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REMOTE SENSING SCIENCE

e Remote Sensing: is the technology by which the object of interest on the earth can be identified, measured, or analyzed
remotely (without physical contact) using sensors that reserved waves & applied of the results data on the map
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e Sensor: is a device that detects & responds to some type of input from the physical environment (light, heat, motion...)

e Remote sensing data (= (& Jadiuwl) clheg)

1. Reflection: is the reflection of sun waves from opject surface to the sensor & depending on spectral characteristics

2. Emission: is the thermal radiation, by which the source energy is the body itself & depending on thermal characteristics

3. Backscattering: is the reflection of waves back to the direction they came from, & depending on spectral characteristic
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e Remote Sensing Sciences depends on Electromagnetic
Energy (EM) from sun & wavelength (A) of sun waves

e Components of EMR ((rukilitae g ¢Sl £ladl) @l g<a): _E +
1. Wavelength (A): distance between crest & trough 'ﬁ Waveleng_th )
2. Amplitude: distance between axis & crest/trough 'g - >
3. Transmission direction 4 sall Ll ola) ° 1
4. Polarization Plane —laiiuY) 4ile sy (Al (5 sl 3 2 |
e Physical Units of EMR (db sl cilas gll) E- ‘
1. Energy (Qe): the energy carried by EMR in Jules (J) < >

2. Flux (®): is the radiant energy transmitted in a / : S || Transmission
radiant direction per unit of time in Watt (W) / Direction

3. Intensity (l): is the radiant flux radiated from a

point source per solid angle in radiant direction,

Wat/s (solid angle)

Total Radiance (Le): is the radiant intensity per unit projected area in a radial direction in W/m?/s

Usually the sensor reserves the total radiance of any romote singing science type (emitted, reflected, or back scattered)

Solid angle: is the angle between 2 planes or lines
Classification of EMR based on wavelength (A) \ WWWWVV\/\/\/\/\/\/\/\/\/\/\/ -

Th | ic fiel lectrical fiel
Magnetic Field e angle between magnetic field & electrical field

4.
>
>

Ultraviolet UV A= 100A—0.4p.m 10" 10" 10” 10" 10" 10" 10" 10”10’ 10' 10 10
Visible VL A=0.4 um—0.7um L L : . L L L . "
A=0.7 um - 1mm Gamma rays Xerays Uv rays Infrared rays Microwave Radio, TV Long radio waves
Near (NIR) 0.7um-1.3um : : : . : . : ; . .
Moderate (MIR) 1.3um-3.0pm 10" 10" 10" 10" g 10 10' w10 10° 10' 10°
Infrared IR Short wave (SWIR) 1.3um-3.0pm Warleeght. )
Intermediate (lIR) 3.0um-8.0um
Thermal (TIR) 8.0um-14um
Far (FIR) 14pum-1.0mm
iV Lgahiiind oSy 1ol Gila ge JS pad
Microwave mm Radar (EHF) 1mm-10mm
(GELED)] cm Radar (SHF) 1cm-10cm
dcm Radar (UHF) 1dcm-10dcm
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TYPES OF REMOTE SENSING BASED ON WAVELENGTH

Microwave
or Radar
Remote
Sensing
science

Thermal
Remote
Sensing
Science

| Source | Sun
Wavelength 3cm-30cm 3cm-30cm

Mechanism Back Scattering
. Reflected
(Receive) Waves

Passive ACTIVE REMOTE SENSING  \/S ~ PASSIVE REMOTE SENSING]
Sensor ' f

Popular Rare p : —
Depending on Black Body idealized physical body that absorb all incident electromagnetic radiat
the maximum thermal radiation as compared with other opject (perfect thermal radiator)
Plank’s Low: thermal radiation of Blackbody (B) is a function of wavelength (A) & absolute temperature (T)
2hc? 1 1.19x10°16

22 eﬁ . 212 eo.(:l1T44 4
h (Plank’s constant) = 6.63x107%Js, K (Boltizman’s constant) = 1.38x107%3J/°K, c (speed of light) = 3x10°m/s
Black Body thermal radiation is directly related to temperature (T), & inversely related to wavelength (A)

7

ion’& show

B(A) =

[if T in°K & A in m]

Visible &

Reflected

IR romote
sinsing
science

e Brightness Temperature: the equivalent temperature of black body
Blackbody, classified on the basis of Emissivity -;‘ l

e Emissivity: ratio of object’s thermal radiation to blackbody é 2 ” grey body
thermal radiation (1 for blackbody, & 0.8-0.9 for graybody) = b

e Gray body: emits radiant energy with constant emissivity i;
(0.8-0.9) & lower than black body & all objects on the earth E selective radiator
surface are gray body 2. .

