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Abstract—Smart campus are enabled by IoT, Big Data and
data analytics. Particulary, IoT is used in smart campus to collect
data from connected sensors, lights and meters. The collected
data can be used to create value-added services that improve
the quality of experience of users in a smart campus. Smart
bike systems are a technological approach installed in cities or
campus. This paper presents Parkurbike, an entire solution to
automatically determine and present bike parking occupation.
Parkurbike consists of a sensing system, an IoT Edge Platform,
an IoT Platform Repository and a web application.

Index Terms—Internet of Things, Smart Campus, Presence
sensors, Bike parking.

I. INTRODUCTION

The Internet of Things (IoT) is a new technological
paradigm that enables advanced services by interconnecting
physical devices, based on existing and evolving network tech-
nologies. Thus, applications leverage ubiquitous connectivity
to provide new value added-services in various sectors (e.g.
transport, energy, safety, retail, environment, health). In IoT,
connected sensors allow to monitor, control and report behav-
iors to a centralized platform. According to the reported data,
objects can have the ability to make decisions, automating
processes that usually require human interaction [1].

Smart cities use IoT devices such as connected sensors
and meters to collect and analyze data, in order to improve
the quality of life of citizens and to impact on economic,
social and environmental aspects. Meanwhile, a smart campus
are small-size examples of smart cities and are focused on
schools, universities, government entities an other building or
group of buildings. Parkings are a critical part of a smart
campus. Although, car parking technological approaches have
been addressed in the literature [2], [3], [4], [S], bike parkings
remains less studied.

This paper presents Parkurbike: an IoT-based system for
bike parking occupation checking. This approach involves the
deployment of sensors on bike rack slots that continuously
monitors the slot’s availability/occupation. The sensed data is
uploaded to an IoT repository in the cloud through a gateway.
A web application is used to present the bike rack slots
utilization. The analysis of historical data allows to determine
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how a bike parking is used in order to fix opening hours or
to plan bike parking expansion.

This paper is organized as follows. Section 2 presents
previous works about smart bike systems. Parkurbike’s ar-
chitecture and implementation are presented in section 3 and
4, respectively. Section 5 presents the conclusion and futures
works.

II. SMART BIKE SYSTEMS

Technological approaches to bike systems include: algo-
rithms, information systems and Bike Sharing Systems (BSS).

Huang, Y. et. al [6] propose a control algorithm for an IoT-
based bicycle parking system. The control algorithm allows
parking a bicycle in electrified locksets. The system sends
notifications to users’ mobile phones when the bicycle arrives
or leaves the system. The algorithm has been deployed in the
bike parkings of the school of electronics and information
engineering, located in China. An algorithm to predict waiting
times for shared bicycles and parking slots was proposed in
[7]. While an algorithm to predict stations status of the BSS
in Barcelona was presented in [8].

A mechanism to detect in real time fallen down bicycles
in an automatic underground parking is proposed by Takeda,
F. [9]. The implemented mechanism consists of a network of
cameras for monitoring the sites of parking. Cameras capture
different images and processes them to detect fallen bikes.
Cameras incorporate also an optical flow method to motion
detection to tackle the problems of brightness fluctuations [9].
In another study, an information system to improve the existent
mechanisms for managing bike systems is described in [10].
This system presents the location of the bicycle rental sites,
the numbers of available bikes and the available parking spots.
This information system was implemented in Google Maps .

Regarding the BSS systems, in China a module was de-
signed to track the bikes belonging to a public BSS. This
module allows the monitoringo of each bicycle of the public
system. The location of the bike is sent by using a mobile 3G
network. The location is received by the network operators and
also by government entities who take in charge anomalous
actions, thus reducing the bike theft levels. As a value-
added service for users, the system publishes on Internet the
information related to the state of congestion in bike station



[11]. In other BSS work, Razzaque and Clark [12] presents a
framework for a next generation IoT integrated BSS to offer
real and non-real time services by analyzing the users infor-
mation, and the trends of bike usage. Furthermore, the study
mentions bike stations and bike parking availability check as a
main important feature to manage the BSS. Security has also
been taken into account in [13]. In that study, authors propose
a secure BSS for multi-modal journey environment using a
symmetric key encryption and digital signature. Consequently,
IoT-based will inevitably be an aspect that enables BSS.

