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Abstract

    In this paper, time dependent routing is obtained by taxi driver’s intelligence using forward search 
algorithm. GPS equipped taxis produces the dynamic traffic flow occurring in the physical world. Taxi 
drivers intelligent are used to build time dependent landmark graph to predict an enhanced routing based 
on the taxi trajectories. The forward search algorithm approach is employed to produce the constraint 
based route which result to the optimal route and travel time is estimated to produce the fastest route. The 
rough route is build and analyzed with the collected knowledge of the taxi drivers direction and producing 
the smart driving directions to succeed in reaching the destination in a short time period. This system is 
build based on the data set generated by the real world taxi trajectories. 

   Keywords - Data mining, smart driving direction, knowledge extraction, Time dependent routing. 
 

 

1. Introduction 

     Driving is part of people’s life. Quick driving directions save the travelling time. A driver 
traverses a route depends on the subsequent three aspects: 1) the physical feature of a route, which 
includes distance, capacity (lanes), and the number of traffic lights as well as direction turns; 2) the 
time-dependent traffic flow on the route; and 3) a user’s driving behavior. Also users driving behaviors 
various according to the experiences. For Example, user travelling in the new route cause additional 
attention ends up in slow driving than familiar routes. The constraint based route is that the user can 
specify the landmark to be passed on the way to reach the destination. In cities GPS enabled taxis 
report about the location to the server using the GPS sensor at regular intervals. There are numerous 
GPS equipped taxis already exist in the cities, generating an enormous number of GPS trajectories 
daily. Basically taxi drivers are experienced who knows the routes exactly to reach the destination in a 
short period. The taxi drivers know the landmarks in the routes to identify the way to send the customer 
in a short period time. 
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      The three factors are considered for the driving directions, such as the time variant traffic flows 

on road, traffic signals, and direction changes contained in the route. These can be easily learned by 
experienced drivers however can’t been forced in routing engine. So the historical trajectories levering 
the intelligence of experienced drivers, provide us with the valuable resource to find the smart driving 
direction. First, the GPS equipped taxis are used as mobile sensors probing the traffic in the physical 
world. Then mined information from these taxis as well as other sources and produce the results to the 
drivers and others users. The challenges need to be faced are 1) Intelligence modeling. How to model 
the taxi drivers’ intelligence to select the best route for the user. 2) Data sparseness and coverage. The 
taxi road segment can’t be predicted accurately for the speed pattern of each road. 3).Low sampling 
rate problem. The GPS equipped taxi informs about the location to server for every   2-5 minute. This 
leads to uncertainty of the routes travelled by the taxi. 

 

      The time dependent landmark is build and here, the forward search algorithm is used to 
determine the time variant distribution of the travel times between the two landmarks for the routing 
and also the optimal route is obtained for the user constraint route like user want to reach the 
destination after restaurant for lunch. The user can specify the landmark to be reached before reaching 
the destination and optimal routes are obtained and from that the travel time is estimated. The forward 
search approach traverses the search space in a depth-first manner, the one solution to the query is 
produced first, and then incrementally it updates, upto reaching the optimal one or being terminated by 
the user. The routing service is improved by the adaptively learning the driving behavior of the taxi 
drivers and user to produce the smart driving directions. The rough route is created to estimate the 
driving distribution and smoothing algorithm is used to eliminate the roundabouts existing in the rough 
routes and refined route is obtained. After that the dataset of real world trajectories is used to estimate 
the smart routing to the user.  

    
    2. Related Work 

      The optimization of each vehicle departure times for   minimizing the duty time of each driver 
is considered in [2] by developing a solution to method for the Vehicle Routing Problem with time 
windows (VRPTW), time-dependent travel times, and driving hours regulations. The major difficulty 
of this Vehicle Routing Problem with Time Windows extension and also it provides duty time to cost 
savings by using restricted dynamic programming. IVMM algorithm used to project a GPS point to 
onto a road segment where the point was recorded. The online and offline inference provides better 
performance in [3]. 

 

   The smart driving directions is obtained by time dependent routing using taxi drivers 
intelligence in [1] and that paper  explains the variance entropy clustering approach for estimation of 
distribution of travel  time between two landmarks. First, GPS equipped taxis are used as mobile 
sensors to provide the traffic rhythm of a city in the physical world. Then, cloud in the cyber world is 
formed to aggregate and extract information from these taxis as well as other sources from Internet like 
web maps and weather forecast. Now the mined knowledge includes the intelligence of taxi drivers in 
choosing driving directions and traffic patterns on roads. Third, the knowledge in the cloud is used in 
turn to serve Internet users and ordinary drivers in the physical world. A user, typically running in a 
user’s GPS-phone, receives a user’s query, communicates with the cloud, and provides the result to the 
user. 

