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Executive Summary

The purpbse oEsearnrwomh hprl pp pdtattiment s ofDOMmals omdrae i on (
i nformed decisions with rdspemattetd Veadi chpl ¢meant ari ¢ AV
Positioning Systhenrmd o(ggPS)or wint eWhméientienascenaetisy iotoid
technol ogy can assi g¢te ndainpea tsautpeerrsv i asmd smaihm ough vehicle
AVL/ GPySst ems can perform many other valuable functions
with existing vehicle components used for snow plow op

Thea esearch teanmtsiyrlweyseddtneu DOTs AWL/tBRYSsSt emr eestaget dobe o
purpose of gathering information on the planning, proc
with their respectisersgpgtpomses, Ftom thresedasich statme sbO
(Utah, Washington State, Mi ¢ hi g ant,o Wi osdcebtnasitil ne,d Nceabsrea s k a
stiuds . The case st udirosHndwesenpenf ermedws with multipl
that have bieaViL/i GRsSlesme !l anni ngi mprementemenbdmndnanageme
operations.

Si x satlaonades stcudy rweeproer tdsevel oped based on the informatior
i ntervi ewist,h ad ddigt i camal diorcpuunte nft radenaochhn s b aviedweég agency.
Those case study reports collect and synthesize detail
i mpl ementation witdderce sppkdtngt ragersciess i mpl ementati on
chall enges, | essams alnedarbreende,f iaansd cTchser e were varying |e
i mpl ementation from gathering and monitoring basic veh
i ntegrated system. The case study reports summarize sp

ma nt enance AVL/ GPS wutilization and can be used as a gu
successfully implement and optimally wutilize different
uni que geographic charact er itsetri cmsa, i notregnaanni czea tnieoendasl, saentdt
capabilities. The |l essons |l earned and recommé¢edati ons
support to agencies for initiating, ramping up, modify

winter maopéeraBhons.

This final report summarized the key results, findings
identifies beprtowadhdadriices afndrecommendati ons f@or winter
consider in the ypmeoncturaennde ntahedqe/altdzB & oy swienmher mai nt ene
oper atkegns ecommendations offered from this research in

T Planning and Decision Making
o Ilnvolve agency | eadership and management througho
o ldenti f&nagekancygoals and objectives for an AVL/ GP
0 Assess the number of vehicles within the agency f

hardware and integration based on needs and finan
0 Conduct research and/ or dpge oas pweoljle cass itdoe mgtaiifny kin
opportunities prior to full system implementation
o0 Consider phased implementation to ease adoption o

T Procurement

o Use a Systems Engineering approach in the develop
specifications.

o Leverage ot Beexrpeargieennccieesin requirements and RFP de:

o Clearly sthatexpaegdmdy ons in the RFP

o0 Consider the use of a Request for I nformation (RF
current state of eANLOGPGY Ssystem

o0 Use best value procurement for selecting an AVL/ G
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Consider the use of a turnkey contract for compl e
Leverage existing contracting vehicles for expedi
ystem | mpl ementati on

Arrange isachadlula¢ i o mini mize i mpacts to winter m
I nstall AVL/ GPS equipment at protected |l ocations
I nvolve and train agency mechanics for AVL hardwa
Anticipate issues and chgthehgesbasweenabedewi €gu
an AVL/ GPS system

Communicate with bidders regarding anticipated ch
procur ement

Perform regular outreach to maintenance field ope
Communicate and pemposé¢ératethbdesystem to snow plo
concerns

Be prepared for dealing with winter maintenance ¢
Eval uate cellular providers to maximize coverage
met hods to fill the gaps

Provide training to al/l |l evel s of system users be
Require AVL vendor to provide initial training to
operations and maintenance

Communicate the beneftigan opfertahtei AVL / &GP Sp asryts of  tr
buiyn with the system among system users

Conduct recurring training to winter nkaiabtielniatny e
to achieve operational objectives

Est abltirsahi na t dpe otgqrraionédrel p retain system knowl edge
ata Collection and Utilization

Require AVL vendor to make system data availabl e
Understand the | imitations on materi al usage dat a
ldentify agency staffisgppodt reBeumaeageamendedot ot
System prior to system procurement

Use teéemk system data to make adjustments to resou
strategies

Il ntegrate other road condition datsay swietnhs mobi |l e o
Establish a performance management program to doc
Work with system vendors to develop agency desire
performance dashboards

Use internal resources to deved ogpn d gpeenrcfyo rdneasn cree d
dashboard

Consider sharing vehicle |l ocation data with the g

Operations and Maintenance

(o]

Obtain support and secguaiend umpd rnagt itmn ss uasrtdaimmaiomt e



1. | ntroducti on

Wi nt ermarionatde nance accounts for roughly 20 percent of st
l ocal agencies spend over $2.3 billion on winter opera
mai ntenance operastsmansts uBesesrpbrmetbhotdeapl bgcbhsigegsj pme
materi al s bec ocAmeosn ge svsaerntoiuasl .wi nter mai ntenance technol o
l ocation (AVL) and gl obal positionbpgtegaspmet AGP8&h hgi
monitor vehiclgul penetmitoompeamdi onal status for winter r

rised ©thhbaatsdewdar e i n.
communications equipment that facilitanesatdastaféewahang
system, and centr al software odfthavelkildloewsl doat vorsvi nigr @
geographic region, among other information. The har dwa
Logic Unhat (You)maimwar ealelheiiisehi cl e to identify and repo
ot her informatiofhebd&ltU the VveahicldadcCo nwirtoh |telre Ar efai dNlee
(CAN) bus to receive information fro$ rnereeivedri cd mbhe dachalc
the device for vehicle |l ocation reporting, and can al s

I
I

AVL/ GPS systems are generally comp
i
e

There may also be a Mobi hat Daeav€smapsten ( MDE)Tf ace wit |
vehicle, allownhgrmhemolhe abealuiec! 6, and al so edae¢ eand r e
i nformation communicated to them from a dispatch cente

11 Background

Many agencies involved in winter maintemdmanaianmer dtoiron
future procurement of AVL/ GPS systems as new oi npllepment
state DOTs and other agencies make more informed deci s
for winter mainttemeern@le Romarsatriecresar cthhips ojge catm (i Qli g drat Rd
Projéee@et1: 1Utilization of AVL/ QPTSheTegdalo!| @fg ytchoi®sdwugertSjt erct €
case stugyrmshmaegaenobeixepseri ences and pkasohnemd retaantpiedn i aand
ut i | i zFEaMtLi/onGPoSf t echnol ogies for winter maintenance.
While the main function of the system is to provide au
and maintenance supervisors, AVL/ GPSmastyisare nsn cvaenh iad Iseo |
diagnostics to maintenance supervisors. Further more,
vehicle components used for snow plow operations, such
provide reports t ®omasi mtne rpd mmove uswmer vwmind mat er i al appli

The purpioseropornrth andas gt 21 dyo margewir ohie Icp ot her state DOTs
i nformed decisions with r &¥heé &PeSd lon alheeg y nfpd re meinnttagri oma i
activihdes.repoattesandadentgot o | i ght more nuanced i ssues r
AVL/ GPeSc hnot ogynfer mdhot empsaanidseco. hi ghlight the types of
DOTs / agencies should consider spuidance $§ypystemcpesstu
i mpl ement ation of t hsa st eac lprosisad oy ,e a eednps eart gee tf otrh ea ghleenscti
oudaf differlkdiWiLI EPppllsicati on

1.2 Met hodol ogy
Theesear ciht itleiazned t he f ol |l owi ng met hodol ogy to compl et e

121 Literature Review

Theesear cfhimetamompl et eldend | éevVepmdjue @t adchabcauinme nat sb ettot er
understanding of t Sawis/p@PnSpaeimennadg @b delxépzeatiieonc e s . Thi s



included a prior Cl®dr whoadhs cPlddjeedtedCRL4 vey informati
prior AWd e GsP\fSst eTniise. | i t er at ur e biyeviesew ap eihd ocemetdai ned i n
Sectiodn tzhi s report.

122 Survey

Inhe spring of 2017, a survey was distri bludwal to multiop
i nformation r egaw dienfgdle/a@fnspd ganeanyt at i on, as well as det
the planning, processes, sgeempcsi,esanw trhe stuhletisr orbesseprevcetdi vbe
on the survey responses, agenci gshriceevehélb®BDdri zed int
i mpl emeandt uonlizati on

T TiemBaki c Location Tracking/ Monitori mgnwistth cordawiat h
T TierMed:ium i mplementation with basic |location tracki

equi pment integration, and system reporting featur e
T TierHi3P:h i mpl ementation with added, more compl ex dai

features

Theesearchraeaseam ed the results of the survey summary t
andecommended thentokkeWwsmogi a nterviews and case studie

T Tier 1: Ut ah DOT
T Ti&r Michigan DOT and Washington State DOT
T Tier 3: Wi sconsin DOT, Nebraska DOT, Colorado DOT

Asummary of the survey resultsrasadat bibs acm@armysasii rse ¢ eirrf 03 6
3 of this report.

123 I ntervi@ase adddu d

lperson interviews were corfduchtee d ewiotnim@&tdeefdy ssftrade e ac h
detailed under st &AwWdi @BySsotne nh owa st huetiirl i zed f or winter mai
I nterviews were conducted bet wele8n WNbhtehesmbrragéandi asdsédh
through the project survey. Interview summaBi es for e
throughhiGs ofeport.

