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Introduction

Geographic Information Systems (GIS) have widespread application to many of
the problems and activities of communities. An emerging area of interest for
communities is telecommunications, and as this guide will demonstrate, GIS can serve as
a powerful tool to inform policy decisions in thisrealm. This guide is intended to serve
as areference for those who are new to GIS, as wdll as those with some prior GIS
experience that want to learn more about how to leverage it towards problems relating to
community telecommunications.

“Community Telecommunications’ isageneral term that refers to awide range of
activities that relate to the improvement of an area’ s capacity for datatransmission, such
as.

Planning
0 ldentifying concentrations of population
Locating potential subscriber premises
Classifying potential subscriber premises by levels of service required
Locating existing infrastructure
Locating rights-of-way
| dentifying optimal routes for wired infrastructure and distribution points
for wireless infrastructure
Engineering
o0 Detailed physical network design
§ Cableroute layout
§ Switching and access locations
§ Outside plant equipment inventory
0 Codt estimation
0 Association of network equipment with network switching and access
locations
Management
0 Asset/Facilities management
0 Maintenance and expansion planning

O O0OO0O0Oo
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What is GIS?

GIS software systems link features on a map to
descriptive information known as attribute data. This - Transportation
allows GI S uses to simultaneously leverage both the Land Use
visual advantages of a map and the data sorage and
retrieval advantages of arelational database. The old el
adage that “a picture is worth athousand words’ is very e e
relevant in this context, as many organizations have
substantial amounts of data in tabular form that, when
displayed on a map, become much easier to understand
and analyze. GIS alows usersto answer spatial
guestions of location, proximity, and geographic Figure 1: GIS Data Layers Example
distribution. As shown in Figure 1!, GIS represents
multiple attributes of geographic space as a set of overlapping layers. Layers may be
turned on or off, and new relationships between layers can be discovered, both through
simple observation and through the application of advanced spatial analysis techniques.
For more general information on GIS, visit http://www.gis.com.

* Census Tracts

Postal Codes

Raster Imagery

Organization of the Document

This guide will familiarize its reader with some of the more immediately relevant
aspects of GIS as applied to problems associated with telecommunications from the
perspective of a government or public entity. First, an overview of the necessary
hardware and software systems needed to support GIS within an organization will be
presented. Next, the types of spatial data used in telecommunications-related GIS
analysis, as well as some recommended sources for this data, will be discussed. The
remaining portion of the guide will be devoted to a more detailed discussion of GIS
techniques used in telecommunications-related analysis, including initial demographic
assessments and physical network design.

Hardware and Software Specifications

“What do | need, and how much will it cost?” This question is typically foremost
on the minds of people new to GIS who are either contemplating or already charged with
the task of integrating it into their organization. While this guide does not provide a
single definitive answer, it is intended help the reader to more clearly frame the question
by identifying the essential considerations and cost drivers, as well as provide some basic
recommendations based on our own experience with GIS at Virginia Tech.

GIS Installation Types

First, it isimportant to realize that there are several ways that GIS can be
deployed in an organization, and the most appropriate configuration will depend on an
organization’s size, budget, number of users, investments in existing data, and technical

! Figure 1 source: http://www.esri.com/software/arcqis/concepts/gis-data.html
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expertise, as well as the nature of applications GIS is intended to be leveraged towards.
The graphic below depicts the three basic ways GI S can be configured to serve the needs
of an organization. Although it istaken from the product literature of the Environmental
Systems Research I nstitute (ESRI)’ s industry-leading ArcGI S software products, the
concept is independent of any particular vendor. Specific software types will be
discussed in more detail in the “Software” section of this guide, which appears shortly
below.

Arcinfo Arcinfo Arcinfo Browser
ArcEditor ArcEditor ArcEditor ArcExplorer
ArcView ArcView ArcView ArcPad
ArciMs
ArcSDE ArcSDE
Data E
Files Multiuser Multiuser
Geodatabase Geodatabase
Desktop GIS Collaborative GIS Enterprise GIS (2

Figure 2: GIS Configuration Options

The first configuration, “Desktop GIS,” istypical of most local government GIS
operations. Inthisarrangement, GIS software is installed on one or more workstations or
laptops, and all the GIS datais stored on the local hard drive. This option isthe least
complex to implement, and is also the least expensive (both in terms of the software itself
and the hardware and network infrastructure needed to support it). However, if multiple
users need to share files, they must send them back and forth and keep their own local
copies.

In the “Collaborative GIS” scenario, each user would have GIS software installed
ontheir local machine, but date needed by multiple users would be stored on a central
database server. Inthis example, an additional server application (ArcSDE) is needed to
provide the interface between the Desktop GIS clients and the database server. The
Collaborative GI S arrangement is suitable for organizations that have more intensive
internal file-sharing demands than the average user, but do not have a need to deliver
spatial data outside of their own LAN or WAN? environment. In order for Collaborative
GIS to be deployed within an organization, it is an essential prerequisite that all users be
connected to the central database server via a high-bandwidth network connection. In
addition, there will be a need for staff to be on hand with the technical competenciesto
maintain the database server. Because of the additional costs associated with the
database server, database software, database personnel, network infrastructure, etc., this
option will be more expensive to implement than the Desktop GIS option.

2 Figure 2 source: http://www.esri .com/software/arcgis/about/overview.html
®LAN —Local AreaNetwork; WAN —Wide Area Network
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The third configuration option, “Enterprise GIS,” is suitable for organizations
with many GIS users, intensive internal and external file-sharing needs, and the need to
distribute geographic data in multiple formats, such as those required by Internet and
mobile applications. This option will require the largest investment in hardware and
software; however, organizations that require an enterprise GIS solution often already
have database servers, web servers, and robust network infrastructure in place from
which to run the GI S applications.

Hardware

The choice of a hardware platform for GIS will depend on many factors. Asthe
previous section has demonstrated, there are different hardware needs associated with
each type of GIS configuration. Desktop GIS is the foundation of the Collaborative GIS
and Enterprise GIS configurations, and the other two may be thought of as adding
additional functionality to the base system. For this base system, there are several rules
of thumb to keep in mind:

Storage

Asarule, GIS datatakes up a considerable amount of hard drive space.
Datasets that cover alarge geographic area, datasets with detailed attributes, and
raster datasets, such as aerial imagery and elevation surfaces, are especially large.
It is recommended that a GIS workstation be equipped with a large hard drive
(60-80GB minimum), and/or multiple hard drives. Also, drivesthat runa a
higher RPM (such as 7200 RPM drives) with shorter average seek times, will
yield better performance when the system needs to store large amounts of datain
virtual memory (swap space). The operating system’s page file (swap file)
should be set to at least twice the size of the system’s RAM, and in some cases
(e.g., when system RAM s less than 512 MB), it may be necessary to set the
page file size even larger.

Memory

Due to the large size of the geographic datasets that GI S software
applications typically process, the amount of physical memory (RAM) available
to GIS software is usually the most significant determinant of overall system
performance. It isrecommended that an absolute minimum of 512MB RAM be
ingtalled in a GI S workstation, with 1024MB (1GB) being the preferred
alternative. When purchasing aworkstation or laptop for GIS, it is recommended
that there be sufficient memory expansion slots to accommodate at least 1GB of
RAM. Because a shortage of RAM will drastically reduce system performance,
and may even cause the operating system to crash, it is recommended that other
components of the system be scaled back before RAM if cost becomes an issue.

CPU

The clock speed of a GIS system’s CPU should be as high as practical, but
for most applications an increase in processor speed will have less of an impact on
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overall system performance than the amount of physical memory available. An
exception to this rule of thumb occurs in cases where the workstation will
frequently be used for computationally-intensive geoprocessing tasks, such as
surface (raster) analysis, reprojecting large datasets, and 3D visualization. In
situations where multiple users in a networked environment need to perform
geoprocessing functions, it may be practical to designate a single workstation as a
geoprocessing server, equip it with a faster CPU, and then configure the users
workstations to access this server instead of each of them having to perform all
operations locally. At minimum, user workstation CPUs should have at least 1
GHz of processing power, with 2 GHz — 3 GHz and above being the preferred
aternative.

Graphics

Because GIS s, by its nature, a graphically-intensive operation, user
workgtations should be equipped with OpenGL graphic cards and up-to-date
display drivers. Graphic cards should be equipped with no less than 32MB of
video RAM, and if the workstation isto be used for 3D visualization, up to 128
MB of video RAM may be needed for satisfactory performance. Monitors for
desktop workgations should be at least 177 and capable of at least 1024x768
resolution in high color mode. Larger monitors, 19" — 21" in size, and capable of
supporting up to 1600x1200 resolution in high color mode, will increase the
system’s ease of use. Wide-aspect-ratio monitors are also good aternatives. For
laptops, the largest practical LCD display should be selected.

Removable Storage

For the purposes of exchanging and backing up large amounts of data, all
GIS workgtations should be equipped, at minimum, with a CD-RW drive, and
preferably a DVD-R/DVD-RW drive. An external FireWire or USB hard drive is
an additional accessory that makes the often overlooked necessity of performing
regular backups much more convenient. Many laptops can be configured with the
option of aremovable modular second hard drive.

Peripherals

For printing maps, every GIS workstation should have access to some type
of color printer. If asufficiently large number of GIS users regularly need to
produce alarge number of paper maps, a color laser printer may be desirable. If
large-format maps are required, it may be necessary to purchase a plotter. This,
however, can substantially increase the total system cost — by $10,000 or more.

Network Infrastructure

If multiple users will need to share GIS data within an organization,
having adequate local area network infrastructure is essential. If the

DRAFT DOCUMENT Page 7 of 55



“Collaborative GIS’ or “Enterprise GIS’ configurations are used, a robust,
reliable, high-bandwidth LAN isacrucial prerequisite.

Cost

A GIS workstation with the minimum specifications recommended by this
guide islikely to cost around $1,500. However, the cost figure could rise to
around $3,000 if the preferred recommendations for memory, CPU, etc. are
followed. Asageneral rule, laptops will cost more than desktops with the same
specifications. Because of the higher performance demands placed on a system
running GI S, organizations should expect to spend more on a GIS workstation
than on aregular non-GIS workstation. |f

Software

There are several software products on the market today that have GIS
functionality. ESRI, Autodesk, Maplnfo, Microsoft, and many others have developed
mapping applications that fill various niches. However, not al “mapping software” is
created equal. ESRI’s ArcGI S product is by far the most comprehensive, mature, robust,
extendable, and scalable software solution. With a very large user community throughout
the world, well-developed user support, and proven technology, ESRI ArcGISis
becoming the de facto standard for GIS software. As such, the examples in this guide
were developed in an ArcGI S environment.

