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2.1 TlMI.NO AND CONTROL G1RCU1TS 

' 
The data processor is essentially. a series of ¢~untet"s, .gates and 

registers from which signals of succeeding time periods may be obtained. 
The basic clock is an oscillator of 169. 6KHZ. This clocltdriv:ee the maater 
flip-flop (MFF.) which divides the clock frequency down to S.. 8 ·KHZ. . . 



Digital 
Data in 
Command Iii 
Timing&: 
Control 

Analog 
Multiple:x;er 

Analog Data 

!'"rame 
Cou.ater 

Fi'gure 1 



1. -w~r,,Qpl.th.i:• Fume 
o!J?alv · 

z, .~.r·l•.$Wl~th•• kt 
~·PrQc •. e:~ 
II """"'Ialli ll~ll• 

, 
~· . ~ 

1. ID the ·~ c:bat povfn ,jo ·~J' cxperl:m~ i• Qf1 
~ ~ ~~·.4(!1'.1' wUi 4-•ocm.J.t ~.l.i~ -~01'CI 
M ~ ~C 908. ciul-lD& lhil ~P4. -.~ Ol' ta 
t,bJJDii~· 

~" :r- •P9•qrWe ~~ ~ .~ ~oatr~ •-~• 
. ~~tl: .l~.....a, d~baa 'Ucla w_OJ'tl ~· . Tille ~:" 
""~ ~- immedi&tely ~oct~ a.• th• 'ubQrri•l' 
~ la tCKIUd to '" ~rc~C4 u-&Pm.it•u~ 



l'~e ,)4FF.~4,!f3.}{H~;sign~I·~~iv~J~he •• TM Co\lnter.·w~~ih.d~v~~e.~~Y 
eight $0 that~ l0•9 $.f:l;~~~£n~Ji~ pl>tained;. T11.\s s~gnal ~f3. \l!;led in tpe ''~ctive 
se~~tt~ic" roOdetol>e tii~.~~fJf>edlat~t~ .The signal~ o£ the.ifM co\lnte£ wJ,th··.. . 
}):roper gating al~~:t pr()~\lt;es a -42t~:KHZ.:sigx;t:ill to .'b.e \lee<).·in~the. '(sl9w i:lat:ci" mo4e. . . . . . . . ·. . . .. 

Th.e r.t'T {Zo#n~er).$,.~:9i~ide·'Qrle,q cpu~ter ptiven l;>y th~. Bi. ~i<,l:l~.slg~~l 
ito~ the Mi'F ot tpe.·~~~~i~t'Jz .. :fi'on{t~e T:M coun~er; . T;he .outputs from thi~ ·-.... ··=····· 
.~te g.~e~ to prive .. tb.~ '~~~bit c.oupter. and tije timing logic. · ·· ·. 

'''·. ' ~ 

tb.e sul»~o~t.~~li~ier5~s .a.di~l.~e. py'~i~htco\lnter with output t)·e.quenci~s 
106<> HZ or 530 HZ . ~·~~pepd~l)~:\lPPtrr>)>;e op~l'ationa1 mode •. Thjs ·~utp~l 

establispes the bi;t;r~t~ll·4r1'ves ~b;e.·~J' cO\ln~~r an(} P:rovidef$ Umirig slgri~ls · · 
for the timin$ los·i.c.. ,: 

Th~ .~ 'f 0 Q9l.lnlef' i$ a di vJ.~~ :py;~efi c9~Jlt~r ~ith al\O.l.ltP~t fre qu' ~CY :of 
106 HZ. o.r SJ H~ . < .''V/J.li¢h eslB,-bli~}l~~ the ~o¥d :r~!~~ o(.)lltP~~s of :thfs ~O~J}tef 
are us.ed in gener~tiAg :~b.~ \~pl1trol wg)\,ds and ~igpal timing th:l'oughoU.t the.):'))?~ · 

