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(57) Abréegée/Abstract:

A device for the automatic adjustment of a gain and/or attenuation factor (G;ATT) of several amplification or attenuation elements
(1:2:3) connected In a cascade comprises respectively a detector (8;9:10) for measuring a signal level of a signal disposed at the
Input of the respective amplification or attenuation element (1;2;3) and respectively a downstream control unit (14;14":14") for
determining the gain and/or attenuation factor (G;ATT) respectively associated with each amplification or attenuation element
(1:2:3). The control unit (14:14%14") is a forward control unit for determining the gain and/or attenuation factor (G;ATT) respectively
assoclated with each amplification or attenuation element (1;2;3) dependent exclusively upon the measured signal level of the
sighal disposed at the input of each amplification or attenuation element (1:2;3).
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Abstract

A device for the automatic adjustment of a gain and/or

attenuation factor (G;ATT) of several amplification or

attenuation elements (1;2;3) connected in a cascade comprises
respectively a detector (8;9;10) for measuring a signal level
of a signal disposed at the input of the respective

amplification or attenuation element (1;2;3) and respectively

1 downstream control unit (14;147;14’’) for determining the

gain and/or attenuation factor (G;ATT) respectively associated

with each amplification or attenuation element (1;2;3). The

control unit (14;14’;14’’) 1s a forward control unit for

determining the gain and/or attenuation factor (G;ATT)

respectively associated with each amplification or attenuation

clement (1:;2;3) dependent exclusively upon the measured signal

level of the signal disposed at the input of each

amplification or attenuation element (1;2;3) .

(Figure 3A,3B,4).
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Translation

International Patent Application No. PCT/EP2012/054576

Devices for the automatic adjustment of a gain and/or

attenuation factor

The 1nvention relates to a device for the automatic adjustment
of a gain and/or attenuation factor of cascaded amplification

and/or attenuation elements.

The 1nput unit of modern radio devices typically provides a
very high input dynamic in order to receive radio signals over
the widest possible radio range. This input dynamic of an
input unit generally exceeds the dynamic range of signal
processing units 1n radio devices, such as, filters or
analog/digital converters. However, to achieve a high dynamic,
automatic gailn control circuits (automatic gain control, AGC)

are used.

A signal-processing path with several cascaded amplifiers
adjustable with regard to their gain factor, the gain factor
being adjusted in each case by a control circuit based on a
feedback structure (feed-back-structure), is known from JP

2004-080455 A.

An automatic galn control of this kind is only conditionally
sultable for amplifiers arranged in the signal path of a radio
device, because a feedback control structure is generally
assoclated with poor settling behaviour and therefore provides
a poorer time dynamic, and because modern radio devices are
operated 1n a frequency-hop method with comparatively short
time slots for message transmission. Moreover, the control

structure can tend, dependent upon 1ts structure, towards
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unstable behaviour, which 1s not acceptable for securc message

transmission, for example, 1n aeronautilical radio technology.

The object of the invention 1s therefore to develop a device

with automatic gain and/or attenuation control for

amplification and/or attenuation elements disposed in the
signal path of a radio device, which provides optimal time

behaviour.

The object is achieved by a device for automatic adjustment of

the gain and/or attenuation factor of several amplification

and/or attenuation elements connected 1in a cascade with the

features. Advantageous technical developments are exemplified

hereiln.

The device for the automatic adjustment of the gain and/or

attenuation factor of several amplification and/or attenuation

elements connected in a cascade provides, 1in each case for

every amplification and/or attenuation element, a detector for
measuring the signal level at the input of the respective
amplification and/or attenuation element, and in each case a

downstream control unit for determining the gain and/or

attenuation factor associated with each amplification and/or

attenuation element. According to the invention, each control

unit 1s realised as a forward control unit, which determines

the gain and/or attenuation factor respectively associated
with each amplification and/or attenuation element dependent

upon the measured signal level of the signal disposed at the

output of the respective amplification and/or attenuation

element.

