Gl What is o BHS? T'.jpaf: of BMS and dfferentiate the t:jF'F_'ﬁ of BrHs.

A Ea.ttard f“‘ln.hnﬂ&"haht S:jﬁtam will Marages the electronics of a rmhwgaaaﬂ hu_ttertj
pack ;thus becomes a crucal Factor i Enﬁuf‘ng electrice velele '5q.FEt:j. it :m.Faauqrdﬁ
both the user cnd the ha.ttard bU anmri-.ﬁ that the cell operates withw its =afe
c-l‘.ﬂtra.tina parameters. BMS nonitors the State ofF Health\ (S:H) of the bu_tt-af‘d, colects
data, controls erviroanental Factors that affect the cell, and balonces then to ensure
the sare w:.Lta_ﬂa across cells. A ha.ttard pack with a BMS connected to an external
conrnlumication dota troansfer %ﬁtam or a data bus s referred to as a Sonart bq.tter'j
pack. It may nclide additional Features and Fumctions such as Fuel gaLLge intﬂaf‘n_tm
Sart bus comniunication protocols, General Purpose nput output (cpio) options, cell
hd:LJ_u_rt.inS, wireless ’;wﬁf"ﬁ' ermbedded ba_ttertj c."rw.rgerﬁ, and protection c.h:.ujtr:j, all
amed at Frwidrﬁ wiFarmation abolt the bu_ttarjﬁ power status. This wFarration con
help the device conserve power htaLI_iaEnﬂtj. Brs will mr-.tmauﬁLd [ k“af_‘,l parameters
Lk.e w:.Lta_&a, clirrent, mternal resstance, arbent temperatuce. The rm»"\itﬂf‘iw‘uj -5:jﬁtam i
BMS will protect device h:j gjving -543nnJ_ to genarate alarmn and to dis comrmect the load
fc.'hc-.fg&#. Evard Brs s 3::&-.35 to be wse wn different u.Pf:Lic:Lticn s0 there s veﬁt:j of Brs. A
Bris may protect its bn_ttertj b.j F:r‘avantina it From oFE#qthg o tside ts safe uf.:erqthg
areo, Slck aslcitation needed] mar—c."m.rgina War-dif:c.w&ir-ﬂ Over-clurrent du.rin&
c.'lm.rﬁina Over-current dL,u‘inS df:c.'ha.#g& mar—vita.aa durina C.'lﬂwfair'ﬁ. a-sf::m:i:;!].:j important
For lead-acd, Limion and LiFePol cells Lhdarwnl_taﬂa durina d.i'ﬁc."rw.f‘gih& E'SFE::JGJ.LJ mportant
For Liriom and LiFePol cells Over-temperature cwainﬁ while tnder Lo temperatuce over-
pressure (i ha.ttar;aﬁ) Crownd Fault or Lanjq.a_&a clrrent detection Qstjﬁtam Fmr-.itm‘inﬁ
that the 'w'ﬁh voLtn.Se ha.ttard s aLac.tv‘i:::.LLU discommected From any conductive object
touchable to use Lke velicle bndd) The Bmis ey prevent operation outside the bn.tttf‘d'ﬁ
safe operating area by {r'v:.l_LA.dihEl an nternal switch (such as a rda_d or masfet) which is
opened F the bu_ttertj > operated outside its safe GPEf‘n_tinﬁ area E,EunEﬁtirﬂ the devices
o whuchkh the bqttar:j s conected to reduce or even Stop u.-sing or c.hm*aha the ba_ttertj.

F‘rctivdt} c.ﬂhtf‘nu_inﬁ the ervironmaent, Siebh as thf‘ouah beaters, Fans, air mrﬂit&ﬁ-ﬂ or



Ligar r:.DDl_iha

Eu.ﬁmﬂt} Brs s classfed mto tweo.

