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Executive Summary
	The bathroom mirror is a staple in any public or private bathroom in the world. For an everyday object to be used so frequently, how could it become more useful to the everyday user? The Smart Mirror is an upgrade to the everyday mirror to allow for even more functionality with a focus on entertainment and convenience. The mirror will feature two-way dielectric glass to allow for both common self viewing and simultaneous viewing of a display screen. The screen will allow the user to display his or her day planner, calendar and weather with the possibility of customizing the readout. Along with the display, the user will be able to play music through the speakers added to the mirror either through a smart phone or by audio jack connected straight into the mirror interface. Bluetooth is what will allow the user to customize their music and display choices. A Raspberry Pi is the device that will be the central processor for all of the aforementioned functions along with speakers and LCD display. The cost of materials for the entire product will be around $300-$400. For a successful final product, the product would be expected to seamlessly output desired information based on user input. If an event is input into Google Calendar, it will seamlessly display onto the LCD screen. The title of music played from one’s smartphone will also output onto the display via bluetooth connectivity. An on-screen alarm clock will require the user to input time and it will sound when that time is passed, and user input is also required for the google maps application as the LCD will in turn calculate distance and output time of travel based on the destination given. The LCD will also display weather and current time on the main screen.
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Smart Mirror 2019
1.	Introduction
Smart Mirror is an affordable embedded device, which allows the user to perform the tasks of looking at one’s reflection while doing various tasks. The tasks for this project include listening to music, checking daily schedules and memos, and checking the weather forecast. The device consists of a Raspberry Pi, phone application, LCD screen, dielectric glass material, LED lights, speakers, USB sound card and microphone, and a wooden casing for the mirror. The mirror will cost all-together $300-$400.
1.1   Objective
The team will design and build a Smart Mirror that enables the user to perform various daily tasks while looking in the mirror. The mirror will consist of a Raspberry Pi that will execute various applications for the end user. The applications include a music player, google drive calendar, clock, alarm clock, and weather forecast applications.. The Raspberry Pi will be connected to an LCD screen which will act as a display for the Raspberry Pi. The LCD screen will be connected to the back of an actual mirror. As a result, the user will be able to see their reflection and use the various applications of the Raspberry Pi. The LCD screen, mirror, and Raspberry Pi will be placed in a wood casing, so the complete product can be used anywhere in the home environment. Ultimately, the mentioned features will complete the main objective of providing users with entertainment and task planning while looking at their reflection in a mirror.


