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hermal Cameras

* Thermal cameras (or infrared cameras)
detect electromagnetic radiation with
lower frequencies than visible light (ie,
infrared frequencies)

* All objects above absolute zero emit
infrared radiation, so thermal cameras
can ‘see’ in the dark without external
illumination.

* The amount of radiation emitted by an
object increases with temperature, so
thermal cameras can also measure heat.
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Recent improvements in handheld sensor
technology and falling costs have resulted
in thermal cameras being increasingly used
by professional and novice end-users.
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RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS



. RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS

Understanding the Role of Thermography in Energy Auditing:
Current Practices and the Potential for Automated Solutions

Matthew Louis Mauriello', Leyla Noronzz, Jon E. Froehlich'
Makeability Lab | Human-Computer Ineraction Lab (HCIL)

Department of Computer Science', College of Information Studies

University of Maryland, College Park
{mattmd01, leylan, jonf} @umd.cdu

ABSTRACT

The building sector accounts for 41% of primary energy
consumption in the US, contributing an increasing portion
of the country’s carbon dioxide emissions. With recent
sensor improvements and falling costs, auditors are

using

to detect thermal defects and analyze building efficiency.
Research in automated thermography has grown
commensurately, aimed at reducing manual labor and
improving thermal models. Though promising, we could
find no prior work exploring the professional auditor’s
perspectives of thermography or reactions to emerging
automation. To address this gap, we present results from
two studies: a semi-structured interview with 10
professional energy auditors, which includes design probes
of five automated thermography scenarios, and an
observational case study of a residential audit. We report on
common perspectives, concerns, and benefits related to
thermography and summarize reactions to our automated
scenarios. Our findings have implications for thermography
tool designers as well as researchers working on automated
solutions in robotics, computer science, and engineering.

Author Keywords
Energy audits; thermography; robotics; formative inquiry;
design probes; Sustainable HCTI; hy ic i i

s

igure 1: We developed five automated thermography scenarios inspired
by the research literature (e, [6,1035.41]) to help el ions to
envisioned automated solutions. Above, a screen capture from our
unmanned aerial vehicle (UAV) design probe. See supplementary video.

designs and their materials have degraded over time. To
address these issues, renovations and retrofits of existing
building stock has become a pressing need. The US
Department of Encrgy (DOE), for example, has set a goal
of reducing housing energy use by up to 70% [37)

As a response, professional energy auditing has seen a
resurgence of interest [25,39]. Audits help identify building
incfficiencies through walk-through  inspections, on-site
measurements, and computer simulations [45]. The DOE

ACM Classification Keywords
H.5.m. Information interfaces and presentation (e.g., HCI)

INTRODUCTION

The building sector accounts for 41% of primary energy
consumption in the US, far more than any other sector, and
contributes an increasing portion of total carbon dioxide
cmissions—40% in 2009 compared to 33% in 1980 [46].
One reason for these high emissions is building age.
Residential buildings, for example, constitute 95% of all
buildings in the US and are on average over 50 years old
[51]. Most were constructed using energy inefficient
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home energy audits because of their impact on
reducing energy usage (e.g., 5-30% reductions in monthly
utility bills) and increasing structural safety [49]. With
recent improvements in handheld sensor technology and
falling costs, auditors are increasingly using thermo-
graphy—infrared (IR) scanning with thermal cameras—to
detect thermal defects and air leakage [2,8,28,47].

Work in automated thermography has also grown markedly
in the past three years, encompassing disciplines from
computer science and robotics to environmental and civil
engineering. Researchers have primarily explored technical

hes for ical ing thermal images
into higher fidelity 3D representations of buildings
[17,20,29,31,38] and employing robots for data collection
[6,10,13,30,35,41]. However, user studies of these tools
have not been performed. And while some work exists on
examining client reactions to thermography in general (e.g.,
[18,25]), perceptions of thermography use from the
auditor’s perspective has received little attention. As the
primary users of thermography, this perspective is
important both to the design of current thermal scanners

Professional Building Thermography

Mauriello et al. CHIZ2015

11



. RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS

Understanding the Role of Thermography in Energy Auditing:
Current Practices and the Potential for Automated Solutions

Matthew Louis Mauriello', Leyla Norooz?, Jon E. Froehlich'
Makeability Lab | Human-Computer Interaction Lab (HCIL)
Department of Computer Science', College of Information Studies”
University of Maryland, College Park
{mattmd01, leylan, jonf} @umd.edu

