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SUMMARY

Universal Traffic Management Sysem (UTMS) and Tokyo Metropalitan Police Department are
planning to redize the interactive Centrally Determined Route Guidance (CDRG) (1). The sysem
sdects the recommended route using link trave time data, which is gathered by the traffic control
sysem. Therefore, even in the early Stages of its adoption when it cannot obtain large quantities of
travel time data measured by in-vehide units, the sysem can Hill provide guidance rdating to the
shortest route in terms of timerequired.

We condructed the trid sysem for CDRG on mgor roeds in centrd Tokyo, and successfully
conducted the second-gep fidd test in February of 1997, fallowing the fird-gtep test in autumn of
1996. In the second-gep test, we eva uated the performance of the sysem with vehides guided under
different kinds of formulas running in the trid areg, which resulted in proving the superiority of our
route guidance. We dso computer Smulated our route guidance method to comprehensvdy verify
its performance, which is difficult to investigate in the fidld test. This paper reports on the second-gep
fidd and Smulation tess.

CDRG USED INUTMS

Treffic congegtion occurs daily in large dties in Jgpan. On the other hand, car navigation equipment
was developed some years ago and drivers have begun demanding traffic information reguiring the
fastest route to the driver’s destination. Therefore, recently, the Nationd Police Agency has been
adding a new infragtructure equipped with two-way communication between the ground and
vehides (tha is, infrared beacons) to the exiging traffic contral sysem and darted to provide in-
vehide units with dynamic treffic information in the soring of 1996, in accordance with Vehide
Information and Communication Sysem (VICS) (2,34).

We decided to adopt interactive CDRG as a means of hdping to reduce traffic congestion in the
future CDRG is one sub-sysem that has been made possble by the diffuson of two-way
communication between the ground and vehides In this sysem an optimum route according to the
degtinetion of eech vehide is recommended from a center. In addition, when these beacons and in-
vehide units become more widdy used and can identify individud vehides, it will be possble to
implement severd new traffic management meesures. Additiondly, using collected origin-



degtination (OD) informetion of every individua vehicle will enable more accurate prediction of
traffic movement, more gppropriate Sgnd control and the providing of traffic informetion.

SYSTEM STRUCTURE

This sysem congds of beacons, invehide unites, CDRG centrd unit and traffic control sysem: A
beacon returns the route information thet indudes the recommended route and predicted trave time
to the dedtination designated by a vehide passng through the communication zone. In order to
respond to any destination within the vianity of abeacon, it accumulates the route informetion on dl
degtinetionsin therange thet is sent by a CDRG centrd unit every 5 minutes The CDRG centrd unit
caculates the route informetion for al rlevant beacons, and tranamits this information to them. The
traffic contral system callects vehidle detector information and cregtes predicted trave times of dl
links fromit. Predicted trave time will be obtained using trave time data meesured and sent by in-
vehide unitsin the future when they become sufficiently widespread.

