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Figure 1: HeartbeatCam automatically captures first-person photos along with audio clips when it detects elevated stress,
producing a sparse visual record that clients and therapists can review together during sessions.

Abstract

People often recognize what triggered their stress only after the mo-
ment has passed. In therapy, this can become a recurring problem:
clients are asked to remember what happened between sessions,
but the details that matter (where they were, what they saw and
heard, what was happening around them) are easy to lose. We
introduce HeartbeatCam, a wearable sensing system that gathers
contextual information during moments of elevated stress. It uses
a consumer smartwatch stress signal to trigger capture from an
open-source AR glasses camera, recording a sparse image—audio
clip that can later be reviewed and annotated. The system adopts an
actionable sensing approach to mental healthcare, using physiolog-
ical signals along with contextual capture to support collaborative
interpretation of stress-triggering moments with mental health
professionals.

CCS Concepts

« Human-centered computing — Ubiquitous and mobile com-
puting systems and tools; « Applied computing — Consumer
health.
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1 Introduction

Many mental health interventions rely on clients noticing patterns
in their daily lives, such as what set off a stressful moment and
where it happened. In practice, these details are hard to capture [15].
When stress is high, opening an app or notebook is rarely the first
thing someone is able to do; days later, recall is often incomplete.

Recent work in ubiquitous computing shows how, in clinical
settings, passive sensing should move “beyond detection” and in-
stead support actions and interpretation in context [3]. Motivated
by this, we introduce HeartbeatCam, a photo elicitation tool that
automatically captures first-person context (a visual snapshot and
brief audio) when a wrist-worn heart rate sensor detects elevated
stress. The captured image—audio pairs can then be reviewed and
annotated by clients and discussed with their therapists to surface
stress triggers that would otherwise be difficult to recall.

Contributions. We present (1) the HeartbeatCam system design
and prototype, (2) a review-and-annotation workflow intended
to fit into therapy conversations, and (3) preliminary stakeholder
feedback and open questions around stress sensing and between-
session photo elicitation using wearable devices.

2 Related Work

Photo elicitation. Photo elicitation methods help people commu-
nicate lived experience through visuals and can surface details that
are difficult to verbalize alone [15, 18, 20]. Prior works recommend
safeguards such as participant-controlled deletion, explicit consent
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practices, and data minimization in sensitive time/locations, which
we incorporated into our system design [13, 17].

Wearable cameras for recall. Wearable cameras such as Sense-
Cam [9] capture first-person traces that can cue autobiographical
recall. Images can support richer recall during later reflection, but
the benefit depends on whether the capture and review workflow is
simple enough to be sustained in everyday life [4, 16]. Common cap-
ture approaches typically rely on manual triggers or fixed-interval
recording, which lack the ability to provide just-in-time captures.
Our work addresses this by using physiological signals to trigger
capture only during relevant moments.

Sensing for therapy support. Physiological and behavioral sens-
ing has been used to support therapy processes [5, 8, 19]. Yet sensed
signals are rarely self-explanatory, and clinicians often need context
to interpret them [3]. Our work bridges this gap by attaching visual
audio evidence to physiological spikes, transforming abstract data
into actionable context.

Measuring stress via HRV. Heart rate variability (HRV) is widely
established as a physiological biomarker for monitoring stress [2, 6,
10, 14, 22]. This work uses low-cost consumer-grade devices to infer
real-time stress levels from ultra-short HRV (less than 5 minutes).

3 HeartbeatCam

We developed HeartbeatCam (Figure 1), an egocentric photo elici-
tation system that combines effortless first-person image capture
with passive physiological sensing of mental states.

We utilized open-source AR glasses (Frame, Brilliant Labs) as
the primary egocentric image capture device (Fig. 1). The glasses
are equipped with a 720p camera and microphone located in the
nose bridge. They use a system-on-chip (SoC) design and run on a
lightweight Lua-based embedded operating system.

