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Travel Time Prediction for Freeway Using
\Vehicle Detectorand Automatic Vehicle identification Data

student : Jhih-Jie Jhu Advisor - Ka-lo Wong

Department of Transportation Technology and Management
National Chung Tung University

ABSTRACT

Accurate traffic information can help road users to avoid traffic
congestion and reduce delay. The objective of this study is to develop a
travel time prediction model for freeway using data from \ehicle
Detector (VD) and Automatic Vehicle Identification (AVI). VD data can
be collected and used-in-forecasting real-time, but usually suffers from
Inaccuracy when the traffic is congested. On the other hand, accurate
travel time information can be derived from AVI data, but the collection
AVI data and license plate matching have a delay and cannot be used in
real-time prediction. We combine the two data sources and establish a
historical database. With pattern recognition technique, we can identify
the most similar traffic pattern in the database using real-time VD data
for prediction. Based on the k-nearest neighborhood (k-NN) method, an
modified approach is proposed with additional model parameters. The
results show that the prediction model with combined VD and AVI
database is more accurate than the model with only VD data.

Keywords: Travel time prediction, freeway, K-NN, Vehicle Detector,
Automatic Vehicle Identification
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4 0 0 0 0 0 | VD-NI1-N-134.490-M-LOOP | 29130 6748 8546 10386 3450 | 0% 0% 0% 0% 0%
S 29946 3786 4823 11055 10282 | VD-N1-N-114.610-M-LOOP | 28228 6600 8296 9998 3334 1 106% 57% 58% 111% 308%
6 15409 4225 5947 3848 1389 | VD-N1-N-111.360-M-LOOP. | 27066 6156 7991 9669 3250 | 57% 69% 74% 40% 43%
7 22642 6117 6848 7355 2322 | VD-N1-N-98.860-N-LOOP | 29379 9594 7701 8969 3115 | 71% 64% 89% 82% 75%
8 18932 8321 7084 2537 990 | VD-NI-N-85.010-M-LOOP | 61594 15989 16765 22083 6757 | 31% 52% 42% 11% 15%
9 30387 3297 11709 12415 2966 | VD-N1-N=66.270-M-LOOP | 70947 17243 20503 25769 7432 | 43% 19% 57% 48% 40%
10 57962 8992 15543 25141 8286 VD-N1-N-54.400-M-RS 74525 | 20297 21611 21910 10707 | 78% 44% 2% 115% T1%
11 56532 | 22412 17140 10425 6555 | VD-N1-N-43.300-M-LOOP [102121| 27954 30048 32342 11777] 55% 80% 57% 32% 56%
12 32557| 12710 17928 1438 4381 | VD-N1-N-34.900-M-LOOP_|[107527| 27617 30982 36658 12270 30% 46% 58% 4% 4%
13 78046| 23018 24243 24373 6412 | VD-NI1-N-23.780-M-LOOP | 100458 | 27868 28399 31892 12299 78% 83% 85% 76% 52%
14 0 0 0 0 0 VD-N1-N-13.400-M-RS 74231 16748 18738 27578 11167 0% 0% 0% 0% 0%
INEEH 15 15626 5180 5507 3678 1261 | VD-N1-N-0.590-M-LOOP | 29139 6582 7223 10621 4713 | 54% 79% 76% 35% 21%
AVIFRITHF A VDJji & PR
AVIZRTE | 2K |6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE= HIEVDARE £ K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | EE | &K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE
1~2 3947 1449 1958 500 40 | VD-NI1-N-179.580-M-LOOP | 51982 13689 14811 18710 4772 | 8% 11% 13% 3% 1%
2~3 1676 785 677 208 6 VD-N1-N-160.855-M-LOOP | 28024 7229 8397 9134 3264 | 6% 11% 8% 2% 0%
3~4 0 0 0 0 0 VD-N1-N-150.410-M-LOOP | 25670 6786 8029 8055 2800 | 0% 0% 0% 0% 0%
4~5 0 0 0 0 0 VD-N1-N-134.490-M-LOOP. | 29130 6748 8546 10386 3450 | 0% 0% 0% 0% 0%
5~6 4114 1326 1783 955 50 | VD-NI-N-114.610-M-LOOP | 28228 6600 8296 9998 3334 | 15% 20% 21% 10% 1%
6~7 4928 1434 2503 936 55 | VD-NI-N-111.360-M-LOOP | 27066 6156 7991 9669 3250 | 18% 23% 31% 10% 2%
7~8 2695 1035 1332 258 70 VD-N1-N-98.860-N-LOOP | 29379 9594 7101 3969 3115 | 9% 11% 17% 3% 2%
8~9 5818 1257 3641 79 121 | VD-N1-N-85.010-M-LOOP | 61594 15989 16765 22083 6757 | 9% 8% 22% 4% 2%
9~10 | 13450 733 4479 6663 15751 VD-NI1-N-66.270-M-LOOP | 70947 17243 20503 25769 7432 | 19% 4% 22% 26% 21%
10~11 | 10805 3160 2431 3235 1979 VD-N1-N-54.400-M-RS 74525 20297 21611 21910 10707 | 14% 16% 11% 15% 18%
11~12 | 13291 7217 5808 60 146 | VD-N1-N-43.300-M-LOOP_[102121| 27954 30048 32342 11777( 13% 26% 19% 0% 1%
12~13 | 8559 3006 5131 351 71 VD-N1-N-34.900-M-LOOP | 107527 27617 30982 36658 12270 8% 11% 17% 1% 1%
13~14 0 0 0 0 0 VD-NI-N-23.780-M-LOOP | 100458 | 27868 28399 31892 12299 0% 0% 0% 0% 0%
14~15 0 0 0 0 0 VD-N1-N-13.400-M-RS 74231 16748 18738 27578 11167 0% 0% 0% 0% 0%
% 3-6 Bl b ELE AVI FERE (4 B 45010 61)
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AVIHE%E VDJiE PEERELA

AVIgR5E | &K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HT EHEVDLRTE 2K [6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'E | =K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE
1 51106 13930 16854 14524 5798 | VD-NI1-N-179.580-M-LOOP. | 63284 16258 17830 21361 7835 | 81% 86% 95% 68% 74%

2 29800 8820 12009 6053 2918 | VD-N1-N-160.855-M-LOOP | 38020 9386 10820 11516 6298 | 78% 94% 111% 53% 46%
3 13560 4479 5051 2295 1735 | VD-N1-N-150.410-M-LOOP | 39228 9590 11151 12051 6436 | 35% 47% 45% 19% 27%
4 0 0 0 0 0 VD-N1-N-134.490-M-LOOP | 39924 9157 11235 12959 6573 | 0% 0% 0% 0% 0%

