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Tha id of thix defimition i 00, Decause the id s in the range of 00 fo 08, the e ool wil sxende s q@emm»
inynsdiniely onos entersd sucosssiully, .

The ength (328 = 48 desimal) iboios & rumber of charseters i the definition, oluding the jength fleld ang

the DY fald, is checked for ham ams? BOOURASY.

Npes B4

to the SAR J1878 mode
W rmd@ ?ﬁiha ‘E‘r\e He‘«a @f T &ss PRRSAE Mesage
recsive fiter b dofived by e sotogl tanuemi message

This i an BAE JISTS typs definition,
b, Ths st of e taansn : ,
o by the interiice currently baing used. The

v feldhs 10D

This fo & mode 01 SAR JIG7R wouest massage. A seoond byte the Pl ls dedined for micde 01 mauest
messages, The PID vaive i 0L

Rovsive fiter Tinid e gy

i dafined by the delinition vpe and the

The raceie Biler will e the detay

Feonivad dala processing Held « JOSER1 U004 20RE120827 1000281

| § and 18 1 byle i siee Byle B ol tne
e eﬁ *ﬁ*ﬁ*\mm rmsmq& % S&&. i *-h Q reaponee date byte 4 whish ls the number of
grgsion-ralaied powertrain diagnosic ouble codes,

s828 | Oisplay standand text $24. This i 010

20 - Bame sy ahova,

SR8 Display bytes as bty Held siants & byte & and 5 Y byle o size,. Byte & of the reorived
rOSpONISe Mussage v SAR JISTE rosponee data byie 4, which s e evalnbonbil stetus
bis,

& Same ssabove

{3y Bams as BI8Y ahove,. gxoay this s for SAE J19TS fesponse. dala bvte & which s

pealuation suppod bils,

&0 Same as abovs,

&




SAE JI205 lesued JURSE

ha By

it

algans

aer

¥

ks

z
£

&
.
&
Bz
5
o)
=

7y

22

g

SRR

Lo

¥

~Page 163 of 2498

A

SRR

OMEGA EXHIBIT 2036




SURFACE e oo |
VEHICLE |
STANDARI

Revised 1884408508

Sulwritest R reongriton 38 an SAmvvican Naloeal Steosan - Supessesing ‘j“aﬁ{} FEBed

O O OO U
¥4 Ghﬁ%{ﬁm‘&ﬁ T b A R L R i e T e e N e

PP

BATOISIINEE .. i e i i e e e s e
Apsticabie Dogmas oo s e iicsiie s s T e O e e e e e e e s e e
SABPUBHGEHONE ..o vt i vt ia i v i e e e e e e s e S
TISPR Pullication .
PO PUBRORIIONE « 060 vvvvie s cem s s s e ke e s R g e a s Bt
T I R T .
SAE PUBBEIION . L it it s s s e s s e s e e e xS E e s e r sk
DaBIIONE L i s v F G e e e e e e s ey e e e e a e e
84 AL RHONS AADIIIIITIE L4t i e sk e e e e e s e e e s e e s s

5y by

i

b R R UR AR e A A e

"\kmmzwmtmmmmum
Henel ...
N@N@:fk‘?m{m@:
Data Bus TOBOIOOY « -« oo v it os v i s e e e e e R e E ey
Dt Bus QOBIIOL o0 v et vy s v s e e vy e e s e e A s
Referancos 1o e OB MOEl L o0 ciin v it v s e e s
&mmwmw
F‘hyasmt L&w&w '
mwmmxmpéermm&tm

SN e T A I A e e T B ] AN N T e e s e e e el a8 TN e T R e e, e A e e RN Y e

el o g o B R o B B e B

Applicetion Laver Datals . ... ool e R S R R SR S e S 5 i s
Mormal Vel &ei}mmm gmwmﬁ‘zaﬁaam mmagm
Disgnostit Meseag
Clagnostic P&mr‘e& ai:}ata R e e e , R e
) rmm*ﬁw&WMsawﬁamm
i‘rarﬁ& ST SRR S R &

o o ek (B G

,

E

“

%

s

Y

’

.

2

>
o

@

SAE Tepnoiu Sandets Dosd Fuss provids Wil “This topot i putdished by AR jo sobvane 1he state of tentiies and Regwening
seienous. The uge of thiv oo & entiely volunkey e ite anptcabity oy Setahiity for sy paRettuing vas. mmmg B e
ferfvivimnvenin TR oo, i e SOin reRpanainily w mmr

R&E’. fETE N &W& TRt @ e ekw sws PEANT Y whir e N e s mwmﬁ, covised, gF conusdud. SAS dvvies v
wHEE DRmmetds 308 Ruuststiong,

Lo .‘Q&va &mxmma Srginesny, ne
& :sgm sheRne

“Page 164 of 2498 - OMEGA EXHIBIT




SAE 1850 Revised MAYSS

TAHLE OF CONTENTS (Cuntinued)

[ T S ey AR %

oy ik i e

R s D e A

o o G O W .

e

P

A A

s

Page 165 of 2498 ~ OMEGA EXHIBIT 2036




TABLE OF CONTERTS (Sontisued)

815 Iter-Frame Sops 3m,m Y e e e
£8.1.6 Bragk BRY . N R e R e S R e e
607 I8 BUs B8 oo
88,18 PWH Svmbol Tty Reaw ,meﬁm Y L
882  Vorhble Puise Wisth Modulalont ... o i oo
The e " and e WIBIS . ce i e e

A AR A4 FE F 5

¥
22 Start Of Frame BOF} ... ..
&: -.mr,:zm {’Ei?}f}'a

w,m

iraw\sma ;mn&e ﬁﬁs{s},*wawam\mﬁ L i
imwuﬁ*mn @ &g;aammﬁ §a§3} e R e S

et

% &

By 53 by
RO R v

_gﬁequﬁr&mﬁms.;w;w STTRE

m&m&:m A&b&i mm;?mmy OO S R S DIt R e e S
ﬁ-‘%{«&;‘a&fﬁ-&mﬁ;‘ﬁﬁm N U A S ) S o T
Arbitration Aves .

O
g BE g

b

a

o
U Bk b o

g g

02 1a :,::..‘ % B

B I

e

ﬁﬁiﬁ&&@ﬁf‘é&ﬁ%ﬁ( .\\-‘\'%--.:,_..x,;\\;;..:‘;‘\».-,f.‘.«\-ev\-\-\-;l,_,«\;;_-f..-.-.«a\evu.,.-.-..,“\\.‘\vv,}s
1.3 Blisad Natwiory SO P : : e ‘
fr"‘mwgﬁ S A ST LT T O
% unmwmd?\?aﬁa e Sl
SIS NIGEE i e e e e e e e vy s s e e R

BEENERY

t&&wﬁmsu.}waﬁmaa..._.“,‘H.' . s e e e e e e s e e Cie e 28
Fhysios! Laver Fast Considamation . : G R R ¢ e e e e BR
821 Reguired Raudt Tolwrant Modes o0 o PPN NPT Ceneae e 28
582 Optional Faglt Tolsmmi Mades . oo o it ivsi s i 38

§10 &?ﬁ&, Feurerieris Lo T e e e R

PRPBimafirs « .o oiiiin i e s e e
&;;s;sssmimni.a r' . :

LRI W s AT T e N v v e PR - ~ RS e 3
; ~ A w - .
Dt Uinde L : : : %1
. Vo W SRR N R e R R B * NN v - PR e > BT ORI h

Puise Width Mothiation {va?ﬁ% & 418 Ktﬁs‘ss U B I O
Variahle Polss Wit &‘?X&s SR f%i‘sm T SR SOONIATIPE S S
Prysiad Laysd ool i ST S0 e
qg-wmiﬂﬁmwmﬁeqwﬁm&m a
ﬁﬁm?‘%’i&*h&%ﬁdm&&ﬁa&a{%ﬁ} AT T A A R e I R e 6 R Y e e s vy O
 PYR Thalng Regulrsments oo v s i e s e e . B8
T P OO Parards L oo : e A e 34
" Varisble Puise Width Mbiulation &'PW‘% Py T L Ca s oo 38
L1 WPW Tinsng Fequm‘eﬁmm S SRR D G R £ SN TN RO <
& VRW DO Parameters .. o L RU IO R .

& BMOTEE . v iis T e i
21 Warping m:ima S e

OMEGA EXHIBIT 2036




SAR JISS0 Revised MAYSR

TABLE OF CONTENTS (Continued)

APPENDIX A - CHECKLIST OF APPLCATION-SPECIFIC FERTURES oot cconiieos oo 87
mwm - VP WAVEFORM ANALYSIS oo o e At e £ @
ABPENDIX D - PWHM WAVERORM ANALYSIS - 1000 e et S e ey 48

1 *ﬁmpm Thiy RAE Standad asmh%';&?m the mtgu s for g Class B Duts Comminiiation Mot interiaos
apptcatle o o One ared Of-Nosd Land-Based Vatioley. It dolines o minkowm st of date commumination
requiraments such that the resulting senwork is cost efective for sile applications and faxiile encugh to use
i oomnis a;:a;:ﬁmm Taken in totsl the rmgdrements containgd in this documey :‘aﬁ&*iﬁ‘i’y 3 date
wa'ﬁmtmmmm fistwork that savishes the *’saeﬁs of sutomotive mandfastones,

9 This specifiogtion describes two speuiic Inplarsentations of the netwrk, mses:% oy e Physical imez
cifferences, -One Physical Layer s optimized v & date nte of 10.4 Kb while the other Physioal Lwer i3
oplimbred for 8 date rate of 916 Khps {Sas Appendic A for g chaoldist of sppication-specific festurash
Pripsionl Laver porametis s speoifiad e they would be deteoted o the r@w@m maddia, m*ﬁ w{t*m mv
partiouher mothids o em:\,qmm mrmst implementation. :

Miﬂss;sue;n devicas may be consucied fhat can be conliguead fo opemiy i elther of the ma m‘mr\;
rnplementations defined hessin, ¥ i mm% et mog mmm‘kmm will forus specfeally onoatther 8
10.4 Kbps nplementation or the 418 shpe implementstion deperdling on thel speciie appdication ai"‘ﬁﬁ
porporats shtosophy toward f‘;@mﬁf mage Howsver, lowolame users of networicieiace devites e
spected o find # more offsctie v use 8 gerene erkace uam!:ii? < ham;m esﬁh&sr o *m primay
implementations spaciied in this dottrment :

This RAE document is under the covtrel and makmenanos of the Veh m%g ﬁ&mﬁs for Mxﬁsgﬁm:ig m:ﬁ Lain
Conrnunications {Maﬁh&m} Curnmites. This commilies will periodiically revisw angd upciale i documant as
nouds diciale

1.1 Ubjectives~This documant consiitutes the racquiremants for a vehicle-dala commumications nehwork, . These
requirernents are related to the lowest 1w leyers of the 180 Qpen Systam irterconnest (G50 morlet (Ref, 180
AR} These invers ane the Data Link Layer and the Physicsd Laver, This network has been desoribad using
the 150 cormeentions I IBCTC 3280 3/NGT NARY €, dated Ortober, 1980 Both docusnents are intandeyd
ty desoribe Hio same netwar regiirements but wsing diferent descriptive styies, § sy ma‘i’msc& diffarances
are identfing, the vary lntest sevsion of thess doctmenis shond e nsed :

This ﬁmm* has been subritfed as an Americen Nationg Stardand. A3 such, Bs format i somewhs
At from the fomed 180 wmnmm i that desoriptions have bosn sxpandsd, g s in no WY msp
praviss, A mone edul foonst has boen sdopted hevain 10 altow a’ﬁig‘ﬁéﬂaﬁx}ﬁ& 10 by ;mmm

The vehicle amammn for this vlass of data emmum:aim Slass Bl nstwork %ﬁ@ﬁm e‘ﬁsﬁavﬁme SAE J1213
AFRs toalow the :Ehﬁs“f\g of vehicie nararmetele mrmmﬁ Also mﬁﬂa definition, s Class B nebtwiork shalt
be capabie of perforing Qass & functions.
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2 Refsssness

&1 Applicable Dsumeenis- The ioliowing publications Torto @ part of this specification to the sm@nf smﬁed :

hataln E‘e *&*‘Q&i meue of SAE publications shall AR

dale, BA 150960001,

233 :S&E*P&gﬁuﬁmﬁﬁﬁ«»&m&aﬁﬁ feom SAE, 400 Commonwaalih Drive, Wars

BAE J1113-B schromagnetic Suscaptibily Messtremants Procadures for Vebide Componsnts
SAE 1814 Recommendsd Envieonmengs! Provedurs for Blecronie Bauinment Desian

SAE J1218/1-Olossary of Vahicle Networks for Muitiptexing and Diate Communipations

SAE JS47-Senimmagnetic Busceptiity Measuramant Procedurss for Sormon Mods iw;ﬁs:'imr‘

SAE H8TB-Gensndd Quaification and Production Asteptancs Criteria for inegraied Cimuals i &mﬁ«'ﬂmffe

Anplications.
SAE JisessDiagrostic Corrsotor
BAE *?Q‘?ﬁwﬁm Disgniostis Test Moy
SAE Jsot2-Diagnostic Coves/Messages
SAE J2178-Class B Dats Communication Network Messages
COSAE JEITE -Cluss B Uata Compmunication Netwewk Messages:  Dstalied Hoader Formats and Physioad
Scidrass Assigamant ”
§ S&E JEIE-Enhanced E/E Diagnostie Test mm%

242 CISPR PusLCsTIoN-Avalabio from Krist Hansm Sﬁ Troy Office, 3001 West .ﬁig'm@ef Road, Suite 284,

"“mg *sﬂi W«Eﬂm ®
CISPR D WGER | &&cm&m&t g Sept 1988 Rudisted Emssions Amonna and Probe Tast

do from ANSEL 17 West 42nd Steet, Now York, NY 100388008,

313 B0 P as.,scmmvammmff:*

IS0 TCE /S0 WET NAOSE GUTS0-Hosd vahicles-Serisl date conmunication for Rutomative anpiinations,
' tow spesd {155 Kbps and below) '
IS0 TaNa-Diate processing systerne-Oipen systerms intercarmsotion-Standard rfersnce modsd
180 7837 /- Rosd vehiclee-Elsetrion digturbance by mmﬂmm and soupting-Part 3 Passenger cars and
C tight commercial vehiches with nomingl 12V supply voltage and sommarnial vehicles with 84 ¥
- siipply v@i&;}a«ﬁfm&a’*s&i fransid ensmission by mﬁm angd .§Fﬁ§§ﬁﬁ¥!§ s:r:m;ﬁérsg vig Hinex
other t&za? S \m - : ‘ o

33 Reiaimi ?uwm&tsanm Thy following miﬁzw&m i w‘wi{ém far wazxﬂm ;mmm only am waate re\sgm*es:}

SAK J1900~Eleetrical fElectronio Systems Diagnostc Teans, Difiniions, Abbresiations. & Acronyms
P 23 Definitions

S21 ACTNVE Qf«w» he Minteofa m wing which vasilfis W OOE OF mde mxﬁas m‘m m*md m‘* ihei* gﬁy&ms
Ty olrcultey. This i Vg volls iﬁ:‘ Bus + {PWH and VEW) and ¥, velts for Bug - PV oyl Referto 7022
{@W DO Pargivatens) and 7338 MPW DO Pammeters) for the values of Vo, and Vo Thes a::t*m shte \s&miﬁe
ol is duternined by the mumz w&taz;«a of the ghysical layver drive cimlivg, =

238 AnprRanon-Tha provess of resohing which fame, o In-Prame Response dale, continues to be transmitied
what B O mors nodes begin tesnsmiting frames, or inFrame Response daty, simullanscusiy

¥
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3 & DaSs B Davs COMMUNMCATIONS & syt wheveby data g, ;:eammamc dints values! s ansformag mmmn
nocies tocalimingte reduncan sensars an other @W shemants, The nindes iy this form of 5 moitiley aystem
typinally alrandy sxisted g stancalong modies in e conventionally w;sﬁxﬁ w?&;:ﬁe«. {& Class &E m&wmk shaﬁ s
be capabie of germng C@&s& & ﬁ;mt@m

