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Abstract

Drug overdoses have become an epidemic worldwide over the past
decade, with 68,000 fatal overdoses in 2023 in the U.S. alone. While
such deaths could be reversed with timely reversal medication ad-
ministration, ensuring that early detection leads to prompt response
remains challenging, making effective intervention difficult. In this
study, we propose a design concept that combines early detection
and community-based response to opioid overdoses. Specifically,
we examine the social acceptability and feasibility of using ther-
mal cameras in public spaces to detect respiratory emergencies
and mobilize bystander response. We propose a proof-of-concept
system, which combines thermal sensing for respiratory failure
detection with naloxone administration guidance for bystanders.
Then we evaluate the social acceptability and feasibility of this
proposed intervention through a street survey and interviews with
nine frontline health emergency workers.
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1 Introduction

The opioid crisis has become one of the most critical public health
issues to combat in the U.S. and worldwide [29]. In 2023, more
than 68,000 lives were lost in the U.S. due to drug overdose, mostly
opioids [9].

Compared with many other life-threatening medical emergen-
cies, opioid overdoses have a more straightforward intervention
approach: using reversal medication (naloxone). This can effectively
prevent overdose death, even when administered by untrained by-
standers with simple guidance within the critical 3-5 minute win-
dow before brain damage begins. Meanwhile, data from the Centers
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for Disease Control and Prevention (CDC) also reveal a crucial op-
portunity: 42.6% of overdose victims in the U.S. in 2023 had at least
one bystander nearby who could potentially intervene [9]. This
represents a vital opportunity: to engage the bystander in prompt
intervention in public spaces as a community-based strategy for
overdose. However, it is rare that bystanders notice when someone
is overdosing, and even if they do, distinguishing between some-
one who is sleeping and someone experiencing a potentially fatal
overdose is challenging for untrained bystanders, leading to their
hesitation when immediate intervention is needed.

Although such a community-based overdose detection and re-
sponse could work as a new strategy, the deployment of such tech-
nologies in public spaces could raise practical concerns such as
social acceptability. Therefore, before implementing these interven-
tions, it is also crucial to first understand their social acceptability
and feasibility in terms of how communities perceive and might
interact with these systems and whether they could be effectively in-
tegrated into existing emergency response frameworks. Following
this, we raise two research questions:

e RQ1: How do bystanders and frontline service providers
perceive the feasibility of implementing the community over-
dose response device?

e RQ2: What concerns do people have about participating in
an overdose intervention in public spaces?

Our ongoing study investigates the acceptability and feasibility
of using thermal sensing in public spaces (libraries, trains, buses) to
detect when somebody stops breathing (i.e., due to opioid overdose)
and to mobilize bystanders to deploy overdose reversal medica-
tion. Until now, we conducted a large street survey to establish
the public’s opinion of such a potential system and their willing-
ness to deploy an overdose reversal medication if prompted. We
also interviewed nine service providers who have experienced peo-
ple having real overdoses in their line of work to understand the
acceptability and feasibility of our proposal. Meanwhile, we demon-
strated the technical feasibility by implementing a proof-of-concept
system called Community Overdose Response Respiratory Alert
(C.OR.R.A.), which incorporates thermal sensing to respiratory
failure detection and automatically dispense medication.

2 Related Work

Our study focuses on understanding the acceptability and feasibil-
ity of using thermal sensing in public spaces for intervention to
prevent overdose. Therefore, the following literature review section
is separated into two parts. It begins by presenting the detection
technologies for breathing patterns. Then, we review existing work
on SUD interventions in HCI field.
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2.1 Respiratory Patterns Detection and
Cameras in Pubic Spaces

To detect or monitor respiratory patterns, trending sensing tech-
nologies could be categorized into two threads: 1) contact-based
and 2) contactless. Contact-based technology, such as wearable
devices, is suitable for an individual to use to track various vi-
tal signs through physical contact with a body. Contactless tech-
nologies are suitable for deployment in certain rooms or public
spaces. Various contact-based technologies, have been proposed,
such as smart watches [22]. Contactless technologies, radar [17],
sonar [21], thermal cameras [34], have been proposed. Inspired
by previous work using contactless techniques to monitor health
emergency [21], our study proposes a proof-of-concept system with
thermal detection to detect overdoses in public spaces. Surveillance
cameras and other sensing technologies have become common
in public spaces in recent decades, widely used for protection of
human assets [20], and healthcare [7].