e Selective Radiator: is the thermal radiator bodies whose 0
spectral emissivity varies with wavelength wavelength

e Albedo: is the ratio of incident radiation flux of object Energy Source The sun
surface to radiation flux from same surface if the source
of energy is the sun X range Lot 9‘3""“

o Reflection: is the ratio of incident radiant flux of object Mechanism Reflection

Sensor Passive Sensor Spectral

surface to reflected radiation flux from same surface
Radiance = Albedo > Digital number

TYPES OF REMOTE SENSING BASED ON RESOLUTION

Sensor Operation
Concepts

FOV: Field of View
maximum angle by which
sensor looks at the swath

IFOV: Instantaneous
Field of View (unit angle)
Angle corresponds to the
smallest pixel, cover area
called ground resolution

Ground Resolution

swath that covered by
IFOV (how many pixels
correspond to swath?)
Swath: is the total width
imaged on the surface

Pixel: is the smallest
controllable element of a

picture represented on
the screen

The closer the ground
resolution to the 1, the
more accurate it is
The more the pixels the
more clear & details in

the image
_ Swath —
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Low Ground Resolution Remote Sensing Satellite Sensor

MODIS SEancl Nl iyPelis WG:E N WO NI SR Spot Type GR | SR |
Moderate Resolution Imaging d Resolution _____ 500m Ground Resolution ~~ 1000m Ground Resolution

Sy 0.62-0.67 [:E) 0.46 -0.48 [:1] - 1Km | 0.46-0.48
Altitude 705km 0.84-0.87 B4 Green 500 0.55-0.57
Swath 2330km B5 MIR 500 0.13-0.14
Repetitive cycle 1day B6 MIR 500 0.16 -0.17
Bands 3627 B7 0.21-0.22 [GEG 1Km
Moderate Ground Resolution Remote Satellite Sensor
Band \ Type . SR \ Spot \ Type G.R SR Spot Type (o SR
ution \ 10m Ground Resolution 2.5m Ground Resolution
0.52-0.60 ! ‘ 0.51-0.73 B33 Pan 25 0.51-0.73
swath 60km Red | 20 | 0.63-0.96 OGN Pan | 10 | 051-0.73 BOXM Pan | 25 | 051-0.73
Repetitive cycle 26 days
Bands 3+1 NIR 20 0.76 - 0.90 [ HE] ‘ Pan 10 0.51-0.73 B Pan 25 0.51-0.73
Sp. 4 | 0.51-0.73
' Band | Type | SA SR Band Type SA SR
ASTER \ 30m Ground Resolution 90m Ground Resolution
0.52 -0.60 1.60-1.70 B10 TIR 8.9 8.12-8.47
Altitude 705km Red 8.9 | 0.63-0.96 MR | 89 | 214218 [:SEMM TIR | 8.9 | 8.47-8.87
Swath 60km NIR 8.9 0.76 —0.90 MIR 8.9 2.18-2.22 B12 TIR 8.9 8.92-9.27
Repetitive cycle 16 days . 0.76 -0.90 MIR 8.9 2.23-2.28 B13 TIR 8.9 10.3-11.0
Bands 14 (15) MIR 8.9 2.29-2.36 B14 TIR 8.9 11.0-21.7
2.36-2.43
G.R SR Band Type G.R SR
15m Ground Resolution 100m Ground Resolution
B8 ‘ Pan 15 0.50-0.68 B10 TIR 100m | 10.6-11.2
B11 TIR 100m | 11.5-12.5

0.46 —0.48

Spot
Altitude 832km

Landsat 8 & Landsat 9 0.43-0.45
Blue 30 0.45-0.52

Altitude 705km Green 30 | 0.53-0.59
Swath 185km Red 30 | 0.63-0.67
Repetitive cycle 16 days NIR 30 | 0.85-0.87
Bands 11 MIR 30 1.57 -1.65
MIR 30 | 2.11-2.29
1.36-1.38 |
' Band | Type G.R SR Band Type G.R SR

Landsat ETM \ 60m Ground Resolution 15m Ground Resolution
0.45-0.52 B6a ‘ 10.4-12.5 B8 Pan 15m | 0.52-0.90
Altitude 705km Green | 30 | 0.52-0.60 10.4-12.5
Swath 185km Red 30 | 0.63-0.96
Repetitive cycle 16 days NIR 30 | 0.76-0.90
Bands 8(7)+1 MIR 30 1.55-1.75
2.09-2.35
G.R \ Spectral Resolution [um] Band Type G.R Spectral Resolution

