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ANALOG-DIGITAL CONVERSION SYSTEM 
COMPRISING A DOUBLE AUTOMATIC GAIN 

CONTROL LOOP 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to foreign French 
patent application No. FR 1101162, ?led on Apr. 14, 2011, 
the disclosure of Which is incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to an analog-digital conver 
sion system comprising a double automatic gain control loop 
and is applied notably to the ?eld of radio communications. 

BACKGROUND 

[0003] In a receiver of digital radio communications, the 
demodulation of the signals is carried out in digital. Before 
carrying out this demodulation, an analog stage of the 
receiver brings the signal around an intermediate frequency. 
The objective of this analog stage is to amplify the signal and 
to ?lter it With the aid of an antialiasing ?lter. After ?ltering, 
the signal is digitiZed using an analog-digital converter usu 
ally given the acronym CAN. 
[0004] In the nominal receiving conditions With no inter 
ference, the analog-digital conversion of an analog signal 
needs only a reduced numberN of bits. This makes it possible 
to limit the complexity of the digital processings carried out 
on the digitiZed signal. If the poWer of the signal at the input 
of a CAN converter is set to the maximum possible conver 
sion ef?ciency R, the loss introduced by the digitiZation is 
limited. For N:3, the loss due to the digitiZation does not 
exceed 0.2 dB. The conversion ef?ciency R is the ratio 
betWeen the signal-to-noise ratio before conversion and the 
signal-to-noise ratio after conversion. 
[0005] In order to control the gain of the analog chain so as 
to have a maximum ef?ciency of the CAN converter, an 
adaptive gain control loop AGC, also called the automatic 
gain control loop, is usually used. FIG. 1 gives an example of 
the receiving chain comprising a AGC loop. This receiving 
chain comprises an analog stage 113 and a digital stage 114. 
The analog stage comprises notably a variable gain ampli?er 
100 having as its objective the ampli?cation of an analog 
input signal e. After ampli?cation, the signal is inserted into a 
CAN converter 101 on N bits. The digitiZed signal corre 
sponds to a succession of digital samples encoded on N bits. 
It is ?ltered With the aid of an interference-suppressing digital 
?lter 107, for example of the ?nite impulse response FIR ?lter 
type. The bits at the output of the ?lter are rescaled 108 that is 
to say encoded on a smaller number of bits, the rescaling 
operation usually being called “bit rescaling”. The signal thus 
digitiZed, ?ltered and rescaled is then used for demodulating 
the transmitted communication channel(s) 108, 109, 110, 
111, 112. As an example, the GNSS (Global Navigation Sat 
ellite System) radio navigation systems usually use broad 
band signals generated using the spread-spectrum technique. 
In this case, a communication channel is associated With a 
spread code. 
[0006] In order to control the amplitude of the analog signal 
at the input of the CAN converter, the AGC loop 102 com 
prises a module 103 for determining the poWer at the output of 
said converter and/or the mean of this poWer and compares it 
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104 With a control setpoint g1. The difference betWeen the 
measured poWer and the setpoint is used by a corrector 105 in 
order to determine an analog gain ga 106 to be applied to the 
variable gain ampli?er 100 of the analog stage 113. The 
corrector consists in applying a gain to said difference before 
supplying an in?nite integrator, never reset to Zero. The 
choice of the control setpoint g1 depends on the optimal 
ef?ciency value R for the conversion. The choice of the gain 
determines the time constant of the AGC loop. 
[0007] If interference affects the input signal e, the latter 
must be taken into account by the digital stage 114, but also at 
the time of the analog-digital conversion 101. 
[0008] As explained above, the role of the AGC loop is to 
control the ampli?cation gain introduced by the analog stage 
so as to make the best use of all of the encoding amplitude of 
the CAN converter While preventing saturation. Thus the ratio 
of the useful signal poWer contained in the received signal 
over the poWer of the quantization noise is maximiZed. 
[0009] The programming of the AGC loop may be adapted 
so as to take account of the type of interference that affects the 
signal. Thus, the AGC loop may be programmed to use a loW 
encoding or a high encoding. There are three types of inter 
ference affecting a signal. The ?rst type corresponds to the 
continuous narroWband interference, the second type corre 
sponds to the pulsed narroWband interference and the third 
type corresponds to the broadband interference. 
[0010] Continuous narroWband interference is interference 
that continuously affects a portion of the band occupied by the 
useful signal. In this case, a band-stop digital ?lter makes it 
possible to eliminate the corrupted frequencies Without irre 
mediably damaging the useful signal occupying a broader 
spectrum. Since the useful signal is spread over a broad band, 
there remains enough useful signal to be demodulated. For 
the digital ?ltering to be effective in the presence of interfer 
ence, it is necessary to digitiZe the received signal With a large 
number of bits, for example With N>6. Speci?cally, the CAN 
converter introduces a quantiZation noise Which has to be 
minimiZed because this noise is uniformly distributed 
throughout the sampled band. It can therefore not be elimi 
nated by digital ?ltering. For the ratio of the useful signal 
poWer over the quantiZation noise poWer to be maximum, the 
poWer of the signal at the input of the CAN converter must 
occupy the Whole range of said converter yet Without saturat 
ing it. For this, the AGC loop is programmed using a high 
encoding. FIG. 2 illustrates the Ways in Which the analog 
input signal can be adapted to the range of the CAN converter. 
[0011] The poWer of the input signal must not exceed a 
saturation limit 205 speci?c to the converter. A high encoding 
signi?es that a high control setpoint g1 204 is chosen so that 
the poWer of the signal at the input of the converter is as close 
as possible to the saturation limit 205 While ensuring a satu 
ration margin 202. So long as the total poWer of the received 
signal is continuous, the controlling of the AGC loop in high 
encoding ensures an optimal conversion Without saturation 
and With a maximum signal poWer ratio over quantiZation 
noise. 
[0012] The pulsed narroWband interference is intermittent 
interference that affects only a portion of the band occupied 
by the useful signal. Faced With this type of interference, the 
AGC loop does not have the time to react to control the range 
of the signal at the input of the analog-digital converter. There 
is saturation and the consequence of this saturation is that the 
interfering poWer is spread throughout the band. In this case, 
the digital ?ltering becomes inoperative and a corrupted sig 
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nal is found at the output. This is Why it is preferable in this 
case to use a loW encoding for the AGC loop. In other Words, 
a loW setpoint 203 of AGC is chosen in order to retain a 
maximum saturation margin for the pulsed interference. The 
poWer of the input signal must be suf?ciently great relative to 
the quantization noise 206. For this, the input signal is 
adapted by taking account of a quantization margin 201 so as 
not to substantially degrade the signal-to-noise ratio after 
digital conversion. A loW encoding signi?es that a loW set 
point g1 203 is chosen so that the poWer of the signal at the 
input of the converter is as loW as possible While ensuring a 
suf?cient quantization margin 201. The draWback of loW 
encoding is that, in the presence of narroWband continuous 
interference, the quantization noise level rises relative to the 
useful signal level. 
[0013] In the presence of narroWband interference, the 
reception performance therefore depends on the choice 
betWeen high encoding 204 and loW encoding 203, that is to 
say on the choice betWeen a high setpoint for the best pro 
cessing of the continuous narroWband interference and a loW 
setpoint for the pulsed narroWband interference. 
[0014] The broadband interference is interference that 
occupies the Whole useful band of the signal. A band-stop 
digital ?lter therefore does not make it possible to sort 
betWeen the frequencies corrupted by this interference and 
those that are not. In this case, the choice of a high encoding 
or of a loW encoding is of no importance. 

