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Development of Traffic Speed Prediction Model

Reflecting Spatio-temporal Impact based on Deep Neural Network
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ABSTRACT

With the advent of the fourth industrial revolution era, there has been a growing interest in deep
learning using big data, and studies using deep learning have been actively conducted in various
fields. In the transportation sector, there are many advantages to using deep learning in research as
much as using deep traffic big data. In this study, a short - term travel speed prediction model using
LSTM, a deep learning technique, was constructed to predict the travel speed. The LSTM model
suitable for time series prediction was selected considering that the travel speed data, which is used
for prediction, is time series data. In order to predict the travel speed more precisely, we constructed
a model that reflects both temporal and spatial effects. The model is a short-term prediction model
that predicts after one hour. For the analysis data, the Sminute travel speed collected from the Seoul
Transportation Information Center was used, and the analysis section was selected as a part of
Gangnam where traffic was congested.

Key words : Deep learning, LSTM, Travel speed prediction, Big data, The fourth industrial revolution
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1. LSTM(Long Short-Term Memory) 2125

Yol QALFS A NS RNNZ FEE 5 ATk olF RNNE §4 EE B4 5 w3402 5%
sh= dole Aelol A malolch Tk RNNS] A5 ¥l Huel 1 HRE A§HE HUEER Ao|

A7t 4 ¢ 9 3k backpropagation) Al 71&7] Al A (vanishing gradient problem)7} A3t <5
Sgo] A Astdth wEel AAE A5E B4 @AV e, o BAIE S5 s 1k
23o] LSTMe|t}.

LSTMOl| A A(cell)] El(state)= F N HE hy, ¢, 2 FFAA At h, & D7) El(short-term state), ¢,
+ &7)74®l(long-term state)E & F|h o] & LSTMS] 342 UES Z7}F A7) HHi(c)olA 7198 F&,

[ = O U
24 BE ANZ ¢S FE-S g3t Zolth A7) AEl(c,)E Forget gate(f,), Input gate(i,, g,), Output(o,)
£ 5ol Shsol sYEnh

Yt
Forget Gate
' LSTM Cell A —
— I 3 (O
Ci 4 > X \-l—,, ’Ct Nuuv:;ry«:-:wa-n !;‘:.‘Q‘Slf,f.
@anh C— >
X ) P e Concaterate |
fe i G: 0; P i
(o] L=< o:logsie
i Coy
hy_q | = 1, N
I T - J
Xt Input Gate Output Gate
source : http://colah.github.io

<Fig. 1> Structure of LSTM(Long Short-Term Memory) cell

Forget gate(f,)= 719 AEE S17] A3 Alo]Eoltt. o|H W77 (h,_ )& A YEAHH(z,)E o}
A TLEO| E(sigmoid) rE F3l ZAstel A 7] dHi(c)E WENATH ojw] ATIRolE Fo EH
9= 004 1AFel)IEl, 1 ghe] 0ol o)A ZEje] HRE S, 1o]gtd o] FEje] ARE 23] 7]
A3}A HT}. Forget gate(f,)<= T 213 2.

fi=a(W,

xT

hf T I/thfhtﬂ +bhf)

7] A, x, = A 49 @
b,y = t—1 N @7] e
W.,; = Forget gateol A 4= gholl tidt 7HEX
W s Forget gateoll Al ©7]71dl] thgh 715X
b,; = Forget gateol A HEFA|
(k) = sigmoid &<

1

(olk) = 1+e F

)
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( VV:,;HM + VV}Lh/hf T+ bh/) ......................................................................................................... )
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tanh(k) = BIFEHE FF
k_ _—k
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e t+e "
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Y, h, =0,Otanh(c,)

O:] 7] /"] 5 WE}LO = Output gate Oﬂ /H C]’j ] ]:H 6]— 7]"§‘X]
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<Fig. 2> Newell's simplified method

