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Safety & Disclaimer

Please read carefully before beginning

& © O AN

Electrical Safety Proper Handling ESD Protection Read Instructions
v DO X DON'T
e Work in a clean, dry environment e Touch components while powered on
e Disconnect power before making connections e Work near liquids or moisture
e Use proper insulated tools e Force connections that don't fit
e Check voltage ratings before connecting e Exceed voltage/current ratings
e Keep components organized and labeled e |eave circuits unattended while powered
e Read all instructions before starting e Skip safety precautions

Important: This kit contains electronic components that can be damaged by improper handling or
static discharge. Always disconnect power before making changes.

North Star Scientific is not responsible for damage caused by misuse or failure to follow
instructions. Work under adult supervision if under 18 years of age.

ESD Precautions Workspace Setup
Ground yourself before handling components. Use adequate lighting and ventilation. Keep
Avoid working on carpeted surfaces. workspace organized and free of clutter.

nstarscientific.com 03
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01 Background

Understanding the fundamentals of embedded systems, their evolution, and real-

world applications that shape modern technology.

nstarscientific.com
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Join the official North Star Scientific Discord ‘
Explore a community of makers and builders. Get help with embedded — {ElellARialNBIIele]{el

systems, share projects, and meet other enthusiasts.

Overview of Embedded Systems

What is an Embedded System? Basic System Flow
An embedded system is a specialized 4 )
computer system comprised of both X‘.

hardware and software designed to INPUT

perform dedicated functions within a larger
Sensors, Buttons, Switches

system. Unlike general-purpose computers,

NG J
embedded systems are optimized for
specific tasks. \]/
" )
Key Characteristics PROCESSING
e Real-time operation and response Microcontroller/CPU
: \_ J
e |ow power consumption
e Compact size and dedicated hardware \]/
e Task-specific programmin
P prog g - N
e Embedded software (firmware) -
OUTPUT
LEDs, Mot Displ
Did you know? Over 90% of all L 2 RIS, IR )

microprocessors manufactured are used in
embedded systems, from your microwave
to your car.

nstarscientific.com 05
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History of Embedded Systems

Embedded systems have evolved from room-sized computers to tiny, powerful devices that power
everything from spacecraft to everyday appliances. Understanding this evolution helps us appreciate
their modern capabilities.

Apollo Guidance Computer

One of the first embedded systems, used in NASA's Apollo moon missions

Intel 4004 Microprocessor

First commercial microprocessor, enabling compact embedded designs

Home Automation Era

Embedded systems enter consumer electronics and appliances

loT Revolution

Connected embedded devices become ubiquitous in daily life

Al & Edge Computing

Embedded systems with machine learning capabilities

50B+ 98% $250B

Embedded devices Of microprocessors in Global market value (2025)
worldwide (2025) embedded use

nstarscientific.com 06
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Modern Day Embedded Systems

Today, embedded systems are everywhere. From the smartphone in your pocket to the car you drive,
these specialized computers make modern life possible. Here are key application areas:

(@

Smart Home

Thermostats, security
systems, lighting control

L

Industrial

PLCs, robotics, process
control

Embedded devices per person
(average)

nstarscientific.com

o

Automotive

Engine control, ABS,
infotainment systems

(]

Consumer
Electronics

Wearables, cameras,
smart appliances

247

Always-on reliability required

%

Medical Devices

Pacemakers, insulin
pumps, monitors

X

Aerospace

Flight controls,
navigation, telemetry

©0

Limitless application possibilities

07
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PARTS & COMPONENTS

Getting Started

Explore these project ideas that demonstrate real-world applications of embedded systems. Each
project showcases different components and concepts you'll learn in this guide. You may use these for
your own learning to grow your understanding of embedded systems after finishing our first 2 mini
projects!

Smart Lighting System

Beginner

Automated room lighting with motion
detection and ambient light sensing. Perfect
for learning sensor integration.

Key Components:

Climate Monitor

Intermediate

Real-time temperature and humidity
monitoring with data logging and OLED
display output.

Key Components:

PIR Sensor LED Photoresistor DHT22 OLED SD Card
Air Quality Sensor Smart Doorbell

=5

- Intermediate ; Beginner

Measures air quality levels and displays
alerts on OLED screen with color-coded
warnings.

Key Components:

Motion-activated alert system with
customizable notification sounds and
distance measurement.

Key Components:

MQ-135 OLED RGBLED Ultrasonic  Buzzer Button
What You'll Learn
g d) .l||| % ﬁ
Programming Circuit Design Sensors Debugging Integration
C/C++ Basics Wiring & Layout Data Reading Troubleshooting System Build

nstarscientific.com
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02 Components

Detailed breakdown of the Teensy microcontroller board, its specifications, and

pin configuration for building your embedded projects.

- 8 Teensyad W

0559000000666
/ . 9,9.9.9, 95

o= 4 & 8
P KK il

nstarscientific.com 09
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Teensy Boa rd ® Featured

The Teensy 4.1 is a powerful microcontroller development board, featuring a high-
speed ARM processor and extensive I/O capabilities. It's Arduino-compatible and
ideal for embedded systems projects.

bt R

-~

() Teensy 4.1board

Key Specifications 8 specs
~ Processor ~ Flash Memory
ARM Cortex-M7 @ 600 MHz 8 MB
~ RAM ~ Digital I/O Pins
1MB 40
-~ Analog Inputs -~ PWM Outputs
14 30
~ Operating Voltage ~ UsSB
3.3V High-Speed (480 Mbit/s)
~N
Breadboard Insertion Warning
Due to the Teensy's high pin count and the slightly undersized breadboard, inserting the board fully may be difficult and
can result in a less secure connection near the center. Use your best judgment when inserting the Teensy. If a secure
connection is already established, avoid pressing the board in further. If the board becomes stuck, gently rock it from
side to side or carefully pry it out rather than pulling forcefully. )

@ Note

Always connect the Teensy via USB before uploading code. The board is powered through USB
or external power.

nstarscientific.com 10
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Teensy Continued

