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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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Thermal Cameras

ÅThermal cameras (or infrared cameras)
detect electromagnetic radiation with
lower frequenciesthan visible light (i.e.,
infrared frequencies).

ÅAll objects above absolute zero emit
infrared radiation, so thermal cameras
can ôseeõin the dark without external
illumination.

ÅThe amount of radiation emitted by an
object increases with temperature, so
thermalcamerascanalsomeasureheat.
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Common Thermographic Issues
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$249.99
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Energy audits and 

thermographicsurveying 

are time and labor intensive
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10Mauriello et al. , 2015, 2017

ÅEnergy auditors who use building
thermography techniques experience
varying degrees of certainty when
interpreting thermograms.

ÅEnergyauditorsgenerallyhavelimited
time to conduct scans,collect data,
and reviewtheir results.

Recent Work at CHI
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RESEARCHQUESTIONS

How does using our temporal thermography system influence 
homeownerõs behaviors or perspectives?

What do professional auditors think of temporal thermography 
systems and how do their views differ from homeowners?



TALK OVERVIEW
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Introduction Background Field Deployment Expert Review ConclusionSystem Overview
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RELATEDWORK: TEMPORALDATA COLLECTION
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Foxet al., Energy and Buildings ô14



RELATEDWORK: TEMPORALDATA COLLECTION
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Foxet al., Energy and Buildings ô14



RELATEDWORK: TEMPORALDATA COLLECTION
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Foxet al., Energy and Buildings ô14



Foxet al., Energy and Buildings ô14

RELATEDWORK: TEMPORALVISUALIZATIONS
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RELATEDWORK: QUANTITATIVETHERMOGRAPHY

Madding, 2008
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RELATEDWORK: QUANTITATIVETEMPORALTHERMOGRAPHY

Nardi et al.,2016Fokaides& Kalogirou, 2011 DallõOet al., 2013 Albaticiet al., 2015
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RELATEDWORK: QUANTITATIVEMEASUREMENT
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Direct Contact Methods:

Heat Flux Sensors and Thermocouples



Future work called for within these assessments includes real-
world deployments with professional users

This work contributes the design of such a system, and 
evaluations with both professional and non-professionals
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RESEARCHCONTRIBUTIONS
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ÅEasy-to-Deploy

ÅNon-intrusive

ÅProvide Rapid Analysis

ÅHelp with Severity Estimation

ÅHolistic Report
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DEVELOPMENT: DESIGNGOALS



PHYSIKIT

HOUBENETAL., 2016
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BuildAXEnvironmental Sensor Toolkit

Finnigan et al. 2017

PHYSIKIT

HOUBENETAL., 2016

27



Thermal 
Camera

Motion 
Sensor

Pan
Unit

Humidity/Temperature 
Sensor

Raspberry 
Pi

Interchangeable 
Mounting Plate

GPS Unit & High 
Capacity Battery

EASY-TO-DEPLOYTHERMOGRAPHIC

SENSORSYSTEM

(V3.0)
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FLIROne

AirQuality

Motion

Temp/Humidity
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DEVELOPMENT: EASY-TO-DEPLOYTHERMOGRAPHICSENSORKIT (V4.0)



DEVELOPMENT: SYSTEMOVERVIEW

31



DEVELOPMENT: SYSTEMOVERVIEW

Sensing

Calibration, 
Processing,  
Reporting
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DEVELOPMENT: SYSTEMOVERVIEW
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Sensing

Calibration, 
Processing,  
Reporting
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DEVELOPMENT: REVISEDVISUALIZATION
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DEVELOPMENT: VALIDATIONEXPERIMENTS



DataSegment Notional THM (deviation) IRT (deviation) Average Temp. Delta

Day1 R-6.50 R-7.54 (16.00%) R-7.67 (18.00%) 27.47°C

Day2 R-6.50 R-6.67 (2.61%) R-6.29 (3.23%) 20.96°C

FullCampaign R-6.50 R-6.30 (3.07%) R-6.39 (1.69%) 22.85°C

36

DEVELOPMENT: VALIDATIONRESULTS



37

TALK OVERVIEW

Introduction Background Field Deployment Expert Review ConclusionSystem Overview



38

TALK OVERVIEW

Introduction Background Field Deployment Expert Review ConclusionSystem Overview



FIELDDEPLOYMENT: RECRUITMENT

We recruited local participants using listserv, community

messageboards, and word-of-mouth in the WashingtonD.C.

metro area.
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FIELDDEPLOYMENT: PARTICIPANTS
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5 Participants
(3 Male, 1 Female, 1 Prefer Not to Answer)



Pre-Study
Questionnaire

Introduction
Meeting

FIELDDEPLOYMENT: PROCEDURE
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FIELDDEPLOYMENT: TRAINING
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Hardware/Software 
Overview

Thermographic Inspection 
Guide

How-to Thermporal 
Guide


