NI CAM AUDI O SI GNAL RESAMPLER CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application is based
upon and clains priority to U. S. Provisional Patent
Application serial nunber 60/756,515, entitled "N CAM
Decoder Wth Qutput Resanpler,"” filed January 5, 2006,
attorney docket nunber 056233-0287. The entire content
of this provisional application it incorporated herein
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[0004] Description of Related Art _

[0005] NICAM audio is typically sampled with a 32 kHz clock at the point of
transmission. A local 32 kHz sample clock is typically generated to drive a digital-to-
analog converter at the receiver as part of the demodulation process. This iocal
sample clock, however, is usually not synchronous with the remote sample clock.
Some decoders, moreover, use local sample clocks at a different frequency, such
as at 48 kHz or 44.1 kHz.

[0006] This lack of synchronization between the remote sample clock and the
local sample clock can create errors in processing, resuiting in distortion in the
audio. Eliminating this distortion can require a large number of computations to be
quickly performed, increasing the cost and complexity of the decoder.

SUMMARY

[0007] A digital sample rate converter may include a digital up sampler configured
to receive a first stream of digital samples of an analog signal at a first frequency
and to generate a second stream of digital samples at a second frequency that is
substantially higher than the first frequency and that substantially tracks the first
stream of digital samples. The converter may also include a non-linear interpolator
configured to interpolate between two sequential digital samples in the second
stream of digital samples in a‘ non-finear manner.
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[0015] The second frequency may be between 128Khz to 1.024Mhz. The second
frequency may be approximately 384 kHz.

[0016] The digital up sampler may include a sample interpolator configured to
divide each digitai sample in the first stream into an integer multiple of samples.
The sample interpolator may be configured to divide each digital sample in the first
stream into between 4 and 32 samples. The sampie interpolator may be configured
to divide each digital sample in the first stream into 12 samples.

[0017] One of the integer muitiple of samples may be based on the digital sample
in the first stream and the other integer multiple samples may be substantially zero.
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i nterpol ator configured to divide each digital sanple
inthe first streaminto an integer nultiple of
sanpl es. The sanple interpolator may be configured to
di vide each digital sanple in the first streaminto
between 4 and 32 sanples. The sanpl e interpol ator may
be configured to divide each digital sanple in the
first streaminto 12 sanples. [0017] One of the
integer multiple of sanples may be based on the

[0016] gTrheldugnannb eahmléﬁraas‘r inchidesd agam lanchddacfiliel Bad the digital

low s THEF aify g Baigtta e el PiegetiRb@Rle &t oot o
[001bPWARﬂ%%efdif\‘ér@ﬁtlaﬂQ@Iddﬁoﬂhﬂ?ﬁ@ludi@&’fﬁﬁ%d‘sb'éc%[:rrﬂ%)forbe

conlq%ure I ter muj ti

configgiprbic gensRalsdniarmeEpra mq'%fweaf e B’E'%?epﬂf@ *99%?%@'969'00" at

a first lréﬁluﬂﬂﬁﬂﬂ'ﬁe%ﬂﬁlééldlﬁ r@htué]%fdu%tbﬁﬁm?ﬁ?ﬂﬁcﬂi@ haﬂ@ck generator
ase of a,lo

confighp egengrael L popeialid Ao and L RRaHEn ricALre A g phase of
the gealecatkd totockratya safudnud'esdu%mﬂiat mlbwreatmz_ln terfrsigeseltibwas a
rncE 51 b5 SEAF-FEH B SR Gl SR ShAk
The pbasd diffeantishaaicustdroney 1rtchaie a hba:ie cempasgol confignregsto

