" 1 1" DI FFERENTI AL DETECTOR FIELD OF THE | NVENTI ON The present invention

relates to a differential detector suitable for use in a GWK or G-SK
nodul ati on schene. BACKGROUND OF THE | NVENTI ON GVSK or GFSK nodul ation are
- Wi dely adopted approaches by many wirel ess comrunication standards such as
GSM DECT and Bl uetooth. There are several denodul ation structures for

~ GFSK i ncluding coherent denodul ation gnd differential denodul ation.

" Carrier recovery for coherent denDduIation i ncreases the carrier
acquisition tinme to a relath Phgﬁ cThierefore, for a burst- node
conmuni cati on system dlfferentla |on Is often preferred. In a
radi o communi cation system due to elther dlscrepancy bet ween the

oscil | at j.tter and the receiver, or the Doppler effect,
frequenc@tit:f@gtﬁagtlm transmtter and receiver usually occurs,

whi ch degr Fpgs ﬁeb.enpﬁfvteﬂhaﬁrreet@é to tahe.f@féﬁmdété\ctef eltabl8 RS

sati sfactor ER perfornmance, I's 1 nportant npensat e for the ef f ect
of freque of f{GESK mbdgatien palnemeul arly true for the case of burst node

comuni cati on systens where a fast and robust nethod to estimte and
elimnate the effect of frequency offset is deenmed necessary. Fig.1l shows

the typi BACKSROUND ©opoTHE INVBINTICNSM tter which conprises a Gaussian | ow
pass filter I\§ILPF) and a FM nodul ator. The reemfonse p(t) at time t of the

Gaussi an fAMeK qr&ﬁsﬁﬁnpdwéa@rangemﬂelmdgat approaches by many wirgiesen by
BL1) -, SR8k S S0P ORI B e Rl ® °
Gaussi arddmobdealation! kstructures | forl IGFSKI lihtluding! Idohlerént! ddrhddutblion * 4R§166*

differential demodulation. Carrier recovery for coherent demodulation increases

the carriet acquisition tirhe to a relatively high degree. Therefore, for a burst-

mode communication system, differential demodulation is often preferred. In a

radio communication system due to either discrepancy between the oscillators at

the transmitter and the receiver, or the Doppler effect, frequency offset between

the transmitter and receiver usually occurs, which degrades the performance of

the system. In order to-ensure a satisfactory BER performance, it is important to

compensate for the effect of frequency offset. This is particularly true for the case

of burst mode communication systems where a fast and robust method to

estimate and eliminate the effect of frequency offset is deemed necessary.
Fig.1 shows the typical structure of a GFSK transmitter which comprises a
Gaussian low pass filter (LPF) and -a FM modulator. The response p(t) at time t of

the Gaussian filter to a unit rectangular pulse with duration 7, is given by

27 B 2z B
p(t) = Q[ Jﬂ_z( -o.sr,,)}-g[%(mo.sn)} (1)
1
where Q(r) = rJz_ - /sz T is-a dummy variable of the integral, and Bis the

3-dB bandwidth of the Gaussian filter.
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*@00002* 2 The phase of the G-SK signal is given by: c(t) =2,rkmJb; f
P(! _ -iTb)dr (2) where k,,, is the nodulation index and b; is the

. transmitted signal. A prior art differential detector for a GFSK signal is

illustrated in Fig.2, which includes a frequency converter 230 arranged to
convert the input signal r(t) into a 2denodul ated baseband signal, a pair
of sanplers 217, 218, a denodul at or 231 and a conparator 224. The

frequency qgg\fﬂ{arsgrofa;*@dpg,{g hal @cé a mul tipl exer 210 for receiving
and converting the input S|gn |nt two primary orthogonal signals,

a VCO 214 f p ng ocal,oscillating signal, a phase shifter 213
for phase T?ﬁé &9 ,bpptie'g’ﬂ"e)éié) the | ocal oscillati ng s@ynal fromthe

VCO 214, a pair of ffltipliers 211 and 212 for respectivel y nultiplying the
two priyméng Prim@%%uﬁt@ﬁ%&exfér%“bt E%%hbﬁltﬁéﬁ gﬁ&p w th the local

oscillating slgnal fromVCO 214 and t signal fromthe

phase shi f pepriclat Hﬁfer&rhﬁéldiété&oﬁlfdrk@w siqridn#d ﬂlu@i’rﬁfe)d ﬁnnldllgg typich and a
pair of lowpass filters 215 and 216 coupled with nulti s 211 and 212

for fil tl@?luﬁgs ArHEeqHensY fcoayadacy30 acmﬁgﬁdrt@ §OOVeftt e tnmut §|ggnhr(ts) infata and

t IS the channe t he
?(ec)el ve é?@?%lﬁg %?féd%ﬁg‘ é'gﬁ?ﬁedbg to'f% gl hf’, L dFE"PF % é%g[ 27r
(f, F + Aand~ a ccqmp;aratm( t224. ( ThewhenaeAcy c<5mieh%rf Q@gum@rxerofﬁ@@ae@nai n(t)
Is white 5| a | se, and A | s the _signal anplitude. By passing through

the fredl8 E’ %Fe‘}f@ﬂn%r?@ dseaRyeding inPsh gigp@Brihhinihtwa ppmary he t wo
or t hogongth tars A VAt FRRAYBLfhg BARERRBLRIARALIGLNS
cgjamadra E a'ige

i n- phase an tur e- phase conponents o
si gnal |s,h|fter@11 &fa:phase shifting (by 90 degrees) the local oscnlatlng signal from the

VCO 214, a pair of multipliers 211 and 212 for respectively multiplying the two
primary orthogonal signals from the multiplexer 210 with the local oscillating
signal from VCO 214 and the phase shifted signal from the phase shifter 213 to
yield two orthogonal signals (I(t) and Q(t)), and a pair of low-pass filters 215 and
216 coupled with multipliers 211 and 2{2 for filtering the high frequency
componeﬁts of the two signals I(t) and Q(t).

