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Abstract. Aiming at the research on the VHF radio received link, the received model is established.
First, the filtering process, GMSK demodulation , RS decoding and de interleaving process which
influence the received signal-to-noise ratio(SNR), are analyzed and modeled, so that the theoretical
model is established; then, the influence of the received bit of error(BER) caused by the received
link is comparatively analysis through the simulation experiment on which the received link is
compared with the theoretical model; finally, the important received link is summarized.

Introduction

Some VHF radio uses the combined modulation of frequency hopping and GMSK, RS coding,
interleaving multilevel coding system and multilevel filter anti-jamming measures, so that the
system has characteristics of a small spectrum strays and strong anti-jamming abilities which assure
the reliability of communication. In [1] the BER of GMSK modulation system in AWGN channel
and fading channels is analyzed; In [2] GMSK modulation properties of GSM system is analyzed,
and a lot of experiments are conducted at 920MHz frequencies which verify the accuracy of the
model; In [3] the effects of GMSK and RS coding on DCPD system performance are analyzed; In
[4-6] the performance of RS coding, interleaving in AWGN channel with partial band jamming are
analyzed. In [7] the noise effect is analyzed through the integration of the filter pass band of the
white noise, but the loss of signal caused by the process of filtering is not considered. The fixed
frequency work of VHF radio is the research objects, and the filter, GMSK demodulation, RS
decoding and interleaving based are modeled. Simulative experiments are done according to the
received link. Contents are as follows: The effects of filtering, GMSK demodulation, RS decoding
and interleaving are analyzed and the received model is set up in the first section. The comparison
with the theoretical model and analysis of the influence of each link are simulated using the control
variable method in the second section, and in the third section the important impact of the received
SNR is summarized.

System model

The receiving process of VHF radio generally include the band-pass filtering, GMSK
demodulation, RS decoding and interleaving. Through the analysis of the effect of the BPF filter,
GMSK demodulation, RS decoding and de interleaving, the received model is established. The
receiving process is as follows:

. RS decoding M=B
BPF GMSK B-M Hexade.c imal | | and de Hexadecimal
demodulated conversion interleaving conversion

Fig 1 VHF radio receiving process
Performance analysis of BPF filter. The received signal of VHF radio is filtered through the
band-pass filter firstly to filter the out-band noise and keep the useful signal, which has been
assumed to be the ideal filter to simple the effect of the received SNR[3-6, 8] before. But the actual
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filter attenuation effect on the useful SNR is influenced largely. Through the analysis of the VHF
radio technology system, the received process of filtering effect can equal to a Chebyshev I type
band-pass filter.

The amplitude frequency response of the filter of Chebyshev I type low-pass filter is
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Where ¢ is the coefficient of fluctuation deciding the pass-band fluctuation size; @. is the

pass band cut-off frequency; 7, (@) is the polynomial of n order Chebyshev, defined as
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Where , ch(x)= ¢ —;e_x , ch (x) = ln(xi\/x2 —1) .

The influence caused by Chebyshev filters on SNR is representative by two factors: amplitude
frequency response characterization of filters |H (a))| and the integration of filter bandwidth of B.
|H (a))| effects the useful signal power after the filter, B effects the noise power after the received

signal after the filter.
Filter bandwidth of B can be defined as the integral:

B:f|H(w)|dw (3)

Where @, and @, are the cut-off frequency of band-pass filter.
The transformation method of pass filter and low pass filter is

2 2
;, —
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B =w,, — w, (4)

Wy = | Wp, * Wp,

Where @, and @; respectively represent the frequency variable of low-pass and band-pass

filters, @, and @j, respectively represent the higher and lower cut-off frequency of a band pass
filter.
The effect caused by the filter on the received signal can equal to the power attenuation of useful
signal and the integral of white noise after band pass filter, the SNR is expressed as
|H()s(@)

N5 (5

BPF

Where s(o)is the signal power in the frequency of @ , N, is the noise power spectrum density.

Performance analysis of GMSK demodulation. GMSK modulation is a modulation mode that
the base-band signal firstly goes through the Gauss low-pass filter, and then goes through the MSK
modulation. So that the power spectrum is relatively concentrated which can effectively reduce the
influence of the adjacent channel. Frequency characteristics of the Gauss low-pass filters are

o

In engineering application, B, is the 3dB filter bandwidth.

The specified frequency band width of VFH communication system is narrow, mostly using the
GMSK modulation and non coherent demodulation [9]. In the channel of white noise, the
performance of anti noise ability of GMSK modulation is similar with MSK, the BER of non
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coherent demodulation method of GMSK in AWGN channels[10] is

e,GMSK

P :le_TNo 7
2

Where E, is the signal symbol power, N, is the noise power spectrum density.

Simultaneous (5) (6) (7), the BER gone through BPF filter and GMSK demodulation can be

obtained
|H(w)|-S(@)

Fo=7e o (8)

Before the RS decoding and interleaving, M binary to hexadecimal converses firstly. Only
considering a bit error, the transformation formula of the SER and BER is

M
B=g——1F (9

2(M 1) ¢
Where, P, isthe symbol error rate, £, is the bit error rate.

