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ABSTRACT

This study aims to calculate optimal travel speeds based on analysis of the AVI data collected in the uninterrupted traffic flow, and the
results are as follows. Firstly, we looked into the distribution of the sectional travel times of each probe vehicle and compared the
difference in the sectional travel speeds of each probe vehicle. As a result, it is shown that outliers should be removed for the distribution
of the sectional travel times. Secondly, there were differences among type 1(passenger automobiles) & type 2(automobiles for
passengers and freight) and type 4(special automobiles) in the non-congestion section. thus it was revealed that there is a necessity to
remove type 4(special automobiles) when calculating the sectional travel speeds. Thirdly, Based on the results of these, the optimal
outlier removal procedures were applied to this study. As a result, it showed that the MAPE was between 0.3% and 2.0% and RMSE
was between 0.3 and 2.3 which are very similar figures to the actual average traffic speed. Also, the minimum sample size was satisfied
at the confidence level of 95%. The result of study is expected to serve as a useful basis for the local government to build the AVI. In
the future, it will be necessary to study to integrate AVI data and other data for more accurate traffic information.
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* is AVI detector installed to On or Off-Ramp
Fig. 1. Location of AVI

Vol.35 No.3 June 2015 627



Table 1. Counts of Collected Vehicles for Each Detector

AVE 53 A2 Hajel] 2% 22 FRSE o] Bt nE

Classification TAM~9AM 12PM~2PM 6PM~8PM 24H
Total Smin Total Smin Total 5min Total Smin
Uam 2,906 121 1,683 70 1,604 67 16,915 59
Beomnaegol* 851 35 747 31 575 24 6,327 22
JinYang* 1,287 54 1,253 52 1,290 54 14,816 51
Westbound Gaegeum 5,769 240 5,046 210 5,125 214 53,329 185
Jurye* 461 19 774 32 1,135 47 8,715 30
Hakjang* 838 35 508 21 573 24 6,291 22
Gamjeon 4,577 191 3,605 150 3,436 143 37,945 132
Gamjeon* 964 40 827 34 943 39 9,143 32
Average 2,207 92 1,805 75 1,835 77 19,185 67
Nakdong 2,134 89 2,821 118 2,433 101 21,660 75
Gamjeon* 1,198 50 915 38 724 30 8,304 29
Hakjang* 977 41 1,161 48 1,226 51 10,262 36
Eastbound Gaegeum 5,737 239 6,020 251 5,218 217 52,479 182
JinYang* 1,729 72 2,026 84 1,847 77 17,525 61
Beomnaegol* 634 26 482 20 203 8 3,917 14
Uam 1,596 67 1,736 72 2,145 89 16,374 57
Average 2,001 83 2,166 90 1,971 82 18,646 65
* is AVI detector installed to On or Off-Ramp
Table 2. Counts of Collected Vehicles for Each Vehicle Type
Classification Type 1 Type 2 Type 3 Type 4 Omission Total
Uam 8,333 378 2,205 2,499 3,500 16,915
Beomnaegol* 4,421 196 1,105 13 592 6,327
JinYang* 10,476 446 2,187 43 1,664 14,816
Gaegeum 36,083 1,472 9,137 2,199 4,438 53,329
Westbound
Jurye* 6,511 277 1,369 32 526 8,715
Hakjang* 4,566 195 1,199 26 305 6,291
Gamjeon 25,550 1,039 6,798 2,218 2,340 37,945
Gamjeon* 6,210 253 2,253 81 346 9,143
Average 12,769 532 3,282 889 1,714 19,185
Nakdong 13,120 506 3,135 1,724 3,175 21,660
Gamjeon* 5,441 212 2,011 97 543 8,304
Hakjang* 7,180 323 2,045 89 625 10,262
Eastbound Gaegeum 36,169 1,557 9,730 2,259 2,764 52,479
JinYang* 12,489 547 2,937 42 1,510 17,525
Beomnaegol* 2,916 115 672 5 209 3917
Uam 7,516 352 2,858 4,166 1,482 16,374
Average 12,119 516 3,341 1,197 1,473 18,646

* is AVI detector installed to On or Off-Ramp
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Table 3. Counts of Travel Times for Each Section
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o

o

Orgin Destination Orgin Counts | Destination Counts | Matching Counts Matching Rate Note
(A) (B) © (C/A or B)

Uam Gaegeum 13,415 48,891 3,171 23.6
Beomnaegol* Gaegeum 5,735 48,891 5,308 92.6 C/A