[0015] Moreover, When there is too much pulsed interfer 
ence, the mean poWer at the output of the CAN converter 
increases. This has the effect of reducing the ampli?cation 
gain ga by the retroaction 106 of the AGC loop and therefore 
of raising the level of quantization noise relative to the useful 
signal. 
[0016] FIG. 3 illustrates an existing technique making it 
possible to prevent this phenomenon. The transmission chain 
of FIG. 3 comprises an analog stage consisting of a variable 
gain ampli?er 300 having the objective of amplifying an 
analog input signal e. After ampli?cation, the signal is 
inserted into a CAN converter 301 on N bits. The digitized 
signal is ?ltered With the aid of an interference-suppressing 
digital ?lter 307. The bits at the output of the ?lter are rescaled 
308 on M bits. The signal is then used to demodulate the 
received communication channel(s) 308, 309, 310, 311, 312. 
In order to control the range of the analog signal at the input 
of the CAN converter 301, aAGC loop 302 determines 303 a 
signal poWer, compares 304 this poWer With a control setpoint 
g1 and determines a difference betWeen this poWer and the 
setpoint g1. A corrector 305 is then used to determine the 
analog gain ga to be applied 306 to the variable gain ampli?er 
300. In contrast With the reception chain shoWn in FIG. 1, the 
AGC loop 302 is based on the signal at the output of the 
interference-suppressing ?lter 307 cleared of the narroWband 
interference in order to estimate 303 the poWer. 

