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Introduction

Report of the World Health Organization about the leading causes of mortality

https://slideplayer.com/slide/12889665/
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Percentage of U.S. Adults Ages 18 Years or Older Who Met the Aerobic and Muscle-Strengthening 
Guidelines, 2008–2016 (from Centers for Disease Control and Prevention, National Center for Health 

Statistics, National Health Inter view Survey (NHIS).  



Literature Review
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Cancer site Average risk reduction Level of epidemiologic evidence

Colon 25% Convincing

Breast 25% Convincing

Endometrial 20-30% Probable

Lung 20-50% Possible

Pancreatic 25% Possible

Gastric 30% Possible

Prostate 10% Insufficient

Ovarian <10% Insufficient

Epidemiologic evidence on the association between physical activity and 
cancer risk (adapted from Schmid and Leitzmann, 2014)
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q Physical Activity types related and non-related to 
transportation
§ There is a relationship between active transportation and health
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q Travel dairy
§ Early surveys were conducted using paper-and pencil interview (PAPI) 

methods in the form of mail-out and mail-back surveys with in-home 
interviews.

§ Several recent studies have investigated the use of automated diaries 
with GPS.

Automatically
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qApplication and Expected contribution

§ Apply Transportation planning
• Estimation and calibration of activity-based demand model 
• Analyzing activity pattern

§ Analyze Physical activity
• Daily physical activity by activity type: Total, Transportation mode, 

Activity type

§ Promote Active Transportation
§ Evaluate traffic stress based on user perception

• Assessment of stress for travel based on user perception

§ Comprehensive network evaluation
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q Comparison between the existing systems for 
monitoring of traveler behaviors
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Research Goal  and Objectives

1. To develop a strategy for monitoring and recording the daily physical
activity of a representative sample of individuals in different urban
area context.

2. To develop data fusion strategy to combine wearable data (including
heart rate) with smartphone data and Google Map features/data.

3. To identify and categorize health outcomes impacted by daily
physical activity.

4. To develop techniques for categorizing different land use and site
design strategies by considering their relationship with
transportation-related physical activity.
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5. To use the fused data to classify a physical activity as recreational,
activity-related (e.g. employment or shopping), or transportation-
related

6. To create a preliminary scheme for using speed patterns/profiles to
classify mode choice.

7. To test the statistical association between the physical activity levels
of individuals, their socioeconomic and employment profiles and the
nearby land use and site design based on a set of predetermined
hypotheses.

8. To develop performance measures that include both physical activity
(based on potential health impact) and travel time for evaluating
transportation system, land use, and site design decisions.



Development of Mobile 
Application and 
Integrated Pasta 

Platform



DEVELOPMENT OF MOBILE APPLICATION AND 
INTEGRATED PASTA PLATFORM
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q Conceptual diagram of PASTA
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qMethodology for the Technical Part
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q Recognition of Trip and mode



Transportation User 
Activity and Trip 

Recognition



Introduction
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q To promote transportation research concerned with user’s behavior 
associated with the built-in environment of cities, it is important to recognize 
the trajectories of user’s activity and trip information. 

q In recent years, smart cities were characterized by their reliance on big and 
continuous user activity data. 

qTherefore, traditional transportation user behavior data collection through 
activity/travel diaries was replaced by automatic and digital methods with 
Global Positioning System (GPS) data logs. 

qTherefore, this section aims to recognize the activity and trip with different 
thresholds of spatiotemporal change by applying the Geohash clustering 
approach and the GIS-based approach, forming a combined approach by 
integrating the Geohash and GIS systems. 

qThe above approaches were developed and implemented for activity only, 
trip only, and sequential activity-trip recognition with GPS data as a case 
study for Kalamazoo city, Michigan.



