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Feb 11th, 2013

Dr. Andrew Rawicz

School of Engineering Science
Simon Fraser University
Burnaby, BC

V5A 156

RE: ENSC Functional Specifications for Blind Spot Detection System
Dear Dr. Rawicz,

The enclosed document details the functional specifications for the “Blind Spot Detection
System”. Our system is an upgrade of the current vehicles which will enhance safer driving
experience with blind spot detection and warning system, and real-time blind spot video
capture.

The functional specifications in this document will be a basis for all future iterations of
prototypes and products, and act as a reference when new operational modifications are made.
All members of Urban Wheel Inc. will adhere to these specifications in future design and
production processes.

The Blind Spot Detection System team is comprised of five fourth-year electronic engineering
students; Howard, David Cao, Emmanuel Yeung, and David Zhong. Each member brings unique
skill sets and experiences to this project.

Thank you for your time for reading over our functional specification. For any inquiries or

comments regarding our project, please contact our team through our contact person, Emmanuel
Yeung via email at hhy6@sfu.ca.

Sincerely ,

Howard Sun
Chief Executive Officer
Urban Wheel Inc.

Enclosed: Function Specification for Blind Spot Detection System

©2013 Urban Wheel Inc.
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Executive summary

Blind spot is a nuisance of everyday driving that causes a significant number of accidents every
year. Many drivers get tired while having a long distance driving, and forget to perform shoulder
check when changing lane. Car manufacturer has developed a blind spot detection system to
prevent blind spot related accident. However, it is only available on luxury branded cars as an
additional package for thousands of dollars. The Blind Spot Detection System (BSDS) addresses
these issues by implement more features and yet keeping the cost low.

BSDS will be developed in three stages. In the first stage of development, we will be focusing on
the warning mechanism. At the end of the first stage, the system shall have the following core
functionalities:

- The system should be able to correctly notify the driver if the safe threshold has been breached
- The system shall be able to turned ON/OFF instantly when device is plugged into power source
- The system shall not produce any fire or electrical hazards

For the second stage, the video feedback system will be implemented. It shall be able to capture
and display the real-time video from the corresponding side.

For the last stage of BSDS development, we will integrate the video feedback system to the
completed warning system. Also, once the proof of concept model is finished, we will continue to
improve the performance and the overall design of BSDS. Furthermore, BSDS will comply with
correlative standard including AMIS, ISO, ITHS.

©2013 Urban Wheel Inc. i
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Glossary
ANSI — American National Standards Institute

BSDS - Blind Spot Detection System

FPS — Frames per Second

ISO - International Organization for Standardization
R - Functional Requirements

IIHS - Insurance Institute for Highway Safety

MTBF - MeanTime Between Failures
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1. Introduction

Urban Wheel Blind spot detection system (BSDS) is a highly accurate electronic driving aid for
motor vehicles. The primary objective is to provide customers with safer driving experience in
their current vehicles. The BSDS is intended to be capable of detecting obstacle hidden in either
side of the vehicle’s blind spot, and notify the driver accordingly to avoid accidents. The detailed
functional requirements for the BSDS are described in this documentation.

1.1 Scope

This document outlines and details the functional requirements which must be met by the BSDS.
The specifications in this document fully describe the functionalities of our proof-of-concept
prototype, and will serve as a basis for future iterations of the product. Possible design,
modification, and optional features of future implementation will be included in this
documentation.

1.2 Intended Audience

The functional specification is intended to be used by all members of Urban Wheel Inc - BSDS
branch. The project manager shall refer to the functional requirements as an actual measure of
progress throughout the development phase. Design engineers shall refer to the requirements as
overall design goals to be kept in mind from product design throughout the implementation. Test
engineers shall examine the functionality of the actual system by referencing to this document in
order to aid testing.

1.3 Classification
The following classification has been established and shall be used throughout this document.

[R###-p]: Functional Requirement.

Where ‘FR’ stands for the functional requirements, ‘##’ stands for the requirement number and ‘p’
is the priority of the functional requirement.

Table 1- Priority Levels of Requirement

Priority Level Description

I The requirement applies to the proof-of-concept system only.

I The requirement applies to both the proof-of-concept and final production system.

