-*1- 2149626 Communi cat i ons* System This invention relates to

si gnal” comuni cati ons systens, and nore particul arl serial digital.
si-gnal commruni cations systens 5. Serial. dimt%%égignal conmuni At i ons.
sﬁ/stems are well known. These systens vary in archiXeCture 201 ﬁ(ﬁ)gﬁ
baud rate; etc., depending on the applicalron and type of informatYon.to be
exchangedl Al serlal_systens however, share a conmon susceptibility to 10
induced noise which may affect signal transm ssion accuracy. In control-
system comuni cations of the type in-which a central control. regul ates the
openat i on of one or nore renDte-controIIed.devices ‘i nduced noi se

considerations-are paranmount. Al thoygh 15.conyentignal noise protectlon
such as shielding of the systens trgagﬂﬂgéfﬁﬁigﬂﬂegziiﬁﬂk provi de a -high

degree of noise imunity, is costly. In addition, where the serial
communi cati ons systen1nust be install- edin existing structures -the use, of.'
shi el ded 20 transmi ssion lines may be.inpractical. In providing serial

conmmuni cati ons betmeéﬁhascnmveatlconrebatSSatoosignalonemmunnmatnqnan(3

o oS 2 ruThife Glngy A A A0SpALLISIIYEY B8 BEEhaITRAdILAhe central

contr ol 5|gna ocessor to regul fl'ow and noni tor data
integrity. Ir1Q&Qﬂ#&hﬁﬁmm%#1%%§+?65nﬁﬂ?tﬁ@sg hi gh noi se envi ronnent)
distortion of the transmtted si gnal by ambi ent noi se may -be‘the . -2- .
nost |nportant,con3|derat|on since induced noise may create erroneous.data
and, therefore, incorrect control commands.. As a consequence the need for
- constant errgy checkwseriane@ﬁgiEaﬂasﬂgnalegommunicamﬂmnhe$wstems hi gher

control SySte”]qﬁfungﬁpluﬁﬁﬁfss'%ﬁésggsystems vary in architecture,

'\ef”' protocol, baud rate, etc., depending on the_appllcatlon'

and-type.of-information'to be exchanged. All serial
isystems, however,-share'a common susoeptibility to
10 induced noise which ‘may affect szgnal transmlssion
,accuracy. In control system communlcatlons of .
the type in which a central control regulates the . '_ _ \
'operatlon of one or more remote controlled devices, : g
induced noise consxderatlons are paramount.- Although
'15.con?entional noise protection, such as shieldlng of
the systems transmlsslon llnes, does prov1de a hlgh f
degree of noise immunlty, it is costly.f In addltlon, _
_ where the serial communlcatlons system must be install-
&~; _ ed in existing structures the use of shielded
.20 transm;sslon 11nes may be .impractical.
In prov1d1ng serlal communlcatlons between a-
central control station and one or more remote stations -
a number of overhead operatlons must be performed by
the central control szgnal processor to regulate data
25 flow and monltor data integrlty. "In an 1ndustr1al
_ environment (e.q. h1gh noise env1ronment) dlstortlon
of the transmltted 51gna1 by ambient noise may be the



" controll ed deV|ces

a |l arger signal pTdcessor'than that requirred for the control system:

protocol. In other words, the control .signal processor must be
. larger.si-mply to service. the demands of t he. communi cations network 10,
itself {{&part fromthe actual control fu )cti on. One object of the 2

present >-nvention is to provide a serlal dat a connunlcatlons systen1for

reduci ng the ity s ing | é6he RAEE RERINDCLYRRR. AndRERGY 1 On signal -

processor and |/ 0O si-gnal-s remote fromthe central station. Another
obj ect of tm@ﬁﬁegﬁﬁﬂtqrﬁ&ﬁﬁn%mu$sd?BapPBQVdéthééﬁﬁﬁnlé&HQﬂﬁ9°%ystem Af

~- high noi se i g8HYASL feSmmds di ngs hagbthIeQEéhb)é thei aleednifdrconmuni cat i
ng .to the presen nt invention,

I'n- i ndustri al | i cations 2tE
"~ there is proﬂQﬂgiifﬁxﬁﬁﬁﬁrd% %QEbﬂﬂuﬁ?cﬁPPHﬁ? 9aka: AtE8 i di ng : :
synchronots 'y mheule rhubughgnatonbnumnsgatemnobetheaﬂ,anaaussﬂtaxnnq(ﬂ i

. devi ce havi ng as(c&glces n%%géggop gﬂgbsgpgct ??’g?ﬁ i T &t r.enot e

a sourcé Sower signal s; a
plurality ofﬁhﬁnﬂﬂnﬁﬁﬂl(ﬂﬂﬁmﬂmca!¢bmsobn|tIOIGUhSWEansd&nuﬂMRhng mast er-

QU means respansion Handp SicERBSE thusbEOLaSEKECa iRyl ave 1OV means

‘responsi ve to each renote contro devi.ce, said master and said slave | CU
- means each hdfA RPLVIRS | the i dptan %ﬁt%ﬁttPP/G?mWHPéFﬁééenédéﬁﬁ&9q&w si gnal
~connecti Qo t 4 45w S wsd ot eﬂr&evme aedualbuanlt/ral?»iunbrttwnf ace adapted for

Fetnaen ot d bue 1 e LTS Sk end tbfebE IAMRRRIRALARL I °' 0"y YA,
~of 'said I CU mmwuidégamsnniahgdand communicgtions system for R e :
S 'reducing the_input/output-(l/ol overhead between o . .~C3 o

a central station signal processor and 1/0 signals '
15 remote from the central station._ Another object

‘of the present . anentlon is to provide a communlcatlons
:system w1th hlgh noise 1mmun1ty for prov1d1ng high
integrity serial data communlcatlons 1n 1ndustr1al
. appl1cat10ns. f ' .
20 ' Accordlng to’ the present 1nvent1on, there
| is prov1ded _ '
: a serlal data communxcatlons system for prov1d1ng
._synchronous half duplex data slgnal communicatlon
_between a central control devxce hav1ng a source
25 of timing signals,and one or more remote controlled 3 ;?%{
dev1ces, ~comprising:. S -tfj__'- R N~
a eource of e1ectr1cal power sxgnals*x' | | '
a plurallty of .industrial communlcatlons un1t
'(ICU) means,;1ncludan master ICU means respons1ve
'3of to the central control device and slave ICU means .
: jresponsive to each remote controlled dev1ce, sa1d
- master and said slave.ICU means each having a dev;ce
lnput/output (1/0) ‘interface adapted for signal
'lconnection to the associated device and a bus I/0
35 interface adapted for signal connection to a signal
bus, said ICU means exchanging signal data between
said bus 1/0 interface andfsaid device_l/O'interface,:



§ignal data to and fron1sa|d S|gnal bus as serial bit digital signals, and
each of said | CU nmeans further. ineluding an electrical power input;.5"
sggnal bus neans, haV|ng a data signal transmssion |ine and an ekﬁgg}ical
.power ‘signal I|ne sai d ‘dat a si gnal ‘transnisgion li ne conpri sing
conductors adapted for connection to said bus IO interface of.each- NeUR

- neans, and havi n@a@:tﬁ*@ﬁ' %‘éfd'ﬁéﬂ%é@nsstﬁﬂﬁémw?fﬁénsﬁd §ééd1v1ng
el ectrical - power: . éﬁﬁﬂ |ne co r|5|ng t'wo, conductors including a hlgh

potential |ine afd d frem sabd ghghay Pus agnAeEiadn betmeen'l
the \tS’y;EeTSSourcmcu‘ <ﬁlg9n£51 C@igm; ﬂ&né‘aéhadfi §aid rgs%éAfial tpowelr .
i.npu eac neans [ OVi electrical -
power to each of@ﬁfgﬁﬁQJ}qﬁ%ﬂllﬂﬁmF% %%?ﬁ#ﬁbcﬁ ﬁﬁf tﬁﬁﬂgnlcatlon path
for exchangi n§ sai d serdidnail tbus gneahssllgmaingb&tdeta shgnal Cbiranam$sssod
20 inpedang %eneén@ﬁ”&ae@trf’é@l ﬁwgft ngleffﬁ eng 9§ said signal

bus transnlsS|on I ne avli-ng a Sig An2e subEt ant rally equal to
sai d characterusﬁaienqﬁﬂnalrﬁﬂnnﬁmxssﬁonalﬂneugnnprbssnGrenenceaduthrae
25 -~ In the JHRH@id abridEfion e&réaiaswﬁai/é fﬂ?ggf'b&ét'ons

systen1|ncludes a central station unit connected rou | anced

il
i

i mpedance S|gnaI°€omﬁﬁﬂ<iQQ(ﬂ?%R% t%Pkaﬁ%¥n%n?echéﬁ%FEeE%ﬁFFBn units, the

central statiign tsijgtnaliawmgedd&é;; gmid peLést Bfcal EpEREEi ¥gghaleach renote
-station unit and,.esponsive, to t r-oces use .control.
system ‘each rendt®SsCARFLSING $3£¥E&§n€" }Q;E?ﬁnﬁl s
responsive to th@anauhxalsmrne(Hnduatlowmbotemﬂiassbtnetedndeaaapted .
et et R Sl M S g
transmni ssi on ||n@qygnu§ﬁgnpls and said electrical power input of _
15 each IcCU means, said s1gnal bus means provxding
'electrical power to each of said ICU means and
providing a signal communication'path for'exchanging
:said serial bit digital s1gna1s between said ICU
_ 'means- and . ' ’ _ _
20 - impedance network means, one connected to
N 'each end of said 81gnal bus transmission line,
and hav1ng a signal 1mpedance substantially equal
,to said characteristic sxgnal 1mpedance of said
.signal bus transm1531on line. - '
25 - In the preferred embodiment a ser1al signal
v _ _1'communications system’ includes a central station
' ' ' unit ‘connected through a balanced 1mpedance s1gnal
communication bus to one or ‘more remote station units,
the central station unit having 1/0 signal ports L
. 30;'respons1ve to each remote station unit and respons1ve
to the 51gna1 processor of a user. control system,
each remote station unit similarly having 1/0 81gna1
ports responsive to the central station unit and
-~ to an associated remote controlled device of the
35 user control system. In a further feature of the
' present invention, the communications bus 1ncludes'
a signal data transmission 1ine connected



- 4 - at each end to Iom1pass filter terntnatlon netmorks and connected

_ along Its Iength to the 1/0O signal ports of the central and rempte station
units, the. low pass filter term.nation net werks. prOV|d|ng ‘a 5 bal anceq

i npedangg, mat ching of the transnission line to the central and renote - _
station it, 1/Oports at the sel ected signal transm ssion frequency, and
“providin conmon ‘node rejectlon of =siggmal - frequenci-es above the sel écted-
signal transmi-ssion rate: Preferably 10 the data transnission line’

' conprises unshi el ded,. twi sted pair signal- |ines connected at. each end to. o
‘one i nput of am a&&gcbahe I ass filter, the other
~.side otl‘o each fil ter connec*tigﬁwogéé)rkﬁééf Eﬁ gﬁgt‘ét’nt BEtWeTkEe network

