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What does energy use look like in the United States?

Transportation Industry Buildings
(28%) (32%) (40%)

Most (95%) of building in the United States are residential and
approximately a quarter (25%) of their energy consumption goes
toward heating or cooling.







Common reasons for building inefficiencies include their design,
materials, and age.

To address these issues, renovations and retrofits of existing
building stock has become a pressing need.

The US Department of Energy (DOE), for example, has set a goal
of reducing housing energy use by up to 70%.

Norberg-Bohm, V. and White, C. Building America Program Evaluation. 2004
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Energy Saver 101:
Home Energy Audits

Take the first step to improving your home's energy efficiency: get a home energy audit.

What is a
home energy audit?

A home energy audit helps you pinpoint where
your house is losing energy and what you can
do to save money. A home energy auditor will
also assess health and safety issues that might
exist in your home.

The audit involves two parts: the home assessment

and analysis using computer software.
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Thermal 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.

e The amount of radiation emitted by an
object increases with temperature, so
thermal cameras can also measure heat.




Common Thermographic Issues

Missing Insulation Air Leakage Moisture Intrusion
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Source: Larson et al, CHI2011, http://www.slideshare.net/ericcooperlarson/heatwave-chi2011



Recent improvements in handheld sensor
technology and falling costs, means auditors are
increasingly using thermographic inspections
and thermal cameras to detect thermal
defects and air leakage.
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DISSERTATION OVERVIEW



DISSERTATION OVERVIEW

Research Thread 1: Studies of Novices Thermal Camera Use and Thermographic Energy Audits

Formative studies to understand and characterize current thermography
practices, benefits, and challenges among novice users.
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DISSERTATION OVERVIEW

Research Thread 2: Studies of Professional Energy Auditing and Thermographic Automation

Explorations into the role of thermography in professional energy auditing,

the potential for automation, and pervasive thermographic scanning in the
built environment
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DISSERTATION OVERVIEW

Research Thread 3: Development and Deployment of a Longltudlnal Thermographlc Sensor System

[=] [Leit] Thu Mar 23 2017 (18:36 EDT) [5] [Deta] +63.43

Advancing the state-of-the-art through the development of novel,
interactive building thermography systems and deployment testing with
both novice and professional energy auditors.

18



DISSERTATION OVERVIEW

o [

oe——— THREAD1 —— o

A
aa
-

THREAD 2

O O

YouTube Novice
Thermography Smartphone
Study Field Study

e—— IHREAD3 — ¢

()

()
—/

Professional
Thermography
Study

()

/

Temporal
Thermography
Study |

N>

Temporal
Thermography
Study Il

Conclusion &
Future Work



DISSERTATION OVERVIEW

A
aa
-

e—— IHREAD3 — ¢

()

THREAD 2
‘ () ()
/ /
YouTube Novice Professional
Thermography Smartphone Thermography
Study Field Study Study

()

/

Temporal
Thermography
Study |

N>

Temporal
Thermography
Study Il

Conclusion &
Future Work



FROZEN
ENGINE

.ﬁHEHMAL

| CAMERA

THERMALSE

CAMERAN




YOUTUBE STUDY: RESEARCH QUESTIONS

1 What activities do non-professional 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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ABSTRACT
Sites like YouTube offer vast sources of data for studics af

Human Comptier Interaction (HCT) However, they also
peesent & number of methodological challenges This paper
alfers an example stedy of the Initisl recepiom of the
s 16 hiough YouTube, It begins with 4 quaniiasive
account of the overall shape of the most froguent’
setoms for 30 "Phens 3G search, A contont analy
first hundeed videos then explores the rerunms categorized
by penre. Comments ca the most popular video “Will B
Blend” are analysed wsing grounded theory. M is arpeed that
sociel science mcthods arc ot sufficicst Sor & rch
smmbrstaedinng of such material. The papee conchades with
an malysis of “Will it Blend” that draws oa caliral and
eritical theory. It is mpued that & melti-methodological
approsch s necewary b explost such data asd alsa o
address the challenges of neat gemeration HCL
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Unes genctated content on sics suc s YouTube, Faccook
and  Mypace offer reearchers o muny  feelds
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YouTube is already being used fo critige and review new
relganes of tochnology. The launch of sew o

wpedaod
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e also less direct responses 10 mew techsologics m the
form of reflective vlogs o satines. Ofien these vidoos
peverve dhousaads of comments provading sotbes souce of
easily eoliected data

Such mancrial could provide 8 fich resource & inform
rencarch sl devign. Heweves, both the quentity and the
quality of thas materal prcsent challonges for using A = 8
meaningful way. Because the sites are dynamic and update
womssamly il 13 certmnly impossible to be evhaustive. To use
such matonal @ a rescarch Tesowes requins new and
perhaps unfamiliar methods.

The spoed of feceen echnological change b bod 10 almost
equally dramatic tramdonmatons i e study of HCL There
have been s o flan and enjoyment [eg. 5], (\p«mne
design feg. 22], cullural o reflective design [eg. 1, 3, 25]
suwnctic design [og 12] and sesthetics (s 6] Fach of

acl
these arcas has brought HCY into contact with cultural and
cricical stndies. Cubtural and critical sudies have egaged
with the problems now confronting HC1 for & very long
e Increasang’y. HEL s finding valos in these tadithons

posts folkowing the kunch of the iPhone 3G on the 11 of
July 2008

Phona Strest Proscher
At e Apple store n New York City a queve of prople
waiting 10 bey & now Fhone e beed by & sire
prencher. “You pecple shoskd use your brain mose wisely!™
be yells “And spend money on something importana!” [16].
The film & made from within the quese and moi2 af the
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the bleach blonde Preacher yells. A dog starts barking
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pray and read aloud from the Book of Revelation.
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petarned wader 3 search foe “WPhone G in the socond wock
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chip & one saving that be 5 proud o be the man who owm
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Cooking Together:

A Digital Ethnography

Abstract

Cooking together is an important part of everyday life,

a social event in which people enhance their

relatignships through shared stories and swapping

ideas on food preparation. We present & new

methodaelogy 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

for a digitally kitchen space for
sharing the social experience of “cooking together” for

peaple living in different homes.,
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Digital ethnography, collaborative cooking
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ABSTRACT
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%—":» STUDY METHOD: TWO-PART STUDY
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Part One:
Dataset Generation &
Qualitative Coding

- YouTube Thermography Survey

es) L]
THVLET 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 [ocus on taking a thermal camera out of its box lor the [irst 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
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'%"m 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 aaa. “A
@ Traditional Approaches « = = = - O --------- » O O --------- > O
Ve . _..- "’
Problem:

A search for “Thermal Camera” in July of 2017 resulted in over 1T million videos
since 2005 compared to the 169 videos that resulted from “"Cooking Together” in

November of 2010,



'%"m STUDY METHOD: DATASET GENERATION

PHASE 1:
Explore & Generate
Initial Keywords

HUMAN TASKS

@ Traditional Approaches « = = = - O -------

@ SMIDGen +

AUTOMATED TASKS

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

PR R RE " A

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



'%"m STUDY METHOD: DATASET GENERATION

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

@ SMIDGen

AUTOMATED TASKS (J

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.



