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Abstract 
 

Recreational cycling is a popular leisure activity in 
which the cyclist mostly is involved for a whole day at 
a time. This makes safety and comfort some of the most 
important factors to be attended to, especially when 
cycling in group. Group recreational cycling (GRC) is 
a new kind of tourism involving a courier and a 
number of tourists. Beside safety and comfort, tracking 
the cyclists, monitoring their health, and guiding and 
warning along the way are important in GRC. 
Information exchanging among cyclists is essential to 
achieve above goals. In this paper, an event-based 
wireless navigation and healthcare system for group 
recreational cycling (EWS) using an ad hoc network 
with multi-hop protocol to transmit data among 
devices is proposed. EWS can plan a route, warn about 
bad road conditions, play multimedia attractions for 
guiding, track cyclists and monitor their heart rate. 
Two scenarios were designed to observe and verify the 
feasibility of EWS. 
 
Keywords: recreational cycling, ad hoc network, 3G 
network, route planning, heart pulse monitoring 
 
1. Introduction 
 

 In recent years, the bicycle has gradually been 
changed from a simple vehicle into recreational 
equipment. Recreational cycling is about touring rather 
than racing making safety and comfort priorities. The 

range of the cycling may be intra-city, inter-city, or 
inter-country. Although it is often done in groups, in 
strange or unfamiliar places there are any number of 
dangers to contend with. Previous studies on cycling in 
modern societies have focused on the bicycle-as-
transportation perspective. Some other works have 
examined cycling in terms of leisure activities, tourism 
relative industries, and recreational environmental 
preferences. [1, 2] 

Safety and health are major concerns. Safety entails 
both selecting a safe route [3, 4] and appropriate 
protection equipment [5, 6]. Health also needs to be 
attended to because discomfort and even injuries can 
be caused by the conditions encountered along the 
road. Effective communication among and monitoring 
of cyclists can improve both safety and comfort. 

Vehicle telematics involve a car with a computer for 
sending, receiving, and storing information via 
telecommunication devices. The applications include 
vehicle tracking, satellite navigation, mobile data and 
mobile television, and etc. Many telematics systems 
and architectures have been designed and proposed [7, 
8] to facilitate driving. Various related applications and 
research also have been proposed, such as the speech 
recognition [9], vehicle self-diagnostic [10], route 
planning [11], multi-hop networking [12], and etc. 
However, many proposed applications need a powerful 
and expensive onboard device and with high energy 
consumption. Because the car itself can provide power, 
it is not a problem in a car. In addition to 
considerations about power, the on-board units for 
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bicycles needs to come at lower cost and use less 
energy. Therefore, a wireless ad hoc network is a good 
option for building an infrastructure with a less 
complicated network. 

Mobile ad hoc network (MANET) is a self-
configuring network for mobile devices connected by 
wireless links. Routing protocols can be roughly 
classified into proactive and reactive. Both of these 
protocols can allow a node to join and leave an ad hoc 
network without having a base station. Types of 
MANET include Vehicular Ad Hoc Network (VANET), 
Intelligent vehicular ad hoc network (InVANET), and 
Internet Based Mobile Ad Hoc Network (iMANET). 
The related research for MANET include distance 
measurement [13], routing protocols [14], energy 
consumption, and etc. Esbjornsson et al. developed a 
Hocman protocol [15], applying a peer-to-peer 
application for a motorcycle. For group cycling, the 
wireless Ad Hoc network is more suitable as the basis 
for communication because of the shorter distance 
between cyclists. However, compared with cars or 
motorcycle tours, group cycling is more dependent on 
route planning, safety, road condition warning, and 
attraction guides. 

In this paper, an event-based wireless navigation 
and healthcare system (EWS) is proposed including the 
following features: (1) safe route planning, (2) real time 
warning, (3) multimedia attraction guides, (4) cyclist 
communication, (5) cyclist tracking, and (6) cyclist 
health monitoring. People involved in a cycling group 
are either couriers or tourists. 

In order to achieve these objectives, 802.11 wireless 
Ad Hoc networks are used as the point to point 
transmission facility. A 3G network module is also 
attached to the courier’s device to facilitate 
communication with the server. The information 
exchange between the courier and the tourists uses the 
Ad Hoc mode so that onboard devices can reduce the 
computing power requirements. For safety, a heat pulse 
monitoring module is used to read the cyclist’s pulse 
rate. A GPS is also included in the cyclist’s onboard 
device. Therefore, information about attractions and 
road conditions can be provided according to the 
position of the cyclist. The server provides the route 
planning, emergency notification, and other computing-
intensive work. With this planning, the cost of onboard 
equipment on bicycles is lowered. 

