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A STOCHASTIC FLOW-DEPENDENT MODEL FOR PATH FLOW ESTIMATION

BRI EEHED-OOEENIJO—T A RVTUVMETIL

1. Introduction

With the rapid development of vehicle information
and communication technology, it is urgently required
to collect up-to-date information about the state of
road network, such as link flows, locations of
congestion, path flows and path travel times. For
example, dynamic path guidance requires estimates of
path travel times, while traffic detectors are set up only
at some sections of road network to collect such data
as link flows. These observations need to be
complemented by some processors, in order to build a
complete picture of current network states.

lida and Asakura (1988) suggested a bi-level
programming model consisting of systematically
objective optimization and deterministic assignment,
to calculate network information such as link flows,
OD matrix. Yang et al. (1992) investigated alternative
solutions and indicated that the upper level problem
can allow approximately for user responses once the
sensitivities of link flows to trip table in the lower
level are passed back. Although OD demand and link
flow can be determined in the bilevel model, the
method, as it is known, does not in general uniquely
define the path flows.

Sherali et al. (1994) proposed a linear programming
Path Flow Estimator (abbreviated to PFE) for
estimating user equilibrium path flows, which may be
aggregated to yield an OD matrix. In general, the PFE
can be regarded as a practical tool to estimate path
flows and OD flows. The PFE requires only some
observations on link flows. Bell and Iida (1997)
proposed a non-linear programming PFE to estimate
stochastic user equilibrium path flows, which may be
used for estimating travel time reliability.

The purpose of this study is to develop the path flow
estimator that can produce estimates of path flow, the
correspondent cost and the OD trip table, from
observations of link traffic volumes. This study makes
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two improvements on the stochastic PFE proposed by
Bell and Iida (1997). First, the link travel time is
assumed to be a monotone increasing function of the
link flow, or say, the running time is a flow-dependent
function. Second, the improved PFE explicitly
considers overload delay on the road network.

The paper is organized as follows. The basic idea of
the flow-dependent PFE is described in Chapter 2.
Chapter 3 presents the iterative balancing method to
solve our flow-dependent PFE. Chapter 4 demonstrates
two numerical examples. Chapter 5 briefly accounts
for the detector allocation problem for the PFE, by the
sensitivity analysis of the stochastic equilibrium
model. Some conclusions are given in Chapter 6.

2. Flow-dependent PFE Model

There are perhaps two aspects of awareness about
congestion effects on the road network. The one is that
the congestion may be described by using the
increasing travel time function against the link flow;
the other is the overload delay occurred at the link exit
(Inoue, 1986). Both of two congestion effects are
considered in this paper that distinguishes from the
pioneering work (Bell and Iida, 1997), in which the
travel time of each link is treated as constant, unrelated
to the volume of the link flow. The flow-dependent
PFE assumes that the travel cost is comprised of the
running time and the delay. The running time is
estimated by the flow-dependent travel time function,
and the delay is associated with the Lagrange
multiplier of the capacity constraint. The framework
of the flow-dependent PFE is illustrated in Table 1. In
this chapter some properties of traffic flow and
representation of link travel cost are firstly discussed.
Then the nature of logit choice model is focused. After
that the flow-dependent PFE is formulated as a
programming issue. The determination of parameter is
described lastly, which is also included in the part of
the stochastic assignment.

2.1. Representation of Link Flow And Link Cost

This study considers the traffic congestion under
equilibrium state based on the previous research works
(Inoue, 1986). To begin with, the traffic flow is
approximately assumed to be a steady state. Fig. 1
shows an arbitrary link with flow x,. The link traffic
condition is assumed to partition into non-congested
regime and congested regime, the length of which is /,
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Table 1. The Structure of Path Flow Estimator

input: all link capacities, link performance function, observed link flows, network topography

balancing link cost and flow following performance functions

balancing network flows and observed link flows by logit-model

column generation
outer
loop middle inner
loop loop

delaying occurring on active links

output: flow and travel time of links or paths, OD demand, travel time reliability of paths or OD-pairs

and /, respectively. Under the equilibrium flow of
steady state, the length of congested regime becomes
steady.

flow x,
Sa
J
non—congested congested
regime regime
| i i
& L

Fig. 1 The link flow of congestion

Let s,max represents the roadway capacity of the
link a, and s, represents the exit capacity of the link a.
In general, the link exit capacity s, is less than the road
capacity S, max, because two major traffic streams cross
each other at the intersection, and the safe and efficient
operation of the intersection requires some kind of
control measure like signal control. The signalized or
non-signalized intersection crossed by links allows the
link flow x, to pass through, which must be not more
than the corresponding exit capacity s,. If the flow
temporarily exceeds the link exit capacity, the
congestion generates from the exit end of the link.