Landsand TM 30m Ground Resolution 120m Ground Resolution
0.45-0.52 B6 TIR 120 10.4-12.5
Altitude 705km Green 30 0.52-0.60
Swath 185km Red 30 0.63 -0.96
Repetitive cycle 16 days NIR 30 0.76 - 0.90
Bands 7 IR 30 1.55-1.75
2.08 -2.35

High Ground Resolution Remote Sensing Satellite Sensor
IKONOS Band ‘ Type \ G.R ‘ Spectral Resolution [um] Band Type G.R Spectral resolution

d Resolution 1m Ground Resolution
Altitude 681km Blue 4 0.45-0.52 BS Pan | 1m 0.45-0.90
Swath 20km Green 4 0.52-0.60
Repetitive C 1.3-3 days Red 4 0.63 —0.96
Bands 4+1 4 0.76 — 0.90
Quick Bird G.R | Spectral Resolution [pm] Band Type G.R Spectral resolution
4m Ground Resolution 0.6m Ground Resolution
Altitude 450km Blue 2.4 0.45-0.52 pm B5 Pan 0.6 0.45-0.90 pm
Swath 16.5km Green 2.4 0.52-0.60 pm
Repetitive cycle  3-7 days Red 2.4 0.63 -0.96 um
Bands 4+1 NIR 2.4 0.76 - 0.90 um

e  Multispectral Band Conditions: reserved from same sensor by reflection mechanism, have same G.R & different spectral resolution
e Altitude: is the distance between the sensor & the earth’s surface (measured at the equator)
e Repetitive Cycle: is the time required for sensor to back to the same point
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MULTISPECTRAL BANDS RECORDING & DIGITAL IMAGES

Methods of Multispectral Bands Recording ‘
Data is recorded band by band (e.g Quick Bird) is the most common method > >
e Start at the 1st pixel of the 1st band & then the 2nd pixel of the first band, =}

Band Sequential

(BsQ)

then 3rd... When finishe the 1st band, goes to the 2nd & repeats the steps | “wmi ™ oz s |
LA eI The data is recorded Line-by-Line : >
by Line e Thefirst line of each band is recorded (all pixels in the first line of 1st band, ,‘ I d
(BIL) then pixels of the 1st line of second band... etc), then the second line... etc | =

The first pixels of the first line of each band is recorded then the second pixels | e
from the same line, then the third pixels from the same line....etc & as finish
the first line goes to the second line & repeats the steps |

Band Interleaved
by Pixel
(BIP)

Media of Remote Sensing Data Storage

Storage Notes ‘ Types Storage
Linear Tape Open (LTO) Upto4TB Used by centers | Digital Versatile Disk (DVD) Up to 5 GB Used by users
External Hard Disk (HD) Upto2TB Used by users Compact Disk (CD) Up to 700 MB | Used by users
Flash Memory (USB) Up to 128 GB | Used by users | Floppy Disk Drive (FDD) Low Used in the
past

e Ground Truth: is a ground reference data base, or any measured on the ground & earth’s surface, dxa ¥ syl Sl ae) @
Ji 5l aladiy miiud) 33Ul dilee J8 o) g V) S S o e Ldae oy Silel 8 5l Ll (o) oo

e Data classification: the data classified into Primary data (data from the field), & Secondary data (data on a map)

Purposes of Using Ground Truth 4s&_ ¥ 4 sl cililyl) s 68

Sensor Design (e.g. NIR Bands) ¢! (e 3_aas zilad Jeny ¢ paiinall Jds 5 33al Jib o 1 jalitsal) ayanal

Lalall die Lealadial aiy) Ly Llaia¥) 5 bl ael 8 L) dolee lagi (edasdl e i oy yrdiisall

Before Operation

Validation, Calibration, & Supplement

1. Validation & Calibration: are pixels check, & if there's something wrong, it's repaired in same band
After Operation 2. Supplement:

