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Travel time Data Collection Field Tests 

Lessons Learned 

Executive Summary 
Travel time is considered the single most eflective measure for tmspsdation system peafemmce a d  
congestion. However, travel time data have not been coliected consistently or sufaaciently in most 
urbm meas. A sumey condut;t.ed by the Federal Highway Admirais&aticsn ( F W A )  in 1991 indicates 
that: 1) lisle effort is being expended nationally to collect travel time data; 2) whatever data exist ase 
collected sporadically; and 3) data are not collected in a mmner which would allow meaningdhal 
intercity ~compxisons or trend analyses. 

Highway engineers have traditionally used floating carir, aerial photography, or radw methods to 
capmre average car WOWS, b a f i ~  densiv, md gravel speeds, Travel surveys are p e ~ o m e d  to obbin 
samples of trip time and mode selection, a~d the dab are collected via trip diwies or mveler 
intewiews. More recentiy, spot speeds along with other &a=c p a m e t e n  such as volume and 1me 
occupancy can be obtained via. Boop detector or video suweiIlmce systems. License plate matching is 
also used to t m ~ k  vehicle Pieense plates at varleus obsemation kocations md thus cap8La~ the elapsed 
times across roadway sements. 

TmveI time em a l s ~  be estimated by &avel models using volume, densiq, and roadway capaciv as 
key predictors. Speed famulas $1re specified as a gunstion sf  facility type, roadway geomety, link 
a.&eributes, md most impofimtly, volume and capaciq ratio. Calibrating a speed md volume 
relationship mquires not only a thoroughly defined model specifisdion but also a panel of data. 
iracludhg bavel time a d  speed measusemer~trts, as well ans the associated &afic md madway amibutes. 

Wether tml~el time is derived from field obsewatic~ns or model-baed projections, a multi-step process 
of sample desip, data collection, data processing, md analysis is required. Because of its dpamic 
md dispersive naare, especialBy during congestion, a few samples s f  floating car meansurements or 
isolated spot spc=eds simply cannot address the complexiv of bafic congestion over a trmspomtian 
nemork. The weed to colile~t better and more systematic data is evident. 

%rs order to evaluate the cost md egeetiveness of a m g e  of alternative methods for travel time data 
collection, the Federal Highway Adminiswation initiated a travel time suwey and field test project in 
1993. This project identified and tesbed six data collection methods: license plate matching with 
video, license plate matching with computer, floating car, probe vehicle, aut~mated vehicle 
identification (AVI) bus, md loop detector. Tests were pes%omed in Boston, Seattle, md Lexinasn, 
Kenheky in the summer md fall dudng 1993. 



Executive Sumrr~ary _- 
A to%% s f  15 freeway cs~midors and principal merial s&eets 95 in each city including the route &om 
downtoim cen&ai btlsiness district [CBD] to aairpor%), ranging h m  3 to B 5 miles each, were suwcyad 
in the field tests. Each route was divided into 3 sepents  md each segrnes7t was defined by two 
adjacessr obsawation Iacatiens. Two OP more data. collection methods were usually p e ~ o m e d  
simultax~eously oaa Lh.e same route for compmtivc maiyses. Multiple Bmes (up to 4 lanes) were 
covered, with each lane assigned to a suwyor with a po-bHe computer? or video cmlera set up on m 
o v e ~ a s s  bridge, or rodside, overlsokiwg the i ~ a E c .  A floating car with a driver and recorder would 
report the times when passing ahrotigb the obsawafiorl sites md m y  additional points along the route. 
Loop detector locations were identified on the suserey routes md volume md occupancy data were 
collectad. Eaeh survey day was divided info two suwey sessions, 2 to 6 hours in each of the peak 
& & 4 ~  direction. Eaeh route was sumeyed for at lamt one day and for selected routes up to three 
days. As a result of the field tests, 1,500 Bme houn of license plate videotapes md tens of thousands 
of computer records sf license plate numbers, volume counts, occupmc)), or floating car records were 
collected. 

Data processing, malysis, and report generatiow require a thoroughly designed process in each step, 
Computer s o h u e  programs and procedl-~res were developed for processing m~B&ipI$: data sources and 
data iypas, Data screening erite~a ware developed and iaase&ed in data processing steps to ekiminate 
outliers and false matches. A multi-layer data strncmm was created to store and report the infomation 
by locatboa, date, time period, dimdispn, and me&odo$o~.  S m d a d  repads were devel~~ped to 
present summaqr i~nfomation of average md dis&Hbuted travel times and speeds over specific route 
sepen t s  and time periods. Sample rates and s u m m q  statistics ware caIeu8ated for me tho do lo^ 
compmisons and data malyses. 

Methodology avalatatihsn focused on: sample rate, accuracygr, operational strenghs and Eimitations, 
sample efficiency, and cost. The strengths md weaknesses and a generic cost malysis of each test 
m e t h a d o l s ~  are presented in this report. '&%en pemieed by smple size, a series of reports and 
graphics can be produced to demonstrate the type and rage of &aveH time and speed infomation and 
variations. These data can be used sss the basis for hdher development of tr~nspofira%ion system 
pe~ommce  memurernents, 

la s~ rn~nay ,  there is 110 cc~ncluslsa of a single best methodology for an occasions. Selecting 
me&odologies for travel time data colIeetloa relies %mgely on metmpslitan pplmning organi~~tians 
(MPgZis) to identify data needs md the priority of  data collection. The key factors come d o w  $0 
sample size requirem~ents and smpling efieiency of the techniques, A floating car ssumey ts easy to 
p e ~ o m  but requires a sound sample plan. It is most suitable for a nemok with moderate trafic 
conditions. License plate matching (either video or poritabie computer) shows promising results in 
gaingag large smple size, but also leaves mple Toom fomm@~.e: improved data gathering md 
processing techniques. One advmtage of the video method is bks abiliv to retain tmfic scenes on 
video kpes for sthex data mslysss (trafie count, denlsiv, vehicle mix, and trac denrsiq). The AW 
$US h a  a high level of accumcy and recognition mte but depends on inbsmchre  location and a fleet 
of  vehicles to provide a nleminghl sm~ple base. The Probe vehic1e m e ~ s d  provides a larger smple 
set route ajvarage than. a &~ditionaI floating car me&od but rquirzs a better designed 



Executive Summary 

communis%l&ion and data receiving process to raise the accumcy of data collection. 

Other conclusiolms resulting from the field tests and data collection process include: 

A multi-step process foe Qavel time data collection is required that includes: susvey and 
sample design, methodology selection, suwey planning, field data collection, data processing, 
malysis, and repod production. 

The scope (number of route segments, Ime miles, survey days, and %me-hours) and schedule 
should be defined ad coordinated by local transpo~ation agencies md WOs. 

SmpTie size reqefiremants and sampling efieien~mcy me the key factors isx selecting appropriate 
methodologies for travel time data collection. There is a need In re-esexch $0 develop guidmce 
on minimum smple size requirements for travel time data collection. 

Consistency md regmlmiv of travel time data collection is essential for md congestion 
monitoring, travel models improvement, and many other applications in trmspodaticsm plmning 
md mmiagemennrt. 

Stmdardized survey procedures (e.g., forms, syplcB1roni~ed clocks, labeling md catalsgrring, 
survey logs, and data fomats) are emcia1 to the qualiq of data colle~tion and the eficiency of 
data processing. 

Starndwd data fsmats md data processing procedures will minimize data erroB and the data 
processing time. 

A sindadized program for tmvel time data sollection and repo~ing will be usefaal for naational 
travel time trend maiyses md iratercitg, comparisons. 



Exscutiue Summary 



Consistent md continuous travel time data cal~ection can provide valuable infomation for mol%itoring 
&asgodatalion system psdomz~crce md congestion. By dehitisn, travel time is the mount of time of 
vehicles traversing a sewelat or the route. Average speed is computed by taking the len@h of the 
highway or street segment under consider3tion md dividing it. by the average travel time of that 
segment.' To memure travel tinre systematically, the total travel time or delay in conger;%ion can be 
corngad with the nomal travel time to delemine the level md effects of congestion. A smdsardized 
travel time data collection program em be used for tr&c a d  congestion monitoring, trend maByses 
across rodways OF interclQ ccssmpmisons. Accur.ate travel time and speed mamesuremewe me also 
essential in travel densamd forecating, trafic simulsleions, %el md emission estimation, md air quality 
models. 

Although travel time is considered the most eEective measure for congestion, travel time data have not 
been collected consistently and suficiently in practice. Traditionally, trmspomtiora plmners and 
highway engineers use floating car methods and traveller inteniews to collect origin-destinatim (0-D) 
or link travel time on urban roadways. h'hre recently, loop detedors md video supveillmce systems 
are used to ddect spot speeds along with other traffic parameters such as volume counts, densiv, md 
vehicle classification. Wi le  these techniques may be most sfommanly used in collecting travel time 
a d  speed da@ they ape also hindered by lack of sample size and poor represenhtisn in capbring the 
scope md rmge of various traEc conditions. 

License plate matching is mother way of collecting link or a route travel time data. The concept of 
this meaIrod is to caphre vehicle license plates af traEc strems bemeen a. pair of upstrem a d  
Qownstrem locations over any route segment. The elapsed time is ~alcuHated whenever there is a 
matched plate capmred at bath locations. With the advent of p0fiab16: computers, video imaging md 
sensing technologies, automatic, vehicle identification (AM) device, the data collection md processing 
fcr license plate matching (or an equivalent Vehicle ID) become more possible. It offers a promising 
approach in gathering larger md perhaps more eficient sa~nple size of travel time datz for 
gPmspofiatim planning and traffic mawagemerrf appEications. 

In order to test the cost md eEectiveness of a range of existing md emerging data cslHectisn 
techniques and methodologies, a field test of travel time data col%ection project. was conducted in 
Baston, Seret%Be, md L,exingfon, Kentucky in 1993. This document summarizes the field test process 
md %essons lemed from the study. Chapter I describes the b~ckground sf the study, including 
selection of the pmicipating W B s  for the fieHd test, md methodology se%ection. Chapter 2 provides a 
description of the six methodsHogies tested. Zt slamrnmize~~ by mefkodo10gy9 the key results and 
findings of b5s: field tests and describes the concept md design of the methodoleu, field operations, 
equipmenat m d  costs, data processing, sample rate, a d  its streanshs md Iimitations. Chapter 3 de&i%s 
the Geld test desim and process. Bt describes the five steps in condu~ting 8 frave8 time sunrey: suwy 
design, suwey plan md schedule, trainindpilot test, field surveyldata collection prscedulres, md daPa 
collection of roadway aEr.Pibutes. Chapter 4 describes the stmdwdized data processing, analysis, md 



reporting of travel time data hasad on a unified d a h b ~ e  strucP%$. Chapter 5 presents the ~ ~ n c l u ~ i r n ~ .  

In May 1930 the FmYA sponsored a ""National Urban Congestion Mmitoring Workshop."" The 
workshop p~ie ipmts  made the following prdoriw recommendati~~ns: 

Am mMS-based congestion monitoring activiv should be provided for repo~isag for urbmized 
axeas %with a pop~~latisn of 200,000 or mare. Monitoring of urbm congestion must provide detail 
for sl% major uabmizciiaed meas anatrsnwide. 

Natioxral travel lime data we ~ q u i r e d  to permif trend maHysis of travel times by urban area 
groups. A number of possible mdhsds me available for consideration and couHd be identified 
and spthesized ira s TWB synthesis-lgfpe project. A number of metropsliitan area/cities do not 
conduct eeqnent travel time surveys. A more unifom and rigorous rmdom smpling mdhod 
could be developed to obtain compzissn poposes. An option W O U I ~  include examining specific 
gencgc cmidors for their travel time trend pa$%ems, e.g., city hhalli tea the a i ~ o f l  or one a o ~ ~ n d  I 

be%Wa~r~ An ideal system would monitor average travel times by the major flow pagems, suburb 
$0 city center, city center to city center, etc. The design, synthesis, and development of 
collection techaxiquas me viewed ss priority items. 

11s response to this he~ommendation~ in 1991 the Office sf Highway Elnfomatisn Management issued a 
call for copies of urban tmvel time studies In the United States. The repo&s received showed a variew 
sf methods available to pedom and present travel times, elthough only a few are used regularly. 
These ~(sndies were usually done at akr~egular irltemals for MPOs. The responses showed that (1) little 
e f f o ~  is being expended nationally to capture travel time data, (2) that the data are soliacted 
sporadically, and (3) thet they we not collected in a manner which would aiSow meaniagkl interciw 
comparisons aatioedly. 

A Sbndsdized Travel Time Saw-ay and Field Tests ~rojece was Zniti&ed by the Office of Highway 
Infomation Mmagement sf FKWA in 1992. PieBd data colBection and tests sf suney methodologies 
were condustad in the summer md fall of 1993 in Boston, Edbasa~kEuseEs~ Seattle, Wahin@on, md 
kexin@on, lCenbelcy The Volpe National Trmspoflation Systems Center (VoBpe Center) administered 
the project f i r  the FW14 and coordinated resexch activities during the field tests with the three 
selected W O s  md csmesponding agencies. The prinh;ipa% agencies p~icipatkng in the field tests 
were: 



Boston Cen&al Transportatiopa IPImning Staff (CTPS) 
Boston %m&,.&%.r,oute Systems 
Pug& Sound Regional Council (PSRC) 
Wmkingtan State Transpo&;atiorm Center QTMC) 

* Eexingon-Faygrege Urban C ~ o ~ n t y  Governmenre (LFUCG), TraEc Engineering Division 

Professor Paul Shuldiner of the Universiw of MassachuseEs Amherst and M r ~  Sal D'Agostino of 
Computer Recognition Systems (CRS) teamed up to assist in the methodology design m ~ d  training of 
license plate matching n~ethod using video. The CRS License Plate Reading System (LPRS) was 
selected in a co%11rac$ for the testing of automi%kic processing o f  videotaped vehicle Bicanse plates using 
the machine-vision system. 

'The FHWA extended zi invitation, through theis regional oEces, to my MPOs who desired to 
padisipate to submit a letter of interest. 32 MPOs expressed high interest in pa~icipating in the field 
tests and improving travel time dab. collection for their needs in congestion mmagement requirements 
and regianai twnspor8aei<rn planning activities. Interested MPOs were also asked to provide the 
following infomation about their experience in collecting travel time data: 

Did they have a plan or a regular program to coiled travel time $ah"? 
Vlhsst has been the geographic coverage of previous i)r planned $save] time surveys (central 
Business district, entire urban area, specific e~rridors, etc.)? 
W%lp$ data collection methods were used for travel time suwys (floating car, license plate 
matching, and intemiews, etc.)? 
mat computer hardwwe znd s o h a r e  were used to collect, store9 or process the travel time 
data? 
Wat mapping capabilities were used ta identify route infomatim? Did the MPO have a 
geographic; infom~atisw system QGES) t s  supps~f the display/malysi% of travel time data? 

* Was there ; k ~  inteligenat traeaspon~tion system (ITS) project or operatianal tasting being 
conducted in the MP09s area that way provide advmced technologies in collecting travel time 
data (e.g., highway suweillanarce, probe vehicies, automin$ic vehicle location (AVE), real-time 
travel infomatioi~)? 
Was the MPO a p&EcipaPt% in such m ITS project? If not, was the MPO willing to coordinate 
with the pmicipati~ag agencies to ccmduct a travel time suwey? 

Of the 12 cities md agencies irclha responded to the FWWA request for paflicipants, only three were 
selected. The focs%lowing criteria were used to select the final three p&icipants: 

Two large mdropolitan areas with recumring congestion problems; 
One small urbanized area with papuhatiosr over %00,k800; 
Advmced kra5c mmagemerlt systems, iTS, or travel demmd mmagemenf W M )  progrms in 



use in the area that could provide valuable input to travel time data celledhon; 
Highly interested and eommified $a p&icipate in the project; 
Highly qualified technical staff sgld flexibili~ to coordinate with other agencies to wppm this 
project; 
ReguEw ccoarbact ammgernenls with or experience ips hiring E o ~ l  asniver:ssi&jr students to p~iciipate 
in fieid surveys; md 
Air~art  within or adjacent to the metropolitm area, 

Boston Cantraf Trmspofiat.$ion PJmning Staff (CTPS), Puget Sound Regia~la! Council (PSWC), and 
Kentucky's Le;xin@on-FayayaC-8:e Urban Couxsw Govem~nent (LFUGG) were the final three seiectees for 
the trawl time sh~dy, with Sari P~mcisco'e MTC md bomi8Ee's MPC as alternative candikdtes. 

'Re three MPOS selected rnd d l  the of the criteria and were represenQtive of the nation in terns of 
geographic: Iocatisn, size, md urbanlation chmcteristies. All three had retuning traffic congestion 
problems and ware strongly ~~ot i va ted  to pP;Picipate in the travel time study, Both Boston md Pug& 
Sound had .very strong technical staff and on-going ITS md trafih: monitoring programs that  cold 
provide usehl input to this project. Lexingon, with its 250,000 population, was representative of a 
medium-size urban area. Its extensive Eoop ddector neWork and suweillmance system enabled the 
whole rmge of alternative data cslledion methods (license plate matching with video and po&able 
computer, floating car, md Eosp detectat volumes) in the field tests. 