JinYang* Gaegeum 13,152 48,891 12,239 93.1

Westbound Gaegeum Jurye* 48,891 8,189 7,653 93.5
Gaegeum Hakjang* 48,891 5,986 5,612 93.8 B

Gaegeum Gamjeon 48,891 35,605 33,320 93.6

Gamjeon Gamjeon* 35,605 8,797 8,503 96.7

Nakdong Gaegeum 18,485 49,715 17,525 94.8
Gamjeon* Gaegeum 7,761 49,715 7,457 96.1 C/A

Hakjang* Gaegeum 9,637 49,715 9,217 95.6

Eastbound

Gaegeum JinYang* 49,715 16,015 15,214 95.0
Gaegeum Beomnaegol* 49,715 3,708 3,577 96.5 C/B

Gaegeum Uam 49,715 14,892 4,033 27.1

* is AVI detector installed to On or Off-Ramp
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Table 4. Counts of Travel Times for Each Section(Type 1)

Orgin Destination Orgin Counts Destination Counts | Matching Counts Matching Rate Note
(A) (B) © (C/A or B)

Uam Gaegeum 8,333 36,083 1,396 16.8
Beomnaegol*|  Gaegeum 4,421 36,083 4,114 93.1 C/A

JinYang* Gaegeum 10,476 36,083 9,780 934

Westbound Gaegeum Jurye* 36,083 6,511 6,108 93.8
Gaegeum Hakjang* 36,083 4,566 4311 94.4 B

Gaegeum Gamjeon 36,083 25,550 23,989 93.9

Gamjeon Gamjeon* 25,550 6,210 6,018 96.9

Nakdong Gaegeum 13,120 36,169 12,420 94.7
Gamjeon* Gaegeum 5,441 36,169 5,232 96.2 C/A

Hakjang* Gaegeum 7,180 36,169 6,876 95.8

Eastbound

Gaegeum JinYang* 36,169 12,489 11,886 95.2
Gaegeum Beomnaegol* 36,169 2,916 2,812 96.4 C/B

Gaegeum Uam 36,169 7,516 1,402 18.7

* is AVI detector installed to On or Off-Ramp
Table 5. Counts of Travel Times for Each Section(Type 2)

Orgin Destination Orgirz f)ounts Destinat(i}(;l; Counts Matchi?g)COunts M(a(tjc;l:r;gr l;lte Note

Uam Gaegeum 378 1,472 68 18.0
Beomnaegol*|  Gaegeum 196 1,472 169 86.2 C/A

JinYang* Gaegeum 446 1,472 416 93.3

Westbound Gaegeum Jurye* 1,472 277 259 93.5
Gaegeum Hakjang* 1,472 195 183 93.8 B

Gaegeum Gamjeon 1,472 1,039 963 92.7

Gamjeon Gamjeon* 1,039 253 239 94.5

Nakdong Gaegeum 506 1,557 479 94.7
Gamjeon* Gaegeum 212 1,557 206 97.2 C/A

Eastbound Hakjang* Gaegeum 323 1,557 314 97.2

Gaegeum JinYang* 1,557 547 522 95.4
Gaegeum | Beomnaegol* 1,557 115 109 94.8 C/B

Gaegeum Uam 1,557 352 65 18.5

* is AVI detector installed to On or Off-Ramp
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Table 6. Counts of Travel Times for Each Section(Type 3)

o,

ok

o

Orgin Destination Orgin Counts Destination Counts | Matching Counts Matching Rate Note
(A) (B) © (C/A or B)

Uam Gaegeum 2,205 9,137 718 32.6
Beomnaegol*|  Gaegeum 1,105 9,137 1,014 91.8 C/A

JinYang* Gaegeum 2,187 9,137 2,005 91.7

Westbound Gaegeum Jurye* 9,137 1,369 1,257 91.8
Gaegeum Hakjang* 9,137 1,199 1,093 91.2 OB

Gaegeum Gamjeon 9,137 6,798 6,312 929

Gamjeon Gamjeon* 6,798 2,253 2,167 96.2

Nakdong Gaegeum 3,135 9,730 2,963 94.5
Gamjeon* Gaegeum 2,011 9,730 1,926 95.8 C/A

Hakjang* Gaegeum 2,045 9,730 1,944 95.1

Eastbound

Gaegeum JinYang* 9,730 2,937 2,766 94.2
Gaegeum | Beomnaegol* 9,730 672 650 96.7 C/B

