(19 DANMARK (100 DK/EP 2552070 T3
(12) Overseettelse af
europaeisk patentskrift
Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: HO04 L 27/00 (2006.01)
(45) Overseettelsen bekendtgjort den: 2023-01-09
(80) Dato for Den Europaeiske Patentmyndigheds

bekendtgerelse om meddelelse af patentet: 2022-10-19
(86) Europaeisk ansggning nr.: 12005175.0
(86) Europaeisk indleveringsdag: 2012-07-13
(87) Den europeaeiske ansggnings publiceringsdag: 2013-01-30
(30) Prioritet: ~ 2011-07-26 US 201113190800
(84) Designerede stater: 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
(73) Patenthaver: Itron Networked Solutions, Inc., 230 W Tasman Drive, San Jose, California 95134, USA
(72) Opfinder: SEIBERT, Cristina, 875 Jackson Street, Mountain View, CA 94043, USA

SHEARER, Edwin, 3655 Bernal Avenue, Pleasanton, CA 94566, USA
(74) Fuldmaegtig i Danmark: Patrade A/S, Ceresbyen 75, 6., 8000 Arhus C, Danmark
(54) Benaevnelse: Anordning og fremgangsmade til multimode-signaltilegnelse
(56) Fremdragne publikationer:

EP-A1- 1729 471
EP-A1- 2 066 043
EP-A2- 1 928 139
WO-A1-2008/153553
US-A1-2011 085 589
US-A1-2011 109 811
US-B1- 6 285 881
US-B1- 6 690 746
US-B1-7 428 270



DK/EP 2552070 T3



DK/EP 2552070 T3

DESCRIPTION

BACKGROUND

[0001] The present invention relates to the acquisition of signals transmitted using a variety of
different communication modes.

[0002] Current techniques for acquiring communications signals of different communication
modes at a single receiver use mode switching (e.g., based on the IEEE 802.15.4g standard).
Mode switching allows for a plurality of communication modes to be supported by a single
receiver by utilizihg a common initial communication mode. For example, as a part of a
common initial communication mode between a transmitter and a receiver, a specific
communication mode for the signals that are to be subsequently received is provided to the
receiver. The receiver is then able to be switched or configured to receive the signals
corresponding to that specific communication mode.

[0003] EP 2 066 043 A1 describes a cell search method for a multi-mode telecommunication
apparatus. The method comprises receiving signals present in a frequency range;
transforming received signals into frequency domain; estimating power spectral density from
transformed signals; estimating probability of different communication modes by correlating the
estimated power spectral density with power spectral density signatures of said different
communication modes; and performing cell search according to estimated most probable
communication mode.

[0004] US 6 285 881 B1 describes a method of locating non-standard control channels in
private cellular systems, accomplished by determining the modulation type of a particular
channel. The mobile station scans a received RF channel. The received signal is used for the
evaluation of the modulation type of that channel by using matched filters designed for the
specific signal of interest, and/or in another embodiment of the present invention is used for
producing the spectral energy distribution of the channel revealing the type of modulation.

[0005] US 2011/085589 describes wireless devices and techniques for system acquisition in an
environment of multiple co-existing technologies over a common frequency band. In one
aspect, at a remote terminal, a power spectral distribution (PSD) of received signals is
sequentially measured in contiguous segments of a frequency band of interest. One or more
characteristics of the measured PSD is compared to at least one predetermined metric to
identify the presence or absence of at least one technology type of the received signals in
frequency locations across the band. A system acquisition operation is performed in
accordance with the identification, such as a tailored scan of channels at locations where a
desired technology is identified.

[0006] US 6 690 746 B1 describes a signal recognizer that has a number of modules that may
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operate in parallel, each module associated with a different signal type. Each module
determines signal parameters by first estimating one or more parameters of a detected signal
of interest. The estimated parameter(s) is then used as the basis for demodulating the input
signal. The demodulated symbols are used for hypothesis testing, during which the module
decides on a candidate signal type for that module. Each module subjects its candidate signal
type to a "false alarm" test, which evaluates the likelihood that the signal is not the signal type
associated with the module. The resulting confidence data is collected and analyzed to
determine a best candidate signal type from among all the modules, together with its signal
parameters.

[0007] US2011/109811 describes a method of performing a service scan for available
channels across a bandwidth of an input signal, the method comprising the steps of. acquiring
a power spectrum of the input signal bandwidth; analysing the power spectrum to identify a list
of candidate channels, each candidate channel being identified by at least a centre frequency;
processing each of the candidate channels in a receiver unit to extract service information, if
present, relating to the candidate channel; and storing the service information for the channel
in a memory

[0008] US7428270 describes a system and method for recognizing the type of modulation
embedded in an unknown complex baseband signal, comprising a receiver section for
extracting the complex baseband signal from a modulated signal having a carrier frequency,
and comprising an orderly series of signal processing functions.

