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A MANUAL FOR DATA AUTOMATION
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1.0 SPATIAL DATA AUTOMATION USING ARCVIEW 3.2™

ArcView3.2” allows one to create spatiadl data on-screen or from a digitizing tablet
through heads-up or heads-down digitizing. After digitizing a theme in ArcView 3.2",
errors may be created and must be edited. This manual will cover the following topics:

1

2)
3)
4)
5)

DIGITIZING IN ARCVIEW 3.2”
* Heads-up Digitizing
* Heads-down Digitizing

EDITING SAPTIAL DATA IN ARCVIEW 3.2"

HOTLINKING IMAGES IN ARCVIEW 3.2”

CREATING THEMES IN ARCVIEW 3.2 "USING GPS DATA
AUTOMATING ATTRIBUTE DATA USING MS ACCESS"”

At the end of the training, participants should be able to:

= Perform heads-up digitizing and editing of errorsin ArcView 3.2"

= Perform heads-down digitizing and editing of errorsin ArcView 3.2"

= Hot link imagesin ArcView 3.2"

= Create themesin ArcView 3.2” using GPS Data

* Create, join and edit tables for attribute data of an existing theme in
ArcView 3.2"

1.1 HEADS-UPDIGITIZING
Heads-up digitizing is the process of creating spatial data on-screen, using scanned and
georeferenced images or maps.

1.1.1 Georeferencing of Scanned M aps
Georeferencing is the provision of metric properties to raster imageries so that they can be
used as maps. Digital Raster Graphics [DRG] refer to geographicaly referenced raster
images or other graphics generated by scanning source documents.
This requires geometric processing of the scanned raster image.

A properly georeferenced image may be used for the following:

Distance and area calculations

Extraction of the coordinates of discrete points
Vectorization of thematic features

Overlaying of other digital vectors

Enhancing cartographic properties of features.
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How images areregistered to a map in ArcView (taken from ArcView 3.2 GISmanual).
Images are stored as raster data, where each cell in the image has a row and column
number. Shapefiles and ARC/INFO coverages are stored in real-world coordinates. In
order to display images with coverages or shapefiles, it is necessary to establish an image-
to-world transformation that converts the image coordinates to real-world coordinates.
This transformation information is typicaly stored with the image. Some image formats,
such as ERDAS, IMAGINE, BSQ, BIL, BIP, GeoTIFF, and grids, store the
georeferencing information in the header of the image file. ArcView uses this information
if it is present. However, other image formats store this information in a separate ASCI|
file. This file is generally referred to as the world file, since it contains the real-world
transformation information used by the image. World files can be created with any editor.
They can also be created using ARC/INFO’s REGISTER command.

World file naming conventions

It is easy to identify the world file, which should accompany an image file: world files use
the same name as the image, with a "w" appended. For example, the world file for the
image file mytown.tiff would be called mytown.tiffw and the world file for redlands.rlc
would be redlands.rlcw. For workspaces that must adhere to the 8.3 naming convention,
the first and third characters of the image file’s suffix and a final "w" are used for the
world file suffix. Therefore, if mytown.tif were in a an 8.3 format workspace, the world
file would be mytown.tfw. If redlands.rlc was in an 8.3 format workspace, its world file
would be redlands.rcw.

For images that lack an extension, or have an extension that is shorter than three
characters, the "w" is added to the end of the file name without altering it. Therefore the
world file for the image file terrain would be terrainw; the world file for the image file
floorpln.rs would be floorpln.rsw.

Affine transformation
Affine transformations involve the conversion of the image coordinate system to the world
coordinate system using basic two-dimensional scale, rotation and shift parameters.
-Transformation parameters are obtained for:
- Image and ground coordinates for a known reference point (usually the top left
corner of the image).
- Image pixel size and corresponding ground surface pixel size (used as a scalar
difference).
- Rotation elements.

How the georeferencing information is accessed
The image-to-world transformation is accessed each time an image is displayed (e.g.,
when you pan or zoom). The transformation is calculated from one of the following
sources, listed in order of priority:

- the world file

- the header file (if the image type supports one)

- from the row/column information of the image (an identity transformation)
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Because a world file has higher priority, you can override the header file transformation
information by creating your own world file.

World file contents

The contents of the world file will look something like this:
20.17541308822119

0.00000000000000

0.00000000000000

-20.17541308822119

424178.11472601280548

4313415.90726399607956

When this file is present, ArcView performs the image-to-world transformation. The
image-to-world transformation is a six-parameter affine transformation, where the ground
or real-world coordinates can be given in the form of:

x1=Ax+By+C
yl=Dx + Ey + F where:

« X1, yl are the calculated ground coordinates of the pixel on the map

+ X,y are the corresponding column and row numbers of the pixels in the image

« A, E are the x and y scales respectively; dimensions of a pixel are in map units in
the x direction.

- B, D arerotation terms

« C, Faretrandation terms: x,y map coordinates for the centre of the upper left pixel

1. The scale E is always negative of the y-scale.

Note: The y-scale (E) is negative because the origins of an image and a geographic
coordinate system are different. The origin of an image is located in the upper-left corner,
wheresas the origin of the map coordinate system is located in the lower-left corner. Row
values in the image increase from the origin downward, while y-coordinate values in the
map increase from the origin upward.

The transformation parameters are stored in the world file in this order:
20.17541308822119 - A
0.00000000000000 - D
0.00000000000000 - B
-20.17541308822119 - E
424178.11472601280548 - C
4313415.90726399607956 - F

Note: ArcView does not rotate, or warp, images. If your world file has non-zero rotation
terms (D and B parameters), the image may change its position relative to vector data in
the same view when you zoom or pan. Use the ARC/INFO RECTIFY command to
properly rotate the image.
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1.1.2 ArcView 3.2’s interface

Application window

Button bar Graphical
user interface

(GUI)

Project
window
Document
windows
-- Status bar

il st | 9 mnti cgsr  Pe [ A 12 = A l

Figure 1. ArcView's interface

ArcView's application window contains a graphical interface (GUI) that allows you to
move, resize, minimize and maximize the window.

The Project window (with a .apr extensioh shows the names of all documents in an
ArcView project.

The Document windows have their own interface for the information that you may wish
to work with.

The GUI has all the menus, buttons and tools for accessing the functionalities of
ArcView. The menu bar has pulldown menus that give you access to ArcView's
functionalities. Thebutton bar provides quick access to commonly used operations. The
tool bar contains the tools that perform operations that require you to use the mouse.

The Status bar displays on-line description of the operation being performed by the
menu, button or tool bars, when you place the cursor over a menu choice. The status bar
can also show measurements and a progress bar for lengthy operations.

Tool tips appear over a button or tool when you place the cursor over it.
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Heads-up digitizing is done on screen using a scanned map, an aerial photograph or a
satellite image that can be read by ArcView.

ArcView reads the following image formats:
. BSQ, BIL and BIP
. ERDASLAN and GIS
. ERDAS IMAGINE

. JPEG

. BMP

. Run-length compressed files
. Sun raster files

. TIFF, TIFF/LZW compressed, and GeoTIFF
. Grid-cell datain ARC/INFO grid format

1.1.3 Adding a scanned image to a view

. Open aNew View.

. Click the Add Theme button.

. Choose Image Data Sour ce from the Data Source Types list.

. Navigate to the directory that holds the image you want to add.

. Double-click on the directory name to list the image data sources that the
directory contains,

. Double-click on the image you wish to add.

. If there are many images that need to be added, select the first image and while

holding the shift key, select the rest of the images to be added. Click OK. All
the images that make up the composite are added to the view.

. Click the check box next to the theme's name in the view’s Table of Contents
to draw the image.
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Figure 2. Interfacefor adding an imageto aView
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1.1.4. Setting your working directory
- Make the View window active by clicking on the bar at the top of the view
window. (The bar goes blue).
« Goto File, select Set Working Directory.
« A window appears for you to type in the pathname of the location for storing your
work.e.g. c:/temp/yourname.

This ensures that all work will be saved to this folder as a default.

1.1.5. Setting a scale threshold

Setting a scale threshold, allows you to set a range of scales for displaying a theme. This
is necessary when working with raster images, so that you do not zoom in too much to the
extent where the grid cells become too large that it is difficult to recognize features.

Should you want to display certain aspects of a theme’s properties when you zoom in to a
larger scale, you type in that scale value inMreximum Scale input box. The theme
will not be displayed when the scale denominasgeeds the maximum scale threshold.

To set a scale threshold:
. Go toTheme Properties.
. Select theDisplay icon at the left of the window.

i Theme Properties

Theme Mame: | Paint shp ™ Use Suffis

=

Tewt Labels Minirurn Scale; 1 |

%@ M arimum Scale: 1 |

Geocoding

Display Icon

Hotlik = oK | Cancel |

Figure 3. Interfacefor setting a scale threshold

In the window that appears, for that theme you are working with, tydenominator

values for the minimum and the maximum scales at which you wish to view the image.
For instance, the minimum scale denominator threshold for the image can be 2500 and the
maximum can be 25 000. If you try to view the image beyond either of these ranges, it
will not be possible to do so.

. Click OK
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Spatial data in a view is organized as a collection of themes. A theme is a set of
geographic features that represent real-world geographic objects. These geographic
features have descriptive information called attributes. These attributes are stored in
Theme Attribute Tables.

Points, lines and polygons are features that represent real-world geographic objects.
These are the features that you may wish to digitize on-screen, as a

l. Point theme

. Line theme

[1. Polygon theme.

Y ou may wish to create a new theme, or add a feature to an aready existing theme.
1.1.6 Digitizing a Point Theme

Digitizing a point theme involves creating a point theme and adding attributes to the
attribute table for the point theme created.

Creating a new point theme
. Choose New Theme from the View Menu.
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Figure4. Creating a New Theme

. Select Point as the Feature type from the dropdown list in the dialogue
box.
. Click OK.
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Figure 6. Selecting thedirectory for storing the new theme.

= Specify the name and location of the new shapefile in which ArcView will
store the data for the theme created, in the dialogue box that appears.

A shapefile is a smple, non-topological format for storing the geometric location and
attribute information of geographic features.

= Click OK. A new empty theme for your point features is added to the
view.
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. Click the Drawing tool palette from the Theme menu bar, and select the
Point Tool.

. Add points to the theme from the image by clicking the left mouse button
on alocation that you wish to represent as a point. A symbol is drawn to
represent the point feature.

. Choose Stop Editing from the Theme menu bar when you no longer wish
to add points.

. Click Yesto save your point features.
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Figure7. Point Theme added to a new view with scanned map.

Adding Attributesto Point Features

When you create a new theme in ArcView, an attribute table is automatically created with
it. Each new point adds a new record to the table. The two fields created automatically in
the table are the Shape field for storing the feature type and the ID number of the feature.
New fields can be added to the table to store any additional attribute data for the theme.

. Choose Start Editing from the Theme menu bar. A dashed line around the
theme's check box indicates that the theme isin edit mode.

. Click the Open Theme Table button. The attribute table of the theme you
wish to edit appears in the view.

