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Abstract
The Internebf Things asserthatthere exists a global ndedall objectso conneceasilyand accessibly
Today, smartphones, tablé&ptops and smart watches makeup just af fila@ interconnected devidns
the greater population. As a result a growingforeedeless connection between personal devices like
phones, and computeéoseveryday applianaesgsts This idea extendgektlyto households, businesses and
buildings, where a growing néadsmart home or smabtisiness appliances has taken root. Many
companies like Nest, ADT and Apple make prodlucgsitomated home security amtiome media
control. TheWireless Windme Blindsproject aim$o provide smart home technoldgyvindow blinds.
TheWireless Window Blinggves users wireless contnarpre-existing wireless blinds. Users,
through a mobile device app, have direct canteobasic window blind functiortgliopeninggclosing,
raisingand lowangwindow blinds. Additionally, usies/e flexible controlverany numbeof blinds
across any numbefrooms.The app allows usdseasily open and close all their conndxitedis
remotely. Tis projecstrivesto create a setfontained systethatgives users wireless, automated casftrol
a networlof window blinds.



Chapter 1: Introduction

Accordingo Pew Research Center, 6dPadultsn the United States owha personal smartphoine

201%4]. Dueto the tremendous growti the smartphone and tablet industry, wireless devices have become
essentidb daily life. Wireless devices provide a widespread platfaifitthe loT goalto make all objects
connected and easily accessible. Today, manytpeslservices exigstsupport this neednd have laid a

foundation for 10T household connected devices [9, 10, 12]. Many household speeificdsificluding
the Smart Lights with Vi control, prove reliable resource for developing the softméhbardware for
0T devices andpplications3]. This has multedin a growing industifgr smartphone controlled devices

and appliances.

The growing neefor wirelessly controlled appliandigsctly impacts homes and businesses.
Growing companies &kNest and ADT provide households and effiEeesvith smartphone connected
thermostats, securitywaras and systef@s 10] Markets and dke® global forecast predicts the smart
home industry worth 121.73 Billion U022 §]. This project aim® breakinto the smarhome
industrywith a wirelessly controlled window blinds device.

TheWireless Window Blin@g/ireless Window Blindgroject implements a \Wi controlled
solutionfor automated contraif household mini blinds. The project coméwo discrete parts: an
attachable module and a smartphone app. The attachable module provides motoripeergmmenic
mini blinds. The smartphone app implements anceasy interfactr controloverthe mini blinds.

Compared to competitors, qanoduct offers the same reliability &mtttionality ofnotorized

window blind setisut at a less expensive price. Additionally, our product does not require the customer to
replace their current set of blinds, while many competitors require theiersustgurchase a new set of

Additionall vy,
window blinds, while th&ireless Window Blinddows customers to use their smart phone to control the

window blind$16]

competitoros

systems

window blind$16] Figure Ibelow depicts what customers a@m this productompared to a nen
motorized set of window blindBheWireless Window Blina@diminates the need for a tilt wand, cord
equalizer, and a lift cord, as well as providing remote contrghthremartphone app.
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Chapter 2: Customer Needs, Requirements, and Specifications
Customer Needs Assessment
We acquired the customer needs through market research of current kividdystéms as well as
guestioning home owners and company owners about what they would want out of a wireless window blind

controller Homeownersvith smartphones and \Wirepresent the primary portiofithe wireless window

blinds target customesowe weighed their response heavier than the company éworarsalkingo

homeowners, they needagsthetically pleasimgd easio install systemwith a good battery life. The smart

phone app must provide useith an easyo-use interfactor raisinglowering and tilting blinds.
Additionally, the complete system must scale to support any number of windows the customer may have.

Currently, market motorized blinds cost betweent@&300, but many owners who wanipgrade their

house seardbor the cheapest solution.

Requirements and Specifications

Customer needs dictated the Marketing Requirementsisfi@alste I. Marketing requirements include a

sleek, eady install, and cheap systdtulfilling these requirements makasproduct appealjio
customersind competitivan the current markefdditionally, maintenance and upkeep costs should remain

low for users, which motivates the ntes e |

dom

repl ace

Specificationderived fromthe Marketing Regeiments and external reseastummarizedh Tablel

t h agineeyirgt e md s

below.
TABLE |
Wireless Window BlindRequirements and Specifications
Marketing Engineering Justification
Requirements Specifications

1/8 Controller starts responditapp The customer needs a set of blinds
input controlsn lesghanl second | that operate in a quick manner.

2 At least 3 month battery lfier Not only do batteries represent an
average usef raising and lower impacton the environment, they als
blinds twatimes a day add aravoidable tador upkeepof

the blind system.

2 Runson 9 volts and draws lessn | The consumer needs common, ea:
100mAof current accessible, cheap batteries fannd

any store. 9 Volt batteries magea
large portiorof available consumer
batteris.

2 Complete window blinds system ry4 The consumers need a durable, pd
continuouslyor 1 hour. efficient systenthatrequires littl¢o

no maintenance or upkeep.

3/5/6 An aver age home (Markethhdsrequire a short
time should not exceed 30 minuteq installation time. This system must

performon parto remain
competitive.

batt e



3 Product must follow the IEEE NES| Devices released to the public mug

safety standard. practice safe installation, operation
and maintenance [17].

4 Prodution cost should not exceed | Motorized blinds cost between $25
$75. to $300. This system must perfam

parto remain competitive.

5 Size smallghan2 in tall x 4in wide x| Customer needs dictate a denfand
2indeep a hidden systetn not represerdn

eyesore.