) Hardware BMS-

AL BrMs Wave atleast all the Fumetion of Wardware BHs. I“Icunlt} the Fumetions are

over vdtqga eLctalf

U chtngE C.Ll..tCFF

Cortiriols clurrent

Over clurrent detection

Over temperature cwtofF

The BHS will also conmtrol the ra:.hm*ah& of the ha.ttard h:j radiractina the recovered
energy Gueay From f‘aaanera.tive hquhgj boack wmto the bu_ttard pack (t:joc;LU_:j composed af
a wmnaber of ba_ttard modules, each composed of a wumaber of ::.ELL'E).

E:-.ttarlj thervnal Wﬂm&EW\Eﬁt 'E:U'E:tﬁmﬁ can be either Pqﬁﬁiva or active, and the ::.Clﬂl.iha
Medium can either be airy liguid, or some Farra af phase ::.lr'n_naa. For c.oml_irﬁ = advantageous
P 5irv-.1::-Li:jt3. Swch '5'35‘['_&“1'5 can be passive, rd:jina ndd on the convection of the
mrrnundha oury, or active, u.hf:iw.::._l Faws For anflows. cr:.rnm.arc.iql_l.:j. the Horca hﬁia"nt and
Toyota Prius both use active air cooling of their battery 535tam5.£23 The major
d‘ﬁa..d‘fmtn.g& of air ::.:::ur:.!_iw.::._l = its inaFFk;iF_nc:j. Large anounts aof power must be used to
operate the ::.t:u:.l_iw.-‘:j| rrecthamisna, Far nore than active Ligtuict mdhg.ﬁ?.] The additional
components of the Eﬂﬂ“’"ﬁ Prgebanisna also add waia'ht to the BMSs, rE::lqu_.inEl the aFFic.iF_m::j
of Batteres used For transportation.

2) Seftware BMS / snmact BMS i-

it bave all the Features of hardiware BHS. n addition to that thv_:j can conmtrol data, it
bhave monitor to Store data, troansmit data vie chrd, Bllietoothft senart BHs offers
berefts such as onbine rmhitnf‘ir‘ﬁ For bn_tterd status reSnrd.&-ﬂ vdtqge, e,
npedance, mternal temperature, ete. 2%/ rmnitm-rﬁ allows For tmaL:j response n case
oF Fntantiuj_ ha.ttard accidents whhile f‘Ed.L.Lc.ina bunnesn mrcuntenance costs.

Flurthernaore, real-tine qj_c._rw-.a cuned owline an.:mcmg] enables the -535tam ta WLC'IZE



uploaded data and autojudae. For example, you can cstonn set the alarn threshold,
and iF the LA.PLDG.::I.E::I. inFarnaation & abrormaal, the %ﬁtam Sends out an alarm to
maontenoance via 1S server.

A sraart BMS com be called a BMS data center due to all the Wetorical data collestion,
Storage, and n_nnl:jﬁqﬁ. At the san-e timae, Hou can 3&‘1‘. real-tine bq_ttard wFormmation vie a
certon 5:jﬁtam.

Hdditiumu.j, it s 5trqi3htForwnrd to set up and operate due to the Fr‘-andld wSer

mterfoace de-ﬁégn of the srart BRSDue to its ruwmmerons benefits, the smaart BHS s applied

aS an aSS5Stant m various mdlstries. To Swrrnarze, there are W\n.inL:j S a.FP!jc.:Ltion
areas with o wide array of wse at variouws levels. These mclude:

* Dota centers

= Power util_itd Lk e substations

* Transportation Slich as r:-.ilwa:j transport

Bose trarmscewer Statwon sites

- Enerﬁj Storage stations Erancial mstitutions Lke bank s.

Most of the bn.tter:j -r'-n,::u".itlr:.r*u'neh suppliers mn.u.:j provide conrnon solutions For these
malstres. Therefore, DRUM provides a targeted solution For dfferent mdustres that

rreet the needs of Pf‘“cFF_'ﬁﬁionuJ_ custorers.

