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Executive Summary

The “Colorado Transportation Management Center (C)Mntegration Project” was the result of FYO1l
congressionally designated earmarks intended tooweptransportation efficiency; promote safety;re@ase traffic
flow; reduce emissions; improve traveler informatieenhance alternate modes; promote tourism anid lomi
existing Intelligent Transportation Systems (ITS)lotal project investment was $6,753,160; whichluded
$3,372,862 in federal funds, and $3,380,298 ofeSt@sh match provided by the Colorado Department of
Transportation (CDOT).

By 2001, Colorado’s ITS Program was rapidly expagdin total number of field devices and infrastuet
operational capabilities; public agency partnerstapd visibility. As a consequence, CDOT was faeét two
emerging problems:

< CDOT's interim Traffic Operations Center (ITOC) ahElS control facilities were fast becoming overcded Given an
ever-increasing number of user interfaces, computesmmunications, software, field devices and stppquipment
required to manage the CTMC, day-to-day CDOT st&f6 becoming overburdened. More public informatidiicers
(P10), operators, maintenance personnel and otingpcst contractors were brought in to address thedn- and the
combination of people and equipment was too muchthfe existing floor space to accommodate. MosMCTworkers
found themselves sharing a single 10’ x 12’ offipace with one to three others. In addition, alvalft of CDOT'’s ITS
Branch staff were housed in a separate buildingitab® miles away from the ITOC.

o CDOT did not have an integrated, umbrella ITS safew Because CDOT's ITS mission continued to growrdirae,
CTMC employees were responsible for an increasimgber of devices and subsystems. These were tegrated,
therefore multiple workstations, computers and oshugpport equipment needed to be used for eachidumcOperators and
P10 often found themselves moving from one workstato the next to manage dynamic message signsS)Dkend a
broadcast fax, update highway advisory radio (HARQnitor closed circuit television cameras, ansthertelephone, and
so on.

CDOT thus found itself in need of new floo
space to consolidate its own ITS operatio
and accommodate its growing functions;

well as an automated means to simplify day-
day operations. With Federal Highwajies""
Administration (FHWA) concurrence, fund{iE =
for the CTMC Integration Project werd
targeted directly toward these two areas. T
overall intent of the CTMC Integration Projeg
was therefore twofold:

e To support design and construction of CDOT
new CTMC facility: and

e To develop (or procure) and implement
statewide “umbrella” ITS software.

e L]
o i

Exhibit 1 — ITOC Operations Room (September 2005)

Award of the CTMC Integration Project funds allow€DOT to directly address both priority areas arasw
therefore a critical building block for Coloradoropiding critically needed facilities, hardware,ftseare and
systems integration. Project achievements inctbddollowing items.

e CDOT's new CTMC is housed in a pre-existing buigdim Golden that was extensively remodeled to accodate the
functions required by the CDOT ITS Branch. Theilfigcwas finished in late 2005 and the CDOT empey and
contractors supporting the statewide ITS operatiere moved from their previous, separate locattorthe new building at
that time. The new CTMC has a 40,000 SF footpentugh to comfortably house the existing operadiot also provide
capacity for substantial future growth. Projeands supported planning, logistics and design fer rtiove to the new
building as well as electrical, computer and comizetions equipment.

«  Through a Request for Proposal (RFP) process, Caifidined the services of a Systems Integratorai flee development
of a new statewide “umbrella” software package.e Timbrella is also referred to herein as the Cdréransportation
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Management System (CTMS) and as the Advanced Toaagion Management System / Advanced Travelerrinéion
System (ATMS/ATIS).

e CDOT identified a phased, prioritized program teelep the new ATMS/ATIS, and portions of the fitistee Iterations of
the ATMS/ATIS were funded by this project. Workasrrently continuing on lIteration 4 using Stateds. The initial
Iterations included much of the “core” system a#l @& a number of priority subsystems including Bxyric Message Sign
(DMS) control and a new speed/travel time subsysterRroject funds supported systems engineeringtwaoé
development, documentation and testing; hardwarehpges; and miscellaneous communications andraiteg for the
new system.

CDOT believes the CTMC Integration Project is acess. All project goals and objectives were n@ROT now
has a state-of-the-art CTMC facility as well as fhet three functional modules of its new ITS mgeaent
software. Behind-the-scenes deficiencies in IT®gration were addressed; reducing demands on COGT
operators and Public Information Officers (PIO)mglifying data sharing; and boosting the amountuaacy and
timeliness of data in and out of the system. Tiaept dovetailed well with ongoing statewide IT&iaties and
local initiatives. More importantly, the projectie/an important building block and catalyst leadingreater local
support for ITS, and other visible advancementglated projects.

Exhibit 2 — ITOC Operations Room (October 2005)

1 Introduction

For Fiscal Year 2001 (FYO01), Congress earmarkedréddunds for specific transportation initiativeationwide.
Proposals were selected based on conformance follitving objectives:

¢ Support improvements to transportation efficiency;

¢ Promote safety;

¢ Increase traffic flow;

. Reduce emissions;

. Improve traveler information;

«  Enhance alternate transportation modes;

¢ Promote tourism; and

«  Build on existing Intelligent Transportation Syste(iirS).

A proposal submitted by the Colorado DepartmeniTnsportation (CDOT) for th€olorado Transportation
Management Center (CTMC) Integration Projeeds assessed and found to successfully address disgectives.
As a result, CDOT was awarded $3,372,862 in fedienads. An additional $3,380,298 in matching stedsh
yielded a total project valued at $6,753,160.

Intent of the CTMC Integration Project was twofold:
«  To support design and construction of CDOT’s nevMCT and

¢ To develop and implement a statewide Advanced Ppamation Management System (ATMS) and Advanced/dlea
Information System (ATIS) “umbrella” ITS software.

Both elements had been planned by CDOT over ayealtiperiod starting in 1993; but efforts at theetito move
forward were constrained, with the following twostdicles proving the most difficult:
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¢ Colorado transportation agencies had been accudtdmemanaging transportation through “concrete asghalt”
construction; and were reticent to changing theiy(s) of doing business in favor of ITS.

« There was a lack of understanding of ITS and itemial benefits among CDOT's (later) ITS partngercies, as well as
within the Department itself.

As a result, ITS in Colorado did not receive théitmal, managerial, and fiduciary support it migitherwise have
attracted in the mid 1990’s. CDOT'’s ITS proponefoisnd themselves undertaking a lengthy perioddofcation
and coalition building to garner support for IT&ventually, this landscape changed for the betidr the 1997
state-fundedRevised Model Deployment Initiativeollowed in FY98 by the first of several federa@rmarks —
ushering in a period of dramatic and rapid ITS ghow

By 2001 CDOT's ITS Program was quickly expandingténms of field infrastructure; operational capiei;

public partnerships; and visibility — leading tooétmer set of problems. The first was that CDOTS Imission was
quickly outpacing its building facilities. The sew was that extreme growth rates in number andstyyd ITS
devices and subsystems were placing strains on CGD6gerational staff — which was required to oper&tS

elements statewide using multiple software packages workstations over a variety of occasionallgfficient

communications infrastructures. The latter probldrove a need for more operators and Public Inftona
Officers (P10) — a dilemma for CDOT given the atigdull floor space and moratoriums on new Stat@legyees.
Funds for the CTMC Integration Project were thosety and sorely needed.

In the ensuing Partnership Agreement developed®Tand the Federal Highway Administration (FHWApth
parties concurred on the scope of work, and funei®wallocated to Task Orders 1-#he task order roster for the
CTMC Integration Project was initially configured fllows:

e Task Order 1 — CTMC Facility;

e Task Order 2 — Hardware, Firmware, Databases, @pgraystems;
¢ Task Order 3 — ATMS and ATIS Software Integratiand

¢ Task Order 4 — CTMC General Integration Activities.

ErETrAEBEE
EENEETTRS

r-m-l-!ﬂ"

Ultimately, system and software development addisiunder Task Orders 2-4 were found to be intevdeéent and
overlapping on a detailed level. As a result, giesand deployment efforts under Task Orders 2-4evier all
intents and purposes combined into a single agtatigmented by supplemental State funds.

A condition of the Partnership Agreement was thatOT perform a project evaluation. This documerdradses
that requirement by presenting a summary of thgpt@nd its outcomes.

1A Report Organization

Sections 1 and 2 provide introductory material anoigrammatic background. Subjects of Section Bude the
deployment team, institutional involvement, taskesrdescriptions and intended levels of integrati®ections 4
and 5 describe the evaluation plan and a summafipdihgs — including two required “elected actieg.” Finally,
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Appendix A discusses compliance of the CTMC IntégraProject with the FHWA Final Rule for earmarked
projects of this type.

1B Local Evaluation - Reporting Requirements
The CDOT/FHWA Partnership Agreement requires thealdcvaluation Report (LER) encompass at a minimum
the following discussions:

¢ Description of the work completed;

*  Assessment of how well the project met goals arjeatibes;
. Summary of lessons learned; and

e Technical and institutional issues encountered.

ITS project evaluation guidelines prepared by tinitedl States Department of Transportation (USD@®uire two
of six additional “elective” evaluation activitid®e undertaken as part of the LER. Each of thediglements are
identified and included in this report.

1C Abbreviations
Abbreviations are used throughout this documeratbld 1 provides a list of these and their definitio

Table 1 - Abbreviations

ABBREVIATION DEFINITION

AA Application Area (for ITS Standards)
ATIS, ATMS Advanced Traveler Information System, Advan€eaffic Management System
ATR Automated Traffic Recorder (Count Station)
AVI Automated Vehicle Identification
AVDS; AVSS Advanced Vehicle Detection Systerdyanced Vehicle Safety Systems
C2C, C2F, CavIT Center-to-Center, Center-to-Field, Center-tdveke/Traveler
CAD; CCIC Computer Aided Dispatch; Colorador@inal Information Computer
CCTV Closed Circuit Television
CDOT Colorado Department of Transportation
CDMA; CDPD Code Division Multiple Access; Cellular Digitehcket Data
CEl Centennial Engineering, Inc. (Systems Manpg
Co-Trip CDOT Road/Weather/Incident Information web site
CORBA Common Object Request Broker Architecture
CP Courtesy Patrol
CSP Colorado State Patrol
CSTOC Colorado Springs Traffic Operations Center
CTMC Colorado Transportation Management Cef@8OT current statewide ITS facility in Golden)
CTMS Colorado Transportation Management System (‘heffej of statewide ITS projects)
DATEX Data Exchange
DMS Dynamic Message Sign (also VMS — Variable Mgesaign)
DRCOG Denver Regional Council of Governmenter(ier area MPO)
EJB Enterprise Java Beans
EJT Eisenhower Johnson Tunnel
ERTS En-Route Traffic Systems (Systems Integrator)
FHWA Federal Highway Administration
FY Fiscal Year
GUI Graphical User Interface
HAR Highway Advisory Radio
HLT Hanging Lake Tunnel
IMP Incident Management Program
IP Internet Protocol
ITOC Interim Traffic Operations Center (CDOT prewsatatewide facility in Lakewood)
ITS Intelligent Transportation Systems
J2EE Java 2 Enterprise Edition
LER Local Evaluation Report
M&O Management and Operation
MOE Measures of Effectiveness
MPO Metropolitan Planning Organization (DRCOG irdaround the Denver Area)
MVC Model View Controller
NITSA National ITS Architecture
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NTCIP National Transportation CommunicationsIfs Protocol
ORD Off Ramp Detector
PIO Public Information Officers (CTMC employges
RFP Request for Proposals
RITSA Regional ITS Architecture
RTD Regional Transportation District
RTMS Radar Detector
RUP Rational Unified Process
TMC; TOC Traffic Management Center; Traffic @gigons Center
uc Use Case
USDOT United States Department of Transpontatio
XML Extensible Markup Language

Section 2 provides more detailed project backgrdnfatmation.

2 Contexts and Background

CDOT has concluded or is continuing work on mudtigdrojects using federal ITS discretionary fundemp

matching state funds — all considered part of tte&e% Colorado Transportation Management SystemME)

Program. The first was the 1-25 Truck Safety Iny@ments in FY98, a project which is complete, enuassed
statewide deployment and integration; and builteaisting ITS systems and architectures. Anothemagk in

FYO00 was for Southeast Corridor and CTMS Integrate companion to the $1.67B Transportation Exmem§r -

REX) project along 1-25 in Denver. There were 601 earmarks — the first for this project and eosel for 1-70
West Integration (also known as “Trip-70” to CDO®&f§). The latter deployed devices, wire-line anmileless
communications infrastructure and developed postioha speed and travel time subsystem for the m@Qntain
corridor. The fifth and sixth were combined int@iagle project to install a fiber optic backbormrmunications
system and limited ITS infrastructure along I-703tyevhile the seventh installs ramp meters at setelocations —
also along I-70 West. Table 2 lists the federaliymarked projects. Status of the Local Evalua®eport (LER) is
listed for each.

Table 2 — Earmarked ITS Projects in Colorado

NAME [STATUS] PRIMARY WORK AREAS

FY98 | I-25 Truck Safety Improvement | $11,250,0C [ POE automation; operations; web; ATR; DMS; H. [R;
[COMPLETE; LER 12/2004] integration; communications; speed maps; € fent

management; road/weather; kiosks

FYO0 | SEC and CTMS Integration $3,940,688| Agency, transit, public safety integnatiiow and high-spee“i
[COMPLETE; LER late 2007] communications; road/weather

FYO1 | I-70 West Integration (“Trip-70” | $1,191,73: | Speed subsystem; web upgrades and road/w father
[COMPLETE; LER 6/2006] integration; communications; C2C with EJT/HLT

FY0O1l [ CTMC Integration $6,753,160 New command and control software; equipnt
[COMPLETE; LER attached] upgrades; support for CTMC relocation

FY03-0 | I-70 West Corridor Mgmt. | $11,760,0C | Fiber installation from Denver to Frisco; POE auétion

[COMPLETE; LER 11/2006] Beaver Tail Tunnel localized ATMS

FYO05 | 1-70 West Corridor Mgmt. Il $2,500,000| Field deployment including ramp metérsritical locations;
[COMPLETE; LER by others] travel time sensors in existing gaps
CTMS Earmark Total* $37,395,58

* CDOT total ITS program expenditures exceed thalsoshown. Additional investment of State andaLégency funding outside of these
earmarked projects does not appear in Table 2.

As described, the focus of the work under this eakmvas in two areas — supporting CDOT'’s relocatma new
management and control facility; and supporting 3Qdevelopment efforts for a new Advanced Trantgimn
Management System / Advanced Traveler Informatigste®n (ATMS/ATIS) umbrella software system to mawnag
ITS operations statewide.

2A Late 1990’s ITS Configuration

Before 2001, earlier earmarked projects and otaderflly-funded, state-funded, and privately-fund@tatives
allowed CDOT to establish initial data exchangehvaélected (priority) transportation managementersracross
Colorado. Thus, the configuration of the statewsgistem in 2001 was generally as depicted in ExHibi The
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ITOC (referred to in the Exhibit as the CTMC), wiasked to CDOT tunnel control centers at the Eisemér
Johnson Tunnel (EJT) and Hanging Lake Tunnel (H&lohg I-70; as well as to the City of Colorado 8ps via a
combination of microwave (pre-2000) and T-1 commations (after 2000). Data exchange in and ardhed
Denver area was facilitated by installation of @kimne fiber optic ring, constructed by one of CD©OTShared
Resources” private partners. In exchange for actesertain portions of State highway rights-ofsn@DOT was
provided with long-term use of portions of the Hamke. Those public agencies and CDOT facilitiesiédiately
along the fiber alignment were connected at tima¢ ti Thus, the Regional Transportation District (R Tthe City &
County of Denver, and the City of Lakewood weret parthe original Denver-area ring; which also imdd
connection to CDOT Headquarters, CDOT Region 6, tavml CDOT nodes controlling operation of the High
Occupancy Vehicle (HOV) lanes along I-25 and US-36.

i Through day-to-day practice at the time, CDOT began
(25200 wm ) to see the potential efficiencies of exchanging
SHOOELS i . . . . . .
P = transportation and incident information with agency
(T 7 mrsam ) =) partners and the general public; but also the ftsrf
e ez & il AN using the CTMC, Colorado Springs and HLT facilities
S I . as the framework for the long-term statewide ITS.
T Cma{emcns) Later Shared Resources projects eventually linked t
'(--_{'_ b CTMC with Colorado Springs via fiber optics along |
- 25; and the CTMC with the Kansas State Line vif.-7

Finally, the FY98, FY00 and FY03-04 Earmarks
helped extend and enhance the Denver area fibgr rin
and also constructed a new fiber backbone on |-€&t w

¥ of Denver. The latter project extends to Frisdwst
&

although it does not yet extend to HLT, the EJT has

been physically linked with the CTMC at present.
Exhibit 4 — Pre-Project Statewide ITS Framework

2B CDOT Vision for Statewide System

CDOT'’s long-term vision for statewide ITS deployrhém Colorado includes use of a three-tiered contnand

control architecture in a “hub and spoke” configima as shown in Exhibit 5. The first tier incliedeenter-to-
center (C2C) interfaces and/or integration for meEuents ranging from simple data exchange to apterability

with other regional nodes. The second providesilainfunction, but at theregional level, between the
major/regional node and local agencies. The tiérds the center to field (C2F) level.

The top tier is therefore thetatewidelevel, and is proposed to ultimately include thfeansportation Management
Centers — the CTMC, the Hanging Lake Tunnel (HL®Bntol Center and the Colorado Springs Traffic @gens
Center (CSTOC) — to form the three-hub system degécted in red.

The CTMC would retain its role as the overall statie center but ultimately distribute geographindtionality to
HLT and CSTOC, which would serve as statewide léwdls for distribution of data and function in thewvn areas.
Each of the three centers will serve as a hub resple for collecting and disseminating statewidel aegional
information to about one-third of the State with T@EC responsible for southeast Colorado; HLT for tess
Colorado; and CTMC for central, eastern and nogh€mlorado in addition to its statewide missionttaes focal
point for statewide traveler information dissemioat In the long-term, CDOT would like to achieve
interoperability between the three centers via @gpkent of the same software or extremely powerdukls of
systems integration. In the short-term, CDOT igking in this direction through the provision ofnfttional
interfaces allowing data exchange.

The second level is theegional level and is best visualized as one of the thitag™ facilities and its “spoke”
connections to the control centers of other paragemcies in its sphere of influence. The purpdshis level of
control is information exchange on a regional, eatthan statewide scale. For example, the CTM@axentral
area node has already established limited infoomagxchange with other local control centers inicigdDenver,
Lakewood, RTD, Englewood and other transportat@riprcement and emergency response entities. 1Gesueh
as these compile transportation data in theirgict®on which can be packaged and sent to the CTMC.

10
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Many such hub-agency links have been implemented time, and long-term regional interoperabilitylvikely
be pursued with several partners, although intenkvels of integration would not be needed orredswith all.
Prior to pursuing longer-term interoperability wihecific regional partners, CDOT will establisitial functional
interfaces to allow data exchange — mostly for @igeages.

The third tier is thdocal level and refers to the communications betweenwagd TS devices and the individual
centers. Both regional and statewide hubs willsptally connect to field devices.

The CTMC and the ATMS/ATIS software provide twotbfee elements critical to the ITS framework neetted
allow CDOT to migrate toward its long-term visioff.he third element is communications, and althoogha key
aspect of this project, CDOT |

has made considerable o

progress in this area through P

the construction of portions o

of a statewide high-speed

network. For example, a B

high-speed fiber ring is in =~ - —— ) -
place in the Denver area;'sm——S ===, W i M b CIMC s — o
with high-speed fiber = E-_J(:“\..'.'.' = ™
“spokes” installed from the \ e Mstey r\-é“{-_';:}
CTMC south along [-25 L N T = o
through Colorado Springs to o T =

Pueblo; east along I-70 to e ~ I

Kansas and west along 1-70 “: -

to Frisco. An extension of D

the latter line to Vail is e

under design; as is a new s

backbone along [-25 north

from Denver through Fort {f;“}

Collins to Cheyenne, WY. —

Exhibit 5 — Future Statewide Network Configuration

2C New CTMC

CDOT's vision for the statewide system was devedbjpethe 1990’s. Because the key element of ther@do ITS
framework was the new CTMC as the primary geogaphd functional node; CDOT had long recognizednied
for a new facility to accommodate its envisioneaffscomputing and communication resources. The @G&MC is
therefore the culmination of years of effort datinogColorado’s first ITS studies in 1991.

