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1

Abstract

As the price and size of resources needed for connecting to the internet and for cloud
computing decrease, more and more devices allow us to be seamlessly connected to the
internet and in turn, connected to each other. This new level of connectivity has many
benefits: connectivity in unconventional devices, remote control of devices via the internet,
and new levels of data collection and analysis, which lead to smarter and more efficient
devices. This is the "Internet of Things" (IoT). Consumers can use this infrastructure access
data instantaneously, allowing devices to adapt or even be considered selfaware. New
“smarthome” implementations allow adaptive temperature depending on the time of day or
who is currently in the home. Usage data from electrical utilities can be viewed in real time.
Data collection and availability is in the forefront of emerging technology, and will soon be
included in every device  even bicycles. With ubiquitous connectivity between an electric
bike and a cloud service, data can be seamlessly uploaded to a server for added security
measures and information availability.
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Definition

2.1

Customer Needs

The IoT integration into the smartbike is powered by Wind River Systems using their Edge
Management System (EMS) to push and pull data from the bike. This will allow the bike to
have a cloudbased black box to store many data readings such as load detection, speed, tire
pressure, hardware temperatures, voltages, and gps coordinates. These allow the user to
access this data anytime with their smartphone device being the central hub of all
communications. By allowing the bike to connect via bluetooth to the phone, the user can
access and use the data provided to them to make adjustments to their commute, let the data
aggregate itself in order to make decisions such as knowing when the bike has been in an
accident, has been stolen, or even use the data to minimize power consumption as the EMS
data begins to sense patterns and anomalies within the various travels by the user. The
design goal is to have the user’s phone act as the key and dash to the bike, allowing for
seamless transitioning without having to hassle with external hardware pieces.
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2.2

Functionality

The components of the project can be broken down into three parts as follows:
1. Sensor network hub:An Intel Edison is used to collect data points from the bike which
will be transmitted via Bluetooth Low Energy connection to user’s Android device
application.
2. Battery management system:A system collects individual cell voltages and
temperatures and transmits them to the sensor network hub and performs cell voltage
balancing.
3. DashBolt Android App: An Android device application will act as the central node and
gateway to directly communicate with Wind River EMS to push all necessary data points,
as well as govern bike functionality as needed.
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2.3

Visual Concepts

Figure 1: System Integration with Bike Concept
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Figure 2: Phone Application Design Concept
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3

System Design

Figure 3: DashBolt Project Data Flow Diagram

3.1

System Descriptions and Block Diagrams

3.1.1 Sensor Hub System Description
Data Acquisition:
The underseat sensor hub will be controlled by an Intel Edison board. It will receive data
from the dash Arduino Mini via UART. It will also have sensors and I/O devices hooked up to
peripherals such as analog to digital converters, and receive data from the battery
management system via serial communication.
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Bluetooth Communication to Cell Phone:
The data collected from the dash Arduino Mini, sensors, and battery management system will
be transmitted to the cell phone using the Intel Edison board’s builtin Bluetooth functionality.
More specifically, Bluetooth LE will be used due to its powersaving feature compared to
Bluetooth Classic. This technology follows the Generic Attribute Profile (GATT) model; in our
case, the Android device will act as the client (in most cases), and retrieve data from the bike
(server). Data transferred between these two mediums are known as characteristics.

Figure 4: Under Seat System Input Output Diagram
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3.1.2 Battery Management System Description
Voltage Monitoring:
Wires from the battery corresponding to the individual cell voltages are fed into a multiplexer.
Each wire is selected and the voltage is converted in the microcontroller by the ADC. The
microcontroller computes the difference between each voltage to determine the cell voltage.
Cell Balancing:
Each cell is connected in parallel with a switch and in series with a power resistor. While
charging, when a cell reaches maximum voltage, the microcontroller will tell the charger to
stop and the switch for that cell and any other fully charged cells is activated. The cell(s) will
discharge into the resistor and energy will be dissipated in the form of heat in the resistor.
This process of charging and discharging will continue until all cells are equally charged at
maximum voltage.
Data Transmission:
Data will be sent to the under seat sensor hub via serial communication. The sensor hub will
send the data to the phone via Bluetooth LE.

