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ABSTRACT 
Smartphones today not only provide computing and 

communication capabilities but are also equipped with many 

sensors that enable new applications across several domains, 

namely healthcare, environmental monitoring, social networks, 

and transportation. In this paper, we focus on the heathcare 

domain. We describe a location-based application called Fitness 

Tour that we have designed for Andorid-based smartphones. Our 

application includes several new features: (a) randomly generated 

exercise tours, (b) secure verification of any completed tour, and 

(c) social network interface that allows participating users to 

invite friends to view their records or participate in self-organized 

group competitions.  This group feature allows users to exert 

social pressure on one another to adopt healthier lifestyle via 

outdoor physical activities. Our main goal is to use this 

application to encourage children and college students to adopt 

more active lifestyles and hence combat the obesity problem.  

Categories and Subject Descriptors 

H.5.M. Information interfaces and presentations (e.g. HCI): 

Miscellaneous. 

General Terms 

Design, Human Factors 

Keywords 

Health, outdoor physical activity, location-based 

application, privacy. 

1. INTRODUCTION 
Smartphones today not only provide computing and 

communication capabilities but are also equipped with 

many sensors e.g. GPS, accelerometer, compass, 

microphone, etc. These sensors enable new applications 

across several domains e.g. transportation, healthcare, 

environmental monitoring, and social networks. In the 

healthcare domain, several mobile applications have been 

developed recently to encourage people to live a healthy 

lifestyle. For example, several health-oriented games 

referred to as exergames [3,4] have been developed. 

Exergames are applications where players must engage in 

physical activities to play. Other applications monitor 

behaviors so that people can become more aware of how 

healthy they are living [5,6]. The authors in [7] examined 

how mobile devices can encourage adults to live healthier 

lifestyle via more casual educational games. 

In this paper, we design a location-based mobile application 

called Fitness Tour for encouraging school children or 

college students to participate in outdoor physical activities 

in a social friendly manner. Our main goal in developing 

this application is to combat the problem of obesity among 

children, adolescent, and college students. Children and 

adolescents obesity in the United States is an escalating 

problem that has received much attention lately.  In our 

application, each participant is given a random exercise tour 

to take every time he wants to walk or run. Each tour 

consists of visiting multiple locations which a user is 

familiar with. Heartbeat readings before and after a tour, 

and burnt calories are recorded, and sent to a remote server. 

A participant can invite friends to view their records via our 

Fitness Tour Facebook application. In addition, we provide 

a group feature which participants can use for self-

organized group activities. Such a feature allows 

participants to exert social influence on one another for 

adopting healthier lifestyle via fun-filled group-based 

physical activities. Our prototype consists of a client 

program developed using the Android platform as well as a 

server program that runs on a remote server. 

The rest of the paper is organized as follows: In Section 2, 

we describe some mobile applications that have been 

developed recently for promoting healthy lifestyle. We also 

discussed some obesity related social studies that were 

carried out recently e.g. one studied the effectiveness of 

activity based video games on increased energy 

expenditure. In Section 3, we present the Fitness Tour 

application that we have designed. In Section 4, we discuss 

the evaluation methodology we intend to conduct. Finally, 

we conclude in Section 5 by discussing some additional 

features that we hope to include in the near future. 

2. RELATED WORK 

2.1 Mobile Applications Promoting Healthy 

Lifestyle 
In [3], the authors design Shadow Boxer, a boxing game in 

which the player moves his/her arm to punch a virtual 
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target. In [4], the authors developed several fitness games 

that allow people to compete in structured physical activity 

sessions (e.g. playing a ball game) with remote third parties. 

Other applications are more gear towards promoting 

healthy living via educational games. These are mostly role-

playing and simulation games in which users play the role 

of someone trying to engage in healthy behaviors [5,6].  In 

[7], the authors designed a smartphone-based casual 

nutrition game, and conducted a real-world evaluation using 

twelve participants. Their study showed that their game 

helped their participants to engage in healthy behavioral 

changes. 

