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What is Remote Sensing?

Remote sensing refers to the activities of
recording/observing/perceivingsensing objects
or eventsat far away(remote) places

In remote sensing,the sensorsare not in direct
contactwith theobjectsor eventsbeingobserved

The output of a remotesensingsystemis usually
animagerepresentinghe scenéeingobserved

The humanvisual systemis an exampleof a remotesensingsystemin this
generakense
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http://www.crisp.nus.edu.sg/~research/tutorial/earth.htm
http://www.crisp.nus.edu.sg/~research/tutorial/eye.htm

Electromagnetic Waves

The electromagnetic radiatias normally used as an information carrier in
remote sensindAn electromagnetic wave is characterized Iiseguencyand a
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Definitions of remote sensing
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What is Remote Sensing?

In a morerestrictedsenseremotesensingusuallyrefersto thetechnologyof
acquiring information about the earth's surface (land and ocean) and
atmosphere using sensors onboard airborne (aircraft, balloons) or

spaceborne(satellites spaceshuttles)ylatforms
o>

These remote sensing satellites are equipped with sensors
looking down to the earth. They are the "eyes in the sky"
constantly observing the earth as they go round in predictab
orbits.

In airborne remote sensing, downward or sideward looking
sensors are mounted on an aircraft to obtain images of the
earth's surface.


http://www.crisp.nus.edu.sg/~research/tutorial/airbrn.htm
http://www.crisp.nus.edu.sg/~research/tutorial/spacebrn.htm

Development of photography

A Invention of photography

i Inthe 18" century: Pirhole CameraObscura(Latin
meaning ADar k Roomo)

i Inthe early 19 century: Invention of film with silver
iodide

I 18261 first photo byNiépce

I Daguerrd fixing image on a film

A Film camera Photo by Talbot (1840)
I Black and white Am. Museum of Photography
i Color
I Infrared

A Digital camera
I Multiple bands
I Imaging techniques
A Image type
A Scanner type

ADS40Aerial Camera
LeicaGeosystems




From the beginning create of camera in 1839, human have always been
exploring to install the camera onto increasingly higlplatform to observe
our planet in a wider view.

Airplane(UAV) Satellite



The Electromagnetic Spectrum

The electromagnetic spectrum can be divided into several wavelength
(frequency) regions.
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The Electromagnetic Spectrum

Electromagnetic spectral regions for remote sensirg

— Visible :

Optical
R.S.

—_—

__ Infrared:

Red: 610- 700 nm
Orange: 590- 610 nm
Yellow: 570- 590 nm
Green: 500- 570 nm
Blue: 450- 500 nm
Indigo: 430- 450 nm
Violet: 400- 430 nm

Near Infrared (NIR) : 0.7to 1.5um.

Short Wavelength Infrared (SWIR): 1.5to 3 um.
Mid Wavelength Infrared (MWIR) : 3to 8 um.
Long Wanelengthinfrared (LWIR) : 8to 15 um.
Far Infrared (FIR) : longer tharll5 um.

Microwaves: 1 mm to 1 m wavelength.



Effects of Atmosphere




Effects of Atmosphere

Effects of Atmosphere

When electromagnetic radiation travels through the atmosphere, it may
be absorbed or scattered by the constituent particles of the atmosphere.

Molecular absorption converts the radiation energy into excitation
energy of the molecules.

Scattering redistributes the energy of the incident beam to all directions.
The overall effect is the removal of energy from the incident radiation.



Effects of Atmosphere
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Effects of Atmosphere

Atmospheric windows

~ 1" 0.30 1. 1% gvhmle visible regiora partial ultraviolet region and
partial NIR region * used to detect reflection of solar radiation on earth
surface at daytime

-2 130 2. 50 eNiRregion™ ° mainly used in Geologic remote
sensing

© 3 350 5. 00 MIR region”™ ° used to detect objects at high
temperature e.g. forestfirea volcan@ nuclearblast

T 4 8 14 ¢ nthermal region *  used to detect thermal radiation energy
emissivity undernormaltemperaturg

~ 5 1.00mm 1m microwave millimeterwave, centimetewave decimeter
waveé ° can penetrate cloudsegetation ice and soil with considerable
thickness ,can work day and night and undewalhther conditions.



