A dtgito& scan  converler {or weather satellite
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AWl the slow scan image transmission Sys’(ems have one wain
disadvantage © the fransmission time of o single image is much lon
ger fhan the time o human eye can memorize L. This Simy\v
means that slow scan  imoges can not be viewed On o  <gaventional
CRT and somwe form of storoge  of the image data. s necessary
to make it visible \[or our eyes. Various S\/ﬂems were developed
in the Past to disp\u\{ sach  images SPecia\ nMmemory CRT s or
radar ond  SSTV and various pheio-c\r\em'\cm\ or  electro - chemical
s\[stems Eror Laximile immgeslT\ne Prmciple o* oPeraJ(\ov\ of a di
gikc«\ raermocy d.isi)huf device was known , however T was un
ractical due tothe Lmae mennory qu:xlreo\ to slore a Singtei_
mage . Fortunately the cost of digital MOS memories is continuoudy
falling and  new, easier to use chips ore available on the markel,
This evolution caused fhat the diglal storage principle  has nol be-
come on\kf thm’ole but also t\ne most economica\ quroaoV\ I(or
amolewnrs.

The size 0& the mMemory rc(lmre&\ d\epenc{s on the geame.
frical resolution -number of lines of the image dispkwfeo\ and
Y\mmbe/r o% t\r\e Pic’(u\re ekemeﬁg (P!’de) Per Line omd on Jﬂne,
radiometrical resolution - number of 9rey levels  of an image.
Practicol  considemfions Llimit the geometrical resolution between
N28 pixe[s x A23 lines (46 k me»«now) and  542pixels X 542 (jnes
(256k w\emor\ﬂ.Botb\ the limits are imposed by the nemory
cost : smaller systems (less than 46k memor\D would proba
bly not be much oheqper, larger systems (more than 256k
memornﬂ would not produce Ckppreo(ab[y belter results on
cmuentionq\ TV CRTs cﬂﬂ«ough t\/\exf were Much more ex
pensive. On the other hand , the choice of the number of
grey Levels ( the radiometrical resolution) is not Stmighﬂ[ovwarek_



Usum\\x} A qrey levels (,I'VIC\\LOUVNB black omo\ w%\te) re(lu«(rg
ng 4 bits of memory  per pixe/\ are chosen for low cost
sxa‘siems. Pmct'xco\\ exPerimenks \f\a\/e shown t\mxt ro&iOmeJ&r\c&L
resoludion is gar more impovtant than Beow\etric«\ resolution
in the case o} salellite {maqes.lwmges are still usable with
a geometricol resolution of only 64 pixels x 6k lines (less than
4/40 o{ the oriamal reso(u,tiovx), however, at [east 6l (‘jre\‘/ (eve[s
(6 bits of memory  per pixd) are required for an IR
image fo reduce the qvumt\'sqjcion effects to tollerable levels.

The scan  converter T am going to describe in this article
lﬂ(xs o resslution c]( 4238 Pixels x /28 Lines x 611 Srev [evels \ja‘eL
o\ing a ALkx6 bit memork/.The circuit (see )[1‘34’1) is divided
(hﬁo two {uncfciom( units bm’Lt on JL\No separcﬁte(k Mnteo[
circuit boards . PCB 4 Qccepts the APT sianov\ (modm\oﬁed
2400Mz  swbcarrier) and transforms it in a &‘ngitm\ format
switable to be written in o digital memory. PCBA also deco
des oll  the syndnronization information of fthe APT format
and it inchudes the power supply for the whole scan con
verfer. PCB 2 accepts  the %ignals generaled, by PCB 1 buk
it can also Qcceyat the ouﬂtpuﬁ of o Frame 5\fno\/\ronizer to
receive HR digitqk lmages . PCR 2 includes a Lline bmHer me -
mory (128 6 bit) | o m™ain \[rqme Memory (A6 k %6 biﬂlq
TV sync generalor | sleering circuits for the memories and
a D/A wonverter. The output of PCB 2 iv an oma\og video
signal CCIR compatible (320 lines per ;rqme),Ao\o\ing a suitable
RF modulater a conventional TV set (wnmodified) could be
Used s O\(SP\A\f.

First printeci circuit boqra(

The block diagram of the circuits located onthe first
PCB s d&isptoyed on ¥i3.2.§ﬂ'\€ APT %iana( (s {irs\' H‘(ereo( bx,
. bqno\PO\ss ]{‘Mer ond.  demodulated . The Qnoios video obtained is




scumPLeo{ and  converted bx/ an S bit A/D converjter_On[xj
6 bits  are uxeo\,w\(\‘.d{\ are then converted to a serial Lormat.
Synchronization is obtained from the 2400H: APT subcarrier
all the J(,'\meg signa(s are  oblained -grovvx a PLL S&fmd«romzeO\
(b\1 the 2400Mz subcarrier and {d\owa& by a divider chain.
Additiona\ circaits Provio\e the Miﬁa\ 8‘1r\c\f\romz(ﬁion (.'mkaa\
Pb\min%) O]E the image.ﬂnese Circuils recoamz.e St{nchromz@
tion sequences Preser\,t in the video signat and resetl the
line ¥re<LuenC\( &\ivio\er. In the event t\nese circuils \(ait because
ol a poor signm\ fo noise rafio, the lmoge  Cdn be w\onua\w
S\fnchron{zeo\.

The power  supply delivers ol the rezluireé\ supply voltages,
Fositive and negalive , {row‘ o} s'male Positive (nego&iue groun -
ded ) t42,6V external smFPLY (not mecessari(\/ stabilized ).PCB4
indudes also an AMHz clock oscillator |, which  drives the TV
sync  generalor on PCR 2.

