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Measuring reflectance

Area between the tarps that is sampled by the imager
▪ Want to measure the reflectance of a large area at the same time of 

sensor overpass

▪ Goal is to compare the reflectance measured by the sensor to that 

on the ground



Measurement of surface reflectance

The most straightforward method for obtaining surface 

reflectance of a specified area is from the ground

▪ Surface reflectance is determined by referencing measurements of the 

upwelling radiance from the site to those of a panel of known reflectance

• Spectralon panel

• Reflectance of Spectralon is characterized in the laboratory

▪ Radiometer is transported across a site

• Spectra are collected at specified intervals

• ASD FieldSpec FR is currently used by three groups at UofA

• GER, Ocean Optics, & Licor spectrometers are also appropriate

• Multispectral systems such as Exotech B-100 radiometer are used

• In theory, the instrument should have no effect since ratioing should 

remove instrumental effects (more on this later)



Use of reflectance factor

As mentioned, reflectance is retrieved by reference of site 

measurements to BRF of known panel
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Step 1 - obtain reflectance 

factor of the field panel relative 

to the reference of known 

reflectance factor

Step 2 - Measure the output of a 

radiometer viewing the field panel in 

the field

Step 3 - Measure the output of the 

same radiometer viewing the surface of 

interest

Step 4 - Compute the reflectance factor 

of the surface via the field panel
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Panel set up

Reflectance standards are moved along with the person walking 

the site
▪ Leveled at each location

▪ Oriented in the same way relative to the sun each time



ASD and Panel

Location of personnel plays a role in the results

▪ Note the additional personnel 

taking notes

• Should be away from the 

panel

• Can be close but must be in 

the same location for all 

measurements

▪ Location of foreoptic plays a 

role in that reflection of light 

from the optics plays a role

▪ Users stand 90 degrees to the sun to limit reflection onto the panel

• Color of shirts is not critical in this orientation

• Can be an issue in other orientations



Reflectance - site measurement

Next step is to collect data of the actual site of interest
▪ Sampling rate and methodology is based upon the uniformity of the site and 

purpose of the collection

▪ Attempting to simulate a satellite sensor GIFOV is different than collecting 

spectroscopic data of specific surface types

▪ Want to ensure that the collection methodology does not bias the answer

▪ Other factors include fatigue, time to collect the data, atmospheric 

conditions, instrument stability



Measuring reflectance



Reflectance - sampling method

Ikonos image to right 

shows the RSG’s sites at 

RRV 
▪ Horizontal site with vertical 

paths is for pushbroom 

sensors

▪ Faint vertically oriented site 

for whiskbroom scanners

▪ Paths visible to left of road 

are for instrument 

intercomparisons and testing 

(to avoid degrading the site)

▪ Basic layout of RSG site is 

historically determined from 

first use with Landsat-5 TM

• 16 detectors - rows

• 4 columns for averaging



Reflectance - sampling method

Approach is to collect data continuously while walking the site 

using an 8-degree (or similar) field of view

▪ Larger field of view would improve SNR but also increases BRDF effect

▪ Walking continuously while collecting improves the spatial sampling

▪ However, the amount of area actually measured is still extremely small

• Each data point covers an area of about 0.06 m2 when the sensor is 2 m 

above the ground

• There are 480 X 20 total samples in the collection of the pushbroom site

• Thus, we are sampling 480 X 20 X 0.06 = 580 m2

• The area of the site is 300 X 80 m = 24,000 m2

• And the reflectance collection samples about 2.4% of the site

• Realizing that some of the samples will overlap causes the actual value to 

be smaller

▪ Doubling the field of view or doubling the height will double this sampling

▪ As an aside, the footprints on the test site occupy a width of about 0.5 m 

and thus they cover about 2.5% of the site



Reflectance - RSG sampling

It takes approximately 30 minutes to collect data of the 

pushbroom site

▪ Smaller site may not give enough data to allow characterization of the site

• RSG case, we collect the same way each time, thus the site must be 

suitable for GIFOVs ranging from 0.6 m to 50 m.

• Larger GIFOV work uses a different site

▪ Larger site would require more time

• Sun angle changes more (though  this is 

taken into account in  processing not all 

groups account  for it)

• Atmospheric conditions can change 

giving a different hemispheric irradiance

• Fatigue of person can lead to mistakes 

such as improper pointing of instrument

• Instrument stability can be an issue



Reflectance - sampling

Speeding up the collection would improve the results

▪ Sampling within the site could be altered to speed up collection

• 8 samples that are averages of 20 spectra are collected every 20 m

• Fewer spectra per sample decreases SNR & forces person to walk faster

▪ Fewer lines (or transects) could be collected

• Reduces sampling of the site

• For RSG sites this would not be an issue but other sites may require the 

spatial sampling (easier to always use the same procedure everywhere)

▪ Taking fewer reference measurements would decrease the time needed

• Instrument instability becomes an issue

• Atmospheric changes between the reference and site measurements 

causes errors

▪ aves some time by continuously collecting rather than stopping and 

sampling a single point



Reflectance - sampling method

For large footprint sensors we characterize a 1-km2 area

▪ Site sampling is more critical in this case since we are measuring a larger 

area

▪ Cannot use the same sampling strategy as for the previously-described 

sites since it would require nearly 43 hours of collection



Site Reflectance

Compile all of the data collected from a given site into a single 

average and standard deviation
▪ Plot below is average and standard deviation of the region between the 

blue tarpaulins

▪ Plot also shows standard deviation of average

• Given in percent of reflectance
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BRDF

Now that we have discussed reflectance retrieval, the difficulty 

in retrieving BRDF is clear
▪ Now we need to measure reflectance at a variety of view angles

▪ Because the goal is BRDF we also need to make the measurements at a 

variety of source angles

▪ Finally, because sites are not homogeneous spatially, the measurements 

should be made for multiple locations that sample all possible surface types 

in the test area

▪ Major difficulties are in how to sample the site (as will be seen in later 

examples)

▪ Correction for the atmosphere is essential if the product is to be BRDF 

(rather than HDRDF)

▪ Thus, take all of the problems we have with measuring reflectance and 

include them here plus multiple other issues


