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Spatial Information Technoloqy

Practical Work " Cfeojraphy (Part ILI)

- Chapf‘er <

What this chapter is about

* Computers help us process data + draw tophap S,

9graphs + diagrams faster than by harfd.

* But simple DBMS + computer carfokgraﬁéwyomm-o/y
process + display data. They cannot decide.

o f('eal Iife asus: WHhat is where? Why is it there?
What £ it shifts? Who gains, who loses?

Three terms to Fix frst

- Spatial = anyfhfnj tied . to space + location.

- SIT = Spatial Tnforevation Technology .

~GLlS = Geographical Information System.

What You shovld be able to do
e Define SIT + GIS in YOuUr own words.

e Tell raster from vector data.
e List-the £ compornents + £ GILS activities.

 Explain overlay + butfer ana/ysis.

How to vuse these notes

* ead the diagrams + tables first, then bullets.

e Last paye_f: = Z’ufcb( recall + common * slips.
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: What is Spatial Ihrormahbn Tech?

A/’eam}j’g of “spatial”

* The word spatial comes From “space”. _
* Lt means features + phenomena spread over a
geographically definable space. |

* So they have real, physically measurable

dfmgn.ﬂbns\ (Ienﬂfh, area, location).

Most data has a location

* Almost all data we use has a spatial pastion
* E.9. address of a municipal Facility, or =hee
boundary of an aﬂrf'cu/f'ural ho/dinﬂ. ey

Definition of SIT
SET 05 the wuse oﬁMcW&cffo

Store, retrieve, drkp!ay, manipulate, mana\ge +

a na!yse spatial intormation.

- SIT is an amaIQamafcbn of

— emote Sensiny — LS ;
— GPS (Global Po.siﬁ'omhj— %?%)Carfoyraphy

—Dafaba‘.se /ManayErnenf' Systems (DBMS)

In short: SET Joins £ fools +5  work with located data.

| Its core + most-used member s (LS.
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What is (GIS?

(Geo\graphical Information Sy.sfem)

Why GLS came up

e Advanced c.ompuh}oy since the mid /970s let us
Process jeoreferenced information.

» i o::gam’.s;s 5paf:’dl + attribute data, locates
ﬁles,'mns computations + builds a decision

support 57/5f*em.

Standard definition
» GIS = a system for capturing, storing, che&King,

fnf’eyrﬂf’fnﬁ, manl'pu/aﬁ'nﬂ, analysfny -+ to the
displaying data spatially referenced to the EEurth.

What GIS is built from
. It Joitns Computer Assisted Cartography + DESMS.
« It needs a spatially referenced datapase + the

r{ghf application software to run on it

Allied sciences i+ draws +Hrom

Computer Science, Statistics, Cartography,

femote Sensing, Geography, Geology, Hydro/oyy, %
/—lﬂrr'culrure, [fesource + Enuvironmental Scf‘er;c-e,

and Poblic Administration.

So GIS is multidisuplinary: mary sukjects feed it
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Forms of Geographical Intormation

Two types oF data carry ﬂeoﬂraphical information:

/. Spatial data

e Has a deFinite location on a map / the FEarth.
> . :
e Shown in three +orms: positional, linear +
areal (point, line, area).

e Must be yeo,-nefw'cally rejf'.sf'ered to an aﬂ(eed

coordinate sy stem + coded for the GLS database.

2. MNon-spatial (attribute) data
e Data that DESCRILBE the spatial data.

. They have no location |of| their own. Ry
Spah'al Mon-spatial
has a location no  Fixed place
e.ﬂ, state omn a e.ﬂ. <7’d€ parts
map ‘(.fu'f'eracy) in a reﬁw‘.sfer

Example (Box 4./)
J Cycle shop stow reﬂfsf'er = non-spatial; the

parts can be anywhere.
e Literacy % by . state = spatial; each state has a

definite place on the map. This ore suits GLS.

~
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Pofnf', Line and Area

Spatial data appears in three basi shapes

(Flﬁ 5.7 Et/er"/-/ map feaf-ure s ome of these.

Point : Line
® /\/

(a well, (a road,

a u'ry) a river)

How to read them
e Point =

Feaf'ures

Area

(a state,

a forest)

one !ocah'on, o /enyfh or area.

e line = Ienﬂf‘h only (Ifnear Qafure).

