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SPIRIT* (Spatially Resolved Infrared Imaging 
Thermography)



4

Data 

Collection, 

Integration 

and Analysis 

Framework 

for Building 

IAQ



Infrared Technology for Building Diagnosis
Benefits of thermal Infrared–based 
building diagnostic:

• Rapid data collection

• Provide visual and recordable 
information

• Nondestructive testing

• Safe working distance

• Price affordable



Types of Building Defects Detected by 
Infrared Camera

• Poor or missing insulation

• Moisture Issues

• Air leakage/ air infiltration

• Thermal Bridge

• Hot water riser poor insulated



Missing or Poor Insulation



Moisture Issues



Air Leakage or Air Infiltration



Thermal Bridge



Poorly Insulated Hot Water Riser



Detectable Building Defects by Infrared Thermography

Defect Types Description Infrared Image Quantification

Poor/ missing 

insulation

Missing or poor insulation areas appear as light/dark 

colored patches with distinct edges outlining the 

problematic areas. 

1. Poor or missing 

insulation area (sf)

2. Percentage of missing 

insulation (%)

Wet 

insulation

Wet insulation is often temporary and usually 

appears as areas without distinct edges. 

1. Wet insulation area (sf)

2. Percentage of wet 

insulation area (%)

Moisture Moisture areas usually appear as dark/cool areas 

without distinct edges. 

1. Moisture issue area (sf)

Air leakage 

/ Air 

infiltration

Air leakage usually appears as light/dark areas in 

building corners or near structural joints.

1. Temperature factor (fRsi)

Thermal 

bridge

Thermal bridges usually appear as light/dark areas 

with linear features as they are often related to 

structural components that penetrate the insulation 

layers. 

1. Temperature factor (fRsi)

Hot water 

Riser

Components of HVAC systems are not well 

insulated, causing elevated temperature in part of 

wall surfaces. 

1. Hot water riser surface 

area (sf)

2. Hot water riser surface 

temperature (°F)



Projecting Infrared Image Onto Scan Data

Indoor 3D Thermal model: provide us with dimension and area information



Building Attribute Extraction and Performance Grading

Apartment Location Information

• Floor information

• Corner information

• Orientation



Building Attribute 
Extraction and 
Performance 

Grading

Thermal Comfort
• Real-time indoor air temperature

• Real-time indoor air relative 
humidity

• Real-time thermal comfort level

• Dew Point

Clo: a measure of clothes thermal 

insulation

MRT: Mean Radiant Temperature



Performance 
Grading by 
Performance 
Attributes
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Source: Thomas, N., Calderόn, L., Senick, J., Sorensen-Allacci, M., 
Plotnik, D., Guo, M., Yu, Y., Gong, J., Andrews, C., Mainelis, G. 
Application of three different data streams to study building 
deficiencies, indoor air quality, and residents’ health – Submitted 
to Building and Environment, November 2018

Correlation of 

Missing Insulation 

and Particle 

Concentration



IR  scanning 
data

IAQ data

Questionnaire 
data

Association between missing 

insulation and IAQ parameters and 

questionnaire data



http://greenmanual.rutgers.edu/existing-residential/; https://www.energystar.gov/ia/partners/publications/pubdocs/DIY_Guide_May_2008.pdf

Cost-Effective Envelope Improvements

http://greenmanual.rutgers.edu/existing-residential/
https://www.energystar.gov/ia/partners/publications/pubdocs/DIY_Guide_May_2008.pdf


Low-Cost Cleaning Interventions (1of 2)

Use of mop with microfiber cloth

• Lower PM2.5, PM10 and total PM 
observed in apartments where mop 
with microfiber cloth was used and 
satisfaction was positive.  Statistically 
significant for Phases II & III.

Use of microfiber cloth

• Lower PM concentrations observed with 
the 1-hr direct reading instrument in 
Phase III vs Phase I  where microfiber 
cloth was used and satisfaction was 
positive.
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 PM10-DRX:   F(1,28) = 5.2358, p = 0.0299
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Low-Cost Cleaning Interventions (2 of 2)

Use of baking soda as cleaner

• Lower PM2.5, PM10 and total PM mass concentrations observed 
in apartments where baking soda was used for cleaning and 
satisfaction was positive, NS.

• Statistically significant for 5-10 µm particle number concentrations 
measured using direct-reading instruments.
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Vinegar 
Statistically significantly lower indoor/outdoor PM mass concentration 

ratios (PM1, PM2.5, PM10, Total PM) where vinegar was used and 

satisfaction was positive



From: A Guide to Integrated Pest Management, Rutgers Center for Green Building, in partnership with 

Rutgers Cooperative Extension Specialist in Urban Entomology, as part of a grant from HUD Healthy 

Homes and Lead Hazard Control Program, January 2012

Cost-Effective Building and Site Improvements



Improving Air Quality: A Guide for 

Owners
Improving Air Quality: A Guide for 

Tenants
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