With the information gatheesdaf chent elb@ped cinsgsbiuwiyewsl, t
reports doocnunheonst iemagei hmpal geemrmecnytt s | @ redbVsL /tGAPgSs t Ams ummary of

t hease stsadéestained in Sefutlowed scfastehied utigeoetport
published separ at elPy ogrmvatbhséh tCelpe:a/r/ cRodaadrsr oads . or g/

1.24 Best PracReacemmamdat i ons

After complcatsieorstaufdyt reeommendati ons were developed to
takeaways peromonhéenierviews with each stwaetraed DOT. I n a
i dentainfdii gd.l Tihgehetc o mmen aat wend as beomcapstsratdi essar e

i ncl u6edtSoofn telpiog t .
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2. Literature Revi ew

This | i tmmaatyurper osvu des an overview of key IAVILEdrGPtSur e r e
systems for winter maintenance operations. The list o
recommended by the Clear Roads projreti deabtcioimimed t®@med am
by theearch tTeheem Cl ear Ro@GtliscP8mp]ectedCR©42016 provided
information for this |literature review, which describe
mai nt enance aadcdtiitviirotemises.thethoncwat ed a | iterature search
(in particular Federal Hi ghway Administration) publica
proceedings, and professional and tmaersti dudinmad soft o i d
transportatoAdhn/ @& nicmelsement ati on experience. To build
literature that has alreaddl,beleint eareasti lerwee ds @ anr ®Phr ofj eerc tt ICi
focuses on recent hedewathre thatpast pubVéesyears. A s
search is presented in the following paragraphs.

21 Clear Roads ®Prnoj Sgnt BRIAKE coni p ment

Used for Wi nter Maintenance

The main document reviewed for this |literature summary
iSynt hesis on Gl obal Positioning Systems / Automatic Ve

Mai nt em@imeedocument featur ersy amf ext @&inlsatlvlee s@PIn/aAVL syst
DOT agencies that are considering the use of those typ

Researchers surveyed sewiegalt stadlel eantd il ofcad matgiecman ab o
equi pmentiandshowrrently being used. Based on the inf
gui de was desetiopedthe depabilities of currently avail

negative experiences with these systems.

Survey responses Wearmoe idgxatshday e DOTs, four city agencies
one manufacturer. A summary of key responses i s provi

1. Agency respondents reported using GPS/AVL hardware from nine different GPS/AVL equipment

manufacturers
2. Cellular networks are commonly used to communicate data between vehicles and central
servers, though a few agencies reported the use of Wi-Fi and data radio systems.

network received positive reports from all survey respondents as well.

3. Most agencies have equipped only part of their fleet with GPS/AVL equipment, likely due to the
cost and maturity of the technology. States reported having equipped an average of 35 percent
of their vehicles with an AVL system.

4. The most frequently reported uses for GPS/AVL system data included making plowing and
material application decisions, tracking data to create shift reports for managers, sharing
information with other agencies and the public, and assigning staff during winter events.

5. The most common types of information that were collected from vehicles were plow position,
pavement temperatures, and air temperatures. Some agencies also collect dashcam images or
video or data input through a user interface in the vehicle cab.

6. Adequate communications network coverage was one of the most significant concerns identified
by survey respondents, given some minor gaps in cellular network coverage in winter
maintenance areas.

The equipment guide developed for the report onlied pr
what agencies reported as having in common with their
survey wer e: 1) Vehicle sensors reporting inaccurate o

effort required by agSeniviLe ssytsd emsi.nt ain the GP



Fi nalsleya,r crheer s found no publicly available state or | oc
data is accessed or stored, l' i kely due to the recent w
mai ntenance. I nstéeddedreé¢vpacschehati dgetnci es may wi sh
as who is allowed to access dat a, how | ong data will b
whet her GPS ter aucskeidngf ocranenbpl oyee discipline.

22 Clear Roads -PBoj Aoto@Rfiigd Spreading

Winter Maintenance
The Clear Roads subcommiddeaer atteoctaesamd redvedP rtbhfeec € d 11

MAut omated Spreading Systematedr F&9bnuaryMaDahdenaBeceil ar

rese
eval
was
sur v
syst

- " O w > unoun
"> 0 OO0

N ¢’
o

ar awlc teeadnd n -Oplr,o jseucrtv elyds wer e distributed to multiopl
uate currently available automated salt spreaders.
l'ikely to increase i n comioug Weraer aud eogmuittieo ns pme cxek
ey results, researchers developed multiple educat.i

ems comparing the features of different product s.

archers also described dprueadievg !l tsh atf vaeart ® mavtaiolnabl
s, automated spreading is driven by travel speeds
or s. I n other cases, spreaéGi ngpciag i ant adedteedi hade d
emsoinntmowmelbat idge decks, hills, or intersections. R
tified as one type of automation that was currentl
her r egeasrecalr cthyntdetemgenci es whae¢ weeeticureentl y usi
spreader automati on.
of the most significant gaps identified in that st
ading technology. Researchers f ownmdpenlcy ntdwa t euda
Current accuracy testing in thenWnitedT fDtuatde s nw
either.

Roads and Bridges Article on Aut omat

ite the relative | ack of accuracy testing-08f autom
ect, multiple state DOTs have reported positive ex|
ader equi pment . Thi suBadas2bédénRdassr abddBr ndgesAag
ssed at t hhet tfposl:I/o/wiwwg rloiandks:b rsipdrgeecasd c om/ control | i ng

state DOTs interviewed i nsethtes aDQT,c Itehei nvaliundee dD GTh e

sportation Department (1 TD). Specifically, the ar:
known as the Winter Automated Reportiwoobysname( WA
f reom adlhee sypreader conrtefodr esnycsitnegn styos tae mh,i nwehairc h i s
es and milepost s. From the converted data, the WA

uck and generate an automated work order.

| TRtedtitrhat the department woidlodrsaypyerapgyeroXxiwndthelt
ced time for manually inputting the operator work

The |1 TD estimated t he payabraocukn dp efroi vord -yfeadrrf sl hfeo rs yas
he spreader controll er.


https://www.roadsbridges.com/controlling-spread

2.4 FHWA Best Practices for Road Weat her

The Federal Highway Administration (FHWA) conducted mul

throughout t hehely. S.esopnponhdowt o i ncl ement weather conditio
applications. The report contains 27 case studies fro
Each case study has six sections incltudmngompagreartra, d
operational procedur es, resulting transportation outco
i nformation and references. With regards to winter ma
Deci sion Support Syséedmi MOSEaswast ibdgttuhat briefly de
research conducted in the MDSS Pooled Fund Study. I mp |
of new communications technologies in the cwhehil wlgggs and
and its level of accuracy.

I n addition, several case studies contain information
integration with road surface and air temperature sens
systemseems Synsctl uded i n t hoséds cWisnet esrt uMiaiienst eanraen:c el dPaehrof or

| oBa Weat her View Road Weather Tra®GelTrlavfedremattindmr gadti em
Progr am.

25 FHWA Road Weat her Management Benefi't
Compendi um

The Road Weather Management Benefit Cost Analysis Comp
companion to the broader Transportation Systems Manage
Compendium (TSMO Compendi um) . Both doecdmering eand® cadnein
and tools developed by the FHWA Office of Operations t
evaluating the benefits and costs of TSMO strategies a
expands the road weanhleogmanagedentr aeedi es covered in
to provide a more thorough and complete coverage of be
management projects.

The RWM Compendium is a collection of «caosds afnradm saecr dha
been applied to specific RWM technologies or operation
document are relevant to the use of AVL/ GPS for winter

The first relevant case dhtwady med ntteme ncee acft i AMLU ifeosr, hei
removal, by the Kansas DOT. As part of the process, t|
i mpl ementing AVL in their maintenance and operations.

i mpl ement at iwded whasths imfclcommucil eaunonhs, aind road and
sensors), operations and maintenance. The assessment

mai ntenance -h@&a®sd banefoitranging framsa.mp:tld onsi,ng oc &nis d
higher) wusing moderate assumptions. The study showed

efficiency and effectiveness of highway maintenance op:
concluded that begyuise wdlel testhamlli shed and there i s s
transportation agencies from which-etfdelceawvme,|] yAllc ciompll &1
with a high |l evel of confidence that the system wil/| p
The second retledwnwasasehypothetical study on the use
case study assumes a hypothetical Mi dwestern traffic m
use of AVL for highway maintenance aecrtailVvi tgioeasl, ods ptehcei asl
to facilitate: (1) continuous | ocation of snowplow fle
abnor mal behavior, (3) increase safety for the vehicle
and frawbd, i(tyY) to capture statistical data, and (6) i mp



and qualitative and perceived benefits data were coll e
the United States and Canale .t Wdeprsitmaryy cmherrcd fuidted d fh aA\
i mprovements in operating efficiency of the fleet and
al so demonstrated that with AVL there was better all oc:
enregy use.

2.6 Ot her Rel evant Ref erences

Additional l'iterature relevant to the cuGR®DESproject

i mpl ementati on DOy MD@T )Mi c hTilgeanpresentation provided an
foll owed by tMDOF #rP SAWwleemdor, along with a definition o
and responsibilities in MDSS operations. The system a
operational efficiencies and post ingimndentweeei ews. L
summari zed, along with advice to other agencies consid

the use of AVL and GPS technol ogies.

