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A Quasi-dynamic Traffic Assignment Model with Stochastic User Equilibrium

ZHAO Chuanlin, QI Qi, HE Shaosong, SUN Yangqi
(School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture, Beijing 102616, China)

Abstract: Dynamic traffic assignment is a hot topic and difficult issue in the transportation research field, where the
application of dynamic traffic assignment methods to large-scale networks often results in high computation costs. By
studying the quasi-dynamic traffic assignment problem, the time continuity of dynamic traffic assignment and the
complexity of corresponding models can be reduced. A new calculation method of residual traffic demand is defined based
on link travel time. Then, considering the propagation of residual traffic demand between time periods and the differences in
the familiarity of travelers with the road network, a Logit-based quasi-dynamic traffic assignment model with stochastic user
equilibrium is established. An algorithm is designed to solve the model based on the successive average method. Finally, the
application of the model is conducted on a Braess network and a nine-node network. The sensitivity analysis of model
parameters is carried out to verify the effectiveness of the model and the algorithm. Results enrich the basic theory of the

transportation research field and can provide references for transportation policymakers.
Key words: urban traffic; quasi-dynamic traffic assignment; stochastic user equilibrium; residual traffic demand; link

travel time

AEIE A B A IR ) — AN PR, 2R RIZK, Friesz 50 @280 &5 M F* ¥ (dynamic user
22 8 R Fo (46 470 108 BEML W L VZ A5 (origin destination, equilibrium, DUE) 8, 5 & H AT 35 1R %2,
OD) X 2 [8] A2 3 5 73 e 2 6 W vp 25 2% A b &2 Daganzo <50 @ 2 BHHLA /7 K (stochastic user equi-
B BRAT G B L HE P . shAH P B librium, SUE) #%.
FFEALH P ¥4 . 1952 4, Wardrop! #2 H ## 4 H FRAAZIE S \@61‘%3HT£§CL_M£U‘:PTL}EHTP/Z, TH
15145 (user equilibrium, UE) B 5% X . % &R [E] TER RN TR BRSNS BHILRE. IERL

W EE: 2023-03-03

HEL£WH: BEXRAARFESTIIE (71971014); LR THZRHEOHRIFEBIE (KM202010016007); b5 @K %75
ANA B TREEBIIE (JDJQ20200301); b5 5 j:saﬁ)miﬁu%ﬁ‘ﬁﬁjﬂﬁa (PG2023051, PG2023052)

TEE®T: BMER (1987—), 55, WWARB AN, RIBE, Wit EEFFIT A IS H R S .



513

BAERR, Fr B BUDKY, S5 BENURTT S Sl A S o PO 105

[EMEOESE == /e )11 I M (S il = S o = N5
e NPETER S SIS B AT AR Z 4L, A
KA FT IR AENE SN A AT HE iH) @ . Lam 25 55 [& I
A MTEAESN A 1) OD K, #2 H — sk 22 1) s HRBA
HEBN A AT A B Y, AR o B BT 8] Bk HCR FH A%
Su) iR A BPR BREL, 8ETTHE PO R A2 S gk o
(first-in-first-out, FIFO) fXE# . Smith 257 2 H —4
FA B ORE ). HEPA IR J HEBA A i e
TR B HESN A 1@ B, FFUE B2 AR A AT A
ATAT [ 7 R AR Y f# . Bilemer 250 ZE 37 —Fh 25 &
BEARMNAESN LB BOER, SRRk
RUBE ALY 1 7 3 DUAR UE 5 HE A AL B A R 35049 2
T, I UE BB Y A R ASE O % b 8 AR ] AT A
Tajtehranifard 5519 25 & — B 45 RUBL 8L T K — BT )
KA 72 Gt B A B 25 58 388 43 T AR ) B8 A 0 s e A%
W, JERH T R 4 . Nakayama %500
ST — R BT R) R HE BN A AT A FO LAY, 2 pR
BRI W AL R AR, R A Y i () A E M S e —
P£. Chan 55 ¥ it 1 #Ezh A& 228 73 Bo A Y 1 I- 4T
ARMEEE, BT SR E R N TR
FIRSTAZ 180 DX 45 (1) SR ik o