. Choose Add Fideld from the Edit menu.
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. In the Field Definition dialogue box,
= enter the Name of the new field you want to create,
= choose afield Type from Number, String, Boolean, Date
= enter the field Width as a number to accommodate the field name given
= enter anumber for Decimal places, if required.

. Click OK. The new field is now added to the attribute table.
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Figure 8. Adding attributesto an attribute table.

= InView, use the Pointer tool to select the point for which you wish to add a value.
Selection handles appear around the point in the view.

= Click on the bar at the top of the attribute table to make the table active. (The bar
turns blue when the table is active.) The selected record in the attribute table is
highlighted.

= Click inthe type field for that record with the Edit tool. The cursor appearsin that
field.

=  Typeinthevalue.

= Go to Table, from the menu bar and select Stop Editing.

= Say Yesto the save the edits. The additional fields are stored in the table.

1.1.7 Digitizing a Linetheme
Digitizing a line theme involves creating a line theme and adding attributes to the theme
table. You must set a snap environment before you start adding lines.

Setting the snapping environment

To ensure that lines meet perfectly at intersections when you digitize, the snapping
environment should be set. When the snapping environment is set, ArcView moves the
vertices or line segments of the new features you add to align with the vertices or line
segments of other features that are within a specified distance, called the snap tolerance.
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All line features coming together at an intersection will share the same endpoint. This
ensures that there will be no overshoots or undershoots. There are two types of snapping
environments:

. The general snapping environment

. The interactive snapping environment
Both types of snapping environments can be set by ether typing a value or by using the
mouse.

To set the general snapping environment by typing in atolerance
. Make the theme active in the view’s Table of Contents
. Click the Theme Properties button.
. Click the Editing icon in the dialogue box that appears to display the theme's
editing properties.
. Click the General check box to turn this Snapping on
. Type in atolerance value in the tolerance field.
. Click OK.
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Figure 9. Dialogue box for the snapping environment.

To set the general snapping environment with the mouse
= Intheview, hold down the right mouse button to display the popup menu.

Hedo Feature Edit

Enable General Snapping
Dizable Interactive Snapping
Hide Snap Tolerance Cursor

Clear Selection
Zoom In

Zoom Out

Zoom ko Selected

Pan

Shape Properties

Figure 10. Popup menu for setting the snapping environment with the mouse.
. Choose Enable General Snapping from this menu.

. Click the Snap tool palette.
. Click the General Snap tool.

Data Automation Manual, Centre for GeoSpatial Studies, The University of The West Indies 17



. In the view, click and drag out acircle to represent the tolerance distance. The
status bar shows the radius of the general snap tolerance.

To set theinteractive snapping environment by typing in atolerance
Interactive snapping allows better control of how features are snapped. You can control
how each vertex you are adding, is snapped to existing lines in the theme. Y ou can choose
one of the following snap rules from the popup menu while you are adding the feature:
Snap to vertex: This snaps the next vertex to the nearest vertex in an existing line.
Snap to boundary: This snaps the next vertex to the nearest line segment in an
existing line or polygon boundary.
Snap to Intersection: This snaps the next vertex to the nearest node common to
two or more lines or polygons.
Snap to Endpoint: This snaps the next vertex to the nearest endpoint of an
existing line.

. Make the edit theme active.

. Click the Theme Properties button.
. Click the Editing icon in the dialogue box to display the theme's editing
properties.
. Click the Interactive check box to turn on the Interactive type of snapping.
. Type atolerance value in the tolerance field.
. Click OK.
To set theinteractive snapping environment with the mouse.
. In the view, hold down the right mouse button to display the popup menu.
. Choose Enable I nteractive Snapping from this menu.

. Click the Snap tool palette.

. Click the Interactive Snap tool.

. In the view, click and drag out a circle to represent the tolerance distance. The
status bar shows the radius of the general snap tolerance.

Creating a new line theme.
= Create anew view.
= Choose New Theme from the View M enu.
= Select Line as the Feature type from the dropdown list in the dialogue box.
= Click OK.
= Specify the name and location of the new shapefile in which ArcView will store
the data for the theme created, in the dialogue box that appears.
= Click the Drawing tool palette.
» Select theLinetool.
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Figurell. Drawing tool palette for creating aline theme.

= Click where you want to start in the view, then click each vertex along the line.
Double-click the final vertex

If you are in the Interactive snapping environment, choose one of the snapping options
from the popup menu to control how the next vertex you add to the line will be snapped to
existing lines in the theme.

While you are creating a line, you can choose the Delete Last Point option from the popup
menu to delete the last vertex added. Repeatedly choosing this option allows you to delete
all the vertices back to the start point of the line.

When you create a new line feature, a corresponding new record is automatically added to
the theme's feature attribute table.

Creating a line feature that splitsother linesit crosses.

In drawing a new line that crosses another line, you may need to split the lines so that an

intersection is created. To do this:

- Click the Drawing palette tool. EI

= Select the Line Split tool from the menu. ont

= Intheview, click where you want the line to start.

= Click each vertex and double-click the final vertex. The line you draw must cross over
another line for any new feature to be created. Both the existing line and the new line
are split into separate lines at the point where they cross.
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Adding attributesto line features.

When you create a new theme in ArcView, an attribute table is automatically created with
it. Each new line adds a new record to the table. The two fields automatically created in
the table are the Shape field for storing the feature type and the ID number of the feature.
New fields can be added to the table to store any additional attribute data for the theme.

To add attributes to a line theme, follow the procedure for 'Adding attributes to a point
theme’ in Section 1.1.5.

To add alength field to a linetheme's attribute table.
Open the attribute table of the line theme for which you want to calculate a length.

= Choose Start Editing from the Edit menu.

= Add anumeric field, Length, to the table.

= Click onthe Length field to select it.

= Click on the Calculate button to display the Field Calculator dialog.
= Inthe box labelled [Length] =, typein: [Shape] . ReturnLength

= Click OK.

The length field will be automatically calculated in the line theme's attribute table.
The length value calculated will be in the same units as the data source theme.

'iﬂl'l B e Bk i 11 [ [ o st Oigang ||..r-|-|r.-.u- o s

Figure12. Adding the Length field to alinetheme.
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Figure 13. Distancesfor Length field calculated for each line segment.

To update attributeswhen lines are spilt or merged

When you split a line, you can specify how the attributes of the two new lines will be
derived from the attributes of the original one. This is done by setting attribute update
rules.

For a single type field in the attribute table, such as Length, depending on whether you
split or merge the lines, you can choose one of the split rules, that is, the Merge or Union
rules.

Split rules:
Blank: The value in both records will be blank.
Copy: The original value will be assigned to both records (the default).
Proportion: The values will be proportiona to the length of the new lines.
Shape Length: The values will be the length of the new lines (the default for
fields called Length)

Union rules:
Blank: The value in the resulting record will be blank.
Copy: The vaue in whichever record is first in the table will be assigned (the
default).
Proportion: The value will be proportional to the lengths of the merged lines.
Add: The values will be added together in the resulting record.
Average: The values will be averaged in the resulting record.
Shape Length: The value will be the length of the new lines (the default for fields
called Length).
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To set the attribute updaterulesfor a singlefield in alinetheme's attribute table.

= Makethe line theme active

= Click on the Theme Properties button.

= Click the Editing icon to the left in the dialogue box that appears to display the
theme's editing properties. In the Attribute Updating panel, choose the field in
the theme's attribute table to which you want the rule to be applied.

= Click the Single Field type button.

= Choose ether the Union rule or Split rule you want to be applied to the field

= Click OK.

1.1.8 Digitizing a Polygon theme
Polygon features represent areas that have a common characteristic, such as forests,
population, land use or soil types.

Setting the snapping environment for polygon themes

If you want to remove any gaps or overlaps created during the digitizing process, you will
have to set the snapping environment.

To get al the polygons you are creating to snap to other polygons automatically, within a
specified tolerance, set the General snapping environment.

However, for better control over how your polygon features get snapped, set the
Interactive snapping environment. With interactive snapping, you can control how each
vertex along the boundary you are adding is snapped to the existing polygons in the
theme.

To do this, while you are adding your polygon boundary, click the right mouse button to
display the popup menu. Choose from the following options to control how the next
vertex you add will be snapped to existing polygons:

Snap to vertex: This snaps the next vertex to the nearest vertex in an existing polygon.

Snap to boundary: This snaps the next vertex to the nearest line segment in an existing
polygon.

Snap to intersection: This snaps the next vertex to the nearest node common to two or
more polygons.

Refer to Section 1.1.7 for setting the snapping environment.

Creating a new polygon theme

= Create anew view.

= Select New Theme for the View menu.

= Select Polygon as the Feature type from the dropdown list in the dialog box that

appears.
= Click OK.
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theme will be stored. A new empty polygon theme is added to the view.
= Choose Start Editing from the Theme menu.
= Click the Drawing tool palette.

Rectangle tool

Circle tool

Polygon tool

Polygon Split

AutoComplete

tnnl

Figure 14. The Drawing palette tool.

= Select the Polygon tool.

= Click where you want to start the line for your polygon.

= Click each vertex aong the line.

= Double-click the final vertex. A polygon iscreated in your view.
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Figure 15. A polygon feature created along with itsattribute table.
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Adding attributesto polygon features.
An attribute table is created automatically when a new polygon theme is created. The two
fields created are Shape and ID. Y ou can add an area or perimeter field to the table.

Toadd an area or perimeter field to a polygon theme's attribute table.
Open the attribute table of the polygon theme for which you want to calculate an area or
perimeter.

= Choose Start Editing from the Edit menu.

= Add anumeric field, Area, or Perimeter to the table.

To calculate the Area field
= Click onthe Area field to select it.
= Click on the Calculate button to display the Field Calculator dialog.
= Inthe box labelled [Ared] =, typein:
[Shape] . ReturnArea
= Click OK.

To calculate the Perimeter field
= Click on the Perimeter field to select it.
= Click on the Calculate button to display the Field Calculator dialog.
= Inthe box labelled [Perimeter] =, typein:
[Shape] . ReturnLength
= Click OK.

The fields Area and Perimeter are automatically calculated for each record.

1.1.9 Saving and opening your project
From the menu bar,
- Goto File, Save Project As.
A window appears.
« Namethe project (.apr extension), and save it to your working directory.

Opening up your project
To continue working on your project should you exit ArcView,
- Goto File, Open Project
«  Select the name of the project you saved previously from the Open Project
window.
« Click OK.
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1.2 Heads-Down Digitizing

Heads-down digitizing is process of capturing data from paper maps, in digital format.
Digitizing of points, lines and polygons is done with the use of a pointing device and a
digitizing tablet.

1.2.1 Requirementsfor digitizing

» The digitizing tablet — This is a board with a mesh of wires that define its coordinate
system. The density of the wires indicates how close the digitized points may be
captured from the hard copy map. The mesh is normally about 0.002 in. apart.

» The digitizing cursor The cursor can be ether a pen or a keypad with buttons that
control the data input. It is attached to the tablet and captures features from the map.