The lowa DOT also recently pres/6P$esly dtnemhienstuziclesd eisn
Si mitloarMDOT, /GtPtSe sA\slt em al l ows the |l owa DOT to analyze w
in terms of materials, equipment and | abor. Additional
taken from i Phones inside thieclveharce¢ elsi. nk& ddadgeastt ii @ o nfv e
the general public to-tdaene rasad heo rsdiotwi o wi n sréal oper a
a |l ot of positive feedback from the gener al pablic. L
that collecting data from vehiclestienmuohtkasgenet &ahbhn
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Tabl.8ur vey

Respondent s

Name Agency Name Agency

Frank Sharpe lllinois DOT Joe Thompson New York State DOT
Charlie Chiasson SNC Lavalin Tony McClellan Indiana DOT

Phillip Anderle WVB East End Partners Brandon Klenk Utah DOT

Jon Henderson

City of Bozeman

Darien Manley

Maryland DOT - SHA

Elizabeth Held Mpls. Public Works Fleet Services Todd Law Vermont Agency of Transportation
Craig Bargfrede lowa DOT Clay Adams Kansas DOT

Michael Williams Kentucky Transportation Cabinet Torgeir Vaa Norwegian Public Roads Admin
Jon Fleming Pennsylvania DOT Kyle Lester Colorado DOT

Mike Sproul Wisconsin DOT Sam Salfity Massachusetts DOT

Mike Mattison Nebraska DOT Steve Spoor Idaho Transportation Department
Alastair Probert Delaware DOT Joe Schmit Washington State DOT

Gregory Perry Michigan DOT R. Todd Miller Missouri DOT

Brandon Beise North Dakota DOT Scott Lucas Ohio DOT

David Gray New Hampshire DOT Allen Williams Virginia DOT

Mark Trennepohl Arizona DOT Patti Caswell Oregon DOT

Mindy Heinkel Minnesota DOT Russell Modrell Caltrans

Mike Miller Montana DOT John DeCastro Connecticut DOT

Jeff Gleason

Montana DOT

Tom Renninger

Alaska DOT & PF

Brian Burne

Maine DOT

Dan Varilek

South Dakota DOT

Clifford Spoonemore

Wyoming DOT

Joseph A Bucci

Rhode Island DOT

32 Summary of

Survey Responses

The survey consisted of 32 questions organized into the following 7 parts:

f
f

= =

Onl
for

r e s peosn st o
i ncl

guestionfsVionGPhsheemenheati oh by agencies.
PartQrestions on the | evel AGE/ GySse gerna tainadn okt ehtew e evni  ntt
mai ntenance vehicle equi pment
PartQuBesti onAVan CGiysswvt em dat a oins vceahpitculree de gfuri pment an
that data is wutilized and shared by agencies in per
PartQuestions AVLhGWSsttlheem communi cates with the cent
winter maintenance vehicle equipment

PartQbestions on the operationalAvdrndsPyfSs bemr iemehnal s
by various agenci es.

PartQwestions on any available cAYL/ GPygstbeemef it i nf
PartQuestions on |l essons | edndnédkthdato tsthharageamdi evd €
up questi Avils/ GsRySsttheem coul d be requested.

one
any

survey respondent i ndiAvdt ePySs themramdemay madpl
future installations (WVB East End Partners).

the surveyheMehbaea BOTptal of 38 winter mair
uded withinlthehoesd! be metew. t hat one of these ag
AVL/ GPgSui pment , but does have plans to deploy this equi

3.2.1

The

i mpl ementati on

Part 1: Q9esAVIOhGP3 System Depl oyment

first part of the survey

by various agencies.

codtaheedxW¥ht GPfsesheons
Whil e there was a

10



one agency (Montana DOT), and another agency (WVB East
AVL/ GPySst em i nstaddedhadirmenpgllagns to i mpl ement the tech
Therefore, a total of 38 winter maintenance agencies r
AVL/ GPySst ems and / or had plans to i mplement or expand

Question 1. Are you currently using an AVL/GPS system to automatically collect data for your winter
maintenance operations?

Yes N o
27 11

Question 2. Does your agency have plans to implement or expand AVL/GPS technologies on your
winter maintenance vehicles in future years?

Yes N o
36 2

If yes, please describe the anticipated implementation or expansion:

Agency |Anticipated | mplementation / Expansio

Within 6 months we wil/| be going I|ive
I'llinois OGPS/ AVWipl ement ati on.

SNC LavalilPossible spread on/ pause function for
City of BdgWater/ Sewer & Parks Fleet.

Mi nneapol i
Wor ks FI ec€¢
Services

We are stildl in the early rol |l ionute rpfha
i ssues before expansion.

We have currently outfitted 100% of o
|l owa DOT would be focused more on the data. Wh
the field staff wusing theyddtean.gat her

Kentucky
TransportaPlan to expand truck coverage.
Cabinet

Ver mont Ag
Transport a

We would |Iike to have our AVL data ho

. . The Goal is to have 100% of tthat eouyng
Wi sconsin . .
equi pped with the technology.
One third (225) of ur plow truck fle
Nebraska [Omont hs. We intend to install AVL/ GPS
next winter season.
Del aware OThis year approximately 1/ 3 of fleet

Mi chi gan OExpand as we update our fleet.

Currently NDDOT only has 35 snow plow
North Dakdexpand the use of AVL in the plow fle
do so.

New HampsHh

DOT Pl anoltlo out trucks

11



Agency |Anticipated | mplementation / Expansio

Currently 75% of our plow truck fleet
Ari zona D(dplow trucks with AVL and should have
2019.

Mi nnesota |57 trucks per year.

Maine DOT We haveuppadeaetni ng our spreader controll

are a |ittle over halfway there.
New York SEAMP/ MMS w/ Agile Assets presently ha
DOT contract w/ New York State DOT.
I ndi ana D(We wiéttcepteader and plow informatio
Ut ah DOT We W!|| be expanding into plow up/dow

applied.

Presently we have AVL units on all/l SH
Maryl anS$HAcontract winteehimal e$ enaWeewould I i ke

an additional 1,000 contract winter m
Pennsyl vanContinued roll out over 9 years.
Norwegian Wi nter maintenance oiun shamrway tsd nclee €
Roads . .

required in all 103 contract areas wh

Admini str 4

We currently have trucks capable of g
Mont ana DCth| s time we are wor klrMplmn emuwatntcien gMair
system. Once that system is up and wo
vehicle information into the system t
100% depl oyed. We will copnfihhe data
Colorado Epperatlons, Hi ghway opgratlons, and o
integrating data sets into all of our
we are |l ooking at improve technology
Masasc hus et We ar e |l ooking into collecting data o
equi pment
We are expanding our winter fleet and
Rhode | sl gtechnologies on them. RIDOTnBEsabl s§agc
all light fleet vehicles.
Washingtonl00% fleet implementation goal, with
DOT roadway surface condition sensors as
We have just kicked off a Mdewtéopmea
Mi ssour i Oand the first deliverable is deployin
occur in the next year and a hal f.
Ohi o DOT We are reviewing bids currently for o
Virginia O0OAII VDOT vehicles oatifitbedrbygt6f30FkFhb
Considering full telematics in vehicl
application material and rate by truc
trucks (that don't hawvems) ewérmaycphbhty
Oregon DOTgo with a system that would allow the
on/ of f . This planlGvowd ar ¢ alkkef o-ywargadll ty

had the system.

Al aska DOTANnti ciexgptaemdi on in Fall 2017.

12



Depart ment

Agency |Anticipated | mplementation / Expansio
Il daho
TransportawWe are fully implemented with AVL/ GPS

South DakdCurrently undergoing an Operations st
Question 3. Approximately how many vehicles are in your winter maintenance fleet?
Vehicle Fleet Size| Less than 100 101 to 300 301 to 700 More than 700

Number of Agencies 2 6 13 17
Question 4. How many of your winter maintenance vehicles are equipped with AVL/GPS technology?
Vehicle Fleet Size with AVL/IGPS |Less th{ 101 to| 301 tol More t hal
Number of Agencies 10 10 10 8
Question 5. Who is your contracted AVL/GPS vendor?

AVL/ GPYSstem Vendor Total Agge€

Mot orol a and Compass 1

CD War e 1

CompassCom 2

Verizon Networkfl eet 5

Skyhawk Tel ematics/ U 1

Webtech Wirel ess 4

ForkreeéCi se 1

Parsons 3

Location Technologi e 3

SkyHawk Tel emati cs 1

PrecCise 1

Ameritrak Fleet Solu 1

Certified Cirus Cont 2

Gauge Tel ematics 1

AT&T 2

Zeeki t, Mowi c, Tri mb 1

Zonar and Networ k FI 1

Technol ogys 1

Just GPS Verizon 1

Net work Fleet, GPS | 1

N/ A 3
Question 6. What modem / GPS brand(s) does your agency utilize?

Modem / GPS Brand Tot al Age

Airlink Sierra Wirel 1

13




Modem / GPS Br an

d Tot al

Age

Amer i Thadk AT

AT&T

Car Amp

Cypress

Location

Technol ogi e

Mot or ol a

Par sons

Quat ech

Veri zon

Webtech Wirel ess

Wi-F i

Zonar

Unknown / Unsur e

Plrlr|lw|N]|kr MR [AMN|R|w]|F

0

Question 7. Who performed the installation of your AVL/GPS system? Was it the system vendor or
DOT agency staff?
System Vendg DOT Agency { Bot h
18 16 3
Question 8. Who is maintaining the AVL/GPS system after installation? Is there a maintenance
contract with the system vendor, or is it maintained in house by DOT agency staff?
System Veng DOT Agency ¢
8 29
Question 9. Were there any issues with the installation of your AVL/GPS system?
Yes No
18 19
If yes, please describe.
Agency I nstall ation | ssues
|l owa DOT Mi nor issues by garage staff. Al l
Kentucky Compatibility issues with controll et
Transportat|not working once installed.
ver mont AgeWehave had some issues with calibrat
Transportat
. . I f we have issues within the warrant
Wi sconsin D . . . . ]
equi pment is maintained by county hi
Connection to spgeaded additobhal he
Nebr aska Domanufactupbearnsd.-mz_avv_oowvadl_o trans_m|t cald
reboot/temporarily quit working. T
vendor .
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Agency I nstallation | ssues

North Dakot Learn|_ng curve. Manyceéementati seassof (
communications.

