Chirp-Based Cognitive Ultra-wideband Radio

ABSTRACT—In this letter, we propose a cognitive ultra-
wideband radio scheme which is based on a modified chirp
waveform. Therefore, it requires only time domain processing
in the cognitive radio systems and reduces system complexity
and power consumption.

Keywords—Cognitive radio (CR), chirp waveform (CW),
ultra-wideband (UWB).

I. Introduction

Cognitive radio (CR) is viewed as a novel spectrum sharing
approach. It uses the spectrum hole introduced in [1] to improve
spectrum utilization. Orthogonal frequency-division multiplexing
(OFDM) and transform-domain communication system (TDCS)
have been proposed as CR candidates [2]. The computation of the
time-frequency transform is required, though these techniques
have the ability to use spectrum holes flexibly. The time-
frequency transform method increases system complexity, power
consumption, and processing delay.

Chirp waveform (CW) is one of the main modulation
schemes in ultra-wideband (UWB) systems. Compared with
the impulse radio (IR) UWB system, CW has the advantages
of low-cost hardware and low complexity. Non-linear chirp
waveforms with narrowband interference (NBI) suppression
abilities have been proposed as modulation waveforms in
UWB DS-PAM communication system [3] and ranging
systems [4]. We propose a modified CW modulation scheme
for the cognitive UWB system. Compared with OFDM and
TDCS technologies, the proposed CW scheme can utilize
spectrum holes with simple time domain processing.
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II. Technology Background

1. Interference Issues

A licensed application can be expressed as a stochastic band-
limited signal, which is a zero-mean Gaussian random process
with power spectral density (PSD) [5]:
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where f;, B; and P; are the center frequency, bandwidth, and
PSD of the i-th application, respectively. The sum of N,
interference applications can be expressed as:

2. A4() @

2. UWB Chirp Waveforms
A linear CW can be expressed as given in [6] by
w(t) =~2P cos(2r fot + mut® + ¢,) for |t] < %, 3)

where P is the average power of the chirp signal, 7;is the chirp
duration, f; is the center frequency, u is the chirp rate, and ¢, is
the initial phase of w(f).
From (3), the instantaneous frequency of w(?) is given by
1 d(Zﬂfot+ﬂyt2 +g00)

S (t) B 2z dt

The chirp rate ¢ remains constant.
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III. The Proposed CW-Based CR Scheme

The instantaneous frequency f,(?) of the linear CW varies
linearly with time. This can be used to modify the signal spectrum
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If N, licensed applications are detected, the whole notched
Data d(f) window p(¥) can be given by

CW generator

p(r)=1—2s,.(r). ©)

Fig. 1. Block diagram of the proposed transmitter.

Thus, the spectrum notch for the licensed application can be
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by the radio environment estimation component of CR.
Figure 1 shows a block diagram of the proposed system. ®)
applied to the estimated spectrum and generates an
interference free spectrum.
proper notched window p(?) in the time domain. We assume that 0
where we let f=3.1 GHz and f,=10.6 GHz. We assume that there
are N, licensed applications and they can be expressed as in (2).
we can map the frequency domain of the i-th application onto a
time domain expression:

neatly. By applying this in the proposed system, we can construct P =
+ erf[\/87(2f—2f0—2,ua—,uﬂ)]—erf[\/7(f_f0_ﬂ];)] ,
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The spectrum estimation module is to estimate the spectral
After the spectrum hole is estimated, a time-frequency ‘H“ MM”
12 3
If the i-th licensed application with center frequency f; and width
mapping: 4;(f)—s;(2),

a modified CW waveform based on the spectrum holes detected
content of the environment, and the threshold module is

‘1
mapping processing, shown in Fig. 2, is required to produce a i
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the FCC regulated UWB spectrum is the frequency band (f; f;), (@) q(t) tns)
B; is detected, according to the chirp time-frequency relationship,
thatis, mapping: (f;, B)) — (&, ;) Fig. 3. Power spectrum and ¢(?) of the proposed scheme.
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where erf (x = dx is the error function encountered

2 x
)=l
in integrating the normal distribution.

