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ABSTRACT

Traffic volumes are the important basic data which are directly used for transportation network planning, highway design, highway
management and so forth. They are collected by two types of collection methods, one of which is the continuous traffic counts and the
other is the short duration traffic counts. The continuous traffic counts are conducted for 365 days a year using the permanent traffic
counter and the short duration traffic counts are conducted for specific day(s). In case of the continuous traffic counts the missing of
data occurs due to breakdown or malfunction of the counter from time to time. Thus, the diverse imputation methods have been
developed and applied so far. In this study the applied exponential smoothing method, in which the data from the days before and after
the missing day are used, is proposed and compared with other imputation methods. The comparison shows that the applied
exponential smoothing method enhances the accuracy of imputation when the coefficient of traffic volume variation is low. In addition,
itis verified that the variation of traffic volume at the site is an important factor for the accuracy of imputation. Therefore, it is necessary
to apply different imputation methods depending upon site and time to raise the reliability of imputation for missing traffic values.

Key words : Traffic volume, Missing value, Imputation, Applied exponential smoothing method, Coefficient of variation
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Table 1. Imputation Models for Missing Values Used in the Practice(Zhong and Sharma, 2009)

Agency Model Inputs Prediction Function and Output
Hourly volume from th i ther part of th . .
Alabama ourly volume from the previous year or other part of the Directly use input as output
month
. .. L ATRs with missing data will be assigned to ATRs without
Do not impute missing hourly volumes, but use historical| . . .
Alberta data to estimate monthly average daily traffic(MADT) missing data, and a ratio is used to convert MADTSs from ATRs
Y g Y without missing data to those for ATRs with missing data
Central Transport Group, Valid data of last week collected from the same site Historical data are multiplied by a factor taken from nearby sites
England that worked correctly
Hourly vol from th hy f th th bef
Delaware ourly volumes from the same four ot the mont betore Take average of the two hourly volumes
and the month after
France Hourly volume from the same hour in the previous month Directly use hourly volume from the previous month
Indiana Data from the previous year Directly use input as output

London, England . .
oncon, Bngianc, same days in the previous weeks

Historical hourly volumes from the same hours of the |Historical values are averaged with the weights calculated based

on their time lags with missing values

Montana Historical data from the same location Expanded by factors if there are changes in the area
Netherlands Data from other location “Smart” linear interpolation
Oklahoma Data from the same day of the weeks of the month Directly use input as output
Saskatchewan Hourly volume from the same hour on the same day of the . .
. . Directly use input as output
(Manitoba) week in the last year
Hourly vol from th hi th day of .
South Dakota ourly volummes trom . © same (?urs on the same Gy Ot | rye average of hourly volumes from previous years as output
the week in the previous years
Data from the same day of the same month in the previous . .
Vermont Directly use input as output

year
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Fig. 1. Example of the Temporal Volume Variation Patterns(Site 10002)
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Fig. 2. Daily-Hourly Volume Variation Patterns Fig. 3. Directional-Hourly Volume Variation of a Day
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Fig. 4. Example of the Weekly Circular Volume Variation Patterns
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Fig. 5. Hourly Volume Variations of the Same Days of a Month
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Fig. 6. Temporal Characteristics of Traffic Counts Data

Table 2. Model Inputs

Inputs Outputs

e Data which can reflect circular variation, trend
variation and so forth

- Apply the monthly trend and the weekly-hourly
circular variation

- Use the data of two months or eight weeks at least
in case of reflecting the monthly trend variation

Directional-ho
urly traffic
volume
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Missing Value Imputation Methods

Characteristics

Exponential smoothing method

Exponentially smoothed values of the data collected before missing has occurred

Applied exponential smoothing method

Average of exponentially smoothed values of the data collected before and after missing has occurred

Factor analysis method

Apply the factor the data from the previous year

Linear interpolation method

Average of the data collected on the days before and after missing has occurred

Table 4. Continuous Traffic Counts Sites for Evaluating the Accuracy of Missing Value Imputation(Year 2010)

Site ID Address Natl}(:;ftg\ihlway No. of Lanes (‘2:/2;;)
10002 Yangbok-Rhi, Bogae-Myun, Ansung-Shi, Kyunggi-Do 38 4 26,169
20351 Dongjeom-Dong, Taebaek-Shi, Kangwon-Do 31 2 3,281
30478 Bongso-Rhi, Haksan-Myun, Youngdong-Khoon, Choongchungbuk-Do 19 4 2,138
40009 Eosan-Rhi, Palbong-Myun, Seosan-Shi, Choongchungnam-Do 32 4 22,701
50002 Balsan-Rhi, Gaejeong-Myun, Khoonsan-Shi, Jeonrabuk-Do 26 4 15,089
60008 Youngpoong-Rhi, Seongjeon-Myun, Kangjin-Khoon, Jeonranam-Do 13 4 12,396
70014 Buya-Rhi, Chungdo-Myun, Chungdo-Khoon, Kyungsangbuk-Do 20 2 4,035
80534 Deoknam-Rhi, Chilbuk-Myun, Haman-Khoon, Kyungsangnam-Do 5 4 10,700