New Hampshi Pl ow Sensors are not giving us the (
number s.

Mi nnesota D|Logistics mainly but not any real [
Vendor pl aced etahsei eusnti tlsociant itohne t hey

Wyoming DOT|consistent in their installation. TI
mai ntenance of the equipment.

: Caused some CANBus and Adbrasdt riunnset natl a tai

I ndi ana DOT
cases
Driver acceptance and device tamper.|
controllers and having to maintain 1
controll ers. Operator errors incl uf(

Maryl an8HADOrunni ng spreemapdteyr. whumal ity of initia
standardized across the state as pl g
AVL devices midway through depl oymenrn
settings, and compatibility with spi

Pennvsaynli a DcCompatlblllty with the new spreader
manufacturer | evel

Nor wegian P|The systems have been unstabl e, but

Roads Admin|i mprovement s.

Colorado DO|Mi noresi sdswe t o Regional preferences.

Massachuset|Could not get materi al data from cel
Trouble in getting accurate communi (¢

Oregon DOT |and modem. Needed different uysriongg aw
the modem was hooked up.

Caltrans Several, too many to describe.
Some issues with install and proper

Al aska DOT&|switch on/off, currently still worKki
reporting.

3.22 Part 2: QuUk3t ilomtsedmat i on

The second part of the survey contained three qu
%

bet weeAhVU/h@EPySst em and ot her winter maintenance e
Question10. What auxiliary equi pmantl eadlndnsdeameowse harcd eisnand
your AVL system?

ﬁzi(lelglr:':)e/dE\?viu![Emi Count of Agencies Repo
Spreader controll 28

Pl ow controller 12

Pl ow position sen 20

Mobi | e edrantianal / c on 10

Pavement temperat 23

Air temperature s 21

15



Humi dity Sensor 1
Dashcam 10
Ot her , please des 8
Ot her 1 tems
Wi sconsiWing plow sensor s, gate sensor
OBDI I pordi adgemagstniecs) from tru
Nebraskisvi/cps.
ArizonTwo cameras installed for oper
truck, and to see a RH mid mo
New York SOn Board Engine Computer OBDC.
Pennsyl vaBrine pump.
Dash camera is coming. We had
Coloradlsystem but when we changed ven
new solution.
Rhode IisID.OT s system is expandable t
desired.
Mi ssourWith papetabgons, sprayer on/ g
Al aska DCurrently have Ilght bar on/ of
State Trooper vehicles.
Question1l. Have you experienced difficulty integrating
AVL/ GPS system? | f so, please describe.
Yes N o
18 19
Agency |(Integration | ssues
Sensors to detect plow position have
I'llinois tough environment ; I believe we sett]l
pl at e.
SNC LavaliCommunications error with newer vehic
We are having problems with the Plow
lowa DOT troubleshooting/testing different sol
?f;;:;g?’t Yes. RoadWat ch t ekripn g ewmeslolr,s snoome wooab |
Cabinet component s, units not lasting very | o
Spreader/ Plow controller required add
Nebr aska manuf acturer. Monroe MC840 controll el
S uppedrt
Sending and receiving spreader contro
North Dak({(computer Proper type of plow positio
MDSS provider.
NHDOT Pl ow sensor is givinglaowsfalteeofilhta w
Mi nnesot alMainly software compatibility.
Wyoming D(Different controlling group that has

16
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Agency |[I ntegration | ssues
New York 4The Verizon 5500 doesn't have an API
DOT materials spr gader)s (DI CKEY
Pennsyl valYes, difficulty with the new Certifi efq
Driver acceptance and device tamperin
controllers and havingetoemaii minai f omu
controll ers. Operator errors includi
Mar yl and : .
running spreader when empty. Quality
SHA .
across the state as planned. Ma@a f mic d
through deployment affecting parts, f
with spreader devices.
Yes, cameras have been an issue due 't
Colorado ; :
|l icensing agreements between vendor s.
WashingtolVendsesmpecifications do not always do w
DOT validate specsntpirngr to i mpl eme
TemperaturRoalansesbh)y ¢éeems to gi v-eneeerd otr
down potential communication error; h
Oregon DOJgetting the Parker | QAN controller t-o
the controller needed to be progr amme
data collection.
Al aska DOJlnitially tried plow position sensors
Question12. What brand(s) of spreader controller does your
Spreader Contro| Total Age
Force America 15
Cirus Spread Sm 11
Dickey Johns 8
Certified Power 6
Monroe 4
RexRot h 4
Munci e 4
Raven 3
Par ker 2
Schmidt 1
Hender son 1
Pengwen 1
*Not eMany agenci eypese ofhulstppirpglaeer controll er
323 Part 3: Quleds:t iDoantsa 1MBa nage ment
The third part of the survey contai neAlVis/eGBRySst @me sitait ans
is captured from vehicle equipment aedafpewcitdati dat a i
performing winter maintenance activities.
Question13. What types of data other than vehicle |l ocation
What is the data capture frequency?

17



Capture Frequency
Data Captured OImi n.| OGi n] O1mi n| O1/i n|]Not Cap
Pl ow position 11 7 1 1 17
Mat eapp@lli cati on 18 9 0 0 10
Type of materi al 15 8 0 1 13
Mobile data term 4 4 0 0 29
Pavement temper @ 15 8 0 0 14
Air temperature 13 7 0 0 17
Humi di ty 0 1 1 0 35
Surface friction 0 1 1 0 35
Dashcam 4 5 2 2 24
Engidinemgnostics 2 9 2 0 24
Ot her , pl ease de 1 1 1 2 32
Mi nneapol i s PUlMiIeage.
Serv
Ari zon{We col |l-wett datea and direct 1|1iqu
Mi ssourPaint sprayer for striping oper
Oregons.yStem should.also c|apture stat
timeframe; this hasn't been con
Question14. Where does the AVL system data reside after i
‘ Number of Agencies 22 6 6 3
Question15. Do you use the AVL system data to perform any
Additional System Functions Count Of.A
Reportin
Vehicle | ocation tracking [/ f1l eel 31
Rout e/ operational planning and o] 14
Mat eri al usage tracking and anal | 23
Treat ment recommendati ons 11
Providing data to a maintenance | 8
Operational anal ysi s, evaluation 19
Collection of wvehicle diagnostic 12
Sharing of vehicle location through agency traveler information
webpage 11
Road weat her condition reporting 6
Staffing analysis and management 10
Ot her, please describe (below by 5
OregonTQrt.ClaimS; otherwi_se hasn't pe
difficulty getting it to functio

18
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Additi onal System Functions Count Of.A

Reportin

OBDI I port (engine diagnostics)
Nebraskisyi/gps.

Live internet connecttiiome sthoe etise w

North Dak
webpages.

Al aska DLightbar use for State Trooper v
Wy omi ng|/Compl ai nt management .

Question16. Does your agency share dat a dmltleavitdadd ydthireorugh t
divisions or offices within the department?
Yes No
23 14
I f yes, what do those divisions/offices use the data
perf ormance reporting, budgeting, etc.)?
Agency Data Shared I nternally within Agency
Mi nneapolis . . . . , :
Wor Ks I:IeetAdjustlng rouvtbek) ngé moamli ¢ ori ng, anal
Kentucky : .
TransportatOperatlonal analysis and perfor manc €
Ver mont Age . .
Locations for customer service.
Transportat
1. Popul ate a public facitmgckagd otclad
photos from our Pl ow Cam,;
2. Data populates a Winter Cost Calc
3. Claims Management uses this data
l owa DOT ; . )
involving our snowplow trucks; and
4 . Bridge is consi der ihnigoruisdienga ptphliisc
bridge decks. This information wil!/
mai ntenance activities.
Nebraska DOOnly observation at this ti me.
Del aware DOPublic relations.
Mi chi gan DOI TS department .
NewlampshireVehicle | ocation.
Arizona DOTRISk mgmt., performance monitoring/n
operational anal ysi s, seasonal mat er
Mi nnesota D|Operational analysis, reporting, pl 4
Mai ne DOT Leg-Llomp!l| @li amitth Resear ch.
New York St|Situational awareness.
I ndi ana DOT|Operational analysis.
Utah DOT Traffic for the public info page.
Maryl andSHRAOHuUuman resource matters.
Pennsyl vani|All aspects of winter BDashtéenoante &g
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Agency Data Shared Internally within Agency
Colorado DOPublic Relations for Il ocation inforn
Massachuset|Planning, reporting.

Mi ssour i DOMostly situational awareness.
ldaho Trans

Depart ment

Process

i mprovement .

