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The Study of Highway Speed Estimation
Student : Chi-Min Chao Advisors Dr. Jiuh-Biing Sheu

MBA Program of Transportation and Logistics

College of Management National Chiao Tung University

ABSTRACT

In last decade, ITS (Intelligent Transportation System) in Taiwan has
obtained significant progress. Through the cooperation among MOTC and
transportation agencies in local governments, ITS infrastructure constructions
are specially encouraged. In the early stages, the Taiwan Area National Freeway
Bureau could only provide real-time traffic speed and traffic event display on
certain freeway segments, and international flight arrival and departure
information. Till now, she can also provide the real-time image of traffic flow
situation to the public. Besides, there-are many local governments install many
kinds of APTS and ATMS projects-torprovide more helpful traffic information
to satisfy the needs of public in‘their modern life.

“The real time traffic information system” can provide many useful freeway
information, which are mainly collected by traditional vehicle detectors installed
on freeways. However, if the detectors are broken down, the system is not able
to provide any information. If there is no back up alternative to gather quasi-
realtime information, this service will not be reliable. The thesis is trying to
develop a methodology to recover the lost of traffic speed data on certain
freeway sections. The thesis has collected daily speed data on certain freeway
sections in three minutes interval as the historical data. Moreover, empirical
analysis models are provided to recover the lost of speed data by retrieving the
similar traffic situations from the historical database. The thesis has shown that
it is a reasonable solution to ensure the real-time traffic information system can
be function appropriately under the existing equipment constraints. It is hoped
that the empirical models used in the thesis can be further applied to the study of
trip travel time estimation.



There are four major contributions of this thesis,

1. Building up the standard historical freeway traffic speed database in
Taiwan.

2. Analyzing the variation of the speed data on certain freeway sections,
which can be a good comparing base to check if any on-site vehicle
detectors are malfunction.

3. ldentifying the appropriately regression model to estimate the lost of
freeway speed data.

4. By comparing the estimation results among different models to
understand the difference of feasibility for each model under different
conditions.

Keywords: Intelligent Transportation System ( ITS ) -~ Advanced Public
Transportation System (APTS) -~ Advanced Traffic Management
System (ATMS)
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6. Section Travel Time Estimation form Point Detection Data, Jun-Seok Oh,
R. Jayakrishnan, Will Recker, August 2002.
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2003/11/3 473 2003/12/1 452
2003/11/4 476 2003/12/2 471
2003/11/5 477 2003/12/3 478
2003/11/6 477 2003/12/4 474
2003/11/7 a77 2003/12/5 476
2003/11/8 479 2003/12/6 480
2003/11/9 425 2003/12/7 479
2003/11/10 379 2003/12/8 472
2003/11/11 273 2003/12/9 479
2003/11/12 478 2003/12/10 478
2003/11/13 430 2003/12/11 476
2003/11/14 333 2003/12/12 419
2003/11/15 - 2003/12/13 474
2003/11/16 - 2003/12/14 480
2003/11/17 279 2003/12/15 461
2003/11/18 452 2003/12/16 479
2003/11/19 459 2003/12/17 381
2003/11/20 468 2003/12/18 478
2003/11/21 478 2003/12/19 480
2003/11/22 479 2003/12/20 478
2003/11/23 478 2003/12/21 479
2003/11/24 479 2003/12/22 480
2003/11/25 474 2003/12/23 478
2003/11/26 471 2003/12/24 478
2003/11/27 458 2003/12/25 478
2003/11/28 476 2003/12/26 477
2003/11/29 480 2003/12/27 477
2003/11/30 467 2003/12/28 461

