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Fig. 1. CircuitGlue is a novel electronic prototyping board that allows a wide variety of off-the-shelf electronic components
and modules to be connected to a software configurable header (at right). After configuration and connection, modules work
instantly and are compatible with each other independent of the voltage levels, interface types, communication protocols,
and pinouts they use.
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We present CircuitGlue, an electronic converter board that allows heterogeneous electronic components to be readily
interconnected. Electronic components are plugged into an eight-pin programmable header on the board, and the assignment
of each pin in the header is con gured in software. CircuitGlue supports a variety of connections, including power, ground,
analog signals, and various digital protocols at di erent voltages. As such, o -the-shelf electronic components and modules
are instantly compatible no matter what voltage levels, interface types, communication protocols, and pinouts they use. In
this paper, we demonstrate the use of CircuitGlue to ease and expedite prototyping with electronics and we explore new
opportunities enabled by CircuitGlue. Finally, we re ect on the results of a preliminary user study evaluating the usability of
CircuitGlue for people new to electronics.

CCS Concepts:Hardware ! Programmable interconnect ; Recon gurable logic applicatigri3igital signal processing;
Human-centered computing ! Human computer interaction (HCI)
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1 INTRODUCTION

With the growing availability and popularity of physical computing, people with increasingly diverse backgrounds
are prototyping electronic circuits. Breadboards and jumper wires are among the most common tools for this,
but this electronic prototyping style, sometimes referred to as “Type 1' electronicg]], requires signi cant
electronic expertise as all components are wired individually. For some components that are only available in
small package sizes or need custom circuitry, breakout boards have been created, such as the Adafruit BINOO055 [
and ESP8266.[] breakout boards. Lambrichts et aR]] referred to prototyping using breakout boards and
development boards as “Type 2' electronics. Although this style partially eases prototyping because only the
most essential connections are exposed, these modules are typically manufactured by di erent parties and their
operating voltages, interface types, communication speeds and protocols and physical connections are often
incompatible. Commercially available power and protocol conversion modules, such as the Sparkfun Buck-Boost
Convertet and Adafruit FT232P breakout board can help in this process, but selecting and interfacing between

all components appropriately still requires a good understanding of electronics. Although breakout boards and
development boards ease the design and creation of custom prototypes, selecting and interconnecting these
components is often di cult for novices [25].

To empower more people especially those with non-electronics backgrounds to prototype sensor systems,
various integrated modular platforms have been developed. These consist of a set of modules speci cally designed
to plug together without the need to study technical speci cations in datasheets or to acquire any third party
components. Popular examples include .NET Gadgetedy ljttleBits [ 6], and LEGO Mindstormsd4]. Lambrichts
et al. [21] refer to this style of prototyping as “Type 3'. However, an online survey revealed that hobby makers
and engineers are often non inclined to use these Type 3 prototyping kits as they do not want to lock themselves
into ecosystems [21], and it can be hard for individuals to extend them with new modules,

To combine the versatility and extensibility of Type 2 electronics and the ease of use of Type 3 prototyping
kits, we present CircuitGlue. CircuitGlue enables novices to quickly and easily prototype interactive systems
without being locked into a particular ecosystem. CircuitGlue is an electronic prototyping board (Figure 1) that
exposes eight programmable header pins, that directly interface with a wide variety of third-party components
and modules. Each of the eight header pins can be programmed to either connect to ground, output a speci c

Lhttps://www.sparkfun.com/products/15208
2https://www.adafruit.com/product/2264
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voltage, or support an analog or digital reading or signal generation. Once the CircuitGlue board is con gured,
modules are immediately operational for testing or integration in a prototype they are powered and data and
sensor readings are available on a digital bus. CircuitGlue also implements the Jacdac protocobstadtdh
means a standardized, abstracted representation of the component is presented, which allows the component
to be integrated with code using any of the Jacdac-supported programming paradigms, including Microsoft
MakeCode. Afterward, our complementary software environment further assists by showing the user how to
connect the module directly to a development board. In this way, the CircuitGlue board is “freed up' and can
then be reused for interfacing with another module or component. This approach helps novices in electronics to
assemble advanced prototypes in iterations.

The core contribution of this work is CircuitGlue, a novel intelligent software-con gurable prototyping board
that facilitates interconnecting and testing various heterogeneous electronic components and modules. More
speci cally, we contribute:

The CircuitGlue board, exposing eight programmable header pins that are con gurable in software to drive

a wide variety of electronic components. We benchmark our board's design via a technical evaluation.