Tke video O\emoc}m\ator (See ;-\93> inc\uo\es a \Domo(f)ass
{i\tEr §0r the APT Si%v\q,\! an AM demodulator amd o vides
low -pass Nfer. The circuwit was o\esigned to accept the APT
Signal {:mm a JEiPicod FM demodulator (TRA 420 or similar)
Since the APT signal contains useful information only between
S00H2 and 4000 Ha | the S/N ratio can be Substant(q,u\/ im
proved by filtering away out —of ~band noise. The FM modula
fors onboard the Spac,eorov][ts do not emPLo Preemphasis and,
in such o FM system the demodulated S/N  rabio deteriora
tes with the square of the modulation {reciwencv-ﬂ'\is nneans
that it is quticuhrk\/ i\mPOrtomt to ;iﬁer AW Oy Nnoise compo
nents  agbove LkHz and a goool Low—Pass ¥1\ter,im@emen‘(ed
with an oPemﬁom\ amplifier | is rechreok. Filtering below R00H,
is Less demanding it is only necegsary to efficiently reject
the eventual 5SOHz mains F“GCLULEY\C\’ disturbs and. this can sim



_.L‘__

ply be oblained E\j seleoting proper coupling capac[tom.ﬂ\e
}(i[ter (s followed oy an amplifier which drives the AM demo
dulator = & {ull—wave rectifier. ExPerimen)ts have Shown that
it s not necessary to hove a ver cjood syonmelry  of the
demodulator and &  simple inverter s sufficient The oubput of
the full- wave rectifiec is not only the desired video signal
buk also  a ver s‘trowg componen’t at twice the subcarrier

Pe%emg - 4800Hz. This should ot reach the sample and hold
c‘\rcuﬁ and, it s %i\tere(}\ O\qu{ Ekj A (ow~}>qss {:i\ter.Atrim_
mer s Provi()he& fo oo\jusﬁ the DC Leve\ Oi‘ ﬂ:\e \/io\eo Sigmi

to malch the black level of the image with the start of the
troms%er curve of the A/D converler in order to ]{-uuj wse

the ovailable grey scale . A %Mld\ op - amp 324 s emPLo\/eo{

in the circwil of the video demodulabor The Supply \yo\‘mgex
are filtered by bhe fwo 2204 caps and relative resistors.

The 2400 He 5\fnchronizqtion chain ( see frig.l«) consists
of & two stage narrow band 2400 He Lilter and o PLL
bhat %uPFUeS the ke%hmed ][re(luewc'\es fo the dlock gene-
roflor (%ig.S», CMOS inverters are used as aclive Com po
nenty in the 2400 Mz {ilter because t\ne\f have a  Smooth
and well de%med\ Swa\meJ&r\col Umtmg chorache ristic This is
nof  true for convertional operational amPk‘\fY‘\ers,chh are sub
jected o satuvalion | ringing | uns\/mmetr\‘m{ Limiting and s
milor Probtems when operoﬁed with ﬁm‘g\n level signa(sAThe
circwil  shown in ]tig.{ﬁ allows wide Lolerances of both aclive
ond passive covaonenﬁ& o% the {.ilter and  the \r\ig\q inpuﬁ tm
Peo\omce of the CMOS (nverters allows o wide choice o} Rand
C values It s Oh\\, imPortovﬁ to wse CMOS goﬁes O]L the A
or UB series, the B series CMOS gales have o too \mgh wn
compensaled  gain and  sually oscillale in feedback circuits,

The outpuf of the filter is copocilively coupled, to the self-bia



sing  inpud o} the LOhG PLL circuil. Phase Comparatorl

(exdwg‘we—or 90&33 s wsed since  some (nPULJ( Pu[ses mig%t
be missing because of noise and/or very deep modulation
o\( the 2400H2 subcayrier. |he VCO oscillates nowmina“y at 284
kHz, 46 times the subcarrier reference. R2Z ( (8 k connected
Lo pin A2) s not {uncﬁona[h’ necessary | it only ensures the
start  of the VCO wnder any power-up conditions. Wide

tolerances are allowed for the ko4 VCO sec‘cion]t\/\erc{—ore

it might  prove necessary to moo\\H the value of the VCO ca
pacitor (AnF).

Tl’\e \/CO \[re(iuenckf S di\/(ded b‘f 46 b\f the ‘#O?.Lt binar\/
counter. A9.2kH, | 9.6 kHe | L.3kHz and 2.4kHz are obtained of
the ouﬁpmjcs of the k024, These \[recivuenc'[es drive the clock
3en€mx0v ({ig-@, okivic}\eok \ok, 8 {\Ae\( 3ive the pixe( Sqmplin3
fre ue»’\C7_

e choice of the %Qmpting [re weacy s not  Lrivial and
several \qutors hove Tobe considered . The dala rate of an
APT {ormat is about 2200 words per second . Since this s
limited by the Uransmission  channel pandwidth i is of lit
tle use to hove a higher so\mpk'\m} {reobmencxf.T\ne sam plin
][r‘eqvweﬂﬂj mu»t OLLSO be QOLO\PSCQA\ to J(,V\e Svze Qr\d\ Igormali o?»
the frame fMenmory available As the availoble memor y (428x
A28 PIXC[S) s much smaller than the APT image {ormat
(800 x 300 F(xe(s) it should be poss)b[e to di&pby the comple
te image at reduced resolution or various “Magm%ica&(ons\‘Of
sectors of the image at less redaced or even original geometri
cal resolution. This is Possib\e b\j o\r\mnami the pixe\ Sqmplmg
)[reriwenf;kj.