6/7 Calibration tests allow the system | Customerewn a wide varietf
runon many horizontal mini blinds | Window Blind types. To accodiot
systems. this, our system must fit and work

a diverse groupf blinds.
1/8 Communicatewith smartphone app| Customersvith inrhome WiFi need

remotely using PeterPeer Wi
Data transfer.

an easyo-use, convenient interface
control their window blinds/stem
[9, 13]

Marketing Requirements

. Respondso remoteraise, lowerand tilicommands quickly
. Battery powered

. Easyand saf¢o install

. Inexpensive

1
2
3
4
5.
6
7
8

Looks sleek/hidden

Attachego multiple window blind sets
Durable

Allows usép control window blinds remotely




Table 1l lists deliverableswellasdelivery datefer product flow. These dictate the outfioret h e

productd

design and production. These follow the Cal Poly EE 460/461/462 requiteroemtplete the Senior
Project three part course.

TABLE I
Wireless Window BlindBeliverables
Delivery Date Deliverable Description
Feb 16 Design Review
March 2 Beta Prototype done
March 13 EE 461 demo
March 13 EE 461 report
June2nd EE 462 demo
End of May ABET Sr. Project Analysis
June 2nd Sr. Project Expod3ater
June 7th EE 462 Report




Chapter 3: Functional Decomposition

Block Diagram

The level zero block diagrappeardelowin Figure 1. It outlines the overall inputs and outgutse

system. Theputs to the system inclugtger mputfrom the smaphone app and the connecttoWiFi

between the app and controller. The outptite system includes a pulse widdichangsthe orientation

of the window blinds based the user inpuAdditionally, the smartphone app connects to multiple

controlles allowing network control of any connected window blinds in the home. The implementation of
the network software and structure takes consideration of the patent on connection of multiple 10T devices
[6, 7, 10].

Desired Window
EBlind Position

Lnput Data from

User to Phone App Pulse Width
i Aodulation DC
— . . _ Aotor Control
Wireless Window Blinds ;
_—— Controller

Peer to Peer
WiF: Protocol

FIGURE I
Level OWireless Window Blinds

Table Il describes the Level 0 block diagram. The paraafétersnputs and outputs the Wireless
Window Blindb ecome further characterized. Additionall
functionality.

TABLE I
Wireless WindovBlinds Functionality
Module Wireless Window Blinds
Inputs Desired window blind position input dfrtan userto phone app:

User worksvith appby choosing requested blind position

Peerto PeeWi-Fi Protocol: WAFi connectiorio wireless controller
andphone

Outputs Pulse Width Modulation DC Motor Control: 3.3 V pulse length
defined motor sign#tiatsets the blind® the user desired positiof

Functionality Adjusts blindsous er s app i nput spec
travelfrom phone appto physical controller via Wi. When no use
request signal occurs, no motor control happens.

Yy



Peer to Peer
WiFi Protocol

The Level 1 Block Diagram shown below in Figure 11l describes each module of the Wireless Window Blind
Controller in more detail. Each module is fudissectedn therespectiv@able below listing its inputs,

outputs, and functionaliffable V below gives a functional description dMiFHeé module, ESP8266,

including data exchange [12, 13]. Table VI below describes the functionality of the Ardciomdrofiiero

with r ef er Buiding Arduimo Piofestsefat thesinterndtla]. Thatdgs VI provides a functional
description of the DC motors used to motorize the window blinds system with reféviertogzable Tilt

Shade System arftbijiiat].

Desired
Window Blind
Position Input
Data from
User to
Phone App

9 Volts
9 Volt Battery
Voltage
Regulator
5 Volts
User Data
Encoded in
WiFi Window Blind
H— Positioned as
User Requested
Smart ESP8266 | Arduino DC Motor >
Phone I .
User Data Pulse Width
Acknowledge 32KHz Modulation
Received Data
FIGURE Il
Level IWireless Window Blinds
TABLE IV
Smart Phone Functionality
Module Smart Phone
Inputs Desired window blind position input data from user to phone a
User works with app by choosing requested blind position
Acknowledge Reised Data: Acknowledge that the controller
received the data, and the request does not need to resend
Outputs User Data Encoded in Wi: Using WFi, sends a packet containi
the userds desired window bl
Functionality Wirelessly communicatfieom the user to the controller




TABLE V
ESP8266unctionality

Module ESP8266

Inputs User Data Encoded in Wi: Decodes User data fraffi-Fi
User Data at 32KHz: Arduino can send data to the ESP8266 t
sent to the Smart Phone notifying usertidmcomplete, or if any
errors occurred.

Outputs User Data at 32KHz: Passes the signal containing the desired

window blind position from \Afi to the Arduino to be processed

Functionality

Deciphes Wi-Fi encoded data into an Arduino friendly data.forn

TABLE VI
Arduino Functionality

Module

Arduino

Inputs

5 Volts: Provides 5 Volts with capabilities of supplying 150 mA
current.

User Data at 32KHz: Data containing the desired window bling
position for the Arduino to decode and convert to DC Motor
Control

Outputs

Pulse Width Modulation: 3.3 Volt Pulse Width Modulation that
controls a DC motor to move the Window Blinds into the Desir|
Position

Functionality

Is the Central Processing Unit of the Wireless Window Blind
Controller that processes thquiests and turns it into motor
control.




TABLE VI
DC Motor Functionality

Module DC Motor
Inputs Pulse Width Modulation: Moves the motor a certain amount of]
degrees based on the duty cycle of input wave.
9 Volts: Powered by 9 volts that sapply up to 150 mA.
Outputs Window Blind Positioned as User Requested: Physically movs

blinds a certain amount based on the PWM input.

Functionality

Physically mowthe window blinds into the position that the use
requested.

TABLBEII
Voltage RegulatoFunctionality

Module Voltage Regulator
Inputs 9 Volts: takes in 9 volts from a battery.
Outputs 5 Volts: Steady 5 volts that cannot be loaded easily

Functionality

TheWireless WindowBlindlss modul es requi
voltage tgpower them. The Voltage Regulatgpliegshese
different voltages.




