AgentCube: Al-Assisted In-Situ Authoring for Physical Computing

Jon E. Froehlich
Paul G. Allen School of Computer
Science & Engineering
University of Washington
Seattle, Washington, USA
jonf@cs.uw.edu

Jaewook Lee
Paul G. Allen School of Computer
Science & Engineering
University of Washington
Seattle, Washington, USA
jaewook4@cs.washington.edu

Boyang Zhou
Paul G. Allen Center for Computer
Science & Engineering
University of Washington
Seattle, Washington, USA
zby2003@cs.washington.edu

User Grants

External Attach
Points

' Agent

Executes I
Context-aware Artifact

Internal
Breadboard

Connect Any Hardware 0 Chat & Create Anywhere

Figure 1: An example workflow with AgentCube: (1) The user connects components via external attach points (e.g., servos,
buttons) or the internal breadboard (e.g., speakers, IMU). (2) The user describes their desired artifact aloud. The onboard agent
clarifies intent, requests permissions, and narrates its progress. (3) The application is evaluated and refined in-situ. For example,
the pictured bird artifact is programmed to cough when the air quality is poor. The user can verbally instruct the AgentCube to

cough less frequently during wildfire season, without bringing the setup back to the workbench.

Abstract

Physical computing kits introduce novices to hardware program-
ming, but the creation process is often separated from the environ-
ment where the resulting artifacts will be tested and used — such
as building an interactive nightlight in a well-lit classroom. Every
tweak typically requires a back-and-forth trip to the workbench.
We present AgentCube, a portable, Al-agent-powered platform en-
abling novices to program interactive and context-aware hardware
artifacts using voice, directly at the deployment site. AgentCube
employs a human-agent workflow that translates a novice’s spo-
ken concepts into executable behaviors grounded in hardware
states and, optionally, the environmental context. By eliminating
the need for keyboards and screen-based programming interfaces,
AgentCube allows users to author, test, and refine their creations in
situ. In this demo, we present AgentCube’s all-in-one architecture,
its hardware-aware agent harness, and example artifacts enabled
by AgentCube’s in-situ authoring capability.
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1 Introduction and Related Work

Physical computing kits such as Arduino, the BBC micro:bit [18],
and MakerWear [13] have shown success among novices who are
learning to create hardware. However, the process of building and
programming with these kits often occurs in front of a computer or
inside a classroom, separate from where the artifacts are intended
to be deployed (e.g., a sensor-driven smart hockey stick created in
class can only be tested on the ice) [4, 13, 20]. In-situ authoring
[11, 15, 16, 21, 22] has demonstrated that grounding authoring in
the physical environment supports contextually relevant creation,
yet existing systems target virtual content [16] or pre-built modules
[21], not the open-ended programming of circuits. Closest to our
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goal, Microcode [10] brings portable, computer-free programming
to the micro:bit, but through a fixed vocabulary and no explicit in-
corporation of environmental context. Despite tools that aid circuit
debugging and generation [2, 8, 17], none explicitly allow users to
build or remix an artifact directly where it is deployed, nor do they
integrate environmental context into the authoring process.

Voice-driven coding agents now let people create complex pro-
grams via natural language [1, 7]. Yet, these software-only work-
flows lack a direct way to interface with hardware [9], leaving them
unable to inspect wiring [5], sensor readouts, or device state.

We introduce AgentCube, a physical computing platform de-
signed for in-situ authoring capabilities, powered by a hardware-
aware coding agent. By replacing traditional keyboards and pro-
gramming environments with voice-based input and Al-agent-
powered coding, AgentCube is designed to encourage novices to
create and iterate upon their projects in varied physical environ-
ments, while incorporating context into their final design. With
AgentCube, users describe their idea aloud [14] and physically
connect the desired sensor/actuator components, while the agent
generates pin-level wiring guidance and verifies each connection
against live hardware scans. The onboard coding agent then dy-
namically handles low-level interfacing by jointly reasoning over
the software, the hardware (AgentCube), and the readout of the
sensors (environmental context). Ultimately, the user can tailor the
software-hardware system to both their imagination and the con-
text of the deployment site. The created artifacts are then captured
in a reusable software format, allowing easy rewiring or remixing.
A single AgentCube lets users create and store multiple distinct
artifacts and replay them later.