SUMMARY

[0009] Although the use of a common initial communication mode can be effective for
implementing a receiver that is capable of receiving signals of multiple modes, such a
technique has limited applicability due to its strict requirements for common mode operation.
Requiring that all initial communication occur using the same common mode is difficult or
impossible to enforce, for example, when the signals being exchanged are associated with
different communications standards (e.g., IEEE 802.11, IEEE 802.15, IEEE 802.16, etc.).
Additionally, requiring a common initial communication mode can also increase the
computational resources required for multimode signal acquisition, as well as the power
consumed by the receiver.

[0010] As such, the invention provides cost-effective devices and methods for the acquisition of
signals of different communication modes. For example, the invention provides a multimode
receiver that is configured to receive and identify signals employing various communication
modes (e.g., phase-shift keying ['PSK"], frequency-shift keying ["FSK"], orthogonal frequency
division multiplexing ['OFDM"], quadrature phase-shift keying ['QPSK"], etc.) which may be of
various communication standards (e.g., IEEE 802.15.4g, IEEE 802.11, etc.).

[0011] An invention is defined in the claims.
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[0012] In an example which is not claimed but which is useful for understanding the present
disclosure, a system is provided for transmitting and receiving signals over a network. The
system includes a receiver that is configured for multimode signal acquisition. The receiver
includes a filter module, a sampling module, a first analysis module, a second analysis module,
and a classification module. The filter module is configured to filter a received signal and to
generate a filtered signal. The sampling module is configured to sample the filtered signal and
to generate a sampled signal. The first analysis module is configured to analyze at least one
characteristic of the sampled signal associated with a first predetermined frequency. The first
analysis module is also configured to generate a first output signal associated with the at least
one characteristic. The second analysis module is configured to analyze the at least one
characteristic of the sampled signal associated with a second predetermined frequency. The
second analysis module is also configured to generate a second output signal associated with
the at least one characteristic. The classification module is configured to classify the received
signal into one of a plurality of different communication modes based on the first output from
the first analysis module and the second output from the second analysis module.

[0013] In another example which is broader than the claimed subject matter but which is useful
for understanding the present disclosure, a method of multimode signal acquisition in a
receiver is provided. The method includes receiving a communication signal associated with
one of a plurality of different communication modes, sampling the communication signal to
generate a sampled signal, and analyzing at least one characteristic of the sampled signal
associated with a first predetermined frequency. A first output signal associated with the at
least one characteristic is then generated. The method also includes analyzing the at least one
characteristic of the sampled signal associated with a second predetermined frequency,
generating a second output signal associated with the at least one characteristic, and
classifying the received signal into one of the plurality of different communication modes based
on the first output signal and the second output signal.

[0014] In another example which is broader than the claimed subject matter but which is useful
for understanding the present disclosure, a device that is configured to process digital signals
is provided. The device includes a filter module, a sampling module, a first analysis module, a
second analysis module, and a classification module. The filter module is configured to filter a
received signal and to generate a filtered signal. The sampling module is configured to sample
the filtered signal and to generate a sampled signal. The first analysis module is configured to
analyze a spectral density of the sampled signal associated with a first predetermined
frequency. The first analysis module is also configured to generate a first output signal
associated with the spectral density for the first predetermined frequency. The second analysis
module is configured to analyze the spectral density of the sampled signal associated with a
second predetermined frequency. The second analysis module is also configured to generate
a second output signal associated with the spectral density for the second predetermined
frequency. The classification module is configured to classify the received signal into one of a
plurality of different communication modes based on the first output from the first analysis
module and the second output from the second analysis module.
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[0015] In another example which is not claimed but which is useful for understanding the
present disclosure, a method of transmitting a plurality of signals of different communication
modes to, and receiving the plurality of signals at, a receiver is provided. The method includes
transmitting a first signal from a first transmitter to the receiver. The first signal is transmitted
according to a first communication mode. The method also includes transmitting a second
signal from a second transmitter to the receiver. The second signal is transmitted according to
a second communication mode, and the first communication mode is different than the second
communication mode. The first signal and the second signal are transmitted to the receiver
without a common initial communication mode.

[0016] Other aspects of the invention will become apparent by consideration of the detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 illustrates a communications system according to one embodiment of the invention.
Fig. 2 illustrates a network device according to one embodiment of the invention.

Fig. 3 illustrates a receiver according to one embodiment of the invention.

Fig. 4 is a diagram of a power spectral density estimate for a signal transmitted according to a
first communication mode.

Fig. 5 is a diagram of a power spectral density estimate for a signal transmitted according to a
second communication mode.

Fig. 6 is a process for acquiring multimode signals according to an embodiment of the
invention.

DETAILED DESCRIPTION

[0018] Before any embodiments of the invention are explained in detail, it is to be understood
that the invention is limited by the appended claims.