. and the i nes®R8 EORRECEES & ﬁnsgﬂtmoothedmybeggghggl |/ O signa

port prOV|dedpontshefcenhrabngkgmtghduyéméggi§€%£a5§n8t$E52|%éamhereby
n i

transm ssion e nformation IS transm
dlfferentlall;bgtp%ﬁg ?féﬁ ﬁ&FmBSP@§Qﬁ netWQxKSrpromﬁdln n@te 20 station
¢

units The bohanaedaimpedhn&efm&&hﬂf oner
3 ande+d§§%%£§§& | i nes

-'dIStrIbutIOH 14iRES gﬁg ﬁ h otentlal
‘connected between %ﬁe gf@ i PR aﬁEQWﬁNﬁkiQiQneﬂnxtnxxmspo&t@n S
associ at ed po%brtb%pﬁeyeenddtSEgnalre&aﬂmﬁﬂskfﬂdﬁffééﬁgqéi Q%%f i nput s Of**'

the central a$g° é&ﬁﬁb t he .| ow pot ent
~connected to grouﬁgmgéétgP % ﬁx#qnencxes .
~ternination k eweleemdasignam tran@uﬁsyj,@‘;erﬂgé/. g eqﬁ
© synchronotg, tﬁ& q&?agﬁh?ﬁggﬂyglcatlon wi th-each repmpte statio Eﬂ# untt'u
“in atristate S|gnal or ma rises unshielded, twisted pair .
signal llnes connected at each - end to Ohe lnput D : tSJf“,

'of an associated termlnatlon network low pass fllter,
the other ‘side of- each fllter connected to a sxgnal

. ground center tap of the network, and the llnes

15 connected along thelr length to a dlfferentlal I/O

: sxgnal port prov1ded on the central statlon unit and
each remote unlt, whereby transmLSSLQn llne 51gnal
-lnformatlon is transmltted and recelved dlfferentlally
-at the 1/0 SLgnal ports of the central and remote -

20 Sﬂﬂﬁﬂnlrﬁts-tf The communlcation bus further includes
- electrical power dlstrlbutlon llnes, 1nclud1ng high
_potentzal ‘and low potentlal llnes connected between

the hlgh potentlal and low potentlal outputs of an

.assoczated power supply and the corresponding electrlcal“
_25_power lnputs of the central .and remote statlon unlts
. [

-the low potentlal llne bexng connected to the signal
.:ground center tap of the transmxsszon line termination
.neUxmks Thecxntnﬂ.sunﬁcn1xux:pmeﬁnzbly;novnks synchronous
bldirectlonal communlcatlon with each remote statlon
30 unlt in a trlstate SLgnal format.



Preferably the centfral and renpte stations each include an identical
industrial contfol unit (|CU)., . the I.CU being capabl e of functi onj :
alternatlvely in a naster nmode.for.central station use and in afgggve node -
for rembte 5 station use, each |CU providing the-I./O differenti si-gnal
port interface with the signal connunlcatlons bus -and providing the Es)
~signal interface with"the cor r.espondi g3 uSer system signal processor or
renote controlled device. 10 - The present. comuni cati ons systemis :
chatacterized by high noise i munity S|gnal transm ssi.on despite the use.-of -

hie
i ch 1 nch udoq PReURRRBRE "”Sémig%o rerthe SARIn PR LA AL

narrow band, | qyRgass cgjh kéo%rsfﬂ BhOY qeckyW thenalcy baggency

i npedance natchlng an sign f requency conmon node rejectiaon. - The
signal infor rratqapahi@ e fm%m%lslil%rﬁ%tﬁmaﬂigeha%‘r@t Pasterd modeei ved

-dlfferentlallyﬁ; | é%ﬂ'é’@atﬂﬁ ﬁQeZQndf!htHebla%Eaﬁ%en(fb‘ierfeﬁioQﬁIOn
| n addition, the

transm ssion |ine er_Imi ility |n:
systen1|nstéHeﬁtﬁﬁ$941%ﬁ#st?#@Ps%?HcPﬁ?gé iQﬂdt g &Aﬁ Féﬁ%s system
cost.  An enbodi apf dFe DiesefdcevEthi enemshlgnaQchmﬁmcaaﬂmsaed by
way -of exanpl e and

W reference acco ef : :-;
Description of QUi ﬁéavﬁ’%‘é" 179 'i}t‘?s£2§ SHEff e& %rfg'ggock agram of an =~
i ndustri.al comndrrespmndangsmserlsystemrdagnalwprbcaheqnlqungmﬂhe '
I nvention; . %ﬂﬁfé%l%hpﬁeél ghenatlc bl ock di agram of the "

connunlcatlons Fig. 3 is a series of waveform ' -
|IIustratndhs used The present communications system is characterized

A by high noise immunity 51gna1 transmisSion despite

| | - the use of unshielded transmission lines. _This_is
.due to the system architecture whichuincludes a )

_ fbbaianCed'transmission'linevterminated_at each end
15 in narrow band, low pass filter networks which provide
low signal frequency . impedance matching and high
| signal frequency common mode rejection.. The signal
information on the" transmLSSion line is- transmitted
.. and received differentially at all station ICUs to .

20 further enhance noise rejection. In addition, the_
.lack of transm;ssxon line shielding permits
flexibility in system installation in existing

_fstructures, and an 1nherent1y lower system cost. - |
_ - An embodiment of the present invention will now be
25 described by way of example and with reference to the
o accompanying drawings.

Brief Description of the Draw1ngs _ ) .
- Fig. 1 is an architectural block diagram of an
industrial communications system in accordance with the

30 present invention.. :



~ control

in the description of the enbodi nent of Fi*g. 2; and 5 _ .
schemati ¢ di-agram of -an |1 CU nodul e as used in the enbodi nent of Fig.

a

" Fig. 4is
2.

Fig. 1-is an architectural .bl ock di agram of -t he, commni cati ons system 10 .of

the pregant invention, which provides signal

central control 12 _ ( _
Thé user system central - contr616aﬁd renote controll ed devices are

10 syst9
16,

shown in phantom The conmuni cations systemincl udes a central

: communi cati ons between a dsen(_
12 and one or nore-renote controll ed devices 14,

15 (master)

comunications station 18 with input/output (I1/0 lines 20 to the central - -

and-1/0 |i
dual” functiaon.'
includes a- &

28 for providing thare djvj
d"%hgi o

" central station an

755,22 19 AvGouaRtLeCR

3  tof Rl 2, the bus

.

nicati ons bus .24. - The bus i = .

1ORS oPY Sem 20L£ WL, bakanced t ermi nation networks 26,

S 1for 8e¥dast of (waweEpral dNi1UEL rdlhicis andy i t

f-urt her i'ncliidddhen damsariptiod 06f PeRN @i > power, tqQ all_'statjons.
t he busﬂig)ndﬁnlﬂ%(eig;,egg f’rfo#"ﬂ‘ﬁom@rf anghly 36. - The
riTRREMAL 10 diggrannof af T4 toddlai I |

DC power.525 is s
renote stations 3

gﬁgégq;éé)

The 

associated.P?nﬁﬁ@ddéﬂ(ﬁhejhmbdﬂiméﬁﬁiébrﬁﬂ?b bines 42, 44 to t he. bus.

Fig. 2 is a schematic diagramof the comun

the bus 24 includes wire pairs-46, 48.
facilitate
and to red
transm ssi
" the power’
: - 10 system central control. 12
- controlled devices 14, 1s6.
control and remo‘

~ Phantom. - g

it eatidfis sy atan |0a ot

- 15 (master) communications

- 7-Figst @l §at han aiulihe Us.
O e R el oo st agmamhes lgng.
B G tBr OV ides 48£gn 48 Boe ARG LY
and onefor_mb;e remote

s 1 | Thelusgf system ceﬁtrai-
te controlled devices are shown in

catrons 30 system 10." " As shown
Both wire pairs are unshielded to
er systenml.s structural environnment,

ag_i{vehg‘fgnpai r 48 is

thiee priigeh t
e - . .
metween.a user

Lot
1.01’1 S

Pt

The communications systém inciﬁdes A'éentfél
station 18_wi£h inpuﬁ/outpuﬁ"

(I/0) lines 20 to the central control and I/0 lines

22 to the Signal'cbmmunicatidns

| dual function.
'-'to_Eig. 2,
20 with balanced termination ne

As described

 for Providing DC power to all
25 is supplied to the bus on lin
The remote stations 30
lines 38,

14

- 30 system 10. as shown

) 48. Both wire pairs

the bus ihdludes’a'data-tr;nsmiésion bus
tworks 26, -2 '

32, and ié"furtherﬁincl

-49 to ;heir asébéiated'rémote-deviées
.. and tprpugh lines 42, 44 to the bus. -

bus 24. The bus is ..
hereinafter with respect

:emgte:(éléve)
ncludes a power bus
stations. The pc_éowéf_'
e | |
3

‘the bus 24 inqludés wiré-péiré 46,
are unshielded to facilitate o

si on_nultipl exed signal conmuni-cation-between the

5

“



I'ow and hi gh vol tage potential outputs of t he power supply 34. It provides .~
DC power to the’ central and renote stations .and their associat ed@m.e R
c!,eV| ces. The palr 48 Tray also. be a twisted pair, -10° but not ne sarily.
so. Since each wire pair is unshi el ded and subj ect to both high and | ow
frequency anbi ent noi se levels the datatramsm ssion |ine pa| r 46 is . *°
connected at each end to i npedance termination networks 26,-28.. 15 Each

net wor k i ncl Udein%%‘ﬂlﬁ%ﬁﬁdcd “ner&er’stﬁgt d é}@tg\oégrgﬁ@ty ; 54, 56 for the -7

‘netywork 28. The ters are connecte |gh Sl e of -each to
respective endsepvizaomest i pad thgindigecasthe vﬂ'h%spal-ﬁl\ 48ocwithnd at a

| ow signal i delggeshaenst weds A& RNl Wrandhs PR bk sségbutlon line.