1.2   Motivation
Many people spend a vast amount of time in front of the mirror. According to a report from Gfk, people spend an average of 3.7 to 6.2 hours a week in front of a mirror [1]. This means 14.8 to 36.8 hours per month are used to look at a mirror.  The Smart Mirror will help users make use of the idle time by providing entertainment and task planning. Some companies have developed Smart Mirrors for consumers. For example, Seura produces smart mirrors with the capability of voice control, Bluetooth, displaying a user’s calendar or schedule, and playing music [2]. This product is similar to the given project but is priced at $6,999[2]. Team Myr R will develop a similar mirror but at a price around $300 to $400. In summary, the main motivation of the project is to develop a Smart Mirror that allows a user to perform important or entertaining tasks for the day (examples: checking daily schedule or calendar) during the idle time of using a mirror. However, the cost of the product will be less, and the product will be usable in any part of the home environment. 
1.3   Background
There are many aspects that must be taken into consideration for the Smart Mirror. However, there are few aspects that the project relies on greatly for the success of the project’s goal. The key performance aspects of the Smart Mirror include the range of phone connectivity and the time required to access and switch applications or widgets The background section will provide background information for the key components of the project and the key performance aspects of each.
1.3.1 Rasberry Pi 3 B+
The main hardware component of the Smart Mirror is the system on chip or microcontroller that will be used in its design. The system on chip and microcontroller allow the Smart Mirror to execute applications and provide the main features for the Smart Mirror (ex. Google calendar, clock, music player, etc.). The Smart Mirror for this project will use a system on chip (SOC) called the Raspberry Pi 3 B+. The Raspberry Pi 3 B+ consists of a CPU (central processing unit) which is used to execute the applications and widgets that will be displayed on the Smart Mirror. The Raspberry Pi also consists of SRAM which allows multiple applications and widgets to load at a faster rate. This allows users to switch between applications at a fast pace. The last major feature of the Raspberry Pi is the Bluetooth capabilities [3]. Bluetooth will allow other devices (such as the user’s phone) to connect to the Smart Mirror. Further details of Bluetooth will be covered in the next section. The key performance aspects of application access speeds are directly tied to the Raspberry Pi.
The Raspberry is also used in another smart mirror called Magic Mirror. Magic Mirror is an open source smart mirror platform that uses the Raspberry Pi 2 and 3 [4]. The Magic Mirror project is similar to Team Myr R’s project; however, Team Myr R’s Smart Mirror will use the Bluetooth capabilities of the Raspberry Pi. 
1.3.2 Bluetooth
Phone connectivity between the Smart Mirror and the user’s phone will be supported by Bluetooth. Bluetooth is a wireless technology standard that allows devices such as computers, system on chips, and mobile phones to transmit data over a short distance using radio waves. It is used to perform many features such as: controlling wireless speakers through a phone, transferring files, or connecting to other Bluetooth devices. Approximately 10 billion devices use Bluetooth as of 2018 [5]. The standard technology of Bluetooth (Bluetooth 4.2 for Raspberry Pi 3 B+) will be used by the Smart Mirror to efficiently communicate to the user’s phone [3]. The Smart Mirror’s key performance aspect of phone connectivity ranges are directly affected by the Bluetooth feature of the Raspberry Pi.
1.4  Future Content
The next sections of the project proposal will touch on the project’s description and goals, technical specifications design approach, project schedule, project demonstration, market analysis, current status and leadership roles. A brief description of the project’s technical issues, and value statement, key concepts, and proof of concept. The technical issues of the project include the amount of memory and processing power of the Raspberry pi’s RAM and CPU. The value of the product is the idea of allowing customers to use their idle time in a more efficient or entertaining way. Finally, the proof of concept will be demonstrated by creating a working prototype of the project.
	
2.	Project Description, Customer Requirements, and Goals
2.1 Project Description and Goals
The team will design a Smart Mirror that consists of a Raspberry Pi B+,  dielectric mirror, speakers and wooden case. The Raspberry Pi will be programmed with applications and widgets that the customer found important. The applications will include the calendar widget, alarm clock widget, weather forecast application, memo application, and music player application. The Raspberry Pi will also be programmed to display a user interface to the user through the LCD screen. Furthermore, the Raspberry Pi will control the speakers, display onto the LCD, and run the selected program modules. 

The LCD screen will be positioned behind the dielectric glass material. This will allow the user to view their reflection and browse the various applications of the Smart mirror. All the electrical components will be positioned behind the electric glass material and the LCD screen. Next, all the components will be encased in a wooden frame to hide the electrical components and only display the dielectric glass. 
2.2 Stakeholders
The stakeholders that have huge power over the project include Google, Amazon, and Raspberry Pi Foundation. Google and Amazon provide the software for voice recognition. Using their software commercially requires an agreement. If the agreement is not met, the project will not have the important feature of voice input. The Raspberry Pi is a part of the same category since the project relies heavily on the use of the Raspberry Pi. A significant change in the project would occur if the Raspberry is not available for use. 
The wood, dielectric, and speaker suppliers have low interest and power over the project. The suppliers can be replaced by many other vendors. As a result, the suppliers do not cause a huge impact on the project. Now, the employees contain a high amount of power and interest for the project. The project partners directly affect the development speed and completion of the project. The group must be prioritized and constantly updated about the project. The customers have a huge interest in the project since this group decides if the project is worth buying and correctly fulfills the requirements. Figure 1. Shows the stakeholders in a 2x2 stakeholder matrix.
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Figure 1. Stakeholder 2x2 matrix for stakeholders of the Team Myr R’s Smart Mirror Project

2.3 Customer’s needs
The customer needs are listed:
•	Users can use Google calendar or calendar widget, weather forecast app, clock widget, and                  music player
•	Speakers can be used to play music or listen to podcasts
•	User can clearly see their own image
•	The product is priced at or below $400.

