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Fig. 1. Proactive effect of bi-directional pedestrians.
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Fig. 2. Pedestrian movement space and tendency.
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Fig. 3. Potential field value update for occupied cells.
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Fig. 5. Three patterns of impatient behaviors: (a) Pattern 1, impatience as a trigger of sidestep (i of R > §); (b) Pattern 2, impa-

tience as a direct parameter to estimate priority (4 potential competitors for the target cell, L has the largest i (i of L > §) among

all of the potential competitors for the target cell); (¢) Pattern 3, impatience as an indirect parameter to estimate priority (R has
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(i of R > 6) among all of the potential competitors for the target cell).
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FEIE . T UL, A R R A BE I 11 fik 2 R R T
X TR AT 1 R v 8 20 RN A R

4.1 EIREBEE S KA O R 1E
A&

D7 HARBET XS 3 DA BT AR S — A
BT B FEAR A TR EE A, [ 7 25 T

R 1 AR
Rules of Pattern 1.

Step 1: LRI IH3 MG TR U 10, U_110 Il U_y 1, BERR U, j W2 WK T (4, ) PaEHN HAFRE T, HeStep 2; AR T

Hydkas Hi > 6, BkE4Step 7; B0, BkEs Step 4;
Step 2—Step 6: 5E 2K FF ) Step 2—Step 6 FHIF;

Step 7: WEZEAREIME T Uo,n Al Uo,—1, B R U j I TREE T (4, j) B BARME T, FeStep 2; MUERPIME IR, B

Step 4.

#4
Table 4.

5 2 R
Rules of Pattern 2.

Step 1: HWASRTIH A M3 MEFIIU_1,0, U_1,1 Al U_1,—1, BERKU; ; WEWRET (4, ) Bkl BEaEF, BBzt NS 7Es
DB HAAR K (i > 0), EFEStep 2, BkFEStep 7; WSR3 FIIAEZS, Bk StepT;

Step 2—Step 6: HF2MM Y Step 2—Step 6 HFH;

Step 7: MU XII%AT NS 25 RS T HIWTZAT R BTEST A E P HA IR (i > 6), SRR A% 1150 BARE T, §4Step 2; Mtk

% Step 4.

#5
Table 5.

3 AR
Rules of Pattern 3.

Step 1: RIS M3 METHI U_1,0, U—1,1 Ml U_1,—1, B#EKU; ; (i < 6) B Ui j x i (i > BIZEIRET (4, j) Bt Bk
5, FIWAZAT AR BIESERE P HE KRN U; j (1 < 6) T Uy j x i (i > 6), ZH¢Step 2, THHEStep 7; MRS MHETHARE,

Bk Step 7;
Step 2—Step 6: 52K FAYStep 2—Step 6 HIF;

Step 7: RUCEXTZAT NS L ZS PRAR T IR ZAT NIRRT Fr & H R IRAR U, 5 (0 < 6) B Uy x i (i > 6), EENRRLRH T34

HARHE T, 55 Step 2; THEFE Step 4.

6 LA 9 E I AL

Fig. 6. Lane formation with Basic movement rules (p = 0.3).
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Basic Pattern 1

Pattern 2 Pattern 3

7 ARGETE AT EES (T = 100)
Fig. 7. Potential field generation under 4 scenarios (T = 100).

p=0.1

B8 B 1A IF] 2 B K AR B AT BUK - (T = 50)
Fig. 8. Individual impatient level under different density levels with Pattern 1 (7' = 50).

ANTR 5 BEACOE T AT il & B ¥ e SR i i s A1
B BRREERR LS T BB K IBTESA S
{E. Kl Basic fREEARBA (R JEA T AT
M), Pattern 1—3 70 5IMCEREEA 1—3 (&AM
JATR). BT, AR AT AR X 4y
Aiv, [F) A7 AR T HE B A5 3 10 7 A ) 3 14 S
5, JF ik T B T AL SRR . B TR TR Y
3BT AT AU AR X 4315, 538 2Z [ R BR T/,
W FABAHX O 25 IEORTHGU T B, R R EE A
Eijib st S/ N E PN KRNI TRONTRUIES

Kl 8 25t T 1 ORIEN B AKEAT A
AT BT, B B AR IUK T AT N 2 I
RIEIE. ME RN (p = 0.1), A 1A
i, AR FRAR. B EERCKET (p = 0.5), it
B, AT NTF IR AR AT, PSR K
4T

