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Model of non-motorized vehicle flow speed influenced by curbside parking
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Abstract; To analyze the effect of non-motorized vehicle flow caused by curbside parking on segregated bicycle
lane, this study draws an analogy between travel time and duration data of survival analysis. A proportional hazard-
based duration model is proposed to establish travel time and speed models of non-motorized vehicle flow. The speed
model extracts and screens the influential factors related to curbside parking, including the effective width of bicycle
lane, the inbound and outbound parking maneuvers, the time influence rate, electric bike and bicycle flow and so
on. The parameters of model are calibrated by using the survey data. The results show the distribution characteristic
of speed estimated by the model would give a quantitative analysis of the influence of curbside parking; the model
could pass goodness of fit tests and make prediction effectively; the events of inbound and outbound parking
maneuvers, the rate of bicycle and the time influence rate show a negative effect on speed whereas the effective
width of non-motorized lane shows a positive effect on travel speed; the hazard of non-motorized vehicle speed
decreases with the increase of the effective width of bicycle lane.

Keywords: traffic engineering; curbside parking; non-motorized vehicle flow; travel time; speed

S A 2 e ) P B ) RSB O, — 5
FRRE DA 7 AR IR fE R TR I
23 [ G PR A5 AR agdA R X % B LBl 4= A
BLBH A AT NSS4 TR i TR

KR EE: 2014-12-18.
E£TE: ERAREAH4(51408322,51408321).
BB M« (1985—) , 5, YR, 1+
M 1®2(1972—) B 882, LT,
IR (1973—) 5, #8214 500,
BIS1EE . e K, yexiaofei@ nbu.edu.cn.

GoAElsh 4 M ARG, EERMAE 1) BNEE
o BB, B 1A T RE ST, 10 APl 45 i
JEAR G R TLIATBIRAS B = i R S 4 .
2) PR AR B AR 22 BT AR PIL 3l 4= 5l 3,
JA AR Bl 4= 7 o R T g AR [] 5 AR ML 3 43
b (1122 S o N A T A B AL LN [ 7
Beut. ml DL, 6 P9 452 A A O 520 2 4 S eI
AR S 4 Sz AR S ZE AL, FRAR T AR DLS)
oA I AT RCR RN A, DRI, ST A A e
XS ARBIL BN 4230 A 52 e ML, B I 0K B A0 45



- 116 - 7 N D | A = - S ¢ CRRE
o EE  HAEENE XL BIEARE, RRZAH
%?%W{Tiﬁmﬁ%‘x@ﬁ’]ﬁ‘ﬂﬁﬁﬁ%,?‘E’?HjK Wil X) _f(tl X) _ fGl X) (5)
(i) DB 9 B i) S8 DAY 5% 2 W ML 3 2 3k ok B R AR 20% Sl X) 1-F(lX)

o 20 SR 6] 9T T B A X AL B 2R
T LA LA IR A 338 T A9 52 ) s BEE JE iR Gl AT

REJ) IS5 7KV-55 A BE M AT 1 B NS 4 S L3l 420
ZI‘EHYEFH%%"X] SR TEFE N A X HEL B 4218
AL s TR AS R i B AR A AL T
25 H L W IE ARSI R E N

1 AT AR A 4T A2 i A A A

Ll KBS e N TR 1Y/ e o s T R
9. DXl AT AR 1] B S AR 475 i Be X a] 47 Btk
ENIUESEs e (U RTAINES s iRuR g S el PR B s
i i) 2 SRR 2201 i A A AR L B 4 A
Wi Fk, AT R IR TR] ) o A R 52 B2y, SR W47 A
(] R ) 52 31 s A 45 4 A 52

& T RARTUES RIS B, Fon AEPLE) 42 it
LI i B AOATRERT 8], S (0) 9 T E9AATPREL /(1)
T (AR BRI, F (1) O TR0 A R B R (2) A T
A4 RS pRER. AEBL S AT B o IR Ji5 JC IR A R AT AR
AR, BIRE AR AT RE I ) B AR AF I )7 T
INFIH) ¢ BOMESR PR Z O T R AT R B, TR A0

S(1)=P(T > 1)=1-F(1) =ff(u>du. (1)

A F (o) RAEML BN 438 o W X (R i 47 R R T
(1534 R &R, /)