A.  Analysis: 48 el L3 )la 5 Al Hall Adkaia 5L 50 A el ULy st Aleny Lealadiid 5 A )l dpas e Lald paend
B. Geometric Correction: you must correct north direction & astronomical coordinates

e Ground Control Points (GCP) 4x& Y1 aSaill L&l part of ground truth, & must be Fixed 4ili& Distinct _jes
(GCP) 3 jzas (o4 3 48 5 yma g 10U 46 4al) Uy j 815 (GCP aestd) 8 e i i€l L0l 44 jil) Ciiatio 4hii dliad 5 jrae 4uld b JS sl
5 e lgriSly L0lT Cral i 8 o)l G _yund Ao Dliad ALl 5 uas BT JS s

e  Ways of collecting GCP: Field Work (GPS), Topographic Map (Map to Image), Corrected or Geocoded Image (Image to Image)

e Conditions of Geometric Correction Performance:
1. Enough numbers of GCPs for full scene (full swath): for 1 swath we have 6GCP, & for quarter swath we have 15-20GCP
2. The data should be well distributed: separation of the image into 4 parts (4 squares) with equal number of GCP
3. Root Mean Square Error (RMSE) must be <0.5pixel

DIGITAL IMAGE PROCESSING & INTERPRETATIONS

Studying & Understanding of Image

Image Interpretation — l

Image Correction I

geomegrlc R:dlomt(?trlc Future
orrection orrection Extraction

—_—— 1 1 1
Internal

k i Topographic
Distortion Textural or Geometric

Image Transformation

. Image Classification
= Preparation &

Image

Supervised
Method

Enhancement

EN Reading

uitable ray Leve
Color Conversion
Composition Histogram [jm

Spectral Unsupervise

Measureme d Method

B ts

External .
Variance —
Distortion - Raster Data
. Analysis | atl e TCC [ Contrast _
Analysis Stuuyllls o uniderst B S ) st l,.\-ﬂ\ =il - |mprovement

Correlation

Analysis DL s

Vector Data
Special Filler
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Is the extract of quantitative & qualitative information using human knowledge
Extraction Image Change Extraction of Physical Quantities Specific Feature

Information | Classification Detection Indices Extraction Identification

Rock, sail, Land cover / Vegetation index Height elevation (DEM), )
Example . . Floods & forest fire
vegetation... use change (NDVI) thermal remote sensing
Advantage: Knowledge is available, & Interpretation is better | Disadvantage: Need specialists, high time; cost; & effort

Image Procedures Steps
Interpretation . Data collection to gain knowldge
Sl gert Preparation To obtain suitable image: Goals & Area of the study, Sensor type, & Bands taken into account
(Pre-work) . . . - . .
Geometric correction: correction of North direction & astronomical coordinates
Reading Interpretation of keys, shape, & pattern
Measurement Length & area
Analysis Determine of object evaluation
Maping Display results of interpretation by thematic map
Depending on software (skills to use satellite image)
Image Advantage Short time, Extraction of physical quantity, Standardization | Dis. Difficult analysis & transform of knowledge
Processing Image Correction Radiometric or Geometric (geometric may external or internal distortion)
i gal) dallaa Image Transformation Features Extraction, & Image Enhancement
Image Classification Supervised, or Unsupervised
Image Correction: is the correction of north direction & astronomical coordination
it’'s not your responsibility (as user) to perform radiometric
correction, it is center responsibility (such as NASA) Scale Error
e Causes: Sensor Sensitivity, Solar Angle or Sun Angle, & Conditions Error
of atmosphere

Projection

Radiometric

Cause: Problems in sensor design
Types: Scale Error, & Projection Error
It’s center responsibility to perform correction (not users) Shift Error
Cause platform variation height, Earth curvature | Error
Types: Shift Error, Earth Curvature Error

