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1.0 Introduction

Longerduration construction andmaintenance activities are typically manually entered into
transportation agencigRoadCondition Reporting SystenlRCRS) and/@dvanced Traffic Management
System (ATM$) improve situational awareness @ofaffic Management Centef MQ operators andalert
the traveling public. However, fashanging and shorteduration activities can be challenging and time
consuming to enteand remove from a systerand therefore these events are not always entered to
makeTMC operators or the traveli publicawareof lane or shouldr closures.

The ENTERPRISE Pooled Fund Study has completed two efforts supporting transportation agencies
integrating arrow board status information from the field into traveler information systenmeléa TMC
operatorsand travelers in realime, for example of a lane closurePer direction from the ENTERPRISE
Board,Phase 1 and Phase 2 were completied®017 inorder to properly assesseedsand potential
solutions before deployment and evaluatiaof a reaktime arrow board system at one or more
ENTERPRISE agency sites

1 Phase 1completed in February 201%eneratel Model Concept of Operationand Model
Requirementsddocuments for a system to repont reaktime arrow board status information to
TMC staffand to the traveling phlic. This systemvas intended tamprove traveler information
disseminaibn and performance reportingvithout requiring agency staftime in the field or
operator staff timeat the TMC These model systems engineering documents were developed for
ENTERPRISE agencies to use and modify when implementing solutions to integrate active
maintenance andvork zone notifications into their current traveler information dissemination
systems. Thesmodel documents were likewise expected to enawl®w board manufacturers
and thirdparty integrators to develop systems that are flexible to meet the various needs of
multiple agencies.

1 Phase 2completed in September 201@enerated arEvaluationPlanfor examining the process,
effectiveness, lessons learned, and benefitsadHime arrow board reporting systemance
deployed. TheBvaluationPlan was expected to guide future evaluations of one or more pilot
deployments conducted by ENTERPRISE agencies.

Following the completion of Phase i, 2018 theMinnesotaDepartment of TransportationMnDOT)
conducted aone yearpilot project through a contract with a vendofStreet Smartthat installed a
monitoringdevice or20 arrow boardshat provided arrow board status informatiqe.g. right arrow on,

left arrow on)to (i K S @ Ss¢ne2 Th& d@rrow board statumformation from the server was then
integratedwith a y' 5 h ATMS andhen their RCRSIn 2019, thedwa DOThad access t& equipped
arrow boards wittreporting capabilitiegStreet SmartiCone VerMac) to providereaktime arrow board
status information to (0 KS @ Ss¢riee DLENG this evaluation, lowa DOT was in the process of
upgrading their ATMS, therefore tlagrow boardintegration to the ATMS was not included as part of this
evaluation However, lowaanticipates integrating the arrow board mesagesafter the ATMSupgrade is
completedin 2020.
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This project Phase Buses the Evaluation Plasompleted in Phase ©
facilitate and evaluateleploymens of the arow board concept inthese
two ENTERPRISE member stgMinnesota and lowa)in addition, a Realtime arrow board
overview of the Regional Transportation CommisgilCpf Southern EgTeliiiler:\ile]ale (Yo a =1l
Nevadareakttime arrow board reporting systan deployment is included lowa and Minnesota.
as anotheiperspective.

Evaluation Focus:

Potential benefits fronthe arrow boardeportingsystemdeploymensthat areexamined as a part of this
evaluationinclude:

9 Detailed, consistent, and reliable raahe information about lane closures deawinated to
travelers upstream of the closure through traveler information mediums

1 Improved situational awareness by TMC operators oftiea lane closures in the field

1 Increased archived data available for evaluation, performance management, andategea
better understand work zone mobility impacts and exposure for reporting purposes, use for
future work zone planning efforts, analysis of Transportation Management Plans (TMPs), and for
performancebased specifications.

1 Foundational technology for eow boards to collect data regarding lane closuetated
information that could be directly communicated by the arrow board to Connected and
Automated Vehicles (CAVSs).

1 Improved quality of the deviceas a result of arrow board usage reports (e.g. the location can be
more readily verified by field personnel).

1 Realtime data about lane closures that could be integrated by tpiagty navigation apps (e.qg.
Google Maps, Waze), emergency dispatch, tramsitpther systems that route travelers and
workers through the transportation network.

Additional benefits are possible depending on how the systems are designed, which may include:

1 Improved construction management opportunities, including the abilityeiofy contractor work
status to document lane closure times for use on lane rental projects or enforce restricted hours
or to cross check any lane closure updates that are required of the contractor

1 Opportunities for aster response timen the field fa- maintenance needgrough arrow board
system notifications (e.gtimes whera traile-mountedarrow boardis hit by a passing vehicle
or blown out of place by strong wingds

Thisevaluation document represents the final product of this Phaséfort, and contains the following
sections:

2.0 Descriptiomf Deploymens ¢ description ofreaktime arrow bardreportingsystemdeployments
in Minneota, lowa, andhe RTC oBouthern Nevada

3.0 Evaluation Approacg details on the goals and objectivestbis evaluation

4.0 Evaluation Data Sources, Collection and Analgs@etails on the data sourcesollection
approach, and data analysis approach in Minnesota and lowa.
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5.0 Evaluation Findingg quantitative and qualitative findingfor each measure of effectiveness
(MOE)organized by evaluation objectiver Minnesota andyjualitative findings for each objective
for lowa

6.0 Summarnyc highlights key overall findingsdim the Minnesotaand lowa reaktime arrow board
reporting system deploymentsnd, as applicablgthe RTC of Southern Nevada
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2.0 Descriptionof Deployments

This evaluation examines thiechnology solutiongor two ENTERPRISE member statesving for the
reaktime integration of arrow boardtatus informationmessage$rom a third-party server to theATMS
and then to theirRCR$ Minnesota and to a thirgbarty server in lowalowa DOT was in the process of
updating their ATM&t the time of this evaluation Once thelowa DOTATMSIis updated in 2020it is
anticipated the reatime arrow board data will bntegratedinto this system In addition, this evaluation
summarizes the redime integration of arrow boardtatusmessages to a thirgarty server for theRTC
of Southern Nevadas another perspectiveutside of the ENTERPRISE members

In generalareaktime arrow boardreportingsystemis comprised of two largely independent systems, as
depicted inFigurel: 1) arrow boards and 2)TMC systems that use the arrow board information for
traveler information dissemination and data archives., the databases, RCR&STMS and Advanced
Traveler Information Systems (ATUS&d by transportation agencies to collect, process, disseminate, a
store traffic data and information for use by the traveling public and agency stakehoidigtisionally, a
third-party arrow board vendor server may assemble data from multiple arrow boards, conduct some
processing, and create events as an intermed&iép before the data is provided to TMC systems.

Portable
Arrow Board

Indicates Lane
Closure
..
0.0 [ X X )
()

Location
&
Status

“Event”
Created

TMC Systems

Road Condition

Reporting System

Advanced Traffic
Management System

Other Data
Processing Systems

“LEFT LANE
CLOSED ON
HWY 100
AT 42ND AVE

DMS

7~

~

Traveler
Information
Dissemination
Systems

511 Phone &
Web

Mobile Apps
Social Media

Connected
Vehicles

API| Feed

Figurel: Portable arrow board flow of information to TMC Systems and Traveler Information Systems

Arrow boardreportingsystems from three vendors are included in this evaluation

1 Street SmarRentalssells aftermarket devices that can be installed on arrow boards to collect
data that are reported t@ Smart Arrow Board (BartAB) webbased systenthat can be viewed
by users or polled by TMC systemsedoeive thearrow boarddata.

I iConesellsafter-market devices that can be installed on arrow boards to collect data that are
available on a welbased systenthat publishes arrow board information on Waze, allows users
to view the data, and can be polled by TMC systemedeivethe arrow board data.

1 VerMac is an original equipment provider that saflew arrow boards with fully integrated

reporting capabilities.
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Additionally,other vendors are known to offer or be developing products that ot included in this
evaluation Fo example Wanco also sells new arrow boards with fully integrated reporting capabijlities
and some manufactures (e.gerMacWanco) mayhave plans to offeafter-marketdevicesthat can be
added to an oldearrow boardto provide reporting capabilities.

Thisevaluation examindthe deploymentsn Minnesota and lowa, as well tie RTMf Southern Nevada

to provide a broad view of ways thatrow board reporting systems have beedeveloped andieployed

and how they are being used. Thodel Concept of Operatiorand Model Requirementglocuments

developed in Phase dompleted by ENTERPRI&&e leveragedand modifiedfor the one-year pilot

deployment byMnDOT and aarrow board vendor (Street Smartfat developed amonitoringdevice for

the arrow board. The data from the monitoring device was thategrated witha y' 5 h ATM& and RCRS

for automated provision of traveler informaticsisseminatedora Y5 h ¢ Q&4 (G NJ @St SNJ Ay F2 NJ
and mobile appThearrow board deployments in lowicluded arrow board monitoringlevices by Street

Smart iCone and VerMac. Thedevices used by thBRTCGof Southern Nevadare by iCone The RTGf

Southern Nevad#ollowed a similar modeto MNnDOT budid not modify the ENTERPRISE model system
engineeringdocumentsfor their deploymentsThe lowa and RT&@ SouthernNevadadeployments did

not integrate into TMC system8 KS RI G 61 & LINR @A RSR rediskributedbt & @Sy R?2
third-party provider (Waze)lowa DOT spent time developing a broadgrecification for procuring

equipped arrow boards and other work zone technologies capable of providing data in a specific format

as part of a more holistic vision for work zone technologies and data.

This section includesdescriptionof the reattime arrow boarddeploymentsby MnDOT, lowa DQ&and
the RTC of Southern Nevada.

2.1 MinnesotaDOT

MnDOTconducteda pilot project to deploy equippedrrow boards for integrating redime notifications

into its ATMS anRCRSSpecifically, the project deplegt20 arrow boards with status reporting capability

(e.g. left arrow on, right arrow onh the Twin Cities Metro Distridbr a oneyear test periodfrom
April2018 to March 2019singboth permanenttruck-mounted arrow boards andattenuator trailer
mounted arrow board. Theserrow boardswere equippedon DOTowned equipment that isleployed
primarily in urban settingdor shorterduration maintenance activities that last several hquneluding

mobile work zones. MnDOT rasttthe arrow boardreporting systemdevice andechnology from Street
Smart. MNnDOT staff cited the scheduling and coordination activities between MnDOT and Street Smart
to set up and remove the arrow board devices was the biggest challenge. Each installation required an
average of 3 bwrs per devices. Otherwise, the test period was uneventful.

Thearrow board datawascollected and aggregated by Street Smart. Specifically, data collectonred

at the arrow board onboard system. The onboard system passively maattitwe arrow board status and
providedthis statuswhen it was polledy the Street SmartrartAB webbased system, which populate
the arrow board informationon a hosted/secure welbased applicatiorand interface This application
publistedthe arrow board information to a reatime user interface designed to allasrow board system
users to monitor and manage the application and have full access to the data.
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Additionally,the SmartAB system provideth incidentfeedfile that wascompliant with MNDOR ATMS
for integration to MnDOT servers througlan external incident feed. When aarrow board was
operationaland reporting a status indicative of an active lane clostime SmartAB systervould update
the external incident feed to reflect thatAny tine anarrow board was powereddown while retaining
power to the onboard systenthe onboard system Iagedthe power down event, transntitd a message,
and continuel to send telemetry information. These events iwavailable via the local onboard system
logand $nartAB system reporting. However, when amow boardwas completely powered down with
no power provided to the onboard systents last known location and statusere provided on the
SmartAB interface

The arrow board reporting system hal data processing capabilitighat determined the arrow board
coordinate location, direction the arrow board is facing, arrow board status (left arrow, right arrow, or
caution mode), and whether the arrow board unit is in the up or down posifietermination of the
roadway or addres®ok place atSmartABand some information, e.g. arrow board in caution mode, was
notpassedontay5h¢ Qa ! ¢ a{

Regarding integratiotMnDOTincorporatedthe compliant incident file feed intiis ATMSvhen anarrow

board was in operational modewith a left or right arrow to indicate a lane closur€his vas then

transferredfor integration into theATMS and thethe RCRSGtreet Smart archivechw arrow board data,

the incident feedprovided tothe ATMSandarrow board location records in three separate datasets, and
MnDOTarchived theincident recordsthat includedarrow boardrelated lane closurefom the Street

Smart Incident feed/ I a1t S w201 X ay5h¢Qa {dotk @b drchive dataf ®s2 NI | (1 A 2
Minnesota RCRS deploymeHbwever Castle Rockchived three weels of RCRS dajasrequestedfor

this evaluation.

As a component othe pilot project, MnDOT also testedhe arrow-board requirementsthat were

developed during the pilot projeciOn September27, 2018 one of the 20 MnDOT maintenarazreow
boardsequipped with a smart arrow boardevicewas tested in realime. Overall, the testing conducted

was successful in demonstrating the integratiarrgw boardstatusto i KS @Sy R 2okd@ ATMS S NIJ S NJ
to the RCRSof arrow board status information displayed inréah YS 2y ay5h¢ Q& (NI @St
system. The system was tested for both a stationary lane closure and a mobile lane closure. In both cases

it took 2 to 3 minutes for the event tdisplay orMnDOTR taveler information website and apijpom the

time the arrow board was turned oto indicate a lane closur@he 20 devices were removed from the

arrow boards at the conclusion of thieyeartesting period, however MnDOT considers thieipto have

been successful and continues to explore options for deploying this capability in the future.

This evaluation includes gudlitative analysis through interviews and observations and antjtative
analysis of the data collected duringhaee-weekperiodfrom the MnDOTone-yearpilot deployment.

2.2lowa DOT

The lowa DOT partnered withe lowa State Universit€enter for Transportation Research and Education
(CTRE)o test and deploythree different arrow board status eporting systems beginning in spring of
2019.
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1 Specifically, two contracteowned iConearrow board reporting devicesvere usedon trailer
mounted arrow boardsOne of these operated on a single lelegm work zone beginning in
March 2019 and the othewasused for various projects around the state.

1 TwoDOTowned truck mounted attenuators (TMAS) were equipped with 8teeet Smartarrow
board status eportingsystem in June 2019.

1 OneadditionalnewVerMac arow boardtrailer wasprovided by VeiMac for testingn late 2019
that includedfully integratedsmart arrow board capabilities as part of theginal equipment

All of thesereakttime arrow board statusreporting systemswere used in conjunction with other work
zoneintelligent transportation system (ITgjoducts, such asCone connected pins that can be used to
complement thearrow board information by marking the end point of a work zone.

