<;e3déptnkb. 6 Tt KR*1 AUTOVATI C GAI N CONTROL SYSTEM AND METHOD FI ELD OF THE

| NVENTI ON The present invention relates to an automatic gain control system
and a nethod for automatically controlling gain, for exanple in a receiver
system BACKGROUND OF THE | NVENTI ON Automatic gain control (AGC) is an
essential elenent in nodern conmunication receivers enabli stimation
of signal strength and the autonmatic adjustnent of thjmﬁwmmmmmﬁon gai n
in order to maintain a relatively constant signal | evef ical
conventional systens, such as in burst-node wirel ess comuiiPé¥ti on systens,
for exanple, the Bluetooth system the received signal needs to be

| evel -adj usted prior }to ng. Furthernore, it is desirable to
have a signal with aZXels : ROk S HEMAND MEJEHOPo enabl e the
full range of the processing circuits to be used. Mreover, the correct
operation of ﬁ@@g}ﬁﬂg—ﬂ@ﬂﬂ?,@onverters can only be achieved if the
excur si on of € | nput Si ithin the converter-specific dynamc
range, thus avoiding saturation. Autonmatic gain control circuits nonitor

t he strength Uie iesentgimaentionirelates dot are aulbmeatioegain peantes! ssystermi badi &S,

f | e, -t 0= digi : ‘ter. A feedback signal |
generated o TEgREEr dHR GicaisoRlrafiREiEe foteemblk R racebibraystamages, i n

a sel f-adaptive nmanner. Conventionally, the feedback signal is typically

gener ated by BAGKGROUND OF THE INVENTRORNE® Where the signal is applied to
an anal ogue-to-digital converter, 1T the |level of the signal being applied

to the anal odMOMRAtgi @aial cantebr (RBCaxdeedn t Resentizhnietementyeinof nadern

I -t o- Qi g : I will. h ifficulty. |
Feaching a styyehiceRBN Sekelers BEAGAM e ebfiRBPh, of MBS endth 'and the
appl i cati ons autemertit fzeljusteeiny efitte amlific_ﬁalmil\%éiﬁ i®lrder t3 Aaft@hsa Rllafiad)
with a short heagﬁeq& cod? Q(}Preanbl e) during which tinme the automatic gain

control circfA® &lot i t¥picphcamentipnat sustemsy suces imbuesionode
(4-bit) prea | Qv o i 004t 1 ¢r gseconds)
for the auton%gtéi}(e:gégal n cgﬂltc}ég?ncﬁs\é%@ 'r;fért %ﬁée tlé]'eﬂi)ér :g;?é¢8fﬂ)rséf§ i ﬂ'@;eof

the data packeceivadasignabmsedsuttonbei tevehadjustet rprorcits clirther i pradessingpder n

receivers ha i ffi cul.g chi eyi ng, precise glai,n adj ust mrent of the received
signal to a égfipé@qr%\; ?g ?'W%X? E"UBQV%asSrWQ witsa salgdivelygonstantstrength e i s
a need for angf ty [ n ; : ' a
faster responanPRiieT o2uhal e A RrcR"bf fle Y AL RiBhAY 3008 dsklry

of the I nventManeover,dbeeacatect epemtionhef amalegte-tordigitay corgertersasdroonlyise gai n
control systenband mtet Eod i n whi ct} hhe, out g,ut from,tg_ di gi t al -t o- anal ogue
converter is ar85YeHol JRRSXEHESIOMOT dHRtIPBH SiagAkis WitHin, thgiseaveder-specitp)| o
gai n control JyAERMERARGe, tRYs BPOHING 4a10ratipR. anpl i tude of the signal fromthe
vari abl e gain control conponents and perform ng an adjustnment, the tine
required to place the anplitude of any signal within a nmuch snaller w ndow
whi ch is cl ofditematic gaincenteel qirsuils manitos the stiengihafdhe signal appliee tg e

adj ust nent f : Qe ,LLthe tinme rnequired. to, bring, the
ad) ust et TRy pBea ARG ABRUE Tl SrarE, Sh A GRS BohEhd
significantl W festibeet. sidagloidgargeratedtd réadjusSPRChainh6f thd anfplifdtIed 1k
automatic gain control system conprising: one or nore variabl'e gain stages,
each vari abl Ee¢RIVer $Rdgs INA/seiadaptiva annea signal input and a control

i nput, said one or nore variable gain stages being connectable in series;

3 one or nor gRRARAGRalSAHE TEEGPLK NI A t)SRhy 2Gshetted 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