ABSTRACT

The building sector accounts for 41% of primary energy
consumption in the US, contributing an increasing portion
of the country’s carbon dioxide emissions. With recent
sensor improvements and falling costs, auditors are

using

to detect thermal defects and analyze building efficiency.
Research in automated thermography has grown
commensurately, aimed at reducing manual labor and
improving thermal models. Though promising, we could
find no prior work exploring the professional auditor’s
perspectives of thermography or reactions to emerging
automation. To address this gap, we present results from
two studies: a semi-structured interview with 10
professional energy auditors, which includes design probes
of five automated thermography scenarios, and an
observational case study of a residential audit. We report on
common perspectives, concerns, and benefits related to
thermography and summarize reactions to our automated
scenarios. Our findings have implications for thermography
tool designers as well as researchers working on automated
solutions in robotics, computer science, and engineering.
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designs and their materials have degraded over time. To
address these issues, renovations and retrofits of existing
building stock has become a pressing need. The US
Department of Encrgy (DOE), for example, has set a goal
of reducing housing energy use by up to 70% [37)

As a response, professional energy auditing has seen a
resurgence of interest [25,39]. Audits help identify building
incfficiencies through walk-through  inspections, on-site
measurements, and computer simulations [45]. The DOE
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INTRODUCTION

The building sector accounts for 41% of primary energy
consumption in the US, far more than any other sector, and
contributes an increasing portion of total carbon dioxide
cmissions—40% in 2009 compared to 33% in 1980 [46].
One reason for these high emissions is building age.
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home energy audits because of their impact on
reducing energy usage (e.g., 5-30% reductions in monthly
utility bills) and increasing structural safety [49]. With
recent improvements in handheld sensor technology and
falling costs, auditors are increasingly using thermo-
graphy—infrared (IR) scanning with thermal cameras—to
detect thermal defects and air leakage [2,8,28,47].

Work in automated thermography has also grown markedly
in the past three years, encompassing disciplines from
computer science and robotics to environmental and civil
engineering. Rescarchers have primarily explored technical

for thermal images
into higher fidelity 3D representations of buildings
[17,20,29,31,38] and employing robots for data collection
[6,10,13,30,35,41]. However, user studies of these tools
have not been performed. And while some work exists on

client reactions to in general (e.g.,
[18,25]), perceptions of thermography use from the
auditor’s perspective has received little attention. As the
primary users of thermography, this perspective is
important both to the design of current thermal scanners
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Exploring Novice Approaches to Smartphone-based
Thermographic Energy Auditing: A Field Study

Matthew Louis Mauriello', Manaswi Saha', Erica Brown?, Jon E. Froehlich'
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ABSTRACT

The recent integration of thermal cameras with commodity
smartphones presents an opportunity to engage the public in
cvaluating  energy-cfficiency issues in  the built
environment. However, it is unclear how novice users
without professional experience or training approach
thermographic energy auditing activities. In this paper, we
recruited 10 participants for a four-week field study of end-
user behavior exploring novice approaches to semi-
structured thermographic energy auditing tasks. We analyze
thermographic imagery captured by participants as well as
weekly surveys and post-study debrief interviews. Our
findings suggest that while novice users perceived thermal
cameras as uscful in identifying energy-efficiency issues in
buildings, they struggled with interpretation and
confidence. We characterize how novices perform
thermographic-based energy auditing, synthesize key
challenges, and discuss implications for design.

Author Keywords

Thermography; Mobile Devices; Formative Inquiry; Field
Study; Sustainable HCI; Energy Efficiency

ACM Classification Keywords

H.5.m. Information interfaces and presentation (e.g., HCI)
INTRODUCTION

Improving energy efficiency in the built environment is an
important global concern [54]. In the United States, for
cxample, buildings account for 41% of primary cnergy

Figure 1: Smartphone-based thermal cameras present an opportunity to
engage novice users in thermographic energy auditing activities, which
could increase engagement in efficiency initiatives.

certification programs [37,62]. In response, interest in
professional energy auditing has increased [35,52].

Professional energy auditors assess buildings using an arra;
of diagnostic tests. With improvements in handheld infrared
sensors and falling costs, auditors have been increasingly
using thermography during energy audits [5,9,21,42].
Thermographic-based energy auditing is a data collection
and a visual analytics technique that uses thermal cameras
to help detect, diagnose, and document energy issues such
as building defects and air leakage that produce thermal
signatures (e.g., arcas of missing insulation) [47,51]. Prior
work has shown that including thermal imagery, or

than any other sect d contribute
an increasing portion of carbon dioxide emissions (33% in
1980 vs. 40% in 2009) [38]. To reduce consumption and
emission levels, the U.S. Department of Energy (DOE)
recommends conducting energy audits to help identify
sources of inefficiencies and make recommendations for
renovations and retrofits. Home energy audits typically
identify improvements that lead to 5-30% reductions in

. in end-user reports positively influences
(homeowner) retrofit decisions and conservation behaviors
[29.51]. However, despite technological ~advances,
thermographic-based energy audits remain a laborious
activity requiring training and expertise [47].

