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Overview 
Needs Statement 
 

Over 1 million #selfies are taken every day with 30% of photos taken by people between the ages 

of 18 and 24 being a #selfie1. In total, 28% of time spent online is on social media2. According to 

a TODAY/AOL survey, women spend an average of 6.4 hours/week while men spend 4.5 

hours/week working on their appearances3. The Smart Mirror is a system that combines these 

tasks in an efficient and enjoyable way to provide time savings for the user. 

Objective Statement 
 

The objective of this project was to design and prototype a device that acted as a “Smart Mirror” 

by displaying the user’s image and providing customizable information on the display. A “Smart 

Mirror” is a device that acts as a traditional mirror while also superimposing informational data, 

which can be customized by the user. The mirror also allows for touch free user interaction with 

some of the data displays. Users are able to create a profile and customize the visual interface to 

display what specific data feeds they want. 

 

Product Description 
 

The “Smart Mirror” consists of an electronic display along with a one-way mirror for the 

informational display. It uses a camera to track movement and provide facial recognition with the 

use of an embedded computer. Users can create their customized display through a smartphone 

interface. Some informational displays contain information aggregated from third party APIs, such 

as social media feeds, news feeds, and weather updates. See Figure 1 for conceptual design and 

implemented design. 

 
Figure 1 - Mockup Prototype and Actual Design 

 

                                                
1 http://techinfographics.com/selfie-infographic-selfiegraphic-facts-and-statistics/ 
2 https://www.globalwebindex.net/blog/daily-time-spent-on-social-networks-rises-to-1-72-hours 
3 http://www.today.com/health/stop-obsessing-women-spend-2-weeks-year-their-appearance-today-2D12104866 

http://techinfographics.com/selfie-infographic-selfiegraphic-facts-and-statistics/
http://techinfographics.com/selfie-infographic-selfiegraphic-facts-and-statistics/
https://www.globalwebindex.net/blog/daily-time-spent-on-social-networks-rises-to-1-72-hours
https://www.globalwebindex.net/blog/daily-time-spent-on-social-networks-rises-to-1-72-hours
http://www.today.com/health/stop-obsessing-women-spend-2-weeks-year-their-appearance-today-2D12104866
http://www.today.com/health/stop-obsessing-women-spend-2-weeks-year-their-appearance-today-2D12104866
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Requirements Specifications 
 Marketing Requirements 

1. The system has the ability to display widgets. 

2. The system has the ability to detect the presence of the user. 

3. The system has the ability to navigate the UI based on user motion. 

4. The system has a relatively lower cost than existing designs. 

5. The system functions as a mirror. 

6. The system looks aesthetically appealing. 

7. The system has a customizable UI. 

8. The system has a means to store user accounts and preferences. 

9. The system has a separate means to begin usage. 

10. The system provides social media interaction that appeals to most users. 
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Engineering Requirements 
 

Marketing 
Requirements 

Engineering Requirements Justification 

1 Using the combination of mirror 
and display, the widgets created 
through various APIs appear in 
the user interface. 

Without widget/app 
functionality inlaid in the 
display, the device would be 
no different from a regular 
mirror. 

2 The system accurately performs 
facial recognition to distinguish 
between different users with 80% 
accuracy and precision. 

This allows multiple users to 
control the system and allow 
for a customizable UI. 

2 Under typical lighting conditions 
consisting of fluorescent, 
incandescent, and LED lights with 
a brightness of 25 foot-candles or 
greater the mirror is able to 
perform facial recognition. 

The device will not be 
moving around very 
frequently and the lighting 
conditions will be consistent 
due to that. 

3 The system is controlled by user 
motions or user voice commands 
without the need for a mouse or 
keyboard. 

The only time a keyboard 
should be attached to the 
system is when maintenance 
is required. The added 
peripherals will not look 
aesthetically appealing to the 
overall design.  

4 The total cost is $429.69. There are smart mirrors on 
the market already for 
greater prices; the device 
should be affordable for 
consumers. 

5-6 The display has mirror-like 
reflective properties while still 
displaying information in typical 
lighting conditions consisting of 
fluorescent, incandescent and 
LED lights with a brightness of 25 
foot-candles or greater. 

The device should not be 
called a Smart Mirror unless 
it functions as a mirror. 
Fluorescent and 
incandescent lighting is the 
most common type of lighting 
in home and offices, which 
are the most likely 
environments for the Smart 
Mirror to be installed. 



Final Project Report: Smart Mirror  7 
 

6 The overall enclosure looks 
generally symmetrical and does 
not have stray components 
protruding. 

The device should be 
presentable as a display 
piece in a home. 

7 A web application allows for a 
customizable interface is hosted 
on the embedded computer. 

A web application is 
necessary to display the 
content requested by the 
user. It is customizable by 
the user since not all users 
will have the same 
preferences. 

1, 10 The system implements APIs that 
can post photos to social media 
websites. 

More time is spent on social 
media than any other major 
internet activity, and photo 
sharing is a large portion of 
social media activity. The 
mirror already uses a 
camera, being able to share 
photos will expand the user 
base. 

 
8 

The mobile application is linked to 
the full web application.  

To begin using the Smart 
Mirror, it is necessary to 
create an account via mobile 
application associated with 
the main application because 
the user must upload sample 
photos for facial recognition 
in the login process. Through 
this, the user may choose 
some APIs they want to 
interact with. 

9 A database is used to store all 
users’ accounts and preferences. 

All of the information 
pertaining to all of the users’ 
accounts and preferences 
must be kept in a data 
storage mechanism. 

 

Concept Selection 
Currently, all products in the smart mirror market are either too expensive or limited to general 

hobbyists. For example, Samsung has produced a smart mirror, simply called Samsung Smart 

Mirror, which utilizes Intel’s RealSense technology. This technology is bleeding edge and is not 

easily procurable or affordable for this implementation, at this time. Currently available designs 

offer informational widgets; however, they lack the multiple informational screens, gesture 
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support, and multiple user configurations. The following table shows various smart mirror 

implementations that were researched. 

 

Researched Existing Smart Mirrors 
 

Device Name Features Price Usage & Notes Website 

Magic Mirror Informational 
display, no user 

interaction  

Open-Source 
project; 

only cost is for 
parts 

Hobbyist project 
for personal 

usage 

http://michaelteeuw.n
l/tagged/magicmirror 

Samsung Smart 
Mirror 

3-D camera, 
gesture 

controls, voice 
control 

Not listed yet; 
“very costly” 
according to 
interviews 

Expensive 
luxury device, 

out of price 
range for typical 

households 

http://www.businessi
nsider.com/samsung
-smart-mirror-photos-

2015-6 

TecH20 
Televisions 

Displays that 
also function as 

mirrors 

$1000-10000 Only the mirror 
display 

component; no 
UI is involved 

with the device 

http://www.tech2o.tv/ 

 

Alternatives to the Smart Mirror could be replicated using a smartphone or tablet. These devices 

can display informational widgets and allow the user to interact through a touchscreen. The 

cameras on these devices would allow for facial recognition, but would lack gesture recognition 

due to the lack of a depth camera. The benefit of the Smart Mirror gesture recognition is that the 

user does not have to touch the screen, therefore eliminating smudges. Smartphones and tablets 

also lack the screen size and reflectiveness when the display is on to act as a functional mirror. 

However, these devices would be able to use voice recognition to process search requests for 

the user without physically interacting with the device.  
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Design 
 

The level 0 design of the Smart Mirror can be seen Figure 2. 

  

Module Smart Mirror 

Inputs Wireless Internet 

Kinect Camera/Microphone Output 

120V AC, 60Hz 

Outputs Reflective widget display. 

Functionality Informational widgets are sent to the 

display and allow the user to interact with 

the device through the camera and 

microphone 

 

 

 
Figure 2 - Level 0 Design of Smart Mirror  

 

The level 1 design of the Smart Mirror can be seen in Figure 3. 

  

Module Smart Mirror 

Inputs Wireless Internet 

120V AC, 60Hz 

Outputs Visual Display 

Functionality The embedded computer collects camera 

and microphone data from the Kinect to 

process user interactions while 

informational widgets are displayed 
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Figure 3 - Level 1 Design of Smart Mirror 

 

Morphology: Smart Mirror 
 

Based on the research, there is nothing in the market that would provide the functionality that our 

Smart Mirror has, for the same cost. To reach the desired functionality within the constraints of 

our budget, the Smart Mirror was divided into five primary components that were investigated and 

selected. The following chart depicts the preliminary options for various components considered. 