A review sf literabre and cment data co&lection practices was condu~ted as part of the project to 
identi@ existing m d  rnew me;tbodoEsgies for travel time and speed data r;mo%lection. Table 1-1 describes 
the characteristics of nine methodologies. The first six methodologies were tested in the projed. 

Six methodologies ware ineluded in the field sraweys. Each MPO was asked to field test one or more 
sf the fol1owing me~%~odslsgies: 

1. 1,icense Plate Matching with video 
2, Lfsense Plate M~tching with poR$abIe computer 
3. Floating Car 
4. Probe Vehicle 
5 .  AW (a~l t sn~at i~  vehicle identification) bus 
5. Loop Detector 



--pp."---- - Introduction 

Table 8-3. Qvemiew of Travel Time Sowev Metlkodolo~ies 

Charaetraristies 

apture up t o  60% of vehicles passing 
ne, 4 800 platesthour wlplate reader 

s Capture through traffic only HeedwaysiDensity 
c Difficult PG trace origin, destination, and 

Equipment intensive for date collection 

B. Typically partial plate Technology Weaditaass: 
P Currently available 

-- 
Typically 6-12 data samples celiected Minimal training required 
per segment; Technology Readiness: 

Probe Wehicie 

Labor intensive for data ca l le~ ion  and 

uality of data may nut be camsistent 

Cene discrimination available in same 

Infrastructure dependent 
Acchtkacy level is not consistent 



Table 1-1. a e w i e w  of Travei Time Suwey MeiBaPBoB~gia, Continued 

Tcsharo%ogy R61adim~ss: 
b Currentiy a\saiJable 

Travgt 8er TocRnoQshgy Paadinesrs: 
Iwtervisaw b Response rakes Currently available 

Data accuracy 

Tk~a ma&o$oEogies sele~ted !in the suweys Eneluded bdh wnvenzatieenal and new technologies that ape 
now baing used in practise. The sumeys emphmimd route/segw%ent a$ve1 times that would in turn 
produce avemge routisemen$ speeds, h o w g  the six we&ods, licerise plate matching using video 
cmem md m automatie license plate reding system were chosen to be tested in all three cities on 
a&B fifteen selected routes. As c~intinuosrs data a d  t x a f i ~  scenes could be capmred using video, this 
me%o$ was saledcd as the baseline me&odo lo~  for the field testa. Data collected on videobpes 
presented a valuable data source for hteare research. The databae eshblished fkom the iiadense plate 
matching was used to compae the data co11ected by each sf the other mctbods tested. 

Matching Was to mefiodollogies for testing depended on the capabilities and resources of  the MPOs, 
their cumnt methods of obtaining kaBveE time datq their current planslneeds for travel time s u m y  
datq and my a2tisting ITS actEvi@ in their. area, A s u m m q  of the selected methodologies by city is 
S ~ O W  in Table 1-2 belaw, 



Sumeys were pedomed dn five selected highway ,g,camidsrs or principal &erials, including downtown 
business district (CBD) to the major aipsd, in each of the three cities. Two or more methodologies 
were usually gegfomed simultmeously, covering the s m e  route, distmce, md time periods, 
Compaative analyses were thus pedonned acmss the methodologies, cities, and roadway types. 
Sbtistical analyses of travel times a d  speeds were conducted and focused on san~ple issues md 
varimhnce over differemt speeds md time periods. 





Meth~dology Description 

%a: six tested data. calle~tion n~ethods for travel time, speed, md volume data are described in this 
chapter: 

License Plate Matching - 
Video 

License Plate Matching - 
Podable Computer 

Probe Vehicle 
(CeBIulaur Phone Repo&ing) 

Loop Detector 

Data tire collected mmually by obsewers in test vehicles or via video c m e r s ,  po~able computers, or 
loop detedors dbt predesignated sumey iocations and existing rodway segments. The route md 
segment travel time and speed obsemations are emphasized in all tested methodologies although 
origin-destination (0-D) trave! time, spot speed, m d  volume data can also be collected with these 
techniques. 

The methodolog description includes: 

Methodology concept md design 
Field operations 
Data processing 
Equipment seqniremeaets 

@ Costs 
Sample rde 
Key operational Peakres 
Methodology strenghs and limitations 



License Plate Mat~hlng - Video 
--=--a - **- - 

L,ir;ense plats matching wit11 video cameras involves 
the recording of vehicle license plates at an upsueam 
cross secrihp~, of a roadway md ~ ~ a t c k i n g  them with 
license plates recarded at dnwnsesem locaf on%. 
Caxaras, sihated on bridges spanapmir~g the roadway or 
at roadside locations, record the plates sf vehicles in 
the t r a f f ~  sheam n30ving past the lacation in a single 
waffic 1me and in a single direction of WaveE. 
Elapsed times are cailcalated and recorded for each 
matched plate. T%e nsawber of' segments, Zmes, and 
hours which cm be covered by this methodology are 
datermined by equipment, persa~arxel, or other cost 
factors. 

This techique inv~lves a 1-2 person t e rn  for each 
obsenratksn point -- start, m~dpoints, md end of the 
study mute (at !east 2 points axe required). Each 
observation point may cover alI os some of the lanes 
o f  tmft5c; one earnew set-up is required per lame. 
Low-vailutne routes or single-lane coverage may 
require only Gene person. Survey hours can be 
selected to oMsin samples to capture time o f  day (AM 
peak, PM peak, and off peak) and day-to-day 
variations, 

The processing o f  the video data (tapes made afthe 
traffic s&eam;6&) is a multi-step effort: 

Tape Processhg. The tapes made of the traffic 
seream are proceased tkaarugh a machine visisn system 
that 8utomatscally reads the lieerase plates captured on 
video tape. Tape &ta e m  aakso be extracted manually. 
The tape processing of the video test data was 
p a ~ o m e t %  by Computer Recognition System's 
License PEate Reading System (EPRS). The system's 

output consists of a kist of plate numbers associated 
with location and t h e  stmps. Plate data from tapes 
can also be exwacted m;uau;s!ly. 

Plate Matcki~sg. The license plates ~~IEac tad  from 
multiple Banes ;lP cane location are matched with the 
plates at the following downstream locatlain. This 
process is pe8omted for each consecutive route 
segment. The Iqsed time is recorded, md speeds are 
cdcuiated based on the hhnawn distance fm the 
segment. A series o f  data screening programs are 
utilized to p e ~ o m  license plate matching and :o 
produce sa ddabase of  travel time records. 

Data Analysis. Data is Gltered to renowe nut ICee s and 
false matches. The remaining valid records are used 
to produce route summay and detailed route s,g ment 
reports including sample rate, maxlnraum, minianurn, 
and mean travel time and speed7 and standard 
deajiatisn for each time period. Group records are 
assigned md tiorfed by date, route, direction, aOUke 

sapeast, and time period (15.- or 30-minute time 
slice). 

A complete equipment set is required for each station. 
The major items required to coves a three-lane 
segmermt far 4 hoadw include: 

h i t  Cost % r 

Video Camera (6) $ 2,308 
Tripod (6) $; 200 
Monitor (2)  $ 200 
Marine BaRev (6)  % 70 
Video Tapes (24) $ 1% 

The total costs are estimated on ti&%: basis o f  1 (li days 
of survey an a generic route. The costs include field 



surveys, equipment and supplies, and video Bicense 
plate processing. Dda processing and report 
generation a-e not h~clraded. 

G e n c ~ c  Route Description: a ID-mi%e route, 10 days, 
3 segments, 4 obsewation sites, 8 houaslday, and 3 
lanes. 

Labor: $ 26,880 
Equipment and Supplies: % 4 1,760 
Plate Roeessiag: $ 96,000 

Sample Rate 

Capable of capwing 50% sf vehides passing. 
Fiehd test =suits prodcsced 40- E 08 samples per 15- 
rnh~ute time period for s three-lane keeway 
sepen t .  
The license plate reader can pmcess 1800 plsles per 
hour (1 seconaplate to process). Manual reading 
can capmre 990% of the vehicles passing, but 
requires 18 Isbor hours to process cane hour of video 
tape. 4 

* Data showed acceptable average Iapsed times and 
stmdard deviations. 

Operational Features 

Equipment intensive. 
* Field mining and special skiE1~ required. 

IwEP.asmcte9re independent. 
PaPticuBmhy well-suited for highway use; can 
capbre plate data at speeds up to 100 MPH. 

* Could be pemanently installcd for unnamz~ed 
operation with the appropriate remote conkols 
(focus, angle, apemre-&, and focal lel~gth), 
&ansmlssion, housing, md lighting. 

No degradation o f  perfomanec over time. 
Does not directly interfere with moving traffic. 

* Capbres Barge and more evenly distributed samples 
wer vehicle Wows. 
Provides suficient sampies for hour-to-haear day-to- 
day comparissws. 
Electronic license pl%aPe recognition is the least labor 
intensive techiqne for license plate capture. No 
manual data recording or transcribing is required. - The video tape pemaneP1Ply captures the tmfic 
scene and can be reviewed for extracting other 
traffic pammeters (volume, lane occupancy, vehicle 
classiffcation, headway, etc.). 

Constraints on can~em Bocatiol$: ;angle of camera to 
WaEc, location of the sun, road geomew, ete. 

* 1,imited success in low light sihations as well as 
advewe weather conditions. 
Plate te~arpiate is calibrated to recognize ceatain 
plate conventions. Out-of-state, commercial plates 
or plates with poor ~onkas t  may not be captured. 
Video license plate processiarg is not a stmdmdized 
procedure. Only a limited number of companies 
offer either mar~eaal or automated tape processing 
services. Taping requirements are diRerent from 
one sewice provider to anoaBaer due &a diffep-ing 
video recognirian teck~noiogies, 
Video imaging eechnoiogy is still evolving md is 
market driven. Applications are more advanced and 
more widely used overseas than in the IJS. 
Public's privacy concerns. 

Full 6-digit license pkte numberdehsracters can be 
colIected, reducing the gossibiliQ of false matches. 



kicensa Plats Matching - Portable Cemputer ..------ - ----- -------- --a 

This field data. csllectisn method has became 
avsilabie with the advent of the poeabla PC 
(laptop!pakmt~p)~ License plate matching using 
poB""ab1e computers involves the recordang of vehicle 
license plates at an uppstrem cross section of a 
rodway and m;b$ehing them with license plates 
recorded at doswstream locations. Operarors 
eqnfpped with portable computers at the roadside or 
on bridges spambg the roadway enter the plate 
wun~bers of vehicles in the &aBc  sweam r n ~ v i ~ ~ g  past 
the location in a single traffic lane and in a single 
dimetion of  travel PmiaI pastes (e.g.,  4 instead sf 
the &El 6 characters) are sasraaHly entered to ancrease 
the license plate capture rate. The number of 
sagnients, banes, and hours which can be ccra~eaed by 
this ane&odo%sgy is Himitad oniy by equipment, 
persome], or other cost factors. 

A team is assiged $a cover each sbsarqation paint - - 
start, midpoints, md end of  the study routes &at least 
2 points me required). Each obsenratton poinmmay 
cower B E %  OP some o f  the lanes of traffic, one obsemer 
per lane is required. 0bsawel-s enter target lisense 
plates sf passing vehicles directly into a 
Eaptsp!pa$mtop computer which aga%onatieally 
provides a date m d  time stamp for each record. 
Computer clock times are spchronrzed across a%] 
bmas at aIE locations before the survey. An additional 
obsewer may be assigned to each team as a back- 
uplreliever. 

is used to maxcks the license plates collected at one 
Bacation with the plates at the dawnstream BocatEon. 
A series of data screening procedures to eliminate 
fdlsa rnaatches, resu%%ing &om par3ial-plate matcliing 
(see Chapter 41, are perfamed ka provide a valid data 
set of travel time records. The Iapsed times and 
speeds we ~aleulated on the basis of the known 
distance behaen ponnb. Standard route and segment 
reports are produced to include: sample gates, 
maximuns, minimum, andmean travel time and speed, 
and standard deviation in each time period. 

Equipment Requirements and Cssb 

Generic Route Costs: Based ORB one 10-mils: route, 10 
days, 3 segments, 8 hoursfday, 3 lanes (data 
processing md repo@ing costs are not inc8udsd). 

Labar: % 14,,480 
Equipme& and supplies: $ 21,600 

Sample h t e  

Capmred nearly 60% of the volume at some 
locations using partis& plate recording (4 chawcten). 
Recording rate on freeways varied daamatEcalBy over 
the 4-hour periods and among lndividksaB 
tiedamen. 
Resulted in 100 to 200 matches per hour on a 2- 
lame a&eriaI segment. This is cansidered a highly 
sufficient sample rzte far &-pavaB time ra~alysis. 

Strengths 
Data Processing 

At the end of each S U ~ T C ~  sessjia11, data entered in the 
portable computers arc do.srraioarded rasto a main laptop 
ceinpnter. A stsnhrd license plate matching process 

Equipxnent easy to use and very ppartabla. 
* Requires minimal training. 

kavides a representative sample of the entire 
driving population. 



* Inhsmchare independent. 
* Pa~icuIa ly  well-suited for aeerial use. 

No manual &ta @anscribing is required. 

Could be labor intensive for merldpkg: lme rand 
locatim data coileelion. 
P&ial4-dligit license glde collection iglemases the 
psssibiligy of false matches. 
Degradation of obsemer pefierwnance over time. 
IneEectiue for high speed highway locations. 
Results can be advenely effected or prohibited by 
severe weather conditions. 
Delay data not captured - aberations rely on 
reseack and operator notes for viewable madway 
area. 



FlaatCng Car 

'The Boating tax method sf collecting travel time and 
delay data aEords considerable Wexibiliq in 
evaluating the quality of traffic flow. The fiesting 
car method, one form s f  the test car me&odslogy, 
involves bfpiving a vehicle alestkg the study kOUte in the 
traffic stream md recording the time it takes to travel 
bet~yeen predefined segmewts. The test car moves 
with the @aEc passing as many vehicles as pass it. 
Other possible operating conditions for the bast car 
naethad are: 

Average-Cs technique -- the vehicle travels 
according ts tiha driver's judgement of the a~!erag[: 
speed of the traffic s t rem. 
Maximwn-Car techique --- the vehicle is driven 
at the posted speed limit onless impededby traffic 
condidans.' 

Before the test mns we begun, the begiming, 
intemediate and end points &re identified so that the 
best ear may be driven past the locations in 
accordmhnca with the selected operating condition. En 
addition, major intersections or other control points 
are seiscfed along the study route as reference 
locations. Time readings are taken at these locations 
to pernit the development $:sf travel speeds by sections 
along the t~aveled route. 

predeteminedcheck points. As the test car passes the 
end sf the study route, the recorder stops the 
stopwatch md notes the total time for the P, 'st run. 

If delays are being recorded, when the test car is 
stopped or forced to mvel slowly, the recorder can 
use a second stopwatch to measwe the dumtion of 
each delay. The location, duration, and cause of each 
delay me recorded in the appropriate places on the 
data sheet. M i l e  travel time delays wepa, observed 
and noted during the course of the test, w delay study 
was not uunradep$&en. 

Wile  travel time and del;ay data were collected 
ma11ualiy for this test, data can also be collected in 
the floating caropemtiow by various recording devices 
such as voice recorders, po~ab le  computers, voice 
recognition devises, or in-vehicle dat8 loggers. 

Data Preeeessiag 

The weorded times at eeaeh check paint are manually 
transcribed &om the field data forms and entered into 
a computer, where a program converts the data into 
%he elapsed segment times and aversage travel speeds 
for that segment. The complete list of floating car 
trip records are also generzted to include zlll the check 
points and wcorded times. 

Field Operations 

The kcst car is &Briven to a point that. is located a little 
In advance of the stas? of the s h d y  route. At this 
point, the operator or recorder fills En the date, route, 
and other identlbing kfomatiort on a data sheet. 

Test v&%micle 
Slopwatc~clock 

* Data colleet%on fomsMdepad 

OperatE~saal Costs 

As the ew is driven pasuhe bagiming point, the Generic Rsagte Costs: Based on one 10-mile route, 10 
wcorder asses a stopwatch to note the t h e .  The days, 3 segments, 8 hourdday, and 3 lanes. 
vehicle is driven the len%@h of the study route 
according $0 the selected operating condition. Time Labor: $ '7,680 {$ 19,360 if 2 persows!car] 
readings aase taken 8s the vehicle passes the Equipment: Test car or senfa& 



Flsating Gar 

Other Costs: Gasoline, mileage 

Sample b t e  

Sample is uscaaEEy small with this method. 
Smple is usually limited to a few measurements 
per day, 

Key Operational Features 

Typically one driver and one recorder for each test 
car. Possible far driver only with a pre- 
prowd~nsrred in-vehicle device. 
Multiple mns by each test cap can be implemented 
f0"~rh0& P Q U k .  

Suitable for my roadway type (freeway or aaerial). 
Limited smple  points for the same time duration. 

Strengths 

Techiques easy to implement (anyheire: and 
a ~ p i m e ) ~  
Training and preparation requirements i r e  minimat. 
FiexibiEEQ to collect additional data elements: travel 
time, mming time, stop and delay, genemi traffic 
conditions, and incidents. 

Limitations 

Limited by sample size for statisticaHly signiEcamt 
measurements. 