I
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“output, the input of each sensor being connectable to a respective output
of said one or nore variable gain stages; an anal ogue-to-digital converter
havi ng an i nput connectable to the output of one of said one or nore

vari abl e gain stages, and an output; 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 analggue-to-digital converter; and a
di gi tal -t o-anal ogue converter having an input connectable to the output of
the control unit, the digital-to-anal ogue converter further having one or
nore outputs, the control inputs of each of the one or nore variable gain

stages being copnectable to an output of the digital-to-anal ogue converter,
the outputs dOAH Bf&iafaa|w'¥“oaa§mr€5%3%m® {ieagdie) duringgvhine tipee thef

the one or ”@LﬂOM@!ib?&'ir?CSﬂr& &kagﬁne&%%fﬁm@ to a second aspect there is

provi ded a burst-node wreless co ni cation system conprising the
automatic gain control system defined above. According to a third aspect
there is proJndbe Blustadtbcsystamathteoshort (atdity preainble lallows Iy d Dedy KGR Ver
system conpri i m . ng signal using one or nore variable

gai n stages g%#ﬁ&%tt%?k%%éﬁggggnéﬁggbﬁ@ gHiGRRALC gain eanteol gircuitryt tagsstti@ach

having an outmier t8i prjessing 8f G Wat&%ﬁ&ﬂé}.ngﬁaﬁﬁidﬁ‘éﬁ %‘dﬂorﬁ%ﬁ@fé)airgfcozﬁf E of
the variable gain stages wth a reference l'evel using one or e CEWNSor s
to det er ni ne GrEVithelNofiqsit Meoidgnal receivereahave tdifioulty darbevingapradie gain

reference le f.said o ol re sensors, having. an output; 4 if
t he out put s;égi]uzﬁtﬁlég@g&eg elrg?“ﬂgﬁd 1 de e@eﬁ@é‘r?%t}@f’?l N ®Ychha ShRrbut
of one or norespdnddtémene or nore sensors; passing the output signal from
one of the one or nore variable gain stages to an anal ogue-to-digital
converter to igitise the output. signal to forma digitised signal;
passi ng t he J?‘& t tRYE 5 gnaged derancimpved tadomatio ugain raonter esysternoarsd of

t he one or NSQLiSq 1 Nt l.oqi ni o _produce a digit al _
Signal - and Sernof kg o sftrighbie i fniid thal AVBIALE SR, Potta oM ghal <
to control thBgstgaims of one or nore of the variable gain stages. The
systens and net hods described herein are intended primarily for the

application ont|)urst fi[st nobde conmunication systens, however they may
al so be easi Py n Oyl |y digital circuitry.

In general terms, the invention provides an automatic gain control system and
method in which the output from a digital-to-analogue converter is used to
generate the control signals to a number of variable gain control components.
By monitoring the amplitude of the signal from the variable gain control
components and performing an adjustment, the time required to place the
amplit_ude 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.

According to a first aspect there is provided an automatic gain control system |
comprising:

one or more variable gain stages, each variable gain stage
having an output, a signal input and a control input, said one or more variable
gain stages being connectable in series:



- Brief Description of the Drawi ngs Preferred enbodi nents of the invention

w Il now be described by way of exanple and with reference to the
acconpanyi ng drawings in which: Figure 1 is a schematic bl ock diagram of an
automatic gain control systemaccording to a preferred enbodi nent; Figure 2
is a flow chart of the operation of a sensor for use in the system of
Figure 1 when conparing a signal anplitude, with a reference |evel; and
Figure 3 is a flow chart of the operation”f an automatic gain control
system according to a preferred enbodi nent. 5 Detailed Description of
Preferred Enbodi mnents Figure 1 shows a bl ock diagram of an automatic gain
control system 1 according to a preferred enbodi nent of the invention. The
automatic gain control SUEtANMPre FHISCESs epelirsansor dmdngam isputt motl an
conponent s ' i nd s4,.a digital
control | ogich:outfﬁigtt’ té? 'Waﬁ?%‘gﬁgé?%@? égf‘%%egﬁég,@gq %45633ﬁ8t'\€? OU%utt of

di gi t al -t o- arsdlidgue aronerervaable gaimesthges; vari abl e gain control conponents
GL to 4 are cascaded so that they are connected in series. The output of

t he variabl e gain control co[g)onen:piéaﬁ is taken to the input of the sensor
T t

s1, the output of the A} PABIOFUGHP GAVeREMbaN RSt aminpy canestabde the
input of the thgRv@suto? omabft ki [ | ..
conponent G3 . is taken to tgk?zd Pﬁ%ﬁﬂt{% t éé%?\ééﬁé%lﬁ@éég@%@dﬁ%?hhfbu&f t he
vari abl e gain control conponent (A is connected to the input of the
anal ogue-to-di gi tal corfvgontipl anitThavingitamuoutpiut tamel anahpgtjetheoinguiof ahe

converter 4 i e.sensar,, s4, .to further processing circuitry
(not shown) é:r%l)g%r gg@:b%g}é g?%ﬁecitﬂtgleztﬁtt%tcg‘t@f-s@ t#“?éﬁf‘gﬂ@% SQ)(F:{'LG Qytpud s4,
to the input ofthé haalbguiettaldigitalidonlvettelighduni t 2. The sensor s4 may
alternatively be an anal ogue sensor connected to the output of G4. The

output of the digital control logic unit 2 is connected to the input of the
di gi tal -t o- anal ogue corfv8idi@-teanalegugueenmestesthaving @nginpat -coonactabtey te

converter 6 t o] Lnpu of the vari abl in,
control comgﬁggp%e&t@gé?%twgngl gﬁ §|g-'t?gf)°é%§?l88% COPNGHPE E‘*’ﬁ@q&%’i‘%es
control signane grinove ghitputst te meniralbinPutB&bﬂeQQrﬁ\tdehe EHEBNRBra atkidbfe G4
respectively. The .autonptjc gain control system1, as shown in Figure 1,

generates a Gt aFRE§S oPeiNge #ARRCIEPIM APs ano qudpitr @f thee djgital-toranalegue

vari abl e gai pog I TR L0 4 Q of 1he .

