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V2X Roadmap

Expected timelines for mass deployment of C-V2X use cases AA
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Technical requirements and test methods of vehicular information interactive system based on LTE-V2X direct communication

EEEEE €3 EE383

RBIANR © TUFMSRIER 2%50 SAFTE EEHNS 2RI AmEmEs
M DUIAMSEEER Q%8 SRR EETINS R 2SREMEXTAMERENENSE "FRE—kML" AR AEHS RS
BFS  TIEERREZER (2024) 1815

| o
w

PESCEHA : 2024-07-01 RfEHE : 2024-07-03
Bt « ZETI—5) o ¥ REDIMTIERE

BREMBOSE "ER—N" MR RRER]

. EJR ., B, XY . B RN

|
|
|
|
|
|
|
|
|
TSRS ARE BARIRER EEMIRS BIEE RBEEXT AT :
|
|
I
l
|
l
l
|

L RO BEY . B . dE . M, SkiE . SKBER . xR . BIEBH . TEK. BiF . BX%X . EHZ . HIEM.
TAEMGERE (2024) 181% i | N 5 FHEHRAETRY)
2 BEHEE
3 R
B BHIRX. HEWAOTRISSIH . B @9 B T aE B EEEN A% (R « BREEEEEN. AEM 4 BEA
SHET (K. ) . ZZlEEHIT (K. &) :
MG CTALRE SALEE A%l MR MRS i 2O fiie T RS MBS “Fits—HL” M :
ATARG0A) CLETWBOI% (2023) 268%) %eib, QBN MAHNIRL L, Wik T2 (B wmig | TEEE
R A BAREIRT (BRI . I S AEREA wE ot Rt
Bl mU ey B S A A AR T R, IESUR T RS B, AR, AARER. SEMR 2 29, s | ) ' -
Fo MBS TR RIS R AT %, R B U TN, B SR RRN N, #R S TS, e |
STIFT i 45 :
ARG AR OROCE S I, WA T ERREAN, R ST, SRforng | | 22000 Em
B, BEE3H AT T AN(E BACEE. A%, BARER. EHEAMN S B9, ZaE. | :
, — ISO/AWI TR 17716
| Road vehicles — Electrical disturbances from narrowband radiated
BIEIER. B TR, SPRZHN. LB K&F. R M TH . & I electromagnetic energy — Radiated immunity for V2X
BB @M. SFR. BN BB K0 TN R B0 BREF20 MW ERE I
TINIE I General information &
| Status : ® Under development
| Edition : 1
3 A LY I — S
“FERT—ME” ERARGNAIR ST | GB & ISO frifE



MathWorks AUTOMOTIVE CONFERENCE 2024

' CNCAP 2024

CNCAPMANAGEMENT

> 2023%F9H27H, FEFHFIFMNME (C-NCAP) 2024hREEAEFEISFRAHTHL REGULAT

BEMAN, BEREV2XRNITHETE.
> C-NCAPHEF(IEREMMRAFHEMIENLN, RURFIISERERE, XH2H]

MR ER S, o020
> C-NCAPRIR{ERRMRIP. 5BERXESS5E (VRU) RIFFIADASERE =MAMER

PRGEBHILER, FEANERER. 2024kRC-NCAPRIV2XERS SHERINEADASER

7, WHAIB X BIrER (GVT) BUEASE "C-V2XMEEEEN" . Eit, Hie

L, B ENZEEMXEBTLAER V2 XL, A

ht.as:// .C-ncap.org.cn/article-
det 952133057822722?type=2

L.6.1.3.3.1 GVT is used to replace the actual M1 passenger vehicl ding sensors like
vision, radar, lidar), and can have C-V2X network Mnication capability.