4.2 AMBITAERXRSEEIER S
4.2.1  IEHRAT AR XEGE R 547

M TSR G THE bR LA 6 5.
U EAIRT 50 B E2E TG 25, $8 45
IESERGE TS 800 Afa] A B BL. 15 Bk 56 R
HRSEIE N k=3,3=08, a = 1.5, 7 = 0.5,
§ = 0. M&kH 3.1 T AYE X, I S HUE I W T /i
B S E i 3 MG, ANEBUKE B
Yook, It HASTHEE ) i h AP B L. =
B AR AL BT I Y RAURE A3 B UL 4.2.2 715, 4.2.3
T 4.3 5.

Bl 945 T3 (Speed) Al % (Flow rate)
FEAN TR BEAKOE T AR, AR STV K AR
1 (Basic) Fl 3 ARG T A (Pattern 1—3
SRR 1--3) 548 CABTY (Blue,
2001) FEATRF L. SRR FAR A S £l CA
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£ 6 GiitshR R L
Table 6. Definitions of statistic index.
Eh7 E8d Rk
Speed i ]2 [ BT 7 16034 s - (LT ZE 0 A7) B Sy A B e AR
Flow rate % IR B G ik A L S0 A A AT N S5 B 3 ek 230 S A 16 2 A N 2 A

Waiting time ZF{F/1}H] AT NI S5 A I ) 20 2 0 LB A

90
~ 80 Basic
\(: 70 k Pattern 1
2 60} —e— Pattern 2
= 50f —— Pattern 3
i 40 + —x— CA(Blue,2001)
g 30f
o 20}
Q
»n 10 F

O 1 1 l\

0 0.2 0.4 0.6 0.8 1.0
Density

9

Flow rate/(p-min~!'m~1)

120
Basic

100 Pattern 1

80 —eo— Pattern 2

60

40 //

20 F

ol —a— Pattern 3
—»— CA(Blue,2001)
720 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
Density

A 1) 25 JEE AT SR R ) 22 S

Fig. 9. Comparison of speed and flow rate under different density levels.

B R A AT T2 & AN 3 Al
RIMBRZES. A1 B T 52 CA Bk
LB a3, (0 BAT R A 4 X XY
LS /R T & B R ES BB 1T 0 A B TR
XU AT NRATRCR. B 2 AR B A= 3 T Y
BRI, R MR A UK - E AT
NAHEISEZS IR se 4 7, IR AR ™ A i
SO X5 12 R IR HLD SRR
ASRA—E R, B 3 IR (p = 0.2, 0.3)
2 d e R R R, (R R T4 T 0.4 1Y
REREA. X5 12 PRERES - p = 0.3
AT NA ZRAZ RSN, p = 0.5 W H B 9] 28

Wk 10 B, K280 BEKF T AR A
TRl R A, WA T A I8 A7 AP 24 56
Top It T BB OS] A5 1 TR SRR T 5 4
I [] 5, 7E i 28 BE I L A A A 2 FE IR
B N Y R 3 MR BT X rp B K Y S5
A I). A 3 AR AR Y 5 B T AR AT S ) S5 15
I, {EFfE % R T 0.4 TR .

500
450 + Basic

400 - Pattern 1
[ —e— Pattern 2
| —— Pattern 3

Wait time (time step)
N
I
=

200
150 F
100 F
50 F
O -
_50 L . . .
0 0.2 0.4 0.6 0.8 1.0
Density
P10 AR 25 BRI 5 R I ) 25 5

Fig. 10. Wait time under different density levels.

4.2.2  BHESHER S

SRS = 0 FTRANTITIK -5 M D3 ) ) 1
§ = 0 FoR HEAT AL (¢ > 0), BEARKIEAHN 1)
FELHLIN fid e HORTHGAT . 6 > 0 RomtT ARA
TEATHTK @ A BNRE BIE 6 I, A2 $i AT
RS RN fk % HLAT oM. TR 11 A T HERTR) 618
VEF T 3 B2 Bt B ) AR A G R . PR R AT A
KT, & X R BN, 6 = 0 PRt 1 A
A B EAKCE T R S B, T 6 > 0 B A
HUE T 0 B A A . R TR 2, 2 p < 0.5
if, 6 > 0 = FEW R AHE TR, (H p = 0.6 Bk
FEE 23Rl 6 18 A3 AN [R1FE B G . 6 R EUE
XL 3 0 TR R AN K.

