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The Region 2 University Transportation Research Center (UTRC) is one of ten original University
Transportation Centers established in 1987 by the U.S. Congress. These Centers were established
with the recognition that transportation plays a key role in the nation's economy and the quality
of life of its citizens. University faculty members provide a critical link in resolving our national
and regional transportation problems while training the professionals who address our transpor-
tation systems and their customers on a daily basis.

The UTRC was established in order to support research, education and the transfer of technology
in the field of transportation. The theme of the Center is "Planning and Managing Regional
Transportation Systems in a Changing World." Presently, under the direction of Dr. Camille Kamga,
the UTRC represents USDOT Region II, including New York, New Jersey, Puerto Rico and the U.S.
Virgin Islands. Functioning as a consortium of twelve major Universities throughout the region,
UTRC is located at the CUNY Institute for Transportation Systems at The City College of New York,
the lead institution of the consortium. The Center, through its consortium, an Agency-Industry
Council and its Director and Staff, supports research, education, and technology transfer under its
theme. UTRC’s three main goals are:

Research

The research program objectives are (1) to develop a theme based transportation research
program that is responsive to the needs of regional transportation organizations and stakehold-
ers, and (2) to conduct that program in cooperation with the partners. The program includes both
studies that are identified with research partners of projects targeted to the theme, and targeted,
short-term projects. The program develops competitive proposals, which are evaluated to insure
the mostresponsive UTRC team conducts the work. The research program is responsive to the
UTRC theme: “Planning and Managing Regional Transportation Systems in a Changing World.” The
complex transportation system of transit and infrastructure, and the rapidly changing environ-
ment impacts the nation’s largest city and metropolitan area. The New York/New Jersey
Metropolitan has over 19 million people, 600,000 businesses and 9 million workers. The Region’s
intermodal and multimodal systems must serve all customers and stakeholders within the region
and globally.Under the current grant, the new research projects and the ongoing research projects
concentrate the program efforts on the categories of Transportation Systems Performance and
Information Infrastructure to provide needed services to the New Jersey Department of Transpor-
tation, New York City Department of Transportation, New York Metropolitan Transportation
Council , New York State Department of Transportation, and the New York State Energy and
Research Development Authorityand others, all while enhancing the center’s theme.

Education and Workforce Development

The modern professional must combine the technical skills of engineering and planning with
knowledge of economics, environmental science, management, finance, and law as well as
negotiation skills, psychology and sociology. And, she/he must be computer literate, wired to the
web, and knowledgeable about advances in information technology. UTRC’s education and
training efforts provide a multidisciplinary program of course work and experiential learning to
train students and provide advanced training or retraining of practitioners to plan and manage
regional transportation systems. UTRC must meet the need to educate the undergraduate and
graduate student with a foundation of transportation fundamentals that allows for solving
complex problems in a world much more dynamic than even a decade ago. Simultaneously, the
demand for continuing education is growing - either because of professional license requirements
or because the workplace demands it — and provides the opportunity to combine State of Practice
education with tailored ways of delivering content.

Technology Transfer

UTRC’s Technology Transfer Program goes beyond what might be considered “traditional”
technology transfer activities. Its main objectives are (1) to increase the awareness and level of
information concerning transportation issues facing Region 2; (2) to improve the knowledge base
and approach to problem solving of the region’s transportation workforce, from those operating
the systems to those at the most senior level of managing the system; and by doing so, to improve
the overall professional capability of the transportation workforce; (3) to stimulate discussion and
debate concerning the integration of new technologies into our culture, our work and our
transportation systems; (4) to provide the more traditional but extremely important job of
disseminating research and project reports, studies, analysis and use of tools to the education,
research and practicing community both nationally and internationally; and (5) to provide
unbiased information and testimony to decision-makers concerning regional transportation
issues consistent with the UTRC theme.
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1. BACKGROUND

The New Jersey Department of Transportation (NJDOT) operates and maintains a
network of thousands of miles of conduits (Intelligent Transportation Systems (ITS)
infrastructure), approximately close to 600 miles of it carries fiber optic cables that are
vital to the State of New Jersey communication system. These conduits have to be
located and marked prior to construction activities to avoid potential damages.

In a previous project (1), the development of a computerized database of junction boxes
and segments was undertaken as a first step towards a complete inventory
management system. The existing inventory of the ITS consists of sections of conduits
of variable lengths, diameters and materials, often crossing several junction boxes
which are key access and segment connection nodes and are not included in the
existing computerized inventory system. The inclusion of the junction box and segment
detail data, provided a first level of asset connectivity relationship in the inventory
system. The current project expands the connectivity capability to the inner layers of the
segments and junction boxes, to include conduits and cables.

Much of the problem of developing an inventory system for intelligent transportation
system assets lies in the proper location of various asset categories, particularly the
definition of the start nodes and end nodes of various pipe segments (links), in the
absence of a junction box inventory, with detailed and accurate as-built drawings
enabling the identification of the relationships between links and nodes.