C2C SCPO (Car-to-Car Straight Crossing
Path with Obstruction)

China A utom otive Technology and R esearch C enter C o. L td.
CATARC)

CCRH (High Speed Car to Car Rear) TSR (Traffic Signal Remind)
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X EOMETME RS
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- RNXEEOMIETRE (ICN) A% 5| Intersection N Vehicles Path

I IV 2 X8 AF AN, T 5SS 1 1 AE Road-Side |/, Map Data Pl —>  Warning

Unit

HETETERIK/\ o —>» Traffic Signals > MaEnSet:Jr:'I/ZII-Or?l/pe Autonomous
- A I ok H FUH > Emergency
. =W =S Oncoming |V2VY| Basic Safety Collision Probability Braking

j:lj % _[.H = AEB > >

vehicles Message Analysis
V2X Intersection Collision

Warning system

RSU : Road-Side Unit

V2l : Vehicle-To-Infrastructure

V2V : Vehicle-To-Vehicle

V2X : Vehicle-To-Everything 5
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MRoadRunnersE gk V2X MAP

RoadRunner
Scene & Scenario

New

V2X MAP
Generate V2X MAP Message - IIW I j
o S hoce 20 3-Node 31 S Nodo 26T Node 27Nage 14

from RoadRunner

-
— ————
G B ;=‘ m =—=
F————— 3
= -
————
_——
=
e

Generate MAP message and model T __: — P — h — T
road side unit for vehicle-to- " ol M m
everything (V2X) communication. ‘i
100 - _— =,E i — lodBA————=pNodk ﬁqmmgg—g t&_gu g‘um
Since R2024a | . ‘
e Corre RoadRunnerHD map - nw e J
Automated Driving TOOIbOX’ RoadRunner _209250 -200 -150 -100 fSOX(m) 0 50 100 150 200 9


https://www.mathworks.com/help/releases/R2024a/driving/ug/generate-v2x-map-message-from-roadrunner.html

H{AEFREESIA=3KEL RoadRunnerHD map

get(llMapll)

USCltyBIockBldlrectlonaI rrscene
GenerateMapMessage.rrscenario

AT #RoadRunneriz=
e (HD) HEHERE R HEER

| rrHDMap |

IEJ 1x%1 roadrunnerHDMap

Property = Value
E Author
EE; GeoReference [0,01
EE; GeographicBoundary [-240.8043,-152.9707,-6.8775;198.9754,148.3578,54.5400]

2350x7 Lane
LaneBoundaries 2947x 7 LaneBoundary
&| LaneGroups 538x1 LaneGroup
| LaneMarkings Ix1 LaneMarking
15x7 Junction
&) BarrierTypes 5x1 BarrierType
& Barriers 56x1 Barrier
&) SignTypes Ox1 SignType
&) Signs Ox1 Sign
& StaticObjectTypes 609x T StaticObjectType
] StaticObjects 2888x1 StaticObject

F% Open Scene and Scenario
rrApp = roadrunner(rrProjectPath);

% Open Scene
openScene(rrApp, "USCityBlockBidirectional.rrscene");
% Open the scenario

% Create Simulation object
rrSim = createSimulation(rrApp);

% Get RoadRunnerHD map for the scene used
in scenario simulation.
rrHDMap = get(rrSim, "Map");

i App, " MapM . io");
LgPenScenarlo(rr pp, "GenerateMapMessage.rrscenario )ZZJ

% Plot RoadRunner HD Map
plot(rrHDMap, 'ShowLineMarkers',false);

MathWorks AUTOMOTIVE CONFERENCE 2024
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MRoadRunnerHDh E #IESE Bk V2X mapig &

