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1. Introduction
 

1.1 Motivation

Changi Airport is the main airport in Singapore and serves as an aviation hub in 

Southeast Asia. The total number of passengers arriving and departing at Changi 

Airport exceeded 50 million in year 2012. As the passenger volume continues to grow 

rapidly, Changi Airport Group has announced plans to expand its capacity to support 

80 million passengers in a bid to meet the increasing market demand. From our 

analysis of the data, approximately 40 % of landing passengers choose to commute 

via taxi to their destinations in Singapore. This presents a significant demand for taxi 

services. The project thus looks into the current taxi operational system employed at 

the airport and proposes carefully evaluated measures to improve the efficiency of 

the system flow.

 

The taxi system is composed of passengers waiting for taxis and taxi drivers in 

Singapore. The two parties interact with each other in a dynamic fashion and are 

closely related. Thus we consider the problem from both passengers’ and taxi drivers’ 

perspective. By comparing the relevant statistics, we observe how they currently 

interact, and further identify the critical factors that are slowing down the system.

Changi Airport has three terminals. In this project, we only focus on Terminal 2. 

Nevertheless, we could perform similar analysis for Terminal 1 and Terminal 3 by 

considering their respective passenger demographics and infrastructures. Essentially 

they can all be analyzed using the same framework. 
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Diagram 1: Overview of taxi boarding system at T2

1.2 Project Overview

 

The efficiency of taxi operational system is affected by a multitude of factors due to 

various complexities involved. In essence, the system could be modeled as a process 

of matching taxi supply and demand. When supply is greater than demand, taxi 

drivers would wait a long time to pick up a passenger. When demand is greater than 

supply, passengers would be the ones who experience a longer waiting time. 

For this project, we are provided with a dataset covering:

1. number of landing passengers (November 2012 to September 2013)

2. passenger and taxi departure counts at the taxi stand (November 2012 to 

September 2013)

3. taxi “detect in” and “detect out” data (first week of September 2013). 

4. passenger arrival and departure volume at T2 south taxi stand from 3:45 pm to 

5:15 pm  on Friday 6 December 2013 (self collected)
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We approach this problem by first analysing the dataset. Average passenger waiting 

time is calculated using a deterministic model. By comparing taxi waiting time and 

queue length to the number of landing passengers and number of people waiting 

for taxis, we are able to observe how the two parties interact and identify the critical 

factors affecting the system. A multivariate linear regression model is then proposed 

to predict the taxi demand and supply at the airport. The model can be implemented 

through a mobile application for taxi drivers. Several recommendations regarding 

logistics and infrastructure are also suggested at the end of the report.   

1.3 Problem Breakdown 

 

Diagram 2: Taxi and passenger flow diagram at T2

We define the system boundary from the point taxis enter the holding area to the 

point taxis leave taxi bays after picking up a passenger.

For taxi drivers, their waiting time consists of three parts: waiting time in the holding 

area, time taken to travel from the holding area to taxi bays and time taken for a 

passenger to board.  For terminal 2 South, it takes 1 to 1.5 minutes to travel from 

the holding area to the taxi bays. This travel time does not vary with taxi demand, 

thus we do not consider it as an indicator of taxi demand-supply condition.  The 

waiting time in the taxi holding area can be found from the “detect in” “detect out” 

infrastructure at the airport terminal taxi holding area, therefore it is our main focus 

when performing numerical analysis.
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2. Data Analysis 

Two indicators of the efficiency of the queuing system are waiting time and queue 

length. In this section of the report, we investigate these two properties for both 

passengers and taxis. 

2.1 Passenger Average Waiting Time and Queue Length at T2 South Taxi Stand 

 

To calculate the current passenger waiting time at the taxi stand, we collected data 

on the number of arriving and departing passengers in 5-minute intervals at T2 South 

taxi stand on Friday, December 6th 2013 from 3:45 pm to 5:15 pm. This period 

corresponds to the time period with most number of flight arrivals, thus the waiting 

time obtained below can be seen as an upper bound. 