[0019] Embodiments of the invention relate to devices and methods for multimode signal
acquisition within a network, such as a utility communications network. Such systems include,
for example, multimode receivers that are configured to efficiently and effectively identify a
communication mode for an incoming or received signal with reduced or limited computational



DK/EP 2552070 T3

(e.g., processing, memory, etc.) and power requirements. The multimode receivers include,
among other things, one or more analysis modules for analyzing a characteristic of a received
signal (e.g., amplitude, power, power spectral density ['PSD"], etc.) or a portion of the received
signal (e.g., a preamble or syncword, header, etc.). Such a multimode receiver can be
configured to execute computer readable instructions corresponding to a process for
determining or identifying a communication mode of the received signal. The process includes,
among other things, receiving a signal (e.g., a modulated analog signal) from another device.
The received signal may have been modulated using any of a variety of modulation and/or
transmission techniques, such as amplitude shift keying ("ASK"), frequency shift keying
("FSK"), phase shift keying ("PSK"), quadrature amplitude modulation ("QAM"), binary FSK
("BFSK™), minimum FSK ("MSK"), multiple FSK ("MFSK"), differential PSK ("DPSK"), binary
PSK ("BPSK"), quadrature PSK ("QPSK"), offset QPSK ("O-QPSK"), orthogonal frequency
division multiplexing ("OFDM"), etc. The received analog signal is then filtered using an
intermediate frequency ("IF") filter that shifts the frequency of the carrier signal to a lower
frequency for processing and analysis.

[0020] Following analog-to-digital conversion, the signal is provided to one or more analysis
modules which perform frequency analysis on the digital form of the received signal. The
frequency analysis can be performed in a number of different ways (e.g., using a Goertzel
algorithm). After the characteristics of the signals have been analyzed, the outputs of the
analysis modules are provided to a classification module. The classification module compares,
for example, a PSD for one or more frequencies of interest specific to the different
communication modes to predetermined PSD values at the frequencies of interest for each of
the communication modes. Based upon the comparisons of the PSD values for the various
communication modes, the communication mode is determined, and the multimode receiver
can be configured for the full acquisition of signals transmitted according to the determined
communication mode. As such, the communication mode can be determined without requiring
additional information to be transmitted through the utilty communications network.
Additionally, because the communication mode can be determined based on a portion of the
received signal (e.g., the preamble) at a relatively low frequency, the frequencies of interest for
which analysis is performed can be well-defined and are within a relatively narrow band of
frequencies.

[0021] Fig. 1 illustrates a generalized communications system 100 (e.g., a utility
communications system or network) that includes a first back office system ("BOS") 105, a
second BOS 110, a communications network 115, a domain name system or server ("DNS")
120, an access point 125, a local network 130, and nodes 135-145. The nodes 135-145
communicate through the network 130, such as a local area network ("LAN"), a neighborhood
area network ("NAN"), a home area network ("HAN"), or personal area network ("PAN") using
any of a variety of communications protocols, such as Wi-Fi, Bluetooth, ZigBee, etc. This
network is, in turn, configured for communication with the access point 125, which is also
associated with the communications network 115. The communications network 115 is, for
example, a wide area network ("WAN") (e.g., a TCP/IP based network, a Global System for
Mobile Communications ["GSM"] network, a General Packet Radio Service ["GPRS"] network, a
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Code Division Multiple Access ['CDMA"] network, an Evolution-Data Optimized ['EV-DO"]
network, an Enhanced Data Rates for GSM Evolution ["EDGE"] network, a 3GSM network, a
Digital Enhanced Cordless Telecommunications ['DECT"] network, a Digital AMPS ["IS-
136/TDMA"] network, an Integrated Digital Enhanced Network ["IDEN"] network, a Digital
Advanced Mobile Phone System ["D-AMPS"] network, etc.).

[0022] The connections between the nodes 135-145 and the network 130, and the
connections between the network 130 and the access point 125 are, for example, wired
connections, wireless connections, or a combination of wireless and wired connections. In
some embodiments, the nodes 135-145 communicate through the network 130 using wireless
communications, and the first access point 125 communicates through the network 130 using
a wired network connection.

[0023] In some embodiments, the networks described above are, for example, self-configuring
or mobile ad hoc networks ("MANETs") which utilize a mesh network topology to provide
redundancy to the communications system 100. In other embodiments, the networks have
different network topologies, such as ring, star, line, tree, bus, or fully-connected network
topologies. In the illustrated embodiment, the networks and the communication between the
devices associated with the networks can be protected using one or more encryption
techniques, such as those techniques provided in the IEEE 802.1 standard for port-based
network security, pre-shared key, Extensible Authentication Protocol ("EAP"), Wired
Equivalency Privacy ("WEP"), Temporal Key Integrity Protocol ("TKIP"), Wi-Fi Protected Access
("WPA"), etc.

