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Fig. 1. Zipper phenomena of pedestrians in a bottleneck.
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Fig. 2. Zipper phenomenon of pedestrians under different channel widths/3.
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Fig. 3. Walking pattern of two adjacent pedestrians in the same direction: (a) The real single pedestrian walking pattern; (b) two

adjacent pedestrians walking side by side; (¢) two adjacent pedestrians walking in a diagonal pattern; (d) two adjacent pedestrians

walking in a straight line.
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Fig. 4. Manifestation of pedestrian zipper phenomenon: (a) The comparison of single-column pedestrian screenshot® with pedestri-

ans in-line pattern; (b) the comparison of two-column pedestrian screenshot®l with pedestrians in-line and diagonal patterns;

(c) the comparison of multi-column pedestrian screenshot® with multiple arrangement patterns of pedestrians.
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Fig. 5. Pedestrian vision attention and occlusion in the ef-
fective vision area (the orange shaded area is the area that
the target pedestrian pay the most attention to and has the
greatest influence on the target pedestrian, while the blue
shaded area has a relatively weak influence on the target

pedestrian).

068901-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 6 (2021) 068901

7 DX SR AT NPT S5 SRy DG R A 7 A A BT 28
SR e R I

BEAR, B 2 A —REF T 1), ARl B 47 A6
H FRAT AN PL T 0 8 14 52 e P2 35 o AN ] B s
X HARMT NAUEF 8O R e, X H AR T A
PREFEEFY RSN, LUK 6 1, 45 N Ps il Ps AEXT H
AT N PoAE Rl — L 7 7], 547 N PO R ES 430
JE L Rl s, XPAT NPT A SHE P4 £ B 43 5 0 o1s
ooy, WEPLYE A B J& Zs F0 25, WK lis > lis,
o5 < o1z, A ZL < Zs.

6 AR EAT AR F AR AT AR B8 3 7 2

Fig. 6. Occlusion degree of the target pedestrian’s vision by

surrounding pedestrians at different distances.

24 HITEHE

M3 T SR VAN ST NGB, IS
F7HIRE G B, TTLASI AT AR AR, ik
RIT AR ATERIGEFE. 7€ Voronoi B, 1T A
PRSI Voronoi FENBM TR a:, ML
= 1/ 7. ST BT, 47 A AT
BRI N U RARIF A TRREIE, (T AZ I

PSR s B R G
B

HBLIFHE, B B , HAT AR P73
AR, AT AL A i, e 7(a) PiR;
E RPN 21 BN R N TR o AN )
N B M ATt == W & 2, 17 A28 47
FPdE R BI5 , Hoossma MR S AT AR 2
i, fr NZ 2 B R HESIE K, dnk 7(b)
7.

B 7 ARTAREE TR EERSRE (e, m6E,
BB B R AT AR AR ARE R (a) 47 AR A4
AR5 (b) 77 A5 #0% BE A 5 I

Fig. 7. The zipper phenomenon of pedestrians under differ-

ent local density (green, yellow and orange respectively
represent the local pedestrian density from low to high):
(a) When the local pedestrian density is relatively low;
(b) when the local pedestrian density is relatively high.
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Fig. 8. Zipper phenomenon of pedestrians under different deviation intentions: (a) When the deviation intention of pedestrians in

narrow corridors is relatively low; (b) when the deviation intention of pedestrians in narrow corridors is relatively high; (¢) when the

deviation intention of pedestrians in wide corridors is relatively high.
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Fig. 9. Stable form of pedestrian zipper effect,
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Fig. 10. The best form of pedestrian zipper effect.
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Fig. 11. Zipper stability state of pedestrian basic unit (the
shadow area is the vision occlusion area and the non-shaded
area is the effective visible area in front of the target pedes-

trian).
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Fig. 12. Projection area of pedestrians.
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Fig. 13. Starting mechanism of pedestrian zipper effect:
(a) Before lateral displacement of pedestrians; (b) after lat-

eral displacement of pedestrians.
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Fig. 14. Deviation of zipper effect when consider multiple pedestrians on both sides: (a) Both sides meet the optimum field of vision;

(b) only one side satisfies the optimal field of vision; (c¢) stabilize visual field after compromise on both sides.

AR AT PN AL 5 B AG E Py (2, y) A
LAwEE RN B;
li/j = norm(Pj - Iji’)a (8)
hij = P;(y) — Pi(y)

li; - cos <arcsin l’i + 0h> | if 0i, > On,

iJ

_ 9)
l; - cos (arcsin lLs + 0ij> , Af 05, < On,
ij
(Isz —Py)-n;

97" = ? 1
jo = arccos norm(P;, — P) -norm{y) (10)
@ Py (z) > Py(z), if Pj(z) < Pi(x), a1

Po(z) = 11
' Py (x) < Pi(x), if Pj(x) > Py(x),
B; = norm(Py (x) — P;(x)), (12)
P, P
0;5 = e
; <arccos norm(Py,) - norm(Py )
— arcsin —> — arcsin —° ) E (13)
L lija) 2

Horr, m 2 HFRAT A PRYIERT DT DT 0], hij
FAR T A PR R I T A Py 4 B .

