CLMAE MITIVIEIVELLEETT eV lii *166166* AUTOVATI C GAI N CONTROL SYSTEM
. AND METHOD FIELD OF THE | NVENTI ON The present invention relates to an

" automatic gain control systemand a method for_automatically controlling
gain, for exanple in a receiver system BACKGROUND OF THE | NVENTI ON

- Automatic gain control (AGC) is an essential el enen

comuni cati on receivers enabling the esti tron of mmwmwmwﬂﬂlkath and the
automati ¢ adj ustnent of the anpllflcatlon gain in order fg qaintain a
relatively constant signal level. In typical conventlona systens such as
I n burst-node mnrel- S connunlcatlon systens for exanple t he Bl uetooth
system the receivef it iy dan A STE; o further
processing. Furthernore, it is deS|rabIe to have a S|gnal with a
relatively c I|tude) to enable the full range of the
processi ng cwﬂ WNVEN'I(IQFP reover, the correct operation of
anal ogue-to-digital converters can only be achieved if the excursion of
the input si g presemttinventidre relateseta @n- aptamdtiac gaity canirol spstge anbus
avoi di ng sat Aut ontrol ,circu aor the strength
of “the i gnaimanRtenalsREHicafy BRalofiahioat st etbR N AiaeBlet BisRhkany o.
an anal ogue-to-digital converter. A feedback signal is generated to
readj ust the BACKGROUND OMHTHE WVENTIONe receiver stages, in a
sel f-adaptive manner. Conventionally, the feedback signal is typically
gener ated by analo stenms where the signal is lied to
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anal ogue-to-digital converter, v lculty in
reachi ng a stadayatic admstmahtsoftihetamphflcetron gain in order to maintain a relatively

constant signal level. In typical conventional systems, such as in burst-mode

wireless communication systems, for example, the Bluetooth system, the
received signal needs to be level-adjusted prior to further processing.
Furthermore, it is desirable to have a signal with a relatively constant strength
(amplitude) to enable the full range of the processing circuits to be used.
Moreover, the correct operation of analogue-to-digital converters can only be
achieved if the excursion of the input signal is within the converter-specific
dynamic range, thus avoiding saturation.

Automatic gain control circuits monitor the strength of the signal applied to the
subsequent processing circuits, for example, an analogue-to-digital converter.
A feedback signal is generated to readjust the gain of the amplifiers in the

receiver stages, in a self-adaptive manner.

Conventionally, the feedback signal is typically generated by analogue
circuitry. In systems where the signal is applied to an analogue-to-digital
converter, if the level of the signal being applied to the analogue-to-digital
converter exceeds the dynamic range of the analogue-to-digital converter, the
control loop will have difficulty in reaching a steady state. This problem is
particularly evident in applications where the received signal consists of
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" particularly evident in applications where the received signal consists of
SbrrrrrrrrrrrverrverrverrverErerrrrir *000002* 2 packets of data with a

" short header code (preanble) during which tine the automatic gain contro
circuitry needs to settle. In the Bluetooth system the short (4-bit)

- preanble allows only a very short settling tine (4 mcroseconds) for the
automatic gain control circuitry to settle prior to processing of the data
packet. Traditional automatic gain contrd circuits in most nodern
receivers have difficulty achieving precise gain adjustnment of the

recei ved signal to a desired |evel within such a short response time.

Thus, there iRackeiseelydata, with & shed\ne@dgncodat(peeasable) seringovhishdiraenthad

net hod havi n%lﬁb%ﬁﬁé sﬁyﬁ@mﬁﬁcaﬁ ete_lagqotsgme avai l abl e in conventi onal

systens. Summary o ention The Tnvention is defined in the _
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Thus, there is a need for an improved automatic gain control system and
method having a faster response time than that available in conventional

systems.

Summary of the Invention

The invention is defined in the independent claims. Some optional features of
the invention are defined in the dependent claims. By monitoring the amplitude
of the signal from the variable gain control components and performing an
adjustment, the time required to place the amplitude of any signal within a
much smaller window which is close to a reference level is reduced.
Subsequently, fine gain adjustment may be performed. As a result, the time
required to bring the input to the analogue-to-digital converter out of

saturation is significantly reduced.

The systems and methods described herein are intended primarily for the
application to burst first mode communication systems, however they may

also be easily implemented in a fully digital circuitry.

Brief Description of the Drawings

Preferred embodiments of the invention will now be described by way of

example and with reference to the accompanying drawings in which:



" Brief Description of the Drawings Preferred enbodi ments of the invention

. Wl now be described by way of exanple and with reference to the

" acconpanying drawings in which: 3 Figure 1 is a schematic bl ock di agram of
an automatic gain control system according to a preferred enbodi ment;

- Figure 2 is a flow chart of the operation of a sensor for use in the system
of Figure 1 when conparing a signal anpl8tude with a reference level; and
Figure 3 is a flowchart of the operation of an automatic gain control
system according to a preferred enbodi ment. Detailed Description of _
Preferred Enrigurentis dsohérdafic Dlouicdiaghim s sH agtcam Pgnh%t sferf@! N
control system 1 accordi ngqto a preferred embodi ment of the invention. The
aut omati ¢ gai#FCOrRg top rrptariad embediertes four vari abl e gain control
components Gl, &, G and (4, four sensors sl1, s2, s3 and s4, a digital
control | ogi iy 5 0o r : a

digital -t ogaﬁ:alglgﬁ%ﬁgmbg\r’ ?gghgﬂqﬁﬁé}b g%t?ir{/gt?a%%ﬂéggg)ﬁnu%owtatﬂglSyéb%(%ent S
GlL to 4 are Fageatindhenccarparing asjgreal ampditudecwvithl ai referente $evelgndout put  of
the variable gain control conponent Gl is taken to the input of the sensor