Il The requirement applies to the final production system only

v Future requirement

© 2013 Urban Wheel Inc.
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2. System requirement

2.1 System overview
Our blind spot detection system can be illustrated in the following high level diagram

Initializing stage Sensing stage Signal processing
Power ON and DM OIS Prasy oo Output stage
(Power 4 —  (Reading distance ———®  (Determune safe  +——» uiput stag
check user selected . (Feedback to user)
. from sensors) threshold)
vehicle type)

Figure 1 - High-Level Block Diagram

The system consists of microcontroller, ultrasonic distance sensor, night vision camera, LCD
display, LED lights, vibration motor, and buzzer. The ultrasonic sensor and night vision camera
are sending outputs to the microcontrollers, and the microcontroller will enable the LED,
vibration motor and buzzer depending on the situation.

The ultrasonic sensor will be reporting the distance to the SainSmart UNO microcontroller board
every 2 microseconds, and the microcontroller board will determine if the distance between the
vehicle blind spot is within the predetermined threshold distance. The threshold distance will be
determined by vehicle type, for example with sensor mounted to the side of a mid-size sedan, the
safe distance will be determined as 3.6 meter, which is calculated based on the average road land
width, and assuming both drivers are on the furthest side of the lane.

When the threshold distance is breached, depending on the state of the turn signal, if the turn
signal is turned on the left, then the left LED, buzzer and vibration motor will be enabled, the
LCD screen will be switched to the video reported by the left camera. If no turn signal is turned
on, only LED will be switched on, and the screen will show the video from the front camera.

SainSmart LCD Shield Sa:Smart UNO RCA Video Selector

v v v | ?7

Vibration motor LED light Buzzers Ultrasonic RCA Camera 4.5" LCD Screen

Figure 2 — System Overview Diagram

© 2013 Urban Wheel Inc.
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2.2 General Requirements

[ROO1-11] The system shall be ON instantly when it is connected to the power supply
[ROO2-11] The system shall be OFF instantly when it is disconnected to the power supply
[RO03-11] The system shall have an indication to the user about the system status
[RO0O4-1] The cost of the proto-type shall be less than $300

[ROO5-I1] The wiring of the system shall be insulated

2.3 Physical Requirements

[ROOG-111] The system shall not weigh more than 20 pounds
[ROO7-111] The system shall be easy to install

[ROO8-111] The system shall be easy to un-install

[ROO9-111] The system shall not have any sharp edges
[RO10-111] The protection shall must have rugged design

2.4 Electrical Requirements

[RO11-11] The system shall not draw any current when it is OFF

[RO12-11] The system shall not be damaged when it is powered off during its work cycle

[RO13-11] The system shall not cause any electrical damage to the vehicle’s circuit

[RO14-11] The system shall include a fuse and diode protection against any electrical damage

[RO15-11] The system shall be able to operate with 12V 500mA generated from a car
cigarette lighter power supply

2.5 Standards

[RO16-111] The system shall effect to the vehicle’s ITHS standard rating

[ROL7-111] The system shall comply with AMIS standard

[RO18-111]  The system shall comply with car electronic safety standard 1SO 26262-9 I

2.6 Reliability and Durability

[RO19-11] The camera and sensors shall be resistant to dust, water, wind, extreme weather
and shock on daily basis.

[RO20-111]  The system shall be able to perform multiple installation and un-installation
processes and keep the required standard.

[RO21-111]  The system shall be serviceable by trained technicians.

[RO22-11] The system shall be able to keep the system settings without external power.

[RO23-11] The system shall be able to work continuously once been powered on.

[RO24-11] The MTBF (meantime between failures) of the system shall be no less than 24,000
hours

2.7 Safety Requirements

[RO25-11] The system shall not create any shock hazard to users at any part of the system.
[RO26-11] The system shall not overheat and spontaneously combust.

[RO27-11] The system shall not produce harmful radiation.

© 2013 Urban Wheel Inc. 3
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[RO28-11] The system power connections shall be enclosed.

[RO29-11] The system shall not cause any interference with other devices.

[RO30-11] The system must notify the users if an error has occurred.

[RO31-11] Upon start-up, the system will run through a diagnostic routine to check if the
system is safe for operation.

[RO32-11] Upon start-up, the system will notify the users the previous system settings

2.8 Usability Requirements

[RO33-11] The system shall perform adjustments assuming that the user has correctly selected
the system setting.

