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Executive Summary

The Mi chi gan Depart ment of Transportation
Transportation Systems (ITS) revolves around attaining key mobility, safety, productivity,
energy ancenvironment, and customer satisfaction objectives. The integrated ITS regiment must
provide these benefits to Michigan motorists at a reasonable and sustainable level of investment.
As of 2013, MDOT operates and maintains over 800 ITS devices with covenageer 500

miles of Michigan highways. Recently, major Michigan ITS construction projects have
introduced a bevy of new applications and devices to the statewide highway system. The
research team was tasked with performing a-bestfit evaluation to etermine the return on
investment of these projects.

Many tasks were performed to complete a comprehensive and rigorous statewide cost
benefit analysis. These steps included development of a detailed spatiotemporal ArcGIS ITS
database, a questionnairesuey regarding motoristsoé percept.i
compilation and analysis of monthly TOC performance reports, and-&ectienal statistical
analysis of incident duration reduction as a result of ITS. Other tasitsded traffic
microsmulation on choice study corridors using fieldta focused models, statistical modeling
on accident reduction due to ITS devices such as DMS, and ultimately, a tierdubroaft
analysis considering all measurable and quantifiable costs and benefM4DOT ITS

deployments.

MDOT ITS Deployment

The total number of ITS devices installed during 2602013 was 765 including 397 in
SEMTOC, 197 in WMTOC, and 171 in STOChe total costspent for these devicesas
$103,480,043 excluding the cost for majopporting infrastructure such as communication

towers. The construction cost by device type and TOC coverage area is summaraad fil.
The maintenance and operations costs consist of maintenance contract cost, operatamis con
cost, utility costs, and MDOT staff costs. The annual average operationsaamdnanc€O&M)
cost per device during 20062013 was $11,338 as shownTable E-2, but the annual O&M

cost tends to decrease with more deviCHse annual average O&M cokas reduced from




$14,160 in 2007 to $8,983 in 2Q13n addition, SEMTOC and STOC have been operating
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freeway courtesy patrol (FCP) programs which cost $2.3 million annu@iyple E-3

summarizesheannual O&M cost including FCP costs.

Table E-1: Summary of ITS Construction Costs(20062013)

TOC Coverage Area Overall
SEMTOC WMTOC STOC
New CCTV Quantity 124 57 56 237
New MVDS Quantity 222 120 65 407
New DMS Quantiy 50 20 45 115
New TTS Quantity 1 0 5 6
Total 397 197 171 765
ITS Construction Cost $45,728,333 $15,423,533 $20,506,649 $81,658,515
Estimated Design Cost $8,424,541 $2,359,045 $2,973,464 $13,757,05(Q
Estimated System Manager Cost $4,938,524 $1,382,888 $1,743,065 $8,064,478
Total Construction Cost $59,091,399 $19,165,466 $25,223,178 $103,480,043
c Overall $148,845 $97,287 $147,504 $135,268
° '% = CCTV $161,404 $97,906 $141,945 $141,535
?ﬁ o g_)_o MVDS $105,945 $76,064 $45,853 $87,38
¢ S 3>|DMS $308,848 $222,860 $307,037 $293,185
100D TTS $115,187 N/A $95,422 $98,717
Note) Costs for major supporting infrastructure (communication towers) were excluded.
Table E-2: Total Operations and Maintenance Cost (20061 2013)
SEMTOC WMTOC STOC Total

Total CCTV Quantity 1162 301 115 1578
Total MVDS Quantity 1096 486 151 1733
Total DMS Quantity 541 134 115 790
Total TTS Quantity 1 0 8 9
Total Devices(Device Year) 2,800 921 389 4,110
Maintenance Contract Cost $12,006309 $1,135,537 $1,064,344 $14,206,19(¢
TOC Operations Cost $13,137,988 $2,953,545 $2,220,658 $18,312,191
Utility Cost (power) $2,255,840 $597,636 $304,964 $3,158,440
Utility Cost (communication) $2,202,764 $641,047 $258,283 $3,102,093
MDOT Staff Cost $4,500,000 $1,800,000 $1,518,750 $7,818,750
Total O&M Cost $34,102,901 $7,127,765 $5,366,998 $46,597,664
Annual Average O&M Cost per $12,180 $7,739 $13,797 $11,338
Device

Note) Total ITS device quantity is the sum of devices active each year during 2008.
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Table E-3: Summary of Annual Operations and Maintenance Cos{2013)

TOC Coverage Area Overall
SEMTOC | WMTOC STOC
Total number of devices 589 214 171 974
Annual Operations and
Maintenance Costs $5,426,092| $1,303,177 $2,020,119 $8,749,387
AnnualO&M Cost per Device| $9,212 $6,090 $11,814 $8,983
Annual Freeway Courtesy
Patrol Cost $1,933,333 NA $366,667 $2,300,000

User Perception Survey

This research also conducted a vibelsed user perception surveyitentify how Michigan
travelers perceive the benefits attributed to ITS. The questionnaire consisted of five primary
categories 1) exposureinformation and demographics 2) travel behavior, 3) ITS device
familiarity, 4) travelinformationuse, and 5) suggestion forttex ITS services. In total, 1,261
surveys were completed during a six month period from December 2013 to June 2014.

With regard to ITS device familiarity, DMS and Mi Drive were the most well recognized
applications with 98.4 and 91.1 percent of respotsdbaving at least some knowledge of their
existence, respectively. Radio and television were the most frequently used sbadesnced
traveler information system#TIS) on a daily basis at 46.2 and 35.7 percent, respectively. The
most common trip chages resulting from travel information were changes in departure time
(94.2 percent at least sometimes change) as well as route (95.9 percent at least sometimes
change). Almost all of these proportions are significantly higher than similar studies pdrforme
in Michigan, which is likely explained by the nature of the population almost wholly
representing active consumers of travel information.

The impact of the various types of travel information provided by MDOT ATIS was
investigated to better undensta how respondentso pri mary co
familiarity, ATIS usage frequency and trip changes. Among the respondents surveyed, those who
placed any degree of importance in freeway camera imagery were more likely to be familiar with
all ITS depbyments except TTS. Likewise, importance placed in freeway camera imagery had a
significant positive effect on usage frequency of all sources of travel information. These results

mimic a common sentiment in the open response portion of the survey, waege aumber of
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respondents voiced requests for extended publically available CCTV coverage as well as
improved image quality. Regarding pileparture travel behaviors, the degree of importance
placed in various types of information, including camera irmageash/accident, planned special
events and road weather, primarily affected the decision to change route more than any other trip
change. This observation indicates that travel information proves more impactful in route
decision than scheduling or modeoices.

According to the survey results, radio, television and Mi Drive are the most frequently
used ATIS sources and 93 percent of motorists are at least somewhat trusting general DMS
information. The survey also revealed that FCP assisted motoristsllarg to wait at least 15
minutes longer than actual wait times and over 90 percent are satisfied with the quality and

response time of the service.

Performance of MDOT ITS
The three MDOT TOCs collect performance data to define benefits (or meakefiextiveness)

by each ITS system or devices, and collect necessary data to analyze benefits of ITS systems.
TableE-4 summarizes MDOT ITS performance by TOC.

