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[bookmark: _Toc475914993][bookmark: _Toc475912831][bookmark: _Toc475912448][bookmark: _Toc476063418][bookmark: _Toc476066375][bookmark: _Toc477268844][bookmark: _Toc477865145]Showers can be dated back to the times of the Ancient Greeks and since then the concept has not revolutionized. Some technology has been added to facilitate the use throughout the years, like the introduction of valves, pressurized water, and the adjustment of water temperature. Any other house appliance in a modern, 21st century house, has had the opportunity to be upgraded to relevant technologies except the shower system. Keeping this mundane piece of technology is what users are comfortable with. Perhaps society does not want to introduce a new “solution” for the shower because they have the mindset of “If it’s not broken why fix it?” But that is where the misunderstanding is prominent. It is not about fixing something that already works but rather improving a legacy piece of technology to better the lives of the users by creating collection of software and hardware technology that will become a new standard feature in everyone’s home. 
This concept that has been developed by the creators of Smart Shower allows the users to simply simplify their lives. When a person wakes up and goes to sleep, he or she will encounter our product and the result of this interaction will be positive. That is because the product is created for no other reason than to assist the user in this daily routine. Our development team’s goal is to allow the user to have precise, automated, and intuitive features that a manual shower system does not offer. This includes exact water temperature control, timers, and water consumption statistics. With the shower alarm and temperature control features, the user is able to set the desired start time for their shower at their desired temperature. A use case for this feature originated from your everyday workers or students that need to wake up early in the morning and have limited time to take their shower. In addition, an important aspect of water consumption is to be integrated throughout the product. A statistical report of previous showers taken with water used during the showers will be displayed to the user. 
 There are no products currently on the market that have all the features that our Smart Shower product has to offer. Perhaps the closest rival on the market to our product is the U by Moen Shower.  The U by Moen has an LCD display that is place in the bathroom that allows the user to control the temperature with the use of four buttons. It also comes with an application which is connected over a wireless network to the LCD screen with the option to also change the temperature remotely. The U by Moen does not have the feature of displaying water consumption and the price tag for the product exceeds two-thousand US Dollars. Next potential competitor is the Hydrao Smart Shower. This product is a shower head that with the integration of LED lights displays how much water has been used in liters. It does not have temperature control integration. The shower head retails for $99.90. And lastly, there is a concept product that has yet to launch, EvaDrop. EvaDrop is a replacement showerhead that has sensor to detect when a user is in the shower tub allowing the commencement of water output. With this list of protentional competitors, comparing their products to ours creates no doubt that this product can control the market. Essentially having all the core components of the competitors and unifying it into one product with a lower price tag allows us to manipulate the market.
The system was designed to be very low cost. When designing and creating the architecture of the product the team of Smart Shower always kept in mind that the ultimate goal was to be on the market at the lowest possible retail price, so that we could reach more customers with our advanced smart technologies and water-saving features. The design was comprised of an LCD screen connected to a microcontroller with wireless (Wi-Fi) capabilities. It was extremely important to obtain a low-cost microcontroller that had wireless capabilities due to the requirement of connecting it with a mobile device application. In addition to the microcontroller, the product also incorporates a servo and sensors. The servo will be used to control the shower valve and the sensors will be incorporated to help monitor and control the temperature of the water as well as water consumption. A water flow sensor will be used to track the flow of water through the pipes which will eventually be relayed to the mobile application. Using the temperature sensors, it will cooperate with the valves to determine when the temperature of the water has reached the desired temperature, specified by the user. 
The Smart Shower development team has done extensive research of standards that may be applicable to this project. The project will be compliant to all the possible standards that can be applied to this project. 
The software aspect of the design is created to be rather simple for the user to use and understand. Having very basic features allows a larger range of users to use the application. There is not a need to have an extremely brimming application for a shower. A shower is a simple device to use and the application should also be a very simple application to use. It has the primary features which is setting the temperature and timer, turning off and on the shower, and a page that displays water statistics. On the backend side, there is a database to keep track of the devices that are connected to each shower (microcontroller). 
There will be intensive testing of the hardware and software as not only does the component functionality need to be tested but also the safety of the equipment. When introducing electrical components to water environments a prior safety inspection needs to be performed to verify that the product is safe to be deployed to our users. A large portion of our hazard prevention architecture originates from our waterproof encasement. An air sealed, waterproof, case around the LCD screen that will be placed inside of the showers will be also tested to verify its functionality of keeping the water from the electrical components. 
This was completely self-funded by the group members of Smart Shower team. Instead of obtaining a sponsorship and receiving funds for an institution, the group decided to fund the project to have more flexibility with the design. The Smart Shower system is a system that will look to expand into the market because there is a potential niche for it. The development of the product consisted of 3 Computer Engineers and 1 Electrical Engineer with the work load separated into the hardware and the software (2 people primarily focused in each). Utilizing an agile method of production as well as a weekly meeting to discuss updates and changes allowed the production of the project to be extremely efficient.
[bookmark: _Toc480928432][bookmark: _Toc480929758][bookmark: _Toc480930152][bookmark: _Toc480932584][bookmark: _Toc480935725][bookmark: _Toc480973166][bookmark: _Toc480974254][bookmark: _Toc480979326][bookmark: _Toc480979153][bookmark: _Toc478035306][bookmark: _Toc478043096][bookmark: _Toc478059228][bookmark: _Toc478225834][bookmark: _Toc478424244][bookmark: _Toc478632612][bookmark: _Toc478633228][bookmark: _Toc479678783][bookmark: _Toc480824804][bookmark: _Toc480891091][bookmark: _Toc480918431]2.0 Project Description 
This is an overall description of the smart shower project. The motivations, goals, and requirements will be described in this section, with an emphasis on specific requirements, as well as the team work plan.
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As technology advances, everything seems to be made smart. Smart fridge, smart coffee maker, smart lock...The list goes on. The Internet of Things phenomenon continues to grow and everything we seem to interact with is becoming connected to the online world.  One interaction we make every day has been left almost completely untouched: the shower. The process of taking a shower is currently a “dumb” interaction and could certainly be improved by introducing some of the latest technologies. For many, getting the shower to just the right temperature is a less than optimal experience; It may take several minutes or more for the shower to reach the desired temperature which may require constant adjustments to hold. What if this could all be automated with an easy to use system? Our goal is to do exactly this and more.  
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Our Smart Shower technology will come with a host of different features. Efficiency will be increased by controlling the flow of water through the electronic valves. Through the companion application, the user will be notified when their shower is at the desired temperature. On average a ten-minute shower consumes nearly 40 gallons of water, but the first two minutes are used to acclimate to the “ideal” temperature. Using our Smart Shower technology, based on the average statistics, users could save significant time and water every time they hop in the shower. Which leads to the next Smart Shower feature, allowing the user to access to water consumption statistics. 

Water usage and flow information will be available through the companion application. Logs of each days’ shower water use, as well as water temperatures, will allow users to better understand and manage their water use. This will not only be good for the environment, but this will be good for our users’ wallets. If you consider a house with 5 residents, each showering every day, any increase in efficiency will be significantly more environmentally friendly, but also a positive measure for saving money.  

In order to reach the correct temperature as quickly as possible, the system will begin by making the shower as hot as possible. As soon as the shower reaches a temperature above the desired temperature, it will begin to turn on the cold water valve to adjust it downward. During operation, the valves and sensors will work together to attain the desired temperature. Instead of simply guessing what spot the shower handle should be pointed to, testing every 30 seconds or so to see when it reaches the correct temperature, this will be handled automatically and you will be notified when the desired temperature is reached, or cannot be reached at all. This will save time, money, hassle, and increasing the comfort of your mornings. 

Another money saving feature of the application will be the ability to set shower time limits. Some people daydream and spend too much time in the shower, wasting water and time simply because they are tired. Many parents have issues with children spending too much time in the shower, causing them to be late for school, waste money, or even just bother others who wish to use the bathroom. With wireless control of the shower, you will be able to set shower time limits for all connected showers. Upon reaching the time limit, the shower will either turn off immediately, or go to cold water for a short period before turning off, immediately evacuating any users from the shower. To help the user keep track of their shower time-expense a timer/clock will be displayed on the device. Additionally, the shower can be remotely turned off at any time during operation. 

Currently, the only other product out there that is related to what we want to do is a Moen shower suite. It's primary objective is to control the many shower heads that their shower system comes with. It does have temperature control. It does not have water consumption information. You cannot use their technology unless you also purchase the thousands of dollars of shower heads and valves, and pay to get your bathroom remodeled to accommodate their shower. Our device does not include shower heads or have any requirements for what your shower must be. It will be able to be used in any existing shower system. 

The overall audience for this application is everyone in a typical household. The user-interface interaction will be simplistic enough for a young child to still be able to use. As mentioned previously, one of the goals is to incorporate some type of Parental Controls to the application, but it will not prohibit children from still interacting with the technology. 

The Smart Shower is not meant to be an expensive and luxurious piece of technology that only high-end bathrooms will host, but instead a relatively inexpensive tool that can be retrofitted in most preexisting bathrooms. The objective is to minimize the cost but still be able to produce a high end system which is feasible to be used in anyone’s bathrooms. The goal of this product is two-fold: to act as a smart technology by increasing comfort and streamlining everyday interactions people have with the many facets of our lives, and also to bring efficiency, environmental friendliness, and cost reduction into an area of our homes that has been mostly untouched for years.
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The hardware will have the ability to control the flow of water, as well as control the temperature of the water coming out of the shower. The temperature, water flow, and various other information will appear on a resistive touchscreen display mounted within the shower that also provides control of the system. The user will be able to set a specific temperature on the touchscreen and a control mechanism will adjust the valves with a servo(s) or motor(s) to maintain water temperature within ±5º Fahrenheit. This control mechanism will be designed in a way such that it may be retrofit onto many preexisting shower valves of either thermostatic or pressure balancing kind. 

Optionally, a buzzer will alert the user when the water temperature has reached the desired value or the user has reached the time limit for the shower session.  The system will have the appropriate RF components to communicate wirelessly with a mobile application to allow control of water temperature and flow (ON/OFF) along with retrieval of sensor data (Water temperature and flow). Temperature sensing will be accurate within ±2º Fahrenheit along with the ability to sense a range from 0-200º Fahrenheit. Water flow up to 28 Liters shall be supported by the flow sensor. 

All of the components in the system shall either be resistant to water or be sealed in a water tight enclosure that is has equivalent resistance to the IP66 standard. While not in use the system will enter a low power mode to conserve energy. The enclosure and PCB will be designed in a way such that the system conforms to the applicable safety standards. 
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The software will be a mobile application usable on Android devices. The software will integrate its functionality with the smart shower hardware. Its main purpose will be to control the hardware remotely. It will do so by connecting to the hardware through the internet. It will have the ability to turn the shower on and off, as well as change the temperature of the shower. It will also be able to set time limits for any connected smart shower devices. The application will have the ability to manage multiple smart showers. The application will also display current information about any showers, whether they are on or off, how long they have been running, and what the temperature is set to. 

The mobile software application will also display shower use analytics to the user, aggregating water flow and temperature data to empower the user to use their shower more effectively, more efficiently, and even potentially allow the user to detect issues with their shower plumbing.

Additionally, there will be software developed to use the smart shower while you are taking the shower. There will be a small display bundled with the smart shower hardware that will allow you to change the temperature, turn the shower on and off, display the time and weather, and display the shower time remaining (if applicable). This software will synchronize with the application, but will have less overall functionality.
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The smart shower team breakdown describes the different roles that each member of the team will have. There are three main stages – The microcontroller, the mobile application, and the valves and sensors. The microcontroller, being the central device, will be a point of work for all four members of the team. The mobile application will be handled by Andres Huertas and Alexander Power, and the Valves, Sensors, and Power systems will be handled by Lucas Gillespie and Nicholas Stoll. This is according to our expertise.
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The Installation of the entire Smart Shower system can be done at home without the need of a professional. In some cases, depending on the bathroom that the Smart Shower will be installed in, it might require the assistance of a plumber. Since it is a retro-fitted product, that means that the current shower valves in people individual showers will need to be swapped out for the valves that the Smart Shower comes with. In addition to the valves there is also the implementation of the temperature sensors which is basically the neurons of the operation. The head of the system is the microcontroller. The microcontroller will be delivered in the package inside a water-proof enclosure. In terms of the installation of the hardware the valves need to be swapped, temperature sensors installed, and all connected to the microcontroller.
The physical system of the Smart Shower system will not include the Mobile Application as this can be installed from the Google Play Store.
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The Smart Shower offers two users interfaces; LCD Screen and Mobile Application. When the entire system has been installed in the users shower, then the LCD screen which is encased in a water proof encasement will be subject to interaction. The LCD screen has a touch interface and the electrical components will be water-sealed. There will be no difficulty when attempting to touch the LCD with wet fingers because the LCD screen uses pressure-enabling technology. Upon turning on the LCD screen, the main screen will direct the user to the main screen. In the settings screen, there will be a Connections/Wireless option. This option will generate a unique code which you will input into the Mobile Application. Once the Mobile application is installed and running input the code generated by the LCD screen and let the two systems sync. Upon syncing, the user will have the option to enter their name and other user details/preferences. After completing the syncing stage, the LCD main screen will display the users name that was created in the application. It will also give the user options to control the temperature and start the shower. Using the arrow buttons, the user can either increase or decrease the temperature to their desired temperature. 
The user also has the same option on the mobile application. In addition to alternating the temperature, a timer can be set as well as an informative water consumption page can be accessed. Note that when a timer is activated and the countdown expires the water will shut off or switch to cold, this is a setting that can be changed.
There can we concurrent users that can connect to a single shower, but not at the same time. There can only be one synced user to the shower at a time, and this is done to prevent conflict from various users accessing the same LCD/microcontroller/shower. 
In future developments or if timeframe allows, there will be an implementation of parental guidance features. This is thought to be an alternative for parents to control their children’s water usage in the household.
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House of Quality is a diagram that cross-compares the needs of the user versus the engineering requirements to create the product. It is important to have a weighed-out House of Quality which means not having an excess of positives or negatives. As seen below, the requirements of the user are fairly balanced with the requirements of the engineering needs.
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The overall design graphically explains the main elements of the system. The water output and control via android application and waterproof LCD display is the main function of the system. Additional features will extend from this functionality, and require temperature and flow sensors.
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This section details the extensive research that was done in order to assess and decide upon the best parts, methods, and technologies in order to develop our smart shower product. Additionally, it explores other similar products on the market and compares and contrasts with our proposed product. We also go into a market analysis for our product.
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Moen Inc is an American company who’s responsible for designing and creating many showers, shower heads, faucets, and many more bathroom amenities which are on the market. In the first week of 2017, Moen Inc released their first line of “smart showers”. The U by Moen is a smart controller that interacts with the shower and a mobile application. The cost of this controller is separated into two separate products: a two-shower head outlet and a four-shower head outlet. The controller that supports the two-shower head outlets retails for $1,225.00 MSRP and the four-shower head outlet retails for $2,265.00 MSRP. Note that the price and technology being sold is solely for the controller, battery kit, and the valve. Installation of the shower heads and shower valves are not included, and needs to be installed by the home owner or a professional. A total list of the items that are included in the total price are: data cable retainer, data cable, mounting screws, mounting bracket, and the physical controller. Also included is a 5-year limited warranty.
Features that the U by Moen has to offer are the connectivity between the controller that is sold to the customers, the mobile application, and the shower itself. The controller should be typically situated in the vicinity of the shower in order to allow the user to access the controls while showering. The controller is a button-interfaced physical device with an LCD screen of 5 inches in size. The controls the controller offers to the user are limited to 4 different features: coordinate shower head outlets, select presets, administer temperature, and lastly power. Much of the interaction features will be available through the mobile application. The mobile application allows the users to set different presets (typically for the use of various distinct users in one household), control the temperature, and enable/disable timers. The mobile application is compatible for both iOS as well as Android devices. 
The manner in which the whole product interconnects is via the wireless network. The mobile application is connected through WiFi to the controller and the controller using data cables controls the water flow and temperature (with the valve) of the water outputting through the shower heads. User’s may also connect to various controllers through a single mobile device. Another feature that the mobile device allows the users to control is the “Water Savings Mode”. This mode essentially stops water to flow unless the user is in the shower. The “Water Savings Mode” has no correlation or connection to the statistics of water usage of the consumer. 
Overall the Moen has developed a product that may potentially have great usability, but it is extremely new to the market. Launching the first week of 2017, has not allowed it to have sufficient feedback from customers to accurately come to a decision on whether the technology is efficient and essentially worth the $2,265 price tag set. Moen offers a large variety of videos to assist the users install, further explanation of the product, and how to use their products. Moen presents the installation and configuration of the U to be extremely simple, but that is something to be testified by an actual user. 
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The Hydrao smart shower head costs $99.90 and is an electronic shower head powered entirely by the flow of water through the shower head. [1]. The in-shower user interface is a colored LED display that displays water use information using different color codes. The shower head LEDs change to different colors during the shower, when water use thresholds have been reached. 
The companion Hydrao Smart Shower app, which runs on both Android and iOS, allows you to customize your shower head color thresholds, and shower head LED colors. It comes with 4 thresholds total, and 9 different colors to choose from for each threshold. It also allows you to visualize your water consumption, with a history of up to 1000 showers. The application also has the ability to track water and heating savings, by manually setting up your water and energy costs and allowing the application to calculate the savings. Additionally, it remembers your showers and allows you to compare your water and energy savings to other showers in the household. Aesthetically, it provides a unique shower experience. The location of the LEDs in the shower head effectively change the color of the water coming out of the shower.
In contrast with our device, it does not have any mechanism for remotely controlling the temperature or state of the shower itself. The money saving feature is interesting and something to consider for our application, since we will already be tracking the amount of water you are using and can potentially quickly convert that information into approximate money saved. Our product will display much more detailed information than the LEDs in the shower head can – we will have a full 3+ inch display in the shower with you, displaying temperature, flow, and other information directly on it. [2] [3] [4]
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EvaDrop advertises to be “The World’s First Smart Shower”. It is a product that still has not hit the market. EvaDrop is currently accepting pre-orders as they are currently raising funds to start their business as they are still in the development stage. They have been in development stage for over 3 years now, with signs that EvaDrop’s battery design is soon to be finalized. There is not a set date to when the product will launch officially. EvaDrop has currently raised $139,032 to date on a crowdfunding site called Indiegogo.com 
EvaDrop allegedly is different from the competitors because it a device/technology that is placed in replacement of a shower head which has the ability to control water consumption. The way it advertises to be water efficient correlates to its underlining technology. It works in such a manner that the user sets a preset temperature and the shower then powers on. As the water flows through the water pipes it does a temperature check at the EvaDrop Shower Head unit. Using temperature sensors inside of the shower head, the EvaDrop product will then proceed to detect the desired temperature specified by the user and cut water flow from the shower head.  When the user is ready to enter the tub, the shower with the help of sensors will detect the user inside the tub and the shower will commence to pour water from the shower at the pre-set temperature.  If a user were to step out the shower would once again shut off. 
Water consumption is acquired in the stages where the user is not showering. It allows the user not to spend water and time waiting for the water to get cold or hot. In addition, it promotes the idea and capability of the shower head knowing when the user is performing certain motions or activities and adjusting the water pressure. For example, if the user is applying soap or shampoo when the water pressure does not need to be at a maximum it will auto adjust the pressure to save the difference of water.
Along with the shower head, EvaDrop comes with an integrated application. The showerhead has no physical user usability, because all the controls are handled through the application. 
EvaDrop promotes that it can save 9.5 Gallons of water per shower or an equivalent to 1 Trillion gallons saved every year in the US, per Indiegogo.com. [5] [6]
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[bookmark: _Toc475915004][bookmark: _Toc475912842][bookmark: _Toc475912459][bookmark: _Toc476063430][bookmark: _Toc476066387]In the current technological landscape of the modern world, the ever strong march of smart devices swiftly moves to overtake anything in its path. This is evident by an IHS white paper on the impact of IOT devices by Sam Lucero. As shown if Figure 4, Lucero predicts the IOT global market to double from 2015 to 2020 and then again by 2025. [7] He attest this to the broadening uses for IOT devices by consumers and industrial internet of things (IIOT) for commercial uses. This growth can also be attributed to heightened competition in the semiconductor market for low cost, low power microcontrollers with wireless capability. These microcontrollers are at the heart of each and every IOT device and as such reducing their price will result in a reduction in price for the consumer. 
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The most common IOT devices today are switchable outlets, let bulbs, thermostats, locks, and cameras. Most of these devices utilize wireless communication methods for ease of use, very few are wired due to advances in wireless technology. The wireless technology that these devices use  includes but is not limited to, 802.11 Wi-Fi, Bluetooth, zigbee, and short wave radio. When higher bandwidth or security is necessary, devices may opt for a wired installation as a more robust solution. Wired solutions may use a proprietary analog or digital communication method, or may use a standardized hardware and software protocol like 802.11, also known as ethernet. This would require a local network to exist or be built for the product to work. However as opposed to wireless solutions, the increased cost brings with it higher reliability and lower latency for communication between devices.
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Many if not most IOT devices fall into one of two categories of operation in the case of wireless devices: Wi-Fi direct communication where the device is paired with the local network infrastructure via a Wi-Fi connection or a hub based system that uses a central hub that operates on a different frequency or protocol to act as an intermediary to the local Wi-Fi network. Both of these designs frequently use an outside server for communicating with the devices so that the end user has access to their IOT devises from outside their home network via a Web-portal or mobile app. Many systems are now starting to support more standardized home automation protocols like If This Then That (IFTTT) to promote a more homogenous user experience even though the devices aren’t all from the same manufacturer. This comes as a great benefit to the general consumer especially as prominent technology companies start offering smart speakers with integrated voice controlled and internet parsing features to build and integrate with home automation systems.
The aforementioned devices can range from as cheap as $10 for simple plug in Wi-Fi switches to as much as $75 per light bulb or $300 for a thermostat; it all depends on the purpose and the ecosystem. Some manufactures like Philips calls for a premium for their devices, but also provides a well-engineered, well developed and supported product line, while others provide a cut-rate no-name product with broken or even non-functioning software with next to no-support. A less discussed dilemma is the relative safety of IOT devices. It’s not enough to ask will it fail but what will it do if it does.
Electricity and water generally don’t go hand in hand. That being said, IOT products that do toy with the idea of operating around wet environments, especially those in which the product may be wet or even submerged in water for long periods of time, are interesting for their innovative approach. That being said the general market for IOT shower devices is relatively slim with very little overlap in product offerings. Currently the most polished and feature rich offering is a product by MOEN called U. It’s a Wi-Fi enable digital shower controller that consists of a two part assembly. The brains of the operation is located front and center with all the user controls for temperature, shower head selection, and presets with a standard LCD display. The rest of the device is the electric valve assembly which is hidden inside the wall in the place of any mechanical valves that would have normally been used. Devices like this aren’t generally targeted towards the average consumer, justified by its price tag and by the high probability of renovation to fully install it. On the flip side, devices like the Hydrao smart shower head, can be more easily justified based on its reduced price due to its reduced feature set, but also because it can be easily installed if you are little bit handy and have 10 minutes. This is a similar style that we are aiming for in this project, but wish to bridge that functionality gap between the Hydrao shower head and the MOEN by adding remote shower control via various user interface mechanisms.
[bookmark: _Toc477268856][bookmark: _Toc477865157][bookmark: _Toc478035318][bookmark: _Toc478043108][bookmark: _Toc478059240][bookmark: _Toc478225846][bookmark: _Toc478424256][bookmark: _Toc478632624][bookmark: _Toc478633240][bookmark: _Toc479678801]What we propose for our device is somewhat in the same market as the Hydrao smart shower head with planned relatively simplistic non-invasive installation and include connectivity features like localized and remote wi-fi connections via a smart phone app. But add on top of that a local control interface that can control temperature and water flow as well as display extra configurable information like time and local temperature and weather conditions. The biggest step is by integrating shower automation so that you can pre-set your desired temperature so that your shower is ready when you get up in the morning are when you get home from work or the gym. This can add increased water efficiency and reduce wasted time waiting for your shower to be just right.
All in all, the IOT market is jammed packed with competition from domestic and foreign suppliers with plenty of good and very poor products. However in the world of technology there is always room for innovation and creativity; to develop something truly amazing.
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This section outlines the many technologies that would could choose to use for our product, lays out their pros and cons, and makes a decision on the product or technology that best fits our needs. Some of the factors that go into this research are: Affordability, size, integrate-ability, and ease of use.
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The primary functionality of our Smart Shower system is only made possibly by the use of a microcontroller. All physical functionality such as temperature control and water flow measurement will be linked to the microcontroller. The microcontroller will interface with sensors and a servo to provides these features. Careful selection of an appropriate microcontroller is vital to the success of our project.  
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ESP8266
When the idea for our project was first incepted, the first microcontroller that came to mind was the ESP8266. The ESP8266 is a low-cost microcontroller created by Espressif that has a fully integrated 802.11 wireless stack. Our project relies heavily on the use of wireless communications making the ESP8266 stand out among the other options. 
Initially, the ESP8266 could only be programmed via a low level embedded programming language making it not a great choice for smaller projects (non-commercial). After a while, many home developers saw the potential the ESP8266 hardware had and developed a bootloader for the microcontroller for use with the Arduino development environment. The Arduino development environment is widely used and supported allowing for fast and intuitive development cycles while building projects.  This extension through the Arduino environment allowed the ESP8266 to become one of the most widely used 802.11 capable microcontrollers for home development.
At less than a dollar per chip, the ESP8266 offers all of the features needed in a microcontroller for our project. Relevant features to our project include: Integrated 802.11 b/g/n with a TCP/IP stack, powerful 32 bit 80Mhz CPU, 512 kb of flash storage, and 16 GPIO allowing UART, SPI, I2S, I2C communication protocols. With these stated features, developing our project on the ESP8266 would not be an issue. The plentiful GPIO allow for integration with our display module, servo, sensors and for control of the system. 
ESP8285
After reviewing the ESP8266, we looked at its marginally better brother: The ESP8285. This microcontroller is only a slight step up from ESP8266. It contains an additional 1MB of flash for program storage or general data. 
The development process for the ESP8285 is almost identical to the ESP8266. All of the code can remain persistent across the two microcontrollers with only a library change needed if a switch is desirable. 
At the moment, we do not foresee our embedded software occupying more space than provided by the 512Kb of flash on the ESP8266 but have not ruled out the possibility of using it if needed. 
ESP32
The ESP32 is the latest iteration of an internet of things microcontroller from Espressif. It includes many improvements over the ESP8266 with the primary functional improvement being the integration of a Bluetooth 4.2 wireless chip. 
In addition to including a Bluetooth chip, the ESP32 also features a dual-core 32bit CPU with 600 DMIPS clocked at 160Mhz, 512 kilobytes of SRAM, 36 GPIO (compared to the 17 of the ESP8266), one hardware PWM and 16 channels capable of software PWM, SPI, I2C, I2S, UART, a 12-bit ADC, and an internal temperature sensor. All of the functionality found in the ESP8266 is also available in the ESP32. 
With the addition of Bluetooth, our smart shower could expand its feature set by adding capability such as playing music over Bluetooth or talking to other Bluetooth capable devices. Bluetooth could also be a replacement or initial setup/failsafe method of communication if the 802.11 wireless link fails. 
While the on-paper hardware capability of the ESP32 seems to be remarkable, the actual functionality that is possible to implement in a timely manner is limited. The ESP8266 has had several years for homebrew development to improve while the ESP32 is just now becoming available with some of the first units having shipped in Q4 2016. As a result of limited development time, the ESP32 embedded Arduino libraries are not yet fully functional. One of the main features of the ESP32, Bluetooth, has not yet been implemented for easy use through Arduino. With Bluetooth non-operational, there are still many other improvements with the ESP32 such as the faster clock, dual core CPU, more SRAM, and hardware PWM that potentially make it a better option for our project. With this in mind, the ESP32 is still a potential choice for our project if we run into hardware performance issues with the ESP8266.
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A few years ago, the Raspberry Pi Model A took the world by storm.  It provided a fully functional general purpose computing platform that could run popular operating systems such as Linux for just $35. Since its release, the Raspberry Pi has proliferated through various models and the platform is currently the 3rd most popular general computing system in the world only behind the PC and Mac. [9]
The most recent of the many iterations of the Raspberry Pi is the Raspberry Pi Zero W having just been released in February of 2017.  At only ten dollars, the Raspberry Pi Zero W has both a full 802.11 b/g/n and Bluetooth wireless communication stacks along with a very powerful processing unit. The Raspberry Pi Zero W features a 32-bit system on a chip clocked at 1 GHz along with 512MB of RAM. It also has HDMI out for outputting to a display and 17 GPIO pins for interfacing with external devices. 
Software development for the Raspberry Pi Zero W can also be very efficient as the device has a wide range of support for running various operating systems and embedded programming languages. One possible disadvantage of the device is the unnecessary processing power (in turn energy consumption). The Pi Zero W is many times more powerful than needed for our project. 
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328P
The ATmega 328P is best known for its usage in the Arduino Uno development board; The Arduino Uno is the most widely used microcontroller development board for home developers as it is inexpensive and has a large set of capabilities.  At around a dollar per chip, the 328P comes with an 8bit CPU clocked by default at 20MHz, 2kilobytes of SRAM, 23 GPIO (including 1 UART), and 32 kilobytes of flash memory. 
The ATmega328P is one of the simplest microcontrollers to get up and running as it can be used with the Arduino integrated development environment. The 328P lacks both 802.11 and Bluetooth chips but the functionality can be added through external units. This increases the overall cost and complexity of the project. 
Depending on the display technology used, the ATmega328P may not have enough processing power to drive the display along with all the other peripherals. If per-pixel communication is used with a high resolution display the microcontroller may not be powerful enough. Another possible limitation is code storage as the 328P only has 32 kilobytes of flash storage for programs.
2560
The 2560 is another AVR series microcontroller offered by Atmel. It provides some additional functionality over the 328P but is largely the same microcontroller. The notable enhancements that a relative to our project include: a larger flash at 256 kilobytes, more SRAM at 8 kilobytes, and 4 UART vs the 2 UART on the 328P. The additional 2 UART capable GPIO pins allows for interfacing with more external devices such as sensors or displays. These improvements may be necessary depending on our final design. The 2560 contains the entire feature set of 328P plus the enhancements mentioned and more. 
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Launchpad & Experimenters board
The MSP430 series of microcontrollers was also one of the first to come to mind as the entire project group has experience with them from our classes (Engineering Computation and Analysis & Embedded Systems). With similar experience working with the MSP430 series throughout the group, the software development process could potentially include every group member. 
In our required class, Engineering Computation and Analysis, we used the MSP430 Launchpad board which contained the MSP430G2553 microcontroller. The notable specifications of the G2553 are: 16Mhz main clock, 512 bytes of RAM, 16 kilobytes of flash memory, 24 GPIO, and one UART. 
For another required class, Embedded Systems, we used the MSP430 Experimenters board that contains the MSP430FG4618 microcontroller. This board has a much larger feature set when compared to the Launchpad. The notable improvements of the FG4618 are: 8 kilobytes of RAM, 116 kilobytes of flash storage, and 80 GPIO.
Both the MSP430 series microcontrollers we reviewed lacked native 802.11 and Bluetooth wireless capability. This lack of native wireless hardware means that additional external wireless hardware must be purchased and interfaced the microcontroller. This increases the overall cost and complexity of the project.
Upon further review of the microcontroller specifications, both the Launchpad (G4226) and Experimenters board (FG4618) were deemed unsuitable for use in our project. With limited storage and RAM and only 1 UART port the hardware specifications are insufficient. With only one UART port, interfacing with multiple electronic devices can become limited as many use UART to communicate (Wifi, Bluetooth, Screen). Typically, one of the UART pins is used in junction with the USB to Serial for communicating and flashing the device via a PC. This can make the development process much longer as physical manipulation may be required with every update if the UART is shared. Another disadvantage of the MSP430 series is lack of full support of the Arduino integrated development environment. While Energia and Code Composer Studio are available for use, Arduino is the preferred environment as it has better support and many useful code libraries. 
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After reviewing many potential microcontrollers for use with our project we must decide which one will work the best. There are many factors involved in determining this with the most prominent being: Cost, availability, functionality, performance, compatibility (software environments, languages) and size. 
	Microcontroller
	Operating Frequency
	GPIO
	Serial Ports
	Size
	Integrated Communication
	Cost

