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Inside a Raster

Rasters are two-dimensional arrays of cells (of pivals). The
height and width of each cell are fixed and the same. A raster
spans a reciangular area.

Each cell has a value. This value can represent many qualities
ol a lncation, including reflactance, color, precipitation, and
algvation,

Rasters have an integer coordinate space. You can detarming
the coordinate of a cell by counting columnns from the left and
rows from the top. Row and column values bagin with 0.

Condl £ fibscs hurve @ HODATA vk o
reqRsant e absancs of dat

=

The attribute table

' Rasters that have integer valued
o T Tuo|  Scniodbeiehmgie
| 31 | 10 |Aspen 420 | attributes for each unique cell value.
37 | 18 |Pifen 500
You can add custom fields to the
i 4 |Cottonwonod | 510 attribute table,
4a | 7 [|walnut 800

Types of Data Represented in Cells
The data stored in a raster can be categorized as one of these types.

Nominal Data

At Nominal data values are calegorized and have names.
- !m The data value is an arbitrary type code. Examples are  [o[ 7] 7] 1efehe

Coltrmeid 18] 1&] 7] 12 2a]
- soll types and land use. el efeddre
" . . . 21 18] vaisf e
Ol s Nominal and ordinal data represent discrete categories. e altstaln
They are best represented with integer cell values.

vy gaard e ) A s A
goad Ordinal data values are categorized, have names, and q—#{ﬁ;lﬁ]
pee®  the value isin a numerical rank_ Examples are land

suitability classifications and soil drainage rank,

Interval Data

0070

m Interval data values are numerically ordered and the

TH-T0 interval difference is meaningful. Examples are vollage aafrrsfrrfies
TH)-T)

TS0-TRY

potential and differance in concentration. wshazliralian
Ratio Data Interval and ratio data represent continuous pheno-
. Fallel {1 B '-Euiﬂ-.E
T [ineigg: Mena and are usually measured with real cell values.
BTl

: Li3a  Ralio data values measure a conlinuous phenomenon i3} e
H B+ witha natural zero point. Examples are rainfall and
5 88 population,
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Representing Geography with Rasters: Forms of Raster Data

Satellite imagery Aerial imagery Pictures
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Ciwst method fur points
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P“'WWT“ (quad tree)
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o % (linear quad-tree )
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_ Fl‘ﬂ”%% (Peano key )




TT
01234567809

P47 i (Quad-tree ) n\?ﬁfj

Klingerh~1971F |

\4 /\
@ 110) 111 %\ %\%\\

10 it 100 1 120 43 e T

0 Z il i C
= 13 %\
123

/ 110 111 112 113 120 121 122 123
N A AN AN
\3




11



o TR AHFRTT > R
G R T L EYRIE S

IR

© Tl PR AR e BRR (R AR T
L)
. ﬁﬁfﬁ
- éjﬁ%ﬁ(node) ?@ﬁ%ﬂr(veﬂices)
— Link ~ Arc ~ Chain -~ Ring
— Polygon
o B A S A
S AR S TR
O CERTY) ISR Y T i o A
*IURISEORAAEH T B A PR IR ST
P 4
© R SRS Pl D

12



Northing (]

I
=i 14.10
1121 12,15
E 11,5 12,8
e 10,32
i 7.6
r 714
59
54 a3
Nomdl o= =y
i 1
1
E t
1
A ]
0||‘|1|:i|l|l|ls||_>Edsﬁnghr]
3 10

y=3

ZERO-DIMENSIONAL OBJECTS:

Point: A zero-dimensional object that specifies geometric location
specified througth a set of coordinates.

Node:.A zero-dimensional object that is a topological junction
and may specify geometric location.

ONE-DIMENSIONAL OBJECTS

Line segment {vector): A one-dimensional object that is a direct line
between two end points.

Link: A one-dimensional obiject that is a direct connection between
two nodes.

Directed link: A link between two nodes with one direction
specified .

String: A sequence of line segments.

Chain: A directed sequence of nonintersecting line
segments with nodes at each end.

Arc: A locus of points that forms a curve that is defined by
mathematical function. Also defined as a string or chain.

Ring: A sequence of any line segments with closure.

TWO-DIMENSIONAL OBJECTS

Simple area/polygon: An area defined by an outer ring
that may not have inner rings (holes).

Complex area/polygon: An area defined by an outer ring
with optional inner rings defining holes.