Daganzo(1994)= Cell Transmission Model-2 A ASH =Y, Z27HE dAGHA 9 A(Ce)Z FE31, T
AAZE] et Ao] WF T UEE 73 AEF =2 uEF AHE Uehle 23o|th o] o) wFE
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<Fig. 3> Travel speed pattern
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input data

[ target data

60 minute data of month average(t~t-5)

(12 Sequence) ?ﬁ

60 minute data of day average(t~t-5)
(12 Sequence)x

60 minute data(t-1~t-6) 60 minute data(t-1~t-6) 60 minute data(t-1~t-6) 60 minute data(t-1~t-6)
(12 Sequence) (12 Sequence) (12 Sequence) (12 Sequence)
.

7 L J =

| target(x;(¢)) |
target time(t)

main access link upstream  link(i-1) target link(i) downstream link(i+1)
(inbound)

vehicle direction

<Fig. 4> Travel time prediction model input DB configuration based on deep learning
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<Table 1> Variables of north bound

Data type Variable
Past travel speed monthly average speed, daily average speed, Speed before 1 hour
Adjacent road Speed of upstream road, Speed of downstream road, Speed of cross road (Teheran-ro)
Nearby main roads Speed of main roads (Sadang-ro, Nambusunhwan-ro, Heolleung-ro, Yangjae-daero, Olympic-ro)

<Table 2> Variables of south bound

Data type Variable
Past travel speed monthly average speed, daily average speed, Speed before 1 hour
Adjacent road Speed of upstream road, Speed of downstream road,Speed of cross road (Sapyeong-daero)

Speed of main roads (Hyeonchung-ro, Seobinggo-ro, Hannam-daero, Dongho-ro, Gosanja-ro,

Nearb; i ds N .
CATby hain. roa Wangsimni-ro, Dongil-ro)

B Tensorflow?} Kerass Ab-g&3sle] Pl g 2

J 2ol < T
=34 B Ao A ?i—?& Hed TEEH2 2714 LSTM #oloj9} 3719 Dense #olAAZ T35S

Vol.19 No.1(2020. 2) The Journal of The Korea Institute of Intelligent Transport Systems 9



st Eleldl Jvel SHEE o 2y

t}. oju] LSTM do]ojollA EH 3= 7+ Dense #|o|O]E AEA] AlFA @Y S YdHoZ g 4 9
S & 3} Time Distributed # o]l & AXTh ES 239 AAL ZTAE WA 7] Hall ¢4 v&9 HAE
£& "4 3H= Drop Out HolofE F71atoich

<Table 3> Model construction diagram

Layer Type Output Shape # of Parameters
Input (None, 50)
LSTM_1 (None, 12, 50) 12,400
LSTM_2 (None, 12, 50) 20,200
Dense_1 (None, 12, 64) 3,264
Dense_2 (None, 12, 128) 8,320
Dense_3 (None, 12, 32) 4,128
Dense_4(Output) (None, 12, 1) 33

ol

2) 7t&3A| =7|3}
H849 ol 27] 7R AL g5 AEEE AAske WY T3 4TS gt Hinton et
al.2006)2 =7] 7}EAE HAT {&ﬁi z718 o 24 71E JIFAAE S5 dAE 9 5 AT
z27] 7VEA & 002 AAd g5 AFEH, A9 T oA THEA] gho]l FHo] 7A=Y of
TA ] FFYo] 12A YERY SFol HA v EA7F ST
B Ao A= Xavier Initializatione ©] &3] 715X5 %73} 39T Xavier Initialization Glorot and
Bengio(2010)7} AIQHeE 2718} WO E, o] JAFAAR T thg AFANARS NFE T3l 7sAE 27
3} Sl O E AYEYXE 2= i AEEE g2 Yol lor o33 48 499 2t

