
Trans. of the Society of Instrument
and Control Engineers
Vol.10, No.13, 113/122 (2011)

計測自動制御学会産業論文集
Vol.10, No.13, 113/122（2011）

Estimation of Missing Traffic Volume by Genetic Algorithm Based

on Traffic Flow Balance
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Traffic information collected as a part of ITS has wide range of applications. However, the collected data

might be incomplete due to the missing values caused by detector failures, communication problems or hard-

ware/software related problems etc. To fully explore the potential of collected data, it is essential to fill the

gaps caused by the missing values. In this paper, a method is proposed to estimate the missing traffic volume

based on the traffic flow balance, i.e., the total incoming traffic volume is equal to the total outgoing traffic

volume at intersections. The missing traffic volume is basically estimated using the traffic volume information of

the neighboring road sections. But, since the traffic volumes of the neighboring road sections might be missing

as well, genetic algorithm is applied to estimate multiple missing traffic volumes simultaneously. The proposed

method is evaluated using the traffic volume information generated by a large scale traffic simulator SOUND/4U.
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1. Introduction

In order to alleviate the traffic congestion problem and

facilitate the mobility in metropolises, a large amount of

traffic information are collected as a part of intelligent

transportation system (ITS) such as Vehicle Information

and Communication System (VICS) 1) in Japan. Such

information are collected via several kinds of traffic mon-

itoring devices such as loop detectors set on the roads.

These collected traffic data have wide range of applica-

tions. The real time traffic information is provided to

travelers to support their decision making process on the

optimal route choice 1). As shown by the work of Kim et.

al. 2), the real time information can contribute to reduce

the operation cost and maximize resource utilization. In

addition to these applications, the collected data could

be applied to maximize the utilization of the infrastruc-

ture for smooth flow of the traffic. One such application

of real time traffic data is the adaptive traffic signal con-

trol 3)∼6). On the other hand, global routing strategies

have been proposed by Yu et. al. 7)∼9) that utilize the

traffic volume information to mitigate the traffic conges-

tion. Since these applications make use of real-time traffic

information, the archived traffic information become also

valuable resources for their applications to be realized.

The archived data could be used for several kinds of pur-

poses such as network planning, congestion management,

environmental analysis etc. 10), 11). In addition, several
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researchers have applied data mining techniques to mine

time related association rules from traffic databases and

used its results for traffic prediction 12)∼15).

From the above, it is concluded that the collected traffic

data, whether they are real-time data or archived data,

are essential for many potential applications in ITS. How-

ever, the collected data might be incomplete due to the

missing values caused by detector failures, communica-

tion problems or any other hardware/software related

problems. The presence of missing data in the database

would degrade the quality as well as reliability of the data

and might impede the effectiveness of ITS applications.

Therefore, it is essential to fill the gaps caused by missing

data in order to fully explore the applicability of the data

and realize the ITS applications.

While many different kinds of traffic data such as traf-

fic volume, speed, occupancy etc. are collected, the focus

of this research is on the missing traffic volume data. It

is supposed that the detectors collecting traffic informa-

tion are set up at road sections and the collected values

represent the traffic volume for that road sections. The

aim of this research is to fill the missing traffic volume

data for road sections with their estimated values. Our

approach is based on the simple concept of the traffic flow

balance, i.e., the total incoming traffic volume is equal to

the total outgoing traffic volume at intersections. More

concretely, the feature of the proposed method is to esti-

mate the missing data using the traffic volume informa-

tion of the neighboring road sections. But, the problem

is not so simple, because traffic volumes from many road

sections might be missing simultaneously, in other words,
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the traffic volume estimation should be done considering

the whole road networks, not intersection by intersection.

In order to consider the multiple missing traffic volumes,

Genetic Algorithm (GA) is applied for the overall estima-

tion of the missing traffic volumes in the road networks.

The rest of the paper is organized as follows. Section 2

presents the related works and our contribution. Section

3 gives the definitions of notations used throughout the

paper. In section 4, the proposed method to estimate the

missing traffic volumes is described. Section 5 presents

the performance evaluation of the proposed method. Fi-

nally, section 6 concludes the paper with the discussion

on future works.