Table E-4: Summary of MDOT ITS performance

TOC Content 2009 2010 2011 2012 2013
O | MVDS 108 125 192 241 274
g CCTV 140 147 169 186 216
IEI/)J DMS 62 69 81 87 98

Number of Calls 64,468 71,807 69,113 72,877 71,880
MiDrive Hits 3,131,612 | 2,127,418 | 2,071,801 NA NA
Construction Mssages 1,121 815 1,259 1,025 NA
Number of Incidents 5,006 5,836 5,395 6,882 8,056
High Impact Incidents 670 819 870 1,006 1,241
FCPservices 51,384 48,143 37,957 38,344 48,613
Average response time 12.8 13.9 16.3 15.6 17.1
Average Clearancertie 8.9 8.8 9.9 9.3 11.2
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TOC Content 2009 2010 2011 2012 2013
o | MVDS 42 42 120 120 120
S [ccrv 23 26 67 67 67
S [Dms 11 12 27 27 27

Number of Calls 1059 2712 2703 3492 3789
Construction Messages 451 504 641 491 NA
Number of Incidats 606 1192 1015 1373 1477
Incident Clearance time 54 75 81 69 68
Roadway Clearance time NA NA NA 23 24
8 MVDS 0 0 31 55 65
U) CCTV 0 0 19 40 56
DMS 2 6 22 36 45
Number of Calls NA NA NA 3690 NA
Construction Messages NA NA NA 236 184
Number of Incidents NA NA NA 2452 7458
Incident Response time NA NA NA NA 13.1
Incident Clearance time NA NA NA NA 16.3
Table E-5: Estimated Incident Duration Reduction
SEMTOC | WMTOC STOC TOTAL
Total Number ofincidents 56,425 1,477 7,458 65,360
LCAR Incidents 8,056 1,477 1,502 11,035
FCPAssisted 48369 - 5,956 54,325
Average Duration 24.2 54.9 46.5 27.5
LCAR Incidents 47.1 54.9 117.2 57.7
FCPAssisted 20.4 - 28.7 21.3
Average DuratiorRedued by ITS 24.5 23.9 32.3 25.38
LCAR Incidents 24.5 23.9" 18.9 23.66
FCPAssisted 24.5 - 35.7 25.73

1) 24.5 minute reduction for incidents withthe ITS dense area; 10 minute reduction for

2) 44.9 minute reduction for incidenwithin the ITS dense area; 10 minute reduction for

those outside

those outside
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In an effort to determine incident reduction as a result of ITS, a descriptive statistical
incident duration analysis was performed based on processed data provided by the TOCs.
Finally, incident delay analysis as affected by ITS was performed. The most notable effect of
ITS observed in reducing incident duration occurred in the STOC region, which saw a 35.7
minute assisted incident reduction as a result of ITS. For LCAR incidents, thetioedwas
more substantial at 44.9 minutes for all ITS and 57.7 minutes for CCTVs.-&&cssnal
statistical analysis determined that ITS reduced incident durabehseen18.9 and 24.5
minutes for higaimpact incidents antdetweer?4.5and35.7 minute for FCP assisted evenss.

summary of estimated incident duration reduction is presenteabieE-5.

Modeling ITS Corridors
In this project, the research team selected a sample of representative corridors from each of the

three MDOT TOCs. The Quadstone Paramics traffic microsimulation software package was
utilized to quantify benefits from fiwith/ with
management . MDOTO6s incident managemengestionpr ogr a
cost, reduce incident duration, reduce motorist delay, and improve safety by minimizing the
probability of secondary crash occurren8even major MDOT freeway corridors were selected
for the simulation study. The corridor characteristics unoersideration for site selection
included AADT, ITS device density, economic impact and crash/incident history.

The simulation study provided valuable insight into the operational performance of ITS
on the corridor level. Analysis determined that ITS wasstbeneficial in high duration, high
reduction scenarios. Many factors governed the results according to each corridor, namely,
traffic volume, network configuration and ITS device placemgsing microsimulation models
was a coseffective method in amgzing ITS corridors. It is suggested to adopt microsimulation

models in developing deployment plans for id@ridors.

Cost and Benefit Analysis

A costbenefit analysis was performed at two levels: (1) by TOC and (2) by device. For purposes
of costbendit analysis, thebase year was assumed to be 201 analysis period extends for

20 years after base ITS deployment, while applying a 3 percent discount rate over the duration.
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It was assumed that all devices were installed at the same time duribgstheear (2012) in

order to avoid complexity irestimatingbenefits with partial ITS deployments. It was also
assumed that the lifespan of ITS devievess 20 years. O&M costs were applied during the

analysis period (20182032) and assumed to be the sdonall years.

Table E-6: Summary of ITS Costs by TOC

Period SEMTOC WMTOC STOC Total

Number Devices 589 214 171 974
DMS 98 27 45 170

CCTV 216 67 56 339

MVDS 274 120 65 459

TTS 1 0 5 6

Construction Cost 86,519,413 30,765,154 27,788,750 145,073,317
DMS 28,732,112 7,915,990 13,193,317 49,841,419

CCTV 18,908,122 5,865,019 4,902,106 29,675,248
MVDS 38,780,462 16,984,144 9,199,745 64,964,351

TTS 98,717 - 493,583 592,299
Annual O&M Costs 5,426,092 1,303,177, 2,020,119 8,749,387
AnnualFCPCost 1,933,333 - 366,667 2,300,000

The keyfocusof MDOT ITS is managiny traffic incidents and providing recurrent and

nonrecurrent traffic information. In this study, ITS benefitsreestimated from tése activities.

The benefits of ITSwere comprised of travel time saving, secondargident reduction, fuel

consumption sang, emission cost saving, and crash reductigdghef®enefits are using MiDrive

to acquire travel information to potentially alter motorist travel decisions and user satisfaction
from FCP services.

Incident delaywas estimated by applying the queue @ptc The reduced capacity by an
incident is the main source of delay. The total delay includes the tidissipatehe queue after
the incident is cleared. The total delay is reduced when the incident duration is reduced by ITS

services.Based on the caept of queu@g, a delay computation model was developed to
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guantify the ITS benefitThe benefit of ITS irreducingsecondary incidents was included as a
complimentary part of incident delay reductidh was based on the likelihood of secondary
incidens during an incident period. Emission and fuel consumption saving benefits were also
estimated by applying unit monetary values. Crash reduction benefit was estimated by
employing the negative binomial model that analyzed the impact of ITS devices oesciHsé
model indicates that one DMS is likely to reduce Jfe6centof crashes while one ITS devices
other than DMS reduces lprcentof crashes. The total amount of time spentNbrDrive
webpage and mobile appas regarded aan ITS benefif becausaises willingly sperd their

time to acquire traffienformationworth more than the time spefite total benefit from the Mi

Drive is estimated as $6.6 million from the total amount of 434,140 hours. In addition, FCP user

satisfaction benefit is quantdil by applying amaverageof $60.25 per assist.

Table E-7: Summary of Costs and Benefits

SEMTOC WMTOC STOC TOTAL
Construction Cost $86,519,413 $30,765,154 $27,788,750 $145,073,317
Annual O&M Cost $5,426,092 $1,303,177 $2020,119 $8,749,387
Annual FCP Cost $1,933,333 $0 $366,667 $2,300,000
Total Annual Benefit $46,764,939 $10,246,404 $8,675,271 $65,686,613
LCAR Delay saving $16,999,350 $2,916,013 $2,950,967 $22,866,331
FCP Delay Saving $3,054,315 $0 $423,873 $3,478,188
Secondary Incident Delay Savir $4,010,733 $583,203 $674,968 $5,268,904
FuelSaving $1,301,310 $187,994 $216,593 $1,705,897
EmissionSaving $1,315,257 $225,470 $263,126 $1,803,853
CrashSaving $13,205,914 $4,924,239 $2,513,772 $20,643926
MiDrive UserBenefit $3,963,827 $1,409,484 $1,273,122 $6,646,434
FCP SatisfactioBenefit $2,914,232 $0 $358,849 $3,273,081

Benefitcost ratios are presented at four different levels of benefits. As simoWatble
E-8, benefitcost ratios were all greater than ,leen at the base leyethich includes delay,

fuel consumptionand emissios savingsonly. When including all benefits, the final statewide
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BCR was estimated at $3.16 for every dollar sp€he BCR breakown by TOC was 3.55 for
SEMTOC; 3.04 for WMTOC; and 2.04 for STOBased on the estimated costs and benefits, it
can be stated that MD@TSTS investment was cost effectiveven though its history was
relatively short.

