
APPENDIX F

ADVANCE
Advanced Driver and Vehicle
Advisory Navigation Concept

Traffic Related Functions
Evaluation Report (6 of 7)

Documents # 8460.00

CONTAINS:

-- Document # 8460-01.01
-- Document # 8460-02.02

uality of Probe Reports Evaluation    eport                 -- Document # 8460-03.01

Probe and Detector Data Evaluation Report               -- Document # 8460-04.01
Detector Travel  Time Conversion and Fusion of

Probe and Detector Data Evaluation Re                     -- Document # 8460-05.01
l Frequency of Probe Reports Evaluation -- Document # 8460-06.01
Relationships among                          valuation Report    -- Document # 8460-07.02

Prepared by
University of Illinois-Chicago
Urban Transportation Center



F-2

DISCLAIMER

This report was prepared by a contractor for
Argonne National Laboratory

and is published as it was received.



ADVANCE Evaluation

Frequency  of Probe Reports

Ashish Sen

URBAN TRANSPORTATION CENTER
University of Illinois at Chicago

1033 West Van Buren Street
Suite 700 South

Chicago, Illinois 60607

August 1996



Executive Summary

A key piece of information for probe-based automatic traveler-information systems (ATIS)
is the level of deployment required to obtain good quality travel time estimates. Issues
relating to this are discussed in this report.

While a complete answer to the question can only be conjectured, better answers can
be given to the question: how many probes per time interval are needed to obtain good
quality link travel-time estimates.

The question is rendered difficult by the fact that probe reports of travel times are not
statistically independent making it impossible to use formulae from introductory statis-
tics which assume independence. A synthetic method is therefore used to estimate the
relationship between estimate quality (as measured by variance) and the number of probe
reports per time interval.

It is shown that the variance of estimates never goes to zero regardless of the number
of probes. Moreover, the quality of estimates essentially stops improving after a fairly
small number of probe traversals. This indicates that very high levels of probe deployment
might not be necessary for an effective probe-based ATIS.

Because of the fact that one must always tolerate fairly high variances, the architecture
used in ADVANCE - specifically not broadcasting dynamic estimates until they differ
adequately from static estimates - is indeed most appropriate. However, for future ATIS
deployment we recommend that information on signal time changes and the times when
probes exit links be used. The quality of estimates and hence of route guidance will be
considerably improved.

Based on the study we come to the informal conclusion that the full deployment
would have worked quite well. Although slightly higher levels of deployment would have
enhanced the quality of guidance, considerably higher levels would not have yielded much
additional improvement.
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1 Introduction

The purpose of this report is to provide an assessment of the number of probes that would
be required to obtain reasonable estimates of link travel times. Since link travel times
may be obtained in many different ways, this report is essentially confined to the way
such estimates were constructed for the ADVANCE demonstration project - and only
for recurrent congestion. Specifically, the report focuses on means of probe-reported travel
times over five-minute time intervals under incident-free conditions, since such estimates
constitute the building blocks for dynamic route guidance. Incidents have been evaluated
in a separate report.

Assessing what sample size renders the mean of a set of numbers sufficiently reliable for
a given purpose might appear to be a trivial exercise in elementary statistics. However,
this is not the case for several reasons, the principal one being that probe travel-time
reports are not statistically independent, a requirement of the usual formulae found in
introductory statistics textbooks. This and other issues are elaborated on in Section 3, in
which the various factors that influence the quality of travel-time estimates are described.
Unfortunately, the results obtained from this study are link specific. Generalization to
links that were not studied does not appear to be trivial.

However, because the links studied included a wide range of congestion levels, some
qualitative statements can be made. One of these is that the deployment level originally
planned for full deployment would have been adequate to provide fairly good dynamic
information. Deployment levels four or five times higher would yield significantly bet-
ter information. Above that, while information quality would continue to improve with
deployment, the improvements would be slight.

2 Study Area and Data Collection

In early 1995 a decision was made to go from a full deployment using 3000-5000 vehicles
to be driven by volunteer drivers as they went about their daily lives, to a targeted
deployment where fewer vehicles would be driven by paid drivers on strictly-defined routes.
These routes and the data-collection exercise for this targeted deployment are described
below.