Source : Ministry of Land, Transport and Maritime Aftairs, 2010 Statistical Yearbook of Traffic Volume, 2011
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Table 5. Category of the Data Missing Period Subjected to Evaluation

Category Missing Period Site ID CVv Characteristics

10002 0.08
20351 0.11
30478 0.11

1 (M(;;I;S(;:?l.tl:r?:;;}(;sl 0) :gzgz 2(1); The variation of short-term traffic volume is small.
60008 0.09
70014 0.10
80534 0.09
10002 0.08
20351 0.29
30478 0.24

2 ( Ai;niejlil;’; 77?;3? 0) :gggz gzj The variation of short-term traffic volume is large.
60008 0.27
70014 0.28
80534 0.11

Note : CV(Coefficient of Variation)=

Standard Deviation of Daily Volume

=100
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Fig. 7. Errors for the Four Imputation Methods(MAPE : %)
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Table 6. Errors for the Four Imputation Methods(MAPE : %)
Site ID Exponer;;::hirgoothmg Lmearl\ilr;t;r:;)latlon ASII)E ::ii’;pﬁzgsgl Factor Analysis Method Average
10002 12.2 113 10.9 - 11.5
20351 26.7 247 26.9 222 25.1
30478 30.3 28.3 28.1 322 29.7
40009 20.8 18.4 22.0 14.8 19.0
50002 9.4 9.8 8.9 11.1 9.8
60008 234 20.2 233 16.4 20.8
70014 26.8 26.6 26.8 28.1 27.1
80537 20.2 18.7 18.3 24.5 20.4
Average 21.2 19.7 20.6 213 20.7
Errors for Imputation Methods Errors for Imputation Methods
(Locational-June) (Locational-August)

10002 20351 30478 40002 50002 60008 70014 80537 10002 20351 30478 40002 50002 60008 70014 80537

m Exp.Smooth a Linea Int  App Exp. m Factor Anal ® Exp.Smooth O Linea Int = App Exp. m Factor Anal

Fig. 8. Monthly-Locational Errors for the Four Imputation Methods(MAPE : %)

Table 7. Monthly-Locational Errors for the Four Imputation Methods(MAPE : %)

Exponential Smoothing| Linear Interpolation | Applied Exponential Factor Analysis Average
Site ID Method Method Smoothing Method Method
June Aug. June Aug. June Aug. June Aug. June Aug.
10002 10.2 14.2 9.3 13.2 8.5 134 - - 9.3 13.6
20351 21.7 31.7 214 28.0 19.7 34.1 26.4 18.0 223 27.9
30478 30.6 30.0 28.0 28.7 273 28.9 36.4 28.1 30.6 28.9
40009 14.8 26.7 13.5 232 124 31.6 20.0 9.7 15.2 22.8
50002 103 8.6 10.1 9.5 93 8.6 11.7 10.5 103 93
60008 16.4 30.3 133 27.0 14.1 324 20.8 12.0 16.2 254
70014 24.0 29.7 243 29.0 22.6 30.9 28.9 272 25.0 29.2
80537 18.2 222 15.9 21.5 155 21.0 23.2 25.8 18.2 22.6
Average 183 24.2 17.0 225 16.2 25.1 239 18.8 18.7 22.8
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Table 8. Relationship Between Missing Value Imputation Errors and Coefficient of Variation(MAPE : %)

(6\% Applied Exponential Smoothing Method Linear Interpolation Method Factor Analysis Method Average
0.066 8.6 9.5 10.5 9.5
0.072 9.3 10.1 11.7 10.4
0.076 8.5 9.3 - 8.9
0.079 134 13.2 - 133
0.091 14.1 133 20.8 16.1
0.091 15.5 15.9 23.2 18.2
0.099 22.6 243 28.9 253
0.106 19.7 214 26.4 22.5
0.111 273 28.0 36.4 30.6
0.111 21.0 21.5 25.8 22.8
0.113 12.4 13.5 20 153
0.240 28.9 28.7 28.1 28.6
0.247 31.6 232 9.7 21.5
0.273 324 27.0 12 23.8
0.278 30.9 29.0 272 29.0
0.290 34.1 28.0 18 26.7
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