Table E-8: Summary of Benefit Cost Ratios

SEMTOC WMTOC STOC TOTAL

Sum of RresentValue (Cost) $196,009,067| $50,153,131 | $63,298,098 | $309,460,296
£ | A: Delay + Fuel + Emission| $396,945,383| $58,210,798 | $67,387,927 | $522,544,108
% BCR 2.03 1.16 1.06 1.69

o | B: A+ Crash $593,416,042| $131,471,044| $104,786,514| $829,673,599
;35 BCR 3.03 2.62 1.66 2.68

§ C: B + Mi Drive $652,387,782| $152,440,611| $123,727,361| $928,555,754
]

E BCR 3.33 3.04 1.95 3.00

g D: C + FCP Satisfaction $695,744,199| $152,40,611 | $129,066,128| $977,250,938
@ BCR 3.55 3.04 2.04 3.16

While it is difficult to separatdTS benefis by device, there might be differences in
utilization of devices and their effectiveness. In order to identify the difference, the research team
condwcted phone interviews with TOC operatdosunderstand the proportiGach device type
was utilizedfor daily operation activities. The overall consensus was thaparatorspent 64%,

24% and 12% of their time for activities related with CCTV, DMS, arMdD$8, respectively.
Based on the operafisrtime split, cosbenefit ratios by device were estimated as shown in
TableE-9. The beneficost ratio (BCR) of CCTV was the highgathile that of MVDS was the
lowest. Both FCP and DMSIs® showed high BCRralues Even though MVDS ar¢he
backbone of ITShrough providingbasic traffic information, the analysis result shoveeldw

BCR, due torelatively low utilizationfrom the operatofsperspective However, itshouldbe
notedthat TOCoperators are using travel time information obtained from traffic sensors for their

proactive operations decisions.
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Table E-9: Summary of Benefit Cost Ratios by Device

DMS CCTV MVDS FCP
ConstructionCosts $50,433,719  $29,675248 $64,964,35] $0
AnnualO&M Costs $5,249,632 $2,624,816 $874,939 $2,300,000
Annual Benefis $22,940,144 $28,596,776 $5,361,895 $8,787,797
Sum ofPV Cost $89,484,354 $107,776,519 $77,981,230 $34,218,193
Sum ofPV Benefit $341,291,433 $425,447,811 $79,/771,465| $130,740,224
BCR 3.81 3.95 1.02 3.82
NPV $251,807,079 $317,671,297 $1,790,235 $96,522,037

Conclusion andRecommendations

While positive and reinforcing, the final estimated statewide MDOT ITS deployment BCR of
3.16:1 is a conservative estimai@mpared to similar evaluations performed in other states.
research team proposes some important recommendations that were formulated during various
stages of the study duration to improve the statewide ITS economic benefits.

1) The development and sttioperation and maintenance of a consistent statewide incident
database shared between all three MDOT TOCs will aid in communication between agencies
and facilitate ease in cost and benefit estimation for future studies.

2) Deployment of an FCP program inethtWMTOC region is expected to result in similar
incident duration reductions as witnessed in the SEMTOC region (up to 24.5 minute duration
reduction).

3) Future investments should focus on DMS and CCTV installatidrile deployment of
MVDS needs furthestudies in conjunction withthe coming wake ofConnectedVehicle
technology.

4) TV and radio media outlets should focus on exposing saétyed travel information and

operators should tailor Mi Drive information according to seasonal trends.

10
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Chapter 1 Introduction

1.1 Research Problem
Traffic congestion has been a worldwide problem assaltof increased motorized traffic and
urbanization. Congestion reductee efficiency of transportationinfrastricture and increases
travel time, fuel casumption, and air pollutionn many regions in the United States, traffic
jams can occur at any daylight hour, many nighttime hours and on weekends. The problems that
travelers and shippers face include extra travel time, unreliable travel time and a system that is
vulnerable to avariety of irregular congestieproducingincidents According to the Urban
Mobility Report (Schrank et al., 2012)pngestion caused urban Americans to trévgbillion
hours more and to purchase an e&fabillion gallons of fuelt acost of$121 bilion in 2011.
Each autecommutermpaid$818 asacongestion cost.

Intelligent Transportation Systems (ITS)viedbeen regarded as a cedtective solution
to help travelers in using existing transportatioinastructureby taking advantagef advanced
communication technologies, such as advanced traveler information systems (ATIS), advanced
traffic management systems (ATMS), advanced public transportation systems (APTS) and
commercial vehicle operations (CVO). The concept of ITS dvadved and ITS applations
have been expanded various directionsincluding the Connected Vehicles (CV) technology
that applies advanced vehiglevehicle (V2V), vehicleto-infrastructure (V2I), vehicldo-
device (V2D) communications technologies. Typically, ITS appbecatireas arelassifiedinto
two parts: intelligentinfrastructureand intelligent vehicles. While applications of intelligent
vehicles include collision avoidance, collisiorotification driver assistance, etc., those of
intelligent infrastructure incluglvariousroadsideraffic operations and management applications,
such as freeway management systems, arterial management systems, crash prevention and safety
systems, road weather information systems, traffic incident management, transit management,
emegency management, traveler information systems, commercial vehicle operations,
intermodal freight management, etc. Various ITS applications are invented and deployed to
fulfill U.S. DOTG ITS goals, such asafety, mobility, efficiency, productivity, engrgand

environmental impacts, and customer satisfaction.

11
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Mi c h is @ deg@loymentefforts dde back to 1995whenMDOT initiated the design
and build of ITS infrastructure in southeast Michig@he initiationwas considered the largest
ITS deployment ofts kind in the worldat that time. Since then, MDOas deployednany ITS
devices mostly in the southeastgion ofMichigan. MDOTGs rigorous efforts led tdeveloping
strategic goals and objectives. According to the MIBEJITS strategicplan, the ITS mission is
as follows
ADevel op and sustain a program at MDOT to I
and integration of the transportation system utilizingglligent Transportation System

technol ogies for economic benefit and i

The MDOT strategic plan isxecutedy regional ITS architectures addploymenplans.
MDOT has also invested many advanced ITS technologies, such as Connected Vehicles, to
maintainleadeship in this area as a homstateof automobile industryWhile many new ITS
technologies are beirdgveloped antestedworldwide, advanced traffic control and information
systemshave beemleployedto help Michigan motorists and traveleMDOT& ITS deployment
plans include applications in freeway trafftanagemensystems, gerial managemensystem
advancedpublic transportatiorsystems freewayservice patrols smart work zone, road weather
information systems, andrergencytraffic managementMDOT has invested significantly in
ITS deployments across the stateiothe last six yearddichigan's traffic safety and operations
have been improved by deployitigese ITSechnologies

As Peter Ferdinand Drucker, a social ecologist, statedftfvati cannot manage what you
cannot measuig performance measures are vanportant. Likewisethe U.S. Department of
Transportation (DOT) emphasizes timportance of performandeased planningn the latest
authorizationof transportation bill, Moving Ahead for Progresstie 21° Century Act (MAR
21). One of the key emphasge in MAP-21 is performance measuonent Under MAR21,
performance managemestemphasize@s a means teardsmore efficient investment tbhugh
performancebased planningnd programmindFHWA, 2012) In fact, die to an increasingly
competitive fiscal envonmenttransportation agenciesound the country are being asked more
than ever to justify their programs and expenditufES.investments are not an exception from

this requirementHowever,the benefis of Michigan ITS hae not been fullyquantified yet

12
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Accordingly, MDOT is lacking irresposeto inquiries from public antegislatorson the costs
and benefd of ITS deploymentsdespite its great benefits to Michigan travelers. Therefore,

there are needs for reviewing and quantifying costs anditeeaEMDOTG ITS investments.

1.2 Research Objectives
The main objective of this research is to review and summarize the benefits and costs of ITS
deployed by the Michigan Department of Transportation. In order to achisvedim objective,
this research kludesthefollowing subobjectives:
1) developing a ITS database including all ITS devices deployed by region
2) reviewing costs associated with ITS deployment
3) collecting all performance measures reported by each Traffic Operation Center (TOC)
4) analyzing traffidncidents andlearancdime
5) quantifying benefitfrom ITS deployedoy MDOT

1.3 Research Scope and Overview
There are many types of ITS supported by MD@icluding Connected Vehicle Systems.
However, this research does not include conneatbitlesystemsn its scope. The focus of this
research is to analyzbe costs and benefitgssociated withTS devicesdeployedon Michigan
highways.To accomplish the objectives of this research, the following tasks will be performed:

Task 1:LiteratureReview

Task 2 Reviewing MDOs ITS Deployments

Task 3:User RerceptionSurvey

Task 4:Collecting Performance Data

Task 5:Selection of Analysis Tool and Modeling ITS Corridors

Task 6:Cost and Benefit of ITS System

Task 7: Cost and Benefit of Individual ITS Devices

Task8: Recommendations and Final Report

Figurel-1 depictsthe connectivityof the eight tasks and the overall flow of this research.
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Chapter 2 Liter ature Review

2.11TS Cost-Benefit Evaluation Methods

Various methods have been utilized in the past to evaluate ITS deployments, batidppest
implementation. Examples of these approaches include traditionabeostit analysis (CBA),
multi-criteria andysis (MCA), sketchplanning, beforeandafter studies, simulation studies,
Awi | | Hopganyeds sa n a | y-basexl reasonihg tecarsqeed. The discussion that follows

will summarize past researahich employedthese methods.