Wi re 48B,  connegted taq the .| ow potenti al output, uppl-y is also

connected to théScBReEPTaMYsR tished tire Radhat | The edi®r 48 1$he l i ne
48B i s grounSledthe pbeeeermer wtm lirfes t48a) mslétsmoéceé&ht@fthée 25

network filters, to_provi.de-t current ath for..the line
driver currentstPFo X‘ Z‘r"&ﬁ'staﬁeatq%@?ur‘?f %{aﬁs nEhe ssi on line. As

descri bed herei patveer suppdyf id4.er s:tprprmzieles Iw:fcmewemyth@p@dnﬁrsl rraélch "
and maxi mum hi g 0 u ]e hin e-sel ecte _
data transm ssi gﬁar g’?%ané%% g*%&&%%%% ?Cé'%/‘\}?:%%é é@ €t he net wor k -
center tap) prodeydseshe Fher Padir dé say eﬁlﬁm hentan; twinrtetdwr anpl i t ude .

noi se - 810! exgleS npBel B@c@%sta}i‘ﬁl'i? gpint.of the transmission lLine. As a'
result, the filters are selected fo provjde a narrowtransm ssion line -

bandwi dt h and high cofABfensash ¥ieq R Hrisiwshieldrd gnd orehject
transients 5 i 88UBEEhDHiGES Qnd 10W T RAUETRAS antb Lent RRYs€Olévels

(R _ .the data transm1351on line pair 46 is connected at
each end to lmpedance termlnatlon networks 26, 28..
15 Each network 1ncludes low pass fllters 50, 52 for .
network 26 and 54, 56 for the network 28. The f;lters
- are connected at a hlgh 51gnal side of each to |
. respectlve ends of each of the transm1ss1on llne w1res
'46A, 468, and at a low sxgnal side to the network
_20' center tap. The.power.dlstrlbutlon line wire 48B,
'-connected'to the'low potential ontput'of'the Supoly
'34,'15 also connected to the center tap 57, 58 of
"each termlnatzon network. The line 48B is 'grounded
| _ 'at the center tap, i.e. the low side of each of the
i 5_ - 25 network filters, to provxde the current return 51gna1
| - path for the line driver currents from the varlous
statlons onn the data transmission line. '
~ As descrlbed hereinafter, the filters prov1de
_ - a low frequency lmpedance match and maximum hlgh
30"frequency common mode rejectzon within the selected
- data transmission rates.. Groundlng the filter low
s1des (1 e. the network center tap) provxdes the
.shortest noise return path, the highest amplltude noise -



.and induction notors. The central and renote-stations include irdentical
i ndustrial communications unit (I€U) nodul es, .each,connected in the same .
manner 1o the communi cation 10 bus t ransmi ssi on and power distribution ¢ .
- lines. he | CU nodul es are.capable of peing. progfammed in either a naster '
" or sl a¥¥ node; depending on the | CU nodule application in either the
central or rempte station The-central station raster 1'CU nodul e, 60 receives

the 15 four i ' 2 | terf

e 1P Cuees BUSAN SR 0C5E 22na PH AL EATSE 10 Eéeéfj
~ within |ineds2e, resglty) tls fikkexs are selm:teegtm. providecal CU.nodul es -
.68, 70 recehxgrbb:e tfr‘&‘x'zrsxd’ﬂsﬁéﬁ'sliﬁwtﬁénéﬁiét'ﬂhah&nﬁiﬁﬁocoﬂﬁon‘l‘l and

‘interface wt heir associ ated.renpte devices throu l i hes -72-74 and
76-78 (incl Baeg wedectiamas Jutahofraavercy Y°1¢%99rﬁvﬁﬁélﬁﬁésgreatest

noi'se i MAUNihuked BYs Botidiafh tHosdl S$GuPdes | né$?46£ela§6aoitlg preferably
25 - 18-24 AWG (Q.20.tQ 86 an twisted pair with an approxi mate 100 ohns -
characterlsFPE Hé&&ﬁiﬂ? ‘appr oxi mat e capaci tance of 18 pf/ft (60 - . .

" pf/meter). The 'rhpomntram rdrit femo té neba éfdns 4BRc2udea identid@l20 AVG

el e AR R o ARG O ADE PROET dhaliLRut pamnd0 Line
1,000 feet ¢cobbected dn the samematineritottbe tomsunicatédnt o supply. L
Gurrent 102 Pl SYRGUINE O |A10G: Uy SLebRion Tapbl | mre 0,
return. \WhéRU; Redalese areaeaPakk %ﬁ?é&?¢h@ﬂs¥rﬁﬁr§&mﬁéaﬂ§ §i§h§§ntrolled |
by the renphemgkteirods tél%wéﬂn&:&éuor& d;s&l&ﬂnéeaar%e fcu( heaahk pover
sources, and a&icgt?gﬂqfﬁﬂef@hé¥ﬂ e central or remote statlon. ' e
The central statlon master ICU module 60 receives the -
15 :four wire bus anuts through llnes 22, and prov1des _
- I/0. lnterface with the central control signal processor |
- through llnes 62-65 (1ncluded within lines 20, Fig. 1).
SLlearly, the remote station slave ICU modules 68,
_ 70 recezve the four wire bus inputs through lines
20 42, 44 and lnterface with their assoclated remote _
" devzces through lines 72-74 and 76-78 (1ncluded wzthln
11nes 38, 40 of Fig. 1). :
To provzde the greatest noise lmmunlty the'
. unshlelded transmission lines 46A, 46B are preferably o~
. 25 18-24 AWG (0.20 to 0.86 mm?) twisted pair with an
' | approx1mate 100 ohms characterlstlc impedance and an _ o
. approxlmate capacztance of 18 pf/ft (60 pf/meter) The y
power ‘distribution lines 48a, 48B. are amim.mtm 20 WG (0.64mm ) -
_ wire size; the 51ze -depending on the power distribution
30 llne length with the minimum wire’ 512e determined by
the maxlmum llne length of 1,000 feet (305 meters) .
The power dlstrlbution line is used to supply current.
_to only nonlnductlve DC- loads at statlons, and the



fromthe renpte station | CU. The comuni.cations.system proiacol is:

synchronous, half duplex, -serial line. format by.which the ter 1CU of

the central station communicates bidi-rectionally, 10 with many as.-

60.slave ICU renpte station-units. The .serial |ine protocol is |IIustrated o

inFig’ 3, illustrations (a)-(c). The-rgster |CU-npdule transnits data to, .

.?nd receives d?ta Eronl e?cr of the renote slave ICUB i h successive :
ranscei ve cycles 15 .80 (illustration (a c e includes a

frapge 82 fol I-oWeadnFurrentfig RENTEEY o é i:‘:‘a??? 8EPReen - Zync .

H] ?Zf\r?alt |8 gt?iré?t 284; RS o ﬁrﬁJﬁdﬁEml.irﬁe Tdi%gue :Ewhﬁx) tnduetigeei ve -
er rec S om s ac tign 20

franme is mar ke&°5§sa ﬁ%%‘%ﬁ%’e % %‘g ? %’Eet‘ﬁ%“{ég‘é?@%a *’g -
frequency.. Theh%ym@moﬁEﬂsﬂﬁkxunsntheyreseesuppltedvbylShpayathronlzat|on,
.once per Iinc o n h dded t
the 128 mfgérma{tll Sﬁlf)re? \%Q %‘gsgrér e%q:géér"g%ﬁi%gig 1SW§E§§acgd _O
I'iné cl ock {ntémwﬁl$hhomemnﬁetstﬁtIQnVEﬂiycle To pr.ovi de the highest
-noi se rejection the lggﬁab ig{ghr ekgc

| owest . frequency re ?%?Bto sat %ﬁﬂgs partlcglltrgfr;b%%ﬁt ?g bgﬁcah)haas' '
application; thalfadupled Hexipl ihineddomgmat P dhich fEPetﬁésGﬁ§h|elded

;;2{‘2 m Zgi 8265'1:&? gr? retlﬁ ﬁ@gfﬁ%ﬁ{srftﬁml@@ﬁhuﬂigibéspbﬁdﬁ_ﬁéctﬁzm&ﬂ.yat ion
CLpent vy SR ikt on w1 S cehve) B pedieEobbabioR R B
_ %Ylsﬂfg/lécl(‘)lnljgd( mhee\eetﬁ Ieli'tte prdtocobheis ilbustrated dncFégiide is 104
(i D, sanpl e t| %é:?ﬂfé’r%% mFa{)&[g ﬁ% lf'gigﬁyzfgfgﬁﬂsaﬁﬁe frequel.nlc'y >
L transmlts data to, and recelves data from, each of ' -
. the remote slave ICUs in succe851ve transceive cycles '
- 15 .80 (lllustration (a)).. Each cycle includes a sync a
' frame 82 followed by 128 1nformatlon frames divided
equally between a transmlt lnterval 84 (master Icu .
transmits to slave ICUs) and a receive interval 86
_ (master ICu receives from slave ICUs). 'Each information
:20"frame is marked by a line clock pulse transmitted
at the: system clock frequency. The sync frame 82
provzdes master to slave ICU synchronlzatlon once
per cycle. It lncludes two line clock lntervals
_ which, when -added to the 128 1nformatlon frame clock
LJ- - 25 pulses, ‘requires 130 equally spaced 11ne clock
' intervals for each transcelve cycle..-- o
To. provxde the hlghest nolse reJectlon the -
'system frequency and baud rate ls selected at the lowest f
. frequency requzred to satlsfy the partlcular control a
30 'appllcatlon, the bandw1dth being llmlted to compensate
for the unshlelded transmlssxon llne._ In an exemplary
embodiment of the present communication system as used
in an elevator control system, as dlsclosed in our:

o



| . . frequency is 1250

: : tinme the line clock 0 -cl ock - .
: ~a Selected 104 ns cycle i'on. (b): shows the 130 c .
Fglggi SQ?igdSSOO'nfcrosecondsg- Lngfggitbarség)(Si‘ S2) and %0.'12884 : €
(cl. |ud| ngtV\D S.yn.C ra . b t.v\een thetransmt rane. O L
pul Se@s e l'ocks divided equal I'y bety k pul ses65 t hrough
i nf or on frame c 64) and receiye frame 86 (clock p c frame

1 through 64) an arel8cfual Iy nissing. The sync

(¢l ock pul ses - ¢l ock pul ses-are defual |y whi ch includes the
128) .- The sync frame “"dead time" 15. interval (whi tnett eeding -
, : - the."dead tine" 1 l'ock. pul se of a preceeding .
- itself is defined as the between the 128th clock. ' pt “cycle time the
Cmiesin clock pul ses: [err] bet ent, cyele.. For the 104 ms cy ) _ .
Ccycle 'g”d Fh@*gg%@é??s%io%&?‘?‘?ﬁeétiﬁﬁ FORPLAR, £BF jofipriary Xty S'Inatlg'e |

SR ot 2 L Sruted ORI ULER HRLLond Y e 8, 90
tran o $ciQUE;information fra 2] pyreng. i nformati o .
ook Pl searmadh D %‘%c%g) tipe 'F'és.épeea..lﬂdgsm??-ctm sting, 25 or control
el Oflk g'ltjl'a.ts I"(?IQVIJG\% a%lﬁﬂpmxﬁhageost5Cﬁ%£§%§?§%xi\rﬁ keguenstee - control | ed
. E?.gny'oﬁtiddah~f§ﬁmﬂﬂ9§{§$§§rﬁ & %%?%gﬁfffﬁﬁﬁstaﬁefd&hg E?Sﬂgﬁf%hfnggfLSL

T . ni : s : e | CLLin A, e : . :
FeU tr ansm PULBER, Anid ForFaleatah Saums | 18 aige! 8 aliBer edpsidi g
LI;::Ja frane .gﬁgqgencycé‘qusséatr% }c(ﬁgn%{i@%{%ﬂ# o808 xa;',emgyeo_hgggé\sler 2Inat e

a A a_fraoge. s i er nal  conTa

receive int gﬂﬁ-ﬁggﬁ%?"hgﬁﬁs Shows. £hend BE-ARo@6 pit $492)

N - o  on and turn off of the _
to their opt?&i¥@hng twessyno o i @%ﬂw A oty Check
| ave .| s 128 | i9Fommael S5t o, NU §10rlsgnddmictamdsnia gy | wedgdl Ity chesk
sl av i f.i.c ata5pat erngwﬁ S L _assi gned “cl oc Crbnt . L .
By the’ centtt Eignentt Ename sBavecl bk 3R13852 15 918 ) ) T
by the and re¢éive-frame”86”(clock'pul§ess

5 through 12s).

