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[Abstract]

This study presents a Python-based simulation design to assess pedestrian crowd-density risks in
Seoul’s high-density roads and alleyways using the Social Force Model (SFM). Twenty-four scenarios
were constructed across three spatial typologies: bidirectional corridors, T-intersections, and
X-intersections. The scenarios varied by flow volume, obstacle placement, and stopping probability. Risk
was evaluated using five indicators: collisions, near-miss events, mean walking speed, blocked ratio, and
queue pressure, integrated into a Composite Risk Index (RI). Each scenario was repeated with five
independent random seeds for robustness. Results show that T-intersections produced the highest risk,
with TO8 recording RI = 0.834 =+ 0.122, followed by TO04. X-intersections showed the greatest

variability, while obstacles in corridors increased collisions more sharply than blockage.

» Key words: Pedestrian crowd simulation, Crowd density risk, Social Force Model (SFM),
Urban alleyway safety, Intersection congestion, Composite Risk Index, Queue pressure
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I. Introduction
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II. Preliminaries

1. Types of Crowd Accidents and Spatial Factors
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2. Comparison of Pedestrian Simulation Models
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Table 1. SFM simulation parameters used in this study

Parameter Symbol Value Unit S°.”'.“°e ./
Justification
Time step At 0.1 s Helbing et al.
[5]
Total - 400 step See 8III.5
simulation steps (=40 s)
Relaxation T 0.5 s Helbing &
time Molnar [4]
Pedestrian m 80 kg Adult
mass average
Pedestrian R 0.25 m Fruin [2]:
radius 0.5 m
shoulder width
Desired speed Ve 1.2 m/s | Han et al. [14]
(mean) — Korean
urban pace
Desired speed o, 0.2 m/s | Inter-individual
(SD) heterogeneity
Agent-agent A 2,000 N Helbing,
strength Farkas,
Vicsek [5]
Agent-agent B 0.08 m Helbing,
decay Farkas,
Vicsek [5]
Wall/obstacle A, 3,000 N Helbing &
strength Molnar [4]
Wall/obstacle B, 0.05 m Helbing &
decay Molnar [4]
Stochastic o_¢ 50 N Helbing et al.
(SD) [5]
Random - 5 seeds - Multi-seed
seeds (42, 7, robustness
123, 256,
999)
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4. Distinctive features of Seoul's central pedestrian
environment

Hgo| £4] B2 of2] SRol A7 W3 ea
TR E42 JHAICh AR, 712 B9o] WE4go] 3
o}, olEl B20] A9 £ B UM Zo] 2.5m]
A bm7tA] Wslstd, o= Qlsl 58§ Z(effective width)
o] BRI 0 wEFch SAl, AUAIY HlFAA A

87} W leict. it KA, oflojzt Alel7], ofe] &,
T So0] Haj 22 AFAlgto] AR Ko 22 JLAJsHT
AR, o PRIt Fe 2o el ok ol

A A1) S 7ol 200m 73t Yol 87 oS £ A
27} EAfsto, ol TAL % XAt wAbEo] A4K oz
WPste TES WSoldch WA, SA-WAF Al BA

2xj0] BAtElo] WgFE &50] ool Uk
M, SN o] g}

39 Yo FAO A2 T PP

E . s
1.2 m/se ot =AollA 9] Hof &= A5 A{15][16]

£52 URITL S, B B6m)e oleld-FU) U
50 49 B2 B $Eo) ZYYoIn, UIE A ol
U LS BE(E o 3.2m)T FE BB 8m)e]
ol SNk AW, Aol W0.4 me 3% 712
o M| shwOl-Ae] 5 HUH K329 Tl 27]o]
BRR) YA, A9 A SRS 3 =4 2EA
WM PR ADLEE ALg-ARY HGAIQ T FE
2 W] gstol AU EE 0.10.4 WeloIA] ALS
ASIGTE. oAFe SFMO] Wt Seiet mfulel(A, B, 1
Sie A 27 BES wEY, £ B wag
SFM 2ol urgsto] Ao £A] 273 M 84S sl
gt 2 4 9t

5. Performance Metrics and Inputs of Pedestrian

Crowd Simulation
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III. The Proposed Scheme

1. Simulation Space and Scenario Design
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Pedestrian Flow Simulation Scenarios
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Fig. 1. Schematic illustration of three pedestrian
simulation space types (C-, T—, X-intersection)
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2. Analytical Variables and Composite Risk Index
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3. Algorithm Flow and Pseudocode
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Algorithm 1. SFM-based crowd simulation (single seed)
Input: scenario S = (space_type, flow_level, has_obstacle, seed)
Output: metrics M = (collisions, near_miss, mean_speed, blocked_ratio, queue_pressure)

1. (agents, obstacles) « spawn(S, seed)
2. walls < geometry(space_type)
3. for step t = 1 to 400 do
4. active < {i : agents[il.active}
5. if active = @ then break
6. for each i in active do

