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Abstract — In the paper, the use of NI LabVIEW FPGA module and
NI Digital Electronics FPGA Board for the implementation of
pulse position modulator and demodulator are considered.
Different features of this development board was described. The
measurements and tests of the system were carried out.

Index terms — NI Digital Electronics FPGA Board, NI FPGA
Module, Pulse-Position Modulation.

1. INTRODUCTION

In today's world, where reality is more and more replaced by
virtual models, the development of individual nodes, and
sometimes entire systems become more and more easy. FPGAs
are often used in such projects. The complexity of using FPGAs
is the need for programming skills in complex specific
languages (VHDL, Verilog, etc). This stops engineers from
using FPGAs in measurement and data acquisition applications.
However, the combination of features and technology of
Labview reconfigurable FPGA 1/O allows us to consider the
process of creating a virtual application from a different
perspective. The use of FPGAs in the designing of hardware
structure of control and measurement systems become less
complicated with the help of Labview FGPA module [1].

In recent years, the feature of telemetry systems is a large
number of various measured physical quantities and high
accuracy. The design of such systems need expensive
equipment and highly qualified personnel. Solutions proposed

- Two-channel Scope operates as a standard desktop
oscilloscope. The first channel is used to visualize the PPM
signal and the second signal is used to display the analog-to-
digital convertor’s input. [5]

1. PPM MODULATOR

The Fig. 1 shows the transmitting side of the developed
system. The input signal is taken from the Variable Power

by NI can be applied to develop a downhole telemetry system
with a radio channel and pulse position modulation [2-3].

II. HARDWARE AND SOFTWARE

NI Digital Electronics FPGA Board was used for the
development of this project. It is an electronic circuits
development tool built on the basis of FPGA XC3S500E Xilinx
Spartan-3E. The board has a sufficient set of an additional
controls and indicators. There are eight slide switches, four
tactile buttons, two-digit seven-segment indicator, eight LEDs
and push-rotary knob to select an external clock, etc. [4].

To work with the evaluation board you must have the following:
- NI Digital Electronics FPGA Board drivers

- NI LabVIEW 8.6 or higher, LabVIEW FPGA module

- Xilinx ISE WebPACK

- NI ELVIS II workstation with NI ELVISmx 4.0 software

The necessary components have been installed in accordance
with installation instructions.

The transmitting side of the system was assembled to work in
the NI ELVIS mode, and the receiving side to work offline. NI
ELVIS II+ laboratory station opportunities was used for
measurements and debugging. In particular, we used the
following Vis. In particular:

- Variable Power Supply enables output voltage in the range of -
12 to +12 volts. The signal from the source is sent to the 1:4
voltage divider, and the output of the divider is connected to
analog-to-digital convertor.

Supply. This signal is connected to a voltage divider. The output
signal of the divider is connected to channel ADCO of analog-
to-digital converter. The signal from the ADC is sent to the
FPGA SPI XC3S500E Xilinx Spartan-3E over internal SPI
protocol. One of the General Purpose I/0 lines (GPIOO0) is set to
output a pulse position modulation (PPM). two-digit seven-
segment LED is used to display the transmitted data.
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Fig. 1. Block schema of transmission side

The following figure shows the algorithm and interface of the
program that implements PPM modulator using NI Digital
Electronics FPGA board. It is seen that the algorithm of the
program is cyclic, and the interface consists of three indicators.
“Processed Value” Scale displays the result after digital
processing. “ADC Signal” it is the number that is obtained from
the analog-to-digital convertor. "In Range" LED shows if the
value obtained from the ADC is in the selected range.
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Fig. 2. Algorithm and Interface of the PPM modulator implementation

Both drivers and examples for the board is installed to the
personal computer. The installed mock-ups simplify the
development of different applications that use NI DE FPGA
board. As the basis of this project some example that
implements indication of ADC measurements on the soft front
panel was carried out. Two virtual instruments from this
example was taken: Pre-Amplifier.vi (initialization of pre-
amplifier) and Al-read.vi (single ADC measurement). Fig. 3
shows block diagram of PPM modulator.