     The customer needs are based on a survey for the Smart Mirror Project. The survey showed which features were most important for the customers as shown in Figure 2. Team Myr R issued the survey through Reddit in which 20 users answered with their most wanted features. 
[image: ]
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Figure 2. Reddit survey for most wanted features for Smart Mirror

      The target users will be anyone who wants the capability of using their time efficiently while looking at their reflection in the mirror. The product is also targeted at customers who wishes to entertain themselves while looking in a mirror.

2.4 Performance Goals
The final design should allow a user to use the various applications mentioned in the customer needs list, but the design should slos allow the applications to have high access and switching speeds for multiple simultaneous running applications. The access and switching speeds should be no higher than one second to ensure that the end user is satisfied with the Smart Mirror’s processing speed. The next function for the Smart Mirror is the speakers. The speakers should have a good sound quality.It was decided that a sensitivity of  80 decibels should be the sound quality of the speakers. The next function is a clear image from the mirror. The end user should still be able to use the Smart Mirror as an actual mirror. The dielectric glass should be at most 30% transparent for this aspect of the final design. This will allow users to view their reflection and the applications of the Smart Mirror. The next function is the voice control capabilities of the design.








QFD chart for the project is shown below:
[image: ]
Constraints
List of constraints 
•	Limited SRAM of Raspberry Pi
•	Limited processing power of Raspberry Pi
•	Reflectivity of dielectric glass
•	Power output for Speakers based on Raspberry Pi

 	Three of the project’s constraints stem from the Raspberry Pi. The constraints include the limited processing power and RAM.. The Raspberry Pi’s CPU provides restrictions on which applications can run on the Smart machine and the loading speeds of the applications. The RAM provides restrictions on how many applications can be switched and accessed at a decent speed.If a large amount of applications are executed at the same time or a resource heavy operating system is used, the speed of switching between applications will decrease greatly.
	The reflectivity of the mirror is another constraint. If the dielectric glass is highly reflective, the LCD screen will not be viewable by the user. As a result, the application will not be seen by the user. The last constraint is the power output of the Raspberry Pi. The Raspberry Pi must be able to power the LCD screen, LED lights, and the speakers for the project.The design of the project only use one power outlet to power the entire product. As a result, all electrical components must be powered by the Raspberry Pi.If the Raspberry Pi is not capable of powering the components, the usage of electrical components will be greatly restricted.



3. Technical Specifications 

3.1 Mirror Enclosure 
Table 1. Smart Mirror Enclosure 
	Outer Frame Dimensions 
	38” x 26” x 2”

	Mirror Dimensions 
	3’ x 2’ x 0.12”




3.2 Hardware
Table 2. Raspberry Pi
	Processor
	Broadcom BCM2837B0, Cortex®-A53 (Arm®v8) 64-bit SoC @ 1.4 GHz


	Communication
	 2.4 GHz and 5 GHz IEEE 802.11.b/g/n/ac wireless LAN, Bluetooth 4.2, BLE

	RAM 
	1 GB SDRAM

	GPU
	250MHz VideoCore IV

	Memory Storage
	10 GB

	Input Voltage
	5V/2.5A DC 







Table 3. Speakers 
	Dimensions
	W 7.7  x D 5.5 x H 5.7 (cm) 

	Output Power
	3W per speaker 

	Weight 
	0.26 KG total 





Table 4. LCD Screen 
	Dimensions 
	85 x 55 (mm)

	Resolution 
	1024 x 600



Table 5. Dielectric Glass 
	Transparency
	30% transparent

	Dimensions
	18” x 24” x 1/4"