[0017] The draWback of this solution is that there is no 
control of the poWer at the output of the CAN converter 301. 
Therefore, in the event of poWerful continuous narroWband 
interference, the CAN converter 301 begins to saturate before 
the AGC loop 302 reacts. After saturation, the interference 
spread throughout the band reappears at the output of the 
interference-suppressing ?lter, the loop reacts too late. The 
use of the output signal of the interference-suppressing ?lter 
to estimate the poWer used in the AGC loop 302 makes it 
possible to indirectly control the poWer of the signal exclud 
ing interference at the input of said ?lter because the relation 
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ship betWeen the input poWer and the output poWer is knoWn 
in the case of a White noise. Nevertheless, this does not make 
it possible to control What happens at the input of the CAN 
converter 301, in particular the risks of saturation. 

SUMMARY OF THE INVENTION 

[0018] One object of the invention is notably to alleviate the 
aforementioned draWbacks. 

[0019] Accordingly, the subject of the invention is an ana 
log-digital conversion system comprising at least one vari 
able gain ampli?er amplifying an input signal e, an analog 
digital converter CAN digitizing said signal e, an 
interference-suppressing digital processing module for pro 
cessing the digitized signal. It also comprises a ?rst automatic 
gain control (AGC) loop, called the analog AGC loop, com 
paring an estimate of the output poWer from the CAN con 
ver‘ter With a control setpoint g1 called the control setpoint of 
the analog AGC loop, a gain ga used to control the variable 
gain ampli?er being deduced from this comparison. It also 
comprises a second automatic gain control AGC loop called 
the digital loop, said digital loop comparing an estimate of the 
poWer after the interference-suppressing digital processing 
With a predetermined control setpoint gn, the analog AGC 
loop being controlled using the result of this comparison. 
[0020] According to one aspect of the invention, the set 
point of the analog AGC loop is deduced from the result of the 
comparison made by the digital AGC loop betWeen the esti 
mate of the poWer at the output of the interference- suppress 
ing digital processing and the predetermined control setpoint 
gn. 

[0021] The result of the comparison made by the digital 
AGC loop betWeen the estimate of the poWer at the output of 
the interference-suppressing digital processing and the pre 
determined control setpoint gn is for example used to deter 
mine a gain, this gain being applied to the signal at the output 
of the CAN converter before estimation of the poWer of the 
signal. 
[0022] According to another aspect of the invention, the 
poWer estimates used by the analog and digital AGC loops are 
mean poWer estimates. 

[0023] The control setpoint of the analogAGC loop may be 
determined by the digital AGC loop using a corrector, said 
corrector applying a gain to the result of the comparison and 
incorporating the signal samples thus obtained and in Which 
the gain ga is determined by the analog AGC loop using a 
corrector, said corrector applying a gain to the result of the 
comparison and incorporating the signal samples thus 
obtained. 

[0024] According to one aspect of the invention, a different 
time constant is used for the tWo AGC loops, the time constant 
of the analog AGC loop being chosen to have a duration that 
is less than the time constant of the digital AGC loop. 

[0025] A corrector determines, for example, a setpoint g, a 
saturation module adapting this setpoint so as to obtain the 
control setpoint of the analogAGC loop g1 adapted such that: 

ifg Z grnax then gl = glrnax 
ifglmin < g < glrnax, then gl = g 
ifg ; glmin then gl = glmin 
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[0026] expressions in Which: 
[0027] g1min corresponds to the quantization margin of the 
CAN converter; 
[0028] g1max corresponds to the saturation margin of the 
CAN converter. 