Pin Configuration & Board Features

GND +5V
PWM 27 26 PWM Teensy
PWM INTO 0 25 PWM 8
PWM INT1 1 24 PWM IMXRT1062DVJ6
RX INT2 2 23 S o htl
TX INT3 3 22 {interior) 326‘(8)‘064
4 2 ‘;‘,’ g 912
5 20
= = 7936
(LEDon6) 6 19 INT7 = 66
7 [ 18 INT6 e 65536
8 9 ) GND 1024
9 L, N AREF
(interior) 10 Al R 3 38 A0 4284 (emu)
32 28 11 X B ] 39 Al 32
33 29 12 TEXEEL) 40 A2 o
34 30 13 FEL X Fpd ] 41 A3 42
35  Jl PWM 14 LKW P ] 42 A4 1%3\2
PWM 15 ' el 1 43 A5 (bottom) 3
PWM 16 - £ 44 A6 T i 28 oy
17 (XX ] 45 A7 g9
Digital I/O I Analog Input |
0-39 AO-A13
General purpose digital input/output pins, Analog-to-digital converter inputs, 12-bit
3.3V logic level resolution
PWM Output I Serial/l2C/SPI |
30 total Multiple
Pulse width modulation for LED dimming, Communication protocols for sensors and
motor control peripherals
4 )
Important
o Teensy operates at 3.3V logic - do NOT connect 5V signals directly
e Maximum current per pin: TOmA (use transistor for higher loads)
o Refer to official PJRC pinout card for detailed specifications
. /

nstarscientific.com 1
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Teensy Continued

Pin alignment reference Even seating reference

Removal angle reference Lift-off reference

nstarscientific.com 12
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Capacitors

Stored Energy & Stable Power

@

Capacitors temporarily store electrical energy and release it
when conditions in a circuit change. They reduce electrical
noise, stabilize power supplies, smooth changing signals, and
create timing circuits. Near a sensor, display, or microcontroller,
a capacitor can absorb brief voltage fluctuations that might
otherwise cause unreliable behavior. Choose the value and
construction type specified in the project diagram. Some

. capacitors may connect in either direction, while polarized
capacitors require the correct positive and negative orientation.

Key Applications

O W ©

Power stability Signal smoothing Timing circuits
Absorbs brief voltage changes Reduces noise and smooths Charges and discharges at
near sensitive components. changing electrical signals. predictable rates.

Connection Guide

Orientation Selection Placement Limit
Check polarity Match capacitance Near the load Rated voltage

& Important

Check the markings before connecting a polarized capacitor and never exceed its rated voltage.

nstarscientific.com 13
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RGB LEDs

Three Colors, One Package

RGB LEDs contain separate red, green, and blue light-producing
elements inside a single package. Controlling each channel's

; brightness creates a wide range of mixed colors for status
R~~~ indicators, warning lights, visual feedback, decorative lighting,
GND G and PWM experiments. Every active channel needs a current-
“B

limiting resistor. ldentify the shared lead and individual color
leads because internal connection arrangements differ. If
displayed colors do not match the program, disconnect power
and verify the wiring.

Key Applications

7N
Co '||||'
\_7

Color mixing Visual feedback PWM control
Blend red, green, and blue Communicate status, warnings, Adjust channel brightness with
channels into many colors. and operating modes. pulse-width modulation.

Connection Guide

Channels Protection Control Before wiring
Red / Green / Blue 1 resistor per channel PWM outputs Identify shared lead

& Important

Do not change connections while powered. Disconnect power, then verify the shared lead and channel wiring.

nstarscientific.com 14
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Potentiometers

Key Applications

®

Position input

Turn a knob to produce a
continuous analog value.

Connection Guide

Outer terminals
Power + ground

North Star

SCIENTIFIC

Adjustable Analog Control

A potentiometer is an adjustable resistor with two terminals
connected to a resistive element and a center terminal, called
the wiper. Connected between power and ground, the wiper
produces an adjustable voltage for a microcontroller's analog
input. Potentiometers add simple user controls for servo
positioning, brightness, sound, menu navigation, sensor
calibration, and adjustable thresholds. Keep the output within
the microcontroller's safe input range and verify terminal
connections before power is applied.

Calibration

Tune thresholds and sensor
response during testing.

G

User control

Control brightness, sound,
menus, or servo position.

Center terminal
Wiper output

Reading
Analog input

Safe range
0-3.3V

Important

Verify all three terminals before applying power and keep the wiper voltage within the microcontroller's safe input

range.

nstarscientific.com
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Resistors

Current & Voltage Control

Resistors limit electrical current and establish safe, predictable
voltage levels. They protect LEDs, create voltage dividers,
produce pull-up and pull-down signals, control transistor
operation, and convert sensor changes into measurable
voltage. Identify value from colored bands or printed markings
and confirm the project requires that resistance. A resistor's
power rating determines how much energy it can safely
dissipate as heat. An incorrect value or exceeded rating can
cause unreliable operation, overheating, or damage.

Key Applications
(D oJ «—
Il -
Current limiting Voltage dividing Signal biasing
Protects LEDs and output pins Creates a predictable fraction Provides stable pull-up and
from excessive current. of a source voltage. pull-down logic states.

Connection Guide

Identify Verify Install Check
Bands or marking Use a multimeter Either direction Power rating
Important
Confirm both resistance and power rating before installation. The wrong resistor may overheat or damage other
components.

nstarscientific.com 16
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Jumper Wires

Fast, Flexible Connections

Jumper wires create temporary connections between
breadboards, microcontrollers, sensors, displays, and other
components, allowing circuits to be assembled, modified, and
tested without soldering. Connector styles join breadboard
holes, exposed pins, and modules with headers. Consistent
colors improve troubleshooting: red commonly marks power,
black ground, and other colors signals, although function is
determined by connection—not color. Keep wires organized,
use appropriate lengths, and inspect each connection before
powering again.

Key Applications

£ Q Us

Rapid prototyping Connector options Clear routing
Build and revise circuits without Match male and female ends to Use consistent colors and
permanent soldering. holes, pins, and headers. suitable lengths to reduce
clutter.

Connection Guide

Power Ground Signals Length
Red convention Black convention Other colors Short and tidy
Important
Always disconnect power before rearranging jumper wires, then inspect every connection before powering the circuit
again.

nstarscientific.com 17
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Breadboards

Reusable Circuit Workspace

Breadboards provide reusable workspaces for assembling and
testing circuits without soldering. Conductive clips beneath the
holes connect groups of points so components and jumper
wires can share signals. A center channel separates the two
sides and provides space for compatible boards and integrated
circuits; longer rows may distribute power and ground.
Connections are temporary and can loosen if parts are not
firmly inserted. Before applying power, verify the internal
connection pattern and ensure power and ground are not
connected together.

Key Applications
o <~
4 4
Terminal strips Center channel Power rails
Connected groups of holes Separates both sides for boards Long rows distribute power and
form component signal rows. and integrated circuits. ground across a project.
Connection Guide
Assembly Connections Center Before power
No soldering Internal clips Isolated channel Check for shorts

Important

Verify the breadboard's internal connection pattern and confirm that power and ground are not accidentally
connected together.

nstarscientific.com 18
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Transistors

Electronic Switching & Amplification

Transistors operate as electronic switches or amplifiers. A small
microcontroller signal can control a larger current through
another part of the circuit, allowing output pins to operate

, buzzers, lights, motors, and other loads. A resistor is normally

) placed between the output and the transistor's control terminal
to limit current and protect both components. Types and pin
arrangements vary, and some loads require additional
protection. Compare the supplied transistor with the project
diagram or documentation before applying power.

