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ABSTRACT

A V2X system can be a candidate as a means to increase the stability of autonomous vehicles. In particular,
in order to implement a Level 4 or higher autonomous driving system, the application of the V2X system
is essential. Wireless communication technologies applicable to the V2X system include WAVE and C—-V2X.
Currently, the V2X service most used by autonomous driving systems is a service that provides signal phase
and timing information and since real—time characteristic is a very important, verification of this service must be
done. In this paper, we measured the time delay characteristics for providing signal phase and timing information
using WAVE and LTE communication, and proposed a TOD—based signal phase and timing information
generation method without using V2X communication system. To analyze the time delay characteristics, RTT
(Round Trip Time) was measured as a result of the measurement. Average RTT using WAVE communication
was 5.84ms and was 104.15ms with LTE communication. As a result of measuring the error between the
signal phase and timing information generated based on TOD and the actual traffic light state, it was measured
to be —0.284~3.784sec.
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Table 1 Information list of CVIB

Information
Value
category
Direction North, East, South, West, North—East,
ectio South—East, South—West, North—West
. Straight, Left, Pedestrian, Bike, Right,
Signal type Bus, U=Turn
. Off, Red, Yellow, Green, Flickering red,
Signal Phase Flickering yellow, Flickering green
Operation Info (Transition/Response/Off
- /Flicker/Manulal), Error Info (SCU
Traffic light L ..
status communication error/ Sensor communication
error/ Conflict error), Signal cycle time,
Infomation count, Current time
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Table 2 Main field of J2735 SPaT message

Signal Phase and Timing Description
timestamp UTC time
Human readable name of
name . .
intersection
" region Unique ID of region
1 . .
id Unique ID of intersection
revision Sequence number
inter— General status of traffic
status .
sec— light controller
tions . Group id is used to map to
signalGroup lists of 1
stat ists of lanes
—es | eventState Phase state (R/G/Y)
minEndTime | Expected shortest end time

A AR AT A 2B A7F AAEA AT
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4= AER A AFEop R 2 H
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Table 3 Main field of J2735 MAP message