2.1 Study Area and Routes
The entire routes driven on Dundee  Road and adjacent arterials were within the munici-
pality of Wheeling, Illinois (north suburban Chicago). Dundee  Road was selected because
it carries a high volume of traffic and because each signalized intersection is demand ac-
tuated by loop detectors (including turning lanes) and there are volume and occupancy
detectors in several locations. Although Dundee  Road extends for several miles within
the ADVANCE study area the number of potential locations along Dundee Road where







Link Frequency Percent Link

1 5481 10.8 7
2 6298 12.4 8

3” 5886 11.6 * 9
4 2313 4.6 10
5 2294 4.5 11
6 2293 4.5 12

31” 3555 7.0 *
32* 2331 4.6 *

Table 1: MNA Reports by Link

Frequency

2323
2172
2462
6066
7826
5206

4.6
4.3
4.9
12.0
15.5
10.3

Total 50.620 100.0

Percent

* Link 3 consists of two links, 31 and 32. Link 31 is on the short route and includes a
left turn at the end of the link. Link 32 is on the long route and has a through
movement at the end of the link (no turn).

Staging
area:
where
drivers
meet

Figure 3: Probe Data Collection: Turning-Relationships Links
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Table 2: Probe Reports for each day of Data Collection

Date No. of Reports Percent of Total
6/05 660 1.3
6/07 395 0.8
6/08 1140 2.3
6/12 1382 2.7
6/13 1712 3.4
6/14 1014 2.0
6/15 446 0.9
6/19 1178 2.3
6/20 1591 3.1
6/21 1503 3.0
6/22 2372 4.7
6/26 2037 4.0
6/27 1481 2.9
6/28 1744 3.4
6/29 1546 3.1
7/05 1560 3.1
7/06 1996 3.9
7/10 1689 3.3
7/11 1282 2.5
7/12 1507 3.0
7/13 1046 2.1
7/17 2285 4.5
7/18 2252 4.4
7/19 2140 4.2
7/20 1901 3.8
7/24 880 1.7
7/25 907 1.8
7/26 1017 2.0
7/27 899 1.8
7/31 949 1.9
8/01 1069 2.1
8/02 1038 2.1
8/03 1139 2.3
8/04 949 1.9
8/07 1058 2.1
8/08 1050 2.1
8/09 873 1.7
8/10 933 1.8
Total 50,620 100.0



with the routes to and from the study area. Data were collected by probe vehicles driven
in the study area between 1:00 pm and 7:00 pm (Table 3),, with breaks as described below.

Table 3: Probe Reports for each hour of Data Collection

Hour Beginning
1:00 pm
2:00 pm
3:00 pm
4:00 pm
5:00 pm
6:00 pm
7:00 pm

No of Reports
8464
7980
5187
8488
8433
7871
4197

 

Percent of Total
16.7
15.8
10.2
16.8
16.7
15.5
8.3 Total I 50,620 1 0 0 . 0

On each day of data collection a field manager was present at the staging area. The
field manager ensured that vehicles were driving the study route at satisfactory headways
and instructed drivers when to take breaks. The field manager also assisted with other
problems which routinely occurred.

The drivers were given a ten-minute break at approximately 2:00 pm to 2:l0 pm and
another one from approximately 6:00 pm to 6:l0 pm. Each driver took his or her break at
a slightly different time, as each was dispatched by the field manager to the break area as
they arrived at the staging area. During breaks each probe vehicle was inactive for more
than ten minutes as time was lost off-route and also while the vehicle and MNA warmed
up. The longest break occurred from 3:30 pm to 4:00 pm. After this break, during the
two-hour peak period from 4:00 pm to 6:00 pm, the drivers operated their vehicles without
scheduled breaks.

3 Probe-Deployment Considerations

Since in a probe-based ATIS, information on the condition of the network is obtained
from probes, a key issue with respect to the future of such systems is the deployment
level needed for the system to function well. This section contains a listing of the issues
involved in a discussion of deployment levels.

The decision (described above) to proceed with a targeted deployment of probe vehicles
saved several million dollars and in many ways the experience gained from the targeted
deployment was not significantly less than that which would have been gained from a full
deployment. One element that did suffer was an understanding of the level of deployment
needed for a well functioning probe-based ATIS. This is not to say that the additional cost
of a full deployment could have been justified on this ground; indeed, it possibly could
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not have been and perhaps simulation and other methods can be used effectively for this
purpose. However, the fact remains that in the evaluation effort which is the subject of
the present report, we can offer only a partial answer to the question of what level of
probe deployment would be satisfactory.

Since the targeted deployment can give us good information on the links on which
probe-reported travel times were recorded we can give answers at a link level. We have
attempted to do so in this report. However, a gap remains between link level answers and
total system level answers. This section identifies some of the issues involved along with
some link level issues.

