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Abstract: This paper presents an application for generating of all the signals in case of digital 
televisions corresponding to standard colour bar patterns, from primary RGB signals to YCbCr colour 
space digital signals. It was implemented in LabVIEW and can represents D1 and D2 format for DTV 
signals on 8 and 10 bits resolution. The application can be used for DTV signals teaching and 
analysing in case of different image patterns. 

1. INTRODUCTION 

Digital television (DTV) and digital cameras 
gradually replaces the analogue television [1]. These 
systems use digital signals for transmission, instead of 
classical analogue signals in analogue TV [2], [3]. 
Generating DTV signals for certain types of image 
patterns is very important in teaching activities for 
understanding the DTV principle, as well as for 
analysing and testing of certain circuits from TV sets. 
Simulation of these circuits becomes eloquent only if 
specific TV signals are applied. Such specific signal 
sources do not exist in libraries of commonly used 
circuit simulators, so we must generate these TV 
signals.  

2. SIGNALS IN TV DIGITAL 

The color space YCbCr was developed as 
recommendation of ITU Recommendations BT. 601 or 
ITU-Rec601 (the old CCIR601) for digital television, 
as an offset scaled variant of YUV color space [4], [5]. 

Y=0.299∙R+0.587∙G + 0.114∙B (1) 

  BGRYRCR  081.0419.0500.0
701.0

5.0

  BGRYBCB  500.0331.0169.0
886.0

5,0

 
According to ITU-Rec 601, digital component 

signals BR C,C,Y  are obtaining by analog-to-digital 

conversion of Y, CR, CB signals. There are different 
digital formats called D1, D2, D3, D5, D6, etc. 

The conversion standard 4:2:2for D1 uses 
13.5MHz sampling frequency for luminance signal Y 
and 6.75 MHz sampling frequency for CR, CB signals, 
which results in 720 samples for Y and 360 samples 
for BR CC , . The correspondence between Y, CR, CB 

and BR CCY ,,  signals is represented in figure 1.  

 

Fig. 1. Correspondence between Y, CR, CB and BR CCY ,,  

From figure 1 results that: 
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The signals conversion correspondence in case of 
D1 standard is represented in figure 2.  

Because D1 standard lead to a 27MB/s data 
transmission rate, another format, D2, was developed 
as a low cost alternative to D1 format. 
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Fig. 2. D1 signals with 8 bits resolution, according to CCIR 
Rec.601 

D2 format converts the PAL/NTSC composite TV 
signal at a sample rate at four-time-color-subcarrier 
14.318MHz. This standard reduces the transmission 
data rate.  

The other digital formats are used for high 
definition television or for professional high definition 
video recorders. D5 HD format can achieve 720 
progressive lines and 1080 interleaved line at 60 Hz 
and D6 HDTV format supports 1900x1080 image 
resolution [6].      

3. SIMULATION OF D1 AND D2 DTV SIGNALS IN 
LABVIEW 

The application for DTV signal generating was 
developed in LabVIEW, as a teaching and training 
tool. It presents all signal construction, from primary 
RGB signals to output digital signals. The DTV 
signals were simulated in case of color bars test 
pattern, for D1 and D2 formats with 8 and 10 bits 
resolution.  

The primary RGB signals can be generated for 
different patterns by analyzing the combinations 
needed in case of different colors, starting form 
standard color bar pattern.  

Another possibility is to extract the RGB 
components from a given image pattern, using image 
decomposing techniques, called color plane extraction 
(RGB plane). This is realized in the application by 
using image processing functions from Vision. The 
color bars pattern decomposition in RGB images and 
the LabVIEW code is presented in figure 3 a) and b).  

a)  

 
b) 

Fig. 3. Color bars pattern decomposition in R, G, and B 
monochrome images: (a) R G B images; (b) LabVIEW code 

The LabVIEW code (block diagram) for generating 
of DTV signals in D1 format is presented in fig. 4 and 
the obtained signals are presented in fig.5. The signals 
for D2 format are represented in figures 6 and 7. 

Primary signals for different image pattern can be 
generated by user in generating ER, EG, EB signals 
block. The corresponding primary signals can be also 
extracted from given image read from a file or live, 
from camera, by replacing the signal generating block 
with image reading block. 
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Fig. 4. LabVIEW code for generating of digital TV signals in D1 format, for colour bars test pattern. 

 

Fig. 5. Simulation in LabVIEW of digital TV signals in D1 format with 8 bits resolution, for colour bars test pattern. 

 

Fig. 6. LabVIEW code for generating of digital TV signals in D2 format, for colour bars test pattern. 
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Fig. 7. Simulation in LabVIEW of digital TV signals in D2 format with 10 bits resolution, for colour bars test pattern. 

 

The obtained DTV signal can be generated at an 
output port for measurement and testing of real 
circuits, using proper hardware. Figure 8 presented a 
hardware module implementation for generating the 
DTV signals, using the microcontroller 
PIC24EP512GU810 and EasyTFT colour TFT 
touchscreen. 

 

Fig. 8. Hardware module for generating the DTV signals. 

REFERENCES 

[1] Michael Robin, Michel Poulin, "Digital Television 
Fundamentals", McGraw-Hill Education, 2nd edition, 
2000, ISBN-13: 978-0071355810.  

[2] Marcelo S. Alencar, "Digital Television Systems", 
Cambridge University Press, 2010, Online ISBN: 
9780511609732. 

[3] Walter Fischer, "Digital Television: A Practical Guide 
for Engineers", Springer Science & Business Media, 
Mar 5, 2004. 

[4] "Digital Video Signal According to ITU-BT.R.601 
(CCIR 601)", Digital Video and Audio Broadcasting 
Technology - A Practical Engineering Guide, Springer 
Berlin Heidelberg, pp. 81-85, 2008, DOI 10.1007/978-
3-540-76358-1_4. 

[5] David Wood, Stanley Baron, "Rec 601 the origins of 
the 4:2:2 DTV standard", EBU TECHNICAL REVIEW, 
2005. 

[6] Michael S. Tooms, "Colour Reproduction in 
Electronic Imaging Systems: Photography, Television, 
Cinematography", John Wiley & Sons, 2015. 

978-1-5090-1389-0/16/$31.00 ©2016 IEEE 360 2016 39th International Spring Seminar on Electronics Technology (ISSE)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




