Lecture Four

Travel Time Studies

Introduction

Speed, travel time, and delay are all related measures commonly used as performance indicators

for traffic facilities. All relate to a factor that is most directly experienced by motorists: How long

does it take to get from A to B? Motorists have the obvious desire to complete their trip in the

minimum time consistent with safety. The performance of a traffic facility is often described in
terms of how well that objective is achieved.
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In the Highway Capacity Manual, for example, average travel speed is used as a measure of
effectiveness for arterials, two-lane rural highways, and more extensive facility evaluations.
Control delay is the measure of effectiveness for signal and STOP-controlled intersections, and
roundabouts. Whereas freeways use density as a primary measure of effectiveness, speed is an
important component of the evaluation of freeway facilities system operation.
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Thus, it is important that traffic engineers understand how to measure and interpret data on speed,
travel time, and delay in ways that yield a basic understanding of the quality of operations on a
facility, and in ways that directly relate to defined performance criteria. Speed is also an important
factor in evaluating high-accident locations as well as in other safety-related investigations.
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Speed is inversely related to travel time. The reasons and locations for measuring speeds or travel
times are quite different. Speed measurements are often taken at a point (or a short segment) of the
roadway under free-flow conditions. The intent is to determine the speeds that drivers select,
unaffected by the existence of congestion. This information is used to determine general speed
trends, to help determine reasonable speed limits, and to assess safety. Such studies are referred to
as “spot speed studies,” because the focus is on a designated “spot” in a facility.
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Travel time must be measured over a distance. While spot speeds can indeed be measured in terms
of travel times over a short measured distance, generally less than 1,000 ft, most travel time
measurements are made over a significant length of a facility. Such studies are generally done
during times of congestion specifically to measure or quantify the extent and causes of congestion.
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Definition and Terms

In general terms, the delay is a portion of the total travel time. It is a portion of travel time that is
particularly identifiable and unusually annoying to the motorist. Delay along an arterial, for
example, might include stopped time due to signals, midblock obstructions, or other causes of

congestion. - . .
g A yra Sy A Jaa¥) sl ey e s s Jlal sl e e e 3a s aalil) Gle JSiy
l—} il yall g ) p8l Jsh e bl () Jady 8 LS el Bl gale e IS5 e e 05S0s pald S8
Clanl s (hal) (any 8 g )il Caalia b (3 gall 5 ¢ guiall ) LAY) Gy il ) el e Jlia
RESTES IPEN RERSY

At signal and STOP-controlled intersections, delay takes on more importance, as travel time is
difficult to define for a point location. Unfortunately, delay at intersections, specifically signalized
intersections, has many different definitions, and the traffic engineer must be careful to use
measurements and criteria that relate to the same delay definition. Some of the most frequently
used forms of intersection delay include the following:
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+ Stopped-time delay—the time a vehicle spends stopped waiting to proceed through a
signal or STOP-controlled intersection. _
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+ Approach delay—adds the delay due to deceleration to and acceleration from a stop to
stopped time delay. () o il g B gil) i (e Juaaill g ool Al Al 98 1 sal) Al ()
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+ Time-in-queue delay—the time between a vehicle joining the end of a queue at a signal
or STOP-controlled intersection and the time it crosses the STOP line to proceed through
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4+ Control delay—the total delay at an intersection caused by a control device (either a signal
or a STOP sign), including both time-in-queue delay plus delays due to acceleration and
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Control delay was a term introduced in the 1985 Highway Capacity Manual, and it is used as the
measure of effectiveness for signal, STOP-controlled intersections, and roundabouts.
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Along routes, another definition of delay may be applied: travel-time delay is the difference
between the actual travel time traversing a section of highway and the driver’s expected or desired
travel time. It is more of a philosophic approach, as there are no clearly accurate methodologies
for determining the expected travel time of a motorist over a given section of highway. For this
reason, it is seldom used for assessing congestion along a highway segment.
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Because speeds are generally studied at points under conditions of free flow and travel times and

delays are generally studied along sections of the roadway under congested conditions, the study

techniques for each are quite different. Although sharing many similar elements, the analysis of

data and the presentation of results also differ somewhat.
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Field Study Techniques