Several factors need to be considered in order to identify satisfactory probe deployment
levels:

l A very important factor is coverage, i.e., the number of links being covered during
an appropriate time interval. This issue was addressed in one of the first documents
written for ADVANCE design (Hicks, Boyce and Sen, 1992) and the deployment
level was chosen in accordance with that study. It is not discussed further here.

It should however be borne in mind that links not covered are mostly less-traveled
links. Such links are less likely to suffer from congestion and, given the nature
of the route-choice algorithm used, are less likely to form part of routes that are
recommended to drivers.

l The considerations just mentioned apply to links which do have positive numbers
of probes, in the sense that more important links would get higher traversal levels
per unit time.

l There are enormous variations in probe-reported travel times even within a single
traffic-signal cycle. Under conditions of no cycle failure, a vehicle arriving at an
intersection at the end of the green time experiences little delay and hence shorter
link travel times than one that arrives at the start of the red. Figure 4 illustrates
this situation for one of the links on our study route, Link 11, on July 17. The high
travel-time observations are for probes arriving during the red phase and the low
observations for those arriving late in the green phase. Note that the figure would
appear different if progression were to be different.

While the variance would depend on progression and the proportion of vehicles
entering the link via left and right turns, the fact remains that the variance of link
travel times would be high.

l Given the above fact, estimating a single number ‘link travel time’ over a time
interval becomes difficult. Such travel time variations are a normal occurence  and
affect any discussion regarding link travel times.

l However, we would be more interested in route travel times, rather than the travel
times on individual links. A route travel time is the sum of travel times on links
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11. Figure 6 shows high travel times on Link 9 during the peak period, indicating
the presence of peak-period congestion on this link. This is not evident for Links
10 and 11.

These examples illustrate that the variation in travel times which exists for one link
may well be substantially lower for an entire route. Even when congestion occurs
for a few links, it may not exist on a subsequent link.

l Returning to the case of individual links, the formula:

Travel Time = Cruise Time + Signal Delay

seems to hold fairly well. The cruise time for a typical fairly long link (of around 800
meters) with a short average queue at the end of it seems to be close to constant.

The delay encountered by one vehicle in a queue would be very similar to those
encountered by neighboring cars in the same queue so long as they depart the link
in the same cycle. Thus, very high sample sizes should not be required to estimate
link travel times.

l Under moderate to low congestion two vehicles arriving at the beginning of the red
signal phase would tend to have similar travel times, regardless of cycle. Similarly,
two vehicles arriving during the latter part of the green phase would tend to have
similar travel times. In fact, under low and moderate congestion signal phases have
an enormous effect on probe-recorded travel times.

Clearly, if probe arrival times or exit times were precisely recorded and times of
phase changes of traffic signals were known, the effect of traffic signals could be
corrected for. Indeed, we make the recommendation that in future ATIS design such
information be obtained and incorporated into travel-time estimation algorithms.
Since in the ADVANCE system time intervals over which estimates are made are
of fixed length and different intervals include different proportions of red and green
phases, averages of probe-reported travel times would tend to vary from interval
to interval for this reason and increasing the number of probes will not substan-
tially reduce this variation. Therefore, in the ADVANCE system some variance in
estimates will have to be tolerated and increasing the number of probes will not
necessarily reduce this.
This fact and the one described in the last item are demonstrated mathematically
in Section 4.
It may be mentioned that these problems do not substantially affect static forecasts,
which, although they do not reflect current conditions, are inherently more reliable
than dynamic estimates. This fact has been noted in several different elements
of ADVANCE evaluation. The ADVANCE design takes account of this very well
by broadcasting dynamic updates only when dynamic estimates substantially differ
from static updates.
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5 Recommendations
From the discussion above and that of Section 3, we make the following judgment: the
deployment level originally planned for full deployment would have been adequate to
provide fairly good dynamic travel-time information. Deployment levels four or five times
higher would yield significantly better information. Above that, while information quality
would continue to improve with deployment, the improvements would be slight.

In future efforts involving probe-based ATIS, we strongly recommend that

l Exit times of probes from each link traversed be accurately noted

l Times at which phase changes occur at each traffic signal be made available to travel
time prediction algorithm.

Although, since no such data were available, numerical estimates cannot be provided,
we expect that with these additions extremely high quality travel-time estimates can be
produced, even with relatively low deployment levels.
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