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Abstract

In recent years, it is developed quickly in the Taichung City, but the urban
bus system didn’t offer the better service to meet the citizen travel demand.
Therefore, it happened the more people used the private transportation mode
and the worse traffic environment became. Due to this, the Taichung City
Government promoted new urban bus services, the High Potential Demand
Bus, to improve the bus system. The traffic survey found the High Bus
operation didn’t reach the expected goal. Therefore, the purpose of this study is
to investigate its operation and find the feasibility of the mixed fleet operation
on the High Potential Demand Bus System.

This research attempts to conduct the mixed fleet model for multi-route and
multi-period vehicle operation for the urban bus system and proposes the
solution procedure of the model optimization. A case study is provided to
demonstrate the feasibility and the results show the feasibility of the mixed
fleet operation for the the United Highway Bus Company. The results indicate
total system costs of the mixed fleet could be less than that of the
single-capacity fleet and address the common rules for the mixed fleet
operation. The model and numerical analyses in this study can be used as a
guideline for operation of the urban bus system.

Key words : bus system , mixed fleet , fleet size
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$/hr $/hr
- R C)=3 (20,52) 1,330,200 +77,100 3
A (52,52)
ZOERR Cf=15 (20,52) 1,810,100 -14,400 ¥ T
AB (22,52)
ZERR CJ =36 (22,52) 2,533,700 -91,200 ¥ T
ABC (30,35)
o AR C) =66 (22,51) 3,733,400 -2,284 ¥ T
ABCD (51,51)
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s ¥ B B2 REDFYERG AL AT

% 3.5 3 N § IRZIPAR Sl SN
B | APRB P % E(S)
B
N L Er 2
A 52 35 20
BrEes |BRAKLE| LFEEZRE@RFES) FLE B pE(H)A 48 B IR AREN) R
B
o L2 B v g A E i L2 By 1E
(20,52) A 2,250 1,305 611 4 5 60 36 24
(52 *) 52 ~) | (20 %)
R el %‘@—‘ﬂkrs\ﬂ\ T%'**"F,’zéﬁiﬁ PR A A Z g A SELE A A(R/R) | RS A(R/R)
Co) ~/=x (Cu) ~/=% (Cp) ~/= (A4cptd 2 i3 (7 Scpdbd 2 g
= &) = A)
(20,52) 473,280(1) 303,930(4) 552,960(2) 777,210(2) 1,330,200(2)
(35,52) 509,100(3) 277,220(3) 731,520(5) 786,320(2) 1,517,800(4)
(20,35) 574,200(4) 233,620(2) 599,760(3) 807,820(4) 1,407,600(3)
(20,20) 849,600(5) 163,310(1) 691,200(4) 1,012,900(5) 1,704,100(5)
(52,52) 477,280(2) 314,980(5) 460,800(1) 792,260(3) 1,253,100(1)
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oV B BHES B2 RE

BAURS|  AmRAEE G EE)
E %36 - ERAGHATEE 2
oy ¢ A
A 52 35 20
B 22 19 14
BrRles | BRAKLE | LWETREEHEELS) FT () A 48 B H(N) IS
W
oy ¢ g ik iy ¢ g it Y ¢ g s
(20,52) A 2,250 | 1,305 611 3 4 5 60 36 24
(52 )| (52 4)| (20 %)
B 750 550 400 4 5 5 30 20 16
20 ) | (20 4) | (20 %)
P Rws FiEF S 4 R EFRIEMAA | DR AP A | JREFA(R/R) | FRES A(Z/R)
(Co) ~/= (Cu) ~/= (Cp) ~/= (RAcphbd 2 i3 | (F 4cphd 2 B0
& &) SR
(20,52) 689,280(1) 506,460(5) 614,400(1) 1,195,700(1) 1,810,100(1)
(22,52) 694,080(2) 506,460(5) 624,000(2) 1,200,500(2) 1,824,500(2)
(19,52) 723,770(4) 506,460(5) 631,920(3) 1,230,200(4) 1,862,100(4)
(35,52) 729,150(5) 524,740(9) 844.320(9) 1,253,900(5) 2,098,200(8)
(20,35) 790,200(6) 473,910(2) 661,200(5) 1,264,100(6) 1,925,300(5)
(22,35) 795,000(7) 473,910(2) 670,800(6) 1,268,900(7) 1,939,700(6)
(19,35) 824,690(8) 473,910(2) 678,720(7) 1,298,600(8) 1,977,300(7)
(52,52) 700,720(3) 508,110(8) 645,120(4) 1,208,8000) T “THE85360(3))
(20,20) 1,065,600(9) 322,440(1) 806,400(8) 1,388,000(9) 2,194,400(9)