Recently, thermal camera attachments have emerged for
smartphones, which have begun to broaden the adoption of
this (Figure 1) [70,71]. Marketing materials

uility use [64]. Encrgy audit are
becoming part of city legislation [4] and building
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suggest diverse use, including for DIY energy audits, art
and electronics projects, and outdoor recreation (e.g., see
[72]). The release of smartphone-based thermal camera
attachments—and even fully integrated smartphone thermal
cameras [74]—has prompted the development of an
increasing number of mobile apps that use and support
thermography [22]. While still carly, these trends

o
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a future in which thermal cameras are
into i ics and part
of a range of services and applications.
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ABSTRACT

The building sector accounts for 41% of primary energy
consumption in the US, contributing an increasing portion
of the country’s carbon dioxide emissions. With recent
sensor improvements and falling costs, auditors are

using

to detect thermal defects and analyze building efficiency.
Research in automated thermography has grown
commensurately, aimed at reducing manual labor and
improving thermal models. Though promising, we could
find no prior work exploring the professional auditor’s
perspectives of thermography or reactions to emerging
automation. To address this gap, we present results from
two studies: a semi-structured interview with 10
professional energy auditors, which includes design probes
of five automated thermography scenarios, and an
observational case study of a residential audit. We report on
common perspectives, concerns, and benefits related to
thermography and summarize reactions to our automated
scenarios. Our findings have implications for thermography
tool designers as well as researchers working on automated
solutions in robotics, computer science, and engineering.
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ve automated thermography scenarios inspired
by the research literature (e.g. [6,10,35,41]) to help elicit reactions to
envisioned automated solutions. Above, a screen capture from our
unmanned aerial vehicle (UAV) design probe. See supplementary video.

designs and their materials have degraded over time. To
address these issues, renovations and retrofits of existing
building stock has become a pressing need. The US
Department of Encrgy (DOE), for example, has set a goal
of reducing housing energy use by up to 70% [37)

As a response, professional energy auditing has seen a
resurgence of interest [25,39]. Audits help identify building
incfficiencies through walk-through  inspections, on-site
measurements, and computer simulations [45]. The DOE
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The building sector accounts for 41% of primary energy
consumption in the US, far more than any other sector, and
contributes an increasing portion of total carbon dioxide
cmissions—40% in 2009 compared to 33% in 1980 [46].
One reason for these high emissions is building age.
Residential buildings, for example, constitute 95% of all
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home energy audits because of their impact on
reducing energy usage (e.g., 5-30% reductions in monthly
utility bills) and increasing structural safety [49]. With
recent improvements in handheld sensor technology and
falling costs, auditors are increasingly using thermo-
graphy—infrared (IR) scanning with thermal cameras—to
detect thermal defects and air leakage [2,8,28,47].

Work in automated thermography has also grown markedly
in the past three years, encompassing disciplines from
computer science and robotics to environmental and civil
engineering. Researchers have primarily explored technical
hes for ically ing thermal images

into higher fidelity 3D representations of buildings
[17,20,29,31,38] and employing robots for data collection
[6,10,13,30,35,41]. However, user studies of these tools
have not been performed. And while some work exists on
client reactions to in general (e.g.,

[18,25]), perceptions of thermography use from the
auditor’s perspective has received little attention. As the
primary users of thermography, this perspective is
important both to the design of current thermal scanners
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ABSTRACT

The recent integration of thermal cameras with commodity
smartphones presents an opportunity to engage the public in
cvaluating  energy-cfficiency issues in  the built
environment. However, it is unclear how novice users
without professional experience or training approach
thermographic energy auditing activities. In this paper, we
recruited 10 participants for a four-week field study of end-
user behavior exploring novice approaches to semi-
structured thermographic energy auditing tasks. We analyze
thermographic imagery captured by participants as well as
weekly surveys and post-study debrief interviews. Our
findings suggest that while novice users perceived thermal
cameras as uscful in identifying energy-efficiency issues in
buildings, they struggled with interpretation and
confidence. We characterize how novices perform
thermographic-based energy auditing, synthesize key
challenges, and discuss implications for design.

Author Keywords

Thermography; Mobile Devices; Formative Inquiry; Field
Study; Sustainable HCI; Energy Efficiency

ACM Classification Keywords

H.5.m. Information interfaces and presentation (e.g., HCI)
INTRODUCTION

Improving energy efficiency in the built environment is an
important global concern [54]. In the United States, for
example, buildings account for 41% of primary energy

Figure 1: Smartphone-based thermal cameras present an opportunity to
engage novice users in thermographic energy auditing activities, which
could increase engagement in efficiency initiatives.

certification programs [37,62]. In response, interest in
professional energy auditing has increased [35,52].

