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Introduction to GIS (Lecture 1)

·Plan Drawing ->coordinates can assume origin·Grid Reference:- 6 figure grid references.
·
2D => small area

· But ter globe-> latitude, longitude
· North Pole, South Pole
· Equator
· Line thatpasses tho' M-spole-Meridian (longitude lines
· Line parallel to equator-latitude line.
· congitude-Meridian;Parallel-latitude
·Meridian that passes through Greenwich
·curvilinear coordinates - Degree, Minutes, seconds ⑮

- latitude

I
->latitude lines longitude

longitude
Lines =

ELEMENTS OFAMAP AND MAP SCALE

#DSCALE: - A scale is the ratio ofthe distance between any
+10 p78. on a map to the actual distance between the

corres ponding pto. on the ground.
1:1800 => larger scale
1:25080 => smaller scale => features will be smaller.

Mapscale can be expressed in any of the three ways: -
· By a statement 1cm is 4 km

· By a Numerical Fraction 1:250,000
· By Graphical section or linear scale

Approximate Measurementson the Earth.

1 Degree ofarc = 110km
1 Minute ofarc = 1 mile or 1.6 km

I secondofarc = 30 metres

classification of Map's
1->

on basis ofscale on basis of contents and purpose
↓ Yo

large scale: > 1:251 Physical Maps

medium scale:1:25K,150K, 1:250K Cultural Maps

small scale: <1:250k

very small scale: <1: IN

Plotable Erro

· It is considered to be a pencil dot on the map which is 0.25 mm in measurement
· It is smallest dimension of a feature thatcan be represented on a map.
Plottable Errer determines the stale of the map

·Egin 1:18,000 scale 1mm = 10,000mm

Plottable error 8.2scum = 0.25x10,000 = 2500mm or 2.5 m-
=>Topographic features smaller than 2.5m in dimension cannot be shown on

this scale ofmap.
·

Eg.1:250000
Plottable error 0.25mm =8.25x250000 =62500mmr62.Sm



WeGIS
- Geoid.

· GEOID - Geopotential surface- potential isconstant III 11 II

Gravity isperpendicular atevery point.*Elipsoidh· REFERENCEELLIPSOID - Just a mathematical function.
in

Representation of a point

· Height-water flows from one point to another.
-

got to do with gravity.
M

F
·Refering a pt. isdifficulthere.⑧

7↳
·

Ellipsoid - used to represent a horizontal coordinate
· Geoid-ned for referring height
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Ocean surface Geoid isreferred wort it.
But ocean circulates.....

ocean moves because of des-Main cause of circulation.

· P(P,3,h)
H

nums)-

e- R
E

It -> orthometricht. (at ofpt. above gead.) --
ILLIPSO/D

PGT ellipsoidal ht. GEOB

· H= Heightof pointabove" measured along the plumbline.
· h= Ellipsoidal ht= above reference ellipsoid and measured along the ellipsoidal
normal.

Normal
->

<Deflection of verticalO
L H

"
1 15. O hardly 2"a- -

Geoid Onegligis b.
undulation. <-

-

~

-

-

*
Levelling ->H - 8thmetric hit

*GDS + h +

*h =H +N

COORDINATESYSTEM

Requirements to define coordinate system
· Location ofthe origin
GEOCEN TRIC ->center of earth's surface

HELIO CENTRIC
-> center of the sun

TOPO CENTRIL
-

center oftopocentric origin (specific location)
· orientation ofthe Axis. 2

R

>Y
-X

· Parameters which define the C.S..

Greenwhich N

Meridian - God ->N,0
-

-
~

--
-

0

->Equatorial Plane



RIGHT HANDED SYSTEM - Geodetic za

LEFT HANDED SYSTEM - Astronomical, etc. P

Cartesian coordinate

↳called Geocentric -> Its center inglocenter --
(center of earthsurface) X -

R -1 I

>-

- I>Y14
/

---
...

L WGS'04 > Reference Map on which GPS gives
IWORLD 4E0DETIC SYSTEM), 1904 the cordinates.

->

Globally accepted reference ellipseid.
->Geocentricin nature

ECEF (Earthcentered Earth Fixed)
X X

Geocentric X-axis fixed en

surface of earth
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RADIUS OF CURXATURE

b IN MERIDIANAL DIRECTION

a
M =ae2)
2-e2sin2p)3kz

=

f(b
latitude

fb flattening

22=262
a2

RADIUS OFCURYATURE

IN PRINEVERTICAL SECTION

N =

sina) 1/2

Relationship b/w

(N+h) cost cost Ellipsoidal and

(2) = I N 7M+h) cost bind Cartesian coordinate

((It22)+h) sinp Sten

↳ It isnot a empirical formula, it is a derived formula.