Crasz, ii netwaek shal aésu ,}emm s O m,fm;ng 2

SAE Doy BrrR B wiich wies arbieation when contending fo v bus. For 848 JIBS0, & Ea%g‘sg W wihe
dominant i o S

AT DUk Wing~Two wires hat ade rouled sfjatently Sroughow the network’ andi w:* i’s&‘ &ams* 8 hwistetf or @ |
saraiied palr of wires, :

38 Faay Toossens-The abity of 8 syatem 10 survs R conain mumber x‘-‘f Sty wilhy slfowance for msm
mm;srad@sﬁ pedormancs while ma NG moseuge Hafirniasion capabilty &t me wec[w aﬁam mte

i‘

239 Fw&zm(ﬁw m‘m sta vmsm sm mf ﬁ@m“aﬁm wi'xier my or may N;; ma:;%gxi@ ;sn 4 R %g\m%

g"&{}?‘\ a*’sﬁ %m% m‘ FE‘&“’!E {Eﬁhs svwh&i&

L33 Funonona. Apoesssinc-Labating of messages hesed on thelr a\p&mmn pode o dats mmmt L
BAd kran ex&m&g of the typicyl us:zsg:«: ii}::- ‘_unmmsai m‘immng A

2311 MEssasE-Al of the data bytes contained In a fame. The messanes i what is Telt after the frame svmbals
sma ban mmm from the m A8 such, the F‘&WQQ sty §§{3{3m of bytes mm‘mm i the frame

2313 Pﬁ\ﬁaw Srare~The state of & bus wis wm  resuite when g8 r*miﬁ*s have “lurned off thelr physies! layer
eirotiliry. This Is Vovolts tor Bus + (WM and VPW) and Vi volts Tor Bus - (PWM onlyl. Referte 72382 {FW%&
DO Poramsterg) and T.2.3.8 (PW DO Parameters) for the vaies of Vi ¥V The passive mie weltage d v&
is detsrmined by the refavence boltgos of the bus wire Yerrdnation rem::r‘gs}

ZOE38 Prvanal Anossssra~Labaling of m@m for the phyvsios! losation of thelr mw&» ms:* ;‘m r&mm«{s,
Bea 5.7 for 3 exsenple of the typload usags for physlost ﬁﬁiﬁrmm

2314 PULSE WioTH MODULATION (P-4 el Bt format, whers the width of 8 pulse of constart woltage or
phrreny determines the valip {“mﬁy gne of 2ero} of the dats transeitted.

AL HECeosne Bit-A bR whith foses arblration wm:‘i mﬁf&mﬁmg; for the m w: & ﬁmmaﬂ m For &&r
1850, & Ea::«ga; " s the rm&s&w m

2 ”’3:.;‘35 ‘ﬁtﬁﬁ;?-s;ée &m&m@ hehalor s low power consuroption stanciy state walting o be switched oo by &
fame of other sotivity,  This ls s fom an ofimode wheve the puds & dlsconnecied from the power

¥
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PAIT Vamuans PULSE WioTs (VPR Mooieanon-8 meathiod of using both the state of the bus sy fhe e
e pufee (o evoods bl information. This encoding terhigue i used o mﬁu&:& the namber of bus tamsiions
for @ given B rate. One einbodiment would daling 3 GNET 1) as s shont m:fw palsegna tong p&ss?ve s
witle @ “TERO ) wmi& DE ﬁ@w as & mg peth M&g or & ».mﬂ mww» ma& ‘*m& & frame s

4 ﬁ‘t&h@eﬁaﬁnw&a POTIYIOR

: Braak _

= Bvelio Redundaney Cheok
Slactrical angd Slachaniy

- Bectromagnetio Gompatibiiiy -
Blactromagnatic Interforsnes
o of Data

& of Frame

inFrame Resparss {Evts «Sy‘teﬁi
IrterFeame Separation
imernational Blandands QEMM&W
¢ Rl bl per seoondg

Lo Nor Anpdioaide

ME Nowhatbaton By

QBE Cowsr Systorn Infsrconneet
ﬁﬁﬁr Start of Fm*ﬁs =

CE

& s:?maﬂ;mm of the drchioiss

14 Gegeral-itle e dient of this nehwork i interconmect different slatiunie modules on the vebicls using an
“Open Architscturs” spproasts - An opeivarchitectuve netwonk i one in whinh the addiion or delelion of ang
o more modules {date nodes) hes minimal hardware and for software impact on the remaining modutes.

iy order 1o SUDDOR an open architesturs approach, the Class B natwork utiizes the concept of Carer Sense

-Muﬁipfe Accsss {COMA} with nontiestructive comention meoiution.  AddBionaly s nawek suppotte the
privritization of mwzﬂs s thﬁt hihs oass of s‘:@“ﬁm"im the ?ﬁgﬁa«z’ ;xm*im frarnes wil shasys win arbiration
ﬁmﬁ By mnm&im L , . :

38 &a‘m@& Tam&@gy

-&i& m*sx RIS Y&P@tﬁ&‘f»m Sus wpsiogy isthemap of phpmi mmwﬁem s:}t the ﬁam @us nodes to m data
bus. Hincludss off nodes and dts buses fnvalved inthe shaty bus irtngration of the vehide, & s&s&gﬁm&vﬁ b
Topoiogy, the shmplest bus topotogy, b ousrrontly halog used i sevenal stomptive applicaions. {na single-lewsl
buts topslogy. afl nodes ave nterconnsctad Via the same date s, The mm:i&my auivaments of ®
particiter spplication may renuine 3 single-devel topoingy 1 be implernented weing muliple sn@mwmm
saldes opersting in vanous mndes Qo or paseivel,  Mowever, the requinsaent 1o use mistiple bises e
edlindaney purposss doss nat {tﬁmg@ the mgﬁwm bug m;xmqv g n B the following orteria g
mginiainedk S

o Al nodesfdevines transmit g reosive from g mgée path,
ta Al noglegdthevices reoeive off Frannion ot the s e
g Communination on sech date bus & deviesl
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Mm Dars Bus CONTRL~ ~Aithough vardous mathods bf dats Bus contd can h@ usetl, thiy Clasy B nebwalc
intenclad for “mastenass bus sontel. The princinal advartans of the m&mﬁe@s s s:s:wms poncept B B8
Aty @ Qm‘m@ the bashh Ror an openeanchi sotire data mm*’m;mm*t}, X 2 & aster does m‘
sist, sach nods hay sn squsl opporiunity o B data 3N 35:‘35\? bus has been
Mowaver, Total nodes and for dats arg of aﬁm&«‘ tmmﬁa@ m@rﬁiaatm of framnss is allowsd and the | Qhﬁﬁ’i
privrty frarss wil gvays be complaed. This ales inpties Dies frevve /dats ordanticr Wil not resmst in lost dats
Two disachaniages of the masteress bus conpupt ane that date kaenny Dot e guanarest, e for the
single highset systenn prioety fame, and Bus uliistion sxiremss sve SREOUR to evaluata

2.3 Refersnges to the O8I Roded-~Athough this doourent focuses on the dats Bk iaver and the physios inyer, 3
refovanoes are invluded for the spplication laver since this needs to be included for emission-reloted, disgnastic 3
SerrTaRoation ingisharion ropurements. The Qass B nebaoek IS m GIS1 o s desoribed in im :

fnfiowing mm;m;}m This “mapping” & Husinated In Figure L

AR ASPLOATION LavER-At the top of the Q81 referenos motel is the Agplication Layer, This layer sstablishes the

refationahip between the varbus appiication input and outpt devises, :rﬂﬁmg what to scpentan of human
operators. This kayer documonts the Bgh level desoription of the funotion including contl algovithms §
appropiate. A sample of an Appdication Laver lunctionsl description might bee "Pressing the head kaop
tton sha¥ cause the fow baers hosd lamp, Mavker and tad lamp Namess o E}s snsnpieed.”  Legiahated
-ﬁ;aqmsma f=-anothor ares ywhich agxgﬁmﬁm fayer reguirpments need o be &p&m\&& ‘

2 Dara Low Laver-The primary function of the Unts Unk Layer is to convery bt amd far sm‘swfs o vaticated

S"‘s‘m free Frames/datt. Typlcad sevices provided are sevisiRation {perslisl to serd comversion) and ologk

moovery of b &mmrmih ey Ay important additional service prosddad by the Date Link Layer is amor
&erkmg, Whan s ane detected, they may be corected or Higher lavers may be notifieg. ©

--'t;m,:a mp&z}am& and m& *symmi n‘i&ﬁﬁﬁsﬁﬁ :—mﬁ ’iﬁﬂﬁ"iﬁ

. :N‘- twork implomenistion~ The nehwork ww&ﬂ&m&%ﬁm& Based o0 thiv documen have beer reduced 1
_commartize handwars, softwars, Mmessages, and tols. The coroiithation of messages has been decirnentad
i &.ﬁﬁ S2178 Thefirm b Yyte o thie Rrat thiree Bytes of these msseages ae callag fhe *Haader” bytels), These
haaderdntes Tully defing rm amieﬁ reqdraments of e network interlace, which proviously hag been
optional. Figurs & shows the general formal for single Dyte header formz. Figure 3 shows the three byte
header Totm,  Figus 4 th*s f*m speciic bt assighments fov peioslty, IFrame Fosponse. and
Functionsl/ Fhysical Address mapping in the three byle header format. For a compliste desoription of the
Y ZE bits shown In ?tgm‘e 4 refer o S&ﬁ JETRAL s T

4 &@mmﬁm Layer Detalis-The ammtfm of This COmAURIEIEN. netvork 15 (e trensfer of infarmation fmom
_one node of the nehwork (0 one o mave other nodes. This trarsler of infoemation supports both opsrationsd
and dagnostio nesds.  SAE has @w&ﬁm doouments desoribing sach of these types @% Applications,

consigtent with this timmm

Nommal Vebicle Operation {Down the Rosd) Messsges-The mossages sent mzmg norisnnoste
operations are cafled normal vehicls operation messsges. These normst vehicle ohoation IISSSRORG S8 e
for commusication o B ansmiier 0 ONE OF Mo Fecolvers soross this network  The norme! operation
messages have beayy developed by the SAE for this sommunication nebwork argd sre defived i 888 R
m&& d&ﬁn&ﬁ m&s&&a&s am ﬁ‘a “ﬁew‘ mm&ga& ﬁé Sﬁ%“ w&%?ﬁ sh:sﬁ mu m&w m ﬁww ﬁ@?‘mtm
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network. These ;ﬁiés‘;rm o wrﬁmﬁwm may include imma?&ﬂ ﬁ&‘%gm}a‘is&‘e‘ rutustry Standard diagnostios, oF
manuzclurarspacific disgnostio protedures. : . o

Lanidaien ﬁs&gmm{m and some level of voluntary indiastey standars dlagnostios that mi@res\a:ﬁ this ﬁ@cmsem
shouid oedy speetly provedurss and frames that condorm 10 tis document. SAE J1979 and BAE 12190 deftine
the set of meoognized tost modes thal are avalubde and have heas reserved for Blagnostio purposes.

- Maryfacturer-spectic test procedires iy ing this netweork m&v specily procedures that »::ia m& f:anfmm inthe
'*&qm*@msw of this ropnnwnanded practice. :

437 Dianerg ﬁmmm@ Dara-SAE 59 o SAE J210g defing toxt modes aned frams fmmat& for s by
ﬂﬁ«\*&hieie st musg:m&mt v} ﬂt}mm clagrostic data from the vehicle,  BAE JIR78 and SAE 1180 mageages
ponfonm 1 the secuirements and lnitations of this Sosument, S _—

437 DHAGNOeTE MASUROTION COEs~-8aE Ja013 defings troutde coxdes 1o be assigned 1o various wehidle syslam
matunctions, and also assigns ngss of codes 1t be used iy manulaciurer-oheoilic sodes. BAS JIgV9 and
FAE 32190 includs messwges 10 b used 1o reineve these sodes from the onwehicle systers, - When frouble
socles wre to be ssygned 1o svetem malfunctions, the code structure of SAE Ja02 should be used

43 Frarme Filtering-The network interface devies may be' sagiehle of ftering Fames oo the network to select
thoss ammwse to8 given node. Because this Olass 8 protosat Ay use mo than e fipe of fama
aﬁdi’e&s&ﬁg { ‘ f; o \m e aai e‘m., pbg&a % &r« ﬁ 1}, ihe zi&ﬁa for tﬁe's«a ﬂi@mg ewm@m may. "n‘s,imi&‘ srinfiple

§ Dade Link Laper Dotaile-Thiy sactitn Jdefines the rapdinarndnts on mhe fe:ﬁ mwms u&ia__mk L&v&r aﬁﬁhm{w

- Addrassing Strategy

- Matwork Access angd Date Synulvonization
Frame Eloments s Stricture '
Ereor Datestion
Error Regpanse

%00 g

&1 R@ﬁmssm Bleategy- T types s:\f aﬁ{imwg mm&e@@s are ﬁasmmi amﬁ S wo-axist on this network. The
b stralagies senee cf:?fesm‘st tmm of fusks am:i the Seiblity 1o use Both i‘fm\s on the same network provides
= rogfor henefit '

Ri r?m HORL &m&&aﬁmwvwm@a are eochangsd ooy Detwesn hagy dovines bssad &n e “Phyvioal addvess
e the netwarls, Bach node must He assigned & unique physiosl adurss within the nebwark - This type of
aﬁﬁ*‘&smgz stralagy is used when the communioations vole speolic nodss and not the oihers that may be
© e network. Diagnostic asosey would be one sase whaee nﬁﬁeﬂsﬁmﬁ@ﬁ a& a a;:w& ol iy impetant
Lo fansmdisd m“xﬁ Ny deblony b&m@ ot the fungtinn of i

freiie our thy pebeork. Bach node s assigned the set of fancions Tt ¥ cares about, siher &3 bansmitier of

repehior, and oan be ovated anyehare in the rebvork This type of addressing strategy & used whan the
~physion! location of the function {8 ool important D could move sround feom one module o sothay. inthe

case of Hingtiong! a@dwsmg, the unticeyof the mastage s mpotant and not the phesiond addresess of the
nixcdes

§.1.2 FuscTomal Aopeessma-Frames can

ES
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52 Network Acciss and Dats Synchronirslion. The netiea iadacs shaall | implemant & molipls &m%&s
arbittationdased profoost using nondestructive bit-bybit arbltvation i ansparently resolve: strlianenus
aooess 10 he bus. Nebeork soosss S allowsd siﬁﬁi’ getection of an s bus. The detintion ol an e bug s
sontained eS8 8. 3.7

Sinos 3 discrste clonk e a0t used with this network, node ﬁyﬁmhmwmmm san be derive frofn bR syt
Gransitiong onthe bus

B2 Pl Mestens BurseanG-0One OF IO nesianes axist in thelr entirety It the interisce dovice, This sppvosck
reciuoes software burden ol the spenas of hardwarre coats. Mossags Wtening (ov seraening) is possibs i sunh
& :ﬁma which rachions solwars burdert seen Ruethey

5227 Brere Busrsvm-Each byts of @ reveived messags (o transmi messens} i stoved Individually in the ‘marims

devion. The contralling devios s responsitde for the timely ssrvichy of the imterface divios 10 Neep tp with
*mm teatlin.