%"m 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 e e e
. - "A
@ Traditional Approaches - = = = - O ------------------ >» O
,gg,o SMIDGen
AUTOMATED TASKS

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



'%"w 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

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

thermal, 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)



%—":-STUDY METHOD: DATASET GENERATION

Relevance Classifier: Topical Classifier:
Thermography Fveryday Use
1.0 1o — 1.0
0.8- \\f 0.8
[ [
© 0.6 A © 0.6 1
0 v
o @)
o 0
T 0.4 T 0.4
— Logistic Regression (AUC=0.97) — Logistic Regression (AUC=0.76)
0.21 — support Vector Machines (AUC=0.97) 0.21 —— support Vector Machines (AUC=0.74)
- Random Forests (AUC=0.97) - Random Forests (AUC=0.71)
0.0 . . : . 0.0 ! . | |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8

Recall Recall



%"m 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 .= mmag
‘ - "A

@ Traditional Approaches = = = - O ------------------ O

..._--'

,gJ} I . ————

AUTOMATED TASKS

Phase 4: Randomly sample from resulting dataset.



'%"w STUDY METHOD: DATASET GENERATION

Topic Codes Sub-Topic Codes
Content Areas Building and Urban Environments, Health and Wellness,
(V=10) Paranormal Investigations, Electronics and Software

Projects, Recreational Outdoor Activities and Agriculture,
Informal Exploration, Pollution Activism, Vehicles,
Research, Security and Emergency Services

Misconceptions
(NV=6)

See Through Objects, Measure Air Temperature, Measure
Gases, Faux Filters, Faux Thermal Imagers, Camera Operation
Issues

Comments Containing Q/A
(V=4)

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

Average IRR of 0.75 (SD=0.27)



Q STUDY FINDINGS: QUALITATIVE CODING

Categories Dataset Average Duration Median Contains Q&Ain
J (N=675) (SD) Views Misconceptions Comment

Informal Exploration 46.5% 2.28 507 9.8% 27.7%
P (314) (5.17) (31/314) (87/314)

Qutdoor Recreation & 16.1% 3.24 807 0.9% 34.8%
Agriculture (109) (7.50) (38/109) (38/109)
. . 11.9% 3.03 1.2% 28.7%
Electronic or Software Project (80) (4.70) 368 (1/80) (23/80)
Buildings and Urban 11.1% 3.06 351 4.0% 24.0%
Observations (75) (417 (3/75) (18/75)
. 6.5% 190 0.0% 27.2%
vehicles (44) (2.48) 822 (0/44) (12/44)
L 2.8% 430 10.5% 63.1%

Paranormal Investigations (9) (4.25) 2327 (2/19) (12/19)
" 2.1% 1.09 7.14% 28.5%

Emergency Applications (14) (1.05) 637 (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

R h 385

esearc (6) (0.80) (0/6) (1/6)

. . 0.3% 0.34 0.0% 0.0%
Pollution Activism ) (0.03) 103 0/2) 0/2)
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D STUDY FINDINGS: QUALITATIVE CODING

Categories Dataset Average Duration Median Contains Q&Ain
J (N=675) (SD) Views Misconceptions Comment

Informal Exploration 46.5% 2.8 507 J8% ol
b (314 (5.11) (31/314) (87/314)

Outdoor Recreation & 16.1% 3.24 807 0.9% 34.8%
Agriculture (109) (7.50) (38/109) (38/109)
: : 11.9% 3.03 1.2% 28.7%
Electronic or Software Project (80) (4.70) 368 (1/80) (23/80)
Buildings and Urban 11.1% 3.06 351 4.0% 24.0%
Observations (75) (417 (3/75) (18/75)
: 6.5% 1.90 0.0% 27.2%
vehicles (44) (2.48) 822 (0/44) (12/44)
I 2.8% 4.30 10.5% 63.1%

Paranormal Investigations (9) (4.25) 2327 (2/19) (12/19)
o 2.1% 1.09 7.14% 28.5%

Emergency Applications (14) (1.05) 637 (1/14) 4/14)
1.8% 5.19 0.0% 0.3%

Health and Wellness (12) (7.49) 216 0/12) 4/12)

0.9% 1.02 0.0% 16.6

R h 385

eear (6) (0.80) (0/6) (1/6)

, - 0.3% 0.34 0.0% 0.0%
Pollution Activism ) (0.03) 103 0/2) 0/2)
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D STUDY FINDINGS: QUALITATIVE CODING

Categories Dataset Average Duration Median Contains Q&Ain
J (N=675) (SD) Views Misconceptions Comment

Informal Exploration 40.5% 228 507 )8% 2l 1%
P (314) (5.11) (31/314) (87/314)

Outdoor Recreation & 16.1% 3.24 807 0.9% 34.8%
Agriculture (109) (7.50) (38/109) (38/109)
: : 11.9% 3.03 1.2% 28.7%
Electronic or Software Project (80) (4.70) 368 (1/80) (23/80)
Buildings and Urban 11.1% 3.06 35 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)
I 2.8% 4.30 10.5% 63.1%

Paranormal Investigations (9) (4.25) 2327 (2/19) (12/19)
o 2.1% 1.09 7.14% 28.5%

Emergency Applications (14) (1.05) 637 (1/14) 4/14)
1.8% 5.19 0.0% 0.3%

Health and Wellness (12) (7.49) 216 0/12) 4/12)

0.9% 1.02 0.0% 16.6

R h 385

eeear (6) (0.80) (0/6) (1/6)

, - 0.3% 0.34 0.0% 0.0%
Pollution Activism ) (0.03) 103 0/2) 0/2)
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Q STUDY FINDINGS: QUALITATIVE CODING

P s
b e

Informal Exploration (46.5%) ents (11.1%)

-
Paranormal Investigations (2.8%) Emergency Applications (2.1%) Health and Wellness (1.8%) Research (0.9%) Pollution Activism (0.3%)
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Q STUDY FINDINGS: QUALITATIVE CODING

Informal Exploration (46.5%)

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’







Q STUDY FINDINGS: QUALITATIVE CODING

Informal Exploration (46.5%)

Paranormal Investigations (2.8%) Emergency Applications (2.1%) Health and Wellness (1.8%) Research (0.9%) Pollution Activism (0.3%)
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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.