“Without considering the distortion introduced by the channel, the received

signal r(r)at intermediate frequency f,. is
r(t) = Acos2z (fy + A, ¥+ O]+ (), G
where A, is the frequency offset and n(r) is white Gaussian noise, and A is the

signal amplitude. By passing through the frequency converter 230 and samplers
217 and 218 which sample the two orthogonal components of the demodulated
baseband signal, the digital in-phase and quédrature-phase components of the
demodulated baseband signal 7., 0, are:

1, = Acos2m A nT, + O(nT,) + 6]

0, = -Asin[2z A ,nT, + ®(nT,)+6] (4)

where T, =§<”— is the sampling duration and 6 is the phase offset produced by

the receiver VCO 214.
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l,,” = Acos[IrA fnT,. +c(nT,)+B] _ (4) Q, -Asin[2z AfnT, + (D(nT,) +B 1
where T, = Kis the sanpling duration and O is the phase offset produced by
the receiver VCO 214. ti 3 The denodulator 231 in Fig. 2 includes a pair

. of ‘delay units 219 and 220 coupled with the pair of sanplers 217 and 218

for respectively delaying the outputs fromthe sanplers to generate
del ayed signals 1((n-1)Ts) and Q(n-1xTs) in which Ts represents a

) sanpling period, and a pair of rmltipliers 221 and 222 coupled with the

pair of detgy dénbauaddt Q§ﬂ w’:%ﬂ L9 ifibf r%'ﬁta'irpéf?/ g&@g lgrﬁ%p?i§sar§l%5§t he

pair of delay units wth the ou? put's
218, to epupded wuth; th qdadr lof ra;'ﬁs?}pﬂg‘gr(snm‘}Taﬁc?c zﬁt“lﬁ ﬁ:g'( resg)gffﬁ\%é@ m‘%%yln@fthgr
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period. Under i deal conditions frequency o vani shes t he

det ect orCQ}lnl@iltVVl’ihsthEstirrr(fl\Aie)lay \mmtsh'i195 ahdd%%(b ta arosq;anit’:pew ézfzebru%pltr:]tgdab)z/er 0
hol e trans e n
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the threzi®)ltd ghepa & ﬁél atnt,)&(RTOT. (G54 T mmbfiorrt

the sine of the change ghats (n )X ﬂ fﬁ) (gﬁafps?rﬂ gver ronénngan% |2

durati orth slq@eaZQBet!i@etwd g@ﬂ@@tdetrmdulalgsa@nny t he
Vo = I(T)Q((n=DT,) - I(n-DT,)Q(nT,) = A>sin(27A, T, +A0)  (5)

where A® =®(nT,)-O((n-17,) represents the phase difference during a

sam'pling period. Under ideal conditions, the frequency offset A; vanishes and the

detector output is 4’sin(A®), which is fed to a comparator 224 with a zero
threshold. Logic “1” and “0” of the transmitted signal are determined by the

following ruie:

1, y,>0

bn= 6
{0, y, <0 ©)

where b, is the output of the threshold comparator at ¢ = nT. .
The detector output y, in Eqn(5) is the sine of the change in phase of the

signal r(r) over one sampling duration plus a frequency offset term. Usually, the
frequency offset is non-zero, for example, in the Bluetooth standard the
transmitter is allowed to have a frequency offset up to +75kHzand a frequency
drift rate up to 400Hz/us. Using the decision rule given in Eqn.(6), the
performance of the detector depicted in Fig. 2 is degraded when the frequency
offset is non-zero.

In US Patent 5,867,059, a method based on Fast Fourier Transform operation
is disclosed to estimate the abovementioned frequency offset which is
compensated by adjusting the frequency of the local oscillator. A feedback loop
circuit is included to compensate for the frequency offset at the expense of

increased complexity.



* frequency offset is non-zero, for exanple, in the Bluetooth standard the
transmtter is allowed to have a frequency offset up to 75kHz and a
frequency drift rate up to 400Hz/,us. Using the decision rule given in
. Egn. (6), the performance of the detector depicted in Fig. 2 is degraded
when the frequency offset is non-zero. In US Patent 5,867,059, a nethod
based on Fast Fourier Transform operatdion is disclosed to estimate the
* abovenentioned frequency offset which is conpensated by adjusting the

frequency pf ohb®it aFRreMtti ddrdMilatol ieafRrkd! fORIS :P'artéHti 5 44p b§5!iHded to

conpensate for the frequency offset at the expense o mcreaséd
conpl exiwhich 4t Jeashens Bultewaeithke randalonge HBdldvatpassi fiteti ard esebined WS Pat ent

5,448, 5 i i ch I t tterworth and one.l.IR | ow pass fjlter are
conbi negaﬂstt 'h{}" tgg#’%n%@@etﬁfggvﬁﬁ?gﬁ‘@# ftgr t%rcé’%ra{jq‘rorw?ﬁd?:d _ar ,gy v@h?ch i s
caused Hyedueacyfdfsetierol bafdstsRbde oper@idrst thi AeetREE® i tid? Fast BhéugﬁttBOd IS
not fast enoug% to track the value of the threshold related to The

f r equendipcss theevalues e dhauthieshald prlatach e Hhareequansyr effsgte esniegially fneanbl es
avai | ab'lﬁaeﬂototﬁ whife ﬂ@r@%tr? ?é{)}ltg?(ra rﬁéﬁgtadaﬂ?ﬁ@g ion to provide a novel

met hod an apparatus to a I'stortiron caused by frequency

of f set. SUNM&R¥NOBbJEHE dfl\WENWe@én(lg rigaenﬁbard?fbcﬁro»\ﬁidéllmgfbtvéﬁ Pﬁéﬂho@f ahfie
resent inventiqn, there is proyided a ifferential detector conprising: a

