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Developing Prediction Models for Public Transportation Passenger Flow

under the Spread of COVID-19
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Abstract

The outbreak of COVID-19 significantly changed peoples’ lifestyles. also contributing to a change in their travel behavior.
Since public transit usage has decreased due to the fear of infection, improving the passenger flow prediction will help
public transportation companies better manage this situation. This study analyzes the prediction of public transportation
flow made in South Korea during COVID-19 and proposes a suitable model for prediction. Four models were constructed
to predict passenger ridership, and the model with the lowest evaluation metrics value for each city was selected. During
the model constructing process, it was found appropriate to predict a day with the previous 14 days, and the prediction
results showed that the RNN model performed better than the other models in most of the cities. The prediction results of
the RNN model were much better in areas other than the metropolitan areas, while the LSTM model performed better in
metropolitan areas. The result shows that the RNN model would perform better at predicting public transportation usage
in a short-term pandemic situation such as COVID-19. This research is expected to help companies make better decisions
pertaining to public transportation operations, such as scheduling and adjustment of dispatch intervals, during pandemic
situations.
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Figure 1. Spread of COVID-19 and changes in weekly public transit usage
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Figure 3. Mathematical structure of RNN

Y30 AYH) ofof what 24FeA A4k 3E <A (1))
o], =R (4] Q)2 Lo] BEEY, B4l gFuE ol f
FOoE ARSI 3 o= 2459 43 e E UEhdH
B AtoAlE= ReLU(Rectifier Linear Unit) $5 ARE-819
o, E3h dR¥e 2 [STMF} GRU 2E0| AlAIE 45 Hel
LR 7] &) BabaQl £33 T 29 RNNO|tHA
7a%, 2021). o]°fl w2k RNNE| ol Adso] 7t 3¢ 2714
HE/d0] 2ol et F71A FE g Fiol & s 3
of & 7]9E A e S I 5 UoHHAE, 2021).
gl &3 27 ZojAY 35 I 59 7187 24 ZA1= ¢l
gt A7) 94 (Long Term Dependency) 47+ 3t

b, = &,(Wyh_ +W,x, +b,) §))
yi' = w;iyhf + by (2)

b e ARIA Y 295
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Y t Aol 223
X t AEoA S Qleis

oyze) gyt ok
W, JEBH euzenel /54 92
W, SU3olA aezonel 75A B2
by, b, 293, EE20] wig W

LSTM(Long-Short Term Memory)& RNN9| A7] 2J&
d EAE 2Yst7] #l8l RNNS 7]5Ee = Hochreiter and
Schmidhuber(1997)7 Akt Hgolnt. (1™ 49} o]
RNN2| 24359 cell-stateS F713 22 A7t wjef s
£ A4 358 4 it ISTMZ 7159] RNNH o] <=8

TEE 7H 3L glon, B2ZF Ao E(Forget Gate), U APIE
(Input Gate)2t &8 A°1E(Output Gate)}E °]-83t] %7]7]
o ARE Ashe v 225 e, olf dieaF of
&%, FY 9%, 49 2%, Z=2h9 32 4= 4 A JE
A 72 AT xfes oot 22 v C= HEH,

RiA, G2 Alo|E= I AEE Q7] AR ACIER b, T x,
of Al E(0)E FolE Folth AlLEo|=() T 29
A9 00114 1 Atoje]7] mii2el 1 gke] 0ol 7F7ke-H A o)A
o] A= AT, 19 77hEa5 o)A AEle) ARE Bel 7]
slA et of2d B2 AolE fi= <Al 3)F} o] 2L
oo 2 A AlojEx (A @)k (4 (5) <} o] ehte &
A ARE 71%817] 913 Alo|Eolt}, A, Tt x,l Al1EO|=(o)
5 FohL FUT o= slo|HEYRA E(tanh)E F 3=
e (A () 2ol Zr 1 A& 7he] AAH*, F41)2 7 Ftol
o upAlEe 2 &8 A9|E

= ddol=d 4 C2 e eus
of Qnhp HEEA] A AER (A (7)), (A @) 2ol
2eigt 4= gek.

