ESRI Object Models; Data Capture

Id Number | NAD27 East | NAD27North |

0[Point 0/230 | 490921 4636832

] 1|Point 0123 491124 4637700
2|Point 0124 | 491375 4638149

| 3|Point 0125 [ 491522 4638902
4|Point 0126 491653 4638751

| 5 Point 0127 I 492872 4639489
[ | 6|Point 0128 432963 4639515

Feature Class (spatial table)

Number | Age Ma 1 sigma Rx_Type Size_kg
123 142 1.5 B_schist 3.4

124 136 2.0 G_schist 1.3

125

Object Class (nonspatial table)

M. Helper
9-15-09
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Characterized all features or phenomena as:

Discrete objects; e.g. wells, roads, rock bodies,
etc.

Object - based models <G

Continuous phenomena; e.g. gravity, topography,
temperature, snowfall, soil pH, etc.

Field - based models

M. Helper
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Outline

ESRI Software Family

ESRI Object Data Models

History

Data Organization 0o Physical Models
Coverage
Shapefile
Geodatabase

Data Capture
Digitizing
OHeads Downbo
oOHeads Upbo
Building Topology

M. Helper
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Some HiI storye

ESRI Arc/Info ArcView ArcGIS
Date 1980-1999 1993-1999 | 2000 -
Versions 1-7 163.2 8.0 09.2
Data Model | Coverage Shapefile Geodatabase
O.S. Unix, PC DOS Windows Windows
Scripting Arc Macro Avenue Vis. Basic for
Language Language (AML) | Scripting Appl. (VBA)
Database Proprietary; DBase M.S. Access;
Software Arc Tables ArcSDE for
Oracle, etc.
M. Helper
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~ PRODUCTS
(Licensing Levels)

DATA SOURCES

M. Helper
9-15-09

ArcGIS Desktop Levels

ArcEditor

ArcView

i

+

Arcinfo

Files

Databases

GEO327G/386G, UT Austin
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ESRI Data Models

Topologic:
Arcinfo - Coverage
Ar cl nf o dexparddmat for coverage
ArcGIS - Geodatabase
Non- Topologic:
ArcView - Shapefile

M. Helper
9-15-09 GE0327G/386G, UT Austin 10



Early ESRI Data Models

— Geographic coordinates and attributes —
O</% are stored in separate but linked files
Arc

Coverages Shapefiles ifiia
Developed for Developed for
workstation ArcView ~ 1993

Arc/Info ~ 1980

Simpler structure
Complex structure, - oublic domain
proprietary format b .
Attributes in Attributes In

tables (.dbf) tables

Slide courtesy of D. Maidment
M. Helper y
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Data Organization

Coverage

Data split between
coverage and INFO
folders

Common boundaries
between polygons stored
once
Topology explicitly
stored

Planar graph maintained

M. Helper

9-15-09

Shapefile

Data divided among
three or more files (.shp,
.shx, .dbf, .sbx, .sbn, et
al.)

Common boundaries

between polygons stored
twice

Topology created on -
the -fly
Planar graph not
required

GEO327G/386G, UT Austin 12



Folder/File Organization

Coverage
~ =
Texas
|
_| Geology
— aat.adf
___ arc.adf
__ pat.adf
— Etc,, Etc., Etc.
| Info
arc.dat
arc.nit
Etc,, Etc., Etc.
M. Helper
9-15-09

.EOO

—

Texas

Shapefile

Texas

— Geology.shp
— Geology.shx

— Geology.dbf
L Geology.prj

One shape (points or lines or

pol ygons) per fiOl
Many related shapes (points and lines
and polygons) perOfile
GE0327G/386G, UT Austin 13



Data Organization:
Coverage in Windows Explorer and ArcCatalog

ArcCatalog:
Workspace/Coverage/
Feature Class

...................