Pr equencﬁPp@&rﬁ]t\Vég?@l"e‘QF’FeaW&eQJI&PBt'%?R}é‘ﬁd B frepHpRgy effsftal into a denodul at ed
baseband signal; sanpling nmeans arranged to sanple said denodul ated
baseband signal at a sanpling frequency to provide a sanpled signal; a

denodul &SWMMARYQEdHD INYENJIONt e t he sanpl ed signal to provide a

denodul ated signal; and frequency offset sensing neans arranged to sense
an envel ope of the denodul ated signal to provide an offset signal

In accordance with one aspect of the present invention, there is provided a
differential detector comprising: a frequency converter arranged to convert an
input signal into a demodulated baseband signal; sampling means arranged to
sample said demodulated baseband signal at a sampling frequency to provide a
sampled signal; a demodulator arranged to demodulate the sampled signal to
provide a demodulated signal; and frequency offset sensing means arranged to
sense an envelope of the demodulated signal to provide an offset signal
indicative of a frequency offset of the input signal.

Preferably, said sensing means comprises: means arranged to track the
envelope of said demodulated signal from said demodulator and provide a
tracking signal; and a filter arranged to low pass filter the tracking signal to
provide the offset signal.

Typically, said filter coefficient generator reduces the filter coefficient as a
function of time.

Typically, said filter has a bandwidth which decreases as a function of time.

Typically, said sensing means further comprises a reset signal generator
arranged to detect the start of input data transmission and reset the sensing

means.

Typically, the generator is arranged to detect signal power to detect the start
of transmission.



i ndi cative of a frequency offset of the input signal. Preferably, said
sensi ng neans conprises: neans arranged to track the envel ope of said
denodul at ed signal from said denodul ator and provide a tracking signal
.and a filter arranged to low pass filter the tracking signal to provide
the offset signal. Typically, said filter coefficient generator reduces the
_filter coefficient as a function of t4nme. Typically, said filter has a

" bandwi dt h which decreases as a function of time. Typically, said sensing

means T urt Ser&aph! iRedemodifior efifitedBONERNBIMaing fikihs Sréfdeiro t he
ata transm ssi

start of i nput on and reset the sensin means. pi cal |y,

the genera I r g i r t .t start, of
transm sélg%én){atéssa %ro é"%@égf@ff&g ﬁ'&e%ﬁéen%ddn'dﬁgbogggglnsb?sg%&%g% Rﬁgpﬁﬁﬁeldzi ng
means arr,anged to generate a powey signal fromthe sanpled signal and
provi de Qewgﬁ%ﬁ?%g@"aﬁm&&%%a{% gnal to the generator. Preferably, the
denodul at or_i ncl udes power normalizing neans arranged to generate a power
si gnal f r orffrefrsablymbhe demeghiatos includes ipewes nesmalizingemeans rastangedet® si gnal
to the sensing neans. Typically, the sensing nmeans further conprises a

conpar at genenatexray padwer signabp fnoen thé dsamepled usighald asd gprdvideé tah narmalizeshol d
provided by the offset signal to provide an output signal. BRIEF

DESCI PTI gdmodulBitEd Al D h eEsdiih psof the invention will now be
di scussed, by way of exanple, w't reference to the acconpanyi ng draw ngs,

| which: PricallyC &Sy nddrs Ririté ecoripfie¥ ot EaMPAHtbP arfingeltd™ ' ©f
compare said demodulated signal with a threshold provided by the offset signal

to provide an output signal.

BRIEF DESCIPTION OF THE DRAWINGS

Embodiments of the invention will now be discussed, by way of example, with
reference to the accompanying drawings, in which:

Fig.1 schematically illustrates a GFSK transmitter of the prior art;

Fig.2 schematically illustrates a prior art GFSK differential detector;

Fig.3 schematically illustrates a first embodiment of a differential detector of
the present invention;

Fig. 4 is a schematic block diagram illustrating the structure of a data slicer of
the embodiment of Fig. 3;

Fig. 5 is a flow chart of the algorithm for computing the low frequency

component caused by the frequency offset in the data slicer of Fig. 4.



Fig.2 schematically illustrates a prior art GFSK differential detector
Fig.3 schematically illustrates a first enmbodinent of a differential
detector of the present invention; Fig. 4 is a schematic block diagram
.illustrating the structure of a data slicer of the enbodinent of Fig. 3;
Fig. 5is a flowchart of the algorithmfor conputing the |ow frequency
component caused by the frequency offget in the data slicer of Fig. 4. 6
" Fig. 6 schenatically iIIustrates a second enbodi ment of a dlfferentlal

bl
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present ofrthemirewnt iveghtibng . 8 | s a flow chart of the algorit hm for .
conmput i ng ow fre uenc conmponent caused by the frequency offset in

the data s i'Q: r 1S53 sehe b@kﬂl@@gm@gmmmwﬁmﬁpﬁm@mﬁr 001; oot
EMBODI nt of a differential detector
V3N derﬂat ng A QWeCN'e@eE irn%nf?cgﬁ’%ﬂdm

for a GFSK nmo 3. The detector includes a
frequency Eignv8risea 30, chaarpaofr thef algmmp)rlnefdr 2drhpatifg 2th8. |owv drstRitcqt or

231, a data slicer 3 ara or. . 224. The_ frequency converter 230,
the pai r’%f %’é"rpglcé‘%e‘gfngﬁﬁ SY]H seldn tae fataisligesof 1 7are the sanme as
the prior art illustrated in Flg 2, and will not be explained further. The

denodul at or out[g is x,, =1 (nT)Q((n-l)T) -1 ((n-1)T,)QnT,) = A2
Si n(2201DETA|lcE ) DEBCRIRAION OF (THE SPREFERREP EMBQOPIMENTI®aOF OfHE he
recei veq (t) When 2,rAlT, is small, the expression of Egn (7) can
be appro%vr@n@(g) X A2 (27rA1T,. cos Oc + sin A (D (8) The

expect ati on val ue of X,, in Eqn(8) vyields:

A first embodiment of a differential detector for a GFSK modulated signal is
shown in Fig. 3. The detector includes a frequency converter 230, a pair of
samplers 217 and 218, a demodulator 231, a data slicer 310 and a comparator
224. The frequency converter 230, the pair of samplers 217 and 218 and the
demodulator 231 are the same as the prior art illustrated in Fig.2, and will not be
explained further. The demodulator output is

x, =I(nT)Q((n-DT,)-I((n-1DT,)Q(nT,) = A? sin(27rAfo + ACD) (7)
which is the sine of the change in phase of the received signal r(r).