In ﬂ\eorxj there s no re\cﬁmns\/\iP between the Sumplmg
}[reﬂu‘dem\? and bthe APT subcarrier \Crecluencx//_ In PchUce the re-
rmainder subcarriec %reoLuencxj or its harmmonics have to be care



{u[\j ](i\tereo{ away \(row\ the video signqk.m these covaonen‘gs
reach the sample and hold sfage , the beating with the sam
P\ing ][rcotuemxf (or its harmonics) will be visible as verlical
0ars on the image ( d\'\qgonm\ bars ijf the Two {re%xenc\es are
net in a conslant phase re\cﬁions\r\?[:\ In the case ola Abk
(AQXX’\Z&\) remory it s Poss‘\bte to choose 2400Hz or ils
guEmmWF\es as samPkMS ](reqvuencies.As n H\(S case no beg
ting proo\uc‘% [except a DC covaOne,nﬂ will be produced below
the  sampling Qrequ@n(;\f,much less {flt@rmg of the video sig-
nal will be rechireo\A However , il is important that the sam-
PUV‘S {recﬁwncy is P‘nase locked 1o the subcarrier Freciuencxf n
this case Phase locking of fhe sampling )[refiuency to the sub
carrier frequency brings ofher odvantages : it provides an ex
cellent tracking of tape speed variations in the cose of
record.ed fmages.

Table 4 shows the Possib\e o\isp(a\f %ormodg by selecting
these SQmP\ing -gre(tu,enc\eSt 2400Hz , 41200 Nz | 600Hz and 300H..

A CNOS transmission gaﬁe (4007) is the sam pling swilch.
(][(‘B.E.).Tine inPu,t impedonce o} the A/D converter ADC 080k
(National Semiconductor) is suﬂicienuxf high  so That no addi
tional ampliier is required for the holding Function ('\OOmmP\_
Tke (30 5L PesistGY %rom Pih 9 (VreD j&o 3rour\é\ c\e][(nes t\(\?,
dynamic range of the A/D converter from OV to about 2V
The ADC 080k has an internal dock oscillator (sd’\mﬂ’(-’(ri%er
gq‘\e).t\f\e external mponenls are o resistor and a c,aPaci%or
connected.  fo pins b and A3. A clodk ][reclueno} ol 800 kHz gives
@ Conversion time o¥ about AOO/,LS.TL\e conversion s starled
ol the Lemd‘m9 60{99 o} the conversion command 5(3na( (see
)[ig.(ﬂ.\N\r\en the conversion (S ComPketecl‘&\ne data is Lrons-
)(evred fo the oultpul latch of the ADC 0804. An 8 mpnﬁ( NAND

90&9 delects the Overmf\ge,w\r\fc\r\ s disP\qyeo\ bﬂ a LED. This



indicator s very wseful to Qo\just Qorrecﬂtf the s(gno& level
at  The inPqu of the video denodulator. The relative potentio-
meler s u&justed, COrreCﬂ\/ when fthe LED just starts Hic\/\_
ering indicating thal the dynamic range of the A/D conver-
ter s )(Ud\ wlilized without excessive c[«’p?ing.

The parallel dofa at the outputs of the ADC 080k are
serialized by the w\thiP\eXEr LOS4 which s driven bj the di
vider 4094 The clock generator includes also a decoder logic
to genemlce the conversion command and the péXo( clock. All
the PCB 1 oubtpudc signods : the serial data , the coherent bit
clock | the pixel clock (][.g@) and the line clock ({‘-g.m are
buffered by Eri-state gates (4503 or 4009%) The enable
inpub ({ig C) is wsuodly connected to GND. When ibis bied
to +GV if disables the fri-slate buffers so bhal signals
][rOm another source (](or example [rom the frame Synchrg
nizer as in ][ig.i) can be [ed to PCR 2.

The Lline samFLinj clock is derived [rom the pixel samral;ng
clock . Here it (s imrmrtant to notice that the Lline samPLMS clack
elud/s bhe inage line {reniwenc\; onL\/ when the maximum
geometr'\cw\ resolution is fo be retained When an iwage s to
be okiSPla QO\ at reduceo\\ TeSO\ulY'\on it ois v\ot onk\j necessary to
reduce the pixe\ Somphng clock to lower the horizontal resolution
but it is also necessary Yo reduce fhe Lline mmp\m% clock to
lower the vertical resolution to awid a severe geometrical dis
fortion.For example ,i][ fhe image is to be dispta\/eo\ ot 4/
o% the origmqk resolution (nearh, the whole image  in the case
of o 4123 x428 memory ), then  the p(xek sampling rate  Should be
lowered to 4/14 o{ fhe mMa xinmum Sam‘a\in rate and only e\ler7
Irou\rth Livie o} the lwnage should be wrilten info the memory.
This means Thot the ratio between the pixel sampling frequen

cy and line sampling ¥re(tuenc7 remains  constant for a fixed



image ][ormod’ QVLO( W\emOr\7 sfze.IV\ ﬂ/\e case O{ o 428"423
memory diSP[a\{ed on a [V screem with a '3 aspect ratio
the ratio between the two sampling ](reqwuencie; s 600 lor
Mefeosat and both Meteor VIS standards and 4200 [or the Noaa
standard.

A hall and o cLuarter of the pixel sampling ][rcq\uemcw are
Q,vaitaue resPeot\'ve/L‘1 Oxt tl/\e Ouvi'putS Q/[{ and Q,g 0{: the L(OQ"\
divider on ]iiglg. A Furfher division by 200 s Per{ormeouy
the Lline clock divider ({;g.?-) y»i,é(dinj the re%u“red ratios (600
or 41200) bebween the two Samp(img ]Lrequuencies. Aux oukputs are
provided  for other satellite standards, for example for the (very
seldom acti\/e> Meteor 'R,\Nhlt\/\ reclmres a ratlio o{ A50 bet-
ween the Two sa.mpling {reoluencies.