It’s users responsibility: performed using GCPs

Internal

| Earth curvature

Geometric

External

Image Transformation : Image Enhancement
Is the increase or improvement in quality of the image & deals with Gray Color Data components
The main objective of image enhancement is to improve the visual interpretation 2l dlawlg awdidl awss 9o Byl
Methods: Suitable Color Composition, & Gray Level Conversion Histogram
The Color Composition Conditions are:
1. RGB Color Screen: must have the colored filters (Red R, Green G, Blue B)
2. Three multispectral Bands: must use only 3 multispectral bands over the RGB filters
3. No repetition of same band over 2 filters
Example: Quick Bird sensor has 4 multispectral bands, so 24 color can be made (by factorial: 4! = 4*3*2%*1 = 24)
To perform TCC (True Color Composition) you must assign on (RGB) filters in which each band should be seen
on its filter (red band on red filter, blue band on blue filter, & green band on green filter)
e Ifall bands are found in the sensor (RGB) you can make a TCC & if one of the bands is lost, there is no TCC
e Each sensor has only & only one TCC & any other composition is FCC
e Visual Interpretation of TCC: the colors in image are the same of their natural color
TCCfor Sensor MODIS LandSat8-9 LandSatETM LandSatTM IKONOS Quick Bird
all Filters R G B R
el 1/a(3[a 3232132 ]1[3[2]1]
SPOT & ASTER sensors don’t have TCC, because lack of blue band
FCC is important because some sensors (SPOT & ASTER) don’t include TCC
If we put NIR band in the Green filter >98% of green color are represent the vegetation areas because
regardless of other filters leaves have high response for NIR (higher albedo)
If we put NIR band in the Blue filter >98% of blue color are represent the vegetation areas because
regardless of other filters the leaves have high response for NIR (higher albedo)
If we put NIR band in the Red filter >98% of red color are represent vegetation because the leaves
regardless of other filters have high response for NIR (higher albedo)
an gl il o sl s 50 CaOA) (e Sl e JYSY) (Say Cum LAY 8yl el 39 5 Dlie A8 jaaINIR ) pladind (Say

True Color Composition TCC

Suitable Color Composition

False Color Composition
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Image as a binary format use 1 or 2 bytes & satellite image use 1 byte
1byte = 8 bit = 2% or 256 levels of Gray color or LGC
e Color Table: is a table on the computer software represents the levels of the
colors & for gray color the gray color fixed at 128 & if moves towards 0 the
gray become darker until reaches black at 0, if we move toward 256 the gray
color become lighter until reaches the weight color at 256
256 LGC (light gray color) - Digital Number (DN) - 0 to 256 (integer DN)
e As we select enhancement we are force the software to use highest gray
color levels as possible in order to improve visual interpretation
Steps of Gray Levels Conversion
Is the improves the contrast in the curved pattern by histogram ‘
stretching using linear or non linear mathematical equations that leads N i
to force software to use the highest gray level as possible (which are not
used before) then the image becomes clear in order to improve visual
interpretation

Number of pixels

400

Contrast Improvement

Y e =
0 T SN "
0 02 04 06 08 1 12 14 16 18 2 22 24 26
Pixels intensity

Spatial filters: filter used to make visual interpretation for 206 s ‘
images with speckle noise possible 3 5 6 ‘ N
e Speckle noise (salt & pepper): black & white points 5 4 5|
on the digital image that make interpretation difficult
e Used for microwave (radar) images, because images
of active radar system have speckle noise
Working conditions of Spatial filters: i daae pll 8 Average ilds (3*3) 338l L idl
1. Choose window size: should be odd number  sili (< e dliladl (3uais (3%3) sasl 5 JS 38 530 440 yal)
(3*3pixels, 5*5pixels, 7*7pixels, ..., 33*33pixels)
2. Choose filter type (Statistical equation): e.g. Median Filter, Mode Filter, Mean Filter...
Sl slaadly yilual) Jalid (Kan aas JBL L o oag JUL 5 gray levels J oo Gl slaad) any juds o 44y Hhall o3gy
Image Transformation : Future Extraction
e Veryimportant because represents spectral characteristics of object & can be studied by Vegetation Indices
NDVI: Normalized Difference Vigitation Index, used for vegetation type classification & land degradation studies

NDVI (Normalized Diff y—MR-Red ., 1)
ormalize 11rrerence) = NIR + Red = ,

+ve for area with vegetation cover — ve if there’s no vegetation

Gray Levels Conversion Histogram

(%]
-
(]
=
=
s
=)
©
Q.
(%]

§ The equation is applied in the form of pixel based that mean all corresponding pixels between 2 bands (Red & NIR)
‘3 SAVI (Soil Adjusted Vegetation Index) = NIR — Red =(-1,+1)
@ NIR +Red + L ’
- L= 0 for area with denser planets, L=1 for rare planets, L= }; for arid to simi-arid areas (e.g. Jordan)
£ slalie) Lalic 4ali (ge A all Adlaie (sl e (SAVI & NDVI) cnihlaall () (G ading T
9 SIS & Aridity Index (Al) ?dftu e adiad slalial) Caial plaid (Ja g (Auha) Sl ddls Al Area CIa55|f|cat|on Zones
) Caiae 4w 20 J JBY) e cilel a8l <0.05 Hyper Arid Area id 7
Al - Avg Rainfall 0.05-0.2 Arid Area S AAvr: o LS
Avg Evapotranspiration 0.2-0.5 Simi-Arid Area '

o Benefets of NDVI: used to indecate the area of vegitation, the 0.5-0.65 Sub-Humid Area Humid Zone
vegetation density, classification of vegetation, & used for some >0.65 Humid Area NDVI
environmental issues such as land degredation studies