—

The transmission characteristic of the control unit associated

wlith the amplification element can be determined from the

transmission characteristic of the asscocilated detector and the

CA 2804497 2017-09-28
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transmission characteristic of the associated amplification

element.

In a first preferred embodiment of a control unit associated

with the amplification element, a buffer, of which the memory

cells are each addressable dependent upon the abscissa value

of the transmission characteristic of the control unit, that
1s to say, dependent upon the signal level from the detector
disposed at the input of the respective amplification element
and 1maglng 1in a linear scale, and of which the addressable
memory-cell content, that is, the associated gain factor, can
pe read out at the output of the control unit, is provided in

the control unit.

In a second preferred embodiment of a control unit associated
with the amplification element, in each case, a multiplier for
welghting the signal level measured by the detector at the
input of the respective amplification element with a weighting
factor which corresponds to the gradient of the transmission
characteristic associated with the control unit, and, in each
case, an adder for adding a signal level weighted in this

gre—
p—-

manner with an offset value (offset value) which corresponds

Lo the ordinate-axis value of the transmission characteristic
assoclated with the respective control unit, are provided in

the control unit.

The transmission characteristic of the control unit associated
with an attenuation element can be determined preferably from
the transmission characteristic of the associated detector,

which converts a signal level of the signal disposed at the

input of the respective attenuation element registered in the
logarithmic scale into a signal present in the linear scale

disposed at the output of the detector, and the individual
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attenuation factors to be adjusted 1n the attenuation

elements.

For this purpose, the control unit assoclated with the
attenuation element preferably comprises an automatic state
unit, which, 1n each case, provides one state for each
attenuation factor realisable in the attenuation element. The
automatic state unit waits in the respective state for as 1long

as the signal disposed at the output of the detector 1is

disposed within a signal-level range assoclated with that
state. If the signal level present at the output of the
detector leaves the signal-level range associated with the
respective state, a switchover into one of the two adjacent
states is implemented. The transitions between the 1ndividual
states of the automatic state unit are preferably 1mplemented

by means of a hysteresis characteristic.

The device according to the invention for the automatic

adjustment of the gain and/or attenuation factor of cascaded
amplification and/or attenuation elements 1s explailned 1n

detail below with reference to the drawings. The drawings are

as follows:

Figure 1 shows a block-circuit diagram of a receiver-

end signal path of a radio device, 1n which

the 1nvention 1s used;

Figure ZA, ZB shows an exemplary diagram with the

transmission characteristic of a detector and
the transmission characteristic of an

amplification element;

Figure 3A, 3B shows an exemplary block-circult diagram of a

first and second embodiment of a control unit
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according to the invention associated with an

amplification element;

Figure 4 shows an exemplary block-circuit diagram of a
control unit according to the invention

assoclated with an attenuation element:

Figure 5 shows an exemplary state diagram for
determining an attenuation factor for an
attenuation element in a control unit

assoclated with an attenuation element: and

Figure ©6A, 0B shows an exeniplary diagram with the

transmission characteristic of a control unit

assoclated with the amplification element and
a control unit associated with the attenuation

element.

Switchable attenuation elements 1 and 2 and/or adjustable

amplifiers 3, which ensure that the signal from the radio

signal received from an antenna can be processed in the radio
device within the existing dynamic range of the individual
signal-processing units, comprising, for example, the high-

frequency selection filter 5, the intermediate-frequency

selection filter 6, the analog/digital converter 7, are
inserted in the signal path of a radio device from the antenna
to the analog/digital converter, as shown in Figure 1. The
adjustment of the gain and/or attenuation factor of the
individual amplification and/or attenuation units 1, 2 and 3
1s implemented after a measurement of the signal level at the
input of the respective amplification and/or attenuation unit
1, 2 and 3 by means of an associated detector 8, 9 and 10 in

an assoclated automatic gain control (Automatic Gain Control

(AGC)) 11, 12 and 13.
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In a first embodiment according to Figure 324, the control unit
14 according to the invention for determining a gain factor
for an amplification element 3, that is to say, for an
amplifier adjustable with regard to its gain factor G,
comprises a buffer 15, which is preferably embodied as a read-

