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ABSTRACT  

 There are several taxis roaming in the cities hunting for passengers who would hire the 

taxi. The search for passengers is not always fulfilling and most of the time, it is inefficient. This 

paper presents a recommender system for both taxi drivers and people expecting to take a taxi, 

using the knowledge of 1) Passenger’s details present and 2) Taxi driver’s picking up/dropping-

off behavior based on passenger’s details present. First, this recommender system provides taxi 

drivers to pick up passengers as per their details mentioned in Database. Second, it recommends 

people with some locations within a walkable distance where they can easily find vacant taxis. It 

also recommends people about waiting time for next taxi’s arrival if no taxis are available at that 

moment. And for the taxi drivers additionally recommender system helps to locate the nearest 

place/area where they can park instead of cruising around.Using our Taxi-Passenger 

recommender system, a taxi will find passengers more quickly and people will take a taxi more 

easily. 

 

Key wordsLocation-based services, Parking place detection, Recommender System, Taxi 

Recommender Systems, Taxicabs. 
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1. INTRODUCTION 

 

Taxis play an important role as a transportation alternative in many cities. In developed 

countries, taxis tend to be used as a substitute for private vehicles by passengers who use the 

service for convenience reasons or because they do not want to own a car. In developing 

countries, taxis are often used to supplement inadequate public transport systems based on buses 

or trains. But the role played by taxis can be as diverse as one can think.  

 

We present a recommender system for both taxi drivers and passengers. Specifically, on the 

one hand, given the location and time of a taxicab looking for passengers, we suggest the taxi 

driver with a location, towards which he/she is most likely to pick up a passenger as soon as 
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possible and maximize the profit of the next trip. This recommendation helps reduce the cruising 

(without a fare)time of a taxi thus saves energy consumption and eases the exhaust pollution as 

well as helps the drivers to make more profit. On the other hand, we provide people expecting to 

take a taxi with the locations within a walkable distance where they are most likely to find a 

vacant taxicab. Using our recommender system, a taxi will find passengers more quickly and 

people will take a taxi more easily thereby it will be helpful for both drivers and passengers, 

Different from other public transports like buses or subways, which follow the fixed routes every 

day, taxi drivers plan their own routes once they drop off a passenger. This is the main reason 

that different drivers get discrepant incomes.  There is no doubt that at peak hours, taxicabs more 

easily find passengers. That is, the taxis are often in short supply. However, at off-peak hours, 

the gap between the high profit drivers and the low-profit drivers becomes obvious. 

 

Motivation: In the modern era, where Taxis are preferred to travel than any other mode of 

transportation, the customers expect the proper and efficient functioning of the taxi company 

andthere are several taxis which roaming in the cities hunting for passengers who would hire the 

taxi. The search for passengers is not always fulfilling and is inefficient most of the time. 

Existing offline recommendations for passenger search is not feasible due to the traffic levels and 

incompatible destination matches. So, there is a need in Taxi-Passenger Recommender system. 

 

Contribution: We have proposed an application where the users i.e. Passengers and Taxi drivers 

using recommender system have to apply manually their locations which will get stored in as 

database. And from the database, passengers can retrieve the details of available Taxis in 

respective area and if not then the nearest area’s available taxi, along with the waiting time 

details, vice-versa is true for Taxi drivers as well. 

 

Organization: The remainder of the paper is organized as follows: Section 2 reviews the related 

work of the existing works of the Taxi Recommender SystemSection 3 explains the proposed 

System Architecture, and Section 4 gives The implementation and descriptions of a 

Recommender System and algorithm for detection of candidate parking places, the results of the 

system are described in Section 5 and Conclusions are presented in Section 6. 

 

2. RELATED WORK 

 

There is a huge paradigm shift from for extracting information from transportations systems due 

to high availability of large scale location traces. Yong Ge et al., [1] proposes a strategy in which 

useful business intelligence extracted can be used as a reference to reduce the inefficiency in the 

consumption of energy to improvise the customer satisfaction and increase the business 

dynamics. The traditional data analytics tools available are unsuited for handling large, complex, 

dynamic and distributed nature of location traces. Hence, a Taxi business intelligence system is 

developed to explore the taxi locations using data mining strategies with respect to several 

business perspectives.  