IR P S HELL T R, 1 Hod R R
Fl BPR (bureau of public road) B& RN — B/ 15 s 7Y
THE I HESN A AT RN (8] FEAS BRI [R] B i 2 2 A8 28 18
SrBCH 6 AN EEK (B) 5 A BN B IR oF 5 45 R 10 e A
PE BRARIS 18] Jy & B BN [A] 2 A0, S BRI [ e o ik
TR LR E AT FE L B& B [A]ET % B 7R SR AN
RS U et de th DL Ny AN 5
M 45 A2 5 (8] A 11 5) . Van der Gun 2509 52 X —FhET
(R HE SN A5 A 18 73 PO B AT RE I [R) )R DTV B
E 7 I A TS AT RE I [R] e % [R] B  E B A
I 6 M EK

ARSI BIHT RAE TR B (1) B BAT RIS ) o 5
AW, FEHATE FBARZE, L EENLA
FETES) A @ s RO . 1 Se 4 R BRI R AT
TR T AR, 78 SC— Pl i3 R A8 8 7 SR T 5
JiiE, 2 IER R AT T RAERS B A )L ik i,
SEARTY SRS FET A 4K P 45072: (method of successive
averages, MSA) J iAW THEE AL (SRR V% B Ja
TE Braess 2504 F1 LT i P28 090 A 0 5 B0k (1)
RAEHEAT BE

1 #EIriER

R TR B [0,T ], B 8 s B PN I T) 25
KNEE t, k FoRTEF B A b ANBF P E, A
DB Ko Bilhn, (R B T4 60 min,
W25 ¢ O 5 min, WSS EBE K N 12,

HE—NMAMZEMLEG = (N,A). HF, NN
TS A NRBUES

B A SR B LR 1.

x1 BREGSHGE

Table 1 Parameter settings

5H X
a B, acA
Va BB a MR (%) AR
Xak TESE k AR EA B o L20m R
R EEMES, REN
N ZRHES, SeN
(r,9) V25 (OD) X, reR, s€S
L WAL r B s FTE AR ISR
e OD X (r, s) E5R k ANBS 0] HUA BRI 4A 388 7 5K

i OD X (r, s) FE5 k NN TRIPEOA B AR 1 BRI 4R 2218 755K
an TEHS ke AN )2 BN B8 A% 1 AORIARSZIB R

WS ODRE (rs) 7EH kM LS HON B 1 0SCRROB AR

1.1 EERMEKZITIZNE

FERAI RPN, 2 u, () RARTES kAN
[A] L HA B B a AT RERS R BR 0, ol 208 B AL
], wree R R HEBME RN E], 75205 (1) ~ (2)-

U (Xup) = Ul + U (1)
queue _ 'XL’CI i -1 2
Uy AR ()

2 (2) T A [R] B 6 A2 30 2 2238 73 FiT (1 78 T2
R, HAESRRENSCHR (131 b, o BT
2L HRARY

V.
a/a:min(l, ")o 3)
xa,k

B BT I AR M0 FE B B BUR AT S B B
IR, X B BUR R AN R B AT IR ], JF BT
AR E H T i it BUA AN L 2 1 £ 37 i BOP R



106 Tk T f%

027 %

BB E . Mo, = 1K, RREE a PEETE
HEBA S AN 250 TR U N 5% B PR N UL 1
Mo, <IBF, FoREEEL a H7= A HEBA I B R R i
NI BRI
B @) G)RAL D), 173
u's V,>x,;

Ma(xa,k): ff+kat M_l vV <x
a 2Va Va T “

(4)

2 (4) TTLLAE H B B AT RE R R 5 AR 4 B
MEx AR, FHRFx,EL. M43 OD X}
(r, §) TE5B &k AN TR0 50N B/ A% 1 AT RIS 18] ¢ () »
W= (5).

ﬁmu;zmmﬂmJeHo (5)

acA

H, oo R AEEBRBE LSRN0 -1
o WIREKEL o TEER: OD Xt (r, 5) IR L Ly 67 =1,
B, 6 =00 XTRAREDKN, FNEAET
PRI (]2 B 42 b BT A I B ) % B AT R B 1) ) A R
FIT LA ARAT AR [] 73 (o, ) TR IE LR 1 6
12 FRZTEEK

2 AN I ] A R 5 B AR 43 T 11 28 38 7R SRR
B, JE I (5) T E B AR AT RR B (R OK T ) 2D
K, RIS 2238 75 SR AE M AT I (] 25K N Tovk B IA 2%
Mo KGR P AR B TR BRI 4 T
R SCRFIR BT K

SE SC— PR R 6 AR 2SR iR gy, RINAE
5k ABTRSDEON B AR L FRIRZSIE TR, 2k (6)
Fi, BRIz Eep) i, JEid el it 515 30 4508
SR HAREE