only memory (Read Only Memory (ROM)). The values of the galn

factor G for the amplification element 13 embodied in an

equidistant matrix are stored in the individual memory cells

of the puffer 15. The individual memory cells of the buffer 15
are addressable dependent upon the signal level of the signal

dlisposed at the output of the detector 10. In this manner, the

first embodiment of the control unit 14 according to the

invention realised by the buffer 15 provides a transmission
characteristic between the signal level of the signal S
present in the linear scale at the output of the detector 10
ana the gain factor G adjusted in the amplification element 3

in the logarithmic scale, as shown in Figure 6A.

The control unit 14’ according to the invention for

determining a gain factor G for an amplification element 3, as

shown 1in Figure 3B, comprises a series circuit of a preferably
digital multiplier 16 and a preferably digital adder 17. In
the multiplier 16, the signal S present in the linear scale at
the output of the detector 10 is weighted with a weighting
factor stored in a buffer 15’, preferably a ROM memory, which
corresponds to the gradient of the transmission characteristic

of the control unit 14 and/cr 14’, as shown in Figure 6A. The

signal S’ welghted with the weighting factor is added in the
adjacent adder 17 to an offset value (offset value) stored in
the buffer 15’, which corresponds to the ordinate-axis value
OrL the transmission characteristic of the control unit 14
and/or 14’7, as shown in Figure 6A. The memory cells of the

puffer 15" storing the respective weighting-factor and offset
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value are addressed via the signal level of the signal

disposed at the output of the detector 10. Accordingly, with
the second embodiment of a control unit 14’ according to the
invention, a transmission characteristic 1s realised between

the signal level of the signal S present in the linear scale

at the output of the detector 10 and the gain factor G

adjusted in the logarithmic scale in the amplification element

3, as shown 1n Figure O60A.

The gain-factor values stored for the first embodiment of a

control unit 14 according to the invention in the memory cells

r—

of the buffer 15 and also the weighting factors and offset

values stored for the second embodiment of a control unit 147

e o

according to the invention in the memory cells of the buffer

15’ are determined, in each case, in advance by measuring the
transmission characteristic of the detector 10 between the

signal measured at the input of the amplification element 3 1in

the logarithmic scale and the signal level of the signal

present in the linear scale disposed at the output of the

detector 10, as shown in Figure 2A, and the transmission

characteristic of the amplification element 3 between the

signal level of the signal disposed at the 1input of the

amplification element 3 measured in the logarithmic scale and
the gain factor G adjusted in the amplification element 3 1in

the logarithmic scale, as shown in Figure ©oA.

The control unit 14’’ according to the invention for
determining an attenuation factor ATT for an attenuation
element 1 and/or 2 preferably comprises an automatilic state
unit 18, as shown in Figure 4. The automatic state unit 18

f—
h—

provides a number of states corresponding to the number Of

attenuation-factor values realised in the attenuation element
1 and/or 2. For example, the automatic state unit assoclated

with the state diagram in Figure 5 provides 5 states with the
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respectively assoclated attenuation-factor values (ATT;, ATT,,

ATT;, ATT4, ATTs). A larger number of states i1in the automatic

state unit 18 can also be realised 1n order to achieve a finer

screening of the attenuation factors adjustable in each case

in the attenuation element 1 and/or 2.

The selection of the respective state of the automatic state

unit 18 1is implemented on the basis of
signal S disposed at the output of the
For this purpose, a signal level range

pr—

at the output of the detector 8 and/or

individual state, as shown 1n Figure 5.

the signal S disposed at the output of

rises above the signal-level range for

the

signal level of the

detector 8 and/or 9.

of the signal disposed

9 1s allocated to each

If
the
the

transition t£o the adjacent state, of which

the signal level ot
detector 8 and/or 9
current state, a

the signal-level

range 1s disposed above the signal-level range of the current

state, takes place in the automatic state unit 18. If the

signal level of the signal S disposed at the output of the

detector 8 and/or 9 falls below the signal-level range of the

current state, the automatic state unit 18 moves to the

adjacent state, of which the signal-level range 1s disposed

below the signal-level range of the current state.

