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£ 88 B E(Andrew C. Mao) sk » X & & B F %35 0 T4 Harris County,
City of Houston, Metropolitan Transit Authority & Texas Department
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TRB & % B s AP E S 3 PIpr s ) L AF 0 2 mat R E A - ARIFFIHR
gz HHAZHELe2EF 2€EFXFEHERIIBRSHUT
HHERAEBRE BB AERABES > R R RBH R ST EEEH
BEAMEY  EERNMFH AR ZEUR N wEHAXFZAELE
AL e

HERBEMZE NACOTA £ aH 5 RBARME > REALTHZZTHY
AR BHuE - BBREENEAHESEBEREL A MBS BRERS
o TRBE & AE > B#HFR St A EAEMZ TN TEH > LRHEEA
BREMORE  BAWNEHERETZAZIRMRRALY -

Houston TranStar & 4-va {8 & B AL 6-F 92 £ B AR R K AR A7 4838
GHy BT H AR TN S EM M i A EAR S R KSIRITH
LTRNEAARAMYER » BER BB E 2o EFEE - BHNERE
R AR AL M SR SR M BRI R » UARELSERRE
Z EIE I R PR SR -



I

I

M B

oY

/4

B &k
-
AITRME
FEERNBERFE
%% Houston TranStar
A8 B 54T
R A A

o



—_— ﬁﬁ

anf

# B E# 2 ¢ (Transportation Research Board, TRB)Z B £# % 4
(National Research Council) F &y — B AJES A4 - AR FAHL L1
(National Academy of Science) & B % L 2% (National Academy of
Engineering) &y ¥ B & £ ; AR EWPZ G 1974 5> Har g 251
2 1920 &g, 3¢9 National Advisory Board on Highway Research & 1925
s 7] &9 Highway Research Board - i & @ 912 R b A 8 R B 4TH
%o MMTEEM R AR S BB RE RS E R - TRB & d H K45
ZERI ey BRALRIELRERMMFR > HREEEH
RMEAREEEARFRAOEHEBTH X BAIFEEEETIH ALY
MRt E (D) aMESP] %454 National Cooperative Highway
Research Program (NCHRP) & (2) e ¥t 8 A F:E & & (Federal Transit
Administration) A7 % 4% & Transit Cooperative Research Program
(TCRP) - st #F TRB 7F 3= % ¥ FF P &3t » # 4T Long-Term Pavement
Performance (LTTP) & Innovations Deserving Exploratory Analysis
(IDEA) %3t & -

Fez B8 FEHN AT I MM

« Division A - Technical Activities 3% #7>5&1

« Division B - Studies and Information Services & 7¢ % &1 AR 35
« Division C - Administration and Finance & ¥£ % 8435

« Division D - Cooperative Research Programs & 1E8F %05+ %

« Division E - Special Programs 4% 345+ %

FABBA00 ey B EEA LS8 154 TRB &Y E T > 40704 460
BARMNERE G TN EAUREFE A EENMAORE > WEHL e T
- ZERTAEZARSABMNEMLELT  FEEHAROB AL
BB P EM R E NS R ERMEFRI] 58000 AR
BANEREEALT LA WA FE - ARERS I FCTFAE 2 EFEE
PARABBIF R ARG R Ty — A P8 A 2400 B e x5 %&
GHITE — 4o ] 0 5 Marriott Wardman Park Hotel (2660 Woodley
Road> 4w 83 K —)~0Omni Shoreham Hotel (2500 Calvert Street) X & Hilton
Washington Hotel (1919 Connecticut Avenue) =& #47T » & LA H»
—A+=—B(EHB)E—A+XOHMMATEE - 888 168530 o
Zop b 11 85ak > A 20 S MBERBITRNZR €H(RE— B ETF 5%
Z+9)  REBE G AR F R A S EN S8 €35 6048 B MR BAF R
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92/01/11 (SAT) #:3k AA2418 LAX-DFW Z & hr #rsd o
AA1566 DFW-DCA % # 48
92/01/12(SUN) Zf;i)a‘ NACOTA(JL £ ANEWMZ € )5 & > 4 TRB &4
WF| -
92/01/13(MON) %-#u TRB & & &35k #Hit &
92/01/14(TUE) % 4v TRB & &3 kit &
92/01/15(WED) %#4u TRB & &35k w3t &
92/01/16(THR) #53%& AA1213 DCA-DFW % i #7
92/01/17(FRI) # % C02019 DFW-IAH % k#7438 %35 Houston TranStar
92/01/18(SAT) # & 4Rkt ia = sE R 87
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AREGHEZH Y 2400 B9 RN ZR 569421 500 18
G RIT AP A 1D HRABHAHFECEMEMETTRNARETHR
& va K 4% 8,24 28 (Spotlight Sessions) » Bp : (1)4%%~— 41 (Security:
One Year Later(2)ZE &~k R ¥ 4of7K% ? (Congestion: What Does the
Future Hold?)(3) ek % %4ty % = B (New Tools for Improving Safety)(4)
F 424 2 % (The Route to Reauthorization) - BAZR EBRM & E 2002 £ 9
A1l BB R HNEmErMTERTEEHRENFIME B
LE A ES 4 B4R 42 (Safety and Security) ¥ @ikt eH BB % -
ZAREEAT RARBR 0 R BARB N R BRI G 2B SR A
(1) i€ 8 4 % # 2] £ 47 # (Transportation Systems Planning and
Administration) > # ¢ Management and Administration, Finance,
Planning, Public Transportation, Environment, Data %4 Hilton
#£47 > @ Intercity Rail, Aviation, Water Transportation, Freight
Transportation R4t Shorehan # % -