ArcGIS is a scalable desktop GIS software package. The current version is
ArcGIS 9.0. Licenses may be purchased as single-use or floating. An organization has
three licensing options to choose from:

Product Description * Cost

ArcView provides extensive $1,500 (single-use license)
mapping, data use, and
analysis along with simple
editing and geoprocessing
capabilities

ArcEditor includes advanced editing | Variable®
for shapefiles and
geodatabases in addition to
the full functionality of
ArcView

* Source: ESRI ArcGIS Desktop Product Literature:

http://www.esri.com/software/ar cgi §/about/desktop.html

> For the higher-end licensing options (ArcEditor and Arclnfo), ESRI does not publish cost figures. Price
guotes depend on the number of licenses required, as well asthe nature of the requesting organization.
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Arclnfo the full function, flagship Variable®
GIS desktop. It extends the
functionality of both
ArcView and ArcEditor
with advanced
geoprocessing. It also
includes the legacy
applications for Arclnfo
Workstation.

Depending on the needs of the organization, it may be necessary to purchase specialized
software extensions to the base system. Thiswill be the case, for example, if raster-based
surface analysis, nationwide street mapping, geostatistical analysis, or 3D analysis
functionality is desired. Extensionsrange in price, but most cost $1,000 -$2,500.

Consideration should also be given to non-GI S software types. The computer operating
system must be Microsoft Windows 2000 or XP —ArcGIS will not run on Windows 9x,
and is currently not supported on the UNIX or Macintosh platforms. Other types of
software may also be useful, including:

U A secure FTPclient
A personal firewall
Antivirus software (a must)
System backup software

U
U
U
0 Standard office software

Data Considerations

Many sources of GIS information suggest that over the life-cycle of a GIS system,
the largest cost driver is actually data, not hardware or software. This may or may not be
truein all cases. If an organization needs to convert alarge amount of paper-based or
other legacy data, or if it isrequired to purchase large amounts of proprietary data, the
share of the total system cost corresponding to data will be high. Much of this cost is
associated with personnel time (in-house or consulting) devoted to performing the data
conversion.

There are several kinds of datathat will need to be acquired for a GI S system used
for performing telecommunications-related analysis. The first of these is basemap data,
which includes political boundaries, the locations of transportation infrastructure, place
names, streams and water bodies, elevation surfaces, etc. Dataof thistype may be
acquired from several sources, and often at little or no cost. Some sources include:

U The ESRI Dataand Maps DVD that shipswith ArcGI S, which contains most
basic base map feature layers such as political boundaries, place names, and
generalized roads.

Virginia has anegotiated Master Pricing Agreement with ESRI, and some localities have their own
agreements. For more information, contact ESRI Sales at 1-800-447-9778.
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U The ESRI StreetMap USA extension, which provides more finely detailed
nationwide coverage of roads, water bodies, airports, parks, and several other
layers.

U TheUS Geological Survey (USGS), which provides terrain/elevation models,
low-resolution aerial imagery, digitized topographic maps, land cover maps, and
many other products. Their primary distribution portal is located at
http://seamless.usgs.gov.

U TheU.S. Census Bureau, which provides demographic data. Also, several third-
party vendors have re-packaged this datainto a more Gl S-friendly format.

For amore detailed discussion of the public datasets that exist, an excellent reference
guide is"GIS and Public Data" by Bruce Ralston, Thomson-Delmar Learning, 2004.
Also, data sources may be located and accessed from GIS portal sites such as

http://www.geographynetwork.com

http://www.gis.comv/jumpstation/

http://www.qgisportal.com

http://data.geocomm.cony/

The Virginia Economic Development Partnership (VEDP) provides several datasets that
will be of interest to localities within the state of Virginia. VEDP offers, free of charge,
datasets for schools, hospitals, colleges, emergency response stations, enterprise zones,
and others — as well as USGS Digital Ortho Quarter-Quad (DOQQ) aerial imagery. Their
website is http://gis.vedp.org/.

Local data, such as building footprints (structures), tax parcel information, street
centerlines, and government facilities is often already available within planning,
engineering, public works, and public safety/e-911 departments. The structures layer is
especially useful for telecommunications planning, as it allows GIS analysis to be
conducted at the level of the subscriber premise instead of the Census Block, street, or
neighborhood level.

Another category of GIS dataisthat which includes features relating to
telecommunications, such as cable and ductbank routes, rights-of-way, poles, wireless
tower locations, and central offices. Thisdataistypically not available from the usual
free GIS data portals, and in most cases must be purchased from athird-party vendor or
else created in-house. In many cases, the location of existing telecommunications plant is
considered proprietary information by the companies that own it, and such data can
typically only be obtained through nondisclosure agreements, in the rare cases where it
can be obtained at all.

DRAFT DOCUMENT Page 10 of 55


http://seamless.usgs.gov
http://www.geographynetwork.com
http://www.gis.com/jumpstation/
http://www.gisportal.com
http://data.geocomm.com/
http://gis.vedp.org/

GIS in Initial Telecommunications Assessments

Typically, the first step for most communities in planning for telecommunications
is some type of assessment. Assessments usually seek to determine the extent of existing
telecommunications infrastructure and services, and the location of potential customers.
If the assessment reveals a deficiency in supply relative to the estimated demand for
telecommunications services, GIS can be used to design scenarios for bridging the gap.

Mapping Existing Infrastructure

Many community officials concerned with telecommunications availability within
aregion assume that afirst step in understanding their situation isto map out the location
of the physical infrastructure of their local telecommunications provider(s). This
typically provesto be afutile effort, since as was previously mentioned, the
telecommunications providers are nearly always reluctant to provide this type of
information, which they view as competitively sensitive. As it turns out, however, this
information is not nearly as useful as might initially be imagined. Traditional
telecommunications providers (i.e., Local Exchange Telephone Companies and Cable TV
Providers) are in the business of selling services, and their infrastructure networks are
closed systems, wholly owned and controlled by the provider, that are ssmply a meansto
the end of delivering those services. Furthermore, the architecture of telecommunications
networks frequently limits the number of points from which the network can be accessed,
so knowing, for example, that a local-provider’s fiber-optic cable passes an industrial site
does not guarantee that that site can be connected or can receive broadband internet
services. A host of other factors will determine this, and to simply concern oneself with
the location of privately owned infrastructure is to ask the wrong spatial question.

Most communities embark upon telecommunications planning efforts in response
to a perception of an unmet need, usually relating to the uneven availability of affordable
advanced telecommunications services, or broadband ®. The appropriate question to ask,
then, is not “where is existing telecommunications infrastructure located?’ but rather,
“where are broadband services currently available?’ There are several ways to provide
partial answersto this question. Private telecommunications providers are far more likely
to provide information relating to their service areas than their infrastructure, and
conversations with their representatives can yield useful pieces of information that
become even more valuable when mapped using GI S technology. If, for example, it is
known that a central office facility is capable of providing DSL services,

® For the purposes of this guide, broadband is defined as “high-speed, always available, access to the
Internet and Intranet. 1t should have sufficient downstream and upstream bandwidth per user to support the
full range of converged data, voice, and video applications expected. Low end broadband today isin the
megabit per second range and high end is gigabit per second range. Research needs are in the tens of
gigabits per second range.” (Definition proposed by John Nichols, VirginiaTech CNS)
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Identifying Demand

Mapping Block-Level Population Densities

A useful first step in identifying areas of broadband demand is developing
an understanding the local population distribution. Using Census Block-level
demographic data, it isrelatively easy to create amap of population density.
Mapping population patterns at the block level —the smallest unit of Census
geography — can yield insights into the general location of potential subscribers,
and can help to ensure that isolated pockets of population are not left out of the
planning process. The figure below is an example population density map for
Montgomery County, VA, and the inset shows a zoomed-in view of the
downtown Blacksburg area, near the Virginia Tech campus. Asthis example
illustrates, the census blocks vary in size, but in more densely populated areas the

level of detail increases.
Montgomery County Population Density by 2000 Census Block
T -, Logend
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Figure 3: Example Population Density Map

This map was created using a census blocks shapefile prepared by athird-
party vendor. However, Census datais in the public domain, and can be obtained
from http://www.census.gov. There are two components needed for the
population density map: the block boundary files, which require translation from
the Census's native TIGER/LINE format (the book “GIS and Public Data’
discusses a utility called TGR2SHP which performs this operation), and the
census demographic information, which is can be obtained in tabular formin a

DRAFT DOCUMENT Page 12 of 55


http://www.census.gov

variety of ways from the Census website. The third-party dataset was only used
for convenience. The map symbology method is straightforward: the blocks were
symbolized by the quantity “Population” and normalized (divided) by the area of
the census block in square miles. © The blocks were then classified using the
guantile (equal feature count per class) method. To display only the values for
Montomgery County, a Definition Query was defined for the layer based on the
FIPS codefield in the Census Block shapefile.

General I Source I Selection I Display Symbalogy | Fields I Diefinition Queryl Labels I Joinzs & Relates I
Shaw
_Featmes |Dlaw quantities uzing color to show values. Impart... |
Categories — Fieldz Clazsification———————————
quanliliﬁs Walue: I Papulation j Manual
i Graduated colars
E---Graduated symbols Mormalization: |.t’-‘uea [2q.mi.] j Clazsss: |1IJ 'I
Fropartional symbols
Dol densiy Cooan: | ~ |
Charts
Multiple Attributes Symbol | R ange | Label I -
0000000000 0
0000000000 - 500000000 1-50
50.0000001 - 100.000000 51 -100
o 100.000001 - 300000000 101 - 300
i = | [ 300.000001 - 599.762223 301 - 500 )
[ 59, 762224 - 1400.00000 501 - 1400
L1 | [ 140000001 - 2300.00000 1401 - 2300
| I >=nn nNNN1 - 3800 NN 23 - 3800 =l
Show class ranges using feature values
ok | Cancel Apply

Figure 4: Census Blocks symbology settings

" The block areain square miles was cal culated from the automatically generated SHAPE_AREA field in
the geodatabase where the files were stored. In order for thisto work, the data had to be projected into a
coordinate system that used linear measurements (feet) instead of decimal degrees.
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Figure 5: Census Blocks classification method

General I Source I Selection I Displayl S)'mbologyl Fields ~ Definttion Queny ILabels I Joins & Relates I

Definition Huer:

[ELOCK]LIKE 51121+

Query Builder... |

ok |  cancel | pob

Figure 6: Definition Query for Montgomery County
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Case Study: Methodology for Creating Business Point Maps

In the TOP Grant project, an analysis of business locations was conducted
using a proprietary dataset called “Business Points,” which Virginia Tech
purchased from Maplnfo. The dataset contained point locations for businesses
which had been obtained from a variety of sources such as yellow pages,
telemarketing lists, and other publications. Each point was associated with
attributes such as industry sector, employee count and annual sales. To map the
data, it was necessary to first convert it from its native Maplnfo format into
Shapefile format. Some additional processing steps were also necessary, such as
the addition of attribute fields for the full name of the industry sectors (for
symbology purposes). Then, athematic map was generated based on a“Multiple
Attributes’ classification method that assigned dot color based on industry sector
and dot size based on employee count. This allowed concentrations of large
businesses to be easily identified, and showed relationships between the location
patterns of different business types.