Each time a user presses a button on the keypad, the coordinates of that location are
recorded.

» Digitizer coordinate system The tablet has a rectangular coordinate system with the
origin in its lower left corner.

» Spatial data registration — This is done by the use of known ground control points or
'tics' that are used to register the spatial location of the coverage to the location on the
digitizer. A correlation is made between each control point coordinate and its digitizer
coordinate.

1.2.2 Establishing coordinates of a coverage

The coordinates of the control points determine the coordinates of the coverage. There are
two systems for establishing the coordinates of coverage before digitizing begins. These
are the:

Digitizer coordinate system

In the digitizer coordinate system, control points are given coordinate values that are not
tied to any real-world origin. Coverages digitized in this system must be transformed into
an established real-world coordinate system after the coverage is digitized.

Advantage: a check plot can be created at the scale of the source map and laid over the
original map to check for digitizing errors.

Real-world coordinate system

In the real-world coordinate system, control points are given coordinate values in a real-
world coordinate system. The control points on the hard copy map are registered to the
control points in the coverage. All spatial data digitized are therefore assigned values in a
real-world coordinate system (feet or metres). Coordinate transformation takes place
automatically as the data are digitized.
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Advantages:
» The user has the ability to digitize a new coverage using another coverage as a
reference or background coverage in the same coordinate system.

» A master control point coverage can be created for the entire project and the control
points copied to each new coverage as they are digitized.

Registration error

Registration error is one that expresses the difference between the relative location of the
input control points from source maps and the output control points in real-world
coordinates. Control point IDs are used to identify the control points to be compared. The
error is given as the Root Mean Square (RMS) error. The input RMS error should be less
than 0.003 inches, depending on the accuracy requirements for the project. Four control
points should be used to help determine the RMS.

1.2.3 Map Preparation
Before digitizing begins, you should prepare the paper map as follows:
«  Premark control points
«  Extract control point information as a table
«  Extend map boundaries
« Extend internal lines beyond the new outer boundaries
«  Mark intersection of arcs
« Insert nodes onlong arcs
- Indicate starting nodes on island polygon
«  Mark label points of polygons
« Record production information of the source map

After preparing the map as stated above, tape the paper map securely to the digitizing
tablet.
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Exercise

The diagram below shows nine control points and their coordinates. Complete the control
point table of the nine control points with their real-world coordinates given in Eastings

and Northings.

1163 0000 | 1165 0000 | 1167 0000
150 0000 |12 13 ! 14
120 0000—T 22 23 241
90 0000 |32 | 33 | L 34

Control point I1Ds

Easting ( X coordinate)

Northing (Y coordinate)

12

11630000

1500000

13

14

22

23

24

32

33

34

Control Point Table
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Heads Down Digitizing Using ArcView 3.100 — Digitizing Arcs

1.2.4. The Digitizing Process

Digitizing Arcs
Drawing an arc is controlled by buttons on the digitizer keypad as shown in the diagram
below.

Poitit o de Stream mode
AlEl [2][2]

2 Addanodestobegn an arc 2 Addanode to begin an arc
1 Addavertex _ 1 Add one of thote vettices
1 Add another vertex to cortitne FPress atd release or hold down

shaping the arcs 2 Add anode to endthe are
2 Add anode to endthe are O Quit to add fo meore arcs
9 Ot to add no more acs

M ethods of digitizing
There are two methods of digitizing arcs. These are spaghetti digitizing and discrete
digitizing.

Spaghetti digitizing

» Digitizing arcs without placing nodes at intersections.

* Thismethod isfast. However, it can lead to arc User-IDs that are not unique.
Because arcs define polygons, polygon topology cannot be created if arcs cross
without nodes at intersections.

Discrete digitizing

» Discrete digitizing involves explicitly placing nodes at intersections as you digitize.

* It is dower than spaghetti because the user must identify and digitize each arc
intersection.

» Discrete digitizing produces unique 1Ds that are important if attributes will be assigned
to arcs later.

« If tolerances are properly set, discrete digitizing requires less post-digitizing
processing than spaghetti digitizing.
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Heads Down Digitizing Using ArcView 3.100 — Digitizing Arcs

Spaghetti digitizing Crizcrete digitizing

Start or end node
Numbers1-9 arearcs.

1.2.5 Setting up the Digitizing tablet

There must be a Win Tab compliant digitizer driver software installed in order to use a
digitizing tablet with ArcView. The manual that came with the particular digitizer would
tell you whether the drivers are present. After installing the driver software, use the Win
tab manager setup program to configure the buttons of the tablet’s puck of pen.

1.2.6 Loadingthedigitizer extension in ArcView.

Assuming you have successfully configured the digitizing tablet, prepared the map in the
manner suggested and taped the map to the tablet, you can now load the Digitizer
Extension.

To load the Digitizer extension
» Makethe Project window active.
» Choose Extensions from the File menu.
» Click the check box next to the Digitizer extension, in the Extensions dialogue box.
* Click OK
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Heads Down Digitizing Using ArcView 3.10 — Preparing the View for Digitizing

1.2.7 Preparing theview for digitizing

Creste a new view
Specify the projection used by the paper map.

Choose Properties, from the View menu.

Click the Projection button, in the dialogue box that appears.

Select, from the options listed, the projection properties to match those of the paper
map.

Click OK.

Set the desired Map Units from the dropdown list (e.g. Metres).

Click OK.

1.2.8 Registering your map
Y ou need to tell ArcView the ground coordinates for the control points of your paper map.

Toregister your paper map for thefirst time.

1.
2.

3.

Choose Digitizer Setup, from the View menu.

Specify the level of error you would allow by entering avalue in the Error Limit
field. The default value is 0.004 inches.

If your view is projected, use the Unitslist in the Digitizer Setup dialogue to specify
the units of the ground coordinates for the control points (E.g. Decimal degrees,
metres or feet).

Click the digitizer puck icon to activate the digitizer.

Digitize the control points from the digitizing tablet, in the order of the points from
your control point table, placing the crosshairs of the puck over the control points, as
accurately as you can. A record appears in the dialogue box for each point you
digitize.

Typein the actual ground coordinates for the control pointsin the X and Y Coordinate
fields. Anasterisk (*) appears next to the record indicating that the control point has
been entered and its ground control coordinates are now known.

7. Click Save to save the table of the actual ground coordinates.
8.
9. Click Register, if the Calculated Error is smaller than the Error Limit. The paper map

ArcView then generatesaRMS error called Calculated Error.

IS now registered.

10. If the Calculated Error is greater than the Error Limit,

= Re-digitize the control points on the paper map

= Re-enter the corresponding ground coordinates

= Go to File, select Open and navigate to the directory where you saved the actual
ground coordinates to bring them back into the coordinate table in Digitizer Setup.
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= Select thefirst record, and click the puck icon and digitize the first control point.
= Repeat for the other control points.
= Click Register, if the Calculated Error is smaller than the Error Limit.

1.2.9 Digitizing features from a paper map.
Creating new Featuresin a project
* From the Untitled window, click New
* Fromthe New View, set the projection of the paper map attached to the digitizer.
* Register the map
» Select View from the menu bar.
* Select Properties.
» Typeinaname for the view e.g. houses.
e Click OK

Creating a View for point features

» Select View and choose New Theme.

» Choose point tool from the Drawing tool drop-down list.
e Click OK

* Navigate to your directory and Save the new theme.

The new point will appear in the newly named view, with a default symbol and colour.
The new point will also be in editing mode. We are not ready to edit the point.

« Go the View menu and select Stop Editing, from Theme.
« You would be prompted to stop editing,
+ Click Yes, to stop editing.

Note: You can create al of your themes, then begin to digitize or create each theme,
digitize it, and then move on to the next theme.

Creating a View for line features
» Select View and choose New Theme.
* Chooseline tool from the Drawing tool drop-down list.
* Click OK.
* Navigate to your directory and Save the new theme.
» Go to View from the menu bar and select Properties
* Typeinaname of the view e.g. Roads.
e Click OK
* Navigate to your directory and Save the new theme
The new line will appear in the newly named view, with a default symbol and colour. The
new line will also be in editing mode. We are not ready to edit the line.
« Go the View menu and select Stop Editing, from Theme.
« You would be prompted to stop editing,
« Click Yes, to Stop Editing.
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Creating a View for polygon features

Select View from the menu bar

Choose New Theme

From the Drawing tool drop-down list, choose the Polygon tool.
Click OK

Navigate to your directory and Save the new theme

The new polygon will appear in the newly named view, with a default symbol and colour.
The new polygon will also be in editing mode. We are not ready to edit the polygon.

Go the View menu and select Stop Editing, from Theme.
Y ou would be prompted to stop editing,
Click Yes, to Stop Editing.

Digitizing Points

=

2
3
4.
5
6
7

8.

Activate the point theme to be digitized

. Select the theme by checking the box next to the theme
. Select Theme from the View menu

Choose Start editing

. From the view menu select Draw point button, because a point is being edited
. Activate the digitizer as puck command from the View menu view
. Go to the digitizer tablet, the puck should collaborate with the cursor on the

screen and also with the map area.
Put points for the features you wish to draw e.g. Houses

If you no longer wish to add any more points,

. Select Stop Editing from Theme menu in the View.
« Click Yesto the save edits prompt.

Digitizing Lines
1. Activate the line theme to be digitized.
2. Select the theme by checking the box next to the theme.
3. Select Theme from the View menu.
4. Choose Start editing.
5. From the view menu select Draw line button, because a line is being edited.
6. Activate the digitizer as puck command from the View menu view.
7. Go to the digitizer tablet. The puck should collaborate with the cursor on the

©

11.

screen and also with the map area.

Now trace the line feature you are interested in, by clicking once with the
appropriate key on the digitizer puck to start the line and again to change
direction.

Double click to end the line using the appropriate button on the digitizer puck.

. Sometimes lines need to be snapped. Y ou then need to use the general snapping

command or the snap to vertex command from the view menu. Before this can
be done, the snapping radius must be specified using the required snap tool
command.

Select Stop Editing from Theme menu in the View, after al lines are digitized
and snapped.

32



12. Click Yesto the save edits prompt.
13. Thelineis highlighted after you digitize.
14. Click the Clear Select feature button to unselect it.

Dlgltlzmg Polygons

Activate the Polygon theme to be digitized

Select the theme by checking the box next to the theme

Select Theme from the View menu

Choose Start editing

Select the Draw Polygon button, from the view menu to edit a polygon.

Activate the digitizer as puck command from the View menu view

Go to the digitizer tablet. The puck should collaborate with the cursor on the

screen and also with the map area.

8. Now trace and put points or vertex around the polygon features on the map you
areinterested in. e.g. Houses, swamps, etc.

9. Select Stop Editing from Theme menu in the View, after all lines are digitized
and polygons closed.

10. Click Yesto the save edits prompt.

11. The polygon is highlighted after you digitize. Click the Clear Select feature
button to unselect it.

Nougk~wbdpE

Editing/Cleaning data
Usually as the map data is digitized to a project, the data clean up is done simultaneously
once you have set the snapping environment.