Chapter 4: Project Planning

Gantt Chart

The Gantt chart beloshows a design approdahhe Wireless Window Blinds. This chart gives detailed
tasks and milestonieem EE 460 throgh EE 462 dictating the flavi'the project. It includes multiple
project iterationaswellasthe EE 461 and 462 Report and Demo deadlines.

Wireless Window Blind
Gantt Chart

Fall 2016 Weak1 Waal 2 Weak 3 Weak 4 Weaak & Weak & Weaak 7 Weak B Weak 9 Weaalk 10 Weak 11 Finals
Ml w[ R M w R F [T w]R[F M w[R] F{Mw[R]F Ml w]r[F[MT[w]R]FlM[Tw[R]F{Tw[R]FlM[]w]r[F[Mmw[r]F[m] T[w][r]F
26 3 10 17 24 31 7 14 21 25 5 12

Project Plan
Abstract (Proposal) V1
Requirements and Spacifications
Lavzl 0 Block Diagram
Literaturs search [ 1 a
| |

Gantt Chart

Cost Estimates

ABET 3r. Project Analysiz
Ezquirsments and Specs V2
Feport V1 [

Report V2 | | | |

—
| [ - . II

Winter 2016 Week1 Weaak 2 Weak 3 Weak 4 Week 5 Week & Week 7 Week 8 Weak 9 Week 10 Finals
Ml w[ R M w ][R F Tl w] R FM[Tw[R] F M w[R]F [T w]r[FMT[w]R]F]M[w[R]F M w]R]Flmw]r]FMm[w[r]F
3 16 &5 i) ] 13 20 27 ] 13 20

Lavzl 2 Block Diagram

Project Iteration 1
Dasizn V1 = Y
Eild V1 [

Test V1
Project Iteration 2 —#
Desizn V2 | Y
Build V2 [

Tast V2

EE 461 Report | | | | | ||

Spring 2017 Week 1 Weak2 Week 3 Week 4 Week & Week 6 Week 7 Week 8 Week 9 Weak 10 Finals
Mt RA M W[ R F M w]&] F [T v R F M ][Rl F MW R][F[MTw]R] F W[ w[r] F M w[R] [T w[R]F[m[Tw]r]F
3 12

10 17 24 1 & 15 22 23 5

Final Packazing [ /|
Go To Market [

Abet 3. Project Analysis [ T T I —
ir. Project Expo Poster | | | | I| T T I
EE 462 Report(and demo) [ |

m Prototyps Donz q'} Dizsizn Raview @ Demo E Advizor Feadback

FIGURE IV
Wireless Window Blinds Gantt Chart



Individual Responsibilities

Duringthep r o j Desigh, Build,ral Test phases each meniizer a uigue responsibility to certain tasks.

Whil e our work must i ntstherrkmwledgeand,skilsa, shownbeowiner 6 s r
Table IX.Note that all responsibilities not listed in the table below beglitregenly among team

members. For example, all team members helped write the EE 461/462 Report.

TABLE IX
Team Member Responsibilities

Role Responsibility Team Member

Manager Checks that each Cooper Laone
given deadlines, all work meets prtbdu
specifications, and design specificatior|
interconnect with

Sales / Outreach Looks for potential customers of the | Zachary Malig
product along its lifeline.

Wi-Fi Firmware Development | Writes Arduino code for thWirekess Cooper Laone
Window Blind$o connect to WFi and
communicate with
Phone App.

Motor Firmware Development WritesArduino code for th&Vireless Zachary Malig
Window Blindgo control the motors
based on the cust

Smart Phone App Writes anfPhone and Android version o Niraj Morar
an app to properly connect to the Wire
Window Blind Controller and send
window blind position requests.

Motor Setup Configures a set of Arduino controlled | Jake Phillips
motors to connect to a setrafni-blinds
that can raise, lower, and tilt the blinds

Case Holding Product Create an aesthetically pleasing case 1 Jake Phillips
hold and mount the product on a set of
mini-blinds.

10



Cost Estimates

Table IXshown below lists theems, quantity, and costs associated. This project ratjaaet

two setof window blindgo create a networ blinds all controllabkeom a single smart phone.
Since each membsrthe group already owns a smart phone, this item added no dadisiona

The estimated Labor CostsafosmF or d and Co ul $avaragifgthe ®@arsstase Mo d e |
(12 hours per week), best case (3 hours per week), and most likely case (8 hours per week). This led
to 7.8 hours per weakth four members workingdethemoverthree quarters. 30 weeks multiplied

by 4 people and 7.8 hours per weekd&0 Labor hours.

TABLE X
Wireless Window Blinds Cost Estimates

Item Quantity Cost Total
Arduino 2 $20.00 $40
Window blind set 2 $20.00 $40
Wi-Fi Card 2 $5.00 $10
Miscellaneous Circuit Components X X $20
DC Motors 4 $5.00 $20
Work Hours 900 $25.00 $22 500
$22,80

11



REFERENCESD CITATIONS

Literature Search

1.A. JavedBuilding Arduino Prdjertte Interra&fil hingd,ake Zurich, IL: Apress, 2016.
I chose this book because it describes the fundanséctalsting an loT project using the Arduino.
This directly relatés how the creatingf the Wireless Window Blindso the advice and
suggestionis this book should prove valuabierthe coursef the project. Additionally, the book
delvesnto Android App developmemtith loT devices, which represents another majarfkbg
Wireless Window Blinds
This book has authority because it contains experimittntsal world tested examples and
exampes proverto workon Arduino devices. Additionally, Adeel Javed has written a moltitude
articledor companies like IBMn how l0T devices work and what the funfrtoT looks like.

2.Nicola Bui, Angelo P. Castellani, Lorenzo Vangelista, Andeed Zam , and Miclhfel e Zor zi
Thingsfor S ma r t |EHE intemesfbhings Journall. 1, pp. 232, 2014, ISSN 232662.

| chose this source because it describes the urban lotdinieigs and the ided a Smart City,

which both cordateto the Wireless Window Blind&dditionally, this article gae® technical

detailonan | oTds ser vi c e s -ability,avhich oy prajekt etilizZes, sendimgd c onn e
and receiving dat@m the appo the controller.