2. PROJECT OBJECTIVES

The overall objective of this project (2) was to start the development of the system with
the development of a computerized inventory of all ITS “external” Facilities, including
conduits, junction boxes, cameras, connections, etc., with an initial focus on the junction
box facilities currently missing from the inventory system. The existing system consists
of a computerized table of conduit sections, with various lengths, without reference to
sometimes changing materials and unknown intermediate numbers, types, and
locations of junction boxes. It was clear that the accurate location of conduits in the
medium and long-term can be best undertaken with a cross-referenced segment and
junction box inventory. The junction box inventory was created, with a design that
enabled the gradual creation of the segment and junction box detailed inventory in the
event of absence or unavailability of detailed drawings.

Building on the initial prototype, the objectives of the current project are to:

1. Examine and understand the full data requirements of all assets in the network of
facilities in the fiber optic network of a State transportation system such as NJDOT or
NYDOT, including all segments and node types, as well as the stretches of cables
housed within them or routed through them.

2. Develop a comprehensive data model that allows both immediate access to all
facilities in a given location, as well as other facilities housed within them (in the case of



cables), and connected to them (segments, junction boxes, etc.). This would enable the
coverage of both external and internal assets.

3. Design a system flow that enables both hierarchical drill-down from a section to
its children segments and nodes, as well as connectivity (navigation from a facility to its
neighboring or contiguous facilities, and the cables running through them).

4, Expand the development of the prototype system to include the capabilities
above, thus making the system a total navigation system for all inventory of facilities
within the network.

The initial prototype established a baseline of all key external facilities such as pipe
segments and junction boxes was established. However, due to the possible lack of
detailed drawings establishing the relationships between various segments and junction
boxes, a new Entity, called Extremity, was created to allow for a temporary “repository”
of a segment to junction box connection. The Extremity recognition and validation would
take place during the survey of junction boxes, which would include assessing and
taking photographs of the inner surface of a junction box.

This baseline made it possible to tackle in this second phase of development the inner
layers of inventory elements consisting of conduits within pipes and cables within
conduits and junction boxes. This expansion of the system inventory elements helps
establish a hierarchical multi-layered inventory system, an essential ingredient of
comprehensive connectivity.

The ultimate goal of the project is to develop the information structure required to
enable the coverage of and easy navigation between all facilities (external and internal)
managed by ITS. The first phase consisted of a pilot system focused on external
facilities and the creation of a Node entity which includes the junction boxes (JB), an
essential cross-segment entity that was not represented in the inventory system, A
proper cataloguing of the JB’s is critical to an improvement in the completeness and
quality of the pipe segment records, as each segment could now be defined by its
starting and ending JB nodes. In order to preserve data integrity, the original section-
level data was integrated in the system as in the previous prototype, in order to enable
the gradual transition of the system towards a comprehensive inventory database
management system of all ITS facilities. Key criteria for success of this study include:

1- TECHNOLOGY SELECTION: the ability to develop a system that can be accessed
by multiple users, and maintained by ITS and other State DOT departments.

2- CONSERVATION AND IMPROVEMENT OF INVENTORY KNOWLEDGE: The ability
to create a new set of data related to junction boxes without losing the prior information
related to section-level data was essential to the conservation and gradual improvement
of inventory knowledge. The junction box data helps improve gradually the conduit-level
information, by facilitating the creation of segment-level (JB to JB) data, thus improving
the accuracy of conduit information. By extension, the creation of the inner layers of
inventory inside pipe segments helps complete the inventory of all facilities, including
conduits (ducts) within pipes and cables within conduits and junction boxes.



3- NETWORK INVENTORY CONNECTIVITY AND COMPLETENESS: the ability to
improve the information base regarding the location and completeness of the entire
network and its facilities, both as a concerted database effort, and as a result of future
field investigations. For example, the inventory of all pipe extremities within each
junction box and their association with segments and sections, allows the definition of a
real network model. Moreover, the ability to “drill-down” and “drill-up” between the
section and the segment levels can help improve data accuracy and completeness at
both levels, and enable the navigation across the network both from the outside in
(using facility hierarchical relationships), and across the facilities in multiple directions,
using contiguity data. Also the establishment of cable entities (cable stretches within
conduits), and routings (multiple cable stretches in a sequence of conduits and junction
boxes), enables the management of the cable assets in terms of location and possible
future maintenance and repair needs.

3. ITS Facilities Inventory Version 1 Design: Entity Relationships

The previous Version 1 of the inventory system of ITS facilities (1) enabled the creation
of a multi-user system covering section, segment and junction box/node entities, which
are displayed in Diagram 1:

1- Current Sections remain the highest level entity in conduit description, and the
existing data is ported to that entity.

2- The Entity (NODE) remains representative of a category of assets, with values of
Junction Box (JB), Camera, Controller, etc.

3- The Entity (Segment) now represents a Node to Node conduit pipe containing
one or more fiber optic cable stretches.

4- A section therefore “contains” or is connected to many Nodes (mostly JB), and
thus a hierarchical relationship exists between sections and its related “children”
Nodes.

5- A section also has many children segments (Node to Node), and a hierarchy of
section to segment also exists (1:n) relationship.

6- As described above, the Entity “Extremity” was created to ascertain the
relationship of segments to Nodes after a detailed field investigation. A node
contains multiple extremities of segments of pipes (1: n relationship), which can
be characterized once a junction box has been inventoried, and its interior
section surveyed.

