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Direct (= Sidelink) Network (= Up/Downlink)
V2V, V2l, and V2P operating in ITS bands (e.g. ITS V2N operates in traditional mobile
5.9 GHz) independent of cellular network broadband licensed spectrum
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[ Short range (<1/2 mile), Ioca-tic}n, speéd | Long range (>1/2 mile), e.g. accident ahead
Implemented over 3GPP's “PC5 interface” Implemented over "Uu interface” |
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Introduction to V2X

Automotive Short Range Communication

Direct Network based

V2V/V21/V2P in ITS bands (e.g. ITS 59 GHZ)
independent of cellular network

V2N/I2N/P2N in bands designated
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. Protocols, messages, and applications (performance)
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Traffic Controller to Roadside Open Standards(TCROS)
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TCROS V1.0
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Message: MSG_MessageFrame (FRAME) J BEE

FOsEiE | Message: MSG_BasicSafetyMessage (BSM) -
Message: MSG_CommonSafetyRequest (CSR)..................
Message: MSG_EmergencyVehicleAlert (EVA) .................
Message: MSG_IntersectionCollisionAvoidance (ICA).........
Message: MSG MapData (MAP) ............. iz
Message: MSG_NMEAcorrections (NMEA) ...
TR Message: MSG_PersonalSafetyMessage (PS .................
Message: MSG_ProbeDataManagement (PRI ...
Message: MSG_ProbeVehicleData (PVD)
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+ BasicSafetyMessage (BSM)

« RoadSideAlert (RSA)

« EmergencyVehicleAlert (EVA)
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LV
BasicSafetyMessage
coreData

msgCnt

id

secMark

long

lat

elev

accurac
semiMajor
semiMinor
orientation

transmission

speed

heading

BSM
A 52 B I

e B B e ad B IR 28
-~ BSM Partl {iEFIFER(1/2)

1 {11 o 3 2 8

an HE
SEQUENCE
SEQUENCE

B iK% INTEGER (0..127)

HI5EH

OCTET STRING (SIZE(4)

EEHIFIFER8 INTEGER (0..65535) -- units of milliseconds

E
R
ai
105 B 5 e
05 ] <+ =
LIRS L
*RMAE
BIRIIARE
mE
TR 1@

INTEGER(-900000000..900000001) -- 1/10th microdegrees
INTEGER(-1799999999..1800000001) -- 1/10th microdegrees
INTEGER(-4096..61439) -- in 10 cm units

SEQUENCE

INTEGER (0..255) --0.05m

INTEGER (0..255) --0.05m

INTEGER (0..65535) --360/65535 deg

ENUMERATED INTEGER (0..7)

INTEGER (0..8191) -- Units of 0.02 m/s

INTEGER (0..28800)--0.0125 degrees

~
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| angel  ESIGECY INTEGER (-126..127)-- units of 1.5 degrees
mEEE  SEQUENCE
BT =75@EmEE  INTEGER (-2000..2001)--0.01 m/sA2

lat WEMEE  INTEGER (-2000..2001)--0.01 m/sA2

FEMEE  INTEGER (-127..127)--0.02 G=0.02 G = 0.1962 m/s2
REREE INTEGER (-32767..32767)--0.01 degrees per second
I8 % AR A5 B & SEQUENCE

G BIT STRING (0..4)

BIFRMIRE  ENUMERATED (0..3)

T 545t 5% 4R 85 ENUMERATED (0..3)

BELEH 4R ENUMERATED (0..3)

s gk ENUMERATED (0..2)

EWENRE R AIRE ENUMERATED (0..3)

=WRT  SEQUENCE

R INTEGER (0..1023) --LSB units are 1 cm

[ length | s5E INTEGER (0.. 4095) -- LSB units of 1 cm

length
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oD e B R 3()
— i BSM Partll iZESIE

