sets (11) and (12) represent the integrity
constraints. And finally the constraints set (13) ensure that all
time windows of customers are respected.

2. Litrature Review

Because MDCVRPTW is a very complex problem in the
context of road transportation so only small instances of the
MDCVRPTW can be solved exactly, it is clear that one
cannot expect to solve the MDCVRPTW with the above
formulation. We have therefore opted for the development of
a Tabu search (TS) algorithm. This choice is motivated by
the success of TS for the classical VRP and the MDVRP
[14].

A lot of research has been carried out in the field of
logistics, from the traveling salesman problem to complex
dynamic routing problems. Among the prominent problems
in distribution and logistics, the vehicle routing problem and
its extensions have been widely studied for many years,
mainly because of their applications in real world logistics
and transportation problems. The time of the VRP solution
grows exponentially with increasing the distribution points.

In this section, we will describe our algorithmic approach
for the MDCVRPTW. It is based in part on the adaptative
memory principle proposed by Rochat and Taillard [15]
where solutions are created by combining elements of
previously obtained solutions. Here single-depot and
multi-depot routes will be combined, these routes will be
generated by means of a Tabu search applied to three types
of problems resulting from the decomposition of the
MDCVRPTW into an MDVRP, VRPTW and CVRP

sub-problems. Inan MDCVRPTW problem, a set of minimal
cost routes are generated on a network composed of
customers and more than one depot, where each route starts
and ends at the same depot.

Our Tabu search is based on the TS heuristic proposed by
Cordeau et al. [16] which has proved highly effective for the
solution of a wide range of classical vehicle routing
problems, namely the Periodic VRP, the MDVRP as well as
extensions of these problems containing time windows [17].
We now recall the main features of this heuristic.

Neighbor solutions are obtained by removing a customer
from its current route and reinserting it in another route by
means of the GENI procedure [18]. In the MDCVRPTW,
insertions can be made in a vehicle associated with the same
depot and same type of delivery goods or material.

To implement Tabu tenures for the VRP a set of attributes
(i,k) indicating that customer ieN, is on the route ReF

of vehicle keV is first defined. Whenever a customer
ieN, is removed from route ReF , attribute (i,k) is
declared Tabu, and reinserting customer ieN, in route
ReF is forbidden for a fixed number of iterations. The
MDVRP works with attributes (i,k,/) , meaning that
customer ieN. is on the route ReF of vehicle keV

from depot /. The Tabu status of an attribute is revoked if the
new solution is feasible and of minimum cost than the best
known solution having this attribute.

To broaden the search, infeasible intermediate solutions
are allowed by associating a penalized objective f(s) to each
solution s. This function is a weighted sum of three terms: the
actual solution cost c(s), the violation q(s) of the capacity
constraints, and the violation t(s) of the duration constraints.
The global cost function is then f(s) = c(s) + a q(s) + b t(s),
where ‘@’ and ‘b’ are positive parameters dynamically
updated throughout the search. If the solution is feasible the
two functions c(s) and f(s) coincide. This mechanism was
first proposed by Gendreau et al. [19] in the context of the
VRP. It allows the search to oscillate between feasible and
infeasible solutions and enables the use of simple
neighborhoods which do not have to preserve feasibility.

Several algorithms are available in the literature for the
solution of VRP. Because this is a hard combinatorial
problem, exact methods tend to perform poorly on large size
instances, which is why numerous heuristics have been
developed in the different studies. These include classical
heuristics such as construction and improvement procedures
or two-phase approaches, and meta-heuristics like simulated
annealing, genetic algorithm, variable neighborhood search
and evolutionary algorithms as in [20], [14] and [21].

In some contexts, one can assign more than one route to a
vehicle. The Vehicle Routing Problem with Multiple Use of
Vehicles (VRPM) is encountered, for example, when the
vehicle fleet is small or when the length of the day is large
with respect to the average duration of a route. The first
heuristic was probably proposed in [22] for this problem. It is
based on the savings principle for route construction
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combined with a bin packing procedure for the assignment of
routes to the vehicles. Again using a bin packing procedure
for assigning routes to vehicles an adaptive memory and a
Tabu search heuristic have developed in [23]. Other
heuristics have been proposed for the VRPM, such as those
of [24] and [25] based on Tabu search or, in the ship routing
context, the methods proposed in [26] and [27] which create
routes by solving traveling salesman problems (TSPs) and
solve an integer program for the assignment part.

Another well-known generalization of the VRP is the
Multi-Depot Vehicle Routing Problem (MDVRP). In this
generalization every customer is visited by a moving vehicle
based on one of several depots. In the standard MDVRP
every vehicle route must start and end at the same depot.
There exist only a few exact algorithms for the solution of
this problem. The exact branch-and-bound algorithms have
been developed in [28] and in [29] but these only work well
on relatively small instances. Several heuristics have been
put forward for the MDVRP and early heuristics based on
simple construction and improvement procedures have been
developed by several authors in [30], [31], [32], [33], [34],
[35], [36].

More recently, a search procedure have been proposed in
[37] with combining the [10] for record-to-record local
method for the reassignment of customers to different
vehicle routes, followed by [38] for the improvement of
individual routes. A Tabu search heuristic has described in
[39] in which an initial solution was built by first assigning
every customer location to its nearest depot. A petal
algorithm developed by [40] is then used for the solution of
the VRP associated with each depot. The Tabu search
approach of in [16] is probably the best known algorithm for
the MDVRP. An initial solution is obtained by assigning
each customer to its nearest depot and a VVRP solution is

generated for each depot by means of a sweep algorithm.
Improvements are performed by transferring a customer
between two routes incident to the same depot, or by
relocating a customer in a route incident to another depot.
Reinsertions are performed by means of the GENI heuristic
[18]. One of the main characteristics of this algorithm is that
infeasible solutions are allowed throughout the search.
Continuous diversification is achieved through the
penalization of frequent moves.