15ﬁ.intefval'{§hi¢h includgs.the missiqg.

_20'and'receivelintefvalS'servi _ _
- slave ICUs. The first'group-of four information frames

in each interval 88, 90 (clock puisesil-4 and  65-68)

t
=
(o]
e
(a3
0
o
A
—
@

25 or géntrb;_of any-dptional features_whié

‘30 receives déta'f;om €ach slave ICU in aJcorresponding ;
' receive-intérval3data'ffame.

All remote station _
-slave ICUs rééeivé_and store the commands of frames




address. - The I'ine’cl ock pul ses:are tounted and decoded by the slave I CUs
foll owi ng. each sync frame to .deternmine 10 the presence of an a gned
count -address at “which'.time the I1CU reads or wites a data fra omor to
t*he transmssion-line. .The format for the information frames, both spgci al
.command franes’ 88, 90 and data frames, erqydentical; as shown by .

i nf ormati on- frane 15 92 in |IIustrat|on (c) ' The frane time interval is

divided [neo ol 4y 100 BOrEroLentieat AL comdhRak! £8130E! §°§1%§£9%e a
m nisvum of 50 moperatxnnxnuﬁh@ﬁGECQmmandsaman 1n¢hnd3etunn gmaBBGQS '
(100-200 20 mi cr. Y¥S)o ¢ Stk iné’etié’ﬁs Qifrﬁf" a""Qé‘iQﬁ@EPr Hom

response time to erances and Sa I e de ays etween t
pul se and the d&ramay sommapd n’éh@ s1ave sTEVS<t06send spegifdg data

ni.cr oseconds)s argii-_ftéﬁﬁ;@ﬂ'{‘aa PldgrodBid %Gdéaté al.'I]Swf !Lh%bgfr@.‘t of 25
whi ch (96-99 correspond tqQ the four_data b D1-D4. The bif time is equal

to the state tiffesds b (ﬁ?ﬁﬁﬁﬁﬁmﬁp$tﬁo he selected 104 ns transceive
cygle time. Tge flft??hﬁ sraﬁespewlm&sfgﬁtagglbnadm?u?bﬁngbuhe recelved
and transmitte each of _.th s _fi it us or
speC|aI feature %%?ﬁ¥ﬁ% o?ﬁc?ﬁt%e?egferﬁﬂFPﬁgg 2 d % epy :
test. -In the p i exhe(hkammrtollminéteabht syncuﬁzdm&otoode&prtﬂme

. speci al. |nqupa lé@g%gggﬁh@b%&dgésgnggrgﬁ&b h franee

in each transmt -an I'ECE,‘I ve I nt erva% cal or ma-

ock .

frames 5-40. ThdmeasthestE3E nemds om|wei ﬂeedd@taeframer \fapmppn:omo the = .

~-begi nni'ng of theww@mﬁomaifnéran@heﬂaoehawfbﬂ the. idrbhmatiignal
datg format 1s 1] ol Puaer spadfaf comnana Eiimas 860"90' Aha”ata""
'frames, are- 1dent1cal, as shown. by Lnformatlon frame
15 92 in lllustratlon (c). The frame time rnterval 1s.
d1v1ded 1nto erght 100 mlcroseconds states. The flrst
state (0-100 mlcroseconds) corresponds ‘to the clock
_ N ' pulse interval 94 and must be a minimum of 50 micro- .
. o ' seconds wide to be valid. The. second state 95 (100-200 o
20 microseconds)dis a “dead'time" interval whlch allows
" for réSponse time'tolerances and sample timefdelays
between the frame clock pulse and;the'data bits. The
next five states 96-100- (200-700 microseconds) are
_ five signal bit time intervals; the first four of
o 25 which.(96-99 correspond to the four data bits Dl-D4.
' The bit time is equal to the state time, or 100
mlcroseconds for the- selected 104 . ms transcelve cycle
- time. The fifth bit is a special feature bit whlch
'u'may be - received and transmltted by each of the.
_ 30 ~slave ICUs.: This flfth bit is used for spec1a1 feature
| frnformatlon'whlch may 1nc1ude test routrnes, e.g.
parz.ty test.  In the preferred embod:l.ment the fifth
_ blt Ls used to convey the spec1a1 information 1n 36



a differential, -three state S|gnal transn155|on in mhlch t he S|gnal as
‘measur ed betmeen the transmssion 10 - line wires.46A, 46B, is in one .of
three ®s. The line 46A is the clock |ine input fo the ICUs; the line
. 46B bei the data line input. The three differential states are. neasured
with respect - to the difference potenti-al 1Between |ines. 46A and 46B.. 15 -
When the si.gnal magnitude on the Line 46A S greater t han 't he. suntof t he

si gnal magni t @fe the tafvea il Taksl & G634 i Ld vol tage (Vth) 104 then
~the differentkghnaha t,ﬁe ang } ual. to 'ﬁ?‘?. ne c$§ grﬁﬂ?§el{‘9$achl lustration , -
When the si’ % n‘-‘!‘F%l'the Sllﬁébis:té&llgr ¢at Sheb the\f _

(c)).

sumof the |ikeOR6 rmgm .pl ll&hé flfasss_al esholf vol t age

di.fferenti al ﬁiﬁéelhﬂgyt,a S; g_.g H% ogl c §‘Pgﬂade§dt t| mes
96-100. 1§ t %%t oo teR e &b %zgmmgteofstmessuéeéadiftg -
t hr eshol d Val Ea@s- dlfferentlal state is recogni zed as a signal b|t"’

| ogi c zero 102. TheAnghge@hr@he qQr the selected 104 ns cycle -

tinme is 10 -KB or the four b|t E‘Fuswlarﬁ#'hﬁ)efnmaﬁligh (test) .

bit of each in o ?bn"f?anﬁlpebart- sithel ﬂkrhﬁsuﬂ_ Clb ndiQuever that the
trated bagd REREARS b t

present syst @mdiffatential pdehpes] el LLLu N
number. In g dy qﬁxeéltt & ni C?it | %ﬁgesyggg élnsﬁ'd-ts@irqn es'x and/or nore
n hits qg"&b@? rraeeeunea hgtweeh Imé! 'ﬁl} erlt_gth and .
a sche

i nformati

noi se i Hn'eemm Fe8p'18 N t8f gﬁrg nﬁléfgﬂ-’éseonﬂheses an ICU

|IIustrat|on1th | ules 60 (68, 70),
110 toget her i tehhgér %h% ?1 ‘gﬁ lg%"}ﬁ db%@ﬂtbed -bheergukiekpe The data -
46BcRe1ngB tivee qartas enipsl idporgh dRguL,LiLiers

“transm ssi on*tPfie
_ differential states are measured ‘with .respect to
the difference Potential between lines 46A and 468. =

15 i » . ]
_ Wheh _the_s_J_._gr_xal magnitude on the line 46A is greater

_ greater__ thart th_e sum of the -'line 46A’ ma'gnitude blus the

lnput Ls recognlzed as a logzc one in SLgnal bit
times. 96-100 If the line 46A-46B diffetential |
e magnitude is less than the threshold'value"the'
‘ idlfferentlal state is | .
recognized
e zero 102 — g. as a s1gnal b1t loglc o SJj

The approx:.mate data rate for the selected 104 ms

30'
e It should be understood, however, that the present
s |
| ystem is not limited to elther the lllustrated baud .
rate
| or blt number. In the present communlcatlons S



£12, 114 to the differential data inputs (L2, LI) of the ICU nodule.- The
fllters are typlcally first order -10. RC networks with a time constant '
dependent on system speed. At .the.cycle tine and data rates sele Wl <f.or
t'he exenpl ary el evator. contr ol systen1enb i ment. each filter ‘tine stant
is on.the order of 2.5 m cr oseconds (typlc I'y 5 K ohns and 500 pico -~
farads) 15 whi ch limts connnn nmode vol't age ‘transi ents wit hout degradi ng

system dat a ratxga wp& 5135 ggﬁng%&amheq%@t g%hn?%th @ge (VDD)

proyi-ded by vol e reg m t he power. .bus regulator is a
‘knowy t ype preﬂ@@hﬁ?ylmm@h¥EE F@ﬁﬁiﬁameBNFSLOB or 20 LMB17L. The |CU i nput

‘data‘at [err] is recekgggrgyng ﬁgergathb cqnpqhagpgghgygtAQJS whi ch
provide in -combjnation a dlffg tlal line recelyv The data and |ine

‘¢l ock threshol d-kHi$EEREIR O e ECY medudes| |519st(15e§m d®)(«c®2Shi ch the

receiver uses tmba@mecmpfﬁskspahsmcat 1B.er thgeither’ &&mtpéxqpﬁ&ad.ata
input LI, and to, sense th th r

t
differential vottEGRESEY H ei?éi%ﬁé ﬁgre&n&é EEWWD&%ﬁbééﬁﬁﬂﬁﬁiﬁ§Whﬁﬁlqﬂn
af fect the .t hrekimés 46A, 306poane. prE;enteaI;hrbhgﬁ%dmpﬁtwfﬂﬂﬂerss equal -

t - half t h t he

o one: 1ol T e o Lol aca EHa 95 B IREEY l By (e e
(ZL)); typi cal | ytlee SICY moduiel t sTheTﬁelsegﬁalareuttwmsadﬂYesEcirs@mﬁm or -
-14- are | ogpc gerLe SRy Sritheal £ihb bB r:an rae? e&.{@ n/idys i output”

signal s.from each conmparator are resente [ ters 120, 122.

