
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
29

2 
58

9
B

1
*EP003292589B1*

(11) EP 3 292 589 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
01.04.2020 Bulletin 2020/14

(21) Application number: 16872541.4

(22) Date of filing: 17.11.2016

(51) Int Cl.:
H01Q 5/30 (2015.01) H04B 1/00 (2006.01)

(86) International application number: 
PCT/IL2016/051238

(87) International publication number: 
WO 2017/098497 (15.06.2017 Gazette 2017/24)

(54) MULTI-CHANNEL DIGITAL RADIO

MEHRKANALIGER DIGITALFUNK

RADIO NUMÉRIQUE MULTI-CANAUX

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 10.12.2015 IL 24302815

(43) Date of publication of application: 
14.03.2018 Bulletin 2018/11

(73) Proprietor: Elbit Systems Land and C4I Ltd.
4250705 Netanya (IL)

(72) Inventors:  
• SOROKOPUD, Boris

1709114 Nazareth Illit (IL)

• EDER, Yehuda
7411105 Nes Ziona (IL)

• MANOR, Yonatan
3460402 Haifa (IL)

(74) Representative: Pearl Cohen Zedek Latzer Baratz 
UK LLP
The Gridiron Building 
One Pancras Square
London N1C 4AG (GB)

(56) References cited:  
EP-A1- 2 762 921 CN-A- 103 763 763
US-A1- 2006 114 969 US-A1- 2013 156 074
US-B1- 6 965 788 US-B1- 7 058 037



EP 3 292 589 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD

[0001] The present invention relates to the field of radio
communication, and more particularly, to multi-channel
radios.

2. DISCUSSION OF RELATED ART

[0002] Figures 1A and 1B are high level schematic
block diagrams prior art receivers 91 and transmitters
92, respectively. Receiver 91 (Figure 1A) is a super-
heterodyne receiver which converts an incoming signal
that may have different carrier frequencies into a signal
at a predefined intermediate frequency, from which the
information modulated into the incoming signal is decod-
ed. Receiver 91’s bandwidth is illustrated schematically
in diagram 60 referring to the VHF and UHF radio regions
(very high frequencies, 30-300MHz, and ultra-high fre-
quencies, 300-3000 MHz, respectively) of the electro-
magnetic spectrum. The signal is received through an-
tenna 91A, its bandwidth is narrowed (schematically il-
lustrated in diagram 61) by a Band Pass Filter (BPF) and
Digital Control Attenuator (DCA) components and the
signal amplified by a low-noise amplifier (LNA) at stage
91C. Then, at stage 91D, a frequency mixer is used to
modify the carrier frequency into a first intermediate fre-
quency (IF1) by mixing the signal with a frequency gen-
erated by a respective synthesizer to yield signal 62 at
the intermediate frequency. The signal from stage 91D
is typically transformed again by a stage 91E into another
intermediate frequency (IF2) to remove disturbing fre-
quencies such as mirror frequencies and adjacent fre-
quencies from blocking signals, and yield signal 63 that
may then be converted into digital information by Analog
to Digital Converter (ADC) 91F. Stages 91C-91F repre-
sent the de-modulation stage 91B of a single received
channel, the digital information from which is then deliv-
ered for further processing (stage 91G) by field-program-
mable gate array (FPGA) and digital signal processing
(DSP) or microprocessor (mP).
[0003] Prior art multi-channel receivers 91 employ mul-
tiple de-modulation stages 91B, each tuned to receive a
different frequency by generating correspondingly differ-
ent frequencies by the synthesizers (intermediate fre-
quencies IF1, IF2 are typically the same for all channels),
to yield multiple channels.
Transmitter 92 (Figure 1B) has a structure that basically
corresponds to the structure of receiver 91. Processing
elements 92A (e.g., DSP, mP, FPGA) generate digital
signals which are fed into one or more modulation
stage(s) 92B and are converted by corresponding digital
to analog converter(s) 92C. The analog signal is then
mixed at stages 92D, 92E with synthesized frequencies
to reach the carrier frequency range and then filtered and

amplified in stage 92F (by low pass filter - LPF, driver
and power amplifier and harmonic filter) to yield a signal
70 which is broadcasted by antenna 92G. It is noted that
equivalent components in receiver 91 and transmitter 92
were denoted by different numerals in order to streamline
their explanation. Clearly, processing stages 91G, 92A
and antennas 91A, 92G may be implemented as single
components, respectively, in a transceiver that combines
receiver 91 and transmitter 92.
European Patent Application Publication No.
EP2762921 A1 discloses a frequency-modulation meth-
od involving carrying-out a sample with a sampling rate
in an initial manner, where the sampling rate results as
the effective resolution to a digital raw signal with lower
resolution. The input signal is reconstructed with the ef-
fective resolution from the digital raw signal. The input
signal is reconstructed on the basis of a transformation
of the input signal in a representation. The representation
takes place by a modulated wideband converter.
United States Patent Application Publication No.
US20130156074 A1 discloses a transceiver for wireless
communication. The transceiver includes: an antenna; a
transmitter which comprises a tunable matching network
and a modulator; and, a receiver which comprises a pro-
grammable band-pass filter (BPF) and a demodulator.