 

A deterministic model is used to compute passenger waiting time at the taxi stand. 

The model has the following assumptions:

 

1) The arrival and departure rate during the time interval measured is constant. In our 

case, we assume the passenger arrival and departure rate at the taxi stand is constant 

within every 5-minute time interval. This assumption is reasonable as a 5-minute time 

interval is short enough for the model to hold based on our observation. 

 

2) People are served on a FIFO (First in, First out) basis. By applying this model, we 

ignore the situations where people cut queues.

Based on the model, the average passenger waiting time is calculated using, 

        where,

A(t): Cumulative number of people arriving at the taxi stand

D(t): Cumulative number of people departing the taxi stand
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Fig 1: Cumulative number of arriving and departing people at T2 South taxi stand 

on Friday 6 Dec 2013

By integrating the difference between cumulative number of arriving and departing 

people at the taxi stand for every 5-minute time interval, we obtain the total time 

people spent waiting in the queue. Dividing this total waiting time by the number of 

people who have arrived in the queue during this 5-minute time interval gives us the 

average passenger waiting time. The passenger queue length is calculated by the 

vertical difference of A(t) and D(t) in Fig 1 at each time period. A plot of average 

passenger waiting time and queue length is shown below. 
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Fig 2: Average passenger waiting time and queue length at T2 South on Friday 6 

Dec 2013

From Fig 2, most of the time, passengers wait less than 10 minutes to be picked up 

by taxis. However, from 4:50 pm to 5:10 pm, we observe a sudden increase in the 

number of people arriving at the taxi stand and the average passenger waiting time 

exceeds the GOEM requirement (10 minutes). A reason behind this is that there is 

a lag time when taxis are sent in batches by the dispatcher from the holding area to 

the taxi bays. This causes a discontinuous taxi supply where its effect on passenger 

waiting time appears to be more obvious when the arrival rate of passengers is high. 

2.2 Taxi Average Waiting Time and Queue Length 

 

By matching taxis with the same IU (In-Vehicle Unit) number in “detect in” “detect out” 

data, we calculate each taxi’s waiting time in the holding area on September 1st, 2nd 

and 7th, which correspond to Sunday, Monday and Saturday respectively. Average 

taxi waiting time in the holding area is then obtained by taking the average in each 

time period for each day. From the same dataset, taxi queue length in a certain time 

period is extracted by summing number of taxis currently in the queue. Please refer to 

Appendix Fig C and E for more details on the Python code for extraction. 
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A graph that illustrates the relationship between taxi waiting time and queue length 

is shown below.

Fig 3: Average taxi waiting time and queue length at T2 on Saturday 7 September 

2013

From Fig 3, taxis wait the longest from 3 am to 4 am, with a waiting time of around 

50 minutes. This time period also corresponds to a short queue length of circa 150 

taxis. On the other hand, at times when the number of taxis in queue is high, that is 

from 5 pm till midnight, the waiting time appears to be only 15 minutes.

2.3 Interaction between Passengers and Taxis 

To have a better understanding of how taxis interact with passengers, we analyze how taxi 

waiting time and taxi queue length is influenced by the number of landing passengers 

(delayed 30 minutes) and number of people waiting for taxis. This 30-minute delay 

accounts for the time passengers take to clear through the immigration and take their 

luggage. In this case, 30 minutes is a reasonable approximation based on the information 

provided by Changi Airport Group. A graph that cross compares the three entities for a 

single day is shown below.  
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Fig 4: Average taxi waiting time, landing passenger volume and number of people 

waiting for taxis at T2 on Saturday 7 September 2013

From Fig 4, the peak of taxi waiting time corresponds to the lowest landing passenger 

volume and smallest number of people waiting for taxis at the taxi stand from 3 am 

to 4 am. This shows that taxis wait longer times to pick up passengers when the main 

source of taxi demand (flight arrival) is low. 