Professional energy auditors assess buildings using an arra;

of diagnostic tests. With improvements in handheld infrared
sensors and falling costs, auditors have been increasingly
using thermography during energy audits [5,9,21,42].
Thermographic-based energy auditing is a data collection
and a visual analytics technique that uses thermal cameras
to help detect, diagnose, and document energy issues such
as building defects and air leakage that produce thermal
signatures (e.g., arcas of missing insulation) [47,51]. Prior
work has shown that including thermal imagery, or

than any other sect d contribute
an increasing portion of carbon dioxide emissions (33% in
1980 vs. 40% in 2009) [38]. To reduce consumption and
emission levels, the U.S. Department of Energy (DOE)
recommends conducting energy audits to help identify
sources of inefficiencies and make recommendations for
renovations and retrofits. Home energy audits typically
identify improvements that lead to 5-30% reductions in

. in end-user reports positively influences
(homeowner) retrofit decisions and conservation behaviors
[29.51]. However, despite technological ~advances,
thermographic-based energy audits remain a laborious
activity requiring training and expertise [47].

Recently, thermal camera attachments have emerged for
smartphones, which have begun to broaden the adoption of
this (Figure 1) [70,71]. Marketing materials

uility use [64]. Encrgy audit are
becoming part of city legislation [4] and building
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suggest diverse use, including for DIY energy audits, art
and electronics projects, and outdoor recreation (e.g., see
[72]). The release of smartphone-based thermal camera
attachments—and even fully integrated smartphone thermal
cameras [74]—has prompted the development of an
increasing number of mobile apps that use and support
thermography [22]. While still carly, these trends
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YOUTUBE STUDY: RESEARCH QQUESTIONS

1 What activities do novice end-users of mobile and handheld
thermal cameras engage in and why?

2 What level of understanding about the technology is
demonstrated?

3 How might these observations inform the design of future
thermographic technologies?
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Critical Methods and User Generated Content: the iPhone
on YouTube
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ABSTRACT
Sites like YouTube offer vast sources of data for studies of
Human Computer Interaction (HCD. However, they also
present a number of methodological challenges. This paper
offers an_example study of the initial reception of the
iPhone 3G through YouTube. It begins with  quantitative
account of the overall shape of the most frequently viewed
retuns for an “iPhone 3G” search. A content analysis of the
first hundred videos then explores the retums categorized
by genre. Comments on the most popular video “Will It
Blend” are analyzed using grounded theory. It is argued that
social science methods are not sufficient for a rich
understanding of such material. The paper coneludes with
an analysis of “Will it Blend” that draws on cultural and
eritical theory. It is argued that a multi-methodological
approach is necessary 1o exploit such data and also to
address the challenges of next generation HCIL

ACM Classification Keywords
H5.m. Information interfaces and presentation (e.g., HCI)
Miscellaneous.

Author Keywords
Critical Theory, User Fxperience, User Generated Content,
Research Methods, Green HCI, iPhone, YouTube,

INTRODUCTION: DATA GOLDMINES

User generated content on sites such as YouTube, Facebook
and  MySpace offer researchers in many fields
unprecedented access to new forms of primary data
YouTube is already being used to critique and review new
releases of technology. The launch of new or update
products is followed almost immediately by posts of
commentaries and reviews. Often these amateur film
makers are engaged in informal usability testing. But there
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ot miade o dsioted fo o or commercial dvaniage and hatcopes
bear this notice and the full citation on the frst page. To copy otherwise,
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Paul Cairns
Department of Computer Science
University of York
peaims@es.york.ac.uk

are also less direct responses to new technologies in the
form of reflective vlogs or satires. Often these videos
receive thousands of comments providing another source of
sily collected data

Such material could provide a rich resource to inform
rescarch and design. However, both the quantity and the
quality of this material present challenges for using i in a
meaningful way. Because the sites are dynamic and update
constantly it is certainly impossible to be exhaustive. To use
such material as a research resource requires new and
perhaps unfamiliar methods.

