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Figure 7: Arterial ITS Applications 

 



 

 35  

 

Transit Operations & Management 
A key objective of using 

advanced technologies within the 

transit system is to make transit a 

more competitive, predictable and 

convenient choice for travelers, 

leading to increased ridership.  

An increased transit market share 

yields numerous benefits, 

including reduced air pollutant 

emissions, decreased energy 

consumption, and less congestion in some locations. 

ITS applications within the transit system provide transit managers with timely information on current 

conditions.  This information can be used to support operations (dispatch and control of vehicles) and 

traveler information (distribution of real-time information to transit users).  Other ITS applications are 

also deployed to improve traveler safety, enhance traveler security, make paying fares easier and to allow 

better tracking of ridership.  ITS applications identified as desired for the transit system are listed in 

Exhibit 6. 

RTD has implemented, or is planning to implement in the short term, many of these ITS applications.  In 

the short term, transit vehicle tracking, advanced transit (fixed-route and demand-responsive) operations, 

and transit traveler information dissemination are ITS elements employed by RTD that are core to their 

operations – the systems are continually being advanced to meet the needs of the agency.  Transit traveler 

information dissemination will also be implemented in the short term at key park-n-Ride lots that serve as 

major transit transfer points as well as select bus stop locations.  Geographic expansion of these ITS 

elements will grow with the investment in FasTracks. 

RTD’s traveler information capabilities will be integrated and coordinated with the regional traveler 

information consolidation to be led by CDOT.  In addition, RTD will coordinate with regional 

transportation operations data sharing activities by providing transit operations computer-aided dispatch 

data to become part of the regional transportation operations display mechanism (i.e. secure website), 

which will also be available to RTD dispatch to support their activities. 
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RTD’s transit security goal is to deploy video surveillance in the transit vehicles, the transit centers and 

the rail stations, and at parking garage facilities (video surveillance at park-n-Ride lots will be deployed 

on an as-needed basis). 

RTD is currently exploring the development of smart cards for transit fare management.  A pilot 

deployment is being considered in Boulder for the short term for evaluation prior to a system-wide 

deployment in the medium term.  The advanced transit maintenance application is desired to be fully 

implemented by the medium term.  Parking facility management/regional parking management was 

deployed as part of T-REX at stations on the southeast line; these implementations are being evaluated as 

a pilot.  In addition, legislation is in place that allows RTD to collect fees for parking at RTD facilities, 

which will become part of facility management.  Pilot implementations are expected in the short term 

with expansion in the medium term to other key park-n-Ride facilities if found successful. 

ITS Deployment Summary 
Exhibit 7 summarizes the priorities for deployment of the ITS applications grouped into the transportation 

service areas within the region.  Items nearer to the top left corner of the exhibit have higher emphasis for 

implementation than items nearer to the bottom right corner. 

Note that other applications may be considered at such time that they are proposed for evaluation through 

the DRCOG MPO planning process (e.g. new or expanded HOV and reversible facilities, new or 

expanded toll or HOT lane facilities, new or expanded emissions monitoring and management, etc.). 
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Exhibit 6: Transit Elements 

Short Term (0 to 5 years) 

Transit Vehicle Tracking 

••  identifies the location of transit vehicles. RTD’s fleet has been provided with an automated 
vehicle location (AVL) system for several years, which is set for replacement in 2013 

••  allows transit managers to track vehicles’ real time schedule adherence and supports demand-
responsive transit systems, transit traveler information and transit security; AVL may also 
facilitate transit signal priority functions. 

Advanced Transit Operations 

••  supports demand-responsive operations 
••  allows transit managers to use the information collected by the AVL system to dictate 

schedule adjustments or allocate fleet resources in response to real time traffic, demand, and 
availability conditions. 

Automated Passenger Counting 

••  automatically registers passenger boardings (and possibly passenger exits) 
••  allows transit managers to both to make operational decisions and to adjust route schedules 
••  provides opportunity to support conditional transit signal priority (i.e. priority is only granted 

in the case where the bus occupancy exceeds a threshold). 

Transit Security 

••  performs surveillance at critical locations of the transit system, and operator communications 
for security (i.e. video cameras deployed at station platforms, parking areas, in tunnels and 
walkways, and driver mayday buttons); enhanced security promotes transit use. 

Transit Traveler Information Dissemination 

••  employs field devices to provide information to transit users (i.e. transit stop enunciators and 
‘next stop’ displays on buses; real-time websites, kiosks and bus arrival signs at bus stops); 
this same information can be distributed to personal digital assistants and cell phones through 
regional traveler information system. 