Need for this facility was identified as early &93, when the CDOT ITS Branch was first formed acbtwo State
employees. Shortly thereafter, the ITOC was eistaddl, initially housed in a few successive onet awo-room
office locations near CDOT Headquarters in southBasver. In 1995, the facility was moved to itatérim”
Lakewood location, where it shared part of an effioor with the dispatch unit of the Colorado 8tRiatrol (CSP).
In parallel and also at approximately the same tithe Colorado Transportation Commission estahdishesub-
committee to guide development of the ITS Branch jpolicy level and to plan for a new, future CTN&Cility.

As agency and public demand for additional travétdormation and management increased in the mitht®
1990's, so did the number of ITS field devices &mtttions supported, operated and maintained byTtBeBranch.
As a result, the number of ITS Branch and conteagployees also grew.

Due to limitations on available floor space at tlaxewood facility — which was only 3,340 SF — CD@@s forced
to split ITS Branch forces into planning and opiers categories and assign personnel in theseifedatiens into
separate office spaces. Thus, ITS planning peedamit deemed critical to day-to-day operationssiuis of the
ITOC were housed in an additional 3,000 SF in s@ehver, about 12 miles away.

By the late 1990’s, the ITOC had developed into4ér Xacility, with the operations arm typically & by
operators and Public Information Officers (PIO).rinRary operator activities included incident managet
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coordination; dispatching courtesy patrols; andatingg DMS based on input from PIO or external gowent or
enforcement agencies, typically CDOT Maintenancelofado State Patrol, or the Denver Police Departme
Primary PIO activities included monitoring curreinditions; updating the road report system (vieomated fax
and emerging Internet technologies); and respontirigquiries from the media (radio, televisionywspapers, etc.)
and the public, including commercial truckers.

Exhibit 6 — CTMC Operations Room (October 2007)

The ITOC included separate work environments foe@rs and PIO, although the work stations weosecl
enough to allow coordinated activities between eéhpsrsonnel during major incidents or weather ever@ver
time, the ITOC lost its “interim” label, remainirag the Lakewood site until late 2005.

Prior to 2003, CDOT had been unable to identify aadure State funds to construct a new buildinnodify an
existing facility to house the CTMC. This situatiehanged in 2003, when the project became ecoadiynic
feasible as part of a large-scale consolidationratatation of CDOT employees in the Denver aréaus, CDOT
made the determination that the CTMC would be canstd as part of a rehabilitated building in Goldleat would
also house personnel from the CDOT Regions in aragp part of the same building.

2D New ATMS/ATIS Software

This subsection describes CDOT'’s vision and intemtthe new ATMS/ATIS software package. A detailed
description of specific elements actually deployedhis project appears in other sections of tliswinent. The
ATMS/ATIS is envisioned as an umbrella managemeontrol and operating system enabling the multiple
functions provided by the CTMC to be accomplisheugh a single, integrated software platform argkb@of
common user interfaces. Through the first fewaliens (the nomenclature for the phases of ATMSEATI
implementation), the new system is already yieldsgnificantly more powerful levels of automatiogreater
operator efficiencies; more accurate and timelgrimiation for CDOT use and quicker disseminatioth general
public; and a better mechanism from which to link dand integrate with the control systems of partner
transportation, enforcement and emergency respageacies, and other ITS stakeholders. The imptiakes of the
new ATMS/ATIS have already proven to be a vast oupment over the non-integrated, disparate systemkace
before the project.

Generally, the ATMS/ATIS can be thought of as samiio personal computer program managers such adows

Min which a single piece of master or umbrella wafe provides security and organizes files, programd
applications — allowing user access to all funditire work station can accomplish through one piddetegrated
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software. The ATMS/ATIS provides these adminisbatfunctions and takes the concept further by gliog
additional computing power, data manipulation aadgfer and common user interfaces under the utabrel

The new software is providing considerable benéfitsCDOT ITS Operations staff and PIO by allowisgstem
access via common interfaces without requiring fstaf change workstations or software; facilitating
communications and data exchange with outside mgstend automating many of the functions previously
accomplished manually. The ATMS/ATIS ultimatelyloals much more cohesive, efficient and coordinated
management of the CTMC. Prior to this project,ititernal ITS functions provided by the CTMC arsldperators
were for the most part not integrated. Becaudghisf operators and PIO were regularly requirethéwe from one
desk-top computer to the next or one software mgeka the next in the course of their day-to-dagiedu In
addition, several of these functions were not pmasly automated and required significant levelsmérator input

or intervention to achieve the desired results.

The intent of this deployment has always been tm@plish the system build-out in phases. Thisrisarily due

to insufficient funding available to construct tbemplete build-out system at one time — but alstabse CDOT's

experience has shown that smaller 6-9 month depaympackages seem to allow for the most efficiewt lagical

software development and deployment. Thereforéheaproject outset, CDOT determined it would bstlserved

by identifying the high level “look and feel” of ehultimate ATMS/ATIS; and then developing an impémation

plan to deploy the highest priority system elemdimtd. To that end, the first step in the proceessisted of a

workshop to begin . R

planning efforts for the _a” f i _

ATMSJ/ATIS. Objectives o e A

of that activity were to: 1] ¢ G Y Y

document functions " s = B ;

currently (at that time) ; ; : HtGH

accomplished by the — ; k

ITOC; and 2] to document F HEXTERRAL

immediate, intermediate ; \

and future needs of the - . AR

system — in effect -.sﬁﬁéﬂc il

describing the build-out LDW P

condition. = pEYSTEM G
fr_u:,ﬁ.?.m:s__::_r

Exhibit 7 graphically

represents the results of

these early workshops. _ ' -

At the time, system : i

elements shown in red in O o

the exhibit were identified '

to be high priorities; those s w MEDIUM

in yellow to be medium N ROADmsd SraTiw

WEATHER

priorities; and those in Hhonle THERMG

green to be the lowest or - Wrrhs

longest-term priorities. [
Exhibit 7 — ATMS/ATIS Priorities (2002 Version)

The “core” portion of the ultimate ATMS/ATIS waseidtified as the highest priority — thus those podi of the
system related to day-to-day activities like loggin and out, security, passwords, adding new useesting a
graphical user interface, viewing alarms, and savere identified to be the highest of the “highiqgpities, along
with the command, control, library and other suppeoodules addressing DMS.

Portions of the “core” determined to be less imaotrt(for example, management and archiving of dete

planned to be deferred until Iteration 2 (or lgtbases), along with drivers and related modulesesdihg speed
and travel time — which was deemed to be the nestity.
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Section 3 provides more detail about project mamage configuration, institutional involvement, taskder
breakdown and work descriptions and levels andstgféntegration.

3 Project Detail

Just prior to 2001, CDOT and its previous Systemisgrator (“Integrator”) made a mutual decisiordiscontinue
their contact. For a few years thereafter, moghefongoing ITS work previously assigned to thiedrator was
instead completed by CDOT’s Program/Systems Mangfdanager”), CDOT’s ITS Operations Contractor,
CDOT’s ITS Maintenance Contractor, or CDOT emplayee

At the outset of this project, CDOT recognized duld need the expertise and services of a new ratigto take
the lead role in software development for the ATMBS. Thus, one of the early action items follogiaward of
the funds for this contract was a Request for Psap(RFP) process to procure these services. @Wwelmtegrator
thus became the primary agent in the developmetiteoATMS/ATIS, with support services provided aguired
by the other referenced parties.

3A Project Management
CDOT and its partners formed a team for the CTMt@dration Project in a similar configuration to tthised in
previous Colorado ITS activities.

In addition to CDOT and participating agencies; tleployment team included the participation of fibkowing
private sector groups: 1] the Integrator; 2] thenbliger; 3] the Operations Contractor; and 4] thenitésiance
Contractor.

Within the CDOT ITS program, the Integrator’s rglenerally encompasses design and constructionugmoent,

software development and integration. The Managevides technical oversight, completes portionsealécted
task orders, and otherwise assists CDOT with coatifig, managing and reporting aspects of the progr
including evaluation, as well as other administatduties. The Operations Contractor providedistafor the

CTMC control center as well as other technicalfstdthe Maintenance Contractor’s role is self-expl@ry. Table
3 identifies the project management team most tyrdavolved with day-to-day CTMC Integration Proje
activities.

Table 3 — CTMC Integration Project Management Team
| ORGANIZATION & ROLE NAME PHONE |

FHWA Oversight and Management Rick Santos 720-96303
CDOT ITS Branch Manager Ken DePinto 303-512-5820
CDOT Project Manager 2001-2005 Frank Kinder** 3(BFP428
CDOT Task Leader New CTMC / Project Manager 200&sE John Nelson 303-512-5838
CDOT Task Leader Communications and C2C Bob Wycoff* n/a
CDOT Task Leader ATMS/ATIS Development and Inteigral John Williams 303-512-5823
CDOT Task Leader Operations Rod Mead 303-512-5822
Network Design and Deployment — Centennial Engingaxr Bill Kascek 303-512-5839
Assistant Project Manager — Frankie Friend & Assiosim Cary Weiss 303-512-5853
ITS Maintenance — EnRoute Traffic Systams Lee Novotny 303-356-8009
Software Development Task Leader — EnRoute Tr&fjistema Pawan Kharbanda 303-478-2991
Program/Systems Manager — Centennial Enginedring Steve Sabinash 720-279-7250

* Deceased
** No longer with CDOT ITS Branch

mintegrator and Maintenance Contractor was EnRout&fic Systems, Inc. (ERTS)

mmOperations Contractor was Frankie Friend & Assoemt
A Program/System Manager was Centennial Engineefirg,

CDOT determined the Manager would continue to mleviechnical and administrative assistance durmg t
project in part, by developing scopes of work,reates and schedules for each task order. Theserexdewed by
a committee of CDOT, FHWA, the Integrator, and @gerations and Maintenance Contractors as appéicalsl
well as affected local agencies. Upon approvahieyreferenced parties, individual task orders vaetevated.
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CDOT worked closely with internal and external staddders and partners throughout the CTMC Projedtheugh
perhaps to a lesser extent than other earmarkgtsojieie to the somewhat “internal” and CDOT-speaifature of
the work required under this earmark. Table 4 lisbse stakeholders involved at least sporaditialbughout the

development of the project.

Table 4 — CTMC Integration Project Stakeholders

ORGANIZATION NAME PHONE
CDOT Executive Director / Chief Engineer’s Offices Peggy Catlin 303-757-9203
CDOT Region 1 — Traffic & Safety Office Ken DePinto 303-757-9122
CDOT Region 3 — Traffic & Safety Office Jim Nall 970-248-7213
CDOT Region 6 — Traffic & Safety Office Ali Imansap** 303-757-9511
City of Colorado Springs John Merritt 719-661-6214
Colorado State Patrol — Lakewood Office — Dispatch Capt. Chris Meredith 303-239-4501
Denver (City & County) — Police Department Ed Connors 303-640-2011
Denver (City & County) — Transportation Operations Matt Wager 720-865-4061
Denver International Airport Rick Busch 303-342-2200
Denver Regional Council of Governments Steve Rudy 03-8380-6747
City of Lakewood Dave Baskett 303-987-7980
Regional Transportation District Dave Shelley 303-299-2408
T-REX Project (CDOT Representative) Gary Gonzales 303-357-8575

*now ITS Branch Manager
**now with CDOT ITS Branch

As applicable, project stakeholders were involvedll phases of work related to their jurisdictiomsareas of

interest. Such involvement began during scopind eontinued throughout the work.

institutional involvement and related issues isviated later in this document.

3C Task Order Breakdown and Work Descriptions

Further discussiod

CDOT and FHWA began scope negotiation following vaThe project was originally configured to ind&ufour
(4) task orders as described in the funding apiticaand Partnership Agreement. CTMC Integrationjétt task
orders are briefly highlighted in Table 5. Projkaids allocated to each and a brief work desanipéire included in
the Table. Detailed descriptions follow.

Table 5 — CTMC Integration Project Task Order Ovéw

| NO TASK ORDER NAME VALUE BRIEF DESCRIPTION |
1 | New CTMC Facility $1,503,050 | Funds devoted to the new CTMC building

2 | ATMS/ATIS Hardware, Firmware, $1,031,890 Primarily those items “supporting” ATMSIS
Database and Operating Systems software development — servers, training, etc.

3 | ATMS/ATIS Software Integration $2,961,415 | Primarily ATMS/ATIS software development

4 | ATMS/ATIS General Integration $1,256,804 PrimaAITMS/ATIS software development
TOTAL $6,753,160

The CTMC Integration Project task orders continaed in some cases culminated efforts started madiee
through several state- and federally funded prsjentluding Colorado’s 1997 Revised Model Deployimen
Initiative and the FY98 and FYO1 (Trip-70) earmark$he two “products” of the CTMC Integration Prcie-
namely the new CTMC and the new ATMS/ATIS, werehbyetars in the making. Initial planning work ftietnew
CTMC began in 1992. Similar planning efforts foe tATMS/ATIS started in earnest in 1995.

Due the number of active ITS projects in Colorago2601, CTMC Integration Project activities oveped and
supported parallel efforts already underway in ofitejects. For example, the function and architecof CDOT'’s
speed and travel time subsystem was developed ¢dtinie Trip-70 project — while CDOT was investiggtin
alternatives to vehicle probes along the I-70 maintorridor. The Trip-70 project then funded amstalled the
speed sampling units (primarily radar detectors) toll tag readers used to obtain the surveillatiata used as
inputs for that subsystem. The FY03-04 combineadhask funded installation of a fiber optic backbareng 1-70
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— ultimately used to bring the 1-70 speed and tréwee data back to the CTMC. Finally, the CTMQédgration
Project funded the development of the system “logind software during ATMS/ATIS Iterations 2 and 3.
Eventually, additional State funds were used tovide the field trials, testing and before/afterdstis needed to
successfully debug and fine tune the overall subgsys

3C.1 Task Order 1; New CTMC

This task order was used to help plan and supper€DOT ITS Branch’s move to the new CTMC in |ad®2. As
described, the new CTMC was warranted for two nesisb] to provide adequate floor space to house TD@ay-
to-day statewide transportation management anceleavunformation dissemination operations; and @]atlow
consolidation of ITS Branch professional staff airagle location.

Work undertaken in Task Order 1 was split into ¢hseib-tasks as CDOT conducted detailed planning foon-

specific new site; identified the proposed locatiand then planned and designed in detail for the BTMC. A
brief overview of this work is provided in Table 6.

Table 6 — Task Order 1 Work Breakdown Summar
| # SUB-TASK VALUE WORK DESCRIPTION |

1A $137,000 2003 transition planning and gap aigly®n-specific new CTMC location

1B $140,050 2005 CTMC computer room transition, hardware, raoletwork, cabling, electrici
telephone, communications, miscellaneous desigstasse

1C $1,225,000 2005 new CTMC building project managet, design, coordination, inspection

All $1,503,050 Task Order 1 Totals

In 1994, CDOT established the Interim Traffic Opienas Center (ITOC) at 700 Kipling Street in Lakewo

Because the ITS Branch had only a few employees9B¥ and immediately thereafter, 700 Kipling senitsd
purpose well as the ITOC for many years. Gradu&OT's ITS Program slowly gained momentum andigire

function, budget and needed professional staffe futhe limited (3,340 SF) capacity of the 700 IKip offices,

CDOT was eventually forced to house about halfft& Branch staff in a second building about 12 mdgvay. At
that point, due to the need for ITS staff to warggdther, frequent and inefficient back-and-fortivél was required.
In addition, state and contract employees at 7@0ig were generally forced to share office spaith ane or two

other individuals. By the time the CTMC Integrati®roject funds were awarded, CDOT was clearlydadof

new building facilities to house ITS operations.

At the project outset, a new (second) Lakewoodfsite
the CTMC had been tentatively identified but had no
been approved by CDOT management. The first
portion of Task Order 1 funds were therefore broken
out into Task 1A to help CDOT develop a transition
plan and gap analysis for a move to a generic ilmeat
with the tentative site somewhat “in mind.” Thignk
consisted of the following three elements:

. Inventory and assessment of ITOC hardware,
communications, networks, functions, systems aherot
assets (see Exhibit 8);

¢ Definition and analysis of the desired future

K O environment; and

e  Strategic plan(s) required to achieve the latter.

Exhibit 8 — 700 Kipling Inventory Example — Rack &Vation

The product of Task 1A was a “Network Inventory akgbessment” report dated March 2003. Shortlyeihi¢er,
CDOT management determined not to further purseesttrcond Lakewood site due to its identificationaof
potential alternative site in Golden — which wagrgually selected as the location of the new CTMRws, the
asset inventory and transition activities undenta&e Task 1A were timely, and formed the basitHer2005 move
to the new Golden facility.
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Once CDOT made the determination to construct v @TMC at the Golden site, a number of design and
coordination activities were undertaken to prephecfacility for CDOT occupation. Remaining Taskdér 1 funds
were therefore divided as follows:

e Task 1B funds were used for design and coordinatissistance specific to the proposed computer r@inoiuding
electrical, cabling, hardware and structural eleisjerielephones, and various computers, servei;h®sg, routers, other
hardware components and network equipment througheufacility. Exhibits 9 and 10 depict the tgpaf design work
undertaken.

« Task 1C funds were used for design and construatiamagement assistance directly related to contruaf the building
facility. Task 1C funds were transferred directty the appropriate departments within CDOT at tirection of the
Executive Director. Generally, the funds supponpedject management, design reviews, design andtieation project
coordination, various logistics and planning atitdg, and construction management, materials teatiid inspection.

Rack N7E3 Rack N2E3

- FRONT

CTNC RACK ELEVATIONS [ Project o /cooe
Row 3

Exhibit 9 — Sample Rack Layout; New CTMC Exhibit 10 — Ethernet Layout; New CTMC

Task 1A and 1B work was completed by the Manageh assistance as required from CDOT staff, the ITS
Maintenance Contractor and the Integrator. Taskvb@ was completed by CDOT.

o,
5 g i‘lg._h_h-

Exhibit 11 — New CTMC Building; 425C Corporate Cike, Golden

3C.2 Task Orders 2, 3 and 4: New ATMS/ATIS

For convenience, Task Orders 2, 3 and 4 have bemined for discussion as a single work activiggecause
these three task orders were for hardware, softiméegration and “general” integration, work ofteverlapped the
complimentary areas and was at times difficult iffecentiate. For example, selected hardware peent took
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place under all three task orders; and developroetie ATMS/ATIS software was split between theethitask
orders as well. In addition, much of the projecswcompleted as a “design to cost” activity. Neetimre”
ATMS/ATIS features that could not be accommodateden a given software implementation phase (“liend}
were, with FHWA approval, deferred or completed emdnother Task Order. The eventual and approgimat
distribution of the cash portion of the projectvee¢n Task Orders 2, 3 and 4 is provided in Table 7.