Our contributions are: (1) The demonstration of AgentCube, a
physical computing platform whose authoring loop - voice input,
agentic coding, live preview, hardware verification — runs on the
deployed device itself; (2) a hardware-aware agent harness and
context manifest that ground LLM code generation in live pin state
under user-permissioned access; and (3) example artifacts created
that highlight the practical utility of this approach.

2 System Implementation

All-in-One Hardware. AgentCube does not require external
hardware to function (except network connectivity). Built on a
Raspberry Pi, AgentCube avoids firmware recompilation cycles.
The fully portable, battery-powered system is equipped with a
touchscreen, a microphone, and exposed physical pins.

Hardware-Aware Agent Harness. The sandboxed environ-
ment of AgentCube allows vanilla coding agents (we utilize Claude
Code running Opus 4.7, with OpenAI Whisper for transcription) to
securely interact with both onboard and external hardware. The har-
ness constrains and observes the agent, granting access to physical
pins and system root privileges strictly upon user permission.

Context-Aware Hardware Manifest. To provide the agent
with accurate hardware context, we supply a local manifest divided
into a static Raspberry Pi specification and a writable memory bank
tracking connected components. To ground the system, the agent
dynamically generates small testing scripts to poll the hardware,

Zhou

Figure 2: Hardware applications made by AgentCube in-situ
(section 3). A: Weather Garden; B: Sleep Tracker.

utilizing passive telemetry (e.g., GPIO polling, 12C bus enumera-
tion) triggered by environmental states or user actions. By cross-
referencing this live hardware telemetry against the user’s intended
design, the agent can detect physical mismatches and guide the user
through wiring corrections. Once validated, the agent can selec-
tively reuse these configurations across different artifacts. Unlike
prior debugging aids that gain hardware observability by instru-
menting the workbench [8], or that script assembly steps for a fixed
set of components [14], AgentCube generates and verifies wiring
guidance for arbitrary user-declared components.

Human-Agent Interface. AgentCube stores each artifact as a
self-contained web application, executed through a local browser
backend. To enable instant live previews without manual recompi-
lation [6], the agent generates a lightweight local API that safely
bridges the browser interface with the hardware pins. The author-
ing workflow operates as a turn-by-turn conversation between user
and agent, following best practices of human-AI communication [3].

3 Example Artifacts

We present two artifacts demonstrating AgentCube’s in-situ au-
thoring capabilities (Figure 2):

Weather Garden. A user deploys a garden "digital twin" using
a temperature and humidity sensor. Days later, they attach a dust
sensor to the GPIO pins in the garden and say, "I added an air quality
sensor..." The agent automatically updates the hardware manifest
and integrates the data. However, upon viewing the live display,
the user realizes raw air quality numbers are hard to interpret
compared to temperature readings. They tell AgentCube, "Change
the air quality reading to a good/bad scale" The agent updates the
visualization schema accordingly, allowing the user to iterate on
hardware and software directly in the deployment environment.

Sleep Tracker. AgentCube sleep tracker logs sleep (how long
the room remains dark) using a spectrometer. However, the user
forgot that their bedroom never gets completely dark. The user puts
the AgentCube on the bed, turns off the lights and says, "Set the
current lighting level as dark" The agent queries the live hardware
readout from the spectrometer and edits the threshold logic.

4 Discussion and Future Work

AgentCube presents a new approach to physical computing kits
by embedding open-ended authoring capabilities directly within a
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portable computer. This shifts the creative process into the locations
where artifacts are deployed, and allows the environment to directly
inform the design. Future work will evaluate AgentCube in real-
world settings to understand how novices collaborate with agents
to author, deploy, and iterate on context-aware hardware.

There are several limitations of the current iteration of AgentCube.

First, AgentCube cannot automatically retrieve and understand
detailed specifications for complex electronic components, requir-
ing users to maintain a foundational understanding of hardware
pinouts. Because hardware verification relies on digital-side scans,
purely analog faults cannot be caught either. Second, by allowing
novices to "vibe code" hardware applications, there is a pedagogi-
cal risk of over-reliance [12]. AgentCube relocates the abstraction
boundary [19] to the physical layer (how to connect the circuits)
rather than remove it. While formal educational evaluation is out-
side the scope of this demonstration, whether hiding coding com-
plexity supports or hinders learning is a research question that
future classroom deployments will examine directly.
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