MU EE | WX RE

vehicleSafetyExt ZREBEIE SEQUENCE
pathHistor FEREEE  SEQUENCE
crumbData B IEEEi SEQUENCE (SIZE(1..23))
@ERB  INTEGER (-131072..131071) -0.1 microdegrees
EER®E  INTEGER (-131072..131071) -0.1 microdegrees
Bi2fm%  INTEGER (-2048..2047) -- LSB units of 10 cm
BR®#  INTEGER (1..65535) -- LSB units of of 10 mSec,
R INTEGER (0..8191) -- Units of 0.02 m/s
WEEETEE  SEQUENCE
semiMajor WHE¥EE®H  INTEGER (0..255) --0.05m
semiMinor #5E 3488 INTEGER (0..255) --0.05m
MEBMAE  INTEGER (0..65535) --360/65535 deg

heading HEESRYITEES @ INTEGER (0..240)--LSB units of 1.5 degrees
pathPrediction EMEFFEHl  SEQUENCE

radiusOfCurve WO FE INTEGER (-32767..32767) -- LSB units of 10cm
confidence FERIfEME  INTEGER (0..200)-- LSB units of 0.5 percent 5 6

NN\
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Position(fiI&) Accuracy(i5T&E)

semiMinor

accuracy

Error Longitudinal

;
0 — f.
| @

o

. Y,
/s
P
/

position : B R

lat : & & - BULI10MERT - 900000001 X M4E Z &M

accuracy : BAUIETEE

semiMajor : BE¥R# - BEMB0SAR - ®EH0H|
254K - AR254A RIE1E254 - A IISEH255 -

long : & - BAILI10MEZon - 1800000001 R &G R
i -

« semiMinor : HE*5%# - SEUR0SAR - BERBOR
254AR - KIR254ARIH1E254 - FRESEMA255 -

elevation : &% « U102 TET °

- orientation : ¥ RMAE  r HIEIESFEBER¥HBE

SER360/65535%F - MIASEM65535 -

021 TTIA Al rights reserved.
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;ransmission heading angel accelSet

SRR ERIARE TRe75m] K EREA Y = /N3

® %fé ( 0 ) North=0 i Longitudinal

1_‘_ $ *,:u, HEa?ing:O ’\ (;::Ig;:‘:;" R : acceleration
s FEIF : t

L o ' P

- 1TE(2), | ) ) i scsermion
. @ER (3), “hww || A [T T
. EEEUEME (7) et ‘

angie1ze P

EAmE
accelSet |/ > y
MEMEE | TR

long S
EiTAEMERE e

YawRate

N NN\
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SRR BRI R R3S
E,E_—
brakes
wll &) 2 AARRERN B &

wheelBrakes (&l ##) BIT STRING (0..4)

O#ZINEB 1 AR 2% 3AA4 1%
traction(1&ER & 4R 58)

ENUMERATED (0..3)

0 XIS 1 BERN(SRENEN) 2 BAEA 3 A

" _ s e ENUMERATED (0..3)

Abs(MIsRIERAS SMINAR) R e e W) E
SRS ENUMERATED (0..3)

scs(FIE il AR ) 0 XIS 1 BARN(GRRNED) 2 BIRS 3 RAE)

brakeBoost(34E {5 71 24K £E) g%’g&ﬁ;ﬁ[‘% é&%ﬁm) -

e ENUMERATED (0..3)

157
[

80 AN 1 FRI(REXEN) 2 BARA 3 RYED 59
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auxBrakes(##Bh R 2 & AR

2026/03/18
=IE AR




oD e B IR 3
P

wheelBrakes
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crumbData

« £2ZSAE J2945/1

- HAokrfFEEAI

- #oitBicoredatafViRiZ
1. latOffset
2. lonOffset

3. elevationOffset
4. timeOffset

»pyright @ 2021 TTIA All rights reserved,
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Path History Data
Representation Emor

PH_AcmalEmor

BSM Part 1

»
Path History Concise
Data Element
Path Hdory Conase
Data Representation
Path History

Path history (PH) is a set of timestamped positional points (latitude, longitude, and
heading) that subject vehicle traveled. PH data is used 10 reconstruct the remote
vehicle trajectory. The number of path history points in a given BSM are limited by
two conditions, First, the total distance of the PH data is limited to 300 m. Second,
a number of path history points does not exceed 23. PH data in a BSM is condensed
using concise representation algorithm. The goal of the algorithm is to produce a
concise representation of the path history such that reconstructed trajectory does not
exceed a given error threshold, typically 1 m. IF a vehicle is traveling in a straight
path, the past trajectory is concisely represented with two points: the current position
and the position 300 meters behind, as shown in Fig. 12. If a vehicle is traveling in
a curved path, there will be many more points representing traveled trajectory, as
shown in Fig. 13.