anal ogue-to- dpgﬁéeé%%\gerte?rbtéfl%z‘i%ql%(la%f)lSpgﬁggeé{%@%ﬁgg%w%lﬂﬁgéé‘ﬁ%ﬂ% sl

to s4. 6 Teéthruope e mudretveciable gaimtstagemi n control system 1 is to adj ust

the scaling of the signal |evel applied to the anal ogue-to-digital

converter 4t Cg%ﬁiﬁée the full dynam.c, range of the anal ogue-to-digital
used

converter 4 1% 180175 5E°019 nBTRE D r theidielSa REPYiIFeRIed JPUrBhENagley Yirelass t he

out put of theommhlisbhkordal i PP IRTaly i
whet her it isogr e%t er@%rggﬂgﬁfgém?hgﬁ%{mﬁg%%g%ﬁc%@gg@Fro{/rg)éﬁgh{ei?"ﬁs?dom

in Figure 1, @3PPv€he output of Gl is greater than Vrefl, cl1 = 1 i s generated
at the output of the sensor sl. |If the output of the variable gain control

censor o1, TASSIE 608 NN porecicting SR RE S s redhod os AHRERISEY (e
di gital cont cohtrbkigg gaimintia Zeceietsyaterh Rongfiiw®y:s s1 to s4 illustrated in
Figure 1 perforns an identical function, so the above description of the

operation of sensor sl is ,?p_pl icable to the other sensors s2 to s4. The
respective outputs of BAPIPUPY AN NCYATIRI SiENal dIsirG BFeneh Morevarmbls: gaire

Ceapact vel y s R RROA e e REOEE mapeiienabie b BpdtE st haying o

gener at ed r eapectputedignalB@mel &gainge of reference levels Vrefl to Vref4 used
by the sensors sl to s4 is dependent upon the application of the systemin
whi ch the automatic gain con.tr%eci rcuit, 1 to be_used.

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

more sensors having an output;



* The main function of sensors sl to s4 is to conpare the signal anplitude
with a reference level. Inplenentation can therefore be greatly sinplified
when the sensors sl1 to s4 are fabricated in fully digital circuitry where
an analogue filter is not required. An illustrative exanple of the
operation of a digital inplenmentation of the sensors shown in Figure 1 is
shown in Figure 2. 7 The incom ng signal 4 which nmay be conprised of an
i n-phase conponent | and a quadrature conponent Q has an anplitude 12 + g2
As it is difficult to determne the anplitude 12 + gz , the in-phase and
guadrature conponents are treated separately. The absol ute values (abs(1)

and abs(Q) of the in-phase I and guadrat ur conponents are used,,. T
absol ute val ues of the ithifghaeiput 5&5@?@%@5‘2@8’“@”@% _ BgR 18V S?H@ght%e
I ncom ng S| gna({)ut%hfof“é?ﬁ Br e (R the 6H? dr e EBhspRITEL | MBS Dbe greater than
the reference Teve andesorretl mes smaller than the reference |evel.

However, the anplitude |1Z + gZ of the signal should be a constant. To
conpare the anplitude (\passing lteeioutput sigoalafromooneef Yenobe wimere Natiakle

det i ned ref I I fo it i ci.ent. .
et er m ne 1 hat S8 RE AR 19 icendogie i B ahvaE ot lsE dhe chifegbfal o
observi ng onl yfo(pﬁ%g@mgéa généﬁ]e signal, as this nmay be caused by noise, or

the sanple may be the maxi num val ue of the signal. Two decision rules (case
1 and case 2) are proposed, therefore, to determ ne whether the anplitude

of the signal is greater passingdhe digitisechsaignahtogethes Wit the eutput figrh enener
t | t ti | A i . ; | i
Shown 1 1 Frgur D105\ tns RO wBEs sERSes ik e, iyl SUi€ B NBTRERLEE el digita®

the automatic gi?hgkqmtrol system of Figure 1 according to an enbodi nent of

the invention. I'n a first stage 10, as shown in Figure 2, at the start of

the cycle, the internal variables tcsg%btl flnd fla and ther}?ﬁirre t. as
a

! g 2,
nmeasured by a tine count EPNRENGSAI F‘Iggéltf’%'?ﬁiof meyeAngleys,siobal to
vari abl es whi ch_ indi.cate. i lyatBlalgkdde is greater
than a refer en?g“"{@&@?@}ﬁ%@@%gp@ﬁ??tﬁﬁ@%g?@ﬂﬁ% ul es?'gcase 1 and case 2,
respectively. After the internal variables have been set to O in the first -
stage 10, in aThecsysiemsaard Toethodet desdrivedi bersirs afadstansedoprimeribe forothenot

