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LexAid

October 22, 2015

Andrew H. Rawicz

School of Engineering Science
Simon Fraser University

V5A 1S6

Re: ENSC440W Functional Specification - Flipp: A Page Turning Device
Dear Dr. Rawicz,

In accordance with the requirements for ENSC305W and ENSC440, enclosed with this letter are
Lex-Aid’s technical specifications for Flipp: A Page Turning Device. The goal of this project is to
design a device capable of turning the pages of a book in order to facilitate the process of
flipping pages for the physically challenged.

This document contains detailed explanation detailed explanation of the all the technical
functionalities we intend to implement in our device throughout the various stages of
development. We take care to distinguish within these specifications what requirements apply
to the proof of concept design and which are applicable to the final commercialized product.
Within our specification, we give prioritization to the sustainability and safety of the device. We
recognize these factors are of particular importance and thus give them additional
consideration.

The Lex-Aid team is comprised of 4 fourth year engineering students: Daniel Miess, Rajdeep
Singh, Kamal Ezz and Hesam Bagheri Azghadi. If you have any questions or concerns about the
contents of this technical specification please do not hesitate to contact us by e-mail at
dmiess@sfu.ca or by phone at (778) 877-2826.

Sincerely,

7 Wees T

Daniel Miess
Chief Executive Officer

Lex-Aid
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Executive Summary

The goal of Lex-Aid is to bring the power of the written word back to those for whom
disability has taken it away. The team intends to do so with their revolutionary device Flipp. By
making turning the pages of a book as simple as a voice command or a press of a button, the
manual dexterity required to turn the pages of a book is drastically reduced.

Due to the time and resource constraints introduced by the nature of the course as well
as the nature of the funding we have received, over the next two months we will only be
constructing a proof-of-concept version of Flipp. Once the proof-of-concept version is
developed, it will be used to prove that the technical challenges that we seek to overcome are
surmountable and that users of the device will be content with the product we have created.
We will then combine the lessons learned and feedback received, together with our knowledge,
to construct a manufacturing process that leads to a reliable final product that is commercially
viable.

This document describes the functional specifications for the general Flipp device, while
detailing specifications for the individual subsystems. In, we will address concerns related to
safety and sustainability.