The Multi-Depot Capacitated Vehicle Routing Problem
with Time Window (MDCVRPTW) has not received much
attention from researchers. A simplified version of the
problem is discussed in [41] and [42], in these they assumed
that customer demands are all equal to Q and that inter-depot
routes consist of back-and-forth routes between two depots.
This problem is transform into a matching problem using
greedy algorithm by the authors. Angelelli and Speranza [43]
have developed a heuristic for a version of the Periodic
Vehicle Routing Problem (PVRP) in which replenishments
at intermediate depots are allowed. Their algorithm is based
on the Tabu search heuristic of [16]. A version of the
problem where time windows are considered is proposed in
[44].

Our interest in the MDCVRPTW problem arises due to the
distribution of different type of materials like Grocery,
electronics & Electrical, Bakery and Cold Drinks item from
three types of distribution centres (multi-depot) by multiple
vehicles (three, four and six wheeler) of varying capacity in
the a part of Dehradun city area. Several similar applications
are encountered in the context where the route of a vehicle
can be composed of intermediate stop (Lunch break) in order
for the vehicle to be replenished. Our aim is to develop a
Tabu search for the MDCVRPTW and to introduce a set of
benchmark instances for this problem.
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3. Study Area

A part of the capital city Dehradun of Uttrakhand state,
has been taken as the study area for this study. It is located
between the parallel 30°17° 31.63” N to 30°17” 31.63” N
and meridian 78<1°52.87” E to 78<3’45.38” E, and at an
altitude of 640 meters above the mean sea level. The total
area covers approximately 10.0 sg. km., and shown in Figure
2.

4. Materials and Methods

4.1. Satellite Data Used

In this study, the IKONOS satellite (launched date 24"
Sep, 1999) data is used for the preparation of digital database
in GIS environment for MDCVRPTW. IKONOS satellite
image is of high spatial resolution (Nadir: Panchromatic 0.82
ms & Multispectral 3.2 ms; 26° off Nadir: Panchromatic 1 m
& Multispectral 4.0 ms) and used in the development plan of
city for identifying to roads, and other urban features.

4.2. Field Data Acquisition

In addition to satellite data we have collected field data of
various locations of distribution centres and stores in our
proposed study area using hand held Garmin GPS. At the
same time the attribute information for distribution centres
and stores is also collected from the field. Table 1 shows the
attribute field data which was collected from field survey.

Table 1. Attribute data of Distribution Centres and Stores

Locations Related Information
Name, Type of Material, Number and type of
Three . . . o .
L Vehicles, Capacity of Vehicles, Trip time (Time
Distribution . - . I .
Window), Service Time (loading time), Latitude
Centres -
& longitude
39 Stores Name, Product Demand, Time Window, Service
time, Violation Time, Latitude & longitude

4.3. Software Used

In this study, ESRI desktop product ArcGIS 10.0 software
is used for the creation of GIS database, spatial and
non-spatial data entry and editing, topology -creation,
network dataset creation, MDCVRPTW analysis and finally
generating the maps of MDCVRPTW results along with the
travel directions of each vehicle.

4.4, Methods Used

The method used in this study is explained in the form of a
flow chart (Figure 3). It is further described under various
heads mentioned below.

4.4.1. Flow Chart
The flow chat of methodology adopted in this study is

shown in Figure 3.

IKONOS
Satellite Image

GPS Field
Survey

A 4

GIS Database Creation

A 4

Spatial Data Entry &
/—"\ Editing

Feature

A

classes l— Attribute Data Entry <
o Major roads

o Minor roads
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N
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Network Dataset Creation
and Editing

A\ 4

Network Layer Analysis

A 4

Vehicle Routing Problem
(VRP)

\ 4

Performing MDCVRPTW

!

Resultsand Map Generation
with Travel Directions

Figure 3. Flow Chart of Methodology

4.4.2. Database Creation

Creation of database is important part for the analysis,
here geo-referenced IKONOS satellite image with
WGS_1984 Datum, UTM Projection and 44 N Zoneis used
for preparing database in GIS environment. Personal
geo-database has been created with feature class dataset and
feature classes in the same coordinate system as the satellite
image. To store the spatial information in this database, we
have created major roads, minor roads and streets as the line
features, depots (distribution centres) and stores (customer
locations) as the point features. To manage the non-spatial
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information about all the point and line features for the
requirement of analysis of MDCVRPTW, different attribute
fields and their data types for line and point features have
been created, these fields are shown in the tables 2, 3 & 4.

Table 2. Attributes of Line Features

S. No. Attribute Fields Data Type
1. Object ID Short Integer
2. Shape Text
3. Shape Length Double
4. Meters Double
5. FT-Speed Short Integer
6. TF-Speed Short Integer
7. FT-Minutes Double
8. TF-Minutes Double
9. One way Text
10. Prefix Text
11. Prefix type Text
12. Suffix Text
13. Suffix type Text
14. Full names Text
Table 3. Attributes of Distribution Centre
S.NO. Attribute Fields Data Type
1. Object ID Short Integer
2. Shape Text
3. Name Text
4. Material_type Text
5. Vehicles_Type Text
6. Vehicle_Capacity Long Integer
7. Number_Vehicles Short Integer
Table 4. Attributes of Stores
S. No. Attribute Fields Data Type
1. Object ID Short Integer
2. Shape Text
3. Name Text
Demand_EE,
4. Demand_Bakery, Short Integer

Demand_Gro_CDrink

Service_time_EE,
5. Service_time_Bakery,
Service_time_Gro_CDrink

Short Integer

Start_time_EE, Start_time_Bakery,

6. Start_time_Gro_CDrink Date
End_time_EE, End_time_Bakery,

£ End_time_Gro_CDrink Date

8. Demand_Product_Type Text

Violation_time_EE,
9. Violation_time_Bakery,
Violation_time_Gro_CDrink

Short Integer

4.4.3. Spatial and Non-spatial Data Entry and Editing

In spatial data entry part, the spatial information of line
features have been entered by means of digitization in GIS
environment over satellite image, and point features have
entered using coordinates values (latitude and longitude)
which is collected from the study area during field survey
using GPS. To fulfill the requirement of the road network
analysis, we have edited the nodes (vertices) and also
modified the shape of the line feature for better connectivity
among the features.