7- A Node is therefore potentially connected to many extremities and to many
segments, but a Segment is connected to 2 Nodes (Start and end Nodes).

In summary:
A section contains one or more segments
A section contains one or more nodes, typically Junction Boxes
A node contains one or more extremities
A segment is connected to two nodes
A node is connected to one or more segments
A junction box is a type of node

10
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Figure 1: Entity — Relationship Diagram (Version 1)

4. ITS Facilities Inventory Development Plan and Data Structures

In order to achieve the objectives stated above, a new database design, that
emphasizes completeness and connectivity, was devised and implemented for a large
sample of existing and demo-level junction box and related pipe segment data collected
during prior field investigations. Subsequently, the inner layers of conduits and cables
were “connected” to the external facilities to provide for a full functionality related to
multi-level inventory data navigation.

The new ITS Facilities inventory should make it possible to manage the system as a
network of nodes and links, with all specifications for various nodes and links, and with
relationships to the inner layers of cables within segments and junction boxes.

This connectivity- based comprehensive network inventory system, includes new
entities and relationships. The new and expanded ITS Facilities inventory design makes
it possible to manage the system as a multi-level hierarchical network of nodes and
links and their inner conduits and cables, with detailed possible specifications for
various nodes and links.
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The expanded system design consists of the following entities and relationships, which
are displayed in Diagram 2:

Current sections remain the highest level entity in conduit description, and the
existing data is ported to that entity.

A new entity (node) was added in Version 1, with type values of junction box
(JB), camera, controller, etc.

A new entity (segment) was created in Version 1, which represents a node to
node conduit pipe containing one or more fiber optic cable stretches.

A section therefore “contains” or incorporates many nodes (mostly JB), and thus
a hierarchical relationship exists between sections and its related “children”
nodes.

A section also has many children segments (node to node), and a hierarchy of
section to segment also exists (1:n) relationship.

A node contains multiple extremities of segments of pipes (1: n relationship),
which can be characterized once a junction box has been inventoried, and its
interior section surveyed. The entity “Extremity” is essential to the gradual
enabling of an accurate connectivity-based system. These are verified while
surveying the interior of a JB, until such time as the matching of extremities with
segments can be ascertained.

A node therefore potentially incorporates many extremities and is connected to
many segments, but a segment is connected to 2 nodes (START and END
nodes).

A Segment consists of many conduits (1: n relationship), with n typically equal to
1,2 or 4. Each conduit contains multiple cables (1: n relationship). Also each
Node/Junction Box (item 2 above) can contain multiple cables.

Routings are defined as stretches of single or multiple cables within a sequence
of conduits and nodes.

12
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Figure 2. Entity — Relationship Diagram (Expanded Version)

In order to enable the creation of the above design, the development plan for this
project focused on the integration of the inner layers (conduits, cables, routings) was
devised as follows:

1- Create the Conduit Layer, to represent the inner conduits that are children to
the individual Segments.

2- Create the Parent to Child Relationship between Segments and Conduits.

3- Develop a Cable Layer, with specified markings within Conduits or Nodes.

4- Define Relationships between Conduits and Cables and Nodes and Cables

5- Define a Routing, as a Path, or stretch of cable within a sequence of conduits
and Nodes.

In summary, new inventory layers within Segments and Nodes were defined to
accommodate the cables, their locations, and their routing and connectivity across
Segments and nodes. To that end, Segments were defined as parents of a new entity
(layer), called “Conduits”. Conduits in turn are defined as parents of (contain) a new
entity, the lowest inventory layer called “Cables”. Also, Nodes (Junction Boxes) contain
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or are parents of Cables. This in turn enables the definition of a Routing as a sequence
of Cables, which are children of Conduits or Nodes.

In order to enable this development plan, new data tables, in addition to the Tables
created in the previous version as well as system lookup tables, were created as
follows:

Table 1: Conduit Data Structure

14



Table 2: Cable Data Structure
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Table 3: Routing Data Structure

The main design upgrades in the system can be summarized as follows:

1. Addition of a conduits layer as child to the segments layer. A segment can have
several conduits running inside it. Each of these conduits contains one or more
cables.

2. Addition of a cables layer as a child to the conduits layer, and/or the Nodes layer. A
cable usually passes through several conduits and nodes between start and end
points. The path of a cable is known as a routing.

16



3. Arouting table has been created that records the conduits and nodes that a
particular cable physically passes through.

4. Node types other than junction boxes will be expanded. Some of these node types
are Camera Surveillance System (CSS), Computerized Traffic Signal System Device
(CTSS), Dynamic Message Sign (DMS), Highway Advisory Radio Antenna(HAR),
Highway Advisory Radio Sign (HARS), Roadway Weather Information System

(RWIS), and different types of Travel Time System Sensors (TTSA, TTSB and
TTSC).