Data Collection:
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qThe study took advantage of GPS survey data collected by smartphone 
application. 

qA comprehensive dataset for more than 30 users’ daily activities for a 12 
months period, ranging from January to December of 2018, was considered. 

qEach respondent had an average of about 100,000 records for the study 
period of 12 months. 

qWith missing values being eliminated from the records, the final sample 
consisted of nearly 10 million GPS records. 

qEach record in the dataset represented a GPS signal that was captured 
consecutively in every 1-second interval by the Android GPS device and 
contains information on index, date and time (ET), latitude, longitude, altitude 
(m), speed (m/h), distance (m), and satellite information. 

qWe used the GPS accuracy as 100 for user trip/activity recognition. 
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qGeohash Clustering Approach
§ Latitude and longitude points were 

converted and hashed into the Geohash 
format using a specific Geohash length

qGIS-based Approach
§ ArcPy code in the Python language 

environment was developed for reverse 
geocoding to get the spatial boundary 
information from GPS points, which was 
aggregated to get the duration of each 
activity or trip

qCombined Geohash-GIS Approach
§ An algorithm was developed by combining 

those two approaches to achieve the best 
outcome for detecting activity/trip

Approach and Methods
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Different 
testing

Scenarios

MAPE

Geohash-6 GIS-based Approach Combined Approach

5 

min

8 

min
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min
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min
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min
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min

8 

min

10 

min

activity/trip
30.1

6
28.87 33.15 65.91 62.98 67.11 12.70 13.48

18.81

activity
23.8

1
22.82 21.22 49.72 58.59 58.29 18.65 20.95

27.83

trip
42.7

7
40.97 51.43 44.83 34.88 46.35 15.00 20.01

25.21

§ Combined Geohash-GIS approach with dwell time 
5 minutes showed the best accuracy, where the 
MAPE values were less than 15 percent

Predicted accuracy comparisons 
for different approaches
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qThis research studied three different approaches that were developed and 
applied for user activity and trip recognition based on GPS log data. 

qBased on analysis, Geohash precision level-6 with dwell time 5 min showed 
good accu Geohash clustering racy for user activity/trip detection. 

qBased on the GIS-based approach, dwell time 10 min worked better rather 
than 5 minutes; since it was affected with data outlier problems. 

qHowever, the best accuracy was observed for the Combined Geohash-GIS 
approach with dwell time 5 min. 

qTherefore, we can conclude that our proposed combined approach could 
significantly enhance the efficiency and accuracy of GPS travel survey by 
correctly recognizing user activity and trip patterns. 

qThis proposed combined approach could serve as a foundation for a future 
model system of full-scale travel information identification with GPS data. 

qThe accuracy from the combined approach could contribute to the modeling 
and analyzing of travel behavior and is readily applicable to a wide range of 
transportation practices by considering comprehensive travel information. 

Conclusions



Transportation Mode 
Detection



Introduction
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§ Transportation Modes Detection (TMD) is important in planning new 
transportation projects as well as improving existing ones

§ The aims of the study is to develop TMD through the use of 
smartphone data and smartwatches, as well as the use of machine 
learning techniques

*Active Living Research. Moving Toward Active Transportation: 
How Policies Can Encourage Walking and Bicycling. 2016

§ According to US travel data, 
11 percent of trips are by 
foot, 1 percent is by bicycle, 
and 2 percent by public 
transportation, often 
involving walking or biking 
when moving to and from the 
world's transportation 
terminals * 
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https://www.geotab.com/blog/what-is-smart-mobility/


Literature Review
Summary of Transportation Mode Detection in previous Studies
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Summary of Transportation Mode Detection in previous Studies (Continuous)
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A B C

D E

The diagrams (A, B, C, D, E) about the Summary of Transportation Mode Detection in 
previous Studies
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The Framework of the Study
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What is the PASTA 
platform ?

§ It is a platform that consist of a 
PASTA app, server, database, 
and classifiers.   