SUMMARY OF THE INVENTION

[0004] The present invention is defined by the features
of the appended claims. The following is a simplified sum-
mary providing an initial understanding of the invention.
The summary does not necessarily identify key elements
nor limit the scope of the invention, but merely serves as
an introduction to the following description.
[0005] One aspect of the present invention provides a
compact multi-channel digital radio device configured as
a transceiver, comprising: at least one antenna; at least
one wideband converter; and, a filter bank connected
between said at least one antenna and said at least one
wideband converter, said filter bank comprising a plurality
of narrowband surface acoustic wave "SAW" filters hav-
ing respective distinct frequency bands within a band-
width of the at least one wideband converter, wherein
the at least one wideband converter comprises an analog
to digital converter (ADC) and a digital to analog convert-
er (DAC), the at least one antenna is configured to receive
and transmit radiofrequency (RF) radiation within a spec-
ified frequency band that at least partly overlaps the dis-
tinct frequency bands of the SAW filters and the band-
widths of ADC and the DAC, and wherein the transceiver
is configured to deliver a plurality of reception channels
to a processing unit, the reception channels correspond-
ing to at least some of the plurality of channels and being
converted by the ADC, and to deliver a plurality of trans-
mission channels from the processing unit, the transmis-
sion channels corresponding to at least some of the plu-
rality of channels and being converted by the DAC,
wherein each of said distinct frequency bands comprises
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a plurality of channels, each having a respective narrow
channel width and steep channel edges for channel sep-
aration; and, wherein said filter bank and said wideband
converter are associated to implement simultaneous
multi-channel digital radio communications at ultra-high
frequencies "UHF".
An alternative aspect of the present invention provides
a compact multi-channel digital radio method, compris-
ing: using a plurality of narrowband SAW filters having
respective distinct frequency bands in association with
at least one wideband converter having a bandwidth that
comprises the filters’ frequency bands, to implement si-
multaneous multi-channel communications at ultra-high
frequencies "UHF", wherein the at least one wideband
converter comprises an ADC and a DAC, the method
further comprising: receiving RF radiation within a spec-
ified frequency band that at least partly overlaps the dis-
tinct frequency bands of the SAW filters, filtering the re-
ceived RF radiation through the SAW filters to yield a
plurality of reception channels, converting the reception
channels by the ADC, converting information by the DAC
into a wideband signal, filtering the converted wideband
signal through the SAW filters to yield a plurality of trans-
mission channels, and transmitting the transmission
channels as RF radiation, and wherein each of said dis-
tinct frequency bands comprises a plurality of channels,
each having respective narrow channel width and steep
channel edges for channel separation.
[0006] These, additional, and/or other aspects and/or
advantages of the present invention are set forth in the
detailed description which follows; possibly inferable
from the detailed description; and/or learnable by prac-
tice of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a better understanding of embodiments of
the invention and to show how the same may be carried
into effect, reference will now be made, purely by way of
example, to the accompanying drawings in which like
numerals designate corresponding elements or sections
throughout.
[0008] In the accompanying drawings:

Figures 1A and 1B are high level schematic block
diagrams of prior art receivers and transmitters, re-
spectively.

Figure 2A is a high level schematic block diagram
of a multi-channel communication device, according
to some embodiments of the invention.

Figure 2B is a high level schematic block diagram
of a multi-channel communication system, according
to some embodiments of the invention.

Figure 3 is a high level schematic block diagram of
a multi-channel UHF receiver, according to some

embodiments of the invention.

Figures 4A and 4B are schematic examples for re-
lating SAW filters frequency bands with bandwidths
of the individual communication channels in the mul-
ti-channel radio, according to some embodiments of
the invention.

Figure 5 is a high level schematic illustration of
phase adaptations that may be carried out between
SAW filters in the filter bank, according to some em-
bodiments of the invention.

Figure 6 is a high level schematic block diagram of
a multi-channel UHF transmitter, according to some
embodiments of the invention.

Figure 7 is a high level schematic block diagram of
switching in the device, according to some embodi-
ments of the invention.

Figures 8A and 8B are high level schematic block
diagrams of transceivers, according to some embod-
iments of the invention.

Figure 9 is a high level schematic flowchart of a mul-
ti-channel communication method, according to
some embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0009] With specific reference now to the drawings in
detail, it is stressed that the particulars shown are by way
of example and for purposes of illustrative discussion of
the preferred embodiments of the present invention only,
and are presented in the cause of providing what is be-
lieved to be the most useful and readily understood de-
scription of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show
structural details of the invention in more detail than is
necessary for a fundamental understanding of the inven-
tion, the description taken with the drawings making ap-
parent to those skilled in the art how the several forms
of the invention may be embodied in practice.
[0010] Before at least one embodiment of the invention
is explained in detail, it is to be understood that the in-
vention is not limited in its application to the details of
construction and the arrangement of the components set
forth in the following description or illustrated in the draw-
ings. The invention is applicable to other embodiments
that may be practiced or carried out in various ways. Also,
it is to be understood that the phraseology and terminol-
ogy employed herein is for the purpose of description
and should not be regarded as limiting.
[0011] Multi-channel communication devices and
methods are provided, which employ a filter bank, con-
nected between antenna(s) and wideband converter(s),
that comprises many narrowband surface acoustic wave