South Dakot|Planning, budgeting and performance
Question1l7. Does your agency shaxtee AmMatl hs yosttheemr dpautbal i ¢ agenci
Yes No
6 31
I f yes, please describe what data is being shared wi!Ht
Agency |Data Shared Externally with Public
SNC Lavali|Our <client.
|l owa SItMTRANS uses our data for wvari
|l owa DOT coll aborating on: Crash analysis, t
explore a route optimization projec
Vermont Ag On public facing website.
Transporta
Someti mes highway patrol will .asMe iw
North Dakomanually check the dat a, but it is
Mi nnesota [NCAR / WEDE.
New York S|Speed / location.
Virginia D|Vehicle |l ocation, but no crumb trai
Question18. Does your agency shaxtee Anatlhs yasntye nprdiavtaat e agenci e
private weather service providers?
Yes No
10 27
If yes, please describe what data is being shared wi!'t
Agency Data Shared ExPtreirvnaatiel yAgweintch e s
Kentucky Tr an .
Cabinet Only the road and air temps.
Wi sconsin DOJlteris provides the MDSS dat a.
Mi chi gan DOT|Location, materi al usage, photos.
North Dakotaj|lteris (MDSS provider).
. Location, ppsetiop)l]owpreader st-at
Arizona DOT wet stawets, setrteing, material type
Maine DOT Wg would I|like to share with NWS a
with them.
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Agency Data Shared ExPtreirvnaatiel yAgwintch es
Il ndi ana DOT Spreader Ipdowavm iacad i nf or mati on.
Colorado DOT|Ilteris for MDSD and Pi kAl ert.
Washington StLocation, surface and air temp.
Question19. Does your agency share AVL system data with the
Yes N o
10 27
I f yes, please descri lbeiwlgats hAavle ds ywsittehm tdhaet ag einser a | p
Agency Data Shared with Gener al Publ i c
I'l'linois DO1Pl ow truck | ocations is the only p
Snowplow truck | ocations are post e
lowa DOT winter seasom phongs from our Pl ow
Kentucky Tr 4a .
Cabinet Only the road and air temps.
vVer mont AgenVia public facing vehicle Il ocation
Transportatdi
Del aware DO1location of trucks with a delay bu
Mi chi gan DOlLocation and photos.
Mi nnesota D(QPl ow cam i mages.
Ut ah DOT We show t he p_ubllc a bread crumb t
the past 30 min.
Pennsyl vani gs11 | ocation only.
Colorado DOTLocation informatpuwh! iic fpasitregd web
324 Part 4: Qu2els:t iGCoonnsmu2n0i cati ons
The fourth part of the survey contained thAVEbGPSBwWIi ng
system communicates with the central of f iecnets. and ot her
Question20. What type of communications does your AVL/ GPS s
check all that apply:
Communi cations Met ho Count Of.A
Reportin
Cellular network 32
Satellite 3
Data radio system 3
WiF i 8
Ot her 2
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Question21. Howoul d you rate the coverage of your communi c a

Coverage of Communications Sy Count Of.A

Reportin

Covers all of maintenance are 8

Covers most of maintenance ar 21

Covers most of maiithh enmracee @tr g 4

Substanti al gaps in coverage 4
325 Part 5: Qu2e7s:t iQppnesr a2t2i on al and Procurement
The fifth part of the survey contained the following s
procurement a&aAyvild CBPySstoémtihmstall ed by various agencies.

Question 22.

Do you have a distributed approach to tracking vehicle locations (i.e. by district or

geographic boundaries)? Or is there a centralized method of tracking all vehicles within
the agency boundaries? Or do you use a mix of both approaches?

Vehicle Location Tra(Count Of.A
Reportin
Distributed approach 13
Centralized approach 7
Bot h 17
Question23. | s your agencyds AVL system equi pment provided
Count of A
AVL System Reportin
Single vendor 30
Mul tiple vendor s 7

Question 24.

operational information?

Ye

S N o

30 7

If yes, how is the data that can be extracted from the interface utilized to improve upon winter

maintenance operations?

Does your agency utilize a web-based interface accessible over the internet to access

Agency Data Used to | Marowven®nhoeeOperations
We have multiple reports that can be

l owa DOT down to the individual truck. We can
coach/ mentor new operators, validate

Kentucky

TransportaTruck | ocation, route coverage and ma

Cabinet
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Agency Data Used to | Marowven®nhoéeeOperations
ver mont AgPlans to utilize AVL with RWIS to tra
Transporta

Wi sconsin |[It's used for treatment recommendati o
Vebl e |l ocation, materi al application

Nebraska Devaluate maintenance practices and re
conditions.

Mi chi gan DMonitors materi al usage and |l abor.
There are onlw tdh saelcects fteoewt he vendor
from the server for the MDSS integrat

North Dakolany plow operator or maintenance staf
recommendations, weathemndiofaombandpete
|l ocations, and summary reports).

New HampShSt||| beginning stages of use so we h

DOT
We have developed a number of web bas
web basetdhattooalrse primarily for use by

Ari zona DQsupervisors, and crews to manage pre
operations. There is a group of manag
performance measurement .

Mi nnesota |[Analyzegpefrd or mance and reporting purg

Mai ne DOT |[Review time of response and applicati

I ndi ana DQOExcel spreadsheet s.

Ut ah DOT We are working on that. It isn't wuse
now.

Maryl an-d DResources can be_deployed in a more e

SHA and gootrm reporting data can be utild]
which can help identify driver traini

Pennsyl vanEfficiencies i nhaktn oowienrgateoxrasc talrye wdoi n

Colorado DLocation data, material data, road co

Rhode IslaAppl|cat|on ratgs ar e monlfcored; vehi
and safe operations are being followe

\év?)_srmgton SWeb mapping and SQL reports, Excel

. : I't has been used mostly for situation

Mi ssour i D . .
engagement with this.

Virginia DMonitor vehicle |l ocation and -utsremetki, v

Oregon DOTSo far it has only been viewed but no

ldaho TranWe monitor material application rates

Dept . i mprovement and efficiency i mprovemen

Soubakot a

Th

measurements, budgeting and manning.

e Pba

kBed program is only used by DOT

Question 25.

Does your agency extract data from the AVL/GPS system and / or web-based interface

for separate analyses to improve upon winter maintenance operations after winter
weather events?
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Yes N o

20 17

If yes, please describe how the data is utilized by your agency.

Agency Data Extracted for Separate Anal yse
City of BozdgAnalyzed by GI'S Department for perf
Il owa DOT Various projects with | owa State Un
Ver mont Agen
TransportatiNOt currently.
Wi sconsin D(We wuse it in the summer too for oth
Vehicle | ocation, materi al applitat
Nebraska DOlevaluate maintenance practices and
conditions.
Mi chi gan DO1Only if there was a sever crash, or
We have developed a number of web b
The web based tools that are primar
Arizona DOT |superintendents, supervis-stermanduc
and post storm operatmamageméretr et 6 &
analysis and performance measur emen
Mi nnesota D(Budget [/ reporting [/ performance [/
Mai ne DOT Review application rates and salt u
New Yor k StaManagers use AVL (_jatz_a t o mcmnrttptmmmaeﬂdi
response. Engine idling data is use
Il ndi ana DOT |Better application rates.
Resources can be deployed in a more
Mar yl andSHROIDur i ng asndrpmo stepoan i meg uWtaitlai zed t o
perf ormance which can help identify
Pennsylvani gAbility to show managers difference
Colorado DOTRoad condition reporting for perfor
MassachusettEarly call out and materi al handl in
Rhode | sl angNot specific to individual events n
Washington gMonitoring applicatriecant nreantte sg caanlds .a |
Ohi o Depart_rWe plan to in the future.
Transportati
ldaho TranspgOur objective is to use post storm
Depart ment i mprovement .
IWe compare the AVhouwspoWi smteo ®&erfo
South DakOtcsee how t he @&\l oprnoevniddagtrisons c-AMpat e
Question 26.  What was the procurement process used for your AVL/GPS system (i.e. Request for

Proposals (RFP), Invitation for Bids (IFB))?

Procurement Process

Request for Proposals Invitation for Bids

Other

19 3

15
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Was a demonstration of the system included as part of the evaluation of respondents?

Yes No
20 15
Question27. Does your agency move your AVL/ GPS vehicle unit
use during summer maintenance operations?
Yes No
3 34
326 Part 6: Qu3els:t iCoonsst s28a nd Benefits
The sixth part of the survey contained the following t
benefit inf oAVhatGPygSet em tbeld be shared by the respondi
usef ul in a potential cade astlmdyrt hsatagwei liln ke ep errfog reme
Question 28. Do you have cost information associated with your AVL system?
Yes Not Sur € N o
25 5 7
Question 29.  What cost information would you be able to provide?
Cost I nformation for Reviel Count of Agenci
AVL equi pment costs 28
I nstallation & integration 17
Cost s associgatiendy wiptelr actn o n 17
communications, software |
Mai ntenance costs 10
Question 30.  Has there been any formal or informal benefits assessment or benefit-cost analysis
performed on your AVL system and/or other technology for winter maintenance
operations?
Yes Not Sur € N o
11 9 17
327 Part 7: Qu3e2s:t iDoenpsl 03ylme nt Experience
The final part of the survey contained the following t
agencies would Iike to share in theupuguegtandsdenet me
AVL/ GPySst em could be requested.

Question 31.

Please share any general lessons learned in the deployment of AVL/GPS technologies
below that would assist agencies considering a future deployment of these technologies.
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Agency Gener al Lessons Learned

Resistance from plow driverisn@nda pnamialg

Pilinois truck tablet has been a challenge t hat

SNC Laval Make sure service offered is really wi
but you pay what you get!

City of B|Anal yspiesr ffoormance measures is critical

Mi nneapol
Wor ks Fle|lnterfaces may not work as expected al
Services

1. To be successful, you must have fi g

project. Theay mhety faegel atpart of t he
|l owa DOT |2. Standardize equi pment, i . e. use o0ng

types.

3 This program must be centrally manig
Kentucky Need a good sollardg stteram eigyp Ifeoment at i on
Transport .

operational folks on |l ead team.

Cabinet

Ver mont A

Transport Ensure you get all of the data/ infor.i

We should have wait eds sunetsi lwetrhee rAe/sLo Ipvg
to the pond. Not being able to feed
ymied our use of the technology.

Wi sconsin

is important to know how you intenog(
e rbefwriting specifications. Operat
advance and throughout the project

Nebraska addressed as quickly as possible.