33 4. RNNZHLSTME| &
Figure 4. Structure of RNN and LSTM

68 ==, M5 M1E (2023)

f=c(W x +W,h_ +b,) (3)
i =c(Wx +W,h_ +b) @
C,= tanh(W _x, + W,_h,_, +b_) (5)
C =f+*C_+i*C, ©6)
o,=c(W x +W,h_+b,) @
h, = o, *tanh(C,) )

2) SA 7|8t BE MA| et

ARIMA(Autoregressive Integrated Moving Average, A
F3HA FAolF IR AAE S5l Bol AMgEE BAH =
%% AR(Auto-Regressive, A71319)) 2F MA(Moving
Average, °158) 2%E HAX ARMA(Autoregressive
Moving Average, A713]H] o] 5% w) 232 LRSI BEo]
o} el Wk A A" mEgo 2 dxje] AAE 3k 1HA B
o1& o5 Tl Ayttt AlAIE wlole 2] 24 A, ulAA ]
RS Zhs 7 A5 ATE UshiA Hel E4E& 3]
o] A7 ¥ (differencing, 2HE)1S ARgSte] A AlAIE
dloje| & Hgsfol k. 3 AR, MASHARMA 2352 B4
3 AAE Hlolelofl - go] 7hRste, BB/ dlolEE B4
dlolel 2 ¥h57] 918l AHEet Zlo] ARIMA 2% 22, ARIMA(p,
d, @& Uehdch, ojdf p, do} q= ZZH AR 23, 22 12|
MA E39| 25 oJugity, A A& E=&317]0 A, A4
g diole] Y& AEste] A AAEE den, 4 )<t
220] w2 FEHT}, olo] weh AolAE ARMA(p, d, @)
A (10} 2.

w, =(1-B)’Y, ©

w,: FAI7FAAE B4 AAE
Y, AAE ol

B: FAQ4
d: v A A
t Al

4 A2 A

¢,(B)w, =6, +6,(B)e, (10-1)

¢,(B)(1-B)"Y, =6, +6,(B)e, (10-2)

4, A71819 24
0, AN 2
6, °l&B B4
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p: A713H AR
q: °1%5%8 AR
€. 9}

HA(Historical Average) 282 718222 34 By o (4
(1))t o] A=t 34 SA4 7|3t g1tke] B2 3 BA9
e oStk B¥old,

3) Ui 2 7=

£ e 2249 4t o] %] tiFig 22 Y3l
SH ¥l diea g ol 8%, FY o, 4Y Ao, 229
BRIL S0k WAl HERE 5 E-83to], A 65671 HlolEH =
AAE od5S APsigict. F dlol" F 2020 19 20¢7H
20219 68 5%7H2] 503719] Ho|ElE B5(training) A== AL
Batqion, di&o] vl Hrke 9180 20219 6% 647 20219
118 59708 & @7t HlolEl & o33t 153708 2 E(test)
NER o|g3tgitt, Z2te] R 5L A= diFus SATHF
S 71F02 ByS HYssiglon, 155 By upgoz A

29 2829 RNNT LSTMS d32F o8, $Y of,
U 7, ZEVH9 SRR 5, WAl HFAL 5 AR,
QFE oj83S LR SIS AA A s
= & »F Zo] AHsgich. "Eel, 239 72 ¥FEE
hidden layer?] unit, hidden layer®] 752} ¢l & IAHEE
£ 5317 918 o]d mEAS HYEA)E Fol 7H AT 2
B2 TSt olof wet, (&E 9ok 2ol 42 128, 1 28

750l 7P e A2 Yepgon, oln & U7}
14%0] AgslA U2 A ABlA A2 F7] HHEeE TEYo] 14
U 7H70)7| YEY AR AR,

BA 719te] AJAIE S 2 ARIMA 232 9 ¥k o
& WS AMSSlRE SYW e FEUTL FYUSH, R
HFiLE o3 dlolEE B-83130ct, EA o ¥4 UA 288

