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Abstract : Recently several transportation engineers and planners argue against ATIS,
especially against "en-route traffic information service". The main content of the
arguments is that social benefit from en-route traffic information service is not clear,
since there are so many factors affecting on the outcome of en-route traffic
information service; degree of information, type of information, spatial structure of
road network, level of congestion, patterns of spatial distribution of travel demand,
behavioral response to such information, etc. This paper discusses outcomes of
en-route traffic information service for answering what-if questions associated the
above factors.
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1. INTRODUCTION

Recently, in the US, Europe, Japan and Korea, there are increasing interests on policy
and support on ITS. Already, a number of developments is completed in several
advanced countries that the on-site experiment and test operation are undertaken.
However, Korea has not been able to make full scale policy and technology
development of the ITS fields, but it is expected to have full-blown investment before
long. However, before such a large-scale investment is made, there are a number of
problems that must be reviewed.

Especially, many opinions for effectiveness have been presented in connection with the
traffic information service among ITS. Accordingly, there is a necessity to evaluate
the magnitude and durability for effectiveness of traffic information service through
the practical field test or simulation under a variety of transportation environment. In
accordance with the realistic need, there have developed many researches and various
models to analyze the effectiveness of traffic information service until now. But most
of those efforts are not suitable to apply to actual network, because those are models
of experimental property test suited for small-scale network.

On this point, this research is to develop a model to simulate a variety of phenomenon
and to analyze effectiveness as en-route traffic information service in large-scale
network  After the model computerization, effectiveness of traffic information service
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will be analyzed in various cases through simulation and case study. For that purpose,
pseudo-dynamic _traffic  assignment based on incremental traffic assignment had
developed, and this model was named "Time-Dependent Assignment: TDA"

To simulate effectiveness of traffic information service with TDA, there are scenarios
composed based on network type, network size, trip distribution, level of congestion,
degree of information service, and simulation for each scenario. Also, to study the
possibility of effect-analysis of traffic information service for real network, the case
studies for en-route traffic information service are performed with Suwon City
network. »

2. TIME DEPENDENT TRAFFIC ASSIGNMENT(TDA)
2.1 Concept of TDA

The TDA model is a time-dependent traffic assignment model that has the concept
that the driver changes the travel route by given information in response to change of
traffic condition with time.

The TDA model is not a complete dynamic model, nor is the static model, but it is
an intermediate model. As described previously, because of consideration for dynamic
characteristics of all drivers, it is difficult to apply complete dynamic model in real
network. On the other hand, the TDA model is less constraint than dynamic model in
terms of network size, on the other hand, that is less sufficient than the illustration of
dynamic traffic behavior, because all drivers are included in one increment that is not
dealt with individually but on the whole in the TDA model. Therefore, this model has
an advantage in affording simulation on various cases including the actual network.
The TDA model has the following procedures. Traffic volume is assigned to a link
directly connected to the origin on the minimum path for an O-D pairs. After the
implementation of such assignment process, calculate the new link traffic time and
generate new OD. The new O-D is made with the initial origin node that is directly
connected with the intermediary node that becomes the new OD. With the basis of
new link traffic time as the basis, the minimum path is found to assign the new OD
traffic demand on a link in accordance with the above method. Such a procedure is
terminated for its repetition once all the origin is identical with destination and the
traffic assignment is completed. <Figure 1> is an example that describes the above
procedure.

2.2 TDA Algorithm

Traffic assignment algorithm based on the above concept of TDA was developed, and
it is named TDA3. This model is a method that assigns the one-hour traffic demand
divided into 5-minute traffic demands. After the assignment of traffic demand on one
link, generate new O/D by summing up the rest O/D and the next increment O/D. To
calculate the link traffic time based on traffic volume assigned to this time, continue
this until 2il O/D is assigned while assigning the next increment O/D.