Interaction of Radiation with Matter

Incident beam
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Interaction of Radiation with Matter

When light waves hit an object, one or more of the following things can happen:

. The light waves can be reflected, ie bounced off
the object in a mirror -like fashion. This is
called specular reflection.

. The light waves can pass though the
object. Think of a pane of glass.

. The light waves can be scattered in all

directions. We refer to this asdiffuse reflection. A
sheet of white paper is a good example of an object that
diffuses light.

. The light waves can be absorbed, and converted to
heat. If you place a white object and a black object in the
sun, the black object will feel hotter. The reason for this is
that the black object absorbs the light from the sun,
turning it into heat, while the white object reflects the light
in all directions, and stays cool.

Most real world objects cause not just one, but a combination of the above effects




| Interaction of Radiation with Matter

Reflectancé
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L~ I\Wmi% srimm

Reflectance curve is a curve which illustrate the variety of object
reflectance at different wavelengths. It shows spectral signatures of
surface materials.



2. SpectralProperties of Earth Materials

2.1 SpectralFeatures
2.2 Field Spectrum Measurement



2.1 SpectralFeatures
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2.1 Spectral Feature

Vegetationis sensitive to optical radiation from the ultraviolet through infrared
spectral range and is optimized to absorb solar energy in the visible spectrum
drive the biological process of photosynthesis necessary for plant growth,
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Typical spectral curve of vegetation



2.1 Spectral Feature
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2.1 Spectral Feature

Pigment absorptidn Cell scattering l Lamina water absorption
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v

Absorption decreas@egetation is green
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When plants get ill,
Chlorophyll absorption
intensity will get weaker and
reflectance will get higher
especially in red light region.
For this reason, ill plants are
often in light yellow color.



2.1 Spectral Feature

Pigment absorption Cell scatterin Lamina water absorption
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With the increase of Chlorophyll
consistency , photosynthesis will be
strengthened and more photons in
long wavelength will be consumed



2.1 SpectralFeature

C chlorophyllg

Autumn
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Spectral properties: effect of leaf pigments
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2.1 Spectral Feature

NDVI =[ R(860nm) - R(660nm) ]/ [ R(860nm) + R(660nm) ]

Red-edge reflectance:
Rq = [R(670nm) + R(780nm) ] / 2

Red-edge inflection:
g = 700nM +[R 4 - R(700nm) ] / [R(740nm)- R(700nm) ] * 40nm

Spectral bands selectionA color composition
A index image



2.1 Spectral Feature

Water is a very important component in soil. With increase of water in
soil , reflectance of soil will gets lower. Especially in water absorption
bands 1.4 1.9and 2./im” | reflectanceagets lower very obviously.

water content: A 0.32 B 0.25 C 0.14 D 0.07
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Spectral curve of soil with a low water content(gftm



2.2 Field Spectrum Measurement

Spectrometer/Spectroradiometers:

Spectrometer can obtain continuous spectral radiation curve ajround
objects in the region from UV to NIR of solar reflected radiation ( 300
2500nm )

How to obtain Reflectance

Use spectrometer (ground/field ) to measure radiant energy of object
and standard white board respectively. Their ratio is the spectral

reflectance of ground object.

The reflectance of $andard white board in wavelength from 400
2500 nm is 100%.



2.2 Field Spectrum Measurement

indoor artificial illumination

i advantageS Many times spectral
B i o g g g e o’ e o o o oy

ol measurements of in limited time.

