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Detection of subsurface damage formation (delamination) during a 
bridge condition assessment would benefit from development and 

validation of capabilities for mobile infrared sensing.

Bridge Inspection for Subsurface Delamination
• Technologies for efficient bridge condition assessment 

are the focus of transportation research efforts across 
the U.S.  

• Handheld ultrasonic (US) inspection is used, but 
limited by the need for extra training of operators, as 
well as the time required for access and to inspect.

• Infrared (IR) inspection is proving to be useful, but 
limited by available personnel, access and weather 
conditions required for differential heating.     

• The Federal Highway Administration Pool-Fund Study 
is led by researchers at Missouri S&T, with 12 other 
universities. Several participants indicated IR is being 
integrated into condition assessment programs for the 
purpose of scoping renovation activities and focusing 
inspection efforts where most needed. Participants also 
indicated a desire for mobile-mounted systems to 
evaluate deck pavement and deck support structures.  

UK Transportation Research Center 
study of IR sensing versus inspection.
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Pool-Fund IR Studies Considered Weather and Developed a Web Resource
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Expanding this idea to persistent mobile IR bridge 
inspection with UAS, we consider the feasibility.

Missouri S&T developed the IR Bridge Inspection Planner (IR BIP), a web 
site to evaluate temperature and wind conditions for IR inspection. See 
http://www.thermalstare.com/FCIWeatherChecker1.aspx 
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Motivation:
Vision of An Application for UAS IR Bridge Inspection Planning (UAS IR-BIP)
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Outline
• Feasibility Process
• Results for the State of Kentucky
• Expanded Results with Other States
• Project Scheduling with Predictive Data
• Summary
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• Evaluate feasibility by determining the 
likelihood of favorable weather conditions for 
UAS IR bridge inspection via historical data

• NOAA Hourly Normals
• Hourly averages for the years 1981-2010

• Mean Temperature
• Average Wind Speed

• NOAA performed several levels of quality control 
• 262 stations available from the Integrated Surface 

Dataset-Lite (ISD-Lite) 

Anthony Arguez, Imke Durre, Scott Applequist, Mike Squires, Russell Vose, 
Xungang Yin, and Rocky Bilotta (2010). NOAA's U.S. Climate Normals
(1981‐2010). ISD‐Lite. NOAA National Centers for Environmental 
Information. DOI:10.7289/V5PN93JP, accessed July 2015 and May 2016.
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• 1st Metric 
• Temperature difference greater than or equal 

to 15°F (8.3°C)
• Required so that the delamination voids are 

visible with the infrared camera

• 2nd Metric
• Wind speed less than or equal to 10mph 

(16km/h)
• Required for safe operating conditions of the 

UAS around the bridge

• Notes: These requirements alone do not address 
bridge location flight restrictions or bridge traffic 
control constraints.
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• Each hour is evaluated using the two metrics
• If 1st and 2nd conditions were both 

satisfied, UAS IR inspection is feasible 
(and was assigned a “1”)

• If one or the other metric was not 
satisfied, UAS IR inspection is not 
feasible (and assigned a “0”)

• Hourly results (1 or 0) were added for each 
day and divided by the total number of 
daylight hours (per Astronomical Applications 
Department of the U.S. Naval Observatory), 
to obtain a percentage indicating feasibility of 
UAS IR inspection per historical data.

%	ݕݐ݈ܾ݅݅݅ݏܽ݁ܨ ൌ
ݏ݊݋݅ݐ݅݀݊݋ܿ	݈ܾ݁ܽݐ݌݁ܿܿܽ	݄ݐ݅ݓ	ݏݎݑ݋݄	݂݋	#

ݕܽ݀	݊݅	ݏݎݑ݋݄	ݐ݄݈݃݅ݕܽ݀	݈ܽݐ݋ܶ ൈ 100
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State of Kentucky:
• Hourly normals are available for 5 

stations in Kentucky
• Locations are at airports
• Geographical characteristics at 

the locations ranged from 
mountains (1) to rolling hills 
(1) to beside the Ohio River (3)

• Sufficiently spaced across the 
state to capture the diverse 
Kentucky weather
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State of Kentucky Results:
• Percentage of total daylight for 

which favorable weather 
conditions exist for each station 
were calculated for all 12 
months of the year 

• Comparison among the 5
regions indicated optimum 
months for the use of a UAS 
with IR are from May to 
October for 3 regions and not 
feasible any month for the 
mountain region.
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State of Kentucky Results:
• Historical daily temperature plotted 

for the Blue Grass Airport in 
Lexington. 

• The time range for which the 
temperature condition is satisfied 
occurs between 1:00 pm to 7:00 pm.

• Combined with optimum conditions 
for wind and compared to the other 
four stations, KY optimum time is 
generally 11:00 am to 5:00 pm
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Expanded Results:
• Variation of KY results among 

the stations prompted selection 
of sites across the U.S. 

• 7 additional states with varying 
geographical characteristics 
were selected as indicated on 
the map. 

• The process was repeated for 
each of these sites.

State # of Stations
Oklahoma                     2
Nebraska                       7
Arizona                         4
New York                      2
Massachusetts               2
Washington                   5
Kentucky                       5
Missouri                        4
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Comparison of the results from historical data for the Southwest region (Phoenix, AZ) and 
the New England region (Boston, MA) indicated that the use of UAS IR bridge inspection 
is only viable in certain regions. 
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Temperature 
Gradient

PrecipitationWind Speed

NOAA Hourly Forecast
• 5 day forecast
• Hourly Temperature,  Surface Wind Speed, Precipitation

Comparison to Actual Measurements
• Recorded the 5 day forecast for 5days in the fall 2015 and 5 days in the 

spring 2016
• Compared a the accuracy of the predicted go, no-go decision to actual 

conditions that day 

Project Planning
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• The hourly weather forecast is available as 
shown (or in tabular form) for a given 
location/date/time combination. 

• Forecasts were recorded for 5 days during Fall 
2015 and Spring 2016. Forecasts were 
evaluated up to 5 days forward in time.

• The main goal was to check viability of using 
long-term forecasts for scheduling UAS IR 
bridge inspections the following week.

• By comparing the predicted values to the 
measured values provided by NOAA for the 
same location it was found that accuracy was 
90% (Fall 2015), and 80% (Spring 2016) for 
making a go, no-go decision in Lexington, KY. 
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Weather Requirements for UAS IR Bridge Inspection
• Temperature gradient minimum
• Wind speed maximum
• Other requirements not addressed here (FAA Regulations, Traffic Control, etc)

NOAA Historical Weather Data
• Used the hourly normal based on the 30 year averages for a given station to find 

the probability of favorable conditions and best time of day
• Feasibility ranged from near-zero to 50% of daylight hours for the month
• Some states had near-zero feasibility at all stations for all months due to high 

winds or low ΔT or a combinations of both  

Project Scheduling
• Evaluated the hourly weather forecast approach during both Fall and Spring seasons
• Precipitation was included as well as wind and temperature
• Lexington, Kentucky showed 80% to 90% success of long-range inspection scheduling

Summary
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Questions?