t he absolute value qf ejther .of {he |n-phase or.. rature i
greater than aaPEH“?(r%\QHc ugstvfrgﬁhépocéq r‘???f*"l‘&["CP%"C’]@%&R%’H%bEW?Q%?@%J"@
abs(Q >Vref). jld, &l i k igi re conponents is
greater than aalrsgf%éﬁg@ l\%ﬁ’%@?”%ﬁﬁﬁ?%%@%?gge Clip(n) becones
equal to 1. Cip(n) is a two-state variable which indicates whether or not

t he signal anpBrief@estriptiomiof thée drawi nt is greater than a reference

| evel Vref. If the absolute value of neither of the in-phase or quadrature

conmponents is eater, t refer ; . i i <\ ef
and abs(Q <wr e?{r?%trrﬁéj Pﬁ‘fbe%rqﬂgpﬁgf’aro ?gﬁgelxg%':‘%(nnwlﬂ 240& sqef d&lspgéér}g a@:%%’egf er
than dip(n-1) exhiple Bhe witorefé@neeitoties astompanyghyelrawsggs(inwhishsset so
that rise(n)=1. R se(n)=1 indicates that clip(n) has changed state fromO

to 1 since the previous sanple of the incom ng, signal. This.indicates that
an increase inFigigesi dha sa%nat*%@ﬁ%ﬁ@%amh& ?%?%ﬁ%’?ﬁ@@%@}@“\?&@ﬁ N u
occurred. Howe {: I i inh@q: or equal to Cip(n-1), then
rise(n)=0. In ;éﬁéogdéé%%b%%ge?zé’rﬂﬁﬁgl incom ng signal is exanm ned
according to both case rules 1 and 2. Case 1 This rule is applied to the
i nconi ng si gnalFigref @lid avwtow Tharti ofcthei operatigmaf ai sensorfpedsatinithe systars of ;
for a period TQ, during which tine evé{fx sapﬂ:%; of ht he incom’ln\%ls'g@al \Y
(that is abs(lYigue hWEED)SOMRANSHA SR FMpTugeWith & Teferenss e aé n
recorded as being 1 during the period TO, then flag 1 is set to 1 (that is
to TRUE) for a f@@ﬁﬂeO@' id 2 fldvy dhapeéMhelopératioh dleireatRtnatiy jaia édreraasyistam
T2, then flag 1'Ts reset to O after tine T2.

according to a preferred embodiment.



- However, if during the period T2, risen) is detected as being 1, then flag
1is maintained at flag 1=1 for a further period T2 fromthis instant. 9
Simlarly, if a further instance of rise(n)=1 occurs during the period T2,
flag 1 will be extended by an additional period T2 fromthis instant, on
each occasion. Case 2 This rule is also applied to the incom ng signal in
the second stage 12. Initially, the incomfg signal V is conpared wth Vref
at intervals t; for a period Tl1. If every Sanple of Vis greater than or
equal to Vref during the period T1, that is Cip(n)=1, flag 2 is set to 1
for a period T2. If, wthin the period T2, the sanpled incomng signal Vis
greater than Vref, that is d |p n) 1 then the sanpling period is extended
by a further Petaitg s a t EmbodimentSgnal i s continuously
sanpled in th|s extended perlod If mnthln the period T2, a sanple of the

i ncom ng si gn ot gre t

is reset to 0 f'%&?‘ﬁ% % ?Dcﬁ#kt h{]@}fah@? fzﬁt%ﬁ %Ohﬁtlg QBhn)ﬁogtaolgggétehL
cases 1 and ZaQé@rdirfq?t’é edpiafdene nslabbdimdnitofpthef imvabtion.si The aaturnatid gawFor
both cases, the sa es are counted in the tine coun er ot shqwn t he
peri ods TO toCCﬂZtFQJr%'S@%meT WW@ﬂsﬁ?fQWé’atf iakte Q%'Grﬁ%\tro M Q@Ht%éﬂpb@ t he
i ncom ng sign a

slare 0"t Pagng GHodpdr SEnERRTMICCR Radand g 2 W orkidldebiE dhif 2, 4

I'h-a f'ourt mnatTon is nmade as
to whet her or anafoguiesterdigitalusdrvetter 4f and ae:hgltadqoaartaldgue benvarterd.reset to 0
inafifth stage 18 to restart the period T2. However, if risen) equals O,

10 d T2 h d f
Feset 1o 0. TN oL iarialie @aii agataoSiponanteCd: fy Fediof tpeRA 2800t 41
rise(n)=1 for tﬁef%@”%ohhé‘&egufd %rnb?e pﬁ{é Autg@ of @R, vafiablel @aihejondtohge

22, flag 1 is set to and IS set
component G1 is taken to the mput 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 G3 is 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
signals g1 to g4 to the variable gain control components G1 to G4

respectively.