Table 7 — Work Detail Task Orders 2-4
WORK ITEM / TASK ORDER

TASK ORDER 2 —
HARDWARE,
FIRMWARE,
DATABASE,
OPERATING

TASK ORDER  TASK ORDER
— ATMS/ATIS — ATMS/ATIS TOTAL
SOFTWARE GENERAL

INTEGRATION INTEGRATION

ACTIVITY

SYSTEMS

Integrator RFP Development - $65,000 $65,000
Architecture/Overall System Desiglh - $955,000 - $Ho60
[General] Test and Documentatio $405,852 - - $405,852
Iteration 1 - - $326,827 $326,827
Management/Administration

Iteration 1 Software Development - $1,112,914 - $1,112,914
Iteration 2 - - $211,181 $211,181
Management/Administration

Iteration 2 Software Development - $893,501 - $893,501
Iteration 3 All Tasks (Partial) - - $472,313 $47233
[General] Network Administration - - $69,476 $69,476
[General] Software Coding | - - $62,900 $62,900
[General] Software Coding Il - - $49,108 $49,108
Video Wall $346,932 - - $346,932
Miscellaneous Items |* $155,998 - - $155,998
Miscellaneous Items [I** $121,306 - - $121,306
Total Project Investment $1,031,890 $2,961,415 $1,256,805 $5,250,110

* miscellaneous items include (among others) ddfghelf software; leased (Oracle) software; sofevdicenses; office supplies; safety
materials; operator and/or PIO workstations; othtechnical support and training.

** miscellaneous items include (among others) Cisonsoles; DigiPort server; Smart Array; VM Waredks and reference materials; flat
panel monitor(s); ArcIMS; laptops; Legato trainingava software and training

The CTMC Integration Project essentially provideshstruction of the first three Iterations — or duihases — of
the ATMS/ATIS. Additional Colorado funds not listdn Table 7 were also contributed toward the syste
development effort. For example, the table doddistoadditional State funds that were allocatedtération 3 and
Iteration 4 (the latter is not part of this projector Colorado’s purchase and implementation efRiational Unified
Process (RUP) Suite Product Family, used to frantkguide the ATMS/ATIS software development andesys
engineering effort.

3C.2.1 Task Orders 2, 3 and 4: ATMS/ATIS System Overview

CDOT began planning the new ATMS/ATIS in the 1a89Q’s well before the start of this earmark butedeated
such efforts following award. Early, high-levelaphing activities identified those elements of KIEMS/ATIS

envisioned to be critical pieces of the long-testatewide transportation system. As the look @ad éf the build-
out ATMS/ATIS began to emerge, CDOT was able toudwent its priorities in a Top Level Iteration Plahe
purpose of which was to organize the proposed eitsria order of importance; and then further grthgse into
deployments of deliverable components.

A list of the prioritized functional componentstbie ATMS/ATIS is provided in Appendix B. Generalljeration
1 built a substantial portion of the system “coeeid also developed the DMS functional module, whics
determined by CDOT to be the highest system pyiorithus, Iteration 1 included (but was not limited software
development including the following items:

¢ Login and logout.

« Manage, edit and add system users.
¢ Change passwords.
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¢ Navigate desktop and search map.
«  Find, control, view, clear, add, manage, configueejove DMS.
« DMS message library, spell check, banned word<tdirg.
e Test and poll DMS.
e Configure communications pool and port;
¢ View and add alarms.
¢ Log and view user activity.

Iteration 2 completed selected elements of the eme DMS modules; but the major component of theose
Iteration was the development of the speed ancbltithime subsystem. Iteration 2 included (but waslimited to)
software development in the following areas.

. Enhance DMS polling, clear, test, configure.

¢ Add new/additional alarms.

«  Enhance login, navigate desktop.

¢ View snapshot, routes, segments.

« Add, view, configure, remove and poll radar detecto

e Add, view, configure, remove and poll toll tag rea@AVI reader).
e Add, view, configure, remove and poll ramp meter.

¢ Add or edit communications pools and ports.

¢ Post trip travel time on DMS.

*« Manage, edit “intelligent tasks” (e.g. calculatioispeed and travel time).
e Get device (radar detector, toll tag reader, rarafen data.

e Process data.

¢ Calculate segment speed, congestion, travel time.

« Manage, publish, archive data.

¢  Create, publish, view reports.

Exhibit 12 — CTMC Control Room

Finally, Iteration 3 increased the functionality thie existing system pieces and modules and aduzdnmental
system functions and capabilities. Iteration 3luded (but was not limited to) software developmentthe
following areas.

¢ Enhance login, logout.

e Manage “events.”

¢ Add event timeline(s) and logs.

«  Enhance navigation of workspace.
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Add, view and search project (i.e. road closurehis example).
View, fax and e-mail reports.

Add, view, search and edit Courtesy Patrol incidemtd reports.
Add, configure, remove off-ramp detector.

Control blank-out sign.

View camera tour.

oooooo%
5

Generally, new hardware that was needed was pwdhasthe Integrator, who was also responsiblesfitisequent
installation and testing. Software development amggration work was completed by the Integratdthw
assistance and significant coordination as requirath CDOT staff, and minor coordination as reqdifeom the
Manager and the ITS operations contractor.

The Integrator is continuing its work in Iteratidnwhich is further enhancing previous functioraénd providing
new modules and subsystems. These latest effertseéng provided using State funds.

Brief overviews of the DMS subsystem (Iteration2)land the Speed and Travel Time subsystems (tinga2-3)
are provided in the following sections.

3C.2.2 DMS Subsystem
In addition to constructing the “core” of the ATMSIIS, the first two Iterations developed the DMSysystem.
Essentially, this software provided CDOT with tlldwing features or capabilities:

«  Operator control of DMS (sign on/off and displayneéssages) via single user interface;

« Line and/or character matrix at deployment (fulltrixato be provided in the future);

«  Multiple panels (up to three) in a single messagkfiashing capability;

«  Selection of upper/lower case letters and punauoati

¢ Adjustment and selection of fonts;

« Left, center and right justification of messages;

« Sign response plans based on operator input (gagn w sequences);

e Communications with NTCIP- and non-NTCIP-compliaiyns;

« Alarms for communications and device failures;

e Test messaging;

*«  Message library;

¢ Spell checker;

*  “Not allowed” words list;

e Call multiple signs simultaneously;

e Tabulation and logging of maintenance data;

«  User-requested timer option with pop-up displayretmind operator that allowed time has expired;

¢ Sign diagnostics provided for maintenance personnel

« DMS status reporting for DMS capable of providingls information;

« Display current messages and device status on GUI;

« Display device locations by icon on the appropriate layers;

«  Priority/protocol lists for DMS access/control biffekent level of user;

¢ Deliver DMS data to ATMS/ATIS database for web pedttion;

«  Configuration of existing/new signs to include coumitation type, polling rate, modem selection, sizember of text
lines, number of pixels and so on; and

«  Store 3 months of operations logs.

3C.2.3 Speed/Travel Time Subsystem

In addition to continuing the construction of th&@MS/ATIS “core” and enhancing the previous DMS mieduy
Iteration 2 and 3 developed a new speed and ttamelsubsystem. Essentially, this software pradi@®OT with
the following features or capabilities:

«  Select and pull common/required data from multipfges of count stations and surveillance devidgak simultaneously
to multiple devices that will provide informatiomelding speeds or leading to the development ektrime information.

e Select and pull common data for speed algorithn@GDOT and the Integrator investigated, selected @eployed the
Virginia Tech algorithm used for such applications.
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« Get volume and occupancy data as available fronoated Traffic Recorders (ATR), off ramp detect@@RD) and
CDOT's existing Ramp Metering System;
¢« Get speed and volume data as available from sidd-fadar (RTMS) surveillance devices
e Get volume data from toll-tag reading devices (A¥4ders);
. Integrate traffic data into Oracle database;
« Use data to calculate estimates of congestionidmrsegment speeds and estimate travel times;
« Internal data flows provided as required betwednraodules to support travel time algorithm;
«  Operator capability to request travel times basedaltiple and configurable points/cities of orifglastination;
« Data used to generate/support speed maps usimgbkfj configurable segments;
« Display speed and travel time data to operatoréi® make available for Co-Trip website;
. Make travel time data available for DMS and posihsdata in the field;
. Manage, add, configure, view, remove ATR, ORD, rangters, RTMS and AVI readers;
« Archive, manage and publish data; and
¢  Create, publish and view reports.

Exhibit 13 shows graphical representation of a ¢éshe travel time subsystem between two sampiivigts along
a Denver-area highway. Note the significant insegia travel time during the PM Peak.
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Exhibit 13 — Travel Time Subsystem Test Using A\é&lers

3D Levels and Types of Integration

That portion of the CTMC Integration Project addieg the new building was not intended as an iatgn
activity — however, development of the first thriterations of the ATMS/ATIS addressed CDOT systems
integration on a “global” scale at three levelss{$tem-wide; 2] at the subsystem level; and 3hatcenter-to-field
(C2F) level.

«  System-Wide Development of the “core” of the ATMS/ATIS inetations 1 and 2 created the framework for CDOT's
future statewide ITS. Basic structures and fumgiocluding architecture; administration; loggimgand out; security;
alarms; basic system navigation; mapping, dispéa interfaces; and so on are critical buildingck$ofor a successful
system.

¢ Subsystem LevelAt the subsystem level, CDOT constructed conepfaiew subsystems to manage both DMS and the new
Speed and Travel Time modules. Both were devel@sethtegral parts of the emerging core ATMS/ATI®I gielded
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significant device management and time saving imgments for CTMC operators and PIO. New subsysteitisoe

developed in Iterations 4 and beyond as fundingimes available.

e C2F Level Finally, CDOT developed new C2F integration dalities by establishing ATMS/ATIS functionality i
DMS, ATR, ramp meters, radar detectors and AVI eesd CDOT is now able to (among other functiordy), alelete,
configure, poll and collect data from these devi@swell as communicating with multiple devicesugitaneously. As
CDOT continues to build the ATMS/ATIS through Itéoa 4 and beyond, additional device modules wélideveloped and

brought on line.

Section 4 describes the evaluation plan for thgeptpincluding goals and objectives, hypothesesasures of

effectiveness, and a description of the additiefedtive activities.

4 Evaluation Plan

As described in the Local Evaluation Reporting Resmments, the following measures, where applicaate to be

guantitatively assessed as part of this report:

¢ Reduction of crashes;

¢ Reduction of fatalities;

¢ Increased throughput — people and goods;

¢ Reduction of congestion-related delay;

. Improved customer satisfaction;

e Savings in cost to the public and private sectams
¢ Energy and emissions impacts.

Technical levels of success for ITS initiatives difficult to quantify — especially for projectké this, which have
large integration components (including a new bng)l but little physical field deployment. This liecause there
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Exhibit 14 — Test Screen; DMS/Travel Time Subsystmtegration

is no proven algorithm to relate
items like crash reduction or
emissions to ITS software

development, or an activity such as
ITS communications enhancement.
FHWA continues to collect data
toward identifying correlations

between ITS elements and “hard”
measures of effectiveness (MOE),
but significant work remains to be
done.

Proven algorithms to relate MOE
to ITS integration are unavailable
and qualitative measures easier to
identify.  Because most of the
CTMC Integration Project relates
to software development, this
project is yet another that will not
directly yield hard MOE in the
desired categories.

Primary CDOT goals for the CTMC Integration Projegéere: 1] that CDOT address deficiencies in ITS
infrastructure, integration, communications andrapeg systems and; 2] that the project be perceagea “success
story” to help continue building support and momemtfor the Colorado ITS Program. Considering thigjectivity
inherent in evaluating ITS projects, and givendbsire for a “success story,” CDOT determined ataty stage to
take an institutional approach to local evaluatidn.addition to the technical evaluation — meadurg enhanced
capabilities such as systems integration and ingmdater-agency data exchange; the evaluation \asted to

22



CTMC Integration Project (FYO1 Earmark) ITc
Local Evaluation Report o

CDOT
investigate managerial and administrative perfogean In addition, two elective activities are paift the
evaluation, discussed in a later Section.

4A Goals and Objectives
In parallel with this project, CDOT continued onggistrategic planning for statewide deploymentT®.l As part
of that activity, broad goals have been identifiedthe Colorado ITS Program. These include:

¢ Improve productivity. Maximize productivity of the transportation st by using ITS to increase throughput of
passengers and vehicles — effectively increasipgaity. Use ITS to manage and fine tune systematipe in response to
demand and in the event of incidents that interngptal operations.

* Increase mobility Provide travel choices and increase efficiengyabcess to comprehensive, reliable, timely travele
information. Allow travelers to make informed d&ons about their trip prior to and during travénable travelers and
businesses to efficiently choose mode and routedbas near real-time data. This spreads volumedset modes and over
time, reduces costs of doing business and enhajedisy of life.

¢ Increase safety.Enable faster response to incidents and redugdents by active management. Secondary beneéts a
realized from broadcasting alternate routes allgwiavelers to avoid incidents and congestion aitarnates developed as
part of IMP. ITS technologies enhance public salfist monitoring operations, managing traffic afestby special events,
and providing travel related weather advisories.

« Enhance inter-modal connectivity and inter-jurigtbaal coordination Promote and support seamless inter-modal
transportation connectivity and Colorado ITS systenManage information as a resource that will enbanter-modal
connectivity between services of public and priea@sportation providers.

These goals frame development of an ATMS/ATIS thilaws integration and interface of existing legaaryd
future systems; one in which data is managed aasaat of value to system users and transportatioviders.
CDOT'’s role is to provide statewide leadership kgpldying enabling infrastructure, developing parshes,
establishing policies and procedures with stakedrsldo ensure integration and easy access to dath,by
advocating those ITS investments that have a stoosmess case.

CDOT'’s overall ITS program addresses all four @& gnogrammatic ITS goals in addition to other Highel goals
not listed herein. The CTMC Integration Projediny a subset of the former, directly supportedfolieth program
goal, and indirectly addressed the other areasimately, the CTMC Integration Project was devebbpéth two
specific goals in mind:

« Address Colorado ITS infrastructure deficiencies] a
e Create/build an ITS success story in Colorado.

Because the CDOT ITS strategic planning goals leaidoybe developed at the project outset, thesegtvads were
identified as appropriate targets for this worko that end, objectives were identified to help guittvelopment of
the CTMC Integration Project, including the follawgt

« Automate processes towards minimizing burdens ateStaff;

. Provide enhanced functionality;

. Improve the dissemination of traveler information;

¢ Enhance availability of data for partner agencies;

« Enhance existing corridor incident management dépies; and

« Improve amount, accuracy and timeliness of datadlmto and out of the system.

4B Hypotheses

Based on the listed goals and objectives, CDOT Idpee hypotheses upon which to build evaluatiothefCTMC
Integration Project. As might be expected, thesai$ tightly on elements of primary interest to CDSaff within
the ITS Branch. The hypotheses were as follows:

« Hypothesis 1At project conclusion, CDOT capabilities to catiecompile and disseminate traveler informaticatestide
will be enhanced.
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« Hypothesis 2 At project conclusion, CDOT will have maintaindflS partnerships with external agencies. CDOT

capabilities to exchange data with agency partwérde enhanced.

« Hypothesis 3At project conclusion, CDOT will have taken adtage of synergies created by the project as aysatialr
widespread ITS deployment through other projectsfanding sources, in effect using the CTMC IntéigraProject as a
springboard from which to promote ITS as a Color&adwmcess story.”

Evaluation is thus based on a combination of hegtell programmatic goals, as well as more microscgpals and
objectives identified for this project. Changeojerational factors such as delay reduction oren@nt of goods
are unavailable and are not the focus of the etialua

4C Measures of Effectiveness (MOE)
CDOT prepared a list of MOE based on the three thgses to judge success of the CTMC IntegratiofeBrérom
a system-wide perspective as well as at the mdedleid task order level. These were:

e Hypothesis 1 — Traveler InformatioiGoals addressed include: 1] improving infrasutetdeficiencies; 2] automating
processes; 3] enhancing functionality; 4] improvirayeler information dissemination; 5] improvingident management;
and 6] improving amount, accuracy and timelinesslath flows. Most CTMC Integration Project aciadt are in this
category through development of the ATMS/ATIS; andcomes are difficult to measure. In any casejept-specific
MOE include: 1] magnitude of the improvement; 2]ywhe improvement is important; 3] how the improesmenhanced
data quality or flow; and 4] how the improvemenhanced functionality. For integration and/or enteghsubsystem tasks,
MOE include: 1] functions provided; 2] purpose; @jdubsequent reduction in CTMC (or other publipéyee) operator
demands.

« Hypothesis 2 — Data Exchange and Partnersh@sals addressed include enhancing data avitiyatoit partners as well as
preserving existing partnerships. Measures inclddievhether existing partnerships were maintairgjdpumber of new
partnerships developed (if any); and 3] identifythg types of cooperation or data exchange achiet®@luation criteria
are subjective — such as quality and perceivedldes® cooperation, and potential for future exchamye to system
development; but are addressed nonetheless.

¢ Hypothesis 3 — IntangiblesGoals addressed include creating and/or buildmgT'S success story. MOE regarding whether
the CTMC Integration Project is a success storycar@itative and again subjective but primarilyatel to how well the
project met the goals and objectives outlined atpitoject outset.

4D Additional Elective Activities
CDOT determined the following two elective actigii(from the FHWA-suggested list for local evaloa}iwould
also be part of this report:

« Institutional issues associated with achieving @agtion among public sector agencies should be igealras well as
documentation of how these were overcome

« A brief “Lessons Learned” report should also be yided that describes the technical and institutidesues encountered
by CDOT during the project

Both elective activities coincide well with thetkat two project hypotheses identified previously ame described
in detail herein.

Section 5 describes the project outcome and firglimgluding the results of the additional electativities.

5 Evaluation Findings

CDOT believes the CTMC Integration Project has baesuccess. Goals and objectives were met or ssega
Deficiencies in ITS infrastructure, functionalitgutomation, information dissemination, data sharanmgd amount,
accuracy and timeliness of data were addresseé. piidject dovetailed with related activities butanimportantly
was an important building block and catalyst foe t@olorado ITS program. Momentum generated by the
earmarked ITS projects — including this one — Hesvad CDOT to develop order-of-magnitude improveisen
devices; data collection and dissemination; compaiiuns; interfaces with partners; and operatiomsintenance
and program management.
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The following sections illustrate how the CTMC Igtation Project met the established goals and tlhges;
discuss the task orders and overall project insesfiMOE, and identify institutional issues encauatl and lessons
learned (the latter representing the two additidel@lctive” evaluation activities).

5A CTMC Integration Project Outcome
A summary of how the project-specific goals andeotiyes were addressed by individual task ordetkimvihe
CTMC Integration Project are listed in Table 8.

Table 8 — Project Goals and Objectives Met By Té&xkler

New CTMC Facility

2 | ATMS/ATIS Hardware, Firmware, Database and Yes | Yes| Yes| Yeqd Yes Yep Ygs Ygs
Operating Systems

3 | ATMS/ATIS Software Integration Yes | Yes | Yes [ Yes | Yes | Yes [ Yes | Yes

4 | ATMS/ATIS General Integration Yes | Yes| Yes| Yes| Yeq Ye Yep  Ydis
OVERALL PROJECT Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes |

Table 8 Goals and Objectives List (from Section:4A)

A - Address ITS infrastructure deficiencies.

B - Create an ITS “success story” in Colorado.

C - Automate processes to minimize burdens on stgiartner agency employees.

D - Provide enhanced functionality

E - Improve dissemination of traveler information

F - Enhance availability of data for partner ageesi

G - Enhance incident management capabilities

H - Improve amount, accuracy and timeliness of dimtas into and out of the system

Goals and objectives were met. Pre-project defades in infrastructure; functionality; automatiotiaveler
information dissemination; sharing of data; and amipaccuracy and timeliness of data were addressexss the
CTMC Integration Project task orders.

The following sections discuss project results imittontext of the three evaluation categories dgped using the
goals, objectives and hypotheses. Because ifffisulli to quantify integration activities in termsf the FHWA-
suggested MOE for traffic operations, relative ®sscof the project will instead be assessed ancusiied
qualitatively.

5A.1 Test/Evaluation of Hypothesis 1 - Traveler Information
Hypothesis 1 proposes thaEDOT capabilities to collect, compile and dissenéntiaveler information statewide
will be enhanced.