1421

1_

3. 20| ol e Table 3. Parameters
No. Parameters Values
1 Epochs 200
2 Batch size 256
3 Activation function RelU
4 Loss function Mean Absolute Error
5 Optimizer Adam

(Kingma and Ba, 2015)

H 4 DO FEFH4  Table 4. Structural parameters

Units of

No. of hidden Predict RMSE

hidden layer layers date (training set)

64

—_

2,302,647
2,073,687
2,509,341

128

2,202,492
7 2,246,651
1977837

L[ R | = | W | M2

256

2,072973
2,300,521

64

1,928,075
2,006,157
2,247,852

128

1,766,636
14 2,060,334
1,856,122

256

1,916,374
1,801,731

WIN[([2wWw( N |=Ww (N wn | =

64

—

1,867,829
1,972,060
2,250,868

128

1,920,272
21 2,027,335
1,897,058

256

2,075,083
2,249,535

Wi | =W = WM

64

—

1,827,710
1,950,393
2,183,763

128

2,359,288
28 1,087,228
2,563,254

256

== (W M= W] M

2,184,726

W | M

29| 44/d& ADF A4 (Augmented Dickey—Fuller test)
2 53 Slshalct. A5 BNS B8 Bele BRe) . d, q 3t
ghofe gk GE 5y o] (1, 1, 0)2& A H U,

HA 232 ARIMA 233 w7 2 e oS Wie
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B 5. ARIMA &= 4t Table 5. Parameters of ARIMA

No. Parameters Values

1 (p.d.q) (11,0

gtz Sued FSHsE FUsH Fedd dge
5 o1& HolEE &8t en 503709 Shé(train) HlolH
Aoz A Fa& Wl A5 F, 153719] g AE(test) HlolE
Al v)alsto] Q] oS 4452 B8k

V. o= 23 E4 2t
1. 28 45 It X|E

£ dFoM= AAE ARE o83t RFIR thFuF o]
$F d5S AP, A5S APl AAl, A5 2P
£ A& 221 s, ofF §3l =9 A4 9 AB4ES
B71 4= Qi olof we} o & P9 452 B7FstaL ulast
7] 915t 7t A#EE BEIH M, RMSE(Root Mean
Square Error, Bt A<t 229 MAPE(Mean Absolute
Percentage Error, v At WE-g 22h2] 7 7HAE AAst
et

RMSE:= 2do] o537t i3 A4 ko] 2lolE tfe A%
2y W7t AR F shfeldt, BSoA Y 221 2}
O] Al Aba Bt o) Ao mA B5gk e A 3t
HALE SJujah, (A (12))¢F Zo] E@A, Ut RMSES] 7
T AR 3] =719 &AL EAo| Jle| 7] 9EH o7t
WAsLaL o] 2 QI3 dfiSgte] dl&3ls v 27)o]
of 2A4|Y 2] zpeo)7} F oAt 7+ dAo] ofE 4= AThWill-
mott and Matsuura, 2005). °|A¥ &2 tiido] ofef 742l
%% MAPEES F7}2 o|-g3}o] vlwslirt. MAPE= (4 (13))
o} o] =M, 3R] A5 B AE F shtolth, A
o] AISghe AA o' Uhe A Batol iE-S S F
8} 81, HAE g 2=t

>, -1y

RMSE =4/ (12)

n

pupp =205~k (13)

=1 §
n: ol 4=
Y, . ARGt
Y @ d&3k

70 =EAE, "Mss M1E (2023)

RMS]:S!} MAPE 25 gto] RE45 239 o|&2jo] 9441
o= W 4= 9k,
2. 0| 28 Hlw B4 Za}

ARE vl 7HA] 23S B8] 202092 2021 oF 21 H4F
o] U tiFiE o8 S, HA o8} iSE o]
$F 2 Z RMSEQ MAPEE A4S 23 71 v|iL F71E X138
sttt diFiis ol 8% ¢ F2uH99) HiE HeE ARSI
on, WA A=2e] gloJHE 7|02 sl mEle dAsta 3
W RS wE% & QY BYS V|E0E AIREE diF
AF o §7FE 53} vla B4,

