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ABSTRACT

In this study, a classification analysis was performed based on the type of traffic situation. The
purpose was to derive the major variable factors that could represent the traffic situation. The
TTI(Travel Time Index) was used as a criterion for determining traffic conditions, and analysis was
performed using data generally detected by the Vehicle Detecting System(VDS). First, the major
factors influencing the traffic situation were selected through factor analysis, and traffic conditions
were clustered through a cluster analysis of the major factors. After that, variance analysis for each
cluster was performed based on the TTI, and similar clusters were merged to categorize the type of
traffic situation. The analysis derived, the maximum queue length and occupancy as major factors
that could represent the traffic situation. Through this study, it is expected that efficient management
of traffic congestion would be possible by just concentrating on the main variable factors that affect
the traffic situation.

Key words : VDS, Traffic type classify, Factor analysis, Clustering analysis, Analysis of variance
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<Table 1> Characteristics by Traffic Condition Index

Base Traffic Data | Traffic Condition Index Characteristics
TTI It has the advantage of being easy to obtain input data and simple calculation
(Travel Time Index) because it can be applied arbitrarily to the desired analysis time zone.
Travel Time ) B . . .
TRI Because only congestion during peak hours is considered, congestion at non-peak
(Travel Rate Index) times is not considered.
RCI Since traffic volume is used as a criterion for determining congestion, the more

(Roadway Congestion Index) | severe the congestion, the less the traffic volume may decrease.

Traffic Volume

CSI Since it has a one-year temporal range and a spatial range of the entire city,
(Congestion Severity Index) |it is difficult to use it without extensive basic data.
LMDI

. . Comparison of relative congestion between different road routes is not possible.
(Lane-Mile Duration Index) P g P

Congestion Time - — —
FCI Developed to compensate for the shortcomings of LMD], it is an indicator that

(Freeway Congestion Index) |allows relative comparison of congestion, but congestion intensity is not considered.

OCI Unlike other congestion indicators considering only the temporal and spatial extent

Densit . . L S . . .
cnstty (Occupancy Congestion Index) | of congestion, congestion indicators considering the intensity of congestion together.

Kong et al.2015)« 2F EHAAEZE TTIE AR €A GPS HolEHE &85t ALttt TTIE
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THANIAXTIDE AFEHA T th] Al SR vz A&tk AL A E(free
flow speed)= 3lF Tite FHL W 285 ARtolal, Al FIATLE S ARl dAlz F33

(actual speed) F3JAI7Fe]th.(Han and Kim, 2017)

il

of

Ta(:tualspeed

TTI z
N )
TTfree flow speed

where, TTI = Travel Time Index,
7T

observed

TTfrce

= observed travel time,

Flow speed = free-flow travel time,

3. uSdE we 2R oY 1F

Sim and Chou(2009)= RWIS(Road Weather Information System)Z 53] 3= tobdt 7142209 g
Aoo]| M2 £EHEE Bt 1452 WEARS RSN RE /148S 18T A9 £/
= A9 7 UR wotd EZad AE FIHH o2 Fasfof itk wheba 71448l s 8 dEA
S AN nEAAE ¢S FE FAAWS FEF, o)F TEele EAEA S B8 nEYES &
FaAth 8ABHolle FAE B4 FEAEA 2714 W] gtk FEQARN e AWM 1 A
HAE AHsls 35808 FE3 7ol v, FHE 24L& SAUT] HPATS 53 FHES
FE3EZ G ATl E FARE BHS S8R L5, 5, 5, ARAY T 7144880 tid &
JAEA AF 371 T8 AEANAADY, &5, N2 ERHJAT =& F4HEA L A T8 AA S
ol EA7IMe AAstaL, 2 [ "t 31 Aolrt A=A £ B4 AdE ZF Joko] Hatol A
o7} Aot EFHW, AFHAZT S T3l o ok b oA Aoy} QA vimdth s ATelA B
H 8ls e s BAEAE A% A Xl w2t B A9, REE 5TE 7|EoE EREHNS
H, ABAZE 5 AR 10kmE 7102 EREAT 4 &7 7120 98] nEd3E VAR &7
Atk

Yuan et al.(2017) Tt FAEA S &8st nFATY F8 FF 298 EASIATE 20083 F-EH
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vHE-3l A (bartlett test) T} A2