The automatic gain control system 1, as shown in Figure 1, generates a
plurality of feedback signals to control the gain of the variable gain control
components G1 to G4 based on the output of the analogue-to-digital
converter 4 and the outputs c1 to c4 of the sensors s1 to s4.



- As shown in Figure 2 with regard to case 2, in an alternative third stage
24, a determnation 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 determ nation
is made as to whether or not Cip(n) equals 1. If dip(n) equals 1, then t
is reset to Oin a further stage 28 to maintain flag 2 equal to 1 for a
period T2 fromthis instant. However, if i p(n) equals 0, and T2 has
expired, then flag 2 is set to O in a further stage 30 and t is reset to O.
If, in the alternative third stage 24, it is determined that flag 2 equals
0O and if dip(n) has been equal to 1 for the period T1, then in a further

stage 32 flag_2 is set to 1 and the tine t is reset toO final ge
34, if it is dbedupeselof e aufompatic @%f[laﬂoé‘t@l 8YSteMy @t%ad&t% > S¢ tﬂg ‘P is
sets the out t

counter is |gﬁ e%n%£§V§§g§ﬁgetdﬂto tﬁé éﬂa&ﬁ% out QHF rfvt?tegggnt?o%s%gt%%f\mglt ed

as c(n). For %aamicer,arfgerofstbewlalc@.te toh@gdaltqnﬂvevterﬂa@beeds defined as cl1
in Figure 1, ich is an input variable to the Digital Control Logic Unit 2

next sampl o, BSHEOLS] moierst e TPHYE Poet aaRS LRGP of e SR AR of

this sensor i t S egual s
o Sor T3 una070 HouFSh SRR O LRy a0 aueimie ussplorce 1§ ghglercay

the applicati emall@hma)pmeatefererm’b leve ‘dne@i t #As shown @ Figaged, dfnihe autpet of

illustrated b art ure3 he di iC
unit 2 cont ro&‘f {shgre@ger V&ili] é:Mgon?r‘ E%rrﬁt) @t{tﬂ%e 8&'99"@ c&tﬁ{é’%epg%gﬁg
to the output g d d&p@tﬂofqﬁetvaﬂase@ﬁ gohfrol Gorifonént Gihes RRERhan Mretihe =
anal ogue-to-digital converter The control exerted by the di gital

control | ogi cOusigeneratediat thwuémlagésthe $8nePK/S1.cobie SuUtRut #1JeAM tBe SEAROE i ne

merat ron as’ Sanbriaeg AP PhIF SRS AGH el RECURETE T 8% Meo™ 1%

first step 36 the gain of the variable gain control conponents GL to 4 is

set to a non- Zich bhties ersatse sYaousd iMlinstratdd ant Bigeredf! performs earo idarticahg
is that when the received signal is very weak, the automatic gain co r ol

system can r ed¢nctione S@ttéé(ﬂb%a@%s%tﬂ*'éncﬂfltbﬁlqpeﬂt&ﬂ QL EBRSAN £ FarRPIGRRS o
systens initig tﬁgdot f BeRs &S & Y3Id4e: The teréﬁggtr?\gecg?f’ptﬁéy #8 vdrid®le gain

anpl i tudes of he ou pufs ¢l to c4 of the se to are sensed. The
sensors sl to c@ﬁtrobmpenéhts @anho G4 dee obmphescwitpihe @brrehpondainga'bf@egee n

trol t th th defjned ref I Vr ef I
A thi ra stap Joret \erb ta HialhomsPechiRsE and (F ol PRBRI, 62 lon et il "
outputs from %%H%Bnrés?ﬂ]o E@a?é’f éh@raTé?&JFesﬁélﬁtlel S whether any of cl to c4
e

equals 1. If none of t out p from sensors sl to s4 is "TRUE'" and a
coarse gai n adjustnment has been made within the first tinme duration T3,
then no fine ngmcmPesan‘metetema levels Weafé to Mrefonsed by ithe senspist 81 10 sfnis

12 the pass.  I9peHPRl noRnTae appcagonarh e RTuB AT ALK it i

fourth step 4Zdnfrol EFNANS G tPbé M8eganpl es col l ected at the
anal ogue-to-digital converter 4 output, according to the follow ng

equation: gn = 9n.~ + (log~oUref- |og~oabs(vo~))b .....
q J The main ftfncu%n of sensors 31 to s4(|s to )c%mpare the g|g)nal amplitude with
a reference level. Implementation can therefore be greatly simplified when
the sensors s1 to s4 are fabricated in fully digital circuitry where an analogue

filter is not required.

An illustrative example of the operation of a digital implementation of the

sensors shown in Figure 1 is shown in Figure 2.