7. if t € stopped][i] then F[i] < O; continue
8. if rand() < p_stop[i] then
9. stopped[i] «< [t t + uniform(3, 15)]; F[i] < O
10. else
11. F[i] < F_desired(i) // Eq. 2)
12. Fli] += X_j F_social(i, j) for all j # i // Eq. (3)
13. F[i] += Z_w F_wall(i, w) // Eq. (4)
14. F[i] += Z_o F_obstacle(i, o) // Eq. (5)
15. Flil += &0 ~ N(O, 502
16. for each i in active do
17. v[i] < clip( v[i] + (F[l]/m) . , max_speed )
18. X[I] — x[i] + v[i] -
19. if in_exit(x[i]) then agents[l].actlve « false
20. M.collisions  += X _(i<j) 1[d_ij < 0.85 - 2R] // Eq. (6)
21. M.near_miss += X (i<j) 1[0.85-2R < d_ijj < 0.7]1 // Eq. (7)

22. Mblocked_log <« append( [{i : |v[il] < 03}/ / N
23. M.queue_log « append( |{i : [V[il|<0.3 A 03L<x[i]<0.7L}] )
24. M.mean_speed < mean over t of |v(t)|

25. M.blocked_ratio + mean(M.blocked_log) // Eq. (8)
26. M.queue_pressure +— mean(M.queue_log) // Eq. (9)
27. return M
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o, 7} stepof|A9] HsgAF 7F vhd= AR O(N?) 54
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4. Multi-Seed Validation and Reproducibility
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5. Justification of the 40-second Simulation
Window
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IV. Experiments and Analysis

1. Experimental Environment and Reproducibility
H o] & A& oML Python 3.113 NumPy
2x 7902 TASPOD, Y ANS St YA}

ue=a o

dhakel WEjg; At 2 24 AlU]Q X 5 A& = 1209]
Algd|0]A-g AlsE A|ZHruntime) °F 36%0] A]2]5}t%c}.
ZF Algd|o]d2 400 step(Alg2f|old Ul AIRE 40s) &2F
AP 1o, spawn AIFOlAQ] SPIAT 7] YA, ST
£2(N(1.2, 0.2) m/s), A E&|Ae & AlEE 539
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2. Multi-Seed Quantitative Results across 24
Scenarios
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Table 2. Multi-seed simulation results across 24
scenarios (mean = SD over 5 seeds)

Sce- | Colli- | Near | Mean | Blocked | Queue RI
nario sion miss | speed | ratio P.
(m/s)
co1 126 3562 | 0.901 | 0.168 0.51 0.110
+14 +756 | £0.052 | £0.034 | £0.15 | £0.020
C02 357 8999 | 0.888 | 0.154 1.29 0.233
+57 +493 | £0.015 | £0.017 | £0.29 | £0.027
Cco3 623 13449 | 0.903 | 0.126 1.90 0.350
+20 +992 | £0.010 | £0.009 | £0.24 | £0.021
co4 1016 | 18943 | 0.915 | 0.112 2.83 0.517
+56 +957 | £0.015 | £0.010 | £0.38 | £0.032
C05 150 3386 | 0.867 | 0.189 1.00 0.125
+5 +295 | £0.018 | £0.011 | £0.27 | £0.010
Coé6 377 7480 | 0.871 | 0.159 1.80 0.231
+39 +617 | £0.011 | £0.003 | £0.29 | £0.021
co7 721 12086 | 0.871 | 0.146 3.32 0.384
+55 | £1230 | £0.008 | £0.005 | £0.33 | £0.032
cos 1159 | 18162 | 0.873 | 0.140 434 0.571
+43 | £1105 | £0.017 | £0.008 | £0.16 | £0.026
T01 333 8219 | 0.809 | 0.216 5.41 0.289
+57 | £1117 | £0.014 | £0.019 | £0.41 | £0.036
T02 465 10774 | 0.812 | 0.199 6.67 0.363
+34 | £1344 | £0.016 | £0.010 | £0.80 | £0.036
T03 777 15969 | 0.825 | 0.180 8.11 0.513
+79 | £2236 | £0.014 | £0.012 | £0.75 | £0.056
T04 1313 | 23840 | 0.794 | 0.202 | 12.21 | 0.792
+192 | £2862 | £0.015 | £0.019 | £1.20 | £0.099
T05 393 7487 | 0.765 | 0.247 6.53 0.318
+32 +807 | £0.015 | £0.014 | £0.67 | £0.029
T06 547 10912 | 0.762 | 0.231 8.26 0.414
+23 +847 | £0.009 | £0.010 | £0.85 | £0.028
T07 890 15588 | 0.768 | 0.222 | 10.60 | 0.580
+148 | £2260 | £0.017 | £0.016 | £1.52 | +£0.086
T08 1388 | 22639 | 0.752 | 0.232 | 1432 | 0.834
+269 | £3191 | £0.013 | £0.016 | £1.24 | £0.122
X01 220 3086 | 0.892 | 0.177 3.72 0.175
+36 +517 | £0.027 | £0.017 | £0.63 | £0.027
X02 406 5268 | 0.899 | 0.140 4.21 0.244
+71 +847 | £0.036 | £0.017 | £0.81 | +£0.042
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Sce- Colli- | Near | Mean | Blocked | Queue RI
nario sion miss | speed | ratio P.
(m/s)
X03 623 6539 | 0.902 | 0.118 4.66 0.314
+91 +455 | £0.016 | £0.005 | £0.51 | £0.036
X04 876 8226 | 0.897 | 0.115 6.00 0.414
+58 +766 | £0.013 | £0.009 | £0.54 | £0.032
X05 334 3422 | 0.754 | 0.266 7.23 0.274
+75 +438 | £0.030 | £0.014 | £0.36 | £0.032
X06 608 5965 | 0.726 | 0.248 9.81 0.403
+119 | £1236 | £0.029 | £0.015 | £0.65 | £0.055
X07 816 6677 | 0.752 | 0.205 | 10.45 | 0.463
+138 | £864 | £0.014 | £0.014 | £0.87 | +£0.059
X08 1333 | 10480 | 0.742 | 0.195 | 13.01 | 0.667
+207 | £1636 | £0.027 | £0017 | £1.14 | £0.089

