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Intr oduction

Many video systems,suchascommercialtelevision andCCTV (closedcircuit television), usetheRS-170or NTSC
videostandardto createa video image. Therearesomechallengesin viewing thesewaveformson an oscilloscope.
In this applicationnote,we describesometechniquesfor usingtheDSO-101oscilloscopeto view an RS-170video
signal.

Similar techniquesmaybeusefulin capturinganddisplayinga lengthystringof digital data.

A Brief Description of RS-170Video

Figure1: HorizontalScanLine, Monochrome

TheRS-170videosignalcausesavideocameraor displayto
be scannedline by line from the top to to thebottomof the
screen.Theentirescreenis scannedapproximately30 times
persecond1.

Thereare a total of 525 scanlines per frame of which
484 are usedfor the imageand the remainderfor vertical
synchronizationandretrace.Thehorizontalscanrateis then
30 � 525 = 15:75kHz. That is, the durationof eachscan
horizontalscanline is 63:4� sec.

ScanLine and Horizontal Sync

Thewaveformof a typical horizontalscanline is shown in �gure 1. Thenegative-goingpulsesat thestartand�nish
of theline arethehorizontalsyncpulses2.

Figure2: HorizontalScanLine, Colour

For a monochrome(black and white) image, the
brightness(luminance) is determinedsimply by the am-
plitude of the signal during the line scaninterval. The
luminanceinformationin �gure 1 is thestaircasesection.
Repeatedover many lines, this waveformwould display
asaseriesof verticalbars,brightestatthescreenleft, pro-
gressively darker towardtheright edgeof thescreen.

The scanlines may be interlaced, in which casethe
frameis scanned60 timespersecondin aneven-oddse-
quence:evenframescanlines are interleaved with odd
framescanlines.

1This ratewasoriginally chosenbecauseit is frequentenoughto avoid �ick er andsynchronouswith thepower line frequency. Consequently,
ripple on a power supplydoesnot 'beat' with the video display. Subsequently, for reasonsthat aregiven in the Wikipedia NTSC reference,the
verticalfrequency waschangeto 59.94Hz,soit' s only approximatelyequalto theAC line frequency.

2Thesewaveformswereobtainedwith thescreencapture facility of theDSO-101oscilloscope,andthencroppedusingthexv imagemanipu-
lationprogram.
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Figure3: VerticalSync,MonochromeandColour

For a colour image,thereis a burstof a 3.58MHzsinewave
at the endof the horizontalsync interval. This sinewave acts
asa referencefor a colour subcarrierriding on top of the lumi-
nancesignal. Thephaseandamplitudeof this coloursubcarrier
determinethehueandsaturationof thedisplayedcolour.

Figure2 showsthesignalfor onehorizontalline,with colour
information. Notice thecolour burst immediatelyafter thehor-
izontal syncpulse. This is locatedon the so-calledback porch
of the waveform. The staircaseluminanceinformation is still
present,but now thereis anAC coloursubcarrier(chroma) rid-
ing on theluminance.

Repeatedover many lines with the properchromasignals,
this waveform would show asa seriesof vertical colouredbars
onavideodisplay.

Vertical Sync

Figure3 shows the RS-170vertical syncandretraceinterval waveform in a monochromesystem(top) andcolour
system(bottom).

The durationof the vertical sync interval is 525 � 484 = 41 horizontallines, that is, a durationof 41 lines �
63:4� sec� 2:6 millisec.

Thedisplayis blankedduringverticalsync,soit is commonto placeotherdatasuchasclosed-captiondatabetween
thesyncpulsesin this interval. Noticethefragmentof thelasthorizontalline at theleft, andthe�rst horizontalline at
theright.

Noticethatthecolourburstscontinuethroughouttheverticalsyncandretrace.

The OscilloscopeSyncProblem

Figure4: Hi-ResCaptureMode

Considera circuit thatoverlayscharactersin-
formationonastandardtelevisionscreen.This
requiresthatthecharacterinformationbegen-
eratedat preciseintervals with respectto the
horizontalandverticalsyncsignals.Whende-
buggingsuchadesign,it canbeusefulto view
theresultantsignalwith anoscilloscope.How-
ever, every RS-170sync pulseis exactly the
sameamplitudeaseveryothersyncpulse.An
oscilloscopetriggersignalrecognizesatrigger
signalasonethat thatpassesthroughthetrig-
gerlevel,sothistechniquewill notwork. Each
traceof theoscilloscopeshowsadifferenthor-
izontalinterval.