Key Applications

o) W (=]

Load switching Signal amplification Pin identification
Controls higher-current devices Uses a small input to control a Match control and current
from a small logic signal. larger current. terminals to documentation.

Connection Guide

Control Protection Load path Pinout
Microcontroller signal Series resistor Higher current Verify type

& Important

Identify the exact transistor terminals and any load protection requirements before wiring or applying power.

nstarscientific.com 19
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03 Inputs

Explore the various input devices including buttons, joysticks, and sensors that allow

your embedded system to interact with the physical world.

nstarscientific.com 20
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Push Button & Joystick

Push Button

A push button is a momentary contact switch that creates or breaks an
electrical connection when pressed. Unlike toggle switches that maintain
their state, push buttons only remain active while physical pressure is

applied, making them ideal for user input, reset functions, and trigger
mechanisms.

In embedded systems, push buttons are typically wired with either pull-up
or pull-down resistors to ensure a defined state when not pressed. The
Teensy reads the button state as a digital signal: HIGH (pressed) or LOW
(not pressed), depending on the circuit configuration.

Signal Type Voltage Contact Debounce
Digital ON/OFF 3.3V logic Momentary Required
Analog Joystick

An analog joystick provides two-axis positional input through
potentiometers that vary resistance based on stick position. Unlike digital
buttons, joysticks offer continuous analog values, allowing for precise

\

directional control and variable speed inputs in robotics and gaming
applications.

The joystick outputs analog voltages on the X and Y axes, typically ranging
from OV (full left/down) to 3.3V (full right/up), with approximately 1.65V at
center position. Most modules also include a push button activated by
pressing down on the stick.

Signal Type Voltage Axes Center
Analog 0-3.3V X+Y 1.65V

nstarscientific.com 21
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Ultrasonic Sensor

Distance Measurement Technology

The HC-SRO04 ultrasonic sensor uses sound waves to
measure distance with remarkable accuracy. By emitting
high-frequency sound pulses (40 kHz, beyond human
hearing) and measuring the time it takes for the echo to

return, the sensor can determine the distance to objects
up to 4 meters away with millimeter precision.

This technology mirrors how bats and dolphins navigate
using echolocation. The calculation is straightforward:
since sound travels at approximately 343 meters per
distance = (time x 0.034) / 2

where time is measured in microseconds and the division
by 2 accounts for the round-trip journey.

Voltage Range Accuracy Frequency Angle Trigger
SV DC 2-400 cm +3 mm 40 kHz 15° cone 10 us
Operation Sequence
Trigger Pulse

Send a 10us HIGH pulse to the Trig pin to initiate measurement.

Ultrasonic Burst
Sensor emits eight 40kHz ultrasonic pulses and waits for echo return.

Echo Detection
Echo pin goes HIGH when pulse is sent, returns LOW when echo received.

0 Distance Calculation
Microcontroller measures pulse duration and calculates distance using speed of sound.

nstarscientific.com 22
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Photoresistor

Key Components

Q

Protective Insulated casing

Eliminates possibility of
external interference with the
wiring during use

Adjustable Parameters

Sensitivity

0-10,000 Lux

nstarscientific.com
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Passive Light Detection

A photoresistor, or Light-Dependent Resistor (LDR), is a
component that changes its resistance based on light
intensity. In the dark, it has high resistance, making it
difficult for electricity to flow. When light hits its surface, it
knocks electrons loose, causing the resistance to drop.
Essentially, the brighter the light, the more easily current
can pass through the device.

These sensors are the "eyes" for simple electronics,
commonly used in streetlights that turn on at dusk or
night lights that react to a dark room. By using a
photoresistor in a circuit, you can allow a device to
"sense" its environment and trigger actions based on
brightness. They are inexpensive, reliable tools for all
embedded projects.

Z& |||

Semiconductive Wire Signal Processing
A wire that changes Drops in resistance changes
resistance based on voltage on negative side

brightness of light

Voltage Current

3.3-5V 5-10 mA max

23
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04 Outputs

Learn about output devices including servos, displays, and speakers that allow your

embedded system to interact with and control the physical environment.

24
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Servo Motor

PWM Control Signals

1.0 ms
0° Position

Fully counterclockwise

SG90 Specifications

Voltage Range
4.8-6V 0-180°

nstarscientific.com
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Mechanical Position Control

A servo motor is a rotary actuator that allows for control of
angular position in mechanical systems. Unlike continuous
rotation motors, hobby servos like the SG90 can accurately
rotate to a specific angle (typically 0-180 degrees) and
maintain that position. This makes them ideal for
applications requiring controlled movement such as robotic
arms, camera gimbals, and RC vehicles.

Servos are controlled using Pulse Width Modulation (PWM)
signals. The pulse is set at a specific voltage, and the
frequency of the pulse determines the movement of the
angle. Power is supplied continuously to the servo, but the
PMW signal closes the circuit rapidly to allow the motor to
move.

2.0 ms

180° Position

Fully clockwise

1.5 ms
90° Position

Center neutral angle

Frequency Torque Current Weight
50Hz 1.8 kg-cm 100-250mA 9 grams

25
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OLED Display

I2C Pin Connections

VCC Pin
3.3V /5V

Graphics Capabilities

Aa

Text Rendering

Multiple font sizes, scaling,

wrapping

EMBEDDED SYSTEMS LEARNING KIT

High-Contrast Visual Output

OLED (Organic Light-Emitting Diode) displays are self-illuminating
screens that produce bright, high-contrast images without
requiring a backlight. Each pixel contains organic compounds that
emit light when electrical current passes through them, allowing
for true black pixels (completely off) and excellent visibility in
various lighting conditions.

The SSD1306 is a monochrome OLED driver chip commonly paired
with 128x64 pixel displays. It communicates via 12C or SPI protocols,
requiring only two wires (plus power) for 12C communication. The
driver includes built-in RAM to store the display buffer, allowing the
Teensy to update graphics without constantly refreshing.

GND Pin
Ground

SDA Pin
Pin 18 (Data)

SCL Pin
Pin 19 (Clock)

i

Bitmaps

Shapes

Lines, circles, rectangles,
triangles

Icons, logos, custom graphics

Technical Specifications

Resolution
128x64 px

nstarscientific.com

Color
Mono

Interface
12C/SPI

Current
20 mA

Viewing
>160°

Voltage
3.3-5V

26
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Mini Speaker

Musical Note Frequencies

c4
262 Hz

D4
294 Hz

Technical Specifications

Current
~350mA

Voltage
3-12V

nstarscientific.com
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Sound Generation Technology

This "cavity" speaker comes pre-installed in a tiny plastic box
that acts like a miniature megaphone to amplify the sound.
By trapping air behind the speaker driver, the enclosure
boosts the volume and provides a much clearer sound than a
bare speaker could. This self-contained designh makes it a
convenient "all-in-one" solution for adding audio to small
gadgets without needing a bulky external cabinet.