If the cell is highlighted, then further investigation was performed. 
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Computational 
Platform 

Camera API Widgets Web 
Application 
Framework 

Reflective 
Surfaces 

Embedded 
Computer 

Microsoft Kinect Instagram Ruby on 
Rails 

Glass one-way 
mirror 

Tablet Webcam Google Feed Django Mirror Film 
applied to glass 

Custom Build 
Desktop 

Asus Xtion 
PRO LIVE, 
90IW0122-
B01UA 
 

OpenWeatherMap Tapestry5 Reflective Acrylic 

Laptop  Facebook  Camera Display 
on Screen 

  Myspace   

  Twitter   

  Feedly   

  annyang   

 

Computational Platform 
 

One of the core components of the Smart Mirror is the central device with which the display and 

camera interface. Possible devices include an embedded computer, tablet, desktop, or a 

disassembled laptop. There are a few factors that determine if the device is worth using: graphical 

processing capabilities, cost, and ease of development, computational power, and device 

interface capabilities. The highest weight is based on the overall cost of the system. Making a 

desktop would use a majority of the budget and therefore reduce the funding that could be used 

on making a better display or using a potentially higher quality camera. Using a disassembled 

laptop also would make it difficult to replicate the project. Based on all of these factors, the 

embedded computer was deemed the best device to be used, shown in the following Pugh chart. 
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 Embedded 
Computer 

Tablet Custom Build 
Desktop 

Laptop 

Graphics 
Processing 
- 0.3 

0.7 0.6 1 0.8 

Cost - 0.4 1 0.6 0.2 0.3 

Computational 
Power - 0.2 

0.7 0.5 1 0.8 

External Device 
Interfacing - 0.1 

0.8 0 1 1 

Total 0.83 0.52 0.68 0.62 

Continue Yes No No No 

 

Once the computational hardware platform was determined, five embedded computers were 

investigated in depth. The Raspberry Pi, Banana Pi, ODROID C1, UX4, and BeagleBone Black 

were all considered for the Smart Mirror’s embedded computer, but the ODROID UX4 was 

ultimately chosen. The Raspberry Pi was initially chosen to be the embedded computer used, but 

after initial tests with the Kinect, it was determined additional computational capability was 

required. The other embedded computers were compared with the Raspberry Pi as the point of 

reference. The Banana Pi is more expensive than the Raspberry Pi, and one of the only 

differentiating features is the built-in Wi-Fi, which is not a crucial component for the Smart Mirror’s 

functionality. Compared to the BeagleBone, the Raspberry Pi has more powerful graphics 

processing power, which is important for the Smart Mirror’s display. The Banana Pi, the 

BeagleBone Black, and the Raspberry Pi all lack the minimum hardware to perform at the desired 

performance level. The C1 has overall better performance compared to the Raspberry Pi, but the 

minor increase in performance did not prove to be a large enough upgrade. The UX4 has 

significantly more power than all of the embedded computers, but is much more expensive. The 

increased cost was determined to be worth it due to the device’s overall performance interfacing 

with the Kinect. Ubuntu was chosen as the embedded computer operating system due to the ease 

of development on the platform. Figure 4 depicts the total number of components that have to be 

connected to the embedded computer. 



Final Project Report: Smart Mirror  13 
 

 
Figure 4 - Diagram of Devices Interfacing with Embedded Computer 

 

Based on the diagram, a minimum of two USB ports are required in order to get the Smart Mirror 

usable for a user without a keyboard and mouse. The mirror’s display is connected through HDMI 

to prevent having to buy an HDMI to VGA/DVI adapter. A high display resolution is also required, 

meaning graphics processing capabilities are of high importance. 

 

Camera 
 

The Microsoft Kinect was chosen for the camera aspect of the Smart Mirror because motion 

detection using infrared technology seemed like the practical choice instead of trying to work with 

a webcam. Between the two depth sensors, the Kinect was chosen over the Asus Xtion PRO 

LIVE. Even though the ASUS sensor is lighter in weight and does not require an external power 

supply, the Kinect is more powerful and has a larger capture range. The cameras were evaluated 

in the following Pugh chart. 

 

 Microsoft Kinect Webcam Asus Xtion PRO LIVE 

Price - 0.25 0.6 0.9 0.3 

Capabilities to get 
Desired Functionality 
- 0.5 

0.95 0.15 0.95 

Community Support 
User Base - 0.25 

0.9 0.7 0.5 

Total 0.85 0.475 0.675 

Continue yes no no 
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Typical motion detection is done using a camera with a depth sensor. The Microsoft Kinect uses 

an RGB camera with a depth sensor and infrared projector with a CMOS sensor, which is able to 

generate a 3D environment. The images captured from the RGB camera and depth sensor are 

sent to the embedded computer through USB 2.0 and interpreted by a software library to perform 

facial recognition or to detect motion control. Such image processing requires about 50% of the 

USB 2.0 throughput, approximately 20 MB/s to send the appropriate frames to the embedded 

computer at the resolution of 640x480 and 30 frames per second. Such a camera with depth 

capabilities allows the user to control the UI seamlessly without the use of external peripherals 

such as a keyboard or mouse. The flow of the camera output to the rest of the system can be 

seen in Figure 5, and the level 0 design of the camera can be seen in Figure 6. 

 

 
Figure 5 - Block Diagram of Camera Interaction 

 

  

Module Camera 

Inputs RGB Camera Input 

Depth Camera Input 

120V AC, 60Hz 

Outputs Infrared Light 

USB to send camera frames 

Functionality Collect RGB and Depth images to send 

over USB to be interpreted by another 

device (embedded computer) 
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Figure 6 - Level 0 Design of Camera 

 

Web Application 
 

A fundamental part of the Smart Mirror system is the web application that enables the user’s 

interaction. Ruby on Rails, Django, and Tapestry5 were all considered as possible web application 

frameworks. Each web application framework was evaluated on its software license terms, user 

base size, customizability, and availability of testing and security frameworks built in the web 

application framework.  

 

Ruby on Rails is a popular choice in web application development. It makes use of the model 

view controller (MVC) design pattern. This web application framework is based on the convention 

over configuration paradigm, which creates a structured layout and reduces the number of 

decisions the developer can make regarding the code. The lack of design flexibility makes this 

framework not ideal. 

 

Django is another popular web development framework, written in Python. It follows the model 

template view pattern, similar to MVC. An appealing feature of this framework is that it allows the 

developer more control in choosing the layout and configuration in the design, which is necessary 

for the Smart Mirror system. 

 

Tapestry5 is a web application framework written in Java. It has a smaller user base; therefore, 

the community support is not as strong as the aforementioned frameworks. This framework is a 

component-oriented framework designed to operate on a Java Virtual Machine (JVM). New 

versions of this framework are rapidly developed, meaning older versions become obsolete 

quickly. Although this fact may not hinder the Smart Mirror’s development, potentially frequent 

updates to the design or code are not favorable.  

 

A Pugh analysis was used to choose the web application framework. Ultimately, the Django 

framework was chosen after the comparison. See the following table for the Pugh chart.  
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 Ruby on Rails Django Tapestry5 

Free Software 
License - 0.20 

1 1 1 

User Base - 0.25 0.85 0.85 0.3 

Customizable - 0.25 0.4 0.75 0.3 

Testing Frameworks - 
0.15 

0.7 0.8 0 

Security Frameworks 
- 0.15 

0.6 
 

0.6 0.5 

Total 0.7075 0.81 0.425 

Continue No Yes No 

 

The web application is based on a server-client model. The server component is hosted on the 

embedded computer, and the client component is on the mobile device. The purpose of using this 

model is to designate the functionality for creating a user account and adjusting the display 

preferences of the widgets to a separate component. Given this functionality separation, the main 

component’s purpose will be logging into an existing account and API usage. See Figure 7 for the 

server-client model diagram. 

 

 
Figure 7 - Server-Client Model of Web Application 

 

Django supports many database servers such as Oracle, MySQL, and SQLite. Even though 

choosing SQLite would be one of the easier options because it does not require a separate server 

to run, it is an embedded database with no built-in network capabilities. Given this factor, MySQL 

is a better choice. MySQL has the ability to handle high memory usage and perform accurately 

when there are many concurrent processes.  

 

APIs 
 

The customizable display was largely driven from the integration of APIs from various websites 

and companies to create “mirror widgets.” These widgets provide both real-time data and social 

media interaction. A variety of APIs were investigated to determine what functionality they provide, 

and any possible risks if they were implemented. 
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Facebook  

Facebook is a social media website that is used to share photos, videos, and text-based 

messages. The Facebook API is free for developers, and requires only a Facebook account to 

request a development key. Facebook has a large user base and offers the ability to post content, 

including photos from the API to the social media site. The API does not offer the ability to get a 

live stream of a user’s feed without a special API key that is not available at this time. Facebook 

used to allow a notification stream through RSS, but this functionality was deprecated in June 

2015. Facebook aids developers by providing an online API testing console. Due to API changes 

in 2016, the Facebook functionality has been replaced with Soundcloud. 

 

Soundcloud 

Soundcloud is an online audio distribution platform where users can upload, record, promote, and 

share originally created sounds. Through the free API, an embedded Soundcloud player can be 

added into a user’s web page. Through the Soundcloud player, either a user can designate 

specific tracks or playlists that they would like to have on their website. Using the Soundcloud API 

does not require any development keys making implementation of a Soundcloud widget 

straightforward. 