Fig 5: Taxi queue length, landing passenger volume and number of people waiting 

for taxis at T2 on Saturday 7 September 2013
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Based on Fig 5, taxi queue length is above 200 from 4 pm to 9 pm, this indicates a 

high taxi supply. However, taxi demand fluctuates during this period, implying that 

there is a mismatch between supply and demand.

3. Prediction Model 

In our model, we assume that the number of people waiting at the taxi stand is 

dependent on the number of landing passengers. A multivariate linear regression is 

then used to predict taxi demand and supply as a function of several independent 

variables. 

3.1 Multivariate Linear Regression 

Assumptions

Based on our analysis in section 2.1, passenger waiting time for taxis is approximately 

less than 15 minutes. Hence, it can be safely concluded that every potential passenger 

who enters the queue will ultimately leave the airport by a taxi in a reasonable time. 

Therefore, predicted taxi demand is equivalent to predicted number of passengers 

departing the queue (obtained through regression equation). Using a similar 

reasoning, predicted taxi supply is equivalent to predicted number of taxis departing 

the airport (obtained through regression equation).

Models

We formulate the model as follows. The number of passengers who will take taxis and 

the number of available taxis at the airport are dependent variables that are affected 

by several independent variables. Using historical data, two separate regressions 

were done for passengers and taxis.
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Our regression models are as follow:

1, if at T2 South taxi stand
0, if at T2 North taxi stand{
1, if in summer season (Northern Hemisphere)
0, if in winter season (Northern Hemisphere){
1, if day falls on Tuesday
0, otherwise{
1, if day falls on Thursday
0, otherwise{
1, if day falls on Saturday
0, otherwise{

{ 1,  if public transport is available
0, otherwise

where,

Nt(t): Predicted volume of taxis departing at time t

Np(t): Predicted volume of passengers departing at time t

Nl(t-30): Number of landing passengers at time t-30 mins

Passengers: Np(t) = 55.1 + 0.3 Nl(t-30) + 34.9 ω1 + 56.3 ω2 - 18.9 ω3 - 29.4 ω4 - 21.9 ω5 - 27.1 ω6

         Taxis: Nt(t) = 35.2 + 0.2 Nl(t-30) + 13 ω1 + 27.4 ω2 - 10.9 ω3 - 18.1 ω4 -13 ω5 - 19.2 ω6
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Explanation of variables and justifications

Variables Explanations Justi f ications 

Nl(t-30)  

Refers to the number of landing 
passengers with a time delay of 
30 minutes. As there are two taxi 
stands, passengers who arrive at 
T2 E gate are assigned to the 
North taxi queue while passengers 
who arrive at T2 F gate are 
assigned to the South Taxi queue 
(assignment done based on 
proximity to taxi queue) 

Landing passengers is the main source 
of taxi demand at the airport.  

1 

Refers to whether public transport 
(MRT and buses) is available 
during a specific time period. 
When public transport is not 
available from 12 am to 6 am, 
the variable will be assigned a 
value of 0. For the rest of the day, 
it will be assigned a value of 1. 

When there is no public transport, the 
only two transport options for 
passengers are the ground transport 
desk and taxis. Most would choose to 
take taxis, as they are convenient and 
relatively cheaper. 

2 
 

Refers to the specific taxi stand of 
the terminal. 
If it is T2 south taxi stand, it will be 
assigned a value 1. If it is T2 
north taxi stand, its value is 0. 

The number of landing passengers at 
gate E and gate F differs (which 
correspond to T2 north and south taxi 
stand respectively), thus we would 
expect different taxi demand at the two 
taxi stands.  

3 
 

Refers to the current flying season. 
It is assigned 1 if the current 
season is summer in Northern 
Hemisphere and 0 if it is winter in 
Northern Hemisphere. 

This affects the total number of landing 
passengers because the flight patterns 
and schedules change accordingly to 
the seasons. 

4, 5, 6 
 

Refers to whether the day is a 
Tuesday, Thursday or Saturday 
respectively. 
If it is that specific day, it is 
assigned a value of 1. Otherwise, 
it is assigned a value of 0. In this 
sense, Mondays, Wednesdays, 
Friday and Sunday will have a 
value of 0 for all 4, 5 and 6. 