TO POCENTRIC COORDINATESYSTEM

Origin: From where you're carrying survey (location).
X ->towards North Pole

y ->perp, according to LAS->
towards SouthPole

2+Ellipsoidal Normal

(14,2)=(Easting Northing, Ellipsoidal Normal)

n(* = 90 - p
S= 180 - 0

[

↑

- (d
3 <

RHS

easting [ I P2R2) - (98 - 0A)(.R3( -(180 -(x)[Z]
setting
-on

=

↓
upht R=

1180]
=Rotation +Itisplipee



*ALDATUM

46811 + Reference surface
Mean sea level isapproximated as Geoid. (It's notgerid)
But there is variation bw Mean sea level and Geoid.
Tides called by pull ofearth and gun
It is called sea surface topography (SST)

↳ Difference 190 MSL and Geoid.
· MSL E Geoid

n. A

) t
B

GPS -> h

Levelling - H
h2>h)

H1) H2

&ELIEF REPRESENTATION

contouring
· FIOX Lining

Aman Kumar Singh \ IITK

·x,y,z -6,6, 6o891

·h=H +N

·contours -> Imaginary lines ofsame elevation.

·projectionisof3D space to ID readof

· No projection iswithoutdistortions.

*

->A cylinder

#*I
can use

->
>

cylinder.

NoProjection setprojection
a

↑when

C ) Ifit iscuttingait is

touching secant.

NORNAL SECAN T

OBLIQUE

↑RANSVERSE

CARTOGRAPHIC PROPERTY

CONFORMAL -> Maintain the shake on 31 same as inID.

[EQUAL AREAPROJECTION -Maintain equal area.EQUIDISTANT PROJECTION -Maintain the same length

> These 3 propertiesare mutuallyexclusive properties. If Iwant

to maintain area, Ilose the stars. Similarly for others.

SCALE 1:25088 I am on map =25000 am on ground

SCALEFACTOR SF= MaP Distance

Ground Distance
1

k>1 EXAGGERATED
K< 1 D/MINISHED

· As you move away from meridian, itgetmore and more
exaggerated.



->standard Parallel
↓

- Here SF=1 (scale Factor)

secant
->

conformal
- Nercator Projection:-]~

(shape ismaintained)
- Google Map have used Modified Mercator
- Transverse Mercator]
-Cassini-sidner projectionv

equi-distant
(for land records)
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RHUMB LINE:Line having same bearing (Azimuth ismaintained
wherever you want

to
go, you putitsbearing.

GREATCIRCLE: - The shortestdistance that you have

ooo o

oo ⑧
o

o oo o

⑧ O oo

TISSOT INDICATRIX -The Distortions in the map.
As you go away from equator, SFMes

-modifiedmercator
->modified iny-axis

1,
many call there Board Projection. Advantages.

D

somenow shape is maintained.
· It not only maintain shape but also maintain the area.

*m+kp-1 - indicates equal area projection.

UTM - Universal Transverse mercator.
-> secant case
↳ Gutide is kept at a particular diry.
↳ It has 60 zones it isdivided into

-> From Lengitude -I can tell the zene in which Iambing.
I learn itfrom the slide UTz znd. (Slide1ess).

sure
the

Nay wnunt line is not the shortest dist. and great
circle is?
why don'tthey use equidistantmap.Google make?

p 44N - Northern Hemisphere
PS - somethern 1/

↑(J =810E

78
·

&r -
add thisone fun

7 ono
·

-
origin forthis zone -> coordinates are given to

its

a
fasting reference.

&
10,500000) -We give talise easting and false northing.↓ ↓
↓ Easting->

=

Northing For Northern I keep on adding.
Equator (10,000,000, 500,000) - For SouthernLatitudeo

↓, I keep on subtracting.
& subtractthisone



· Between the UTM and other, there is a 40 km overlap area.
·

↓ ·Distortion, you are biturcating↓ SFCI ↓/ ·

Balancing the errors.
SF=1 SF=1

· scale distation islesson
· for larger area, we use the secant

care.