2. Related works and our contribution

Literature survey in the related field shows that sev-

eral heuristic and statistical estimation techniques have

been applied to estimate the missing traffic data 16)∼18).

Heuristic methods includes techniques such as historical

average, average of surrounding time periods, average of

surrounding detectors etc. Historical average simply takes

the average of the past data of the same time of the day

and the same day of the week as an estimate of the miss-

ing values. This approach assumes that the traffic flows

through the same location are similar from day to day.

However, the traffic flow through the same location may

vary significantly from day to day and this approach can-

not consider such variations. In the average technique

of the surrounding time periods, the average of the data

before and after the missing data in the same location is

used to fill the missing values. But, the application of this

method is limited to the cases where there is no consecu-

tive missing data. While the above approaches considers

only the data from the same location, the average of the

surrounding detectors takes the relationship between the

data from the adjacent detectors into account by replac-

ing the missing value with the average of the adjacent

detectors. This method assumes that the data from the

adjacent detectors are available, and cannot be applied

when the data in the adjacent detectors are missing too.

Statistical approaches are complex processes compared

to the heuristic approaches and include techniques such as

regression, expectation maximization, data augmentation

etc 16). Depending on the statistical process and defini-

tion, they have different requirements for input data. Sev-

eral works have applied and evaluated these methods to

estimate the missing values in the transportation domain

under different circumstances 16)∼20).

Other techniques such as Artificial Neural Networks

have also been proposed by some researchers 21)∼23). Ni

et. al. 24) has proposed a multiple imputation scheme

to impute the missing values. Basically, this approach

runs the expectation maximization/data augmentation

approach multiple times and combines the results to re-

place the missing data.

Different techniques to estimate the missing data have

different data requirements and their performance de-

pends on the input data. Some researchers suggest using

several estimation techniques based on some strategies in-

stead of considering only one technique to estimate the

missing values under all conditions 19), 22).

Most of the previous studies focus on estimating the

missing data for highways. In this paper, we do not fo-

cus on the highways, but consider estimating the miss-

ing traffic volumes for common road networks. There-

fore, a new method is proposed in this paper to estimate

the missing values based on the traffic flow balance, i.e.,

the total incoming volume is equal to the total outgoing

volume at intersections. The proposed approach makes

use of the traffic volume information from the neighbor-

ing road sections to estimate the missing traffic volume.

However, there is no guarantee that the traffic volumes

of the neighboring road sections are always available. To

overcome this problem, the proposed method estimates a

large number of missing traffic volumes in the road net-

works simultaneously using GA.

The unique features of the proposed method are,

• Estimate the missing values using only the traffic

volumes of the neighboring road sections

• Estimate multiple missing values simultaneously

using GA

• Since multiple missing traffic volumes are esti-

mated at a time, the proposed approach can easily

handle the situations where the traffic volumes of

the neighboring road sections are missing as well

However, unlike the previous approaches applicable to

estimate other missing data such as speed, occupancy etc.,

the proposed method is limited to the estimation of the

traffic volumes.

3. Notations and Definitions

In this section we give the definitions of the notations

used throughout the paper.

I : set of suffixes of intersections

S : set of suffixes of road sections

i ∈ I : intersection i
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sij : road section from intersection i ∈ I to in-

tersection j ∈ I

A(i) : set of suffixes of intersections from inter-

section i ∈ I

B(i) : set of suffixes of intersections to intersec-

tion i ∈ I

vij : traffic volume of road section sij ∈ S

v̂ij : estimated traffic volume of road section

sij ∈ S

4. Traffic volume estimation

Traffic volume gives the measurement of the number of

cars that pass through a certain point in a given period

of time. The traffic volume of the road section may be

different depending on where it is measured. Under the

assumption of the static traffic, for any intersection i we

can consider the following equality and inequality equa-

tions in order to estimate the traffic volumes of the road

networks (see Fig. 1),

∑
j∈B(i)

vji =
∑

j∈A(i)

vij (1)

∀i ∈ I

ij

k

l

m

v
ij

ji
v

v v

v

v

v v

ik ki
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il
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Fig. 1: Traffic volumes at intersection i