N

LexAid Functional Specifications for a Page Turning Device

Table of Contents

EXECULIVE SUMMIAIY ..cooiiiiiiiiiiiiei ettt ettt et e e e s e et bt e e e e e e s s s bebeeeeeessasnsbbbaeeeeessanassraneaeens i
Table Of CONTENTS .......ooiiiiiiiiie ettt et e bt e st e s bt e st st e st e e bt e beesbeesbeesaeeeneeenbeens iii
LISE OF FIGUI@S ... . ittt e et e e e ettt e e e e bt e e e et tae e e e aaaeeeaansbaeeeanssaeesansbaeesanssaeesanseneeansens iv
LISt OF TABIES ... bbbt s bttt e e e bt e s b e e s b e satesate s bt e beenbeennees iv
(€] 1o 11T T o PP iv
Lo INEPOAUCHION ...t ettt et e e st e e bt e e s ab e e sabeeesabeesabeesneeesabeeennnes 1
R Yoo o TP 1
1.2 INTENAEA AUIENCE ...ttt ettt b e sttt sttt e b e s b e e sbe e eae e et e ebeesbeesaeesanenas 2
1.3 ClasSITICAtION ..ueeeiiie ettt et e sb e e bt e st e s bt e e s bt e s be e e s ab e e s beeesabeesbteenateesbeeesabeenn 2
2, SYSTEM REQUITEMENTES .. ..ot et e e e e s s s atb et e e e e e s s saabbbeeeeeeesssassssnaaaeeessessnnnnnes 3
2.1 SYSTOM DVEIVIEW ..ot iiiiiiiiiieteee ettt e e e sttt et e e s s s sttt et e e s e sesaabebaeaeesesssssbabaaeeesssssssnssnaaeaesssnnas 3
2.2 LYY YeT = T AU Te [N T =T 4 g =T oL £ PR 5
2.3 PhYSICal REQUITEIMENTS ... .viiiiiciiieecctieee ettt e et e et e e e et e e e e ebte e e e ebteeeeebteeeeeaseeeesanstneeesastasessnssanassnes 5
2.4 EleCtriCal REQUITEIMENTS ...uviiiiiiiiie ittt e eciiee ettt e e sttt e e e st e e e st e e e s sbteeeesbteeeesbeeeessnstaeessastaeessnssaeessnnes 5
2.5 ENVIronmental REQUITEMENTS .....iii i iciiiee ittt ee ettt e et e e s tte e e e stte e e e sbeeeessbteeessasaaeesssraeessanes 6
2.6 STANAANAS ..o et h e st s e s bbbt r e e s re e eareere s 6
2.7 Reliability and DUF@bility .....cccccueeeeeeiiiee ettt e e e e e tte e e e e bt e e e s ebtee e e sntaeeesnraeaesanes 7
D Y (=Y AV 2 =T 0T =T 0 Y=Y oY (USRIt 7
3. Page TUIrNING REQUIFEMENTES......cccoiiiiiiiiiiiiiie ettt e e e e et e e e e s s sttt e e e e s s sabbbtaeeeeesessssssseaaeeesssssssnnnns 8
N N G-t T=Y o |l U= 01T =T 0 =T o £ UPSPN 8
3.2 PhySiCal REQUITEMENTS ..ccciiiiie ettt ettt ettt e e ettt e e e e tte e e e e ette e e e eeataeeeeansaeeesssaseeesssesesansseeesansreeanan 8
4. User INterface REQUIFEMENTS..............ccviiiiiiiii et e ettt eeette e e e ette e e e ebte e e e etteeeeebtseaesstaeeesassanaesanes 9
o N =T o [ = L Y=Y [V L =T 01T ] £ USSP 9
By o o 1Y Tor= I R Te [N =] 1T PSR 10
5. USer DOCUMENLAtION .......cooiiiiiiiiiiiiiit e e 11
6. Sustainability and SAfEty...............ooiiiiii et e e et a e e e e araeaeeanes 12
R 0 T [V o T T TSRS URRTOTRRPI 13
REFEIENCES ...ttt st ettt b e bt e s bt sae e st e et e e bt e s b e e s be e s et e s b e e r e e reennes 14



N

LexAid Functional Specifications for a Page Turning Device
List of Figures
Figure 1: Graph of dexterity level distribution [1].....ccviiiiiie e e 1
Figure 2: High Level Functional BIOCK Diagrami.........ccccoceecieieieiineee e cte sttt es st aetesseestestesresne s essessesansens 4
Figure 3: Flipp Main DoAY FENAEIING........ccieeeeeeteeee ettt ettt st st e e et b et e es e e e e enntaeaeennree s 4
Figure 4: Flipp cONtrol UNt reNAEIING...c.coiieiie ettt sttt st st st st et s b seaseaneens 9
List of Tables
Table 1: STaNdard BOOK SiZES [2] ..cceoi ittt et et s e et eveestes s se s saesbe s enesaesnssessebeesaessssenessaeseas 3
Glossary

AC - Alternating Current: Electrical current in which the direction of the flow of charge oscillates
with a regular interval

CSA - Canadian Standards Association

DC - Direct Current: Electrical current in which the direction of the flow of charge is fixed
FCC - Federal Communications Commission

ISO - International Organization for Standardization

LED - Light Emitting Diode. A lighting device based on a semiconductor diode

NEMA - National Electrical Manufacturers Association

PCB - Printed Circuit Board: A board that supports and electrically connects the components of
an electric circuit

UL - Underwriters Laboratories



AN

LexAid

Functional Specifications for a Page Turning Device

1. Introduction

The Lex-Aid Flipp is a device for turning the pages of a book, bringing the printed word back
to those for whom disability limits their ability to turn the pages of a book. In order to control
the turning of pages, the book is to be placed on Flipp’s main platform. Afterwards, the user
can easily flip through the pages via voice commands or by pressing down buttons located on a
control unit. The requirements for the Flipp device are outlined in this functional specification.