 

Twitter 

Twitter is a social media website that is used to share photos, videos, and text-based messages. 

The Twitter API is free for developers, and requires only a Twitter account to request a 

development key. Twitter has a medium-sized user base and offers the ability to post content, 

including photos from the API to the social media site. Twitter also allows developers to pull the 

contents of a user’s Twitter feed and display this information. The Twitter API has deprecated 

some functionality in the past, but has not significantly changed support at any time. Twitter aids 

developers by providing an online API testing console. 

 

Instagram 

Instagram is a social media website that is used to share photos and videos. The Instagram API 

is free for developers, and requires an Instagram account to request a development key. 

Instagram has a medium-sized user base and offers the ability to pull the photos and videos from 

a user’s Instagram feed and display them from the API. Instagram does not allow photos to be 

posted from anywhere other than its app. This limits the benefits that the Instagram API provides 

to the user. The Instagram API used to allow this functionality, but it has been deprecated. 

Instagram aids developers by providing an online API testing console. However, due to API 

changes, Instagram functionality was not implemented.  

 

Google Feed 

Google Feed is free for developers and requires no account or key. The API provides functionality 

for an RSS feed, with a high level of customization. An RSS feed can be used to aggregate data 

from a large number of websites, which could make it appeal to many Smart Mirror users. The 

Google Feed API has been deprecated and is no longer supported by Google. It would be unwise 

to give priority to a Google Feed implementation for this reason. 
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Feedly 

Feedly is free for developers and requires a Feedly account to request a development key. The 

API is modeled after the Google Feed API and has comparable functionality. Feedly requires a 

user account unlike Google Feed, but because the Feedly API has not been deprecated it is a 

better API to implement. 

 

annyang 

annyang is a free and open-source voice recognition API that does not require an API key or 

account. It is very lightweight and allows the developer to create custom commands and actions. 

The open-source design would allow current functionality to continue to be used, even if the 

project were deprecated.  

 

OpenWeatherMap 

OpenWeatherMap is a website that provides real-time weather information and forecasts. 

OpenWeatherMap has a free tier of the API that requires an account and key. The free tier offers 

limited technical support and a less robust weather information suite than paid tiers, but still 

provides basic weather information. OpenWeatherMap has a lifetime guarantee of functionality 

on the current version.  

 

From all of the information gathered about the APIs, the following Pugh chart was created to 

determine a priority order for the implementation of APIs. APIs were ranked on the importance of 

functionality, ease of implementing the desired functionality, user base size, and stability of API. 

Functionality like photo sharing and real-time information were considered more important for 

core functionality of the mirror. These features are either core marketing requirements or standard 

smart mirror functionality that must be included to compete with currently available devices. APIs 

that are well documented and have provided examples are easier to implement. The easier an 

API is to implement, the more development time can be spent implementing other APIs or 

functionality. APIs that appeal to a larger subset of users are more desirable because they will 

help drive adoption to this product over competitors. Finally, the stability of the API is important 

because if the current functionality is changed or deprecated the Smart Mirror widget will no longer 

work, reducing the user experience. Figure 8 shows the program flow from a user command. 

 

 Facebook Twitter Instagram Feedly Google Feed annyang OpenWeatherMap 

Importance of 
Functionality - 

0.25 

1 1 0.6 0.5 0.5 0.6 1 

Ease of Desired 
Functionality - 

0.2 

0.5 0.7 0.1 0.6 0.9 0.8 1 

User Base - 0.25 0.8 0.4 0.6 0.9 0.9 1 1 

Stability - 0.2 0.5 0.75 0.7 1 0.2 1 1 

Total 0.73 0.68 0.52 0.76 0.66 0.86 1 

Priority 3 2 6 5 7 4 1 
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Figure 8 - Program Flow 

 

Reflective Surface 
 

When selecting a reflective surface to use for the Smart Mirror, there are two high-level design 

options: a reflective material that will already act as a one-way mirror or a reflective one-way film 

on top of a piece of glass. Reflective film is cheaper and more readily available than reflective 

acrylic or one-way glass, but is more labor intensive to install. Since it is cheaper and more readily 

available, the mirror film was chosen as the reflective surface type. The following Pugh table was 

created to perform the comparison between reflective surface types. 
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 Glass one-way mirror Mirror film applied to glass Reflective acrylic 

Cost - 0.25 0.5 1 0.25 

Reflective 
Effectiveness - 
0.25 

0.6 0.4 0.5 

Effort of 
Installation -0.25 

1 0.25 0.75 

Availability - 0.25 0.5 1 0.25 

Total 0.65 0.6625 0.4375 

Continue No yes no 

 

 

 

One-way reflective film has a silver reflective side, while the backside is 5% black allowing for 

transparency in one direction. The reflective film was applied to a clear acrylic sheet that was 

roughly a quarter-inch thick and cut to the size of the LCD display with the frame around it. The 

film was stretched over the acrylic sheet, and water was sprayed onto the sheet. When the film 

and acrylic sheet made contact, the water was squeegeed out, removing the excess water. Once 

the film was applied and all water has been removed, the excess film was trimmed to the size of 

the acrylic sheet. The result was an acrylic sheet that is a one-way mirror. The acrylic sheet was 

then be mounted on top of the frame allowing information to be superimposed through the film 

while still acting as a mirror. See Figure 9 for the diagram portraying the display that can be seen 

through the reflective film. 

 

  
Figure 9 - LCD Display to Reflective Film  
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User Interface and Controls 
The UI was designed to be aesthetically appealing, such that a good portion of the interface was 

designated to show the reflection of the user. The UI was designed using Bootstrap, a popular 

framework for designing the front end of an application. The large range of templates allowed for 

a solid base for the layout, which was later customized to suit the needs of the system.  

 

When the user initially opens the webpage on the mobile component, the user interface displays 

the homepage with fields to enter an already existing username and password, a “Login” button 

to login to an existing account with the provided username and password, a “New User” button to 

create a new account, and a “Forgot Password?” button to retrieve a forgotten password. See 

Figure 10 for the homepage mockup. 

 
Figure 10 - Mobile Component’s UI: Homepage 

 

If the user opted to create a new account by clicking on the “New User” button, the Create User 

page was displayed with fields for necessary information to be entered. The required fields are 

Name, Username, Email, Password, and Confirm Password. Once all fields were properly 

populated, the “Next” button would be pressed. See Figure 11 for the Create User page mockup. 
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Figure 11 - Mobile Component’s UI: Create Profile Page 

 

After the user presses “Next” in the Create Profile page, a page with a message to go take a selfie 

from the Smart Mirror’s camera will be displayed. The purpose of this step is to provide a photo 

associated with the specific user for facial recognition. The user will press the “Take a Selfie” 

button, and the main component will take a photo of the user. Once the user is satisfied with the 

photo taken, the user would press the “Next” button. See Figure 12 for the mockup of the Take 

Selfie page. 

 
Figure 12 - Mobile Component’s UI: Take Selfie Page 

 

Once a user with an existing account logs in after entering his or her username and password 

and pressing the “Login” button on the Homepage, or once the user completes the photo aspect 

of the signup process, a home screen for a logged in user will display three buttons: “Widgets,” 

“Profile,” and “Logout." The “Logout” button will return the user to the home page. See Figure 13 

for the mockup of the UI as soon as the user successfully logs in. 
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Figure 13 - Mobile Component’s UI: Home Page of Logged in User 

 

If the user presses the “Widgets” button, the display will then show a list of all the widgets available 

for use. A “Back” button can be pressed if the user chooses not to make any changes to his or 

her widgets. See Figure 14 for the mockup of the display for the list of widgets. 

 
Figure 14 - Mobile Component’s UI: List of Widgets Page 

 

Choosing one of the widget buttons will bring up the preferences of the widget’s display, which 

may vary between the different widgets. Using the Weather Widget as an example, preferences 

may include whether the widget is enabled to be displayed on the Smart Mirror and the location 

for the desired weather information. Additional preferences include whether the current time, 

current weather, and the weekly weather are displayed. See Figure 15 for the Preference page 

mockup of the Weather Widget. 

 

 
Figure 15 - Mobile Component’s UI: Preference Page for Weather Widget 
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If the user presses the “Profile” button from the Logged-In Home page, the Profile page will be 

displayed, which contains the user’s name, username, and email address, as well as the “Reset 

Password,” “My Selfies,” and “Back” buttons. See Figure 16 for the Profile page mockup.  

 

 
Figure 16 - Mobile Component’s UI: Profile Page 

 

Pressing the “My Selfies” button from the Profile page will display the My Selfies page, which 

contains pictures taken from the Smart Mirror’s camera. If a photo is selected, the “Delete 

Selfie” and “Email Selfie” options will be available to be pressed. See Figure 17 for the My 

Selfies page mockup. 

. 