Quality Function Deployment Chart with Specifications and Rankings[image: ]
4. Design Approach and Details
4.1 Design Concept Ideation, Constraints, Alternatives, and Tradeoffs
The design must both function as a mirror and as a convenient system that supplements one’s experience. The system will include a music player, google maps, calendar, weather forecast, alarm clock  and internet/bluetooth connectivity. To include both the system and the mirror, a mirror must be used that has enough reflectivity to see oneself, but also transparent enough to see the screen. The mirror must be large as well so that the screen can be placed on the bottom left of the mirror. This would allow for a feeling of convenience rather than taking too much space. 
For the system, there are certain constraints and trade-offs that will affect the team’s project decisions. The first constraint is the size of the system as the team cannot simply build a computer into the mirror. An embedded system known as the Raspberry Pi will be used, which is a basic computer that may not be able to run large excessive programs, but is portable enough to place within a mirror. While this is very beneficial to the user, it will make for more time in creating and designing such a system. Another constraint we must worry about is the cost of the system, as certain embedded systems are more expensive than others depending on the power of the CPU. Thus, cost leads to our biggest trade-off: the trade-off between how good our technology is and how resource intensive it is to run the Smart Mirror’s  entertainment system. Furthermore, certain chips can run more powerful programs. Depending on the amount of budget used on the CPU aspect of the Raspberry Pit, it would allow for more upgraded entertainment systems. The Smart Mirror will be capable of executing high processing power applications. Another trade-off is how much time is allocated for coding the Raspberry Pi (embedded system). Depending on the software solution the team chooses, it could require a substantial amount of time to implement. As a result, the project may be a more efficient and executable program structure, but the team may not have enough time to implement the design. The last constraint is the reflectivity of the mirror. The balance between transparency and reflectivity of the mirror must be considered grealty, since too much reflectivity would not allow the user to see the LCD display. Furthermore, too much transparency would not allow the user to see their reflection.
Smart Mirror has certain hardware – software trade offs and constraints such as the amount of RAM and processing power of the CPU in the Raspberry Pi. The CompE majors must determine how many software  programs ( such as online calendars, memos, music player) can run on the Raspberry Pi at a given time without using too much RAM. If the RAM is overused, the mirror responsiveness will suffer due to lower speeds of switching between applications. This result will lower user satisfaction. The CPU of the Raspberry Pi will affect how fast applications are executed. Lower processing power in the CPU will result in slower execution of applications which will have a negative impact on customer satisfaction.
The Smart Mirror project also has computing aspects. A software application must be developed so that a smartphone can connect to the mirror for the purpose of playing music and is a huge computing aspect of the project. Integrating the music player, calendar, clock, weather, and maps into the Raspberry Pi must also be completed and is a computing aspect of the project. The main idea of the computing aspects is keeping the device responsive and user-friendly, as the success of the Smart Mirror relies on the convenience and straightforward nature of integrating entertainment and reminders to an item of everyday use.
There are many interesting global factors we can consider. The first factor is the economic factor, which is that is there enough demand for our product? Most people have powerful smartphones already, do they truly need a smart mirror? Another factor that must be considered is sustainable factors. Although microcontrollers and chips are extremely cheap in the current market, we don’t know if those metals will become much more rare.


4.2	 Preliminary Concept Selection and Justification 
The selection process of the concepts we hope to commit to will be tested via a decision-matrix. One of the key concepts the team introduced is the convenience of use. This concept is actually much more difficult than one thinks as adding things to people’s lives does not always make it more convenient. However, the project is simply adding things to people’s lives that they already do. Certain things include playing music when in the bathroom and internalizing one’s schedule before the day begins. Known parts of the design includes a screen, apps, and a program that performs without lag. If the program is not fast, than it will lose the appeal of convenience.The countermeasure for the project include reducing the number of applications on the Smart Mirror or disabling features such as voice input.This will allow more RAM to be available on the microcontroller or system on chip, so applications will be more responsive. A design aspect we don't have yet figured out is how we will code the program, as there are many ways and solutions to code our system, yet we don’t know which one would be the best one.
	The project will use existing software and hardware. The existing software consists of the application software (Google Calendar and music application). The existing hardware consists of the Raspberry Pi 3 B+. Furthermore, the project will consist of GUIs for the app selection on the Smart Mirror and the phone application for connecting the user’s phone to the mirror. The preliminary designs are shown in Figures 3 and 4.
[image: ]
Figure 3. GUI for Smart Mirror. Displays the location of applications on Smart Mirror.


4.3 Engineering Analyses and Experiment
For prototype testing, there are three factors that must be tested. The first test is the design, and a slick design is one of the main concerns for the customers . To prove that this design works, the team will simply ask a third party if our mirror is something that would meet their standards. The next test would be a hardware test, and we must analyze our hardware’s reliability. To accomplish precise testing, the team will use statistics and understand our hardware components to measure how well and how long our hardware will last. The final experiment would be checking to see how well our software will run under duress. To test that, we will run much more difficult to run programs, and see how it performs.


