
 

 

1. Introduction to Microcontrollers 
The Arduino is one of the most widely adopted family of microcontrollers. The design of the Arduino is 
open source, enabling others to develop designs based on this architecture. The Arduino Uno was the first 
in a series of Arduino boards with USB (Universal Serial Bus) connectors. 
 

 
Figure 1. Arduino Uno Microcontroller 

 
The Arduino has a number of digital and analog pins that can be connected to physical devices. These 
pins can be connected to sensors to monitor the status of the external world. They also can be connected 
to motors and actuators to control physical mechanisms. 
 
Many adapter boards have been developed for the Arduino. These adapter boards, known as shields, plug 
into the Arduino to give it additional capabilities. The Make to Learn laboratory collaborated with Roger 
Wagner develop a sheild for the Arduino known as the HyperDuino. This shield, now in its fourth 
iteration, is available in two versions: a standard version, and a robotics version, the HyperDuino R, with 
motor contollers that can be used to control motors and actuators.  
 

 
Figure 2. HyperDuino 4.1 R Shield for Arduino 
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The HyperDuino shield provides quick-connect sockets that can be used to connect cables with LEDs, 
touch sensors, and analog input / output (I / O) connectors. 
 

 
Figure 3. HyperDuino LED Ribbon Cable and Connector 

 
These cables and connectors simplify the process of connecting devices to the Arduino. 
 
A computer program in the memory of the Arduino controls control devices connected to the 
microcontroller. In the activities that follow, an educational programming language known as 
MicroBlocks will be used to create this code. MicroBlocks was developed by John Maloney, who 
previously contributed to development of a widely used blocks-based programming language known as 
Scratch. MicroBlocks is inspired by the same educational philosophy embodied in Scratch, but is 
designed for physical computing.  
 
One of the crucial features of MicroBlocks for the activities that follow is that it permits the same code to 
be used on many different microcontrollers. In the illustration below, the MicroBlocks code to turn on 
digital pin 2 is being sent to two different microcontrollers: the Adafruit Metro M0 Express and the BBC 
micro:bit microcontroller.  
 

 
Figure 4. MicroBlocks code can run on different types of microcontrollers. 

The command, Set Digital Pin 2 to True, will turn on an LED connected to this pin. The ability to 
write a single program that can be run on many different microcontrollers makes it possible to explore use 
of different microcontrollers suited for different applications without the necessity of learning different 
coding systems for each microcontroller. 
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The two microcontrollers shown in Figure 4 (above) will be used in activities that follow. The Adafruit 
Metro M0 Express has the same pin configuration as the Arduino Uno, but has additional memory that 
makes it possible to run MicroBlocks.  
 
The BBC micro:bit is another popular microcontroller designed for education. The micro:bit is used in the 
International Technology and Engineering Education (ITEEA) Engineering by Design curriculum. It has 
additional features that include a built-in accelerometor and LED display mounted on the surface of the 
microcontroller board. A version of the HyperDuino shield known as the MakerBit is available for the 
micro:bit. The MakerBit has the same functionality as the HyperDuino shield, but is designed to connect 
with the micro:bit edge connector. 
 
Turning On an LED 
 
The following introductory activity uses the Adafruit Metro M0 Express microcontroller and HyperDuino 
shield to turn on an LED using MicroBlocks code. Before beginning,  the connectors on the bottom of the 
HyperDuino shield must be fitted onto the corresponding sockets of the microcontroller. Take care to 
avoid bending a pin in the process of doing this. The USB connecting cable can then be used to connect 
the microcontroller connected the USB port of a computer. Once the computer is connected to the 
microcontroller, MicroBlocks program must be transferred to the  memory of the microcontroller. 
Detailed directions for doing this are available for differenent computers (Windows, Macintosh, etc.) on 
the Microblocks web site:  https://microblocks.fun/get-started 
 
The Hyperduino has a row of connectors consisting of: 
 

1. A white connector for touch sensors 
2. A blue connector for analog devices 
3. A black connector for LEDs numbered 8 – 13 
4. A second black connector for LEDs numbered 2 - 7 

 

 
Figure 5. HyperDuino Connectors for Touch Sensors, Analog Devices, and LED Lights 

Connect a ribbon cable with six LEDs into the black connector for LEDs 2 – 7. Then connect the USB 
cable to the computer.  
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Open https://microblocks.fun in a Chrome or Edge browser, then click the black "Run" button in the top-
right to run MicroBlocks. Select the USB connector icon in MicroBlocks to link the microcontroller to the 
computer. 