Also. the TDA3 model is marked with TDA3j, and 'j' is a script that represents the
requency of information services. If j = 1, it means that the users are serviced with
information in every node, and if j = n, it means that the information is received in
every nth node. Model was tested until j is 3, but the value of j can be set up to
the entire number of node. TDA3 algorithm is shown as follows when arranged.
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< Process 1 >

+ Initial OD(1—9) Volume : 100

« If minimum path is O—Q—@>®—(©), then
1) Assign OD(1—9) 100 to link 1-2
2) Modify origin : 1 = 2
3) Generate new OD : OD(2—9)

< Process 2 >

+ Update link travel time

+ Update OD(2—9) Volume : 100

« If minimum path is @—=>®—>@—©), then
1) Assign OD(2—9) Volume 100 to link 2-5
2) Modify origin : 2 — 5
3) Generate new OD : OD(5—9)

< Process 3 >

+ Update link travel time

+ Update OD(5—9) Volume : 100

« If minimum path is ®—>®—©), then
1) Assign OD(5—9) Volume 100 to link 5-6
2) Modify origin : 5 — 6
3) Generate new OD : OD(6—9)

< Process 4 >
+ Update link travel time
+ Update OD(6—9) Volume : 100
+ If minimum path is ®—©, then
1) Assign OD(6—9) Volume 100 to link 6-9
2) Modify origin : 6 = 9
3) Generate new OD : O is equal D
— terminated

P Result of TDA

Figure 1. Concept of TDA
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STEP-0 : (Initialization

Vim=0, for all I ,m,

Ton=Tow, for all l, m,

=0, for alli, j,

R=0,

where, Vi, = traffic volume of link (1, m)
Tim, Tiw = travel time and free flow travel time of link (1, m), respectively
I = initial vehicle OIXi,j) of informed users.

STEP-1 : (OD Update)
k=k+1,
Ut=0; - (1— )+ Fy for all i, j,
=140, n - Fy, for all i, j.
where,- 0; = total demand of (i,)) pair,
Ut = demand of uninformed users between (i,]) pair
to be assigned in the k™ iteration,
I = demand of informed users between (i, ) pair
to be assigned in the k™ iteration,
n = ratio of vehicles with CNS
F, = assignment friction factor of E" iteration.

STEP-2 : (Assignment of Uninformed Users)
(1) Find the minimum path based on Ty. i
(2) Assign Uy to the minimum path : V= Viy+ U;* @ v, for all 1 ,m,

(3) Update travel time : Tp,= T",,,.[l+a(-%)ﬁ] for all I, m.

where, w' = 1,if link (I,m) is in the minimum path between (i, j)
0, otherwise.
Cwm = Capacity of link (I, m).

STEP-3 : (Assignment of Informed Users
(1) Find minimum path based on updated T,
(2) Assign I to the minimum path between (i, ;) until vehicles arrive at the N* node
Ffrom the starting node i : Vi, = V,,,,+1’f,~- 0 Oim, for all I ,m.
(where, 8,, = 1, if node m is within the N* node from the starting node i,
0, otherwise. )
(3) Update travel time.

STEP-4 : (Update OD of vehicles with CNS)
otherwise, It = 0.

STEP-5 : (Iteration Update)
(1) Update cumulative friction factor : R=R+F)
(2) If R = 1.0, GOTO STEP—6.
otherwise, GOTO STEP—1.

STEP-6 : (Stopping Rule)
() IF It = 0, for all (4,7). STOP.
(2) Otherwise, GOTO STEP—3.
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3. SIMULATION
3.1 Simulation Design

In this section, there is a designed simulation plan to analyze the en-route traffic
information service affecting on the network. Each scenario is set up as network type,
network size, spatial distribution of traffic demand, and level of congestion.
Effectiveness of en-route traffic information service was analyzed through simulation
for each scenario, and case study was made with 348 nodes and 1179 links as the
ratio of informed user and degree of information service. Concrete content of scenario
is as follows.

1) Scenario composition factor

(1) Network structure

For a simulation, the network structure is to set up with grid-type and circle-type
network, and for the purpose of objective comparison, contents is made with as
identical condition as possible.