Gaegeum Uam 9,730 2,858 1,044 36.5

* is AVI detector installed to On or Off-Ramp
Table 7. Counts of Travel Times for Each Section(Type 4)

Orgin Destination Orgirz f)ounts Destinat(i}(;l; Counts Matchi?g)COunts M(a(tjc;l:r;gr l;lte Note

Uam Gaegeum 2,499 2,199 989 39.6
Beomnaegol*|  Gaegeum 13 2,199 11 84.6 C/A

JinYang* Gaegeum 43 2,199 38 88.4

Westbound Gaegeum Jurye* 2,199 32 29 90.6
Gaegeum Hakjang* 2,199 26 25 96.2 B

Gaegeum Gamjeon 2,199 2,218 2,056 92.7

Gamjeon Gamjeon* 2,218 81 79 97.5

Nakdong Gaegeum 1,724 2,259 1,663 96.5
Gamjeon* Gaegeum 97 2,259 93 95.9 C/A

Eastbound Hakjang* Gaegeum 89 2,259 83 933

Gaegeum JinYang* 2,259 42 40 95.2
Gaegeum | Beomnaegol* 2,259 5 5 100.0 C/B

Gaegeum Uam 2,259 4,166 1,522 36.5

* is AVI detector installed to On or Off-Ramp
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Table 9= &350l thek A5 Ba}2Ad, Scheffes 1A

1, 2354 3%, 359 4%, 459 1,231 fejgheol 47 0.965,
0.979, 0.894% 9= 0.058t} =7 vept A7 H7f
A= e

=, ST 25 7 TS AP} gtk 2L
&S 5 ATk

Table 102 H] &
A4 Azolck

AR AE AR, frolghEe] 0.05K T} 2] UERY,
215 TR SEEE BT 2R Grie UK H 7T AlEs

A

FRTHNE 5ol ek AR

H

32

wzbr] AR§737g(Post Hoe)S 3to] ofH 21 3t o7}
S EAE A EgkT)

Table 112 8] E&F71)] gk A}AA dzb2A] ScheffeS
B 9} v RIR 1, 2539} 3%, 359} 459 fo)gkEo)
Z¥z} 0.084, 0.938 % 5] 0.052t}h =7 Yeh} AR/

AR Hyh A Hy7h A=t
oh&-e] AREA(Post Hocy2 319 2158 71k EalaRke) T} 453} 1, 259 folBHEe 0.0362 o145 00520

Ajols sugich 2P vheht ok H 7k A
Table 8. Result of ANOVA (Congestion Section) Table 10. Result of ANOVA (Non-Congestion Section)
Source of variation SS dar MS F P-value Source of variation SS dar MS F P-value

Between Groups 76.771 2 38385 | .113 .893 Between Groups | 1214.192 2 [607.096 | 3.961 021

Within Groups | 68424.384 | 201 |340.420 Within Groups | 28510.186 | 186 | 153.281

Total 68501.155 | 203 Total 29724378 | 188

Table 9. Result of Post-Hoc Test (Congestion Section)

Table 11. Result of Post-Hoc Test (Non-Congestion Section)

95% 95%
.Mean Std. | .. |Confidence Interval .Mean Std. _ |Confidence Interval
1) (J) |Difference Sig. 18} (J) |Difference Sig.
o) Error Lower | Upper () Error Lower | Upper
Bound | Bound Bound | Bound
Type3 | .84559 [3.16423].961| -6.6258 | 8.3170 Type 3 | 4.93968 |2.20591|.067 | -.2721 [10.1514
Type 1,2 Type 12
Type4 | 1.49853 |3.16423|.884| -5.9729 | 8.9699 Type4 | 5.72698 |2.20591|.027| .5152 [10.9387
Tukey Tvoe 3 Type 1,2| -.84559 |3.16423]|.961| -8.3170 | 6.6258 Tukey Tvoe 3 Type 1,2(-4.93968|2.20591|.067 | -10.1514 | 2721
Hsp | P Typed | .65294 [3.16423].977| -6.8185 | 8.1243 Hsp | P Type4 | .78730 |2.20591|.932| -4.4245 | 5.9991
Tvoe d Type 1,2| -1.49853 |3.16423|.884 | -8.9699 | 5.9729 Tvoe 4 Type 1,2(-5.72698 |2.20591|.027 | -10.9387 | -.5152
P Type3 | -.65294 [3.16423|.977| -8.1243 | 6.8185 P Type3 | -.78730 |2.20591|.932| -5.9991 | 4.4245
Type3 | .84559 [3.16423].965| -6.9577 | 8.6489 Type 3 | 4.93968 |2.20591|.084 | -.5036 [10.3830
Type 1,2 Type 1,2
Type4 | 1.49853 |3.16423|.894| -6.3048 | 9.3018 Type4 | 5.72698 |2.20591|.036| .2837 |[11.1703
Type 1,2| -.84559 |3.16423|.965| -8.6489 | 6.9577 Type 1,2(-4.93968 |2.20591|.084 | -10.3830 | .5036
Scheffe| Type 3 Scheffe| Type 3
Typed | .65294 [3.16423].979| -7.1504 | 8.4563 Type4 | .78730 |2.20591|.938 | -4.6560 | 6.2306
Tvoe d Type 1,2 -1.49853 |3.16423|.894| -9.3018 | 6.3048 Tvoe 4 Type 1,2(-5.72698 |2.20591{.036 | -11.1703 | -.2837
ype Type3 | -.65294 (3.16423(.979| -8.4563 | 7.1504 ype Type 3 | -.78730 |2.20591|.938| -6.2306 | 4.6560
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Table 12. Result of Paired Sample T-Test