2003/12/29 472

2003/12/30 449

&3 25,649
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p P e P E Bp PAB-FlLL|fL-gft ot -2 £ |2 £-F |7 %R-HRrT |$hr ﬂmg—},_ﬁ, [P P P I
2003/11/3|AM 12:01:21 1 88 86 97 94 82 113 107 105 941 93] 90| 101
2003/11/3|AM 12:03:38 2 91 89 95 96 74 122 115 102 911 90| 91| 100
2003/11/3|AM 12:06:39 3 86 88 100 98 82 120 105 107 93] 94| 94| 100
2003/11/3|AM 12:10:01 4 86 88 100 98 82 120 105 107 93 94| 94| 100
2003/11/3|AM 12:14:44 5 88 89 96 97 76 123 110 103 911 92| 91| 100
2003/11/3|AM 12:18:29 7 86 89 101 98 75 123 114 106 95{ 91| 90| 98
2003/11/3|AM 12:22:27 8 88 88 97 95 75 120 118 108 92 93] 93] 100
2003/11/3|AM 12:25:27 9 88 88 97 95 g, 120 118 108 92 93] 93] 100
2003/11/3|AM 12:27:46 | 10 88 90 99 96 76 125 122 101 91 93] 94| 99
2003/11/3|AM 12:30:55 | 11 91 89 102 96 71 121 125 111 92 90 94 98
2003/11/3|AM 12:33:29 | 12 91 89 102 96 77 121 125 111 92 90 94 98
2003/11/3|AM 12:37:29 | 13 88 89 100 96 81 112 98 103 9% 89 91| 100
2003/11/3|AM 12:40:17 | 14 88 89 100 96 81 112 o8 103 96| 89 91| 100
2003/11/3|AM 12:43:06 | 15 90 87 104 98 86 116 103 114 95 96| 92| 101
2003/11/3|AM 12:45:26 | 16 90 87 104 98 86 116 103 114 95[ 96| 92| 101
2003/11/3|AM 12:48:10 | 17 86 88 99 97 87 113 106 107 90 93] 93] 100
2003/11/3|AM 12:52:07 | 18 85 88 99 95 81 119 93 107 93 91| 89 103
2003/11/3|AM 12:54:54 | 19 85 88 99 95 81 119 93 107 93 91| 89 103
2003/11/3|AM 12:57:29 | 20 88 88 99 96 85 113 95 107 93 92 91| 99
2003/11/3|AM 01:02:23 | 21 87 88 99 96 83 112 96 108 93 92 91| 99
2003/11/3|AM 01:06:34 | 23 85 88 100 93 80 106 101 102 92 90 90, 98
2003/11/3|AM 01:09:26 | 24 85 88 100 93 80 106 101 102 92 90 90| 98
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P 3 R me | 0 R |Fll-s |54 -2 £|2 $-7 |7 B-tkr P A L (o b
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2003/11/3|AM 01:13:31 25 88 88 96 98 81 112 104 97 93 89 88 98
2003/11/3|AM 01:17:27 26 88 90 98 96 82 111 107 95 92 89 89 97
2003/11/3|AM 01:21:12 28 90 90 103 98 82 103 114 93 91 89 &9 99
2003/11/3|AM 01:25:29 29 90 90 103 98 82 103 114 93 91 89 &9 99
2003/11/3|AM 01:29:34 30 &7 89 97 95 85 101 118 93 90 92 91 99
2003/11/3|AM 01:33:33 32 88 89 97 96 78 112 121 98 90 89 91 99
2003/11/3|AM 01:37:27 33 84 88 105 95 72 110 124 90 &7 86 91 98
2003/11/3|]AM 01:40:13 34 84 88 105 95 ) 110 124 90 &7 86 91 98
2003/11/3|AM 01:42:33 35 &8 87 103 94 73 118 127 101 93 90 89 100
2003/11/3|AM 01:47:57 36 &8 87 100 96 13 116 128 98 92 91 90 98
2003/11/3|AM 01:50:16 37 &9 88 97 98 74 114 129 96 92 93 91 96
2003/11/3|AM 01:55:15 39 &9 88 97 98 T4 108 130 100 92 90 92 99
2003/11/3|AM 01:57:55 40 91 93 102 95 75 98 130 98 92 87 94 102
2003/11/3|AM 02:02:57 41 &9 92 102 95 72 99 130 100 90 88 91 101
2003/11/3|AM 02:06:40 | 43 &7 88 93 94 65 113 130 99 95 90 88 99
2003/11/3|AM 02:10:16 | 44 &7 88 93 94 65 113 130 99 95 90 88 99
2003/11/3|AM 02:14:37 45 &5 90 102 94 64 110 130 97 91 95 92 99
2003/11/3|AM 02:17:39 | 46 &3 89 108 96 71 105 130 101 &9 91 &9 99
2003/11/3|AM 02:21:29 48 &9 86 108 99 74 116 124 96 95 91 90 97
2003/11/3|AM 02:25:37 49 &9 86 108 99 74 116 124 96 95 91 90 97
2003/11/3|AM 02:29:56 50 &9 91 109 95 74 72 126 99 &9 93 91 96
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o & 2003/11/18 {2003/11/19|2003/11/20{2003/11/21 | 2003/11/22 | 2003/11/23 | 2003/11/24
1 108 115 111 113 114 122 120
2 99 103 105 107 111 120 115
3 94 100 91 103 106 118 110
4 91 86 o4 98 100 112 99
5 81 88 97 98 101 110 106
6 85 102 104 109 112 119 102
7 109 112 108 115 113 121 115
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2003/11/3|10.87(10.17|12.73| 3.81 | 6.4 | 7.12|8.91 [13.28| - |6.88|7.56 | 5.31|2.33
2003/11/4 |10.04|14.03|15.36| 6.03 | 4.69 | 8.35 [25.88|11.04| - |7.69 |8.68 | 5.49 | 2.36
2003/11/5 | 8.74 [10.02| 9.85 | 2.92 | 5.81 | 8.57 |15.89(17.02| - |17.4|135|567]| 2.2
2003/11/6 | 9.65 |12.95| 8.21 | 3.6 | 4.37 | 7.49 |18.88]21.28| - |7.26|8.69 |5.88 | 2.01
2003/11/7 | 9.71 |11.96|11.79| 7.06 |11.68| 7.25 [22.84|20.65| - |9.48 |11.01|8.91 | 2.24
2003/11/8 | 8.33 |17.41]11.59| 2.79 | 5.41 | 6.05 [19.94|23.59| - |13.2|8.24 |6.32 | 2.74
2003/11/9 |13.64|10.87| 9.98 | 3.12 | 3.73 | 7.24 [11.05| 8.3 | - |17.69|8.51 | 7.44 | 2.74
2003/11/10/11.29|11.89| 9.61 | 2.63 | 5.38 | 8.12 |14.45(12.33| - |22.2|20.81|11.88| 2.2
2003/11/11] 9.05 | 9.27 | 8.87 | 2.61 | 3.27 | 3.3 |23.22]1657| - |5.79|6.15 | 4.02 | 1.61
2003/11/12 11.3 [11.22|12.48| 4.44 | 8.03 | 0 |14.39|11.16] - |9.88|8.71|5.88|2.08
2003/11/13| 8.52 |14.84|13.35| 4.34 | 457 | 0 |20.79/2557| - |8.06| 9.2 |5.44 | 1.59
2003/11/14|14.56|15.31|13.39| 4.47 |.7:29//19:22 |19.49|22.44| - |9.95|9.42 | 7.15 | 2.04
2003/11/15] - | - | - | A cmbee f- | - | - - | - | -] -
2003/11/16| - | - | - | & caobs | - | - - | - | -] -
2003/11/17 9.05 [11.26| 6.31 | 151 | 2.44 | 852 |20.71[13.79] - |3.67|6.31|2.63|1.24
2003/11/18/11.91|13.01|12.73| 348 | 6.8 [10.79| 33.3 [25.46] - [22.89|15.34|11.17| 2.63
2003/11/19] 8.46 [12.02|10.26| 3 | 4:46.[.8:27118.32/16.58| - [19.26| 10.6 | 6.8 | 2.68
2003/11/20| 8.81 [12.93| 9.31 | 3.32 | 5.7 | 6.86 | 35.5 [19.46| - |6.81|9.51|5.73|2.14
2003/11/21/15.88|12.96|12.26| 2.75 | 9.87 |13.5530.66(28.11| - [22.37|18.47|14.33| 3.51
2003/11/22| 9.46 | 8.21 | 9.73 | 5.38 | 5.05 | 6.08 [20.38/24.26| - |17.41/6.98 |5.33| 2
2003/11/23| 8.64 |11.7114.77| 3.29 | 5.09 | 5.3 [11.93|17.06] - |13.33|6.95 | 6.13 | 2.29
2003/11/24] 9.22 | 12.4 |14.02| 4.08 | 7.9 | 8.46 [19.92/14.93| - |8.34|9.23|6.15 | 2.41
2003/11/2510.56|13.46| 10.2 | 2.95 | 5.83 |17.19| 21.8 |19.76| - |16.87|8.82 | 6.65 | 2.49
2003/11/26|14.63|17.98|11.82| 5.74 |12.53|10.03|38.89|18.27| - |7.81| 8.9 |5.69| 2
2003/11/27/18.94/18.1110.72| 4.07 |11.36| 9.84 |26.0117.89| - [16.97|10.76| 7.68 | 1.59
2003/11/2813.64/10.51|10.89| 3.24 | 4.23 [13.29]32.09(24.49| - [15.38/9.18 | 7.08 | 1.99
2003/11/29] 7.43 | 5.93 |11.75| 3.09 | 3.25 | 5.34 | 9.34 [15.43| - [10.72| 7.48 | 5.13 | 3.11
2003/11/30| 8.09 | 6.41 |14.61| 2.94 | 3.59 | 4.92 [11.29| 7.63| - |6.08|5.56| 4.8 | 2.19
2003/12/1 | 9.33 |12.94| 9.37 | 2.75 | 4.96 | 6.04 [21.67|11.67| - |12.8|8.91|4.96 | 2.69
2003/12/2 [10.99]12.62|10.97| 2.31 | 4.9 | 8.62 [12.38/19.06| - |8.62|7.65|4.84 | 2.09
2003/12/3 [10.41|13.28| 7.94 | 3.08 | 5.64 | 8.9 [11.99]1548| - | 9.1 |10.19|5.71 | 2.29
2003/12/4 | 8.78 |10.49|10.66| 3.47 | 4.98 | 9.42 |20.58|17.11| - | 7.1 |10.92| 5.66 | 1.94
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2003/12/5| 12.2 |19.06|10.53| 3.26 | 6.21 | 6.99 |27.55|27.15| - [11.97|8.04 |6.08 | 2.03
2003/12/6 110.98|11.95|11.62| 4.04 | 6.05 | 7.02 |17.96{19.86| - |8.49|6.27 |5.31 | 2.87
2003/12/712.62|10.12| 9.79 | 3.77 |13.49| 8.38 |10.09|15.08) - |2.68 | 6.64 |6.17 | 4.8
2003/12/8 | 9.47 |11.29|8.92 | 3.65 |10.17|21.92|17.95|29.86| - 0 [815]7.09]3.56
2003/12/9|9.75 |12.61| 9.97 | 2.42 | 4.47 |10.36|12.74|24.07| - 0 [11.09|6.89 | 2.45
2003/12/10|15.23|12.46| 7.64 | 2.57 | 4.77 | 7.56 |15.98|26.09| - |7.65|12.14|7.31|2.44
2003/12/11]11.49|9.68 | 10.9 | 3.24 | 5.7 | 9.66 |12.95|19.19] - |9.36|9.89 |6.55 | 2.3
2003/12/12/10.28| 16.2 |12.21|10.51|12.45| 6.52 |13.88|25.56| - [12.98]9.96 | 8.22 | 2.05
2003/12/13] 8.59 {15.36] 9 |3.52 | 8.06 |46.15|21.78|24.96] - |13.54]|8.54|5.96 | 4.19
2003/12/14/ 9.02 | 6.76 |11.37| 3.74 | 4.68 | 17.9 | 8.21 |1407| - |7.51|5.82|4.53 | 2.89
2003/12/15/10.52|11.43| 9.4 | 7.28 | 9.39 |19.23|22.51|29.54| - |14.47|16.37|6.28 | 2.13
2003/12/16|12.21| 17.2 |13.07| 8.62 | 5.91 |21.07]|22.21|25.69] - |10.67|9.21| 5.1 | 2.25
2003/12/17| 7.47 |16.01|11.37| 3.53 | 4.33,21.83|17.27|18.54| - |6.48|8.54|4.85|2.27
2003/12/18| 8.59 | 9.58 |10.79| 6.64 | 6.5 |21.87|14.17|/15.36] - |8.02|7.69| 5.1 | 2.27
2003/12/19| 8.67 {11.93|11.27| 3:89 | 5.31 |20.42) 19.2 |21.93] - |9.34| 8.2 | 5.61 | 1.89
2003/12/20/3.13|3.79| 8 |3.14[3.73215}8.96|10.76] - |858| 7 |51 |2.28
2003/12/21] 7.55 |10.87|11.56| 4.87 |15:32+2%56| 7.52 |12.32| - |6.69|5.77 | 4.48 | 2.32
2003/12/22| 8.05 |13.86|10.71| 9.22 {10.23|21.86]15.44| 29.7 | - |16.22]| 8.96 | 8.19 | 2.47
2003/12/23] 9.63 | 9.7 |14.83|13.15|12.42|20.26|16.47|15.52| - |8.47|12.12|5.46 | 1.85
2003/12/24/10.38|12.58| 12.2 | 3.6 |5.01 |8.87 |16.27|18.31] - |12.59]|10.06| 5.54 | 2.15
2003/12/25/10.13| 16.3 |11.56| 4.54 | 4.35|8.33 |12.43/11.1| - | 7.3 | 8.26|5.03 | 2.02
2003/12/26|12.53|16.08|14.41| 3.23 | 5.41 |13.48|10.74/10.68] - |8.65|8.03|5.74 | 2.06
2003/12/27| 8.06 {14.89| 9.79 | 3.12 |22.11|3.78 |14.04| 89 | - |12.06]| 8.12 | 5.65 | 2.41
2003/12/28| 8.42 |13.37| 8.68 | 4 |7.77|545|20.81/6.87| - |6.96|5.73|4.82|2.37
2003/12/29| 6.78 {15.54|13.03| 5.93 | 5.99 | 7.2 |12.51|12.77| - |10.22|14.52|5.87 | 2.3
2003/12/30{15.59(12.09|13.94| 4.03 | 5.1 | 4.68 |12.66|18.55] - |16.1|8.44|4.54|1.94
T3 19.953|12.02|10.73| 4.1 |6.447|10.65| 17.5 |17.62] - |10.31|9.066|5.988| 2.28
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Up @ ZrdE BB 2. F 5w Z B ~ w = P2, = & 48T 393 F
Up " it m iz P Fn - BB - w2 2 = 4T 08 X
Up @ 4 BB Z 5w - B~ mr PRl = & 48T 3938 F
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B iﬂ\k’ﬂi“flj”* WOk 2T BB R kaE 2 SPSSHT R 2 Ak
B iR - BREEBPRFERZ T F S BERSwE F- B2 m

