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What are the mechanisms 
needed to make a building 

healthy?
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Problem • Americans spend 90% of their lives indoors [1], and 
buildings 40% of the total energy consumption [2] 

• When designed around the occupants needs, 
preferences, and comfort levels, consumption reduced 
significantly [3]. 

• Indoor environment shown to have a dramatic effect 
on the occupant’s health and well-being [4, 5]

• Worthwhile financially, pressing healthfully, so why is 
occupant data still so vastly under-exploited [3]? 
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State-of-the
-art Summary

• A 33% discrepancy between predicted and actual 
energy consumed observed due to lack of occupant 
behavior information [1]. 

• Lack of longitudinal commissioning of buildings, 
minimum standards, and reliance on self-reports call 
for healthy buildings movement [2]. 

• Living Labs proposed as a strategy, but definition 
ambiguous [3, 4]

• Placement of sensor important [5]
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Proposed Approach
• The Living Link Lab
• Maintenance of energy harvesting sensors (EH-Housekeeper)
• Lighting and Sleep in the Hospital
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Living Link Lab
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Approach: Building Operating Systems (BOS)

Generic Building Operating System, from Bharathan Balaji et 
al. “Brick: Metadata schema for portable smart building 
applications”. In:Applied energy 226 (2018), pp. 1273–1292.

Proposed BOS
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Results: Living Link Lab System Architecture
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https://docs.google.com/file/d/13hPJfbMmuNHf3Jr3mDiVZhxOgmJvGyLK/preview
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A Study of Signal Attenuation
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• If the gateway does not detect data from an energy harvesting sensor, is it 
broken, hibernating, or healthy?

• Given the location of sensors in a building context, where should a gateway 
be located to minimize packet loss?

• Is it possible to accurately predict the silent rate of the  sensor network 
given the 2D building plan?
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Approach: Research Questions
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Motivation &
Related 
Works

• Better scalability of maintenance compared to 
mains-powered devices [1]

• Radio signal attenuation in an indoor environment [2,3]

• Longitudinal study of battery-powered devices and 
silent rates [4]
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Approach: Energy Harvesting Sensors
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Approach: Methodology
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Example Ray Trace

 (A) Gateway

Sensor (B)

Trace the path between the 
transmitter and receiver by 
counting pixels that represents 
different wall materials and open 
space using the 2D building plan
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Results
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High Accuracy Versus Low Accuracy Assessments

Left shows prediction based on assumed stable sensors, right 
shows prediction using two poorly placed sensors
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Results
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Fault Identification Flowchart
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Lighting and Sleep in the 
Hospital
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• Are there statistically significant relationship between sensed 
environmental conditions and quantifiable health-related metrics like sleep 
duration and sleep efficiency?
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Approach: Research Questions
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Motivation &
Related 
Works

• Human circadian physiology is influenced by lighting 
[1]:

• Restorative value of sleep, and lighting’s influence on 
sleep disruptions shown in past studies [2,3,4]
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Approach: Methodology
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• Collect level sensors, temperature humidity sensors, door contact sensors, 
and air quality sensors in the hospital rooms (General Medicine and 
Geriatric Care)

• Collect Actiwatch information, tracking wrist-sensed light and sleep 
quantity information

• Track data from healthcare system dataset (EPIC)
• Combine all three data sets and analyze them
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Check nighttime light exposure 
between 12 am  to 3 am

Check daytime light exposure 
between 8 to 10 am
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Conclusions and Future Work
• Proposal demonstrates an important step towards:

• Optimizing the location of sensor and gateways communicating using ultra-high 
frequency (UHF) band indoors, helping with maintenance of energy harvesting 
sensors

• Connecting environmental variables with quantifiable health metrics

• Currently also investigating ways to improve effectiveness of light sensors 
through proper placement in buildings

22



Spring 2021
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