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ABSTRACT

PURPOSES : This investigational survey is to observe a proper spatial aggregation method for path travel time estimation using the hi-pass
DSRC system.

METHODS : The links which connect the nodes of section detectors location are used for path travel time estimation traditionally. It makes
some problem such as increasing accumulation errors and processing times. In this background, the new links composition methods for spatial
aggregation are considered by using some types of nodes as IC, JC, RSE combination. Path travel times estimated by new aggregation methods
are compared with PBM travel times by MAE, MAPE and statistical hypothesis tests.

RESULTS : The results of minimum sample size and missing rate for 5 minutes aggregation interval are satisfied except for JC link path
travel time in Seoul TG~Kuemho JC. Thus, it was additionally observed for minimum sample size satisfaction. In 15, 30 minutes and 1 hour
aggregation intervals, all conditions are satisfied by the minimum sample size criteria. For accuracy test and statistical hypothesis test, it has
been proved that RSE, Conzone, IC, JC links have equivalent errors and statistical characteristics.

CONCLUSIONS : There are some errors between the PBM and the LBM methods that come from dropping vehicles by rest areas.
Consequently, this survey result means each of links compositions are available for the estimation of path travel time when PBM vehicles are missed.
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Fig. 2 Composition of Node—Link Structure in Expressway and Spatial Aggregate Unit for Path Travel Time Estimation
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Table 1. Results of Preprocessing for Each Link
Composition Method (Seoul TG~Daejeon IC)

Spatial Num. of 1st |Num. of 2nd|_ ..
Num. of . . Ratio of
Aggregate Data Outlier Outlier Outlier

Unit Filtering Filtering

RSE Link |5,826,889 | 55,853 61,144 2.01%
Conzone Link| 3,046,522 | 46,992 47,053 3.09%
IC Link 1,897,652 | 54,198 46,032 | 5.28%
JC Link 11,405,286 | 38,099 43,353 | 5.80%
Path Link 9,819 178 265 4.51%

Table 2. Results of Preprocessing for Each Link
Composition Method (Seoul TG~Keumho JC)

Spatial Num. of Num. Qf 1st [Num. qf 2nd Ratio of
Aggregate Dat.a Qutlller Qutlller Outlier
Unit Filtering Filtering
RSE Link |5,645,673| 57,292 57,449 | 2.03%
Conzone Link| 2,763,091 47,226 36,317 3.02%
IC Link {1,868,692| 42,725 37,089 | 4.27%
JC Link 754,415 15,263 16,766 | 4.25%
Path Link 4,405 63 47 2.50%
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Table 3. Number of Probes and Missing Rates by Spatial
Aggregation Unit (Seoul TG~Dagjeon IC)

Spatial Aggregate # of Average Missing Rate
Unit Probes (veh/5min) (%/day)
RSE Link 40 4.2
Conzone Link 41 43
IC Link 37 4.5
JC Link 36 6.0
Path Link 2 27.0

Table 4. Number of Probes and Missing Rates by Spatial
Aggregation Unit (Seoul TG~Keumho JC)

Spatial Aggregate # of Average Missing Rate
Unit Probes (veh/5min) (%/day)
RSE Link 25 4.3
Conzone Link 26 5.5
IC Link 22 4.2
JC Link 26 1.3
Path Link 1 30.1
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Table 5. Examination Results of Minimum Probes(5min)
(Seoul TG~Daejeon IC)

Table 7. Examination Results of Minimum Probes(15min)
(Seoul TG~Keumho JC)

Spatial Minimum probes|# of Aver.Probes| Satisfaction
aggregate unit|  (veh/15min) (veh/15min) or Failure
RSE Link 17 79 Satisfy

Conzone Link 18 81 Satisfy
IC Link 14 70 Satisfy
JC Link 25 79 Satisfy

Path Link 31 3 Fail

Table 8. Examination Results of Minimum Probes(30min)
(Seoul TG~Keumho JC)

Spatial Minimum probes|# of Aver.Probes| Satisfaction
Spatial  [Minimum probes|# of Aver.Probes| Satistaction aggregate unit|  (veh/30min) | (ven/30min) | or Failure
aggregate unit|  (veh/5min) (veh/5min) or Failure RSE Link 16 163 Satisfy
RSE Link 27 40 Satisfy Conzone Link 17 165 Satisfy
Conzone Link 21 4 Satisfy IC Link 13 143 Satisfy
IC Link 24 37 Satisfy JC Link 24 159 Satisfy
JC Link 21 36 Satisfy Path Link 21 6 Fail
Path Link 22 2 Fail

Table 6. Examination Results of Minimum Probes(5min)
(Seoul TG~Keumho JC)

Spatial Minimum probes|# of Aver.Probes| Satisfaction
aggregate unit|  (veh/5min) (veh/5min) or Failure
RSE Link 19 25 Satisfy

Conzone Link 19 26 Satisfy
IC Link 15 22 Satisfy
JC Link 30 26 Fail

Path Link 48 1 Fail
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Table 9. Examination Results of Minimum Probes(1hour)
(Seoul TG~Keumho JC)

Spatial Minimum probes|# of Aver.Probes| Satisfaction
aggregate unit| (veh/1hour) (veh/thour) or Failure
RSE Link 16 333 Satisfy

Conzone Link 16 334 Satisfy
IC Link 12 289 Satisfy
JC Link 22 387 Satisfy
Path Link 15 14 Fail
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Table 10. Error Estimation Results by Spatial
Aggregation Unit (Seoul TG~Daejeon IC)

Spatial aggregate unit | MAE (min) MAPE (%)
RSE Link 15.5 13.7
Conzone Link 15.0 13.4
IC Link 15.0 13.4
JC Link 14.7 12.9

Table 11. Error Estimation Results by Spatial
Aggregation Unit (Seoul TG~Keumho JC)
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Fig. 3 PBM vs. LBM by Spatial Aggregate Unit in
17" May, 2013 (Seoul TG~Daejeon IC)

Spatial aggregate unit MAE (min) MAPE (%)
RSE Link 22.3 12.4 Travel Time (Min)
Conzone Link 20.5 1.4
IC Link 19.5 10.8
JC Link 19.4 10.8 ) WM
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Table 12. Result of One—way ANOVA
(Seoul TG~Daejeon IC)

Sum of
Square

Source of
Variation

Degree of| Mean

Freedom | Square e

Between

531.3 3 1771 0.07 | 098
Treatment

Error 6,003,671.7 | 2,472 2,428.7

Total 16,004,203.0| 2,475

Table 13. Result of One—way ANOVA
(Seoul TG~Keumho JC)

Source of | Sum of |Degree of| Mean E | pavaie
Variation | Square | Freedom | Square

Between 586.8 3 195.6 | 1.85 0.14
Treatment

Error 28,267.9 268 105.5

Total 28,854.7 271
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