 
Figure 17 - Mobile Component’s UI: My Selfies Page 

 

Lastly, if an existing user forgets his or her password, they may press the “Forgot Password?” 

button from the mobile component’s Homepage to get a link to reset the password sent to them 

via email.  
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After signing up for an account using the mobile component, the user must log in to begin using 

the Smart Mirror through facial recognition, which is done by facing the mirror. Once the user has 

been authenticated, the web application opens, allowing the user to control the interface through 

hand gestures and voice commands.  

 

When the user logs into the mirror for the first time, the layout of the user interface will display the 

default settings, which include weather information and the current date and time. No widgets for 

social media sites or RSS feeds will be included. The display settings can be changed through 

the mobile interface or through the main component using gesture and voice commands. 

 

For the UI control, hand gestures and voice commands were used. Voice commands were used 

to trigger events, such as taking a selfie or searching the web. Hand gestures can be used to 

interact with events, such as selecting yes or no when prompted by an event, as well as supporting 

voice commands to handle prompts. Hand gestures can also be used to trigger events, the same 

way as voice commands, although gesture support lacks some features, such as searching the 

web and adding comments to posts. The overall UI control was geared more towards voice 

commands and less towards gesture support.  

 

Engineering Standards 
 

Most API calls were made with JavaScript and Python. All JavaScript code adhered to the Google 

JavaScript Style Guide as much as possible, and all Python code adhered to PEP 8 standards, 

when possible. All code was maintained using Git version control. JSON, a data-interchange 

format, was used extensively for sending messages between the mirror applications and APIs. 

 

The optional Wi-Fi connection used the Raspberry Pi Wi-Fi Adapter. It complies with the IEEE 

802.11n (Draft 2.0), IEEE 802.11g, and IEEE 802.11b standards. The Odroid XU4 has supported 

drivers for the Wi-Fi adapter; therefore, no additional steps were needed to provide Wi-Fi 

connection. The mirror can also connect to the internet using Ethernet/IP protocols.  

 

The display output standard is a 1920x1080 resolution outputted through HDMI. All user interface 

visual design was based according to these standards. The mobile component interaction is an 

extension to the Django web-application through a web browser, so the mobile interface was 

designed based on mobile phone resolution constraints.  

 

Multidisciplinary Aspects 
 

Basic electronics knowledge is required to get all of the components connected to one another; 

there is no low-level circuitry design involved in the creation of the product. Very basic mechanical 

engineering knowledge is required to design the frame of the device that houses the camera, 

display, and embedded computer while keeping it aesthetically appealing. The development 

processes of Software Engineering and Computer Science are required to create the software 

components. Computer Engineering utilizes the combination of hardware implementation with 

software development to create an entire working system. 
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Prior Background 
 

All of the members of this team have had prior experience both developing on Linux and using 

embedded computers due to personal projects and Computer Science courses. Everyone in the 

design team has taken at least one course in software engineering. The development, testing, 

validation, and review of the code followed design practices discussed in these classes. The team 

however did not have very much experience interfacing with a Kinect or working with Web APIs, 

so a large amount of time was spent researching and gaining experience in the topics. The 

Codecademy class “How to use APIs with JavaScript” provided additional instruction to help 

anyone on the development team who is unfamiliar with JavaScript or using APIs. A few of the 

members have had experience with CAD software. The frame of the Smart Mirror was designed 

in CAD. 

 

Outside Contributors 

 

Only two other people were consulted outside of the team with aspects of this project. Devin 

Sherman assisted in the CAD design of the smart mirror frame and Dylan Zingler helped with 

various technical questions involving the Django framework. 

Constraints and Considerations 
 

Extensibility 

Embedded Computer 

Since the embedded computer operates on open-source Linux, a large range of programs can be 

compiled and run on the device. The operating system and powerful CPU and memory allow the 

embedded computer to perform a wide range of tasks. 

Camera 

Using the Microsoft Kinect allows for future growth and extensibility through the use of body 

gestures, which allowed for a wide range of new features and commands that were implemented. 

Web Application 

In the future, the web application could be more customizable by allowing widgets to be placed 

anywhere in the display space. The current design allows widgets only in specific locations. This 

design choice was made to limit the complexity of the prototype. 

 

Currently, the user can connect to the configuration interface by connecting directly to the website 

hosted on the embedded computer through an IP address or hostname. If this project were mass-
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produced or if a consumer had multiple Smart Mirrors in his or her home, the interface would be 

extended to support multiple Smart Mirrors by allowing profiles to be shared between Smart 

Mirrors. This could be done by implementing a centralized Smart Mirror server in which the user 

would create and configure an account and then add his or her Smart Mirrors to this account. The 

server would then manage updating the user’s Smart Mirrors automatically with his or her account 

information and configuration. 

APIs 

Each widget was designed to be modular and function independently of other widgets or other 

Smart Mirror components. This design allows the code from any widget to be used by developers 

in other websites or web-based applications if they have an API key, where applicable. Additional 

APIs may be implemented later, or additional functionality may be implemented with the selected 

APIs. 

 

Manufacturability 

Embedded Computer 

Distributing the embedded computer’s operating system would be straightforward by using 

operating system images. Once the final version of the Smart Mirror is implemented, the operating 

system can be imaged and distributed for possible free usage.  

Camera 

Since the Microsoft Kinect is already sold by Microsoft, our design of the Smart Mirror can be 

easily manufactured and reproduced.  

Web Application 

The web application would be uniform if the Smart Mirror was commercially available. Since the 

web application would need to be maintained to perform adequately at all times, it would require 

the ability to accept update patches when necessary.  

APIs 

If the Smart Mirror became a commercially available product, use of the APIs may no longer be 

free due to the increased frequency of API calls. Before commercialization, each API company 

should be contacted and all usage of the API should be discussed to prevent any issues after 

manufacturing. Many larger companies like Facebook and Twitter require special agreements for 

commercial products. During the product development, the Facebook and Feedly APIs changed, 

which resulted in neither API being used in the final product. Instead, SoundCloud and 

FeedParser were used. If the product becomes commercialized, Facebook could be integrated. 

Further development would be required to implement it though. 
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Reflective Surface 

The reflective film surface introduces more labor costs than other reflective materials. If the Smart 

Mirror were commercialized the labor process for installing the film would increase the 

manufacturing time and cost. 

 

Reliability 

Embedded Computer 

The overall reliability of the embedded computer is dependent on how resource intensive 

applications hosted on the system are. The system may experience slower operation if the 

computer is left on for long durations without a reboot. This could be mitigated by having a 

scheduled maintenance script.  

Camera 

The subcomponent of the camera can be considered highly reliable as long as the camera is not 

exposed to any abnormal temperature or humidity conditions. If the camera is exposed to high 

levels of humidity, it may cause fog or water on the camera lenses which would reduce the 

accuracy of the cameras.  

Web Application 

The main component is reliable because it does not require a constant connection with the mobile 

component. If internet connection is unavailable, the system will not crash but current information 

will not be displayed by the widgets. 

APIs 

APIs rely on support from third-party companies, which is somewhat unreliable because support 

may change or be dropped at any time. If the third-party company servers experience downtime, 

the widget for that service will not work. 

Reflective Surface 

With the film installed, it may be prone to scratching, which could reduce reliability; however, the 

film is easy to replace if damage occurs. 

 

Economic Context 

Embedded Computer 

Having a cheaper embedded computer would also affect the overall cost of the product, which 

would influence sales. Minimizing embedded computer costs while still meeting computing power 

requirements would reduce the system cost. 
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Reflective Surface 

 

The material from which the reflective surface is made can easily affect the overall cost of the 

system. If a more expensive higher-quality reflective surface was used, the product might be 

regarded as a high-end luxury product that would not be sold very frequently. 

 

Health and Safety Issues 

Embedded Computer  

The only intellectual property hurdles appear if the device is commercialized. The intellectual 

property issues involving the embedded computer would not be a concern as long as the final 

product’s pricing accounted for the cost of the embedded computer.  

Camera 

Due to the location of a typical bathroom mirror, placement and operation time of the camera has 

to be kept in consideration. The device will be connected to the internet meaning it could 

potentially be compromised. If an attacker had access to the device remotely, they could use the 

camera without the owner’s knowledge. Having some sort of physical blocker on the cameras or 

a kill switch would prevent unwanted utilization of the camera. Restricting access to the camera 

and saving pictures only when the user grants permission could also be preventative measures. 

Ideally, the device is only as vulnerable as any other computer on the network. If malicious 

attackers managed to gain access to the network, they would have free reign over anything on 

the network. Encryption could be applied to all of the saved images, but like previously stated, if 

the hacker had access to the network or even the mirror itself, decrypting all of the files saved 

would be trivial. 

 

Intellectual Property 

Web Application 

The web application is owned by the team. However, credit must be provided to the Django 

Software Foundation for using its framework. 

APIs 

All API use must adhere to the Terms of Service (TOS) of each API. A detailed analysis of the 

TOS of each API is given below. 

