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Engine exhaust noise feedback to traffic flow and vehicle
emission control on-road
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Abstract
The relations between vehicle average speed with low frequency engine exhaust noise
(<400 Hz) and CO, concentration were investigated with self-prepared noise and CO, monitors
on-road. After field measurements, I found that the real relation of the vehicle speed with noise
intensity was more obvious than with CO, concentration, the R-squares were 0.632 and 0.152,
respectively. The possible reason is CO; in the field mixes with air flux very easily, but low
frequency noise was measured with high precision and considerable speed. The lapse rates of
CO; and low frequency noise are 1.58 ppm-hr/km and 10.21 mV-hr/km, respectively. The
optimum measuring post of a noise monitor is about 8 m before the stop line. The critical point
for a traffic jam is 820 PCU/hr-lane with a speed of 25 km/hr. Increasing the time of green light
operation for avoiding this critical point was evaluated. In this study optimal increase was about
4 sec/cycle. Finally, the success of low frequency noise sensors as a real-time vehicle monitor
was shown, and a real-time monitoring-response traffic signal control system was set up. The
reduction amounts of NOx, CO, and THC from the vehicles emission during rush hours on five
main roads in Taichung city were 2,768, 148,027, and 41,373 kg/year, respectively. The results
indicate that engine exhaust noise feedback to traffic flow and vehicle emission control on-road

is useful and accurate. Finally, an easy method for urban traffic light control was suggested.
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Traffic Light Control System

Set parameters

Select model or exit Set time Set weight
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© Model-2: Low frequency noise Increasing rate [5.0 Weight of noise |08
© Model-3: CO2 and Noise
~ Exit
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co2-2 3V Noise-2 |26 V Timer-2 50  sec
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If CT(1)>CT(3) then CEW = CT(1) else CEW = CT(3) (11)

If CT(2)>CT(4) then CNS = CT(2) else CNS = CT(4) (12)
If ST(1)>ST(3) then SEW = ST(1) else SEW = ST(3) (13)
If ST(2)>ST(4) then SNS = ST(2) else SNS = ST(4) (14)

PR b i TGRS g A o Ty o d R R ERGN o b AEPER oy
PRI -
Y WA R BTN P [ o] R UG R EI(TE =2 TN) > 9[1(15)22(16)7° -

TE={1+Rx[CEW/(CEW+CNS)xWC+SEW/(SEW+SNS)xWS]! xTB (15)
TN={1+Rx[CNS/(CEW+CNS)xWC+SNS/(SEW+SNS)xWS]! xTB (16)

TS HIAY— S WC S WS ST IEL COyE pggzﬁ VREE o T E“P‘ﬁ?

¥ WCHWS=1 ; CEWE"ﬂ CNS Ji H|I£% uj«—)_f [@FH(—),ITH ﬁ 1&???”@4\@ TBZ* R E
Eiﬂﬁ&%’@ﬁlﬁ ]F'Elif I (IS)E(16) T Lo ﬂfﬂ@t%?jﬁvﬂ’@:ﬁ}“ﬁf
TE=" TN -

Y= HRLP UII_{*{“EfﬁJ EIJ}E}’T E*”‘ﬁ E[ij/\ﬁq%mjfl@%ﬁ?ﬂ"\i’ifé%ﬁ(millisecond
msec) ° 7l ﬁ;ﬁg%l(qﬁl 21)fl [EJJ%Wﬂgia(l ] 1000 » & H[iyw;cmnjrp;—g FII}EEJJD R
sec> Tl 1%& J*JDS sec {E[‘/ 5000 msec futliZhle 57— ~B7= E{‘Eﬁ?ﬁﬂﬁfﬁff 1|77 H[JE I Timer]1.Intervalm
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f
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RISV R TR B
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R T | €— Sl