- Xavier Normal Initialization

W~ N0, Var( W)) ............................................................................................................................ ®)
2
Va7 ( W) a Nin +nout
A7H, n, = oA 4 HHEER >
nouf q—% %E—:]l II"]A{BE% £|:

- Xavier Uniform Initialization

6 6
= U(_ \/nin +nout ’ " \/nin+nout ) (9)
3) #Nst 2y
AFUAYS AR G5 Yol G Bucgromguion & $ FHOL AT 0AF HoAE 5
s o) ol 4w, ofu) Wol A& A8} due]ZL A Gradient descent) O.E ThFFH B o] A
AlE AL it

E Ao A= ADAM(Adaptive Momentum Estimation) =82 o] &3] &35 43319t} ADAM 28 &
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w;;° THEE momentum(v,,)[°1 & HF| 7 leamning rate[°] EA ]S ZAT= AlT(g,)E He AF 2ol A

o% BFo A AT FYL.

t)*ﬁ'lv(t 1) +(1— 51) 8[; ................................................................................................................ (10)
o ij
L
gu ﬁZQtt Y ( 62)(8(’2) )
ij

3)

Il

1%
El)’ Iy

9 A=
< A 9645670 ElOlEAE JHAR F 70%<] 67,5197] CIOIEAHEE Sh5ddA Rz &gs1go
o, U= 289377] HolE MEE &% ¢45 & 2d& Hrlslr] Qg JridgAdRnzE 839t gs2
508 9] epochE F33l % 3,375,9503](67,519< epoch) H35}5 T
o|Zo] tigk Hrl NEZE HF A WEE 23 (Mean Absolute Percent Error; MAPE)S 2833t}
MAPEE AGEE oato] MEg= FASH] wiol A 7Fedtthe AHES 2t th
—V“er’“‘)ﬂ/ﬂ Bl 2Eto]El ¢} &4 3101139} zZhel7F A=A B 93l <Fig. 5>5 B3-S o, vl & 3t
F& Hola ke AL & 4 Utk E=g EddolE o gisiAnt 237t AL AU AF A
o] %owrz] B Aok L3y R aJrXé oA Bl2~EHo]Elo) thdt H7}31 Validation MAPE7} Training
MAPER T 52 715 S 4 St} o5 Faf ol2gt Rdlo] t& HolHol: 43 282 + vh=

Training and validation loss
- ® Training Mape
120 — Validation Mape
115
11.0
= 105
10.0 ®
[}
95
90
0 10 20 30 40 50
Epochs

<Fig. 5> Loss of Training and Test

TAAAE AT A 2 ATl E v F A B HlaE Fe) AdE ASekit A |
© AN, 333 4FE BF sl A& Aol 330 d&FE ML o] |
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B AFdA e 2y AF Avg et TSR o SHAE <Table 4>9F o] YERRTE 2 AT
A= Study IO E2 e, oA 1A i, T2 443 PHLS 1 Variable 302
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<Table 4> Comparing results of study

Direction Study (Spee; Z:f:::)l:hour) TOPIS
MAPE(%) | MAE(m/h) | MAPE(%) | MAEGkm/h) | MAPE(%) | MAE(km/h)
South Bound 8.8 1.84 9.7 2.0 133 2.78
North Bound 9.9 1.32 125 1.77 13.0 1.84
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<Fig. 6> Scatter plot between Predicted Travel Time and Actual Travel Time
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<Table 5> 5minute prediction error rate of each direction

Time
5 Min | 10 Min | 15 Min | 20 Min | 25 Min | 30 Min | 35 Min | 40 Min | 45 Min | 50 Min | 55 Min | 60 Min | Total
Bound

NB 55% | 67% | 74% | 82% | 92% | 10.0% | 10.8% | 11.4% | 12.0% | 12.6% | 13.0% | 13.5% | 9.9%
SB 74% | 76% | 179% | 83% | 87% | 90% | 9.1% | 93% | 95% | 96% | 97% | 98% | 8.8%
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