[0024] The DNS 120 connects to network 130 through the access point 125. In other
embodiments, the DNS 120 connects to the network 130 through the communications network
115 and then through the access point 125. In some embodiments, the DNS 120 is capable of
receiving and processing dynamic updates to provide a dynamic DNS ("DDNS") service.
Messages sent from the BOSs 105 and 110 to the nodes 135-145 within the network 130 are
sent by way of unique network addresses associated with the one or more nodes and
registered with the DNS 120. In some embodiments, the DNS 120 is dedicated to a single LAN,
or is shared by a plurality of LANs. The DNS 120 maintains network addresses for the nodes
135-145 and the network 130. The network addresses for the nodes 135-145 are stored or
maintained in, for example, a node route registry. In some embodiments, the DNS 120 also
maintains address allocation information, such as a node address allocation indicator or node
preference indicator. The network registration and communication process for a node within a
communications system, such as system 100, is described in greater detail in U.S. Patent
Publication No. 2008/0189436, entitled "METHOD AND SYSTEM OF PROVIDING IP-BASED
PACKET COMMUNICATIONS IN A UTILITY NETWORK," filed May 24, 2007.

[0025] The first BOS 105 and the second BOS 110 are implemented as a single device, a
combination of devices, a network management system, a server, one or more computers, one
or more network devices, one or more communications devices, one or more software
applications, or a variety of components that is/are capable of communicating with one or more
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of the access point 125 or nodes 135-145 via the communications network 115. The first BOS
105 and the second BOS 110 are, for example, associated with one or more utility providers,
credit card companies, other financial institutions, etc.

[0026] Fig. 2 illustrates a device 200 such as a node, an access point, a BOS, or another
component or device of the communications system 100 that includes, among other things, a
control unit or controller 205, a first radio 210, and a second radio 215. The device 200 can be
configured as a transmitter, a receiver, or both a transmitter and a receiver. The controller 205
includes, for example, a control or processing unit 220, a memory 225, an input/output ("l/O")
module 230, a power supply module 235, and one or more busses for operably and
communicatively coupling the components within the controller 205. The processing unit 220
is, for example, a processor, a microprocessor, a microcontroller, etc. The memory 225
includes, for example, a read-only memory ("ROM"), a random access memory ("RAM"), an
electrically erasable programmable read-only memory ("EEPROM™), a flash memory, a hard
disk, an SD card, or another suitable magnetic, optical, physical, or electronic memory device.
The I/O module 230 can include routines for sending information to and receiving information
from components or devices external to the controller 205 and for transferring information
between components within the controller 205. Software included in the implementation of the
device 200 can be stored in the memory 225 of the controller 205. The software includes, for
example, firmware applications and other executable instructions for performing the methods
described herein. In other embodiments, the controller 205 can include additional, fewer, or
different components.

[0027] The controller 205 can be implemented partially or entirely on one or more
semiconductor chips (e.g., an application-specific integrated circuit ["ASIC"], a system-on-a-
chip ['SOC"], etc.). In some embodiments, one or more field-programmable gate arrays
['FPGA"] semiconductor chips can be used, such as a chip developed through a register
transfer level ("RTL") design process. In various embodiments of the invention, the controller
205 can be implemented at least partially on, for example, one or more printed circuit boards
("PCBs") within the device 200. For example, the PCB is populated with a plurality of electrical
and electronic components which provide operational control and protection to the device 200.
The PCB also includes, among other things, a plurality of additional passive and active
components such as resistors, capacitors, inductors, integrated circuits, and amplifiers. These
components are arranged and connected to provide a plurality of electrical functions to the
PCB including, among other things, filtering, signal conditioning, and voltage regulation. For
descriptive purposes, the PCB and the electrical components populated on the PCB are
collectively referred to as the controller 205. The controller 205 receives signals from the
radios 210 and 215 or other components within the device 200, conditions and processes the
signals, and transmits processed and conditioned signals to, for example, another component
or device within the utility communications network 100, etc.

[0028] The power supply module 235 includes a power source, such as batteries, a battery
pack, a mains power plug, etc. In embodiments of the invention which include batteries, the
batteries are alkaline-based or lithium-based batteries and are, for example, disposable or
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rechargeable AA batteries, AAA batteries, six-volt ("6V") batteries, nine-volt ("9V") batteries,
etc.

[0029] Fig. 3 illustrates a multimode receiver 300 that includes an intermediate frequency
("IF™) filter module 305, an analog-to-digital conversion ("ADC") module 310, a first analysis
module 315, a second analysis module 320, a third analysis module 325, and a classification
module 330. The receiver 300 can, for example, be included in the device 200 and be
configured to receive a signal from another device within the communications system 100,
determine a corresponding communication mode for the received signal, and be configured to
receive signals according the determined communications mode. For example, the receiver
300 is configured for cost-effective, multimode signal acquisition of signals of a plurality of
different communication modes that operate within the same frequency band. Such
communication modes include, for example, the FSK, OFDM, and O-QPSK communication
modes of the IEEE 802.15.4g standard, the IEEE 802.11 standard, etc., operating in the
902MHz-928MHz industrial, scientific, and medical ("ISM") frequency bands.