X .
gendiafd RGeS 500D Al MR T
inforgtion lindieativessf thﬁ ohagde chthehaeal S@mqialchlctrar@dheu@'grrewon
md:c?ﬁ;&%ﬁ%%ﬁs‘ef@ tﬁ@@% 8bLRON based on a phase

f erence between™t ormati on indicative of the
[002Pph a3 be afockigeneoxtal rrmnpd:lede bBocddandonfiggired to repehtaily add an

amol LS ot 1Ym0 AL o5 SRR FloTF b 004Ph
with M@m@t@ls}am@l chm:kaﬁba stmt map bewnenfigured to reséiaiteriaon

and in synchronismwth the
pred%fer%&ﬁ%?g?@%ﬁ% y

renote sanp e sum may be configured to
[0021@33 Fhe gieherated ploetiehay be baded unities sofm gatdirafedty. the adder.
z% % The enerated cl ock may be based on the sum
(0024 dp ”Pﬁ%méa}?éfrbe ¢odigsTecriRonsale hererard Flofhy
basdiEo® aﬁi’ltegug efltHeopigRec@hsarison Hes eacomd orler paasslicaRed loop
ﬁitef'lte“ ng of the phase conparison by a second order

phase | ocked loop filter. [0023] The cl ock generator
[00 Zﬁ?y THE cfdtki dedicrSdr hﬁyucféjédrﬁlghi’éﬁ td“u;ﬂidf&ttih@ ihfbstitRAtihdiBative

of thgyainse o ip Sereigiatl HPK R BSOHORRLPL it NSSaRg ol o the
reméte@Gnple clock.

[0024] A NICAM audio signal re-sampler may include a non-linear interpolator
configured to interpolate in a non-inear manner between sequential digital samples
that are based on a stream of demodulated NICAM audio samples.

[0025] The NICAM audio signal re-sampler may inciude a local sample clock and
a synchronizer configured to synchronize an interpolated stream of demodulated
NICAM audio sampies with the local sample clock.

[0026] The NICAM audio signal re-sampier may include a phase comparator
configured to generate a measurement of phase difference between a signal that is
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[0031] FIG. 3 is a block diagram of a prior art FM/DQPSK demaodulator that may
be used to generate signals used by the NICAM processor illustrated in FIG. 2.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0032] llustrative embodiments are now discussed. Cther embodiments may be
used in addition or instead. Details that may be apparent or unnecessary may be
omitted to save space or for more effective presentation.

[0033] FIG. 1 is a block diagram of a resampler for one audio channel of a NICAM
signal. As shown in FIG. 1, an up-sampler 101 may receive demodulated audio
samples and a remote sample clock. '

[0034] The demodulated audic samples fnay be any type of audio samples. For
example, they may be one channe! of digital audio samples that have been
demoduiated from a NICAM signal.

[0035] The demodulated audic samples may be at any frequency or resolution.
For example, they may be at a frequency of 32 kHz and have a 14 bit resolution.



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
[0032] Illustrative enbodi nents are now di scussed.
O her enbodi nents nay be used in addition or instead.
Details that nay be apparent or unnecessary may be
omtted to save space or for nore effective
presentation. [0033] FIG 1 is a block diagramof a
resanpl er for one audi o channel of a NICAM signal. As
shown in FIG 1, an up-sanpler 101 may receive
denodul ated audi o sanpl es and a renote sanpl e cl ock.
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[0040] The clock multipiier 103 may be configured to use a periodic edge in the
remote sample clock, such as a periodic rising or falling edge, as the first edge in
the multiplied remote sample clock. The clock multiplier 103 may be configured to
inject the remaining needed pulses before the next periodic edge of the remote
sample clock from the high frequency local clock. If 12 is used as the multiplier for
the clock multiplier 103, for example, the clock multiplier 103 may therefore pass
the first pulse from the remote sample clock and follow this with 11 pulses from the
high frequency local clock, following which this cycle of 1 pulse from the remote
sample clock and 11 pulses from the high frequency local clock may repeat.