No new field devices to collect or disseminate é&tav information were included in the CTMC IntegwatProject;
yet CDOT's efforts were extremely successful inradding Hypothesis 1. Capabilities_to colldata for traveler
information was enhanced in ATMS/ATIS lteration8 2y development of the central subsystem usedatcage
data coming from existing ATR, ramp meters, radetectors and AVI readers; and use it for speedti@avwe| time
information dissemination. Capabilities to compilata were enhanced by internal; subsystems deaetlbp the
Integrator to collect, organize, manipulate, intet@nd otherwise manage data to identify neartne® speeds and
travel times. Finally, capabilities to disseminaités information were improved by an order of misgge by
developing the DMS subsystem in Iterations 1-2.

These boosts to operational efficiency were for m@st part completely behind the scenes and acésmapl
through the new ATMS/ATIS. Improvements were i in several areas including response capability;
efficiency; and messaging as described below.thidle of the discussed areas are somewhat related.

¢ Response The Integrator designed and deployed a completlv DMS subsystem using a single user interfdgor to
this work, CDOT ITS operators and PIO were requieedeploy DMS messages using multiple user intedaspecific to
different manufacturers, with these often hostedseparate desk-top computers. At the time, CD@® hhd no modem
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bank to facilitate simultaneous call-up of multip®S. Regional DMS messaging for a wide-area eererg — such as an
Amber Alert — was therefore slow and cumbersomsingthe Amber Alert example, over 90 minutes wiganorequired to
for a CDOT operator to send the required messagasr¢gional family of DMS — a process now redutmed matter of a
few minutes. Thus, the ATMS/ATIS yielded much deeaand immediate response capability through therational
assistance provided to CTMC staff. Indirectly, CD® also seeing a higher percentage of DMS ondirall times; which
also facilitates response capability. The latmndition has been realized because CDOT maintenfances have better
and more up-to-date information to work with asvided by better device polling and reporting cafpds available
through the new system.

« Efficiency Common user interfaces and vastly increaseddspeemessage dissemination to multiple DMS sawaaipr
time and effort in the control room. Better mairdace of devices and speed of message disseminagioefits the
traveling public and enforcement agencies — pdeibuin the case of a wide area alert or emergency

« Messaging As part of the Integrator's work, message lilmswere created so the operator would not neae-tgpe
commonly-used, repetitive messages. A spell chheakd banned words list were included in the subsydo help the
operator avoid errors and mistakes. In additiba,ttavel time information currently posted to DihSselected corridors is
a completely new set of information provided by CD@rough this project. During an “event (for exgenchain law
conditions) different messages can be sent to phellDMS almost instantly using a few keystrokes.

Traveler information was therefore improved statimwiby collection of new data in real-time (travéhe
subsystem); availability of new information unashie prior to the project (travel time subsysterbgtter
timeliness of information (efficiencies of the ATNAFIS); better dependability of devices (throughpioved
maintenance reporting); and better speed/resparesigan posting messages (through t6he DMS subsyste

The CTMC Integration Project therefore succeedeatiressing Hypothesis 1.

5A.2 Test/Evaluation of Hypothesis 2 - Data Exchange and Partnerships
Hypothesis 2 proposes thaCDOT will have maintained ITS partnerships with eemal agencies. CDOT
capabilities to exchange data with agency partivéitsbe enhanced.

CDOT first established a “bare-bones” Denver aredtiragency ITS partnership about 10 years ago usye
federal funding via the FHWA sponsored Model Depteynt program. Although Colorado was unsuccessftiat
effort, CDOT was able to partially fund the inteddModel Deployment activities using State money &émel
original partnership was maintained in part, toreee those efforts. Agency participation in thisup gradually
increased over time to coordinate the efforts efaglhrmarked Colorado projects.

By 2001, a solid and permanent working partnershgs successfully established, and the group wakefur
expanded to address the (FY00) T-REX project anekldp Regional ITS architectures. Separate butngtr
partnerships developed in several Colorado regionscluding southeast, northeast and western Cadgréhe
Denver metropolitan area and another along the ia@Qntain corridor. By 2007, it can be said widrtainty that
Colorado has many such local, regional or corrgfmeeific ITS partnerships in place.

CDOT is also in the process of deploying additiobanver-area ITS and communications infrastructusiag
DRCOG-allocated funds for FY05-FY12; and continteeprovide local leadership in pursuit and impletagion of
ITS initiatives statewide. Leading and otherwisetigipating in these activities has provided CD®@ith humerous
opportunities to cultivate and strengthen the maggncy ITS partnerships and these remain intaof #s date of
this document.

The referenced earmarks have funded improvementiata exchange through: 1] enhancing communicstion
between multiple data concentration points; an@gr@yiding numerous data exchange connections baet@&OT
and local agencies in Denver and statewide. Ome, tCDOT continues to establish connections tatimfl new
agencies.

CDOT has been extremely successful in this argzamallel and related initiatives but success wastéid in this

project because most of the work was internal ®0GAMC and therefore transparent to CDOT'’s partnéa the
other hand, the basis has been set for future enteenter (C2C) interfacing between CDOT andgéstners at the
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systemlevel. Prior to this project, CDOT could not wadward actual C2C interfaces because it did noela
system to interface with. That shortcoming has been addressed.

In any case, CDOT has maintained ITS partnershigs the past five years and entered into many nees 6-
several with enforcement and emergency responseigge Prior to this work, many of these partveege relative
novices in ITS, therefore CDOT's chance to actiwetyrk with these individuals as new systems weaght on
line provided an excellent opportunity to educdttese parties about ITS and exchange informationpaimnts of
view. Ultimately, the CTMC Integration Projectdaihe groundwork for future, integrated data exgeamot only
with new local agencies, but at more extensiveltegger time with CDOT's statewide nodes at Handiagge and
Colorado Springs..

The CTMC Integration Project can therefore be abergd a success in addressing Hypothesis 2.

5A.3 Test/Evaluation of Hypothesis 3 - Intangibles

Hypothesis 3 proposes thaEDOT will have taken advantage of the synergieategk by the project as a catalyst
for statewide, widespread ITS deployment througiteroprojects and funding sources, in effect usimg €TMC
Integration Project as a springboard from whichpimmote ITS as a Colorado success story

Previous needs in internal infrastructure; amotymte and flow of data; communications; and ovefalictionality

have been addressed by the project. Because thNBCGT the ITS “nexus” of Colorado, it has alwaygtestas a
catalyst to attract the interest and attentiongefngies that had not expressed prior interest$ IThe new CTMC
and ATMS/ATIS have not changed this conditioi
but magnified it. Local agencies statewide look
CDOT as their leader and mentor when considering
ITS initiatives. This is probably best demonstiateg
by the increase over the years in the size of Ti% |
partnership and level of inter-agency support far t
statewide ITS program. ITS initiatives were

difficult “sell” as recently as five years ago
Champions of the CDOT ITS program should feel
strong level of vindication upon seeing the levals
support for ITS increase dramatically acro
Colorado in a short period of time.

Exhibit 15 — CTMC Maintenance Workshop

The CTMC Integration project can therefore be abasd a success in addressing Hypothesis 3.

5B Elective Activity #1 - Institutional Issues

As its first elective activity for the local evalien report, CDOT has chosen to recount selectstitutional issues
encountered during the project. Institutional éssgan best be described as those items that ateatnmical in
nature that needed to be overcome or otherwiseeaseld to achieve success in the CTMC Integratiojeétr
These include items such as in-house expertisedumion with stakeholders, partnerships, and wiggdional
structures and processes. These items are digdusadditional detail in this section.

5B.1 Deployment Team Expertise

Installation, operation and maintenance of ITSeayst requires personnel with specialized technlali$ sncluding

expertise in non-traditional civil engineering aseaich as computer networks, communications, canatrdware
and peripheral equipment, electronics, the Interseftware development, databases, and protocaddlde these
elements to interact. At the beginning of theesenf federal earmarked projects in 1998, CDOT drdg one task
manager who was well-versed in these areas with lonited similar experience among the rest of ifi8 Branch
staff.

Fortunately, over a relatively short time, CDOT vede to greatly enhance its expertise in netwgykhardware,
electronics, the Internet, software development dadbases — allowing CDOT to complete a high peage of
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the parallel earmarked projects in-house. Thepaltibties also proved beneficial to CDOT followipgocurement
of the Integrator; as the ITS Branch was able toagtively direct and support their efforts to degelthe
ATMS/ATIS. By the conclusion of the CTMC Integmati Project, the CDOT ITS Branch had greatly inceeaits
internal technical skill sets in these categorigsthding several full-time and/or contract emplayedo supported
the ongoing work.

Many non-traditional Department of Transportatiaskis such as communications and network architestuveb
site development; database enhancements; develboghelevice drivers; electronics set-up and inatalh for

cameras, switchers and multiplexers; and so on #ere successfully completed as a team effort EtwWeDOT

and the Integrator. As a result, CDOT has comghéoconclusion that non-traditional in-house skéts are an
indispensable resource most definitely requiredstmcess in complex ITS projects.

5B.2 Coordination with Stakeholders and Agency Partnerships
CDOT was fortunate the CTMC Integration Project fagrth in the lineup of earmarked projects becaase
extenswe multl agency partnership was aIreadylmep The existing partnerships had previouslgl#isthed the
. names of contact persons and lines of communicatimh
outlined the parameters of working together to ewhi
common ITS goals. These elements were reinfor¢adav
number of Letters of Agreement, Memoranda of
Understanding and Intergovernmental Agreementsos&h
partnerships were maintained over the course optbgect
through parallel but separate projects which inelbdt are
not limited to:

. Other earmarked ITS projects from FY98, FY00, Fyaad
FY03-FYO05.

« Development of Regional ITS Architectures (RITSA).

e Ongoing work for the deployment of ITS using DRCOG-
administered FY05-FY12 funds.

Exhibit 16 — CTMC Trail Ridge Conference Room

The number of statewide partnerships developethimand parallel projects is probably too numermugemize
completely but includes the following broad categeiof participants.

« Police and Sheriff's AgencieBreckenridge, Broomfield, Clear Creek County, @atlo State Patrol, Denver, Dillon, Eagle
County, Empire, Englewood, Frisco, Georgetown, @&n|dGreenwood Village, ldaho Springs, Jefferson n®gu
Silverthorne, Summit County, and Vail.

e  Transportation and Public Works Agenciésapahoe County, Aurora, Boulder, Broomfield, &l€reek County, Denver,
Dillon, Douglas County, DRCOG, Eagle County, Engled, E470 Public Highway Authority, Frisco, Geoen,
Golden, Greenwood Village, Idaho Springs, Jeffer€munty, Lakewood, Littleton, Northwest Parkway Railighway
Authority, RTD, Silver Plume, Silverthorne, Sumr@ibunty, Thornton, Vail, and Westminster.

* Fire and Emergency Response Agenciékar Creek Ambulance, Copper Mountain Fire, EaGbunty Ambulance,
Evergreen Fire/Ambulance, Foothills Fire/Rescuengsee Fire/Rescue, Highlands Fire/Rescue, LakerDHire, Lower
Blue Fire, Red White & Blue Fire, North Metro FiRgscue, South Metro Fire/Rescue, Summit County Aantue,
Pleasant View Fire, Vail Fire, West Metro Fire/Resc

« Emergency Management Servic&olorado Office of Emergency Management (OEM) ry Breek and Camp George
West Centers; Eagle County, Summit County, Cleae£County, Jefferson County.

¢ Other Federal and State GovernméZulorado Department of Revenue, DRCOG, FHWA, &6t Service, US Bureau of
Land Management,

Establishing such partnerships was by no meansteasyears ago. Issues overcome during the awalituilding
phase included: 1] educating the partners on IT&eimeral; 2] selling the participants on the nemddnd benefits
of ITS; 3] laying the groundwork for a team — rathtban individual agency — approach; and 4] devielpp
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interpersonal relationships based on trust betweetmers. As a result, CDOT partnerships have grover time
and remain intact to the present day.

Due to the nature of this earmark as somewhatrtiate to CDOT, outside agency participation wasnmatgily
limited to peer review activities and status megin

In past instances where local agency involvemenmedgiired, participation typically has included ieaving the
initial scope of services; attending the kick-offeeting; attending regular project technical or damation
meetings; working with CDOT on day-to-day coordioaf and providing support services, technical eawior
installation with their own employees.

CDOT'’s conclusion is that inter-agency partnerstaps valuable resources to the ITS Program. Nyt dm such
working relationships facilitate successful daydtoy operation, but open talk and interactions Hetm a solid
foundation from which to build future ITS initiaf¢. Recurring communications with partners — éhengh they
may not be actively involved at the moment — aletp$ maintain an atmosphere of cooperation, gothowghip
and agreement.

5B.3 Modular Project Structure

Previous ITS projects were subdivided into a numblesmaller work activities, or task orders. Th&NMC

Integration Project also used a similar modulancitre, with the actual software deployment worstéad broken
into Iterations — defined as shorter 9-12 montHdophases. Although this is not the traditionainfat for most
CDOT projects, the task order and/or phased sutidiviof the CTMC Integration Project provided a twemof
apparent advantages. These included:

e Better cost tracking of all labor and direct expesson a by-lteration basisBecause each work task was broken out
separately, it was easier for the CDOT manageneamh to identify areas incurring a potential over;ras well as areas not
incurring sufficient labor to meet schedules. @ilethe task order system (for non-software wavkys deemed superior in
tracking and controlling costs and will generallg betained for future ITS projects. The use of geldasoftware
development modules or iterations will be similadyained.

«  Better schedule tracking on a task basBecause schedules were reported on bi-weeldynainimum, it was easy for the
CDOT management team to identify areas encounteghgdule difficulties. Again, the task order amdteration system
was deemed superior in identifying critical schauyissues as they arose.

« Better subdivision of CDOT management responséslit Because CDOT assigned a number of task managetse
project, it had more “eyes and ears” availablectivaly monitor progress of the work across muéifdsk areas.

¢ Modular aspect of the deploymerinh the previous Colorado ITS projects, a sidgige deployment was tasked for delivery
at one time. This system ultimately led to maj@adreement and controversy between CDOT and itraxior at that
time; followed by non-delivery of a functional sgst. The modular aspect of ITS delivery yieldedhs/task order system
allowed the work to be better organized and hekyesire delivery and acceptance of the requiredustazh budget. There
have been no similar disagreements or controvensteshe current Integrator specific to developineiithe ATMS/ATIS.

CDOT'’s conclusion is that breaking large ATMS/ATp®jects into smaller, individual task orders andferations
is a positive means to maintain control over mtesthents of large-scale ITS projects.

5C Elective Activity #2 - Lessons Learned
As its second elective activity for the local exalan, CDOT has chosen to summarize its experiencethe
project in a lessons learned format.

5C.1 Administrative Items
Conclusions apparent at the completion of the CTIMEgration Project include the following:

* In-house expertise in ITS specialty areas is berafi CDOT believes that had it had the current lewsdldn-house
expertise throughout the duration of the ITS Progrsome difficulties at the outset could have blessened or avoided.
Addition of these skill sets ultimately allowed CID@ subdivide technical responsibilities for coetfn of multiple task
orders between several capable and knowledgeatilgdoals — rather than one or two “thinly spreaadividuals. CDOT
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believes in-house skills in ITS-related technicedas are an indispensable resource definitely reduior success in
complex ITS projects.

Although task order project configuration is notassarily more efficient for a contractor (if orseinvolved), it provides a
better mechanism for the owner to track progresd eontrol schedules and costdask order and/or phased software
iteration configuration provided much better cohtittan did previous ITS projects that dictated vy of one large
product at the end of the schedule. A small amadfradditional time is required on part of the owire a task order
environment to better monitor and manage progresa greater number of total activities. Task orded/or software
iteration configuration has been kept for later angoing Colorado earmarked ITS projects as apgkca

Open communications are critical to succesSrequent communications engender trust and rtieat to success in a
complex systems engineering project environment.

Economies of scale can be realizeBor example, on other earmarked projects inolyidocal agency participation, the
agency contributed to the project in terms of pasihg, in-kind services, assistance in obtainirigted services or

contracts, or the provision of ancillary material§he result of such partnership was deploymenh wittotal value

exceeding that originally planned. These partripsshave helped set the basis for additional coetdid work in the future
with current and new partners and also set theslzagl example for such participation with new agenas part of future
projects.

5C.2 Systems Engineering
Although these items are discussed in more datailppendix A, the application of systems enginegrin
principles benefited CDOT in a number of ways. dogs learned include the following:

Alternatives AssessmentEarly evaluation of proposed ATMS/ATIS architget requirements revealed an area of
potential risk in the communications architectusenponent of the system. To mitigate risk and bettelerstand the
issues, several architecture prototypes were agistt and compared. The basic choice was betwesiCommon
Object Request Broker (CORBA) architectures and timva-based architectures, one using Extensiblekuyar
Language (XML). The four prototypes were evaludiaded on CDOT-generated architecture goals cfcalpbility;

2] maintainability; 3] availability; 4] prevalencé] ease of implementation; and 6] standards. @asethe results of
this assessment, CDOT determined the architectatddwe Java-XML based.

Risk Management.CDOT applied risk management principles durimg €TMC Integration Project as outlined in the
Risk Management Plan developed at the project but$ée plan allowed CDOT to identify possible gslkassign
probabilities and priorities to each, and tracksthehroughout development of the ATMS/ATIS. Thewuoent
allowed CDOT to address individual risks proactpvelbefore they impacted schedule and projectets cos

Requirements System requirements were developed at two levigiially, high-level requirements were develdpe
by CDOT to provide the Integrator with enough imfation to identify CDOT's intent. Once the Inteprabegan
work on a given module, extremely detailed requaeta were developed to address specific functignaliFor
example, a high level requirement might say tha& #$lystem “shall have a communications layer deelicdbr
communicating with field devices which is implemamtor managed by a communications server.” A kdetai
requirement might say that, “communications porte baud speeds of 2400, 4800, 9600, 19200, 324005
115200 and more; with data bits of 8, 7 or 6, gasftnone, odd or even and stop bits of 1, 1.5.br 2

Standards and TestingCDOT used the Manager to provide independens festportions of the Integrator’s work.
Tests were undertaken to determine whether theifgp@todule(s) functioned as intended. Once thenddger
provided a written report summarizing the test itss€@DOT and the Integrator developed a priordilist of issues to
be addressed immediately; as well as other itenetaddressed on a non-priority basis. All suemg found to be
missing or otherwise incomplete were addressedadpted accordingly by the Integrator prior tafinacceptance.

These and other lessons learned in systems enigipeee described in Appendix A. Appendix B prasda
detailed summary of the ATMS/ATIS work completecerch system Iteration.

End Local Evaluation Report
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Appendix A: Compliance with FHWA Final Rule

The FHWA Final Rule and FTA Policy for Applying tidational ITS Architecture (NITSA) at the Regionavel
requires ITS projects implemented with Highway TrBsnd monies conform to the NITSA and ITS standard
Regional Architecture conformance is a conditiorrbiWA acceptance for major ITS projects, definedasy ITS
project that implements part of a regional ITSiatitze that is multi-jurisdictional, multi-modalr@therwise affects
regional ITS integratiori The CTMC Integration Project applies, thus Rde calls for three conditions to be met:
1] demonstration of compliance with regional aretitire(s); 2] use of systems engineering; and & aofs
appropriate ITS standards. This appendix deschibesthe CTMC Integration Project complies with fRgle.

Colorado has several Regional Architectures firdstued information from these is used to demonstratepliance.
Systems engineering was used in varying intensifiegending on the specific activity as applicabléo—an

extensive level relating to development of the ATRBES and to a minimal extent pertaining to the néwMC

building. Finally, ITS standards were used asiapple. CDOT has a rough standards framework acefor use
project-by-project and is considering developir§tandards Plan to govern statewide ITS deployment.