4.2.3  H¥ o ey 89 Ao

ZH o TNy 43 2R AT 57K ST B 38 K R
FIR. o = 1.2 v = 0.2 KRANMBK 218
B0 ARGE TR B, 1A TR S8 4 T AR
550 o = 1.8 Fily = 0.8 WA AR K PPk
HEINIT N8, BERHASTRE A FH e AR e At

XA (& 12(a)), HE5RAASTREE A5
ST B IHE, 2, BN A5 2045
TRARH L. o Iy AN [] B H A5 31 9% S5 B ] 26 S
A (B 12(b)). X 2(18 12(c) FE 12(d)),
BT BAEH T (o = 1.2 Fly = 0.2) 7T A
5 KT T 375 3] B AV A 3 R e A 19 A5 R T )
M SR AT BAE A T (o = 1.8 Fily = 0.8) HAE
p < 0.4 I A BEARAG f foy 15 R g o 1) S5 A s ]
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Speed

Speed

Speed

Speed

& 12

1.2 A 5 0.6 )
a =0 b =0
Lor §=5 0-5¢ 5=5
0.8t —*-0=50 0.4r —-5=50
—— 5 =100 T 03}l —— §=100
0.6 ——§=1000 | § —— §=1000
& 02t
o4r 01f
0.2 ok
0 . . . . _01 . . . .
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Density Density
1.2
(c) 5=0
Lof .
0.8} ——46=50
ks —— §=100
g 06} —— 6 = 1000
0
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1.0
Density
B 11 A SR T REMBEMLR  (a) B 1; (b) B 2; (c) B3
Fig. 11. Speed vs. Density under different ¢é: (a) Pattern 1; (b) Pattern 2; (c) Pattern 3.
1.2 100
(a) 2 90 f(b)
1.0 % 80f
0.8} g 0
£ 6ot
0.6 ~ 50}
g 40t
0.4 = 30
0.2} £ 20¢
S 10}
0 . . . . 0 . . .
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Density Density
0.8 500
0.7 L) B 338 H(d)
2 L
061 v 350
0.5 F E 300 F
0.4 \a.;/ 250 +
£ mf
2 L
g‘f £ 100t
. r 50 L
I 50 .
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Density Density
1.2 400
Lo | (e) £ 350 L(f)
: w300 -
0.8+ g 250}
Z 200}
061 o 150 F
0.4t £ 100}
= 50
s L
02f g o
0 . . . 50 . . . .
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Density Density

a=12,v=0.2

a=12,v=08 e a=15 v=0.5

4+ a=18,v=02 - a=18,v=0.8

ANTA) o Ry TR R R A5 A I ) R A A8 Al

(d) BE 2 (Y SFRFIE]; (o) A 3 (R (f) K 3 S i Il
Fig. 12. Speed and wait time vs. density under different o and 7: (a) Speed with Pattern 1; (b) wait time with Pattern 1; (c) speed
with Pattern 2; (d) wait time with Pattern 2; (e) speed with Pattern 3; (f) wait time with Pattern 3.
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M p = 0.50, EP#&T“E’JTWWEFHJJ%%}%E
4. A5 3 U R ANRIRYRAE (151 12(e) FIET 12(f)).
AT UV T B 3 R 9800 p = 0.4—0.5 YR
JEERNAEARE A ) 22 300t A R s, RV 55 P AN TR 0T
B FH 945 31 5 e 14 0 P R K 1) S5 e i T e
PRI ANTIES AT P 1 0 A5 80 e A 78 2 32 00 e 6L ) S5 15
I TE].

4.3 EBERITAERSH

AT NBHAR AR 22 5, WM T N (e
NBATEIAME ) SRR, 5 1E % % 4T A
Fb, BRI 2808 3 A A X iy DX 3 A 2 i) 91 T 4%
N, HLHORTRG A VR 0 A X 55 . AR E
AT N RIE R s —4%, B 0.45 m, 3 > [H]
HHET 1s, ETHEEL N 1.35 m/s; BT A
2 MR sh—A%, EATHEZIN 0.675 m/s.
e EARE T 1B AT AT A S EUE R k= 1,
a=12,7=02 IE¥HEETASEIUERN k =
3, a=15,7=05 K 1340 THEIRE %

1] 2 P 6 T 245 P A A 181 A
.
»»
-« -« «
D)
-
O -
-
>
> <
N
-
< % <
-
-« @ »> -«
®
+
o > «
© ®
-
> <
K13 5 BRI P OE R R AT A8 AT AR R AR
(R EBE) @ Hop = MIARIE W BET A, #ik Bk

(ELESUN

Fig. 13. Overtaking process between pedestrians with nor-
mal speed and slower speed (Partial screenshot) Note: the
triangles represent pedestrians with normal speed and the

arrows represent pedestrians with slower speed.