3 4 



EP 3 292 589 B1

4

5

10

15

20

25

30

35

40

45

50

55

(SAW) filters having respective distinct frequency bands
within a bandwidth of the wideband converter(s). For ex-
ample, devices may be configured as multi-channel re-
ceivers with SAW filters replacing current heterodyne cir-
cuitry and achieving effective separation of reception
channel and effective attenuation of adjacent blocking
signals in a compact device. In other examples, devices
may be configured as multi-channel transmitters and/or
multi-channel transceivers, possibly having a variable
number of channels, to realize compact multi-channel
radio. The disclosed devices and methods may be im-
plemented in handheld or backpack devices, and provide
increased battery life.
[0012] The SAW frequency-switch filter bank may be
used in receivers as a pre-selector with the pass band
as the channel band width, for reducing co-location in-
terferences and improving the receiver’s selectivity in
mobile operated radios and for increasing the dynamic
range of the receivers. A filter bank may be used as a
front end for single channel receivers and/or multi-chan-
nel receivers with very large dynamic ranges. The output
of the filter bank module may be connected directly to a
wideband ADC (analog to digital conversion), and thus
solve ADC dynamic range problems that limit the use of
the ADC capabilities in simple receiver architectures with
high selectivity performances.
[0013] Figure 2A is a high level schematic block dia-
gram of a multi-channel communication device 100, ac-
cording to some embodiments of the invention. Multi-
channel communication device 100 comprises, connect-
ed between at least one antenna 109 and at least one
wideband converter 111, a filter bank 110 that comprises
a plurality of narrowband surface acoustic wave (SAW)
filters 115 having respective distinct frequency bands
within a bandwidth of converter(s) 111, e.g., the frequen-
cy coverage may be between 225-512 MHz. Wideband
converter 111 may be connected to processing unit(s)
108. It is noted that in Figure 2A, antenna 109 may rep-
resent any of antennas 91A, 92G, wideband converter
111 may represent any of ADC 91F and DAC 92C and
processing unit 108 may represent any of processing
units 91G, 92A.
[0014] Figure 2B is a high level schematic block dia-
gram of a multi-channel communication system 103, ac-
cording to some embodiments of the invention. Commu-
nication system 103 may represent a single device hav-
ing a receiver 101 and a transmitter 102 (termed in such
case transceiver 103), different devices configured as
receiver(s) 101 and transmitter(s) 102, and/or combina-
tions thereof. In certain embodiments, device 100 may
be configured as receiver 101, wideband converter 111
may comprise ADC 91F, antenna 91A may be configured
to receive radiofrequency (RF) radiation within a speci-
fied frequency band that at least partly overlaps the fre-
quency bands of SAW filters 115 and the bandwidth of
ADC 91F, and receiver 101 may be configured to deliver
a plurality of reception channels to processing unit 91G,
which correspond to at least some of the SAW filter fre-