[0029] As an example, the saturation module determines a 
second adapted setpoint g2 based on the setpoint g so that 
g2:g—g1, the gain g2 being applied to the output signal of the 
interference-suppressing digital processing. 
[0030] Moreover, the invention proposes a pulse excision 
module is used after the interference-suppressing digital pro 
cessing. 
[0031] According to one advantageous embodiment of the 
invention, a nonlinearity module is used in the analog AGC 
loop after comparison, this module having the function of 
giving more Weight to the signal When the latter is not dis 
rupted, that is to say When the estimated poWer is loWer. 
[0032] A nonlinearity module is for example used in the 
digital AGC loop after comparison, this module having the 
function of giving more Weight to the signal When the latter is 
not disrupted, that is to say When the estimated poWer is loWer. 
[0033] In one embodiment of the invention, several analog 
input signals e1, e2, e3 originating from several sensors are 
ampli?ed and converted into digital signals, a variable gain 
ampli?er and a CAN converter being associated With an input 
signal. These input signals, after having been ampli?ed and 
digitiZed, are processed by an interference-suppressing digi 
tal processing module such that a signal resulting from a 
combination of the digitiZed signals is obtained, a digital 
AGC loop being used to determine a control setpoint G1 used 
by a plurality of analog AGC loops, an analog AGC loop 
being used for each input signal. 
[0034] The interference-suppressing digital processing is 
for example a digital ?nite impulse response ?lter. 
[0035] Alternatively, according to a variant embodiment, 
the interference-suppressing digital processing is an ampli 
tude domain processing ADP. 
[0036] Alternatively, according to a variant embodiment, 
the interference-suppressing digital processing is a spatial 
processing using a multi-sensor antenna or space-time adap 
tive processing STAP. 
[0037] A rescaling module is, for example, used after the 
interference-suppressing digital processing. 
[0038] The input signal is, for example, a broadband signal 
generated using the spread-spectrum technique. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] Other features and advantages of the invention Will 
appear With the aid of the folloWing description Which is 
given as an illustration and is nonlimiting, and made With 
respect to the appended draWings amongst Which: 
[0040] FIG. 1 gives an example of a reception chain com 
prising a AGC loop; 
[0041] FIG. 2 illustrates hoW an analog input signal can be 
adapted to the range of a CAN converter; 
[0042] FIG. 3 illustrates an existing technique making it 
possible to prevent the phenomenon of ampli?cation gain 
reduction in the presence of pulsed interference; 
[0043] FIG. 4 shoWs a ?rst embodiment of the analog 
digital conversion system according to the invention; 
[0044] FIG. 5 illustrates the operation of a saturation mod 
ule; 
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[0045] FIG. 6 shoWs a second embodiment of the analog 
digital conversion system according to the invention; 
[0046] FIG. 7 shoWs hoW the control setpoints are used in 
the second embodiment; 
[0047] FIG. 8 shoWs a third embodiment of the analog 
digital conversion system according to the invention; 
[0048] FIG. 9 gives an example of nonlinear function that 
can advantageously be used by a nonlinearity module; 
[0049] FIG. 10 shoWs another embodiment of the invention 
in the context of a multisensor architecture. 

DETAILED DESCRIPTION 

[0050] FIG. 4 shoWs a ?rst embodiment of the analog 
digital conversion system according to the invention. The 
system consists of a transmission chain comprising an analog 
stage itself consisting of a variable gain ampli?er 400. The 
obj ect of this ampli?er is to amplify an analog input signal e. 
After ampli?cation, the signal is processed by a CAN con 
verter 401 on N bits. The digitiZed signal at the output of the 
converter 401 is ?ltered With the aid of an interference-sup 
pressing digital ?lter 407. The signal is then used to demodu 
late the received communication channel(s) 409, 410, 411, 
412. 
[0051] The analog-digital conversion system according to 
the invention uses tWo AGC loops 402, 420 in cascade. The 
?rst AGC loop 402 is a conventional analog AGC loop based 
on an estimate of poWer at the output of the CAN converter 
401. The second AGC loop 420 is called a digital AGC loop 
based on an estimate of poWer at the output of the interfer 
ence-suppressing ?lter 407 and of Which the object is to 
determine the control setpoint of the ?rst loop. 
[0052] In order to control the range of the analog signal at 
the input of the CAN converter 401, the ?rst, analog AGC 
loop 402 determines 403 the poWer of the signal at the output 
of the CAN converter 401 or a mean of this poWer, and 
compares it 404 With a control setpoint g1 corresponding to a 
poWer value and determines a difference of poWer level used 
by a corrector 405 to determine the analog gain ga to be 
applied 406 to the variable gain ampli?er 400. 
[0053] The control setpoint G1 of the analogAGC loop 402 
is controlled by the second loop, that is to say the digital AGC 
loop 420 based on the signal at the output of the interference 
suppressing ?lter. This second AGC loop 420 comprises 
means 421 for estimating the poWer of the signal after inter 
ference-suppressing ?ltering 407 or a mean of this poWer, 
means 423 for comparing this poWer With a poWer setpoint gn 
called the digital control setpoint and a corrector 422 the 
function of Which is to generate a setpoint g on the basis of 
said comparison. 
[0054] The setpoint g may be adapted to obtain an adapted 
setpoint g1 using a saturation module also called a saturator 
424. The operation of this module may be described With the 
aid of FIG. 5 and of the folloWing expressions: 