In order to achieve these objectives, three 
subsystems are included, namely Bicycle Onboard 
Subsystem (BOS), Courier Subsystem (CS), and GPS 
and Health Subsystem (GHS). Two scenarios are also 
used to illustrate the feasibility of the proposed system 
architecture.  

This paper is organized as follows: Related works 
are described in section 2. Section 3 illustrates the 
system architecture and modules of the proposed EWS. 
Two scenarios are given in section 4. Finally, the 
conclusion is given in section 5. 
 
2. Related Works 
 

 Bicycle-related research can be divided into bicycle 
commuting, bicycle tourism, and recreational cycling. 
In all these, safety and health are two important 
considerations. Ritchie [16] defined recreational 
cycling as: the occasional riding of a bicycle during 
their holidays, with the bicycle considered as an 
alternative and enjoyable mode of transportation when 
exploring a destination; however, bicycles are only 
used during good weather.  

Route planning is important for cycling, therefore 
many methods and research topics have been proposed 
[17-19]. Ehlers et al. designed and implemented a GIS-
based cycling routing system. The system plans a route 
and uses the Geographic Information system (GIS) to 
publish the route on the WWW. However, this is a pre-
planning mechanism, and cannot provide real-time 
information while actually riding. 

Vehicular Ad Hoc Network (VANET), a form of 
mobile ad hoc network (MANET), provides 
communication between vehicles that are near each 
other. Each vehicle equipped with a VANET device will 
be a node in the ad hoc network and can exchange 
information within the network. The objectives can be 
divided into two parts, namely, comfort and safety. 
Research done in VANET includes traffic model and 
mobility mode [20], scalability problem [21], message 
exchanging [22], and etc. As VANET is mainly used in 
inter-car communications, it can provide 
communication between nodes in a high-speed driving 
environment. It should be possible to use the same 
system with bicycles. However, none of the existing 
VANET equipment takes energy consumption into 
consideration, because cars have the necessary power 
for these devices. Therefore, in this study, the energy 
consumption of each device on a tourists’ bicycle was 
reduced. 

 
3. Event-based Wireless Navigation and 
Healthcare System (EWS) 
 

 A navigation and healthcare system, namely EWS, 
is proposed for recreational cycling. The main goals of 
EWS are safe route planning, real time warning, 
multimedia attraction guides, cyclist communication, 
cyclist tracking and cyclist health monitoring. In order 
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to achieve these goals, each bicycle was equipped with 
a tourist’s onboard device (TOD) for tourists or TOD 
and courier’s onboard device (COD) for couriers. Both 
COD and TOD have a display panel, GPS receiver, 
heart rate sensor and ad hoc network module, and the 
COD also has a 3G network module (Figure 1). Since 
all communication between server and cyclists is 
transferred via the COD, communication between 
cyclists only requires an ad hoc network. Therefore, 
this design reduces the energy consumption and lowers 
the cost of the TOD. 

 

 
Figure 1. Overview of recreational cycling 

 
3.1 System Architecture of EWS 

 
EWS includes three subsystems, namely Bicycle 

Onboard Subsystem (BOS), Courier Subsystem (CS), 
and GPS and Health Subsystem (GHS). Figure 2 
illustrates the modules of each subsystem. 
Functionalities of each module are given as follows: 

 

 
Figure 2. EWS system modules 

 
 

 Courier Subsystem (CS) 
The CS is only fitted on the COD. It can 

communicate with the server, transfer the planned route 
and road conditions to tourists, track the tourists’ 
location, and monitor their health. It can also call the 
ambulance or other medical resources in the case of 
accidents. 

3G Network Module provides the communication 
between COD and the back-end server.  

Location Monitor Module continuously collects 
the tourists’ GPS data through the ad hoc network, and 
then displays it on the COD. This module notifies the 
courier of any tourist leaving the ad hoc network 
communication range. This information is sent to the 
back-end server. 

Health Monitor Module reads the heart rate of 
each participating cyclist. It warns the courier and 
sends the medical resource demand to the server in 
case of an irregular heart rate.  

 
Bicycle Onboard Subsystem (BOS) 

The BOS is installed on COD and TOD, being the 
core subsystem of EWS. Besides, BOS stores data from 
CS and GHS; it also triggers the event according to the 
tourist’s demand or heat pulse rate. 

Data Access Module is the data storing and 
forwarding center of BOS. It stores the GPS 
coordinates, heart rate, planned route, road condition 
and recorded images. 

Ad Hoc Network Module is responsible for data 
transmission of the onboard devices of cyclists. The 
presence of dynamic and adaptive routing protocol 
leads to the ad hoc network being configured quickly. 

Event Notify Module is used by the cyclist to 
notify the immediate road conditions, personal health 
concerns, and etc. It can also send an emergency 
notification to all cyclists and back-end server. 