quency bands, converted by ADC 91F. In certain embod-
iments, device 100 may be configured as transmitter 102,
wideband converter 111 may comprise DAC 92C, anten-
na 92G may be configured to receive radiofrequency
(RF) radiation within a specified frequency band that at
least partly overlaps the frequency bands of SAW filters
115 and the bandwidth of DAC 92C, and transmitter 102
may be configured to modulate signals from processing
unit 92A by DAC 92C into a plurality of transmission chan-
nels which correspond to at least some of the SAW filter
frequency bands, and broadcast the transmission chan-
nel through antenna 92G.
[0015] In certain embodiments, device 100 may be
configured as a transceiver 103, wherein wideband con-
verter 111 comprises ADC 91F and DAC 92C and one
or more antenna(s) 91A, 92G may be configured to re-
ceive and transmit radiofrequency (RF) radiation within
a specified frequency band that at least partly overlaps
the frequency bands of SAW filters 115 and the band-
widths of ADC 91F and the DAC 92C. Transceiver 103
may be configured to deliver to processing unit 91G mul-
tiple reception channels that correspond to at least some
of the SAW filter frequency bands and are converted by
ADC 91F, and to deliver from processing unit 92A, after
conversion by DAC 92C, multiple transmission channels
that correspond to at least some of the SAW filter fre-
quency bands for broadcasting by antenna 92G.
[0016] Figure 3 is a high level schematic block diagram
of multi-channel UHF receiver 101, according to some
embodiments of the invention. Figure 3 exemplifies de-
vice 100 configured as receiver 101 in UHF, as a com-
parison to prior art receiver 91 depicted in Figure 1A. In
place of the cumbersome set of de-modulation stages
91B, receiver 101 essentially comprises a set of SAW
filters 115 which may be fitted on a small printed board,
connected to broadband ADC 91F that spans the com-
bined frequency band range of SAW filters 115 in filter
bank 110. SAW filters 115 may be configured to provide
N reception channels, each of filters 115A-115N having
distinct frequency band 116A-116N. DCA and LNA 117
may be connected prior to filter bank 110 or after each
SAW filter 115 to amplify the signal before or after filter-
ing, respectively. SAW filters 115A-115N have distinct
frequency bands 116A-116N to provide N distinct recep-
tion channels that can be converted to digital signals si-
multaneously by a single ADC 91F, or in certain embod-
iments by two or more ADC’s 91F, depending on specific
implementation details (relating e.g., to ease and cost of
manufacture). Diagram 120 illustrates schematically
three frequency bands 116 (m1, m2, m3) and the re-
ceived signals 67 after efficient filtering by SAW filters
115.
[0017] The parts of signal 67 which correspond to each
of frequency bands 116 (ml, m2, m3) are clearly distinct,
and may thus be effectively separated by ADC 91F.
[0018] Figures 4A and 4B are schematic examples
for relating SAW filters frequency bands 116A, B with
bandwidths 121A-F of the individual communication
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channels in the multi-channel radio, according to some
embodiments of the invention. These and similar exam-
ples may be used to design and determine the specifi-
cations of SAW filters 115 according to given require-
ments concerning required communication channel
bandwidths and inter-channel interference thresholds
and/or design and determine the communication channel
bandwidths and inter-channel interference thresholds
according to specifications of given SAW filters 115
and/or derive an optimization of SAW filters frequency
bands 116A, B and channel bandwidths 121A-F under
given scenarios and requirements. The example in each
of Figures 4A and 4B illustrates schematically one SAW
filters frequency bands 116A and 116B respectively, a
central channel 121A to be filtered by the respective SAW
filter, and adjacent channels 121B-F with their respective
attenuation with respect to central channel 121A, over-
lapped on the SAW filter transfer function. It is noted that
SAW filters 115 provide a narrow channel width of a few
MHz and steep channel edges which allow good sepa-
ration between a large number of channels, e.g., in the
UHF region of several hundred MHz.
[0019] For example, SAW filters 115 were designed to
provide an attenuation of ca. 50dB between adjacent
channels (e.g., 121A, 121B), ca. 60dB between singly
separated channels (e.g., 121A, 121C) and ca. 100dB
between doubly separated channels (e.g., 121A, 121D).
Thee analog attenuations may be combined with digital
attenuations provided by converter 111 (ADC and/or
DAC, e.g., 50dB) and other components to provide high
level immunity of one channel to adjacent channels, even
at large differences of intensity (e.g., up to 100dB, 120dB
etc.). Specific required attenuations may be incorporated
into the exact design details of device according to the
illustrated principles.
[0020] Specific SAW filter technologies, e.g., ladder,
double mode (DMS) or hybrid SAW filter structures may
be selected to provide the best fitting filters. In certain
embodiments, ladder structured SAW filters were con-
figured to operate in device 100.
[0021] The shape factor (SF) of the SAW filters pro-
vides better selectivity in the receiver, better spectral pu-
rity in the transmitter and generally less noise; and also
allows using closer antennas in adjacent devices with
less mutual interference due to lower lateral disturbances
between channels.
[0022] Figure 5 is a high level schematic illustration of
phase adaptations that may be carried out between SAW
filters 115 in filter bank 110, according to some embod-
iments of the invention. In certain embodiments, interfer-
ences between signals in different channels may be re-
duced by configuring the relative phases between the
channels, using phase shifting circuitry comprising
switches 122, phase shifters 124 and inductive and ca-
pacitive components 126 in association with SAW filters
115, e.g., in receiver 101.
[0023] Figure 6 is a high level schematic block diagram
of multi-channel UHF transmitter 102, according to some