As part of a larger work zongata and technology effortiowa DOTand CTRBave worked with a
consultantto develop an initiabdata communication protocothat is flexible fora variety ofwork zone
technologies andpplicationssuch aone-way operationsand connected pins. CTREeceiving feedback
from vendorsto improve this specification for both neaand longterm use.CTRE isrehiving allarrow
boardreportingsystemdata every 5 minutes

lowa DOT intends to integrate thesaktime arow board reporting system data withtheir traveler
information systembut thiswill not occur until late 2020 when a neTMSs installedln the meantime,

CTRE is developing integration tools to merge data with context data and associated planned events in
their traveler information systenthat will result in the generation of updated and more specific
information to enhance existinglanned event informationFor examplegeneral information such as

G ¢ 2 NJ at thig lgc&tiorfor 2 months with nightly lan® f 2 & WiNI® énbanced to indicathen the

closure is activencethe arrow boardreportingsystem information is integrated to the ATMS aRERS

In August 2019jowa DOT updated theiemart Arrow Board Deployment Plavith two options for
communications

1) AJavaScript Object Notation (JS@Xjtocol where each manufacturer provides a feed of their
arrow boards.

2) The DOT connects directly to the aw board and pulls the data from the board at some
frequency.

lowa DOT found thathost manufacturershey have talked toexpect to pursueption 1.lowa DOTstill
needs to developspecificationcriteria on the functionality €.g. information pushed wherthe pattern
changes, when the device movegeet, and check in every minutes)and plans to test devices from
different manufacturers to put values to those requirements floeir approved products list.

Since the deployment in W was still in the testing phase, this evaluation includes a qualitative analysis
provided through interviews and observations. However, it is important to note that lowa will be
conductinga separateevaluation once the testing period concludes in 2020 the new ATMS is installed.
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2.3RTOf Southern Nevada

The RT®f Southern Nevaddnas been operating 12 iCorarow board reporting systems onboth
contractor and cityownedtrailer-mounted arrow boards as part of a pileffort since late 2017. This pilot
effort includes other technologiesuch awehicle dash cameras and iCone pins.arhaw boardreporting
systemsare used on both shortand longduration work zones, including mobile operations, dradp to
track equipment and identify the beginning and end of work zomesaddition,iCone provides arrow
board information to travelersiaWaze, as depicted iRigure2.
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Figure2. Example incidents in Waze generated from iCone Arrow Board Reporting Systems deployed in Las Vegas

The RTCof Southern Nevad#s in the process of developing a generic specificafimnarrow board

reporting systems to be included as part of construction contract bidsrder to expand useTheRTC
envisions the use arrow boardreportingsystemtechnologyon everyRTCfunded constructionproject,

which involves about400 arrow boardsascontractors and the public see threspectivebenefits for

tracking equipmenandreaktime information, as well aiture use casedn the near term, RTC exgs

to deploy another 580 arrow boardsreportingsystems by the end of 2020.

Currently,arrow board data comes to the TMC angi®videdto Waycare, a data integration, predictive,
analytics GHBased application. The RTC is in the early stages of imgaCone data into that system.

RTC hopes to eventually use the arrow board data to identify locations where work zones affect traffic
signals and make modifications, as an incremental step toward automation to assist in work zone planning
and operationsArrow board information isiot integratedinto a traveler information systeras this is
managed by Nevada DOT, not the RWGile theRTC does not archive therow board data, he general
specificatiorfor arrow board reporting systemsotesan option to archivethe data
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A dedicated staff member from Triton Traffic Technologies focuses on Arrow Board Reporting System
equipment in the field to ensure construction zones show up on maps properly. There are no additional
steps for RTC technicians to turnttwe arrow boardreportingsystem. The device tracks the arrow board
location and sends aBxtensible Markup LanguageML) feed to the iCone server. The iCone server sends
one stream to RTC and a separate stream to Waze. RTC can see the statasa &lbard reporting
systems on the iCone interface. Waze usew board reporting system data to identify a generic
construction event at therrow board reporting system location that indicates it originates from iCone.

In the future, RTC hopes Wazdlwrovide this information to drivers as an audible alert and use a unique
icon to differentiatearrow board reportingsystem events from other construction events.

2.4Deployment Variations

Overall, deployments in Minnesota, lowa, aheé RTC of Southern Na#la are similar. All agencies find
value in arrow board reporting systems in conjunction with other work zone ITS, on either portable truck
mounted arrow boards and/or arrow board trailers for letegm work zones and shoduration
maintenance activitiesncluding mobile work zones, on a variety of roadways. Deployment variations are
summarized inTable land inform the analysis of evaluation measures, alongside data availability. Key
differences to note include the following:

1 To date, mly MnDOTiully integrated realtime arrow board reporting system information with
their ATMS and RCRS for their pilot deployment. This functionality is expected to be added later
for both lowa DOT and the RTC of Southern Nevada. Currently gotrirdtraveler information
provider (Waze) utilizes the smart arrow board status messages from lowa and the RTC of
Sauthern Nevada from théConeservers.

1 MnDOT deployed redime arrow board reporting systems in mostly urban areas for short
duration maintenance activities, whilewa DOT primarily deployed on more rural corridors for
nightly lane closures on longer work zone activities, and the RTC of Southern Nevada included
mostly urban settings for both sheduration maintenance activities and longer work zone
activities.
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Table 1: Variations of arrow boardreporting systens among MinnesoteDOT lowa DOT and the RTC of Southern

Nevada
Variation
Deployment timeline

Minnesota DOT

lowa DOT

April 2018March 2019 Spring 2019 to prese

RTC
Late 2017 tqresent

Arrow BoardReporting System Variations

Arrow-board Type

Truckmounted and
attenuatortrailer
mounted

Truckmounted and
trailer

Trailekmounted

Maintenanceand Owner

Number, Brand of Devices 20 Street Smart |2 Street Smart, 2 iCon 12 iCone
1 VerMac
Arrow Board Owner DOT owned DOT andXontractor Contractorowned
owned
Reporting System Device Vendor Vendor Contractor

Communication Mechanisn

To 39 Party Server, to

To 3¢ Party Server,

To 3¢ Party Server,

ATMS, and then RCH then Waze then Waze
Connected Vehicle Capabil None None None
Deployment Setting Variations
Area Urban Rural and Urban Urban
Roadway Type Freeway and Arteriall Freeway and Arterial| Freeway and Arterial
WorkZone Type Stationary and Mobilg Stationary and Mobilg Stationary and Mobilg

Lanes Closed

Single lane

Single lane

Single Lane

Work Zone Duration

Short maintenance
activities (minutes,

Maintenance and
longer duration work

Maintenance and
longer duration work

hours) zones (hoursmonths) | zones (hours, months
TMC System Variations
TMC System Integration ATMS, RCRS Planned for 2020 Underway
Level of Automation Fully Automated - -
Staff Notification Recipients Operator staff - -
StaffNotification Mechanisn TMC interface Waze Waze
Staff Notification Events Activation - -
Archive Database Existing ATMS archivy  CTRHErchiveand Vendor archive
and vendor archive vendor archive
NOTEThenewDOT

ATMSWwill likelyarchive
after it is installed
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3.0 EvaluationApproach

This section presents a hidggvel overview of the evaluatiomtent, goals, and objectives that were
detailed in theBvaluation Plan documentpreviously developed in Phase 2 by ENTERRRISthen
modifiedand appliedor this evaluation.

3.1 Evaluationintent

The intent of ths ENTERPRI®#aluation is to plan, execute, and report on a series of deployments that
will help ENTERPRISE member agencies understand the potential for deveyspeds to integrate
arrow board messages into traveler information systems in-t@aé. Specifically, thergvasan interest

in an evaluation to determine whether the system can work in various situafiergts mobile lane
closures) Evaluation findingsmay encourage additional agenci#s deploy different approaches, which
would further help industry professionals understand where, when, and why develaped board
reportingsystems experience issues, in order to invest in improvements where theyeaged.

Thisevaluationfollows a series oMOEspresented in the Evaluation Plan develoged ENTERPRIBE

Phase 2o evaluate the overall project objectives. Thiot arrow board reporting system deploymerg

in Minnesota and lowdo not meet all of therequirements or objectivethat were originally documented

in Phase 2and as such thissaluationis flexible fotthe objectives and variationsithin each deployment

to help ENTERPRISE member agencies understand the process, effectiveness, lessons learned, and
benefits ofvariousarrow boardreportingsystems.

3.2 Evaluation Goals

The overarching goal for evaluatingrrow board reporting system deployments is to understal the

potential of these systems to provide improved traveler information and to increase efficiency of DOT

staff responsible for posting lane closure information to traveler information mechanistisis

important to note that the deploymentaereexpecB R (1 2 @25F dQaNPRSHLIG ¢ f SBSE X |y
evaluationwasintended to test the overall effectiveness and usefulness of the deployed systems.

Though each agency deployment di#drsuch as thelevel of integration with TMC systems, the
evaluation goals belowere expected to be universal for all pilot deployments, regardless of the specific
design selected, deployment setting, or level of integration with Bysfems.

1 Goal #1: The equippearrow board will be able to automatically collect and report sufficient
information for determining its status and location.

1 Goal #2: Tharrow board reporting system will be able to process information collected at the
arrow board to determine its current stus and location.

1 Goal #3: Tharrow board current status and location information will be received by D@Tes
third-party vendorfor providing improved reaime information.

3.3Evaluation Objectives

The following svenevaluation objectivesvere identified to assess the extent to which the developed
arrow board status eporting system solutionsn lowa and Minnesotaddress the primary functions

ENTERPRI&EaiTime Integration of Arrow Board Messages into Traveler Information Systems 11
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presented inthe Model Requirementspreviously developed by ENTERPRIBEe seven identified
evaluation objectives are:

1

Objective #1:Arrow Board Data Collection Capabilities¢ encompassing accuracy, reliatyil
completeness

Objective #2Arrow Board Data @mmunicationsCapabilities ¢ including timeliness and
reliability.

Objective #3Arrow Board ProcessingCapabilities¢ focuses on the ability to proceasrow board
data to accurately determine theperational status, e.g., facing direction, roadway/milepost,
status change, mobile work zone, activation/detivation, maintenance needs

Objective #4: Arrow Board-related Notifications Capabilities ¢ concentrates on the
communication mechanisms to fiethd TMC staffhrough the vendor interface or DOT ATMS
including the configurability, functionality, and usefulness of different variations

Objective #51ntegration with Existing TMC Systems féreporting Capabilities¢ includes
creation of new reportswhen warranted; identifying, updating, and closing existing, relevant
reports;interfaces and displays of information within each of thieegrated TMCsystems, as
applicable, compared to the current processes used to document and report lane closure
information: ATMSRCRSNdATIS.

Objective #6:Travelerinformation Impactsc focuses on the changes to ATIS events based on
availability of newarrow board information for the provision of additional, more specific
information, andpotential benefit to thetraveling public This is regardless of whethamrow
board information is integrated with the ATIS or manually inputhe ATISy TMC staff who
receive thearrow board information via otheTfMC Systems or interfaces.

Objective #7:DataArchiving Capabilities ¢ focuses on the availability and usefulness of
archived raw, and processedrrow board data.
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4.0 EvaluationData SourcesCollection and Analysis

Data sources and collection of the data for tlaDOTand lowaDOTreaktime arrowboarddeployments
for this evaluatiorare described in this section.

4.1 Minnesota DOT

Thisevaluationexaminedhe capabilities described in thevaluationobjectivesdescribed irthe previous
sectionby using the followingjuantitative and qualitativelata sources for a comprehensive evaluation
for the MNDOT reatime arrow board system deployments

T Quantitative Data Sources
o Arrow board data¢ raw and processed data generated by taeow board reporting
systemthat wasarchivedby the vendoras three distinct datasetStreet Smart)
0 ATMSdatac existing archives ofevenENR Y ay5h¢Qa ! ¢a{ ®
0 RCRS8atac existing archives of evenfeom theRCREINE JA RSR o6& /[ adf S w2
traveler information vendor)

9 Qualitative Data Sources

o Travelerinformation system interfaces; observations ofinformation available via the
ATlSnterfaces, i.e., websiter mobile app

0 Systemintegrator feedback; interview with DOTstaff responsible for integrating the
arrow board reporting system information within the ATMSand interviews with the
traveler information vendor (Castle Roek}ponsible for integratingrrow board status
information from he ATMS tdhe RCRS

o DOT staff feedbacdkinterviews withDOTTfield staff, operator staff, traveler information
staff, and traveler information manageirthat work directly with thearrow board
reportingsystem in the field and at th®InDOT RMC

Specific details ofata availableand collectiorfor the Minnesotaevaluationare described below
4.1.1 Quantitative Data Sources

The duration of the MnDOT pilot deployment for the réiate integration of arrow board message into
their traveler information system was fronpAl 2018 to March 2019. Howeverygntitative datasets to
analyze the Minnesota deploymefur this evaluatiorwere providedfor 18 of the 20arrow boardswith

status reporting capabilityor the periodof October 18, 2018 to November 7, 20I%his time priod
followed initial testing and integration activitieliring the pilot project such that all known issues had
previously identified and resolved. MnDOT staff noted that this time period was representative of typical
maintenance activities.

The quantiative data analysis relied on archives of raw and processed arrow boardrdataStreet
Smart as well as RCRS, and ATMS edata The analysis examined the completeness and timeliness of
data transmission and event generation. In general, the andéssaged Excel worksheet functions that
are available to take a count of data elementsrirexentmessage and identify the time elapsed between
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each transmission of arrow board data based on time stamps in different datasets. DOT staff corroborated
all quantitative findings and provided additional context wherever possible.

The following summarizebe quantitative data sources analyzéar the MNnDOTreaktime arrow board
notification deployments

4.1.1.1Arrow Board Data

Street Smartdeveloped aselfcontained monitoring unit that was installed on existing MnDOT arrow
boards. The system collected and communicated arrow board data to Street(G&ma#drtAB server. All
data collected by Street Smart was archivétlere was a lot of data collected Byreet Smart that was
not passed along to MnDOT (evghen arrow boards displayechutionfor a shoulder closuje MnDOT
requestedthat Street Smart sharaformation only if the arrow board was activevith the right or left
arrow displayed For this evalation thefollowing three data sets from Street Smart were provided.

9 Location Data. Street Smarprovided location datafor eacharrow boardequipped with Street
{ YI NI Q& Y 2 igrihé estidg yediod Bafakiiélds in théocation datafile for each device
included: Valid, Time, Latitude, Longitude, Altitude, Spemad AddressStreet Smartcollects
location data for latitude and longitude once every 10 minutes if the device is stationary and every
couple seconds if the itris movingFigure3 belowshows a sample of data provided iretBtreet
Smart location datdile. The location file included75,249 records for 18 devicés the three
week evaluation periodThis file was used internally by Street Sniartonjunction with other
data sourcedo create the Incident Feed file described below that weaegrated intoa y 5 h ¢ Qa
ATMS.

