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ABSTRACT
Underperforming, degraded, and missing insulation in US
residential buildings is common. Detecting these issues, however, can be difficult. Using thermal cameras during energy
audits can aid in locating potential insulation issues, but prior
work indicates it is challenging to determine their severity using thermal imagery alone. In this work, we present an easyto-deploy, temporal thermographic sensor system designed
to support residential energy audits through quantitative
analysis of building envelope performance. We then offer an
evaluation of the system through two studies: (i) a one-week,
in-home field study in five homes and (ii) a semi-structured
interview study with five professional energy auditors. Our
results show our system helps raise awareness, improves
homeowners’ ability to gauge the severity of issues, and
provides opportunities for new interactions between homeowners, building data, and professional auditors.
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INTRODUCTION

Underperforming, degraded, and missing insulation is common in US residential buildings [39]. Detecting these issues,
however, can be difficult. There is typically no visible indication of a problem on the finished surfaces of a building’s
envelope—the physical separator (i.e., composed of exterior
walls, windows, etc.) between the conditioned interior of
a building and the unconditioned environment outside it.
While professional energy audits are effective at locating
insulation issues, these services are not widely used due to
their cost and a lack of awareness about their need or availability [40,47]. Additionally, tools and techniques such as
thermography that help reveal insulation issues have previously been inaccessible to homeowners. However, recent
improvements to and falling costs of infrared sensing technologies are beginning to fundamentally change who has
access to thermal cameras and has led to their increased
use in energy audits by both professional and novice energy
auditors [2,6,13,27,33].
Thermal cameras are used during energy audits to rapidly
scan for and document anomalous heat signatures that may
highlight the locations of potential insulation issues [6,27].
However, using a thermal camera and determining if a heat
signature indicates a problem typically requires training and
experience [34]. Moreover, energy audits generally rely on
single, in-situ thermal images taken during walkthrough
inspections, which may not capture enough information for
accurate assessments [17,49]. Prior work also suggests that
inexperienced users struggle to determine the severity of
issues and lack confidence in their findings [34,35].

