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ABSTRACT

In this study, a deep learning model for predicting the queue length was developed using the
information collected from the image detector. Then, a multiple regression analysis model, a statistical
technique, was derived and compared using two indices of mean absolute error(MAE) and root mean
square error(RMSE).

From the results of multiple regression analysis, time, day of the week, occupancy, and bus traffic
were found to be statistically significant variables. Occupancy showed the most strong impact on the
queue length among the variables. For the optimal deep learning model, 4 hidden layers and 6
lookback were determined, and MAE and RMSE were 6.34 and 8.99. As a result of evaluating the
two models, the MAE of the multiple regression model and the deep learning model were 13.65 and
6.44, respectively, and the RMSE were 19.10 and 9.11, respectively. The deep learning model
reduced the MAE by 52.8% and the RMSE by 52.3% compared to the multiple regression model.
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1.
U EAIES 43} QI HE Ao g dAZRl wE Exto] wsta Utk FENERANA FA3
Y £2 % EFH8-L 2017 7|5 38.7% ol o]& ujd

S7Fh=s FA1E Holal Jth =AIF- J__E’wl E%—
TS g o waE S| Ak o7t wAR S| &S dolA At oldd uE S5 sk wEAl
o] W F shvhe t713E40](Queue Lengthyolth th7jdddo)= 218 wAatRe] $YaE&S sk ARRE
AREET A5 AF 9 HASLE Hdt] a7EHE AR F sholth 53] #x3}t wE 4 T Al tiY)
FHHol= A5 HAste] B2 Fgrr ARGEO] T FoA0] TS Eus Wgrelth Te|al vy Ede] HE
= Fx3} AT wAZAA F7)do] Aoy dA £&(SpliS AFshe HAHAE AR =3 1F AE
SN £ o]gA5d0A tr|dddoe] ARV AFHTA o8 FIH tr|dE 27E Fote S
TR R S AT A, olH 7S Fushs ARE Yt Al FHARNS A ¢ Yo

AA R, Zgro] nF #He] A2H SIRIUSE T2 o] &4A ti7|sddo] ARE A g3} %HZM BE
At FFE 713 0m, =g AR AA o B3 oS ARI}L GASEFF =2 o] &AEC] o RIZEA WkgEH

= AT AHE AAERT 28y Sddls ti7|d8de)E AlEAo] Ao ® AMESla wEHREE AlE
317 1tk ] ARAEE FollA thEAQ] AEAl 2% HH AZBITOPIS)oIv FAHEFHA aE HH
A2 AlE] 52 EE o] A=A TSR 59 BRE AFsAT g E Lol #HE AR+ vAIEst
I Atk FUle] E2 o] gAEe] t7|8E o] & HRE WA At AE AYS G §820F A 2
Zom, o Yopr} aE AR AH| 0] AA S o]F F & Z1oITh(Sim et al,, 2002; Yim and Ygnace, 1996)
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Yim and Ygnace(1996)> Z#}2 7}2]9] SIRIUS Al2HlS o2 23A50] 7PAHFH AAL 1%
R BhEshs AR} o]& g 73 wEE WIE 2t £ adE AASATE 24 23, VMS
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g B9 AR U718 Re] AT SRR A ARE AUAES FFL
& Eatol ARl mhek 2RAE Jh WAA AT W hsol AR M, U1 Lol ke
zapshe Aol thel 2RAE ARE AR YAHY

Han et al. 2000 =AH- 215 mA2e] t)7|92$ rlel Z3) 9
A e Ad AR ARE FAT 9}
71edth 4 ¥ HAAFEL ER s -
= AR A|E0H2E AABAE zhe 1 E5EF HEE Q2R AT 582 AT v L Hof
< Ut A2 Uit
Ki et al(2002)2 7|4 P 20| S o 25
o FHA ¢neEs AT AR

o

JN of
a o

R G AASAT 71E9 AT 237} vwg Ad, <5 ARt
o] BEH UL HAFTat ¢ WstEo] TS Ao dFHo] Fobxl Zlo] FIFHIT s Aol A
v @FAA7 B Fx HAATE T ST AR FduEE, 23 AL, 19 E, 15 wE5F ol
HE 7uto g mgS 7330 F 4417 111712 Datas &3l ou, &5 gE B A5E 53 @
W, a9, A ARE B EARE F&te A77F Basttha AASATH

Sim et al.(2002)2 Kalman filterS 83} 58 Fo| t)7]sy =1
A AA7] A5E &Lt AE =4 @A HEY T 4%’3}9511’4'. HE AR AFALI FE tdA
o HAF PN 58 Aew ﬁ]“”’ﬂcﬁ 5% TR dF U8 AAsta, FEAd Al FaAEZAt