@ Data c m  be aEected by driver behwioss. 
Limited for multiple: m s  dwing congestitanpea;lsds, 
Labaa intensive for large scale implemeaation. 
Cosdunit sample collected is hi*. The cost of 
labor in relation to the amount of data collected is 
high. 



The probe vehicle metl~adolsgy is a type 09" floating 
car survey. However, it does not rely on the small 
nmber of test cars tvicaBRy used h floating car 
aumeys. hskead, this method relies on an organized 
group of pxjvate an&or public vehicle drivers to call 
in their times %?hen passing predefined hacations to s 
data collection center Unlike a floatkg car nmethod 
in which the operator records the infomation 
mmua%By i8k %Ere vehicle, the &iver reports the d a t ~  in 
raak time to the data receiving center using a cellular 
phone or Wo-way radio. 

Each probe in the study had accessto a r,ellu$ar phone 
whish was used to caEH into &e cellbaa location where 
their times were recorded. Buses communicated their 
times and loeations via 2-vrray radio. If celiiula~ phone 
lines were busy when the drivers aaempred to repon 
a location, the call would have to be replaced. Bn this 
event hives5 were asked 80 note the actual t ime they 
passed the repo&ing lacation. 

Drivers were iiansmcted to drive nabrally, at the 
prevailing speed of the @aiEc flow, and to change 
lanes whenever appropriate. 

In the Boston test, Smrtl-n' Route Systems, a traveler 
infomgtion service3 provided for the use of ar pofl-aion 
of its 150 vehicle fleet which ronllnely covers over $a 

dozers major routes in and L ~ L ~ O E Z H ~  Boston. These 
probes usually make tw~o Wgns per day, one each in 
the AM an68 PM peak-hour direction. Ire order to 
3p-e" the probe vehicles thoughout 16re peak md 
mrarz-peak periods, drivers were selected an the basis 
of their work Ioc$tio~, home loea~onr, and work 
hours. The test fleet also included approximately 70 
Logan Airport Express buses, which have regularly 
scheduled mns on the half hour, from surrwnding 
ca;mmaanities to the aEq301.3~ The three bus routes 
selected for the test a l  go though the dowanho~~n 
Boston area and tunnel to the alpofl. 

Data Processing 

Repo&ing Iscations were predeteminsd along the 
smdy route. Daarigag system  pera at ion, drivers called 
the central ~mnrnuni~atiom center as they passed each 
reparting jocation. An operator at "eh center 
manualilyrecorded the &iver7s identIfi~ati81~~ location, 
ad tibe time. This data csuId have been recorded 
directly innto a databhse. 

Data was manually entered into a database and sorted 
by date, time, direc"lion, and location. Standad 
reports were produced ta show sample sate;, mean 
wave1 times and ope@&, m d  standard statistics. A 
sepwate report can alss be produced to list the whole 
trip mcsprds. 

Operations Requirements 

Data c~mmun~cati.%ikmns senter 
k%E.gaqized fleet of publli~/privafe vehicles 
Cornman~cati6~ws device (celllu%ar phonet2-way 
radio) 
Sywchosized cIohsks 
Data. cornmmicatiasns fomats and procedures 

Tihe probe method may provide more smgBes in 
consecutive days, especially during peak llehshars, than 
the &aditionill floating car approach. 

Utilizes cellular phones for real t ime travel time 
repofiing. 



&*ires special training for familiarizing drivers 
with the cheek point locations, reps&ing time, and 
routine procedures. 

Allows more data to be coliecfed than the floating 
car tecbique, but probably with a lesser degree of 
accurae; y . 
Allows for data collection on a regaaiw basis. 
Can suppofi collection of delaylaceident data. 

T h e  acbcwate only to withian a minute sr We. 
Drivers missjllrg check-in points. 
Operatar at the communications center may receive 
seveml calls at the same time, causing the drivers to 
redial to m s f e r  the infomation. 
Variations in travel times cm ocmr when $rivers 
are unable to call ~ r r  exactly at the specified 
f-epoainmg fseations. 



Automatic VehCcls $dentif Leation CAVE) 
-~-"------" ."'---- -- " ."-"--p-v,- 

Tbe use of ~~~IBtornatic vehicle identificat~on (.A&"%) for 
travel time data collection requires: 1 )  vehicles each 
equipped with a &~wsn~;niEes which has s n  
elec&onica8%y coded ID, 2) S$TrSTPIS placed in the 
roadway which can detect the AVI vehicles when 
passing by the ~xx-m~ Lce~atisris, and 3) recorders 
which record the vrjSlicIe IDS arid tame stamps. This 
methsdoJsgy, skailar to Liceasc plate matching, 
capbres vehicle IDS witb & h e  stamps at fixed 
Iocations. The. digerence is that os7Ey orelqie%es with 
AVl @anamiRers are targeted for data cs&lection, ar~d 
a high parcentdge recopifion rate is ~$chIeved Tiis 
BEY1 use is like alec&onie icegistratnon numb= 
recognition used in eEee~~onle: toil c@rEKectia~~ 
applieatlgeas. ht affers the abiIi$ to iaemrtafy uniquely 
and automaticalBy a as i t  is meuvirrg at nonma'l 
highway speed along the road. 

modem over phone line tansmission. ' f i i s  syotcm 
accuwte!y d e f e c : f ~ / i d e e ~ s  vebicies for up $0 speeds 
of 8.5 MPH, 

(Ither AVB alternatives include several variations for 
transmission: &ow power (microvolts) wdio frequency 
$I@;) systems, optical and in&zred systems Qopemtes 
in the visibie Bight s p e c m ~ ~  where the eansrnifier is 
a sticker on she side ~f the vehicle), and miicrs~~ave 
systems. 

A computer program eakcarnlates vehicle travel times 
on the basis of two sequential readers ahat have 
identkGed %he same ~fehicke. SBandwd reports are 
proadcad to show sample rate, mean travel times and 
speeds, and stmdard statistics. 

Equipmeme m d  Operations Requirements 
Field Operatisms 

The inductive Ioop based AVI system used for this 
test was an established system installed on a 7-mile 
sactim of Wot~te 1-5 North in the S e a ~ i e  area 49 
busses %rd.eT$ eq~@j3&d wit%? 8 4-B/;Y ~ B G C ~  vehic~e 
&~ass~miaer (in this case a puck, although many types 
of AVI tags we available) whvch provides induc:tivelp 
coupled c~~mrnw.icari~11 t l~ ra~gh  a standard roadway 
loop to a avebistc detecrodreceiver. T h e  pt~ck 
continuoueHy transw its a usalque cadedradics fieqlaaancy 
(RF) message, used fair vehicle ideaaif5cakioi~~ t%~roagh 
any vehicle detection Bosp 10 a dagitaE derector 
containing a recalver capable of  decoding the 
$ansmiRed code. As the vehicles equipped with 
transmiaers palis over the ses.sse;.r loop, they are 
idere%ified by code ogmbes (this acts as the vekicie 
ID). time md date arc stamped and recorded m the 
receikrin.#ag unit. locaked in raadsidc cabinets neer the 
loops The detectori(re~eiver~a~ be interfairccd with a 
computer directly via a RS-232 ser~aH poK or via 

Sensor loops 
De:ector/reeeiver/i~%te~ogator -- Active units 
mounted in or near the r~adway capable of 
eiec&i.onieslly detecting the identity ofthe dev' :ce OR 
the vehicie. 
Vehicle trsnsmst-eer/b=anspond4:~ -- Passive device 
(tag- stisker, puck, ete,) canred idon :he vehicle. 
Co~tputer md zssociated sofiware. 

Sample Site 

Sample size i s  limited by the size of the vehicle fleet. 

Continuaus msnitori~-edupdating of travel times is 
possible.. 
High precision reading of the WmsrnlEer. 
Almost ! 00% captalre rate (based on srna81 sample 
test). A 1993 test of  this system by the Washing:on 



State Tsaarspoaation Center (TMC) experienceStan 
81 to 83% detection r a k 6  
Can be lane specific. 
Automatic repo~ing  of travel time data eliminates 
h m ~ a n  errors in data coIlectioa. 

= C~nsistent and contharous travel time repoPting. 
De%ects/i,iidentIfiess vehicles up to 85 MPH. 

Limitations 

Infrastmehre dependent. 
System anaintenancellaop reliability problems. 
Clock drift problems require periodic clock 
adjushnent, 

..False alarm rate: <2% 
Data collected are limited to the number of vehicles 
in the trafEc stream which are equipped with the 
$z%~~smiETslg device. 



This &aveE tiwe estbat io~l  methodology involves 
eelculating travel times along the roadvgay scgzlents 
based an hfom8t-hioa provided by the use of in-road 
vehicle detection systems (loop dercceoss). 

Coop debectc~rs are in-road devices w81le;h provide 
aercuwulatEve volume counts md occupancy measures 
ira any preset time s@gr%ents (usually I 5  minutes). 
With proper setting of two loops in  lose hut h6nclw:j 
distance, Aha vehicle speed can be measured by 
canveding the passage tiwe sf  vehicle betweerm two 
loops.' ABtl-z~n@ spot speed has many potentials for 
mfEc monitoring, the emphasis in this test is to 
compare volume or occupancy data with the travel 
time a ~ d  speed tneasarcmeats. 

VoIume and occupancy data can also be used as key 
predictors for aatimati~~g link tmva! time md speed. 
More detem2histic velakme and speed relationships 
could be developed via regression analyses using a 
wathamat~c form. The analyses include variabics 
such as roadway type, geonse&res, facility chass, 
location, md signal timing of intersection facililres for 
arterial. 

Although the use of loop detector su$nt to estimate 
travel time was not tested as part of this study, loop 
detectors were used to capture 's'<;-Iume data on the 
roadways which were involved in the tests. I,ocsp 
detector data were available on the exiting systems in 
Saattbe and B.,exi9m@on. 

traffic operations center (TOC). A computer in the 
Toe receives the sipais. 

Data Processing 

Software products are available to produce discrete or 
accumuliative data from a loop detector which include 
volume combs, O C G U ~ ~ ~ C Y ,  and speed measurements. 
The data ;am be loaded info a stmdardized and 
ani5ed database system as a link awbsibote by the date, 
time, d6reetionalm, lane, and the Eoop affiliated 
Widsepent location. The volume and speed data 
from loop detectors can be presented an the standard 
route and segment reporto and compared with other 
travel time and speed measwements" 

There are many types of induction loops and traffic 
counters on the make$. The cost rises according $0 
the hardware and software requirements, type of 
installaeion (pemanent or temporav), and 
maintenance. 

Strengths 

Readily mailsable on a range of trafl~s: pwameters: 
volume, occupancy, spot speed, or vehicle 
elassific8tion. 
Continuous rrepodimg of travel time estimates are 
based on real-time volume and occupancy data. 

FieEd aperstioms Highiy infrastmcmre dependent. 
Occupancy data ares not usually reliabic. 

hduction loops are Eoeated d regular inttmals, either Consistency and eecumcy OPE spot speeds need &a be 
in single or in aB% 1anes along the roadway. The improved across speed range and vehicle types. 
detector senses when a vahiche h present sen top of the Maintenance required an detectors is ensuE 
loop and when the vehicle leaves the loop area. Each reliability. 
detedor is c~mected to a roadside controk cabinet 
which trmsmits the signs! Earn the roadside ra a 



Field Test Design and Survey Procedures 

Standard Sumey Procedures Used 

Shee one of the giiaqsses of these tests was to be abIe to compme V ~ B U S  methodologiesg sumey 
procedures developed for these field tests were used in each of the cities. Suwey desip md data 
collection procedures used for these studies me categorized into the following five steps: 

Step I - Sumey Design 
Step 2 - Suwey D4aQ CaIlection $Ian and Schedule 
Step 3 - Trainiraflilot Test 
Step 4 - Field Suwey Data Collection Procedures 
Step 5 - Roadway Agaibaxte Data Collection 

Swdmdized survey precedu~s (em$., foms, synchronized clocks, labeling and cataloguing, sznlwey 
logs, data fomats, etc.) are crucial for stramd~dlzed data collection and processing as they =sure the 
overall qua1iQ of the data collected. Data processing and andysis can be more costly and time 
~onsuming than field data wllection. If Iage volumes of data are colleded, gmter asgmimtion and 
use of  consistent data fomats are required. Stmdxdized data fornab and dab  processing growdures 
wili minimize data e m m  md data processing time while enhslamcing the eEeetivemess of data collection 
md malysis. 



Step 1 - Sumey Desigm 

The goal 0f route selection was to collect an adequate number of 6-D pairs to represent the major 
nrbm t ~ a E c  routes or @pic81 trip dis&nce in the sady mas. h P O  project staff and the Volpe Center 
staff jointly identified five pritnwy highways or p~wcipal ~er iaE  s%keetlrs, including the dewntow CBD 
to the airport for each city p&icipating in the ReEd tests, There were sevem% geneml copnsidemtionms, 
for selecting primay ro~~tes and oigin-destination pairs representing the mgiowa8 b a f i c  paaemo, travel 
d i ~ t m ~ t ,  and travel times: 

CBB to the principal aairpoe for the urban mea 
Lwgest employment centers based on census tracts to five ~sidential zones rmdomIy Issated in the 
rmrba~apaized area 

* Largest residential zones to the CBB 
EmpBopent zones to other principal suburbm emplopent senten 

* Pri~mcipal suburban amp%sy~nament centers to each other md to the CBB 
ESrbm places located just outside the urbmized area b o u n d q  in regions which me expected to be 
included in the gsrba~ized area after the next census. 

2% selected routes have capbred the following chaacteristics used in the seledion c~teriar 

Representative of the r o d  clssifications (highway9 a c ~ a l )  md configumtions (radial, 
c;rrcumfcrendaI) 
Signifi~mt daily tmvek volume anmad congestion 
Vehicle clases and other aiteranative modes 

@ 130V lmes 
Availability of loop detect~rs, or 0ther volume data availabiesiliq 
Peking ehwacteristies. 

Figures 3-1 to 3-3 show the selected suwey routes in the three field test cities. 
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Road Segment Definitioa80bsewer Lacstions 

Once the routes were selected, the segrxsants into which each would be divided was defined. Usually 
two to three eonseeative segnents from the entire len@h of each of the five routes were sseEeeted. For 
eac11 city, all sites were scouted md locations selected prior to the field tesflsunrey. Suwey sites were 
consiste~~t across all 0% the methods&sgics to be tested to ensure salit~biliQ and eompatibiliv of 
coverage. The locations far the video license pPate m e t h d  were ssaleekd first since they had the most 
restrictive crite~a. Positions for the laptop a d  floating car methdadoBogies included the same locations 
as the video methodology. No prepaation was required for the AVI or- loop detedor methodologies 
siaca they were pa? of existing on-line systems. 

Since route segnent detemini8f6ion impacts the equip~~ent md personnel requirements, sakectior~ was 
conducted jointly between W B  staff md the Volpe Center project team. Because of their knowledge 
of the roadway chaacteristim in their area7 p&F~ipatBng MPOS made recommendations on route and 
segment selection. 

The video m e t h s d a l o ~  required that cmeaas mounted on tripods either at street level 
OP &om rn elevated locdion (bridge ovev-gsass) be located in sue$ a position to record 
license plates sf vehicles moving in the peak ddiaedion. 1-,ocations needed to be found 
for bath directions for each lane of $-afic, The selectisan of segments were Qidated by 
the following criteria: 

Eoh;at~on of bridge svevasses, md abamments (suitabiliv of the location for the 
safe opemtion of the obsemers md the equipment) 
Amessibiliq 
Rehatilie location of  on/oE ramps (entql/exit points) -- frequency of interchanges 
~ ~ r f i c  flow c8raracteristics - propofiion of through-trips in the traffic stream {high 
throughput sements) 
Un~sa-Bictd line of vision 
Degree: of conceaBmenhf camera aom the motorists 
Relative location 10 signalized intersections (to avoid platoon problems) 
Local street geometry- 

There were several addition81 requirements of the video methodology %~rhich limited the 
sehactisn of obsewer locations: 

Maimurn angle of the canrera tto th%ae trafic - the maimurn hsarizonbl! m d  
vedical angles allowed were 25 md 15 degrees sespect:tively 
Position of the sun - sun directly into the lens was avoided 
Lighting conditions - position of shadows, and shade -- plates ph9ially in sun md 
p&islly in shade may not be readable 
Road geomeq ---- catching plates as the vehicle was on a euwe was avoided. 



Field f est Design and Survey Procedures 

AIB potential test routeslsites were investigated before the suwl y s  for potential abemtion factors wwch 
could impact test results, including: 

Seaonali paaemdWeaher conditions 
* Sgecia%/Semonal events 

Trmsit sbikes 
Blocked milway crossings 
Intempted flow facilities (toll booth, etc.) 
Roamridge eonsmctioflainteamce - all lanes in sewice 
NOH-functioning traffic control signals 
Scheduled speed enforcement 

Sampling Plan 

A l ~ o u g h  a smpling plan would be m integml part of my survey plm to ensure cornfidence in the 
results, the experimental namre s f  these surveys did not allow ifor up-fiont assessment of the 
appropriate statistical samples to be used to ensuw valid representation. ?%e issue of smple  size is 
pafiiculmly acute with methodologies where Isge coeficients of va~iation are possible; for exampje 
with the use of floating car my level of acceptable sbtistieal precision would require more than the 
mica! few mas. The sampling plan should consider: smplie size (number of strsewations required), 
sampling periods (gem what time periodsldays the data will be aenaa), data solIection conditions, data 
ssessment techniques, md dab collection schedule. 