£ &<l8k= KMO(Kaiser-Meyer-Olkin) 745 283ttt vlEdl 449 29 g7k
o] AeHE=A, KMO HA 7% KMO ol H4 05 o]AelA &elsteol 3k

a8 219 afrEk
(eigenvalue) S 71FC2 Q1G4S AAsto{oF Joh. Ifrgke] 1 o] dd o alo] HAF W she] &4t
< ARSEER, 7 7Eor aleE A deor 2 89ded W Y #AE By HE
st &t7] sl 29e AR dubH o s wiE W A(VARIMAX) 27 33 W& 283t} npAgte
2 A= 28 AAES ntEge R HegE AART 89l 3 AAg 4EF, 89l AAF] M B

HFE Q1o F AT} (Choi and You, 2017)

K-Means Clustering ZF 739 $4) 4 (centroid) ¥ T3 ol 8= = 2t A<te] Al AlF & nj&g
T2 ARy, 1 H&ErE HAaN e AS FH0E 7 AAE )Y 2% wE HUlolEste &
HAEY 7oty AR, FHFEK)ZE A AR Eofok gty T o2 BE AA o diste] Y= AAH
Ko 7] SAA Y AYE Alxtete] 71 Ae7h &2 w0 iRt iAd| ARE Veew 4 7
A E FAgs Astst] SAMS BT 2 3] A A SAH Y AFE FAHY ¥
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37t 283 Zotd w7lR] wrEsle], AR WE AEstE 78S i3I (Lee et al., 2020)
5. AJAFE & o7 RIHM

E AFNA = VDSlA dutd o g AR s, AREE, AG&, a7 dde], 7|4
o] & &gato] 45 FY3Ath wEdEE Uetlle o2 AddFolA A5 &89 EJAE TTI
ARSI, RS —r?%‘ 3l BN F88 ERIIGT TTI= Ao &2 248 st 8o
T2 Y ERHES vlalshy)dl golstal 11 FA7F A|A 07 ofssty] 419, B AP Ao Z838t
At 1Y gE X ]Eﬁ‘/l A EE 205 2t YA oo, B2 21 A 1Hsfof stRE
fA4o] B} w3 TTIE BZE3 Al7Hobserved travel time)2 A2 39 Al T(free-flow travel time) ©. 2 U701
=3tk AR BAIRES HIHF Al 85HAIEFY £ 55 AMESITE # S QEA S Sl &S F
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e TR A9, UF B2 HFE Z8ete T 1HHA e HrEe ] AL
T AL ot 8dEML AFAE 739 F8UAS FEI] A
Component Analysis, PCA)& AHE3191 3842 K-Means Clustering 7]H-& AMH8-3}9 0, QA& <
A ZBREAE FHste QR1EA ] HeA S AP H R Adsidth vA o R BAHEAS el a%lEA
9 THEAS S SR RS tist, AE $LE o] A=A HFH o=
W EFAZE Vs AFES 2Es JAPH vt TEu EFAE TS 98 SEse HA
tlolElo] thet A= FE5T dAolth £ A7 wEEF ATl a3 8 wF volEE dAs,
oA 1= E&H0RE EHARE LS F UEF Sk 713l ko
wEFHel IS F= FoUAS AAskE A AHIZE AAARE B Ao HAE wF dHolHd o
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=9 B 8 watzEe FAAATE T8, 2021 9 19 HE
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8/ a2 FFAATANA HHA L FEE b
19} micro-simulation®] VISSIME &85} Al ET o]

AR SR ST e G A - st
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=
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>

Features

VDS Collection Data

[VISSIM Simulation Output) Factor Analysis Clusteting Aalya P
Principal Component Select .| Congestion Type Classify Similar Type Merge
Label (PCA) (K-Means-Clustering) (ANOVA & Post-hoc)

f

.

Traffic Congestion Index

<Fig. 1> Schematic of the analysis procedure about Traffic Congestion Type

B4 W8 BESS 49 EF YL <Fig 153} Lok VDSAA P E wF Hole]
2 Arste] LEAG] YBL FE FUL HAHAT, BT Fagle] tske] 23]
g 7)Fo2 W BAENS ANl fA1% 7
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<Table 2> Descriptive statistics analysis about TTI and VDS collection data

Volume Time Mean Mean Queue Max Queue

T (veh/hour) Speed(km/h) Occupancy lﬁngﬂ?(um) Lengilzll(lm)
Count 2420 2420 2420 2420 2420 2420
Mean 1.360 314.296 31.180 0.463 59.231 122.823
Standard Deviation 0.646 74.062 4732 0.137 49.163 77.160
Minimum 0.558 36.000 17.469 0.009 1.371 18.566
25% Percentile 0.807 272.000 27.980 0.368 28916 74.412
50% Percentile 1.264 310.000 31.668 0.429 38.325 92.699
75% Percentile 1.646 355.000 34.840 0.573 71.497 156.977
Maximum 5.230 527.000 54.948 0.828 341.173 510.183