Performance analysis of RS decoding and interleaving. RS code is a multi-level BCH cyclic
block code mode, with strong error correcting ability. VHF radio with RS coding, against

unexpected error caused by the fading and interference of the channel. For RS(n,k), n the number
of symbol in a code block, k represents the number of message symbol. For m bit encoder, a symbol
alphabet of M =2"can be produced. Minimum code distance d,,,, =n—k +1, can correct less than or
equal to a symbol error of t. The SER of RS coding system [10] is
1 4 n P n—j
Ps,Rs“;Zj( .]PS’(I—PS) ' (10)

J=t+l J

Where £, isthe SER of modulation channel.

At the same time, VHF radio with packet for reading list of interleaving mode so that burst error
produced in the original channel can be transited into a random memory-less independent errors.
Interleaving mode of (p.q), divides into P packet length column Q, constitutes an interleaving
depth of interleaving matrix Q. Applied to the coding system, it changes to RS(gn,qk) code [6],
which can correct up to qt burst error symbol, then the SER formula of (10) is

Psaa~— 3 J[ " |pr -y (an
' qn j-qi+t ] .

In radio actually receiving process, a M hex symbols for binary bit output is converted, in
application (9), available BER is
po_2M-n)
e, final M S,RS+PQ (1 2)
In summary, combined with (6) (8) (9) (11) (12), the received model of VHF radio is established.
In the circumstances of component known at the received end, the BER performance of the radio
can be done.

The simulation of received link

For the analysis of the BER influence caused by the filtering and the RS coding and interleaving
link, using control variable method, the simulation is done where BER of this model and the rate of
the two links of the theoretical model are compared. And the correlation analysis is carried on. Fig.
2 is the BER comparison of this model and the filter link theoretical model, Fig. 3 the BER
comparison of this model and RS coding and interleaving sectors of theory model.
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Fig. 2 the BER comparison of this model and the filter link theoretical model
The main factor effecting the BER is the received end of the demodulator filter. For the
simulation results, we can see that the theoretical curve and the actual results of filtering curve
coincide completely. So that the front-end filter can be regarded as the ideal filter which effect the
BER.
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Fig. 3 the BER comparison of this model and model without RS coding and interleaving sectors

In Fig 3, whether there are RS code and interleaving in the system is a big impact on the received
BER, and the SNR is larger, the impact effect more obviously. The effect caused by RS code and
interleaving system which can correct mistake is exponential growth, consistent with the theoretical
analysis in section 1.

Conclusion

With the analytical and simulative results of the received link of VHF radio, it can be concluded
that:

1. the influence of the filter, mainly concentrate in the final stage filter, namely the baseband
filter of demodulation. The front-end filter will affect the SNR, but for the BER of demodulation
has little effect.

2. the influence of RS decoding and interleaving is huge, and the effect grows exponentially.
When the SNR is large, the effect of error correction is obvious.

As for the analysis for the received performance of VHF radio, the analysis of the demodulation
system and RS decoding and interleaving system can be concentrated on.

References

[1] Ghnimi S, Rajhi A, Gharsallah A. BER perfermance of GMSK modulation under radio mobile
propagation environments[C]//Mediterranean Microwave Symposium (MMS), 2011 11th. IEEE,
2011: 305-308.

[2] Miki T, Hatay M. Performance of 16 kbit/s GMSK transmission with postdetection selection
diversity in land mobile radio[J]. Vehicular Technology, IEEE Transactions on, 1984, 33(3):
128-133.

[3] Kamali B, Brinkley R L. Reed-Solomon coding and GMSK modulation for digital cellular
packet data systems[C]//Communications, Computers and Signal Processing, 1997. 10 Years
PACRIM 1987-1997-Networking the Pacific Rim. 1997 IEEE Pacific Rim Conference on.
IEEE, 1997, 2: 745-748.

[4] Lee J S, French R H, Miller M E. Error-correcting codes and nonlinear diversity combining
against worst case partial-band noise jamming of frequency-hopping MFSK systems[J].

684



[5]

[6]

[7]
[8]

[9]

Communications, IEEE Transactions on, 1988, 36(4): 471-478.

Teh K C, Xian W. Performance analyses of Reed-Solomon coded FFH/BFSK linear-combining
receiver over multitone jamming and AWGN channels[C]//MILCOM 2000. 21st Century
Military Communications Conference Proceedings. IEEE, 2000, 1: 149-153.

YANG Guang,ZHOUJing-lun,LUO Peng-cheng ,Performance Analysis of JTIDS with Partial
Band Noise Interference[J]. JOURNALOF NATIONAL UNIVERSITYOF DEFENSE
TECHNOLOGY, 2010, 32(1): 122-126.

Zhao Bo, Quan Houde, Cui Peizhang. Quantitative analysis on radio co-site interference[J],
Chinese Journal of Radio Science. 2011, 26(5): 837-843.

Han Y, Teh K C. Error probabilities and performance comparisons of various FFH/MFSK
receivers with multitone jamming[J]. IEEE transactions on communications, 2005, 53(5):
769-772.

Yan Yunbin, Quan Houde, Cui Peizhang. Simulation and Analysis of Jamming Pattern in
GMSK  Frequency-Hopping  Radio[J]. = Computer = Measurement &  Control.
2011.19(12):3082-3084

[10]A.Bruce Carlson, Paul B. Crilly. Communication Systems: An Introduction to Signals and

Noise in Electrical Communication(Fifth Edition)[M]. Tsinghua University press, 2011.

685




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 true
  /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 <<
    /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 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