4§ Catalog
a C:\
w-( D\

M;

=-{ 1 Red Bluff quad

E}@E\ |

B @ a_workspace
: E] @ a_coverage

Feature |
Classes

M. Helper
9-15-09

L

E] %}l prov4bedrk
5 -[A] annotation
-] arc
- label
& polygon
ki tic
----- g] abrev.xls
Folders | el = Name
2] Geo N ; b Baat adf
0 G ‘ G =) arc.adf
{1 Circum_pacific_te prov 4bedrk S
=-1 Irwin_maps
[#] cnt.adf
=1 klamath_geo , o = o
() Extracted_Ma Select anitem to view its Jcnx.a
§ d description. = dblbrd. adf
o™ s
- @00 My_shapefies See also: #]lab.adf
l {3 provdbedrk | My Documents @Iog
. -] Red_BIUff_que My Network Places (] metadata.xml
21 OFR99-409-Minin My Computer = pal.adf
DILuLe #]par.adf
-C NLCD =] pat.adf
I TIN is]pax.adf
( 2 ! =] prj.adf
1 ESRI_tutorials ) et adf
1 GLOBE E-thx. adf
14
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Feature Class

A collection of 7 o
geographic objects
with the same °
geometry (point, line, 7
polygon) that share
the same attributes.
A shapefile contains one
feature class T e T ST A7 P
A coverage can contain e i L
many feature classes =R o
Sample location (points) Feature Class
M. Helper

9-15-09 GEO327G/386G, UT Austin 15



Arclnfo Coverage

An integrated, homogeneous set of
feature classes (pts., lines, polygons)
stored together

Spatial (coordinate) data stored in binary
files;

Attributes and topologic data stored In
INFO tables

Stored within a oWor ks

M. Helper
9-15-09 GE0327G/386G, UT Austin 16



Arclnfo Coverages can contain:

Primary feature classes:
* = Points, with attributes in PAT (point

attribute table)
] Nodes, with attributes in NAT
- Arcs, with attributes in AAT

~(‘ Polygons, with interior label points and
attributes in PAT

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Coverages feature classes can contain:

Secondary features:
;lTics O registration points for digitized data
A Annotations o text for map

...y LINnks 0 vectors used for adjusting local area
*" to known locations (spatial adjustment)

M. Helper
9-15-09 GE0327G/386G, UT Austin 18



Coverages can also contain:

Composite features:

-L—| Routes 9 collections of Arcs with
measurement system

iJ Regions 0 collections of polygons; adjacent,
noncontiguous or overlapping

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Shapefile format

SIi mpler than coverage; does

Feature classes stored independently i.e. points, lines
and polys. stored in physically separated files (e.g. no
shared INFO table)

For each type, spatial data stored in a .shp file,
attribute data in a .dbf table.

M. Helper
9-15-09 GE0327G/386G, UT Austin 20



Shapefiles in ArcCatalog/Explorer

Folder / Shapefile

Three or more files per

feature class ———— %l
. =@GRD -
- ={1 photos

PR -t = ‘ Name / EV—j?HP
L1 | L corrected b =d corrected

G uncorrected =3 uncorrected
SHP - -

: ] deer_feed.dbf — & deer_feed.shp
POII’]'[ rZanl_;]deer_feed.sbn =T i af - e-fence.shp
select anitemto [ afLIre %3;“ B epo3isant
2 S B O S
See also: class = d:::-f:: d.shz - flagstbase.shp
M“mek'"tf %) e-fence. dbf . -Ehickory.shp
::y r(':detwort Haces #)] e-fence.sbn & Hickory _NoGPS.shi
Eeia %] e-Fence.sbx B man_road.shp
& e-fence.shp - B stuctures.shp |
E@J e-fence.shx C ’
Window Explorer ArcCatalog
M. Helper

9-15-09 GE0327G/386G, UT Austin 21



Shapefile feature class types:

point @ multipoint

Point, Multipoint o o
Polyline (line with several paths) k

Polygon
w Ring o closed, nonintersecting path o simple
poly.
Disjointed Rings o multiple polygons define
@ feature