3 EEA
3.1 FEEEIE

T NAEIE W ATERS, IR S PR AR 5.
2 TR AT NATE A U S AT A 3 i AR
1k, FEmEE AT NN R AR AL AL S pg At 2 Joas
B SES U BB T AT A EAEH, 7605 &
EFRETWIT AR SIE, & ASHEMIT A
G2 1162728361 Sy 1y BRAL G at 2 SRR AE ) OB W

RETAT AR — LR R, AR S8R e R
FVERURMERA I, SeliRAT A0 B S PRk sh rE Y
[, et 7 — LR G 2 AT AL Y0 [ A ] B A
(] 77 )RR B AT AN B RRG0t B RA T A T8 52 Y
BB TERR 38 A 05 FLE R AT RS AT .

TR H AR T NS Hi 5 — 5 9 A 09 ] ]
TN BT NA T ™ 52 e, 1 B AR T
NAEY J5 77 09 JR A T A AR T AR s2ma s/, H
PREF R J7 AN [ J7 1) FEE 25 00 J8 [T A B ARAT A
FrERE I AR 454 Voronoi Bl JLAT
vk, AT LA RAS R BT A P RIRIRAT A Py, P,
P3, Py, Ps, W& 15 . BOELE HERT A Po b i
T MEFTE R (180°) N, JE AT A mT LIXT HARdT A
Po 3t B2 77 A2 52 8 ()36 L Ry 2 A2 r B9 2R B 7E 0 <
r < r U, FEEAT AN BAR T Po i BE 52 1R
BOR, AT N P FEr <r < royuHN, FETT A
XFHPRAT N Poly 3 2 52 W /N, WAT N Py 7
r > ro Y FEN, JAFEAT AR BARTT N Po i B>

P15 JH BT A6 HARTT A A4 3 BE 52
Fig. 15. Velocity effects of surrounding pedestrians on the

target pedestrian.
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Table 1. Parameter values of velocity correction model.
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Fig. 16. Flow diagram of pedestrian zipper effect deviation

rules.
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Fig. 17. Sideways deviation of pedestrians with deviation

velocity.
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Fig. 18. Screenshot of simulation process of pedestrian flow
in the straight corridor (w =3.5m, { =10m, k =1).
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Fig. 19. Screenshot of zipper effect of pedestrian #4 at different simulation time steps.
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Fig. 20. Relationship between the number of pedestrian zipper layers and the width of the corridor.
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Fig. 21. Fundamental diagram of unidirectional pedestrian
flow in the corridor®™%. Actual data (Older®", Moril,
Zhang, Weidmann!", Hankin["l) are gathered to com-

pare with our model.
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Fig. 22. Relationship between the proportion of pedestrian

subjective deviation intention and pedestrian average velo-

city under different overall densities.
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Generation mechanism and simulation research of zipper
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Abstract

In this study, the unidirectional pedestrian flow in the corridor is taken as a research object, the generation
mechanism of the pedestrian zipper phenomenon is analyzed, and a velocity correction model based on the
Voronoi diagram is established for the simulation research. First, the generation mechanism of the pedestrian
zipper phenomenon is analyzed from the perspective of optimal visual field and walking comfort of pedestrians.
Then the visual attention and visual occlusion of pedestrians are used to describe the factors which affect the
zipper deviation during pedestrian movement, the local density of pedestrians is used to describe the walking
comfort of pedestrians, the zipper sensitivity coefficient is adopted to describe the willingness of pedestrians to
move objectively, and the mechanism of lateral deviation of a single pedestrian is considered to obtain the
optimal deviation position of pedestrians. Besides, the Voronoi diagram is introduced to effectively determine
the pedestrians surrounding the target pedestrian within the visual field. And the influence of surrounding
pedestrians with different distances and directions on the moving velocity of the target pedestrian based on the
Voronoi diagram is considered. Then, a velocity correction model of pedestrians based on the Voronoi diagram
is constructed, whether the pedestrian has a subjective willingness to deviate is considered, and the deviation
rule is embedded to simulate and reproduce the zipper phenomenon of pedestrians. The simulation results truly
reproduce the normal pedestrian flow through the corridor and show that our model can overcome the
deficiency of the jitter and overlap phenomenon of the traditional social force model. The self-organized
pedestrian flow with uniform distribution and the pedestrian zipper effect can also be observed. Furthermore,
through the simulation results, we can see that the number of zipper layers for pedestrians is proportional to the
width of the corridor. The comparison of simulated pedestrian data with the empirical data indicates that the
fundamental diagram of velocity-density relation of our model is in good agreement with the empirical data. A
comparison between with and without considering the zipper effect shows that the larger the proportion of
pedestrians actively willing to laterally deviate, the more helpful it will be to improve the moving velocity,

comfort and space utilization of pedestrians in the corridor.
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