METHOD OF ROUTE SELECTION
The optimum routes to dl dedtination links are expressad as a route tree from the location of the
beacon. A route treeis crated by determining one optimum upstream link among dl links that enter
each of dl dedination linksin terms of time cogt and so on. A unique optimum route to the beacon is
obtained by recurrently tracing a destination link to its optimum inflow link, which is dso another
degtination link upward dong the route tree. In CDRG, the center normaly calculates a route tree
aong which trave timesto the destinations are dl the amdlest by a means such as Dijkstrarmethod
usng link travel times, according to the information renewa cyde (five minutes), and sendsit to the
beacon as the recommended route tree. Which is called the “route direct caculation method”.
According to this method, however, dight fluctuation in travel time data used for route calculaion
causes aSgnificant difference in the recommended route, which is given asthe result of caculaion.
Therefore, adifferent route may be recommended eech time the driver passes abeacon and the driver
may become confused. To combet this, we decided to adopt a method that prepares severd route
trees in advance each of which may possibly serve as the optimum route tree and sdects the best
routeamong them at thetime. Thisis caled the “route candidate method” and hasthe advantage theat
it can provide the driver with a dable recommended route even if there are undable amadl
fluctuations in the trave time data obtained on-line from the fidd. In addition, this method enables
the sdection of the route among candidate trees for each destination respectively, so the slection can
be findy tuned according to the locd traffic conditions The number N of candidate route trees
should be congtant and those trees are creeted asfollows: Route treesfor an origin are obtained using
edimated link travel times collected under diverse traffic conditions during afixed past period. Then
a paticular combination of N route trees is chasen among the above trees S0 travd times of the
shortest trave time routes picked out from these N trees according to dl dedtinations are as dose as
possible on the whole to the true shortest times obtained without any route redtriction during ancther
fixed padt period. It can be said that the number of candidate routes to a particular destination from a
beacon' s location picked out from a set of N candidate route trees is greater, if the road network
contains more dternative routes and traffic conditions on the road change more diversdy. The



number N of candidete route tresslimitsit, though.
FIELD TRIAL

AIMS OF THE TRIAL
Trid sysem for CDRG was condructed in the fidd with vehides eguipped with invehide units
actudly driving and it was verified that the sysem normaly operates and guides in-vehicle units
effectivdly compared with other kinds of route guidance formulasin the fird-gep fidd test in autumn
of 1996. We conducted the second-gep test on February 21, 26-28, 1997 in an extended area from
the firg-gtep. The god of the second trid was to evduate the performance of the system in more
Oetall asfollows
-Comparing the route guidance methods dong longer OD.
-Evauating the accuracy of predicted trave time provided to invehicdle units
-Egimating the gability of the recommended route
Wherethe number of candidete route treeswas st to be eight.

CONSTRUCTION OF THE TRIAL SYSTEM
FHgure 1 shows the
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beacons were indaled so that a vehide travded with the route information guided a the Sarting
point until they arrived & the edge of the route guidance area. The communication zone between a
beacon and a vehide is around 3.5 meters in length dong the vehide' s direction. All these beecons
hold detailed route informetion to any destination within about a 20-kilometer radius from them. And
they are connected with one CRGS centrd unit through 9600 bps of communication lines The
CRGS centrd unit is connected with the traffic control system through a LAN. Only mgor generd
roads thet can collect detector information are targeted for route guidance.

TRIAL APPROACH
We composed five groups of four types of vehidesasfollows
-CDRG: driving under guidance with CDRG sysem
-VICS. driving under human judgement with congestioninformation from VICS
-TAXI: drivingin accordance with an experienced taxi driver’ sjudgement
-SRG.  driving under the guidance of the autonomousin-vehide unit with the shortest distance
route sglecting method
These dassfied vehides drove the same OD smultaneoudy every group and collected data such as
travel time between the OD points and so forth. Where CDRG drove only dong the generd road of
CDRG links where link trave times are available through vehide detectors, while the other three
types of vehides could drive dong any generd road other than fine strests besdes CDRG links.

RESULTS OF THE TEST

Travd Timeper Vehide Type
Thetotd number of trid runsthrough dl groupswas 15 for OD3-A, OD3-B and 12 for eech of the

other four OD respectivdy. But dong OD3-A, the
Tablel Averageoftraveltimeand  number of beeconswas small and in most cases only
increase rate of it per vehicle type the beacon & the Sarting point guided vehides, so
the data for this OD is conddered ingppropriate for
evauaing sysem peformance Table 1 shows two
kinds of index obtained from trid run deta for dl
OD except for OD3-A. Oneisthe average of trave
TAXI ] 28420sec. | 53% | time per vehidetype and the other is the average of
SRG 28917 sec. 7.2% travel time increase rate per vehide type to evauate
how much later each vehide other than CDRG arived a the degtination than CDRG. Travd time
increeserate is defined asfollows
TIR=(TTO-TTC)/TTC
Where TIR istrave time increase rate, TTO trave time of a vehide other than CDRG and TTC
travel timeof CDRG. It issaid on average that CDRG arrived & the dedtination the earliet and VICS
arived laer than CDRG by 2.5 %, TAXI 5.3% and SRG 7.2 %.