· UNNERSAL POLAR STEREO GRAPHIC PROJECTION -Itis also a conformal

projection.
· UTM is also a conformal projection.
· Both can be merged.
· Cassini- Soldener Projection -> used forCadastral
All state get records are inthisprojection. surveying.
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AsimusProjection

prespectiveprojections + Gnomonic Projection.
↓

keep at thecentredearth
- Stereographic -Atthe other side of earth.
- Orthographic Projection

↳ carry from infinity theways.
Lunarmapping, sto

·

Stereographic is very important because it iscontormal.
· anomonic isa equidistant.

Mercator cnomonic
⑨

-
-

-

Geodesic line ↳ knumb line - carved

↓ ↳
shortestDistance -> straight line.shortest

-Distance ↓
-

-
- Air Force People wantthem

An every plane is coming.
ection.↳ gnomonic proj
-

Dist & Bearing isexact

· Acro-Nantical Maps we make use.
· Itmaintain bearing and equidistant
~ It doesn't maintainstop.

How to compart....

Lattitude,consitude -> ve Gands

Lambert o



In grids - give origin a false casting and a false
northing.

->to avoid any negative value to any pt.

24 7030

- In India we take 7th. The China the take th

· Standard Parallel - Sale Factor-1
·

limiting parallel limitto area that in to be mapped.
Central Parallel ->

value of Central Parallel iscalculated as

l =l8gN, c0sP, -log N2 cost

93-lsometric latitude
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(6zp,) ->
subtractfrom top - Igetstandard parallel.
Add tobottom

Basic input ·Lac projections->

j
- Geodetic latitude 3
- Geodetic longitude To calculate?

Eo =

conversion to LambertConformal caric to Geodetic.

In AGNI -they are using thisordinatesystem-

3 Things:-
· All state governmentrecords are in Cassini
· Use aPs ->

CIN
scale Factor-NeReepitggg6cr

es
2

· conformal ejection - shape is maintained.44Na'
780 840

as
a

·
NORTHERN

↑
·

18,500,000)
coordinates of

110,000, 500,000) the origin!!
SOUTHERN

·For UTM, standard meridian
-

445
ko8.9996 (scale factor)

YI-uTM coordinates coordinates given
here.

t=sin
y
=

·e-azpc-steccentiateset Sp=JNd6
9/

· f =a - b ~ acros-

· A example isgiven:
- In slides -.......

·For Northing -> No false northing added. niointhis.



John P. Snyder -> Map Projections rosed by US Geological survey.
↳ He has given

all the formulas.

·

(x,y) ->Polyconic Everest told Maps ofprevay ofIndia are inthis
↓

N9SO4I UTM (X,Y) Polyconic
->b, (Everest)

BURSA-NNOLF MODEL

US-scale Factor

[= [i] +

CXwswzci-as [Ierest1x584 ↓
Translation Rotation

7 parameters Parameters Parameters Parameter

2- (3) (3) (1)
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Datum and Projection
↓ ↓
Ifit isdifferent Ifit isdifferent

-> do datum -> do projections
transformation transformation.

Georeterencing

Geo-referencing:Aligning Raster & vector Data to the Real would
What is geo-referencing?

·

Ges-referencing refers to process of assigning geographic coordinates to
data in order to represent it on a map,

· It iscrucial as itallows for theoverlay and integrationofvarious
hy andkinds of datasuch as satellite imagery, aerialphotograp

maps,to create a complete and accuraterepresentation of real world.

why gesretencing isimportant?
· It provides a cruciallink blu data and the real would.

After talking aboutimportance and significance ofgeo-referencing.
HOIN to geo-reference your data?
GCP/Ground Central Points) Icentral points

82
other geospatial data having a knoxa

coordinate system.

GCPs: - Points thatcan be accurately identified on dataset(vaster
data as well real world coordinates (AOI-Area ofInterest).

points for which ->Real would coordinates ->accurately RUSNG.
using those we can gesreference our whole image.
CPs -> Relate faster with real world.

How to choose control points.
·

open to sky-> should not be placed near tall building tree.· Identifiable in my imagery
->should have good contrast to&

easilyidentify in image.
· Well distributed in my area of interest.



Raster/ Apond
vecar
->

- -

*

~⑩ empta points lines polygous
⑨

There are sore ↑
-

carea)
2 extra pixels aswell

↳) more space unsumed

· Made up of pixels (grid cells).
· Each pixel has itdown value or class.