A B c D E F G
1
2 Report type: Route
8
—
4 Device: 212532
5 Group: Metro
6 Period: 2018-10-18 00:00:00 - 2018-11-08 00:53:00
7
atitude ongitude Altitude Address
9 TRUE 18/10/2018 00:00:33 45218090 -93.378930 om 00kn 7th Avenue, Anoka, Minnesota, US
10 TRUE 18/10/2018 00:10:33 45.218080 -93.378940 om 0.0kn 7th Avenue, Anoka, Minnesota, US
11 TRUE 18/10/2018 00:20:33 45218070 -93.378960 om 00kn 7th Avenue, Anoka, Minnesota, US
12 TRUE 18/10/2018 00:30:33 45218060 -93.378960 om 00kn 7th Avenue, Anoka, Minnesota, US
13 TRUE 18/10/2018 00:40:33 45.218060 -93.378950 om 0.0kn 7th Avenue, Anoka, Minnesota, US
14 TRUE 18/10/2018 00:50:33 45.218070 -93.378960 Om 0.0kn 7th Avenue, Ancka, Minnescta, US
15 TRUE 18/10/2018 01:00:33 45218070 -83.378960 om 00kn 7th Avenue, Anoka, Minnesota, US
16 TRUE 18/10/2018 01:10:33 45218070 -93.378960 om 0.0kn 7th Avenue, Anoka, Minnesota, US
17 TRUE 18/10/2018 01:17:57 0.000000 0.000000 om 0.0kn 0.000000°, 0.000000°
18 TRUE 18/10/2018 01:17:57 0.000000 0.000000 om 00kn 0.000000°, 0.000000°
19 TRUE 18/10/2018 02:01:12 45217750 -93.379230 om 0.0kn 7th Avenue, Anoka, Minnesota, US
20 TRUE 18/10/2018 02:03.09 45217920 -93.379010 om 0.0kn 7th Avenue, Anoka, Minnesota, US
21 TRUE 18/10/2018 02:13:09 45217970 -93.378970 om 00kn 7th Avenue, Anoka, Minnesota, US
22 TRUE 18/10/2018 02:24:24 45218290 -93.378840 om 6.1kn 7th Avenue, Anoka, Minnesota, US
23 TRUE 18/10/2018 02:25:01 0.000000 0.000000 om 0.0kn 0.000000°, 0.000000°
24 TRUE 18/10/2018 02:25:07 45217780 -93.378820 Om 0.0kn 34309 7th Avenue, Ancka, Minnesota, US
25 TRUE 18/10/2018 02:26:19 45217950 -83.378710 om 00kn 7th Avenue, Anoka, Minnesota, US
26 TRUE 18/10/2018 02:36:19 45218030 -93.378780 om 0.0kn 7th Avenue, Anoka, Minnesota, US
27 TRUE 18/10/2018 02:46:19 45218070 -93.378790 om 0.0kn 7th Avenue, Anoka, Minnesota, US
28 TRUE 18/10/2018 02:56:19 45 218060 -93.378810 om 00kn 7th Avenue, Anoka, Minnesota, US
29 TRUE 18/10/2018 03:06:19 45218070 -93.378820 om 0.0kn 7th Avenue, Anoka, Minnesota, US
an TRUE 18/10/2018 03:16:19 45.218070 -93.378840 om 0.0 kn 7th Avenue, Anoka, Minnesota, US
212532 215333 204502 208500 217457 217420 207501 214521 205500 205502 217456 215456 203300 217694 2
Figure3: Screenshot oStreet SmartArrow BoardLocation Dataset
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9 Status Data. The Street Smarstatus file providd data including the Unit #, Date, Orientation,
and Board Statugrigure 4 below shows screenshot of theStreet Smartstatus data file. The
status file included 145,303 recordfor the threeweek evaluation periodThis file was used
internally by Street Smaih conjunction with other data sources create the Incident Feed file
described below that waimitegrated intoa Yy 5 h ¢ Qa ! ¢a{ &

il Unit# [ Date 4 Orientation | Board Status
2 215456 10/18/2018 0:00 Board Up Blank

3 205502 10/18/2018 0:00 Board Up Caution

4 214521 10/18/2018 0:01 Board Up Blank

5 215333 10/18/2018 0:01 Board Up Left Arrow On
6 203300 10/18/2018 0:01 Board Up Blank

7 214516 10/18/2018 0:01 Board Up Blank

8 208500 10/18/2018 0:01 Board Up Blank

9 215456 10/18/2018 0:01 Board Up Blank

10 205502 10/18/2018 0:01 Board Up Caution

Figure4: Screenshobf Street SmariStatusDataset

9 Incident Feed. Street Smart providegan arrow board incident feedor MnDOTto integrate into
their ATMSThe incident feed includgthe following fields/Added or Removed, Date/Time, Unit,
Status, Latitude, and Longitudeigure Sorovidesa screenshot of theStreet Smé incident feed
file. There were 688 records provided in the incident féedthe threeweek evaluation period

A B C E F G

{ll Added or removed [§@ Date / Time B unit [ status M Lat M B
745 Unit added to feed Thu Oct 18 08:14:16 2018 217936 Left Arrow On 44.68815 -93.2931
746 Unit removed from feed Thu Oct 18 08:18:59 2018 217936 Caution 44.67776 -93.2939
747 Unit added to feed Thu Oct 18 08:28:25 2018 217936 Left ArrowOn 44.64143  -93.297
748 Unit removed from feed Thu Oct 18 08:42:33 2018 217936 Caution 44.64121 -93.2971
749 Unit added to feed Thu Oct 18 09:17:53 2018 217936 Left Arrow On 44.64101 -93.2971
750 Unit removed from feed Thu Oct 18 09:34:24 2018 217936 Caution 44.63903 -93.2975
751 Unit added to feed Thu Oct 18 10:19:09 2018 217936 Left Arrow On 44,6388 -93.2975
752 Unit removed from feed Thu Oct 18 10:38:03 2018 217936 Caution 44.63758 -93.2976
753 Unit added to feed Thu Oct 18 11:13:22 2018 217936 Left Arrow On 44.63746 -93.2977
754 Unit removed from feed Thu Oct 18 11:32:21 2018 217936 Blank 44,5951 -93.2985
755 Unit added to feed Thu Oct 18 13:15:35 2018 217936 Right Arrow On 44.74347 -93.2774
756 Unit removed from feed Thu Oct 18 14:41:10 2018 217936 Caution 44.71892 -93.2823

Figure5: Screenshobf Street Smart Incident Feed Datat

41.1.2ATMPata

ay5h¢Qa integtated with{ G NS S G { YI NI Qascribeg bR Boyiéver, InSidei

messages were only provided to MnDOT when the status from the arrow board monitoring device
reported right arrow on or leftarrow ara Y5 h ¢ Q& ! ¢a{ Ay aSNIsSHe locaRoRA (A 2y |
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changed.There were 903 records provided for the thraeek evaluation period NB Y ay5h.¢ Qa ! ¢ e
Data storecbya y' 5 h ¢ Q & ncludahfe following

Event date (includes Impact Cleared

date and time) Canera name Latitude

Description Lane type Longitude

Road Detail

Direction Confirmed
Figure6 below shows an excerptaf Y’ 5 h ¢ Q adataseéta {
|l Eventdate [ Description B Road |H Direction [l impact [ Cameraname [l Lanetype |l Detail |l Confirmed [Jl Cleared [ Latitude | Longitude |
2 |10/18/2018 1:02 p.m. Incident ROADWORK I-35W SB C647 Mainline ab_left FALSE TRUE 45,1794 -93.12153
3 |10/18/2018 1:10 a.m. Incident ROADWORK 1-94 EB ... C807 Mainline ab_left FALSE TRUE 45,1385 -93.49509
4 |10/18/2018 1:16 p.m. Incident ROADWORK I-35E SB C010 Mainline ab_right FALSE TRUE 44,74347 -93.27744
5 |10/18/2018 1:22 a.m. Incident ROADWORK [-94 EB ... €807 Mainline ab_left FALSE TRUE 45.13803 -93.49473
6 |10/18/2018 1:44 p.m. Incident ROADWORK 1-35W SB Cc647 Mainline ab_right FALSE TRUE 45.17944 -93.1216
7 |10/18/2018 10:20 a.m. Incident ROADWORK 1-35 SB C599 Mainline ab_left FALSE TRUE 44.6388 -93.29745
8 |10/18/2018 10:30 a.m. Incident ROADWORK 1-35 SB C599 Mainline ab_left FALSE TRUE 44.63776 -93.29761
9 |10/18/2018 11:14 a.m. Incident ROADWORK 1-35 SB C599 Mainline ab_left FALSE TRUE 44.63746 -93.29767
10 |10/18/2018 11:16 a.m. Incident ROADWORK 1-35 SB C599 Mainline ab_left FALSE TRUE 44.63671 -93.29778
11 |10/18/2018 11:20 a.m. Incident ROADWORK 1-35W SB ce47 Mainline ab_right FALSE TRUE 45.17941 -93.12155
12 |10/18/2018 12:10 a.m. Incident ROADWORK [-94 EB ... C801 Mainline ab_left FALSE TRUE 45.20092 -93.56716
13 |10/18/2018 12:12 a.m. Incident ROADWORK 1-94 EB ... €802 Mainline ab_left FALSE TRUE 45.19378 -93.5503
14 |10/18/2018 12:14 a.m. Incident ROADWORK 1-94 EB ... C803 Mainline ab_left FALSE TRUE 45.18689 -93.54111
15 /10/18/2018 12:14 p.m. Incident ROADWORK T.H.55 EB €329 Mainline ab_left FALSE TRUE 44,98297 -93.4001
16 |10/18/2018 12:16 a.m. Incident ROADWORK [-94 EB ... C803 Mainline ab_left FALSE TRUE 45,18292 -93,53631
17 |10/18/2018 12:18 a.m. Incident ROADWORK [-94 EB ... C804 Mainline ab_left FALSE TRUE 45,17545 -93,52787
18 |10/18/2018 12:20 a.m. Incident ROADWORK [-94 EB ... C805 Mainline ab_left FALSE TRUE 45,16538 -93.52436
19 |10/18/2018 12:20 p.m. Incident ROADWORK 1-94 EB C9450 Mainline None FALSE TRUE 46.02114 -95.79968
20 |10/18/2018 12:22 a.m. Incident ROADWORK 1-94 EB ... C805 Mainline ab_left FALSE TRUE 45.16157 -93.51875
21110/18/2018 12:26 a.m. Incident ROADWORK 1-94 EB .. C805 Mainline ab left FALSE TRUE 45,15563 -93,50999

Figure6: Screensho2 ¥ a y ATMISA@w Board Messag®ataset

4.1.13RCRS Data
ay 5 h RCRBcorporateda Y 5 h aTM&dataT 2 NJ RAALI | € 2y ay5h¢Qa 0N IS
Mobile app, and Twitter feed (@TwinCities51The datdieldsT 2 NJ U KA a S @I t dzZt A2y LISI

RCR$rovided by Castle Rock (MnD@ a

RCRS recorgsovided for the threeweek evaluation period

Organization ID
Contact ID

Message Date
Message Time

UTC Offset

Message Expiry Date
Message Expiry Time
EventID

Update

0N @St SN Jangdhawndélowvi Therg/werd $48 R 2 N

Status
Priority

Description Phrase

55309

002yl QRO

Link Ownership

CrossStreet
Designator

Route Designator

Latitude

Longitude

Linear Reference
Direction

Alignment

Update Date

Update Time

Valid Period Duration
Start Date

Start Tine

A screenshot okey fields fronthe RCRS dataset provided by Castle Rock is provided in Figure 7.
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Message
Date

20181023

Message
Time

101402 CAR5AB-859545

H Event-ID n

Updaten

Route

Priority n Description Phrase n Desc. (cont'd) n Designatorn Latitude H Longitude H

5 right lane closed

-394

44570500

-893486140

mobile maintenance

20181023 112202 CARSAB-B65957 2 3 operations left lane closed 1-94 45308605 -93822434
20181023 121202 CARSAB-B69958 1 5 left lane closed I-35W 45177612 -93118634
20181023 121602 CARSAB-BB9959 1 5 right lane closed I-35W 45177614 -93118631
maobile maintenance
20181023 125412 CARSAB-869960 2 3 operations right lane closed I-494 44862320 -93220776
20181023 130402 CARSAB-B65961 1 5 right lane closed PN 5 44871487 -93197438
20181023 135402 CARSAB-BAS963 1 5 left lane closed -35W 45177531 -93118739
20181023 204202 CARSAB-B69967 1 5 left lane closed LS 169 45035121  -93400682
maobile maintenance
20181023 215802 CARSAB-B65968 2 3 operations right lane closed  I-35E 45196520 -93029637
20181023 224402 CARSAB-869970 1 5 right lane closed I-35 45243694 -93027281
20181024 83202 CARSAB-4 1 5 left lane closed MM 55 44983926 -93315956

20181025

211002 CARSAB-37

2

maobile maintenance

3 operations

left lane closed

I-454

44875483

-893032382

Figure7: Screenshobf Key Fields fronCastle RocRCRS Arrow Board Message Dataset

Reasons as to why only a subseewénts in the ATMS were ingested by the RCRS include:
Glrowtf SF¥O¢

7 wSO2NRA

adKI G

RAR y2i

being imported into the RCRS.
{ If the route name and getocation of the event as reported in the ATMR Q
name within a .25 mile margin or effort in the RCRS, RCRS would not import it, in order to avoid
posting a potentially incorrect location description to the public.
9 If no fields were updated in the ATMS that would result in an exglighge in the details of the

RCRS report, the RCRS report would remain unchanged.

4.1.2Qualitative Data Sources

Kl &S

by

Y G OK

2NJ a6y

0KS 1

Qualitative feedback was received from the Minnesota deployméoitowing a year of testing. This
included verification of quantitative findingsu@stionguideswere developed by the evaluation tedior
Street SmartCastle Rock, andnDOTfeedbacko understandthe types ofinformation of interest to the
evaluation such as the level of effort for installation, accuracy and consistency of the reported arrow
board data, and lessons learndduring the testing perioda Y 5 h ¢ Qa
mobile app and Twitter feed (@mndottrafficyere alsoobsened to verify in reatime that arrow board
status messages were displayed.