Vehicle type | Travel time |Increase rate
CDRG 26982 sec. 0%
VICS 27650 sec. 25%




Winning Rate of CDRG
Ancther index was cdculated; winning rete thet is defined as the number of times the respective

vehide arived a the degtination with the shortest travel time divided by the totd number of trid runs.
The winning rate of CDRG was the highest for every OD exdusve of OD3-A, and was 45.6 %
totdly for thosefive OD. For OD3-A, thewinning rate of TAXI was 75% that was much higher than
thet of CDRG, but ther travel times averaged for this OD were not o much different. Which implies
thet even when this sysem cannot obtain the optimum route for some reason, it might mosily
providearoutedosetoit.

Accurecy of Predicted Travel Time
Fgure 2 shows the examples for comparison of predicted travel time provided by each beacon and

actud trave time measured by vehides from the beacon s podition to the destination. The difference
of both times was somewhat diverse depending on OD, but not so much on the whole and it proved
thet the system providesfairly rdigbletrave timeinformationintermsof practica use.
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Figure 2 Comparison of predicted and measured travel time

Sability of Recommended Route
In the test, routes guided by each beacon gppeeared to gppropriaidy aternate responding to the change
of traffic conditions, but not as sengtively asto confuse drivers. So the route selection method of this
sysem turned out to be effective from astahility point of view, aswas expected.

OFF LINE SIMULATION

METHOD OF VERIFICATION
We veified the route selection dgorithm using trave time data.collected by the traffic control sysem.
The method of verificationisdescribed below:
We collected the predicted and edimated trave times from the traffic control system and provided
them to the smulator. The predicted link trave timeisthe time that will be required to drive through
the link within the pedified future interve, and the estimated link travd time is the time that was
required to drive through the link. In the candidate route method, the predicted link trave times are



usad to cdculate the predicted trave time for eech candidate route between the OD. Theroute, which
hed the shortest prediicted trave time is adopted from N candlidete routes as the recommended route
for that OD.

An optimum route (the shortest travel time route), which is used as the Sandard for evauating the
recommended route should be cdculated from the actud trave time. However, it isdifficult to obtain
the actud trave times for dl links We therefore used smoothed esimated link trave time and
cdculated the optimum route by the route direct cal culaion method.

We andyzed the routes for which the direct-line disiance between the origin and destination was 10
to 20 kilomegters. The andyds involved compaing the differences in trave times for the
recommended and the optimum route. The smulation was conducted between 3:00 am. and 6:55
p.m. (with theroutes cdculated & intervas of five minutes). The number of destinations depended on
the location of the beacon but was generdly 300 to 600.

RESULTS OF ANALYSIS

Charatteridics of the candidate route method
The candidate route method sdects a route from
svad candidate route trees It makes this sdection
independently for each possble destination. Figure 3
shows the characterigtics of this method; the predicted
trave timefor each route to the main dedtinations. The
routes marked in black are the routes, which have the
shortest predicted trave time (the sdlected routes). The
sected route number differs depending on the
degtination.

Predicted travel time for each route

(] 3
45
Route number 674

Figure 3 characteristics of this method

Suitability of the number of candidate routetrees
In the fidd trid system, the number of candidate route trees was st to be eight. We changed the

number of candidate route trees (8, 12, 16, 24) here and compared the number of effective candidate
routes to the dedtination picked out from those trees and the difference in travd times for the
recommended and the optimum route. (The evauation vaue is the average of the vaues for dl
degtingtionsin dl time periods) Table 2 ligstheresults

-When the number of candidate trees increases, 0 does the number of effective candidate routes on
average. (Here, aroute was determined to be different from another route when less than 50% of its
links were induded in another route and the number of effective candidete routes is the average
number of different routes in the set of candidate routes)

- The reduction of trave time difference was not S0 much as expected from the incresse of the
effective candidate route number.