Page :

* Area */ polyﬂon = encloses a measvrable area.

Sources of spatial data

e Most cormmon Source = fopoyraph:tal or thematic

maps, hard copy (paper) or soft copy (digital).

* Each map has a scale, symbols + ‘colours, and

an aﬂreed coordf}q%lf'e Sysfem.

Spatial data is the mmost important (nput of any GLS.
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Building Spatial Data in LS

Three ways to build the core

O_.Aczw're data already n d{gifal Form Fromoog
data supplier.

* Digitise existing aralogue (paper) data. digitise,

. Carry ovt your own Surz./ey of jeojraphfc survey

entities.

Choice cfepends on

— The application area itselL
— The available budyet

~ The data Structure needed (uech)r / rasfer).

What QUery map gives you

* A definite SCALE - links map to real surface.
o« SYIBOLS + COLOURS - define the attributes of
the entities mappeé(.

e A COO@J—./V/-'TE SYSTEM: fixes lscation on Earth.

Watch out

Usfrzg ready data “is mmm&mx—
r'br'h'fy.‘ prQ)'ech'on, scale + attributes may

d,J-‘,Cer between suppliers.
Role: rever rmix data of i

Fherent scales or projections b.’mu’.’y.
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OLS uvs Manoal Map Method's

Limits of a Paper map

o l'npormaﬁbn s Fixed in one Sset way. paper =

2 It shows cmly one or a few preset themegd +
* 7o

Why GIS /s better
s Ir STORES Jata v PREcE o

it separafely, so
one dataset gives many Uigws.

Four ey advanfaqes

/. Cliek a Feature to retrieve its attribute
data for analysis.

2. Maps can be drawn by Zueryfnﬁ / ana/yﬂ'ﬂj
the attribute data.

3. Spatial operations (ouer/ay, bmcrenhﬂ) mane
brand nrew sets of information.

9. Different attribute iterms link f'hrouﬁh a

shared location code.

One-line memory

e Manval = draw once, Fixed Forever.

« GIS = store once, guery + remap endlessly.

This Qexabih'fy is exactly why GIS replaced hand methods.
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E , Components of GIS
|
|
|
|
|
[
|
|

—
A GIS has five comporents (Fig. 9.2). Easy
me€mory H, 5, B FF
j (a) Hardware I
\' « The maching: processing, storage, display +
| inpu.f' / output sub-systems.
|
| (b .S'o-PI'ware
o Modules +or data entry S\ edfﬁnj, analysis /
__i transformation, and data diSplay + ovutput.
|
~ () Data

.« The backbone: spatial data + linked tabuldwa =
 data. The d{gﬁal' map s the basic input. paweon

- (d) People
( w

— . * From hardware / software engineers 1o scentists,
|

! Po/fcy-mab{ers + monff'orlby ajencfes.

( e) P rocedure.s | ; ¥

|

1 i 3 \ » The set rules: how data is input, stored, manajecf,
\
|

transtormed, aralysed + Fnally presented.

Miss any one comporent + the GIS cannot work properly.
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GLS Componenfs.' Diagram

Al five components work afrogno’i f’he DATA at

the centre. (a memory  map °P,F{9,‘ .77

7 = -
) People Procedures
e 1 the users o e  the rules
DATA .
Hardware . 5 = g s B . Software
— the machine ; the modules - — .
[eading the map ol e

e Hardware runs the _Soﬁfwane; people Follow
: *
; Procedure.s to act on the dgfa.

« Data - sits at the heart; everything else exists

= ._1‘*97 capture, manage + analyse it

¢

Five parts, one purpose’ turn raw data fni’l’) c_fecf's:bns.i _ o C
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Spatial Data Formats

_._S'paﬁbr/ data is stored in two formats:

RASTER and VECTOR.

Kaster data +ormat

|+ Shows a fRature as a grid of small squaresr(cells

or pixef-s) , ke a sheet of 3rjaph paper. = cells

* Each cell has a row + column position + a valug

based on the attribute there.

o esolution = link between cell  size + number of

cells. Smaller cells = finer detail.