Q(dM|OO®MAOAD®S —~ *F | >

nt i faynd sospupeosr t uni ti es. Be open to
hnol ogy. Look for all of the val ue
r peers in other organizations.
Del awar d to ensure equi pmengr amrni éhtaanrdyl es am
Mi chi gan i ssues -wseh fheendhy vendor websi't

>0

ink most will recognize the benef]i
t. The big comoei mgNDDOTelygaslias up
how the benefits relate to the bot
ng a full equi pped AVL fleet (CV,
ations, etc.) and ihhawilmng et heo parncap ¢
ng the right people to implement (¢
rtant . | ope this Clear Roads pr (
cy that an AVL system can boroilregd f(
ies might be a great resource to f

North Dak

o
To o ~— [Tzl ~~—oc—9 —[u —

y
t
g
h

PO <ODOD<QODd®T|Q|d|cOO0
@D

Q@ 32T S —
Qs o0o — - —

New Hamps|The spreaders we have are having issugdg
DOT to not be accurate.

| mpl ement ation/ employee buy in
al ways the perception that "big
jobs. We've Been using AVL sinc
reprimandedl] depends on how you se

Ari zona D
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Agency Gener al Lessons Learned

1) Making sure you have enough staffi/
Minnesot alSUre you have buy in from managemental |

in appr @agh.in a4nd working with field

business benefit and not just a big bi
Mai ne DOT|Don't underestimate the maintenance i |

Know that the intenetdeodf ftohre AWIL /oQPrS ciag
Wyoming Dlhas a different mission than that of 1

AVL/ GPS syst em.

Map your Agencies data inputs includinHn
New York Jstreamdtbdbram ot her systems. When sel efq
DOT Level Agreement that includes penalti ¢

streams required for processing systert

: Need qualified i nsttradtlieonss, baentd elre tdteem

Il ndi ana DJ, . .

l'ife of the units.

The diagnostic function has saved our
Utah DOT |have to make 2 trips to fix a probl em.

pl ow routen.optimizatio

Driver acceptance and device tamperi ng

controllers and having to maintain mul

controll ers. Operator errors includi.H
Mar yl and : .

run ng spreader when empty. Quality o
SHA

across the state as planned. Manuf acf

through deployment affecting parts, fi

with smpgreevd dceers .
Pennsyl valKnow what you want the system to del:i
Nor wegi an|We have no specifications for the AVL/
Roads think this is Itdhhesomoslteampedt ahhe mar K
Admini str|iprovider) should relate to clear requi
Mont anaSHiLook at what other states have done.

Be prepared that technol ogy iosy daantde dt.h
Colorado |[takes to be accepted by the employees,

there will be a new and improved syst ¢
Massachus|Could not find one company that cbul d
DOT spreaders units.

We have noticed cost savings from tr acd
Rhode | sl )

We have also improved our plow route ¢

: DOT's need to i mplregneaantd as uwspopuonrdt tstari ind

Washingto s .
DOT an internal sutppeorptr orgetawno rwk | | have |

progress in a positive way.
Mi ssour i Our monthly costs are $18 per month pg¢
Ohi o DOT |[Nothing yet.

Monitoring of data requires dedicated
Virginia |background. The data from the system

upfront time is put into developing ¢t}

Within the agency there are many di ff ¢
Oreqq DOT |know or what info people want to be al

Fol ks get the tort claim issue, and t|
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Agency Gener al Lessons Learned

Caltrans Hopteo have AVL system in place by Jan.
CONNECTI C|[Currently have not deployed system st g
DOT winter seaftbdri. 2016
Greatest value comes from eval uat iimg zg
Al aska DO|lequi pment. This requires a commitment
manager s.
Il daho
Transport|{Commonal ity of components is critical
Depart men
Gre@ae¢mmuni cati on among inner agencies
South Dakl|YOU want_to utilize the AVL system for
system will work for your needs and e
use.

Question32. May we tcoyd w cwiutph qfucelsltowns about your system(s)

Yes N o
34 3

33 Ti erMAVLILdfAPEpl ememamnadt Uoml i zati on

Upon collecting and summarizing the survey responses,
on the |l evel of AVL/ GPS i mplementati olmelaommw: utilizati on.
T Tier 1: Basic Location Tr aclkliengt/iMomidforv enlgi owvli @ hd ioa g
T Tier 2: Medium i mplementation with basic |l ocation t
equi pment integration, and system reporting featur e
T Tier 3: High implementation wit h eagdrdaetdi,o nmo raen dc orneppl oe

features

9 out of thee8@oadengi gealtl he ntwr iégarb2le, THhlsed e sd gandines
furrt hdkkescri bed and analyzed in Section 4.

Tab2&ier 1 Agencies

Location Wreab&ungV Location Tracking
Di agnostic Dat Di agnostic Dat
New York State DOT Ut eDhOT
Virginia DOT Del aware DOT
Wyoming DOT Mi nneapolis Public
Connecticut DOT Al aska DOT & PF
Caltrans

g 28 agenceiidhiewer eBicameiFdeeadahgsi s was

The remainin
0O categori zieeltdovesd ampknsce cefs ii mploe mevot &t i on,
I
0

i
performed t
and data co
guestions 1

|l ecti ohmhaeananalty diigapgriiomar i |y usswerdvayhe i nfor
, 13, Taldde 15 as shown in
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ewvel ngf met hod

scorin
sensor s
nance t
h 3/ 3/ 4
h 4/ 2/ 4

TabB€ri afedri Eval uasti 8 &dge nfdAdals/ GIAMp | ement at i on
Eval uation Criteria Survey Que
Number and type of equi pment 10
Number and type of data el el 13
Number and type of AVas kGdPaSh a | 15
The research team utilized a simplified&ls
i mpl ementation and integration. Three different
1. A total sum of (1) the number of equipment /
captured, and (3) the number of Wi DAtWeLr/ ClRaSi at e
2. A weighted sum of the above three factors wit
OQMWOOWOBp (& We 0 QQUAONDMWN & WE 00 & "Q &1 6 00 DAY Qda QE O i
o 0& Wwoi D QaQa
3. A weighted sum of the above three factors wit
WQ@MOOWMO B¢ 0 & WE 0 QQUOAGMA & A& 00 & "Q O 0 6ADAM Qa Q& o i
¢ 0& roi NI Qe 4tQQ
Based on the score distribution2amdeBacides wer e

categor

Tab4d B8ummary of 23/ARgeerncared Level of | AY le/g@FRyIsitocermswi t h
Responses to
) Survey Questions Scores

Agencies ; -
410 | w13 | #15 Total Weighted | Weighted
Sum Sum #1 Sum #2

Maryland DOT - SHA 2 3 2 7 23 22
Massachusetts DOT 1 2 5 8 29 28
New Hampshire DOT 2 3 4 9 31 30
Mont ana DOT 4 6 0 10 30 28
Mi ssour i DOT 5 3 3 11 36 38
Mai ne DOT 3 4 4 11 37 36
~lCity of Bozeman 3 2 6 11 39 40
2INorwegian Public Rq 5 5 2 12 338 38
Flwashingt ®0TSt at e 4 | s 3 12 39 38
Pennsyl vania DOT 4 4 4 12 40 40
Oregon DOT 4 6 3 13 42 40
Kentucky Transportd 4 5 4 13 43 42
l'1linois DOT 3 4 6 13 45 44
Ver mont Agency of 1 5 5 4 14 46 46
Mi chi gan DOT 3 7 5 15 50 46
North Dakota DOT 6 7 4 17 55 54
w|Arizona DOT 6 6 5 17 56 56
|l daho Trans. Dept. 7 5 5 17 56 58
"lindiana DoOT 5 | 5 | 7 17 58 58
Rhode | sland DOT 4 6 7 17 58 56
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Responses to
. Scores
. Survey Questions
Agencies - :
410 | #13 | #15 Total Weighted | Weighted
Sum Sum #1 Sum #2
l owa DOT 6 7 5 18 59 58
Sout h Dakota DOT 6 6 7 19 6 4 6 4
SNC Lavalin 4 11 5 20 65 58
Mi nnesota DOT 6 7 7 20 67 66
Nebraska DOT 7 7 7 21 70 70
Wi sconsin DOT 7 6 8 21 71 72
Col orado DOT 8 10| 10 28 94 92
34 TieAgdncy Anal ysi s
As noted previously, nine winter maintenance agencies
the survey responses allowed for narrowing down the 1
offase study afenceeample, DODnpkRYKbA @RS tllbe t rucks in t he
winter season and has not expanded the deployment. Cal
wi || l'ikely be in place by January 2018. Five agenci e
caducting case studies. They were further evaluated wi
T Fleet size and percent of fleet with AVL
T Number and type of equipment/ sensors integrated wit
T Number and brand of spreader controllers installed
T Number of type of data collected
T Number of tasks performed using the AVL dat a
T AVL data sharing policy and practice
T Availability of <cost and benefit dat a
TabB%ocen t he nleixdt pagred compares the five potential candi
with other information.

Thetah W&®8Trecommenchesa uvadsy al nt er vi evl, agewey fbs duerent
the system for vehicle |l ocation tracking and collectio
of internal and external data sharing megoAWkeHEGRBSd t he
system i mplementation.

Thbhew York SwaabsBOODmmeandeandifdemMTieecade study due to it
utilization of AVL data for various planning and oper af
documemnd ®tds and benefits of system i mplementation.

