
EE 267 Lab 5 Notes 

General: 
Let’s go deep into the hardware. We’ll be writing code to run on the arduino for head 

orientation tracking. Since we extended the deadline of Homework 4 to accommodate for the 
missing cables, we’re releasing the first half of Homework 5 today in lab. This first section 
focuses on Arduino programming exclusively. We provide axis.html and axisRender.js for you to 
test your Arduino code with. After the Sunday, May 7 deadline for Homework 4, we’ll release the 
rest of the starter code for Homework 5. The assignment will be due at 11:59pm PST on 
Thursday, May 11. 

Starter Hardware: 
In addition to the View-Master you assembled in the lab last week, we’ll be using the 

following items in the kit: 
● Arduino Teensy 3.2 (https://www.pjrc.com/teensy/index.html) 
● InvenSense MPU 9250 

(https://www.invensense.com/products/motion-tracking/9-axis/mpu-9250/) 
● Custom VRduino shield 
● 1 additional USB to Micro USB cable 

 
Plug the Arduino Teensy and the IMU into the custom VRduino shield in the orientation shown 
below. The USB connector should be pointing down. 

 
 

 

https://www.invensense.com/products/motion-tracking/9-axis/mpu-9250/
https://www.pjrc.com/teensy/index.html


 

Starter Software: 
If you’d like to modify the arduino to work with your personal computer, you’ll need to 

install the following. Software must be installed in this order, otherwise you run the risk of a 
failed installation: 

1. Arduino IDE: https://www.arduino.cc/en/Main/Software 
This is the main software we’ll use to edit the Arduino code and run it on our 

device. The arduino software development environment is quite easy to get started with, 
but also supports all C++ functions and libraries that you care to add to it. Many, many 
people have contributed to the Arduino software libraries and there are great tutorials, 
examples, and inspirations out there. Check it out! 

 
2. Teensyduino (https://www.pjrc.com/teensy/td_download.html) 

For this class, we chose the Arduino Teensy for its additional hardware features, 
including expanded pin interrupts, configurable clock speed, and accessory peripherals. 
Unfortunately, it doesn’t interface with the Arduino IDE without a linker software, forcing 
us to use the Teensyduino package. You’ll need to run and quit the Arduino IDE at 
least once before installing Teensyduino.  
 Accept all default options for the Teensyduino install. After the install, open the 
Arduino IDE and check Tools > Board. Make sure that Teensy 3.1 and 3.2 are listed. 
 

3. FTDI Drivers - rarely required (http://www.ftdichip.com/Drivers/VCP.htm) 
These drivers are necessary for the computer to understand the Arduino as a 

USB device. Most machines have no trouble recognising the Arduino immediately, but 
rarely, these drivers need updating. Talk to us if you believe this to be the case. 

 
4. Check your hardware! 

The vrDuino.ino starter code has a hardware/environment check. You will see this on 
line 180 of vrDuino.ino. When called, the Arduino will check over its hardware and 
communications and report its status to you. We will upload the vrDuino.ino starter code 
without making any changes. 

● Plug in your Arduino Teensy 3.2 
● Go to Tools > Board and select Teensy 3.1 / 3.2 
● Go to Tools > USB Type and select Serial 
● Go to Tools > CPU Speed and select 48 MHz optimize speed 

● Click the Upload  button  to begin the upload. The Arduino IDE will compile 
and the Teensy loader should open automatically. A progress board will inform 
you of the upload status and it will say Reboot OK to confirm successful code 
upload. 

https://www.pjrc.com/teensy/td_download.html
https://www.arduino.cc/en/Main/Software
http://www.ftdichip.com/Drivers/VCP.htm


● Go back to the Arduino IDE, go to Tools > Port and select the dev (mac) or 
COM (windows) port of the Arduino Teensy. For me, on my mac, it’s 
/dev/cu.usbmodem282255. On windows, the port shows up as COM3. Make a 
note of this port! You’ll need it later.  

● Open the Serial Monitor  and select the 115200 baud rate in the lower left. 
You should see the following stream of text:  

Serial communication started... 

Checking IMU Communication... 

Valid communication with IMU! 

 

Next, type ‘3’ in the serial window and hit enter. A stream of data should begin to 
flow out of the device. You can use your number keys to switch between data streaming 
values, as defined in the vrduino.ino code. 

 
This confirms Arduino communication, hardware configuration, and IMU 

communication. Congrats! 
 

5.  Node.js 
Node.js allows us to send data from the Arduino to the websites of our choice. 

Typically, websites making HTTP in the browser are not able to access continuous 
streams of data. To overcome this limitation, we’re using WebSockets to continuously 
stream data from our Arduino serial port to the browser. Installation is a bit tricky, so 
please follow closely! 
 
For Macintosh:  

1. Install Node.js 6.10.3 LTS (https://nodejs.org/en/download/) 
a. You can either download directly from the website above or, if you have 

brew, you can install via brew: brew install node 
b. Use the default install location of Node.js 

2. Open your terminal and change your directory to the following: HW5/server/ 
3. Copy/paste the following command: which npm 

a. The terminal should return the directory you installed Node.js into. If not, 
Node.js is not properly installed. 

4. Copy/paste the following command: npm install 
a. This command will look at the package.json file and download all the 

necessary dependencies to open up a WebSockets stream for serial data. 
b. Don’t be alarmed by the files that race by on the screen. It’s working!  

5. Open the server.js file and edit line 29 to contain the port used by the Arduino 
Teensy. This is what my line 29 reads: 

const portName = "/dev/cu.usbmodem2822551"; 

6. Be sure your Arduino IDE Serial Monitor is not open. In your terminal, type node 
server.js. The following data stream should print out: 

https://nodejs.org/en/download/


The serial port is opened. 
Type ‘3’ (don’t hit enter) and a stream of data should begin to flow. Woo! 
Congrats! You’re all set up! 