2.0. EDITING SPATIAL DATA USING ARCVIEW 3.201

After creating a point, line or polygon feature, you may wish to move, delete or change
the feature. Featuresto be edited must be in a shapefile, ARC/INFO, or CAD format. To
edit atheme that is not in any of these formats, you need to convert the theme to a
shapefile, add it to your view as a new theme, and then edit this new theme.

To convert athemeto a shapefile

= Make the theme active.

= Choose Convert to Shapefile from the Theme menu
= Specify aname and location for the new shapefile.

= Click OK.

= Add the shapefile as a theme to the view.

2.1 Editing a point theme

There are many ways to edit a point theme. Y ou can:
= Delete point features

= Cut and paste point features.

= Move point features

Please see Appendix | on how to perform these edits.
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2.2 Editing a line theme

Y ou can edit aline theme in many ways. You can:
» Delete line features

= Cut and paste line features.

= Moveline features

» Resizeline features

= Reshape line features

= Split line features

= Mergeline features

Please see Appendix | on how to perform these edits.

Editing attributeswhen lines are split or unioned
Y ou can:

= Change the ID number for each line segment

= Change or delete text in arecord in afield.

2.3. Editing a polygon theme

In editing a polygon theme, you can:

= Delete polygon features

= Cut and paste polygon features.

= Move polygon features

= Resize polygon features

= Reshape polygon features

= Split polygon features

= Merge polygon features

= Create doughnut polygons

= Remove area of overlap between polygons
= Obtain the intersection of polygons.

Please see Appendix | on how to perform these edits.

Editing attributes when polygons are split or unioned
Y ou need to set attribute update rules to specify how data in a polygon attribute table are
dealt with when you split polygons using the Polygon Split tool, or merge polygon

features using the Union features option.

For each field in a polygon theme's attribute table, you can choose one of the following

Split rules:

Blank: The value in both records will be blank.

Copy: The original value will be assigned to both records (the default).
Shape Area: The vaues will be the area of the new polygons (the default for

fields called Area)

Shape Perimeter: The values will be the perimeter of the new polygons (the

default for fields called Perimeter)



For each field in a polygon theme's attribute table, you can choose one of the following
Union rules:

Blank: The value in the resulting record will be blank.

Copy: The value in whichever record is first in the table will be assigned (the
default).

Proportion: The value will be proportional to the areas of the merged polygons.
Add: The values will be added together in the resulting record.

Average: The values will be averaged in the resulting record.

Shape Area: The value will be the area of the new polygon (the default for fields
called Area)

Shape Perimeter: The vaue will be the perimeter of the new polygon (the
default for fields called Perimeter)

To set the attribute updaterulesfor afield in a polygon theme's attribute table.

= Make the theme active

= Click on the Theme Properties button

= Click the Editing icon to display the theme's attribute table to which you want to
apply therule.

= Choose the Union rule you wish to apply to the field

= Choose the Split rule you wish to apply to the field.

= Click OK.
#2 Theme Properties

Theme Mame: | Forest shp [ Use Suffix

— |sttribite: )
/i : =

LI pdating Fieid: |10 =

Definition Field type: ¥ Single
@ Unian rule: | Copy

Text Labels

G

[ Blark

il
Reset S plit rule: | Cooy JE3 N =

PITEEE W Show snap

[ General

Geocoding
f v Interactive Tolerance: |— <Shape Lrea>
<Shape Perimeter: —

- . -

Figure 16. Dialogue box for setting attribute updaterules.

= Choose Start Editing from the Theme menu. A dashed line will appear around a
theme's check box in the Table of Contents to indicate the theme is now in edit mode.
Y ou can only edit one theme at atime in the view.

To save your editswhileyou are editing atheme
= Choose Save Edits from the Theme menu.

To stop editing a theme and save your edits

= Choose Stop Editing from the Theme menu.
= Click Yesto the Save edit prompt.
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3.0HOT LINKING IN ARCVIEW 3.2[]

A hot link is a functionality in ArcView that allows one to access data directly from a
view. Thedataformat can be any of the following:

e Textfiles * Charts

+ Images * Layouts

* Views » Video clips
e Tables » Scripts

Supported image formats are:

« X-Bitmap

« MacPaint

« Microsoft DIB ( Device - Independent Bitmap)
« Sunraster files

«  XWD ( X Windows Dump Format)

+  GIF ( Graphic Interchange Format)

« TIFF ( Tag Image File Format)

« TIFF/LZW Compressed image data

The Hot Link icon on the menu bar of aview activates the link. @

When you click on the feature with the Hot Link tool, ArcView opens the linked data
source. Each data source name becomes an attribute of a particular record.

* Makethe theme for the hot link active.
* |dentify the point, line or polygon feature to be hot linked.
*  Open the attribute table for that feature.
» Select therecord for that feature.
» Create afield to hold the data
From the Tables menu, go to Table
Select Start editing
From Tables menu, Go to Edit

Select Add Field
Set parameters for the new field
Name: Image
Type: String
Width : 30 (to hold the number of characters in the pathname for
the image)
Click Close
Click Yesto the request to save edits.
Save edits
Exit Tables
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Figure 17. Defining a hot link in a theme' s attribute table

» From the attribute table of the feature theme, select the User-1d for the feature to
which you wish to link the data

* Onthe samerow asthis User-1d, type in the pathname for the data. The pathname
must include the full address of the location on the data on the particular drive. An
example of the full path name for hot linking an image is:

c:\users\sal\watfall.tiff

« Ifitisanimage, type in also the extension for it, such as “.tif" in the pathname.
Since there is no default definition, the computer must find this location for the data
every time the hot link is activated.

* Go toView and make the theme active.
* OpenTheme menu

* SelectProperties

* ChooseHot Links as the property.
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*  Thewindow below appears.

) Theme Properties x

Theme Mame: [\watfal.shp ™ Use Suffi
=] .
@ Field: [ Phato B

Text Labels Fredefined Action: [ Link to Image File 2|

E Scrpk: I Link ImageFile

Geocoding

Dizplay

ag | Cancel

Figure 18. Setting up hot link properties

» Changethefield to read the pathname of the data.

» Select Predefined Action from the pull-down menu, such as Link to Image File

e Click OK

* Intheview, click onthe Hot Link icon

» Click on the feature that was linked and the image should be added to the view. For

point features make sure that the tip of the hot link icon is directly over the location of
the feature.

Eie DN Wim Do Gapiecs Mirdes  Holp
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e

(LT (]

Figure 19. Image linked to location of feature
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4.0 CREATING THEMESIN ARCVIEW 3.2 1 USING GPSDATA.
Positions of objects on the earth’s surface are measured in geographic coordinates. Global
Positioning Systems (GPS) receivers can capture geographic coordinates. These
coordinates can be expressed either as degrees of latitude and longitude, or as pairs of x.
y coordinates. When these coordinates are saved in tabular format, ArcView alows you
to create themes from such data.

The tabular data format that ArcView supports are dBASE (.dbf), ASCII text files
delimited with tabs or commas (.txt), and INFO tables.

Locations stored in a tabular format are referred to as event locations or events. An event
table is a table containing these events. Events allow you to map data that have
geographic locations that are not in a spatial format, such as addresses and geographic
coordinates in atable.

GPS datamust be in a Delimited Text ".txt' format so that ArcView can read it.

To add tabular data with x, y coordinatesto a map.

= Make the Project window active

= Choose Add Table from the Project menu.

= Choose the type of file that you want to load from the List Files of Type dropdown
list, in the dialogue box that appears.

ot Pl o T Fanem
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Figure 20. Dialogue box for adding a fileto ArcView.

= Navigate to the directory that contains the file you want to add.
= Click on the file you want to add.
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= Click OK. The file is opened in your project. The name of the file is listed in the
Project window.
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Figure 21. File opened in Project window.

= Open the View into which you want the data, or create a new one.

= Go to the View menu and select Properties, to set the units for the x, y coordinates of
the table.

= Choose the units from the M ap Units dropdown list that appears.

= Click OK.

= Choose Add Event Theme from the View menu.

= Choose the name of your table from the dropdown list that appears in the dialogue
box.

= Select the name for the X field and Y field dropdown lists from your table.

= Click OK. A new theme is added to your view containing all the points defined in
your table.
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Figure 22. Dialogue box for Add Event Theme.
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Figure 23. A new theme added from GPS data.

50 ATTRIBUTE DATA AUTOMATION USING MSACCESS[]
Attribute data describes the characteristics of spatial features. In order to build a GIS, a
digital database of the attributes of the spatial features needs to be collected and
automated. For example, the spatial feature, lake, may have the following attributes:
Loca name, maximum depth, water quality, biotic organisms, date of last water
treatment, main uses.

Attribute data are automated into Database Management Systems (DBMS) such as MS
Accessl], DBASE 1V, Oracle, FoxPro, DB2. A DBMS provides the environment for the
automation, updating, analysis, integration, and distribution of attribute data. The
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integration of a DBMS with the spatial functionalities of GIS enhances the capabilities of
GIS as a gpatial anaysistool.

Sources of Attribute Data

Attribute data may be newly collected in the field or obtained from existing records,
registers, files, forms, cards and reports. Once a spatial feature has been identified, the
next step is to identify the attribute data that would be required for effective use of the
spatial datain GIS analysis and manipulation. Thisis followed by the identification of
sources of thisdata. If the data exists in analogue form, then steps should be taken to
automate the data. The process of automating the data is described below.

This module will cover the following database topics:
1. Creating adatabase in MS Access
Creating anew table
Adding attribute data to the table
2. Connecting ArcView to an External Table
Creating an SQL connection
Joining an external table to atheme table

5.1 CREATING A DATABASE IN MS ACCESS 20000
MS Access is one of the more popular DBMS that ArcView supports. In order to use MS
Access to automate data, a blank database must first be created, using the following
procedure:

» Start MS Access

» Click on Blank Access database

* Click OK (SeeFigure 24)

» Navigate to the directory in which you wish to save the database.

* In the Filename input box, type in the name of your datab&eleodls’

* Ensure the database type is Microsoft Access.

» Click Create. The new database is created.
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Microsoft Access

—Create a new database using

¥ Blank Access database;

 Arcess database wizards, pages, and projects

é}’  Dpen an existing file

CProgram FilestCRISYJamaicahCRIS Jamaica
Dikenesiaymont2

Do loadhdbg
CProgram FileshCRISYMod2 version? :'

Figure 24. Dialogue Box for creating a new databasein M'S Access

5.1.1 CreatingaTable
Ms Access is an object oriented database and consists of a number of object such as:

e Tables

e Queries
e [Forms

* Reports
* Pages

* Macros
* Modules

These objects rely on the data that is stored in tables for their functionality. For a
description of each object type, please refer to Ms Access Help.

Attribute datais stored in tables. Each table should represent an entity and its attributes
should consist of the descriptive elements required.

5.1.2 Creating tablesin Design View.
» Doubleclick on Create tablein design view.

» Using the information in Figure 25, enter the field name, data type and description
for each of the five fields.