·satellite Images
- Master Data

pixel #value it↳ pector
has say

1m,5m,et.
Raster I
-

Point

line

Polygon
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Transformation Models

Xout = F (zin, Jin) +We are using Nathematical Models.
Yout =G (Zin, yin)

3

⑪ zero order Polygonal
x' =x +A

y=Y+A

② Affine on 1st order Polynomial
· Minimum 3CDS

Kout = Ascin +Byin +C More than should be due

Yoat =DKin +EyintF
- least square adjust and rise
the best fit.

Most Conxmeh Choice.

⑤In order - mins (PA

④3odordor - min18 CPs

⑤Spline transformation
· At your CDs there is no distortion.

⑥Adjusttransformation.
IN - Triangulated Integrated Network.

* Always good idea to take more than minimum and take the best fit.

Goodness Fit ofModel - To know has good is georeferencing.
RMSE - Root Mean Square Error is calculated from transformation model.

- It is a parameter used to know how well is your georefencing.

RMSEX = = Xpredicted - Xactual)
n

RMSEX = = Xpredicted - Xactual)
n

RNSE =RNSEX +RMSEY2

Top sheet

1 1 S 1 I
I can use this point

- 0- Where the latitude and

- longitude coincide.

-

-

-

-

-



vector Raster Data Model
· ->

-

Model real world objects as discrete objects.
·Model earth as grid of

· Tree-point cells (called pixels).
Road- Polyline ·store Area is stared in a

Pond- Polygon pixel. (we call itresolution)
Every cell occupy Imxim

ifResolution = (m.

Boththe models we need to model our real would data. ↓

·Itjust have value
atitspixel.

We can put aside some CPD to serve as check points.
· Then we can find the RNs rise atthose check points.
Read RMS Error carefully
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In Transformation, shape ofimage changes.
-We need to

make those pixels square

-

solumus=(Xmax-xmin)
->

call size

-

-

Row=(Ymax-Tmin)
all size

Isampling:
->Not

mu

① NearestNeighbour:Default method ofresampling
↳Interpolation
-

-

-

·Each call getsvalue as the

closest neighbour.
1

· Quick

·Default inmostsoftwares.
sometimes blocky appearance back

many
cellgetsame waters.

·Good for continuous data.

⑧Bilinear
· Do eighted mean (based on distance) ofthe nearestneighbour
very suitable for continuous data such as Temperature

We also remove certain high frequency data but good for
continuously varying data.
Blurrines present.

⑤ Bicerbic

·Generate surface from 16 nearest points.
Time-taking because it has to take 16 points.

No. of CDs for polynomial transform, n =(p+1) (p+2)
z

Labi -

① select NGS &4 (It isknown coordinatesystem of CPS)
⑦ hebreference ->

· For mostof topsheets make up the intersection pt.

gratitude lines. g
· Add CPs.
·

Auto-apply
->can on/offbased on convenient.

# "L"-To on loftmaster layer



sattamages ⑤ Aerial-
-

· Maps/soI Drone
· Charts

census survey,etc.

How to input these data ina GIS?
Need for Data Models.

Metadata
-

·Data about data information aboutdata.

- GIF
Header

- jpg
· pug
· tif

Data
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⑥ Image
When you take a photo from mobile Bata
It stoves 3 images

-in the form of ster.

-

jkap
· Database

· Dissemination

· Dataprotall DNTaz 4
-

& Geo -Data (Geospatial Data
· -
- X -

-

X /

Spatial Data Non-spatial Data

Portal - information about ↓ (Attribute Data
all the metadata 1I depend upon does not depend

-

-
all images. location upon location-

-
-
-

-

chail Trees

↑ DAMame I
⑨

&

person sitting here ⑪RonM DD
↳attribute

↑

New Geospatial Data policy - 15 Feb 202/

·Indian entity can capture any data, disseminate the

data, process the data, et all can be done.

·

Restrictions for foreign countries.

RNSE = 2(zi- zv)2

C I reference
v

meaured.

15th Feb 2021
↳ Guidelists

25Dec 2012
Le Policy. * BHOVAM

Negative ↳ I5R8 site
Attribute Estofer

in[ something like Google Earth
-

a * US4S

R sentine

Data isstored in 10 types: -

Easter vector
- ->

Forimage-pilet
DN -> (Imase)
feel vature (41)

Easter-Gerrefenced

location specific manipulation of attributedata iseasy.
↓

· -

4 Bro



IS

Height

Levelling 10-1000sot
3mmN = 3cm

->

⑭H=n (
,

#kmB

Earth Gravity Model 1=GN) 80

EGM 20

Geoid Models are there.

tentourAccuracy =th x (centour Interval)
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DEM -> Analog Map
Index Centour - Thick centous

~s000 -That'show you draw contour.
Form Lining

①
* For a map, contour interval isconstant.