(2) #2136 T (Design and Construction)- % # Marriot & Shorehan
AT -

(3) &3& ~ 524 g4 (Operation, Safety and Maintenance)# Marriot
B Hilton #47 -

(4) ;x4 % B (Legal Resources) ¥ » ¥ &% Marriot » #£& %% Hilton
AT -

o MR BERAXTAMBRS  FEHEEHNEGZRFTEH > A
KA PR HE % 0B & (Poster Session)3f s 0 BB X XAF
FHBRXEL > BB AR R EE > N F RIS R
WIEBEILEE R A MR URBRERBH @ EE RARTT U AEA
Vet ithaa A RLAHAREsRIT  HEAKASF €A
BTHEENE SMIEGF R - ARETAALE KRB REHR AR LT
B AP EIRR E 2% " Integrated System for Weight-in-Motion,
" Automatic Vehicle Identification, and Electronic Toll Collection
into Commercial Vehicle Operation ; BF# % # — A + w8 £+
(9:00-noon) 4= Marriott & Exhibit Hall C ¥ /& » K& X2 (spotlight)
& Poster Session ¥ # % - #Hiadh XN Bho MM &k = ©




3.1 #RE

TRB 89 B % > — B & A8 S 4L - RO BRETRHIIL - AES
4Rz BB TRBE XX BHTRA(RRARH TR RIZAH
4% A 15,000 £ TABk) © thk £ & H% Caliper Corporation ~ 3M % %
PS5 BRI ABUF AP A3
4 American Association of State Highway and Transportation

Officials (AASHTO)

4 American Public Transportation Association
4 Bureau of Transportation Statistics
4 Environment Protection Agency Smart Growth Network
& Federal Highway Administration (FHWA)

VVYVVVVVVVVVY VVVVVVVVY VYVVVVVVVY

Asphalt Pavement Program

Center for Advanced Infrastructure and Transportation
Center Artery

Concrete Pavement Technology Program
Construction and Systems Preservation

Federal Highway Administration Resource Centers
Federal Lands Highway Program

Garrett A. Morgan Technology and Transportation Futures
Program

Geotechnical Engineering

High-Performance Concrete Bridges
High-Performance Steel for Bridges

Highway Innovative Technology Evaluation Center
Highway Safety Information System

Hydraulics

Information: FHWA Exhibits

Infrastructure Research and Technology

Interactive Highway Safety Design Model

Local Technical Assistance Program

Long-Term Pavement Performance Program

McTrans (the Center for Microcomputers in Transportation )
National Highway Institute

Nationwide Differential Global Positioning System
Office of Asset Management

Office of Highway Policy Information

Office of Infrastructure

Office of International Programs

Office of Operations and Intelligent Transportation Systems
Office of Safety

v Intersection safety

v" Pedestrian Safety



v Safety Vital Few Program
» Organization for Economic Co-operation and Developments
Road Transport Research Program
» Pavement Smoothness
> PC-TRANS
» PIARC-World Road Association
» Planning and Environment
v" Access management
v' Congestion Mitigation and Air Quality Improvement program
v Intermodal and Statewide Programs Data van
v ‘It All Adds Up to Cleaner Air’ Pubic Education Initiative
v’ Livable Communities
v National Scenic Byways Program
v Office of Real Estate Services
v Transportation Enhancement Program
» Preventive Maintenance
» Recycled Materials Resource Center
> Research, Development, and Technology Strategic Communicat
> Research Partners
» Small Business Innovation Research
» Technology Implementation Group
» Travel Model Improvement Program
» Universities and Grants Programs
» Wood in transportation Program
» Woodrow Wilson Bridge Project
& Federal Motor Carrier Safety Administration
& Federal Railroad Administration
& Federal Transit Administration
4 Maritime Administration
4 Maryland State Highway Administration
& National Aeronautics and Space Administration (NASA)
& National Asphalt Pavement Association
& National Highway Traffic Safety Administration
4 Transportation Research Board
> Affiliates and Publications
> Innovations Deserving Exploratory Analysis (IDEA) Programs
» Information Services (TRIS and RiP Database)
4 US Army Corps of Engineers
€ US Coast Guard Marine Transportation System
4 US Department of Agriculture
& Volpe National Transportation System Center
€ American Public Transportation Association
& Federal Transit Administration
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4 National Household Travel Survey
4 Transportation Research Information Services
BEhiBAELAREMGRUEARKELMREGEREH TUES
TREL:ABGERHPIZHZAERREARARARES  HNEAH
B RARRAS RBENFZL—FERRFRALEL NBBIES
) 0 I ABEEHH R E AR TEPA  Asphalt Pavement
Program ~ Concrete Pavement Technology Program ~ Long-Term Pavement
Performance Program ~ Office of Asset Management - Pavement
Smoothness ~ Preventive Maintenance ~ Recycled Materials Resource
Center 2> T2 THRLANLFRHNG O Y BAFFHEIARBRARLE
R BE =~ ZARGHATHBETFERARN -

BB A — ~ ARAN s8R,
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B A = - ARAN M & % 2% BT 3%

3.2 911 Wik Btk iaHBEA

ARRKEHHNREAN I FHBRRDBERI BHTHRE
(Workshop) » 3R &9 X 2H 85 ©

1.
2.

3.

Traffic Incident Management %X i@ $#& %

Using Simulation to Evaluate Impacts of Airport Security
EREBE ARG RREZHE

Transportation Security Research: Establishing a National
Priority &% &mR - xR RE LM

Glare and Nighttime Roadway Visibility ¥ B R &K ¥4 3
TRE

Reaching 100 Percent: Achieving Higher Sear Belt Use Rates
FEB X —EHRETERSE

What is Safety Culture and How Can It Be Improved? %ofe
iR

Intersection Crossroads to Safer Driving? B o r& &4
Railroad Safety, Derailment Prevention, and Risk
Assessment 8- 2 ~ AP B L MRS

Transportation Finance iE#34/&
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3.3 BiEAEGETY

GHRHEMBENEBETNFCHPMRBGEAML L ABINEE
& &(Comrmttee Meetings) R T4 WA B R BF US> 1
ANBATIRESF ﬁ’uTﬁzéaé FROEZEFHUR KR —F3
BATHHRE @ - ZRTXEBEBEGHERS AT EZRABAEY
HAM R THAENEHEE A EH > £ & H 4% % (Technical
Activities) s & TF I3 ¢
Group 1::2 # % %41 2 #2 47 ¥ (Transportation Systems Planning and
Administration)

Section A % 3£ #1 47 gk (Management and Administration)

Section B #f 4-iE B i #;j(Multimodal Freight Transportation)