150 Node 15 Nst Vzﬁmmg NOGITH N\EF 7
W ‘J W | 150 — RoadRunnerHD map |”‘|‘
mol\i)deFNs ode 30~ 7 3-Node s=—— Node i 3 NndeZAlﬁNodeZ?%e 14 i || —l
50 - Link o
Link """1 - Link i - or =
o@mmws% Node f NOde L= Node 5‘“0@2@94 g I
50 |- « Link 100 - _ _
i ! Lane ’ Lane Il ok
-100 ;cxﬁ” rodews Zeiode 1 NOde 5 odeZﬂﬁgeZ -200 L ::: O:wﬂe;ﬂes | | . w \ i |
-150 - NA%YI[E; Nbﬂ NoJ 10 No%ﬁz NLLBB o
F%% Generate MAP messgage N
_20?250 72:)0 4‘50 71:)0 75‘0 (I) ;0 1(;0 1;0 z(l)o Sceneor‘igin = [42'3648J -71'@214) 16'6];
o = v2xMapMsg = helperGenerateV2XMap(rrHDMap, sceneOrigin);
1) RFBFrE K Anodes (intersections or junctions) o’ Vicuals
2) ST finks stz e e
3) B Fidlanes 2 [H] & connections P P P8l _ )

11
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LT

MRoadRunnerHDh & #1E

150 —
Nodef215 Nod%s Node;11 Noy ??7
27 s
Node :I ; SNnde 30 1 3 Node 3137

g
Xl
- O
100 i
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T i)\
72 7e Wr 72 ‘7
Link

Link

z
()
o
D
!
z
=

50 -

opedsh—= nose 22 F=—{ Node Node Node [ e noges

-50 Link /I(

Lane ~La.ne I b

1

-100 —

NodBF————=Node 165 gwoaemgz Node Swoueﬂ%—gwoaezwi%mgez

-150 - Ndde'16 Nbte 6 NGdE 10 Node 12 Nbtle 8

-200 | | | | | | | | |
-250 -200 -150 -100 -50 0 50 100 160 200

X (m)

1) #FFTE A Sinodes (intersections or junctions)
2) $RANERPTA T S Hlinks
3) HAIFTH Fidlanes 2 [Al i #iconnections

- R V2X mapil B

V2X Map message

_______

_______

odes Seq. of Node

VAN

= T/CSAE 53-2020, Cooperative Intelligent Transportation

System — Vehicular Communication Application Layer Specification
and Data Exchange Standard (Phase ). China Society of Automotive
Engineers, 2020.

= SAE J2735, V2X Communications Message Set Dictionary

4) 1fEV2X map messages+#t#nodes, links, and lane connections

12



Y (m)

-100 —

-200

MRoadRunnerHD1tt [E| Z1#E~
B vomgs — T g o
wﬁﬁ i ; N«:;iﬂﬁ@;: : jﬂgﬁ@ y
” 1? Link 12
ohodst—= noce 2 = Nodle e Nllc;de L Mode __%NL@H

!

oce 15— Node e T

Link
Lane ’ Lane

- AU

NoJ 10

N(%IEZ

T

-250 -200 -150

X (m)

50

100

160

200

1) RBFTA T A

2) HENERATA T MMlinks
3) AT H Zidlanes ] ) iEH:connections
4) FHV2X map messages#]finode, links, fllane connections

nodes (intersections or junctions)

= B V2X mapig 2
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V2X Map message

— IR
QL Lone Width |
QL Speed Limits |
— I

|_Connection_

J

T/CSAE 53-2020, Cooperative Intelligent Transportation

System — Vehicular Communication Application Layer Specification
and Data Exchange Standard (Phase ). China Society of Automotive
Engineers, 2020.

~ SAE J2735, V2X Communications Message Set Dictionary
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RoadRunnergy“Signal Tool” .

I 1 o 1 Fi T B D
XL MEL Y 33

- Signal ToolFTHE :

— Junction Signalization
— Signal Traffic Phases

Phase 1 Phase 2 Phase 3 Phase 4
| | | |
[ ) [ ) ) [ |
4P 9 b -4 < -
Move Straight Turn Left Move Straight Turn Left
f 1

Green Yellow Red
interval interval interval

© Road Plan Tool | Right-dick to create new road ponts. Select a road to adjust attributes or drag existing control points. MathWorks:

14


https://www.mathworks.com/help/releases/R2024a/roadrunner/ref/signaltool.html

MathWorks AUTOMOTIVE CONFERENCE 2024

Ms
—_
Ilw:l
/o

=4S .