SYP RS 2B 2R A DR ERL AT
B S5 5 %ﬁ&‘ﬁﬁﬁigﬁ)
L
| e% | 4
A o 35 20 %037 = R 6A TR % A
B 22 19 14
C 30 23 17
23 Rul |BRARE | LEEGREE R ES) S8 B pE(H) A & B AN
]
™ oE | s Pk | s | 4 Pk |
(22,52) A 2,250 | 1,305 611 4 5 60 36 24
(524)| (24)| @ 1)
B 750 550 400 5 5 30 20 16
(22 4) | 22 4) | (22 4)
C 1,184 873 486 4 5 50 30 21
22 4) | 22 4) | @2 %)
P Rwl yiEE S 4 R EFEIEEAA | BRI ZABIA | FRRIA(L/T)] ARSI A(/F)
(Co) =~/= (Cu) =~/= (Cp) ~/= (RAcpbd 2 i3 | (F 4cphd 2 B0
& &) S
(22,52) 1,026,530 (3) 719,950 (5) 787,200 (1) 1,746,500 (1) 2,533,700 (1)
(30,52) 1,038,450 (4) 728,740 (6) 954,720 (5) 1,767,200 (2) 2,721,900 (4)
(35,52) 1,018,725 (2) 772,280 (8) 979,680 (8) 1,791,000 (4) 2,770,700 (7)
(22,35) 1,108,050 (6) 687,400 (2) 970,800 (6) 1,795,500 (5) 2,766,300 (6)
(23,35) 1,112,175 (8) 687,400 (2) 978,120 (7) 1,799,600 (6) 2,777,700 (8)
(30,35) 1,108,650 (7) 696,190 (4) 820,080 (2) 1,804,800 (7) 2,624,900 (2)
(17,52) 1,081,575 (5) 737,080 (7) 924,360 (4) 1,818,700 (8) 2,743,000 (5)
(52,52) 1,002,440 (1) 772,770 (9) 875,520 (3) 1,775,250 (3) 7 S PesYS@3ar76073)
(22,22) 1,415,810 (9) 518,810 (1) 1,060,800 (9) 1,934,600 (9) 2,995,400 (9)




SF R OB OB R A D HYER A
B S5 5 %ﬁ&-ﬁﬁﬁ?;@)
L]
a2 oo i
A 57 35 20 %38 wiEBA AR E A
B 22 19 14
C 30 23 17
D 51 26 16
BEFREEE (BRAMIE | FEERFREE@REFES) Fré B EE(H)A 48 B AN i
L]
G Vo Yo o oo Bl G oo Yo
(22,51) A 2,250 1,305 611 3 4 5 60 36 24
(51 *) | (51 2) | (22 *)
B 750 550 400 4 5 5 30 20 16
(22 4) | 22 %) | (224)
C 1,184 873 486 3 4 5 50 30 21
(22 4) | 22 4) | (22 %)
D 1,800 950 575 3 3 5 56 45 23
(51 4) | 22 %) | (22 %)
L FEH A A EAPEEIA | I AGIA | AR A(R/R) | FREIA(R/R)
(Co) ~/= (Cu) ~/= (Cp) ~/= (R4cphd 2 iy | (F 4cpb? 2 20
2+ &) 2 A)
(22,51) 1,482,760(4) 986,050(2) 1,264,560(1) 2,468,800(4) 3,733,400(1)
(30,51) 1,421,520(2) 1,022,300(4) 1,506,960(4) 2,443,800(1) 3,950,800(4)
(35,52) 1,423,840(3) 1,022,300(4) 1,520,880(5) 2,446,200(2) 3,967,000(5)
(22,52) 1,486,520(5) 986,050(2) 1,278,480(2) 2,472,600(5) 3,751,000(3)
(51,51) 1,399,770(1) 1,050,714(6) 33 1,285,200(3) 2,450,48i(3)* & p-Thesysf3%5 384 D)
(22,22) 2,115,480(6) 679,300(1) 1,746,240(6) 2,794,800(6) 4,541,000(6)
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SR BAA 2B LR LB Y ERGA