Vector data +ormat

|
1
ﬂ * [fecords only the coordinates of points. vector

, s A point = X, ¥ (2D} or X, ¥ 2 (3D). Kpoizs From
. kF, ¥V = Fom bottom, Z = elevation.

{ * Lines join points in order (i lines have dt}-echbn);

J

|

polygons are built from points or lines.

« Vectors can store TOPOLOGY (how +eatures connect).

Best input methods > |
= Kaster: Scannbpy eraf’ellﬁ'e + .Scan_nec/ :‘mayes.

» Vector: manval dgﬁﬁstbﬁ is the best. way in.

&

Same d'fajonal lime: raster fills cells, wvector stores 2 points.
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Raster vs Vector (Box <.2)

Point Raster Vector
Structure Simple compact
Ov‘eriay casy + eFficent difbcolr
NMetworK o2 difficott ' efficient
Sat. imagery compatible not campatiole
Map output less accurate accurate
S torage * imethicient efLicient
\/aﬂ'abﬂff‘y . handled  well handled poarly

Use raster when

* Aerial photos, satellite images, scanned maps.
* Cost must be Kept low; bacdrop map.s," no

analy sis of individval +eatures needed.

Use vector when

. nyh precision is needed; File size matters.
IndividGEHRT earaiysts,
+ a’exﬂphi/e info must be stored.

Trick: raster wins on over.’ay; vector wins on networds +

accuracy. Pick the format that Fits the b,
74 J
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Sequence of GILS Activities

IS work follows a Fixed £ -step order. Learn

i+ as a chain; each step +eeds the rext.
@ Spatial data input

@ E.nf'en'nj the attrioute data
@ Data verification + editing

~

@ Spatial + attrioute data linkages

@ Spatial * analysis

*

'W};y the orc/er matters

« You cannot link (step ) betore both spatial +
attrioute data exist (steps / + 2).

« You must verify + edit (step 3) before you
trust the analysis (step <.

* Aralysis is the LAST + most powerful step.

Memory ling: Input, Attrioutes, Cheek, Link, Analyse.

Same as: I-A-C-L-A.
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Spatial Data Input

- Two categories

— |+ (a) Acquire digital data sets from a sepplier.

* (o) Create digital data sets by manval input.

(a) Buyirg'q dl;qﬂ'.d/ data

« Fast + saves time; frees small offices from
s

d{gif‘fsboj their own dafa_. :
m&rgnc:bﬁ, guality + record length.

(o) Manval input: 9 stages

F j « But watch data compatibility: scalg, gea-
I /. Enter the spatial data. il
) 2. Enter the attrioute data. M En

3. Vefﬁaf -+ edff‘ both sets. attribute
_ 5 ) =
9. Link the spatial to the attrioute data. o

Two main input methods

* Digitisation: trace features into points, lines
E . ; + polyjons us:'ny their coordinates.
' * Scannfnj.’ convert a paper map to a d{gif’al

raster image.

“iﬂ‘ffnﬂ, coordfnaf‘es by hand.
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Scariners + Attribvte Data

P
i
;

] Whm" scanners do

\ o Devices that turn analojue maps into dﬂ:fal
| 3r4d—_ba5ed (rd.«:fer) tmaye.s.

| . Ouf’puf' can be used c{:)-ecfly or processed into

| vector topoloyy.

Two basic types

« Step-For-step scanrers (record bit by bit).

1 o Whole-document scanners (scan in onre ﬂo).

. CCD: the sensor
e CCD = Chafgec/ Coupled Device.

ll It turns photons of lighpretsriBunts of

electrons, recorded as a 'J{?ifal va!ue.ﬁ

s Maps mount on a Hat bed or a rofaﬁ'nﬂ druom.
| |+ Even the best scan Weeps the smudges + defects.

 of the original; excess data must be. removed.

‘| Attrioute data
. *» Define properties of a +eature that are AMOT

spatial. E.ﬂ. a road: wfdf'h, surface type,
tratfic count, regulations.
» Sources: records, censuses, svrveys, spreadsheets.

Spatial dal"q = where; attriute data = what + how much,
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Data VeriFication ++ Edh":bﬁ

Why check the data

o Capf'ured data may have errSrS; we',uer{% it fo

ensure  accuracy betfore ana/y_ﬂ's.
* Dest check: plot the data on a translucent sheet
at the same Sscale + over/ay it on the or{ginal

on a l{yhf table; cbmpare left+ to r{ghf', top down.

