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Abstract: This paper investigates the analysis method of
the optimal service flow rate of the expressway on sunny

and rainy days. First, the distribution characteristics of
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flow, speed, and occupancy rate on rainy and sunny days
are analyzed using coil loop data. Then, the K-S test is
used to confirm the significant difference in traffic flow on
sunny and rainy days. The capacity and the bottleneck
breakdown analyses are performed on rainy and sunny
days, respectively. It is shown that the V/C calculated
according to the current standard does not apply to the
analysis of the level of service (LOS) of rainy-day traffic
flow, and there is a limitation in emphasizing the
maximum throughput and inaccurate information after the
bottleneck breakdown. Therefore, this paper proposes an
academic idea of maximizing the service traffic volume
while taking into account a certain operating speed and
provides the concept of optimal service flow rate and its
then,

dimensional K-means clustering model with integrated

determination method. It, establishes a three-
flow-speed-occupy to obtain the traffic state clustering
results before and after breakdown on rainy and sunny
days. The results explain the relationship between service
flow rate and LOS before and after breakdown, and point
out that the pre-queue transition flow can be used as the

optimal service flow rate.

Keywords: traffic capacity; optimal service flow rate;

three-dimensional K-means clustering model; urban

expressways; weather conditions
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Fig. 2 Distribution of traffic flow on rainy and sunny days
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Fig. 3 Traffic flow distribution of validation group
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Fig. 4 Speed distribution on rainy and sunny days
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Fig. 5 Speed distribution of verification group
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Fig. 6 Occupancy distribution on rainy and sunny

days
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Fig. 9 Relationship among flow, speed, and occupancy on rainy and sunny days
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Fig. 10 Identification of bottleneck breakdown on

rainy days
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Fig. 11 Bottleneck breakdown and dual capacity phenomenon on rainy and sunny days
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PQF CQUF M Z/ e i/ R
(km:h™) i (kmeh ™) A

10—16 1551.00 1590. 00 1703. 50 49.59 0.74 41.25 0.76

R 10—11 1617.00 1677.00 1737.00 51.69 0.77 44. 39 0.80

FEE 1584.00 1633. 50 1720. 25 50. 64 0.75 42.82 0.78

10—23 1717.50 1771.50 1 580. 50 55. 58 0.82 47.80 0.84

R 10—30 1663. 50 1761.00 1948. 50 55. 26 0.79 49.24 0.84

" 10—18 1690. 50 1765.50 1774.00 53. 16 0. 81 45.99 0.84

FEE 1 690. 50 1766. 00 1857.75 54. 67 0.81 47.68 0. 84
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A5 R BER 2, SR 55 /K71 5 A
T o RUMOFIEEREbRIFANIE ] T R A i A7 KRR 8
FTRE T 5 R 55 AKX G R K o, b 5 B LR 6 75 T
MG ARSH
3.3 BITEITHES

TEBATIEATRE I WE ST Rl i i is 17 il AT
RE 145 R0CT PQF K13 I 1z 17147 BE ) B HCh
AN TR 3 B BT Y B BF T B % (Congestion
Discharge Flow, CDF)",

CDF a] DIAR 5 8052 5 5 A7 R e TRl R o3,
T SRR A AT RE 5 RSG5 KAF Z TR G AR
DU E HEAT 7020 PR SR A o — 21 S5
J5 LA 5 keh ! 5802 E A TR] B8 &0 23 o AR 40 52 I 4

®6 FMRREHIEIT

3, 73 A3 B R R ANEE K 18171847 RE 1 B R
ARMEOFRT PR, HRRY AR AERBURL
HITFR R R K B9 PQEF #H 22 6 06, 75 K& A2 3UR CDF
ZESEHR, o RIKF 110,

AL A8 AT AT RE ST o0 M AT A5 2N [] X [H]
T EIPIEHHEGR R, W18 RO T a8 47 R AR B AT RE
F15 MRS5S Z 5 F o HIX— 23T L
PR o A ETER A, Ak = X2 AT R AT A 1B A
AT R = TS PG I X R 55 R 5 i 55 K
28] 56 F B WL A, Joikde S A AR 1 Lk
PRI, 7 S0 S s ) Bl b, i o R P25 B
S ARSI T DR B 7 R R AR 55 R S R 55
KV Z AR, 8 A5 S e AR 555