5. ITS Facilities Inventory System Architecture and Functionality

The system Architecture is a distributed multi-user system with a graphical user
interface, and a MySQL server-based database, which can be migrated to MS SQL

JSP Page JSP Page JSP Page
Servlet Servlet Servlet

rl rl IR

Data Access Layer

rl

MySQL Database

Figure 3. System Architecture Diagram

The system is a web-based application where the front end is designed as a collection
of HTML/JSP pages. These pages submit requests to a collection of servlets which are
Java programs designed to handle the functional logic of the system. These servlets
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interact through the MySql database through a Data Access Layer which is a Java class
with database querying methods. The advantage of this three-tier design is twofold.
Firstly, since only the Data Access Layer class interacts with the database, it is
impossible for another program to make unintended changes to the database.
Secondly, since all the database-related code is only in the Data Access Layer class, a
migration of the system from MySQL to another database like MS Sql Server or Oracle
will require the modification of just this one file.

The advantage of designing a web-based interface is that no additional installation is
needed on the client machines. The users can access the system via a web browser
and only the database server and the web server has to be maintained by the system
administrator.

The system functionality can be described by the following sequence of pages/screens:

The homepage: This page appears after a successful login and contains the main menu
to manage sections, segments, nodes, junction boxes, extremities, conduits, cables,
routings, and also links to the Users, Help and Logout pages.

P-2CX [Ejnunumo-y Mznagement ...

,‘] http://localhost:8080/1TS/welcome jsp

STATE OF NEW JERSEY

Y INTELLIGENT TRANSPORTATION SYSTEM
I DEPARTMENT OF TRANSPORTATION e
INVENTORY MANAGEMENT

\!i/ Chris Christie, Governor | Kim Guadagno, Lieutenant Governor

Welcome back Admin User. What would you like to do?

BC08800

Sections Segments Nodes Junction Conduits Cables
Boxes

EEO0QO0O

Segment Routings Users Help Logout
Extremities

Copyright 2011 New larsey Insitde of Technology  University Haights. Newsark, New larsey 07102

Figure 4. Homepage
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The manage segments page: This page contains the menu for the different segment-
related activities.

£ = BC X1 D175 inatory: Manage Sag... *

STATE OF NEW JERSEY I Iy s

ﬁ DEPARTMENT OF TRANSPORTATION I "
/acm.am.,r | Kim G gno, L B’ NVENTORY ANAGENENT

Masage Segments

™
g

\iew Sepments

Figure 5. Manage Segments Page
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The segment detail page: This page has all the details pertaining to a segment and also
a list of nodes that are connected to that segment. This list can be sorted on any column
and any item can be clicked to open the detailed view for that node.

“« " - —-ﬁ “* (e | G )
O

0~ 2 & X |[ @ msinventory : View Segment x Bk AR

N STATE OF NEW JERSEY
- INTELLIGENT TRANSPORTATION SYSTEM
§ DEPARTMENT OF TRANSPORTATION g TavEnToRY MANAGENENT
Chris Christie, Governor | Kim Guadagno, Lieutenant Governor
HOME SECTIONS SEGMENTS NODES JUNCTION BOXES EXTREMITIES USERS HELP LOGOUT
Reference ID Direction Route Crossing Under Highway Location
Depth Offset Milepost Start Municipality/County Milepost End
Length(ft) Segment No. Material Conduit Size Predominant Soil Type =
No. of Conduits No. of Spare Conduits Tracer Wire Size/Fish Type Wires in Conduit Cell Parent conduit ID
Parent ID Installer Name Starting Junction Box Ending Junction Box Project Installed Under
Installer g
Date Installed (Contractor/V. ) Segment ID Last Inspection Date — Notes
Connected Nodes
Node ID Route Direction Milepost Offset(ft)  Municipality/County Junction Box Type Description
JB-1-1138-1 1 NB 6.73 9.70 Lawrence Twp/Mercer DOT Fiber in grass outside shoulder
JB-1-1138-2 1 NB 6.78 11.00 Lawrence Twp/Mercer DOT Fiber in grass outside shoulder

Figure 6. Segment Detail Page

The manage nodes page: This page contains the menu for the different node-related
activities:

o B WS TN e
43 g Nekaiest 000 = - 5
/"‘\5 STATE OF NEW JERSEY B -

. Y8) : DEPARTMENT OF TRANSPORTATION I "
NN Ciwis Civistie, | Kim L B avEnToRY Mawacement

Masage Nodes

View Nodes Edt Nodes Add Nodes Delete Nodes

Copynge 2011w Sy rattte of Todnsiogy  Unevnty megrt Mean N Jarsey §702

Figure 7. Manage Nodes Page
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The manage junction boxes page: This page contains the menu for the different junction
box-related activities.

- " - T —

B T S e L S

\ STATE OF NEW JERSEY
ﬁ DEPARTMENT OF TRANSPORTATION I "
| Kim G agno, L G e’ NVENTORY ANAGENRENT

w;-..‘

Figure 8. Manage Junction Boxes Page

The view junction boxes page: This page allows the user to search for a junction box.
The result is returned in the form of a table that can be sorted on any of the columns,
and clicking on a Node ID in the list opens the detailed view for that junction box.
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R 53

Uj@ http://localhost:8080/roadways/JBViewServiet 2 ¢ X || @ msnventory : Query Juncti..