sl, the out py; - i e Ln control.co nent. &.is taken to the

i nput of tth':ts'%l%fseo:? h]sgf f\éo% cﬁ?heofgﬁ?ﬁ&err}for{ ﬂfeaﬂ}%?%m?éc g3y system

conponent G3.dcgotdikg to hreferrdd@mnbo@imerithe sensor s3. The output of the

variable gain control conponent A is connected to the input of the

anal ogue-to-digital converter 4_ The output of the anal ogue-to-digital

converter 4 =SBHEAIeSCIIRUOY of Preferred Emb 1eRSher processing circuitry

(not shown) and, together with the outputs-cl-c4 fromtEe sensors sl to

s4, to the i 0 | 4 | QUL e y

alternatively erea?\ gﬁ?lvggﬂemgdékng%%g{nri?e? to %Hé %a-lit p%cﬁﬁ@%fe‘}n =
according to a preferred embodiment of the invention. The automatic gain
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control system 1 comprises four variable gain control components G1, G2, G3
and G4, four sensors s1, s2, s3 and s4, a digital control logic unit 2, an

analogue-to-digital converter 4, and a digital-to-analogue converter 6.

The four variable gain control components G1 to G4 are cascaded so that
they are connected in series. The output of the variable gain control
component G1 is taken to the input of the sensor s1, the output of the
variable gain control component G2 is taken to the input of the sensor s2 and
the output of the variable gain control component G3is taken to the input of
the sensor s3. The output of the variable gain control component G4 is
connected to the input of the analogue-to-digital converter 4. The output of
the analogue-to-digital converter 4 is connected to the sensor s4, to further
processing circuitry (not shown) and, together with the outputs'c1-c4 from the
sensors s1 to s4, to the input of the digital control logic unit 2. The sensor s4
may alternatively be an analogue sensor connected to the output of G4.

The output of the digital control logic unit 2 is connected to the input of the
digital-to-analogue converter 6. The outputs of the digital-to-analogue
converter 6 are connected to the control inputs of the variable gain control
components G1 to G4. The digital-to-analogue converter 6 provides control



" The output of the digital control logic unit 2 is connected to the input of
_the digital-to-anal ogue converter 6. The outputs of the

di gital -to-anal ogue converter 6 are connected to the control inputs of the
vari able gain control conmponents GL to (4. The digital-to-anal ogue

- converter 6 provides control 4 signals gl to g4 to the variable gain
control conponents GL to (&4 respectively, The automatic gain control
system 1, as shown in Figure 1, generat est a plurality of feedback signals
to control the gain of the variable gain control conponents Gl to (4 based
on the output of the analogue-to-digital converter 4 and the outputs cl to
c4 of the sefigiads sal tl® 94 trhthewasieble qdain heortielogamipongatsn Gonta dh4
system1l is tQ9s W/gh/ the scaling of the signal |evel applied to the

anal ogue-to-drgi al“donverter 4 to ensure the full dynam ¢ range of the
anal ogue-to-digital converter 4 is used. Sensor sl nonitors the anplitude
of the signalThat atfoenatict gain obntrblesystemahl as gadwn dankigate dorgemreeates@ i n
order to determ it reater smal | er. than the reference

h . .
| evel Vrefl. p}%r agﬁo%%eﬁ%rﬁp'léfﬁ@‘saig to FOPHQPEﬁﬁ gain 8t thesyarigblgr gainefontrdn
Vrefl, cl = BophfpdiRhed %?dt(f‘t%%hﬁa%ﬁ R _tRE bP ut€8E Ghe f/%ré?lfbﬁg&gg@gﬂ Pgt

of the variable gain contro nponent Gl I's ss than

gener at ed at coheerer panddiie phtputerd do cd lof tidsenswnsig! tols4d.r om t he sensor
sl, is applied to an input to the digital control logic unit 2. Each of the

sensors Si t ' ed. J ' . for n jdentical _function,
so the above%gggl?:drrbégééﬁﬂiﬁ g?%@“%@éﬁ%’ﬁp@{ Sgsé%@of'ss ?‘!J“ﬁb‘ﬁ?i%?éﬁ[‘@ Ofto
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control conponents G to (4 are conpared with the correspondi ng reference

| evel s Vr ef 2 dyBamrGfangeceffbe @analagpeseddigital eanveder dilgnaed. c2 to c4 of the
sensors s2 to s4 are generated respectively.

Sensor s1 monitors the amplitude of the signal at the output of the variable
gain control component G1 in order to determine whether it is greater or
smaller than the reference level Vref1. As shown in Figure 1, if the output of
G1 is greater than Vref1, c1 = 1 is generated at the output of the sensor s1.
If the output of the variable gain control component G1 is less than Vref1, c1 =
0 is generated at the output of the sensor s1. The output ¢1 from the sensor

s1, is applied to an input to the digital control logic unit 2.

Each of the sensors s1 to s4 illustrated in Figure 1 performs an identical
function, so the above description of the operation of sensor s1 is applicable
to the other sensors s2 to s4. The respective outputs of the variable gain
control components G2 to G4 are compared with the corresponding reference
levels Vref2 to Vref4 respectively and the output signals ¢c2 to c4 of the

sensors s2 to s4 are generated respectively.

The choice of reference levels Vref1 to Vref4 used by the sensors s1 to s4 is
dependent upon the application of the system in which the automatic gain

control circuit 1 is to be used.