PTM(x,4,25)
can be gravity, ex

DENX - (X,Y,h)

DSM - Digitalsurface Model.
SRTN 10

- 15m

AsterDEN -> satelliteand
photogrammetry,3 accurate

Cart DEN -> ISR8
-

>

RegionalGeoid Model.

#partA+UtMsmde 52
-a+

↳③
Hall path 40

-

short
Qua

defines
Feature class Δ Topology - Relationship.

⑳
↳ based on geometry.

- Pond
- Road o

Δ
Any edit you do inone datact-boxof Apology, it
reflectsto other dataset.

Topology inArcGIS Pro?
Shapefile ->Non Apological data structure.



Knasta Crop Imurance
suck

Hardcopy soil type meat.
-↓
--

Channel Network map.

4IS

->startups trammerse Ashwini, d.. ster

source of Data: - Freely Available data
· Google map
· 8SM
·

Bing mab

· Bhuvan-ISRO site
·

USGS

·sentine (satellite data)

osin-//// ·Download data

/ · different layers

↳ non-spatial data (Aim data)

Query.
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BotsppEnjo Fiser
Heads down method

*Marged
wires

*morged,wire
oriente

of pt. you're pickingHeads up method up.

scan-sture as jpg file
mome pointer - is puck new-can click with pointer of

mouse.

·

snapping to point (line -
↳00

·one
00 /

Automatic approach

oh Image Processing
-

A(i,i)

AC0,0) =1 + a~ =0 + -

#662 -er Algorithm
-

->

Semi-Automatic

⑬-
Pseadone -

- &Advantageof remi-automatic?o①

snapping
hel in
this
all

X X /

? ->Network Analysis -Iwill not be able to

analyse correctly.

Emelygouscreated

R
~way I checking should

so thereI -



Link based topology model.
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-
logy

(X,Y Attribute information.

we need to quantify and stare

of

3
the relationship in the

d -> *
Rater- Array - some elementsare 1
-

some elementsare a

#
Link-based Topology: - LINK COORDINATES

- Based on this
we createother file.
-pocyNO DE 40NYes

TIN (triangulated Irregular Network)
· Wherever you have to draw a surface -> use TIN

B

G

A I

2

2)215 Water will How from 2 to 1.
A ⑧

O
I 2 I ↳ We need to know surface(terrain) as well.
1

- * 0

⑧ O

TIN -> used in computer graphics -> very. 2mp.
--

⑧ Preferred. ⑧

-

Y

2

-

I
X

-

1 well conditioned A
⑧ ⑧ ⑧ A B ⑧

-

⑧ ↳ ⑧

more accurate representation of the terrain.

Because the area iswell distributed and more close

to an equilateral triangle.

->spatial TIN.
⑧

~ -> merge ⑧A X

⑧

⑧

-
-

⑧

⑧

Delaunay Triangulation
· more accurate representation.
* SIMPLICES (As in 2D shape) or tesselation
* YORONOI TESSELATION

(Thiessen or Dirichlettesselation)

· Thiessen Polygon of Voronoitile -> same name.
Delaunay Triangulation.



Polygen or voitile- same name
Defaunal triangulation

Pt
V. IMD- circumcircle of each b isis formed that itdoes not
I*
- certain any other data point.

St.
A- more undulating

A size is changing
as per information in

that area.
S

/ TIN-Mesh

Es See TI-any surface property

=--- · elevation,

computergraphics temperature
·optical inthe sense

thatit adjust as for the
MATLAB, softwares, etc. anface.

↳you give points-you'llget the TIN as well as the

topology.
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Want to do it with

Y - Graphically - · Algorithm
L w A

planahe
Difficult

working en

[].
Diagonal swapping algorithm

~ Their polygen

⑰.... ..i
-watson
#

Average
is

e

Atribute informationinput

to location -add some information
+attribute

Is there any fell 6/w

degradation and engineer?E&Is there any well blu information

degradation and sell type? buttal
Ye

show

crux-along with geometric attributes

intermation taster) - has a when an
click on pts.list of attributes isalso there - HiDe



·GIS-combining spatial +nonspatial information.

Attributes are stial

· we need to connect there attributes to individual geometry.

1- Engineer Roy
2- Engineer jaiscoch

.

tenureit 3 - Engineer Gupta.