Once: the desired s m p l e  s i x  has been defined, the scope and schedule of the suwley to sat is^ those 
data requirements must be decided. Ira the case of these tests, the scope was adjusted to stay within 
the $50,000 FHWA allotment per MPO. 

Define Taqet Vehiclm. The classes of vehicles to be c a p w ~ d  were defined. For these sfindies the 
following applied: 

In the video process, alH vehicles traveling wi~knin the Bme(s) covered were capmred; 
however target vehicles were excluded in the plate reading processing via a syn- 
selection and font identification process. Vehicles excluded were commnerciail vehicles 
a d  out-of-s&te plates. The p~icipat ing MPOs helped identify license plate fom;afs in 
use in their sea for plate reader calibration. 



In the laptop license plate ~ ~ ~ a t c h i n g  method, Seaale limited the eoLHection to the new 
centennial plates. Commercial vehicles a d  o a t - ~ ~ s b t e  p&ates were eexslnded. 

Floating cm runs and schedules are determined on the basis of the: number of test 
vehicles, round-&ip times f i r  multiple nnns, and headwatgr bemeen test vehicles. 

Number 0% Lise~ss: PIate Charactem. Full $-digit license plate numbers were capwreel using video 
cmera for license plate inatchingo In the podable cskgaparaer license plate matching m e ~ o d  4 
chma~ters were colleded. 

De6me Lanes -to Be Covered. For the video and po~able computer methods, up to three h e % ;  pea 
saute in direction were selected. For cases where there were more than three 1mes, a 
detemin,ation was made as ta which would be csvcred. Decisions to tns%ude ar exclude high 
sceupmcy vehicle GqOV) lanes, ilxafic m ~ ~ a g e m e n t  lanes, a d  turn O ~ B P E  lanes were made on a site- 
hy-site basis. Probe and floating car drivers were not instmcted to drive in my padieulx Ime; 
however, if they were haveling in an HOV lane, it was noted. 

DaysPTimes of Suwey- Time sf yam9 day of week, md time of' day of the sumeyw were detambned. 
The suwey was designed to be of saficlant len@h to deternine daily (6 AM to 7 PM) md weekly 
(Mawday - Friday) flow paeem levels8vwiationsS Field tests were p e ~ o m e d  over a five-month pwiod 
beginning in mid=June ad ending in early October 1199%. The survey design st-rived to strike a 
balm~e beween the number of staff xquired, the: smple size desired., the available equipment* 
The general guidmnace was to cover four routes each one fukall day$ a d  a fifth rormte an additional two to 
four days. Single day suweys were ccondnc;%ed on Tuesday through Thursday (avoiding Fsidagrs and 
holidays). She suwey times covered peak AM and PM and, in some caes, mid.-dzy hours. Slimmmer 
and early fall was selectad because of the likelihood sf crement weather and the availability of 
smdents. 

D a b  Element3 to be Colleetd, The data elements to $a collectad for each methodo1ogy were 
identified. These included such items as: travel time da@ jinusegrnent da@ delay fa'd~~fo~, 
absewation conditions, area data$ and roadway data. 



--=pp&p---p- 
Field Test Design and Survey Procedures -- 

Step 2 - Suwey Plan and Schedule 

Once the MPOs A d  been selected for the methodologies to be tested, a preliminq suwey plan was 
developed by the Volpe Center and reviewed by the MPOs. The sumey plans include: 

Preliminav Suwey Planing 
Equipment 
Personnel 
Data Collection Forms 
Coordination 
Site Checks md Prepaafcions 
Date, Route, Site, a d  Personnel Assipment 
Eqtaipment Assignment 
Suwey Ma~nlagement 
Securiw m d  SdeQ Awaeiiaess 
Procedure Documenhtion 

Preliminav Suweg Planning 

Preliminaq Suwey Pla~MehraB Meetiags. Preliminq suwey plms were pmvided to each of the 
MP8s as a% guideline to help organize the details sf the sumeys for that city. The VeBpe Center 
project team met with each of the selected MPOs prior to the field tests to work out the scope of the 
suweys a d  to establish survey plans for each methodology. Mmy decisions needed to be worked out 
early on. It was the respsnsibiliQ of each MPO to develop the final travel time sumey platls;. 

These early discussions centered around: scope of suwey, route/site selectionlp~pmation, sbsewer 
Eo~ation selection, survey dates md times, equipment md personnel procurement, cor~rdinatioam. with 
other agencies, and data elements to be collected. Plmming continued up to the suwesrey dates. 

Selediora of and eoodination with the provider 0% video tape processing sewices used for 
this test was predetemined early in the mathodolow seledioa phae. The semiorice provider 
imposed specific requirements for equipment selection and data collection procedures. 
Since this methodology is not stmdxdized, the requirements diEer from one sewice 

provider to mother. 



Scbed~arle. The field tests eapsistcd of three phses. The first WBS a p re l iminq  kick-off meeting 
followed by prepmtion of suwey plans; the second was fieEd Wining md testing; and the third was 
the sknmey. Field tests were peP.Pomed consecutively md took place over a five month period 
beginning in midJune and ending in eamiy October 1994. Table 3-1 shows the schedule for each 
survey phase for each of the three fie%d test cities. 

Table 3-8. Samey ScLednEle (1993) 

---- 

SnzadRouie Systems 

Selected W O s  were responsible fbr buying, Iwing, or ammging for the equipment and accessories 
xsemssav 'Lo ea~E%e~t the travel time data. Scheduling of equipment pmcumment and assembly was 
canduded prior 4-0 the survey for the first city. 

Video equipment require~nmrents were laid out for the MPBs by the VoHpe Center. 7ke 
foHowing equipment had to be acquired (purchmed, leasad, or $ornowed) f i r  the duration 
of the survey period: 

High %mm OH Super VHS Video camem (one per lanedobsswer location): black md 
white, shuaer speed of 1/1000, 3x to 4x magnification, >- 400,000 pixelis, telephoto 
lens9 2x extender. Cities were not mquired to provide video cmeras used by the 
rovers (see page 3-16 for a description sf rover responsibilities). 
'IT! monitor 
'E'pipods 



Field Test Design and Survey Procedures 

Srrficiant Xmm tapes to ailow for the desired mount of taping (2 hoursltape) 
Maxine baHeries (deep cycle), d a p t e ~  
Cables 

Equipment Sharimg. B e c a u ~  of the cost and qumkiw of equipment necessv  for the 
video me&odolagy and in order to maimize the scope of the suweys a d  route coverage, 
an equipment shwing agreement was established mong the three cities. Each city was 
responsible f i r  purchaing 113 of the total equipment (4 sets per city) necessary for the 
study. Equipment leasing was considered, but was not as cost esective as purchasing md 
sharing the equipment mong the three cities. The equipment was used first in conducting 
the Boston suweys, md then skipped to Seafile md Eexiragon for the foilowing sumeys, 
E a ~ h  MP8 was responrsible for preparing (packing, insuring, shipping) the equipment to 
be sent to the next city. In one case a lending city reqlgi~d the users to provide ;a 

cefiificate of P~assrrance which provided for coverage of the equipment, with a binder for 
all persons who would be tmsing the equipment, and insured be theft. After the Lexingaon 
sPanrey each MPO retained four video c m e m  and the aeeessoy equipment they h d  
purchmed or wm purchased for them. 

Equipment purchase c a  be a len@hy endeavor, especially if approval is required from a 
governing agency. Both Seattle and Lexiaagon went oat for competitive bids for their 
quipanent purchases, Both of these cities took advmtssge of a volume discownat: oRered 
for the equipment from a Boston-baed ~uppIier. Boston was required to utilize an 
existing blmket prsehirement contract fomon~e items. Boston's purchases h d  to be 
approved by Mass Highway, and kexin@onys by the Council of the Lexingsn-Fayefie 
Urbm Counw GovemmeH1$. 

MPBs also agreed in principle to pursue an equipment shansiag progmm with other MPOs 
ka m&e their eqaaipment available for hare applications. 

Equipment requiremeats for the pomble: computer methodoliogy were as follows: 

Pemble computers (laptop or paismtop) were r equ i~d  for each obsesves. SeaBle 
purchased 12 palmtops for data colledisn md X laptop for processing the s u w y  data. 
Lexingona purchased 3 laptops and borrowed 5 from the Lexingon Counv 
G~vernment, 
Sohare  for Bmsfening data from the collection computers to the processing 
computer. Watches with a readable display to the second (preferably digital) 
BaEeries for the PCs (laptop baEeries wem neat suscient to last a hhnll $-hour day. 
CIipbsmds for recording infomation on foms 
Peras/peaacils. 



Test vcki~Bes were the cm-EJ$r major required equipment. Lexington used vehicles owned by 
the city as the 'Lest cars. Other necess&y equipment was minimal, i e., a watch with a 
readable dispE~y to the seeonc! @referably dBgBtaS), a clipboa-d ~ O P  recordi~~g infomation 
on fo~ms, peas c( pencils, and phonesiradios for ssnarnuni~atiows. 

Necessay materials far the rndhad were mminiraal. Vehicles were the only major 
required eq~iipmrssnri- m d  those were readily avaiiabie. A watch with s readable display to 
the: second @referably digihk), a ~1Epboxd for recording infonnatim on forms if 
neeessq, pcnsJ~~aszcils, and the cellulm phones or 2-way radio (probes used were already 
equipped) 

hbajor Equipment Items far this method were: 

Sensor Esops 
Detector/rece~veriI~1e~ogator - - Adive element mopr~nted in or near the roadway -" 
capable of reading electronically the idensti@ of the devise on the vehicle. 
Vehicle trans~ni~er/&anspo~zde~ - Passive device (tag9 sticker, dc.)  emied in the 
vehicle 80 be ider~tified. 
~ Q K ~ ~ U & X '  & S S . S B O C ~ ~ ~ ~ ~  SQ~~VEW: 

MIjOs were solely ~esponsible for assigning staff members or hiring a$ temporav personnel $0 
perform the surveys. Parsglngzel !.ere required to be ~vaE1abEe for the traie~ing as we&] as field testing. 
~ 0 s  ware reqrriisad to paafar~n the faksFlowing perssnnak related hn~t ians :  datemining personnel 
avzilabili&-y and ~ I B G ~ E O E S ,  re:~miEEijing persgnh~ek, defining trainiasg needs: preparing and scheduling 
training dealing wit13 a%E aspects of the data coBiecti~n task (e.g., equipment, memure$, forms, 
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contingencies), and speciQing and scheduling pe~snnel  reqmi~ments for field data cslledisn (identie 
persanne4 by knction md n m e ) .  Personnel costs me provided in Appendix A. 

Boston has three near-full time staff members and five summer interns who were used for conducting 
the test. 

PSRC used a large number s f  tempb-srq hires (up to 283 people per day) pdd by the hour tlarsugh an 
empkoyment piacemat agency. The people p~iclpat ing in the suweys included unemployd workers, 
retired veterms, md college and high school smdents looking for summer job oppomnities. Many of 
fhana were given very short notice and most did not have prior experience in field surveys. Tmining 
was p e ~ o m e d  in the days before the survey. 

Bw %,exima@sn, the Trafic Engineedag Division1 of LFUCG was the prime pet-fomer mi3 orgmimr in 
the field tests. Nmy staff members of the engiaee~ng division pmicipated in the field work to 
suppod the project. The part time $&dent workers from the UniversiQ of Kenwcky (whenever ti&ey 
were needed) had :$ill worlced or been &mined with the division. The eeammmication a d  ccslhesiveness 
during the field work wras avidegIt and very eEective. 

Pwiicipating MPgBs were reqnired to p v i d e  the pemonnei required to set up a d  tape 
the trafic scenes at each of the selected obsewer locations. The number of penoannel 
r e q u i ~ d  depended on the number of observer locations md the extent of Qays/times to 
be covered. An estimated 8 persons for 3-4 weeks were required for each city. 

Skills are required in obtaining usabia video of the trafic scene. Suitable 
license plate pictures are necessargr since poor images will severely impede 
the automatie recognition process. Specific requirements include: focusing, 
sizing image in emera view finder, md periodic changing of video tape 
(every two hours). 

To ensure optimal pedom~nce, the po~able computer method requims that personnel be 
~ l i e v a d  frequently (switch shifts afier 1 hour). For more effacient collection of plate 
numbers, two persons per kocatiern - one to read plate, and one to enter plate number 
may be considered. 

Pesonnel for the probe metksdoloe;gr was limited to the geglmlah SmarfRoute probe 
drivers and MassPo& bus drivers, who traveled the mutes in question and who 
volunteered to p&icipate in the suwey. No additional cost for drivers was mquired. 
Personnel for operating the data collection center were rquired. 
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The AW method is pkmmiliy passive. Personnel were mquired only $0 collect the data 
&om the veH~iele detector units. 

Ail equipment and pemoonnal procuremen:PEt, schedu%Bng, md budgeting were pimnad md adjust& 
within the $50,000 FHWA altotmaat provicied to each paicipating MPO. 

Dalg Collection Forms 

Durhg the course of the suweys a considerable mount  of data was collected. Foms were pmvided 
for the colfection. Sumeyors also prepared written daily logs of suwey activiq. In addition to written 
logs, for the video mathadology sumeyom also recorded pedinent infomation at the beginning of each 
tape and tkkr~ughout the survey day as required. 

In addition to ~oordination bewee11 project pewonnel, coordination was ~ q u i r e d  with agencies, such 
as police md other roadway au&oriQie~ with jurisdicf~on over the selected routes and obsewation 
locations, to provide suppod md in same cases pemission to be working on the madway. 

En Boston, cegordina~on was required with Mass Highway md the M a s  Turnpike AaethoriQ for 
p8acemant of road tubes, pwkiaag mmgements, pemissisn to use a. building (including 
guard to open and close the facili@), and cellular phones. For the BosWn probe methsdoilsgy the 
c~spera~ticsn sf the MasPo& bus drivers and S m a o u t e  probe drivers wm rrequi~d. 

In all cases, palice were notified sf the suwey and provided with the Ioca$ions involved, the nmes  of 
the persons in the field, their Iicense plate numbers, md a point BE contact. 

Side ChechPrep~rat i$3:~ 

The exact locations of the obseweas were Qetemined following reeonnaissmse on ;a site-by-site basis, 
prim- 80 the field tasus~wey~ Both the obsemer set-up Aocatio~s and the range of v is io~~ available to 
the field crew were verified. Obsewer positions had to 0Rer I secure place for the obsewer to set up 
md maintain rn !anrestricted line sf visas&. Ideally obsewer loestisns cmnat he seem by rlq~torists. 

Video methodology required that emeras be mounted on a tripod at street level or %om 
an elevated location. En most instmassces obsewations were made from the rear of the 
~rehicka (in Massaehuse:~ only a rear plate i s  required). In SeaEle md Lexingon some 
surveys were of oncoming vehicles -#beeever the site dictated. 
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For the Probe methodology in Boston, obsewatiom positions were physically marked 
with an "%'@in ye%iow flagging tape to help buses md probe vehicles locate their call-in 
points. 

No prepmation was required for the AVI or loop detector methodologies since they were part of 
existing on-line systems. 

Each tern member was given guidmce as to the site, date, direction, exact start times md end times 
for the suwey. L~cat iod~signment  sheets were distributed to suwey the teams, listing the sites to 
be sumeyed; the date, times, and di~ctions; who was responsible for dropping off equipment; and 
the persons manpring each site. Each pafiieipant was PSISO given a map shcrwing the location of his 
or her site, along with Iscations for parking, nearest restroom, newst public phone. List of phone 
numbers for sites, rovers, and local police were provided. Each team hd copies of my BeEess that 
were .sent to the police or eommuniq offscids explaining what was being done. Rovers were given 
directions for mmeuveGarg bet~~een siks (alternate routes were applicable). 

Personnel were msiped to t m s  md the terns to a p&ileula~ bcation. It was 
attempted to have the teams remain consistent &roughout the suweys. An aaempt was 
m d e  to have one kiinll-time team leader at eeach site. 

Equipment Assignmeat 

This task includes saalsg~ling equipment; veri$ing operational shhs/calibration; md pick-up, 
deIivev and storage: of equipment. 

ke 6e4. All equipment was catalogued, i.e., identified by type, m&e, 
model, md serial number. Equipment was grouped into sets which were numbered. 
Each set conbined all equipment requird for a single set-up. A set was assigned to a 
pS?-$eicuEEsa individual, Set numbers ware =corded as part of the suwey logs md to track 
my problems. Several spare/kack-up equipment items were also provided in the kits. 
h equipment check list was provided with each kit. 

Equipment Massagement. Equipment was hmdled sli&tly differently in each city. In 
Boston, one pemsn assigned to each site was given respcansibili%y for the equipment. In 
Seaale, the equipment was distributed and co.olBe~ted by two persons at the beginning md 
end of each day. In Kenbcky, the equipment was distributed and conected by a single 
vm driver. Who was to deliver the equipment was decided up front. 
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Tape Labsling. Prior to suwey date it was requaimd that a%B video tapes be labeled with 
the following infomation: date, route, sheet, Bme, direction, and time. It was vital to 
use the G B ~ C ~  tape in the comeet cmera. 