[6041] The up-sampler 101 may include an interpolator 105. The interpolator105
may be configured to interpolate between samples of the demodulated audio
samples. The interpolator 106 may be configured to do so at the frequency of the
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[0039] To acconplish this multiplication, the clock
multiplier 103 nmay be driven with a high frequency
| ocal clock having a frequency that is approxi nately
the frequency of the desired nultiplied renote sanple
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[0044] A parabolic interpolator 111 may be configured
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received froma phase differential calculator 115
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be configured to do so by fitting a parabolic function
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[0046] The out put of the parabolic interpolator 111
may be directed into a synchronizer, such as into a
2-word FIFO (first in first out) 113. The 2-word FIFO
113 may be configured to |load the interpol ated val ue
fromthe parabolic interpolator 111 into the first
~ word of the FIFO upon command of a generated cl ock
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command of a | ocal sanple clock (discussed below). The
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[0054] The output of the filter 123 may serve as the

val ue which i's added by the adder 120 during each

cycle of the multiplied renote sanple clock, until the

adder resets. The net effect nay be to create a
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generated by a synbol timng recovery algorithmin a

DQPSK denodul at or. The 32 sanples may be delivered to

t he resarrpl er shown in FIG 1 at a rate 01 32 kHz (32

per each.1 nsec interval), along with an acconpanying
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kHz, 46.875 kHz, and/or 48 kHz. [0066] The phrase
"means for" when used in a claimenbraces the
correspondi ng structures and_naterials that have been
descri bed and their equivaleﬁts Simlarly, the phrase
"step for" when used in a claimenbraces the
correspondi ng acts that have been descri bed and their
equi val ents. The absence of these phrases neans that
the claimis not limted to any of the correspondi ng
structures, materials, or acts or to their



[0068] In short, the scope of protection is l[imted
solely by the clainms that now follow That scope is
intended to be as broad as is reasonably consi stent

wi th the |language that is used in the clainms and to
enconpass all structural and functional equival ents.

VE CLAI M 1. Adigital sanple rate converter
conprising: a digital up sanpler configured to receive
a first streamof digital sanples of an anal og signa

at a first frequency and to generate a second stream
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decision on each symbol point. The decided two-bit data may be ouiput along with

a data enable, which may occur at a rate determined by the symbol clock of the

fransmitting system.

[0062] The various functions that are illusirated in FIGS. 1-3 and that have been
described above may be implemented by hardware, software, or by a combination
of hardware and software, all in accordance with well-known techniques. For
example, Hardware Description Language (HDL) coding may be written from which
an integrated hardware implementation may be created, again, all in accordance
with well-known techniques. An example of such HDL coding is set forth in United
States Provisional Application Serial No. 60/756,515, entitled “NICAM Decoder
With Output Resampler,” filed January 5, 2006, atiormey docket no. 56233-287, the
entire content of which is incorporated herein by reference.

[0063] The components, steps, features, objects, benefits and advantages that
have been discussed are merely iflustrative. None of them, nor the discussions
retating to them, are intended to limit the scope of protection in any way. Numerous
other embodiments are also contemplated, inciuding embodiments that have fewer,
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6. The digital sanple rate converter of claim5
further conprising a phase differential calcul ator
configured to cal culate the phase differential, said
phase difference cal culator including a phased-I ock
| oop. 7. The digital sanple rate converter of
claim5 further conprising a synchroni zer configured
to synchroni ze interpol ati ons nade by the non-I|inear
interpolator with the | ocal sanple clock. S. The
digital sanple rate converter of claim?7 wherein the
addisymad haredibz differemt cuchesnantd; skepd, febkes, objects, ber@fitsTined

e Lo .

advefids Te el € i BEBS it Ba ey i Lordel et

diffeeamtfyo sanpl es at a frequency of approximately 32 kHz.

o033 ol B RSBB FY B E  ht ShEPmoe may

be usgp iroxenmaiotiby m&h.ﬁﬁﬁd(‘signgls V\cl:;‘fher t_héﬂa.Nhl"(Ehlm diglgbrsalsuaaaplwz,
erein.t ocal sa

r at onverter of .cl ai e

- M PSR el 0t PR b IRB FRdb argnes e S4HBle ate of any
type 1?2 un$irvechueoniced basplepsteeamat e converter of claim9

erein the | ocal sanple, clock has a frequency of
to0sk] CARhowat Bryid Beon prnany aislsseiin benaScag wih der o
sampletatocioivqudnzyy of 320dHy, thdrasanipiens thithdvetRlers@isilsted may
also %ld%gtaggguayfb{aeu &5 %orcu)lfﬁe&%ru%ﬁ g%%ﬁ'ﬁ’méig'c?gcis@%ther
frequencies, such as approximately 31.25 kHz, 44.1 kHz, 46875 kiHz, and/or 48
kiiz.