\ = L W Traffic Light Controller #1 -
[ A R B R P o o DTN H i S
X3 MELVEES S

["a| TrafficLightFollowerTestBench b [Pa|RSU SPAT » [Pa| Traffic Signal Controller b %Trafﬁc Light Controller #1 v

fﬂamot«gnx(;omroﬂer °
R é % Attributes E 1 i
9 @ L IntervalNr = ! (Phasel >
Z TrafficSignal_1 = RED; en: PhuseiD = 1
- TrafficSignal_2 = RED; [Enable==0)
Phase Name TrafficSignal_3 = RED: Astention
TrafficSignal_¢ entry.
Interval 1 IntervalNe = 1 IntervalNr = 2; IatervaiNr = 5, v
Tend = T + ph1_golntval, Tend = T+ phi_attintva), Tend = T+ ph1_stoplatval;
Tielt = ph1_golintval; Tieft = ph1_attintva; Tlefl = ph_stopintval,
Interval Name TrafficSignal_1 = GREEN; | [Tef TrafficSignal_1 = YELLOW; <=0} | TraMcSignal_1 = RED: {

TrafficSignal_2 = RED; ™1 TramicSignai 2 = RED, TraMicSignal_2 = RED. ¥
TrafficSignal_3 = RED; TrafficSignal_3 = RED; TrafficSigaal_3 = RED,

Type TrafficSignal_4 = RED; TrafficSignal_4 = RED. TraMcSigaal_4 = RED.
dusing during: during

nterva e
sal Time
&
(Phase2
e ow en: PhaseiD = 2; T

Go Siop
entry: el
IntervalNe = IntervalNe = IntervailNr = 3,

Tend = T + ph2_golntval; Tend = T+ ph2_attintval, Tend = T + ph2_stopintval;
Tieft = ph2_gointval; Tieft = ph2_atintval; Tieft = ph2_stopintval;
TrafficSignal_{ = RED; h<=C] | TraffcSignal_1 = RED; L TraficSignal_1 = RED.
TrafficSignal_2 = GREEN; ™ TrafficSignal 2 = YELLOW; TeamcS =
TrafficSignal_3 = RED; TrafficSignal_3 = RED; TraffcSignal_3 = RED.
TrafficSignal_4 = RED; TrafficSignal_4 = RED,

Interval

e
Interval Time (E\“’;:;elb' T
l / Go Attention Hop)
entry: enlry entry.
i@ el = ntervaiNe = 2; ntervaile = 3;
Pk | Tend = T + ph3_golntval, Tend = T + ph3_attintval, Tend = T+ ph3_stopintval;
S Tieft = ph3_golntval; < Tieft = ph3_attintvat oo | TiEM = ph3_stopintval;
- TrafficSignal_{ = RED, il TraffcSignai_1 = RED; TrafficSignal_1 = RED;
2D Editor | Signal Ph TrafficSignal_2 = RED! ] TrafficSignal 2 = RED. TrafficSignal_2 = RED.
TrafficSignal_3 = GREEN; TraffcSignal_3 = YELLOW, TraMicSignal_3 = RED.
TrafficSignal_& = RED; TrafficSignal_d = RED, TraficSignal_4 = RED
during during: during:
Tieft = Tend - T; Tieft = Tend - T Tieft = Tend - T,
A
(Phased ,,
enPhase =, P
Go Attention P
entry: enlry entry.
InfervaiNe = 1 IntervalNr = 2; IntervaiNr = 5,
Tend = T + phd_golntval; Tend = T + phd_attintval Tend = T + phé_stopintval;
Tieft = phd_golntval; Tieft = phd_attintval, | Wl Tieft = phd_stopintval,
TrafficSignal_1 = RED; TrafficSignal_1 = RED; TrafficSignal_1 = RED
TrafficSignal_2 = RED; TraffcSignal_2 = RED: TrafficSignal_2 = RED,
TraflicSignal_3 = RED; TrafficSignal_3 = RED; TraffcSignad_3 = RED.
TraflicSignal_4& = GREEN; TraffcSignai_d = YELLOW; TrafficSignal_d = RED;
dusing
Tieft = Tend - T,
Attributes R
© Signal Tool | Sele sing. a MathWorks 15