13



TR
Spaghetti Structure

o B > o ¥

[
g

TG (A
h] 10 [XY

4

30 | X1Y1 X2Y2 X3Y3
40 | X1YD X2Y2 X3Y3

|

AR

0% X i A, A, . A,
1 5 4z 18 Header lor paly 1
1 X, ¥, ay, G . An
2 %y Yz 2z Az . Az X ¥
3 X Ya e £ - 2 . ¥: Conrdinates of
8 5 g g 8 - % ¥y wertices [or
- %, EA palygen |
ol X Vm Bmy g 8 Ao E iy
z 4 aw® 12 Header for paly 2
1 5 2 T Haader lor ling 1 % .
Ay s Cootchnates for
I ] LA polygon 2
% Y1 Coordinglen of o o
¥p ¥y vartizas lor
L 2 Lok FI Y 3 3 Header lor
% ta poiygon 2
2 2 4 T Haader for ine 2 . . .
m sic oo L1
%, ¥, Coordinates for
i ¥; line 2 " Thim Lable is 130 nanstandard, because
conlaing more than ane kind ol Tegard.
a 15 2 ] Header far fine 3
m =to et wic
T Tha lable is dard, B ]
rmote than ene kind ol racard.

14



b T]EIEJEJ #+ (Topology )
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— Btz (Polygon Definition)

— Direction - defines a "from node" and a "to-node"
of a chain

— Nestedness or contain - what simple spatial
objects (node, chain, smaller polygon) are within a
polygon
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GBF/DIME

Geography Base File or Dual Independent Map

Encoding
HED . B | #iEE Hh ik -
RN EE ] £ AR REER AR
Ji—#g |1 | 2| —|ROE| 100] 10 —
B— |3 | 4| — |FRLE 73| 3 -
Hag 2] 3|~ |PRAE| 98 90 —
pE—ag |4 | 1|~ |FRAE| 85| 32 —
P B S A
1 | 9102 | 7303 1 ,
2| 9115 | 7308 .
9117 | 7200 - B
1 19100 | 7204 4 S
i H
B it

TIGER

Topologically Integrated Geographic Encoding
and Referencing, developed by the Census
Bureau to geo-code census information

the entire country of the U.S. is covered
lines features such as roads, railroads,

hydrography, and political boundaries such as

county, census tracts and block groups

related products are produced by companies
such as ETAK, Geographic Data Technologies
(GDT), Road Net Technologies, Navigation
Technologies, Claritas, and BLR
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+ a vector format; the U.S. Geological
Survey (USGS) has converted many of its
hardcopy maps into DLG

* large scale DLG created from the USGS
1:24,000 topographic maps

 data are available in 7.5' x 7.5’
quadrangles corresponding to topographic

Digital Line Graph (DLG)

maps
POLYGON TOPOLOGY NODE TOPOLOGY ’ —Q
. . ESRIAF A=
Pobygon Links Nede Links o Z
A L1, 5 NI 0,13, 15 R _ e
B 2,13, 15 N2 1,12, 15 E% "\?
c " M3 2,13, 14 l:[ EINC T:]
D v Nd 14
E 1,12, 13 N5 i
(bt
e} N& 17
LINK TOPOLOGY
links | Sornode | End node | left polygon | Right polygen
A N N2 £ A
2 | N2 N3 £ B
3 | N3 N1 E B
4 | N3 N4 B B
5 | N2 N1 B A
w | NS N5 A C
id) 7 N6 NG A A
LINK COORDINATES Digital Map Dalo
Link Cocedingles 2 )
B 5
Ll 400 | 44 114 |19 Neou
2 [up |110e | Bae . A‘“ R A
i3 gle | 46 | 4,10 " #
14 816 | 915 | 9.3 ot
L5 1.9 Bl | an | 410 it
7 107 7.8 75 | o7
(e) v ss ¢+ + v 1
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Russel Topological Structure

U

A . Limesione
A - Sandstone

< - Gramte
A} Map B) Polygons
3 q 2 3 a
2 8 10 44
e 7 )
q 7
3 1 12
d o
1 5 4 1 -
5 3
D) Chains and nedes E} Verlices

C. Chain topology table

COl’ltigUit}I\ Start  Stop  Let  Right

D. Node-10-vertex table

[Skalp# MNode  Node  Polygon  Polygon
Mode §  Vertex §
1 i H 3
2 3 4 1 14
3 4 3 1 o 2 11
A. Polygon topslogy table g ;1 g g ; i ;
Ring
Pelygon # Ring #t Sequence # E. Ghain-to-vertex table
1 2 1
2 1 1
2 3 , f Vertex
3 Chain #  Verlex#  Sequence #
B, Ring topology lable / 1 i4 1
1 9 2
Chain 1 10 3
Ring # Chain # Sequerice # i 1 4
2 3 1 2 ! i
2 2 2 2 v 2
! 2 ! 2 a 3
1 4 2
3 1 1 2 3 4
a 5 2 a 3 1
3 2 2
G 3 1 a
F. Coordinates of vertices table (par anly) 4 k] 1
d 4 4 2
4 5 3
Neste ness voex s . » ] . ;
or contain . . v 4 1 5
2 . v' 5 4 1
" ? : 5 13 2
) ' 5 12 . 3
14 Xis Yie e il i