= BPFFESy S ~Seo P - BEZ = BREEEUL S Uz Us o F
o BEREZ T Z BRI U~ UnF 4 BEEIDT /M > F* 4

= B35 5 00 7 3 g Nl b e R BSw=73 5 0
1¢@%&Pﬁ ?4?317W%i?%»%§?9$kﬁgw
FRkEzfes At 0 BB S 4od 4-2 1 4-5 1o o
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% 9% SPSSiE > 4u i > 42N 2 R A K34 (4 B R K
Std.
Mean Deviation N
Soo 86.3886 | 16.0270 | 73736
So1 86.3982 | 15.9998 | 73736
Soz 86.3990 | 15.9969 | 73736
So3 86.3936 | 16.0055 | 73736
Uy 83.9892 | 15.6663 | 73736
U 84.0014 | 15.6454 | 73736
Uiz 84.0028 | 15.6437 | 73736
U, 82.4829 | 14.8312 | 73736
Uy 82.4868 | 14.8181 | 73736
Uy 82.4986 | 14.8101 | 73736

L9 P RUEE L BRAR RAPTRL ¢ PR g
73736 &£ F ’ﬁﬂ7‘SPSS$&§*IL/\%?SMAVUM;TSm 5 & 10 7 5
1 S0082 Sor ~ Soz > Seszo B AR R A w]iE (0.969~0.943~0.927 > 7r W E -
PR 2 AT 8- FEZwz BRE2Z THR I E
o B PEw - BREZMGTEL 0.2 2+ B 5w 2 BREZM R

Pl % 10,58 2+

2 10 91* SPSS = 4 fF o fesd & M 44 (4 B %)

Soo | Soi So2 Soz-f U | Uiy | Uiz | Uy | Uy | Uy

Soo [ 1.000| .969 | .943 | 927 =208 | .206 | .205 | .057 | .058 | .058

Sor | .969 | 1.000| .968 | 942 | .208 1 .207 | .207 | .055 | .057 | .057

So2 | 943 | 968 | 1.000| .969 | .206 | .208 | .208 | .054 | .055 | .055

Sos | 927 | 942 | 969 |1.000| .205 | .206 | .208 | .053 | .054 | .055

Uy, | 208 | .208 | .206 | .205 | 1.000 | .966 | .938 | .300 | .300 | .300

Uy | .206 | .207 | .208 | .206 | .966 |1.000| .967 | .298 | .300 | .301

Uiz | .205 | .207 | .208 | .208 | .938 | .967 | 1.000 | .296 | .299 | .301

U, | .057 | .055 | .054 | .053 | .300 | .298 | .296 |1.000 | .967 | .939

Ups | .058 | .057 | .055 | .054 | .300 | .300 | .299 | .967 |1.000 | .967

Ups | .058 | .057 | .055 | .055 | .300 | .301 | .301 | .939 | .967 |1.000

% 11 7 SPSS¥#72& = 3 F > 423% 2 feif AR squares 174 » &7 &
7 Mt A EMNodel 1 = 2 3k jF ¢ > ER square E324F 0 351 0. 939
Ui’%ﬁﬁﬁﬁiiﬁ%&ﬁ&ﬁ$’¥N§ﬁﬁﬁ&@%%ﬁ“
Model 9 > H & & s ;R square?““ B 0.94] > HARHE 2 Gfcho &
12 45 73 » Flgt g 200 4 B R B GFS 0 2 AR R Se=
0. 883Sui+0. 155 Sus—0. 063Soz+0 015011-0. 011U13-0. 013U24+0. 015Uzs ©
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# 11 4]* SPSS# 425 = 4255 2 fieif B A 47 4 (4 B %)

Std. Change Statistics
R |Adjusted| Error of .
Model R R Square Sig. F
Square |R Square| the F Change dfl df2
) Change Change
Estimate
1 969 | .939 939 39690 | .939 |1128576.941 1 73734 | .000
2 970 | .940 940 |3.9135| .002 2105.566) 1 73733 | .000
3 970 | 941 941 |3.9090 | .000 170.6500 1 73732 | .000
4 970 | 941 941 |3.9082 | .000 32.650 1 73731 | .000
5 970 | 941 941 |3.9078 | .000 16.675 1 73730 | .000
6 970 | 941 941 |3.9076 | .000 6.496 1 73729 | .011
7 970 | 941 941 |3.9074 | .000 8.445 1 73728 | .004
8 970 | 941 941 |3.9073 | .000 5999 1 73727 | .014
9 970 | 941 941 | 3.9073 | .000 1.090 1 73729 | .296
1. Predictors: (Constant), Soz 2. Predictors: (Constant), Sp1, Sos
3. Predictors: (Constant), Se1, Sos, Soz 4. Predictors: (Constant), So1, Sos, So2, U11
5. Predictors: (Constant), So1, Sos, Sez, U11, U13
6. Predictors: (Constant), So1, Soss So2, U11,-Uq3, Uz
7. Predictors: (Constant), So1, Soz; So2, U1, Uig, U2z, Uas
8. Predictors: (Constant), So1, Sos; So2, Witz oo, Uos, Uas
9. Predictors: (Constant), So1, Sos, So2;:U11, U13, Uzs,"Uos

% 12 4]* SPSSi: = fi s = Arst 2 i fF ik (4 B %K)

Unstandardized Standardized 95% Confidence
Coefficients Coefficients | Interval for B
Model t Sig.

5 Std. Beta Lower |Upper

Error Bound |(Bound
9 |[(Constant) 1.523 118 12.858 .000 | 1.291 | 1.755
So1 .884 .004 .883 246.391] .000 877 .892
So3 155 .004 155 42.714] .000 148 163
S0z |-6.340E-02 .005 -.063 -13.065 .000 | -.073 | -.054
Upy 1.501E-02 .003 015 5.634] .000 010 .020
U3  F1.092E-02 .003 -.011 -4.092 .000 | -.016 | -.006
Uyy  |F1.425E-02 .004 -.013 -3.741) .000 | -.022 | -.007
Uyzs 1.618E-02 .004 015 4.252| .000 .009 024

a Dependent Variable: SO0
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oM RE B ‘Eﬁ AR s IR A B R -
j_%'_ P2 T ag 5 Soo 0 K St - B 7 = 1B PFEESor ~ Soz
803 s b - BERZ w2 BREEU U UsE = B %gﬁf—’jqﬁ ip B¢ > 7]

W%&?@%piﬂﬂ “'@%&»Pf’iﬁﬁﬁﬁﬂéf
/{éﬁﬁ—’\’igff“*’W‘“,{',ﬂxﬁlvﬁx&‘rx:”%ﬁx“‘li”‘ﬁ’z 0 2%
Ao fh vz 109397 £ B AU SPSSL*%EETF—" rRkEZHG
AN HEL ek 133 4 16 %77 o & 13 2 £97F = = B g+
SFERL 4 )I‘ A 109,397 £ 4‘1‘*’@)‘81385%@“1
% 37 Soi~Uis¥Soo 2. B> ﬁ@ K 147 '{‘ “"Soo"’k’Sm ~ Soz ~ Sosz_ B TR AR R A

Bl 0.971~0.947 - 0 932> 7 T E -~ FS'FA—»E_ gl IRk KB - B

;7\"3—1“.‘: f@ifﬁi‘:.ﬁ)\7 _Ii’h? = ’]‘ﬁp}q-x’fr l'«';’__[— ﬁ:]».gp— r'-FJ»—\Fﬁg ’,/4{\;]] 'F:,‘%
0.3 =+ o
% 13 41% SPSSzE = 4t 3 = 238 2 4R A gt & (Z B R
Std.
Mean Deviation N

Soo 84.4097 | 15.8864 | 109397
So1 84.4157 115.8716 | 109397
So2 84.4176115.8678 | 109397
So3 84.4173 ['15.8782 | 109397
Ujz 182.6663 | 15.3407 | 109397
U | 82:6810 [ 15.3135 | 109397
Uiz 82:6926 115.3049 | 109397