Given the si AVIL4d GPSStesmo,f drmeke in the responses present e
team recodmaneéase agedwyaysel ected from the group of Tier
researalm recomiéemachs DORK@se st udygiemtceyr fioewt he group of
The New YorkwaStaeeom@d@nded as a backup candidate in an

Ut ah OOJdl denatrranged.
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Tabb8ummary of Agency Candidates for Tier 1 Case
Agency New York Virginia Utah* Alaska City of Minneapolis
Fleet Size (% with AVL
( Qze » ize (% wi ) 1600 (100%) 11000 (68%) 505 (100%) 1000 (32%) 200 (13%)
Veri N kFI P
AVL/GPS Vendor (Q5) Verizon NetworkFleet Verizon NetworkFleet Verizon NetworkFleet erlzgn etwor ] ?et'.G S Verizon NetworkFleet
Insight, CAT Visionlink
Communications (Q20) Cellular Cellular Cellular Cellular / Satellite Cellular
Data Server (Q14) Vendor hosted Vendor hosted Vendor hosted Vendor hosted Vendor hosted
Types of spreader ! ! 1 2
czﬁtroller ?Q12) (DICKEY-John: Control Point (Certified Power Component (FORCE America) (FORCE America, Certified N/A
Control System & Flex4 ) Technologies Storm Guard) Cirus)
Number & types of 1
equipment & sensors . 0 1 1 0
On Board E C t
integrated with AVL (On Boar O;grg omputer (None) (Plow position sensor) (Light bar) (None)
(Q10)
Number & types of data 0 0 1 2 2
elements captured . . . (Engine diagnostics, Light bar | (Engine diagnostics, Vehicle
None None Engine diagnostics

(Q13) ( ) ( ) (Engi 30 ics) for State Trooper vehicles) mileage)

5 4 4 4
Number & types of . . . 3 . . . . . .

. (Vehicle location, Operational . . . (Vehicle location, Route (Venhicle location, Route (Vehicle location, Route

tasks performed with analysis, Vehicle diagnostics (Vehicle location, Info sharing, lanning, Vehicle diagnostics lanning, Operational analysis, | planning, Vehicle diagnostics
AVL (Q15) ysis, g ) Staffing) p 9, g v | P 9, Op ysis, | p 9, g ;

Info sharing, Staffing)

Info sharing)

Vehicle diagnostics)

Staffing)

Agency policy for
AVL/GPS data sharing
(Q16-19)

Internal and external (Data
shared with ITS dept., Speed
and location of vehicles)

Internal and external (Vehicle
location but no crumb trail)

Internal only (Truck locations on
public website)

Internal only (Data shared with
fleet, highway maintenance
and operations)

Internal only (route planning,
vehicle location and operational
analysis)

Location Shared with
Public (Q19)

No

No

Yes

No

No

Documented costs and
benefits of
implementation (Q28-
30)

Costs: AVL equipment, and
maintenance costs
Benefits: Yes

Costs: AVL equipment, and
operations costs
Benefits: Not sure

Costs: AVL equipment,
integration, and operations costs
Benefits: Yes

Costs: AVL equipment and
integration costs
Benefits: Not sure

Costs: AVL equipment and
operations costs
Benefits: No

Not :e*s

Recommended

Case

Study Agency
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35 Ti erAg2ncy Anal ysi s

Fifteen winter maintenance a@gbasédsowetrAVedGePySghemmf wi t h

integration as presented in Table 4 previously. Fact ol
agencies for case studies include:
T Fl eet spiezreceantd of fl eet with AVL
T Number and type of equipment/ sensors integrated wit
f Number and brand of spreader controllers installed
T Number of type of data collected
T Number of tasks performed using the AVL dat a
1T AVL data sharirmgtpcacleicy and p
T Availability of cost and benefit data

Upon review of survey responses 2agendihes fwdrnteen a
selected for f r review and compari sonAMlo/ GRS er mi n
i ntegration, a I as diAVie/r @GRy$s t ehmesr avetr eer ii anipil esneinn ehd
ut i | Taleden t he foll owing page presents t hcea scehasrtaucdtyer i st

agenci es.

- 0

I n remgewhe r esspornescecosmmeintdewda t hat tiwdhMiodhit hpeseDR@Renci es
Washi ngton $bateeD®dtZXcdasaes salgeedygi es given their current

system for vehicle |l ocation tracking and collection of
collectionandntepgonationg, features noted in their survey
Transportation and the Pennsylvania DOT, respectivel vy,
backup candidates in an event iif inteaStiaews DOITt cammet M

arranged.

36 Tier 3 Agency Analysi s

Twel ve winter maintenance agencies wer eAVassGPgSsedmwi t hi

i ntegration as presented in Table 4 previously. Upon 1
agencies, five of these Tier 3 agencies were selected f
which agencies haAlVWidAihegntatt ymes acf well as different

AVL/ GPySst ems were implemanimde st sittithe zekar acteri stics
candicdeage study agencies

Tier 3 represents agenciedVLh &PySshtaevre imop lee mempthd tsitd rc,a tier
and data Wi lsiuzthltd ornes ear ¢ h etlseealne crteicnrognnielnrde e agenci es i
studlasrewing the f i weecroensnpeonndseeds ,t hiatt wahr etehe®f t hese ag
Coloradado h®@OFconsiaann O Nehker ask abBOFel ect ecda saes alg eedryg i3e s

given their current use of the system for vehicle | oca
awell as for the additional data collection, integrat.i
the I owa DOT, respecti ypeli ynarar e nrde ascekouogmn decbadd iaddat es i n t
that interviews with eithemnnotf hdeanmramgnenke.nded DOTs
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Tab6.8ummary

of

Agency C&€ais

dafSesdf or Ti

er

Agency

Michigan*

Washington*

Vermont**

Pennsylvania**

Kentucky

Fleet Size (% with AVL)
(Q3-4)

340 (94%)

500 (80%)

250 (100%)

2250 (100%)

1430 (17%)

AVL/GPS Vendor (Q5)

Parsons

Location Technologies

Webtech Wireless

AT&T

Webtech

Communications (Q20)

Cellular

Cellular / Data Radio System

Cellular

Cellular

Cellular / Satellite

Data Server (Q14)

Vendor hosted

Vendor hosted and internal

Vendor hosted

Vendor hosted and internal

Vendor hosted and internal

3
5 2
Types of spreader 1 : . 2 . - (DICKEY-John (state veh.),
controller (Q12) (DICKEY-John) (DIgﬁzf%hg};ogshﬁ;;ma' (Cirus Controls, Certified Power) (Cirus C?{;Wlesr') Certified FORCE America (contract
' ' veh.), Muncie Power Products)
4 5 4 4

Number & types of
equipment & sensors
integrated with AVL
(Q10)

3
(Spreader controller, Plow
position sensor, Dashcam)

(Spreader controller, Plow
position sensor, Pavement
temperature sensor, Air
temperature sensor)

(Spreader controller, Plow
controller, Plow position sensor,
Pavement temperature sensor,

Air temperature sensor)

(Spreader controller,
Pavement temperature sensor,
Air temperature sensor, Brine
pump)

(Spreader controller, Plow
position sensor, Pavement
temperature sensor, Air
temperature sensor)

Number & types of data
elements captured

(Q13)

7
(Plow position, Material
application rate, Type of
material, Pavement

temperature, Air temperature,
Dashcam, Engine diagnostics)

5
(Plow position, Material
application rate, Type of
material, Pavement
temperature, Air temperature)

5
(Plow position, Material
application rate, Type of
material, Pavement temperature,
Air temperature)

4

(Material application rate, Type
of material, Pavement

temperature, Air temperature)

5
(Plow position, Material
application rate, Type of
material, Pavement
temperature, Air temperature)

Number & types of
tasks performed with
AVL (Q15)

5
(Vehicle location, Material

usage, Operational analysis,

Vehicle diagnostics, Info
sharing)

3
(Material usage, Operational
analysis, Road weather)

4
(Vehicle location, Material
usage, Info sharing, Staffing)

4

(Vehicle location, Route

planning, Material usage,
Operational analysis)

4

(Vehicle location, Route

planning, Material usage,
Operational analysis)

Agency policy for

Internal and external (Data

shared with ITS dept., material

Internal and external (Truck

Internal only (Data shared with

Internal and external
(Operational analysis and

AVL/GPS data sharing usage and photos of vehicle No Sharing locations for customer service County, District & Central performance reporting, road
(Q16-19) 9 pho and on public website) offices) and air temperature with private
operations) .
agencies)
Location Shared with Yes No Yes Yes Yes

Public (Q19)

Documented costs and

Costs: AVL equipment,

Costs: AVL equipment,

benefits of

Costs: Yes / Types to be

integration, and maintenance

integration, operations and

Costs: AVL equipment,
integration, and operations

Costs: AVL equipment

implementation (Q28- gitﬁémgeﬁo costs maintenance costs costs Benefits: No
30) _— Benefits: No Benefits: Not sure Benefits: Yes
Notwe*s Recommended Case Study Agency
*Recommended Backup Case Study Agency
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TabV7.8ummary

of Ag

ency Candi

dates for

Ti

er 3 Case Stud

Agency

Colorado*

Wisconsin*

Nebraska*

Minnesota**

lowa**

Fleet Size (% with AVL)
(Q3-4)

1200 (100%)

754 (53%)

675 (33%)

850 (76%)

902 (100%)

AVL/GPS Vendor (Q5) Zonar and Networkfleet Force/PreCise Parsons Ameritrak Fleet Solutions SkyHawk Telematics
Communications (Q20) Cellular / WiFi Cellular / WiFi Cellular Cellular / DSRC Cellular / WiFi
Data Server (Q14) Vendor hosted Vendor hosted and internal 3" party server Local server Vendor hosted with local backup
5
. - 2
Types of spreader 1 2 (FORCE America, Certified : 1
controller (Q12) (Cirus Controls) (FORCE America 5100 and 6100) Power, Cirus Controls, (DICKEY ._]ohn, FORCE (Cirus Controls)
America 6100)
Raven, Monroe)
8 7 7 6 6

Number & types of
equipment & sensors
integrated with AVL

(Q10)

(Spreader controller, Plow
controller, Plow position sensor,
MDC, Pavement temperature
sensor, Air temperature sensor,
Humidity sensor, Dashcam (future))

