7H(

7H(0), Bl

el
S

/

fHl(0)

E]

ol
oll

|.

) , |

I (

WSEFATAIE M2

£
o

=

m Ko X CiNERCRR R
2 oF Rl I- . ., wBE . ol
M wj Jo 2 I __oﬁﬂWo ._%n_._.._u o+
7 %l K M 8 - L
T ol oK : HoomEd q W
m ﬁo ol @® _._._.xT_._._.%._h._oO ~
™ N ol o ol m iod 7ol KE El _Il_u_l
L - = o
Hl & Rl r
ol Zu T Iy
<l w sl &l i
09 il _.w_o
v A_ﬁ K- Ho
1
> <l

MU= RD Repor t

16TLRP-C

1066402

TH U4 & MO 7= ol = <R ofo oF
>o X o<l olH| aTuiu wmojoiel T wloFm <liof 0SB0 oM nrkil Fall ok Z0JOROKO wKOHMHX

2018

i 1o 4 o1k







7 .
— ©
© 3
o .
p./._ ©
I~ %
~
gl — e~ S T 9 3 3
Z S5 351 351 5 5 5 o o o o ¥
_:_I
8l
Klo
uﬂ_w ofl MH o .m ofl H MO N
0 _.._I A_._._._ o) _.._I K < =™ M wl
- o W S B B NN OB R
! © NS H S RO R
3 W F o ° RN T
= = = T
_ _m_x_lﬂ.&M_hoE_
K|o o N o
mﬂ o i 2 7O
) —_ —_ [ 4 —_ —_— 5 K
_ H ol o 1ol 35 ol ol KE ~ ol
,ﬁ - %3
T Q1 M
ov . BN
oH T ke
HOI __|o.+l.m ~ ~ O._
= <o 0
A 2R Ao
®0 3 NN
o OF T+
g =3 8 b
i T E o
N ol Ko
o 00 R
U K
j o
oAl
[FN ol ™.
KO0 I_9.
I <
o o &2
5 xR
S

(=3

SH

S

HoA 2ol S2f

=
S

=

7+ M29z=of| k2t

oF
S

o
L

_l

=

TIHLAR

2

H A
s

—EWS







<HIAN Q9FA>

. st ekl | 2016.11.17.~
A 2 HE 16TLRP-C105654-02 AT 2/2
oAt 712t 2018.09.16
SAIAIH WEEFATAIY
Od?—/\]—oéﬂg SNMH Bty A TAIY
MIFAIRAH
CHzpd
ATFHA
M| VX EAl olZ2|E 226t H|EQT A2y UTR|S et 3 AsZHE
Sl E=b Z=-g304 ~- - e
OH_on_ ;” =} [=] 6HE6H:|_}'75” (= 780,000 In_-||_'l
Z0d Li 583 7|4 260,000 M
NN o A7l et | . .
o101 4} 2o x AL o= 2500 |1 1,040,000 &2
& A7zt 1044 M5 1,500,000 2
Zlod L1042 = odied| | 7 500,000 M
AT = 200 7{|: 2,000,000 &2
S=EWEAT
SESE | EasoTE ]
PR ofFtisfl, ==, University of Virginia, 2047 |4 FEZI=E
e shRpAMY S0l Tl Blltlstm

do

m
e
-

eiselxt : of &l 7|

12

o

S[soR HsP| P8t LTRIS U AILE LS SiCh VX B4 7|
dlo| UESIT M52 UTRIS HLUDE VX S Al o X2 59| Fet
T 2TAIE T o uloid HRAAY AHES B1D 1S Saf HILS Vvt

|0

A W2 HEZ EES oiFstaxt 7|& MoAo & 2SHAE
o

| 4MICH ASHIOJA|AEI(COVASS) AdA| - =31

2A o







<T & 8oE>

VAT A S WA S RE o W g aE B3
& alastas 71 Aol Signal Contro) 2 £QAAE 71402 S $19) 15
F7)(Cycle) % A (Phase) W& A SLE(Traffc flow) = A% 954 dolel o
Sog AR T E A0 B
el A Rzl HAsE VEX T BV} vl 1) dolelsle] §TE B9 4
SH US| RIS O nm AR (3 o) AL B9 AsAlol Sk CoVASS(Y
A ABAGZS] £ - Ao} el AN B A A A
A i A2 FAS) LG A WAL FuIP] SJa) B4 ) WA EE
42 A Bl SEAOR B8 4 A vk A AL AL - P
2 2 3o ¥z 4y
A A FHAR I =R AEAle] HTelE A R e, 59
A WER AR AW, SW) A5
g~ AV AR, A, A 5 Tl
AR WD AEA 240 HE71E D ATEHED
BRI PR
AR AEND Aee g T ey D B
A MEAZ AYAES A4 79 Aol waE 48 2 ugY el
2% 9 PR AEEsl] SoluePlE ANTOA B Thy AN AEE Bl
485 4 98
- VIX Bh] e O B 710 melsiel e Ak Fsd ul 307] dlol
o) SR HEDAANAR B9 VX /1 e MENS] WERE ANDOE 3
AP | ARES S T
2409 (531 3400 AsAlelIste)] AR 7Fs)
L= AEA A AEE AALEA R 2 Ale] Shtele 1 ALEAe]7]e) TOD,
FE/WISAO) 5 RE 7E 8T} 5A0) man WAL Wle] WEA Aol 53}
o] VX i 8 Mo HREAAAske] AAE Fa B CITS Alo] s A
54 7200] A8} s
o F09] 1 U 1] MERIESe) AP JRsEs EAael HeIE o
ke AXIste) S RRDE2) S 1t 9 A8a} ks
Aol wAE TR VX A 5 e Ao o T
WA yES] A A AsAe] dar
670 o) A A _t







