GIS Data in ArcGIS

GIS Data Models

Vector
— Points, lines, polygons, multi-part, multi-patch

— Composite & secondary features
» Regions, dynamic segmentation (routes)

Raster

— Grids, images

— Nominal, ordinal, interval, ratio measures
Triangulated Irregular Network (TIN)
Tabular

Terrain dataset (ArcGIS 9.2 and later)
Network dataset (ArcGIS 9.X)




GIS Data Structures

» Coverage
 File-based

— Shapefiles (.shp, .dbf, ...)
— File-based Geodatabase (ArcGIS 9.2 and

later)

« DBMS-based
— Personal Geodatabase — MS Access

— ArcSDE

Vector Data Model
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Composition Features (Coverage)
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Regions (Coverage) / Multipart Features

* Disjoint polygons

» Overlapped polygons
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Multipatch

Its geometry type can contain 3D models with vertical
and overhanging faces.

These faces may contain texture information.

Multipatch data is stored in the same manner as point,
line, and polygon data in GDB or shapefiles.

It can have attributes and can be used with the standard
tools, such as the Identify tool.

Use 3D Analyst tools to manage multipatch features.
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Secondary Features

Annotations e Uil
H
EE/\ A _j%
Tics i L \E
S =]
DI T =\

Links

-

Raster Data Model

* Cells (Pixels)
* Cell value

. 10
* X, y cell sizes
» Geographic coordinates 5
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Raster to Vector / Vector to Raster

* Node (x, Yy, 2)

* Edge
« Triangles
A
(X1=Y1=Z1)
B
(X2=Y2=Z2) C

(X3,Y3,Z3)




ArcGIS 9.2 Terrain Dataset

=-F3 Geodatabase.gdb

B 2R Feature_Dataset
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Surface Feature Types (SFTypes) of Terrain Dataset
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Network

» Geocoding
— Address
— Intersection

* Dynamic segmentation
— Sections and routes (for linear referencing)
— Events

* Network connective
— Geometric network and transportation network
— Edge + junctions (geodatabase)
— Turn tables associated with junctions.

Network

* Topology-based features — connectivity

— Intersections (junctions)
» Junctions
» Sources and sinks
* Turns, Turn impedance
» Overpasses and underpasses
— Links (edges)
* Directions
* Impedance (length, travel time, flow volume)
 Directional impedance




Street Layer for Geocoding

FID | Shape' | LENGTH | LOCALID | ZERO | PREFIX | STREETHAME | FTYPE | DIRECTION | LEFTADD1 | LEFTADD2 | RGTADD1 | RGTADD2 | LEFTZIP | RIGH
| 105 Polyline 12675442517 200011 0 e HAvY 47 HAY 23301 27989 23a00  279sa|  Griog
"] 106 Polyiine 9603605408 219380 0 |POTTRATZ RD | 25601 6709 25600 2pTea|  Griad
| 107 Polyiine 1111030288 218418 ] | | 0 ] i o v
| 108 |Polyine 292653984 218423 0 |PonD AVE | 23201 23289 23200 23286 Gvi0g
"] 108 |Polyine TS0Z215667 216347 0 Sk RANCH RD | 24001 25489 24000 25486 Gr133
"] 110 |Polyine 1041723534 100080 0 |ST HELENS RD | 23511 23578 23510 2asTe|  aradl
| 111 |Polyiine 2425530532 100069 0 |REEDER RD | 24301 24508 24300 24506 avadl
| 112 |Polyine 502320083 218426 ] | | 0 ] i o oriog
"] 113 |Polyiine S6o5111674 219166 0 |sunsET HAY | 51230 52388 61231 52888 o709
"] 114 |Polyine STG61364 219186 0 |sunsET HAY | 51220 51228 s12z sizea|  o7i06|
"] 115 |Polyiine 497606404 218434 0 |STRASSEL RD | 51250 51388 51250 51393 o706
"] 116 |Polyine 676736173 100071 0 |GILLHAN RD | 23801 29089 23900 2d086|  aradl
"] 117 [Polyiine 1938760757 218430 0 |PONGRATZ RD | 43400 49988 48401 43988 o7i09
"] 118 |Polyine 1945939434 171627 0 |MORAN RD | 22801 23689 22900 2388G|  G70%6|
"] 119 |Polyine 5461595045 100072 0 |SAUVEISLAND  [RD | 23001 6799 23000 67| aredl
"] 120 Polyine 2010014264 200012 0 |Fr 47 Y | 22701 23289 zeTO0 23286 Gi0g
"] 121 |Polyiine 2230025778 219167 0 |sunsET HAY W | 51000 s1218)  s1001 sizia|  o7i06|
"] 122 Polyiine 1511606464 218430 0 |LINMLATER RD | 42800 a38e| 42601 43193 o7ioe|
"] 123 |Polyiine 250031987 219439 0 | GREEN MOLNTAIN |RD | 22501 22689 22500 22886| 97106
"] 124 |Polyiine 5544840132 222200 0 |ROUND TOR RD | 21001 23989 21000 23986 Gvi4d
"] 125 |Polyiine 1664330614 221463 0 |MORAN RD | 22401 22689 22400 22086 Gv13d
"] 126 |Polyiine JITOI09T1 | 100075 0 |LUCY REEDER  |RD | 17400 18088 17400 16088 o723
"] 127 Polyiine 1728447708 219164 0 s HA W | 50000 50888 50001 50883 o706
"] 128 |Polyine 965603667 100078 0 |LUCY REEDER  |RD | 17000 17388 17001 17398| o7z
"] 128 |Polyiine 0265617432 218452 0 |PUMPKINRIDGE  |RD | 22001 29689 22000 24686 Gv13d
"] 130 Polyine 1768560067 100081 0 |LUCY REEDER  |RD | 16400 16988 16401 16888 | o723
"] 131 |Polyiine 1156062043 100084 0 |LUCY REEDER  |RD | 15700 16388 15701 16398 o723
"] 132 |Polyiine 0603.309982 100085 0 |REEDER RD | 22301 29289 22000 24286 Gvedl