The speed of recent technological change has led to almost
equally dramatic transformations in the study of HCL. There
have been tumns to fun and enjoyment [e.g. 5], experience
design [e.g. 22], cultural or reflective design [e.2
semiotic design [eg. 12] and aesthetics [e.
these areas has brought HCI into contact with cultural and
critical studies. Cultural and critical studies have engaged
with the problems now confronting HCI for a very long
time. Increasingly, HCI is finding value in these traditions.
[eg.3,4,6. 12, 24, 25]. This paper draws on methods from
both social science and critical theory to consider YouTube
posts following the launch of the iPhone 3G on the 11" of
July 2008

iPhone Street Preacher

At the Apple store in New York City a queu of people
waiing o buy a new ihone o bertd by a stre
You people should use your brain more wisely!”
e yells “And Spend money on somelhing imporant!” [16]
The film is made from within the queue and most of the
people seem amused rather than threatened. Someone
suggests he can afford it “You’re damn right I can afford
it1” the bleach blonde Preacher yells. A dog starts barking
at him, he tells it to shut up and moves to a different spot to
pray and read aloud from the Book of Revelations

“This video is one of the thousands posted to YouTube and
returned under a search for “iPhone 3G in the second week.
of July 2008. Among just ten comments posted below the
clip is one saying that he is proud to be the man who owns
the dog. Another writes “Don’t spend your money on the
new iPhone! Spend it on glowing hair bleach!” Another
suggests it would be funnier to “prank people” when the

Specific Technology
Blythe & Cairns 2009
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A Digital Ethnography
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Abstract

Cooking together is an important part of everyday life,

a social event in which people enhance their

relationships through shared stories and swapping

ideas on food preparation. We present a new

methodology for studying human interaction to inform
the design of interactive systems. In our digital
ethnography we study a selection of YouTube videos
and use Kendon’s theory of F-formations to catalogue a
set of spatial patterns created between cooks, kitchen
spaces and cameras that influence the social aspects of
cooking together. A new F-formation specific to this
domain is identified and used to suggest design
opportunities for a digitally enhanced kitchen space for
sharing the social experience of “cooking together” for

people living in different homes.
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ABSTRACT
Most work on the usability of touchsereen interaction for
people with motor impairments has focused on lab studies
with relatively few participants and small cross-sections of
the population. To develop a richer characterization of use,
we tumed to a previously untapped source of data:
YouTube videos. We collected and analyzed 187 non-
commercial videos uploaded to YouTube that depicted a
person with @ physical disability interacting with a
mainstream mobile touchscreen device. We coded the
videos along a range of dimensions to characterize the
interaction, the challenges encountered, and the adaptations
being adopted in daily use. To complement the video data,
we also invited the video uploaders to complete a survey on
their ongoing use of touchscreen technology.
show that, while many people with motor impairments find
these devices empowering, accessibility issues still exist. In
addition to pmwdlng implications for more accessible
touchse we reflect on the application of user-
generated content 10 study user interface design.

dings.
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INTRODUCTION

Mainstream mobile devices are becoming an important
means of daily technology interaction for many people with
disabilities. Such devices are bei mple, by
users with visual impairments to n

e unfamiliar areas
[24], by older adults with imied mobility

‘communication channel to family and caregivers for greater
independence [1], or by hemmu |mpm1ed users_to
communicate  without  expensi lized TTY
(teletype) hardware [28]. Most never mobile devics,
however, offer touchscreen interaction that may be
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Figure 1. Examples of unconventional touchscreen use being

adopted by people with physical disabilities: (a) a user with a
4 ; Jockings (hy nase input i

an iPhone.

particularly _problematic for people with physical
disabilities. Research on touchscreen interface design for
ysical disabilities has been largely limited to
lab studies with relatively few participants [3.6,10,16,31],
or to small interview studies [20]. Moreover, even less
attention has been paid to subpopulations such as children.

To develop a richer characterization of how people with
physical disabilities are adopting touchscreen devices, we
turned to a previously untapped source of data: YouTube
videos. We collected and analyzed 187 non-commercial
videos uploaded to YouTube that depicted a

physical disability interacting with a mobile touchscreen
device. In analyzing the videos, we asked questions such as
What are these touchscreen devices being used for on a
daily basis? How well do they work out of the box, or how
poorly? What adaptations are users making to improve
accessibility? We coded the videos along a range of
subjective ~ and  objective  dimensions des
characterize the interaction and to identify any Lhaﬂu\}, s
or adaptations we witnessed. To complement the videos
themselves, we also invited the video uploaders to complete
a survey on their opinions and use of touchscreen
technology in their daily lives.

Our results show that, while many people with physical
disabilities find  touchscreen  devices  empowering,
accessibility challenges stll exist. We observed a range of
interaction styles and use cases, from interaction with one’s
fool or nose or with a prosthesis (Figure 1) to interacting
while lying down or, particularly with children, using arm
o leg slings for support. Specific breakdowns were evident,
such as challenges of multitouch interaction. We also
observed a range of physical device adaptations, including

Specific Populations
Anthony et al. 2013
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-%-':STUDY METHOD: TWO-PART STUDY
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Part One:
Dataset Generation &
Qualitative Coding

YouTube Thermography Survey

2OV
TRVLNT MAKEABILITY LAB

Experience on YouTube

Here, we would like to discuss your experience making videos featuring thermographic content for YouTube.