[0030] The IF filter 305 is configured to shift the received signal's carrier frequency to an
intermediate range of frequencies that is more suitable for processing and analysis. The
filtered output of the IF filter 305 is provided to the ADC module 310 for sampling. The sampled
output of the ADC module 310 is then provided to the first analysis module 315, the second
analysis module 320, and the third analysis module 325. Although three analysis modules are
illustrated, the receiver 300 can include additional or fewer analysis models, depending on the
embodiment of the invention. Each of the illustrated analysis modules 315, 320, and 325 is
configured to execute one or more frequency analysis processes for determining a
characteristic of the received signal (e.g., amplitude, power, PSD, etc.).

[0031] In some embodiments, the analysis modules 315, 320, and 325 are configured to
analyze the preamble or syncword of a received signal to identify its corresponding
communication mode. Generally, the preamble is used to identify the start of the data within a
bit stream of data. However, depending on the communication mode in which the data was
transmitted, the spectral content of the preamble can vary. As a result, by analyzing specific
frequencies or ranges of frequencies related to the received preamble, the corresponding
communication mode can be identified. As an illustrative example, each of the analysis
modules 315, 320, and 325 is configured to execute instructions stored in, for example, the
memory 225 of the controller 205 for performing a Goertzel analysis to identifying
characteristics of specific frequency components of the received signal or a portion of the
received signal (e.g., the preamble of the received signal). The Goertzel analysis includes
executing one or more Goertzel algorithms for various communication modes. Depending on
the communication mode, the Goertzel algorithm can be tuned to different frequencies of
interest.

[0032] For example, in a general implementation, an analysis module executes a Goertzel
algorithm to compute a sequence, s(n), given an input sequence x(n), as shown below in EQN.
1.
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where s(-2) = s(-1) = 0 and w is a frequency of interest. The z-transform of EQN. 1 produces
EQN. 2 below.

$@) _ ! _ 1 _ EQN. 2

X(z) 1-2cosQrw)zt +27% (1-e™P0;N1- 720

[0033] Applying an additional finite impulse response ("FIR") transform in the form of EQN. 3
below

Y@ _ | _ gm0 EQN. 3
§(z)

produces an overall transform as provided in EQN. 4.
Y(z)  S(z) Y(z) (1-e 2257 1

= = - - = - EQN. 4
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[0034] The above transform and the operation of the analysis modules 315, 320, and 325 can
be expanded to identify characteristics of multiple frequencies of interest within the received
baseband signal. For example, the Goertzel technique described above can be applied for the
FSK modes of the IEEE 802.15.4g standard. These FSK modes have a set of candidate
frequencies corresponding to baud rates for the received signal (e.g., 25 kHz, 75 kHz, 100
kHz, 150 kHz, 250 kHz, etc.). In some embodiments, a range or window of frequencies around
each of the candidate frequencies is used to allow for variance in the received signals without
affecting the identification of the communication mode. Candidate frequencies for other
communication modes (e.g., OFDM, QPSK, O-QPSK, etc.) can similarly by identified using the
analysis modules 315, 320, and 325. In some embodiments, the analysis modules 315, 320,
and 325 can also be used to identify the baud rate of a received signal.

[0035] The outputs of each of the analysis modules 315, 320, and 325 are then provided to
the classification module 330. The classification module 330 determines the communication
mode of the received signal by comparing a value for a characteristic (e.g., amplitude, power,
PSD, etc.) of the received signal with one or more expected characteristic values at each
candidate frequency for the various communication modes.

[0036] For example, the receiver 300 is able to use relationships between the power
associated with the received signal at the candidate frequencies and a plurality of
communication modes to identify the communication mode of the received signal. For
example, the relationships between a power of a received signal at the candidate frequencies
and the expected power at the candidate frequencies for each of the plurality of
communication modes are stored in memory (e.g., the memory 225). The relationships can be
stored as one or more functions, one or more look up tables ("LUTs"), or as a series of
thresholds to which the power for particular frequencies may be compared.