%41 58S 22

B hApE (2s)

7
2§

p Ay = = 7 7 =
6:30 | 6:40 | 6:50 | 7:00 | 7:10 | 10:00 | 11: 00
7:20 | 7:30 | 7:40 | 7:50 | 8:00 | 12:00 | 13 : 00
sy [ 8:15 | 8:30 | 8:45 | 9:00 | 9:15 | 14:00 | 15: 00
2 [9:30 [ 9:45 [10:00 | 10:15]10:30 | 16: 05 | 17 : 05
. | 107451100 [ 11515 [ 11:30 | 11:45 [ 18:00 [ 19:00
~ [12:00]12:15]12:30 | 12:45 | 13:00 | 20: 00 | 21 : 00
gﬁ 13:15|13:30 | 13:45| 14:00 | 14:15 | 22:00 | 23 : 00
* 14:30 | 14:45 | 15:00 | 15: 15 | 15: 25
w | 15:35|15:45|15:55|16:05 | 16: 15
% [ 16:25|16:35| 16:45 | 16: 55 | 17 : 05
ig 17:15 | 17:25 | 17:35| 17:45 | 18: 00
N 18:15 | 18:30 | 18:45]19:00 | 19: 15
~ [19:30|19:45|20:00|20: 15| 20: 30
20:45 | 21:00 | 21:15 | 21:30 | 21 : 45
22:00 | 22:15 | 22:30 | 22:45 | 23 : 00
3042 A 2B 2 n hApE A (FR)
pHp = = s 7 =
6:30 | 6:40 | 6:50 | 7:00 | 7:10 | 10:13 | 11: 13
7:20 | 7:30 | 7:40 | 7:50 | 8:00 | 12:13 | 13: 13
s [ 8:13 | 8:28 | 8:43 | 8:58 | 9:13 | 14:13 | 15: 13
% [9:28[9:43 | 9:58 [10:13]10:28|16:05 | 17: 05
i% 10:43 | 10:58 | 11:13 | 11:28 | 11:43 | 18:13 | 17: 13
2 [ 11:58 [ 12:13|12:28 | 12:43 | 12:58 | 20:13 | 21: 13
Eﬁ 13:13 | 13:28 | 13:43 | 13:58 | 14:13 | 22:13 | 23: 00
N [ 14:28 [ 14:43 | 14:58 | 15:13 | 15: 25
‘e [15:35|15:45|15:55| 16:05 | 16: 15
B 116:25[16:3516:45|16:55|17:05
if 17:15 | 17:25 | 17:35 | 17:45 | 17: 58
s [ 18:13[18:28 | 18:43 [ 18:58 | 19: 13
~ [19:28]19:43 | 19:58 | 20: 13 | 20 : 28
20:43 | 20:58 | 21:13 | 21:28 | 21 : 43
21:58 | 22:13 | 22:28 | 22:43 | 23 : 00
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SR BAA 2B LR LB Y ERGA