Since an Teensy lacks the "muscle" to move the speaker
cone on its own, a transistor acts as a high-speed switch
to handle the heavy lifting. It uses a small signal to pulse a
larger current through the speaker, turning electrical
frequencies into the audible pitches you hear. By changing
how fast the transistor switches on and off, you can control
the exact pitch and tone of the sounds being produced.

E4 F4 G4 A4
330 Hz 349 Hz 392 Hz 440 Hz
SPL Optimal Type Polarity

82-85 dB .3-15 kHz Passive +/-

27
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Q Project 1: Mini-Racer Game

Project Description Components Needed

In this beginner-friendly project, you'll practice wiring

, Vv
together components on a breadboard. Then, you will learn ERIIELY PR
how to upload code to the computer. Finally, you will get to V' MiniOLED
play your mini-racer gamel! v/ Buzzer
v/ Joystick
Learning Objectives « Push Button
» Understanding digital input (button reading) < Servo Motor
 Controlling digital output (LED)
 Learning software uploads using Arduino IDE v Jumper Wires
e Basics of circuits v Breadboard
v/ Orange Resistor (1kQ)
Difficulty: Intermediate  Time: 60 minutes v Transistor
Wiring Diagram:
L L L L R ey L L A "i L N

L I I B R B
L L L L L L B

CEE L

“re e L

CEE L

DR L I

. ... P N I T T T T
Yo L

L L L L L L L L L L L L L L L L
L L B L L L L L L L L L L L L L L
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Project 1: Instructions (Part 1)

22 Hardware Assembly

Set Up Breadboard

Place the Teensy board on the
breadboard, ensuring the pins are firmly
inserted into the breadboard rows.

Connect Servo

rail, connect the orange wire to the PWR
rail, and yellow wire to pin 3

Buzzer Setup

Insert the transistor with the flat side
facing you. Connect the left pin to the
GND rail. Connect Pin 1 to the
transistor’s middle pin through a 1 kQ
resistor. Then connect the buzzer’s
negative lead to the transistor’s right pin
and the buzzer’s positive lead to the
power rail.

Mini OLED Display
Connect VCC to the upper PWR rail, GND

to the upper GND rail, SCL to pin 19, and
SDA to pin 18

Joystick Connection

Connect joystick VCC to upper PWR rall,
GND to upper GND rail, and RX to pin 14

c Button
Connect one side of button to pin 33,

other end to upper GND

nstarscientific.com

Connect dark brown wire to the lower GND

a Power
Connect Battery pack to lower PWR and

GND rail, and connect Teensy 3.3V and
GND to upper PWR and GND rail

° Ground
Use a jumper wire to connect the upper

and lower GND rails

Component Checklist

» Battery Pack e Joystick
e Push button * Buzzer

e Servo Motor e Mini OLED Display
* Breadboard e Jumper Wires

e Orange Resistor (1kQ) e Transistor

Important: Do not connect power until all
connections are verified. Teensy pins only take
3.3V, you can damage the board if you connect any
pin directly to the 5V lower PWR rail!

30
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Full Code -»> Page 43

Project 1: Instructions (Part 2)

</> Programming the Teensy

Download and Open Arduino IDE

Download the latest version of the
Arduino IDE from the official website.
Follow the installation instructions
here: https://www.pjrc.com/teensy/

td_download.html

Configure Board

» Go to Tools - Board
» Select Teensy 4.1

e Set USB Type: Serial

Copy & Paste

Copy the code from the Code Appendix
on the North Star Scientific Website.
Make sure you use Project 1 Code.

Upload to Board

e Connect Teensy via USB
e Click Upload button (=)

e Wait for confirmation

Software Requirements

e Arduino IDE 1.8.x or 2.x
e Teensyduino add-on (required)

e USB drivers (auto-installed on most systems)

nstarscientific.com

#include <Arduino.h>

#include <Wire.h>

#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>
#include <Servo.h>

// V1 Racing Game Firmware for Teensy 4.1
// Revised for transistor-driven speaker on separate 5V rail

// OLED SDA - 18

// OLED SCL - 19

/] Joystick X-axis - 14
// Shift button - 33

/] Servo PWM - 3

/| Speaker control > 10 (to transistor base through 1k)

Display
constexpr int SCREEN_WIDTH = 128;
constexpr int SCREEN_HEIGHT = 64;
constexpr int OLED_RESET = -1;
Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT

constexpr int JOYSTICK_PIN = 14;

constexpr int BUTTON_PIN = 33;

constexpr int SERVO_PIN = 3;

constexpr int SPEAKER_PIN =1; // changed from pin 1

*** See full version in Code Appendix

T, Upload Tips

* Press Teensy button if upload doesn't start
e Check correct COM port is selected
* Verify no syntax errors before uploading

e Red LED on board will blink immediately after upload

Next Steps

After uploading, you should see the Title screen for
the racing game appear on the Mini OLED.

31


https://nstarscientific.com
https://www.pjrc.com/teensy/td_download.html
https://www.pjrc.com/teensy/td_download.html

North Star EMBEDDED SYSTEMS LEARNING KIT

SCIENTIFIC

</> Project 1: Instructions (Part 3)

Learning Code

IDE

An IDE, or integrated development

enviornment, is a software that lets you

write and run code within one place [> Testing the Project

Header Files 1 OLED Display should turn ON

These files act as a library that the
computer reads so it knows how to 2 Press button to start game

perform a certain function

3 Use joystick to move character on
screen left and right

4 Buzzer and Servo should activate,
eventually stopping

Setup Function

5 Use button to “shift gears”, changing

This function is where your computer -
buzzer and servo position

reads the libraries you provide and gives
initial values before running any actions

() Troubleshooting

Mini OLED not on

. Button not respondin
Loop Function - <

This function is where your computer runs
Servo not moving
the code and tells the connected

electronics what to do

Success! You've completed your first
embedded systems project. Try modifying
the code to add LED blinking or multiple

e Other Functions button inputs.
Here are some other common functions
worth exploring:
. Challenge Ideas
While o Add the second Joystick direction toggles +/- Y
If-Else « Make an LED blink to indicate a gear shift
Switch o Add an acceleration physics feature like a real car

Custom Functions
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6 Mini Project 2

Advance your skills with a multi-component project: a passive nightlight that uses motion
detection and a photoresistor so it turns on when you need it.
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"’ Project 2: Night Light

Project Description

Build a system that uses motion detection and the light-
sensing photo resistor to turn on an LED nightlight and a
small chime. Using a while loop and an if-else statement,
it is an easy project to learn the basics of software code.