Because travel time studies take place over significant lengths of highways, it is difficult to

remotely observe the behavior of individual vehicles from outside the traffic stream. The general

method of collecting data is to use a series of test vehicles driven in the traffic stream. An observer
is riding with each test vehicle.
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The observer records the times at which key locations are passed and makes notes on any stopped

delay times, and the causes of those delays where possible. As an alternative to carrying an
observer with each vehicle, test vehicles can be equipped with automated recording devices.
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To ensure consistency in test car results, drivers are generally instructed to use one of three specific
driving techniques: Ll 3 aladiu) Bale LS el (il Ga allay LAY A e il (B (38 ) )

o Floating Car Technique: In the floating car technique, the driver seeks to maintain his/her
position in the flow of vehicles. This is done in the following way: the driver will pass one
vehicle for every vehicle that is observed passing the test car.
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e Maximum Car Technique: In this approach, the driver is instructed to go as fast as possible,
consistent with safety, without ever exceeding the design speed (or speed limit) of the
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e Average Car Technique: In this case, the driver is instructed to approximate the average
speed of vehicles (based on driver judgment).
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The floating car and average car techniques yield estimates of average travel times through the
study segment. The maximum car technique yields a higher speed and lower travel times,
sometimes approaching the 85" percentile speed of the distribution, which yields travel times at
about the 15" percentile. Thus, it is critical that all test car drivers use the same driving technique.
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The floating car method is very difficult to implement for drivers. It is virtually never used on
multilane highways, where the number of passing vehicles may be large, requiring the driver to
proceed aggressively to pass many vehicles as well. It can be an effective technique on two-lane

facilities where passing maneuvers are rare.
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While test car techniques are frequently used to gather travel time data, care must be taken to avoid
using so many test cars that the travel time behavior of the traffic stream is fundamentally altered.
Thus, sample sizes resulting from test-car studies are relatively low, and this can negatively impact
the statistical accuracy and precision of the study results.
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There are other techniques that can be used to collect travel time data without the use of test cars.

One technique is to record license plate numbers and the time they are observed at key locations

along a study route. Matching software is used to identify individual vehicles and their travel times

between the points of observation. There are two key limitations to such an approach:
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a) Although total travel time between observation points is obtained, there is no detailed
information on conditions or events in between, and
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b) Sampling can be difficult, given that it is almost impossible to observe all license plates of
all vehicles at any given point.
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The sampling issue is straightforward: assume that there are four observation points and that at
each point, 50% of all license plates are recorded. How many data sets will include the same
vehicle at all observation points? The probability of a specific observation at one point is 0.50. The
probability of observing the same vehicle at two observation points is 0.50x0.50=0.25.
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The probability of observing the same wvehicle at three observation points is
0.50x0.50x0.50=0.125. v AYo=. 0%y 0% 0%y 0 dima Al b il e DG A yal) il M) Adlaia)

The probability of observing the same vehicle at all four observation points is
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Therefore, even if 50% of all vehicles are recorded at each point, the sample size yielding all four
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To1. Y0 A Ol e day ) gpan Ale
If more observation points are needed, then the sample size issue becomes even more difficult.
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The license plate technique is most often used where there are only two observation points, perhaps

three. In such cases, a reasonable matching sample can exceed what would be possible with test

cars. Intermediate information along the route, however, would be lost.
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In rare cases, an elevated vantage point will be available that allows real-time tracking of vehicles

along a study segment of significant length. A number of observers would be needed, however, as

a single observer will only be able to follow one vehicle at a time.
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The sample data sheet of Table 1 is for a 7-mile section of Highway, which is a major suburban
multilane highway of six lanes. Checkpoints are defined in terms of mileposts. Intersections or
other known geographic markers can also be used as identifiers. The elapsed stopwatch time to
each checkpoint is noted. Section data refers to the distance between the previous checkpoint and
the checkpoint noted. Thus, for the section labeled MP 16, the section data refer to the section
between mileposts 16 and 17.
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The total stopped delay experienced in each section is noted, along with the number of stops. The
“special notes” column contains the observer’s determination of the cause(s) of the delays noted.
Section travel times are computed as the difference between cumulative times at successive
checkpoints.
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Table 1: A Sample Travel Time Field Sheet.