12. What types of thermal videos have you uploaded to YouTube?

[ Product Review (i.e., videos that focus on reviewing a thermal camera and its specifications)
[ Unboxing (i.e., videos that focus on taking a thermal camera out of its box for the first time)

|| Personal Experiments or Play (i.e., videos posted "for fun")

[ ] wildlife or Nightime Observation

[ "] Educational, Instructional, or Demonstration Video (i.e., videos designed to educate the viewer)
[ ] Advertisement or Promotion of a Product or Service

[ ] Other (please specify)

13. Why do you upload and share your thermographic videos? Please explain.

Part Two:
Online Survey of
Content Creators

19



-%-:STUDY METHOD: TWO-PART STUDY

YouTube Thermography Survey

PA) V)
TRVLNT MAKEABILITY LAB

Experience on YouTube

Here, we would like to discuss your experience making videos featuring thermographic content for YouTube.

12. What types of thermal videos have you uploaded to YouTube?

Product Review (i.e., videos that focus on reviewing a thermal camera and its specifications)

Unboxing (i.e., videos that focus on taking a thermal camera out of its box for the first time)
Personal Experiments or Play (i.e., videos posted "for fun")

Wildlife or Nightime Observation

Educational, Instructional, or Demonstration Video (i.e., videos designed to educate the viewer)
Advertisement or Promotion of a Product or Service

Other (please specify)

13. Why do you upload and share your thermographic videos? Please explain.

Part One: Part Two:
Dataset Generation & Online Survey of

Qualitative Coding Content Creators
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Explore & Generate Perform Search & Filter and Compile Full
Initial Keywords Expand Keywords Validate Data Dataset
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%—': STUDY METHOD: DATASET GENERATION

PHASE 1: PHASE 2: PHASE 3: PHASE 4:
Explore & Generate Perform Search & Filter and Compile Full
Initial Keywords Expand Keywords Validate Data Dataset
HUMANTASKS e aaaa %
& Traditional Approaches - = = = - O --------- >» O O --------- ) O
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Problem:

A search for “Thermal Camera” in July of 2017 resulted in over 1 million videos
since 2005 compared to the 169 videos that resulted from “Cooking Together” in
November of 2010.
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PHASE 1: PHASE 2: PHASE 3: PHASE 4:
Explore & Generate Perform Search & Filter and Compile Full
Initial Keywords Expand Keywords Validate Data Dataset

HUMAN TASKS
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AUTOMATED TASKS

Phase 1: Explore videos on YouTube and generate initial keyword list.



.%,__} STUDY METHOD: DATASET GENERATION

PHASE 1: PHASE 2: PHASE 3:
Explore & Generate Perform Search & Filter and
Initial Keywords Expand Keywords Validate Data
HUMANTASKks e aaa “A
@ Traditional Approaches - = = = - O --------- )O O ------
VY« -’

2\ sMIDGen

& 2
AUTOMATED TASKS

PHASE 4:
Compile Full
Dataset

Phase 2: Perform searches. Then, apply Kullback-Leibler Divergence (KLD) and
Word Co-Occurrence query expansion methods to generate new terms. Perform

more searches.
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PHASE 1:
Explore & Generate
Initial Keywords

HUMAN TASKS

@ Traditional Approaches « = = = - O ......
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AUTOMATED TASKS

PHASE 2: PHASE 3: PHASE 4:
Perform Search & Filter and Compile Full
Expand Keywords Validate Data Dataset

‘ -=" e N~ .A
------------ »(O

Phase 3: Label a subset of data to train machine learning classifiers for filtering,
then infer document labels on unseen videos.
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== STUDY METHOD: DATASET GENERATION

Step

Terms

Step 1.
Initial Keywords

infrared, lepton, thermal, thermal camera, thermal image, thermal
imaging, thermography

breast thermography, flir lepton, flir one, flir thermal, imaging camera,

Step 2: infrared camera, infrared thermography, night vision, seek thermal,
Expanded Keywords .

thermal imager
Step 3: everyday use, product review, news coverage, unboxing, professional
Iterated Codebook demo, advertisement, off topic

Average IRR across codes in Step 3 was 0.69 (SD=0.09)
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.%,__} STUDY METHOD: DATASET GENERATION

PHASE 1: PHASE 2: PHASE 3: PHASE 4:
Explore & Generate Perform Search & Filter and Compile Full
Initial Keywords Expand Keywords Validate Data Dataset