STATE OF NEW ]ERSEY
3§ DEPARTMENT OF TRANSPORTATION

/ Chris Christie, Governor | Kim Guadagno, Lieutenant Governor

INTELLIGENT TRANSPORTATION SYSTEM

e' INVENTORY MANAGEMENT

HOME  SECTIONS ~SEGMENTS NODES JUNCTIONBOXES EXTREMITIES USERS HELP  LOGOUT
Query Junction Boxes
Node ID Route 1 v Direction > Municipality/County
Section ID Start Milepost 1 End Milepost 10 |
Fetch Junction Boxes
Output
Node ID Route Direction Milepost v Type Description
JB-1-1129-2 11 NB 56 Type Lawrence Twp/Mercer Description - Dummy Record Updated
JB-1-1129-1 11 NB 6.13 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1134-1 1 NB 6.34 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1134-2 11 NB 6.44 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1135-1 1 NB 6.47 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1136-1 1 NB 6.60 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1138-1 1 NB 6.73 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1138-2 11 NB 6.78 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder =
JB-1-1139-1 1 NB 6.81 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1140-1 11 NB 6.85 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1143-1 1 NB 727 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1143-2 11 NB 7.28 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1143-3 11 NB (7.55 DOT Fiber Lawrence Twp/Mercer in grass outside shoulder
JB-1-1143-4 1 NB 8.09 DOT Fiber West Wmdsor Twp'Men:e: in grass outside shoulder i
- : b aoe Neamrs e 3 SErrErE—rTy —

Figure 9. View Junction Boxes Page

The junction box detail page: This page has all the details pertaining to a junction box
and also a list of nodes that are connected to that junction box (via a segment) in line
with the connectivity focus of the system. This list can be sorted on any column and any
item can be clicked to open the detailed view for that node.

— —
] : w - - O
QV& @ http://localhost8080/roadways/JBViewServletlid=JB-1-1143-8&mode=view P-BEX |l 453 175 Eventony e Mot ¢ o ® 0 T o

STATE OF NEW JERSEY

7 DEPARTMENT OF TRANSPORTATION
7 Chris Christie, | Kim L

INTELLIGENT TRANSPORTATION SYSTEM

e' INVENTORY MANAGEMENT

HOME  SECTIONS  SEGMENTS NODES JUNCTIONBOXES EXTREMITIES ~USERS HELP  LOGOUT

Longitude

Material Milepost

Offset icipality/ i Splice Number Project Installed Under

Manufacturer

Trace Wire Type/ Gauge Last Inspected

Created By Description

Connected Nodes

Node ID Route Direction Milepost Offset() Municipality/ County Junction Box Type Description

Copyright 2011 New Jersey Institute of Technology  University Heights, Newark, New Jersey 07102

<[ [ »

Figure 10. Junction Box Detail Page
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The Add new junction box page: this page lets the user create a new junction box
record. Once the route, milepost and direction are entered, the page refreshes and
Section ID and municipality/county fields are autofilled.

P = BC XU D17 bnvartory : Add s new L. *

/,\\ STATE OF NEW JERSEY INTELLIGENT TRANSPORTATION SYSTEM
‘ : DEPARTMENT OF TRANSPORTATION B

I Cheis Civisse, G | Kim Guadagno, L G

Iavenrory Mawacement

Teace Wee Type Gange

Recoed Created By
I

Croar ¥ cove.

Figure 11. Add New Junction Box Page

The Add new junction box page (after calculating section#, county/municipality from
database) is shown:
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@ IS Inventory : Add 2 new J... () ve 28

STATE OF NEW JERSEY

INTELLIGENT TRANSPORTATION SYSTEM
DEPARTMENT OF TRANSPORTATION
e' INVENTORY MANAGEMENT

7 Chris Christie, Governor | Kim Guadagno, Lieutenant Governor

HOME  SECTIONS SEGMENTS NODES  JUNCTIONBOXES EXTREMITIES USERS HELP  LOGOUT

Direction T Node Id
> Northbound ~ JB-1-1129-

Material i Type

Municipality/ County Splice Splice Number Project Installed Under
B

Lawrence Twp/Mercer

Installer Date Installed Trace Wire Type/ Gauge Last Inspected

Description Record Created By Record Modified By
admin admin

[ Create JunctionBox | | Clear Form

Copyright 2011 New Jersey Institute of Technology  University Heights, Newark, New Jersey 07102

T —

Figure 11a. Add New Junction Box Page

The manage extremities page: this page contains the menu for the different extremity-
related activities.

STATE OF NEW ]llS!Y
DEPARTMENT OF TRANSPORTATION B Tavearony Masaseneat

| Kim G L G

Emm‘n

E iy emues

Figure 12. Manage Extremities Page
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The Create Conduit page for a parent Segment ID will resemble the one below.