A, TR APl AR Alue]50] RIS &
83tk TOS(RI = 0.834 + 0.122)0] |1 9JHS BGo
o, olo] T04(0.792 + 0.099), X08(0.667 + 0.089),
T07(0.580 + 0.086), C08(0.571 + 0.026) <o|c}.

=X, BEHEAN] vt 3t RPER Yolsitt. CF
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3. Comparison Across Spatial Typologies (C / T / X)

(1) C+ (Bidirectional Corridor)

Ci2 S=2 278 Hd2 w3l g2t Ay HA3A
o= Zrlel, ti7] &4 Bdigh2 FA fAIETHC04 =
2.83, C08 = 4.34). o] A &M= FHT 550]
AR o2 ApEA ZF2 FA(lane formation)S
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(2) T+ (T-Intersection)
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S 3 yeiY, 59 20N = ZAu "7 1,000-
1650 71 WETS ARkl

(3) X& (X-Intersection)
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Fig. 2. Changes in Queue Pressure (a) and Collision
Counts (b) by Flow Rate Level: Comparison by
Spatial Type and Presence of Obstacles

4. RI Ranking and Cross-Seed Robustness

5 A= Wt Rl 71E 918 9l & 32 2k 49 5
N AU eE BE (8l1.9 + Joj2) £ P
D%(TO8 T04= A& 992 Hag)x|gr @& 1.5%F

TH#), o= (1.9 X 8|83 I7F X Aof|2)9] Asto] &
7 ¥ g vigHoR FEAICHE £ odo] 3y 7}
e FYdoz JuAd

Table 3. Top-5 RI ranking (multi-seed mean * SD)

Rank | Scenario Description RI mean * SD

1 T08 T-type maximum-flow 0.834 + 0.122
obstacle condition

2 T04 T-type maximum-flow 0.792 + 0.099
baseline condition

3 X08 X-type maximum-flow 0.667 = 0.089
obstacle condition

4 T07 T-type high-flow 0.580 = 0.086
obstacle condition

5 Cco8 Straight-type 0.571 = 0.026

maximum-flow

obstacle condition
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Composite Risk Index (RI)

eI eS TS S

P EE SO SE LSS
Scenario (sorted by RI)

Fig. 3. Comparison of Rl Across 24 Scenarios
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Fig. 4. Comparative Effect of Obstacles on Three Risk
Indicators by Spatial Type and Flow Level

V. Conclusions
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Table 4. Spatial-Type Specific Policy Recommendations

. . Recommended
Spatial Example Key Risk .
Type Areas Indicators Policy
i Measures
Flow capacity
Itaewon Congestion exceeds 1.1,
Two-way | World Food g transition to
level,
Alley Street, Areas . one-way flow,
. Near-miss . .
(C type) surrounding . immediate
. . ratio
Hongik Univ. removal of
obstacles
Periodic
Bottleneck | Ikseon-dong monitoring of
Alley alley Blocked optimal flow
(C-type | connections, | ratio, Queue structure,
congestion Inside pressure strengthening
flow) Insadong management
standards
. . rate
Intersection | Decrease in | . Sepa .
. inflow by time
at Hamilton | mean speed, .
T-shaped . period,
. Hotel in Sharp
Intersection . . Temporary
Itaewon, increase in )
(T type) flexible
Seongsu-dong queue .
operation of
backstreets pressure . .
intersections
Pedestrian Complete
lazas near Blocked removal of
X-shaped P ) . ratio, central
) Hongik Univ., . .
Intersection ; Uncertainty in obstacles,
Intersections
(X type) . movement Deployment of
near Sinchon ;
. paths police and
Yonsei-ro
safety personnel
Mandatory
Entire Simultaneous | implementation
Complex . . .
[taewon deterioration of digital
Type (T+C . . .
. Gyeongnidan | of multiple twin-based
combined) . .
-gil area indicators event
pre-simulation
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main = 1.4,
T08 T-Inter. br = 1.0 v 0.3
X01 X-Inter. flow = 0.45 - 0.1
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