Figure 5: Battery Management System Block Diagram
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3.1.3 Software System Description
Bluetooth to Phone:
On the very frontend description of the diagram, the Intel Edison board will establish a
bluetooth connection via BLE in order to send bursts of data packets to the phone. The
translation between the two devices will require conversion into readable data. Useful
information will be displayed via the phone application for the user while using the bike.
Phone to Cloud (EMS):
After having been sent all pertinent data items, we then push all the values by using AMMP
(Adaptive Machine Messaging Protocol) to send JSON (JavaScript Object Notation) objects to
the Wind River Edge Management System (EMS). This is done by registering the device as
an asset to be monitored through their web applet which can display the data in any form
such as graphs and data points.
Cloud back to Phone:
The “IoT” portion falls under this gateway, where the cloud is able to provide data to alert or
notify the user if values stray away from the norm. Having access to the cloud also means
having access to the phone and in turn, the bike. This can provide many outlets in which the
user can monitor their device and vehicle without having to be in proximity of their bike.

Figure 6: Description Block Diagram
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3.2

Performance Requirements

3.2.1 Hardware Performance Requirements
3.2.1.1

Battery Performance Requirements

The battery management system will monitor the cell voltages and temperature of the battery
accurately. It will communicate these values, as well as overvoltage, undervoltage, and
overtemperature warnings, to the sensor hub. Finally the battery management system will
balance the cells to equal maximum voltage during battery charging.
3.2.1.2

Sensors Performance Requirements

Sensors placed in and around the Smart Bike will collect different sets of data. These
sensors will feed their information to the Intel Edison which will then push the aggregate data
to Wind River EMS through the Android application.
3.2.2 Software Performance Requirements
A fully functioning phonetocloud data acquisition has many requirements that must be met to
be considered an “IoT” smart bike. The priority of this project is to allow for real time data to
be pushed and pulled from a sensor network hub to an Android 4.3 enabled device using
Bluetooth LE (only compatible with devices with Android 4.3 Jelly Bean and above) and finally
to WindRiver’s EMS cloud service. The user will be able to view and access this data via a
specially designed dashboard application on their Android phone which will be latched to a
cradle that will also be designed for this project. The app in its simplest form will feature a
speedometer, a barometer, battery life, and current time. The Android app shall also include
features that will further aid the user as well as provide easy access to useful driver
information such as an integrated GPS/map widget, compass, bike ignition, toggling taillights
and headlights, as well as maintenance alerts. Also, maintenance alerts can be in any form
such as text or email which would be integrated with “alarm” features provided by the EMS
cloud service. This will provide new ways of notification to users to have the ability to view
information about the asset, i.e. problems before they become unmanageable.
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3.3

Design Constraints

3.3.1 Hardware Design Constraints
For any battery powered device, power usage is a concern. This system should strive to be
low power. It is also important that the sensor measurements be accurate, particularly with
the battery voltage measurements. Lithium Ion cells are easily damaged by overvoltage or
undervoltage; accurate measurements are key to preventing this. The design of this system
should also be scalable. It is important that there is room for this system to grow as more
sensors are added or battery sizes are increased so that the whole system does not need to
be redesigned. Additionally a bike on the road can be a very noisy place, therefore it is
necessary that the system operates properly in these conditions. Finally, there is limited
space on Bolt Motorbike’s sleek design, therefore the system should be compact.
3.3.2 Software Design Constraints
Bluetooth connection via a board to phone is nothing new under the sun, but issues can arise
if this is the only way of acquiring data from the bike. Consistent connectivity can prove to be
a challenge to maintain since we are operating without any wires and must work under the
constraint of always having to connect wirelessly between the devices. Issues may also
extend to connection to the EMS, since the phone must also be connected to the cloud to fully
utilize its “IoT” capabilities. This may cause issues if the user approaches areas with no
wireless service and data packets must either halt or find ways to remain being utilized on the
bike without having to forward the data to the cloud service. Lastly, the user interface must
also be designed to support gestures as the user won't be able to perform minute tasks with
the phone while operating the bike and the data must be as clear and legible as possible.
Although the user will mostly be using the phone app as a dashboard to display relevant data,
part of the app will have an interactive map widget for easy access. The UI will be designed
from scratch utilizing material design for the best possible user experience when operating.
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4

Testing Procedures

4.1

Battery Management System

A 10 cell series battery pack will be fabricated to simulate the Bolt battery at which we can
record voltage and current during charge and discharge stages. These values will be
compared with multimeter readings. Communication with the sensor hub will also be
demonstrated.

4.2

Sensors

Each sensor will be characterized and undergo stress tests to verify the accuracy for the each
one. Tests would include using a known weight on the load sensor or comparing a
temperature measurement to a thermocouple measurement.