% 14 4]* SPSSi: = 1 > 427\ 2 H¥cH 44 (= B R

Soo So1 Soz Sos Uy U Uz
Soo 1.000 971 947 .932 318 317 317
So1 971 1.000 .970 .947 318 318 .318
So2 947 .970 1.000 972 316 318 319
So3 .932 .947 972 1.000 314 315 .318
Uz 318 318 316 314 1.000 .966 .939
U 317 318 318 315 .966 1.000 .968
Uis 317 318 319 318 939 .968 1.000
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% 15 72 SPSS“TL*::&ET«?" A28 2 feif BR square~s 174 > £ ¢ F
'JF% A éﬁﬁ%ﬁIModelhTf‘l; Eﬁ;-—\. » H R square i i”’&‘? B 034 0. 944
I ‘rﬁrﬂ:'\? AR R HALR (%8 > B Uik Jfb«ﬂr&?:ﬁm Sh
Model 5> 2 &1 2R square™ % i£ 0.945 » HAL B 2 fhfcic
16 =r7m » Flpt s ipgesd 200 2 B R HcL ® pFS 0 2 AR S Se=
0. 887Sui+0. 147 Ses—0. 059Se2+0. 0230110, 015015 ©

# 15 4]* SPSSi: = 4a1m = 25V 2 fesf B A 17 % (= B % #o)

Adiusted Std. Error Change Statistics
Modell R |R Square RSJ uare of the |R Square F 4f1 42 Sig. F
a Estimate | Change | Change Change
971 944 944 3.7722 944 183;1%%82' 1 109395 | .000

972 945 945 3.7245 001 |2822.114| 1 109394 | .000

972 945 945 3.7209 000 |213.700| 1 109393 | .000

972 .945 945 3.7184 .000 | 147.322 1 109392 .000

972 945 945 3.7175 .000 52.384 1 109391 .000

1. Predictors: (Constant), So:
2. Predictors: (Constant), Sg1, Sos
3. Predictors: (Constant), Spi, Sos; Soz
4. Predictors: (Constant), Sei, Ses; So2, U1
5. Predictors: (Constant), So1, Se3; So2y U11, U13
7% 16 ﬂ’}'J * SPSS i > g s AR5 21w fF ”“ﬁiz\ (= B % #)
Unstandardized | Standardized 95% Confidence
Coefficients Coefficients ) Interval for B
Model t Sig.
Std. Lower | Upper
B Beta
Error Bound | Bound
(Constant)| 1.356 .076 17.872 | .000 1.207 1.504
So1 .888 .003 .887 301.311| .000 .882 .893
Sos 147 .003 147 48.605 | .000 141 153
So2 -5.894E-02| .004 -.059 -14.612| .000 -.067 -.051
Ui 2.381E-02 | .002 .023 11.140 | .000 .020 .028
Uiz -1.552E-02| .002 -.015 -7.238 | .000 -.020 -.011

a Dependent Variable: Sy
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Mg%?%%'iﬁ%&fwﬁ%ﬁﬁ’ﬁwéﬁﬁ%%—%&
ERPFEERZ T FSe o B ST R - BEZ T = B EFEES) > Se
Su® = BT M > FIPt T B2 R4F R Prfite Bz
TR APEEARY F Y RN Bl T L ERRE S ER
PR Y T Ko 02 3R f{i&%”@‘; 136108 £ F 4 » £ 1 * SPSS
3@’5335?—' sk dan ARy > H “Jf'%'ﬁf'%‘\ 1732 % 20 #157 o % 17
A ATiEE Z B RECR AT A 0 L IR PR 136108 £
F'X?fi’ﬁ;f] ~ SPSS#rx &8 * 4 *%SOINS(B?]LSOO—»B 3;*1,“\}\ 18 # 'J‘ 21 So0 22 Sor »
Soe ~ Sws2_ B T2 A2 B & %W]iE 0.971+0.947+0.932 X - F‘?*:-Fiif_ A
BTG S - PRz BRERZ T8 55 BT

\4

Ja

% 17 41 SPSS i » 31 = A3t 2 R A M A (2 B R )
Std.
Mean Deviation N
Soo 83.1727 | 15.6755 | 136108
So1 83.1819 | 15.6622 | 136108
So2 83.1891 | 15.6503 | 136108

So3 83:1925 | 15.6567 | 136108

# 18 4 * SPSS#Z ~Haip > A28 % Hchl x4 (= B F i)
Sog Sot Soz Sos
Soo 1.000 et 947 931
So1 971 1.000 971 947
Soz 947 971 1.000 972
Sos 931 947 972 1.000
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%19 2 SPSS“TL*::&ET«?" A28 2 feif BR square~s 174 > £ ¢ F
'JF% A éﬁﬁ%ﬁIModelhTf‘l; Eﬁ;-—\. » H quuare I3 i”’&‘? B 03574 0.943
I ‘rﬁrﬂ:'\? AR R HALR (%8 > B Uik Jfb«ﬂr&?:ﬁm Sh
Model 3 23 #6152 R square™ % i£ 0.945 » HAL B 2 fhfcicd
20 #roR o Flpt APz 27 = B R W GFSS 0 2 A2 5 Se=
0. 896Su+0. 144 Sos—0. 062Se2 °

% 19 41% SPSSit > jufs > 25t 2 e B A 174 (= B %K)

Model| R |R Square

Std. Error Change Statistics

Adjusted

R Square Sig. F

of the |R Square F Change | dft df2
Change

Estimate | Change

1 971 | .943 943 3.7268 943 |2271814.208| 1 | 136106 | .000

2 972 | .945 945 3.6837 .001 3205.559 1 | 136105 | .000

3 972 | 945 945 3.6798 .000 293.321 1 | 136104 | .000
1. Predictors: (Constant), Soz

2. Pre
3. Pre

dictors: (Constant), So1, So3
dictors: (Constant), So1, Sos, Soz

% 204|* SPSS & =3z = : Eﬁ Gt (2 BREK)

Unstandardized + [Standardized 95% Confidence

Coefficients Coefficients . Interval for B
Model 5 Std. Beta t S0 T ower Upper
Error Bound | Bound
1 |(Constant)  2.307 .055 42.262 | .000 2.200 | 2.414
So1 972 .001 971  [1507.254 .000 971 973
2 |(Constant)  1.806 .055 33.018 | .000 1.698 | 1.913
So1 .866 .002 .865 437.950| .000 .862 .870

So3 112 .002 112 56.618 | .000 .108 116
3  |(Constant) 1.820 .055 33.307 | .000 1.713 | 1.927
So1 .896 .003 .896 338.158| .000 891 902

So3 144 .003 144 53.050 | .000 138 149

So2 -6.220E-02 | .004 -.062 -17.127| .000 -069 | -.055

a Dependent Variable: Sy
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AE P e mER T 2R 2 ﬁﬁ?;}@nfé% g3 0 T ORI
02.12.24 % 92.12.30 2 FAL k= M 250 2 BF R - AP 24
zk&&\%kﬂﬂa#—%&ﬁuﬁﬁ@@’ﬁ??%”@’i?
ﬁﬁﬁﬂi%WMEﬁi%’ﬁ&%ﬁ%21%%’ﬂﬂ?é*W**
ok BRF92.12.20 M4 BREIE B2 B % 0.84 v > B g2 dk
% 9.80 ket Heppefiz #75 p P2 RMSE 34 @320 B
Bl %% ﬁxﬁ- FEo R TIaM R4 BREAG S BREAR
= lﬁ%ﬁi#&l’/\ = 4.11~4.03 - 4. 24’ PN S P A
ﬁ_gr, u'ﬁlbsw_f 82,4538 > H rrgiE 95,119 0 » &
CRURSC R -E ScRER Ny j\;ﬂ B iE-BRESFERZZ A &ET
i g By e d 95 11

22107 e S RN G E p T X2 RMSE 324 4

pe | opoy | LRRE D RRE ) ZBEE

aE AR | fE AR | S AR
[l L 2003/12/24 7.52 7.51 7.58
- 2003/12/25 4.84 4,78 4,96
gD 2003/12/26 8 5.29 5.34
2003/12/27 3.73 3.68 3.83
2003/12/28 4.33 4.28 4.44
2003/12/29 744 7.4 7.49
2003/12/30 3.94 3.88 4,04
5 2003/12/24 7 9 284 308
_ 2003/12/25 3.38 3.29 3.53

-+ 2003/12/26 2.85 2.76 3

~ | 2003/12/27 2.41 2.29 2.59
2003/12/28 3.75 3.67 3.87
2003/12/29 2.74 2.63 2.87
2003/12/30 2.64 2.53 2.79
=¥ 2003/12/24 2 A3 2R3 7R
_ 2003/12/25 3.52 3.44 3.68
7o 2003/12/26 4.48 4.4 4.6
2003/12/27 2.95 2.85 3.13
2003/12/28 6.31 6.27 6.42
2003/12/29 3.09 2.99 3.26
2003/12/30 3.01 2.92 3.18
I 2003/12/24 ] 03 ] 03 a9 04
- 2003/12/25 9.84 9.85 9.96
o 2003/12/26 9.73 9.69 9.83
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e | oaw | EEEE N e