- where: gn is the adjusted gain, that is, the gain at tine instant n g~ ~ Is
the gain at tine instant n-1 von is the output of the anal ogue-to-digital
converter 4 at tinme instant n abs(von) is the absolute value of the output
fromthe anal ogue-to-digital converter 4 at time instant n; Vref is the
reference anplitude; and b is a constant. The nobst recent gain of each gain
control conponent GL to 4 is updated baseg on the | atest value of gn. The
operation given by equation (1 ) is an exanple only. O her known prior art
operations maybe applied to the present invention. After the fine gain

adj ust rent has been perfornmed, the outputs cl to c4 of the sensors sl1 to s4
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duration T3. If no coarse gain adjustnent een d

adj ust nent i sifpe i : st . ter. the coars ai

adj ust nent hatsd)bgéfnérr@% o&n%d%”ﬁl{{elﬂe 1§§oﬁgut 's%(e,l IpPNAFeoran eggeagaévr@ s1

to s4 are res ) a , e i,0 _adj yst pent
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has been detected in the further stage hen no-g
and the out puf the inphase df andequasiature Qlcomperertsearees8stl eFhanghidigte

process repeat | es_of ,operation of a coarse gain adjustnent are
i 1lustrated ?ﬁﬁﬁﬁi@%-eﬁﬁ%ff%awé\ £ Q goraponents efifbegacomisig signals i s
set to (dB (gdreAnst Q) cordiantIahd tHdy ' @é@ d O .. 8), (b)
if c2 =1, the gain of GB-&4 is s%¥ t%‘%i@(% -4B§ %})é}ét%hgéé'aﬂw Eﬁof%@éml)es
reduced by 6dBVEhand gonegtines smader than thee refdrencé Bels HedwewerOiRe( g4
= 0), the gain oh&gz iA-sz—pezduced by 6dB (Lﬁg = 9g3-6) (d) if c4 = 1, t he gain
of & is redu@®R'HfesdB g2 of thesignal ghouid betacomstanhe anplitude of the
signal fromthe variable gain control conponents GL to &4 and perform ng
the coarse galn adjustnent, the ti required to place the anplitude of any
si gnal wi t hi ?ﬂ'% %S'E‘P?@@Pl @Ppﬂﬁuﬁéo&ﬁm?ﬁ @1@ inpug signal tte thpesensiosrsdnwith| tiveel
Vref is reducs@deRiRiReneahance el i 5t RgL Lo red.
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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 1and flag 2, and the time t as measured by a time counter are
setto 0. Flag 1 and flag 2 are two-state variables which indicate whether or
not the signal amplitude is greater than a reference level Vref based on the
decision rules case 1 and case 2, respectively.

After the internal variables have been set to 0 in the first stage 10, in a second
stage 12 a determination is made as to whether or not the absolute value of

either of the in-phase or quadrature components is greater than a reference



- The digital -to-anal ogue converter 6 is then used to generate the control
signals to the variable gain control conponents GL to (4. In summary,
preferred enbodi nents of the automatic gain control system and nethod for

i npl enenting the automatic gain control systemof the present invention are
consi der abl y advant ageous over known techni ques. For 14 exanpl e,

enbodi ments of the present invention may bg inplenmented with fully
integrated digital circuitry and sinple, robust and inexpensive sensors may
" be used. Also, one or nore preferred enbodi nents of the invention pernmit a
faster settling tinme for the automatic gain control based on the nonitoring
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gain control U(BHRRYRENHER(MN e(ﬁof"fq,sr eAvahtmiier Cdip(Muisha ciwopstatntvariable idksed.
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equi valents will therefore occur
departing frotharh@rsfprenae lewel \defpe of the present invention. 15 d ai ns:
1. An automatic gain control system conprising: one or nore variable gain

st ages, each yar,j abl |n st VI ng an output, a signal input and a
control i nputKc b?d 33}@ g’ afoP'EhQ@fale sth@gésl M@%@ oonmpachbtiere n

series; one o sel's or an | d an output t he
i nput of eachésﬁﬁor gl ggg rﬁggt #}Z Ot}g @ct\{ eou B & éalbpfbne
or nore vari a@bs(|pairef ArOSE havi ng an
i nput connect abl(ep?'(l) t he out%&c?kmngﬁgﬁnfségpgl g%fgﬁglecgotﬂgﬁ)vgrq ‘abl e gain

stages, and an out&) a control unit having an output and an input, the
i

i nput of the Edatip greaharnmamrmlqm(mm) etien tthe twd- Etatté lﬁferhﬁlev§ﬁﬁl§@rs

and to the outpuyt, of the anal pgue-to-digital converter;
digital -to- ané‘?oegah@ E%‘n%%?"t‘@r”?rﬁi() g Riss(Apit incteates that ellp(n) has changed

state from 0 to 1 since the previous sample of the i 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
1 (that is to TRUE) for a period T2. If rise(n)=1 is not detected during the
period T2, then flag 1 is reset to O after time 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 from this instant.



