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Abstract
Airborne particulate matter (PM) exposure exacerbates asthma and other respiratory and cardiovascular conditions.
Using an indoor air purifier or furnace fan can reduce the PM concentration, however, these devices consume significant energy. We designed and built an air quality automation system called SmartAir that uses measurements
from PM sensors to control a home’s furnace fan. When PM is high, SmartAir turns on the furnace fan, pulling air
through a filter to reduce the air pollutant concentration. When the PM is low, the fan is off to conserve energy. We
describe an architecture we introduce to automatically perform a repeated measurement randomized controlled trial
(RCT) to evaluate SmartAir. We argue this is an appropriate scientific method to use to evaluate a variety of IoT
systems that purport to improve our living conditions but whose performance is complicated by individual differences
and confounding variables. We deployed SmartAir in four homes for 350 days in which each day has a randomly
chosen experimental condition. The results demonstrate that SmartAir achieves air quality approximately as good
as when the fan is always on (average PM2.5 = 6.13 µg/m3 SmartAir vs. 5.71 µg/m3 On) while using 58% less
energy. SmartAir also finds statistically significant lowering of PM2.5 for SmartAir vs. normal furnace fan operation.
Although SmartAir increases fan on percentage, its lowering of PM2.5 can not be achieved simply by turning on the
fan more often without an air quality sensor.
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1. Introduction
Increased exposure to airborne particulate pollution can trigger asthma exacerbation [1] and is associated with
increased risk of lung and heart disease and shorter life expectancy [2], approximately 1.5 years of life lost per each
additional 10 µg/m3 in PM2.5 , that is, the concentration of particles less than 2.5 µm in diameter. Although this
effect is a population average – some people’s lifetime will not be affected – people whose lives are shortened may
die 9-11 years earlier than if they had been exposed to PM2.5 at a level 10 µg/m3 lower [3]. People in the US spend
approximately 88% of their day indoors [4], thus indoor air pollution is a major influence on health.
Using an air purifier or furnace fan can filter the particulate matter out of the air. However, the cost of using the furnace fan to clean a home’s air is increased energy consumption. At one house in our study, we measured that running
the furnace fan continuously, 24 hours per day, consumes 273 kWh (about US$33) per month, a very considerable
use of energy. It would be counter to the goal of better overall air quality, when most worldwide electric power is
generated from burning fossil fuels [5], to recommend all households set their fan to always on. Yet households with
people with asthma and other respiratory health issues are recommended to use air purifiers and to set their thermostat
fan to be always on with a disposable high-efficiency MERV filter [6] to reduce risks to their health [7, 6].
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