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Running parallel to virtually the entire state highway netkw
is a less visible, but very important, teailogy infrastruc-
ture. This technology infrastructure is typically referred to as

Intelligent Transportation Syems, or ITS. ITS includes ramp
meters, variable megge signs, radi@advisories, and several

other systems. ITS helps communicate traffic and weather
conditions to the public, manage traffic flow, and collect traffic
data, among many other valuable functions.

Quantifying the impact that ITS has on traffic congestion can
be difficult. Many factors can lead to congestion: the number

of cars exceeding road capacity, constraining roadway geom
rics accidets, slow vehicles, erratic drivers, and bad weathe

Because of this, it can be difficult and expensive to extract
quantifiable performance measures specific to each of the

elements of ITS. Where pob# in this article, WSDOT tries

to provide data on similar sy@ms in other stags

ITS Communications

WSDOT operates a communication system composed oiorad

microwave, and fiber optic elements that touch all sections of the
road network. This provides radio communications for those
maintaining the roas and condition datdor those managing

WSDOT Intelligent Transportation Syst ems

Elements
As of June 30, 2006

Numbe r of Approximate
Devices or Cost per
Device Type Sites Device or Site
Closed Circuit Television 478 $15,000-30,000
Cameras (CCTVs)
Varieble Message Signs 172 $100,000
(VMSs)
Highway Advisory Radios 44 $50,000
(HARS)
Road/Weather Information 79 $25,000-
Systems (RWIS) $50,000
Ramp Meters 117 $10,000 -
$100,000
Traf®c Data Collectors 5,000 $1,000-$10,000
(Approx.)
Traf®c Management Centers 8! N/A

(TMCs)

Source: WSDOT Traf®c Operations Of®ce
! This includes one winteroperations site in the Snoqualmie Pass

the roads. Data transmitted over the system comes from many

ITS elements that are part of WSDOT’s overall traffic manage-
ment efforts. Some of the key ITS elements include:

Closed-Circuit Television Traf®c Cameras (CCTV)

WSDOT operates an extensive wetk of closedcircuit televi-
sions across the state to help detect congestion andextsi
to provide real-time traffic and road condition awareness.
The closed-circuit camera sends images to WSDOT’s traffic

Variable Message Signs (VMS)

A variable message sign is an electronic traffic sign used on
roadways to providemotorists with important irformation
on traffic congestion, incidents, roadwork zones, travel times,

special events, or speed limits. VMSs may also recommen:

alternative routes, limit travel speed, warn of the duratand
location d aproblem, o smply provide alerts or warnings.

management centers, the WSDOT web site for travelers # recent survey of drivers in Wisconsin found thapproxi-

see, and to the media. This feature is available at www.wsdot.
wa.gov/traffic/.

A Closed-Circuit Traffic Camera
provides re&time information to
the public on WSDOT's web site.

mately 68% of respondents reported adjusting their travel routes
based on the travel time or traffic information provided by the
VMS. About 18% of respondents adjusted their travel routes
more than five times per month using this information.!

A variable nesage
sign displays travel
time information.

From: Ran, Bin et al.,Evaduation of Variable Message Signs in Wisconsin: iver Survey
University of Wigonsin at Madison, May 2002. www.dot.wisconsin.gov/library/research/
docs/®nalreports/45-17variblemessagesigns.pdf
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Highway Advisory Radios (HAR) Cell Phone and GPS Traf®c D etection Syst ems*
Low-power AM radio stationsnistalled along the roadway Any vehicle on the road can act as a 2data probe.° relaying
provide highway advisories and generdhinmation regading  travel time, speed, and delayfanmation to data detection
traffic and travel. The presence of a HAR transmitter ismarked  devies When a substantial number of vehiclegrk as

by a "Tune to 1610 AM” roadway signgee picture below).The  probes, they become a low-cost data collection system-<covei
1610 frequency is one of several used by HAR radios. A survey  jng |arge geographic areas without the needrntsiall costly

of drivers during the Salt Lake City Olympics found that 76%  roadway monitoring equipment. WSDOT is ploring 2data

of those who reportedeeingHAR signs on the roadway found probes” to broaden traffic data collection to better manage

the information provided by th¢dAR tobe hdpful.” the system. Considerable effort is underway to test and

Road/Weather Information Systems (RWIS) develop these systems nationally. Most efforts fall into one of

A typical Road/Weather Information Sisn station uses two methods: cell phone and GPS tracking.

