
How can I re-watch or share a recording of this webinar?
A recording of this webinar and the slides can be found here.

Are there spectral libraries available for use by anyone not working with a university/research 
establishment?
Yes! ENVI has several spectral libraries built in. Here is a link to all references for the spectral libraries that 
come with ENVI. Spectral Tools References (l3harrisgeospatial.com)

What is the minimum amount of bands for hyperspectral?
I would put multispectral in the 10s of bands and below. Hyperspectral is more in the 100s of bands range.

What percentage of Sunlight that hits the outer atmosphere actually reaches the surface of the earth?
NASA says that around 70% of the sun’s light reaches the earth’s surface after atmospheric absorption and 
scattering. Here is the diagram of the solar radiation http://www.climatechange2013.org/images/figures/
WGI_AR5_Fig2-11.jpg. In the VIS (0.4 to 0.7) the transmission is ok for a standard atmosphere, nadir 
viewing, 100 km atmosphere, with nominal scatters.  Maybe 50% at 0.4um and 80% at 0.7um.  A MODTRAN 
run can give you this information.  There could be heavy blue (i.e, Rayleigh scatter) at short wavelengths, 
however.  That lowers transmission significantly (along with long path lengths). Maybe 20% at 0.4um and  
40% at 0.7um The Sun is a 5800K blackbody so it can go out to 3um.  In the water bands the transmission is 
almost zero.  Outside of those bands, maybe around 90%.

How can you fuse hyperspectral and LiDAR data? Is there an advantage to doing that?
I view this as the optimal data source. This not only gives you spectral information about your target but also 
height information. I see this as giving you limitless options on what questions you can answer. Also, I would 
say you do not necessarily want to fuse the data but rather co-register the data.  That way when you are 
interrogating an area, you can be certain that all your data is lining up. 

What about fusing multispectral and hyperspectral data?
What would you want to be fusing between the two? If you have hyperspectral data, you don’t really need 
multispectral because it will contain the same information as multispectral and more. The catch is that you 
likely won’t have the spatial resolution of multispectral sensors.

Is it useful or important to acquire atmospheric data for the collection environment?
The more information you have, the better. If you decide to use FLAASH Fast Line-of-sight Atmospheric 
Analysis of Hypercubes (FLAASH) (l3harrisgeospatial.com) for your atmospheric correction algorithm, there 
are many different parameters that it will ask for. 

Is the MULTISPEC software a good way to start off on spectral analysis?
I am somewhat biased, but I think ENVI is the perfect software to start off with spectral analysis. The 
MULTISPEC software does look very interesting but for ease of use and a shorter learning curve I would still 
go with ENVI.

Does drone data automatically convert pixel value to reflectance value?
Depending on your data, it is likely that you will still need to do a bit of preprocessing before the values are in 
surface reflectance.
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How can I normalize the data for two hyperspectral images to transfer the model which were made in one 
image to the other?
In order to normalize your data, you will want to first have all the values in reflectance. Once that is complete, 
then use a tool like Spectral Resampling to get the wavelengths values into the same range. Spectral 
Resampling (l3harrisgeospatial.com) 

For low altitude acquisition where atmospheric correction may not be necessary, is the radiance output 
of the radiometric calibration equal to the surface reflectance or is there still one more step to get it into 
units of reflectance?
Best practice: one should still atmospherically correct drone data because the light hitting the ground 
has traveled through the atmosphere. The main thing is to be consistent. You can also compare to library 
reflectance spectra. The idea with atmospheric correction is that we’re removing the effects of the 
illumination source, in most cases, the Sun. In low altitude aerial collection, the illumination source is still the 
Sun and its illumination has passed through the atmosphere. The radiance product will have the illumination 
influence. Conversion to reflectance would still be needed if your interest is to compare reflectance. In 
hyperspectral processes, to make classification, atmospheric correction is always necessary. Especially with 
hyperspectral and images that may have a varying atmosphere across the image. 

How is hyperspectral useful for LULC classification for automation? 
Once the model is built, it runs very fast. It is just building the LULC model that can be tricky. In ENVI, each 
pixel needs to be labeled or else it will be considered background. This can make building LULC classification 
models time consuming.

Any applications of Deep Learning in the spectral space rather than spatial?  
Deep Learning seemingly does a fantastic job at classifying everything. The only complicating factor is that it 
requires a lot of input data to train the algorithms. If the data is structured in the correct way, deep learning 
can be used to get a very good result whether you are trying to classify pixels on the ground or atmospheric 
effects.

