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Intr oduction

Marny video systemssuchascommercialtelevision and CCTV (closedcircuit television), usethe RS-170or NTSC
video standardo createa video image. Thereare somechallengesn viewing thesewaveformson an oscilloscope.
In this applicationnote,we describesometechniquedor usingthe DSO-101oscilloscopeo view an RS-170video
signal.

Similartechniquesnaybe usefulin capturinganddisplayinga lengthystring of digital data.

A Brief Description of RS-170Video

TheRS-170videosignalcauses videocameraor displayto
be scannedine by line from thetop to to the bottomof the
screen.Theentirescreens scannedpproximately30 times
persecond.

Thereare a total of 525 scanlines per frame of which ~ [==-mmmmrmmemeee G sy
484 are usedfor the image and the remainderfor vertical
synchronizatiorandretrace.The horizontalscanrateis then
30 525 = 1575kHz. Thatis, the durationof eachscan
horizontalscanline is 63:4 sec.

Figurel: HorizontalScanLine, Monochrome

ScanLine and Horizontal Sync

Thewaveform of atypical horizontalscanline is shovn in gure 1. The negative-goingpulsesat the startand nish
of theline arethe horizontalsyncpulses.

For a monochrome(black and white) image, the
brightnesqluminancé is determinedsimply by the am-
plitude of the signal during the line scaninterval. The
luminancenformationin gure 1is thestaircasesection.
Repeatedver mary lines, this waveformwould display
asaserief verticalbars brightestatthescreerieft, pro-
gressvely darkertowardtheright edgeof the screen.

The scanlines may be interlaced in which casethe
frameis scanned0 timesper secondn aneven-oddse-
guence:evenframe scanlines are interleared with odd
framescanlines.

Figure2: HorizontalScanLine, Colour

1This ratewasoriginally choserbecausst is frequentenoughto avoid ick er andsynchronousvith the power line frequeng. Consequently
ripple on a power supply doesnot 'beat’ with the video display Subsequent|yfor reasonghat aregivenin the Wikipedia NTSC referencethe
verticalfrequeng waschangeto 59.94Hz soit's only approximatelyequalto the AC line frequeng.

2Thesewaveformswereobtainedwith the screencaptue facility of the DSO-101oscilloscopeandthencroppedusingthexv imagemanipu-
lation program.



For a colourimage,thereis a burstof a 3.58MHzsinewave
at the end of the horizontalsyncinterval. This sinewave acts | e
asareferencefor a colour subcarrierriding on top of the lumi- \i'rrrm LI
nancesignal. The phaseandamplitudeof this coloursubcarrier
determinghe hueandsaturatiorof thedisplayedcolour. [

Figure2 shavsthesignalfor onehorizontalline, with colour
information. Notice the colour burstimmediatelyafter the hor-
izontal syncpulse. This is locatedon the so-calledbadk porch
of the waveform. The staircasduminanceinformationis still
presentbut now thereis an AC colour subcarrier(chromg) rid-
ing ontheluminance.

Repeatedver mary lines with the properchromasignals,
this waveform would shov asa seriesof vertical colouredbars
onavideodisplay

pe=

Figure3: Vertical Sync,MonochromeandColour
Vertical Sync

Figure 3 shavs the RS-170vertical syncandretraceinterval waveformin a monochromesystem(top) and colour
system(bottom).

The durationof the vertical syncinterval is 525 484 = 41 horizontallines, thatis, a durationof 41lines
634 sec 2:6millisec.

Thedisplayis blankedduringverticalsync,soit is commonto placeotherdatasuchasclosed-captionlatabetween
thesyncpulsesn thisinterval. Noticethefragmentof thelasthorizontalline attheleft, andthe rst horizontalline at
theright.

Noticethatthe colourburstscontinuethroughoutheverticalsyncandretrace.

The OscilloscopeSyncProblem

Considera circuit that overlayscharactersn-
formationonastandardelevisionscreenThis
requireghatthe characteinformationbegen-
eratedat preciseintervals with respecto the
horizontalandverticalsyncsignals.Whende-
buggingsuchadesign,t canbeusefulto view
theresultansignalwith anoscilloscopeHow-
ever, every RS-170sync pulseis exactly the [ Yt Couels
sameamplitudeasevery othersyncpulse.An
oscilloscopdriggersignalrecognizestrigger
signalasonethatthat passeshroughthe trig-
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andnotincludedwith the DSO-101oscilloscope However, therearetwo techniquesvhich supportviewing RS-170
ontheDSO-101:randomcaptureusingHi-Res triggermode,andsyncseparatiorusinganexternalcircuit.