In order to avoid a constant switching of the automatic state

F
—

unit 18 between two adjacent states in the case of a noise-

affected signal level of the signal S disposed at the output

of the detector 8 and/or 9 within the signal-level range of a

state transition, the transitions between the individual

states of the automatic state unit 18 pre:

"erably provide a

hysteresis characteristic, as illustrated in the state diagram

in Figure o.

In this manner, with the control unit 14’7

according to the

invention, a transmission characteristic is determined between
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the signal level of the signal S present in the linear scale

at the output of the detector 8 and/or 9 and the attenuation

factor ATT adjusted in the attenuation element 1 and/or 2

according to Figure ©B.

The invention is not restricted to the embodiment illustrated.

In particular, any combinations of the features illustrated in
the drawings, described in the description and claimed in the

claims are also covered by the 1nvention.
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Claims

P

1. A device for an automatic adjustment of a gain or

attenuation factor, comprising:

d a.a plurality of amplification or attenuation elements

connected 1n a cascade,

b. a detector for measuring a signal level of a signal

Y

disposed at an input of the respective amplification

or attenuation element; and

10 c. a downstream control unit for determining the gain
or attenuation factor respectively associated with

each amplification or attenuation element;

F

wherein the control unit is a forward control unit for

determining the gain or attenuation factor respectively

15 associated with each amplification or attenuation element
exclusively dependent upon the measured signal level of
the signal disposed at the input of each amplification or
attenuation element, and
wherein a weighting factor for weighting the measured

P

20 signal level of the signal at an output of the detector 1in

p—

a multiplier and an offset value for adding to the

p— —

weighted signal level of the signal at an output of the

multiplier in an adder are stored in memory cells of a

buffer, which are addressed via the signal level of the

25 signal at the output of the detector.

2. The device according to claim 1,
wherein a transmission characteristic of the control unit
associated with an amplification element 1s determined
30 dependent upon the transmission characteristic of thé
respective detector between the measured signal level of

the signal disposed at the input of the respective

amplification element and the signal level output at the

outpUt of the respective detector, and the transmilission

CA 2804497 2018-10-12
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characteristic of the respective amplification element

between the signal level of the signal disposed at the

*

input of the amplification element and the gain factor

adjusted in the amplification element.

3. The device according to claim 2,

wherein a buffer, of which the memory cells can be

F

addressed dependent upon an abscissa values of the

transmission characteristic of the control unit, and from

p—

the memory cells of which the assoclated ordinate values

L

H

of the transmission characteristic of the control unit can

be read, 1s provided in the control unit associated with

an amplification element.

4. The device according to claim Z,

wherein the weighting factor, which corresponds to a

gradient of the transmission characteristic assoclated

with the control unit, and an offset value, which

corresponds to an ordinate-axis value of the transmission
characteristic associated with the control unit, are

present 1n the control unit associated with an

amplification element.

5. The device according to claim 2,

whereiln the transmission characteristic of the control

unilit associated with an attenuation element is determined

dependent upon the transmission characteristic of the
respective detector between the measured signal level of

the signal disposed at the 1nput of the respective

attenuation element, and the signal level output at the

output of the respective detector and an individual

attenuation factors realisable by the attenuation element.

6. The device according to claim 5,

CA 2804497 2018-10-12
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wherein the control unit associated with an attenuation
element is realised as an automatic state unit, 1in which

respectively one state, in which the automatic state unit

waits for an associated range of the signal level output

Jr—

at the output of the respective detector, 1is provided for

each attenuation factor realisable in the attenuation

element.

7. The device according to claim o,
wherein transitions between individual states of tThe

automatic state unit provide a hysteresis characterilistic.

CA 2804497 2018-10-12
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