%"
Esayto control light sourca view field
and geometrical shape of object measured

-

7O v
L K K K"
b d A 4
THaaa
Al A b 4 _4

N

disadvantages

r
-

r
-

4
-

4
-

4
‘\

.
.'\

v

} .

)

)

(1)Visible light is much weaker than solar
light and generates more infrared radiation

(2) Because of parching effect, vegetation
samples will leads to water loss

(3)Forlrregular objects, it should be paid
special attention that how to set the
distance from itself to light source




2.2 Field Spectrum Measurement

Solar illumination:

Advantages:solar light source is
just the light source of surrounding
detected and is very steady

disadvantages

(1) Becausef atmospheric
absorption, there is no signals in
some region

(2)Steadyweather conditions are
requisite

(3) Measurement time should be
around noon. Especially in winter,
the time is very short



2.2 Field Spectrum Measurement

Function of Field Spectroradiometerin hyperspectralremote sensing
(1)Radiometriccalibration of sensors in HRS experiments

(2)Fieldspectral data is requisite for some models of image reflectance
conversion

(3)Standard spectral data and Field spectral libraries
(4)Deliberation operformance index of HRS sensors
(5)Geological minerals mapping

(6)Directional reflected characteristics of objects

(7)Quantitative relation between field spectral data and object characteristics
( biophysical and biochemical parameters )



3. Sensor Technology

3.1Basic Concepts

3.2Imaging Characteristics of HRS

3.3 Expression ofHyperspectral Image data

3.4 Spatial Imaging Models of Imaging Spectrometry
3.5 Spectral Imaging Models of Imaging Spectrometry



3.1 Basic Concepts

Imaging technologyof remote sensing alwag® head in théwo aspects as
follows:

1.to improve image Spatial Resolutioynarrowing the Instantaneous Field Of
View” [FOV™ of sensors

2.toimprove image Spectral Resolution from increasing bands and narrowing
bandwidth

Spectroscopy

| Imaging spectrometry

Imaging technology | __




3.1Basic Concepts

A

1" SpectralResponse Function f(/)

Lr=p" Le(/)f( }d

min

MODIS,CBERS,TM spectral response functions of
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3.1Basic Concepts

2~ Spectral Resolutioh

Bandwidthof 50% of spectral response
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3.1Basic Concepts

~ 3 Dwell Time

Thetime which IFOV of a sensor scans a ground cell

A

4~ Spectral Sampling Interval
Theinterval of peak value of two adjacent spectral channels
5" Contrast Ratio (CR)
CR=B,.,/B brightness scale: 0 ~ 10

min !




3.1Basic Concepts

A

6~ Spatial Resolution

Multispectral
Image ] ¥

near-infrared p
(750 — 900 nm) < A

red band
(640 — 690 nm)

green band
(525 - 605 nm)

Image Matrix Notation

Cotumz )

8-bit

Image Data j

255 = white

127= gray

A Each band of the remotely

sensed image is stored as a
matrix (array) format.

To efficiently handle multiple
bands, three formats are the
most commonly used in
practiceBSQ(band
sequentiab BIL (band
interleaved by liné)BIP
(band interleaved by pixel).

Evolution from multispectral
to hyperspectralata (the
focus in this course will be or
hyperspectrainage data).



3.1 Basic Concepts

A

6~ Spatial Resolution

A Each pixel is
characterized for a brief
time by some single vall
of radiation (e.g.,
reflectance) converted b
the photoelectric effect
Into electrons and then t
a number (see illustratio
at right)

A The areal coverage of th
pixel (that Is, the ground

cell area it corresponds I .
IS determined by
Instantaneous field of
view (IFOV) of the sensor
system

238| 85 | 255(221| O
136( 17 [170(119| 68
0 |238(136| 0 [255
255| 85 |170(136(238
17 [221| 68 |119|255
85 |170|119|221| 17 |136




3.1Basic Concepts

A

6 Spatial Resolution:
Angular Resolving Poweris determined by Instantaneous Field of View,
IFOV (unitismrad. Ground area of IFOV is callggdround Resolution Cell

