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I. Hardware Testing  
A. Display unit (TV)  

It is noteworthy mention that two TVs during the entire prototype process. The first TV had a 

hardware malfunction where it would not even turn on. Troubleshooting procedures were done to 

determine TV itself was at fault.  

• Methods included: 

o Testing port with different devices – All devices success   

o Testing TV on multiple ports – TV failed all tested ports 

 

The second monitor turned on successfully. Once turned on, the TV was set up as instructed on 

the First-Time boot settings. Next, all the I/O ports on the TV’s onboard peripherals, i.e. HDMI, 

AUX, USB, were tested. All peripherals worked successfully.  

 

Once the IR frame was assembled, assembly steps on next section, the IR frame USB connector 

was connected onto a USB 2.0 port on the personal Windows PC system, and the PC system was 

display output was connected to the TV HDMI 1 port via a HDMI connector. Testing procedures 

are discussed in a later section. 

B. IR Frame 
The IR Frame came as 4 separate parts.  

 

 
Assembly was very easy. Each part are labeled and you are instructed to attach sides with correct 

labels (A-A, B-B, C-C, and D-D) and secure it with 2 screws for each attached side, as shown 

below. 

Figure 1. IR Frame Assembly. For more information, click here to be directed to GreenTouch’s 32” IR frame info site 

http://greentouch.com.tw/product/98-inch-infrared-touch-screen.html


 

 

The IR frame came with a pre-installed driver compatible for various operating systems, such as 

Linux, Mac OS, and even Windows. Prior to testing the functionality of the touch capabilities on 

the raspberry pi, the hardware lead connected the USB connection onto a personal windows PC 

system that was connected to a 32” TV. The 10-point touch functionality. Figure 1 and 2 shows 

the pre- and post- connection of the system configuration page of the personal Windows system. 
 

 
Figure 2. Screenshot of personal Windows System configuration showing no touch support 

  
Figure 3. Screenshot of personal Windows system configuration showing 10-point touch capabilities after IR Frame 

connected 



II. Raspberry Pi 4 
 

Model used: CanaKit Raspberry Pi 4 8GB 

 

 
Figure 4. Components of CanaKit RP4 model used. Click here to be direct to the Canakit Raspberry Pi 4 user manual 

The starter kit included:  

- Heatsinks modules – x3  

- Low-noise bearing system fan – x1 

- High-gloss case with integrated fan mount 

- MicroHDMI-to-HDMI 

- microSD card USB adapter w/ 32GB Samsung microSD card preloaded with noobs 

- provided microSD card was not used  

- Raspberry Pi 4 Model B: 8GB RAM | Quad-core 64-bit ARM v8 at 1.5Hz 

- Includes WiFi/Bluetooth 4.0 module 

- 8GB SDRAM with a two-lane LPDDR4 system 

- GPIO Header (used for fan)  

 

All ports and modules are completely functional 

 

A. Assembling the Raspberry Pi 
 

First, we needed to determine which onboard modules to place the heatsinks on. After research, 

the three modules that were determined to produce the highest heat runoff were the Broadcom 

CPU, the memory module, and the USB controller module, which controls all the I/O peripherals 

including USB ports, HDMI ports, Ethernet port, AUX w/ACV port.   

 

https://www.canakit.com/Media/CanaKit-Raspberry-Pi-Quick-Start-Guide-4.0.pdf


Next, the bearing system fan will need to be integrated to the raspberry pi unit. To do so, we 

connect the two fan wires and connect the red wire to GPIO Header Pin 4 and the black wire on 

Pin 6, as shown in Figure 5 below. Pin 4 is the 5V power pin which powers the fan during use 

while Pin 6 is ground. A completed raspberry pi assembly with heatsinks and fan are shown in 

Figure 6. 