	ESP8266
	80/160 Mhz
	16
	2
	5x5 mm
	Wireless 802.11
	$2

	ESP8285
	80/160 Mhz
	16
	2
	5x5 mm
	Wireless 802.11
	$6

	ESP32
	Up to 240 Mhz
	36
	3
	5x6 mm
	Wireless 802.11      ,     Bluetooth 
	$12

	328P
	20 Mhz
	23
	2
	7x7 mm
	None
	$2

	2560
	20 Mhz
	54
	2
	14x14
	None
	$5

	MSP430 Series
	16 Mhz
	Up to 48
	1
	Varies
	None
	$1-$20

	RaspberryPi Zero W
	1 Ghz
	28
	1
	65x30mm
	Wireless 802.11      ,     Bluetooth 
	$10
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Using the data presented in Table 1 (taken from respective microcontroller datasheets) we carefully selected a microcontroller. First we looked at the operating frequency (in turn roughly MIPS) of each microcontroller. We determined that the low throughput of the 328P,2560, and MSP430 series microcontrollers would not be sufficient for our project. With the constant interfacing between the sensors, display, wireless network, and microcontroller we deemed them to not be of enough power. These microcontrollers were also removed from consideration as they lacked a native wireless communication stack. 
Having eliminated the Atmel and Texas Instruments offerings, we were left with the ESP range of microcontrollers from Espresif and the Raspberry Pi Zero W.  Both of these microcontrollers are more than capable of driving our system but only one of the group is the most suitable. 
With this narrowed down selection we once again reviewed operating frequency of the microcontrollers. The ESP8266 and ESP8255 can be clocked up to 160 Mhz, the ESP32 up to 240Mhz and the Raspberry Pi Zero W up to 1 Ghz. While the Raspberry Pi Zero W is clocked significantly higher than the offerings from Espresif we determined that even under full load with all of the potential features to be added this excess processing power would go to waste. 
Next, we examined the GPIO count and serial port count of the microcontrollers. Sufficient GPIO and serial ports are absolutely necessary for the success of our project. We determined that we will need at least 8 GPIO and 1 serial port for full operation of our project. The ESP8266 and ESP8285 both have 16 GPIO and 2 serial ports, the ESP32 has 36 GPIO and 3 serial ports, and the Raspberry Pi Zero W has 28 GPIO and 1 serial port. All of these microcontrollers have sufficient GPIO and serial ports for our project to fully function. While this may be true, ideally, we have 2 serial ports for developing the software and display interfaces. Having only one serial port can slow down development by a large factor as one of the ports is shared with the programming interface. Since our display communicates via a serial port this would require a physical manipulation (disconnection and reconnection) of the serial interface every time new code needs to be uploaded to the board. This could also make our overall board design more difficult as it would need to accommodate for this switching of serial ports. 
After examining GPIO and serial ports we looked at the physical form factor (size) of each microcontroller. The ESP8266, ESP8285, and ESP32 all come in a 5mm x 5mm package. The Raspberry Pi Zero W comes in a much larger size of 65mm x 30mm. While still relatively small for a computing package, the size of the Raspberry Pi Zero W could become problematic when developing the rest of our project. One issues that comes to mind is the design of our waterproof housing. Space will likely be limited in our component housing as we aim to make the overall device have a small profile. 
Native wireless communication support and integration was the next factor we examined. All of the narrowed down microcontrollers have Wireless 802.11 a/b/g/n integration while both the ESP32 and Raspberry Pi Zero W additional support Bluetooth and have it natively integrated. While the addition of Bluetooth could potentially be used in our project by future features, it is not necessary for the operating of project with our current specification. 
Finally, we looked at the cost of each microcontroller. The ESP8266 costs around $2, the ESP8285 costs around $6, the ESP32 costs around $12, and the Raspberry Pi Zero W costs around $10. While $4 more than the ESP8266 and only having 1MB of additional flash we eliminated the ESP8285 from our selection. 
With all of this in mind, we finally chose the ESP8266 as our main microcontroller for our project. We determined that the Raspberry Pi Zero W was too large for our enclosure and also that the ESP32 extra processing power and Bluetooth capability were unneeded for our system. At around 5 times less expensive, the ESP8266 was a clear choice. 
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In order to provide control and feedback our system will employ two different sensors: A sensor for temperature measurement and a sensor to determine water flow.
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One of the main features of our smart shower is water temperature control. To obtain a temperature that is desired by the user, we must be able to measure current water temperature so the system may compensate by adjusting the shower valve. The feedback provided to the control system by the temperature sensor is necessary for the system to provide this functionality.
There are several methods of sensing temperature electronically that we must understand before selection of components. The first method we reviewed involves the use of a thermistor (or a thermally sensitive resistor). Thermistors exhibit a measurable change in resistance with change in temperature. Permission pending from Maxim Integrated for figure below. 
[image: https://www.maximintegrated.com/en/images/appnotes/685/685Fig01.gif]
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Thermistors can easily be used to measure temperature because of this property between temperature and resistance. This relationship can be defined as: Δ R = k* Δ T where ΔR is change in resistance, ΔT is change in temperature, and k is the coefficient of resistance for the thermistor. Since most microcontrollers will not read resistance directly, a simple voltage divider circuit can be used to translate this change in temperature into a change in voltage. The figure below shows a simple circuit involving a thermistor that can be used to measure temperature. With known values of R1, V+, k, and the thermistor resistance at a specified temperature the voltage across the thermistor(Vthermistor) can easily be found with the following equation:					 	    .                                    
	Vthermistor      =   (Rthermistor/(Rthermistor + R1))*V+
A microcontroller can read this voltage through one of its analog to digital converters (or ADCs). The voltage can then be matched with the given resistance and k value of the thermistor to calculate the temperature at the thermistor on the microcontroller. 
Since the thermistor is simply a resistor with unique properties, it can safely and easily be used to measure water temperature.
Another method of temperature measurement we considered involved the use of a thermocouple. A thermocouple is a temperature sensitive electrical device composed of two different conductors that form a junction. Thermocouples produce a voltage that is dependent on temperature. This property, provided by the thermoelectric effect, allows for thermocouples to be utilized as temperature sensing devices. Permission pending from 5Bears for figure below.
[image: https://www.abcelectronique.com/annuaire/montages/cache/1262/tcamp.jpg]
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While a thermocouple will provide a temperature dependent voltage signal, this signal is usually too small for most microcontrollers to measure accurately with their onboard analog to digital converters (ADCs). A solution for this is amplify the signal with an OP-Amp such as the LM358 (Circuit shown in Figure 7). Another solution involves using an external ADC that has higher precision, although this is usually much more expensive. 
Just as with the thermistor solution, a thermocouple may be safely and easily utilized to measure water temperature because of its lack of digital components. 
The last method of temperature measurement we considered involves using a digital integrated circuit, specifically a silicon bandgap temperature sensor. Digital temperature sensors can provide many functional advantages over their analog counterparts (i.e. thermistors, thermocouples, etc.). Interfacing with a digital temperature sensor can be very simple, some only requiring only one connection to the receiving device (MCU). Digital temperature sensors can also provide highly precise and accurate readings out of the box. This is due to many sensors being factory calibrated and rated to be used with a guarantee of accuracy.  
To decide which type of sensor is best suited for our project, we must factor in many design constraints. Keeping cost low is one of the primary goals of building our project: Thermistors are by far the cheapest to implement temperature control followed by thermocouples and then digital sensors. Thermistors can be implemented for the cost of ~2 resistors (less than 30 cents). Thermocouples themselves are inexpensive, but factoring in the required OP-Amp or external ADC drives the price much higher than Thermistors. Digital temperature sensors are by far the most expensive (~>=$1) but usually do not require many (if any) external components to interface with a microcontroller. Another key factor is resistance to water exposure: Thermistors are typically encased in an epoxy or similar substance providing good water resistance, although bare exposure to water may not negatively affect the component. Thermocouples can be covered in a resistant substance such as epoxy to further protect against water, but just as thermistors they are not innately in incredible harm with the presence of water. Digital temperature sensors may completely fail to function if exposed to water (short circuit) as they contain many discrete components within their package. This makes digital sensors less suitable for water measurement by themselves, but a temperature conductive epoxy may be used to remedy this issue. Ease of implementation is also something we considered when selecting a temperature sensor type: The thermistor and digital temperature sensors are about the same complexity to implement physically (digital requires more software) while the thermocouple can require work with external hardware. 
Temperature accuracy is arguably the most important constraint to consider when choosing a sensor type for our project. Providing inaccurate data to the control system may cause some serious issues (harm to user such as scalding). Thermistors, thermocouples, and digital temperature sensors all have the ability to provide accurate and precise temperature readings. For our project, the temperature sensor will be located several feet away from the microcontroller. Using a thermistor or thermocouple in the situation may be troublesome as propagation of the analog signal through several feet of wire introduces parasitic resistance, capacitance, and other factors that may significantly reduce the accuracy of the temperature sensing. A solution to this is to run an external analog to digital converter from the microcontroller to a close proximity of the sensor. On the other hand, digital temperature sensors do not have this issue since they are digital and not analog. Wire may be simply run to the digital sensor and an accurate reading of temperature will still be received.  While analog temperature sensors (and other analog sensors) can be very accurate there are many more factors that determine this when compared to digital sensors. The overall accuracy of an analog sensor involves relies on both the sensor itself and the analog to digital converter plus factors such as wire length. These additional factors make accuracy calculation much more complicated when compared to a digital sensor. Digital sensors usually have a guaranteed accuracy which is calibrated at time of manufacture. This calibration provides an accuracy statement that can be used directly for implementing requirements. 
With all of these factors in mind, we decided on using a digital temperature sensor for our water temperature measurement. We primarily chose this type of sensor because of the guaranteed accuracy paired with the ease of implementation. 
Many different digital temperature sensors exist that would be appropriate for our project, but we must choose one. When looking at sensors, the main factors we are concerned with are: Cost, availability, accuracy, temperature range, and ease of implementation. With all of these factors in mind, we found that sensors with a ‘One-wire’ communication protocol were well documented and easy to implement with a provided software library. Dallas Semiconductor produces a wide range of digital temperature sensors that use a ‘One-wire’ communication protocol. 
The One-wire communication profile offers many advantages over other competing protocols. One of the major advantages is the defined by the name of the protocol as it only uses one wire for communicating across devices (two contacts, but one data wire) . The One-wire protocol also acts as a bus allowing for many devices to communicate over just one wire. This is advantageous for our system as it allows for future implementation of additional temperature sensors or other devices that use the one-wire protocol. The one-wire protocol is also very low bandwidth providing compatibility for a wide range of microcontrollers. This low bandwidth interface also frees up resources on the microcontroller. In the Arduino integrated development environment, devices with the One-wire protocol can be implemented with ease as a full featured library is available that allows communication with devices using the protocol. Many example programs are provided further reinforcing the ease of implementation provided by use the one-wire protocol.
	Model
	Accuracy (±°C)
	Resolution
(Bits)
	Operating Temperature(C)
	Cost (USD)

	DS18B20
	0.5
	12
	-55 to 125
	1.88

	DS1822
	2
	12
	-55 to 125
	1.66

	DS18S20
	0.5
	9
	-55 to 100
	2.09

	DS1825
	0.5
	12
	-55 to 125
	1.86

	MAX31820
	0.5
	12
	-55 to 85
	1.12

	DS18S20PAR
	0.5
	12
	-55 to 100
	2.58

	DS18B20PAR
	0.5
	12
	-55 to 100
	2.40
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After sorting through their range of sensors, we narrowed down the selection to two sensors offered by the company: The DS18B20 (High-Precision 1-Wire Digital Thermometer) and the DS1822 (Econo 1-Wire Digital Thermometer). Data in Table 2 acquired from respective sensor datasheets. 
The differences between the DS18B20 and the DS1822 are: Cost, temperature accuracy, and package offerings. While only around 13% more expensive, the DS18B20 became a clear choice for our project. It provides temperature measurement accuracy within ±0.5° Centigrade while the DS1822 offers ±2.0° Centigrade accuracy. This accuracy is very important to our project as one of our requirements states the total system accuracy must be within ±5.0° Fahrenheit of the requested user temperature. Minimizing causal inaccuracy from any component is crucial to this requirement being met.
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Another major feature of our smart shower is water flow measurement; This will allow to the user to view statistics on water use and provide necessary information to the control system for limiting user water consumption if desired. In order to provide the system with water flow data we must have a water flow sensor. 
There are several methods that may be used to measure flow of water electronically. Unlike temperature sensing, many of these methods are very cost prohibitive. Removing the cost prohibitive options, we are left with two viable sensing methods for our project: Analog turbine (current/voltage) or hall effect turbine flow meters. To make an educated choice we must learn how these sensing methods function.
Analog water flow sensors provide a variable voltage and/or current output that can be mapped to a predetermined water flow. They function in a very simple manner and consist of only turbine, wound coil, and magnetic plates. Just as an electronic generator functions, analog water flow sensors translate rotational mechanical energy into electrical energy which then may be read by a microcontroller.   A turbine is placed in the fluid for flow measurement and begins to rotate at a specific rate determined by the flow of water. This rotation is coupled to either a coil or magnet that induces a current flow in a surrounding magnet or coil respectively. This current generated is proportional (or can be mapped) to the water flow rate.  This current can run across a resistor with a known value to generate a potential difference (voltage) that can be then be measured by the microcontroller. The microcontroller can use one of its analog to digital converters to do this. This value is then mapped/converted in software to a respective flow rate and can be used for any function within the system. 
[bookmark: _Hlk487669278](Many) Hall effect water flow sensors provide a variable frequency pulse output that corresponds with the rate of water flow they measure. When given water flow, a turbine inside of the sensor rotates. This turbine has a magnet attached to the shaft of the turbine. As the turbine rotates the attached magnet generates a changing magnetic field. For either every rotation or specified amount stored charge a pulse output of a fixed voltage is generated. As the rotation speed increases (by the increased rate of water flow) the frequency of the pulse output follows. This can be easily measured by a microcontroller by counting the number of pulses it receives from the sensor over a fixed period of time. These pulses/time can then be mapped or translated to water flow rate using a conversion specified by the manufacturer of the sensor. 
To determine which technology best suited our project we compared attributes between the two. For water flow sensing, the most important attributes of the technology are: Ease of implementation, accuracy, cost, and availability. Both the analog and hall effect turbine sensors are easy to implement although the analog is marginally easier (read ADC vs counter over time). Just as with the temperature sensing, the analog water flow sensor can suffer loss of accuracy in many parts of the system. The accuracy of the analog sensor is determined not only on the accuracy of the sensor itself but relies on the analog to digital converter in the microcontroller, the distance (and resistance per distance unit) of the wire used to connect the sensor to the microcontroller, and several other factors. The accuracy of the analog water flow sensor can potentially be very high, but all of these external (to the sensor) factors must be accounted for. On the other hand, the hall effect water flow sensor provides a fixed voltage variable frequency output which is not effected by the external factors of the analog water flow sensor. Since the microcontroller is only looking at the frequency of pulses in the signal (above a certain voltage threshold) the total measurement accuracy is almost purely determined by the accuracy of the sensor itself. The hall effect sensor is also more widely available and has a lower cost than most analog water flow sensors that we looked at. 
With all of these factors in mind, we decided to use a variable-pulse output hall effect water flow sensor. While the implementation process is marginally more difficult, the worry-free accuracy and widespread availability of the hall effect water flow sensor made it a clear choice for our project. 
Now that we knew we would use a hall effect water flow sensor we had to determine which specific sensor would best meet our needs. Many factors were used to determine the correct sensor model to use including: Accuracy, flow limits, pressure limits, temperature limits, ease of integration with the shower, and physical footprint(size).
	Model
	Flow rating
(L/M)
	Temperature Rating
(C)
	Pressure Rating
(Mpa)
	Accuracy
(%)
	Fitting Diameter
(inch)
	Size (mm)
	Cost
(USD)