A software architecture that makes the functionality of electronic modules and components available on
the Jacdac communications bus. This makes many commercially available electronic modules compatible
with each other and the Jacdac ecosystem.

A demonstration of how CircuitGlue facilitates and enriches electronic prototyping work ows and helps
with testing components as well as making electronic prototypes.

A preliminary user evaluation reporting on the utility of CircuitGlue for novices in electronics.

2 WALKTHROUGH

This walkthrough demonstrates how Sam, a novice prototyping enthusiast, uses CircuitGlue to prototype a smart
desktop fan. The fan is powered by a DC motor and consists of a temperature sensor and a presence sensor
to automatically power the fan when the temperature is too high and presence is detected. Prototyping this
interactive system with a microcontroller-based development board, such as the BBC micro:bit, would typically
require inspecting the datasheet of all three components, nding and ordering an additional motor driver board
as well as a DC-DC voltage converter, and guring out the correct wiring of all these components as shown in
Figure 4a. However, Sam is uncertain about the exact workings of all these components and oftentimes does not
understand the myriad of characteristics provided in datasheets. Therefore, Sam uses the CircuitGlue platform in
the prototyping scenario below, allowing him to interconnect the heterogeneous set of electronic components
needed in this project.

Sam starts with the temperature sensor module. Instead of looking up detailed temperature sensor characteristics
in its datasheet, Sam connects a CircuitGlue board to his computer with a USB cable and to the micro:bit with a
Jacdac cable and a micro:bit Jacdac adapter (Figure 2a - 1). Next, he opens the CircuitGlue con guration tool
in a browser and selects the temperature sensor (DHT11) from the list of components currently implemented
in CircuitGlue. A visual representation of the CircuitGlue board and connected temperature sensor is shown
(Figure 2a - 2 and Figure 2b). After the con guration tool has automatically con gured the CircuitGlue board, Sam
takes the temperature sensor and plugs it into the programmable header matching the position shown on-screen
in the con guration tool (Figure 2a - 3). When browsing to the Jacdac dashbbdre immediately sees a digital
twin of the temperature sensor with live sensor readings (Figure 3a). Sam now writes application logic for the
temperature sensor by programming the micro:bit using, for example, Microsoft MakeCddiekeCode is one of

Shttps://microsoft.github.io/jacdac-docs/dashboard
4https://makecode.microbit.org/
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Fig. 2. a) Configuring the CircuitGlue board to drive the temperature sensor by (1) connecting the CircuitGlue board to the
computer and micro:bit, (2) configuring CircuitGlue by selecting the temperature module in the configuration tool, and (3)
plugging the temperature sensor module into the programmable header. b) Web-based CircuitGlue configuration tool.

several programming solutions that support the Jacdac communication protocol, and as such all components
available on the digital Jacdac bus are available as blocks in MakeCode (Figure 3b).

Fig. 3. a) Visualizing the reading of the temperature sensor module in the Jacdac dashboard. b) Writing the application logic
on the micro:bit using MakeCode building blocks.

Next, Sam connects a second CircuitGlue board to his computer and the same micro:bit and uses the CircuitGlue
con guration tool to select the DC motor (Brushed - 12V DC). He doesn't need to add a motor driver module
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and external 12V power supply, the DC motor is instantly operational and visible via the Jacdac dashboard after
plugging the motor directly into the CircuitGlue board. Like the temperature sensor the DC motor is now also
available as a block in MakeCode. Sam then programs the micro:bit to power the DC motor when the temperature
reading exceeds 2&.

When Sam is happy with his CircuitGlue-based prototype, he can usecttaiit diagram generatan the
CircuitGlue con guration tool to help him wire the temperature sensor and DC motor directly to the micro:bit,
freeing up the CircuitGlue boards. As shown in Figure 4a, this feature uses the knowledge of the characteristics
of all components in CircuitGlue to render a custom circuit diagram. Sam uses this diagram to connect the
temperature sensor and the DC motor (using an L298N DC motor driver and 12V/3A power supply) to the
micro:bit. Even though both sensors are now directly connected to the micro:bit without CircuitGlue boards,
CircuitGlue ensures they are still available on the Jacdac bus as blocks in MakeCode. As such, Sam's prototype is
still operational using the same application logic after taking out the CircuitGlue boards.