Eq. (1) defines the basic traffic flow balance, i.e., the

total incoming traffic volume is equal to the total outgoing

traffic volume at intersections. In addition, the following

two inequality equations can also be considered,

vji ≤
∑

k∈A(i)−{j}

vik (2)

∀i ∈ I, ∀j ∈ B(i)

vij ≤
∑

k∈B(i)−{j}

vki (3)

∀i ∈ I, ∀j ∈ A(i)

Eq. (2) implies that the incoming volume to intersec-

tion i from intersection j should be less than or equal to

the sum of the outgoing volume from intersection i except

for intersection j. Similarly, Eq. (3) implies that the out-

going volume from intersection i to intersection j should

be less than or equal to the sum of incoming volume to

intersection i except for intersection j. While in practi-

cal cases these two inequality equations might be easily

satisfied because the summation of the right hand of the

equations include the traffic volumes coming from other

intersections except intersection j or traffic volumes going

to other intersections except intersection j.

For the traffic volume balance, the total incoming vol-

ume and total outgoing volume is only the information

required. Therefore, the balance equation can be applied

to any structure such as T-junction of intersections. Ad-

ditionally, the restrictions such as one-way traffic exist in

road networks. However, the proposed method can be ap-

plied to such situations by just restricting the direction,

which has no influence on the traffic flow balance at inter-

sections. In real road sections with multiple lanes, detec-

tors are set for each lane 16) and the set of these detectors

is called ‘station’ 16). This paper does not consider the

traffic volume for each lane, but only considers the traffic

volume for the road section, in other words, the traffic

volume from the station, which is obtained by summing

up the traffic volumes of the detectors of each lane.

It is clear from Eq. (1) that the proposed method makes

the estimation using the traffic volume information of the

neighboring road sections. However, the traffic volume

in many road sections might be missing and there is no

guarantee that the traffic volumes of the neighboring road

sections are always available. Therefore, to overcome this

problem, GA is used to estimate multiple missing traffic

volumes at a time. The details of the GA procedure to

estimate the missing traffic volumes are described below.

In the description, we intentionally skip the description

on the general flow of GA as readers could refer to any

literature in the evolutionary computation for the basic

algorithm of GA 25), 26).

4. 1 Chromosome encoding

GA is a population based heuristic search method in

which solutions to the problems are encoded as the chro-

mosome of individuals. Usually, binary encoding is the

most commonly used for the chromosome encoding. How-
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ever, other encoding is also possible, and in this paper,

we use the real number encoding. Suppose the number of

missing traffic volumes to estimate is n. Then, an array

of size n is used as the chromosome of individuals, where

each gene represents an estimate of the missing traffic

volume for a particular road section.

4. 2 Initialization

An initial population of individuals is generated ran-

domly. When using a binary encoding, the values for

the genes are randomly initialized with 0 or 1. However,

in this paper, a real value is used for encoding. There-

fore, the lower bound and the upper bound are defined

to randomly initialize the population. The lower bound

is considered to be 0 and the upper bound is decided us-

ing the traffic volumes of the neighboring road sections.

Let’s assume that the gene represents the estimate of traf-

fic volume v̂ij for road section sij , then the upper bound

max{S,E} and initialized v̂ij are calculated as follows,

S =
∑

k∈B(i)

vki ,

E =
∑

k∈A(j)

vjk ,

v̂ij =random(0,max{S,E})

In the above upper bound calculation, if the traffic vol-

ume of the road section is missing, then the value repre-

sented by the individual is used for that road section if

it is already initialized, otherwise, a value of 0 is used.

However, when many values are missing, the initializa-

tion range is different. Let us consider an extreme case

in which the traffic volumes of all the neighboring road

sections of road section sij are missing. If the estimate of

the neighboring road sections are not initialized yet, then

the upper bound for sij becomes 0, and the same for the

lower bound. As the previous example shows, when there

are many missing values, the above upper bound could

limit the initial values, which could also limit the search

ability of GA. Because of this, only some of the individu-

als are initialized using the above upper bound (INIT I)

and the rest of the individuals are initialized using the

following upper bound (INIT II),

v̂ij = random(0,max{S,E}+ θ)