II. PPM DEMODULATOR

The next Fig. 3 shows a block schema of a receiving side of
the system. The input signal is a signal with the pulse position
modulation from the transmitting side. Signal enters the GPIO0
line of second FPGA. After demodulation in the chip, the result
is indicated on the two-digit seven-segment display.
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Fig. 3. Block schema of the receiving side

The Fig. 4 shows an algorithm and an interface of PPM
demodulator. The algorithm is built on the triggers, allowing to
detect leading and trailing edges of pulses at the GPIOO0 input.
Implementation of a simple high-speed triggers described in
details in [6]. When the trigger is activated, the program
measures the length of the pulse. The pulse might be a timing or
informational. If it is a synchronization pulse the system will
wait until the next pulse considering it as informational.
Subtracting the start time of an informational pulse from start
time of sync pulse the sent data message is got. Then, the
received message is displayed on the seven-segment display.

Interface Panel of PPM demodulator.vi has only one indicator
that displays the received message.

False

t1 = Tick
Count

{3 pPM demedulator_v0_1.vi Front Panel o... [ = || & | 5|

File Edit View Project Openate Tools Wi =
> @@ 15pt Applicd 1, ‘@E

True 2
3

= Tick PPM Demodulator‘
Count |

Y=t3-t1 Received Data |

False
. 4 SDITE0
t2 = Tick 7-seg = e 20 o
Count indicatio 10 100

“ g
e

<

Fig. 4. Algorithm and Interface of the PPM demodulator implementation
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Fig. 5. Block-diagram of PPM modulator. VI
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Fig. 6. Block-diagram of PPM demodulator.VI

I. TESTS —_

Designed virtual instruments have been compiled with means
of an NI PXI-1075 industrial platform with NI PXIe-8135
embedded controller. Resulted files was uploaded to FPGA i i e i
Flash-memory of each board.

NI ELVIS II+ laboratory complex simplifies debugging of
the project. During the tests ADC is fed by different levels of
voltage. GPIOO channels of both boards were connected by
jitter, so we can ignore the noise and attenuation. As a result,
errors did not actually observed. Appropriate graphics and Fig. 7.
photos are shown below in Fig. 5-10.

Oscilloscope settings: vertical scale = 500 mV/div for both
channels, horizontal scale 20 ms/div.

The voltage from the Variable Power Supply is sent on a
voltage divider. The voltage at the input of the ADC circuit is
shown in blue, the output of the modulator in black. R I I

To facilitate the detection of the signal, input is limited in
magnitude in the range of 1,3...2,5 V. This is done in order to
leave a time space between a synchronizing and information
pulses. Time space is 10 ms.

Fig. 8. Test with ADC input 1.6 V
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Fig. 9. Test with ADC input 2 V

Fig. 10. Test with ADC input 2.25 V

REFERENCES

[1] Zhukov, K.G. Model design of embedded systems in
LabVIEW [Text] / K.G. Jukov. - M.: DMK Press, 2011. —
688 p.: fig.

[2] Arman B. Mirmanov, Oleg V. Stukach, "The System
Problems in the Microwave Measurement-While-Drilling

(3]

(4]
(3]
(6]

Telemetry for Controlled Drilling and Modeling in Matlab
Simulink". 2014 International Conference on Mechanical
Engineering, Automation and Control Systems (MEACS)
16-18 October 2014, Tomsk, Russia. Print ISBN: 978-1-
4799-6220-4. INSPEC Accession Number: 14823131.
DOI: 10.1109/MEACS.2014.6986885.

Oleg V. Stukach, Arman B. Mirmanov, "9 GHz Power
Amplifier-Transmitter on Gunn Diode for Measurement-
While-Drilling System". 2014 Dynamics of Systems,
Mechanisms and Machines, Dynamics 2014; Omsk State
Technical University Omsk; Russian Federation; 11-13
November 2014; Category number CFP14RAB-CDR;
Code 110010.

NI Digital Electronics FPGA Board. User Manual. - USA,
2009. - 52 p.

Getting Started With LabVIEW FPGA.
http://www.ni.com/tutorial/14532/en/. - 2014.

NI Educational Laboratory Virtual Instrumentation Suite I1
Series. User Manual. — USA, 2011. - 75 p.

Authorized licensed use limited to: Nazarbayev University. Downloaded on March 04,2022 at 08:32:27 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


