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Overview

O
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Project Background

O

OnStar and other proprietary systems.

Expensive and not widely available.
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Project Description

O

Uses smartphone and Tl SensorTag readings to detect accidents.

Redundant computations between smartphone and on-board control
unit (OBCU).
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Texas Instruments SensorTags

O

e Portable.
e |nexpensive.
e Bluetooth LE capability.
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Texas Instruments SensorTags

l'
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Types of Accidents

Head-on.
Rear-end.
T-Bone.

Spin-out.
Rollover.
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Why Android smartphones?

O
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Use of NFC Tags

e Android-compatible method
for exchanging small pieces
of data.

e Convenient way to start and
shutdown the system.

e Re-programmable data
storage.

e Holds MAC addresses
(networking information).
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OBCU - Raspberry Pi

e On-Board Control Unit
(OBCU).
e Advantages:
O
O
O

)

e Offloads SensorTag querying
from smartphone.

e Runs Linux.
e Powered by vehicle.
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System Environment

Programming Hardware
Environment

= o

= o
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. O

O O

O
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Iteration Schedule

O

Communication methods.

NFC tag functionality.

Android training.

Considered accident detection methods.
Research on car collisions.

Completed Ul for smartphone application.
Preliminary networking programs.
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Iteration Schedule

O

Accident detection on smartphone.

Smartphone testing.

Accident detection on OBCU.
Finalized networking.
System testing.
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Smartphone Components

O

User information.
Vehicle database. FrogStar App (Phone)
N FC Capabi | |ty Sensor Service

Technician mode.

Accelerometer Gyroscope

OBCU communication.
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Vehicle Database

Computation engine.
Sensor querying.
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OBCU (Raspberry Pi) Components

O

OBCU (Raspberry PI)
Master Program

Bluetooth LE (GATT) Bluetooth (Classic)
Client Server

: : wm| BT Adapter x4 BT Adapter
Smartphone communication. - -

Computation Engine

General attributes (GATT).
SensorTag querying.
Computation engine.

SensorTag (x4)

— GATT Server

Accelerometer
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System Architecture

OBCU (Raspberry Pl)
Master Program

Bluetooth LE (GATT) Bluetooth (Classic)
Client Server

apter x apter
—— 4 BTAd 4 BT Ad «

Computation Engine

FrogStar App (Phone)

Sensor Service
SensorTag (x4)

Computation Engine

GATT Server
Accelerometer Gyroscope
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Key Requirements

O

Network information.
Toggle the system on and off.

Query sensors.
Accident detection.
Confirm accidents.

Provides system status info.

If user confirms or cannot respond, alert proper authorities.
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ves do: prompt input do: prompt input
Kill 5i ]
| 4 First Run? e
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///
Cancel Button
> Button
T Kill Signal
App Start First|Run
App Killed
No Home Screen Save,/Cancel
Kill Signal

do: display 'Swipe To Startr)

MNFC Swipe

Monitoring

do: monitor accident status

Answer:No

Accident Confirmed

User Confirmation

do: ask user if emergency exsists

Timeout
Answer: Yes

Emergency Call

do: send user data to 911
exit: receive acknowledgement
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FrogStar Application — User Profile

O

e First-run of application.

e Option to edit from home
screen.

e Emergency contact
selected from contacts on
Please enter all of the necessary deVice .

information to setup the system

o e Input validation.
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FrogStar Application — Vehicle Profile

O

e First-run of application.

‘\ﬂf Vehicle Profile

e Option to edit from home
screen.

e Multiple vehicles can be
entered.

Select State
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FrogStar Application — Vehicle Database

O

# Home Screen

FRBGS TR

User Name: Nick Capurso
Vehicle Name: My Truck - ABC124
Swipe NFC Tag

0:00:00
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FrogStar Application — Home Screen

O

e Prompts user to swipe
NFC tag.

e Provides system
information.

User Name: Nick Capurso

e Main hub screen.

Vehicle Name: My Truck - ABC124

Swipe NFC Tag

0:00:00

© 2013-2014 Computer Science Department, Texas Christian University




FrogStar Application — Technician Mode

O

o TEE e Write new NFC tags.

‘ﬁf TechnicianModeActivity :o: SCR

e Modify existing tags.

SensorTag MACs

e View real-time sensors.
e Open accident data.

Bluetooth MAC Address

View Real-Time Sensors

View Accident File
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FrogStar Application — Accelerometer Graph
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FrogStar Application — Gyroscope Example
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Sensor Readings and Accident Detection

O

Sensor Readings Accident Detection

e Vector readings. e Threshold-based.
e Accelerometer o
magnitude. o
e Gyroscope orientation Vet
change. 00,0
X
-18.5 18.5
Y
-18.5 18.5
Z
-18.5 18.5
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FrogStar Application — Testing Environment

O

e Prototype Vehicle.
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Networking

Master Program

BluetOOth SeI'Vice Bluetooth LE (GATT) Bluetooth (Classic)

Client Server

apter x. apter
_> BT Ad a BT Ad -—

OBCU (Raspberry PI)

BluetOOth Server Computation Engine

Bluetooth LE Client

FrogStar App (Phone)

Sensor Service

SensorTag (x4)
Computation Engine
> GATT Server
Accelerometer Gyroscope
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Challenges

O
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|_essons Learned

O
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Future Work

O

Research on structural differences between RC car and vehicle.

Find optimal number and placement of SensorTags per
vehicle.

OBCU backup power source.
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