A1 First Condition - Regional Architecture Compliance

Prior to 2001, Colorado had no Regional ITS Arattitees (RITSA) developed; and CDOT used the Natibra
Architecture (NITSA) as needed to frame statewil® planning discussions. By the 2001 outset afphoject, the
Denver area was working on Colorado’s first RIT®Adocument that was completed and published in iDeeg
2001. A number of additional RITSA and projectifie architectures are now finished, supersediregNational
Architecture previously used as a guide by CDO
Generally, given the statewide mission of the CTM{
four RITSA apply here, which cover a significa
portion of the state. These are:

¢ The Denver RITSA (2001)which generally covers

the Denver Regional Council of Governmen
(DRCOG) planning area;

¢ The Region 4 RITSA (2004)which was developed

for northeastern Colorado excluding the Denver;ares

¢ The Southeastern Colorado RITSA (200&yhich

applies to the area south of Denver and east of
Continental Divide; and

e The Western Colorado RITSA (2007)which

encompasses the area west of the Continental Divit€

Exhibit A1 — CTMC Operator/PIO Work Station

Project architectures were also initially develofpedthe 1-25/US-50 project in Pueblo and T-REX{ these were
superseded by the Southeastern, and Denver RITé&pectively. A fifth “statewide” RITSA is also cently

under development — although the intent of thestattiocument is to compliment, rather than superskedour

existing RITSA. The Statewide Architecture will bempleted in 2007, and the Denver and Region 4SRI&re

also scheduled to be updated prior to the end @7 20

For the purposes of this report, the Denver RITSIhe used to demonstrate compliance; as it isldingest and

most comprehensive of these — in other words iudes the most stakeholders, functionality, usevises, and
market packages and so on.
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CDOT realizes the importance of building its stateasystem using RITSA guidelines. In fact, altlod Colorado
RITSA documents identify functions already provideg CDOT as cornerstones of the specific regional
transportation systems. For example, each RITIAs oait market packages like Road Weather Inforomati
Incident Management, Network Surveillance, ComnarcVehicle Operations and Traffic Information
Dissemination as core elements — services alreamyded by CDOT and its state and local agencyneast

Future RITSA functions were also identified. Fomample, the Denver RITSA calls out ITS Data Mart,lti
Modal Coordination, and Railroad Operations Coaton as market packages and subsystems to be
accommodated in the future although they are noently deployed.

CDOT'’s initial planning efforts for development thfe ATMS/ATIS used the Denver RITSA asederence Thus,

all Market Packages proposed in the Denver RIT®Ameluded in the ATMS/ATIS — although it is recaggd that
many of these are the primary responsibility oftppens, or are otherwise long-term initiatives. @targer scale
beyond this project, CDOT uses its library of RIT88cuments as a guide in its strategic planningyities for

statewide ITS deployment.

Compliance will be demonstrated by a brief overvigwColorado architectures at the macroscopic datiae) and
microscopic (local) levels. A common thread thrioowgt all Colorado RITSA is a series of core streggdor ITS
deployment statewide. These are identified in &a\dl.

Table A1 — Colorado Regional Architectures; Comm@ore Services and Strategies

COLORADO STRATEGIES DEVELOPED IN RITSA PLANNING

STATEWIDE

CORE ITS SERVICES

Traffic Management Establish active traffic management in priorityragors.

Traveler Information Continue statewide deploymehtdevices to collect pre-trip and en-route trap&nning
information. Develop the ATIS and disseminateestéde traveler information.

Incident Management Use real-time road data to assist in incident respo Use active traffic management to red jce
congestion arising from incidents. Provide trav@iérmation about incidents.

ITS Maintenance Establish a statewide ITS mainteaganning, replacement, budgeting process.

ITS Planning and Project | Conduct statewide ITS planning and provide leadpridr deploying statewide ITS enablir

Prioritization infrastructure. Use performance measures to etallES. Institutionalize ITS into th
statewide and regional planning processes.

Enabling Infrastructure Deploy ITS enabling infrasture statewide.

Project Delivery Support | Establish statewide ITS device procurement spetifins/guidelines. Establish guidelines pr
device inspection/acceptance. Establish statedéden standards for ITS systems/devices

The CTMC Integration Project complies with RITSAasegies at the statewide level. The two CTMCdra&on
Project “products” — namely the CTMC building artk tATMS/ATIS — directly support CDOT's ITS mission;
providing the two most important items needed toycthe State’s ITS program forward through thetreecade
and beyond. Four of the seven statewide core Brfices (Traffic Management, Traveler Informatidmgident
Management and Enabling Infrastructure) are diyeadldressed by the project and enhancements ie #reas will
continue to be realized as CDOT builds additional rfunctionality into the ATMS/ATIS over time. ITS
Maintenance, ITS Planning and Project Prioritizatiand Project Delivery Support are being addrebse@DOT
as part of separate initiatives. At present, thiial improvements in the core service areas galyetie in
efficiencies created for CTMC staff as a resulthaf new building or the new ATMS/ATIS.

At a microscopic level, use of the Denver RITSA tadabe conditions outlined in the FHWA Final RulBuring

high-level requirements development undertakeryearthis project, CDOT configured the build-out MB/ATIS

to match the recommendations of the Denver RITS#-activity that continues over time as the stadlevB@TMS
develops. The Denver RITSA also provides the fraonk needed to achieve institutional agreementtandnical
integration of ITS projects. Scopes of work foe tATMC Integration Project task orders were devedopsing the
guidance of these documents as a configuratiorureso Following scoping, task orders were subihitte FHWA

to demonstrate compliance, meeting the conditidnthe interim rule in effect prior to April 2001 drthe Final
Rule thereafter.
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Table A2 identifies market packages selected falusion in Colorado’s long-term ATMS/ATIS. Numeric
identification of the market packages is from thierent NITSA and several market packages were aoeabin the
table for convenience. Many new market packagee wentified since 2001 and are now considerethehts of
the NITSA — these will be evaluated for inclusiam fiot) in the Denver RITSA as part of a 2007 updadtivity.
All architecture elements identified for inclusiam the 2001 RITSA were included in the ATMS/ATISap]
although some modules were intended to be the medglity of other parties or were otherwise lomgrh in nature.
Some current market packages (for example ATMSSH&ed Monitoring) were not part of the 2001 NITS4 b
have been included in the interim and deployedaasgd the current ATMS/ATIS — thus these markeatkages will
likely be added to the 2007 Denver RITSA.

Table A2 — CTMC Integration Project ITS Architecterand Denver Area RITSA Market Packages

NITSA ID MARKET PACKAGE* INCLUDED IN INCLUDED IN
DENVER RITSA  ATMS/ATIS?
(2001)?
AD 01 /02 ITS Data Mart / Warehouse Yes Yes [1][5]
AD 03 ITS Virtual Data Warehouse No [2] Consider [1][3]
APTS (All) Advanced Public Transportation Systerh@ Market Packages) Yes Yes [1][5]
ATIS 01 /02 | Broadcast / Interactive Traveler Information Yes Yes [5]
ATIS 03/ 04 Autonomous / Dynamic Route Guidance No Consider [4]
ATIS 05 /07 | ISP-based Trip Planning/Route Guidance / YelloweBaand Reservatio No Consider [1][3]
ATIS 06 Transportation Operations Data Sharing No Yes [5]
ATIS 08 Dynamic Ridesharing Yes [1] Yes [1]
ATIS 09/ 10 In Vehicle Signing / Vehicle Infrastture Integration Traveler Informatign No No [6]
ATMS 01 /02 | Network / Traffic Probe Surveillance Yes Yes [5]
ATMS 03 /04 | Surface Street / Freeway Control Yes Yes [5]
ATMS 05/ 06 | HOV Lane Management / Traffic Information Dissentioa Yes Yes [5]
ATMS 07 /08 | Regional Traffic Management / Trafiicident Management System Yes Yes [5]
ATMS 09 Traffic Forecast and Demand Management No No [1]
ATMS 10/ 11 | Electronic Toll Collection / EmissioMonitoring and Management Yes Yes [5]
ATMS 12 Roadside Lighting System Control No Consider [3]
ATMS 13 Standard Railroad Crossing Yes Yes [1][4]
ATMS 14 Advanced Railroad Grade Crossing No Consider [3]
ATMS 15 Railroad Operations Coordination Yes Yes [1][4]
ATMS 16/ 17 | Parking Facility / Regional Parking Management Yes Yes [1][4]
ATMS 18 Reversible Lane Management Yes Yes [1][4]
ATMS 19 Speed Monitoring No [2] Consider [5]
ATMS 20 Drawbridge Management No [2] No
ATMS 21 Roadway Closure Management No [2] Consider [5]
AVSS (All) Advanced Vehicle Safety Systems (12 Ms&rRackages) No No [4][6]
CVO (All) Commercial Vehicle Operations (13 Market Packages) Yes Yes [1][5]
EM 01 /02 Emergency Call Taking and Dispatch / Ejarcy Routing Yes Yes [1][5]
EM 03 Mayday and Alarms Support No No [6]
EM 04 Roadway Service Patrols No [2] Yes [5]
EM 05 Transportation Infrastructure Protection No [2] Yes [5]
EM 06 / 07 Wide Area Alert / Early Warning System No [2] Yes [5]
EM 08 Disaster Response and Recovery No[2] Consider [3]
EM 09 Evacuation and Reentry Management No [2] Consider [3]
EM 10 Disaster Traveler Information No [2] Consider [3]
MC 01 /02 Maintenance/Construction Vehicle & Equant Tracking / Maintenance No[2] No
MC 03 Road Weather Data Collection Yes[7] Yes [5]
MC 04 Weather Information Processing and Distrituti Yes[7] Yes [5]
MC 05 Roadway Automated Treatment No [2] Consider [3]
MC 06 Winter Maintenance No [2] Consider [3][5]
MC 07 / 10 Roadway Maintenance & Construction / Activity Coomtion No [2] Consider [3][5]
MC 08/ 09 Work Zone Management / Safety Monitoring No [2] Consider [3]
MC 11 Environmental Probe Surveillance Yes[7] Yes [5]
MC 12 Infrastructure Monitoring No[2] Consider [3]
[1] included in ATMS/ATIS build out but primary resnsibilities by outside agencies; ATMS/ATIS expekto link via C2C or device dri' gr
[2] not a recognized Market Package in 2001
[3] Market Package under consideration in 2007 ReRITSA update
[4] long-term deployment profile
[5] activity (or aspects thereof) already underway
[6] no in-vehicle initiatives included in Coloradochitectures at this time

33



ITS CTMC Integration Project (FYO1 Earmark)
¥ Local Evaluation Report

CDOT
[ 171 previous Market Package ATIS 18 [Road Weathew&illance System] [

Due to funding levels, not all market packages fified in the Denver architectures are accommoddngdhis
project. A few work activities trace to multipldT’SA market packages, while others are addressazhbyor two.
The CTMC Integration Project is therefore perhapisthe best “fit” with the approved RITSA architerts due to
its focus on building infrastructure, software depeent and integration. Still, the project isuboset of the larger
CTMS, which includes other earmarked projects frétW98 through the present; and which ultimately
accommodates the entire list of market packagettifabel during development of the architectures.

As part of the CTMS, market packages of
applicable RITSA have been accounted for in
planning and requirements development for the new
ATMS/ATIS command and control system,
currently continuing through the early deployment
stages. Generally, the project focus on software
and integration means the project has helped form
the technical and structural basis for larger, more
visible successes in later projects, while only
indirectly referencing specific market packagen. |
any case, CDOT feels the CTMC Integration
Project traces well to the Colorado RITSA.
Additional documentation describing the RITSA
and architecture traceability in the overall CTMS
program — specifically within the ATMS/ATIS — is
available from CDOT under separate cover.

Exhibit A2 — New CTMC Control Room

A2 Second Condition - Systems Engineering Approach

A “system” is an aggregation of end products arabéing products to achieve a purpose. Systemsieegng is a
structured mechanism in complex project developmétit checks and balances to: 1] reduce risk; 2itr@d costs
and schedules; 3] satisfy needs; 4] improve quaditgl 5] meet regulations and rules. Systems ergimng defines
ways of doing things, tools, techniques and a sirad way of thinking to implement complex projects

The Rule requires the deployment team to addresttlowing items (lettered A-C for convenience):

¢ A] Identify alternatives at each step of buildimg tsystem.
«  B] Evaluate alternatives based on cost, politicdkohnical considerations and customer needs.
* C] Consider what risks exist throughout the pro@essplan for their management.

In addition, for ITS projects, the Rule requires 8ystems engineering analysis include the follgveiativities and
items (lettered D-J for convenience):

¢ D] Identification of portions of the Regional ITS&itecture being implemented.

E] Identification of participating agencies’ rolasd responsibilities.

F] Requirements definitions.

G] Analysis of alternative system configurationsl aechnology options to meet the requirements.
H] Procurement options.

1] Identification of applicable ITS standards aedting procedures.

« J] Procedures and resources necessary for operaimmhmanagement of the system.

The following sections demonstrate how CDOT has tetSecond Condition for the CTMC Integration Bobj
Some of the following discussions are framed indtwetext of the overall CTMS.

A2.1 CDOT Compliance with Second Condition - Program-Wide Systems Engineering

CDOT continues developing the statewide ATMS/ATt&rted in the FYO1 CTMC Integration Project. Wask
being conducted using the Rational Unified ProggddP) — which provides recommendations and guidslifor
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software development projects of significant magphét and complexity. The effort is being undertakgrCDOT
using inputs solicited from a technical task foarel resulted in a number of guiding documentspfalthich apply
to the overall Colorado ITS deployment program.eSéhinclude: 1] Vision Statement; 2] Top Leveldten Plan;

3] Software Architecture Guidelines; 4] Risk Managmt Plan; 5] Change Management Plan; 6] Software
Development Plan; 7] Detailed Iteration Plan; 8pdRrct Acceptance Plan; and 9] other miscellane@gscases,
requirements, project standards and documents. seTdecuments set the systems engineering framefgork
ongoing and future ITS development and deploymer@alorado at the statewide level. Additional doeats to
provide supplemental guidance in systems engingeontinue to be developed over time.

A2.2 CDOT Compliance with Second Condition - Alternatives Assessment
CDOT has completed alternatives assessment dubiagCTMC Integration Project in accordance with the
following Federal Rule requirements:

¢ A] Identify alternatives at each step of buildimg tsystem.
« B] Evaluate alternatives based on cost, techniudlpolitical considerations.
¢ (] Analyze alternative system configurations arghtelogy options to meet requirements.

Alternatives assessment is a cornerstone to sys&gmseering success — particularly in design. odtlines
strengths and weaknesses of proposed and altesystems; evaluates institutional compatibility;iraates initial
and life cycle costs; evaluates against constraentsl helps in evaluating technical and operatidaakibility.
Alternatives analysis is the “bridge” between regmients and specifications (which define the “haspect of
functionality deliberately ignored in requiremendisvelopment). Often, specification development prediminary
design efforts are concurrent. Based on past swer@olorado ITS program history, CDOT is unwiito proceed
with system design without close analysis and etsln of alternatives. Due to constrained budgetdue
engineering was applied throughout planning, deaigshimplementation to help identify the best meanachieve
the desired final system products.

The CTMC Integration Project featured alternativg
analysis as appropriate and when the system dewvelatp
was approaching critical decision points. For epi@n
development of the speed map component in Iteratio
was based on a comparison of “best practices” ety
the local T-REX project, Seattle and San Francishe;
travel time component was based on an evaluation
several alternatives prior to selecting the Virgifiiech

algorithm; and the software architecture includenl

evaluation of alternatives including Data Exchang
(DATEX), Common Object Request Broker Architectu
(CORBA) and Extensible Markup Language (XML).

Exhibit A3 — CTMC Equipment Warehouse

A2.2.1 Project Alternatives Analysis Example - Software Architecture Assessment

Early evaluation of proposed ATMS/ATIS architectirequirements revealed an area of potential riskhim
communications architecture component. To mitighi® risk and better understand the issues, seamhitecture
prototypes were constructed. The basic choicebgtseen CORBA based architecture or Java 2 Enserpdition
(J2EE)/XML based architecture for communicatioritirbhately, the J2EE-XML architecture was selected.

The ATMS/ATIS project architecture is based on ogtendards and existing production systems ard¢hies.

Most ATMS/ATIS architectural elements are standartah as J2EE, Enterprise Java Beans (EJB), araeOrahe

communication architecture component that suppotésaction between the ATMS/ATIS and field devitesl the

most uncertainty. CORBA and J2EE both offered mpidé solutions, so prototypes were developed ttiebe
understand each of the alternatives. The protstymze evaluated based on CDOT-generated architegtals:

e Scalability: To evaluate potential of the system to grow argpstt future needs.
¢ Maintainability: To analyze maintainability of the system in théufe with respect to technology evolution and the
introduction of new features and requirements.
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Availability: To evaluate the availability of support produatsalved in the overall architecture and the avdlikgbof
programmers required to implement the architecture.

«  PrevalenceiTo check the prevalence of the technology chdité$S and other state-held DOT'’s.

¢ Ease of ImplementatiofMo study the ease of implementing the architecture

e StandardsTo study the support available for the standards.

CDOT also checked the alternatives against thevidtlg project-specific goals:

«  Use three tier (or n-tier) application architecture

« Manage all application communication using ModetwiController (MVC) pattern;

¢ Place as much of the application as possible irfiication Server Container; and
e Letthe application layer manage communication betwarchitectural components.

Based on the results of the assessment, CDOT datstithe communications architecture of the ATMS®TWas
to be J2EE-XML based. Table A3 depicts the scooiinthe alternatives.

Table A3 — Communications Architecture Alternativ&soring Summar

METRICS* MODEL 1: MODEL 2: MODEL 3: MODEL 4:
CORBA - CORBA - JMS JMS - MDBS J2EE - XML
VISINOTIFY
Cost 3 4 6 6
In-house expertise 2 3 7 7
Complexity 3 3 5 6
Scalability 5 5 5 6
Network Overheads 3 3 6 6
Portability 3 3 6 8
Vendors required 7 7 8 8
Vendor support 7 6 7 8
Standards acceptance (ITS/ IT) 5 5 4 6
Support Asynchronous Comm. 5 5 6 6
Risk 3 3 5 6
Ease of Implementation 3 3 5 6
Availability of programmers 3 3 7 7
Conjecture of future 4 4 5 6
Total Score 56 57 82 92

*Each category scored 0-10 based on agreed-uptmiarbetween CDOT, Integrator and other techrdtakeholders

A2.3 CDOT Compliance with Second Condition - Risk Management
CDOT addressed risk management during the CTMQtatimn Project in accordance with the followingdEeal
Rule requirement:

¢ C] Consider what risks exist throughout the pro@essplan for their management.

When problems occur in system development theyhear profound impact to costs and schedule. CDé&ieves
a key to avoid common or unforeseen risks lieslanqing. Sources of “generic” risk in systems epgring
generally lie in one of the following areas:

e Technology;

. People;

. Physical environment;

*  Political environment; and
e Contracting.

In addition, frequent risks in ITS projects includé personnel shortfalls; 2] unrealistic schedwed/or budgets; 3]
functions and/or user interface incorrect; 4] gpldting; 5] requirements changes (scope creep)xo@iponent
shortcomings; 7] external dependencies (subcowirscpartners, etc.); 8] real-time performance talks; and 9]

unrealistic requirements. CDOT has hands-on eapee addressing nearly all of these risks in pBStprojects
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and knows that when developing a risk managemesdram to “plan” for these occurrences, it is impattto
remember no one can ensure the risks cannot oc@Qme can however, plan to reduce their probabdity
implement procedures to address risks as they happe

Mitigation of risk scenarios is accomplished byaetishing a tracking and monitoring plan that isriea through
the project during meetings of the management teémportant considerations in plan set-up includentifying

“symptoms” of generic and ITS-specific risks; angfiding the frequency with which the symptoms aheaked.
When risks are identified, the plan provides resofumeasures — an agenda of actions for identiitgds. These
are achievable and describe anticipated resulesys Ko success are awareness of risks; understatigiin impact;
planning for mitigation; monitoring performancegexting the plan; and obtaining stakeholder/parbugrin.

Changes to major ITS projects in design are inblgta Uncontrolled small changes can have majoatchfo costs
and schedules. Events that cause change reguelsida: errors in components; external factors sisclegislation;
technology advances; new capabilities requestagsbys; and “improved” solutions proposed by thénemal team.