4.2 lowa DOT

0N @St SNI AYF2NXI

This evaluation examined the capabilities described in the evaluation objete@diedin the previous
section by using the qualitative data sources forlinvga DOT reaime arrow board system deployments
Quantitative data sources were not used as lowa DOT was still in the testing phase of the deployments
when this evaluation was completed. However, it is anticipdted an evaluation will be conducted by

lowa State University CTREBce deployments are integrated into their ATIME&r in 2020.
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4.2.1 Qualitative Data Sources

Throughout the course of this evaluation effo@@T REvas working closely with the lowa DOT to test and
deploy arrow board reporting systems. This evaluation relied on input and early findings of the
deployment fromCTREtaff who provided input to the evaluatioaboutthe deploymenthrough phone
interviews Qualitative feedback was receivatbout the lowa deployment following several mihs of
testing. Question guideswere developed by the evaluation team @nsurecertain information was
gathered, such as the level of effort for installatiortegration,accuracyand consistency of the reported
arrow board data and lessons learned.
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5.0 PBEvaluation Findings

Each evaluation objective may relate to one or moraneasures of effectiveness, as outlined in the
Evaluation Planleveloped by ENTERPRISE in Phadet2 thatanalysis and presentation of evaluation
findings may differ from what was proposed in the Evaluation Plan given the availability of datatiow
agency measuresuccess of a deployeatrrow board reporting system, and how eacharrow board
reportingsystemwas deployedThisevaluationattempts tocapture as much detail and specific feedback
as possible through a comprehensive series of M@ERe MNnDOTand lowaDOTreaktime arrow board
status notificationdeployments

5.1 Minnesota DOT

This section provides the evaluation results for each applicable M@Eeviously identified from the
Phase2 ENTERPRISE effort by evaluation objectiveddition, the datasetsutilized from section 4.1.1
and a description of the analys$ data collected from 18 arrowdard reporting devices during the test
period from October 18 to November 7, 2080rovided.

As mentioned earlier in this report, a requirements testing demonstration took place on Thursday,
September 27, 2018 that provided the opportunity to verify #ireow board reporting system functions.
Evaluation team staff were present for a field test in Minnesota. During this field test, the evaluation team
documented the arrow board location and display status for several instances that the arrow board
operational status changed in order to verify the arrow board data and functionality. Additionally,
guantitative data findings were reviewed with DOT operator staff, DOT field staff, and vendor staff to
verify the accuracy of the findings and to provide additioz@ntext and perspective. A summary report

of this field test can be found at:
https://www.dot.state.mn.us/its/projects/20162020/arrowboard/summaryreport.docx

Figure8illustrates the flow of thearrow boardmessage records analyzed for this evaluation. Street Smart
collected datae.g. location, arrow board statufpm the onboad devices ori8 arrow board every 10

minutes or every couple seconds if the arrow board was moving. This data was then combined by Street
Smart and fed into an incident feed of data fmocessinggé ay5h¢Qa ! ¢a{Pd ay5h¢ NJ
records when the aow board was in use (left arrow on or right arrow on)rbergedinto the incident

feed. However, MNnDOT staff had access to view all data collected thrthegSmartABveb interface

provided by Street Smarthousands of records were collected by Streea@nmowever only 688 records

were included in the incident feed for the evaluation period that wescessedd € ay5h ¢ad ! ¢ a{
then by the RCR8&.s important to note that the Street Smart incident feed only adds and removes arrow

boards, whereas MnDI® ATMS inserts additional records as the location chamggescomplete data

was removed through each system atotamh v NBE O2 NR& YI G OKSR o6S06SSy { (N
ay5h¢QaandtheaRCRSSee Appendix £ review the data from key dathelds of the matched

dataset
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Street Smart
9 Status Data File
(145,303 records)
9 Location Data File
(175,249 records)
9 Other Collected
Data

Street Smart MnDOT Castle Rock

Incident Feed ATMS (IRIS) RCRS

6388 records 903records 148records

Street Smart, ATMS, and RCRS Matched Recc
141records

Figure8: Data flowof MNnDOT Realime Arrow Board MessagRecords fothe Evaluation Period@Qctober 18 to
November7 in 20B) from 18 arrow boards

5.1.1 Evaluation Objective #1Arrow BoardData ®llection Capabilities

Table 2presentsdata collection capabilities of the arrow board monitoring devices installed by Street

Smart on the MnDOT arrow boards. It is important to ndtattStreet Smart archived all data collected

for the duration of theone-yearMnDOT pilot project. Street Smart provided one file with arrow board

location data and one file with the status of the arrow boardtfe three-week period fothis evaluation.

Street Smart collecteddditional data however for this evaluation the two filggovidedwere analyzed

to document the arrow board collection capabilitidhese files were used along with other data collected

by Street Smarto produce an incident feed foincorporation inay5h ¢ Qa ! ¢a{ ® ¢KS AyC
included records of when the arrow board was active and indicating left arrow on or right arr@s on

requested by MNnDOT

The table below indicates that 98.3% of the Street Smart stausrds(e.g. right arrow on, left arrow on)

had complete board status information and 89.4% of Street Smart location records were complete.
However, the number ofincomplete bcation recordsis somewhat misleadingFirst, arrow boards
continued toreport locationfrom inside a maintenance garagden givensufficient power butreduced
access to GHBside the garageesulted inincomplete record. Secondmany incomplete location records
were immediately followed by a complete recamlupdate the information that was previously lacking
Additional information on the datasets used and the analysis is described in the table below.
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Table 2. Objective #1:Arrow Board Data Collection CapabilitiesMOE, Dataset Used, Analysis, and Evaluation

Results
Dataset

MDOT Evaluaion Ressi

MOE:Percent of received arrow board status with complete data.

Street Smarttatus Data
file fields used:
9 Board Status (e.g. right
arrow on, left arrow
on)

Street Smart.ocation
Datafile fields used:
9 Latitude

1 Longitude

Compared the totahumber of records
from the Status Data file to the number
of incomplete records (board status fielg
Ad ddzyRSTAYSReO O

1 Total Records: 145,303

1 Incomplete Records: 2,489

Compared the total number of records
from the Location Data file to the

numberofA y 02 YLX SGS 064

98.3%Street Smart status
records with complete
board status information.

89.4%Street Smart
complete location records.

and longitude fields.
9 Total Records: 175,249
1 Incomplete Records: 18,537

5.1.2 Evaluation Objective #2Arrow BoardData Communication€apabilities

Street Smart compiled information from i&atus Datdile, Location Datdile, and other collected data
and produced an incident feed famcorporationinay 5 h ¢ Q& ! ¢ a { ® eddéraingdyorlyhA RS y (i
statusinformation as desired by MnD{&.g. right arrow on, left arrow on)rable 3 below provides an
analysis of thenumber of Street Smarincident Feedecords forincorporation intoa Yy 5 h ¢ Qain! ¢a{ &

addition, the time delaynthemea &+ 3S (2 3I2 FNBY GKS {GNBSG {YINI Ay
to the RCRS and then to the traveling public interface was analyhedime delay was calculated using

the 141 matched records between these systems. The records were matched byatigmidate, time,

FYR &dFddza 6So®3d w/ w{ awAIKiI [lyS /ft2aSR¢ YI G0OKS
ay5he¢Qa ! ¢af{ aloywfSTheO

CKSNBE 6SNBE coy NIEO2 NR A InddEnOFeed@es tRe tifdeRe¥k testipdtiddGuad { Y I NI

94.7% of thes messagswere complete. It took an average of 83 seconds for the 141 records to appear
in the RCRS aftéyeing processed N2 Y { (i NEnSidentfeed) Seditiedable below for additional
details on the datasets used and analysis.
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Table 3. Objective #2:Arrow Board Data Camunications Capabilities- MOE, Dataset Used, Analysis, and
Evaluation Results

Dataset MnDOT Evaluation Results

MOE: Number of arrow board messages received

Street Smartncident | Compared the total number of 638 recordgeceived fromStreet
Feedfile fields used: | records from the Street Smart { YNNI Qa A gvé h&tbsy i
I Latitude Incident Feed file to the number of | period.
1 Longitude incomplete records (blank longitude

and latitude) 94.7%Street Smart incident feed

i Total Records: 638* messages were complete.

1 Incomplete Records: 34

* There were 688 total recordsut
10 records included data
erroneously shifted into incorrect
fields and 40 records recorded
GGAYS2dzié F2NJI €I
by a device thamay have been
malfunctioningas itnever recorded
a latitude or longitudealuring the
evaluation periodTherefoe these
50 records were removed.

MOE: Time delay in sending messages.

RCR®ata file fields There were 141 records that match¢Average of 83 seconds for 141
used: 0SG6SSy { GNBSG {|recordsto appearin RCRS afteeing
1 Message Time CSSRXI ay5h¢ Q& ! ¢lprocessedf NBY { GNBSI

1 Message Date ay5h¢Qa ! ¢L{ P ¢ Klincidentfeed.
were compared for this analysis.

Street Smartncident NOTES:

Feedfile fields used: Reviewed the difference between th  The maximum time between
1 Time RCR®atafile message time to the messages was 45@&conds and
{1 Date Street Smart Incident Feed file the minimum time was

(time/date fields) and found the 1 second.

average ATMSdatadoesnot indicate| § In 59 records, it required more
time inseconds. Thereforét was not than the average amount of

includedin this analysis time to communicate between
1 Average time betwen Street the RCR&nd the Street Smart
Smart Incident Feed and RCRS incident feed and in 82 records
83 seconds. the time was at or below the
average.

5.1.3 Evaluation Objective & Arrow BoardProcessingCapabilities

Street Smart provided the location of the arrow board with latitude and longitude. The AEbiporated
this data. For the 141 matched records 87.2% were exact location matches or within 209deethat
IRISsnapsa received aiow boardlocation tothe nearest noddocation thatis coded as a roado some
location variability is expected\s a result, 200 feas assumed to be within this expected variability.
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addition, there were 14 records that accurately characterized @bite work zone. See the table below
for additional details on the analysis.

Table 4. Objective #3:Arrow Board Data Communications CapabilitiesMOE, Dataset Used, Analysis, and
Evaluation Results

Dataset Analysis MnDOT Evaluation Results
MOE:Percent of accurately identifying arrow board GPS location.
Street Smartncident | There were 141 records that match¢87.2% of 141 recordare exact

Feedfields used 0SG6SSy { GNBSG {|location matches or within 200 ft.
1 Latitude Feeday5h¢Qa ! ¢ca{
1 Longitude ay5he¢Qa !¢L{® ¢K
MnDOTATMS Data were compared for this analysis.
fields used Compared the latitde andlongitude
{ Latitude from Street Smart Incident Feed an
{ Longitude ay 5 h ATVS Data.

i Total records: 141

9 Exact location matches: 115

9 Location matches within
200ft*: 8

1 Locations outside of 200 ft: 18

*Based ora |atitude/longitude
distance calculator
MOE:Number of recordsaccurately characterizing a mobile work zone.
MnDOTRCRS Datgeld |There were 141 records that matchq¢14 mobile work zonesvere identified
used: 0SG6SSYy { GNBSG {|inthe 141 matched records
| Description Phrase]l CSSRZ ay5h¢Qa ! ¢
ays5he¢Qa !'¢L{d ¢K
were compared for thignalysis.
i Total records: 1%
9 Records describing mobile
maintenance operations:4l
MOE:Percentgethat the closedlane of traffic isaccurately identifiedwhen Arrow Board display is
activated.

Street Smartncident | There were 141 records that match¢100% of 14%Xecords are exact arrow
Feedfields used 0SG6SSy { GNBS( ({|boardstatusnessages identifying th
{ Board Status CSSR> ay5h¢Qa ! ¢|correct lane of traffic is closed.

3 |
MNDOTATMS Data |2Y 5 h¢Qa 1t elL{® ¢K
were compared for this analysis.

f';'dSD;‘tZﬁd Tw/w{ GwA3IKd [
YIHUOKSR uz {UN
MnDOTRCR®atafields Il NN2g hyé GKIG
used ays5he¢Qa !¢a{ a
| Description Tw/ wiS§Fd [lyS /f
YI §OKSR (2 { 04N
I NNB ¢ hyé¢ GKI G
ays5htQ ¢a al ouyN
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5.1.4 Evaluation Objective #4Arrow Boardrelated Notifications Capabilities

The purpose of this objective was to examine #iglity of the TMC system to generate arrdoward

notifications to field staff and TMC operators. However, for the MnDOT pilot test the focus was on
integrating the dataThe events did appear on the TMC RCRS interface, however TMC operators did not
interact with the eventsand notifications were not provided to field staff is important to note that
MnDOT RTMC managers and MNnDOT Maintenance managers were also able to view the events through

{ G4 NB S ( SrhaMABMD iftérface.

Table 5. Objective #4: Aow Boardrelated Notifications Capabilitiess MOE, Dataset Used, Analysis, and

Evaluation Results
Dataset

_ Analysis |

MOE:Field staff time required to operate the arrow board reporting system.

MnDOT Evaluation Results

1 MnDOT Field Staff

1 Interviewwith MNnDOT Field
Staff.

No additional staff time was require
to operate the arrow board reporting
system in the field.

5.1.5 Evaluation Objective #8ntegration with Existing TMC Systems for Reporting Capabilities

For Obijective #5 the purpose was teaduate the abilityof the arrow board reporting system information
to be integrated with DO®Bperated software solutions without the need to open external software
systemsor create new events, when warrantet) identify, update and close existing, rel@nt events,
when warranted; ando provide usable information on existing TMC interfaces and displdasincident
feed provided by Street Smart wasorporatedi y (i 2
ATMSinterface provide the opportunity fa RTMC operators to vieand editthe realime arrow board
events. However, for this orgear test period RTMC operators only viewed the evetitsy did not

ay5he¢Qa

l¢a{ IyR

modify the events or make any other chandgresause changes wouddther separate the event frorthe
arrow board incident event to preventeattime updatesor be overwrittenby the subsequentarrow
board incident feedipdate

Table 6. Objective #5: Integration with Existing TMC Systems for Reporting Capabilitd®E, Dataset Used,

Analysis, and Evaluation Results

Dataset

board information.

Analysis

MOE:Extent of configurations, modifications, or integration actions required to integrate the arro

MnDOT Evaluation Results

1 MnDOT System
Integrator

1 Interviewwith MNnDOT ATMS
integrator staff.

MnDOT saff reported that
modifications within the ATMS to
integrate thearrow board reporting
systemdatarequiredminimaleffort
since Street Smagrovided the data
in acompatible, preestablished
format.

MOE: Operator ability to select and view arrow board information within the interface.