HUMAN TASKS
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AUTOMATED TASKS

Phase 4. Randomly sample from resulting dataset.
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== STUDY METHOD: DATASET GENERATION

Topic Codes Sub-Topic Codes

Content Areas Building and Urban Environments, Health and Wellness,

(N=10) Paranormal Investigations, Electronics and Software
Projects, Recreational Outdoor Activities and Agriculture,
Informal Exploration, Pollution Activism, Vehicles,
Research, Security and Emergency Services

Misconceptions See Through Objects, Measure Air Temperature, Measure

(N=6) Gases, Faux Filters, Faux Thermal Imagers, Camera Operation

Issues

Comments Containing Q/A
(N=4)

Content Questions, Technical Specifications, Follow-up
Request, Other

Average IRR of 0.75 (SD=0.27)
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Q STUDY FINDINGS: QUALITATIVE CODING

Cateqories Dataset Average Median Contains Q&Ain
J (N=675) Duration (SD) Views Misconceptions ~ Comment
Informal Exploration 46.5% 2.28 507 9.8% 27.7%
© X (314) (5.11) (31/314) (87/314)
Qutdoor Recreation & 16.1% 3.24 307 0.9% 34.8%
Agriculture (109) (7.50) (38/109) (38/109)
Electronic or Software 11.9% 3.03 368 1.2% 28.7%
Project (80) (4.70) (1/80) (23/80)
Buildings and Urban 11.1% 3.06 351 4.0% 24.0%
Observations (75) (4.11) (3/75) (18/75)
. 6.5% 1.90 0.0% 27.2%
vehicles (44) (2.48) 822 (0/44) (12/44)
o 2.8% 4.30 10.5% 63.1%
Paranormal Investigations (19) (4.25) 2327 2/19) (12/19)
c Aoplication 2.1% 1.09 637 7.14% 28.5%
MErgEncy Appications (14) (1.05) (1/14) (4/14)
1.8% 5.19 0.0% 0.3%
Health and Wellness 12) (7.49) 2116 0/12) 4/12)
0.9% 1.02 0.0% 16.6
Research ©) (0.80) 385 0/6) 1/6)
. . 0.3% 0.34 0.0% 0.0%
1
Pollution Activism ) 0.03) 03 0/2) 0/2) )
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Q STUDY FINDINGS: QUALITATIVE CODING

X S e
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Informal Exploration (46.5%) Outdoor Recreation & Agriculture (16.1%) Buildings & Urban Environments

Paranormal Investigations (2.8%) Emergency Applications (2.1%) Health and Wellness (1.8%) Research (0.9%) Pollution Activism (0.3%)
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"Can a Thermal Camera See Through water?”

‘I'm going to dip my hand down into the
aguarium, right into the water, and let’s see
what happens. I'm going to calibrate the
camera first.

(Dips hand in aquarium.)

Yeah the surface of the water really reflects
the heat away. But we can actually see my
hand is heating the very surface of the water.
[...] So yeah, the thermal camera doesn't see
through water very well, but it is sensitive
enough that you can actually see my hand
warming up the water. Pretty cool’
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"DIY Home Energy Audit with an IR Camera”

"Now, something of great interest...and these are the
types of things that are really cool to discover when
you're doing these types of audits.

75.9]°F| &/

Here in the ceiling, we can see areas that are
significantly warmer than the areas around them.

Sometimes this is bleed-through from the heat
coming from the windows.

(left corner)

This, however, indicates that the insulation
does not cover all the way to the corner of the
house. So, we're missing some insulation here!
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"Raspberry Pi 3 Heat & TORTURE Test”

‘I set up the i/ to compensate for the
emissivity for the chip itself as well as the

apparent reflective temperature... this should
ensure accurate readings...”

(Begins stress test)

"The temperature spikes up quite quickly and
when it hits the 80°C mark it starts to throttle
the speed..”

b o
M :
| 9‘99“' e object
" | @) ® Matt v
SEMi-matt
==( |

= & .
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p STUDY FINDINGS: MISCONCEPTIONS

Only 36 of 675 (5.6%) of videos contained misconceptions about thermography.
« 31% - Could image/measure gases (e.g., flatulence)
« 21% - Could directly measure air temperature (vs surface temperature)



p STUDY FINDINGS: MISCONCEPTIONS

» 14% - Could “see through” walls or clothing
« 11% - Impact of thermal reflectivity (e.g., making it difficult to image glass)
* 5% - How to use specific features