 

Facebook 

TOS investigation was performed on Facebook. However, due to design changes, a Facebook  

widget was never implemented so the concerns are not applicable. Facebook has a very detailed 

policy guideline for its API. For the Smart Mirror design, the following guidelines should be 

adhered to: user permissions must be requested for all data collected, any data gathered must 
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be secured, all content posted must be “high quality” and avoid spam, and any API calls must not 

create any errors such as consistent failed logins. Facebook forbids any replication of its core 

functionality. However, the Smart Mirror application should not infringe on any of this core 

functionality. 

 

SoundCloud 

SoundCloud was investigated as a replacement for Facebook during development. The TOS for 

API require that attribution to SoundCloud. SoundCloud designed the widget so all appropriate 

attribution and style guidelines were met. The SoundCloud API also has rate limit requirements; 

however, they are very high for the functionality that the Smart Mirror utilizes. 

 

Twitter 

The Twitter APIs allow both the posting of content, including images, as well as the display of a 

user’s feed. Twitter requires that explicit user consent be obtained before each item is posted or 

modified by the Smart Mirror. Content posted must not contain spam or information hidden from 

the user. Any “tweets” displayed must conform to the Twitter display guidelines and cannot be 

processed and made available through other display methods. Twitter prevents the replication of 

the “core user experience”; however, the Smart Mirror design would not infringe on the traditional 

workflow that most users take by Twitter’s definition. 

 

Instagram 

Instagram prevents any duplication of core functionality from being implemented using the API. 

Specifically, photos cannot be posted outside of the Instagram app. The app does allow photos 

to be pushed from a third-party application to the Instagram app, but the workflow for the user is 

messy and discouraged by Instagram. If content is pushed to Instagram from the Smart Mirror, it 

must avoid any spamming and use “reasonable bandwidth.” The Instagram API also strictly limits 

how many photos from Instagram can be displayed using the API, and limits the ability to cache 

photos. Similar to the situation with the Facebook widget, an Instagram widget was not 

implemented. Therefore, these concerns are not applicable.  

 

Google Feed 

The Google Feed TOS are not restrictive. They mostly protect Google from any liability if Google 

Feed does not work correctly. The TOS also promise no support or continued existence of Google 

Feed, which limits its viability as a RSS Reader.  

 

Feedly 

The Feedly TOS are not very restrictive, and focus on freedom and privacy. The Smart Mirror 

application should not spam the user, Feedly, or any third-party site. This means that RSS feed 

should be added to the display only if the user requests it, no additional information should be 

injected into the feed, and the Smart Mirror must limit the API calls to avoid spamming the servers. 

During the development process, a change in the Feedly API was announced, and development 

keys were no longer available. Therefore, the Feedly API could no longer be integrated into the 

Smart Mirror, and enough RSS Feed aggregated was investigated. 
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Feed Parser 

Feed Parser was investigated and used as a replacement for Feedly. The FeedParser license is 

fully permissive for use, and requires only a copy of the license notice in all redistributions. Our 

implementation utilizes FeedParser, but does not redistribute it so the license file is not required.  

 

annyang 

annyang is under the MIT license. As long as a copy of the license is provided in the source files 

in relation to this API, any use of it is allowed.  

 

OpenWeatherMap 

OpenWeatherMap is covered under the creative commons public license CC BY-SA. It is 

important to note for the Smart Mirror that visible attribution must be given to OpenWeatherMap 

in the display, and that any implementations made to the OpenWeatherMap API must be covered 

under the same license. This may make it necessary to release the specific implementation of the 

weather widget for the mirror under a different license than the rest of the code base. 

Cost Estimates 
All of the software including APIs and operating system are free to use, meaning the entire budget 

was spent on paying for hardware. The most expensive components of the hardware are the 

embedded computer and the display. The following table shows the cost of the components of 

the Smart Mirror. 

 

 

Part Description Market Price 
($) 

Team Cost ($) Availability 

ODroid XU4 The embedded 
computer  

75.00 104.99 http://ameridroid.com/pr
oducts/odroid-xu4 
1-2 Weeks Approx. 

 

MicroUSB 
charger 

MicroUSB 
cable used to 
power device 

5.00 0.00 http://www.amazon.com/ 
(Prime) 2 Days 

HDMI Cable Required for 
video output 

5.49 0.00 http://www.amazon.com/ 
(Prime) 2 Days 

 

microSD Card 
8 GB 

Used to store 
operating 
system 

6.30 0.00 http://www.amazon.com/ 
(Prime) 2 Days 

 

Microsoft 
Kinect v1 

RGB Camera 
with depth 

sensor 

165.00 0.00 http://www.amazon.com/ 
(Prime) 2 Days 

http://ameridroid.com/products/odroid-xu4
http://ameridroid.com/products/odroid-xu4
http://www.amazon.com/
http://www.amazon.com/
http://www.amazon.com/
http://www.amazon.com/
http://www.amazon.com/
http://www.amazon.com/
http://www.amazon.com/
http://www.amazon.com/
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capable with 
generating 3D 

images 

Canakit 
Raspberry Pi 
Wi-Fi Adapter 

USB Wi-Fi 
adapter for 

Raspberry Pi 

9.99 0.00 http://www.canakit.com/r
aspberry-pi-Wi-Fi.html 

1-2 Weeks Approx. 

Reflective Film Tinted film 
used to create 
the one-way 

mirror 

28.97 28.97 http://amazon.com/ 
(Prime) 2 Days 

Acrylic Pane A clear surface 
for the film to 
be mounted 

on. 

17.97 17.97 http://homedepot.com/ 
Home Depot 

Acer 21.5” 
Monitor 

LCD Display 99.99 99.99 http://amazon.com/ 
(Prime) 2 Days 

Wood Used to build 
mirror frame. 

2.04 2.04 http://.homedepot.com/ 
Home Depot 

Film Applicator Used to apply 
the reflective 

film. 

8.97 8.97 http://.homedepot.com/ 
Home Depot 

Wood Backing Used to build 
mirror frame. 

4.97 4.97 http://.homedepot.com/ 
Home Depot 

Total  429.69 267.90  

Testing Strategy 
 

Embedded Computer 
 

The embedded computer tests were designed to determine the overall performance of the device 

in the system. There are few tests that were run to ensure that the optimal functionality is 

achieved. Kinect functionality was tested by simply installing freelibnect2, an open-source driver 

for the Kinect, and running the provided test programs. There are open-source GPU and CPU 

benchmarks that were ran on Ubuntu that gave statistics to compare. Simply installing those 

benchmarks on the different embedded computers and comparing the numerical values was the 

easiest and most straightforward way to confirm that the embedded computer was running close 

to the manufacturer specified rates.  

 

Determining that the system met the marketing requirements was as simple as developing the 

device and testing overall functionality. Timing the facial detection speed was straightforward 

http://www.canakit.com/raspberry-pi-wifi.html
http://www.canakit.com/raspberry-pi-wifi.html
http://amazon.com/
http://amazon.com/
http://homedepot.com/
http://homedepot.com/
http://amazon.com/
http://amazon.com/
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along with how well the gesture control worked. The only flaw with determining how the motion 

controls is the fact that “responsive” motion controls tend to be dependent on the tester's opinion. 

The only way to test long-term usage was to create the device and observe how well it performs 

over a long span of time, but due to the short time span of this project, this is not very feasible. 

However, for the duration of the project, no issues were observed with continually running the 

device. The embedded computer tests can be seen in the Appendix under Camera/Embedded 

Computer Tests. 

 

Camera 
 

To verify that the camera subcomponent was working correctly with the rest of the overall system, 

the camera was connected to the embedded computer to validate that the camera produced 

images of resolution 640x480 at 30 fps from the RGB and depth cameras and sent the frames 

over USB to the embedded computer without any frame loss. After verifying that there was no 

frame loss between the embedded computer and the camera, it was verified that the embedded 

computer could process the images to perform facial recognition and gesture recognition. 

Verifying these two tests proved that the embedded computer has enough USB throughput to 

handle receiving the frames adequately, as well as, having enough processing power to interpret 

the images to perform the tasks needed to meet the overall requirements. The camera tests can 

be seen in the Appendix under Camera/Embedded Computer Tests. 

 

Web Application 
 

Unit testing the features and components of the web application was done to ensure correct 

functionality. The server side shall be tested on overall UI navigation, while the mobile client was 

tested considering the interactions with the server side. This includes registering for a user 

account and uploading photos for the facial recognition software. The communication between 

the server and client was also tested. The database was analyzed to ensure that information, 

such as user login credentials and the associated account preferences, is written and pulled 

properly. The web application tests can be seen in the Appendix under Web Application Tests. 

 

APIs 
 

API testing was completed for each API in priority order. Testing was first done in the API console 

provided by the third-party company. All API calls necessary for the widget were tested in the 

console. Next, all API calls were made from a simple JavaScript program on a computer with an 

internet connection. Once all calls are validated, the JavaScript program was run from the 

embedded computer and all of the outputs are then validated. The API calls were then integrated 

into widgets that were first tested on the computer, and then the embedded computer. 