The main function of sensors s1 to s4 is to compare the signal amplitude with

a reference level. Implementation can therefore be greatly simplified when



" The choice of reference levels Vrefl to Vref4 used by the sensors sl to s4
_1s dependent upon the application of the systemin which the automatic
"gain control circuit 1 is to be used. The main function of sensors sl to
s4 is to conpare the signal anplitude with a reference |evel

« I npl ementation can therefore be greatly sinplified when 5 the sensors sl
to s4 are fabricated in fully digital circuitry where an anal ogue filter
is not required. An illustrative exanple55f the operation of a digital

i npl enentation of the sensors shown in Figure 1 is shown in Figure 2. The
i ncom ng signal, which nay be conprised of an in-phase conponent | and a
quadr at ure cdR®sRBEBErSG! i9a8d are tabpicatastie fully digital cirguitry wherdianf aralogue t o

determne th t he in-phase and quadrature conponents
are treated ge%ggaééﬂgau#%% absol ute values (abs(l) and abs(Q) of the

I n-phase | and quadrature Q conponents are used. The absolute val ues of
the in-phase An dhdtrqtiee redampe (@fctblmpopemienodf & hdigitaicionplagentgion of aie not

a constant and they ,may s reater than the reference |evel and

sonet i nes snﬁ@ﬂé?r%/wq We%@f%?é%ﬁ'éo‘g%\fé QU wever, the anplitude 12 +Q

of the signal should be a constant. To conpare the anplitude (V) of the

i nput signal T menﬁ@f%gynasﬁlwmchhnh?%e edsﬁsgﬂ&@a raf%ﬁphrr Sfﬁ%@%ﬁudo‘ﬁéﬁ{ | Vref,
ici

it is not generallys ent to determine that the anplitude'is greater
than the reference I obser vi only one 2 of2 the
this may be @5‘95%8“8 raﬁgries%qmgq)nqrp{easg%p “tHée qlhe'*'QBXI&%JI'h@ 'fgﬁu%f t he
signal. Two decision rules (case 1 an . 2) are proposed, therefore, to
determine whes hgbiditnd"MHd {AiApIRko! 125+g?a' the ApRAE! ahBa " Alrk@s t han
the reference level, with the two alternative rules case ahd case 2)
bei ng treat e@ompzﬂ@ﬂmgret iratediSsepaputly. THa SbEdiute VHILES (abs(l) and abs(Q))

of the in-phase | and quadrature Q components are used. The absolute

values of the in-phase | and quadrature Q components of the incoming signal

are not a constant and they may sometimes be greater than the reference

level and sometimes smaller than the reference level. However, the

[2 2
amplitude {1 +Q of the signal should be a constant.

To compare the amplitude (V) of the input signal to the sensor s1 with the
predetermined reference level Vref, it is not generally sufficient to determine
that the amplitude is greater than the reference level by observing only one
sample of the signal, as this may be caused by noise, or the sample may be
the maximum value of the signal. Two decision rules (case 1 and case 2) are
proposed, therefore, to determine whether the amplitude of the signal is
greater than or less than the reference level, with the two alternative rules
(case 1 and case 2) being treated independently, as shown in Figure 2 which
illustrates the operation of a sensor for use in the automatic gain control

system of Figure 1 according to an embodiment of the invention.

In a first stage 10, as shown in Figure 2, at the start of the cycle, the internal
variables flag 1 and flag 2, and the time t as measured by a time counter are

set to 0. Flag 1 and flag 2 are two-state variables which indicate whether or



“illustrates the operation of a sensor for use in the automatic gain control
. systemof Figure 1 according to an enbodi nent of the invention. In a first
stage 10, as shown in Figure 2, at the start of the cycle, the internal
variables flag 1 and flag 2, and the tine t as nmeasured by a tine counter

- are set to 0. Flag 1 and flag 2 are two-state variables which indicate
whet her or 6 not the signal anplitude is greater than a reference | eve
Vref based on the decision rules case 1 %nd case 2, respectively. After
the internal variables have been set to 0 in the flrst stage 10, in a
second stage 12 a determnation is nmade as to whether or not the absolute

val ue of ei NS SIGNRE amplitiea & grealerathan: arefecanmsolevat Yrefsbagasherthe han a
ref erence VQ:Je‘éf‘smrf]FLn@écﬁeﬂJn %&eé I%Qépét\%l}yef or abs(Q >Vref). If

ei ther of the i1 n-phase or qua uré€ conponents is greater than a
reference val ue, then internal variable Cip(n) becomes equal to 1.
dip(n) is a After tise iternahvaraties have been set e sthshfashstager! Onot a iskeosd gnal

litud t ti tant. t I Vr ef
Tt he absol SO0 AP b UERrRETRE = sFadh 85 A heiBer of nalite abtwe Vg shent s
is greater t'&tﬁeﬁof e irepRasey af aaadﬁe&@.@t cérﬁpohént@%:‘@)reétéﬁﬁﬂléﬁwr@feréﬁ@'e
abs(Q <Vref), the internal varia ) greater

tEan aip(n- y;aluer, Hmattmelf eubersata@(b)/mfecfmtps (Qri\eef)elf T}utr@e(qg)mm pba?@o .
to'1 since 1 Rt BRSNS Dot 5% choRbe Shad o Lo B RcE AHE et Mgl °Fha

an increase Ivantabl@ Slng(rm)l b@dmheé lédﬁa&‘t?ds os sClig(a) liefetwaetate RiRIble/iafichas
occurred. However, | ess than_or equal to dip(n-1), then

ri se(n)=0. Ir'f‘Ci'ﬁ%te§é/&Qﬁihe§Pb@@t ti@ signal amBHAa gt angrhItime inskan is @eeater
according toyhol b ref@SKcd VBV erand 2.

If the absolute value of neither of the in-phase or quadrature
components is greater than a reference value, (that is, if both
abs(l)<Vref and abs(Q)<Vref), the internal variable Clip(n) is 0.