Three common error hypes

e /. Lncomplete / double: omissions of PoIntEps,

lines or polygons; gaps in scanred lines.

. 2 Wronﬁ scalers d{gif’fsed or ﬂeo—reﬁerenced s,
an incorrect scale.

* 3. Distorted: from lens distortion, relievC, orvamp

paper warped by rain, sun + ﬁoidinj..

How errors are +ixed

* View the ﬁaulfy part on screen 4+ edit with the
K’eyboard, mouse cursor or a d{g:?‘rker tablet.

. /l/fo;/e, rotate, erase, insert, stretch or truncate
entities. Extra points removed by ”weedinj”.

e aster errors ﬁ'xed by chanjl'ny pauliy cell ‘Values.

Editing can taxe longer than the data input. itself; it is

slow + interactive buf wital for accuracy.
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Data Conversion

Qe Forimat-atoa.time

» While analysing, all layers must be in the SAME
format: all raster, or all vector.

o Mixed +ormats cannot be analysed foyef’her.

Vector to raster

o Most common conversion. vector

* Done becavse most analysis runs in the raster
domain. : raster

o Method: overlay a jr{d of a chosen cell size on
the vector data.

KRaster to vector

e Done maf'nly to FREDUEE data sf‘oraﬂe.
e Kaster files need much more sforaye than

vector files for the same area.

Quick contrast

CorRtGr to

ana:’ySe; convert fo wvector fo save space.

So  conuversion direction de,oends on  your ﬂoal.‘ analyf_w'.f

(vse raster) or storage (vse wvector).
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-Linb(a;es T Matchi%q_

l,:hv(ages

e A GIS links different data sets fogether.

. E.j. to Find child Aortality From malnutrition,
link the “number of children” _-Q'le with f'he‘
”morf'ah'fy rate” File , then divide.

Three «inds of matching

/. Exact mafchf'nﬂ
* Two files apout the same features (e.g. towns)

\joined by a common v(ey, like the town nrname.

2 Hf'erarchfcal maf'chfnﬁ
* Small areas added vp until grouped areas match
the b{gﬂer ones, then matched e’xacﬂy.

o Used when smaller areas nest inside !afger ores.

3. Fuzzy matching

» Used when boundaries do AMOT match reatly.

o Common with enuvironmental da)"_a/, €.g. crop
édﬁes vs soil-type boundaries: overlay both +

compute the combinations.

Sets link only when f'th’M'fhe same

geographical area.
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Spatial /:lnalzsfs

The strength of GIS
o Spatial aralysis is what mades GLS dhqferenf' from

any other information Sysfem.

o Aim: turmn data into useful information for
dect'_s:bn’mav(ers; even predfcf' Foture trends.

o Alwa7/5- define f'hé problem + purpose -Q'rsf'; then

work step by Step.

Four analysis operations

- Ouerlay analysis — (ir)  MetworK ANisfSis

— (i) Buffer analystls —(iv) D{gt'f'al Terrgem Model
' syllabus:

NMote for exams ; overlay +

e The chapter studies only OVERLAY + BUFRER in

detail (nexf' fwo paﬁes).

Why i+ matters

o Analysis answers real Zuesﬁbns apbout the world:

what 1'3 where, why, + what F i chanﬂes.
o Models built in GLS reveal frends + rew options.

e This is how GILS becomes a decision support sy stem.

ermember: ouen’ay + buttfer are the two yov must explain

Folly in the board exam.
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Overla Analy sis

What i+ does
e The hallmarA of LS.
o Stacks two or more thematic map Iayers of the

SAME area to mawe *a nrew map layer.
o LiKe Sieve mappiny.' f'raciny maps laid over each

other on a light table to compare.

ngw Mag

layers

T T

ouer.’ay

Where i+ is used :
o Sf'udy land use / land cover chanje over two

different time pen’ods. .
. Suh"abih'fy analysfs: is this land £+ for a

proposed rew use?