2.1.1Traditional Cost-Benefit Analysis

The traditional cost benefit analysis is the most utilized approach by researchers and
transportation agencies in assessing the impact of ITS deployments on traffic operations
performance. However, the method has stagnated and has not been oefimgooved for
several decadesvidkangaset al, 2002. Regardless, some researchers continue to beliave th
CBA potentially represents the best method dua tack of viable alternatives. Travel time
savings are often the most important and relebanefit gleaned by CBA. A key limitation of
CBA is its i nher en-teturh taadeofh which resaltsirmdeasiory makersii r i s k
choosing against the alternative with acceptable Cost/Benefit (C/B) ratio if the probability for
excessive cost igigh (Yanget al, 2007. Other limitations include the inability to quantify the
value of ITS information dissemination to the ugersystem or the tendency of the user to alter

travel behaviorJuanet al, 2006.

2.1.2Multi -Criteria Analysis

The MCA is also commonly referred to as the analytic hierarchy process (AHP). A key
distinguishing factor of MCA compared to CBA is that priority is placed on investment
efficiency rather than C/B ratid_éviakangaset al, 200J. Some benefits of MCA include the
allowance for analysis of criteria not easily quantified monetadihariet al, 2006, decision

makers can evaluate ITS alternatives based on preferences, and criteria outside the range of CBA
can be included. The disadvantages of AHP include the subjgaivdecision makers and it

must be performed on cabg-case basis, thus stifling transferabilibeyidkangast al, 2003.
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2.1.3Sketch-Planning

Sketchplanning is a spreadshdmised or Gl$hased tool that produces orddrmagnitude
estimates of transpation and landise demand and impacts. It is touted for its low cost and
reduced complexity. Typical applications include rural and suburban areasgrofasig areas,

as well as cities, counties, regional planning agencies and state agenciespfBkatoly utilizes

a framework of statistical relationships and rules that evaluate the ITS system on the basis of
characteristics and measures of effectivenBesger et al., 2007 Recently, sketciplanning has
been incorporated in a Florida DOT (FDOT) exadlon to determine environmental benefits as a
result of ITS Hadi et al, 2008. For statewide ITS sketghlanning, two applications are
typically utilized: SCReening for Intelligent Transportation Systems (SCRITIS) and the ITS
Deployment Analysis SystenIDAS). Of the two resources, SCRITIS requires less detail
compared to IDASKenget al, 2000.

IDAS is a FHWAdeveloped software with a higher cost and complexity compared to
most other sketeplanning tools Penget al, 2000Q. It is designed to be a&arterm ITS sketch
planning solution. IDAS can predict relative costs and benefits for more than 60 types of ITS
investments. Input variables include travel time and speed, freeway throughput, number of
accidents, emissions and fuel consumption, whilpuwtwariables include travel time reliability,
mobility, safety, emissions and fuel consumption. Output variables are calculated based on user
provided estimates of input variables. It can be used for alternatives andlgss &1, 2010.

IDAS analyseften show a high degree of uncertainty in ITS benefits and cdatgyft al,

2007). Thus, it is not suitable for providing detailed and accurate estimates of ITS benefits.

2.1.4Questionnaire Surveys

The most commonly utilized questionnaire design used bgarehers to analyze motorist
receptiveness to ITS is the stated preference approach. Stated preference questionnaires require
the respondent to indicate how he/she would react to various scenarios or the degree of value
placed in the topic of interest bgffering a choice between limited, mutually exclusive
alternatives. Stated preference surveys have been used by researchers to investigate the impact of
ATIS on trip changesTay et al, 2010; Richardet al, 2007; AbdelAty et al, 1997;Bifulco et

al., 2014; Razeet al, 2013, in various nofrecurrent traffic conditionsMuizelaaret al., 2007,
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on acceptance of transidl§delAty et al, 200) and in emergency situationBdbinsonet al,
201]1). The primary limitation of stated preference surveys i tlverstatement of travel
behaviors Richardset al, 2007;Penget al, 2004.

2.1.50ther Methods

Beforeandafter studies represent another commonly used approach that attempts to
comprehensively summarize ITS benefits in a practical sétset(al., 201D Such studies can
evaluate the followinghangess a result of ITS deployment: traffic capacity, human resources,
reduction of traffic accidents and duration and frequency of congesimet(al., 2010; Chen et

al., 2010. Beforeandafter studies requirgeld measurement data from devices, such as vehicle
detectors, before and after ITS device deployment.

Another frequently employed evaluation method is the simulation study. These studies
are more suitable for urban roadways where traffic signals amgesbon are more frequent
(RITA, 201)). ITS evaluation using simulation has been used to evaluate ICM deployment, crash
prevention and safety, work zone management, system impact of TMC, andphet iof
traveler information

AWi |l | i-tetRyanyes ssstlualve been conducted to evalu
time information system on London transit. Jedral (2006) performed a redime survey on
transit vehicles to measuuserwillingness to pay an additional amount while riding the bus.

Casebasedreasoning (CBR])s an atrtificial intelligence technique based on the premise
that humans typically solve a new problem by adapting and revising a solution to a previous
probl em. The appromaxshecdesdfabpi shiecusaa IAiTeBisdep!l o
traffic conditions with which to compare against. Sadek et al used CBR in conjunction with a
DTA model to evaluate the benefits of diverting traffic through the use of \@&8dket al,

2003.

2.21TS Costsand Benefitsby Device
In September 2011, tHdS DOT Research and Innovative Technology Administra(iBiTA)
released a report titled, Al ntelligent Trans,|

Lessons Learned Des k Reference: 2011 Updat e
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databases kmn as theAlTS Knowledge Resourceswhich track developments regarding

evaluation of deployed ITS nationwide. The discussion that follows is a comprehensive synopsis
of the report contents concerning freeway traffic management, arterial traffic management
advanced public transit, smart work zones, road weather information systems and regional

parking management.

2.2.1Freeway Traffic Management

Freeway traffic management ITS applications consist of surveillance, ramp control, lane
management, special event spartation management, information dissemination, and
enforcement. Surveillance systems use vehicle detectors and cameras in conjunction with other
freeway management technologies. Closed circuit television cameras and other security
applications can be ad to monitor important transportation infrastructure. The unit cost for a
CCTV ranges from $8,000 to $16,00RITA, 201]1). Speed enforcement is conducted by
detectoractivated CCTV feed, which records vehicles breaking the speed limit. Dynamic
message sitgg (DMS) and highway advisory radio (HAR) are used in freeway traffic
management for information dissemination and lane management. DMS is used in 86 of the
United Statesod6 | argest metropolitan areas (po
DMS ranges $28,000 to $136,000, and $16,000 and $21,000 for a portable unit. In Grand
Canyon National Park, DMS and HAR were estimated to reduce 66,000 to 99,000-xeleisle
driven and save,200 to 28000 gallons of fuel in 2008Bfiglia, 2009. HAR applcations also
provide info on 21 percent of freeway miles in the largest metro areas in the US. The unit cost
for a HAR ranges from $15,000 to $36,000, and $4,000 to $8,000 for an HARRS$Igk 2011).