133 |Polyline 624467784 100082 ] | 0 [l i ol orz|
<

record: 14] 4 Uvn| show [Al Selected | Records (0 cut of 100244 Selected) Options =

Polylines for Dynamic Segmentation - Routes

rehap - Arcinfo
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Linear Referencing - Identify Route Locations Tool

itled - Archap - Arcinfo

File Edt Wiew Bookmarks Insert Selection Tools Window Help

DEed&E BX| v & [1138E123 v 1 &G O 3o K2 | spatial gnalys: v

= £ Layers
=l 48 FilUsers\GEOG4 75 chap
i5_cities
Lagers <Al ioute layers> )
= 5_Route Location: [-1965055 334543, 1336408, 709568)
& Description Value
Measure: 112,399
MinimLm Measure: 0.000
Mazimum Heasure: 1358.75
Measure Values: Strictly Increasing
Parts 1
Unknovn Measures: — False
< >

D swce[Sme]  [goe w4 o]

1065055, 335 1306408.71 Meters

» The tool needs to be added to ArcMap manually using the customize

interface.

Event Table — Point & Line Events

MEAS |  Distance CITY_FIPS | CITY_HAME | _STATE_FIPS | STATE HAME | STATE_ CITY | HMDistance | ~
23396613 444 287262 05280 Bellingham 53 Washington 5305280 -444 287262
45442991 -1439.397149 47560 Mourtt Yernon I3 Washinglon 5347560 1439.397149
71721366 -3760.440602 49992 Marth Marysvile IE Washington | 5349992 3780 440602
TE05336 | -2654762078 43955 Marysvile 53 Washington 5343355 2654 762079
79154825 -5561 984603 77542 ‘West Lake Stevens 53 Washington 5377542 5581 854603
82220723 -442665484 22640 Everett I3 Washinglon 5322640 442665454
5831138 2227181163 52765 Paine Field-Lake Stickney I Washinglon | 5352765 2227 151163
7404943 -4T57.78B616 64452 Silver Lake-Fircrast 53 Washington | 5364452 4757 768616
80837257 2165154758 37705 Lake Serene-Morth Lynnwood 53 Washington 5337705 -2185.154758
90085851 -1085 58979 43815 Martha Lake 53 Washington 5343815 1085 58979
93113678 1818.075970 | 40840 Lynnwvood I Washingion | 5340840 1818075979
94541517 5224555605 20750 Edmands 5 Washington 5320750 5224 555605
91365016 -BE2B.376516 49670 Morth Cresk-Canyon Park 53 Washington | 5343670 6628.376516
92980897 -377E7168928 178 Aldervwood Manor-Bothell North 53 Washington 531178 3776716929
95254614 -210.532347 47490 Mourtiake Terrace I3 Washinglon 5347490 210.832347
95994023 319609603 | 22255 Esperance IE Washington | 5322255 313609603
93572105 -8084.148291 07380 Bothell 53 Washington | 5307380 5084145251
87 572845 1712 638381 58340 Richmond Highlands 53 Washington 5358340 -1712 638391
98118295 -557 873428 49642 Morth City-Ridgecrest 53 Washington 5349642 557 873428
9244348 -15208.975801 79590 ‘Wioodinville i I Washinglon | 5379540 15208 975801
99411655 11619.602434 | 35635 Kingsgate IE Washington | 5335835 11613602434
89774335 -6486.780574 | 33380 Inglewond-Finn Hil 53 Washington 5333380 5496 780574
10258559 -9B70.250453 | 35940 irkland 53 Washington 5335840 9670250453
10324225 -15668.847464 | 57535 Recmond I Washinglon 5357535 15668 847464
106962043 2070250146 63000 Seattle IE Washington | 5363000 2070 250146
109484063 12745704785 05210 Bellevue 53 Washington 5305210 12745704785
113121048 -6224 982736 | 45005 Mercer Island 53 Washington 5345005 5224 852736
11589153 -8339.060539 45655 Newnort Hils I3 Washinglon 5348855 8339060539