14
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pathPrediction-radiusOfCurve

NN

speed(™/s)
yaw rate (radius /s)

radius(m) =

62
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pathPrediction-confidence

» =T

VaniR ate FRaradCun st D

Divide ¢4 ondOrderonPas /

i %

VehSpd VehSpd_Lowerlimit m n

IsRadiusGreaterThan Threshold
_ [FilteredR adius]
HVPP_Filtere dRadiusM
VehSpdLassThanThreshold RanliSumght: Sl
IsPathStraight
B5535 |PathisStraightDetault
Figure A18 - Vehicle path radius calculation
Input: Filtered/Differentiated Yaw
P 25 20 15 10 5 25 2 1.5 1 0.5 0

Rate (degrees/s?)

Output: Confidence (%) 0 10 20 30 40 50 60 70 80 90 100
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o RSA @EFFR(1/2)
R 215

RSA SEQUENCE

MRS INTEGER (0..127)

EENBHIIEME MinuteOfTheYear INTEGER (0..527040)

BHER ITIScodes ::= INTEGER (0.. 65535) %
ELES SEQUENCE (SIZE(1..8)) OF ITIS.ITIScodes

AE@AEIRE  OCTET STRING (SIZE(1)) '
yalc BIT STRING(SIZE(0...15))

BIE(MIEIES®  ENUMERATED INTEGER (0..15)

EHMEFN  SEQUENCE

EHBMMNEE  SEQUENCE

T =#4%4EFH INTEGER (0.4095) -- units of years

EHBRERH  INTEGER (0..12) -- units of months

EE =434 HEH INTEGER (0.31) -- units of days

EHRENE  INTEGER (0.31) -- units of hours

BHBEDE INTEGER (0..60) -- units of minutes

BHRED INTEGER (0..65535) -- units of milliseconds 6 5

2026/03/18
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& > 2 ) X N
o B B e IR RA()
M oS
BE

long INTEGER(-900000000..900000001)1/10th microdegrees
lat BE INTEGER(-1799999999..1800000001)1/10th microdegrees
elevation =Y = INTEGER(-4096..61439) -- in 10 cm units
heading TRAE INTEGER (0..28800)--0.0125 degrees
speed EERIEMIMEE INTEGER (0..8191) -- Units of 0.02 m/s
transmisson $3%3KE  ENUMERATED INTEGER (0..7)
speed E= INTEGER (0..8191) -- Units of 0.02 m/s
nosAccurac HEEEE SEQUENCE
semiMajor 85 3] 4 = i INTEGER (0..255) --0.05m
semiMinor BEE4E8  INTEGER (0..255) --0.05m
YE#MMAE  INTEGER (0..65535) --360/65535 deg
BRIESE0KE  ENUMERATED (0..39)
BhifS k¥ SEQUENCE
KEEENKE ENUMERATED (0..15)
B2 0k%E  ENUMERATED (0..15)
speedConfidence EEEFDKEERE SEQUENCE
‘ FEAEELKE ENUMERATED (0.7)
ERELOKE  ENUMERATED (0.7)
throttle ENUMERATED (0..3) 6 6

NN

gtirottle
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RoadSideAlert (RSA)

i
IE
!

|
L= == 1
« ASN.1 SAE J2540-2 i |
2 ; Car i
RoadSideAlert ::= SEQUENCE ( ITIS Phrase Lists S — i
msgCnt Rosdwork - L 3 |
tizedtan — oy = % 3 i
typeEvent co - = y 68 7 . = E = ::u l
== a category and an item from that category = — |
== all ITS stds use the same types here joae 4 2 | major road consiruction - ) i

== to explain the type of the -
== alert/danger/hazard involwved Ia‘ - - SOnstuchion werk -4 ]

description SEQUENCE (SIZE(1..8)) OF ITIS.ITIScodes OPTIONAL,
-=- up to eight ITIS code set entries to further
-- describe the avent, give advice, or any