U = R o2 o 2T B = e SRR s sk s [ SR E I
PG S 2 AR ETER TR RRTF PR (R SR T R

#ﬁﬁ}ﬂ]ﬁg{z{%‘ll Lo rj(IS)E‘?(16)?QFWHIﬁjg’ﬂl' i‘}[fj'r’?‘zﬁﬂfﬁﬁﬁﬁﬁﬂf—:ﬁfﬁﬁ3"iﬁ“\§i

>l E'TE'F [ (dimensionless) » Y[IF=i* I'| 22 I%U??Lf(‘ fre SEFREAR] A N U%%&B PRSI
ST ORI CEW 2 ONS i, {11 | CEW/(CEW-CNS) CNS/(CEW-CNS)
;,JrETEﬂJ“ I = ”fﬁvﬁ[ffl I%U'F:L%“I{E“é%@ P AR [ 283 - Bl ] > (15)52(16)=¢
I S A ITEID U PV
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:'E,_ 7/ Select model or end /
o v
# v v v v
i Model-1 Model-2 Model-3 Exit
j,:_% CO Noise CO2 & noise =
v v v
b [WC=1:WS=0| [wC=0:ws=1]| /InpuWC&Ws / [ END
A \ 4 ; h 4
o / Set basic time and rate of increase of the traffic signal, TB & R /
r---------------------------I
. ! ] ; I
# i | [CT(D)=CT(1)+C(1) ) :
o =t 1 CTO0] ! | cr)-cTyec) | | SO Noise- ] |
1= 1
IEE 4« STO=0 ' CTER)=CTE)+C@3) [ €2 11C0x-2 | i
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: SIS | oot
] 4 = A '_ - 1
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v e e e e e e e e e e e e e e e e e - —
i If CT(1)>CT(3) then CEW = CT(1) else CEW = CT(3) Vehicle sensor system
i If CT(2)>CT(4) then CNS = CT(2) else CNS = CT(4)
= If ST(1)>ST(3) then SEW = ST(1) else SEW = ST(3)
By If ST(2)>ST(4) then SNS = ST(2) else SNS = ST(4) [ToTTTTTEmmm T
: TE={I+RCEW/(CEW+CNS)xWC+SEW/SEW+SNS)WSIIXTB |1 [qw o | - RS0 |
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= . 1
t Timer2.Interval = 5000: Timer2.Enabled = True || SW2 e >
B |
1
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i+ v || SW2 o FOW: Y
o / 1
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Lot M RURSYS[Y 0 spi 75k it b R the critical point of traffic jam) » 25 F [ 22 FIAV BT
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(B 2 IR > 2R 10 R e %EﬁE%“ HEFIETH] - PR
T HT - ﬁ[iﬁ'_ﬁlqugfl'%ﬁli’f‘u | {5+ 820 PCU/hr-lane L %> 73 PiEH BT 4 AEFISF_F S0
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SHERF e Eé&?ﬁfg[ﬁjﬁ“‘é‘,?& B ZISRIVEED o 5 F F SIS PIRefRE Y E R

—f (20)

Reductionamount= Lx(f )x (P T  +P_ T )
at 25 km/hr morning morning evening evening