The following figure provides statistics collected to show capability levels of the population.
The dexterity ability levels shown are listed in the order of increasing ability. Levels 6 and below
represent individuals with difficulties interacting with smaller objects with their hands.
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Figure 1: Graph of dexterity level distribution [1]

1.1 Scope

Within this document is a description of the functional specifications that will define the
requirements for Flipp. These specifications describe the requirements for the initial proof of
concept design as well as for the future commercialize product. In addition, the specifications
will also guide the construction of Flipp as we move forward to make this device a reality.
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The functional specifications document is to be used by all members of the Lex-Aid team, as
well as any relevant stakeholders. Throughout the design and implementation of Flipp, this
document will be used as a reference to measure the team’s progress and the degree of
success. This document will also be vital for test engineers, as the criteria for the completed
device will be described throughout the specifications. Furthermore, relevant stakeholders will
also find this document useful in evaluating the overall success of our final implementation of

Flipp.

1.3 Classification

All functional specifications will be labeled using the following convention:
[Ra.b.cL]

where a.b.c denote the section of the document in which the requirement appears and L
represents the development stage to which the requirement is applied. The different design
stages considered are:

I: Required for prototype

Il: Required for the final consumer product

Ill: Required for both the prototype and the final consumer product
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2. System Requirements

2.1System Overview

The Lex-Aid Flipp is a device for automatic turning the pages of a book. It is able to achieve
this function through the following procedure. A book is placed open on the main platform and
held down by a set of flaps. These flaps are controlled by separate linear actuators and work to
hold the book in place, preventing pages from sliding out. The platform is designed in such a
way that it can accommodate books of different sizes by sliding the flaps towards and away
from the book as needed.

The device has support of a large number of standard book sizes offered by publishers.
Efforts have been made to accommodate as many sizes as possible without adding too much
extra complexity to the design of the device. Table 1 contains a list of book sizes offered by the
publisher Lighting Source and is representative of sizes offered by most publishers.

Table 1: Standard Book Sizes [2]

Book Dimensions in Inches Book Dimensions in cm Supported (Y/N)
5x7 13 x 18 N
5x8 13 x20 Y
6x9 15x 23 Y
7x7 18 x 18 Y
8x10 20 x 25 Y
13x11 33x28 N
13 x 15 33 x38 N

The device is powered by an external power supply that converts the AC current in the wall
to DC that can be used by the device. This power supply is connected to the device through a
power jack on the rear of the unit. Once the power connector has been plugged in, the user
powers on the device by pressing a switch located on the rear of the device next to the power
jack.

The functionality of the device is controlled by a microcontroller system that resides within
the main body of the device. This microcontroller triggers the actions of the various motors and
actuators required to perform a successful page turning operation. It is also responsible for
detecting button presses and auditory input via a microphone located in the front part of the
main body of the device. These inputs allow the user to turn the page both forwards and
backwards. Figure 1 illustrates how the microcontroller relates to the other subsystems of the
device.
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Page Turning Mechanical
Mechanism Action

Control
Interface

Microcontroller

Figure 2: High Level Functional Block Diagram

The main body of the device is composed of metal and its largest feature is a platform
for the book to rest on. Rising up from the edges of the platform are a two arms and a number
of flaps to support the functionalities of the device. The first of these arms is for lifting a single
page up from the book. Using a roller it is able to grip a single page from the top and create a
gap between the page and the rest of the book. The second arm hooks onto the raised page
using the gap created by the first arm. With a complete rotation, it flips the page over to the
other side of the book. In Figure 2, an artistic rendering of the device is shown with the major
components labeled.