%243 3FS 22 2B hAp 4 (F )
p P - = = T I =
6:45 | 6:55 | 7:05 | 7:15 | 7:25 [10:02 | 11:02
7:35 | 7:45 [ 7:55 [ 8:05 | 8:17 | 12:02 [ 13:02
2 8:32 | 8:47 | 9:02 | 9:17 | 9:32 | 14:02 [ 15: 10
2 [9:47]10:02[10:17]10:32[10:47[16:00] 17: 00
i% 11:02 | 11:17 | 11:32 | 11:47 [12:02]18:02 ] 19: 02
T o127 12:32 [ 12:47 [ 13:02 [ 13:1720:02 | 21:02
5% 13:32 | 13:47 | 14:02 [ 14:17 [ 14:32[22:02 | 23:00
447 [14:58 [15:10 | 15:20 | 15 : 30
w | 15:40[15:50 | 16:00 | 16: 10 | 16 : 20
B [16:30]16:40 | 16:50 | 17:00 | 17 : 10
§§ 17:20 [ 17:30 | 17:40 | 17:50 | 18 : 02
i 18:17 | 18:32 | 18:47 [ 19:02 [ 19: 17
~ [19:32[19:47[20:02[20:17]20:32
20:47 | 21:02 | 21:17 | 21:32 | 21: 47
22:0222:17 | 22:32 1 22:47 [ 23:00
%44 BHA 2B2 hApk (ER)
p Hp - = = 3 I =
6:45 | 6:55 | 7:05 | 7:15 | 7:25 [ 10:00 | 11 : 00
7:35 | 7:45 | 7:55 | 8:05 | 8:15 | 12:00 | 13: 00
2 8:30 | 8:45 | 9:00 | 9:15 | 9:30 | 14:00 | 15 : 00
4 [ 9:45[10:00[10:15[10:30[10:45]|16:00 | 17: 00
i% 11:00 | 11:15]11:30 [ 11:45[12:00] 18:00 | 19: 00
2 [ 12:1512:30 | 12:45 [ 13:00 | 13:15|20:00 | 21 : 00
5? 13:30 | 13:45]14:00 | 14:15 | 14:30 | 22:00 | 23 : 00
1445 [15:00 | 15:10 | 15:20 | 15 : 30
w | 15:40|15:50 | 16:00 | 16: 10 | 16 : 20
% [16:30[16:40 [ 16:50 [ 17:00 | 17: 10
if 17:20 | 17:30 | 17:40 | 17:50 | 18 : 00
s [ 18:15[18:30 | 18:45[19:00 | 19: 15
~ 119:30|19:45[20:00|20:15|20: 30
20:45[21:00 | 21:15 | 21:30 | 21 : 45
22:00 | 22:15|22:30|22:45|23:00
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eF T RAS 232 R e Y IR T

#45 i TH 2 FRRELITEA (SKHK)

o Ty p brboodfic | TP Tt | BRp Pl | BPpTRAE
SRR G B 369 315 189 161
pERES: ] 18 0 0 5
STl E 9 36 5 0

i 5 189 315 170 138
VBT 45 27 23 0
ZEBFR 171 198 124 106

Rl 189 189 46 92
BE P LR 45 63 5 0
Bl 135 207 28 64
GRENR 225 144 143 60
F TR 99 126 101 97
NRER 99 117 32 37
&R 729 693 129 138
WP - o 171 207 78 51
NE® 522 360 106 83
w bR T 405 261 97 106
P REBD B 306 117 55 87
I T T 324 234 51 106
< § R 270 279 32 83
2 i6R 261 171 51 87
AT 171 90 14 41
ol 2 171 171 60 60
o B 117 45 37 28
g 4 486 891 124 64
g 18 45 0 37
B& 2 126 234 55 41
BHLH I 54 99 14 23
o 72 261 18 32
E= R e 144 117 64 32
AL 54 36 14 0
R 63 9 23 28
&3t 6,057 6,057 1,891 1,891
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LY BEA DD

> R L H

e B F

g R

£

14 4

746 LAV T2 RERE AT ()

AR
TR S s
e
P mET
5
HEF FTH
Frok =z 4%
Ak
AN ﬁ»‘; T
P
NGRS
PR 273 378 171 113
L 431 494 189 140
FL1E A 452 557 45 225
BE 7R 242 389 113 104
= A 242 294 99 117
wirre [0 s ] 230 [Iem
v 294 137 54 72
< AR 242 263 27 63
AR 315 284 63 32
FHET 378 441 144 140
T - 378 483 158 162
L Tk 284 347 86 108
R 179 294 117 81
L por 462 462 126 117
Ta g 158 158 104 171
AL FTE P 221 252 104 81
EAL 2 F) 200 305 117 117
jr+ zk 336 231 27 203
&3 10,290 10,290 3,933 3,933
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o ¥ B B2 REDFYERY A AT