Tjoaﬁ afF hqttard Management ﬁdﬁtt\'ﬁﬁ

Eu.tta#j rranagenent 'S:jﬁtamﬁ range Fraoma sin-ple to ::.orv-ul‘.:-LE.:-c cwnd com Ernbroce o wide
rance of differen~t ta:;'rwnl_ngie-s to ackhieve their prime drective to "take care of the
bc-.ttard. However, these '53‘5":!’_'"?1'5 con be c.n.ttﬂﬂﬁztd based wupon e tnFnLoﬁ\j, b ey
relates ta how thv_:j are mstalled and operate upon the cells or nadules asross the
ha.ttard FG.C.K.-

Lcentralized BMs Architecture



Has one central BMS n the bn_ttard pack :l..ﬁﬁE'hbJ.:j. AL the battery packages are
cornected to the central BHS dirtcﬂ_j. The structure of a centralized BRS s Shown in
Fiaura E. The centralized B85S bhas sonve m«mtqggm It = nore c.ampu.ct, and £t tends to
be the most economnical Since there = Dn!t} one BMS. However, there are diﬁn.d‘.-’n_htn_&aﬁ of e
centralized BMS. Sice all the batteries are connected to the BMS d.@r*av;tL.J, the BMs
reeds a lot af ports to connect with all the bud-_ta#lj F?q.c.k_n.gtﬁ. Thws translotes to lots of
Wi e S, C.!:Lbl_ib"'la? connectors, ete. n l_:-.rge bq_ttard pack s, whick C.CF'V‘-FIJCJ:L"'_EE: botls

tf‘mhl.l"_'ﬁlrmtirﬁ cwrd o tenonce.

ZModular BHs ToPoLﬂaj

Snalar to a cemtralized implenentation, the BMS is divided into several dePLi:.n_tEd
maodules, each with a dedieated blmdle of wires and commestions to an adjacent qﬁﬁiﬁnﬂd
portion af a hq.ttard stack. See Fian,ma T ln Sorne cases, these BMS subnaodules ey
reside wnder o Frimwd BMS mmodule uver-siﬁlnt whose Fusnction & to montor the status of
the subnodules and communicate with peripheral equipnent. Thanks to the duplicated
wmanritd, t#ﬂbk.bl.ﬁﬁ'nﬂﬂtiha nd MRt EnGACE 15 oS, ownd BxtenSion to L.:mger hqttard
packs i ﬁtf‘cl.ightFor‘Ln.rcLFd. The downside s overall costs are ﬁ!jﬁhtL:j H?_l'lnar, and there may

b dePLiCn.tEd LunlL Se o FLkn:.tiﬂrnJ_itd dF_'FF_'rdrﬂ o the !:L.F»\".‘»‘UCG.".‘JDF-

iﬁdmﬁrjf Stibordnate BMS

c.or-.::.e»'::tu_auj sirnilor to the maodular tﬂfwl‘ﬂﬂj’ bowever, v this case, the sloves are more
restricted to just raLn.jinﬁ rreasurenent mformnation, and the naster is dedicated to
computation and controly as well as exterral cormmunicationn So, whnile ke the modular
t:jDE'E:, the costs may be Lower Snce the Fumtiurnhtd of the sloves tends to be f:irv-.PLaﬁ

with Lﬂc_dt} less overbead and Fewer wansed Features.



Gvstriouted BHS Architecture

c.onﬁidaratd.:j differewt Froma the other taPuLngiEﬁ, where the electrome bhardwore cond
saftivare are an;u.Fvsqu:Ltad W rrodiles that mterface to the cells via Bundles of
attackhed l.-..ririn?_l. A distributed BHs meorporates all the electrome hardware on a contral
board Fil_n_ctd dif‘tc.ﬂ_:j on the cell or module that s be.'nﬁ ronitored. This alleviates the
bulk of the c.t:l..'b!_ina to a Few sensor wires and comrrluncation wires between adjacent Bris
rrodales. C.Drﬁ'E:EqPLuEntLj eachk BMS s rmore selF-contaimed, and handles computations and
commlnication as reglired. However, despite s apparent ﬁnﬂ\P!Jc.ltd, this htaarn_ted
Formn does make t#obkbl_aﬁ'vmotihﬁ el Pt enoncE Fotmt'::uut} problemati, as it resides
deep inSide a Shweld raodule n_ﬁﬁﬁﬁﬁb!t}. Costs also tend to be lr-.j?_l"war as there are mmore

Brss v the overall ba_ttard pack structure.