If Clip(n) is greater than Clip(n-1), then the two-state internal variable
rise(n) is set so that rise(n)=1. Rise(n)=1 indicates that clip(n) has changed
state from 0 to 1 since the previous sample of the incoming signal. This
indicates that an increase in the signal amplitude across the reference

level Vref has occurred.
However, if Clip(n) is less than or equal to Clip(n-1), then rise(n)=0.

In the second stage 12, the incoming signal is examined according to both

case rules 1 and 2.
Case 1

This rule is applied to the incoming signal as follows. The incoming signal is
sampled at intervals t; for a period TO, during which time every sample of the
incoming signal V (that is abs(l) and abs(Q)) is compared with Vref. If

rise(n) is again recorded as being 1 during the period TO, then flag 1 is set to



" Case 1 This rule is applied to the inconing signal as foll ows. The i ncom ng
. signal is sanpled at intervals t; for a period TO during which tine every
sanpl e of the incomng signal V (that is abs(l) and abs(Q) is conpared

with Vref. If rise(n) is again recorded as being 1 during the period TO

- then flag 1 is set to 7 1 (that is to TRUE) for a period T2. If rise(n)=1
I's not detected during the period T2, then flag 1 is reset to O after tine
T2. However, if during the period T2, rise(n) is detected as being 1, then
flag 1 is maintained at flag 1=1 for a further period T2 fromthis instant.

Simlarly, if i : idd $2( W ' [ T2,
Flag T wil be oorenagd pyehaocs fRdd To N el s pgt ot BupRl e
each occasi orper@&isEZ,zthWiféngSereisgtw&aﬂeptnmeerz.to the incoming signal in
the second stage 12. Initially, the incom ng signal I Vv i;s \c/o_rrpared vvlthth
Vref at inter ; | i KY:.S s greater an
or equal to \Pr‘g#v%(yurr’i ﬁ??@nﬁqéé?ﬁ%@iﬁitﬂ%%ﬁ)s'sd?%f:%@fs PPH@QQ’%eEet to
1 for a peri dthg'?.is Imaintaingidiat figg A1 R alflyrth mhﬁrbmm%ﬁhﬂna' v
is greater than Vref, that is Cip(n)=1, then the sanpling period s
extended by a further period T2 fromthat instant and the signal is

conti nuousl y Signifarty if a fusther ingtancgedf fise(re1 d)tcr:]unsi dbii?gtthﬁ perioddT 212, a
sanpl e of the,ingom signal, Vis not greater than Vref, that is

a i"E( n) =0, treﬂﬂg ﬁl‘é(ﬂln gei%’gﬁegéﬂ by, a@ a@gﬁlona efpdk T gnfrormthis iinstasmh on As
shown in Fi ngé*q oc&é‘ﬁo wo cases 1 and 2 are treated independently but
preferably sinul'taneously.

Case 2

This rule is also applied to the incoming signal in the second stage 12.
Initially, the incoming signal V is compared with Vref at intervals t; for a period
T1. If every sample of V is greater than or equal to Vref during the
period T1, that is Clip(n)=1, flag 2 is set to 1 for a period T2.

If, within the period T2, the sampled incoming signal V is greater than
Vref, that is Clip(n)=1, then the sampling period is extended by a further
period T2 from that instant and the signal is continuously sampled in this
extended period.

If, within the period T2, a sample of the incoming signal V is not greater
than Vref, that is Clip(n)=0, then flag 2 is reset to 0 at a time T2 from
this instant.

As shown in Figure 2, the two cases 1 and 2 are treated independently’

but preferably simultaneously.

For both cases, the samples are counted in the time counter (not
shown) and the periods TO to T2 are determined by the time counter.



" For” both cases, the sanples are counted in the tine counter (not shown)

_and the periods TOto T2 are determ ned by the tine counter. 8 For each
sanple of the incomng signal, flag 1 is examned in a third stage 14 to

determne its state. If flag 1 equals 1, in a fourth stage 16, a

- determnation is nade as to whether or not rise(n) equals 1. If rise(n)

equals 1, thent is reset to 0in a fifth stage 18 to restart the period
T2. However, if rise(n) equals 0, and T2 has expired, then flag 1 is set
to O in a sixth stage 20 and t is reset to 0. If, in the third stage 14,
it is determned that flag 1 =0, and rise(n)=1 for a second tinme during
the period TEOrt@aeh sampler of theinceming smnall flggi1iis examinead in anthitd i s
set to 0. As ie;]owrhin Figure 2.with regard to case 2, in an alternative
third stage 2299 dt@t%?‘%r%rt‘?étﬁ $lt®mde as to whether or not the variabl e
flag 2 equals 1. If flag 2 equals 1, in an alternative fourth stage 26, a

Qo ol o 12 Pl fiflg, TRt o, Sn W E6EA fagBote G RBHYRMINT id made dq R

equals 1, then't eset to In a age mal nt ar n

equal to 1 faevhethpeoraowt riE2(h) equals $. lfrige(n) eqdaveethen t ishégdtrtd @érval s
0, and T2 has expired, then flag 2 is set to O in a further stage 30 and t
is reset to @ fifth staget h8 tal tastadttheeperioddl 21 Hpavener, iit rise(njeequailsndd t hat

flag 2 equal s O dif dip(n) _h been equal .t.o 1 f the period, T1, then
in a further 2N& Eg %%GP(P},{&%Q ﬂi)@n?@%g ﬁdslsegﬁt@ PHe 3 isffgr‘ts"?gerié&nq bi®. 1n
a final stagesdéhidd it is determned that flag 1 equals 1 or flag 2 equals
1, then this sefts the output of the sensor illustrated in Figure 2 to 1 and
the tine counter is incremented so that t=t+1. The output of the sensors

If, in the third stage 14, it is determined that flag 1 =0, and rise(n)=1 for

a second time during the period TO, then, in a further stage 22, flag 1 is

setto1andtis settoO.