2) train % test H|O[E{ Al 22

ATE AN P BREAS o8 AIse AR YAk EFEA Adde train Tl
°lE1 A, A% AE test HlolE M-S AL3IGT. Zd NES A8 train B 0]E19} test Hlo|H& YHby o
2 80% 20%2 HEl3tt wWebA train BlO1E] A test HOJE] Al ZH2HS 80%T) 20% 2 H-El8lHom, ©
o]E] Al £z]= Python®l Pandas o] Helg] S &3t

%lu}. tﬂolﬁi BE2 AN 8] g2 E—’F’ﬁ, ¢l 1 0]<(Pearson) *Wr%%@,%

A= <Table 3>3% o] YERSTE TTISF VDS —’T—él t1°lE1 ] ABABAE B2 AL FAlFof,
FEE tidshe o AEES Btk 53] g ddolet Adidr|gEdol= 7
Ueht o, A-FFEEe) &S 29 AB3AA7F A Uelst) o9k o] 7t % HolE 1k
FHBAE THAE A7 JeBZ, oF Jle BHEE MFES e 80102 Z4dE 8UE
A AT

o2

1o

oy

rJ

rJ

)
B/ VI =
to rlo 2 o 1x

<Table 3> Pearson' correlation analysis results about TTI and VDS collection data

Volume Time Mean Mean Queue Max Queue
L (veh/hour) Speed(km/h) Occupancy Length(m) Length(m)
TTI 1.000 -0.090 -0.768 0.560 0.702 0.681
Volume -0.090 1.000 -0.215 0.102 0.373 0.390
Speed -0.768 -0.215 1.000 -0.712 -0.603 -0.593
Occupancy 0.560 0.102 -0.712 1.000 0.169 0.173
Mean Queue Length 0.702 0.373 -0.603 0.169 1.000 0.976
Max Queue Length 0.681 0.390 -0.593 0.173 0.976 1.000
2. 201 24
1) 20124 Jt5y It
LABHFHE BAS FAA] 2, B4 o wlole Aol thtel 8RN mPe) AR ol3E W
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dallof gtk &, 8R1EA e Wrke dolH A4 81s 2HE F JETtE ulgt o] & 93l HHE
2 A (bartlett test)Z KMO 73 (Kaiser-Meyer-Olkin test)= Python®] “factor-analyzer” 3}7|A & &-&3s}o] A
A&tFTh vEY A4 A3, PovalueZ| 0.05ET FA EEFH ] 81840 A gojg] Aoz HEE
ok 3 KMO A& 23, KMO #e] of 0.602% =ZH Ut YW o2 KMO %ol 0.6 o3 49 Q&
Aof Aget diolE MY YustEE, KMO A4 23 E3gk 33 HolE AMo| 81&4Ad Aget 2oz
HEE A

2) 0| ==l Az

Z}7ke] VDS ElolHE F4 @t BF FdshA otk wEde AN AR g, AdBdEEE
km/h, H&2 g, B 2 A7 EAols mE FHE Ik D volHE TR AHgSt] 4
& 73, 24 Al IS 1A o

EEIE 71 g ME A BEE W¥she J0R, BE $39| BHE 0, 24 12 248
7} ElolE o] M9lE Fdstl she 7ol webA 7 vDs A ElolE el thete] EE3} Azsialon,
<Table 4>9} 2] 54 ©h9l7} golgh Jejo] GOl E <Table 5>9 #o] TE3L Fro2 M

<Table 4> VDS data before Standardization <Table 5> VDS data after Standardization
Volume | Time Mean Mean Queue|Max Queue Time Mean Mean Queue (Max Queue
(veh/hour) | Speed(km/h) Occupancy Length(m) | Length(m) Volume Speed Occupancy Length Length
292 25.372 0.640 63.277 156.930 -0.318 -1.233 1.307 0.070 0.428
223 40.060 0.216 16.245 56.054 -1.258 1.876 -1.820 -0.871 -0.866
229 31.557 0.511 30.830 72.695 -1.176 0.076 0.356 -0.579 -0.653
359 35.295 0.392 29.522 84.062 0.594 0.867 -0.522 -0.605 -0.507