G2. What are the techwrical paraneters to keep in mind nihnile Pr-ommﬁ a Brs For

:L'E:'E:E"hhl_ina a bn_tterd Fn.::.k..?
r"\e:;'u-.!tj. there are © conmponents ofF bu_ttgr:j m:mu.g&mﬁnt %ﬁtam.

bk Eattar:j cell monitor

2. cutofF FETS

3. f'”'nﬂnitnf‘ina of Temperatur.
4. cell w:.!.tn.aa balance

5. 8ms H‘Lﬁarithmﬁ

& Real-Time clock (&Tc)



L E:d-_terlj cell mmomitor

A bu_ttertj cell monitor W"fj raoeitors the VGLtr:I.SEﬁ For bn_tter:j 'E:U'E:tl‘_'mﬁ. It s a wah—
speed ﬁdﬁttm that offers a low overall cost For 'wgh voLtn.ﬁe fAEaSLLrEnaen TS,
The easest wqtj to deterrawne the battard l".!n.c:.k.."f} v;lrnnja s to monitor ndiviclial cell
voltaae with reference to the set voltage level.

= |
when thhe vd_tm.ﬁt of the First cell reaches the voLta_aa Limait, the :.'vwranﬁ mtarmtu:.nﬂd
trips. It indicates that the bn.tter_j ﬁ"‘“f?j’ﬂ Limmit has been reached.
F the bu_tterlj pack has a lesser C.'W:LFSF_' than the average cell, then the least c."rw..f‘gl‘_'d

cell will reack the Lmaik First, and the rest of the cells wil se left Fnrtiul!t.' c.'nnraad.

2.cutefF FETS

FET drwver s accouwntable For commection and Solation between load and c;'nnrﬁar af the
hq.ttard Fn.c.k... The bebavior Fredi«.:tm S clone tlrrmg'n vd_tnﬂe, CLUTrEnL mrEaSurernentS,
ard real-tinne detection c.k'mitr:l.

‘r"lna'j can be conmected toa bn_tter:j pack's low or HSH Side.

HMOS FETS activation s meeded For Embl_iha 'w'a'n-ﬁida cornection and ra%in:ﬁ a v.‘_.'nn_l"aa
punap drivers A refereqce For the solig o ound s set u.-sing e 'b'\iah-ﬁédl*_ griver Far the rest
of the ::.ir‘::.uitrlj.

We use a low-side FET driver to reduce costs in htaaru.tad solLtions Siee a c."rv:l..Fﬁt pLun-p
S not needed. Hia'ln VﬂLtr:l..SE devices are not reguired n Sk cases.

The qround commection o the bu_ttard pack. Floats L,usq'n‘cj Lowmside cut-ofF FETS. This can

affect the I Paanme, m.njt.in?_l it mmore sensitive to mSnlated nose measure e,

3. F”'nﬂnituf‘ir‘ng of Temperature

Witk the wmerease Pr‘cmct f‘Eq’L,kir‘EmantE:. the batteres have been on a constant mraa



i daLiver&-.S crrents at fixed ‘."Dl_ta_aaf:. The continous operation processes may caunse a
catastrophc event such as Fire or explosion. We can i-::|av~.ti[—“:I et e e bu_tterj C."rw..f‘gihﬂ or
dﬁcw% e desrable uﬁirﬁ temmperature measurenents. Tamparu_ture SENS0rS Ymomtor
the energy '5tﬂ1’"i:l..3ﬂ 'E:-'jﬁtﬂm or cell T'mn'::ina Far compact Por-r_nhLa applications. The cireuit
temperature is monitored hf_j the internal ADC vaLtm.Sa—mearad thernistor EW"I:’LOLji”?‘_L the
wtermal voLtqﬁe reference helps reduce the temperature inaccuracies and improves the

averall measurenent 5jﬁtEm

4. cell mlta.aa balance

It = erteial to deternine the bhealth of the bqttard packs. That is L-.fr\:j cell vdtn.ge
mwtmv& s done to emsure that the cells are » a proper mmina eondition For :-.ttq&-.&-.g a
LD”?_L hq.ttard LFe. The oP-aruLtina VCILtn.SE ranges Froma 2.5V to 4.2V in a Ltbhinacios bq_ttard.
The bud-_ter:j LFe = 5i3nFi¢th:j affected while anr[—“mrw}-ﬁ ba.tter:l operations badmd the
w:.l_ta_&a range. Thws reduces the e of a cell, wiwln ey even rake it wAhit For wse.
-:;cwnac;ti«-.a the bq.tter:l pack n Fx:m:xﬂ_al. moereases the overall drive current, whereas

series cownection adds the overall mLta_aa.