5 54469 5163 6694 19024 23588 | VD-N1-N-114.610-M-LOOP | 38675 8979 10852 12471 6373 | 141% 58% 62% 153% 370%

6 23456 5950 8164 5964 3378 | VD-N1-N-111.360-M-LOOP | 37661 8590 10605 12198 6268 | 62% 69% T1% 49% 54%

7 26946 6904 8292 8347 3403 | VD-NI1-N-98.860-N-LOOP | 38318 11687 9868 11061 5702 | 70% 59% 84% 75% 60%

8 21124 9302 7719 2778 1265 VD-N1-N-85.010-M-LOOP | 74977 19485 20263 25174 10055 | 28% 48% 38% 11% 13%

9 33250 3529 13061 13412 3248 | VD-NI-N-66.270-M-LOOP | 85256 21173 24416 29073 10594 | 39% 17% 53% 46% 31%
10 64923 10197 17719 27074 9933 VD-N1-N-54.400-M-RS 81960 22178 23547 24053 12182 79% 46% 75% 113% 82%
11 63905 | 24820 19870 11694 7521 | VD-NI1-N-43.300-M-LOOP_| 120631 | 32651 35050 38210 14720 | 53% 76% 57% 31% 51%
12 37247 14302 20691 1671 583 | VD-N1-N-34.900-M-LOOP | 122092 | 31357 34984 40529 152221 31% 46% 59% 4% 4%
13 86216 | 25742 27687 25843 6944 | VD-N1-N-23.780-M-LOOP | 109145 | 30443 31271 33598 13833 | 79% 85% 89% 77% 50%
14 0 0 0 0 0 VD-N1-N-13.400-M-RS 85788 19825 22689 30460 12814 | 0% 0% 0% 0% 0%
P B 15 18544 6322 6741 4128 1353 | VD-N1-N-0.590-M-LOOP | 33460 7881 8462 12000 5111 | 55% 80% 80% 34% 26%

AVIRITHF R VDjiiE bk {ms
AVIgR5E | &K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | ET EHEVDSR 2K | 6:00~11:00 | 11:00~16:00| 16:00~22:00 | HE [ 42K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE
1~2 5007 1770 2540 614 40 | VD-N1-N-179.580-M-LOOP | 63284 16258 17830 21361 7835 | 8% 11% 14% 3% 1%
2~3 2788 1125 1285 337 6 VD-N1-N-160.855-M-LOOP | 38020 9386 10820 11516 6298 | 7% 12% 12% 3% 0%
3~4 0 0 0 0 0 VD-N1-N-150.410-M-LOOP | 39228 9590 11151 12051 6436 | 0% 0% 0% 0% 0%
4~5 0 0 0 0 0 VD-N1-N-134.490-M-LOOP | 39924 9157 11235 12959 6573 | 0% 0% 0% 0% 0%
5~6 6028 1836 2546 1313 50 | VD-NI-N-114.610-M-LOOP | 38675 8979 10852 12471 6373 | 16% 20% 23% 11% 1%
6~7 6702 1750 3194 1317 55 | VD-NI-N-111.360-M-LOOP | 37661 8590 10605 12198 6268 | 18% 20% 30% 11% 1%
7~8 2926 1102 1413 281 70 VD-NI-N-98.860-N-LOOP | 38318 11687 9868 11061 5702 | 8% 9% 14% 3% 1%
8~9 5978 1276 3719 829 121 [ VD-N1-N-85.010-M-LOOP | 74977 19485 20263 25174 10055] 8% 7% 18% 3% 1%
9~10  [14693 773 5082 7126 1575 | VD-NI-N-66.270-M-LOOP | 85256 21173 24416 29073 10594 | 17% 4% 21% 25% 15%
10~11 [ 12677 3530 3035 3692 1979 VD-N1-N-54.400-M-RS 81960 22178 23547 24053 12182 15% 16% 13% 15% 16%
11~12 [ 15061 8007 6823 69 146 | VD-N1-N-43.300-M-LOOP | 120631 32651 35050 38210 14720 12% 25% 19% 0% 1%
12~13 | 9512 3298 5762 377 71 VD-N1-N-34.900-M-LOOP | 122092 31357 34984 40529 15222 8% 11% 16% 1% 0%
13~14 0 0 0 0 0 VD-N1-N-23.780-M-LOOP 109145 | . 30443 31271 33598 13833 0% 0% 0% 0% 0%
14~15 0 0 0 0 0 VD-N1-N-13.400-M-RS 85788 19825 22639 30460 12814 0% 0% 0% 0% 0%
037 M s TREAVIFERF(L 22 510 60)
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/NEE

AVIHEE VDJit & biAT RS
AVIERSE | &K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE HIEVDEmSE 2K ]6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'E | &K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'E
1 12812 6708 4235 597 1272 | VD-NI1-S--0.008-M-LOOP | 30381 8123 7857 9875 4526 | 42% 83% 54% 6% 28%
2 0 0 0 0 0 VD-N1-8-12.350-M-RS 65918 | 21410 17823 19863 6822 | 0% 0% 0% 0% 0%
3 55377| 17074 20264 14800 3239 VD-N1-8-24.400-M-RS 100093 25644 28082 32839 |13528] 55% 67% 72% 45% 24%
4 0 0 0 0 0 VD-N1-8-36.690-M-LOOP  [106959 | 29136 28588 34727 |14508] 0% 0% 0% 0% 0%
S 20095 | 17943 2480 157 115 | VD-N1-S-50.010-M-LOOP 102523 | 27781 28600 31608 |14528| 20% 65% 9% 0% 1%
6 32131 17251 4849 2309 7722 | VD-N1-5-63.420-M-LOOP | 72701 19871 19481 23339 110010| 44% 87% 25% 10% 1%
7 202561 10830 12599 3538 2289 | VD-N1-S-81.230-M-LOOP | 47509 | 13355 13426 14563 6165 | 62% 81% 94% 24% 37%
8 16943 5172 927 06659 4185 VD-N1-5-98.645-M-RS 69721 14761 17998 273%4 9568 | 24% 35% 5% 24% 44%
9 0 0 0 0 0 | VD-NI1-§-109.250-M-LOOP | 44632 8540 11683 18546 5863 | 0% 0% 0% 0% 0%
10 17816 6304 7510 2930 1072 | VD-N1-S-126.540-M-LOOP | 33326 6183 9384 13205 4554 | 53% 102% 80% 22% 24%
11 13427] 4590 4645 2909 1283 | VD-N1-S-131.850-M-LOOP_| 33247 6139 9361 13150 4597 | 40% 5% 50% 22% 28%
12 9987 3921 4469 9517 640 | VD-N1-S-149.570-M-LOOP | 33956 6502 9610 13184 4660 | 29% 60% 41% 7% 14%
13 8114 2870 3565 1180 499 | VD-N1-S-163.450-M-LOOP | 37683 7420 10622 14790 4851 | 22% 39% 34% 8% 10%
14 23005] 12379 7329 2074 1223 | VD-N1-S-177.490-M-LOOP | 42911 11022 13309 14116 4464 | 54% 112% 55% 15% 21%
AVIFRITHF A VDt & BERRELR
AVIZRE | 2K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'E HEVD LR 2K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'E | #°K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE
1~2 0 0 0 0 0 VD-N1-S--0.008-M-LOOP | 30381 8123 7857 9875 4526 | 0% 0% 0% 0% 0%
2~3 0 0 0 0 0 VD-N1-S-12.350-M-RS 65918 | 21410 17823 19863 6822 | 0% 0% 0% 0% 0%
3~4 0 0 0 0 0 VD-N1-S-24.400-M-RS 100093 25644 28082 32839~ |13528| 0% 0% 0% 0% 0%
4~5 0 0 0 0 0 VD-N1-S-36.690-M-LOOP | 106959 | 29136 28588 34727 114508 0% 0% 0% 0% 0%
5~6 5486 5341 127 0 18 | VD-N1-S-50.010-M-LOOP | 102523 | 27787 28600 31608 | 14528| 5% 19% 0% 0% 0%
6~7 110095 6395 2219 150 1331 | VD-N1-S-63.420-M-LOOP | 72701 | 19871 19481 23339 [10010] 14% 32% 11% 1% 13%
7~8 2891 1431 254 370 836 | VD-N1-S-81.230-M-LOOP | 47509 | 13355 13426 14563 6165 | 6% 11% 2% 3% 14%
8~9 0 0 0 0 0 VD-N1-S-98.645-M-RS 69721 | 14761 17998 273% 9568 | 0% 0% 0% 0% 0%
9~10 0 0 0 0 0_ [ VD-N1-S-109.250-M-LOOP | 44632 8540 11683 18546 5863 | 0% 0% 0% 0% 0%
10~11 | 5086 3006 1899 180 1 VD-N1-5-126.540-M-LOOP | 33326 6183 9384 13205 4554 | 15% 49% 20% 1% 0%
11~12 | 3209 2003 1177 12 17 | VD-NI-S-131.850-M-LOOP | 33247 6139 9361 13150 4597 | 10% 33% 13% 0% 0%
12~13 | 2886 1460 1426 0 0 | VD-N1-8-149.570-M-LOOP_| 33956 6502 9610 13184 4660 | 8% 22% 15% 0% 0%
13~14 | 2114 1333 781 0 0| VD-NI-S-163.450-M-LOOP_| 37683 7420 10622 14790 4851 ) 6% 18% 1% 0% 0%