F(t)ZP(T$t)=f;f(u)du. (2)
AEMLB] G 2 UL X [] (A4 7 RR R[] T (AR % B 1R

dF(t) dS(t)

f(t) = 0 (3)
JAUS: PR R (1) ﬁﬁ?ﬁmﬁmﬂ X AR e —
(B ASAFIE I SE T, 78 A R A AL IR (] B A4 6 1~ A
A

. PasT<sMIT=0) f(t)
h(t) = lim At TS
f(&) _ d(In S(2))
1-F(t) e (4)

BRI B (¢) At FRAENLS AT RIS ] HF 22 R AE
BT B (2,0 + At ] S5HAISRAFRER. h(e) TEAERLENZE
RN TRERDFEEE T « B SRAFF  7E F — 8
JEESTRIMRIRG A PGS TR AT 7R 1Y Ik s R 2. J%E‘ﬂr]ﬁ
TRl 2 R R SO PV L X R AR 4
BRI . RS AL ) A PR &, W) T E’Jéﬁﬁ%ﬁ
R REE R h(el X) S(tl X) F(el X) f(el X) it

Cox A Y125 i IR BIE X exp (BX) 1EH
TS REL g (¢ 1 X)), JE—Fp SR ) AU R 42
AR | ELA ANHE 0 S XU PRI hy (1) B9 AT
X BEAE A B B AR 5 ks i o T 45

IR XA T RES [ A 520, SR FH Cox #EHY | RIS A A7
[ 2 % 252 A ELAS 7] A% 5 X% I 14 XU pRI L L AN B
5t ST AR AR ISE | Cox R5EIRF) L 45 XU pRIESC
B(t1 X) = hy(t) exp(BX). (6)
A ho (1) R TR BRE , 2R ToATAn] H1 5B 52 1)
A 8 JRUBS: 2% 5 B SRy b oy PR AR F: ) S B0 ) 5 X P AR
T 21 A )

IR AEAFREL S (¢ X)

S(t1 X) = exp(—fh (ul X)du= S, ()0, (7)

Ao So(e) Ao B2 FEMEA A7 oR B, o To B 25
M) R 2R B A T AR A (R KT ¢ AR,

H T Cox BAUEE PhAE i X 55 HH] ¢ AH AR
0, FEPEAESZ M EAIRAE ¢ (11 X) B g(ol X) X
DU pREVE b 7 FHAICR B T U AE = i 244 B
AR TFAS A B I8 4% i a] ¢ PEAT 45 A8 B AR
e IFASFE ) 43 B R DB B 22 e A A FHAICR. BB
FHAE A 0 780 AR AR AT R I ) 2 6, DA IXC TR
YRR Cox BERY LA JXURS: bR B0 R A A 77
PR RN

h(vl X) =hy(v)exp(BX),
S(vl X) =S, (v)"*,

2 WA %

TR AR S B R Al A i X
HZECR 1 IR LR SRR
exp(B'X;) _°
M&—IIP—————ﬂ.
}:exp(ﬁ‘X)

SRR, AT ] ¢, IR . BT R ] 25
Lo BRI T Lo, = 1,1 SRR AR bR 8
L(B) B AU T AR5t X {9 5L B Bk L
WA R I 2k 2R
S(1) =expl = X,8,( X exp (BX) ). (11)

i:t;St JER;

5 R0 4D A 10 BE SR FH BL AR He 2k AT A 5. DA
LL(0) FRpIin g R BIHSECh 0 BRI A9
RANGR BB, LL(B,) Fm KA A SEAE W st
1 e KALSR R AR, W) LR 5 SHy

LR =X* =— 2[ LL(0) - LL(B,) ].

(8)
(9)

(10)

(12)