Priority ::= OCTET STRING (SIZE(1l)) "
-- Follow definition notes on setting these bits

== the urgency of this message, a relative
-- degree of merit compared with otherx

== similar messages for this type (not othex
-- messages besing sent by the device), nor a

oo pricrity of display urgency

headin HeadingSlice OPTIONAL

the lower five bits are reserved and shall be set to zero.l

The value 111xxxxx shall be the highest level of priority

useForlOmeters (2)

-- Applicable headings/direction
axtent tent
o Spati distance over which this
== message applies and should be presented

il 4~ 0 ATsE
- £ e ]
FullPositionVector OPTIOMAL

Iposition

-- a compact summary of the position,

== heading, speed, etc. of the

-- event in question. Including staticnary
== and wide area events.

typeEvent: 1028

furtherInfolID FurtherIanfolD OPTIONAL,

an index link toc any other incident
information data that may be available
in the normal ATIS incident description
or other messages

1~2 octets in leagth

regional SEQUENCE (313E(1..4)) or

RegionalExtension {{REGION.Reg-RoadSideAlert}} OPTIONAL,

}

2026/03/18
=IE AR

+ position:
Lat:248087849
Long: 12103563’0

Priority: 111000 B

67
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I==:E%E'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

priority

11100000 [7] &EZF4&ET

01100000 [6] /
10100000 (5] RSA S BEYARE (B ‘
00100000 [4] SI2E . BEMAEZ

11000000 [3] BB -

01000000 [2]
10000000 [1]
00000000 [0]
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O5%1S I\ 7K 3£

« The data element is used to provide the 95% confidence
level for the currently reported value of time, taking into
account the current calibration and precision of the sensor(s)
used to measure and/or calculate the value.

« timeConfidence
« posConfidence
« speedConfidence

NN

HEx iR e 1

69
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ﬁ TimeConfidence ::= ENUMERATED ({

SimeConfidence unavailable (0), —— Not Equipped or unavailable
time-100-000 (1), —— Better than 100 Seconds
time-050-000 (2), —— Better than 50 Seconds
= |PositionConfidence ::= ENUMERATED {
unavailable (0), -- B'0000 Not Equipped or unavailable
a500m (1), —— B’0001 500m or about 5 * 10 ~ -3 decimal degrees
a200m (2), —— B’0010 200m or about 2 * 10 ® -3 decimal degrees
posConfidence = [ElevationConfidence ::= ENUMERATED |
unavailable (0), -- B’0000 Not Equipped or unavailable ///
elev-500-00 (1), -- B'0001 (500 m) /"
= elev-200-00 (2), -- B’0010 (200 m)
HeadingConfidence ::= ENUMERATED {
unavailable (0), —— B'000 Not Equipped or unavailable
B preclOdeg (1), —— B'010 10 degrees
prec05deg (2), =— BZ011 5 degrees
SpeedConfidence ::= ENUMERATED {
unavailable (0), -—- Not Equipped or unavailable
speedConfidence = precl00ms (1), —— 100 meters/sec
preclOms (2 == 310 meters/sec
ThrottleConfidence ::= ENUMERATED {
unavailable (0), —— B'00 Not Equipped or unavailable
L preclOpercent (1), —— B'01 10 percent Confidence level
2021 TTIA All rights reserved. preclpercent (2)7 —= Bl 1 percent Confidence level 23 77()
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EmergencyVehicleAlert (EVA)
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8 O e B IRIR46
=" EVA ilRE512(1/4)

ik
EVA SEQUENCE
ToEWHIFIFME  INTEGER (0..527040)
(id s OCTET STRING (SIZE(4))
BRSEAE SEQUENCE
MR R INTEGER (0..127) %
LB BHIEIEEEYE  MinuteOfTheYear (0..527040)
EHEE ITIScodes ::= INTEGER (0.. 65535) '
ELU3 g SEQUENCE (SIZE(1..8)) OF ITIS.ITIScodes
AEEERE OCTET STRING (SIZE(1))
518 BIT STRING(SIZE(0...15))
HAEHMEER  ENUMERATED (0.15)
SMERR  SEQUENCE
2026/03/18 IEE 1 aht S 202 LA EIGTILS TRASIYed. 25 72
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LD B e BOIRLRA4T
ﬂ EVA {@EFIFR(2/4)