N

FZE8 FAHR NEFE HAAHS7] 8] LFeigenvalue) 2 A E E4F H|E(explained variance ratio)<
pa

shEetth ek ZF A (component)©] AHE & e w4 AEE vty &, afgko] 1o
S ol & sle) wre) R4S AR g oirjdth AN OR Hh WE I ) olge] B
AT S e ARE FARORH AYE) WEA, TRR0l | ol AR AFE FARY SR
ARSI Tfg 2 AW 24 8] &9 kS A= <Table 6> 2 <Fig. 2>9F 2o, d{gko] 1 o4l
<Table 6> Eigenvalue and explained variance
10
component | explained | cumulative explained 08
. eigenvalue . . . 3
index variance ratio variance ratio
06 0 umulative explained vanance
1 2.846554 057 057 dividual expiained voronee
04
2 1204197 0.24 0.81 obe
3 0.769496 0.15 096 °r°
- 03 0.00
4 0.158332 0.03 1.00 “ v 2 4 s
5 0.024005 0.00 1.00 <Fig. 2> Individual and cumulative explained variance
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Q0184 U PREMS BBY NENE RY 2REA
o] F olBg FAEY Mae F R AR o] Wl A WA FAEo] HA Eite] 5795 24X
e Zlo uehon], MR F A9 FYRol HA B4 8195 UHFS HelZTh
4) 2921 3N
AR T A FHR Us) 42 HAS FYstol, Azte] FHRH 7P JBBAT} B VDS 5
HolEl 2 Aol MR Austdth 247ke] VDS #3 wlolEls of) FAR u%E 89 AAFS U
B et gonz, 2ol 8L B3l 7 HolEt o @ FAR NSATE sto] 49 FEE o
7] sk glolth 291 SHOE 7 thFAQ WIEWA(VARIMAX) 42 814& astsic wee 2
42 s shtel 4ol ois) 2 Wt e a0l HAF AFe Bael il HI=s wastel 3
o] alell A AAsks WMo 5 Eole ZIMolth vigHx A7 314 A3} <Table 7>3 o] =&
Hlom, 14%3 24%e Mz 747 7 A7 2 Adidizig 2 4ol Haes AEsit o
W 27] ARFe] 22 14BE WU IEE Do) o] 24 BFH T EY e Pl B Be %S vA=E F
2% W7t gk
<Table 7> PCA results by VARIMAX orthogonal rotation
Component
1 2
Volume 0.3718%4 0.078040
Time Mean Speed -0.497858 -0.701434
Occupancy 0.022829 “0.997540
Mean Queue Length 0.975357 0.153224
Max Queue Length "0.981290 0.150209
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<Fig. 3> Elbow graph of max queue length using SSE
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<Fig. 4> Elbow graph of occupancy using SSE
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2 ZAAd ok 3t 3 MeE 2234 FEH(Sum of Square for Error, SSE)2] ko] WhEA Z71eh= A% 9

K#s e dEelbow) 7S ARESIATH 1422 ﬂﬂ]ﬂ%ﬂﬁ@eﬂﬁow gk eaAlE 1R E, <Fig.
3>ol4 B 4 glxol Kgtol 3¢ w AR VEbgTh T2a 24889 HEel tig e ARAEH 2w,
<Fig. 4> A= Kgkel 24 o AE97} et o] we}, 1 O—Er(ﬂlef@%?—JOIM REFFTEY T
Age 27 39 28 AASA
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<Fig. 5> Cluster results about max queue length <Fig. 6> Cluster results about occupancy
AR FRAFEK)E 7S E K-Means Clustering 7|H-& 83l Hulujr|gddol9} Mgl tishd
T3S FHSAUT. K-Means ClusteringS AHdol AR F-K)N whel, 2Hzhe] Al shiel F4

(centroid)l] TFH ] #& FA4sh= 7ol Hddirldddoler AR&e] #AFKE $A AFIX
o] 7t} 33} 22 AA3}e] K-Menas Clustering 415 33T £4 & FHE0Z Hed F W9t o
BERAZEN w5AFES g3 TTIZMY] AE gotir] Qa8 & "H4E Y& 283 TTIE X502
FHsl] B AxS iz Yehfdeh 1 I8 ZE <Fig 5>9F <Fig. 6>3 2t} WA HAugr|3Ea
olo] A%, BERE 3 @ At TTISH o] AFAAE HshAl Holx Qlth o= Hululz|gDZdolr}
I ASE gt g A9 iR E BRE 73 9 AAL 4o AFBAE

Hol3 9o, Afr&o] TTIE & A3 U+S & F Utk = AH-&Ro Hujgr|gddelrt o 7
AYAAE Bola o= F FAE F Ador|dddelrt ngdddd o B2 &S A= fTFd
< oA BRI 5 AT

W 13 EFE A8 Adivprigadolet Hf-Eol rﬂ‘H v‘i‘—
Fow, 7 Ad= 242 <Table 8>F <Table 9>0 A YERIT) T
HA-H A4S E83td, w4 F¥S ERste VIEds 5%—3}9& . 0]
%M Hagke] Bgks AHEST o3 Al <Table 10> #2o] B
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<Table 8> Maximum and minimum value in cluster about max queue length