A table consists of a field name, data type and appropriate description. Data types can be
Number, Text, Date and Time. Data types can be selected by clicking on the drop down
list indicated by the down arrow in the cell. The description is utilized for the data
dictionary. Object oriented databases also have field properties that afford users
additional control over data entry. For further information, please see MS Access Help.
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Figure 25. Designing aTable

be carefully selected as appropriate to the data. Table | shows the data

types in MS Access. You should note that any data that will be calculated must be
entered as a numeric data type.

Table1 — MS Access Data Types

Data Type Example

Text Default length of 50 characters, maximum 255 e.g.: address of school
— 12 Picton Street, Port-of-Spain

Memo Maximum length of 64,000 e.g. Notes on special conditions

Number Numeric field, calculations rounded off e.g. enrollmé200

Currency Numeric field, highly accurate calculations, no rounding e.g. cost of
maintenance $100,000.00

Date / Time Date of construction2600/11/01

Auto Number Access automatically assigns a unique sequential number to a field.

Yes / No Used for a field that only one of two possible responses e.g. Did
student pass or fail?

Ole Object Allows for linking to objects such as pictures and documents

Hyperlink Creates a field which allows input of a hyperlink address e.g. Web
address of supplier

Lookup wizard | Creates a field that allows you to choose a value from another table or
from a list of values e.g500d, Fair andPoor as options for condition
of school.




5.1.3 Adding recordsto thetable
* |nthe Database window, double click the new table that was created.

* Enter five records as shown in Figure 26 by clicking on each cell and typing in the
entry.

Microsoft Access - [Capacity : Table]

J File Edit Wiew Insert Format Records Tools Window Help
- ERAY i@ Y| @ L ZHE | ié K 2 0.
ID | Capacity |Date of Survey| Enrollment | Condition
i ﬂ 2000 171500 1500 Good
| 2 300 20200 350 Fair
| 3 400 5/8/00 290 Poor
| 4 500 344000 420 Foor
| 5 700 B/7/00 720 Fair
* 1] 0 ]
Figure 26. Adding Recordsto an Accesstable
Columns may be resized by dragging for convenient viewing.
* Closethetable
» Sdect File, Exit
Figure 27 shows commonly used data entry shortcut keys.
Data Entry Shortcut Keys
Action Keystroke
insert current date Crtl + semicolon (;)
insert current time Crtl + colon (2)
insert value from the same field in the previous record Crtl + apostrophe (‘)
add a new record Crtl + plus sign (+)
delete the current record Crtl + minus sign (-)

Figure 27. Commonly used Data Entry Shortcut Keys

5.2 Connecting ArcView to an External Database

GI S data analysis often requires that non-spatial data be added to a project. The data may
reside in atable or a query of another database. This requires that ArcView connect to the
database and its specific tables or queries.

An ‘ID’ field is generated by default when a new shape theme is created in ArcView. It is
always defined as numeric. TH®' field is the field that is common to both tables and
is used as the join field. To facilitate connecting to another table, it is critical that the
‘ID’ field of the external table be defined and named exactly aslBiefield in the
ArcView theme table to which it will be joined.

* Make the ID’ field the primary key of the table.

* Right Click on thel'D’ cell.
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» Select ‘Primary Key'.
» Select File, Saveand name the tabl&Capacity”
* Click OK and close the table. A new table is listed in the database window.

ArcView can connect in two ways:
» The Project / Add Table Menu option
* The Project / SQL Connect Menu option

5.2.1 TheProject / Add Table Menu Option

This option allows the addition adbf , text delimited andINFO files to an ArcView
project. MS Excel spreadsheets may be exported as eltifi@r text delimited files and
imported into ArcView. Figure 28 illustrates tReoject/Add Table dialogue box.

% Add Table
File Mame: Directories: oK |
f chtemp
D) deltal daf NN = - Cancsl |
B haotel.dbf
B sqlt.dbf £ frontpagetempdir
B sgl2.dbf 3 msoclipl
B sgl3.dbf £ vhe
B sgld.dbf
B sglb.dbf
M snlf dhf = v
List Files of Type: Drives:
dBASE (* dbf] = e =
" Delimited Text (*.txt)

Figure 28. Project/Add Table Dialogue Box

5.2.2 SQL Connect Menu Option

The SQL Connect function connects an ArcView project to a database utilizing
Microsoft’'s Open Database Connectivity (ODBC) standard. The ODBC driver for the
database must be installed. The source name is setup in the ODBC Data sources manager
in the Control Panel by the system administrator. ArcView should work with any
database with an ODBC driver and database client software. Please refer to your
operating system manual for instructions on installing an ODBC driver.

SQL connect utilizes the ODBC source name for the database. SQL Connect allows
external data to be accessed via SQL. The returned records are stored in an ArcView
table. Records can be manipulated but not modified.

5.2.3 Creating a Theme Table For Joining
» Create a new point shapefile theme using the instructions from Section 1.1 in the
Head —up digitizing module.
» Name the new themé&thools’
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* Add five pointsto your theme
* Enter the ID numbers 1,2,3,4,and 5 in the Theme table.

Figure 29 indicates an example of this theme.

Figure 29. An Example of a Point Theme and Table

5.2.4 Creatingan SQL Connection
o Select Project: SQL Connect
* Navigate to the location of the MS Access datab&skdols.mdb”.
¢ Click OK

As indicated in Figure30, tables available to ArcView will be listed irldta es box.
* Click on “Capacity” table created
* Click onAll Columns
* Name output table ifDutput Table:” box
» Click on ‘From:” Box. Double click the name of your table in the Tables Box.
* Click onQuery.
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Figure 30. SQL Query Dialogue Box

5.2.5 Joining Tables
The new table is added under Tables in the project window. There are now two tables
listed in the Project window.

*  Open both tables in the table window.

» Click on the ID’ Field name on both tables.

» Click on the Theme table to make it the active table.

* Go toTablefrom the menu. Seledbin.

Figure 31 shows the two tables to be joined usingdihe selection.

) s [ =] = = ' T o (=3
B [ | BEe] (W] [@@SIE] B [E)E) EIE] M
0 of Bielectec i)

2 cris i i
- cns_]amau:a_apr =10jx] i@ Attributes of Schools [Hi[=] E3

Aftributes of Schools -

Fate ol Snas) Enraiinant Ly
1 2000 2000-01-01 00:00:00 1500 | Good ]
2 300 2000-02-02 00:00:00 350 Fair
3 400 2000-05-06 00:00:00 390 Poor
4 500 2000-03-0400:00:00 420 Poor
q [ 700 2NNN-NFR-N7 N-00:-00 720§ Fair 7‘1

Figure 31. Joining Tables



Figure 32 indicates the Theme table (Attributes of Schools) joined to the Capacity table.

i Attributes of Schools

Fgie ar S Enraiinant

L

Foint 1 2000 2000-01-01 00:00:00 1500L . Good
Foint 2 300 2000-02-02 00:00:00 350 Fair
Foint 3 400 2000-05-06 00:00:00 330} Poor
Foint 9 500 2000-03-04 00:00:00 420} Poor
Foint b 700 : 2000-06-07 00:00:00 720 Fair
|

MLl |»

Figure32. Joined Tables

The joining of the Capacity table to the Theme table, Schools, now allows for the spatial

querying of the data that was in the external table.
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6.0 Data M anagement Requirementsin GIS

The development of a GIS involves the design and population of a database, which meets
specific user requirements. It includes the transformation of data from existing formats to
the formats required by specific GIS products and often requires the integration of
different data. A successful GIS is one that will be utilized and expected to evolve over
time. This requires a robust plan and database management system to support this
development

Figure 33 indicates that data management is one of the central elements of a GIS. It is an
integral part of the information system that not only manages internal data manipulation
but also the management of data input.

CER TERENCE
USER INTEREACE Writer
Data Manipulation
Data Input & Analysis Data Output —
Printer
Mouse
L Data Management
= Software
Scanner
'_a* | m o = i
% > ]!
ANC Nl —
- CDROM . — Flo >
Digitizer Network Difkpy Hard
Hardware D;rk

Figure 33. Componentsof a GIS

The success of a GIS is often measured by how accurately the design meets the
requirements that were specified. However, users define a successful system as one
which produces accurate and timely data in the formats required. To achieve this data
management requirements must be considered and met. These include data identification
and evaluation, classification and coding, data entry and validation, storage and access
control, data maintenance and dissemination. These issues are part of a comprehensive
database development plan, as shown in Figure 34. The management of data is not a
single task but part of the continuous cyclic development of the database. These tasks
themselves may be expected to evolve with the database and technology.
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Figure 34. Database Development Plan

6.1 Data Identification and Evaluation
The identification and evauation of system data is the primary stage in system
development. Requirement analysis will identify data needs but the data sources must
then be identified and evaluated. Key, reliable and current data sources that can form the
foundation of the GIS must be identified.

6.1.1 Data I dentification

In order to identify data requirements several questions must be considered:

*  What will the GIS be used for?

*  Who will the users be?

*  What information will be required and in what format will they be required?

The data format currently being used should be identified and their usability examined.
The evaluation of the existing data is aimed at determining their currency, quality,
format, resolution and other restrictionsto its use.

6.1.2 Database Content and Structure

At the conceptual stage it is important that all potential users come to a consensus on the
features and attributes that should be included in the database. Data characteristics and
the degree of intelligence required should be thoroughly evaluated and the maintenance
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responsibility for database features should be clearly identified. Database needs should be
prioritized and development phased.

A principal task of GIS development is the determination of the database content. There
is a need to establish:

» Datafeatures and attributes of interest to most or al users.
* Themost adequate data sources.

» Datato be contributed by each participant.

* Thedatato be shared by the GIS products.

* The database design that will satisfy requirements.

6.1.3 Data Sources

Data may be collected from a variety of sources. The objective of the plan is to prevent
surprises and avoid cost overruns. A thorough analysis of source data is required to
prepare initial data conversion costs. The plan should include the matching of data needs
to database design. The following issues should be considered:

*  Whether the source is primary or secondary.

» The availability and reliability of metadata.

* Theformat of the data.

» The physical condition and location of hardcopy data

Source data must be evaluated in terms of their quality and completeness. Source data
that has to be created must be identified and it is important to consider aternate sources
of data such as aerial photography or satellite imagery. The prioritization of new data
items and source decisions is essentially an economic decision.

6.1.4 Data Collection Strategies

The data collection strategy adopted is a function of data availability, cost and efficiency.
The assembling of the data required by a GIS can be a significant exercise. The format
and location of the data determine the degree of effort required. Data may be available in
primary or secondary forms and in raw or compiled forms. Care should be taken when
working with report formats to ensure that the tabulation details coincide with the detail
level required of the GIS.

6.1.5 Source Preparation

Scrub is the manual preparation, edit verification and correction of a map or drawing
prior to digitizing. Sources requiring scrub need to be identified and prepared
appropriately for data conversion. A manual that addresses the details of the scrub plan
should be prepared and scrub procedures should be driven by the database requirements.