Grid-type network is comprised with 25 nodes and 80 links, and the capacity of each
link is uniformly comprised with 2000 pcu. Also, the length of the link is for 200m
and the total length of link is comprised with 16km.

Circle-type network is comprised with 25 nodes and 72 links, and the capacity is the
same as the grid-type network. The length of horizontal and vertical length is 203.5m
and the length of diagonal link is 287.8m. In order to be the same condition as the
grid-type network, the total length of link is set for 16km. Each node of networks is
regarded as zone centroid.

(2) Level of traffic congestion

In order of setting up the size of OD traffic, two scenarios are established. When the
OD traffic is assigned to network, "non-congestion" is defined as OD volume that
averages the V/C of link for about 0.75 and the "congestion" is ‘defined as OD
volume that averages the V/C of link for about 1.5. As a result, the total volume of
"non-congestion" OD is 36,000 vehicles/hour and that of "congestion" OD is 72,000
vehicles/hour.

(3) Trip distribution -

In order to set up the scenario on the land use, two types of scenario for traffic
distribution is established. First, it is assumed that the traffic demand is distributed
evenly in all regions. Second, it is assumed that the traffic demand is distributed in
the CBD area exclusively that central node (node 13) and neighboring nodes (node 8,
12, 14, 18) are directly connected with the nodes regarded as such. In case of
"uniform-distribution with non-congestion", all regional OD traffic is 60 vehicles/hour,
and in case of "uniform-distribution and congestion", the OD - traffic is assumed 120
vehicles/hour. In case of the CBD concentration distribution, demand of node 13 is
five times as much as the outside node and demand nodes of 8, 12, 14, and 18 that
are four times as much as the outside node.

(4) Ratio of informed user

The ratio of users receiving the information from the entire travelers is increased by
5% from 0% to 100% and progress with the simulation test. The drivers of the
vehicle receiving the information are assumed to rely on the provided information
completely and use the shortest path based on the information provided.

'(5) Network scale

Depending on the size of the network, the simulation is made to see' how effective it
is for providing the en-route information service. The case study is performed and
analyzed on the actual network of Suwon City for 9 by 9 grid network in addition to
5 by 5 basic grid-type network.
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Figure 2. GRID Type Network Figure 3. CIRCLE Type Network

2) Composition of scenario
Each factor for composition is defined with the following 8 scenarios of the combined
contents.

Table 1. Scenario for simulation

Network  Trip Level of Notes
type distribution  congestion

Scenario 1 GRD UD NC GRD : Grid network
Scenario 2 DIA Ub NC DIA : Circle network
Scenario 3 GRD CD NC UD : Uniform distribution
Scenario 4 DIA CD NC CD : CBD concentration distribution
Scenario 5 GRD UD vC NC : non-congestion
Scenario 6 DIA uD VC VC : congestion
Scenario 7 GRD CD- ¥C
Scenario 8 DIA CD VvC

3) Measure of Effectiveness

Measure of Effectiveness for simulation result on analyzing the effectiveness on
en-route traffic information service uses the rate of change in the total system cost.
The meaning of "ratio of change" is a showing how the total system cost is reduced
in case of information service is provided in proportion with the case of such service
is not provided under the situation that is defined by each scenario.

_C._’—_C.Q_ %100 1)

4C = ok

where, C ¢ is total system cost of scenario s with #» % informed user.
b ¥
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3.2 Result of Simulation

1) Total system cost by network type

<Figure 4> represents the result of network type under the uniform distribution ahd
non-congestion (*, UD, NC). In case of the grid-type network, it is more effective for
3% better than the circle-type network where the ratio of informed user is for 30%~
70%. In the grid-type network, there is a little difference for the degree of
information service. But there is a little difference in the circle-type network.

<Figure 5> represents the result under the concentration distribution and
non-congestion (*, CD, NC). In case of the grid-type network, it is more effective for
2% than the circle-type network where the ratio of informed user is for 30%~70%.
In the grid-type network, the difference for degree of information service is a little.
But with the more degree of information service increase, the more the total system
cost increased in the circle-type network.