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. S0, we're missing some insulation here!
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%—': STUDY METHOD: TWO-PART STUDY

grus

Failing Gearbax

* of

Part One:
Dataset Generation &
Qualitative Coding

: ey . YouTube Thermography Survey
TRy URT 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 [ocus on taking a thermal camera out of its box lor the [irst 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

43
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grus

Failing Gearbax

* of

Part One:
Dataset Generation &
Qualitative Coding

: ey . YouTube Thermography Survey
TRy URT 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 [ocus on taking a thermal camera out of its box lor the [irst 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
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%PQSTUDY METHOD: ONLINE SURVEY
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270

(N=35) use thermal
cameras to perform DIY
Energy Audits

They report performing
inspections of:
 Insulation

» Air Leakage

« FElectrical

e Moisture
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oy/e

Audit single-family
residential homes

But, also report auditing

other types:

«  Multi-family
Commercial
School & Universities
Government Offices
Community Buildings




306%  1/% 70

Reported wanting to save (and/or) just being curious (and/or) claims against
on utility bills about the technology landlords or contractors




0%

Reported investing in
renovations or retrofits

Fewer (30%) engaged in
new conservation behaviors.
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| |
‘ YOUTUBE STUDY: RESEARCH OUTCOMES

» Characterizations of common thermal camera use and adoption by novices
users including building thermography

 Provides supporting evidence that suggests DIY, thermographic energy
audits positively impact residential energy efficiency

» Provides 4 design recommendations including the importance of providing
contextual relevant information and leveraging social supports to promote
technical understanding and proper use.
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NOVICE SMARTPHONE FIELD STUDY: RESEARCH QUESTIONS

1 How might novice users of commercial thermal cameras assess
the built environment?

2 What attributes of the built environment do they focus on, learn
about, and what do they discover?

3 What challenges do they encounter and what benefits do they
perceive’
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EF:I> STUDY DESIGN: RECRUITMENT

Creek O RETTI FIRESTITE 5] T
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Historical Park Aocks 70} ) Ellitott Cit ot % ‘
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' \ Clarbiiile. Golumbia o Ell(nd.g_g-, T sl Point )
s g tinle Germantown Highianc L ¢ Femgoich Riviera
N Oy X / Glen Burnie Beach
P . . i - Poolesville Gaithersbin | Jessup )
Participants Needed for Four Week Study on Emerging gl A o Laitel Sevem ool Gy
Leesburg ervioo! Fort Meade \
X i1 North 7, \ t & Pasadena. Lake Shore:
Smartphone-based Environmental Technology Potmae =y @ el \
A (&) Rockville agpen Hill Fairling gdentag Sevema Gibson
\ South Ladrel . 4 ok Island
Are vou interested in environmental sustainability? Do vou have an iPhone? Come help University of S xshbiin Siptamag lrayiah \ N:rtlr:| e & y W ;m o i
Marvland researchers explore the future of smartphone-based technology used to document and explore (GD | -Falls s f_js ar 2 Ee,"sw"e @ ©) | “Sqamold Ze
sustainability issues in urban environments! Sterling A T N sl Greenbelt  BOWiE  grofton %
Silver Spring K .
Bramblet \ ¢ = ==
As a participant m cur study, we will provide vou with a thermal camera attachment for vour iIPhene mobile device m;:mh;;iqe B el 2 Canham (0 Anigpalis Chest eS8
You will be asked to take thermal pictures throughout the four-week study (as vou go about vour daily Iife). Once or | 7.5 4 Petvaah sty E s =T Riva: Pl e A
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actrvities, notes, the mages vou cellected. and vou will return the thermal camera attachment. Participants will recerve g o o / Annandale s T B e Meriboro Lothion,
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. e Bl un s Burke  Springfield” i TV ies Fitvér
Any person above 18 vears old can participate; however, vou nmst have and use an iPhone device, version 3 or ML Nintan Hybla Valley =~ Frentiship G5
greater. as your prmary phone and should Ive withm the DC metropolitan area (mchudmg Virgiia and Marvland s on Bristow g e S DUNKIK g
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Lake Ridge
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Contact Information J—| @ Wladbiitas Accokeek Sharereshe
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program: hittp:/ww und edwhell’. Please also feel free to redistribute this postmg.
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E;I>STUDY METHOD: PARTICIPANTS

L 10 Participants (5 Female)
Avg. Age: 37.7 Years
Avg. Green: 6.7 (7pt Likert)
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE




SSTUDY METHOD: FIELD STUDY PROCEDURE

Hl

Pre-Study
Questionnaire
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study
Questionnaire

Introduction
Meeting
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EF:ID STUDY METHOD: TRAINING

Spot
Temperature

Calibration
Status
Measurement
Settings

Image Capture
Options

Image Take Change
Library Photo Palette

Hardware/Software
Overview

FLIR One Thermal Camera
makeabiity |l sswewmeming s

Comman Uses

indulaticn ey shw up slightly darker;
Frcrwver, Ehis. i fomesl

Leaking Windows [and Doors): in this photo

aquipment. I this image we cam gen thot one
of the connections 1o the power transtarmers.
Is potentially damaged or degraded.