5., Brs Fﬂ_ﬁcrithmﬁ

To make guick and effective decisions i real-time based on the wforation receved. For
ths purpose, a rerocontrolle = For bu_ttE#:j F‘Fﬁ.ﬁaﬂﬂ"vﬁnt 5351'_&“«1 s meeded to collect,
of‘gn_ni?_a and assess the mformaation Fromm the ﬂhﬁiha r..i-r‘c.u..it#:l. Fermes's SLARZ03 s the
oSt Farmous exanple ofF E“‘F’Lﬂj"‘j a bn.tterd "rmn.ﬁar‘-"vant 5dﬁterh nj_gﬂﬁtl'ﬂw It s a
standalone diaitn]. solution ervbedded » a ﬁirﬂL&' ehip with Pr“ﬂaf‘n.mmn.bl_ﬁ capabilities. The
memory Space and rrwerocontroller For bu_tter:j n—-.m-aﬂtmant -5:j-5tam elock c.:jc.l.l’_ﬁ can be

eleared ka:inﬁ these stardalone solutions.



. Real-Timme clock

H‘Ll_olurﬁ the user to kow the ba_ttartj pack's behavior befare any nJ.r:Lr"'huna event, the

real-time elock acts as o black box 535tam For tima-ﬁta.mpi-ﬁ and menory Storage. The
Brs electromes s kept auvay Froma 'S:jmllnm’ﬂhi?_ir‘ﬁ with a tHr‘d-Pnftlj bu_ttarlj pack thf‘ouﬁ'h
ba.ttard authentication The Fl*_'f‘i"b'nﬂf‘nj_ power zirmitrd s used around the components af

hq.ttard rv-.n_na_?_lammt '5'3'5".‘_&\"-*\ tk«rnugln antqaa reference/ reaml_ntcr.

@3. What is the purpose of BMS with commluncation? What are the variols protocals of

comnilumcation Wsed i a BHS?

The racn 3@:]. af BHS s to keep the bn.tter:l within the 5n.Fat:j operation raﬁim  termas af
VDLtn_aE, current, and temperatuce duriha the c.'lm#ge. the diﬁc.'rmfgt., ard n certan casSes
at open cireuit. When l.-u.l'ﬂl"k.in& with o BHis, Yo uma.l_l_:j Luse a BHs Ic. Def.:eminﬁ on the BHs
' 't:uaingL wsed to contral your Brs, Yo Moy meed to comect to an external ricrocontroller
or arother external IC.

These IS need to be able to comrmncate with each other to send andflor Feceve
mFarmmation Fron one arother. For exanple, you may bhave a BMS I that doeSqt bhave the
c.e;LPe;Lth:j af \'H.F_r:l..'ﬁc,-..f‘rﬂ current. Therefore, you use an extermal IC that neasures
clirrent. This clurrent dota then needs to ke Fed to the BMS IC. Oy arother E)-:n."v'ul‘JLE, s
Hou bave a microcontroller comrected to the BHS IC that reads the data Fromm the I to
ok e deciSons Suven-.hﬁ the BMS. So conamalunmcation Prﬂtﬂr_.n!_ﬁ are vital For a bqttar:j

Wuﬂaﬂﬂnt ﬁ'jﬁtam Wity mLtiI‘JLE Ics to be able to commmmlumicate with eachk other.



