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ÅRecentdevelopmentsin informationtechnologieshaveenabledthe crowd sensing

in transportationsystems,which showsmanyadvantagesover traditional surveys,

suchaslessmanpower, shorter surveyperiod,greateraccuracy,resolution,etc.

ÅCustom-designedsensingdeviceswere deployedin a SingaporeNational Science

Experiment (NSE), which captured detailed and complete commuting trip

informationof thousandsof studentsof differentages

ÅThe large, real-world NSE data set provides a powerful approach for us to

examineandrefine current understandingof transportationmode choices, which

is critical for transportationsystemplanninganddesign.

We investigated studentsõ travel mode choice decisions in Singapore through a 

data-driven approach and reach the following conclusions: 

Å The mean travel speed of students using public and private modes of 

transportation are separated by less than 10km/hr, highlighting that the choice 

to travel by car in Singapore is likely a factor of the availability of this mode, as 

well as the comfort, convenience, and other features. 

ÅThe total travel distance shows impact on studentsõ mode choice.Proximity to 

metro stations does predicate a tendency to travel by train, while proximity to 

bus stops does not guarantee an increase of bus adoption.

Å Students tend to choose trips which minimize walking distance at the expense 

of greater overall travel distance. 

3.1. Data Collection 

ÅTo analyze crowd-sensed data of peopleõs commuting routes to answer three key 

questions in urban transportation choices:

Á Is use of private car necessarily faster than public transportation?

Á Do people living close to public transportation infrastructure prefer to use it?

Á Do people tend to choose routes that minimize walking distance even if it 

increases their overall travel distance?

ÅThis work usesdata collected from National ScienceExperiment (NSE) using

speciallydesigned,low-cost sensingdeviceòSENSgó,which integratesmultiple

sensors for environment and mobility detection, including accelerometer,

gyroscope, magnetometer, light intensity, sound pressure, relative humidity,

temperature,pressureandWi-Fi scanner. Wi-Fi signalsareusedfor localization.

ÅStudentsfrom Primary,SecondaryandJuniorCollegesin Singaporevolunteeredto

participatein a one-week data collection campaign,eachcarryingone òSENSgó

device. In 2015, we had43,140studentsinvolvedandcollectedmore than500,000

km of traveldata. All datais anonymousandsecurelyhandled.

4.3. Sensitivity Analysis

Fig. 3. The box/whisker plot of median 
speed of different travel modes shows 
that the walking, bus, train and car 
median speeds are 6.9, 13.0, 16.4, and 
22.2 km/hr respectively. The median 
speed of car trips are only 6 to 9 km/hr
faster than those taken by bus and train 
respectively, even though the public 
mode speeds include waiting and transfer 
times. This suggests that traveling by 
private vehicle in Singapore during 
morning commutes is not substantially 
faster than using public transportation. 

4.2. Travel Distance and Transport Mode

4.1. Relationship Between Mode and Mean Speed
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Place of Interest (POI) 
detection

From geospatial data (latitude and 
longitude), calculate moving speed at 
each data sample.

Go through all samples chronologically 
and catch dwelling segments whose 
speed is below a preset threshold for a 
certain period.

Combine all geographically and 
chronologically close dwelling 
segments, which form up POIs.

Data samples between every two POIs 
form up one trip.

Check the time range of each POI: the 
one with overnight time range is 
considered as home, the one with 
normal school time range is considered 
as school.

Transportation Mode 
Identification (TMID)

Sample-wise decision tree model, 
classifying each sample to 6 modes: 
indoor walking, outdoor walking, 
indoor stationary, outdoor stationary, 
MRT, [bus or car]

Heuristic smoother, removing sudden 
mode changes and segmenting the data 
based on weather walking or not.

TMID results validation ð
automatic travel mode labeling

Pick up one particular trip. Obtain the 
trip origin, destination and departure 
time of the day. 

Query Google Directions API for three 
times, using the trip information above 
along with three different modes: 
Walking, Driving, Transit, individually.

Compare each Google route with the 
real trajectory and calculate similarity 
features in different aspects, mainly 
geographical shape, distance and 
duration.

Pick up the Google route which is most 
similar to the real trajectory, and check 
whether its similarity features are all 
below certain thresholds.

Fig. 1.  òSENSgó sensing device 

examples

3.2. Data Preprocessing

Output: 
Mode 

choice for 
each data 
sample

TMID 
results 

validation

Transportati
on Mode 

Identification 
(TMID)

Place of 
Interests 

(POI) 
detection

Removing 
invalid data 

samples

Input: time-
series data 

of daily 
trajectories

Mode revision based on mean speed 
and variance of magnetometer 
magnitude, correcting wrong detection 
of stationary segments, MRT segments, 
and [bus or car] segments.

Decision-tree classification using GIS 
(Geographical Information System) 
features (such as how many bus stops 
lying along the trajectory), 
differentiating bus and car segments.

If above step is satisfied, compare the 
TMID results with the modes of the 
selected Google route. When the two 
sets of modes are consistent, this trip is 
selected for the following analysis.

Tools used:

3.3. Mode Choice Analysis

Pick up trips of 
different travel 
modes and 
calculate the 
mean speed

Analyze the 
relationship 
between 
mode and 
mean speed

Calculate the distance 
between home to 
school, and home to 
the nearest bus stops 
and metro stations

ÅMorning commutesfrom home to school are the only travel considereddue to

variabilityintroducedby studentsparticipatingin a rangeof after-schoolactivities

ÅDue to a lack of comprehensiveground truth data from Google directions

queries,after data preprocessing,a subsetof 1,335studentsõcommutingdata is

selectedfor further analysis.

Investigate 
studentsõ 
proclivity to 
walk less and 
travel less

Study how total 
travel distance and 
distance to public 
transportation stops 
affect mode choice

Calculate the mean and 
minimum walking/travel 
distance of all the other 
possible routes 
returned by Google API

Fig. 4. Figure (a) shows that the farther someone lives from school, the more likely they are 

to take a train up to a distance of 8km, then bus regains mode share. Figure (b) shows that as 

distance between school and the nearest metro increases, there is a sharp decrease in the 

likelihood that a student will travel via train. 

(a) (b)

Fig. 5. The ratios in figure (a) show that 63% of students walk a shorter distance than 

Google predicted, 29% walked a shorter distance but traveled longer, indicating that students 

are likely prioritizing factors beyond travel distance in their decisions. The histogram in figure 

(b) shows that students who chose to travel by bus walked an average of 440m less than the 

mean of the walking distances in routes suggested by Google, and those who traveled by 

train walked an average of 90m more. This 530m difference is statistically significant.
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Fig. 2.  WiFi-based localization coverage of Singapore in NSE

mailto:erikwilhelm@sutd.edu.sg
mailto:lynette@sutd.edu.sg