§ The PASTA platform relies on 
tracking participants' GPS 
location via smartphone as well 
as physical activity data from 
smartwatches such as heart rate, 
calories, and number of steps

Approach and Methods:



𝑻𝒂𝒓𝒈𝒆𝒕 𝑯𝑹𝒓𝒂𝒏𝒈𝒆 = 𝑯𝑹𝒎𝒂𝒙 − 𝑯𝑹𝒓𝒆𝒔𝒕 ×𝑷𝒆𝒓𝒄𝒆𝒏𝒕 𝒊𝒏𝒕𝒆𝒏𝒔𝒊𝒕𝒚 + 𝑯𝑹𝒓𝒆𝒔𝒕

%𝑯𝑹𝑹 =
𝑯𝑹𝒂𝒄𝒕. − 𝑯𝑹𝒓𝒆𝒔𝒕
𝑯𝑹𝒎𝒂𝒙 − 𝑯𝑹𝒓𝒆𝒔𝒕

×100

HRact = Actual Heart Rate (from Fitbit)

HRrest = Resting Heart Rate (from Fitbit)

HRmax = (220 – Age)

𝑷𝑨𝑴𝒊 = ;
𝒊𝒔𝒕𝒂𝒓𝒕

𝒊𝒆𝒏𝒅

%𝑯𝑹𝑹 . 𝒅𝒕

Measurement of Physical Activity

< 30 >

Karvonen equation 



Distribution of Classifiers/Features by Transportation Mode Type
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Results and Discussions:



Feature Source SS df MS F Prob > F

Speed 
(mph)

Between groups 876981.326 3 292327.109
1744.48 0.000

Within groups 1469273.82 8768 167.572288

HRact-
HRrest

Between groups 272799.901 3 90933.3004
659.81 0.000

Within groups 1208383.2 8768 137.817427

PAM
Between groups 14.4698168 3 4.82327227

445.23 0.000
Within groups 94.985774 8768 0.01083323

BMI
Between groups 12478.1398 3 4159.37992

95.7 0.000
Within groups 381086.261 8768 43.4633053

q ANOVA Test for the selected Features by Transportation Mode

< 32 >
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q Post Hoc Tukey Test



q Training and Verification Algorithms

⦁ Extreme Gradient Boosting 

(XGBoost)

⦁ Random Forest (RF) algorithm

⦁ Support Vector Machine (SVM)

⦁ Artificial Neural Network (ANN)

< 34 >
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• The PASTA platform has shown high potential in performance to 
monitor people's activities and classify these activities into trips and 
non-trips. 

• The PASTA platform also provides daily reports of the spatial and 
temporal of these trips with the accompanying PA and the various 
data they contain.

• The Random Forest method was the most accurate  model for 
detecting different modes of transportation.

• This study provides the appropriate tools for decision-makers to 
help them understand the travel behaviors of people depending on 
the built environment, demographic population, in addition to the 
impact of climate.

Conclusions



Integrated Transportation 
and Health Impacts 

Model (ITHIM) 



Introduction
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ITHIM is used to estimate the health benefits-risks of regional 
transportation plans

Quantification of the health benefit-risk trade-off to conclude overall whether active mobility 
is a favorable policy for sustainable urban development and should be promoted

What is the Integrated Transport & Health Impacts 
Model (ITHIM)? 



Literature Review
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Different methods can be used to assess health impacts of 

transportation, including:

§ Benefit assessment

§ Cost-benefit assessment

§ Risk assessment

§ Comparative risk assessment (CRA)

q Methods to assess health impacts of transportation

In the CRA method, the population attributable fraction (PAF) 
formula is applied to each of the factors influencing to health, that 
come from transportation (level of community physical activity, level 
of accidents, level of air pollution and noise). 