BEE M2 AT N S AN S R 0%,
10% F1 20%, ﬁW‘ HANE 14 s 5k A
PN —IEHHEE (S = 0%) ML, 24 10% 5% 20%
SERPNDSN -5 X SN I SN R G by Yz ] i
(RN AT A AS R] A AT S0 1 AR =2 1 52 Wi £ 7E
2550 AR 1 AR R DR A R K TR S
R 2 P TR R TR TESET 0.5 BFA
B MR 3 04 B R Ul A 45 % B K
BIRXT22. GABAEREE % KT, 18 AT
Xt TG FEAG 2 A T A B bl A B E .

1.0
BS=0% (a)
0.8} "S=10%
S =20%
< 0.6
Q
o]
a,
n 0.4r
0.2
0.1 02 03 04 05 06 07 038
Density
1.0
1 S=0% (b)
0.8 5 S=10%
S =20%
< 0.6
o]
o)
2,
n 0.4r
0.2
0 il b

0.1 02 03 04 05 06 07 0.8
Density

1 S=0% (c)

S =10%

S =20%
‘l II II Hull o

0.1 02 03 04 05 06 07 038
Density

1.0

0.8

0.6

Speed

0.4r

0.2

B 14 A[ENE AT AL T BB CR  (a) B
K 1; (b) B 2; () K3

Fig. 14. Speed vs. density under different proportion of
slower pedestrians: (a) Pattern 1; (b) Pattern 2; (c¢) Pat-

tern 3.

4.4 HEEEHIERSH

T W FEAN T R AT AR A A [ 5 3 58
W4T R B, BB 3 A W] 9 B 2547 0 B ik
5. Hrp W= 22.05 m FHELISIREEE, ki (b
BRETHHRIYE ) (GB50157-2013) HAlE i 2 5 5
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ANTERE R 8 m, DA R (BRI R % 4l BT RE )
(TB 10100-2018) H L& R R I ot g & ik |
I8 fe /N e 12 m, 45 A AR AL Y T A% R
0.45 m, 7ML W=81m, 11.7m; LHEKES
— 22.95 m.

SEHEE RN, DLW = 22.05 m R K45
Sk, B A TE TR RN, A KR A
JE R R A 2 I IR B, 6 R R B RN
(IO A . 20 T FE /N Ry 11.7 m B, XY
TR 12 44%—T79%; 2P/ NN 8.1 m
BF, LA R AR T 2 63%—86%. Xf b JLFP AT
T, ORI T R AR 1 A A KO
TR R e R S B, (AN TE B KPR
R BEAH 22N K, IS Il 38.4% (W =
8.1 m) Fl 36.7% (W = 11.7 m); iz 3 {3k &
U DU XT38 P 5 R R, SR A3 20.3% (W =
8.1 m) 1 12.9%(W = 11.7 m).

1.2
(a) Pattern 1
1LOF e e Pattern 2
08t A Pattern 3
3 —»— Pattern 1+2
2 0.6 Pattern 143
& s :
0.4
0.2
=
O 1 1 1 B
0 0.2 0.4 0.6 0.8 1.0
Density
14
8 19 | (b) & Pattern 1
% : e Pattern 2
o 101 4 A Pattern 3
5 3
E 6t
S 4L *
g s
= ot —%— Pattern 142 a
E o f Patterp 1+3 ) - :
= o 0.2 0.4 0.6 0.8 1.0
Density
450
2 400 L(c) Pattern 1 s 7
% 350+ o Pattern 2 i
g 300 A Pattern 3 .
-3 250 + —x— Pattern 1+2 . "
~ 200} Pattern 1+3
g 150t
= 100 F
b= 50 | A .
g Or & & i
750 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
Density

B 15 RGBS A8 BN 3R | R SRR R g R
b (a) BHESHEEXRR; b) WESEEXR; (o) Erm
If] 5 %5 B 5% &

Fig. 15. Speed, flow rate and wait time under different
density levels with mix impatience patterns: (a) Speed;
(b) flow rate; (c) wait time.