- the output of the control unit, the digital-to-anal ogue converter further
havi ng one or nore outputs, the control inputs of each of the one or nore
vari abl e gain stages being connectable to an output of the

di gi tal -to-anal ogue converter, the outputs of the digital-to-anal ogue
converter controlling the gain of the one or nore variable gain stages. 2.
The automatic gain control system of claimgl, conprising N variable gain
stages and N sensors, where Nis an integer of two or nore. 3. The
automatic gain control systemof claim11, wherein said one or nbre sensors
are arranged to determne if the output fromthe one or nore variable gain

stages is gre ~than.a predeterm ned reference level. 16 4. The
automati c gai ﬁéfﬁ'ﬁ%'f 5/@{ foinstangencf risgiBiz] Qcelrs daing thempesioskTZor s

d h f
oot 110t ho TS (iR bE et b arfBRcRiar BN a1 R 4Bls tEpE ey

t han a predet egaghmedcasiber ence level. 5. The automatic gain control system
of claim1l, wherein said control unit is a digital control logic unit. 6.
The automatic gain _control systemof claiml1, wherein each of said variable
gai n stages ha@iﬁ@.@ai n associ ated therewith, said control unit being
arranged to control the gain of each of said one or nore variable gain

7. Th | ¢ gai ) of clajm6, wherein said
control unit e PG D 2BR oo ines R siGah Mo fiha epao sipgemdie
variabi e gal n IakialenaShaumRAsigRal A Y 5mbhre Rh VEPRL Fflrvafl 1 (b Whglad0de

wi rel ess comuni cation system conprising e automati c gain coh m
according to ciinif evey sampieraf Vois greatentthanl oy eca rtol Vet daging the a

receiver systemcopprising. anplifyi an i ncom ng signal using one or nore
variabl e gain pﬁ%{ﬁﬂ&cﬁ?}éﬁét@?@%ie&%@@, IStgRe t@n’leﬂgf%fra Pered/h2i abl e gain

st ages each having an output signal and a gain; conparing the output signal
of each of th b I g j rence vel ,usin ne,,or
NDre Sensors ?f(’)\«g@t.'@r {rtlﬁeng%ir';aotsﬁg’ gﬁ?#ﬁ@%&{r@{ﬁ@%& 3‘:9?@? \(Hﬁrgrg??ﬁre&ari han
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of one or nor @esiod A2 o dhatrimstanéremut she 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 each sample of the incoming signal, flag 1 is examined in a third
stage 14 to determine its state.

If flag 1 equals 1, in a fourth stage 16, a determination is made as to
whether or not rise(n) equals 1. If rise(n) equals 1, then t is reset to 0 in
a fifth stage 18 to restart the period T2. However, if rise(n) equals 0,



+ 17 passing the output signal fromone of the one or nore variable gain
stages to an anal ogue-to-digital converter to digitise the output signal to
forma digitised signal; passing the digitised signal together with the

out put fromone or nore of the one or nore sensors into a control |ogic
unit to produce a digital signal; and converting said digital signal to one
or nore anal ogue signals to control the gajgh of one or nore of the variable
gain stages. 10. The nethod of claim9, further conprising setting
initially the gain of one or nore of the one or nore variable gain control
stages to a non-zero value. 11. The nethod of claim?9, further conpri si ng

trol
Stages to a nandda s tbia Tat Aag 1w 35T B aimeshibr e 28and ey
sanpling the ifggaptd@ signal at regular intervals for a f| rst predeterm ned

time period, and extending the first predetermned tinme period for a second
predetermned tine period if the incomng signal is greater than the

reference | evdf, inithei thinchstaiger $4, itris digtermimstitiatragdr £0dandZis ﬂhz Tgppod
of claim 12, further conprising restarti ng t he second |f])redeterm ned tinme

period if dur ithgesand trse shying e perieidned, them ipea fod ehstage @aj figgst goal
bei ng sanpl ed e&zgel 58@33?&%‘35 r.rce | evel . 14. The nethod of claim 12,

further conpri'si rgnal to be passed to the input of the
control unit when the output of one or nore of the one or nore sensors

i ndi cat es t hatAd SifowR ¢PFigie I @nﬁlregsrd% SRE? Erﬂ ﬁﬁ@%ﬁ%gwwoeé

| evel during the first predetermned tine peri'o

claim 12, whedeterninatidn é nsadephsrtg wiethenpuinos itiye alasiableef| tzoat;ugr% ﬁrWIf of
t he sensors is the nethod further conprises: reducing by a
pr edet er ni ned |§|QD nBAHAIS daiin an akernafiviea l@’t@aﬁtaggt age a:(dertels’pmailom i$ 0

br edet er m ned e (o WABLERF BTt EBaRals o TR CiBkg) dudis gtien Bidund
zero dB the gaégePfo bNA & AiktRE} St QSStb%%‘?ntarn 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 O
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 ¢(n). For example, for sensor s1, the output variable is defined

as c1in Figure 1, which is an input variable to the Digital Control Logic Unit 2
of the system of Figure 1.

The above procedure is then repeated for the next sample.