 

A. Glaschenko et al., [2] proposed a detailed system architecture for real-time scheduling for taxi 

service companies. A multi-agent approach is followed that makes real-time scheduling feasible. 

Performance matrices are depicted in the approach as a prime method to schedule real-time taxi 

services. The system proposed here is differentiated from other systems as it features taxi-
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rescheduling before acceptance of the confirmed order and is capable of updating schedules in 

intervals between two real-time events. 

 

In the modern era, where taxis are preferred to travel than any other mode of transportation, the 

customers expect the proper and efficient functioning of the taxi company. To adhere to this, a 

concept of informed driving is introduced. Information is extracted through several sensors fixed 

in the taxi thus facilitating a new gateway for the discovery of knowledge. Decision making 

totally depends on the data extracted through this system. L. Moreira-Matias et al., [3] proposes 

an innovative strategy for predicting the spatial distribution of the taxi passenger demands. This 

strategy is unique because it uses a minimum time perspective, incorporating data streaming 

concept. At first, the information is aggregated into a histogram with respect to time. Then it is 

combined with three statistical prediction techniques to obtain the output.  Several experiments 

were conducted by capturing the information through online mechanism of 441 taxis running in 

the city of Porto, Portugal. The results obtained depicts that the proposed strategy is efficient for 

predicting the passengers demand in thirty minutes horizon. 

 

Existing offline recommendations for passenger search is not feasible due to the traffic levels and 

incompatible destination matches. To overcome this problem, Ye Ding et al., [4] have proposed 

Global-Optimal Trajectory Retrieving (GOTR) in which an optimized trajectory which is 

connected is determined which serves as a basis for passenger pickup within short span of time. 

A strategy named HUNTS is followed that is totally based on historical data as well as online 

data that are extracted through GPS systems. Business data also serves as an input. The authors 

have implemented a dynamic scoring system to evaluate road segments considering high profit 

as a baseline and a specialized method named trajectory sewing is proposed which is heuristic in 

nature. Finally, the optimized trajectory is constructed depending on a technique called skyline 

strategy. Online handler is used to update the scores which minimize congestion. 

 

Nicholas Jing Yuan et al., [5]  have proposed a recommendation system to facilitate the taxi 

services for both the passengers as well as the taxi drivers using knowledge pertaining to the 

mobility patterns of the passengers and the drivers pickup or drop behaviours that is obtained 

from the GPS trajectory. This system serves both the taxi drivers and the passengers. It shows the 

drivers a predefined location and the route to maximize the pickup probability. The passengers 

are directed to a taxi availability zone if they are at a walkable distance. Data is extracted from 

GPS models which in turn are trained into a probabilistic model that predicts the passenger 

location for the driver and the taxi availability zone for the passengers. 

 

Afian Anwar [6] has proposed a system called ChangiNOW that incorporates already recorded 

flight and taxi data at an airport in Singapore. A mobile application is developed which alerts the 

taxi drivers waiting in queues by estimating the waiting time and queue length. The application 

motivates the taxi drivers to go to the terminal which has maximum passengers. A prediction 

engine is involved in the design of this application.  

 

Sebastien Gambs et al., [7] have proposed a recommendation system for improving the taxi 

feasibility operations for both the taxi drivers and the passengers. This system was developed for 

a specific kind of taxi named bush taxis localized to Ivory Coast but this strategy can be 

implemented anywhere. A Markov Mobility chain is obtained in order to implement this system. 
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This system is fully automatic which is inference based so that the user need not express his 

destination explicitly, based on the past behaviour. 