<Figure 6> represents the result of the uniform distribution and congestion (*, UD,
VC). In case of the grid-type network, it is more effective for 3% than the circle-type
network where the ratio of informed user is for 30%~80%. Also, the information
service in every 3rd link is more effective than that for the every link.

<Figure 7> represents the result of the concentration distribution and congestion (*,
CD, VC). In case of the grid-type network, it is more effective for 4% than the
circle-type network where the ratio of informed user is for 30%~80%. The difference
in the degree of information service is appeared for 2% in two type networks and
according to the degree of information service increased with the decrease of
effectiveness.

In the above result of comparison analysis, it is determined that the effectiveness is
stable and shows its greatest when the ratio of informed user is in the range of 3
0%~70%. Also, the effectiveness of traffic information is 3~4% larger in the
grid-type network than that of the circle-type network without the regard to the level
of congestion. This is determined as the grid-type network that has much more
alternative route than the circle-type network and the difference of traffic cost between
the alternative routes is even smaller.

4.5 4.5
3.5 3.5
250 2.5
1.5 1.5 |
0.50 & . 050 &
-0.50 -0.50
=1.50 p b 1.5
2.5 2.5
-3.50 350
82889 88R 38 8 828 8% 38K 88 8
© © 6-d'0 0o &g B-¢ O~ 0 00 O ' 0.8 & aiid H
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O 2% O 280}
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Figure 4. Comparison for Network Type Figure 5. Comparison for Network Type

(*,UD,NC)

(*,.CD,NC)

Journal of the Eastern Asia Society for Transportation Studies, Vol.4, No.3, October, 2001




240
) Joong Rae CHO, Young Tae SON and Young Suk HONG

20.00 20.00
15.00 15.00 +
10.00 | > 10.00
500 | 5.00
am 4 0.00 i , ;
-5.00 -5.00
-10.00 | -10.00
-15.00 -15.00
8 22 89 38R 88 8 S 238 28R 8.8
OO O 0O 0O 6 © o o o © ~ S &6 © 606 60 v © 0.0 O v
(a) TDA31 (a) TDA31
£ 2000 o 2000
o c
5 150 § 1500 f
% 10.00 5 1000 F
8 50 g 500 f
g 0m| (6] 0.00 1 Ft L T Aol 1 ik
3 -5.00 € st
@ 3
:—10. t%—10.00
B s e e esecsss| [F ¥8Scg8s8s 388888
O 0O o o o © © o © © =~ O o 0O 0O O O © © 6 © «~
% of Informed User % of informed User
—+—GRD ——DIA —e— GRD —8—DIA
(b) TDA33 (b) TDA33

Figure 6. Comparison for Network Type Figure 7. Comparison for Network Type
(*,UD,VC) (*,CD,VC)

2) Total system cost by trip distribution

<Figure 8>~<Figure 11> represent the results of simulation that the effectiveness of
traffic information service is different for spatial traffic demand distribution. As a
whole, as similar to the above result, the effectiveness of traffic information service is
the greatest when the ratio of informed user is in the range of 30%~80%.

In case of the grid-type network/non-congestion (GRD, *, NC) in <Figure 8>, the
effectiveness of information service is increased by 0.5% in concentration distribution
than that of the uniform distribution, and the difference for degree of information
service is very little. In case of congestion in <Figure 9>, the difference for trip
distribution is appeared clearer than that of the case of non-congestion.

In case of the circle-type network and non-congestion in <Figure 10>, the reduction
of effectiveness under uniform and concentration distribution is' under 0.5% and the
difference for traffic distribution is very little. To be noticeable, this case of the
difference of effectiveness for degree of information servicé appears to be larger in
the two cases. Especially, the opposite effect appears in the case of information
service of every link. But in <Figure 11>, even if the network is the circle-type, the
effectiveness of information service appears exactly in the traffic congestion. Also the
difference of effectiveness in the concentration distribution is larger than that of the
uniform distribution.