g 2 grnax => g1 = glrnax 
glmin < g < glmax, => g1 = g 
g ; glmin 3 g1 = glmin 

[0055] g1min corresponds to the quantization margin of the 
CAN converter and g1max corresponds to the saturation mar 
gin of the CAN converter. As an example, the values of g1min 
and of g1max may be chosen in the folloWing manner: 
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glminZO dB 

glmax26 dB 

glmin<glmax 

[0056] So long as the setpoint g remains between a mini 
mum limit g1min equivalent to the loW encoding and a maxi 
mum limit g1max equivalent to a high encoding, g1:g. The 
setpoint g1 is then converted 425 into a control setpoint 
G1:egl used as a control setpoint for the analog AGC loop 
402. The control of the poWer at the input of the CAN con 
ver‘ter 401 is maintained by virtue of the analogAGC loop 402 
and of the limits g1min and g1max allocated to its control 
setpoint. This makes it possible to prevent the saturation of 
the CAN converter in the event of narroWband interference 
that is too poWerful and not visible at the output of the inter 
ference-suppressing ?lter 407. 
[0057] In order to ensure a stable behavior of the tWo con 
trol loops in cascade, a different time constant can be used for 
the tWo AGC loops by choosing appropriate loop gains at the 
time of design of the correctors 405, 422. In a preferred 
embodiment, a rapid time constant is used for the analog AGC 
loop 402 While a sloWer constant is used for the digital AGC 
loop 420. Advantageously this makes it possible to improve 
the stability of the system. 
[0058] The digital AGC loop 420 automatically sets the 
setpoint G1 of the analog AGC 402 so that the analog gain ga 
controlled on the setpoint gives a poWer of the signal at the 
output of the interference-suppressing ?lter that is equal to 
the control setpoint gn of the digital AGC loop. 
[0059] If the poWer of the signal received by the system 
increases, the analog AGC loop 402 reacts immediately in 
order to compensate for the analog gain ga and the digital 
AGC 420 does not sense any change. 
[0060] When a narroWband interference appears, it has the 
effect of increasing the total poWer at the output of the CAN 
converter 401. The analog AGC loop 402 reacts in the short 
term by reducing the analog gain ga 406. The signal at the 
output of the interference-suppressing ?lter 407, cleared of 
the narroWband interference, sees its poWer diminish. As a 
consequence, the digital AGC loop 420 Will react in its turn by 
increasing the setpoint G1 of the analog AGC loop. It there 
fore appears that the analog gain ga Will return to its initial 
value. Only the setpoint G1 of the analog AGC Will have been 
modi?ed. 
[0061] When the value of the setpoint g determined by the 
digital loop 420 reaches the limits g1min and g1max corre 
sponding respectively to the saturation and quantiZation mar 
gins, the analog setpoint g1 adapted by the saturation module 
424 remains immobiliZed at one of these limit values g1min 
or g1maX. This means that the digital AGC loop 420 has no 
more effect and that the poWer at the output of the interfer 
ence-suppressing ?lter is no longer controlled. Advanta 
geously, the phenomena of saturation and degradation of the 
signal-to-noise ratio due to the quantiZation noise are pre 
vented. 
[0062] FIG. 6 shoWs a second embodiment of the analog 
digital conversion system according to the invention. The 
system consists of a transmission chain comprising an analog 
stage itself consisting of at least one variable gain ampli?er 
600. The object of this ampli?er is to amplify an analog input 
signal e. After ampli?cation, the signal is processed by a CAN 
converter 601 on N bits. The digitiZed signal at the output of 
the converter 601 is ?ltered With the aid of an interference 
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suppressing digital ?lter 602. The bits at the output of the ?lter 
are rescaled on M bits by a rescaling module 603. The digi 
tiZed and rescaled signal is then used to demodulate 606, 607, 
608, 609 the received communication channel(s). 
[0063] As for the ?rst embodiment, tWo AGC loops 604, 
605 in cascade are also used. The ?rst AGC loop 604 is a 
conventional analog AGC loop based on an estimate of the 
poWer at the output of the CAN converter 601. The second 
AGC loop 605 is a digital AGC loop based on an estimate of 
the poWer at the output of the interference-suppressing ?lter 
602 and of Which the object is to determine the control set 
point of the ?rst loop. 
[0064] The digital AGC loop 605 generates a setpoint g. 
This setpoint is, for example, adapted by a saturation module 
610 in order to obtain tWo adapted control setpoints g1 and g2. 
[0065] The adapted control setpoint g1 is determined by the 
saturation module 610 in the same Way as in the ?rst embodi 
ment. g1 is then converted 612 into a setpoint G1:egl used as 
a control setpoint of the analog AGC loop 604. 
[0066] If the processings that folloW the digital ?lter do not 
require many bits per signal sample, it is advantageous to 
reduce the number of bits M<N to the number that is strictly 
necessary in order to simplify the computations and hence 
reduce the volume, the cost and the consumption of the com 
ponent(s) of the receiver. The digital AGC loop 605 is then 
used to adapt 613 the poWer of the signal after interference 
suppressing ?ltering in the encoding WindoW of the rescaling. 
[0067] So as to take account of the saturation of the setpoint 
of g1, an adapted setpoint g2 is determined by the saturation 
module 610 based on the setpoint g. This adapted setpoint is 
converted 611 into a gain G2Ieg2, the gain G2 then being 
applied 613 to the signal at the output of the interference 
suppressing ?lter. 
[0068] FIG. 7 shoWs hoW the control setpoints g1 and g2 
used in the second embodiment can be determined. The con 
trol setpoint g1 is determined as described above With the aid 
of FIG. 5. The control setpoint g2 is determined based on g 
and g1 so that the folloWing expression is veri?ed: 