The non-spatial data entry is indicates the attribute
information of all features of all feature classes. For line
feature classes, the attribute information as shown in table 2
are entered into the attribute tables of corresponding feature
classes. The attribute information for point feature classes
have entered into the attribute tables of these feature classes
according to table 3 & 4.

For line features we have used the time as well as distance
as the cost functions (impedance factor) for the analysis of
MDCVRPTW. For this we first collected the maximum
allowed speed on the individual line feature and using this
speed and length of line feature the travel time is calculated
for each line feature. In our study we have introduced this
allowed speed as well as travel time for both the directions
that is from-to (FT, along the digitizing direction) and
to-from (TF, opposite to the digitizing direction) speeds and
travel times.

Mathematically, the travel time cost function can be
written as

_ 0.06x Lengthof Line Feature

FT _Time= 14

- FT _Speed (14)

TF Time= 0.06x Lengthof Line Feature (15)
TF _ Speed

Here the unit of travel times, length of roads and speed on
the roads is in minutes, meters and kilometre per hour
respectively.

4.4.4. Creation and Validation Network Topology

To overcome the problems of connectivity and continuity
among the line and point features during digitization, we
have created feature dataset based network topology of all
point and line feature classes. During network topology
creation we have added the following topological rules
keeping cluster tolerance 0.001 meters.

. Distribution_Centres must not disjoint

. Stores must not disjoint

. Major_Roads must not overlap

. Major_Roads must not overlap with Minor_Roads
. Major_Roads must not overlap with Streets

. Minorr_Roads must not overlap

. Minor_Roads must not overlap with Streets

. Streets must not overlap

. Major_Roads must not have dangles

10. Minor_Roads must not have dangles

[N

©O© 0o NO 01 W
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11. Streets must not have dangles

4.4.5. Network Dataset Creation for MDCVRPTW

Network dataset is a set of all vertices and edges which
stores all the line and point features together for performing
the network related problems in ArcGIS software. To solve
the MDCVRPTW we have created a network dataset of all
the line and point features. The main elements of network
dataset are connectivity, turns, attributes and direction. In
this study we have decided any vertex connectivity policy to
connect all linear features at any possible vertex and override
connectivity to connect all point features to its nearest line
feature.

In case of turn we have chosen the all possible turn (global
turns) at a roundabout or intersection of line features. For
network attribute, three types of attribute have been created
in which two ‘Travel Distance’ and ‘Travel Time’ are cost
type attributes and one ‘Oneway’ is restriction type of
attribute.

To get better output in term of proper travel directions of
vehicle route from the distribution centre to the concerned
stores to the same depot we have assigned the direction fields
Prefix, Prefix type, suffix, suffix type and full name of each
and every line feature in the network dataset.

4.5. Modes of Transport Used

The mode of transportation is also important in the field of
transportation and logistics. In our study area only road

transportation is allowed and following types of vehicles are
used for the delivery of goods and material as.

a) Truck (Six wheeler)
b) Mini truck (four wheeler)
¢) Max Diesel & CNG (three wheeler)

5. Results and Discussions

In this section the results of MDCVRPTW are shown in
various heads based on multiple parameters and attributes
related to distribution centres and stores like type & capacity
of vehicles, time window of each store, total trip time, cost
function, demand and service time at each store etc. In each
head, we vary types of these input parameters and observe
the vehicle routes.

This section explains the sensitivity analysis of different
parameters and attributes as well as computational results.
We first describe how the complete dataset and hence the
network dataset and vehicle routing analysis layer have been
generated? Finally, GIS results of MDCVRPTW using Tabu
Search algorithm are presented in the Map forms with proper
travel directions, travel distance and travel time followed by
discussion.

5.1. GIS Database and Network Dataset

The complete GIS digital database containing point and
line features of the study area are shown in Figure 4.
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Figure 4. GIS Spatial Database of Study area
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The required attribute information associated withline and point features for the solution of MDCVRPTW are shown in
Table 5 & 6.

Table 5. Attributes of Major Roads

SHAPE |NAME PREFIX PREFIX SUFFIX FullName |FT_SpeedTF_Speed(FT Time TF_Time|Oneway| Meters
Length TYPE
DHARAMPU
MAJOR |DHARAMPUR BYPASS |RCHAUKTO
277 2 i 2 77
1552.771 ROAD6 |CHAUK CHAUK ROAD BY PASS 35 32.00 266 291(FT 1552771
ROAD
RACE
COURSE
MATOR |RACE SHEMROCK
515.032 i ROAD SHEMROCK 32 30.00 097 1.03|FT 515.032
ROAD1 |COURSE SUNSHINE SUNSHINE
ROAD
DHARAM
MATOR MOTHARWA | PUR CHAUK
1330271 DHARAM PUR | CHAUK 32 30.00 249 266(FT 1330271
"lroaD 17 LAROAD |MOTHARWA '
LAROAD
NAVIYOTI
MAIJOR NAVIYOTI HOSPITAL
7 2 251 . . .
413.133 ROAD 12 Egil;}lTAL ROADEND | RIVER END ROAD RIVER 8 5.00 0.89 0.99 413.133
END
DHARAMPU

MAIGR D UR NAVIYOTI | RCHAUK

1130.296 CHAUK HOSPITAL | NAVIYOTI 35 32.00 1.94 212|TF 1130.29¢6
ROAD2 (CHAUK
ROAD HOSPITAL
ROAD

Table 6. Attributes of Distribution Centres

Name | Material Type | Vehicle Type | Vehicle Name | Vehicle Capacity |[No Vehicle

Agrawal Max Diesel and
.o Bakery It Three Wheel - 1000 1
distributor ety Hems =e selet CNG
Electrical &
Mahmood Electronics Four Wheeler Mini Truck 2000 2
agency Items

Amandeep | Grocery & Cold

. . Six Wheel Truck 3000 4
pepsico Drinks Items tx vieeter e

Here the shape Length and Meters attribute fields represents the length of major road in meters, Name field represents
name of major road, PREFIX & SUFFIX represent the what is at the starting and end of the major road, Full Name is name of
road name followed by its prefix and suffix, FT_Speed & TF_Speed and FT_Time & FT_Time are the maximum allowed
speeds (in km/h) & travel times (in minutes) of the vehicle on the major roads along the (From-To) and reverse (To-From)
direction of digitization. In ‘Oneway’ field FT and TF represent the vehicle movement is restricted along (FT) and reverse
(TF) direction on that road respectively i.e the road is one way, however, blank entry in this field does not restrict the
movement of vehicle in any direction.