θ : parameter

An illustrative example of the above procedure is shown

below. Let us assume that we are initializing the traffic

volume of road section sij in Fig. 2. In road section sij ,

the traffic enters to the start intersection i and leaves from

the end intersection j. The maximum traffic volume that

passes through road section sij is the total incoming traf-

fic volume (S) at intersection i or the total outgoing traffic

volume (E) at intersection j. Thus, we define the upper

bound by taking the maximum of S and E.

i j
s

ij
S E

Fig. 2: Example of initializing traffic volume

for road section sij

4. 3 Fitness evaluation

The fitness function gives how the individual is fitted

for a given problem and is used to guide the evolution

process. The fitness function of individuals is defined as

follow in this paper considering Eq. (1), Eq. (2) and Eq.

(3).

F = F1 + F2 + F3 + F4

F1 =
∑
i∈I

 ∑
j∈B(i)

vji −
∑

j∈A(i)

vij

2

,

F2 =
∑
i∈I

∑
j∈B(i)


(vji −

∑
k∈A(i)−{j} vik)

2,

if vji >
∑

k∈A(i)−{j} vik

0, otherwise

F3 =
∑
i∈I

∑
j∈A(i)


(vij −

∑
k∈B(i)−{j} vki)

2,

if vij >
∑

k∈B(i)−{j} vki

0, otherwise

F4 =
∑

sij∈X

v̂ij −
1

|B(i)− {j}|
∑

k∈B(i)−{j}

vki

2

+

v̂ij −
1

|A(j)− {i}|
∑

k∈A(j)−{i}

vjk

2

X : Set of road sections whose traffic volumes are

missing in both directions

Here, F1, F2 and F3 evaluates the satisfaction of the

Eqs. (1)(2)(3), respectively. In addition to these evalu-

ations, one more evaluation F4 is added, which is only

defined for the special sections, where the traffic vol-

umes of both directions in the sections are unknown. The

fourth evaluation defines that the estimated traffic volume

should be equal to the average of the incoming volumes

except from the opposite direction at the start intersection
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and also should be equal to the average of the outgoing

volumes except to the opposite direction at the end inter-

section. For example, let us consider Fig. 3 in which the

traffic volume vij and vji for road sections sij and sji are

missing, respectively. These two road sections are oppo-

site to each other, i.e., the outgoing and incoming road

sections for intersection i, vice-versa for intersection j. In

the traffic flow balance equation, these two values could

easily offset each other as they are opposite in the direc-

tion. For example, lets consider the traffic flow balance

at intersection i for which vji is incoming volume and vij

is outgoing volume. In the traffic flow balance condition

of Eq. (1), if the incoming traffic volume vji is subtracted

by the outgoing volume vij as shown in Fig. 3, then any

values of vji and vij could easily satisfy the balance con-

dition, although Eq. (2) and Eq. (3) defines the upper

bound. And, the above is also applied when considering

the traffic flow balance for intersection j. In order to de-

termine the estimate of the traffic volumes uniquely under

such a condition, the evaluation criteria F4 is added in the

above fitness function.

i j
s

sij

jiv ji

v ij v ij

v ji

Fig. 3: Example of both directions traffic volume missing

In the fitness evaluation, F1 is the main evaluation fac-

tor and other evaluations are added as constraints. F2

and F3 are added only if the described conditions are not

satisfied. Similarly, F4 is considered when the traffic vol-

ume of both directions in road sections is missing. We

didn’t consider any weight because F2, F3 and F4 are

only added as constraints and if the constraints are sat-

isfied, then these terms do not contribute to the fitness

calculation, i.e., their values are 0. Our preliminary test

of using weight parameters of F2, F3 and F4 didn’t show

any significant difference in the result, so we didn’t con-

sider any weight parameters.

Here, it should be noted that during the fitness evalua-

tion, the estimate of missing values from the individuals

is used for the missing traffic volumes. Also, the fitness is

calculated using only the intersections that are associated

with the road sections with missing traffic volumes.

GA is a heuristic search method which evolves to find

optimal solutions. There is no guarantee that it always

converge to the unique global optimal solution, but the

obtained results in different trials are almost similar. Any-

way, if there are many solutions which have the same fit-

ness value, then one of them is adopted as the optimal

solution.

