Unit Plan
Programming the Raspberry Pi
Electronics/Robotics and Automation
High School / Year 2 / Arts, A/V Technology & Communications

Unit Profile
This unit advances students' Python programming skills from the Year 1 introduction to hardware-interfacing Python on the Raspberry Pi. Students will use Python to control GPIO pins for reading sensors and driving outputs, process sensor data with Python's math and data-handling capabilities, control LEDs and motors programmatically, perform file I/O for data logging, and leverage the Raspberry Pi's full operating system to run persistent programs and scheduled tasks. By bridging their existing Python knowledge with physical computing, students gain the programming skills needed for the Raspberry Pi build projects in the following unit.
Total Hours: 20
ELA Hours: 3
Math Hours: 7
Science Hours: 10
Essential Questions
1. How does programming GPIO with Python on a Raspberry Pi compare to programming Arduino pins in C/C++?
1. What advantages does Python's data handling offer for processing and logging sensor data?
1. How can a Raspberry Pi read analog sensors when it lacks a built-in ADC?
1. What makes file I/O on the Raspberry Pi more capable than serial output on an Arduino?
1. How can Python programs on the Raspberry Pi run automatically and continuously for real-world applications?
Content
1. Python on the Raspberry Pi — Review and Extension: Refresher on Python fundamentals from Year 1: variables, data types, loops, conditionals, functions; new Python concepts for hardware: importing hardware libraries, exception handling (try/except) for robust programs, working with Python classes and objects (used by sensor libraries); using the Thonny IDE on Raspberry Pi and running scripts from the terminal; virtual environments for managing Python packages; the difference between running Python interactively and executing script files
1. GPIO Programming with Python Libraries: The gpiozero library: high-level, beginner-friendly GPIO control (LED, Button, Buzzer, Motor classes); the RPi.GPIO library: lower-level control with more flexibility (setup, input, output, PWM, event detection); controlling digital outputs: LED patterns, relay switching, signal outputs; reading digital inputs: buttons with debouncing, limit switches, digital sensors; PWM output with Python: LED dimming, motor speed control; event-driven programming: callbacks and wait_for functions for responsive input handling
1. Reading Sensors with the Raspberry Pi: Adding analog capability: using an external ADC (MCP3008) with SPI to read analog sensors; reading digital sensors directly: DHT11/DHT22 temperature/humidity sensors, HC-SR04 ultrasonic sensor; I2C sensors: BME280 (temperature, humidity, pressure), BH1750 (light level), MPU6050 (accelerometer/gyroscope); installing and using sensor-specific Python libraries; processing sensor data: unit conversion, calibration, averaging, filtering; real-time sensor data display using print formatting and simple terminal dashboards
1. Controlling LEDs and Motors: Driving LEDs: single LEDs, RGB LEDs with PWM color mixing, LED strips (NeoPixels via neopixel library); motor control: DC motors via motor driver boards (L298N) with gpiozero's Motor class; servo motors: using gpiozero's Servo class or direct PWM; stepper motors: using Python to sequence driver coil activation; understanding the Raspberry Pi's limitations for motor control: timing jitter from the OS, hardware PWM channels
1. File I/O and Data Logging: Reading from and writing to text files in Python: open(), read(), write(), with statement; CSV file creation for structured data logging: writing headers, appending timestamped sensor readings; reading logged data back for analysis; using Python's datetime module for timestamps; logging data at regular intervals using time.sleep() or scheduling; creating configuration files that programs read at startup; basic data analysis: reading a CSV log and computing min, max, mean, and standard deviation of sensor readings
1. Running Programs Persistently: Running Python scripts in the background using nohup and &; scheduling scripts to run at boot with cron or systemd services; creating a simple monitoring program that runs continuously and logs data; handling program termination gracefully with signal handlers; using screen or tmux for persistent terminal sessions during development