embodiments of the invention. Figure 6 exemplifies de-
vice 100 configured as transmitter 102 in UHF, as a com-
parison to prior art transmitter 92 depicted in Figure 1B.
In place of the cumbersome set of modulation stages
92B, transmitter 102 essentially comprises broadband
DAC 92C connected to filter bank 110 of SAW filters 115,
broadband DAC 92C spanning the combined frequency
band range of SAW filters 115 in filter bank 110 and SAW
filters 115 possibly fitted on a small printed board. SAW
filters 115 may be configured to provide N transmission
channels, each of filters 115A-115N having distinct fre-
quency band 116A-116N. Signals from processing
unit(s) 92A may be passed through broadband DAC 92C,
amplified and separated to multiple channels in filter bank
110. The resulting channels may then be amplified and
filtered in stage 92F before being broadcast through an-
tenna 92G, to yield a much cleaner 107 than prior art
signal 70.
[0024] Figure 7 is a high level schematic block diagram
of switching in device 100, according to some embodi-
ments of the invention. Filter bank 110 with SAW filters
1..N 115 may be used to provide any number of channels
1..K with associated components 117, e.g., by applying
multiple switches 122 to regulate signal flow through
SAW filters 115 in filter bank 110. The number of chan-
nels may be modified during operation of device 100.
[0025] Figures 8A and 8B are high level schematic
block diagrams of transceivers 103, according to some
embodiments of the invention. Figures 8A illustrates a
non-limiting example, with a configuration having a single
transmission channel and two reception channels (K=2),
with corresponding components DAC 92C, stage 92F
and signal illustrations 107A, 107B; and stages 91C,
117, ADC 91F and illustration of two frequency bands
120, respectively, integrated with a corresponding
switching circuitry scheme. It is emphasized that the il-
lustrated example of one transmission channel and two
reception channels is non-limiting, and that the present
disclosure includes transceivers with any number of
transmission channels and any number of reception
channels.
[0026] Figures 8B illustrates another non-limiting ex-
ample, in which filters 115 belonging to different channels
are separated from each other (spatially in filter bank
110), to avoid interruptions and cross talk. For example,
filters 115A belonging to a certain set of consecutive
channels may be positioned at positions 1, 4, 7 etc. in
filter bank 110, filters 115B belonging to another set of
consecutive channels may be positioned at positions 2,
5, 8 etc. in filter bank 110, and filters 115C belonging to
yet another set of consecutive channels may be posi-
tioned at positions 3, 6, 9 etc. in filter bank 110, so that
adjacent filters 115 in filter bank are well separated with
respect to their frequency bands 116. Separating spec-
trally-adjacent filters spatially (e.g., into groups 115A,
115B, 115C) enable simultaneous transmission and/or
reception at spectrally-adjacent channels without recip-
rocal interference. A configuration circuitry 123 and du-
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plexer/splitter 122 are used to direct the communication
signals to and from respective filters 115. Any number of
transmission sections, reception sections and filter
groups may be realized, according to given specifica-
tions.
[0027] In certain embodiments, the frequency bands
of SAW filters 115 may be about 10MHz wide. In certain
embodiments, the frequency bands of SAW filters 115
may be about 20MHz wide. In certain embodiments, the
bandwidth of converter 111 may comprise several hun-
dred MHz, particularly when device 100 operates in UHF.
ADC 91F and/or DAC 92F may have bandwidths of sev-
eral hundred MHz, e.g., 300Mhz, 500MHz, 800Mhz, etc.
Such converters are available as ADCs and DACs with
wide dynamic ranges. In certain embodiments, combi-
nations of 10MHz wide SAW filters frequency bands and
500MHz wide converters (ADC and/or DAC) provide tens
of channels. It is noted that a large number of channels
is particularly useful in the UHF and the VHF, in which
available spectrum is segmented into disparate section.
It is further noted that each channel may be managed by
applying customary methods such as different modula-
tions, encryption, time sharing, frequency hopping, etc.
[0028] Figure 9 is a high level schematic flowchart of
a multi-channel communication method 200, according
to some embodiments of the invention. Method 200 may
comprise using a plurality of narrowband SAW filters hav-
ing respective distinct frequency bands associated with
at least one wideband converter having a bandwidth that
comprises the filters’ frequency bands, to yield multi-
channel communication (stage 210).
[0029] In certain embodiments, method 200 may com-
prise receiving RF radiation within a specified frequency
band that at least partly overlaps the frequency bands of
the SAW filters (stage 220), filtering the received RF ra-
diation through the SAW filters to yield a plurality of re-
ception channels (stage 230), and converting the recep-
tion channels by the at least one wideband converter,
configured as a wideband ADC (stage 240).
[0030] In certain embodiments, method 200 may com-
prise converting information by the at least one wideband
converter, configured as a wideband DAC, into a wide-
band signal (stage 250), filtering the converted wideband
signal through the SAW filters to yield a plurality of trans-
mission channels (stage 260), and transmitting the trans-
mission channels as RF radiation (stage 270).
[0031] In certain embodiments, method 200 may com-
prise, using ADC and DAC as wideband converters, re-
ceiving RF radiation within a specified frequency band
that at least partly overlaps the frequency bands of the
SAW filters (stage 220), filtering the received RF radiation
through the SAW filters to yield a plurality of reception
channels (stage 230), converting the reception channels
by the wideband ADC (stage 240), converting information
by the wideband DAC into a wideband signal (stage 250),
filtering the converted wideband signal through the SAW
filters to yield a plurality of transmission channels (stage
260), and transmitting the transmission channels as RF

radiation (stage 270), possibly separating, spatially in the
filter bank, the SAW filters belonging to different chan-
nels.
[0032] Method 200 may be carried out in UHF, with the
frequency bands of the SAW filters being within the spec-
ified frequency band of the antenna, and may further
comprise switching the SAW filters to the corresponding
reception channels (stage 232).
[0033] Advantageously, with respect to prior art such
as U.S. Patent Publication No. 20130178179, U.S. Pat-
ent Publication No. 2014062614, Chinese Patent Docu-
ment No. 101452013 and U.S. Patent No. 3855556, the
current invention provides multichannel transceivers
(and/or receivers and/or transmitter) which use the filter
bank in association with corresponding wideband con-
verters to implement simultaneous multi-channel digital
radio communications at UHF frequencies.
[0034] Advantageously, such systems reduce signifi-
cantly the number of required components with respect
to heterodyne-based devices, reduce the power con-
sumption and consequentially increase the battery life
for portable devices (e.g., handheld device, backpack
devices).
In the above description, an embodiment is an example
or implementation of the invention. The various appear-
ances of "one embodiment", "an embodiment", "certain
embodiments" or "some embodiments" do not necessar-
ily all refer to the same embodiments.
Although various features of the invention may be de-
scribed in the context of a single embodiment, the fea-
tures may also be provided separately or in any suitable
combination. Conversely, although the invention may be
described herein in the context of separate embodiments
for clarity, the invention may also be implemented in a
single embodiment. Certain embodiments of the inven-
tion may include features from different embodiments
disclosed above, and certain embodiments may incor-
porate elements from other embodiments disclosed
above. The disclosure of elements of the invention in the
context of a specific embodiment is not to be taken as
limiting their use in the specific embodiment alone. Fur-
thermore, it is to be understood that the invention can be
carried out or practiced in various ways and that the in-
vention can be implemented in certain embodiments oth-
er than the ones outlined in the description above.
The invention is not limited to those diagrams or to the
corresponding descriptions. For example, flow need not
move through each illustrated box or state, or in exactly
the same order as illustrated and described.
Meanings of technical and scientific terms used herein
are to be commonly understood as by one of ordinary
skill in the art to which the invention belongs, unless oth-
erwise defined. While the invention has been described
with respect to a limited number of embodiments, these
should not be construed as limitations on the scope of
the invention, but rather as exemplifications of some of
the preferred embodiments. Other possible variations,
modifications, and applications are also within the scope
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of the invention.