 

The modulation of the mutual influence of the GPS sampling points in [5]  a vote based 
approach for map matching low sampling rate GPS trace and it evaluate with real world GPS traces in 
sights: The position context of a GPS point as well as the topological information of road networks,  



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 2, February 2014, Pg: 57- 63 

Manju Ramasamy, IJRIT                                                                                                                      59 

 

the mutual influence exists between GPS points is references the positions of its neighbors and also 
when matching its neighbors, the position of that neighbor point will also be considered, and  the 
strength of the mutual influence weighted by calculating the distance between GPS points. 

 

[6] enables people to absorb more knowledge from raw GPS data which leads to identify more 
valuable features and improve predicting performance. It enables context-aware computing based on a 
user’s present transportation mode and design of innovative web user interface.  It empowers the 
application systems to distinguish GPS tracks by transportation modes so that users can find proper 
routes to their destinations in a more effective manner. It allows the systems to mine deeper knowledge 
such as traffic condition, popular routes for different transportation modes, etc., from public GPS data.  

 

Accurate estimates of the current traffic status and reliable predictions of its short-term 
evolution on the entire road network[7] .Float car data technique is used to exchange the information 
between floating cars traveling in a road network and a central data system. The floating cars 
periodically send the recent accumulated data on their positions, at the same time the central data 
system tracks the received data and also with the traveled routes. The frequency of sending/reporting is 
usually determined by the resolution of data required and the method of communication.  

 

In [11] the routing problem is described as (a) formulate a time dependent vehicle routing 
problem with a general cost function and time window constraints, (b) present an  an efficient solution 
method for time dependent problems, (c) initiates readily replicable time dependent instances and 
analyze the computational results, and (d) analyze the computational complexity of the solution 
approach. [12]One goal of this paper is to show that real-time traffic information combined with 
historical traffic data can be used to develop routing strategies that tend to improve both cost and 
service productivity measures. It is specifically, motivated by situations where time-sensitive delivery 
is required, and value of a real time traffic information technology is examined. A stochastic shortest 
path problem on a road network composed of links having non-stationary travel times, where a subset 
of these links is noted in real-time. The assumption is made that each observed link can be in one of 
two states (congested or uncongested) that determines the travel time distribution used. 

 

3. Architecture Model 

The architecture model (figure1) represents the working process to find the efficient driving 
directions. The GPS log provides the record which is partitioned into some taxi trajectories. The IVMM 
algorithm performs is a map matching algorithm to obtain the candidate road segments which leads to 
taxi trajectories as sequence of road segments. The landmark is known as frequently traversed road 
segments. The landmark is detected by selecting top k segments which are frequently traversed road 
segments. 
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Fig1  Architecture design. 
 

After detecting the landmarks, the landmark graph is build by connecting the two landmarks 
with an edge. The optimal routes are obtained by the forward search algorithm. Next travel time 
estimation is calculated by portioning the time period of day into different time slots for each landmark 
edges. Route computing consists of two stages are rough routing and refined routing. In rough route, 
the roundabout problem is considered and smoothing is performed by finding the longest subsequence 
and in refined routing the detailed fastest route sequentially passing landmark is identified. 

 

4. Building the time dependent landmark graph 

4.1 Building landmark graph 

Taxis usually report on their locations in a very low frequency for every 2-5minutes to save 
energy and communication loads. The speed pattern of each road segment cannot estimate based on 
taxi trajectories. So partitioning the GPS log of a taxi into the number of taxi trajectories. The IVMM 
algorithm utilizes the spatial-temporal restrictions to obtain candidate road segments, then the mutual 
influences of the GPS point is considered in a trajectory to calculate static/dynamic score matrix and 
performs the vote based approach among all the candidates. Finally, each taxi trajectory is converted to 
a sequence of road segments. 

 

A landmark is frequently traversed road segments by taxi drivers. Based on the preprocessed 
taxi trajectories, the top k frequently traversed road segment is detected. Instead of using turn by turn 
directions in the travelling, people prefer to use a sequence of landmarks which highlights the key 
directions to the destination. If a taxi is stuck in a traffic or waiting at a traffic light where multiple 
points may be recorded on the same road segment. After detecting the landmarks, the two landmarks 
edges are connected. 

 

4.2 Travel time estimation 

The forward search approach traverses the search space in a depth-first manner, and 
incrementally recovers the bound for optimal route length and also as additional benefit, forward search 
methods provides results progressively, i.e., they first produce one solution to the query quickly, and 
then updates it inclemently till that it reach the optimal one or being terminated by the user.  
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The forward search algorithm first it greedy computes a route by repeatedly connecting the 
current location (starting the query point s) to the nearest point belonging to an unvisited category 
permitted GS. DS, c Dataset and its cardinality s s;Gs Query start point and visit order graph m.