Section C :& #5788 - &k ~ &% (Transportation Forecasting. Data,

and Economics)

Section D £ #; 4 44, 2| (Transportation Systems Planning)

Section E /i 1 # (Public Transportation)

Section F 3% 35 % (Environmental Concerns)

Section G #t % (Aviation)
Group 2 : & 3%k 2 3% 3t #2146 T (Design and Construction of

Transportation)

Section A —#& 2% 3t (General Design)

Section B 4% & % 32 (Pavement Management)

Section C 4 #4544 (Structures)

Section D & # (Bituminous)

Section E ;&% + (Concrete)

Section F 3 1 (Construction)

Section G #h. 14 (Geomaterials)

Section H +3% /7 2£(Soil Mechanics)

Section | . % #1 + 3% 4% M (Geology and Properties of Earth

Materials)
Section J #ii8 % #:(Railway Systems)
Group 3 @ E#Hex B & - 2924 (Safety, and Maintenance of

Transportation Facilities)
Section A 3% 5% # % i (Facilities)
Section B & A # #1 & #m(Users and Vehicles)
Section C #: 3# (Maintenance)
Group 4 %4 % /R (Legal Resources)
Group 5 ## 4 % /% #2137 (Intergroup Resources and Issues)

12



3.4 Bt g

it a &G ReHE > AT AR LER
vV o iTE g R Admmtstration and Management
v’ #i7% E ¥ Air Transportation
v ¥ B 8 2 2% 3t #1454 Bridge, Culvert and Tunnel Design and
Performance
v' % % Congestion
vV i I(— & ~ 45&E ~ &x4h)Construction
v’ &} Data
v #t/R Energy
v IBIg W £ 8 Environment and Aesthetics
V%M~ R B2 ket BL4K Facilities, Equipment Design and
Performance
v B ~ @A i € 488 Finance, Economics and Socioeconomics
v’ 38:8] Forecasting
v' % & Freight Transportation
vV N B ESLTE Highway Operations and Traffic
v KX ~ KX #LKE Hydraulics, Hydrology and Water Quality
v & 4% # Information System
v %2 838 Z 4 Intelligent Transportation System
v 3 4 E ¥ Intermodalism
v k4 Law
v’ 4 # Maintenance
v B CGEF - AR REEE - REH)Materials
v AEE IR ~ 3%t 4534 Pavement Management, Design,and Performance
VAITABBITER L Pedestrians and Bicyclists
v #.%| Planning
v’ 483 Railroads
221 A B 44 %% Safety and Human Performance
%4 $145 & Security and Recovery
F3E - W H s K Soils, Geology, and Foundations

Spotlights
Rk 285 5% 3T & Strategic Highway Research Program

TEA-21 and ISTEA
1% 38 1 ) 2 E &y Transit and Public Transportation

% & Trucking
7k 3& Water Transportation

AN NI N N N Y U NN
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m -~ 43 Houston Transtar

Houston Transtar(# B w3 )44 City of Houston, Harris County,
Metropolitan Transit Authority of Harris County( METRO) & State of
Texas(TXDOT) % va{E 47 1996 4Fva B prda sk » A S & F ARMEME
(the Greater Houston Region)w BB G P E# A A thB ] - %3t - 2
FURGEFREE -EBBZEHREEL 4306 FHh32, Av#AwmE
EA-

8 B w ~ Houston TranStar

TranStar T BEREEF 045 -

o 160 % E 2 ZHikN%EHE 4 #4( Freeway Management System)si & &
thiEE8 A % 300 R E

e ARABEEIEHEFHEE

o F 128 MBE E K AR EARIE

o 316 AR ABHBRERELR

o 154 %)% & MAZ % (Dynamic Message Signs)

e 12RBEEME R 1 EHEHK 69 A% IAEE (Highway Advisory
Radio) & # -

e MUMARERREESRX HOV i A 10EMNBABY 6.6 % F
Kty Rk £38( dianond lanes)
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e 2,800 M EM @KL S

o s BE& 2 4 (Intelligent Transportation Systems, ITS) 3t &

o %% %1933k (Emergency Management Operations)

o rk¥3p 44 (Flood Alert System) & i % X 1% & 3R & % (Roadway
Weather Information Systems)

PO EEIOE

(1) #Z# % (Transportation Management) : 3% P B £HE IR
HEEHAA(TOZEE 3 CAHF S M OBMER D ZIBU
BB R AR o 3B sk BT 45 B ER(CCTV) ~ &) & A 3RARE
(DMS) ~ i 44 % i@ 3535 (Synchronized Traffic Signals) ~ & B R E
% (Speed Sensor) ~ % 3LE & € & (Highway Advisory Radio) % -

(2) Z&F% %3 (Energency Management) @ KAK#FIEHE 42 % A B
B~ K s TEBEZEEIFHE L o biFEp EELE TranStar 89 %
& 1% 4F ¥ < (Emergency Operation Center, EOC)sA % R & ; w1 vaf@
BB RBE P SR ENFHE AT RRE SAE AR
BRERAHR - BATEA BT OIE T B 8K E4R % 4 (Automated
Flood Warning System) ~ #f % %/ & i %1% (Doppler Radar Imagery) -
#7 2 R % 3B (Satellite Weather Maps) ~ 3% #% K %57 4 #(Road
Flood Warning Systems) ~HAM &4 E & % -

(3) %% k(Leveraging Resources) : 3% ¥ &y w8 B 2R PR R T
RECHUEABR - BWMBG - RREEARE LATRETHEALA
HREZ LSBT A FIE

(4) #1%(Innovation) : TranStar R £ R F —~EHEHRFTHEARELFE
REBRGELH—Aad LXF—BETAEHTEFET P UL
F o o F — 1A s A o i€ sy 3 4] % (Advanced Transportation
Controller) & s A g9 4E %1 P« 2 2% (ICONS) -