The texture of the image is the relationship between spectral data Gray-level Image Numeric Gray-levels

9 & gray levels. If you have a homogeneous object in a part of an

EB image, the Gray levels of pixels that should have the same (almost

§ the same) Gray levels () = %
= « Inordertoto analyze phenomena, statistical laws must be used 1 3 (}
g & statistical relationship between objectives must be found &

5 laws are applied in the size of odd window (e.g. 3*3) o s o 1
il Correlation Texture Analysis: Inter Low (0) or High (1) Correlation () 5 3

Variance Texture Analysis: Inter low(0) or high (1) variance
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Topographic features (Area, Length, Width, & geomorphological analysis) extracted directly by tracing over features
using satellite image
Types of data structures using in romote sensing
Raster Data: digital aerial photographs with
regular grid cells (consist of pixels), & stores
CES @ data that represents real-world phenomena
Data e Represents using astronomical (x,y) or
graphical coordination (e.g. 3,2 or 9,6...)
e Rasterization: is the transformation any
data from vector form to raster form
Vector Data: has a special distribution, & is
the data representation of the world using
points, lines, & polygons
e Represents by astronomic coordination
e Vectorization: is the transformation
data from raster form to vector form
Type
CLINIE Point Id code, (x, y), Attribute table
Line Id code, start & end points,
Attribute table
Polygon Id code, series of line in
clockwise, Attribute table
e e.g.Ifthe colleges is point, the Street or
Gates is Line, & Car parking is Polygon
e Geomorphology: is the study of landforms, their processes, form & sediments at the surface of the Earth
e Stereotypic Image: is the image that created by taking two photographs of the same subject, from viewpoints
approximately the same distance apart as human eyes
4ue s polygon sl Alsh s g gaall 5l sal sl 558 Iad sy ol e dplad iS5 alls (ol Sl A ladll il yall ladind (S
A 5S4 el e dle Juani s (o) U] 23 sail Zling (a5l 5 ) ga s alat Jand 5 Lgtialoss 48 jra 5 (2na

Vector data model
°
\
°
\
xy t\);‘

=y
i

Point Line Area

Raster data model
Row
Row
Row

Column Column Column

Line

Polygon

Topographic Features or Geometric Features

Geomorphology > DEM -» Stereoscopic image
A8 yidie Adhaia oS3 o) pha i Ly (i) slaie (pithaial (3 e 8 63 s Stereoscopic image A sSe sy pind) A3 jall Jaal
?b:;"'. # (B3N & B3B ¢pxildl ASTER = Jadé (pada pill 8 533) scanning gewall 4u ) 30 353 2 52 5 ae overlap area
i :Oinlee aladiu) aulaius 43L33) a5 Raster Data 43 sle Ciieay 5 Claa yall aladinly @l shiy DEM L) 5 dee oy
Vectorization (transform raster to vector data) & Rasterization (transform Vector to Raster data)
dndaull &bl (5 slaall st i ranks of drainage z1a) ahivs ) i€l da ghad ae 411 5 ) suall Ll )
Benefits of Topographic (Geometric) Features
1. Analyzing of Drainage Basin & surface water
2. Determining the best land use of the study area
contourmap 3. Studying some Environmental Problems (Floods)
Image Classification
used to assign each pixel into groups (classes) & each group must have homogeneous spectral characteristics (depending on
spectral characteristics), the number of groups determined by the user based on the previous stage (Transformation)
Depending on users (by >80%), & Related to training area collection

Class Code ‘ Specific Definition

Procedures: | Definiti fcl b gi BY Water 10 All water bodies
= ; seng;? ?,e |nl|)t|cf)'n ‘(:‘ ¢ anSES hyCCIo INg 2 Forest 21 | All type of forests
e pe.C|. Ication Detfinition o ac‘ ass £¥ Cropland 22 Vegetable & Fruit
= 3. Training Area Samples Collection TP - -

) . e . . . 3 Vigitation 23 Grazing Vigitation
= 4. Selection of Classification Algorithm (e.g. Maximum 5 Urban 30 All construction
= likelihood algorithm): daase ) Jala o jaa Jlas) (56 L) e Land | 40 All rocks & soil
(7]

S 5. Classification Performance: aaaiwall e aaial Can “:i(re =L Vegeat rg:.. ; l:rrol:nds
g O a5 S Jiays Dsle 5 e o Jseanll Classify e bl &