This source habké authorityo provide reliable information because IEEE publistiethi¢ highly

peer reviewed and accredited jouEtaE InternedfThings Journ&the authors made any mistakes

or untrue statements, the peer reviewers would have caught thesegimiittot he aut hor s o
attentions.

B3Espressif Systems, OEspressif Smart Connectivity

I chose this datasheet because many low powugifig devices recommend the ESP&266,
wellasour adrisor recommended using it. While this does not guarantee oof treafSP8266,
it contains valuable knowleddi@owto connecto an Arduino via Wi,

This source has the authotiyrovide reliable information because the publisher, Espassif, h

good reputatiofor creating products and datasheets. Additionally, Source [6] directly references this
product. Had any major errors occuirgtie creatiomwf the datasheet, the company would hold
responsibility and we could contact tlesacustmer.

4R. Y. Ki m, OmuZeiphe 085dt mpt work devices,d6 US 20

| chose this patent because it describes various tectmiptap a networlof 0T devices. This
relates heavitg our project, because many costrs have multiple window blitkdatneedio be
controlledon the same network. This project can implement a systemtsithdaone Kim and
Zeira describe while attemptingmproveoniit.

This patent has authorityprovide reliable informationdaise the Applicafur the patent, Belkin
International, Inc., symbolizes a successful electronics ctmapsypscializeis networking. Their
products include routers and network switches, vdpotsenthe fundamentatsf large scale
networking.
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5.Parul Kalra, DeeptitMer ot r a, and NHRbyipformatioveetridva appragaghnSmiarblights

6.W.

contr ol | e 016 Gh Integnatidhial Eoné&zénee System and Big Data Engineering
(Conferendan. 2016.

I chose this source besatit describes an implementatiban 0T product very similay the
Wireless Window BlindEhey implement Smart Lightish Wifi, giving valuable insight what
hardware and software implementation works well.

This source has the authotdyrovide reliable information because they completed a project using
methods similao how we hopéo implement the Wireless Window Blind Controller. While this
article has ndieenrecognizedor any awards, it has hawtspractical application knowledba

our project can use.

J. Mullet, Y. Rodriguez, D. W. BmehkodRO6 8BS
20120111509 A1, May. 10, 2012.

I chose this patent because it recognizes a systentsiimianechanical portiaf our Wireless
Window BlindsOur mechanical pulley system can learn and ingorthesdesign dictatdxy this
patentaswellasinclude our wireless implementation.

This patent has authorityprovide reliable information because the inventor successfully
implements a motorized blind system, whichuiladlerthe scopef this project. Our project must
make a motorized blind system, and then develop a cofuratlenaking their patent a building
blockfor our project.

7.K. Sood, S. Yu and Y. Xiang, "8eaifteDefined Wireless Networking Opportunities and Challérges

8.Z. K.

Internetof-Things: A Reviewiti IEEE InternadfThings Jougnadl. 3, no. 4, pp. 4863, Aug.
2016.

| chose this article because it discusses sefi@fared networkingith [oT devcesin mind. This
project aspire® create a wireless netwofkoT devices, and the advioem Sood, Yu, and Xiang
helps our project integrate a wireless network.

Similarto Source [2], this article has authaoipyrovide reliable information besatuitof its highly
peer reviewed nature doéts publicationn the renowned journEEE InternetdfThings Journal.
Additionally, multiple other papers have cited this #otiide research.

Zhang, M. C. Y. Cho, C. W. Wang, C. W. HskK, Chen and S. Shieh, "loT Security: Ongoing
Challenges and Research Opportunif@4Z IEEE 7th International Confen€ecei€@riented
Computing and Applicalitatsue, 2014, pp. 2384.

I chose this IEEE Conference Article because itstissuihe impaof 10T devices every day and
home applications. Security represents a major cfordbis project and all l1oT devices, which
this article sheds lighn.

This article has authorttyprovide reliable information because its authoeswnrdtten papers
publishedn IEEE journalsonthe same loT subject. Additionally, mafrthe references haveer
200 citations, proving the validifytheir research material.
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9.L. At zori , A l erapfTGI nher aGbhinpatarNetaofkh ¥, | nt er net
2010, pp. 2782805.
I chose this article because it discusses the many ways I0T devices cantmtagiaty.
Different technologies give different advantages, and e#tstowasspecial niche. It describes the
different visionsof an loT world, and what its development can rioeaociety.
This article has incredible authddtgrovide reliable information because other papers and articles
have cited ibver4400 times accorditgGoogle Scholar.

10.A. M. Faddl , M. L. Roger s, Y. Mat sui ok a, D. S| oo, M.
Associated Information ProcesdmgSecurittna Smarensor ed Home, 6 U. S. 20
0266669A1, Sep. 18, 2014.
| chose this patent because it represents a successfticepiptiocaoneof the biggest smart home
companies: Nest. It discusses va@ydeviceso process informatioin a smart homeith security
in mind. Similato why | chose Source [8], security remains a hugdrfdobdevices and our
project aspire® give 10T device useasmuch privacgspossible.

This patent has authorttyprovide reliable information because the applicant, Nest, represents one
of the biggest market holdésss mar t home devi ces . of$nmagiHome company
producs speakor their authorityn the subjecof 0T devices.
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APPENDIX@ANALYSIS OEMHOR PROJECT DESIGN

Wireless Window Blinds
Cooper Laone:

Zachary Malig:

Jake Phillips:

Niraj Morar:

Rich Murray:

1. Summary of Functional Requirements

TheWireless WindoBlinds project creates a window blind system that can be controlled via a
smartfmone app. It fits normal blinds and implements an individually operable window blind network. The
app allows users to easily open and close their blinds remotely. The goal of this project is te create a self
contained system that gives users wirelegsadetiocontrol of a network of window blinds.