A consumer-grade wrist-worn heart rate sensing device (e.g.,
Garmin watch) was used to continuously monitor ultra-short heart
rate variability (HRV) as a proxy for real-time stress. Similar to
prior work [21], our system first establishes a personalized baseline
using one week of continuous HRV measurements. We classify
the user as being in a stressful state when the Root Mean Square
of Successive Differences (RMSSD) of HRV, calculated over a 25-
second sliding window, drops more than 1.5 standard deviations
below this baseline [7, 12, 21]. Alternatively, third-party stress level
APIs (e.g., Garmin Health API [1]) may be used.

Both the AR glasses and the heart rate sensor connect to a mobile
phone via Bluetooth Low Energy (BLE), where data processing and
storage take place. When the phone detects elevated stress levels
exceeding a predefined threshold, it sends a capture command to
the AR glasses. The glasses then take a snapshot and 3 seconds of
audio and transmit the raw image back to the phone for storage.
We set the maximum frequency of capture to 1 capture/minute to
reduce over-sampling during prolonged periods of high tension.
The capture session can also be manually paused by double-tapping
on the AR glasses.

The mobile interface allows users to annotate each captured
image-audio pair with notes and reveals the corresponding im-
age/audio one day after the time of capture, with only metadata
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available at the time of capture, to avoid overstimulation. The re-
sulting photos can be batch-exported for subsequent review by
therapists during sessions.

The resulting collection of captured image—audio pairs provides
a structured representation of environmental contexts associated
with heightened stress. These records can support therapists in iden-
tifying and interpreting visual and auditory cues linked to clients’
stress responses, facilitating more concrete recall and discussion of
triggering situations during therapy sessions.

4 Preliminary Stakeholder Feedback

We conducted expert walkthroughs of the HeartbeatCam prototype
with two mental healthcare professionals (P1, P2). Both experts
viewed the system as a promising clinical tool. P2 highlighted its
potential to bridge "adherence and compliance gaps"-where clients
do not complete between-session assignments—and noted that they
are often unaware of how their bodies react to emotions. P1 empha-
sized that HeartbeatCam could help clients and therapists not only
identify stress triggers, but also visualize the client’s de-escalation
process over time, providing data to gauge objective clinical effec-
tiveness.

Both experts shared concerns regarding privacy and the ther-
apeutic relationship. P2 mentioned that unforeseen wireless con-
nection issues might induce shame or guilt during highly stressful
periods. Furthermore, P2 warned of a potential power imbalance
where device logs could be used "against" the client. If providers
trust sensor data over a client’s self-report (e.g., annotation), it risks
damaging therapeutic rapport. To mitigate these risks, P2 recom-
mended that future iterations of HeartbeatCam integrate clinically
validated psychology worksheets and stress-coping templates into
the self-annotation process. This would promote a more consistent
format for self-report, reducing the risk of misinterpretation when
sensor data and self-report diverge.

5 Discussion & Future Work

HeartbeatCam demonstrates how sensing technologies can support
mental health therapy sessions by producing contextual artifacts
that invite discussion. In line with actionable sensing [3], our system
treats physiology as a prompt to capture context, with meaning
constructed through subsequent client-therapist conversation.

A central limitation of the current system is the ambiguity of
HRV-based stress inference, and the potential damage to therapeu-
tic rapport when sensor-triggered and self-reported data misalign.
HRYV, especially ultra-short HRYV, is sensitive to a wide range of
physiological states beyond psychological stress, including phys-
ical exercise, posture changes, and caffeine intake [14]. We plan
to further reduce confounds by incorporating additional sensing
modalities, such as skin temperature, inertial measurement unit
(IMU) data, and geofencing of predefined locations.

Al-powered image clustering is also an area for future research;
vision models can be used to semantically cluster images, enabling a
smoother review process and powering an interactive dashboard [11].

Future work should also include field studies with clients who
are actively attending therapy, deploying HeartbeatCam over mul-
tiple weeks and examining its effectiveness compared to existing
between-session worksheets and journaling approaches [5, 8].
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