) [#] http://localhost:8080/11S/AddConduitServiet’parentid=56-1-1129-1&mode=add ~ © ~ & & X || & TS Inventory: Create Cond... X

S ac STATE OF NEW JERSEY
£ & J INTELLIGENT TRANSPORTATION SYSTEM
¢ {81 - DEPARTMENT OF TRANSPORTATION s S DN
\j Chris Christie, Governor | Kim Guadagno, Lieutenant Governor

HOME SECTIONS SEGMENTS NODES JUNCTION BOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP LOGOUT
“reate Conduit
Conduit ID Color Conduit Type Material
CND-1-1128-1-
Length(ft) Conduit Diameter No. of Cables Capacity

0
Parent Segment ID Starting Node Ending Node Installer Name
SG-1-1129-1 JB-1-1128-1 JB-1-1134-1
Date Installed Last Inspection Date Record Created By Record Modified By
£ = admin admin
Comments
Cancel | [ Create Record |

Result

Copyright 2011 New Jersey Institide of Technology  University Heights. Newark. New Jersay 07102

Figure 13. Create Conduit Page

The Add Cable Button is available within the “View Conduit Detail” page for a direct
capability to add a Cable to the specified Conduit ID as in below.
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— — - . * f =
’(:)[E hitp://localhost3080/ITS/ConduitViewServiet?id=CND-1-1129-1-3&mode=vien O~ B S X ”@ns Inventory: vﬂ,cgndum Ak
&;Convert ~ [0 Select

fnl

/‘*‘x STATE OF NEW JERSEY I T B —
\ I DEPARTMENT OF TRANSPORTATION g S ———

U/ Chris Christie, Governor | Kim Guadagno, Lieutenant Governor

HOME SECTIONS SFEGMENTS NODES JUNCTIONBOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT

View Conduit Detail
Condust ID Color Condu1t Type Matenial
CND-1-1129-1-3 Red
Length(ft) Conduit Diameter No. of Cables Capacity
0
Parent Segment ID Angular Sequence Number Starting Node Ending Node
SG-1-1128-1 JB-1-1129-1 JB-1-1134-1
Date Installed Last Inspection Date Record Created By Record Modified By
& | admin admin
Installer Name Comments
Dummy record
| Back toList | [ Edit Conduit | [ Delete Conduit | [ Add Cable |

Child Cables

Copyright 2011 New Jersay Insftute of Technalogy  University Heights. Newsrk. New Jersey 07102

Figure 14. Add Cable Button within View Conduit Detail Page

The Add Cable Button is available within the "Junction Box Information” page for a
direct capability to add a Cable to the Junction Box ID of interest as in below.

-——— - B & - . . & - E=Tfct
C:)[ hittp://localhost:3080/1TS/JBViewServlet?id=18-1-1134-18mode=view 0 - 2 & X || @ 1rs inventory : View Junctio... X N
le Edit View Favorites Tools Help
&;Convert v [ select

s

INTELLIGENT TRANSPORTATION SYSTEM

/v‘“""’»}\ STATE OF NEW JERSEY

2 DEPARTMENT OF TRANSPORTATION e I "
/ Chris Christie, Governor | Kim Guadagno, Lieutenant Governor MYENIORY ANASENENT

T

HOME  SECTIONS SEGMENTS NODES JUNCTIONBOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT

Junction Box Information
Latitud: =

Section ID Node Id e Longiude Type

1134 JB-1-1134-1 [ = ] 74°42.088 |.° ] DOTFiber
Material Size Route Milepost Direction
33 1 634 NB
Offset Municipality/County Splice Splice Number Project Installed Under
3.00 Lawrence Twp/Mercer 0
Manufacturer Install Date Installed Trace Wire Type’ Gauge Last Inspected

Created By Modified By Location Description

admin admin in grass outside shoulder
| Back to List | [ Edit Junction Box | [ Defete Junction Box | [ Add Cable | | Add Extremity |

hild Extremities hild Cables onnected Nodes
xtremity Emlt Elﬁer Enl able [D &m ﬁun ode ID ode Type
S irecti |

D Begm [Directi Direction BL-1-1134-1-1 RT-1 -1-1129-1 PJunction Box
I BG-1-1134-1 | NB 1-1134-2 Punction Box
E BG-1-1129-1 [NB

| {5 | | EB

Figure 15. Add Cable Button within Junction Box Information Page
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The Entity Routings is managed (Add, View, Edit, Delete) in the Page below:

e —— - — - TR - L™ Ffu & E=HFoRT 7]
9\_)[ http://localhost:3080/ITS/routings.jsp P~ @OX”@ﬂSh\mtory:Manangm..._AD _R_Ei? is

¢ @;Convert v P2 Select

/ >\% STATE OF NEW JERSEY

INTELLIGENT TRANSPORTATION SYSTEM
'DEPARTMENT OF TRANSPORTATION g 1 M
v Chris Christie, Governor | Kim Guadagno, Lieutenant Governor KYENTORY. ;TRANASEREN]

HOME SECTIONS SEGMENTS NODES JUNCTIONBOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT

Manage Routings

View Routings Edit Routings Add Routings Delete Routings

Copynght 2011 New Jersey Insitute of Technology ~ University Heights, Newark, New Jersey 07102

Figure 16. Manage Routings Page

The Add Routing Page allows to create a routing based on a starting cable:

—_ . - L W Y - - (o
/)B hip://localhost3080/TS/AddRoutingServiet p-BEX Il@ﬂsh\'mtmy:lxdd New Rows X N