Based the IFOV and flight altitude, we can calculate the image spatial resolu
GR=2tg(IFOV/2)3 altitude



A

6~ Spatial Resolution
Pixel Size (Resolution)

130 Meters | IS Meters I1 Meter

Pixel Output (Display)

30 Meters



3.1Basic Concepts

~ 7 Angular Field of View (FOV~™ °

FOV H >>> Ground Swath (GS~

GS=tan(FOV2) 3 altitudes3 2

FOV




3.1Basic Concepts

8 Line scanning velocitys' line/s’

ground speed of aircraft must satisfy:

V ¢ pixel resolution 2 Line scanning velocity



3.1 Basic Concepts

"~ 9 SNR:
SNR is the ratio of the signal detected by a sensor to noise. Generalfy, SNR
Image spatial resolution and spectral resolution contradict each other and car

*

L X.DT

not be improved simultaneously V. DonfafoD

D, Effective aperture of optical syste%N 4\/ AD Df

I/ Instantaneous Angular Field of View : .
[ A . : Noise sources
o Atmospheric average transmittance
[ 0 Average transmittance of optical system Photon noise
D; Detectivity of the detector .
Ab Photosensitive area of the detector Detector noise
Df Systemelectronicahoise bandwidth Postdetector electronic noise

X; Spectral integral
E T Time integral



3.1 Basic Concepts

Figure 21.  Laboratory kaoiinite spectrum convolved to various signal-to-noises.
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3.2 Imaging Characteristics of HRS

Imaging spectrometer 100
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namely it is imaging e mii
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3.2Imaging Characteristics of HRS

Characteristics of HRS

(2) Spatial
a combination of image Information
and spectra information /o

Imaging spectrometer Imaging radiometer

Imaging
spectroradiometer

Spectral
information spectroradiometer
spectrometef]

Radiant
information
radiometer’,




3.2Imaging Characteristics of HRS

"...you just can't have it all!...




3.2 Imaging Characteristics of HRS

Characteristics of HRS:

Transmittanc

3" many spectral channels, continuous imaging

In some region over wavelengths

1
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3.3 Expression ofHyperspectral Image data

A

1~ The Image Cube

v

Spatial plané O-XY
Line spectral plane O-XZ~ O-YZ



3.3 Expression ofHyperspectral Image data

A

2" two-dimensional
spectral curve

A

3~ three - dimensional
spectral curved surface




Spectral curve

2 B8 83
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Pixel spectrum Spectral vecta



3.4 Spatial Imaging Models of Imaging Spectrometer

A

1™ Whiskbroom Imaging Spectrometer




3.4 Spatial Imaging Models of Imaging Spectrometer

SLTHRMI 28 Advantages (Whiskbroom)"
~ 1" wide FOV
2~ good registration of pixels
~ 3 easy to calibrate detectdr
4" wide spectralregion

Disadvantages
Dwell time is too short, difficult to improve
spectral and spatial resolution and SNR




3.4 Spatial Imaging Models of Imaging Spectrometer

A

2~ Pushbroom Imaging Spectrometer side

HU BT




3.4 Spatial Imaging Models of Imaging Spectrometer

e [E] A 33 3 SRR G R BE

g Advantages Pushbroom):
e || /] T *~ 1° Dwell Time is much longér hence spectral
' FReRN and spatial resolution can be improved
| ~ 27 Withoutoptical mechanical scanning
- e | component. Théulk of instrument is small
, Disadvantage's
was 1 Difficult to augment FOV

2~ Difficult to calibrate CCD arrays;
3™ Difficult to develop Short wave and IR
detector arrays

------- my LR EEERMIBSERIKSE A~



Image Data Processing and Models

4.1 Spectralfeature selectionand extraction
4.2 Pixel spectralunmixing

4.3 Remote sensing image classification
4.4 Target detection

4.5 High performance computing
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4.1 Spectral featureselection and extraction

1" Largespectral datguantityand calculatiomuantity
Suppose that Original spectral band number is N, number after selection is M, N>M,
So, thenumber of spectral features combination is:
C=N / N-M M
if
N=100, M=3:
then
C=100 / 1003 3 =161700

2 Statistic parameterso estimate er

With the increase of bands, the statistic parameters of samplell be more and more.
In order to get more accurate estimation of parameters, the number of training samples
must be10times of bands. When the number of samples is invariablethere will be
Hughes effects on the accuracy of classes with the changes of band numbers.