—fgi—@QUM)—ﬂ,de0>ﬁ:
g = ) | (©)
0, c(x)=to
1.3 BEZHEREEELE

7 [ A E 2 A i AR R AR, B T |
AT a5 o I R Al R R R T B —
AN )5 B BRAS I T SR v Rk, ARSI TE]
A Kb & B AR IR S R A8 18 TR K g EH A S 40  :
— A A A KN TG S IE 7 K
R bW K H R R AT K

W= f e %

T A 30 R AE I ) 25 o L2
MR, PRAE R — M R K R 4
KRS EHHTHARE, KIDERE L5k
FoseFESE S, Dbk, B B A B B
o

X =07 L€ L7 ®)

1.4 FEALA P IEEE
FERA ARG, RHAT Logit £ 8 HEAT B 42
WESHL, AT | HOEBERIME N
P = exp(=6c;}) ] ©)
D exp(-fc)
Horr, 0 0y Romge AATTRE % 9 BE T 24 28R 2 1)
T,

2 KEEE

BT IR ENE R B R P SR R S, AN
D HN, MESECR A MSA FERE. HER
[0 A A AR RS, B E 1 R,

ST WGSBS B AT, B E R K%
RUE WS, %1=1.

B2 JFRIER, FIH MSA HERAE.

1) BB APk =1,

2) g B, BRI, HFRIERX Q) irEr
AR,

3) ATFERS (A5 AR 20 (4) THE K B AT AR I
[, (x,0)» WA (5) THEERARATRZIT 18] ¢ (x,)

4) FRAZETRIFHE . RIEX (6) 1HERRE
WBFERes o HEAFAEFIRCETR R, N E 6).

5) 538 OD FKhy_ o MRIEZ (7) HH T — A
3K OD #oR.

6) THELEA NI RAEIEZ T, -2
wﬁ%&ﬁ%%egﬁ;%fﬁm

7) W IA) D HOR 96 o 30 A2 S U HEAT 2B 9% 3
AR, MR 2).

B3 SR . max|pp - pprl<p, N2
WSk tE, Mt S BT RS BRI E: A
il RSSO B, R 11D 35 2.,



B, FF

H, Bk, .

Bt ATLFH 7 2 18 v ) 2 22 18 43 e A Y 107

MSA 592

BRI [P k=1

'

IR & R B BT B AR BT,

%%%@\%&miuﬁﬁmﬁﬁ@+_{ﬁﬁ§%?5§}____

IERIEL
I=1+1

BRI 1
_,| '
-
- S <
\\\\\\I%////,

TrAILA
finth S EEIRR . B RR

|

SERTRREL. BRARATREN (1)

v
AR5 AW AR AR R?
SRR AT IR TR AN R AR

v v

| e |

BT F 20D ik

T A R L R 2 H K2

W%E:‘;u .

E1 HizRiEE
Figure 1 The flow chart of the algorithm
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Figure 2 A Braess network
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Table 2 Parameters of links
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Table 3 Effective routes in the road network
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Table 4 Initial traffic demand for each time step
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Table 5 Flow assignment results
F B AR (415 min™ B AT PR
MR OD A (15 min'y B 1 E%?; 2 ) B3 Bl 2 i 3
1 1300 433.33 433.33 433.33 0.33 0.33 0.33
2 1400 471.16 471.16 457.69 0.34 0.34 0.33
3 1500 513.96 513.96 472.08 0.34 0.34 0.32
4 1550 535.53 535.53 478.94 0.35 0.35 0.31
5 1600 557.91 55791 484.19 0.35 0.35 0.30
6 1500 513.74 513.74 472.52 0.34 0.34 0.32
7 1400 471.24 471.24 457.52 0.34 0.34 0.33
8 1200 400.00 400.00 400.00 0.33 0.33 0.33
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Table 6 Reduction factors of links
e I=1 1=2
K=1 K=2 K=3 K=4 K=5 K=6 K=7 K=8 K=1 K=2 K=3 K=4 K=5 K=6 K=7 K=8
A—B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A—D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B—D 1 0.96 0.90 0.85 0.78 0.75 0.76 0.88 1 0.97 0.91 0.88 0.84 0.87 0.95 1
O0—A 1 0.96 0.90 0.85 0.78 0.75 0.76 0.88 1 0.97 091 0.88 0.84 0.87 0.95 1
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Table 7 Residual traffic demand of routes