In comprehensive view, in the case of non-congestion, the difference of effectiveness
in the information service is not observed for trip distribution, but in the case of
congestion, that appeared about 3~4% larger in the concentration distribution than
that of the uniform distribution.
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3) Total system cost by level of congestion

<Figure 12>~<Figure 15> represent the result of simulation of effectiveness in
information service that is different than the level of congestion in network. In almost
all cases, the effectiveness of information service in congestion is appeared more
precise than that of the non-congestion cases, and in the non-congestion case, the
change in the effectiveness for the ratio of informed user is very little. Also, in the
circle-type network, the effectiveness of information service is a little, and that appears
with the opposite effect in non-congestion.

<Figure 12> represents the result of simulation under the grid-type network and
uniform distribution. The effectiveness of information service in congestion case is 7%
more effective than that of the non-congestion when the ratio of informed user is
30%~80%. In non-congestion case, the difference of degree of information service is
a little. But, in congestion case, there is about 3% difference of effectiveness, and
unstableness with vibration also appears. In case of the same network, the difference
of effectiveness of information service in concentration distribution appears more
precisely than that of the uniform distribution in <Figure 13>.

<Figure 14> represents the various results for the effect of traffic information service
by level of congestion on the circle network with uniform distribution (DIA, UD, *).
The system cost is decreased by approximately 0.5~1.0% in the situation of
non-congestion through the traffic information service. But in the situation of
congestion, it was reduced by 7% in network which the ratio of informed user is 3
0~70%. In the situation of non-congestion with concentration distribution, the change
of travel cost is a little. But the system cost in case of congestion is decreased by
10% in network where the ratio of informed user is 30 - 70% in <Figure 15>.
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Figure 14. Comparison for Level of

4) Total system cost by scale of network

Congestion (DIA,UD,*)
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Figure 15. Comparison for Level of

Congestion (DIA,CD,*)

To compare the effectiveness of traffic information service for scale of network is
established with 9 by 9 grid-type network with 81 nodes and 288 links. This is
established similarly with the scenario 5, assuming the uniform distribution and
congestion case.
The system cost is decreased by 20% on the 9 by 9 network where the ratio of
informed user is 30~70% compared with the uninformed user. The effect of reduction
for system cost is about twice larges than that of the 5 by 5 grid-type network in
<Figure 16>. This result shows that the effectiveness of information service is
enlarged in proportion to the scale of network and this phenomenon appears more
clearly in the case study of the next chapter.
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Figure 16. Result of Simulation
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Figure 17. Result of Simulation
of 9X9 GRID Network
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5) Summary for result of analysis and comparison with the existing research results
Summary of results analyzed in simulation is as follows.

In almost all cases, the system cost is constantly reduced until the ratio of informed
user comes to be 30% and the effect of reduction for travel cost is the largest when
the ratio of informed user is 30~80%. But from 80% or more, there is ‘a tendency
of having the effect decreased.

The effectiveness of traffic information service is larger in the grid-type network than
that of the circle-type network.

The difference of effectiveness for trip distribution is a little in the case of small
volume (non-congestion). But in situation of congestion, the effect of reduction is
larger than that of the uniform distribution.

The analysis made for the effectiveness of traffic information service is insignificant
in the situation of non-congestion, but it is increasing in proportion to the level of
congestion. Under the defined scenario, the effectiveness is 7~10% larger in
congestion than that of the non-congestion.

The difference of effectiveness for degree of traffic information service is a little. The
frequent route change through the traffic information service would be to have the
opposite effect in the effect of the traffic cost reduction. This means the fact that
optimal frequency of traffic information service exists.

The effectiveness of traffic information service increases with the scale of network.
This is determined since the dispersion effect of the traffic volume is increased with
the scale of network.

The system cost is rapidly increased or deceased in irregular situations where the ratio
of informed user is under 20% or above 80%.

<Table 2> represents the results to compare this research with other research in the
aspect of scale.