	YF-S201
	1-30
	80C
	2.0
	±5
	1/2
	62x36x36
	$4.30

	YF-S201C
	1-30
	80C
	1.75
	±5
	1/2
	54x29x29
	$4.54

	FS300A
	2-60L
	60C
	1.75
	±10
	3/4
	60x37x37
	$9.40

	FS400A
	1-60L
	80C
	1.75
	±10
	1
	72x46x42
	$8.93

	UX0425
	1.2-12
	60C
	1.2
	Not found
	1/2
	62x26x24
	$11.88


 To best chose the correct sensor model based on these factors we first researched typical water usage values and conditions for showering. According to Home Water Works, the average American shower has a water flow of 7.9 liters per minutes. Data from a technical bulletin on HotWater.com shows that the temperature range of residential hot water heaters in America is 90°-150° Fahrenheit (150F = 65.6C). The Environmental Protection Agency (EPA) states that the typical maximum home water pressure is 80PSI (0.55Mpa). With all of this information in mind, several readily available water flow sensors were selected for further review. [12] [13]
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While almost all of the flow sensors in Table 3 will work, we narrowed the selection down to one after carefully considering all of the previously mentioned factors (Data acquired from sensor datasheets). With one of these factors being ease of integration (in the shower), we narrowed down the above table to sensors with fittings of ½” as this is the standard diameter of shower heads (in the United States). This also reduces the need of additional coupling to adapt from the sensor diameter to the ½ shower diameter (in turn reducing costs as less components are needed). Ultimately, we ended up choosing the YF-S201C. While only 24 cents more than the cheapest of the sensors (YF-S201), the YF-S201C meets all of the requirements mentioned above while also being in the smallest form factor of all the sensors. 
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Another key feature of our Smart Shower is the touchscreen display interface. This display is integral to the user interaction experience of our project. Several constraints must be met to allow proper integration with our project: The display will be used in the shower so it must meet the respective environmental constraints. The display must have the ability to interface with our chosen microcontroller, the ESP8266. Ensuring that these constraints are met through the proper selection of a display is vital to the success of our project. Other factors such as such as cost, availability, and ease of interfacing are also used to select the display. 
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Capacitive touchscreen displays receive touch input by measuring the capacitance from each corner of the display. This is done by placing a very thin material on top of the display element that is conductive on one side and an insulator on the other (facing away from the display).  A small voltage is applied to this material causing an electric field about it. When a conductive object touches this insulating material on the outside of the display a small capacitance is formed disrupting the constant electric field. This disruption is then measured and interpreted into a location on the display. 
Capacitive touchscreens are very widely used in today’s smart devices. Most smartphones use capacitive touchscreens as they can be highly accurate, inexpensive to manufacture, and do not disrupt the viewing experience of the display by much as the conductive/insulating layer is very thin. This high availability makes procurement of a capacitive touchscreen display very easy. Many displays that are used in smartphones could potentially be retrofit into our project. 
For our project, the display will be located in the shower environment. This environment typically has a high humidity and the display is very likely to come into contact with water. This poses an issue as water is conductive. When water comes into contact with the display a capacitance will be formed between the conductive/insulating layer and the display will interpret this as input. This will cause unwanted input into our system and inaccuracy in user input as water on the display or water on the user’s fingers will cause an incorrect capacitance. With this in mind, a display with capacitive touchscreen technology will not be appropriate for our project as water likely exist on the display throughout a shower.
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Resistive touchscreen displays receive touch input through the use of two conductive sheets that have a uniform resistance value over the display.  One of the sheets has strips of electrodes facing in the X direction, and other has strips of electrodes in the Y direction. The sheets have a small gap in between them so that they are not in contact; Tiny bumps called spacer dots are placed in between the sheets to prevent them from touching accidentally. When an object touches a location on the display the electrodes from one of the sheets touches the other. A voltage is then measured from this contact in both the X and Y electrode strip directions. Since the resistance of the sheets is uniform and known, the voltage received in the X and Y direction can be mapped directly to an X and Y location on the display. 
While not as common as capacitive touchscreens, resistive touchscreens still have their purpose. One of the main advantages of resistive touchscreens is that any object may be used to provide touch input. This is a stark contrast to the capacitive touch display which requires the input object to be conductive. These displays can also be highly accurate and are incredibly cheap to produce. Availability is high and they are easy to acquire. Resistive touchscreen displays rely on a physical joining of the two layers previously mentioned, not the status of the electric field about them. This means that anything on the display, such as water, will not hinder the performance or cause any interference. 
[bookmark: _Toc478059255][bookmark: _Toc478225861]As mentioned previously, our project will be installed in the shower environment. Existence in this environment almost guarantees exposure to water. While this was an issue with the capacitive touchscreen display, the resistive touchscreen does not suffer at all from the presence of water. For this reason, the resistive touchscreen display will be the most suitable for our project as our display will almost certainly be exposed to water when in use. [14]
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Now that we have decided to use a resistive touchscreen display we must decide how we are going to interface it with the microcontroller. There are several methods of doing this interfacing. We will be looking at direct interfacing, per-pixel controller interfacing, and the relatively new method of serial communication with a standalone display solution. 
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The first method of interfacing with the display we examined was direct interfacing: Controlling the display without an intermediate digital controller. The requires the microcontroller to take the place of the heavy lifting that the separate display controller would usually handle. While this can provide complete and robust control of the display at the lowest level although it is often too intensive for many common microcontrollers to handle. Writing the display controller in software on the microcontroller is not as efficient as the hardware based operations provided by a standalone display controller. 
For our project, we will be using the ESP8266 microcontroller. Upon further review of the specifications of our chosen microcontroller we will be unable to directly interface with a high-resolution color touchscreen display. Not only does the ESP8266 not have enough processing power to directly interface, it does not have enough I/O pins. Some displays can require hundreds of lines to communicate with their controllers. The ESP8266 only has 17 GPIO, several of which are reserved to interact with the sensors and servo. Direct interfacing also requires many analog to digital converters along with digital to analog converters. 
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The most common method of interfacing with a display is through a separate hardware controller. This hardware controller interacts with the main microcontroller of the system through a digital communication protocol to change the status of pixels on the display. Most commonly, display controllers receive information for each pixel from the microcontroller and change the status of the referenced pixel to the appropriate color.  
For high resolution displays this method can be very taxing on the microcontroller. Updating the display frequently or with detailed objects such as pictures requires many resources from the microcontroller. Driving a high-resolution display per pixel can consume almost all of the available processing power of the microcontroller, especially if items must be updated frequently. 
Another issue with per-pixel control is creation and storage of content that is sent to the display. In order to display textual data efficiently a font library must be created to allow transformation of text data into the per pixel communication. To display an image, the image must be transformed and stored as the per pixel information. Doing this for a large set of user interfaces can be very difficult and time consuming. Getting just one usable interface running can take a very long time. As all of these resources are created we must store them somewhere. A single image alone can consume more space than is required by the microcontrollers memory. This means that in most cases a separate flash storage device is needed to store all of the font, image, and resource data required to drive the display with a usable interface.  Adding a separate flash storage device increases costs and further uses the resources of the microcontroller as it now has to interface with another component. While it does not require as many control lines as direct interfacing, communication with the display controller can still require several lines.
In our smart shower system, we want the display to offer a smooth and detailed experience. This includes displaying images, navigating multiples interface ‘pages’, and providing data updates frequently. Using per-pixel display control for this design would require a substantial portion of the processing power on our chosen microcontroller, the ESP8266, along with several of the GPIO lines on the microcontroller. With the microcontroller managing all of the control systems and wireless communications we would prefer some processing power be left over for potential future enhancement or leeway with our code if it is done written in the most efficient manner.
For these reasons, we have chosen not to directly interface with a low-level display controller for our project. The most troublesome issue with designing our project around a per-pixel display is the development time required to build and manage all of the interfaces we plan on using a display. As we will realistically only have a few months to design and implement these interfaces using per-pixel interfacing is not a wise choice if we wish to have a fully functional and aesthetically pleasing user interface. The additional processing power used along with the GPIO also factor in on making this decision. 
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The last display interface technology we explored involves the use of a separate microcontroller to do the heavy lifting of outputting to the display. This separate microcontroller-display combo is a standalone solution and can operate with limited functionality by itself. The main microcontroller can interface with this second microcontroller via serial to do things such as updating an element on the display or receiving touch input data. 
One of the main advantages to this solution is that is allows for fast iteration display interfaces. Instead writing per-pixel changes in code to create a user interface, these display solutions commonly incorporate the use of a graphical interface design software. An interface can be rapidly designed on a desktop computer and then uploaded to the display solution for use. In many cases, no or little code must be written for the display to function on its own with limited functionality such as navigating through interface pages. A complex interface can be created for use with the display solution in a matter of minutes instead of hours or days. This is highly advantageous in our situation with limited time and many display interfaces to implement.
The main microcontroller in the system is only used for certain functionality such as sending sensor data to be shown on the page or reacting to a button press. The display solution can send data to the main microcontroller when certain interface elements are pressed. This can be used to run functions on the main microcontroller or update values. Data can also be sent from the main microcontroller to the display solution for display. 
Since this solution requires only a serial connection for operation in a system it puts a much lighter load on the main microcontroller when in use. Only two data lines are required for its full functionality and integration. While interfacing directly with the display or through a display controller may use the entirety of the microcontrollers resources, this solution uses almost none. Also, because the display has its own (usually powerful) microcontroller driving it, it can be very fluid and provide much better(typically) user experience than trying to share resources with the main microcontroller. 
[bookmark: _Toc478632642][bookmark: _Toc478633258][bookmark: _Toc479678820][bookmark: _Toc480824841]For the mentioned reasons, we ultimately chose to use this solution for our display interfacing in our project. The easy development process coupled with the reduced load on the microcontroller make using a standalone display solution really stand out. While possible, using the other display interfacing techniques would require a great deal more time and make the project more difficult overall. 
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Of all the standalone display solutions on the market, one truly stands out among the group: The Nextion Intelligent Display. The Nextion display line offers all of the features we need in our project from a standalone display solution. They offer a wide range of displays with different feature sets allowing us to best pick the correct product for our needs. 
Most importantly, Nextion offers many displays that match the requirements for our project. All Nextion (touchscreen) displays (As of 3/29/2017) use resistive touch for touch input. All Nextion displays communicate via serial. All Nextion displays are compatible with their easy to use interface development software.  
The Nextion design software provides an intuitive interface for designing and testing interfaces. Nextion provides several examples to help speed along development. The software includes a debugger and even has a display emulator so that development may be done even without the physical presence of the display. This is highly advantageous for our project as several of our group will be designing the interface but only one or two will have access to the display physically. The Nextion software is also very well documented with all of the lower level display commands being described in great detail and having examples.   
While just about all of the displays offered by Nextion are compatible with out project, we must still choose one display. Nextion primarily offers two separate lines of touchscreen displays: The Basic and Enhanced models. The Enhanced models include an onboard real time clock, accessible EEPROM, 8 GPIO, and some have a more powerful processor, more flash, and more RAM. These extra features provide some benefit but also add to the cost of the display by a substantial amount. Permission pending from ITEAD for figure below.
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Table 4 lists all of the viable models for use with our project. As all of the displays in the table will work for our project, the primary factor when choosing the appropriate model is the cost effectiveness.

	Model
	Screen Size (Inches)
	Resolution
(Pixels)
	Operating Frequency (MHz)
	Flash Size (MB)
	RAM(MB)
	Cost
(USD)

	NX3224T024_011R
	2.4
	320*240
	48
	4
	3.5
	16.40

	NX3224T028_011R
	2.8
	320*240
	48
	4
	3.5
	18.40

	NX4024T032_011R
	3.2
	400*240
	48
	4
	3.5
	22.40

	NX4832T035_011R
	3.5
	480*320
	48
	16
	3.5
	27.40

	NX4827T043_011R
	4.3
	480*272
	48
	16
	3.5
	44.90

	NX8048T050_011R
	5.0
	800*480
	48
	16
	3.5
	64.90

	NX8048T070_011R
	7.0
	800*480
	48
	16
	3.5
	74.90

	NX3224K024_011R
	2.4
	320*240
	48
	16
	3.5
	20.40

		NX3224K028_011R
	2.8
	320*240
	48
	16
	3.5
	22.40

	NX4024K032_011R
	3.2
	400*240
	48
	16
	3.5
	27.40

	NX4832K035_011R
	3.5
	480*320
	108
	32
	8
	32.40

	NX4827K043_011R
	4.3
	480*272
	108
	32
	8
	49.90

	NX8048K050_011R
	5.0
	800*480
	108
	32
	8
	71.90

	NX8048K070_011R
	7.0
	800*480
	108
	32
	8
	81.90
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After careful consideration of all the models in the above table (data acquired from display datasheets), we ultimately chose to use the NX4832T035_011R Nextion display model. First, we narrowed down the selection to the Basic models of the Nextion displays. The enhanced models offer unneeded features (RTC, GPIO, etc.) that increase the price. While the headroom provided by the increased clock speed, RAM, and flash could potentially be beneficial, we determined that the extra cost of the Enhanced models was not worth the premium.  We then determined that we wanted a display of at least 3 inches to provide the optimal user experience. Finally, we chose our model as the specification to cost ratio was determined to be the best. While only 5 dollars more than the NX4024T032_011R the chosen model provides a substantial resolution increase and offers four times the flash storage for interfaces. These extra resources provide us much more flexibility while designing our interfaces. For our project, the flash storage is the primary limitation for designing our interfaces. Having four times the flash gives us the resources to implement four times the interfaces or have much higher quality design elements. 
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[bookmark: _Toc480928471][bookmark: _Toc480929797][bookmark: _Toc480891130][bookmark: _Toc480918470]In order to physically control the shower in our system we must have some sort of hardware that can bridge the gap between our microcontroller and the shower valve. To do this, we decided to use a servomechanism. A servomechanism is a device that uses a feedback loop to rotate a shaft to a specific location as determined by a received encoded signal. Using a servomechanism (abbreviated to servo) for our project will allow us to have precise physical control of our shower valve. This is necessary as our temperature control system will need the ability to make precise small adjustments to accurately control the temperature of the water. 
One of the main reasons we are choosing to use a servo is that it is a self-contained unit that can (usually) be controlled by a relatively simple PWM signal. At first, we considered using a motor to control our valve, but this involves a control circuit to be built for the motor unit. These motor control circuits can be very difficult to design, let alone implement in a project. Building a motor control circuit suitable for our project would be very time consuming and could potentially be a very costly endeavor. A motor would also provide much less precise control as it cannot be sent a signal to travel to a specific location, rather time and speed of the motor must be used to set a location. 
While servos are widely used throughout the world for many different applications, the servos we will be looking at are designed for usage with RC (remote control) vehicles and robotics. The primary reasons for choosing a servo designed for these fields are the low cost and high availability. Servos designed for other industries are usually very high cost and have limited availability where they must be ordered from a specialized vendor and can take a long time to receive. On the other hand, servos designed for RC and robotics are widely available and cheap as they are usually mass produced. A large selection of RC/Robotics servos are available from many vendors on the internet. 
There are two major types of servos in use today (with remote control hobbyists and in robotics): the continuous rotation servo and the fixed rotation servo. The continuous rotation servo acts much like a motor with a controller would. While it is a self-contained unit, it used the PWM signal it receives to move the servo in a certain direction at a specific rate. Much like a motor, using this type of servo in our project would require a timer based control of the shower valve (turn angle = rotation speed * time). This is undesirable for our project as it adds another element into our project which could reduce accuracy. It is also not possible to track the current location of the servo, only direction and rotation speed are known. The next major type of servo, known as fixed rotation, uses its PWM input signal to rotate to a fixed and know location. The PWM signal it receives directly maps to a predetermined angle on the servo. This is very desirable for use with our project as we will be able to directly send a signal to the servo that will correspond to a valve location. Not only does this remove the element of time, but this allows us to always know the location of the servo and valve based only on the servo PWM input. 
For our project, we will require a powerful servo to turn the shower valve. The servo will interface with a small metal spline on the shower valve that requires a high torque to turn. Fortunately, with the rise of cheap electronics manufacturing in China, high torque servos are available at a relatively low cost. Of the high torque servos available, the most desirable for longevity and strength are those that consist of metal gears. Metal geared servos can withstand much higher stall torques and can last for a much longer time than similar plastic geared servos. 
With this in mind, we found various servos online that could potentially meet our selection criteria. Table 5 shows all of the servos we considered for usage in our project. Data taken from respective servo datasheets. 
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	Torque (kg*cm)
	Rotation Angle (°)
	Dead band (μs)
	Cost (USD)

	JX PDI-6221MG
	20
	360
	2
	$12.99

	DS3218
	15-20
	270
	N/A
	$10.59

	HD-1235MG
	40
	180
	N/A
	$49.99

	HerkuleX DRS-0401
	52.0
	320
	N/A
	$229.00

	Spectrum S6280
	26.2kg-cm
	60
	N/A
	$129.99

	MG90S
	1.8
	360
	N/A
	$3.59

	MG995
	15
	180
	2
	$5.11

	Power HD LF-20MG
	20
	360
	2.5
	$15.69
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One of the first decisions we made when narrowing down the selection of servos was the choice between using a continuous rotation servo and a fixed rotation servo. With our previous research in mind, this was a relatively easy decision. We opted to use a fixed rotation servo as it provides finite control and is much easier to implement as time is not a variable in the control of the system. 
Having eliminated the continuous rotation servos from the potential selection, we then looked at the torque of the servo. Using a rough measurement from a torque wrench, we determined that the torque required to turn the shower valve via its spline was approximately 11 kg*cm. Knowing this, only a few of the servos remained viable from our initial selection: The DS3218, the DRS-0401, and the S6280.
To keep compatibility of our product with most shower valves, it is preferred that the rotation angle of the servo is the closest to 360 degrees as possible. With this in mind we narrowed the selection down to the two largest servos remaining: the DS3218 and the DRS-0401. 
At last, the final factor we considered in choosing our servo was the cost. The DS3218 costs $10.59 shipped, while the HerkuleX DRS-0401 costs a stunning $229.00. We determined that the increase in cost was not worth the extended servo angle and unneeded additional torque. We finally decided to use the DS3218 as our valve interfacing servo. 
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The Smart Shower mobile application will allow for remote control of the smart shower device. There are many ways in which this application could be implemented. The considerations to be made as to which technology to use and implement is dependent upon many factors including: accessibility, market share, adaptability, cost, and ease of use.
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The available platforms for a mobile accessible application are app or website. Any smart mobile device has the ability to access the web, and can therefore use a web application. However, web applications can also be accessed on other devices, such as desktops and laptops. In order to have a website that works properly on all platforms would cause difficulty. This difficulty may not be worth the extra development time needed to have correct functionality on all devices.
Most of the functionality of the shower is dependent upon being able to access it from a mobile device. You cannot restrict non-mobile devices from accessing the website, and spending development time on creating a website that is compatible with desktops as well as mobile devices would be largely wasted, as most of the functionality would be trivial or ineffective when used from a desktop computing platform. For example, people generally do not use their home computers as a morning alarm. Turning your shower on from your computer would generally not be much more efficient than simply getting up and walking into the bathroom. However, most people keep their phones near them, and use their phones for alarms.
 Additionally, creating a dynamic webpage that works well on all mobile platforms can be a difficult task depending upon the detail of the functionality that is desired. However, any potential Smart Shower customers would be able to access the software from almost any device, increasing the coverage of the software application. The web page would not allow us to access the smart phone system functions such as alarms and notifications, and could increase the difficulty of connecting to and setting up the smart shower itself for the first time.
Web sites also require having a web application server to work correctly. All of the computation must be done from the web server, which increases costs and causes a need for web hosting in addition to any database hosting services that may be necessary for our application. Additionally, developing an application server to be separate from the web pages that display the data takes time. By making an application that runs directly on the user’s hardware, the distance between the computation and the user interface is much smaller.
The other option is to use a mobile application. A mobile application will give us greater control over the style of the application and the platform it can run on, giving us the ability to more closely monitor and control the users’ experience. Mobile applications allow for using the user’s device as a means of performing data transformations, allowing the user interface to be closer to the data being processed. This means that no web server would be necessary for our mobile application, in contrast to a web site. Additionally, the mobile application will be more simple to design effectively within the confines of the specific platforms’ boundaries. The limitations of using a mobile application is that it will only be available on a certain subset of platforms, and thus, not all potential Smart Shower customers will be able to access the main functionality of their Smart Shower. That is why the different smartphone platforms must be considered when deciding which system to develop and application for.
There are a few different types of mobile operating systems which could run our mobile application. According to the International Data Corporations’ Worldwide Quarterly Mobile Phone Tracker, the smartphone market is made up of 86.8% Android OS, 12.5% iOS, and 0.7% Other [16]. The two potential options that we should consider are Android and iOS.
The Android operating system is based on a largely open-source Java development technologies, and has many free development tools. Many people have developed Android applications before and would offer us plenty of tutorials and extensive documentation on how to properly develop and Android application. To publish an app to the Google Play Store, you must create a development account for a one time fee of $25, and then any app published by that account are free. Android application development is something that most of the members of our team are familiar with, and for those that aren’t, they are familiar with Java. Java is a language that is often used in classes, and is easy to pick up and work with, while being powerful and extendable.
Apple’s iOS is a popular platform that is only available on Apple made devices. To develop for iOS, you must use Apple’s own Swift language, which is unique to their platform. Their development tools are free, however, they are only available to be run on Mac computers. Since non-Apple created computers cannot run the Mac operating system, this means you are required to either own or buy a Mac computer in order to develop for iOS, an existing windows PC would be useless. It costs $99/year to have a developer account that can publish applications to the Apple app store. None of the developers on our team have had any experience with development for iOS using Objective-C, so there would be an increase in development time due to learning a new technology, and the application itself would probably be a lower quality.
Android and iOS mobile applications have different “design languages.” A design language is a scheme for designing applications that communications clear functionality, which compliments the architecture of the system and product. Because of the differences between the Android and iOS operating systems, the design languages that they use are also different. One of the main differences between the two is that iOS devices do not have back buttons on them, any back buttons must be included in the design of the user interface. On the other hand, Android devices have back buttons – either on the phone itself or always on the bottom of the screen – which means that back buttons in the user interface are unnecessary and confusing. There are many other design differences, which are used to communicate the way in which users are supposed to use the apps without having to show them a tutorial or make them read about how to use the app. Android’s design language is very well documented and understood, and there are many examples of apps which adhere to the design language, as well as all of our team members having personal experience with Android and its design language. On the other hand, iOS’s design language is not well documented, and none of our team members have any real experience with it or any Apple products.
Given the above research, the option we have chosen is to develop a mobile application for Android. Android’s massive market share makes it accessible to almost anyone. There are many resources for developing an Android app, from online tutorials to examples and open source projects that we can draw from. The additional costs of developing for iOS – buying Mac computers, and paying more for the developer account, are unattractive to a small team of Windows users. Having very little experience with anything Apple related does not mean well for any development venture towards Apple’s computing systems.
Additionally, the ability to more closely control the environment in which the app is operating will give us the ability to create the user experience we desire for our smart shower, rather than attempting to account for all devices and all internet browsers that could ever access the web page. The added features of having system access to alarms and notifications will be a great help in seamlessly implementing the features we want for our system. We believe this tradeoff of accessibility and quality justifies the choice to develop for the Android OS.
Additionally, there is always the option to expand from Android into iOS, which would make our app accessible to 99% of the smartphone user market. With these two applications, we could have all the benefits of using a smartphone application with system access as well as reach nearly the entire potential market for our smart shower. As the smartphone market grows, fewer and fewer people will be without access to a smart phone device in order to utilize all the features of the smart shower. [17]
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In modern days, when comparing Java to Objective-C, Java is considered to be relatively newer and more up-to-date [18]. Java first came to light in the early-mid 1990’s, it was introduced by a developer by the name of James Gosling in 1991. In 1995, Java’s technology became public by Sun Microsystems 1995. Initially considered to be implemented for television technologies, Java took the route of web-browsers plug-ins. 