~
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FITA HL

AV VD& Bkt R
AVIZRSE | K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE HIEVDLRTE &K |6:00~11:00 11:00~16:00 | 16:00~22:00 | H'E [ 42K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'EZ
1 15357] 8030 5132 748 1447 | VD-N1-S--0.008-M-LOOP. | 34668 9339 9094 11223 5012 | 44% 86% 56% % 29%
2 0 0 0 0 0 VD-N1-8-12.350-M-RS 76131 | 25053 20823 22203 8052 | 0% 0% 0% 0% 0%
3 61587] 19080 22943 16093 3471 VD-N1-5-24.400-M-RS 108168 | 28053 30606 34991 14518 57% 68% 5% 46% 24%
4 0 0 0 0 0 VD-N1-8-36.690-M-LOOP | 120073 | 32670 32345 38155  [16903| 0% 0% 0% 0% 0%
S 23536| 20330 2910 164 132 | VD-N1-S-50.010-M-LOOP | 116143 | 31347 32814 34740 | 17242) 20% 65% 9% 0% 1%
6 36711 19441 5635 2595 9040 | VD-N1-S-63.420-M-LOOP | 85382 | 22820 23285 26333 129441 43% 85% 24% 10% 70%
7 32627| 12025 14440 3813 2349 | VD-N1-S-81.230-M-LOOP | 59310 | 15887 16750 17237 9436 | 55% 76% 86% 22% 25%
8 20476| 6293 1802 7742 4639 VD-N1-S-98.645-M-RS 79856 | 17119 20933 20908 [11896( 26% 37% 9% 26% 39%
9 0 0 0 0 0 VD-N1-5-109.250-M-LOOP | 53698 | 10478 14252 20660 8308 [ 0% 0% 0% 0% 0%
10 24218 8090 93% 4382 2350 | VD-N1-S-126.540-M-LOOP_| 42192 3080 11810 15285 7017 | 57% 100% 80% 29% 33%
11 18883 5771 6225 4415 2472 | VD-NI1-S-131.850-M-LOOP_| 42062 7993 11795 15235 7039 | 45% 72% 53% 29% 35%
12 11855] 4683 5332 1067 773 | VD-N1-5-149.570-M-LOOP | 42406 8256 11959 15205 6986 | 28% 57% 45% % 11%
13 8114 2870 3565 1180 499 | VD-NI1-S-163.450-M-LOOP | 46331 9118 13042 16936 7235 | 18% 31% 27% 7% 7%
14 30352] 14586 9389 3832 2545 | VD-N1-S-177.490-M-LOOP_| 47365 | 12093 14328 14834 6110 | 64% 121% 66% 26% 42%
AVIFRITRF RS VDjits WL R
AVIZRSE | K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | HE HIEVDLRSE 2R | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 [ HE | K | 6:00~11:00 | 11:00~16:00 | 16:00~22:00 | H'EE
1~2 0 0 0 0 0 VD-N1-5--0.008-M-LOOP | 34668 9339 9094 11223 5012 | 0% 0% 0% 0% 0%
2~3 0 0 0 0 0 VD-N1-8-12.350-M-RS 76131 | 25053 20823 22203 8052 | 0% 0% 0% 0% 0%
3~4 0 0 0 0 0 VD-N1-8-24.400-M-RS 108168 | 28053 30606 34991 14518 0% 0% 0% 0% 0%
4~5 0 0 0 0 0 VD-N1-8-36.690-M-LOOP _ [120073 | 32670 32345 38155 16903 | 0% 0% 0% 0% 0%
5~6 6308 6144 145 0 19 [ VD-NI-S-50.010-M-LOOP | 116143| 31347 32814 34740 (17242 5% 20% 0% 0% 0%
6~7 |11020] 7019 2499 151 1351 | VD-NI1-S-63.420-M-LOOP | 85382 | 22820 23285 26333 129441 13% 31% 11% 1% 10%
7~8 3158 1614 331 37 842 | VD-NI-S-81.230-M-LOOP | 59310 | 15887 16750 17237 9436 | 5% 10% 2% 2% 9%
8~9 0 0 0 0 0 VD-N1-S-98.645-M-RS 79856 | 17119 20933 20908 [11896] 0% 0% 0% 0% 0%
9~10 0 0 0 0 0 |"VD-N1-S-109.250-M-LOOP | 53698 | 10478 14252 20660 8308 [ 0% 0% 0% 0% 0%
10~11 | 6090 3466 2378 239 7 VD-NI-5-126.540-M-LOOP | 42192 8080 11810 15285 7017 | 14% 43% 20% 2% 0%
11~12 | 3819 2278 1504 20 17 [ VD-N1-S-131.850-M-LOOP | 42062 7993 11795 15235 7039 | 9% 28% 13% 0% 0%
12~13 | 2886 1460 1426 0 0 | VD-NI-S-149.570-M-LOOP | 42406 8256 11959 15205 6986 | 7% 18% 12% 0% 0%
13~14 | 2114 1333 781 0 0 [ VD-N1-S-163.450-M-LOOP | 46331 9118 13042 16936 7235 [ 5% 15% 6% 0% 0%
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%039 4 B R T B AR b