Accomack County Businesses
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. ,f"‘“
= South Chesconessex
*
: % .
_H‘\
j [
s %
L *
* bd -
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Figure 7: Example Business Point Map for Central Accomack County
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Layer Properties
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Figure 8: Multiple Attributes Symbology (colors)
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Figure 9: Multiple Attributes Symbology (dot size)
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Using Parcel Data to Classify Structures

The Business Point dataset was useful, but it did contain errors; not all
businesses were correctly located or attributed. More significantly, perhaps, its
proprietary nature limits its applicability to community telecommunications
planning. Because the location of businesses is an important piece of information
as one uses Gl Sto estimate broadband demand, an alternate method was needed
that could leverage data that local most governments already possessed.

As mentioned earlier, most county GIS, planning, engineering, or 911
departments have a GIS or CAD file that contains the building footprints. It was
envisioned that a Gl S-based process for the classification of buildings based on
their use — residential, business, or government — could be as valuable (if not more
so) than the proprietary business points dataset, since we would have information
about actual buildings, instead of abstract points geocoded along roads with
varying degrees of accuracy.

There are several waysto do this. Since local GISfiles follow no uniform
convention for the storage of attribute data, the exact process varies from
jurisdiction to jurisdiction. Intownsthat have zoning ordinances, for example,
the buildings may already be classified with their zoning code. 1n other places,
however, the use of the building must be inferred. Asit turnsout, GISis very
good at associating the attributes of afeature with another feature that occurs at or
near the same place (a process called spatial joining).

Commissioners of revenue typically keep arecord of the current use of
each land parcel in their jurisdiction for taxing purposes. By making the
reasonable (though by no means flawless) assumption that a building has the same
use as the land it sits on, we used a spatial join procedure to append the land use
codes of a parcels layer to a ructures layer. Initially, there were some errorsin
the calculation, because not all buildings are neatly situated on a single parcel of
land. To remedy this problem, the centroids (polygon center points) were
calculated for each building. The parcel attributes were then joined to the
centroids, and the centroid attributes were joined to the buildings. This yielded
much better results that seem to provide a better approximation of real-world
business locations than the business points dataset. In addition, since each
building in a community is coded with a use value, the locations of residential
neighborhoods can be determined along with the location of businesses and
government facilities, which was not possible with the business points.\

Though this method is by no means perfect, it does allow communities to
leverage their own data resources towards meaningful broadband demand
assessment. Because local structures files are not typically available to the public,
it can give local officials an advantage over their counterpartsin the private
sector, and can yield “inside information” that can be valuable in discussions with
telecommunications providers.
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Figure 10: Spatial Joinin ArcMap
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Figure 11: Landuse Attribute Joined to Buildings L ayer
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Downtown Blacksburg Buildings by Land Use
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Figure 12: The Completed Classified Buildings M ap
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GIS in Fiber-Optic Network Design

Once a community’ s telecommunications needs are well understood, it may be
deemed necessary to expand the existing infrastructure to support next-generation
services. Thetask of designing and planning the layout of atelecommunications network
may fall to existing telecommunications providers, third-party consultants, or the
community itself. Inany case, GIS offers the network planner a powerful solution for
simultaneously managing the physical location of the infrastructure, the attribute data
associated with infrastructure components, and the cost of such components in asingle
environment.

Designing a Fiber-Optic Geodatabase

The essential first step in network planning, and one that can save the most time
later on if diligently pursued, is the construction of a flexible database that can capture
the relevant pieces of information, allow for rapid design, and enable iterative updates
with a minimal amount of effort. Because GIS software associates the attributes of a
feature with its representation on the map, and stores this information in an industry-
standard relational database format, it has some significant advantages over CAD
software for the purposes of preliminary route design—though CAD has advantages of its
own that should be kept in mind, particularly in more detailed engineering applications.

ESRI ArcGlIS, the software platform we will be focusing on in this guide,
developed a data storage format called the geodatabase in versions 8.0 and higher. Inthe
older, perhaps more familiar, shapefile format, the map representation of a each
geographic feature (its geometry) was stored in a.shp file and associated with arecord in
a separate DBASE (.dbf) file. Because the DBASE format has some technical limitations
(e.g., flat-file table structure, limitations on the length of field names, etc.), ESRI adopted
the relational database format for the storage of its attribute data, and incorporated the
geometry into the database itself as a binary object. This allows the user much more
flexibility, and enables advanced features such as subtyping, the use of attribute domains
for validation, and the modeling of relationships between feature classes, to name a few.

There are two types of geodatabases. Personal geodatabases, which are stored in
the Microsoft Access format, are intended for use on a single machine for datasets with
under 250,000 features. For more demanding applications (i.e., large datasets or multi-
user environments), the enterprise geodatabase format is more appropriate. Enterprise
geodatabases allow datato be stored in a variety of industry-standard relational database
formats, such as Oracle, through the use of an add-on called ArcSDE (Spatial Database
Engine), A full description of the features of geodatabases is beyond the scope of this
guide, but more information may be found in the ArcGI S software documentation or
online at http://www.esri.comv/software/arcgis/geodatabase/index. html.

First, we will present a brief overview of some technical design issuesrelating to
fiber-optic network construction that guide how a fiber-optic network geodatabase should
be structured. Then, we will discuss the process for building a geodatabase, including
aspects such as its field structure, validation rules, and topology rules.
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Background: Design Considerations for Fiber-Optic Networks

The Virginia Tech eCorridors report “ Strategic Technology Infrastructure for
Regional Competitiveness in the Network Economy”, volume 4, offers an excellent and
thorough discussion of the issues associated with fiber-optic network planning and
design. Thisreport forms the basis for much of what follows in this section of the guide.
It may be downloaded from

http://www.ecorridors.vt.edu/research/papers/stircne/index_flash.shtmi#download.

It is beyond the scope of this guide to address all the design considerations for
fiber-optic network construction. For the purposes of the current discussion, we will
focus primarily on those which relate to high-level network architecture and fiber route
layout.

The fiber-optic network architecture we will be modeling in our geodatabase is
similar to the example below:
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Figure 13: Generic Metro and L ocal Access Networks®

8 Source: “Strategic Technology I nfrastructure for Regional Competitivenessin the Network Economy”,
volume 4: Fiber-Optic Infrastructure Design Guide, p. 10.
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Building the Database Structure

The first step in designing a fiber-optic geodatabase is to create the appropriate
files. All data design and modeling tasks are carried out within the ArcCatalog
application of ArcGIS. First, create a new folder to house the fiber-optic data. Right-
click on that folder in the catalog tree and select New & Personal Geodatabase:
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Figure 14: Creating a New Personal Geodatabase

Next, we need to create a “Feature Dataset” within the geodatabase to contain all our
feature classes. Creating a feature dataset simply specifies a spatial reference (projection)
that is automatically assigned to the fileswithin it. Thisis necessary to ensure that al the
feature classes in the geodatabase overlay properly. In addition, geometric networks,
which we will need to create later on, require that all participating feature classes be
contained in the same feature dataset to ensure proper topological associations are made.
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To do thisin ArcCatalog, right-click on the newly created geodatabase and select New &
Feature Dataset from the menu that appears. You will be prompted to enter a name for
the feature dataset, and assign it a coordinate system. Pressing the “Edit” button on this
dialog results in the following screen:

Spatial Reference Properties ) x|

Coordinate System |>w Domain I Z Domain I M Domain I

Mame: |Unknnwn

Details:

b2

Select... Select a predefined coordinate system.

Import a coordinate system and XY, £and M
domains from an existing geodataset {2.0.,
feature dataset, feature class, raster).

)

Mew =| Create a new coordinate system.

Edit the properties of the cumently selected

oy | coordinate system.
[Elear | Sets the coordinate system to Unknown.
Save bz, | Save the coordinate system to afile.
QK Cancel Apply

Figure 15: Setting a spatial reference for afeature dataset

A few general guidelines should be observed when setting the spatial reference for a
feature dataset that will be storing fiber-optic network features.

First, DO NOT SET THE SPATIAL REFERENCE TO A GEOGRAPHIC
COORDINATE SYSTEM. Since we will be using the geodatabase to measure the
distances associated with fiber-optic cable routes, the data must be stored in a projected
coordinate system. Projected coordinate systems use linear measurement units, such as
feet or meters — geographic coordinate systems use angular units, such as degrees.
Personal database feature classes automatically maintain a field called Shape Length to
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store the length of a feature in map units. If the units are set to a geographic coordinate
system, this field will have no meaning. The State Plane coordinate system for your area,
with units of U.S. survey feet, isthe best coordinate system to assign for this application.

Second, the feature dataset requires that the bounding coordinates of the area of
interest be defined, in addition to the coordinate system. It israther troublesome to enter
these manually. A far better alternative isto import the values from an existing file. If
done properly, thiswill solve the coordinate system issue aswell. First, determine the
areaof interest. If, for example, analysis isto take place at the county level, locate or
create a shapefile containing only your county’s outline. If it is not aready in the
projected coordinate system you wish to use for the fiber-optic network geodatabase, use
the ArcToolbox Project Wizard for shapefiles to change its projection. Then, inthe
feature dataset spatial reference screen shown in Figure 15, select “Import”. Navigate to
the boundary shapefile and confirm that the correct coordinate system and X/Y/Z/M
domain has been automatically inserted.

Once the personal geodatabase and feature dataset have been created, we are now
ready to create feature classes to represent the relevant components of a fiber-optic
network.

Defining the Information to be Stored

From the example in Figure 13, we can see that there are two fundamental types of
geographic features that need to be modeled: Fiber-optic Cable Routes and Network
Nodes. To accomplish this, we first need to create a feature class (analogousto a
shapefile, but with enhanced features) for Fiber-optic Cable Routes and a feature class for
Network Nodes.

We will begin by creating the Fiber feature class. In ArcCatalog, right click on
the newly created feature dataset and select NewaFeature Class:
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Figure 16: Creating a New Feature Class

In the wizard that pops up, you are asked to provide a name and alias name (optional) for
the new feature class. Name the feature class Fiber. Go to the next screen and accept all
default options until you get to the third screen, in which you are asked to define the

fields for the feature class:
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Field Name Data Type EI
OBJECTID Object [0

SHAPE Geometry

Click any field to see its properties.
— Field Properties
[Alias [OBJECTID [ ]

Import...

To add a new field, type the name into an empty row in the Field Name column,
click in the Data Type column to choose the data type, then edit the Field
Properties.

< Back Cancel

Figure 17: Adding fieldsto a new featur e class

At this point it’s useful to think about what pieces of information we'd like to keep track
of for each fiber route. The table below contains some suggested fields that we have used
in past projects. Many of these will be referenced in subsequent sections of the guide.