Java when being developed had 5 design goals in mind, which were:
1. Simple, Object Oriented, and Familiar
2. Robust and Secure
3. Architecture Neutral and Portable
4. High Performance
5. Interpreted, Threaded, and Dynamic
When considering Java as “Simple, Object Oriented, and Familiar” it means that they wanted users to be able to learn and code without a great load of education on the language. They intended to make it “familiar” by making the syntax and text to very similarly look like C++. Of course, Java is an Object-Oriented language, which also means that there is more too programming than just declaring variables. Understanding classes, abstraction, encapsulation, objects, and more concepts all make up an Object-Oriented Language. While at a glance it might appear to be more complicated, the overall goal is to essentially facilitate everything by implemented these “tools”.
Robust and Secure goal stems from the efficiency of the compiler. In such ways, the compiler is reliable, swift, and extensive. The architecture-neutral and portable language platform of Java technology is known as the Java virtual machine [19]. 
Java also supports threading, which is related to the goals four and five. When referring to performance threading is important as well being able to run at maximum speeds without checking the run-time environment. 
Being considered the most popular Object-Oriented programming language used today across the globe, technologies that have Java implementation are everywhere. In school curriculums, Java is the language of choice when teaching students. It is the foundation of most Object-Oriented curriculum for the same reasons seen in the Java Goals above. This also plays a factor as to why the language is as popular as it is. Not only is it everywhere, but it is everywhere because everywhere is using it. A great deal of businesses, corporation, and enterprises use Java as the backbone of their infrastructure. Lastly, it is also the language of choice of android development. 
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In the early 1980’s Brad Cox and Tom Love created what is known today as Objective- C. Objective – C is one of the main mobile application developing languages that exits in this era. It is the backbone of Apple’s iPhones, and the reason for that dates back to NeXT. NeXT was a company that was founded in 1985 by Steve Jobs and others, that licensed Objective-C. Steve Jobs later went on to retake his role in Apple after Apple acquired NeXT. Following the acquisition, a large sum of NeXT’s technologies carried over into Apple one of them being their use of Objective – C. 
Objective- C came to be what it is today after an evolutionary stage of the C Programming language. C is not an object-oriented language with low-level capabilities. Object-C was created to enhance C Programming by adding the Object-Oriented aspects. Objective-C is thought to be somewhat similar to C Programming at a first glance in the sense that it uses the same data types, syntax, and C code can run on an Objective-C compiler. But when further analyzing the two languages, a difference is automatically seen because of the Object-Oriented that is embedded. Using Classes and Objects, it allows further functionality and use compared to Programming C. This was also seen in Section 3.3.3.2 Programming Languages – Java.
It is believed by consensus that Objective-C is harder to learn and master than Java, mainly because of syntax purposed as well as Libraries. It is said that the libraries than need to be mastered in Objective – C such as Foundation and Cocoa are extremely verbose. 
To some it is considered a soon to be, if not already, legacy programming language. Aside from Apple software and applications being coded in Objective-C there is not much more other enterprises that use the language. For this reason, is why Apple has allowed their applications to be written in newer, upcoming languages such as Swift [20]. 
It is estimated that Swift will overtake Objective-C in Apple development. It is a more concise and easier to learn language than Objective-C. It also offers the same performance with better productivity when compared to Objective-C.  As stated early, if needed fit to transition our mobile application from Android to iOS then a discussion of what language to write iOS would fit best. Since students at the University of Central Florida for the most part have not been able to get plenty exposure to Objective-C or Swift, then it might be best fit to learn Swift. It is an upcoming language and as times goes by, Objective-C will become more obsolete. Meaning that support for the language and the applications will decline as time progresses. [21]
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When discussing platforms to create Android software there is currently only one main Integrated Development Environment (IDE). Android Studio is an IDE that was created by Google in 2013 with hopes to facilitate the development of Android applications. Android Studio is accessible to the public for free but it is not open-source. It is available through the Apache License 2.0. Android Studio was developed and written in Java, previously mentioned. The language that is used to program with Android Studio is Java since it is a Google product. The IDE is compatible with Linux and Windows operating systems [22].
Prior to Android Studio, the development of Android Applications was done in Eclipse. But shortly after the launch of Android Studio it became as the more used out of the two. A lot of its popularity is due to its sleekness and simplicity. It is an extremely easy to use IDE and has the support of a great deal of graphical representation. This allows the developer to get better representation of the user interface while creating the application. Having simple features such as drag and drop, allows coding to be less coding and a lot of graphic manipulation.
Android Studio can be used with other coding files and languages. So, when dealing with databases for example, Android Studio supports PHP and other languages alike. Just as how it can be very simple IDE, it also can support more experienced programmers [23]. 
The IDE just as the name mentions is an IDE to create Android Software, this does not limit it to Android Phones. Tablets are also too supported by Android Studio. Legacy versions of Android Devices are also support by Android Studio as well as the most current one. Google works to consistently perform updates on the software as the last two releases were done within a 15-day difference. 
The built-in emulator or also called Virtual Device, allows the programmer to use and run his/her code without the physical presence of an Android Tablet or mobile device. Android Studio has a very big drawback and that is due to its performance. It is a very heavy piece of software that takes up a great deal of memory and disk space. It is recommended to have beyond and above the recommended requirements to run the software. 8 GB of RAM are recommended and at least 2 GB for the suite. Performance might not be an issue for some people until the emulator is ran. For this reason, at times it its recommend to code in Android Studio with a physical mobile device connected to the computer. Setting the mobile device in Developer Mode allows the developer to use the phone as an emulator without the risk of damaging the software previously on the phone. Avoiding performance issues with Android Studio is very common and resorting the a physical device is the solution at times. Android Studio also has integration with Version Control. It supports Git, Github, and SVN. Commits, Pulls, Clones and other requests can all be done within Android Studio as long as the accounts are synced with the corresponding Version Control system.  
The built-in emulator or also called Virtual Device, allows the programmer to use and run his/her code without the 
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Xcode is the Integrated Development Environment (IDE) that was created by Apple Inc. for their development purposes. Xcode launched in 2003 for the use of their in-house products such as the applications on the macOS. Xcode is mainly a C descendant language, which means it is mainly compatible with C, C++, Objective-C, and Objective-C++. Although it is also compatible with other popular languages such as Java, Python, Ruby, Swift, and others. Even though it was initially launched for the development of macOS software it has become very popular in the development of iOS application development. It is the only platform available to create Apple iPhone Applications (iOS). Initially it was an in-house product but then Apple allowed users to download it for free for macOS until Xcode 3.2.6. Between versions 3.2.6 and 4.1, Apple charged users to downloaded in the form of a subscription package. After Xcode version 4.1 Xcode became free for users to download and was the start of the iOS development widespread [24]. 
With the popularity of the iPhone came the popularity of application development which meant that Apple invested more resources to improving Xcode. It is less performance intensive than Android Studio, has editor shortcuts and extensions, and supports more languages. Xcode also too as an emulator embedded in the software, called the iOS Simulator. 
Xcode is now is not only used for macOS but now includes a list of iOS, watchOS, and tvOS. It’s primary language of operation is Objective-C but the rising popularity of Swift has pushed Apple to include intermobility with it. [25]
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[bookmark: _Toc475915009][bookmark: _Toc475912847][bookmark: _Toc475912464][bookmark: _Toc476063435][bookmark: _Toc476066392][bookmark: _Toc477268864][bookmark: _Toc477865169][bookmark: _Toc478035330]There are a vast majority of different methodologies that Smart Shower can use in the development of the project. With the intention of understanding the different types of methodologies, the different types of possible ones will be investigated to allow the Smart Shower team to make a choice. When developing the product the Smart Shower is not limited to applying one single methodology. There might be times on sub-tasks that different methodologies will be used. 
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The Waterfall methodology can be classified in short as the more tradition approach in developing a system. The history of the methodology can be dated back to the early 1970’s. The simplistic understanding of how the Waterfall methodology works is through a sequential process. In other words, when designing a product, a stage cannot be started until the previous stage is completely finished. This type of methodology has it’s pros and cons but the majority of the weight falls upon the project that is going to be taken upon. This will be the case for the majority of the methodologies that will be analyzed.  Projects that need to be created and never touched again, this can be a very useful methodology because of its linear approach. The linear aspect of the methodology allows for a great deal of time to be saved. Being such a simplistic approach, it allows for team members to easily understand how to exactly operate under such methodology. In contrast, if a project needs to be upkept with maintenance this might not be the best methodology approach to take. The reason is because if maintenance needs to be performed, according to the Waterfall method the process needs to start from the beginning [26]. 
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Agile was first introduced in the early 2000’s as an alternative to the previous incremental software development methods. The 12 principles that the Agile method is based on are: Satisfaction of the customer through early and continuous delivery of valuable software, Welcome changing requirements, Deliver working software frequently, Business people and developers must work together daily throughout the project, Build projects around motivated individuals, The most effective way of communication is face-to-face, Working software is the primary measure of progress, Agile processes promote sustainable development, Continuous attention to technical excellence, Simplicity is essential, The best products emerge from self-organizing teams, and The team reflects on how to become more efficient. These principals were obtained directly from the association that created the Agile Method, Agile Alliance [27]. 
Agile methodology can be thought as the popular choice at the moment. In the field various users are implementing this type of methodology because it is thought to be a fast paced iteration type of methodology. In terms of the explanation, it can be slightly harder to understand when comparing it to Waterfall. Development objects are usually performed in iterations. In other words, the development plan is separated into section. Analysis and Design, Implementation, and Testing are done various times throughout the development process. This allows better integration of maintenance countermeasures. The Agile method allows maintenance to be done concurrently with the rest of development stages. 
This methodology allows errors and problems to be detected and fixed early. The Waterfall method is the exact opposite. With the Waterfall method if a problem is detected the entire cycle needs to finish for a fix to occur. With the recurrent changes being made it allows teams to tackle projects in an arguably more efficient matter. 
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Scrum very similar to Agile methodology in the sense that it is also an incremental software development methodology, in other words, completely different than Waterfall. Scrum operates under development intervals called sprints. The objective of each sprint is to Plan, Build, Test, and Review the product in an X amount of a time (typically 1-3 weeks). These four stages are performed during a sprint and when a sprint if finished the product should theoretically be ready for delivery. At which point another sprint will start with the same four stages and once again the product should be even more finished and the sprint should of completed in a shorter time frame. This process will continue until the product is fully finished and ready to be delivered.
There are other aspects of the Scrum method that make it unique. There are 3 scrum roles: Product Owner, Scrum Master, and Team. With the Scrum methodology there is a backlog of items that need to be completed organized by priority. With the addition of also partaking in daily meetings called, Scrums, to discuss ongoing development and status of the project. Once a spring is complete, there is another meeting which is held to discuss the previous sprint that just finalized.  In essence, the objective of the Scrum methodology is to have a better and faster product each sprint. 
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Another example of an incremental software development methodology is Extreme Programming. Extreme Programming is typically used when requirements are always changing because it is a methodology that is very easily adaptable. It’s goal is to minimize the cost of the software implantation effort. To apply this methodology a non-reliable team would not be recommended. It is a very person-on-person methodology. It uses pair programming, which entails programming on the same computer with another team member. While one person is programming the second person is doing on the spot reviews. This allows for the programmers to be introduced to newer ways of doing things from their team member. Code Review is another stage of the Extreme Programming when a group of individuals will review the code written by the programmers. This allows for programmers to get insight on the mistakes he/she made to avoid from doing them in future instances [28]. Unit Testing and Integration Testing are another two stages of Extreme Programming. For Unit Testing, in code tests will be written for sections of the code. The goal for this effort is to promote the idea of keeping code simple. There are also a list of values that are tied to Extreme Programming: Communication, Simplicity, Feedback, and Courage [29].
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[bookmark: _Toc478225878]Just as the name of this methodology says, it describes it. It was a methodology that was implemented to achieved quick development. It is usually used when requirements are clearly defined and the technology is already in place. In addition, having a small team is a major factor in this methodology. The beliefs of this system include that a small system will have better communication in essence expedite the process of development. The Rapid application methodology includes four phases: Requirements planning, user-design, construction, and cutover. A large majority of other phases that are seen in other methodologies are compressed into these four that are presented. 
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[bookmark: _Toc478225879]In 1986 a methodology called Spiral was invented. It is extremely helpful to visually see the spiral model to obtain a better understanding of it. The Spiral model has four main phases: Determine Objectives, Identify and Resolve Risks, Development and Tests, and Plan the Next Iteration. Going in a loop through each phase in an iterative manner it allows the risks to get cut down each iteration. In addition, software is relatively released in an early phase. This means the customer obtains the deliverables early and there is more time for testing also. One of the drawbacks of the Spiral Method is that it heavily weighs on the risk analysis phase. In other words, if the risk phase is not done correctly it can be extremely detrimental to the entire production line. 
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After extensive research, the Smart Shower Team believes that a cross-breed of methodologies will most likely be implemented in our development stages with an Agile Methodology being the main one. According to the research, the Agile methodology would offer our team plenty opportunity to reconfigure our development if needed. Considering our time constraint based on the semester length, having the opportunity to adapt and change pretty much anything on the fly would be a huge advantage. A methodology such as Waterfall would definitely not be anything close to what the team at Smart Shower needs. By the end of all the phases it would most likely be the end of the semester not allowing us to go back and implement much needed changes. Methodologies such as spiral and rapid application are on the other spectrum of too fast, and some important factors can potentially be missed causing in even more time delays. Extreme Programming, due to its high complexity and different elements can be seen as a potential methodology for a large amount of our development process. Again, the methodology that is chosen at certain parts with certain sections would be determine by various factors. These factors include time, requirements, number of team members performing task, and even the type of task. For example, the hardware team can make use of a potentially totally different methodology than the software team. As time progresses through the development cycle of the project, there is also potential that a more clear-cut defined methodology might be adopted to the needs of our project. But based on research, Agile definitely seems like the most compatible on the surface for what Smart Shower development team would need it for.
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There are different types of databases, as well as within each type, there are many platforms that may be used. The question of which database format and application will be used with our platform is important, since it has great effect on the performance and cost of our software application. Another variable to consider is the ease at which the database solves the problems we need to solve. All of these factors must be taken into account to choose the best database type as well as the best database management system.
[bookmark: _Toc478043122]First, we must consider the necessity of database for our software application. An important feature of the software application will be the diagnostic smart shower data, which will retrieve shower flow and temperature information, displaying it graphically to the user. This will help the user identify potential issues with their water flow in their home, whether there be a need for a bigger water heater or the water pressure must be checked out. This will require storing quite a bit of data, and being able to access it from any location. Data storage could potentially be done on the smart shower’s microcontroller, however, this costs space and poses other reliability concerns – hard disk drives can break easily if dropped or if they were to get wet, and flash memory can be expensive. Additionally, there is a space constraint for storage as well – since this device is going into someone’s shower, it being a large, bulky piece of equipment could cause an issue with attaching it to the wall, or even just make it aesthetically less pleasing. If the smart shower were to have any hardware issue, we may be unable to recover any of that smart shower data. If there were a need for more data storage, we would be unable to upgrade it once the smart shower has been bought and installed, and that duty would fall to the user, forcing them to choose between an upgrade and having the technical ability to install more storage, and losing out on a main feature of the software.
As a result of these factors, it makes much more sense to do the storage of flow information in a remote server. With a remote server, users will be able to access the data from any location. The server’s integrity, internet connection, backups, and storage space can all be easily managed by us, or by a database hosting service. This removes headache from our users and decreases the cost of each device, by using mass storage instead of individual, smaller storage devices. 
There are many different types of database models. A database model determines the logical structure of a database, and determines how the data will be stored and accessed. The most popular database model is the relational model, which uses tables and rows to store and access data. Another popular database model is the ‘NoSQL’ model, which stores data in a different way, and lacks much of the structure and query ability of a relational database [30]. It uses a key-value system which is ideal for large amounts of data and retrieving ranges of keys [30].
Since our system will be using relatively small amounts of data, and accessing small amount of data at a time, a relational database better fits our needs. Most databases are relational databases, and as a result, there are many different relational database management systems (RDBMSs) that can be used as a way to create and manage these databases.
RDBMS’s generally use Structured Query Language (SQL) to access their data. SQL was created in the 1970s, when IBM created a relational database. SQL is not a programming language, but rather a standard that is used by most RDBMS’s. SQL standards are certified by the American National Standards Institute (ANSI) and have grown quite a bit over the years. [31]
The basis of the SQL standard are the language elements. Fundamentally, these elements are assembled to create queries. Queries retrieve data from the database. Query syntax is based on relational algebra, which uses expressions to represent a data transformation consisting of tables, columns, and rows. Traditional programming languages are procedural languages – you write the process and that gets you the output. However, SQL is a declarative language, you simply query the data you want and the actual process of how that happens is hidden. The way that a query is carried out varies greatly from RDBMS to RDBMS, and has a large effect of performance, as well as causing most databases to be incompatible in terms of transferring data, since each RDBMS handles the indexing and storage of data differently. Additionally, each RDBMS has different options as to how you want to store and index your data, which you would choose based on how you will be accessing it in most cases.
MySQL is a very popular, open source, relational database management system (RDBMS). The system’s basic functionality is completely free, although there are additional features which can be purchased. Included is a graphical user interface, or GUI, called MySQL Workbench, which allows you to do any database related tasks, mainly designing and modeling databases. Since the DBMS has been so popular, there is a large community of experts which knowledge and expertise can be drawn from, and there is plenty of documentation on how to use it. The main issue with MySQL is that it doesn’t maintain to the SQL standards, and isn’t fully SQL compliant – which means that not all of the features normally included in SQL compliant DBMS’s such as diagnostics and fault tolerance are not included [32]. We most likely will not need these features for our purposes as a small development group, and MySQL would be an effective way to quickly get our feet on the ground and have a cheap, simple, and effective database.
Microsoft SQL Server 2016 is a popular DBMS created and maintained by Microsoft Corp. It comes with a GUI called SQL Server Management Studio, which offers the features of MySQL’s GUI, but is more frequently updated and supported by Microsoft. While the developer version is free to use during development and testing, the full featured and deployable DBMS for a company is $3,717. Microsoft’s DBMS is at the forefront of the market of highly featured, frequently updated and well supported DBMS’s. It adheres to SQL standards and has many high-end features, analytics, boasts the least vulnerable database award for 6 years running, and has a high level of performance [33]. These higher level features and high level of performance would be more attractive if we had more funding or were more sure of our selling ability. For now, the price associated with using Microsoft’s SQL Server 2016 may keep us from using it and taking advantage of its many features.
Microsoft SQL Server 2014 is the predecessor to 2016, has nearly all the same features as 2016, and is already installed on one of our group members’ servers. Microsoft will continue to support SQL Server 2014 for the foreseeable future and will work well for our project. Due to its convenience and our previous experience with it, we have chosen to use Microsoft SQL Server 2014 for our project. 
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	Part 
	Date Acquired
	Source
	# in Figure 9

	ESP8266 Development Board (NodeMCU)
	2/2/2017
	eBay
	1

	Nextion Touchscreen Display
	2/6/2017
	DirectVoltage
	2

	DS18B20 Temperature Sensor
	2/6/2017
	eBay
	3

	YF-S201C 
Water Flow Sensor
	2/21/2017
	eBay
	4

	DS3218 
High Torque Servo 
	2/15/2017
	Banggood
	5

	Shower 
Valve Mount 
3D Print
	4/18/2017
	Texas Instruments Innovation Center at UCF    
	6
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	Part 
	Date Acquired
	Source
	# in Figure 10

	ESP8266-12E
	10/2/2016
	eBay
	U1

	LM2576
	4/5/17
	Texas Instruments
	U2

	LM26400
	4/5/17
	Texas Instruments
	U3

	1N5821
	4/7/17
	Mouser
	D1

	MBRS230LT3G
	4/7/17
	Mouser
	D2,D3

	1000uF Capacitor
	4/7/17
	Mouser
	C1

	100uF Capacitor
	4/7/17
	Mouser
	C2

	0.22uf Capacitor
	4/7/17
	Mouser
	C3

	12nf Capacitor
	4/7/17
	Mouser
	C4,C5

	0.1uf Capacitor
	4/7/17
	Mouser
	C6,C7

	10uf Capacitor
	4/7/17
	Mouser
	C8

	27nF Capacitor
	4/7/17
	Mouser
	C9,C10

	47uf Capacitor
	4/7/17
	Mouser
	C11

	33uf Capacitor
	4/7/17
	Mouser
	C12

	150 uH Inductor
	4/7/17
	Mouser
	L1

	10 uH Inductor
	4/7/17
	Mouser
	L2

	15 uH Inductor
	4/7/17
	Mouser
	L3

	2A Poly Fuse
	4/7/17
	Mouser
	F1

	500mA Poly Fuse
	4/7/17
	Mouser
	F2,F3

	2.54mm header
	10/2/2016
	eBay
	P1,P2,P3,P4,JP1,JP2, JP3,CON1
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Since the development of the project is still in its early stages there has not been many constraints that we have come across. With that being said, one of the main ones that has come to attention is the handling of water-pipe leaks. Leaks are an everyday problem in common households, dealing with them must be an urgent task. Making sure the way our pipes are sealed must be a priority to avoid later complications in the development of the project. Another constraint that has come about is the decision to whether or not to allow the retro-fitted showers contain a manual shower knob. This might be an impending issue because a solution to handle automated controls and manual ones might cause conflict. 

Additionally, variation in required torque to turn the valve may cause issues. Since different valves have different torque requirements our system may not be able to accommodate some showers with higher torque than our servo(s) or motor(s) can handle. Large torque servos will be used to help mitigate this issue for most valves. 

One of the more important constraints in our project is ensuring the electronics are properly housed to prevent water damage. In the event of water contacting our main PCB, display, or other non-water resistant components our system may fail. 
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The IEE 29148 standard replaces the IEEE 830 standard, instituted in 1998. IEEE’s standards website states:
“ISO/IEC/IEEE 29148:2011 contains provisions for the processes and products related to the engineering of requirements for systems and software products and services throughout the life cycle. It defines the construct of a good requirement, provides attributes and characteristics of requirements, and discusses the iterative and recursive application of requirements processes throughout the life cycle. “ [34]
The standard covers quite a few different topics, listed below from IEEE’s 29148 document. [34]
· Specifies required processes that should be implemented for the engineering of requirements for systems and software products throughout the life cycle.
· Gives guidelines for applying those requirements and requirements related processes describe in ISO 12207 and 15288
· Specifies required information items, to be produced through the implementation of the requirements processes.
· Specifies the required contents of the required information items
· Gives guidelines for the format of the required and related information items
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The standard document outlines a Software Requirements Specification document. This is the main document which all software engineers will use to determine what requirements need to be filled by software engineers. The quality and attainability of what is contained in this document will determine the final quality of the finished software product.
The purpose of the SyRS is to provide a description of what the system should do, in terms of the system's interactions or interfaces with its external environment. The SyRS should completely describe all inputs, outputs, and required relationships between inputs and outputs. A SyRS has traditionally been viewed as a document that communicates the requirements of the acquirer to the technical community who will specify and build the system. The collection of requirements that constitutes the specification and its representation acts as the bridge between the two groups and needs to be understandable by both the acquirer and the technical community. [34]
This document can cause the life or death of a software product and will be used to great extent for our software product. According to the IEEE documentation on the importance of an SRS, “One of the most difficult tasks in the creation of a system is that of communicating to all of the subgroups within both groups, especially in one document. This type of communication generally requires different formalisms and languages.” [34]. The different formalisms and languages that the standard is talking about is the technical language and business language of requirements.
The SyRS document contains a few main sections: The introduction, the specific requirements, and verification. The introduction contains the software’s purpose, scope, product functions, user characteristics, and functional requirements. The software purpose is the reason which the system is being developed or modified. The system functions are a set of system capabilities, conditions, and constraints. This is a very important section which outlines the non-technical requirements of the software and provides a good overview of what the system does.
The user characteristics are one of the most important factors, after the actual requirements themselves, for any software development project. The way the user interfaces with the system is first and foremost how they will view whether or not the software requirements were met correctly, and have the greatest effect on the users’ perception of quality. The user characteristics specifically describe the types of users, operators, and/or maintainers of the system, how many of each they are, and how they will use the system. [34].
The specific requirements section of the document covers the many different requirements that could be given to a system, including: external interfaces, functions, usability requirements, performance requirements, logical database requirements, design constraints, and software system attributes [34]. The performance and logical database requirements are mostly irrelevant to our project, as performance is almost entirely dependent on network speed and none of the operations performed are task-heavy, and the logical database will never be directly accessed by the user, and so its logical design is irrelevant to our project. The database is only relevant to the project in that it is required to meet other functional requirements. While the software will be interfacing internally with the smart shower client, it won’t have any external interfaces with other devices, other than the physical shower valve. However, that is not a software-related interface, so that is not a relevant requirement either.
The functions are an important part of a SyRS document, as it describes the major functional requirements of the system. An example of a functional requirement would be: the smart shower app must be able to turn the shower on. The functional requirements are outlined elsewhere in this document.
The usability requirements are non-functional in nature, they describe the quality in use of the application. A usability requirement might be: when turning the shower on, you must be able to do so with one push of a button, and you must be automatically notified when the shower is ready. This would reflect the quality of the interaction that the user has with the system.
The design constraints describe the way in which the system must be designed. There are absolutely restrictions on the way that Android applications and applications for the microcontroller must be designed, they will have certain amounts of resources which can be used and certain designs that can be used as well. These design constraints describe how the system will have to fit together in order to satisfy the requirements.
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The IEC Standard 60529 was a standard created in 2001 with the objective to further explain and define enclosures of electrical equipment.  The EIC Standard 60529 was published by NEMA, National Electrical Manufacturers Association and later approved in 2004 by ANSI, Approved American National Standard. 
“This standard describes a system for classifying the degrees of protection provided by enclosures of electrical equipment for two conditions: 1) the protection of persons against access to hazardous parts and protection of equipment against the ingress of solid foreign objects and 2) the ingress of water. The degree of protection against these two conditions is designated by an IP Code” [35](November 3, 2004). 
Under the IEC Standard 6059 comes a form of rating for devices based on their capabilities when faced versus water and other foreign objects. This rating is referred to as IPCode or IPRating, also called Ingress Protection. The goal of this rating system is to differentiate technologies when promoted as “waterproof”. Not every single piece of technology has to same robustness when it comes to being resistant to certain elements, water being one of them. So, the International Electrotechnical Commission, IEC, came up with a two-digit scale to identify the capabilities of these technologies. In the form of IPXX, the first X has a different representation than the second X. The first X signifies the level of protection from foreign objects, this may include fingers, dust or any other potential hazard. The second X corresponded to the level of protection against water in the form of moisture to high pressure water. There are level levels for each digit with the first X ranging from 0-6 and the second X ranging from 0 to 9k. The following tables below further explains the rating scale. 
	Level
	Effective Against
	Description

	0
	No Protection
	No protection against contact and ingress of objects

	1
	>50 mm
	Any large surface of the body, such as the back of a hand, but no protection against deliberate contact with a body part

	2
	>12.5 mm
	Fingers or Similar Objects

	3
	>2.5 mm
	Tools, think wires, etc.

	4
	>1 mm
	Most wires, slender screws, large ants, etc.

	5
	Dust Protected
	Ingress of dust is not entirely prevented

	6
	Dust Tight
	No ingress of dust; complete protection against contact (dust tight). A vacuum must be applied. Test duration of up to 8 hours based on air flow.
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	Level
	Effective Against 
	Test Duration

	0
	No Protection
	N/A

	1
	Protection against vertically dripping water
	10 Min

	2
	Protection against vertically dripping water when titled up to 15° 
	10 Min

	3
	Protection against direct sprays of water when device is tilted at an angle up to 60 degrees
	5 Min

	4
	Protection from sprays and splashing of water in all directions.
	5 Min

	5
	Protection from low-pressure water projected from a nozzle with a 6.3mm diameter opening in any direction
	3 Min

	6
	Protection from water projected in powerful jets from a nozzle with a 12.5 mm diameter opening in any direction.
	3 Min