For the 5 sel e‘iﬁ%ﬁf%ys@%nﬂ'—%tﬁyq; ?e§1¥‘ﬁeaf‘fil tiéﬁ@ Fr&eg sedeahed four bit
digital filtersfodtéhe sempEatpt81eba8o? control system embodiment

BN _ '_ each filter time constant is on’ the order ‘of 2.5 .
- - microseconds (typically 5. K ohms and 500 pico farads)
15 which limits common mode voltage tranSLents without
degradlng system data rate. ‘Input power to the ICU;-
is a regulated DC voltage (Vbn) prov1ded by voltage '

'-regulator 115 from the power bus. The regulator is

a known type preferably a three termlnal LM78L08 or
20 LM317L. . '

' The ICU lnput data at Ly, L2 is recelved by
dlfferentlal comparators 116, 118 which prov1de in
combination a differential line receiver. The datae_

_ and line clock threshold voltages Vth’ (104, Flg. 3.
- - 23 illustration (c)) which the receiver uses to sense
'a clock pulse at L2 with respect to the data 1nput
__.Ll,;and to sense the data bits at L17With'respect
to L, are differential. voltages,'the'presehce of a DC’
- common mode voltage will not affect the threshold set
30 point. . Typically, the Vth threshold is equal to one-
- half the minimum voltage swing on the transm1551on

'llne (or the minimum line current (Io. MIN) multlplledv_

by the minimum line impedance (ZL)),typlcally 0.5 to
e-Q 6 volts. The signal outputs of each comparator 1



m croseconds. The filters use a best three out of. four sanple averaging:
al gorithm before allowing the filter output to-change.states. The signal . .
output 10 fromthe line clock (L2) filter 120 is presented simultaneous|y*
Tt qggﬁﬁss sel ect/recogni ze | ogic mlwuﬂtry 124,''control wunit 126, and
thro out put buffer 128 to the serial data clock out put fromthe I'CU oo
- (SCLK) which nmay be used for peripheral eqU|pnent, 15 The signal data from

the LI filtgrelZdqgie Reeacwheever itlfe 120 dmd aL§einphtdoasei Days of 1/,0.
shift register 8 ‘a nultifunction five bit shiTt register with dual &

serial -t o- pE?%PIthnDdes The serial datareceived on line 129.is parall.el-
formatted by the ?Re vagputesiamhly dyom cshdln ¢dmpafhtdatarbus 132 which, -

'_|nterconnects the 1,0 e 1 t dr S 134, an output -
register 138%¢ 3ﬁﬂt?ﬁet9.?%ﬁ&§ﬁﬁ:%i§g%§§<f?ﬁ?£§???y %%% he fifth bit
~logic C|50use1gctedusydtem ﬂaamsmﬁmeautheﬂialﬁafsfaheZBreﬁerathornat|on -
to the asso e e Vi hgfg register 130

Is inter-. cgéﬁgcg é Hﬁ%ﬁtgg f????ﬁéﬁ q%fé?logl 1%??%%%5?5 ?hrough contro
lines 139, migrogegondse v&lece‘tﬂmars HES At felireeneuboAfrol unit 126 .

on lines 14Eou§0safabieca%&a§ﬂ@ talajo&qawméwréogmsdnl{%f ghgation to:
- the ICU data_ transmtter. gﬁyltry 143 (which inc) udef 8ate 144 and

line driverEikE8T PPtpPNE FPf I§Q9q§ﬂp 9 BHIBIL 19BEPRE the 1 CU
- mast er/ ghaverbMgthe 11né5c1©bmsul%¥/f&%herﬂmtacnétgreﬁkheuaput register,

a2 series orsumiLFaRSeRRTEn SroaRaRe R, (A TR Ead  IPRRS mmt i b 1 rame.
.5 The cont reirabgerit ﬂﬁﬂcomﬁi@lanmmarm tand through outputl ock havi- QJ
- a_higher frﬁGE?QEVIEQaQot@ﬁe serial data clock output from the
o B ICU (SCLK) whzch may be used for peripheral equzpment._
15 The 51gnal data from the L3 fllter 122 is presented
on line 129 to a serlal data input of I/0 shift
'reglster 130, a multlfunctlon five bit: shift- reglster
'w;th dual serlal— c—parallel modes. 'The serial data
freceived on 11ne 129 is. parallel formatted by the
-+ 20 register and presented to the ICU data bus 132 which
interconnects the I/0 register 130 with: a command
regzster 134, an output reglster 136, and the fifth
bit I/O logic circuitry 138. . The fifth bit loglc g
. circuitry is. used to transmlt and recelve £ifth _
25 blt lnformatzon to the associated reémote devices, o N
| as necessary.. ‘The I/O shift reglster 130 is lnter- ' o
connected with the flfth bit I/0 logic: c1rcu1try
'through control llnes 139, 140, and receives command =
lnformatlon from the control unit 126 on lines 142.
30 The control unlt also provxdes command lnformatlon to-li
-the ICU ‘data transmltter c1rcu1try 143 (which 1ncludes'“
AND gate 144 and line driver 146), to the fifth bit
1/0 loglc clrcultry 138, to the ICU master/slave logic _



I*i ne frequency clock The exact . contfol unlt frequency is sel ectable;.
dependi ng. upon t he nunber of .sequence 'steps i.nvol ved. Typlcally t he
control unit 10 prOV|des a.sequence of 17 command instructions, and
control. clock pul'ses are provided fromthe oscillator. and clock divi
citcuitry 152 on-lines 154 at a fréquency th +he ordér of 20 KHz for the :
selected. 104 ns cycle time. 15 - -+ 1In the operation of the ICU the . Co
received |ine cl.ock S n.l_iLne .12 Y, cuitry 124
and_conpared. V\n? Fﬁgg &Ji&ésglhgne% Jtd%r ggp%ﬁs%%gﬁ%gé’gyﬁﬁe mul tibit
‘addhess circuitry inpln thb—p@?ferrhd.@thQmmennnnhequnt#ni woitfiged
(for a slave | 8y s LSt &y / sl ave status is
set by logic- cfé%aﬁérgx%ié 5f6%qa %%E%gf% n E% ceﬁ?ﬁal stati on (18, -
Fig. 1) the sLvchrape ogigails coamands G@q%‘%rﬂ?%&ﬁ@n&a@-%e ¥amethe SLV -

input is algyi ghaNgontEL BNGOTATHM cimmards Qfrd hhalead sy station the
[err] inputs are connected throu%? addr ess Ilnels?éS to the sjgnal
I

‘processor of t hEOBERPLaMNIE,GLGCk having a XRAUSREY. SRR the i of
Eg fh?n?e the gnigerfkeqr?gﬁ?e&aosm.aHmme|éxacxen?nfﬁobpumiﬁlc i-nformation
ata) franes urin r gnsf.er sl ave uts

may be fixed engﬁﬁgﬂef‘ Vod‘&hs g’ﬁ l(ﬁf %e%ermf’:ﬂ O'? %?%@%-gﬁ?
-ground or VDD t seguencee sttiegp'ss dnyctlawdi nmmms the contrel Bynkeepi. ng
track:of thgg 0L "BibyaddECad setiinddiod 29 acgsi.gegga h4L88nb PO Fa 124

di fferenti ates Ween and wite ese two cles .are .-
reversed in. masthe §ﬁ6t§P&v§1PGEBPNLﬁ?ﬁ%iﬁﬂuﬁrqyiﬁQﬁIf?@mct%%k count. The"

_S' ave | CUs readosema@oh:ntaan%tlb@k falwdéle dﬁsé@itrf' i%52 énrﬁnéeur

_ \vf' - . 154 at a frequency on the order of 20 KHz for the
' o selected 104 ms cycle time. - ' - o _
15 In the operatlon of the ICU the recelved 11ne L

clock pulses on line 121 are counted by address'
_.circuitry 124 and compared with the ICU's. asslgned
"address, as programmed by the multlbzt address '
'clrcultry 1nput (Jl-JQ). The address input is elther
- 20 fixed (for a slave ICU) or dynamic (for master ICU)
- The master/slave status is set by logic c1rcu1try 148,'
:for a master ICU in. the central statlon (18, F1g. l)
the SLV. input 150 is set at logic zero and for a R
_ - slave ICU the SLV input is a logic'one.' For the master
.\,:' - 25 'ICU of the central station the J1-Jg lnputs are
' ' _connected through address lines 156 to the szgnal
'processor of the central - control (12, Flg. 1) to
_'allow the central control to change the master ICU addressﬂ
'.to allow 1t to access speclflc 1nformatlon (data) frames
30 durlng 'I/0 transfer. In a slave ICU. the address_lnputs
may be fixed encoded through connection of individual
inputs to ‘signal ground or VDD to prov1de the selected
blnary address. - :



¥ -

| inf.ormatio.n' frames of master transmit interval (84, Fig. _é)', fol | ow ng the .

sync franme (82, Fig.3). '‘Afifth data bit (100, Fig. 3(c)) is transnitted 10

- fromthe:raster.1 CU to the slave | CUs during each i nfornation franme of the .«

Qfif ata bit of information framesli@-40 to the output of bit. 5
/O loglc circuitry 138 [err] Fig. 4) 15 undet comand. All slave | CUs

read naster.data | t e n ormation frames 5- 64. :
‘The master reads E'Seﬁ?a?ﬁ tr%é:\%eﬁg‘cﬁ.h (?atlg{p\{'ﬁ:tp ?713 (2 hst er receiye
i nterval (86Ghe lQC@)a@ﬂrﬁﬁﬁerebognst@@nlﬂ-@glmdthdn.fﬁemmti&teby t]tle s
slaves in 2G,e@glkss $8a88an € mes for
addr esses 1q°4e Inﬁeggﬁt thata ﬁh Xglecognl |oénqt‘1'|'6rc Ir'élgtdet ects.an
addr essi ng é’-?%rre‘ém@se%%é l“ﬁ&ﬁeﬂénﬁl ﬁéa&leodlC%I@e@l reRpeck transmtter
1143 i s_disahied e @16 éﬁséoﬁﬁt$ynThe' $13%e FicHw! dxﬁ.é &SYNC) out put
158. This occurs in h master and sl ave .| CUs an 0ss of sync

~ signal stat e"rbt]!?

"in the fi rstlefnmatioerﬁrMSfoﬂrrﬁast&rr Q&Qn@hﬂﬁle@rW Tegister

-rraste@zansmt interval (84, Fig. 3). -The slave I CUs may supply the

fromthe 30 at a I.CU rec . t he, command datafrom'-.-'-
the - transm SSI hef'ggf?‘f}?%%gﬁﬁ? gggr F§P"‘enp@(2 |%)t'er 130; the .-

master | CU rPetﬁf/tEls daea chibaltiodat E.'J.gt. Bdeall dls’ Itmausmi[tetred 160 of the

3 2 debh S ntral control.:.
' rl'ﬁgl ?Lﬁgtqlo%rcé 2;:11}:%1 nﬁét%g Icéoﬁmra%dgg Qﬁ_a%% &?E é’% ?%c nd speci al

fifth bit, dnfumatpion h%%ﬁ%s@ﬁ bhet msﬁﬂr trpoispht dptiemrasnt s.  However ,

at | east one(du t Eide 31p @hgngibggnicggt )nayssgﬁﬁgyf Phebari ty i ndi cati or® _

- £ifth data. bit of 1nformatlon frames 4-40 to the
_ output of bit 5 1/0: logic c:l.rcuitry 138 {Tp, Fig. 4)
15 under command. All slave ICUs read master data _ .
in the master transmit 1nterval 1nformat1on frames 5—64.
The master reads ‘each of the slave ICU data outputs
in the master receive 1nterval (86, Fig. 3) :on line
- clocks 68-128} no data is'written”bytthe slaves in
.20 -addresses 65-68, which are the master ICU read
o frames for ‘addresses 1-4. In event that the address
frecognltlon circuitry. detects an addressing error,
~ e.g. more than 128 line clock pulses, the ICU
"transmltter 143 is dlsabled and a "loss of - sync” 15'