When 27z A T, is small, the expression of Eqn (7) can be approximated by:

X, ~ A2. (27A T, cos AD + sin AD) (8)

The expectation value of x, in Eqn(8) yields:

Elx, ]=4? (27rAfT‘.E[cos A®]+ Elsin AD]) (9

For an one-bit differential detector, the phase difference can be approximated
by the following equation:

AD=~b, .0, +b6,+b, 6, (10)

where 6, is the result of integration over one sampling duration generated by
the ith symbol element.

For the Bluetooth system, the phase difference A® over one symbol duration

corresponding to all possible combinations of input data is tabulated in Table 1.



E[X,, ] = A2 (2;r01T,E[cos Oc]+ E[sin A(Db (9) For an one-bit differential
detector, the phase difference can be approximted by the foll ow ng
equation: O(D bk+, B, +bkCo +bk-1le-1 (10) where O, is the result of

. integration over one sanpling duration generated by the ith synbol

el enment. For the Bluetooth system the phase difference Oc over one synbol
duration corresponding to all possibfze conbinati ons of input data is

" tabulated in Table 1. 7 b. , bi b; , A (D (degree) 000 -57.6 00 1
-45.45 100 -45.45 101-33.3 01033.30 01145.45 110 45.45 1
1 1 57.60 Table 1. phase difference for one-bit differential detector Under
the assunption off equablyy distriluted inpup_datia, iAD (deyrée) seen that

E[sin Al] = 0. FrremEgn{8)the frequency offset produces a | ow frequency
signal A2 2fro fT,. cds LWat tfk odtput dt diliferend’d depodul ator. The
threshol d si gnal [Tfor tge qonpar gf or [meeds $ o Qe upu:ggzg due to the
frequency offset. A data dlicer. 310|is added ijn Fig.3t0 adaptively track
the low frequency signal A2 27r@ fTg cos A), |which_454gsed| as the
threshold level flor the folllowing conparator 324 The jnpl epentation of

the data slicer ¢f the ¥irgt enbddinént is expllai ned w#th

N

0 1 0 33.30
0 1 1 45.45
1 1 0 45.45
1 1 1 57.60

Table 1: phase difference for one-bit differential detector

Under the assumption of equally distributed input data, it can be seen that
E[sin ACD] =0. From Eqn(8), the frequency offset produces a low frequency signal

A2z A 7T, cosAD at the output of differential demodulator. The threshold signal

for the comparator needs to be non-zero due to the frequency offset. A data

slicer 310 is added in Fig.3 to adaptively track the low frequency signal

A22nAfTS cosA®, which is used as the threshold level for the following

comparator 224.

The implementation of the data slicer of the first embodiment is explained with
reference to Figs. 4 and 5.

In the prior art, such as US Patent 5448594, entitled “One-bit Differential

Demodulaﬁor”, a low pass filter is designed to track the low frequency signal

AZ27A sTs cosA® directly. The disadvantage of this method is that if the

bandwidth of the filter is excessive, the resultant output will contain too much high
frequency content, which endangers the proper operation of the differential
detector as a whole. If the bandwidth of the filter is insufficient, a long time is
needed to capture the burst data.

Instead of tracking the low frequency component directly, in the present

invention, the envelope of the detector output x, is tracked and low-pass filtered



ref'erence to Figs. 4 and 5. In the prior art, such as US Patent 5448594,
entitled "One-bit Differential Denodulator”, a |low pass filter is designed
to track the low frequency signal A227r0 fTs cosAcl directly. The

. di sadvantage of this method is that if the bandwidth of the filter is
excessive, the resultant output will contain too much high frequency
content, which endangers the proper ogeration of the differential detector
"as a whole. If the bandwidth of the filter is insufficient, a long time is
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310 of  LSTERAMATy, £ fiofé ol BIREMEY. It ot eranB Sbb R 5eEedt ¢ hr ce
mai n f urgradoaly inkdrdek® suppressit high f+éd1%1es‘nlc¥tc@hqm@hfs.ment generator 412,

tracker 41Q, and adaptive IIR filter 411. The operation of the data slicer
i s descri bg\ob‘egik dirgramqf the stiuctuse of §he dajg sliqes 318cafithaifinet erabodiment oop,
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adaptive IIR filter coefficient generator 412, tracker 410, and adaptive IIR filter
411. The operation of the data slicer is described by the flow chart in Fig.5. At the
beginning-of the loop, the parameters «, Max,Min and dc are preset to an

appropriate value (e.g., zero), in which parameter a is a coefficient of the IIR filter
411, Max and Min are respectively the values of positive and negative peaks of
the envelope of the demodulator output x,, and dc is the output of the IIR filter
411, which is the low frequency component of the envelope of the demodulatdr

output x,.. The values of the positive and negative peaks Max, Min of the input
signal x, are updated by using tracker 410 based on the following rules:
o if x,<x,,>x,,and x,, > Min+threshold andx, , < MAX

And if x, , > Maxor x,_, >dc, ,, then Max=x,_

o if x,>x,,<x,,and x, , < Max —threshold and x _, >—-MAX ,

n-1
And if x, | < Minor x,_ <dc,_,, then Min=x,_,
where, x,,x, ,x, , are samples of the demodulator output at time n, time n-1 and

time n-2, respectively. The parameter “threshold” is a user-defined constant
reflecting the smallest gap between the positive and negative peaks. The

parameter “MAX" is also a user-defined constant, wherein the tracked positive



* 411, Max and M n are respectively the values of positive and negative peaks

of the envel ope of the denodul ator output xn, and dc is the output of the
[ITR filter 411, which is the | ow frequency conponent of the envel ope of