I=1 I1=2
1z
i K=1 K=2 K=3 K=4 K=5 K=6 K=7 K=8 K=1 K=2 K=3 K=4 K=5 K=6 K=7 K=38
1 0 0 0 1923 5685 72.63 6401 5.0 0 0 0 6.09 2396 11.64 0 0
2 0 0 0 1923 5685 7263 6401 5.0 0 0 0 6.09 2396 11.64 0 0
3 0 0 27.12 6845 13746 171.05 16037 46.58 0 0 1631 3937 6343  44.99 0 0
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0.1  557.91 557.91 484.19 0.35 0.35 0.30
x99 BEHESY
0.5  605.19 605.19 389.63 0.38 0.38 0.24
Table 9 Parameters of links
0.7  618.01 618.01 363.98 039 039 022
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Figure 5 A directional road network

Table 11 Initial traffic demand for each time step
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Table 12 Reduction factors of links

I=1 1=2
L K=1K=2 K=3K=4 K=5 K=6 K=7 K=8 K=9 K=10 K=1K=2 K=3K=4 K=5K=6 K=7 K=8 K=9 K=10
A—-B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 098 0.74  0.60
A—-H 1 1 1 1 1 092 1 1 1 1 1 1 1 099 0.69 046 030 023 0.19 0.16
B—E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.89 0.65 049 040
0—-A 1 1 1 1 1 1 1 1 1 1 1 1 097 095 097 0.65 045 034 027 023
0—-C 1 1 089 078 0.62 047 038 033 029 027 1 1 1 1 1 1 1 1 1 1
C—»H 1 1 1 1 1 1 085 073 0.64 0.59 1 1 1 1 1 1 1 1 1 1
C—F 1 1 1 1 1 1 1 1 0.89 0.84 1 1 1 1 1 1 1 1 1 1
H—-E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.82 0.70
H-G 1 1 1 1 1 0.84 0.78 0.74 0.68 0.65 1 1 1 098 0.79 0.67 050 039 033 0.30
E-D 1 1 1 1 095 0.81 0.77 077 076 0.79 1 1 1 1 1 0.80 0.60 044 034 028
F—G 1 1 1 1 1 1 1 1 0.89 0.84 1 1 1 1 1 1 1 1 1 1
G-D 1 1 1 1 1 1 093 085 077 0.73 1 1 1 1 1 1 098 0.78 0.66 0.61
F13 BEFRZEEKR
Table 13 Residual traffic demand of routes
Bt =1 1=2
K=1K=2 K=3 K=4 K=5 K=6 K=7 K=8 K=9 K=10 K=1K=2 K=3K=4 K=5 K=6 K=7 K=8 K=9 K=10

1 0 0 0 0 0 1.60 590 4.82 565 1.66 0 0 0 0 0 59.33 157.10 261.90 374.70 465.90

2 0 0 0 0 0 1455 1392 1137 1129 6.27 0 0 0 0 27.75 119.90 236.60 348.70 462.20 553.00

3 0 0 0 0 0 0 0 0.37 1290 18.23 0 0 0 0 28.77 175.80 342.50 472.20 569.60 623.60

4 0 0 0 0 21.42 73.07 120.30 158.5 194.00 215.60 0 0 0 0 0 392 527 424 324 290

5 0 0 0 4.53 31.88 79.69 122.90 157.3 189.50 208.30 0 0 0 0 0 0 0 0.09 0.07 0.06

6 0 0 6.04 1636 4551 96.01 140.90 176.5 208.70 227.00 0 0 095 166 0 384 360 284 229 2.17
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Table 14 Flow assignment results
ol & B AR/ (- 15min) R AR
BAE 1 A 2 HAE 3 1% 4 125 1% 6 B 1 HAt 2 HAE 3 H A% 4 A2 5 HA% 6
0.1 47.68 43.14 64.32 58.16 47.70 38.99 0.16 0.14 0.21 0.19 0.16 0.13
0.5 31.72 19.24 128.02 77.56 31.67 11.79 0.11 0.06 0.43 0.26 0.11 0.04
0.7 29.84 14.82 145.74 72.24 29.76 7.60 0.10 0.05 0.49 0.24 0.10 0.02
1.0 28.43 10.46 167.26 61.45 28.34 4.07 0.09 0.03 0.56 0.21 0.09 0.01
2.0 28.04 2.67 201.89 38.78 27.99 0.63 0.09 0.01 0.68 0.13 0.09 0.00
PLNSEL. Systems Engineering and Information Technology, 2021, 21(5):
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