Fig. 4. a) Circuit diagram generated to facilitate building a custom circuit using the DC motor, temperature sensor and PIR
motion sensor. b) Comparing the ultrasonic distance sensor and PIR motion sensor side-to-side in the Jacdac dashboard.

Sam is uncertain whether to use an ultrasonic distance sensor or a PIR motion sensor for detecting presence.
To compare the behavior of both sensors, Sam con gures one CircuitGlue board to interface with the ultrasonic
distance sensor (HC-SR04) and the other for the PIR motion sensor (HC-SR501). After plugging in both sensors,
readings of both of them are visible side-by-side via the Jacdac dashboard (Figure 4b). Sam experiments a bit and
decides the PIR motion sensor is more e ective for detecting presence in a room. He updates the application logic
on the micro:bit to only power the DC motor when presence is detected and the temperature excedds\®hen
satis ed with the prototyped system, Sam can use ttiecuit diagram generatagain to receive instructions for
connecting the PIR motion sensor directly the micro:bit, making the CircuitGlue boards available for his next
project.

3 RELATED WORK

This work draws from, and builds upon prior work on modules for electronic prototypiritf], tools to ease
breadboarding and development [15], and reprogrammable integrated circuits.
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3.1 Modules for Electronics Prototyping

Since the birth of the electronics industry, engineers have naturally sought ways to accelerate the prototyping
process of electronic devices. Instead of working with individual electronic components only, many prototyping
practices nowadays involve extending or interconnecting ready-made PCBs, such as breakout boards (e.g. for
the BNOO55]] and ESP8266L[l]), and development boards (including the BBC micro:2i€]} Arduino [5], and

the Raspberry PiZg). Prototyping with such boards is usually more convenient than working directly with the

ICs but still requires looking up technical details in datasheets, and the use of additional voltage and protocol
conversion modules because these boards are typically manufactured by di erent companies.

Integrated modular systems, on the other hand, o er complete sets of modules speci cally designed to
work together without needing any other components. Examples include .NET GadgetdeSoftMod P4,
Phidgets L3, and SAM LabsZ(. However, adding modules or components not compatible with the integrated
modular system is usually hard their technical speci cations may not be exposed and even if they are, additional
voltage and protocol converters are often necessary. In many ways, CircuitGlue brings the plug-and-play bene ts
of integrated modular systems to breakout boards by o ering a converter that ensures compatibility between
heterogeneous electronic components.

3.2 Tools to Ease Breadboarding and Development

As breadboards are one of the most popular tools for circuit prototyping, researchers frequently present tools
to facilitate designing, building, and testing electronic prototypes on breadboards. Prototyping boards such
as ToastBoardl( and CurrentViz [3§ enable circuit inspection by continuously measuring and visualizing
voltage and current levels throughout a breadboard circuit. In addition to visualizing the state of a breadboard,
SchemaBoardl[ instructs users how to connect components on a breadboard using integrated LEDs and
HeyTeddy [L7] guides users using text or voice conversations. Trigger-Action-Circuils4cilitates breadboarding

by generating all the necessary circuitry, rmware, and assembly instructions based on simple behavioral
descriptions. In contrast, Circuito.id8] automatically generates breadboard connection diagrams based on a
set of input/output modules and a microcontroller. Similar to these existing techniques, CircuitGlue facilitates
building breadboard prototypes by demonstrating how a component can be connected to a development board
using common o -the-shelf conversion modules instead of a CircuitGlue board.

Another important issue of breadboarding is tangling of wires which makes circuits fragile and error-prone.
CircuitStack Bg contributes a new breadboard design that addresses this issue by interconnecting components via
a printed circuit board instead of using jumper wires. Rather than using physical jumper wires, VirtualVZige [
takes a di erent approach and allows rows on a breadboard to be connected in software. Instead of requiring
all components to be present on a breadboard, Proxi8ig injects software-generated signals to replace any
missing components. Contributing to this line of research, CircuitGlue also avoids wired connections by allowing
modules to directly connect to the CircuitGlue board.

Finally, prototypers frequently rely on a range of test and measurement equipment during the development
process. Obvious examples are a huge variety of widely available power supplies, multimeters and oscilloscopes.
Of particular note are low cost PC accessories such as the Bus Pirate serial communications fm&@iteae
logic analyzer§ and Digilent's Analog Discovery unit

Shttp://dangerousprototypes.com/docs/Bus_Pirate
Bhttps://www.saleae.com
"https://digilent.com/reference/test-and-measurement/analog-discovery/start
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