 

 
Figure 5. Onboard GPIO configuration for fan 

 
Figure 6. Assembled Raspberry Pi, showing fan installed on case’s fan mount connected to GPIO pins 4 (red wire) and pins 6 (black 

wire) and the three heat sinks  

One option for lower fan speed and noise is to connect the fan red power wire to Pin 1, rather 

than Pin 4. Pin 1 is also a power pin but a 3.3V header pin. Then attach the fan onto the case’s 

fan mount then close the case. Figure 4 above shows the completed assembled image with 

heatsinks and fans integrated.  
 

B. Windows IoT Arm OS – Obstacles  
 

Installing Windows OS is problematic since there really is no official and mainstream windows OS 

with compatibility for any raspberry pi models, including current generation. Currently the only 

method is to install windows via an unofficial format of WoR, Windows on Raspberry Pi. Since it is 

an operating system that is not supported by current raspberry pi, there are faulty and non-functional 

aspects. Windows installation through WoR limits the onboard RAM to a usable 3GB regardless of 

Heatsink 

Fan’s GPIO 

connection 

 



whether it is the 4GB or 8GB model specification but limits it to 1GB for 2GB RAM models. It also 

disables all onboard I/O ports and drivers, including audio, Wi-Fi, and Bluetooth drivers, while 

making the end configuration noticeably slow compared to a raspberry pi with a Linux or Mac OS 

based operation. 

 

Now the WoR developers have patched all their Windows OS with a fix enabling functional onboard 

I/O ports, which does allow for a functional onboard ethernet. However, all the drivers are still 

disabled. A noteworthy reminder is that because the USB ports are functional, audio, Wi-Fi, and 

Bluetooth functionalities can be accommodated through a respective USB adapter. There are limited 

USB ports on the raspberry pi, however a simple fix is using a dedicated USB port for a USB hub 

for all adapters. 

 

As for the memory limitation, there is a way to allow the device to have full usable RAM 

capacity. It can be done by disabled the system memory limiter manually on the device boot 

manager itself. This will fix the ram limitation to where it functions on all the system memory 

configuration, in our case is 8GB. An updated version of the WoR Windows10 Core was 

installed that patched the port issues on boot-up. The drivers are all still disabled. However, since 

the ports are all working a work-around solution can be to use USB adapters for each driver. The 

ethernet port is functional so we have access to the internet via ethernet. With audio issues, the 

driver basically doesn't exist. So other than getting an audio adapter, another method could be to 

manually reroute all audio directly to the TV system with the HDMI output controls. Essentially, 

it will be like manually registering the TV audio driver as the raspberry pi’s audio driver. 

Coincidentally, the mic that was ordered though Amazon was an USB audio driver with an 

integrated mic extension. 

C.  Windows IoT Arm OS - Installation 
 

* Before Proceeding with installation steps below, create a folder somewhere on your system. 

This folder will be temporary and can be deleted post-installation; create the folder on your 

desktop for convenient access. Throughout this section this folder will be referred to as “primary 

directory” * 

i. STEP 1: Get the Windows OS image file downloaded 
 

There are two methods of obtaining an Windows OS .iso file, both of which are noteworthy to 

remember. One is through the WoR discord server and the other is through UUP. Both are very 

important resources to refer to or take advantage of. Windows on Raspberry Pi is still in beta 

constantly undergoing updates and patches. The discord server includes developer users 

developing and updated patched files in the channel. It’s also a great resource to ask questions 

relating to Windows on Raspberry Pi or Raspberry Pi in general where the developer users and 

other participants in channels will be able to help solve or share relevant solutions. The other 

method, via UUP, is a repository of every windows version. 

Method 1: Windows on Raspberry Pi Discord server 

If you already have the Discord Desktop App, open it now. If not, you can click here to 

download it and run through the installation process then open it. Or you can use the 

https://discord.com/download


Discord Web App and the corresponding images below should be identical whether you 

are using the desktop app or the web app. 

1. Once you open discord, on the left-hand side, click on the “explore servers” options 

under the list of servers as shown below. 