The initial syno%ron(mtmn Logic ({ig.é.) can work am‘(ovm’ticaUxf
b\-{ decoo\‘mg t‘/\e Stowt and stoP tor\es 0][ Meteozovt WG{QX tronsmi§
sions or manually by decoding the tone sync pulses of Mefeosal,
Noda, and Meteor. Thiree LMG63F PLL tone decoders are tuned to
300Hz , 4SOHz and 8BUOH=. Since very \m‘g\v\ chqcitance values
would be re%u'\reok at  the ouu\‘Pth %i\ter terminal (4) of the {imt
bwo LMSEY e xternal de(m{ gqtes are connected to their owtpu&s(g)_
The 3004z and 4SOH: decoders control o SR \[lip-ﬂop to i\mp\emen‘f
t\'he oumtomaj('\cou\ sj(arl\-stoP %unoﬂow.A o\e\aye& 300H2 pu(Se Con
nects the MSB ol the A/D converter to the reet of the Lline
cock  divider. |he 3\1nc\r\run'\za)(i0v~. Pw\SQ;S!W‘/\TO\/\ immediafety {o[tow
the 300Mz start Lone ,n this way sjmc\nromze the line divider
(Lu\oma*'\m\(ﬁ.

The LM 567 is o narrow band tone decoder and it is not very
suitoble to defect very short tone bursts | like The horizontal
sync pulses of the Noaa and Meteosal images (?cyo(es)me
oFerahon of the &LOHz detector s not very reliable since it

is also sensitive to image Paﬁ'erns similar fo sync Fdses and,



noise and somelimes it s nece%ary to repeoct the manwk
sync oPeralciow‘ On the other hand , Meteor slpacecraﬁs (120
lines /miw) have much Longer tone sync pulses (46 C\{des),
Mn{OrfunafeL\/ the ]ﬁkectuencx( o]f these bursts is not ex&cﬁ&(
200Hz and a Seloam\ke tone decader would be reqwlreo( 7[0r
best results.

However , when receiving PoLar orbitmg Safe([ifex,{‘lne S/N rati
s wswally very poor at the beginning of the obcqvuisitiovx‘
es}:ecio\u\{ when using an omnidirectional anfennq, sync putses
are wnusable and a comptetek\/ nanuol ‘st{nc\nromm’(ioh has
to be per&ormed.

The line clock divider ((igf-\.) is made of two dividers. The
{m’t s a divider by 3 and it is %ouowec)x by a divider \9\1 100.
The  divider by 3 (402} and two NAND 30&50 can also be pre
sel Lo divide b7 2or by 4 by two PMSMEL&JEQY\S‘IH this way
a s\{E)\(\ij \r\ig\ner or lower line clock \[reoLiAenc con be 3€nem{ei
fo manually Ushift" the [mage in both directions the shift s natural
L’ ProFch(\ovxq\ o the time the Pug\f\\auﬁons have been o{epresseolAA
LEA8 works as a divider E\, £100. The diodes at the outputs 01[
the 4548 are connecled as an AND gote to narrow the output
pu\se.—”\]s s hecessary tor some Cransmission sﬁqno\mcks,]tor exam
p\e to receive the Mefeor IR (w\oges( 20 Cn’wes/m{nufe)

—H’\e W[irst Pr'mted circmt \ooouro\ mduo\es OLL&O t\ne Power SuPPl\/
(%‘q.%) %:or both the Pr‘mﬁec)\ Circuil boards. The rectmre& e xternal
supply 15 nominally 42,6V however the scan converter can
oPeroke between AQV and 455V at room temPerafwe_Tlae no-
Vv\inO\\ cuwrenl{ conmmPtion s Eetweer\ 400 and LfSOmA_W\e
diode AN4007 shouwld Probecf the circuits {romapotarit\/ inver
sion and the choke VK200 precludes the disturbs %eneroted by
digital circuils g-rom reaching the recciver via the SuPPL con

neclions. A F805 three-terminal voltage regu\o&or (T0-220 case)



delivers the 5V SULFPL‘Z‘T"\Q voltage regulator IC should be
mounted on o suiloble heatsink ( wall of the box ). No in-
sulation  hardware is needed since the tab of the 305
is connected to around A 555 is cannected as a multivibra
for. Lls oulpul is reotiEied fo oblain a nego&ive SULPPL&’ vol~
tage of about =8V. The =5V supply is oblained by a sim
le  zener + Uransistor regm&ator‘

PCB 4_ Mcluo\es a(so an /H"\H'z_ LC OSC(HQ‘EOV to o‘ota\'n H\e
TV line and [ield {:re%xencies on PCB 2. Since the [ormat of
the TV signal generafed by PCB 2 is wol exactly CCIR(220
lines instead of 342.5 lines per {ie[d),q variable oscillatoris
Frekrrco\ to a C,l”\fSlEOL[ one. Prachical exFerimev\tg hove shown
that some TV mwonitors (or modified TV sels) are more sensi
tive Lo the line ][YCTWM\T (loss of horizontal skjnﬂ while ot-
her are wwore sensifive To the field {re%\kem\[ Cinterference with
the EOHz maing)

The [irst PCB has the dimensions of 35mmxA30mm and is
single  coated (see fig. 44.). The location of the components the
COnneOtiOns omd Jumpers are disto\\je& on {:ig.40~‘”’\e cOm’lec_
tions with bhe switches pash by ttons | potentiometer | connec-
tors and the gecom\ PCB are numbered {rom’( to 30(“&3
numbers in the circles). As there s Little space on PCB 4/
the resistors  should be nounted ver{}\‘%\\\f.
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Second. q‘)rmted circoil  board