PAF: population attributable friction 
for the physical activities need 
to use the relative risk (RR) 
which is depend on the values 
of the MET values

< 40 >



𝑹𝑹𝒔 = 𝟎. 𝟗𝟒 𝑴𝑬𝑻𝒔

< 41 >

There is more than one way to measure relative risks:

𝑹𝑹 = 𝟏 + 𝒃𝑴𝑬𝑻 𝒉𝒓/𝒅𝒂𝒚𝟎.𝟐𝟓

where :
b is a regression coefficient

Or

What is the MET ?
q A MET is the ratio of the rate of energy expended during an activity to the rate of energy 

expended at rest. For example, 1 MET is the rate of energy expenditure while at rest.
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q Sample of the standard MET values of the compound

http://prevention.sph.sc.edu/tools/docs/documents_compendium.pdf


RESULTS AND DISCUSSIONS 
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Heat maps for trajectories of moving and time elapsed with each activity 



MET Value Calculate 

Energy expenditure (calories/minute) = .0175 x MET (from chart) x 
weight (kg)

Source: Nakanishi, M., S. Izumi, S. Nagayoshi, H. Kawaguchi, M. Yoshimoto, T. Shiga, T.
Ando, S. Nakae, C. Usui, T. Aoyama, and S. Tanaka. Estimating Energy
Expenditure. BioMedical Engineering Online, Vol. 17, No. 1, 2018, pp. 1–18.
https://doi.org/10.1186/s12938-018-0532-2.

So

𝑴𝑬𝑻𝒔𝑪𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆 =
𝑲𝒄𝒂𝒍/𝒎𝒊𝒏𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅

𝑩𝑾 𝒍𝒃 × 𝟎. 𝟎𝟎𝟕𝟗𝟑𝟕𝟖𝟔

The calories values already available from the Fitbit smartwatch 
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A comparison of the standard MET values for the four common Physical 
Activities related to transportation with the actual measured MET



Relationship between 
PAM and METs in (A) and 
(B) for travel related and 
non-travel related PA

< 46 >

Relationship between PAM and METs  for travel related to PA
Travel Related METs Coef. Std. Err. t P>t [95% Conf. Interval]

PAM -average 6.244 0.477 13.1 0 5.306 7.182

Constant 0.834 0.092 9.03 0 0.653 1.016
Auxiliary Statistics

Number of obs    =    284
F(1, 282)             =    171.66
Prob > F              =    0.0000
R-squared            =    0.3784
Adj R-squared     =    0.3762
Root MSE           =    0.90736

Relationship between PAM and METs  for travel non-travel related to PA 
Non-Travel Related 

METs
Coef. Std. Err. t P>t [95% Conf. Interval]

PAM -average 3.148 0.294 10.7 0 2.569 3.726
Constant 1.421 0.048 29.51 0 1.326 1.515

Auxiliary Statistics

Number of obs    =    344
F(1, 342)             =    114.58
Prob > F              =    0.0000
R-squared            =    0.2509
Adj R-squared     =    0.2488
Root MSE           =    0.56794
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Shifting from qualitative data to quantitative data for the Physical Activities 
impact factor



Conclusion

< 48 >

q Mechanisms for collecting data on physical activities (PA) related to or not 
related to transportation in previous studies relied on questionnaires and 
interviews of specific samples in the community. 

q The PASTA platform provides an automated mechanism for gathering the 
daily activities of people, especially about physical activities and travel 
behaviors. 

q The study also introduces the physical activity minute (PAM), an  indicator of 
changes in activity levels, which is an alternative to the metabolic 
equivalence of the task (METs), which is often a constant value for any type 
of physical activity.

q By coupling the data from PASTA, this research substantially reduces the 
limitations in the previous ITHIM and upgrades the model to conform to the 
current technological advances. 