at10 km/hr

EPTL EREE R (road length, km)sf o0 ZEE oo ST RS &‘,( ST High 1057 25 km/hr
G B 2 19 P P HI1S bt i 5 | Ff
(32512 2) 5 Tinoming = Tevening 77 I/ Eb B 15 "'% Y T (hr) > ) |5 4"4\'['%133]??9 2hr- 5F
365 “(HF 'ﬁf{%ﬁi) °
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Holiday  08:00~08:30 Holiday  08:30~09:00 Holiday  09:00~09:30 Holiday  09:30~10:00 Holiday  10:00~10:30
Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting  Finishing t  km/hr
08:12:34 12:54 20 50.6 08:30:27 30:51 24 422 09:00:07 0:34 27 375 09:39:40 39:59 19 53.2 10:00:18 0:33 15 67.4
12:55 13:12 17 59.5 30:53 32:31 98 10.3 0:38 0:57 19 53.2 40:00 41:31 91 11.1 0:36 2:13 97 10.4
13:15 13:31 16 63.2 32:35 33:00 25 40.5 0:59 2:29 90 11.2 41:34 42:03 29 349 2:17 2:44 27 37.5
13:34 13:59 25 40.5 33:02 33:23 21 48.2 2:34 2:58 24 422 42:19 44:02 103 9.8 2:45 2:59 14 723
14:54 15:17 23 44.0 33:25 35:07 102 9.9 2:59 3:22 23 44.0 44:03 44:21 18 56.2 2:59 3:18 19 53.2
15:27 15:43 16 63.2 35:18 35:41 23 44.0 3:23 3:40 17 59.5 44:22 44:44 22 46.0 3:19 3:35 16 632
15:47 17:25 98 10.3 35:44 36:07 23 44.0 3:42 4:52 70 14.5 44:49 46:24 95 10.6 3:36 5:19 103 9.8
17:27 17:54 27 37.5 36:10 37:40 90 11.2 5:02 5:27 25 40.5 46:25 46:46 21 48.2 5:24 5:48 24 422
17:56 18:17 21 482 37:41 38:02 21 48.2 5:28 5:47 19 53.2 46:47 47:03 16 63.2 5:48 6:06 18 56.2
18:19 18:39 20 50.6 38:03 38:23 20 50.6 5:48 6:09 21 48.2 47:06 47:21 15 67.4 6:06 6:28 22 46.0
18:42 19:57 75 13.5 38:26 39:59 93 10.9 6:11 7:47 96 10.5 47:21 48:48 87 11.6 6:28 6:45 17 59.5
20:24 20:43 19 53.2 40:01 40:28 27 375 8:04 8:22 18 56.2 48:48 49:11 23 44.0 6:45 8:27 102 99
20:45 21:08 23 44.0 40:36 41:07 31 32.6 8:23 9:53 90 11.2 49:11 49:29 18 56.2 8:29 8:52 23 44.0
21:31 22:12 41 24.7 43:36 45:05 89 114 9:55 10:23 28 36.1 49:29 49:48 19 532 8:52 9:13 21 48.2
22:23 22:46 23 44.0 45:05 45:34 29 349 10:26 10:42 16 63.2 49:49 50:24 35 28.9 11:23 11:50 27 37.5
22:47 23:06 19 53.2 45:35 45:59 24 422 10:42 11:6 24 422 50:24 51:49 85 11.9 11:56 12:18 22 46.0
23:11 23:31 20 50.6 46:02 47:34 92 11.0 11:06 12:38 92 11.0 51:51 52:05 14 723 12:24 12:46 22 46.0
23:32 25:04 92 11.0 47:37 48:02 25 40.5 12:40 13:15 35 28.9 52:06 52:27 21 48.2 12:47 14:32 105 9.6
25:07 25:28 21 48.2 48:03 48:27 24 422 15:09 15:37 28 36.1 52:27 54:02 95 10.6 14:35 14:52 17 59.5
25:58 27:41 103 9.8 48:29 50:03 94 10.8 15:39 15:56 17 59.5 54:05 54:24 19 532 14:52 15:08 16 632
27:52 28:13 21 48.2 50:04 50:26 22 46.0 15:57 17:27 90 11.2 54:24 54:48 24 422 15:08 15:26 18 56.2
28:16 28:40 24 422 50:27 50:42 15 67.4 17:32 17:51 19 53.2 54:48 56:23 35 28.9 15:27 15:45 18 56.2
28:42 30:19 97 10.4 50:46 51:03 17 59.5 17:54 18:12 18 56.2 56:23 56:46 23 44.0 15:49 17:31 102 9.9