4.1 Spectral featureselection and extraction

Hughes effect:

AWith increasing dimensionality, we need sufficient training data for the Classification

Alt is very important to design supervised classifiers able to deal with limited training
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D. A. Landgrebe, Signal Theory Methods in Multispeciral Remote Sensing, John Wiley and Sons, 508 pages, 2003.



4.1 Spectral featureselection and extraction

SpectraFeature Selectiois that a subclass is selected in the spectral feature
space aiming at the special object. This subclass is a shrunken spectral featt
space, but it includes the main feature spectra of this object, and the subclas
can distinguish other ground samples with maximized limit in many object
combinations.

X1

| - X
Hyper X2 X2 Simplified
tral <, | Feat
spectra - > X a4 eature
Image X5 > Space
» X

Spectral feature Selection Search for spectral feature position
Spectral correlation analysis
Statistics of spectral distance



4.1 Spectral featureselection and extraction

Feature Extraction

X1

Hyper
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A 4

spectral
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A 4

Image
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A 4

A 4
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Y2

A 4

Optimized

feature space




4.1 Spectral featureselection and extraction

Reflectance

75
Wavelength

Spectral Absorption Identification

2.7

62



4.1 Spectral featureselection and extraction

Strengthening Spectral Features

reflectance

0.0 __. i : e
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4.1 Spectral featureselection and extraction

Continuum Removal (CR)
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4.1 Spectral featureselection and extraction

Image Color Compositingased on Spectrieature Selection
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4.1 Spectral featureselection and extraction

Spectrum distance
measurement
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4.2 Spectralunmixing

* Mixed pixels are frequent in remotely sensed hyperspectral images due to insufficient
spatial resolution of the 1maging spectrometer, or due to zutimate mixing effects.

* The rich spectral resolution available can be used to unmix hyperspectral pixels.

Mised pisel g: / ’\
(soil + rocks)

p——
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Wavelength (nm)

o]
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|

2000+
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Wavelength (nm)



4.2 Spectralunmixing

R e

Mixed pixels

Hyperspectral image

High spatial resolution




4.2 Spectralunmixing

The guestion of mixed pixel in hyperspectral image

Multiple .écaz‘z‘er/ng

U Natural mixture: different pure material exist in one pixel.
U Shadow:the same material has different reflected energy.
U Atmosphere multiple scattering and PSF.

U Sensor detectorlimited spatial resolution and PSF.

ue e



4.2 Spectralunmixing

Introduction to spectral unmixing

* Mixed pixels can also be obtained with high spatial resolution data due to intimate
mixtures, this means that increasing the spatial resolution does not solve the problem.

* The mixture problem can be approached in macroscopic fashion, this means that a few
macroscopic components and their associated abundances should be derived.

* However, intimate mixtures happen at microscopic scales, thus complicating the
analysis with nonlinear mixing effects.

12 meters 4 meters
w
- w
8 8
L 0
g g :
S 5 '
1]
!
|
L
]
WV
Macroscopic mixture: Intimate mixture:

15% soil, 25% tree, 60% grass 1n a 3x3 meter-pixel Minerals intimately mixed in a 1-meter pixel




4.2 Spectralunmixing

Linear versus nonlinear unmixing

* In linear spectral unmixing, the macroscopically pure components are assumed to be

homogeneously distributed in separate patches within the field of view

* In nonlinear spectral unmixing, the microscopically pure components are intimately
mixed. A challenge is how to derive the nonlinear function.