Va

non—congested
regime
vl(sa) g
v (s,)
“ congested
regime
Sy Sa,max Xq

Fig. 2 The relationship of speed and flow

As illustrated in Fig. 2, the speed-flow relationship
of the congested link is represented by v,(x,) in non-
congested regime and v,(x,) in non-congested regime.
The function v,(x,) is monotone decreasing, while
vy(x,) is monotone increasing. In the equilibrium state,
the travel time ¢, on the link a is given by

_ 11 lz

TTv(s,)  va(s,)

=1,+zz+[ L } o
vl(sa) v2(sa) vl(sa)

The first term of equation (1) represents the ordinary
travel time, which can be estimated by some sort of
travel time function such as BPR function. The second
term corresponds to the waiting time or overload delay
due to the congestion at the link exit, caused by
deficiency of the link exit capacity. Therefore, the
generalized link travel cost is comprised of the flow-
dependent running time and the waiting time. Fig. 3
shows the generalized travel time performance
function used in this study.

If the flow is less than the link exit capacity, the
flow can smoothly pass through the link, then no
overload delay exists. Once if the flow reaches the link
exit capacity, the congested regime appears in the link
and the corresponding link flow becomes equal to the
link exit capacity. This can be summarized as

d,=0 if x,<s,
d,>0 if x,=s,
The overload delay d, may be regarded as a penalty

item added in the link travel time if the flow excesses
the link exit capacity.

)

t

a

delay

/

Sa Sa,max xa

taO

Fig. 3 Link travel time performance

2.2. Nature of Logit Path Choice

Consider a network composed of two paths & and &’
connecting one origin and one destination. The path
choice probability is given by the well-known logit
model.
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exp(-6C,)
exp(~6C, ) + exp(—6C,.)
where C; is the travel time on path %k, 6 is the
dispersion parameter. Since the path flow A is
proportional to the path choice probability, it leads the
following equivalent logit model with respect to path
flows.

h,lh, = exp( —8C,)/exp( —6C.) “4)

or In(h,/h,)=-60(C, -C,) 5)
This equation creates the relationship between of flow
and cost in the stochastic PFE. Specifically speaking,
the stochastic user equilibrium (SUE) is. achieved
when and only when the trip allocation between
alternative paths satisfies the following alternative
form of equation (5).

Link, +C,(h)=tInh. +Cp(h)=u" (6)

The equation (6) expresses the significant feature that
each OD-pair w holds a constant value #” respectively
at the equilibrium optimum, which is called
equilibrium cost of OD pair w. For the path £ within
pair w, the constant value consists of the inherent
travel cost Ci (h) and the additional cost, (1/6)Inh, ,

produced by correspondent path flows. It signifies that
the logit model assigns the more OD flow to the lower
cost path, the less OD flow to the higher cost path. It
evidently differs from the shortest path assignment in
which the OD flow gathers in the path of minimum
cost. The logit choice model can be equivalently
formulated as a mathematical programming problem,
called stochastic user equilibrium, which can be found
in Bell et al. (1997).

2.3. Path Flow Estimator

Prlk]= 3)

Because of uncertainty of path choice, and imperfect
information about network state, an assumption
included in UE is evidently violated and hence the
stochastic user equilibrium is preferred to simulate
drivers’ path choice behaviours. The stochastic Path
Flow Estimator is formulated as the following
mathematical programming:

min f(h) = -;—hT (nh-1)+Y [*Ve, s (72)

Agh<s (o) (7b)
v=Ah () (7¢)
where h denotes the column vector of path flows.
Matrix [Ao, A;]" represents the incidence relationship
between the unobserved, observed link flows and path
flows h. Vector v is the observed link flow. py, u; are
the Lagrange multiplier vector of capacity constraints
and observation equations, respectively. In this study,
it is assumed that the links are classified into the
observed links and the unobserved ones. The observed

subject to

link is equipped with the traffic detector. Conversely,
no traffic detector is installed into the unobserved link.

The mathematical programming expressed by (7)
can give the estimates of the path flows and OD flows
by using the observed link flows. The mathematical
programming includes two kinds of constraints: the
link capacity constraint expressed by (7b) and the
observed link flow constraint expressed by (7c). The
traffic conditions on the unobserved links must be
satisfied with the link capacity constraints. The
constraint (7c¢) means that the estimated link flows
must coincide with the observed link flows.

