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[Abstract]

Currently, traffic congestion in underground roads is calculated based on real-time traffic speeds, similar to calculations for the
surface. However, this ignores the difference between surface and underground driving conditions and is not appropriate in terms
of traffic flow theory. We systematically classified the probability of traffic congestion in underground areas with quantitative
criteria and ultimately presented a method for determining the probability of traffic congestion for use by road managers.
Distance and density-based hierarchical clustering, K-means clustering, and DBSCAN were used, and silhouette analysis was used
to compare the clustering results. Hierarchical clustering and K-means clustering determined the number of appropriate clusters
to be four, and DBSCAN determined the number of clusters to be two. Based on the silhouette analysis, DBSCAN showed a
negative coefficient value, indicating that clustering was not performed properly. It is expected that cluster analysis can be used
as a basis for establishing future underpass operation and management strategies.
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Table 1. Traffic congestion judgement criteria
Flose o Division 5 | 10 15 | 20 25spefed (g%h) [ 35 | 40 [ 45 50
Central Government Congested Going slow Smooth
Ground Police Retard Going slow Smooth
Roads Local Government Congested Going slow [ Smooth
Seoul Congested Going slow [ Smooth
Underground Sinwol=Yeou Congested Going slow Smooth
Roads Underground
Tunnel Namsan Tunnel Congested [ Going slow Smooth
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Fig. 1. Quantitative standards for determining the possibility
of traffic congestion occurring in underpasses
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Table 2. Scenarios for simulation 3
Network Eeak Peak volume Scenarios é %
time (veh/hr) (veh/hr) 2
a) undeground 1500, 2000, ¥ Ribii
with diverge 8-9 2,000 2355%% i%%%
b) underground |7 _4g 820 1228: ?ggb,
with merge 2320, 2820 =
WE Aol Apel e Wtk Au s g &) underground with diverge b) underground with merge
A= 1 39 2ok 244 7 bR Y aEwol a3 5. AEM ZEEA ZHo}
Alg#o] A 4] ATFERE SHBHA] gk o] \AlSIgIT Fig. 5. Results of hierarchical clustering analysis
E 3. AIZeold 24 21
Table 3. Results of traffic simulation
a) undeground with diverge b) underground with merge
Volume Throughput Speed I‘S‘Z\ﬁ:g Volume Throughput Speed LSZV:/:COJ
1,500 1,504 64.1 B 320 326 58.8 B
2,000 2,052 63.1 C 820 841 57.8 C
2,500 2,539 62.5 D 1,320 1,180 54.5 D
3,000 3,027 60.3 E 1,820 1,594 44.4 E
3,500 3,520 52.1 E 2,320 1,767 22.7 Fx(exclude)
4,000 3,553 43.9 Fx (exclude) 2,820 1,489 121 Fx(exclude)
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a) Underground with diverge

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Volume Ramp exit Through Spill-back of vSpeed Spill-back ) SIPESE )
rate traffic rate exit dlffererjce o iy difference of Speed difference of ramp
at exit entry
1,500 40.87% 58.69% 97.07% 0.70 100.63% -2.20 -0.14
2,000 40.82% 58.49% 96.89% 1.08 100.32% -2.09 0.69
2,500 40.12% 58.82% 96.18% 1.78 100.28% -1.11 2.65
3,000 39.75% 58.05% 96.17% 2.72 100.02% 0.39 21.67
3,500 36.88% 55.17% 96.31% 4.40 95.74% 14.11 40.63
b) Underground with merge
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Volume Entry traffic Ramp Spill-back of .Speed lSpeed Spill-back of .Speed .Speed
e (T (B iRy difference difference oxit dlffereqce difference
of entry of merge at exit of ramp
320 27.72% 71.60% 99.06% -0.99 10.15 99.99% 15.71 -2.00
820 26.97% 72.30% 98.87% -0.97 10.21 100.08% 15.67 -2.00
1,320 59.72% 40.18% 105.34% -1.25 6.40 162.97% 32.55 3.22
1,820 64.75% 34.99% 111.32% -1.13 10.01 99.11% 31.72 -2.34
K-means clustering< 24 5] ¢] & ARl Aols) AL o o] 7t g A Ao s st AdER
ofdlth. o]Z 98] ATl AFE Jke A PR 55 oMo wE BFE Ak 3 (dl: A, e, A 71F
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A AT AT Fa gk B Ao, AT Alg Fdwkel L7)Eos Eshs Ao Add Aow dhdn)
7P =8 S R e Ut 2, 4707 TP A A 3239 K-means clustermg_ AR RN
Ao thebgrh 2 HAshs o] Bask otk DBSCANS 94 T3
M3} ohe) Aol el ASE ek 2 2REE 5
Pahe bolnt TERA An, AFH 2HRAD
K-means clustering= 4 H BSCAN 271 wRo 7

a) underground with diverge b) underground with merge

8 6. 2 AE (K)ol CHSt
Fia. 6. Silhouette analysis results for number of cluster(k)
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Table 5. Results of silhouette analysis (k=2,4)

Clustering a) underground with diverging b) underground with merge
silhouette
k=2
Average 0.45 0.54
Average Silhouette 0.29 0.61,0.17
of cluster group
silhouette
k=4
OIG OI2 Ol-l 0‘6 r T T T
Silhouette width s, oo o2 o4 06
Average 0.37 0.36
Average Silhoustte 0.39, 0.40, 0.31, 0.25 0.48, 0.37, 0.39, 0.31
of cluster group
" :%J
a) underground with diverge b) underground with merge

J8 7. 2M2HY EX 2ot

Fia. 7. Results of clustering plot
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Table 6. Silhouette analysis results of clustering

ZX|(J. DCS) Vol. 25, No. 2, pp. 535-546, Feb. 2024

a) underground with diverging

Clustering Hierarchical Clustering K-means clustering DBSCAN
silhouette
T T T T T T T T T T T T
00 02 04 06 0.0 02 04 06 42 00 02 04 06
Sihouetie width s, Silhouette width s; Sihouette wdth
Average 0.32 0.37 0.59
Average Silhouette 0.34,0.33, 0.28, 0.23 0.39, 0.40, 0.31, 0.25 ~0.26, 0.60
of cluster group
b) underground with merge
silhouette Hierarchical Clustering K-means clustering DBSCAN
silhouette
T T T T T T T T
00 02 04 06 00 02 04 06 s e o P
Silhouette width s, Silhouette width s; ) ) Sulhn‘uullo width s,
Average 0.32 0.36 0.45
Average Silhouette 0.27, 0.347, 0.49, 0.32 0.48, 0.37, 0.39, 0.31 0.29, 0.51
of cluster group
V.2 & AFPERE 3 AN, AR U 93 L
AER A, w94 5 wE g Bevtk Yol AYER
A pE TR ols] RIS ojn] XA Bat o} o} T A etEite] aE-go] Sttt xAEoe] A}
qﬂ_ o] & <l EN ETASS é‘_@—u]%g_ x]_/_;':&]'og Z7} e a1 il ﬂ%eb /\]Z_]'O] Z?]_Oi;é]‘/l\‘% g q?_] FFS vX 3L
ot} X AE=Z el AS Wl L OAE 4 9l ol E AJE gk giA7 AYERE TR ofg 7] wiitdd] A
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