A A I LA AN E L A
2003/12/27 2.67 2.57 2.84
2003/12/28 2.69 2.55 2.9
2003/12/29 3.12 3.03 3.27
2003/12/30 2.86 2.78 3.02
o 2003/12/24 497 489 408
- 2003/12/25 4.34 4.28 4.46
yep [ 2003/12/26 7.23 7.21 7.29
2003/12/27 4.02 391 4.13
2003/12/28 4.49 4.45 4.59
2003/12/29 7.17 7.13 7.29
2003/12/30 3.79 3.69 3.92
4 [F) 2003/12/24 R AR 5 AR 577
- 2003/12/25 6.06 6.03 6.15
wp | 2003/12/26 4.92 4.88 4.98
o | 2003/12/27 3.8 3.73 3.93
/ 2003/12/28 6.11 6.09 6.19
2003/12/29 6.16 6.14 6.21
2003/12/30 4.04 3.97 4.15
@ fr | 2003/12/24 2 59 25 273
- 2003/12/25 211 1.99 231
g [2008/12/26 2.64 2.54 2.82
2003/12/27 2.54 2.44 2.72
2003/12/28 2.17 2.08 2.35
2003/12/29 2.43 2.33 2.6
2003/12/30 2.45 2.36 2.62
# | 2003/12/24 21 1905 276
- 2003/12/25 2.37 2.23 2.57
o 2003/12/26 2.28 2.15 2.48
2003/12/27 2.2 2.06 2.38
2003/12/28 2.42 2.28 2.6
2003/12/29 2.44 2.32 2.59
2003/12/30 2.09 1.94 2.26
T35 411 4.03 4.24
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2227 PRERFRE 20 (5 B %K)

%ﬁii; B | A Bk st

1 6 ;72 ks p NONE

2 7 poP-Flb 11683 Sp=0.953S0;+0.047U1:-0.032U13+0.029U,

3 8 - 5 A% 1116920704S00=0.809S0;+0.170S03+0.051U11-0.069S0;

4 9 oAt —= 4 11559 4Sp0=0.857S0;+0.121S03-0.068S,+0.009U1;

5 | 10 | Z£-T7% [11573  [Sp=0.889S0;+0.105S03-0.084S,+0.016U1,

6 | 11 | T %—+ko . 8894 (S;,=0:864S50;+0.184S03-0.078Sg,

T | 12 | v -+ B 18615 7(S50=0.881S0;+0.160Sq3-0.062S,

8 | 13 [¥*Bl-#3 % 511220  |Sp=0.958S0:+0.010U15-0.017Ss

9 | 14 {3 n-p g NONE

10 | 15 | row-7 3 NONE

1116 | ¢m-si | 1005 S00=0.845S0;+0.181S43+0.072U1;-0.093S;
-0.085U13+0.062U,

12 | 17| =@—9% | 11580 S00=0.759S0:+0.209S¢3+0.121U1:-0.143U13
+0.090U1,-0.053Sg;

13 | 18 | - [11629  |Se=0.795S0;+0.168S03+0.075U1;-0.083Sy,
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BREY 2 FREzZiiG N5 placd%2 RMSE 2 £

a3 ARt | da D AR
FlL | 2003/12/24 7.51 8.03
- 2003/12/25 4.78 6.11
=4 12003/12/26 5.29 6.04
2003/12/27 3.68 4.84
2003/12/28 4.28 4.71
2003/12/29 7.4 7.92
2003/12/30 3.88 4.94
o |2003/12/24 2.84 7.94
- 2003/12/25 3.29 8.02
=€ |2003/12/26 2.76 7.72
2003/12/27 2.29 7.58
2003/12/28 3.67 8.34
2003/42/29 2.63 7.55
2003/12/30 2.53 7.61
=€ | 2003/12/24 3.53 7.03
- 2003/12/25 3.4 6.92
I % 2003/12/26 4.4 7.55
2003/12/27 2.85 6.8
2003/12/28 6.27 8.29
2003/12/29 2.99 6.69
2003/12/30 2.92 6.56
I % |2003/12/24 8.93 9.6
- 2003/12/25 9.85 9.89
T 12003/12/26 9.69 10
2003/12/27 2.57 3.33
2003/12/28 2.55 3.6
2003/12/29 3.03 3.8
2003/12/30 2.78 3.53
o | 2003/12/24 4.89 4.95
- 2003/12/25 4.28 4.42
Bl | 2003/12/26 7.21 6.55
2003/12/27 3.91 4.05
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2003/12/28 4.45 443
2003/12/29 7.13 7.25
2003/12/30 3.69 3.88
% 2003/12/24 2.5 2.67
- 2003/12/25 1.99 2.01
VAR 2003/12/26 2.54 2.45
2003/12/27 2.44 2.4
2003/12/28 2.08 1.92
2003/12/29 233 2.43
2003/12/30 2.36 2.4
T 4.15 5.78
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FEo e B @ H* 11/3~12/23 2% p TR THEZIATS S > TRT G-
FFEPARPH (F-~Fp) 28 A -%F7 EIH-3 4
PPpArARpYrEz a3 N2 AENRE2 T FERF R
Bz 2 fE4n 2 A2 o & 24~2 30 TritRr R FIRE S B 0 RIRiE
- 2P AR P FTRTE G AN 0 TR P
Sor, Sz, Sos, Uity Uiz, UsZ = B p Sl H ¥ ¥ - #;’(7}"‘%\ 7T ’zlz‘_ﬁﬁ‘#}i PX#"‘& ’
H* FFFY 258 TR ME2LIER DB AR 24 0 H s
ZRRRI I RE o2 2 R A KA R P e 2 HF R REGNRER
TEGRG AN ITIEFNII IR FEERD 5P LR
Lo AR E R R WP o

F 24 Hhr P FIR B G 2 AR (- FR)
Fe # Ak PR

1 |AMO0O~PM24 1496 Sw=0. 846S01+0. 121Ses

2 |AM06~PM24 1042 So=0. 875S01+0. 097Ses

So0=0. 417Su+0. 275Se240. 247

3 |AMO7~AMO9 121 <,

4 | AMO9~PMIT 549 Sw=0. 971 S0

5 |PMI7~PMI19 108 Sw=0. 966So:

6 |[PM19~PM24 199 Se=0. 818S01+0. 165Ses
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£ 25 R - BB BI B 2 AR (3 2 TR

P & s > A

AMOO~PM24 | 1338 |Sw=0.845Su+0. 12680
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75 | 73 | 76 | 83 | 81 | 101 | 94 | 76 | 70 | 76 | 74 | 77 | 92
2004/3/3| (5 51 |(13.37)| (6.76) | (9.58) |(5.76)| (9.88) |(21.49)|(11.49)|(22.51)|(14.59)((10.30)((6.34)|(1.87)

O | 74 | 75 | 91 | 8 | 114 | 94 | 8 | 83 | 8 | 80 | 80 | 95
2004/3/41  (9) | (9.10) | (4.86)| (5.07) |(3.42)| (5.06) |(10.76)| (6.77) | (3.60) | (3.28) | (5.63) |(3.29)|(1.64)

73 | 73 | 78 | 89 | 84 [ 107 | 91 | 74 | 68 | 0 | 78 | 718 | 93
2004/3/5| (5 g7) |(14.82)| (7.48) | (5.10) |(4.02)| (9.13) [(16.25)((19.21)[(26.27)] (0) | (7.63)|(5.86)|(1.78)

74 | 76 | 73 | 89 | 83 ] 108 | 106 | 69 | 61 | O | 77 | 75 | 92
2004/3/6| (9.05) | (7.11) |(5.33) | (3.31) |(6:74)] (5.99)1(81.03)|(25.16)|(30.19)| (0) | (9.60) |(7.89)|(3.36)

80 | 83 | 77 | 92 {18 1157, 122 | 90 | 87 | O | 88 | 84 | 95
2004/3/7| (g 10) | (5.39) | (5.19) | (6.35)1(9.48)| (7.00) |(20.87)| (5.67) | (5.04)| (0) |(5.95)|(4.17)|(1.78)

76 | 76 | 77 | 92| 85 | 211 | 119°| 79 | 8L | 82 | 79 | 79 | 94
2004/3/8| (g 79) |(14.62)| (5.66) | (5.81) |(5.04)(Z.66)-(12.79)|(10.30)| (8.91) | (7.68) | (7.54) |(5.40)|(1.68)

75 | 78 | 75 | 88 837 108 | 413 | 77 | 74 | 83 | 80 | 80 | 93
20041319 (g 36) | (9.18) | (5.69) [(11.19)|(6:18)}:(6.83)|(17.87)|(16.81)|(23.53)|(10.70)| (7.71) |(4.90)|(1.78)

E R
. | 75.50 | 76.14 |75.86 | 89.14 |83.71|109.14(105.57| 78.14 | 74.86 | 80.75 | 79.43 |79.00(93.43
*

Ty

%5 6.95 | 10.51| 585 | 6.63 [581| 7.36 |17.29 | 13.63 |17.15| 9.06 | 7.77 | 5.41 | 1.98