5.3 Network Elemanis and $trw;t;sm
The ganoral format e
idie, SOF, DATA 0, -.,..s,-mm-x,{iﬁ{:,_ BOD. NB, IFR_1, . IFR_N. BOF, 1FS, idle:
Thﬁ* gmms;%mg acrohyms’ &*@ daﬁmd as f@a

§d§'§e{‘ Sl Bus oo he?ar\, @F and after iFS‘
SO8 Start of Prame
DATA Dats bytes feach 8 bis v
CEQD Eng of Dats vy when PR gsedt o
CHRE: - CRE Bwor Datection ﬁyte {may ooowr in IFR a8 w&;i}
B Normalation B8 {104 Kbps oniy)
TR nFoamne Response Bvieds)
"Qh End of Frame
i3 inter-Fiame Separation

“ém'ss»&:msk (BRI can oo (he sea} o g nabaork at am» g

£31 Prae Buovars-The hame clements othor than the symbols SOF, BOD, BB, E0F, I8, and BRKwill be byte
prisnted and must snd on Bvle boundares. Each byte will De § bits i length

538 B Q&W‘&‘ﬁ«"'h&% Frat bt of sooh t,yte ravenited on the netwark waﬁ b the most kmrﬁamm B Ga, MSE
ﬁm‘t}

SRR Rmens FRaME Lengre-The madmum numbe of corginuous b thnes thad .a-siﬁggg node i able o contigd
ﬁza ms shall rmi axpaed m@ vaiue sg:smﬁ‘ M

3 & nmmm oF BOF QD EQF I 5, N, seiry BRKor ackdion 1o actual diata bytes {le date, Qﬁu iFF{} frame
delimiter syribols are definesd 1o afiow the data bus 1o funclion properly e auditude of piffere apedicatione
Agy Qvardew of i‘iew czxm&:@s Y mmw Biedrcs, Qetax;,, 3 timing reguiremants on sarh ﬁvmm& 2an befoun
73 S .

¥ o
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S&ﬁ M&m RM:&M &i&%‘%

E347 Sadl of Frame (SOF)-Tha SOF mark iy used 1o triguely identify the stan o & o The am fark sha
70t D ueed i the oalculation of the CRU evor detestion pods,

5342 &ad of Dals (BUO-Eng of Date 00 i wont 1o siong the ond of franyemission Oy the ofgingtor of &
frame. The indrams respongs (IFR) seotion of the frame, # usad, h&qm affey th BOO e but betore the BOF,
B ihe IFR fosture fepw 537 i not used, ten the bus would remady i the possive stale theveby resulting in
an End of Prame (EOF). ¥ a frame inclides an IFR, the originator of e frame will spest e recivientis) of
the frame 10 drive the network with one of move indrame FESpOnSS tytew immediniety follfowing BOD.

%

8348 End of Frame (SOF-The completion of the EOF defines the end of 8 fame Alter thy last tnenswisaion
‘byte (ncluding indrame response bylss where appiicabis), the bus will be left fna passive siate. When BOF
has axpived, oif recehers will consider the tranamission compsts.

§344 [nferfgme Separativn (FSi-inter-Frame Seperation & used to slow propes synehrontzation of variaus
nocdes dhuring baok-fo-back frame Fansmisions. A transmitier must oot ditighe ansmivaion on the bus befoe
the sompletion of the 1P minfeom perdod. Mowever, receivers must synchrontze o any olber SOF coouring
gher the BOF mivdmum pasiod in order 16 scoonmmdste indhddus dlook rolerances,

345 Normalzation 88 (NE-Ouly applicalis 10 10.4 Kbps implementation. For Varisiie Pubye Width Modulation,

fhe Brst b of InFrame Aestonse duts s slso passive and, havelors § s nucessany (o generate 3 Nomalization
B 1o follow the SO0 symbal. This Normalization Bit shall define the start of the indrame response.  The
dormaization B¢ is defined In 8888

3.6 Break (SRIO-BRK fs slowsd o sccommodate thoss siustions iy which bus communication i 1o be
term*m*mﬁ and all nodes reee 1o @ "readyterraceive’ siate, B BRK Is weed, R oust adbong 1o the reguiramenty
as spectisd In 88

?ﬂ

S35 DL Bus fousi-ldle bus s defined as sy pevind of passhes bus slate SoourTng after IFR, Dunngan ile ks,
ANy Rode may tanem remadistely,  Contention nay still oosy whes twa of morE nodss anamit neary
simultansously; therelove, resymohronivation 10 fging edges Must SOMINUS & HoTun

S48 Davs Bresfsi-A number of data Dites, sach aight (8 bite n iimgthi car b trangmited af the isoretion of
the systenydssigaen. However, the iudsl meesage mgm Prom SCF to BOFY shiall not sxosad the lrd dalingd

g :

533 7 he-Fasse Reseanas IFR-For In-Frams ﬁ@sm e response niadsl are ansmitied by the msponders
s begin after BOD ve first B of the indrame response byt doas nnt sorur at ths poit and the bus
rerraing passhve for & pericd of time defined aa EOF, then the origioator and off repetesrs must consider the
frame complete. indreme response bytes may fake one of the following forms {rafer o Figurs Sk

§, None
& A single byte tansmited o @ singhe redipiant, typically a nkgiee identifier QU o address.
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?‘ﬂamm 'ﬁyftﬁa sm‘f:a a *mgsweae ﬁmaﬁ* ‘i‘ﬁe rﬁamﬁm t;yi{g ’ém*'ﬁ Mf‘n mpﬁ% m;m b LRNQS}& %\ggﬁam i*@
2 physical gddresy 80 my. Arbiteation takes plaos during the response provess so that sach rsoipiant, ¥
arhiteation 5 jost during Rs rosponee byte, WAl retranemit the single tnde unt! the rocipient observes B
uniiee byte v the respionse strearn. Onos & ghasn *m:g}iam phamrves & oln unigus tesponss bvte, &
cisnontinges the transmission protess & aliow Boy remaining rexponders o transnd thelr W'E*

o Oneormors data bytes, 3 from & single recipient. & ORC byte may be snpended  tha deta byvisdsh. The

CRE byte is caloulated sz deseribed it S0, skoapt oaby the deta in the response is used for the ORO
saboulation

Heter 1o SAE J2! 841 for & detaled discussion of the differst IFR fypes and for d@tﬁfmmaﬁm of wmm
miessans fypes Uiilize which IFR types,

i invrame responas bytes arg wsed, the overal framie/message lengih Hmit remaing in sfiset The sum ol
of date bytes, CRE Lytas, and Indrome response Dytes shall not ssevesd the e leyth as $§:§;{ﬁa{$ mE

S3.7F Nonpafeeton 8% the InFramu Response i amploved in the 104 Kbps implementation thea g
"Noerraization BY by raquired.  The Normatieation 8% iy desoribed B 882 E

§4 Brror Detsotion-The s desoriptions 1 ihis dosiivant ares oo iy dedined ared vlassified, o gonesl, the
aotion fakans alter an arror congition has bosn detectad i mﬁmmﬁmvspwﬁ -uriess ¥ hes beon speotied

¥y this dosument _ A ;
' 3 8

244 Orould REpuuneey CHESK {ORC-The TRO fs retuiverd with sither of the hosder byte systems ussd. The

mathod of caloudaing and cheoking the URO bt 1e delined as Ioliows. . Al CRO byte may constiiuta

8 deteried ron

#. The URG caloyiation and e URE chaoker s ranlaters for memay 'Qm*ims‘i Wil e looated T the sendss
aend mmr rodes, *@amﬁm@y gnd shalt be ;Wa&y ss*s 0 e ol oneg” state during SOF. {The setting
to “ones” prevents an &l zeroe” DRO byte with an alf xerecats strsamy

B AR e bits tha soour alter SOF and hefore the CRE fiaéﬁ are uwd o forrn the Qats Segmag ?:ﬁyﬂ@‘mmﬁ
wiedy s ﬁe&gﬁmﬁ:ﬁ as DX, . For goy ghen frams, this symber can be interpvatedd a5 an "ndit” bisaey
constant, whars 1 is squal 1o the bame fangth, counted iy bis,

. The CRC division m\;swqﬁ T X e X e ¥ 0 Ths polyionsal i desigaated ws PIRL

& The Remainder Fmewmai E‘{X} e determined from the llowing Moduls 2 division ,m&ﬁmﬁs

Q@:s}‘{x} 3,;‘*-._&‘*‘“»‘ :': S il Qi&'; ' (e R T
e PixT - - FLX) | e

Nﬁmﬁm hs guctien mw%imf: frovn ﬁw divininn proosas.

mxm,

& The ORS byle is mads el 1o RExl, where ﬁa?‘su i the anes somplenay of REG.
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LA The Framae Polynomial M0G0 thet is tansriitted is shows in Bquation &0

MRy X« X HIRY | Ead

g The receiver cheoking process th 1he anlire received Mm& chding the nan&wum CRC byte, ;ﬁm@@h
e SW:I chacker oiveult  An srrorfres o will shenes rastdt iy the unigus constant polynamist o Xt
¥ e X0 ) i the checker SN register reqandions of the Fame corment.

h. Exurnples of frames with te ag:zg;rw@sam GORO bvtes sre Hsted In Table 1.

TABLE 1-EXAMPLES OF ?R&&?FS AND APPROPRIATE GRU S‘&’?ES

ﬁm& Em& m&xg CRO ihm&i
SO S P

2 5 S &

OF AR 00 58 ! . |

O FF M N ' 88

33 2 &8 AA BB 0O DD OEE OB R
92 BB 58 - 8C
BFOFF FF PR 7%

L A status Rag may be tsed W indiosts the ooourrsnce of 8 reosivedd CRG erver.

i When in-Frarme Responge data is protecied by g CRO Haid, the previous rndes are used 1o defing the LRG
axpant that the sender and recsiver nodes e interghanged. The CRC calgutation only inclnies the i
frame rmm& bvtes. (Now thet the BOF, BOD. BOF, and RS are mﬁ wsed in the ORC calulstion snd
sevve 8 dnta dolimieeg)

Norve-Figure & Husteatos g temionl ORO gerevator and Figues 7 Yusistes 2 typical CRC cheoker  Wih
Fppropriate gating: the hwo cirouits may be combined e oy & singfe-shilt register for Both CRC
genenation and ORO sheolig:

543 PR/ MESSASE (BnaT-A hume sxoteding ts delined length it magf constites 8 et gron

543 Owor-Range~-Datg s corupted In 3 vehicle natwork when transiont gerlerncs s ke mmﬁ 10 Gt
e raosher out of s chynaiic rangs of operation. This outobaings ponditios, where e receiver can o
longer accurataly desovde the data, Ry e ttectsd by an oubofvenge detedton The foliowhyg defines the
gperation of an outctrangs detecton

2 Datn is recoverad by holding the reooiver cutpud in The Siate B was prity 10 the sub-ofaangs condition for
the churation of the interleranes.

B i thve interdering travsient s tong enough to corrupt 3 deshad Bus swnbed, acounate dats rocovery may not
aeotr, This may consiitite & delected aivar,
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B4 CONCEPT OF Vaun/ bevalio BBy DETECTON

S48 T pvaly B Defeclion-In some nases, dats intonrity may be Incregssd by detacting the condiion i the data
stramrn where the moeived data bY doss not match the spenfications Ry sither 8 "one” ara 2er0” bt

5448 imald Frame Shuctore Oetection-Regardless of date sncoding, date Integrity may be increased by
deterting the condition when an EOD o EOF cocurs on a sorebyle botndary within the dets stream, or the
frarne aoneds the macioas bame smgm

88 Tﬁmswvm’a‘men an onginator of 2 fame delects @ ervor condition on the nebwork fe, one of the soor
ovudiiions defioed in 5.4), the originglor mugt discontinue the Tansmll opeation prior io the st Gf e next

m After ihe wm?iﬁsﬁ pariod of IFS oF reaptinn of an edge after EOF, the anginator is alicwed W fetransml
the fame,

£5.2 Hecgave-ifs frem*&% is vecpiver! and the frame containg an ervar e, one of the srror ponditions defieed In S,
ma frame is to be ignoved. I Tn-Frame Regponse’ is bedng wsed, e receiver must st respond 1o reosved
frame cormaining an sror. This lack of ragponse sorves as a signad o the uﬁ&i&ﬁ?ﬁ? Wt ar ertor was detested
b‘g e redahesd

8 Shysieal Laper Detalle~This section defines the reguirements on the following physical layer attrbutes:

Matia
Lt doad Soeclication
Maxiruam Numbsr of Nodes
Wadmum Nedwork Length
Modia Charscteristics.
Diata Bty Synbal i?%?ﬁiﬁaﬁ FDatotion
Notwork Weka-lin s ?wmm Layer

- Phypdcal Layer Faull Conzidemtions
EMC Reguiraments

¥

PG TP T

Spacific parameie values associated with the phveleal laver are contained i Section 7.

B4 Fhysics! Layer Media-Although this specfication foouses on the dats carrying medis, §is assumed that sach
e shall be supplisd with appropriste power and ground.

S0 Swiis Wiss-Ths neteork meiium for the single wire voltage drive shall be & single randem lay wirs

£1.2 Dusy Wses-The network medium for the iﬁé;’ai weine voltage drive shall bo either 3 paralied wire pale separated
by & constant distance, or @ hwisted pale of wimes,

813 Roumme-No Resctions

&2 i.imt L Smsfmtem The sheotrical tmﬁfe.g et of suoh dedcs connected o this network wit by -

pasirae i terrns of ual loads. A unit lond s 3 noming! vaelus witied, ¥ ol nodes corespond 1o one unit load,
wm o the s specifisd number of nodes W be connacted to the petwor, There Is no regultamen

that & givan node must b squsl 1 8 stendand un® losd, byt the combination of &l load mm&s st oot
st the mits for any ghan sygtany,

1688
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B3 Maximum Nomber of Hades- The mindivien minber of noden, sssuming sach nude is the pautaaient of &
smmarﬁ gt Towd, IS specified by Section 7

g4 ?ﬁam i Mobwork L&Eﬁgﬁ‘iv« Tha magimum medium isngth A&}t&*&m any P ncdes sl agt ﬁf&»&?ﬁ *ha vl
speoliad iy Sestion ¥

$1 OhVerty s-‘@ﬁwaw $-The fmodmwn Retvas is sagth, madmisr capaciiance value angd ol
foadd fernination msssﬁ&m& yalusd for gry oflvehicle squipred have been spsoified in 73, Beoauss 8l
appliications must aliow for such offvehicle etipinent, the alicwed mupdmum grvehicls nads shall be mited
I aonount for s e G‘{. offvehicks leading.

&8 &S@sﬁa Charsstevistios- The charpcipristios of the madi are sy specifiad ih Beotion 7,

8.8 Datn &ﬁfﬁymm Deftaition/Detection— The dats bus oan Da in one of o valld states - active or passive 6
For clarity In the foliowing sections; & fsing odge is & Fansilion Fom the passive 1o active Wats and 8 ?a;ﬁzmg'
sge b @ tansiion o e aotive 10 the passive Sala

Thisre a7e twio msthods of bt encoding specified iy this document, Pulse Width Moduiation (PWM) ang Variable
Pualge %*‘w;ém W&W modhuiation: The tining dlgrems that follow represent the sequirsrnants for the Jogiest
wavelors, s the dansritiar's responsibiity fo tansmit bits fsymbals which e \mki {: By m&m tm
smmmm}. T soime comantion stustions, he wansritier wil have 1o roaynct
faling edge i withiy speciication. Thi sequiroients associsted with the reception of tﬁe&a bt» amﬁ s»m&m?s
,am rot statad maicidy i this specification, butars to be derved fom transmitter specifications by the modile

¢ ooyl desigier. 1 s axpeocted St the fepeiver will empioy a simple sloskadriven dighat Riter and digital
mtmr&wt* of maioriy vote s&mmw cireutt for depading dets and madmaining “clook” syrohroniation. Al
tirming requirernents gre speciied In Section ¥,

Thar fotlowing bite/symbals are defined for both BWM and VWPW

Qre " hE

Saro 0T bt

Start of Frame SOR

Eng of Data gmm

End of Frame SOF
inter-Frame Separation (88

H

v

%waﬁw@

The Norradization B {N?ﬁ s oy ag}pi \*:am *ex \JPW smmmm*mms ami & *ﬁarﬁ@r& iy dahm Ry WPWL

£:6.7 PULse DT Mimiancy {Fwwmw? fnllowing \aﬁéﬁm *mr&s&w mmm& thening, devated tzmw; mm’ymw
for sach bt Ssymbol can be Round by Section 7.