Average vehicle speed 40.0 51:06 52:29 83 12.2 18:13 18:32 19 53.2 56:47 57:06 19 532 17:32 17:56 24 422
52:33 52:59 26 389 18:37 20:10 93 10.9 57:07 57:30 23 44.0 17:57 18:16 19 53.2
53:00 53:16 16 63.2 20:49 21:08 19 53.2 57:30 58:57 87 11.6 18:17 18:37 20 50.6
53:18 53:42 24 422 21:09 22:35 86 11.8 59:01 59:18 17 59.5 18:39 20:20 101 10.0
54:56 55:23 27 37.5 22:36 22:59 23 44.0 59:18 59:36 18 56.2 20:20 20:46 26 389
55:24 55:40 16 63.2 23:01 23:25 24 422 59:36 59:56 20 50.6 20:46 21:01 15 67.4
55:42 56:02 20 50.6 23:28 25:03 95 10.6 59:56 0:15 19 53.2 21:03 21:20 17 59.5
56:06 57:31 85 11.9 25:07 25:31 24 422 30:25 30:46 21 48.2 21:24 21:45 21 48.2
57:32 57:57 25 40.5 25:35 25:56 21 48.2 30:49 31:08 19 532 21:45 23:21 96 10.5
57:58 58:25 27 375 25:59 27:35 96 10.5 31:09 32:35 86 11.8 23:21 23:44 23 44.0
58:26 0:03 97 10.4 27:39 28:08 29 349 32:40 33:02 22 46.0 23:49 24:08 19 53.2
Average vehicle speed 354 28:13 28:33 20 50.6 33:05 33:24 19 532 24:10 24:32 22 46.0
28:39 30:19 100 10.1 33:28 34:59 91 11.1 24:33 26:14 101  10.0
Average vehicle speed 36.2 35:11 35:31 20 50.6 26:19 26:40 21 48.2
35:33 35:56 23 44.0 26:46 27:07 21 48.2
35:59 37:31 92 11.0 27:08 27:26 18 56.2
37:33 37:55 22 46.0 27:27 29:13 106 9.5
37:59 38:19 20 50.6 29:15 29:35 20 506
38:24 40:00 96 10.5 29:36 29:56 20 50.6
40:00 40:28 28 36.1 29:56 30:17 21 48.2
40:32 40:51 19 532 Average vehicle speed 43.0
40:54 42:18 84 12.0
42:23 42:51 28 36.1
42:59 43:16 17 59.5
Average vehicle speed 39.7
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Holiday  10:30~11:00 Holiday 11:00~11:30 Holiday  11:30~12:00 Holiday  12:00~12:30 Holiday  12:30~13:00
Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting ~ Finishing t  km/hr
10:30:23 30:43 20 50.6 11:00:04 0:25 21 48.2 11:30:02 30:24 22 46.0 12:14:19 14:48 29 349 12:30:15 30:36 21 48.2
30:48 32:28 100 10.1 0:27 2:15 108 9.4 30:26 30:42 16 63.2 14:50 15:06 16 632 30:37 32:24 107 95
32:28 32:50 22 46.0 2:15 2:51 36 28.1 30:44 32:18 94 10.8 15:06 15:22 16 632 32:24 32:48 24 422
32:50 33:08 18 56.2 2:55 3:12 17 595 32:20 32:39 19 53.2 15:22 15:38 16 632 32:51 33:05 14 723
33:09 33:31 22 46.0 3:12 3:30 18 562 32:39 33:01 22 46.0 15:39 17:20 101 10.0 33:07 33:23 16 632
33:31 35:18 107 95 3:32 5:20 108 9.4 33:02 33:18 16 63.2 17:20 17:42 22 46.0 33:25 33:43 18 562
35:19 35:50 31 32.6 5:20 5:50 30 337 33:18 33:34 16 63.2 17:42 18:04 22 46.0 33:43 35:26 103 9.8
35:51 36:07 16 632 5:52 6:13 21 48.2 33:34 35:20 106 9.5 18:04 18:21 17 595 35:32 35:57 25 405
36:08 36:49 41 24.7 6:17 6:37 20 50.6 35:21 35:43 22 46.0 18:22 18:42 20 50.6 35:57 36:18 21 48.2
36:45 38:34 109 93 6:39 8:22 103 9.8 35:44 36:04 20 50.6 18:44 20:27 103 9.8 36:19 36:40 21 48.2