As shown in Figure 2 with regard to case 2, in an alternative third stage 24, a
determination is made as to whether or not the variable flag 2 equals 1. If
flag 2 equals 1, in an alternative fourth stage 26, a determination is
made as to whether or not Clip(n) equals 1. If Clip(n) equals 1, then tis
reset to O in a further stage 28 to maintain flag 2 equal to 1 for a period

T2 from this instant.

However, if Clip(n) equals 0, and T2 has expired, then flag 2 is set to 0

in a further stage 30 and t is reset to 0.

If, in the alternative third stage 24, it is determined that flag 2 equals 0
and if Clip(n) has been equal to 1 for the period T1, then in a further

stage 32 flag 2 is set to 1 and the time t is reset to 0.

In a final stage 34, if it is determined that flag 1 equals 1 or flag 2 equals
1, then this sets the output of the sensor illustrated in Figure 2 to 1 and
the time counter is incremented so that t=t+1. The output of the sensors

is denoted as c(n). For example, for sensor s1, the output variable is defined



" is denoted as c(n). For exanple, for sensor sl, the output variable is

. defined 9 as cl in Figure 1, which is an input variable to the D gital
Control Logic Unit 2 of the systemof Figure 1. The above procedure is

t hen repeated for the next sanple. However, if neither flag 1 nor flag 2
- equals 1, the output of this sensor is set to O and the tine counter is
reset so that t equals 0. TO T1 and T2 age positive constants which are
determ ned according to the application. The operation of the digital
control logic unit 2 is illustrated by the flow chart shown in Figure 3.

The digital ot Flgeeda, Whidh B &PRpUPUSrABIE tf gqé P@i@@(ﬁrﬂﬂ@@fcr@ﬁit 2

conponents GL to 4 i'n response to the outputs sensors sl
to s4 and t heofthesysteoh of Riguredl. ogue-t o-digital converter 4 output. The
control exerted by the digital control logic unit 2 is in two stages,

nanely, coargse in control and fine gain control. Figure 3 shows the
procedure of i@ﬁ’@rﬁ[ﬁ(‘@%ﬁ?hsg&ﬁﬁf%lge@ﬁ%”&ritbﬂ next sample. si ng t he

following steps: 1. At a starting time, in a first step 36 the gain of the

vari abl e gai | | e - 0

I nt er medi at eqd/g%g.ép’fﬁﬁg%\?maeﬁﬁ ﬁ%g %ﬁhggﬁoﬁs b %Hggﬁr’]%éfﬂ% SANER ¢ he
recei ved si gnglset 3o 0eand tHEaime IddRindest RISkt sBahAt ¢ eauan P.System can reach
the steady state nore quickly than automatic gain control systens

initialised with a zero value. 2. In a second step 38, the anplitudes of
the out puts ci0,t b1 @dof2tare pesitiverapnsiants whichraresdetestinethacserding $0s1 t o

s4 conpare t %lpéll-' of the output of the variable gain control
conmponent s thm?o 'b\%]\nH?ﬁ' the predefined reference |evel Vref. 10

The operation of the digital control logic unit 2 is illustrated by the flow chart
shown in Figure 3. The digital control logic unit 2 controls the variable gain
control components G1 to G4 in response to the outputs ¢1 to c4 of the
sensors s1 to s4 and the sample of the analogue-to-digital converter 4 output.
The control exerted by the digital control logic unit 2 is in two stages, namely,
coarse gain control and fine gain control.

Figure 3 shows the procedure of the automatic gain control operation as
comprising the following steps:

1. At a starting time, in a first step 36 the gain of the variable gain control
components G1 to G4 is set to a non-zero intermediate value. The
advantage of a non-zero setting is that when the received signal is very
weak, the automatic gain control system can reach the steady state more

quickly than automatic gain control systems initialised with a zero value.

2. In a second step 38, the amplitudes of the outputs c1 to c4 of the
sensors s1 to s4 are sensed. The sensors s1 to s4 compare the amplitude
of the output of the variable gain control components G1 to G4 with the
predefined reference level Vref.



"3. 1Tn athird step 40, a determ nation is nade as to whet her or not any of
~the outputs fromsensors sl to s4 are TRUE, that is whether any of cl to
c4 equals 1. If none of the outputs fromsensors sl to s4 is "TRUE' and a
coarse gain adjustnment has been nade within the first tine duration T3,
- then no fine gain adj ustnent will be nade. If none of the outputs from
sensors sl to s4 is "TRUE' and there is mo coarse gain adjustment wthin
the pass time duration T3, a fine gain adjustnent is performed in a fourth
step 42 in response to the sanples collected at the anal ogue-to-digital
converter 4 output)
(I ogiovref - | 03)I ogbf??/g{]%ggq%.‘.gé@rﬁ‘mv%lg}?g@%ﬁjgé kﬁ g'ibur;otrgg)'téaalyno t hat
is, the gain att ﬁ%putﬁsffqntsemsogms1t0§4tafe TRUR, thattis whethet any oficl tvon is

th tput of t { 4 at .t "
abg(\?gnl)oul sot he&fﬁ@@?\%?@‘l‘ﬁn#rﬁ%ggﬁ{% ﬁlétpggs{%ﬁr[n s?e:rbsr%r?ﬁé tlgr?a IBQUE?‘["% %ﬁcb?t al
converter 4 at doarrse igatri adjustmef hfasltﬁéehhMadefWﬂtlﬂﬁQﬁeaﬂfﬁi tlﬁ'l@:d@uraﬁaﬂ TP is a

constant. The (f‘ent ai n of each gain contral conponent to i's
updat ed based d eE‘H@ 'ae 'nv%‘ﬂluétni‘ﬁ"tg\ﬁ' beénagrr Kinase Qf\?@l%’)ptéqdmmon