25 s:.gnaled on. ICU (LSYNC) output 158.. This occurs in ' \-/ -

both master and slave ICUs and "the loss of sync sxgnal
"~ state pers;sts ‘until a ‘new sync frame is detected
The command-data in the first four 1nformatlon
3 zframes is read by the IcU command reglster from the
30 ICU data bus 132, A slave ICU receives the command
data from the transmlsSLOn llne 46" through the serial
“_ lnput of register 130; the master ICU receives ‘the
.command data at parallel inputs I;-Ip 160 of the
reglster_l30 from lines 162 and the user system_

g?%‘f’sqﬁn Fom the magkers Aamthes fdésé'ctféﬂlr The command data -



5 - Aside fronTconnand frame inputs the ICU detects its assigned

addr ess fronlthe clock count .and katches the data frame fromline ~onto
data bus 132. The slave iCU transnitted data (naster receive inte 86,
Fig.- 3) .is the data received by the slave |CU at 10 inputs 160 fromthe
associ ated renote devices (14, 16, Fig. <1970 linés 162. The data is:

| atched into bits 1-4 of 1/0 reglster 130 during the naster transmt

interval 84, Fi Een%ralTﬁenfti'Btlh d"’lth% tftfnc.(t'hlorpr@é%’ﬁa&'éf | Qglegor the

fifth bit 1/Ol0gic .clircultry -1 e slave transmt address
st ake' regi st er b3sghithes foyg: ﬂPﬁ@ Q#ﬁﬁlﬂﬂﬂrﬁR¢Q*ﬁ¥r%#ﬁ#&éb#%il?rghrough

Fine 131 to ANDegehmiéﬁed%he@dcw e dé&lsméﬁlﬂaimlﬁén@ﬁté he I.CU
transmitter 143, The contr&g unit 126 provides gate en bl e ghgggg on
a

lines 142 20 suBRYENSE raa¥al@astyone, QtﬁPQ9IW9ﬁ$cﬁ¥3&% HoRN
l ogic zero turnsslhseafforT@arh@y'@maidatlddngn1tted t hrough 1 CU XMr

out put 164 and steeri 166 t ransmi ssi.on. l.in The di ode
166 al | ows tﬁe 1 CU toggg'g %% Ia[e(f'trtaﬁ'ée t%’?ﬁ s@%?é?n% SLRCHRIr i ng-
transni ssi on ofltsgassagaeﬂladdrhus ﬁhmmemheennodkncduntfanﬂ Iakckes  when
the transm ssio S [ t téﬂ% hi events -
I CU Iatch up ?ﬁg ?’tht rfglr%éh% ?%B(ﬁ]lﬁs% SI é}gzr%(el%év%t Olzir%-sp;':l?é .
ground, I|ﬁéaHeBICUTheﬁBﬁmﬂ@teﬁh@aﬁawﬁmﬂﬁﬂQr1Rﬁﬂ%&ﬂﬂ&iaﬂQrV#ﬂlntegra

part of the 1 CUgkr apsgi,t ggr a.sp't‘ﬁ\é' diata ezema% " Wik fPraddercu atLB"

sourced l-ogic one curf nts on the line.  The |.CU I'i ne recelver i ar at or s

116, 118) i40dj +PBRER: 140, £308N ¢ asseciaked ranots dswiees el ﬁv nmode
noi se -rej ec- tlEli]g.5l) on lineshil6g.of Thee didan i) Ritdhigdittnddbisdi fting -

N 1-4 of 1/0 register 130 during the master transmlt
' 1nterval 84, Flg. 3. " The fifth data bit (lf present)
is loaded from the fifth bit 1/0 1091c c1rcu1try 138.
15 'At the slave ICU transmit address state reglster 130 :
" shlfts the five bit information frame serlally through
- line 131 to AND gate 144, which controls the line
driver 146 of the ICU transmitter 143. - The control
; unit 126 provides a gate enable signal on llnes 142 _
20 “such that a data loglc one turns line drlver 146 on and
. a logic zero turns it off. The ICU data is. transmltted
through ICU XMT output 164 and steerlng dlode 166 to
- the transmission line 46B. The dlode 166 allows the d
ICU to "source" current to the transmission line
1 dur;ng transmissxon-of logic one bits, but'prevents _
| any "sinking” of current when the transmission line
. is more positive than the XMT output. This prevents
' ICU latch-up. | L o
' ICU data transm1s51on is 51ng1e ended w1th '
30 'respect to ground, e.g. llne 46B. Therefore, the -
_termlnatlon networks are: an ‘integral part of the ICU
.transmltter, providlng a’ ground return for the



transm ssion line data fromfilter 122 to I/©O register 130, and shifting
either data fromregister 130 to the data bus 132, .is provided by sequence
instrucipkonssfromthe control unit 126... Simlarly the control 10 unit *
al | ows put- register 136 to use 1/0 reglster 130 in a serial |n/parallm

out node to shift transm ssionline dat8 fromline. 129 to the |1 CU data bus-
132. Four data bits are parallel |oaded fromthe bus into the output Iatch ’

| '_gf't' tget out aahrbsalt gﬁ{zﬁlirﬁﬁ dlxlﬂabeuw%ﬁ tﬁérllﬂe558fr?e'\/£§@h Tl%HsethItQm-
ata bit is presente Cyli 0.t he ut pu

of the mast ERCPEYSE, (SRR ?méf% 4@% ?%Fé?F&PtF ﬁﬁF&bn franes,-
and to the Fhatuipet z@‘cetjmers apamv:me the co:tmandmode hbases rajec> 40 of

"the master %ransn1t interval. The |ICU output bits.. (01-0p) are presented

through Ii n&*8Firvers 168-170 to 1/ O lines 64, (73, 77) to the associated
user-- systsem equi- pmalﬁclxmg; oftathe adabmrmnoatoxnpehst 260V shdfings '

The sl | St 7 d
 botusen Ehe XRRSRNIICR SRS Ao s YR 2ha Kk /672000 o0
- regul at ed VD@OVOBmdgéhlfﬁiQQHﬁkﬁhﬁrFﬁ%ﬁadﬁgom ¥991§§Br3159 Mz signal to

the oscillaige aa‘éaeaasstleiz | G& Fhovided . b Ogedhénte iﬁ%‘%%b%‘iotr& t he Ilne
cl ock driver “output of the I/C)Jnter%ace giF e central trol

circuitry. fﬁ@mbGWEaﬁﬁﬂﬁ§9itﬁ?lﬁJ§? f - tFEmi ¥nth PeEQF&%P re negatively
bi ased hy aubftvelilews Tulipalt regisfer BB6tHe ¥BE Efiputreyi8texThe bias is:

Doy Sonnectalie B detRL AT B But e ThE BHREEC PYE ED LY
- BI'AS out put ti‘&&smrsslmdeslfneseiam frxpmcline 128 tonuket ECLL Idlacthh a pai r\J L
wOf OppOSItebus 132. Four data bits are parallel loaded from R

' ~ the bus 1nto the output latch of the output reglster
157 as ICU outputs Ol-OP (LSB to MSB). The fifth data .
| 'blt_;s presented through I/0 logic circuitry 138 to
the'TT output 167 of the master ICU in anY'of the
master recelve 1nterval informatlon frames, and to the '
Tp output of the slave ICUs, on command, in frames_
20 s5-40 of the master transmlt lnterval. The ICU output
_ bits. (ol-op) are presented through lzne drivers
- 168-170 to I/O llnes 64, (73, 77) to the associated
'“user system equzpment (e.g. central control or remote-
Tdevxces) : o ' ‘ | -
25 The slave ICu perlpheral elements lnclude_:i o .k_{'l-
- crystal (XTL) l72 connected between the XTL input 174
to ICU osclllator 152, and line 176 to the regulated |
Vpp. voltage.- The crystal provides a ‘typical 3.58 MHz
SLgnal to the osc111ator.o The master ICU XTL lnput o
30 174 is connected to the line clock driver output of '
- the I/0 lnterface with the central control clrcultry :
The comparators 116, 118 of the ICU l;ne
:recelver are negatlvely blased by a DC voltage SLgnal



Iy pol ed, paral | el * di odes 187, 488 t'0 opposite sides of a second capacitor.
189. The diode 188 and- capacitor:189 are connected to.signal ound., The . _;
capaci tors, approxi mately 0.01 mcrofarads each, 10 in conblnég?bn wmth the -
-di odes .invert and rectify the |.78 MHz BIAS out put to.produce.an :
.approximate ™-6.0 VDC at 1.0 n1II|anp to each conparator.. This negatlve"
"bias i'ncreases the conparator's negative! ﬁonnnn node range to non1na||y
_center t he conparator .15 Il nput.s and provi de-optimal. comon node Tange to
the wifferential “input signal's on the transm ssion l'i nes 46A, 46B, ‘'In a-
serkal data communi cati on system of the present type there are three major
sources of 20 §tga§é Vﬂ nehpat( IMB). dateaddasons pimssidled cinidkine ) si gnal

attenuation du o _the t f th - |
nmeters maxinu 6(FF?mSI§EgF %PFeeﬁWﬁhggénés?%ﬁ€f§#§5¥£éﬂgagbgdénces (both.'
character|stlclklamsonpedaeceedn&ol RO edgnal Freguerey frzom thei)

common node ”g#eﬁegg&.i@ag%&klgfz farta%ﬂsseﬂqda a4 Aldiades IN the

present syste air -transm ssi Ine Is prefer ablg stranded '
to-al | ow ease sériest aapacmrad@ﬂ saanected through A i Rake O eRPOTREANG.

to 24 AWG 0 s
Lo 24 ANG wire190 SOE83., ! gﬁr‘a*i@."eacmrd&ﬁd Q g 7P oD \Gppesite ogidést o 120

_ rates the si nal att ti n the.order of
0.25 dB/ 100 feef, aoﬁegosddBaP@F%Of ég‘g‘"fﬁ ﬁ]%n%‘hﬁ?ssu on - 20-

line. A logi CcaPacata&allagf a&e‘Sc\érﬁfm tﬁcedsifgm aywowmdl: of The 1, 000 f oot
l'ine arrives at

The effect i FRBREGRERS, mPraiabeie d b dEfrftdrens paah, [ 20 oMY
| evel s the lonenabbmbdmutmmnﬂwmﬁn the dlodes anert and rectify
N . _ _the 1. 78 MHz BIAS output to produce an approxlmate
~6.0 VDC. at 1.0 mxll;amp to each comparator. ‘This
negatlve blas lncreases the ‘comparator's negative
_ _common mode range to nomznally center the comparator
15 inputs and provide, optimal common mode range to
' the dlfferentlal input szgnals on the transmxssion :
| lines 46A, 46B. o : o .-
"In a serial data communlcatlon system of the
: present type there are three major sources of
20 signal-to-noise (SNR) degradation. These include -
(i) signal attenuation due to the length of the
transm1531on line (1,000 ft, 305 meters maxlmum).
(11) 31gna1 reflectlons due to mismatched. 1mpedances
;(both characterlstlc llne impedance and I/0 1mpedance
25 of ICU), and (iii) common mode nozse due to lack of
' transmlsSLOn line shzeldlng. In the present system
o the twisted palr transmxsszon line is preferably |
stranded, to allow ease of Lnstallatlon and lower
parasztlc capacztance. For 18 AWG to 24 AWG wire
30 sizes the characteristlc meedance varies from
| 90 to 120 ohms. With 10 K baud data rates the
signal attenuation is on the order of 0. 25 ds/100
feet, or 2.5:dB for a 1,000 feet (305 m) transmlssion