2. Primary Constraints

Price represents the main constraint for the Wireless WindowTRlistig competitive, the
product must cost less than $75. Wireless communication restrains this product by idguiring W
communication from a smart phone to the contfdlirThis challenges the battery life, aEM&quires
more power than other communication methods such as Bluetooth. While many microcontrollers could work
for this project, our decision to use fkrduino impacts the price of the physical product, but decreases the
labor hours required to assemble the device. Additionally, choosing to only have our system fit on horizontal
Omibdii nds® represents a maj or tomérbaset i ng factor for

3. Economic
The Wreless Window Blinds negatively effects the Natural Capital of the earth. To reduce this
i mpact, we chose to use as I|ittle packaging as po

needs. Similarly, if we m@asoduced this product for home@ns) it would provide and need Human

Capital via jobs to assembling companies, shipping companies, and companies that proddd®y/ phes use
Wireless Window BlindEhe Financial Capital would arise through homeoiwtesested in 0T connected
households purchasing our prodRetal Capital impact occurs through similar means that Human Capital
came about. The more companies involved in the production, advertising, and markafifiglefsthe
Window Blindsthe mordReal Capital would take place.

Cost benefits accrue after the release of the product and after mak3fgI$2a@h module sells
for $75, and $2oes towards profits, selling 900 units breaks us even and any additional sales are profit.
Partneringvith a homeenovation/loT company such as ADT represents a long term goal for a major
avenue for economic benefit from our product. These profits split between sharétitddéne project
ends, the Wireless WindolinBs marketing and advertising camgp begins.
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Additional equipment cost for testing does not affect the overall price of the product significantly, as
the majority of costs come from engineering labor. Funding comes from the engineers and adviser based on
the product dsdst est equi pment nee

4. If manufactured on a commercial basis:

Researchers from MarketsandMarkets.com expect the Smart Home market to exceed a $100 billion
industry by 202[®]. From this, the SmaBtind market holds approximatgB/billion[5]. Eachdevicecosts
$75, ing $35 of profit for each device sold and $40 into manufacturing costs. We expect to sell 1000 units
in the first yearso pofits from year one estimate®®6,000Additional ye#r profitsdepend omprevious
year ds r esul t s, asduntithe elbasewfachewsvergoadi | 'y i ncr e

Installation time for the customer after purchase should not exceed 30 minutes on average. The only
recurring cost for the customer is replacing the battery every few months.

5. Environmental

This product affecthié environment through using its limited resource pool to create our system.
Batteries represent one larger, less recyclable piece of our product. We recommend the customer use a
rechargeable battery, so the Wireless Window @lattlices less waste. Aibally, to reduce this impact,
wewouldbuild and package our product with the least amount of materials as possible. Once the product's
assembly is complete, the product itself represents no more significant resource and ecosystem impacts.
However, trasportation for the product from the assembler to the customer uses fossil fuels and emits
pollution. Pollution impacts have proven to affect many species via global warming.

6. Manufacturability

The wireless Window Blindsjuires an assembly line fonuafacturing. It requires each
component shipped to the assemblerds |l ocation, ea
mi crocontroll erds code downl o a dendoste [a8Thenthh e compl e
product must powaup and demo successfully before placing the total product into a secure, shippable
container.

7. Sustainability

The customerds responsibility to maintain the
To reduce the resources impacted, wenreend the customer use a rechargeable battery. Some upgrades to
the system include implementing multiple types of wireless communication and using a different
microcontroller to reduce costs and increase speed. However, these upgrades require d Girigdh@amoun
for the design and implementation. Keeping these future upgrades in mind while building the current system
makes it easier to shift from our current system to a possible futureNigst@oiu, Prahalad, and
Rangaswami argue that sustainaftdaenent represents a huge selling point for companies today [19].
Starting a design with sustainability in mind can help to minimize the effects of our product in the long run.
One step in the right direction they mention is having a plan to do bugmessfriendly business
partners and choosing sustainable parts from the conception of the product.

8. Ethical

Analyzing this product using the IEEE Code of Ethics shows that this product follows their
guidelines. This product minimally effects safedjth, and welfare of the public as discussed in section 9
below. If any factors arose that did endanger the public, we would promptly disclose thenilyAtditiona
Wireless Window Blindgtempts to improve the understanding of technology, and@aiozgtn as to
improve the product. This product's design and manufacturing does not break any of the IEEE Code of
Ethics rules. Additionally, we intéadattempt to mitigate any misuse of this product through using proper
cyber security techniques.
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Analyzing this product using the Golden Rule ethical framework can deduce whether this product's
ethical implication positively or negatively affects society. If we put ourselves in the place of the customer and
bought this product, we would want it to dgab, not break quickly, and not overcharge us. This product
does not attempt to trick customers into buying it. It meets the customer needs and adheres to the product
specifications. Therefore, this product positively affects society using the GelemcRiuframework.

Additionally, as customers of this product, we would want each individual involved in the production of the
product to have a fair share. We would want the manufacturing companies to not take advantage of its
employees, and all pdegally obtained. Through research and carefully picking our partners, the Wireless
Window Blinds attempts to meet each of these needs.

9. Health and Safety

The Wireless Window Blindsd installatibn instr
follow | EEE6s NESC [ 17 movesTdiatvelyarge sizecvarnslow\blinagsdavbigh Bl i n
could represent a safety concern to small objects such as fingers or small pets near the blinds while they rise
and fall. Should an installation malfiom occur, the blinds could drop from open to closed quickly,
representing a safety hazard for people directly below thdidiradlation while DC motors are powered
could cause harm to user or damage window blinds system. Setup and mainteddake sadain
consideration to information motorized window blinds [I% reduce these safety hazards, the packaging
provides proper warning to alert users. Users should follow proper installation instructions and maintenance
of the battery as speedi To reduce health issues, the manufacturer should not use lead based solder.