In this GIS database there are total three distribution centres (depots), 39 customer locations (stores), 594 streets, 53 minor
roads and 25 Major roads.

The geodatabase based network dataset for the analysis of MDCVRPTW is shown in Figure 5. This network dataset has
edges (line) and junctions (points) features in it with 1131 junctions.

Once the network dataset is built, we are ready to perform the analysis of MDCVRPTW. In the network analyst toolbar
after checking the network analyst extension we have chosen the vehicle routing problem (VRP) layer and then loaded all the
distribution centres and stores and decides the routes of all the vehicles.

5.2. Distribution of Bakery, Electrical & Electronics, and Grocery & ColdDrink Items

In this part the distribution of Bakery items from Agrawal distributor, Electrical & Electronics (EE) items from Mahmood
Agency, Grocery & Cold drink items from Amandeep pepsico is analysed to all the stores according to their requirements.
For this, all the customer locations (stores) are assigned to the orders, distribution centres to the depot of VRP analysis layer.
The routes of all seven vehicles are predefined under routes layer by the names vehicle_1, vehicle_2 and so on. In this study
multiple parameters for vehicle (like start & end depot names, vehicle capacity, fixed vehicle cost, cost per unit time &
distance, number of order count etc.), for store location
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(Stores name, service time, start time Window, end time Window, maximum violation time and deliveries quantities) and
for distribution centres (name, time window, loading time etc.) have been assigned. The trip time for each distribution centre
is since 8:00:00 AM to 5:30:00 PM. These types of multiples inputs have not been considered in other studies yet. Figure 6
shows the routes of all vehicles e.g. route of vehicle from the distribution centre to all covered customer location and finally
return back to their respective distribution centre. The routes of all the vehicles are shown by different colour under legend in
Figure 6.

Network Dataset
e N
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Figure 5. Network Dataset of Network Database
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Figure 6. Route of all Vehicles
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Route: Vehicle 1
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Start at agrawal distributor
Time Window: 8:00 AM - 5:30 PM
Service Time: 40 min

Go east on street13 toward street12

Turn right on DHARAMPUR CHAUK NAVIYOTI HOSPITAL ROAD
Make sharp left on EXCISE CUSTOM ROAD

Turn right on MANAYV BHARTI NEHRU COLONY ROAD

Turn right on street70

Arrive at pathak jeneral and provision store, on the left
Time Window: 9:30 AM - 9:53 AM
Service Time: 34 min

Depart pathak jeneral and provision store

Go back northwest on street70

Turn right on MANAV BHARTI NEHRU COLONY ROAD
Turn left on NEHRU COLONY THANA ROAD

Arrive at abhay general store, on the right
Time Window: 10:25 AM - 10:40 AM
Service Time: 23 min

Depart abhay general store
Continue northwest on NEHRU COLONY THANA ROAD
Turn left on street23

Arrive early at chanchal goods merchant
Time Window: 11:40 AM - 12:10 PM
Wait Time: 47 min
Service Time: 40 min

Depart chanchal goods merchant

Continue southwest on street23

Turn left on B BLOCK LAKSHMI COLONY ROAD
Continue on PARK TO BLOCK B ROAD

Turn right on PARK EXCISE ROAD

Turn left on street8

Turn right on street9

Turn left on LIC ROAD

Arrive early at sanjay electronics
Time Window: 12:50 PM - 1:00 PM
Wait Time: 23 min
Service Time: 20 min

Depart sanjay electronics

Go back northwest on LIC ROAD

Turn left on PARK EXCISE ROAD

Turn right on DHARAMPUR CHAUK NAVIYOTI HOSPITAL ROAD
Turn left on street13

Finish at agrawal distributor, on the right
Time Window: 8:00 AM - 5:30 PM
Service Time: 10 min

Total time: 4 hr 10 min

Total distance: 2896.5 m

Total wait time: 1 hr 16 min
Start time: 06-Jan-14 2:11 AM
Finish time: 08-Jan-14 1:21 PM

[+] Route: Vehicle 2

2896.5m 4 hr 10 min

14m
362.4m
161.6m
376.2m
40m

40m
393.2m
215.7m

3443 m
72.1m

128.1m
52.4m
29.1m
87.7m
8.8m
109.5m
23.3m

73.3m
138.7 m
211.2m
14m

5232.2m

40 min

< 1min
< 1min
< 1min
<1min
< 1min
34 min

<1min
< 1min
< 1min
25 min

<1min
<1min
1hr 27 min

< 1min
< 1min
< 1min
< 1min
< 1min
< 1min
< 1min
49 min
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8 hr 3 min
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Figure 7. Driving direction of Vehicle 1
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Table 7a. Attribute information of all the Vehicles (Part A)

Unit Unit Order Total | Total

Mame Start Depot End Depot Capacitiezs| Time |Distance Count Travel | Order

Cost Cost Time | Time

Wehicle_1| agrawal distributar | agrawal distributar 1000 210 025 4 5638 7a.00

Wehicle_2 | mabmood agency | amandeep pepsico 2000 3.00 025 53 70.65 160.00

Wehicle_3 | mahmood agency | mahrmood agency 2000 3.00 025 4 67.53 133.00

Yehicle_4 | amandeep pepsico| amandeep pepsico 3000 400 025 7 98.17 2358.00

Yehicle B | amandeep pepsico | amandeep pepsico 3000 400 025 [ 8576 225.00

Yehicle_E | amandeep pepsico | amandesp pepsico 3000 400 025 [ 8290 219.00

Yehicle_7 | amandeep pepsico | amandesp pepsico 3000 400 025 [ el 230.00

Table 7b. Attribute information of all the Vehicles (Part B)
. . Fixed| Total Total (Distance| Time | Total | Violation | Waiting