. the denodul ator output x,,.. The values of the positive and negative peaks
Max, M n of the input si gnal X,, are updat ed by using tracker 410 based on
the following rules: if x" <x"_, >x _z and x"-, > Mn + threshold and

;x,,_,<IVAX Andifx,>l\/axorx,>dc,,thenl\/ax:xn, if xn >

M nbr xn r n@(?%tﬁe pealﬁ Q(Pe{/lcontﬁhéﬂ’s\n%ﬂ ﬂ'{bdréﬂgg( (NWA&@ Ckgéj lvg of< the
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par amet er reshol d" . is a user- Igefl ed constant reflecting the snall est

gap bet v@gﬂxt "So@ﬂpl'q}’@dan%s n¥gat3s dhgearplituges Ofpﬁ}eaﬁ%‘?lgr sigoak" The al EO a
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are prorﬁn\/(eltmﬁals descrined sndplailagsdaliewson, the nodul ation index being

enpl oyed, ! as the anplitude of the input signal. The explanation of
t he above W'Fhe PO Eﬁ}ntauwtvne>rm A mmxp,e'amzcapnhﬁd oalytbedeeal s

fo t t > 2 d
S o aldhyiR g Syt am FBiaited. damev S e AL W GF TR EBT ai nod.

However d|’f‘f@|efrbﬁxclﬂle W. 4 g aﬁ?va adf@gprgm{ f &8 agaR.%httﬁqhgﬁéﬁewe%t%eaegat lve

peaks of x" . i one I nequa COﬂSt rarnts

t he posnheqeal(tjﬂe@ﬁ*stlraiﬁis ﬂ&ﬁbésﬂ\d@(n% %@Bké hﬂ]§t%eséﬁos%f1 frdrﬁ et/BFXi mum
(mninum with the condition X" reshod (x" _, < Max -t reshold)

appl i ed.locgle treaximunpr o(mlnl!mem)of WHRSK thedulcahdmon the | ¥TBdth wulrestodd| ut e
phase di fference /bmax is constrained so is the maxi num absol ute val ue of
x" max AX%,2is Mag ToreswldDappliedi Rugdaethp propedies of GFSKImedulation, the

maximum absolute phase difference Ag . is constrained so is the maximum

absolute value of x ~ A’ (27aA ,T; cos Ag,, +sinAg,. ), where A, =A

n,max S max *

X, mx 1S denoted by the user defined constant MAX. Due to the presence of noise

and interference, the demodulated signal x, may be larger than MAX or smaller
than —MAX. So the tracked positive and negative peaks Max and Min are
confined within the range (-MAX, MAX). In fact, there are many kinds of
techniques for tracking the positive and negative envelopes of the demodulated
signals.

Adaptive IIR filter coefficient generator 412 adjusts the coefficient «, of the
lIR filter 411 at time n to reduce the bandwidth of the adaptive IIR filter. The
coefficient «, at time n is reduced as a function of time. For example,

31 1

a,=—a,  +—*— 1 , and «, is reset to an initialization value (i.e., a, which is
32 32 256°

a predetermined constant) and is monotonically reduced until the end of
transmission. The maximum and the minimum values Max,Min and the
parameter «, are then used as the inputs to the adaptive IIR filter 411 for the

calculation of the low frequency component of the envelope of the demodulator
output x, according to the following equation



x"rax i s denoted by the user defined constant MAX. Due to the presence of
noise and interference, the denpdul ated signal x" may be |arger than MAX
or smaller than -MAX. So the tracked positive and negative peaks Max and
. Mn are confined within the range (-MAX, MAX). In fact, there are nmany

ki nds of techniques for tracking the positive and negative envel opes of
the denodul ated signals. Adaptive IIRfilter coefficient generator 412

- adjusts the coefficient an of the IIRfilter 411 at tinme n to reduce the
bandw dt h of the adaptiv%illR filter. The coefficient an at tine ndIS
reduced asda, EUncty| s, of 14 Fofinexanple, a"= 31 an-, 11y* 1 and a" is
reset to anaﬁn?tial??a?ioa(?gfhe (iﬁe., ao which is 32 3; 2%6' a
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| cul at,j t he | fref onent of the envel ope%})%nthe
ggnggu?eﬁ'ﬁé] HP{)&ndg{hg?\évo%{@g%?\gBﬁéltefrgartrﬁlﬁ%e flol | owi ng equation 10 dcn
=(1-a")dc" + . ere, ISt reguency. conponent
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coefficient of filter at tinme n. The above process is repeated as |ong as

t he di f ftbresholdagignatt #bedollowingmulecgetemhines.a Bgic ‘Si” @nad” Wase transma@das an
I nput to a conparator 224 of Fig. 3 as a threshold signal. The foll ow ng
rul e deter “"nze ‘,axL@ng;, "1" or "0" to be transmtted: 1, Xn > ((;i(ég\ b" (12)
0, xn < dc 0, x, <dc,
With reference to Figs. 6-8, the second embodiment of present invention will
be explained. The detector includes a frequency converter 230, a pair of
sémplers 217 and 218, a demodulator 631, a data slicer 614 and a comparator
224. The frequency converter 230 is the same as that of the first embodiment
illustrated in Fig.3, while the demodulator of the second embodiment is different
from that of the first embodiment. It can be seen from Fig. 6 that the demodulator
631 further comprise means for normalizing the output y, from the adder 223,
which includes a pair of self multipliers 610 and 611 coupled to the pair of
samplers 217 and 218 for providing a squared output of the signals I, and Q,, an
adder 612 for summing the output from the pair of multipliers 610 and 611 to
provide a signal C,=I*(nT)+Q%(nTs) indicative of the signal power, and a divider
613 for normalizing the output y, from the adder 223 by dividing by the signal
power C,, .yielding:
- LnT)Q((n=DT,) - I((n = DT)O(T,)
" I*(nT,)+Q*(nT,)