10. Social and Political
One political issue includes mass production of devices which use cheap labor. Some countries, like
China, provide labor doing menial tasks at whedper rates than the USA. Choosing between livable
wages and profits should nepresen& hard decision. Thévee, the Wireless Window Blirsdeuld not
exploit underpaid workers.

Additionally, professionals in 10T fields review many loT deviceg pecalise they represent a
security issue. Hacking an IoT device impacts customer safety and privacy, therefore, we hold the security of
this device paramouy.

This project impacts the Internet of Things market as well as Smart Home companisducdur
enters the market and challenges current loT window blind companies, negatively impacting their sales and,
therefore, employees. This creates inequities for our competitor's employees. However, the customers
(homeowners) benefit from a product thatts their requirements for less money. People who worked on
the design aspect of this project benefit equitable to the amount of work put in. Further stakeholders benefit
equallyegardinghe resources they provided for the product's development.

Somemore obscure stakeholders include all the companies that work with us during the
manufacturing and shipping of the product. Manufacturers enjoy our business, and to transport the
completed product from manufacturing to customers we enlist a shippinyyc®agause the
manufacturers and shipping companies have our business, they can hire more employees, meaning more
people can move to the cities they work in. More people moving to a city yields more people dining,
shopping, relaxing, and overallmonayflo Thi s shows that our productos
that we interact with.

11. Development
Througtout EE 460, 461 and 462 learned how tesign and implement a complete project from
the ground up. We created a working remotely @edtvandow blinds module that raised, lowered and
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tilted a window blinds system. We learned how to connect wireless devices, and send/receive commands
between the ESP Wi module and a smartphoialditionally, we improved our skills in making smart

phore appusingAndroid Studio We also developed firmware geared towards a low power system utilizing
Wi-Fi as its means of communicatMe built a mechanical system to raise, lower and tilt the blinds that
attached externally to the window blifitie biggst learning experience from this prapsttided:

architecting an entire product from the groundwapking with WFi communications, designing a

mechanical system and working gsam of engineers.

Sources usddr developing the Wireless Windowm@iappear in the Literature Search section.
From the patents found in the literature search, we learned many different possible implementations of
mechanical window blinds and wireless controllers. Additionally, the literature search shows standards and
requirements for marketable products in homes. Finally, the datasheets found in the literature search allow us
to correctly interact with the individual components bought to make this product.

12. Future Steps

Looking forward this project could be exgahdnd improved on in a variety of ways. Taking our
base module and application there is a lot of room for growth for future projects. First, the Android
application could be converted to iOS. If this product were to be sold in stores, having tlos appO&ati
as well as Androigdould satisfy a larger user base and make the overall product more appealing. Within the
application, one could expand the current app to allow groupings of blinds. This feature would allow users to
control multiple blinds ahoce and manage groupings of blinds by room or loddtiag.home owners
have multiple sets of blinds in one room and having the ability to manage many blinds at a time would save
the user time and effoAnother featuréhat would save time and effont flee usewouldbe to add
presets, like raising or lowering the blinds to a specific preset positidgfooeklimple, this feature would
allow a user to automatically tilt their east facing windows by selecting one preset. Atdstionally
applicatin could supgrt more tutorials angkttinggo answer any potential questions the user might have.
Also, adding feature that allows users to set timers to have their blinds raised or lowered on specific days at
specific timewould give the customer thiility to have their blinds controlled automatically

This project could also be taken on by a mechanicaDieamajor improvemeftr the
meclanical system would incluateating a compact 3D printed gear system that takes less space than the
currentmodule A smaller module would be able to provide the same gear ratio while looking sleeker and less
obstructive for the customédditionally, experimenting with different motors to make the raising and
lowering of the systefaster and less taxing e batteries/ould be a huge improvement for usets.
current motors were chosen due to their small size and compact nature, but through testing we have found
drawbacks in both current draw and speed. Experimenting with additional motors would gftdvide us
insight into creating the best system. Another futurmaliedes making the module attachatiesel
contained, so that users can easily attach the entire motorized module to any existingSuimés unit.
additional safety features could bectit would protect the blinds from attempting to move when being
interfered with. For example, if an object were to prevent the blinds from raisiolytehstipuld detect
this and proper precautions could then be enacted.

Lastly, some goals for timenware and electrical hardware include implementing a calibration
protocol so that users can command the blinds to move to a specified pasatibration protocol was
created, but was never implemented due to a limitation on time and resouveasldTddlsw the user to
choose a window blind position in terms of percentage raised/lowered instead of manually pressing the raise
or lower buttonThe firmware cdd also be developed onto a RG€Biake the design smaller and more
compactThis would kely be a last step to be performed after designing a housing for the entire system.
Another goal includes researching and implementing sleep modes for the ESP to consévindeptheer.
Smart Phone application is closed, no commands will be selE$® 8266, therefore it does not need to
use power listening for communication. This would expand the battery life of the system and reduce
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reoccurring costs for the useome othelOT related future goals includsegurityprotocolincrease for

remote apessing and contr@urrently the system uses Telnet to communicate from smartphone to

ESP8266. This protocol is easy to use but also easy to eavesdrop on. By applying some sort of encryption
between the sender and receiver the product would bettet skceire c ust omer 6 s-Fdat a such
password.
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APPENDIX®EE 461 ADDENDUM