4.5 AMBITARRXEFTHERSHR

1T NFETZ HEARNTIH GG 25 05, FT fig 2 R HUAN [R] Y
T, P B IR R AT A AT A
IAEFRA T R AT R, UMFRE B A 45
YERZCR . B 15 d “Pattern 1 4+ 27 fil “Pattern
1+ 3750 34T N BENLERE— 1 AR AT
RS L, S R T M 2 50 3 IEIE.
mE 15 Pios, EIREGHT, BUE | R AR
i) ) B ZRTE 2 | SR RABL AN AUE 45— RO
). A L RGBS IS T HE U A~ B — 15
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5 % @

ARSCRG I T AN T R B S AN Tt A T A
XA AT AR G S A A= A M
AITAE S R R BT N Z (W] R RTER A, I fid A4 7
NBIFT AR, (AT Nz shid e, MRAEBEPIRZS
I | A0 SR AR B N BN TR BT, -3 i mT
FESHOTTATIB AL Sh 2. AT SR X e
PR ZHEPE AN Bl i 7 3 A A AN T JGUK - B 552
Pk, I HAE AT AR T o i il A IR A
SCHR T L T 3 RS R AAN TR JA T oA

FAR MR SRS B e B n 1T 3 AT oAy
NERAFEAFE BT A AR, A 1 e i
78 i e 19 380 JEE TR | e S A 25 R F ] 5 A8 5K
2 HAmARBE R, HAERZEOE KT
RPN TRl B 3 FEBUR A B K- B
Yoy 1R BRI 23 A o L ) A5 R N ) LA ey %
HKAF T B IHEARER SRS ANTHGUK P50 PSR
FIEEL 6, REANTRIRIANTE U T AR AN Rl B 52
HIATIBUK PR A o FIEEIA v RIB AT
IR B0 AT AU I B R0t A5 5
e 5 9 R B RO AN T UK A S R, A
SRR AT N2 AU T N BB e E
WK, 3E BEANTU T %ot T i I e o
A3 AR Bt R G oy B BURAEHI. RIS, A
e P9 AN T A S A A 205 5 52 il NP ) 3
URlRE L MR B 25 . TS b, AR
HIAN R4 52 BT N AL, X 2847 A7 IRANR]
ARSI R T A AT AT RS AR SR IR AN T
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FEAE. SO A A 259 A BT — P TR A ST
ST

ARSI AT AT R $R AN 54T 2 X6 X
AT AR RO A5k, IR a s 1
AT AT JA e X XL i it A ] S DR 2 AR
BRSSP T S0 BRI SRR B AL
HERAL T B SRE. T AT ARSI R T
FNER R, A SCHYRITZ Jay IR T XA AL Y
BRIV, SRS T AR bl A B AU B S A5 1A
FBORIAT AT 000 BB AT R DR B B 2SR,
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Impatient behavior modelling and simulation of bidirectional
pedestrian flow dynamics based on proactive effect”
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Abstract

Impatience is a psychological factor that varies from person to person and constantly changes with the
environment in real time. In this paper, a model based on cellular automaton is presented to investigate the
dynamics of bi-directional flow, with considering individual impatient behaviors. Potential field is defined to
represent pedestrian’s interest in available space, which provides an approach to the description of proactive
mechanism in bi-directional flow. By formulating the dynamics with controllable parameters, individual
impatience level is measured, recorded and updated to trigger off the personalized behaviors. Three different
patterns of impatient behaviors are modeled and compared with each other. Simulation results demonstrate the
different performances of impatient behavior patterns. Comparing with the situation without considering
impatience, bidirectional flow is improved in terms of speed, flow rate and waiting time when impatience level is
used to triggers off the sidestep behavior. However, the collective performance shows a deterioration at a most
density level when impatience is regarded as a direct parameter to estimate the priority to a target cell among
several competitors. The parameter sensitivity analysis of impatience intensity and decision threshold shows the
flexibility of the model to present the impatience effect. Simulation experiments under different scenarios also
reveal the effects of low proportion of slower pedestrians, walkway width and mixed behavior mode on the

efficiency of pedestrian counter flow.

Keywords: cellular automaton, bidirectional pedestrian flow, fundamental diagram, impatient behavior
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