The Lagrange function of the PFE represented by
(7) can be formed:

L(h,p,2) = f(h)+p, (Ah—s)+p (v—Ah) (8)
At optimum, the first-order condition is
Lilnh+C+Ajp, =Alp, (9a)

Sk +Cot D O = D, O (9b)
where > 14,04 denotes the sum of Lagrange multipliers
with respect to the capacity-constraints of unobserved
links on path k, and > 14,0, is that of Lagrange
multipliers with respect to observed links along path &,
C, is the running time along path %, the element of
travel time vector C. C; can be obtained by summing
up the estimated running times of the links included in
the path £.

Comparison between equation (9) and (6) might
help us understand the difference between the ordinary
SUE and the stochastic PFE in which the congestion is
explicitly considered. There are some differences in
the expression and interpretation of travel cost
between the two equations. Firstly in the left-hand side
of equation (9), the path travel cost is composed of the
path running time Cy and the overload delay expressed
by X ioaOm,- The Lagrange multiplier of the link
capacity constraint is determined by the corresponding
complementary slackness conditions:

po=0 if s,>> 5,hy 10)
pe>0 if s, =) 5,

The comparison between equation (2) and (10) shows
both conditions are the same if let d,;=p, , x; =2 S
Secondly, the comparison of the right-hand side
between equation (6) and (9) implies that the path flow
pattern obtained by the stochastic PFE might be
different from that obtained by the logit-type
assignment because of the influence of the observed
link flow constraint expressed by (7c). Judging from
the optimality condition expressed by (6), the
equilibrium cost of must be determined uniquely for
each OD pair in the logit-type assignment. However,
Y 11204, the right-hand side of the optimality condition
for the stochastic PFE may takes different values
among the paths between a specific OD pair. There is
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a possibility that the path flow pattern derived from the
stochastic PFE is influenced more by the observed link
flow constraint than by the logit-type assignment
principle.

Thirdly, as described above, > 14,94, the right-hand
side of equation (9b) is associated with the observed
link along path k. If no traffic detector is installed
along path k, the right-hand side of (9b) must be zero
and the stochastic PFE cannot estimate the path flow
pattern that is satisfied with the optimality condition
(9b). Accordingly, each path must include at least a
link, into which a traffic detector is installed and
operated.

2.4. Determination of Parameter 9

The determination of parameter € is similar to that
of the SUE assignment. It may be interpreted as a
measure of drivers’ sensibility to the path costs; by
varying this parameter it is possible to represent the
different traveller behaviours on the network. The
influence of the second part of the objective function
(7) grows with the increase in the parameter. In the
limit as & — «, the user equilibrium flow comes out.
This corresponds to a situation where travellers are
extremely sensitive to the path cost, or closely say, the
travellers have the perfect information about the actual
travel cost. In reality, the value of the parameter 6 is
uniquely determined by the optimal flows, and may
therefore be calibrated in a practical application, for
instance from the observed flows. This paper takes the
parameter as 0.1, like that in Bell and Iida (1997).

3. Solution by Iterative Balancing

Consider the Lagrange equation (8). The saddle
point theorem says that at the optimum it is minimized
with respect to the primal variables and maximized
with respect to the dual variables. In the light of this
theorem, the optimal solution may be searched by the
sequentially optimizing the Lagrange function in terms
of the dual and the primal. In other words, given initial
values of p, A, note so-called Lagrange problem.

D(py,p”)=min L(h®, pe’, p”) 11
The solution of path flow h) only relies on the
temporal dual values of i—th iteration. The iterative
procedure ended when the value of Lagrange function
cannot further be improved. Otherwise, the new dual

(pi"™”, p*") can be formulated, which may make

Lagrange function ameliorable.

On the basis of this mind, the developed model of
PFE is advantageous in its simplicity of calculation of
flow and cost on relevant travel paths. By introducing
the link performance function, the iterative balancing
procedure proposed by Bell & Iida (1997) is modified
as follows:

Step 1 initialization
x<0, po<0, n; <0
Step 2 balancing cost
c—¢c(x)
go to Step 4 if cost equilibrium
Step 3 balancing flow
Repeat
For all observed links a
In(h) < O(ATp, —C—Agp,)
thy < 1, +[Inv, ~In(Ah),1/6
For all unobserved links a
Inh < 6(Afp, —-C-Agp,)
if s, <(Ayh), then
Hou < Hop +[In(Ah), —In(s,)]/s,
delay occurring
d, < K,
until convergence
Step 4 output flow and delay

4. Numerical Example

4.1. Single OD Case

In order to confirm the basic characteristic of the
PFE, the first example shows a very simplified
situation in which only an OD pair is considered. The
network is shown in Fig.4, which is also used in Bell
and Iida (1997).