Some oscilloscopesinclude trigger cir-
cuitry thatwill detectthehorizontalor vertical
sync in an RS-170signal. Thesetrigger cir-
cuits are typically labelledas TV Line and
TV Frame. This is aspecializedrequirement
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andnot includedwith theDSO-101oscilloscope.However, therearetwo techniqueswhich supportviewing RS-170
on theDSO-101:randomcaptureusingHi-Res triggermode,andsyncseparationusinganexternalcircuit.

RandomCapture
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Figure5: VideoSyncSeparator

The high res (resolution)trigger modecapturesa
full 32k samples,16k beforeand16k after thetrig-
ger event,at a selectablesamplingrate. As shown
in 4, thesesamplesareshown in their entiretyin a
separatebrowserwindow(above the main window
in this screenshot).

The operatormay thenadjustbrowserwindow
cursorsto shown somesubsectionof the 32k sam-
plesin themainwindow. In �gure 4, themainwin-
down displaysthehorizontalsyncinterval.

If the durationof the full 32k sampleinterval
exceedsoneframeinterval, thenthecapturedwave-
form must includeonehorizontalsync interval. If
thefull 32k samplesis lessthanoneframeinterval,
thenthedisplayedsectionof waveformis somerandomsectionof videowaveform.

Figure6: Odd/EvenSynchronizedCapture

For a quick look at a videowaveform,
this may be suf�cient. The operatorcan
repeatedlyclick thetriggerresetbuttonand
obtainnew viewsof thewaveformuntil the
sectionof interestappears.

Thereis a tradeoff here: a longersec-
tion of waveform is displayedat a lower
samplingrate.However, a lower sampling
rate eliminatessomedetail in the wave-
form. For example,any frequency com-
ponentsin 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 thepulsewidthsratherthanamplitudes.
Consequently, sometype of timing circuit
is requiredto reliably detectthehorizontal
andverticalsyncsignals.

The circuit of �gure 5 is ideal for this
purpose.It usestheNationalSemiconduc-
tor LM1881andafew passivecomponents
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to separatethesynchronizationsignals.
For our purposes,theOdd/Even outputis mostuseful. If thevideosignalis interlaced,thenthis signalis low

duringtheOddframeandhigh duringanevenframe.Thetransitionoccursat theverticalsyncinterval.
Thissignalmaybeusedto triggerChannelB of theoscilloscopewhile ChannelA showswaveformsin thevicinity

of theverticalsyncinterval.
In high-resmode,triggeringfrom theOdd/Eventransitionensuresthattheverticalsyncoccursat themid pointof

the32ksamples.
An exampleis shown in �gure 6. Thelowertraceshowstheodd/evenlow-to-hightransitionthatis usedasatrigger

signal. Thehigh-reswindow shows datathatwascapturedat a samplerateof 312KSamples/sec.Theuppertraceof
themainwindow showsa magni�ed versionof thewaveformbetweenthehigh-rescursors.

Severalvertical retraceintervalsarevisible in thehigh-reswindow trace. It would bequite feasibleto move the
cursorsto selecttheseintervalsandcomparetheodd-evenretracewith aneven-oddretrace.

Equipment Setup

Figure7: EquipmentSetup

Theequipmentsetupis shown in �gure 7.
The video signalgeneratoris in the aluminum

box at bottom left. It is a VG-1 unit from Gekco
Labs(seeresources),a very cost-effective unit for
testingvideosystems.Thegeneratorhasbeenmod-
i�ed so that the colour burst canbe disabled. The
generatorthenproducesgray-scalebars.

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

TheDSO-101oscilloscopehardwareunit is ad-
jacent to the computer, which displays a video
waveform.

Resources

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

LM1881VideoSyncSeparator, DataSheet:
http://www.national.com/search/sear ch.cgi /main ?keyw ords=l m1881

ColourBar VideoGenerator:
http://www.gekco.com/vg1.htm
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