Y ou may have others that are specific to your project, and they should by all means be

included.
Field Name Data Type Field Properties Purpose/Description
OBJECTID Object ID Created by the system
SHAPE Geometry Type=Line Created by the system
Endpointl Text Length=50 The network node this fiber route runs from
Endpoint2 Text Length=50 The network node this fiber route runs to
Fiber_Type Text Length=50 Fiber type (e.g., single-mode, multi-mode)
Placement Text Length=50 Placement (e.g., aerial, direct buried)
Fiber_Count Short Integer Fiber count (e.g., 48, 60, 72, 144)
Owner Text Length=50 Who owns this fiber
Network _Layer | Long Integer Layer this fiber belongs to (e.g., Backbone, Distribution, etc.)
Miles Float Precision=0, Scale=0 | Length of the fiber route in miles (will be derived from Shape_Length)
Kilometers Float Precision=0, Scale=0 | Length in kilometers (will be derived from Shape_Length)
Comments Text Length = 250 Comments
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Once you’ ve created the fiber feature class, repeat the process for the network nodes
feature class. This feature class will represent all the point features in the fiber network,
including end-user access points, switching locations, and even cable splices. The fields
that should be associated with network nodes include:

Field Name Data Type Elrilgerties Purpose/Description

OBJECTID Object ID Created by the system

SHAPE Geometry Type=Point Created by the system

Name Text Length=50 Name of this network node

Cables_In Short Integer Number of fiber routes connected to this node
Address Text Length=50 Mailing/physical address of this node

Latitude Text Length=50 Latitude in decimal degrees

Longitude Text Length=50 Longitude in decimal degrees

Comments Text Length=250 Comments

JunctionLayer | Short Integer Type (e.g., distribution switch, end-user access point)
Equipment Text Length=50 Equipment to be installed (or already installed) at this node

Asarule, time spent at the creation of the geodatabase thinking about what pieces
of information need to be captured, how they need to be represented, what values they
will be allowed to assume, and how additional information can be accommodated will
yield a more closer approximation of reality and save a significant amount of time down

the road.

Subtypes and Attribute Domains

Returning to the example in Figure 13, we can see that there are hierarchies
within each of our feature classes, as follows:

Fiber-optic Cable Routes
- Inter-County Backbone

0 Intra-County Backbone
§ Didtribution
Local Access

Network Nodes:
- Main Distribution Cross-Connect Point
o Distribution Cross-Connect Point
§ Intermediate Splice Point
Subscriber Distribution Terminal
0 Subscriber Network Interface Terminal
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In the real world, we know that Inter-County Backbones connect MDCPs to one
another, Intra-County Backbones connect MDCPs to DCPs, Distribution Fiber connects
DCPsto ISPsor SDTs, and Local Access Fiber connects DCPs and SDTsto SNITs. We
can model this behavior in the geodatabase by creating subtypes, building a geometric
network and assigning different connectivity rules to each subtype. This section will deal
with the first step of this process.

Creating subtypes isrelatively easy. Thefirst thing that is needed is an integer
field to store the subtype code. In ArcCatalog, re-open the Properties dialog for the
Network Nodes feature class. Click on the “Subtypes’ tab. Select JunctionLayer asthe
subtype field, and fill in the codes and descriptions as follows.

Genemll Fields I Indexes Subtypes IHe-Iaticnships I Weight Assnc:iationl

Subtype Field: IJunu:tinnLayer j
Default Subtype: I[SDT] - Subscriber Distribution T erminal j
Subtupes:
Code Description ﬂ

0 (MDCP) - Main Digtribution Cres=s-Connect Point

1 (DCP) - Distribution Cross-Connect Point

2 (30T} - Subscriber Digtribution Terminal

3 (ISP} - Intermediate Splice Point

4 Access Point

iy o

Default Values and Domains:
Field Name Default Value Domain I:I
Lengitude
Comments
Junction_Type Access Point JunctionTypeDomain
County CountyDomain

Equipment EquipmentDomain
-
4 I I »

Use Defaultz | Diomains. .. |

0K I Cancel Apply

Figure 18: Creating subtypesfor the Network Nodes featur e class

Note that subtypes are stored in the attribute table as coded values. While working in the
ArcGI S environment (ArcMap or ArcCatalog), the full descriptions will be displayed, but
if the datais exported to another program, only the integer codes will be displayed. If it
is anticipated that the datawill need to be exported frequently, it may be useful to create a
second field that stores the subtype name as text.
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The subtype creation process can be repeated for the fiber feature class, using the
subtypes outlined in the hierarchical bulleted list above.

There are other fields in the geodatabase that will take on afinite set of values,
like fiber types and fiber placement methods. However, we don’'t want to use subtypesin
this situation, since afeature class can only have one subtype — and we want to use the
subtype field to regulate the connectivity rules we will define later on in the guide when
we create ageometric network. Inthisinstance, we use Attribute Domainsto constrain
the values of afield to the members of a pre-defined list. This builds a layer of
robustness into the geodatabase by ensuring that al fields have allowable values with no
typographical errors — but more importantly, it allows the user to select them from a drop-
down list while editing instead of typing them in manually. This speeds up the process of
initial network prototyping considerably.

Attribute domains are stored in the geodatabase, and are visible to all its feature
classes. To use an attribute domain, the domain must first be defined, and all its
allowable values enumerated, in the geodatabase properties dialog. Then, afield ina
feature class of the same type as the attribute domain is “bound” to the attribute domain
by associating it with the domain in its Field Properties. Aswith all data modeling and
design tasks, this is accomplished within the ArcCatalog application.

Database Properties |
General Domains |
Domain Name Description lﬂ
CountyDomain Montgomery, Radford, etc.
EnabledDomain
EquipmentDomain End-User, Core. etc.
ExiztingFiberStatuzDom |Existing or Proposed
FacilityDomain Building, hut, splice case, stc.
FiberTypeDomain SMF, NZ-DSF, etc.
JunctionTypeDomain AP, Hub, etc. p
A I | »
— Domain Properties
Field Type Text -
Domain Type Coded Values
Split policy Default Walue
Merge policy Default Value

Coded Values:

Code Description

Standard Single-Mode | Standard Single-Mode Fiber

|
5
Monzero-Digpersion 3| Menzero-Digpersion Shifted Fiber
ther Fiher Other Fiher hd
4 l I 3

Mult-Mode Fiber Multi-Mode Fiber
ok | cancel | zeoy |

Figure 19: Assigning coded valuesto the Fiber Type Domain
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To create anew attribute domain, enter its name in the next blank list entry in the
“Domain Name” column. Optionally, enter adescription. 1nthe Domain Properties box,
select aField Type of “Text” and “Coded Values’ asthe Domain Type. Then, inthe
Coded Values box that appears at the bottom of the screen, enter the enumerated values
of the domain. The Code iswhat will actually be entered in the attribute table, while the
description iswhat will appear in the ArcGIS environment. For convenience, it is usually
best to enter the same string into both fields.

Next, to bind afield in a feature class to the newly created domain, open its
Properties dialog and click on the field to be bound. 1nthe Domain entry in the Field
Properties box, select the new domain from the drop-down list, as shown below:

2l

General  Fields I Indexes I Subtypes I Relationships I Weight Association |
Field Mame Data Type

OBJECTID Object ID

SHAPE Geometry

Enabled Short Integer

From_Node Text

To_Node Text

Fiber_Type Text

Placement Text

Fihor Maint Shnrt Intanar

Click arw field to see itz properties.
— Field Properties

Alias Fiber_Type

Allow NULL values Yes

Default Walue Standard Single-Mode Fib

Domain FiberTypeDomain j

Length :
CountyDomain
EquipmentDomain
ExiztingFiberStatuzDomail
Fﬂcil'rtyDumain
:FiberTypeDomain
JunctionTypeDomain
NetwaorkTierDomain
PlacementDomain Pt

I

To add a new field, type the name into an empty row in the Field Name colurnn,

click in the Data Tyupe
Froperties.

colurin to choose the data type, then edit the Field

-

’T‘ Cancel | Apply

Figure 20: Binding afield to an attribute domain

This process can be repeated for any field whose values are to be restricted to an
enumerated set of values, and the same domain can be re-used for multiple feature classes

in the same geodatabase.
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Geometric Networks

Aswe discussed earlier, the reason for creating subtypes of our fiber route and
network node feature classes was to enable the modeling of different types of
connectivity behavior. (e.g., Intra-county backbone connects MDCPsto DCPs). The
geodatabase model allows us to do this using Geometric Networks. A geometric network
isacollection of linear and point features (“edges’ and junctions”) that share topological
relationships. Once a geometric network has been built, thus defining the relationships
between the feature classes, ArcGIS maintains and enforces the relationships
automatically. Furthermore, afeature class s participation in a geometric network
imparts extra “intelligence” —in that we can look up the features to which it is connected,
find paths through connected features, and perform other types of network analysis.

We will create a geometric network for our fiber-optic geodatabase to accomplish
several purposes:

- Enforcing the topology rule that fiber routes always connect named endpoints

Keeping track of which endpoints a fiber route connects

Keeping track of how many fiber routes intersect a given endpoint

Modeling the hierarchical relationships between routes and endpoints—e.g.,

backbone cables connect major switching/routing locations

Geometric networks are created in ArcCatalog. Only geodatabase feature classes
(not shapefiles) can participate in a geometric network. Only feature classes that are
contained in the same feature dataset can participate in a geometric network —whichis
one of the reasons we built a feature dataset in an earlier step.

To create a geometric network, right-click on the Feature Dataset and select
New & Geometric Network, as shown below:
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Figure 21: Create a new geometric networ k

Click “Next” in the first dialog of the wizard that opens. Since we have already
created feature classes for fiber routes and endpoints, we will “Build a Geometric
Network from Existing Features’. Check the boxes beside the two feature classes you
created, and click Next. Since the feature classes are empty, we can accept the default
option in the dialog that follows: “Preserve Existing attribute values...”. Because we are
modeling a point-to-point topology in which afiber route has exactly two endpoints, we
Select “No” when prompted to create complex edges in the network. Since there are no
existing featuresin the feature classes, we can select “No” when asked if the features
need to be snapped. Since we are not modeling a network with one-way flow (data flows
across fiber networks in both directions simultaneously), we Select “No” when asked if
the network contains sources or sinks. Since the path a data packet will take through a
routed data network is not always known, we select “No” when asked if we want to
assign weightsto the network. A “Summary of your input” box is displayed, and should
look something like the example below:
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x

Summary of your input

1. MRV _Fiber Junctions
2. NRV_Fiber

Preserve any existing enabled values.
Create complex edges: Mo

Snap tolerance: Mo

Sources/Sinks: Mo

Add weights: Mo —

-

< | E
Help I = Back | Finish | Cancel |

Figure 22: Summary of input for network build wizard

Click “Finish” to create the network. Going back to the catalog tree, you will notice that
two new objects have been created in your feature dataset:

FiberFeatures Net (ageometric network)

FiberFeatures Net Junctions  (apoint feature class)
The names may be different depending on the names you selected, the name of your
feature dataset, etc. The geometric network object exists to store the topology
relationships between its members. We will not be using the geometric network object in
mapping applications — the only time it will be directly manipulated is in the modification
of its properties, such as connectivity rules.