However, some challenges related to camera-based detection in
public spaces raise concerns, particularly uncontrolled conditions,
and privacy considerations. In particular, tensions arise in camera-
based detection when surveillance is employed for social good, such
as in health emergencies. Meanwhile, since our system relies on
community response, understanding people’s willingness to engage
with and support the community-based response to overdose could
inform future design.

2.2 HCI and SUD Interventions

In 2019, the Computing Community Consortium (CCC) held a
workshop to discuss the opportunities and challenges of develop-
ing computational support systems for substance use disorders
(SUDs) from four perspectives: prevention, detection, treatment,
and recovery [36].

Based on human-centered computing principles and patient-
centric ecological approaches to SUDs, most HCI work in this
space has explored growing technological capabilities for recov-
ery stage [3, 8, 32]- part of the treatment experience of substance
use disorders, such as detecting and mitigating the risk of SUDs
relapse [14, 18, 27, 35, 39, 40], establishing digital social support
networks [6, 31], motivating consistent daily structure and recovery
routine [10, 32, 37, 41], empowering people’s re-entry [12, 25, 26,
28, 30]. Research has also examined how substance use behaviors
are disclosed and discussed in online spaces [11, 13, 19, 33], and the
spread of unverified health information [5, 23, 24].

Although SUD recovery and online discourse have received con-
siderable research attention, the most relevant work focuses on indi-
vidual substance monitoring after acute treatment [4, 15, 16, 35, 38—
40]. Limited studies on detection remain underexplored in this
space, particularly in public spaces. Our study specifically focuses
on the immediate detection and intervention of opioid-related over-
doses, exploring how technology could help the entire care ecology
respond quickly to overdoses.

3 Tech Proof-of-concept and Implementation

While our primary contribution is to examine the social acceptance
and feasibility of technical support for overdose detection and inter-
ventions in public spaces, we develop a proof-of-concept system as
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a technology probe- - Community Overdose Response Respiratory
Alert (C.O.RR.A.) system. This system employs thermal sensing
in public spaces to detect respiratory failure and alert bystanders
to administer reversal medication. The technical implementation
below demonstrates the general design of this approach as a demo,
enabling us to conduct a specific case study of potential overdose
interventions. This system is designed to address two critical stages
of overdose: 1) overdose detection and 2) alert and reversal sup-
port. The detection part is implemented by 1) a thermal camera
to capture the heat signatures of individuals for detection and 2)
Raspberry Pi 5 to process real-time data. Once an overdose is de-
tected, the system provides immediate reversal support to facilitate
rapid response. This includes 1) a tablet interface to display medi-
cation usage instructions and 2) an automatic reversal medication
(Naloxone Spray) dispenser, to ensure medication accessibility.

The detection mechanism of our proof-of-concept system
is based on previous work on thermal sensing of breathing pat-
terns [1, 2]. Rather than tracking specific overdose symptoms, we
simplify the mechanism by focusing on respiratory failure. To detect
an overdose, the device tracks and measures the average tempera-
ture around a person’s nose once per second and stores this data
in memory. If the temperature difference remains below 0.125°C
for seven seconds, an overdose is detected, and the alarm is trig-
gered. The reversal support part of our design is important for
a life-saving intervention. Although overdose detection is crucial,
it is ineffective without immediate access to reversal medication
and appropriate help. To ensure that help is readily available be-
fore EMS arrives, our system is designed to empower bystanders
to take action, bridge the gap between detection and emergency
response by dispensing medication immediately, and displaying an
informational video to guide bystanders in administering naloxone
correctly on the screen.