{ SUMMARY )

Purpose &
Contents

— This research aims to develop the technology on traffic signal control systems for mitigating

congestions in the traffic signal intersection networks in accordance with various traffic
patterns being regularly or irregularly, which takes into consideration of dynamic assignments
of green phase and cycle time with respect to real time vehicle adaptive data in traffic flows
The new signal control algorithms are developed for designing the 4th generation traffic signal
control system so called, “Cooperative Vehicle Adaptive Signal Control System (CoVASS)” in
order to implement the n x m traffic signal intersections based on the cooperative data from
the vehicle utilizing V2X communication for intersections (V2X-1) incorporated with unpaved
type of vehicle detection systems, e.g. radar and/or image detectors

Results

Traffic signal control algorithms utilizing vehicle trip trajectory data, including research articles
published and intellectual property rights, e.g. patents, etc.

Prototype of CoVASS (H/'W & S/W)

CoVASS draft technical documents including performance test requirements, basic design
guideline, development specifications, etc.

CoVASS draft test & evaluation documents including standardization, technical regulations, etc.
CoVASS draft documents for implementation feasibility and effectiveness

Expected
Contribution

Being ready not only for implementation of CoVASS algorithms in the real urban traffic signal
intersection networks but also for expanding the size of networks to be implemented in the
next step of R&D

Providing a realistic methodology for detecting vehicle adaptive trajectory data utilizing
convergence way to VZ2X communications with unpaved-type of conventional vehicle detection
systems, by taking into consideration of VZ2X market penetrations.

Providing policy issues for implementing CoVASS algorithms into the on-going projects and/or
to be planned, for example the modification of COSMOS system led by National Police Agency
(NPA), C-ITS Pilot led by Ministry of Land, Infrastructure and Transport (MoLIT), and
K-City Testbed by MoLIT, etc.

Keywords

Traffic Signal| Communication for|V2X Convergence
Intersection|S 1 g n a I/Traffic Detection
Networks Intersections|Systems

\% 2 X )
4th Generation

Traffic SignallC o V A S S
Control System| Algorithms
(CoVASS)

(V2X-)
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O AIX|(C) : [link_no|pos|acc|speed|schedule|
HAIXI(D) : |emd)|

G AIXIE) : |number|id|schedule| ... |id|schedule|
Al XI(F) : |emd)|

link_no : VISSIM @3 =

pos,acc,speed : At 9K, 75k, {

emd @ S =2 0AX|

schedule : ¥112|F0 WHE B4 (O], =& AFE)

[OE 27] 2 Aol FoiEl 2F &

- Interface:= OBU¢} RSU 7t 441 Ao A wA|x] A o] B2 elstar Al E o]
o =

A ZRES FEekH oo gig A AlEHA A9E =T
- g% AeHE 2s dugFY o 740 AR g wet wE AlEH A 37
S FA435tA 2 Interface WA 9] X A protocol¥t A sto] HEZ &go] 7t

b S AlEelolds o83 4 dadls

-

O &4 dues e

- 2 ATl A e B3 AlEHolAE o] &3 A dag]F 2 E Cooperative Vehicle
Intersection Control (CVIC)¥} Optimal Control Algorithm (OCA)S | &sl4l &

- wEN FAE A 1T ) M F S A AT SAlo] o] FojA = wEFH
o, ¥ A= E4l AA L Aot 7HE Hel dojd F A= TA
7hAste] Ao RH FF AL Thed Al dagFdd diE) ojw g T4 v &l 1
FeFo] Hast d F dss THstLA A=

- 48 FES AEYste] o] Computation TimeS 1188k =4 worst case scenario®
CVIC €185} best case scenario® OCA ¢z 58 #4] 2 vwse. 72 &du
g ol gk A2 ofefje} 2

O 4 <185 1 Cooperative Vehicle Intersection Control (CVIC)4

<

- CVIC algorithm> 32 W 23 58 WA= 54 A" vjAsy (23 &
A7 AAste] HA3F Fo] W<l Active Set Method (ASM), Interior Point Method
(IPM), 18]x H A3 A3l=S v 3+ Genetic Algorithm (GA)S. 2 FAo] &£F XS

A&k

4) J. Lee and B. Park (2012), "Development and Evaluation of a Cooperative Vehicle Intersection Control Algorithm
Under the Connected Vehicles Environment,” in IEEE Transactions on Intelligent Transportation Systems, vol. 13, no.