In other works related to smart bike systems [14], the
authors present a collaborative sensing monitoring system for
urban air quality installed on public bicycles. The lessons from
developing public bicycle system in Hangzhou are described
in [15].

This paper proposes a new approach to manage the bike
parking availability (occupation) through IoT technologies.
On the contrary of the studies mentioned above, this system
is focused on personal bicycles. Its purpose is to provide a
value-added services to bicycle users. This system has a low
maintenace cost since it does not involve mechanic locks or
sensors activated by contact.

III. SYSTEM ARCHITECTURE

Parkurbike is a smart bike parking system that uses IoT
technologies to capture, send/submit, store, processing and
publish information related to the presence (or absence) of
bikes in a given parking slot. Parkurbike’s system architecture
is inspired on the Gartner IoT architecture [16]. The system
architecture consists of four layers: IoT Endpoints, IoT Edge
Platform, IoT Platform Repository and application.

A. IoT Endpoints

An IoT Endpoint detects the occupation(or availability) of
a bike rack slot. IoT Endpoints are devices that continuously
monitor the presence of a bike. If a bike rack slot changes
from occupied to available (or viceversa), the IoT Endpoint
associated with the bike rack slot reports that change. These
devices can be based on pressure, ultrasonic and capacitance
Sensors.

B. IoT Edge Platform

An IoT Edge Platform acts as a gateway between the IoT
Endpoints and the IoT Edge Platform. An IoT Edge Platform
collects, aggregates and processes the data sent by the IoT
Endpoints in order to save it into the IoT Edge Platform.
For this reason, and IoT Edge Platforms typically implements
protocol and format translation functions. Specifically, in
Parkurbike IoT Edge Platforms aggregate the data related to
the availability of bike rack slots. Since it represents a single
point of failure, IoT Edge Platforms have a more performance
hardware than IoT Endpoints.

C. IoT Platform Repository

The IoT Platform Repository clearly defines methods of
communications by implementing a multi-protocol API that

supports the most common protocols for IoT, like MQTT and
HTTP. An IoT Platform Repository stores the data sent by the
IoT Edge Platforms. Data may be provided automatically to(or
consumed regularly by) applications. Specifically, in Parkur-
bike the IoT Platform Repository centralizes the timestamped-
data of all the IoT Endpoints. Generally it is deployed in a
cloud in order to assure the highest resiliency.

D. Application

Applications consume the data stored into the IoT Platform
Repository in order to provide value-added services. Specifi-
cally, in Parkurbike a web application presents the availability
of bike rack slots and statistics related to the bike parking
usage.

IV. IMPLEMENTATION

The current implementation of Parkurbike involves a sens-
ing system, a gateway, an loT platform repository and a web
application (Fig. 1).

A. Sensing system

The sensing system consists of presence modules (IoT
Endpoints) installed in each bike rack slot and attached in a bus
network topology. Therefore, presence modules are linked to
each other through a serial connection (Fig. 2). A collecting
node, located in the gateway, is used to aggregate the data
reported by the presence modules attached to the bus.

Figure 2: Bus with presence sensors.

An ultrasonic sensor connected to a serial communications
card was used as a presence module. The bike rack slot
occupation is detected by the ultrasonic sensor. The serial
communication card is composed of a slave multiplexer which
has a unique identification code for each slot. Therefore, every
time that a bike arrives or leaves a given slot, the presence
module sends an event to collecting node by using the serial
communications card. The presence module incorporates also
an alarm system that activates a noisy speaker when a user
tries to occupy a bike rack slot with a different element other
than a bike or tries to interpose physical elements to simulate
that the slot is occupied. The alarm is triggered when the slot
status is undefined. A slot may have three different status:

e Occupied: a slot is considered occupied if the distance

between the bike and the presence module is between 10
to 18 cm.
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Figure 1: Parkurbike’s block diagram.

o Auvailable: a slot is considered available if there is no any
bike detection. In other words, the presence module does
not detect any object in a range of 18 to 40 cm.

o Undefined: a slot is considered with an undefined status
when the presence module detects an object within a
distance of 10 cm or less.