* Nonlinear spectral unmixing requires detailed a priorz knowledge about the matemnals.

Linear Mixture

Two-Layers: Canopies + Ground

y=Z o+ X om0 my
! 1+]

.~ J - -y

Single Scattering Double écattering

Intimate Mixture




4.2 Spectralunmixing

Introduction to spectral unmixing

* In /inear spectral unmixing, the macroscopically pure components are assumed to be
homogeneously distributed in separate patches within the field of view

* In nonlinear spectral unmixing, the microscopically pure components are mtimately
mixed imside the pixel. A challenge 1s how to derive the nonlinear function.

* Nonlinear spectral unmixing requires detailed @ prrorz knowledge about the matemnals.

Linear interaction Nonlinear interaction



4.2 Spectralunmixing

* In /inear spectral unmixing, the goal is to find a set of macroscopically pure spectral
components (called endmembers) that can be used to unmix all other pixels in the data.

* Unmixing amounts at finding the fractional coverage (abundance) of each endmember
m each pixel of the scene, which can be approached as a geometrical problem:

Band 1



4.2 Spectralunmixing

Atmospheric
correction

Dimensionality
reduction (optional)

)

Hyperspectral
library

] {S 3 ] [Find endmembers (+)
parse regression

inversion

] | ]

[ Sparse coding

Endmember signatures Abundance maps

el

Wavelength

’Wﬂjilm'



4.2 Spectralunmixing

Classic methods for subspace estimation
* Determming the dimensionality of remotely sensed imagery 1s a challenging problem.

* The intrinsic dimensionality is defined as the minimum number of parameters
needed to account for the observed properties of the data.

* Prncipal component analysis (PCA) transforms the data mn a new coordinate system
so that the number of significant components can be used as an estimate.

Component 1

Component 2




4.2 Spectralunmixing

Classic methods for subspace estimation

* The resulting PCA components are ordered in descending order of data variance:

Band PCA 3

Signal

Band PCA 12

. \‘-

Band PCA 13

Band PCA 17 Band PCA 18 Band PCA 19 Band PCA 20

Noise



4.2 Spectralunmixing

Classic methods for subspace estimation

* Minimum noise fraction (MNF) orders the components in terms of signal to noise:

Signal Bani MNE 1 Band MNF- 4 Band MNF 5
» ] > 1 N B F '>.-:.,~\-.
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4.3 Image Classification

Introduction to Image Classification

* Given a set of observations (pixel vectors), the goal of classification 1s to assign a
unique label to each pixel vector so that it 1s uniquely represented by a given class.

* We assume that the impact of mixed pixels 1s negligible, high-resolution data preferred.

] Asphalr
B Meadows
B Gravel
Trees
W Metal sheets
B Bare soil
B Bitumen
B Sclf-blocking brick
B Shadow

High-resolution image Assignment of pixels into classes



4.3 Image Classification

* There are several important challenges when performing hyperspectral classification:

@ i.

Unsupervised classification 1s a very challenging approach since it 1s very difficult
to determine in advance the number of different spectral classes in the data.

Supervised classification also faces problems, such as the unbalance between high
dimensionality and limited of tramning samples, or the presence of mixed pixels.
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4.3 Image Classification

3. There is a need to integrate the spatial and spectral information to take advantage
of the complementarities that both sources of mformation can provide.

Joint analysis of spatial and spectral information

4. There is a need to develop efficient processing techniques with fast response.




4.3 Image Classification

Classic approaches to classification

» The strategy to classification (either unsupervised or supervised) is well defined:

Pixel
Label

(Map)
Classification —»

Dimensionality Feature
Reduction [ extraction '

How to conduct the classification?

« |f there is ground-truth or reference
data, use the available information.