Start Time End Time Cost |Distance| Time Cost Cost Cost Time Time
702 Ak [120:56 PR 1200 | 289660 | 24383 | 72413 2478 | 244890 n.aa 7552
90025 Ak | 44604 Ph4| 2500 | 342762 | 46681 | B8BEST | 186325 | B220.06 274 92.50
92739 A |530:E3PR] 1800 | B23276 | 48324 | 1308.04 | 144972 | 455776 n.aa 21258
AR239 Ak | 5135 PR 2500 | B338.87 | B0B.99 | 1BB4.72 | 202795 | ENZET 10.00 145.09
9:30:00 Ak | 44442 Ph| 2500 | 17282 | 43470 | 179321 | 173882 | 603202 5.83 £3.95
9:30:00 Ak4 | 50576 Ph4| 1800 | 836121 | 45527 | 209030 | 1365.82 | 525613 0.0 21475
3:05:59 Akd |5 3834 Pha] 2500 | 8549.02 | 50959 | 213726 | 203837 | 6675.63 9.00 1242

95

Table 7a & 7b shows the route parameters like total distance travelled, total travel time, cost per unit time & distance, total
coat, total violation time, total service time etc. at customer locations for each vehicle.

The proper direction of movement of the vehicle from associated distribution centre to all associated customer locations
and finally come back to associated distribution centre for all the vehicles can be shown under driving directions. Figure 7
shows the driving directions of vehicle laccording to which vehicle 1 stats from Agrawal distributor (having time window 8
AM - 5:30 PM and service time of 40 minutes) and goes east on street13 toward street12 within 1 minutes of time (and 14
meters distance) and then takes right turn on Dharampur Chauk Navjyoti Hospital Road and again moves 362.4 meters

distance, the rest path is shown in the Figure 7. By this way vehicle starts at Agrawal distributor and serves associated stores
and then finally returns back to the Agrawal distributor without violating its capacity and time window constraints.

Here all the customer locations are served by the vehicles in near optimal transportation cost by keeping multiple customer
demands into consideration and without violating any constraint.

5.3. Distribution of All Type of Material to All Stores along with Lunch Break

Distribution of Material to all Stores

with Lunch Break

Legend

Routes

routes

0 1375275

550 825

1,100
Meters

Figure 8. Route of all VVehicles
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In order to handle important situation associated with vehicle drivers during delivery of the material. When the driver
works from morning to evening to supply the material, they want to take break for lunch during trip. In this situation we
decided to give one hour break for lunch in between the total trip duration and also incorporate it to the solution of
MDCVRPTW.

In addition to all parameters considered in 5.2, here lunch break for all the drivers of all the seven vehicles during the trip
(8:00:00 AM to 05:30:00 PM) is incorporated. Here the lunch break is allowed between 1:00:00 PM to 2:00:00 PM followed
by 10 minutes of violating time and 20 minutes of maximum travel time. Figure 8 shows the routes of all vehicles followed by
lunch breaks which are slightly changed from above results.

Table 8 depicts the attribute information about all the vehicle i.e. starting & ending journey time, fixed cost for hiring
vehicle, total travel time & distance, cost according to travel time & distance, total delivery cost and violation time by the
individual vehicle.

Table 8. Attribute of Vehicle Route

Start Time |EndTime |Fixed CosfTotal Time Total Dist{Time Cost/Dist. Cost|Total Cost|Violation Time
0:11:02 AM| 2:20:56 PM| 1200.00 309.89 2775.07 650.78| 69377 254454 0.00
9:30:00 AM| 5:38:34 PM| 1800.00 48857 758590| 1465.71| 189648| 5162.19 0.00
27:39 AM| 4:31:47 PM| 1800.00 42414 3304.19 27243 826.05| 389848 0.00
9:05:38 AM| 4:44:42 PM| 2500.00 459.08| 4475129| 183631 111882 5455.14 13.83
8:52:39 AM| 436:29PM| 2500.00 463.85| 6939.38| 185539 173485 6090.24 10.00
9:12:11 AM| 4:46:14PM| 2500.00 454.04| 4596.85| 1816.17| 114911 546538 4.00
9:08:52 AM| 5:30:53PM| 250000 502.01| 7778.17| 2008.05| 1544.54| 6452.60 8.89
. = 4596.9 7 hr 34 store, on the right
Leidie comnl e 0 m min Map Time Window: 11:20 AM - 11:45 AM
. Time Violation: 4 min
a- Start at amandeep pepsico 1 hr Map Service Time: 25 min
Time Window: 2:00 AM - 5:30 PM
Sarvice Time: 1 hr 26: Depart kuldeep food and provision store
2: Go east on street486 toward street489 126.6 m =1 Map 27: Continue northeast on street133 158.4 m <1 Map
min min
3: Turn right on street488 111.4 m <1 Map 28: Make sharp left on DHARAM PUR ROAD 24.4m <1 Map
min TO RACE COURSE min
4:  Bear right on street487 80.7 m <1 Map 29: Turn left on RACE COURSE TO STATION 272.6m <1 Map
min ROAD min
a: Turn left on DHARAMPUR CHAUK TO BY 745 m 1min Map 20: Arrive early at mahesh jeneral store 40 min Map
PASS ROAD Time Window: 12:15 PM - 12:45 PM
8: Continue on DHARAMPUR CHAUK 95.2 m <1 Map et Time: = 1 min
MNAVIYOTI HOSPITAL ROAD min < Ih :
7:  Bear right on DHARAM PUR CHAUK 380.3 m <1 Map £EB B L2 ] U= JETE
HARIDWAR ROAD min 32: Cont outhwest on RACE COURSE 195 m <1 Map
8: Bear right on HARIDWAR CMI ROAD 104.9 m <1 Map Bl NIROAD) min
min Arrive early at Break, on the\eft 1 hr_5 Map
9:  Turn right on LANE NUMBERS ROADZ 161.9 m <1 Map me Window: 1:00 PM - 2:05 PM o
min srvice Time: 1 hr
10: Arrive at mohit provision store, on the 20 min Map 34: Depart Break
ht . .
rlg—,—ime Window: 10:00 AM - 10:20 AM 35: Arrive early at easy day departmental 1 hr20 Map
Service Time: 20 min store ) min
11: Depart mohit provision store I;;f;’;";j”fg fr:ilns PM - 310 PM
12: Go back northwest on LANE NUMBER3 161.9 m <1 Map Service Tima: 1 hr 5 min
ROAD2 min 36: Depart easy day departmental store
13: Turn left on HARIDWAR CMI ROAD 104.9m <1 Map 37: Go back south on RACE COURSE TO 74.4m <1 Map
min STATION ROAD min
14: Bear left on DHARAM PUR CHAUK 280.2m <1 Map 38: Arrive early at pratap departmental 1 hr15 Map
HARIDWAR ROAD min store, on the left min
15: Bear left on DHARAMPUR CHAUK Q5.2 m =1 Map Time Window: 3:35 PM - 4:25 PM
NAVIYOTI HOSPITAL ROAD min S T L i
Service Time: 1 hr
16: Continue on DHARAMPUR CHAUK TO BY 250.9 m <1 Ma
= BASS ROAD min Hap 39: Depart pratap departmental store
. 40: Go back southwest on RACE COURSE TO 254.4 m <1 Map
17: Turn right on streetl126 50.1m :nrjﬂ- Map STATION ROAD ==
18: Arrive at vijay jenaral and provision 1 hr Map 41: Continue on street482 83.6m <1 Map
store, on the left min
Time Window: 10:25 AM - 11:15 AM 42: Turn right on street485 12.9m <1 Map
Service Time: 1 hr ——
19: Depart vijay jenaral and provision store 43: Bear left on street4g84 215.9m <1 Map
20: Continue northwest on street126 39.5m <1 Map T min
min 44: Bear left on street486 24.7 m <1 Map
21: Turn left on streetl124 191.6m <1 Map min
= min 45: Finish at amandeep pepsico 10 min Map
22: Turn right on street129 and immediately 94.6 m <1 Map Time Window: 8:00 AM - 5:30 PM
turn left on street131 min Service Time: 10 min
23: Turn left on street134 47.2 m <1 Map Total time: 7 hr 34 min
min Total distance: 4596.9 m
- = Total violation time: 4 min
24: Turn right on street133 48.2 m rfnri Map Total wait time: 35 min
. - ) Start time: 04-Mar-14 9:12 AM
25: Arrive late at kuldeep food and provision 25 min Map Finish time: 0d-Mar-14 4:46 PM