[RO34-11] The system shall perform adjustments assuming that the system has been correctly
installed.

[RO35-1V] The system’s firmware shall be upgradeable by a service person.

[RO36-11] The system shall have an interface for external connection with a PC for upgrading
or diagnostic purposes.

2.9 Performance Requirements

[RO37-11] The system shall respond to manual adjustment for system selection at anytime.
[RO38-I1] The system shall indicate that it is on after plugged in.

[RO39-111] The system shall respond to mode changes within 1 second.

3. Sensors

3.1 General Requirements

[RO40-11]  The sensor must have range of up to 400cm !

[RO41-11] The sensor must work in any weather conditions (fog, snow, night etc)

[RO42-11] The sensor low current only 15mA, use less power, minimizing heat damage ™

[RO43-11] The sensor shall have high detection precision: up to 0.3cm

[RO44-11] The sensor must fully cover all blind spot area

[RO45-11] The sensor shall have high refresh rate of 10 microseconds !

[RO46-11] The sound wave generated by the sensor shall not be audible by the user when it is
active 4

3.2 Physical Requirements

[RO47-111] The sensor shall be easy to install

[RO48-111] The sensor shall be easy to uninstall and reinstall

[RO49-11] The sensor shall be waterproof and shock resistant

[RO50-111] The sensor must have rugged design

[RO51-11] The sensor must not dismount unintentionally

[RO52-11] The sensor must be able to operate in temperature ranging -40 to 50 degree Celsius
[RO53-111] The sensor shall not significantly affect the car’s aerodynamic 3]

© 2013 Urban Wheel Inc. 4
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4. Microcontroller

4.1 General Requirements

[RO54-11] The microcontroller must be able to handle high real-time refresh rate 10 microseconds

[RO55-11] The microcontroller must have low power consumption[R056-11] The microcontroller must
have fast boot up time less than 0.5 second when powered

[RO57-11] The microcontroller shall have a failsafe mechanism when system error occurs

[RO58-I1] The microcontroller shall be able to be re-programmed for special vehicles

[RO59-11] The microcontroller shall be able to be restore to factory settings

[RO60-I1] The microcontroller must be able to handle at least 6 proximity sensors

[RO61-11] The microcontroller’s firmware must be bug-free

[RO62-I1] The microcontroller module shall be easy to install

[RO63-111] The microcontroller must be able to mount inside the trunk of the car

4.2 Physical Requirements

[RO64-111]  The microcontroller must have rugged design and shock resistant

[RO65-I1] The microcontroller must have operating temperature ranging -40 degree Celsius to
85 degree Celsius

[RO66-1VV]  The microcontroller should be have compact design

5. LCD display

5.1 General Requirements

[RO67-11] The LCD display must be able to turned on instantly when powered

[RO68-I1] The LCD display must display and update real-time distance at high refresh rate
[RO69-I1] The LCD display must be visible at night

[RO70-11] The LCD display must be able to display videos of no less than 60 fps

[RO71-11] The LCD display shall not have static image noises

[RO72-11] The LCD display must be able to mount inside the car

[RO73-11] The mounting mechanism of the LCD display must be secured

5.2 Physical Requirements

[RO74-11] The LCD display must be able to operate in temperature ranging -40 to 85 degrees
Celsius

[RO75-11] The LCD display must be shock resistant

[RO76-11] The LCD display’s dimension must be reasonable without obstructing the wind
screen

© 2013 Urban Wheel Inc. >
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6. Indicator (vibrate & LED lights & buzzer)

6.1 General Requirements

[RO77-11] The indicators must be able to mount inside the car

[RO78-11] The indicator mounting must be secured

[RO79-11] The buzzers shall warn the driver accordingly and must be able to activate in an
instant

[RO8O-I1] The buzzers shall not generate any unnecessary noises when inactive

[RO81-I1] The buzzers shall generate only necessary noises when active

[RO82-11] The LED warnings must be able to activate instantly

[RO83-I1] The LED lights must be visible under bright light

[RO84-I1] The LED lights must not be too bright at night

[RO85-I1] The vibrators must be able to activate in an instant

[RO86-I1] The vibrators must not generate any unnecessary vibrations when inactive

[RO87-11] The indicators must be easily understood

6.2 Physical Requirements

[RO88-11I]  The indicators shall have compact design

[RO89-II] The indicators must be able to operating in temperature ranging from -40 to 85
degree Celsius