Because changes are inevitable and can be fregueitcontrolled, it is essential to establish a
technical “baseline,” controlling how changes aradey and communicating approved changes
to the development team. Such a mechanism is @oation Management. Generally, four
activities are involved:

« Definition. The baseline configuration is the starting point
or definition of the system and includes all eleteen
hardware, interconnections, software, documentatod
test procedures.

e  Status accounting This activity keeps track of the status
configuration-controlled items.

« Change controlThis activity restricts changes to only tho
that are essential and affordable.

« Audits These are undertaken periodically to doubledch
that configuration management processes are adequat

Items subject to configuration management include:
requirements; interface control documents; design
documents; hardware technical data packages; n&n
test plans, test procedures and test reports; taiging
materials. These strategies were used extensinetlye
CTMC Integration Project — during which CDO
established a Configuration Control Board to heipitl

scope creep caused by requests for changes. Tl

reviewed all proposed changes for impacts and ifizied o _
them — identifying those to be implemented as vaall & | o
those to be postponed or deferred. Exhibit A4 — CTMC Computer Room Equipment Racks

The board included managers (CDOT, Integrator, Madager), a key user representative, a senior neangith
funding responsibility and the configuration marragend met periodically to address proposed changise
Configuration Control Board helped identify andckaisks with the following focus areas included:

¢ Risks related to managing system requirements.

¢ Risks related to system development life cycle rganeent.
Risks related to managing customer (user) requinésne
Risks related to technical and support personnel.
External risks.

Risks related to development methods and tools.
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Controlling the impact of change can perhaps bestdzomplished by building in increments. If nosgible, when
changes occur, configuration management can allamges to be deferred to later “versions” (a ppilecused in
the overall CTMS project) — as well as forcing fisation for changes, even minor ones.

A2.3.1 Project Risk Management Example - Risk Management Plan

CDOT applied risk management principles during tB€MC Integration Project, as outlined in the Risk
Management Plan developed at the project outsableTA4 summarizes those risks identified by theggmt team,
their priorities and their probabilities as enviwd prior to the beginning of the ATMS/ATIS devalognt process.

Table A4 — Risk Prioritization

'RIORITY  RISKIC DESCRIPTION
#

PROBABILITY | 5COR

1 R15 Budget High (>70%) 5
1 R18 | Resources High (>70%) 5
1 R19 Schedule High (>70%) 4
1 R16 | External Constraints High (>70%) 4
1 R17 Politics High (>70%) 4
1 R22 | Technology Integration High (>70%) 4
2 R23 Move to a New Facility (occurred October 2005 High (>70%) 3
2 R11 | Cooperation Medium 4
2 R8 Quality of Requirements Low (<30%) 4
2 R9 Measurability of Customer Requirements Low (<30%) 4
3 R3 Availability of Requirements Management Tools Medium 3
3 R5 Critical Phase Reviews Medium 3
3 R20 Insufficient Funds for Development Tools Medi 3
3 R2 Volatility of System Requirements Medium 3
4 R1 Complexity of Managing System Requirements iviad 2
4 R4 Integrity and Maintainability of System Developmemhife Cyc Medium 2

Documents
4 R6 Development Model Medium 2
4 R7 Formality and Manageability of Customer Requireraent Medium 2
4 R13 Development Experience and Technical Knovdedg Low (<30%) 2
4 R14 | Training Low (<30%) 2
4 R21 Technical Skills for Development Methods ddls Low (<30%) 2
5 R10 | Communication Low (<30%) 1
5 R12 CDOT-Internal Domain Knowledge Low (<30%) 1

Risk Assessment (Guidelines used for Risk Scoring):

0 — No known risk exists

1 — Risks are inconveniences without serious impact

2 — Risks threaten minor impact to process or pobdu

3 — Risks may disrupt the process or degrade tbdymt

4 — Serious risk to a major part of the projectsexi

5 — Risk exposure threatens failure of the project

Ultimately and in hindsight, the greatest amountrisk and delay was probably introduced through @iOT-
internal process required to approve and purchasesystem development tools — particularly the ddati Suite
Product Family that was eventually purchased tg Hedme, optimize and simplify the software devehlemt
process.

A2.4 CDOT Compliance with Second Condition - Regional Architecture Implications
The FHWA Rule requires CDOT complete the followaivities as part of the CTMC Integration Project:

« D] Identify the portions of the Regional ITS Araiiture being implemented.

The Rule requires such identification and becabeehigh-level ATMS/ATIS requirements were developesihg
the Denver RITSA as a guide, all new modules argsygiems are by definition part of the RITSA. CTMC
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Integration Project activities were compared to Btemver RITSA to verify architecture compatibilitysee Section
Al of this Appendix for additional information.

A2.5 CDOT Compliance with Second Condition - Roles and Responsibilities
The FHWA Rule requires CDOT complete the followangivities as part of the CTMC Integration Project:

« E] Identify participating agency roles and respbitisies.

CDOT has relied on the support and cooperation arfyntocal agency partners statewide throughougtion and
development of its statewide CTMS Program. Sudbsrand responsibilities for participation withiretProgram
were identified early in the CTMS systems engimagprocess — predating the CTMC Integration Projettirough
development of Operational Concepts. Because CB@dmiliar with systems engineering in ITS depl@nhas a
result of using similar approaches on previousquisj, the initial Operational Concepts developmeat relatively
straightforward as it was applied to this projecprmarily because the initial Iterations of depimnt were all
internal to CDOT. Thus, although CDOT maintainsadexchange capabilities with many agencies std&vheir
participation in the CTMC Integration Project wasited during the initial deployment phases becabserequired
work hereunder established internal CDOT “core'tayss, and then worked to develop two modules (fefSDand
speed/travel time) that interface to devices aloBg T-owned freeways.

Generally, these agencies will again become dirantlolved as the CTMC is developed further. Theatlier
work to develop Operational Concepts will be rdediat that time. Generally, Operational Concejetfine the
following at a high level:

¢ Deployment strategy;

« Activities to be performed;

« Organizational relationships and responsibilities;
Information flows;

Message priorities;

Archiving needs;

Administration (including access and security);
Definition of critical parameters;

«  Determination of preferred life cycle; and

«  Definition of operating environment(s).

Operational Concepts are usually one of the fasks undertaken in an integration activity for geedson — they
define relationships between systems and orgaairati An agency or partnership of agencies carumtessfully
build a system until the processes it supports haen defined.

Operational Concepts are an important first steftraceability” — in which a numbering system isvd®ped to
allow concepts to migrate to requirements, thercifipations and later, tests. Traceability ensunggortant and
desired aspects of the systems are not overlookddrgotten later. CDOT has existing Operationain€epts
documents for a number of interfaces —and alth@ufgw of these are somewhat dated, CDOT feelsphayide a
solid foundation on which to proceed. Ultimatelpodifications or updates to these Operational Cptsce
documents are required and will be undertaken lateat date as additional center-to-center (C2Cgtionality is
developed as part of the build-out ATMS/ATIS.

A2.6 CDOT Compliance with Second Condition - Requirements
The Federal Rule requires that CDOT complete thevfiing activities as part of the CTMC IntegratiBmoject:

¢ F] Requirements definitions.
System Requirements define “what” a system doesot-“mow” it is accomplished. CDOT has had success
developing requirements with a hierarchy — begigniith high-level requirements and developing thosever-

increasing detail. Requirements are written toresksl multiple aspects of a system such as functp@rformance
and interfaces — as well as enabling requiremerttls as speed, testing, deployment and supportraCfesistics of
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good requirements are that they are: clear and bigaimus; complete; measurable; consistent betwaeh ether;
achievable; testable; and in line with user, ovaret developer expectations.

To ensure requirements are complete, consistemcis®m and correct, CDOT typically institutes a eerof

requirements “walk-through” meetings. These arkl ls initial development, at each evolutionary sghand
whenever multiple requirements are changed. Raatits include CDOT, affected partners, the projeahagers of
participating entities and the system developerurp®se of the walk-through is to clarify; ensuremoaon

understanding; agree on constraints; prioritized (@liminate unnecessary requirements); and disthesges since
the last walk-through.

At the project start-up, CDOT completed definitiohhigh-level (non-detailed) requirements for thEMS/ATIS;
while extremely detailed requirements were completg the Integrator for those portions of the systeeing
deployed. The latter are reviewed via walk-througkiews before proceeding to the build stage dfwswe
development. Such requirements were developealifdeployed components of CDOT'’s current system.

A2.6.1 Project Requirements Example - Communications Server

The following section provides an excerpt from tle¢ailed requirements developed by the Integrato€blorado’s
ATMS/ATIS. Function of the ATMS/ATIS communicatisrserver was selected as an example to illusthate t
levels of detail and investigation typically reqdrto create comprehensive, detailed system reqgeits. Many
more such requirements were written by the Integrat

Communications Server

The Communications Layer is responsible for the roanications to devices and is implemented by a
“Communications Server.” It knows how to conneztdevices in a scalable manner (reusing connections
across multiple requests to the same device, pp@onnections, etc.) and it also knows how to fi@mns an
instruction from an object format to a device-sfiegirotocol and vice versa.

The Communications Layer does not perform busimessalidation logic and acts simply as a worker,
communicating to devices that it has been toldnteract with. The Services Layer is the “brainsghind
determination of which instructions to execute areén to run them, for instance, now or in the fatuia the
Scheduler. The Communications Layer cannot beimuthe Enterprise Java Beans (EJB) Container. It
requires threading, asynchronous protocol event diiag. Throughout the communications server
specifications, the terms for jobs, instructiongskls, messages and request/reply have been used
interchangeably.

1. Communication servers are post-loaded aftertsfanf the Java 2 Enterprise Edition (J2EE) apgiica server. The
check is made whether another instance of commtimincaerver is running or not.

2. Communication servers are clustered (mastervacti slave active environment) to provide fail oaesd load

balancing features. Fail over is automated withbutman intervention.

In the clustered environment the Jboss Instésoestarted if any of the services fail.

Communications servers handle all instructioeguest and response through the message queues.

The system connects to a configurable seriegigdl communications ports. This set is reloadatthout requiring

reboot of the system.

Communications to devices handle asynchronyholoting up the requestor until a device handlesittstruction.

The system handles connection to devices howkeddial-up modems, fiber optic lines, serial RRM/RS-435,

wireless, and Internet Protocol (IP) sockets.

8. The system initializes itself on startup, perfinmg operations such as connection pooling andagelookups before
receiving requests from the application.

9. The system uses smart connection pooling depengen the device. For instance, a device cormuktt a fiber optic
line uses a local cached connection.

10. Communication ports use baud speeds of 24@M,46H00, 19200, 32400, 57600, 115200 and moré, deta bits of
8, 7 or 6, parity of none, odd or even and stop bftl, 1.5 or 2. Default is 9600-8-none-1 anchvilidw control set to
none.

11. The system supports addition or removal of molanks without downtime.

12. The system loads known devices from one socarsmon to all communication servers.

13. The system reloads the device configuratiohowit requiring reboot of the system. In other vgottte communication
server supports dynamic configuration change ofdinéces.

arw

No
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14. The dial-up communication takes about 30 sesdoddial the number and accomplish initial handahavith the
remote modem. On fiber it takes less than ab@#cbnds to accomplish the handshake.
15. The system times out and closes the serialifoibfails to receive a response in the specifi@te. This timeout period
is configurable and modifiable without requiringsgstem reboot.
16. Modem initialization string is user configurabkithout reboot. The default initialization sigits ATEOV1.

A2.7 CDOT Compliance with Second Condition - Procurement
The Federal Rule requires CDOT investigate theofalg as part of the CTMC Integration Project —csfieally
intended to focus on software.

e H] Procurement options.

Based on past experience, CDOT realizes softwarelagigment will not be a perfect process, nor isdhe magic
formula available to cure all software and systeswetopment shortcomings. Because CDOT participateal
previous and somewhat unsuccessful large-scalesdft®are development project in the late 1990'6ai learned
some valuable lessons in this regard. ConsequeZEDT has identified a number of guiding princgpte consider
in systems and software development activities sisctihe CTMC Integration Project.

Software acquisition is collaborative. This priplei extends beyond organizational boundaries tludiecmultiple

parties. The Integrator’s role is especially catj as it is the single party generally best-slitte evaluate cost and
schedule ramifications of seemingl
innocuous requirements. No singl
public agency or individual has thd
skill needed to evaluate all aspects of
large-scale software developmen
Required skill sets include hardwardg
software and systems engineerin
contracting and legal expertise®
Individuals with some of these skill3%&
can bring different perspectives to
problem along with their expertisefs
Partner agencies are potentiall
valuable participants who can provid&
additional advice. CDOT was
fortunate to increase the syste
engineering skills of its staff by a
order of magnitude between the lat
1990’s project and this one.

Exhibit A5 — New CTMC Building Entrance

Historically, because most previous CDOT proje@aldwith construction, CDOT has a mind-set thatitetoward
rigid conformance to specifications. In softwamvelopment, a “give and take” approach is a betbem as there
are often design changes whether the participaatprapared for these or not.

CDOT recognizes requirements evolve over a projhcs CDOT may not get everything it wants as atcaue
because trade-offs need to be made with costs @metigles. Deviations from requirements can be sitipe —
encouraging Integrator innovation and yielding atbealue acquisition. Conversely, too much fleliipiis not
beneficial as requirements “creep” must be avoid€ibnfiguration management principles should beliappo
achieve balance. CDOT is also aware of the riskryihg to accomplish too many things at once. hgitgh
ambitious plans are desirable, growth is best aeli®one step at a time. Small development pieacilitdte low
costs and short, less complex, manageable schedulesCDOT’s experience, 9-12 month software module
development schedules yield logistically reasondbl@oyment packages.

CDOT philosophy for its umbrella ATMS/ATIS softwaveas that Iteration 1 took a number of existingatalities
already provided and made them “work” over a pewddbout 9-12 months Iterations 2 and 3 addresset
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existing capabilities while adding a number of “fimapabilities; with each phase also sized and dleel over an
approximate 9-12 month period.

Additional Iterations for functions not yet provitlevere prioritized and programmed for later additmver 5-7
phases using State funds.

A2.7.1 Project Procurement Example - Integrator Request for Proposals

In 2003, CDOT began developing a Request for PalpdRFP) to obtain the services of a new Integratalesign,
deploy and test the proposed ATMS/ATIS. The RFR vedeased late that year. Respondents were eliréot
submit a proposal in strict conformance with a djet format to facilitate ease of evaluation by thelection
committee. Proposals were evaluated based ortiatidn the following elements:

¢ Response Team Capabilities and Representatived®&pje
« Key Employees, Roles and Responsibilities;

e Work Location;

¢ Hourly Rates;

*  Project Understanding and Critical Issues;

*  Project Approach;

e Systems Engineering;

e |TS Standards;

e ITS Architecture;

. Management Plan;

. Cost Control, Schedule Control and Quality Contaoicl
¢ Benefits.

Proposals were received from three highly capahté gualified system integration teams. After aadetl and
extensive review process, the selection committe@se En Route Traffic Systems (ERTS) as its neaghattor.

A2.8 CDOT Compliance with Second Condition - Standards and Testing
The Federal Rule requires CDOT complete the folhgpas part of the CTMC Integration Project:

« ] Identification of applicable ITS standards aedttprocedures.

Although standards are discussed separately, &disieussion of testing for this project followd/erification of
whether requirements have been met is accompliiredgh tests. Acceptance lies in three areaslidatimn,
verification and quality assurance. Validationuiegs analysis of whether the system matches wessta- in other
words was the right system built? Verification cke whether the system has met requirements —hier atords
was the system built right? Quality assuranceuatas if the correct development procedures wdlewfed — in
other words was the system built the right way?

Acceptance is achieved through testing at variaistg

in development and consists of unit tests; subsyste
tests; integration tests; pre-staging tests; amg@ance
tests. The first three take place in developmemnerify
operability at key steps of assembly. They deteemi
operation of individual units, subsystems (collecs of
individual units performing a defined function), dan
integration (a collection of subsystems performing
together). Hardware tests of these components take
place visually but are also tested for functioyabind
conformance with environmental requirements. Simil
software tests are performed by programming st@fe-
staging tests are performed to ensure modules,
subsystems and/or overall systems are ‘“ready.”
Acceptance testing is undertaken prior to CDOT
assuming ownership.
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Exhibit A6 — New CTMC Video Wall (Back)

Acceptance testing includes functional tests, perémce tests (including throughput, storage anasst or peak
testing), failure mode tests and operability. Prio testing, CDOT and the integrator typically dmp a
comprehensive test plan to define parameters defiorogram. Test plans might therefore include:

e  Test procedures;

. Expected results;

« Test data sheets;

¢ Schedules;

« Test conditions and settings;

*  Testing team identified,;

* Requirements traceability matrix; and

«  Problem reporting, tracking and resolution procgsse

The final test generally requires an observatiomopleconsisting of a predetermined number of ddysamble free
operation. Applicable portions of the task ordemeprising this project were developed to includest plan. All
items were tested in accordance with specificksts outlined in that task order (or via previpuogjects).

A2.8.1 Project Standards and Testing Example - Iteration Two

CDOT used the services of the Systems Managerawide independent tests for portions of the Integia work.
Tests were undertaken to determine whether thafgpemdule(s) functioned as intended. The exasfikted in
Table A5 are excerpted from the Manager’s prodaceptance test for Iteration 2 of the ATMS/ATIS.

Table A5 — Iteration 2 Product Acceptance Test (EErats
USE USE CASE COMMENT
CASE NAME
12.5.70| Add AVI Reader | Basic Flow #6 — There isptace to input a “z” value if using the latitudeddongitude option

12.5.61 | Configure RTMS | Basic Flow #13 states “The system displays theo¥alg: ... all OK or Degraded Con
Pools...”; this text was not provided

12.2.83 View Snapshot Basic Flow #12 states “usenzs in on the snapshot viewer”; zoom functionaiity provided

12.2.91 | View RTMS Statu | Basic Flow #6 states “Offline status devices amaghgrey”; status of “OK” was shaded gre)

Table A5 is shown for the purpose of listing a fexamples only. Additional comments were also ptedifor the
same Use Cases shown as well as other Use Caséstenbtin the table. Once the Manager providegriten
report summarizing the test results, CDOT and titegrator developed a prioritized list of issuedbéoaddressed
immediately; as well as other items to be addressea non-priority basis.

In any case, all such items found to be missingtberwise incomplete were addressed and adjustatdingly by
the Integrator prior to final acceptance.

A2.9 CDOT Compliance with Second Condition - Management and Operation (M&O)
The Federal Rule requires CDOT attention to thiefdhg item as part of the CTMC Integration Project

« J] Procedures and resources required for managemdrniperation (M&O) of the system.

CDOT is aware that proper M&O procedures throughlifie cycle of the system are essential to succ&secause

of this, CDOT has restrained the department’'s IT&m@m growth to a certain extent over the pas fiears to
allow planning and funding to catch up with ongoidgployment. CDOT has identified and implemented
management principles in this area as follows:

e Maintain multi-agency/multi-disciplinary coordinati of activities This establishes strong, effective work relatttps.
Techniques include establishing steering committeraffic management teams; incident/emergencyaesp teams; and
periodic agency briefings. These are used to ¢oatel and develop management strategies and apwbfilans. CDOT
has strong regional partnerships that establighedoundation for this project, preceding work atlder ongoing efforts.
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Encourage partnerships when appropriate for IT&ides. CDOT always considers partnerships to sharecquiee
infrastructure and other resources. Current sactnerships include over 40 participants statewide.

¢ Ensure system reliabilitySteady operation must be maintained to gainidente of management, agencies and the public.
Options for reliability include: actions in desigirocurement, implementation and day-to-day opemaspecifications and
acceptance testing; and careful selection of lategrand hardware. CDOT will continue to moniteliability as a key
aspect of the new system as it develops, and ditigeare a key element. Initial indications dr&t the new ATMS/ATIS
is vastly superior from a reliability standpointses the preceding conglomeration of stand-alonéutes and subsystems.

e Conduct reqular M&O briefings with agency personn@DOT already completes such briefings internally

«  Establish performance requirements and criterianemage and operate ITS; and monitor, measure gmattrgystem
performance and benefitsPossible Measures of Effectiveness (MOE) incluti#ay, throughput, air quality, malfunction
response times, incident response times, safetgastdmer satisfaction. Performance requiremaetbaing developed.