[0069] FIG. 8 shoWs a third embodiment of the analog 
digital conversion system according to the invention. The 
system consists of a transmission chain comprising an analog 
stage itself consisting of a variable gain ampli?er 800. The 
objective of this ampli?er is to amplify an analog input signal 
e. After ampli?cation, the signal is processed by a CAN 
converter 801 on N bits. The digitiZed signal at the output of 
the converter 801 is ?ltered With the aid of an interference 
suppressing digital ?lter 802. The bits at the output of the ?lter 
are rescaled 803 on M bits. The digitiZed and rescaled signal 
is then used to demodulate 806, 807, 808, 809 the received 
communication channel(s). 
[0070] As for the ?rst tWo embodiments, tWo AGC loops 
804, 805 in cascade are used. The ?rst AGC loop 804 is a 
conventional analog AGC loop based on the output of the 
CAN converter 801. The second AGC loop 805 is a digital 
AGC loop based on the output of the interference-suppres sing 
?lter 802. A saturation module 810 deduces from the control 
setpoint g of the digital AGC loop tWo adapted control set 
points g1 and g2 as described above With the aid of FIG. 7. A 
gain G2 is determined 812 based on the adapted setpoint g2 in 
the same Way as for the second embodiment. The gain G2 is 
applied 813 to the signal at the output of the interference 
suppressing digital ?lter 802. Unlike the second embodiment, 
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a gain G1' is determined based on g1 so that G1':exp(—g1) 
Where the function exp( ) represents the exponential function. 
The digital gain G1' is applied 814 upstream of the poWer 
computation of the analog AGC loop 804. This has the effect 
of facilitating the implementation of the analog AGC loop 
804 by limiting the number of bits required for the computa 
tions. This embodiment makes it possible to return to an 
unvarying time constant by virtue of a constant setpoint 815. 

[0071] Thus, it appears that, in the context of the invention, 
the analog AGC loop can be controlled in tWo Ways. The ?rst 
Way is to adapt the setpoint used for the comparison applied 
by the analog AGC loop and the second Way is to apply a gain 
to the signal at the output of the CAN converter before esti 
mation of poWer by the analog AGC loop. 

