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ABSTRACT

This study proposes the traffic prediction and optimal traffic control system based on cell transmission model and genetic
algorithm in cloud environment. The proposed prediction and control system consists of four parts. 1) Data preprocessing
module detects and imputes the corrupted data and missing data points. 2) Data—driven traffic prediction module predicts the
future traffic state using Multi —level K —Nearest Neighbor (MK —NN) Algorithm with stored historical data in SQL database.
3) Online traffic simulation module simulates the future traffic state in various situations including accident, road work, and
extreme weather condition with predicted traffic data by MK—NN. 4) Optimal road control module produces the control
strategy for large road network with cell transmission model and genetic algorithm. The results show that proposed system can
effectively reduce the Vehicle Hours Traveled upto 60%.
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(a) Example 1 (Corrupted Data)

i
T A A
A ke Tt

5 e i
\ __,JI \\_.!dr_,n = I—!“ EVATE
— If. J J L | ( i |
= |
L it L

B0 1100 1300 150 0% 00 20T 2300

(B) Example 2 (Missing Data)

(Fig. 2) Examples of Data Error

ol £3 2@ AXy ZEAME o9} 2e o
FelolE 2 &4 diolHE Mgt £ Ao
+ 1AH 22 VDS Ho|E 9} DSRC Hl°|E ¢ &
< 53A HolHE BAdL o E S9] VDS 7]
Lol dHolEl7b &4 =H3les A5 g AY, T
] DSRC 7|¥ke] HloJEH&E £4 HolHE o
HHO 2 DSRC 7]%ke] H| o] B 7} &4 FH &
13 A4, sig AlZke] VDS 7]4ke] HlojE &2
Jo]El S thA g} VDS$ DSRC Hlolg =
EAHo Qe HolH ZJIEE o|F HolH
1F 43 Gz 7ts Fds 53

3t}

hul

oot o

>

i‘—“,
o 0 B

N

]

4 rpr o
R E o oo 2
o,

f

2) efolef 7|8 DE oS

=
°
i)
N
T
o
=
L of
£
[N
td
i
o o
~
2
a
7
1%}
:F,d
Q

level K —Nearest Neighbor(MK —NN)& &&3lo] n %
2488 o =3tk MK —NN< Tak et al.2014)] 2] 3]
M ARME duEFOE AFH F2E 7o R 3
of 4X 7ol A 6A17Ee] M E 7% MAPE TF O E
o Z3He}15].

MK—NN& 2% E4 &F(Classification), 34

1} 4 (Global Matching), 74 v % (Local Matching)2]

3A ASoE FAHEY. @ B4 ERdAe

d BEF, FY BEF 22X BEFE 58t AA
oJE oA Hl%d EAS UEhH E4E 1AH R
BEFet 39 vjAdAds 3oz E/E 95
et A K—NN 3| 5& 7o g H&d +8
HE(TCS vlol e FFF HH(VDS HolE)S B
ol ERE FUHIEY FIHNA Ferh 7Y
W dNME Fd FHA EFH 5 dellA K
~NN ¢7g2& 7oz H$&3 &% 98 (VDS

s

to]E| ¢t DSRC HolH)Z H-f& HE (VDS H o]
E)S Hole 9AE 4 vHY @A Fe
o HEHOE 79 wjH A
9 5

71N, Plt+o) : T2 3 19| ARE t+001419] o
5 & &2 S5 usw
KRS e H2F] olxe +
Vi(t+o) =2 FA 19 ARE t+oolA HA
Hlole] ko] $& 52 wed

ot % 709 2]

PSS VO R st TR 7t FYE &%
(Speed), =3 F(Flow), = (Density), 92 (Demand)
g dE3iH, dFH £EE 7|We g A A9

N

o
Iu
e
El
ofm
>
1

2ol M2 elolef 7|gh

eehel LE AgolHe Holy S @E o
29 dZ dolHE WoR AL,

o G oMEZL BT FL

Vol.15 No.4(2016. 8)