While this is a list of same of the comman uses of < tree to explove
other patentiol appications fe.g., cooking food) that might exist using your FLIR ONI camera,

4-Page Thermographic
Inspection Guide
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study
Questionnaire

Introduction
Meeting
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction
Meeting
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STUDY DESIGN: MISSIONS

"Investigate your home with your thermal
camera for signs of energy inefficiencies,
collect at least 25 photos that highlight
aspects of your investigation.”
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction ~ Survey
Meeting
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% STUDY METHOD: SURVEY

Thermography Field Study: Weekly Questionnaire

Location

Please describe, to the best of your knowledge, the building(s) you explored during your mission.
6. What type of building(s) did you explore during your mission? *

O House (i.e., a building completely separated from any others)

O Apartment/ Condo (i.e., a residence in a building with many others)

O Townhouse / Row House (i.e., many homes sharing a wall with each other)

O warehouse

QO office Building

O commercial Building

O Manuracturing Building

O other - Write In (Required) -

7. To the best of your knowledge, what materials were used in the construction of the building(s)? *

Photograph Descriptions

Flease provide a brief summary of the images that you submitted

18. What types of issues did you look for during your mission?* _

9. Did you find any evidence of issues (e.g., missing insulation)? *

2

(=]

. Did you find anything else that interested you during your mission? *
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction ~ Survey
Meeting
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction ~ Survey
Meeting
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction ~ Survey
Meeting
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STUDY METHOD: SEMI-STRUCTURED INTERVIEW

‘It was pretty clear to me that the air
seals around this door were not doing
a very good job of preventing cold air
from leaking into this room.” -P3
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EF;I>STUDY METHOD: FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction  Survey
Meeting
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é STUDY METHOD: DATA ANALYSIS

Hl

We qualitatively coded the survey, interview, and image data to
uncover themes.
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p STUDY FINDINGS

Field
Activities

Semi-Structured
Interviews
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p STUDY FINDINGS

Field
Activities

Semi-Structured
Interviews
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p STUDY FINDINGS: FIELD ACTIVITIES

Week

Home
Workplace
Commercial
Community



p STUDY FINDINGS: FIELD ACTIVITIES

Week Images

Home 572 (Avg=52)
Workplace 405 (Avg=T14)
Commercial 415 (Avg =16)
Community 516 (Avg =13)

[otal 1,997 (Avg=46)



p STUDY FINDINGS: FIELD ACTIVITIES

Week Images Time (mins)
Home 572 (Avg=52) 34 (SD=15)
Workplace 405 (Avg=T14) 32 (SD=174)
Commercial 415 (Avg =16) 28 (SD=176)
Community 516 (Avg =13) 2 (SD=16)

Total 1,997 (Avg=46) 30



p STUDY FINDINGS: FIELD ACTIVITIES



Q STUDY FINDINGS

Context

: FIELD ACTIVITIES
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p STUDY FINDINGS: FIELD ACTIVITIES

Context - Subjects

(a) Indoor (64.2%) (c) Walls (71.6%) (e) Electronics (24.7%)

(b) Dutdcor (35.6%) (d) Windows (30.3%) | (f) Doors (24.4%)

(g) Light Fixtures (23.8%)

(h) Ceilingsl (22.7%)
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p STUDY FINDINGS: FIELD ACTIVITIES

Context Subjects Misc./Fun

(e) Electronics (24.7%)

(g) Light Fixtures (23.8%) (i) People/Pets (4.7%)

3

(b) Qutdoor (35.6%) (d) Windows (30.3%) (f) Doors (24.4%) | (h) Ceilings (22.7%) (j) Play/Experiments (1.0%)
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p STUDY FINDINGS: FIELD ACTIVITIES

Week Images Time (mins)

Home 572 (Avg=52) 34 (sD=15)
Workplace 405 (Avg=14 32 (SD=14



p STUDY FINDINGS: FIELD ACTIVITIES

Week Images Time (mins)

Home 572 (Avg=52) 34 (SD=15)
Workplace 405 (Avg=14) 32 (SD=14)



Q STUDY FINDINGS: FIELD ACTIVITIES

Home Mission

During the home mission, participants:

e (ollected 572 photos (AVG=57.2, SD=52.27).
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Q STUDY FINDINGS: FIELD ACTIVITIES

Home Mission

During the home mission, participants:

e (ollected 572 photos (AVG=57.2, SD=52.27).

« Most (8) reported investigating pre-existing comfort issues.









Q STUDY FINDINGS: FIELD ACTIVITIES

Home Mission

During the home mission, participants:

e (ollected 572 photos (AVG=57.2, SD=52.27).
« Most (8) reported investigating pre-existing comfort issues.

* Afew (3) reported investigating electrical issues due to safety concerns (e.g., fire).



p STUDY FINDINGS: FIELD ACTIVITIES

Week Images Time (mins)

Home 572 (Avg=52) 34 (SD=15)
Workplace 405 (Avg=14 32 (SD=14)



Q STUDY FINDINGS: FIELD ACTIVITIES

Workplace Mission

During the workplace missions, participants:

« (ollected 405 photos (AVG=40.5, SD=18.02).



Q STUDY FINDINGS: FIELD ACTIVITIES

Workplace Mission

During the workplace missions, participants:

« (ollected 405 photos (AVG=40.5, SD=18.02).

« All participants (10) reported looking for leaky windows, doors, and noted interesting heat
signatures produced by electronic devices. Half (5) reported finding concerning issues.






‘I was stunned to realize
completely turn off whe

that my monitor doesn't
N it goes to sleep. It was

unused for the weekend but still appeared hot. So |
turned it off when | went to lunch and when | came
back it was indeed cooler” —P4
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Q STUDY FINDINGS: FIELD ACTIVITIES

Workplace Mission

During the workplace missions, participants:

« (ollected 405 photos (AVG=40.5, SD=18.02).

« All participants (10) reported looking for leaky windows, doors, and noted interesting heat
signatures produced by electronic devices. Half (5) reported finding concerning issues.

o Afew (2) explored comfort issues in shared office spaces.






"Honestly, they should be removed in the
fall and reinstalled in the spring since it
IS so hard to insulate them and they are
only needed during the summer.” —P10




p STUDY FINDINGS

Field
Activities

Semi-Structured
Interviews
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p STUDY FINDINGS

Field
Activities

Semi-Structured
Interviews
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p STUDY FINDINGS: SEMI-STRUCTURE INTERVIEWS

Knowledge Discovery Hardware Issues
Current Practices Software Issues
Potential Benefits Interpretative Issues

Locus of Control Design Ideas
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Potential Benefits
Participants thought that the benefits of their application of thermography included:

» All participants (10) considered the thermal camera a valuable investigative tool.



Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Potential Benefits
Participants thought that the benefits of their application of thermography included:

» All participants (10) considered the thermal camera a valuable investigative tool.