(Spreader controller, Plow
controller, Plow position sensor,
MDC, Pavement temperature
sensor, Air temperature sensor,
Wing plow sensor, Gate sensor)

(Spreader controller, Plow
controller, MDC, Pavement
temperature sensor, Air
temperature sensor,
Dashcam, OBDII)

(Spreader controller, Plow
position sensor, MDC,
Pavement temperature
sensor, Air temperature
sensor, Dashcam)

(Spreader controller, Plow
controller, Plow position sensor,
Pavement temperature sensor,

Air temperature sensor,
Dashcam)

Number & types of data
elements captured

(Q13)

10
(Plow position, Material application
rate and type, Mobile data
messages, Pavement temperature,
Air temperature, Humidity, Surface
friction, Dashcam, Engine
diagnostics)

6
(Plow position, Material application
rate and type, Pavement
temperature, Air temperature,
Engine diagnostics)

-
(Material application rate
and type, Mobile data
messages, Pavement
temperature, Air
temperature, Dashcam,
Engine diagnostics)

7
(Plow position, Material
application rate and type,
Pavement temperature, Air
temperature, Dashcam,
Engine diagnostics)

7
(Plow position, Material
application rate and type,
Pavement temperature, Air
temperature, Dashcam, Engine
diagnostics)

Number & types of
tasks performed with
AVL (Q15)

10
(Vehicle location, Route planning,
Material usage, Treatment
recommendations, MDSS,
Operational analysis, Vehicle
diagnostics, Info sharing, Road
weather, Staffing)

8
(Vehicle location, Route planning,
Material usage, Treatment
recommendations, MDSS,
Operational analysis, Vehicle
diagnostics, Staffing)

-
(Vehicle location, Material
usage, Treatment
recommendations, MDSS,
Operational analysis,
Vehicle diagnostics, Road
weather)

7
(Vehicle location, Material
usage, Treatment
recommendations, MDSS,
Operational analysis,
Vehicle diagnostics, Info
sharing)

6
(Vehicle location, Material usage,
Operational analysis, Vehicle
diagnostics, Info sharing)

Agency policy for
AVL/GPS data sharing

Internal and external (data shared

External only (shared with MDSS

Internal only (observation
and analysis only at this

Internal and external
(operational analysis use;

Internal and external (bridge
office considering use of data for

(Q16-19) with MDSS provider) provider) time) plow cam images on public forecast of bridge maintenance)
website)
Location Shared with Yes No No Yes Yes

Public (Q19)

Documented costs and
benefits of
implementation (Q28-
30)

Costs: AVL equipment, integration,
operations, and maintenance costs
Benefits: Yes

Costs: AVL equipment, integration,
operations, and maintenance costs
Benefits: Yes

Costs: AVL equipment,
integration, operations, and
maintenance costs
Benefits: Yes

Costs: Integration costs

Benefits: Yes

Costs: AVL equipment,
integration, operations, and
maintenance costs
Benefits: Yes

NoteR®ecommended

Case

S*t *u dRe Agremeryd e d
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I n summhmaryestear ch ttheeanf oolflfoewiendg r ecommendati ons f
agenci es:

or the

T The pri mar ymbinfgféerraegneciesi ¢ e col l ection of vehicle
the simil &ArViLY iGPssp loé me mteat i on and util ¢eamedd,
selecting one agency from Tier 1 for a case study.

T Tier 3 represents agencieAVLHK &PySshtaevre imoplee meorptha tsita rc
i ntegration and data wutilization. This group

Agenci es

di fefneres in system

recommemnal ecting three

i mpl ementati on,

agencies

reaocimehdt e dha tfeolry csaeslee cstteuddii acbs3. ear e

integration
from Tier

3

|l i sted

Tab8Recommended Case Study Agencies
Tiers Primary Age Backup Agenci ¢
Tiers 1 an¢(Utah DOT New York State DOT
Tier 3A Mi chi gan DOT |Vermont Agency of
Washington St|Pennsylvania DOT
Tier 3B Colorado DOT (Minnesota DOT
Wi sconsin DOT||l owa DOT
Nebraska DOT
Figl@depicts the |l ocations of the agenasesshadymmewded
along with backup agencies.

=

y

o
i

.

S\

v/

" Tiers of AVLIGPS

—

b
3

System Implementation
[ Tier1Agency
[7] Tier1 Backup
[l Tier2 Agency
Tier 2 Backup
W Tier3 Agency
Tier 3 Backup

Fi g®rMea p

of
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4, Case SSwrdmary

Upon selection of thkasagesnhauiditesh o chareteaaant! ed key

representatives from epehsageinctyet vi swheadmd epi avi de an

subjects wlki dh swaslseedb with each agency.

41 I ntroducti on

To obtain the information neededefresmindevietowpi wgr easend:

over a period of one or two dayTsab@®pet bsemnot si pdat bavel gi

with each sta€Cke®OTRaadsthepresentatives who assisted

of the interviews and attendance of other key staff at
Tab9e-Pear son | nt eCavsiee vicse sifdo r

Ti er s Agenci es I nterview |Clear Re@de&sent ¢

Ti ér Utah DOT Nov.!"2MNoWV" [Tim Ul arich

Ti 8r Mi chi gan DOTNov.'"30 Mel i ssa Longwort

Ti &r Washington {Dec.!71®et"|James Morin

Tier 3 Wi sconsin D({Dec.t71m?2 Al Johnson

Tier 3 Nebraska DOl1Dec.!'71PDet" |Mi ke Mattison

Tier 3 Colorado DOl1Jant? 9Jan. [Kyle Lester

A set of interview questions were drafted for multiple

operati @&NLO GPySshteeTmse. | evel s of staff and topics of ques

are pr eslah9.eddhei nf ocus of the interviews was deshgned to

case studp sempmpmaty.of the informatiprerrgatmnmhemedcrfvi emwse a

cont aitntead App 8n d ihe ®afg htelpiog t .

TableLevels odiht Steadi |BMMd Topics of Discussi on
Staff Level Topics/ Areas of Discuss
Executives/ Direct|{Y Decisna&kmng process

T Procurement process

f Datal kection policy

1T Data sharing policy

1 Overall experience
Winter Maintenanc/fY I mplementation and int
Supervisors f Hardware and software

1T Data collection, ut il

T Communications

T I mplementation issues

f Operations i ssues

T Procurement

T Costs and benefits

T Recommendations and | e
Technicians and S f Hardware Installation
Operators T Technol ogy issues and

T Operations

f Mai ntenance
I' T / GI'S /| MPadageT Communications
Staff T Software and interface

M Data storage and manag
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A total of six case study reports were developed. The:
(http://cl gdAhi dgdedsaulmmary cafset s¢ udy resulpgrse serdt € d nan ntghs

following pages.

42 Ti evrUtlabhOT

421 Agency Overview

The Ut ablDDTs (di vided into fouoenmnelgiioma¢aoh fiegisonPever
administration, construction, and maintenance of all s
aredads . map of the four rFe@iBores i s presented in

Statewide
Regions

|
G| eransesariuent or Transrontarion
|

State of Utan

|
SRR [Jrugiont
N { [ Iregionz

REGION |
Kiis Petersen
Region Director
{801) 620-1600

REGION 2
| Sryan Adams

Region Directar
| (801) 9754900

REGION 3
;" Teri Newsll
7 Region Dicector

(801) 22745000
A

3

MILLARD

1435) 393-6799
800-378-3390

AAAAA

Fi gwBr eUDOT Rlegions

On average, Ut ah tehxapner2isencienst emorse&dbOmscrawsabdhgdsbhedr en
offdr state see difdrerenamphaditpho@atsck €gvani BSukRengiton 1
clear snow nearly 40 percent ofnt Regiemnd wloinlley tahe eSu

times 2a year.

! Source: https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:38,
2 Source: https://www.udot.utah.gov/main/f2p=100:pg:0:::1:T,V:2,70433
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http://clearroads.org/
https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:38
https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:2,70433

422 AVL/ GPySs tkeaar dwar e

UDOTaisnsetdal VerAVzZd msPySs toetmhei r e ntwi mda efrl eneati nadfemsance vehi
showriigMre The hardware i s approximately 5 inches | ong,
weighs aboaoesbh The small size and weight allow for th
behind t ke daestibmlae d where it can bFeli gsbarfeel y mounted as

UDOT has procured and installed AVL/ GPS equi pment on al
throughout the state. In addition to snowplows, UDOT
Mai ntenance TrucksmsmoftbMTs)t st hamtvod yeidstin incidents along

I

Location of
AV L

connection
Di agnostic

FiguwurelnteriotuD®GTcSnow BfFfow and Placement of Equi

FigwreLocation of Verizon Neubwdr KSkhloavetP| w00 Model
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http://www.michigan.gov/mdot/0,4616,7-151-9623-36042--,00.html












https://ops.fhwa.dot.gov/weather/best_practices/casestudies/015.pdf



http://www.michigan.gov/mdot/0,4616,7-151-9623-36042--,00.html

































http://wisconsindot.gov/Documents/doing-bus/local-gov/hwy-mnt/winter-maintenance/workers/2016-2017annualreport.pdf
http://wisconsindot.gov/Documents/doing-bus/local-gov/hwy-mnt/winter-maintenance/workers/2016-2017annualreport.pdf









https://trrjournalonline.trb.org/doi/abs/10.3141/2272-16





















http://dtdapps.coloradodot.info/staticdata/downloads/StatewideMaps/MaintSections_Small.pdf




























































http://clearroads.org/contact-us/
http://clearroads.org/contact-us/












http://udottraffic.utah.gov/RoadWeatherForecast.aspx








































































http://www.cotrip.org/snowplow.htm#/snowplow
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