1 MnDOTRTMC

1 Interviewwith MNDOT RTMC

RTMQOperators had the ability to

0KSy

Operators Operators select and view arrow board events
however for the oneyear pilot
operators only viewed the events
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Dataset Analysis

MOE: Operator satisfaction with capability of the system to automatically create systgnerated

MnDOT Evaluation Results

new events.
T MnDOT RTMC M Interview with MnDOT RTMC |RTMQperators only viewed the
Operators Operators events during the ongear pilot, they

did not make any modifications to th
events. HowevelRTMC Operators
indicated that the reatime arrow
board events provided an additional
source of information to understand
the roadway néwork.

MOE: Operator satisfaction with capability of the system to automatically update existing events

1 MnDOT RTMC 1 Interview with MnDOT RTMC
Operators Operators

RTMC Operators only viewed the
events during the ongear pilot, they|
RARY QG YIF1S Fye
events. HowevelRTMC Operators
indicated satisfaction with the
automation of updating existing
eventsi KI i RARY QO N
interaction.

board information

MOE:Perceivedbenefits of addedspecificityin events that are automatically updated using arrow

T MnDOT RTMC 1 Interview with MnDOT RTMC
Operators Operators
1 Evaluation Team

Thenew arrow board eventsiere
helpful to MnDOT operators, who
noticedmaintenance and snow
removal activities that are normally
not availableandcould be verified by
operators usingameras.

MOE: Operator ability to view timely, accurate, and useful a

devices on the system interface, compat¢o previous information about lane closures.

rrow board information frathactive

1T MnDOT RTMC 1 Interview with MnDOT RTMC

Operators Operators

1 MnDOT 1 Interview with MnDOT
Maintenance Maintenance Managers
Managers

MnDOT previously did ne@nter
shortterm lane closure events into
the RCRS. The rea@he arrow board
notifications alertedoperatorsabout
locationsto monitor.

5.1.6 Evaluation Objective #6Traveler Information Impacts

Prior to the oneyear pilot test conducted byinDOT to integrate redime lane closure of shorter
duration maintenance activities intihe ATMSnany of these everiypeswere not reported.Therefore
before datawas unavailableto compare these new events tolraveler information impacts are

documenedin Objective #6Theaverage duration of arrow board events was 43.5 minutes for 335 events
within the Street Smart Incident Fedeburof 141 matched events occurred during the peak period, with

an average duration of 8/@inutes. See the table belowf additional details.
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Table7. Objective #6: Traveler Information ImpactdVOE, Dataset Used, Analysis, and Evaluation Results

MnDOT Evaluation Results

Dataset

MOE: Number of new events created in TMC Systems using arrow bio&mdmation.

RCRS Datields used:
1 Message Date
1 Message Time

Street Smartncident
Feedfields used
i Date/ Time

MnDOTATMS Datdield
used:
{ Event Date

The RCRS Data event date and time were f
matched to the Street Smart Incident Feed
data. TheStreet Smart Incident Feed update
once a minute which produced more recordj
than the RCRS Data records. The records W
GKSY YIFIGOKSR (2 ayb5H
141 records.

T Number of Street Smart Incident Feed

Records638*
1 Number of MNnDOT ATMS Redsr903
1 Number of RCRS Recorti4i**

* There were 688 total records, howeidr
records included data erroneously shifted i
incorrect fields and 40 records recorded
GGAYS2dzié F2NI £ GAd
device that never recordedlatitude or
longitude. The device may have been
malfunctioning; therefore these 50 records
were removed from the total.

**7 records removed as they did not match
with the ATMS or Incident Feed records.

141 new recordsvere
created.Data was matched
among the Street Smart
Incident Feed, MnDOT ATN
Data, and the RCRS Data

MOE:Duration of activelane closure events.

Street Smart Incident
Feed fields used:
1 Unit Number
9 Date/ Time

The Street SmathcidentFeed file was sorted
by unit number andhen by date and time to
calculate the time between adding and
removing the unit, referred to as the minutes
active.Number of events: 335

1 Average minutes active: 43.5 minutes*

*Maximum value of 469.9&inutes active
and a minimum value of 1.18inutes active.

There were 141 records that matched betwe
{ONBSG {YIFINIQa LyOA-F
GKS w/ w{X FYR ay5h¢(
records wereareviewedfor this analysis.
9 Numberoccurred during peak periods
(Monday thru Friday 6AM to 9AM or
APM to 7PM) 4

Average duration of arrow
board events wad3.5
minutesfor 335 events
within the Street Smart
Incident Feed.

4 of 141matched events
occurred during the peak
period, with an average
duration of8.3minutes.

1 Average minutes active: 8.3 minutes*
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Dataset

MOE:Perceived benefits of added details in events that are updated using Arrow Board informat

Analysis

MnDOT Evaluation Results

1 DOT traveler
information staff
and manager

1 Evaluation team

M Interview with MnDOT Traveler
Information Staff and Manager
1 Evaluation TearReview

The new arrow board event
were available for
maintenance and snow
removal activities that are
normally not in 511 for
travelersand believed to be
beneficial.

MOE: Traveling public ability to view timely, accurate, and useful Arrow Board infoliorafrom all
active devices on the ATIS interface, compared to previous informat

ion about lane closures.

1 DOT traveler
information staff
and manager

9 Evaluation team

M1 Interview with MnDOT Traveler
Information Staff and Manager
1 Evaluation Team Review

141 events were generated
on 511by 18arrow boards
during the 3week
evaluation. These events
allowedfor more timely
travelerinformation with
minimal delayIf we assume
this 3week time period to
be representative of the-1
year test period, the 20
equipped arrow boards
would generate an
estimated 2,700 events ove
the l-year test period.

MOE: Traveler Information staff satisfaction with information providdsy Arrow Board system.

1 DOT traveler
information staff
and manager

1 Interview with MnDOT Traveler
Information Staff and Manager

MnDOT traveler informatior
staff periodically viewed the
arrow board events in the
RCRS to understand the
overallroadway network.

MOE: Traveler Information feedback from traveling public

1 DOT traveler
information staff
and manager

1 Interview with MnDOT Traveler
Information Staff and Manager

There was no feedback
received by MnDOT from tk
publicon the lane closure
information reported on
ay5h¢Qa ¢Soa

from the pilot project.

5.1.7Evaluation Objective #7ata Archiving Capabilities

In this evaluation objectivehe ability to store arrowboard related lane closumgatafor the purposes of

research, performance management, evaluation, amdnsportation managementplanning were

examined. Street Smart collected and archived all data from the monitoring devicacbraerow board
l¢a{ I NDKAGSR

fortheone@ S| NJ LIAf 2 (i

LINE 2SO0 @

ay5h¢Qa

Although Castle Rock did natoutinely archive any RCRS datan its Minnesota deployementwith
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knowledge of this evaluation Castle Raaichived thearrow board eventdata for the threeweek

evaluation period. The table belawdicates the amount of raw data archived for this evaluation over the

testing and the ease of access to the data.

Table8. Objective #7: Data ArchivinGapabilities- MOE, Dataset Used, Analysis, and Evaluation Results

Dataset

Analysis

MnDOT Evaluation Results

MOE:Ability of system to store all raw and processedrow board data with appropriate
timestamps, operations and status changes, location, aritler relevant data

i Street SmarStatus
Datafile

9 Street Smart.ocation
Datafile

9 Street Smartncident
Feedfile

1 MnDOTATMS Data
file

9 Castle RocRCRS Dat
File

Street Smart anthe MNnDOTATMS
routinely stored all arrow board data
RCRS datwasableto be archived
and made available far 3week
study period as requested

145,303 Street Smadatus Data
records

175,249 Street Smalttocation Data
records

1688 Street Smarincident Feed
records

1903 ATMS Dataecords

1148 RCRS Datacords

MOE:Ability of system to offer DOT staff relatively easy access to archisedw board data.

i Street SmarStatus
Datafile

9 Street Smart.ocation
Datafile

9 Street Smartncident
Feedfile

1 MNDOTATMS Data
file

9 Castle RocRCRS Dat

Arrow boarddata from Street Smart,
MnDOT and Castle Rockas
provided for a 3week study period,
as requested

Received Street Smart, MNDOT AT
and Castle Rock RCRS data, as
requested, with no noted issués the
data

Street Smart also provided a web
interface to view all realime and
archived data collected throughout
the oneyear pilot project.

File

5.2lowa DOT

This section provides the evaluation results for each previously identified evaluation objectihe 5
arrow board devices tested by lowEhis included two devices from iCone, two devices from Street Smart,
and 1 device from VerMadResults were gathered through phone interviews with the lowa State
University CTREtaff who worked closely with e lowa DOT to test and depldliese arrow board
reporting systems. Quantitative data sources were not used as lowa DOT was stillearlinesting
phasesof the deployments when this evaluation was completédseparate evaluation will be completed
by CTRHEollowing the testing phase and integration of arrow board reporting system datathétmew
ATMSn 2020

CTRE worked with the lowa D@uring thedevelopnent ofasmart arrow board communication protocol
anddraft smartarrow board specificatiorBefore finalizing the specification, the draft will be shared with
arrow board manufacturers for input on the functional requirements. In addittbe,communication
protocolwasdeveloped to guideonsistency irrrow board reporting deployment§ he commnications
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protocol includes performanceand some hardware requirements that complement the functional
requirements in the drafsmart arrow boardspecification.

5.2.1Evaluation Objective #1Arrow BoardData @llection Capabilities

This objective encopas®d the accuracy, reliabilityand completeness ofollectedarrow board data.
The data collected to date by all three vendors that participated in the testing pésiotbwa have
produced completeecordsfrom general observation€asuateviewsof the data havenot identified any
time periodswith missingdata. However, it is important to note that review of the data during the testing
period has focused more on individual data points to understand how it related to the workstatoe,

location, and planned event informatiofhere have been afew timgsK SNBE | @Sy R2 NDRa & SNX

for a week or two and CTRE has had to alert the veritigranticipated additional reviesof the data for
completeness will occur as the testing period moves forward.

5.2.2Evaluation Objective #2Arrow BoardDataCommunicationgCapabilities

This objective focused on the timeliness and reliability of dataing the testing periodatency of 7 to 8
minuteswas observed fodata fromsomevendors to be reported to CTRE. This wasributed to how
the data wasaccesed by CTRE in the data interfabata fromone vendomustbe downloaded from an
FTP sitavhile anothervendorprovides data on a server to be downloaddolwa DOT is in the process of
finalizinga communication protocol fovork zone devices, which inclesarrow board reporting systems.
The protocol wilkpecify theformat for transmittingdata (e.g Application Program Interfacé\P)) and
result in reduced latencyit was observed that even with the latenevhen CTRE receivedetdata, the
correct, originaltimestampwasreported with the eventata.

In addition, CTRE tested the VerMac arrow board reporting system against the draft communications
protocol. Thetest was valuable for validating the functionality of the draft protbaod confirming that

the valuesto be included in the draft specificaticare realistic and attainable. Thresults ofatest to
identify a mobile work zonevere favorable in that thelata updated within two minutes/hen the arrow
boardmoved by 500 feet or the pattarchanged. However, it was noted that additional testing is needed

to further refinethe values, e.g. the 50fbot distancethreshold to include in thefinal specificatio.

5.2.3Evaluation Objective #3Arrow BoardProcessingapabilities

Objective #3 focused on the ability to process arrow board data to accurately determine the operational
status.The accuracy of the location and directionalitgd not been specificallyjoted duringthe testing
period. However, CTRE assigneéjgorted arrow boarceventlocationto a linear reference that was then
associated with the nearest 511 event. There were kmown examples ofprovided arrow board
information identifyingthe closue in theincorrect lane Additional quality checkwill be conducted to
verify location and directionality.

In addition, CTRE tested mobile work zone applications by reviewing AVL datutohetic Vehicle
Location AVL) can verifylocation, but notinformation regarding which lane is closédthough lowa DOT

is currently changing AVL providers, CTRE has developed a methodology that will be tested to detect and
collect lane closure information using AVL data.
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5.2.4Evaluation Objective #4Arrow Boardrelated Notifications Capabilities

The arrow board reporting system dates integrated by théConesystem with Waze. DOT staff have

the capability to review the reported data from th€onearrow boards through the Waze application.
Notifications toTMCstaff will be made availableith all vendor datai K NB dz3 K L 2 gWherBhe ¢ Qa ! ¢
update is complete in 2020.

The arrow board reporting systenutifications are @siredby TMC staff as it provides another source of
information on the overalhetwork. This solutionis also desired by field stdffecause it does not take
extra time to operate and there i training required to operate tharrow board reportingsystem.

5.2.5Evaluation Objective #5: Integration with Existing TMC Systems fpdRting Capabilities

lowa DOT was in the process of updating their ATMS. During the testing period the arrow board reporting
system was not integrated with any existing TMC systems. It is anticiffetednce the ATMS is updated
in 2020the arrow board eporting system will be included as an input to the ATMS.

5.2.6Evaluation Objective #6: Traveler Information Impacts

This objective focused on changes to ATIS events based on the availability of new arrow board
information. During the testing period quil checks were conducted by reviewing and matching events
from the arrow board system and finding the nearest 511 ewariered as planned event information
Additional testing will be conducted to determine changes to ATIS events based on arrow board
information.

5.2.7 Evaluation Objective #Data Archiving Capabilities

During the testing periodCTRE archideall data gathered from the arrowoard reporting system
deployments9 I OK @Sy R 2 ddididedirfola Separate ldaiabase for thesting period However,
development ofa more robust system that would pull all vendor information into one datalmdesired
It is anticipated that once the nelowa DOTATMS is installed that archiving vaticur atthe DOT. The
goal is for arrow board informatioto be one of the data inputs into the new ATMS.
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6.0 Summary

This section provides key highlightrom the evaluationresults of arrow board reporting system
deployments by MnDOT, lowa DOT, and tAi€RfSouthernNevada.

There were similarities and differences among the three states with their arrow board reporting system
deployments as show in Tal@eéelow. Notabledifferences included the following:

1 To date, only MnDOT fully integrated reahe arrow board reporting system information with their
ATMS and RCRS for their pilot deployment. This functionality is expected to be added later for both
lowa DOT and the RTC of Southern Nevada. Currentlyird-party traveler information provider
(Waze) tilizes the smart arrow board status messages from lowa and the RTC of Southern Nevada
from the iCone servers.

1 MnDOT deployed redime arrow board reporting systems in mostly urban areas for short duration
maintenance activities, while lowa DOT primadgployedarrow board reporting systeman rural
corridors for nightly lane closures on longer work zone activities, and the RTC of Southern Nevada
included mostly urban settings for both shattiration maintenance activities and longer work zone
activities.