MUY EE | WP EE

SFIFR2EMS%E SEQUENCE
ear SHREFHM  INTEGER (0..4095) -- units of years
EHRER®M  INTEGER (0..12) -- units of months
B =448 INTEGER (0..31) -- units of days /
B4/ INTEGER (0..31) -- units of hours /
EHB4ESE  INTEGER (0..60) -- units of minutes
EHBEM  INTEGER (0..65535) -- units of milliseconds ’
INTEGER (-840..840) -- units of minutes from UTC time
BE INTEGER(-900000000..900000001)-- 1/10th microdegree
| long | BE INTEGER(-1799999999..1800000001) -- 1/10th microdegree
B2 INTEGER (-4096..61439) --units of 10 cm
polt) INTEGER (0..28800)
BT XS &E  SEQUENCE
TR RS ENUMERATED (0..7)
ER INTEGER (0..8191) -- Units of 0.02 m/s

= /3
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T L A I S S —
EVA i5EFIR(3/4)

rfliRHEE SEQUENCE

ACIES S INTEGER (0..255) --0.05m

LIRS GE INTEGER (0..255) --0.05m

¥XR#AE INTEGER (0..65535) --360/65535 deg
BRIBSSLKE  ENUMERATED (0..39)

BTSN K SEQUENCE
-_ KEEEOKE  ENUMERATED (0..15)

BRELKE ENUMERATED (0..15)

speedConfidence EREOKERRE SEQUENCE

i TR S0 K EE ENUMERATED (0..7)
EREF N KE ENUMERATED (0..7)

throttle throttle ENUMERATED (0..3)

/4
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EVA {iE5IR (4/4)

HENRLRE ENUMERATED ( (0..6)

ERUWAH  SEQUENCE 7
g INTEGER (0.31) %
BELHRER ENUMERATED (0..3)

18 K B R R ENUMERATED (0..7)

EHRHE ENUMERATED (0..3)

RRBEHEL SEQUENCE

fRE2 INTEGER (0..31)

FREWRAE BIT STRING (0..5)

¢ BB AR ENUMERATED(0..6)

| mass BE INTEGER (0..255)

EREER ENUMERATED(0..6)

» /5
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EmergencyVehicleAlert (EVA)

. D eﬁ ne: Use: The emergency vehicle alert message is used to broadcast warning messages to surrounding vehicles that an
= emergency vehicle (typically an incident responder of some type) is operating in the vicinity and that additional caution is

required. The message itself is built on the original ATIS roadside alert message which in turn uses the common ITIS phrase

list to both describe the event and provide advice and recommendation for travelers. The emergency vehicle alert message

appends to the message some additional data elements regarding the overall type of vehicle involved and other useful data.

- ASN 1 Note that this message can be used by both private and public response vehicles, and that the relative priority of each (as
. well as security certificates) is determined in the applicaion layer.

EQUENCE | l EEEE———

EmergencyVehicleAlert ::=

timeStamp ar OFTIONAL,
id TIONAL,
Loansg FEE |

== the UsRCmS

ata frame is set as per the

-~ RoadSideAlert.
TON 7
OPT10ONAL -

LesponseType TF /
details M I ¢ etall
== SirenInUse, -

these J items:
-- Light_haanUsv:, sirenUse
-- MultiVehicleReponse, lightsUse

compatibility r N

OPTIONAL, events
OPTIONAL,
-- gross size and axle cnt

mass
basicType

- Pefault, to be used when one ¢
the balow does not fit better

ed OPTIONAL,
loment OPTIONAL
: ; wﬂi: T

1 e T
SEQUENCE (SIZE(l..4)) O
RegionalExtension {({REGION.Reg-EmergencyVehicleAlert}] OPTIONAL,

- Hint: also sheriff response unfs

- 3P4

/6
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EmergencyVehicleAlert (EVA)