Claims

1. A compact multi-channel digital radio device (100)
configured as a transceiver, comprising:

at least one antenna (109);
at least one wideband converter (111); and,
a filter bank (110) connected between said at
least one antenna and said at least one wide-
band converter, said filter bank comprising a plu-
rality of narrowband surface acoustic wave
"SAW" filters (115) having respective distinct
frequency bands within a bandwidth of the at
least one wideband converter (111);
wherein the at least one wideband converter
(111) comprises an analog to digital converter
(ADC) and a digital to analog converter (DAC),
the at least one antenna (91A, 92G) is config-
ured to receive and transmit radiofrequency
(RF) radiation within a specified frequency band
that at least partly overlaps the distinct frequen-
cy bands of the SAW filters (115) and the band-
widths of ADC and the DAC, and wherein the
transceiver (103) is configured to deliver a plu-
rality of reception channels to a processing unit
(91G), the reception channels corresponding to
at least some of the plurality of channels and
being converted by the ADC, and to deliver a
plurality of transmission channels from the
processing unit (92A), the transmission chan-
nels corresponding to at least some of the plu-
rality of channels and being converted by the
DAC;
wherein each of said distinct frequency bands
comprises a plurality of distinct channels, each
having a respective narrow channel width and
steep channel edges for channel separation;
and,
wherein said filter bank and said at least one
wideband converter are associated to imple-
ment simultaneous multi-channel digital radio
communications at ultra-high frequencies
"UHF".

2. The multi-channel digital radio device (100) of claim
1, wherein the SAW filters (115) associated with dif-
ferent channels are spatially separated in the filter
bank (110).

3. The multi-channel digital radio device (100) of claims
1 or 2, wherein at least one of:

a) the distinct frequency bands of the SAW filters
(115) are 10MHz wide; and,
b) the bandwidth of the at least one wideband

converter (111) is several hundred MHz.

4. The multi-channel digital radio device (100) of claims
1 or 2, further comprising a bandpass filter (BPF)
between the at least one antenna and the filter bank;
a plurality of low-noise amplifiers (LNAs) connected
at respective reception channels before the ADC;
and, switching circuitry configured to connect SAW
filters to the corresponding reception channels.

5. The multi-channel digital radio device (100) of any
one of claims 1 or 2, further comprising amplifiers
before and after the filter bank and a harmonic filter
between the amplifier that follows the filter bank and
the at least one antenna.

6. A compact multi-channel digital radio method, com-
prising:

using a plurality of narrowband SAW filters hav-
ing respective distinct frequency bands in asso-
ciation with at least one wideband converter hav-
ing a bandwidth that comprises the filters’ fre-
quency bands, to implement simultaneous mul-
ti-channel communications at ultra-high fre-
quencies "UHF",
wherein the at least one wideband converter
comprises an ADC and a DAC, the method fur-
ther comprising:

receiving RF radiation within a specified fre-
quency band that at least partly overlaps
the distinct frequency bands of the SAW fil-
ters,
filtering the received RF radiation through
the SAW filters to yield a plurality of recep-
tion channels,
converting the reception channels by the
ADC,
converting information by the DAC into a
wideband signal,
filtering the converted wideband signal
through the SAW filters to yield a plurality
of transmission channels, and

transmitting the transmission channels as RF ra-
diation; and,
wherein each of said distinct frequency bands
comprises a plurality of channels, each having
respective narrow channel width and steep
channel edges for channel separation.

7. The multi-channel digital radio method of claim 6,
further comprising spatially separating the SAW fil-
ters associated with different channels.

8. The multi-channel digital radio method of claims 6
or 7, further comprising switching the SAW filters to
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the corresponding reception channels.