The point feature class that was automatically created is designed to store
“Orphan Junctions’ — junctions which are automatically created at the end of an edge
when no “real” junction feature exists or is created at that location. Orphan junctions do
not have the attributes of the junction feature class we created earlier, and the orphan
junction file will be deleted if the network is deleted. So, it’s best to ensure that few, if
any, orphan junctions are created — and are dealt with appropriately as soon as possible.

To more accurately model the behavior of fiber networks in the real world, and to
minimize the number of orphan junctions that are created in the editing process, we want
to define connectivity rules that govern which subtypes of the fiber routes layer can
connect to which subtypes of the junctions layer. The graphic below provides an
example of how we might define the connectivity rules for the backbone fiber subtype:
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General Connectivity |Weights I

Connectivity rules for [feature class];

— Cardinality
MNRY_Fiber =]
Specify number of edges a junction can
Subtypes in this feature clazs: connect to
y— l o I bl [EET
excription ode - ] = ]
Backbane Fiber ] |I'I = | | v =]
Diztribution Fiber 1
Local Access Fiber 2
Other F!ber - Existing 3 Specify the number of junctions an edge can
Other Fiber - Proposed 4 connect to
bin; TS
0 =2 ==
[ 2 b =
Subtypes in the Network: Junction subtypes:
El-- E_ MEY_Fiber_Junctions - & =1 MRV _Fiber_Junchons
: 4k B [CCF] - Distribution Cross-Con B[]  FibeFeatures Net Junchons
1 [15P] - Intermediate Splice Pain
¥ [MDCP] - Main Distibution Cros
: 1 [5DT] - Subscriber Distribution
“e[ [SMIT] - Subscriber Network In
B[] MRY_Fiber
G Ehefashras bat Lnckone =
11 | 3

QK I Cancel Apply

Figure 23: Defining Connectivity Rules

Here, we have instructed the geometric network to allow connectivity between the
edges in NRV _Fiber that are coded as backbone fiber (subtype code 0) and the junctions
in NRV_Fiber_Junctions coded as DCP or MDCP. Thisimpliesthat fiber backbones
cannot connect directly to intermediate splice points or subscriber distribution terminals,
which is areasonable assumption — any site that has a backbone running into it is
probably going to be aDCP. Note that the converse of thisrule is not necessarily true —
by defining this rule, we have not restricted any of the other fiber types’ ability to connect
to aDCP in the network. The next step, then, will be to define connectivity rules for each
of the other fiber subtypes (e.g., that Local Access fiber connects SDTsto SNITS).

We can also define “default” junctionsto be created if an edge does not terminate
at an existing junction. By right-clicking on a junction subtype that is permitted to
connect to a particular fiber subtype, the option appearsto “Set as Default”. When
selected, ablue circlewitha‘D’ in it appears (see above). It is useful to set default
junction subtypes, but if they exhibit undesired behavior later on (e.g., overwriting
existing features), they can be disabled.

If connectivity rules are not defined for a geometric network, orphan junctions
will be created at each end of each junction feature when it is digitized. To avoid this
result in situations where detailed connectivity behaviors are not needed, allow each
subtype of the edge feature class to connect to each subtype of the junction feature class.
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Automation of Attribute Maintenance

In an earlier section, we defined a considerable number of attributesto be
associated with our fiber and access point feature classes. 1t would be extremely time-
consuming (as well as a potential source of error) to manually enter and keep track of
these attribute values for each feature as the network grows in complexity. Fortunately,
the GI S software has the internal ability to calculate many of these attributes
automatically. However, it requires a bit of customization to get the system to perform
such calculations and put the result where we want it.

The ArcGlI S software system is built from a set of reusable software components
called ArcODbjects, which are based on Microsoft’s Component Object Model (COM).

By accessing and manipulating ArcObjects in custom applications and macros, users can
leverage the existing application framework and extend its functionality to suit their
needs. Itisfar, far, beyond the scope of this guide to give a thorough treatment of
ArcObjects. Refer to the “ Suggestions for Further Reading” for some excellent
references on ArcObjects programming.

For the purposes of this guide, we can provide a few examples of how ArcObjects
might be used to automate the task of keeping track of our attributes. First of all, we
want to keep track of the latitude and longitude of each network access/switching point.
Latitude and longitude measurements are in decimal degrees, but our map unitsarein
U.S. survey feet. So we need a script that can read a point feature's location in map units,
convert those units to decimal degrees, and write the output to that point feature’ s entry in
the attribute table. Asit turnsout, thisis not al that hard to do; see Appendix A for the
solution.

Another task isto convert the Shape _Length field into other units besides its
native U.S. survey feet. Thisisreally just a convenience —we could certainly convert the
values in Excel or some other program when we needed to do distance calculations. It's
really nothing more than a field calculator operation, but since we're writing VBA
modules already, we have something of an economy of scale.

A third task specific to our current application is to keep track of how many fiber
routes connect to a particular junction or node, and store the current value in the attribute
table. Thereis no specific built-in command that will do this for us. However, a
| SimpleJunctionFeature (the data type for a network Junction) has the information we
need as a built-in attribute called edgeFeatureCount. By creating a variable of type
| SimpleJunctionFeature, accessing its edgeFeatureCount attribute, and writing the result
to the attribute table, our problem is solved. Seethe Appendix for all the details.

The most complex attribute maintenance task is one that would seem at first to be
quite simple — keeping track of which two network junctions a fiber route connects.
Surprisingly, there is no built-in function to do this. Conceptually, the problem can be
solved by accessing the fromJunctionFeature or fromJunctionEID attribute of an
| EdgeFeature, accessing the “Name’’ attribute of the feature that isreturned (directly, in
the former case, and indirectly, after iterating through the junction attribute table to find
the matching feature in the latter), and writing the output to the attribute table of the edge
feature class. The solution that uses EIDs can be found in Appendix A.

To use al these and any other bits of custom code within ArcMap, it is necessary
to tell the system how it may find them. In most cases, custom programs are stored as
Modules within the .mxd file that contains your map, although they may also be stored in
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modules within the Normal.mxt template — thereby making them visible to ALL maps
you create. To create a cusom module in ArcMap, go to Tools & Macros & Visual
Basic Editor.
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Figure 24: ArcMap Visual Basic Editor

In the project tree, right click on the root and select Insert & Module. A
“Modules’ folder will be created, aswill afile “Modulel”. Y ou can type or paste your
program in there, and then run it using the “Run Sub/Userform™ button (it looks like a
“Play” button on astereo.) You can also create a button in the interface using Tools &
Customize & Commands & Macros. Simply drag the macro name to one of the
standard toolbars, or create your own.

It is often helpful to have the ability to enter certain input parameters when a
module executes. Or, you may have several modules you want to execute a once. In
these cases, it’s helpful to create UserForms — windows that appear for you to interact
with in some way. For the fiber network, it was useful to create a form that allowsthe
user to choose whether to run all the modules described on the previous page, or only
some of them. To create anew UserForm, right click on the project tree and select Insert
a Userform. A “Forms’ folder will be created, as will a blank Userform (“UserForml).
Y ou can then use the Toolbox to insert objects on the form (buttons, text boxes, etc.) and
alter their properties and the code associated with them. Below is an example of the use
of the VBA Editor to create a smple form:
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i Microsoft Visual Basic - nrv_fiber_5.mxd - [nrvForm1 (UserForm)] = | Ellil
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[l (2] ArcMap Objects
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B8 nameForm
-E8 nrvFormil
8 waitbox

EI& Modules -
« 7 | »

Properties - CommandButtonl EI

|CommandButt( CommandButton = |
Alphabetic ICategorized I

CommandButton &

Accelerator
AutoSize False

BackColor [1 aHso00000F
BackStyle 1 - fmBackStylet
Cancel False

Caption Update
ControfTipText ﬂ

Figure 25: Creating a Simple Userform in VBA to launch ArcObjects modules

Update Geodatabase Attributes ] x|

— Select Update Tasks

[ Update ALL (may take a few seconds)
[~ Update Access Point Latitide Longitude

[~ Update Access Point Cable Counts
™ Update mi. and km. conversion calculations

™ Update Cable Endpoint Mames

Update | Cancel |

(2004} by Seth Peery — Virginia Tech eCarridors

Figure 26: VBA UserForm asit appearsin ArcMap

If thisis your first exposureto ArcObjects programming (or any programming at
all, for that matter), the preceding discussion may have been a bit overwhelming. The
relevance of ArcObjects to fiber-optic network design is its ability to automate the
updating of attribute values, so all you haveto do is draw the features. All the
information that was automatically inserted into the attribute tables by the custom macros
can of course be entered manually, and this step of the process can be foregone entirely.
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Editing a Fiber-Optic Geodatabase

At this point, we have progressed over 40 pages into the guide, and it might seem
that we have little to show for it. We have, after al, not created any fiber featuresin our
geodatabase. However, thisiswhere things get really, really easy. The purpose of all the
foregoing work was to make the editing process much more efficient. By creating a
geodatabase, we can keep track of the length of features automatically, and can set up
domains that allow usto select values from a drop-down list instead of typing them in.

By creating a geometric network, we can automatically create access points when we
terminate a fiber segment, and can keep track of which access points are connected by
which fiber routes. By writing the macros to update the attributes, we eliminate the need
to type in large amount of information as we're building a network. Initial layout of the
network, therefore, is very fast — and subsequent changes and updates are easily
accommodated.

ArcGI S s built-in editing tools are more than adequate for fiber-optic network
design. Thesetools allow you to snap newly created features precisely to existing
features, follow the path of existing features (such as roads and rights-of-way), offset new
features from existing features by a specified distance, as well as digitize new features
freehandedly.

General Procedure for Creating and Editing Geodatabase Features:

1. Open ArcMap.
2. Load the two fiber-optic feature classes (routes and junctions)
3. Load any relevant basemap data (roads, facilities, boundaries, rights-of-way, etc.)
4. Start an Edit session.
a. First, make sure the Editor toolbar isvisible in ArcMap. If it isnot, enable
it under Tools & Customize & Toolbars & Editor.
b. From the drop-down menu on the Editor toolbar, select “ Start Editing”.
c. When asked which featuresto make available for editing, select the fiber-
optic geodatabase.
5. Using the editing tools, create/move/del ete/alter features within the geodatabase.
a. Define the Snapping Environment and Selectable Layers, if necessary.
b. Select the Edit task (e.g., “Create Feature’, “Modify Feature’, etc.)
c. Select the Target layer and subtype (e.g., Fiber Junctions : (DCP)-
Distribution Cross-connect Point)
d. Performthe desired edits.
Run the macros that update the geodatabase attributes (if desired).
On the Editor toolbar, select “ Save Edits’.
On the Editor toolbar, select “Stop Editing”.