4. 4 Genetic operations

At each generation, genetic operators - selection,

crossover and mutation - are applied to the current pop-

ulation to generate a new population.

4. 4. 1 Selection

In the selection operation, individuals are selected prob-

abilistically based on their fitness values. While there are

many different types of selection operations, we use elite

selection, in which the elite individual is copied to the

next generation, and tournament selection is also used.

4. 4. 2 Crossover

Crossover exchanges the gene information of two par-

ents to create two offspring. The procedure of crossover

operation is shown in Algorithm 1.

Algorithm 1 Crossover operation

Select two parents pg and ph, g ̸= h using tournament selec-

tion

Generate a random number x in (0,1)

if x < pc , where pc is crossover probability then

for all i = 1 to n, where n is the length of chromosome

do

Generate a random number y in (0,1)

if y < 0.5 then

Exchange gene at ith position of two parents

end if

end for

else

Copy parents pg and ph to the next generation

end if

4. 4. 3 Mutation

Mutation operator modifies the individual by randomly

changing the gene information based on mutation proba-

bility of Pm. Two types of mutation operations are used.

The first one (MUT I) randomly changes the gene infor-

mation as shown in Algorithm 2.

Algorithm 2 Mutation operation

for all i = 1 to n do

Generate a random number x in (0,1)

if x < pm then

Calculate the following for road section sij that corre-

sponds to ith gene

S =
∑

k∈B(i) vki
E =

∑
k∈A(j) vjk

y = random(0,max{S,E})
Replace the value of ith gene with y

end if

end for
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In the second type of mutation (MUT II), a part of the

current value is added or subtracted with equal probabil-

ity. The procedure is similar to the MUT I, except the

step of changing the value of ith gene is replaced with the

following,

v̂ij = v̂ij ± α× v̂ij

α : parameter

When the GA procedure is finished, the values repre-

sented by the elite individual are regarded as the estimate

of the missing traffic volumes for road sections.

5. Simulations

5. 1 Study data and settings

The performance of the proposed method is evaluated

using the traffic volume data generated by traffic simu-

lator SOUND/4U 27). Simulations run using 7941 major

road sections around Kurosaki of Kitakyushu city (Fig. 4)

by setting 20 OD and 100 OD pairs. The simulations run

for 2 hrs and the traffic volume information for the road

sections is collected every minute. The cars are gener-

ated randomly for the OD pairs and OD traffic volume is

changed like the real traffics. An example of OD traffics

is shown in Fig. 5.

Fig. 4: Kitakyushu road network used in simulations

The traffic volume information was obtained at a ran-

domly chosen time because only the static traffic volume

estimation is studied in this paper, where we only selected

the 2074 road sections with non-zero traffic volume. The

traffic volume missing roads were selected randomly with

the rates of 1, 2, 3, 5, 10 and 20% from these road sections.

For the selected road sections, the traffic volume estima-

tion is done using the proposed method. The proposed

2
'
�7
UD
II
LF
V

�Y
HK
LF
OH
V�
P
LQ
X
WH
�

Fig. 5: Example of OD traffics for the OD pairs

Table 1: GA parameter settings

Parameter Value

Population size 301

INIT I size 150

INIT II size 151

θ 10

Elite selection 1

Tournament size 4

Crossover rate 0.7

MUT I rate 0.001

MUT II rate 0.001

α 0.5

Maximum generation 2000

method is used to estimate the traffic volumes collected

for 1 minute, 5 minutes, 10 minutes and 20 minutes. The

traffic volume data with 1 minute is the one generated by

the simulator. The traffic volume data for the remaining

time periods is generated by aggregating the traffic vol-

ume data with 1 minute for the respective time period.

In other words, we can regard the traffic volume collected

for a small time period as a low traffic volume and that

for a large time period as a high traffic volume.

Simulations were carried out using GA under the pa-

rameter settings as shown in Table 1. We considered a

population size of 301, out of which 150 individuals are

initialized based on INIT I initialization and the rest of

the individuals are initialized using INIT II. In the selec-

tion, elite selection and tournament selection of size 4 are

applied. All evaluations are done by the average over ten

runs of GA.