Could you explain what gain is?
Gain is a value added to an image, per sensor, that generally increases the DN value. “Gain” in this context is 
the same as what you would have learned from the equation Y = mX + b.  Here “m” is a multiplicative slope 
term (called gain) and “b” is an additive offset term (called bias).  In remote sensing, the model is often 
written radiance = gain * inputDC + offset.  OR L = g* DC + upwelled radiance.  L is radiance, DC is the image 
digital count, g is a multiplicative term and “b” is an offset (usually the scattered skylight or upwelled radiance 
or photons that do not interact with the pixel you are examining).  “g” will represent all the light interaction 
with your pixel or target of interest (sunlight, downwellled light).

If you wanted to classify let’s say water (in a single class) in an image, but you have lakes, rivers, shallow 
ponds with turbid water, how would you go about it?
I would classify each type of water and then join all the classes into a single “water” class.

Why does dry grass have higher values than green grass?
A pigment in green grass called chlorophyll uses mainly red and blue light for photosynthesis. This absorption 
of red and blue light shows up in the spectral profile, green light is reflected and that is why grass looks green 
to us. When the grass begins to senesce, the chlorophyll becomes less productive and in turn absorbs less 
light. This shows up in the spectra as a higher reflectance value.

Are the hyperspectral data sets you used freely available especially for other continents?
You can request DESIS from the German space agency for research purposes
https://www.dlr.de/eoc/desktopdefault.aspx/tabid-13629/23675_read-54295/. AVRIS NG is available 
through NASA JPL https://avirisng.jpl.nasa.gov/dataportal/. 
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So, the classification methods that Austin mentioned are not deep learning but are they not part of 
machine learning? If not, can you please define what machine learning (not deep learning) is?
Machine learning algorithms are a large group of algorithms that are designed to solve a problem with 
minimal user input. Deep learning is a subset of machine learning that, for remote sensing, commonly tries 
to emulate how our eyes identify features in imagery. Machine learning algorithms need examples of things 
to identify and features to ignore. Traditional algorithms only require one example (i.e. spectral library as 
reference example) and they map where it is in your scene.

What would change if you use an EMR source other than the sun?
The radiance seen in a collected HSI image with a source other than the sun would be a combination of the 
material reflectance and absorption coupled with the incoming radiance.

Would calibration panels used to correct for Atmospheric effects in drone or aerial imagery?
Absolutely!

When you are doing fractional percentages on spectral unmixing, it sounds like an assumption is made 
that that the signal is made up of equivalent contributions of a pigment for example (e.g. extinction 
coefficient for Beer-Lambert’s law is the same).  Is this the case?
The reflectance at each pixel of the image is assumed to be a linear combination of the reflectance of each 
material (or endmember) present within the pixel. Linear Spectral Unmixing (l3harrisgeospatial.com)

Do you have experience with unmixing spectral information? Are there any methods for when not all the 
endmembers are known?
ENVI has several tools for spectral unmixing. Here is a link that walks you through the use of many of 
them (Linear Spectral Unmixing (l3harrisgeospatial.com) and also some background on what spectral 
unmixing is. With regards to not knowing all the spectra present in in the image, the two methods I would 
point you towards are Matched Filtering (l3harrisgeospatial.com) and Mixture Tuned Matched Filtering 
(l3harrisgeospatial.com).

Curious to know more about spectral resampling. What are the methods used to go from hyperspectral 
data like PRISMA to multispectral data? 
I use the Spectral Library Resampling tool to resample spectral libraries to match either the response 
of a known instrument like PRISMA, an ASCII wavelength file (with or without full-width-half-maximum 
information), or the wavelengths of a specific image input file. The resampling method you use depends on 
the input information. If you only provide wavelengths (band centers), ENVI assumes critical sampling and 
uses a Gaussian model with a FWHM equal to the band spacings. If you provide wavelengths and FWHM 
information, ENVI uses a Gaussian model using the FWHM spacings. If you provide a filter function, ENVI uses 
that for the resampling. Spectral Libraries (l3harrisgeospatial.com)

Since this is a ‘Hitchhiker’s Guide’ this is a sci-fi question: As someone who works with hyperspectral 
data often, do you fear the capabilities in the future will ever be able to create a hyperspectral index of an 
individual person? And if sensors were ever vast enough, be able to monitor and track the movements of 
an individual person?
Hypothetically, I could see this being a possibility however, I think that a cell phone is a much easier and more 
ubiquitous tracking tool.   