instruments and equipment installed along the roadwa) Cell Phone Tracking

to measure air and road surfademperdure, barometric By tracking the movement of ceflhones, it is possible to
pressure, humidity, wind speed and direction, ppetation,  determine the speed of the cell phone - and the car it is in. By
visibility and road surface condition (dry, wet, freezin@his  restricting the analysis tphones located on roadways, cell
information is used to inform highway matanance strategies phone tracking provide ameans to measure vehicle speeds.

and provide irformation to drivers. Global Positioning Satellite Tracking

In a recent survey, WSDOT road maemance crews ranked Global Positioning Satellite (GPS) in-car transponder desi
RWIS mwement conditions data as the mostuseful ITS technolcan report highly accurate location, heading, and speed
ogy deloyed, followed by camera images and radar data ¢ information. When combined with electronic map infor-
the Internet. Additionally, 94% of responding motorists said ~ mation, GPS devices provide an excellent vehicle locatior
web-based road weather informationake travelers better sydem. Sorage and analysis of the GPS location data allows
prepared for their trips. Over half of the respondents (56%)  for accurate roadway performance measurenient.

agreed the iformation helped themeoid travel delays. WSDOT's Approach

WSDOT is not currently involved in any projects that involve
cell phone tracking but may look at this tecblipgy in the
future. The agency is investigating using tags on commer-
cial vehicles to provide accurate travel tinfesslarge trucks,
and evaluating GPS tracking of some of the WSDOT mainte-
\ ik b nance fleet to see what kind of information can be provided.
i HIGHWAY INFO ' H Neither of these methods provide information about traffic
| volume, only speed and travel tem If probe vehicles are the
primary source of performance information, suipmental
data collection will be needddr highway use performance
A Highway measues
Advisory Road Sign

TUNE RADIO TO

1610 AM

2From: Glazer et al., Intelligent Transportation Systems at the 2002 Salt Lake City Winter
Olympic Games: Even Study Traf®c Managemehand Travele Information Prepared by lteris,
Inc. for the Utah DOT and USDOT FHWA, EDL Na 13850. Washington DC: April 2003. www.
itsdocs.fhwa.dot.gov//JPODOCS/REPTS_TE//13850.html

3From: Evauation of Rural ITS Informaton Systems Along U.S. 395, Spokane, Washington,
Prepared by Batelle Memorialristitute; Meyer, Mohaddes As®ciates, Inc. for the USDOT,
EDL No. 13955. Washington DC: January 2004. www.itsdocs.fhwa.dot.gov/JPODOCS/
REPTS_TE//13955.html

“Adapted from: Traf®c Congesbn and Reliability: Trends and Advanced Strategies for
Congestion Mitigation Prepared by Canbridge Systematics, Inc. for the USDOT FHWA.
Washington DC: September 2005. http://ops.fhwa.dot.gov/congestion_report/congestion_
report_05.pdf
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ITS Field Devices

Ramp Meters
Ramp meters are traffic signals on freeway on-ramps which
alternate between red and green to control the flow of vehicles

Traf®c Management Centers (TMC)
WSDOT operates seven regional Traffic Management Centers.
They are the nerve centers for WSDOT’s operations activi-

entering the freeway mainline. Metering rates are automatities, gathering real-time information 24 hours a day, seven
cally adjusted by the system based on prevailing freeway traffic
conditions. A 1999 study of ramp metering found these systems
decrease total system travel time by 6-16% and increase average
mainline speeds by 13-26%.’

A ramp meter controls the flow of
traffic onto the highway, increasing
avaage speesl onthe road.

Traf®c Data Collectors
Traffic data collectors are one of the key set of tools used to
track what is happening on the roadways. The most common
detector WSDOT uses is the induction loop, a pim low-
voltage wire coil buried in the roadway that sends an eleatri
pulse when a vehicle passegr it (see picture below). Other,

less common detectors use infrared, radar, sound, or vidg

imaging to detect vehicles. This data is sent from the roadside
to WSDOT traffic management centers to monitor operations,
and provide traffic conditions to the web and the WSDOT 511
traffic information hotline.

The data collector information directly supports the WSDOT
web site to keep travelers informed of real-time traffic
conditions and estimated travel tiés Seevww.wsdot.wa.gov/
traffic/seattle/traveltimes/ for WSDOT's travel times page.

e e e~

An induction loop
embelded in the highway
collects traffic data

and sends it to a traffic
management cdar.

days a week from many sources inding the ITS network,
the Washington State Patrol, road crews, WSDOT 'sdadt
response teams, and media traffic reporters. WSDOT uses this
information to cordinate responses to clear accidents, deal
with other problems that occur, andbotify the public and the
media.