Total number of categories in Gs dist(q1; q2) Euclidean distance between points p1 and p2 
mindist(M1;M2) Minimum distance between MBRs M1, M2 length(r) Length of route rminlen(R) 
Minimum length among the set R of routes q → r (r → q) A route that first visits point p (follows sub-
route r) and then follows sub-route r (visits point p)NC Set of points that may appear in the optimal 
route Ωp;V Shortest route that starts at point q and visits all categories in set V ΩP;V Set of shortest 
routes that start at a point q ∈ Q and visits all categories in set V Cq, Cq Category of a point p and that 
of a set P of points having the similar category respectively. 

 

 The forward search method resembles Greedy in that it also extends the current path by 
adding the nearest point from an unvisited category. A difference between the two is that forward 
search backtracks after it obtains a complete route. Thus, it stores this optimal suffix in the 
corresponding cell in Ω (denoted by Ωp;V ), replacing the Unknown token. If later forward search needs 
to compute the same suffix, i.e., when it traverses to q again with the same set of visited categories, it 
directly appends Ωp;V to the current path and backtracks to eliminate repeated computations. 

 

 

1:   Use a greedy algorithm to obtain a route rt 
2:   Initialize threshold to length (rt)  
3:   Retrieve the set NC of points within distance to s, whose 
      categories appear in GQ  
4:   Initialize route set R1 to empty 
5:   Let V be the set of categories in G, category Nq be the  
      category of q, and category set V ′ = V \{Nq} 
6:   Construct new sub-graph G ′by removing Nq and all  
      related edges from G 
7:   if Ωp, V = Unknown then return Ωp; V 
8:   if V contains a single category Nq then return route q  
9:   Compute the distance from q to its nearest neighbor in 
      each category N∈V, and set dmax to the maximum of  
      these distances 
10: if dist(s,q)+dmax ≥ θ then set Ωp;V is Invalid, and return  
      Invalid  
11: for each point q ′ ∈ NC in increasing order of dist(q, q′) do  
12: if adding q ′ after s satisfies G then 9: Recursively call Ωq′  
      ;V ′=SFS(s, G ′, q ′, l+dist(q, q′), )  
13: if length(q → Ωq ′ ;V ′ ) < length(Ωq;V ) then  
14: Set Ωq;Vto q → Ωq ′ ;V ′  
15: if length(Ωq;V )+l< θ then update and NC 
 

Algorithm 1: Forward Search Algorithm 

 

The portioning of the time of day into several slots based on the traffic conditions reflected by 
the raw samples is automatically performed to pertaining to a landmark edge. Then estimate the travel 
time distribution of each time slot for each landmark edge. 
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5.  Route computing 

The route computing involves two stage routing, 1).Rough routing in the landmark graph and 
2) refined routing in the real road segment. 

 

5.1 Rough routing 

In the rough routing, we first search nearest landmarks for and respectively, and formulate pair 
of the landmarks. For each pair of landmarks, the time dependent route on the landmark graph is find 
by using the Label-Setting algorithm [8], which is a generalization of using Dijkstra algorithm. For any 
visited landmark edge, the customized factor to determine the travel time. The time costs for traveling 
from and to their nearest landmarks are estimated in terms of speed constraint. The rough route 
smoothing removes the roundabouts. The source-farther principles states that the distance from each 
landmark to the source should be farther than its previous one. The destination-closer principles define 
that each landmark should be closer than its previous landmark to the destination. The

longest landmark subsequence is picked and rebuilds the graph for smoothing the landmark by local 
smoothing and global smoothing. 

 

5.2 Refined Routing 

After smoothing, the rough route is found. Here the real road networks a detailed fastest route 
that sequentially passes the landmarks of a rough route by dynamic programming. 

6. Conclusion and future work 

This paper describes about the system to reach the destination in a short time. For that, the 
intelligent taxi drivers’ knowledge and huge number of taxi trajectories mined to produce the efficient 
driving direction. The system considers physical features of the route, time variant traffic flow in the 
route and driving behaviors. The GPS equipped taxis probes the traffic in the route and the taxis driver 
intelligent is used to mine the information and provide the smart routing directions to the users based 
upon the location. This system produces the good performs compared to the competing methods. 

  

In the future work, the more efficient time dependent smart driving directions are focused. The road 
scenario is considered more to obtain the best performance than existing in predicting the directions to 
reach in a minimum time to destination. 
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