In addition to the sumey equipment, there was a recommended list of personal gear* 
This list included, ~Iipboard, gurney foms, photo ID, business cmds, penslpericils, 
watch, hat3 slaaglasses, rain g e z ,  saKn block, chair, water or juice, lunch md snacks, trash 
bag, and paper towels. 

Laptops and palmtops were signed out to the sumeycbrs for this method. The crews took 
the equipmeg~t home with them &er each (Bay of sumey md wen responsible for having 
it with them on subseq~rent days. 

Samey Management (Rover's Responsibilities) 

The msponsibilltias of the rovers were to offer technical advise and ensure video recording qualiw. 
Alfioergh the rove= avere prinsarkiyi responsible for the video rnehcsdols~, they were also helpful in 
diawting surdaysrs for the p~mb$e ~ ~ r n p ~ t e r  method. Rovers ~ m i e d  extra equipment and supplies 
(cmerm, fuses, baBeries, rain gearu etc.), collected video tapes; semed as temporw relief md 
emergency back-up parsannaE; md collected the tapes at the end of the suwey day. 

Rowen ware on the raad at all times, and were available by pho~ae. Rove= also acted as oabsewcm in 
the route segments during the recording intewaE, recordi;&ing my .8ysmusual incidents which might go 
paarepoad. I 

Since the sumeys iwvsfvad personnel working on or new major rods,  safety ~ S S P B ~ S  were addressed as 
part of the tmining md were considerations t&rou&eut the saameys. Safeq equipment 8hgch as safe9 
vests and cones, cantion tape. md filtration masks for locations where vehicle hmes were high, were 
made available to the terns. Equipment was se~lared as ~ ~ C B S S V .  Locks m ~ d  chains were used to 
secure video equipment to bridges. Terns were q u i ~ e d  with some form of ~ ~ ~ r n m u n i ~ a t i o n ~  FOE. the 
video and psaable: computer mdhods, sites were selected which provided protection for the snwey 
bms. Sites r e q u i ~ d  adequate shoulder or sidewalks to allow for the equipment a well as for the 
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gisnaf p e d e s ~ m  movement. 

Since sbsemet.4: me occmisnally harmsed by passing pedestria~s OH driven, it was a safeQ 
considemtion. Sumeyors were advised not to engage in any contact with myone suspected emf being 
violent or abusive. The safev of the sulweyors is sf p ount i m p o ~ c e ,  a d  should take 
prmedence over army concerns about equipment or data. collection. 

Saemeyom working on the road were encouraged to wear high visibiliv reflective ciothing, md to 
protect themselves h r n  dehydration md sun exposu~.  

Drivers were assured that aailtBaough consistent md accumts infomation was i m p o m $ ,  it 
was more impodant that they be in complete CQ$~&O~ of their vehicles md that their 
a@ention be on the mad. It was not worth jeopudizing their safety in order to collect a 
data point. Probe drivers were advised ahat it might be helpkl for a passenger to record 
the time or st&& data. 

Procedure Dosnmcsnta~on 

AHI procedures for the condud of the Geld tests were documented. SeaweiIlace and control 
requirements during field data collection were defined md speciged. Sets sf  instmctions indimting all 
aspects of the dab collection process were prepared and distributed. These iwduded: 

Equipment md personnel location 
How, when and where data were to be collected 
Procedures for crew shifts 
Procdures for Enow to hmdle contingencies (including when to cmapcel dak coiiledisn due to 
accidents, rain, or snow) 

A more ddailed discussion of the most critical of these procedures is provided under Step 4 - Field 
Suavey Data Colllectisn Procedures. 
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Step 3 - Training/PiBoi 'Test 

The next step was field training and pilot testing sf suwey procedures for each of the methodo!ogias. 
Training md pilot tests were conducted both in taouse and in the field at a e h d  sumey Locations. The 
puFosa o f  the training FYZB to ensure operator familiari9 and practice in the use o f  equipment, use of 
forms. Pilot tests acclimded the crew ts real-life circumstaqces, allowed practice of on-site 
coordination, and tasted the eEectiveness of the training. The draining and testing requirements variecb 
greatly by n~e&adsploa. 

Considerable skill is required En obtaining usable video sf  the trafic scener For good 
~s;sular; it is aeeessav to ensure that suitable license plate picmres we obtained since 
poor images will severely imped,e the machine recognition process. Training in video 
data coiledion techniques required two to three days sf both fomal in-house a d  in the 
field training for each city. 

Formal in-house training covered a general diseussisn of t raf ic  sunleys, an in&odudion 
ta machine vision for suwey api~lications, camera oper&ion, equipment f m i l i a r i ~ ,  
camera clock time synchronimtion, and equipment set-up. Suwey plmskning and 
procedures, crew ~signments ,  d a t ~  collection kocations, schedules, commua8lcatiaars, 
responsdo ~ontingencies (e.go9 when to cancel due to rain, accidents, etc.) were 8Eso 
covered. 

FieEd &ainirng offered a realistic run through of a%] procedures. Data coHleceors received 
feedback on the field test pedommce. Tapes made during the field test were critiqued 
to detemir~e their suBbbiHiQ for the pHate reder. 

In both Seafile and Eexingsn pofiable computer training was loosely stmetured, because 
it required more individual skills md pwdice rather than fsma1 instmcfed twining. ' f ie  
dyamics sf the opemtisw were such that 5e%d crews required at least pafliajly shctured 
fmiliaiw &aining (pnxctkeing data entry) which could take place any time, anywhere, as 
long as the training was a realistis, simuBation. In training, each crew and crew men~ber 
lemed hisher own weknesses a d  the necessav conective measures. During %ha field 
trials, part of the kaining inv~1ved monitoring the number of entries in order that the 
number recorded sh.oaald exceed the number required fo"srstat.eistical reliabi2iQ. Operator 
fmifl&ty with the computer hardware md s o h u e  operations was essential in order to 
mmimixe the value of time spent ow station. The pcs&~ble computer method required 
sustained c~ncentration during t&le saawey especially if pedomed far high speed traEc 
Imes. 

rrrai%ning for the pwbe methodology consisted of dEs&iP-ib~~ting, in advance, a set of 
ir~stmctions (seswey procedures and foms), photographs of the call-in locations and 
route maps $0 the buslproba drivers. Accuracy was stressed. Owe week prior to the start 
of the geld test, probe drivers were &asked to make p w d i ~ e  runs to ensure that they 
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could locate all of the call-in sites md work comfoB°tably with the call-in procedures. 

FieEd draifling is required 80 emure ~p~ra~orfamiIr'a~~c~1ion ~7iIBr suwq 



Step 4 - Fie%d Sumrep Data GolIec~on Procedures 

Field suweys and various stages of data collection were ied by the MPBs md other pwicipating 
agencies MPOs were responsible for managing their suwey t erns  m d  the data coilectiora ego&. 
Detailed senwey procedures were established md used before, during, and after sash data collection 
session. The fo!lswing sections summa~ze  the procedures md action steps required in seEing up and 
conducting the field suweys. 

Sy~rbsomkhg Time 

Time syiracEwuaimtion was awe sf the most critical elements for suwey slJccess. Watches of all s u m y  
crew members were synchronized prior to the serwey and were checked for discrepmcies during the 
twining sessions as we11 z s  duriamg the survey, Crew members were advised to call ""telephone time'" 
number to set their watches daily. 

Video camera clocks were ssynchrsnaized before the suwey; These times were turned on 
and recorded at the beginning of each sumay tape. This was not the official time used, 
ho~rever? since the camera clocks did not have seconds. 

Podable computer (Iaptop/palmtop) clocks were synchronized before the sumey and 
were checked for discrepmcies during the skawy. 

Probe vehicle dri~crs were insmcted $0 s d  their watches from the "telephone: timet' 
daily. Data recorders used the S m ~ R a u t e s  clocks for bans; times, 

Eqaipme~t/SiBe Sek-Up Procedures 

This step involves prepwat48n of  the work are8 and equipment setup and adjustment. 

Equipment was unloaded as close to the designated sumey spot as possible. Safety cones and flagging 
were maaged to define the work area. 
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Set Up Camera and Related Equipment. Because s f  the demmding set-up 
requirements and the mount of equipmermf: involved, video crews were required to be 
om-site one hour prior to the start of the sumey. Tripods were set up over each of the 
predetemined markings, making sure that h e  legs were fenlly extended. Mmirae baEeries 
were. positimed beneath each tripod. Cameras were amched to the tripods. Camem 
connections were made to the-baa8eries and to the monitor. 

Camera Adjanstmenb. Several adjustments were required including camera mgle 
(enough plate frarages per f i m e  of video), fences, tilt, center on Bane (or area sf h e  
through which the traffic seems to be travellinag), image size, focus, exposure? md 
shuaer speed. 

Create a Test Tape. Test tapes, recording a minute or two of traffic, were taken prior 
to the start time of the survey, (both 6br the initial semp in the morning and afiemosn 
session). This recording was played back, and the image was frozen and viewed on a 
monitor hooked up to the video camera. This was done to verify that the camera's 
video md audio were operational, and to verify that the comect cmera seaiaags (image 
size, exposure anad focus). Adj~stments were made as necessq md reverified with a 
new test tape. This step was wecessq since it was not possible to elaeck the image size 
after the survey tape was st&ed (without the use of the rover's equipme~~t). 

Load and S h ~  S~awegr Tape. Cameras were to be set up and ready five minutes prior 
to the st& sf the suwey. A check was mmde to ensure that- the tapes were rewound. 
The c m e r a  were put into a pause mode ready to record* At the exact time s f  the 
s u m y  the cmeras were s taed.  Start times were set befosehmd. In sotame insbhnces all 
tapes were stated together: in others a staggered start time was used. In Boston, each 
camera was stsanged according to the operator's watch at a predetermnined scheduled time. 
In LexinBon, where %-way radio communications were available, all cameras were 
sta~$ed an a time mark given by a rover. 

Prior to each day of suwey, the iicense plate capare grogrm msident on each pomble 
coaputer was initiated with the date, time, route, lane, direction, and suweyor rime. 

Laptops were connected to the marine batteries used for the video methodology. 

Data collection consisted of video-taping the mfic scene according to instmctions 
provided. The traffic scene for each route segment was captured for 4 to t 0 hours per 
day3 I to 3 days per route segment. The major steps were as fo'cb8lows: 
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Time Checks< An audio time check message was required to be made at the beginning 
and and of each tape. The initial time check was ~nade when the cmlara was first 
bmed on to record, The start messagdscript wm =corded which included the following 
info~natisnr uaane, date, route lane, direction, cmeaa set number, time 
(hoe~~"irsmia9utdseeorrd - with a avoice mxk-), initial cmem see%ings (shuaer speed, F-Stop 
[exposure], etc.). In addition at the begin~~ing o f  each bpe, the cBnam date and time 
were B R S O  displayad and recorded OD the tape for 10 seconds. 

Camem AAdj~strnenB. Car~era ~heccks were a continuing process. Conditions chmge far 
many remons, and adjustments must be made as soow as possible to ensure maimurn 
readable plates. W e n  checking fhe c m e r a ,  the operator always considered whether it 
was the best pieb~re p~ssiklnlh;, or if Kt could be improved. These checks were not limited 
to fifieea-mlnaste intemats, but were done as required. At each check, camera seBings 
were veriged. Fi'fieea minutes was the mmimerm time a cmera  WEE left unchecked. 
Subsequent time checks noted the time md my cmea'a adjustments. 

Foses, To refocus as necessaq (usaadly only if on a heavily travelled road where 
tmcksbusses were causing vibrations which ware jmiwg the cmesa). 
Apperature- To compensate for changing lighting conditions. Setup in the 
morning was typically in csmpleta darkness maad as the sun rise progressed, 
adjusments to the emera seRiwgs were necessw. Adjusmcats ware -&!so 
nacessav as clouds came i~ and out. 
F i l t e ~ ~ g ,  To compensate for glare as the sun moved bebind the cmerq  it was 
sometimes necessav to 8dd pcs&mizlstg filters to the camera lens. 
A~gle .  Pnikia! settings for the morning d a b e s s  o k n  required that the camera be 
mgEed down steepiy, but m the lighting improved, cameras were focused &&her 
out. ABso ss & ~ c  built up it was sometimes neccssay ts tilt the cmera down 
more steeply to captere plates which would ot%:jerwise be obscumd by the vehicle 
fojiowiwg. 
Ptmver. Oc~mibgnalIg; a Camem would shut itself off (due to ma8functioar, 
ovedraatireg, or internuption 0% power). W e n  this happened, it was vary irnpodmt 
that a new start time be entered onto the tape, and. 8 special note be made in the 
suwey Iog. 

Charoaging Tapes. Video tapes were squired $0 be changed after 2 hours of taping. The 
used tape was re~xoved &om the cmera md the recording tab closed (they were not 
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rewound). A new tape was insefled and a time check script was recorded. Used tapes 
were stored safely. Tapes were labeled prior to the survey. 

Mbcellaneons Actions. To protect cameras and po~able counputen from adverse weather 
conditions (rain md wind), t e a s  were provided with plstic sheets md bags, and tiedom 
materials for the Ghipods. 

Once the data csppkgare sohcdre was stated, the data caphre pmgrm required only the 
plate characte~ to be e n t e ~ d .  As the operator hit the return button, the progrm 
automatically assigned the cunent time. The progrm also had the slbiliQ to capture 
operator notes; this feabre was used to note my intemptionshre&s in the collection 
process. Palmtop baBeries needed to be changed as necessq. 

Obsehvers in each test car were responsible for recording the rann sheets. Each sheet 
inchuded identiQinag infomation for the run md the times the vehicle passed the 
predefined obsewation locations. Delay infomation was also gathered (alaough not 
used for this test). For sipalized routes, the test vehicles entered the test route at 
various points in the light cycle. 

Probe vehicles repseed via celluE~ phone or 2-way radio (OF nmarauaiily) the travel times 
they experienced on predefined route segments. Probes also pased along any delay 
infomation required. Probes conducted their survey for 5 t s  10 days of the field test. 
Sm&Woute probe drivers reported their time Wise a dayay, once in the AM anha once in 
the PM. MassPorP bus drivers reported in on each pass through the route segments 
defined. At their ewtylexit points and at each observer location point, probe vehicles 
~poHted their location via ceH1uPa phones, md buses via Zway radio. The probes also 
conveyed their usual data regarding delays, incidents, and accidents. Probes gave the 
following infom~tissw at each call-in: driver nme,  vehicle ID (license plate number), 
route, direction of bravel, check point nme,  time when they passed the checkpoint. If 
the phone line was busy, the probe drivers were instruck$ to write down the times. 

Buses equipped with the AVH devices travelled their regulaply scheduled routes. As the 
bus pssed the detector, the bus ID was captured along with the cuprent time. 



Daily Log. A11 searveyors ware r e q u i ~ d  to keep a daily log during the sumays which included: 

IdentiQing infamatian 
- Suweyar name, datejtime, roilte, segment, lane, diredion, genera8 route, md 6 % a f i ~  conditions 

A descriptiaw of abenatian factors 
- Eneidents (breakdowns, accidents, cons&eaction and maintenmce, hnenra8 processions, speed 

e~aforeement, emergency vehicles, etc.) 
- Weafier conditions (clewzff, rain, fog, snow, ather) 
- IBluminatioa (dawn, day, hvikight, night) 
- Paveme~t condition (dry, wet, icy, ete.) 

Methodolow specific infomation 
- Equipmer~t ID, tape numbers, camera se%%ings, description of whem the camera was focused, 

intemptions in gaping (power irrtemptionns)9 md equipment malhra~tioras. 

Coma2n~iea6om. Each team was equipped with celIuHu phones or Ws-way radios enabling 
continuous csmmunieatioan. Creiws were iiwsbxded to use the phcsneiradio to seek advise from other 
opemtors or the rovers. Phonesiradios allowed a way to reash each suwey & e m  in the event that the 
suwey needed to be postponed or stopped. 

End cf S a w @ ~  Dzy 

Breakdown. Once the final tape for .a session was completed for each cmera, the 
operators began b~e&ing down equipment. Cameras were turned o f f  and lenses ware 
c8,pped, G m e r a  were disconnected fiam their baaeries md dismounted &om their 
&ipe%ds, AII equipment was repacked into its onlgiaaaI set bags. A check was made to 
ensuse that equipment sets were in tact. Once the carnews were securely stowed, the 
bipeds and other aquapment were dksmsembled, stored, md reloaded into the vehkcia. 
AH. safety equiprr~ent: ~ 3 %  recovered and re-sswed. Approximately 1/2 hour was 

afier the end of hping to break down and .sdpack the equipment. 

Equipment Care!Gleaning. Camera eqkaipmed reqniwd cleming and propar storage. 
On days when it was humid s r  raining, the cmeras required p ~ i c u l m  care at the end of  
each day. 
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Dafa colkecti~n f ir  the mefhokbollqies tested requires that eq~bbrnent is 
f~nefioning properly. Even Plr e smallest technical dvficurlq cam result in 
no 6Bat~ being c~ldected 

Bagev Retshar@~gmeplasement. Cellular phone baaeries needed to be rechmged 
each night. Maine baHeries were recharged once at the beginning of the survey and 
again after each week of survey- 

Equipment Replacement. Teams were responsible for contading a roves to replacace 
any parts which malhndioned during the day. Any missing or dmaged equipment was 
repostad to a paver. 