	7
	Protected from immersion in water with a depth of up to 1 meter (or 3.3 feet) for up to 30 mins  
	30 Min

	8
	Protected from immersion in water with a depth of more than 1 meter (manufacturer must specify exact depth)
	Varies

	9K
	Protected against close-range high pressure, high temperature spray downs.
	30 Sec in 4 angles
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Various consumer products on the market implement this IPRating to their products. Consumer products such as mobile devices and cameras are becoming more “Waterproof” as technology advances. With this being said, just because the label says waterproof what does this actually mean? The IPRatings tables seen above explain this. Each of the consumer products have an IPRating. For example, Apples new iPhone 7 and iPhone 7 Plus have been given an IPRating of 67 [38]. An IP67 Rating as seen in the tables means that there will be no ingress of dust and it is protected from immersion in water with a depth of more than 1 meter. This means that in reality the iPhone 7 and iPhone 7 Plus are not waterproof but instead water resistant. If the phone is emerged under the 1 meter mark, there is a high chance of water intrusion into the device. On the other hand, the Samsung Galaxy S7 has an IPRating of 68 [39]. The Galaxy S7 is more water resistant than the iPhone 7 because it can withstand water past the 1 meter depth threshold. Again, this does not mean that the device is 100% waterproof and will never withstand water damage. The IPRatings allow consumers to get an insight of recommended stress levels that the devise can withstand and knowing the threshold for each individual device is extremely important due to each device potentially having a different IPRating. When referring to devices with IPX8 ratings such as the Samsung Galaxy S7, the depth that the product can withstand is presented by the manufacturer. The standard simply stand “past” 1 meter, the standard does not go into more specific breakdowns past 1 meter. For example, some “waterproof” GoPro enclosures that are IPX8 can withstand a depth of 60 meters below water. 
[bookmark: _Toc475915013][bookmark: _Toc475912851][bookmark: _Toc475912468][bookmark: _Toc476063439][bookmark: _Toc476066396][bookmark: _Toc477268868]It is important to note that the test performed and verified by IEC Standard 60529 under the IPCode/IPRatings are with fresh water. In other words, if a product is submerged under saltwater or any other type of liquid than the IPCode assurance is out of the question. Salt water or perhaps any other potential can cause damage to the device that fresh water might not be able too, such a salt water corrosion. Most enclosures are sealed with a tightly secured rubber seal along the border of the enclosure to ensure maximum water prevention. [40] [41].
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[bookmark: _Toc475915015][bookmark: _Toc475912853][bookmark: _Toc475912470][bookmark: _Toc476063441][bookmark: _Toc476066398][bookmark: _Toc477268870][bookmark: _Toc477865175]When speaking about the economic constraints of the project it is important to understand what the over-arching goal of the project is. This is something that as mentioned earlier says it is to create a smart shower system that has the features mentioned with a price tag that does not surpass the competitors. In other words, the primary constraint with our project is with ourselves. This means that we want to be able to produce the highest functional with the up-most deliverable performance for the lowest price. This is something that is important for Smart Shower product because if the product were to actually be on the market it is a product that is envisioned to be extremely competitive in comparison to the competitors. When comparing our product to that of the competitors, to solely create the first “beta” product in a non-mass production matter it is significantly more economical than the competition. 
Although our group did not take the route to obtain a sponsor to economically finance the project, it does not seem like it was the wrong choice. With good research, all the parts that will be used can be acquired at a very low price. Using vendor’s over-seas for certain parts has allowed to cut some expenses by nearly half. Products that may raise costs because they perhaps need to be costumed manufactured for our specific use-case have been rerouted to be created using 3D-printing. Using the University of Central Florida’s engineering resources such as the 3D printer machine on campus has permitted us to avoid paying custom manufactured items. 
Since the group does not have a financial sponsor the groupmates have agree to divide all the costs that have been spent equally. Self-financing the entire project was not a problem for any of the groupmates as we all decided it would be the best route to freely create our product and acquire it at the best price. 
Time constraints for this project are spread through the two semesters. One of the main time constraints that will definitely be encountered upon will be the time management of the project and the rest of classes. As an engineer students in his/her last couple semesters the majority of classes are project based classes which means chances are that this will not be the only project that the group members will be working on. Secondly, for part two of the class being Senior Design 2, it is a relatively short semester in comparison to other semester. The reason behind that is because it is a summer term, which means that the time is cut from about 15 weeks to 9 weeks. Our Senior Design 2 portion of the project which is the actually building on the product will be 6 weeks less than a student that took the class during a fall or spring semester. Having no other choice, the best alternative to deal with this offset of time was to start the project construction process before the actual start of the semester. Staying ahead is really just trying to regain time. 
The ordering process of the printed circuit board will also be a time constraint. Hoping that the board is done correctly and printed right the first time is key, because if not then the delivery process for a second round can cause stress to our project especially considering we only have 9 weeks for Senior Design 2. 
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There are a few different manufacturability that must be taken into consideration for this project. The smart shower will be attaching itself to existing shower heads and existing shower valves. While many of these valves are based on industry standards, there are still differences between the valves that could cause issues in manufacturing. Ideally, we will be able to attach our smart shower servos directly to the valves using adapters that we have 3D modeled and designed beforehand. These should be mostly, if not entirely, universal to the different valves. However, this may not be the case for everyone’s shower.
We will be using different products from different companies, and implementing them together to make our product. It is always a concern that there will be availability for the given product we are using, whether it’s a servo, microcontroller, or screen. If one of these parts were less available than the others, all of manufacturing could potentially be halted, waiting for it to become available again.
In manufacturing, it may also be difficult to integrate different third-party technologies together when any of the different technologies might update their software or hardware interfaces. As an example, if the Nextion user interface software updated its communication protocol, this may cause an issue for any new smart showers we are trying to build using the same code. There could be communication issues or new bugs introduced due to updates to individual separate parts of the smart shower. This constraint can be alleviated by being in contact with the different third parties at use with the smart shower, and getting their new software interfaces’ information or relevant information in order to preemptively debug and re-integrate their technology before it hits the market. If this is not available, manufacturing time may be wasted on re-integrating the technologies with each other.
Sustainability constraints must be considered as well for the life of the smart shower system. There will be a concern for its sustainability as it will be under unique and potentially harmful environmental conditions. Within a shower, the device may get hot, cold, and wet within the span of a half hour. These conditions can have a devastating effect on technology if not handled and controlled properly.
The Nextion screen will be contained within a waterproof encasement, with the screen still visible. In an ideal scenario, we would encase the screen in plastic as well and vacuum seal it. This would prevent any water vapor from getting to the screen and damaging it. The screen’s encasement must be able to attach itself to the wall of a shower – many shower tools use suction cups to attach to the smooth, wet walls of the shower. However, these suction cups can fail and fall off the shower walls, in which case the encasement would also need to form a protective barrier from falls and drops. Finally, the encasement should have some built-in insulation in the form of air, to keep it from getting too hot or cold. If the heat or cold becomes a problem, we could also add a ventilation fan.
The microcontroller and PCB will also be susceptible to the non-ideal conditions of a shower. They also will be ideally vacuum sealed and placed within the same encasement as the screen, protecting them from falls and outside water, cold and heat. The servo and power brick will need to also be protected from the water inside the shower. First they should be tested, and then sealed if changes to their existing encasements need to be made. Most likely, this can be done with epoxy or caulk.
The sustainability of software must also be considered. There may be unknown bugs that are released with the smart shower, or we may want to update our database location or format. In that case, we will need to be able to remotely update the firmware. In order to update the firmware, there will have to be a functionality programmed in to the microcontroller that will handle firmware updates. The microcontroller must check to make sure it has the latest software version, and if not, let the user know there is an update. Once the user approves the update, the microcontroller will have to over-write its previous software and use the new software instead. The wireless connectivity of the smart shower will allow us to remotely update firmware. 
Additionally, the wireless connectivity can help us to debug and troubleshoot users’ issues with the device, and reset their settings to factory defaults. We will add microcontroller functionality that outputs status of the microcontroller to the database, and also an information page on the display which shows different data about the microcontroller and its software. This will require data reporting and error handling to be a part of the microcontroller’s software.
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[bookmark: _Toc475915017][bookmark: _Toc475912855][bookmark: _Toc475912472][bookmark: _Toc476063443][bookmark: _Toc476066400][bookmark: _Toc477268872][bookmark: _Toc477865177]Although our product has the intentions to help the environment by saving water consumption, it does allow the realm of better energy resources to be utilized. Currently it is a product that is powered by electricity but not in the form of batteries. Batteries are a non-biodegradable product. They do contain extremely hazardous chemicals and cannot be disposed of. In order to be able to comply with our goals of achieving the product under a certain price tag it is the only viable option as of now. With further investigation and investment alternatives such as solar powered integration might be an option for the future. 
In addition to the battery waste, there are also manufacturing factors that can be implicated with environment constraints. With a large portion of the parts most likely being manufactured over-seas there is not a 100% form of verification that the manufacturing process is up to par with environmental standards. Factories overseas are known and have received speculation for their sanitary and environment waste disposal. Again, this is a trade-off that needs to be done in order to stay within our marketable budget threshold. 
Our product will not release any vibration, sounds, or odors that may disrupt the surrounding environment.  Neither will it output any air-pollution so ozone-depletion is not a variable of concern for this specific project.  
There are no known health concerns related to out Smart Shower technology. It is not a consumable product or a product that will interact physically with the user in a way that can cause detrimental effects. 
Anytime where an electrical piece of technology is introduced into an environment with water a safety concern arises. Having an extensive understanding of how to preserve the users safety while still being able to allow the product to perform its function is important. This safety constraint correlates to section 4.1.2, where a water sealed encasement is mentioned. This water sealed encasement is not only important to keep water from damaging the electrical components but also from avoiding the electrical components coming in-contact with water while the user is shower. If this were to happen, due to water being a conductor will allow the electricity to travel through the users body into the floor with higher power than sole electricity. In other words, the user runs the risk of being electrocuted. Knowing these possible consequences before-hand is important because it allows us to avoid them. The electrical component will be completely sealed and tested allow no water to come in-contact with the electrical parts. 
The voltage of the device does not determine the shock that is applied to the human but rather the amps.  The current flowing in terms of amperes takes 100 milliamps to 200 milliamps to be potentially fatal [42]. Other than the electrical interaction with water aspect, there are not other safety concerns that can be presented. On the contrary, with the use of integrated timers in the device it has the opportunity to affect safety in a positive way. Preserving the safety of the consumer and users is ideal for any company and pertaining piece of technology. With that being said, with our product Smart Shower we adhere to keep safety as one of our top priorities. Surely as the technology advances and more is implemented more safety analyzes must be done.
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[bookmark: _Toc477268873]With the ever expanding reach of the internet as a resource for more than just a collection of freely available information, it becomes increasingly important to discuss the impact that it makes. Today the newest wave of technology to hit store shelves is IOT devices which greatly expand the capabilities and granularity of meshed networks. However these devices aren’t without their faults. Outlined in this section will be an overview and discussion with some examples of real world occurrences.	Comment by nick nick: http://www.npr.org/sections/alltechconsidered/2016/07/11/485571291/firms-are-buying-sharing-your-online-info-what-can-you-do-about-it
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Many IOT devices today could easily be described as having more processing power than the rocket that went to the moon. But do they really need that much power? Devices like the Belkin WeMo use a system on chip (SoC) processor commonly used in Wi-Fi routers and access points. [43] This is arguably overkill for a simple light switch and could be considered a waste of money and electricity. This coupled with relatively large memory storage could just be local storage for a bootloader, configuration settings, and even a backup scheduling for way to turn on and off just in case the main server goes down. In general this isn’t a big deal as it makes the user experience for the most part seamless and if implemented correctly can provide a higher level of security with hardware encryption and firmware updates.
Network security is becoming an increasingly chaotic and scrutinized division of modern technology. This hasn’t been helped by rising concerns of mass surveillance or hostile bot-nets. The unfortunate truth about networked technology is that there will always be “bugs” and holes in devices and there will always be people looking to exploit them. This can be mitigated partially by manufacturers by providing updates for some time over the expected working life of the product. That being said, providing continued service for a product after purchase requires money, which will inevitably find its way to the price of the product, something manufactures don’t wish to do. An example of this is a lawsuit against Samsung for not providing adequate security updates to mid-tier smart-phones, even for large security holes. [44] This brings to light a genuine issue because it leaves countless individuals vulnerable to attacks that they may not even know about. 
This continues into what could happen to a vulnerable device if it is left untended. Today IP security cameras are one of the most widely distributed insecure consumer network device. There are countless online articles and studies documenting various vulnerabilities in cameras so cheap you have to import them directly from china up name brand consumer and enterprise level cameras. [45] A large percentage of these have to do with devices with default passwords that the user didn’t, didn’t know to, or even couldn’t change from the factory. Once given internet access remote usurers can easily gain access and modify the root kernel or even view the video feed. [46] This is very bad, because it results in a contaminated node inside of your network that hackers can use as a spring board to attack other devices on your network. [47] If this isn’t bad enough, the compromised device could even be involved in a botnet, a pool of devices compromised by hackers often for malicious uses. This has been a regular occurrence but only with normal devices like personal computers. The IOT movement however has made it incredibly easy to build a botnet due to the large number of devices made cheaply in China to turn a profit. Once assembled these devices are ordered to send requests to one destination in an attempt to create a denial of service. [48]
In short, every device no matter how expensive or how well developed will start to show its age, and the only true solution to remove all doubt of security threats is to remove the device from service or cripple its communication abilities. This could be done by the manufacturer as part of the final firmware update that would limit the devices capabilities while still being safe to the general public network. Unfortunately due to the general public’s limited knowledge of cyber security and hardware/software development, they may not appreciate their expensive devices being disabled, even if it was to protect them in the long run. This may also be viewed as an attempt at planned obsolescence by the manufacturer to guarantee sales on the next edition of the product. A better business model might be a monthly/annual subscription to a service in which the end user continues to receive updates and/or new hardware periodically to combat infiltration.
One other topic of interest that doesn’t get much attention is general mechanical safety. That is, in general operation how safe is this device. As the IOT movement continues to stomp on we as consumers are getting more and more ways to control things. Most of these interface with existing mains voltage in some way, be it via and outlet, light socket or via bare wires in your wall. In the United States its required that mains powered devices be certified by a Nationally Recognized Testing Laboratory (NRTL). The most common is Underwriters Laboratories Inc. (UL) due to its age. In short, the device must pass a standardized set of tests depending on the use case and where and for how long it will be used. 
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[bookmark: _Hlk479451165]These tests can be amended or extended if needed especially if the device will be used in or near water. Unfortunately just having the mark on a device doesn’t mean that it’s safe, Figure 11 is a good example of what properly certified equipment can do when it fails. With this in mind the markings could also be fake or fraudulent in the case of questionable no-name or rebadged products. Currently there is an issue regarding the [image: http://www.ce-marking.org/images/cem_red.gif] mark which stands for "Conformité Européene" which is the mark of European Conformity. This mark allows a product to be legally sold on the European market and freely pass customs and boarder inspections. The problem is that the China Export logo looks almost identical and is almost indistinguishable unless you know what you are looking for. An example is listed below in Figure 12. This has caused a great deal of confusion in the European Union as well as allowed countless incompliant devices into their market as well as tarnishing the reputation of certified devices and the Conformité Européene label.
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At this point it’s time to discuss a booming market that has had very little attention given to it outside of the commercial sector, data brokers. Data brokers are individuals or companies that stockpile information and sell it in bulk to anyone willing to pay the exuberant asking price but mainly to advertising agencies. Data brokers have existed for quite sum time, but have evolved as technology moved more in their favor. Today everything is collecting data on users; cell phones, computers, membership cards, bank cards, etc. To the right person, any amount of information is profitable. Most of this data is used to develop, analyze and target ads. Due to the architecture of the internet this allows companies to plant ads in front of the right people with little wasted air time or money and higher yields on impressions. However the general practice of farming user data has been in question more than once. More recently Visio got caught doing some extra data farming that wasn’t in the user agreement or disclosed at any point on their line of smart TVs. Basically the TVs had a bit of software the ran automatic content recognition to determine what the user was watching regardless of if it was done through one of the apps in the TV. This information was then sent back to Visio for them to process and distribute to their un-named third party partners. [49] In the eyes of the general consumer, this kind of behavior is not taken lightly even though this is standard practice in many mobile phone apps, as they were spying or had the ability to spy on anything and everything that he user is doing. Practices like this cause consumers to loose faith in products, companies and also groups of technologies al together. In this case Visio’s choice to do this casts a dark shadow over the smart TV market, as well as show the other manufacturers what could happen to them.

[bookmark: _Toc480974211][bookmark: _Toc480979283][bookmark: _Toc480979110]Figure 13: Net US Search Ad Revenues by company
Now that the general landscape has been laid out its time to consider our smart shower device. As discussed previously, the general public is wiry of devices that spy on them. As such the general privacy of users is at the utmost concern. For obvious reasons the smart shower controller won’t have any imaging devices on it like cameras. However in the event that motion or proximity detection is needed for tasks like increased power saving mode or light sensing for automatic operation, discrete sensors can be used as to reduce the impact of potential data collection. That being said, even the most minuscule amount of data can be used to build a bigger picture as discussed earlier. Power, water usage, temperature, and shower length of a residence for example could resolve to the number of people, work schedule, location and even rough age without even asking the user for the information in the first place. This is prime data  that our device could potentially log and redistribute. Ethically specking even if such information was logged on users, it would have to be expressed in the end user agreement for the device and any accessories. It should also include steps that the user can take to opt-out of logging in good faith for the user. 
Another pressing point is 3rd party accessories. This would include phones or other devices not included with the device that add extra functionality in some way. Due to the potential for smart phone app integration privacy considerations on those devices must also be considered during the app development. Ideally the app wouldn’t need more permissions than it really needs, however there tends to be an underlying correlation between amount and quality of features and the permissions required. In the case of Android from Google, this is made relatively easy for the user by disclosing required permissions at the download screen as part of a sudo agreement.
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The System Design Details section describes the design of the system – specifically, the physical system. It provides an overview of the power system, the requirements of interfacing the different physical components, and the detailed design of the power system and PCB motherboard. This is then followed by in-depth testing outlined in section 6.
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Power handling is a critical section in any electronic device as it’s the invisible blood that keeps it going. Due to our device being a static installation battery and other mobile sources of power will not be discussed. This also weighs into the ultimate need for power efficiency discussed later.
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Before designing any power system, the total power draw and voltage of each component in the system needs to be considered as well as any special considerations for individual components. As can be seen in Table 10 the servo motor will require nearly ten times the current required by the rest of the components combined which most likely result in it getting its own dedicated regulator circuit. Due to it being a high current motor device, special considerations will need to be made to reduce back EMF and power surges.
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	Component
	Supply Voltage
	Max Current

	ESP8266
	3.3
	170 mA

	Nexiton HID
	5.0
	100  mA

	Servo
	6.3-7.2
	1.3 A

	Temperature Sensor
	5
	20 mA

	Flow sensor
	5
	20 mA
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[bookmark: _Toc475915021][bookmark: _Toc475912859][bookmark: _Toc475912476][bookmark: _Toc476063447][bookmark: _Toc476066404][bookmark: _Toc477268876][bookmark: _Toc477865181]In terms of power conversion there’s two methods for DC-DC conversion, linear and switch mode. Both these topologies have their strengths and weaknesses that are worth investigating for this project. Due to the number of voltage rails required and that this project is intended to be installed once and never moved again, the best general power design for either topology will be a master AC to DC power supply to produce a single more standardized voltage greater than the larger one in Table 10 such as 12 V DC. This is because single rail power supplies are very cost effective and easy to source rather than multi-rail supplies as well as having any prerequisite electrical certifications for mains operation. From here the master supply will feed into the control board where the final power distribution will occur with specific regulator circuits.
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Linear power supplies and regulators are typically known for their age and simple designs. Besides that they are known for having low output ripple over the full operating range of the supply. Linear power supplies that convert alternating current (AC) from house hold outlets to DC at their heart are a laminated iron core, two to four rectifying diodes depending on if the design calls for full or half rectification and one or more smoothing capacitors. Up until the mid-2000s this type of power supply has been manufacturer’s go-to to supply with their products due to being simple and cheap to manufacture. Since then, most mains power supplies are now switch mode based, bringing the benefit of being lighter and more power efficient under light to heavy loads. However this comes at a cost because switch mode power supplies have significantly high output ripple on their DC output. Depending on how sensitive the circuitry is that the supply is driving it could damage or at best render the device inoperable. 
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	Linear
	Switch mode

	Input Voltage
	120 (fixed)
	95-230 (dynamic)

	Efficiency
	40-60
	70-95

	Output ripple
	10mv
	50mv

	Quiescent current
	100mA
	<1mA

	Operating frequency
	50-60 Hz
	20-500 kHz



Based on the information in Table 10 it can be seen that the switch mode power supply design has much more desirable characteristics for this project even so far as being usable worldwide. Another consideration is that linear power supplies can dip in output voltage if there is any large current fluctuations. This is due to not having a feedback loop controlled voltage output. This doesn’t work well in our project’s favor as we are expecting infrequent bursts of current demand when the device is active coupled with relatively low power demands for long periods of time when it’s deactivated. Based on these considerations we will use a switch mode based power supply to generate the master power for the motherboard.
Once the power is brought to the main board it must be processed one more time to create the remaining DC voltages required by the components listed in Table 10. This can be done in in two ways as well, via linear regulator circuits or switching based circuits. In the case of linear regulators, the main difference from the aforementioned linear power supplies is that a transformer is absent as well as finer control of output voltage and ripple. Linear regulators due this by shunting the flow of electricity internally, which results in a  just as low efficiency rating. This also causes another issue for the multi-rail design because one of the regulators would have to drop as much as 9 VDC to accommodate the microcontroller. Even with the low power draw of the microcontroller this would cause the regulator to dissipate a large amount of waste heat into the PCB/case of the device. This is where the switching regulator comes in. The switching regulator bears a resemblance to its bigger brother discussed above. The main differences being that the switching regulator is more compact with components like the switching MOSFET being built in as well as reduced voltage input ranges. The main benefits that the switch regulator brings is greater conversion efficiency, input voltage range, and current carrying capacity. For a more technical comparison of the potential linear and switching regulators we compared the top choices of each in Table 12.
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	Linear Regulator
	Switching Regulator

	Regulator
	Lp38513
	LM7805
	LM317
	LM26400Y
	LM26400Y
	LM2576

	Voltage rail
	 3.3 V
	5 V
	6.5-7
	3.3
	5
	 6.5-7

	Input voltage range
	2.2-5.5
	7.5-35
	4.25-40
	3-20
	3-20
	2.5-45

	Output current rating
	3 A
	1.5 A 
	1.5 A
	2 A
	2 A
	3 A

	Efficiency
	59.36%
	66%
	66%
	70-95
	70-95
	77%

	Load Regulation
	3.3 mv
	10mV
	25 mV
	50mv
	50mv
	50 mV

	Quiescent current
	15 mA
	8 mA
	3.5 mA
	<1mA
	<1mA
	10 mA

	Switching frequency
	0
	0
	0
	500 kHz
	500 kHz
	52 kHz

	Max operating Temperature
	125 C
	125 C
	125 C
	125C
	125C
	125 C



Choosing regulator components isn’t as straight forward as the previous power supply, but by analyzing the data in Table 12 and the component’s datasheets, a design plan can be formulated.  From the example designs in each of the components datasheets, it can be seen that the linear regulators tend to use quite a few less components as compared to their switching brethren, three times less to be exact. This would work out well in trying to keep overall cost of parts and PCB board space down. On top of that the extra components used are more complex and expensive components like diodes and inductors. This adds to the space requirements and the complexity of the circuit board design. As previously discussed, power efficiency is a crucial design decision not just for the device itself but as being marketable in the IOT movement. That being said, <60% power efficiency is unacceptable. This key point removes the linear regulators from consideration. Another deal breaker is that due to the same inefficiency, as the wasted energy will be converted to heat. In the case of the 3.3 V regulator with the predicted load from Table 10, that works out to being about 0.5 watts of waste heat alone that will constantly be generated. Due to the final design being a sealed unit, adding adequate heatsinking would add a great deal of complexity and unnecessary waste to the project. It is for these reasons that we will use the switching regulators for the DC-DC power conversion is our design.
Now that the component choice decision has been made, designing the DC-DC conversion circuits can begin. This consists of two main segments, the high current 6 VDC supply for the high torque servo motor and the low voltage, low current supplies for the micro controller and the LCD display. Both of these circuits will need to be designed utilizing the component application equations provided in the datasheet for the chips. For the LM2576 and the LM26400, there are a few main equations that need to be looked at below.
 
   
These are used to determine the output voltage and the size of the switching inductor respectively. Correctly calculating these equations is critical to the operational stability and performance of the converter. The final step is to add preemptive protection and testing features for later on in the fabrication and installation process. 
[image: C:\Users\Nicholas\AppData\Local\Microsoft\Windows\INetCache\Content.Word\LM2576.png]
[bookmark: _Ref479811260][bookmark: _Toc478632600][bookmark: _Toc480824765][bookmark: _Toc480888588][bookmark: _Toc480918390][bookmark: _Toc480928391][bookmark: _Toc480929717][bookmark: _Toc480930111][bookmark: _Toc480932543][bookmark: _Toc480935684][bookmark: _Toc480973125][bookmark: _Toc480974213][bookmark: _Toc480979285][bookmark: _Toc480979112]Figure 15: Schematic of 6V power regulator
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As can be see from Figure 15 and Figure 16, the switch regulator designs aren’t too complex or involved. However the design process initially is very critical because it can ultimately affect the maximum current that the device can supply in a stable manor. This could easily be done by under sizing the switching inductor or clamping diode on either of these topologies. Something worth noting that might not be immediately obvious is the design considerations behind using the LM26400 dual PWM buck IC. This is a very unique part in that it houses two switching circuits in about the same space as one without the supporting circuitry. This works out quite nicely as it helps eat into the extra space used by jumping from linear to switching regulators. More will be discussed about mounting and thermal characteristics later on.
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The LCD interface board is an off the shelf unit designed for integration in embedded systems. The device itself has a relatively simple power characteristics outlined in Table 10. The device itself only has four wire for power and communication requiring only a 5 volt supply rail. Even though any power regulation needed is done locally on the module considerations about its design still need to be considered due to it being on the same power supply as other components like sensors as well as in close proximity to our microcontroller. 
In the case of the model we decided on, it has an LED back lit screen as opposed to the previously popular cold cathode florescent light bulbs that use high voltage to run them and were notorious for generating large amounts of electrical noise in the immediate area. The back light is expected to spend most of its time off or very dim while not in use, only to be turned on when activated remotely or via the touch interface. Unsurprisingly this module uses a linear regulator to supply the local power for the microcontroller and the LCD logic. Even though this goes against our previous stance on power efficiency, it isn’t something that can be easily changed due to time and parts cost. That being said it also isn’t a big deal as the logic section of the module is estimated to only draw 50mA at full power, which works out to about 150mW of draw from the regulator. So even at 50% efficiency a miniscule 75mW of heat is being generated.
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The mechanical muscle in our device is being supplied by a compact high torque servo motor commonly used on large scale radio controlled plains. As such this grunty little device requires a fair amount of on demand current at a not so standard voltage as seen in Table 10. That being said carful considerations must be made for its power supply as to not cause any localized brownouts or feedback for other components. This is why the design decision was made to dedicate the servo its own power rail so that it could be isolated from the rest of the digital circuitry.
However this is only a start, as the correct voltage and current must be set for the regulator to be correctly designed. This was done by setting up the servo in ideal conditions with a lab power supply to provide the power and an oscilloscope to measure the voltage and current of the servo while being run through a range of loaded and unloaded tests the results of which can be seen in Figure 18 below. This showed that the servo reached a max current of 2.5 Amps and dipping the supply voltage by about 0.5 volts under heavier than planned for loads. However this is only for about a millisecond when the servo starts to move and then the power rail returns to normal once the servo gets some speed going.
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[bookmark: _Toc478225896][bookmark: _Toc478424307][bookmark: _Toc478632676][bookmark: _Toc478633292][bookmark: _Toc479678854][bookmark: _Toc480824875]The peripherals of the Smart shower are going to be measuring water flow and its temperature. These will be remote sensors that will be located in or near the shower head and connected with a length of wire with water resistant connectors. In terms of power management we don’t have anything to worry about because the combined current draw of both sensors is about 20mA. What we need to be concerned about is the voltage drop over the wire that will be about 3 feet long. This may not be an issue for the power supply but any analog signals might be degraded over that length. This is way we opted for a digital temperature sensor and a hall effect based flow sensor to avoid this.
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Of all the design decisions we make, we must ensure that performance of the system is adequate to fulfil the requirements of our specification. During our research for the project, we ensured that the components chosen would be able to meet the performance requirements. For our design process, most of the performance of the system is determined by the embedded programming methodology. 
When programming in embedded C through the Arduino environment it is very simple to make a blocking, synchronous program. This is in fact the default setup for the Arduino environment. The easiest way to program in Arduino for simple programs involves using the delay() command. This command blocks the CPU of the microprocessor with a certain number of NOPs (No Operation instruction). With all of the elements of our system, this setup is impossible to use as some of the processes can take a very long time to execute and must be timed precisely. 
Instead of using the blocking delay() function, our system using time tracking variables to detect exactly when a command should be executed. Instead of time wasted during the delay required by many of the components, the system continues to execute commands. This allows us to have many accurately timed functions iterating in our system. 
Another component that used a synchronous blocking method was the temperature sensor. The default library uses the delay() function while the temperature sensor is preparing the data to be read. This was a major issue and required some research to overcome. In order to remedy this usage of the delay() function, the measurement function of the library was implemented into our time tracking system mentioned above. 
The temperature sensor is set by default to a 12-bit resolution. The time it takes for the component to read at this resolution was determined to be too long (around 2 seconds). Fortunately, the temperature sensor library includes a function that can be used to set the precision of the sensor. We decided to opt for 10bit resolution as it still offers the precision we need as determined by our spec while also having a much tighter read time of less than half a second.
The last major performance design decision was to exclude the Nextion display library from our project. While robust, the Nextion display library includes a large range of functionality that is unneeded by our project. Since the Nextion uses simple serial communication, our team was able to implement only the functionality needed in our project by rewriting the library into a much smaller and simpler version. Instead of thousands of lines of code, our implementation of the communication interface between the Nextion and the microcontroller is less than 100 lines of code. While inefficient for a project with many pages, our version of the library specifically only implements the specific pages and exact functionality we need for the Nextion display to be fully functional. 
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Laying out the schematic is one of the most important steps in the design process as it marks the beginning of the melding all the research done for components and hardware into one unit as a finished product. This is where all the individually designed power supplies and processors discussed above are brought together as one for the first time. This is also the point where we lay the ground work for what will eventually be the PCB.
The final schematic can be seen in Figure 19. On first inspection it can be seen that the design is segmented it chunks. This is done to illustrate the different sectors of the PCB that will do different tasks as well as keep the design from becoming a rat’s nest. They are connected together using global labels, which are placed on important common interconnects between the sections. These include power rails and GPI pins. Two of the sectors are power supply related. They include our two regulator ICs that convert and regulate our incoming master power source. They are only connected by three global labels: input and output power, and common ground. The section that includes the LM26400 is actually to power supplies in on package that generates our 3.3V and 5V rails. The other main section is the microcontroller. Most of this section is comprised of global labels due to the heavy component integration of the microcontroller board we choose, leaving a few power traces and configuration lines. The last of the segments can be bulked together as simply general I/O. These are the connectors used to interface with our external sensors and LCD touch display interface; providing power and data connections that intertwine the whole schematic. These will eventually be mapped to either pin headers or wire solder points in the PCB design later on.
In general, setting up the schematic isn’t difficult but requires some planning. In KiCAD there are many component libraries built in that come free with the software. If a component can’t be found you can search the internet to see if anyone has made a library for it or you can make the part yourself. We ran into three components that weren’t included, the ESP8266, the LM2576, and the LM26400. The ESP8266 was conveniently available online in a library that included the footprint and a 3D model for the part. Unfortunately the other two weren’t so we had to make them ourselves. This is a relatively easy process, just grab the schematic for the component and open up the component editor in KiCAD. Traditionally the schematic part isn’t more than a square with the numbered leads sticking out and the part number on it. Depending on the design the leads can be copied directly from the physical component as to alleviate confusion. However many manufactures rearrange the relative location of the pins to make their schematic pictures look better. Ultimately this is a aesthetical decision and as long as the pins are numbered correctly they will line up with the footprint in the PCB editor. From here its just a matter connecting the dots between the components to line up with the datasheet or your final design.
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[bookmark: _Toc478632681][bookmark: _Toc478633297][bookmark: _Toc479678859][bookmark: _Toc480824880][bookmark: _Toc480891167][bookmark: _Toc480918507][bookmark: _Toc480928508][bookmark: _Toc480928899][bookmark: _Toc480929834][bookmark: _Toc480930228][bookmark: _Toc480932660][bookmark: _Toc480935801][bookmark: _Toc480973242][bookmark: _Toc480974330][bookmark: _Toc480979402][bookmark: _Toc480979229]5.4 User Interface
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Figure 20 displays the home interface on our touchscreen display. This interface allows the user to turn the shower on and off, adjust the set temperature of the shower water, and also displays relevant information to the user such as current temperature and water flow of the shower. This display also shows the current outdoor weather of the user’s location, time, and a time-based greeting (ie. ‘Good Morning, USERNAME’, ‘Good Afternoon, USERNAME’, and ‘Good Evening, USERNAME’.). A black settings wheel is located in the lower right corner of the display and can be pressed to access the settings interface. The temperature increment button is located in the top left of the display and is colored red to indicate that this will increase the temperature of the water. The temperature decrement button is located in the bottom left of the interface and is colored blue to indicate the button will lower the temperature of the water.  In the middle of the two temperature adjustment buttons is the current user set temperature.  The universal on-off symbol (1 and 0)  is used to for the shower on-off button. Above the on off button is the current outdoor weather. A graphical representation along with a textual statement are provided to the user with the current weather information. 
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Figure 21 displays the settings menu that can be accessed from the settings cog on the main display. This interface is used to navigate between various settings pages that manage wireless functionality, time settings, display settings, and localization. 
Figure 22 contains the interface for managing the display brightness on our shower display. Quick toggles can be used to put the display to its brightest (Full Bright) and dimmest (Night Mode) settings. 
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Figure 23 shows the wireless information and settings page. This page provides the user with the current Wi-Fi connection information (SSID, IP Address, MAC Address, and signal strength in dB). The signal strength can be particularly useful when installing the device as it can be used to ensure the signal from the router is strong enough. 
Figure 24 shows the NTP time settings page. This page displays the current time reported to the system. If incorrect, the time can be regrabbed from the NTP sever by using the Grab NTP button. 
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Figure 25 displays the first page shown to the user on setup. This page prompts the users to connect to a wireless network to continue setup. Once the user has connected to the specified network the user will be prompted to enter in their home router connection settings. The user may also skip the wireless setup and use the device with limited functionality. 
Figure 26 is displayed when the user has successfully connected the smart shower device to a wireless network. A code is displayed that may be used to pair the smart shower with a mobile device. 
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Figure 27 shows the user a graphical display of the shower temperature and water flow over time. This may be accessed by pressing on either the current temperature or flow values on the main page. 
Figure 28 displays a hardware test page. The user may use this interface to test the servo on the smart shower device to ensure full functionality. 
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[bookmark: _Toc478424315]The main objective of the mobile application user interface is to be rather simple. Simplicity is going to be a key aspect in our design because the users that will be utilizing the application will be average non-technical families. By allowing the application to be simple it will cause less complications and after all the goal of the Smart Shower is to make peoples life’s easier not more complicated. The application will be designed in an Android platform using Android Studio, with a number of fragments that comprised will make up the front end of the application. The application will first open when clicked on and an introductory splash screen will appear. Following the splash screen is the Synchronization page, this is where the application will connect with the microcontroller. After a successful pair, the application will then open the Home Screen activity which is where the shower controls will be presented to the user. In addition to the Home Screen fragment, there will be a Settings fragment, Water Consumption Fragment, and a disconnect option in the menu bar. 
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The first instance of the application that the users will see is the Smart Shower Icon displayed on the Google Play Store and once downloaded. The design of the logo will not be intricate but instead either a logo that says ‘SS’ or a logo design of a man under a shower. Something generic and not complicated once again more understandable to the user than something complicated. It is important to be able to distinguish and understand the use of an application when a logo is attached to it. So clearly displaying what the application will be used for is something we will strive to create. 
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The mockups that are going to be discussed and displayed in the following few pages are only prototypes and do not exactly represent how the final software product will look like. The features discussed are all features that the application is intended to have. Mockups were rendered using proto.io. [51]
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The Navigation Bar is the tool that will allow the users to interchange between what is called “Activities” in Android terms which is equivalent to “page” or “screen”. The navigation bar will allow the user to choose between the main activity page (where the user can set the temperature and activate/disactivate the timer), the water consumption page (where the user has the option to view how much water is being wasted on a daily, weekly, monthly, and even yearly basis), and lastly the Settings activity (where the user can change their name and adjust other setting). For more detailed descriptions of each activity in the application refer to the figures below and their corresponding section as they will go into more detail concerning their operability and use.
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The splash screen will be the next activity that will presented to the user once he/she opens the application by clicking the icon. The splash screen will be displayed for a couple seconds. The splash can either be a simple design/logo to transition to the next activity or it can be used as an opportunity to teach new users how to properly synchronize and use the application. This will be a decision that will need a finite answer once software development commences. 
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The application will allow the user to login as well as logout. The logout feature will allow users that are synced to the same Smart Shower interchange their profiles. Even though the use case for this feature is not likely, as everyone in the household will more than likely have their own separate mobile device logged in with their profile. This feature will be accessible in any screen due to the navigation bar. The logout tool might be altered in the way the logic is presented but as of now the Smart Shower team will keep it as so.
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Following the splash screen will be the Synchronization Activity. The Sync Activity will be comprised of a very simplistic button that will allow the application to search for a nearby WiFi-microcontroller (Smart Shower). The way the connection is made between the application and the microcontroller/LCD is via a unique access token that is created by the microcontroller software. This unique code then is inputted into the mobile application allowing the successful synchronization of the two devices if the code is a confirmed match. On the other hand, if the code is wrong or past the limits of users then the code will not work and a warning message will appear displaying that the synchronization process was a fail. Previously this activity screen was going to be used as a Login Screen but it was altered to use pairing of devices instead. There might also be an implementation of how many devices can concurrently be paired to the Smart Shower hardware. In such case, if the Smart Shower is paid with more than the allowed devices an alert will notify the user that it has reached a limit. This Sync Activity will also have a button to allow for unsyncing a device, specifically for the reasons listed above. This button might be implemented in the settings activity also. 
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The main activity will allow the user after having completed the synchronization phase to control the temperature he/she wants their shower to be. By using either the sliding bar or entering the temperature in the text input field, the temperature will change after switching the switch to on. If there is no time desired and entered, the timer will not be activated. Once the user inputs a time and the switch is turned to on, then the timer will commence to count down. If the countdown has started the user can either switch the switch off or reset the timer to set the timer back to default. The Main activity allows access to other fragments via the navbar. Upon clicking the navbar a list of more fragments (screens) will appear that the user has access too
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[bookmark: _Toc475915032][bookmark: _Toc475912870][bookmark: _Toc475912487][bookmark: _Toc476063458][bookmark: _Toc476066415][bookmark: _Toc477268887][bookmark: _Toc477865192][bookmark: _Toc478043146][bookmark: _Toc478059292][bookmark: _Toc478225904]When the selected nav bar option it will display options such as Settings, Water Consumption, Alarm Clock, and Unsync. The unsync button works with the same functionality that the unsync button in the settings page. The user interface will also allow the users to display and set the temperature in terms of Fahrenheit as well as Celsius. This will be a configurable setting in the Settings fragment. The timer that is displayed in the Main Activity is a is live, dynamic, timer that cannot be altered once the ON switch has commenced unless the switch is turned off or the clear button is pressed. The Timer will take input from the user in the form of minutes as well. The level of simplicity cannot be stressed enough and can be seen in the functionality of the main activity by having only three different features. These three features will ultimately control the hardware, so knowing how to operate them is key.
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This activity in our mobile application is what makes the product extremely unique compared to the other competitors that are on the market. This screen in the mobile application will display water consumption statistics in real time. As well as the physical water used while taking a shower. This can be represented in gallons or liters per day and can be projected to make long term estimations. These statistics can be extremely beneficial to the user in the sense that it will tell the user whether too much water is being used during showers. The water consumption statistics will also display to the user what is the water temperature average per shower. This information will give the user a temperature that the they can always set their shower to since it would be their preference.
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The information that this feature will give to the user is extremely informative for the users that want to save money on water or/and are for less unnecessary water consumption. Included in the statistics is the average shower duration and individual shower durations.. The activity will also allow the users to reset the statistics count back to zero for whatever reason the user might believe that is necessary. 
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Figure 33: Water Consumption Part 2