2.5)

(5.5) (10, 2)

Fig. 4 Network of example 1

The free travel time and capacity are given in the
brackets. There is only one OD pair between node 1
and node 9. It is assumed that traffic detectors are
installed into links 1 and 3. Accordingly, every path
from origin 1 to destination 9 includes an observed
link. Since the detectors are installed in the upstream
of each link, the congestion at the downstream of link
is assumed to have no effect on the observed data. The
observed link flows of link 1, 3 are assumed equal to
their capacities. In this numerical example, the
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observed flows of both link 1 and link 3 are assumed
to be 5. The link performance function to estimate the
link running time is, #, = f, + 0.01 x.., where,
denotes the free travel time of the link «, and
corresponds to the first item of the bracket illustrated
in Fig. 4; x, represents the flow of link a. The
parameter &is assumed 0.1.

Table 2. Estimated link flow and cost

link# capacity flow cost time delay
1 5 5.0 2.3 2.3 0
2 5 3.0 5.1 1 @
3 5 5.0 5.8 5.75 0
4 2 2.0 12.1 2.3 9.8
5 3 3.0 5.1 5.1 0
6 5 3.0 5.1 5.1 0
7 2 2.0 12.1 23 9.8
8 10 5.0 5.1 5.05 0
9 5 3.0 9.1 5:1 0
10 10 5.0 2.0 2.02 0
11 2 2.0 9.2 2.29 6.9
2 2 2.0 9.0 2.3 6.7

Table 3. Estimated path cost and flow
path cost time delay flow Prob

1-4-7-10  28.5 89 19.6 1.0 0.102
1-4-8-12 285 11.9 16.5 1.0 0.102
1-2-5-8 17.5 17.5 0 3.0 0.308
3-7-10-11  29.0 12.4 16.7 1.0 0.098
3-8-11-12 29.0 15.4 13.6 1.0 0.098
3-6-9-10 18.0 18.0 0 3.0 0.292

Table 2 shows the estimated link flows and the
corresponding costs. As mentioned above, the link
travel cost is composed of the running time and the
overload delay. Because the observed flows of link 1
and 3 are equal to their capacities, it is assumed that
the congestion does not occur on these links. The flow-
dependent PFE model forecasts the occurrence of
congestion in the links 4, 7, 11 and 12 due to the
limited capacities of these links.

Table 3 shows the path cost including the delay,
path flow and path choice probability. The path choice
probability is calculated by using logit-type model
expressed by equation (4), and the path travel time is
inclusive of running time and delay on the path. The
delays are found mostly in the paths including the
links with the shorter running time under free flow
condition but the lower capacities. A comparison
between the path flow estimated and the path choice
probability suggests that the flow pattern in this
example almost follows the logit-type assignment
principle. This suggestion is different from what we
discuss in section 2.3. In this example, only an OD
flow between node 1 and 9 is considered, and the

flows of link 1 and 3, are observed by the detectors.
No other traffic detector is installed into the
downstream links of link 1 and 3. This is the reason
why the stochastic PFE model gives the estimated path
flows that follow the logit-type assignment principle.

4.2. Multiple OD Case

In the second example, the flow-dependent PFE
model is applied to the network with the multiple OD
pairs. Fig. 5 shows the network including four OD
pairs: (1, 7), (1,9), (3, 7), and (3, 9).

132,5) —~_14(.5)
] > 4 €
165 Y% 267

A

15 41116 5
5,3) 4,3)|14,3)  G5.5)

23 (4,3) /"g\ 24 (4,3)

T es f 12 @4 N

h A

18 71119 8
6.5 @343 69

21(5,5)
9 (5,5)