52 B3l RUS W A3t 9 FF o4 d5E L Hetky BUSRAT T Ak 28 oY o]
B 54 712k Aol Fol umrz Ax), olY HolHel o] BLSE B AW U7 WY Aol T oS
T & 9 J0R Urhth FF 0 HA Age] AR oEA A9H EHL F8T 5 JuA AE

tal oEF dS7HE A 838t nlawste #go] Fad Aol Hith
Lee and Oh(2002)= 7]&2] A &A|o] Al~dl COSMOSE] 7| Edo] A& dug|Ee] FA44e Restuat
et 7| E daElEs LS 7S Al2EE 9 Ha U J9RE 2es 22 95 8
]} 1346}04 UV ES T A, 7)€ dudeRng FHEag Al so] Fopxl ARE FRIE Y, T
ATty gE o] 4= duEES tE @R A gt e dugFe 8-S HESkE 8ol I
a3tk AR Jeu g daelEe F2 AA]7] dolEE 7Rk g LYW A AS xR &
o AAE T Qe YA HolEE 7REe R ¥E F {1, o]l ﬂM E3AE HFEA 2dTh
Kang and Oh(2005)= BAMOZHE S Aot HA7|NA FHEHE A& 119 BAE tr|gddol
A= gaE|Eed H8ste] 7]1E2 COSMOS Al 2817} Hla-H71stgith. 1 A7, @A) AHE-E= COSMOS Al
2Ho] t7|gE o] AE ARy FEAn&a 5o] A yebgth =3 it dugEe 4
&S S8R 2z AR oA 7hFo]l BR3dtA ¥, @ AE A +9A AA Fre] HaskA ot
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Liu et al.2009)= @A) A5 2H AE F7]o A th7|hE sf4 Z2ZAAE o] &ste] FA F7]9 of
7188 dolg F43l= RdS A¢sATh slg AFddAME 1% A Hst HE dueEe f3 1
T wE "olH9 LWR 437} o2& A83ta, o] Fall thrjaid@dolrt AAM3 A7) 7ke] Ado|H
o 4 g 45 ¢ A HAth T8, FE AR 2AR dolHE FUtste] R AudEs M
297} J&E AASIAT

Fu et al.(2016)= LSTM % GRU 21 4% H3Y 7|H<S 7|Hte2 HAAL 15 F JEs d=ses 228
7zt FEH 3, AAE B4 23 ARIMASY 2d9] A5S Hlustdth HHdg e 55 53 939
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< vlag 23, GRU, LSTM, ARIMA 0.2 o & Ad%0] 2 Zo2 =8y gyd 2o oZgo] 94
& FHsATh &FF AAG dlolg Zolo] WAl yhssHthd mdo] AF oz AAAS A5 s
go =go] & Aoy, o %2 hidden stateS 7HAl= £3ANAY 2dS ST AL AYSATH

Lee et al.2018)= HIAZZ -9 VISSIMS A|oJ3}= COM Interfaces T7F3t H3 FIAL & S3un

=% dlo|HE 3N, o5 F3l A2 Y (Deep Neural Network, DNN)= 7|Hto.2 3}= t]7|34 &
o] d&F rdg FE3Gt dS oH 01]%%1 o7 Edo| = 4&E F7)& sk, 4HE As 7]
£ VISSIM HESH Zo HEAIZl A3 @ TOD W2lol vlsl ks AA7F oF 5% Zad A2 EMFI

AT Aol M= e wARE EH"]'OE 4Gt (AT, FE AT HAR & F2 UESA @d9E I3
2 HAE gdiste 28T A AdsiAth

Yin et al018)= 1A 7A7] HolElZk opd A Fepe] muted A EHlolElE ol g3te] A7 T
gPHdo] o= ndg EstY) o]= Kalman Filter} $43 o] 22 23S 53 FEHUoH drjadd
Aol 9 A tyr|PHdol& F4353h 7]—‘—4 Ag IAEA 7HI Ass vlasty] s A4 WESY
3 g AEYelA AuE] oA H A& AE Fel A A, Eutd AA HolHE 283 =Y
ol B ¢ AoE Urhuth

Luo et alQ019) MEF 214 Ho|BE B3l £1% 2 Aol FBAZH 2 A5 F7)9 7] dol
o AR B KBl AR ALY 2AE ALAA, IR H7ALH L2 A2 D18
ggoloh A4 YA Aole IR HFANLAE Fo 4% dSUe ok Aoz BHAGL

M, ol AEF 5 JHAAE 558 dZge Hols Aoz FRIHH.

