
Version 2: minimize measured and modeled 

sensor radiances (Borel, 2003)

1. Compute emissivity ε:

2. Where estimated ground 
temperature Test:

3. Compute the RMSE σ of the 
measured and simulated radiance 
or:

Where         is the 3-point smoothed 
emissivity
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Problem: What is the emissivity and temperature?

Version 3: Incorporate instrument 

spectral characteristic (Borel, 2008)
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Observation:

Spectral calibration 

uncertainties of 1/20th

of a channel width 

causes errors in 

selecting “best 

atmospheres” and thus 

emissivity (0.02) and 

temperature offsets 

(>1K).

→ Incorporate spectral 

shifts and channel 

width (FWHM).

→ Leads to better 

selection of 

atmosphere!

Research question:  
How accurately can we measure temperature of  land surfaces 
remotely from space and airborne platforms using thermal 
sensing? Multispectral methods (e.g. Kahle et al (1980), Real-
muto (1990), Hook et al (1992)) require knowledge of atmos-
phere and assumptions of a high emissivity. Land surface emis-
sivity is not spectrally flat (Salisbury&D’Aria, 1992). 

Retrieving  spectral smile using 

spectral fitness index

Problem:

• Spectral response of hyperspectral sensors 
can change (Guanter et al, 2000) – how can 
we determine spectral shifts and full-width 
half-max (FWHM) changes from the data 
itself?

Solution:

1. Break up ARTISAC transmission into K
overlapping spectral intervals (λ). Break up 
MODTRAN transmission into K overlaping
intervals and convolve with N spectral shifts 
(Δλ) and M FWHM response function widths.

2. Correlate with K ARTISAC vectors with 
KxMxN transmission vectors:

3. Determine spectral shift by finding highest 
correlations in 3-D correlation SFI(k,n,m)
volume

–log[SFI(k,n,m)]
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Version 4: Direct inversion of atmosphere 

using Amoeba fit of transmission and path 

radiance (Borel, 2008)
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Insight: If the “correct 

atmosphere” can be found using 

a fit to the ARTISAC estimated 

transmission and path radiance 

then a simple 3-band ratio 

(CIBR) can be used to 

determine the temperature.

→ Emissivity can be 

calculated using the 

estimated temperature!

(This eliminates the time-

consuming TUD-LUT and 

optimal temperature search!)

Introduction to Amoeba (Nelder-Mead 

simplex search) algorithm

Amoeba rules (Press et al,1988):
1. Form a simplex with N+1 vertices 

for a N-dimensional problem.

2. Evaluate function at each vertex.

3. Replace the worst point by 

reflecting it through the centroid of 

the remaining N points.

4. If the point is better than the best 

point expand further.

5. If the new point isn’t much better 

then shrink the simplex.

6. Repeat until number of iterations 

reached or volume of simplex 

below threshold.

(J.A. Nelder and R. Mead, Computer 

Journal, 1965, vol 7, pp 308-313.)

Advantages: Simple, no derivatives needed and large number of parameters possible.

Disadvantage: Multiple runs required to avoid local minima.

Amoeba retrieval of the atmosphere 

from ARTISAC transmission
Fixed parameters for MODTRAN5:

• Model atmospheres: Tropical, Midlat Summer, Midlat Winter, Subarct Summer, 
Subarct Winter and US Standard.

• Modtran band model options: Default model, Medium speed correlated-K or Slow 
speed correlated-K

• Gas species: Water vapor and ozone, all molecular (no CFC) and all gases.

• Aerosol models: no aerosol, no aerosol, Rural 23km, Rural 5km, Navy maritime, 
Maritime 23km, Urban 5km, Tropospheric 50km

• Cloud models: No clouds or rain, Cumulus, Altostratus, Stratus, Stratus/Strato-
Cumulus, Nimbostratus, 2.0 mm/hr Drizzle, 2. mm/hr Light Rain, 12.5 mm/hr 
Moderate Rain, 25.0 mm/hr Heavy Rain, 75 mm/hr Extreme Rain, Standard Cirrus, 
Sub-visual Cirrus, or NOAA Cirrus.

• Gas profiles season for CO2 and Ozone: model atmosphere

• Spectral ranges and sample resolutions: 0.1, 1, 5 and 15 cm-1

• The height functions for changing temperature and relative humidity profiles 
are selectable from: None, Uniform, Linear, Exponential, Gaussian, Raised Cosine 
or Random

Note: Clouds are assumed to be above the sensor, e.g. if the sensor is at 5 km the cloud 
cannot be lower than 5 km. This avoids the case of not seeing to the ground.

Variable parameters for MODTRAN5:

• Temperature (T) and relative humidity (RH) profiles can be modified by:

• Height dependent offset (T) or weighting factor (RH).

• The height parameter for the offset or weighting factor.

• Ozone amount in Dobson units

• CO2 mixing ratio in ppmv

• Cloud parameters (if selected):

• Cloud thickness, 

• Cloud altitude (Amoeba will always put the cloud higher than the sensor), and

• Cloud extinction

• Sensor spectral response parameters:

• Fractional wavelength offset

• Full-width half-maximum multiplier

• View geometry: zenith, azimuth, sensor height, target height

Maximum number of possible retrievable parameters: 15

Note: In the original ARTEMISS 

TUD-LUT approach we were limited 

to 3 parameters: T offset, RH

weighting factor and Ozone amount.