B

thA B A2 v bl(2 )

B |1 2 3 4 5 6 7 8 9 10 11 | 12 13
506 58.3% | 51.4% | 57.3% | 32.6% | 9.4% | 96.5% | 54.5% | 86.1% | 45.5% | 46.2% |43.8% | 2.8% | 43.8%
10% | 72.9% | 69.4% | 80.2% | 41.3% | 24.7% | 97.9% | 88.5% | 89.9% | 46.2% | 46.5% |49.0% | 6.3% | 46.2%
20% | 78.5% | 78.1% | 87.2% | 46.9% | 34.7% | 98.3% | 97.6% | 90.6% | 46.2% | 46.5% |51.7% | 31.3% | 46.2%

RAFR g2 v Hl(2 2, e REBERERFTFFER)

BERAE |1 2 3 4 5 6 7 8 9 10 11 | 12 13
50 70.0% | 62.7% | 63.0% | 67.6% | 20.3% | 98.2% | 55.3% | 94.7% | 98.5% | 99.3% |83.4% | 6.3% | 94.7%
10% | 87.5% | 84.7% | 88.2% | 85.6% | 53.4% | 99.6% | 89.8% | 98.9% | 100.0% | 100.0% | 93.4% | 14.2% | 100.0%
20% | 94.29 | 95.3% | 95.8% | 97.1% | 75.2% | 100.0% | 98.9% | 99.6% | 100.0% | 100.0% | 98.7% | 70.9% | 100.0%

# & B4 2+ (6:00~20:00)

B |1 2 3 4 5 6 7 8 9 10 11 | 12 13
5% 70.8% | 61.9% | 65.5% | 54.2% | 16.1% | 100.0% | 57.1% | 99.4% | 78.0% | 79.2% |73.2% | 4.8% | 75.0%
10% | 84.5% | 83.9% | 89.9% | 69.0% | 42.3% | 100.0% | 93.5% | 99.4% | 79.2% | 79.8% |82.1% | 10.7% | 79.2%
20% | 90.5% | 93.5% | 98.8% | 78.6% | 59.5% | 100.0% | 100.0% | 100.0% | 79.2% | 79.8% |86.9% | 53.6% | 79.2%

ok BB IG 20t 51(6:00~20:00, deik R E 2 B TR

B | 1 2 3 4 5 6 7 8 9 10 11 | 12 13
5% 73.9% | 64.2% | 65.5% | 66.9% | 20.3% | 100.0% | 57.1% | 99.4% | 98.5% | 99.3% |83.1% | 6.3% | 94.7%
10% | 88.2% | 87.0% | 89.9% | 85.3% | 53.4% | 100.0% | 93.5% | 99.4% | 100.0% | 100.0% | 93.2% | 14.2% | 100.0%
20% | 94.4% | 96.9% | 98.8% | 97.1% | 75.2% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 98.6% | 70.9% | 100.0%
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+
~

4-2 {7 PR FORAE & o bR B

AVl | 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 | 11~12 | 12~13 | 13~14 | 14~15

3% 2p 90.3% | 100.0% | 100.0% | 98.6% | 98.6% | 100.0% | 93.1% | 100.0% | 100.0% | 20.8% | 50.0% | 84.7% | 81.9% | 88.9%

g 3729p 91.7% | 98.6% | 100.0% [ 93.1% | 95.8% | 97.2% | 100.0% | 100.0% | 100.0% | 52.8% | 91.7% | 94.4% | 91.7% | 97.2%
o 3216p | 88.9% | 98.6% | 100.0% | 100.0% | 100.0% | 100.0% | 98.6% | 93.1% | 36.1% | 37.5% | 76.4% | 87.5% | 100.0% | 100.0%
3223p | 86.1% | 97.2% | 97.2% | 91.7% | 91.7% | 93.1% | 95.8% | 100.0% | 100.0% | 9.7% | 77.8% | 79.2% | 100.0% | 100.0%
3230p | 81.9% | 94.4% | 93.1% | 86.1% | 77.8% | 86.1% | 90.3% | 100.0% | 100.0% [ 9.7% | 75.0% | 70.8% | 100.0% | 100.0%
AVl | 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 | 11~12 | 12~13 | 13~14 | 14~15

31 2p 56% | 22.2% | 22.2% | 5.6% 6.9% 6.9% | 27.8% | 98.6% | 100.0% | 0.0% 2.8% 6.9% 1.4% 13.9%

Y 379p 8.3% | 20.8% | 23.6% | 2.8% 5.6% 6.9% | 20.8% | 100.0% | 100.0% | 0.0% 11.1% | 19.4% | 5.6% | 20.8%
o 3216p | 33.3% | 43.1% | 45.8% | 6.9% 13.9% | 12.5% | 16.7% | 1.4% 2.8% 0.0% 1.4% 1.4% | 100.0% | 100.0%
3223p | 54.2% | 55.6% | 51.4% | 1.4% | 22.2% | 19.4% | 27.8% | 100.0% | 100.0% | 0.0% 0.0% 1.4% | 100.0% | 100.0%
3230p | 181% | 31.9% | 29.2% | 0.0% 0.0% | 11.1% | 34.7% | 100.0% | 100.0% | 0.0% 0.0% 0.0% | 100.0% | 100.0%
AVIsmEsL | 1~2 2~3 3~4 4~5 5~6 6~7 7~-8 8~9 9~10 10~11 | 11~12 | 12~13 | 13~14 | 14~15

3% 2p 54.2% | 86.1% | 84.7% | 68.1% | 43.1% | 52.8% | 25.0% | 0.0% 2.8% 0.0% 0.0% 2.8% | 11.1% | 18.1%

g3 379p 1.4% | 25.0% | 29.2% | 0.0% 0.0% 0.0% | 20.8% | 100.0% | 100.0% | 2.8% 5.6% 0.0% 1.4% 8.3%
o 3216p | 59.7% | 84.7% | 81.9% | 20.8% 1.4% 56% | 25.0% | 1.4% 1.4% 0.0% 0.0% 0.0% | 100.0% | 100.0%
3223p | 33.3% | 45.8% | 38.9% | 0.0% 0.0% 0.0% | 25.0% | 100.0% | 100.0% | 0.0% 1.4% 4.2% | 100.0% | 100.0%
3230p | 37.5% | 66.7% | 62.5% 1.4% 0.0% 0.0% | 20.8% | 100.0% | 100.0% | 0.0% 0.0% 0.0% | 100.0% | 100.0%
AVl | 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 | 11~12 | 12~13 | 13~14 | 14~15