Transit Signal Priority 

••  provides equipment on buses to enabling communications with the signalized intersection and 
transit signal priority.  Transit signal priority gives some level of preference to transit vehicles 
at signalized intersections (for example an early or extended green), which helps improve 
transit travel time reliability and may reduce scheduled run time. 
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Exhibit 6 (cont): Transit Elements 

Medium Term (5 to 10 years) 

Parking Facility Management and Regional Parking Management 

••  allow transit managers to apprise potential transit riders of park-n-Ride lot occupancy status 
and parking alternatives 

••  provide opportunity for integration with RTD park-n-Ride fee collection. 

Long Term (after 10 years) 

Advanced Transit Maintenance 

••  monitors the status transit vehicles’ critical components by means of on-board condition 
sensors and communication devices 

••  allows transit managers to better maintain equipment, yielding increased safety and 
reliability. 

Transit Fare Management 

••  uses electronic equipment on transit vehicles to collect fare payments (i.e. smart fare card) 
••  speeds the process of fare payment, minimizing delays, and provides a wealth of utilization 

data useful for route and service planning. 

 

 



 

 39  

Exhibit 7: Key ITS Applications Summary 
Regional Traveler 

Information 
Regional Transportation 

Operations & Management 
Regional Traffic 

Incident Management 
Transit Operations & 

Management 
Maintenance and 

Construction 
Regional Parking 

Management 
Regional Data 
Management 

Regional Emergency 
Management 

Commercial Vehicle 
Operations 

••  consolidate access to 
regional traveler 
information (include 
freeways, arterials, 
transit and transportation 
alternatives) 

••  expand probe 
surveillance on freeways 

••  implement pilot probe 
surveillance on arterials 

••  develop regional 
transportation operations 
display mechanism 

••  connect TMCs and 
public safety operations 

••  develop regional 
operational strategies 

••  coordinate signal 
operations on emphasis 
arterials 

••  pilot Transit Signal 
Priority (TSP) projects 

••  implement ramp meters 
as warranted 

••  deploy speed monitoring 
as needed 

••  develop a unified, 
regional incident 
management plan 

••  expand incident 
detection and response 
on freeways 

••  cities and counties 
explore incident 
detection for arterials 

••  initiate improvements in 
communications and 
protocols with public 
safety community 

••  replace and/or upgrade 
automatic vehicle 
location (AVL) system 

••  expand traveler 
information 
dissemination on buses 
and at bus stops 

••  expand automated 
passenger counting 
deployment 

••  expand transit security 
on buses and at transit 
facilities 

••  expand advanced transit 
operations functions 

••  pilot TSP projects 

••  CDOT and Denver to 
expand use of MDSS 

••  CDOT and Denver to 
explore methods to 
coordinate separate 
systems 

••  plan and deploy regional 
environmental sensor 
stations (weather 
stations, de-icing stations 
and other weather 
detection related 
equipment) 

••  define data warehouse 
network and protocols 

••  establish data mart at 
TMCs consistent with 
data warehouse network 
and protocols 

••  coordinate with public 
safety community to 
identify critical 
infrastructure 

••  support public safety 
community planning 
efforts for disaster 
operations, evacuation 
and recovery 

••  CDOR to coordinate 
with CDOT to improve 
traveler information 
functions at port-of-entry 

••  implement dynamic 
ridesharing website 

••  expand participation in 
consolidated traveler 
information 

••  expand network 
surveillance coverage on 
freeways 

••  expand network 
surveillance on emphasis 
arterials 

••  expand probe 
surveillance on arterials 

••  deploy additional DMS 
of freeways and 
emphasis arterials 

••  expand participation in 
regional operations 
display and coordination 
(as new TMCs are 
deployed) 

••  implement ramp meters 
as warranted 

••  expand TSP deployment 
as desired 

••  deploy speed monitoring 
as needed 

••  develop database tool to 
support regional IMP 

••  improve communications 
links and protocols with 
public safety community 

••  expand freeway service 
patrols (both on freeway 
and to cover interchange 
area on arterials) 

••  expand incident 
detection and response 
on freeways and 
emphasis arterials 

••  expand traveler 
information 
dissemination on buses 
and at bus stops 

••  expand automated 
passenger counting 

••  expand transit security 
on buses and at transit 
facilities 

••  expand TSP deployment 
as desired 

••  deploy database to 
coordinate and track, in 
real-time, maintenance 
and construction activity 
across the region 

••  deploy environmental 
sensor stations according 
to plan 

••  coordinate with federal 
initiative to share 
weather data nationally, 
Clarus 

••  implement parking 
information systems for 
RTD p-n-R (as part of 
fee collection system) 

••  implement parking 
information systems for  
Denver CBD event 
centers 

••  fulfill regional network 
for data collection 

••  establish data warehouse 

••  continue to support 
public safety community 
planning efforts for 
disaster operations, 
evacuation and recovery 