The day of the week affects the number 
of landing passengers as different days 
have different flight schedules. 
 
In this regression analysis, we excluded 
Monday, Wednesdays, Friday and 
Sunday as variables. This is because 
when we initially ran the regression with 
all the days of the week, we obtained 
Monday, Wednesday, Friday and 
Sunday as insignificant variables. A 
possible reason behind this is that there 
is correlation between the flight pattern 
s of these days. Hence, a value of 0 
can be assigned for all of them. 
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Interpretation of coefficients and intercepts

* We would expect a negative relationship where available public transport 

corresponds to lower demand for taxis. However we find that the periods with 

available public transports have much greater number of arriving passengers, thus 

canceling out the effect.

 
Explanatory 
Variables 

 
 

Coeff icients and 
Intercepts  

 
Interpretations 

 
 

Passengers Taxis 

Y-intercept 55.1 35.2 
This  indicates  the default value when  all 
explanatory variables are 0. 

Nl(t-30): number of 
landing passengers 

0.3 0.2 
Positive relationship between the number 
of landing passengers and the demand for 
taxis. 

1: availability of 
public transport 

34.9 13 
Positive coefficients reflect a positive 
relationship between available public 
transport and the demand for taxis*.  

2: T2 taxi stand 
south/north 

56.3 27.4 Positive values means there are generally 
more people at T2 South taxi queue. 

 

3: flying season 
 

-18.9 -10.9 

Negative values indicate lower demand for 
Taxis during the summer season in 
Northern Hemisphere. It is likely due to 
different air traveller demographics. 

4: Tuesday -29.4 -18.1 
These all indicate a negative relationship 
between the days and the estimated 
number of passengers and taxis departing 
respectively. This implies that these days 
could have fewer passengers compared to 
the other days.  

5: Thursday -21.9 -13 

 

6: Saturday 
 

-27.1 -19.2 
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Model accuracy

Regression outputs are as shown below:

Table 1: Multivariate linear regression output for number of estimated passengers 

Table 2: Multivariate linear regression output for number of estimated taxis

We obtain reasonable R square values of:

Passengers : 0.426428412 (Table 1)

Taxi :   0.39524 (Table 2)
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This means that the passengers regression equation can account for approximately 

42% of variations in the dependent variable, and the taxi regression equation can 

account for approximately 39.5% of variations in the dependent variable. Hence, 

our assumption of a linear relationship between the dependent and independent 

variables is reasonable and valid. We also obtain all variables to be significant with 

10% tolerance level. 

Due to a wide range of human factors and uncertainty, the reasonable R square value 

and significance of variables indicate that the model is good enough to provide a 

fair prediction. 

To visualize the accuracy of the model, a plot of predicted and observed taxi demand 

is shown in Fig 6. Most of the points are clustered near the 45° line, indicating a 

close one to one relationship between predicted and observed taxi demand. This 

gives us further evidence that the regression equations are reasonable.

Fig 6: Predicted vs. observed taxi demand at T2 South Saturday summer season 

when public transport is available
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These two regression equations are formed based on 11 months of historical data 

in 2012 and 2013. In the future, passenger flight patterns, demographics and taxi 

supply will change over time. Hence, it is recommended that the regression equations 

are updated every 12 months so as to include one cycle of winter and summer flying 

seasons to reflect the most recent trend. 

3.2 Implementation: Mobile Application 

The mismatch between taxi demand and supply can be attributed to imperfect 

knowledge between both parties. An effective mechanism to transfer relevant 

information is necessary in order to resolve this mismatch. 

Currently, there is a mobile application called “Cabs@Changi” which relays the 

number of arriving flights and the number of taxis in queue to taxi drivers. However, 

these information may not give a holistic and accurate account of taxi demand and 

supply. Hence, we propose an improved mobile application which implements the 

prediction model (section 3.1) to predict taxi demand and supply. 