6.2 Data Integration

The nature of a GIS requires that data be integrated from a number of different sources.
The success of this integration affects the richness and accuracy of the data in the GIS.
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Severa integration issues must be recognized and successfully managed to achieve
efficient and effective integration.

Existing data may have varying characteristics such as scales, projections, datums,
currency, levels of accuracy and resolution. Metadata should be provided with each data
collected to ensure that accurate information can be generated for the interpretation
process.

Data of different formats can be integrated into a GIS. These include vector files,
attribute database files, text files, raster, video and scanned images, digital photographs,
sound and Global Positioning Systems (GPS) data.

The integration of multimedia data has served to increase the depth of GIS analysis.
Multimedia Image Data include aeria and landscape photographs, infra-red images,
satellite data and video based images. Theses images have the specific characteristics of
Image_ID, Format (e.g. ‘.bmp’, “tiff ’, *.avi’ ), Resolution (e.g. 300 dpi, 600dpi), Capture
date, X and Y co-ordinates and Colour.

Picture elements are identified by rows (X) and columns (Y) and the content of each
picture element is represented by a colour, or a grey scale value. The easiest physical
encoding technique is the bitmap (.bmp). Sound and video images are stored digitally in
“.avi” format. The limitation to widespread use of image data is the large amount of
physical storage required.

6.3 Data Classification and Codification

Database attributes represent real world features. In order to efficiently create a database,
it is necessary to classify and code data. A unique numbering system that supports
classification and a unique identifier is assigned to each class. Features are tagged with
these numbers during the data automation process and it is on the basis of classification
that features can be selected and manipulated. Classification facilitates the queries and
reports required of the system. The efficient design of classification and coding relates
directly to the level of efficiency of query and report generation. Coding should be
determined in the context of system requirements.

6.4 Data Entry M anagement

Data entry management is an important element in the maintenance of data quality. It is
also an important time and cost consideration that should not be underestimated. The time
and cost of data entry relates to data source quality and the mode of data entry selected.
The format, condition and location of data sources must be carefully considered. The
mode of data entry employed must be appropriate to the data source and the availability
of trained staff.

6.4.1 Spatial Data Entry M odes

A variety of data entry modes exist. Each mode has its strength and weakness and is
particularly applicable to certain types of source data. The most cost efficient mode of

53



data entry should be chosen. Cost efficiency must include time and staffing
considerations. The choice of data entry options are listed below:

a) Direct keyboard data entry is well suited to textual attribute data and map annotations
in small to moderate volumes. Scanning with Optical Character Recognition (OCR)
should be considered with large data volumes.

b) The digitizing of hardcopy maps may be required in instances where digital maps are
not available. It is applicable to smal and moderate map conversion when skilled
staff is readily available and time is not a constraint.

c) Scanning and automated vectorization of maps, textual and image documents can be
an extremely efficient method of data entry. It may be costly depending on the
volume being scanned. The condition of the source map is a critical factor, which
will relate directly to the amount of checking and cleaning required of the scanned
document.

d) The conversion of existing digital data is also an option, if it is necessary to convert
digital data to another format. Care must be taken to note the formats of sources and
the conversion methodologies required for software compatibility.

6.4.2 Attribute Data Entry Forms

Data forms are utilized for the entry and retrieval of attribute data. Data Entry Forms
should exist in both hardcopy and digital format. Raw data should be collated, coded and
entered onto hardcopy forms that should then be verified and checked before digital
entry. Digital data entry should be done from these forms to facilitate speed, efficiency
and accuracy.

Digital data entry forms can integrate controls at the attribute level, which serve as a
screening and data quality device. These controls relate directly to the classification and
coding of the data. The degree of control exerted by the data form will be a factor of the
software being utilized.

6.5 Data Verification

Data verification consists of the processes of data quality control and quality assurance. It
is dependent on the anticipated applications and output products. Data quality is a
significant requirement in any automation project. It is an indication of how well the GIS
data matches reality. It impacts on the data conversion method selected, cost and the
confidence users will ultimately have in the GIS.

Data quality is often a balancing act between user needs and cost. The redlities of data
conversion economics must be considered and the positional accuracy of source
documents is a key issue, which must be examined. It is always desirable to improve the
accuracy of source documents. A reduction in the allowable positional error can increase
costs exponentially.



6.6 Standards

The establishment and implementation of standards is critical to successful technical
implementation. Standards are a statement of quality. They facilitate cost effective use
of the GIS. The more heavily used and complex a GIS is, the more critica the issue of
standards. They form the basis for data exchange and communication. The development
of standards requires extensive evaluation efforts and should be applied to the following:

» Database design

* Accuracy levels

» Graphic presentation

6.7 Quality Control

Quality control ensures that the data standard determined for the GIS is applied and
maintained. The type and extent of control will depend on the functionality of the
software being utilized. 1t should include the following elements:

» Datachecks before, during and after data entry.

» Dataentry form controls.

» Datatable design controls.

* DBMS controls such as referential integrity.

6.8 Quality Assurance

The client should be able to determine the acceptability of data acquired. This process of
data acquisition and automation must be documented and agreed to by all parties. In
order to determine the acceptability of data, random sampling techniques are often
utilized. Sampling may also be conducted by a neutra third party on the basis of
established acceptance criteria.

Quality assurance may be conducted using both manual and automated validation
approaches. Manua quality assurance is designed to verify the accuracy and
completeness of output products. Automated quality assurance utilises custom software
designed to test the integrity of converted data. Quality assurance may also include field
verification of data.

6.8.1 Manual Validation

Manual validation of source documents may consist of the following:

» Absolute/relative positions must be within acceptable tolerances.

» Feature annotation must correspond to the information provided on the source
document and be in accordance with the graphic specifications.

» Text offsets and orientations must be correct and be in accordance with the graphic
specifications.

» Feature annotation must be converted, formatted, and displayed in accordance with
the GI S data conversion specifications.

» Default attribute values must only be used in feature annotation when an acceptable
value does not exist on the source documents.

» Features depicted on the source documents and specified for converson must be
included on the check plot.

» Graphical connectivity must be maintained in accordance with specifications.
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» Feature representations must correspond to the source document representations and
all must be present.

» Features spanning multiple plots must be correctly edge matched.

* Obsolete source record symbology must be correctly trandated into GIS standard
symbology in accordance with GIS data conversion specifications.

6.8.2 Automated Validation

Automated validation checks may consist of the following:

» Each database record must represent a feature as specified in the GIS data conversion
specifications documents

» Each feature record must contain values for all required attributes.

» Feature attributes must contain acceptable values.

» Attributes containing calculated values must correspond to the values resulting from
appropriate formula or algorithm.

» All attributes for features requiring network connectivity must be logically consistent
e.g. a4-inch pipe cannot be connected to a 3-inch pipe without a reducer.

» Each graphic element requiring connectivity must be connected e.g. in a soil coverage
each boundary line between soil types should close to form a polygon.

6.8.3 Field Verification

Field verification is required to ensure the accuracy of the data. Features located in the
field and specified for data conversion must be included on a GIS check plot. This check
plot is the basis for field verification. Field verification checks that the digital data is
positioned on the GIS check plot within acceptable tolerances for relative and absolute
accuracy. Field observation ensures that features are classified correctly and feature
displayable attribute values correspond to values observed or measured in the field.

6.8.4 Assessing Data Quality

The quality of data in a GIS may be assessed in general and specific terms as they relate

to the cartographic and graphic elements. The measures listed below are used to assess

the general quality of the GIS:

a) Completeness is the degree to which al features are included in the database. This is
applied to graphic objects, attributes, annotation, connectivity and topology. It is
more related to the source maps and records.

b) Correctness consists of locational object information. It considers the representation
of object, attribute information and database relationship.

c) Timeliness is a measure of the temporal correctness of the database. All data must be
current or of a specified vintage.

d) Integrity demonstrates and confirms the usability of the database. Graphic integrity
examines the connection of lines, topology and connectivity of objects and attributes.
It considers that records are correctly built and that there is no missing or duplicated
data.
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Cartographic data quality is assessed in terms of relative and absolute accuracy. Relative
accuracy is a measure of an object’s position relative to another in terms of the maximum
deviation between the two objects. Absolute accuracy considers how closely objects are
positioned within an absolute reference frame. It is the maximum deviation of an object
on a map vs. its true location on the earth’s surface.

Graphic quality is assessed in terms of the legibility of data, consistency of graphic
representation, aesthetics and the adherence to graphic standards such as symbols, line
style, font size and placement.

6.9 Data Storage and Retrieval

A GIS database can be stored in a number of configurations and on a variety of storage
media. The database can be centralized or distributed. A GIS consists of thematic layers
and coverages, which may be stored as a single entity or tiled to reflect a chosen
administrative boundary. Similarly the data media for storage can be massive for bulk

storage or form smaller units for convenient dissemination.

Retrieval mechanisms are a function of the database design and storage choice. They
rely on database queries and their functionality and robustness will depend on the GIS
software, database management systems and operating systems being utilised.

6.9.1 Storage Structure

The storage structure is related to structural design of the database. A centralised database
design lends itself to bulk storage with massive hard drives, backup mechanisms and disk
imaging. Distributed databases pose significant challenges to GIS databases because of
their cartographic size. Data can be centrally stored and distributed over local or wide
area networks but high data transfer speeds are critical to maintaining performance levels.
Another option may be to distribute spatial data databases via CD-ROM and provide
distributed network access to current attribute databases.

The data may also be compressed to facilitate storage and transfer. Compression
Techniques are utilized such as CCITT Group IV (an international compression
standard), the use of Tag image file format (.tiff ) and Run length Encoded (.rle) for line
work.

6.9.2 Storage M edia

A number of storage options exist such as hard drives, optical disks, magnetic tapes and
removable disks. The increasing size, retrieval speeds and reduced cost of hard drives
have reduced the need to resort to other means of permanent data storage because of
space constraints. Optical disks may be more convenient because of thiy anab

relative stability. The increasing size of other removable disks such as zip disks offer an
interesting option for smaller GIS databases because of their speed of access and ‘re-
writeability’.
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6.9.3 Data Retrieval

The linking of spatial and attribute tables expands the functionality of a GIS and
facilitates efficient data storage and sharing. Spatial and attribute data are virtually linked
to facilitate GIS analysis. This allows for attribute data to be maintained and distributed
separately to the spatial data and accessed only when required. This has significant
impact on permanent data storage requirements and is idealy suited to distributed
systems. This type of design is supported by the development of Client Server
architecture, the Internet and Active server pages (ASP). Server side processing greatly
reduces the processing and storage demands on client machines.

Data retrieval is based on the creation and execution of queries. The query language will
vary with the software being utilised. In some cases the attribute data may be externally
stored within a separate database management system and an interface connection will
have to be created. Most GIS will support the creation of permanent database
connections and in particular SQL connections.

6.10 Access M ethods and Control

Access control is required to protect information from unauthorized or accidental
modification, destruction, disclosure and use. Data collection is an investment and the
need for security increases as the value of information is recognized by the organization.
This is particularly true in the present IT environment with the need for daily virus
protection. In order to implement access control it is necessary determine the following
data access issues:

» Thelevels of data access required.

