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ABSTRACT

Leaky windows and doors, open refrigerators, unattended appli-

ances, left-on lights, and other sources subtly leak energy account-

ing for a large portion of waste. Formal energy audits are expensive

and time consuming and do not capture many sources of leakage

and waste. In this short paper, we present a hybrid IR/RGB imaging

system for an end-user to deploy to perform longitudinal detection

of energy waste. The system uses a low resolution, 16× 4 IR camera

and a low cost digital camera mounted on a steerable platform

to automatically scan a room, periodically taking low resolution

IR and RGB images. The system uses image stitching to create an

IR/RGB hybrid panoramic image and segmentation to determine

temperature extrema in the scanned room. Finally, this data is com-

bined with thermostat set-point information to highlight hot-spots

or cold-spots which likely indicate energy leakage or wastage. The

system obviates the need for expensive, time-consuming waste

detection methods, for professional setup, and for more intrusive

instrumentation of the home.
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1 INTRODUCTION

Estimates say 75,000 US homes in one year waste an amount of

energy equivalent to the energy loss due to the British Petroleum

oil spill calamity [1]. A portion of this energy wastage can be at-

tributed to callous use of appliancesÐopen refrigerator doors, open

microwave doors, televisions and computers switched on when

there is no one in the room, and open doors and windows. The

other portion can be attributed to poor wall insulation as well as

drafty doors and windows. While poor insulation can be detected

using energy audits, it is more challenging to determine wastage

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

BuildSys ’17, November 2017, Delft, The Netherlands

© 2017 Copyright held by the owner/author(s).
ACM ISBN 123-4567-24-567/08/06. . . $15.00
https://doi.org/10.475/123_4

due to careless usage of appliances and opening or closing of win-

dows/door. Continuous monitoring using a sensing system that

is low-cost and stays out of a user’s way is an ideal method for

discovering this waste.

1.1 Related Work

Direct energy metering is a plausible seeming solution to the prob-

lem of waste detection. Every appliance could be instrumented

with an energy meter, and analytics on the energy consumption

data could determine appliance (mis-)use. However, blanketing a

home with such energy meters can be prohibitively expensive and

highly intrusive [15]. Energy disaggregation [4] on data from a

single point measurement system is another plausible solution, but

its accuracy is limited if the number of appliances is large and the

sampling rate is low. To address this problem, we present the design

and preliminary evaluation of a low-cost thermal imaging system

that uses a single low resolution IR and RGB camera to determine

energy consumption hot-spots in a room, motivated by techniques

mentioned in [3, 7].

Energy disaggregation with data fusion from indirect sensing has

shown to improve accuracy and convey more knowledge regarding

user behavior. Acoustic sensing has been used to improve appliance

identification in [12]. The applicability of using user WiFi data to

localize appliance usages is discussed in [13]. In a similar vein

location and activity has been used in [14] to reduce the search

space of disaggregation from contextual information.

The authors of [8] approach the problem by using a steerable

camera system superficially similar to ours, but which requires the

users to create or obtain a 3D CAD model of his home’s interior

space. Our approach is distinguished from this and from the above

approaches to waste detection by our typically lower cost, lower

intrusiveness, and lower amounts of user-facing complexity.

1.2 Contributions

This project is part of an overall effort to reduce the number of

people who require a full, time-consuming, expensive, professional

energy audit. In particular, this project seeks to detect energy leak-

age at a coarser level than the detailed professional service while

providing the additional benefit of scanning for behavioral, rather

than structural, energy waste.

Our system employs an IR and a RGB camera mounted on a

steerable base. The system periodically scans a room, each scan

panning the cameras through a complete revolution while taking

images at regular intervals. The system then uses a combination

of image stitching and segmentation to discover temperature hot-

spots and cold-spots in the room. By overlaying and correlating

panoramic views of the thermal and visual images, the system
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