Gao et al.2020)= A& T3 F 2FF] FHE DNN 7|H& o]&3te] tir|gddolg 453ttt o=
ojmA| Holg 7|uke] oS WHOoRA AAZ HH AlFo) Thestal, 71Ee] S49 o] & 7ite] i @
2] A 78 B A AAE AR getsiaitt. H 3t eakE Tl A HolE ok md oS AxE A
w3 A3, oF 10%2] #os =EH0 AuAofd] &82 & vk st Tu, diolH A A
5HolE] £4o] uHHA edgtons FE 0131 %% 7}@% —%7}31‘{' A77F 2o Aol sttt

O

o & A7E iy ex 55 7 vind 243, ged 299
ZIHERY AT Al ATE Sl AAE E40 RNN LSTM 417 o] Z34 o]
o, 3 o2 #HA =L HolEE F718k peakt off-peakZ A|THE TR} &
Zdo] 4§ Hold o= Adsiith

o] AAIE v‘i‘—*—i 7]‘%‘1‘ X]T%%}‘ﬁ, ARIMAS®} H] 1l ﬂﬂo}c’iﬁ‘r zt E@_%
X
1

I AS 448 2 24

B ATE 9% O RARE GRAA AAE] Y3 aEFe] WE e ARoEE TR s
# 522 Uehile 442 BT o8 et AN AETol A4 RARSS IO 99t 2
& B4e BT, o F =R gAd Al FEeE o Agon dgsar. =2 i
o mARAE WA YAAAI AAH0} LYHT YT, T QA old ARV} FUHO] B AT B
gol JPsaldry E23 A mAzel £ srle] How 5 @l /1 Bol B4 tAY aAw
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o Bty W HIEE AR AR, T4 A2 AEE 20201 08€ 0124 20201 10

g Ao Gl oY Ame FHLA, wAR ol F, 7Hlel olF, W, A7, PP, HfrE, B
2, wEF A A, HAIH, 34, FE wEEFE i, £33, W= wFFeE FEs F 2h9

4= FAH Atk FRAATNA FRHE VBB Lol AR EAE AF 7o} AFE HEoE
AEHY, ojs 22 AR FRste] 580l He AN FEgE ST ol T AA AR

S} AL AH, S ARV 5E deE AYHe e dEily] dEol

aglal & AreA e A AR A3 Atz gt iy e l“&—% st mEtM =39
WEF AR T HIY, +IH, 7 wFFS FY AAoNAM 2detA ottt B wAR o] F, 7hvet
olF, HA A T&= tiriFBA0let FaAAo] wif W BAE 4 AAoNA A

2. 2Z HolH A 74

FFAA7AA F28 ASE HEd ZF ™3] f8te] AT YA o= 28 7}%}951@ HA
Hole o £ = B4 F7]= 2020 08€ 1Y 004 002HE 2020 10¥€ 314 234 558714 58 @92
AFolM e AR AR A2 tig £4& sy, Y waz e ‘Ukrl"@" W

A AR A3 AR 2, 3, 4ak2 0| gt ojw, A7l AR o] g4k AR Y FAR9|E, A=
=

W) glel THE ol Rtk AASALE meba A Aol B 17 2o trRRLol, BHE,
Ny, &9, M2 AFFS FAgs 74]40}04 2 g3t th
a3l AR AERE G E st Yttt o] F 2 AFAE 20205 AETE A8
doms A 744 Ads0 A AL 4 ﬂHOﬂl Wl AT Aol e o
TEo] FEet] At Ath =3 L FL JA] tirjgEdolo] WSt YIS = ACE Hsto
&‘Q ARE Ao 23T
9o} 22 A AA, HEd R F4F HF oy M TH3IAL HEAHA A = o
<Table 1590 AAE0] Tk A% Fole] AL 1708] Dt 2649770¢] o2 TAHT Hebdl Pl 23
o A8 dolElel At o 299 )2 Tretsigie,
<Table 1> Example of Final Data Set
i Traffic Vol Smi
Daiel & Time Queue e Hour | Minute Day Occupancy : ¢ Volume(TH)(v/5Smin)
length(m) () (m) (%) Full-Size | Compact car | Bus
2020-08-01 0:00 13 8 1 0 0 7 12 0 15 0
2020-08-01 0:05 11 8 1 0 5 7 11 0 16 0
2020-08-01 0:10 17 8 1 0 10 7 18 0 16 0
2020-08-01 8:15 52 8 1 8 15 7 39 0 18 0
2020-08-01 8:20 58 8 1 8 20 7 43 0 20 1
2020-08-01 8:25 64 8 1 8 25 7 48 0 23 0
2020-08-01 8:30 76 8 1 8 30 7 51 0 28 0
2020-08-01 8:35 64 8 1 8 35 7 48 0 24 0
2020-08-01 8:40 91 8 1 8 40 7 58 0 35 0