Ranking!
skid resistanceof road-

!
Rank data

I

I
-> based onRanking skid resistance I-

-

-
I
I
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How information is stored in computer?

415-handle vector and master layer together.

Raster Vector ·Hybrid

sometimes some data are good to be stered as master. Whereas
in other as vector.

-

e

Land
ArcGIS - most commonly used commercial ··QUIS - 11 II 19 open-source.

ESRI gesretationaldatabase
spatial Data Non-spatial Data
E C

sail suit seil

St · !
3

What is important?
I ① Geometry

S
ESRI geodatabase - objectbased - just one tabs.

Gragermation

&Ordered sequential files. - Now itis arranged alphabeticallyI

↳
steps are-binary search-

Binary
starch.

logz (n+1)
M

*Indexed files-Index also has a problem.
* DS.

project: - Now ML also

Vinoba Bhavay AHP- Decision Rule
-

&

-

↓
A kind of technique

Reference

Eata



Non-spatialdata-stored in tereign key.
· simple list
ordered sequential files

-

2 -
an/2
-

↓ = 1
=n =2k

↓ *
-

·Not good because
-

log,"
=log,"-

alwayshave to
=

search inorder.
I=log2

indexed Files

soil profile defined on some attributes. Reverse the table4 Index file of unique attributes
↳ Helps in making

search fast.

↳
Problems -

Anything changes, move to change
index files.
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BMS
spatial spatial

·G15 Attribute data also

Imp All these data are inter-related. ? related by

1-
to continuity.
-

L

- w
1
-
f

- ① LN

2 -wh

S ⑤ ② S -4L
③ No -

↳

nice-Parent

Dept I - child

I
iA I Realized?

Cab a Labb 16 a b c
· KEYS

# By string all the paths
12

· Difficult to search other the key att

A data becomes large itis
not efficient
·Not used in 41S
· Folder accen.

Networkdatabase NIK

=

· Pointers

t
* Rel. DBMS +95% need for GIS

stoves no pointers/·Multiple 2D table

e hierarchy.

- -



->unique soil type
->sil). -> 11 &I Is ⑮- re
-
1 1

sie) And them are unee
<Properties)

·object
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TERMINOLOGY

Made oflarge no. of reth linked connected to each other

thro keys.

tuple-=3 Relation
Recard/
-
-

object tribute information
unary
-

Binary-
keys -> helps to connect multiple tables.

-
#i I 17

one attribute thatisconsidered primary key.
·

unique value of key is unique for each tuple.

Rimanken #
!I tell

Foreign key ->

RDBMS Structure
x y

.... g ! --
Primary key
-

-

E -
-

S

change get

NORMALE

isre - rejected
everywhere.
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1.HA-2
2.Project -> Be consistent

What we know now? - GIS
- What queries it answer

Attribute,Data
ModelXn) topology

All information isstored by means of some relations

#E --- --

⑰Queries
I

Spatial Analysis ->00 % of our day to day activities are spatial
crelated to space)

Types ofQueries

~ Retrieval Re-classification Overlay Operations

-
⑲ Neighbourhood queries

overlay.

cerrest to silI what are neighbouringa

operation (Analysis (Query ->
⑰eientalene

① Local -> No contribution from neighbour had

② In a Neighbourhood ->Contributionof -seiltype
neighbourhood

⑰vegetation
Retrieval -> Retrieve some information
-

&
- Arithmetic operation
- Relational 8peration

->8,1

output

*E, e 3 (True/False)

Lu - logical operations
# C=0

NC=1



Selection +Given a data, trying
to select same data.

-

- Topological Relie - features inside a
selected object.

Il
->

...

~"I
All the
connected

parcels
are
taken

-
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T
·Dissolve - Aggregate -Multiple parcels having same

attributevalue-dissolved in one

parcel.
->

· Re-classifying
->Two ways

·User controlled
· Automatic - itis also new controlled but

computer decides class breakpoints.
↳ Table generated based on some model.

Equal freq, classes.

lilly Histogram
⑤claves - 25 item

2 -0
I
=

19 5+ 1st clas
2291 + 2nd I > and so on...

35911 +32911

Measurementoperations Minimum- IOzuclide

e

↳
Taxi Distance Manhattan Distance-Euclidean

")*
-



INTERPOLATION ->To find the value of unknown value with

the help of known values.
N

N

* X

(I, N, H) Y

--x--
x

-
H

=
(E,N,?)