Key operational issues to be applied include:

« Develop and maintain operations plans, manualsdaedmentation The Integrator is developing an extensive |iprair
documentation as a deliverable for all ATMS/ATISrélepment activities.

« Develop and maintain operations manuals to defieectitical functions of the systemAs new subsystems and modules
are brought on-line, such documentation is being,will continue to be developed by the Integrator.

« Develop policies and procedures for incident mansggg CDOT has Incident Management Plans (IMP) fordemidors.
The policies and procedures developed in thosesplarm the framework for such policies and procedustatewide.
Additional corridors are under consideration forAMevelopment.

« Develop protocols for operating ITS devices of otlgencies These are being developed in parallel projects.

A3 Third Condition - Use of Appropriate ITS Standards

Industry-consensus ITS standards define how tratedmn system components interconnect and inteviahtn the
framework of the NITSA. They specify how technaésy products and components interconnect and-amterate
among different systems so that information carsiered automatically. There are currently over a@proved
and emerging ITS standards — all developed by putid private stakeholder organizations in a piosepported
by FHWA. Many are approved and published whileecdhare progressing and will be adopted soon,abud now
it makes sense to use standards in ITS designnaplérnentation. This approach has little risk aalitates future
integration opportunities.

There are a series of standards that define tedais, elements,
message sets, and foundation standards that @gsagrany Market
Packages. Several (e.g. the NTCIP family) were@ndinue to be
used in the CTMC Integration project. These fotra basis for
interoperability by defining common terms and imh@tion
elements. Baseline standards are critical foralépy a wide range
of market packages because they establish commmabutaries of
data elements and message structures that allownegITS
applications to exchange data and information. plidlg common
vocabulary is of particular importance for exchaofielata between
the developing ATMS/ATIS and the various extermahsit, traffic
and emergency management systems.

Exhibit A7 — CTMC Weather Monitor

A3.1 CDOT Compliance with Third Condition - Exchange of Video Images

National ITS Standards have not directly addressethanging video data due to the extensive stamdand
conventions that exist. Colorado has developeddahoc “standard” to enable such exchange. CDOrkedbwith
regional agencies to install a SONET-based higledpdS communications backbone. As part of thisrgf
CDOT deployed Nortel communications multiplexerattallow video and data to be sent over the netwamll also
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identified Panasonic CCTV cameras and switcherthastatewide equipment standard. CDOT is progidiarcal
agencies with this equipment as part of ongoingegte. Use of common equipment eases integratimh a
facilitates sharing of video images. Developmenthe ad-hoc standard was completed under thréeotakers in
the FY98 earmark project. The referenced instahiatalso operate using a common software platform.

A3.2 CDOT Compliance with Third Condition - CDOT Standards Plan

As part of ongoing programmatic work, CDOT contigiués process of developing Standards Plans toyappl
program-wide. A summary of initial work is proviieelow. Standards Application Areas (AA) are Epldyment
categories focusing on specific ITS services — eapitaining references to the NITSA. Categoriesiified for
inclusion in the context of the overall CDOT ITSBram are described below.

A3.2.1 Standards Application Areas

AA identified as part of thehort-termstandards plan and rationale for inclusion aremgsd in additional detail
below. The numbering scheme matches that provileBHWA in the standards guidance documentatiom A
asterisk {] indicates that standards within this AA were usethe CTMC Integration Project.

« 1] Data Collection/Monitorintt Interfaces between a management center or defttvarand roadway devices that collect
traffic data over time.

« 2] Dynamic Message Sigfs Information exchange between a control center2M® in the field.

« 3] Environmental Monitoring: Information exchange between a control center @adiway equipment that monitors
environmental conditions — commonly those being pha RWIS.

* 6] Vehicle Sensors Interface between a control center and roadwajpetent that senses traffic parameters.

e 7] Video Surveillance:Interface between a control center and videoesllance equipment located on the roadside.

« 9] Incident Management:interfaces that support coordination/exchangenoident-related information between allied
agencies. Such interfaces are planned (or aliegolace) statewide.

e 11] Traffic Managementinterface between a traffic management subsyatehother internal/external centers.

e 13] Traveler Information (C2C)interface between a creator of traveler infororatiata and other centers using the data.

e 16] Traveler information
(Center to Vehicle/Traveler -
C2VIT)*: Interfaces between
centers that provide traveler=
information and travelers .
(either pre-trip or en-route). r

« 17] Toll/Fee Collection
Interface between a toll
collection or parking facility
and a vehicle for electronic
fee collection. CDOT
already uses High Occupanc
Toll (HOT) lanes on I-25 and
two regional toll highways
also intersect [-25.

Exhibit A8 — CTMC Control Room Viewed from Media Bm

The remaining application areas are part of thg-tenm Standards Plan and will not be immediatplyliad for use
statewide.

e 4] Ramp Metering (note volume/speed/occupancy filata ramp meters currently used as input to tréivet subsystem).
e 5] Traffic Signals.
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8] Data Archival (note CTMC archives DMS and linditeravel time data but does not provide such sesvior other
agencies).

¢ 10] Rail Coordination.

e 12] Transit Management.

e 14] Mayday.

e 15] Transit Vehicle Communications.

e 18] Signal Priority.

« 19] Highway Rail Interface.

These AA will remain the responsibilities of the OD Regions, outside agencies, are not currentiynad, or are
currently planned but anticipated to be part ofltiigyer-term program for ITS deployment in Colorado

A3.2.2 Standards Selection Process

Standards selection will consist of a four-stepcpss and the same logical flow applies whetheriegpb a
specific project or program-wide.

« Step 1 The short- and long-term AA are verified and &#elist for the overall program developed.

« Step 2 Aninitial list is developed including all FHWAecommended standards from the appropriate AA.

e  Step 3 Unsuitable standards from the initial list arenghated as a “first cut.” For example, many lisgtandards address
in-vehicle navigation systems, which CDOT does miend to accommodate in the short-term; or trawediicle
communication, which CDOT will leave to the dis@et of the transit-operating agency. In these €dbke referenced
standard is eliminated from the list or deferredilsuch time as CDOT begins developing such systeifhe “first cut”
therefore eliminates or defers non-applicable stedglby inspection.

« Step 4 Standards surviving Step 3 require further itigasion to determine potential applicability. S#ards determined
to apply are retained and deployed as part of thet mpplicable ongoing, current or planned project.

End Appendix A
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Appendix B: ATMS/ATIS Work Summary by Software Iteration

CDOT began planning the new ATMS/ATIS in the [a89Q’s well before the start of this earmark; butederated
such efforts after the award. An early high-lepdhnning activity identified elements of the ATMIIS
envisioned to be critical pieces of the long-testatewide system. The Denver Regional ITS Architec(RITSA)
provided CDOT with a comprehensive list of markatkages to be included as proposed system modelgs (
“The system should provide the capability for CD@perators to control highway advisory radio equipm®). In
parallel, high-level functional requirements wereveloped for the system as a whole (€Tthe system should
include an alarm handler). These were further discussed to determineefuéirious functional elements under
discussion should be part of the “core” system@wotherwise linked to using device drivers. Aslthek and feel
of the build-out ATMS/ATIS began to emerge, CDOTcdmented its priorities in a Top Level Iteratiora®| the
purpose of which was to organize the proposed eitsrieto order of importance, and then further grthese into
deployments of deliverable components.

The highest priority components identified in 2008 listed in Table B1. Thectual components deployed during
the three software iterations to date are indivigudentified by the Use Case abstracts in SestiBh-B3.

Table B1 — High Priority Functional Components (adefined in 2003

FUNCTIONAL COMPONENT PRIORITY [1] SOURCE [3] ITERATION
[4]
Alarm Handler 1.1 L internal 1 [partial]
Dynamic Message Signs (DMS) 1.1 M internal 1 [fditi
Radar/Speed Detectors (RTMS) 1.2 L internal 2
Security/User Manager 1.2 L internal 1 [partial]
Automated Traffic Recorders (ATR) 1.3 H subcontract 2
Logging 1.3 L internal 1 [partial]
Mapping / Graphical User Interface (GUI) 1.4 M external interface 1 [partial]
“Configure” Element 1.5 H subcontract 1 [partial]
Core Architecture Framework not assigned not assigned internal 1
Scheduler 15 M internal 2
Courtesy Patrol 1.5 L internal 2o0r3
Web 1.5 M internal 2o0r3
Highway Advisory Radio (HAR) 1.4 M subcontract 2
Reporting 1.5 L internal 2
Kiosks 15 L internal 3
Operations Database 1.5 M internal 2
Scripting 1.6 H internal 2
Computer Aided Dispatch (CAD) -E911 Interfaces 1.6 L/H external interface 2
Regional Transportation District (RTD) Interface 1.6 M external interface 2
Road Weather Core System 1.5 L internal 2o0r3
Weather Station Interface 15 H subcontract 3
Speed/Incidents/Travel Time Phase 1 1.5 M internal 3
Closed Circuit Television (CCTV) 1.6 H subcontract 3
Colorado State Patrol Interface (CCIC) 1.6 L exakmterface 3
[1] In this instance, the LOWER the number, thehleigthe priority
[2] Risks are low, medium and high (L, M, H)
[3] Planned “source” in 2003; most activities eveaity completed by Integrator
[4] Planned/proposed deployment iteration as of-2ii3; see Use Cases for actual elements comgigtiéeration

Medium and lower priority functional componentsritied in 2003 are listed in Table BActualcomponents
deployed in the three software iterations to dageirzdividually identified by the Use Case abstdntSections
B1-B3
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Table B2 — Lower Priority Functional Components (aefined in 2003

PRIORITY [1] ITERATION
[4]

2.1 H internal TBD
Transit Security 2.2 L internal TBD
“Trip-70” Interfaces 2.2 H internal TBD
Road Weather System Phase 2 2.2 L internal TBD
Telephone Hot Lines 2.3 H internal TBD
Thermo-graphic Mapping 2.3 M internal TBD
HOV Subsystem 2.5 H internal TBD
Trailblazers 3.1 M internal TBD
Toll Collection Interfaces 3.1 M internal TBD
Railroad Interfaces 3.1 M internal TBD
Emissions Interfaces 3.1 M internal TBD
Traffic Signal System Interfaces 3.1 M internal TBD
CVO/External Interfaces 3.1 M internal TBD
Advanced Vehicle Detection Systems (AVDS) 3.1 M einal TBD
Parking Interfaces 3.1 M internal TBD
Call Boxes 3.1 M internal TBD
Operations Database Phase 2 3.1 M internal TBD
Speed/Incidents/Travel Time Phase 2 3.1 M internal TBD
Daily Construction 3.1 M internal TBD
Text Messaging 3.1 M internal TBD
[1] In this instance, the LOWER the number, thehleigthe priority
[2] Risks are low, medium, high (L, M, H)
[3] Planned “source” in 2003; most activities (&&te) completed by Integrator
[4] Planned/proposed deployment iteration as of-2ii3; see Use Cases for actual elements comgigtiéeration

* In-vehicle probes had been a mid to high prioaigng I-70 in the mountain corridor; but the capfration of this subsystem was changed as
part of the I-70 West Integration Project (“Trip-7Go one using a combination of toll transpondereunt stations and ramp meters to evaluate
speeds and develop projected travel times betwekrspalong I-70 West. See the Trip-70 Local Eadhn Report for additional information.
The core portions of this system — in which thgidia Tech algorithm was used to predict travelgsrbased on surveillance data — is part of
Iteration 2.

The software development work completed in ATMS/8Tlterations 1-3 (those iterations in which theefed
funding for this project were a contributor) is lingd and briefly described in the following seciso with “Use
Cases” used to describe the work accomplished. sA Oase is defined as a description or technigad irs
software and systems engineering to capture thatifural requirements of a system; and to descrdve o achieve
a goal or task. As will be illustrated below, aeldase may be related to multiple system featuré®afunctions.

Use Cases describe the interaction between a pgritaator” (the initiator of the interaction) andetlsystem itself,
represented as a sequence of simple steps. Iradols case, all were written by the Integratosifstantially
more detail than that represented herein — therdents developed for each Use Case are several ipelgegth.

B1 Work Completed in Software Iteration 1

At the conclusion of Iteration 1, Colorado’'s ATMJKS was able to accomplish the following activitie3he
abbreviated Use Case (UC) abstracts provided &eaded to yield a “snapshot” of the system at thactusion of
the first three development phases.

e 1. lterationl (“I1") UC 1.00 Login to SystemA user logs into the system using this UC. Usen@and password are
required to login. All attempts are logged. Repddailed attempts from the same computer (IP exfijrof greater than 10
will generate an alarm.

* 2.11UC 1.10 Logout of SysterA.user is able to log out of the system using this Logout closes the client.

* 3.11UC 1.30 Manage Userdhis is a base UC that defines the conditions reténl@ccess manage user tasks.

4,11 UC 1.31 Add New UseAn administrator adds a new user to the systers;thetpassword (using change password)
and sets the roles. The administrator seleceethents (username, password, name, email, phong,gole, status, etc.).

A user can have only one role. Hierarchy of rided] administrator; 2] maintenance; 3] operatt®P An e-mail is sent to
the user whose account has just been createcacédunt details will be in the e-mail.
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5. 11 UC 1.32 Edit UserThus UC assigns the group the user belongs tagrasgiand removing global and regional roles,
and disabling or enabling the user. There is animidtrative account that cannot be locked outssp@rd can be changed
on this account. Username cannot be changed ooraated account. Account changes are e-mailduketaser.

6. 11 UC 1.33 Change Passwordn administrator may change a user’'s password.agsword must be >8 characters and
contain alphanumeric characters, no special chersaand is case-sensitive. A password changeniiled to the user.

7.11 UC 2.00 Navigate DesktoThis UC defines the elements, menus, icons, tos)lrom presets, default tool and map
in the graphical user interface (GUI) based on.rdlae standard desktop for the Client GUI hasr2ests. Screen 1 is left
and is the main map navigator which displays lagyiesmenu, and map view. Screen 2 is right, enthhe status console,
containing windows for alarms, logging, etc. Tasised windows (e.g. view DMS, etc.) always opeBdreen 1, but can
be moved (to Screen 2 or other position in ScrgenThis UC focuses on behavior and functionalityscreen 1. Windows
in Screen 2 are defined in their own UC. Layerdude: background image, counties, state boundzZDQT Regions,
maintenance sections, highways, cities, mile markand maintenance patrols. At startup, the cligsplays a “loading”
message identifying the data or module being load&dailable functionality depends on the role bé tlogged-in user.
Devices are shown using different icons with stahgicated by color or symbol. Device attributeayndrive icon type
displayed (such as reminder timestamp for DMS).olfars include zoom in/out, full extent or fit toreen, arrow, pan,
rubber band (rectangle/free form), find, and réfreew. When a user moves their mouse over a ddiid/1S), the system
displays the following: sign ID (highway, directian mile marker), common name, message text angdded timestamp.

8. 11 UC 2.10 Search MapThe user may type a text string, select layersfemda device, icon or element. Foe example,
the user could find a particular mile marker byeeintg the exact mile point. The desktop will hight the icon, if found.
The find screen will also display the search resaittd allow the user to go to the device, iconement on the desktop.

9. 11 UC 2.20 Find DMSA user scrolls and zooms to a particular sectiothefmap, drags over with a mouse and selects a
set of DMS. The system automatically displaystdf DMS. The user is able to make a selectioDMS using two types

of rubber bands — rectangle and free form. The igsable to find a DMS using the Search/Find DewitC. If the user
clicks on a single DMS, a menu is displayed (addgage, clear sign, configure DMS, set brightness QMS, etc.).

10. 11 UC 3.00 Control DMSThis is the base UC that provides access to viewsD&ld message to one or more DMS,
adjust brightness, clear DMS message to one or B8, poll DMS and test DMS pixels.

11. 11 UC 3.15 View DMSThe system displays the list of selected DMS. [Elets displayed include sign ID/common
name, message text, status, last poll time, remitithe, message expiration time, check box. Téxazh row (i.e. DMS)
will be in a color determined by the status (blu&s@ed=failure, yellow=degraded, maintenance needed). The system
displays buttons to poll DMS, activate messagarden, view status, refresh view, etc.

12. 11 UC 3.20 Add Message to One or More DMSuser may select one or more DMS, type a messalgéremove DMS
and send the message. Line and character masiieesupported. Messages have high, medium angiimnties. An
override flag is provided. For the administratam, additional flag allows only other administrattrelete this job (if not
yet run). Upon sending a message, the systenprathpt the user that “additional/secondary DMS” magd messages.
It will display related highways to all DMS thatettmessage was just posted to. Message validatotudies: spell check,
check for banned words, message length check, asdage priority check against current messagarssgenerated when
trying to post the sign (once accepted by the systre displayed in the error handling window. Tients are provided
(standard and compressed).

13. 11 UC 3.25 Use Message Librargelect a stored message when adding a message tw anultiple DMS. Libraries
include: chain law messages, amber alert messkges closures, others. A message within a libnaliyhave a display
order, sequence number, and message priority.

14. 11 UC 3.26 Check for Banned WordEhis UC checks for any banned words in the mestagdefore it is submitted
to the queue for posting to one or more DMS. Adhbed words are entered from the DB layer (no Gidess will be
provided).

15. 11 UC 3.27 Check Spellindrhis UC uses a third party spell checker to vesgllings of words in a message before it
is sent to one or more DMS.

16. 11 UC 3.30 Adjust BrightnesThis UC allows the operator to adjust brightnes®ia or more DMS.

17. 11 UC 3.40 Clear DMS Messag@ user is able to manually blank one or more DMBigishis UC. Upon receiving
this task, the system removes the current messatfeedMS and displays a blank message.

49



=¥

g
g

CTMC Integration Project (FYO1 Earmark)
Local Evaluation Report

18. 11 UC 3.50 Poll DMSThe system polls all DMS automatically at a desigddime. A user of the system is also able to
poll one or more DMS manually at any time to chiéslstatus.

19. 11 UC 3.51 Text DMS Pixel&rom the poll DMS screen a user can manually ereaytixel test for a particular DMS.
The results are populated on the screen and préivideser with a view of pixels that are OK, stadk stuck off, etc.

20. 11 UC 4.10 Issue Device InstructioiThis UC is used by all other UC that generate ut$ions (e.g. add message to
DMS). This UC defines the business rules arouna imstructions get inserted into the queue and rlmthe event the
DMS has a task (message) with a high priority drelriew message to be inserted is lower priority,system will not
override the first message (unless override istgétrue”). This event will be logged. In the easf a tie, the newer
message replaces the older message.

21. 11 UC 4.20 View Device Instruction Stat&.user can view all instructions currently in queared those scheduled to
run. Instructions could be a message to be satlkS, poll a DMS, adjust brightness, etc. Thedé#fines the criteria for
viewing the jobs (i.e. by status, by time, by udgy, device, any filters/sort criteria). The follmg attributes of an
instruction are displayed: device ID, instructi@ task, start time, priority, status, and own€he completed, cancelled or
failed jobs are not displayed in this view (as they done).

22. 11 UC 4.30 Remove Instruction from Queuk.user can only cancel their instruction(s) in tpgeue that are in
“pending” state. An administrator can cancel instions from a user within their security group ahah “pending” state.

23. 11 UC 5.00 Manage DMSThis is the base UC that provides access to mabDitfe tasks. Only the administrator and
maintenance users will be given access. They hél able to accomplish the following: add DMS, dgufe
communications pool, configure communications paad from sign, configure DMS and remove DMS.

24.11 UC 5.10 Add DMSOnly maintenance and administrators can add a né8.DAn add device wizard will walk the
user thought the steps required to add the new B8&e. The UC uses the Read from Sign and CorfipiS UC.