[ EBLE]D P

ZEE AR ﬁ%ffﬁ
—%%ﬂ?%ﬁ?ﬁﬁ’ﬂ%?%ﬁﬁﬁﬁﬁﬁﬁm
— ¢ gliﬁ”'"*iigcl%«ﬁJ#JﬁFJEm‘ﬁ‘%m e
) ﬁfﬁrr}%’#ﬂlq‘% F[JFTF\HI Fr
I—[‘ ﬁl Eﬁ‘?{“[/’l\?ﬁtﬁ
BHE: ESIG ) HIPER S 2 e
F~E AR RE [ R %I U
ff/,wa’_%rﬁ; b Efifl PR ey
— .Ewﬂugl%ﬁltﬂzrﬁyﬁﬂ Hl 21 EVRR ITWP’

Al fere oL Ak BB R
IO =T b F

AT RS [ R TR

Roster " Vechor
Data callection Rapid Slow
Dota volume large Smoall
Craphic ireatment Average Good
Data stryciure Simple Complex
Geomerrical occuracy Low High
Analysis in network Poar Good
Area analysis Good Average
Generalizafion Simple Complex
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By3 AR (Surface Model )

+ Heffiam#ir] ( Digital Terrain Model, DTM )~ B ffi
AR ( Digital Elevation Model, DEM )

o PIEER Ao e RIYAS R HOE PR [ -

« 25D vs. 3D . ]
\ 2D zx‘/ZD
C . i |
P

7

DTME¥E ]

o 4l E[HBLJ%“HYE}TQW ( Regular Grid)
. «zEJq F‘F - |[ﬁh[ﬁ E;ig ﬂg

> il IR lfﬁﬂﬁ A W%r
]ﬁj ';‘E (Dlgltal EIevatlon Model, DE

o BVl %FFFT.W'%\ ( Digital Contour )

— SELAES IR R A R

« A= A (Triangulated Irregular

Network, TIN)

— 1@;@1 tﬁgluug FPY s ¢ﬁ%&ﬁﬁfﬁw @J& HEY
Rl ﬂ%ﬁ@lﬁ“ ﬁ*%%@V f
dsoigh 5 P, By I—F[J%'Jfﬁ%ﬁ, T ;?srpup )
%4 o

'—v-r
\
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22 INTRODUCTORY SPATIAL ANALYSIS

%

2

A.CHOROPLETH MAP

&

— A

B.CONTOUR - TYPE MAP

Definition of a TIN

The TIN representation models a
surface from a set of points from

tl’iangu i ate d _which triangles are formed, or
triangulated.

Triangles are made from three points

irregu lar that occur at irregular locations.

Each triangle stores topological
network information about its neighboring
triangles, thus forming a network.

21



22

(x,y.z)

; )
.o <
(2] ~ P33 = 0
2 2 53092 .¢
— L= OVhS
[ t.teo
- m,nzols
.- © £ cE ¢
DNELZE=FS
= C O EIN ]
N E O05°8,0020
> ©=0aN2a85
3 Q 3= S99 Ewman
o ocgEw S
= 0c5D055°92
ONconoEavBi
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Topology and triangulation

The Delaunay Triangulation

A Defaunay iriangulation
uses an algardhm b 1 3 5
optimize he surlace This frianguation fais the
regrasantation. Detaunay tes! bacause tha
crcle baunding nodes 1, 3,
: &nd 4 incfudies node 2,
4 2 4
o *3  Fromasimgle caseol four  The definition of the Delaunay
mass points, two  triangulation specities that any circla
trianguiations Bre passibla. around fhree nodes in a tranghe will
LS Which s the valid TIN? not inchude any aher nodi.

Thig triangulafion satisfes the

wd
1 ’ |
\ 4 % Dalainay 185t becase &
circle around aseh triangle
CONLAINE NG othar nades. This
= the valid tiangulatian.
- i c a4
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ATIM is a topological data structure that managas
irilarffiition abaut b nodis thal compriza sach irangle

Topology ina TIN

Triangle  Mode list  Meighbors

A 1,22 =B,D
B 243 = G&A
& C 4813 - &8
0 1,358 | AFE
E 1,56 D.H-
F I G HD
G 387 C,=F
H ETE F,=E
Triaregbicy almryh v Hiried fraclast el (muilly Rave tres neighbanng
7 iriangies. Triarghes o the peviphery of tha T4 can haws one or b naighbors.
P N I
TINF SR )
Triangls table Triangle/node dable
Triangle Adjacent Trigngle MNodes
A B E A N3, N4, N&
B A C B N4, N3, N&
< B D C N1, N5, Né&
b CE D N1, N2, N&
E DA E N2, N3, N&
Coordinote table Norming
MNode| Coordinotes | ns
NI | X, Y2 N
N2 X2, ¥z, 22 9
M3 X3, Y3, 73
NA | %a,Ya,Za : > -
NS X5, ¥s, 23
NS Xo, Yo, Za e
0I'rljlr"ﬁil.olII'TIII?(Y]EGSHGQ
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