38:48 39:05 17 595 8:22 8:43 21 48.2 36:05 36:24 19 53.2 20:29 20:53 24 422 36:40 38:15 95 10.6
39:08 39:28 20 50.6 8:48 9:07 19 532 36:26 38:17 111 9.1 20:53 21:16 23 440 38:19 38:42 23 440
41:34 42:4 30 337 9:11 9:31 20 50.6 38:19 38:45 26 389 21:18 21:39 21 48.2 38:42 39:02 20 50.6
42:5 42:24 19 532 9:31 11:15 104 9.7 38:45 39:10 25 40.5 21:40 23:24 104 9.7 39:02 39:18 16 632
42:25 42:44 19 532 12:35 14:16 101 10.0 39:13 39:37 24 422 23:26 23:47 21 48.2 39:23 41:15 112 9.0
42:47 44:23 96 10.5 14:17 14:44 27 375 39:37 41:20 103 9.8 23:50 24:08 18 562 41:19 41:44 25 405
44:23 44:39 16 632 14:46 15:04 18 562 41:21 41:43 22 46.0 24:08 24:28 20 50.6 41:46 42:08 22 46.0
44:42 45:4 22 460 15:09 15:29 20 50.6 41:44 42:06 22 46.0 24:28 26:15 107 95 42:08 42:27 19 532
45:6 45:26 20 50.6 15:29 17:16 107 9.5 42:08 42:28 20 50.6 26:17 26:37 20 50.6 42:32 44:23 111 9.1
45:33 47:13 100 10.1 17:20 17:45 25 405 42:29 42:44 15 67.4 26:37 27:01 24 422 44:23 44:59 36 28.1
47:16 47:42 26 38.9 17:50 18:05 15 67.4 42:46 44:18 92 11.0 27:01 27:20 19 53.2 45:01 45:19 18 56.2
47:47 48:4 17 59.5 18:06 18:22 16 63.2 Average vehicle speed 413 27:24 27:45 21 48.2 Average vehicle speed 40.4
48:5 48:28 23 440 18:23 18:43 20 50.6 27:45 29:16 91 11.1
48:29 50:22 113 9.0 18:47 20:29 102 9.9 29:16 29:49 33 30.7
50:27 50:53 26 389 20:30 20:56 26 389 29:50 30:14 24 422
50:53 51:10 17 59.5 20:56 21:13 17 59.5 Average vehicle speed 413
51:15 51:34 19 532 21:15 21:32 17 59.5
51:39 53:18 99 10.2 21:36 23:22 106 9.5
53:18 53:40 22 46.0 23:24 23:49 25 405
53:46 54:13 27 375 23:52 24:08 16 632
54:18 54:37 19 532 24:10 24:29 19 532
54:51 56:31 40 253 24:31 26:24 113 9.0
56:31 56:58 27 315 26:24 27:00 36 28.1
56:58 57:20 22 460 27:02 27:22 20 50.6
57:24 59:15 51 19.8 27:22 27:42 20 50.6
59:19 59:42 23 440 27:43 29:35 112 9.0
59:42 0:03 21 48.2 29:36 30:01 25 405
Average vehicle speed 39.2 Average vehicle speed 384
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Holiday  13:00~13:30 Holiday  13:30~14:00 Holiday  14:00~14:30 Holiday  14:30~15:00 Holiday  16:00~16:30
Starting ~ Finishing t  km/hr Starting  Finishing t  km/hr Starting ~ Finishing t  km/hr Starting  Finishing t  km/hr Starting ~ Finishing t  km/hr
13:03:32 5:21 109 93 13:38:29 38:58 29 349 14:00:02 0:32 30 337 14:30:25 32:16 111 9.1 16:18:25 19:20 55 18.4
5:22 5:51 29 349 38:58 39:12 14 723 0:33 2:26 113 9.0 32:16 32:50 34 298 19:20 19:54 34 298
5:51 6:08 17 595 39:13 39:33 20 50.6 2:26 3:02 36 28.1 32:55 33:21 26 389 19:54 21:55 121 8.4
6:08 6:29 21 48.2 39:33 41:20 107 95 3:02 3:23 21 48.2 33:21 35:14 113 9.0 21:55 22:42 47 215
6:30 8:13 103 9.8 41:23 41:50 27 375 3:23 3:46 23 440 35:14 35:49 35 289 22:42 24:48 126 8.0
8:19 8:45 26 389 41:52 42:08 16 632 3:47 5:28 101 10.0 35:49 36:12 23 440 24:48 25:40 52 19.5