Settings
Like any other application that is deployed, the Smart Shower application will allow the users to set their preferences. As seen below, the mockup shows some settings and preference options that the development team is contemplating on incorporating. Perhaps in the future or as the development of the application progresses, this features/setting options will increase allowing the user experience more user interoperability. The settings page will be accessible from the navigation toolbar that is seen in the mockup. The bar will have the option to browse to the Settings page. In this page, the user will encounter the option to change their name displayed. Choose what unit of temperature the user prefers, as this application can be used globally hence Celsius which is used internationally needs to be a readily available option.
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The Settings activity/page will also offer the users to display the water statistics in the Water Consumption activity/page. Lastly, the settings page will allow the users to disconnect from the microcontroller/LCD. When doing so, if the user decides to reconnect to the application he/she would have to regenerate a unique code from the microcontroller/LCD. The buttons that are displayed to control these features will be controlled by general toggle switches. More features and implementations that can be potentially added in the traversal of the project will be incorporated. 
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The primary functionality of our project will come from an ESP8266 microcontroller. For our project this microcontroller is programmed with Embedded C through the Arduino IDE. An ESP8266 specific Arduino library is used for many of the basic functions on our microcontroller and some other more complex functionality such as wireless communication.
[bookmark: _Toc479678868][bookmark: _Toc480824889][bookmark: _Toc480891176][bookmark: _Toc480918521][bookmark: _Toc480928522][bookmark: _Toc480928913][bookmark: _Toc480929848][bookmark: _Toc480930242][bookmark: _Toc480932674][bookmark: _Toc480935815][bookmark: _Toc480973256][bookmark: _Toc480974344][bookmark: _Toc480979416][bookmark: _Toc480979243]5.5.1.1 Temperature Control Algorithm  
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One of the more difficult algorithms to write for our project was for the temperature control system. Our initial temperature control is provided by moving the valve by a small amount in the desired temperature delta per degree via the servo, checking the temperature after a set amount of time, and then either repeating the process or halting after the temperature has met the set amount by the user. 
If the shower is off, and the user requests a starting temperature that is warm the system will turn the valve (via servo) to the hottest position possible. As the temperature system detects the system heating up, it will slowly decrement the valve position to keep the water temperature at the users set temperature. When the water temperature stabilizes, the system will no longer decrement the valve position. 
Upon the first successful setting of a user desired temperature, the system will store the servo position and associate it with that temperature for future use. When the user desires to obtain a previously set temperature, the servo first moves the valve to the stored location associated with that temperature. The temperature is then read and compared to the set temperature. If it is not at the correct temperature, the same process mentioned above will occur until the set temperature is reached.  
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Another primary feature set for our smart shower is its wireless communication feature set. Our system will communicate with a mobile device and send data directly to a database. For this to function, a communications stack must be established on the microcontroller. A well-established wireless communication library exists for the ESP8266 which allows us to quickly iterate across wireless protocols.
The first wireless communication functionality we established was the ability to get the water temperature and set the water temperature on the device remotely. This is done via very simple HTTP GET calls as noted in Table 13. Full HTTP functionality (notably GET/POST) are provided via an ESP8266 Arduino Library.  
The temperature can be retrieved from the device over the network by using the getTemp request. The microcontroller is hosting an HTTP server so this may be accessed via the following HTTP GET call : http://{IP Address of ESP8266}/getTemp/ . This request will return the currently read water temperature from the device as a json object. Then the mobile application (or any application) can parse this json data to retrieve and use the temperature. 
The next HTTP call, setTemp, has two functions that are determined by the input of the call. If a temperature (integer) is provided for the call, the system will set the desired temperature for the shower water. If this temperature is successfully set, a success boolean will be returned in an json object. If integer input is not provided for the call, the system will return the current set temperature (not the actual water temperature) as an integer in a json object. Similar to the previous request, setTemp may be called via the following HTTP GET: http://{IP Address of ESP8266}/setTemp/{value}.
The next two HTTP calls are also vital to the operating of our system remotely. The on call will turn on the shower by rotating the valve with the servo to the last set temperature by the user. The off call will turn the shower valve to the off position by using the servo in effect turning off the shower. 
The setAlarm and cancelAlarm HTTP calls allow the user to use the shower alarm functionality in our system. The setAlarm call is used to set a shower alarm for a specified date and time. When this set time arrives, the shower will turn on to the users preset alarm temperature. The cancelAlarm call can be used to cancel a previously set shower alarm. When the call is provided with the date of set alarm, the alarm at that time is canceled. If no alarm is found, no action is taken. 
The reset HTTP call is used to reset the system. Upon system failure, the user may use the mobile application to manually reset the system with this call. The call will clear the microcontroller system RAM as well as the volatile memory of the display unit through a serial command. 
The rename HTTP call can be used to rename the device network ID. This can be used after the pairing process to change the readable device name on the network to something that the user is more likely to remember. This feature is unnecessary but provides further customization that some users may enjoy.
The pairSuccess HTTP call is used to advance the microcontroller state into user operation mode. This command is called by the mobile device used to pair with the device for the first time upon successful pairing. 
	Call URI
	Function
	HTTP TYPE

	/getTemp/
	Get the current water temperature as read by the sensor
	GET

	/setTemp/{Integer}
	Either set or get the current temperature as set by the user
	GET

	/on
	Turn on the shower the previously set temperature
	GET

	/off
	Turn off the shower
	GET

	/setAlarm/{DATETIME}
	Set a shower alarm for a date and time
	GET

	/cancelAlarm/{DATETIME}
	Cancel the alarm set for the provided time
	GET

	/reset
	Reboot the system so it may reinitialize 
	GET

	/rename/{string}
	Rename the network ID of the shower (for setup)
	GET

	/pairSuccess/
	Completes the pairing process and moves the microcontroller into user mode
	GET

	/setLimit/{string}/{integer}
	Set shower limit in either minutes or gallons/liters
	POST
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Every time the ESP8266 boots it will perform the following initialization sequence before entering the standard operating mode. This sequence ensures that the microcontroller is ready to be used by the user.
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Every time the ESP8266 boots it will perform the following initialization sequence before entering the standard operating mode. This sequence ensures that the microcontroller is ready to be used by the user.
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When the idea of Smart Shower first came to mind we knew that a mobile interface would be a key aspect of the design process. Having the opportunity as a user to have a mobile implementation will facilitate the interaction the user needs to do with the actual hardware. In addition, it also provides accessibility to the users in a remote manner. When contemplating on which mobile platform to base the application on, iOS and Android were the contender’s. Based on our teams expertise and the openness of the Android platform the team decided to focus solely on Android. In a high level form, the overarching goal is to deploy an Android application that will be fully functional by the end of July. Fully functional means that all the requirements set in place before development will have been successfully implemented in the application. 
Another goal that we are set to accomplish is the obtaining of reliable data. In other words, we want the application to display the correct temperature to the user. This goal is interconnected with the goals and requirements of the hardware team mainly because it relies heavily on the temperature sensors. But if the temperature sensors perform effectively, then it is up to the connection and the transportation of that data to be reliable. To be displayed in real time is another way of justifying reliability. Temperature will not always be completely static, but our goal is to allow the application to connect with the hardware and obtain the most accurate data.  
The software will also feature the timer. The timer is a feature that the team hopes will help users inspire faster showers if that is something that may need to be improved on when discussing everyday life delays. Our goal in the aspect of the software is to be able to display a timer on the user interface as it will count down until the desired time limit has reached. Then the mobile application will connect with the microcontroller and shut off the valves. This is a motion that is controlled by the mobile application, so being able to implement this feature is an important goal to accomplish. 
When designing the software features something that was thought to be unique about our application was the implementation of water consumption statistics. In comparison to the similar products on the market, none of them really have such a feature. So when designing this feature we knew it was going to be on of a kind. The delivery of a product that has again, reliable information is important. The last thing that the application will do is give the user unreliable information. When it comes to water consumption there are various ways to display the data, but we believe that the simplest way to portray water consumption to the user is by quantity of water used in a set period of time. That data can then later be justified for a longer period of time. Our goal is to provide software that will receive the data from the microcontroller and to the statistical analysis of the water consumption then display that data in a user-friendly manner to the user. 
Overall the goal of the software that will be built is to be a fully functional and clean. Clean is defined by the way it is coded. In other words, that it is neat and understandable and can be maintained for future development efforts. The deadline for delivery is in late July, but we have set a goal as a team to have the software ready for hardware integration by mid-June. This will allow appropriate time for regression testing.
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The Smart Shower mobile application will control any Smart Showers owned by the given user. It will communicate with the shower via wireless network. The Smart Shower will be a source of much of the functionality of the Smart Shower – without it, the control over the Smart Shower will be limited to what can be displayed on the microcontroller’s user interface, individual to each shower.
The mobile application, once connected to each shower in the house via code displayed on the Smart Shower, will be able to control as many showers as needed by a given household. Within each shower, there will be many features. The main features will be the ability to set and display the temperature of the shower, and turn the shower on and off. It should also record the flow and temperature information of the shower and show the relevant data to the user in an easily digestible way. This information will allow the user to adjust other settings of the showers.
The administrative settings of the shower will also be available via the mobile application. The user will be able to set shower time limits, which cause the showers to shut off after a certain time limit. Once the shower has reached the desired temperature, the timer will start and be displayed on the phone as well as the Smart Shower interface. When the time runs out, the shower will turn off and only be able to turn back on with a PIN code set in advance by the user. This can serve as a parental control feature as well as encourage water-saving for the administrative user(s). 
Another administrative feature will allow the user to turn the shower on at a given time, like a shower alarm. The user will set up their wake-up time, and at that time the shower will automatically turn on and begin to set itself to the desired temperature. Once the desired temperature is reached, the user will have an alarm go off. The idea is that the shower will already be ready to go at the desired temperature, so the user will be more inclined to get out of bed into their hot shower, and not waste water by staying in bed.
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The development process used is based on Agile Development methodologies. This allows us to adapt to potentially changing requirements throughout the development lifecycle, frequently produce features, and put a high priority on having working software over having fully featured software. By using this development process, we are able to more thoroughly develop not only the application but the requirements necessary for the product, as things change throughout the many development lifecycles all working together to make a working product.
Extreme Programming is a powerful agile methodology which promotes delivering features and working code. “Extreme Programming is successful because it stresses customer satisfaction. Instead of delivering everything you could possibly want on some date far in the future this process delivers the software you need as you need it.” [52] This methodology will be perfect for adapting to the changing requirements of our customer. Extreme Programming’s values include: Simplicity, Respect, Communication, Courage, and Feedback. These values will help to keep our software application on track for success in fulfilling the software requirements correctly and on time.
Using Git/Github for source control will complement the agile methodology which we have chosen to use. Each code pull request will be carefully reviewed to ensure the tenets of code quality which we have agreed upon are met. Those code standards will be modularity, readability, and simplicity. As a relatively small application, these code standards will help us to reach our goals quickly and reduce potential code failures as well as user faults. If these things do come up, the readability and modularity will allow us to quickly identify and correct the problem that has arisen.
[bookmark: _Toc477268892][bookmark: _Toc477865197][bookmark: _Toc478043151][bookmark: _Toc478059297][bookmark: _Toc478225909][bookmark: _Toc478424320][bookmark: _Toc478632693][bookmark: _Toc478633309][bookmark: _Toc479678876][bookmark: _Toc480824897][bookmark: _Toc480891185][bookmark: _Toc480918530][bookmark: _Toc480928531][bookmark: _Toc480928922][bookmark: _Toc480929857][bookmark: _Toc480930251][bookmark: _Toc480932683][bookmark: _Toc480935824][bookmark: _Toc480973265][bookmark: _Toc480974353][bookmark: _Toc480979425][bookmark: _Toc480979252]5.5.2.5 Architecture
The architectural style of the software application will be client-server. In this scenario, the client will be the application and the server will be the Smart Shower or Smart Shower’s database information. Since the Smart Shower itself will be unable to store all the historical flow and temperature data, we will also need to access a back-end server from both the smart shower and the application, to store and retrieve data as needed. 
The  use case diagram ( Figure 39) illustrates the basic relationships between the different elements of the system. The user will be able to start a shower from both the app and from inside the shower. Either way, the flow data will be recorded. Additionally, this flow data will be viewable from within the mobile software application.
We will use a web API to access the information from the Smart Shower. Rather than going from the smart shower app to the server, and forcing the smart shower itself to post to the server in order to update properly, we will instead simply query the smart shower itself, through the API, to get current shower data. This will reduce time spent navigating the network. This will also reduce the potential latency of reading information from the server just before it was updated by the smart shower, causing the app and the smart shower to be out of sync for an extended period of time. 
By accessing the smart shower directly when the application wants information, we can reduce the amount of times the smart shower accesses the database to once per shower. Instead of continuously sending and updating data, we simply record the information on the microcontroller and send it when the shower is turned off. The diagnostic information for that shower will not be available in the app until the current shower is over. Once the shower is over, the smart shower will connect to a different API, the database access API, and send its data to the database.
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The database will also be accessed through an API. This API will allow us to hide the back-end data from the client, allowing us to change the way the client or the server does computation or the schema of the database without having to change the way that they communicate. Each end will have to hold up its part of the bargain – the client will provide the parameters of the data it needs, and form the request, and the database will fill the request. The API does not care how either of these things get done, and neither do either of the endpoints. Once the request is filled the communication is done and the interface between the client and the server remains simple. This API will be used both in the microcontroller’s software to send shower data to the database, and in the mobile application to retrieve shower data from the database.
The API will have functions that will update shower data, insert flow data, retrieve flow data for a given shower, retrieve shower data for a smart shower, update smart shower data. Anything that updates or inserts data will need to be sent along with the data in the form of JSON. JSON is a language used to communicate between computers, due to its simple and clear formatting which allows computers to easily read and write information, as well as understand that information.
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[bookmark: _Toc477268893][bookmark: _Toc477865198][bookmark: _Toc478043152][bookmark: _Toc478059298][bookmark: _Toc478225910][bookmark: _Toc478424321][bookmark: _Toc478632694][bookmark: _Toc478633310][bookmark: _Toc479678877]This JSON will be sent to the web API over HTTP. HTTP is the protocol used to communicate across the internet. By using HTTP, we will be able to communicate between the database, the smart shower app, and the smart shower itself as long as the devices are connected to the internet. This will give our users a great amount of freedom when it comes to using the features of the smart shower. 
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Wireless communication is a crucial component of our smart shower product. It is necessary, since we intend to allow users to remotely access the smart shower’s data, as well as remotely turn the shower itself on and off. However, in addition to these important functionalities of the smart shower, we will utilize wireless communications in order to increase the features and usability of our device.
The devices will use HTTP to communicate across the internet, through an Application Programming Interface (API). This API will allow us to access a subset of the subroutines in our program through HTTP. These subroutines will be critical to the operation of the device and the features associated with its use.
[bookmark: _GoBack]Our API will be written in ASP.NET MVC. ASP.NET is Microsoft’s web programming framework. It plays nicely with Microsoft SQL Server 2014, our database of choice. MVC, or Model View Controller, is a popular architectural design for web sites. It is easy to understand and robust enough to handle a large number of data-oriented requests which will be used in our API. 
One of the important features that requires wireless communication is the diagnostic data. In order to store shower diagnostic data, we will need to connect the smart showers to a database through the internet. This will remove any storage requirements from the smart shower device itself and allow us to more specifically control data storage and maintenance for our users, as well as ensure that no data is lost.
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The shower will be controlled by both the in-shower touchscreen display, as well as the mobile application. The in-shower display will have a button that allows you to turn the shower on and off. This will work without any sort of internet connection, however, if an internet connection is set up, then it will communicate the state of the shower to the database, log shower data, and update the mobile application to display the current state of the shower.
[bookmark: _Toc476063461][bookmark: _Toc476066418][bookmark: _Toc477268895][bookmark: _Toc477865200][bookmark: _Toc478043154][bookmark: _Toc478059300][bookmark: _Toc478225912][bookmark: _Toc478424323][bookmark: _Toc478632696][bookmark: _Toc478633312][bookmark: _Toc479678879]In order for the mobile application to control the shower, the smart shower must be connected to the internet, and the mobile application must be initialized with the smart shower. Once this is done, turning on the smart shower will send an API call to the microcontroller to turn the shower on or off, adjust settings, among other things.
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The database for our smart shower will be a complement to both the mobile application and the smart shower. Both applications will access the database for information related to the smart shower, from state and versioning information to flow and temperature data. The database will allow us to access data from any location at any time, and record information in a place that is independent of the smart showers and smart shower applications. This will allow us to have effectively infinite storage – our data storage will not be stifled by a lack of storage on the phone or smart shower microcontroller. If more storage is needed, simply adding storage to our remote database will allow us to store more information.
There are many different databases that you can use, however, there are only two main types of databases: relational databases and NoSQL or Object-Oriented databases. Relational databases are the traditional form of database that uses rows, columns, and tables to store and access data, and are queried using a query language based on relational algebra and relational calculus. Most of these databases are accessed using various flavors of the Structured Query Language, or SQL. NoSQL databases do not store data in the same way as a relational database. Instead of using tables, they store chunks of data in different ‘bookshelves’ and allow access per bookshelf. Then, from within the bookshelf, the individual data you want can be retrieved.
We will be using a relational database, due to the simplicity of the database format and familiarity of the technology to most developers. NoSQL is new and has been slow to take over relational databases which are still the best option for most situations. We will be able to make a table-column schema and store our information as rows, which we can then access using a unique smart shower ID. Then, we will create each individual shower as a separate log in the database, and from there a separate table which will store information about flow and temperature data for each time period.
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The use case diagram above describes the format of the relational database that we will be using. There will only be three tables – SmartShower, Shower, and FlowData. There will be a SmartShower row for each Smart Shower product. The Shower table will store a row for each shower taken. The FlowData table will store a row of data containing the information regarding flow information for each individual point in time, for each shower. The FlowData table’s rows will be identified by a shower ID. Following that ID, you can get the information about the individual shower from the Shower table. Each shower will have a SmartShower ID as well, so you can link the shower back to the Smart Shower that was used to take it.
The SmartShower will store the basic information about the smart shower. The Model column will store the model number of the smart shower from the factory. By storing this information, we can determine what parts were used to create the shower and assist in troubleshooting the customer. This model information can also be used to determine analytical data on sales on the side of our company, allowing us to see which models sell and are used the most, in relation to which models have been manufactured the most.
 The SerialNo column will store the serial number of the smart shower product. By storing the serial number, we can verify that the customer’s smart shower is a valid smart shower made legitimately by us, and track the state of each smart shower made. Like any serial number, this will have a unique format for our company that is to be determined, and be unique for each smart shower. This number is how we will locate which row in the SmartShower table corresponds to a given smart shower product.
[bookmark: _Toc475915036][bookmark: _Toc475912874][bookmark: _Toc475912491][bookmark: _Toc476063462][bookmark: _Toc476066419][bookmark: _Toc477268896]The SoftwareVersion column will store the version of the software that is running on the microcontroller. This will be updated whenever a software or firmware update is made on the smart shower itself and will help us determine which smart showers need to be updated, as well as allow us to provide any technical support more effectively with the customer. 
The State column will store the state of the smart shower, which will include ‘Tested’, ‘Initialized’, ‘Active’, ‘Inactive’, ‘Deactivated’, or ‘Returned’. This will help us keep track of the status of every smart shower we have made, and what it is doing. It will be ‘Tested’ after testing is performed in the factory. The shower will be in the ‘Distributed’ state after it has left the factory, and also not been connected with the server before, which means that it either has not been connected to the internet or has not yet been sold. ‘Active’ means that it has been used within the last month to run a shower, ‘Inactive’ if it has not. This activity will allow us to determine which smart showers are still in use. This field will be updated by a trigger in the database, which will automatically set the State field to ‘Active’ when a shower is taken that uses its SmartShowerID. The shower will be considered ‘Deactivated’ if the shower must be deactivated for any reason, and ‘Returned’ if the product has been returned to the factory. 
The CreationDate column will store the date that the smart shower was put into the system. The showers will need to be put into the system before they reach the factory, so that we can also keep track of our smart showers from within the company. Each Smart Shower’s basic functionality will be to start and end a shower. We will log showers when they are started in the Shower table. Each shower will be attached to a Smart Shower ID, so that we can look up the Showers that each Smart Shower has run. It will have a StartTime, EndTime, and its own ID. This ID will be used in the FlowData table to identify the FlowData associated with each shower. The TimeLimit field will be used to store the time limit for the shower, providing easy access to this data after the shower is long over for statistics, and allowing the smart shower itself to access the information from the database if need be.
The FlowData table will store a row of data for every second that the shower is on. The sensor data will be recorded, along with a timestamp for each row. We will store the date and time in the form of ticks, which are a 64-bit large integer which will be converted into a timestamp with high precision within the code. After accessing the information, we will be able to create a graph of the data using the start time and end time from the shower, the shower ID to identify the FlowData rows, and the individual flow and temperature information for each point in time from the FlowData table.
In order to get information from the database, first you will need to identify the smart shower ID from the serial number. Then, using that smart shower ID, you can get a list of all the showers it has performed. With each of these shower’s IDs, you can then get the FlowData for each shower and graphically display it, per shower per smart shower device. This information will be needed to display shower analytics to the user as specified in the software requirements.
One issue with this design is the data accuracy. If the smart shower attempted to access data from the database on the current state of a shower, it could be accessing old or incorrect data, with no real way to verify its data. Preferably, you would be able to communicate directly with the mobile application and read the user’s settings for the specific shower. As a result, we will send the shower setup data, such as time limit, start time, and temperature settings when we initially turn the shower on, using the wireless network HTTP protocol, which allows us to send a data package.
Another issue with this database design is that it can cost a lot of storage. Storing a row of data for each second you are in the shower, with even 100 smart showers actively in use, will quickly use up data in the database. Not only that, but writing to the database every second would overload the database with commands and create a need for more hardware and more cost. A potential solution to this would be to delete data after a certain period of time. After a shower is, for example, 3 months old, you could delete the shower and the associated FlowData rows from the database, helping to free up space.
In order to lower the number of requests to the database and reduce network traffic, instead of sending each FlowData row individually to the database, we will store them temporarily in memory of the smart shower device. Then, when the shower ends, it will assemble the data into rows and send it to the database as one big request, which the database can service all at once. This will reduce the number of requests made to the database and allow it to do lots of similar operations all at once, instead of servicing singular requests from many different clients. 
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Several physical components must be designed and created for our project to fully function. To do this, we will be using the 3D computer aided design software Solidworks.  In Solidworks, we will be modeling needed parts by using the specifications of the other components in our system. 
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Our project is designed to control a shower valve with a servo. In order to do this, we must design an interface and mount for the servo to connect to the valve. After much trial and error, we finally created a design that allows the servo to be mounted from the back of the interface. This allows the overall design to be much smaller. 
In our final design, the servo is installed on the back (outside) of the mount. After the servo is installed, the valve spline and servo spline are joined with our coupler by sliding the mount onto the valve cartridge. After the valve and servo splines are mated, the mount can be tightened onto the valve cartridge through the adjustable mounting slots. This can be done with various types of hardware (not pictured). 
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To keep a good aesthetic and provide water resistance for our electronics we must build an enclosure for our electronics. This enclosure will house the display which will accessible through the bezel shown below. The microcontroller and power electronics board will rest behind the display. While not shown in the figures below, the enclosure will extend further and have a removable backplate that is sealed with sealant.  
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Figure 47: Render of assembled user interface enclosure
5.6.3 Sensor interface 
While the servo-valve interface required a somewhat complex design, the temperature sensor can be implemented into our system with relative ease. For our system, to integrate the temperature sensor to measure water temperature we simply used a modified ½” PVC plumbing coupler. This was the most logical place to put the digital sensor as the inclusion of the water flow sensor in line with the shower head requires one of these ½” plumbing couplers. 
To integrate the sensor into the fitting we used a hot piece of metal heated by a torch to create an opening. Once a large enough opening was created, we fitted the temperature sensor into the fitting with the sensing end of the package inside. After the sensor was tested inside of the fitting for full functionality, we sealed the sensor into the fitting using a two-part epoxy. 
After the epoxy cured, we tested the sensor again without water submersion. We then tested the sensor in its intended environment: in line with the shower head. Initially the sensor leads were accessed externally on the device and are exposed to the water and moisture in the shower environment. After testing the sensor with fully functional results we sealed the leads of temperature sensor with epoxy while they were connected to waterproof connectors. This ensures longevity and accuracy of operation for the sensor. 
Initially, we tried using cyanoacrylate (super glue) adhesive to bond the sensor in the device. After two unsuccessful attempts with the adhesive we moved to the 2-part epoxy. 
[image: C:\Users\luke\AppData\Local\Packages\microsoft.microsoftedge_8wekyb3d8bbwe\AC\#!001\MicrosoftEdge\Cache\DZC4FXHS\20170411_090032[1].jpg]
[bookmark: _Toc480824793][bookmark: _Toc480888618][bookmark: _Toc480918421][bookmark: _Toc480928422][bookmark: _Toc480929748][bookmark: _Toc480930142][bookmark: _Toc480932574][bookmark: _Toc480935715][bookmark: _Toc480973156][bookmark: _Toc480974244][bookmark: _Toc480979316][bookmark: _Toc480979143]Figure 48: Temperature Sensor Mounting
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Due to our device being designed for permanent installation it’s critical to consider where the power will come from. As discussed in section 5.1 the main power supply will be a self-contained wall-wart style power brick with the mains voltage connection built into the body. From here the DC power will be transported over a rubberized cable to the Control unit. Depending on the layout of the bathroom that our device is installed in the cable will have to be carefully routed as to not be a tripping hazard but also not be crushed, worn, or submerged in water at any point especially not at any connecting joints.
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The outlet that the power supply is plug into must be a ground fault interrupt (GFI) protected receptacle. This is because there is always a small chance that water and electricity could always con into contact by a number of possibilities ranging from part failure to manufacturing defects. This is true even though there is only low voltage DC present in our device as none of the power devices are isolated, this would be quite cost prohibitive to do so. It a GFI outlet is not available, be it a GFI outlet or circuit breaker, portable adaptor devices can be used that are intended for hair dryers in older housing structures without GFI outlets.
One of the more difficult procedures will be mounting the cable in a sturdy manor. This can be done in two ways. One way is by drilling two holes in the wall of the bathroom; one near the outlet and one near the shower where the smart shower controller is located. The cable is subsequently run through the wall either between the studs or through the ceiling above to the shower finishing it up by sealing the holes with a high grade water resistant silicone sealer. However this method greatly goes against the relative ease and simplicity that our device is striving for so the second method is to use either self-adhesive hooks or conduit strips to carefully route the cable around the room and into the shower. Parts like this can be sourced from manufactures like 3M who specialize in adhesive manufacturing and can provide a wide range of products in multiple colors. This method results in a slightly less aesthetically pleasing result, but it also doesn’t modify the mechanics of the bathroom structure.
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The aesthetics of the smart shower product, as it is a product that will go into people’s homes and be visible within their showers, should be visually appealing and unobtrusive, allowing it to adapt to whatever environment it is in. If the market research shows interest, it could come in different colors or designs in order to match whatever shower and bathroom style that is desired by the customer. The combined aesthetic of the hardware and software should be clear and easy to understand, while communicating a brand as well as the ideas of luxury and ‘green’ technology.
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The aesthetic of the outer design should match what already is in place in most people’s showers. In general, shower design is brightly colored, often with matching metallic chrome for the shower head and shower control. As such, the encasement for the sensors, screen, PCB, servos, and wires should match these design aesthetics by using off-white and chrome colorings. Specifically, the servo that controls the handle of the shower, which is traditionally chrome or metal, should echo this chrome design. The smart shower is not trying to make a fashion statement – rather, it should be adaptable to any environment’s aesthetic.
Most of the time, bathrooms are made with some sort of tile. In order to prevent our smart shower from being an eyesore, the texture and look of the device should be similar. Tiles are hard and flat, with sharp edges and fit flush with one another. Unfortunately, using a suction cup attachment design will not allow for a flush contact between the encasement of the screen and microcontroller to the shower wall. However, the encasement for the device may have well defined edges and a hard, flat texture. Since it is an electronic device, it should feel structurally strong to protect the device, as well as very solid. There will be no looseness on either the inside or outside of the case. Any screws or other fasteners should not be visible when the smart shower device is properly mounted.
The power cables will connect across the shower or bathroom and into the sink area, where normal bathroom wall outlets reside. Unfortunately, with our design, this is unavoidable. However, we could potentially adapt our device to be battery operated, eliminating the need for any cables in the bathroom. Until that time, the cables should be made to be as aesthetically pleasing as possible. They will be a simple, off white color that makes them less noticeable in a bathroom. Included in the product will be fasteners that will allow you to pin the cable to the wall so it is not hanging.
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The aesthetics of the software should be simple and make the user think of simplicity and energy efficiency. Whenever it comes to changing the way someone does something inside of their own home, it should be easy and trivial as much as possible to get used to and understand. People are resistant to change. The smart shower app should look aesthetically similar to not only Android OS apps, but also to the Nextion in-shower UI. Our icons should share meaning and design across both User Interfaces. The icons should be simple and easy to understand, with clear lines that can be seen inside of the shower, potentially with fog or dew on the screen viewing window.
The software color scheme should be high contrast in order to be more easily viewable in the shower. Black and white is a very effective high contrast color scheme, however, it’s not very aesthetically pleasing. So, the black and white coloration will be used for the screen in the shower, but the application will use a different color scheme that matches our branding. This will most likely be bright colors with plenty of blues and whites.