3% 2p 30.6% | 97.2% | 93.1% | 98.6% | 100.0% | 98.6% | 61.1% | 18.1% 1.4% 1.4% 1.4% 6.9% | 22.2% | 77.8%

g 379p 41.7% | 100.0% | 100.0% | 63.9% | 40.3% | 36.1% | 93.1% | 100.0% | 100.0% | 2.8% 15.3% | 5.6% 6.9% | 54.2%
o 3216p | 48.6% | 94.4% | 95.8% | 36.1% | 41.7% | 31.9% | 55.6% | 12.5% | 2.8% 1.4% 4.2% 11.1% | 100.0% | 100.0%
32 23p .8% 2% .6% .6% 5% 1% .9% .0% 0% | 2.8% 1% .6% .0% .0%
52.8% | 97.2% | 98.6% | 55.6% | 37.5% | 43.1% | 81.9% | 100.0% | 100.0% | 2.8% 66.7% | 48.6% | 100.0% | 100.0%
3230p | 153% | 93.1% | 90.3% | 12.5% | 9.7% 5.6% | 58.3% | 100.0% | 100.0% | 1.4% 6.9% 2.8% | 100.0% | 100.0%

Fo 43 AR RSB B A A Bt R
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AVIssL | 1-2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14 | 14~15

372p 23 72 72 64 67 72 23 72 72 14 18 42 11 17

1 32 9P 19 71 72 38 31 37 72 72 72 7 38 37 21 42

37216p 54 54 72 72 72 72 66 40 22 12 40 44 72 72

3% 23p 35 70 51 25 32 59 68 72 72 2 30 23 72 72

37230p 20 68 60 43 20 43 39 72 72 1 22 29 72 72
AVIsEL | 1~-2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14 | 14~15

3% 2P 2 5 5 3 5 4 3 71 72 0 2 1 1 2

g0 379p 2 7 15 2 3 3 4 72 72 0 3 8 1 3

3716F 9 30 22 2 5 3 2 1 1 0 1 1 72 72

3% 23p 20 30 34 1 6 12 3 72 72 0 0 1 72 72

32 30p 7 17 9 0 0 3 4 72 72 0 0 0 72 72
AVIsEL | 1~-2 2~3 3~4 4~5 5~6 6~7 /~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14 | 14~15

3%2p 25 61 53 41 31 31 3 0 2 0 0 2 2 3

3 379p 1 6 6 0 0 0 6 72 72 2 2 0 1 1

3716p 38 56 44 4 1 1 7 1 1 0 0 0 72 72

3% 23p 7 30 20 0 0 0 9 72 72 0 1 3 72 72

3730p 7 16 30 1 0 0 3 72 72 0 0 0 72 72
AVIgE. | 1~2 2~3 3~4 4~5 5~6 6~7 (~8 8~9 9~10 | 10~-11 | 11~12 | 12~13 | 13~14 | 14~15

372p 5 36 33 63 72 60 10 5 1 1 1 3 3 29

4 37 9P 4 72 72 10 5 6 36 72 72 2 6 2 2 6

3%216p 6 29 36 4 8 5 8 7 2 1 2 3 72 72

37 23p 17 69 71 16 14 13 20 72 72 1 38 6 72 72

3730p 2 40 34 2 3 2 5 72 72 1 1 1 72 72

Fo 44 R FREERGEA D R R
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AVIsgE. | 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14 | 14~15

372p (A RF (ARF |AReF | ARF [FRF |FReF |ARF [FRF |FAReF |SF- [FAR* |FAReF |ARF (7A@

B 329p |2 F |2 @F |ARF [ARF |FARH [ARF |2REF |(ARF [AREF |ARF [ARF |AREF O |A@EH A EH
3216p (2@ * |[Z2@* |2@* |A@* [FEF [A@F |A@F |AR* [(AREF [2RF |A@F |A@H |A@F A jEH
3923p |2 F |AfF |ARF [ARF |FRF |ARF [ARF |FfRF |ARF [ZFx- |FfReF |ARF [(FRF |FfEH
3"30p |2 @% |Af* |ARF [ARF |FRF |ARF [ARF |FRF |ARF [3Fx- |FfReF |ARF [(FRF |FfEH
AVIisE| 1-2 2~3 3~4 4~H 5~6 6~7 7~8 8~9 9~10 10~11 | 11~12 | 12~13 | 13~14 | 14~15

3%2p |P%- [PH- [PHFZ [BE- PR |PE- P E- gF |ar |2k- [Pk- [Pk- [P%- P %-

. 3190p [2%- |2%- (2% [P k- ofrdke |2&- (2% (2@ (2@ |PEx- [2kx- | &- B Ex- [k
3716p (2% [2@* [2@* [3%- |3Exo |3F- |2&%- [2&%- |2%- [2%- [3%- [3%- [2@* |%@*
3723p |2 * |[2@* |2@F |Fx- [(FEo (FEHEC |PEF- (2Rt [2RF [FEH- |FEx- |2 %x- (2@ F |2 {EF
3730p | %= 7 ig = - %k — = % — 3 %k - Rt 7 oig Rt > % - 3 - k- Rt 7 ig
AVIsgL| 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 1~12 | 12~13 | 13~14 | 14~15

322p |2* |[2* [2@* [2@g* [2@* [2@* |[2Ex- [2&Hx- |2 EXx- |PEHx- |FEXx- |FPEx- |2Ex- |2 K-

o3 319p [+ %- |2%- [2&%- |2%x- [2&- |3 k- (3 & - T S I Rl S B N T T R 2= T R d
3716p |2 * |[2@* |2@* |Fk- [FE&HE- [FEH_ |FH - S &x_ (3% (F&_ |F&- |32 %x- |2 @F (7 {@F
3723p (2 [(2@* [A@F |[FEFx- |FEH- |Z3Fx- |2EH=- |(2f* |2t [2F- [2%- [3%x- [2@* |F@H
3730p |A2@* [2@* [2@r |2F- |2Fx- (k- |2&- (2R* (2@ [2%- |[2Fx- |- (2@ |2
AVIsEL| 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 1~12 | 12~13 | 13~14 | 14~15