Table 2. Comparison of Effectiveness with exist research

Reference research Result of Measure of Effectiveness Remarks
; - Travel Time Reduction : 6%

Kobayashi(1979) - Fuel Consumption reduction : 5% CACS, Japan

Jeffery(1981) - Driver Journey Cost Recovery .: 2% Autoguide, UK,
- Probability that guided veh. arrive earlier than

Tsuji, Takayama(1987) unguided veh. : .85 CACS, Japan
- Travel Time Reduction : 9-14%

Jeffery(1987) - Resource Saving : 10% Autoguide, UK.
- Maximum Realized Saving: 10 min for a 30 PATHFINDER,

Al-Deek et al.(1989) min trip USA

Jones, - Travel Time Reduction (by Route Change) : 6% Tx. USA

Mahamassani(1993) (by Departure Time Switching) : 10-22% ’

Y. Gardes, et al(1993) - Travel Time Reduction : 6-18% P’(‘l";“’lgﬁ“

Ha, Dongik(1994) . Travel Time Reduction : 7-13% VIS%%G’I%““

- Total System Cost Reduction

8}’9%';’)1('5" JR., Cho (Real Time Information service) : 11-17% (zl(soresz(x))
(Predicted Information) : 15-23% Y
- -Total System Cost Reduction Korea
. ( Simulation 1 ) : 10-14% (25, 80)
This pager(2001) ( Simulation 2 ) : 20% (80, 288)
( Case Study ) : 50% (348, 1179)

notes * : (number of node, number of link)
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4. CASE STUDY

Suwon City is chosen to have this case study. The attributing data that are used in
the case research, such as network, O-D and link attributes are the status information
actually surveyed in 1996. The network for Suwon City is consisted of 47 zones
including the outside zone, 348 nodes including zone centroid, and 1179 links. The
O-D data obtained from the survey with 5% sampling are divided into passenger
vehicle, bus and taxi O-D data at the peak hour. <Figure 19> shows the network
used in this study.

<Figure 18> represents the results of this case study. The effectiveness of traffic
information service is a little with the ratio of informed user for 10%. Also, the
system cost reduces constantly when the ratio of informed user is in the 20~ 30%
range. In the situation of 30~60% (% of informed user), the reduction ratio of the
system cost is approximately 50% and have the maximum value. The difference of
effectiveness is not clear in the ratio of informed user or degree of information
service. But in the case of above 60% (% of informed user), the difference for
degree of information service is appeared excessively, and become unstable with the
irregular and sharp change. The results indicate that the traffic information service
could bring the unexpected opposite effect when the traffic information service is
applied in the actual network.
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Figure 18. Result of Case Study Figure 19. Network of Su-won City

S.. CONCLUSION

Results of simulation are analyzed and shown that the effectiveness of traffic
information service is larger on the grid-type network than that of the circle-type
network. Also, in case of congestion and concentration distribution, it is shown that it
is more effective than the case of non-congestion and uniform distribution.

In general, the total system cost is continuously decreasing in proportion to the ratio
of informed user for up to 30%. And it has the lowest value when the informed user
is comprised from 30% to 60%, and the change of system cost is very little. But for
above 70%, the system cost is increased with the situation that is appeared to show
the unstable and irregular phenomenon. And the difference of effectiveness for the
information service is a little, but the frequent route change during travel with the
traffic_information service can bring the opposite effect in the increase of the system
cost. The effectiveness of information service increases in proportion with the scale of
network. And in case of the research for Suwon City, it is analyzed that the system
cost may be reduced up to 50% through en-route traffic information service.

In this report, the case study is performed for the Suwon City networks. But to
overcome the limit of former research targeted for toy network up to now, and to
estimate practical effectiveness of traffic information service, the comprehensive and
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systematic case study has been performed. Also, this study has analyzed the
effectiveness of traffic information service from the viewpoint of total system cost.
But also, it is important to have the effectiveness of traffic information service from
the viewpoint of user. For that purpose, the simulation model for path analysis would
have to be developed.
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