Sire: Lincoln Highway Run No. 3 Start Location: Milepost 15.0
Recorder: E'illizl;am McShane Date: Aug 10.2002 Start Time: 5:00 PM
¥
daag) Ll Ll Per Section
. Cum. Dist. ) Al b gil) = Section e ildaadla
A8 yal) bola Along ugsmf Stopped | i\ gl|  Travel Al
Route Trav. Time | Delay | No. of Time Special
Checkpoint (mi) (min:sec) (s) stops | (min:sec) Notes
MP 16 1.0 1:35 0.0 0 1:35
MP 17 20 3:05 00 0 1:30
MP 18 3.0 5:50 426 3 2:45 Stops due to
signals at:
MP17.2
MP17.5
MP18.0
MP 19 40 7:50 46.0 4 2:00 Stops due to
signal MP18.5
and double-
parked cars.
MP 20 5.0 9:03 0.0 0
MP 21 6.0 10:45 6.0 1 2 Stop due to
School bus.
MP 22 7.0 12:00 0.0 0 1:15
Section 7.0 88.6 8 12:00
Totals

In this study, the segments ending in MP 18 and 19 display the highest delays and, therefore, the
highest travel times. If this is consistently shown in all or most of the test runs, these sections
would be subjected to a more detailed study. As the delays are indicated as caused primarily by
traffic control signals, their timing and coordination would be examined carefully to see if they
can be improved. Double parking is also noted as a cause in one segment. Parking regulations
would be reviewed, along with available legal parking supplies, as would enforcement practices.
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Travel Time Data along an Arterial: An Example in Statistical Analysis

Given the cost and logistics of travel-time studies (test cars, drivers, multiple runs, multiple days
of study, etc.), there is a natural tendency to keep the number of observations, N, as small as
possible. This case considers a hypothetical arterial on which the true mean running time is 196 s
over a 3-mile section. The standard deviation of the travel time is 15 s. The distribution of running
times is normal. Note that the discussion is, at this point, limited to running times. These do not
include stopped delays encountered along the route and are not equivalent to travel times, as will
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Given the normal distribution of travel times, the mean travel time for the section is 196 s, and
95% of all travel times would fall within 1.96(15) =29.4 s of this value. Thus, the 95% confidence
interval for travel times would be between 196-29.4=166.6 s and 196+29.4=225.4 s.
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The speeds corresponding to these travel times (including the average) are:
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S1=( 3 Mi/225.4 s )x) 3600 s/h) =47.9 mi/h
Sav=( 3 Mi/196 s) x) 3600 s/h) =55.1 mi/h
S,=( 3 mi/166.6 s )) 3600 s/h) =64.8 mi/h

Note that the average of the two 95% confidence interval limits is (47.9 + 64.8)/2=56.4 mi/h, NOT
55.1 mi/h. This discrepancy is due to the fact that the travel times are normally distributed and are
therefore symmetric. The resulting running speed distribution is skewed. The distribution of
speeds, which are inverse to travel times, cannot be normal if the travel times are normal. The 55.1
mi/h value is the appropriate average speed, based on the observed average travel time over the 3-
mile study section.
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So far, this discussion considers only the running times of test vehicles throughout the section. The
actual travel time results of 20 test-car runs are illustrated in Fig. 1.
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Fig. 1. Histogram of Hypothetical Travel Time Data for 20 Runs Over a 3-Mile
Acrterial Segment.
This distribution does not look normal. In fact, it is not normal at all, as the total travel time
represents the sum of running times (which are normally distributed) and stops time delay that
follows another distribution entirely. It is postulated that the distribution of stop time delay is as

shown in Table 2. [ . . . . .. . i s . ey
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Table 2: Postulated Distribution of Stop Time Delays.