@NestedRingsB(‘)l sl andod or oAt

M. Helper
9-15-09 GE0327G/386G, UT Austin 22



Shapefile Topology

Shapefi les donodot store |
adjacency

Topology is generated on the fly 0 vertices
stored in systematic fashion to deal with
containment and adjacency

Planar enforcement can be broken by editing
d not required in structure of shapefile

But ét ool s avail able to |
enforcement when digitizing in heads -up
mode

M. Helper
9-15-09 GE0327G/386G, UT Austin 23



Geodatabase model

Stores geographic coordinates as

one of many attribute in a
relational database table: no o\/.}

separation between attributes and
location data as in earlier models

Uses MIS Access f o r oPer so

Geodatabased (singl us

Uses Oracle, DB2 or other
commercial relational databases for

OEnterprise GI So ( y

simultaneous users).

Slide courtesy of D. Maidment

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Geodatabase Model

|

Data structure capable of storing objects
with behaviors and relationships, not merely
graphical shapes with topology and attributes

All spatial and attribute data for a feature
are stored in a row of a single table

A Geodatabase Is a top -level container for
feature classes, coverages, shapefiles,
rasters, et al. (more later) 0 ALL DATA CAN

BE IN ONE CONTAINER AND IS THUS
PORTABLE

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Geodatabases in ArcCatalog/Windows Explorer

Geodatabase/Feature
Dataset/Feature Class

<]

EJ Catalog
ArcCatalog

&g Folder
Fe aturé - B a Geodatabase

Folders

X

@ Feature Dataset
Dataset Lol & featureclazs point
| El IESI Feature Dataset|2)

- a_featureclass line

Feature {EI a_featureclass_node
Classes |: a_featureclass_pulygnn:'
M. Helper
9-15-09

Zinfo
1 k309751

=

| {3 Map_projectns | —

- MT
-] Cregon
#-1 shacks
w1 temp
(] tests
- TX

=TS AEN
[T |

o

g, d
Map_projectns

7

=Mapprojldb |

#Mapproj.mdb

Windows Explorer

See also:

My Documents
My Network Places
My Computer

GEO327G/386G, UT Austin

- =1 GTOPO30

=3 Map_projectns

=3 Mapproj.mdb
=29 Austin
B Juris
B Lakes
& Roads
=29 Texas

-] onedegtx

B Quad7s
=2 USA

- 0 UTM

=52 world

ArcCatalog

26



Feature classes In Geodatabase include:

Points, Multipoints (groups of points)
_ines
Polygons

Pl us e.
Network Junctions (special Nodes)
Network Edges
For geometric networks

Plus other classes
Relationship classes
Object Classes 0o tabular data without geography

M. Helper
9-15-09 GE0327G/386G, UT Austin 27



ArcGIS Geodatabase

I JEI Charnel
! JEI Dirainage
- Hydrography

$ 

Workspace

Geodatabase

Feature Dataset

EI J.E5| Metwark Feature Class —
. %] HydroEdge
-2 Hydrodunction Geometric T
aﬂ M etwark_Met Network ——
27 Network_MNet_Junctions
lj SchematicLink Relationship
5] SchematicHode Class
uﬁm OBJECTID™® CrozsSectionlD™ CrozsSectionM Elevation
| CrossSectionPoint < Object Class — - zeepiiees ez a
24 HydrolunctionH agy aterbody 3534 ColradoLidd O s 7
T Hydralunctionhas' aterzhed et e = -

- [EZ] TimeSeries
M Helper
9-15-09

GEO327G/386G, UT Austin

Slide courtesy of D. Maidment
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| |
Geodatabase Feature Datasets -

Set of Feature Classes, some with

topologies, that share the same spatial
reference

All feature classes with topologies
must be stored within a Feature
Dataset

Analogous to coverage

M. Helper
9-15-09 GE0327G/386G, UT Austin 29



Object Class

A collection of nonspatial objects
that share the same attributes and
are stored in a table (i.e. a simple

table)

Number | Age Ma |1 sigma | Rx _Type | Size kg
123 142 1.5 B schist | 3.4

124 136 2.0 G_schist | 1.3

125

Object Class (nonspatial table)

M. Helper
9-15-09

GEO327G/386G, UT Austin
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Relationship

A relationship Is an association or link
between two objects in a database.