53

MRHEK, A PSSR AR LS G R AR Y - 117 -

LR R K A~ F R T 50 A, i s 36 Ak
AR ERO RUNIIES € PRSI S

3 T Cox AW KX A T3 E A

it &R 5 M7
31 HEEIEE

PETEPF % P45 22 A0 DG AR BEAE S i) B 7R )0 7
BRI E S M AR AL B0 A R A 5% 1 JEE 4N
FBEA N, F 2 G LT LA 1) AEHLEN %
FIEAIE W, (m) ,J& 4518 PR v B A5 Gl
B PO S PN A ) v s (3R 0.5 m) . 4R 0E B8 BE X
TH [ A3 U 2 B0 52 2 A W R R R R
REAR AR ML B 4 B0 A 35500 e % P 45 G A % 2%
J5 e HAZRRE . 2) B NS4 €L, (IR). 15k
TR A B 28 T ek ek B E A aE (AR AL Bh %
FRIBATIE, BHWTACIE U , R T el st Ik
AR E e 1Y LA R I A SRR
Jh ARSI AR 3) AR € (R). K
KR TR A RBU Y S | I (S ES  i  Evai]
SPERR S, BRI T AEMLEN A2, Tovk i 2 S A T
ARZS KT AEMLZN A7 A BELAT 52 ) 6 38 o <R 20
R AREAL 4) Frgv €, (WK). BT
AT = e A BE AL RSB P, S dr sk
i) &7 8 0 e s ) [ B, A RR S i B R — 48
THEI R W HoE ORS00 A8 & AR D ARG 4
BFAFFFEE RN 5) B[] AR R K 424 g
NS B A BEL S B ) A A TR 3R e SR ] i

RPN LAAS ek BELHRT FSf (i) B ) 55 A 25 2 8 G 3 B[] 1]
IR PR S S e ) 7 498 T ) B B ) 7 0 L R
KA R, =T/T,, Horhr T, AGEitt[a] (Rl , T R 3k AN
I AR BSEMESE], T = nyty + ngty, Ho 0y on,
53 R B GE T[] B PN 45 T80 S Bk RT3 S OB
£y by ARSI AT T X R 08 A T 2 A B Fe
SIS E]. 6) AEHLEN it ¢ (/min). iR
M AEAL S o B () R R 5 A B A . JE L
AW AT R B B AT A2 R, B R
WA E 2, TR 2 M NS ZE 10 5 W A 7E
255, R, R 43 50 25 T8 3 L, IR AA
TR BT 4 5 S E 0 e she s ¢,/
./ ¢, FRAEA R 238 7 AR P RO, jeAh, N
PFEXT AR ZE R AR R %/ S RO HE
PR A T . H, SEFR I 2 P 28 F Rk
WD AN AR A R T LG .
32 HIRAESXRE&E

TR 5t T A L b S R 0 A 0 K PE T
TR [ A — I % B A R A X 4, R T 16 00—
19 : O0RT [H] BeifE 47 I8 A | 76 55 A28 i FIH PN 4 3 452
F14) ST W R v A N B, JEARA I AN 3R 1 I ARIBUA 3K
FEA 478 A, A B B R T LAY E B S T RE N
X AN B A 0 R PR 52 ), A Bl T 0F 58 AN W) 1
% B 4 ek AR FE 6 AR BL B 4R s e (R ES T
BN PR BRI WOR 00 22 57 45 A B B4 2255
KU BTG IR A, A 25 T 2T RS
BSG SHCZ AV A KT B O .

®1 PERRELSY

% BEIEAE HERE RS
i s W,/ C.(C)/ G, / qa/ — SO TNV B/ME/
m w( (%'h_]) (%_h—l) (m.s—l) (m's_l) (m-s'])
il db g — 3.80 33 864 537 93 4.73 7.80 3.47
Rl — 4.50 41 1529 872 85 5.47 6.96 3.73
il = 3.00 51 1 500 800 90 4.25 5.22 2.76
U 3.50 81 644 288 126 4.41 6.33 2.07
ZKVEI] 2.20 16 1 004 670 38 3.45 5.02 2.43
it 2.00 12 397 210 46 3.67 7.02 1.33

33 HERELERSHT

FIAMR SRS S BT T bn e R BB, R
FH Wald [ Fif 2 #2326 A Dh A & b A7 e 8, 15
BA T ARRESE AN 2 PR, N AR A A8 1 A
BILHE W, AR C,, R C,, APk
N C...  BATH R & B g, /q, B, TG B R
SRAE 3 986.980,5 AL & 114 [ U5 22 45 R 55 78 455 11
B (Sig ) /N T 0.05, F IR B AT 58 1127
SCARE B T IR F R DM 2 M a2 BAEHT, R
— PR 55 XU PRI B R AR T 5 — AR

MY HRME. ANk BE 5 AR AL B 42 I it 2 18] A IR R AR T
22238 2T o L 5 R 5 I A AR B TR
] 2% B B 55 o =2 ) R IR R A T A S T

RIL, FEAC A 11 5] A28 BAE I, R 22500 5
DN kR L e @ R C R N S
VB ERE S AT E BB HAT 48T & L. B
AU R 45 R e 3, SR 1 AH Fb3G hn 1 228 530
C, C,HR, -C, -C,. 58T HEEERN ST YA
i, RIS I 2 R A A BARE IR A AE ).