[bookmark: _Toc475915044][bookmark: _Toc475912882][bookmark: _Toc475912499][bookmark: _Toc476063470][bookmark: _Toc476066427][bookmark: _Toc477268904][bookmark: _Toc477865210][bookmark: _Toc478043164][bookmark: _Toc478059310][bookmark: _Toc478225922][bookmark: _Toc478424333][bookmark: _Toc478632706][bookmark: _Toc478633322][bookmark: _Toc479678889][bookmark: _Toc480824909][bookmark: _Toc480891197][bookmark: _Toc480918542][bookmark: _Toc480928543][bookmark: _Toc480928934][bookmark: _Toc480929869][bookmark: _Toc480930263][bookmark: _Toc480932695][bookmark: _Toc480935836][bookmark: _Toc480973277][bookmark: _Toc480974365][bookmark: _Toc480979437][bookmark: _Toc480979486]6.0 Integration and Testing
Once a design is developed enough to justify prototyping, it’s imperative that proper steps are taken to validate the decisions made in the design stage to make sure they will work in a cohesive manor. This is important from a design point of view because you can never make a perfect system and characterize conflicts between individual components in your system without extensive simulations and heuristics analysis. Also, quite a bit more can be quickly learned in the process of real world testing with development boards and breadboards. This process could also become very difficult depending on the choice of components such as high powered packages or surface mount components that aren’t directly compatible without adaptor boards. This would require some creative designing in the PCB stage to leave useful testing points for the assembly process. At that point, it’s imperative to have a solid testing procedure to validate each components operations but also do it in not just a safe way but in an isolated way as to not damage the component itself or worst case other components that it shares the PCB with. All of these steps will be considered in more detail in the following subsections.
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[bookmark: _Toc475915046][bookmark: _Toc475912884][bookmark: _Toc475912501][bookmark: _Toc476063472][bookmark: _Toc476066429][bookmark: _Toc477268906][bookmark: _Toc477865212][bookmark: _Toc478043166][bookmark: _Toc478059312][bookmark: _Toc478225924][bookmark: _Toc478424335][bookmark: _Toc478632708][bookmark: _Toc478633324][bookmark: _Toc479678891]Due to the relative complexity of our smart shower device and its outlined features, many different components and materials will need to be combined together into one cohesive unit. That being said, many of the components we plan on using for the final prototype are off the shelve components and thus have their own power, environmental and dimensional needs. This is why a great amount of care is needed to make sure each component’s specifications are met as to not induce premature failure.
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The Smart Shower is comprised of three main parts, the main assembly with the user interface, the servo drive system that mounts to the shower valve and controls it, and the sensor assembly that contains the water flow and temperature sensors. Each of these assemblies must be designed and fabricated to not just mechanically work but also be water resistant due to the inherently wet environment that our device is operating in. This will be done in a few ways, by choosing to use water resistant parts and by designing our casing to be water resistant. This can be then coupled with a seem sealing adhesive to guarantee that the final design is as  water proof as posible.
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One of the major milestones in this project is the design, fabrication, and assembly of the printed circuit board (PCB). This is where the brains and the logic of the device will be placed coupled with its power regulation circuitry. The process of designing the PCB is a lengthy and involved process that involves carefully analyzing component datasheets and reflecting on information obtained from the breadboard testing phase to result in as close to possible, a working PCB design.
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Manufacturing PCBs has become increasingly easier as the use and continued development of design software becomes more prominent. Currently there are quite a few offerings that are anywhere from free to several thousand dollars. In our case we decided on KiCad due to it being free outright and having a decent 3-D PCB modeler built in, which will be useful for visualizing the design. Ultimately there isn’t too much of a difference between EDAs, the main thing you pay for is more robust features like auto placement/routing of traces and schematic debugging and simulation. 
Once in KiCad some basic design parameters need to be set. These include minimum trace spacing, trace size and thickness, via size and shape, pad size and shape, etc. Many of these will be left as their default due to the relative simplicity of the project, but would become very crucial if working with mains electricity. This is also a good time to decide how the PCB will be assembled. In mass produced designs PCBs are panelized and then sent through an assembly line of machines to add the solder, a pick and place machine to add the components, and then a reflow oven to melt the solder and bond the components to the board. In this case the PCB component pads and components themselves can be as small as you wish due to if being built by machine a process commonly called being “stuffed”. Due to this project being more prototype/proof of concept rather than production product this method won’t be considered as only hand assembling our boards is the only cost effective way. That being said there are a few different ways to assemble small batches of PCBs, one of which is by manually completing each step of the aforementioned method. The only difference is in the final step of reflowing the solder. If you have some cash on hand, a small reflow oven or hot air gun can be purchased, or a do it yourself method of using a toaster oven, hot plate, or heat gun could be done. The other method is by setting up the PCB in the design phase with slightly longer pads and using a soldering iron with a fine tip for surface mount components and small gauge solder to solder each leg of every component. Any of the methods outlined here will work, however we plan to use a combination of the hot air rework and hand soldering method due to heat sensitive components and chip pin density.
At his point the research and design process can merge together. Surface mount or through-hole components can be determined. These days surface mount designs are the norm and through-hole packages are now reserved for high powered, high heat creating components like MOSFETs, rectifier diodes and current limiting resistors. That being said, through hole components are much easier to solder by hand but at the detriment of PCB real-estate. The largest amount of space in the design would be due to the two dozen resistors and capacitors that wouldn’t need to be any larger than an eighth watt. From here a compromise can be reached, using 1206 SMD resistors and capacitors which are about 10% smaller than standard eighth watt axial resistors and capacitors, but have the added benefit of being able to place them on both sides of the PCB. This technique is commonly called two sided loading. However due to distributer availability, it is ultimately up to what style of components are available for purchase that will sway the final design specifications.
The next step is laying out the board. This is the part that can be relatively quick and easy or very time consuming. This can be greatly exasperated by high current routing and radio frequency or communication lines as careful consideration is needed to route these. Power traces need to be thick enough to carry the maximum load current plus a reasonable over tolerance. This is also a good time to consider and creepage requirements that might need to be addressed. Creepage is a term used to describe the amount of insulating space between two conducting points. This is a critical consideration especially for PCBs using high voltage or mains AC. In the case of our smart shower we won’t be using any voltages over 12 V DC, however we will still consider trace clearances for all the power traces running throughout the board as well as trace thickness.
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These days, due to very lax import regulations small scale PCB manufacturing has become a very lucrative market. As such there are more PCB fab-houses than you can have a resistor at. This works out in our favor as ten years ago a four square inch two layer board would cost $100 for ten rather than the $20 of today plus you can usually pick any color for your solder mask. However one downside to this market is that the vast majority of these manufactures are in China, meaning that shipping will take upwards of 2-3 weeks unless you want to pay a fortune for expedient shipping. With this in mind we decided to go with OSH Park to fabricate our board. We will be stuck with the iconic OSH park purple PCB solder mask but they have a very well developed online ordering system that’s quick and easy to work with and have a quick fabrication turnaround time being that they are located in the continental United States. OSH Park also has a low volume solder stencil service that turns your solder mask layer into a vinyl stencil good for low run batches of PCBs. This would be very useful for the smaller pin pitch components of the design. If this were a mass-produced product we would be using an aluminum or stainless steal stencil that had a panelized layout of our PCB in a matrix of about ten to twenty boards. The perk of using metal stencils besides being more robust is that they have much sharper edges and tend to lift away from the solder paste much better than the vinyl ones.
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At this point we need to talk about the PCB composition. These days, quality PCBs are made from FR4 fiberglass sheets with 2 or 4 oz. copper on each layer. OSH park has the ability to manufacture two and four layer boards, the later being just two layer boards sandwiched together with another sheet of fiberglass between them. In our case, the Smart Shower main board isn’t complex enough to justify using a four layer board and can be easily laid out in just two. Besides that, four layer boards are more than twice the cost of the two layer and have a longer turn around time. Boards with over two layers are generally used due to the density of the traces or pin pitch of the components. This is common for ball grid array (BGA) chips who have their pins in the bottom of the package in a grid. This makes the ship nice and small but it makes half of the pins inaccessible. This is circumvented by placing vias down to the other layers to break out the hidden pins. If supported by the manufacturer, the design can incorporate blind vias, which are vias that are imbedded between internal layers and aren’t visible from the top or bottom layers. Most manufactures don’t support this due to the extra work needed to assemble them because it nearly doubles the processing time for each layer needed plus its a very niche specification often times only used for motherboards or high frequency boards that exceed eight layers thick and use components that can’t physically be used with out them.
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Once the PCBs are in hand assembly can begin. This is the point at which the type of solder must be chosen. There are two main chooses; leaded and lead free. Leaded is commonly sold as 60/40 which is 60% tin and 40% lead, or 63/37 or even the more expensive 62/36/2, which is tin, lead and a tiny bit of silver. All of these functionally work the same, i.e. when used correctly they melt and bond leaded components to the PCB. The latter two are typically better made and easier to work with, hence the higher price. Lead free is exactly as the name implies, no lead at all. Instead it contains, 96.5% Tin  3.0% Silver and .5%. Copper. Lead free solder has become more or less ubiquitous in modern electronics due to the European Union directives for waste control, WEEE (Waste Electrical and Electronic Equipment) and RoHS (Restriction of Hazardous Substances). These directives require no equipment sold in the European Union should, have more than .1% lead in any component by July 2006. Due to worldwide markets, most manufacturers and retailers outside of the EU have complied with this even if there aren’t any laws or regulations to adhere to, like here in the United States. If this project were to be manufactured and subsequently stuffed as a final product, the fabrication house would almost certainly require it to be assembled using lead free solder. Also due to the previously discussed EU regulations it would be in our best interest to go with lead free. But due to this project being a one-off proof of concept and doesn’t need to abide by any regulations, we will most likely use a combination of lead free solder paste and leaded solder wire as needed.
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Due to the moisture rich environment that our smart shower device will be in, water ingress is a troubling topic. One way to prolong the service life of the device would be to add a conformal coating to the PCB once it was assembled. This would reduce the chance of component or contact oxidation and internal electrical shorting. In short, a conformal coating is a enamel or polyurethane coating that is sprained on or dipped in to seal the board. One caveat is that once the coating is applied the PCB can’t be reworked.
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To acquire the external parts needed for our project we used various sources. The sensors were both acquired on eBay from sellers in China as it was the cheapest source found while still providing a reasonably high quality product. We looked into using a more reputable component source such as Digikey or Mouser but the cost was much higher when shipping was factored in even though they were shipping from the continental United States.
To purchase the Nextion Display we initially looked at the manufactures website (iTead). Ultimately, we ended up purchasing the display from a US based electronics retailer known as DirectVoltage. We determined that DirectVoltage had the lowest cost of any US seller and had the most appropriate shipping method (display only took 2 days to arrive).  We also looked on eBay to see if prices were any more competitive. 
[bookmark: _Toc475915049][bookmark: _Toc475912887][bookmark: _Toc475912504][bookmark: _Toc476063475][bookmark: _Toc476066432][bookmark: _Toc477268909][bookmark: _Toc477865215][bookmark: _Toc478043169][bookmark: _Toc478059315][bookmark: _Toc478225927][bookmark: _Toc478424338][bookmark: _Toc478632711][bookmark: _Toc478633327][bookmark: _Toc479678895]As discussed above, the PCB was manufactured by OSH Park. This was done due to their reliability and general quality of the manufacturing. We could have ordered from a fab in china but that would have added more logistical issues like time constraints and quality that we didn’t want to risk. All the components for to populate the PCB were purchased from Texas Instruments and Mouser. Texas Instruments actually sent us some samples of their components, leaving the rest of the components like resistors, inductors, and capacitors to come from Mouser.
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One of the major steps in the fabrication process is testing. This ensures that all components work correctly before being permanently installed or interfaced with other components of unknown operational status. This process also is meant to test the components and the software to their limits, well beyond what a normal user might be capable of. This may also require finding the absolute maximum capabilities of the device to evaluate if it needs to be fixed or that the design needs to be re-evaluated. This section outlines the main testing methods and procedures used to test our devices functionality.
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Once the PCB is assembled, power testing can begin. This is different to the breadboard segment as we are using the actual prototype PCB assembled with parts to do these tests. Testing is made easier with the help of some forethought in the PCB design process by adding fuses and disconnect headers to isolate and protect the individual power supply rails. This will be helpful for testing and in the event of an undesired outcome, the debug section if there is any problems.
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The first time power-on test should be done utilizing a current limited bench power supply to provide the master 12 volt DC input and a digital multi meter to read any voltages. This is how we will test the operation of the DC-DC converters to see if they work correctly.
Step 1. Prepare the PCB by removing the power rail isolation jumpers J2,J3, and J4
Step 2. Connect the bench top power supply to the main power input
Step 3. Connect the multi-meter to the first power rail header
Step 4. Enable the power supply output with a maximum current of <100mA
Step 5. Observe the multimeter reading to confirm that it is within 10% of the expected reading for the associated rail.
Step 6. Repeat these steps for the remaining power rails to confirm their operation
Step 7. Once all the power converters have been confirmed to be working correctly, return jumpers J2,J3, and J4 to their normally closed positions
Step 8. Enable the power supply output once again and probe the loaded outputs of the power converters. Also observe if the connected microcontroller, servo or sensors work correctly.
In the event that any of the DC-DC converters don’t appear to work correctly, immediately disconnect power and begin a troubleshooting process to evaluate the issue. Most issues like no voltage and low voltage output, coupled with high or no current draw from the master supply point directly to a connection issue. This can be alleviated by re-inspecting the PCB for bad solder joints, or missed connections. Another thing that can be done is comparing the schematic and the bill of materials to confirm the placement and position of each sections parts.
Due to the very prototypical nature of this device there is a high probability that an error in the PCB development process might be discovered this is outlined in section 6.2.2. If minor is required, a quick fix with a bodge wire or solder bridge can be done but, in the event of severe errors a PCB revision might be needed. This would be the last stage for a faulty PCB.
Once the general power system has been tested to specification, the next step is to enable the remaining components and peripherals and set it up for a regular use condition that will require the largest power draw. This includes mounting the valve servo with a simulated valve that can be simply be a weight hanging from a table. This will be the start of the burn in test to confirm that the entire power system can run at sustained load, even if the condition is unlikely to ever occur. If a failure is likely to occur it would be during this test as every component is being used at its maximum.
Throughout this process it’s very important to keep an eye on the temperature of the various components. The microcontroller is very likely to warm up once it starts running some code and running its RF circuitry, but the power regulators are the bigger concern particularly the one that runs the servo. The temperatures can easily be measured with a thermocouple or and IR thermal gun. If any temperature exceeds the datasheet specifications for that component the test should be stopped and power draw considerations should be made as to confirm that none of the components are overloaded.
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Due to the nature of manufactured goods, there’s always the possibility of errors or defects that arise from there assembly. This is why its critical to conduct spot checks at various points in the process to confirm and evaluate the required specifications. 
While in the EDA it’s critical to confirm that the component footprints are correct. This includes board space but also vertical space that isn’t taken into account in the 2D EDA. This can be done by picking components as you layout the board and organize them in a spreadsheet that logs various necessary specifications. In the case of many of the surface mount components like the resistors, diodes, and fuses, they are in a standardized form factor that is broken up into different sizes. This makes it very easy to pick the correct footprint from the EDA. For less standardized components like inductors, you will have to dig through the datasheet and either find a footprint that is sufficiently close or custom make on to fit it. This process can be made a bit easier with the use of a pair of calipers to better visualize the component size especially in height.
In Figure 52, it can be seen an example of post PCB design checking. This is simply a printout of the solder mask at 1:1 scale. What can be done from here is place critical components like the small surface mount components that our smart shower main board is using to confirm that that footprint in the PCB design are correct. This is an easy and cheap way to do a quick spot check before the PCBs are ordered.
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Once the PCBs are ordered and in hand, its critical to test the boards for any manufacturing defects. This can include but not limited to, missing or misaligned solder mask, broken traces, and missing vias. Many of these errors can be spotted visually without any tools other than a magnifying glass for the smaller traces or pads. Broken traces are a bit harder to track down but are definitely ones that you want to find before you assemble the PCB as it may cause erratic, unpredictable problems. Testing for these effectively will require a continuity tester and the PCB schematic handy. From here, go around to every pad and check that it is in fact connected to every other pad that it’s supposed to. This may be a time-consuming process that can actually be done by the PCB fabricator, but usually costs a fair amount of money over the base fab fee, so it’s generally reserved for high tolerance designs.
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The Smart Shower has a few peripheral components that also need to be tested. One of which is the high torque servo motor used to turn the shower valve to control the shower temperature. Testing the servo is relatively easy and the first step is to confirm that it actually works. This can be done by hooking it up to an RC controller and gently sweeping it, or by using an Arduino or other microcontroller with a servo sweep test programed on it. Due to the servo sacrificing speed and responsiveness for increased torque handling the servo may appear sluggish and slow in its movements. This is normal and will not be a detriment to the operation of the device. Once compete the servo needs to be tested under load. Do this by either adding weights to the servo horn or resisting its movements with your hands, being careful to not get any fingers caught between the horns and the servo body. This part may be easier if the servo is mounted to something like a vise or a table to keep it from moving as well as be powered from a benchtop power supply due to the expected dramatic increase in power consumption as can be seen by the oscilloscope image in Figure 18. Regardless of the added weight or resistance the servo should still operate as it did in the previous step albeit a bit slower. We opted to test the servo using several methods such as writing a small servo test program on our microcontroller as well as using an RC servo testing tool. We used a bench power supply to provide the 7.2V and high current as our power electronics board was not yet completed. 
[bookmark: _Toc480907998][bookmark: _Toc480918556]Other than the servo, the most important peripheral we tested was the temperature sensor. For our system to meet specification, our temperature sensor must be fully functional and accurate within its specified tolerance. If the sensor is non-functional or inaccurate our system could potentially have catastrophic failure and may harm the user with water that is too hot.  To test the temperature sensor and ensure its full and accurate functionality we interfaced it with our microcontroller. After successful connection to our microcontroller, we implemented a small test program to output the temperature read from the sensor to the Nextion display. We then filled two beakers with water and proceeded to place ice in one of them and boil the other. With the two beakers at hot and cold temperatures, we then measured the temperature of each with a kitchen thermometer. At the same time, we also measured the corresponding beaker with our peripheral temperature sensor. After measuring both the water in the hot and cold beakers with both sensors (kitchen and our own digital sensor), we compared the values of the temperatures. We found that the value of our temperature sensor was very close to the kitchen thermometer sensor and within its error of margin located on the component datasheet. With this in mind, we concluded that our temperature sensor was fully functional and accurate enough for full implementation in our final project. 
The last peripheral component we tested was the water flow sensor. This sensor is used for various applications in our project and must be fully functional for our project to work. The water flow sensor we selected is of the hall effect type and emits a series of pulses to indicate water flow. To test the flow sensor to ensure its full and accurate functionality we interfaced it with our microcontroller and wrote a small test program to count the pulses and translate to a water flow rate. After interfacing with the ESP8266, we proceeded to hook up the flow sensor to the shower fitting. We then turned on the shower using the valve and monitored the received pulse data from the flow sensor.  This pulse data was then translated to a water flow rate in gallons per minute. To verify the accuracy of this measurement, we took a one gallon milk jug and timed its filling. The difference in the manually measured flow rate and the sensor measured rate were within the margin of error for the sensor.
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[bookmark: _Toc477268914][bookmark: _Toc477865220][bookmark: _Toc478043174][bookmark: _Toc478059320][bookmark: _Toc478225932][bookmark: _Toc478424343][bookmark: _Toc478632716][bookmark: _Toc478633332][bookmark: _Toc479678901][bookmark: _Toc480824922][bookmark: _Toc480891212][bookmark: _Toc480908000]The embedded system is the heart of the smart shower product. The embedded software will need to be thoroughly tested in all of its functions. The functions of the embedded software are: User Interface, Servo and Temperature Control, Communication via API, Internet Connection, and phone pairing. These functions will need to be individually tested and verified.
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To test the user interface, we will need to verify the user interface is correctly displaying dating and responding to input. We will do this by having default values in the User Interface that display if no input is being received. Then, if data that makes is being displayed on the screen, we will know that it is correctly being populated from the sensors or database. We will also need to verify that all of the pages can be navigated to, and from, without any errors. The dimming and brightening functionality of the UI, the general user settings, and the correct date and greeting being displayed on the home screen will all be tested and verified as well. The update time function will also need to be verified, so that we ensure that the correct time is being retrieved. Finally, we will verify that the on-screen input information updates with user input. The user interface will also display real-time temperature and flow data graphs which must also be tested and verified to be correctly displayed.
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The servo and temperature control system has two parts – the algorithm which changes the temperature to the desired temperature, and the user interface element that causes the shower to change temperature or state.
To test the shower state changing, we will have to check that the shower itself turns on and off correctly, and displays this change on the user interface. To do this, we will press the UI button to turn the shower on and off. If the shower UI changes to reflect that the shower is on, and the button will now turn the shower off, and vice versa when the shower is already on, the UI is verifiably working. Additionally, we will need to test when the smart shower is turned on via mobile device, that the UI correctly updates to reflect the current state of the shower.
The servo temperature control algorithm testing will be simple – we will verify that when a temperature is set, the servo changes the temperature of the shower to attempt to reach the desired temperature. If it can successfully reach the temperatures set, the tests will be passed. If the shower encounters a temperature that it cannot reach, it must notify the user via the display and get the temperature as close as possible.
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We will test the internet connectivity by using the smart shower’s UI to connect to different wi-fi networks with different security levels and preferences. This will ensure that the wi-fi connectivity works correctly for any networks. This is a pre-requisite to testing the API calls.
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[bookmark: _Toc480918558]The communication via API will be tested by verifying that the mobile device’s input is reflected promptly in the smart shower, and the retrievals and updates through the database API are correctly reflected in the database. The mobile application settings changes, and turning the smart shower on and off or updating the temperature should be immediately reflected in the smart shower.
[bookmark: _Toc480924998]We will verify the database input by checking the recorded data on the microcontroller vs. the data recorded in the database. We also must verify that it is recording flow data at the correct intervals, and storing it with the correct time stamps.
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The phone pairing application will allow the phone to communicate with the smart shower system. In order to not allow other people to access your smart shower, we need to pair your phone and smart shower system, only allowing approved devices to access the smart shower. This will be done by providing a unique code for each smart shower device, which will allow the smart phone that has the unique code to connect and modify the smart shower. This will be tested by going through the code entering process, and then attempting to use the smart shower via mobile to verify that it is indeed paired with the phone. Then, the smart shower will be reset and a new code generated, which we will also verify.
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When testing the mobile application, the verification of complete integration and connectivity with the embedded software/hardware will be tested in addition to the intermobility of the mobile application user interface. These tests will originate from the delivered software requirements created to sufficiently confirm coverage of the mobile application. The environment in which the test will be conducted will be in an isolated home environment with the hardware piece as well as the software application communicating over the WiFi network. Below are the testing tasks that need to be performed on the mobile application to fully ensure operation. 
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This test is to fully ensure connectivity over the wireless network from the hardware to the mobile application.
Step 1. Turn on mobile device
Step 2. Go to phone settings and turn on Wifi
Step 3. Connected to the home WiFi
Step 4. Open the mobile application. 
Step 5. Click “Next” on the Welcome Screen
Step 6. Input the serial in the space provided (serial is generated on the hardware)
Step 7. “You have successfully synced your Smart Shower” screen will appear if connection is successful.
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This test is to verify that the user settings can be changed and the settings changes take effect.
Step 1. Turn on mobile device 
Step 2. Open the mobile device and verify that the device is connected with Smart Shower
Step 3. Click the menu button and select Settings 
Step 4. Verify that options are present: Fahrenheit or Celsius and Change Smart Shower Device 
Step 5. Verify that Unsync option indeed unsyncs 
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This test is to verify that changing the users desired temperature on the mobile application applies to the hardware and indeed alters the temperature of the shower. This is the main feature of Smart Shower. Testing and verifying full functionality is extremely important.
Step 1. Turn on mobile device
Step 2. Open the mobile device and verify that the device is connected with Smart Shower
Step 3. On the main screen verify that an option to input a temperature is available
Step 4. Input a desired temperature from a range of 70F – 115F
Step 5. Click the Start Shower Button
Step 6. Verify on the Nextion LCD screen in the shower that the mobile device temperature input was received 
Step 7. Change the temperature on the Nextion LCD and verify that the change is reciprocated on the mobile application
*Note: While testing verify with lenient judgment physically the temperature of the output water from the shower.
[bookmark: _Toc478059324][bookmark: _Toc478225936][bookmark: _Toc478424347][bookmark: _Toc478632720][bookmark: _Toc478633336][bookmark: _Toc479678905][bookmark: _Toc480824926][bookmark: _Toc480891216][bookmark: _Toc480908004][bookmark: _Toc480918562][bookmark: _Toc480928568][bookmark: _Toc480928959][bookmark: _Toc480929894][bookmark: _Toc480930288][bookmark: _Toc480932720][bookmark: _Toc480935861][bookmark: _Toc480973302][bookmark: _Toc480974390][bookmark: _Toc480979462][bookmark: _Toc480979511]Setting and Altering Timer
This test is to verify that the timer integrated is functioning properly. It is a feature used by the user to control the time him/her spends in a shower. When the timer expires, it will change the temperature to the coldest possible temperature or shut off the valve in efforts to hurry the user. Whether the temperature is set to the coldest temperature or the water cuts off is a setting that the user can configure to his/her liking. 
Step 1. Turn on mobile device
Step 2. Open the mobile device and verify that the device is connected with Smart Shower
Step 3. Click the Menu button and Click Settings
Step 4. Verify that the Cold option is selected under Timer Settings
Step 5. On the main screen verify that an option to enable the Timer is available
Step 6. Input a temperature between 90F-115F
Step 7. Click the Enable Timer button and set a time between 3-10 minutes 
Step 8. Click the Start Shower button
Step 9. Verify that after the selected time expires the water changes to Cold 
Step 10. Click the Stop Shower button
Step 11. Click the Menu button and Click Settings
Step 12. Change the Timer Settings to “Expires to OFF”
Step 13. Input a temperature between 90F – 115F
Step 14. Click Enable Timer button and set a time between 3-10 minutes
Step 15. Click the Start Shower Button
Step 16. Verify that after the selected time expires the water shuts off
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This test is to verify the integration of water consumption statistics. The goal is the allow the users to be presented how much water is being saved so they can compare it to when they showered prior to Smart Shower.
Step 1. Turn on mobile device
Step 2. Open the mobile device and verify that the device is connected with Smart Shower
Step 3. Click the Menu button and Click h2o Consumption
Step 4. If it is the first time using the application no information will be displayed
Step 5. On the main screen verify that an option to input a temperature is available
Step 6. Input a desired temperature from a range of 70F – 115F
Step 7. Click the Start Shower Button
Step 8. Let the shower run for about 10 minutes
Step 9. Click the Stop Shower Button
Step 10. Click the menu button and Click h2o Consumption
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The project, once assembled, will have a specific way in which we intend for users to interact with it. This process is detailed in the Project Operation section – the smart shower’s installation, troubleshooting, general use, and safety. The aim is to describe the way in which the product will be used, in order to line the design up with its use cases.
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Safety is one of the top concerns for our project and group as a whole. In the basic sense, any time that electrical components are being handled there should be a great deal of precaution. Safety for the group members is important but also in the realm of the project itself. There is a great chance that if proper precautions are not taken then the projects safety can be at risk and potentially jeopardized. 
In the design, development, integration, and delivery of the product there has to be safety measures that are followed. This is extremely important for this project because as the name states, “Smart Shower”, it is an electrical product that will be deployed inside of a shower system. As everyone knows, water and electricity can cause a lot of damage that would not be good for the development of this project. But when taking special precautions and applying everything that was taught in our electrical engineering courses, the safety risks should decrease. Also as our design states, the electrical components that will be exposed to immediate water will be enclosed in a waterproof case. In the behind scenes electrical work, proper sealant and wiring will be enforced for the very reason of safety. 
Proper safety equipment is essential. Always wearing proper goggles, rubber gloves, and even rubber boots.
Since this project will consist of working with a house appliance, the shower, it is also important to know where the breaker box is. Chances are there is no need for it, but it is part of the safety checklist routine. Just as the development of the electrical components will not be performed inside of the bathroom but rather outside in a controlled and safe environment. Later, when the technology is set in place then it can be implement inside of the bathroom connected with the shower and its sensors/valves.
When referring to safety, it also encompasses the concerns of physical safety as discussed above but also the safety of the software. Proper version control techniques are important to prevent complete data loss in the case of a catastrophe. Making proper commits and saving locally the work that is being developed will keep the code safe and can save the team a lot of rework if in the case of mass data loss. 
In general, having backups of the hardware just in case if there is an electrical malfunction or a component gets “fried” then the team can utilize the immediate backup. Being aware that not everything is going to go as planned is extremely important because we must be prepared for those setbacks so they don’t set us back in a massive way.
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The smart shower is a shower addition device that allows users to use their shower with the aided functionality of a computing system. This system features the normal abilities of a shower – turn on, turn off, and set temperature, in an easy and intuitive way. You will be able to easily set the shower temperature and turn the shower on or off with the simple push of a button – either in your shower on the touchscreen, or in a mobile application. This will take the guesswork out of setting the correct temperature of your shower. The home screen of the in-shower touchscreen display will allow you to set the temperature and turn the shower on or off. The shower will automatically attempt to reach the desired temperature by gradually changing the water temperature using the normal shower valve.
The application will require you to first connect the smart shower, which is described in the installation section of this document. Once the shower are connected, you will first see the shower selector screen. You will be able to select which shower you wish to interact with. This will take you to the main activity screen, which will allow you to turn the shower on and off, and set the temperature. If you turn the shower on, the app will notify you when the shower has reached the desired temperature.
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The installation of the smart shower device will involve attaching the smart shower to the wall of the shower, plugging in the device to a wall outlet, and mounting the servo to the existing shower valve.
[bookmark: _Toc475915057][bookmark: _Toc475912895][bookmark: _Toc475912512][bookmark: _Toc476066440][bookmark: _Toc477268919][bookmark: _Toc477865225][bookmark: _Toc478043179][bookmark: _Toc478059331][bookmark: _Toc478225943][bookmark: _Toc478424354]After opening the smart shower device, there will be a manual with smart shower installation instructions. The smart shower will come pre-packaged with most, if not all, valve fittings for the servo. The first thing you must do to install the smart shower is verify which one of the valve fittings correctly fits the valve on your shower. In order to do this, you must remove the valve handle from the shower. Because most showers are not made exactly the same, we will recommend that you go online or contact the manufacturer of the shower and valve in your shower for further instruction.
Once the correct valve fitting has been identified, you must then attach the valve fitting to the servo. This will likely be done with a small, handheld driver of some sort with one or two fasteners. Once the fitting is attached to the servo, you can begin attaching the smart shower to the wall of the shower. The smart shower will be attached to the wall via suction cups, allowing it to withstand any moisture that may dislodge other types of attachment, while not having to permanently damage or change the wall of the shower. Once the smart shower is attached to the shower wall, the servo can be attached to the existing valve. However, the valve handle was removed, will be the opposite of how the new servo valve handle will be attached. Again, further instruction will be needed from the manufacturer of the shower valve and handle.
Once the shower valve and handle is attached, you can then plug the smart shower in to the wall outlet. There will be wall mounting tape and holders for the power cable, so that it can be mounted up and out of the way in the bathroom. The recommended way to mount the cable to the wall will be using wall mounts that can be screwed into the wall studs. Then, the cable will be clipped into the wall mounts, either near the ceilings and the floor. This will keep the cable out of the way, and mostly out of sight.
Once the cable has been mounted and plugged into the wall outlet, the smart shower can be turned on via a power button. The will bring up the screen to configure the servo. It will be recommended that you put on a swimsuit, or clothes that can get wet in order to go in to the shower and start the shower configuration process. This will allow the smart shower to start turning the shower valve left and right to determine which direction turns the shower on and which turns it off, which direction makes it hotter and which direction makes it colder. The user will be prompted to input information when the shower has reached the maximum on and off settings, so that the shower knows the on and off locations and directions, as well as how to change the temperature of the shower.
After all of these processes have taken place, the smart shower will be ready to use. Additional steps must be taken to install the smart shower companion application which will allow the user significantly more options. The details of installing the smart shower application is detailed below, in section 7.4.
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[bookmark: _Toc475915058][bookmark: _Toc475912896][bookmark: _Toc475912513][bookmark: _Toc476066441][bookmark: _Toc477268920][bookmark: _Toc477865226][bookmark: _Toc478043180][bookmark: _Toc478059332][bookmark: _Toc478225944][bookmark: _Toc478424355]There are many planned features and functionality that must be understood in order to properly use the device. Once installation is done, initial setup of the software must be done and then the software can be used. Using the software should be mostly intuitive, but the majority of how it will be used will be outlined here. Using the hardware should also be simple and easy.
The mobile application must first be installed and downloaded before any setup can be done. Before installing the app, you can still install the shower and use it as a shower control with limited features. You will be able to manually turn your shower on and off by pressing a button. Downloading the companion mobile application will greatly increase the uses of the smart shower. 
Once the application is installed, you must tell the application which smart shower device you wish to connect to. In order to do this, we will set up a code for each smart shower, which you will input into the app. The app will then use this code to connect to the smart shower over the internet. The code will be looked up in the database, and then the smartphone app will retrieve the URL for the smart shower, allowing you to control it from anywhere you have an internet connection. If users own another shower, they simply go through this process again to set up the second one.
Once the initial setup is completed, you will be able to change the settings of your smart shower. The smart shower will have default settings for shower temperature, and shower time. You will be able to access notification settings for the shower – vibration and sound settings for notifications. The default shower temperature is the temperature that the shower will attempt to reach when it is turned on. The default shower time is optional, if you want to have a maximum time allotted for showering, that is where it would be set. You can then lock the smart shower settings with a PIN code, allowing the shower time setting to serve as a parental control. No matter which app the smart shower is accessed from, it will always require the PIN code in order to change the default shower time settings.
You will be able to set a “shower alarm” from within the app. First, you must select the smart shower device that will serve as your shower alarm. Then, you will set the wake-up time, and which days of the week it should go off. Finally, you set the alarm sound you desire. Then, the next time that time approaches, the smart shower will automatically turn on and notify you when the default temperature has been reached. Since the smart shower will be wasting water if you don’t get out of bed, you will be strongly encouraged to get up and start your day. These alarms can be set any time, and separately for each smart shower app. This will allow multiple people to use the same smart shower for their shower alarm, even from different phones and apps.
Now that the device settings have been initialized, you will be able to use the simple functionality of the smart shower app. There are two main functions – starting or stopping the smart shower, and changing the temperature. Whatever the temperature setting is, will be the default temperature that the smart shower will always be trying to reach. If the smart shower cannot reach the desired temperature, then it will get as close as possible. 
When the start/stop shower button is pressed, it will turn on the smart shower and attempt to reach the set temperature. When the set temperature is reached, or the shower has been trying to reach that temperature for 5 minutes, the smart shower app will notify you that your shower is ready, and you will be given a minute to get into the shower before any timers start. The same process will happen for the shower alarm, the smart shower will attempt to reach the desired temperature, the alarm will go off, and then you will have 1 minute to get in the shower before the timer starts.
Once the smart shower has been turned on, the turn on shower button will become a turn off shower button. If for any reason you want to stop showering, you can use this button to turn it off. Additionally, there will be a stop shower button within the shower, on the Nextion UI. There will also be a temperature control on the display within the shower. This will not change the default temperature in the app, it will only change the temperature of the current shower. The app will also display the current temperature of the shower, which will help users understand how quickly or slowly the shower gets to the correct temperature, as well as see if the shower cannot get to the desired temperature. The current temperature will also be displayed next to the set temperature on the in-shower display.
The smart shower app will also have the ability to shower diagnostic data on past showers. Any connected smart shower devices will be displayed in the smart shower diagnostics within the app. This will have graphical representations of temperature vs. set temperature over time, time to reach temperature, total shower time, and total water used, as well as water flow rate. This diagnostic data will be viewable for every shower taken using the smart shower. This can help the user solve any issues with the water system in their house, whether it be the water pressure or water heater, and even tell if showers must be spaced out in order to achieve the best temperature results for their home.
These diagnostics will also allow parents to monitor the shower time of their kids. Since each app will have the ability to start and stop the smart shower devices, parents could even potentially turn the showers off while the kids are still in them if need be. This could cause some upsetting mornings for the kids, but also allow parents greater control of the bathrooms in the house and help get the kids to school on time.
The in-shower display will allow the user to turn on and off the shower as well as change the temperature. The in-shower display will automatically display any shower time limits, and disallow you from extending those time limits unless otherwise specified in the app settings. Since you can’t have your phone in the shower, this will keep people from going over their set time and help to save water and money around the home. Additionally, the display will tell you the flow rate and current temperature of the shower, and allow you to manually change the servo’s location rather than setting the temperature and allowing the servo to change the shower flow automatically.
The smart shower will be designed so that if need be, you can still use the shower without any power to the smart shower microcontroller or servo. Using your hand, you should be able to turn the smart shower’s servo mount and turn the shower on and off by hand.
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The smart shower, while elegantly designed, simple to use, and easy to install, could still need troubleshooting for unforeseen issues or user error. We will use database information, diagnostic data in the app and smart shower UI, and wireless communications to help our users troubleshoot the smart shower and associated applications.
One of the main issues that users may have is installing the smart shower itself, especially the servo and valve. Unfortunately, we are not a shower valve company, so we will have limited ability to troubleshoot this issue. However, we can use online documentation to learn about which shower valve they have and how to hook the servo up to the valve correctly. If they continue to have issues we can recommend a plumber to help or offer them a refund. Unfortunately, due to the many potential issues that could be encountered when changing plumbing, there is no guarantee that we will be able to successfully troubleshoot and fix the issue.
Another possible issue the users may encounter is an inability to connect the smart shower to the internet. We will do our best to provide guides and software that will help the users to connect the smart shower to the internet and make it clear and easy. However, if this fails, we will need to be able to troubleshoot the issues the users are having. To help us do this, we will create a diagnostic page in the smart shower’s application that will show connection information, that can be relayed to the troubleshooter to further understand the connection issue.
Once the smart shower has been connected to the internet, we will be able to directly access the smart shower from our troubleshooting application. We will be able to test its connectivity, update its state, update its software, among other things, all from a remote location. This will be a main vehicle for troubleshooting the software, hardware, and helping users to use the system. Software versions of the smart shower will be periodically updated in the database, so that if the smart shower ever goes offline for any reason or has issues, we will be able to access the current version of the software if it may need an update. 
We will also store the state of the smart shower in the database, allowing us to know what the smart shower has been being used for, if it has been connected to the internet recently, or if it has never been taken out of its box. Additionally, we will be able to view shower and flowdata information from the database which will help us to troubleshoot potential issues with their water pressure or water temperature. However, we will not be obliged or able to directly fix their water pressure or water temperature.
Another potential issues users may have is with the configuration of the smart shower. If the smart shower servo does not know which direction, or how far, to turn the valve in order to get hot or cold, the shower may be unable to reach the desired temperature, or not be accurate enough. Since this is configured by the user, there may be issues that the user has with the configuration. We will be able to access the configuration information over the internet and change it in order to help users fix this issue.
[bookmark: _Toc475915059][bookmark: _Toc475912897][bookmark: _Toc475912514][bookmark: _Toc476066442][bookmark: _Toc477268921][bookmark: _Toc477865227][bookmark: _Toc478043181][bookmark: _Toc478059333][bookmark: _Toc478225945][bookmark: _Toc478424356][bookmark: _Toc478632729]Finally, we will have to be able to troubleshoot the mobile application. While some users’ phones will be incompatible with the mobile application due to operating system differences, most Android compatible devices from the last 5 years will be compatible with the mobile application. Most issues will stem from connecting the device to the smart shower, which can be a confusing process, and from using the application correctly. There will be a detailed help document within the app, as well as walkthroughs. Additionally, our customer support will be well versed in the processes to connect the smart shower to the smart shower mobile app, and easily be able to assist in the setup process
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This section includes the project’s milestones and budgeting information. The milestones are mostly for use related to Senior Design project requirements, however, they provide valuable self-feedback on project completion level. The budget analysis allows us to estimate costs and potential price points for our smart shower product.
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	Number
	Milestone
	Planned Completion Week (SD1 and SD2)