1 S an exa " ed to
Lhe precont | nienspls ¥1 15 A IRUE a rtre 36 nodREiée WAl afRKIREPRih S S

the outputs clthe na$sctimetdwam3'6raf'mb gainsaftjjws“tmemwppffedne@% tah‘eunhocess
t he se sors.sl to s4is "

d. 11 . f
(rjg|to g?ﬁnenat ion i% ‘hﬁnry r(ﬁ)gél ? the §?§EP 9% nge?tﬁdvxﬂem?e?"B‘OQHSItOéj'@Eﬁir se

gai n adj ust ”Entcdﬂﬁértem output, according to the following equation:
On = On-1 + (10910Vref — log10abs(Von))b (1)
where:
gn is the adjusted gain, that is, the gain at time instant n
dn-1 is the gain at time instant n-1
Von is the output of the analogue-to-digital converter 4 at time in_stant n

abs(von) is the absolute value of the output from the analogue-to-digital
converter 4 at time instant n;

Vref is the reference amplitude; and
b is a constant.

The most recent gain of each gain control component G1 to G4 is
updated based on the latest value of g,.

The operation given by equation (1) is an example only. Other known
prior art operations may be applied to the present invention.

After the fine gain adjustment has been performed, the outputs c1 to c4 of
the sensors s1 to s4 are resampled and the process repeated.



" been detected within the past time duration T3. If no coarse gain
~adjustnent has been detected, a coarse gain adjustnent is perforned in a
further step 46. After the coarse gain adjustnent has been perforned, the
outputs cl to c4 of the sensors sl to s4 are resanpled and the process
: repeated. If a coarse gain adjustnment has been detected in the further
stage 44, then no gain adjustnent is mig? and the outputs cl to c4 of the
sensors sl to s4 are resanpled and the ocess repeated. The rul es of
operation of a coarse gain adjustnent are illustrated in the exanple given
below. (a) if cl1 =1, the gain of -4 is set to OgBCHZ-él_ = 0), the gain
gl of Gl is rédudbanpouipulipl the sengers 81 tq g4 is {TRYE= aidetemmaingtigmisgnads- &4
is set to 0dB (Q3; 4,4 i i dB.: = -6) (c)
T o3 = 1, the 2 furéhisjep 1t BB MhotnSF rndif bRk Hal Ryl Smapda
reduced by 6dBbegd detetéd widhini the past timehdugstiom df,. GAf irp rcedusedydiny 6dB
(g4 = g4-6). By ponitoring the anplitude of the signal fromthe varjable
gai n control @%ﬁ@w @a%lbqe@ fegied: BetorG IRk @(ﬂ'éStE@QF &ePgidermed in a
adj ust ment, t hqyihdFestep AU AfRA the ﬂa?@géiheatﬂﬂﬁlgdetn‘t'%son?eéppe@?rg?@%, éﬁ‘ét hin

a much smaller window which is close t0 the'rererence [eve

reduced. Subsequimits \¢1 tohed fafrtbe spisnrsad] Ust steare mesarbpled earfco thee grocass a
result, the ting re ired to bring the input to the anal ogue-to-digital
converter 4 outre%qa%g'tur ation is significantly reduced. 12 The

di gital -to-anal ogue converter 6 is then used to generate the control

signals to the w@bba@ee?aﬁia@jmﬂtehphag%aﬁra%lﬂéc‘ie@in {2 fatthel BtaRje i fthen
preferred enbodi ments of the automatic gain control system an
no gain adjustment is made and the outputs c1 to c4 of the sensors s1 to
s4 are resampled and the process repeated. The rules of operation of a

coarse gain adjustment are illustrated in the example given below:

(a) if c1 =1, the gain of G2-G4 is set to 0dB (g2-4 = 0), the gain g1
of G1 is reduced by 6 dB(g1 = g1- 6)

(b) if c2 =1, the gain of G3-G4 is set to 0dB (g3-4 = 0), the gain of
G2 is reduced by 6dB (g2 = g2-6)

(c) ifc3 =1, the gain of G4 is set to 0dB (g4 = 0), the gain of G3 is
reduced by 6dB (g3 = g3-6)

(d) ifc4 =1, the gain of G4 is reduced by 6dB (g4 = g4-6).

By monitoring the amplitude of the signal from the variable gain control
components G1 to G4 and performing the coarse gain adjustment, the time
required to place the amplitude of any signal within a much smaller window
which is close to the reference level Vref is reduced. Subsequently, the fine
gain adjustment may be performed. As a result, the time required to bring
the input to the analogue-to-digital converter 4 out of saturation is

significantly reduced.



met hod for inplenenting the automatic gain control system of the present
~invention are considerably advantageous over known techni ques. For

exanpl e, enbodi ments of the present invention may be inplenented with
.fully integrated digital circuitry and sinple, robust and inexpensive
- sensors may be used. Also, one or nore preferred enbodi nents of the
invention permt a faster settling tinme for the automatic gain control
based on the nonitoring of the anplitudézof the received signal than is
possible in conventional systens. It will be appreciated that the scope of

the present. invention is not restricted to the described enbodi nents. For
exanpl e, whi Idie digitakidrannlesHesconveastern@dn thescHseddoi generates the ¢anirol

sensors and fs@i”arlréé)f}ftr%b\llaqiag)% O&Htl%l co{fﬁgﬂgﬂf‘sﬂé?!toﬁﬂifferem nunber of

such conponent e used. umer ous o r modificati‘'ons, changes,
vari ations, substitutions and equivalents will therefore occur to those

skilled in tHe santmavy! praférrde patdddigentsr sfrthé keitepatid HamnsbriaePBgsten hhe
present invent itgln. H_LOYD WSE 13 Clainms: 1. An automatic gain control

syst em conpr iMe¢HGJ Br Amplamenting, the aylamalis gajjarentselagisiemeak the, Bresast e