 
 

2. Search “Windows on Raspberry Pi” on the search box and you should get one server 

result as shown below 

 
 

https://discord.com/login


3.  Open the server and it should take you to the server home as shown below. You need to 

activate access yourself by selecting any one of the emojis in the message box telling you 

to react to the message with an emoji; emojis are marked in red box in picture below 
  

 
 

4. Once you gain access, you should have be able to see all the channels in left-hand side of 

the discord server, you need to look for and click on the channel labeled “# -wor-tool-

images” shown below 

 
 

5. Opening the “# -wor-tool-images” channel will take you a repository of two different 

WoR .iso file build versions. You can choose either the build version 0.2.5 Codename 

Midnight Falcon or version 0.2.7 Project Neon. You download either version via a torrent 

file or using mega.nz but make sure you save it in the Primary Directory. It works best 

if downloaded via the torrent file, in which case you need a torrent software such as 

uTorrent (install with default steps shown in setup and add the torrent and set the unpack 

directory to the Primary Directory). The iso file from the torrent or the mega.nz will in 

a .wim format. You will be using this .wim file for the WoR image in the Step 2: Get the 

WoR imager. 

 

 
 



Method 2: Windows through Unified Update Platform (UUP). 

1. Click here to be directed to UUP. Should direct you to the page below. For category 

“Select Type” click on the drop-down box and select “Windows (Final Version)”  

 
2. For the Select version category, ONLY select any version with the [arm64] type. 

Noteworthy mention is version 1909 [arm64] is a version with an unpatched firmware so 

you will not have any function onboard I/O. All other versions should work with 

functional I/O. 

 
 

https://uup.rg-adguard.net/


3. For the remaining categories, select the options as shown on the image below.

 
 

4. Once the categories are filled you there should be two .cmd shown to the right, as shown 

below. Download both .cmd scripts to the Primary Directory. 

 
 

5. Open the folder you saved the two .cmd script files. Open the .cmd scrip file labeled 

creatingISO_19041.630_en-us_arm64_professiona.cmd (if the name varies, it will be the 

one that doesn’t have multi_ in the name). A similar popup as below should appear on 

your window, click More info then click Run Anyway 

 

 
 



6. Once you click Run Anyway, a command terminal should appear with the script 

automatically running. DO NOT DO ANYTHING. The script, depending on your 

internet speed, takes anywhere from 1 to 4 hours to complete. Once completed, close the 

command terminal, and go to the Primary Directory. You will see a .ISO file that the 

command script generated. You will be using this .ISO file for the WoR image in Step 2: 

Get the WoR Imager. 

 
 

ii. STEP 2. Get the WoR imager 
 

1. Click here to be directed to the WoR imager site and download the latest version of imager 

setup application  

 

 
 

http://www.worproject.ml/downloads


2. Go to the location the imager .zip file was downloaded and click on the Extract all option as 

shown below and make sure to unzip to a Folder labeled “WoR” in the Primary Directory 

 
 

3. Open the folder you just extracted the imager .zip file to. Open WoR.exe (the file type would 

be listed as Application) as shown in the image below. Click Allow if a permissions popup 

appears. 

 
 



4. This software window should appear as shown below and click Next 

 
 

5. Make sure you have an SD card adapter with a microSD card plugged into a USB port on 

your system. Click the dropdown menu, as shown below and select the SD device as your 

storage drive. If you don’t see your SD device, make sure its plugged in correctly and click 

the refresh icon. MAKE SURE YOU SELECT THE SD DEVICE ONLY, otherwise it will 

reformat your system. Select Raspberry Pi 4 [ARM64][Experimental] as the device type and 

click Next

 
 



6. If you used Method 1 in the previous step where you got your Windows OS image, select 

the .wim file you unpacked and downloaded from the discord server then click Next. If you 

used Method 2, then select the .iso file that the .cmd command script generated then click 

Next 

 

7. Select the option Use the latest package available on the server and then click Next

 
 

8.  Select the option Use the latest firmware available on the server and then click next 

 



9. Click Advanced and a Warning! popup should appear. When it asks to continue, click Yes

 
 

10. Type in 8192 for the memory limit. This will allow the raspberry pi to recognize the 

maximum capacity of the onboard memory on boot.  

