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✓ The main goal of remote sensing sensors is to measure the spectral reflectance of targets.

✓ The measured reflectance is sampled (quantized) in four different domains, which are:

1- spectral;

2- spatial;

3- temporal;

4- radiometric.

✓ the capability of a sensor for sampling these domains is measured by four different types of
resolution.

✓ These resolutions are among the most important characteristics of a sensor and they mostly
depend on the sensor design.

✓ There is of course a tradeoff between different resolutions. As an example, sensors with high
temporal resolution have a low spatial resolution
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✓ Between different types of resolution, the spectral resolution indicates the accuracy of
measuring the spectral reflectance. Considering this resolution, the sensors can be categorized
into the following categories:

1. Panchromatic sensors;

2. Multispectral sensors;

3. Hyperspectral sensors;

4. Ultraspectral sensors.
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A schematic diagram of sensors with 
different spectral resolutions. 

Panchromatic

Multispectral

Hyperspectral

Ultraspectral



✓ Hyperspectral remote sensing, also known as imaging spectroscopy, is one of the advanced
technologies which began in the early 1980s, and it is one of the most significant
breakthroughs in RS.

✓ Hyperspectral sensors use as many as hundreds of contiguous spectral bands about ten
nanometers wide to expand the capability of multispectral sensors that use tens of discrete
spectral bands.

✓ Due to their high spectral resolution, many subtle objects and materials can be uncovered and
extracted by hyperspectral imaging sensors with very narrow diagnostic spectral bands for
detection, discrimination, classification, identification, recognition, and quantification.
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✓ Hyperspectral remote sensing technology is
considered a combination of three following
photonic technologies:

1. Imaging

2. Spectroscopy

3. Radiometry
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Relationship between radiometric, spectrometric and 
imaging techniques



✓ There are several operational hyperspectral sensors, which mostly operate in VIS/NIR
spectrum, also there are thermal hyperspectral sensors.
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Senor Spectral coverage 
(nm)

No. of 
Bands

Band width 
(nm) 

Spatial 
resolution (m)

Country

EnMAP 420-1000, 900-2450 88,154 6.5, 10 30 Germany

PRISMA 400-2500 250 12 30 Italy

Hyperion (EO-1) 400-2500 220 10 30 USA

CHRIS
(Compact high resolution Imaging 
spectrometer) on PROBA-1

348-1035 18-64 1.25-11 18-36 EU

HySI
(hyperspectral imager) on IMS-1

400-950 64 15 550 India

Some space born Hyperspectral sensors
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Senor Spectral 
coverage (nm)

No. of 
Bands

Band 
width (nm) 

Spatial 
resolution (m)

Image tech. Country

GERIS
(Environmental Research Imaging 
Spectrometer II)

400-1000
1400-1800
2000-2500

24
7
32

25.4
120.0
16.5

1-10 Whisk broom USA

AVIRIS
(Airborne visible infrared imaging 
spectrometer)

380-2500 220 10 5-20 Whisk broom USA

CASI 
(Compact Airborne Imaging 
spectrometer)

400-800 288 1.8 30 Puchbroom Canada

DAIS
(Digital Airborne Imaging 
spectrometer)

400-1200
1500-1800
2000-2500

72
15-30
45
20

1-10 Puchbroom EU

HYDICE
(hyperspectral image collection 
experiment)

400-2500 210 10.2 3 Whisk broom USA

Some Airborne Hyperspectral sensors
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Hyperspectral data due to their rich spectral content can have several different applications, in
different fields:

Atmospheric studies
water vapor, gas, cloud properties, Aerosols and …

Earth Surface
Soil studies, lithology,  geology, mineral studies, material mapping, and …

Plants and vegetation
Different plant disease and stress, chlorophyll content, plant water content, and …

Ocean
Sediment estimation, bathymetry, water quality, water pollution, and …

Applications of Hyperspectral data
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Snow and ice
Ice spatial distribution, snow-water equivalent, snow depth, and …

Oil spills
detection, thickness estimation, modeling and …

Applications of Hyperspectral data

Saeid Niazmardi 14Hyperspectral Remote Sensing - KGUT



Introduction

Applications of hyperspectral data

Challenges of hyperspectral data analyses

hyperspectral data analyses

Outline



Despite the fact that hyperspectral data is very informative, there are several issues that should
be addressed before using the data, the most important issues are:

1. Data representation

2. Data volume and dimensionality

3. Presence of mixed pixels in the data

Challenges of hyperspectral data analyses
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Data representation

Each pixel at location 𝑖, 𝑗 of an hyperspectral image with 𝑛 bands can be represented as a
vector:

𝒙 = (𝑥𝑖𝑗
𝑏1, 𝑥𝑖𝑗

𝑏2, … , 𝑥𝑖𝑗
𝑏𝑛)𝑇

where, 𝑥𝑖𝑗
𝑏𝑘 is the brightness value of the pixel in 𝐾-th band of the data.

Challenges of hyperspectral data analyses
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Data representation

For visual representation, the hyperspectral data can be represented by a data cube. The cube
sides (dimension) are image lines, image samples and image bands.

Challenges of hyperspectral data analyses
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Data representation

To save multiband data (multispectral or hyperspectral data) as a computer file or memory, there
are three possible choices, to discriminate between different bands of the data, which are:

1. Band Interleaved by Pixel (BIP) Format

2. Band Interleaved by Line (BIL) Format

3. Band Sequential (BSQ) Format 

Challenges of hyperspectral data analyses
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Data representation

Challenges of hyperspectral data analyses
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Data representation

What does Endianness means in a computer file? 
Or 

what are the differenced between Big-Endian or Little-Endian files?

Challenges of hyperspectral data analyses
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Data volume and dimensionality

Hyperspectral images (HSI) due to having several spectral bands may be considered high
dimensional data. Several issues arise for high-dimensional data processing as the result of data
dimensionality which is usually referred to as the curse of dimensionality. The main issues are:

1. data volume

2. difficulties in the estimation of statistical properties of data

3. Hughes phenomenon

4. increasing the processing time of analyses

Challenges of hyperspectral data analyses
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Presence of mixed pixels in the data

✓ One of the issues (also strength) of HSI data is the
presence of mixed pixels.

✓ These pixels should be identified and their
information content should be extracted.

✓ It is noteworthy that the mixed pixels are also
present in multispectral data, but due to the low
information content of the data, they cannot be used
properly.

Challenges of hyperspectral data analyses
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✓ hyperspectral data, like any other data type in RS, requires a preprocessing step, to make it
ready for the main analyses.

✓ The usual pre-processing steps of RS, of course with some changes due to characteristics of HSI,
can be applied. These steps are:

1. Radiometric and atmospheric correction

2. Geometric correction

3. Noise reduction

Hyperspectral data analyses
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✓ After preprocessing the data, different analyses can be conducted.

✓ hyperspectral data analyses aim to extract, model, and use the spectral information of HSI for
different applications, considering the characteristics of this data or it is to address the issues
associated with this data.

Some of these analyses are:

Data reduction 
These algorithms are proposed to reduce the dimensionality of the data so they can 
solve both issues associated with the estimation of statistical properties of the data, 
Hughes phenomenon and computational time.

Hyperspectral data analyses
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Classification/detection algorithm
These algorithms, not using the statistical characteristics of the data and using few training 
samples, try to yield high accuracy for classification/detection. 

Hyperspectral data compression
These approaches mostly focus on compressing the data to reduce the storage size.

Hyperspectral Sub-pixel classification (unmixing)
These algorithms are proposed to estimate the abundance of different materials in each pixel 
of the data. 

Hyperspectral data analyses
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