WSDOT’s seven Traffic Management Centers are located in
Shoreline, Tacoma, Bellingham, Vancouver, Yakima, Spakan
and Wenatckee Each varies in capabilities and is sized to
meet regional needs. The centers in Tacoma, Vancouver, and
Yakima are co-located with other operating agescWSDOT
also ha awinter operations center on Snoqualmie Pass.

A study in the Seattle area found that the morning peak period
total sysem delay along a north end cador was reduced
by 1.5% by the operations of the TMC. In addition, the TMC
reduced travel time variation by 2.5%, making travel more
reliablefor drivers®

Inside aWwSDOT
Traffic Management
Certer

Using Traf®c Data

In addition, to allow the TMCs to monitor and react to traffic
problems and to iform drivers of those prblems, data from
the traffic data collection network is also used to provide a
historical and comprehensive record of the te& highway
network performance. This provides WSDOT with a better
picture of some of the causes of traffic congestion and identifes
possible solutions to these specific problems. More information
on this topic is availble in the annuatsray Notebookonges-
tion and Driver delay Report, last published in the Septembe
2005 edition (p. 57).

8 From: Hourdakis, J & Machalopoulos, P. (2002). Evaluation of ramp
meter control effectiveness in two twin cities freewaysTransportation
Research Record 1811, 21-29.

SFrom: Wunderlich, et al., ITS Impacts Assessment for Seattle MMDI
Evaluation: Modeling Methodology and Results Prepared by Miretek

Systems for the USDOT FHWA, EDL No. 11323. Wdsngton DC:
September 1999. ntl.bts.gov/lib/9000/9700/9756/8qj01.pdf
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The Future bTransportaion

At one time, “jet packs” were said to
be the answer to our transportation
needs. After the test pilot of a rocket-
propelled back pack told Popular
Science magazine in 1969 that the
machine made him “feel safer than |
do driving the family car in trafec, " it
seemed Buck Roger-style travel for
everyone was imminent. But a mass-
market model never managed to ly.

What will ey

System pri cing

Trafec congestion is largely

a “peaking” issue on a

capacity constrained roadway
“transmission” system. Just

like time-of-day (or seasonal)
electricity “ usage peaks” on the
electric transmission grid. Unlike
HOT lanesthat are specisc to a
roadway, system or value pricing
would provide a global system
for charging drivers who impose
expensive congestion on each
other and shift demand away
from the peaks. Tolls will vary by
time-of-day or other demand indicator.

WSDOT'’s Puget Soun d *ow map at
www .wsdot.wa.gov /trafec /seatt le.

Other not-so-distan t technologies are shaping our
transportation system. Already, car manufacturers have
developed in-vehicle sensors that allow cars to communi cate
with each other. In a recent test at General Motors, two cars
set up to crash on a track avoided colliding when one driver

For detded inbrmation dout WEDO's Future ITS aplication
andVII:

Ted Tr epanier

Sta te Tra fec En gineer

(36 0) 705-7280

tre pant @wsdot.wa.gov

Forinfo ebout WeDA'’s TMC, Inddent Respaise Piogram, 511
andTravelerinformation:

Bil | Le gg

ITS Opera tio ns

(36 0) 705-7994 or

leggb@ wsdot.w a.gov

A
Washington State
" Department of Transportation

was alerted to danger by a series of vibrations through the
seat. At the same moment, the brakes automatically slow
the car.

The system, referred to V2V (vehick-to-vehicle
communication) by General Motors, uses a transponder
linked to vehicles’ communications system. The transponder,
already in the works for tolling on the Tacoma Narrows Bridge
and SR 167 HOT lane pilot project, could be adapted for even
further communications . . .

Vehicle Infrastruc ture I ntegra tion (VII) is an initiative
between Federal and State DOTs and US Vehicle
manufacturers to deen e, and identify a practical deployment
scheme for a communications system to be used primarily
for improving the safety and efecie ncy of the nation’s road
transportation system. It works by allowing communication
not only between vehicles, but from roadway infrastructure
to vehicles and vice versa.

VIl could provide motorists advanced warning of trafec and
weather conditions, and provide trafec management centers
erst-ha nd information about what is happening on the
roadway.

Safety will be improved too by:

« Automatic braking (electronic brake lights)
¢ Lane departure warning

« Road surface ice warnings

e Curve warnings

« Intersection collision warning

VIl aims to add system capacity and decrease delay by
automatically providing reduced distances between cars.
Like adaptive cruise control that automatically adjust

vehicle speed to the speed of cars ahead, VIl will allow the
minimum distance between cars (making more room) without
collisions.