1) ®=

A= diFig o83 d&dl7|ol 4A A disus &
HZYFE 7|0 240 ngS AR5 Halde A+
chorst mletul g E Al =5ke] RMSEZ} 718 W ghe] 238 A
gttt HAe nyo Wi dE F 45 F7t AEE
RMSEE o|83l%len, 4 By (R o 22 A= A=A
o2 =G A A, o 7k 28 FolA RNNoJ
1,837,403% 7Pg 2 3o 2 veht d&8o] 7Pt 9425 A
o2 VeI, (29 59 Zo| ERIF 4 it g, 14A4%
021)l 2J31H RNN2 <314% 24 F @7] 450 a1}
2l meo]n, ojof W} =g 7|E 0 & &3 HY F RNN

E 6. T1= Z¥E HAE MEC| RMSE
Table 6. RMSE of test set prediction

Category RNN  LSTM  ARIMA  HA
=
T — 1837403 2021464 5089027 3498478
T, ol ) ﬂ ‘
RN A Y r
|5.§ I|| r'\ T r,‘ |—.->1 l.l .| | ﬂ
LG ]
m.\w’lﬁ kl 4
202!06 20?1"07 "" 3021 Cs m‘ |U Dm m‘ 'I|
20 -
§
M “f\ i 'f
J V "l n | -
) —
2021.06 2021.07 m;.ue 2001.09 2021.10 2021.11
% 5. 284 ¥ ti50E 015 % AN 018

Figure 5. Actual and predict public transportation usage of
nationwide
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28o] 7P AglelA) BaE AL ZRihoe} 2 wr)Hel o
gelo] 2 Algo) & elo] FakL AL Ao B,

2) A=

A4E 7102 A3 vy F2E upge R FYsiA +
3] A= 2 o319t Je'd Q] RNNZLSTM® tialiA]
£ 22 ueujge By F2E ALY, Z AIRER A%
< APsta R gido] ofF 7jjo]7] wiel| B7} Z|ERE RMSES}
MAPEE F712 ZRIsI5 2t Hg 9] o382 (B 7)1 (B 8)
AY Yehgton fifEe] Al=efA4] RNN, LSTM, ARIMA %
HA % RNNS| d&80] 713 5% A0 £y}, ol 2
2H99 22 o] AFEEQ] A4ef ©r]1 Al FFE v|X]7]

7. AN=E 2@ HAE HECS| RMSE
Table 7. RMSE test set by cities

wjEof T7] o =0 E1FAQ] RNN ZFo] 23el o= ye}
Wil AbeEn, 9, 17712 Alx F 147] A=) RMSESH
MAPE®] gko] RNNOA] 7Hg W& ke 7HA] Agt, =2 EQl A
SEHA|, AHFAA], A71=9 Al A Fefl= LSTMO] H7}
A FEAA Z1ZF 790,074, 104,015, 432,2613 9.52, 8.87, 9.15]
&S 7Y 7 e Ao R ey, o) 54 29 A
Aol wjs] Z2uh199] FEEo] A7 ufie] vehh=s @4o
2 AE 4 ok, ZE1H92] Bl tigh gaFEo] vlay 3
2 olf= EH A9 B HIeEA A dy] e 22
Y32l F3o] Wol ojFolA diFne of§=F dis] =1t
199] %g3o] vl Gi7| o wekEh o]eh o] vk
3t g 2 oAl RNNIH LSTMS] ol&3of ojsfl AlA]

