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1. Introduction

This paper focus on building simulation of Demand Responsive Trangport (DRT) sarvicein arura area. The paper
begins with discussions of simulating the operation of DRT. In simulation, the population distribution by each mesh
has been used to generate the demands. The Ant Colony agorithm brings an optimized spatia route layout in draft.
Then, the Shortest Path Algorithmis applied to thereal road network to get various results with alternative routes.

2. The Demand Responsive Transport

(1) Transport System between Private and Public Trangport

The private and public trangports have been coexisted for hundreds of years. The private transport gives individuals
the maximum flexibility of trave but it is not efficient from the system point of view. That has also been observed in
disordered physical systems. Public trangport then appeared based on the increase of public Information symmetry.
Public transport can dramatically save the system cost but it dropped much flexibility from the individual point of
view. Asthe information technology advanced, DRT system arosefirdly inrural area as the effective solutions where
public transport demand is sparse”. Thereisa promising way of DRT inthe near futurethat will compensatethe blank
Ieft by public transport and private transport in cities. (Figurel)

(2) Necessity of Simulation in Computer
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Figure 2: Stepsof Smulation

3. Smulating the Operation of DRT

The research areais Tahara city in Aichi .
prefecture. It has 18858kn? area where Initiate GIS | L opuation
66,743 people are living (2007). There are
four gatuses that the smulation can achieve. v
Between the four datuses the three steps (1) Generate Demands. Demand
have been peformed which mentioned / Locations
above (Figure 2). In the initial Status, ¥
population distribution by each mesh should :

. . - , Demands in
be loaded in GIS. Then useit to generate the (2) Optimize Routes’ | Optimized
demands in which the start pairt is always Layout /order
fixed. In the second status there are links No Y
Indicate that the vehidle gets off from the (3) Calculate Detailed | Neth;::rk
start point then picks up the demands in Routes Shortest
order. The third status will be gotten after | 7/ Paths
optimizing the layout of routes. The road v

network will be employed to calculate the
specific routes and various results. To Yesn End
smplify the spatial and network analysis,

MicroCity? is used as the smulation

platform. The following will daborate the Figure 3: Abstract Howchart of the Smulation
three steps in the trangtions of the four
statuses (Figure 3).

(1) Extracting Demand from Population Distribution

The surveyed population distribution had been sored in GIS (Figure 4). The width of the mesh cdl is 500 meter.
To generae the demand accounting to the population distribution, the Roulette Sdection Method is used, in which
population number in every mesh cdl need to be aigned in an order, then choose a number randomly and check the
corresponding cdl. Demand locations in cdls rdated to population digtribution are also decided by using random
method. A higher density of population will cause a higher frequency of demand. In the beginning of every loop,
demands areregenerated in this way to ensure the diversity of the simulation.

(2) Optimizing Layouts of Routes in Spatial Digtance

All demands data generated from (1) are saved in the order of its generation order. But if a vehicle picks up
passengers by this order, that will be very inefficient. Therouteswill overlapped heavily and thetotal traved time will
becomevery large It is necessary to optimize the trave route plan before alocation of avehicleto runalong it. From
existing researches the Ant Colony agorithm maybe the suitable solution for this purpose. Ant Colony optimization
algorithms have been used to produce near-optimal solutions to the traveing salesman problem. They have an
advantage over smulated annealing and genetic algorithm approaches when the graph may change dynamicaly; the
ant colony algorithm can be run continuously and adapt to changes in redl time. Thisis of interest in network routing



and urban trangportation sysems.
Applying Ant Colony algorithm

to a complicated road network :
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speed, this dudy applies a
multi-agent system as the running
platform of Ant Colony algorithn.
The data of the layout routes
imported to this sysem as a graph
(Figure 5). Each agent (i.e, ant) condructs atour in the graph by making a choice at each node as to which node will
be visited next according to a probability associated with each node. The probability P; of an ant choosing a pecific
node at any timeis determined by the amount of pheromone and the cost (i.e, the distance D;; from the current node i
to the next node j, where node j has not yet been visited) associated with each edge. Let t;; be the intensity of trail and
k asallowed node. The transition prabability can be presented as

.- LEPL 1
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The attributes in this method that can be adjusted to change the behavior of the algorithm areq, 3, and p. The o and
B values are usad to determine the trangtion probability discussed above, where the values are used to adjugt the
rdative influence of each edge's pheromone trail and path cost on the ant's decision. A p vaue is aso associated with
the algorithm and is used as an evaporation rate which alows the algorithm to "forget”" tours which have proven to be
lessvaluable

Empirical evidence shows that the optimal settings for the algorithm are o= 1, p= 5, p = 0.5. This sudy tried
adjugting each of these sattings from the optimal and takes natice of how they affect the performance of the agorithm.
The adjustments lead to a Seadier march towards the best tour or perhaps they add up to a good initial search that
settles quickly into alocal optimum. The changes to the evaporation rate lead to stagnation.

The optimized result layout of routes is saved i in the rearranged order. There is about 60% decrease of the original
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Figure 4: Population Distribution in the Research Area

Figure5: An Example of Routes Layout beforeand after Optimization



routes’ length after optimization.

(3) Calculating Detailed Routes in Real Road Network

The last step returned to GIS platform. Those rearranged demand points need to be rdocated above the redl road
network. After topologizing the raw road network, every point has to find a nearest node in the road network. Then
the Shortest Path Algorithm applied to calculate the detailed routes between these nodes (Figure 6). The direct link
between demand points and their nearest nodes in the network should be taken account of as parts of the routes.
Figure 5 shows the redl road network and the trave times of severa cruises that have been calculated based on it.
Other indicators such liketrave cost and requested number of vehicles can also been gotten afterwards.
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Figure 6: A Part of aShortest Path and Travd Time of Different Peths

4, Conclusions

This study constructs a DRT simulation mode for real road network and population digribution on GIS. Because
of the complexity of data and the heavy calculation, the simulation has been divided into four satus and three
operation steps. The method mentioned by this study has shown the efficiency on managing large dataand controlling
heavy caculation task. The characterigics of DRT were redlized by using the smulation and evaluations can be
performed basaed on thefinal smulated routes.

Currently this study assume that the demands occurred in a short time that only one vehicle can pick up them all.
Actually the demands occurred continuoudly that the management of dispatch schedul e needs to betaken into account.
Thet means the time window should be used as congtrains in optimizing the layout of routes and the simulation should
beintegrated moretightly.
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