Page Lifting Arm
Rubber Grip

Main Body —— Flap

Microphone Page Turning Arm

Figure 3: Flipp main body rendering
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2.2 General Requirements
[R 2.2.0 - ] — The retail cost of the device will be less than $400

Functional Specifications for a Page Turning Device

[R 2.2.1 - 1l] — The device will allow turning of pages manually
[R 2.2.2 - lll] — The device will be able to turn pages forwards and backwards
[R 2.2.3 - ll] — The device will take a maximum of four seconds to turn a page

[R 2.2.4 - ll] — The device will be able to sense a book has been placed on top and engage flaps

2.3 Physical Requirements
[R 2.3.0 - lll] — The dimensions for the base of the device will be less than 60 cm by 45 cm

[R 2.3.1 - lll] — The maximum height for the device will be 30 cm
[R 2.3.2 - lll] — The maximum device mass will not exceed 5 kg

[R 2.3.3 - lll] — The device will be capable of turning the pages of a book between the minimum
of 15 cm by 20 cm and the maximum 22 cm by 33 cm

[R 2.3.4 - lll] — The device will be capable of turning the pages of a book with a page thickness
between 50 um and 250 um

[R 2.3.5 - lll] — The device will minimize obstruction of the user’s view of the book

[R 2.3.6 - lll] — The controls for the device must be easy to access and buttons will be able to be
depressed with less than 5 newtons of force

[R 2.3.7 - lll] = The main body of the device will be composed of metal

[R 2.3.8 - lll] — The control unit will connect to the main unit via wire with a maximum length of
Im

2.4 Electrical Requirements
[R 2.4.0 - I] — The device will be powered by a standard NEMA 5-15P wall outlet [3]

[R 2.4.1 - lll] — The device will make use of an external 12V power supply that is compliant with
UL 60950-1 [4]

[R 2.4.2 - lll] — The device will contain a power jack located at rear of the main body

[R 2.4.3 - lll] - The device power will be controlled by an on/off switch located on the rear of
the main body

[R 2.4.4 - 1ll] — The device will indicate the power on state with a LED located next to the power
switch
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[R 2.4.5 - lll] — The PCB dimensions will not exceed 10 cm by 10 cm

[R 2.4.6 - 1] — The PCB will contain accessible debug points throughout the circuit

[R 2.4.7 - lll] — The device operation will be controlled by an embedded microcontroller

2.5 Environmental Requirements
[R 2.5.0 - lll] — The device will operate within the temperature range of 10°C - 50°C

[R 2.5.1 - ll] — The device will tolerate storage within the temperature range of -40°C - 70°C

[R 2.5.2 - ll] — The device will operate within the elevation range of 50 m below sea level to
3500 m above sea level

[R 2.5.3 - 1] = The noise from the device shall not exceed 60 dB
[R 2.5.4 - lll] — The device will operate only in indoor conditions

[R 2.5.5 - ll] — The device will operate in the humidity range of 5% to 95%

2.6 Standards

[R 2.6.0 - 1l] — The device will be in compliance with FCC Title 47 Part 15 Subpart B standards for
unintentional radiators [5]

[R 2.6.1 - 1] — The device will be in compliance with CAN/CSA-C22.2 NO. 0.12-M1985 standards
for wire spacing and bending [6]

[R 2.6.2 - ll] — The device will be in compliance with CAN/CSA-C22.2 NO. 0-10 (R2015) standards
for wire insulation [7]

[R 2.6.3 - ll] — The device manufacturing process will be in compliance 1SO 9001 standards for
guality management [8]

[R 2.6.4 - ll] — The device manufacturing process will be in compliance ISO 14001 standards for
environmental management [9]