[0037] With respect to implementations of the invention in which a LUT is used, values of, for
example, amplitude, power, PSD, or another characteristic are stored in memory
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corresponding to a plurality of frequencies of interest for various communication modes. In
some embodiments, 8-bit numbers (i.e., 256 values) or 16-bit numbers (i.e., 65,536 values)
are used to identify the characteristic value of a received signal at a particular frequency. In
some embodiments, the resolution of the characteristic value comparison is based on the
resolution of the ADC module 310 used for sampling the received signal. The characteristic
value is then used as an input value that is compared to the values stored in the LUT for the
various communication modes. The LUT entry or entries that correspond to the characteristic
value of the received signal is then identified by the classification module 330. Additional
comparisons can be made to determine whether the received signal is associated with a
known communication mode. If there is a sufficient correlation between the received signal and
the expected characteristic values, the classification module 330 identifies the communication
mode of the received signal. A sufficient correlation may be identified using, for example, a
predetermined or calculated percent error value, an error range, etc. Additionally or
alternatively, the classification module 330 may have to identify a characteristic value at each
of the expected frequencies in the received signal before identifying the communication mode.
In such embodiments, the identification of the communication mode may not be made if one or
more frequencies or frequency components of sufficient amplitude, power, PSD, etc., are not
present. With respect to implementations of the invention that use a variety of threshold values,
the characteristic value can be compared sequentially to a series of threshold values. The
threshold values correspond to values of the characteristic at the specified frequencies that are
indicative of a particular communication mode.

[0038] If one match to a communication mode is found, then the preamble of a single carrier
signal operating at the matching baud rate is likely being received. The device 200 can then be
automatically reconfigured for full acquisition of signals transmitted using the identified
communication mode (e.g., the preamble for the identified communication mode is then
assumed to be received). If multiple matches are found, a multi-carrier signal spanning the
detected tones is likely being received. The device 200 can then be automatically reconfigured
accordingly for the full acquisition of such signals.

[0039] Figs. 4 and 5 illustrate PSD plots 400 and 500, respectively, of two different
communication modes. PSD is illustrated in units of power (decibels ["dB"]) per Hertz ("Hz"). In
Fig. 4, the PSDs 405 and 410 for a first communication mode and a 50 kbps data link with
modulation indices, h, of 0.5 and 1.0, respectively, are shown. In other embodiments, the
energy spectral density ("ESD") can be used in place of or in addition to the PSD. As shown in
the PSDs 405 and 410, the signal preamble for the illustrated communication mode has
characteristic frequency peaks that can be used to identify the communication mode of the
received signal. For example, executing a Goertzel algorithm as described above with
frequencies of interest at 300 kHz and one or more other frequencies, and then comparing the
outputs of the Goertzel algorithm to predetermined power density levels (e.g., -50 dB/Hz),
allows the receiver 300 to identify the communication mode. In Fig. 5, the PSDs 505 and 510
for a second communication mode and a 200 kbps data link with modulation indices, h, of 0.5
and 1.0, respectively, are shown. The frequencies of interest for this communication mode may
be 100 kHz, 200 kHz, 300 kHz, 400 kHz, and/or 500 kHz. In some embodiments, the number
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of frequencies of interest used to identify a communication mode can be varied based on, for
example, a range of possible frequencies associated with a communication mode. If the output
of a corresponding analysis module indicates that the preamble of the received signal includes
frequency components at the frequencies of interest that are each above a PSD of, for
example, -70 dB/Hz, the associated communication mode can be identified.

[0040] By performing a frequency analysis (e.g., Goertzel analysis) of the frequencies
associated with a portion of a received signal (e.g., the preamble), and comparing a
characteristic (e.g., PSD) at those frequencies to expected characteristic values for various
communication modes, the communication mode of the received signal can be quickly and
efficiently identified. Such a technique also reduces the computational requirements of the
multimode receiver 300, as well as the amount of power that is consumed in determining the
communication mode. In some embodiments, automatic gain control ("AGC") can also be
performed prior to determining the communication mode.

[0041] As an illustrative example, a set of incoming signal samples, x, a vector of desired
frequencies, F, and a vector of estimated incoming signal powers, P, at the desired frequencies
can be used to classify incoming signals. The vector of desired frequencies, F, corresponds to
the baud rates of single-carrier modes of interest and/or the tones of multi-carrier modes of
interest. The below pseudo-code is exemplary of an embodiment of the invention for
classifying the communication mode of an incoming signal using the Goertzel algorithm. The
vector of estimated incoming signal powers, P, is populated by calculating a power value for
each of the frequencies of interest in the vector of desired frequencies, F, as shown below.
3 e s sk o 2k ok o ok e e dde S dle ok e 2k ofe sk o ke 3k o e 3k ot ok e dle ok ke sk o de s ok ok e ok ok ake sk Sk Sl ke ok i Ak ok o 3 e ol a2k kol e ke sk ol ke sk sk a sle e sk ke ok akesle vk o ok Sk
P={]
For each frequency in F:
{
sample_previous = 0;
sample_previous2 = 0;
coefficient = 2*cos(2*n*frequency);
for each sample, x[n],
sample = x[n] + cocfficient*sample previous — sample_previousZ,;
sample_previous2 = sample_previous;
sample_previous = sample;
end
power = (sample_previous2*sample previous2) + (sample previous*sample previous)—
(coefficient*sample_previous*sample_previous2);
P = concatenate(P, power);