••  CDOT to deploy 
roadside commercial 
vehicle safety detection 
systems 

••  expand participation in 
consolidated traveler 
information 

••  expand network 
surveillance coverage on 
freeways 

••  expand network 
surveillance beyond 
emphasis arterials 

••  expand deployment of 
DMS on freeways and 
arterials 

••  expand regional 
operations display and 
coordination to new 
TMCs 

••  implement ramp meters 
as warranted 

••  expand TSP deployment 
if desired 

••  implement coordinated 
systems with railroad 
operations 

••  deploy speed monitoring 
as needed 

••  expand incident 
detection and response 
on freeways and arterials 

••  implement systems on 
buses to assist with 
transit vehicle 
maintenance 

••  deploy smart card fare 
collection 

••  expand traveler 
information 
dissemination on buses 
and bus stops 

••  expand use of database 
to coordinate and track, 
in real-time, 
maintenance and 
construction activity 
across the region 

••  deploy environmental 
sensor stations according 
to plan 

••  coordinate with federal 
initiative to share 
weather data nationally, 
Clarus 

••  expand parking 
information systems  to 
Southeast Corridor 

••  expand parking 
information systems for 
RTD p-n-R (as part of 
fee collection system) 

••  link to transportation 
operations display to 
public safety dispatch 

••  continue to support 
public safety community 
planning efforts for 
disaster operations, 
evacuation and recovery 

••  ITS deployment to 
support critical 
infrastructure protection 
functions 

••  Work with PrePass to 
improve functionality of 
PrePass system 

••  link PrePass system to 
CDOT Permitting 

••  link CDOT Permitting to 
PrePass 

••  improve driver 
credentialing and 
tracking 

Short 
Term 

0-5 Years 

Medium 
Term 

5-10 Years 

Long 
Term 

more than 
10 years 
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3. Capital and Operations/Maintenance Costs 

Table 3 illustrates that it would cost approximately $390 million (2008 dollars) to implement the desired 

ITS elements of the Plan.  For perspective, this equates to about 2 percent of the regional roadway and 

RTD FasTracks total capital needs identified in the 2035 Metro Vision Regional Transportation Plan.     

It is estimated that there will be only about $220 million in revenues available from direct sources to 

potentially address the ITS implementation costs.  Such sources include: 

• DRCOG Regional Intelligent Transportation System Pool: roughly $120 million in federal 

Congestion Mitigation and Air Quality (CMAQ) funds; 

• Local Funds: roughly $25 million as non-federal match for the CMAQ funds; and, 

• CDOT Funds: roughly $75 million from the Mobility (Congestion Relief) and Safety (Traffic 

Signal) programs. 

The resulting shortfall makes it critical that capital ITS elements be routinely embedded and required 

within all roadway or transit construction projects.  This will achieve greater cost savings and efficiencies. 

The shortfall also dictates that the best projects are carefully considered and evaluated when funding 

decisions are made.  

Table 3: Capital Costs for Recommended ITS Applications 

 Capital Cost (million) Design Cost (million)
Total Implementation 

Cost (million)

Freeways $83.9 $8.4 $92.3

Arterials $96.2 $9.6 $105.8

Transit $132.9 $13.3 $146.2

$391.7

Regional $43.1 $4.3 $47.5

$356.1 $35.6Total

 

It is extremely important that maximum benefits for the traveling public are derived from the ITS system.  

There must be adequate staffing and resources to operate and maintain the ITS elements (monitoring and 

detection devices, signs, communications, management centers, traffic signal systems, etc.), as well as 

All road construction and transit projects should incorporate 

recommended ITS applications as an integral part of the project. 

All road construction and transit projects should incorporate 

recommended ITS applications as an integral part of the project. 

All road construction and transit projects should incorporate 

recommended ITS applications as an integral part of the project. 
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replace the infrastructure as it exceeds its useful life.  The cost for these tasks is estimated at an average of 

$100 million per year to optimally operate and maintain the entire system as fully envisioned (including 

existing operations) or about $2.8 billion total through 2035.  About $1 billion in revenues is expected to 

be available from ongoing sources such as local agency operational budgets and the traffic operations 

maintenance programs of the CDOT ITS Branch and CDOT Regions 1, 4 and 6. 

The use of advanced technologies and specialized systems represent an evolution of business practices at 

transportation agencies and their provision of services – most items are introduced to improve the efficiency 

of the services currently offered.  Therefore, a portion of the operations and maintenance funding 

requirements for these systems will become part of the annual budgets established by the transportation 

agencies.  However, it has been specifically recognized by many agencies across the region that active 

transportation management, involving full-time observation and system management, requires additional 

investment in additional staffing and skills training beyond current funding.  This represents the bulk of the 

significant shortfall in operations and maintenance funding that will prohibit drivers, businesses, 

commercial vehicles, and transit riders from reaping the most potential benefits from the ITS system. 
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APPENDIX  
Adopting Resolution 
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