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Abstract Physical computing is becoming mainstream. More people than ever—from artists, makers and entrepreneurs
to educators and students—are connecting microcontrollers with sensors and actuators to create new interactive devices.
However, physical computing still presents many challenges and demands many skills, spanning electronics, low-level
protocols, and software—road blocks that reduce participation. While USB has made connecting peripherals to a personal
computing device (PC) trivial, USB components are expensive and require a PC to operate. This makes USB impractical for
many physical computing scenarios where cost, size and low power operation are often important.

We introduce Jacdac, an open-source hardware and software platform that brings the user experience of USB to physical
computing at a fraction of the cost and resource requirements. It combines an intuitive connector, standardized hardware and
software interfaces, a simple bus-based protocol that runs on virtually any microcontroller, and integration with Microsoft
MakeCode for the micro:bit. In this way, Jacdac provides a low-cost, extensible web-based plug-and-play experience for
physical computing. We evaluated Jacdac in an international hackathon involving over 80 participants who built functional
artifacts with Jacdac. Interviews reveal that users find Jacdac intuitive and appreciate the plug-and-play experience where
sensors and actuators are automatically discovered by the web browser in real-time.

CCS Concepts: • Human-centered computing → Interactive systems and tools; • Hardware → Communication
hardware, interfaces and storage; • Computer systems organization → Embedded systems.
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Fig. 1. Jacdac is a new open-source hardware and so�ware platform, inspired by USB but implemented more simply and
cheaply to support plug-and-play physical computing: (a) A BBC micro:bit (top le�), a micro:bit Jacdac adaptor (bo�om-le�),
three Jacdac modules�slider, CO2 sensor and LED ring (middle), and three Jacdac cables (right); (b) The micro:bit, Jacdac
adaptor, and three modules, connected together to create a self-contained and low power CO2 monitor that can be ba�ery-
operated; note that the slider and LED ring are daisy-chained.

1 INTRODUCTION
Physical computing refers to the creation and use of interactive digital systems that sense and respond to
the world around them [18]. Typically, sensors, actuators and communications modules are combined with a
microcontroller and power source to map sensed inputs into the realms of lighting, sound, electro-mechanical
actuation, and/or to pass information onto other digital systems. Physical computing builds on a wide range of
disciplines including electrical engineering, electronics, mechatronics, robotics, computer science and software
development. It commonly involves the exploration of novel devices and the software that powers them through
an iterative, creative and experimental process.

Since the turn of the century, the process of building physical computing systems has evolved rapidly. This
has been driven by a �pull� from users, many of whom are steeped in the creative maker movement [11], while
others are increasingly using physical computing in the classroom [18]. At the same time we have witnessed a
technology �push�: the symbiotic development of physical computing technology in both academia and industry
has resulted in numerous tools and platforms that simplify and accelerate the development of a physical computing
solution [22]. In particular, a variety of tangible, embedded microcontroller-class devices targeted at students and
hobbyists are available in the market, with three of the most well-established being Arduino [5, 36], Raspberry
Pi [7] and the BBC micro:bit [2], with total sales currently estimated at 10 million, 40 million and 6 million units
respectively [2, 38, 41].

1.1 Physical Computing is Intrinsically an Extensible Experience
Despite having di�erent features, physical computing platforms all o�er a hybrid and extensible experience that
cuts across hardware and software. From a hardware perspective, a key element of physical computing involves
leveraging a variety of sensors and actuators to build an interactive system. Even physical computing devices like
the micro:bit that have basic sensors and actuators built-in often require the addition of external hardware. Three

2




	Abstract
	1 Introduction
	1.1 Physical Computing is Intrinsically an Extensible Experience
	1.2 The Limitations of Physical Computing in Practice
	1.3 Adding Abstraction for True Plug-and-play Physical Computing

	2 Related Work
	2.1 Plug-and-play with USB
	2.2 Standardized Communications Protocols
	2.3 Standardized Physical Interfaces
	2.4 Physical Computing Tools and Platforms

	3 Jacdac: Design and Architecture
	4 Jacdac: Hardware
	4.1 Jacdac Bus and PCB-based Edge Connector
	4.2 Jacdac Cable Connector
	4.3 UART-based Communication
	4.4 Device Identification
	4.5 Power Sharing
	4.6 Prototype Hardware

	5 Jacdac: Software
	5.1 Service Specification Language
	5.2 Packet-based Protocol
	5.3 Implementation

	6 Putting it all Together to Make a Working Device
	7 Jacdac hackathon
	7.1 Video-conferencing Accessibility Controller (VACO)
	7.2 Button-to-speech Device
	7.3 Enhancing the Xbox Adaptive Controller

	8 User perspectives
	8.1 Hackathon Participants' Perspectives
	8.2 Educators' Perspectives

	9 Discussion
	9.1 Limitations
	9.2 Current and Future Work
	9.3 Conclusion

	References
	10 Appendix
	10.1 Overview of Hackathon On-boarding Process
	10.2 Hackathon Participant Interview Questions
	10.3 Overview of Educator On-boarding and Tasks
	10.4 Educator Interview Questions