Home page of the app

•	 Number of taxis needed at each terminal in the 

next hour

•	 Predicted number of people waiting for taxis in the   

next hour 

•	 Current taxi waiting time

•	 Current taxi queue length

The most relevant data for taxi drivers would be the 

number of taxis needed, the current taxi waiting time 

and the number of passengers waiting for taxis. The 

current taxi queue length is provided as additional 

information for taxi drivers who wish to know.Screenshot 1: Xcode 

mockup app (home page)
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Justifications of app features and explanations

1) Number of taxis needed at each terminal in the next hour

•	 This is obtained by subtracting predicted taxi supply Nt  from predicted taxi demand 

Np in the next 1 hour. 

•	 This number indicates the excess demand for taxis in the next 1 hour, allowing taxi 

drivers to match the high demand period. 

2) Predicted number of people waiting for taxis in the next hour

•	 This number is obtained through the passenger prediction model in section 3.1. 

The number of landing passengers is extracted from the flight arrival data. Python 

code is included in Appendix Fig D. 

•	 This number indicates the predicted taxi demand in the next 1 hour. Compared 

to the number of flights arriving in the next 1 hour shown in the current mobile 

application “Cabs@Changi”, we think this figure provides more accurate 

information about taxi demand at the airport. 

3) Current taxi waiting time

•	 This data is obtained through manipulating taxi “detect in” “detect out” data. 

Python code is included in Appendix Fig C. 

•	 This information is provided to allow taxi drivers to make more informed 

decisions of going to the airport. Shorter waiting time reflects high passenger 

demand and vice versa (refer to Fig 4). As taxi drivers do not waste their time 

waiting at the airport, it presents a more efficient allocation of the existing 

limited supply of taxis. 

4) Current taxi queue length

•	 This data is extracted from taxi “detect in” “detect out” data and the total number 

of taxis in the queue at time t is counted. Python code is included in Appendix Fig 

E.

•	 This data will give the taxi drivers a better indication of how many taxis there are 

in the queue. 
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Map

This page shows the route from the taxi driver’s current location to Changi Airport.

3.3 Future Improvements of Prediction Model 

With available data and time, we would like to add in more variables to improve the 

prediction model. 

3.3.1 Variables for taxi demand prediction model

Public demand

Besides being an aviation hub, Changi Airport has differentiated itself to be a 

commercial and entertainment hub where many non-traveling Singaporeans like to 

go to shop or dine. Our current model only considers landing passengers as the taxi 

demand source. By including the public as a taxi demand source, we can derive a 

more accurate prediction. 

Historical trend page 

Graphical representations of historical data  

(corresponding day of the previous week) that includes: 

•	 landing passenger volume and taxi demand vs. taxi 

waiting time  

•	 landing passenger volume and taxi demand vs. taxi 

queue length

•	 taxi waiting time vs. taxi queue length 

Taxi drivers will be able to review daily trends of the 

corresponding day of the previous week. Thus they 

can identify the time periods when more taxis are 

needed. For holidays like Christmas, the data of the 

corresponding day in the previous year would be shown 

to provide more relevant information. 

Screenshot 2: Xcode 

mockup app (historical 

trend page)
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Events occurring in Singapore

Singapore is a global hub with increasing number of international projects and events 

held here in recent years. There may be a surge in air traffic volume when these 

events take place. An example is the F1 Grand Prix race held every September. A few 

weeks before the race in 2013,  flight bookings into Singapore Grand Prix increased 

by 12.6 per cent from the previous year. This contributes a substantial amount of 

demand for taxis which may need to be accounted for in the regression equations. 

3.3.2 Variables for taxi supply prediction model 

Weather

The number of available taxis at the airport is directly affected by the weather. In bad 

weather, the supply of taxis might be lower as taxi drivers may not want to travel to 

the airport. 

Incentive programs offered by Changi Airport

Sometimes, Changi Airport holds various incentive programs to attract taxi drivers 

to come to the airport. This might result in varying taxi supply from when there is no 

incentives offered. 