Individual rout e endin g is also a future technology that will
help drivers and reduce congestion. This advanced GPS
(global positioning system) will automatically route drivers to
their destination based on real time information and

trafe c congestion.
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With Technology

Provenloos for Congstion Managment

Many highways in the State of Washington are operating at
or above capacity and a blocked lane can result in miles of

Transportation Management backups and long delays. Technology initiatives for operations

Centers around the state maximize that the Washinat State D t t of

effeciency of the highway system.  &7€ Programs that the Washington State Department o
Transportation (WSDOT)uses to keep roadways clear and

trafe c moving.

Factail: A ecen study of fuure cngestion indicates that

advaned systenmanagemedrcauld mitigate congéonby
approximately 5%.

May 2006



What areWeDoirg Now?

WSDOT uses a number of tools to reduce congestion. At the hub of the
transportation system are WSDOT's [YHMAJ THUHNLTLU[ JLGkLYZ ;4* —
centers statewide and two winter operation centers use a variety of resources to B | = &
RLLW HWWYPZLK VM OV~ [YHMAJARBKAZIRMN AUKILPOHHY B Q_&i B ®
and how the entire freeway"system is functio ning. Here, engineers have all the tools — d\ ﬁ P
[V THUHNL [YHMAJ H[ [OLPY AUNILYORWEK! WHTWHT LZPYZ ZV§E H, ‘.‘-_E—
HK]PZVY® YHKPV KPZWH[JOLYZLWZXIS[RIL PUMV X [MH[PNUKV ’?m
AvA THWZ >:+6; [YHMAJ LUNPULLYY PH]L4*Z EVIRIZZKLJIHA I ——
makers can make critical decisions on a moment’s notice about the roads you drive
VU ;0L [YHMAJ HUK PUJPKLU[ P WMHZZTLK[RVU[\ VIS/FV Y[R K]
agencies and the media.

9HTW 4L [&ar¥ gop-and-go s ignals located on entrance ramps to the freeway. [
;OL> JVU[YVS [OL MYLX\LUJ "P[® {OPRAYV1L\OW JSHMAD VU *
MYLLAH ( YHTW TL[LY JVUZPZ[Z (MHMAJYZPWVHBSUJDIKHH
KL[LJ[VY? VY [YHMAJ ZLUZVY ;OLHNMWWP K LALSK YO®IH Z IHU A
JLOPJSL WHZZLZ VILY P[ HUKYPHPRASS L3I P G Y HMADTRW WV EZs
cars try to merge at once. Drivers on the freeway slow down to let the cars enter, and ®
these slower speeds quickly cause backups. If, however, cars enter the freeway in a
ZWHJLK JVU[YVSSLK THUULY [QEZ TKPAM\WHZPULYV'HFHP S8
A short wait on the ramp allows drivers to increase their average freeway speed
HUK ZOVY[LU MYLLAH" [YH]LS [PTYINPUDN J ZOWPHSRENHEKIVTEL
reduces collisions.

s YHILSLY 0U M povidet[MMC personnel to
motorists so they can make informed choices about
their travel route: By keeping travelers informed, WSDOT
PUJYLHZLZ [OL LMAJPLUJ HUK ZHMI

il

Resources available to motorists: (5"
e 511 Travel Information phone line Z°
» Statewide Traveler Information Web site ; .
® 227 ZVGRW ZD JRY WUDIAF MR8, (Shiuiy, ol hen, _

t 7UDYHO WLPHV DQG WUDIAF LQIREPHIWILR QR 'O AR gd pardware (highway
signs advisory radios, TV cameas, electronic

» Highway advisory radios located along the road message signs, e
maintenance and upgrades to operate

The TMCs aren’t the only ones who use WSDOT technology to get information out ef ciently.
[V [OL W\ISPJ 6\Y PU[LSSPNLUE [NSISZAWVMW[PYUHB ZPIT LY [YHMAJ
information that is broadcast by the m edia. Most channels have their own version of PS x UL coma v v

VY [YHMAJ AVA THW SP]L MLLKYZHEWHVUK HWIJYBEMAY BMPLL

;OL OUJPKLU[ 9 pragkvhida@nkists of a specially trained group of WSDOT
maintenance employees that helps reduce congestion, delays, and related incidents. .
;OLPY THPU MVUJ[PVU PZ [V JSHHX YVHAKZY LOLGBIWUK'WAHY * VM T L
[YHMAJ HZ ZHMLS® HUK X\PJRSPWIN M MZXPHEKIIH U'JMKY ¥ HP/KU: P-UJ:

portable signs and clearing incidents quickly. The likelyhood of secondary collisions :
is reduced, enhancing safety.