/‘E\‘ 22(2, 10)
1067

Fig. 5 Network of example 2

Table 4. Observed Link Flows

link Patten 1  Pattern 2
1 5 5
3 5 5
9 5 5
18 5 5
20 X 2

Two patterns of link flow observations are prepared
for analyzing the influence of allocation of traffic
detectors on the flows estimated by the PFE model.
Table 4 shows the link flow observations. Here the
standard BPR function is used to estimate the link
running time. Table 5 shows the path flow and cost of
OD pair (1, 9) estimated by using the PFE model.
Also, Table 5 includes the logit choice probability
estimated by equation (6). It can be found that the
distribution of path flows from node 1 to 9 does not
completely follow the path choice probability derived
from the logit choice model that requires the more
flow is assigned to the path of the less cost. In pattern
1, for example, about three-fifth of the flows from
node 1 to 9 gather in path 3-6-9-10, however the
corresponding logit choice probability the path is less
than two-fifth. As mentioned in section 2.3, there is a
possibility that the path flow pattern derived from the
stochastic PFE is influenced more by the observed link
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flow constraint than by the logit-type assignment
principle. In other words, the estimated flows of the
observed links must be equal to the flows measured by
the traffic detectors. This is one of reasons why the
path flow pattern obtained by using the stochastic PFE
does not completely follow the logit-type assignment
principle.

Table 5. Estimated flow, cost and delay of paths

Paths in Pattern 1 Pattern 2

OD(1,9) Flow Cost Prob Flow Cost Prob
1-4-7-10 0.36 17.01 0260 026 1722 0274
1-4-12-8 028 19.37 0205 021 19.17 0.225
1-2-5-8 0.29 1897 0213 022 1897 0.230
3-11-7-10  0.56 2995 0.071 0.69 37.81 0.035
3-11-12-8 044 3231 0.056 0.57 39.76 0.029
3-6-9-10 2.99 1988 0.195 248 20.02 0.207

Table 6. Estimated origin destination matrix

Pattern 1 Pattern 2
o D 7 9 7 9
1 2.08 4.93 2.06 4.42
3 4.93 2.07 6.46 1.07

In pattern 2, it is assumed that the flow of link 20 is
additionally observed. Table 5 suggests that the
estimated path flow distribution of pattern 2 is
different from that of pattern 1. The PFE seems to be
sensitive to the observed link flows because only one
additional observation of link flow changes the path
flow distribution drastically. Judging from the
numerical example here, two contradictory opinions
might be drawn. It could be said that the PFE can
greatly capture the characteristic fluctuation of
network flow; on the other hand, the PFE might
deviate network flow state, if the observed link flows
contain the large error. The resultant OD flows in two
patterns are summarized in Table 6. It can be seen that
the OD flows are also different between these two
patterns. In the situation where an observed link flow
is composed of the flows of various paths, the
distributions of both path flows and OD flows
estimated by using the stochastic PFE model are
determined more by the pattern of the observed link
flows than by the logit-type assignment principle.

5. Consideration About Detector Allocation

As generally known, the PFE processes available
data collected from detectors, and provide the network
information. Road users tend to concern about this
kind of information to get their destination with
shorter and/or reliable travel time, while transportation
managers concern about the information to operate
adaptive control policies, in order to maintain good
quality of transportation service. The accuracy of

estimated information is therefore exceptionally
critical for both the road users and the road
transportation managers. The success of the PFE is
considered to depend on the quality of input data, the
number and locations of traffic detectors. Section 2.3
concludes that every path under consideration should
include at least an observed link into which the traffic
detector is installed. Here we try to answer the
question about the appropriate locations into which the
traffic detectors should be installed, by applying the
sensitivity analysis of SUE assignment, in order for the
efficient use of the PFE.

There is a possibility that collected data is
indifferent to network flow variations if traffic
counters are not properly configured, so that output of
the PFE might underestimate network flow. The
sensitivity analysis is applied to supply some hint on
the configuration of detectors from the viewpoint of
influence of OD variation on link flow. We assume that
the flow fluctuation at certain time slice is the
variation in origin destination demand.

5.1. Sensitivity for Stochastic User Equilibrium

A Stochastic User Equilibrium assignment model
will be applied to probe the importance of every link
between a particular OD pair. So the same objective
function in equation (7) is retentive, but the constraints
are replaced by
Q=Bh (u) (OD demand conservation) (12a)
Ah<s (u) (link capacity constraint) (12b)
where Q represents the OD demand matrix, B
represents the incidence relationship of OD flow and
path flows, A the incidence relationship of link and
path flows, again, A= [A,, A]" . u, p are the vectors of
dual variables in expressions (12a) and (12b). At the
optimum of the capacity-constrained SUE model
governed by equations (7a) and (12), the differential
relationship of input and output can be established as