4. Recommendations 

In section 2 and 3 of the report, we addressed the major factor causing the 

inefficiency of the taxi boarding system (mismatch between taxi demand and supply). 

In this section, several recommendations are proposed to alleviate or eliminate the 

inefficiencies caused by human and infrastructural factors. These factors include:

•	 Lack of information on passenger side 

•	 Passengers’ personal preferences

•	 Lag time incurred when taxis travel from the holding area to taxi bays (especially 

for T2 South)
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4.1 Infrastructural Improvements 

4.1.1 Effective display of taxi bay numberings 

We observe that number signs allocated to each taxi bay are located high up on 

the ceiling. At the end of each taxi queue, a ‘door greeter’ tells each passenger the 

number of the taxi bay to go to. Very often, passengers would not know to look up to 

find these numbers. This causes confusion among passengers, especially those whom 

are first-time visitors to Changi Airport and are unfamiliar with the queuing system. 

The door greeter would then need to spend extra time giving specific instructions to 

these passengers. 

Hence, we suggest an infrastructural improvement at the taxi bay. Numbers can be 

painted on the ground in passengers’ perspective view. Also, a layout showing the 

numberings of taxi bays can be displayed on a digital display screen in the passenger 

queuing area. These infrastructural changes will provide passengers with a visual aid 

to help them better respond to the door greeter’s instructions.

4.1.2 Improved information display of taxi prices 

At T2 South taxi stand, the information board at the end of the queue only provides 

a range of taxi prices that passengers should expect if they are heading to the city. 

We observe that the door greeter would ask for each passenger’s preference for 

taxis before assigning the taxi, but often, passengers who are unfamiliar with the 

local taxi fare rates  would require additional explanations from the door greeter. For 

example, some people may not be aware of the difference between a “Chrysler” and 

a regular taxi.  This holds up the queue from being cleared smoothly. If passengers 

have more detailed information about taxi flag-down prices and minimum mileage 

before reaching the end of the queue, they could make their decisions beforehand.  

We suggest the installation of a digital display at the queuing area which informs 

passengers of the flag-down and mileage prices of all the different types of taxis, 

together with a photo display of the taxi. The displays can be panels hanging down 

from the ceiling or vertical digital display panels placed on the ground. An additional 

benefit of this digital display is that it serves as a distraction for passengers and may 

even reduce their perceived waiting time. 



22

4.1.3 Constructing small taxi holding area at T2 South 

Taxis are sent in batches to each taxi queue and the additional traveling time from 

taxi holding area to taxi bay slows down the clearing of the passenger queue. This 

effect is more prominent for T2 South taxi queue as it is quite a distance from the taxi 

holding area. Hence, we propose the construction of a small taxi holding area near 

the T2 South taxi bays. Taxis proceeding to T2 South queue will be released from 

the main holding area to wait here. This will reduce the lag time for taxis and hence 

waiting time for passengers.

Diagram 3: Small taxi holding area

4.2 Logistics Improvements 

4.2.1 Pre-empting taxi demand 

In section 3: prediction model, we proposed a multivariate linear regression model that 

could help us predict taxi demand at the taxi stand. Though the model is reasonably 

accurate, our prediction can be improved if we could capture the actual passenger 

demand for taxis instead of estimating the proportion of landing passengers who 

would take taxis. We suggest the implementation of an electronic system at custom 

checkpoints which captures the potential number of passengers who would take a 

taxi through a quick survey. As it takes at least 30 minutes for passengers to clear 

through immigration and collect their baggage, taxis would be able to arrive at the 

airport during this time, allowing a match between taxi supply and demand. 
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4.2.2 Premium passenger queue and taxi bay

We observe that premium taxis would generally wait a longer time than regular taxis. 

This is because of a higher fare rate which leads to a lower demand. These premium 

taxis would occupy a taxi bay until someone is willing to take them, preventing other 

regular taxis from entering the taxi bay and picking up passengers. Therefore, we 

suggest a separate premium queue to specifically serve passengers who do not mind 

paying more for a shorter waiting time. To match this, two taxi bays at T2 south 

located at either bays 1 and 2, or 14 and 15 will be allocated for this queue. They 

are located at the ends to ensure that the major passenger and taxi flow operation is 

not affected. The final number of taxi bays assigned to premium taxis may be varied 

depending on passengers’ response. 