4.3

Bluetooth LE

Bluetooth LE connectivity will be observed by testing if the Intel Edison can transmit data
between the Android 4.3 enabled device using the outofthebox onboard Bluetooth 4.0 or
through a Grove LE v1 module and/or Bluetooth USB dongle if needed. The board should be
able to manage the connectivity through the Linux build on the board and be able to transmit
data to and from the phone over BLE. For testing purposes, simple preprogrammed
serialized characteristics will be transmitted between the client (Android phone) and server
(Intel Edison). Once this is done, the data from the onbike sensors will be mapped and
serialized and sent to the phone for deserializing and displaying on the User Interface Android
application dashboard.

4.4

Wind River EMS

After successfully registering our test Android device to the Axeda cloud service and creating
an asset in the corresponding module, we can establish a connection between the device and
the cloud service. Initializing the connection allows us to use various AMMP to send JSON
data objects of relevant data items. By doing this, we can send data to and from the cloud
and see it displayed on both the phone as well as the online dashboard powered by EMS.
Along with the ability to send data, we can also specify functions and alarms for any type of
instance such as an accident occurrence (rapid change in the accelerometer) or “geofencing”
in which the phone and cloud service can be notified when we leave or enter a specific region.
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5

Project Management

5.1

Hardware Team Gantt Chart

ID

Task
Mode

Task Name

Duration

Start
1/18

1

DashBolt Bike

50.5 days

Mon 2/9/15

2

Research

14 days

Mon 2/9/15

3

BMSystem Design and
Fabrication

7 days

Mon 3/2/15

4

BMS Design testing

7 days

Wed 3/11/15

5

BMS Redesign/Testing

14 days

Fri 3/20/15

6

BMS Integration with
Galileo

7 days

Thu 4/9/15

7

Monitor IC reads voltage 0 days
from ADC

Mon 3/23/15

8

IC switch activation for
cell balancing

Thu 4/2/15

9

Serial communication
0 days
between BMS and Galileo

Wed 4/15/15

10

Sensor Hub Design and
Fabrication

Mon 3/2/15

11

Sensor Hub Design Testing 9 days

Wed 3/11/15

12

Sensor Redesign/Testing 13 days

Tue 3/24/15

13

Sensor Integration with
Galileo

7 days

Fri 4/10/15

14

Voltage sensor reads
values from BMS
communication

0 days

Fri 3/13/15

15

Thermistor reads
temperature of Battery

0 days

Thu 3/19/15

16

Load cell detects weight

0 days

Sun 3/22/15

17

Sensors communicate
with Edison

0 days

Sat 4/11/15

18

Galileo communication
with phone dash

0 days

Mon 4/20/15

19

Edison BLE with Android 8 days

Mon 3/2/15

20

Edison to read ADC values 14 days
of sensor hub

Thu 3/12/15

21

Edison System
Design/Retesting

14 days

Wed 4/1/15

22

Establish look up table
for voltage cell values

0 days

Wed 4/1/15

23

Establish look up table for 0 days
load cell values

Fri 4/17/15

24

Establish look up table for 0 days
temp cell values

Sat 4/18/15

Project: hardware gantt.mpp
Date: Wed 3/4/15

0 days

7 days

February 1
2/1

March 1
3/1

2/15

April 1
3/29

3/15

May 1
4/26

4/12

3/23

4/2

4/15

3/13

3/19

3/22
4/11

4/20

4/1

4/17

4/18
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Project Summary
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Manual Summary
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Finish-only
Page 1

Figure 7: Hardware Team Gantt Chart
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5/10

June 1
5/24

5.2

Software Team Gantt Chart

Figure 8: Software Team Gantt Chart
15

6

Budget
Battery Management System
Item

Cost

Electrical Components

$100.00

Battery Cells

$50.00

Battery Charger

$50.00

Development Boards

$200.00

Spare Parts

$75.00

Total

$475.00
Sensor Hub
Item

Cost

Edison Boards

$200.00

Arduino Mini Boards

$100.00

Sensors

$100.00

Breakout Boards

$250.00

Spare Parts

$100.00

Total

$750.00
Cell Phone Dash and EMS
Item

Cost

Phone

$700.00

Spare Parts

$75.00

Total

$775.00

Estimated Project Total

$2000.00

Table 1: Cost Analysis Breakdown
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