[R 2.6.5 - 1] — The device will be in compliance with WEEE (Directive 2012/19/EU) standards
regulating electrical and electronic waste [10]

[R 2.6.6 - 1] — The device will be in compliance with RoHS (Directive 2002/95/EC) standards for
the reduction of environmental pollutants [11]
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2.7 Reliability and Durability
[R 2.7.0 - lll] — The device will turn a single page at a time

Functional Specifications for a Page Turning Device

[R 2.7.1 - ll] — The device will have an expected life of 5 years when used within recommended
guidelines

[R 2.7.2 - ll] — The device will have an expected failure rate of 1 in every 100 page flips
[R 2.7.3 - ll] — The device will withstand a drop from a height of 1 m

[R 2.7.4 - 1l] — The software will be ready to receive input within 20 seconds of power on

2.8 Safety Requirements

[R 2.8.0 - lll] — The device will not cause bodily injury to the user when used under normal
operating conditions

[R 2.8.1 - lll] — Holding the page turning button will not result in multiple page flips

[R 2.8.2 - 1] — The mechanical arms will be enclosed to prevent collisions

[R 2.8.3 - lll] — The wires are routed and enclosed in a safe manner to prevent loose connections
[R 2.8.4 - lll] — All components will be securely attached to rigid structures

[R 2.8.5 - lll] — The exposed surfaces of the device will not contain any sharp edges
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3. Page Turning Requirements

The main functionality of the device is achieved via the page turning mechanism. This
includes all of the mechanical components that are involved in the turning of a page. The two
primary components of the page turning mechanism are the page lifting arm and the page
turning arm.

The process of turning a page begins with the page lifting arm raising up the page that is
to be turned from the surface of the book. The lifting arm is a metal rod that contains a rubber
grip. By turning the rod while it sits on the surface of the book, the rubber grip grabs a hold of
the topmost page and causes the side closer to the spine of the book to raise up.

Once the page has been raised up on one end, the page turning arm is engaged. The
page turning arm is another metal rod. It sits on top of a motor that allows it to spinin a
complete circle. It is angled such that as it spins, it will catch the gap that was previously
created by the page lifting arm. It will then move the page over to the opposite side of the book
where it will be deposited. The page turning arm will then return to its original position, leaving
the user’s view of the book unobstructed.

3.1 General Requirements
[R 3.1.0 - lll] — The page turning system will turn only one page at a time

[R 3.1.1 - lll] — The page lifting arm will be able to raise up the page to a minimum of 30 degrees
[R 3.1.2 - lll] — The page lifting arm will return to the original position when not in active use
[R 3.1.3 - lll] — The page lifting arm will rest on the page surface without additional applied force

[R 3.1.4 - lll] — The page turning system will provide identical functionality when turning pages
forwards and backwards

[R 3.1.5 - I] — The arm will make one complete 360 degree rotation for each page being turned
[R 3.1.6 - lll] = The arm will have sufficient strength to turn a page weighing up to 10 grams

[R3.1.7 - ll] — If the arm is unable to complete a full rotation it will attempt to move back to its
starting position by running in reverse.

[R 3.1.8 - lll] — Under normal operating conditions the arm will not damage the pages of the
book being turned in a noticeable way

3.2 Physical Requirements
[R 3.2.0 - lll] — The page lifting arm will consist of a metal rod with a rubber grip

[R 3.2.1 - lll] — The page flipping arm will consist of a metal rod capable of rotation
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4. User Interface Requirements

The Lex-Aid Flipp can be controlled by the user in one of two ways. The first is by issuing a
voice command to the device which is received by a microphone located in the main body. This
microphone is connected to a microcontroller which uses a set of third party open source
libraries to decode the voice command and turn the page of the book either forwards or
backwards. The second method of issuing a command is through a user control unit, which is
connected by a wire to the main body of the device. The user control unit consists of two
buttons, one of which can be pressed to turn the page forward and the other which turns the
page backwards. The user control unit also contains an LED that indicates the power status of
the device. The design of the control unit is intentionally kept simple so as to allow other
designers to construct additional control units that serve the need of users with particular
disabilities. Shown in Figure 3 is an artistic rendering of the control unit.