}

ke s s s s o o o ke o 3R ok o o o5 ok ok o ok ke o 3ok 2 o ol o e i ok 3 o o o ok ok o e ok ok oo o sk o o ok o e ko ook ek o ook ook ok ok ok ok o ok ok

[0042] If the power of an incoming signal is greater than a threshold value at exactly one
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location, j, within the vector of estimated incoming signal powers, P, then a single carrier signal
is detected having a corresponding baud rate, F[j]. If the power of an incoming signal is greater
than at least one threshold value at multiple locations (e.g., {j. ..., in}), then a multi-carrier

signal is detected that spans the tones {F(j;, ... ju)}. If the power at a midpoint of the locations j|
and j, (e.g., between two tones) is less than one or more threshold values, then the detected

multi-carrier signal is an OFDM signal. Further processing can also be performed to classify a
detected single-carrier signal by analyzing a ratio of the power at a particular frequency (e.g.,
the frequency at which the signal power is greater than the threshold value) to the power at the
frequency corresponding to the carrier signal. Such an analysis can be used to estimate a
modulation index of a single-carrier signal modulated using FSK.

[0043] A process 600 for determining a communication mode of a received signal is shown in
Fig. 6. The process 600 begins with the reception of a signal (step 605). The signal is, for
example, an analog signal that has been transmitted according to a particular modulation or
transmission technique, such as FSK, PSK, QPSK, O-QPSK, OFDM, etc., as previously
indicated. The received analog signal is then filtered (step 610). Filtering the received analog
signal can include the use of an IF filter that shifts the frequency of the carrier signal to a lower
frequency for processing and analysis. In some embodiments, the IF filter is associated with a
tunable local oscillator ("LO").

[0044] Following step 610, the filtered output of the IF filter is provided to an analog-to-digital
converter ("ADC") (step 615) for conversion to a digital signal (i.e., sampling). The sampled
signal is then provided to one or more analysis modules which perform frequency analysis on
the digital form of the received signal (step 620). The frequency analysis can be performed in a
number of ways. For example, a Goertzel algorithm, a discrete Fourier transform ("DFT"), a
fast Fourier transform ("FFT"), a Cooley-Tukey FFT algorithm, etc. In some embodiments,
different frequency analysis techniques can be used to identify different communication modes.
The selection of a frequency analysis technique may be based on the factors such as
computational complexity, available hardware resources, power requirements, etc. In some
embodiments, the Goertzel algorithm is used because it can be tuned to specific frequencies
and can be implemented using fewer mathematical operations (e.g., additions, subtractions,
multiplications, etc.). Additionally or alternatively, another technique designed to identify or
analyze specific frequencies or a narrow band of frequencies can be used to identify the
characteristics of the preamble a received signal. As a result, the hardware resources required
to implement the multimode receiver can be reduced, the power required to perform the
frequency analysis can be reduced, and the amount of time required to complete the analysis
can be reduced. The number of analysis modules present in the multimode receiver can vary
depending upon the number of different communication modes the receiver is configured to
identify (e.g., one analysis module for each communication mode). After the frequency content
of the signals has been analyzed, the outputs of the analysis modules are provided to a
classification module. The classification module compares a PSD for one or more frequencies
of interest specific to the different communication modes to predetermined PSD values at
those specific frequencies for each of the communication modes. Based upon the comparisons
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of the PSD values for the various communication modes, the communication mode is
determined (step 625). Following the determination of the communication mode, the
multimode receiver is configured (e.g., automatically configured or reconfigured) for the full
acquisition of signals transmitted according to the determined communication mode (step 630).

[0045] Thus, the invention provides, among other things, systems and methods for acquiring
communication signals transmitted according to different communication modes. Various
features and advantages of the invention are set forth in the following claims.
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Patentkrav

1. En anordning (200, 300}, der er konfigureret til at behandle digitale signaler,
anordningen (200, 300) omfatter:

10

15

20

25

30

35

et filtermodul (305), der er konfigureret til at filtrere et modtaget signal for
at generere et filtreret signal;

et provetagningsmodul, der er konfigureret til at udtage prove af det filtrerede
signal for at generere et provet signal;

et forste analysemodul (315), der er konfigureret til at analysere en spektral
effekttaethed af det provede signal, der er forbundet med en forste flerhed af
forudbestemte frekvenser, det forste analysemodul (315) er konfigureret til
at generere et forste outputsignal, der er forbundet med spektral effekttaet-
hed for den farste flerhed af forudbestemte frekvenser;

et andet analysemodul (320), der er konfigureret til at analysere spektral ef-
fektteetheden af det provede signal, der er forbundet med en anden flerhed
af forudbestemte frekvenser, det andet analysemodul (320) er konfigureret
til at generere et andet outputsignal, der er forbundet med spektral effekt-
teetheden for den anden flerhed af forudbestemte frekvenser, hvori den farste
flerhed af forudbestemte frekvenser er forskellig fra den anden flerhed af for-
udbestemte frekvenser; og