& Convert v [0 Select
—|

AT SESTROT NERLIERREY INTELLIGENT TRANSPORTATION SYSTEM
g : DEPARTMENT OF TRANSPORTATION S I "
v Chris Christie, Governor | Kim Guadagno, Lieutenant Governor NVENTORY ANAGENENT

HOME SECTIONS SEGMENTS NODES JUNCTIONBOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT

Create New Routing: Query a Node or 2 Conduit to choose as a Starting Point

Routz Any [*] Direction Any [*] Municipality/County
Section ID Start Milepost End Milepost

The starting pointisa @ Node ' Conduit

Select Starting Node/Conduit for New Routing
Select Starting Cable for New Routing

Starting Cable: CBL-1-1129-1-1(Dia: unknown, Length: unknown. Material |E]

Comments:

Result

Select starting cable for routing. |

Figure 17. Create New Routing Page
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The ability to Add a cable to a Routing or Remove a Cable is managed via a dedicated

pop-up page within the Edit Routing Page. The Removal of a cable is managed by a
Button next to any Constituent Cable within a Routing:

2 viet P~ @CX”Enshvmtory:Eanoxmngs x
& Convert v

INTELLIGENT TRANSPORTATION SYSTEM

i P ) e
g R

Pick Cables to Add to Routing RT 5
CableID _ |Fibers Parent StartNode | End Node Ce

CBL-1-1134-1-1 -1-1134-1 1-1134-1 1-1134-1 _ [DUMMY CABLE created through JB
CBL-i-1134-2-1 {iB-i-1i34-2 PB-1-1i34-2  [1B-1-1134-2
[CBL-1-1134-1-1-1 [CND-1-1134-1-1 1-1134-1 1-1134-2

Select

IDUMMY CABLE created through JB 2
[Dummy Cablc created through conduit

7
vii
o

| Update Routing

Copyright 2011 New Jersey Instiute of Techndiogy

University Heights, Newark. New Jersey 07102

Cable
CBL-1-1129-1-1

Copyright 2011 New Jersey Insitite of Technology  University Heights. Newsrk, New Jersey 07102

Figure 18. Add Cable to a Routing Page
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E)[A htep:/rlocalnost:3080/1TS/RoutingViewsenviet
| e -

P-2C X”@nslmemuy Edit Routings u
¢ & Convert v PSelect

tad

(&
2t

f“"‘% STATE OF NEW JERSEY

INTELLIGENT TRANSPORTATION SYSTEM
5 DEPARTMENT OF TRANSPORTATION & I "
\ / Chris Christie, Governor | Kim Guadagno, Lieutenant Governor HYENNORY: TANAGENENT

HOME SECTIONS SEGMENTS NODES JUNCTIONBOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT

Edit a2 Routing: Query a Node or a Conduit to choose a Cable in the Routing

Route Any E Direction Any E Municipality/County
Section ID Start Milepost End Milcpost

The Routing component being queried isa ® Node © Conduit

Select Node/Conduit for Identifying Routing to be Modified
Select Cable To Pinpoint Routing

Result

IEdit Rounﬂg RT-5 .

Cable Parent d Remove Cable?

I-5

ICBL-1-1129-1-1

/B-1-1129-1 Remove

RT-5

ICBL-1-1134-1-1

UB-1-1134-1

Remove

RT-5

ICBL-1-1134-2-1

/B-1-1134-2

Remove

Ealn -
[ Add & Cable to Routing

Figure 19. Remove Cable from a Routing Page

The ability to drill-down from a Conduit to its Constituent Cables is shown in the “View
Conduit Detail” Page:
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9@) 8 hup://localhost3080/ITS/ ConduitviewServietlid=CND-1-1129-1- 1mode=vien D ~ R ”@ns Frvenstory i Vicw Concut X
¢ @ Convert v PSelect

m STATE OF NEW JERSEY INTELLIGENT TRANSPORTATION SYSTEM
"k 7 DEPARTMENT OF TRANSPORTATION g T —

Chris Christie, Governor | Kim Guadagno, Lieutenant Governor

HOME SECTIONS SEGMENTS NODES JUNCTIONBOXES CONDUITS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT

View Conduit Detail

Conduit ID Color Conduit Type Material
CND-1-1129-141 BLACK RNMC

Length(ft) Condust Diameter No. of Cables Capacity
1108 4 2

Parent Segment ID Angular Sequence Number Starting Node Ending Node
SG-1-1129-1 JB-1-1129-1 JB-1-1134-1

Date Installed Last Inspection Date Record Created By Record Modified By
null &= admin admin

Installer Name Comments
Test Conduit 1 updated twice

[ Back toList | [ Edit Conduit | [ Delete Conduit

Child Cables

Notes
JICBL-1-1129-1 IDUMMY CABLE 2
JICBL-1-1129-2 [To be deleted

Copyright 2011 New Jersey Insitute of Technology  Uriversity Heights, Newsrk, New Jersey 07102