0 N
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Defining the Snapping Environment

ArcMap can snap features to the exact location of other features, which is very
useful when using geometric networks. However, the snapping behavior needs to be
carefully controlled. For the purposes of the examples (and, in general, most of the work
we' |l be doing with the fiber-optic geodatabases), the snapping environment is set to snap
to the vertexes of the fiber-optic junction feature class, an the vertexes/edges/ends of the
basemap layer in which we want to trace routes. Obviously, other layers can be snapped
to — for example, you might have a point feature class that represents subscriber premises,
and would want to snap fiber junctions to those locations. An example snapping
environment configuration is shown below:

= peample_formerhy_nee_hiber Somad - ArcPlag - Arclnbs =1
Bl Edt Yewr Jeer! Gelechbon [ock Yodow Helo
[ = A R - | (R a2 & BE LN Res B O MG
| o Bdc = | B | AT Taskr [Crente by Fbatur =] | 7ot oy Few aresenn: 50Ty -su=l | G| R |
o Vet ] B | B o] |[E B emmne  &|l \s .
Fire nd F.toe St [ [ B - - .. -
Cndeges = £F Layers | ':‘f...f'* g L -~
Fhoanani 3] [0 Pubc macibes 1 ;_-,} A T e G
EE’!"J’F“ 4 [ R R dunctiens =" -
MRY 1al . - i - i g
GevmrTTant Facktel E r:t.:!"f"m‘h“ﬁﬁ g, A J
Frice Skgons shidd 3 L '
[ali Ty T Lavpiy ¥ 2
= m— Wk Fioer i
FheFeabes Nl declore W = hEtration Fber {
RN Fiie Lor Booess Fbwer |
N Fer | iy Fiber - Exinting j
Fogasated Flaces (G5} [ [ O Pl = Propedid I’
Highways a - 31 [ rey mer 1
Radrnads [ ek o gl |
preamiir 5 [ mew w2 I
Felajor ‘Wsher Brss rms 1 [ Basesan Feshies | 3
Tovers ared Cioes B Locel | e
Frerln it # [ Pomissed Pleces fGhi i|'
Ctasnties =] % [ won#tetrn Fopsated £ -
i B Hghwan
!:Iis;rxﬂ;m wha Rl
o a= o Riced Cexsfiration
Wi Edit shetrh edges = Ui Acches Fred J
¥ Peypendiquisr o shetch f— |
= b |
Tm_mﬂl Feconcacy Boads
Teabesonli Feschas el oasaeds
Myl = A =
] Suivey Pons i
il i ¥ [)_'- r
. —'EH'J-"-"“-] [an=y J Lrl
peeg = k) Or AlY | [ ST T mos g A e Ee 2~
[IDET G 35134357 Fant | &

Figure 27: Setting the Snapping Environment
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Defining the Selectable Layers

During the editing process, it may be necessary to select certain features, but not
others. For example, when editing the attributes of a fiber-optic network, one generally
manually selects individual features, and thus, you’ll probably want to allow all the fiber
features to be selectable. However, when using the Tracetool, it is usually necessary to
disable the selectable property for al layers except the layer to be traced. It iscommon
practice to change the Selectable Layers properties several times within the same edit
session. To do this, go to Selection & Set Selectable Layers. A window similar to the
one below will appear. (Note: by default, all layers are selectable when added to the
map.)

£
B e

Chooge which layers can have their features selected interactively with the
Select Features tool, the Select By Graphics command, the Edit tool, etc.

[w]MRY Fiber Junctions :_I Select All |

[WFiberFeatures_Met_Junctions

[CIMRY Fiber Clear Al |
MRV Fiber! J

[ 10ther Fiber - Existing

[ JLocal Access

E!nltra-Euunlty Eaclk!mne :_I Cloze |

Figure 28: Setting the Selectable Layers

Creating New Fiber Features

Once the snapping environment and selectable layers have been defined, we're
ready to start creating features. The time-saving benefits of all the detailed geodatabase
definition work are realized in this step of the editing process.

Let’s begin by creating a new junction feature. Hypothetically, imagine that this
will represent afacility that houses a major backbone switch — or in the language of our
conceptual network model, a Main Distribution Cross-connect Point (MDCP). To locate
this feature on the map, we could snap it to the location of an existing feature, enter its
coordinates from a known latitude and longitude, locate it manually by estimating its
relative location to basemap features, etc. For demonstration purposes, we'll just draw it
on the map at an arbitrary location.

To do this, we must first define the edit task and set the edit target layer. Both of
these are accomplished through the use of drop-down menus on the Editor toolbar. The
screen captures below illustrate this process. Note how the subtypes we defined in our
geodatabase design process appear in the drop-down menu for Edit Targets — allowing us
to specify which subtype of feature we want to creste.
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Figure 30: Setting the Edit Target Layer and Subtype
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Once the edit task and target layer/subtype have been defined, l? A
we activate the Sketch tool on the editor toolbar: [Sketch Tod

Then, we double-click on the map to create an MDCP junction & &
feature at that location. Once the feature has been created, it is
automatically selected. Now we want to define some its attributes. Click the Attribute

Button on the Editor toolbar. A window similar to the one below should appear:

Attributes £
[=I-NRV Fiber Junctions | Property | Value i
- Example Point Fe | OBJECTID 77
Enabled True
Mame Example Point Feature
Fadiity_Type <Mull» =l
Cables_In <Nul=
Address
Lahmde Other Building
Longitude Hut or pedestal on public land
'C'I'I'l'll'llel'l13 Hut or pedestal on leased land
Junction_Type Splice Case
- . JunctionLayer [(MDCP) - Main Distribution Cross-Connect Paint
J_J _I County <MNull=
|1 features EHpent aun>

Figure 31: Editing the Attributes of a junction feature class

The only information you actually need to type at this point isthe Name of the feature, its
address (if it exists) and any comments you may have. Asthe example indicates, the
Facility_Type and Junction_Type field is bound to a geodatabase attribute domain, so it
appears as adrop-down list as you edit. The subtype field, JunctionLayer, hasthis
behavior as well — if you specified the wrong subtype as your edit target, you can always
go back and change it. Other fields, like Cables In, Latitude, and Longitude, can be
populated through the use of ArcObjects macros, which were described in a previous
section of this guide.

Next, we want to create afeature that represents afiber route from the junction we
created to some other location. There are many waysto do this, such as digitizing the
line manually, digitizing it with snapping enabled, or (as we will demonstrate) tracing the
exact path of existing features.

Using the Trace Tool

Fiber routes often follow other features, such as highways and utility rights-of-
way. If construction of fiber in your project has been planned to follow existing features,
you can use ArcMap’s Trace tool to make the task of laying out the network much easier.
To usethe Tracetool to create afiber route:

1. Change the edit target to afiber route layer/subtype (alinear feature).
2. Under Selection & “Set Selectable Layers’, de-select al layers except the one
you want to trace.

DRAFT DOCUMENT Page 42 of 55



3. Set the snapping environment to snap to the vertices of Fiber Junctions, and the
vertices/edges/ends of roads.

4. Switch to the Select Featurestool. in

5. Select all the segments of existing features you wish to trace by drawing a box
around them. This operation will most likely select more features than you want
to trace, but that is not a problem.

8 example_loewerty_mw_bber_5mind - Archlap - Aeclnlo =0l =
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Figure 32: Selecting an areain which to trace features

Switch to the Sketch Tool. I?

Snap the end of the fiber route to the MDCP you created in the last step.

Snap the next vertex of the route to a point on the road to be traced (which should
be selected).

9. Switch to the Trace tool. “
10.  Click again on the last vertex (the one you snapped to the road) to start the trace.

0N
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Figure 33: Using the Trace T ool

11. Without clicking the mouse, move it along the road until you get to where you
want to go. If you’ve ever welded, it feels abit like welding — you nudge the tool
along little by little, taking care not to go too fast. Y ou may need to back up if the
tool takes off down a side road or otherwise goes the wrong way. Sometimes,
you may encounter a situation where the tool cannot cross a particular intersection
or feature. Thisis probably caused by atopological error in the basemap dataset.
Tofix it, do not terminate the sketch — rather, switch to the sketch tool and
manually draw the line across the problem area. Then switch back to the trace
tool and continue. If you don’'t do this, you may get to the end of your trace and
receive an error message, which will abort the whole sketch, forcing you to start
over.

12. When you finish the sketch, you should see an MDCP or DCP feature
automatically appear at the end of it. (If this doesn’t happen, verify that you have
set the default junction property correctly in the geometric network connectivity
rules.)

13. Set the attributes of the newly created junction feature in similar manner to the
one we created in the previous step.
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14. Set the attributes of the line feature, as shown below:

Attributes |
=1 MRY Fiber Property | Value
& 263 OBIECTID 263

Enabled True
From_Mode <Mull=
To_Mode <Mull=
Fiber_Type Standard Single-Mode Fiber |
Placement <Nul>
Fiber_Count 7
Cwner Monzero-Dispersion Shifted Fiber
Comments Multi-Mode Fiber
Metwork_Layer Other Fiber
Layer_Mame LINKNOWWN TYPE
SHAPE_Length 15157.98
Miles <Mull =
Kilometers <Mull =
Distance_Label <Mull =

I'I features | | >

Figure 34: Setting the attributesfor arun of fiber

Note that the Fiber_Type, Placement, and Network L ayer fields are all populated
by drop-down lists. The SHAPE_Length field is maintained automatically by the
system. The From _Node, To_Node, Miles, Kilometers, and Distance L abel can
be populated through the use of macros.

Asthis brief example has shown, the editing process becomes much more streamlined
when using geodatabases and geometric networks. Further optimization is certainly
possible — this represents one way of doing it that is intended to serve as an example and
apoint of departure for future refinements.

Using the Geodatabase for Cost Estimation

Fiber Routes

Another advantage of the geodatabase data model isthat it keeps track of the
length of linear features (and the area and perimeter of polygon features) by default.
When the feature class for fiber was created, afield called Shape Length was
automatically inserted into its attribute table. Thisfield, maintained constantly by the
system, storesthe length of the feature in map units. Since we originally set the
projection of our feature dataset (which was inherited by all feature classes contained
within it) to a State Plane coordinate system that uses U.S. Survey Feet, the
Shape_Length field in the fiber feature class stores the length, in feet, of each fiber route
segment.

By applying a multiplier ($/mile, for example) to the length of a fiber route, we
can get an approximate cost figure for initial planning purposes. Thisisonly a ballpark
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estimate, but in the early stages of the planning process, a ballpark estimate may be all
that is necessary — and GI S provides one of the fastest waysto arrive at such an estimate.

There are several waysto do cost estimation in GIS. One way isto create a
“Cogt” field in the attribute table of the fiber routes feature class, and use an ArcObjects
macro to populateit. If, however, one is not comfortable with the programming
necessary to accomplish this, the same thing can easily be done in a spreadsheet (for
demonstration purposes, we will use Microsoft Excel).