30  A=TSYL=EN 20, Me6=2(2021H 12&)
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3. HIOE] 7|=EN

248 HE dHolE AloA ¥, 8%, Al 5 AR AR} tr|PEAolE o] &3t A tigh 7|23
4E& FeYetn). ojw] £4-& $38+¢] Python 3.73} NumPy, Pandas, Seaborns ©]-8-8} T}

HA 4l B tr|gEdelE 24 A, 849 B thrlF B A ol= 65.84me] 01, 9€-2 56.50m,
1022 4204moI3ith o2 QU B gr|gddelE B4 Ay, 48] B triggdoelrt
61.82m=Z 71 4om, 32 Yo] 612TmZE F HAZ AJth YL 6025m, LY L 5840m, =YL&
58.69mo| Atk WHE, Foel Eo Uy 42U 747 51.28m, 31.98mZE Bl A FSTh o= EFET A5
T8 A7) W FFOE AT 4 QUvh v o2 AHE e tir|P B Lol E BAG A, 1749
1019 F7 th71g@Z0)7} 22 97.06m, 93.26mE 7H AA Uebgtth HEF gy ddols 52 Azt
HE FACE A7]e] W37t dAse AR ot

N7 HRE B om 7435l L-AZME 7| dde], 8Y-AIHE gi7|dddolE B4 o=
¥4 4oy 8 EAol wet AlzdE dizjdiddele WskE gotsly] fgolt). <Fig 1> €-AZHE

7l d4dolE YepdT) ¢kgte] Aol= HolARh 84, 94, 108 EF A= 1049, 2= 17
Al dizlgddol7F 71 21 Ao E Jepdth EgE 740 Het tir| D Ao} w9 FThskaL 18410 %+
&8l FAE 9EE AR UElsth wekd Hd dizldd@dols €EE 2 3ol glo] FE S 5 F
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<Fig. 1> Average Queue Length by Month-Hour
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<Fig. 2> 8Y-APE B t71B 0| S Uehil Astoltt, B A T gL Az o719
o] wak A7 whS- fARSIA Uebgtth 746] BE 1ot BE 27heka, 184 ol Fol da
StiTh WA o] Sgshs 2TEe A AFUA ATHIA B oW E Lot Pasignh 8
Yol 1249 B BB Do) 7P TA b, Yeels A9 BE Azt HF th7| PP Aol
7h e aUE} vl a8 A0 AeHth I YAER $RE 2 2908 FAE BT 2
B AEE WEEL v 2o kA, AGEE G gl e $ee
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<Fig. 2> Average Queue Length by Day-Hour

Fole mARIAe U] BADIE S5 3% RNN LSTM A48 & o 88 Gl 2g¢ 7
S50k, 123 BAT MR AN B9E FRae RSl A8 NmAkas, A% @
of kg wiwsty] 9stel TR WAAE} A HL B ATNAE 0AE W dwHow

Lo] ALE-E= A 2 2 mean absolute error)2} A F 2 2Hroot mean square error)®] F 7HA] ARE
S35tk O3 ARY 23 gyd RIS FEske HA 20201d 08€ 01Y 004 00FFE 20201
109 309 234 55871A19] 5% @9 ARE TS 288k

I

o _12\“‘.. &E ok —HN’

1. O=27ES 28 75

SEAREAAN AEAT SR AL AR Be AF ATFUIOL Al A3 AR o
o} i & ek WA SRAL IEE Zol7] Asiek, WA AA 2ol %A S13e AT ARel
4,9 A, & AIHE RS Sl B AT, WP ALE
FEshel B A3, 8% &8 DERY FoI3E pgrol 00suT 2 o A
A ANE 5 UEA SYgassel tated 2he mYe FEad,

T2 OFHARH 289 A% the <Table 259 2oko} YTk BA| feleEo] 0001 o5z A
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AEo] azd Ao FAHCE fFofsiths A2 EEHAT 1281 23] AHES YehfolF e
27 (Adjusted) AAAITE 096002 o Argo] F438] =L, VIFLS EF 10 H|THe 2 gjetE|o] ta
FAAC A7 gle AR Yehgth B BE 59 WS pitol 005ET AL gHOE AFEEo] F
Lol diste] ok GFS vt AAE AT Beta Fol A SHUTEL] FEHHSo Uid YIS
AHEE, Afgol 7 F FFE A AS AT F Utk