B 7 TranStar & — 18 &k b 6905 N BUG S BUF 8 B B &
VEEGER > MBERFKEE > BT RAER —EHEMITEIIE
MRHESBTR— B - L ARG ARD BT ~ RV ERE
FoRVAESTEPRE > BHAKERK  REEAMAALS AHE
BRzZG - RTAMAEBRAREE  BA B A TranStar KdFF o o
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B A % -~ Houston TranStar X #F $.4
BB —Bp & TranStar A 4835 LI 2 B BRAT M > 2RI A AEEER
ATAERR AU —_HBELAFEIMERREZIEE  REAR
ASFE -

Speoed Ranges (M)

©-19
zo-z9
30-30
“0-a3
50+
NiA

B [Ipryry
F

e
Active Incident  [¥]
Cleared Incident  [¥]

M — ~ TranStar & PP e X3 E 34 A
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5.1 #R#E&A &

EREHEHEELAABREE Lo TE AT —#4 4 (Shady Grove -~
Glenmont ) ~ #(Vienna/Fairfax-GMU ~ New Carrolton) ~ % (Huntington
~ Gallery Palace/Chinatown) ~ & (Franconia-Springfield ~ Addison
Road/Seat Pleasant) ~ #(Branch Ave. ~Greenbelt)# 4 > &R G %A
ANBSEEE » TRAHE RN BB ER  B4% ETR3%F Park and Ride
4% Bag il K FEHHESL(MARC) » AR B - HAB Rk E5
BHEMHRE  BEREFTHH%AH EREF#H5(Ronald Regan National
Airport)ss » ER X R BB S -

Vieswia ()
Dunn I.ndth
West Falls Church (O

Ease Falls Church (O
Ballston-MU Q

ME - 2EEEEXHEREEH

BAXNAREENFMEENBRER QAREEFHOHLUBERER
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BRBsHMERBAHEFEEER -

Y 2 S ALk &1L

BRAE - AARESNAMERZOASEEZHR ASARELAATAGE
RERAHRAKE  RETUKRIRMBERBEMZES > BEERY
B2 XABRNBREIHEREZ  WERSRRERFAGESE - HEXR
RERBEAMCZLBARAUIMAZEETS > N HWEPIATHFRA Al
BMmERRENEENOZE MBS Ze A K - SHH%t
BFTRBEBANEGEBEFTMII LR ELTRNBE A FHARS
100 Lty fRE LM PR

BAL -HESNEZH
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BhA -~ #E2shd $ 35 F 8B FTHIG)

BA+ -~ #E2 T £35 58 (Woodley Park-Zoo 35)
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5.2 ¥R RERAHRE

ABTHBRERAEFRARBE  ERATEARTARRGRARY
Bd ;s B A +— 25 Connective Ave. AT M2 423 » AN RERFER(F
FPEBEABZ G ARBRT QAW EE > N FEFR(T o
EABZFMBALAERIOAREE BRI A _EE B EEKRR
FIRBERERE LARLIRARBEEN IO EEX TR AMER
NS R G EER T BE TR -

B P +— - #id H#E2 % (Connective Ave. )

5. 3 Houston TranStar & % 4 J& 4 + .2 (0ffice of Emergency Management)

Harris County # Houston 353% A ¥ & B ¥ # /% - & # TranStar I
HEBLEWMAZMEY c FaRE S ErmMmzFRAK  FE L% (Fanily
Disaster) s % 1% & ##(Weather Hazards) > & & &3 K - AR ~ BBA
BRI E Z R AR ARE - SR8 A K 5 > Bt TranStar
PEAEREREHEIEHEZIHERERFTAL R+ F=FF -
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BE+= - TranStar Y B S B E ¥ ot K BEREHE

BE = TranStar ) 2B Y ¥ oMb F 87 & B AR X EEKA
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WP BR Ak Saffir-Simpson scale & H % @ B

Category Windspeed (MPH) Damage
1 74-95 Minimal
2 96-110 Moderate
3 111-130 Extensive
4 131-155 Extreme
5 Greater than 155 Catastrophic

3% Harris County/Houston @Rk AREES > BEK WAL
RARBRER T B LEEREEETE ZHFER(I-45N, TX 225,
[-10, 610 Loop, TX 288, US 290, Beltway 8, TX 6, US 5H9N) » =X
B TREHRIGER(SH S, SH35)  »AIR & crfz K@ Hir
% HEWEBRAKERMERERA T ST ER -

RISK AREAS / EVACUATION MAP
\

\

\. -
3 4
N ¥
3 [
\ i '“j -
N5 Lo v el
N NN L
\ vy il
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> WL at i
ri s b | ¢ p
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5.4 ARTHANE & 2 F £ 8 (HOV lane)

TranStar ARSI A REE A G THEX ELE > AKRE - BERAEN
MERE mMeFEREMmE— o a@ai Bt Rhedeszi
DA REEEE  REARARBERZFREMBRAZIBRITR w0l

Atwmpmrm e BETERBEAREENREFHRABAYN —REHEFHEH
R ZBHIN -

B A tvw - HOV S degh

BhE+E -HOVEEREHA
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5.0 Fik A&

BB <Az 6 988 (State Route) #9530 - s34 & & kie
EE P REANBELEMAREEMECHTE > BEA B - RETHE
Bz % B A BREERMRA T0 32 RUMBPHEA 65 HE
DT RES -

BB E 4~ 424 6 348 (State Route) #3

BE -+~ 484 6 3508 (State Route) B ~ RERRE F
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BAFALI-OMEBERABOB A BHBSRARZIBERAFHEEZ
E25 0 BAER AT GIE LI - BA + A MM [-T10 SHik N8B 4T
BHIREGTEZENL  AEMSRABBAEMREZLRE -

BEAASL -3 HESHR BB

BA+A A [-TI0 SR B BEBEREZ BN
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1. TRB & £ M B EHAFIAIE N LFe 24 R B8 - ARIFIHR
A EZAHBUAIELe2EE 245 FXF e eRI AN
TS ERAERE -T2 MEMABRHG  ARRBAR ST
PR AREg A THRENOSE T4 Fa4tEaA
B 7424t —3a AR - (1)New and Young Attendees Welcome Session
and Networking Reception (2)Presentation Training Z 4t » 7F#
HAE LA B4 TREETHHEGABR MFEHEETA
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Abstract