Academic Skills
Mathematics:
1. Convert raw ADC readings from the MCP3008 (0-1023) to meaningful physical units using linear equations
1. Calculate PWM duty cycle values to achieve target brightness levels for RGB LED color mixing
1. Apply statistical functions to logged sensor data: mean, median, standard deviation, min, max
1. Use linear interpolation to calibrate sensor readings against known reference values
1. Calculate motor speed from timing data and wheel circumference
1. Analyze data trends from logged CSV files using Python calculations
1. Convert between temperature scales (Celsius, Fahrenheit, Kelvin) in sensor data processing
English Language Arts:
1. Read Python library documentation (gpiozero, RPi.GPIO, sensor libraries) to understand function usage and parameters
1. Write comprehensive program documentation with docstrings and inline comments explaining logic and hardware connections
1. Create a data logging project report that explains the system design, presents collected data, and analyzes the results
Science:
1. Investigate how the MCP3008 ADC converts analog voltages to digital values using successive approximation
1. Analyze the physics of ultrasonic distance measurement: pulse timing, speed of sound, temperature compensation
1. Examine how the DHT sensor uses a capacitive humidity element and thermistor to measure environmental conditions
1. Understand the electrical interface between Raspberry Pi GPIO pins and external sensor/actuator circuits
1. Investigate the effect of OS-level timing jitter on PWM signal quality compared to hardware-based PWM on Arduino
1. Explore how I2C communication protocol enables multiple sensors on a shared two-wire bus
1. Analyze the relationship between sensor sampling rate and data quality for environmental monitoring
1. Test the accuracy of Raspberry Pi-controlled sensor readings against known reference values
1. Investigate the power consumption of the Raspberry Pi when running sensor monitoring vs. idle
1. Examine how NeoPixel LED strips use a single data wire to individually address multiple LEDs
CTE Skills
1. Write Python programs that read digital and analog sensors connected to the Raspberry Pi
1. Control LEDs, motors, and servos from Python using appropriate GPIO libraries
1. Set up and read data from an external ADC (MCP3008) using SPI communication
1. Log sensor data to CSV files with timestamps for later analysis
1. Process logged data to calculate statistics and identify trends
1. Configure Python programs to run automatically at boot for persistent monitoring applications
1. Debug hardware-interfacing Python programs using systematic testing and exception handling
1. Compare the programming approach for Raspberry Pi (Python/GPIO) vs. Arduino (C/setup-loop) and choose appropriately
Standards & Indicators
NY: NGLS: English Language Arts (2017)
**NY: Grades 11-12**
1. 11-12R1: Cite strong and thorough textual evidence to support analysis of what the text says explicitly as well as inferences drawn from the text.
1. 11-12R4: Determine the meaning of words and phrases as they are used in a text, including technical meanings.
1. 11-12W2: Write informative/explanatory texts to examine and convey complex ideas clearly and accurately.
NY: NGLS: Literacy in History/Social Studies, Science, and Technical Subjects (2017)
**NY: Grades 11-12**
1. RST 1: Cite specific textual evidence to support analysis of science and technical texts.
1. RST 3: Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.
1. RST 7: Integrate and evaluate multiple sources of information presented in diverse formats to solve a problem.
1. WHST 2: Write informative/explanatory texts, including the narration of technical processes.
NY: NGLS: Mathematics (2019)
1. AI-N.Q.1: Select quantities and use units as a way to interpret and guide the solution of multi-step problems.
1. AI-A.CED.1: Create equations and inequalities in one variable and use them to solve problems.
1. AI-F.IF.1: Understand the concept of a function and use function notation.
1. AI-F.IF.4: For a function that models a relationship between two quantities, interpret key features of graphs and tables.
1. AI-S.ID.2: Use statistics appropriate to the shape of the data distribution to compare center and spread of two or more different data sets.