=sin27A T, + AD) (13)

The sine of the change in phase of the received signal r(t) is thus obtained
and is independent of the signal power. When 2nA(T is Small, the expression of
Eqn(13) can be approximated by:

x, = 27A T, cos AD +sin AD (14)

The expectation value of x, in Eqn(14) yields:



Wth reference to Figs. 6-8, the second enbodi nent of present invention
wi Il be explained. The detector includes a frequency converter 230, a pair
of sanplers 217 and 218, a denodul ator 631, a data slicer 614 and a

. conmparator 224. The frequency converter 230 is the sanme as that of the
first enmbodinment illustrated in Fig.3, while the denodul ator of the second
enbodinent is different fromthat ofijifhe first enbodinment. It can be seen
" fromFig. 6 that the dempdul ator 631 further conprise nmeans for

| Zi : . h dd 223, which includes a ir of
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si gnal @y-the(follewingXquEdipni ndi cative of the signal power, and a divider

613 for normalizing the output Yn fromthe adder 223 by dividing by the
signal  poWSR ~@r, Oyt &by 0L (nT,.)Q(n -1)T, .h) - | ((? iﬁ)T, h01@nT3.) X =
=sin(27rA £T, +0 (13 |.Z(nTs) + nT.) = The sine of e change in
phase(of twger%@éfs\%ﬁ r?ﬁéﬁﬁf '6%953"5082&1‘&[52’%?3“\9369 dyrrtians generatRth b¥nt  of

the sig i LCOFTS is small, the expression of Eqn(13) can be
appr oxi ﬁﬁ%é@%@'ﬁ‘bﬂ@%é‘fro fT5 cos zW+ sin O(D (14) The expectation

val ue of Xpof theEfEHsth giveslinlthe frkt eﬁ{%dimEHFE@ﬁ%lﬂJﬁ[ ?P&Rtéin(gfgiitﬂgcl (15)

For a one-bit differential detector, the phas erence ca
appr oxi rfegqueénchoffsee pfaddcesi Npwefioguendy sifhaPb#ABr kP atltke dBtput(ofd)

where 8; is the result of integration over one sanpling duration generated
by differential demodulator. The threshold signal for the comparator 224 is non-zero

due to the frequency offset. Data slicer 614 is used in Fig.6 to adaptively track

the low frequency signal 2zA T, cos A®, which is used as the threshold leve! for

the following comparator 224. The detailed structure of the data slicer 614 is
shown in I;ig. 7. The difference between the data slicer of Fig. 4 and 7 is th.at the
data slicer 614 further comprises a reset signal generator 710 which is used to
detect the start of data transmission and generate a reset signal to initiate the
adaptive IIR filter coefficient generator 412, tracker 410 and adaptive IIR filter
411. In order to allow the receiver to operate properly in a burst mode
communication system, it is important to determine when the burst data
transmission starts. The reset signal generator 710 includes a simple LPF filter
which is used to calculate the average value of the signal power output cpfrom
the demodulator 631. Fig. 8 shows the flow chart of the operation of the data
slicer 614 of Fig. 6. Prior to the start of data transmission, the parameters

a, Max,Min, dcand d are reset to pre-defined initialization values, in which

parameter d is the output of the simple LPF filter of the reset signal generator
710. Then, the signal power c, from the demodulator 631 is low-pass filtered by

the reset signal generator 710 to provide an averaged output
d,=od, +(-c),, where the value of o is application dependent, and in the

present embodiment it is a constant in the range of (0,1).



" the i th synbol elenment. For the reason given in the first enbodi nent

E[ sinAc]= 0. From Egn(14), the frequency offset produces a | ow frequency
signal 2icO fTs cos O(D at the output of differential denodulator. The

- threshold signal for the conparator 224 is non-zero due to the frequency
offset. Data slicer 614 is used in Fig.6 to adaptively track the |ow

~ frequency signal 2;r0 fTs cos A, whi¢h is used as the threshold |evel for

" the followi ng conparator 224. The detailed structure of the data slicer 614

is shown i Fi j f t licer .of Fig. 4 and 7
i s that thgﬂ ed%\?earaé?ivygtfe ?MBfﬂﬁ]ﬁgn ggg’%?scéggac%ﬁ@éds\f@ﬁéqs Efg’xg’r“ﬁt or 710
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reset signal to initiate the adaptive IIRfilter coefticient generator

412, tr dbkeembbdiraent, dom@veragel VUi if ds codbhred with Hewdightel! praviols
receiver to operate properly in a burst node comunication system it is

i mpor t arnalues def,e; riimewhichnyt représerts daweightingnsattesiafn st ar Ks.is The reset
signal generator 710 includes a sinple LPF filter which is used to

cal cul atevarsamalieg faptorhigh iptiefined #1 Baal(3pame i iscart imbeger(I=+,2/3... ). he

denodul ator, 631. Fig,. 8 shows the flow chart of the operation of the data
slicer 614I:r5‘fe gpo%f_lvepgp Mg Ve §r?’h§f3 demadulatalsenteat an,arerben

par anet ' re.reset t yre-defined initialization
val ues, etiF.%Ck\ﬁ?lil %&/ﬁéﬁgérra%rgeoﬂg%%g’ (?'%ﬁl%@ll8Wf%EU?%§p the sinple LPF filter of the
reset signal gegeriptpr,71Q., Theqy xt he 6,008 ROWELAGY f%%{(he denodul at or