Figure 20. Drill-Down from Conduit to Cables from View Conduit Detail
Page
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http//localhost3080/ITS/ SegmentViewServiet id=5G-1-1129-1&mode=view

vEOX ’ .
pP-8C @HSImmlcny.VwSegmﬂt*E l- -

¢ @ Convert v [)Select

HOME SECTIONS SEGMENTS NODES JUNCTIONBOXES CONDUTS CABLES EXTREMITIES ROUTINGS USERS HELP  LOGOUT
View Segment Detail
Segment ID Direction Route Milepost Start Milepost End
SG-1-1129-1 Northbound (=] 1 [+ 6.13 634
Depth Offset Material Location Municipality/County
104 RNMC In Shoulder Lawrence Twp/Mercer
Length(f) Crossing Under Highway ~ Tracer Wire SizeFish Type  Predominant Soil Type Suggested Detection Method
1108.8 Sandy Loam Ground Penetrating Radar[zl
Conduit Size No. of Conduits No. of Spare Conduits Wires n Conduit Cell Parent conduit ID
4 4 F]
Parent Scction ID Reference [D Starting Node Ending Node
129 JB-1-1129-1 JB-1-1134-1
Project Installed Under e Installer Name Date [nstalled Last Inspection Date
(Contractor/Vendor) & 2
Record Creatzd By Record Modified By Notes
admin admin
[ Backto List | [ Edit Segment | [ Delete Segment | | Add Conauit
onnected Nodes IChild Conduits
Node [D Milepost | Junction Box Type Description Conduit | Material [  Color Cables
-1-1129-1 613 DOT Fiber lin grass outside shoulder CND-1-1129-1-1)  [RNMC [BLACK 2
1-1134-1 J6.34 DOT Fiber lin grass outside shoulder CND-1-t129°13 [Red 0
CND-1-1129-1-4 0
CND-1-1129-1-5 0
ICND-1-1129-1-6 0

Figure 21. Drill-Down and across to Contiguous Nodes from Segments to

Child Conduits from View Segment Detail Page
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The manage Users page: this page contains the menu for the different user-related
activities.

1O ki

STATE OF NEW JERSEY

@ DEPARTMENT OF TRANSPORTATION B S

Chiris Christie, G | Kim G ono, L G

Masage User Acconats

A
N P
eeceaos

View Usens Ede Users Add Users Delete Users Back

Coppngrt 2011 Nue Sy it of Todestngy ety Sy Neeeh Nee sy 01 V03

Figure 22. Manage Users Page

The Add user page: this page lets the user create another user account of equal or

lower rights. There are two levels of users — those with only view permissions and those

with edit permissions. The users without edit permissions do not have access to the
create/edit pages mentioned here.
——— . .

ia-,., '.,..;.‘:-.7.-..‘.- wpel ro D-Ec;”amm Manage Use.. %

./'\\& STATE OF NIW JIRSLY I Y ATION S
& : DEPARTMENT OF TRANSPORTATION
B Iuventony Mawacement

\\Jmm" | Kim G gno, L Governor

Create 3 New User

, ~ )
N\ { ) \
Delete Users Back

View Usens Ede Usens Add Users

Coppgrt 201\ Nme sy Fasttn o Todacrags et gt Neeet ‘e ey 07901

Figure 23. Add User Page
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The Edit user account page: this page lets the user edit their own account information
(first name, last name, etc), within their level of authorization:

o — —— — . B T " . = % © )
G 9 Tocahont P+ QC XN D S vvertory : Manage Use *

: 7 B INTELLIGENT TRANSPORTATION SYSTEM
1 : DEPARTMENT OF TRANSPORTATION

VENTORY MANAGEMENT
Chvis Christio, Governor | Kim Guadagno, Lisutenant Governor Inventory Mawacenmen

Edit Your User Acconnt

L)
N
View Users Ede Users AGd Users  Delete Users Back

Comrrgt 301 N sy btte o T e gy ety e Nweet N ey 37000

Figure 24. Edit User Account Page
6. Conclusions and Recommendations

Through this work, a process for converting and transforming a flat section-level
inventory of fiber optic ITS infrastructure into a comprehensive connectivity-based
system was developed and applied in a prototype system. Based on this new design
and development effort, a new inventory structure was devised as a basis for a
hierarchical asset management system. The system was updated with real yet limited
data from field investigations, conducted on a number of major state routes.

The system design inventory includes multiple facility hierarchical layers, an external
pipe and Junction Box layer, with proper contiguity relationships, a pipe inner layer of
Conduits, and a Conduit and Junction Box inner layer of Cables. Also, a new Construct,
the Routing was created to add a connectivity feature to stretches of cables spanning
multiple conduits and nodes. Using these constructs and the hierarchical and
connectivity relationships, the ability to “drill-down” from an external layer to an inner
component and to establish multi-directional facility contiguity is enabled, leading to the
progressive improvement of data quality and the establishment of a reliable connectivity
model across facilities.

The hierarchical architecture between layers and facilities makes it possible to navigate
through various facilities in response to specific queries for construction or repair of
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external or internal components, and be used for operational, risk management as well
as system capacity and strategic evaluation.

The creation of the asset management perspective is the recommended next step for
system development, along with an implementation around a target set of State
sponsors. The new system functionality would target problem recording, identification,
and response, work management, including order planning and monitoring, tracking and
recording field investigations for facility location for continuous improvement of the
inventory data, and minimization of system disruptions and risks included in digging and
maintenance operations of contiguous utility systems.
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