'V \UKLYZ[HUK "OH[ OHWWLUZ JVWZRKRYYQPYRIASSILYKC Y
AHTTHISL SPX\PK JYHZOLZ VU VUL ZWJU VLS YWNRZ P KO B/H 3
enforcement, WSDOT maintenance and incident response crews and, if necessary, — .
SVJHS JP[PLZ [V KL]LSVW H WISM ¥ YVT RLL . QPHBAZ VMM\P [’]YJSPOJ?/?-Y"R"E'W'“”'”Q HeL e
to a safe spot. At the same time, alerts are dispatched to all media outlets and €comes more usefuIANp more
information on the blockage is posted on WSDOT's Traveler Information web page. Sl Eah day. Malnta_unlng a
:OPZ PUMVYTH[PVU HSZV ILJVTLZVRT[QKP H[Z'SZ[ H] HPSH [sﬁﬁem e
customer sewvice is essential.

occurs within minutes of the collision.
www.wsdot.wa.gov/traf c.

P . 272
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WhatWeare Plaming

WSDOT & actively looking to the future and working to

accommodate the growing number of motorists and the ‘ ZLWK PR Q H\ WLIJKW D Q

limited amount of roadway. By expanding coverage in JURZLQJ ZRUVH +27 ODQ

locations where the Incident Response Program does not

currently exist we can reduce congestion. $1 million would Q RZ ZLGHO\ YLHZHG DV R{

not buy half a mile of new lane on our urban interstate PRVW IHDVLEOH DIIRUGD

iﬁiﬁ;}igﬁti: g?htggﬁgcgnce our system and reduce EHWWHU PD Q DJH L1 Q RW
FRQJHVWLR L WKH VKR

How do we know this will work? From past experience! In 7 K LQO H JH Q H% D \(/QV L Q J PR Q H

2002, Legislature gave WSDOT $3 million to expand the IR .

program. By doing so, congestion associated with incidents term relief.”

was cut nearly in half. - Washington Pos

Number of Responses and Overall Average
Clearanc e Time

January 2002 - March 2006 « improving service for those who choose to pay a toll
%2'88833 mh. —Program Numberof -35 » making the other lanes slightly less crowded
12,00 VQ Expason Regorses ™\ :gg * generating revenue for future transportation
%(2)'880?@3@ improvements
8,000 ™®
2:888 The technical and cooperative PU[LY VW L ¥rhbhgsS P [~
210063 WSDOT and other state and local agencies such as the
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 QL Q2 Q3 Q4 Q1 Washington State Patrol and local emergency responders
2002 2003 2004 2005 2006 is improving every year. Interoperability reduces congestion
Source: WSDOT Incident Response Tacking System. by using “center-to-cen ter” communications betwe en TMCs
s el ana OF different agencies to implement region-wid e response
WSP Cacets have been reported in the total plans. Interoperability also forms foundations for teamwork

HUK JVOLZP]LULZZ H[ PUJPKLU[ XHMNAZ
Incident Management (TIM) is a course taught and taken
I° SVIJHS AYZ[ YLZWVUKLYZ VM YXP NAMASYF
etc.) to improve incident command co operation at collision

5 I}%ﬁh e each partner plays an important role in how
ents are handled, it's vital for each agency to recognize
others’ prioritie s and work toget her to successfully provide
life-saving operations, congestion management and accident-
HOT lanes provide drivers who are willing to pay for a faster investigations as quickly as possible.

trip an option to avoid congestion. By allowing toll-paying

" . As Wi ild interope tg’lity, our capability to respond to
ZVSV [YHMAJ [V VJJHZPVUHSS NZ‘ILP‘WW[W‘V\{; e%ﬁgj{s rc;\nt?nﬁj r freeway disruptions to city-wide

t PDLQWDLQLQJ JRRG WUDIAF ARZ IRU avaouatons wilbe EribanseR. Rad vore ipf@mation on TIM
vanpools visit www.wsdot.wa .gov/partners/TIM/default.htm.

* making better use of the lanes

WSDOT &s also considering OPNO VJJ\WHUJ &S /6
to reduce congestion. These are traditional high oc cupancy

vehicle (HOV) lanes that are open to carpools, vanpools and

transit and toll-paying solo drivers. Tolls for HOT lanes are set

[V HZZ\YL [OH[ [OLZL SHULZ RLLW\AWYPUN ﬁ;jg
lanes are congested. HOT lanes can be built for this purpose
or can be converted HOV or general-purpose lanes.