[0072] In the presence of a large number of pulsed interfer 
ences in the useful band of the signal, the estimate of the 
poWer after the interference-suppres sing ?lter can be skeWed. 
The result of this may be an insuf?cient setpoint value g. This 
too loW value of g may then cause the loss of the useful signal 
because of too high a rescaling. On the other hand, if the pulse 
excision technique called “blanking” is applied after the inter 
ference- suppressing ?lter, the reset threshold may be too high 
and alloW too much interference to pass in the signal-process 
ing channels. For the record, the “blanking” technique con 
sists in resetting the signal When too high a poWer is detected, 
this poWer re?ecting the presence of pulsed interference. In 
order to limit these draWbacks, one solution consists in intro 
ducing a nonlinearity before the corrector of the tWo AGC 
loops using nonlinearity modules, in order to give greater 
Weight to the signal When the latter is not disrupted, that is to 
say When the estimated poWer is loWer. FIG. 9 gives an 
example of nonlinearity that can be advantageously applied 
by the nonlinearity module. The curve 900 illustrates the 
relation betWeen the input signal of the module and the output 
signal of the module. 

[0073] FIG. 10 shoWs a fourth embodiment of the invention 
in a multisensor architecture, speci?cally, the system accord 
ing to the invention can be applied Within a multisensor 
receiver, that is to say receiving several analog signals e1, e2, 
e3 on several antennas. 

[0074] In this example, a three-sensor architecture is taken 
into account. The system consists of a transmission chain 
comprising an analog stage consisting of a variable gain 
ampli?er 1003, 1004, 1005, one ampli?er being allocated to 
one sensor. The objective of these ampli?ers is to amplify the 
analog input signals e1, e2, e3. After ampli?cation, the sig 
nals are processed by CAN converters 1000, 1001, 1002 
operating on N bits. The digitiZed signals are processed by an 
interference-suppressing processing method 1010. The digi 
tal signal resulting from this processing, for example a 
Weighted total of the antenna signals, is then used to demodu 
late 1011, 1012, 1013, 1014 the received communication 
channel(s). In this embodiment, a single digital AGC loop is 
used, said loop being based on an estimate of the mean poWer 
of the signal at the output of a Weighted total of the antenna 
signals. For each sensor or antenna, an analog AGC loop 
1007, 1008, 1009 associated With each CAN converter 1000, 
1001, 1002 is used. One and the same control setpoint G1 
resulting 1013 from a setpoint g1 adapted by a saturation 
module 1012 based on the control setpoint g of the digital 
AGC loop 1006 is used as a control setpoint for the analog 
AGC loops 1007, 1008, 1009. 
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[0075] A general comment concerns the conversion blocks 
425, 611, 612, 811, 812, 1013 Which are designed to convert 
values expressed in dB into linear values so that the setpoints 
can be used by the comparators or used as gains 613,813,814. 
The setpoint g at the output of the digital AGC is expressed in 
dB, that is to say on a logarithmic scale, so as to retain a time 
constant independent of the received poWer. In the same Way, 
the analog gain control ga at the output of the analog AGC is 
expressed on a logarithmic scale, the variable gain ampli?er 
aWaiting a command in dB. 
[0076] Advantageously, the various embodiments of the 
analog-digital conversion system according to the invention 
remain robust to all types of interference, narroW or broad 
band, pulsed or continuous. It is particularly effective for 
narroWband pulsed interference relative to a system compris 
ing a simple high-encoding AGC loop by alloWing an effec 
tive digital ?ltering With no saturation or increase of quanti 
Zation noise. Thus, the invention may advantageously be 
applied irrespective of the interference-suppressing digital 
processing used. This processing may, for example, be a 
digital ?ltering of the FIR type, an amplitude domain pro 
cessing ADP, a spatial processing using a multisensor antenna 
or space-time adaptive processing STAP. Thus the fact that 
the embodiments of FIGS. 4, 6 and 8 use interference-sup 
pressing digital ?lter processes must not be considered as a 
limitation to the scope of the invention. 

1. An analog-digital conversion system comprising at least 
one variable gain ampli?er amplifying an input signal e, an 
analog-digital converter CAN digitizing said signal e, an 
interference-suppressing digital processing module for pro 
cessing the digitiZed signal, a ?rst automatic gain control 
AGC loop, being an analog AGC loop, comparing an estimate 
of the output poWer from the CAN converter With a control 
setpoint g1 being the control setpoint of the analogAGC loop, 
a gain ga used to control the variable gain ampli?er being 
deduced from the comparison made by the ?rst automatic 
gain control AGC loop, the system further comprising a sec 
ond automatic gain control AGC loop, being a digital loop, 
said digital loop comparing an estimate of the poWer after the 
interference-suppressing digital processing With a predeter 
mined control setpoint gn, the analog AGC loop being con 
trolled by a control setpoint deduced from the comparison 
made by the second automatic gain control AGC loop. 