Learning Objectives

» Reading analog sensor data (ultrasonic)

» Conditional logic and thresholds

e Controlling multiple outputs simultaneously
* Generating audio alerts

Difficulty:  Beginner Time: 30 minutes

System Diagram:

L L L L -
L L L

-
-
-
-
-

EMBEDDED SYSTEMS LEARNING KIT

Components Needed

Photoresistor

Ultrasonic sensor (HC-SR04)
Buzzer/Speaker

LED (red)

Resistors (see below)
Jumper wires

Breadboard

Battery Pack

C X L L X X K K KX

Transistor

Resistor Values:

Blue: 10k Q
Pink: 470 Q
Green: 1.8k Q
Red: 3.3k Q
Orange: 1k Q

e 8 8 8

L B
( W N
L I R I
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Project 2: Instructions (Part 1)

&2 Hardware Assembly & Setup

a Connect Ultrasonic Sensor
Connect VCC to 5V, GND to ground, Trig to

pin 7, Echo to resistor then to pin 9. Also

add the second resistor from pin 9 to GND

a Connect Buzzer
Insert the transistor with the flat side

facing you. Connect the left pin to the
ground rail. Connect Pin 6 to the
transistor’s middle pin through a 1 kQ
resistor. Then connect the buzzer’s
negative lead to the transistor’s right pin
and the buzzer’s positive lead to the lower
power rail.

Photoresistor Setup

Connect photoresistor to A0 (pin 38)
and then other end to the resistor
before connecting that to GND

Add LED

Connect pins 24, 25, and 26 to the Red,
Green, and Blue LED legs, respectively, using
a 470 Q resistor for each connection.
Connect the LED’s long leg to the GND rail.

Connect Battery

Place battery pack in bottom power
rails, and put in batteries

Common Ground

Use a jumper wire to connect the Teensy
GND pin to the ground rail. Then,
connect the two ground rails with
another jumper wire.

nstarscientific.com

a Upload Code
Upload the code in the following steps!

Component Checklist

e Battery Pack  Ultrasonic sensor
* Photoresistor * Buzzer

e LED * Resistors

e Jumper wires * Breadboard

e Transistor

Pin Summary

Pin 24: LED R

Pin 25: LED G

Pin 26: LED B

Pin 6: Buzzer

Pin 7: Ultrasonic Trig

Pin 9: Ultrasonic Echo

Pin 38 (A0): Photoresistor

Note: Ultrasonic sensor echo outputs 5V. Ensure
voltage divider (2 resistors) is in circuit before pin 9
connection.
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Full Code > Page 44

Project 2: Instructions (Part 2)

</> Programming Steps

Create New Sketch

Open Arduino IDE and create a new
sketch. Name it "Night Light"

Define Pins and Constants

int photoPin = AQ; int trigPin = 7; int echoPin = 9; int redPin

= 24; int greenPin = 25; int bluePin = 2
int lightValue = 0O; int darkLevel = 500; int close

50; float distance = 0;

Set Up Initial State

void setup() {

pin e(trigPin, OUTPUT); pinMode(echoPin, INPUT);

pin e(redPin, OUTPUT);

pinMode(greenPin, OUTPUT); pinMode(bluePin, OUTPUT);
pinMode(buzzerPin, OUTPUT);

/| Start RGB LED off, setLED(false); Serial.begin(9600);

analogReadResolution(10);

getDistance(); Se print("Light: ");
Serial.print(lightValue); Serial.print(" Distance: ");

Serial.printin(distance);
if

lightValue < darkLevel &&

setLED(true);
if (lalreadyTriggered) { playLullaby(); alreadyTriggered =
true;

11
JJ

If-Else Loop
Checks the variable is true or false. If it is a
true statement, the if code runs. False

statement, then the else code runs.

state) {
6 te(redPin, HIGH);
digitalWrite(greenPin, HIGH);

Vrite(bluePin, HIGH):; }
Write(redPin, LOW);

Write(greenPin, LOW);
digitalWrite(bluePin, LOW);}

nstarscientific.com

Custom Function

You can also define your own function:

float getDistance() {

long time;

rite(trigPin,

time = pulseln(
echoPin,HIG

return time * 0.034 / 2;

[J Code Structure

setup(): Initialize pins and code
loop(): Measure distance, check light threshold
If-Else: Checks conditions to decide action

Action: Activate buzzer and LED when triggered

Distance Calculation

Ultrasonic sensors measure time for sound
to bounce back:

duration = pulseln(echoPin, HIGH);

distance = duration * 0.034 / 2;

Speed of sound: 343 m/s (0.034 cm/us)

Used Functions

pinMode() - set pin input/output
Serial.print() - print to terminal
delay() - pause program
getDistance() - ultrasonic sensor

Alarm Logic

distance < threshold: buzzer ON + LED HIGH.
Otherwise: both OFF.
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</> Project 2: Instructions (Part 3)

Preview

> Testing

1. Upload code to Teensy via USB
2. Turn off lights and make room dark

3. Move hand near sensor (<20cm) - chime
triggers and light comes on

4. Move hand away - light turns off

Troubleshooting

* No LED: Ensure right resistance
* Incorrect distance: Verify sensor wiring and power

* No alarm: Check buzzer polarity and
pin connections

e Constant alarm: Adjust threshold or check
sensor placement

Enhancements

Variable Tone: Change buzzer frequency based on
distance (closer = higher pitch)

Bar Graph: Display distance as graphical bar on
OLED screen

Adjustable Threshold: Add buttons to increase/
decrease alarm distance
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07 MiniProject 3

Build a 30-second servo targeting game that combines analog input, physical motion, an
OLED user interface, and audio feedback.

Noth Ster

gcomnpig

PRESS TO START
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(> Project 3: Servo Targeting

Project Description

Build a 30-second servo targeting game that combines
analog input, physical motion, an OLED user interface, and
audio feedback. Use a potentiometer to aim a servo, press a
button to fire at random targets, and compete for the
highest score while background music plays.