The block diagram of the circaits located on the second PCB
s disployed on %\(3./\9“ PCR 2 acceFts the signals 3enerq*7edu
}37 PCRA  (seridl dofa with coherent docks) or the ouipufoF

an externol  [rame swnc\/\romzer i the case of k;gh resol u-

tion dlgitc,\l mage receFt'\OW'ﬂ\e neoming doto. is wrillen in
Q Livxe buHer Memor\1 %rst. \J\Hﬂen Jﬂl/\e Lbu&%er W\emnr\) is f[uu]cov_\

todv\‘mg all the dafa Og oan imq,ae k’\v\g\ ite COY\tcv\t s C,QP]QQK

to the main {rame memory.

n

The %rme rmemory s wnt'\v\wous\&f scanned Lo obtain a con
Tinuous TV signa\ ol The qmtpuft o% PCR 9. A clock 8eneroﬁor‘
driven BW the AMHz oscillator on PCB 4 delivers all the nece-
350y clocks and. addresses Lo scan the %mma mMmemory as
well as TV sqac and  blanking pulses Lo complete the genera
fed TV sigv\q\./\\\ The sigmx\s are combined in the D/A con
verter which delivers o standard Qnm\ogme video SiSV\a\ of
V\eaoﬁive Po'Lm‘\bi,The D/A converter g {LcU\owec)\ B\f o &Qmpte
and. hold  stage to suppress the D/A S.wi\‘d/\ma fransients and
thas improve the plciwe Otmd\it\f.

T\f\e Line &ou{qﬂer memory and cxsgocioﬁeo\ contirol Log{c are &55
pLa\,eo\ on ?ig‘ 3. This circuil has two operaling modes . In the
{first mo()»e‘ fhe BwHer memory accepls the ivx;m% dota in serial
;orw\at and the control '&og\c (bit counter and pixel counterv
s clodked l')\i e inPu,t signm\s (bit clock and P{xe( dock)
As soon as the bu”er memory [§S Su\k‘ the \ogic enters nto
the second W\oc)&e.])urma the \[irst next TV vertical Hu’\oqgk
Per'\gé\ the daba [rom the  bulfer rmemory e rewyillen in
to the %mme e mory . Tn the second mode, the LOSIC 'S
controlled by clocks genercﬁed& by the [V sync 9eneraﬁor. As
LO0N  AS the dup\icqtion into the main memory s Completedlﬂ\e

Logic is vequ( to receive a new Lline clock Pu\se,w‘vﬁc\/\ \orinag



it back into The {Cirgt opera)img node .
Dcﬁu (S \Nr{ﬁev\ ml-vo ﬁ\/\e 'DuHer memory n Serla‘; {owmqt\

the serial o parallel  conversion Takes P\ch during the rewri

t‘mg info the ][ro\w\e ‘memorj.T%e dual D -ﬂif;—ﬂoP TL1SA09

synchronizes the serial data atl the mpuvt and omipvﬁ of the

2402A line bulfler Memory. In the lirst wode, the bit counter
4029 advances on each bit clock puise Mo di Hma tlhe add res
ol the 2402 A memw\j.—ﬂ'\c bit counfer stops when it reaches

the state "8" and eventual ilwt\/\er daba.  are ‘;anorer}x,‘ﬂne Pixe[
dock  resets the bit counter and fthus enables a new ]oixel te

be written inlo the EuHer memor\’_—we PixeL clock alss  advan
ces (or (ie&egod@s) the ]DiXd counter. A{ter 498 P(xeL clock Per'.oclg
the buffer memory s %uu.T%e Qb output of the second k023
o{; the p[‘xe( counter goes {7‘ a Lojic !high statel Hockmg the P[xe‘t
coun’ker and awiﬁc\/\mj UIC "Logfc '.v\lio :C,ne Secono\ OPercxtivlﬂ modg
This transition is also memorized by the Fivst S\Imclﬂmmzafion
{“P‘][I\OP ({:irst 'haU[ O’T t‘/\e 1107,1} H\e ‘S{Zcond Skjnc\nromzfﬂion

sHCP—WMO]) s trijaered }')\I U/\c TV vcrlCicoG~ 'b{ankmg Pu[ge(olocﬁg—'-
= 482U, ) Lo COpy the i‘r\][ormq{ion i[rom the T[irgt sync FF. The
line QOP‘] cycle Last 65TV Lihes (366 I[ig.z’w_Here :'t is im
porfant Lo motice That the ZA02A line bulfer menaory s cean
:/\eo{ oo dillerent woe than (Xurm:j Writiv\g.buring each TV
Lme one bit OJ[ each Pixel (/\28 Pixe\s % J&ota\ =4 Line\)i S&qrﬁhﬂ
%mw\ bhe MSB | is COPieé\ into the correspondmg ][rcwvxe e mory

chip W46, In this way olso  a serial o parallel conversion s
Per%ormed\ﬂT\ne 4029 bil counler s clocked by the TV line 7[re_
wency (clock 2= 15.6 kHz) c[w'm9 the Copy mode and the ad-
}mg ruliplexer (25 FALSASH) switches the pixel addresses of

the 2402A line buffer memory in Pma‘l\e\ with the {mme me

or y P\xe\ addresses ( HAD o HAG)
A line clock pulse resets the Pr’xe( counter (2% 4023) ena-



ng w\e (og(c to Write A new La’me M"to U’\e E(A,Her memor}
The pixel counter can be presel  To two ditferent values (0
or 42?) Ey the scan selector [ the image to be G(fs})(m/eo{ was
scanned in the W= E direction , the Fixet counter shouwld be
reset to O and should count wp. On the contmr\/, i{ an E=W
scanned ivage (s received , the two 023 should be Preset fo
A21 and SL\OU\[OL count down Lo write the m%orma{ion n ﬂ'te
rig&f\t order info the 2102A line bu”er memory and preserve
the correct jeometricq( orientation of the lmage to be o{isF[ayeO(.