2D

y
M

- ·

i - ......i
wy-mete

-

-3D X X - .
-
-

X

i -

-

-

-
- iS

> E >x
x
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1 Nearest Neighbour Method N
R X

X
↳ Voronoi Polygon X

- - -
-
---H=?

X

X

·XX

>
E

2 TIN based Interpolation

(x,y,
M

x(x, 4,2)2 2 =?
can be

anything X > (X,y,?)

⑧ X (X,412)3
X

2 =(P - Ax - BY!)
X X X

C (X,412),
>

③ IDX (Inverse Distance Weighted)
N (x, n,?) ↳

over a neighbourhood (N

X ↑ X

X 2 =zwizi
X (x,4)

-X
2 wi wit weight

X

X

7
N-nearest'sno. of points

R
all points within a radius

W =1/r
=1192

·

Why C2/r-> As distance I weighty
· When to me I or -> based on property of 'attribute

4 Kriging Interpolation
⑤

II

Asymmetric case "-Magnetic field ⑳ centours

-

⑰ - Factory near water body-contamination
Notdistributed ina symmetric

A uniform manner

· Same as IDN butweights are generated by the behaviour of's'attribute.
·Establish how property isvarying in differentdirections.
· Neaver the points -> diff. Inevalue - low

farther the points -> diff. In a value-high
Diff. inz-value

M
⑧

f --
③ is'- (DIS2

semi
③

x

varience ->semi-vavience

> 8.

8.

↳ similarly we can do the same
This direction I 11 I 11 I I 7 ↳

for all other directions.

7-leg distance curve can be like anything
What's the difference(semi-vavience)? k



complex Back to pass...

Overlay operations

= E
Lotable
- X
X In tersection

What's the use? largeno. of
To minimize the computations. intersecting polygons

1 2 3... ↑

a 1a 2a 3a
·

All theentersecting polygre ?
1b 2b 3b

1 C 22 32

· Do you think there'll definitely be
a polygon having attribute

'za' in

the output ? No, not necesary
· Do you think there'll be definitely
a property 2 inthe input?
Yes! It has to bloc there isa class.
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NDVI (Normalized Difference Vegetation Index)

R IR *
NDVI= NIR -NR

NIR + NR

· From satellite Data -> R and IR image
· Indication of the health of the vegetation
· More NDVI =>healthy vegetation

Lithology-HON rocks are distributed?
- Rock types

Taluka - block or administrative division

Revised Universal Soil Loss Equation Model

the average annual rainfall depends on (A)=RKLSP
A:Average solosy

Rainfall slope length factor crop Managementfactor
↑ ↑ -
R k L S P - ↳>M overlay operation)

A D ↓

Still Evodibility stiffness

Facter Factor

· Multiply the values of pixels' digital no.-Giving a new map.

is the map of assell loss.

A point is outside or inside a polygen-> How to know?
Radius'R'

For circle

2 p If 2) Radius of circle -> Outside

In general, how?
-
-

④ /
* If the line from point intersectthe polygon

·even nooftimes -> outside
· odd no. oftimes ->inside

⑭,,pp,
outside latens

O O . Common problem!
to

- pole lying inside homeoutsid

(even
xinside (odd)



Low pass fitter-those areas which are having low frequency
willnotgeteffectedmuch

and highforthe

Liste
-

T
C
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z i
Input outpit

Grayscale-obit - (0-255)
Image (2011) white-255

Black - O

low pass example.

Kernel sum =0, thedivide by

DEM - No building, tree, etc
- onlyground

DSM- All " + ground.

sexample:

low bass example.

high free are-highlighted

Edges -
-> Engines

arrant,nationin
21 where will thisdrop go?

can trace the path of drop in

that area.

suppose rainfall had
andanen

-

Free centrioning
pixel?

Catchment.

-



Ex:-Derivationofhydrological parametere. L
&Neighbor hard I

-

convolution

#Asin
Filter *

-

of the slotte b
&Aspects.

How to handle edgesof data

1- take three or don'tcalculate. I
-
-
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Aspect:- Direction My artere
&Way and where channels will turm??
-

-

->C.SD /BIW 2D and 3D)
-

DEM- Hillshade View -

--

DEN -- Hillshade.
↳ notonly for elevation data
↳Itcan be for any other data,temperature,

ecncency,etc.

-

-

I
-

Good for visualisation.
Such

·genratas
e

->Well lit

When incidence angle is small?