Electronic Toll Collection (ETC) is one of the major developing fields of Intelligent
Transportation Systems (ITS) in recent years. The field trial of ETC had been implemented
for two years in Taiwan Freeway System. The main components of ETC include Automatic
Vehicle Classification (AVC), Automatic Vehicle Identification (AVI) and Video
Enforcement System (VES). In addition, Weigh-In-Motion (WIM) has been widely applied
and incorporated into Commercial Vehicle Operations (CVQ) with Automatic Vehicle
Identification (AVI) technologies in Taiwan for more than eight years. This is also
considered as a sub field under ITS. With the integration of AVI and WIM technologies, the
weight and safety check of commercial vehicles and drivers can been done in real time on
highway main lanes under normal traffic speed. Since AVI is the key-bridge between ETC
and CVO, the integration will not only significantly increase the total system benefits but
also can dramatically improve the effectiveness of commercial vehicie operations and law
enforcement. The objectives of this study are to develop the system architecture, build up the
system operating mechanism, and carry out the field trial of the prototype system. The
prototype system that performs the function of electronic scréening of overloaded trucks has
been developed and tested on freeway in this study. All overloaded test trucks are identified
satisfactorily, verifying the technological feasibility of this integrated system.
INTRODUCTION
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Taiwan’s first Freeway has been opened to traffic since 1978. The second and third
freeways jointed the service in 1993. The network functions as a toll system. It is known that
Electronic Toll Collection (ETC) is one of the major developing fields of Intelligent
Transportation Systems (ITS) in recent years. The main components of ETC are Automatic
Vehicle Classification (AVC), Automatic Vehicle Identification (AVI) and Video
Enforcement System (VES). Although the current toll collection is handled manually, a full
scale field test of ETC in Taiwan had been conducted on National Freeway 3 from November
1998 to January 2001 by Chunghwa Telecom (CHT). A total number of 2500 passenger cars
with transponders (on-board-unit) were tested during that time period. The test results
indicate that ETC is highly feasible on the freeway system. In view of the successful outcome
of the ETC field test, Taiwan’s Ministry of Transportation and Communication (MOTC)
decides to install the ETC system on the entire freeway network. It is scheduled to commence
in early 2004 and at least one toll booth at each toll station will be equipped with the ETC
components, so cars equipped with ETC on-board unit (OBU) can pass the toll station at
much higher speed (around 45 kmph) than the current manual toll collection system.

Under current freeway traffic control regulations in Taiwan, all loaded trucks must enter
the weigh station that is located in both sides of each toll station for weight checking. Trucks
equipped with or without OBU are all required to be pulled in for weighing, and the ETC
does not provide any benefit to the driver in this weight checking due to the delay in the
weigh house. In order to improve the commercial vehicle operation efficiency, using the ETC
system alone is not sufficient. Some other technologies must be integrated with the ETC
system to improve the weight check efficiency. The Weigh-In-Motion (WIM) is a possible

solution.
OBJECTIVES

Since AVI is the key-bridge between ETC and CVO, the integration will significantly
increase the total benefits of the system and can dramatically improve the effectiveness of
commercial vehicle operations and law enforcement. This paper does not address the
technologies of the detecting devices but rather focuses on the following objectives.

B Develop the architecture of the integrated system,
W Build up the system operation functions, and
B Carry out the field trial of the prototype system.

PROJECTS REVIEW

WIM has been widely applied for many decades and incorporated into Commercial
Vehicle Operations (CVO) with AVI technologies, a sub field under ITS. With the
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integration of AVI and WIM technologies, the weight and safety check of commercial
vehicles and drivers can be done in real time on highway main lanes under normal traffic
speed. Those trucks that passed all the checks need not be pulled into the weigh station.
There will be a significant reduction in travel time for commercial vehicles, and highway
patrols can focus more on trucks that may violate the weight and/ or other vehicle regulations.
Currently, there are three major CVO systems, PrePass, Oregon Green Light, and NORPASS,
have been operated in North America since mid 90’s and the benefits have been proved
(1,2,3).

Both PrePass and Oregon Green Light are oriented from a research project, called
HELP (Heavy Vehicles Electronic License Plate), started in 1983(4). Field trial of HELP
project was called Crescent Project started in 1989 at I-5 and I-10. When the Crescent Project
ended in 1994, a public-private-partnership company, named HELP, Inc. was established.
The Crescent Project was changed to the name of PrePass System and began it commercial
operation since 1996. PrePass system has become the largest CVO system in North America.
There are around 200 operation sites in 21 states in the U.S. and more than 200,000 trucks
participate in this system (1).

Oregon, also a member state of Crescent Project, decided to operate their CVO system
after the project ended with the funding from federal government. Their system is called
Oregon Green Light. There are 21 weigh stations in Oregon State installed with CVO
equipment and about 1,900 trucks participate in this system in 2001 (2). In addition to the
above two systems, the NORPASS system is newly organized. The system is formerly called
Advantage I-75. NOPPASS has five member states, eight partner states in the U.S. and one
partner province in Canada currently (3).

The technologies used in Prepass, Green Light, and NORPASS are very similar. Main
lane WIM systems, as well as AVI antennas, are installed at upstream of the weigh station.
All trucks equipped with AVI transponders would have a safety and registration check when
they pass the system. The weight of the truck, safety records, and registration data are
compared with the preset criteria. Those who cannot meet any of the criteria will be asked to
pull in the weigh station by sending message back to the transponder.

The possible benefits of these systems are,
1.saving the traveling time for those trucks who can bypass the weigh station,
2.saving the operating costs of motor carriers since trucks get better fuel efficiency and suffer

less vehicle wear and tear,
3. lessening safety hazards created by heavy traffic at weigh stations,
4. enjoying better driver retention and easier driver recruitment, and
5. increasing customer service as fewer stops mean quicker delivery.

SYSTEM ARCHITECTURE
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The architecture of the whole system is shown as FIGURE 1. It is composed of four
sub-systems, namely roadside sub-system, vehicle sub-system, administration sub-system,
and external sub-system. Each sub-system will be described in detail in the following

sections.
Roadside Sub-system

The roadside sub-system is composed of several Changeable Message Sign (CMS) and
the Main-lane Surveillance Station (MSS). The primary function of CMS is to provide travel
information to road users and they are directly controlled by the Central Surveillance Center
(CSC). The MSS installed at the main-lane of highway is controlled by the nearest
downstream Weigh House Control Center (WHCC). The MSS consists of five units with
functions described as follows.