Event Trigger includes Attraction Trigger Module 
(ATM) and Road Condition Trigger Module (RCTM). 
Attraction and road condition data are received from 
the COD and stored in Data Access Module. Attraction 
data include popular sightseeing spots and its 
coordinates. During the tour, ATM sends an event to 
BOD and plays the corresponding multimedia data 
while the present position matches the stored 
coordinate. By the same idea, RCTM plays the road 
condition warning when the present position of cyclist 
matches the stored coordinate. 

 
GPS and Health Subsystem (GHS) 

GHS installed on COD and TOD, receives the 
present coordinate via GPS, senses the heart rate of the 
cyclist, and takes pictures. 
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GPS Module receives three-dimensional location 
(latitude, longitude, and altitude) and the time to 
calculate the present position. 

Heart Rate Sensing and Image Record Modules 
read the pulse of cyclists and take images, respectively. 
These data are sent to the Data Access Module of BOS. 
 
4. Scenarios Using EWS 
 

In order to verify the feasibility of EWS, two 
scenarios were designed for showing activity between 
modules of EWS, one is planning a route and another is 
triggering an event.  

 
Scenario 1: planning a route and transferring to tourists 

In this scenario, a courier and two tourists are 
assumed to form a group recreational cycling. There is 
a back-end server stored geographic information, route 
planning program, attractions media, road conditions 
data, and emergent contacts information. First, the 
courier demands a safe route from the server, and then 
broadcasts the route and related information received 
from the server to the tourists using multi-hop routing 
protocol. Second, during the tour, each TOD calculates 
its location, senses the heart rate, and records images, 
then sends location and pulse to COD. Figure 3 is the 
sequence diagram of this scenario, and details each step 
as follows. 

 
Server COD (courier) TOD1 (tourist) TOD2 (tourist)

1. request a route

4. forwarding

5. sending 6. sending

7. forwarding

2. reply

3. broadcasting

 
Figure 3. Sequence diagram of scenario 1 

 
Step 1.  Courier requests a route from server via 3G 

network module. 
Step 2. Server replies with the planned route, 

attractions, and road conditions to COD. 
Step 3. COD sends the received information to 

participating TOD in the same ad hoc 
network. 

Step 4. Since some TODs cannot connect directly 
with the COD, communications between 
TODs uses the multi-hop facility to forward 
the message. 

Step 5. TOD sends its location and heart rate to 
COD. 

Step 6. Although this message starts with Step 5, 
the transmission range is not long enough to 
be transferred directly to COD. 

Step 7. TOD1 forwards the message received from 
TOD2 to COD. 

 
Scenario 2: attraction and road condition event 
occurred 

This scenario assumes that the tourist come across 
attractions or adverse road conditions during the tour. 
The GHS continuously receives the GPS signals, 
therefore when the present position matches the 
coordinates in the stored data, TOD triggers an event 
and shows the related information. Figure 4 describes 
the data flow between modules for scenario 2, and 
details of each step are as follows: 

 

Tourist Onboard Device (TOD)

 
Bicycle Onboard Subsystem 
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Figure 4. Data flow of scenario 2 

 
Step 1. Attraction coordinates and its multimedia 

data and road condition information stored 
in the data access module is received from 
COD after the route planning stage. 

Step 2. GPS module constantly receives GPS 
location and sends it to the data access 
module. 

Step 3. Data access module forwards the received 
GPS information to the event trigger 
module. 

Step 4. If the present position matches the attraction 
coordinates, COD displays the relative 
multimedia attraction data. 

 
5. Conclusions 
 

Group recreational cycling is a popular leisure 
activity. Safety and health are the main considerations 
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while carrying out such activities. In addition, 
providing interactive information during the tour is also 
an essential factor to attract tourists. In this study, we 
propose an event-based wireless navigation and 
healthcare cycling system (EWCS) for group 
recreational cycling. There are two types of devices, 
courier onboard device (COD) and tourist onboard 
device (TOD). Both COD and TOD contain bicycle 
onboard subsystem and GPS and health subsystem, in 
addition, COD contains a courier subsystem providing 
3G network connecting ability. With EWCS, cyclists 
could plan a safe route, be warned in real time, watch 
the multimedia attraction guiding, track locations, and 
monitor heart pulse. We also use two scenarios to 
verify the feasibilities of EWCS. One is planning a 
route by courier, broadcasting route to tourists, tracking 
the tourists’ location, and monitoring tourists’ heart 
pulse. Another is event-based scenario, which is 
triggering an attraction event and displays the related 
multimedia. In the future, EWCS could combine with 
voice over IP technique to provide inter-tourist 
communication.  
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