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Hyperspectral Imaging

» Measure the specfrum of the
reflected/emitted radiation, i.e. its distribution
as a function of wavelength.

» The observed radiance spectfrum is physically
related to the specitral signature of the
observed material (reflectance or emissivity).

» The high spectral resolution promises great
benefits in all the different levels of
exploitation of the spectral information using
the continuum spectrum or investigating
specific (diagnostic) spectral features

» Increased complexity of the processing chain
to get reliable quantitative information

Quantification: determines the material
abundance.

Characterization: determines variability
of identified materials (e.g. wet/dry sand,
soil particle size effects, etc.)
Identification: determines the unique
identity of the foregoing generic
categories (e.g. material identification)
Classification: determines generic
categories of the foregoing classes
Clustering: separates materials into
spectrally similar groups

Detection: Determines the presence of
materials, objects, activities or events

Coarse to fine spectral information



Applications (1/2)

Area surveillance

Marine scenario

» Coastal/Littoral control

» Search and Rescue

Land Scenario:

» Area control (defense and security)
» Crime Investigation: (Search of

Hidden Vehicles, illegal operations)

Environment
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Applications (2/2)

Forestry/vegetation Geology and soil Agriculture

= Vegetation status indicators o Top soil composition > Crop stress
= Stem counts and density estimation o Mineral mapping » Precision farming
= Gap assessment o Mine waste monitoring > Invasive weed mapping
= Forest health o Soil erosion > Biomass and nitrogen mapping
= Vegetation species mapping o Soil salinity > Crop growth
= Chlorophyll and Nitrogen mapping » Carotenoid leaf content
= Forest biomass estimation in vineyards
> Plant health (water, stress,
chlorophyll).

> Disease mapping.



Growing interest in the RS scientific community

Hyperspeciral

Number of papers per year in the remote sensing area

on hyperspectral and radar.
J. M. Bioucas-Dias et al., Hyperspectral Remote Sensing Data Analysis and Future
Challenges, IEEE GRS Magazine, June 2013



Satellite sensors

Adapted from: J. Transon et alii, Survey of Hyperspectral Earth Observation Applications from Space in the Sentinel-2 Context, Remote Sensing, 2018, 10, 157.
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Alrborne sensors: VNIR-SWIR

VNIR-SWIR domain
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Alrborne sensors: MWIR and LWIR

Manvufacturer | Sensor #Bands Spectral range Spectral IFOV FOV
(mm) resolution (mrad) (°)/samples
(nm)
ITRES TASI 8-11.5 250 1.2 40°/600
MASI 3-5 32 1.2 40°/600
Specim AISA-OWL 7.7-12.3 100 (48 sampling) 1.1 (1.5) 24°(32°)/384

NASA HyTES 7.5-12 1.7 50°/512

Telops Hypercam MWIR e LWIR (0.25 cmA-1) 0.35(1.4) 6.4°(25°)/ 320
(FTIR) N.A. (FTIR) (different sensors)

Thermal HSI potential applications
Sit.GA: hyperspectral MWIR+LWIR Q Day/night operafions.

prototypal sensor being developed by O Land and sea surface temperature
Leonardo within a PNRM project in Q High spectral resolution emissivity mapping
cooperation with CISAM, CNR-IMAA (minerals, vegetation)

and University of Pisa. O Gas emission detection
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Adado, T., et dlii, Hyperspectral Imaging: A Review on UAV-Based Sensors, Data
Processing and Applications for Agriculture and Forestry, Remote sensing, 2(11) 2017,



HS| data exploitation worktlow

Mission planning
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Instrument related
processing

Noise sources
characterization

Calibration:;

 Radiometric
« Spatial
« Spectral

Radiance
Geocoded
(lat/long)

Pre-processing

Quality improvement:
« Non-uniformity
 Arfifacts
* Filtering

Complexity reduction
» Feature selection
* Band selection

Spatial/geo.
» Orthorectification
« Coregistration

Atmospheric corr.
* In-scene (ELM)
» Physical model
« TES

Geocoded
reflectance/emissivity

Application driven processing

Spectrum “Continuum”

 Classification
» Clustering
» Supervised

« Object detection

« Anomaly detection (unsup.)
« Signature based (supervised)

« Unmixing

Spectroscopy oriented
« Physical parameters estimation
« Band ratios
 OAPs
« Gas detection and estimation

Multitemporal
« Change detection
+ Change classification
* Dynamic events tracking

Products



Challenges: systems and technology

. . )
Mini-UAV

*Reduced weight and size

* Applications, methods, platforms

| *Proof-of-concept for sensors, sensors integration, data quality and
accuracy

J
)
MWIR and LWIR
*Technology
* Physics models
eTemperature emissivity separation
J
. : . ™\
Sensor fusion/integration

*Improving spatial, spectral, temporal information

eLidar/stereo images (3D maps for atmospheric correction,
orthorectification 4D maps - x, Y, z, A)

*Integrated systems in wide area surveillance (HSI + broadband)




Challenges: data processing

0
e
(8
(]
=
o]
(&)
L
| -
()]
L
o
(72
(o)
S
e
<

N
T
-
o
¥)
m\
3
o
)
O
L
(72
0

*Estimate background/target with limited fraining data.
eSparsity

*Non-linear methods (beyond covariance matrix: kernels) |

([ Detection
\_
~

”m Unmixing

e Nonlinear models
*Subpixel endmembers (statistical approaches)
* Methods inherited from array processing (radar)

~

J
Classification )
* Methods based on nonlinear structures (manifold
learning)
*Fusion of different algorithms )
3

Fast Computing

* Computationally aware algorithms
* Clusters and distributed architectures (offline)
*FPGA and GPU (onboard, real-time)
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New paradigms expected from interaction with the ML and Al communities
and from big data analysis (HSI satisfy the 4V requisites!)
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accurate ground truth
for the development and
assessment of new applications

and processing solutions
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Thanks for your

attention!