The SR14 traveler information system in Washington leygpthe use of HAR, with a total
system cost of $511,308figlia, 2009. With respect to the stated ITS goals of safety, mobility,
efficiency, productivity, energy/environment, and customer satisfaction, lane management has a
positive impact on safety, hile information dissemination has a positive impact on safety,
mobility, and customer satisfaction. Some berafgt ratios related to freeway traffic
management include 9.7:1 over 10 years for ICM deployment in San Diego, California and 14:1
to 39:1 for converting HOV lanes to HOT lanes in San Francisco, Califor@ampridge
Systematics, 2008; Alexiadis et al., 2D09
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2.2.2Arterial Traffic Management

Arterial traffic management ITS techniques include surveillance, traffic control, lane
management, parking magement, information dissemination, and enforcement. As seen, there

is a considerable amount of overlap between ITS in freeway traffic management and arterial
traffic management, with many of the same technologies in deployment in both applications.
Survallance of arterial streets can also be used to monitor security of critical infrastructure, as in
freeway management. 48 percent of signalized
in 2010 are monitored by surveillance, representing a 1@@ipeincrease since 200Ri¢hards

et al, 2007. Surveillance is shown to positively impact customer satisfaction.

In Monroe County, NY, CCTV and other forms of surveillance have been shown to
reduce incident validation times by-80 percent, for an astated per incident time savings of
between 5 and 12 minuteBgrgmann Associates200§. Some unit costs of common
surveillance equipment used in ITS include $7.5K to $13.3K for inductive loops at intersections,
$14K for a remote traffic microwave senstanintersection, and $8#%16K for CCTVs RITA
2011). Deployment of CCTV cameras on arterial streets is seeing a moderate growth rate. The
cost to install and implement five CCTV cameras in Monroe County in 2005 was $55,860 per
camera. A lesson learned the New York State Police in coordination with the New York
Department of Transportation was to use CCTV at signalized intersections for monitoring
congestion and adjusting signal phases. CCTV can also be used as a roadside subsystem in lane
management.

DMS are often used in arterial traffic management systems to share information collected
with road users in an effort to smooth traffic flow during special events. DMS also has parking
management applications in its ability to show parking space avayabsd demonstrated by the
smart parking system in deployment in San FranciBoaliger, 200%. Similar to freeway traffic
management, DMS is often used in information dissemination, with permanent DMS, portable
DMS, and HAR being used on 2 percent of @atestreet miles in the largest citidRITA, 201J).

DMS costs for arterial applications are the same as in freeway applications. HAR does not enjoy
as high of a level of deployment in arterial ITS as compared to freeway ITS. With respect to the
ITS goalsoutlined in the Freeway Traffic Management section, parking management has a

positive impact on efficiency and a substantial positive impact on mobility and customer
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satisfaction. Information dissemination has a positive impact on mobility and a swbstanti
positive impact on productivity. Some example B/C ratios of arterial ITS include 461.3:1 in
Virginia and 57:1 in Pennsylvani&drk et al., 2010; SouthwestePennsylvania Commissipn
201D).

2.2.3Advanced Public Transit

Despite the unfavorable economic cdiudi of the past 10 years, the transit industry has grown

by over 20% during this timspan RITA, 2011). Accordingly, transit agencies continue to
deploy ITS technology at a rapid rate. From 2200 10 i n the <countryos
percentage of figd route buses equipped with AVL increased from 31 percent to 66 percent, the
percentage of demand responsive vehicles with CAD increased from 28 percent to 88 percent,
and the percentage of fixed route buses equipped with electronitnmeainonitoring gstems
increased from 15 percent to 35 percéRiTA, 2011) ITS strives to increase passenger
throughput by offering a safer and more reliable service due to systems that combine Automated
Vehicle Location(AVL) and Computer Aided Dispatch (CAD), autontapassenger counters
(APC), electronic payment and smart card systems, and real time information. AVL and CAD
systems reduce passenger wait times by improving transit reliability. Vtidlspatch
communication systems realize security and incident geanant benefits by facilitating quicker
response times. Real time information on vehicle location and schedule allows agencies to
provide transit signal priority, which improves trip and schedule reliability. Mddtdal Trip
Planning Systems (MMTPS) allopassengers to confirm schedule information, improve transfer
coordination, and reduce wait times through their ability to provide public access to bus location
data and schedule status information.

Two of the primary ITS programs from the nr2000s are &ginning to demonstrate
positive impacts, namely the Mobility Service for All Americans (MSAA) and Integrated
Corridor Management (ICM). With regard to the impact of advanced public transit ITS on the
primary goals, operations and fleet management is sho\Wwave a positive impact on mobility,
productivity, and customer satisfaction, and a substantial positive impact on efficiency and
energy/environment. Information dissemination has a positive impact on customer satisfaction.

Transportation demand managam has a positive impact on productivity and a substantial
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positive impact on customer satisfaction. Positive impacts have been demonstrated on the goals
of safety, productivity, and customer satisfaction through the safety and security public transit
ITS applications, such as the advanced software and communication technology used to enable
data and voice to be transferred between TMCs (Transportation Management Centers) and transit
vehicles.

Some costs associated with ITS in public transit include #atajpst of between $1K
and $4K per mobile data terminal, with installation costs between $500 @@D$AVL/CAD
systems have a unit cost of between $8K and $10K per veREI&A( 201]). A few lessons
were learned from deployment of ITS in public tiaapplications, including: a need to plan for
the semiannual evolution of communications technologies, foresee and prepare against the
challenges of operating and maintaining a reliable TSP system (installation, calibration, and
testing of TSP emitters)and improving general transit safety and security through video
assessmenR(TA, 2011).

2.2.4Smart Work Zones
ITS is used in smart work zones (SWZ) as temporary traffic or incident management systems.
These systems can be staldne or supplement existinggssems during construction. ITS
deployments in smart work zones govern travel speeds, disseminate information regarding lane
configuration changes or travel times and delays, hasten incident detectialfioaatepertinent
incident management, and guideftic flow during full road closures. Smart work zones
improve driver behavior through dynamic lane merger systems. SWZs which include speed
monitoring displays have been shown to reduce vehicle speedé MPH and reduce speeding
likelihood by 2578 pecent RITA, 2011). 39 percent of TMCs on freeways and 34 percent of
TMCs on arterials are deploying SWZs, according to a 2010 survey. SWZs display positive
impacts on efficiency, productivity, and customer satisfaction, and substantial positive impact on
safety and mobility.

With respect to the mobility impact, a work zone simulation of-fottwo lane closure
in Washington D.C. revealed that a VSL configuration resulted in mean savings of 267-vehicle
hours of delay Kudalaet al., 201Q. While in Texaswork zone traffic management systems

diverted an average of 10% of mainline traffic to alternate routdt€ll, 2009. With respect to
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the safety impact, in Kalamazoo, MI, activation of a Dynamic Lane Merger System in work
zones reduced the number @rded mergers by seven times and the number of dangerous
mergers by three timed. (ttrell, 200§. With respect to the customer satisfaction impact, in
Little Rock, Arkansas, a survey showed that 82% of drivers stated that an Automated Work Zone
Information System enhanced their reaction to slow or stopped tré&ffecimer 201Q. In the

United States, a study of 17 states determined the cost of work zone ITS to range from $100K to
$2.5 million, with the majority costing in the $15@600K range RITA, 2011). A lesson

learned about SWZ is the necessity to coordinate the schedules for ITS deployment and roadway

construction through involvement of the construction contractor.