Patentansprüche

1. Kompakte digitale Mehrkanal-Funkvorrichtung
(100), die als Transceiver konfiguriert ist, umfas-
send:

mindestens eine Antenne (109);
mindestens einen Breitbandwandler (111); und
eine Filterbank (110), die zwischen die mindes-
tens eine Antenne und den mindestens einen
Breitbandkonverter geschaltet ist, wobei die Fil-
terbank eine Vielzahl von akustischen Schmal-
band-Oberflächenwellen(Surface Acoustic
Wave - SAW)-Filtern (115) umfasst, die jeweils
unterschiedlichen Frequenzbändern innerhalb
einer Bandbreite des mindestens einen Breit-
bandwandlers (111) aufweisen;
wobei der mindestens eine Breitbandwandler
(111) einen Analog-Digital-Wandler (ADC) und
einen Digital-Analog-Wandler (DAC) umfasst,
wobei die mindestens eine Antenne (91A, 92G)
dazu konfiguriert ist, Hochfrequenz(Radio Fre-
quency - RF)-Strahlung innerhalb eines be-
stimmten Frequenzbandes zu empfangen und
zu senden, das die unterschiedlichen Frequenz-
bänder der SAW-Filter (115) und die Bandbrei-
ten des ADC und des DAC zumindest teilweise
überlappt, und wobei der Transceiver (103) da-
zu konfiguriert ist, eine Vielzahl von Empfangs-
kanälen an eine Verarbeitungseinheit (91G) zu
liefern, wobei die Empfangskanäle mindestens
einigen der Vielzahl von Kanälen entsprechen
und durch den ADC gewandelt werden, und eine
Vielzahl von Sendekanälen von der Verarbei-
tungseinheit (92A) zu liefern, wobei die Sende-
kanäle mindestens einigen der Vielzahl von Ka-
nälen entsprechen und von dem DAC gewan-
delt werden;
wobei jedes der unterschiedlichen Frequenz-
bänder eine Vielzahl unterschiedliche Kanäle
umfasst, die jeweils eine jeweils schmale Ka-
nalbreite und steile Kanalkanten zur Kanaltren-
nung aufweisen; und
wobei die Filterbank und der mindestens eine
Breitbandwandler zugeordnet sind, um simulta-
ne digitale Mehrkanal-Funkkommunikation bei
Ultrahochfrequenzen "UHF" zu implementieren.

2. Digitale Mehrkanal-Funkvorrichtung (100) nach An-
spruch 1, wobei die den verschiedenen Kanälen zu-
geordneten SAW-Filter (115) in der Filterbank (110)
räumlich getrennt sind.

3. Digitale Mehrkanal-Funkvorrichtung (100) nach An-
spruch 1 oder 2, wobei mindestens eines von:

a) den unterschiedlichen Frequenzbändern der
SAW-Filter (115) 10 MHz breit sind; und
b) die Bandbreite des mindestens einen Breit-
bandwandlers (111) mehrere hundert MHz be-
trägt.

4. Digitale Mehrkanal-Funkvorrichtung (100) nach An-
spruch 1 oder 2, ferner umfassend einen Bandpass-
filter (BPF) zwischen der mindestens einen Antenne
und der Filterbank; eine Vielzahl von rauscharmen
Verstärkern (Low-Noise Amplifiers - LNAs), die an
jeweiligen Empfangskanälen vor dem ADC ange-
schlossen sind; und eine Umschaltschaltung, die da-
zu konfiguriert ist, SAW-Filter an die entsprechen-
den Empfangskanälen anzuschließen.

5. Digitale Mehrkanal-Funkvorrichtung (100) nach ei-
nem der Ansprüche 1 oder 2, ferner umfassend Ver-
stärker vor und nach der Filterbank und einen Ober-
wellenfilter zwischen dem Verstärker, der der Filter-
bank folgt, und der mindestens einen Antenne.

6. Kompaktes digitales Mehrkanal-Funkverfahren, um-
fassend:

Verwenden einer Vielzahl von Schmalband-
SAW-Filtern, die jeweils unterschiedliche Fre-
quenzbänder aufweisen, die mindestens einem
Breitbandwandler zugeordnet sind, der eine
Bandbreite aufweist, welche die Frequenzbän-
der der Filter umfasst, um simultane Mehrkanal-
Kommunikation bei Ultrahochfrequenzen
"UHF" zu implementieren,
wobei der mindestens eine Breitbandwandler ei-
nen ADC und einen DAC umfasst, wobei das
Verfahren ferner Folgendes umfasst:

Empfangen von HF-Strahlung innerhalb ei-
nes bestimmten Frequenzbandes, das die
unterschiedlichen Frequenzbänder der
SAW-Filter zumindest teilweise überlappt,
Filtern der empfangenen HF-Strahlung
durch die SAW-Filter, um eine Vielzahl von
Empfangskanälen zu ergeben,
Wandeln der Empfangskanäle durch den
ADC,
Wandeln von Informationen durch den DAC
in ein Breitbandsignal,
Filtern des gewandelten Breitbandsignals
durch die SAW-Filter, um eine Vielzahl von
Sendekanälen zu ergeben, und
Senden der Sendekanäle als HF-Strah-
lung; und
wobei jedes der unterschiedlichen Fre-
quenzbänder eine Vielzahl von Kanälen
umfasst, die jeweils eine schmale Ka-
nalbreite und steile Kanalkanten zur Kanalt-
rennung aufweisen.
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7. Digitales Mehrkanal-Funkverfahren nach Anspruch
6, ferner umfassend ein räumliche Trennen der
SAW-Filter, die verschiedenen Kanälen zugeordnet
sind.