Probability of  Duration of

No. of Signal Stops Occurrence Stops
0 0.569 Os
1 0.300 40s
2 0.131 80s

Observations of the type illustrated in Table 2 result from the combination of random driver
selection of running speeds and signal delay effects that follow the relationship specified above.
The actual mean travel time of the observations in Figure 1 is 218.5 s, with a standard deviation

of 38.3 s. The 95% confidence limits on the average are:

218.5+1.96(38.3/20) =218.5 £ 16.79201.71 — 235.29s
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The speeds associated with these average and limiting travel times are:
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Sav=( 3 mi/218.5 s )x) 3600 s/h) =49.4 mi/h
S2>=( 3 mi/201.71 s )x) 3600 s/h) =53.5 mi/h

Another way of addressing the average travel time is to add the average running time (196 s) to
the average delay time, which is computed from the probabilities noted above:
Lo Al (Al i) e Jama ) (A1 47) ool () Al (A Ada ) (e ) dac gl dadlaal (5 A (ks cllia
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dav = (0.569 x 0) + (0.300 x 40)+ (0.131 x 80)=22.5s
The average travel time is then expected to be 196.0 + 22.5=218.5 s, which is the same average
obtained from the histogram of measurements.
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Travel-Time Displays 4all () o2
Travel-time data can be displayed in many interesting and informative ways. One method that is
used for overall traffic planning in a region is the development of a travel-time contour map, of
the type shown in Fig. 2. Travel times along all major routes entering or leaving a central area are
measured. Time contours are then plotted, usually in increments of 15 minutes. The shape of the
contours gives an immediate visual assessment of corridor travel times in various directions. The
closer together contour lines plot, the longer the travel time to progress any set distance. Such plots
can be used for overall planning purposes and for identifying corridors and segments of the system
that require improvement.
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Fig. 2. A Travel Time Contour Map.

Travel time along a route can be depicted in different ways as well. Fig. 3 shows a plot of
cumulative time along a route. The slope of the line in any given segment is speed (ft/s), and
stopped delays are clearly indicated by vertical lines. Fig. 4 shows average travel speeds plotted
against distance. In both cases, problem areas are clearly indicated, and the traffic engineer can
focus on those sections and locations experiencing the most congestion, as indicated by the highest
travel times (or lowest average travel speeds).
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Fig. 3. A Plot of Elapsed Time vs. Distance.
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Intersection Delay Studies &bl b Al cla)
Some types of delay are measured as part of a travel time study by noting the location and duration

of stopped periods during a test run. A complicating feature for all delay studies lies in the various
definitions of delay. The measurement technique must conform to the delay definition.
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Before 1997, the primary delay measure at intersections was stopped delay. Although no form of
delay is easy to measure in the field, stopped delay was certainly the easiest. However, the current
measure of effectiveness for signal and STOP-controlled intersections is total control delay.
Control delay is best defined as time-in-queue delay plus time losses due to deceleration from and
acceleration to ambient speed. The Highway Capacity Manual defines a field measurement
technique for control delay, using the field sheet shown in Fig. 5.
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INTERSECTION CONTROL DELAY WORKSHEET

General Information Information
Analyst Intersection
Agency or Company - e
gEmcy Or Lompany Area Type OCBD 0O Other
Date Performed g
Analysis Time Period Amalysis Year
Input [nitial Parameters
Mumber of Lanes, N Total Vehicles Arriving Vi

Stopped Vehicle Count Vepnpe
Survey Count Interval f, Cvele Length I (s)

Input Field Data

Number of Vehicles in Cueue
Count Interval
1 2 3 4 | 5 i 7 B 0 1|

Clock Cyele
Time MNumber

Toral

Fig. 5. Field Sheet for Signalized Intersection Delay Studies.