BITREN SN SHR

Tab. 6 Operational capacity and corresponding occupancy on rainy days

ATRE b Lo ! 2% /0
- —— WATRES)/ (pewh In ") NE/ % ‘
SEHE e/ ME KA FHIE X ]
PQF =45 1584.00 1551.00 1617.00 13.89 1. 33 ~ 24.00
40 ~ 45 1539.50 1251.00 1737.00 23.96 21.33 ~ 26.67
35~40 1530. 50 1447.50 1669. 50 26. 25 23.67 ~ 32.00
CDF 30 ~ 35 1520.75 1 350. 00 1711.50 32.98 28.67 ~ 36.67
25~ 30 1456. 50 1327.50 1542.00 35. 24 34. 00 ~ 40. 00
20 ~ 25 1294.25 1123.50 1422.00 45.00 40. 00 ~ 53.00
0~ 20 1118.25 1014. 00 1222.50 48.17 42.33 ~54.00

RT BRREBESTRITEASHESHER

Tab. 7 Operational capacity and corresponding occupancy on sunny days

NP RICS RN /0
- T WATRESS/ (pewh ™ In™) HE R/ Y ‘
FHIE f/IME SN I X []

PQF =50 1690. 50 1663. 50 1717.50 13.91 1.33~31.33
45~ 50 1641.50 1446.00 1948. 50 22.71 20. 33 ~ 25. 67
40 ~ 45 1647.25 1375.50 1764.00 25.07 20. 33~ 30.33
35~ 40 1 608. 00 1234.50 1746.00 29.08 23.67 ~ 33.00

CDF 30 ~ 35 1553.75 1278.00 1 680. 00 34.17 29.67 ~42.00
25~ 30 1453.25 1 300. 50 1 608. 00 37.27 32.33 ~44.00
20 ~ 25 1258.75 1134.00 1 359. 00 44. 33 37.33~50.33
0~ 20 1134.00 1179.00 1 089. 00 51.00 48.33 ~53.67
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oA R 3YEREAS, Ny RSB D BT R
MR 553 5 R 55 KOG &R o A4 e SRR 2
AT AT G IREAS 3 I SR 2
4.1 34k K-Means BREHERIHE

2 MBI, K-Means B 1k A &%
P HMSC SIS SCR /IR AR B L HL
AL (R i 2 P AS R A IR (g VR EE (s AT A 3R
(0)3NSHUTAFHE A i 3YEREAS , Gk FH 3 4 K-
Means I FE A AT P #6550 3 5 IR 557K 126
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Fo TE34E K-Means REBRID X T4 E R N n
MR D = (X, X, -, X, ) ¥4 T — A5 g &
(b<n) FER AR FERN 53 G={g1, g0 =+, gu ), TP AT
FEAS 53 i 7 2 570 B8 114 1% 22 °F- 5 il (sum of
squared error, SSE) /N,

TESUEREAR X, = g1 5, 0, ] E TR (g)
J& Cs) RS A 3 (0,) 3R R Y i 40 22 PR AR, e 22
FE o3 AT I — A AL B R R i 30 [0, 1] 22 18]
AN (D PR

= ef0.1] (1

T max mi
Kb, WG 5 S BUE s, R IG S EUE ;20 N
ZHUE T B B/ IMA 3 2 IS BB T BY B
K-Means AL RS 1 DT S0 vt k1 .
8 o RS BE & BN (silhouette coefficient) Fllik 22 3
i A5G SUEREAEARFHE , TR AR A (E
R ARBUETE R [ —1, 1], R K E R
RO A (2) R
1 Y, — W,
L:;;Lf:maX{Y,, W} 2
Ao LR RIS R0 3458 B8 R n WA
SERIREAR BB LSS i IR RS B R85, Wl
FEAS T 5 Rl HAAE AR 2Z [a] () - 24 B B AR AN
ARRLEE 3 Y, RAEAS § AR N AR AR Z [B) P-4
BN B/ IME, WFRAE AN AHRUEE .
e 22 V5 R N AR DL BE A% i 2, >R K [G R
B TARRUE R RN (3) s
S=> X —m’ 3

s g N R X N g PR I REAR S sy Ry
W g B, BIRZE s,

43 )% T KRB K & AR A8 AT AR BT R I REAR
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A3 AN E 12 FE 13 Fis
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HIR b = 2B R AR K (I SSEtiR ok, H
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R AR R , HSSE AT 45 s BB /N, BAAIER
WA, FEWE K, RRLHT £ = 4 BHEEE R K, H.
SSE 4bFH3 s BUE RN, KRG k= 6 BHARIEE R 50
K, H SSE &b F45 5, sk 2 i R 2K B4R I 19 3 4k K-
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i - xRy |V