1. Weigh-in-Motion (WIM) system: This system detects the speed, gross vehicle weight, axle
number, and axle distances of each passing truck. Al WIM collected data will be
transferred immediately to the Roadside Operation Computer (ROC).

2. Roadside Unit (RSU): The main function of this unit is to communicate with the OBU on
the vehicle. The communication between the RSU and OBU using the Dedicated Short
Range Communication technology (DSRC) to identify each passing truck. The ETC
transaction and the notification of the results of weight and safety record check can also be
done through the DSRC. Since most of the vehicles pass the WIM and RSU at a relatively
high speed (e.g. 90 to 100 km per hour), two RSUs are needed in one MSS. The second
RSU is located around 100 m downstream and used to send the check results back to the
driver.

3. Automatic Vehicle Classification (AVC): The AVC is designed to detect the classification
of each passing truck. The loop detectors of the WIM can be used in AVC. Through the
comparison between data from AVC and RSU, any possibility of mis-using OBU by truck
driver will be identified and reported immediately.

4. Vehicle Enforcement System (VES): The VES will automatically start and catch the image
of any violated vehicle that is reported by the MSS. Not only the vehicle weight check but
also the other vehicle safety related issues are checked by the whole system. Although the
WIM cannot be used for law enforcement directly, the image is still transmitted to the
WHCC for the possible citation latter. However, the driver will then be notified by the
OBU through the data transmitted from the second RSU.

5. Roadside Operation Computer (ROC): All data and information from the above units are
gathered here. The ROC serves as the data processing and transferring bridge between the
WHCC and other MSS units.
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Vehicle Sub-system

The On-Board Unit (OBU) is the major component of the vehicle sub-system. With the
use of OBU, the ETC transaction and truck weight and safety record check can then be
processed. The OBU must be capable of displaying “red” and “green” lights on the small
LCD screen or providing different sounds to indicate the various checking statuses to drivers.

Administration Sub-system
The administration sub-system is composed of the Weigh House Control Center (WHCC)
and Central Surveillance Center (CSC).

Weigh House Control Center (WHCC)

The WHCC is located in the weigh house near the toll station and operated by the
highway patrols. WHCC controls all the MSSs between itself and upstream WHCC and is
composed of the following sub-systems. The computer system used in the weigh house is
called Weigh House Computer (WHC) which controls the static weigh pad, truck record
checking sub-system, violation citation sub-system, traveler information sub-system, and
fleet management sub-system. These five sub-systems are described as following. The
relationship among the WHCC, toll station, and MSSs is illustrated in FIGURE 2.

1. Static weigh pad: All trucks that are not equipped with OBUs must pass the static weigh
pad for weight
checking. Trucks equipped with OBUs but identified as suspicious overloaded trucks by
the upstream MSS have to be weighed again for confirmation.

2. Truck record checking sub-system: This system receives the truck information transmitted
from the upstream MSS and checks the safety records based on the database of the
Department of Motor Vehicles (DMV). If the truck meets all the criteria, e.g. taxes issue,
insurance issue, and weight limits, it is no need to pull the vehicle to the weigh house.

3. Violation citation sub-system: All violation images captured by the upstream MSS will be
sent back to here. The system will process the image and make the violation citation to the
driver if the vehicle’s static weight is above the weight limits.

4. Traveler information sub-system: The macroscopic traffic flow data of the roadway
section is derived in this sub-system. All data will then be transmitted to the CSC.

5. Fleet management sub-system: The microscopic truck data of all trucks are stored in this
sub-system. Data will be transferred via the truck surveillance system in the CSC to the
truck company’s surveillance computer for fleet management.

Central Surveillance Center (CSC)



The CSC comprises the truck surveillance sub-system, weight analysis sub-system, and
traveler information providing sub-system.

1. Truck surveillance sub-system: The microscopic truck data of all trucks are transmitted to
this sub-system and again to the truck company’s surveillance computer for fleet
management. Moreover, the system will hook up with the DMV computer periodically,
update the CSC database and transfer the data to the WHCC.

2. Weight analysis sub-system: All weight data gathered by the MSS will also be transmitted
here. This
information will be stored in a database and can be used for pavement management. In
addition, the data can also be used for many other purposes, such as travel mileage and fuel
tax calculations.

3. Traveler information providing sub-system: The macroscopic traffic flow data from each
WHCC are
transmitted here. The data will be shown on the CMS and transferred to the traveler
information service provider.

External Sub-system

The external sub-system comprises the truck company’s surveillance computer, DMV

computer, and traveler information service provider.

1. Truck company’s surveillance computer: This computer is located in each truck
company’s administrative office and is linked to the CSC through the internet. The
locations of all trucks belong to the same company can be retrieved by company owner for
managing the whole fleet.

2. DMV computer: The CSC hooks up with the DMV computer through the wide-area
network (WAN) at a certain time period, e.g. every 24 hours. Vehicle registration and
safety records can be downloaded and updated in the CSC database.

3. Traveler information service provider: The traveler information service provider can
retrieve traveler information from the CSC. After processing the data, information will be
sent again to the CSC by the provider.

Data Flow

The proposed data flow chart of major components is shown in FIGURE 3. Most data
flow between the MSS and the OBU. Station ID, date/time, WIM-detected vehicle type, ETC
transaction results, and weight check results are transmitted from the MSS to the OBU.
Vehicle ID, permitted gross vehicle weight (GVW), and the check time at last MSS are
transmitted from the OBU to the MSS.
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The MSS will transmit vehicle ID, Date/Time, WIM data, and the image of vehicle, if it
violates any criteria, to the WHCC in real time. These data might be used as prove of the
violation latter. After data analysis carried on in the WHCC, the traffic information would be
transmitted to the CSC periodically. The information will be used as the source of traveler
information. The MSS also downloads vehicle registration data that provided by DMV data
center periodically. Vehicle’s license plate number, pass date/time, and passing station ID are
transmitted from the CSC to the truck company’s surveillance center for the fleet
management purpose. The CSC will also transmit traffic information to the ISP (Information
Service Provider) for information broadcasting.