4.4	  Codes and Standards 
The most significant code we must apply to our project is that we must make sure that we deliver on what we say we would do. Secondly, we must also protect our customer, and in that way we must make sure that their information is our top priority. In terms of our design decisions, we will not have a camera so physical privacy cannot be breached, especially when understanding that this mirror is placed in the bathroom and is also connected to the internet. The functionality is built into the existing software.
The standards that influenced the design of the Smart Mirror were HDMI, Cascade Style Sheets, http, html, javascript, and Bluetooth. The interface that will be used to display the contents of the Raspberry Pi will be HDMI. HDMI is a standard for connecting devices with high definition. The team would like the Smart Mirror to display the contents of its applications (such as the calendar and memos) in the sharpest manner. The standard of HDMI was the solution to that request. Cascade Style Sheets (CSS), javascript, and HTML are markup language standards for applications. The standards will be incorporated in the production of the application used to connect a smart phone to the Smart Mirror. The UI of the application will be developed using the mentioned standards. The last standard is Bluetooth. Bluetooth is a networking standard that will allow smartphones to connect to the Smart Mirror. The team wanted a simple way to connect devices to the Smart Mirror besides using Wifi. The standard of Bluetooth influenced that design decision.


5. Project Demonstration
Prototyping our project is the most simple way of demonstrating the project. To prove that our system works we can run even more programs all at once to show that there are no performance issues. Furthermore, we can also run our project for a long period of time also to show that there are no hardware issues. Showing that the project works and that it works efficiently and for a long period of time validates the project’s specifications. Because of the complications of the coronavirus and cancellation of the design expo, the plan for the demonstration has changed. 
Certain components would be demonstrated for quality and responsiveness, including the LCD display and  speakers. The LCD display would be shown to be bright enough for viewing from at least 3 feet. Software components like Bluetooth and speed of computing would be demonstrated for use in a real-time situation, such as selecting a song to play and going to Google Calendar. All applications and modules must run successfully, quickly, and be run using the proper user input (if needed). The actual mirror would be demonstrated to be appropriately reflective, allowing light from the LCD display to pass through, and durability. Because of the aforementioned limitations though, only the LCD with the modules all displayed on the screen will be shown. 
6.	Schedule, Tasks, and Milestones:  
The Gnatt chart shows the team’s project schedule and which must be completed prior in order to complete future tasks. The Gnatt chart is shown in Appendix A.
Gantt Chart: refer to Appendix A
The division of labor is based on the proficiencies of each of our group members.For the hardware and physical aspects of the device, including the components that are attached/implemented and the involved CAD, both Jessey and Daniel are more skilled, experienced, and agreed to take up that part of the project. This includes purchasing hardware/software goods, modelling on CAD, building the box, completing the I/O and power wiring, and the final assembly.

For the software and embedded aspects of the device, including the internal implementations of the embedded systems and LCD screen, Brennon is more experienced and agreed to take up that part of the project. This includes researching the platform, coding the main Rasperry Pi features, coding extra features, debugging the Raspberry Pi, and testing/compiling the environment.

The non-specific tasks are more easily handled as a group, including the project review, oral presentation, test for an extended period, and final presentations.
CPM Chart: refer to Appendix B
The critical path for the project is shown below.
Critical Path:
Start Project -> Final Project Proposal -> Project Oral Presentation -> List out all goods -> Research Code -> Code Raspberry Pi -> Code extra features -> Debugging/Testing -> Final Assembly -> Simulate for long extended period -> Finish Project -> Final Project Proposal Review -> Final Project Oral Presentation -> Design Expo

Risk Assessment: refer to Appendix C

The hardware tasks are expected to be moderately difficult and moderately time consuming, Putting everything together so that it fits exactly may take a lot of tuning and require the use of power tools. The software tasks are expected to take much longer, and its difficulty scales with the amount of applications implemented. The initial controller design code might be quite simple, but adding on each embedded system will take more time to research and add to the initial code. The software component may take up to twice as long, with much more room for errors.
Given the amount of time between all of our tasks, especially during the final stretch, our probability of finishing the project before the Design Expo is very high.