SE&LT The One 1 and Jore 07 Bl ee Fawes Band &

g F1VBR - AT bR s charactatized by

Liﬁser imr ‘1_‘;33

{2} A faling sdge that coours Tt alter the rising edﬁsé
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Pravious Sit
oy Rark

FISURE 8«1 BIT DESIITION

1+ 8 “{* ai* S0 bl :h&rﬁ:ci&ri?mﬁ- by

£ A ﬂi&sﬂg aoige that olows B PR Two diaing adues ahial nsver By

ioner than Tod

g i e Pas

-
[
E
5
~
B
%
P
Sy
i
12

Lovive I I PRI . SR “ S
Sag giﬁ’\ge A dvim e mmme, e

L% Fravaoue 8it RENEN SRRRLE &

Frame {GOFY mark has the distinet purpose of urigualy determining
i ummmmmm e

E812 &sm of Eramg (SOFE-The Star
tha slan of & feaeme {see Flgure 101 T

2. A relerence rising sdge that follows the prisvious sing edas by o sast TpsS.

b Adaliing sdge thal oocurs ToT after the mferancs rising edgs.

B B The rising sdge of the Tret data Bt will ooour &t TR0 slier the referance Heing sdge.
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sc;“ R "‘;:xz& S Y.
Aeedes : (R e A ABAAARARA AR PRI, T e
FRRIVE e A Sy S e
& “\\ a;\ ?&3 "X
Lasy Bign i o BN HGQE TES SGFE

N
FEITRS

iR ?*ai‘i*{i B 10-FRAME SYMBOLS

hm&‘wmﬁ it of & fmene v e the las data B, last CRO B, o last inFreme Regponae bit.

8813 End of Date (E00-Bng of Dl 15 bsed 10 signal the end of Tansrmission by the m\@mr of & frame

The ;n»ﬁ*ﬁm ﬁasam:a {iFR} section of the frame, § wsed, beging irmmatiately alter the EQD bt {ese Figure

1k # the rFame Response feature & not used, then the bus wonld reromin in e mgm state dor an
ackiitiona b ime, therely slgniving e Bnd of Frame BOFL

Far n-Frame Regponse, th rasponse hteds are deiver by the respundars s begin with the riding sdge of
thes firet bit of the respones, zgm aiter the fging sdge ol the Iagt B o from the oogingtor of the dame.

¥ the first bl of the respovse byte does noad ooy &t T and the bus reoving gmsm»e for one ardional ki
gitrse {fovad thme TS} thanthe odginator grd alf receivars must nonsiter the frame complete fie, BOD has been
transtonned ivto an EOR).

§ & &‘3& £
Beties R e S : s e sy eccoreens,
§ Fagsive it STV ER—
A A A
i N §
i { A
- e o3 SR . b x -
LERY Biv of Prame BOG e Flrat INeFoams

Heopdnsd BiL

FIGURE 11-END OF DATA SYMBOL

Nore-dast Bt of & feame mmay b the fast dats Bt last ORC bR, or fast InFrams Response bRt

the BOF defines the and of ¢ rame y dafindion, an BOD Sorms
the Bt gt of the BOF «sep Pigure 131 Aller the lash imnsenission byte (noluding Indmme respoves bytes
whire applicablel, the biss will be et In 8 passive st When EOF has expived (TS after e rising ados of
the last B, ol recolvers will consider the tranemission coshpiata.

86,14 End of Frame (ECF-The complstion of
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¢ :
t’.- =rr‘g‘; mﬁfw mm ‘t‘arm ﬂmmmm

A fransmitter thet desives bus aooese must walt for sither of et congdions before ansmiting a SOF

W 1FS minkrsem has spived, TS after the tsing sdoae of the taxt bk

b EOF minkmues and another sing adge has buen deteried. (T8 alw the r\smg me of thafast b

SEIS Sreak (BRK-ERY j» allowed 16 scopmmodale thoss siations i which bus mmmmmtm is o be
wunvnated and &l nodes reset 108 “readydereceivg” state (sen Figure 121 The PWM Ermk.swm s an
axtended SOF 8y nhod and will be datected ae an tinvalid” symbal to sume devices, witkeh wil then ignuve the
currant frama, § sy, Folowdng the bresk symbal, an IFE followdng BRK periedd {Ted alter 5&3@ nising sdge of
e brenk] is neaded o i seyrchroniee the moshers. B the "Broaking” devie wishes fo oital guamntaed

FUC0ss 1 1he bus, the highss printiy Bame mus then be se, ctherwise, s::*hw *‘*&nm Y mm sooess ey
the norma res ofF aeditratioe,

{8} FIGURE 12-PWM EHE&KSE‘&}EN&E

S8.47 idle Bus (lofei~idle bus is Sefined ss sny patiod ¢ pam,iw bus stale ceouing a*‘ar Fts rilesenum {sew
ﬁgum Wt A nodde may beghy ransmission at ey %ﬁm g iofle b, :

Duing an ke B, aoy nade may tansmi immedistely. Contention may St coour whist B or mote nodes
trangmit noavly simulansotshy i‘t@m&‘m\ resynchroniation o rising edges must contings 1 ooeur

3
Iy
7
i3
s
£t

B =%
i
#
g
%

N ~ £
) e % § ..........
Agzndive , .
§ Fassive o e ™ LS s MU, HE S SRR
& & XA
B S SISO S
el BOF L ipm 4 Wﬁanswit: 3% yising

et rdge has bewn devested
after au BOE.

FIGURE 13~EOF AND [LE BUS DERINITION

Nove-Last bt of & taune may be the lest dita by, Tast ORO DY o laat In-Frone Response bit
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818 P Symbol Timiwg Regquinseents—The symbol timing reforance for PAWH snvoding I3 bassd on
fransitions Fom the pastive state 1o the auihe state. The SOF snd sach data bt In PN has & Teading stige”
fromm which & subssguant Smirg is derbeet], The transition from aotive 1o pessive {whinh opours within the BOF
or dala bifs} s not used as & Bim pm.*&ia*mm The leatting sdge is used as the ooly refevence because the

i B ; st olean & shite the transiion Som agtive

to paseive & slow s ambiguous due to verielions I nenwork cupaciance.

?amg*a;m 3 ,:? % ﬁa&m t’ha ti‘s’*’ii‘“‘g s‘i&iu&s Ef;sr WM @ éﬁ ‘%S ifism Values gte provided for the bavsitter sng

882 VaRmes PULSs Wors MODULaTion-The SOF symbal, "0° 51t and “1 Bt are defined by the Bme belwvess s
gonsecutivg ranaitions and the level of the bus, active or pessive. The BOR, BOF, F8, and ﬁmak symbols arg
defined simply by the sy of tme thet has sxpired since the et Dansition.  BOD. BOF, and IFS sreeall
pasalvs symbols and the Beosk v an active symbol. Therefore, thers & one symibgl fmr **ansit;m arad ong
t.mtmtzm g}w m*mm. The and of the provious symbod Staste e curent swimbgt, Ths ol {mv@ vakhuas

ing, detalled Sring reguirements for sach bit/svmbel can be fousd B Seation 7

..... v
E821 The Das N and Jere 07 Bl-A 1 1N i olther 3 TV :*zasme pides or & Tvl sothe piiss, Convorssly,
A0 hitivsither s Tet paselve pulse ora T2 sotive pudne {s9e Fiowre 141 The puize widthe shange hebasen
;:aasws argd ar:m@ bus states i t}i‘ﬁé? o mw*nmmﬁam ii‘wa a?immmk ang mm\k\r St hmmmts 8% speolied

A . L “ R
&Ct&\\?ﬂ a0 " o Y g T . . . : {.h\a\-»w««“\\\-: .
i { -y TR #4 SR : §t:-~ TR
PRESIVE b | wnd -

P T - T
S - 5

Q{:tlﬁ)\*@ oy e a0 S

G TEY n ) OR oo G i
PeRsdes AR T it R
ik <R £
ﬁi&&é?ﬁ‘é{f 14-OINE AND SERG BT ﬁEF MONS
8837 Star OF ?'Fé“f?"&’ {SQFI-B0F & an sotive puise, el it égﬁamn fons Figure 180
Jotive B e - i
§ A: ..... Ws oo §
Pagnive S : e
R S
FMILIRE 15-8TARY {}" FRAME ¢ ’S{}F} SYMBGL

£




SREDRY
FIGURE 16-BND OF DATA (BOD) SYMBOL -
S824 Sad of Frame (BOFREOF v » pesshe pulse, Tad in duration {ses Rigivs 17}

e

Aokive -

Pasaive.

RO

Fiﬁ?i-‘liﬁ&ﬁ 17-END OF FRAME 08 S‘ﬁ%ﬁﬁ”‘i

828 InFrame Fagorae Syie\sxﬁ*aw*&*&am S8The "inFrame Resporse” (PR} & taangitied by $e
msmw i m;:f t:*a::; m aﬁt& the mw& E{m wn'm z’*ar Vanatu‘s @ma Wbﬁ@ﬁ m@mﬁm me iw'z h‘i of the

'ﬂ‘e rﬂsmMmQ zﬁww Mmm ma nm‘za&m m g*em}r w mmg ‘tm i?*&‘-? ﬁam “ﬁm W&i&a@i@n ;33‘,
defings the stan of the EPF% argd can take b forms, The first foom i a0 active short pesing {hetl andd r‘m
seoond fomm ig 4 actve long pased (Tvz). Figurs 18 Hustrates the ¥R using the rommalisation bit

normaization B can aiso be used 1o ndicate what fvpe of  responss & swpented during the PR portion m‘ ﬁ'ﬂe :
Sne, The praferred method 800 088 aotive shiont B {Tv) o ingloste that the IFR DOES NOT sonsing
ORC e, FRYyvpes 1 or 8 A active iong Bt {TvE) would thersfors indicate that the IER DOES containg ORG
o PR *we 31 Thig s ooty g peeforred method, and budhidial manufacturers are sliowesd to implamant the
normatioation BY per thei regquirements. However, 8l futire BAE J1850 spplioations amne wrgs to implarment
the normalation b using the preferrad methed described sbove.

i foframe responss bytes we used, the oveesl fne/messans fongth md semalng v efact. The sum o
of cdlate Bytes, ORG Byte, and bulnume response bytes shall not excesd e valyy gpaciiad In Ssction 7.

¥
Voo 00T BAL woned

Jotive —— sy
R E—— Tl ¥ Lgwes PWE G TT e
Passivg S et e
ff\'\- : & : «"i\
Ernd of Lagh A RO Start of :
Davs Bdx IBR Bix
FIGLINE 18- NOFIALIZATION &IT
iy
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P oanagaseray

§888 dnferFrame Separation (FSh-inerFrame aem*aﬁﬂn f used to allow propst syng;ﬁrmgm@ﬁ of various
ndes *a;‘mg Bbacho-back ?wwse Sfseration B

A transmitier that desies hxs& AUTHEs st walt for sther of tvo conditons hafore ransmiiing & SOF {see
Figirg 18k :

. FE minkoum has expied (N
i BOF minimam am Sy athgf siaing edge has been detected {Twd).

e

s

¥
- PE

'

may dndtate |
ﬂ,amy‘timé¢:

g4
i

o

#
g

i

,.m‘..z prrsrsrrsrsrrrry

Aotdve

Pansive

g ¥

.E"!\A"vf \-.»Zi Y - B
k_ﬁgs has ‘Masa detectad
afher ane Bu¥.

G QE TE-INTER- Wﬁ?&@ﬁ SEF&&&?@N

BR2T Besak (BRK--8RK x glivwsd to acmnnm&me those shuations Iy which bus sonmunication B 0 be
terviinatadd et ! nodes reset 10 2 Sreathetoressive” stale {sew Figure 203, The VEW Break syrmbol will be
gotectnd & an Ninvalkl® symbol 1o some devices, witeh wall then inove the curmnt fravee, Fany. Tha WPW
Sroak symbol s 2 lohg qotive pariod (& Tg) Following the break symbol, &0 1FS perlod (TG s nesdad o
resynohronize the reosivers ared the nonmal IFS sulos for renemdtting a 30F durng backdobeck spanstion
apply. I the “Broaking” devipe wishes i oblals guarantead socess 1o the bus, the highest prionty frame must
then be sent, otherwiss, Dther farss may gain scorss under The normal rides of arbiteation.

B T B TG *
Serimammansmmnmntiniins IR | a8

s

§
§
1
PRBSIA S~

-
o

34
!‘fjf—c—c—c«, e

mrsh of Last &7 ' BOE
DEtso B

FIGURE 20-BREAK SIBGNAL

SR e Bus (idiei-idle bus s defined ae any periodt of passive bus State oocuring after IFS. & node may
begin tansrvission af any time diving ide bus. ' A

An Rile bus Wl edst aer RS (Tval,  Comtention may m SO wWhan twn oF more nodles traneml ey
simultaneoualy; therekove, sesynchronization 1o riving siges must continge 1 poo,
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8.7

SRES VP Symbad Timty Requirersenis- The most Impofisat factor i s:ymw% Hiing unceriaingy i 1he sdue

poaition uocenRinty dus to the Bme tken to make 8 ensition Belwen Ve 308 Ve 00 sither dimation).
The mainum aliowabis wransiion me T, {he wea bhetween VNW #nd ¥l botowds gw tims; agmn
bwtwm the sarivst and latest node i racognise 8 Tranvsiion and B8 ey ﬁ&‘%ﬁiﬁ"s fanyneien As T
redused B bocomes morg and mons SUIN to desinn @ diiver which also mests the ny Ef‘x
reguiemes i e mavne e comns of e wpvelonn wiich a8 maior contabolor o the afiated
covtents of the signal, do not & within the Bmits aposedt by T 88 found in Section 7. =

Other Taotory that affect the fansmiten pulse withh wid osuiilstor Iolerance ant wirations i dalay throught the
resever, noe Hier, and driver. For g fxed osolimor and g welldesigned dinial Ster, most of the vadation
i i the the B takes the drives 1o leave the curment state and stant tim wansiion.  The varous factors {uy
SO s § \}“ﬁf‘sﬁ and siowanos for siamative Implamentations) canbe Wimpded into & single setoldlimite T,

antd T, e for cach symbol. Baoh s messuesd rom the bip point of the praviows transiion a8 seen by the 3

immmr‘:t‘m rxde {mw&sﬁq S si‘&m it} to the begiming o end of the tansiton & "w‘,\ﬁm O ¥

The puise w@ti’* 85 seewy by amﬁm node, which mgw wmma the laading sugs eithe? soones o later than the
srangmitting nody, o range from T, Tomin ™ Frome B Tomae  Tine 10 absoling tarms Thiy rangs r&mﬁs&\m& 3
raceiver's reguined sooeptance mnge for & given symbal, The aciusl scoepianos rangs must be wider toaliow
Tor reoaiver secliiator tolsrencs srel Sy mgamm@mﬂmmm Lreriintes or constraints. The necossery
guany bargd s how closs togethe symbols can bs ﬁﬁim{. uz} k&mme wgmixﬁ hm, thers & Do gpate

i hecause & singls rode efectively dominates sach transition. It s shher the § m{‘i{ mx}a a; Taavi imﬁ m&e‘m}
state of the i_asst mﬁﬁ m m‘m m emw mam mmmh s%\m imm ot ﬁawe&si f‘mfii? ﬁﬁmmatm a &'i Feh 7. ‘
fransiion, he ,
started fransmﬁwg ﬁmt.,

““h@ {REDOSE o e noise Sitwr 51 alirminate § smmsa mse which iy sxoesd the steady-siate oSS MR
aned 1o minimize the nesd for Feateresis at the reneber b, The delay through the ey is compensated &y
it the timing logie. A specific implemertation of the Biter Is not required for compatibiity so long a8 the delay
Is propedy compensated and the uncastainty Bounds are not excosded. I the prasence of arbittary nolss
durng the t*ans&m prerind, the Hter should vespnd as though 3 singls step hpu had cosurred at some point
withia ﬁmﬁ e

The symbaol Nrits defined in Seotion 7 are consigtent with T 8nd the specified cscliator tolerance. T,
‘the noming! symbol time with no osolimlor ser and the mceier detecting the tranaition ot ¥ {zee Mvm &

ContertioniArbitestion/Priority~ A contehtion sittstion arlses whan more than one node stiempts 1o seoess
the i‘?»ﬁ a8 &mwﬁ w serms ne '