	1
	Interface sensors with microcontroller
	8

	2
	Build valve controller (Servo based)
	9

	3
	Control valve via microcontroller
	10

	4
	Interface screen and display sensor data
	11

	5
	Add audio feedback with buzzer 
	12

	6
	Build user interface for display
	13

	7
	Implement local system control 
	14

	8
	Integrate system with wireless network
	15

	9
	Build Android application ( & Backend for data)
	15-20

	10
	Design PCB and Order
	15-17

	11
	Build project on designed PCB
	18-19

	12
	Design and build enclosure
	20-22

	12
	Final testing and revisions
	19-END
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For this project, our budget will be self-funded. Based on our initial estimates the final cost will not be very expensive as the vast majority of the individual parts are relatively cheap. Barring any sort of malfunctions or breakage, the total cost can be calculated from the below estimates of cost for each component. Setting up this budget analysis not just gives us an idea of what we should expect the project to cost but also if there is any leeway for cost savings or added features that may cost more.
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	ITEM
	QUANTITY
	PRICE ESTIMATE

	Temperature sensor
	3
	<= $10 

	Flow sensor
	3
	<=$20

	Mixing valve(Pressure Balanced or Thermostatic)
	1
	$10- $150

	Power servo for controlling valve(s)
	1-2
	$10-$40

	Microcontroller with wireless communications 
	1
	$3-$30

	LCD display 
	1
	$5-$40

	Buzzer
	1-2
	~$1

	Waterproof materials for encasement
	1
	< $20

	Power source
	1
	$10-$30

	Custom PCB
	3
	$30-$100

	Custom Enclosure
	1
	$10-50

	TOTAL (Estimated Range)
	N/A
	~$160-$500
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[bookmark: _Toc475914732][bookmark: _Toc475915063][bookmark: _Toc475912901][bookmark: _Toc475912518][bookmark: _Toc476066446][bookmark: _Toc477268925][bookmark: _Toc477865231][bookmark: _Toc478043185][bookmark: _Toc478059337][bookmark: _Toc478225949][bookmark: _Toc478424360][bookmark: _Toc478632733][bookmark: _Toc478633349]The smart shower project consists of a few different parts – The smart shower microcontroller and touchscreen display, the smart shower mobile phone app, and the smart shower power system and servo control. These parts, while different, were not independent in the slightest. The success of the smart shower product entails the successful integration of all of these elements, with a unified design objective.
The smart shower microcontroller setup and programming is responsible for the majority of the operation of the smart shower device. Through the microcontroller, the shower is actually manipulated using the servo. The microcontroller we selected is inexpensive and has all of the connectivity and computation power we needed. We are able to connect this microcontroller to the wireless network, and even use it as an access point itself, which will greatly assist in the connectivity of the smart shower. This connectivity will assist in connecting to the phone, and to the database. 
The Nextion touchscreen display, meant to be used within the shower, is an essential component for the smart shower product. It allows the user to interact with their shower in a relatively traditional way: from within the shower. Touchscreens are intuitive to use and understand, unlike buttons. The issues associated with using Nextion display instead of simple button interface with LED’s, such as waterproofing, programming, and ensuring touch capabilities while damp, were greatly outweighed by the benefits of quality, ease of use, and ability to display much more detailed information. Additionally, the Nextion product comes with an easy to use design application which allows us to quickly create usable touchscreen interfaces, and has natively implemented functionality. This reduces our development time and increased the quality of the product.
Another important part of the microcontroller is the servo control. Every shower is used differently, and the valves rotate in different directions, with different resistances, for different distances. The microcontroller must implement the logic to learn the functionality of the shower, using the sensors to detect the temperature and flow information and learn which direction causes which output of the shower. This can be complimented by a user interface which allows the user to tell the microcontroller which direction the servo should turn to do which operation, and how far.
In order to connect the microcontroller to the servo and to its power source, we used a Printed Circuit Board or PCB to interface between these devices. This PCB also allowed the device to be much smaller in total size, and more efficient due to non-critical functionality not being implemented at all. The PCB also allowed us to customize the power control system to properly power our device.
The smart shower mobile application was another essential element of the smart shower product. The mobile application is what allows the user to use all of the advanced features of the smart shower. These features are what allow the product to go from an electronic shower replacement device, to a luxury user product. It allows users the new ability to make a shower alarm, to view their temperature and flow data for each shower, to set shower time limits, and to connect and manage multiple showers. All of these features utilize the internet, which allows the user to access these setting from absolutely anywhere with an internet connection.
With all of these elements working together, the smart shower offers a suite of features to smart shower users. Almost every shower can be converted to a smart shower and implement smart technology in yet another area of the home. Not only is it a luxury item used to increase shower usability, but it also encourages environmentally friendly shower use, allowing the user to regulate the shower’s time limit and flow and be aware of the temperature and energy being used during their shower. All of this packaged into an inexpensive, simple, modular, and easy to use device.
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