1. AI-S.ID.6: Represent data on two quantitative variables on a scatter plot and describe how the variables are related.
NY: Career Development and Occupational Studies
**NY: Commencement**
1. Standard 3a — Universal Foundation Skills: Basic Skills — Read, write, listen, speak, and perform arithmetical and mathematical functions.
1. Standard 3a — Universal Foundation Skills: Thinking Skills — Demonstrate the ability to organize and process information and apply skills in new ways.
1. Standard 3a — Universal Foundation Skills: Technology — Apply technology to task-specific activities.
1. Standard 3b — Career Majors: Students who choose a career major will acquire the career-specific technical knowledge/skills necessary to progress toward gainful employment.
Assessments
Activities / Strategies
ELA
1. Students will read the gpiozero library documentation and write a tutorial explaining how to use three different device classes (LED, Button, Motor) with code examples and circuit descriptions
1. Students will create comprehensive documentation for their data logging project including system design, hardware connections, code explanation, and data analysis
1. Students will write a comparative analysis of Python GPIO programming on the Raspberry Pi vs. C/C++ programming on the Arduino, evaluating the strengths of each approach
MATH
1. Students will write a Python function to convert MCP3008 ADC readings to temperature in Celsius using the TMP36 sensor formula, then verify with manual calculations
1. Students will compute RGB PWM values (0-100% duty cycle for each channel) to achieve five specified target colors, then program them and verify visually
1. Students will write a Python program that logs temperature readings every 30 seconds for one hour, then calculates and displays the mean, min, max, and standard deviation
1. Students will create a calibration curve by plotting sensor readings against known reference values and calculating the linear equation for conversion
1. Students will analyze a 24-hour data log, identifying trends, anomalies, and computing hourly averages
1. Students will calculate the number of data points generated per day at different sampling intervals and determine the resulting file size
1. Students will use Python to compute the speed of a motor by timing wheel rotations and applying circumference calculations
SCIENCE
1. Students will wire an MCP3008 ADC to the Raspberry Pi via SPI and write a Python program to read a potentiometer value, displaying the voltage on screen
1. Students will connect a DHT22 sensor and write a Python program that reads temperature and humidity, displays the values, and logs them to a CSV file
1. Students will control an RGB LED using PWM from Python, mixing colors by adjusting duty cycles for red, green, and blue channels
1. Students will wire and control a DC motor through an L298N driver board using Python, implementing forward, reverse, stop, and variable speed
1. Students will write a Python program that reads an ultrasonic distance sensor and controls an LED warning system (green/yellow/red based on distance thresholds)
1. Students will implement a continuous data logging system that writes timestamped sensor readings to a CSV file at a configurable interval
1. Students will read back a logged CSV file with Python, computing and displaying statistical summaries of the data
1. Students will configure a sensor monitoring program to start automatically at boot and run continuously, verifying it survives a reboot
1. Students will build a multi-sensor monitoring system that reads temperature, humidity, and light level simultaneously and displays a formatted dashboard in the terminal
1. Students will compare the timing consistency of Python GPIO control on the Raspberry Pi vs. Arduino C/C++ by measuring PWM signal quality with a multimeter
Resources
1. gpiozero library documentation (gpiozero.readthedocs.io)
1. RPi.GPIO library documentation and tutorials
1. Raspberry Pi Foundation — Physical Computing with Python tutorials (projects.raspberrypi.org)
1. SparkFun — Raspberry Pi SPI and MCP3008 tutorial (sparkfun.com)
1. Adafruit — Raspberry Pi sensor tutorials: DHT, BME280, BH1750 (adafruit.com)
1. "Automate the Boring Stuff with Python" by Al Sweigart — File I/O chapters (automatetheboringstuff.com)
1. Python official documentation — File I/O, datetime, csv modules (docs.python.org)
1. "Programming the Raspberry Pi: Getting Started with Python" by Simon Monk
1. Year 1 Python programming unit materials for review
1. NeoPixel/WS2812B library documentation for Raspberry Pi