» Otherwise, the spectral properties of
the objects or their distribution in
feature space should be exploited.




classification’

4.3 Image Classification

The general process of remote sensing imagapervised

Make sure of
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types
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The general process of remote sensing image supervised
classification’

Feature

selection |

Make sure of
classification

number

A 4

Measuring
total
statistics

Classification

Make sure of

A 4

classification

type

A 4

Result
validation




4.3 Image Classification

Classic approaches to Unsupervised Classification

* The distribution of data in feature space can be used to perform classification:
Original image
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4.3 Image Classification

Classic approaches to Unsupervised Classification

* Spectral angle mapper (SAM) performs classification using the spectral angle distance:

T'ree class (angle = 1)

So1/ class (angle < Q)
Band X



4.3 Image Classification

Classic approaches to Unsupervised Classification

» The spectral angle distance is one of the most widely used in hyperspectral imaging:

Spectral angle distance:

Does not take into account
vector length (amount of
reflected radiation), only the
intrinsic characteristics of the
spectral signature (material

composition).

<

A

Signature 1

/lﬁ\a ______ » Signature 2

Spectral angle distance is able to deal with scaling introduced by illumination effects_ I




4.3 Image Classification

Other approaches to Unsupervised Classification

APartitionalclustering approaches
AHierarchical segmentation

AObjectbased image classification



4.3 Image Classification

Classic supervised classification

* In supervised classification, we use available labeled samples to train the classifier.

Dimensionality reduction
(optional)

Randomly selected

A4
Test Labeled Supervised classifier
Samples Samples (many approaches)

T Test classification accuracy




4.3 Image Classification

Classic supervised classification

* There are many other strategies for supervised classification of hyperspectral data.

E:) v" The parallelepiped classifier constructs multidimensional boxes for each class using
class mean and standard deviation and the pixel 1s tested to determine membership.

E> v" The minimum distance classifier assigns a pixel to the class with the closest mean.

E> v" The maximum likelihood classifier evaluates the likelihood of assigning a pixel to a

class using both the variance and the covariance of the available training samples.
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4.3 Image Classification

Classic supervised classification

Discriminant classifiers attempt to classify a set of pixel vectors into classes using a
discriminant function that minimizes the error in classification accuracy.

Several types of discriminant functions can be applied: nearest neighbor, decision
trees, linear functions, nonlinear functions, etc.

In Iinear discriminant analysis (LDA), a linear function 1s used in order to maximize
the discuminatory power and separate the available classes effectively.

* However, such a linear function may not be the best choice (many other possibilities).

Nearest Decision Linear Nonlinear
Neighbor Tree Functions Functions



4.3 Image Classification

Other approaches to Supervised Classification

AClassification using kernel methods
AComposite kernel fodyperspectraClassification
AClassification using neural networks
AMultinomial logistic regression
ASubspacéased classification

AManifold learning



4.3 Image Classification

Spectralspatial-based classification

Pixels
randomly
arranged

Classification based
on spectral feature

The Same

Results

Classification based
on spectral feature




4.3 Image Classification

Spectralspatial-based classification

* When dealing with hyperspectral images with high spatial resolution, the use of
spatial features increases the discumination of the thematic classes.

* Spectral-spatial classification can lead to significantly more accurate results:

True color image



4.3 Image Classification

Classification accuracy and effects dependm the following
factors:

(1) Divisibility of classes

(2) Quality or SNR of image

(3) Dimensionsof image bandsspace
(4) The quantity of training samples

(5) classifier



Spectral Similarity Mapping (with Japanese Cabbage )




4.3 Image Classification




4.3 Image Classification

Tree Identification Jam ldentification




4.3 Image Classification

- Japaneseabbagdmidseason)

Chinesecabbagé€midseason)
Radish
Lettuce(midseason)
Pasture

Yam

Forest

Plasticfilm

No_vegetatiorcoverarea

LANDCOVER IN MINAMIMAKI, JAPAN
August 23, 2000