Communication Protocols

Data transmission of the integrated system is achieved by the following various
technologies.

Wireless LAN

Wireless LAN technology is used for a relative short distance, such as among WHCC,
MSS, and CMS. The technology has been used widely in ITS application. The frequency of
2.45GHz, belongs to the ISM band, is introduced for use under “ad-hoc” mode of
IEEE802.11b protocol and spread spectrum technology.

Wired LAN

Wired LAN technology is widely used for long distance data transmission in this system,
such as multi-DMVs transmission, multi-WHCCs transmission, and between WHCC and
CSC. The technology is also an alternative while the on-site condition is not suitable for
wireless LAN. The Ethernet architecture will be used.

WAN (Wide Area Network)

WAN technology is used between the system and any other private components, such as
ISP and truck company’s surveillance centers. The common hypertext protocol shall be
adopted with standard internet browser as the interface.

DSRC (Dedicated Short Range Communication)

DSRC technology is the protocol adopted for the data transmission between the MSS and
the OBU. Basically, DSRC can be used through infrared or microwave. It is suggested that
the same technology used for ETC project should be used in this system.

SYSTEM OPERATING MECHANISM
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There are five operational functions developed in this integrated system, they are
- pre-screening the overloaded trucks,
- monitoring the specially permitted vehicles,
- checking trucks’ safety and registration records,
- overspeeding enforcement, and
- executing the ETC transaction

FIGURE 4 illustrates the flowchart of all the functions, and each function is described below
in detail.

Pre-screening The Overloaded Trucks

For any truck equipped with OBU its ID, the weight checking results as well as check
time at last MSS or static weight house, and other necessary truck information will be
identified by the DSRC communication between the OBU and RSU. At the mean time the
truck is weighed by the WIM at the MSS site. If the time gap of passing this MSS and the
upstream weight check point is within the preset tolerable limit, and the truck meets the
bypass criteria earlier, say with a qualified record, a bypass signal (green light) will be given
again to the truck through the second RSU to OBU. If the time gap of passing this MSS and
the upstream checking point is not within the preset tolerance, the ROC will compare the
weight detected by the WIM and the legal gross weight limit obtained from the OBU.

If the truck is identified as a suspicious overloaded truck, the VES will start and take
the photo of the truck immediately. All the data will then be transmitted to the downstream
WHCC. If the truck passes all the checks (including other checks described above), a bypass
signal will be given to the truck through the second RSU to OBU. Otherwise, the truck will
receive a violation signal (red light) and be pulled into the WHCC. The suspicious
overloaded truck will be weighed again by the static weigh pad at the WHCC for double
check.

At the initial stage of system implementation, the MSS will be only installed at
800m~1000m upstream the WHCC for the pre-screening purpose (indicated as MSS 1 in
FIGURE 2). For further system implementation, the MSSs can also be installed at other
highway main-lane locations, such as MSS 2, MSS 3, and MSS 4 in FIGURE 2. For any
truck equipped with OBU and being detected as a suspicious overloaded one, it will be pulled
into the nearest downstream weigh house. If the truck does not comply with this order, the
system will automatically send an overloaded violation citation to the driver. In order to
prevent any mis-citation, a higher threshold value shall be used in these MSSs.

For trucks not equipped with OBU, the truck type can be classified by the WIM and the
weight can be detected. Detected data and photo image, if the truck is considered overloaded
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by comparing the WIM data with the rough estimation based on the truck type, will be sent to
the WHC in real time for further analysis. Trucks without OBU are requested to go through
the downstream weight house at no choice.

Monitoring of Specially Permitted Vehicles

For any vehicle that need a special permit to use highway, it is required to equip with
OBU and its license plate number will be stored in a dedicated database. When any
OBU-equipped truck passes the MSS, it will be checked to see if it has the right permission
to operate on the highway. If the truck has a valid permit number, the position of the truck
will be reported to the CSC via the WHC. Otherwise, the VES will take a picture of this truck
and the highway patrols at the weigh house will be notified. The truck will then be pulled
into the WHCC. If the truck fails to comply with the order, a citation will be made by the
highway patrol using its violation image.

Checking Trucks’ Safety and Registration Records

The safety and registration record of each OBU-equipped truck will be checked each
time it passes the MSS. If the truck has no qualified safety and registration records, the driver
will be notified by a fail signal, and the highway patrols will also be informed at the same
time. The truck will be pulled into the WHCC.

Over-speeding Enforcement

The AVC installed at each MSS is capable of detecting the vehicle’s speed. If any
passing vehicle is over-speeding, it will be detected by the AVC. The over-speeding vehicle
will be pictured by the automatically engaged VES. All the violation information including
the image of that vehicle will then be transmitted to the downstream WHCC. It will be cited
by the highway patrols.

Executing ETC Transaction
The ETC transaction will automatically be processed when any OBU-equipped truck

passes the system. Trucks who equipped with invalid OBUs will be pictured by the VES and
it will also be cited by the highway patrol at the WHCC.
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DEVELOPMENT AND FIELD TEST OF PROTOTYPE SYSTEM

In order to verify the technical feasibility of the integrated system, the prototype system
has been developed and tested in this research. The prototype system is developed in
conjunction with the Chunghwa Telecom (CHT), the developing and operating company of
Taiwan’s ETC test project. This section describes the development and test results of the
system. However, due to the time and budget constrains of this research work, not all the
planned functions were tested in the prototype trial.

Operating Procedures of the Prototype System

The primary system function, screening of overloaded trucks, is developed in this
prototype system. Only one WHCC and one MSS are included. The detailed operating
procedures can be seen in FIGURE 5.

1. When an OBU-equipped truck passes the MSS, the DSRC is automatically engaged
between the first RSU (RSU1) and the OBU. The license plate number, truck type, legal
gross weight, and check results at the upstream MSS of this truck, all stored in the OBU,
will be sent to RSU1. Once the communication is
successfully processed, two-beep sound will be generated by the OBU to notify the driver.