5. 2 Evaluation indices

To evaluate the performance of the proposed method

we use the following indices,

1. Mean Percentage Error (MPE) : This index gives

the evaluation of the average estimation error in terms of

percentage.

MPE =
1

n

∑ |vij − v̂ij |
vij

× 100

n : number of estimated traffic volumes

2. Mean Absolute Error (MAE) : This index gives the
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evaluation of the average estimation error in terms of the

magnitude, which is described in a unit of traffic volumes.

MAE =
1

n

∑
|vij − v̂ij |

3. Root Mean Square Error (RMSE) : This index also

gives the evaluation of the average estimation error in

terms of magnitude, but in this case more weight is given

to large errors because the square of the error is consid-

ered. Therefore, this index can give the evaluation of the

variance in the estimation errors.

RMSE =

√
1

n

∑
(vij − v̂ij)2

5. 3 Simulation results

The evaluation of the proposed method to estimate the

missing traffic volumes for different time periods is shown

in Fig. 6–9. In the traffic volume with 1 minute (Fig. 6),

the average of the percentage error of all the estimations

were approximately within the range of 15% to 30% for

different unknown rates. This means that, while the per-

centage error for each estimation may differ, on average,

the proposed method estimates the missing traffic vol-

umes within 15∼ 30% of actual values. The average of the

percentage error of all the estimations in the traffic vol-

ume with 5 minutes (Fig. 7) were approximately between

4% to 6%. Similarly, in the traffic volume with 10 minutes

and traffic volume with 20 minutes (Fig. 8 & Fig. 9), the

average of the percentage error of all the estimations was

approximately between 1.5% ∼ 3.5% and 0.5% ∼ 2%, re-

spectively. We can see from these results that as the time

period increases, the estimation error gradually decreases.

It is because the traffic volumes in the longer time period

tend to be filtered and become less noisy than the short

time period. In addition, results show that the MAE val-

ues are very small in all the cases, which indicates that

the estimated traffic volumes are very close to the actual

traffic volumes on average. The RMSE evaluations show

that the RMSE values are small and close to the MAE,

which implies that the variance in the errors of estimated

traffic volumes is small. The results of the above eval-

uation indices show that the proposed method gives the

estimates of the missing traffic volumes very closely to the

actual values on average. An example of the comparison

of the actual and estimated traffic volumes is shown in

Fig. 10, which shows the comparison of the traffic vol-

umes of missing sections in the case of 1 minute and 20

minutes of 1% unknown rate. From Fig. 10 it is clear that

the estimated traffic volumes are close to the actual traffic

volumes.

In addition, we also evaluated the time required to esti-

mate the missing traffic volumes by the proposed method.

We measured the time required to estimate the missing

traffic volumes with 20 minutes for the unknown rates of

1% and 20%. It approximately took about 20 (s) for 1%

unknown rate and 180 (s) for 20% unknown rate when

using a machine with Intel Core i5 2.53 GHz processor.

It is obvious that the higher unknown rate requires high

computational time because the problem size becomes big

as the number of unknown traffic volumes is high.

5. 4 Discussion

The simulation results show that the proposed method

can estimate the missing traffic volume data very closely

to the actual values on average. The motivation behind

estimating the missing traffic volume data is to supple-

ment the ITS applications. Our perspective is that the

results obtained can be used in ITS applications from the

performance of the proposed method. However, the preci-

sion required for the practical use depends on the type of

the applications and also on the policy the system adopts.

In regard to the application of the estimated data to ITS,

further research could be done to study the performance

of the ITS applications quantitatively when using the es-

timated traffic volume data for missing data. However,

such study is out of the scope of this paper and we leave

it open for future work.

6. Conclusions

This paper has proposed a missing traffic volume es-

timation technique based on the traffic volume balance.

It should be noted that Genetic Algorithm was applied

to estimate the multiple missing traffic volumes consider-

ing the overall estimation of the missing data in the road

networks. The proposed method was evaluated using the

traffic volume information collected by a large scale road

simulator SOUND/4U for different time periods with var-

ious unknown rates. It was clarified from the simulation

results that the proposed method can estimate the miss-

ing traffic volume information very closely to the actual

values. As a part of future work, further improvements of

the proposed method could be studied for dynamic situ-

ations.
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