Summary Statement

During EE 461 th&Vireless Window Blingsolved from a set of specifications, requirements, and
block diagrams into a functioning project that meiretow blinds wirelessly. Through the quarter we
divided the project into three different development teams: Mechanical, Software, and Firmware.
The Mechanical Team built a system focused on raising, lowering and tilting the mini blinds. Its main goals
were to finalize motor selection and to build a working mounted prototype. Currently we assembled a
mounted prototype that accomplishes raising and lowering the blinds. The most challenging aspect included
creating a mechanical system that raised anddéfneebdinds without getting stuck or tangled. Additionally,
it was challenging mounting the system in a way that did not interfere with the movement of the blinds and
provided the least amount of resistance while raising the blinds. Our future gaaiplarednt the tilting
mechanism for the window blinds as well as make the system smaller and less noticeable for the customer.
The Software Team developed a smartphone application for the user to wirelessly control the window blinds.
The main objectivder the application were to create a basic Ul and establish wifi connection protocols with
the ESP. Currently a barebone Android application has been developed and our goal for the future is to
expand our current app as well as creating an iOS app.
The Fimware Team developed a code base for the ESP8266 WiFi module that tethers the smartphone
application to the mechanical system. Currently the module has the ability to connect to WiFi, communicate
with the app, and deliver commands to control the motarsndst rewarding and challenging part of the
development was moving past the initial learning curve of working with a new, unknown module. Our future
goals are to include a calibration phase for setup and implement a more secure communication protocol.

Gantt Chart

The Gantt Chart shown below describes the process our team took in order to achieve our current
progress. The first week was used to establish the teams and expectations to be done by one another. After
the first week, we split up into threparate teams: mechanical, software, and firmware. Throughout this
guarter a large amount of work was accomplished on the first iteration of our project. The mechanical team
built a system to raise and lower weights, but was unable to complete devElmpawétware team was
able to createtmreboneapplication which has a basic Ul along with communication with the ESP8266 via
Wi-Fi and is currently developing P2&eer. The firmware team was able to develop firmware for the
motor driver and begin wonunication with the application throughRiyibut still needs to be further
developed. Major milestones were achieved during Week 6 when the software and firmware teams had shown
communcation with one another over-#j and Week 7 when the mechangahtwas able to lift and
lower weights with their first system. Future goals are to finish our initial prototype at the start of Spring
Quarter 2017 and then move onto a second iteration up until the Senior Project Expo in May.
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Development

Software Team

At the beginning of the quarter, software development for the Android application began with a
combination of features for a sleek, simple and effective app for users. The basic concaptigeas to p
users with an eagyuse controller for their motorized mini blinds units. The application would allow users
to automatically connect a new rhiimd module to their home network. The connectedbinitis could
be accessed individually throughthapp 6s remote interface and users v
mini blinds through an intuitive interface. Some additional features included being able to create groupings of
blinds for mass adjustment and saving preset modes for rooohssflikgthe blinds for movies).

Devel opment began with the initial creation of
connectivity and command sending protocols. The initial application was created to lay a foundation in
Android Studio, and to e=srch the methods and commands needed to perform WiFi connection and
communication with the ESP module. For the first iteration of the application, extensive research and
information was taken from the Android Develdparsbsite and several key libsasied packages were
used to create the Ul and WiFi connection protocol.

FigureVI below shows the initial interface for the test app. The initial layout uses Android
Connective Components, which allows the designer to specify the layout withoutdretvair, this
layout format does not work well for differing screen sizes. The application included two menus. The first is
an initial controller menu with simple buttons for raising, lowering and tilt adjustment. In the implementation,
these buttons doot have any functionality. The second menu was initialized to connect the app to the ESP
and send commands. This o0connectO0 menu was succes
the ESP and sending commands. The key library for WiFcttmmmeas the Android Socket Library which
includes all the methods for creating a new socket connection given an IP and Port number. Initially, we
hardcoded the IP and Port number of the ESP after it was connected to the local network, and tested
sendingcommands using the Socket in Android.

| BlindsController

IP Address

Port #

CONNECT

Edit Data

SEND DATA

AGURHI
' ASNI LYUGSNFIFOS ac¢Said ! LI AOFGAZ2YE
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The current application includes a complete menu system and has room for expanding the
application to include a wider feature set. This second iteration weiéncoedés to provide a more
polished Ul and to research and complete the WiFid?eeer protocol with the ESP. Figuite below
shows the Ul for the application. Rather than use a connection constraints layout, the new Ul was
implemented using relatlagouts and linear layouts to allow the Ul to be more flexible to different screen
sizes and resolutions. The layouts also allow for expansion of background images and icons to be
implemented in the future. Figitié shows three different screens. Tist 6§ a main menu that can be
expanded to include preset functions and grouping screens. The second is a controller with a blinds selection
scrollbar and buttons for raising, lowering and tilting the blinds. The third is a connection menu for tethering
anew ESP module to the local network.

! Smart Mini Blinds | Smart Mini Blinds | Smart Mini Blinds

CONTROLLER SsIiD

CONNECT = =

Blinds Name
SETTINGS Position Tilt

DOWN DOWN CONNECT

Debug Text Debug Text

AGURKII
PASNI LYGSNFFEOS aCAylrFft LXK AOIFGARZYE

The bulk of the new development was in the connection menu. The new connection screen uses a
SSID, Password and desired blind nickname. The activity cdreESP tmodule to the specified local
network and saves an internal blinds object with the given nickname. The WiFi P2P protocol uses the
Android built in Wifi Configuration packages as well as the Android Socket package. Wifi connection uses
the ESP as artive hospot, and connects to the module with a predetermined SSID and password. After
connection, the application sends setup commands following the telnet communication protocol and verifies
commands that were received. The setup commands inclinig thenldcal network SSID and password,
setting the IP and PORT, and sending a reset command. The IP, PORT and user provided nickname are
compressed using Gson, into a JSON file and saved to Android SharedPreferences file.
Overall, we created a finalitdvith an expandable menu system. We moved from using a global class to
usesSharedPreferences in order to save each new Dbl in
data). We learned about WiFi and Telnet protocol as well as how to intpeAwtoid built in Socket
method to initialize a bufferedstream reader/writer with the ESP module. Finally, we are using the WiFi
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configuration package to initialize the ESP module with the local network. Looking forward, we want to

polish the Ul and iplement more intuitive widgets for user control. Additionally, we plan to port our
Android development over to iOS.