Table 10 provides key findings from each objective that was analyzed for this evaluation.
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Table9: Variations of arrow board reporting systems among MinnesdiD T lowaDOT and the RTC of Southern

Nevada
Variation

Minnesota DOT

Deployment timeline

April 2018March 2019

\ lowa DOT
Spring 2019 to prese

Late 2017 to present

Arrow BoardReporting System Variations

Arrow-board Type

Truckmounted and
attenuatortrailer
mounted

Truckmounted and
trailer

Trailermounted

Number, Brand obevices 20 Street Smart |2 Street Smart, 2 iCon 12 iCone
1 VerMac
Arrow Board Owner DOT owned DOT and Contractor| Contractor owned
owned

Reporting System Device Vendor Vendor Contractor
Maintenance and Owner
Communication Mechanisn To 39 Party Sever,to | To 3° Party Server, To 3¢ Party Server,

ATMS, and then RCH then Waze then Waze
Connected Vehicle Capabil None None None
Deployment Setting Variations
Area Urban Rural and Urban Urban
Roadway Type Freeway and Arterial| Freeway andirterial | Freeway and Arterial
Work Zone Type Stationary and Mobilg Stationary and Mobilg Stationary and Mobilg

Lanes Closed

Single lane

Single lane

Single Lane

Work Zone Duration

Short maintenance
activities (minutes,

Maintenance and
longerduration work

Maintenance and
longer duration work

hours) zones (hours, months zones (hours, months
TMC System Variations
TMC System Integration ATMS, RCRS Planned for 2020 Underway
Level of Automation Fully Automated - -
Staff NotificationRecipients Operator staff - -
Staff Notification Mechanisi TMC interface Waze Waze
Staff Notification Events Activation - -
Archive Database Existing ATMS archivy  CTRErchiveand Vendor archive
and vendor archive vendor archive
NOTEThenewDOT

ATMSWwill likelyarchive

after it is installed
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Table 10: Key findings by each objective alyged for MnDOT and lowa DOT arrow board reporting system
deployments
Evaluation Objective #1: Arrow Board Data Collection Capabilitessncompassing accacy,

reliability, completeness.
MnDOT Results | 98.3 percent of the 145,303 Street Smart status records (e.g. right arrow of
arrow on) had complete board status information and 89.4 percent of the 175
Street Smart location records wereomplete. However, the number ¢
incomplete bcation records is somewhat misleading. First, arrow boz:
continued to report location from inside a maintenance garage, but insuffig
power reduced access to GPS and resulted in incomplete records. Setamg
incomplete location records were immediately followed by a complete recor
update the information that was previously lacking
lowa DOT Resultg The data collected to date by all three vendors that participated in the teg
period for lowahave produced complete records from general observatic
Casual reviews of the data have not identified any time periods with missing
Evaluation Objective #2: Arrow Board Data Communications Capabilgiegluding timeliness anc
reliability.
MnDOTResults |[¢ KSNBE 6SNBE coy NBO2NRA NBOSAGSR ¥
three-week test period and 94.7 percent of these messages were completg
took an average of 83 seconds for the 141 records to appear in the RCRS
beingprocessedf N2 Y { GNBSG {YINIQa LYOARSY
lowa DOT Results| During the testing period latency of 7 to 8 minutes was observeddoredata to
be reported to CTRE from each vendor. However, once an API is utiliz
transmit the data, the latency willdoreduced.
Evaluation Objective #3: Arrow Board Processing Capabiltitscuses on the ability to process arrg
board data to accurately determine the operational status, e.g., facing direction, roadway/mile
status change, mobile work zone, activation/detivation, maintenance needs.
MnDOT Results | For the 141 matchetkcords 87.2 percent were exact location matches or with
Hnn FSSid b2GS GKFG LwL{ oday5h¢Qa
to the nearest node location that is coded as a road, so some location variak
is expected. As a result, 200 féetassumed to be within this expected variability
In addition, there were 14 records that accurately characterized a mobile w
zone.
lowa DOT Resultg For the testing period the accuracy of the location and directionality was
noted, however, additional quality checks are being conducted to verify loc:
and directionality.
Evaluation Objective #4: Arrow Boaneklated Notifications Capabilities¢ concentrates on the

communication mechanisms to field and TMC staff through the vendor interface or DOT |
including the configurability, functionality, and usefulness of different variations.
MnDOT Results | For the MnDOT pilot test the focus was iotegrating the data. The events did
appear on the TMC RCRS interface, however TMC operators did not interact
the events and notifications were not provided to field staff.

lowa DOT Results The arrow board reporting system data was integrated byi@mne system with
Waze. DOT staff have the capability to review the reported data from the i
arrow boards through the Waze application. Notifications to TMC staff wi
YIRS T @LAfroftS 6AGK Ittt @GSYR2N R
is canplete in 2020.
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Evaluation Objective #5: Integration with Existing TMC Systems for Reporting Capabditietudes
creation of new reports, when warranted; identifying, updating, and closing existing, relevant re
interfaces and displays of inforfian within each of the integrated TMC systems, as applice
compared to the current processes used to document and report lane closure information: /
RCRS; and ATIS.

MnDOT Results | For the oneyear test period RTMC operators only viewed #wents; they did
not modify the events or make any other changes because changes would e
separate the event from the arrow board incident event to prevent tené
updates or be overwritten by the subsequent arrow board incident feed upda
lowa DA Results | lowa DOT was in the process of updating their ATMS. During the testing f
the arrow board reporting system was not integrated with any existing
systems. It is anticipated that once the ATMS is updated in 2020 the arrow
reporting sytem will be included as an input to the ATMS.
Evaluation Objective #6: Traveler Information Impag$ocuses on the changes to ATIS events bg

on availability of new arrow board information for the provision of additional, more spe
information, and potential benefit to the traveling public. This is regardless of whether arrow |

information & integrated with the ATIS or manually input to the ATIS by TMC staff who receiy
arrow board information via other TMC Systems or interfaces.
MnDOT Results | Theaverage duration of arrow board events was 43.5 minutes for 335 eve

within the Street Smart Incident Feed. Four of 141 matched events occur
during the peak period, with an average duration of BiButes.

lowa DOT Results| During the testing period quality checks were conducted by reviewing
matching events from the arrow boagystem and finding the nearest 511 eve
entered as planned event information.
Evaluation Objective #7: Data Archiving Capabilitie$ocuses on the availability and usefulness
archived, raw, and processed arrow board data.
MnDOT Results | StreetSmart collected and archived all data from the monitoring device on e
arrow board fortheon& S| NJ LIAf 20 LINRP2SOG® ays5
RFEGlI FNRY {GNBSG {YINIQa AYyOARSYyd
archive any RCRS dataits Minnesota deploymentwith knowledge of this
evaluation Castle Rock archived the arrow board event data for the -ilvesk
evaluation period, as requested.

lowa DOT Results During the testing period, CTRE archived all data gathered from the arrow
reporting system deployments. It is anticipated that once the new lowa DOT 4
is installed, archiving will occur at the DOT.

Overall the data analysis for MNDOT and the information gathered from interviews from MnD@Wwand
DOT indicate a benefit to the traveling public and TMC operators with additional information on the
overall network with the location of lane closures piaded by arrow board reporting systems.
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AppendixA: MnDOTMatched DatasetRCR3ncident Feedand ATMS

z ~

Keydatafieldsused in natchingdatafrom/ | a0t S w2 Of @ANB WA w{ Y5 ING I@Ea L 5100 RS y'i¢ &S SRIZG | ®

RCR®ata Street Smarincident Feed Data ATMSData

Message |Message |EventID |Description |Desc. Latitude Longitude Date / Time Unit Status Latitude Longitude |Event Date [Detail Latitude Longitude
Date Time* Phrase (cont'd)

20181018 111402 CARSAB rightlane 44983042 -93400103  Thu Oct 18 214521 Left Arrow 44.98297 -93.4001  10/18/2018 ab_left 44.98297  -93.4001
869859  closed 12:13:37 2018 On 12:14 p.m.

20181018 115202 CARSAB left lane closed 45177559 -93118703  Thu Oct 18 203300 Right Arrow45.17941  -93.1216 10/18/2018 ab_right 45.17941 -93.12156
869863 12:50:48 2018 On 12:52 p.m.

20181018 115802 CARSAB left lane closed 45177564 -93118696  Thu Oct 18 203300 Right Arrow 45.1794 -93.1215  10/18/2018 ab_right 45.1794 -93.12153
869864 12:57:49 2018 On 12:58 p.m.

20181018 121602 CARSAB left lane closed 44743319 -93277259  Thu Oct 18 217936 Right Arrow 44.74347  -93.2774 10/18/2018 ab_right 44.74347 -93.27744
869867 13:15:35 2018 On 1:16 p.m.

20181018 124402 CARSAB left lane closed 45177561 -93118700 Thu Oct 18 203300 Right Arrow45.17944  -93.1216 10/18/2018 ab_right 45.17944 -93.1216
869868 13:42:19 2018 On 1:44 p.m.

20181018 183402 CARSAB rightlane 44973169 -93088415 Thu Oct 18 215333 Left Arrow 44.97316 -93.0909  10/18/2018 ab_left 4497316  -93.09086
869871  closed 19:33:58 2018 On 7:34 p.m.

20181018 195002 CARSAB right lane 45010212 -93154224  Thu Oct 18 215333 Left Arrow 45.01049 -93.1544 10/18/2018 ab_left 45.0105 -93.15423
869872  closed 20:48:39 2018 On 8:50 p.m.

20181019 11212 CARSAB right lane 45010212 -93154174  Fri Oct 19 215333 Left Arrow 45.0105 -93.1542 10/19/2018 ab_left 45.0105 -93.15418
869874  closed 02:10:48 2018 On 2:12 am.

20181019 65412 CARSAB left lane closed 44973110 -93088414  FriOct 19 215333 Right Arrow 44.9731 -93.0911 10/19/2018 ab_right 44.9731 -93.09108
869875 07:53:40 2018 On 7:54 a.m.

20181019 82202 CARSAB right lane 45010116 -93160132  Fri Oct 19 215333 Left Arrow 45.01007 -93.1601  10/19/2018 ab_left 45.01007 -93.16013
869876  closed 09:20:29 2018 On 9:22 am.

20181019 94002 CARSAB right lane 44897972 -93219990  Fri Oct 19 207501 Left Arrow 44.89791 -93.22 10/19/2018 ab_left 44.89791  -93.21997
869878  closed 10:38:20 2018 On 10:40 a.m.

20181019 121602 CARSAB right lane 44898325 -93214500  Fri Oct 19 207501 Left Arrow 44.89839 -93.2145  10/19/2018 ab_left 44.89839 -93.2145
869881  closed 13:14:47 2018 On 1:16 p.m.

20181019 125612 CARSAB rightlane 44897399 -93223403  Fri Oct 19 207501 Left Arrow 44.89749 -93.2234  10/19/2018 ab_left 44.89749  -93.22344
869883  closed 13:55:04 2018 On 1:56 p.m.

20181019 131602 CARSAB right lane 44897446 -93233960  Fri Oct 19 207501 Left Arrow 44.89743 -93.234 10/19/2018 ab_left 44.89743  -93.23396
869884 closed 14:14:02 2018 On 2:16 p.m.

20181020 61802 CARSAB mobile left lane 44865786 -93422546  Sat Oct 20 214521 Right Arrow 44.8668 -93.4194  10/20/2018 ab_right 44.86592 -93.42259
869888  maintenance closed 07:15:32 2018 On 7:18 a.m.

operations

20181020 71602 CARSAB mobile left lane 44861286 -93472754  Sat Oct 20 214521 Right Arrow 44.85887 -93.4778 10/20/2018 ab_right 44.86131 -93.47276

869889  maintenance closed 08:12:22 2018 On 8:16 a.m.
operations

20181020 74402 CARSAB right lane 44867388 -93417985  Sat Oct 20 214521  Left Arrow 44.8676 -93.4183  10/20/2018 ab_left 44.8676 -93.41827
869890  closed 08:43:09 2018 On 8:44 a.m.
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RCR®ata

Street Smarincident Feed Data

ATMSData

Message [Message |EventlID |Description [Desc. Latitude Longitude [Date/ Time Unit Status Latitude Longitude |Event Date |Detail Latitude Longitude
Date Time* Phrase (cont'd)

20181020 80202 CARSAB left lane closed 44951631 -93168637  Sat Oct 20 215333 Right Arrow 44.95204 -93.1686  10/20/2018 ab_right 44.95204 -93.16861
869891 09:01:45 2018 On 9:02 a.m.

20181020 92402 CARSAB left lane closed 44861762 -93461563 Sat Oct 20 214521 Right Arrow 44.862 -93.4616 10/20/2018 ab_right 44.862 -93.46159
869892 10:22:35 2018 On 10:24 a.m.

20181020 103002 CARSAB left lane closed 44913499 -93503667  Sat Oct 20 214521 Right Arrow44.91349  -93.5037  10/20/2018 ab_right 44.91349 -93.50366
869893 11:29:17 2018 On 11:30 a.m.

20181020 111002 CARSAB left lane closed 44919436 -93483396 Sat Oct 20 214521 Right Arrow 44.91955  -93.4834 10/20/2018 ab_right 44.91955 -93.48343
869894 12:09:36 2018 On 12:10 p.m.

20181021 103202 CARSAB left lane closed 45091473 -93445852  Sun Oct 21 205502 Right Arrow45.09266 -93.4446  10/21/2018 ab_right 45.09266 -93.44461
869896 11:31:38 2018 On 11:32 a.m.

20181022 70202 CARSAB left lane closed 45130143 -93433685 Mon Oct 22 205502 Right Arrow 45.12903  -93.4336 10/22/2018 ab_right 45.12903 -93.43364
869899 08:01:10 2018 On 8:02 a.m.

20181022 80202 CARSAB left lane closed 44995624 -93438005 Mon Oct 22 214521 Right Arrow 44.99574  -93.4378 10/22/2018 ab_right 44.99574 -93.43781
869901 09:01:54 2018 On 9:02 a.m.

20181022 80602 CARSAB right lane 44952350 -93070230  Mon Oct 22 215333 Left Arrow 44.95219 -93.0703  10/22/2018 ab_left 44.95219 -93.07034
869903  closed 09:04:31 2018 On 9:06 a.m.

20181022 83802 CARSAB right lane 44977997 -93245245 Mon Oct 22 203300 Left Arrow 44.97796  -93.245 10/22/2018 ab_left 4497796  -93.24503
869904  closed 09:36:03 2018 On 9:38 a.m.

20181022 84612 CARSAB mobile left lane 45108255 -93467027  Mon Oct 22 205502 Right Arrow45.10294 -93.4579  10/22/2018 ab_right 45.10838 -93.46689
869905 maintenance closed 09:43:14 2018 On 9:46 a.m.

operations

20181022 84612 CARSAB left lane closed 45627937 -94579234  Mon Oct 22 214151 Right Arrow 45.62606  -94.5804 10/22/2018 ab_right 45.62606 -94.58043
869906 09:45:59 2018 On 9:46 a.m.