Case sf'udy (F{qs 9.5 1o 9.70)
° Al{garh u'fy, Uttar Pradesh: vrban land uvse of

/1979 + 200/ overlaid.
o [osult maps the urban TRANSFORMATION + the

urban SPRAWL durfnﬂ 17757 to 200/
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ButHFer Ang{'ysjs

What a buffer is

s A zone of a Fixed distance draw

‘»

T
r the +eature.
e This is also called PROXIMITY analysis.

point, line or area -Feaf'ure (Fi.

butfer

o« TF alway.s makes a polyjon,

¥

What i+ is vsed +or :
° Find areasn/ people served O0F denied a ﬁacflff'y:

hospitals, post offices, roads, par«s.
. Sfudy impact of point pollution (air, noise,

water) on the population around it

Case study (,:'95 9.2 to T3

o Western UP ities: Saharanpur, Moza+Farnagar,
Meerot, Ghaziapbad, Gavtam Budh Magar + Aligarh.

o Buffers of 2, 9, 6, § + /0 «m drawn around
cties . with a major hospital. '

. anc/fr)ﬂ.' ‘areas close to cities are well Serued;

distant areas are least beneﬁf'f'ed.

Free GIS software (FYI)
© Arc View /| ArcGIS, Geomedia, Quantum GIS (QGLS)

all prow'de botfer + overlay modules.

Ouverlay = stack layers; butter = ring oF nearress.
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Key Terms + Quick Facts

@
Spatial Tid to space + a debinite location
SET Tech to handle spatial information
GLS Sysf'em for spatially reterenced data
Artricute data NMon-spatial data de&cﬂbrhﬂ a +teature
Kaster Grid of ce.".fs' b, pixels
Vector Foints stored '.a_f X, Y (2) coordinates
Topo/oﬂy How Fatures conmect, stored by vectors
fesolution Cell size vs rumber of cells (raster)
Da"gu'ﬁ'_saﬁ'on Trauhﬂ features into coordinates
cch Sensor: photons to electron counts
Ouerfay Smcm‘nﬁ map layers to 4 rew layer
Bu'pﬁéf Fixed-distance zone (proxr'mﬂy)

Facts worth guoting

* GIS computing took off since the mid /970s.

* SIT = [emote SEn.Stny + &PS + GILS + Digital
Carf'ojraphy + DB/I/IS

* £ omporents = Hardware, Software, Data, People,
Procedures.

e & (G1LS ach':./fﬁ'e.s; = analysfs operations.

ﬂeorevcerencea(,
fopolaﬁy, proximity, amalgamation.

Learn definitions word‘wcor'wora'; examiners rewdrd precsion,
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Whole Chapter: Mind-Map

L
= Ouerh:y +
; P\ ¥ ﬂ A
—% <omponents buter £ achivities
H 5D FP P input fo analyse
GES A SIT
AN
Spatial + Raster uvs
2 4 N
attribute data Allved vector
scrences
L

Kead i+ as orne chain

e Si] gomms & foolss GUS (silifc chre

« Data is spatial + attrioute, stored as raster
or vector.

o Ffue components run five activities, endfnﬂ n
spatial analysis ( overlay + pbutter). |

Learn this char'n; i+ frames most short + Ionﬁ c;nSwer,s.
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Quick fecall + Traps

F:L/e-line ‘answer sKeleton

' /. Spatial = located data; SIT handles it
* 2. GIS captures, stores, aralyses + displays data
referenced to the Earth.

S Data = spatial (po:h)"/h'ne/area) + affrfbufe/'

formats = raster (cells) + vuvector (pofnf‘:).

S o .c0mponen1"5, $ actwvities endf:qﬁ in analysfs.

s Ouerlay stacks layers; butfer rings a feature.

Common slips to avoid

ﬁfﬁ}ﬁ"& sdibsgs VECTOR 'sfores

points + coordinates.

TUHITTTCE Ihyer change;

BUFFER is for distarnce / prox:'rnﬂ'y.

e -

* Attribute data is /VO/V-Spaﬁal: i+ de:cribes,
i+ does notf locate.

* Vector to raster = {or analyst's/' raster to uvector

== 1o SAle Sf'oraje.

 Exact / hierarchical / Fuzzy = three maf'chf'nys.

Master these corrections + the Lormat fab!e}‘ that covers

most MCQ + short-answer mards.
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