'_ equal to

. . (R S
.isinvisible to data transm ssion. Signal reflections due to-load nmsnatch -
between_renote | CU stations (or due to the-renote station line taps from
the trans ion |ine) are danpened by the 10. ternination networks at eache.
end of th2§§§ansn153|on line.  The termination network inpedance is set
t transm ssion |ine charac®8ristic’ |npedance Zo (determ ned by

‘Wire size). The transmssion |line |load inpedance ZL is the parallel

of all E?L‘l%aﬁnec%*e?f#ﬁr%“dﬁaﬁt et 0 1, SR RRRR AR e k) PSS
. ( Conpl enent ang snﬁabeBldngﬂnﬁnnthkmnn)artlwbslatstheTbthbﬁUendput o

i rpedance (59“1539635?Q%'V%Eb an(;ﬁq gferQ&%gglénghns Qd t he ICU

out put -20 | anc e tr Lver I's on the .
order of 5 ﬁféﬁﬁ# lsF@ﬁ%&hﬁ%ﬁhﬁﬂn%ﬂd(ﬂlﬁhﬂﬂ%@?@taSGbﬁgt%ﬂé efui val ent. 1/0

i npedancg i gnap tt_ﬁnm%%bﬁoqéam tHd Pié! ¥erehBabebAl bekepht h the =

termna- ‘tiQn ne r k |npedance (equal: to fhe characteristic 25 i npedance

" Zo of the | tReln¥igibde,toidatide tranmmisfiOnresults in a |oad i npedance

of approxinately 88gfhadhreflebtidisAuelteaddad :ﬁﬂeﬁatehea&t{weéh] where“ZL 2

he | oad d 8.4 oh Z t h h t t l, .
 pedance. (THUBEATERD et o Ynd % S e GROEE R IBR 14n8 g of (he
| i ne woul d tapsl from &hthmdnsmﬂsaﬂqprkﬁnemtadebéahpenedhbyshhece ICU and -

2,34, VLpe Rlindpheach bbuoil W Idlbn P SELEE LAOnERELLEHOM 13

-negligi t 00 may accounted on of .the
1 CU t hr eshokéneel t Thes tevmina qgunetwgthsmzméamqe %é sit ednele station

taps of f .of ehhenbr fRaRishllseion NI CHEIEEEHL $618! EnpadafblCeo (ry theu -
characterlstagtgggedanc% of .the station .
- load lmpedance 2y, is the parallel comblnatlon of the
15 ~ termination network Impedance and the 1/0 lmpedances
'of all ICUs connected to the line. ' The ICUs are .
preferably CMOS (Complementary Metal Oxide Semlconductor)
IC devices. - The ICU 1nput 1mpedance (ICU line receiver) .
is on the order of 100 K ohms and the ICU output
20 lmpedance (the trxstate line drlver, 146, Fig. 4) is
' on the order of 5 M ohms. For a maximum of 60 remote
'statzons the equlvalent I/0 meedance xs approxlmately '
800 ohms.  This value, in parallel w1th the termina-
'tion"network impedance (equal to the characteristic
25 impedance'ZO of the line, e.g. approXimately 100 ohms,

: results in a- load impedance of approxlmately 88.4
Z;,— 20
Z1.+20 ’

ined by wire size). The transmlssion line

" ohms.. The line reflection coefficient - oy =
where . ZL is the load impedance (88.4 oth):and
Zp is the characterlstlc line lmpedance (100 ohms),
- 30 'is .062/v . A 2.5 V pulse: started at one end of the
line would result. in 0. 16 volts belng reflected back
to the source ICU and 2 34 volts would reach the
','termlnatlon. The reflectlon coefflczent is negllglble:'



fap Is the saneas the main transmssion line, (ii) the twsted pair | e
I's not untwi sted for cable | engt hs greater than one-quarter wavel en =~ and
(|||) the-tap legths are typically three orders of magnitude 10 l.ess than
dne-quarter wave |'ength.: Common node vol t age . noi se sources coul d be signals
propagating close to the transm ssiondigye,-such-as the power distribution
l i ne, --or other control voltage signal.s associated wi-th the user system

“They 15 may also-be, fluorescent lights or. electric notors. For 60 Hz
noi $e sour ces t?&ﬁt+ﬁn§ﬂ?s§?ﬁnbﬁlﬂECPBﬂﬁF§a¢9§ by sphectian 9fput RC

fil%ers on eacrtﬁélt¢mnehfegnoygrvbughgekhq n mode voltages to _
appr oxi natel y one m | i gg Q g er fregﬁgn es noi se sources, 20 such -
as motors -or relay's” Al prefiectiops.sye, TMAESDISTALLRN s8aRsgh -

as fi.ve to ten off,oft shgnti-ansnihs:.bngh&hecmlaﬂﬁhjmeqmmhmﬂ appears- -

o s thes ch PSRk Eng SR Rkeb]aR 440 MR GRREP ¢ 1Sd FEIPISH

300 V noise, angAptisiethéfsame aslnheameenu¢MHmsmxssmqﬁeiineL (ib)reallty'
he agn tude nd "Gaeafh8pLi IUERTY TUTHRR WS ol Sf00S T dor aD Y

smal | er due to secon caus |near processes i.n the.
noi se source 301emq%1é$fgreehenduhanoﬁnermme;smehmmgmd (iii)
attenuations sigkafg ni!ggigdggg Ex lghgﬁ tg&&@p rﬁg&h§tﬁ@@Is L
such t hat tﬂ@lr conﬁ%ﬁ 9@ Yf ted to a-few volts as opposed

itude Is
- 221 HlndreR8 Eﬂa%d?¥§’nB?FFSFIVaVFh deddther ent i al conparators used

ln the 1CU line recelammvmaenvamtagéenbms@.ctsmdeﬁ il NG&) on the
order of 60 dB sp_ that the elved connogonQ&F nal fromt 5 high

fre~yency sour (3 dpﬂ%p &88 £O8Fe nsmlsslon ine,

such as the power distribution llne, or other control
voltage signals assoclated w1th the user system._ They-'
- 15 . may also be:Eunmaxsnt ‘lights or electric motors. For -
| 60 Hz noise sources the transmlsszon 11ne termlnatlon
_ networks and input RC fllters on each ICU line
' receiver limit the common mode voltages to approxlmately
one millivolt.. For higher frequencies nozse .sources, .
_29 _such as motors or relays whlch produce a broad band
' spectrum of noise as high as five to ten MHz, a
; szgnxflcantly ‘higher common mode noise level .appears
at the Icu inputs. For example with a 10 MHz capac:.t:.vely
.coupled no;se, the common mode voltage s;gnal could be
\./ 25 as high as 290 V for a 300 V noise. amplltude, if
o line attenuation is neglected. In realxty the -
magnltude of these hlgh frequency common mode SLgnals
is consxderably smaller due to second order effects
caused by nonlinear processes 1n the no;se source
.30 ltself.. In addition, transmlsslon line signal .
h attenuatlons sxgnlflcantly reduce the hlgh frequency
l_common mode signals, such that thelr common mode
ampl:.tude is limited toa few volts as opposed to



‘term nation network.

o _ o - “ the-central station master |
: i her ei nbef or e t-he-cen mi ssion line .
nillivoltulevel: ASS:QS;C?EES are each tapped off. of the transm ss
station

. and ren@ rter 10 wave length, or less,. .Conn.e.cf Ino?ﬁ’é :)?g;er?/ed :
8 ;g[oreflgg?iOns back to the traﬂsnlssg?n|gbn?é shown connected at one

sl gnal . ‘station with magier |1C : distributed 15 .
"e-m(::I)Od:‘ nfﬂfa i?:ng%ng;?!oni i ne; .the rerm?% stﬂ]l ogalsf_lefa{ (ca;Ud;]d the far -
enda ol t s s e th between the- ' N : ‘matters
along the transn155|on'lI?ﬁigeggbodinent the close proximty of %Egcggd'%ii“ -
o ‘network all ows the master | CU to be co

roudh'a i o EPREAERCBR A0 tp. Tty s capedidgh gy god (hat L he
through a sinplequarter cod -onky end of the TTansSm ssi the
‘master 1CU nee@bmrbeoeﬁnﬁﬁéae#an@h\aénaf&{g nq f@%ﬁmm@mﬁuﬁf’% those.
- Howeveri CiUf i tC-se %ﬁ% 'Q%‘J[’Fgéﬂi Fataose(GMRR)i @n ﬁ%m%ﬁoﬂ&;ﬂéﬁfg& nvention
 Connected 25 %8 i flasathg o nedoBoEA e Wanak Fampciercn
- .PﬁZr te)gfen lstsol\ﬁga}g %%i&%t %%BTEthgﬁgggZ:el gﬁdggégn?%an Saddi ti ?ns i '?he
hat : the. f or eBBildd Vet ikevalis o er changes, v thout” departing fromthe -
heiorm an_ﬁﬁnﬁg@cg%qmgﬁg%&éhﬂu centrdl sefldbl Lo
sor el dat o oBRA _gjﬂ’ciﬁ"é"”‘*mé-Oi‘;fﬁ’ffg?d%%%??’éﬁéﬁréeﬁse #aghng a source
dat a si gnal ct_appedcatffoaéo%i@?ﬁ!} \smission -'!.;ane,r“!tﬂrdﬁyhcéﬁarter_ | A
5. oﬁtjrmmg-éaggaiéng%ﬁﬂ gg?f%ss,.connections,'thereby limiting vl
- CohprISIng"'signalfréfleéﬁibné'béck';o the trénémiSsion-ling;-.Id ' o
| - the preferred émbodiment;the,éédtral station with |
master ICU ié_éhowﬁ_cbnne¢teduat-0negend'qf;the S
t?ansmiésibn line; th_e "r'e'mo_t__e' station ICUs are distributed -
© 15 aldhg7t§é't:ansﬁiSSiop'line length between: the master | |
. Icu ;nd-thé"fér.;éfmipatién network.._ln this
: embodiméﬁt'the:ciose_prcximity'of'the_maSte:-ICU
to a line'ﬁerminatibn network allows the master ICU
| to be connected th#ough a simple'quarter Qave tap.
120 ¢ should be'understood that the master ICcu need'not.
' be'connected_ohlyfat én_end'qf thg”tranSmiSéion'line.
-"Hoﬁever, if"éonhected_at.cherjthan an end of the

25 at each e.nd"o'f-."th_e' transmission 1ihe-.:' | R
~ Although the invention has. been shown and .
- described with ‘respect to 2 preferred embodiment
thereof, it should be tinders_tood by:those skilled in
. the art that the foregoing and various other changes,
30