gai n stage haydHiiofn ar@UEBHidefabh 9larlt usart?/eﬁb‘ kABWhOtedHHilies SEP
plurality of variable galn stages belng Tonnectable n series; a'plurality
of sensors, exampensmbobaweémtyg afntheupmsentiirvemtionnmal, bé limplehfenteduwitiof

each sensor ing,connectable to a respective output of said plurality of
variabl e gaig&'bﬁgﬁ ,ap déﬂﬂ@f&ﬁﬁﬁ'?'ﬁ’o@%&&ma'ﬁ' 6‘6*?1'\‘/%@ 'Wﬁﬁ'vgnsﬂlﬁ%ﬁt and
?n It Rput, thenay mRULsEd. ARR, Wt BBYRONOPrEfEiEE! erRBAYIPAEMRSE dteiHadinveRRsSt abl e
o the
permit a faster settling time for the automatic gain control based on the
monitoring of the amplitude of the received signal than is possible in

conventional systems.

It will be appreciated that the scope of the present invention is not restricted to
the described embodiments. For example, whilst the embodiments have
been described in terms of four sensors and four variable gain control
components, a different number of such components may be used.
Numerous other modifications, changes, variations, substitutions and
equivalents will therefore occur to those skilled in the art without departing

from the spirit and scope of the present invention.



" 15 output of a final one of said plurality of variable gain stagesLLOYDVV|SE
control unit having an output and an input, the input of the control wunit
" being connectable to the outputs of the sensors and to the output of the
anal ogue-to-digital converter; and 20 a digital-to-anal ogue converter
: having an input connectable to the outﬁgt of the control unit, the

di gital -to-anal ogue converter further ving a plurality of outputs, the
control inputs of each of the plurality of variable gain stages being
connect abl €laENsin output of the digital 25 to-anal ogue converter, the
outputs of the digital-to-analogue converter controlling the gain of the

plurality of varggh|, nggt;@%%h%ﬁﬁm S)?stctar#@orﬁbﬁ tic gain control system of

claim1, conprisi ng vari aln ages an sensors, where Nis an
integer of two or nore. 30 3. The automati c gai n control system of claiml,
S are arran termne if the output

wh d pl |
frg:ne!t Eésg: ur gl :J,[?agfpl}j{/ajlrty QEY%”a S9N, plages, ‘?%C Y%réﬂ ¢ gaihptagedlaving 8 m ned
reference |evel. L'dag@twasﬁgn&ﬂlrfbut% AUSSHTRS! 1iRp lﬁ’la's'élc??)mréﬁk §fy§ér‘i"éBIQf

claim1, wherein said pluralit sensors are arranged such that the

out put of at |east gﬁlr'fbstﬁfgeﬂk@"m oerneqtgblefin sedesiors is set if the output
fromthe plurality of variable gain stages is greater than a predeterm ned
reference level. 5 5. The automatic gain control systemof claim1, wherein

said control unit isplufality of s@hscronédch seérfirhaviMg an Butpli@ndromplt, ghgai n
control systemof c¢laim1, wherein each of said
10 input of each sensor being connectable to a respective output of said

plurality of variable gain stages;

an analogue-to-digital converter having an output and an input, the
input of the analogue-to-digital converter being connectable to the

15 output of a final one of said plurality of variable gain stages;

a control unit having an output and an input, the input of the control
unit being connectable to the outputs of the sensors and to the output
of the analogue-to-digital converter; and
20
a digital-to-analogue converter having an input connectable to the
output of the control unit, the digital-to-analogue converter further
having a plurality of outputs, the control inputs of each of the plurality
of variable gain stages being connectable to an output of the digital-
25 to-analogue converter, the outputs of the digital-to-analogue

converter controlling the gain of the plurality of variable gain stages.

2. The automatic gain control system of claim 1, comprising N variable gain
stages and N sensors, where N is an integer of two or more.

30
3. The automatic gain control system of claim 1, wherein said plurality of
sensors are arranged to determine if the output from the plurality of variable

gain stages is greater than a predetermined reference level.



lo variable gain stages has a gain associated therewith, said CO”HE@?DVW%E
~being arranged to control the gain of each of said plurality of variab
gain stages. 7. The automatic gain control systemof claim6, wherein said
control unit is arranged to control the gain of each of said plurality of
- variable gain stages 15 using at |east .gne of: coarse gain control, and
fine gain control. 8. A burst-node wirel'éss communi cati on system conpri sing
the automatic ain control systemaccording to claim1. 20 9. A method for
aut omati caldy cg'rher aliomyjicganin conteolraysteracal elgisn dmwherepn isaichpluralitplaff yi ng

an incomn L i p ald L yvi.Qf | abl I,n age, connected in
eri oot neohP S prd SRR Ut A oL 37 o ARG TR 3 B BRPIEY ot

si gnal and sengaisnis satripttte ogtpiuhdropm tinelpluralityadf airiapie yanf stdyesviargraklee gai n
stages with a refgrence | evel using a plurality of sensors to determne if
the out put thah giiedetermined referengs leell ess than the reference |evel, each
of saids 30 plurality of sensors having an output; LLOYD WSE 15 if the
output signal is greater than the reference level, setting the output of
at | east oe of Ttheeaytboradicigain cbnsehs@tam qfasaimy, wherahispid cantegianitfis om
one of the p(lj.ur Iitrg ?[ variable gain 5 stages to an anal ogue-to-digital
converter £9o 'git%ict O A9 B put signal to forma digitised signal;
passing the digitised signal together with the output fromat |east one of
the plurality of sensors into a control logic unit to produce a digital 10
si gnal ; an®- converhd agtanaatic gail cantrel gystem of &lgitnun alwhereinf eadtalad gasid

signal §,0yariable gain stages has a gain associated therewith, said control unit being

arranged to control the gain of each of said plurality of variable gain stages.