Data files were downloaded to a laptop computer. Podable computer 
baftteries needed to be replaced nightly. 

CoilectEapn of Sllawey DaBata. Suwey data (video tapes, portable computer data files, data sheds), 
were coIlected daiiy (brought to a central location or dsvvnloadd to a central computer). At this 
time any new instmctisns or infomation was passed along to team members. 

At the end of each day, the video tapes were eolleded by the rovers. Terns would 
msemble, as necessay, to pass on any new instmetions. Persons responsible far the 
equipment would tzke it home or to the site at which it was to be stored overnight. 

lal Suweyors met to submit data at the end of each session. The infomation wa collected 
by a dowarnload af data from the laptops/palmtops to a main laptop mmputer. 

Drivers who were unable to cosataet the data co%lection center during the run were asked 
to calk in or fax their data sheets to the center at the end of the day. 

Run sheets were collected at the end sf each survey session. 
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Data from the roadside vehicle ddedsrs/recorders were @msmiaed daily via a phone 
Hine ti63 a. eenbal computer. 
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Step 5 - Roadway Art$ribute Data CsllecQSon 

During and after eke field suweys, the MPBs and corresponding agencies compiled the raw data 
collected &om the fields and sent ekem to the VoHpe Center for subsequent data processing. The 
license plate video tapes wem cahlogued md shipped to the conmctor for the video license plate 
processing using an automatic Simnse plate reading system. 

The pdicipating agencies were: also requested to send in any written logs (general weather and traffic 
conditions, accidents, exact suwey stM and bregk times, etc.) p ~ e p m d  by the surveyors. Additional 
data foms were sent to the MPOs to collect deQiled cost data and physical measurements for the 
suwey routes md methodologies. 

To property set iap the parameters for data processing and analysis, paicipating NPO's were asked to 
provide specific route and segment data. These include: route name, segment description (beginning, 
mid, a d  end nodes), roadwsny type, l a d  use along the route, length, number of Ianes, HOV lanes, 
posted speed limit, number of enkmces/exits within the segmehlt, entrm~/exi t  m p  volume, number 
of sigmalimd intersections, AM peak volume, PM peak volume, noon volume, pefcentage trucks, and 
percenhge cars. 

Nd a11 the roadway awibutes were available at the time of the suweys. The list of data elements @an 

be exgmded and included in the smdard routdsegment dmcription  pods when the data became 
available. The rsute/segmeatt %en@h and volme from the loop dettector table are used and malyzed 
with the travel time data in the data pmcessing sand repoPting process. 
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Data processing, analysis, md repofling of collected data were eonduckdl in sequential steps which 
include: raw data assembly, data loding and conversion into s m d x d  data fomat, data screening md 
validation, license plate matching, database creation, and repoPt generation, In order to process a 
varie? of data types and multiple data sources resuking from the fieid test data collection, a unified 
databse stmchre, with analysis procedures, were developed for stmdiardized data processing, 
g.epo;iBing, md anafysis of travel time a d  speed data. 

The database is orgmized by specific r~ute ,  segment, date, time (in HS-minute or 30-minute time 
periods), and trafiddirection. Stmdxd statistics such as number of valid smple sbsewations (smple 
rate), mean travel time ad speed, standmd deviation, mgximum md minimum travel time, md 
nrlmbar of  exkenla outhiers, are generated aAes a series of data processing steps md screening 
procedu~zs. The unified database stmcgksre allows the processing and repo&ing not only of Qavell time 
and speed datq but also of those csnesponding roadway amibmte and volume dab. The stmdwdized 
processing and data fomats provide a baseline for eompaative malysis of data collected from V ~ ~ U S  

methodologies. The units a$ measure for route lenfl md speed are in miles md miles-pephour 
(mpbja since they were based on the mile post and speed limit data used at the time of the survey. 
These memures csuBd be conve~ted into metric units in the data processing procedures. 

The data -es me generally cfistinguished by floating car records and license plate data. Floating car9 
probe vehicle, or AM bus data are collected for a set of pre-selected velmicles at a series of pre- 
selected locations. License plate data are collected from a11 vehicles pasing fixed data csBlection 
Iocatisns. Video cmeras, pofiable computers, GI. sensors/detectors provide a mems to collect license 
plde numbers (or other vehicle IDS) rand $0 record the time of the obse~vation. Because of the unique 
nature of location, time, md velmiete ID as the key elements in travel time data collection, a unified 
dahk~ase smcwre is designed for a11 data types in e2ch of the travel time data colIectism 
rnet11odsIspgies. Sbndard repo&s developed for License plate matching and processing can also be 
applied t~ and generated for data cslleded from other methods. 

Roadway amibutes (number of lanes, number of intersections, freeway entrmcedexits, posted speed 
limit, e t~ . )  and vslumeloccupancy data collected from loop ddectors are mainhined in sepaate data 
files. They can be Ei~ked to the route and segment files in the main daabase and presented in the 
route me% segmenx standard reports. 

The main database confai~es the main body of data meords. Each record contains vehicle ID (e.g., a 
Iicensa plate number) and a time s t m p  a the two key data eleme~ts, along with a set of vaiables 
(city7 route, node, date, time, direction, lane number, and mdhodeloa)  for data or grouping 
idantiffeat~an This databzse strncture is applicable to aEB methodologies. 
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Raw Data Assembly gad Coeversigan 

Data calkactad &om the 5dTd %quire subsequent trmsfomatisn, screening, a18ad hashing of initial data 
sets ro the eeRterali~d databme. Some data sets received in wriEen forms (floating car ep~d probe 
vehicle me&ods) ~xquire dditional editing and data entry to trarfsfer the data into m elsc&owic: formatM 
Stmdardized foms and data fomkats me essential to mnsfcsming md loading this data. Standardized 
logs, labeling, md cabloguing of video tapes or computer fi'lbes (date, time, location, 1me number, 
tape serial numben, etc.) are critica1 steps in the stmdwsrdized survey procedures to ensufe more 
eficacieant file orga~iatiaea md management. 

S y n c h o n i ~ d  clock times on persoaaE; watches, built-in video clocks, md cornpasten. clocks are essential 
dw~ing the %BaveB time sum-vys. Errors caused by computer power-sE7 &dead bigaey for video emera, 
or switching tapas during videotaping need to be comected using field suwey Iogs. 

Liceage Plate Video Tape Processi~p 

During this test a machine vision system9 was used for reading license plates recorded on videotapes, 
The Computer Recognaition System's (CRS) License Plate Reading System (LIP'"RS) was chosen f i r  the 
testing sf  aukEtomatg%i~ license plate processing using a video imaging technology, The CRS Plate Readcr 
can read Iicense plates of vehicles moving at speeds up to I100 mph. It takes less than esm second to 
process a triggered licenw plate* Rxe recognition rate resulted from this processing falls into s range 
bemeen 110 to 46 p e ~ e n t  of the vehicle flows, depending on the location md the qualiv of the license 
plate ~ I c % u E " & ~  Besides the CRS .system9 several other existing machine visioa te~hnoiogies with the 
potential to read ~ii~ense piate5 were examined prior to the selection. 

Each two-hour tape was processed using the system, and digitized adput was produced on a diskeae 
f1"ali- Each license plate record GOII~B~RS a six-chwacter license plate number, the associated time 
stmpg date, site Iocation ID, 1m1e number, and d i~c t i sn .  h exmnple of license plate reesrds is 
shown in Table 4-1, The data were loaded into the centralized database for Eicelissc plate anatching and 
r e p o ~  processing. 
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Table 4-1. Output of License PLte Vide@ Brseessi~g 

Plate # Time Date Sits-Lane-Dirediala - - -  
A 3 - I  -NB 
8 4 - 1 - N B  
A3-I-NB 
As-1 -ME4 
A3-3 -NB 
A3-I -NB 
AS-I -RE3 
A3-3 -NB 
A3-'0 -NB 
A3-1 -MI3 
A3-1 -MB 
,443-1 -MB 
AB-1 -NB 
A3-1-14B 
AS-.I-NE% 
A3-1 -NB 

Computer Llce~se Plate Prosmrsie~g 

Computer license plate files were created on laptop or palmtop computers afier each data collection 
session, Each license plate fiEe contained &om h~mdreds to a &ausand license plate records entered 
during a 2- to &hour session. E21ch I"CCOQ~ confains a 4-digit (3 numbers plus an adjacent character) 
Iieense: plate number asad a time stamp. Each data file was marked by date, route, site name, direction, 
lane #, asid data entry person's name. At the end of data colliection session, the data files we= 
downloaded into a main laptop computer for subsequent license plate processing and matching. 

License Plate Matching 

License plate matching is pedomed for any given route segment for lieerase p%;ates capmred bemeen 
an upsbeam Iocation and a downstream loc&ion. The standard matching procedure i s  designed to 
p e ~ o ~ m  Ilcense plaLee matching for each consecutive route segment on a route where data are colleded. 
In license plate matching, data collected from all lanes at one location me combined for matching -with 
the data collectd at atother lacatian. The whole range of data collection during a sumey session (2 
to 6 hours) is processed, and the mdching results are produced for each 30-minute time slice duration. 

The s o h a r e  can be desimed ta be hl ly  automated and user-intem~tiw. Options are ppaoided for the 
user to seled m y  data source, =view data, eonduet an analysis, or exW6:t a report. The user can 
select any mute(s), date(s>, segmentbs), hour6s), and Iane(s) for license plate matching and repods, 
The user can also change the time slice value to generate a detailed mabysis or change the th~shold 
speed Iimlfs Blvhen tmfic. conditions skew the speed Ievel. Sfandmd ~e:pods will usually be produced 
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utiikzing standsd malysis procedures. 

Although license plate matching can be p e ~ o m e d  by Ime, the smdmd procedure combines data 
cs%%ected earn all Imes at one location to match those at the next location. Obviously, this increaes 
the number of plate ~ & ; $ c ~ c s  bemeen any two gJlaeations while disregwding my lane speed vaiation. 
I f  a high sample rate is assured, license plate matching by Bane (or cross Bmes) em be pedomed 80 
detem~iae poteatial speed variation bemeen Emes (HOV Imes, Itmfic ntmagement lanes, or normal 
lane variatioi~), OF hmc cba~ging behavior (for merging or exiting trafie). 

Pull h m g e  Matebiag 

Stmdad license plate matckpng 1s designed to capture all the possible matshes during m entire data 
eo%lectian session (up to six hours in some occasions). The progrm is designed to capmre muitiple or: 
false matches (e.g., via partial plate matching) over a. luge time span when the accuracy of plate 
recognition meaad the logic of plate matching can be tested. 

AWer the precision levd md accuracy mte we tested, a more improved matching procedure can be 
designed with a nafcrwar window of  time after congestion delay is considered. It would reduce the 
pmoeessing tlitne eansidem-ably &om the standard license plate matching procedure" 

The pHate matches xe stored gn air intarins file before the report generating procedure is initiated. The 
elapsed time Is calculated f i r  each match, aBong with the matched license plate number, times recorded 
at bath Eoh~ztions, and the source IDS for the original data files. The interim file cm be printed as a 
Ikst of re~~arcls (set Tabies 4-2 and 4-31 or reviewed on the screen at tlse user's option, The 
informatian is useful for cross-checking o f  matched plates with the original source data. 
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Table 4-2. Laptop Lieennse Plate Mdgtchw 

License Plate 

City: Lexington Route: Richmond Road Dtrec~ion: % 
Sites: Bat~87e1-1 Road (Conrad Chevsolet) to Eagle Creek (Man Q'Wer Boulevard) 

Page 1 

Number of Plates- Number of Plates Site 2 Matches - 
5868 5695 1083 

License Elapsed 
Date Plsae Time? - - --- Time4 Time I D ?  -- - ID2 

-<-.- 

RlCHAR RICHARD COMBS ERIC b ERIC LARSQN 
RlGHAR RICHARD COMBS ERIC L ERIC LARSON 
WlCHAR RICHARD COMBS JONAVM JONATHAN 
RICHAR RICHARD CQMBS JC3NATE.4 JONATHAN 
RIGWAR RICHARD COMBS JONATH JONATHAN 
SHANNO SHANMCN REYNOLDS ERIC k ERIC LAWSON 
SHANNO SHANNON REYNOLDS ERiC B ERIC &ARSON 
SMANNO SHANNON REYNOLDS ERIC b ERIC [.ARSON 
RlCWAR RICHARD COMBS JOMATH JONATHAN 
SHANNO SHANNON REYNOLDS JBNNH b!ONATHAN 
RBCHAR RICHARD COMBS JDNATH .JONATHAN 
SHANNO SHANNON REYNOLDS ERIC L ERIC LAMSON 
SHANNO SHANNON REYNOLDS ERlC 1. E R E  LARSQM 
SHANMO SHANNON REYNOLDS ERIC L ERIC LARSON 
SHANNQ SHANNON REYNOLDS ERIC L ERiC LAWSON 
RICHAR RICHARD COMBS JONATH JONATHAN 
WiCWAR RICHARD COMBS JONATH JONATHAN 
SHANNO SHANNON REYNOLDS ERIC L ERIC LAWSOW 
RlCWAR RICHARD COMBS ERIC L ERIC !.ARSON 
RICHAR RICHARD COMBS JONATH 30NATFSAM 
SHANNO SHANNON REYNOLDS JONATH JONATHAN 
SHANNO SWANNQM REYNOLDS ER1C 1. ERlC LARSON 
WICHAW RICHARD COMBS ERIC b. ERIC %ARSON 
SHANNO SHANNON REYNOLDS JONATH JONATHAN 
ReCWAW RICHARD COMBS JONATH JONATHAN 
RiCWAR RICHARD COMBS JONATH JONATHAN 
SHANNO SHANNON REYNOLDS JONATH JONATHAN 
SHANNO SHANNON REYNOLDS JQMATH JONATHAN 
RICHAR RICHARD COMBS ERIC L ERIC %ARSON 
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Tabk 4-3, Video License Plate Matehe 

License Plate 

Chy: Boston Route: Route 93 S/SE Dkectian: N Page l 
Baas: 7/53/93 to 7/13/93 Time sf Day: 08:40:00 AM 16, 14, :08:0(9 AM 
Sites: Boulevard Street Eaensicn 

Number sf PIates S&f Number of Plates SiPe 2 Matches 
84 88 9354 980 

Date 
P 

7/4 3193 
7/13/92 
;Pi1 3/93 
7/13/93 
7/13/93 
$ i f  3/93 
711 3/93 
7/13/83 
7/4 3/93 
711 3/93 
I i4  3 9 3  
761 3/33 
711 3693 
7/13/93 
314 3193 
714 3693 
711 3193 
7/13/93 
7/1 3/93 
714 3/93 
511 3193 
711 3193 
711 3/93 
714 3193 
711 3/43 
3/'i 3/93 
71? 3/93 

Elapsed 
Time 
P 

00:10:%3 
00: 1 Q:08 
00: 10:08 
00:110:4 3 
QO:10:10 
00: 1 0:09 
00: 1 0:08 
QO:f0:28 
00: 10:42 
00: 1 1 :34 
00: 1 1 :40 
80: 12:43 
00:%2:14 
00: 1 2 2 7  
620:11:10 
00:11:16 
00: 1 1 :30 
00:% 1:36 
00: 1 1 :45 
00: "P :44 
OU:I I :a7 
00: I 248 
O0:11 :a4 
OQ:1"1:SCi 
OC%:l9 :34 
00:11:59 
88:'d 3:%7 

ED? 
ID1 - ID2 - 

The 30-minute tkihne slice is set as the default value for the grouping of travel time records because 
some methadolagies da not ggeaeratc enough samples in a smaller time range. The 185-nxg-binute time 
slice should be adopted as i;a skmdard b~akdoem for fmvel time data ~~Blection and repo~qing when 
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sufficient smple size can be obtained. 

Faise Match Screening 

A false matcb is  revealed as an outlier with either a very large or small elapsed time sepmated from 
the average. False matches are usually caused by partial plate reading (e.g., 4 chwacters insted of 6 )  
and thus result in false matching of two diEerent vehicles. The Seaale test of license plate matching 
using palmtop computer (3 number and 1 letter) produced n high pezentage of false matches. It was 
detemined that the dorninat plates recorded we the Wmhingorn State new centennial license plates 
which. consists of three numbers ieolloaved by a letter h r n  "A" to "F" in the foudh position. The 
Washingon State Depmment sf Licenses has been m&ing $he plates in sequential alphabetical order 
since the new plate was designed for the Wmhingon State centennial in 1986. At the time of the 
sanwey, the state was just beginning to distebute out prates with the letter 'TF". 

Other false miiiches occur when vehicles travel at tt unusually high or %ow speeds md are caphred 
multiple times at multiple absewation locations. In either the case of false matches or extreme 
outliers, the obsehvations should be eliminated from the valid smplie base. 

The initial or stmdmd rules for re~ectipsg outliers ape bmed on the maimurn (85 rnph) and minimum 
(15 mph) speed limit as the threshold values for upper and lower bound of travel speed in a noma8 
situation. The msuhimum and minimum speeds we then converted into the mimimum and minimum 
elapsed times for a specif c route segment. An elapsed time; falling outside the b o u n d q  of nomal 
elapsed time is automatically rejected from the data set in the elapsed time screening procedure. 