 
Figure 6. Connecting MicroBlocks to the Microcontroller 

A dialog box will appear indicating that MicroBlocks would like to connect the Metro M0 
microcontroller to a serial port on the computer. Select Metro Mo and then click Connect.  

 
Figure 6. Selecting the M0 Express 

The icon for the USB connector will be highlighted with a green circle once the connection is made. 

 
Figure 7. Completing the Connection 

If the green circle does not appear, you may need to re-install the MicroBlocks firmware. To install 
Download the firmware from https://microblocks.fun/downloads/pilot/vm/vm_metroM0.uf2. After the 
file downloads, press the “reset” button on the Metro M0 twice. This will cause the microcontroller to 
appear as a flash drive. Drag and drop the downloaded file onto the microcontroller. 

Select the Pins palette in MicroBlocks and drag the Set Digital Pin block into the script area (shown on 
the right in the illustration below). Set the input number to “Pin 2” and set the state to “On” (green). Then 
click the block to execute the code. 

 
Figure 8. Turning on Digital Pin 2 
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6 
 

The green LED connected to Pin 2 will then light up. 

 
Figure 9. The green LED connected to Pin 2 lights up. 

To turn off the LED, set Digital Pin 2 to “Off” (red) and click the block again.  

  
 
Defining a Custom Block 
The process of turning on an LED verifies that all of the components of the system – including the 
microcontroller, the shield, the LED cable, and the MicroBlocks software – are working properly. Once 
this has been established, extensions that build upon this capability can be developed.  The following code 
causes the LED to blink. The code turns the LED and after a pause turns it back on again 

  
Once a sequence of code is working properly, it can be used to create a custom block. The My Blocks 
section of the command palette includes an option to add a new block. 
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Once the new custom block is assigned a name, a Define block appears with the selected name. The 
code sequence is then dragged to the Define block until it snaps into place. 

  
A new custom block appears in the My Blocks palette and can be dragged into the script area. 

  
The same method can be used to define custom blocks to turn the LED on and off. 

  
An LED sequencer can be created by turning on Digital Pins 2 through 13, turning off each LED before 
turning on the one that follows. 
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Controllling an LED with a Touch Sensor 
The Touch Sensor cable has twelve empty sockets into which touch sensors can be insterted. The Touch 
Sensor cable is inserted into the white touch sensors socket on the HyperDuino shield. 

 

 
Figure 10. The Touch Sensor Cable Is Insterted into the White Socket 

The touch pins can then be inserted through a cardstock placard with appropriate labels to describe their 
functions. 

 
Figure 10. The Touch Sensor Pins Inserted into Cardstock 

Once the touch pins are arranged, disconnect and then reconnect the Metro M0. This will cause the touch 
pins to re-calibrate. While calibrating, the touch pins should not be touching each other or anything else 
conductive. 

Add the "Touch (HyperDuino)" library by clicking the "+" next to "Libraries". That library is in the 
"Sensing" folder.  

The following blocks in the Touch Sensor (HyperDuino) library can be used to detect when a touch 
sensor has been touched. 
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The touch sensor blocks can be used to create a procedure that detects when one of the touch pins has 
been touched. When a sensor is touched, the following procedure takes the specified action.  

  
 

This code works by checking to see if a touch pin has been touched. If a pin has been touched, the code 
checks to see if the pin that was touched is pin number 2. If pin number two is the pin that was touched, 
the code turns the LEDs on. If pin number two is not the pin that was touched, the code checks pin 
number three, and so on. This process repeats indefinitely due to the inclusion of the Forever loop. 
 
The Start button in the upper left-hand corner transfers the MicroBlocks code to the microcontroller and 
executes the program.  
 

  
 
Once the code on the microcontroller is tested and working properly, the microcontroller can be 
disconnected from the laptop. An external power supply such as a nine-volt battery much be used to 
supply power to the microcontoller in order to operate it in a stand-alone mode separated from the 
computer. 
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Controlling a DC Motor 
The HyperDuino R shield can also be used to control a DC motor. In the illustration below, the two wire 
leads from the DC motor have been inserted into the sockets labeled MA1 and MA2 in orange and green 
motor control block on the HyperDuino. 
 

 
Figure 12. DC Motor Connected to HyperDuino Motor Controller 

 
The following MicroBlocks code turns the motor on. When the state of digital pins 3 and 4 are reversed 
(i.e., Pin 3 = Off and Pin 4 = On), the direction of the motor is reversed. Pin 5 controls the speed of the 
motor, with a range of 0 through 1023.  
 

  
 
A second DC motor can be connected to the sockets labeled MB1 and MB 2. Pins 7 and 8 control the 
second motor. Pin 6 controls the speed of the second motor. 
 

 