Learning Objectives

* Read analog voltage using the Teensy ADC

* Map analog input to a servo position

» Control a servo using a digital signal

e Communicate with an OLED over I2C

* Use a transistor to switch a 5V load

* Filter analog measurements (hardware + software)
e Create a timed game using millis()

* Implement scoring with conditional logic

N N N N N N N N N N A

* Run audio, display, input, and servo without blocking

Intermediate Time: 45-60 minutes

Difficulty:

Wiring Diagram:

EMBEDDED SYSTEMS LEARNING KIT

Components Needed

Teensy 4.1

128%64 1>C OLED display
10kQ potentiometer
Servo motor

Passive buzzer

2N2222 NPN transistor
Push button

1KkQ) resistor

0.1uF capacitor (code 104)
Breadboard

Jumper wires

SV power source / battery pack

L L L
L L L L B

L L L L L B I
R
L L L B B I
R
LR

L L L B L L L L L L L L L L L L L
L L L L L L L L L L L L L L L L L
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%

Hardware Assembly & Setup

Set Up Breadboard

Place the Teensy 4.1 on the breadboard,
ensuring pins are firmly inserted into the
breadboard rows.

Connect Potentiometer

Connect center wiper to Pin 14 (A0), one
outer terminal to 3.3V, other outer terminal
to GND. Add the 0.1uF capacitor between
A0 and GND for noise filtering.

Connect Push Button

Connect one side to Pin 2, other side to
GND. Uses INPUT_PULLUP internally (no
external resistor needed).

Connect Servo Motor

Signal wire to Pin 6, power wire (red) to SV
rail, ground wire to GND rail.

Connect OLED Display

SDA to Pin 18, SCL to Pin 19, VCC to 3.3V,
GND to GND.

Buzzer Circuit

Insert 2N2222 transistor with flat side
facing you. Connect base through 1kQ
resistor to Pin 32. Connect collector to
buzzer negative. Connect emitter to GND.
Connect buzzer positive to SV rail.

Connect Battery

Place battery pack in bottom power rails
and connect 5V and GND to the
breadboard rails.

nstarscientific.com
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G Common Ground
Use jumper wires to connect all ground

rails together so the Teensy, servo, OLED,
and buzzer share a common electrical
reference.

Component Checklist

* Teensy 4.1

* Passive buzzer
* Potentiometer
* 2N2222 transistor
* Push button

* 1kQ resistor

* Servo motor

e 0.1uF capacitor
e OLED display

* Breadboard

* Battery pack

e Jumper wires

Pin Summary

Pin 14 (A0): Potentiometer wiper
Pin 2: Push Button (INPUT_PULLUP)
Pin 6: Servo signal

Pin 18 (SDA): OLED data

Pin 19 (SCL): OLED clock

Pin 32: Buzzer control

A IMPORTANT

Teensy 4.1 GPIO pins operate at 3.3V and are NOT 5V
tolerant. Only the servo and buzzer are powered from the
5V rail; their control signals from the Teensy remain at 3.3V.
Do not connect any 5V output directly to a Teensy GPIO pin!
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Project 3: Instructions (Part

2)

(-] Programming the Teensy

° Download and Open Arduino
IDE

Download the latest version
from the official Arduino
website. Follow installation
instructions at: https://
Www.pjrc.com/teensy/
td_download.htmi

Q Configure Board

Go to Tools - Board - Select
Teensy 4.1. Set USB Type:
Serial in the menu

configuration.

Copy & Paste

Copy the code from the Code
Appendix on the North Star
Scientific Website. Make sure
you select Project 3 Code.

@ Upload to Board
Connect Teensy via USB. Click
Upload button (+) in your IDE.

Wait for compile and program
confirmation.

T, Upload Tips

e Press the Teensy button if upload
doesn't start

e Confirm the COM port in Tools - Port
* Fix syntax errors before compiling

e Red LED blinks after a successful
upload

nstarscientific.com

Full Code - Page 45

Software Requirements

e Arduino IDE 1.8.x or 2.x

* Teensyduino add-on (required for PJRC
boards)

e USB drivers (auto-installed on most systems)
e Libraries: Wire.h, Adafruit_GFX.h,

Adafruit_SSD1306.h, Servo.h

Code Configuration Preview:

const int potPin = AO;

const int buttonPin = 2;
const int servoPin = 6;
const int buzzerPin = 32;
#define SCREEN_WIDTH 128

#define SCREEN_HEIGHT 64

Adafruit_SSD1306 disp

e { WAITING, PLAYING, FINISHED };

GameState gameState = WAITING;

Game Logic & Scoring

e Bullseye: = 2° error - +3 points

e Hit: 3-5° error - +1 point

e Miss: > 5° error = 0 points

30-second timer runs via millis(). Each fired
shot registers feedback and generates a new
random target automatically.

Next Steps

After uploading, the OLED should display the
boot logo, then 'PRESS TO START". Press the
physical button to begin the 30-second game.
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<> Learning Code

Potentiometer & Filtering

The ADC reads 0-4095. A low-pass filter

smooths noise: filteredPot = (0.90 *

Game State Machine

Three states control the loop without delay():
WAITING (press to start), PLAYING (30s

Non-Blocking Audio

Sound effects (chimes, clicks, game-over
alerts) interrupt and take priority over
ambient hum. Uses millis() tracking to prevent
display and controller freeze.

Scoring Logic

Calculates absolute delta between targeting

angle and generated coordinate.

EMBEDDED SYSTEMS LEARNING KIT

v Testing the Project

1  OLED should boot up showing 'PRESS
TO START!

2  Spin potentiometer to verify smooth
servo movement

3 Click the button to start the game and
begin timer

4 Aim and fire! Confirm score calculation
on-screen

5 Listen for audio chimes on success vs.
tracking miss

6 After 30 seconds, confirm Game-Over
screen

/\ Troubleshooting

e Check SCL (Pin 19) and SDA (Pin 18) wiring.

* Verify 0.1uF capacitor is installed.

e Ensure NPN transistor collector path is connected.
e Confirm GND rail link to Pin 2.

Challenge Ideas

» Add difficulty zones that shrink the bullseye
over time

* Compute and display final shot accuracy
percentage

* Hook up a status LED that flashes green on hit
* Program a high-score saver using internal
EEPROM

& Congratulations! You have completed all three projects and mastered key embedded

systems concepts including analog input, servo control, I2C communication, game state

machine flow, and non-blocking audio timing. Keep experimenting and building!
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Open Project 1 Code PDF
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Open Project 3 Code PDF
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06 Vibe-Code Your Own Game

Now that you have built and programmed the Mini-Racer, it is time to make something of
your own! Use Al as a game-design and coding partner to turn your ideas into working
Teensy code.

SCORE: 1288 LEVEL 4

Difficulty:
What You'll Learn

Beginner-Intermediate
e Turning an idea into a simple game

Communicating technical ideas to Al Time Commitment:

Connecting game mechanics to physical hardware 30-90 minutes

Reading and modifying generated code

Testing and debugging embedded software

Iterating on a design after it works
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<+ Vibe Coding: Instructions (Part 1)

/9 Start Your Game

Keep Your Project Connected

Begin with the hardware from Mini Project 1

assembled and working on your
breadboard.