LY

/Phase1
en: PhaselD = 1; I
/Go 7\
entry:
IntervalNr = 1;

Tend =T + ph1_golntval;
Tleft = ph1_golntval;
TrafficSignal_1 = GREEN;
TrafficSignal_2 = RED;
TrafficSignal_3 = RED;
TrafficSignal_4 = RED;

[Tleft<=0]
.

{Attention
entry:
IntervalNr = 2;
Tend =T + ph1_attintval;
Tleft = ph1_attintval;

TrafficSignal_2 = RED;
TrafficSignal_3 = RED;
TrafficSignal_4 = RED;

TrafficSignal_1 = YELLOW;

[Tleft<=0]

/§top
entry:
IntervalNr = 3;

Tleft = ph1_stoplntval;

Tend = T + ph1_stoplintval;

TrafficSignal_1 = RED;
| = TrafficSignal_2 = RED;
TrafficSignal_3 = RED;
TrafficSignal_4 = RED;

N

Tend =T + ph2_golntval;
Tleft = ph2_golntval;
TrafficSignal_1 = RED,;
TrafficSignal_2 = GREEN;
TrafficSignal_3 = RED;
TrafficSignal_4 = RED;

[Tleft<=0]

]

Tend =T + ph2_attintval;
Tleft = ph2_attintval;
TrafficSignal_1 = RED;
TrafficSignal_2 = YELLOW;
TrafficSignal_3 = RED;
TrafficSignal_4 = RED;

[Tleft<=0]

during: during: during:
| Jleft = Tend - T ) | Tleft = Tend- Tt = Tend - T )
~ S
[Tleft<=0]
Phase2 ™~
en: PhaselD = 2; I
(Go N (Attention /Stop N
entry: entry: entry:
IntervalNr = 1; IntervalNr = 2; IntervalNr = 3;

Tleft = ph2_stoplntval;
TrafficSignal_1 = RED;

[ | TrafficSignal_2 = RED;

TrafficSignal_3 = RED;
TrafficSignal_4 = RED;

Tend = T + ph2_stopintval;

MathWorks AUTOMOTIVE CONFERENCE 2024

=i V2X SPaTiH & (Signal Phase and Timing)

ﬁraﬁﬁcLightComrol\er

T/CSAE 53-2020

V2X SPaT (Signal Phase and Timing) message

SPAT

vaN

intersectionld

during: during: C_‘F:"iggi_r .
~ T - T eft = Tend - T;
Tt =Tend - T ) | Tleft =Tend - T \ )
I -
P time
Traffic Light 1 ———® trafficLight1 HelperGenerateSPAT spat
12:34 P Time
Traffic Light 2 —— | trafficLight2
Traffic Signal Controller Pack V2X SPAT

16
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LY

= B V2X SPaT;EE (Signal Phase and Timing) T/CSAE 53-2020
LG, HEEHS+HFROMNE

- SPaTiHRHIA T E 5K RER S EMRTS M
ZeiE KB

V2X SPaT (Signal Phase and Timing) message

intersectionld

timeStamp |

SPAT

Intersections

________
L _limeStamp__

_________

Phase  Phasefsf s 5B A b fs 2

FRALIRAS
A

PhaseState

Light State n
Phase statef i 5B 218 15 5 AALID
Wi,  PAACHENE SRS A ENE B . ) e B
TimeLeft - I

startTime
currentTime likelyEndTime
17
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)

—
—_—

Road Side Unit

OH &

Path Action

for V2X map & SPaT

VX Map
] il
5 e
-e-— -
.
re
21
3
Moo 22 oo
:
i
00
Xim

Ego vehicle
control

O &

Ego Vehicle Runtim

O

RoadRunner Scenario

Transmitters
Road Side Units
Ego Pose MAP
RSU MAP
SPAT
RSU SPAT

i perCon e ok mat

Converi Ega Bus

GCorveTangelBusFarmat
5 : e

W2V Communication

‘ "%) > 16
All Vehicle Runtim?
Seene Origin

RoadRunner Scenario
Reader

Conver Targel Bus

S Oigin

rActors Info

Scene Origin

V2V Transmitter
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V2V BSM

Copyright 2024 The MathWorks, Inc.