20181022 93602 CARSAB left lane closed 44983014 -93372958  Mon Oct 22 214521 Right Arrow 44.98304  -93.373 10/22/2018 ab_right 44.98304 -93.37296
869907 10:34:15 2018 On 10:36 a.m.

20181022 105802 CARSAB right lane 44997179 -93439895 Mon Oct 22 214521  Left Arrow 44.99714 -93.44 10/22/2018 ab_left 44.99714  -93.43996
869908  closed 11:57:13 2018 On 11:58 a.m.

20181022 123202 CARSAB right lane 45789629 -95084585  Mon Oct 22 214151 Left Arrow 45.79059 -95.0837  10/22/2018 ab_left 45.79059 -95.08368
869909  closed 13:30:50 2018 On 1:32 p.m.

20181022 125602 CARSAB right lane 44864538 -93205679  Mon Oct 22 207501 Left Arrow 44.86452 -93.2057  10/22/2018 ab_left 44.86452  -93.20566
869910 closed 13:54:18 2018 On 1:56 p.m.

20181022 132602 CARSAB right lane 44965411 -93280579  Mon Oct 22 203300 Left Arrow 44.96695 -93.2881  10/22/2018 ab_left 44.96547  -93.28061
869911  closed 14:22:29 2018 On 2:26 p.m.

20181022 133202 CARSAB left lane closed 45719500 -94950014  Mon Oct 22 214151 Right Arrow45.71905 -94.9503  10/22/2018 ab_right 45.71905 -94.95032
869912 14:30:55 2018 On 2:32 p.m.

20181022 133802 CARSAB right lane 44884150 -93246780 Mon Oct 22 207501 Left Arrow 44.88319 -93.2449 10/22/2018 ab_left 44.88414  -93.24489
869913 closed 14:34:32 2018 On 2:38 p.m.

20181022 135202 CARSAB right lane 44876011 -93163977 Mon Oct 22 207501 Left Arrow 44.8761 -93.1707 10/22/2018 ab_left 44.8761 -93.17072
869915 closed 14:51:20 2018 On 2:52 p.m.

20181022 135602 CARSAB mobile left lane 45664418 -94751361 Mon Oct 22 214151 Right Arrow 45.66635  -94.81 10/22/2018 ab_right 45.66373 -94.75139
869914  maintenance closed 14:48:23 2018 On 2:56 p.m.

operations
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RCR®ata

Street Smarincident Feed Data

ATMSData

Message [Message |EventlID |Description [Desc. Latitude Longitude [Date/ Time Unit Status Latitude Longitude |Event Date |Detail Latitude Longitude
Date Time* Phrase (cont'd)

20181022 185202 CARSAB right lane 44973209 -93088415  Mon Oct 22 215333  Left Arrow 44.9732 -93.0909  10/22/2018 ab_left 44,9732 -93.09088
869916  closed 19:51:36 2018 On 7:52 p.m.

20181022 194202 CARSAB right lane 45010199 -93155404  Mon Oct 22 215333 Left Arrow 45.01062 -93.1434 10/22/2018 ab_left 45.01049 -93.15541
869917  closed 20:40:11 2018 On 8:42 p.m.

20181022 201002 CARSAB right lane 45010109 -93160382  Mon Oct 22 215333 Left Arrow 45.01046 -93.1604  10/22/2018 ab_left 45.01046 -93.1604
869918 closed 21:08:42 2018 On 9:10 p.m.

20181022 204002 CARSAB mobile left lane 45129913 -93389095 Mon Oct 22 205502 Right Arrow 45.13204  -93.4439 10/22/2018 ab_right 45.12998 -93.38909
869919 maintenance closed 21:32:44 2018 On 9:40 p.m.

operations

20181022 225002 CARSAB left lane closed 45075684 -93327428  Mon Oct 22 205502 Right Arrow45.07605 -93.3483  10/22/2018 ab_right 45.07574 -93.32742
869920 23:47:30 2018 On 11:50 p.m.

20181023 4402 CARSAB left lane closed 45070268 -93304849  Tue Oct 23 205502 Right Arrow 45.07031  -93.3048 10/23/2018 ab_right 45.07031 -93.30483
869922 01:43:15 2018 On 1:44 a.m.

20181023 12412 CARSAB left lane closed 45070265 -93304835  Tue Oct 23 205502 Right Arrow 45.0703 -93.3048  10/23/2018 ab_right 45.0703 -93.30482
869923 02:23:56 2018 On 2:24 a.m.

20181023 13602 CARSAB left lane closed 45070265 -93304835  Tue Oct 23 205502 Right Arrow 45.0703 -93.3048  10/23/2018 ab_right 45.0703 -93.30482
869924 02:35:54 2018 On 2:36 a.m.

20181023 15602 CARSAB left lane closed 45070262 -93304822  Tue Oct 23 205502 Right Arrow45.07029 -93.3048  10/23/2018 ab_right 45.07029 -93.30481
869927 02:55:02 2018 On 2:56 a.m.

20181023 20602 CARSAB left lane closed 45070262 -93304822  Tue Oct 23 205502 Right Arrow45.07029 -93.3048  10/23/2018 ab_right 45.07029 -93.30481
869930 03:05:48 2018 On 3:06 a.m.

20181023 21202 CARSAB left lane closed 45070262 -93304822  Tue Oct 23 205502 Right Arrow45.07029 -93.3048  10/23/2018 ab_right 45.07029 -93.30481
869931 03:11:46 2018 On 3:12 am.

20181023 81802 CARSAB left lane closed 45106810 -93188204  Tue Oct 23 208500 Right Arrow45.10681 -93.1882  10/23/2018 ab_right 45.10681 -93.18818
869936 09:16:48 2018 On 9:18 a.m.

20181023 82402 CARSAB left lane closed 44891668 -93006939  Tue Oct 23 215333 Right Arrow44.89173 -93.0066  10/23/2018 ab_right 44.89173 -93.00663
869937 09:23:10 2018 On 9:24 a.m.

20181023 83002 CARSAB mobile left lane 44929370 -93023620  Tue Oct 23 215333 Right Arrow44.90254 -93.0105  10/23/2018 ab_right 44.92935 -93.02366
869938 maintenance closed 09:25:33 2018 On 9:30 a.m.

operations

20181023 83002 CARSAB left lane closed 44999905 -93442291  Tue Oct 23 214521 Right Arrow44.99999 -93.4421  10/23/2018 ab_right 44.99999 -93.44207
869939 09:28:32 2018 On 9:30 a.m.

20181023 83602 CARSAB left lane closed 45417808 -94073657  Tue Oct 23 214151 Right Arrow 45.41805 -94.0735  10/23/2018 ab_right 45.41805 -94.07348
869940 09:34:28 2018 On 9:36 a.m.

20181023 92202 CARSAB right lane 44862816 -93209423  Tue Oct 23 207501 Left Arrow 44.86337 -93.2115  10/23/2018 ab_left 44.86337 -93.21148
869943  closed 10:20:18 2018 On 10:22 a.m.

20181023 92602 CARSAB left lane closed 45167056 -93290498  Tue Oct 23 205502 Right Arrow 45.1672 -93.2903  10/23/2018 ab_right 45.1672 -93.2903
869944 10:25:19 2018 On 10:26 a.m.

20181023 93002 CARSAB right lane 44862535 -93213660 Tue Oct 23 207501 Left Arrow 44.8614 -93.2135  10/23/2018 ab_left 44.8614 -93.2135
869945  closed 10:29:46 2018 On 10:30 a.m.

20181023 94002 CARSAB right lane 44862816 -93209423  Tue Oct 23 207501 Left Arrow 44.86217 -93.2102 10/23/2018 ab_left 4486217 -93.21018
869946  closed 10:39:14 2018 On 10:40 a.m.
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Message [Message |EventlID |Description [Desc. Latitude Longitude [Date/ Time Unit Status Latitude Longitude |Event Date |Detail Latitude Longitude
Date Time* Phrase (cont'd)

20181023 94202 CARSAB right lane 44980611 -93244232  Tue Oct 23 203300 Left Arrow 44.98071 -93.2447  10/23/2018 ab_left 4498071 -93.24466
869947  closed 10:40:14 2018 On 10:42 a.m.
20181023 101402 CARSAB right lane 44970900 -93486140  Tue Oct 23 214521  Left Arrow 44.9709 -93.4861 10/23/2018 ab_left 44.9709 -93.48614
869949  closed 11:12:43 2018 On 11:14 a.m.
20181023 112202 CARSAB mobile left lane 45308605 -93822434  Tue Oct 23 214151 Right Arrow45.30446 -93.8169  10/23/2018 ab_right 45.30876 -93.82218
869957 maintenance closed 12:19:07 2018 On 12:22 p.m.
operations
20181023 125412 CARSAB mobile right lane 44862320 -93220776  Tue Oct 23 207501 Left Arrow 44.862 -93.2258 10/23/2018 ab_left 44.86205 -93.22076
869960 maintenance closed 13:50:57 2018 On 1:54 p.m.
operations
20181023 130402 CARSAB right lane 44871487 -93197438  Tue Oct 23 207501 Left Arrow 44.87144  -93.1973 10/23/2018 ab_left 44.87144  -93.1973
869961  closed 14:02:47 2018 On 2:04 p.m.
20181023 204202 CARSAB left lane closed 45035121 -93400682  Tue Oct 23 205502 Right Arrow45.03512 -93.4009  10/23/2018 ab_right 45.03512 -93.40088
869967 21:40:53 2018 On 9:42 p.m.
20181023 215802 CARSAB mobile right lane 45196520 -93029637  Tue Oct 23 215333 Left Arrow 45.18333 -93.0296  10/23/2018 ab_left 4519652 -93.02962
869968  maintenance closed 22:54:59 2018 On 10:58 p.m.
operations
20181023 224402 CARSAB right lane 45243694 -93027281  Tue Oct 23 215333 Left Arrow 45.24379 -93.0279  10/23/2018 ab_left 45.24379  -93.02792
869970  closed 23:43:44 2018 On 11:44 p.m.
20181025 210612 CARSABS mobile left lane 44874812 -93054840  Thu Oct 25 205502 Right Arrow44.87521 -93.0745  10/25/2018 ab_right 44.87468 -93.05484
maintenance closed 22:03:26 2018 On 10:06 p.m.
operations
20181025 211002 CARSAB7 mobile left lane 44875483 -93032382  Thu Oct 25 215333 Right Arrow44.87486 -93.0769  10/25/2018 ab_right 44.87435 -93.03742
maintenance closed 22:03:35 2018 On 10:10 p.m.
operations
20181026 11202 CARSAB9 left lane closed 45072695 -93286124  Fri Oct 26 203300 Right Arrow45.07269 -93.2862  10/26/2018 ab_right 45.07269 -93.28617
02:10:05 2018 On 2:12 a.m.
20181026 12202 CARSABO left lane closed 45072705 -93286127  Fri Oct 26 203300 Right Arrow 45.0727 -93.2862  10/26/2018 ab_right 45.0727 -93.28617
02:21:49 2018 On 2:22 am.
20181026 13002 CARSABLI left lane closed 45072705 -93286127  Fri Oct 26 203300 Right Arrow 45.0727 -93.2862  10/26/2018 ab_right 45.0727 -93.28617
02:28:52 2018 On 2:30 a.m.
20181026 14202 CARSAB?2 left lane closed 45072705 -93286127  Fri Oct 26 203300 Right Arrow 45.0727 -93.2862 10/26/2018 ab_right 45.0727 -93.28617
02:40:38 2018 On 2:42 am.
20181027 72212 CARSABS right lane 45021157 -93283312  Sat Oct 27 203300 Left Arrow 45.02168 -93.2811  10/27/2018 ab_left 45.02168 -93.2811
closed 08:21:31 2018 On 8:22 a.m.
20181027 80202 CARSABG6 right lane 44961594 -93212040  Sat Oct 27 203300 Left Arrow 44.96177 -93.2118 10/27/2018 ab_left 4496177 -93.21182
closed 09:01:25 2018 On 9:02 a.m.
20181027 130602 CARSABY right lane 44973529 -93088417  Sat Oct 27 215333 Left Arrow 44.97346 -93.0907  10/27/2018 ab_left 4497352  -93.09067
closed 14:04:18 2018 On 2:06 p.m.
20181027 132812 CARSABS right lane 45042915 -93061096  Sat Oct 27 215333 Left Arrow 45.04297 -93.0616  10/27/2018 ab_left 45.04297 -93.06155
closed 14:27:05 2018 On 2:28 p.m.
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20181029 63402 CARSAAB9 right lane 45020646 -93283101  Mon Oct 29 203300 Left Arrow 45.021 -93.2812  10/29/2018 ab_left 45.021 -93.28122
closed 07:32:21 2018 On 7:34 a.m.
20181029 80202 CARSABO right lane 44966102 -93248659 Mon Oct 29 203300 Left Arrow 44.9628 -93.2499 10/29/2018 ab_left 4496278 -93.2499
closed 08:59:29 2018 On 9:02 a.m.
20181029 85402 CARSAB3 right lane 44971870 -93493220 Mon Oct 29 214521 Left Arrow 44.97187 -93.4932  10/29/2018 ab_left 4497187 -93.49322
closed 09:53:24 2018 On 9:54 a.m.
20181029 91402 CARSABS right lane 44973600 -93495910 Mon Oct 29 214521 Left Arrow 44.9736 -93.4959 10/29/2018 ab_left 44,9736 -93.49591
closed 10:12:24 2018 On 10:14 a.m.
20181029 95602 CARSABEG right lane 44794315 -93221797  Mon Oct 29 207501 Left Arrow 44.79432 -93.2224  10/29/2018 ab_left 44.79432 -93.2224
closed 10:54:42 2018 On 10:56 a.m.
20181029 115602 CARSABS right lane 44965818 -93247612 Mon Oct 29 203300 Left Arrow 44.96273 -93.2498 10/29/2018 ab_left 4496273 -93.24984
closed 12:54:33 2018 On 12:56 p.m.
20181029 115602 CARSABL1 right lane 44971350 -93491770 Mon Oct 29 214521 Left Arrow 44.97135 -93.4918 10/29/2018 ab_left 4497135 -93.49177
closed 12:54:52 2018 On 12:56 p.m.
20181029 122002 CARSABS right lane 44862353 -93219688 Mon Oct 29 207501 Left Arrow 44.86239 -93.2197  10/29/2018 ab_left 44.86239 -93.21969
closed 13:18:41 2018 On 1:20 p.m.
20181029 122612 CARSAB6 left lane closed 44965672 -93460082 Mon Oct 29 214521 Right Arrow 44.96567  -93.4602 10/29/2018 ab_right 44.96567 -93.46017
13:25:11 2018 On 1:26 p.m.
20181030 230602 CARSAB right lane 45204512 -93389997 Wed Oct 31 205502 Left Arrow 45.20447 -93.3898  10/31/2018 ab_left 45.20447  -93.38983
113 closed 00:05:27 2018 On 12:06 a.m.
20181030 232402 CARSAB right lane 45204512 -93389997 Wed Oct 31 205502 Left Arrow 45.20447 -93.3898  10/31/2018 ab_left 45.20447  -93.38983
115 closed 00:22:06 2018 On 12:24 a.m.
20181030 233002 CARSAB rightlane 45204512 -93389997 Wed Oct 31 205502 Left Arrow 45.20447 -93.3898  10/31/2018 ab_left 45.20447  -93.38983
116 closed 00:28:01 2018 On 12:30 a.m.
20181031 202 CARSAB right lane 45204512 -93389997 Wed Oct 31 205502 Left Arrow 45.20447 -93.3898  10/31/2018 ab_left 45.20447  -93.38983
119 closed 01:00:01 2018 Oon 1:02 a.m.
20181031 1202 CARSAB right lane 45204883 -93385470 Wed Oct 31 205502 Left Arrow 45.20488 -93.3855  10/31/2018 ab_left 45.20488 -93.38547
121 closed 01:11:51 2018 On 1:12 a.m.
20181031 1802 CARSAB right lane 45204882 -93385430 Wed Oct 31 205502 Left Arrow 45.20488 -93.3855  10/31/2018 ab_left 45.20489 -93.38543
122 closed 01:16:36 2018 On 1:18 a.m.
20181031 3202 CARSAB right lane 45204882 -93385442  Wed Oct 31 205502 Left Arrow 45.20492 -93.3854  10/31/2018 ab_left 45.20492 -93.38544
125 closed 01:30:49 2018 Oon 1:32 a.m.
20181031 15212 CARSAB right lane 45204810 -93382427 Wed Oct 31 205502  Left Arrow 45.20474 -93.3824  10/31/2018 ab_left 45.20474  -93.38243
126 closed 02:51:31 2018 On 2:52 a.m.
20181031 15402 CARSAB right lane 45204810 -93382427 Wed Oct 31 205502 Left Arrow 45.20475 -93.3824  10/31/2018 ab_left 45.20475 -93.38243
127 closed 02:53:53 2018 Oon 2:54 a.m.
20181031 20402 CARSAB right lane 45204811 -93382448  Wed Oct 31 205502 Left Arrow 45.20477 -93.3825  10/31/2018 ab_left 45.20477 -93.38245
128 closed 03:03:22 2018 On 3:04 a.m.
20181031 20602 CARSAB right lane 45204811 -93382448  Wed Oct 31 205502 Left Arrow 45.20477 -93.3825  10/31/2018 ab_left 45.20477 -93.38245
129 closed 03:05:44 2018 On 3:06 a.m.
20181031 20802 CARSAB right lane 45010068 -93165629 Wed Oct 31 215333 Left Arrow 45.01041 -93.1656  10/31/2018 ab_left 45.01041 -93.16564
130 closed 03:06:28 2018 On 3:08 a.m.
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20181031 21002 CARSAB right lane 45204810 -93382438 Wed Oct 31 205502 Left Arrow 45.20477 -93.3824  10/31/2018 ab_left 4520477 -93.38244
131 closed 03:09:18 2018 On 3:10 a.m.