631 is | owpass filtered by "¥he re&éf signal generat ot d provide an
averaged output dAnd ifxd" s M bilx, 25), ., tNIRIELDE val ue of ¢ is

appl i cation dependent, ahd in the "pres&ht enbodi ment’' it is a constant in
the range of (0el)if A2>xThe @vesmoe, Val Max deinoid@ng gnal pgper cr, is
conpared with its previous values difi 1 at the synbol Tate to détermine the
start of the data Anaifsfissifnror kN, <tdi s endodigment , the average val ue do
is conpared with its weighted previous "

Since the amplitude of the input signal is normalized in the demodulator 631
of Fig. 6, the two pre-determined constants “threshold” and “MAX” are only
proportional to the sampling duration, the GFSK modulation index being

employed. The maximum and the minimum values Max, Min are used as the

inputs to the adaptive IR filter 411 for the calculation of the low frequency
component according to the following equation

an
2
The bandwidth of the adaptive IIR filter is reduced gradually by adjusting the

dC" = (l - an )dcn—] +

(Max + Min) . (17)

coefficient «, in the coefficient of adaptive IIR filter generator 412. The coefficient

a, is reduced as a function of time, for example, «, =£an_, +L»=L The
32 32 256

above process is repeated as long as the differential detector is in operation. The
signal dc, is used as an input to a comparator 224 of Fig. 6 as a threshold signal.

The following rule determines logic “1” or “0” to be transmitted:

IA) 1l x,>de,
"0, x, <de, (18)



val'ues yd,,-,I , in which y represents a weighting factor of d,,-k, , Kis
the oversanpling factor which is defined in Egn.(3) and | is an integer
(1=1,2,3...). The the positive and negative peaks of the denodul ator out put
- Xn are then tracked by tracker 410 based on the following rules: . if xn <
Xxn_, >xi_z and x"_, > Mn + threshold and xn_, < MAX, And if x"_, > Max
or x" , >dcn_, , then Max = x"_, if1xn > xn_, < xn_2 and xn_, < Max -

" threshold and xn_, > -MAX , And if xn_, < Mn or x"_, <do"_, , then Mn=

xn_, Sincels Bg |§qm@ i i i

dermdul ator 631 @htlélﬁ% B\/\I‘/}))J'iul g'raé tgléé?{e(rﬂr%argé H(r:vgh"gtﬁ g%tns'rédpﬁgégﬁol d"
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The abmrewpethmsﬂaelresmlEpEﬁ’tsadumadtmgglsaargéﬁQhéh fzbfs efhbel A‘Iié?r%ﬂv@f is in
dcn is used as an input to a conparator 224 of Fi g.

oper at i
6 as a 35?&?%@3@% dataTﬁ'équdTQQ%nﬁbbPJPéthaéuéhZﬁdwsthQ)getectqr bk " 0" 10
be tranqﬁh ?@r?haja Eﬁﬁbegﬁle& ﬁ xn < dcn 13 In sumary, a

differenti aI det ec or o?ed whi ch can reduce the distortion
caused by thwemerausgueostbgr ofrfosiificationsr detvarigesi npadatiorishe sBB&titutions and

equivalents will therefore occur to those skilled in the art without departing from

the scope of the present invention as defined by the following claims.



performance. The scope of the invention is not restricted to the described
enbodi nents. For exanple, a subtractor can be di sposed follow ng ttheYBMI8er
in place of the conparator, for subtracting the output of the data slicer

. fromthe denodul ated signal of the denodul ator and determines logic "1" or
"0" depending on whether the result of the subtracting is larger than zero
or not. Alternatively, the output frbmthe data slicer need not be further
" utilized in the detector, but may forma signal output to other circuitry.
Nuner ousCloAIMs: nodi fi cations, changes, variations, substitutions and
equivalents will therefore occur to those skilled in the art w thout
departing from the scope of the present invention as defined by the

foll owi ng ¢l af ALMS: 1. Adifferential detector
conpri si ng:q' ?Hﬁf&ﬁu %E@eg%cige?%f)%ﬁéanged to convert an input signal into
a denodul aadtequensgandeségarhngsdPtomaiBANSp @ dighdlShtol # deaBdutated d
denodul abt;d baseband signal at a sanpling frequency to provide a sanpled

si gnal ; RASEEABASIH®Sr arranged to denodul ate the sanpl ed signal to provide

n envel oper P &S ARHhac b SRR SR e RO BRAIRY LBRir: o ccree

i ndi cat isamnplingafréquemneyrtoprovitle et savhpledisignaiput signal . 2. A differenti al

det ect or accqr di o claim1l, wherein said sensing neans conprises:. neans
arranged t#8 ?@Bagpﬁ@ @H\?@QSéetoopegéﬂ '@@nﬂlﬁ:l%g@iﬁaﬁﬁl it cﬂﬁng%'gﬁda

demodul afeRhodiilbiclr Siyhaleardt racking signal ; and
frequency offset sensing means arranged to sense an envelope of the

demodulated signal to provide an offset signal indicative of a frequency offset of
the input signal.

2. A differential detector according to claim 1, wherein said sensing means
comprises:

means arranged to track the envelope of said demodulated signal from said
demodulator and provide a tracking signal; and

a filter arranged to low pass filter the tracking signal to provide the offset
signal.

3. A differential detector according to claim 2, wherein said filter is an adaptive
lIR filter.

4. A differential detector according to claim 2 or claim 3, wherein said sensing

means further comprises a filter coefficient generator

5. A differential detector according to claim 4, wherein said ﬁltef coefficient

generator reduces the filter coefficient as a function of time.