Figure 9.

Driving direction of Vehicle 6starting from Amandeep Pepsico
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The Driving directions of vehicle 6 with complete information are shown in Figure 9. The vehicle starts from Amandeep
pepsico and goes to different stores and stops for driver’s lunch break before 01:00:00 PM, and again starts to serve the other
sotes and finally reachingAmandeep pepsico.

The lunch break is highlited in Figure 9 by the red circle in which the vehicle is waiting for 5 minutes for lunch. In this
experiment the vehcle 6 is also violating the time window of kuldeep food and provision store by 4 minutes.

5.4. Distribution of All Type of Material to All Stores along with Lunch Break & Restricted Area

There are some areas in the city like cantonment area through which the movement of the vehicles is not allowed. These
types of restricted areas can also be identified and thus vehicles chose their routes within the city except restricted areas. To
tackle this situation polygon barrier have been around the restricted areas in addition to the parameters assigned in 5.2 and 5.3,
and then solve the MDCVRPTW. The orange coloured area in the Figure 10 given below is blocked for the movement of
vehicles and hence finally the routes of the vehicles are changed which are shown in Figure 10.

Distribution of Material to all Stores with
Lunch Break and Restected Areas N

)
2
0 1375275 550 825 1,100
-—— Meters

Figure 10. Route of Vehicles

The attribute fields for the distribution of all types of material with lunch breaks and restricted areas are shown in table 9

below.
Table 9. Attributes of All vehicles routes

Start Time End Time |Fixed Cost|Total Dist|{Total Time Dist. Cost Time Cost|Total Cost Violation Time
9:11:02 AM|2:20:56 PM|  1200.00| 289650 30089 72413 65078 257490 0.00
9:19:54 AM|4:37:22PM| 1800.00| 785239 43747 1963.10f 131241 507551 0.00
9:30:00 AM|5:38:29PM|  1800.00] 5963.08 48849 149077 146547| 475624 0.00
8:50:58 AM|5:19:38 PM|  2500.00] 928444 508.66| 232111 203465 685576 10.00
9:09:20 AM |4:46:14PM|  2500.00] 6581.19 456.90| 164530 182761 597291 6.90
8:59:26 AM|5:30:53 PM|  2500.00] 733496 51146| 1833.74| 204581 637956 279
9:15:21 AM|4:44:42PM|  2500.00f 8041.03 44936 201026 179745| 6307.70 6.66

The Driving directions of vehicle 1 with complete information are shown in Figure 11. The vehicle starts from Agrawal
Distributer and goes to different stores. The vehicle movement is in such a way that the restricted areas are avoided and finally
reaching to the same distribution centre.
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[-] Route: Vehicle 1 2896.5m 5 hrmlig Map
1:  Start at agrawal distributor 40 min Map
Time Window: 8:00 AM - 5:20 PM
Service Time: 40 min
2: Go east on streetl3 toward streetl12 14m < 1min Map
3:  Turn right on DHARAMPUR CHAUK 362.4m < 1min Map
NAVIYOTI HOSPITAL ROAD
4:  Make sharp left on EXCISE CUSTOM 161.6m < 1min Map
ROAD
5:  Turn right on MANAV BHARTI NEHRU 376.2m < 1min Map
COLONY ROAD
&:  Turn right on street70 40m < 1 min Map
7:  Arrive at pathak jeneral and provision 34 min Map
store, on the left
Time Window: 9:30 AM - 9:53 AM
Service Time: 24 min
8: Depart pathak jeneral and provision
store
9: Go back northwest on street70 40m < 1 min Map
10: Turn right on MANAY BHARTI NEHRLU 393.2m < 1min Map
COLONY ROAD
11: Turn left on NEHRU COLONY THAMNA 215.7m < 1min Map
ROAD
12: Arrive at abhay general store, on the 25 min Map
right
Time Window: 10:25 AM - 10:40 AM
Service Time: 25 min
13: Depart abhay general store
14: Continue northwest on NEHRU COLONY 344.2m < 1 min Map
THAMNA ROAD
15: Turn left on street23 72.1m < 1min Map
16: Arrive early at chanchal goods merchant 1hr27 Map
Time Window: 11:40 AM - 12:10 PM min
Wait Time: 47 min
Service Time: 40 min
17: Depart chanchal goods merchant
18: Continue southwest on street23 129.1m < 1min Map
19: Turn left on B BLOCK LAKSHMI COLONY 52.4m < 1min Map
ROAD
20 Continue on PARK TO BLOCK B ROAD 29.1m < 1min Map
21: Turn right on PARK EXCISE ROAD 87.7m < 1min Map
22: Turn left on street8 8.8m < 1min Map
23: Turn right on street9 109.5m < 1min Map
24: Turn left on LIC ROAD 23.3m < 1min Map
25 Arrive early at sanjay electronics 39 min Map
Time Window: 12:50 PM - 1:00 PM
Wait Time: 29 min
Service Time: 10 min
26: Depart sanjay electronics
27: Arrive early at Break 1hri10 Map
Time Window: 1:00 PM - 2:00 PM min
Wait Time: < 1 min
Service Time: 1 hr 10 min