« Most (8) suggested that thermal imagery could provide supporting evidence for decisions
makers with respect to making retrofit decisions.






‘I've been meaning to contact my landlord
with these images and say, look, there
seems to be a clear issue here that | think
you should address.” -P7/
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Potential Benefits Interpretative Issues
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interpretative Issues

Participants frequently discussed challenges associated with their ability to interpret issues they
discovered:

» All participants (10) described capturing imagery that they could comfortably interpret and
imagery that they did not understand.
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interpretative Issues

Participants frequently discussed challenges associated with their ability to interpret issues they
discovered:

» All participants (10) described capturing imagery that they could comfortably interpret and
imagery that they did not understand.

* Most (8) believed that their ability to interpret thermographic images was limited by
confounding variables (e.g., heating elements, lack of materials knowledge).
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interpretative Issues

Participants frequently discussed challenges associated with their ability to interpret issues they
discovered:

» All participants (10) described capturing imagery that they could comfortably interpret and
imagery that they did not understand.

* Most (8) believed that their ability to interpret thermographic images was limited by
confounding variables (e.g., heating elements, lack of materials knowledge).

« More than half (6) found it difficult to determine the significance of an issue they discovered.
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ow how much this really affects the energy
apartment” -P2
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Knowledge Discovery Hardware Issues
Current Practices Software Issues
Potential Benefits Interpretative Issues

Locus of Control Design Ideas



Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Locus of Control

Participants frequently discussed challenges associated with their ability to effect change:

« 4 participants (who rented or lived in a housing cooperative) were concerned that if they
found evidence of a problem they would not be in a position to make retrofit decisions.

113






"It | took a picture that showed an
issue, | don't necessarily think the

owner would get on top of fixing
[



g NOVICE SMARTPHONE FIELD STUDY: RESEARCH OUTCOMES

 Further characterize novice use of thermal cameras for building
energy auditing activities

 Highlights perceived benefits—such as having being able to
investigate and collect supporting evidence about efficiency issues

* Outlines 4 primary barriers to novice building thermography
including lack of knowledge of building practices and material
properties.



THREAD 1 TAKEAWAYS: NOVICE STUDIES

Novice thermography influences renovation and retrofits decisions
leading to (self-described) impact on residential energy savings.

However, novice users may have difficulty determining:
» Whether or not problems exist
 Severity of problems found
« What actions to take
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How can we scale thermographic assessments?

Data Collection from Unmanned Aerial Vehicles (Laguela et. al, 2009)




How can we scale thermographic assessments?
Energy Auditing Backpack (Oreifej et al. 2014)
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How can we scale thermographic assessments?

Car Mounted Thermographic Cameras (Essess Inc., 2013)




How can we scale thermographic assessments?
High Fidelity Model Generation




NO HUMAN PERSPECTIVE IN AUTOMATED THERMOGRAPHY LITERATURE

Reviewed over 30 papers in ‘automated thermography. No user studies, no investigations of how human auditors
may use or perceive emerging systems, no discussions of human-centered design, etc.
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Automatic fagade modelling using point cloud data
for energy-efficient retrofitting
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PROFESSIONAL THERMOGRAPHY STUDY: RESEARCH QUESTIONS

1 How is thermography currently being used by professional
energy auditors?

What benefits and drawback do these auditors identify when
2 en|\|/|5|%n|n7g the use of robotics for thermographic data
collection:

3 What are the implications for the design of these automated
thermography tools?



EF:I> STUDY DESIGN: RECRUITMENT

makeabllity [ao

Participants Needed for Four Week Study on Emerging
Smartphone-based Environmental Technology

Are vou interested in environmental sustainability? Do vou have an iPhone? Come help University of
Marvland researchers explore the future of smartphone-based technology used to document and explore
sustainability issues in urban environments!

As a participant m cur study, we will provide vou with a thermal camera attachment for vour iIPhene mobile device
You will be asked to take thermal pictures throughout the four-week study (as vou go about vour daily Iife). Once or
twice a week, we will alse prompt vou to take pictures around a particular theme (e g energy usage in the home). to
recerd brief notes about these pictures, and to complete 2 short survey about veur weekly actrvthes. The expected
time commutment is approxmately 1-2 hours per week.

At the end of the fourth weel, we will schedule a 1-hour interview about vour experience. We will di
actrvities, notes, the mages vou cellected. and vou will return the thermal camera attachment. Participants
S100 for the 5 ful completion of the field study and exit mterview.

Qualifications ’/
Ay persen above 18 vears old can participate; however. vou nmst have and use an iPhene device, version 3 or = —

rour prmary phone and should hve withm the DC metropolitan area (mcluding Virgmia and Marvland : -
suburbs). Apart from these requirements, we encourage people of all genders and etlmicities to participate

our
Il recerve

Contact Information ¥
If vou have anv questions or would like to participate m this study, please emal Matthew Maurielle =

mattmy@cs umd edu). Feel free to take a look at our research lab's website to find out more about our research
program: hi und edwhell’. Please also feel free to redistribute this postmg.

Smeerely,

~Matthew Mauriello, MS
Department of Computer Science
University of Marvland

We recruited participants using listserv
and community message boards.

Tttped o5 i edu/ -ty
Tiwitter @mattm401
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E;I>STUDY METHOD: PARTICIPANTS

10 Participants (1 Female)
Average Age:  44.8 Years
Average Exp.. 6.7 Years
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S STUDY METHOD: THREE-PARTS

El
Study 1
Part 1: Part 2:
Semi-Structured Interviews Presentation of Design Probes
~50 Minutes ~40 Minutes
Study 2

Observational Case Study:

Residential Energy Audit
~120 Minutes



E?J>STUDY METHOD: SEMI-STRUCTURED INTERVIEWS

« Background

e Practices and Procedures

e (hallenges

» Thermography Data

e Strengths and Weakness

» Sustainability and Energy Efficiency
» The Future of Thermography



E;I>STUDY METHOD: PRESENTATION OF DESIGN PROBES
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SSTUDY METHOD: PRESENTATION OF DESIGN PROBES

4|
Scenario 1 Scenario 2 Scenario 4 Scenario 5
(Text) (Text) (Video) (Mid-Fi Prototype)
"You are responsible for a small fleet of . The UAVs fly around collecting

thermal data about each building on your campus. When abnormalities are detected, the UAVs are programmed to

more closely examine these areas and provide of potential problems. The UAVs reduce labor
costs compared with manual assessments, can investigate otherwise of buildings (e.g., high

exterior floors), and enable showing thermal '