 

Haoran Hu et al., [8] have proposed a pick-up route tree based strategy for minimizing the taxi 

pick up route to minimize the waiting time and gasoline consumption. A clustering approach to 

data is followed for the data obtained from GPS as a trajectory to infer the variance to 

differentiate a taxi is engaged or not to formulate centroids as the best pick up points. A 

probability model was then proposed to find out all route possibilities with minimum gasoline 

consumption. The round-robin strategy with weighted concept was formulated to discover the 

minimum gasoline consumption routes. 

 

Silva et al., [9] have presented the paper by surveying in detail the systematic and analytical of 

taxi operations and schemes in different countries to facilitate the proper management of 

operations of taxi services. Passengers in developed countries use taxis as a commodity and 

alternative to public transport systems whereas in developing countries it’s used as a luxury to 

other public transport schemes. A literature pertaining to energy consumption is presented. 

 

Yang et al., [10] study the equilibrium of taxi market from the standpoint of economics. They 

use a bilateral searching and meeting function to characterize the search frictions between vacant 

taxis and unserved customers. They build a model to describe the relationship between the 

supply and demand for taxis, and analyze some influencing factors on customer waiting time. 

But in their study, because of lacking of explicit data for the demand of taxis, they actually 

estimate the gap between supply and demand through the number of vacant taxis. Moreover, the 

object of their study is an aggregate taxi market, but their target is to estimate the waiting time 

for a vacant taxi at a given time and position in a microscopic view. 

 

Xuedong Zheng et al., [11] has come out with a solution for the location to wait for a taxi saving 

time. A Poisson process with non-homogeneity is employed to model the non-engaged taxis. 

Waiting time of taxis on different road belts is estimated by knowing the history of vacant taxis 

leaving the road.  An approach for predicting the location to wait for taxi is depicted in this 

paper.. 

 

Phithakkitnukoon et al., [12] study the prediction of vacant taxis number to provide the 

information for tourists or taxi service providers. They employ the method based on the naive 

Bayesian classifier and obtain the prior probability distribution from the historical data. However 

their method divides the region of the city into one-kilometre square grids which are too rough to 

provide practical information for passengers. In addition, their data is only from the traces of 150 

taxis in Lisbon, which might not be enough to reveal laws of vacant taxis for the reason of weak 

statistical significance. 

 

Ge et al., [13] provided a cost-efficient route recommendation model which was able to 

recommend sequences of pickup locations. Their goal was to learn from the historical data 

transmitted from the most successful drivers to improve the profit of the remaining ones. The 

related work presents the existing systems of taxi recommender systems and proves that there is 

a need for Taxi recommender system for both Passengers and Taxi drivers. 
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3. ARCHITECTURE 

The system architecture of the proposed Taxi-Passenger Recommender System is as shown in 

Fig. 1.  In the system the passengers need to update their details through recommender system. 

Once updated they need to find the taxis available, as soon as they found it they need to filter it 

as per their own need i.e. based on the regions they are looking for the taxis. If there are no taxis 

available, then the recommender system will recommends them about the waiting time and the 

nearest area where taxi is available. If it is found then with the help of available taxi number 

passenger can easily get taxi details. Similarly, the taxi drivers need to update their details 

through recommender system and additionally they can check the availability of parking place 

from the place they are. Similarly they can check the passenger’s details with the unique 

passenger’s ID. 

 

 
 

Fig. 1. Taxi-Passenger Recommender System 

 

4. IMPLEMENTATION 

The following modules are involved in the implementation of system:  

 Passenger 

 Taxi 

 Find taxi 

 Find parking place 
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Passenger  
 

The passengers do not want to walk too long for hailing a taxi. Passenger is created with unique 

identity. The Server monitors the passenger identity and their location update. When the 

passenger is activated, then they have to update their location. All taxi IDs are listed to the 

passenger after updating their location details. If a passenger is close to at least one parking 

place, then we provide him with the nearby parking places with the maximum expected queue 

length calculated. Otherwise, we suggest the passenger with the nearby road segments in a 

walkable distance considering two criteria 1) the possibility to find a vacant taxi and 2) the 

average waiting time.  

