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Fit better schedule wise and gives another bit of an 

overview before going into the details
 Goal of vicarious calibration is to determine the sensor’s 

calibration coefficients

 Conversion of sensor measurement to physical quantity 

such as spectral radiance

 Done at top-of-the atmosphere

 Two key pieces are
 Sensor output

 Top-of-atmosphere-radiance

Start at the end



Take reflectance

Sample output showing retrieved reflectance, variability across 

the site, and bands used for averaging



Take atmosphere

Sample output showing retrieved 

atmospheric parameters, variability 

with time of sky irradiance and 

aerosol sizes



Combine to get at-sensor radiance



Include summary outputs



This is really what we want

At-sensor radiance, band integrated to match spectral 

bands of interest



Calculations require an assumed solar irradiance
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There are differences between solar models



Solar model differences

Differences are largest in the SWIR and can cause issues 

in deciding on the calibration coefficients
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Choice of solar model is driven more by processing 

codes than calibration science
 Validation of the sensor calibration or on-orbit calibration 

should be traced to the same solar curve as processing 

methods

 Nearly all systems will be used to produce reflectance

 Sensors calibrated in radiance and then converted to 

reflectance require a solar model
 Sensors calibrated against a diffuser do not need a solar 

model

 The solar model used for reflectance conversion should be the 

same as in vicarious calibration

Solar model selection



Calibration coefficient

At this point finally have an at-sensor spectral radiance 

predicted for the bands of interest
▪ This needs to be compared to the sensor output for determination of the 

calibration coefficient

▪ Could also compare to the reported spectral radiance as part of a radiance 

validation

▪ Need the sensor output from the area of the ground measured by the 

spectrometer

• Test sites used are typically uniform enough that geolocation is not critical

• Enough non-uniformity that the location must be known reasonably well

▪ Use tarpaulins to mark the edge of the site

• Evaluation the average and standard deviation of the sensor output in this 

region

• Shift region by 1-2 pixels to evaluate effect due to surface heterogeneity



Getting the sensor output

University of Arizona



Geolocation



Processing level of the imagery plays a role in the 

approach used and simplicity
 Raw data can 

create 

interesting 

artifacts

 Raw data do not 

have as many 
resampling 

artifacts

 Ground control 

points help 

locate area of 

interest

What type of data?



For most uniform test sites, the use of a corrected scene is 

suitable
 Simplicity over perfection

 Geometric resampling uncertainties are minimized for uniform 

sites

 Can avoid use of tarps and rely on geographic information in 

the scene data

 Evaluates the full calibration processing scheme of a system
 This can be quite complicated for non-linear systems

 Difficulty is that offset versus gain issues will be buried in the 

processing

 One can always go back to the raw imagery if an artifact is 

uncovered

What type of data



DN to radiance conversion

The goal of radiometric calibration is to determine the 

conversion factor from DN to radiance
▪ The most basic case is shown below

• No offset for the sensor

• System is linear

▪ Offset refers to the output that would be obtained if there were no input 

radiance (dark signal)

DN output
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Absolute radiometric calibration

Calibration coefficient is the factor that we use to convert DN to 

radiance
▪ Also referred to as gain and counts per unit radiance (CPUR)

▪ Units are a mix of possibilities

• DN/[W/(m2 sr μm)]

• [W/(m2 sr μm)]/DN

▪ For the system shown in

– the graph, the calibration

– coefficient is 

– 2.00 DN/[W/(m2 sr μm)]

▪ Or, it could be 

– 0.500 [W/(m2 sr μm)]/DN

▪ Equation is simply

– A=Radiance/Counts Input Radiance (W/m^2 sr micrometer)
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Absolute radiometric calibration

The more difficult case is one in which there is an offset

▪ Sensor designers create an offset to allow an input of zero radiance to be 

determined

▪ In this case, the calibration coefficient is the same as with no offset

▪ Equation to compute at-sensor radiace is

– Lsensor=[DN-offset]*A=[DN-20]*0.5

DN output
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Calibration coefficient

The next level of complexity is that the system is no longer 

linear
▪ Very common for TIR 

systems to be non-linear

▪ Uncommon in the solar 

reflective

▪ It is still possible to 

characterize the system

• Need more measurements 

to understand the level of the 

non-linearity

• Requires more parameters 

to model

▪ Will not be concerned with 

this case in this course Input Radiance (W/m^2 sr micrometer)
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CPUR or RPUC?

Why use one calibration coefficient instead of the other

▪ Depends on the purpose of the number

▪ Easier for the application community to have radiance per unit count

• Multiply sensor output by calibration value to get to radiance

• Used to be more efficient computationally

▪ Counts per unit radiance is more desirable for sensor engineers

• Degrading system has decreasing CPUR

• Higher radiance is needed to give the same output counts for a degraded 

system

▪ Numerous other methods

• ASTER keeps the calibration values for the user constant with time and 

preprocesses the sensor counts to account for sensor changes

• Landsat-5 TM had similar approach in the 1990s

• Key is to ensure that the user is well aware of the methods used for a 

particular sensor



Validation

Another way to calibrate a sensor is through validation which 

evaluates the accuracy (and/or precision) of data products
▪ Evaluate whether retrieved reflectance from sensor matches “real” value

• Problem is determining the real value

• Ground-truth measurements are one way to do this

▪ If the “real” values match the retrieved values to within the accuracy of the 

approaches the sensor is validated

▪ Validation must occur at all levels of processing

• Amount of chlorophyll derived from SeaWiFS relies on a relationship 

between reflectance and chlorophyll concentration

• Reflectance depends on the at-sensor radiance

▪ Could simply validate the derived chlorophyll but this is risky because 

several effects could offset each other

• Atmospheric correction overcorrects giving too low a reflectance

• Calibration could give too large a radiance giving a high reflectance

▪ Many groups will adjust the calibration to make the retrieved parameters 

match



Radiance validation

Radiance validation is effectively the same as radiometric 

calibration
▪ For radiometric calibration the goal is to determine the relationship between 

incident spectral radiance and the sensor output

▪ Radiance validation assumes the calibration is already known

• Preflight or onboard calibration gives the radiometric calibration and thus 

reported sensor radiance

• Independent method is used to predict the radiance at the sensor

• If the predicted radiance matches the sensor radiance to within the 

uncertainties of the two methods, the sensor radiance is validated

▪ For many the subtle difference in radiance validation and calibration is 

critical

• Key is a validation approach assumes the calibration is well understood

• Differences are not used to determine a new calibration, just to indicate 

that a calibration is needed



CPUR

Now have counts per unit radiance

▪ ASTER example for bands 1 (green) and 2 (red)

▪ Blue lines are exponential fits to these data
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Comparison with OBC

▪ Results from Railroad 

Valley cross comparison 

also show differences with 

OBC

▪ OBC data are likely not 

reliable 

▪ Likely caused by an 

unseen degradation in the 

transfer optics of the 

lamps

• Monitors at the lamp no 

longer collecting useful 

data
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Reflectance-based results



Determination of calibration

Clearly, the determination of the calibration is not a trivial 

process
▪ First step must be to determine the requirements

• Landsat results should have been published long before now but small 

changes kept being made with little impact on user’s data

▪ Compare results from independent approaches to verify trends and 

coefficient determination

• Rarely agree to our satisfaction

• Typically agree to within the uncertainties of the methods

▪ Inform the user community

• Information can be supplied with data itself but this is problematic if users 

do not update their results as better calibration is available

• Web site updates are helpful but can be misinterpreted by users

• Journal publications are helpful but may not reach a wide audience

▪ Best option is to develop the perfect sensor