« ASN.1 | SAE J2540-2
R e wtevrmerees | ITIS Phrase Lists

OFTIONAL,

id Tem /1D OPTIONAL, 6927 27 15 police g traffic
T |6928 27 16 rescue workers directing traffic
(6925 27 13 vehicles at scene |
'TIONAL,

e ALY S0 I N T i Yl B T T Priority ::= OCTET STRING (SIZE(1))
== to explain the type of the -~ Follow definition notes on setting these bits
== alert/danger/hazard involved
description SEQUENCE (SIZE(l..B oF des OPTIONAL, %
- clght T718 code 3ot eatries to further the lower five bits are reserved and shall be set to zero. |

-- describe the event, give advice, or any

TRIL S The value 111xxxxx shall be the highest level of priority|

o T Ur*this message, a relative
- degree of merit compared with other
-=- similar messages for this type (not other

he device), nor a

gency = Odecen 25 degree
ection -i- T

- \
ance over which this
nted

Lat:248087849
r + Long: 1210356360 if0xlegres

icion,

-- and wide area events
furtherInfolD FurtherInfoID OPTIONAL,
-- an index link to any other incident
on data that may be available
== in the normal ATIS incident description

-- ctets in length
regional SEQU! (SIZE(L..4)) OF

.
L 2

Bag 1ExXtens { (REGION.Reg-RoadSideAlert}} OFTIONAL,| 180 degree ===LI nex

o EEE T W o
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RSA EVA BSM
heading heading

» /8

2026/03/18
=IE AR




oD B e B IR w53

responseType

T ERIPERITR

- fEEREECREA (0),

- ETREE (1)

- FFETURRE (2) - BIUIAREHERRE
- EBIE (3)

« FLIERER (4)

- 1€RZE (5) HEH - NFES.

- EEFFG) BIURE - NIRE

NN\

/9
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details
-sirenUse (&R 23) -lightsUse(}& ) events
. EAERATERE ), || BAERSERE (0), | | -event
«  RER ), «  RHER(L), »  peUnavailable (0),
- FARX(2), . FRL(2), +  peEmergencyResponse
- REBEQ) - =BESEQ), «  peEmergencyLightsActive (2),
- RESE @), +  peEmergencySoundActive (3),

multi(EX)

. BAERIER
« —B()

- EHK(Q2),

- REEQ)

0)

- FIEEARETS (5),
- @IRTBENEW (6),
+ freqStops (7)

« peNonEmergencyLightsActive (4),
+ peNonEmergencySoundActive (5)

N\




@ "
TIA

SUEHEERGE

e = SR TEH

NS N\

Thanks!
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EH et 40 I A AR TS5 1 ENSIGRK 1L FR AR =
SEREEMAEXGEEII0OERIZERZHEME
B Z T S1E - DX\/\/?&@JQIE? % R s 35 R/ )\ 4B Y
(SIG - Special Interest Group)ZE & - ﬁ

112108198 LF &R
R E AR TS EENISIG . AL E R
BB AR5 ENSIG . 2RI EAE ST -
S M) HEEAHIRES e
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o A0 B ey B OIS

SEERAEZERE (TTIA ) EEBlomniAir Consortium ( LA & OmniAir )
2023F11H8H
£ bR KB B E
&bk 4 e 5 iERIE KAE (2023 OmniAir Taipei Plug Fest )
BB RWNEGH EEEAER S RERANE -

NN

SUBATERNSARESNE RS MERALAMGTARKOSE
REEANREE  AHAEHSARNELES TENEE  ARE 2SR
ERR RS S -
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22. AEES 23. Mk a R
24. EiEENK 25. BBl
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. RESTERE 33, BESRE

34, thiEREa 35. =1
36. EELLoMEF 37. 175 EEE
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39. =& 40. FERRE
41, EEMRIR 42, elnEs
43. XBERE 44, BIAKE
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45, T EFEEAuifZThe 46. EZEMAT TR RO

47. Bl LERIES 48. EEFTEBHNITZEmS
49, g/gE Hyplﬂ}_ﬁﬁba 50. Z/g 3%% %&)_%HH%EE
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