Paired Difference
Section 95% Confidence Interval of the Difference t df Sig
Mean | Std. Deviation
Lower Upper

Uam - Gaegeum 2.05 3.99 1.57 2.53 8.35 264 .000
Beomnaegol* — Gaegeum 0.06 1.58 -0.13 0.25 0.64 276 521
JinYang* - Gaegeum 0.01 0.93 -0.10 0.12 0.17 284 .869
Gaegeum - Jurye* -0.43 232 -0.70 -0.15 -3.07 279 .002
Gaegeum - Hakjang* -0.09 2.69 -0.42 0.24 -0.54 263 .589
Gaegeum - Gamjeon 1.38 1.99 1.15 1.61 11.73 285 .000
Gamjeon - Gamjeon* -0.57 1.68 -0.77 -0.37 -5.72 283 .000
Nakdong - Gaegeum 0.86 241 0.58 1.14 6.02 285 .000
Gamjeon*  — Gaegeum 0.44 2.37 0.16 0.72 3.12 280 .002
Hakjang* - Gaegeum 0.10 1.69 -0.10 0.30 0.99 279 325
Gaegeum e JinYang* -0.21 1.30 -0.36 -0.06 -2.70 281 .007
Gaegeum —  Beomnaegol* -0.09 2.24 -0.36 0.18 -0.65 263 515
Gaegeum - Uam 433 6.58 3.54 5.12 10.76 266 .000

* is AVI detector installed to On or Off-Ramp

Table 13. Result of MAPE(%) and RMSE

Section Distance(km) | MAPE(%) | RMSE
Uam —  Gaegeum 7.5 0.3 0.3
Gaegeum —  Gamjeon 42 2.0 23
Nakdong —  Gaegeum 5.2 0.4 0.6
Gaegeum — Uam 7.5 1.9 1.7
Average 6.1 1.2 1.2

ofi= Qb B ol el A5 77k L) Aol
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Table 132 F&4 H7ke] 724, MAPEE #H2~ 0.3%,
] 2.0%, B 1.2%0]93, RMSEE 24 0.3, ] 2.3, H
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Table 14. Result of Minimum Sample Size Calculation

. AM Peak Off-Peak PM Peak
Section
vol 95% 90% vol 95% 90% vol 95% 90%
Uam i Gaegeum 10 1 1 6 3 3 9 1 1
Beomnaegol* i Gaegeum 19 1 1 22 3 2 18 1 1
JinYang* i Gaegeum 32 1 1 36 1 1 46 1 1
Gaegeum d Jurye* 12 2 2 21 11 8 31 4 3
Gaegeum i Hakjang* 22 2 2 16 4 3 15 5 3
Gaegeum - Gamjeon 116 3 2 99 5 4 95 3 2
Gamjeon e Gamjeon* 28 5 4 22 9 6 27 5 4
Nakdong i Gaegeum 48 3 2 66 1 1 61 1 1
Gamjeon* e Gaegeum 31 3 2 25 1 1 25 1 1
Hakjang* e Gaegeum 21 3 2 34 2 1 38 2
Gaegeum e JinYang* 32 5 4 61 3 2 60 2
Gaegeum nd Beomnaegol* 17 3 2 13 3 2 17 12
Gaegeum nd Uam 10 6 4 8 9 6 3 2
Average 31 3 2 33 4 3 34 4 3
* is AVI detector installed to On or Off-Ramp
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