whRT

UAR T, whwety Stamdas For Universal ﬁ‘b:]nc.lrfummﬁ Eecever Transntter, & the nost L-..I'u:lﬂt}
wEed conralunica tion FmtmcL wsed in bqttarj Pranagenment %ﬁtammuﬁ&‘r s o Forna of
seral conralumcation, Wik raeans Bits are Sent one after amother ﬂﬂbk&ntiau‘j wmstead of
WAL‘I’JPLE bts Sent at once which 5 What occlirs with F:L#:-.H_El_ cormrlunication The UART
comrnliomcation S wé:ld.:j wsed For commruunication between a microcontroller and the BMS Ic
oo BHS. It 5 also wsed for conmunication between the nicrocontrdler and the gsMy,
bluetooth, or WIFL mmodules. 1t s also wsed F_xtanf:ivaL:j For demm pUrposes when
davd_nfarﬂ the Frrwvare of o BHS to check Fn.rtmL:Lr sections or Lnes of ::.o::la? u.'sing,l AR T,
the output of code can be printed and diﬁptut}m on o Sereen. b UAR T commalunication, two
UAR TS conanLuucate e:lir‘Ec.tLj withy each other VAR TS tramsnat data Rﬁdhcwumdt}' wlbic b
Meeans there 5 no elosk 5i3ncd_ to 5J-c.'lnr‘oniza the output of eits From the t#mﬁ*"‘rﬁittinﬁ
UART to the ‘..u:l.."v\[b!_iha of bits hf_j the #ac,ah«inﬁ UAR TR TS do wmot operate on clock -5;‘cjnnJ_5
but with baud rates. The baud rate is the speed of data tranmsfFer expressed in the
rrber of wits per Second thot the comralnicotion occlrs me THE balud rates maust be
set acﬁunl!_d on the trn.w.f:--wn.i1-_1.:i»-~.::._L aunel re::.aivirﬂ ends » order For cormmuunication to worke.
The bawd rates can onLj 'ufr:u*lj b:j abolt Iﬂr‘z before the tirvin‘:j of the bits Suaﬁ too Far ofF.
DHL:j Z wires are ~eeded to tronsmit dota between 2 UART deviees. For E)-C'.n_l"ﬂPLF_, iF e
bave Z deviees, deviee | and deviee 2, each device bhas 2 covections, Rk cmd T The Tx of
gachk device commects to the Ex of the other deviee. This way the t.**umf:--w.ittiw.::._l data of

one deviee qoes to the #a:;eiw-ﬁ end of the other device, thuas, F_'ﬁtm..bl.if:hirﬁ cormrnlnica tion.

2, lnter—lnteSru_ted Circuats comrmluwcation, S o Protoml used For IC to lc
connalunicationdZC 5 mtended ll‘.:rirmﬁl_:j For shart-distance conmmiumcation between 2 ICs

(hteﬁrn_tad cirmitﬁ) om the Sarme Pr‘i«-.tad carelut board (F‘L:E).E.r.: alloves Mult Master -



Fulti slave tDF’DLDﬁj' The 2o 5 a Standard bidirectional mterface that wses a controller
koown as the rmaster to cormmalnicate with slave devices. Exanples of slave devices
weliide t'b'\haﬁ sweby as an BT elock, an EEPROM, Flashk memery, or =D card rnenary. The
deviee that sererates the clock s the rmaster deviece, while all other devices are slave
HEViees Eacl deviee onm the 120 bus has a 'SFQC.FL:. device address to dfferentiate betieen
other devices that are an the Same 120 busft device can have one or rvul_tiFvl.ﬁ raai-sterﬁ
where data s Stored, wrtten, or read. The Fﬂbx:jﬁml 2c mterface conssts of the seral
clock (Ec.l_) and seral data (SDH) Lires. Both SDA axmd ScL Lines nust be cormected to Voo
t'lmf‘auah o F‘LA.I.L‘LA.F" resistor E:'%ai-r-.el that the sbA e s bdirectional, it fumetions to tramsmik

dato o receve doto.