©93.3.3193.3.9&-&FF ¥ o T R-Hr R TR FE
1109.14 22 /) B2 BB 0 Hhr —FFIREA T ¢ F v 105,57 =
JF& 32 92, 11.3 % 92.12.30 p # & 2T 350 8. 38 £ 80.64
P E-P T R AT S S 03,43 22/ )P B Y
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22 PP w f* Bl KRN # dlias
78 | 77 | 80 |95 |87 | 94 | 73 [ 76 | 82 | 82 [ 84 | 80 | 22
2004/4114 | 5 89) | (5.43) | (9.23) |(3.02)|(6.50)| (6.16) [(22.77)[(20.01)((22.99)((15.21)|(4.17)|(3.38)|(1.97)
78 | 77 | 78 | 94 | 87| 93 | 91 | 76 | 82 | 8L | 78 | 80 | 92
2004/4/15 | (g 38) |(12.20)| (6.33) |(3.68)|(4.87)| (6.45) |(10.34)|(16.89)|(21.72)|(14.20)|(9.98)|(4.79)|(1.70)
79 | 79 | 73 | 94 |89 | 92 | 87 | 75 | 84 | 83 | 76 | 80 | 92
2004/4/16 | (7 40) | (9.05) | (9.31) [(3.90)|(4.37)| (6.09) |(13.60)|(16.69)|(17.45)| (9.42) |(9.35)|(5.66)|(1.77)
73 | 76 | 71 | 91 | 88 | 95 | 94 | 80 | 89 | 80 | 77 | 78 | 92
2004/4/17 | (5 83) | (4.33) | (8.99) |(1.88)[(1.79)| (3.03) | (7.29) |(18.63)|(25.36)| (2.66) |(4.20)|(2.63)|(1.39)
79 | 81 | 79 | 93 | 87 | 92 | 102 | 90 | 103 | 81 | 78 | 76 | 92
2004/4/18 | (9 43) | (6.28) |(10.53)|(3.10)((6.23)|(15.62)|(20.23)| (9.60) |(19.63)| (3.82) |(4.44)|(3.87)|(2.10)
78 | 75 | 77 |91 |82 | 92 | 83 | 82 | 84 | 83 | 76 | 79 | 93
2004/4719 | 9 28) [(10.27)| (8.76) |(3.57)|(8.89)| (7.33) [(14.30)|(13.06)|(25.62)| (5.83) |(9.93)|(5.12)|(2.30)
2004/4/20 | 68 | 68 | 79 | 92 | 87 | 89 | 91 | 75 | 83 | 82 | 73 | 77 | 93
(22.00)/(12.74)| (9.80) |(3.83)|(4.39)(7-48)(10.54)|(14.19)|(20.58)| (4.00) [(9.57)|(3.49)|(1.88)
Tiog | 76,14 | 76,14 | 76.71 |92.86{86.71.92.431. 8871 | 79.14 | 86.71 | 81.71 |77.43|78.57|92.29
Tiof 2] 989 | 8.61 | 8.99 | 328529 | 7.45-(14.15 | 1558 | 21.91 | 7.88 | 7.38 | 4.13 | 1.87

%\ 157 03.4.147F 93 I0= b w30 5 2 Rk FiL
g _F}:j\;:t_l’j_’gﬁﬁ: Y
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92.86 92.43~92.29 - %”Tpﬁ*ﬁxgt‘liﬂﬁjg‘r R RELR
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%046 LB P dris o N4 %% RMSE 4 £ (93.3.3~93.3.9)
o - fii a—jia ﬁiﬁi ﬁiir{ &?ﬁiﬁ@ig;?\
ak Ak
RE | 2004/3/3 73 8.81 7.64 7.75 5.75
- 2004/3/4 74 - - - -
Flb | 2004/3/5 73 12.24 9.42 8.01 2.29
2004/3/6 76 5.19 6.55 5.44 2.44
2004/3/7 83 5.34 10.94 5,95 2.41
2004/3/8 76 1457 10.58 8.94 2.86
2004/3/9 78 3.65 6.85 7.92 2.15
FL | 2004/3/3 76 7.89 8.02 7.93 2.8
- 2004/3/4 75 9.46 5.17 5,66 2.87
=4 | 2004/3/5 78 8.42 6.2 5.87 2.82
2004/3/6 73 10.97 11.21 12.39 3.19
2004/3/7 77 11.07 7.42 9.33 3.35
2004/3/8 77 10.83 7.1 7.86 3.57
2004/3/9 75 10.7 8.43 7.54 3.58
s | 2004/3/3 83 11.4 11.43 12.12 3.15
- 2004/3/4 91 12.37 5.46 5.72 3.05
=2 | 2004/3/5 89 11.16 5.15 5.65 3.43
2004/3/6 89 12.75 3.09 3.92 2.64
2004/3/7 92 13.28 7.24 6.7 3.31
2004/3/8 92 13.15 6.34 6.0 3.03
2004/3/9 88 14.91 11.24 11 4.16
=¥ | 2004/3/3 81 13.77 5,04 5.78 3.43
- 2004/3/4 85 17.72 4.31 4.18 3.1
% | 2004/3/5 84 15.75 4.79 6.53 3.44
2004/3/6 83 17.29 5.91 6.83 3.76
2004/3/7 85 20.92 10.01 9.21 5.16
2004/3/8 85 17.45 5.84 6.0 3.3
2004/3/9 83 17.41 6.25 6.35 3
3% | 2004/3/3 | 101 21.39 12.35 12.12 5.41
- 2004/3/4 | 114 24.85 19.92 17.26 4.22
| 2004/3/5 | 107 23.9 15.15 16.04 5.15
2004/3/6 | 108 20.49 15.48 18.63 4.13
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o > BEE | FAEL | FRFY (RGN
BEPY | gam | s 7oA P | Gk
. F F
2004/3/7 115 14.17 21.77 26.11 8.17
2004/3/8 111 12.16 17.75 21.97 5.42
2004/3/9 108 13.73 15.22 20.45 4.14
oo | 2004/3/3 94 21.3 18.45 22.04 478
- 2004/3/4 94 10.88 19.87 26.17 6.03
B | 2004/3/5 91 15.77 15.01 23.99 6.48
2004/3/6 106 28.73 37.16 30.13 6.5
2004/3/7 122 22.27 41.97 31.81 8.96
2004/3/8 119 30.72 48.06 39.92 3.76
2004/3/9 113 25.88 35.18 39.12 5.84
¢y | 2004/3/3 74 5.89 6.73 5.5 3.88
- 2004/3/4 80 5.25 5.5 6.92 3.29
“ 0| 2004/3/5 78 - - - -
2004/3/6 77 ] - - -
2004/3/7 88 - - - -
2004/3/8 79 6.73 5.85 6.55 3.17
2004/3/9 80 5.79 3.99 5.22 3.03
#F | 2004/3/3 77 7.42 5.6 5.18 2.6
- 2004/3/4 80 8.21 3.09 3.49 2.33
w1 | 2004/3/5 78 8.5 5.03 5.04 2.88
2004/3/6 75 10.27 7.33 7.66 2.82
2004/3/7 84 8.06 5.11 2.88 2.31
2004/3/8 79 7.94 2.87 3.05 4.22
2004/3/9 80 6.72 2.72 2.77 2.39
I35 87.25 12.42 10.44 10.66 3.57

2467 93.3.3193.3.9- ¥ ¢ I A R4 AR B EE
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247 AR EH it N da e 2% RMSE 224 4 (93.4.14~93.4.20)

s £ 2R | BRRE | FAFL | FREL |RFfRR SRS

BB P L e =< 1
g | F PR GREER)