- 118 - e

AKOEST A K OE R

5 48 %

x2 BB ISHMEITER

=
K
D
®

PrifELR2E

V!

TE i

95.0% B {75 X [i]

TR b R
W, - 1.511 0.097 243.085 0 0.221 0.182 0.267
C., 0.560 0.073 58.447 0 1.751 1.516 2.021
C 0.508 0.150 11.468 0.001 1.662 1.239 2.230
C.. 0.402 0.137 8.643 0.003 1.495 1.143 1.954
qa/q 3.820 0.375 103.620 0 45.610 21.858 95.170
R3I HEANSHGHIHTER
95.0% B {5 X [i1]

bpAE 8 FrifiiR2s R I o
TR R
W, - 1.517 0.097 243.620 0 0.221 0.181 0.265
C., 0.589 0.077 58.391 0 1.879 1.549 2.096
C., 0.870 0.175 24.821 0.001 2.414 1.695 3.361
qw/q 3.821 0.372 105.632 0 47.826 22.035 94.645
c,-C, 0.363 0.171 4.498 0.034 1.590 1.028 2.012
Ry C, - C, 0.727 0.259 7.889 0.005 2.069 1.291 2.803

SR, C,, - C,,, DURER THRE00 5 AL B

AFFE I, 25 B T A LT A0 5, Ay 5
B R T3 A, 1M €, - C., & HAEHTIFA ANMST A& C,, fIZEHIR, - C,, - C, , H IS
PEABR M S SRR = C, I E XA
x4 EB I SHETSER

HASETY 11T, H S bR s 45 R A3 4 Fim.

95.0% B {75 X [i]

PR B PR 2 +IrfE B e
TR LRR
w, - 1.510 0.097 242.290 0 0.221 0.183 0.267
C., 0.631 0.075 70.197 0 1.879 1.621 2.178
C. 0.881 0.176 25.172 0 2.414 1.711 3.407
qa/q 3.868 0.374 107.032 0 47.826 22.985 99.511
Cove 0.464 0.136 11.648 0.001 1.590 1.218 2.076
Ry - C,, - C, 0.698 0.257 7.358 0.007 2.010 1.301 2.824

R TIT B R BSRAE 3 978.565, LR A 56 {H A
347.823 iz K S fHAE A PP A B i K LR T
6 A~ H HEERYR 5 A (e, i e el AR A 11 B R
U )4 SR LG DL BE , R A0 3 e b 5 3% B P 5% 2 5% i
N AEMLBh G B A B [T S R R AR v TR 2
HRAR/IN, 6 A AR 5 1Y 815 ZR B S AR A 8 1 I 2 Pk
BI/NT 0.01, F AR B B A8 m Ak 1145 5 2
R B KO AR ELAG GEi 2 L, RN AR
H ) AR HE T DX () S 2 B A A I .

WA 25 R BT E W, X AR AR Ay ARG
FRA RN, 2 B 1270 1 LR 1 TR 23 X 1K 1]+
VI RE S AT A AU ], 23 D2 X [R] S 247 3 FAIG
PIMER. AR, AR I AR C,, Bt 3
C, KRB C,,  BATERT S I g,/ q TR R
R HI R, - C,, » C, X FRARAY XU R A 1E
AN FEA] 3 W12 728 F HUJE 3 DR 2 o 448 Rkt B A1
{14 JRISE T R 7 DX ) S 22 3 B P B AR, EL 4% B Xk
B R/INAT L, FAT 46 T o el g, /g A 28058
W, XS VR K.

WA 1 BRS04 R R R s s oy
Afi, Bl A TR 3SR R SRR MR . X [E]F3
A ER 15.98 km/h, 26 B A — AL A 3 0
T 3% B DX ] 19 3 3 /N T 15.98 km/h525% 43 50K
14.31 km/h, ZIAH 25% [FEEATE LI X (8] o A7 3
IR /NT 14.31 ki/h. G0 2 FF7R | X)) 5
JE R R ARG THE 5 S E R P Skt e B A 2K
BLAR J A a3 1 RS 78 03000 45 Ay v

1.0F

0.8

g
=N
T

AL RS
=
T

L
0 5 10 15 20 25 30
v/(km-h™)