247 FRer T2 R REAFE ()
Eas T p bl | TA P Tl | B bl | Bp Tl
T 1,926 705 824 482
TRl 0 13 9 14
YOz 17 95 5 36
BT 155 172 ) 45
E T 284 335 8T 95
Tk 7 < 34 26 5 18
P 9 26 0 0
T3 17 60 14 14
S 13 112 14 9
N 774 Y) 176 122
Eg 155 120 27 23
ZFET 86 9 14 0
'frﬁ{_ﬁ, T 34 0 5 0
L 0 26 18 5
REAL ] 9 0 0 9
TS 34 34 5 0
I 507 473 203 311
Tk i 189 146 77 41
Bk = A% 1,256 946 810 374
ik 26 120 27 41
BT 86 189 23 50
3 K5 163 249 27 41
E A 181 215 23 59
s 198 189 158 59
KR 499 671 31 225
TR ] 241 482 140 176
B e T 344 550 252 153
3 & 533 714 176 180
WL ] 593 619 108 176
B 60 86 27 54
L 516 267 77 68
B 645 585 225 149
o Yol 206 215 36 86
S L ART 2 284 50 117
IR T 430 516 149 171
18- &r 163 146 63 68
N 1,428 826 99 234
S S 189 310 45 68
Y 198 507 45 99
Y s 258 292 41 149
R 1,273 1,290 576 590
WER | 473 559 81 189
s 482 275 104 99
S 740 636 248 176
EICAE. I 3,732 4,472 1,755 2,021
T35 344 456 50 185
RPN 69 69 9 14
SRS 172 284 41 140
P R B 1,978 1,892 1,269 1,044
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SRR 2B LR EDEYERAA

{

47 FREHI T2 RTRE AL (H) ()
S 783 851 468 410
SR 241 129 59 54
E R AT 198 206 41 41
£3F 23,022 23,022 8,969 8,969
248 T MEHF TR 2R ELRESTE (k)

3 R TP b | THp TR B bl | BP T
BB 5 1026 542 441 227
iRk 29 0 13 0
P BT 67 19 25 34

5 618 0 374 349

B FTEL T 342 504 50 160
PR 276 219 46 8
¢ AT H 295 67 71 160
k27 542 903 168 139
AHE 466 390 218 160
B2 238 456 67 76
A2 304 371 71 88

3 ™ 295 200 134 139

g {rpe 219 371 50 80
M 466 266 84 143
LS 580 380 176 218
G T 352 466 80 80
3 R 580 361 244 273

2 i 304 513 206 134
& 5 B) 247 589 109 50
Ficth i 2 5 190 333 113 76
Al 333 257 42 42
i 1197 266 92 80

s¥ @b 3211 523 1302 1,163
+ 5 684 3,126 323 340
RS S 361 789 113 34
EApd BT 162 295 34 63
Gk - 428 333 50 118
TERY 209 494 21 50
5% 10 95 13 21
£ 45 2 ) 38 95 21 0
LAt 67 190 13 42
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pP R B B2 R LB Y ERY AT

%48 FREAITEZRERELSNE () (D)

S = 133 181 84 139
K& A tFr 10 447 46 59
AR T 10 181 13 8

LERT 390 95 151 260
oo 200 352 25 13

&3+ 15,029 15,029 5,162 5,162

422 HF PEAE

AR G A DR L TR
(£ 454647~ 4.8)% 8
BAREFEZRE
BRMEPE R R G RS LB E AR BT
afr:”é(6~8 F‘i‘) O~15 P~ 54 (16~19 F&) ~ 20~22 PE % w 22 > 12 {1
2R G| T 0 Ak 411 From e

1718 0 D Fey AR é‘,_{;ﬁ oS M'_
T RF S R EH s dod 4.9-10 2 F 4.18 57 "
>REFE L
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249 FHEA 2D LMG A
A 6FF | TR | 8PF| OPFF | 10PF | 11 PF | 12pF | 13pF | 14PF | I5PF | 16PpF | 17 % | 18 FF | 19FF | 20 & | 21 pF | 22 pF
kd 113 99 110 81 79 65 53 58 84 60 87 60 63 48 27 34 30
1‘% 84 109 155 116 105 136 140 157 122 166 181 208 177 153 122 93 81
T 55 279 307 402 342 255 427 520 447 512 603 595 483 349 252 208 115
* 110 183 181 189 275 220 226 216 234 266 384 287 169 123 108 99 95
%410 BEA 28 ARG A
G i 6| 7| 8| O |10 |11 | 12 |13 | 14 |15 |16 | 17 | 18P | 19FF | 20 | 21 PF | 22 B+
kd 99 61 70 23 22 19 18 18 45 20 40 42 19 17 15 16 16
ﬁ? 60 67 75 44 45 59 61 65 53 80 97 104 86 75 60 42 40
T 35 107 112 100 90 62 128 150 130 145 160 157 133 114 93 91 50
* 88 104 102 90 55 43 74 71 76 90 111 94 67 50 42 36 34
2411 BFEAHQEHGE
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