Firmware Team

The Firmware Team strove to develop a communication system to tether the smartphone application
to the motor system. Te@gin, we chose a WiFi module and a microcontroller that best suited our
specifications. With only two quarters to develop, we chose the Arduino Uno as our microcontroller. It offers
a friendly developirenvironmenie! that would not require extensiveelepment time and has many
resources and libraries available for use. Our WiFi module was the ESP8266 due to its low power and

inexpensive nature. Our first development platform for initial testing and programming is shown below in
FigureVIIl .
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AGURE/III
Initial Microcontroller to WiFi Module Circuit

Initial testing goal included getting familiar with the ESP8266 via discovering its capabilities,
limitations, and power requirements. The WiFi module is sold witogr@mmed firmware that takes
commands serially. It can act as either a server to be connected to or as a client to connect to other devices.
Some of the tests performed included connecting to WiFi and receiving confirmation that it was online,
telnetting to a device and receiunfigrmation, and gathering information online from the internet.

After more research, we learned that the ESP8266 can act as both a WiFi module and a
microcontroller, eliminating the need for the Arduino Uno in our design. This major development reduced
the amount of current needed to power our circuit and reduced the overall cost of our project significantly.
While this decision increased complexity of the processes running on the ESP, it reduced the need for a
communication protocol between the Arduimd the ESP.

One of the most challenging parts of developing with the ESP8266 was programming to it. Instead
of just flashing new, factory made firmware onto it we needed it to communicate with the app, decipher a set
of instructions, and deliver commatudthe motor controller. With the help of online resources like
Forward Computing and Conftblwe were able to find a methodology, circuit, and platform that allowed us
to input our own code into the device. The final circuit that we used for denebphtesting, shown
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below in FiguréX, included three output pins that went directly to the motor controller. The schematic for a
finished product using this setup would look like Figure

ESP8266
WiFi Module

CP2102 Serial
Communicator

Driver
Circuit

HGURBEX
ESP8266 Development and Testing Circuit
N R !
g L Shl
. | I
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3 i P Sl Ou T pin Q= Mo’wi hi
= | - ¥6 9} ' m"pnl’ pm\i ‘Corqu L;—:\L
Voltage_Regulator = iy, S 3G
: | RS REe e
35V & ’b*% i H L ety
G ENSmaREERENEE
GND UTXD 51 w
< ESP$266_01 . } H | i
R2 R
OutputPin0 GPIO2 CH_PD — "\, | eI " ‘. x‘
1k i g | ) ] ‘
. R1 ' | i !
OutputPin1 GPIOO RST —/\/\ Vdd BRI
1k
OutputPin2 URXD vcC l
c1 -
g100nF
AGURK
Current IS;PSZGG Circuit FIGUREI
ESP8266 to L293D Motor Driver
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The outputs of the ESP8266 feeds directly to a motor driver that can move two motors forward and
backwards based on the command input. The circuit for the current setup ibeh@wnragur&l. If
more output pins are required in future development we may use a Programmable Logic Array to
communicate with our three output pins from the ESP8266. Additionally, future development includes
adding a single battery source to powtbrthe motors and the ESP. This will require a battery that can
supply around 9 volts DC and above 400 mA of current for a short duration only a couple of times a day.
Currently more development time is being invested into a low power mode that cad be turt off
when the smartphone app is open and closed. Current draw for the ESP8266, when in full power, ranges
between 60 mA to 150 mA. Our goal is to reduce this to 15 mA when the ESP is not communicating with
t he smart phone a pbpilimbskeepunodel Additionallg, commumnicaidd Rith she
smartphone app is being fine tuned to improve communication and reduce errors. Our goal regarding future
development for wireless communication is to implement a security measure that secunieatwmnioru
our loT device.

Mechanical Team:

The mechanical team goals were to select and characterize motors and build a working prototype to
raise, lower and tilt the blinds. Starting week one, motors were researched and selectetZ8e ROB
Micro Gearmotor has a small package size, 130 RPIM,\a1Giting and 210:1 gear ratio. Once received, the
motor specifications were tested by hand and current measurements were taken as shoihétovable

TABLEXI
ROB12281 Micro Gearmotor Current Mearements
Voltage (V) 1 2 3 4 5 6 8 10 12 14 |16

No Load Current (mA) 29 34 34 |34 36 39 |41 43 |46 50 |55

Stalled Load Current (mA 54 108 (162 (216 (270 (324 [400 [475 [563 (8021439

The first iteration of the mechanical system was to use a pulley systerimgathenowds through
a roller system, the rollers would raise and lower the blinds. Initially, we thought there would be enough
friction between the roller and the cords to allow movement. We believed the 210:1 gearing would be
sufficient so no additiongdaring was applied to the system. The preliminary designs are showrXih Figure
below. After completion and testing, it was obvious that the current design did not have enough traction or
torque to move the blinds.
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FIGURKII
System Implementédn V1

The goal of the second iteration of the mechanical system was to create a mechanism that would
raise and lower the blinds by gathering the cords on a spindle. VEX robotics parts were used to implement
the new design because they are flexibldl@nda easy rebuilding for future iterations. Figutebelow
shows the new implementation. The new system uses an additional 5:1 gearing to provide more torque.
Additionally, @5degregear was used to place the motor in a more optimized posirioriesting, we
found that the second approach worked much better than the first iteration. We also found that the module
was more effective when mounted on the side of th
system worked within the desivettage range and worked best at 10V. While the system worked better than
the first iteration, the spindle (cord gathering mechanism) entangled easily. Furthermore, the current
mounting position interfered with the blinds.
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FIGURKIII
System Imfgmentation V2
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