8:51 9:04 13 77.8 42:09 42:26 17 595 5:28 6:03 35 289 36:12 36:40 28  36.1 25:40 27:55 135 75
9:04 9:21 17 595 42:37 44:18 101 10.0 6:06 6:26 20 50.6 36:42 38:31 109 93 27:55 30:24 149 6.8
9:23 9:45 22 46.0 44:18 44:51 33 30.7 6:26 6:45 19 53.2 38:31 39:11 40 253 Average vehicle speed 15.0
9:45 11:21 96 10.5 44:52 45:18 26 389 6:45 8:24 99 10.2 39:11 39:37 26 389
11:23 11:43 20 50.6 45:18 45:42 24 422 8:24 8:51 27 375 39:37 41:28 111 9.1
11:45 12:03 18 562 45:43 47:29 106 9.5 8:51 9:07 16 632 41:28 41:57 29 349
12:03 12:22 19 532 47:36 48:05 29 349 9:07 9:20 13 77.8 41:57 42:26 29 349
12:22 12:42 20 50.6 48:05 48:27 22 46.0 9:20 9:37 17 595 42:27 42:51 24 422
12:42 14:25 103 9.8 48:27 50:14 107 95 14:17 14:48 31 32.6 42:51 44:36 105 9.6
14:25 14:51 26 389 50:15 50:52 37 273 14:49 15:19 30 337 44:36 44:57 21 48.2
14:52 15:09 17 595 50:52 51:10 18 56.2 15:19 15:44 25 405 44:57 45:19 22 46.0
15:10 15:30 20 50.6 51:11 51:36 25 40.5 15:44 17:27 103 9.8 Average vehicle speed 29.1
15:31 17:17 106 9.5 51:36 53:21 105 9.6 17:27 17:50 23 440
17:21 17:41 20 50.6 53:22 53:52 30 337 17:51 18:11 20 506
17:49 18:06 17 59.5 53:52 54:10 18 56.2 18:11 18:39 28  36.1
18:10 18:34 24 422 54:11 54:28 17 595 18:39 20:25 106 9.5
18:41 20:28 107 9.5 54:32 56:19 107 95 20:25 20:58 33 30.7
20:28 20:59 31 32.6 56:19 56:45 26 389 20:58 21:31 33 30.7
20:59 21:14 15 67.4 56:45 57:09 24 422 21:31 23:26 115 8.8
21:17 21:35 18  56.2 57:09 57:31 22 46.0 23:26 24:00 34 298
Average vehicle speed 42.0 57:31 59:20 109 9.3 24:00 24:27 27 37.5
59:20 0:02 42 241 24:27 26:24 117 8.6
Average vehicle speed 35.8 26:24 27:01 37 27.3
27:03 27:26 23 440
27:26 29:25 119 85
29:25 29:59 34 298
29:59 30:25 26 389
Average vehicle speed 335
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Holiday  16:30~17:00 Holiday  17:00~17:30 Holiday 17:30~18:00
Starting  Finishing t  km/hr Starting  Finishing t  km/hr Starting  Finishing t  km/hr
16:30:24 31:33 69 14.7 17:01:39 4:24 165 6.1 17:33:25 34:41 76 13.3
31:33 33:40 127 8.0 4:24 6:50 146 69 34:41 36:56 135 7.5
33:40 34:49 69 14.7 6:50 7:47 57 17.7 36:56 37:55 59 17.1
34:49 36:56 127 8.0 7:47 9:59 132 7.7 37:55 39:48 113 9.0
36:56 37:56 60 16.9 9:59 12:37 158 64 39:48 40:55 67 15.1
37:56 40:07 131 7.7 12:37 13:23 46 220 40:55 43:00 125 8.1
48:32 49:15 43 235 13:23 17:20 237 43 43:00 45:40 160 6.3
49:15 51:24 129 7.8 19:46 22:17 151 6.7 Average vehicle speed 10.9
51:24 52:32 68 14.9 22:17 25:06 169 6.0
52:32 54:53 141 7.2 25:06 27:30 144 7.0
54:53 55:48 55 18.4 27:30 30:53 203 5.0
55:48 59:08 200 5.1 30:53 33:25 152 6.7
59:08 1:39 151 6.7 Average vehicle speed 8.5
Average vehicle speed 11.8
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Weekday 16:00~16:30