372p |2 R (AR * |AREHF |(ARHF |[FREF |A@EHF | A@H 2= [2%- |B5%- |2%- [3F%- [3%- |2

. 379p [2@* |2@* |[2f@* |2@* (2% [(2@% [A@F |ApH* |ApF |PEHx- |FHK- [FH- (2K (2@*
824 3716p |2 * |[2@* |2@* |A@* [2@* [2@F |ApF |FExo [F&Hx- (&K |F&H- |2k (2@ F |2 {EF
3923p A * |[2@E* |A@F |AR* [F@EF [2EF | A |Ap* [AREF [FHx- |A@F |ARH |A@R@F A {@EH
3730p [*%- (2@ ([2@* |[F%- |2FH- |- |2F |2fF |FRF [PFH- |[FFH- (K- [2@RF |F@H

fo 45 RGP TS A o5 TRE
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AVL%5.  1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14
372p | 222% | 52.8% | 15.3% | 97.2% | 100.0% | 100.0% | 100.0% | 63.9% | 100.0% | 100.0% | 97.2% | 100.0% | 100.0%
e 379p | 84.7% | 87.5% | 26.4% | 100.0% | 100.0% | 100.0% | 98.6% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
" 139 16p | 83% | 72.2% | 30.6% | 95.8% | 98.6% | 62.5% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
3223p| 9.7% | 61.1% | 86.1% | 93.1% | 95.8% | 20.8% | 30.6% | 76.4% | 97.2% | 97.2% | 95.8% | 100.0% | 100.0%
3730p | 9.7% | 59.7% | 13.9% | 88.9% | 91.7% | 15.3% | 19.4% | 40.3% | 94.4% | 94.4% | 93.1% | 97.2% | 98.6%
AVL%5.[  1~2 2~3 3~4 4~5 5~6 - 7/~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14
372p 0.0% 4.2% 0.0% 0.0% 1.4% | 100.0% | 100.0% |  0.0% 2.8% 4.2% 42% | 23.6% | 4.2%
Y 3729p | 23.6% | 12.5% | 0.0% | 15.3% | 100.0% | 100.0% | 6.9% 4.2% 6.9% | 11.1% | 15.3% | 30.6% | 18.1%
" (37 16p [ 0.0% 2.8% 1.4% 0.0% 0.0% 0.0% | 100.0% | 100.0% | 2.8% 5.6% 6.9% | 29.2% | 6.9%
3723p| 5.6% 6.9% 0.0% 0.0% 0.0% 2.8% | 13.9% | 0.0% 0.0% 0.0% | 16.7% | 34.7% | 2.8%
3730pF | 5.6% 1.4% 1.4% 0.0% 0.0% 0.0% 8.3% 0.0% 0.0% 0.0% 0.0% | 41.7% | 0.0%
AVLS5.[  1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14
322p | 347% | 29.2% | 0.0% 0.0% 0.0% | 100.0% | 100.0% | 44.4% | 44.4% | 41.7% | 2.8% | 18.1% | 0.0%
3 329p |100.0% | 65.3% | 0.0% | 66.7% | 100.0% | 100.0% | 8.3% 6.9% 8.3% 6.9% | 11.1% | 25.0% | 2.8%
" 3ra6p [ 1.4% 0.0% 0.0% 0.0% 0.0% 0.0% | 45.8% | 47.2% | 0.0% 0.0% 0.0% | 22.2% | 0.0%
3223p| 33.3% | 13.9% | 0.0% 83% | 16.7% | 13.9% | 11.1% | 4.2% 2.8% 1.4% 0.0% | 15.3% | 0.0%
3730F | 1.4% 1.4% 0.0% 0.0% 1.4% 0.0% 1.4% 0.0% 0.0% 0.0% 0.0% | 23.6% | 0.0%
AVL%5.[  1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 | 10~11 | 11~12 | 12~13 | 13~14
372p | 97.2% | 94.4% | 2.8% | 81.9% | 90.3% | 100.0% | 100.0% | 97.2% | 100.0% | 100.0% | 40.3% | 100.0% | 97.2%
ey 379p |100.0% | 91.7% | 1.4% | 97.2% | 100.0% | 100.0% | 11.1% | 31.9% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
" [3r16p | 2.8% 4.2% 2.8% | 76.4% | 88.9% | 2.8% 2.8% 1.4% | 97.2% | 95.8% | 36.1% | 100.0% | 97.2%
372 23p| 73.6% | 63.9% | 2.8% | 93.1% | 100.0% | 61.1% | 12.5% | 31.9% | 100.0% | 100.0% | 83.3% | 100.0% | 98.6%
3730F | 8.3% 6.9% 1.4% | 75.0% | 90.3% | 2.8% 2.8% 2.8% | 95.8% | 94.4% | 6.9% | 98.6% | 97.2%
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AVIgE| 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 | 9~10 | 10-11 | 11~12 | 12~13 | 13-~14

39 2p 2 6 3 69 72 72 72 23 72 72 66 72 72

ey | 3097 33 22 5 72 72 72 46 72 72 72 72 72 72

37 167 1 31 7 69 71 40 72 72 72 72 72 72 72

37 23p 2 8 62 67 69 2 7 26 70 70 69 72 72

37 30p 2 5 2 46 66 3 5 6 68 68 66 70 71
AVIgE| 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 | 9~10 | 10-11 | 11~12 | 12~13 | 13~14

37 2p 0 1 0 0 1 72 72 0 2 3 3 5 2

_|379p 6 3 0 6 72 72 3 3 4 8 11 11 13

G FYRT: p 0 1 1 0 0 0 72 72 2 4 4 2 3

37 23p 1 1 0 0 0 2 4 0 0 0 7 6 1

37 30p 1 1 1 0 0 0 1 0 0 0 0 8 0
AVIgE| 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 | 9~10 | 10-11 | 11~12 | 12~13 | 13~14

37 2p 23 21 0 0 0 72 72 32 32 30 1 2 0

g | 3797 72 30 0 20 72 72 5 3 5 5 7 4 2

37 167 1 0 0 0 0 0 26 34 0 0 0 4 0

39 23p| 20 9 0 3 7 8 5 3 2 1 0 3 0

37 30p 1 1 0 0 1 0 1 0 0 0 0 5 0
AVIgE| 1~2 2~3 3~4 4~5 5-6 6~7 7-8 8~9 | 9-10 | 10-11 | 11~12 | 12~13 | 13-14

37 2p 66 63 2 59 60 72 72 58 72 72 7 72 70

g | 3097 72 20 1 65 72 72 2 14 72 72 72 72 72

37 16p 2 2 2 26 59 2 2 1 70 69 5 72 70

3123p | 41 24 2 41 72 28 4 15 72 72 38 72 71

37 30p 2 3 1 16 34 2 2 2 69 68 3 71 70
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AtoB BtoC CtoD DtoE
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2012/7/20 18:05 11.83 11.90 6.04 21.03
2012/7/2018:10 12.17 12.48 6.26 20.55
2012/7/2018:15 11.62 12.57 6.04 20.37
2012/7/20 18:20 11.65 12.48 6.01 20.53
2012/7/2018:25 11.66 1202 | 645 | 2073 |
2012/7/20 18:30 11.70 11.78 6.08 20.73
2012/7/2018:35 12.02 1216 | 611 | 2077 O
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18:00~20:00 | 4.38% 3.64 11.09% | 858
6:00~20:00 | 5.24% 455 7.07% | 653

40%
350, ——Kk-NN(AVI, k=8, T1=30, T2=5)
0
20 ——k-NN(VD, k=8, T1=30, T2=5)
0
-~ 0,
S 25%