B 8. A=Y R84 HIAE NEQ| MAPE
Table 8. MAPE test set by cities

Category RNN LSTM  ARIMA HA Category RNN LSTM  ARIMA HA
oE =1

gLEof“ 873073 790,074 2334249 1546998 g{zf’” 1133 952 3744 2704
HAOA| SARZYA

g 23793 242882 484943 325677 i 1191 1277 3022 2198
EHj;gguﬁ“ 86823 112524 264449 144767 EH;;?J“ 1113 1303 3694 2407
AT 109230 104015 286545 202415  ooeo 1080 887 3233 2420
Incheon ! ' ! g Incheon : ' : "
FESTE =N

[=] [=] [=] [=]

S 6320 4517 89241 2908 S L 1266 1657 3765 2917
CHEEHA| CHEESA

S 8217 5027 106729 7218 i B 1330 1503 3507 2579
o Apmtoy =Y\nited

“G"I;fnﬁ“ 28047 32182 66080 42517 ﬁ;a‘“f*' 1410 1811 3768  27.87
HEEHRIR|A| HEEERIXA|

il 5201 6866 16027 10818 gl-f 1155 1618 4037 3139
A= 47z

o

S ongaido 450813 432261 1109907 780481 St o 1098 915 3278 2454
2es 28s

o N798 12969 29986 18879 ShE 1343 1925 4126 2785
syec S85=

Srmmcheongbuido 19234 24958 41589 3030 SOSE Lo 1289 1550 3338 2580
EdEE S3d:

Siocheongnamdo 30649 37385 72088 sigw  GSE L 1118 1494 3161 2399
Mg Helse

i 21250 28916 54655 38752 G- 1231 1515 3930 3106
HMelde Hetde

o s 23028 28634 46902 34715 S 1351 1487 3345 2661
;:nglE g)\be

SO ==

Sremgsangbukdo 26242 2805 67982 186 SUSE L. 1214 1455 3666 2468
ﬁ)gL.I-E jti)é-L.J-E

o o [=] [}

Sreongsangnamdo 62861 75953 136810 95138 SR . 1305 1712 3380 2555
E - e -

j‘grgm& 18526 19557 37580 26483 ﬁé}?gxrx|5 1267 1269 2861 2171
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ol &t % o} §F2 (TH 6, (1 7> 20| LERdT,
3 aZ
giE s o182 oSS vl 7HA] B ) Asri o,

4 WA W2E 7jEos BUS AAsidt RNN 239
RMSE 3] 714 Wol H2 mgloz Basglon ojn £24
BgE 7|20 o] AR FRE ol2%E 23 u]
i Belge) AR o A3, AL, AR, 4719 4538 A
oA RNN®T} [STME] cf&go] 245900, H4=e
Ao A RNNS dl&elo] $4519i). o4 453 x|z}
Bl A QoA djEeo] 943t melo] T Ut AL
T2 190 o3t JaFEe] Hwrt they] mEo e e,
2570) A9 ALAE d2 5o 20194 7|2 fEEEe
SorETEo] 65%0] DR ATk Lol(HLEWA, 2020), UE
TLE 5207} Fobq W] oiet Fao] ArjEos Hof

LSTMY] o28jo] $45 202 AZgict HIGm] 9ol

034:
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{1 milion trips}
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Figure 6. Actual and predict public transportation usage of
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Figure 7. Actual and predict public transportation usage of
Seoul
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7+ 2Ate] $igef wet AR AEE Ao 23S A8
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2 WA AR el ojdf uf2 F3f sige mA 2|ahd
1} 2L diFnF ool st HFo] AL Q1Y nFS:
tho) o] go] Z7}3H= Ao SIF QL) oje} T YiF T o
$49] FH2E tiF T L34 YRl E & Edlloln, 54 o
A= 7ol 18-S st o) 5ok sh= Belgto] EA3ic
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£ A= T A =g dido R AE1H97H S o] of
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k. 20204 1€ 20458 2021 119 59704 9 2d B9 =
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f3l9on], By Ay giFuF ol g5 Fd o,
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2 o 22 AR &SIl

A, g 2y Al olA o] 14UR SIS oF
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oA E1E 4= Q= el Zo] RH9 o)Ak X H A
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