Q STUDY FINDINGS: COMMENT THREADS

Question Type Number Number Who Responded
Asked Answered Original Poster  Other Poster Both
Technical 41.9% 53.6% 75.6% 12.2% 12.2%
Specification (153/365) (82/153) (62/82) (10/82) (10/82)
Content 29.9% 58.7% 62.5% 12.5% 25.0%
(109/365) (64/109) (40/64) (8/64) (16/64)
Other 19.5% 71.8% 55.9% 21.6% 22.5%
(/1/365) (51/71) (28/51) (11/51) (12/51)
Follow-Up 8.8% 50.0% 62.5% 18.7% 18.7%

Request (32/365) (16/32) (10/16) (3/106) (3/16)




-%-:STUDY METHOD: TWO-PART STUDY

YouTube Thermography Survey

PA) V)
TRVLNT MAKEABILITY LAB

Experience on YouTube

Here, we would like to discuss your experience making videos featuring thermographic content for YouTube.

12. What types of thermal videos have you uploaded to YouTube?

Product Review (i.e., videos that focus on reviewing a thermal camera and its specifications)

Unboxing (i.e., videos that focus on taking a thermal camera out of its box for the first time)
Personal Experiments or Play (i.e., videos posted "for fun")

Wildlife or Nightime Observation

Educational, Instructional, or Demonstration Video (i.e., videos designed to educate the viewer)
Advertisement or Promotion of a Product or Service

Other (please specify)

13. Why do you upload and share your thermographic videos? Please explain.

Part One: Part Two:
Dataset Generation & Online Survey of

Qualitative Coding Content Creators

47



%STUDY METHOD: TWO-PART STUDY

YouTube Thermography Survey
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Experience on YouTube

Here, we would like to discuss your experience making videos featuring thermographic content for YouTube.

12. What types of thermal videos have you uploaded to YouTube?

[] Product Review (i.e., videos that focus on reviewing a thermal camera and its specifications)

| Unboxing (i.e., videos that focus on taking a thermal camera out of its box for the first time)
| Personal Experiments or Play (i.e., videos posted "for fun")

| Wildlife or Nightime Observation

|| Educational, Instructional, or Demonstration Video (i.e., videos designed to educate the viewer)
| Advertisement or Promotion of a Product or Service

| Other (please specify)

13. Why do you upload and share your thermographic videos? Please explain.

Part One: Part Two:
Dataset Generation & Online Survey of

Qualitative Coding Content Creators

48



%-':STUDY METHOD: ONLINE SURVEY
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Camera Ownership

5276

(N=25) reported owning
smartphone-based thermal
camera attachments.

Others reported using:

 Standalone Handhelds
(16%)

 Integrated directly with
smartphones (4%)



Q STUDY FINDINGS: REASONS FOR ACQUIRING & USING THERMAL CAMERAS

Other

Energy Auditing
Outdoor Recreation
Nighttime Navigation
Security

Culinary

Agriculture

il Pre-Purchase ' Post-Purchase
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Attitudes on Utility

/%

N=46) thought their
thermal camera was a useful
tool that helped them learn
and discover.

Most believed they:

« Would continue to use
their thermal cameras

« Would continue to post
content to YouTube
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Reasons for Posting

40%

(N=22) posted videos to
YouTube to directly engage
with the YouTube community
about thermal cameras.

Others reported:

e For "Fun”

« Wanting to share with
friends and family

* "Becauselcan”




Reactions to Posting

>0%

(N=24) reported interacting
with other YouTube users
online.

Interactions were beneficial

IN some way:

 Intrinsically valuable

« Good for getting
information or feedback

* Exploring new uses




[ ]
‘ CONCLUSIONS: DISCUSSION

Like previous work, we found that found that user-generated videos offered an
otherwise inaccessible window into user behavior with an emerging

technology.

In particular, novice users expressed positive attitudes toward thermal cameras
and performed diverse activities ranging from imaging pets and beverages to
investigating electrical failures and home improvements.

And, contrary to previous work, we found that users successfully investigated
technological limitations and largely correctly interpreted their data.
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| |
‘ CONCLUSIONS: DESIGN RECOMMENDATIONS

Provide contextually relevant information

Encourage exploration
Anticipate and prevent misconceptions

Enable social supports



| |
‘ CONCLUSIONS: LIMITATIONS

* Video analysis is limited to the YouTube community

« Videos in our dataset likely represent the most interested non-professional
thermal camera users

* Survey results limited by self-selection bias



| |
‘ CONCLUSIONS: RESEARCH OQUTCOMES

 Characterizations of the common thermal camera uses and adoption
patterns of novice end-users

* A manual+computational approach to sampling user-generated content
from OSNs (specifically YouTube) for qualitative analysis

* Four designh recommendations to help promote technical understanding and
proper use.
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