» Thedlocation of users to access levels.

* Theidentification of restricted data and the method of distribution that will apply.

* Theidentification of potential threats

» The mechanisms available for access control

* A determination of data access costs.

The risk management view of security evaluates access control and the need for security
in terms of the following:

Confidentiality - level of access

Integrity - wholeness, completeness
Availability - back ups

Utility - usefulness

Authenticity - accuracy, correctness of information

There are two dimensions to security, system security and data security. System security
relies on technology and is a function of software capabilities. Data security is established
through data access policy.

Severa security mechanisms can be employed. Username, passwords, fingerprints or
voice can be used to determine authorization to a specified level of access, data or
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services. Access Audits should be run on a regular basis as a security measure and to
monitor usage of the database.

6.11 Updating and M aintenance Procedures

The updating and maintenance of a GIS is a critical issue. The currency of data will
ensure the value and continued use of the system. Updating and maintenance procedures
should be designed in a feasible manner that take into consideration the resources of
participating agencies. It should be practical and applicable. The interest of participantsin
database maintenance will vary and it is impossible to maintain a central database at
different rates. The simplest solution is the sharing of a centrally maintained land (LAN?)
base with participants maintaining their own database layers.

Updating and maintenance procedures should consider which participants have specific
responsibility for maintenance, data currency and updates. The procedures should
consider if respongibilities relate to al data or to a specified subset of data. If so, it must
clearly identify the subsets and participants that are responsible for maintaining the
portions of the database. The issue of a participant abandoning this responsibility must be
examined and a consensus of opinion reached as to procedures in this instance. The
procedures must be clearly determined, agreed to and documented.

6.12 Data Dissemination and Distribution

The dissemination and distribution of data incurs legal liability and data rights on the part
of the distributing agency. GIS data is an asset to organizations and has come to be
considered a property, since a property data can be owned, held or kept from others.

The design of the GIS having a number of participating agencies requires that rights and
ligbilities be determined. It is possible in a distributed system to have a number of
agencies each responsible for its own database, which it shares with the larger entity. In
such scenarios liabilities and rights must be clearly determined by all parties prior to the
implementation of the system. The management of these activities requires that these
liabilities and rights are considered and an appropriate dissemination policy determined.
A data dissemination policy should determine the following:

* Thedistributing agency or unit.

* Thedataitemsthat should be distributed.

* The medium of distribution.

» A pricing policy (if necessary)

6.13 Data Distribution Options

Data distribution may be undertaken as a public service or for commercial purposes. The
private sector may act as a distribution or value added agent. There are a number of
distribution options, some of which are listed below:

* Each department distributes own data to customers

* A single value-added agency - one-stop shopping

* Multiple value-added agencies for specific markets
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* Multiple value-added agencies for specific data

6.14 Liability

The provision of land-related data exposes the provider to liability for losses incurred by
the user as a result of inaccuracies in the data. Data management must consider accuracy
and quality issues inherent in data collection and update, data entry, data model and scale,
the accuracy of software and hardware, paper and plotting accuracy. The provider may be
liable for breach of contract, delivery timetables and negligence. The provider may also
be liable for accuracy and non-performance and it is therefore necessary to include an
accuracy disclaimer with data provided (where necessary).

In order to effectively manage data liability the following issues must be considered:
» Déefinition of public records and access issues

» Policy on freedom of information, costs of public information and data resale

» Copyright laws

» Digital data security issues

* Map maintenance liabilities

6.15 Data Ownership

Data is an asset that can be owned. However, because of the digital nature of data special
care must be taken to specify and protect this ownership. The data dissemination policy
should address ownership concerns. An organization may hold data on behalf of the
wider community or may also hold data in a custodianship.

Copyright may be used to protect the investment of organizations in the database. It
assures that the creators retain the sole right to its use. An external copyright can prevent
distribution among participants. Licensing can establish a contractual relationship
between participants and the purchasers of data.

The nature of some projects requires ownership and operation of a common data centre.
Asset ownership should be clearly specified and if payments are required they should be
fully scheduled. Data ownership and maintenance issues must be carefully detailed.

6.16 Pricing

The pricing of data is an economic issue, which often takes on political overtones if the
data agency is a public agency. The core issue sometimes border on cost recovery.
Pricing strategies are often a trade-off that balances public opinion and some measure of
cost recovery. The legal issue of the right to freedom of information must be considered.
It may be that the only costs that can legally be recovered are costs incidental to the
supply of the data to the end user. Cost can be determined on the basis of a number of
parameters. These may include the following:

* Volume of data supplied

» Extent of Coverage: Parish / County / Country
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» Formof product: list/ print / plot / chart

» Useof information: public benefit / profit making
* Market value

* Reciprocity arrangements

» Legidative or statutory requirements

*  Precedent

A number of cost recovery options exist and are listed below:

* Direct cost recovery (labour & material only)

* Incremental cost recovery

» Partia cost recovery

» Costs of system development / data maintenance / data distribution
* Market value pricing (supply/demand)

* Full cost recovery (HW/SW, data, training, salary)
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APPENDIX 1

Thenotesin Appendix | aretaken from
the on-line Help function of ArcView 3.2./7
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1. OVERVIEW OF EDITING THEMES

ArcView alows you to edit a theme that is based on an ArcView shapefile if you have
file write permission on the shapefile.

To make a shapefile theme editable

«  Make the shapefile theme active.

« Choose Start Editing from the View’s Theme menu. ArcView allows you to edit only
one theme in a view at atime. If you choose Start Editing on a theme while you are
editing another theme, you will be prompted to save your edits on the theme you were
previously editing before editing on the second theme is enabled.

A dashed line around the theme's check box in the Table of Contents indicates that you
can edit that theme.

Toundo and redo edits

Choose Undo Feature Edit from the Edit menu to undo the last edit you made to the
shapefile. Choosing this option repeatedly enables you to successively undo al the edits
you made since you started editing. Undo Feature Edit undoes changes to the feature
geometry in the shapefile and the corresponding changes to the feature attribute table.
The Redo Feature Edit option let you re-apply the changes.

To saveyour editsand continue editing

Choose Save Edits from the Theme menu to save al edits made to the theme during the
current edit session. Once you save the edits, you can continue to edit the theme but you
are not able to undo or redo any edits that were made prior to choosing Save Edits.

To save your editsout to a new theme

Choose the Save Edits As option from the Theme menu if you want to save your edits out
to a new shapefile rather than changing the original shapefile. The edited version of the
origina theme will be written out to the new shapefile, editing will be disabled on the
origina theme, and the edits will not be written to the origina shapefile. The new
shapefile will be added to the view as a theme, the same editing environment and legend
will be set up for this theme, and editing will be started on the new theme automatically.
Now any edits you do will be to the new theme.

To stop editing a theme and commit your edits
Choose Stop Editing from the View’s Theme menu to disable editing on the theme. You
will be prompted to save your edits.

Note: You cannot edit the features of a multipoint shapefile theme. Sart Editing is
disabled if the theme you want to edit contains multipoint features. To check if a themeis
a multipoint theme, see the Shape field in the theme's attribute table. However, you can
edit the valuesin its attribute table.
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2. EDITING SHAPES USING SHAPE PROPERTIES

The Shape Properties dialog alows you to view or edit the properties of the selected

graphic or feature in your view.

Toview or edit the properties of a shape:

Select afeature or agraphic in your view

Right-click on the shape and select Shape Properties from the pop-up menu
Select the Vertex in the list you want to change, or add a new vertex after.
Click Add, Edit, or Delete.

Click OK to commit the changes to the shape.

agrwbdE

3. EDITING POINT THEMES

There are many ways to edit point themes. What do you want to do?
« Delete point features
«  Cut and paste point features
«  Move point features

Deleting features

To delete features

1. If thethemeisnot aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature or features you want to delete.

3. Pressthe DELETE key.

The features are removed from the theme, and the corresponding records in the feature
attribute table are automatically removed.

Cutting and pasting features

Y ou can cut features from one theme and paste them into another theme.

To cut and paste features

1. If the theme you want to cut features from is not already in edit mode, make the
theme active and from the Theme menu, choose Start Editing.

2. Usethe Pointer tool to select the features you want to cut.

3. From the Edit menu, choose Cut Features to cut the features to the clipboard..

4

. Start Editing on the theme you want to paste the features into. Y ou will be prompted

to save edits on the first theme.
5. From the Edit menu, choose Paste.

It isnot advisable to cut from atheme in one view and paste into a theme in a different

view because the two views may have different projections or map units. ArcView places

features based on their coordinates and in the above case, the coordinate spaces for the
two views may not be the same.
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Moving features

To move features with the mouse

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature or features you want to move.

3. Press and hold the mouse button within a selected feature or features, then drag to a
new location. A faint outline of the selection follows the mouse movement; the
feature re-draws in the new location once the mouse button is released.

4. EDITING LINE THEMES
There are many ways to edit line themes. What do you want to do?
« Create new line features
« Deleteline features
« Cut and paste line features
« Movelinefeatures
« Resizelinefeatures
+ Reshape line features
«  Split line features
« Mergeline features

Deleting features

To delete features

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature or features you want to delete.

3. Pressthe DELETE key.

The features are removed from the theme, and the corresponding records in the feature
attribute table are automatically removed.

Cutting and pasting features
Y ou can cut features from one theme and paste them into another theme.
To cut and paste features

1. If the theme you want to cut features from is not already in edit mode, make the
theme active and from the Theme menu, choose Start Editing.

2. Usethe Pointer tool to select the features you want to cut.

3. From the Edit menu, choose Cut Features to cut the features to the clipboard..

4. Start Editing on the theme you want to paste the features into. Y ou will be prompted
to save edits on the first theme.

5. From the Edit menu, choose Paste.

It is not advisable to cut from a theme in one view and paste into a theme in a different
view because the two views may have different projections or map units. ArcView places
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features based on their coordinates and in the above case, the coordinate spaces for the
two views may not be the same.

Moving features

To move features with the mouse

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature or features you want to move.

3. Press and hold the mouse button within a selected feature or features, then drag to a
new location. A faint outline of the selection follows the mouse movement; the
feature re-draws in the new location once the mouse button is released.

Resizing features

To resize a feature with the mouse

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature you want to resize.

3. Click the mouse on a handle and drag. The corner handles provide stretching that will
maintain the aspect ratio (i.e. if you stretch a sguare from one of its corner handles it
will till be a square when you are done). The side handles alow you to resize in the
horizontal or vertical directions. A faint outline of the feature being stretched follows
the mouse movement, and the feature is redrawn when the mouse button is released.

Reshaping lines

You can use the Vertex Edit tool to reshape a line by moving, adding, or deleting
vertices. When you edit a line, you can choose to preserve topology, or not, by the way in
which you select the feature:

When you select a single line, any edits you make to the vertices will affect only that line.
When you select a line segment common to two lines, any edits you make to the vertices
will affect both lines.