5 source of- el ectrical power signals; a plurality of industrial' :
- communi cations unit (1CJ) neans, kncluding master | CU neans responsive 10
to the central control device and .Sl ave.l CU neans responsive to P
renote controll ed device, said master and said slave | CU neans havi ng
a device input/output (1/0- |nterface adapt B f-or signal. connectlon to the

associ ated device.and a bus 17015 "interface adapted for signal connection .-

. to a signal bus, Sh#imsCU means exchanging signal data between said bus /.0

i nt&rface and Sa'ﬁ deV'ﬁeeeéf%l”dStBaESmmﬁﬁﬁéaQEoﬁé'@yb@Hm”E%BS rovxdxng
trahsn1tt|ng -and recejvin §8P

n t-o_and from.gaid sign
‘serial 20 bit digyYRGhrep H%Igafgng iﬁﬁ gatasBdop ﬁ@gﬂggﬂﬁPf o
including an el eCﬁétﬁéleanV\Béntﬁﬁllt cofitgodl devicechavinkad spuzcdat a si gnal

transm-ssion | .an_el wgr Sicd o dd Temotd Eotairo Sigmal
transm ssion |1 n ?fg §§§ E%C)n g'ctcr)lres 25. Cadapted for connection to

-~ said bus .I/O |ntdeVacesafqgmﬂfﬂ&]ﬂQﬂnuw and having a characteristic

si gnal inpedance S@(idﬂﬁﬁﬁrdﬁxdlqnnM¥caﬂgpﬂﬂe¢|$%9%%h%rlslng t wo

conduct ors .including" a high potential line and:a low potential line, and
adapted 30 for conmectpburabitgenft hadupsrinls sompandcadiions, uadt power

signals and said ?i@@irMEénsPOYﬁélthHh REsQéQthﬁUmEEQQSme%@bﬁs&wgna| bus
means providi nhg electrical E mir to eaﬁ -of ,said" lgg| S%F?nd prOV|d|ng a
si.gnal” comunt€at F@ntRat RerbFadxEARKEPAg A8y ice,pRds Slaye o
'si gnal s ‘bet ween spédpbfsliveans; eaehdremoté4conMpedandedemmmsﬂ<s&u&w one

Tonel §mpedance RahErarpRd) fptaRTav8 ct A" Uath hatlad W AW 2

Y ' .input/output (I/0) interface adapted for 51gnal
' : - connection to the assoc1ated device and a bus 1/0
15 - 1nterface adapted for signal connectlon to a s1qnal
bus, sa1d ICU means exchanglng sxgnal data between
. said bus I/0 1nterface and sa1d dev1ce I/O Lnterface,
" each oE said ICU means transmxttlng and rece1v1ng
“ -“sxgnal data to and from sa1d sxgnal bus. as serial
20:.b1t digital signals, and each of saxd ICU means
further_1nc1ud1ng an electr1ca1 power input; .
siqnal-bus means;_having a data.signal ttansmiSsion '
‘line ‘and an electrical.power signalf1ine, Said"
- data signal transmission line comprising two conductors
25 . adapted for connection to said bus I/0 interface
of each ICU means, and having a characteristic
ssiqnal'impedance, said electrical pOwer siénal
ﬂlxne comprls1ng two conductors 1nclud1nq a high
”potentlal line and a low potentxal llne, and adapted
30p'for connection between the system’ source of electrical
- '.power sxgnals and said electt1ca1 power 1nput of
B each ICU means, sa1d sxgnal bus means prov1d1ng
.electrzcal power to each of said ICU means and .
. prov;dlnq a sxgnal communlcatxon path Eor exchanglnq
35: sa1d serlal b1t dxgital s1qnals between sald ICU
' means-_and : - o

O



to said characteristic signal inpedance of -saird 5 si.gnal. bus.transmn ssion
I|ne 2. A communi cations systemas claired:-in claim1l, wherein: 'said -
qietwor k means each conprise dual .| ow pass filters, each filter s
{'gnal 10 inpedance val ue substant« al |y equal tao sald : -
n.line characteristic inpedance, and each connected betmeen an

"end of a aSSOC|atedmpedanceunetﬂorkmmeanspnoneneonnedueaoto and a signa

~ground center f ¢gmuni caticns. o
“system as cl ae%%g‘ %ﬁ“’é?*aéjr%%p‘fma dé¥%&§%b§§ﬁ?PaﬁlPeﬁe of said: :: R
~electrical poaed Manmona|amsnakmanmedan¢qesubshaetieulyoeqaam 5|gnal-

ground. cent of vABnI0f aAiace SCLE WEGRRECinpBRRHNERKSE LRIAMOVIde an

electrical current return ansm-'ssfion [ine to |
ext ernal v8l t 83gnalgbus sttﬁﬂ’t%“lﬂﬁlon Ji»®smuni cati ons systemas clainmed in.

~"claim1; 2 or23, whemeldbnﬁumrﬁdarm sSydfeni 46 SPAPALACEnaB1HRANI el ded,
~twsted wire A communi cattons systemas clained in- cIa|n11

.2, 3 or 4, wh Pg%ﬁr thransn155|on 1ine conductors are each conprlsed of
Wire sizes 'in the saige infpekiarice e tWET K On@ans. BEéErébhprﬁse A

Cranom soi on s astl B 2 e Lo tie R FERCeEnarERE' o) PESBaRquc e
A connunléatloupedﬂﬂnanW§iuﬂesuhstantéa@lpreqedlngookaidlthansmnssaand
master | OU Teaihel Wit ddla s Mot 0Naa EXERBGRAeBEEACT! 9al[g5_ |

‘through said nterfa et ween t 1e central control
devi ce and cabBtweem ancend @f e’!i‘o%ﬁﬁ‘l‘éiatﬁoone of said transmission

- line conductors and a sxgnal ground center tap . U/
| of said impedance network._ ' o
15 3. A cc_rmunications system as claimed in claim 2,wherein
said low potential 11ne of said electrzcal power . |
dzstrzbutlon llne is further connected to said signal
ground center taps of each of said :meedance - networks;

to provmde_an_electrlcal current return path from said
20 transmission line to the_external voltage signal '
_source.:_ | | N

4. Aocmmm:.cat:.cns systanascla.unedinclajm 1, 20r3where:1.n
- said transm1531on 11ne comprises an unshlelded,
twisted wire pair.

.25 5 .. A comm.micat:.ons system as claimed in claim l, 2, 3or4, .
: vmereuzsardtzamadssuux]inecxmdmﬂxmsanx:eajlcaqmﬂsed '
. of wire sizes in the range of 18 to 24 AWG (C. 20-0 861rm ).

6. A commmlcatlons systen as - claJ.med in any precedmg claim,
wherein sald transm1551on llne conductors each comprlse ,1

30 istranded w1re conductors.

7. . A commun1cat1ons system as clalmed 1n any
'precedlng clalm,wherein. ' - _
 said master ICU means formats the s1gnal
data signals exchanged per1od1cally through sa1d
| 35 . device 1/0 interface between the central control:

Iy



a. pIurallty of. serlal signal bit- packets in each of successive transceive
cycles, ore signal . packet- for -each- renote control |l ed devi ce and each si gnal
5¢ packet conprising a pIurallty of 'serial signal bits, each tra j-ve ;
cycle i-ncludi ng a synchroni zati.on frane indicative of the transc acycle '
si gnal" frequency as.determ ned by the ggstem source of timing 5|gnals
transmt interval in which said 10 master ICU transmts signal packets
fromthe central control device to each slave I'CU for'presehtatron to the . °

associ.ated renote control |l ed -device, and a receive interval in.which said.
nmastef 1 CU recefedicei gndl '&pbcltmtﬁoﬁ%ﬁdteﬂ idavige « ntentral 15

control device hrguupasiey e sbFia15s1gmhICHIR PdAld L PYGA as ¢! ai med -

in any preceding_clalmwiérein said master | CU neans and said slave | CU
means each conpPfs8UCFERSINEs tIpgRgeinve. AYSIEp 1 iane s ifgnak Pagket or . 20

each ]9f sa:c d trﬂaﬁﬁe&&hoﬁehbﬁﬁ fe@mmqrea d%aﬂitcécarmfd Céaltih ti g Xl Ibus 110
irnterface for attepuatin requ mon. node, ol tage signals |
.appearing o thgaﬁggchgﬁg gﬁ&ﬁsﬁl?&“ﬁ$%ﬁﬁ%& %%éﬁ)%Vlde :
f.requency fiItebeﬂsouEpch trgnsbeiv%chcle inuﬂudxngraxpynnhroumzatnon
connected for T 83BARS $phdca s feClodC bhle Ur dUIAI; I MYcT @' fifa di 1O 2

regul at ed: anpl i ta e Sig I N response I cal enerqgy
- present ed therefGeunucUonﬁuﬂﬁ@&ﬂmdmedﬂhylﬁhﬁuﬁyaﬂﬁnnﬁﬁuanuoﬁtdata i nput

30 thereof to Sﬁhﬂﬁ?;h%ﬁ‘h@‘“ Burtr?'n%'ﬂ'ﬁ'ts 1%:&%9]1001%'%&{ i her . i nput

to said voltage re t or- neans I.ncl.uding therein said device I/O

interface ¥or CBEF 8K IRy ﬁﬁé“@%@ﬁéﬂ@égﬂatﬂﬁﬁﬁﬁeqﬁﬁQﬁQEHFQﬁt%ﬁ??F%hld
device.1/0 integbateol devdGe to each slave ICU for presentation

~ to the associated remote controlled device, and
‘a receive 1nterval 1n which said master ICU receives .
o -signal packets for presentation ‘to the central
- . 15 control device from each slave ICU. .

8. . A communications system as claimed in any preceding-'
claim ,Wherein said master ICU means and said slave ICU
means each comprise :

low pass SLgnal frequency filter means, one for
. 20 ‘each of said transmission line conductors,. each
' connected to said bus I1I/0 1nterface for attenuating high
frequency common mode voltage Signals appearing on the '
assoc1ated transmission line conductor to provxde
'Tfrequency filtered output SLgnals, _

25 : voltage regulator means connected for response
to said electrical’ power input for providing a
..regulated amplitude voltage 51gna1 in response to the

. electrical energy presented thereto, and
-communication unit means responsive at . a data input
30 thereof to said filtered output 31gnals and- responsive

' at another . input to said. voltage regulator means, and
. including ‘therein said device I/O interface far controlling
the exchange of s:Lgnal information with said device

iI/O interface.

T



9. A communi cat i ons systen1as .claimed ith: cla|n18 “wherein sald

.comuni cation unit neans further conprises digital S|gnal f||ter means, :one

“for each- said | ow pass signal frequency fjlter means,"for 5 prOV|d|ng

- digital A%ﬁae filtering of each of said ééequency flltered signals prior to
‘present at thereof ‘at said device | /OThterface.. A communi cati ons .

'“systenlsubstan lally _as Hereégbefore descri bed mnth reference to the
acconpanyl ng draw ng tions system as claimed in claim 8, wherein

sald communicatlon unit means further compr1ses . -'.f:é-

dzgltal 81gna1 fllter means, one for each of
rsald low pass SLgnal frequency fllter means, for
5 prov1d1ng digital noise: ‘filtering: of each of said |
-frequency flltered signals prior to presentatlon :
thereof at sald device I/0 interface.
10. a communzcations system substantially as hereinbefore
descrlbed with reference to the accompanying drawings.
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