2.2 Social Studies of Various Methods for 

Combating Obesity. 
In less than 30 years, the prevalence of overweight children 

and adolescents in US has more than doubled [1]. The 

percentage of children who are overweight has more than 

tripled by 1999, reaching 13%. Similarly, the percentage of 

overweight for adolescents has also nearly tripled in the 

same period, reaching 14% [1]. Many studies have been 

done recently to identify ways to combat this obesity 

problem. The authors in [1] have investigated the impact of 

fast food restaurant advertisement on TV on childhood 

obesity. Their study showed that a ban on these 

advertisements would reduce the number of overweight 

children ages 3-11 in a fixed population by 18% and would 

reduce the number of overweight adolescents ages 12-18 by 

14%. 

The authors in [8] did a study on the increased energy 

expenditure by children and adults who engaged in activity-

promoting video games compared to sedentary video 

games. Their results revealed that energy expenditure 

increased significantly above all activities when children or 

adults played Nitendo WII games. In another study reported 

in [9], the authors studied youths with ages less than 21 

years and showed that activity levels during active video 

games play were highly variable with mean percentage 

increases of 222% in energy expenditure and 64% in heart 

rate. Energy expenditure was significantly lower for games 

played primarily through upper body movements compared 

with those that engaged the lower body. 

3. FITNESS TOUR 
In Fig 1(a), we show the architecture of our Fitness Tour 

application. We illustrate how users can use the Wifi 

interface on their smartphone to communicate with the 

Fitness Tour server via the access points (AP) that are 

deployed within a school or a cmpus. Our Fitness Tour 

client software runs on Android phones. A user uses the 3G 

or Wifi interface of his smartphone to obtain location 

proofs during an exercise tour or access data records stored 

at a remote server.  Our Fitness Tour program generates a 

random running tour for each participating user. Such tours 

are randomly generated so that participating users cannot 

predict them. This provides an element of surprise for any 

user. A user may need to take such exercise tours a few 

times per week. A tour may require a student to visit a 

particular location multiple times. In Fig 2, we show an 

example of an exercise tour: the map illustrates the Lehigh 

ASA campus with 4 marked locations: L1 to L4. Each 

participating user is given a displayed map of the locations 

which he/she is asked to visit for each exercise tour, and the 

order in which these locations should be visited. At the 

beginning of the exercise, a user will press his finger 

against the camera of his/her smartphone to obtain his/her 

heartbeat rate. This heartbeat reader program is freely 

available [2]. At the corner of the screen in Fig 2, we show 

the heartbeat reading of that user. Then, he/she will start 

his/her tour. When a user is at a particular location, he/she 

will collect a location proof in his/her mobile device. We 

will explain in the next section how this location proof is 

generated.  When a user finishes his/her tour, he/she will 

again record his/her heartbeat rate. The heartbeat readings, 

location proofs, and the time it takes for each tour will be 

sent by the client software to a remote server. A group 

feature is also added to allow a participating user to form a 

group with several team members. A user can invite friends 

to join a group via the Fitness Tour Facebook application 

(shown in Fig 3) that we have developed.  Each team 

member can automatically view his own exercise records 

(as shown in Fig 4) and those of his group members. In 

addition, a user can view summarized reports of other 

groups if he is granted access to such reports. 
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Fig 1: Architecture & Information Exchange between User 

and Server in Fitness Tour 

Constructing Location Proofs 

Access points are often deployed in academic buildings 

within a campus. Each access point transmits beacons 

periodically.  When a smartphone device that a participant 

owns receives a beacon transmitted by an access point, it 

sends a “request location proof” message to a server. The 

request message contains the user’s identifier (include 

group identifier), the sequence number of that particular 

beacon, the AP identifier, and is signed by the user. The 

server responds with a location proof that includes 

information about the AP identifier, the user’s identifier, the 



timestamp, location of the AP. This message is signed by 

the server. The message exchanges between a client device 

and the Fitness Tour server for obtaining location proofs 

are presented in Fig 1(b).  At the end of the tour, our client 

program will sends an exercise report signed by the user to 

the server (shown in Fig 1(c)). The exercise report contains 

information about the starting and ending heartbeat rates, 

the starting time of the exercise tour, the end time of the 

exercise tour, the location proofs collected at the various 

locations of a tour. The server will respond with a signed 

acknowledgement message. The acknowledgement message 

contains a transaction id that can be used by the user to 

prove that he/she has indeed submitted a report. 