<Table 2> Summary of Multiple Regression Analysis Results

. . Standardized
Unstandardized Regression . TR .
Dependent Independent Coefficient Regression P-Val Mulicollinearity Statistic
Variable Variable Coefficient ue
B Std Error Beta Tolerance VIF
Time -0.791 0.014 -0.069 <0.001 0.975 1.024
Qu Weekday 0.323 0.027 0.015 <0.001 0.992 1.006
cue
Occupancy 1.672 0.002 0.967 <0.001 0.179 1.054
bus -1.302 0272 -0.006 <0.001 0.951 1.026
ojgh e ARTHE, B&EWF YD BLNE FH) A% hEHARN mYe e e 4
o% FdE F Utk
Y =18.726 + 0.323)(1 + 1.672)(2 — 1.302)(3 — 0.791)(4
}7]A, ¥ = Queue length
X, = Weekday
X, = Occupancy
X, = Bus traffic
X, = Time
2. H3lY By 75
1) tlolef 7
7)WL Lol E 28] 9@ Held FL FEe7] Yate] <Table 1>o] ANH RS LA
AsE 5% @99 g Ede], ¥, 9, Al &, 8%, ArE, tE, 4%, 2 ued ARE 2, T

MeE oF 299 A2 FAESITH
B2 04?0%15, <5 dlolE & 2020 08<Y 019 5-E 20201 109 29U 744 9] 800l alwale AEE o]

£3F9 3, & 259200702 HolHZ FAEAT AF vlolE+ 20203 10¥ 30Y, 379 5% @] HolH=Z
*35]131 = 2880712 tlolE|& o] FoXT} By Wyl 8= AZ dolEH e AR 2020 10€ 31
do] 5% o9 dlolHE FASIAY. 18a A BuE Y5ty =¥ )l A859 g Gl A
2RE AA 7B E dolg st &8st

2 28 74
A RNNel LSTME #g3te] AAE AR B4l o 3l 748kt =3 323he BAIsh7] Sl
Drop Out& 0322 AAste] LSTMZH A3k o]} Stateful & 2/ 3F3IAT Stateful > ©1 4 3k A19] 7h5
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A5 e 3y Al 27X E Heste YHOE, AAE As B andelgta ¢#A Stk Optimizers
Vg durE oz ol o] gHH, §8% 07 ALhs YR 3 &5} wan 4o 423 adamﬁ AHE-
SFSITE Input Dimension< HloJE] £A42] MFE, 48 Al 1002 A, 212t ti7|gd o], 9, &, A, &,
84, AR, U9, 4%, M2 1F5FE grgith 18]3 232 Dense® 748 3 /Y dEAE =&}
55 A4tk ﬂ%“«] 345 u]Sh= epochs 50002 AASE, of7]9l Check PointE A Y& sAThH

a8 24959 7149} Look Backe] Zolo] W2 W7} AxE wuwste] A 2ge ATy ¢4l
LSTM# Drop Out3- 2.2 74E 24935 24, 34, 4322 U] /A EE vwdt ok Look Backe ¢
g A AHgsheE ARE dAE dolE Usm o AHEste ZOE, 6, 12, 3622 o] HIIAEE Blaste]
o} B AFolA] AEShE HlolElVE 5% TR0 ER o= A7) 304, 1AL 3ATHS o] gt Zzte] 24
o] YR ME E¥S FFIIUL, A5 HlolE 7wre] A Ao} FHAFILAE AEsdTh 1O
Az}, 249Fo] 44Y w9} Look Backe] 6 we] FAt) oo}l FHAFE L7} 6349 8992 AW A
< o ® AZHUTh webA] 44 (DropOut 2AH+LSTM 24)°] 29328 T4 5 11, Look Backe] 6% Hel'd
2 HF 230 Mk

A ANE B3 AR By oY Z¥el thete] 242 20201 1049 31, 19 S9te] 5 &9 o
71dH0lE % “SP‘HEP aga A Sd tr]yE oot Al #5E iy EAolE vuwste] FEH e

23 o= Ads HaAY XL 13.65, HAEAlFZLAE 19.100] A=HATH |

2ld 239 4 Ade HHFEAH AL 644, BHAF LA 911E 74]430“3} olg3 Ad= vE 3
AR =y v Held 2P| FHE A} oF 528%, BAAF AL oF 523% © 4 Zlelth
e <Fig 3> A Ol PRolst B oS B WA E 47 xEH yF o B W AHE
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<Fig. 3> Scatter plot of actual and forecasted queue length
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