_H’ue TV sync and  main %mmc nemory  scan genem\ﬁor S
depicted on fig A4 and 150 The TV sync generafor is simply a di
vider chain  That tvi%ers some monoestables to oblaip the various
oulses . Since the 342.5 Llines per gl‘e(ol of the CCIR standard are
nol easy 1o obtain, a J?idol ol 320 lines was se(ecteJ,M the
(,iv\e (recr&emx; (45625 Hz) (s assumed to Joe CO"F%{—( C{V‘dTv
monilors ace usuau7 very sensilive 1o the line {rcﬂdmenc&f),tken
o ]fiekcl greotuenc\i o{ 4.8 Mz MSt&Q,O\ O{— SOH+- S Olotameak.‘”\(s
Shﬂ\/\t o\iHerence 1S usuauxl tolemte& by TV Momtors.uowever,
in Some  Cases [t iS r#emble to %ave an exa,ct ﬁie(o{ }(recluency
since j(\ne Eeq{"mg \Niﬂfl J{‘/\e SOHz  pains w[reciu;enoi e resuu[t
very d;ustwbm% with some  low ctu\o\[itx, TV monitors (Mo&igied
commercial TV sets). The solution is 1o rebune the 1MHz clock
oscillator  (PCR 1) and . i{ necessary | the horizontal oscillater
o{ the TV wmonitor.

T%e V\nonostables JCO obta[n Uf\e e Fm[ses are bw“ wiﬂl
t\ne L{O’M fja&eS.AV\ot\/\er monoﬁalo[e 3ev\erates U/\e o{ela\, Trrom
the lhorizontal sync pulse to the edge of the use{u( image.
\/ar\]'w\a i\ms o\elay '\J& s Pogs\ble to cmguust the L\orizontal Positi(m
Ojg the iw\cxge disP\mjeo\ on the T\/ W\omkorﬂ Tlm's monostable stqrtg
the horizontal scan oscillator ( L.5MHz when QC\‘i\le)| built with the
bwo monostables o the fiest F4LSA23. Each Perioci of the hori



Efmﬁx[ scan OSciUo\’(or ectuxls the time O,I one T\/ Pt"XE’//. ({ra'fgj
[ hese periods are counted bx/ the pixc( counter (2« 7QLS464>
3ener@tim3 the horizontal (row) addresses to scan the ][mmc
memo“‘/.\/\l%em A28 pixels hove been counted | the pixel counter
blocks the lorizontal scan oscillafor | which s then started

again  in the next TV Lline By Che next line Fu(se.

The LWi46 dymamic Mmeories require two  clocks named
RAS and CAS. Since the memory  0CCess Qk/cf,e,s corres/oomd
to the pixels to be 3€ner0ﬁed,“’1€ RAS clock s simpl ge
nerated by the horizontal sean oscillator . The second }ZLS
413 generoutes the de’myed C&_S#dm{ which  switches the
the oddress mu.ttiptexer <§i<j./{5->.—-’—l’)6 CAS clock is also gene.
l_’gt_cd EV Hfle ‘mmttif)l.exer Cmd it s OV\(}/ 8 SL!CJ‘HH\] de{mfed
CAS¥ clock.

TJme TTL LS circuils  are nol able fo drive %fgh m}aqcz_
Jﬁance rsacfﬁve LOQf/{i and J'JUL“,‘MP resfsltor; are re/tuiv“eo{
on the RAS and CAS Lmesl a(ﬂmugh the L4416 memories are
s‘pec{{ied %adw TTL (,om‘podible.

The TV Jofxo( width (and hence the useful picture width
= /2% pixe(s) can be adjusted con‘&mmow)hf by clmngmg the ho
rizontal scan oscillator peviork with the relative trinamer. On the
other [ncde the lr)fxel height can ‘mar(ﬂ\/ ve dausJ{eo[,SiV\ce
fege\r nunibe r ofy TV lines Jm’«]la.

‘ 4123 Llines and the TV pic-

Sivxce “Hne {mme W\ewxor\/ nas

fure has 250+ 280 useful Llines  a Logfcafx choice 1 _to have
the pixe(j fwo lines inig‘/l Vieidimﬁ 156 use{ml Lines_Thfs (s
U\e reason WW ﬂne U-ne coumter (2"“01’3 0N ?(3.45.) {5(J,ri

ven by L\Q\,][ the TV line f(rciwem\f (dock L = ?.S&Hzﬁ,ln t"\}s—

every imaac  Lne 1o read oul twice cowgec/mivele to

o pixel can oml‘1 be oan in

\NOU; )
%eneroﬁg Lo identical TV Llines
" There are several ways how fo intreduce new iV\I.‘Orvvxdir_.iOn