9696

 
Fig 2: Exercise Tour within a Campus 

 
Fig 3: Fitness Tour Facebook Application Screenshot 

 
Fig 4: Fitness Tour Personal Exercise Records 

Our Fitness Tour application consists of two main 

components: (i) a server module running at a remote server, 

(ii) a client module running on a smartphone. The module 

at the server needs to (a) process all location proof request 

messages, (b) issue appropriate location proofs, (c) receive 

exercise reports, and (d)send back an acknowledgement 

message that contains transaction identifier. It also contains 

other modules that provide certain functionalities e.g. data 

mining, user verification etc. The module at the client (a) 

issues location proof request, (b) collects location proofs, 

and (c) sends an exercise report to the server. 

When a user clicks on our “Fitness Tour” (FT) application, 

the program randomly generates an exercise tour that 

consists of M locations.  The program displays these M 

locations on a map. Then, the program prompts the user to 

press his thumb on the smartphone camera. The heartbeat 

reading program will calculate the user’s heartbeat and 

display on one corner of the screen. Then, the user will send 

the exercise tour, his weight, the starting time and the initial 

heartbeat information to the server. Next, he runs to the 1
st
 

location on that exercise tour. When he arrives, he will tab 

that location. His action triggers the FT program to send a 

location proof request to the FT server. The 1
st
 location 

proof request includes the AP-ID, the beacon-ID, time 

information. The FT server upon checking the validity of 

the AP-ID and beacon-ID will respond with a location 

proof (which can be a hash of relevant values). The FT 

program will display “location proof acquired” before the 

user runs to the next location. This process is repeated for 

all the locations specified in the exercise tour. Upon 

returning to the starting location, the user measures his 

heartbeat again and tab on the “finish” button. That will 

trigger the FT client program to send a Finish message 

together with the final heartbeat reading and ending time to 

the server. 

With the added group feature, a user can organize group-

based competition. For example, we can define a scoring 

function that takes into considerations the average 

completion time of the tour of all group members, the 

average change in the normalized heartbeat rates etc.  The 

server performs group-based analysis. Every member in a 

group will complete his own exercise tour and upload his 

information to the server. The server can use some formula 

to transform the total distance travelled, the total time taken 

by all members into the total amount of burnt calories for 

all members. For example, this article [10] gives a simple 

equation to translate distance run in twelve minutes, and 

weight of the runner into burnt calories. The group with the 

highest weekly (or monthly) burnt calories can be declared 

as the winner and each one of them can be awarded e.g. 

with free coupons to purchase healthy food.  

In addition, a barcode scanner program can be added to 

allow a user to scan the snack food he takes each day. The 

FT program can contact the server to determine the calorie 

of the food and suggests alternative snack food if the one 

consumed by a user is not too healthy.  



A preliminary version of our client software running on a 

smartphone is shown in Fig 5(a). The heartbeat reader will 

read the heartbeat of a person when he presses his thumb on 

the camera hole. The tour generator will generate a random 

M-location exercise tour. After the exercise is done, the 

report generator will construct the message that will be sent 

out either via WiFi or 3G/4G interface to the server. The 

user authentication module is used to allow a user to log 

into the server before uploading the exercise report. The 

OSN interface allows a user to use their regular OSN 

interface to recruit friends to participate in group-related 

activities. A user can also use this OSN interface to invite 

friends/parents to view his exercise records at the server. 

The invited friends/parents can send text messages to 

remind or encourage the user to stick to his exercise plan on 

a daily basis if they desire.  Except for this text message 

feature, all the above features have been implemented.   
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Fig 5: Software Modules for Fitness Tour 

Additional functionalities that we hope to add are:  a food 

checker program which consists of a barcode reader. This 

barcode reader is invoked when user tabs on the Food-

Checker button. The barcode of the snack (e.g. chocolate 

bar) that a user eats will be scanned. A message will then be 

sent to the server to query for the “goodness” of the snack. 