2.2.5Road Weather Information
The estimated cost of weathelated crashes in the US gas from $22555 billion annually,
with 24% of all crashes occurring during poor weather conditions from-2008 RITA, 2017).
Recognition of the importance in mitigating the impact of weather on transportation systems
prompted the creation of the Roadesther Management Program (RWMP) at the Federal Level.
The RWMP develops weather related ITS systems. Environmental Sensor Stations (ESS)
represent the standard method to monitor road conditionBeirRoad Weather Information
System RWIS), and the recdly developedClarus web-interface collects and distributes ESS
data across North America for all interested parties. The RWMP also developed the Maintenance
Decision Support System (MDSS), a decision support tool that automatically integrates weather
modd information witharoad model, rules of practice, and maintenance resource data

Integration of weather information into agency TCMs is known as WeRibgponsive
Traffic Management (WRTM). WRTM operates under three specific strategies: advisorg),contr
and treat ment . I nformation dissemination fal/l
warnings on DMS and indicating flooded routes
speed limits are used to reduce speed limits and ITS istaigeddify traffic signal timing based
on pavement conditions reported by ESS. The MDSS is commonly employed with regard to the
Atreatment o strategy. Il n addition, agencies i
and mobile sensors to aid in dehining pavement conditions and correct treatment application
rates RITA, 2011).
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Within RWIS, surveillance, monitoring, and prediction systems have a positive impact on
safety and mobility, and a substantial positive impact on customer satisfactioormdtibn
dissemination (advisory strategy) positively impacts safety and has a substantial positive effect
on customer satisfaction. Traffic control (control strategy) has a positive impact on safety.
Response and Treatment (treatment strategy) has aeadsipact on safety and productivity,
and a substantial positive impact on energy/environment. Costs of RWIS vary widely, dependent
on system scope, complexity, and the specific technology in use. In Michigan, RWIS
demonstrated a regiedependent B/C ratiof 2.81 to 7:1 (Krechmer 201Q. Lessons learned
about RWIS deployments include: investing in accurate road weather information to guarantee
greater usage and lower costs, and usage of @&\saliation guide and integration planning
process to fostemiproved perception of the benefits of RWIS integration to enhance TMC
performanceRITA, 2011).

2.2.6Regional Parking Management

Regional parking management is typically deployed in urban areas or at airports and outlying
transit stations. ITS is used to momitopen parking spaces and provide the information to
drivers in an effort to reduce traveler frustration and congestion experienced while discovering a
parking space. The proportion of agencies making use of parking management systems increased
from 5% in2000 to 8% in 2010RITA, 2011). An example of ITS technology used for parking
management is electronic parking fee payment, which uses various forms of technology
(magnetic cards, transponders, etc.) to simplify payment and lower congestion at entiences a
exits. Regional parking management in the form of a Smart Parking system in San Francisco has
shown to impart a positive impact on mobility (decrease average commute time by 5% for 50
minute commute and reduce total vehicle miles traveled by 9.7 nates\gnth) and customer
satisfaction (30% of commuters would prefer an expansion of Automated Parking Information
Systems), as well as a substantial positive impact on efficié&agi€r, 200§. Some unit costs
associated with a Parking Management Systerlude $1k$3K for entrance/exit ramp meters,
$1K-$3K for tag readers, $10K15K for the billing/pricing database and software, and $16K
$35K for the parking monitoring systeRITA, 2011).
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2.3 Similar Traffic Operation Centers in Other States

In an effort tocompare MDOTO6s I TS deployments to ot he
number of metropolitan areas to evaluate against the three state TOCs: SEMTOC, WMTOC and
STOC. The recommended TMCs were judged to be most similar to MDOT TOCs on the basis of

total milesof ITS coverage and percentage of ITS device coverage by device. With respect to
SEMTOC, the cities included St. Louis, MO, Miami, FL, Kansas City, MO and Atlanta, GA.
WMTOC was compared with the Collinsville, IL District 8 CommCenter, while the Lansing

STOC was most similar to the Milwaukee, WI STOC. A discussion of literature review

concerning ITS deployments in these similar locations by MDOT TOC follows.

2.3.1SEMTOC
As mentioned previously, SEMTOC, located in Detroit, was determined to be most similar to th
St . Loui s, MO fAGateway Guideo TMC, the Miami,

AKC Scouto TMC and the Atl ant a, GA TMC. Among
St. Louis Gateway Guide was most congruent with the Detroit SEMTOC, on tlsedbdstal
miles of ITS coverage as well as ITS device split, as showlie 2-1 on the following page.
A short summary of some of the cdmnefit evaluation performed on the Gateway Guide ITS
deployments follows.

VSL signs wee installed on Interstate Loop2IF0/F255 to garner consistent speeds
during congestion and lowge closing speeds of incoming traffic. This freeway management
ITS deployment reduced the number of crashes by 4.5 to 8 peBtent)(2010. St Louis also
has a traffic incident management and freewa
Mot ori st Assisto, which covers al/l freeway se
Louis Motorist Assist reduced secondary crashes by 1,082 annudhyamvestimated B/C ratio
of 38.25:1 Sun, 201D Operating costs of St. Louis Motorist Assist were $2,015,378 in 2008
and $2,075,839 in 200R(TA, 2011). St. Louis has also deployed arterial service patrols, most
notably dur i6Mg Ptrhogmeristthing a BI@ ratio of 8.3:1 and reduction in
yearly congestion costs of $1,034,08&net al, 2009.
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Table 2-1;: TOCs Similar to SEMTOC

Center SEMTOC thuei\é\/:y SU.IEII\(/? cu:ide KC Scout A_It_lslrga
L ocation Detroit, Ml |St Louis, M Miami, FL Kan:/lag City Atlanta, GA
Total Miles of ITS 200 200 215 150 230
Coverage
Total ITS Devices 452 676 676 649 825
% Cameras 37. %% 44.4% 35.2% 39.6% 66.7%
% DMS 19.26 18.5% 16.3% 9.2% 13.3%
% Vehicle Detectors 43.8% 29.6% 45.3% 43.6% 20.0%
% Ramp Meters 0.0% 0.1% 3.3% 4.5% 0.0%
% Dynamic 0.0% 0.0% 0.0% 0.0% 0.0%
% Travel Time Signs 0.0% 0.0% 0.0% 0.0% 0.0%
ig\':gfgzer Mile 2.3 3.4 3.1 4.3 3.6
Table 2-2: TOCs Similar to WMTOC
Center WMTOC District 8 CommCenter
Location Grand Rapids, Ml Collinsville, IL
Total Miles of ITS Coverage 130 51
Total ITS Devices 213 127
% Cameras 31.9% 38.6%
% DMS 12.2% 6.3%
% Vehicle Detectors 56.3% 55.1%
% Ramp Meters 0.0% 0.0%
% Dynamic Trailblazers 0.0% 0.0%
% Travel Time Signs 0.0% 0.0%
# of ITS Per a Mile Coverage 1.6 2.5
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2.3.2WMTOC

The MDOT WMTOC is located in Grand Rapids, Ml. The TOC manages 130 miles within the
MDOT Grand Region with approximateB/1 ITS devices per mile of coverage. The District 8
CommcCenter in Collinsville, IL was found to be the most similar TMC to WMTOC, as shown in
Table2-2 on the following page. However, no previous research conducted on ITS reploy

evaluation was found concerning the District 8 CommCenter in Collinsville.

2.3.3STOC

The STOC, located in Lansing, MI, manages the rest of the 133 statewide ITS deployments
outside of the Grand and Metro MDOT regions, with a primary focus on the Unyvegion.

A comparative analysis determined that the STOC in Milwaukee, WI was most similar to the
Lansing STOC on the basis of ITS device split, as showralote 2-3. In Milwaukee, automatic
vehicle location (AVL) contributedbta 28 percent reduction in buses behind schedule by greater
than one minuteRITA, 201J).

Table 2-3;: TOCs Similar to STOC

Center STOC STOC

Location Lansing, Ml Milwaukee, WI

Total Miles of ITS Coverage N/A N/A
Total ITS Devices 129 918
% Cameras 31.8% 33.6%
% DMS 28.%% 8.9%
% Vehicle Detectors 39.9% 41.2%
% Ramp Meters 0.0% 15.7%
% Dynamic Trailblazers 0.0% 0.7%
% Travel Time Signs 2.3% 0.0%
# of ITS Per a Mile Coverage N/A N/A
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2.41TS Benefits

MDOTGs strategic goals iiTS are to improve safety, mobility, efficiency, productivity, energy
and environmental impacts, and customer satisfaction. ITS applications deployed to attain these
goals include two components: intelligent infrastructure and ingeltigzehicles. Intelligent
vehicle systems consist of collision avoidance, collision notification and driver assistance.
Intelligent infrastructure is primarily concerned with roadside traffic operations and management
applications, such as freeway manageimeystems, arterial management systems, crash
prevention and safety systems, RWIS, traffic incident management, transit management,
emergency management, traveler information systems, commercial vehicle operations,
intermodal freight management, etc. Anmher of ITS evaluation studies have been conducted in
Michigan, a few of which will be summarized below.