Development was always completed on the computer first because more robust development 

tools are available, and it left the embedded computer available for other testing. The API tests 

can be seen in the Appendix under API Tests. 
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Reflective Surface 
 

A sample of reflective film was obtained and installed on a small pane of acrylic. The same pane 

should be placed in front of the LCD display to validate that performed as a one-way mirror, while 

allowing images on the screen to pass through. The pane should also be placed in a high humidity 

environment to validate that the film will continue to adhere with the presence of moisture; 

however, this test was not performed. Once the testing had been completed, the reflective film 

was then installed onto an acrylic pane sized for the device. The reflective surface tests can be 

seen in the Appendix under Reflective Surface Tests.  

Risks 
Embedded Computer  
 

The number of risks involving an embedded computer is relatively low. Long-term stress testing 

of the device was performed. The XU4 showed no degradation of performance even after being 

on for over a week at a time. As a precautionary measure, a daily Cron job to restart the XU4 was 

implemented. High-humidity testing was not performed. Testing would put the hardware at risk 

for damage, and was determined to be outside the scope of this development cycle. 

 

Long Term Usage: Before obtaining the embedded computer, not much testing has been done 

on long-term usage of the XU4 due to how new the device is. The cooling system for the CPU 

actually utilizes a fan, and the processor generates quite a bit of heat. Long term computing strain 

was monitored once a solid working prototype was created and no issues were observed. 

 

Environment Resistance: The development and prototyping environment of the device was 

significantly different from actual user usage. Due to the fact that it is a mirror, it might show up in 

bathrooms. Depending on the mirror’s placement in the room and how well the frame is 

waterproofed, the embedded computer could be exposed to high levels of humidity on a daily 

basis. Waterproofing was not tested due to the high risk of damaging the various components.  

 

Camera 
 

The embedded computer used in the project design was directly related to the camera component 

and was constrained to which camera is selected. Motion detection cameras, like the Microsoft 

Kinect, require about 50% of the available throughput on USB 2.0 so it is critical that an embedded 

computer is selected to meet this requirement, as well as have enough processing power to 

interpret the images and detect gestures.  

 

The Microsoft Kinect was considered and chosen to be used as the camera. This was selected 

based on the open-source availability of support with examples, as well as, the availability of the 

Kinect (already owning one). The Kinect was initially paired with the Raspberry Pi. This resulted 

in a few issues with the USB throughput between the Kinect and the embedded computer. It was 

found through hardware limitations, where the USB bus is connected to the same bus as the 
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Ethernet and SD card, which causes a bottleneck on the USB ports. After realizing this bottleneck, 

a new embedded computer was selected that is more powerful and has higher USB throughputs, 

the Odroid-XU4.  

 

The design of using the Microsoft Kinect minimizes risk compared to other devices such as the 

Asus Xtion, another 3D camera. The Kinect offers open-source libraries and a wide range of 

community support to allow software to be developed to meet the requirements for the project.  

 

The Microsoft Kinect was tested and verified to work correctly using a 64-bit x86 architecture 

Desktop. Upon trying to replicate the functionality by connecting the Kinect to a Raspberry Pi, it 

was found that the USB throughput of the embedded computer was not sufficient and therefore 

observed frame loss. The major concern of the overall project is to select an embedded computer 

that has enough USB throughput and processing power to receive and interpret the data from the 

camera. 

 

Upon selecting the Odroid-XU4, the USB throughput concern was eliminated and no frame loss 

was observed. However, processing power and USB throughput was continuously tested as a 

concern that there could potentially become a bottleneck when more resources are needed.  

 

Humidity would be an issue for the camera if there was no casing to protect it. For now, it would 

be recommended that the smart mirror not be placed in an area with high humidity, such as a 

bathroom. A means to protect the camera and all the hardware for the smart mirror would be 

considered for later releases. 

 

Web Application 
 

There are not many risks regarding the development of the Smart Mirror’s web application. 

Although the development team is proficient with Python programming, getting familiar with the 

tools provided by the Django framework took some time. In addition, the chosen embedded 

computer to host the web application needed high processing power to process the web page 

requests made by the user. 

 

APIs 
 

It was difficult to implement all desired of the API functionality within the scope of this project. If 

many widgets were developed in parallel, there was a risk that none will be completely integrated 

into the Smart Mirror within the timeframe of the project. To mitigate this risk, development was 

done in short cycles, implementing each desired widget completely before beginning development 

on the next. This ensured that functionality was developed in the priority order and successfully 

integrated into the Smart Mirror. 

 

Relying on support from third-party applications creates the risk that the third party will change or 

end support for core functionality used in the mirror. It is impossible to remove this risk unless 

there are no external APIs used. This is an unreasonable solution because social media 
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interaction is a core design requirement. To mitigate this risk, high priority functionality such as 

sharing photos should implemented using multiple APIs and social media networks so that it is 

less likely that all photo-sharing functionality is lost at once, however, in the scope of this project 

only one API was used for photo-sharing. . 

 

Reflective Surface 
 

The reflective film is not intended for use as a Smart Mirror surface. If the display is brightly lit the 

widgets will be displayed more clearly, but the effectiveness of the mirror will decrease. After the 

reflective surface was installed, the brightness of the LCD display was calibrated to optimize the 

clarity of the widgets versus the effectiveness of the surface as a mirror. There was also some 

risk that air bubbles would form under the reflective film when it was applied to the acrylic pane. 

Air bubbles would create a less professional look to the surface. Extra reflective film was 

purchased and the film was applied several times until the film looked bubble free. 
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Schedule 
 

Task – Description Scheduled 
Time 

Team Member Modified 
Completion 

Date 

Comments 

Environment Setup - Python 
and Django installation 

1/04 Erika Zuniga 1/30 Completed 

OpenWeatherMap Widget - 
Working prototype of widget for 

daily and weekly weather is 
built 

1/26 Suzanne Reed 2/02 Completed 

Design of Web App -  
Main component interface 

1/31 Erika Zuniga 2/08 Completed 

Design of Web App -  
Mobile component interface 

1/31 Tien Le 2/08 Completed 

Twitter Feed Widget - Working 
prototype of widget for 

displaying a Twitter feed is built 

2/16 Suzanne Reed 3/29 Completed 

Facial Recognition - The ability 
to perform facial recognition 

with the Kinect 

2/18 Michael Fiorenza  Completed -  
Able to 

successfully 
detect multiple 
users through 

Facial 
Recognition 

Microphone Input - Capture 
audio over Kinect microphone 

2/18 Michael Fiorenza  Completed - Able 
to successfully 
capture audio 
input for voice 

commands  

Photo Capture - The ability to 
take a photo with the Kinect 

and save the image 

2/18 Michael Fiorenza  Completed - Able 
to successfully 

capture and save 
an image 

Web App - Main component’s 
 initial implementation 

2/21 Erika Zuniga 2/22 Completed 

Web App Sign up - Mobile 
component’s initial 

implementation 

2/21 Tien Le 2/22 Completed 
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Gesture Recognition - The 
ability to detect user 

movements 

2/28 Michael Fiorenza  Completed - Able 
to use hand to 
click on things 

Twitter Post Widget - Working 
prototype of widget for posting 

a tweet with text or photo is 
built 

3/03 Suzanne Reed 4/14 Completed 

Web App - Ensure mobile and 
main components properly 

communicate 

3/03 Tien Le & Erika 
Zuniga 

2/21 Completed - 
Django easily 

allows 
communication 
between both 
components 

Web App - Main component 
with OpenWeatherMap and 

Twitter feed widgets 

3/06 Tien Le & Erika 
Zuniga 

4/26 Completed 

Facial Recognition - Detect 
user through web interface 

3/10 Michael Fiorenza 3/20 Completed 

Gesture Recognition - Detect 
user movement through web 

interface 

3/10 Michael Fiorenza 3/20 Completed 

Voice commands - Output 
microphone audio to annyang 

API 

3/10 Michael Fiorenza 3/20 Completed 

Web App - Main component 
with Twitter post widget 

3/13 Tien Le & Erika 
Zuniga 

4/26 Completed 

Facebook Post Widget - 
Working prototype of widget for 

posting a status with text or 
photo is built. 

3/24 Suzanne Reed & 
Michael Fiorenza 

N/A Suspended for 
SoundCloud 

widget 

Web App UI - Initial 
implementation for the main 
component’s front end using 

Bootstrap 

4/03 Erika Zuniga 4/03 Completed 

Web App UI - Initial 
implementation for the mobile 
component’s front end using 

Bootstrap 

4/03 Tien Le 4/03 Completed 

Designing and Assembling - 
Construct the mirror display 

4/10 Tien Le 4/26 Completed 
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Feedly Widget - Working 
prototype of widget for 
displaying feed is built 

4/14 Suzanne Reed & 
Michael Fiorenza 

 Completed 

Web App - Main component 
with Feedly widget 

4/21 Erika Zuniga  Completed 

Web App UI - Final 
implementation for the main 
component’s front end using 

Bootstrap 

4/23 Erika Zuniga 4/26 Completed 

Web App UI - Final 
implementation for the mobile 
component’s front end using 

Bootstrap 

4/23 Tien Le 4/26 Completed 

SoundCloud Widget - Widget is 
built and integrated into mirror. 