1, pp. 81-90
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5) Y. Zhang, A. A. Malikopoulos, and C. G. Cassandras (2016), “Optimal Control and Coordination of Comnected and
Automated Vehicles at Urban Traffic Intersections,” in Proceedings of the American Control Conference, pp. 6227 -
6232.
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ASN.1 Representation:

sed

ProbeVehicleData ::= SEQUENCE {
timeStamp OfThe¥Year OPTIONAL,
segNum ntNumber OPTICNAL,
—-— & short term Ident wvalue
—— not used when ident is u
probelID VehicleIdent OFPTIONAL,
—— identity data for selected
—— types of wvehicles
FullPositionVector, —— the space and time of
—— transmission to the RSU
VehicleClassification, -—- type of wehicle,
SE (SIZE(1..32)) OF Snag t,

of name-value pairs

20
—— along with the space and time
—— of the first measurement

[O12! 42] SAE J2735 PVD message set(1)

Extension {{REGION.Reg-ProbeVehicleData}}

set

OPTIONAL,

* SimSec
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
180041
18001

timeStamp MinuteOfTheYear(")
segNum ProbeSegmentNumber(*)
Vehicleldent(*)
provelD e | Vin | oWnerCode | id ‘ vehicleType ‘ vehicleClass
FullPositionVector
startVector . - . . . = .
utcTime(*) |Iong ‘ Iat| elevation(”) | heading(®) | speed(’) | posAccuracy(’) ‘ timeConfidence(*) ‘ posConfidence(*) | speedConfidence(?)
veRitiaTipe VehicleClassification
keyType(*) | rale(*) | i503883(*) | hpmsType(*) | responseEquip(¥) ‘ responderType(®) ‘ fuelType(®) | regional(*)
SEQUENCE
snapichots thePosition | safetybxt(*) | dataSet(*)
regional ] SEQUENCE(*)
[12] 43] SAE J2735 PVD message set(2)
- V2X-ig B AgezRE A D, A4, AW B, $= 55 7 9l PVD
2 Folo] WE YnAES Fo £LA A5

AEE 95 F dey o 7t
3

& Ars A

Tk 2= ol o
=2 o

- [Z19 44]+= Vissim Datas [19 45]+= Vissim Datas ¢ ¥
EICIR=

x% (x)2 Optionaldr &4

No  VehType Speed  Lanelin Nextlink Lanettind CoordFro CoordRear Time

ATEI ] 0w 1 46301201 1367837 0 6301204 1367838 0 201707211605366 5890 9220 0
w6 2 -GO02540 -TIAL 0 -6R02545 -1368140 0000 000 iggggugggii :22; ggg 550‘53
g6 M 612 B 1605 D O -SROD RTODNON o = — ;
& M %S 7w 36000973 67720 -GR00OTT I6TT300000 sgr7g7amicosTal P e .
4897 100 306 B 1 -6802468 1368099 0 -6802464 -1368097 0000 000 201707211605780 5788 9220 0
00 W B3I 6 2 -6H02485 1368114 0 -GO0R4BT -IB1I2000000 2017072160574 6383 9220 12246
T T A EC | GO00S8 67086 0GR 1T 0 201707211605807 5816 9220 0
00 M BB 72 2 6801058 1367786 0 6801068 1367767 0000 0op 2017072116086 6253 9220 0
SB W 0 8 103 1 G026 es2 0 6o gy o 070720160687 6615 72 B78h
5010 580 5 GO TR O A0S -BETO00 00 T IEDseAs il Y ol

201707211605962 5983 9220 695.63
S50 10 278 70 1002 2600000 36865 0 -60I06 162 0 spr7g7o11605068 T o 0
5194 00 328 A 4 -6801161 -1367791 0 -6801165 -1367791 0,000 .000 201707211605975 5795 9220 0
W 0 8 03 26021 %IM6 060105 18 0 201707211605988 6102 9220 21463
20 MW 0 88 M3 268026 -B6M0S 0 -6 -3eie0 0 201707211605985 6306 9220 %78
20 m 0 % 03 |G T8 0 -6e0tas inme o 2017072M1606359 8570 20 AT
W M 0 78 M0 260 T o G ey g COVOTMIBOESI3 5567 9220 y
WM 0 8 | -G00I230 T80 0 6801236 1367820 | it . .

201707211606599 6228 9220 7644
2% W 0g M 0% 1G0T 0 G205 0 agi707211606639 P oo P
50 0 %03 2601 -1 060127 67813 0 201707211606747 6402 9220 0
20 W 0 & 03 16801200 36709 0 6801214 -1367811 0 201707211606794 63% 9220 621.14
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