25.11 UC 5.11 Configure Communications Po@nly an administrator can add, edit or delete arnanications pool. A
communications pool is a collection of one or mmwenmunications ports for accessing devices.

26. 11 UC 5.12 Configure Communications PorOnly an administrator can add or edit a commurocatiport. A
communications port is the physical port a devicednnected to or accessed by. It cannot be deletgead it can only be
enabled or disabled. A communications port musigseciated with a communications pool in ordeitftr be used.

27.11 UC 5.20 Read from SigiThis UC allows for data to be read from a DMS.

28. 11 UC 5.30 Configure DMSThis UC allows maintenance or administrator toayed view sign configuration data. A
read from sign function is performed to get la@sta. The application saves this information. &dmsiness data (e.g.
common name, mile marker, etc.) is changeable enGMMS database. No data is saved to the sign fhisnUC (this
applies to configuration data). DMS status camrhenged between new, maintenance, disabled, adiisé&a elements that
differ in the system when compared to the databesélisplayed red. Data elements that do notrdiffe displayed blue.

29. 11 UC 5.40 Remove DM%n administrator or maintenance can remove a DM8&fihe system. The DMS status is set
to offline. It is not physically deleted from tsgstem. Only DMS that have the status “disabledi lbe deleted.

30. 11 UC 6.00 View AlarmsUnacknowledged alarms are broadcast to system.u3érs following are displayed: alarm
type/description; device ID; alarm ID; generated tbmments; close time; last updated time; owrtatus (acknowledged
or not). A user can acknowledge an alarm but aacan only be acknowledged once. Upon acknowledggnthe
information is broadcast to other users (so theykwho is working on the alarm). View can be fité/sorted by several
columns (owner, status, device ID, and alarm typ&j.start up all unacknowledged alarms are diggdayAt logout, all
alarms are cleared from this window. A buttonlaacall acknowledged alarms from the alarms winé®provided.

3111 UC 6.10 Add AlarmWhen a task fails an alarm is generated. The syateo-creates/broadcasts new alarms.

32 11 UC 7.00 Generate Fax LodA user can request the system generate fax loge. system automatically determines
which fax logs to generate based on changes tstéte and messages on the DMS since the time tdgheeport.

3311 UC 7.10 Generate Equipment Failure Repdiis system-generated report lists DMS in neecepfise.
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e 3411 UC 8.10 Log User ActivityThe system logs major user activity and definegssie logging the data . These include
log in; log out; add user; edit user; change pasdwarld message; adjust brightness; blank sighsfpi; test DMS pixels;
remove instruction from queue; add sign; configtmenmunications pool; configure communications poegid from sign;
configure sign; remove sign; view alarms; genefatdog,; and generate equipment failure report.

* 35.11UC 8.20 View Logged Activit{dser activity logged to the system can be viewks new tasks are done and logged,
the system broadcasts this information to all CTé#&énts.

e 3611 UC 9.00 Integrate with Co-Trip WebsifEhis UC defines the automated processes that infleenCo-Trip website of
the current status of the DMS. Additional elemenitsh as DMS status, new, removed and locationgdsaaf DMS are
incorporated in this interface.

B2 Work Completed in

Software Iteration 2
At the conclusion of Iteration 2,
Colorado’s ATMS/ATIS was
able to accomplish the
following activities in addition
to those listed under Iteration 1
The abbreviated Use Case (U(Q
abstracts provided are intende
to yield a “snapshot” of the
system at the conclusion of th
first three development phases.

Exhibit B1 — New CTMC Video Wall

As part of the Iteration 2, CDOT enhanced the fiometlity of some of the earlier core system funasio Items that
were improved in Iteration 2 that were previousdyeld as Use Cases in iteration 1 include theiatig activities:

e 11 UC 1.00 Login to Systersupport multiple logins.

e |1 UC 2.00 Navigate Desktopdjust client profile.

* 11 UC 3.15 View DMScontrol and select.

11 UC 3.20 Add Message to One or More DMessage expiration; add pixel feedback to edit@ne DMS selected,
show current/old message, other leave blank; reenintessage is now an alarm.

e 11 UC 3.30 Adjust Brightnesadd driver for temporary DMS make/model.

e 11 UC 3.40 Clear DMS Messagadd driver for temporary DMS make/model.

e 11 UC 3.50 Poll DMSadd driver for temporary DMS make/model.

e 11 UC 3.51 Test DMS Pixeladd pixel legend; add to activate message (sholehrpixels).

* 11 UC 4.10 Issue Device Instructioadd new instructions.

. |1 UC 4.20 View Device Instruction Quetsart filters; make consistent with current client.

* 11 UCA5.10 Add DMSadd driver for temporary DMS make/model.

e 11 UCA5.11 Configure Communications Poimcorporate Manage Communications UC.

e 11 UC5.12 Configure Communications Pdricorporate Manage Communications UC.

* 11 UC 5.20 Read from Sigadd driver for temporary DMS make/model.

* 11 UC 5.30 Configure DMSadd driver for temporary DMS make/model; adjusioas settings.

* |1 UC 5.40 Remove DMadd driver for temporary DMS make/model.

e 11 UC 6.00 View Alarmsrevise; add filters; make consistent with View ka@nd View Instructions.

¢ 11 UC 6.10 Add Alarmvarious revisions.

e 11 UC 7.10 Generate Fax Logsers can now select the report and which groupend it to.

11 UC 8.20 View Logged Activitadd filters.

New Use Cases addressed in Iteration 2 includétioaving:

e 1. lteration 2 (“12") UC 2.30 Status ConsoleDefines windows and filters/sorting behavior. Thi€ is extended by view
instruction queue UC, view logs UC, and view alati@that contain data element details and broadestvior specifics.
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2. 12 UC 2.83 View SnapshoThis UC provides the ability for the user to gejuack look at a particular speed node and
view the devices on that node or segment. Thisidtes the input and output devices and camerag. rélated routes will
be displayed as well. A tabbed view on this windeilV organize most of this information. A summanap may also be
provided.

3. 12 UC 2.84 View RouteRoutes are listed with speed information. Routegae-defined. Trip travel time for routes is
displayed here. Similar data is displayed undewdevice UC.

4. 12 UC 2.85 View SegmentBetails regarding congestion/volume/speed for dggrents are defined here. Similar data is
displayed under view device UC.

5. 12 UC 2.90 View DeviceAdditional devices show up in tabs. Routes, n@tessegments appear in individual tabs.

6. 12 UC 2.91 View RTMd.ist of RTMS is provided with detailed speed andgestion data.

7.12 UC 2.92 View Ramp Metekist of ramp metering devices is provided with dethspeed and congestion data.

8.12 UC 2.93 View AVI ReadeWiew device.

9. 12 UC 3.60 Post Trip Travel Time on DMSThis UC defines frequency and how a Trip Traveletimessage is
automatically posted on a DMS. The following &iiies are defined: segment; distances from/to;ageespeed. The
system will post the message automatically on a Dd&y 3 minutes. Time range of the messages fsliasvs: 1]
minimum duration < 4 minutes; 2] from 4-20 minutese 2 minute ranges; 3] from 20-30 minutes, usénBite ranges; and
4] maximum duration > 30 minutes. The UC provittes ability to disable or enable a DMS and to reeeind post speed
messages. Automated messages are only posted ® $aMconfigured to receive them. Speed messagesremted
separately from user defined messages.

10. 12 UC 5.13 Manage Communicatiornkhis UC allows users to access communications @oegdlcommunications ports.
11. 12 UC 5.14 Add Communications Pod@his UC allows the user to add a communicationd.poo

12.12 UC 5.15 Edit Communications Podihis UC allows the user to edit an existing commations pool.

13. 12 UC 5.16 Add Communications Pofthis UC allows the user to add communications ports

14.12 UC 5.17 Edit Communications Poifthis UC allows the user to edit existing commuriara ports.

15. 12 UC 5.50 Add RTMSThis UC defines steps and data needed to add anSREMe-fired radar speed reader) device.
16. 12 UC 5.51 Configure RTMSThis UC extends the add device UC. It allows usersonfigure RTMS including
disabling them temporarily. The communicationsadatd business data (such as common name, milematk.) will be
changeable in the CTMS database. The device carnygorarily disabled as well. No device configima on actual

device.

17.12 UC 5.52 Remove RTMAdministrator or maintenance can remove a deviom fthe system. The device status is set
to offline. It is not physically deleted from thgstem.

18. 12 UC 5.60 Add Ramp MeteThis UC defines the steps and data elements nd¢edettl a ramp meter.

19. 12 UC 5.61 Configure Ramp MeteThis UC extends the add device UC. It allows usersonfigure ramp meters
including disabling them temporarily. The commuations data and business data (such as common naiteenarker,
etc.) will be changeable in the CTMS database. dehéce can be temporarily disabled as well. N@ateconfiguration on
actual device.

20. 12 UC 5.62 Remove Ramp Metékdministrator or maintenance can remove a deviomfthe system. The device
status is set to offline. It is not physically eteld from the system.

21.12 UC 5.70 Add AVI ReadeiThis UC defines the steps and data elements needadd an AVI (automated vehicle
identification or toll tag) reader device.
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e 22.12 UC 5.71 Configure AVI ReadeiThis UC extends the add device UC. It allows usersonfigure AVI readers
including disabling them temporarily. The commuations data and business data (such as common naiteenarker,
etc.) will be changeable in the CTMS database. dehwice can be temporarily disabled as well. N@ateconfiguration on
actual device.

¢ 23.12 UC5.72 Remove AVI Read&dministrator or maintenance can remove a devioa fihe system. The device status
is set to offline. It is not physically deleteariin the system.

e 24.12 UC 9.10 View Speed, Travel Time, Congestid®o-Trip. This UC allows the user to view speed informatiorttoe
web client. This could include point speed, cotigasmap (by speed, by occupancy) and travel tinfdss may be similar
to the View Snapshot UC.

e 25.12 UC 10.00 Manage Intelligent Taskthis is the base UC for “tasks,” i.e. managemetgtam of intelligent tasks.
° 26.12 UC 10.10 Create Intelligent Taskehis UC allows the user to save a task.

e 27.12 UC 10.20 Execute Intelligent TasKhis UC allows interactive tasking.

e 28.12 UC 10.30 Edit Intelligent Task¥his UC allows the user to modify a few elements.

* 29.12 UC 11.00 ReportsThis is a web based solution for up to five repptéeed on the web site. Functions include query
of the log table for data with available informatimcluding device ID, create data, user ID, messagd status.

* 30.12 UC 20.00 Get Device Datdhis base UC is extended by the device specifia dathering UC. The CTMS gets data
from devices or it goes to the specific devicesrfterfaces to the devices) and collects the data.

« 31.12 UC 20.10 Get RTMS Datdhis UC describes RTMS data collection. Three $ypleconnections are supported: 1]
directly connecting to the RTMS and requesting plalia (volume, speed, occupancy) from it; 2] ggtfiat file, database
layer or raw data from the T-REX system; and 3}iggtdata directly from the RTMS and polling viddr. The CTMS
will request RTMS data every 60 seconds directiyfithe devices. The data collected from the T-FEXS will be real-
time. For RTMS connected via Smart Box (cell photiee Smart Box will transmit data to the CTMS sv80 seconds.

e 32.12 UC 20.15 Poll RTMSThe system performs a self-test when a problemndgcated within the Get RTMS Data
function.

e 33.12 UC 20.20 Get Ramp Meter DatdThe CTMS will connect to the ramp metering computed get data through a
database layer connection. The CTMS will not cahidérectly to a loop or ATR for this iteration (#gere is currently no
device driver developed for this application). ®&bm the ramp meter system will be collectedeialtime.

e 34.12 UC 20.30 Get AVI DataAVI readers will be configured to report collectédta every 60 seconds. The CTMS will
maintain a direct connection with these devicesragdive this information when sent (every 60 sdspn

e 35.12 UC 20.40 Manage AVI PairsThis UC allows the user to manage AVI source argdidiation pairs. This activity is
essential to process AVI matches and calculatekttave / speed for the segments.

* 36.12 UC 30.00 Process Datarhis set of UC will define the business rules, aliyon and processes required to calculate
an estimated speed for roadway segments. It isdl define congestion.

e 37.12 UC 30.10 Calculate Segment Sped@tis UC defines how speed will be calculated (estéd) based on the data
input sources. It will define when to use whatad@te. if the coverage is not 100%) on any segmdie UC will define
how often this speed will be calculated and hoig inade available for publishing (i.e. to the CTls$plication and web
servers, etc.). At least 60% of the devices orgament must be reporting good data for the segtoedisplay a speed.
Speed status color codes are red, yellow, greary, (@o data or offline). Speed is calculated eryinutes. Speeds are
posted to the DMS every 3 minutes. Device spealfiorithms and behavior is described in more tatahe UC.

e 38.12 UC 30.20 Calculate Segment Congesti@his UC defines how congestion is calculated. @lgerithm and what
data sets to discard are defined in this UC. Deesjmecific business rules are described in the UC.

e 39.12 UC 30.30 Calculate Route Travel Tinhis UC defines the list of routes, attributes &oev to calculate speed and
travel time based on the zones and segments inreath
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e 40.12 UC 40.00 Manage Datdrhis is the UC that describes how data (mostly dfpeerel time information) is handled.

e 41.12 UC 40.10 Publish Datawell defined data elements /structures are madiableafor access via other systems (say
via XML interface). UC also describes making datailable for replication on Co-Trip.

e 42.12 UC 40.20 Archive DataThe UC defines what data (by task, by device) gethived and how often this activity
occurs. The duration of data in the system as agethe duration of the archived data in the systedefined. The goal is
to store archived “report” data to support plannimecountability and other historical needs.
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- R TIE AR - 43, 12 UC 40.30 Create and
; > : Publish Reports. The UC
defines all the reports that are
going to be available to the
users of the CTMS. Any other
reports that may be available
to the website are defined in
this UC. Specifics of data
elements, queries and other
details (recipients — CTMS
users and outside entities) are
defined; as are where the
reports get published (web, e-
mail, etc.) and how often they
are created.
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e 44,12 UC 40.40 View Reports.
Pre-defined reports are
presented to the user, who can
run reports permitted by
system security.

Exhibit B2 — New CTMC; 425C Corporate Circle

B3 Work Completed in Software Iteration 3

At the conclusion of Iteration 3, Colorado’s ATMS/KS was able to accomplish the following activitinsaddition
to those listed under Iterations 1-2. The abbtedidJse Case (UC) abstracts provided are intendedetd a
“snapshot” of the system at the conclusion of tingt three development phases. New Use Cases ssgdirén
Iteration 2 include the following:

e 1. lteration 3(“I13”) UC 1.00 Manage EventsThis is the base UC that describes the commamelaiments across all event
types and the relationship and behavior of events.

2,13 UC 1.10 Workspace LogiriThis UC allows a user to login to the applicatfoom a web page. If a user is already
logged in and starts the Workspace, the user aaattcally logged in and will have to launch therkapace from CTMS.

* 3.13 UC 1.20 Workspace LogouThis UC allows a user to log out of the applicatfrom a web page. It also defines
timeout for a session.

4,13 UC 1.30 Forgot Passwordlf a user forgets their password, the system se@iid them their password, provided they
enter their username and e-mail correctly.

* 5.13UC 1.40 Add Event Timelindhis UC adds specific timelines for a given event

* 6.13 UC 1.45 Event Action LogThis UC allows for the logging of actions for en event. This is meant to mean user
activity specific to that event.

e 7.13 UC 2.01 Navigate Workspac&his UC defines the working area for users —bébéa approach for each content type
(closures, road weather conditions, road repoit)bei used. The currently open daily/weekly clesuare displayed. All
projects pending approval are listed. Functioss aicluded are: create/edit closures (projects),weork orders and get to
the search lane closures/projects function.
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e 8.13 UC 2.02 Generate Page NumberFhis UC defines how page numbers are providetthdéouser and their behavior
(next, previous, first, end, etc.). The UC for ®8&\avigate Workspace will use this UC.

e 9.13UC 2.10 Add ProjectThe list of open projects and the details ofipatar projects are defined.
e 10.13 UC 2.20 View ProjectThis UC allows a user to view project detailduling updates.

e 11.13 UC 2.25 Search ProjeciThis UC defines basic structured querying thdlt aliow users to search for closures. The
query is form based with some free-form input drelresults are displayed in htfokmat as well.

e« 12.13 UC 2.28 View Project in CTMSA layer is provided showing the various opentfia system) lane closures. The
user clicks on a closure and the CTMS client wiiptay a detailed version of the view project UThe View device UC
will display the list view of the projects selecteRefer to the UC for view project and view workler for details.

» 13.13 UC 2.30 Edit ProjectThis function allows a user to edit an existimgject.

e 14.13 UC 2.40 Approve Projeci created project is approved through this UC.

« 15.13 UC 2.50 Reject ProjectA created project can be rejected through this UiGejected, an e-mail will be sent to the
project creator and the project will be physicaléleted.

e 16. 13 UC 2.60 Close ProjectThe user is allowed to manually close a currepef, hold, other states) project. When a
project reaches is expiration date/time, the systédhtlose it as well.

e 17.13 UC 2.70 Add Project Work Updat&he user can add a new work order to a projBgt.default, when a project is
created, a work order is created for it. Lanewlesnformation is placed here.

« 18.13 UC 2.75 Edit Project Work Updat&@his UC allow s the user to edit or delete arstinxg work order.

e 19.13 UC 2.80 View ReportsPredefined detailed reports (all templates) eanibwed and printed. Projects are listed by
highway in each report.

e 20.13 UC 2.81 Fax ReportsThis UC allows the user to manually select andisereport to a fax group. Development of
this UC has been deferred until Iteration 4.

e 21.13 UC 2.82 E-mail ReportsThis UC allows the user to manually select and sereport to an e-mail group. The intent
is to allow the user to develop or obtain a PDFsieer of the report as an attachment to a distriioutist. Development of
this UC has been deferred until Iteratian 4

e 22. 13 UC 3.01 View Courtesy Patrol (CP) Incident¥his UC allows the system to show open/waitingckear CP
incidents.

. 23.13 UC 3.10 Add CP IncidenThis UC creates a CP incident.
. 24,13 UC 3.25 Search CP IncidentFhe user can search for CP incidents.
e 25.13 UC 3.28 View CP Incidents in CTMNot-cleared CP incidents are displayed on the mapTliMS.

e 26.13 UC 3.30 Edit CP IncidentThe user may update data related to a CP inciebargpt for creation time and incident
ID.

e 27.13 UC 3.40 Manage Cross Roadlhis UC allows the system to list all known crossds and their intersecting
highways. Users are allowed to add, delete orcedésroads.

e 28.13 UC 3.41 Add Cross Roa@The user may add a cross road (related to knowmazigs).

. 29. 13 UC 3.42 Edit / Delete Cross Roathis UC allows a user to edit or delete a crossir
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Exhibit

CTMC Integration Project (FYO1 Earmark)
Local Evaluation Report

. 13 UC 3.80 View CP ReportThe user has access to predefined CP reports.

.14 UC 2.10 View ClosureThis UC describes how the user views the closwm&space.

.14 UC 2.20 Add ClosureThe user may add a road closure.

. 13 UC 5.90 Add Off Ramp Detector (ORThe user may add an ORD to the CTMS.

.13 UC 5.91 Configure ORDThe UC allows the user to configure an ORD deicgy the view in the CTMS).
. 13 UC 5.92 Remove OR[The UC describes how an ORD may be removed.

.13 UC 5.93 Get ORD DataThe user may obtain data from an ORD device.

.13 UC 5.95 View ORDThe user may view data from an ORD.

.13 UC 6.10 Control Blank Out SigiThe user may turn the display on or off for a gitéamnk-out sign.

.13 UC 7.10 View Camera Toulhe user may view available cameras “tours” atated routes.

E———————=—— = —————— ]
DEPARTMENT OF TRANSPORTATION

425C COLORADO TRANSPORTATION
MANAGEMENT CENTER

B3 — Building Sign above Entryway

End Appendix B
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