4/26 Suzanne Reed 
Mike Fiorenza 

4/27 Completed 

Widget Completion - Widget 
visuals are finalized and pass 

aesthetic testing 

4/28 Suzanne Reed & 
Michael Fiorenza 

4/28 Completed 
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Perspective 
The final project achieved all of the requirements set at the beginning of the development cycle. 

However, there were difficulties during the process that changed the expected result. Since 

Facebook functionality could not be implemented due to API changes, Soundcloud was 

implemented instead. Although Feedly was replaced with Feed Parser, the resulting display for 

RSS Feeds met all requirements. 

 

During the development process, implementing the Django application was more difficult than 

anticipated. Deadlines began to slip, and the team began to investigate alternative solutions. 

However, we were able to get a few consultations with someone who was familiar with Django. 

He helped the team build the application, and integrate the widgets. If assistance had been 

sought sooner more effort could have gone into polishing widgets and the user experience, 

rather than implementing core functionality. 

 

The performance of the Kinect with the ODROID was not ideal. For our public presentations of 

the voice detection functionality in the Gordon Field House, vocal recognition had to be imitated 

due to the bad background noise conditions. If further development were done on the Smart 

Mirror, sound processing to remove background noise and improve the performance of the 

voice commands would be needed. Similarly, more work could be done on the gesture detection 

to attempt to ignore extraneous gestures and background motion. 
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Building the frame was a bit challenging, but it came together nicely. The machine shop was 

originally quite preoccupied with various projects but by the time we needed their assistance, 

they were willing to help us make it. Covering up most of the imperfections with black paint 

made the mirror much more pleasing to look at. 

Overall, the team would have liked spend more time polishing the user experience and the 

aesthetics of the mirror. Unfortunately, delays in implementing the core functionality left less 

time to develop further on these. More accountability on design deadlines, and reaching out to 

experts for assistance sooner would have improved the development of the project.  

 

Appendix 
Camera/Embedded Computer Tests 
 

Title: Microsoft Kinect Performance Test 

Component(s): Microsoft Kinect, Embedded 

Computer 

Description: 

Test usability of the Microsoft Kinect with 

the embedded computer. Type: Black Box 

Test Number Steps/Action Expected Output Pass/Fail Comments 

1 

The camera will be 

connected to the 

embedded computer 

over USB 2.0 

The embedded 

computer will be 

able to receive 

RGB and depth 

image frames at a 

resolution of 

640x480 at 30 

frames per 

second without 

frame loss 

Pass No frame loss was 

observed. 

2 

Using either CLI or 

UI, the user takes a 

focused picture 

using the Kinect. 

A single user-

focused picture is 

taken with the 

Kinect 

Pass Images displayed 

correctly. 
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Title: Kinect Facial Recognition Tests Component(s): Kinect, Embedded Computer 

Description: 

Checks the Engineering 

Requirements: 

 

- The system should accurately 

perform facial recognition to 

distinguish between different users. 

- Under typical lighting conditions 

consisting of fluorescent, incandescent 

and LED lights, the mirror should be 

able to perform facial recognition. Type: Black Box 

Test Number Steps/Action 

Expected 

Output Pass/Fail Comments 

1 

A single person 

standing in front of 

the mirror is 

detected by the 

camera. 

The OpenCV 

software can 

successfully 

identify a user 

Pass Facial recognition was 

successful. 

2 

Two separate 

people are 

presented in front of 

the camera. 

The OpenCV 

software can 

successfully 

identify multiple 

users 

Pass Multiple users could 

login.  

3 

Place mirror in room 

with florescent 

lighting. Have tester 

stand in front of the 

mirror for facial 

recognition 

The OpenCV 

software can 

successfully 

identify a user 

Pass Facial recognition was 

successful 80%+ of the 

time in a well-lit room 

(25 foot candles or 

more) 

4 

Place mirror in room 

with incandescent 

lighting. Have tester 

stand in front of the 

mirror for facial 

recognition. 

The OpenCV 

software can 

successfully 

identify a user 

Pass Facial recognition was 

successful 80%+ of the 

time in a well-lit room 

(25 foot candles or 

more) 

5 

Facial recognition 

speed 

The OpenCV 

software can 

successfully 

identify a user 

relatively quickly 

(<5s) 

Pass Once login was 

activated, the user was 

detected at an average 

speed of 5 seconds.  
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Title: Mouse & Keyboard Free Interface Tests 

Component(s): Camera, Embedded 

Computer 

Description: 

Checks the Engineering Requirement: 

 

-The system should be controlled by 

user motions or user voice commands 

without the need for a mouse or 

keyboard. Type: Black Box 

Test Number Steps/Action Expected Output Pass/Fail Comments 

1 

Track the user's 

movement 

The Kinect should 

be able to identify 

the user's hand 

and report the 

coordinates 

Pass Successfully could track 

user’s hand and 

gestures to click.  

2 

Voice data is sent to 

the embedded 

computer 

Microphone input 

is successfully 

sent to the 

embedded 

computer and can 

be played back 

without distortion 

Pass Voice commands could 

be successfully 

interpreted.  

3 

Processing user 

movements 

The images are 

processed in real 

time and the 

user's movements 

are reported 

relatively quickly 

so the user does 

not experience lag 

Pass Successfully could track 

user’s hand and 

gestures to click without 

any frame loss.  
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Web Application Tests 
 

Title: UI (Front End) Tests 

Component(s): Web App - Main 

Component 

Description: 

Checks the Engineering Requirement(s): 

 

-The system should have the ability to 

display widgets. 

-The system should provide social media 

interaction that appeals to most users. Type: Black Box 

Test Number Steps/Action Expected Output Pass/Fail Comments 

1 

After successful login 

using facial 

recognition, ensure 

that layout of UI is 

properly displayed. 

There is adequate 

"blank space" for 

the user's reflection 

to be visible. Pass 

Widgets profiles 

changed accordingly 

to the user logged in.  

2 

On UI, ensure that all 

widgets of chosen 

APIs are properly 

displaying up-to-date 

information. 

All widgets are 

properly displayed 

with information at 

designated portion 

of the screen. Pass 

Widgets obtained 

real-time data.  

3 

Ensure the bottom 

portion of the mirror, 

bottom the user's 

reflection, contains a 

greeting/message. 

A 

greeting/message 

is displayed at the 

top of the mirror 

(i.e. Good morning, 

<user's first 

name>). Message 

is dependent on 

time of day. Pass 

A message displayed 

with the user’s name. 

4 

Ensure that the 

current date and time 

appears on the top 

right portion of the 

mirror. 

The current date 

and time properly 

appears on the top 

right portion of the 

mirror. Pass 

The current date and 

time was displayed. 
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Title: User Account Registration Tests 

Component(s): Web App - Mobile 

Component 

Description: 

Checks the Engineering 

Requirement(s): 

 

-The system should have a separate 

means to begin usage. Type: Black Box 

Test Number Steps/Action Expected Output Pass/Fail Comments 

1 

On the Sign-up 

page, fill all fields 

properly then click 

"Next." 

No error message 

on fields. 

Successfully 

moves onto next 

page (facial 

recognition). Pass No errors observed. 

2 

On the Sign-up 

page, leave all fields 

empty. Click "Next." 

Error messages 

appear below 

each empty field. 

Stays on current 

page. Pass 

No errors observed. 

 

3 

On facial recognition 

trainer page, 

message to take a 

photo from the 

Smart Mirror's 

Kinect is displayed. 

Click "Next" after 

photo is taken. 

Displays 

message about 

photo 

successfully 

taken and saved. 

Also displays the 

photo itself. After 

some time, 

moves onto next 

page (API 

selections). Pass 

Facial recognition was 

successful and a 

message was 

displayed to the user 

and then redirected to 

the home page.  

4 

On API selections 

page, choose 

applications to be 

displayed on the 

mirror. Click "Next." 

Selection 

successful and 

user is redirected 

to external 

account 

authentication for 

chosen APIs that 

require login 

information. Pass 

No errors observed. 
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5 

Once authentication 

is approved 

externally, the user 

is redirected back to 

sign up site. Click 

"Done." 

Moves onto page 

displaying 

success and what 

to do next (i.e. log 

into Smart Mirror 

account with 

facial 

recognition). Pass 

No errors observed. 

 

6 

Open mobile web 

page in various 

browsers. 

UI for sign-up is 

uniform with little 

to no differences. Pass 

No errors observed. 

 

 

 

Title: Overall Web App Functionality Component(s): Web App, Database 

Description:  Type: White Box 

Test Number Steps/Action 

Expected 

Output Pass/Fail Comments 

1 

Create user to 

ensure account 

creation functions 

properly. 

Account creation 

verified by 

checking 

database. All 

input information 

(i.e. first name, 

last name, email 

address, photo, 

API choices) 

regarding this 

user is correct. 