··. ···c.····~,;·· ''<--~- ·<'."_, ,..,·-; - • ,. .. .,_ > -;---
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The. d~ta pr.o~eo~CIH)~ fortl1.~t1s the pay~ 9e>U~cted H·om the exp~rime~ts 
into a telemetry fo~J1;l~t il~ s}l?wn \n:~ig9,;re 3 ...•. The frame rate in the normc:\1 .. ··· 
mode is l 2J/3Z ·fi'ii~~~f~~.Ct•. wJt~ch lllea::o;s a co,:p.plet:e frame of data is collected 
appfo"~matel,y ev~;-}'"p;6 js~~~. :~acp.Jrame cohtains £>4 words of 10 bi~s ea(ih 
giving 640 bits/ir~trie. ·· l'he'])~ll.¢ b~t rate is then 1060 bps.· 

l,n addition to th~ w()tds assigt;~.edto the experimeqts,. the first three 10. 
bit words are use9 as a}Q•l>i.tcont~ol word and a J;ingle lO'bit word ;s u•ed 
for command ve rUication.~U.rpo:Se$. · 

The bitassignm.e.ntsfot~t;be control word are shown in figu.;re•4( .·.1\ ZZ · 
bit synchronization word consistin.g of an 11 bit Barker Code fol]_oweij tit t~ eatne 
code complemented is. qeed. T}l~ ne~t. 7 bits provide frame ldentitJcatie!ll fot 
one thru ninty fraJhes for t;:or.teloat~on. of analog multiplexer data •. The 'Oth 
bit provides ''normal" or 11•low.~~ mode information during th~ first two frames 
of the 90 frame sequence •.. apd Q.ata proce.s!!or serial number ident1ficatiori . 
<luring th.e third tpru fifthfr~e$ ()f the 90 ir.ame sequence. For .the eixtb 
thru 90th frames the 30th pit. has no information, and reads logic zet-o. 

The mu,ltjjormat commutator determines the specific assignments of 
each word within the telemetry format. Minor f(j)rmat changes are possible by 
simply changing j!J.lll.pe.r~ in the commutator i:lecoding assembly. Major format 
change would require a modera.te design change in the commutator decoding 
assembly. ' · .. 
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·.··~UL'rlFOn~A.'f· ··COMMUT~·f<u~· i~f>/~i~ANQ 
T}le mult~:fo:rfr)at ·cJ>rnm':ltatol" cpn$lS,tofJW~ divt4e. by eight counters 

in se;ries anc;l gates s~ch tnat.Ciny of64 copsec~tiv-e ~erigds may be gated out. 
';fhe driving signal is obtairi,~d~rom logic.tl:J~<leJlj)of slghals from the bit and 
~ub-bit c 0unters .. Therefore, .as the ~it~ounJerfr.eque~~y ls the same as 
tb.e word rate, the commutator is adv<mced once ~ach wo.rd. .. 

. . . . . 

The desired d~~ult of the<cornm\lt,C).tQr.are si,&t1als one or more w(:)rdletigth:S 
in duration so that dit~ maybe gatedf:rom.lbe eJt,per~me11ts and command .. 
d~coder through the m•PsNlator -and into the t:ransl))itter ina prescribed 
In~Illler •.. fhese signal~ .origin~tf: at t}Je.out·pUtS of the decoder gates, and 
are presente«i to the i;n.p\Jt-8 ~f:the demand regi•ste:r. 

- . . ' . ' . ~ ,-_ - ' . ' "' 

Th:e .d'emau.rl· r~gi~te:r provides t'}le f<;>Uowlng funx:tions: t 1) is a mem<;>:ry 
for .tb~ deman-d signal while the c:o~rnutatoi. i$ ;beillg switch eel~ .( 2). acts as. a 
ma•ster swi~ch turni)l:g ~ffall ~e,'Pan,ds w}lile allowing the format generat0.,. 
a11d iiill control signal@ t9Junctic>.nnormally-whilein active seismic mocfe~ and 
(3) act as a buffer betweeh the demand decoder afi!sembly eliminating any. 
gating transients from the 4em'and lines. · · 

' ' ; _' "" ,- . .' 