When you select a node common to two or more lines, any edits to that node will affect
all the lines that contain that node.

To move a vertex with the Vertex Edit tool
Place the cursor on the vertex you want to move. When the cursor appears as a crosshair,
hold down the left mouse button and drag the vertex to the new position.

To add a new vertex with the Vertex Edit tool
Move the cursor to the position on the line where you want the new vertex. When the
cursor appears as atarget, click the left mouse button.

To delete a vertex with the Vertex Edit tool

Place the cursor on the vertex you want to delete. When the cursor appears as a crosshair,
press the DELETE key on the keyboard.
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Toreshapeasingleline

1. Click the Vertex Edit tool.

2. Click ontheline. A hollow, square vertex handle appears at each vertex of the line.
3. Now when you move, add, or delete vertices, only the single line will change.

To reshape a segment common to two lines

1. Click the Vertex Edit tool.

2. Click on the common line segment. Square vertex handles will appear at each vertex
of the shared segment, and round anchors will appear at the vertices at each end of the
common segment.

3. Now when you move, add or delete a vertex, both lines will change.

To move a node that iscommon to a number of lines

1. Choose the Vertex Edit tool.

2. Click on the node that's common to two or more lines. A square vertex handle will
appear at this node and round anchors will appear on the next closest vertehon
line.

3. Now when you move the common node, all lines, which share this node, will change.

Splitting line features
In ArcView, you can use the Line Split tool to create a line that gets split wherever it
crosses another line, and also splits all lines it crosses.

To split linefeatures

If the theme is not already in edit mode, make the theme active and from the Theme

menu, choose Start Editing.

1. Click the Drawing tool palette and in the list of tools that pops down, click the Line
Split tool.

2. In the view, click the left mouse button where you want the line to start, click each
vertex, and then double-click the final vertex. The line you draw with the Line Split
tool must cross over at least one other line for any new features to be created. Both
the existing line and the new line are split into two separate lines at the point where
they cross. (The same new line can cross more than one existing line if you want to
split a number of lines at once).

When a feature is split with the Line Split tool, the record of that feature is removed from
the theme’s feature attribute table and two new records are added to the table to represent
the new features. If you want to specify how the data in the original record is handled
when you split line features, you can set attribute update rules for each field in the table.

Merging line features

If you have a group of lines that you want to merge into one line, use the Union Features
option. Union Features returns the union of the selected features to create a single feature.
If two lines meet at exactly the same point, one continuous line will result. Otherwise, the
result is one feature with multiple parts. If the line features overlap, the overlapping
segment is not removed.
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Tomergelines

1. If the theme is not already in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the lines you want to merge.

3. From the Edit menu, choose Union Features.

When a set of features is merged with Union Features option, the records of those
features are erased from the feature attribute table and one new record is added to the
table to represent the new feature. If you want to specify how the data in the origina
records is handled when you merge line features, you can set attribute update rules for
each field in the table.

5. EDITING POLYGON THEMES
There are many ways to edit polygon themes. What do you want to do?
« Delete polygon features
«  Cut and paste polygon features
« Move polygon features
+ Resize polygon features
+ Reshape polygon features
«  Split polygon features
« Merge polygon features
«  Create doughnut polygons
« Remove area of overlap between polygons
«  Obtain the intersection of polygons

Deleting features

To delete features

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature or features you want to delete.

3. Pressthe DELETE key.

The features are removed from the theme, and the corresponding records in the feature
attribute table are automatically removed.

Cutting and pasting features

Y ou can cut features from one theme and paste them into another theme.

To cut and paste features

1. If the theme you want to cut features from is not already in edit mode, make the
theme active and from the Theme menu, choose Start Editing.

2. Usethe Pointer tool to select the features you want to cut.

3. From the Edit menu, choose Cut Features to cut the features to the clipboard.

4. Start Editing on the theme you want to paste the features into. Y ou will be prompted
to save edits on the first theme.

5. From the Edit menu, choose Paste.
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It is not advisable to cut from a theme in one view and paste into a theme in a different
view because the two views may have different projections or map units. ArcView places
features based on their coordinates and in the above case, the coordinate spaces for the
two views may not be the same.

Moving features

To move features with the mouse

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature or features you want to move.

3. Press and hold the mouse button within a selected feature or features, then drag to a
new location. A faint outline of the selection follows the mouse movement; the
feature re-draws in the new location once the mouse button is released.

Resizing features

To resize a feature with the mouse

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Usethe Pointer tool to select the feature you want to resize.

3. Click the mouse on a handle and drag. The corner handles provide stretching that will
maintain the aspect ratio (i.e. if you stretch a sguare from one of its corner handles it
will till be a square when you are done). The side handles alow you to resize in the
horizontal or vertical directions. A faint outline of the feature being stretched follows
the mouse movement, and the feature is redrawn when the mouse button is released.

Reshaping polygons

You can use the Vertex Edit tool to reshape a polygon by moving, adding, or deleting
vertices. When you edit a polygon, you can choose to preserve topology, or not, by the
way in which you select the feature:

When you select a single polygon, any edits you make to the vertices will affect only that
polygon.

When you select a shared boundary between two polygons, any edits you make to the
vertices will affect both polygons.

When you select a node common to two or more polygons, any edits to that node will
affect all the polygons that contain that node.

Tomove a vertex with the Vertex Edit tool
Place the cursor on the vertex you want to move. When the cursor appears as a crosshair,
hold down the left mouse button and drag the vertex to the new position.

To add a new vertex with the Vertex Edit tool

Move the cursor to the position on the line where you want the new vertex. When the
cursor appears as atarget, click the left mouse button.
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To delete a vertex with the Vertex Edit tool
Place the cursor on the vertex you want to delete. When the cursor appears as a crosshair,
press the DELETE key on the keyboard.

To reshape a single polygon

1. Click the Vertex Edit tool.

2. Click inside the polygon. A hollow, square vertex handle appears at each vertex of the
polygon's boundary.

3. Now when you move, add or delete vertices, only the single polygon will change.

To reshape a common boundary between two polygons

1. Click the Vertex Edit tool.

2. Click on the common boundary. Square vertex handles will appear at each vertex of
the shared boundary and round anchors will appear at the vertices at each end of the
common boundary.

3. Now when you move, add or delete a vertex, both polygons will change.

To move a node that iscommon to a number of polygons

1. Click the Vertex Edit tool.

2. Click on the node that is common to two or more polygon features. A square vertex
handle will appear at this node, and round anchors will appear on the next closest
vertex on each polygon.

3. Now when you move the common node, all polygons, which share this node, will
change.

Splitting polygon features

When you are editing polygons, you can use the Polygon Split tool to draw a line across a
polygon to split it into separate polygons. For example, to create 10 adjacent land parcels,
you can create one polygon that represents the outer boundary of all the parcels, and then
use the Polygon Split tool to draw the boundary lines between them to split the polygon
into 10 separate polygons. This capability also makes it easy to modify existing polygons.
For example, to make a polygon smaller you can use the Polygon Split tool to smply
split off the unwanted part, select it, and then delete it.

To split polygon features

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Click the Drawing tool palette and in the list of tools that pops down, click the
Polygon Split tool. (If this tool is dimmed out, your theme is not currently in edit
mode. Choose Start Editing from the Theme menu).

3. Draw a line across the polygon you want to split. To draw the line, click where you
want the line to start, click each vertex along the line, then double-click the final
vertex. You can overshoot the boundary of the polygon you are splitting. (The same
line can continue through more than one polygon if you want to split a number of
polygons at once).
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When you have finished drawing the line, ArcView automatically splits the polygon

along the line your drew, and removes any overshoots from the line

When a feature is split with the Polygon Split tool, the record of that feature is removed

from the theme’s feature attribute table and two new records are added to the table to
represent the new features. If you want to specify how the data in the original record is
handled when you split polygon features, you can set attribute update rules for each field
in the table.

M erging polygons

If you have a group of polygons that you want to merge into one polygon, use the Union
Features option. Union Features option returns the union of the selected features to create
a single feature. If the selected polygons share a common boundary, the common
boundary is removed to create a single polygon. If the selected polygons overlap, the
boundaries of the overlap are removed to create one polygon. If the polygons are not
adjacent or overlapping, the result is one feature with multiple parts.

To merge polygons

1. If the theme is not already in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Use the Pointer tool to select the polygons you want to merge.

3. From the Edit menu, choose Union Features.

When a set of features is merged with the Union Features option, the records of those
features are removed from the theme’s feature attribute table and one new record is added
to the table to represent the new feature. If you want to specify how the data in the
original records is handled when you merge polygon features, you can set attribute update
rules for each field in the table.

Creating doughnut polygons

If you have a polygon and want to create a hole inside it (make it into a doughnut
polygon) use the Combine Features option. With this option, the polygons you select are
merged, but any overlap between the polygons is removed from the resulting polygon.

To create doughnut polygons

1. If the theme is not already in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. On top of the polygon that you want to make into a doughnut, use the Polygon,
Circle, or Rectangle tool to draw a smaller polygon representing the area you want to
cut out.

3. Use the Pointer tool to select both of the polygons.

4. From the Edit menu, choose Combine Features.

Note: If your selected polygons do not overlap, Combine Features option behaves the
same way as Union Features.
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Removing area of overlap between polygons

If you have two overlapping polygons and want to remove the area of overlap, you can
subtract one polygon from the other using the Subtract Features option. The polygon on
top gets subtracted from the polygon on the bottom, so the portion of the bottom polygon
that is overlapped by the top polygon is removed, and the top polygon remains
unchanged.

Suppose you are adding a new polygon to your theme and one of the existing polygons
extends into the area where the new polygon should be. You can draw the new polygon,
extending on top of the existing polygon, and then use Subtract Features to remove the
area of overlap from the existing polygon.

Toremove an area of overlap between polygons

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Draw the new polygon, partly overlapping an existing polygon.

3. Use the Pointer tool to select the new polygon and the existing polygon containing the
area you want to subtract. (Subtract Features only works on two selected polygons at
atime).

4. From the Edit menu choose Subtract Features.

Note: If you want to reverse the order of the operation, that is, subtract the bottom
feature from the top feature, hold down the SHIFT key as you choose Subtract Features
from the menu.

You can aso use the Subtract Features option to create an island polygon (a polygon that
is totally surrounded by another polygon but which does not overlap the polygon it is
surrounded by). To create an island polygon, draw the polygon on top of the polygon that
it is surrounded by, select both polygons, and choose Subtract Features.

Obtaining the intersection of polygons

Use the Intersect Features option if your theme contains severa polygons that overlap
and you are only interested in the area that is shared by the overlapping polygons. This
creates a new polygon from the area common to the overlapping polygons, and removes
all the origina polygons.

To obtain theintersection between polygons

1. If the theme is not aready in edit mode, make the theme active and from the Theme
menu, choose Start Editing.

2. Use the Pointer tool to select the polygons you want find the intersection of. In this
example, two polygons have been selected.

3. From the Edit menu choose Intersect Features.
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