Because geodatabases are physically stored in the Microsoft Access (.mdb) file
format, their attribute tables can be imported seamlessly into Excel. Suppose we have a
fiber route feature class with several routes aready drawn and attributed. We want to
create areport of the cost of each route segment, and the total project cost so far. We can
do this very quickly in Excel by importing the attribute table using the Microsoft Query
utility. (Note: Microsoft Query is not always installed with Excel by default. Y ou may
be prompted for your Microsoft Office installation CD the first time you try to use the
feature.)

Follow these steps to quickly calculate approximate fiber route costs in Microsoft Excel:
1. Open Microsoft Excel with a new workbook.
2. Goto Data & Import External Data & New Database Query.

f E3 Microsoft Excel - Book1 =10l x|
l - Eile Edit WView Insert Format Tools | Data | Window Help Type & question for help = o & 2%
DEEHL1|(SRAY 4 bEs ot BPwo% B, > 2
Al = [ Filter »
i A B | C | D Form... H | | | J | I
; Subtotals...
3 Validation...
% Table...
T Text to Columns. ..
i Copsolidate...
_g_ Group and Qutline 3
10 @ PFivotTable and FivotChart Report. ..
:1]; | Import Externial Data >| [ ImportData...
EEE 3 i MNew Web Query...
| 14 | 1 Mew Database Query...
15
== 5
16 =
17 0y
18 L
19 i
20| i
21 =
W 4 sl Sheet1 {Shests [ Sheets / |4 | L|J_‘
- Ready NUM %

Figure 35: A new database query in Microsoft Excel
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3. Under the “Databases’ tab of the “Choose Data Source” window, select “MS
Access Database”

4. A box should appear that says “Connecting to data source”. Inthe “Select
Database” file open dialog that appears, navigate to the location of your
geodatabase.

5. The next window that appears will be entitled “Query Wizard — Choose
columns’. Ignore all the GDB__ tables — these are maintained by the system for
storing database configuration information. You don't want to edit these directly.
Instead, look for the “Fiber” table (or whatever you named the feature class that
stores fiber routes). Expand the ‘+’ beside the table to see dll the fields.

Query Wizard - Choose Columns x|

Wrhat columng of data do pou want o include in pour queny?

Ayailable tables and columns: Columng in paur queny:
= NRY_Fiber | [ > | [From Nods ]
OBJECTID ) To_Mode >
SHAPE 4 | SHAPE _Length J
Enabled [ I

Fiber_Tuype

ii Plarerment I _}lll

Frewview of data in zelected column:

@l Preview Now Dptions. . 4 Back Mest = Cancel

Figure 36: Query Wizard - Choose Columns

6. Select, a aminimum, the From Node, To_Node, and SHAPE_Length fields for
inclusion in the query. If you have filled in other fields, such as Owner,
Fiber_Type, and Placement, you may include them as well.

7. Inthe next screen, you may choose to filter the data — define a query that excludes
certain features. Thisis optional; for the purposes of this example, we will skip
this step.

8. Inthe next screen, you may chooseto sort the data. Thisis optional; for the
purposes of this example, we will display records in the order in which they
appear in the geodatabase (the default).

9. Inthe“Query Wizard — Finish” screen, select “Return Datato Microsoft Excel.”

10. Inthe “Import Data” box that appears, choose the location where the data will be
returned. Assuming you have a blank worksheet, $A$1, the default, isfine.
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11. The results of this process should be structurally similar to the foIIowmg example:

12.

2 Microsolt Excel -« Bookl __j_n]_x[

H B Ht Ve Juart Famet Tock Dels  Window el -8
DSl = @AY | BT - @ E-0 5@ e -], .l &-L i}
Al - i

= A B | [ ] 1] | E i;

1 o_Node FIAFE_Lengeh |

& | Giles County Admin amoers Toem Hall 263050675 o
3 |Hanows Town Hall Rich Cresk Town Hall 333300009
4 Rich Craek Town Hall Glem Lym Tgwn Hall 15335. 729
& NRY Commene Park Giles County Admin TETZ BATDS
__E___New Rrver Commmuniy College HRY Commence Park 11325 34T
_F | Chre=teansburg Towm Hall Radiord Linrersity 437 15989
El |Radford Hegh Schowl John H. Disthon Infenmedeate School D84 3T
'3 |Radfond Ciy Hall Hadiond Clty Police Staton 1103 55605
1I]“Ha:furl:| City Hall RAadiond EMS Station &th Strest FTE1 42674
_11 Mcharg Elementary School Raord Water Plant 94017 MBS
| 12 | Whcharg Elereenany Schoal Raidord Fire Stadisn 1823 T3
13 Radford Fire Station Raflord Corporate Campus West ATTH EI0AIT
_j_-!wﬁa:l'nm Aamry Arnrnion Plant Behiew Elermndany School 13724 95607

I'Lrﬁk:-;'r:{il il Hf{ﬂ-_u_r'!_.f Mooy Bennnal Hosnital 4] MARA PRI | .L":I

I.uul' HLM 2

Figure 37: Excel - Import Data Results

Now, since fiber costs are usually stated in miles, let’s create a column to the right
of the Shape_Length field that storesthe feature’s length in miles. Simply create
acolumn called “Miles’, and enter the formula*“=C2 / 5280” in the first row of
data. Then usethefill handle to carry down the formulato the other rows.
Optionally, format the cells to reduce the number of decimal places.

EA Microsoll Excel - Bookl =
H] B Edr Vew Juet Fymes Tods Dets Window e ,_,xl
A%

NEHEl FRAY|ImE -+ -n- Q- 2il@aFEs 0, n[E oA
TRIM = M & =CHEEH

| A | B | 5 I 1] | E I=

1 [From_Node To_Node i |

JG”II County Admin Hamoers Tovn Hall | P -
3 |Hanows Teevn Hall Rich Cresk Toem Hall 3330409
"4 Rich Crowk Town Hall Glen Lym Town Hall 15335, 7329
5 |NRV Commene Park Giless Coumnty Admin SOETZ B4TDS
__E___New Rrer Commmunity College HRY Commence Park 11325 3T
_T | Chrstansburg Town Hall Radiond University 43547 15989
_§mﬂa:ﬁ:-rd High Echmal John W. Diatton Infermedeate School D84 3TATT
_9 |Radford City Hall Fadord Cly Police Stataon 1183 55505
| 10 Radford Caty Hall FAadiond EMS Station fth Streel ATE1 42674
_11 Mcharg Elementary School Raord Water Plant 94017 MBS
| 12 | Whcharg Elereenany Schoal Hadord Fire Stalion 1923 9TRIM
13 \Radford Fire Stadion Radiond Coponate Campas \West AFTH EIAIT
| 14 Radford Aammy Armrnion Plan Beahisw Elermentzan, School 12734 95607

IJE;EJW;: -p\rr:hmrll i Hﬂhﬂj Mnninnoery Beomnal Hosnital 4] MARA RIRA | .L"_I

[T LM A

Figure 38: Excel - Converting feet to miles
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13. The next step can be handled in several ways. Fundamentally, we need to
multiply the length of each fiber run by some number that serves as an appropriate
cost multiplier for our project. Inthe past, Virginia Tech has used a multiplier of
$30,000 per mile to cost out projects in the early stages. This number has built
into it many factors such as materials and labor. It can be applied to every run of
fiber in the project and result in a generally acceptable estimate. It will, asarule,
tend to overestimate costs of aerial construction and underestimate costs of buried
construction; on a project with a mix of both construction types, these errors may
cancel each other out to an extent. If you had afield that distinguished between
construction types, you could set up an “IF’ statement in an Excel formulathat
used one multiplier for aerial and a different one for buried. For simplicity, we
will demonstrate the use of the single multiplier.

In Excel, create a column “Cost” next to “Miles” and enter the formula
“=D2* 30000 inthe first row of data. Then usethe fill handle to carry down the
formulato the other rows. Optionally, format the cells as currency.

-l xd

] me gat yew peert rpmat [ook Qam fedow  gen Tm R

CHESE SAT LBR-¢ a-n-|QE-HUI | BBER CE_ |8 e A - .

TREM = X o ik =[2"30MD0

] A B [H D | E =

1 From_Node Ta_Mobke SHAFE Length Mik: Caosl e

iilf.‘ule*s Courly Adiman arows Town Hall 26585 mEraa] 2 (=013 80 ) |
3 _rlarlom Towwrw Hall Rich Cregk Town Hall 2I53F 0D 448
4 \Rich Cresk Tawn Hall G#n Lyn Town Hall 15336, 73299 ZM
5 (MR Cammares Park Gilaa Courty Ademin S0872 6dT06 1852
6 |Mew River Comnnity College NRY Commerce Park 11325.32438 24
T I'.:.I'll'r's.llalrs.la,n'g Towen Hall Raclord Uneer 5.||:|- AT T 16505 X
B |Radiord High School John W Dalion intenmedeate School 264 3TANETT s
9 |Radiord City Hall Radiond City Pelice Etateon 118355505 LI
10 | Raard City Hall Radiard EMS Station Gl Stieal AT AT14 0
11 |Meharg Elsmentary Sehoal Racdlard Water Plant 8441 TI86 i.ma
12 | Mchary Elementary School Radlord Fae Station 1023 §TAXE 035
13 |Ripclond Fae Station Raclord Corporate Campuas Wist 3778 2m437 [ K
k' _F-'au:lcrd .-T-lrr.:I dararainion Plant BEahicw Elgrnenl.ar:,' Bohoal 12724 BSE0T 241

A5 AL hristeane e 1 ]’m‘.n Hal lontoomecs Besoional Hosnitsl PARR BRERD 4 w5 e

W4 Whaheatt A B e [ 1
Enites HM

Figure 39: Calculating Fiber Cost

14. At the bottom of thetable, create arow “TOTAL” and use the Excel =SUM() or
Autosum function to calculate the total length and cost of the project.

15. As your network changes, you can either use the “ Refresh Query” command in
cell $A$1 or create anew query.
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Suggestions for Further Reading

Booth, B. and Environmental Systems Research Ingtitute (Redlands Calif.) (2002).
Editing in ArcMap. Redlands, CA, Esri.

Virginia Geographic Information Network (VGIN) Library of Local Government GIS
Resources. http://www.vgin.virginia.gov/VGIN_Library/L I1Blocalgvt.cfm.

Virginia Tech eCorridors Program (2002). Strategic Technology Infrastructure for
Regional Competitiveness in the Network Economy (vol.4: Fiber-Optic Infrastructure
Design Guide.)
http://www.ecorridors.vt.edu/research/papers/stircne/index_flash.shtml#download.

Zeiler, M. and Environmental Systems Research I nstitute (Redlands Calif.) (2001).
Exploring ArcObjects: GIS by ESRI. Redlands, Calif., Esri.