The D:P is reguJ.-.ed' to ope•rate ill three po~~ible modes; normal mooe> 
sl~w mode and acttve se}~fuic mod.e. A~LP'o4e .tQ mode .$vyitching within the 
DP occurs at t.he e11d,O,fthe i>4wor'dt~:rwaf;~bicb is•in progress at the time 
the mode changel"c.j:>Jl'lmai1d is received. · · · 

2. 4. 1 Normal Mode 

lll the normal. mode the da.tii rate i.$ l()p() blts per, sec. which is .106 
words per secPl1d. The demand lfigr:H~ls t() th? dat(l so~:rces{experitnents. 
e. c.) a.re o.ne worQ. Jn length, appro]C;imately 9. •s mUlise¢• in duration. O.ther 
tirnipg signals SUc1)aS the d(lta ~ate,, and the varioUS frame ma.rks 
·are app,ro~dmately 118 Jl.sec. in duration. 

2; 4: 2 Slow Mode 

In the slow mode the DP operation is simil~r to the l}Ormal mode except 
that the date r.ate is .530 bits per second wi~h 53 words per second. Also the 
.demand and timing signals are changed .to IS. 90 millisec. and 236 p sec., 
respectively. 



.. ;,upo~~f~t.f!i~i~i the;>attive ~·ejsroic. cot:nmana.tr:.om't~e ~e>mm~nd d~cod(!r . 
the sigt)alJs ~·tor.e(i Uil~Jl cr;>rn~l~tjpn p! ~he existing 64 word for:rnat. At the 
epd qflpef>4t~ wora;t}le :4Cf~a proce~.sor ~witcbes~~to the actjv~ seis!l)ic.mode:. 
'!'hi$ may . .oc~Ur P.Jl.e~~ber tp~ evenpr .Qd(i fl;arnf;, ari4 'bdween a,ny ~na1og worg~~ 

.. ' .. . Tb• ·~ff~ct 6l~thi~ s.yatcb ~s to ,ga,te of(~ll ~eJJ!C1n4s to ~e cpJn.tl\and · ...• · .. · 
de~o4er:~~d•the ya,rious e~ferim~nts<~nd ~at~·oJJ4l\yin~0rni~~ serial data ana 
cqptrol ¥ro;ra., e~c~~t:se;ria}4ata.~r9~;•lhe·~~t~v«e se~.~m.ic e~'er~mept;W,hich is 
gated in p.y tnl~ syyit:¢h. 'l'Jie flata.·~~~tt}j~.·pow l0.6Kli?t·.r.a-'~4~r fh~n lOfJO R~ 

' "' ''' '.· ·.,;:_. ,. ..-
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~rh~ ~~ta;shlJ,ts• ·~l~ ft~me,1pi,r~, e,venfra,fue ma1:~ .. alld,:data gate ... ·· .. ' 

:!g~~l:ff!fi~9~l,~~i~J c ~·~ '"~nti!'lii" to ~~~ sent ~Q t)le ·~~~<ie~ e~<P•.fUn~nt• 

· To s•um#i~iti~; .:fjii,rta~~·P~~o9~saor~,s swit~~eg in;':s·~~Jla )mar1n~rt'h~t . 
<>nly the •(lat~ ~~p~t~.~rl4·4~t:a,.ra.t~ ~te a;lf~ct~.tl· f{owev~r:~ ::n~dej'nand sigQa,is · 
will.pc.cu;r. · · .· · ·· ··. . · · ··· · · ·· · · ·· · · · ·. 

2.5 

Tpe il\n~lr;>g¥u~t~P1~~er4s:~·~()}harA~~J tt\~1tip1~~e~·w~ichsa~ples ..• ,.'·•• 
eac~ qf t~~ ana,qg ·~nJ?;q~s in:~ $eq_'\!e~t~~1cm~ng;,er: to ~r~d\J$1~ ~~lJe·*ll}P:litu,~, . 
Modulate(! {l'IA:M).Sl~na.l •. it i~ 4~1f.!~~t.4tp.~¢cept p.~~P.Xl~e .PPl@et f~~nn the . ·· 
Titnip.g·.and pqnt.rol'CircVtH~ wttpin~'h.~;·partic~l~·t :Data. Froce;s.sor VnH Whicpls 
energi:l:eq. ~i~ewise# its coV.tput-wUL~e a.va,i!able t~ both lhe A/Q (;onverte}s., 
one in ~nit X and the otberin·"UnU Y. · 9PW one A:lD c;onverter wiU be ener~ 