Open Your Al Assistant

Open ChatGPT or another Al coding
assistant. Start a completely new
conversation to keep the context clean.

Attach This Learning Guide

Upload the Embedded Systems Learning
Guide or reference code files directly into
the conversation window.

Copy the Game Designer Prompt

Copy and paste the provided Al Game
Designer Prompt from your kit resources
into the conversation.

nstarscientific.com

Component Checklist
/' Mini OLED Displays/ Joystick

/ Push Button v/ Servo Motor

/ Buzzer/Speaker +/ Teensy 4.1

A Important Notice:

Start with the existing wiring whenever
possible. If Al suggests changing wiring or
adding components, check the connection
and voltage requirements before powering
the circuit.

Pro-Tip:

Don't ask for code immediately! Designing
the game first usually produces a much
more interesting project.
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<+ Vibe Coding: Instructions (Part 2)

/¢ Design Your Game

Answer One Question at a Time

The Al will begin asking questions about
what you want to create. There are no
wrong answers. Consider:

Be Creative!

You are not limited to a simple racing game.
The hardware can support many types of
gaming genres.

Review Your Game Design

Before generating code, verify the Al has

documented a short specification covering:

Name, Goal, Controls, Mechanics, and
Sound outputs.

nstarscientific.com

e Game name and theme

e Player controls (buttons, joystick)
» Win/lose conditions

e Display layout (score, lives, level)
e Sound effects and feedback
 Difficulty progression

e Servo and buzzer behavior

Explore Diverse Genres:

o

Space battle

Fishing game

Sports game

Example Revision Prompts:

"Can you make the game slightly faster as time
goes on?"

“Let's make the servo act like a speed gauge
for the racer."
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/% Build the Game

Generate the Code

Ask Al to generate the complete Arduino/
Teensy program. Before uploading, check

the pin definitions near the top.

Copy Into Arduino IDE

1. Open Arduino IDE
2. Create a new sketch

3. Delete the example code

4. Paste in the Al-generated program

5. Select Teensy 4.1 under Tools
6. Connect through USB
7. Click Upload

Test Your Game Piece by Piece

Does the OLED turn on?
Does the game start?
Does the joystick register?
Does the button work?
Does the servo move?
Does buzzer make sound?

Can you play the game?

DN NN NN N NN

Can you win or lose?

Tell Al What Happened (Bugs)

Avoid: "It doesn't work."

Good: "OLED works & game starts, but left

joystick moves player right."

Better: "Code uploads ok. OLED is active
and joystick responds, but X-direction is

reversed."

nstarscientific.com

Change Something / Upgrade
@ Another level Increasing difficulty
High score Lives Power-ups
New enemies Better sound effects

Servo animations Start screen

Game-over animation Secret mode

Quick Reference

Use the checklist to verify each component
is responding as expected before reporting
bugs to Al.
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<> Testing Your Game

Pre-Flight System Check

/' Game starts without compilation errors
\/ Joystick controls the intended player action
\/ Servo responds correctly during gameplay

/' Winning and losing conditions work

Troubleshooting Guide

Problem

Code will not compile
OLED screen is blank
Joystick moves wrong
Button does nothing
Servo does not move
Buzzer is silent

Game too fast/slow

Game isn't fun

A Core Circuit Check:

Teensy 10 pins are NOT 5V tolerant. Connecting a raw 5V signal (such as raw echo output) straight to
Teensy pins can instantly fry your microcontroller! Always use the voltage divider resistors where

instructed.

nstarscientific.com

Try This Solution

Copy the Arduino IDE error log and send it to Al

Check 3.3V/GND power, SDA/SCL pins, and 12C address
Tell Al exactly which direction or axis is reversed

Verify pin number 33 and check the ground connection

Check brown GND, orange PWR, and yellow signal pin 3
Verify wiring is strictly to pin 1 and lower GND rail

Ask Al which delay or speed variable controls timing

Describe what feels dry and ask Al for 3 new mechanics

/ OLED graphics display clearly & correctly
\/ Button performs its designated game action
/' Buzzer produces clear, intended sounds

/ Game can be restarted and played again
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BEST PRACTICES

Vibe Coding Tips

Mastering the art of vibe coding requires a structured approach. These six core principles will help you
navigate the Al-assisted development process with clarity and efficiency.

©

< StartSimple I, Change One Thing ata
Time

Get the basic game working before adding

If you change five things and the game
lots of features. Build a stable foundation you getv ng J

first breaks, you won't know which change

caused it. Test incrementally.

@ Describe Behavior, Not >  Test Often
Code

) Upload and play the game after each
You don't need to know the exact function. .
] major change. Catch errors early before
Tell Al what you want the physical
they compound.
hardware to do.

® AskWhy ¥  You Are the Designer
When you see an interesting part of the Al can suggest ideas and write lines of
code, ask Al to explain it. Vibe coding is a code, but you decide whether the game is
doorway to programming. actually fun to play.

Vibe Coding Tip
VAN Al-generated code is not guaranteed to be correct. Always check pin numbers, never connect 5V
directly to Teensy GPIO, compare wiring against the guide, and disconnect power before rewiring.
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You Did It!

You successfully completed the project from idea to deployment. You've mastered the core workflow of

describing your vision, building the mechanics, and testing the game on real hardware.

Your Journey
Idea Design Build Test Improve
You started with a You turned the idea You connected You generated You iterated until the
clear game vision. into game mechanics. mechanics to real software and tested game felt right.
hardware. it.
Challenge Ideas
Build a Different Game Add Difficulty Levels
BEGINNER INTERMEDIATE
Using the same hardware, explore a new genre Modify your existing codebase to scale
or mechanic. challenge.
Physical Score Gauge Unique Sound Effects
INTERMEDIATE BEGINNER
Use the servo to visualize health, speed, or Create sounds for win, lose, and tick events.
points.
Hidden Game Mode Refine with Feedback
ADVANCED BEGINNER
Hold a button for a secret experience. Let another person play and iterate.

Vibe Coding Tip
@ Keep every working version saved. As you experiment with new features, you can always roll
back to a stable build.
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RESOURCE

Al Game Designer Prompt

Copy and paste this prompt into ChatGPT, Claude, or your preferred Al assistant to start designing your own game.
SYSTEM PROMPT TEMPLATE COPY PROMPT

You are my Al game designer and embedded-systems coding partner.

I am using the North Star Scientific Embedded Systems Learning Kit. Read the attached learning guide first, especially Mini Project 1 and its complete code, so you
understand the available hardware, wiring, Teensy 4.1, OLED display, joystick, push button, servo, buzzer/speaker, and existing libraries.