20181031 22402 CARSAB right lane 45204811 -93382448  Wed Oct 31 205502 Left Arrow 45.20476  -93.3825 10/31/2018 ab_left 4520476  -93.38245
133 closed 03:23:32 2018 On 3:24 am.

20181031 190612 CARSAB right lane 45021314 -93283384  Wed Oct 31 203300 Left Arrow 45.02182 -93.2812  10/31/2018 ab_left 45.02182 -93.28117
138 closed 20:04:09 2018 On 8:06 p.m.

20181031 191402 CARSAB left lane closed 44706282 -93284967 Wed Oct 31 217936 Right Arrow 44.70602  -93.2821 10/31/2018 ab_right 44.70602 -93.28211
139 20:13:08 2018 On 8:14 p.m.

20181031 192002 CARSAB left lane closed 44973599 -93088418 Wed Oct 31 215333 Right Arrow44.97359 -93.0908  10/31/2018 ab_right 44.97359 -93.09082
140 20:19:25 2018 On 8:20 p.m.

20181031 204212 CARSAB right lane 44960696 -93210609 Wed Oct 31 203300 Left Arrow 44.96087 -93.2104 10/31/2018 ab_left 44.96087 -93.21039
141 closed 21:40:25 2018 On 9:42 p.m.

20181031 211602 CARSAB left lane closed 44730145 -93282872  Wed Oct 31 217936 Right Arrow44.73013  -93.283 10/31/2018 ab_right 44.73013 -93.28304
142 22:15:56 2018 On 10:16 p.m.

20181031 213002 CARSAB left lane closed 44957517 -93459652  Wed Oct 31 205500 Right Arrow44.95751 -93.4599  10/31/2018 ab_right 44.95751 -93.45989
144 22:29:52 2018 On 10:30 p.m.

20181031 213002 CARSAB left lane closed 44960797 -93459835 Wed Oct 31 214521 Right Arrow 44.96079  -93.4601 10/31/2018 ab_right 44.96079 -93.46011
143 22:29:50 2018 On 10:30 p.m.

20181031 214412 CARSAB right lane 45007562 -93112339  Wed Oct 31 215333 Left Arrow 45.00751 -93.1124  10/31/2018 ab_left 45.0075 -93.11235
145 closed 22:42:08 2018 On 10:44 p.m.

20181031 222402 CARSAB right lane 44664764 -93293870 Wed Oct 31 217936 Left Arrow 44.66476  -93.2943 10/31/2018 ab_left 44.66476 -93.29426
146 closed 23:22:03 2018 On 11:24 p.m.

20181101 10402 CARSAB right lane 45007735 -93113838  Thu Nov 01 203300 Left Arrow 45.00767 -93.1139  11/01/2018 ab_left 45.00767 -93.11386
147 closed 02:02:27 2018 On 2:04 am.

20181101 11412 CARSAB right lane 44775252 -93287476  Thu Nov 01 217936  Left Arrow 44.7752 -93.2875 11/01/2018 ab_left 44.7752 -93.28746
148 closed 02:12:57 2018 On 2:14 a.m.

20181101 14202 CARSAB left lane closed 44950053 -93103503  Thu Nov 01 203300 Right Arrow44.95048 -93.1033  11/01/2018 ab_right 44.95048 -93.10325
149 02:40:06 2018 On 2:42 a.m.

20181101 21802 CARSAB left lane closed 44959464 -93200830  Thu Nov 01 215333 Right Arrow44.95951  -93.2008  11/01/2018 ab_right 44.95951 -93.2008
150 03:17:51 2018 On 3:18 a.m.

20181101 24202 CARSAB right lane 45124822 -93213355  Thu Nov 01 203300 Left Arrow 45.12503 -93.2131 11/01/2018 ab_left 4512503 -93.21311
151 closed 03:41:05 2018 On 3:42 a.m.

20181101 31202 CARSAB right lane 45131086 -93225269  Thu Nov 01 203300 Left Arrow 45.13102 -93.2253  11/01/2018 ab_left 4513102 -93.22532
152 closed 04:11:33 2018 On 4:12 a.m.

20181101 81212 CARSAB left lane closed 44983728 -93380946  Thu Nov 01 215456 Right Arrow44.98389 -93.3809  11/01/2018 ab_right 44.98389 -93.38088
156 09:11:35 2018 On 9:12 a.m.

20181101 81402 CARSAB right lane 45010124 -93159831  Thu Nov 01 215333 Left Arrow 45.01011 -93.1598  11/01/2018 ab_left 45.01011 -93.15983
157 closed 09:13:28 2018 On 9:14 a.m.

20181101 83212 CARSAB mobile left lane 45130391 -93417590  Thu Nov 01 205502 Right Arrow 45.1303 -93.4275 11/01/2018 ab_right 45.13041 -93.41759
158 maintenance closed 09:29:35 2018 On 9:32 am.

operations
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20181101 85802 CARSAB right lane 44964541 -93283975  Thu Nov 01 215456  Left Arrow 44.96436 -93.2839  11/01/2018 ab_left 4496436  -93.2839
159 closed 09:57:01 2018 On 9:58 a.m.

20181101 91402 CARSAB right lane 45122648 -93315127  Thu Nov 01 205502 Left Arrow 45.12303 -93.3151 11/01/2018 ab_left 4512303 -93.31508
161 closed 10:13:33 2018 On 10:14 a.m.

20181101 95802 CARSAB left lane closed 45099203 -93453807 Thu Nov 01 205502 Right Arrow45.09932 -93.4536  11/01/2018 ab_right 45.09932 -93.45361
162 10:58:01 2018 On 10:58 a.m.

20181101 193802 CARSAB mobile left lane 44973033 -93403831  Thu Nov 01 214521 Right Arrow 44.97408  -93.3904 11/01/2018 ab_right 44.97319 -93.40385
167 maintenance closed 20:34:54 2018 On 8:38 p.m.

operations

20181101 205802 CARSAB right lane 44930017 -93024153  Thu Nov 01 215333  Left Arrow 44.93005 -93.0241  11/01/2018 ab_left 4493005 -93.02407
168 closed 21:57:26 2018 On 9:58 p.m.

20181102 5402 CARSAB right lane 44951670 -93122447  Fri Nov 02 215333 Left Arrow 44.95156 -93.1225 11/02/2018 ab_left 44.95156 -93.12245
169 closed 01:53:27 2018 On 1:54 a.m.

20181102 114402 CARSAB left lane closed 45011684 -93460150  Fri Nov 02 205500 Right Arrow 45.00928 -93.4614  11/02/2018 ab_right 45.00928 -93.46141
170 12:42:40 2018 On 12:44 p.m.

20181102 124602 CARSAB left lane closed 44988121 -93420560  Fri Nov 02 205500 Right Arrow 44.9876 -93.4208 11/02/2018 ab_right 44.9876 -93.42082
172 13:45:46 2018 On 1:46 p.m.

20181105 85402 CARSAB right lane 45126580 -93485138  Mon Nov 05 205502 Left Arrow 45.12604 -93.4869  11/05/2018 ab_left 45.12604 -93.48689
174 closed 08:53:14 2018 On 8:54 a.m.

20181105 91402 CARSAB left lane closed 44951665 -93124816  Mon Nov 05 215333 Right Arrow44.95181 -93.1242  11/05/2018 ab_right 44.95182 -93.12482
175 09:11:41 2018 On 9:14 a.m.

20181105 92402 CARSAB left lane closed 45199693 -93552474  Mon Nov 05 215456 Right Arrow45.19968 -93.5526  11/05/2018 ab_right 45.19968 -93.55255
176 09:22:55 2018 On 9:24 a.m.

20181105 103202 CARSAB left lane closed 44992455 -93236975  Mon Nov 05 203300 Right Arrow44.99236 -93.2372  11/05/2018 ab_right 44.99236 -93.23719
180 10:30:37 2018 On 10:32 a.m.

20181105 122402 CARSAB left lane closed 45069514 -93292531  Mon Nov 05 215456 Right Arrow45.06989 -93.2925  11/05/2018 ab_right 45.06989 -93.29253
183 12:22:38 2018 On 12:24 p.m.

20181105 130412 CARSAB left lane closed 45045850 -93326604  Mon Nov 05 215456 Right Arrow 45.04587 -93.3267  11/05/2018 ab_right 45.04587 -93.32665
184 13:03:42 2018 On 1:04 p.m.

20181106 204202 CARSAB left lane closed 45130143 -93433682  Tue Nov 06 205502 Right Arrow45.12911 -93.4336  11/06/2018 ab_right 45.12911 -93.43364
185 20:41:20 2018 On 8:42 p.m.

20181106 205402 CARSAB left lane closed 44841480 -93298187  Tue Nov 06 217936 Right Arrow44.84148 -93.2983  11/06/2018 ab_right 44.84148 -93.29833
186 20:52:04 2018 On 8:54 p.m.

20181106 220602 CARSAB mobile left lane 45204999 -93391184  Tue Nov 06 205502 Right Arrow45.20502 -93.3891  11/06/2018 ab_right 45.20508 -93.39118
188 maintenance closed 22:03:32 2018 On 10:06 p.m.

operations

20181106 221602 CARSAB left lane closed 45205089 -93396121  Tue Nov 06 205502 Right Arrow45.20514 -93.3958  11/06/2018 ab_right 45.20514 -93.39612
189 22:14:17 2018 On 10:16 p.m.

20181106 223402 CARSAB left lane closed 45206183 -93402494  Tue Nov 06 205502 Right Arrow 45.20626 -93.4024  11/06/2018 ab_right 45.20626 -93.40244
190 22:32:07 2018 On 10:34 p.m.

20181106 223602 CARSAB left lane closed 44970280 -93460318 Tue Nov 06 214521 Right Arrow44.97028 -93.4608  11/06/2018 ab_right 44.97028 -93.46076
191 22:34:15 2018 On 10:36 p.m.
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20181106 223602 CARSAB left lane closed 44970366 -93460317 Tue Nov 06 205500 Right Arrow44.97038 -93.4608  11/06/2018 ab_right 44.97038 -93.46077
192 22:34:33 2018 On 10:36 p.m.

20181106 224602 CARSAB left lane closed 44970355 -93460318 Tue Nov 06 205500 Right Arrow 44.97037 -93.4608  11/06/2018 ab_right 44.97037 -93.46079
193 22:44:11 2018 On 10:46 p.m.

20181107 12802 CARSAB left lane closed 44749813 -93284644  Wed Nov 07 217936 Right Arrow44.74976  -93.2848  11/07/2018 ab_right 44.74976 -93.28484
195 01:27:17 2018 On 1:28 a.m.

20181107 100402 CARSAB rightlane 44973918 -93390811 Wed Nov 07 214521  Left Arrow 44.97381 -93.3908  11/07/2018 ab_left 4497381 -93.39082
196 closed 10:03:56 2018 On 10:04 a.m.

20181107 141602 CARSAB right lane 44998213 -93089371  Wed Nov 07 215333 Left Arrow 44.99821 -93.0901  11/07/2018 ab_left 4499821 -93.09006
197 closed 14:15:16 2018 On 2:16 p.m.

* RCRS Datame required adding one hour to account for Daylight Saving Time for a portion of the study period.
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