6. A differential detector according to claim 5, wherein said filter coefficient

generator adjusts the coefficient of filter according to the following:



a filter arranged to | ow pass filter the tracking signal to provide the
offset signal. 3. Adifferential detector according to claim 2, LWREPLYIRE
said filter is an adaptive IIRfilter. 4. Adifferential det ect or

. according to claim2 or claim3, wherein said sensing neans further
conprises a filter coefficient generator 5. A differential detector
according to claim4, wherein said fiiser coefficient generator reduces

" the filter coefficient as a function of tinme. 6. A differential detector

according to ckaimb5,wherein said filter coefficient generator adjusts
t he coeffi a,,enyat ﬁ-l—}—t*a?accor ding to the following: LLOYDWSE 15 31 1 1
a" -an 232 3220586 wherein an is the filter coefficient at time n,

an_l is tham%rélhein .§qséfﬂ|ter eaéfraren& 'af”ﬁmé‘n Lo { is ﬁaedﬂﬁéreéof‘e@ﬁé.éﬁt%ﬂﬁ gtor as

claimed in any one of clains wherei h said as a W|dth
whi ch deefleases as a function of t| me. 8. A differential detector according
to any one of the preceding clains wherein said sensing neans further
conprises a reset signal generator arranged to detect the start of input

data transp sgidffferéngaldt6dtot BS cﬁﬁ@d”ﬂaé@ﬁaﬁe of clafind 1 {4 ‘?/Widé ? ?é?& ect or

as clainmed in claim8 wherein the gener arrange Si gnal
power t diltleehasta barewititlr whish decseasrssas arfundtibn of tiinéf erential detector as
claimed in claim9 wherein the denodul ator conprises power nornalizing
means arranged to generate a power signal from the sanpled signal and

provi de a BoArdHferentladdsteeidr akesrdiidiAhny Bné it the preceding claims wherein
said sensing means further comprises a reset signal generator arranged to detect

the start of input data transmission and reset the sensing means.

9. A differential detector as claimed in claim 8 wherein the generator is

arranged to detect signal power to detect the start of transmission.

10. A _differential detector as claimed in claim 9 wherein the demodulator
comprises power normalizing means arranged to generate a power signal from
the sampled signal and provide a normalized demodulated signal to the
generator.

11. A differential detector as claimed in any one of claims 1 to 8 wherein the
demodulator includes power normalizing means arranged to generate a power

signal from the sampled signal and provide a normalized demodulated signal to

the sensing means.

12. A differential detector according to any one of the preceding claims,
wherein the sensing means further comprises a comparator arranged to compare
said demodulated signal with a threshold provided by the offset signal to provide
an output signal.



generator. 11. A differential detector as clainmed in any one of clainms 1 to
8 wherein the denodul ator includes power normalizing nmeans arranged to
generate a power signal fromthe sanpled signal and provide a ndOYalwised

- denpodul ated signal to the sensing neans. 12. A differential detector
according to any one of the preceding clains, wherein the sensing neans
further conprises a conparator arrangggl to conpare said denodul ated si gnal
" with a threshold provided by the offset signal to provi de an out put 12
signal. LL@X¥D i 2or dj: m

V\:hgl’ ein sal@dx ?\C’)%rg%%ﬂ&t?g\?? éeédag(ﬁﬁ% |caﬁ%efé’ ﬁt—{iﬁ’ %@g‘iofﬁgpaé}%rgddrul at ed
si gnal ipovidegea lagigalt1é omtputasﬁ@lam ad&inodlhiatedl scgrmutlputarg@glmawi the". 14.

ar at in. an e, precedi ng cl ai ns, wherein the_
ﬁ\gﬁsi ngt{ﬁge%i?ﬁ %ngl%ﬂ.é h)gécatl @ envel ope of the dem)dul ated si gnal

by maklngthefollovmng determnatlons. if x" <xn_, >x"_2 and x"_, > Mn
+ threshold and x"_, < MAX, And if x"_, > Max or Xxn_, > dc,, , , then Max
= x, , if %4 Apgaraius aeclriraed iR-any angeof thet presstiimigdclaimds xwherein th&X,  And

bonect 150 et ol oBo sdrE0aM dheid or A EGmohiated Baingt bV« P

n-2 of smakinglthetfolldwmg detegnfhatichen_1 is a | ow frequency conponent of the
envel ope of the. denodul ated signal at tinme n-1, Max and M n represent

val ues of rtgats Ve, and, @S xj ve Misakdrotoldhanények dpeXof the denodul at ed
signal, and threshold and MAX are preset constants. 15. Apparatus as
claimed in claim 1And ifwmer eiMax Ofext hpekhol themdaviedx ar e

if x,>x,, <x,,and x, , < Max—threshold and x,_, >-MAX ,

n-1 n-1

And if x, | < Minor x,_, <dc,_, then Min=x,_

el

where, x,.x,,,x,, are respectively a sample at time n, a sample at time n-1
and a sample at time n-2 of said first input signal, dc,.; is a low frequency
component of the envelope of the demodulated signal at time n-1, Max and Min
represent values of negative and positive peaks of the envelope of the
demodulated signal, and threshold and MAX are preset constants.

15. Apparatus as claimed in claim 14 , wherein the threshold and MAX are
proportional to a sampling duration, a modulation index or amplitude of the

demodulated signal.

16. Apparatus as claimed in claim 14 or claim 15 where dependent on claim

2, wherein said filter is arranged to calculate a component of the offset signal of
the

form : dc, =(1-a,)dc

n-1

+ 32- (Max + Min)

where, dc; is said frequency component of said input signal at time n, dc,.q is
said frequency component at time n-1, and a, is a coefficient of the filter at time

n.



proportional to a sanpling duration, a nodul ation index or anplitude of the
denodul ated signal. 16. Apparatus as clained in claim14 or claim15 where
dependent on claim 2, wherein said filter is arranged to cal CL'_ILgt(QV\ﬁSE

. conponent of the offset signal of the form: dc,, =(I - a" )dc"_, a’
(Max + Mn) 2 where, dcn is said fregqguency conponent of said input signal
at tine n, dCn_1 is said frequency coﬁgonent at tine n-1, and an is a
coefficient of the filter at time n. LLOYD WSE 17 17. A detector as

cl ai med i n A ceteasor aseclpimedtin @gycone 0f tha arrecedingeclaitesnwhereinethe
baseboar JeSiof|ied BhddBBard W Sh8AL SAMBILSSightP e HG8"BGRSIS "

components in phase quadrature.