AMOEBA retrieval of transmission and path 

radiance

Example of a 8 parameter retrieval

Smallest RMSE of transmission and path radiance is 2%!

Optimum solution 

found 

Iteration=24

Tempmean 2.22306

htscale 13.6762

rhfac 1.51234

hrhscale 15.4846

o3 342.800

woff 0.05542

vis 20.5272

co2mx 373.336

ARTEMISS-CIBR method to retrieve 

temperature and emissivity

Steps of ARTEMISS-CIBR algorithm:

1. Find a strong atmospheric absorption feature in an atmospheric 

window (e.g. 8-12.5 micron), e.g. in the LWIR the water vapor 

absorption at λ2=11.75 micron is the strongest.

2. Find nearby reference bands with minimal absorption (e.g. 

λ1=11.65 and λ3=11.82 micron).

3. Find the estimated surface temperature Test using a band with 

high atmospheric transmission but outside of the Reststrahlen

feature, e.g. at λ0=10.1 micron.

4. Compute the Continuum Interpolated Band Ratio (CIBR) using 

the estimated surface emissivities for a range of temperatures Ti
centered on an initial surface temperature estimate Test.

5. Compute the temperature Topt which results in CIBR(Topt)=1 by 

interpolation of a table of temperatures and their CIBR.

6. Use the Amoeba derived transmission, up- and down-welling 

radiances to compute the spectral emissivity everywhere. 

Note: The ARTEMISS-CIBR algorithm is very fast (a few seconds 

per cube) and can be done band-by-band thus requiring 

minimal computer memory! Method was inspired by paper by 

Gu & Gillespie, 2000)

GUI for ARTEMISS-CIBR:

ARTEMISS CIBR derivation 

• For each of the bands, the two reference bands and the band in the 

water vapor absorption near 11.7 µm the algorithm evaluates an 

expression as follows:

• Where the weights w1 and w3 are given by:

• Where the wavelength λ2 is the center wavelength of the band in the 

absorption feature and λ1 and λ3 are chosen apart so that they are 

not affected by water vapor. And the emissivities εi are given by:
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• The emissivity is assumed to vary linearly between the wavelengths 

λ1 and λ3. Thus in the case of perfect atmospheric compensation the 

intermediate emissivity ε2 would have a value of ε2≈(w1 ε1+w3 ε3)

which results in CIBR=1. The first estimate for the surface 

temperature is given by:

• By trying a number of temperatures a table with xj=Test+Toff,j , where 

j=1,2,…,N and Toff,j=T0-ΔT/(N-1) and yj=CIBR(xj) can be constructed. 

• The wavelength λ0 is chosen so the atmosphere has a high 

transmission value and the surface emissivities are generally high 

and constant, we use λ0=10.1 µm as a typical value and the 

emissivity ε0=0.95.
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Graphical User 
Interface  (GUI)
for AMEOBA run 
(IDL). 

OK, now does the ARTEMISS-CIBR 

method really work?
Conditions for obtaining “good” to “excellent” results:

• Instrument is well characterized radiometrically and spectrally.

• The atmospheric conditions are well approximated with the modified 

MODTRAN model atmospheres.

Conditions for “bad” results:

• The instruments absolute radiometric calibration is not good – this 

causes too high or too low surface temperatures and to low and to high 

emissivities.

• The instrument’s spectral response function (e.g. shape and FWHM) is 

different and the shift is not corrected. This usually results in choosing the 

wrong atmospheric conditions and again results in temperature and 

emissivity offsets.

• The Amoeba algorithm finds a “good” match but it is for an atmosphere 

which is quite different from the actual atmosphere. More than one single 

Amoeba run will be required to find best match. We postulate that this 

may happen if the number of bands is smaller, e.g. 128 versus 256.

Conclusions and future work

• A number of improvements to increase performance 

and speed of execution the ARTEMISS temperature 

emissivity separation algorithm

• The combination of AMOEBA retrieval of the 

atmospheric parameters and the very simple 

temperature retrieval based on a three-band ratio 

technique and analytic solution for the emissivity is 

promising. 

• The described algorithms have been tested on some 

hyper-spectral sensor data but more tests are needed 

to establish the validity of the retrieval. 

• Retrieving accurate temperature and  spectral emissivity 

is a complex problem for even the simplest cases 

requiring well calibrated and characterized hyperspectral

sensors.
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Version 1: Smooth emissivity retrieval 

algorithm (Borel, 1997)

Realmuto, 1990: Temperature Emissivity Separation (TES) is 

a underdetermined problem – given N radiance 

measurements, find N+1 unknowns (T and ε(λ)).

Solution: Vary temperature Topt so that the variance σ is 

minimized:
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Example CIBR for a randomly chosen pixel for simulated data

For a simulated 

case:

If we use the same 

atmosphere for the 

retrieval we obtain 

the correct 

temperature.

Small amounts of 

noise will produce 

temperature errors. 

Thus high signal-to 

noise sensors are 

required!
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