Cluster Classification Minimum value in cluster Maximum value in cluster
Cluster 2 18.566 137.836
Cluster 0 138.194 275.353
Cluster 1 276.724 510.183

<Table 9> Maximum and minimum value in cluster about occupancy

Cluster Classification Minimum value in cluster Maximum value in cluster
Cluster 1 0.009 0.498
Cluster 0 0.499 0.828

<Table 10> Criteria value about max queue length and occupancy by Traffic congestion type

Congestion type a ‘ b c ‘ d e ‘ f
Max queue length criteria value < 138.015 < 276.039 > 276.039
occupancy criteria value <049 | =049 | <049 | =049 | <049 | > 049

BARA B AFAZS SYsh) 2, WA SEAY 042 B oud s He Besel B £
A s 44 dael ool BEAE FEoE 2 ool Tl SR A4 F shidl
Levene's testS T3d3t9. A4 J,]._ <Tabl 11>3} Z oW, P-valueZ7} 0.05HT} Ztong SHAAS Tt
5tA] g=t) olo wle} EAHEA 0 F Welch’s ANOVA, AFEAZ 0 2 Games Howell 7S &3}t
<Table 11> Levene's equal-variance test result

Equal-variance test W (test statistics) P-value test result
levene 94.941889 1.371420e-89 False

2) EA EM(Welch's ANOVA) 2! AlE 4% (Games Howell)

oMo wE43 F389E H TII a4 Aol7F Fojushr] Lol 7] $13] Welch's ANOVA EAHEN S <
R . 71 A3} <Table 12>9} 20] P-valueZ} 0.058 0+ Zo v g F3E HF TTI L2 xlo)7} BAHC 2
oS gelskaitt
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<Table 12> Welch's ANOVA analysis result

Source

ddof2

F (test statistics)

P-value

analysis result

Congestion type

157.242404

698.268904

2.187949¢-105

False
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<Table 13> Games Howell Post-Hoc test result

<Table 13>3} 7o)

&g 4 dot

Qstety £AST oo w5 dsh 49 o8
g 5742 AASAT. £8 AS) A9 Ao/ BRA0)9t Y
£580] ALY Aol T, f

A

& e 74

o A tF

TTI 3Fe] ZFo)7} ot whayst=x] olrr] $13) Games
£-0] P-value”} 0.05
o] zpo]7} E—ﬂlﬂgi fFomatn, aQBA 9 FREH e f
4% P-valueZto] 0.05:
H3lslod, <Table 14>

group 1 group 2 mean(group 1) mean(group 2) P-value test result
type a type b 0.896771 1.539201 4.77395%¢-14 False
type a type ¢ 0.896771 1.456392 0.000000e+00 False
type a type d 0.896771 2.329411 0.000000e+00 False
type a type e 0.896771 2.265388 1.221245¢-14 False
type a type f 0.896771 3.911600 4.491740e-12 False
type b type ¢ 1.539201 1.456392 6.521676e-03 False
type b type d 1.539201 2329411 0.000000e+00 False
type b type e 1.539201 2.265388 2.220446e-16 False
type b type f 1.539201 3.911600 2.954381e-10 False
type ¢ type d 1.456392 2.329411 1.221245¢-14 False
type ¢ type e 1.456392 2.265388 8.548717e-15 False
type ¢ type f 1.456392 3.911600 1.345403e-10 False
type d type e 2.329411 2.265388 9.582671e-01 True
type d type f 2.329411 3.911600 1.465921e-07 False
type e type f 2.265388 3.911600 5.076170e-08 False
<Table 14> Renew Criteria value about max queue length and occupancy by Traffic congestion type
New congestion type A C D E
Old congestion type a b c d ® f
Max queue length criteria value < 138.015 < 276.039 > 276.039
occupancy criteria value < 0.499 = 0.499 < 0.499 > 0.499 < 0.499 > 0.499
5. ns4E BEREY E35
ojFA & ATolA AT wEEH EFEA A e, test HIolE Al F&st] HFSIAT A2
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<Table 15> Independent two sample t-test result

congestion type group 1 group 2 T (test statistics) P-value test result
type A Train data set Test data set 0.203367 0.838968 True
type B Train data set Test data set 1.754275 0.080922 True
type C Train data set Test data set 0.253698 0.800412 True
type D Train data set Test data set 1.448122 0.150043 True
type E Train data set Test data set 0.248305 0.842878 True
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