Figure 11. Driving directions of Vehicle 1

This study is different from other studies in the following
respects. (1) In other studies the vehicle is selecting the
customer locations randomly but in this study the customer
locations are selected according to the predefined time
window of the customer location and allowed vehicle
capacity. (2) There are other studies in which researchers
considered only few parameters at a time for the solution of
MDCVRPTQ while in this study we have considered
multiple parameters at a single time and find out the near
optimal solution of MDCVRPTW. (3) Our results are more
significant because we have solved the MDCVRPTW using

GIS technology which is very familiar in the academic,
scientific and industrial domains.

6. Conclusions

The vehicle routing problem (VRP) is one of the most
important combinational optimization problems that has
nowadays received much attention because of its real
application in industrial and service problems for
distribution management. Several versions of problems exist
and a wide variety of exact and approximate algorithms have
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been proposed for its solution. Exact algorithms can solve
relatively small problem, but a number of approximate
algorithms have been proved very satisfactory. Our Tabu
search algorithm is also an approximate algorithm in which
we have considered multiple parameters to get the
approximate solution.

In this study we have proposed Tabu Search algorithm for
the near optimal (approximate) solution of MDCVRPTW in
which vehicles can be replenished at intermediate depots
along their route. Thisproblem has applications notably in
distribution of goods and material and their management.
We have proposed a GIS based methodology on adaptive
memory and Tabu search algorithm for the generation of a
set of routes from distribution centre to set of customer
locations.

In this study we have considered multiple parameters
according to the actual requirement of the customers and also
for the distributors. This type of transportation problem for
the distribution of goods and material has very important
significance for the urban transportation management and
planning.

Tabu search exhibits a robust behavior and reasonably fast
running times. Because the MDCVRPTW is a new problem,
no previous statistics are available but we hope our results
will enable other researchers to produce comparative results
for this transportation problem.

In this study we discussed a GIS based solution approach
tailored for the MDCVRPTW based on ant city optimization.
The performance of the algorithm was judged to a Tabu
search approach and discussed by means of computational
experiments comprising 39 demand cluster points derived
from classic VRPTW. The performances of the Tabu search
algorithm was tested and found very well in terms of
computation time and speed.

We conclude that the Tabu search algorithm scores very
well on all dimensions in background with formulation
techniques to solve the MDCVRPTW for different types of
materials and got minimum cost with respect to time and
distance.

Network analysis in GIS provides solution to vehicle
routing problem for delivery and pickup of commaodities. It is
recommended as per the study carried out that GIS is an
effective tool to search and select most suitable route for the
optimum transportation cost with minimum travel distance.
This can be applied in public distribution system of
government, fleet management people, city bus routing,
school bus routing, Wholesalers, Clearing and forwarding
agents, traders and many such applications where vehicle
routing problem is faced. There are various methods
available in GIS which can be explored and compared for the
most suitable result.

The road network problems are complex and cannot be
handled effectively with traditional techniques which are
cumbersome, demand more time involvement and also do
not give multiple options for analysis and outputs, hence it
can be recommended that professionals as well as
government agencies should attempt GIS as innovative and

customized tool to deal with vehicle routing problems.

ACKNOWLEDGEMENTS

The authors thank Director, Indian Institute of Remote for
providing the transport facility for the collection of field data,
useful references, and computer laboratory with standard
software for data execution and analysis and all other
supports. The authors are also thankful to Head of
Geoinformatics Department of Indian Institute of Remote
Sensing for his valuable comment and guidance in the
writing of this research paper.

REFERENCES

[1] Brasy, O. Michel, G. Tabu search heuristics for the vehicle
routing problem with the window. Sociedad de Estadistica e
Investigacian operative (2002), 10(2), p211-237.

[2] Brasy, O. Michel, G. Vehicle routing problem with window.
Transportation science, 9(1), Part Il, Meta heuristic (2005).
p119-139, ISSN 0091-1655.

[3] Dantriz, G.B., Ramser, J.H. The truck dispatching problem.
Management Science. (1959). 6(1), p 89-90. doi, 10,
1287/mnst, 61-80. JSTOR, 2627477.

[4] Fermin, A., Tang, M., Roberto, D.G. A Tabu search algorithm
for the vehicle problem with simultaneous pick-up and
delivery service. Computers and operation research. (2006).
30, 595-619.

[5] Gilbort, L. The vehicle routing problem: An overview of
exact and approximate algorithms. European Journal of
operational research. (1992). 59, p345-358, North Holland.

[6] Gilbert, L. The travelling sales problem, the vehicle routing
problem and their impact on Combinatorial optimization.
International Journal of Strategic Decision Science (2010).
1(2) p82-92.

[71 Hoong, C.L., Melvyn, S., Kuong, M.T. Vehicle routing
problem with time windows and a limited number of vehicles.
European journal of operational research. (2003). 148,
pp559-569.