3> Code | 10 H 30 40

) 6. Accuracy assessment of the results

Training Area: a few homogeneous pixels (20-30) represent the pure Forot | Crophnd | N Rods | Sol

Vegetation
class, assembled by human knowledge or field work (e.g. GPS), to
enable the software to recognize class spectral characteristics
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Depending on Software (by >80%), & Related to Cluster Method (ptaill e adiai g aaalaall 38 Hhay Jasi y3)
a2 (hn e anle iy o g 1 ol pall ellne 5 Lgh A g e i Jamg Aol o5 (0 2039 1) i) 0y a5
Procedure:
1. Define the number of classes
2. Define the number of iteration (<Y sasll)
3. Select the algorithm (statistical equation): such as K-mean algorithm
4. Classification performance
5. Accuracy assessment of the results
Example: For a 4 consisting of 5 classifications, the software must be given the data: Number of classes = 5, Number
of iterations = 10, Algorithm = k — mean algorithm, then Classify, then the next steps must be taken
lgiltaa Jalal Caiat () COLS) amy 81 At s (e JS) Galial 5 Jull Gl s k-mean aladil 5 gaslase Jas a3 .1
A A glaally fay lieall JR10] Ciiay o s i (S 13) 5 Ciieaily 0l 5 dsadl) gabaall diglall clinall b Jalsi Jee o3y .2
Leliia sy Clusters aalas (8 SIS JS Caieali ) g g JuSall IS Cabail Apglall claall Jalaisaby ) 2 .3
Error Confusion stad¥) 48 siias oliily Glld 5 Capaill 48laas clacY Led Cayiaail) 483 (a5 apaail dalay s A sla 5 ) o 14l 4
(e IS8 Caial Clinall (40 785 (5) 715 (e S8 Uadd) G5 785 Y 48al) Joa ) aay Cumy Matrix
A1 3 e A8l s o3 LW 5 Gilall aae 304 ) pe Casiuall dilas salely o8 1 %85> A8all Gilual) daii cuils 1)) 5
Accuracy assessment or classification accuracy in the image classification (supervised & unsupervised methods)
e You must use the classification accuracy calculation to give the results credibility, that can be done using deffrent methods
such as confusion matrix or error matrix (oLilY) 48 sas o) Uadll 48 iia)
e Confusion matrix or Error matrix: is the mathematical matrix that used to calculate the overall accuracy of the resulted
data, it should be > 85% (error < 15%), if the overall accuracy < 85% you must re-classify the data either by increasing the
number of items or reducing the number of items & recalculating again.

°
o
<
el
]
p=
-]
]
o
5
S
o
o
S
(7]
c
>

EXAMPLE: Confusion Matrix & Accuracy Matrix Calculation

A B C
al[37 3 7
b|9 25 5
cl11 2 43

How we can reding the matrix? columns are the ground truth classes; rows are the classes of the classified
image to be assessed, & cells show number of pixels for all the possible correlations between the ground truth
& the classified image. The values shaded in yellow color are correctly classified values (A-a, B-b, C-c), & A, B,
C, a,b,careitems (e.g., A & a = Rock, B & b = Vegetation, C & c = Water)

To calculate overall accuracy? Calculate the total of each class, then calculate the overall accuracy by dividing
the correctly classified values by total values, then calculate the accuracy of each class by dividing coorectly

classified values in the class over total values of a class
A B C Total

a 37 3 7 47

Acc

Correctly Classified Values 37 +25+43 105
Total Number of Values 142 142

(/85 o J8 Lg) (s A) B e cisiall) B8] quag g A gia 1S Aal) ol

=0.74 - 74%

Overall Accuracy =
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EXAMPLE: Area Calculation Humber of Clusters: 4

Cluster Pix=l=
If the size of the image 0, 0, 8429, 8431
calculate the total area

(1) 18239240

The first step is determine the type of the

image (e.g., QuickBird, 2.44Km GR), then ¢ 2 2e3eERe2
calculate the Image Percentage (% image),
then calculate the total area, then calculate ¢ 33 19887503
the area in each class
%I _ Pixels in class 100%
olmage = ZPixels X 0 [ 47 4569594
Total area = PXLXGR?
_ %Image xTotal Area

Class Area = 100% Total 71064899

Cluster Pixels
18239240 25.66561025

Mean Position Std Dev

20.
20.
19.
19.

69,
g5,
an.
155.