In Oakland County, signal retiming provided a-2.3 percent reduction in carbon
monoxide emissions, 2.2 percent reduction in hydrocarbon emissicand a 13.5 percent
reduction in nitrogen oxide emissiornidalkiaset al, 2004. A predeployment CBA of RWIS
performed by Krechmest al (2010 revealed a rural, region dependent B/C ratio ranging from
2.81 - 7.01, due to reduced travel timestash reduction and lowered operating costs. A
summary of the costs in the four regions under analysis is shown in the table below (includes
2007 annualized capital cost and annual O&M costs).

Table 2-4: Costsand Benefits of Michigan Road Weather Information Systems

Region ESS Quantity Capital O&M B/C Ratio
North 50 $4,020,000 $460,000 2.8
Bay 15 $2,060,000 $256,000 7
Grand ? $2,272,000 $233,000 51
Superior 34 $3,463,000 $358,000 3.4

Source: Kechmeret al, 2010

Luttrell et al (2008 found that, in Kalamazoo, smart work zones reduced the frequency of

forced merges and dangers merges by seven times and three times, respectively. The Flint Mass
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Transportation Authority established a bagk emegency system at an estimated capital
investment of $500,000, with $50,000 annual operations and maintenancelBbsEsoip,
2005. Sayeret al (2011 performed a behavioral analysis on 108 volunteers who drove vehicles
with crash warning systems inde, and found that eight of the volunteers stated that the
system prevented a crash, with 72 percent of the drivers indicating a preference to have the
system installed in their personal vehicles. A 1999 U.S. DOT rep@®® investigated adaptive
cruisecontrol in a Michigan field evaluation and reported a reduction ofeedrcrashes by 8 to

23 percent. Gatest al (2012 and Hedderet al (2011) examined the utilization frequency of
various travel information sources in Michigan (including DMS, radiétevision, Mi Drive,
other websites, etc.), and found very low user familiarity with Mi Drive: 22.5 and 19 percent,
respectively.

Kimley Horn 010), in association with Cambridge Systematics and HNTB, prepared
t h e75,AUS127, F94 Triangle ATIS P 6 i n May 2010, evaluating
incident issues on these Michigan freeways. The report used the Michigan statewide travel
demand modelin conjunction with IDAS to evaluate ITS alternatives. ITS projects were
evaluated in areas that inde the North, Bay, Southwest, University and Metro regions. A
Aspectrumd approach was used to analyze the s
existing volumes, future volumes and crash rates. Finally, the report assigned a deployment plan
based on the results of the spectrum to provide information on alternate routes in an effort to
reduce congestion and incidents.

The Washington State DOT (WSDOT) published
in October 2014(WSDOT, 2014) The report comprehensively summarigzea multimodal
analysis of Washingtonds hi ghwabgnefisanalysieoi per f
WSDOTO6s incident main angce Mdemtt @Rresproanmeo (I R) .
operated 933 CCTVs, 279 DMSs, 109 RWISs andtv&ffic data stations. IR managed 43,088
incidents in 2013 with an average clearance time of 12.7 minutes. The report estimated $67.4
million in economic benefit as a result of IR in reducing incidetdted congestion and
secondary incident preventiongsulting in a 15:1 B/C ratio. The estimated savings due to
incidentrelated congestion reduction and secondary crash prevention were $37.6 million and

$29.8 million, respectively.

28



Costs and Benefits of MDOT ITS Deployments
|

URS Corporation published ATasKk Ogider 5.
Department of Transportation Navi GAt QWURSProgr a
2006) The report summarized the methodology and findings of a sweepingeaustit analysis
performed for the GDOT incident management prograinNa v i GAt dits cunder Be n e
consideration included mobility, environmental, safety and customer satisfaction. Similar to the
WSDOT report, the mobility benefit provided by incident management was the total savings in
incidentdelay. Also like the WSDOT analysis, the safbgnefit was wholly provided by the
reduction in secondary crashes. In total, NaviGAtor provided an estimated $187,228,535.00 in
estimated cost savings, resulting in an annual B/C ratio of 4.4:1.

Chou and MillerHooks (Chou, 2009)utilized a simulatiorbased analysis to conduct a
B-C analysis of the New York state freeway service pétiolHi ghway Emer gency Lo
Simulation scenarios were developed varying incident type by number of lanes (or shoulder)
blocked, traffic volume, and incident duraticeduction to determine the savings in travel delay,
fuel consumption and emissions. On these meammtsalone, the study computed a B/C ratio
of 2.68:1, assuming a $40.00/trdckur operating cost rate. Khattak and Rouplidiattak,

2004) assessed theenefits provided by Incident Management Assistance Patrols (IMAP) on
North Carolina freeways. The research focused on creation of a dexigipart tool for
determining highest priority locations for IMAP dispatch based on incident/crash data and
freewgy traffic volume. However, in the process of developing the tool, Khattak and Rouphail
estimated a 4.3:1 and 3.5:1 B/C ratio for deploying IMAP in Raleigh and Asheville, respectively.
The benefits in this study were conservatively estimated on ineilddat reduction alone.
Similarly, Moss (Moss, 2012-eveloped a benefidost model for incident management in
Knoxville, TN using incidentlelay savings provided by incident management based on traffic
sensor travel time data and Tennessee DOT incidentNbgss estimated a-B ratio of 8.5:1.

Ozbay et alOzbay, 2009utilized the Rutgers Incident Management System (RMIS), a traffic
simulation used to evaluate incident management performance, on the South Jersey highway
network to estimate the benefits prd®d by DMS and FSP. The study found that the impact of
DMS in diverting traffic resulted in a B/C ratio of 9.2:1, while the positive effect of FSP in
reducing incident duration resulted in a B/C ratio of 3.9:1. Chowdhury(&haiwdhury, 2007)
atClemsorUni versity published the fnABenefit Cost A
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Final Reporto in April 2007 for the South Car
to conduct a benefitost analysis of the impact of various ITS applicationsaocelerated

incident clearance for both motorists and the environment. Algorithms were developed for use in

the Paramics microsimulation software to model various incident detection, response and
clearance strategies. Ultimately;@ ratios of 11:1, 12:Jand 7:1 were determined for FSP,

traffic cameras and traffic sensors, respectively.

2.5Findings from Literature Review

Various methods were described to perform bemeft evaluations. These include, but are not
limited to, traditional BC analysis, multcriteria analysis, sketeplanning, questionnaire
surveys, and others. The traditio@BA approach is most commonly utilized, but suffers from
limitations such as inability to analyze riskturn tradeoff, the value of ITS information
dissemination andehdency of the user to alter travel behaviors. The ruoritéria analysis
accounts for risketurn tradeoff by placing priority on investment efficiency rather than raw B/C
ratio, while questionnaire surveys can return missing information on user bebhéditsed from
information dissemination and alterations to travel behavior as a result of ITS.

With regards to freeway traffic management, ITS benefits include positive impacts on
safety, mobility and customer satisfaction. Concerning arterial trafficagement, ITS has a
positive effect on efficiency, mobility, customer satisfaction and productivity. Advanced public
transit benefits include safety, mobility, productivity, customer satisfaction, efficiency and
energy/environment. Smart work zones disppmsitive impacts on efficiency, productivity,
customer satisfaction, safety and mobility. Road weather information systems have proven
beneficial in customer satisfaction, safety, productivity, and energy/environment. While regional
parking management imgves mobility and customer satisfaction.