 

Taxi 

 

Taxi is created with unique identity, given the current location L and time T of a taxi driver, the 

taxi recommender provides the driver with parking places and routes to these parking places. 

Consider three states for a working taxi are occupied (O), cruising (C), and parked (P). The taxi 

is non-occupied for both the cruising and parked states. 

 

The taxi recommender aims to provide the taxi drivers with the best parking places and the 

routes to these parking places. But how to define a “good” parking place?.  Different drivers may 

have different definitions. However, it’s intuitively obvious that a good parking place  should 

bring a high probability (during the routes or at the parking place) to get a passenger, a short 

waiting time, a short queue length at the parking place and a long distance of the next trip. 

 

Find taxi 

 

The passenger recommender suggests a set of road segments within a walkable distance, both 

according to a specified recommendation strategy, which is either identified by the user’s 

preference or automatically set to a default value. Even though we can find the optimal drive 

route for a given cab with its current position, it is still a challenging problem about how to make 

the recommendation for many cabs in the same area. In this section, we address this problem and 

introduce a strategy for the recommendation process in the real world.  

 

A simple way is to suggest all these empty cabs to follow the same optimal drive route, however 

there is naturally an overload problem, which will degrade the performance of the recommender 

system. To this end, we employ load balancing techniques to distribute the empty cabs to follow 

multiple optimal drive routes. The problem of load balancing has been widely used in distributed 

systems for the purpose of optimizing a given objective through finding allocations of multiple 

jobs to different computers. 

 

For example, the load balancing mechanism distributes requests among web servers in order to 

minimize the execution time. For the mobile recommendation system, we can treat multiple 

empty cabs as jobs and multiple optimal drive routes as computers. Then, we can deal with this 

overload problem by exploiting existing load balancing algorithms. Specifically, we apply the 
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circulating mechanism for the recommender systems by exploiting a Round Robin algorithm, 

which is a static load balancing method. 

 

Under the circulating mechanism, to make recommendation for multiple empty cabs, a round 

robin scheduler alternates the recommendation among multiple optimal drive routes in a circular 

manner. As shown in Fig. 2, we could search k optimal drive routes and recommend the NO.1 

route to the first coming empty cab. Then, for the second empty cab, the NO. 2 drive routes will 

be recommended. Assume there are more than k empty cabs, recommendations are repeated 

from NO. 1 route again after the k
th

 empty cab. In practice, to achieve this, one central dispatch 

(processor) is needed to maintain the empty cabs and assignments among the top-k driving 

routes.  

 

Find parking place 

 

The places where the taxis are often parked as parking places. The parking place here does not 

merely imply a parking lot for private vehicles. The taxi recommender aims to provide the taxi 

drivers with the best parking places and the routes to these parking places. Good parking place 

should bring a high probability to get a passenger, a short waiting time, a short queue length at 

the parking place and a long distance of the next trip. The threshold is assigned for parking, 

where the number of taxi in certain location is checked for parking. If the threshold exceeds the 

number of taxi, then the taxi must find nearby location to park. 

 
Fig. 2. Multiple optimal drive routes 

 

 

4.1 ALGORITHM 

 

Both the Taxi recommender and the Passenger recommender are multiple-criteria 

recommendation systems. In particular, given the current location L and time T of a taxi driver or 

a passenger, the taxi recommender provides the driver with top-k parking places and routes to 

these parking places while the passenger recommender suggests a set of road segments within a 

walkable distance, both according to a specified recommendation strategy, which is either 

identified by the user’s preference or automatically set to a default value. 
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Table 1: Algorithm of Detection of Candidate Parking places 

Input: Given a non-occupied trip p1 --> p2 ……..--> p7. 

Begin 

Step 1: Check the Distance between the current point and the latter point until the distance is 

smaller than a threshold. 

Step 2: Since, dist(p1, p2) exceeds the distance threshold 100 we move next,  Fixing p2 as the 

“pivot” point and find that dist(p2; p3) <dist(p2; p4) <T  

             While dist(p2; p5) > T. 