2. At the same time, the WIM will detect the vehicle length, speed, axle weight, wheelbase,
and gross vehicle weight of each passing vehicle. All the data will be sent to the ROC.

3. The vehicle type can be classified by the ROC using the WIM data. Matching is made
between the OBU data and the WIM data, as well as its corresponding vehicle type. As
long as all the data appear to be the same vehicle and the time gap between the OBU and
WIM data within the preset tolerable time limit, matching can be achieved successfully.

4. For the successfully matched data, the truck’s passing record at the last MSS will be
checked first. If the truck meets the bypass criteria at the upstream MSS, a bypass sound
(one beep) will be given to the driver with the communication between the second RSU
(RSU 2) and the OBU. The driver can by-pass the WHCC with permit.

5. If the passing record at the last MSS is not qualified, ROC will compare the data from
WIM and its legal gross vehicle weight that is obtained from the OBU. If gross vehicle
weight is smaller than the legal gross vehicle weight plus a preset tolerance, the one-beep
bypass sound will be given to the driver. Otherwise the driver will be notified by a failure
sound ( a series beep sound) and the truck must go into the WHCC.

6. The check record of each truck will then be stored in the OBU and sent to the WHC at the
weigh house in real time.

The layout of the prototype system is illustrated in FIGURE 6. Two Infrared Red RSUs
were installed at the highway roadside (FIGURE 7). The communication between the WHC
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and MSS is achieved by wireless communication technology. The antenna is also illustrated
in FIGURE 7. A Portable high speed WIM sets ( including one WIM sensor and two
deductive loops) is used in this system. (FIGURE 8) The Infrared OBU used in this research
was designed and manufactured by the CHT (FIGURE 9). The interface of ROC is shown in
FIGURE 10.

Field Trial of the System

A full-scale field trial of the integrated system was conducted on National Freeway No.3.
The system was installed 1000m upstream Long-Tan north-bound weigh house. Two major
truck types, four axle semi-tractor trailer (252) trucks and single unit trucks (U11), are used
in the field test. A total number of six trucks equipped with OBUs were tested for 140 runs in
the test site. The combination of truck loading condition and running speed is shown in Table
1. The major objectives of the field trial are to verify the technological feasibility of the
system and to evaluate the bypass threshold of this system. The test results are also shown in
Table 1 and detail description is given below.

Technological Feasibility Verification of the System
All system functions have been tested and verified at the CHT research lab. During the
field trail test the outcomes are relatively satisfied with only two kinds of system
malfunctions, mismatch of WIM and OBU data and defect of OBU. However, the problems
were solved during the tnal test.
1. Mismatching of WIM and OBU data:
If two trucks of the same type passed the system with headway less than the minimum
required matching time, i.e. 8 seconds in this trial test, the WIM and OBU data would be
mismatched. In this situation, if both trucks were equipped with OBUs, the WIM data of
the first truck would be matched to both trucks. If only the followed truck was equipped
with OBU, the WIM data of the first truck would be matched to the followed one. If both
are not equipped with OBU, the WIM data of the first truck cannot do any match. It is
found that the problem was due to the data matching logic used in this system and it was
solved during the test period.
2. Defect of OBU:
OBU malfunction happened once during the trail test. It was mainly due to the inefficient
communication between OBU and RSU. Due to environmental constraints, the RSU was
hung on the light post along the freeway. It is suggested the RSU be installed on an
overhead or cantilever gantry in order to enhance the communication efficiency.
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Bypass threshold analysis
Another objective of the trial test is to study the appropriate bypass threshold that can
screen as many overloaded trucks as possible and minimize the number of mis-screened
trucks that being pulled into the weigh house. Since the accuracy of the WIM has significant
effect on the measured truck weight, the threshold can be defined as Eq.(1).
The concept of threshold selection can be seen in FIGURE 11.
TH=GVW R(0=ACCU) ..., (D)
where
Th : Bypass threshold
G VW:. Legal vehicle gross weight
Accu: Accuracy of WIM system, expressed as +%

The accuracy of the WIM used in this field test at confidence interval of 95% is 143
%. The low accuracy is primarily due to the characteristics of selected WIM type. According
to this value, the bypass thresholds of 2S2 and Ull are 30.00 tons and 12.86 tons,
respectively. The screening outcome of this field-test is shown in TABLE 1. If a more
accurate WIM were used for the test, the threshold values could be increased so as to more
close to the legal weight limits. In this case only the trucks that have loaded close to the legal
limits will be pulled into the weight house. The efficiency of the whole system can be
significantly improved under this condition.

As seen in TABLE 1, most of the test runs are classified as “Fail” because most the
tested trucks were loaded above the selected threshold values. The average accurate rate of
the trial test for 2S2 is 95% for both test speeds. And the average accurate rate for the U11 is
86.7%. The overall accuracy of the trial test is 91.4%. The outcomes reveal that this trial test
has very successful results.

CONCLUSIONS AND RECOMMENDATIONS

In this study, the concept and architecture of the integrated system, as well as the system
operating mechanism, have been developed. The architecture of the system comprises the
roadside sub-system, vehicle sub-system, administration sub-system, and external sub-system.
And the operating mechanism can be divided into five major parts, i.e. screening overloaded
trucks, monitoring of specially permitted vehicles, checking trucks’ safety and registration
records, over-speeding enforcement, and ETC transaction.” Through the field trial of the
prototype system, the technical feasibility of the system is verified. The following
recommendations are made,

1. Development of a high-accuracy WIM system and an automatic calibration mechanism:
The WIM system accuracy is crucial for the total system performance. Research efforts

55



should be put on the development of a high-accuracy WIM system. Through the
implementation of the system, a huge amount of WIM and static weigh pad data can be
collected. The relationship between the WIM and static weigh pad data can then be
clarified. An automatic calibration mechanism could be developed from the research
outcome.

2. Implementation study of DSRC technology on other commercial vehicle operations: The
DSRC technology has been widely used in electronic toll collection. Besides the
implementation mentioned in this study, the application of DSRC in other CVO fields,
shall also be investigated.
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