et klassifikationsmodul, der er konfigureret til at klassificere det modtagne
signal i en af en flerhed af forskellige kommunikationsmodi baseret pa det
forste output fra det forste analysemodul og det andet output fra det andet
analysemodul;

kendetegnet ved, at:

den forste flerhed af forudbestemte frekvenser omfatter en flerhed af
frekvensvinduer, hvert vindue af flerheden er arrangeret omkring en
respektive en af de forste forudbestemte frekvenser, hvori den forste
flerhed af forudbestemte frekvenser er forbundet med en forste af fler-
heden af forskellige kommunikationsmodi; og

den anden flerhed af forudbestemte frekvenser omfatter en flerhed af
frekvensvinduer, hvert vindue af flerheden er anbragt omkring en re-
spektive en af de anden forudbestemte frekvenser, hvori den anden
flerhed af forudbestemte frekvenser er forbundet med en anden af fler-

heden af forskellige kommunikationsmodi.
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2. Anordningen (200, 300) ifelge krav 1, hvori det forste analysemodul og det andet
analysemodul (320) er konfigureret til at udfere en Goertzel-algoritme baseret pa
henholdsvis den forste flerhed af forudbestemte frekvenser og den anden flerhed

af forudbestemte frekvenser.

3. Anordningen (200, 300) i ethvert af de foregaende krav, hvori anordningen (200,
300) er forbundet med en knude (135, 140, 145) inden for et brugskommunikati-

onsnetveerk (130).

4. Anordningen (200, 300) ifolge ethvert af de foregaende krav, hvori anordningen

(200, 300) er implementeret som et applikationsspecifikt integreret kredsleb.

5. Et system (100) til at sende og modtage signaler over et netveerk (130), syste-
met omfatter:
en modtager (300), der er konfigureret til multimode-signaltilegnelse, modtageren

indbefatter en anordning ifglge ethvert af kravene 1 til 4.

6. Systemet (100) ifolge krav 5, omfattende yderligere en sender.

7. En fremgangsmade til multimode-signaltilegnelse i en modtager (300), frem-
gangsmaden omfatter: modtagelse (605) af et kommunikationssignal, der er for-

bundet med en af flerheden af forskellige kommunikationsmodi;

filtrering af kommunikationssignalet for at generere et filtreret signal; prove-
tagning (615) af det filtrerede signal for at generere et provet signal;
analyse (620) af en spektral effekttaethed af det provede signal, der er for-
bundet med en forste flerhed af forudbestemte frekvenser;

generering af et farste outputsignal, der er forbundet med den spektrale ef-
fektteethed for den farste flerhed af forudbestemte frekvenser;

analyse (620) af en spektral effekttaethed af det prevede signal, der er for-
bundet med en anden flerhed af forudbestemte frekvenser, hvori den farste
flerhed af forudbestemte frekvenser er forskellig fra den anden flerhed af for-
udbestemte frekvenser;

generering af et andet outputsignal, der er forbundet med den spektrale ef-
fektteetheden for den anden flerhed af forudbestemte frekvenser; og
klassificering af det modtagne signal i en af flerhederne af forskellige kom-
munikationsmodi baseret pa det forste outputsignal og det andet outputsig-

nal;
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kendetegnet ved, at:

den ferste flerhed af forudbestemte frekvenser omfatter en flerhed af fre-
kvensvinduer, hvert vindue af flerheden er anbragt omkring en respektive
forste en af de forudbestemte frekvenser, hvori den fgrste flerhed af forudbe-
stemte frekvenser er forbundet med en forste flerhed af forskellige kommu-
nikationsmodi, og

den anden flerhed af forudbestemte frekvenser omfatter en flerhed af fre-
kvensvinduer, hvert vindue af flerheden er anbragt omkring en respektive en
af den anden forudbestemte frekvenser, hvori den anden flerhed af forudbe-
stemte frekvenser er forbundet med en anden af de flere forskellige kommu-

nikationsmodi.

8. Fremgangsmaden ifalge krav 7, hvori den farste af flerheden af forskellige kom-
munikationsmodi og den anden af flerheden af forskellige kommunikationsmodi
hver iseer er udvalgt fra gruppen bestdende af en amplitudeomtastningskommuni-
kationsmodus, en frekvensomtastningskommunikationsmodus, en faseomtast-
ningskommunikationsmodus, en kvadratur amplitudemoduleringskommunikations-
modus, en quadraturfaseomtastningskommunikationsmodus, en forskudt kvadra-
turfaseomtastningskommunikationsmodus og en ortogonal frekvensdelingsmulti-

plekseringskommunikationsmodus.
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