Weekday 16:30~17:00

Starting ~ Finishing t  km/hr Starting  Finishing t  km/hr
16:23:30 24:00 30 337 16:30:00 30:22 22 46.0
24:00 24:23 23 440 30:22 30:43 21 482
24:23 26:20 117 8.6 30:43 32:30 107 95
26:20 26:58 38 26.6 32:30 33:00 30 337
26:58 27:21 23 440 33:00 33:24 24 422
27:21 27:46 25 405 33:24 35:21 117 8.6
27:46 29:33 107 9.5 35:21 35:59 38 26.6
29:33 30:00 27 375 35:59 36:26 27 375
18:32 19:03 31 32.6 36:26 38:16 110 9.2
19:06 19:54 48 211 38:16 38:55 39 259
21:21 21:59 38 26.6 38:55 39:13 18 562
22:05 22:28 23 440 39:13 39:38 25 405
22:29 22:50 21 48.2 39:38 41:25 107 95
22:52 24:50 118 8.6 41:25 41:57 32 316
24:54 25:13 19 532 41:57 42:20 23 440
25:14 25:37 23 440 42:20 42:43 23 440
25:40 27:28 108 94 42:43 44:25 102 99
27:28 28:10 42 241 44:25 44:54 29 349
28:13 28:37 24 422 44:54 45:21 27 375
28:39 30:22 103 9.8 45:21 45:42 21 482
Average vehicle speed 304 45:42 47:21 99 10.2
47:21 47:53 32 316

47:53 48:17 24 422

48:17 48:41 24 422

48:41 50:18 97 10.4

50:18 50:47 29 349

50:47 51:15 28  36.1

51:15 51:43 28  36.1

51:43 53:22 99 10.2

54:30 56:18 108 9.4

56:18 56:59 41 24.7

56:59 57:26 27 375

57:26 59:23 117 8.6

59:23 0:03 40 253

30:23 30:59 36 281

31:00 31:19 19 532

31:20 31:39 19 532

Weekday 17:00~17:30

31:39 33:21 102 99
33:21 34:02 41 24.7
34:02 34:26 24 422
34:29 34:47 18 56.2
34:47 36:33 106 9.5
36:33 37:05 32 316
37:06 37:26 20  50.6
37:28 37:51 23 44.0
37:52 39:38 106 9.5
39:38 40:02 24 422
40:02 40:25 23 44.0
40:25 40:46 21 48.2
40:46 42:26 100 10.1
42:26 42:59 33 30.7
42:59 43:37 38 26.6
43:37 45:25 108 9.4
51:21 52:01 40 253
52:01 52:21 20 50.6
52:22 52:45 23 440
52:45 54:30 105 9.6
54:30 55:00 30 337
55:00 55:27 27 375
55:27 57:22 115 8.8
57:22 58:06 44 230
58:09 58:34 25 405
58:34 0:31 117 8.6
Average vehicle speed 30.7
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Starting  Finishing t  km/hr
17:00:03 0:46 43 235
0:46 2:48 122 83
2:48 3:33 45 22.5
3:33 5:29 116 87
5:29 6:04 35 289
6:04 6:28 24 422
6:28 8:25 117 8.6
8:25 8:48 23 440
8:49 9:11 22 46.0
9:11 9:29 18 562
9:29 9:50 21 48.2
9:50 11:24 94 10.8
11:24 11:48 24 422
11:48 12:8 20 50.6
12:08 12:32 24 422
12:32 14:18 46 220
14:18 14:53 35 28.9
14:53 15:16 23 440
15:16 15:40 24 422
15:40 17:23 43 235
17:23 17:57 34 2938
17:57 18:19 22 46.0
18:19 18:47 28  36.1
18:47 20:39 112 9.0
20:39 21:11 32 316
21:11 23:15 124 8.2
23:20 24:00 40 253
24:00 24:27 27 375
26:15 27:00 45 225
27:00 27:27 27 375
27:27 29:25 118 8.6
29:25 30:04 39 259
00:31 0:59 28 36.1
0:59 1:17 18 562
1:17 1:37 20 506
1:37 3:26 109 93
3:26 3:58 32 316