3 m\*«smmm DETELTE amenfmn detection is the recogition of confiicting syrobods srbits. The mrogess
of bit<by-bit arbivation aliows conficting frame tranaminsions 1o be detected. & node thal detects & diferencs

Hatween the symibal or it | racsives and the svmbol or BR 1 s corvently travamitting Bas detected m‘ﬂaﬁim
o the trareriasion of Be frame. Only the one fve tht wing all conflicts of oiffererd symises anyd bls w
i the other nodes that began ransmiting duning that frames will net detest contention,

S

B A A SRS AA S A
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£, ? 2 By ARETRATONThe M-yt arbitration scheme desoribed as follows seﬁm the confiicls theg ovoue
whon il noedes attemat to nnami Dames amultanscudy. This scheme is applisd to sach symbol bl
of the frame, sturting with the SOF symbol and oontinuing bl the and of the fare, Si-bybit abiimtion i
based o the s, a8 the physioal laver, of fee values of the bus called the sctive siate and the passive st
Al wmzﬂs st i;sia gre mmw m‘t m hm me t*'sa pt*‘smmf %amr &s:}mbmﬁmw asf m w& %“ﬁ ;mwe sw&

m@m 2 Siggna‘" @
porrion of the frame {mﬁ@w,ﬁg
Some posdbie options are

% hﬁﬁ{}&f}? S m&a «@m Q 5&&&% mmnﬁsm@ f

2 Disoortinge the transmit ansndion mm 33 e start of the e bt {nimilar o the action ttken # covtention
i deteoted diring 1he hoader phesel. I tansmission of & message srematurely forrinated on a byt
boundany due to unepecisd sortention detaotion fol g e header, Doe mUSt be tuken by reouiving
mmsim na ta ax‘s:szg\*f ﬁ‘w masmﬁ}& RE 2 wsm s:m@ Tmfe B a 1 ,ﬁs wam& ﬁ“&% the "m b\ﬁe regetved s

m&d -‘ts:a walidate th@- w:ew&:i memg& m @asuw % is of the {:N*{K‘.t fengm

3 f Tranemd sdditions! Dt {= 8) when contention fedetected on & byte botndary. This snsures that a frandng
N arvnr Wil be recehed by all ot recelvirs iy the case ob umsepected contentiun detaction poseilly duste.
§ nige, ‘

% g

i Bus aeoess i granded 1o nodes swaﬁm \w active sta i &xgm. ms:w nixles sending @ passive state sigeal,
Figure 21 shows this oparstion on the physical laver, based on the hee formg of modilation aliowsd {PW and
VR ' ‘

The achiration process beging with the SOF and continues ?-r:m;ﬁ A% the b of the fames baing sent. &s
sath symbal or Bt of a¥ the simuitansous frantes & ransmitted, alt of the nodas Qi transmitting alter the fagt
\y symhes oF bt will detact whather any contertion ix taking place. Nodes that detect comantion have, by
! definition, lnst arbitration and wilf discontinpe serding any further symbols or bifs. Sy remaining nodes wil
i *@n‘mi&s kool awﬁ thalr syrnbois/bits unil the next ooetention is detested. The nods which phisins sols aocoss
30 tha medium is that which sends 85 syl and bty withowt ﬁﬁi&mmg oy mﬁf'wﬁm

BT ARBITRATEN ARSa-The arbileation restltion gescritnad pravinusly concems all the symbiods and bits hatwesn
?:*'ﬁe SOF and the BOF inchuding, i the case of an ndname response, all the synbols and bis of m? -fame
R : - rasponse. iy am&r words, abitrtion sotx mfsmgmm the frame,

L BT Frawe P %@mvwmw Eit-bae- bR arbiltration mmhzmmm gliows the impementation of & frame priority system,
When unique frames of, mare particulady. when arbivation is resclved down 1o g single tansritfer ;mw o any
! datn valis within the farme, 2 stciuee of relative wame prinyity Is inharent,
23
:

Shotsd e or mors nedes SIenp G atoess the bus wittin the sems fame synetrorizstion window {«\m 8

FASAS and 6887, nondeshusthee arbitration vl accur based on the BIUwtiue withiy each fnene. The bus
Slfows WD slatey - antive and paseive, I an sotive glale D and & passhe slats it ane rarsrdted on the bus

simultanagusly, then the sctive state bit will overide the sossive state B, Hencs, frame arbitration ooows in v

a biteise manmer. The result of the arbitration i that the node(s) sending lower priority framme(s) wit r&wmm-

that they have st athitomion and off discontiie fransmitting befors the nist B tima. The node tangsn

e highast priovity feame will continue ansmitting uninternupted.

ki
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Hoda & B oad Vo o % I S

Pviay d&\.ﬁﬁf\.a h\ﬁ'

Seadigy & S, p Sy gty ey ety
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Sode ¢ B ol
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BIT-BYCEIT ASITRATION o R USH BRuUs
: Sexuding R iy < e : = ‘
3 NQ{&)& A g m:-“: N 3 i b i St e e i v S e
y Conrenrion detectad By & =
\ “&' N 3 ¥ N Iy X
§ Bl R CU: N : { I
Ssuding B e S { gy
mﬁ&\:‘: Q i E 3 ,“::::j S :hww.— s MR e i AR e e e
Sontention detectad by ¢ 0O
Slgmal o & e — \ T e T S
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FIRURE ﬁz»ﬁﬁﬁ:ﬁ’ﬁm‘ N
%ﬁﬁ o t’??e it &a&n tons c:mmi susdd m &mmn & ﬁ ﬁw mst -@aim? azgfteﬁ mmm;gis}iy fm&mm ima \QF w*g
mnt}a&m vmua m zo000 w.\..i }me the aiﬁa.&uﬁaﬁy h&gﬁ&ﬁ ;:3:\‘3?&_‘3? {ti‘m ig m&* &. m;m: g:_mm? ﬁi’s&} B{}A m‘ ‘ii i}.-
&8 &@ﬁa m&ng Vig Physioal m?arm“fma fransition e a m\r‘mmasfgmfamg network frovn an Lnpowerad of
standiy state i common socurense n vabicle raullipler systens. In the contexd of this document the
Session Laver controls the transitions between the operating and ¢ ?3_-%‘5! mmm statas.
Twi perspectives are used fo define the session layer

& The view of the medis teslf, without regard 1o the individual nodes on the setwork
B The view froman idividugt note

foth are raguived for a complate sﬁéﬁﬁﬁim of the possitie states of network operation

1 b coopenied that 3 typicat vahicls medtintes system may contain 3 rivhve of unpoweved and powsrsd aodes.
st that the individiue sodes may themsehees have both powsred and standby slaies.
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581 MetwoRs MEDi

€817 Unblased Network-4n unbiased nutwork is alf conductors & ground voltage and the impedance of the
sonduttons not controlied. Mo commistoation B possibie on gn unbissed network. The media mustfint be
brought 1o the blased state belors communication can fake place, The tarsiion of the netwark from the
untiased to the bissed gtale may sene 88 & node wake-un signal for cemaln applications, tutthis B nat &
requiaent e, iy possibie for individuyl nodss to be in the sisep State on 1 fully blaged network or is the
Fwales SIate oy an unbiased netenrit

SRIY Niszed Nefoore-A biased network s all conductors st the "pesshe” voltsge levsl (with no communication
Qeslrng and with sppropniste impedances canabie of suppodting communication.  dhddiusl nodes anthe
netaork may et iy any of the thres stalus cescnbagd a8 Iliows. Note that nodes which use the e}gﬁm&i
stosn it sfe saquived 1o wake up from the aporopriats nebwork signgt within 8 difined wakewp paod. |
ottwr worts, 8 anduswhich ars capable of wakewad from network signals must do so sthereise these a*r:is@
are considered “unpowersd” THis rapdrpment sesures a Hnite and Nl delay i patublish mmzmiﬁam«
with nodes which may be in the sleep stats,

““ha 'ﬁma r&ﬁn&r‘m fc:r‘ im mm;a N ma&:a '@‘s& fraﬁsstim fmm me' m‘:éasm m the ks‘&asw? gm i& ok :seﬁmd i

m@d%ﬁ &iways maseﬁ‘ ?‘m tm same m&m i*e tirne mﬂurm %es:‘ ] mde o make mﬁe ﬁ'&ﬁ&ﬁi&ﬂ h&i%w&“ i?ﬁe
urpoweneel state and the sdeep ov awake state is alsn ra delined

883 iwmﬂm Nobes
S8 i}ﬁﬁmwm Node-&n unpowersd node s et capubin of nebwerk communiostis, nof waksup fom
etk sigha! ansitione

8822 Sissping ﬁmﬁwﬂ ﬁmixag rm& :My *;aw an @;:mma ‘wmmw mﬁdw e ¢ \,&mwa s;s* ﬁetmﬁg
- retwork siphal anslions ky
w any* mm Mgﬁ&m ﬁ'

;ﬁ}g_em&rﬂasmemﬁ

§R23 ﬁ&&mf‘ﬁj}w&mf?éﬁ*m An pakn/oparationsl node s Rully capable of reoeiing and mﬁm iting **ames ey
thﬁs network,  The maxieom amount of tne fom the wakeup stools o W node s sapalde of
cmnmwm*m fs implomentation spenific. A tansiion of the bus from e passive: msts 10 zm active siate

shall be sonsidennd g waksap® s@mﬁ 10 4 Sleeping noda. Proper bug tas must D supplied by o nodas
@e&sg}w@d 0 supply bas when the mm@r 3 poversd,

88 Bhysicat Layer Fault Conviderstions

587 RECUSSD Faly ToLSRanT Monss-The noleork sust mest the sequirements 8 mm& e the ollowing
falure wmodes:

. Node Povwesr Loss—Al nodss st tontinug tc, roeed the network fnakage current raguiremeet durtng & loss
OF powesr for low mm;gs} condition. .
| &ay !“{\ﬁﬁﬁ w*mn ﬁ?’?‘»‘ ms.& is s?wwzf m @:mfxi

o Bus Shon to Battery-Network dats communioations ray be intermupted t:m there shall be no damage to
any node when the bus is shorted 1o battery powsy,

¥
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EAE JIRS) Rewvissd BaVYSe

& Loss o Node Connestion 1o Ground-Whan 3 node lones 18 groung connsctinn, the remalning nodes shall
rmm capabis of mmmmmmne

G832 Ornon FOar Tousrer 8
fold st.rwsnﬁ faflure mm&" o

g Loy of Teoninatigs *tsiagmﬁﬁasm@ and termination resigtory @b&i& b fmuﬂdaﬂt wch that oo sar\as* Fuiw ey
fallure will causse the netwark 1o Become inaperative, ,

& Loss of Conpeotion 1o Nafegrk-YWhitn § node WW&S discormeohad fom the nehwark the ermainiyg

'm:@a& shall ramw sapaiie of commumisationg

Pus! Wire Fauft Tolsvant Opsratioee-Nodes on 8 (*tad wirg mss Ry he capabie of il communication
{senciing and recaiving frarmes) at tm smmﬁ B Aty i e pmmse of any oo ol the *@-iawmix fauils
pEcurring arspwhers on e netwark

b
2

{1} Bus "+ wirg Opary Croglt

Bus " wirg Qpen Cheuit

s,
o

31 Bus Y+ wine Shorted © Sround

() B " wine aﬁm&d o Grond

& Bus v wie Shored 1 Battery + Nl

) Sx}s G Shorted 0 Battery + g\m}

73 Eh§ Yl &mmﬁ T R A rx@m Q&‘mw i‘imumi e Eam"w

(B Bus o wire Swrted toany mﬁmgm &an Ground and &aﬁﬂw

Molee mmun*ty s grissions may be somewigt ﬁﬁg"&jﬁd dmﬁ{; the Ssuited pertod but shalf retin to normg
ﬁﬁﬁr‘tiﬁa fault & mwwm@ . : S .

Al rodes shall be protected from damiage duning the prasence of these tadts such that recovery fo noml
opseation qocurs ooy uron remevid azi*.ﬁ*se. ém f:m-. im :*“ésir shall ﬁﬁf'm,(}&w -thmmsh e nadek).

Continust) oormmmuninaiion i not t*‘am&a for the Doidda F&tﬁi‘ mmﬁsﬁ{m t:!f i*’ﬁe ﬁm £ w&r& aﬁ@f‘i&d m the
Bus " wira

3

&G E\&ﬁﬂf Rmmmmam«» T vehicle mancfactirer shell speciiy s minimum EMO leval of nperation for a module
tht g s interians device A philosoptical wsthod for classificstion of imctions! periormance
GEN b& fmund in %ﬁt mﬁ"i Part t Appergi 8 formedy SAE J1113 Appendix Bl A& componant maradaciurer
that designg tha infarface devits 1o sonfurm 1y m@s moad severs tassification of Class & Rmsm 2 mm@
ool be assured of adeguats pedormanes for @ i coreiiions.

Tha mdadplos that communionte with sacit other vin Tis Intorface dievice shall et geneeats bevels of nolse

amissions (EME large seough to ntarfore with saeh cther. For refersnde, the levels defined by QIEPRD/WGE

{Secretanial) 18 Sepl 1980 may by used, b ganerdl, the ss&:&c&?ms o wave shaping and trw&sﬁw rise ang
: f&% Hmies Sonted the BEMI leveln
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The vehicle manufacturers miay fnd SAE J1211 helplul in speotying their multiplex systems.  SAE JIBTS may
alse e iaiieo Tor speciying componmie

This document rammwmm‘% The vehicle mandaciurers use am faii@ﬁm ﬁmsmms and the oailined EMOC tast
plary ainfined n Appenuiix B, - EME and voltags Yevel® roguirerme s apecified by the Tast Plar ave given for
referance omy and the vehicle mardsohurer spacifications shall be ysed o mm;s&mmg esting

& "‘%&sﬁs&eﬁ Emamﬁs Artorwy & H&.“a Ts««s.t E&SF’FE;*{E W&i‘a‘é‘{ﬁ%f&i&“&aﬂ 8 S 1085
B Transter Function, Currant probe monfioring (8AE 1118 Pan )

¢ Transfer Function, Antenne monioring 888 J1T18 Pat 3

g, BF Suscoptibiity (SAE J113 Part 13}

¢ Vransent Susceptiblity (888 J 113 Part 1)

Y. Paramesters

3 Application Layer-The following Application Layes reg m&m&wﬁe shall st whiniover the natwark i used.

Bl Dominange - R bR ciamm%m over & 1 b
7.2 Dats Link Laym

F21 PLLSE Wiote Moenesnon (PWI At 41.8 Khpe-The maxinun fneme length from S0OF *z:& EQF inclusive g 10Y
i:s:t imes. The madmurn sumber of message tes (e, s«mﬁamm frane delimiters SOF, BOD, BOF. and IF8)

i 12 bvtes. *
T22 Vaniaes Puss Wiors PwW) m* 194 mmm‘i'“@ maxinum sumber of message bytes fe, sspluding frame

dalimbarg SOF B0 BOE, ang IFE) k12 bvtes.