 

*if your raspberry pi is a 4GB ram model, type 4096 instead of 8192 since the maximum ram 

of 4GB model is 4096MB* 

Click Next 

 
 

11. Make sure all information is accurate and double check the storage device and device type to 

make sure you selected the correct storage drive to stall the imaging process. Click Install. 

Installation will take a few hours to complete. Once finished, move on to the next steps 

(optional) if you want to over clock your raspberry pi unit. Otherwise, move on to Step 3: 

Booting up the Raspberry Pi 

 



 

12. Once the installation on your boot storage device is completed, go into File Explorer, and 

open the boot drive of the installed storage device as shown below. Then open the config.txt 

file 

  
 

13. Add the following lines in the config.txt as shown and save the file. When done, close out of 

the config.txt file and eject the SD adapter and remove the SD drive from the adapter. 

 
Note: This additional two lines of code allows the raspberry pi to adjust power consumption 

for the overclocking (6V) and set the desired overclock rate. The recommended overclock 

buffer for a raspberry pi is between 2000 to 2500MHz. Our overclock rate was set to 2000.  

 

iii. STEP 3: Booting up the Raspberry Pi  
 

Eject the SD adapter from your computer device and take out the SD drive and plug it into the 

raspberry pi SD slot module. If you have not already assembled the raspberry pi device, follow the 

Assembling the Raspberry Pi section earlier in the document. Connect the raspberry pi to the TV 

via the MicroHDMI-to-HDMI cable and plug in the power supply via the USB-C power port. On 



startup press F1 on your keyboard when you see the raspberry pi logo on the screen. You should see 

the below screen.  

 

 
 

Go into Device Manager and move the scroll to Raspberry Pi Configuration and press Enter 

 
 



Select Advanced Configuration. A noteworthy mention is if you are looking to overclock you 

raspberry pi device, go into CPU Configuration and select Custom and then type the overclock rate 

you saved on the config.txt earlier. This will not overclock you raspberry pi but it is just setting the 

maximum allowed overclockable threshold for you device. The additional code to the config.txt 

shown at the end of Step 2: Getting WoR imager 

 
 

Change the Limit RAM to 3GB setting to Disabled. This will allow the raspberry pi to use all the full 

onboard RAM capacity whether you are using a 4GB or 8GB model. For 2GB model, it will say 

Limit RAM to 1GB. 

 
 



Press ESC key on the keyboard and a save changes popup will appear then press the Y key on the 

keyboard to save and exit the Raspberry Pi Configuration menu.

 
 

Scroll to and select Continue and a configuration change popup will appear and then press Enter on 

your keyboard.  

 
 

Your raspberry pi unit will restart and boot up with the Windows OS. Follow the Windows startup 

settings as directed. Make sure your raspberry pi is connected to ethernet. To check if your raspberry 

pi’s RAM is running on its full capacity, you can check using one of the following ways. 

- Open task manager (right-click on your task bar and click task manager or click on the windows 

icon and search task manager) then go to the performance tab and check the memory usage. It 

will be a few 100MB less than what your full onboard memory capacity is. This is because task 



manager takes displays only the usable memory space and the 100MB or so is the header buffer 

memory used by the Windows OS.  

- The other way to check is to open Control Panel (click the windows icon and search control 

panel) navigate to System and Security and then System. Next to the install ram under the under 

the system section under the System settings. 

 

iv. Step 4 (Optional): Increasing performance options 
 

1. Open Task Manager and select the Startup tab and disable all programs except Rainmeter 

2. On your keyboard press, the Windows key + R then type sysdm.cpl and press OK.  

 
 

Select the Advanced tab and click on Settings under Performance section.  

 



 

Select the option Adjust for best performance, which should disable (uncheck) all options under 

the custom section. Click Apply then OK. Reboot your raspberry pi.  