A relationship can exist between
spatial objects (features in feature
classes), non-spatial objects (objects
INn object classes), or between spatial
and non-spatial objects.

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Relationship class

E.g. relationship between spatial and non -spatial objects

# Attributes of Condrey_samples NAD27

FID Shape* Id Number NAD?2?7 East | NAD27North

> 01Point 01230 490921 4636832
1|Paint 11123 | 491124 4637700

2 |Paint 0j124 491375 4638149

3|Paint 0]125 491522 4638302

4| Paint 0/126 491653 4638751

5| Paint 0127 492872 4639489

|| 6|Paint ni2s 492963 4639515

Feature Class (spatial table)

Number | Age Ma |1 sigma | Rx_Type | Size kg
123 142 1.5 B schist | 3.4

124 136 2.0 G_schist | 1.3

125

Object Class (nonspatial table)

M. Helper

9-15-09

GEO327G/386G, UT Austin
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Paper Map == Files Of Coordinates

How are they organized?
Data Models, Topology

How are they stored?
Data Organization

How are coodinates captured? <=
Data Entry, Encoding

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Digitizing Is:

Conversion of spatial data to digital form

Lines, points or polygons are traced to
record coordinates of their locations
Term conventionally used to denote the
process of creating VECTOR data
Scanning produces rast

But software exists to convert raster to
vector so can digitize
Images

M. Helper
9-15-09 GE0327G/386G, UT Austin 34



Digitizing is accomplished via:

Digitizing table or tablet
Oheaddoswn o di gi ti zing
Large table available in Rm. 6.202

A mouse, on screen
Oheaudps6 di gi ti zi ng
Aerial photos, other raster or vector sources as
base to digitize from

Software that converts raster to vector

Vectorization d batch or interactive modes, e.qg.
ArcScan extension

M. Helper
9-15-09 GEO327G/386G, UT Austin



Digitizing table

M. Helper
9-15-09

GEO327G/386G, UT Austin
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Digitizing with a tablet involves:

Digitize 3 reference points 0 define position
of map w.r.t. digitizing table

Establishing 4 or more control points -
distinctive features at known locations that
can be used to register the map to ground
coordinates (e.g. UTM, lat./lon.)

Separating features as point, line or polygon
and tracing them to separate files (themes)

M. Helper
9-15-09 GEO327G/386G, UT Austin
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Digitizing strategies governed by:

Wil data be used for queries and
analysis or just visual display?
l.e. Topology important or not?
oTrueo G. 1 .S. function

What are accuracy requirements and
how much generalization is permitted?

M. Helper
9-15-09 GE0327G/386G, UT Austin 38



Spaghetti vs. Topologic models

Spaghetti: Points, lines, polygons and
their attributes stored In tables

Topological:

Same, but with corresponding tables of
Il nformati on about what
what 6s withi n what

M. Helper
9-15-09 GE0327G/386G, UT Austin 39



oBui |l ding Topc

Clean: Edit to ensure planar enforcement
Remove sliver polygons & gaps between polygons
Correct overshoots, undershoots, leaky polygons

Build: Add topological attributes to spaghetti
Manual
Automatic

Digitizing with topology performed in Arcinfo

or with tools in ArcToolbox, ArcMap and
ArcCatalog

Changes to polygons or lines affect
topological attributes 0 Strict rules for
editing coverages In ArcMap

M. Helper
9-15-09 GE0327G/386G, UT Austin 40



Heads-up digitizing

Decide whether new file will have planar
enforcement

Create new point, line or polygon
feature class(es) in ArcCatalog

Edit feature class(es) to add features
and attributes

Stop editing
Save edits as part of new feature class

M. Helper
9-15-09 GEO327G/386G, UT Austin