Figure 4: Flipp control unit rendering

4.1 General Requirements

[R 4.1.0 - lll] — The user will be able to control the functionality of the device through voice
commands or tactile input

[R4.1.1 - lll] — The user control unit will contain a button for forward and a button for backward
page turning

[R 4.1.2 - lll] — Both user control unit and the main body of the device will contain power status
LEDs

[R 4.1.3 - lll] — The surface of the microphone will not be obstructed

[R4.1.4 - 1ll] — The microphone will be sensitive to audio within the range of 80 Hz to 8 kHz
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4.2 Physical Requirements
[R 4.2.0 - lll] — The buttons will be clearly labelled to indicate page turning direction

Functional Specifications for a Page Turning Device

[R 4.2.1 - lll] — The buttons will have sufficient space between them in order to allow accurate
button selection

[R 4.2.2 — lll] — Voice recognition will function when the user is within 30 cm of the microphone

[R 4.2.3 — lll] = The microphone will mounted within the main body which contains holes to
allow for sound transference

10
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5. User Documentation

[R 5.0.0 - ll] — The user documentation will be provided in English and explain in clear and easy
to understand language how to operate the device. User manual will make use of text, figures,
graphs and tables to maximize understanding

[R 5.0.1 - 1l] — The user documentation will be provided in English, French, Spanish, German,
Mandarin, Japanese, Hindi, Punjabi, Arabic, and Persian

[R5.0.2 - ll] — The user documentation will be written for a non-technical audience but will
contain appendices with information useful for repair technicians

[R 5.0.3 - ll] — The user documentation will contain a troubleshooting and a frequently asked
questions section

[R5.0.4 - ll] — The user documentation will be accessible online at the Lex-Aid webpage

11
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6. Sustainability and Safety

At Lex-Aid, we are committed to establishing a reputation for ourselves as both an
organization committed to the sustainability of our products as well as to the safety of our
customers.

In the construction of our proof-of-concept device, efforts will be made wherever possible
to reuse existing components. Only after we have made a reasonable attempt to locate
components or materials for reuse will we consider purchasing a new required item. In both the
proof-of-concept and the final product, we will be making a concerted effort to use materials
that are sustainably sourced and we will be prioritizing the usage of recycled materials. Lex-Aid
is also committed to using only materials that are covered under the RoHS standard [y] in an
effort to minimize the amount of heavy metals and persistent organic pollutants leached out
into the environment.

Safety will always be a prime consideration throughout all stages of the project. In the case
that a user is exposed to a moving component, we will always prefer damage to occur to the
device over any harm to the user. Care will be taken to ensure that all sharp surfaces of the
device have been filed down, eliminating any exposure of sharp edges. All electrical
connections will be completely isolated from the user in order to prevent electrocution. In
addition, the conversion from AC to DC required for operating the device will occur in an
external power unit, which has undergone industry standard safety testing. All exposed metal
surfaces will be sufficiently grounded in the case of a wire breaking within the device and
coming into contact with the case.

It is our belief that if we give strong consideration to the subjects of sustainability and safety
early in our design process, we will easily be able to transition our device to a final commercial
product that not only leads in terms of functionality, but also in sustainability and safety.

12
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7. Conclusion

The functional specification in this document lays out both the requirements and the
scope for the Lex-Aid Flipp. The specifications laid out will serve as the basis for designing the
device and will be referenced once the proof-of-concept has been completed, in order to
evaluate the success of the project. During the current phase of development, preliminary work
has already begun on the proof-of-concept device and it has an expected completion time
within two months. This puts us on track to have our proof of concept completed within the
timeframe laid out in our proposal.

13
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