7. Camera

7.1 General Requirements

[RO90-I1] The cameras shall be able to be turned ON/OFF instantly

[RO91-11] The cameras shall have high enough resolution

[RO92-11] The cameras shall be able to capture in no less than 24 fps

[RO93-I1] The cameras shall have night vision

[RO94-11] The cameras must fully cover all blind spot area

[RO95-11]  The cameras must be able to mount outside of the car

[RO96-11] The mounting mechanism of the camera must be secured

[RO97-11] The cameras mounting must not cause damage to the vehicle’s structure and
paintjob

7.2 Physical Requirements

[RO98-11] The cameras must not dismount unintentionally

[RO99-111] The cameras shall have compact design

[R100-11] The cameras must be able to operating in temperature ranging from -40 to 50
degree Celsius

© 2013 Urban Wheel Inc.
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8. User Interface

[R101-11] Indicators must be reasonable and easily understood
[R102-11] Display error message when there’s a system failure
[R103-111] Language and unit shall be variable.

9. User Documentation

[R101-111]  The user manual shall have easy to understand installation instruction for qualified
technician

[R101-111]  The user manual will be written in English and French

[R101-111]  The user manual shall include the warranty, terms and condition, and contact
information

[R101-111]  The user manual shall include a company website which will include a FAQ help
section

© 2013 Urban Wheel Inc. 7
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10. System Test Plan

The general approach to system testing consists of separately testing the individual modules
comprising the blind spot detection system, groups of combined modules, and finally the
complete unit. Once development of the proof-of-concept has reached the final stages, we will
conduct detailed user trials of the system. Testing procedures will be discussed to various degrees
with an emphasis on the requirements of the proof-of-concept. More specific testing procedures
will be developed during the design and implementation stages.

There are many requirements on the physical dimensions of the entire installed system and on the
various parts of the sensors. These will be verified in the design drawings and of the complete
system. Once the system has been assembled and installed, the requirements will be verified by
measuring the dimensions of the installed system and the individual parts with different settings.

The system test plan can be generalized into 3 main steps: first testing the individual’s modules,
then testing combined modules and finally testing the whole unit together. Detailed testing
procedures for individual modules to be followed throughout implementation

and design periods are as follows:

10.1 Individual modules testing plan
LED:
Color LED lights will be tested to see if it is function correctly according to different input levels.

Photoresistor:
This sensor will be tested to see if its resistance varies with respect to light density levels.

Ultrasonic sensor:
This sensor will be tested to see if it is function correctly to different distances within the required
measuring angle.

LCD screen:
The screen will be tested to see if it can display correctly under required operation environment.

Vibration motor:
The motor will be tested to see if it is generating enough vibration.

Buzzer:
The Buzzer will be tested to see if it can produce enough noise to notify the user.

10.2 Combined modules testing plan
Camera + LCD:
This module will be tested to see if the LCD screen can produce the image captured by the camera.

© 2013 Urban Wheel Inc. 8
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Arduino + Ultrasonic sensor + LCD:
This module will be tested to see if the readings from the ultrasonic sensor can be displayed
correctly on the LCD screen.

Photoresistor + LED:
This module will be tested to see if the LED will respond to different resistance produced by the
photoresistor.

Arduino + Vibration motor:
This module will be tested to see if the motor is responding correctly to the signal produced by
Arduino.

Arduino + Buzzer:
This module will be tested to see if the buzzer is responding correctly to the signal produced by
Arduino.

10.3 Whole unit testing plan

The whole unit will be installed on a actual vehicle which will be driven in slow speed in a safe
area by qualified driver. A second vehicle will be driven into the blind spots of the first vehicle
and provide various stimulations to the system. Feedback from the system will be recorded and
analyzed by our technical team to ensure accuracy. Any necessary modifications and justifications
will be applied to ensure performance.

© 2013 Urban Wheel Inc. 9
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11. Conclusion

This document states the function specifications, outlining the fundamental requirements for the
proof-of-concept, prototype, and the final retail product. The proof-of-concept and prototype
device are currently under development. The requirements for each stage are arranged with set
priorities, and the requirements will be met with professional works and team contribution. The
prototype is expected to be completed by 12th April, 2013.

© 2013 Urban Wheel Inc.
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