into The {mme memory | Pos:iblj without destm\’mj the pre-
vious m%ormo@ﬁon,gcrolkma i< Pmbabt\j the most eleqant
melhod | since i COV\'Uonus\\f provi&esa«iseguk disola acfmg
like o window mMoving o&ov\g the {vaqe . Aitl«ougb\ poss{ble,
it is ol very smart o cnpx/ near!‘v\r all the (mcormaf(on
sJ(orefi n the I,mee memor7 one Line up or dow n | it is nach
easier 1o moo\i][\ the verfical (column) addresses to meig
ment  the <croll wmct'cowln pm\ctice it is onb{ necesgmy 1o
mcrement ﬂnc %tartihg OKOHFQSS O][ t%e Line cou,nter.Durmﬂ Jﬁhe
verlical Trlx/back Fer(od the [me counter s held. Pres@t b\/ the
con'tent O-} the S(ZYOH COUVlter_ /L\ new Line O][ (W\a9€ OLOLtQ Wc‘u
hence appear as the [irst Line at the toP C)T[ the image.
If o scroll -down is desired, the scroll counter should be n
creme nled bgm o new Lline (s copied info the frame me
pnory and the Lline counter should, count down. On the o
ther  hand ,i{ a scroll - up is desired | the scroll counter sh
wld be incremente& m o new Lline has been coP{ed into
the ]trcwwe remory and the Lline counter chould count up.
T'm's Can be ou:hei\/eck bx/ %imwu,ov\eous[j c‘nangma the PO,‘“V_i,
ta/ o{ the scroll clock loxf an exclusive -or 9ate and The up/,
Jm Qonjiro\ (Pms /{O\) of tf/\e L!O?ﬁs O{- the Lme Coun{er,

T\f\eve are »gour Pos;ible wmbmof{iows 01[ fmnqgc, Saavxmnalhov\i
ever only two of themw ¢ N=25 W=E and $S=N E-2W are usu
a\l\r wsed b\, weather safellites, As a consequence, cm‘u{ the com
bmo\ﬂovxs scroll Up ) Scom rigm and.  scroll down [ Scon le% are
valid ond the scan selector (fig12) and the scroll selector (fig)
/\S.} can be reP\qcc& [ox[ oy Bivijle switel

The main mee W\GW\Q(\? s made 0% six 16 kbit 4446
d\/vxqw\'\c RAN merories ( see lig 46.). Each L4464 chip slores
one bif o{ each pixc‘y o{ the ivvxagc..DaJm i writlen sect&entiq%

i

inte the memories (see also the description ol the copy cjc\e



and Sepque, write commands WE_@ JLO \XIR—S are Provu'deé[.‘”\c
ouﬁiPuﬁ o% the %rowvxe menory s a 6 bif pam[(e( \/\JM%CDO foD§>/
which s passed  To the D/A converter. The o{7mamxc menovies
require  a complete relresh every Zms by a.ccessing all
Foss{bl‘e row addresses.ln This circwil all the row addresses
are accessed during every TV line (6(1/#3\) and thus aule
maﬁfcal(\l re{reb\/\eo\.TL\e LA46 mewiories need 3 51&};{3(7 vol-
tages . Vgg= =5V, Vee=#5V and Vo= t42V. Only the Vop supply has
a s((jmgicomj( current s dorain ! however both Vp, and Vg sufpb'es
require very good £7Fqss due To the very strong AC Compo nerls,
—m\e D//\ r,owverter s shown own w‘[fg./”. Smce Uf\e dota
at the OW\PJ O{' The rame memor s OV\L‘{ valid }[or a
[raction ol the cead o cle o 6 bit lateh  FHLSAIL o used
by extend the vo‘lichtv of the datla ﬂwougm the whole c,\/g’ue
(§(9‘48.> The MCA408 is o current mulbiplying & bit D/A con
verter. The oxdpwt current of pin b a \gmc’t(ovw of the refe-
rence C.urre\/\t “OW‘V‘ﬁ (V\t() PM ’WT\/ ">\fnc Ju[ses are Tr'eok
to the MSB (D 7F) of the D/A converter, limage dafa is %e& to
the %HOW’MS) Six mgxt\g DG to D4 and the LSB (DO) is wot
used . Tn this \/va\/ sync PU\\SQS are chkger <§O°/é O"E the com-
()OS\{Q \/i(ieo $((j‘f\ak 3 -U/\(K\(\ PYCSCYHDQA b\{ t\/\e >T\‘/ S-&C\Y\O\QYA\-T‘/\Q bl{l\rl
kmg 3icjmx'A is {eo\ fothe resel ol the dala latcda to ](orce {he
oulpute Yo 2evo ck‘mncj the b\av\k(vxg X)@r\o&

T\,\e swiﬁc\/\\m] Lransients (outFad &&ﬁ\ivxa lY-iw\e\J O{ the 11CAL0Z
avnount to about 400ns. A transconduclance  amnplifier LM 3080 sam
ples fhe wavelorm al the mﬁyui ol the MCAUOE. The sakamj
owv\»ij,%er o swilched on and OH B\\j The 2.5MH2 mmPUna
clock. The YkT Trimmer is 1o be ad\jwﬁied as a4 Compromise be
Lween  slew vate and 2.5 MH: squ1Kn3 clock [eakagef”'\e hold
amphiﬁier (s Sim(zl\»/ o source {—O\\ower.gmce the IN 3840 -gejﬂ

works in the me%\\m;{\) oi Vs =0 it ic recomended o use a



_47,_.

ff\l'g“”” current ‘[et. A 2.5MH: Lme 5 used To ‘[itter Away
any rests o} the 1.5NHe 5am|9Ung tfrc—olvuency.-[—hfi (s espe-
cl‘mu\} :‘m’POrtqn}{ (g a CAL080 (< used in pﬁacc of the ’LNZOXO/
since the CA3080 exhibited a much higher 25MHz sam-
FMWj clock {cai{age durmg ex/pehw\emj(;‘ To Prevent 2.5 MHz Leg
kage it also necessary to “Litter and 'bwoass the -5V sup-
P‘”L/I'TL\Q 4/,( }Q\/ngg c‘q!)qcibw must be a Muu'tti(m/er ceramic
a tantalum ca}oac{fo\r is nob :mfobf.efl

The \Eowwa,t ol the gencm/ﬁecl TV siqnal (o f)\fap‘(a‘/e/{
on }(93_/13 and 20.