The lower bouradsary of 15 rnph minimum speed limit should be reduced or totally released for 
congestia~a conditions when very low speeds me prpesent. 

License Plate Matching Repods 

A series of reposgs are automatically produced, ar mmually selected, as the ~ s u l t  of the license plate 
matching process. 

Site Status ReporB: 

At the user's option, the site status report c a ~  be generated producing a stammaPy sf the license plates 
recorded at a location. The r e p o ~  ssumm~zes the t ~ t a l  and subtob8 number of license plate records 
by date, route nme,  site, direction, Ime number, hour, and suweyor (for laptop or palmtop method). 

This repofi is p&icuImBPD.y usehbBI for the early detection of data acquisititrn discrepancy by locationm, 
ho~r ly  dislpibutian, and surveyor's p e ~ o m m c e .  Timely adjustment or reassignment of the crew, 
equipment set-up, and sumey operations can be made to improve the overaPI pedommce. 



Elapsed Time Distributlo~ 

interim file sf matched plates (see Table 6-31 i s  used to produce the plots of elapsed time and 
speed distribution in Figmes 4-5 and 4-2. %'Re data ~ s e d  i s  based on a 4-hour suwey on a 5-mile 
segment of the Southeast Expres~waj! in Boston. Table 4-65 displays the s m o  elapsed time distribution 
in BO-minute increments of each 30 rereiaute time slice, 

The plots in Figures 4-1 m d  4-2, and Table 4-4 show that travel tunas sun~eyed for this segment reach 
a peak iaz the time slice of 8.30-9:00 mi. Both pBoBs show a split g a ~ a m  after 9130 am. It could be 
caused by either lane spzed varkakisre when speed picks up, m unadjustd canera bre&&sdown, or clock 
errors during the suwcy. Tabk 4-4 shows 21 obxematisns discemable zs outliers with greater than 
nomslly erbsemed elapsed time. 

6 30 7 00 9.30 8 00 8 30 9.00 9 58 

Tsmc of Day VeRtcie Entered Segment 

Figurn 4-1, Plot of Elapsed Time Distdba~on 
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Boston 93 Soapthoash Expressway, Boulevard Street Extension $0 B~stsn S&e@k 

Time of Day Vehicle Entered Segment 

Figure 4-2. Plot of  Avemge Speed Distributiopa 
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TabIe 4-4, Elapsed Time Dis;t~ba%;ao~ R e p ~ &  

City: Bastan State: M A  Route: Route 83 SEE Bats: Sf1 3/93 
Direction: N 

Site 1 : Boulevard Street Extension Site 2: Boston Street 

Segment Status Repod 

Table 4-5 illustrates the s t a d a d  segment status repop$ derived fi=orn the same segment data displayed 
in Table 4-4 after the ext~eme OU~QICPS were removed from the smple set using the screening 
procedure. The report shows travel time and speed vuiatlsns over a 4-hour period, a well a 
stmdard startistiss (number of  valid elapsd time observations, mean.s, standmd deviations, mmimum 
and minimum elapsed time, number sf o~etliars) in each 30-minute time slice of the suwey period. 

The sbbili$gr, spread9 and varimce of the trafic flows are eRe6;tivaly ~aph red  within or across the 30- 
minute periods. Table 4-5 indicates that the duration of  congestion starts from on or befare 6.30 am 
at the sewmat m d  continues for 3 hours until 938  m if rn average speed of 30 mph i s  deemed as 
the khrzshold (minih-enum accepkbIie speed) f i r  congestion. 'Fhe intensiw level of this congestion 
period is measured a 3.0 (the ratio s f  rsE-peak average speed over the peak ltiaour speed). 

Vojkarne counts can be printed in the repol? and compared with travel lime and speed measurements if 
the data axe available from ! o ~ p  datacrors. The last column shows the number of elapsed times falking 
outside (plus m~ci minus two stmdard deviations) the mem eelzpsad time. 
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Table 4-5. Segrtnaeat Status Repod 

Upper speed l i m i t  85 mhp <--a Lower speed l i m i t  15 rnph 

City: B o s t o ~  Route: Route 93 S/SE Date: 7/13/93 
Di rec t ion :  N 

Segment: 2 o f  3 Boulevard Street Extension t o  Boston Street 
Distance: 5.3.6 m i  Posted Speed: 55 wph Average Speed: 25.56 mph 

w 
T i m  

# o f  # o f  Average Haximm H~nirnm aepise 
PI ates PI a tes  P l a t e  Elapsed Stand Elapsed Elapsed Average 6 +I- 

7 ~rne Srte X S i t e  2 Matches T ~ m e  Dev Time Time ----- --- - - - V01 2 St6 -- 

Table 4-6 shows the average elapsed times and speeds of the three s e p e n t s  comprising the route. 
This table can be produced as the final repod llsislg a standadized and automated procedure. The 
infomation is useffel for pedommce monitoring, plmning, and development of system perlfsmance 
and congestion ~liaeasurements. The validiv of the databue and sample size will assure a high 
confidence level of statistical resmks when the process is mare fully tested and esfrablished. 
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Table 4-6. Route Shtus Rep@& 

C i t y .  Boston 
D l  reetion. M 

Segment: 1 UP 3 Bates Avenue t o  Boulevard St ree t  Extension 0 .74  m i  
2 o f  3 Boulevard S t r e e t  Extension t o  Boston S t r e e t  5.16 m i  
3 o f  3 Boston S t r e e t  t o  E x i t  22 - Russia Uharf/Northerrr Avenue 2.25 mi 

Route 'Total : 

Average Average Average Average 
Elapsed Average Elapsed Average Elapsed Averaye Elapsed Average 

Trme - -  E L  % I,EEL- Time -- T I ~ E  $eea 

Floating Car Repod 

The data &om &be flsati~g ear5 probe vehicle, s r  AVI method we stared in the same dztzbase stxaectu~e 
used for the Iieenmse plate method. Standard repods developed for license plate matching methods are 
also generated to produce travel times, speeds, and stmdad statistics for route s e g ~ ~ e ~ ~ f  defined by 
site points. Lower smple  rates are, however, expected in the repop$s with these methods. M~~ltiple 
rsaatches resulting fiem the same vehicle ID in sepaate trips are usualky dete~ted and eliwlinated from 
$he eligible matches when the rnmimu1~1  MI^ miatinrum speed sereenaing procedure is zppiied, Table5 
4-7, 4 4 %  and 4-8 e&ibE% h e  three segment status repods of floating car S U W ~ J ~ S  on Richmond Road iin 
Lexington, Kenha~eky, where laptop eonlpaskes matching as well as video license plate matehirig were 
also tested on the same route segments. 
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Table 4-7. Ploahg Car Segmeant SBnatns R e p o ~  - #I  

Upper speed l i m i t  85 mhp em=> Lower speed l i m i t  15 mph 

City: Lexington Route : Richmond Road Date: 9/21/93 
Di rec t ion :  kl 

Segment: 1 o f  3 Eagle Cr@@k(Man O'War Boulevard1 t o  Patchen Road(Conrad Chewrolet 
Distance: .88 m i  Posted Speed: 35 mph Average Speed: 25.02 mph 

T i  mei 
# o f  % of Average Maximm Mllnimurrr Outside 
PI ates P I  ates Plate Elapsed Stand. Elapsed Elapsed Average o f  +/-  

Time S i t e  1 s i t e  2 Matches Time Dev. Time Time ~~~~~~~ - Vol - 2 Std 

Table 4-8. FIaa~ng Car Segment Statas Reps& - #2 

Upper speed l i m i t  85 mhp <==a Lower speed l i m l t  15 mph 

C i t y  : Lexington Route: Richmond Road Date: 9/21/93 
D i  r ec t i on :  b3 

Segment: 2 o f  3 Patehen Road(Conrad Chevrolet) t o  Shriners Chi ldren's Hospi ta l (Shr iners Lane) 
Distance: 1.35 m i  Posted Speed: 45 rnph Average Speed: 31.13 mph 

Elapsed 
Times 

# o f  # o f  Average Haximm M i  nimun Outside 
PI ates Plates PI a te  Elapsed Stand. Elapsed Elapsed Average o f  +/- 

T i  me ---- S i t e P S i t e 2 H e t r h e s  Time - Dev. - Time Time - Val - 2 Std 
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Upper speed l i m l t  85 mhp Lmer  speed 1 i m j t  15 mph 

City :  Lexi ngtan Route: Richmond Read Bate: 9/21/93 
Di rec t ion:  &1 

Sepsnent : 3 o f  3 Shriners Chi idsen's Hospdtal (Shrlners Lane) t o  Hanover AvenuelMentel l e  Park1 
Distance: .90 m i  Posted Speed: 45 mph Average Speed: 32.94 mph 

Elapsed 
Times 

d of % of Average Maxsmuw M~n~rntrn Btlts~kje 
Pla tes  P I  ates PI a t e  Elapsed Stand. Elapsed Elapsed Averdge sf +/-  

B ~ m e  S i t e  k Sute 2 M~tshes Tlme Oev T ~ m e  T I ~ @  ---- -- - Val 2 Std - P 

A spacial mpae is also designed far the floating meaod. Table 4-10 shows the Richmond R o d  
Floating Car Suwey S u m m q  Repo~t of a complete l ist of trip =cords with times recorded on all 
chwk pints* 
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Travel time data collection requires a multi-step process invojving suwy and sample design, 
1aethodoEogy selection, plmning, field data collectissa, data processing, analysis, and report generation. 
To snake the data collected more usehi? the process should be p e ~ s m e d  in a consistent md 
coatinhahsns mmner in a scope defined md mmaged by MPOs md iocal t rmspo~ t ion  authorities. The 
hfomatisn collected is viable in nlany aspects of trandssspofiatian plmning and trafic mmagement, 
These applications include: improvement of trmspo~ation system perfomance mezures, &affic and 
congestism mon~toring, tsafic impact assessments, travel demmd forecmting, md evaluation of various 
tr&a~porbti~ improvement projects. A standardized travel time data collection program can also be 
devekoped for national travel time trend analyses and intercity $i.ompxisows. 

$t~;n9dsam;diad sunuey procedures (e.g., fon11s, synchronized clocks, labeling and cataloguing, sux-vey 
logs, m d  $at8 fomats) are cr~cial to the quality of data collection md the eficiency for data 
pmcessing. Data enors and pmcessiag time can be minimized with stmdmd data fomats and data 
processing procedures. To present tbe infomation more ~Eediveiy, stmdard r e p o ~ s  can be pmdaaced 
in a systematic fomPat orgrwized by route9 segenent, date, time periods, md & a % ~  direction. The 
i~~fonnatiow is easy to understmd md car1 be used as m effective memure of congestion. The travel 
time m d  speed mesjJremenrs cm  also be c ~ m p z e d  md maByzed along with other traffic and roadway 
a ~ b u t e s  (bafic volume, vehicle mix, roadwaj~ capasiq? and vehkele-miles-@ave1led) using the 
swdmd and unified database stmcmre~ A ccon~prehensive m d  integrated banspo-tion system 
pe~omarnce 2nd dab mmagemesat system can be developedS8 

Selection sf appropriate techniqe(s) for col%eckiag travel time data depends ow the madway 
cksacteristics and frafig: pattenla. SaayEe size requirements and saanpling eficiency of the eolllectisn 
mdhsds are key facton 14% m e ~ o d a l o w  selection. Minimum sarraple size required should be decided 
by thmnique roadway travel time ~~wiation and traffic and congestson patterns in general. The 
sfabi1iQ (or v ~ a t i o a )  of tr8ffk flows by road~lay segmentg time 08 the day, day of the week, or 
seasonal vwiation should be considered and exmiaaed. There i s  ceflainly a need in reseach, pehaps 
through the data collected from the field tests, to dsvaiap guidelines for sample size requirements for 
travel time data collection. 

The field test swdy concludes thata there is no single best methodology for travel time data collection. 
Seleding an appropriate methodology relies first on the pesoamirag MPO to idepstiQiag its dda  needs 
md the scope md priority of  its d a b  collection. The floating car method may still be the most 
convenient and flexible one $0 use for k~my pei~oses. However, it should be ImpBe~~ented with a 
r;aehl swaple design a d  sanpiing plan in order to reach .a mem̂ ging%eBH sbtistical sample. The more 
rigorous license plate matching method (video, pokeable computer3 or AVI) oEers the capabiliq of 
ob@iniag a lager saaple size in a ~ontinug&$us dab fomn. This method, however, leaves m p l e  room 
f i r  improved operating procedures and techniques to i n c ~ m e  its perfonilbmlrn consistency* The 
concept af license plate n~atching is proven as a viable method for $rave1 time measureme~~t. With the 
advmce of cs~mputer, electronic md communication technolasgies, it is likely that infomation sensing, 
bmsmiEing, and displzying will be greatly enhanced. Travel time data ga"6hering and repo~ing rnay 
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evenhally be conducted in 1 red time sihation. Table 5.1 is a sarmanaq of the six tested 
mah-aodologies for travel time data co%Iectiasn. The advmtages a d  disdvmtagss of each rncthodoIogy 
is described by its uper~tic3naB chmeteri~tici~ expected smpHe rate, md i t s  eRectivaness. The more 
edanced pe~oax~mce gaanatess coulid be resolved and specified with improved techniques and 
operating procedures. Wegadjess of the methodolorn ampoyed, the overall eEeetivewcss in the 
collection md use of travel time data depends on the complete process -- a consistent practice af travel 
time data collection, processing md mslaHysis. 
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Appendix A - Cost Summary 

The F m A  pro~~ided $50,000 to each of the three selected W O ' s  to defray the expenses related to their 
p&icipaxion in the bests. Boston's funding included a set s i d e  for S m e o u t e  Systems of $5,800, 

Each MPO was required to compile comprehensive cost dab for each methodology tested, Tables A-1, 
A-2, md A-3 show the direct costs af ilabor and. materials summa~ized on the basis of route by city md 
mdhsdolop. Costs for each methodology ape broken down into thme categories: personnel, equipment, 
md other supplies. Personnel costs include the following categories: 

Fi'iidd Samey - the cost of staff or personnel hired explicitly for these surveys. 

Field ~ o @ ~ d i n a ~ o @ / S @ p e ~ i ~ i ~ ~ ~  - cost of personnel not conducting the surveys, such as supewisov 
personnel and raven. 

PIanainrag ap%d PreparaGon - costs for plming the sumeys and prepsing the sites. These include u p  
front medings with the Volpe Geaaaer, any coneact negotiations, md equipment procurement. 

Trai~fng - time spent on training for the suwey :giquiremelra$s md procedures; both in the field m d  
classroom time are included. 

Rasp Data Assembly - costs msociated with the colliectisaa of data related to the roadway awibaates 
a d  asembling and msfening of the suwrey data subsequent to the suweys. 

Equipment casts include my pieces of equipment required 90 p e ~ o m  the suwey including cosb for 
p u r ~ h m d  or bornowed eqt~ipment. Costs for other supplies include the video tapes required for video 
method zmd minor items required for surueys, sach as sdev materials, materials for making, securing 
md cheming the quipment, weather protection for the equipmeM or personnel, and stopwatches. 

G e u e ~ c  Cost Table 

To spmi@ tbe scope of a larger survey, a generic cost table is @onstsanded in Table A-4 based on the 
infomation s~ssembled &om the field test expenience. Table A-4 shows the costs of travel time data 
collection b m d  on field suweys for ten route/days using &ree diRerent methodologies. The generic mute 
and data coPBedioaa kitr the license plate method is defined a"or each route with 4 susury sites (3 route 
segma~~ts), 3-lane cwemge on each site (12 sets of pe~onnel/equipmena). Dah ape collected for 8 hours 
a dzy3 4 hours in each peak hour traFh"nc direction. 
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For the floating car method, a fleet o f  eight vehicles is scheduled far each 4-hour snmey session, twice 
a day- W i a  the asumptioe of m average speed of 30 mph9 it would t&e about $0 minutes for each I%@- 
mile round trip. Each floating GU is expected to complete 5 to 6 trips in a 4-hour survey sesslisn. Only 
one person who does both the driving md data collectism is =signed to each vchisle for the cost 
catculation, Bf two persons are assigned to each floating carp., the direct costs would be doubled. 

The cost smchre is laid out for each of the three methodolsgias baed ora the direct jabor estimate and 
the ratto o f  indirect to direct %&or estimate. The pameters (number Q-$ sites and Imes, number of 
hsursb%anelday3 md $!%sup% em be adjusted easily for a specific localisgr and spawey requirements. 