[0066] The phrase “means for” when used in a claim embraces the corresponding
structures and materials that have been described and their equivalents. Similarly,
the phrase “step for’ when used in a claim embraces the corresponding acts that
have been described and their equivalents. The absence of these phrases means
that the ciaim is not limited to any of the corresponding structures, materials, or acts
or to their equivalents.

[0067] Nothing that has been stated or illustrated is intended to cause a
dedication of any component, step, feature, object, benefit, advantage, or
equivalent to the public, regardless of whether it is recited in the claims.

[0068] In short, the scope of protection is limited solely by the claims that now
foliow. That scope is intended o be as broad as is reasonably consistent with the

Janguage that is used in the claims and to encompass all structural and functional
equivalents.
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CLAIMS:

1. A digital sample rate converter comprising:

a digital up sampler configured to receive a first stream of digital samples of
an analog signal at a first frequency and to generate a second stream of digital
samples at a second frequency that is substantially higher than the first frequency
and that substantially tracks the first stream of digital samples; and

a non-linear interpolator configured to interpolate between two sequential
digital samples in the second stream of digital samples in a non-linear manner,
wherein the non-linear interpolator is configured to interpolate at points in time that
are based on a phase difference between the first stream of digital samples and a
local sample clock.

2. The digital sample rate converter of claim 1 wherein the non-linear interpolator
is configured to interpolate between the two sequential digital samples by
determining a non-linear function that substantially fits three sequential digital
samples in the second stream that include the two sequential digital samples.

3. The digital sample rate converter of claim 2 wherein the non-linear function is
a parabolic function.

4. The digital sample rate converter of claim 2 further including a digital delay
line configured to generate at least two versions of the second stream of digital
samples, each delayed by a different amount of time with respect to the second
stream of digital samples.

ol The digital sample rate converter of claim 4 further comprising a phase
differential calculator configured to calculate the phase differential, said phase
difference calculator including a phased-lock loop.

6. The digital sample rate converter of claim 4 further comprising a synchronizer
configured to synchronize interpolations made by the non-linear interpolator with the
local sample clock.

7. The digital sample rate converter of claim 5 wherein the synchronizer includes
a 2-word FIFO.
8. The digital sample rate converter of claim 4 wherein the first stream of digital

samples are demodulated NICAM audio samples at a frequency of approximately 32
kHz.
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9. The digital sample rate converter of claim 7 wherein the local sample clock
has a frequency of approximately 31.25 kHz.

10.  The digital sample rate converter of claim 7 wherein the local sample clock
has a frequency of approximately 32 kHz.

11.  The digital sample rate converter of claim 7 wherein the local sample clock
has a frequency of approximately 44.1 kHz.

12.  The digital sample rate converter of claim 7 wherein the local sample clock
has a frequency of approximately 46.875 kHz.

13.  The digital sample rate converter of claim 7 wherein the local sample clock
has a frequency of approximately 48 kHz.

14.  The digital sample rate converter of claim 7 wherein the second frequency is
between 128 Khz to 1.024 Mhz.

15.  The digital sample rate converter of claim 13 wherein the second frequency is
approximately 384 kHz.

16.  The digital sample rate converter of claim 1 wherein the digital up sampler
includes a sample interpolator configured to divide each digital sample in the first
stream into an integer multiple of samples.

17.  The digital sample rate converter of claim 15 wherein the sample interpolator
is configured to divide each digital sample in the first stream into between 4 and 32
samples.

18.  The digital sample rate converter of claim 16 wherein the sample interpolator
is configured to divide each digital sample in the first stream into 12 samples.

19.  The digital sample rate converter of claim 15 wherein the sample interpolator
is configured such that one of the integer multiple of samples is based on the digital
sample in the first stream and the other integer multiple samples are substantially
zero.

20.  The digital sample rate converter of claim 18 wherein the digital up sampler
includes a digital low pass filter and wherein the digital low pass filter is configured to
filter the integer multiple of samples.
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