 
 

For Windows: 
1. Install Node.js 6.10.3 LTS (https://nodejs.org/en/download/) 

a. Select the default install location. 
b. When presented with installation options, Select the default options. We 

will need the npm package manager and the Add to Path. 
c. Install! You may need to enter your Admin password to do so. 

2. Open the Node.js Command Prompt and navigate to the following directory: 
HW5/server/ 

3. Copy/paste the following command: npm install 
a. This command will look at the package.json file and download all the 

necessary dependencies to open up a WebSockets stream for serial data. 
b. Don’t be alarmed by the files that race by on the screen. It’s working!  

4. Open the server.js file and edit line 29 to contain the port used by the Arduino 
Teensy. This is what my line 29 reads: 

const portName = "COM3"; 
5. Be sure your Arduino IDE Serial Monitor is not open. In your command prompt, 

type node server.js. The following data stream should print out: 
The serial port is opened. 

Type ‘3’ (don’t hit enter) and a stream of data should begin to flow. Woo! 
Congrats! You’re all set up! 

 
You’ve successfully installed all software packages and configured your computer to 

work with the hardware. Going forward, you’ll need to open a Node.js server connection each 
time you want to stream data from the arduino to the browser. This is done by navigating to the 
HW5/server/ folder and typing node server.js. The server must be running for the web 
browser to receive the serial data. 
 

 

  

https://nodejs.org/en/download/


Starter Files: 
The following files are available on Friday, May 5: 

● Server: This folder contains the Node.js server class. We’ll run this to create a 
WebSockets pipeline between our Arduino and the browser. This should be set 
up by following the instructions above. The only line you may need to change is 
line 29 of the server.js, depending on the port of your Arduino. 

● Arduino: We’ll be doing our orientation tracking with the IMU using the arduino as 
the interface between the IMU and the computer. We provide starter code for 
interfacing with the IMU and reading off quaternion and Euler angles. 

○ Euler.h defines a class to hold rotation based on Euler angles. 
○ Quaternion.h defines a class for quaternions. Please extend this class 

to support quaternion mathematical operations, as defined in lecture 
notes. To check if your implementation of these mathematical functions is 
correct, please read over the provided values in vrduino.ino. 

○ imu.h & imu.cpp define the hardware communication between the Arduino 
and the IMU. Read over this for fun, if you’d like to understand what we’re 
asking of the hardware. No need to make changes to this file. 

○ vrduino.ino is the code that will run on the Arduino. Please extend this 
file to measure the biases, stream Euler angles, and stream 
Quaternions. We also provide testing functions for quaternion math. You 
can switch between streaming modes by entering the desired mode 
number in the server.js serial connection. 

● Libraries: We use the same libraries as before. These include Three.js, stats.js, 
TeapotBufferGeometry.js, jquery.js, FileSaver.js, and jszip.js. 

● axisRender.js: This file renders an axis to the canvas. When you’ve successfully 
opened up a stream of orientation values between your Arduino and your 
browser, you can use the Arduino to rotate the axis. 

 
The following files will be available on May 7 after Homework 4 is submitted. 

● Shaders folder: We have implemented proper unwarping shaders for you. 
● render.js: We have updated the render.js file to open a serial stream and update 

the pitch, yaw, and roll of the viewer position in the stateController.js class. 
● standardRenderer.js: no changes. 
● stereoUnwarpRenderer.js: A proper implementation of stereo rendering. 
● displayParameters.js:  We have added the parameters for the head and neck 

length to be used in the view transform.  
● transform.js: Please extend this file. We would like you to update the viewer 

position based on the angles from the IMU, the neck length, and head length. 
● stateController.js: no changes. 
● Teapot.js: no changes. 
● utils.js: no changes. 



● submit.js: Don’t modify this. It’s a script that runs to zip up your homework. If you 
change it, you run the risk of not submitting all required files. 

Resources: 
● EE267 Lecture 9 Notes 
● EE267 Lecture 10 Notes 
● Arduino Reference Documentation 
● LaValle et al. Head Tracking for the Oculus Rift 

Hints: 
● Read over all the code and understand what additions and changes have been 

implemented. Having a solid comprehension of the code structure is important! 
● Arduino is new! But it strongly resembles C++. In fact, you can provide C++ code to the 

device and it will run just fine. 
● You can switch between streaming modes by pressing the number keys in a serial 

stream. Here are the different streaming modes: 
○ NONE       = 0; 
○ EULER      = 1; 
○ QUATERNION = 2; 
○ GYR        = 3; 
○ ACC        = 4; 
○ MAG        = 5; 
○ GYRINT     = 6; 

● sq() squares a number on the Arduino. 
● atan2() takes the arctangent of a number on the Arduino. 
● sqrt() square roots a number on the Arduino. 
● Units of the IMU measurement units are as follows: 

Acceleration: m/s2 

Gyro: deg/sec 
● You’ll need to keep track of the time elapsed since the last measurement. Extend line 

247 of vrduino.js to calculate the ∆t. 
● Be sure to answer every question! Don’t leave out any answers or images that we ask 

for in the homework assignment. 

Submitting assignments: 
There’s a submit.js file that we include. Don’t touch it! But when you’re ready to submit, 

open the render.html file in your browser and drag the entire js folder onto the browser window. 
This will zip up all required files. Upload this zip file to gradescope with the .pdf writeup. 
 

http://ieeexplore.ieee.org/abstract/document/6906608/?reload=true
https://stanford.edu/class/ee267/lectures/lecture10.pdf
https://stanford.edu/class/ee267/lectures/lecture9.pdf
https://www.arduino.cc/en/Reference/HomePage