As it gets red from or to go?

kitGiving
-> Dover lit

pixels like this!!
-



T=f(length, XT, TD)

"Transparity, costs,e

MT

NC.
simplifying came network

t
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Nodes - junction points -> lines or arcs or points

undirected graph --

directed grabb r
↳+ve

or -ve arc
↓ D

coming going
towards

away

⑦stop - where pathet reach
->To42 center-location where resources

X* Turm

are supplied.

↳shortest path

Dijkstra'sMethod
It costprey cost

X
0.-2 7

⑤
Infected

D
then

2 new value

O 11 ⑧ X ↳ 2

- I
14 ·Itcost > prax cut

-6 ④ completed D
&
⑦ ⑥ To Her retain

I
2

S the old value.

*,0, R

.
.gene

e

I->OZX1, 3, 10 10,0,00,9
-

No,I
& , 12.

&
- 19

X
0.-2 7

⑤
⑧ No,o,

I4
2

O 11 ⑧ X ↳
- I

14

-6 ④ & ,21
&
⑦ ⑥ --

o
I
& I

2
S 18

&
, ,5 0. I/

O 0 I 2 3

T T R X! d ! ② &

2 & 12 12 12

d * 15 15 14
O I 9 I

S & N
* 19

* 0 12 11

I - ⑧ a 21



BACK TO HILLSHADE

· Azimuthangle
t

↓
To '-elevation Angle -
↓1. gronna

slope
(X4z);

0 - 255- # - go

X
Depending en

incidence angle

·

sunlight-grazing-dark
· sunlight - perf - dlight
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Neighbourhood operation
Chamfer Transform

It creates a physical distance map.

chamfer transform of circle
- X

0
concentric rings

Fintage.

"
vished x
-

Start from azimuthangle
and using theangle
we see whether that

point visible orpot.
-

Extended Neighbourhood Operation

solar potential for rooftop: -

IsJan 6AM
LiDAR -> DSM

6:15AM
......

31stDec SPM

Models -> to determine sun's azimuth ↑-42
·

angle ofsun from 'N'
·

angle of such from vertical.

calculation ofsolar radiance as well.

Relate to how much solar energy
can be expected.

When we are in Northern hemisphere.
sun-> southern hemisphere.



sky view - If I stand there, you trace all the

bounce sun can pass through.
a

Elevation

angle
->

⑧ 360:

Azimete

Representation of obstruction indifferentazimuth.

skyview change over the year? Yes, ifa new building
come.

It talks about

obstruction-
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zonal operational

Data Generalization

- can't show
same level of defaults.

1!1000 1:10,000
->

pata Generalization

Example purchase of mobile cost= f( -, -, -1
⑤

***Progeny
cost can see

Dss - Decision support system

·Scientific way to decise something
gr D Better collaboratich

0x. O
"II 900 among

decision makers.

- 400

·

sensitivity of Decision on -new sensitive is decisise
akingHow will it fluctuate with attributes.

Types of DSS

·Data driven - past year data
· Model driver - mathematical model.
·

knowledge driven- MLDL/AI- past experience or

asking people



MCDM (Multi criteria Decision Making)
-- criteria->

Decision Matriy

Internation*
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If the variables are continuom. -> MODM
Ifthevariables are discrete + MADM

We need some method to arrive at weights (10is)

Problem with older -
--
-

No unitthat's why-ATP.

stochastic

value
2

Ex:-ee All 2 to
you.FC

-

Need to quantify
Compare reach with

each

Mi M2 M3 JudgementMatrix.
Mi I S

M2 "I pairwise comparish isbeing date.
M3

-

⑪
-

Goal

- maximum Eigen Vie

-] I D
criteria process

-
-

↓e

- is i Step and s.

-
-

F
A&
*Mi,



fr.4 weight I · -23 26 ·
Age -data ↳ Age /-

clusters Cr

3D
Now-spatial

4 or lighet
-

Na &

CuterData -
&

--

I

↑

-
spatial data

...
e

/X,Y) axis

Pattern Catapatial
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Proximity/spatial Interpolation Rule

Quadrant Demity band analysis: -

xi =no. of points imide a quadrant.

yar. (Mcan Approach - she care where it fails

BoundingBox

#aAt
last

state
the

3 device as itin

A
100

0
A +100

100Je *A



Nearest Neighbour Analysis

⑳ S .
a= ⑳=
Randomdes tribution

-

-#-
linear

com

18M
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·do

# Tridi Ripley'sFunction

y
-> For every point.

↳Analysis

unsupervised danification

se
-

I ↳ Das
Here,ou O

T,

EISt
I[ I
#

mean

# ⑦ Center -> expected-

-

*