E1 ETEMEEHEREFRLHLE




%3 MR, S BRI T IENL ) 4 S Y - 119 -
12f 5 é% @@

e LI (L

0 5 10 15 20 25 30
v/(km-h™)
B2 XEFHEERRERGTHES SNE
4 AR

WE 3 Ji7R,4.5 m FEEEARAE T B BERRLE I 4y
G E,3.3.5.3.8 m W B 2520 2.2 m fx
2. WHAE G 0E A A58 BE 03 AR [ 2 BE A 42k L
Bl K, T AR ) XU /S, RRO(EL 5 SR 0, LA
2.2 m MFEME3.3.5.3.8 m Fl1 4.5 m R T AL
P &R 2.2 m WIS 2 Fe 80t L —41, B FE
AR RURS: T B 43531 Sk LATIT ARG 0.138,0.085,0.063 £ il
0.019 5. HIF PR A R 58 B 800N, AEHLN 400 32 45
JHRCZE A s i S 2 R A A ) i A% 1) RT R T
IR 40 T 45 B o) 6] B, AR T AT . 24
BvEEH 4.5 m /N E 3.8.3.5.3.0.2.2 m B, F
1 25% 53 P BUE 533l A 18.24 14,68 . 14.23 [ 14.14
11.38 km/h, 72 MR 25 10 o LI 3% B ) B A AR (o
SR 75%) 1Y SF- 3 3R 43 O BEAR T 19.5%
22.0% .22.5% .37.5%. ARG E M 4.5 m Jk /N F]
3.0 mAY It PR R ARG 2 A5 /N s (B8N B 2.2 m
B, B PR AT B R K, AR Ak A S A 3145
IR —F WL BN A B B E N AL 4
BT R TR PR

T e —

B —=122m
&% —+3.0m
W -~ 35m
0.8+ L iy —138m
| “? 45m
v

IR RS 1
(=]
s o

<) =}
o IS
T T
P
e
;_ -

0 5 10 15 20 25 30
v/(km-h™)

3 FNHEEEFREUEE TEEFERERSH

1) P52 B R A0 T e ) A G R R
ARSI 4 A0 A RTE L AR = L i ]
EATETE 3 A NE BT KB P FR /N

2) BTG SR A AT AR LA R ]
A X AR AL Bl 4 i e B BAT SR

3) AEBL Bl 48 A A% 58 BE Xk AR B3l 4 i i R H
A TERUN R | B AT 00 BE B, T ARG A X
BN s AL Gaa AT IR B R B ST | R BN
1EHE G EENR.

5% il

(1] BRIR, A& 55, Mg 5, 45 IR 45 4 B IR R 0 i 5 17
BAFSEOR[ M ] B a0 AR R ittt 2007 :54-57.

[2] BOX P C . Curb parking problems: overview [ J]. Journal
of Transportation Engineering, 2004,130( 1) ;1-5.

[3] FABIEN P. Curb parking: theory and model [ M ].
Berkeley . Institute of Transportation Studies University of
California, 1978.

[4] YOUSIF S, PURNAWAN S. On-street parking; effects on
traffic congestion [ J]. Traffic Engineering Control, 1999,
40(9) :424- 427.

(5] B 3k i 45 - Bt LRI e [ DR it AR R R
2000.

(6] MR T ol Tl e 0 45 4 B B B AL T ¥k WESE [ D] e
I AR, 2006

(7] sKEe. BI45 42X 388 i S A F 58 [ D ALt h E R
P R#% 2005,

(8] WRIR, BRIGEEE A5 5 32 3 52 M) X 6 30 45% 2 1Y) 5 T8 Ut
PRBUR T ] 08 7R 35 Tl R 52 524, 2009, 41 (5) - 130 -
135.

[9] PEREZ R I, TARKO A P. Calibration of capacity
parameters for signalized intersections in Indiana [ C]//
The 84th Annual Meeting of the Transportation Research
Board. Washington DC; National Research Council, 2005
1102-1109.

[10]COX D R. Regression models and life tables [ J]. Journal
of the Royal Statistical Society: Series B, 1972,34(2) .
187-220.

[11]CHANGH L, YEH T H. Exploratory analysis of motorcycle
holding time heterogeneity using a split-population duration
model [ J]. Transportation Research Part A, 2007,41(6) :
587-596.

[12] BHAT C R. A hazard-based duration model of shopping
activity with nonparametric baseline specification and
nonparametric control for unobserved heterogeneity [ J].

Transportation Research Part B, 1996,30(3) .189-207.
(B HAAE)