SSTUDY METHOD: PRESENTATION OF DESIGN PROBES

H 8 88

Scenario 1 Scenario 2 Scenario 3 Scenario 4
(Text) (Text) (Text) (Video)




Scenario 5 (Mid-Fi Prototype)

3D Reconstruction, Anomaly Detection, Temporal Analysis

; ,.} . '
Mo Survey Route Coltgeted Dt Weather:
Analysis:
Loading Project Data....
POI:

After the data is collected, it is time to begin your analysis.
135



é STUDY METHOD: DATA ANALYSIS

Hl

We qualitatively coded the interview and design probe data to
uncover themes.




p STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Required Knowledge

Client Interactions

Challenges
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

REQUIRED KNOWLEDGE

Participants frequently discussed knowledge required to perform thermographic audits:

e 6 of 10 auditors felt that an understanding of building materials and construction were
necessary for proper thermographic inspections.
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

REQUIRED KNOWLEDGE

Participants frequently discussed knowledge required to perform thermographic audits:

e 6 of 10 auditors felt that an understanding of building materials and construction were
necessary for proper thermographic inspections.

« 5 0f 10 auditors expressed that a understanding of the physics behind heat transfer and
airflow were crucial to interpreting results.
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p STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Required Knowledge

Client Interactions

Challenges
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

CHALLENGES

All of our energy auditors brought up challenges related to the practice of thermography,
especially related to:

e Weather
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

CHALLENGES

All of our energy auditors brought up challenges related to the practice of thermography,
especially related to:

e Weather

e Untrained or undereducated practitioners
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Q STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

CHALLENGES

All of our energy auditors brought up challenges related to the practice of thermography,
especially related to:

o Weather
e Untrained or undereducated practitioners

o Difficulty of interpreting results
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p STUDY FINDINGS: DESIGN PROBES

Automation Benefits

Concerns
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Automation Benefits

Concerns



p STUDY FINDINGS: DESIGN PROBES, AUTOMATION BENEFITS

Saving time and money
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p STUDY FINDINGS: DESIGN PROBES, AUTOMATION BENEFITS

Saving time and money Assessing inaccessible areas
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Q STUDY FINDINGS: DESIGN PROBES, AUTOMATION BENEFITS

Saving time and money Assessing inaccessible areas  Scaling up data collection
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Q STUDY FINDINGS: DESIGN PROBES, AUTOMATION BENEFITS

Assessing inaccessible areas  Scaling up data collection

New types of analyses
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Q STUDY FINDINGS: DESIGN PROBES, AUTOMATION BENEFITS

Assessing inaccessible areas

New types of analyses

Automatic anomaly detection

Scaling up data collection
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p STUDY FINDINGS: DESIGN PROBES, AUTOMATION BENEFITS

Saving time and money

Assessing inaccessible areas  Scaling up data collection

I

New types of analyses

Automatic anomaly detection Model generation
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p STUDY FINDINGS: DESIGN PROBES

Automation Benefits

Concerns
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S STUDY METHOD: THREE-PARTS

El
Study 1
Part 1: Part 2:
Semi-Structured Interviews Presentation of Design Probes
~50 Minutes ~40 Minutes
Study 2

Observational Case Study:

Residential Energy Audit
~120 Minutes



[ |
‘ PROFESSIONAL THERMOGRAPY STUDY: RESEARCH OUTCOMES

« An assessment of professional energy auditing and
thermography’s role therein.

o A critical examination of emerging automated thermographic
solutions to data collection and analysis.

* A set of design recommendations for future energy auditing and
thermographic tools intended for professional use.



THREAD 2 TAKEAWAYS: PROFESSIONAL THERMOGRAPHY STUDIES

Thermography in energy auditing is serves as a subjective diagnostic
and communication tool:

* Limited time for analysis

Potential benefits of automation include:
» Reducing laboriousness of data collection
e Integration of quantitative and temporal analysis

Major concerns about automation include:
 Data overload
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. RELATED WORK: TEMPORAL VISUALIZATIONS
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Time-lapse thermography for building defect detection @ Cromeare

Matthew Fox **, David Coley", Steve Goodhew?, Pieter De Wilde*

# School of Architecture. Design and Enviranment, Plymouth University, Roland Levinsk Building, Droke Cireus. Plymouth, Devon PL4 847, United Kingdarn
© Department of Archirecture and Civil Engineering Universicy of Bath, Claverton Down, Bath BAZ 7AY, United Kingdom

ARTICLE INFO

o5 the thermal condition of building fabric at one single point
eriod. Buildings. materials and the envirenment
: risks the misinterpretation of building

e premise that time-lapse ther-
esults investigating

5
Available online 11 February 2015

Keywords
Time-lapse thermography
“Transient behaviour

Defect detection
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RELATED WORK: QUANTITATIVE MEASUREMENT

INTERNATIONAL ISO
STANDARD 9869-1

First edition

Thermal insulation — Building
elements — In-situ measurement
of thermal resistance and thermal
transmittance —

Part 1:
Heat flow meter method

Direct Contact Methods:
Heat Flux Sensors and Thermocouples
(~72 Hour Measurement Time) Current Standard
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. RELATED WORK: QUANTITATIVE THERMOGRAPHY
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RELATED WORK: QUANTITATIVE TEMPORAL THERMOGRAPHY
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RELATED WORK: TEMPORAL DATA COLLECTION

Survey conducted under cloudy conditions.
No Precipitation. Minimum internal / external \\ _f‘—/\\ﬁ
temperature difference of 10 degrees K 2: 5

PIR sensor.

Q

——
e —

_—‘
.
1

To detect movement
for the security of
the thermal camera

—

Internal temperature
and humidity detector
l Thermal image recorded

every 30 minutes

—

Access to electrical power
for thermal camera

Thermal camera located far enough
away from target to capture as much
of building elevation in the field of view

Weather station (external)
collecting data on external
temperature, humidity

} Thermal camera. On tripod and housed
and wind

in protective hide. Located with minimal

obstruction between facade and camera 176
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TEMPORAL THERMOGRAPHY STUDY |: RESEARCH QUESTIONS

1 What value and insights, it any, does temporal thermography
provide energy auditors?

2 How might temporal thermography be incorporated into
residential building energy audits?
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EASY-TO-DEPLOY THERMOGRAPHIC

SENSOR SYSTEM
(v3.0)
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%‘STUDY DESIGN: USABILITY STUDY METHODS

* An auditor working with the University's Department
of Facilities Management deployed our system to
support an energy audit in Hornbake Library.