7. The automatic gain control system of claim 6, wherein said control unit is
arranged to control the gain of each of said plurality of variable gain stages

15 using at least one of: coarse gain control, and fine gain control.

8. A burst-mode wireless communication system comprising the automatic

gain control system according to claim 1.

20 9. A method for automatically controlling gain in a receiver system
comprising:

amplifying an incoming signal using a plurality of variable gain stages
connected in series, the plurality of variable gain stages each having

25 an output signal and a gain;

comparing the output signal of each of the variable gain stages with a
reference level using a plurality of sensors to determine if the output
signal is greater than or less than the reference level, each of said

30 plurality of sensors having an output;



" control the gain of the plurality of variable gain stages. 15 10. Tge
nmet hod of claim9, further conprising setting initially the gain bFOYR wise
" least one of the plurality of variable gain control stages to a non-zero
value. 11. The nethod of claim9, further conprising setting initially the
- gain of each of the plurality of varia ]L)e gain control stages to a
non-zero value. 20 12. The nethod of clarm 9, further conprising sanpling
the incomng signal at regular intervals for a first predetermned tinme
period, and extendifnipet aetpli signal je egreater thasdthei redereaceolévelbrsetting: thand

redetermned tinme i | i ] i is.greater than the
Iroeference | evel w Pﬁﬁ{}dt;&ﬁg{ Iatrs{;?n%ngﬁﬁlﬂ%lﬁ%gpg%qrﬁm period. 13. The

met hod of claim 12, further conprising restarting the second predeterm ned

time period if during said second predetermned tine period the incom ng
si gnal being sanpl QEg%'QGé 8sOytRet signat &ee onevel thesplurality fevafiaie gait
claim 12, further 11§ J " i nput
of the gont rol uni tg %gd{ﬁteﬁ\g&r@ﬂ?gﬁ%ﬁgglﬁtﬁgbgﬁﬁ%érrgoo glyﬁégﬁgu{?@bé SE
16 or nore sensor stoé fatincadegtigdubsighdle | nconi ng si gnal bei ng sanpl ed exceeds
the reference level during the first predetermned tinme period. 15. The
nmet hod of claim 12, wherein if after sanpling the input signals the 5

output of any of tbas§ﬁ§$ﬁéaidit%e?oeéignah%gaﬁ{émtﬁwet&ﬁﬁupﬁaméﬁeést &igluci ng
by a predeterm ned anount the gain of thé variable gaih stage -
correspondi ng to thktheepkicalityyebsensarspnto @ gontreklogivetnitito prpdusei al digitat r ol

| ogi c %ﬂt, sai d pg@ﬂg}_earr]lari ned anmount corresponding to a 10 coarse gain

j unp;
converting said digital signal to a plurality of analogue signals to

control the gain of the plurality of variable gain stages.

15 10. The method of claim 9, further comprising setting initially the gain of at

least one of the plurality of variable gain control stages to a non-zero value.

11.  The method of claim 9, further comprising setting initially the gain of each
of the plurality of variable gain control stages to a non-zero value.

20
12.  The method of claim 9, further comprising sampling the incoming signal
at regular intervals for a first predetermined time period, and extending the first
predetermined time period for a second predetermined time period if the
incoming signal is greater than the reference level within the first predetermined

25 time period.

13.  The method of claim 12, further comprising restarting the second
predetermined time period if during said second predetermined time period the
incoming signal being sampled exceeds the reference level.

30
14.  The method of claim 12, further comprising producing a signal to be

passed to the input of the control unit when the output of one or more of the one



" setting to around zero dB the gain of the variable gain stages su

to the variable gain stage whose gain has been reduced; and resanpling

" said incomng signal. 15 16. The nethod of claim 15, wherein the step of
reducing the gain of the variable gain stage conprises reducing the gain

: by around 6dB. 17. The nethod of claim 12, further conprising making a fine
adjustnent to 20 the gain of one or nor'€ of the variable gain stages if
none of the outputs of the one or nore sensors is set, said fine

adj ust ment MenAte dens9rsiindigatasdivat e indogiing signas bging sarpledt eXaeedstthe

of ‘making derantEle e BT Fe et ot B tE R aF & g the gain of at
| east one of the variable gain stages according to the equation: gn = gn-1

+ (loglovref_ - |oglOabs(von))b where gn is the adjusted gain at tine
i nstant n, th_1 1he mathgdial caim {1 gewhgegia it afier samgling Joajnpy sigralagbel ut e

Rstant "n, Grart Sin SAEicReBRA o b TnahBy riner brBE 2N T T
reducing by a predetermined amount the gain of the variable gain
stage corresponding to the sensor whose output has been set using
said control logic unit, said predetermined amount corresponding to a

10 coarse gain jump; ,
setting to around zero dB the gain of the variable gain stages
subsequent to the variable gain stage whose gain has been reduced;
and resampling said incoming signal.

15

16. The method of claim 15, wherein the step of reducing the gain of the
variable gain stage comprises reducing the gain by around 6dB.

17.  The method of claim 12, further comprising making a fine adjustment to
20 the gain of one or more of the variable gain stages if none of the outputs of the
one or more sensors is set, said fine adjustment being determined from the

digitised signal output from the analogue-to-digital converter.

18. The method of claim 17, wherein the step of making a fine gain adjustment
25 comprises adjusting the gain of at least one of the variable gain stages
according to the equation:
On = Gn-1 + (10g10Vref — l0g10abs(Von))b
where g is the adjusted gain at time instant n, g,.¢ is the gain at time instant n-
1, abs(ven) is the absolute value of the output from the analogue-to-digital

30  converter at time instant n, Vref is the reference amplitude, and b is a constant.