AR s S I W A AN NI

T3 Physics! Laysr

TR ss;&sm. METWORK R&m%msms {sow Tabla. Es

""Gnl\femﬁs ?%mwwk mmth EE i 38 *m*mra
D ehicts Network &mgmh ) A rsters
Total Vehicle Network Langth A0 mpters
Rt numbior of Standard uolt loads 32 nodes
fncuding offeahicls sgtipment)
Ciftvadsicte Toad resistce ” LS Kohwes ¥
Oftvahivls capaciiares 500 pF max

{eaah bus wirg 1o sigral or chassls ground, as megstred gt
the SAE. Jiﬁﬁ‘:‘aﬁ poRTEC
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TS PULSE WOTH MODRATON (PR

. AAR Y PN Timig Regubenianis~The foliowing rmwwems aiﬁiﬁé‘ 3 arecfora mwwﬁ it tine of 24 py oF
416 Kbpe s ston on the network med,

(R} TABLE 3-PWN PULSE WIDTH TIMES {zes)

Symbol T T Yo ?i,n@m Timan Rxomin  Rxgmax
Tpt: Active phase "t ®7 8 <8 =8 =11
ToR Active phase 218 18 S b ® 14 %18
Tol Sitime =23 2 x 388 & 22 ® &7
Tod: SOF/EQD timg = A7 A8 = 51 =48 = 53
Tos: BOF tme | T v2 B BTG R
Tod P8 tme Comw 56 STES oA gl
Toth Active SOF oA 32 x 88 =30 =8
Tl Aot BRBK =88 40 = ¢ = 38 CAR A
The BAK o BS e = 118 @ A NiA s
Toilt SOF i Dats riging sdgs = 87 48 = &t = &5 5 82
TR11 Pageive o next fising sdge =8 N LR 24 N8

SOF transitions into S and iz not actislly 3 rensmited symbe,
: Mamm;m 3 ﬁﬂﬁ;& o nawt BOE

Transmit tcderantes include peclistor ilaanoss, phvaical laver éieiaw fla, turon and fureolf delays), and
athet miscelianeous dlerances.  Becshw tolasances nolde *mmsmmm for violtage offssts between
tmnsmﬁzm sord veosiver and other siscolianeous derences.

FE Symbals m@mm i the gnw ama& ;wavmmv san be decodied a8 sither thi symbiol bistors or after that &
; thie gme aren. For exampie, an active mdse of 12.5 gy can be decoded oo sither an acive prase T Tou
or &t active phase UV {Tp8). An incorrest dacision will be dutanted b the ORD svoy dutection byte, Figure
22 ghves an emmple of how @ sinal showdd be deocded based on the recebsd pulse k.
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Reesive an THL

Reoeive a8

R ¢ AR AR AR

¥ ¥

s Bpostve an Tpl

Timefusy © 8§ 14 i

.’g

Tpl Tp2

5 () FIGURE 20-EXAWPLE OF RECEVING A Tp1 OR Tp SYMBOL

Rete that & pulse width detectod Betwesn Tt {inin} and Tpi {max) mitst e decoded ay g active phase ™ and
& pidse wilth delociad Datweay To2{ming ang ToS{nsx) ot by decoded as an sctive phase 17 However,

& pise width datected batween Tt fmax and TS imin con be dscoder as piher an active phass 1 or aotive
chaze 0"

18y
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7382 BN OO Parametors {sor Table 4 o
TABLE 4-PWH OO PARAMETERS Y

Paramater - Symbol  Min Typ Wax Units

rput High Velige ' 280 . 838V
g Lo Voltage ¥y 108 s 28 ¥
R Cspust Migh Voltege ¥ 3 e 5.2% Y

Outpst Low Valtags Wy 000 - & v
Absolite Ground Olfset Voltage Vi {0 - 180

Bus {+] Oriver & Bus {~} Termingtion V, v e -
Supply Voltage

Favaiver Input Lommon Mode L 180 o 28 ¥
Orserathng Range

Roreiver Hystarasis & Ovexdnive (O s e 180 Y
fatwork Resistance feach wins) Riss 85 - AR ohg
Netwok Capactence (each wits) Ty 500 - 18300 pF
Netwark Time Constant * Toas™ o o T3
Sianal Trarstilon Time T = - 178 Fr
Node Resigtance ", 2,800 - pluns
{urdt load, sach wins}

Noge Capacitanss i 285¢ - wF
{undt losd, sach wite 1o grolnel ’

Moy Dapaoitanes e o 1 e oF
funl fosd, wire-toawingd

Nods Leskags Qurant s - We e
fach wivs - pttve stated
Node Leskage St fassu - 108 R
{ach wive - paseive slate,

unpowersd nodey

Node Leakage Curren
{eanl wirg - Dassha stats

© Rader to Appendix D for an anadysis of the PAM waveform. v
S The nerpark fine consiant (T & the produnt of R, and G Thersfors, soms
cormbinaions of ntwork resilanes and network capackancs are nol sliowsd. The
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TAE Vanasis Puisr Wint Mobuation (VRW

TR vRW ,rmm me*f\wsw*smt\e? olfowing rmnw@n{s samwﬁ show t%sa ww tiening mﬁum.

Symibol Teanin  Tapom  Temax Rxomin Rx o

Toi: Shart Pulse a4 0 % 79 » 84 % 88
Teg: Long Pulse & ng 128 =188 » 88 L F o
Tyl SOF/EOD time = 182 00 218 > 183 £ 285
Tod: EOF time 26 amn Nt s NAO
Tvs: BRK time ' B 200 o = 5 ms > 2as = Y8
Tvi IFS time X 280 300 A 30 MRS

U EOF funsitions o IFS and i not actually 3 mmme(ﬁ‘" swutm
* \iax;m:m IFE s 8t neg SOF

FE32 VPW OC Parsmalers (ser Table &
+ TABLE 5-VPW IO PARAMETERS'

;%;mm&r Symbel Hin T Max. Units

) mpm High Voltags Fa K8.35 /o ¥
Inpus Low Volage ¥y -~ - 380 ¥
Chapat High Voltage Ve 8.85 BOG ¥
Cutput Low Voliage Vi 9.0 150 ¥
Absolute Grownd Ofsst Voltage ¥, 000 - 200 v
Network Resistance s 318 - 1A7E ohms
Matwork Tapssianes s 247G . 18544 p¥
Hetwork Time Constang® Tt Lo s *%2 e
Signat Transition Tims T e B8 g8
Mewls Resistanee fund ke Ra e AGE0 v ohums
Node Capacitance skt foad) B ¢ ~ 470 — &
Node &%%gu Oirresst Law e 10 a8

* Refer o Appendd O an anslysis of the VPR wavstore,

rudtviciual manufaohvens may requite 3 higher upper limb i\{m\m}
?h@ aetwork e constant Tl s the produst of R ant D Therefors, sotg
mwm:ma af m;wfv: resisianes sr{j rssmm aspasmm are m:s:‘ ahowed The progucg

2
3

¢ , i
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8. Notes

84 Margingd Indicia-The (R] ks for the cornveniense of the user in lotaling areas where technical reviglons have
bean made o the previous issuaof the report, the symbol is et 1o the report e, § hdioates a compiste
rovision of the mpod.

PREPANED BY THE Sa8 VNI L»ﬁ NETWORK FOR MULT Wi..E}ﬁME ANDY
E}RY,& {‘:&mummmism Sﬁk“\imﬁ'}ﬁ CUMMITIR
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ﬁa??‘%’NE}%X A
CHECKLIBY OF APPLICATION.SPECQIFIC gﬁﬁmﬁﬁ&

&7 Figure AT kv a chagldist provided st seald to hghiight the gomm et s‘emm:& {*f R &%&

%ﬁiﬁﬁg

AR

,1,ﬁ%§&m§f§;:;,__

T Domrnants

\eiie &&:x

| Brwak {Bﬁi{'v‘; '

Kerierervrdirerirees

ﬁm of R&nm

| iovalid BR

| nvid Symbol

| Invatid Stucture

| Number of Arbitvation Byies

N%ﬁ@ Pwr Lose

- Blus ot m Ground

- Bus shfm: ool Saﬁm

Loss :ﬁ Rocte Sround mmwzmx




ORI

A A A RS AASCAR P SRR NI
B T Y

.....

10,8 Kbps

Varigiie Puige ¥

et a4 A5

e T

g .
S
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b L et

RPFPEROX B
§O EMC TEST PLAN

B4 Radic Disturbence From Velicle Componenis- (CISPR/D/WE2{Rerretariot) 15 Sape 1088} - See Figurs
81 for dagram, ‘ ‘

meg Tor Fan Veltage Ten ¥ni Saldan $REON J0AWQ
) "

§ Tiouss Paix Sutpat Lonnstar

SyRxigds
3

FARY

oo

 bosfnnd 1 {FEERIGRE el TERRINATION & -
‘ LOXD MOBULE

PR ORI

P} SwaEn SRneraver ' ; S
L S : ; o R TR

YRPERFACE PO
ER S

ey - " «‘C\
S mrdaed Flanw

FIGURE B1-BMC TEST SETUP

B4 Radisted Envesions Amtenne Test
B0 Fagousney Bayes-10 ket 10 Gz

B2 Banpwom SErmes

& Frogueney - 10 kHE to 148 iz, Bancheiith - 1 kM2
b Pragussey - 150 ke o | GHe, Bandwiith

B3 Tesy Dara
81137 Amblont Relarmace
A1 KM modulation off o
b Both trenseriiter and reoabr powsy off
o Swesp sl off i :
81132 lde Sus Slale
& 90 KMz motdaion off

b, Both wensmitter and receivar powe on
o Bwosp signat off
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& 10 ke modulstion oo
B Both tansmiBer angd rposhar power on
& Swasyp m;minf*

8143 Radisted Smissions Probs Test

H121 FRroushoy Rass-10 kH i 300 MMz

VLSS Bannward Serrieg

T8 Sreguenoy o 10 kM2 to 199 ke Bandwiih - 1 R
b Frequenoy - 150 bz to 1 OH Bendwitit - 3 ke

BA2S PRORE Tvee-As reguieed 1 make measurements

A S A Ap A

& Recodenercded probe type - Tektronie ABI0Z {0 - S0 MMy
b ﬁmwnmmisﬁ probe type - Altech SEII1 30 - 300 \#mi

B4 Fross DISTares-8 oy from pant

ﬁ) 3 -2& \n-a} l ﬁ gm

BL28¢ Smbent Hafwengs

& 10 K mochdation off ‘
L Both tansmiter and recsher power off
& Sweep signat off

R1252 ide State
£ 10 ke mooulation off
B Both mansmiter and rscelver powar on
o Sweap sipnat off
1083 Actve Sug
. . 10 kHz modulstion on
b Both transmitter and recelver powss on
o Sweep migaat off
B2 Tronsfer Fonctis-Seoinmmagretic Susceptibiily Massursman Procedures Ry Valich Qomponents

B.21 Gurremt Probe Mosiorng- Adapted fom SAE J115 Pan ¢ Formady SAE J1113 (hug 87) Seotion 21

& thwamy Mz oI ki
f. Amplitide - 1 V peakdopeak 2t test point




A R kRl PP T  I L

e e i i e i

B Antenna Monorng- Adapted bom 8AE J1113 Fart § Farmarly BAE J1143 (Aug BT Sacion 3b

8. Frequensy: 380 &Mz 1o 200 Mt

b Amterustor nput powen = 35 oW o genenale 1V peakdo-peak ot test podnt
B23 Test Dita '
B2 TRANSPER FUNDYON FROM YOO TO 8BS

a i hﬁz modulation on
B Both byosmiter gogd rateigr powsr oft
& Swaep sigaal on

8232 TRaugrer FunGrion rros GROUSD 10 Bus

& Both transroilter 2o IROSIVEE powEr on
& Bweed slgnat o

B3 RF Suscepiibilily- Brotromagnatic Susceptibity Measuramant Frovedures for Common Mode injsction o
“sorapisnce, tes! per SAE JIN Fart 13 formenty BAE J1547),

B34 Test Data-Recor the neture of any inferaction oecurring befow the 1ot level along with the current and
Faguaney. "

B4 Tronshent Sesceptibify- Test per SAE J1113 Part 10 {adapted from IS0 T837/3).
Test Pulis Ampditude
2 Tost Pudse 11 ~30 ¥ Referencs)
O Tegt Pulse 8 30V Rofersneg)

¢ Tast Pulss 3x ~80 ¥ {Redwrenca)
o, Test Fulse Bln 40 Vs (Reforovnins}
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ARPENDIX £

| UPW WAVEFORM ANALYSIS

O VBW Waveloen &na@w&m F@gum O shows a drawing z,f 8 m wm@i‘m wilthy warious w:nm;a ie«mis gl
ip poids. The voltage fevels and tip points are delined as folfowse -

L2 %"@&&‘a& Lovaly snd ?’fm F&mﬁ

T W™ Minimen guarsiesd mﬁm Hgh weltags. Tis s @ 56 a*;a ighest tip g, with the souree Handng
4] gfmxm @ﬁm roing, ang the sooshet having §V of nolse

C.23 ¥y m;&w*x%&xmam guaraniond cutput low voltage, Thin s slso the highest m;:) Do, wﬁh ﬁ*& seceiver ?zaw\g
o growned olfset nolsy, and the sourees having 2V of ndlse.

TR Veloex! recniver tin poind

L8 Vo~ Minhrigm guarantend gt Ngh voltage and & iso iy highest i point with ny mﬁ(}hﬁ

g8 ‘&*ﬁ e~ DMt fuaranteed srrs b v voltage sy s aten the iowest irit point with no ofisse nolse,

O3 VR Pulse Width dnelysis<Faciors that affect the tranemitied pulss witth are oseilatoe tlersnce and
vanations b deday theaugh the source diiver, and the medium,. These oloes, dlong with some guard nanﬁﬁkgs
are lumniped o 3 single sl of finits callad T 80 T, o ot gach bus mnm

Evpuations OF and 02 are 4sed to goveate the traneriitad putse valuss shown in Talle O

T(N‘c = {?m& s Ttﬁm}x \“2} * 488 o Twmx {EQ\ Sﬁ}
Temer ™ oo T A2 % 188« Ve Bg 08
¥ 188




TABLE CI VW PULEE WIDTH TIVES ()

Taomin Ta.nom To ey Rumin R e
- Bhot Puse PO s 7a a4 Tas
Tuds Long Pulse 112 128 145 88 pd
Ted SOF/EQD tme ?&? 208 #ng 54 bris
Tedr BOF time -~ v - 288 oaen WA Lo A

x'mﬁm & snree *:imw ari\‘,i mzm,._ .

For VPW, mode synshrontzation & an integral gan of syrabol tindng, Al
Trarymernt Biming ovn thelr receiver’s parception of *’w orEvious adge witho
gus o el own o anmh@r B rmmr

'tmmﬁﬁﬁg moches rplersnion thelr
wt regerd 1o whsther et sdgs was

»mu*e& O shows o plot of T, Teoee 3 T, o Bach s messured froms the dead i point on the jending edgs
of the waveform.  The fact ﬁw what is seen 8l the solrae’s oWt reosher contributes 1o the ranemitted palse -
wichth and implias that the xaumﬁwm sould be using schond back Nﬁamam Yo shaps what is ansmitted,

The piday widtvsedn by anmﬁer s {ravebvery can mnge Fom Toae = T m Tomee ¥ T This rangs
somes from the vanations i the ansmitted pulse widgth combingd with posslise noiss offsst effects on the
transinitted and recabdng nods The ”Z\m Tomee SHURNON O00US WhEn 2 T, . iise wilth is transmitied by
§ SOure noce with no ground offset noles, and moshed by s recsiving nodle with 8 28 of ground offsed noise.
This sels up the pm;b?iwm the receiver PRI 81 Vg 21 The mmg an mﬁr@ m m‘ we w&g@aw
Tharelore the pulse widih seen by angther node for the this T, -
miemﬁm and guand banding s giéé‘f‘ by Bguation 04, Bquation 08 éamﬁ tw ms&tsmsm m;amn Ci far
Tewe 10 Bpmtion O80 The T R S fantor is e f0 zero sitoe an sl ip mzm s ne ground offsst was
assumed. TRe T pp b Vg 8 ﬁmza{w seours with & T, o pulse bewng ransmitted, the sowee npde ha\»m Pty
of nolse, and the recelver having ro oliset. This sele 1o the possibiity of the ?mng pode TIRNING 8 Y
Aguin the sotusl aooeplancs range miust e wider io aSow for the recelving node’s oscllator folerancs and sy
mplamentation-depandent uncemyinties oF constraints. Simdiary Bouetions 8F and 08 are derved: R

The recaiving aode may perosive the lsading edge sooner of ixter than the tansmiithy node feoures nodel
Tivia rangs rapresints & recelv's required ae m;msm mne f::ar & an bug s*gmtzm F‘sgwe‘ 2 mm% a
drawing of tes scoeplanas mngs ’
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‘*Ew mﬁm waa*a%am e vmﬁﬁ txmw the *m‘:smﬁe»* ot &,

] ‘“ﬁ ti‘rai i;m.ﬁti Trigoer any offiey node

‘ ‘f?@e imsst wau m' hai cmﬁ ‘}gﬁf m@ Emﬁsmi'&m & poii A

ﬁm i mmﬁ irlgger sy other nodle

The wavalonn d&sg&emw fﬁi}& m m&wm*ﬁer feraneas i a&a@m@r girtver, ot

oaat

TH2 IHR) traramitiad &w@m whan tramsmﬁ time irlle sre Combined with the other t@iwr\ﬁm i e

« The shortest fegiimale symbal Yo which can lepitimately e soan under witst casy coniitions.

