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Abstract: So many tasks in the world are now automated, but technological development inside the home has been 

stagnant. Our goal is to create a light automation system that will make it into the homes of people. To achieve this, we 

developed an automated light switch and a smartphone application loaded with state of the art features. The goals of this 

product are: (1) providing a simple and elegant user interface to enhance the user experience; (2) making it low-cost to 

make it affordable and attractive to consumers; and (3) providing features, including some that are not provided by the 

existing products in the market, that make the product more useful and effective. 

 

1. INTRODUCTION 

The Internet of Things is the idea of a future in 

which everyday objects are connected to the Internet to 

make it more capable. For example, imagine if all cars 

were self-driving and connected to the Internet. Traffic 

and accidents can be solved forever. Such is the power of 

the Internet, and we feel that the household is falling 

behind midst the rapid development in technology.  

There have been recent developments by Nest that 

revamped the thermometer and smoke detector, but there 

has not been a notable product developed that 

revolutionized the light switch or light bulb. The specific 

user context this project focuses on is that of home light 

systems. 

There are several products in the market that 

attempt to automate the home’s lights such as the WeMo 

light switch by Belkin, and the Hue light bulb by Phillips. 

These existing products in the market were analyzed and 

surveyed by reading online reviews and trying out the 

product ourselves. It was found that the products all had 

apps that were cluttered with features that users did not 

need, which made the app’s user interface poor. Another 

problem with the existing products was that it was too 

expensive.  

2. PROBLEM STATEMENT 

Genius Light is a light switch that can be installed 

in standard light switch boxes, and connects to the 

Internet using the home’s Wi-Fi signal so that it can be 

controlled using a smartphone application. The 

smartphone application will have useful features in a 

simple and elegant user interface. The product will be 

low-cost, so that consumers will be inclined to purchase 

it over the existing products in the market. 

3. GOALS 

This initiative has 3 main goals: 

1. Providing a simple and elegant user interface to 

enhance the user experience. 

2. Making it low-cost to make it affordable and 

attractive to consumers. 

3. Providing features, including some that are not 

provided by the existing products in the market, 

that make the product more useful and effective. 

4. SOLUTION 

Before implementing the solution, we had to decide 

whether we wanted to make a light bulb or a light switch. 

A light switch made more sense in terms of our goals to 

make the product low-cost, since research showed that 

development of a light bulb would have been 150% more 

costly than developing a light switch. It sacrifices ease of 

installation, and we consciously made this trade-off. The 

solution was engineered using three components: an 

Arduino board, a circuit that connects the Arduino board 

to the light switch and light bulb, and the Android SDK 

to build the app. 

The Arduino board hosts a local webserver on the 

Wi-Fi connection that it is provided with. Then, it starts 

listening for client connections and processes the client 

requests like how a webserver would. When the 

smartphone sends an HTTP request from the app (i.e to 

turn on the light), the Arduino board will process this 

request and translate it to a signal on the circuit board, to 

trigger the relay. The relay will open or close the 

connection for the light bulb thereby turning the light on 

or off. 

The user interface followed flat design principles to 

ride the trend of flat mobile interfaces. The perceived 

affordances of mobile UI elements have become strong 

enough to do away with skeumorphic design. Flat design 

is clean and minimalistic, and we believe the user 

experience will be improved. We focused heavily on 

navigation in the app. We believed that every task was 

performed on the light-switch level (i.e set alarm clock 

on a light switch, toggle absence detection on a light 

switch). A slide-out menu was used to enable navigation 

between the lights installed in the house. It also allows 

users to see the light statuses of every room. A tabbed 

menu bar was used to enable navigation between the 

different tasks. There were 5 tasks included in the 

prototype app: remote control, alarm clock, shopping 

center for buying more features, energy consumption 



report, and the settings. All tasks are performed on the 

light switch level except for the shopping center. We felt 

that the features that we added would make the product 

more useful and effective for the user without making it 

cluttered. 

 
Figure 1:App’s User Interface 

The goal of making the product low-cost was met 

by implementing a business model inspired by Amazon’s 

Kindle tablets and Google’s Nexus devices. They sell the 

hardware at a low initial cost, and try to make money off 

of the software services. This is why the shopping center 

was placed in the center of the tabbed menu; it is a place 

where users can go to buy more features as they see fit. A 

problem with existing products in the market was that the 

app was too cluttered, and that there were too many 

useless features. We felt that this design solved the 

problem of cost and clutter. The estimated cost for 

manufacturing the hardware portion was around $10. The 

cheapest competitor in the market is the WeMo light 

switch, which sells for $50. 

5. TECHNICAL CHALLENGES 

There were several technical challenges when 

developing the solution. The project was very multi-

disciplinary because it involved software, electrical, 

mechanical, and interface design problems, but the most 

difficult technical challenges were related to the software 

components of the project. 

Two major technical challenges of this project that 

we faced were: (1) the delay between the client request 

and the light switch response and, (2) the remote control 

feature stopped working when the absence detection 

feature was turned on. 

5.1 Delay between request and response 

When the remote control was toggled on and off 

rapidly, the Arduino board experienced lag, and it would 

sometimes take over 2 minutes for the light switch to 

react, and often it had to be rebooted. It was evident that 

the remote control commands were being queued up, and 

that processing was taking too long. Monitoring the 

console for the Arduino told us that every time the 

remote control was toggled, the HTTPrequest was 

retrying 5 times to reconnect to the server which caused 

the delay. The HTTP request was done through Apache’s 

HTTPClient processed by the Android AsyncTask class, 

which implements async processes. Despite the fact that 

the webserver sent commands to close the connection and 

the fact that the client was programmed to retry only once 

to reconnect, the number of retries was 5. First, we had to 

move the HTTP request from the AsyncTask thread to 

the main thread so that we can run a timer on it. Then we 

added the timer to the HTTP request process, so that it 

gets killed after the HTTP response is received. 

5.2 Absence Detection Bug 

 When the absence detection feature was on, the 

remote control would stop working. To debug this, we 

looked at the console that the Arduino board was 

outputting and we realized that the remote control’s 

HTTP requests were not even reaching the server, 

making it difficult to debug. After investigation of the 

Arduino board’s capabilities, we found out that the board 

is only capable of running one process at a time; parallel 

processes were impossible. A class that mimics 

asynchronous processing was created in order to support 

this feature. The idea is to rapidly alternate between the 

two processes while saving the progress on both tasks 

before switching over to the other process. 

6. IMPACT 

If the product is successful, every light switch in 

North America would be smart, and users would have 

more control over their home. The environmental impact 

would be that more people would remember to turn off 

their lights, saving energy. This idea can also be extended 

to other parts of the home that are not automated: doors, 

stoves, ovens, refrigerators, thermometers, and more.  

7. CONCLUSIONS 

This project’s scope is what Systems Design 

Engineering is all about: a holistic approach to solving 

problems with a focus on the user. The problems that we 

encountered involved software, electrical, mechanical, 

user-centered design, and interface design. The end result 

is a product that users can install into their own light 

switch to make it smart. The environmental impact and 

the convenience factor couple with low-cost and elegant 

UI definitely make Genius Lights a player in the market. 
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