4:01 4:25 24 422
4:25 4:52 27 37.5
4:52 6:39 107 9.5
6:39 7:09 30 33.7
7:09 7:32 23 44.0
7:32 7:55 23 44.0
7:55 9:39 104 9.7
9:41 11:02 81 12.5
11:02 12:42 100 10.1
12:42 13:21 39 25.9
13:22 15:36 134 7.5
15:36 16:25 49 20.6
16:25 18:28 123 8.2
18:28 19:36 68 14.9
21:21 22:53 92 11.0
22:53 25:26 153 6.6
25:26 27:58 152 6.7
27:58 30:31 153 6.6
Average vehicle speed 30.9




Weekday 17:30~18:00

Starting  Finishing t  km/hr

17:30:04 30:26 22 46.0
30:26 30:46 20 506
30:46 32:35 109 9.3
32:35 33:04 29 349
33:04 33:45 41 24.7
33:45 35:36 111 9.1
35:36 36:00 24 422
36:00 36:32 32 316
36:32 38:35 123 8.2
38:35 39:17 42 241
39:17 39:46 29 349
39:46 41:46 120 84
41:47 42:14 27 375
42:14 44:19 125 8.1
44:19 44:49 30 337
44:49 45:13 24 422
45:13 45:44 31 32.6
45:44 47:37 53 19.1
47:37 48:08 31 32.6
48:08 48:45 37 273
48:45 50:41 56 18.1
50:41 51:10 29 349
51:10 51:42 32 316
51:42 53:43 121 8.4
53:43 54:16 33 30.7
56:29 57:19 50 202
57:19 59:39 140 7.2
59:39 2:23 164 6.2
30:31 31:53 82 12.3
31:53 33:50 117 8.6
33:50 34:38 48 211
34:38 36:48 130 7.8
36:48 39:45 177 5.7
39:45 40:51 66 15.3
40:51 43:02 131 7.7
43:02 45:31 149 6.8

Weekday 18:00~18:30

45:31 48:31 180 5.6
48:31 49:55 84 12.0
49:55 52:18 143 7.1
54:21 57:39 198 5.1
57:39 58:41 62 16.3
58:41 0:40 119 8.5
Average vehicle speed 222

Starting  Finishing t  km/hr
18:02:23 5:15 172 5.9
5:15 6:17 62 16.3
6:17 8:35 138 7.3
8:35 9:47 72 14.1
9:47 12:15 148 6.8
12:15 14:46 151 6.7
14:46 17:30 164 6.2
17:30 20:46 196 5.2
20:46 23:18 152 6.7
23:18 26:20 182 5.6
26:20 27:13 53 19.1
00:40 1:45 65 15.6
1:45 4:37 172 59
4:37 6:52 135 7.5
6:52 9:45 173 5.8
9:45 12:49 184 5.5
12:49 15:23 154 6.6
15:23 16:41 78 13.0
16:41 19:31 170 6.0
19:31 21:58 147 6.9
Average vehicle speed 8.6
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