104.
1158.
130.
141.

166 .
185.
198 .
198 .

23125
93345
Ee831
26643

61281
75694
70627
92953

24466
76809
38841
96898

80290
72487
18117
14843

11.47457
13.16216
13.05808
12 . 96863

11. 46781
11.77103
14 76839
50.38782

14. 07138
14.17626
15 . 73658
24 72298

29 72977
28. 02513
26 . 42585
27.21994

108.3722863

28368562 39.91923214

168.5577866

19887503 27.98498736

118.1657881

4569594 6.430170259
71064899
Total Area = 422.24706630672
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SMARTARTS

Studying &

Understanding
of Image

Image Image
Interpretation Processes
|| . Image Image Image
Preparation Correction Transformation
| Readin Geometric Radiometric Future ‘ Image Supervised
8 Correction Correction Extraction ‘ Enhancement Method
|
| | |
. . Gray Level .
— Measurements I.ntern.al Textural Topograpth or Spectral Suitable F?Ior Conversion Unsupervised
Distortion Geometric Composition ! Method
Histogram
—  Analysis E.xtern.al Varlam.:e Raster Data NDVI TCC Contrast
Distortion Analysis Improvement
Correlation Vector Data SDVI & Al FCC special Filler
Analysis
Studying & Understanding of
Image require 2 steps
Image Interpretation
Is the extraction of qualitative & Image Processes
qualitative information using Is a process of editing images
human knowledge & satellite using computer software
image
. Advantages Disadvantages
Advantages Disadvantages g B
. . . . - Short time & Higher Extraction Difficult of Interpretation
Knowledge is available Require long time & Specialists g P

Better Interpretation

Require high effort & cost

Physical quantities &
Standardization

Difficult of knowledge
transformation

Image Interpretation

EXTRACTION INFORMATION

Change Detection: Land Cover

Vegetation Index: NDVI & SAVI

Image Classification: Rocks, Soils...

EXTRACTION INFORMATION
Specific Futures Idintification:

Flooding & Forests Fires

Physical Quantities: Elevation &
Thermal

Preparation (Pre-work)
Data Collection & Geometric
Correction

Determine Study Area, Goals of the
Study, Sensor type, & Bands to
obtain suitable image

Image Reading

Interpretation of Kays, Shapes, &
Patterns within the digital images

Image Measurements
Measurement of length & area

Image Analysis

Determining of the opject’s
evelution
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Image Correction

Is the correction of north direction &
astronomical or geographic coordination

Geometric Correction Radiometric Correction
Applied if there is internal or external It’s centers responsibility, applied if the
distortion & may be user or center | distortion caused by solar angle,
responsibility, include curvature, shift, atmospheric conditions, or sensor

scale, or projected errors sensitivity

External Distortion

Eternal Distortion Caused By: Variation heights of platform, &

Caused By: problems in sensors design Earth curvature condition
Types: Scale Error & Projection Error Types: Earth’s Curvature Error & Shift Error
Performed by: Center Responsibility Performed by: User Responsibility, by

collect enough numbers of GCPs

Image Enhancement

increas or improvement quality of
image to improve the visual
interpretation, & deals with Gray
Color Data components

Suitable Color Composition

The Color Composition Conditions Gray Level Conversion Histogram

are: RGB Color Screen, must use only Color Table: gray color fixed at 128
3 multispectral bands over the RGB (LGC) & towards 0 become darker, &
filter, & No repetition of same band toward 256 become lighter

over 2 filters

| | Contrast Improvement Special Filter
False Color Composition (FCC . . - i
True Color Composition(TCC) ) P (FCQ) improve the contrast in the curved _ filter used to make visual
you must assign on (RGB) filters in Important because some sensors pattern using equations that force interpretation for images with
which each band should be seen on don’tinclude TCC software to use the highest gray speckle n0|se'(rac'|ar) but may be leds
e fi i level as possible (which are not used to losing information
its filter You can determine the area of pe I t
vegetation using the NIR band before) in Qrder to Improve visual Used for microwave (radar) images,

Spectral Features Extraction

represents spectral characteristics of
object & can be studied by Vegetation

Indices
NDVI Al
Normalized Difft_arence Vigitat_ipn I_ndex, SAVI Aridity Index
used for vegetation type classification & . .
land degradation studies Soil Adjusted Vegetation Index Al = Avg.Rainfall/Avg.
NDVI = (B — Brea)/(Byig + Bred) NDVI = (B = Brea)/(Big + Breg + L) Evapotranspiration
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