11362014 5427103839 75242 ‘"hite: Certer-Shorewood ls3 Washinaton 5375242 5427105838 | ¥

o | shoms[al selected | Records (9 out of 214 Selected) Options ~

Offset: A value indicating how far the events are from the route — the

sign of the value indicates the direction of the offset — right or left.
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Add Route Events

File Edit Yiew Bookmarks Insert Selection Tools ‘Window Help Route everts are objects with locations measured along routes. A table

R i B, 5 s i o _ containing route events can be added to the map as a layer.

DEES ¢ @B« if EdorTookar Speciy the routes referenced by the events in the table

45 [ Graphs » Fioute Fieference; | 5_Route
q Reports 3 Routs Identifier | RouteMum
Users\GEOG475 chap Z
i5_Route paLX, Geacoding 4 -
! A " ~ Specify the table containing the route events -
= o
s gl B Chooss a table fiom the map or browise for another table.
- P :
e Event Tabl: [ cits = =&
ArcCakalo
@7 éj = Boute Identifier: IF\ID j
@ | D vyeeces.. Choase the ype of events the table contains:
h Orline Services 3 {* Point Events: Occur at 5 preciss Iocation along a route
= T y 7 Ling Events: Define a discontinuous pation of = route
K Customize. . Chonse the measure fiskd for point events:
k Extensions. .. Measure: MEAS
0 Styles 4
Options. .. :
a4 Choase the offset field. Events can be offset from their routes
-]

Offset:

[V wiarn me if the resulting layer will have restricted functionality

Advanced Options... Cancel

Untitled - ArcMap - Arcinfo
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MEAS Distance CITY_FIPS CITY_HAME STATE_FIPS | STATE_HAME | STATE_CITY HDistance:
269334679 10048170718 | 22675 [Evergreen 53 Weashington | 5322675 10048170718 |
276673802 ~1456 40558 | 53000 [Portiand 41 | |4158000 1486 40558 |
276194766 12186105621 | 33000 [Hazelwood i1 laregan l4133000 | 12186105821 |
280087283 -12650.495977 |Powvellhurst-Certennial E] |Oregan 4159510 12650495977
286154874 13306215348 | D165 |aloha i 4 | 4101650 13306218948 |
286154874 6744 716003 | 0532 |Beaverton 41 Oregon |4105350 | a744 716003
282712907 -4566.235434 Mitwvakie 1 |Oregan 4148650 4566 235434
287 322857 2793 590104 Ticfarc 41 :Oregnr\ 4173650 -2793.590104 |
282712807 | -7@12 116825 54325 |attield i1 Oregon |4154325 | 7812118825 |

Recurd:_lﬁ_{_l 1_>j> show: | Al Selected Recards (1 out of 214 Selecked) Options =
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GIS Data Structures

« Geometry & attributes
 File-based

— Arcinfo: Coverages + Info tables
— ArcView: Shapefiles + dbf tables

— ArcGIS: File geodatabase (since 9.2)
« DBMS-based

— ArcGIS: Personal Geodatabase (mdb) &
Geodatabase (SDE)

Arcinfo Coverage Data Structure

{4 M
=1 a warkspace ?ﬁ £
i ; £]- :