Is the Prasad Thenkabail talk Austin is referencing available as a recording that we could access?
For sure! The talk can be found at Advances & Challenges of Hyperspectral Data in Agriculture & Vegetation | 
Dr. Prasad Thenkabail - L3Harris Geospatial
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Which atmospheric correction method is better QUAC or FLAASH? 
FLAASH uses MODTRAN to model the atmosphere for the date, time, and location of the collection. Whereas 
QUAC uses scene-derived spectra. FLAASH is generally considered more rigorous and accurate. However, 
FLAASH does require many more user inputs and because of that can be challenging to use. Here is a great 
user guide that gets into the nitty-gritty of both tools. ENVI Atmospheric Correction Module User’s Guide 
(l3harrisgeospatial.com)

For the freely available data (Landsat, AVIRIS, etc.), do they have to be corrected radiometrically and 
atmospherically prior to data analysis?
You can request a reflectance product from both, just make sure it is surface reflectance and not top of 
atmosphere, these are two very different things. It is also important to note that if you are using different data 
sets, it is preferable to use the same atmospheric correction models on all the scenes. By using the same 
models you eliminate some of the error introduced by the algorithms themselves.

I am working on Super Resolution of HSI. I see a lot of papers using convolutional neural networks and 
supervised learning for this purpose. This requires a large amount of data (typically thousands of images). 
However, the researchers usually use publicly available datasets, such as Indian Pines or Pavia (which 
contain only 1 image). How are they training neural networks with such limited data?
Great question. I haven’t used super-resolution algorithms for hyperspectral data, but I think an important 
point for deep learning is that a research paper does not always translate to a production ready classifier (i.e. 
something you would use in a real-world application). I work a lot with deep learning and, if you don’t have 
enough data, you’re not always going to create a classifier that can be widely applied. Another thought here is 
that, because hyperspectral data is so large, increasing resolution by 2-3x will increase your data size by 4-9x 
which could make your data very hard to work with. There are also some cool algorithms that help you detect 
features smaller than your pixels in your hyperspectral data and these can be found in ENVI.

To follow up on my previous question about super resolution, you mentioned algorithms that help to 
detect features smaller than pixels in ENVI. Can you please give me an example of such algorithms?
The class of algorithms is spectral unmixing or sub-pixel analysis. They can give you an idea of the fraction 
of a pixel that matches known spectra. The only catch is that you do need to know what you are looking for. 
Linear Spectral Unmixing (l3harrisgeospatial.com)

Does reflectance coefficients vary from band to band? Or same values for each band? Obviously, the 
bands differ in the way they interact with atmospheric elements.
It depends. Typically, they vary band to band because of differing absorption features present at different 
wavelengths.

Is Theta (angle) and Solar Irradiance the same for all bands when computing top of atmosphere 
reflectance? If this is the case wouldn’t it mean that the gain and offset values are the same for all bands. 
Or are the values band specific?
These values will vary with each band because the solar irradiance is not equal at all wavelengths. If you 
look at this image you can see how the irradiance is wavelength dependent (Solar spectrum en - Solar 
irradiance - Wikipedia.) If we look at the equation under the reflectance section Radiometric Calibration 
(l3harrisgeospatial.com) we can also see that it requires ESUN_λ=Solar irradiance in units of W/(m^2*μm) 
where the λ denotes that this value is wavelength dependent.

Are the band gain values included in the Header File?
Yes, the gain and offset values for both digital number -> radiance and radiance -> reflectance will be stored 
in the header file if present. Here is a link that talks about field names associated with each gain and offset in 
the header file ENVI Header Files (l3harrisgeospatial.com) 
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Are these parameters ingested into ENVI Atmospheric Correction tools such as FLAASH automatically? In 
other words, the Header File is read directly and correctly? 
Some of the parameters will be read in automatically if they exist. For example, if the dataset has the 
collection time and spatial reference, these are read automatically. There are some other parameters you 
might want to tune in yourself with the FLAASH interface. Here is a link to the FLAASH documentation that 
can help walk you through the steps and explain what parameters are read in automatically Fast Line-of-sight 
Atmospheric Analysis of Hypercubes (FLAASH) (l3harrisgeospatial.com)

Does ENVI have these tools built in?
Yes, everything that Austin has shown has been processed using ENVI.

Do we have hyperspectral space (earth observation) instrument currently active?
Yes. Desis and HISUE are both on the International Space Station. DESIS is VNIR only. Academics can 
get DESIS data from the DLR—German space agency or tcloudhost.com. There is also PRISMA which is 
a satellite-based system that was built by the Italian Space Agency and is on a technology demonstrator 
mission.

Can you point me to available hyperspectral data with ground truth?
AVIRIS NextGen data is a great resource and can be found at NEON | Explore Data Products (neonscience.
org). The National Ecological Observatory Network (NEON) provides open data to understand changing 
ecosystems
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