MDOT TOCs were compared against other nationwide TOCs on the basis of total miles
of ITS coverage and percentage of ITS device coverage by device. SEMTOC was most similar to
the St. Loui s, MO \WNBT®OC was angst SBnilar tb éhe ColliGlle, IL
ADiIi strict 8 CommCentero and STOC was most S i

summary of B/C ratios reported by other studies is includ@alie 2-5 on the following page.
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Table 2-5: Example B/C Ratios from Other Studies

ITS Application Location B/C Ratio Source
Freeway Traffic San Diego 9.7:1 Briglia, 2009
Management
San Francisc¢ 14:01 Cambridge Systematics, 2008
San Franaco 39:1 Alexiadis et al, 2009
Arterial Traffic Virginia 461.3:1 Park et al, 2010
Management
Pennsylvania| 57:1 Southwestern Pennsylvania
Commission 2011
Road Weather Michigan 2.8:1-7:1 Krechmer, 2010
Information
Incident Management|  St. Louis 38.251 Sun, 2010
St. Louis 8.3:1 Ryan et al, 2009
Washington 15:01 WSDOT, 2014
Georgia 4.4:1 URS, 2006
New York 2.68:1 Chou et al, 2009
North 4.3:1- Khattak et al, 2004
Carolina 3.5:1
Tennessee 8.5:1 Moss, 2012
New Jersey 3.9:11 Ozbay ¢ al, 2009
South 11:1 Chowdhury et al, 2007
Carolina
DMS-Specific New Jersey 9.2:1 Ozbay et al, 2009
CCTV-Specific South 12:1 Chowdhury et al, 2007
Carolina
SensoiSpecific South 7:1 Chowdhury et al, 2007
Carolina
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Chapter 3MDOT ITS Deployments

3.1 MDOT ITS D eployments
3.1.1Introduction
A GI'S database was developed using ESRI ArcMA
past and current ITS inventory. Individual ITS device locations from-200@ were aggregated
and summarized by TOC region as well as on a darrsegmenby-segment level within the
three TOC regions. The MDOT 2012 Sufficiency file was used as the basis for the corridor
database. The 2012 Sufficiency file contains information regarding the-desefvice and
related attributes of MDOT highwagsegments. In addition to the sufficiency information, data
regarding the following were summarized according to each sufficiency database segment:
9 ITS device presence from 20Q613,
Yearly AADT and CADT from 200&013,
20102012 NAVTEQ minuteby-minutetravel time and delay information,

20112013 statewide LCAR incident frequency and duration,
and 20072013 statewide TOC Call Log FCP assisted incidents.
The remaining portionsf this chapter will summarize the 262613 MDOT ITS deployment

1
1
1 20082013 vehicle accident frequency according to UD10 police crash reports,
1
1

and associated cost information by TOC region.

3.1.220062013 Statewide ITS Deployments

Three TOCs are currently in operation in the state of Michigan. A figure representing the TOC
coverage areais shown on the following pag&he Southeast Michigan Transportation
Operations Center (SEMTOC) operates 87 DMSs, 168 CCTVs and 197 MVDSs on
approxi mately 400 freeway miles in the Detro
Transportation OperatiorGenter (WMTOC) governs 26 DMSs, 67 CCTVs and 120 MVDSs on
roughly 45 freeway miles in the Grand Rapi ds
Operations Center (STOC) provides ITS management in regions outside the Metro and Grand
regions, overseein86 DMSs, 40 CCTVs and 50 MVDSs. Tables comparing ITS deployments

by device and MDOT region are shown below.
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Figure 3-1: MDOT TOCs

Statewide TOC

Table 3-1: MDOT ITS Devices (2013)

~ _Transportation Operations Centers (TOC)

Blue Water Bridge
(BWB)

Southeast Michigan TOC

Region CCTV | DMS | MVDS | TTS
Metro Region /BWB 168 87 197 0
Grand Region 67 26 120 0
Bay Region 9 7 26 0
North Region 0 2 0 0
Southwest Region 10 4 5 0
Superior Region 0 0 0
University Region 21 15 19 3
Total 275 149 367 3
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3.1.3SEMTOC ITS Deployment

The SEMTOChasa rich history of ITS experience. The first ITS devices were installed in the
mid-1990s in the Metro Detroit arekigure 3-3 shows the cumulative total ITS deployment in
SEMTOC from 2006 until 2013y year ofoperation. As seen iRigure3-3, between 2006 and
2008, no new ITS devices came into operation. Beginning in 2009, new devices came online,
culminating in the 2013 total ITS device count. The number of MVDS in operation more than

doubled between 2012 and 2013.

i
8

; lay City

£2 |
£ }_J
v& State
o
E
%
Ma
e
r

O hﬂ" ke " o
Bl o.
5 blt . %, g
o “\ﬂ o A R
SO@O -~ $8s e Pointe Woods
‘ l 2 5 _ e Village of Grosse Pointe Shores A Michigan City
ivonia €1 96 l g
~ r .’ oy o Binte Park

w14 1-?"" - il SEMTOC ITS Devices

< T Conarltr el S e CCTV_SEMTOC
DMS_SEMTOC

5 fincy ESS_SEMTOC

: 2 iy MVDS_SEMTOC

o o — TTS_SEMTOC

Figure 3-2: 2013 SEMTOC Device Locations
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Annual SEMTOC ITS Deployment
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Figure 3-3: 20062013 SEMTOC ITS Deployment

Table 3-2: 20062013 SEMTOC ITS Devices by Operation Date

Year CCTV DMS MVDS
2006 92 48 52
2007 92 48 52
2008 92 48 52
2009 106 48 52
2010 141 61 52
2011 141 62 75
2012 152 69 92
2013 168 87 197
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Figure 3-4: 2013 SEMTOC Segment ITS Density by 2013 AADT

The figure above shows 2013 ITS (summation of DMS, CCTV and MVDS in operation)
density by 2013 AADT, according to 2012 MDOT Sufficiency database segments. A polygon
regionwas defined s fiDetroit 0 according to the region
ITS devices in the SEMTOC region, as indicated by the black outline on

Figure3-4. This region will be utilized in subsequent analysiew determining the
impact of ITS on performance metrics such as crash count, incident count, incident duration and
others. As seen, the fADetroito region encompa
with actual representation of 1,173 of 1,41 hkotiles (83 percent). Additionally, the majority
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of2013iroperation I TS devices (449 of 452, or
region.

Figure3-5 shows the FCP routes (highlighted in green) inSEMTOC region. As of
2013, the SEMTOC FCP patrols over 320 miles of freeway in Southeast Michigan.

Figure 3-5: SEMTOC FCP Routes
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3.1.4AWMTOC ITS Deployment

The WMTOC manages ITS deployment in the MDOT Grardi®, which consists of the city

of Grand Rapids and outlying rural areBgjure3-6 shows the WMTOC ITS locations of those
devices in operation during the year 2013 around and in the city of Grand RapidswAsrsho
Figure3-7, ITS deployment was relatively minor in the Grand region until the year 2010, which
saw the introduction of 7 new CCTVs and 43 new MVDS into operation. Another significant
boost to the quantity adperable ITS devices occurred between 2012 and 2013, where the total
count of all ITS devices more than doubled.

|WMTOC ITS Devices
WMTOC_TTS

WMTOC_MVDS

= WMTOC_ESS
WMTOC_DMS
WMTOC_CCTV

Figure 3-6: 2013 WMTOC Device Locations
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Figure 3-8 shows the 203 total inoperation ITS density by 2013 AADT according to 2012

MDOT Sufficiency database segments for the WMTOC region. The focus of the picture is
around the Grand Rapids metropolitan reg@as a scarce amount of ITS devices exist outside

this area. Siml ar t o the #fADetroito | TS polygon regio
ITS region was defined for WMTOC, indicating the space containing the highest concentration

of ITS devices within the overall WMTOC region. However, unlike the SEMTOC case, the
iGrand Rapidso |I'TS region covers a relatively
only 264 miles of a total of 1285 WMTOC miles (20.5 percent). Similar to the SEMTOC
ADetroito I TS region, the AGrand dQaprityd2® |1 TS
of 213, or 98 percent) of the total ITS devices in operation in 2013 in the WMTOC region.
WMTOC does not currently manage a FCP progrhot, plans to implement FCP ooutes

shownin Figure3-9.

Annual WMTOC ITS Deployment
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Figure 3-7: 20062013 WMTOC ITS Deployment
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Table 3-3: 20062013 WMTOC ITS Devices by Operation Date

Year CCTV DMS MVDS
2006 10 7 0
2007 10 10 0
2008 10 10 0
2009 10 10 0
2010 17 10 43
2011 26 12 43
2012 26 12 43
2013 67 26 120

Figure 3-8: 2013 WMTOC Segment ITS Density by 2013 AADT
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