Random Capture

The high res (resolution)trigger mode capturesa
full 32k samples 16k beforeand 16k afterthe trig-
gerevent, at a selectablesamplingrate As shown
in 4, thesesamplesare shavn in their entiretyin a
separatérowserwindow (above the main window
in this screershot).

The operatormay then adjustbrowserwindow
cursorsto shovn somesubsectiorof the 32k sam-
plesin themainwindow. In gure 4, themainwin-
down displaysthe horizontalsyncinterval.

If the durationof the full 32k sampleinterval
exceedneframeinterval, thenthe capturedvave-
form mustinclude one horizontalsyncinterval. If
thefull 32k sampless lessthanoneframeinterval,
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Figure5: Video SyncSeparator

thenthedisplayedsectionof waveformis somerandomsectionof videowaveform.

For aquick look at a video waveform,
this may be sufcient. The operatorcan
repeatedlylick thetriggerresetouttonand
obtainnew views of thewaveformuntil the
sectionof interestappears.

Thereis a tradeof here: a longersec-
tion of waveformis displayedat a lower
samplingrate. However, alower sampling
rate eliminatessome detail in the wave-
form. For example,ary frequeng com-
ponentsn thevideowaveformthatexceed
twice thesamplingratewill bealiased.

In practice, this is not a major limi-
tation and as gure 4 indicates,it's quite
possibleto obtainmuchusefulinformation
aboutthewaveform.

SyncSeparation

The RS-170video differentiatesbetween
horizontal and vertical sync on the basis
of the pulsewidthsratherthanamplitudes.
Consequentlysometype of timing circuit
is requiredto reliably detectthe horizontal
andverticalsyncsignals.

The circuit of gure 5 is ideal for this
purposelt usesthe NationalSemiconduc-
tor LM1881 andafew passie components

Figure6: Odd/EvenSynchronizedCapture



to separatéhe synchronizatiorsignals.

For our purposesthe Odd/Even outputis mostuseful. If the video signalis interlaced thenthis signalis low
duringthe Oddframeandhigh duringanevenframe. Thetransitionoccursat theverticalsyncinterval.

Thissignalmaybeusedto triggerChanneB of theoscilloscopeavhile ChannelA shavswaveformsin thevicinity
of theverticalsyncinterval.

In high-resmode triggeringfrom the Odd/Eentransitionensureshatthe verticalsyncoccursat the mid point of
the32k samples.

An exampleis shovnin gure 6. Thelowertraceshavstheodd/ezenlow-to-hightransitionthatis usedasatrigger
signal. The high-reswindow shows datathatwascapturedat a samplerateof 312KSamples/secl he uppertraceof
themainwindow shavs a magni ed versionof thewaveformbetweerthe high-rescursors.

Severalverticalretraceintervals arevisible in the high-reswindow trace. It would be quite feasibleto move the
cursorgo selecttheseintervalsandcomparehe odd-e/enretracewith aneven-oddretrace.

Equipment Setup

Theequipmentsetupis shovnin gure 7.

The video signal generatoris in the aluminum
box at bottomleft. It is a VG-1 unit from Gekco
Labs (seeresources)a very cost-efective unit for
testingvideosystemsThegeneratohasbeenmod-
i ed sothatthe colour burstcanbe disabled. The
generatothenproducegray-scaldars.

The LM1881 is on the small protoboard,ob-
scuredby mini-grabberclips.

The DSO-101oscilloscopehardwareunit is ad-
jacent to the computey which displays a video
waveform.

Resources

WikipediaRS-170(NTSC)reference:
http://en.wikipedia.org/wiki/NTSC

Figure7: EquipmentSetup

LM1881 Video SyncSeparatgrDataSheet:
http://www.national.com/search/sear ch.cgi /main ?keywords=l m1881

ColourBarVideoGenerator:
http://www.gekco.com/vgl.htm