Thi longest legitimate symbal tine which can lepitimately be seen Gnder WOSY case wm‘iﬁsmﬁ
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Lo e FEE L ¥ & °F o
’ T-am\u L i{{T-‘mt * “‘r Sy 31 }{‘:“" & 'x,\ W

P Wi&\ & mr&}m mmwm ami aemm’i & J&R‘Sﬁsfm iﬁ _mis sde&* m's p{:&_i’!‘i &%mw é"f-‘ ésst_;r _;s rs_sai m‘zw tim m;:a
PO Ty g S0 Dy spprosimatad by Egustion 03 sssuming @ linssy wavalors tise tme

“{i;\nmt = ?fm{ * ﬁ‘*’f@mﬂw - ?\m u’ {*\"m sy *\wm }} e {&Q a3}

The valuss for this rangs show in Tatie C1 wave arrived af using Emsamm 08 and 8. Notw these values

sompare Tavorably with the viives specified i Section 7, Talde 5.

Tr'w = {?smwz THM::} O ?‘m&r Co {EQ> ‘:"g}
‘Eﬂw = i:r«:\m T\t nmrm THEE - ,wz hid Mm} a1 R N S {&{; b
?mw = t{{{ s mmi Q " O8E ?ﬁ wrﬁ = ?’mm} *OE8 - Tg__w i‘fﬁ i\"ﬁ}
Voo ® Toma & Tiad ® L0 T‘“'w g L7
?zww e {{T&m F Timad 28 * 108 4 Treel ® Vit ¥ 1A Vo {§{§{33}

Tiwasd T 088 4 T B C8

The 8% quard baMs cover the pecliator toleravoss oF botl transmitter and recsharang T ~ 40 oovirs the
ettt uncaraintios, including mcehver delay ang dighal iter delay, YOW bus symbais adlow no forbigden zones
betwenn sﬁgmbmﬁ

Table C1 shows the VFW Pulse Width Timing Reguirements
fter Comperaation-The season for choosing & synehunoes date srooding sahnigue i 1o synchronize gt

ww valid state travetion: ¥ the oolays tirough the Sy, recobvee, and oUWt drivers can e chamrterized
te & constat valte, this dilsy can be companssted for by e tivng logie. weistions in delay caused by

this Filter and 170 Hardware cannot be easly mmwm for, then the Sourse interface devies vasalions

showld beincluted inthe & 5.0 03 otordefived in T, i B0 T e A vty vasiations in delay and Including
2 safedy oo ‘iﬁ#‘ tﬁ&'iii 2ones Hatvean wﬁﬁ& for e Rm:emm devics shondd be indludsd nthe o 40 88
factor defined in T Ve 3098 T
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AFRERDEC D
PWR WAVEPORM ANaLYSE

8.1 B9V Wavelorm Aselysis-Figure D1 shows 8 drawing of 2 typioal bus waveform with warious voltage invels
“and I points. . Table DY containg the OQ parsmster spraifications.

Active

BUB +

Fassive

Fasshig

Agtive

FIGURE DE-TYRICAL PWR WAVEFDRM

s
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nput Figh Voltags Y, | 28 828 v
ngit Low Voltage ¥, 40 p2n ¥
Cupput Figh Voltage o Yo 380 o &35 i
Output Low Voltage v, .00 120

Absolute Ground st Voltage Vi o0 ST = S

Yy
2
3
%
o

Bus {+) Detver & Buy {~} Temvination Vs 478
Supply Voltage

Hacabier input Qommen Made L 80 o 2TE 0¥
Cusmiing Range

Recsher Mystarasiy & Ovardrive. Vs Wy owy
Network Resistance {eanh wiral s . B S 378 mmm
Network Capaoiiancy faach wivel st o o~ owmang pf
Natwnrk Time Constarg | Toes “

Bigral Transition Timg 198 e

Node Resistancs 8 o L850 w phums
funtt Ioed, sadh wirg}

B
3

4
i
g
i3t
%

Necle Capavitance G o =50 -~
funtt load, sach wire 1o ground) ~

“Node Dapactiancs i e ¢ — pF
{fundt foad, wistoawing} )
Bode &&?&i‘ﬁés}& Qﬁmﬁﬁi T im e o ‘Eﬂ{} 88
{sach wire ~ aotive stats) '
Muooe Leakege Durrent: fsts e wWe A
foach wire « passive slale,
unpowered nogel

Fo
o

Mode Loakage Gureent N, - -
{Bach wire - passlva shale,

179
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8.2 Voltege Levels and Trp Soimy

B V-Thigls the input high voltngs witch @ racelr must ditett a8 an active state on bug {43 sl av e
passve siate on bus

A2 V,-Thia is the it low vollage which 8 bansmiter must Jemet as an aotive state o bus ) and a8 8
rsesive shate on bus {4

D23 V~This Is the oulput high voltage whith a tranemiier must deve bus {+] and the voltags which bus (=)
et passhely refurri o, Note (et Ve 18 Ve Dlus the abeolute maximam ground x}i‘iae‘a villags Nwm}

B34 V-This is the oulpat fow valtage wiith & transmitier must deive by <} and S vollage witeh buy {o ) must
passively reum Ie. NOTE TREE Vi 18 Vans MINGS the sheolite maximum geound offset voltage Meant

§ R3E ¥ This i the abatiute grount offset voitags that oan m@'m betwesn any deo nodas on the netwark.

nas ‘&fw ~This is the supply vidlage whish's transmitler must use Ko diive bus {+) and teominate bus (-4

i ovder for the diferantial recebar 1
as {«d ssgnais rmm LYGSS A R vollage within this tange.

remg;m?e 2 v& sﬁ *&}@ﬂ&i mmﬁm ﬁm tm
DLLE W, ~This is the recsver hystorssls and overndrive voltage incluging any power supply seforencs tolesnoe

D28 RoThizis the suptivalant pebwiorl resistancs from sl Dus wirs 1o the comasporgiing pasaive valtage

R C maer | 1S 1 thie acuiveant nebeork capaclunce from eaoh bus wirs 1o ground.

BT Vo This i the network time conalant for sach bus wire. This Is the prodiuct ‘I?*f Resand C‘\w of exch bus
wire. The time constan delernines the maximm amwm@as&w tranattiog fimy

i

ﬁ&? 2 T ~This & the signal Sansiion thme for sach hus wie fom amm shs sotheeste-passive slate oF passive-

acthe state, The passhe-io-active edge s driven by the tenamitter arsd shall be no more than T The

actvado-passive edge i determined by the naheark time consbant, bus mﬁ&g;@ fevale, and the pasoies siale
Bupply voltens sl

0 S m’?‘m is the wnl fosd nods capaciiance of sach wire to ground, Thiz capeciance, slopg with the urd
ai}&d ma %Mﬁﬁai&& wirs-do-wire, results n the ot nework cepaciiance referred to e Q230

R E- hwm‘i”hm i the unit foad node capmoianas wire-kewire, This vapas 'tanc@ along with m ricele mpamm
of each wire to grownd reals § i the fotal setwonk capeciancs referred to i Q218

BRAS Le-This is the leakege current of sach wire when the bus is In the aotive state,

DRAE feey-This in the leakans mwm mf sach wits whan tb@ b B the ;mmm sate and the ficrle i
unpowersd.

D.2AT Leass~This & the & iasﬁ surre of eanhy wire when the bua i the passhed st andd the node B
powered.
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8.3 dapst bfmg@ Lt Ghvews the Bug {+) mwef & B {3 Termination Sua::w ‘«s:simnm {¥ ot S0 tha msienuam
Reoeher Hystoragis & Ovirdirhes Voltags (W m“ Ve a0V pan be dervedd (Sew &Qmaﬁs T tvough D)

Ve > {Sround Reforangel =V, » 000 « 100 » ~LQ ¥ | B DY
vﬁm = % ‘?Jw.:-rv} it V*Mm‘zw = X ié?fﬁ ~ {18 = 3 “* {EQ« {}:2}
LI &ﬁw\*{*@xﬁ ¥ \ﬂ,}\m w K {E28 + 08 gV {Ee. Q8
gﬁ\"\m&x = V&QW *® “f = 588 ¢ 100 « 828V , {Ea. f}é}
£
: whiee The 1 A0ROY 11 Ve BT ¥ 0 S580MES & receive comparator vollage level of one-ralf of the supply
witage, 1t tuns ot this & @ good bradeol for woltage ground ofsel capebifity versus output drive
repdrnments.

8.4 Quipgd Voltage Limlte-0uput voltage Smits con be derved divectly from the Inpit volinge Bmits,  {See
Enuations D theough D8

Vormee ™ W ¥ Vo w0 100 & T8 = 0¥ Ground Referanos) (&g D8}
Vi ® Vigue s Voo = 220 - 100 = 1ROV Eg 08
Vims = Vi # Voo = 280 + 100 = 380 Y £g D7
Voumne ® Ve Vo = 825 - 1.00 = 828 Vo qed {Eq D8

$.5 Newwork Tioe Constest & Signe! Transition Fime-in onder 1o gusrantes signal oross over in the Recefeer
input Common Mode Opersting Range (V) the signal tensition time must be lose than 220 ps. Thisla Ty
4 the worst case anshion e TN Vi aa 10 Ve 100 B (oL O Voo 18 %*WM for Bas {#1 ‘fi"&&m‘ﬁsm
given &t = 220 &8, the following niatonsiip f0r Vi we roust m satisBod for Bus ) and Vo, for aus {+}.

{Sen Equations OF thaaugh D13}

Yo = Yomma {1 iR for Bus () {£g 08}
vaismx i \"%*zu @&mm‘} for Bus i*"} {EQ ﬁ?i}}

Frony this, the maximuny NEwork 106 sonetant (Teemet 03T be detived

ToomatBUS} = w8 o 1= Mo Magainl) {Ea. D11y
w =220 » (=80T8 = 137 p

?Mm&x{gﬁs } = el if"_-( &Nw;"ymmm}‘ {E(‘\i 3}‘?22
s =280 ¢ IOLR0 A28 = 148 a8

Owrsdng 8 Tiume OF LIS o sotholics both sqpotions, Gheen 3§ kv nsbvrk fime mm of 135 ae
the slongd transition Se T oo b found by suburacting the Hms B Vi 10 Ve for Bus <) grihe tima
*f*::zm Vonsmas 10 Yanone Sor Bug +} from 880 pa (Bae Equations D13 through 01y

¥
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Bus =
T 10 Yomed ¥ ~Toppan B0~ ned Yagenil} g 1R

v 1,95 Ini-{1.20/4.78}) = 038 us

s
%

#

T&‘m&ﬂ&ﬁ = Q3G - ?‘Wa{_m{ti} i{:;\mwﬁ {EQ Ry "@}
= 230 038 = LB g

Bus{+b

T 1 Vanmad ® ~Voagmer I¥ama Vool {Bg. NS

s ~1.35 (n(3.80/5.2500 » D8 gy

3%
i

Thersfore, choosing & natwork e constant T umes of 135 08 and 3 signal transition time T of 1.78 23
SRsures that the o bus sipndds wil oross within the Corpnsn Mode Opsrating Hange. '
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Rationale- Mot applicatis.

Relationship of SAE Standard 1o 150 Standard- Not sppiioable,

Application- This S8 Srandant ssiatlishes the requirements for & Slass B Data Communication Natwark immce'
sppdivable ot O angd ON Rosd Lang Based Venloles 1t defines & mindrugn setof data cormmmunication
racquirements Such that the resulting Detwark is cost effective for simple appiications and Bediie srough m use
mocomplex applications. Taken it fotel the roquiresnente pomalned i ihle docurmsnl specly & data
comemniations nefwor thit satiBies the nesds of atgomotive marnulactuess.
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f. Brops-This BAE Reconwnargiad Practice defines the information containet In the heatler ard data Helds of
Aondipgnostic messages by sutomotive seis comermications based on S48 J1680 Class B rnatworks, This
documant dasoribes and spaciing the header ﬁm& ﬁata ﬁeidsa il sizes, at:&am repraseniations. and data
posiions ceed within iisssages.

The genersl structire of 3 BAE J1830 message fraﬁw withd innframe response & shown i ?-’*’gz.m 1. The
structies of 8 SAE J1850 message with inframe roaporise iy shown in Figurs 20 Flgures 1 andt 2 also show
the scope of freme Selds defined by this d&umﬁ for nond iagrostic messages.  Rafur to SAE 11979 Rt
speciioations of smissionserelated diagnostic messsgs header and dats Belds. Refer to SAR J2190 for the
dafinftion of other dRgroitic mossage heuder o datz Bulds.  The descoription of the natwor terfane
hardwars, basle profocal definition, the %’Eﬁ\i’tm@ai speciications, and the ORG ﬁm ars given in SAE 188,

R s&&. JM% sy
ﬁsas}m dars CRE TEQF
Fleld | Fleld ‘

FIGURE 1 S00PE OF BAE JBITE FOR A Sﬁ&; 188
FRAME WITHQUT E_N"’?RRML\ RESPONSE '

FEY - £s O 0B S e
e BAR Vg; i TN S SRR 8
; .
!

SOF! Header
: Field

FIGURE 8~ 8COFE OF BAE J2178 FUR & SaE h1asd
FRAME WITH IN.-FRAME ﬁﬁ&?i}h« SE (FR)

SAE J1850 delines tva andd oaly two formats of message headers, T%Wf e the Single Byte haader fmmt s
the Sonsolidatest header fomat. The consolidated header formas hes iwo forms: 3 singie byte form and 2 thres
nte forn. This document covers all of these formats and forms 1o dently the contents of messages which
ol i}a a00t on & SAE J1Ss0 m\mm

This dooument sonsists of four pants. sach publishad sspantiely.
Fan ¢ of SAE J2178 {Titet: Detaled Header Farmats and Fhyvsical Address Assignmants) dessibies the two

allowed forms of message header formals: slngle byte and conscliidatedd. it dlso ctntaing the physical node:
avkdross rangs sesignmsnts for the typloal subovatams of an sutamobis.

Fat @ of BAE J0178 (Tilaek Data Parameter Delinttions) datines the sandag peanetvie dat which may ise

sxchanged an SAE JI850 {Olass B) netwodks. The paramster sowing, menges -and rarsher functions g

s;aacéﬁm Massades which refer to these firsmatic defnifons shall Sways sdhaerg to these panminetds
dafinitions. i s intended that at feas! orie of this deBnitiony for caoh parametsr i this part miakeh the 8AE

JHITE detniionn  The deals of (s gan ave Ry descnibed v 3.1
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““““““““““““““““““““ ' SRE JE175/3 lsaned SEPE3

13

Fart 3 of BAE J2178 s part, Thied: Pame i:’}& oy $ng$ & e Forms of Hoaders) dolines the message:
aasignments for the single byle hagder format and the ane byte forn of the consolidater beader formst.