miE | 2004/4114 | 77 3.8 9.74 11.18 2.42
- | 2004/4/115| 77 11.04 8.31 7.44 253
Fl.b | 2004/4/16 | 79 757 7.18 9.52 2.36
2004/4/17| 76 6.2 8.36 6.23 2.49
2004/4/18| 81 5.79 10.09 5.4 2.35
2004/4/19| 75 7.84 5.05 4.69 2.91
2004/4/20 | 68 14.41 13.04 13.03 2.98
FlL | 2004/4/14| 80 10.57 7.25 6.49 3.89
- |2004/4115| 78 11.58 9.79 10.3 3.32
=4 12004/4/16| 73 16.16 14.03 14.03 4.58
2004/4/17| 71 14.91 9.96 10.3 4.28
2004/4/18 | 79 12.3 9.33 10.01 5.16
2004/4/19 | 77 11.51 13.23 13.89 4.24
2004/4/20 | 79 12.06 6.93 7.47 3.81
o |2004/4/14| 95 12.49 6,28 6.37 257
- |2004/4115| 94 12.38 5.72 6.26 2.34
=2 |2004/4/116 | 94 13.68 5,52 5.93 251
2004/4/17| 91 1255 3.66 4.31 2.23
2004/4/18 | 93 12.01 4.43 3.88 257
2004/4/19| 91 14.53 3.99 4.18 2.73
2004/4/20 | 92 10.63 4.64 5.83 2.43
=€ |2004/4/14| 87 10.34 6.9 8.5 3.16
- |2004/4/115| 87 7.86 6.14 6.42 2.4
I % 2004/4/16 | 89 6.17 8.25 9.8 257
2004/4/17| 88 5.56 5.38 4.72 1.88
2004/4/18 | 87 12.16 7.69 6.85 2.63
2004/4/19 | 82 14.99 8.3 7.78 3.28
2004/4/20 | 87 5.01 4.86 5,29 2.42
I% | 2004/4114| 94 17.17 6.39 10.57 3.27
- |2004/4/15| 93 7.45 7.17 12.36 3.17
| 2004/4/16 | 92 9.02 7.77 10.96 3.77
2004/4/17| 95 6.11 5.94 15.9 2.8
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B - R | BEEBE | FARL | FRF [wFRE S
F T ia T35 7o 7o (= 1 %)
2004/4/18 92 12.78 15.68 17.25 3.5
2004/4/19 92 12.25 8.76 12.83 3.97
2004/4/20 89 7.13 9.83 11.26 3.25
o | 2004/4/14 73 19.71 21.68 18.82 7.29
- 2004/4/15 91 12.49 15.26 21.54 3.48
B | 2004/4/16 87 11.07 11.58 22.1 4.33
2004/4/17 94 9.69 19.83 1251 2.77
2004/4/18 | 102 19.67 27.86 20.64 5.19
2004/4/19 83 11.41 9.15 12.77 4.42
2004/4/20 91 12.39 175 21.95 4.23
Y ¥ | 2004/4/14 84 2.45 5.55 3.99 2.42
- 2004/4/15 78 8.49 5.76 5.9 2.9
¥ | 2004/4/16 | 76 8.92 6.39 6.29 4.24
2004/4/17 77 4.41 5.52 4.17 2.92
2004/4/18 78 224 5.61 4.63 2.29
2004/4/19 76 8.7 5,52 6.02 3.67
2004/4/20 73 1013 6.95 5.53 4.01
2| 2004/4/14 80 8.41 4.19 2.65 2.01
- 2004/4/15 80 6.5 3.91 4.25 2.62
W1 | 2004/4/16 80 5.93 3.42 4.84 2.22
2004/4/17 78 7.26 4.63 4.45 2.3
2004/4/18 76 9.34 5.54 4.06 2.2
2004/4/19 79 6.12 3.19 3.25 2.43
2004/4/20 77 7.49 3.61 3.79 2.42
I35 83.7 10.03 8.36 8.95 3.16
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2003 -

10. #RE B ~ BR%5 M0 F - ﬂﬁﬁféa\%‘r ’ %ﬁ'x Z & > 1993
11. £ P 2 %% »SPSS 53t e * F 33 R Bl FTH K>3 L2 2> 2000

12.Jun-Seok Oh, R. Jayakrishnan, Will Recker, Section Travel Time Estimation
form Point Detection Data, UCI-ITS-WP-02-11, Institute of Transportation
Studies, University of California , August 2002.

13. Alan Toppen & Dr. Karl Wunderlich,Travel Time Data Collection for
Measurement of Advanced Traveler Information Systems Accuracy, Federal
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14.

15.

16.

17.

18.

19.

20.

Highway Administration, June 2003.

Rob Bostrom, Jesse Mayes, Highway Speed Estimation for MOBILE6 by
Kentucky, Kentucky Transportation Cabinet, 125 Holmes Street, Frankfort,
KY 40622

D.J. Dailey, A statistical algorithm for estimating speed from single loop
volume and occupancy measurements, Department of Electrical Engineering,
University of Washington, September 1998

Federal Highway Administration, Travel Time Data Collection Handbook,
Office of Highway Information Management, U.S. Department of
Transportation, March 1998

Prasad V. Palacharla, Peter C. Nelson, Application of fuzzy logic and neural
networks for dynamic travel time estimation, 1999

Benjamin Coifman, Estimating*'travel times and vehicle trajectories on
freeways using dual loop detectors;:Civil 'and Environmental Engineering and
Geodetic Science, Electrical Engineering, Ohio State University, December
2000

D. J. Dailey, Travel Time Estimates Usinga Series of Single Loop Volume and
Occupancy Measurements, University of Washington, Department of
Electrical Engineering, Seattle, WA, Transportation Research Board 76th
Annual Meeting January 12-16, 1997 Washington, D.C.

Social Science Research and Computing Lab > SPSS Regression Output »
Http://www?2.chass.ncsu.edu/garson/pa765/regressa.ntm >  College  of
Humanities and Social Sciences at NC State > 1998
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- P R R-BT RGBS p TS R L TR

- kgl R | Rlb- | op#- | ZE- | T%- | - Bl (3 k) pg- | Y- | B | -

] i B e e A =z % Hr F+ ) fi—,, ol -pm ¢ v | B o
2003/11/3[74(10.87) |76(10.17)|84(12.73) |90(3.81) |81(6.40) [105(7.12) [119(8.91) |84(13.28) | -  |83(6.88) [81(7.56) |83(5.31) |95(2.33)
2003/11/4]74(10.04) |73(14.03) [76(15.36) |87(6.03) [82(4.69) [101(8.35) |89(25.88) [79(11.04)| -  |81(7.69) |78(8.68) [82(5.49) [93(2.36)
2003/11/5(78(8.74) |77(10.02)[87(9.85) 191(2.92) [83(5.81) [102(8.57) |74(15.89) [76(17.02) | -  |76(17.40) [75(13.50) 82(5.67) [94(2.20)
2003/11/6|78(9.65) |75(12.95)[83(8.21) |90(3.60) [84(4.37) [103(7.49) |74(18.88) [72(21.28) | -  |83(7.26) [79(8.69) [83(5.88) [94(2.01)
2003/11/7|75(9.71) |74(11.96)83(11.79) |89(7.06) [80(11.68) [102(7.25) [70(22.84) [72(20.65) | -  |79(9.48) |76(11.01) |80(8.91) [93(2.24)
2003/11/8]79(8.33) |73(17.41)|84(11.59) [91(2.79) [84(5.41) .{108(6.05) [73(19.94) [73(23.59) | -  |79(13.20) [79(8.24) [82(6.32) [94(2.74)
2003/11/9|74(13.64) [79(10.87) |88(9.98) [92(3.12) |84(3.73)" [109(7.24) |85(11.05) [89(8.30) - |79(17.69) |82(8.51) [83(7.44) 195(2.74)
2003/11/10[73(11.29) |77(11.89)|86(9.61) |91(2.63) |84(5.38) '[104(8.12) [89(14.45) |81(12.33) | -  [71(22.20) [71(20.81) |78(11.88) |94(2.20)
2003/11/1170(9.05) |73(9.27) [76(8.87) 89(2.61) |84(3.27) [105(3.30)104(23:2) [72(16.57)| -  [80(5.79) [79(6.15) |80(4.02) |94(1.61)
2003/11/12[73(11.30) |78(11.22) [83(12.48) |88(4.44) [79(8.03) - 190(14.39) |80(11.16) | - |82(9.88) |81(8.71) |82(5.88) [94(2.08)
2003/11/13|78(8.52) |76(14.84)[81(13.35) |90(4.34) [84(4.57) =»001186(20.79) [70(25.57) | - |84(8.06) |81(9.20) |83(5.44) [95(1.59)
2003/11/14[73(14.56) |74(15.31) [81(13.39) 88(4.47) [81(7.29) [102(9.22) 87(19.49) |69(22.44) | -  |83(9.95) [79(9.42) 182(7.15) [94(2.04)