The power spectrum is shown in Fig. 3(b). The notch in the
time-domain maps directly onto the frequency domain. To
achieve the desired transmission energy, g(t) must be scaled
appropriately. The magnitude-scaling module shown in Fig. 1
handles this task.

We consider a UWB direct sequence (DS) pulse amplitude
modulation (PAM) system for performance evaluation. The
transmitted DS-PAM signal is given by

0

m()=a3 S d(i)e()q(t-iT, - JT.)

i=—o0 j=0

(©)

where o is the amplitude of each CW, N is the number of
signal waveforms in one transmitted bit, c(j) €{—1,+1} is the
Jj-th DS code with the length of N, d(i)e{-1,+1} is the i-th
transmitted data bit, 7}, is the time duration occupied by one bit,
and 7; is the time duration of one signal waveform. Generally,
we have T, = N,T,.

By notching frequency bands where licensed primary
applications exist, the proposed CW avoids interference to and
from the primary applications. Because there is no frequency
domain processing, the processing delay is low in the proposed
scheme.
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Fig. 4. BER of the proposed CW, traditional one, and TDCS.

678  Hanbing Shen et al.

IV. Simulation Results

We compare the bit error rate (BER) of the proposed scheme to
that of a conventional linear scheme [7] and a binary antipodal
TDCS scheme [2]. The conventional linear scheme adopts linear
CW with no NBI rejection abilities. The fundamental modulation
waveform of the binary antipodal TDCS system is generated by
the conventional inverse Fourier transform processing.

The chirp duration is 10 ns. The available bandwidth is 3.1 to
10.6 GHz. The interference source is a NB signal with the
central frequency of 5.3 GHz and bandwidth of 200 MHz. All
the simulations are based on AWGN channel. A matched filter
is used at the receiver side for demodulation. We assume one
primary application in the simulation.

Figure 4 shows the evaluation result of the BER versus signal
to interference ratio (SIR) performance. The proposed scheme
achieves obvious performance gains compared to the
conventional linear chirp system without NBI rejection abilities:
For instance, when E,/Ny= 0 dB, the proposed scheme has SIR
gains of about 6 dB at an SIR of 10”. When EyNg= 5 dB, the
proposed scheme has SIR gains of about 7 dB at an SIR of 107,
For any SIR, the proposed scheme is superior to the conventional
linear chirp scheme without NBI suppression abilities. Moreover,
the performance of the proposed scheme is similar to that of the
binary antipodal TDCS scheme because they both utilize the
spectrum notch in the system. The main advantage of our
scheme is its lower complexity compared with TDCS.

References

[11 S. Haykin, “Cognitive Radio: Brain-Empowered Wireless
Communications,” IEEE J. on Select. Areas in Comm., vol. 23, no. 2,
Feb. 2005, pp. 201-220.

[2] V. Chakravarthy, A. S. Nunez, J. P. Stephens, AK. Shaw, and M.A.
Temple, “TDCS, OFDM, and MC-CDMA: A Brief Tutorial,” /[EEE
Radio Comm. Magazine, vol.43, 1n0.9, Sept. 2005, pp. S11-S16.

[3] H. Shen, W. Zhang, X. An, and K. Kwak, “DS-PAM UWB System
Using Non-linear Chirp Waveform,” ETRI Journal, vol. 29, no. 3, June
2007, pp. 322-328.

[4] H. Shen, W. Zhang, and K. Kwak, ‘Non-linear Chirp UWB Ranging
System with Narrowband Interference Suppression Abilities,” E7R/
Journal, vol. 29, 10. 4, Aug. 2007, pp. 521-523.

[5] X. Chu and R.D. Murch, “The Effect of NBI on UWB Time-Hopping
Systems,” IEEE Trans. Wirel. Comm., vol. 3, no. 5, Sept. 2004, pp.
1431-1436.

[6] D.P. Morgan, Surface Wave Devices for Signal Processing, Elsevier:
Amsterdam, 1985.

[7] K. Doi, T. Matsumura, K. Mizutani, and R. Kohno, “Ultra Wideband
Ranging System Using Improved Chirp Waveform,” Proc. Radio and
Wireless Conférence, RAWCON, Aug. 2003, pp. 207-210.

ETRI Journal, Volume 29, Number 5, October 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