Your goal is to help me invent and build my own fun, creative, interactive game using this hardware.

Step 1: Design the game with me

Lead me through 5-10 short questions, one at a time. Ask about things like:

* What type of game sounds fun to me

» Theme or setting

+ What the player should control

+ What the goal should be

« Enemies, obstacles, challenges, or puzzles

* How scoring or winning should work

» How the joystick and button could be used

* How the servo and sound could make the game more interactive

« Difficulty, levels, power-ups, surprises, or special mechanics

Be very creative and open-ended. Do not limit ideas to racing games. If | don't know an answer, always give me 3-5 specific, interesting ideas | can choose from.
Examples could include spaceship battles, dungeon games, fishing games, survival games, reaction games, maze games, rhythm games, monster battles, sports games,
treasure hunts, stealth games, or completely original ideas.

Step 2: Turn the idea into a game

After you understand my idea, briefly show me:

« Game Name

« Concept

« Controls

» Goal

 Game Mechanics

+ How each piece of hardware is used

Let me approve or change the idea before coding.

Step 3: Vibe-code it
Once | approve it, generate the complete Arduino/Teensy code needed to play the game. Use the attached guide's existing hardware setup, pins, libraries, display
configuration, and wiring wherever possible. Do not require extra components unless you clearly label them as optional.

Make the code:

« Complete and copy/paste ready

» Beginner-friendly

« Commented clearly

« Fun and polished rather than just a technical demo

» Designed to run smoothly on the Teensy 4.1

« Compatible with the kit's OLED, joystick, button, servo, and buzzer/speaker

Then give me very short instructions for:
» Copying the code into Arduino IDE

» Uploading it

« Playing the game

« Fixing the most likely problems

After it works, suggest 3 cool upgrades | could ask you to add next.

Start by reading the guide and then ask me Question 1.
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HARDWARE SETUP

Wiring Your Game Controller

Fill in your wiring below, then screenshot or copy this table and paste it into your Al assistant. This
tells the Al exactly how your hardware is connected so the generated code works with your setup.

A1 - Send this to your Al assistant Copy & paste
GPIO Pin Assignments 9 CONNECTIONS
COMPONENT / SIGNAL TEENSY PIN TYPE / MODE
Joystick X-Axis AO Analog Input
Joystick Y-Axis A1l Analog Input
Joystick Button Pin 2 Digital Input (Pull-up)
OLED Display SDA Pin18 I2C Data
OLED Display SCL Pin 19 I2C Clock
Buzzer Pin 10 PWM Output
Button A (Action) Pin 3 Digital Input (Pull-up)
Button B (Start) Pin 4 Digital Input (Pull-up)
LED Indicator Pin13 Digital Output
Setup Checklist

v Double-check all wiring before powering on
v Use pull-up resistors for button inputs

v Test each component individually before combining

| Example prompt
Example prompt: "Here is my wiring setup: Joystick X on AQ, Joystick Y on A1, Buzzer on Pin 10, OLED on
pins 18/19. Write me a Snake game that uses these exact pins."
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FIVE GUIDED BUILDS

Intermediate Challenges

Build on the core components by combining sensing, feedback, and control into
complete embedded systems.

01

02

03

o4

05

nstarscientific.com

RGB Color Mixer

Use the potentiometer and joystick to independently control the red, green, and
blue channels of an RGB LED. Display the current RGB values on the OLED so
the user can experiment with creating different colors.

Parts: Teensy 4.1, RGB LED, Potentiometer, Joystick, OLED Display, Resistors, Breadboard, Jumper
Wires

Signal Smoother

Use the potentiometer as an analog input and display its live value on the OLED.
Add a resistor-capacitor filter to smooth the signal, then compare the raw and
filtered readings as the potentiometer moves.

Parts: Teensy 4.1, Potentiometer, Capacitors, Resistors, OLED Display, Breadboard, Jumper Wires

Parking Distance Indicator

Create a parking sensor that changes the RGB LED from green to yellow to red
as an object gets closer. Add increasingly rapid buzzer tones as the measured
distance decreases and display the live distance on the OLED.

Parts: Teensy 4.1, Ultrasonic Sensor, RGB LED, Buzzer, OLED Display, 2N2222 Transistor, Resistors,
Breadboard, Jumper Wires

Reaction Timer

Create a reaction game that waits a random amount of time before changing
the RGB LED color. The player must press a button as quickly as possible, with
their reaction time displayed on the OLED.

Parts: Teensy 4.1, Push Button, RGB LED, OLED Display, Buzzer, Resistors, Breadboard, Jumper Wires

Proximity-Controlled Servo

Use the ultrasonic sensor to control the angle of a servo based on how close an
object is. Display the measured distance and servo angle on the OLED, and
experiment with different ways of mapping distance to motion.

EMBEDDED SYSTEMS LEARNING KIT
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FOUR INTEGRATED SYSTEMS

Advanced Challenges

Build on the core components by combining sensing, feedback, and control into
complete embedded systems.

Adjustable Proximity Alarm

Use the potentiometer to select an alarm distance and the ultrasonic sensor to
01 detect objects. Display both distances on the OLED and activate the RGB LED
and buzzer whenever something enters the selected zone.

Parts: Teensy 4.1, Ultrasonic Sensor, Potentiometer, OLED Display, RGB LED, Buzzer, 2N2222
Transistor, Resistors, Breadboard, Jumper Wires

Electronic Combination Lock

Use joystick movements to enter a secret sequence such as left, right, up,
down. Display progress on the OLED and use the RGB LED and buzzer to
indicate whether the entered combination is correct or incorrect.

02

Parts: Teensy 4.1, Joystick, OLED Display, RGB LED, Buzzer, Resistors, Breadboard, Jumper Wires

Simon-Style Memory Game

Create a repeating sequence using RGB LED colors or buzzer tones. The player
03 must repeat the sequence using joystick directions or buttons, with each
successful round adding another step.

Parts: Teensy 4.1, RGB LED, Joystick, Push Buttons, Buzzer, OLED Display, Resistors, Breadboard,
Jumper Wires

Radar Scanner

Mount the ultrasonic sensor to a servo and program it to automatically sweep
04 across an area. Measure the distance to nearby objects at multiple angles and
— draw a simplified radar-style visualization on the OLED. Use the joystick to
adjust the scan range or sweep speed while the system is running.

Parts: Teensy 4.1, Ultrasonic Sensor, Servo, Joystick, OLED Display, RGB LED, Breadboard, Jumper
Wires, Resistors
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Want More Hands-0On
Learning Kits?

Explore more electronics kits, robotics projects, and STEM learning resources.

nstarscientific.com

Gg Join our community on Discord >
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