8C=-1V?f(h)Sh+B su—-A,"op

5Q = Boh

&5,=A,0h
The first equation is the result of differentiating the
optimality condition, the second is the differential
equation of OD flow conservation and the third is the
differential equation of the active capacity constraint.
the subscript a identifies the set of active link
constraints. In the vector and the matrix notation, the
variation in the demand/supply arguments, which are
input data, are related to the variation in the primal and
dual variables as follows:

6C -1Vif BT —-Al|dh

a

N \= B 0 0 || ju
5 A 0 0 | on

a a

or in inverse matrix written as
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6}‘ Jll J12 J13 &:

oui=J, J, J,|Q

5" J31 J32 J33 &
The last equation gives the sensitivities of path flow to
OD demand and network performances. The variations
in demand and supply have accordingly the following
effect on flows along paths and links:
Sh=J,,0C+J,5Q +J308, (13a)
5x = (AJ,)6C+(AJ ;) +(AJ};)%, (13b)
where x indicates the link flow vector. The coefficients
of three items in the RHS of equation (13b) indicate
the sensitivity of link flows to the path travel time, the
trip table and the link capacity. Here we have the
particular interests in the middle one, AJ,, which also
illustrates the importance order in links along the
specific path. A successful detector allocation will
actually capture link flow change in response to OD
demand adjustment. Obviously the links, which hold
the larger value among the elements of vector AJy,,
becomes the candidate ones to set traffic counts,
because detected data from such positions can greatly
capture the characteristic attributes of network flow
fluctuation.

a

5.2. Test Example

The same network shown in Fig. 4 is used to
investigate the importance order of links for the
singular OD pair, concerning the traffic detector
allocation problem. The link flow sensitivity to the OD
demand is estimated by using equation (13b) and the
results are listed in Table 7.

Table 7. Link flow sensitivity to OD demand

1 2 3 4 S5 6 7 8 9 10 11 12

0.5 02 05 03 02 02 03 05 02 05 03 03

It is revealed that links 1,3,8,10 with sensitivity 0.5,
ought to be relatively important, compared with other
links. Considering that there are six paths between the
OD pair and that every path must have at least an
observed link with the traffic detector, link 1 and 3, or
8 and 10, are suggested to have the traffic detector. So
the allocation of counts in the first numerical example
shown in section 4.1 can be regarded as one of feasible
detector settings.

The speculation on the traffic detector allocation
presented here is very simple, and it must be pointed
out that such discussions are not sufficient for the
practical application of the PFE. Note that influence
coefficients in the sensitivity equation (13b) are
associated with both network topography and decision
behavior (shown in the objective function), which are
worthy of further study. At least one detector being
installed at every path under consideration is only one

kind of the necessary conditions. These insights would
be reported in the future studies.

6. Conclusions

This study proposes an improved stochastic PFE
(Path Flow Estimator) that considers explicitly traffic
congestion on the network. Basically, the PFE model
can estimate the path flow and the OD flow by using
the observed link flows. The link travel cost is
assumed to consist of the flow-dependent running time
and the overload delay. Due to the strong influence of
the observed link flow constraint, the distribution of
estimated path flows is determined more by the
observed link flow than by the logit-type assignment
principle adopted in the PFE. This characteristic of the
stochastic PFE model has been confirmed through two
cases of numerical examples. A modified iterative
balancing procedure is set out the equivalent convex
programming problem.

To overcome the sensitivity of the PFE to the
observation error, an alternative propose is to allow the
variation of the observation flow in certain intervals.
Then, the observed link flow constraint requiring that
the estimated link flows must coincide with the
observed ones, should be replaced by the relaxed
constraint that requires the estimated link flows must
exist within the predetermined range of which the
median is the observed link flow.

The further subjects will apply the improved PFE to
the evaluating of the network performance measure
and the connection of travel time reliability and
network connectivity, and exploit the detector
allocation problem for the practical use of the PFE.
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A Stochastic Flow-dependent Model for Path Flow Estimation

By Lin Cheng” Yasunori lida”~ Nobuhiro Uno™

This study proposes an improved stochastic PFE (Path Flow Estimator) that considers explicitly traffic congestion
on the network. Basically, the PFE model can estimate both the path and the OD flows from the observed link
flows. The link travel cost is assumed to consist of the flow-dependent running time and the overload delay. Due to
the strong influence of the observed link flow constraint, the distribution of estimated path flows is determined
more by the observed link flow than by the logit-type assignment principle adopted in the PFE. This characteristic
of the stochastic PFE model has been confirmed through two cases of numerical examples. And then a modified
iterative balancing procedure is set out the equivalent convex programming problem.
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