The response will inform the user if the snack is “good” or 

“bad”. When the snack is “bad”, some suggestions of 

alternative snacks (e.g. yogurt) will be provided. The “Msg 

Texting” module allows users to text one another (this 

module is not available yet).  

 

Fig 5(b) shows the server module. The server will verify a 

user using the user verification module (which is a simple 

password authentication system for now). The Report 

Parser parses the exercise report sent by a user, and 

translates the information into appropriate database formats 

via the database processing module so that they can be 

inserted into the relevant database. The barcode reading 

sent by the user will be routed to the Food Analyzer module 

(this feature will be added in the near future). The Food 

Analyzer uses the information stored in the barcode to 

calorie mapping table stored at the database to construct a 

response to the user. The response message will be sent out 

via the communicator module. The data mining module (not 

implemented yet) analyzes weekly/monthly measurements 

per user and comes up with suggestions on the frequency of 

exercise tours that need to be carried out daily or weekly. In 

addition, the measurements for specific groups of users 

(e.g. based on age group or racial group) can be analyzed 

for other purposes. Similarly, the daily/weekly calorie 

intakes and consumptions can be mined to come up with 

different suggestions for groups that are more prone to 

obesity issues. 

4. Discussion on Evaluation Methodology 
In order to evaluate the effectiveness of our smartphone 

application in combating obesity, we intend to conduct 

human subject studies. We are currently applying for IRB 

approval to conduct such studies. Several important 

experiment design decisions need to be made e.g. what 

outcomes need to be measured, which population do we 

want to study etc. Several NIH initiatives to support obesity 

prevention in the past have specified that the primary 

outcomes must include a measure of weight. Continuous 

variables that incorporate weight (e.g. Body Mass Index 

(BMI) or predicted percentage body fat) are often chosen as 

the primary outcome. To choose between the different 

measurement options, researchers need to consider three 

issues; feasibility, reliability and validity. Reliability refers 

to the repeatability of measurements under study conditions 

and is an assessment of measurement error. Height and 

weight can be measured by trained observers (e.g. teachers 

in a school or residential nurses at a college). Past studies 

[11] have shown that if the percentage of body fat is the 

outcome of interest, then we may need to use off-the-shelf 

skinfold calibers to measure triceps or subscapular skinfold 

values. In addition, we may also collect accelerometer 

readings from smartphones carried by the participants and 

use them as a measure of the physical activity level. We 

will compare the effectiveness of using such accelerometer 

readings with readings collected from more expensive 

devices e.g. Actigraph meters [12] often used in past NIH 

studies. Furthermore, we will also investigate if the 

heartbeat readings obtained using a phone-camera is as 

good as measurements obtained from more expensive off-

the-shelf meters.  

We intend to study college students first before we study 

students from middle/high schools. We will recruit college 

students via existing health club memberships within a 

campus. Equal number of students with normal and excess 

weights will be selected. Ideally, we will only recruit 

students that already possess Android phones. However, we 

are prepared to let the students check out at different weeks 

the small number of Android phones we currently have in 

our research laboratory. Furthermore, we will recruit two 

groups of students: those with normal weights and those 

with weight issues. For those with weight issues, we would 

let them measure their physical activity level for 1-2 weeks 

before trying our Fitness tour applications so that we can 



investigate if our application provides incentives for them 

to change their lifestyles. 

5. Concluding Remarks 
In this paper, we have presented a new location-based 

mobile application called Fitness Tour that we have 

developed. Our application creates random running or 

walking tours for a participating user to take daily. Heart 

beat readings are taken before and after each tour and burnt 

calories are calculated. The heartbeat readings, and the 

burnt calories information for each tour are stored in a 

remote server. A participating user can invite friends to 

review his/her records, and also form teams to compete 

with one another.  There are several near future tasks that 

we intend to do. We need to develop the location proof 

feature. In addition, we intend to include a food checker 

program such that participants can keep track of what they 

eat. Last but not least, we intend to conduct a large scale 

evaluation of our system with two control groups, one using 

our application, and the other using WII games so that we 

can compare the difference between indoor or outdoor 

games. We will also evaluate the impact of having the 

group feature on the adoption rate of our platform.  
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