 Data collection sessions: winter and spring.

e The energy auditor used the system and provided
feedback.

« Additionally, 4 graduate students provided feedback
on the visualization tool using our collected datasets. Filmm Archive Deployment
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| |
‘ TEMPORAL STUDY |: RESEARCH OUTCOMES

Temporal data may make identifying transient environmental
conditions (e.g., solar loading) easier to identity—a potential
confounding variable when analyzing thermal imagery.

Without first-hand knowledge of the data collection site or a model
to compare against, it may be difficult to extract additional insights
from temporal datasets.
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AL DEVELOPMENT: EASY-TO-DEPLOY THERMOGRAPHIC SENSOR KIT (v4.0)
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{\" DEVELOPMENT: SYSTEM OVERVIEW
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{\" DEVELOPMENT: SYSTEM OVERVIEW
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{\" DEVELOPMENT: SYSTEM OVERVIEW

O Processing /
O Visualization
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Sensing
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45{' DEVELOPMENT: REVISED VISUALIZATION

THERMAL ANALYSIS

Thermal Analysis of Performance
13.00 R | OKAY

Data Collection Results:

The performance of the insulation in the highlighted region appears to be
within the typical recommended insulation range of 13 - 20 R that is commaon
to this region of the United States; 20 R is standard for an insulation cavity, but
thermal Dridges (.., Studs) and degradation can reduce overall performance.

What To Look For:

Any regions in the image that appears brighter than the highlighted region are
likely performing better, while regions that appear darker are performing worse
(assuming winter-like weather conditions). If brighter or darker regions appear
around windows or doors, this could be an indication of an issue with the way
the window or door was installed or could indicate the presence of an air leak.

Potential Recommendations:

By adding or improving insulation and reducing air leakage around windows
and doors, you could potentially save between 10 - 15% on your monthly
utility bill and improve thermal comfort in your home. If, upon reviewing this
thermal image, you notice more low performing areas than similar or higher
performings areas you may want to consult your building manager, facilities
management staff, or an energy auditing professional.

More information can be found &t

Adding Insulation: httes /fww 1L weather: i ding-insuiation
Stopping Areakage: httpsiwww energy gowenengysaver/weathanze/air-sealing-your-homsa
Note:

There was an adequate temperature differential (21.56°F) betwsen the inside
and outside of the building; the thermal analysis presented here should be
reliable. Other factors that can impact scans is sun or rain on the exterior side
of the wall, water pipes or wall studs, and nearby heating/coaling units.

Back to Top
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':\" DEVELOPMENT: VALIDATION EXPERIMENTS
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':&" DEVELOPMENT: VALIDATION RESULTS

Data Segment  Notional THM (deviation) IRT (deviation) Average Temp. Delta
Overnight 1 R-6.50 R-7.54 (16.00%) R-7.67 (18.00%) 27.47°C
Overnight 2 R-6.50 R-6.67 (2.61%) R-6.29 (3.23%) 20.96°C

Full Campaign R-6.50 R-6.30 (3.07%) R-6.39 (1.69%) 22.85°C
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Semi-Structured Interviews
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Part 2.
Presentation of Design Probes
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?ﬂ STUDY METHOD: NOVICE AND PROFESSIONAL STUDIES

Novice
Study

Semi-Structured Interviews

Professional
Study

Part 1: Part 2.
Semi-Structured Interviews  Presentation of Design Probes
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?ﬂ NOVICE STUDY METHOD: PARTICIPANTS

et

- 5 Participants (1 Female)

afe —uffe




Er;l> NOVICE STUDY METHOD: PREVIOUS FIELD STUDY PROCEDURE

Pre-Study ~ Thermography
Questionnaire  “Mission”

Introduction  Survey
Meeting
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== NOVICE STUDY METHOD: UPDATED FIELD STUDY PROCEDURE

Hl

Thermal Sensor
Pre-Study Camera  System
Questionnaire  “Mission” “Mission”

Introduction ~ Survey  Survey
Meeting
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'?) NOVICE STUDY METHOD: UPDATED FIELD STUDY PROCEDURE

Thermal Sensor
Pre-Study Camera System
Questionnaire  “Mission” "Mission”

Introduction  Survey
Meeting
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Q NOVICE STUDY FINDINGS: ACTIVITY 1, THERMAL CAMERA FINDINGS




Q NOVICE STUDY FINDINGS: FIELD STUDY FINDINGS

e office, but it's

nere’s some big gaps in the insulation.” =NS2




Q NOVICE STUDY FINDINGS: SENSOR SYSTEM FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No
P2 Yes Yes
Less severe than anticipated
P3 Yes Yes
P4 No Yes
P> Yes No

Based on intuition, not thermal camera mission
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Q NOVICE STUDY FINDINGS: SENSOR SYSTEM FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No
P2 Yes Yes
Less severe than anticipated
P3 Yes Yes
P4 No Yes
P5 Yes No

Based on intuition, not thermal camera mission
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Thermal Analysis of (Non- ent) ¥ |Performance
13.00 R | OKAY

. Data Collection Result
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Q NOVICE STUDY FINDINGS: SENSOR SYSTEM FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No
P2 Yes Yes
Less severe than anticipated
P3 Yes Yes
P4 No Yes
P5 Yes No

Based on intuition, not thermal camera mission
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Q NOVICE STUDY FINDINGS: FIELD STUDY FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No
P2 Yes Yes
Less severe than anticipated
P3 Yes Yes
P4 Ne Yes
P> Yes No

Based on intuition, not thermal camera mission
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“The R-value is lower than | would've thougnt,
especially in the living room which was upgraded
approximately 10 years ago.” —Ni4




Q NOVICE STUDY FINDINGS: SENSOR SYSTEM FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No
P2 Yes Yes
Less severe than anticipated
P3 Yes Yes
P4 Ne Yes
P> Yes No

Based on intuition, not thermal camera mission
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Q NOVICE STUDY FINDINGS: SENSOR SYSTEM FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No
P2 Yes Yes
Less severe than anticipated
P3 Yes Yes
P4 No Yes

P5 Yes NoO

Based on intuition, not thermal camera mission
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p NOVICE STUDY FINDINGS: SENSOR SYSTEM FINDINGS

Participant ID  Sensor Kit Aimed at Suspected Issue Issue was Found
P No No

P2 Yes Yes
Less severe than anticipated

P3 Yes Yes
P4 NoO Yes

P5 Yes NoO
Based on intuition, not thermal camera mission




p NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEW FINDINGS

Interactive Reporting
Data Privacy
Personal Confidence

Post-Mission Attitudes



p NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEW FINDINGS

Interactive Reporting
Data Privacy
Personal Confidence

Post-Mission Attitudes



Q NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interactive Reporting

Participants described the interactive report in several ways:

« 4 of 5 were positive about receiving the easy-to-read, automatically generated report.