The equipment costs reflect those on the cuneaat market. The vaiue of investment isa equipn~ent, 
eqaiipment lifegq, md rate of uti%iaEjsn should always be considered. The maintenmce and repair costs 
for the video md co111puter aqsaipn~ent me re1afit~eiy inskgnifi'aemt md thus nd included in the cost bbBe, 

The cast for automatic (vs. m a ~ u a l  read) video kicense plate processing, iasc&udes the use: of a machine- 
vision systen~ for a~ton~atic  license piate reading. The costs of video license plate processing in Table 
A-4 are based sn the cmde estimates from the contract of  automatic license plate processing md a 
~ s e w c h  conducted by the UniversiQ of Mwsachusetts at Amherst, involving mmual reading md a~alysis 
of license plates from video tapes. Since the automatic video license plate processing represents the first 
operational testing of machine vision technoioggi ia the U S .  for hweE related data crpl8ec%ioa, the cost aid 
perfommce eficiency is expected to improve as the rne&odo!ogy develops md technology evolves. 
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Cost Summary 

Table A-1. Direct Cost @er route) - Video Lieenaae Plate 

umber of Rouks 

Number of D g s  pep Route 

Number of C m e m  Sites per Route 

Number sf Surveyors per Sits 

Personnel Cost per Suwcyor per Day 

----- -I --- 
Q~cfco Tapes 

[ I--- -- -, I ---- i l  





--- Cast Suerrmary 
- - - -- -. - - - .- 

"Tale A 3 ,  Direct Gosf (per route) - Ploa~ltpg Car and Probe Vehicle 

ounber of Hours Suweyd per berte per 

Nnmber d Trip Rep*% per  Ri>ute pw Day --- 
Number of DaPa Collection Point& ges Roub 

Nutnkr of Lmes Covered per Segment 

Number of Su~veyo~s per Car 

- 
Humber sf Surveyors. per Roub 

1 NUUI~DC of $ i d !  Hours per Surveyor per Day 

Number of Hours per Data Collector pm Day 

Pwmnrrel Coat per Dab Chikctor per Day 

ed for h d s b u r g  Road; 41 roraild &ips for Richmond Road; only peak hour direstion times were 

omesgond wink the vidw d& cotlecdosl pings. R e  mnrining data wllection 
. Wichmond - IS data collection points; Hmdsburg - 14 &ta colleaion points. 
prober were aegisisred with the Sm-ute Systems at h e  time of the survey. 





Appendix B - Samples of Data Collection Forms, 
Schedules, and Correspondence 





B-1-1 Spnwey Forms / Raw Dah 
Video C a e r a  Daily Sunsrey Log 
Equipment Log and Check List - Video 
Floatkg Car Data - liexingon 
AVH Data - SeaEte 
Seattle Loop Locations 
$maa$Rautes Data Collection Fom 
Summay of SmaTtR~utes Probe Data CoBlection 
Route 128 Sanmmq Data - Boston 
Route 128 Road Tube Counts - Boston 



Video License Plate M~tching 

Daily Survey Log 

Treble Cove Road 
$a~=veg Time Period: 6 y 2 2  pm --- ~ Segment: ___-.----- --.~---__ 

t  oh Smith Direction a$; Travel:. N~r&-&"R"-t?&"f- 4um@y@~ Name:p' ------, -- 
2 Lase: 

Equipmeat Set iy: --a- h'lcar dry 
,- Weathermaadway CondiQions:__l - 

~ e s t  %pe 

Commuoicniioas Check _------- ----.-- -- - --- - ----,---- -v-p-m--<-.--. - ------- - ---------. -- 
r --I 1 ~ v z n i  Time C s m e r ~  Settings Other 

Setup 

Survey Start 

Time  Cheek 

Tinre Cheek 
Time  Check 
T i m e  Ckerk 
Time %heck 
Tape Change 

6 . - 3 2 : 3 0  am 

6 : . 4 5 : 8 0  anr 

3:OO:OQ atti 

7 : % 5 : 0 0  a m  
7r3Q:QO a m  
? I . $ ~ : O I B  atrt 

8:oo:oCii am 

C H I 0  unit defective - used 
spare from rover. 

F4, l/lDQOtb, 2x  Star ted 2 minutes la te .  
Extender O n ,  Pseus 3 0 f t ,  Camrea checked by R o v e r  

C a m e r a  P o w e r  interupted - 
restarted 6 : 3 3 : @ 0  

Took 2x Entender Off 

speed Snforcement- Activity 
(7 & $ i ~ " * b l t e ~ )  

T h e  Check. 8:15:00 ant Domed camera angle? ta 
pick  up sbesured plates  & 

f re-focused 1 Tape Change 8:30:00am Tapechanged - -  atar$ed8:32:QO 
1 Timc Check 
I 

8:4%:00 an 
9:OO:WO isam 

Time Check 9:15:OQ art! 
Time Check 9:30:00 am 
Time Check 9 : 4 5 : Q 0  ant 

1 
Tape Change 00: 0 0  Roves Cheek 

Car s t a l i e d  in breakdam 

r 
E 

lane I- t r a f f i c  moving 
aver - rea iming  camera to 
pi ek up diverted Lraf  f<-c ,  i 

Time Cheek 3 0 : . : 0 . 0 0  am 
Tine Check 90:4S:BC! am Car gone - re-adjusting 

can%era T i m a  @heck 11:666:&10 am 
Time Check fl:PSrOO am 
Time Check 11 : 3 0 : 00 am Thundersbcsrm ~pproachiny 
Time Check fb:45: 0 0  am Begir~l~ing to R a j a  

12 . B 9 :  0 0  9rn 
-%__-A>-" --,_ IIIILL--CY-I-m.- * --Ti-- I --.I_^X ---- ---- .= -4~zx6- -  --=* --. 

---- - c__.mrl C^__Y-~Y-_____~--~IL-IIY-l 

Equipment Bgal f~~ct ian  / Kepfscement: 
Replaced fuse in CB-410  -m~t s of pedestr kaw a c l  i v i c y  - weed 

dieionax coses/tlagging 

1 e 
ver col%eeted aLP tapes .- --- =-- 7 ------??a ----- -----= i 



Video Equipment Log and Checklist 

Route Number: 
Segment Nurnbea: 
Lowtisa Description: 
Date: 

amera Remote 

I~a.taesy!Cigaw@e Lighter AdapterfCeblss 

[ ~ l a c k  Fabric 

Equipment Set Number: 
Suwey Team Number: 



Lewlngt~n Floating Car Data 

Route- Richmond Road 
Ob%ekv@ta: Rob Roemsa 
Date" 9/2fi93 
f 80: 5 
We88Raer: Clear 
Direc:ti~n: P.M. Qutbavnd 

------- "=.--*-- --- 
sYmbGs of Delay Cause: 

S - TraEc Signals 
b 
i PK - Parked Cars 

DP - Dakibie Parking 
BP - Bus P~sssngers LsadinglUnlosding 

T - Genera! Congestion 
LT-  Left Pums 

1 SS - Stop Sign 

L ---- -*-- -.----~.- A - Accidents 



Seattle AV8 Data 



VaBpe travel Ctme S~dwey - SeaBBe &re$ Loop Dah  

r-*7 ---* -; - 
S AIRro Pi. 

I------- 
..- - 



Voipe Travel Time Suwey - Se~gle Area Loop Bah, Continued 





Smart Route Probe Data Collection 





Road Tube Couwb 
WeekEy S u r n 2 ~  for Week of June 25,1993 

FIBe: M0793006.PRN 
Shtlon: 6300096227 11 02 
ID: OQQ008227929 
CiQmown: Milton 
Location: Rta. 8-95 (1281, South of Ponkapoag Rd. 
Lane(s): 2-f 
Direction: South 

AM Peak Hr 

PM Peak Hr 
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33% 1-2 MP0 Pro\ridep$ R8~r B w t w  
Physical Roadway A'rksibute Data - Riclkrnonci R o d  - I +exi~pgto~ 
Survey Description - Laptop - Wiehn~oped Bmod - k,axi~@on 
Labor Cost Data .- E aptap . 1 , w ~ P ~ $ c ~ E  

Equipk~enk Gost Data - $%pt~p - k2&.@on 
Suwcy 3escrtption - Flodixlg @a. - -3 ichrnoaad koad - k,exiir~@osu. 
Labor Cost Data - Flostrwg Gar - L&sxing?~n 
Eq.cripmaat Cost 9ata - Floating Car - Lexingrnkr 



Le xingtess~, Kentucky 
ROADWAY DATA 

Roare 2 - REchrnoi2d Road 
-a,"-- -- --em- 

Segment 

Hanover Avenue Cos*md @hevas$et 
80 

Sh~ners  Child~n's  Eagle Cmek Drive 

Dismce Betv~een Points 

---*--- 

Ntmmkr of Erne~ 

P~donlinmt Land Use Along Segment 

-- r--------- 
Nurnkr  of Engances Wi&in Segment 

W m p  Volumes" - 
Number of Exits Within Segment 

Wfarnp Veaiumes" 

Source of DaB: 

' Nenmkr of Sigmdirxd Imtenecti~ns"' ---- w* 

Other: Bridges, Tummels, m p  mekring, 
p,m&nent coun~ltedmp &teetan, 

k I O Q P  l o c a t i o n  2 loop locations 

--- L- ---.--- "- -*----- n!fa 
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Route 2 - Rlshmond Wad 

( S i c s  Listed North West to South East) 

I-  Site E - Haanover Avenue 
Segment 8 ---.--I 

1- Site 2 - S k n e n  Child=n9s HospiQI 
Sepe nt  2-----I 

E- Site 5 - Patehen Drive (Cornad ChevraGet) 
S e p e n t  3-----! 

t- Site 4 = Rosprous Place / Eagle Creek Drive 

arterial 
suburb  t o  CBD 
r a d i  81 

LBtgPdi 06 WE 

R(po3uay l y p  (mc~islifmrsy) 
k a i i m  mhhue EB CBB. Abrprs. major m ~ k s i d .  k&%!riaP mJ ~ O I I I S ~ ~ F  

Carrstxting 6whrb -* tshrb. s u b *  -+ CBD) 
MiaYCiimsfeasnaiJ 

* 96 t o  108 hours due  t o  noon count on 9/30/93 



#lanes events 
[ ( I  hr) + ( 2  h r s )  9 h r ) ]  2 x 7 = 49 
setup actual  d a t a  breakdown 

collection 

T o t a l  Hours: 196 



Lexlngton, Kenmcky 
COST DATA 

I 

Number of PersondDay ---- 
Nrrmkr of To&% Person 

per location events 
[ (  1 h r )  + ( 2 h r s )  + ( 9 h r )  $ 2  x 4 x  $ = I 9 6  

.& 

d a t a  breakdown 
co%"ietlion 

* P L ? I  t ~ m e  - 12 
p a r t  time - 4 

students - 6 





Lexington, Kenmcky Page FC-2 
SmVEY DATA 

Route 4 - Richmond Road 

(Sites Listed North West to SOU& East) 

I- Si%e I - Nsno~er Avenue 
Segment 1 -----I 

I- Site 2 - Shriwers Children's Hospital 
S e p e w i  %-----I 

I- Site 3 - Conrad Chevralet 
Semen1 3-----I 

C- Site 4 - Eagle Creek Dnvc - --- mP 

h n @  of "" 
Radurir) type (mrrinVfrmdyi a r . $ e ~  j 

1 P e a e m  rclaztwe to CBD. A!rFpm. m a w  mh&mrtsl. ~Rclurnaglmd k s r m q  mar $%8u 
Cmmxong (whislt > ~ubrir. wbrb -> CBDI 
R&iaVClt~cmfemncldi r afj j 8 1 s u b u r b  - CBB ---- -------- We P -- -- 

j Summary eP S U M ~ ~  ~ a t e %  ~ ~ @ u r n  and ~ i m e s  

/I WTE: Sept . 21, 1993 HOURS: 7 - 9 am b 4 - 6 pm TIMES: 4 hies. x 3 - 12 hrs .  L--L--p__ -- P 

EQUIPMENT; 3 s t o p  watches 
3 veh4cIes 
3 c l i p  boards 

PERSONNEL: 6 persons 



COST DATA 

* - T o t a l  f a r  Harrodsbusg Road 

** - T o t a l  f o r  Richmond Road 



COST DATA 

umber of Persons .,---, - --- --- ---.".*".""- ---a.----- 

I 5 

Nrrmbc! sf Persons 
- - a- 

I 
1 



EQUIPMENT COST DATA 
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SmMRaates Eventskodwork Schedule - Boston 
Suwey EocatEons/Schedule - Boston 



:59 - es Bridge 
:5% 6 WB 





COMPARISON OF T U W L  TIME SURVEY METHODOLOGIES 
SWBU LOCATIONS 

Five Corridors will be used POP. travel time studies: 

1.  Yankee Division Highway (Route 128) - from Grove Street to Psnkapoag Road, 
6/28/93 to 7/1/93, 6 3 0  AM to 10:30 AM, 12.30 PM to 4:30 PM on 6/29/92? 6:38 AM to 
10:38 AM and %:30 PM to 6130 PM other three 
2~ b u t @  3 No%Qh - from 1-495 to  Route 62, 3/8/93, 6:40 AM to 10:30 AM, 12:30 PM to 
6:30 PM 
3. Southeast Expressway/Centrai &ev - from Noahern Avenue to Bates Road, 7/12/93, 
Q:30 to 16:30 AM, 12130 PM %a 6:3Q PM 
4.. Sumner Turarneld Central M e ~ y  Approaches - East Boston Toll B a ~ e s  to Surface 
M e r y  so Massachusetts Turnpike Extension, 7/13/93, 6:3@ AJ-4 to 10:30 AM, 12:3Q PM 
to 6130 PM 
5 .  Massachusetts Turnpike Extension - Yankee Division Highway (Route 128) to Central 
Mev, 19/14/93, 6:36 Ah4 to  10130 AM, 12.30 PM to 6:30 PM 

cameras: 

1. Yankee Division Highway (Route 128) NB AM, SB PM 
Grove Steet 
aghlmd Avenue 
Route 1A 
Bsnkap~ag Road 

2, Route 3 No&h SB AM, NB PM 
Riverneck Road 
Rangeway Avenue 
Orchard Road 
Old BilEedca Road 

3. Southeast Expressway NB AM, SB PM 
Central W e r y ,  pedsst~am bridge st Russia. Whamortherra Avenue 
Boston Street 
Bcrulvard Street Extensian 
Bates Avenue 

4=+ Sumner TunneUCentra1 %%~e~Massachuse$ts  Turnpike SB only, all day 
Sermer approach in East Boston - pcdestian bridge 
Sumer hmel exit - Boston Pdnting Depaement Building 
Central heq,pcdestmara b ~ d g e  at Russia Wamoaghem Avenue 
Massachusetts Turnpike E~ension, Waskngoa Street 



5 Rlasaachusetts Turrapike Extension EB AM, WB 8"M 
Lexingt~n Street 
Church Street. 
St. May+'% Streel 
kVaaf%in@sn Street 



B-3 Csrmspoadence 

Letter to State Police - Boston 





State Transosnatlon Eiu~la~ng CENTRAL 
Ten Park Plaza Su~le 21 50 

Dostan 023 16-3968 PRANsPOWTAT1eM 
^ ?  -, 07" - 4  ' - ' '  roo PLANNIMQ 

F a x  161 7, 373-8855 
STAFF 

July 12,1993 

Uedr State Foiise Officials: 

The Centrai TransporQtion Plaming Staff is in the process of conducting traffic videotr;aging far the 
Federal Highway AdaPiiksbation (FHWAJ and the Massachusetks Highwav Deparment (MHD). 

Traffic videobplng rs beang coaaducted in these areas Prom 5:30 A.M. to 7:30 P.M. on the days 
assigned bt-llow. We have listed the Troop whsh we beliwe covers the jamridis~on for each Ioca~on, 'fiis 
letter \/trill be sent to a11 troops rnvolved. Cameras will be stabosred at the following locattons: 

Soutkkeash Expressway/Centd Artery - 7/13/93 
- Centrai pedestrian brrdge at Russla Wharf/NorkhePa% Ave, Boston Troop H 
- BOS~ICPKP Street, Boston Troop d 

Boillvard Street Extension, Milton Troop I 
- Bates Avenue, Qutncy Troop I 

Srrnvaer Tunnel/CentPal Arte~ylMassachusetts Tumplke - 7/14/93 
- Sa~nmer approack-8 m East B O S ~ Q ~ P  - gedestram bridgef Boston Trmp E 
- S u m e r  Funnel exat - bs ton  Printing Deparment Bulddmg, Boston Trmp E 

Central ArBeny,pedestrr~an bridge at Russaa Wktarf/Nos&em Ave, Boston Troop H 
- Massachusetts Tumpjke Extension, Washington Street, Boston Trmp E 

MassaclalrseKs Tuanpike Extension - 7/95/93 
- Lexington Street, Newton 
- Church Street, Newton 
- St. Mary's Street, bs ton  
- Washlngson Street, Doston 

Troop E 
Troop E 
Trmp E 
Troop E 

'These traffic videotapes will provide the John A. Volpe Transportation Systems Center the 
necessarv {data,, in the ~t-rdiu~8-r required, to compare kavel time suwey me&odologies. 

I f  you have my ques~ons concerning h e  project you may wish to speak to h e  Fieid OpeeaGsns 
Manager, tarry TTittemsse, at (617) 933-7099, t k  Project Mamger , Efi Pagksas, ak (619) 873-7186 or h i e  
Sooln~arr, CTPS Director, at (417) 973-9146. 

Your coaperation in this matter is greatly appreciated. 

p. t A + 3 l ~  
Efi qdgitsas 
Project Mmager 

A roor3ei,it1ve transoortattan planning eftart ot the Exacutlve Offlce of  rans sport at ion and Construcrlon Massachusetts Ray lranspartat~on Authortty 
MB7A Abii lsaif  Bodrd Massacl idsat ls  Highway Departmsnl ~ a s s a c h u s e t t s  Port AuPhorlPy, and Metropolitan Area Plann~ng C O U I ~ C I ~  
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