MapData Description
timestamp UTC time
msglssueRevision Sequence number
1d region Unique ID of region
1d Unique ID of intersection
.. Sequence number
revision .
(map version)
lat Reference latitude
ref .
. 1 Reference longitude
Point one elere g
elevation Reference elevation
laneWidth Reference lane width
i D r
JanelD Unlq_ue numbe
assigned to lane
Inter— directional | . .
sec— Use Directions of lane use
tions lane—
Attri— shared Co—users of the lane
butes With path
| laneType | Specific lane type data
ane
Permitted maneuvers
Set Maneuvers
for lane
node Lane made up of two
. ff .
List Offsets or more XY node points
connecting laneID of the
conn= Lane connecting lane
ects— - -
To signal Signal group IDs of
Group each connecting lane
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Table 4 Database of traffic signal operation plan
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Table Contents
name Column Type Comment - = - ==
o | I WA TOD A8 DB7} FE5 Aol o] A5 A
- int ntersection number . - _
tonnum | 4 A Fig 73 28 34S B8 8% 1, DBY
regdate date Date of input . . o1 - - 3=
intersec - char[45] Intersection name intersection tableell =l A= WEE 2ojste] il
tionname ) 5 = 5 = =
22 2] AT A7 AlE ARE Q] ATIHA ARE X
lat double Intersection latitude ]-—E./] AR AE ARE oleh e Ane A
Ing double Intersection Longitude "5] ?—l’ ‘/F 9)\1:]'
inter— todversion date Date of TOD version STk WX = == S
A A A Zro| A e] ATEHA] AR WAL
section offset double Timing error offset g ]:ig]r QA A} AT EA] AR S Sl
sheet short TOD Sheet number 3j DBl =% phase_ring table®] A 3F5H-2} signalGroup
id int Generation 1D - - - - - .
HHE ol Nt Wzl o] % A& 3 AT
remark char[45] Remark of intersection ID ARZ ¢joiot s axpze] AA| Az tigh e
inter— AHE E:] 235l = ke Kel¥e}
Seii?éit?ame char[100] Intersection english name }\] 855 movement E= T o o]—Oq }_7]&?‘51—1:]— r/]—‘j*‘
> = = = = = =
waveid | char[12] | RSU ID of intersection 2 @A) A7t Alseof Auel B4 25 A g 9 53k
altitude double Intersection altitude ’tl iyq] p‘_ﬂ'oﬂ w}g /ﬂ ifﬁ ;\] %og ‘/I:‘f‘oﬂ ‘31’% 7_'L /ﬂ 5 :EL%L
ringid long RING ID _ = = -
phaseid int PHASE 1D AlZE A A Ze) F71 AEE E418H] 7 movement
shase. [ riutype | char | RING fvisin(AL5) e NS YR/ B BAA e A1 A
ring ringnum short RING number = N . = _
mvname char[3] Signal type(strlef,ped) HE Atsle] AsEA] ARE YA et
e S g A AR R 1857) mAkR ) A S AE DB
signalid int SIGNAL 1D T Al tlelE] 2715 134 kbyteZ 71 1 kbyteZ} =A|
signal_ r%ngty'pe char RING division(A,B) %LE . 7:51_%, 100ms Z_}gl_o_i ;d%:g% 300 bytefﬂ 17H
ring ringnum short RING numbaer _ - B o e
signaltype | char[10] SIGNAL TABLE type WA SPaT WIAAE 1027F 415 7HE S o dle]
el shor Valuels) B} 517]%= 29.3 kbyte(30,000 byte)o] vk, Lejm e F
timeid int TIME ID ~ o ~ _
timetype short D 2t2.9] ATHA ARE AA 5] Hsto] VX Al =8l
level short Level ol AA7Lo 2 Z=AF = HlolE H] 3] =
timeplan cycle short Cycle 183 2R e F= dlo]EHel H]ate] DBE 5
id short D g dlole] 2717k 841 A7) g TODE 7]Rke.= Al
interlock short Correction time = = ER R - =
anid - AN D SEHAIE sk Wol vl Ao} wRe] AHE &
ringid long RING 1D o] =31, VoX Al B0 2 A7 FASHA] S
. ringtype char RING division(A,B) Aol 0le Ao a iy
timeplan_ ringnum short RING number gilol als Ao .
ring -
val short Phase time(s)
timeid int TIME ID
todplanid int TOD PLAN ID
planid int PLAN ID
time time Operation time
todplan X
level short Level Query intersection info
id short TIME PLAN 1D
todtype short TOD number
weekid int WEEK 1D Storing TOD info of
day char Day of the week ntersection
weekplan timetype short TIME PLAN number
todtype short TOD PLAN number
planid int PLAN ID
reservationid int RESERVATION ID
starttime time Start time Query week plan
reserva— endtime time End time Y P
tionplan isday char Day of the week
1scla§r char Flickering or not Query isclear value Query tod plan & time
planid nt PLAN ID in reservation plan plan on specific day
specificid int SPECIFIC 1D 1 l
ecifio— date date Date for specific day - - . .
spele;IllL timetype short TIME PLAN number ‘ Generation of signal phase and timing info at this time ‘
todtype short TOD PLAN number
planid int PLAN ID Fig. 7 Logic of signal phase and timing information generation
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Table 5 Specification of V2X communication module

Category Description
Processor 1.MX6
Memory ROM 32GB/RAM 2GB

V2X communication

Dual WAVE/ LTE
supported

GPS UBlox Neo—MS8T

Operation temperature —-33 ~ 70°C

External interface USB, MicroSD, Serial, Ethernet, CAN

V2X standard IEEE 802.11p, 1609.x, SAE

supported J2735
Appearance
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Fig. 8 Error measurement environment of TOD based signal
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Fig. 9 TOD based signal phase and timing error (Absolute
value)

Table 7 Signal phase and timing error: TOD based vs real

Table 6 RTT measurement value according to communication Round 1 Round 2
method (21.10.7) (21.10.20) e
WAVE LTE Average | Standard | Average | Standard
[msec] [msec] [sec] | deviation | [sec] | deviation
Average 5.84 104.15 ID 1| 3.547 0.052 3.762 0.073  |Inters—
Standard deviation 1.51 28.76 ID 15| —0.905 0.064 —0.489 0.053 ection
Max value 30.2 703 ID 4| —0.679 0.052 —-1.025 0.048 | Single
Min value 3.24 38.7 ID 42| —0.267 0.049 —0.282 0.049 way
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