Q NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interactive Reporting

Participants described the interactive report in several ways:
« 4 of 5 were positive about receiving the easy-to-read, automatically generated report.

e 4 of 5 liked having longitudinal data and the additional depth the report provided by
comparison to thermograms alone.



‘| like the idea of having a report that | can refer to
again afterward. You get that with pictures too,
obviously. But the reporting aspect gives you
more detall, [...] the fact that you had the
environmental and air quality readings also gave
you something more to look at”” =NI3




Q NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interactive Reporting

Participants described the interactive report in several ways:
« 4 of 5 were positive about receiving the easy-to-read, automatically generated report.

e 4 of 5 liked having longitudinal data and the additional depth the report provided by
comparison to thermograms alone.



Q NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Interactive Reporting

Participants described the interactive report in several ways:
« 4 of 5 were positive about receiving the easy-to-read, automatically generated report.

e 4 of 5 liked having longitudinal data and the additional depth the report provided by
comparison to thermograms alone.

e 3 of 5envisioned using this data as a tool to communicate with professionals






p NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEW FINDINGS

Interactive Reporting
Data Privacy
Personal Confidence

Post-Mission Attitudes



Q NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Data Privacy

Participants were largely homogenous when it came to the privacy of their data:

o 4 of 5 desired explicit control over all data collected about/in their home.



‘It it were not an internet connected thing, if it
were just a local network thing that | use in my
house, that would be fine. It information is

going out, then | have a big problem with
technology like that” —NI2




Q NOVICE STUDY FINDINGS: SEMI-STRUCTURED INTERVIEWS

Data Privacy

Participants were largely homogenous when it came to the privacy of their data:
o 4 of 5 desired explicit control over all data collected about/in their home.

e Tof 5 desired aggregated data about their neighbor and explicitly advocated that local
policy makers should have access.



p NOVICE STUDY FINDINGS; FOLLOW-UP FINDINGS



Q NOVICE STUDY FINDINGS: FOLLOW-UP SURVEY

Follow-up Findings

Participants were largely homogenous when it came to the privacy of their data:

e 5 o0f 5 reported thinking more about energy efficiency issues in their home since
participation had ended.



‘It has made me generally more aware of where
there might be issues and why." =NS3




Q NOVICE STUDY FINDINGS: FOLLOW-UP SURVEY

Follow-up Findings

Participants were largely homogenous when it came to the privacy of their data:

e 5 o0f 5 reported thinking more about energy efficiency issues in their home since
participation had ended.

e 2 of 5reported making some repairs for air leakage issues; however, all reported that
insulation issues required more savings and planning.



“I'd say it's kind of too late once you get [the
data] for the homeowner, unless you're about
to do a renovation!” —=NI3




?ﬂ STUDY METHOD: NOVICE AND PROFESSIONAL STUDIES

Novice
Study

Semi-Structured Interviews

Professional
Study

Part 1: Part 2.
Semi-Structured Interviews  Presentation of Design Probes
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|EHDH STUDY METHOD: NOVICE AND PROFESSIONAL STUDIES

Novice
Study

Semi-Structured Interviews

Professional

Study

Part 2:
Semi-Structured Interviews  Presentation of Design Probes
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E;I>STUDY METHOD: PARTICIPANTS

= 5 Participants (All male)




E>F| PROFESSIONAL STUDY METHOD: UPDATED PRESENTATION OF DESIGN PROBES

B & B

Scenario 1 Interactive Scenario 3
(Text) Demo (Text)




E>F| PROFESSIONAL STUDY METHOD: UPDATED PRESENTATION OF DESIGN PROBES

B & B

Scenario 1 Interactive Scenario 3
(Text) Demo (Text)

Hardware & Procedure

v

v

Study Data & Reports



p PROFESSIONAL STUDY FINDINGS: PRESENTATION OF DESIGN PROBES

Raising Awareness
Providing Reliable Data

Relationship Building



p PROFESSIONAL STUDY FINDINGS: PRESENTATION OF DESIGN PROBES

Coverage and Installation

Motivating Action



THREAD TAKEAWAYS: TEMPORAL THERMOGRAPHY STUDIES

 Temporal/Quantitative analysis provides more specific insights in the
case of insulation performance.

* Increasing homeowner agency opens new opportunities for
professional auditor and homeowner relations.

* While we saw DIY solutions enacted, motivating larger-scale
structural changes remains challenging.
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@ DISSERTATION SUMMARY: OVERVIEW

THREAD 1: THREAD 2:
Novice Studies Professional Studies
Ammmrrr &
ey &
YouTube Thermography Smartphone Thermography Professional Thermography
Video Coding Four-Week Field Study Semi-Structured Interviews

International Survey

MobileHCI 2018

Debrief Interview

CHI 2017

Presentation of Design Probes

CHI 2015

Single Deployment
with Professional

One-Week Field Study
+ Debrief Interviews with
Novices

Usability Study Semi-Structured Interviews

with Novices + Presentation of Design
Probes with Professionals
Ubicomp 2017 *
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@ DISSERTATION SUMMARY: CONTRIBUTIONS

BEEERC o racterized Novice and professmna*
B - LSers Of thermography

(1)
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@ DISSERTATION SUMMARY: CONTRIBUTIONS

Contributions of this dissertation include:

Characterization of novice and professional the end-users of thermography.

Design recommendations for future thermographic system to support their use.

A critical examination of recently proposed automated thermographic solutions.

Design recommendations for automated thermographic solutions.

A novel, building thermography system that support residential use.

A summary of key benefits of temporal thermography.

Design recommendations for future, in-home temporal thermography systems.



J?3) DISSERTATION SUMMARY: FUTURE WORK
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