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Abstract

The issue of vehicle queues accumulating and spilling over to upstream nodes during peak commuting
hours on urban roads leads to reduced capacity at both upstream and downstream nodes. The study
analyzed four typical commuter path scenarios and proposed a flow-direction matching identification
model. This model considers both static factors, such as upstream-downstream spacing, and dynamic
factors, like flow direction and signal parameters. Further, by adjusting signal timing, phase sequence,
and variable lanes, a capacity matching model for upstream and downstream nodes was developed.
Case results show that the matching degree for paths with upstream straight and downstream straight
or left turns (Path 1 and 2) is above 0.79, indicating significant improvement. After implementing the
matching strategy, the overall capacity matching rate increased by 5.8%. In particular, Path 2 (up-
stream straight, downstream left turn) and Path 3 (upstream left turn, downstream straight) saw ca-
pacity matching improvements exceeding 20%. Therefore, the proposed path capacity matching model
has strong engineering application value.
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Figure 1. Commuter vehicle status upstream and downstream
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Figure 2. Schematic diagram of distance between upstream and downstream nodes
B2 ETFEhREESEREE

(1) BN A
LF%?%’ MBS L R R A B B B A, GBS AR R AT BN, Gl R
R EAPIRSZE P Iy — AT B, DR 25 f8 DU e Al i 0 B R (RIS AR AL, fn T

V:I_i+L
AT (3)
1, VA
Lt = v, V., <V <V,
Vmax
1-—, V<V,
max (4)
A Ly BT SRR, kmy O ETRUE SRR AR R ER), km: ar VIl B AR SO B
TATRERIIS ], hs Vo AIE SIS TE B R AT R R R BOE A, kmeh s VOB B IEAE BRI

max

AT B BRI, kmeh Y
(2) BREHBKE
AT LB B XIRE, BFS R AR R A S, 2 RS HON B TE B 2R

BE KRB RSB F0EAT I B A, 97 mORBELR S X Ry, F R v B S B F, A8

D[S FERR R T 5 % B FE X b R IR BE RS B R, 40

Vin NI ESSIBAE E R RAT B SN BOE S, kmeh

1. 3600,
mon _ Max(T,To)-T,
212 max (T, T, ) - min(T,,T,) ©
At TARFEBR N ERHFAC L BUT RN ], s SOUFERMTHMARE, peuh™ L, N

DOI: 10.12677/0rf.2025.152089 354 BE 51


https://doi.org/10.12677/orf.2025.152089

Wiz, EHR

PEN RN, my hy PSR, my T, IR N R IR E, s,

222, L FERERR

U A IR UL T A B A U R R (OGN B, LR B AR R A I B A PR T iR AR A
NIEATRESIUCECR SR B N T Ak RIS N TR NSRS R A E M A L, TR RET
i B R N ) ) L B B AR P R0 AT 6, TR R 6 DU RO R (11 A TR, W0

g = z g AT @
maX(Qin;??p ) - qiij?k
S = : ®)
P max(grn ) - min (gl )

et QT ML PN AT o BIE T, BN R A 5 0 BT, powh gl AT #d
YRR, powhl Al APEARGL DP9 AT A ETRBAT W, A, =0 R ARG pieTs )

A R I R NS T o PR A o R s O SR K L i
nIIZERE, BN R | 7R o (R, peuh L,

223. 5538%

ESSHAEAEhARIER, X IEE) SO BT AR iR R, (RN BEBCHR R 15 5 i B U A2
B, WA BRI RN R, SRE T TR S R AL AR AL 22X T i R AR IR R
FESL T H VLR AR B STk, R

m—-n m—n
Oisia =iy +Byuliy +7alia )

Arfre O R W A S RIS S S H R Oy b R AR RIS S SR R
Gy " A RN AR RAR S S MR oy, B, s = ME B S HOH B AL E AL, Hoidi
Qo+ By + Vs =1 BRI AL R A

OREEEILEY

U W S 2R, BRRHRHE B S B0  REE, F

o = max(c;,c; )-—ck 10)
max(ci,cj)—mm(ci,cj)

Ko o, MBIN . FIEE S AIRAL, s o A b FUHReEA R ), s,

) ARt

T S B A LR NI RN T2, e — M S T B B T Rl o KA i
B, BT R SRR, B T ARG ZERHE S S ER R S B [12], IR

Oinl)_j)?min = L LI\T_ Lmax - L\r/nax
‘ (11)
Om%n _ L+ I‘i _ Lmax _ I-min
i—> j,max V2 v, v,
m-n Olrljnmﬂ _Oirlﬁjn
Ci—>j,2 - om-n om" (12)
i>jmax ~ “i-jmin

Aefe OF i N B R ARG 2 (0 /ME, si OF, o 9% RIS SO BL 250080 KA, 80 VBB B

DOI: 10.12677/0rf.2025.152089 355 BE 51


https://doi.org/10.12677/orf.2025.152089

e, ER

TR, km-h 2 LA B3RS KRS, ma v R Shd, kmeh L v AR 30 947 &, kmeh 2,
O™ S b Tl 5 AR M B R LA s

(3) HILLAHR

HIEF|TBAI AR BEE, — MR . BT BT SRS SR, A R B B AS S P,
B HX T AR WA BE, T 007 b R AR AR R 2 B A B

2 X{NT 0.5 I, BT EIENRRE A R E NI ORI I B AT, ARG L4 R I
ths ZHMAT 0.5~1 JEME AR, T SRR R E FW AR, AR A7 R — 52
th: USHEKT 1, R A BELEPE A RA, SRR A S HE DR 2 E 3 A, A
AR5 5 2 OB B S R, 01

1, X" <0.5
1 P
gzlqu
m—n = m-n
cljs=il-—g— 05<X[f'<1 (13)
]
Gie Xmn 51
i

Reb: X T S AR TIIEAE, pouhy ©, A U AT, pouh s qp FiEA
AL PEOSCBRRE, pewh s PoA_EIFAE X HFE BN T2 S 26 BB AT ONIAL B

3. BREEITRENIEEIRE

R BRI E DL B EAT, TR B, a3 ) BT A AR BRI LS R

B BOBATRE I ZE e, B IR ARIEATRE JULECER, R NIRANFDIREEERE S Bl AL FER
EMHAE, AR IR RN ST S8, (8 LR AU R R B T e ) [l &M, R

mon _ i

i—>] T __monAm
is; Ci

(14)

Ao AL AR R e, BN R A 2RI 0 B RAT RS IR e o N
3 o BT, peuh s Cf SRR | 253 o (RUSCBRIAERE, pouh s 7 J iy A1 63 n FI L,
BN R 253 o IR L

_ i

L ]

| | |
W r( R RREE r‘

Figure 3. Schematic diagram of upstream and downstream node path flow
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Figure 4. Schematic diagram of lane functions and spacing at upstream and downstream nodes
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