  
 

D. Rainmeter 
 

Rainmeter is an open-source desktop customization tool and is the software that was used for the 

touch-interactive smart mirror. This section discusses installation of Rainmeter and user experience 

for getting started.  

i. Installation 
 

To install Rainmeter, click here to be directed to website for downloading Rainmeter. 

Download the latest version of Rainmeter, it can be the latest Beta or Final release version. 

 

https://www.rainmeter.net/


Install Rainmeter using the default settings. Select Standard installation and click Next. 

 
 

Select an installation directory of your choosing or leave the default destination address. 

Make sure to enable Launch Rainmeter on Startup option and then click Install. When the 

installation is complete, restart your device.  

 

ii. Managing Skins 
 

Rainmeter offers the flexibility for users to create their own desktop layout profile or pick 

and choose from thousands of different layouts and templates through skins packages. 

There are several sources where you can find pre-made skins made from other users, 

found here.  Or click on each source to be redirected directly: 

Deviant Art_Rainmeter [need to create an account to be able to download skins] 

r/Rainmeter – Reddit 

Rainmeter Forums 

Rainmeter Discord Server 

Flickr_Rainmeter 

 

Browse through the different skins and select skin(s) that you like and download them. The 

downloaded file(s) should show up as a .rmskin as shown in the example below. 

 

https://www.rainmeter.net/discover/
https://www.deviantart.com/rainmeter
https://www.reddit.com/r/Rainmeter/
https://forum.rainmeter.net/viewforum.php?f=27
https://discord.gg/rainmeter
https://www.flickr.com/groups/lifehacker-desktop-showandtell/


Double-click the downloaded .rmskin file and a Rainmeter Skin Installer for that skin 

package should appear as below. Click Install

 
 

Once you download all the skin packages that seem appealing to you and you have installed 

them as directed above, you can open Skin Manager where all the skin packages are 

consolidated 

 

The Manage window in Rainmeter is the primary means of controlling the application 

and skins. Manage is accessed in several ways: 

• Left-Click the Rainmeter icon in the Windows Notification Area on the taskbar. 

• Right-Click the Rainmeter icon in the Windows Notification Area on the taskbar and 

select "Manage".

 

•  Right-Click any running skin on the desktop and select "Manage skin". 

 You can expand each parent skin package folder as shown below. List of currently 
installed skins. This contains all Skins found when Rainmeter is started or refreshed. 

https://docs.rainmeter.net/manual/skins/#FilesFolders


 

 

 

 

 

 

 

The list consists of the config folder for each skin, and the skin .ini files for each config. 

• Clicking on a skin .ini file will make that skin active in the Manage tab. 
• Double-clicking a skin .ini file will unload the skin if it is running, or load it if not. 
• Right clicking on a config folder will allow opening the folder in Windows 

Explorer. 
• Right clicking on a skin .ini file will allow loading, unloading or editing the skin. 

The list is updated when Rainmeter is refreshed. You will see all loaded skins on your 
desktop 

 

Each parent folder (i.e. 

Atome, Cold, etc.) are 

examples of installed 

Skin packages  

https://docs.rainmeter.net/manual/skins/#Config


 

If you have any further questions regarding Rainmeter or managing desktop and skins, click 

here to be directed to Rainmeter manuals. There are manuals for every version of 

Rainmeter, including the beta and final versions. Make sure you click on the manual of the 

Rainmeter version you downloaded.  

 

 

III. Mirror Film Installation 
 

A one-way mirror, also called two-way mirror, is a reciprocal mirror that appears reflective 

on one side and transparent at the other. If you are not using an actual mirror, a mirror film 

can be an acceptable substitution for a mirror. Keep in mind, it will not be nearly as reflective 

as a normal mirror. However, it will get passable enough to see reflectivity. Mirror films are 

normally applied to glass to turn it into a one-way mirror, provides both all-day privacy, UV 

protection, and even help cost reduction through energy savings. For the purposes of this 

prototype, the following instructions will guide mirror film installation on a monitor or a TV 

display.  

 

  

https://docs.rainmeter.net/