[8] Huang, B.Y. A Electromagnetism like mechanism for solving
the multiple depot vehicle routing problem. (2006). Ishou
university.

[9] Michel, G. Manlio, G., Gilbert, L. Tabu search algorithm for a
routing and container loading problem. Transportation
science. (2006).40(4), p421-438

[10] Soloman, M.M. Algorithm for the vehicle routing problem

and scheduling problem with time window constraints.

Operation research. (1987).35, p254-265.

[11] Stefen, R. Heuristic and exact algorithm for vehicle routing

problems. Montreal. (2006).

[12] Tan, K.C., Lee, L.H., Zhu, Q.L., Ou, K. Heiuristic methods

for the vehicle routing problem with time windows. Artificial

intelligence in engineering. (2001).15, pp; 281-295.



100

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Hari Shankar et al.:

GIS Based Solution of Multi-Depot Capacitated Vehicle Routing

Problem with Time Window Using Tabu Search Algorithm

Toath, P. Vigo, D. Vehicle routing problem. (2001) [Edited
Book].

J.-F. Cordeau, M. Gendreau, G. Laporte, J.-Y. Potvin, F.
Semet. A guide to vehicle routingheuristics. Journal of the
OperationalResearch Society 53 (2002) pp; 512-522.

Y. Rochat, E”.D. Taillard. Probabilistic diversification and
intensification in local search for vehicle routing. Journal of
Heuristics 1 (1995) 147-167.

J.-F. Cordeau, M. Gendreau, G. Laporte. A Tabu search
heuristic for periodic and multi-depot vehicle routing
problems. Networks 30 (1997) 105-119.

J.-F. Cordeau, G. Laporte, A. Mercier. A unified Tabu search
heuristic for vehicle routing problems with time windows.
Journal of the Operational Research Society 52 (2001)
928-936.

M. Gendreau, A. Hertz, G. Laporte. New insertion and post
optimization procedures for the traveling salesman problem.
Operations Research 40 (1992) 1086-1094.

M. Gendreau, A. Hertz, G. Laporte, A Tabu search heuristic
for the vehicle routing problem, Management Science 40
(1994) 1276-1290.

M. Gendreau, G. Laporte, J.-Y. Potvin, Metaheuristics for the
capacitated vehicle routing problem, in: P. Toth, D. Vigo
(Eds.), The Vehicle Routing Problem, Monographs on
Discrete Mathematics and Applications, SIAM, Philadelphia,
2002, pp. 129-154.

G. Laporte, F. Semet, Classical heuristics for the capacitated
vehicle routing problem, in: P. Toth, D. Vigo (Eds.), The
Vehicle Routing Problem, Monographs on Discrete

Mathematics and Applications, SIAM, Philadelphia, 2002, pp.

109-128.

B. Fleischmann, The vehicle routing problem with multiple
use of wvehicles, Working paper, Fachbereich
Wirtschaftswissenschaften, Universita™t Hamburg, 1990.

E”.D. Taillard, G. Laporte, M. Gendreau, Vehicle routing
with multiple use of vehicles, Journal of the Operational
Research Society 47 (1996) 1065-1070.

J.C.S. Branda™o, A. Mercer, A Tabu search algorithm for the
multi-trip vehicle routing and scheduling problem, European
Journal of Operational Research 100 (1997) 180-191.

J.C.S. Branda®o, A. Mercer, The multi-trip vehicle routing
problem, Journal of the Operational Research Society 49
(1998) 799-805.

Suprayogi, H. Yamato, Iskendar, Ship routing design for the
oily liquid waste collection, Journal of the Society of Naval
Acrchitects of Japan 190 (2001) 325-335.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

K. Fagerholt, Designing optimal routes in a liner shipping
problem, Maritime Policy & Management 31 (2004)
259-268.

G. Laporte, Y. Nobert, D. Arpin, Optimal solutions to
capacitated multidepot vehicle routing problems, Congressus
Numerantium 44 (1984) 283-292.

G. Laporte, Y. Nobert, S. Taillefer, Solving a family of
multi-depot vehicle routing and location-routing problems,
Transportation Science 22 (1988) 161-172.

F.A. Tillman, The multiple terminal delivery problem with
probabilistic demands, Transportation Science 3 (1969)
192-204.

F.A. Tillman, T.M. Cain, An upperbound algorithm for the
single and multiple terminal delivery problem, Management
Science 18 (1972) 664-682.

F.A. Tillman, R.W. Hering, A study of look-ahead procedure
for solving the multiterminal delivery  problem,
Transportation Research 5 (1971) 225-229.

A. Wren, A. Holliday, Computer scheduling of vehicles from
one or more depots to a number of delivery points,
Operational Research Quarterly 23 (1972) 333-344.

B.E. Gillett, J.G. Johnson, Multi-terminal vehicle-dispatch
algorithm, Omega 4 (1976) 711-718.

B.L. Golden, T.L. Magnanti, H.Q. Nguyen, Implementing
vehicle routing algorithms, Networks 7 (1977) 113-148.

O.M. Raft, A modular algorithm for an extended vehicle
scheduling problem, European Journal of Operational
Research 11(1982) 67-76.

|.-M. Chao, B.L. Golden, E.A. Wasil, A new heuristic for the
multi-depot vehicle routing problem that improves upon
best-known solutions, American Journal of Mathematical and
Management Sciences 13 (1993) 371-406.

S. Lin, Computer solutions of the traveling salesman problem,
Bell System Technical Journal 44 (1965) 2245-2269.

J. Renaud, G. Laporte, F.F. Boctor, A Tabu search heuristic
for the multi-depot vehicle routing problem, Computers &
Operations Research 23 (1996) 229-235.

J. Renaud, G. Laporte, F.F. Boctor, An improved petal
heuristic for the vehicle routing problem, Journal of the
Operational Research Society 47 (1996) 329-336.

W.C. Jordan, L.D. Burns, Truck backhauling on two terminal
networks, Transportation Research 18B (1984) 487-503.

W.C. Jordan, Truck backhauling on networks with many
terminals, Transportation Research 21B (1987) 183-193.