However, if neither flag 1 nor flag 2 equals 1, the output of this sensor is



'+ subsequent to the variable gain stage whose gain has been reduced; and
resanpling said incomng signal. 17. The nethod of claim 16, wherein the
step of reducing the gain of the variable gain stage conprises reducing the
gain by around 6dB. 18. The method of claim 12, further conprising making a
fine adjustnent to the gain of one or nore of the variable gain stages if
none of the outputs of the one or nore se rs is set, said fine adjustnent
bei ng determ ned fromthe digitised signal output fromthe

anal ogue-to-digital converter. 19. The nethod of claim 18, wherein the step
of making a fine gain adjustment conprises adjusting the gain of one or
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0-2) 1.S At a st(a)rting 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. In a third step 40, a determination is made as to whether or not any of
the outputs from sensors s1 to s4 are TRUE, that is whether any of c1 to
c4 equals 1. If none of the outputs from sensors s1 to s4 is “TRUE” and a
coarse gain adjustment has been made within the first time duration T3,
then no fine gain adjustment will be made. If none of the outputs from

sensors s1 to s4 is “TRUE" and there is no coarse gain adjustment within
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#<#=H>#@xC the pass time duration T3, a fine gain adjustment is performed in a fourth
step 42 in response to the samples collected at the analogue-to-digital

converter 4 output, according to the following equation:
On = gn-1 *+ (10g10Vrer — logi0abs(von))b v (1)
where:
dn 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 instant 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.

4. If any output of the sensors s1 to s4 is “TRUE" a determination is made
in a further step 44 as to whether or not a coarse gain adjustment has
been detected within the past time duration Ts. If no coarse gain
adjustment has been detected, a coarse gain adjustment is performed in a

further step 46. After the coarse gain adjustment has been performed, the
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outputs c1 to c4 of the sensors s1 to s4 are resampled and the process
repeated.

If a coarse gain adjustment has been detected in the further stage 44, then
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) if €3 =1, the gain of G4 is set to 0dB (g4 = 0), the gain of G3 is
reduced by 6dB (g3 = g3-6)

(d) if c4 = 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.

The digital-to-analogue converter 6 is then used to generate the control
signals to the variable gain control components G1 to G4.

In summary, preferred embodiments of the automatic gain control system and
method for implementing the automatic gain control system of the present
invention are considerably advantageous over known techniques. For
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example, embodiments of the present invention may be implemented with
fully integrated digital circuitry and simple, robust and inexpensive sensors
may be used. Also, one or more preferred embodiments of the invention
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.
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Claims:
1. An automatic gain control system comprising:

one or more variable gain stages, each variable gain stage
having an output, a signal input and a control input, said one or more variable

gain stages being connectable in series;

one or more sensors, each sensor having an input and an
output, the input of each sensor being connectable to a respective output of
said one or more variable gain stages;

an analogue-to-digital converter having an input connectable to

the output of one of said one or more variable gain stages, and an output;

a control unit having an output and an input, thé input of the
control unit being connectable to the outputs of the sensors and to the output
of the analogue-to-digital converter; and

a digital-to-analogue converter having an input connectable to
the output of the control unit, the digital-to-analogue converter further having
one or more outputs, the control inputs of each of the one or more variable
gain stages being connectable to an output of ‘the digital-to-analogue
converter, the outputs of the digital-to-analogue converter controlling the gain
of the one or more 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.

3. The automatic gain control system of claim 1, wherein said one or
more sensors are arranged to determine if the output from the one or more

variable gain stages is greater than a predetermined reference level.
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4. The automatic gain control system of claim 1, wherein said one or
more sensors are arranged such that the output of one or more of the one or
more sensors is set if the output from the one or more variable gain stages is
greater than a predetermined reference level.

5. The automatic gain control system of claim 1, wherein said control unit
is a digital control logic unit.

6. The automatic gain control system of claim 1, wherein each of said
variable gain stages has a gain associated therewith, said control unit being

arranged to control the gain of each of said one or more 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 one or more variable gain

stages using coarse and/or fine gain control.

8. A burst-mode wireless communication system comprising the

automatic gain control system according to claim 1.

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

comprising:

amplifying an incoming signal using one or more variable gain
stages connected in series, the one or more variable gain stages each having

an output signal and a gain;

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

more sensors having an output;

if the output signal is greater than the reference level, setting the
output of one or more of the one or more sensors;
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gain stages to an analogue-to-digital converter to digitise the output signal to

form a digitised signal;

passing the digitised signal together with the output from one or
more of the one or more sensors into a control logic unit to produce a digital

signal; and

converting said digital signal to one or more analogue signals to

control the gain of one or more of the variable gain stages.

10. The method of claim 9, further comprising setting initially the gain of
one or more of the one or more 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 one or more variable gain control stages to a non-zero value.

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 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.

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 or more sensors indicates that the incoming signal being sampled

exceeds the reference level during the first predetermined time period.
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output of any of the sensors is set, the method further comprises:

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 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.

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

18. The method of claim 12, further comprising making a fine adjustment to
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.

19. The method of claim 18, wherein the step of making a fine gain
adjustment comprises adjusting the gain of one or more of the variable gain
stages according to the equation:

On = On-1 + (log10Vref — 10g10abS(Von))b

dn is the adjusted gain at time instant n, gn.s is the gain at time instant n-1,
abs(Von) is the absolute value of the output from the analogue-to-digital
converter at time instant n, Vref is the reference amplitude, and b is a

constant.