The study methodology recommended in the Highway Capacity Manual is based on direct
observation of vehicles-in-queue at frequent intervals and requires a minimum of two observers.
The following should be noted:
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1. The method is intended for undersaturated flow conditions and for cases where the
maximum queue is about 20 to 25 vehicles.
A g Yooy gl Ll Led 0 oS AN el g aadial) & (300N i g R danada A8, k) 038
2. The method does not directly measure acceleration— deceleration delay but uses an
adjustment factor to estimate this component.
LOsSall 108 Glad ol JalaaS a2diad LSty il JSy Jaaill g shalall 48y all (Y
3. The method also uses an adjustment to correct errors that are likely to occur in the sampling
Process,cilind) 4 4ilee 8 diaal ¢ Juiaall (1o (Al pUaY) sl 48y jal) aadid
4. Observers must make an estimate of free-flow speed before beginning a detailed survey.
This is done by driving a vehicle through the intersection during periods when the light is
green and there are no queues and/or by measuring approach speeds at a position where
they are unaffected by the signal. .lueiil) gl 2 g2l J8 5 jal) Ao juall oS d) jal) o
b (108 (AN ) B adaldil) & 4GS yal) BaLE (3 sk o D ATy
el @le ju il Gaok o8 gl sk 2 ey 8] 3 LAY
LYY SN adsa b
Actual measurements start at the beginning of the red phase of the subject lane group. There should
be no overflow queue from the previous green phase when measurements start. The following
tasks are performed by the two observers:
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e Observer 1: ol
o Keeps track of the end of standing queues for each cycle by observing the last vehicle
in each lane that stops due to the signal. This count includes vehicles that arrive on
green but stop or approach within one car length of queued vehicles that have not yet

started to MOVe. quey cibgii ) jas JS B A8 AL A8 e A e B JSI sl Al Ay

o) B giig ) padd) B LEY) gk Ailgd A Jaall AN il sall 230 2ad) 138 Jady 3 LEY)

g AS ) B Tt al Al g Bas) g A8 s (e (i gilla Al (B Jaa
o Atintervals between 10 s and 20 s, the number of vehicles in the queue is recorded on
the field sheet. The regular intervals for these observations should be an integer divisor
of the cycle length. Vehicles in the queue are those that are included in the queue of
stopping vehicles (as previously defined) and have not yet exited the intersection. For
through vehicles, “exiting the intersection” occurs when the rear wheels cross the STOP
line; for turning vehicles, “exiting” occurs when the vehicle clears the opposing

vehicular or pedestrian flow to which it must yield and begins to accelerate.
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o Atthe end of the survey period, vehicle-in-queue counts continue until all vehicles that

entered the queue during the survey period have exited the intersection.
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e Observer 2:

o During the entire study period, separate counts are maintained of vehicles arriving
during the survey period and of vehicles that stop one or more times during the
survey period. Stopping vehicles are counted only once, regardless of how many
times they stop.
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For convenience, the survey period is defined as an integer number of cycles, although an arbitrary
length of time (e.g., 15 minutes) could also be used and would be necessary where an actuated
signal is involved. Each column of the vehicle-in-queue counts is summed; the column sums are
then added to yield the total vehicle-in-queue count for the study period. It is then assumed that

the averaie time-in-queue for a counted vehicle is the time interval between counts. Then:

Jsh alasin) (Say 4d) (e a N o o) sall (o ramia 2ae 163 eusal) 3 58 Cay jad o3 ¢330 53l
S padli oy Alade 43 guall 3 LAY ()5S0 Ladie (5 5y (585 (480 V0 "Dlia) S sie ()
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_ z:Viq)
To = (I, + 714) + 0,90 [1]
Where:
To=average time-in-queue, s/veh, &S /40 sl & gajl) b sia
I;=time interval between time-in queue counts, s, 44l ¢ sidal) s 5 58 G a3 Jualdl)
2. Vig=sum of all vehicle-in queue counts, veh, 4:U « jgilall & cils jal) s Jlaa)

V= total number of vehicles arriving during the study period, veh, and J>& 3281 1) <l jal) 232 Alea)
408 ja ¢ Al Al B 38
The adjustment factor (0.90) adjusts for errors that generally occur when this type of sampling
technique is used. Such errors usually result in an overestimate of delay.
sl Bile cliaml) 34 8 485 (e ool 1A aladi) sie LAE A pUadY) ey (. 9) goasall) Jalea
oAl Glaa 8 Aadl) 1) sUadY) oda Jie
A further adjustment for acceleration-deceleration delay requires that two values be computed:

a. the average number of vehicles stopping per lane, per cycle, and
b. the proportion of vehicles arriving that actually stop. These are computed as:
tonad Gl g Jaaaill g g hlil) Al AT paal Gtk
598 IS paa JS1 ASE ghal) LS pall 230 Baigia
teblaS oda g "Luled (aES oy 580 gl L€ jall Mo A L0