Fart & of SAE J2178 {Tledt Torget Addrass (Second Byte) for Thrag 3§m Hﬁmm§ defines the messege
sesigrrmamts Yor the second byl in the thees byte form of the consaidated header format,

Stenderiivad Favemeter Defivitions - The parsmaters vead 10 desotibe date variablus are one of the most
impotant functions of this document. To aw hisve commonality of massages i Class B nobworks, the dale
Pty must bacoems: standlandived, Mas to date paramater definlions for use during sovmy
wphitls cg}mﬁmm s wall a5 during c&agm;vm opemtione. By using common patwnater definions far

" nondisprostic and dicgostic hmt:{ms on the nebwok, the modides whiich foro the nebeaek can maiiain one
image or deseription of & dats pansata

Whawe pasmeters have boan defined In the Disgnostic Test Modes ducinents {SAR J1979 and JTING, suoh
as Paramster identifiers for dlagnostic pumposes, the definftions in Pant 2 of this document mateh the diagrostin

Sufinition,

SAE JITR Pan 2 defines the pararmeters to be yaed for nonfisgnostio and dlagnostio dats format definitions

For now parameter definfions whindy are neediedd v the filurs, the new definlions, § they are expecisd 1
Bacomes widely used, must be inteprated e this documen for conwnonaity aoross these types of
appications. OF powrss, manuficturens are free o assign thalr own definfiony 1o dete pemrmeters which are
uniue o proprisiary 1o thalr products. They sre, howsver, raetriotsd to using the “Manfacturer Reserveg®
ronesage header assigamenin in Parts 3 and ¢ of this document when paing these unigue or propretary data
parameter delinitions.

3. Refwranoes

8.5 Toevny and Daliniti

- BAELJRTTR,

vsemm Tha i&t&& zssmg m‘ ‘R&E puts&.mms si’m m;aiy

SAE J1880--lasy B Dawn Coremunication Motk trteinee

SAE J1878 ~£/8 Dlagnostic Tes Mades

SAE J2178/1 - Delalied Mosder Formats and Physical Address mgsmmis
SAE SR 08/8 -~ Data Paramster Definitions

A~ Target Acdress (Second Byey for Three Byle Hesders iﬁmﬁ*
SAE 210 Enhanced B/E Disgnostic Test Modes

2.2 Related Pullicstions - The Tollowing pubtications are provded for mfmmatsw mmmsea sy and arenet @

required part of this document.

BAE N1213 1 - Glossary of Valigle fatworkes for Multinex and Dats Comesuriostion
SAR J1930 ~Rucirical/ Blectroni Systens B@wm Terms, Defintions, Abbreviations, angd &ﬁ:sm}m

Ev

- Held-within a frame thal may nclude bytes with paramedans pertaining to the massage andfor &&ﬁmﬁ&“@ i
andifer sxtendedd sddresses andfor test modas witich futher delines 8 B&s‘*‘ﬁﬁdﬁ? massag&s gt being
sxchangsd over the ok

:_&:3;% Diara Oara FEis] ~Data and dats fleld are vsed Interohongeatly i this documant and ey both refr to

¥
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233 Frads—4 fams s ongcompiaie ensnission a* inforvmation whish may of may not inglude an InFrame
Rosponse, The rame is snolosed by the st of Hens and end of ame z.ywt}&s Fe::s' Clase B ﬁmﬁ(m pach
E amﬂ m:iﬁ?.‘itﬁ& one am‘ aaﬁ\g m’s& W&E‘e‘a‘@& {asa’ mmmge* R aﬁ

23,8 Heaoer [Hewsw Few] < The header for hasder Sald, used interchanpsabdy) 59 onw or theee Dyte flaid within
a frame which contains iformaiion shad the mosssge priosly, Messsge smrm and tergel addvessing,
ressans tipe, and inframe Wﬁm oe.

S04 pFase Regeones ﬁFRx ‘ﬁ p?: ~The ¥R m}a Hanifiss ﬁ%& form of e iy fmme rannoes which is &maeim
within that MEsAgS.

\ia‘
238 PUMMETEs-A parameter s the varialie quantity included In some messages. The parameten wiue, scaling,

offest, units, transhy function, sto, o URNGUE 1o sach particular messege. {The a*«ssgzsw SRS we
coralined haradr)

237 Pty The pricslty desorbes the rank ondst and pracedence of @ message. Baised upon the SAE 11850,
Class B arbitration process, the message with the highast pricoily will win arbitretion.

218 Ruseonss Dars—~The respanss dta 1s ihe formation from a node on the eieork iy resporss 10 3 teuest
from another nods oy the network. This may bean bebame responss of @ report type of maaw;@ ‘

2

24 Shbravistions snd Scvonyiy

CRU - Dwlic Rady-taney Cheal

EO0 - Bndd of Dus

EOF v End of Faamy

B - fdonatier

TR« inFrung Response

{58 - Leas! Siynfican B8R ; Byte

MER - Most Significant 8% 4 dEvis
NE - Normalization B

FEY -~ Mutiple Paameter Packes SLOT
PRN - Paamater Refersnoe Number
%&{}T .*;mitng, Lmt @?M{, g Transher Funotios

N

3 Genwrsd mmsmma :

A3 Dopumant Overvlew—The messages dedinsd by this documant are speolied foe noveorks sty ong vie
haaders o the siogle byte forn of the coneolidated header 2 spociied In SAE J1856. This document focuses
ey the Prarne 10 widely i the frer byts of the messag. The et byts of the ong Dye header ds defined in
Section 4 urrder Frame 0 s 8o 8 BR haxadeimal aumber and the feet e of the single yle form of the
consolideted header ik delined under ¥ BY gy o haxedecimad sumber.  BRt four (M bin of the 7 B¥ header I8
slways 2 fogin 1" lone Section & of $&§ SR17E Part ) The information i the header Sl Implicily deffess
the Eaget, source, priomy and messags Hpe onmation, whits the data eid contalng additions! atidressing
and parsreivie nformetion {Ses Seotior ¢ of RAE 42178 Part 11 The header defings & Mosauge idertifler or
Frame i and becomss the name that fs broadesst normally pedodically to all the nodes on the iewerk,
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SAE J2178/3 lesusd SEPE3

This dosument desoribes the overdl stuchys of messsges snd & mpmmﬁ s} hava wide gpafioation.

Ooaigners e mguiad 1o use the doelined messages of SAE JT850 natworks in the et way that thay s
ghaflopg have, Thers are @ large mamber of mossage oocles witioh ars reserved for sach manulsciures tolsfine.
I the wer vt find o nesdled mossags: Be o Shie i axpectsd 1o defing & manulscurerepentfio message
It these regerved oodes. Thavelore, messages on different manufectunar's products using thess "Mansfactiurer
Raseread” codes will only heve moaning for that manufasturer of speefic vallole. These wilt most ety e 1 ¢
sifierant betwoen mandaoiners. The ooclis Mt are defined hove, howiever, shall alweys corry the same &
msnning from one mnmﬁw to arother ang foos one mods! and yeer 1o e et ¥

3.2 Parsmeter Reterenos Number (PRE) Wit the Single Byte form of header, the Frame 1D porssponds with
3 particutar Panumster Refwvance Numbsr (PR or 8 grouping of PRNS (sos Section § of SAE J2178 Part 3}
The PRN s an arbivantly assigred mumber and didines the following

& langth ol dals in sumber of bils

B Urits '

¢ Soaling, L, Qﬁs&z aryd Transfer Punction, 18, SLOT {see Sertion 7 of SARR W% Part 3
d. Type or sategony of dam ,

BAE S8 Pat 2 mam ¥ defines the fwiiuwmg data ‘?wfaa_

{1} BMP BR %«3‘:;\1@:«:5 _

{2 LN Jm;egneﬁ Humsio :

{3} SNM s Complament Signed Numesie

4 SED State Encoded

51 ABL  ASCH Encoded

S BCD Biary Coded Decimal

77 SFP Signed Fosting Point (Sclentiic Natstion

23 Message identification (FRAME D)~ The FRAME I of the sinigie byte header imgsﬁ&&%yném uriguely defines §
the followiog chamctertstics of the messags:

& The maasags provity

b The dala contant of the message spectfied by a PRN or peckst of FRNg
¢ Thelength of massage

o Sowrpe of the messege

8 Tyoe of the message | L
§. The svent or mpestition rate for transmission ¥
3 CRC bite raqulrsmants i
BN
330 PRN ASSICRUENTE & FRAME (D shal have one or more PRNs axsigned fo 8 Some #RMs may be mmg‘;essmﬁ f
of & paciet (PRTY of PRNs {ses paragraph 1 of SAE J2178 Par 2. The tivles of the dais Held shall be
pomposed of the parsmeter ghvan i the "PRNs" columer of the Sgure defined in Sootion 4. When more than
ane FAN is shown, the dats fisld shat asmﬁam e PRNs b e order ghven el 1o nght.
33 j:% PFRAME NEteOnsE (IR} Type- The IFR Type shiall be given under PR Type® column of e ﬁ’;mra thefined
i Section 3, The differont PR Types sve dofined i Section 3 of J2178 Part *§

¥is Reeerrin Rave - The vehicls manulactirer shall chooge which messags fraemes are svert driven or delined
by & repetition rate. Reder fo SAE 2178 Pant | Appandix & for Arther information on svent- o Sme-based
massage Fames,

334 CORG Brve RECURoMENTs ~The CRO n}‘tss recursmants shall be cefived! by U manulacturer 88 spacifind by ;
SAE J1850.
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& Frame i0s for Single Byte Fanms of Heeders~Figure 2 deines the Frame 103 for one byte headers and the frst
frvtee of the single byle for of the conscliciated haader.

&
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FRAME D : o ;

e e o o st et

1§ ¥y Ressrvad - Mg
7 03 - Ruseswet «~ g
| OF ‘ §s§$&w§@«&§%‘g
I 0e | Raserved - Mg
‘ a7 Resarved - Mig.
o8 || Resseved - SAE
a8 | Resarved - SAE
WL oA LT Raserved < Mg
f}S . Ragurvad - Mﬁg
8 L e | Resurved - Mg,
o 4 1-Resarved - Mig

Ay

crtrii

19 12 Ressrved - M.

13 Hasavad -~ Mig,

(T N PO | Resenved - Mig

s L Resarved ~ Min,

18 16 , - Regsevad - Mg

7  Reserved - Min,

§
i
N
N
N
N
N
N
n
¥
Y
n
H
H
#
\
i
H
#
#
N
N
N
N
"N
RS
A
B
N
N
N
N
3
i
Ay
i
N
N
)
N
N
¥
R

(L. T B Ressrvad - RAE
; 19 Raserved - SAR

W 14 Raservad « Mig

brizzrrrrrssd.

1 | Reserved - Mg

FIGUARE 3--FRAME [0y FOR SINGLE BYTE FORMS OF HEADERS
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SAE J2178/3 Issund SEPSY

soc< A

FRAME 10

g8

Resanvad - SAR

! Reserved - SAE

" Resaread - Mig.

Injetor Thae & Dt

1018, 6018

Hexeread - Min.

Resarved - Mg,

= crrrry

Vahicle Spand

HOYE, ool

Haserved -8

J

Eagine BRM & MAR

108, GUOR

Resenad « Mg

AR i
B e ey s

Reserved < BAR

Resarvad - SAE

b,

Batomatrie Frogsuve

fLEES

Fasareas -~ Mg,

Sya Voits & Toolant Tamperature

_Rrserved - Wiy

Foseried « B4F

Ressrved - Mig.

‘Reservad - Mig.

Hosarvad - My,

Reserved « Mig.

s s s et

€
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SAE J2978/3 lssued SEOWY

a Tranunission Sear & Lockup Status

_Reserved - Mig.

¢ Throtds Foaldon

is

Reserved - My,

Fageeved - Mg,

8 ) Trenumission Range

1809

Hosarvad Dlsgnosic Repnnt

&1

A A £ 22 it i
£

Feiss

=

5ok

53

Par SAE J1gTe

i

T T

Roserved - 388

S e

Reserved - M’?@

Raserved - Mig

Raserved - SAE

Hossrvad - S8

gors
B

L R

Raserved « Mig.

FIGURE 3-FRAME IDs FOR SINGLE BYTE FORMS OF HEADERS [CONTINUED)
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S&E J2178/2 losusyd BEPRY

R

FRAME ¢

O

Ressrvad - Mig.
54 54 | Reserved - Mg
Resarvad < Mig.
Rasarved - Mig.
87 Rossrved ~ Mig.
3 58 i Raoservnd ~ BAE
50 84 Ruserved ~ Mg

&8 Resensal ~ Mg,

&
4

”‘”ﬂ :

S8 5 Ressread - Mg,
. LR fasorsed - Mig , T
AR . BB 1. i Set Thne e O3
s Resoned - Mg | | |
RS W 3 _Sel Date - - 833

51 Regerved Diagnosic Request

k3 82 Reseread - Mig, o
83 Bexorves - Mg :
a8 | . Pogarved - Mig,

& Reserved - SAE

_ &7 . Hoserniad - SAE

T 8 | 0 | Leg Disgnasts Réq
o 8A | Fesarvad - Mg,

&R Rasarved - Mig.

I &0 Reserved - Mig.

| Ressrved - Mig.

R Reserved « Mig.

e . ki

T s T

Sl

e
@&
%1

€
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&gsw -~ SAK

Reserved - SAE

Vahicla Odomater

Reserved - Min.

| Reserved - Mig.

Teip Odomater 2 -

i Reservedt -~ Mg,

| Trip Odomater 3

Fosarvad - Mg,

Resarved - Ay

%
P

Giarant Tiae

Reserved Sﬁsﬁ

OF Pressyrs

Beserved - Mig.

Roserved - Mig -

Rasorend - Mig.

Roserved - Mg,

Rassrved Mg,

(o,
£33
437

Ragsrwad < 5AE .

BIGURE 3 - FRAME 1Dy FOR SINGLE BYTE PORMS OF HEADERS (CONTINUED)

..........................

A A
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Fuad Beanorvy, Progant

Ressrved - Mig

Curvant Diate

Heservad - Mig.

Resarved - Mg

Resanved - Mig.

Aesarved - Mig.

Raservad - BAE

ssarvad - Mig

Frat Consumed

i Reserved ~ Mg,

| Distance Yo Smpty

Reserved - SAE

Fuel Economy, Avsrage

s

e A

Fm:& ‘?emus Levend

‘feserved -« Wiy,

G

A8
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SAR J2rPe/s lssund SERS

A7 | Reservad - Mig.

3
| B | as | . lveswedege 4
i

A8 C .} Roserved -BAE

§ . A8 Reserver - Mig.

AD || Reserved - Mig

B7 L AE L ] Pessved o Mig

Fesarvad - Wiy,

Reserved - Mig

_ : Hospwd 88 ,
By | .| Reserved - sae RO &

LIRS LIPS LES

573
e

e
%13
3

TR A riatat

5
#HiT
zim
:a§
5’%,«5

g s | Reserved Ao e

- _ , Haserwed - mg
CBG p .Bs i | Reserved - Ml

Relyotaddsorr. m:u«-:—:—:—:—;—_ snrrr
%

%
s ssissssinnacs

e ot Bg 1. | Baserad - Mg,
JBD L BA L1 Resseved - Nig
BB L Reserved - Mig

EE 3 oo Reserved - W{;.'

7

R e e
Goioccoiees

% Sl e iR e
s s s s s v i

S SR e . o . DI e ’

Page 259 of 2498 | OMEGA EXHIBIT 2036




e

Rossrent - Mg -

Reserved < Mg

Russrewd - Mig

! Peservidd ~ Mg,

Rossregd - SAE

Chsside Tomipbriung

(RENE

| Reserved - Mig.

Hasarved « My,

Rexervad - Mg

Regsgrvad - Mig,

Reserved - bifg,

Hegarvad - Mig,

Resorvert - Min

Hasarvad - Mig,

Regsrved - Wig. -

i Regerveg - SAE

| Raserved - Wiy

| Reservad - Mig.

| Reserved - Mg

| Reganved - Mg

Rassrved - Mig

FIGURE 3-—FRAME IDs FOR SINGLE BYTE FORMS OF HEADERS (CONTINUED)
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| Raswrved - Mig

R

. Regervadt - Mig

Fosarved - Mig,

| Soserved - Mig.

13
£1:]

SR

% M

A

Resereed - Mig,

‘ g
o
2]
£2

 Raservad - Mig,

| Reserved - SAE

Resurvd - Mig,

Haserved - Mig.

S e
7
g

Fa

Raganeed - Mg

FIGUNE 39~ FRAME 1Ds FOR SINGUE BYTE FORMS OF HEADERS (CONTINUER)
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EE - Reservad - Sy,

FIGURE 3 FRAME iDs FOR SINGLE BYTE FORMS OF HEADERS {CONTINUED)
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