I:l a_rcoverage ol DA
[ b_coverage = En
5 E--@ a_wnrkspace
----- I:I Info =5 a_coverage
C -E ac
Workspace in the file system R
; . &l polygon
: POl e
E’f_nﬁ] b_coverage
anc
= e _|;|
4 I I 4

Workspace in ArcCatalog
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Coverage Topology

—+——=Shared node

Connectivity: Arcs that share a node are
Connected (arc-node topology)

— Vertex

Area definition: An area is defined by a
series of connected arcs (polygon-arc
topology)

Contiguity: Arcs have directions and left @/' il a
and right polygons (left-right topology) \ ¥ .
\\ A4 B r——=Shared arc

ArcView Shapefile Data Structure

e hic Folder with a shapefile
in the file system

[®] &_lineshapefile dbf Taey .

. |ineshapeﬁ|e.shp—C°"s“‘”°”‘ files of a line

a_linezhapefile. she shapellie
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Shapefile (No Topology!)

°
5?5(? ‘2.2 ®
Point, multipoint " ° ..
1) 33
L ] ® ®
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ArcGIS Geodatabase Data Structure

ﬁm—Folder with geodatabase in the file system
Gendatahaze Idb

Database files
@ Gendatabase

B Catalog

=@ Ch

@ DA

B»@ D:\Mydata

E\a Hydro_database. mdbh ————————— Geodatabase
B Watersheds —————— Foaire dataset
i -[2] GagingStations

LargeBasing ———————— Feature class

streamns

Subw atersheds

- f] Watersheds_Topology

-{E] States

=-{@ F

[]--LB Database Connections

]--% Coordinate Systems

Topology

B

=88 Geocoding Services
BB Intemet Servers
B Search Results
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Features / Feature Classes

 All point, line, and polygon features can:
Be multipart

Have x,y; X,y,z; or X,y,z,m coordinates

» (m-coordinates store distance measurement values, a line with
m-coordinates becomes a route)

Be stored as continuous layers instead of tiled

Lines are built from line segments, circular arcs, and
splines.

* Network dataset
— Junctions, edges

junctiar
\e?ge

* Terrain dataset

Geodatabase Topology (Optional)

ArcGIS topology defines the spatial relationships between geometries

Must not overlap

Polygons must not

overlap withina
feature class or
subtype.

Polygons can be
disconnected
or touch at a point or Polygon errors are
touch along created from areas
an edge. where polygons.
overlap.

Use this rule to make sure that no polygon overlaps another A voting district map cannot
polygon in the same feature class or subtype. have any overlapsinlts coverage.

Contains point

Each polygon of the
first feature class or Polygon errors are
subtype must contain created from the
within its boundaries polygons that do not
at least one contain at least one
point of the second point. A pointon
feature class or the boundary of a
subtype. polygon is not
contained in that
polygon.
Use this rule to make sure that all polygons have at least one Parcels must contain at
point within their b. daries. Overl: il cansharea least one address point.

pointin that overlapping area.

I
Ipping poly




Geodatabase Topology Rules

... aren’t automatically applied; need to be selected by database

designer or user

Point Rules

* Point must be covered by
line

* Must be properly inside
(polygons)

* Must be covered by
endpoint of

* Must be covered by
boundary of

Line or Polygon

« (Distance b/t vertices) Must be larger then cluster tolerance

Line Rules

» Must not overlap

» Must be single part

» Must not self overlap

» Must not overlap with
* Must not have dangles

* Must not have pseudo-nodes
(pseudos)

» Must not intersect

» Must not self intersect

» Endpoint must be covered by

* Must be covered by boundary of

» Must not intersect or touch interior

» Must be covered by feature class
of

Polygon Rules

* Contains points

» Must not overlap

* Must not have gaps

* Must not overlap with

* Must be covered by

» Must cover each other

* Boundary must be
covered by

* Must be covered by
feature class of

* Area boundary must be
covered by boundary of

Why do we need topology in GIS?

» Enforce geometric rules for spatial
representation and maintain data

integrity

* Reduce data redundancy

» Improve data access/update efficiency
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Summary

Data . . .
Structure Type Topology Portability | Spatial Integrity
Coverage File-based Required Low High
Shapefile File-based None High None

High (if topology
Geodatabase DBMS Optional High rules are
defined)

8.X&9.1 High (if topology
Personal D,E’\:\:Acis(gs Optional High rules are
Geodatabase defined)

-~ High (if topology
9.2 File-based File-based Optional High rules are

Geodatabase .

defined)
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