4.3 Data Collection 

A 3D people-counting camera located at each taxi stand that counts the number of 

people entering and leaving the queue could be implemented. These statistics will 

allow us to calculate the current passenger queue length. This information could 

be published on digital signboards located at strategic locations in the airport. 

Passengers would be able to compare the queuing conditions at different terminal’s 

taxi stands and decide which one to go to. This information would help to reduce 

passenger waiting time as it leads to efficient distribution of passengers at each 

queue. 
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4.4 Recommendation Evaluations 

The recommendations mentioned above are evaluated through the following system 

indicator matrix to help with the decision-making process.

+1: positive  +2: very positive  –1: negative  –2: very negative  0: no impact 

 

Table 3: Main system performance indicators for the proposed recommendations

Based on our evaluation, the first three recommendations (highlighted in green) 

are preferred. Compared to the others, they effectively reduce the waiting times of 

passengers and taxi drivers at low implementation costs. 
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5. Conclusions

In the second section of the report, an analysis was performed on waiting time and 

queue length for both passengers queuing at the taxi stand and taxis waiting at the 

holding area. We then compared these properties to the number of landing passengers 

and historical taxi demand to understand the interactions between passengers and 

taxis. The major factor causing the inefficiencies is found to be the mismatch between 

taxi supply and demand. 

In order to resolve this, we used a multivariate linear regression model to predict the 

number of people queuing for taxis and the number of taxis leaving with passengers 

at a specific time, namely taxi demand and supply. This prediction model was then 

implemented in an improved mobile application to the existing application “Cabs@

Changi”.

Other factors which we observed that contributed to the inefficiency in the boarding 

system are that passengers have personal preferences for taxis or that they do not 

have enough information to make quick decisions. Moreover there are slight lag 

times when taxis travel from the holding area to taxi bays. Several recommendations 

were proposed to resolve these issues. 

         

As Changi Airport prepares for its large scale expansions in the coming years, we 

expect that the airport will face higher taxi demand and even more complexities. The 

prediction model and proposed recommendations are flexible enough to factor in 

demand variations. With all these, we believe that the taxi boarding system can be 

improved to continue meeting the high GOEM standards and provide better service 

to both passengers and taxis. 
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8. Appendix

Fig A: Relationships between taxis and passengers (T2 South)

 

Fig B: Relationships between taxis and passengers (T2 North)

The data here is retrieved from September 1st 2013. The first graph is for data 

collected at T2 South while the second is for T2 North. These are similar graphs to 

those in the report and we observe the same general trends as explained in detail.
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Fig C: Python code of extracting average taxi waiting time

This is a sample of the python code that we wrote to extract the estimated taxi waiting 

time from the given dataset of taxi ‘detect in’ and ‘detect out’. A similar code will be 

used to extract this information in real time to be displayed on our mobile application.



30

Fig D: Python code of extracting number of landing passengers

This is a sample of the python code that we wrote to extract the number of landing 

passengers from the given dataset. A similar code will be used to extract this 

information from the flight arrival data and obtain the estimated number of landing 

passengers. This information will then be displayed on our mobile application. 
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Fig E: Python code of extracting queue length of taxis

This is a sample of the python code that we wrote to extract the queue length from 

the given dataset of taxi ‘detect in’ and ‘detect out’. A similar code will be used to 

extract this information in real time to be displayed on our mobile application. The
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code uses an initial matrix with 1440 columns (each column represents a minute in 

the 24 hours of a day) and number of taxis that went through the holding area during 

the day as number of rows. All elements in this initial matrix is 0. Then for the time 

period that the taxi is in queue, we replace 0s with 1s. After doing this transformation 

for every row in the matrix, we check the matrix vertically and sum up all the 1s in a 

column to get the total number of taxis in queue in that minute.
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