- Thereault of theandydsindicatesthet the suitable number of candidate treesis81to 12.



Provided thet the sysem can caculate a predicted trave time with condderable accuracy, increasing
the number of candidate route trees should bring the trave time for the recommended route dose to
the trave time for the optimum route. However, since the predicted trave time for alink indudes
random error, the recommended route is affected by this error and fluctuates rapidly. The greeter the
number of candidete routes, the gregter the effect of the error on the recommended route. Thisisthe

reason why the difference in trave times cannot be reduced beyond a certain point as shown in the
figure

Table 2 Comparison of the difference in travel times

Origin Number of | Evaluetion value (average) Number of candidate trees

detinetions 8treess 12tress  16tress  24tress

Detector A 372 |Differenceintrave times 115.31sec| 81943 | 83.63%c | 84.73c
Number of candidate routes 321 427 477 589

Detector B 519 |Differenceintrave times 90.65%C | 78.32c | 76.843c | 75.80C
Number of candidate routes 332 414 4.45 5.36

Detector C 577 |Differenceintrave times 110.80s| 110.03s=c| 104.11sec | 116.293C
Number of candideteroutes 362 4.87 525 6.34

Effectiveness of the candidate route method
We confirmed the effectiveness of the recommended route caculated using the candidate route
method (method A) by comparing the difference in trave times basad on method A and the
following two methods
-Method B: Calculating the route using the route direct calculation method.
-Method C: Calculating the route, which hasthe shortest travel distance to the destination.
Theresults of acomparison of travel timesfor beacons a four locationsare shown in Table 3.
Thetrave time dong the recommended route was shortest when caculated by method A, followed
by method B, and was|ongest when cdculated by method C.

Table 3 Comparison of the route calculation methods

Method Differenceintravd time (average)
Method A 9056sec to 146.62sC
Method B 12142sc to 183.38sc
Method C 26833%c to 552.77%C

Sahilization of the recommended route

The reason why we adopted the candidate route method is thet it stabilizes the recommended route,
However, the results of the andyd's show thet the route fluctuates to some extent a each interva
even when the candidate route method is usad. We tried to modify the method for sabilizing the
recommended route by bringing in hysteressin changing routes, If the difference in travel times for
the previous recommended route and for the current route is T (condant) or less, the sysem
recommendsthe previousroute.

From the reaults of the Smulaion as shown in Fgure 4 it is dear that the modification cartainly



dahilized the recommended route and brought the trave time doser to the travd time for the
optimum route.
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Figure 4 Stabilization of the recommended route

CONCLUSIONS
From the results of the fidd te, this system proved to be sufficiently practical and CDRG drovein
the shortest time on average. An experienced taxi driver ssemsto have knowledge on whét routesare
advantageous during each time range from his experience, and then to sdect the best route to go
forecaging form the traffic conditions he sees on the spot. Our system prepares severd candidate
routes in advance each of which islikdy to be an optimum route on adatigicd bass and sdectsthe
recommended route among them according to the predicted travel time. So this route selection
method gppearsSmilar to the experienced taxi driver’ sin oneway, but might provide an even shorter
timeroute in higher provability becauseit operates automaticaly.
We ds0 andyzed the performance of the route slection method of this sysem in detail thorough the
off line amulaion, and found out that the adequate number of candidate route trees is 8-12, and
bringing in hysteressin changing routes can even improve the performance of the system.
We are planning to conduct a further trid on an extended road network induding express ways as
wel as to examine how to ded with unusud traffic such as an incdent on large scde, and to
exchange informetion among variousfadlities before the sysem isimplemented in the near future.
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