In summary, we develop a proof-of-concept system (shown in
Figure 1) that supports a community-based response strategy, using
thermal imaging. Our system addresses this critical gap for overdose
intervention in public spaces by integrating detection with reversal
support, encouraging bystander intervention.

4 Understanding Social Acceptability and
Feasibility

To demonstrate the acceptability and feasibility of using thermal
sensing in public spaces for overdose detection and to mobilize
bystanders to deploy reversal medication, we have street surveys
to establish public opinion of such a potential system and their
willingness to respond. In addition, we also have a small set of
semi-structured interviews with direct service providers, including
community workers, librarians, and police, discussing acceptability
and feasibility.

4.1 Street Survey

4.1.1 Method. We created a street survey with a one-page comic
illustrating our proof-of-concept to evaluate its social acceptability.
A total of 201 street surveys were conducted with passersby, who
were randomly selected by three researchers in public spaces where
the system could potentially be deployed, including light rail train
stations and public libraries.
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Figure 1: Hardware and software of our proof-of-concept system which combines thermal sensing for respiratory failure

detection with naloxone administration guidance for bystanders.

4.1.2  Preliminary Results. Our survey asked participants whether
they thought it would be okay to deploy a camera for these purposes
and what they would be willing to do in that situation. More than
83% respondents believe that the system could be beneficial, while
around 77% believe that the benefits of such intervention outweigh
concerns. 168 of 201 people (83%) thought that they would be willing
(strongly agree or agree) to administer Naloxone Spray. Even more
people (85%) agreed or strongly agreed that they would be willing
to check the person and put it in the system if the person did not
respond. Based on our street survey, it is probable that at least one
of these individuals will be inclined to assist.

4.2 Interviews with Community Professionals

4.2.1 Method. We recruited interviewees who have experience
with encountering real or suspected overdoses in various job roles.
Our study used a combination of direct outreach (the researchers
disseminated advertisements and flyers to security specialists in
libraries, metro police, social workers on harm reduction, and secu-
rity professionals in the street) and snowball methods for recruit-
ment. Based on the survey responses, we invited 9 respondents
with various job roles to participate in our interviews. To kick off
the interview, we asked interviewees about their experience dealing
with overdose. To probe their perceptions, we demonstrate comics
to show how our designed system works. Following demonstrating
our design concept, we asked interviewees further questions about
insights on the current design. Each interview lasted 30 minutes
and each interviewee received $15 USD for their participation.

4.2.2  Preliminary Results.

Integrating Technology for SUD Emergency Community
Response. Most interviewees mentioned that the deployment of
such a system in public spaces would benefit their work by re-
sponding more quickly to potential emergencies. For instance, P3
appreciated it working as a great early notification tool — ...if this

would detect something like this, it would maybe communicate a
message ...we could maybe get to respond faster.

Importance of Public Education on Harm Reduction. The
other major suggestion of incorporating this technology into public
spaces that emerged from our interviews relates to improving public
education about the opioid crisis and harm reduction in general.
For instance, “..like this is, you know, if you hear this device like this
is what it means and just a lot of public education about it. ”(P4)

Privacy Consideration. Privacy issues and potential surveil-
lance of this technology were also discussed a lot, such as “..data
privacy is very important...”(P5). Most professionals support the es-
tablishment based on existing infrastructure. P7 mentioned “..people
are already being monitored and it just adds something that could be
helpful....”

5 Discussion and Future Works

Although our study demonstrates some preliminary results on
the feasibility of the thermal-camera-based community overdose
response device, we hope to obtain more feedback on the current
design concept for the future work by presenting it in the workshop.
Also, we are aiming to have an open discussion on other alternative
overdose detection technologies that could address the limitations
of our current proposal in the HCI and Health community.
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