
EE14 Lab 9: Eye-Squared-See
Prelab due 24 hours before your lab session Week of March 23–27

Writeup due March 30 – April 3, 2026

1 Introduction

I2C is a protocol for “Inter-Integrated Circuit” communications — making it possible for your microcontroller
to communicate with sensors and other devices using only a couple of wires. You’ll see the protocol alternately
referred to as I2C, I2C, or IIC. For trademark reasons, you might occasionally see it referred to as “Two
Wire Interface (TWI)”. There’s also a narrower version of the protocol called SMBus, which is generally
compatible.

In this lab, you’ll use a library we’ve written to control an I2C peripheral with your STM32. The tricky
part is that each I2C device has its own set of control registers which are written and read over the bus, so
you’ll need to read the datasheet for the specific peripheral device to understand which registers need to be
manipulated. But you’re getting good at that by now!

After successfully completing this lab, you should be able to:

• Wire up an I2C peripheral to your microcontroller.

• Explain the technical tricks I2C uses to allow multiple devices to share the same two wires.

• Understand the datasheet for an I2C device, and write code to read and write the registers necessary
to interact with the device.

2 Prelab

P1: Go to Adafruit or Sparkfun’s website and browse through their selection of sensors and devices.
You’re also welcome to look at Digi-Key’s selection.

Pick at least three I2C-capable devices you think are interesting, and complete the following table.
Sometimes the I2C address is listed in the product description, but if not, you’ll need to open up the
datasheet. The address is usually listed on the first page with the other specifications.

Name / Part number What it does I2C address(es)

Perhaps you might want to use one of these for a final project...?

http://adafruit.com/category/35
http://sparkfun.com/sensors.html
https://www.digikey.com/en/products/category/sensors-transducers/25?s=N4IgTCBcDaIJZgMYgLoF8g
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3 In lab

You can choose one of two sensors to work with for this lab:

• AHT20 temperature / humidity sensor

• MPU-6050 6-axis inertial measurement unit (a 3-axis gyroscope and a 3-axis accelerometer)1

L1: Wire up your sensor to a pair of I2C-capable pins on the Nucleo board. Note that you have two
choices of pins for I2C1, and there is no I2C2 (at least on our particular Nucleo board!).

VIN / VDD

GND

SCL

SDA

SensorNucleo

3V3

GND

I2Cx SCL

I2Cx SDA

L2: Create an empty PlatformIO project like usual. Download the framework starter files and put
them in src and include as appropriate.

L3: Read the descriptions of the functions in i2c.c to understand how to use them.

L4: Write code to query all of the I2C addresses from 0 to 127, and report which ones respond with an
ACK. You can do this by doing an I2C write with a length of zero bytes. If your device is working
and wired up correctly, it should respond to its address with an ACK!

L5: Write code to read the values from your sensor, convert them to meaningful numbers, and print
them out.

For the AHT20, you’ll want to pay careful attention to section 7.4 of the datasheet which describes the
write/read command sequence to to trigger a reading and read out the result.

For the MPU-6050, you’ll need to set register 107 (0x6b, PWR_MGMG_1) to all zero in order to take the
chip out of sleep mode and begin measurements. Then you can read from the accelerometer and gyro
registers.

L6: Capture a series of at least 20 measurements on each sensor/axis, and make a plot of them. An
easy way to do this is to print out the data in CSV format, which you can copy from the serial
terminal into a CSV file and then plot with Matlab or Python.

We strongly encourage you to capture the measurements while doing something interesting to the sensor
— making the sensor warmer or colder with your finger or by breathing on it, or moving the IMU in
some kind of pattern. Don’t just make a plot that says, “the temperature in this room stayed the same
over a period of 20 seconds” or “gravity is down,” because that’s boring and obvious.

1The MPU-6050 became quite popular as an inexpensive and easy-to-use IMU. However, it was discontinued by Invensense
several years ago and replaced by a newer model, so the ones we have are almost certainly knock-off chips from who-knows-where.
They seem to work fine, but I wouldn’t trust them in a commercial product.
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L7: Optional but fun: While the accelerometer can be used to measure acceleration (and therefore
velocity and position), it’s most most useful as a “gravity direction sensor”. Write some code
which uses pairs of axes and a little trigonometry to calculate the pitch and yaw of the sensor.

Angular rate from the gyro is ok, but if you know the angular velocity and the time since the last
measurement, you can do simple numerical integration to calculate the orientation. Write some code
to do this!

What to turn in

Your lab report should contain the following:

• A cover page with your name, date, lab section, and lab TA names, and a 1-2 sentence description of
the lab.

• Your plot of sensor data, annotated as appropriate (title, legend, axis labels, units, etc). You should
also include a brief caption so that if someone had your plot with no other context, they would know
what they were looking at. For example, describe the conditions the temperature sensor was measuring,
or what motions were being recorded by the IMU.

• Answers to the following questions:

– What do you understand now, that you didn’t before the lab?

– What are you confused or curious about?

– How long did it take you to complete this lab? (This will help us calibrate the workload for future
semesters.)

• Your completed code, as text in a monospace font at the end of the report (not a screenshot!). You
don’t need to include the starter code if you haven’t modified it, but please do include any changes or
new functions.
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