Vstopr
= 2
5% NowN, [2]

Where:



Vs.c=number of vehicles stopping per lane, per cycle (veh/ln/cycle) Js “7 ?f‘)jiﬁ e
3 Jaaf4ss 1) 3 ¢ e

Vsrop= total count of stopping vehicles, veh. . . (i gial) cils jal) sae

N, = the number of cycles included in the survey. 4.s e du) jall by crada <y gal) sae
N, =the number of lanes in the survey lane group. el Lale o Al &) jaall de gana 8 <) jaal) 230

FVS = Z5IoF [3]

T

Where:

FVS : is the fraction of vehicles stopping, and all other variables are as previously defined.
e Ly ol O piial) 438y 9 (A gial) il gall A

Using the number of stopping vehicles per lane, per cycle, and the measured free-flow speed for

the approach in question, an adjustment factor is found in Table 3. <>+ & R
ALl ) dﬁé.d\ @Juuuhﬁjbudds

Table 3: Adjustment Factor for Acceleration/Deceleration Delay. Jssal) b muauai Jalas slag) (S ¢ aal)

Y oady
Vehicles Stopping Per Lane,
Free-Flow Speed Per Cycle (Vsi.c)
(mi/h) =<7 vehs 8-19 vehs 20-30 vehs
= +3 e =]
>37-45 T +4 +2
>45 +9 o +5
The final estimate of control delay is then computed as: : L LS asail) Al gl lual)
d =Ty + (FVS = CF) [4]

Where:
d=total control delay, s/veh, and 4s /4 « dlaa¥) asadl) ,als
CF=adjustment factor from Table 3. ¥ s Jsaall (e gsat) Jalaa

Table 4 shows a facsimile of a field sheet, summarizing the data for a survey on a signalized
intersection approach. The approach has two lanes, and the signal cycle length is 60 s. Ten cycles
were surveyed, and the vehicle-in-queue count interval is 20 s.
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Table 4: Sample Data for a Signalized Intersection Delay Study.

Number of Vehicles in Queue
Clock Time Cycle Number +) secs +20 secs +40 secs

3:00 pm I 4 1 5
5:01 pm 2 6 6 5
5:02 pm 3 3 5 5
5:03 pm 4 2 6 4
3:04 pM 5 5 3 3
5:05 M b 5 4 5
5:06 pm 1 6 8 4
5:07 pm 8 3 4 3
5:08 pm 9 2 4 3
5:09 pu 10 4 | 3 5

Total 40 | 50 2

> Vqi=40+50+42=132 vehs VT=120 vehs‘(observed) VSTOP=75 (ob:
The average time-in-queue is computed using Equation 1; ) 4ataall (2 LaS cuay ) sillal) (50§ Jas 5a
To= (20x132120) x0.90=19.8 s/veh

To find the appropriate correction factor from Table 3, the number of vehicles stopping per lane

per cycle is computed using Equation 2: 3 cils jal) das ¥ a8 J gaad) (e canlial) panail) Jalaa slay

Y Aaleal) L8 LaS cawnti 598 JSI jaa (<1 gallal)

VsLc=7510 x 2=3.75 vehs < R

Using this and the measured free-flow speed of 35 mi/h, the correction factor is +5s. The control

delay is now estimated using Equations 4 and 5: «dslu/dse Yo Jall (530l A ju pa g odle] daill) aladiuly
Al Guuay aSadl) ali o) A8 o4 pmasalll Jalre

FVS=75/120=0.625 §9 1 a8, Astaal

d=19.8 + (0.625 x 5) =22.9 s/veh

A similar technique and field sheet can be used to measure stopped time delay as well. In this case,
the interval counts include only vehicles stopped within the intersection queue area, not those
moving within it. No adjustment for acceleration/deceleration delay would be added.
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