& 20% A
<
= 15% /

10% /
5%

O% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SHTAEL
Bl 6-4 frm-sdt s = 8 - L= P850 W A A
7d E%kgd VD 2% 2 MAPE & 7.07% > 4c » AVI (578 3 5.24% -
RMSE ~ d 6.53 4% 3 455 4 &~ F & i & 43R 2 7 5 014 » AVIES >
3 ;L#”ﬁﬂqa‘i«p Moo BT d Ax B {Eae @ F AV le'f BT (T PERR
TERI A # % TR R R o

57



EG|2, EEPERIEREG 67 15 p (L 0 FTH-04)

ARG - B ) TR S BB 100 2 2 BT 23 2 2 Ao 2012
6% 15 p }+ = 6:00~2:00 it {7 *= f‘B*F'“%;ijoTE]BSFVD B AVI 3% p B
YR FRER W _gl‘:”fgﬂi %P VD”"F%&W‘JF‘}—BBFB?‘:_,_,‘?‘@ F’?Fﬁe%lbo
?,%‘ﬁ‘gi AFEHIAFT VD AR FEEPEFRT > $ 8 AV TR AT L kT
TR gt =l e

<@

N
pd
2 e
ta
e
v
\'\i.g

30 ,

—e— AV 17 pE RV 2t E4e 52,(6 7 15P )
20
10 — VD% (T A6 15P )
0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

2

Bl 6-5 AT#-ndt > 20 LT Y e AR

AR T 2 ‘gagc’ 3% i k-NN j& & (7 7 ps 550 » B # * VD
({7 FARRLE e~ AV i (7% (7 B SRR ST A 4 2 TR R 4o ) 6-6

100

~
£
H
'
¥
30
20 —e— AV {7 B £ B 4 (67 1570 )
10 ——k-NN(AVI, k=8, T1=30, T2=5)
0 ——Kk-NN(VD, k=8, T1=30, T2=5)
06:00  08:00  10:00  12:00  14:00  16:00  18:00  20:00

=3
B 66 #7m-54 > =2 8 LT pIRRPRARER

58



% 1% MAPE ~ RMSE 2 85%%. <

PAVELREAIT ) BE40T £ 6-10 2

M 67 -
%6-10 #e-s4 0 21 LT p R EREEERLEY A
K-NN AVI, k=8, T2=5 VD, k=8, T2=5
T1=30 ~ | MAPE | RMSE(~) | MAPE | RMSE(%)

6:00~10:00 | 11.20% 8.96 12.96% 10.66
10:00~14:00| 7.15% 5.04 6.96% 5.23
14:00~18:00| 6.17% 7.30 10.09% 9.65
18:00~20:00| 7.28% 6.17 19.75% 15.35
6:00~20:00 | 8.04% 6.69 11.44% 10.06
40.00%
—— k-NN(AVI, k=8, T1=30, T2=5)
35.00%
——Kk-NN(VD, k=8, T1=30, T2=5)
30.00% —
< 25.00%
S
& 20.00% /“’///
<
= 15.00% P
10.00% P
5.00%
0.00% 1 1 1 1 1 1 1 1 1 1 1 J
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
FHPLAVFL
W 67 3575 128 &7 g5 @i T A B d
7d 5% gdoVD 2% 2 MAPE 3 11.44%: 4c » AVI (57 3 8.04% -

RMSE ~ 4 10.06 ~ f# 2 6.69 » > & =

6 B EA
PR R R B T

*ﬁ &Erﬂ“ Moo Bt ¥ od ﬂ&ﬁswj
R R

59

FAVEAANMY T 7 O

v e AVI

we i@ B AV F e R



5013 REPFFIERIEH 67 29p (8T 0 SA-FTH)

AEGIEHEE - e T SAATHRE 24 22 T 98 2 2 B0 2012 £ 6
129 p = 6:00~2:00 it (7% (7 Bfﬁ??;w?'] s THE 6-8 % VD AVI >tz p W &
e AR wd BlY gl %P VDR EOTRRFREFREER RN
Y OIS VD B ¥ E FORT 0 B8 AVE TR LT A e T
R Rl e Fr it o

100
90
80
70
60
50
40
30
20
10

0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

PR

EEER(S)

—e— AVI¥ 7 pF 4t B 4 14(67 297)
——= VD= (TR Y FA(67 29p)

B 6-8 cat-Arno = 22 L4 PR RITER

" j‘pihT**fé~$& %8 K-NN j£ & 73z (s pF g p) 0 & * VD
&7 AR E 4o~ AVI B F (7 PE T IRR AT A 2 2 TE R % S 4o B 6-9

100

%
£=
#
.
\‘\\-E.!
30
- —e— AV {7 5 25 B e 5,(6 7 297)
10 ——k-NN(AVI, k=4, T1=30, T2=10)
0 ——k-NN(VD, k=4, T1=30, T2=5)

06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00
P

g] 6'9 ;ﬁb-%ﬁ'?{l sy A 8 - ..L,L B;P‘/Plj_s/:f,pdjg&

60



%1% MAPE ~ RMSE 2 85%%. ~ f AW 3L 87447 0 %407 4 6-11 %

{8 rx e »LF *L o

61

B 6-10 -
# 6-11 S -377 > 2 % - L4 prRiFERFIERIE S AT
k-NN AVI, k=4, T2=10 VD, k=4, T2=5
T1=30 ~ | MAPE | RMSE(») | T1=30 ~ | MAPE
6:00~10:00 | 6.86% 5.19 6.69% 4.93
10:00~14:00 | 9.66% 7.61 11.85% 8.79
14:00~18:00 | 7.46% 7.42 10.69% 9.15
18:00~20:00 | 5.84% 4,31 7.69% 5.58
6:00~20:00 | 7.68% 6.28 9.44% 7.53
40.00%
—— k-NN(AVI, k=4, T1=30, T2=10)
35.00%
——k-NN(VD, k=4, T1=30, T2=5)
30.00%
S 25.00% ,,[
E 20.00%
<
= 15.00% fi
10.00% #_
5.00%
0.00% 1 1 1 1 1 1 1 1 1 1 ]
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SHFAWEL
Bl 610 oA -37m o A § oot 4op GatE A A
¥ d *%*?,:':7 VD > X Z_ MAPEp944%’4n%AVI’Fz’<'} S 1 7.68% >
RMSE* d 7.53 % §_—L 6.28 ~ &~ F PN N 8  a *?1 A de x AV S
WAL TR o B Ed AR, @ AV FRE {5 R f—rE%F'“E/F‘ etk B R
Rl R o e 800 20:00 éiiz {7 pEREARGR] 15 4 L8 > H R F) L AFT g e0AE
I % F) VD "] 0 2 VD T TR AP S F 2R 4r AVI B



o4, REFPERIERIEG TP 20 (2T 0 S A-ETH)

%ﬁd L RE - e T SR -RTRRE 024 22 AR 98 2 2 o 2012 E 6

129 p ¢ ’6%ZOmifﬁ'%?WM°T§m4lpVD§AVHﬁzBE&

p VD W%&mp+uF%E?ﬁF%W%ﬂo

?,%‘ﬁ‘gi A5 VD B FEFDFRT 28 AVIE TR A 4k A vk T
SRR e R o

100
90

Z

fa

#

v

2
30 ,

—o— AV I3k {7 B 4 B 40 3,(77 20P )