. .gized. "'dvat:lc.e puls.es:bf(:!Jl']_"ingo!lc~ per f~p.me ad~a.~ee l.h.e An~lOM Multi• 
plexer to a new positio.n e3.fte,r ~acb AID con~~l'sion. A l,>lo~k diagram .o! the 
multiplex~rJconve:rte:r i~ tdii>wnln figu:re ~. · 

2. 6 A/D CONVERT;ER 

The Analog to Pigita,l Convette:r digitbes the PAM output signal 
f:rom the Apalog }.1ultipl~X:e;r. A si11gle 8.;.})it conver@ion is made every 
telemet:ry frarrie during :th~ hpusekeeping wo·ra time perlod. The Timing and 
Con.trol Circuits provide the ne:ees.sary signals so .lhe conversions are made at 
the appropriate time. the output data is then made available to the ,Digital 
~ultiplexer in parallel data .form. 

2. 7 CONTROL WORD GENERATOR 

Th.e Control Word Generator generates the synchronization code and 
provides the information to the Output Register during the proper bit times of 
the .control word. Mode~ frame1 and data processor serial number are .st()red in 
flip-flops. This i'nformation is also provided to. the OuJ:put Register at the 
appropriate bit times. 
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Xhe twol>rt.~.~i!t't;~cgi~.t~~~P§~pts $eTt~l~,c:perh:nent•'#~t~ am~ parall~l·. 
cpntrJJ. word ·~~ta anu pf:~;f;~t}~~ ~~e:~~t9.~?·•s.~\'~a14'orrn to tl}e·. 1SplH ~ha$e data 
mo.dulatol'". 'the modtila~p:r .~t4t;~4l:rregl!,enpY is .the ~ame a:~rctbe da.~a rat~. .'The ·· 
p}}a~e 9f the outp~t is ·s~<ib·tliat.411~lng ·~.~~~rte 1 ' bhor dataa '~brre t9 zeh>" · 
transition, takeS .pla~e ~l),i;l.~Utfni~~.~.~~~Q(I.bit pfq~ta a.Hzel'O to one~ 1 tral1.$lt~tin S' 
take~ ,Place~ · · · · · · ··· · · · · · · · · · · · 

2. JP DATA :PROC~S~O;R; "$ri4BJJR.q~IZA·TtPN 
T})e design of th~ DP is (llti~h that.allthning will be self syn~hrq.nized in.· 

approximately 5i4 $.ec9nds •after. ppwel' turn on• A, power reset circuit is 
designed into-the circuits Such ~h.a~-w~~n pow,e;r i$ .tllrlled.on tlle DP starts 111 
the flll9l"n1~1 11 n)Ode · Tht:l 64 \Vpr$!iormatcoUtLter's are f#lly ~ynch;ronized in 
appro>r:imately 0.6 seconds: Th~ analog multiplexer has no :r..eset or initializing .· 
input, but it does have a 90th fr.ame PiJtput. This c;n~t,put is used to reset the 
odd-even flip flQp in the slgnai sync circuits al'ld the frame counter. supplying 
frame count data to the third cpntrolword. See Figure 4, · 

The power reset circuit affects only the mode me!Jlory circuits and 
does not supply a reset t9 the variou.s data proces~;~ing co.unters which are fully 
self synchronu~·. · . 

The power reset circ'!lit design ia su<:h that it responds to power supply 
variations with durations as ~thort as ~00 nano seconds to. essentially infinat.e 
duration. This is accomplished with log~c deVices and a Yolta$e ievel 
detection circuit. 

One consequence of this circuit is that a momentary loss of power supply 
voltage will result in a DP mode transfer from 11slow" or "active seismic11 modes 
to "normal" mode. However, such a powerlosliJ wHhout the "power reset" circuit 
would result in an indeterment mode. The selection of the automa~ic return to 
the "normal" mode is dictat!d by the expectation that "normal" mode will be 
the primary mode of operation. 