Pass No errors observed. 
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API Tests 
 

Title: API Performance Component(s): APIs 

Description: 

Checks the Engineering Requirement: 

 

-Using the combination of mirror and 

display, the widgets created through 

various APIs should appear in the user 

interface. 

-The system should implement APIs that 

can post photo to social media websites. 

-Web application that allows for a 

customizable interface shall be hosted on 

the chosen embedded computer. 

-The system should be controlled by user 

motions or user voice commands without 

the need for a mouse or keyboard. Type: White Box 

Test Number Steps/Action Expected Output Pass/Fail Comments 

1 

Send API request to 

OpenWeatherMap 

server to get current 

weather. 

Receive JSON 

message with the 

current weather 

information. 

Pass Weather widget 

displayed successfully. 

2 

Get or create a set of 

JSON messages 

describing “current” 

weather conditions 

with a variety of 

weather types 

described. Pass each 

message as the data 

for the widget to 

display. 

Widget will display 

the contents of 

each JSON 

message 

correctly. 

Pass No errors observed. 

 

3 

Send API request to 

OpenWeatherMap 

server to get weekly 

weather forecast. 

Receive JSON 

message with the 

current weather 

information. 

Pass No errors observed. 
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4 

Get or create a set of 

JSON messages 

describing the weekly 

weather forecast with 

a variety of weather 

types described. Pass 

each message as the 

data for the widget to 

display. 

Widget will display 

the contents of 

each JSON 

message 

correctly, in a 

legible and 

aesthetically 

pleasing manner. 

Pass No errors observed. 

 

5 

Send API request to 

Twitter server to open 

a stream of “tweets” 

from accounts that a 

user follows. 

Receive new 

“tweets” as JSON 

messages. 

Pass No errors observed. 

 

6 

Get or create a set of 

JSON messages 

describing “tweets,” 

with a mix of text and 

photo content. Pass 

each message as the 

data for the widget to 

display. 

Widget will display 

the contents of 

each JSON 

message 

correctly, in a 

legible and 

aesthetically 

pleasing manner. 

Pass No errors observed. 

 

7 

Send an API 

message to the 

Twitter server to post 

a text-based tweet to 

a user’s account. 

The tweet should 

post to the user’s 

Twitter account. 

Pass No errors observed. 

 

8 

Send an API 

message to the 

Twitter server to post 

a photo-based tweet 

to a user’s account. 

The photo should be 

stored in the same 

location that mirror 

photos will be stored. 

The photo tweet 

should post to the 

user’s Twitter 

account. 

Pass No errors observed. 

 

9 

A user’s username 

and password are 

passed to the 

Facebook OAuth 

server. 

The user is 

successfully 

logged into 

Facebook through 

the embedded 

computer. 

Suspended Replaced with the 

SoundCloud Widget. 
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10 

Send an API 

message to the 

Facebook server to 

post a text based 

status to a user’s 

account. 

The status should 

post to the user’s 

Facebook 

account. 

Suspended Replaced with the 

SoundCloud Widget. 

11 

Send an API 

message to the 

Facebook server to 

post a photo based 

status to a user’s 

account. The photo 

should be stored in 

the same location that 

mirror photos will be 

stored. 

The photo status 

should post to the 

user’s Facebook 

account. 

Suspended Replaced with the 

SoundCloud Widget. 

12 

A user’s username 

and password are 

passed to the Feedly 

OAuth server. 

The user is 

successfully 

logged into Feedly 

through the 

embedded 

computer. 

Suspended Replaced with the 

Python library 

FeedParser and a 

team-built JavaScript 

front end. 

13 

Send an API request 

to the Feedly server 

to add a new RSS 

feed to the user’s list 

of feeds to follow. 

The RSS feed 

should be added 

to the list, verified 

on the Feedly 

website. 

Suspended Replaced with the 

Python library 

FeedParser and a 

team-built JavaScript 

front end. 

14 

Send an API request 

to the Feedly server 

to remove a RSS feed 

from the user’s list of 

feeds to follow. 

The RSS feed 

should be 

removed from the 

list, verified on the 

Feedly website. 

Suspended Replaced with the 

Python library 

FeedParser and a 

team-built JavaScript 

front end. 

15 

Send an API request 

to the Feedly server 

to get any new items 

in the user’s feed. 

Receive any new 

items in a JSON 

message. 

Suspended Replaced with the 

Python library 

FeedParser and a 

team-built Javascript 

front end. 

16 

Get or create a JSON 

message with new 

items for the user’s 

feed. Pass the 

message as data for 

the widget to display. 

Widget will display 

the contents of 

each JSON 

message 

correctly. 

Suspended Replaced with the 

Python library 

FeedParser and a 

team-built JavaScript 

front end. 
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17 

annyang is running, a 

voice command is 

said. 

The voice 

command is 

correctly parsed, 

and triggers the 

function 

corresponding to 

that command. 

Pass Voice commands 

functioned 

successfully. 

18 

Send an API request 

to ‘Play’ music on the 

SoundCloud widget. 

The SoundCloud 

widget begins to 

play. 

Pass No errors observed. 

 

19 

Send an API request 

to ‘Pause’ music on 

the SoundCloud 

widget. 

The SoundCloud 

widget stops 

playing music. 

Pass No errors observed. 

 

20 

Send an API request 

to ‘Skip’ to the next 

song in the Playlist on 

the SoundCloud 

widget. 

The SoundCloud 

widget moves to 

the next song in 

the playlist and 

begins playing it. 

Pass No errors observed. 

 

21 

Send an API request 

to set the playlist for 

the SoundCloud 

widget. 

The SoundCloud 

widget changes to 

the new Playlist. 

Pass No errors observed. 

 

22 

Send an API request 

to FeedParser to 

aggregate the 5 most 

recent items from 

each RSS feed in a 

list. 

FeedParser 

returns a list of 

Feed Objects for 

each entry in each 

API. 

Pass No errors observed. 
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Reflective Surface Tests 
Title: Display Lighting Tests Component(s): Reflective Surface/Display 

Description: 

Checks the Engineering Requirement: 

 

-The display should have mirror-like 

reflective properties while still 

displaying information in normal 

lighting conditions consisting of 

fluorescent, incandescent and LED 

lights with a brightness of 25 foot-

candles or greater. Type: Black Box 

Test Number  
Expected 

Output Pass/Fail Comments 

1 

Place mirror in room 

with florescent 

lighting with a 

brightness of 25 

foot-candles or 

greater. Have 

testers stand in front 

of the mirror with 

data displayed. 

Testers must be 

able to see both 

their own 

reflection and 

the information 

displayed. 

Pass The room lighting was 

approximately above 25 

foot candles 

2 

Place mirror in room 

with incandescent 

lighting with a 

brightness of 25 

foot-candles or 

greater. Have 

testers stand in front 

of the mirror with 

data displayed. 

Testers must be 

able to see both 

their own 

reflection and 

the information 

displayed 

Pass The room lighting was 

approximately above 25 

foot candles 
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Title: Aesthetic Tests Component(s): Reflective Display + Frame 

Description: 

Checks the Engineering Requirement: 

 

-The overall enclosure should look 

generally symmetrical and not have 

stray components protruding. Type: Black Box 

Test Number Steps/Action 

Expected 

Output Pass/Fail Comments 

1 

Survey at least 10 

different people 

about the overall 

appearance of the 

mirror. 

At least half do 

not think it looks 

bad, nor does it 

have any 

protruding parts. 

Pass Out of the 10 people 

surveyed, 9 believed it 

looked good. Minor 

complaints involved the 

back not looking good. 

2 

The weather 

conditions widget 

displays information. 

At least 80% of 

testers must find 

the widget 

legible, and at 

least 60% must 

find it 

aesthetically 

pleasing. 

Pass Out of the 10 people 

surveyed, all 10 found 

the widget legible. 7 

found the widget 

aesthetically pleasing 

with complaints about 

the text font choice and 

widget images. 

3 

The weekly forecast 

widget displays the 

information. 

At least 80% of 

testers must find 

the widget 

legible, and at 

least 60% must 

find it 

aesthetically 

pleasing. 

Pass Out of the 10 people 

surveyed, all 10 found 

the widget legible. 7 

found the widget 

aesthetically pleasing 

with complaints about 

the text font choice and 

widget images. 

4 

The tweet widget 

displays information 

and pictures. 

At least 80% of 

testers must find 

the widget 

legible, and at 

least 60% must 

find it 

aesthetically 

pleasing. 

Pass Out of the 10 people 

surveyed, all 10 found 

the widget legible. 7 

found the widget 

aesthetically pleasing 

with complaints about 

the text font choice and 

widget images. 
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5 

All RSS feeds 

display information. 

At least 80% of 

testers must find 

the widget 

legible, and at 

least 60% must 

find it 

aesthetically 

pleasing. 

Pass Out of the 10 people 

surveyed, all 8 found the 

widget legible. 6 found 

the widget aesthetically 

pleasing with complaints 

about the text font 

choice. 

 

 

 