20
10 —— VD= {7 pE R 4 43,(77 20P)
0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

PR

Bl 6-11 Sa =Ry — 8 = S PR mFRE

%?iﬁiwﬁgsjﬁ 1515 K-NN 2 i 75k G sgp) > B&@ * VD
i 7% IR e ~ AV B (7 3R (7 PR R SRR AT A 4 2 SR o B 6-12

100
90
80
70
60
50
40
30
20
10

0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

2

e {7 A (L)

—e— AV 7R B4 (77 20P)
——k-NN(AVI, k=4, T1=30, T2=10)
—+—k-NN(VD, k=4, T1=30, T2=5)

Bl 6-12 c-377 > = ) - L pApRPE SRR

62



%1% MAPE ~ RMSE 2 85%%. ~ f AW 3L 87447 0 %407 4 6-12 2
& 6-13 -

% 6-12 SA-FT7 o = 8 o L p R FpE RIS F AT

K-NN AVI, k=4, T2=10 VD, k=4, T2=5
T1=30 » MAPE | RMSE(%4) | MAPE | RMSE(%)
6:00~10:00 | 8.18% 7.24 8.55% 8.57
10:00~14:00 | 10.32% 10.22 11.06% 11.16
14:00~18:00 | 7.51% 9.07 9.22% 6.44
18:00~20:00 | 10.88% 9.54 11.57% 10.03
6:00~20:00 | 9.00% 8.13 9.90% 8.95
40%

——k-NN(AVI, k=4, T1=30, T2=10)

35%

——Kk-NN(VD, k=4, T1=30, T2=5)

30%

S 25%

& 20%

<

= 15%
10%
5%

0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SHF AW

Bl 6-13 o -377 » = 7 = L pBE%GHF ~EL

FdEEgAHoVD 2% 2 MAPE,;990%’4c)\AV|F‘}~ "% 1 9.00% -
RMSE » & 895 4" 1 8.13 &~ od* | &4 LA A 178l " ¥ g dl 4 » AVIES >
ARG PR TR E R H VD TR E MG B ERE e r AVI
FTAHEGIFRI M EHE% d LEREF UESFP 5 4or AVIE Tl RS #

63



55 REFPFERIERIEG TP 13 p (T 0 SA-FTH)

AR - B AT > 24 22 T 98 22 ko 2012 & 7 7
13 p + = 6:00~2:00 it {7 % {7 pF R S R)> 3 45443 R 2 B AR (7 4 470 T [ 6-14
VD3P M EREEREL A P B 0 VDA 2 kTR
BLTH B0 G A kL R BO] TR R OIS § VD R R TR
T pr o sor AVI TR i % 5 Rl B o

100
90
80
70
60
50
40
30
20
10

0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

PR

W FREF (L)

——AVIs% {7 B 3 (77 137)

—— VD= {7 PR af 4 43,(77 13P)

M 6-14 Fitiepdt s -0 L= p o kD

%?ilﬂi*ﬁ&&l\%ﬁt %38 K-NN j£ & (732 T P spop) > & @ * VD
TR FIRRE 4o~ AVI i 732 TR IR 9T A 2 23R % S 4o B 6-15

100
90
80
70
60
50
40
30
20
10

0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

P

EERER(L)

—o— AV {7 PR 4 P4 (77 139)
——k-NN(AVI, k=4, T1=30, T2=10)
——k-NN(VD, k=4, T1=30, T2=5)

B 6-15 AT#-54 > = 0 L pAERIREARRE



%1% MAPE ~ RMSE % 85%# « 7 A V3R 287447 0 B 4c™ £ 6-13 2
[ 6-16 -

% 06-13 Frw-ndt o = 8 Lz p ok EREE AR R A
k-NN AVI, k=4, T2=10 VD, k=4, T2=5
T1=30 ~ | MAPE | RMSE(#) | MAPE | RMSE(%")
6:00~10:00 | 8.49% 8.05 9.85% | 9.07
10:00~14:00 | 7.48% 739 |1011%| 991
14:00~18:00 | 10.14% | 11.90 | 11.99% | 9.41
18:00~20:00 | 13.53% | 10.66 | 17.58% | 12.28
6:00~20:00 | 9.42% 852 | 11.68% | 9.82

40%
. ——Kk-NN(AVI, k=4, T1=30, T2=10)
0
a0 | T KNN(VD, k=4, T1=30, T2=5)
0
S 25%

o

' 20%

S 15% /"/'/’
10% //’/

o .//

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SHF AW

B 6-16 #r-54 » = * L+ = 0 85%%& Hp » F AL

7d 5% gdoVD 212 MAPE % 11.68%: 4c » AVI (57 3 9.42% -
RMSE » d 982 4% 1 852 & of < | A W 3F 4 4 458 Y 7 5 124 » AVI (S >
WA 4 T e e h 8:00~12:00 ~.14:00~20:00 s G R R 02 LA 0 3H P K
R SLE CEC S ON i S A SEESEIF R R O S e g e R
%l £2xF VD 2 VD+AVI & (7 fF B fr g 7k A F i ac B g 12 o

_I'_‘l\“\

65



‘4«1-

Hol6. REPEEFIERIGE TP 27 P (8T 0 oA -ATH)

AR - B AT > 24 22 T 98 22 ko 2012 & 7 7
27 p = 6:00~2:00 it {7 % {7 p 7 3 Ei?‘]d’iﬁ%ﬁ?z?] Friftie 744707 Bl 6-17
s VD 3z p AR EREWEREL TR T B gl VD AR R R TR
BFLF# - 80 Rt d £ R) ’?‘“ﬁ?é AT F VD R OT RS
Facaps o 4o~ AVE TR AT o2 5 3R

100
90

80

70
60

50

40
30

wEREE(S)

—e— AV {7 P B 25 B 40 58,(77 277)

20
—— VD% (Rt B4 (77 27D)

10

0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

ko
=3

]%] 6-17 ;#L_%ﬁ-;—g y = 8 - L = B)ﬁ"i‘/‘:f’?ﬁﬁ;"&

B Ay TR Sl BB Kk-NN 2 FxeimpFagp > E&@* VD
BT TIRIE S 20 AVI 8 73R (T RE RV IR R T A 4 2 TRRl B % 4o ) 6-18

S 2 =

100
90
80
70
60
50
40
30
20
10

0
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00

P

WEFET (L)

—e— AV A aE B4 (77 27)
——k-NN(AVI, k=4, T1=30, T2=10)
——k-NN(VD, k=4, T1=30, T2=5)

B 6-18 S at-f7m > = B - L= pAppRiT R



%1% MAPE ~ RMSE 2 85%%. ~ f AW 3L 87447 0 %407 4 6-14 %
& 6-19 -

%614 g = 0 o Lo peE R AR A

k-NN AVI, k=4, T2=10 VD, k=4, T2=5
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