The Journal of The Korea Institute of Intelligent Transport Systems 73



S|

|0
Hu

Cell Transmission Model AlEzlo|d& 7[Ht

o 2tRC Y ololMel DE o L A Hof AR g

JAFNE W nFFFS AEHM s B
AE Ao} AzHME 7182 02 Daganzo(1994,
1995)7} A AA A W 7wk AEH ol 2d
9] Cell Transmission Model (CTM)S HIE O 2 o]l
E IA A nF 48 AEFolA T, 10].
CTM2 i UEYIE A4 A= T3}
Azt e A ko AF oleF E A E AR
059 g 7oz sty A&Fe uE

e AEHA .
4,

ki

ol

in(n, (1), Q, ,(0).8IN, ,()—n, @) D

nn(t+1):nll(t)+y2(t)_yfl)UT(t) .................. (3)

d=w/v

A7NM, g, @) AR 19 A pdld n—-129)
WEF

n, (t) T AIZE 19 A poll $1X]3 Apake] 5
Q) AN 19 A pollH =2 &7
N, (t) AR 9] A no] A HA 7 A

yN () T AR e A n o & RIQJshe A
o=

yd U () AR 2] A nellA] REshe Ab 5

CIMS 7|Hto 2 gofst 1452
gold st7] fsiAe md F
SdF diojH, WEYIY £,
£, o[HIE A A &7F A, 7
)9 B9 5 #Ho] Basrt &
goly 7]uke] o & BEA By
v nE5F dolEHE Adedd. &, ANE
223 HolHE o 25 AFo=2 dFA
24 F7HEQ 5% §lo] AR HolHE
& g AEHoIAo] 7H53tt
CTMAA & AlEd ol Azt 114 %

E 7He 2 9 =2 JYEYIE

o Algtete Aol AlzEeA AlEd ol
Z

I

ox
e

o
>

rJ—_r“-‘,
°
i)

g

N

fo > Ho
o rm

oty X

- X b

=]

EQW
3_3%2
(R
(o o =2 & rr b1 fU S o

T 21
I %
2 ol

b
o ok > o o

NAL 3025 7|Z202 £PHY HY) AH
TE 120kmhE A HAY. A A 4o

o 2 o -

[ Mk-NN Algorithm |

i

Baseline Simulation with CTM H Event Data (Webpage)

|
!

Initialize Population i Genetic
(Selution Generation for Algorithm
Optimal Control)

I

| Evaluate with CTM |‘—

Termination
Criterion?

Solution Set for Optimal
Contrel

(Fig. 3) Genetic Algorithm with Cell Transmission
Model for Searching Optimal Control
Solution

2 ogd 1F 4FL ABd o]
deAE e 5ol Aot Bast, B =g

At A 6], © 2 AT
A &% AslE oJWE w BHE 249

r e

74 RNITSR|=2T|

157, T42(2016'F 8)



Cell Transmission Model AlE2f0|ME 7|8toZ st Z2IRE & ofzfoMel nE oS 2 X Mo AAH Jjgt

2 529
2558 443 Aol AYe £ & A~
AL g A 22 Ao} 71 F b S5 A

A K A F (Travel Time Information)?] 7|H-& E3}<
E2E Aojdtt 7HH &5 A E29 g m
g T29 &% ATS 245t VPR B AAH

A= 60km~110kme] Mol 7Pl £=& 243

U

=

<Fig. 3> 2 Ao S 7] A 7
dugFe Azt M Hols AA
MK NN A oS5 to]E & oA
E Ho]E & 7|WOE AlE# o] st
As H7HE A% Ve &E AT
2% Aojo g 7] e WAL C

A& 53 F 23 (mother population)]
74gtt}, o] % ME A4k wAF A4 Wl

N O
o xom T
bt o
= b

24
2

o
>
it
o £ £ o fo

2 ox 2
ol
fo o

)
k)
ol
o
of
ole
ol
2
=
fru

o
o
i
oZ
ox,
ol
Ol
k1
i)
>
)
SN

3. JHEA| AR A HE
B AFellA Atsta 9l

o i Ao} AJzw2 9 5

Z Hold, §3 Az dF HolH, £2

0%
T
_

rr
My I
)
o
[
rlgt
ox
o
R

©
x
i

rlo

A ARE 2
sl A2 745
.