2. An analog-digital conversion system according claim 1, 
Wherein the poWer estimates used by the analog and digital 
AGC loops are mean poWer estimates. 

3. An analog-digital conversion system according claim 1, 
Wherein the control setpoint of the analog AGC loop is deter 
mined by the digital AGC loop using a corrector, said correc 
tor applying a gain to the result of the comparison and incor 
porating the signal samples thus obtained and Wherein the 
gain ga is determined by the analog AGC loop using a cor 
rector, said corrector applying a gain to the result of the 
comparison and incorporating the signal samples thus 
obtained. 

4. An analog-digital conversion system according to claim 
3, Wherein a different time constant is used for the tWo AGC 
loops, the time constant of the analog AGC loop being chosen 
to have a duration that is less than the time constant of the 
digital AGC loop. 

5. An analog-digital conversion system according to claim 
1, Wherein a corrector determines a setpoint g, a saturation 
module adapting this setpoint so as to obtain the control 
setpoint of the analog AGC loop g1 adapted such that: 
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ifg Z grnax then gl = glrnax 
ifglmin < g < glrnax, then gl = g 
ifg ; glmin then gl = glmin 

expressions in Which: 
g1min corresponds to the quantization margin of the CAN 

converter; and 
glmax corresponds to the saturation margin of the CAN 

converter. 

6. An analog-digital conversion system according to claim 
5, Wherein the saturation module determines a second 
adapted setpoint g2 based on the setpoint g so that g2Ig-g1, 
the gain g2 being applied to the output signal of the interfer 
ence-suppressing digital processing. 

7. An analog-digital conversion system according to claim 
1, Wherein a pulse excision module is used after the interfer 
ence-suppressing digital processing. 

8. An analog-digital conversion system according to claim 
7, Wherein a nonlinearity module is used in the analog AGC 
loop after comparison, said module having the function of 
giving more Weight to the signal When the latter is not dis 
rupted, that is to say When the estimated poWer is loWer. 

9. An analog-digital conversion system according to claim 
7, Wherein a nonlinearity module is used in the digital AGC 
loop after comparison, said module having the function of 
giving more Weight to the signal When the latter is not dis 
rupted, that is to say When the estimated poWer is loWer. 

10. An analog-digital conversion system according to 
claim 1, Wherein several analog input signals e1, e2, e3 origi 
nating from several sensors are ampli?ed and converted into 
digital signals, a variable gain ampli?er and a CAN converter 
being associated With an input signal, said input signals, after 
having been ampli?ed and digitized, being processed by an 
interference-suppressing digital processing module such that 
a signal resulting from a combination of the digitized signals 
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is obtained, a digital AGC loop being used to determine a 
control setpoint G1 used by a plurality of analog AGC loops, 
an analog AGC loop being used for each input signal. 

11. An analog-digital conversion system according to 
claim 1, Wherein the interference-suppressing digital pro 
cessing is a digital ?nite impulse response ?lter. 

12. An analog-digital conversion system according to 
claim 1, Wherein the interference-suppressing digital pro 
cessing is an amplitude domain processing ADP. 

13. An analog-digital conversion system according to 
claim 1, Wherein the interference-suppressing digital pro 
cessing is a spatial processing using a multi-sensor antenna or 
space-time adaptive processing STAP. 

14. An analog-digital conversion system according to 
claim 1, Wherein a rescaling module is used after the inter 
ference-suppressing digital processing. 

15. An analog-digital conversion system according to 
claim 1, Wherein the input signal is a broadband signal gen 
erated using the spread-spectrum technique. 

16. An analog-digital conversion system comprising at 
least one variable gain ampli?er amplifying an input signal e, 
an analog-digital converter CAN digitizing said signal e, an 
interference-suppressing digital processing of the digitized 
signal, a ?rst automatic gain control AGC loop, being an 
analog AGC loop, comparing an estimate of the output poWer 
of the CAN converter With a control setpoint g1 being an 
analog AGC loop control setpoint, a gain ga used to control 
the variable gain ampli?er being deduced from this compari 
son, and further comprising a second automatic gain control 
AGC loop called the digital loop, said digital loop comparing 
an estimate of the poWer after the interference-suppressing 
digital processing With a predetermined control setpoint gn, 
the analog AGC loop being controlled by applying a gain to 
the output signal of the CAN converter before estimation of 
the poWer of the signal, said gain being determined using said 
comparison. 