SR, Serial F’arip‘v\arnj_ bterface, © a master—slave tjw_ protocol that provides a siple and
low cost mterfoace between a ncrocontroler and s perpherals.The sA -I‘.:rntoc.d_ LwSes a
dedeated clock -5.'3nnJ_ that s created bU the naster device to -stjnc'rrmize the
tramsmitter and receiver or Master and Slave.one device & considered the Master of the
B (uﬁunﬂt} a microcantroller) and all the other devices (Feri".:'neruL I£5 or even otwer
microcontrollers) are consdered as slave devices.The ricrocontroller can conwmncate
withy the BHS I via SPl connmiumieation, nJ_ﬂha withy other pariP'vw_rnJ_ deviees that cam
coraralumcate with SPl conralunication. These u.PPLir_.n_timﬁ m}»da marvﬂrd devices Suchkh as
S0 cards, MM, EEPECM, or Flashk, SensSors Such oS treperatire o pressurce Sensors,
control devices sueh as Abc, DAc, di?_litml POTS, cand alidio codec, and other devices suchk as
touch screen deviees, LCD devees, R TC, or video T'ME controllers.5P comraluication wses
4 Lnes For each device. There @ an nput data Line (re:.aivina ::1.‘:-3-_;:-;]',r and output data line
(trn.nﬁw-.itt&-.g dn_tu_),, a clock Line, cnd a chp select line to id&nt.Fd whichk slave device the
raster s tlr*k.:..'iw.?_L to commrnlumicate withe IF there are wm.LtiP!g =Pl slave devices cormected

to the master, then the chip select line Fumetions to select the -59&:.13';:: slave device



either to tramsnait data to it or receve data From it.sf:ec.iFic.nJ.!t], the pns of a SPl bus are
Most (Master out, Slave n), MIS0 (Master ky, Slave out), scLk (Serial elock ), and CS or SS
(chip select or Slave Select). The MOSI is how the master device transmit data to the
slave and the MISO s how the naster deviee reads mFormaation Froma a slave deviee. SR
convnalumcation S a FLLU_‘d.U..PLE.M: conaralumcation that ocelirs ity very Hﬁh speeds. Ed Fudl
mFLa:-c, it 15 rneant that the transnaission and rec.amrﬂ of datea com occiur 5imultw&cu5|.j.
Thws s n.d\.fn_ntaﬂauuﬁ over UART or 120 commaiunication, n whweh there can DnLJ be
tromSnniSSion or reae&vina of data that cam occur at a 3ivan tive bt mot both
mLt:mauuﬁL:j. The d.iﬁqdvmtn.&a of SPlis that ¥ wires are reguired instead of Z For WART

and 2c.

chrl, Controller Area Metiork, 5 the raost l.-..ridEL:j LwSed conralunicotion Frr‘otnc.oL e

al tonaotive i«mdukﬁt#j cArd conrnluncation are wSed Frﬁqputnﬂ_‘j i altonaotive q.FFvLic:n_timﬁ
because it renoves all 5;3-1:.1. NOBES Sluck as ﬂ.actrnmanatic roises. It also remmoves a
bost of wire barnesses Fromm a 5551-_&% It s ore of the most robust and reliable
cormrnLmcortion Prﬂtﬂr_.ul_f:.cﬁﬂ n.Pf}Lk::Ltionf: can be wsed n E:irv-.PLa to &xtrarwalt} ::.ﬂrv-.PLa:-c
l:l.l:i'f)'.ic.n_timﬁ-_r"ﬂﬁd are Lused «w both Sﬁ.ﬁd_ina and electric velhicles.The chird protocol s used
with a ehip that allowes For cArd conwmalumication. Texas struments s one naanuFocturer
which maalkies cArd ehips that allow For cAr commatunication Between devieeS. One exanple of

thws 5 the TohArdOR2-g Autonotive Fault Protected cfird TranmScener with cfird FD.

The ruerocontroler covects to the chrd chip, which then commects to the outsde
devices.The Chrd chip has TXD and RXD pins, whweh allow it to commrlnicate with the
rricrcontrolec. Thwe TxD pin 1S For the transnission of doto and the £2xD P S For the
rac.&ivina of data.So these are the naost conmaon and Paost LSed conanaiunica o Pr‘utuc.ﬂl_ﬁ

For hqttar:j Pranagenment -5:j-5tam-5.