T[’Ié 3‘86,0‘/\0[ Prmﬁco{ c(rcu(j{ loocxrok has the dimensiom
ot A00x 430 mm® and s double coated ( see (igs 23 and 24 )
The location of the Componenlis ovnd  [he connections are
Shown 0w ;[;3422. Most of the Fceci\ J[lnrowj\ns \(row\ one side of
U/IQ PCR to the other arec made bn/ the leads o¥ the com-
ponents  the remainder are wade of shor pieces ol wire
awnd are marked with  snaall crosses on li; 229 The connechions
with  swildhes | connectors ond fhe Lirst PCB ore non bered 1[mvw
2 4o uh (the nuwmbers in circles). The chQc'\tor marked with
an & s not necessary (second FLLSA23) q\ﬂnou\gb\ holes are

Provideo\ on J&‘V\e PCB i JW\Q Etra\j quoxcitaw\c@ ave suﬁ'\tievﬁ;.

Construction and Q‘ijm?n)‘\

A[ﬂ/\ou&j\/\ this  scan converter is a \qow \[WOL‘*Q“CV \d{aito\\ civ
cuil | there ave some ’U«\‘mgg it 1o better Lo kuow in advownce fo
avoid  futace  problems. As Fiest | digital circuits wsually yene,

cote o wide spectrum of m\o\‘\o-%e%em(/ disturbs. As an ex-

omple, the average Vpy current  consumption of the Lrame mMemory
s of the order of 450 mA | lhowever the peaks top 4A in the
form of very sharp oulses with a repetition rate o} 2.5 MM,

T\ne circuits 01( the scan converler are not sensilive to these dig



- 48_-

turbS’\omk oller wnite | such as the receiver might be dictur
bed . It s thus necessary 1o wounl the Two pr\?\keo\ Qirouf(;
in o melal  enclosure. The 9enem\e& video  signal s also
rich o\[ hotmonics  and The connection 1o the TV nonitar
S\nou\o\ be PmPerL\j g\me\deo\_Oh t‘ne ot\/\er L\o\hd( t\/\e \/it;\eo
signal  line is also very sensitive to disturbs genera‘\ed\

bu’ Ur\e Scan converrter or by ot\ner c\rcmtg.ExPehewce L\OS
shown  thal proper 3roum\m@ s necessary ; Since disturbe
oce _msua\‘w] collected 57 3roum\ Koops—.

[t is aduisable 1o use CHOS circuily ol the new B
ser\es\espec\c&\\j '\; standard TTL circuits are to be used
in place of the LS series . The memories  should be last
enough the 2402A Line buHer lould hove an access tivne
o% 250ns or befler and the U416 {ro\me memory Qr\/\ipg
should  hove on oxcess Livae o% 200 s or better ( 3% ns
C\;C\e JV\\me\). ALl the MOS circwils used  are Protecte()\lso
there are o valid reasons 1o use sockets §0r The iv\lkegml(ec)\
c\rcuit%.PerSO\/\D\\\ 1 have \(\Qo\ movv\\y troub\eg \oemuvse o* }[nge
contacks and cold’ colder jomxhs in low cost sockets. Care sho
Wd be token Thot wo short ciccwits ore moade between adia
cont Lines on the PCBg which might have calostrophical
consequences N SOme  cases, lor example befween power sup.
ply Lines. Soldecing pins ore used for all the connections o
the prm\e& circuil boards  since mudtipde conneclors  are
not. easil av&‘\\a\o\,e and  are a0 very co&UnJ items.

The ‘Q()\jm&kment ob the Trimmers s \;\(‘)t critical and neo spe
cial a\‘\gv\w\er{t Prowdwe& are y—e,oLuJ\re&,The Cireuat ux&wd\x[ wo:kg
with  all the trimmwers in middle Posifiovx provided that o
ﬁmmﬁ and,  clean mpud BI%M\K i« available. The trivmmers
are then q&jusﬁed, to oﬁ’xw\}zc the various %undigwg s qL

reac}\\1 described  in the text. The only exceplion are the two
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trivmers dekerm'\mna the picture position and wio(jcb\.l{
i\\/\e, Pixel Period s too !LOV\ﬂ)t\E\e line reao& cn;de can not
be comp(e*@d\ during one TV line and as « consequence,
the logic on PCB 2 does wnot work.

Conclusion

TL’\Q eVOKMtiOY\ O% LQYCjG MOS e W\Or\eg \/‘\(13 VVLO\O\-Q/ -k\/\e SCan
Converter prmc,.kp\e Pm\cﬂm\\\ wsable and there iz no doubl that
His evolution will continue in the future Ghlk bit nemary
o\mps are ox\req,o\j available au%estmg a 256x256 F(xe( re-
solution scan converter To be built. PCBA can a\recu)w drive
a bhk rmernory module. Although  the circuit pregen’teo\ can
ealgl‘uf be iv&er%aced\ with o W\RCTOCOW\PU\]LQ\P’ it has the OUSQ(%
vantage thal the frame memory can not be o\srecﬂ\, accessed
E\f the microPmcea‘mr.OV\ t\f\e other \/\O\Y‘Lf}v\ Wsing @ m&gmprocg
wsor in the scan converler would Pro\oa‘btv nol simp\i{—\] the Cir
cuil i% onl he actud gum};\gm are Qonz\o\ereck-lﬁ ic true
that  the circail  could be nwodilied and imProveo\ N Varions
Faris’ but on the other hond T think thalt this S'\\mpke Circu
% can be duplicated by almost  any amaleur and The resulls
thal can be oblained are well worth the elforts required fo

build  the circuit.

Nova. Gorica : 30.3.49272 //}/([//I/VWW/ (wﬂj;;w,
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