N
W rnofr b b

i)
o

(Fig. 4) Display of Speed Prediction Result

2) 58 A7t o= Ho|E9 BE

o o

Vol.15 No.4(2016. 8)

The Journal of The Korea Institute of Intelligent Transport Systems 75



Cell Transmission Model AlE2f0|ME 7|8toZ st Z2IRE & ofzfoMel nE oS 2 X Mo AAH Jjgt

100l e AAAGA Tk SEA -5

A
g FEA AJEE A 22 A

o
e
Hir
o
&
hu
ol
i‘—“,
i‘—“,
a3
o
N

(Fig. b) Display of Travel Time Prediction Result

Demand
Prediction
between Groups

(Fig. 6 Display of Traffic Demand Prediction
Result

3) #2 O|= Ho|E9 #E

F8 92 golH HoAE Az 1YZE F
ste] & =R Fod= ANRS ¥E2AT <Fig
6>9 AAG AR 2P ZE AA 1EEEE gAY
FHoZ Yt 7t #9999 F IUdFY AEFY
o =2& BEIT. AT TYZdM= 7 FY
TooA WY 9 AEF ZHoA A9 59 <
o =& dYALE X&), S 1Y FY
TA7Y o)% &S mEdte FEYAT IYL
o] wlg o] &AL AF3] A It

& =
'@._mz_)rm =

i &

| ¥

@ o

‘o4
[ o= | o= | on ]

(Fig. 7> Display of Simulation Result

4) Al=Z20|M HoEo #E

Agdolde A% a2 AEHode AR
AR dHFE A T Ao A a8
xo] ®2& Y% FRoE FREY. <Fig 7>9
&2 AgHolde A A8 s A% gHe=
Ao} frek Abae] AZE, FARY 5 59 9
HE ARS AP o] F Algdolde 43t
Hoeld olHES] 4 A - Fof B2 4% WsE
EQE 7t A2 T ARt dFAE Ay, &
AT 2o o]F FEIT

5) ZMH0] 22t Ho[Ee &

44 Aoje] AnE EEIE FUE AEH o]
A 9% F93 fAS Ao} BE ws e

76 RURTSYAR|=2T|

157, T42(2016'F 8)



2te= 2 offo Mol WE ol E 3 EE ol AIAR i

L .

Effect of Optimal Control
smmendation for Optimal Control

[ n ] aa= ]

(Fig. 8) Display of Optimal Control Result

Aloje] Tk HAA HFe| VHTS 4 A=
of th &3 AZtE A & 2T o) 9}

A T A A, 7
Ae7h A Ho A= F3te

49 Z FEse =2
o

dHE

r
Lo gy

1 [

ku)

2. 21} AZ &y

(Table 1) The Effect of Proposed Control

<Table 1> ZAFIEEZZGB)Y TALEER
MDA AU L HE Aol AZo =2 a8
W3S VHTE 7|9o = 3t9 HoF1 ). o
X5 Tl =2 AL, FAY o|HIET} WA EA
29| §F Astet A=A

o] B HES o, AstE Ao A2EE
= Q)

=
T

T
e
>
lo
(e,
o
o
mL
rlo
brt

)

-

T gl
TFoA Atets A2EE Uz 1&EER &7
Aot BHG o METF TAH S }
£EE FRE AR 14ER
Mz & ez A Bt AAE AAH R
of AA n&EERo 588 I ATE A B
& Ut

A A 2" =2 Fs N B Al AL
thE VHT A7 2HZ 3 FPAZE A7 Tef =0
AN & 44 #ZH <Fig. 10—13>9A Hole

B2 AA A& FHNIE AE AT F A
th B3] AA Fo7t AL oA A Rue
A T8I B2 2F Ao Ao At ¢

System on VHT

Without control (min) With Control (min) Reduction
GB | MJ | Total | GB | MJ | Total Rate
Normal Case 46 18 64 22 24 46 28 %
Work Zone (Minja) 46 140 186 25 38 63 66 %
Accident (GB) 59 18 77 32 24 56 27 %
Accident(GB) and Rainny (MJ) 59 41 99 k) 27 59 40 %
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