Exploring the Association 
Between Individual’s 

Physical Activity Level 
With Socio-economic and 

Body composition 
Characteristics



Introduction
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q Regular physical activity is one of the ways that:
§ Help treat many noncommunicable diseases such as heart 

disease, cancer, and diabetes, in addition
§ Preventing the problems of high blood pressure, weight gain 

and obesity 
§ Improving mental health, quality of life and well-being.
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qIt is certain that our 
health is important for all 
of us, and we are all 
trying to achieve the 
highest possible 
standard of wellness

file:///C:%5CUsers%5Cengra%5CDownloads%5Cthursdayincorporatinghealth-161122020027.pdf


The most documented methods of measurement PA

< 51 >

Literature Review



A framework for the study of the transportation modes association with physical 
activities

< 52 >

Methodology



Intensity

Endurance-type activity Strength-type 
exercise

Relative intensity Absolute intensity (METs) Relative 
intensity

VO2 max (%) 
heart rate 

reserve (%)

Maximal 
heart  rate 

(%)
PRE Young

(20-39)

Middle-
aged

(40-39)

Old
(65-79)

Very
old 

(80+)
PRE

Maximal
voluntary

contraction (%)
Very Light <25 <30 < 9 <3.0 <2.5 <2.0 ≤1.25 <10 <30

Light 25-44 30-49 9-10 3.0-4.7 2.5-4.4 2.0-3.5 1.26-
2.2

10-11 30-49

Moderate 45-59 50-69 11-12 4.8-7.1 4.5-4.4 3.6-4.7 2.3-
2.95

12-13 50-69

Hard 60-84 70-89 13-16 7.2-
10.1

6.0-8.4 4.8-6.7 3.0-
4.25

14-16 70-84

Very Hard ≥85 ≥ 90 ≥16 ≥10.2 ≥8.5 ≥6.8 ≥4.25 17-19 >85
Maximal 100 100 20 12 10 8 5 20 100

q Classification of physical activity intensity, based on physical 
activity lasting up to 60 minutes

𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭 𝐭𝐨 𝐦𝐨𝐝𝐞𝐫𝐚𝐭𝐞 𝐏𝐀𝐦𝐢𝐧𝐮𝐭𝐞𝐬 = 𝐦𝐨𝐝𝐞𝐫𝐚𝐭𝐞 + 𝐯𝐢𝐠𝐨𝐫𝐨𝐮𝐬×𝟐
Or

𝐄𝐪𝐮𝐢𝐯𝐚𝐥𝐞𝐧𝐭 𝐭𝐨 𝐯𝐢𝐠𝐨𝐫𝐨𝐮𝐬 𝐏𝐀𝐦𝐢𝐧𝐮𝐭𝐞𝐬 = 𝐯𝐢𝐠𝐨𝐫𝐨𝐮𝐬 +
𝒎𝒐𝒅𝒆𝒓𝒂𝒕𝒆

𝟐

[Source: Physical Activity and Health (21)]
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q Sample of the weekly report for PASTA application about the PA 
intensity achieved for each participant (From 3/25/2019 – 3/31/2019)



The relationship of transportation with PA and the most important variables 
that may determine physical activity intensity

< 55 >



Distribution of average weekly minutes to the equivalent of a vigorous PA in
trip and non-trip activities for each month of study.

< 56 >

RESULTS AND DISCUSSIONS



Distribution of average weekly minutes to the equivalent of a vigorous PA 
in Michigan and Texas states.
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Distribution of each activity for the people based on the average value of 
the Physical Activity in minutes (PAM).
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Predictor model of the Physical Activity related to transportation (PA minutes for the

Path analysis



Summary of the 
significant variables 
(total, direct, indirect) 
related to physical 
activities

< 60 >
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qThe findings of this study help in incorporating human
health into transportation planning by addressing health
outcomes impacted by physical activities associated with
transportation choices considering peoples’ socioeconomic
and body composition profiles

https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf

Conclusion

https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf


Recommendation for future studies 

< 62 >

qDeepen the search in integrated transportation and health 
impacts model, through data from smartphones and 
smartwatches, combined with personal information for users. 
The test results that were obtained from this study can form a 
basis for expanding the study to different population 
segments within and outside USA.

qContinue to develop the PASTA platform in such a way as to 
enable automated air and noise pollution data for geographic 
areas that provide data on physical activities and travel 
behaviors.

q Other features can also be added into PASTA platform to 
enhance the transportation mode detection (TMD) between 
all transportation mode choices.