L3p e ——IERERBERE 19

- - WREEEA |
2p o T e WRRE

=~ 17

16

15

REETT

3 e

E12 EITRYAHNEREREREERETFHM
Fig. 12 Silhouette coefficient and SSE before bot-

tleneck breakdown
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Fig. 13 Silhouette coefficient and SSE after bottle-

neck breakdown
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FiR .

Shy fiE O A5 T 07 O LU, X SR SRR Y
BN FEADEA TR H] 152 %3 B 80 kmeh ' )
[r1] 4 2235 30 T R B TR 45 D 2R 5 R 55 /KT K R A AR
8L IR
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Fig. 14 Clustering results on rainy days
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Fig. 15 Clustering results on sunny days
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Tab. 8 Relationship between flow rate and LOS on rainy days

SRS HE/ (kmeh ™) SR Y JIR 553/ (pewh™4In™") LRI I35 7K~
=65 <4 <433 <<0.21 1%%
R 60 ~ 65 4~8 433 ~ 804 0.21~0.38 24
55 ~ 60 8§~15 804 ~ 1231 0.38~0.58 29
45~ 55 15~ 20 1231 ~ 1665 0.58 ~0.79 3%
PQF 50. 64 13. 89 1584 0.75 3%
40 ~ 45 20~ 25 1251 ~1737
35~40 25~30 1448 ~1670
KAUF 30~ 35 30~ 35 1350 ~1712
25~30 35~40 1328 ~ 1542
<25 =40 <1328

PN IO)E e U TR o RPN SR P L PN
AR MR S5 FARATAE L& 225 . OFEistT R AT, B
A MR T5 AR I, PR A 55 7K P B A 5 1217
R, 55 AR A LA RE RO HL SR 557K F, LA
R A AREES 7 SR DA 48 bR S v
PRI, S S B 52 30 15 A 203 RO o 25 B 53 A5 01 22

2 55 7K - , 98 bR g 7 4% i e 55 9L R T
ALY F2 S S A T, 1A RECGR B TRE S

H1 R AT A SR ISR -5 BUA TR A i 55 7K P
SIARAE(V/CORFHE AT T, SRS n] 52 B IS 4
PEBIIR 55 TR 5 IR 55 KCF R &R IFHNE T R 3UR —
B ZIBIIXN R FR o BFFERCR TR T RIAEACR AT



5510 9] I, B PG T SRS TRRIE 25 53 SR R S5 T % 1577
x99 BRIETRERESREKEXR
Tab. 9 Relationship between flow rate and LOS on sunny days
AR HRE/ (kmeh™) HAR/ % M55 iR/ (pewsh™n ") vkl JIRe 55 7K -
=70 <7 <687 <0.34 1%
PGl 60 ~ 70 7~15 687 ~ 1 264 0.34 ~0.60 244
55 ~ 60 15~ 20 1264 ~1621 0.60~0.77 34
50 ~ 55 20 ~ 30 1621 ~1941 0.77~0.92 3EAG
PQF 54. 67 13.91 1691 0.80 3%
45~ 50 20 ~ 25 1446 ~ 1948
40 ~ 45 25~ 30 1375~1764
O 35~40 30 ~ 35 1235~1764
HAE 30 ~ 35 35~40 1278 ~ 1680
25~ 30 40 ~ 45 1301 ~ 1608
<25 =45 <1301

RN JEE 41 38 % 8T I i 55 7K 0 i e R o R Y
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I s DXCRGH K R T RS oK e A R
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UL, B ST T T P T R I RIS T R
T AR A R R O R 2 e IR R
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A 28 38 IR B IR AN HER A R BR T, WA T B —
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PELRG K d L S 1 R R MG REREE R B —
R — 5 R 34E K-Means BB | Al 255 %
JE R IR MG TR AT IS THREE , RS T AR
55 PR AR S5 KB X R 6 2R FF45 T IR S5
TR IBAE 05 o WIFSR IR W] S bk ol DRkt SRS o Ak
S RS KR . ARG8T
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