DRAFT DOCUMENT Page 50 of 55


http://www.vgin.virginia.gov/VGIN_Library/LIBlocalgvt.cfm
http://www.ecorridors.vt.edu/research/papers/stircne/index_flash.shtml#download

Appendix A: ArcObjects Code Samples

Publ i ¢ Sub updat eCabl eCount s()

' This cal culates the nunber of fiber cables (not individual fibers)
" running into a node in the Fiber geonetric network
' WORKS as of 2004-04-28

Di m pMkDoc As | MkDocunent
Set pMkDoc = Thi sDocunent

Di m pFeat ureLayer As | FeaturelLayer

Di m pFeat ureCur sor As | Feat ureCursor

Di m pFeature As | Feature

Di mthi sJunction As | Sinpl eJuncti onFeature

Set pFeaturelLayer = CetLayer ByName(pMDoc. FocusMap, “<Fi ber Juncti ons
Layer Nane>", True)

Set pFeat ureCursor = pFeaturelLayer. Search(Not hi ng, Fal se)
Set pFeature = pFeat ureCursor. Next Feature

Do Until pFeature Is Nothing
Set thisJunction = pFeature
Count = thisJunction. EdgeFeat ur eCount
pFeat ur e. Val ue(pFeat ure. Fi el ds. Fi ndFi el d(" Cabl es_In")) = Count
pFeature. Store
Set pFeature = pFeat ureCursor. Next Feature
Loop

Set pFeature = Not hi ng

Set pPoi nt = Not hi ng

Set pFeat ureCursor = Nothing

Set pFeaturelLayer = Not hi ng

Set thisJunction = Not hing

" MsgBox ("All Cable Counts updated successfully.™)

End Sub
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Publ i ¢ Sub updat elLat Long()

' This calculates the |latitude and | ongitude of the fiber nodes
" (stored in StatePlane - VA South - 4502)

" and wites the result to the Latitude and Longitude fields

" WORKS as of 2004- 04-27

Di m pMkDoc As | MkDocunent
Set pMDoc = Thi sDocunent

Di m pFeat ureLayer As | FeaturelLayer
Di m pFeat ureCursor As | Feat ur eCursor
Di m pFeature As | Feature

Di m pl nSpat i al Reference As | Spati al Ref erence

Di m pQut Spati al Ref erence As | Spati al Ref erence

Di m pPCS As | Proj ect edCoordi nat eSystem

Di m pGCS As | Geogr aphi cCoor di nat eSyst em

Di m pSpat i al Ref erenceEnv As Spati al Ref er enceEnvi r onnment
Di m pPoi nt As | Poi nt

Set pSpati al Ref erenceEnv = New Spati al Ref er enceEnvi r onnment

Set pPCS =

pSpati al Ref er enceEnv. Cr eat ePr oj ect edCoor di nat eSyst en( esri SRProj CS_NAD19
83SPCS_VASout hFT)

Set pl nSpati al Ref erence = pPCS

Set pGCS =

pSpati al Ref er enceEnv. Cr eat eGeogr aphi cCoor di nat eSyst en{ esri SRGeoCS_NAD19
83)

Set pQut Spati al Ref erence = pGCS

Set pFeat urelLayer = GetLayer ByName(pMDoc. FocusMap, "“<Fi ber Junctions
Layer Name>", True)

Set pFeat ureCursor = pFeaturelLayer. Search(Not hi ng, Fal se)

Set pFeature = pFeatureCursor. Next Feature

Do Until pFeature Is Nothing
Set pPoi nt = pFeat ure. ShapeCopy
Set pPoi nt. Spati al Ref erence = pl nSpati al Ref erence
pPoi nt . Proj ect pQut Spati al Ref erence

pFeat ur e. Val ue(pFeat ure. Fi el ds. Fi ndFi el d("Latitude")) = pPoint.y
pFeat ur e. Val ue( pFeat ure. Fi el ds. Fi ndFi el d("Longi tude")) = pPoint. x
pFeature. Store

Set pFeature = pFeatureCursor. Next Feature
Loop
"MsgBox ("All lat/long fields updated successfully.")
Set pFeature = Not hi ng
Set pPoi nt = Not hi ng
Set pFeat ureCursor = Not hi ng

Set pFeat urelLayer = Not hi ng
Set plnSpati al Ref erence = Not hi ng
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Set pQut Spati al Ref erence = Not hi ng
Set pPCS = Not hi ng

Set pGCS = Not hi ng

Set pSpati al Ref er enceEnv
Set pPoi nt = Not hi ng

Not hi ng

End Sub

Public Sub updateM | es()

This just calculates mles and kil oneters from SHAPE Length

Di m pMkDoc As | MkDocunent
Set pMDoc = Thi sDocunent

Di m pFeat ureLayer As | FeaturelLayer
Di m pFeat ureCursor As | Feat ur eCursor
Di m pFeature As | Feature

Dmmles, kiloneters As Doubl e

Set pFeat urelLayer = GetLayer ByNane(pMDoc. FocusMap, “<Fi ber Routes
Layer Nane>", Fal se)

True)

Set pFeat ureCursor = pFeaturelLayer. Search(Not hi ng, Fal se)

Set pFeature = pFeatureCursor. Next Feature

Do Until pFeature Is Nothing

m | es = pFeature. Val ue(pFeature. Fi el ds. Fi ndFi el d(" SHAPE_Lengt h")) /
5280

pFeat ure. Val ue(pFeature. Fields. FindField("Mles")) = mles

' MsgBox (m | es)

kilometers = (mles * 1.609347)

' MsgBox (kil oneters)

pFeat ure. Val ue(pFeature. Fi el ds. FindFi el d("Ki |l oneters")) =
kiloneters

pFeat ur e. Val ue(pFeat ure. Fi el ds. Fi ndFi el d(" D stance_Label ")) =
Format (m | es, "##0.00")

pFeature. Store

Set pFeature = pFeatureCursor. Next Feature

Loop
"MsgBox ("All mile and Kil oneter neasurenments updated successfully.")
Set pFeature = Not hi ng

Set pFeat ureCursor = Not hi ng
Set pFeat urelLayer = Not hi ng
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End Sub

Publ i ¢ Sub updat eEndpoi nt s()

"WORKS as of 2004-05-21
" Appends the "Nanme" fields of the nodes corresponding to the from node
"and to_node of a run of fiber.

Di m pMkDoc As | MkDocunent
Set pMDoc = Thi sDocunent

Di m t heEdgeFeat ur eLayer As | Feat ureLayer
Di m t heEdgeFeat ur eCur sor As | Feat ur eCur sor
Di m t heEdgeFeature As | Feature

Di mt hi sEdge As | EdgeFeat ure

Di m FNodeNanme, TNodeNanme As String

Di m t heFNodeEl D, t heTNodeEl D As Long

Di m tenpJuncti onFeature As | Si npl eJuncti onFeat ure
DimtenpFeature As | Feature

Di m t heJuncti onFeat ureLayer As | FeaturelLayer

Di m t heJuncti onFeat ureCursor As | FeatureCursor

"Return pointers to the appropriate map | ayers

Set theEdgeFeat urelLayer = GetLayer ByNane(pMDoc. FocusMap, “<Fi ber
Rout es Layer Nane>" Fal se)

Set theJdunctionFeaturelLayer = GetLayer ByNanme(pMkDoc. FocusMap, “<Fi ber
Junctions Layer Nane>", Fal se)

"Create and initialize a FeatureCursor to | oop through each edge of the
net wor k

Set theEdgeFeat ureCursor = theEdgeFeat urelLayer. Search( Not hi ng, Fal se)
Set theEdgeFeature = theEdgeFeat ur eCur sor. Next Feat ure

'For each edge in the network...

Do Until theEdgeFeature |Is Not hing
Set thi sedge = t heEdgeFeat ure
‘get their unique ElDs

t heFNodeEl D
t heTNodeEl D

t hi sedge. FromJuncti onEl D
t hi sedge. ToJuncti onEl D

"Create and initialize a FeatureCursor to | oop through each
junction of the network

Set theJduncti onFeatureCursor =
t heJuncti onFeat ureLayer. Sear ch( Not hi ng, Fal se)

Set tenpFeature = theduncti onFeat ureCursor. Next Feat ure

' Conpare the EIDs of each junction in the network to the one of the
target.
Do Until tenpFeature Is Nothing

DRAFT DOCUMENT Page 54 of 55



cast" to sonmething that inplenments the IJunctionFeature
Interface
Set tenpJunctionFeature = tenpFeature
I f tenpJdunctionFeature. EID = t heFNodeEl D Then
'MsgBox ("From " +
t enpFeat ur e. Val ue(t enpFeat ure. Fi el ds. Fi ndFi el d(" Nane")))
FNodeNane =
t enpFeat ur e. Val ue(t enpFeat ure. Fi el ds. Fi ndFi el d(" Nane"))

t heEdgeFeat ur e. Val ue(t heEdgeFeat ur e. Fi el ds. Fi ndFi el d(" From Node")) =
FNodeNane
El sel f tenpJuncti onFeature. EID = theTNodeEl D Then
"MsgBox ("To: " +
t enpFeat ur e. Val ue(t enpFeat ure. Fi el ds. Fi ndFi el d(" Nane")))
TNodeNanme =
t enpFeat ur e. Val ue(t enpFeat ure. Fi el ds. Fi ndFi el d(" Nane"))

t heEdgeFeat ur e. Val ue(t heEdgeFeat ur e. Fi el ds. Fi ndFi el d(" To_Node")) =
TNodeNane

End If

Set tenpFeature = theduncti onFeat ureCursor. Next Feat ure

Loop
t heEdgeFeat ure. Store
Set theEdgeFeature = theEdgeFeat ur eCur sor. Next Feat ure

Loop

End Sub

DRAFT DOCUMENT Page 55 of 55



	Table of Figures
	Introduction
	What is GIS?
	Organization of the Document

	Hardware and Software Specifications
	GIS Installation Types
	Hardware
	Storage
	Memory
	CPU
	Graphics
	Removable Storage
	Peripherals
	Network Infrastructure
	Cost

	Software

	Data Considerations
	GIS in Initial Telecommunications Assessments
	Mapping Existing Infrastructure
	Identifying Demand
	Mapping Block-Level Population Densities
	Case Study: Methodology for Creating Business Point Maps
	Using Parcel Data to Classify Structures


	GIS in Fiber-Optic Network Design
	Designing a Fiber-Optic Geodatabase
	Background: Design Considerations for Fiber-Optic Networks
	Building the Database Structure
	Defining the Information to be Stored
	Subtypes and Attribute Domains
	Geometric Networks

	Automation of Attribute Maintenance
	Editing a Fiber-Optic Geodatabase
	General Procedure for Creating and Editing Geodatabase Features:
	Defining the Snapping Environment
	Defining the Selectable Layers
	Creating New Fiber Features
	Using the Trace Tool

	Using the Geodatabase for Cost Estimation

	Suggestions for Further Reading
	Appendix A: ArcObjects Code Samples