2003/11/15] - - - - - - - - - - - - -

2003/11/16] - - - - - - - - - - - - -
2003/11/17/69(9.05) |67(11.26)|79(6.31) |90(1.51) |84(2.44) [104(8.52) [91(20.71) [76(13.79) | -  [73(3.67) [71(6.31) [78(2.63) 93(1.24)
2003/11/1873(11.91) |74(13.01)|78(12.73) |89(3.48) |82(6.80) [101(10.7) [85(33.30) [70(25.46) | -  |67(22.89) |68(15.34) [74(11.17) |93(2.63)
2003/11/1978(8.46) |74(12.02)|83(10.26) |90(3.00) |83(4.46) [104(8.27) [97(18.32) [76(16.58) | -  [75(19.26) |76(10.60) |81(6.80) |94(2.68)
2003/11/20[76(8.81) |74(12.93)[85(9.31) 190(3.32) [84(5.70) [105(6.86) 88(35.50) [73(19.46) | -  |83(6.81) [78(9.51) 182(5.73) [95(2.14)
2003/11/21/69(15.88) |71(12.96) [83(12.26) |90(2.75) |80(9.87) [100(13.5) 67(30.66) [55(28.11) | - |70(22.37) |69(18.47) |74(14.33) [92(3.51)
2003/11/22|76(9.46) |78(8.21) [84(9.73) 88(5.38) [81(5.05) [112(6.08) 87(20.38) [72(24.26) | - |79(17.41) |82(6.98) 181(5.33) [94(2.00)
2003/11/23[79(8.64) [79(11.71) [83(14.77) 89(3.29) [84(5.09) [115(5.30) |93(11.93) |83(17.06) | -  |83(13.33) |85(6.95) [82(6.13) [95(2.29)
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- UL I Fli- | &a#-| =&~ I %~ Ho- | RYF- (| p- | Y M- “- | -
- Rl L i =4 I%n kT ¥4 [F] Hhs |s-pg| Yo &4 Jw A i
2003/11/24(77(9.22) [75(12.40) [77(14.02) |89(4.08) |82(7.90) [106(8.46) |81(19.92) |78(14.93) - |84(8.34) [82(9.23) [82(6.15) [95(2.41)
2003/11/25[71(10.56) [74(13.46) [82(10.20) |91(2.95) |82(5.83) [101(17.19)|71(21.80) |71(19.76) - |77(16.87)[79(8.82) [79(6.65) [93(2.49)
2003/11/26|68(14.63) [67(17.98) [74(11.82) [86(5.74) |74(12.53) |100(10.03) |68(38.89) 69(18.27) - 180(7.81) |77(8.90) [80(5.69) [93(2.00)
2003/11/27/69(18.94) |68(18.11) [85(10.72) |88(4.07) |79(11.36) [101(9.84) |103(26.01)[80(17.89) - |78(16.97)[76(10.76) [79(7.68) |92(1.59)
2003/11/28[72(13.64) [75(10.51) [84(10.89) |89(3.24) |86(4.23) [96(13.29) [92(32.09) |62(24.49) - |76(15.38)[74(9.18) (75(7.08) [91(1.99)
2003/11/29[79(7.43) [80(5.93) [86(11.75) |90(3.09) |86(3.25) [109(5.34).(119(9.34) |81(15.43) - 182(10.72)|81(7.48) [81(5.13) |93(3.11)
2003/11/30[80(8.09) |82(6.41) [79(14.61) |90(2.94) [86(3.59) |113(4.92) [118(11.29)|89(7.63) - |87(6.08) [86(5.56) [85(4.80) |96(2.19)
2003/12/1(78(9.33) [76(12.94) 86(9.37) [89(2.75) |85(4.96): 1107(6.04) 116(21.67) |86(11.67) - 183(12.80)(82(8.91) |83(4.96) [95(2.69)
2003/12/2[76(10.99) [75(12.62) [84(10.97) [89(2.31) [85(4.90) |105(8.62) [91(12.38) |74(19.06) - 183(8.62) [80(7.65) [81(4.84) [94(2.09)
2003/12/3[77(10.41) [75(13.28) [83(7.94) [89(3.08) |83(5.64) [105(8:90) 188(11.99) |78(15.48) - 184(9.10) [79(10.19) |82(5.71) [94(2.29)
2003/12/4{79(8.78) [77(10.49) |84(10.66) |89(3.47) |85(4.98)-{105(9.42) [75(20:58) |78(17.11) - 185(7.10) [79(10.92) [81(5.66) [95(1.94)
2003/12/5[75(12.20) [70(19.06) |83(10.53) |89(3.26) |84(6.21) |105(6:99)163(27.55) |60(27.15) - [77(11.97)|78(8.04) |80(6.08) [94(2.03)
2003/12/6(77(10.98) [78(11.95) [84(11.62) |90(4.04) [83(6.05) [109(7.02) [82(17.96) [79(19.86) - |81(8.49) [82(6.27) [82(5.31) [94(2.87)
2003/12/7|75(12.62) |78(10.12) [86(9.79) |92(3.77) [76(13.49)|111(8.38) |95(10.09) [83(15.08) - 190(2.68) |84(6.64) [82(6.17) |94(4.80)
2003/12/877(9.47) [77(11.29) 85(8.92) |91(3.65) [77(10.17) [106(21.92) [77(17.95) |71(29.86) - - |84(8.15) [82(7.09) [96(3.56)
2003/12/978(9.75) [74(12.61) [81(9.97) |90(2.42) [82(4.47) [104(10.36) [65(12.74) |66(24.07) - - |78(11.09) [79(6.89) [93(2.45)
2003/12/10[70(15.23) [73(12.46) [83(7.64) |89(2.57) |82(4.77) |106(7.56) |59(15.98) |64(26.09) - |77(7.65) [77(12.14) [79(7.31) [94(2.44)
2003/12/11[74(11.49) [76(9.68) [85(10.90) 90(3.24) |81(5.70) [105(9.66) [62(12.95) |72(19.19) - |78(9.36) [77(9.89) [79(6.55) [93(2.30)
2003/12/12[74(10.28) [74(16.20) [75(12.21) |88(10.51)79(12.45) [106(6.52) |68(13.88) |62(25.56) - [76(12.98)[78(9.96) [79(8.22) [93(2.05)
2003/12/13|78(8.59) [74(15.36) [75(9.00) [90(3.52) |81(8.06) [74(46.15) |83(21.78) |74(24.96) - |77(13.54)|82(8.54) [81(5.96) [94(4.19)
2003/12/14(75(9.02) [82(6.76) [81(11.37) |91(3.74) |86(4.68) [22(17.90) |86(8.21) |89(14.07) - |84(7.51) [86(5.82) [84(4.53) [95(2.89)
2003/12/15[76(10.52) |77(11.43) [80(9.40) |88(7.28) |82(9.39) [20(19.23) [69(22.51) |65(29.54) - |76(14.47)[78(16.37) |81(6.28) [95(2.13)
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- PERRL N N [f] - oA- ¥ 7 - HRr - | FEF-H R p- Y- 24 fiw— B -
- ] L oA =z 1% ko F F) Basm | -pg v 25 fiw ¥ BT
2003/12/16|75(12.21) [70(17.20) [78(13.07) [88(8.62) [82(5.91) [24(21.07) 69(22.21) [70(25.69) - [79(10.67) |81(9.21) [81(5.10) |94(2.25)
2003/12/17|76(7.47) [71(16.01) [76(11.37) [91(3.53) [83(4.33) [23(21.83) |72(17.27) [71(18.54) - 79(6.48) [78(8.54) [79(4.85) [94(2.27)
2003/12/18[79(8.59) [79(9.58) [77(10.79) [86(6.64) [84(6.50) [24(21.87) |78(14.17) |81(15.36) - [82(8.02) [81(7.69) [82(5.10) |94(2.27)
2003/12/19|79(8.67) |77(11.93) [80(11.27) |90(3.89) [83(5.31) [23(20.42) [73(19.20) |75(21.93) - [78(9.34) [79(8.20) [80(5.61) [94(1.89)
2003/12/20/84(3.13) |84(3.79) [87(8.00) [82(3.14) [91(3.73) [23(21.50) [82(8.96) |88(10.76) - [81(8.58) [83(7.00) |82(5.10) [94(2.28)
2003/12/2179(7.55) |78(10.87) [83(11.56) [90(4.87) [85(5.12) [23(21.56).185(7.52) [92(12.32) - [85(6.69) [86(5.77) [84(4.48) |96(2.32)
2003/12/22/77(8.05) |75(13.86) [85(10.71) [89(9.22) [82(10.23) 122(21:86).181(15.44) [73(29.70) - [74(16.22) |80(8.96) [80(8.19) |95(2.47)
2003/12/2377(9.63) |77(9.70) [79(14.83) [87(13.15) |81(12.42)./64(20.26) {76(16.47) [79(15.52) - [80(8.47) [77(12.12) |80(5.46) |94(1.85)
2003/12/24]76(10.38) |76(12.58) [82(12.20) |90(3.60) [84(5.01) |71(8.87) [77(16.27) [79(18.31) - [79(12.59) [78(10.06) [81(5.54) |94(2.15)
2003/12/25(77(10.13) [73(16.30) [85(11.56) [91(4.54) |85(4.35) {72(8.33) {80(12:43) [87(11.10) - 83(7.30) [81(8.26) [82(5.03) [94(2.02)
2003/12/26|74(12.53) [73(16.08) [76(14.41) [90(3.23) [85(5.41) [79(13:48)83(10.74) [84(10.68) - [81(8.65) [80(8.03) [81(5.74) |94(2.06)
2003/12/27|79(8.06) |76(14.89) [82(9.79) [91(3.12) |[75(22.11) |96(3.78) [94(14.04) |85(8.90) - [79(12.06) [82(8.12) |81(5.65) [94(2.41)
2003/12/28/80(8.42) [79(13.37) [86(8.68) [91(4.00) [86(7.77) |96(5.45) [81(20.81) |88(6.87) - [84(6.96) [86(5.73) |83(4.82) [96(2.37)
2003/12/29[78(6.78) |74(15.54) [79(13.03) |89(5.93) [83(5.99) |91(7.20) [77(12.51) |80(12.77) - [80(10.22) [82(14.52) |85(5.87) [94(2.30)
2003/12/30[74(15.59) [76(12.09) [75(13.94) |89(4.03) [82(5.10) |91(4.68) |90(12.66) |73(18.55) - |76(16.10) [76(8.44) |78(4.54) [93(1.94)
T 5 73.07 72.71 78.95 86.26 79.74 81.38 80.64 73.41 - 74.22 76.53 78.05 90.78
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