The distance used to determine the status of a given slot
were obtained by testing several times the presence module in
a real bike rack slot. They may be set up in order to be adapted
to other bike parking slots. Once an object is detected, the
presence module triggers a timer before reporting the change
of status. If the object is retired before the timer expires, the
timer is restarted. This is done in order to avoid that temporary
detected objects trigger a change of status. Once the timer
expires a change of status in the slot is produced, this change
is reported to a collecting node.

B. Gateway

The gateway acts as a intermediary between the sensing
system and Bucket (an IoT Platform Repository). For this,
it isolates local communications carried out in the sensing
system and provides long-range communications to reach the
IoT Platform Repository. The gateway consists of:

« one or many collecting nodes and

¢ a compute module.

As described above, a collecting node aggregates the
changes of status reported by the presence modules that are
attached to the same bus of the collecting node. The presence
modules are located at a distance of 10 to 20 meters of the
collecting node. Due to these distance values, the RS-485
Communication Protocol was chosen to report changes of
status of bike rack slots. Other advantages of this protocol are:
a maximum data transmission speed of 10 Mbps, a good noise
immunity and the connection of up to 256 transceivers. This

protocol has a master-slave architecture that allows to connect
one master and several slaves. For this implementation, the
master and the slaves correspond to the collecting node and the
presence modules, respectively. Both master and slaves were
implemented using PICs and configured with C programming
language.

The collecting nodes are also connected to a compute
module. The I2C communication protocol was chosen to
communicate the collecting nodes and the compute module,
since, this protocol works with synchronous communication
functional for short distances. Other reasons behind this choice
are that 12C: guarantees that data sent is received by the slave
device, supports multi-master and multi-slave communication
and requires only two wires to establish communication among
multiple devices.

The compute module processes the data sent by the collect-
ing nodes. Once the data is received from the collecting node,
it is sent to the IoT Platform Repository through the compute
module. For this implementation, the Intel Edison development
card was chosen as the compute module. This development
card allows to send data through Wi-Fi or Ethernet networks.

C. Bucket

Bucket[17] is an IoT Platform Repository that provides a
set of REST (Representational state transfer) services that
allow sending the capture data of a sensor id and the value
read by the device[l8]. A sample request body is shown
bellow:

{
”’sensorld”:”’58e66b50d107ae3c6a91bb94”,

“captureTypeName”:”Busy”,
”Value”:” l ’7,



“captureDate”: 72017-04-06 16:29:00”

}

The capture data is saved by Bucket using a data base
management system, and is set up in the following way
(Fig.3):

- Solution holds a set of devices.

- Device holds a set of sensors.

- Sensor holds a set of captures.

Bucket includes an administrative tool for creating the hi-
erarchy that contains the captures. In addition, it allows to
configure alerts that will be triggered when the capture values
are equal to a given number. These alerts are configured to
trigger a POST request to the Parkurbike web application
notifying a slot status change. In Bucket there is a virtual
representation of every presence module and gateway. Thus,
Bucket enables the storage of historical slots status.

Solution Device

*

Capture Sensor

Figure 3: Bucket data representation.

D. Parkurbike web application

Nowadays, the Parkurbike web application allows bike users
(or anyone interested) to consult online the availability of bike
rack slots (Fig. 4). The web application includes the adaptation
of different device resolutions by means of bootstrap mecha-
nism (Fig. 5). Futures features of Parkurbike web application
are the generation of reports with statistics of bike rack usage
(e.g. usage history, days and hours of highest number of bikes).
This information can be used as an input to plan ahead the
installation of new bike racks or the bike parking opening.
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Figure 4: Web Application. Availability of bike parking.
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Figure 5: Parkurbike Smartphone view.

V. CONCLUSION

IoT enables the deployment of smart bike systems. By using
capacitance, pressure or ultrasonic sensors, it is possible to
determine the precise utilization of bike rack slots. Parkurbike
is an entire IoT-based solution to automatically check bike
parking availability. This solution consist of four main parts:
a sensing system, a gateway, an IoT Repository Platform and
a web application. The historical data produced by presence
sensors and stored in the IoT Repository Platform allows to
model bike parking users behavior.

Future works will be oriented to study the power consump-
tion of the sensing system.
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