8. Digitales Mehrkanal-Funkverfahren nach Anspruch
6 oder 7, ferner umfassend ein Umschalten der
SAW-Filter auf die entsprechenden Empfangskanä-
le.

Revendications

1. Dispositif de radio numérique multicanal compact
(100) configuré comme émetteur-récepteur,
comprenant :

au moins une antenne (109) ;
au moins un convertisseur à large bande (111) ;
et,
un banc de filtres (110) connecté entre ladite au
moins une antenne et ledit au moins un conver-
tisseur à large bande, ledit banc de filtres com-
prenant une pluralité de filtres « SAW » à ondes
acoustiques de surface à bande étroite (115)
ayant des bandes de fréquences distinctes res-
pectives dans une largeur de bande de l’au
moins un convertisseur à large bande (111) ;
dans lequel l’au moins un convertisseur à large
bande (111) comprend un convertisseur analo-
gique-numérique (CAN) et un convertisseur nu-
mérique-analogique (CNA), l’au moins une an-
tenne (91A, 92G) est configurée pour recevoir
et transmettre un rayonnement radiofréquence
(RF) dans une bande de fréquences spécifiée
qui chevauche au moins partiellement les ban-
des de fréquences distinctes des filtres SAW
(115) et les largeurs de bande du CAN et du
CNA, et dans laquelle l’émetteur-récepteur
(103) est configuré pour délivrer une pluralité de
canaux de réception à une unité de traitement
(91G), les canaux de réception correspondant
à au moins certains de la pluralité de canaux et
étant convertis par le CAN, et pour délivrer une
pluralité de canaux de transmission à partir de
l’unité de traitement (92A), les canaux de trans-
mission correspondant à au moins certains de
la pluralité des canaux et convertis par le CNA ;
dans lequel chacune desdites bandes de fré-
quences distinctes comprend une pluralité de
canaux distincts, chacun ayant une largeur de
canal étroite respective et des bords de canal
raides pour la séparation des canaux ; et,
dans lequel ledit banc de filtres et ledit au moins
un convertisseur à large bande sont associés
pour mettre en œuvre des communications ra-
dio numériques multicanaux simultanées à des
fréquences ultra-hautes « UHF ».

2. Dispositif radio numérique multicanal (100) selon la
revendication 1, dans lequel les filtres SAW (115)
associés à différents canaux sont séparés spatiale-
ment dans le banc de filtres (110).

3. Dispositif radio numérique multicanal (100) selon la
revendication 1 ou 2, dans lequel au moins l’un
parmi :

a) les bandes de fréquences distinctes des filtres
SAW (115) ont une largeur de 10 MHz ; et,
b) la largeur de bande de l’au moins un conver-
tisseur à large bande (111) est de plusieurs cen-
taines de MHZ.

4. Dispositif radio numérique multicanal (100) selon les
revendications 1 ou 2, comprenant en outre un filtre
passe-bande (FPB) entre l’au moins une antenne et
le banc de filtres ; une pluralité d’amplificateurs à
faible bruit (AFB) connectés aux canaux de réception
respectifs avant le CAN ; et des circuits de commu-
tation configurés pour connecter des filtres SAW aux
canaux de réception correspondants.

5. Dispositif de radio numérique multicanal (100) selon
l’une quelconque des revendications 1 ou 2, com-
prenant en outre des amplificateurs avant et après
le banc de filtres et un filtre harmonique entre l’am-
plificateur qui suit le banc de filtres et l’au moins une
antenne.

6. Procédé de radio numérique compact multicanal,
comprenant :

d’utiliser une pluralité de filtres SAW à bande
étroite ayant des bandes de fréquences distinc-
tes respectives en association avec au moins
un convertisseur à large bande ayant une bande
passante qui comprend les bandes de fréquen-
ces des filtres, pour mettre en œuvre des com-
munications multicanaux simultanées à des fré-
quences ultra-hautes « UHF »,
dans lequel l’au moins un convertisseur à large
bande comprend un CAN et un CNA, le procédé
comprenant en outre :

de recevoir un rayonnement RF dans une
bande de fréquences spécifiée qui chevau-
che au moins partiellement les bandes de
fréquences distinctes des filtres SAW,
de filtrer le rayonnement RF reçu à travers
les filtres SAW pour produire une pluralité
de canaux de réception,
de convertir des canaux de réception par le
CAN,
de convertir les informations du CNA en un
signal large bande,
de filtrer le signal à large bande converti à
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travers les filtres SAW pour produire une
pluralité de canaux de transmission, et
de transmettre les canaux de transmission
sous forme de rayonnement RF ; et,
dans lequel chacune desdites bandes de
fréquences distinctes comprend une plura-
lité de canaux, chacun ayant une largeur de
canal étroite respective et des bords de ca-
nal raides pour la séparation des canaux.

7. Procédé de radio numérique multicanal selon la re-
vendication 6, comprenant en outre la séparation
spatiale des filtres SAW associés à différents ca-
naux.

8. Procédé de radio numérique multicanal selon les re-
vendications 6 ou 7, comprenant en outre la com-
mutation des filtres SAW vers les canaux de récep-
tion correspondants.
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