7.	Marketing and Cost Analysis 
7.1    Marketing Analysis
The Team Myr R Smart Mirror is designed to make life more convenient and simple in ways that are somewhat unexpected. There is also an added entertainment quality included in the design that adds to the end-user’s benefits. The Smart Mirror design that has been chosen also allows for added system upgrades on both a component/hardware level and a software/firmware level.These functions, paired with the fact that it is cost effective are all very appealing to the current customer base. 
	Currently on the market there are different options for similar products. Home Depot offers a “Jovian Framless 27” x 43” LED Mirror” [10]. This mirror is readily available, it includes energy efficient LEDs and has a touch power sensor. It does not however allow for any customizable options or any types of display except for the light output and common mirror function. It is also rather expensive at approx. $374 per unit. This is considered to be on the lower end of functionality as compared to the Smart Mirror. 
	Rather than custom solutions to compare to the proposed Smart Mirror, there is a very similar product on the market called Savvy by Electric Mirror [11]. Savvy is a very progressive design and includes many of the same functions including bluetooth connectivity, audio output, light output, and customizable display options but it also allows for smart home connectivity as well as a complete Android 7.1 software option. While this product allows for the maximum functionality, it is anywhere from $2,000 to $6,000 in price. Our product will cost a maximum of $2,000 and will offer a majority of the functions while still allowing for future customization and upgrades to the firmware. 
7.2	Cost Analysis

[image: ]
The hours per engineer was determined by taking the estimated time spent on every aspect of the design process. Price per engineer was the average hourly rate of a $70,000 annual salary. Production time is the hours based off of the estimation of steps after design; this includes the steps in the frame construction, hardware and wiring steps, and the completed firmware/software loaded into the hardware. The resulting production hours were added with the price of materials per unit and the testing time required for each individual unit. This obviously differs from the cost of the first unit as the design and extended planning period is already completed. Sales on the unit were based on what would give the best chance to make a profit after paying off the design phase and overhead costs. The additional costs including marketing, tool cost and maintenance, and worker benefits were taken straight from 5% of the total earnings made from sales. The final profit was the money left from units sold after all other costs were covered. The final unit per year was 20 units minimum at $2,000 per unit. 
8.	Current Status
The current status of our project is that we have all our plans ready to go. Our first task we must do is to write a list of items we must purchase. We have yet to do that, but we have set out a date to start that soon.
9.	Leadership Roles 
Jessey Sperrey - Hardware (Expo Coordinator)
Manages the physical implementation of the Smart Mirror, including the actual mirror and the LCD screen, as well as other components like sound pieces. Keeps track of the events taking place during meetings, builds, and planning sessions.
Brennon Farmer - Software (Documentation) 
Manages the internal implementation of the Smart Mirror, including the code utilized in the embedded system, displayed on the LCD, and other components like sound pieces.
Daniel Yue - Sound Systems (Webmaster)
Manages the implementation of the sound systems used, including speakers, portable music player, sound inputs utilized with voice recognition. Keeps track of the events taking place during meetings, builds, and planning sessions.
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Appendix B: CPM Chart
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Appendix C: Risk Assessment

	Task Name
	Task Lead
	Risk Level

	Planning, Presentations, Documentation
	All
	Low

	Technical Review Paper
	All
	Low

	Final Project Proposal
	All
	Low

	Parts Ordering
	All
	Low

	PDR Presentation
	All
	Low

	Final Project Review/Presentation
	All
	Medium

	Final Project Demonstration
	All
	Medium

	Final Project Report
	All
	Low

	Hardware
	JS, DY
	Medium

	Model using CAD
	JS, DY
	Medium

	Build the box
	JS, DY
	Medium

	Complete power, I/O, wiring
	JS, DY
	Medium

	Final assembly
	JS, DY
	High

	Software
	BF, KP
	High

	Research Platform
	BF, KP
	Low

	Code main Raspberry Pi features
	BF, KP
	Medium

	Code extra features
	BF, KP
	High

	Debug Raspberry Pi
	BF, KP
	High

	Test Raspberry Pi
	BF, KP
	Medium
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