Step 3: The threshold T = 5 is taken for parking queue size. The region, where the taxi wants to 

park can check the queue by choosing his location.  

Step 4: If the queue level is below the threshold, then the parking can be done at the chosen 

region. 

 End 

 

 

The Table 1 gives Algorithm of detection of candidate parking places. Consider  there are seven 

places where candidates can park his/her vehicle i.e.,  from (p1,p2,…………..p7). We have taken 

a threshold value to maintain the parking places, it should be nearer, optimized and within 

walking distance. If suppose , the candidate is moving fom p1-> p2->p3 then we will check 

whether p1->p2  or p2->p3 or p1->p3 comes within the threshold value or not. If all these 

conditions get satisfied then he/she need to park vehicle there. To implement this we had kept an 

Stack with defined maximum length as 5. i.e, in a particular place only five candidates can park 

their vehicles on exceeding “5”value per place candidates need to go next succeeding or 

preceding place. 

 

The Fig. 3 shows the use case diagram of the Recommender system application, showing how 

candidates like Passengers and Taxi drivers can use the Recommender system. 

 

Passenger’s view : Using the application  passengers need to register first, after registering 

passenger can search for available taxis in his current location, once found more than one 

available then he/she can also filter among the taxis and get details of chosen one. If no taxis 

available then, the recommender system informs the passenger that how long he/she needs to 

wait for next available taxi. 

 

Taxi Driver’s view: Similarly, the taxi drivers need to register initially to use Recommender 

system Application. The application is useful for drivers to check available passengers in their 

current location if not then the nearest parking place where they can park and rest for the peak 

hours when they get more passengers and make money. But to use this system effectively taxi 

drivers need to update their places in time to time. 
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Fig. 3. Use case diagram of the Taxi-Passenger Recommender System 

 

 

 

 5. RESULTS 
 

We are implemented the taxi recommender system in Java programming language. Eclipse is an 

extensible, open source IDE (integrated development environment) [14]. Fig. 4 is the 

Screenshot of the Passenger’s Recommender system. Here, new Passengers can update their 

region. Once updated  he can look for  the vacant taxis in  recommender system, if no taxis 

present the recommender system will also tell about the waiting time and if taxis are available it 

tells about the recommended taxis and their details. On click Find vacant taxis button, it gives 

details of vacant taxis available in database. 

 

And if he clicks on Walkable Location Taxi button then it shows the walkable distance taxis 

available from the passenger’s mentioned region. If not, it shows the waiting time of taxis 

which will be available in little time.  Above Figure 4 shows the recommended taxis and the 

chosen taxis details with phone number of a Taxi Driver. 
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Passenger Recommender 

 

 

Fig.4: ScreenshotofPassenger RecommenderSystem 

 

Taxi Recommender 

 

Fig. 5: Screenshot of Taxi Recommender System 
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Fig. 5 is the Screenshot of the Taxi Recommender system. Here, Taxi drivers have to register 

their region and phone number which will be stored in database. Taxi drivers can also look for 

parking region instead of cursing around city to find Passengers. It shows the parking queue for 

the taxi.  In Taxi recommender system, even taxi drivers can search for Passengers and get their 

details, through Passenger’s IDs shows the parking queue for the taxi.  In Taxi recommender 

even taxi drivers can search for Passengers and get their details, through Passenger’s IDs. 

 

   6. CONCLUSIONS 

To save the time for finding a taxicab and reduce unnecessary traffic flows as well as energy 

consumptions caused by cruising taxicabs, we have proposed an desktop application for Taxi-

Passenger recommender system. The taxi recommender accurately predicts the time-varying 

queue length at parking places and effectively provides the parking places; the passenger 

recommender successfully suggests the road segments where users can easily find vacant taxis. 

In future, we have a plan to deploy our Taxi-Passenger recommender system in the real world so 

as to further validate and improve the effectiveness and robustness of this system. 
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