—
Vienaliza Simolating

Visualization

Receivers Decision Logic
Path Action
MAP & SPAT Message Receivers J . .
eeo 1raffic Light o—
—— Follower Ego Vehicle Runlime
Ego Pose —— AEgo Pose Vehicle Pos: <] %‘ ’
Scene Origin V2X M ap Ego Speecl——S p eed Ego Speed
MAP Receiver | | W—'W
TXSPAT V2X SPaT | CW ICW State
RXSPAT— : SPAT
Ego Pose 1 Ego Vehicle Control
Traffic Light Follower Se—
SPAT Receiver ‘ RoadRunner Scenario
Writer
V2V Communication MAP Ic icwState
Eao Inf Acto actors / /Hx\,
go Info
I CW 1A intersectionPoint .\ y,
171BSM BSMOUt— BSM ‘ -
Mi mio ICW Warning
. - — — Visualizelntersection
Scene Origin Intersection Collision Warning [E— egoStates
- P %
V2V Receiver refPath . { N
SPAT Epat I\\H-,_F/ )
ICW Activation
o= Ith Poses
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CNCAP 2024Mi#{— C2C SCPOif=

> C2C SCPOMiRI st & kb2, WHC2C SCPO
mHTTC<1.5s Hp%ss, &b, HAHTTC umE
I5F1E] (time-to-collision) -
> Wi EWRKNKEACK, B EREETH, VUTHL A
Bl S K EE A 6/2+5%3+2+20=40 K, Xf N | iA R4 15
fEF 1] 2.88/2.4 F5 (50 or 60 km/h) o Ak, FAi1#t
I e SRS AT
@ HBIE G AE X7 1) e FE 240
@ W ER/MEE GRS EHRIAA X O R FTTC,
U0 B 1E] E /N T 380 CRlbfE I (A 0K F-1.580)
W) 3% A8 SRl 1 T

oL [ Sn
km/h km/h

50 40

60 50
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1Simulinkizt I8 & F1RoadRunner ScenarioBt &1 EICW

1 - Simulink

SCENARIO EDITING SIMULATION DEBUG MODELING FORMAT APPS )
= T open ~ ] o= Stop Time | 1000
3 gr = 1] X = spTene (0| @
Project | New e Library Log [ Sep Run
- - = Print v Browser Events 5@ Fast Restart Back ~ -
PROJECT FILE LIBRARY PREPARE SIMULATE
g ICWTestBench =
s © [Flicwestsench » v
2
i«
i O
2] P
= S
U
3 g 1 e
= |Orp= = | L
Con i e
= I | Pl ) M
R
0O ' 11 y —.
i T e e
o
|1 S | i
- e s
» Capyrght 202¢ The Manicrs. irc. e —
Ready 34%
<\ MATLAB R2023b
HOME sLOTS ABPS PRl o=l
=] =] n, = [L (/| O3 varable~ » L& Analyze Code
B ([ of O Qedee a8 WY = L& | 8l
New New New Open (] Compare mport Clean °= S s Favorites & Run and Time Simulink  ENVIRONMENT = RESOURCES
Script LiveScaipt v v Datz Data (2 Clear Workspace v v & Cear Commands v
v v o
il VARIABL o SIMULINK =
<o E@lE T » C b 06 Project » V2X b ICW b ZOneDeliverable D -
Current Folder ® Command Window ® Workspace ®
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