Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 3090799 C 2023/10/10

neEn 3 090 799

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(86) Date de dépot PCT/PCT Filing Date: 2019/02/05

(87) Date publication PCT/PCT Publication Date: 2019/08/15
(45) Date de délivrance/lssue Date: 2023/10/10

(85) Entrée phase nationale/National Entry: 2020/08/07

(86) N° demande PCT/PCT Application No.: US 2019/016624
(87) N° publication PCT/PCT Publication No.: 2019/156966

(30) Priorités/Priorities: 2018/02/08 (US62/628,105);
2019/02/01 (US62/799,881)

(51) ClLInt./Int.Cl. H04B 11/00 (2006.01)

(72) Inventeurs/Inventors:
WALKER, KATIE M., US;
CLAWSON, SCOTT WILLIAM, US

(73) Propriétaire/Owner:
EXXONMOBIL TECHNOLOGY AND ENGINEERING
COMPANY, US

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : PROCEDES D'IDENTIFICATION HOMOLOGUE DE RESEAU ET D'AUTO-ORGANISATION A L'AIDE DE SIGNATURES
TONALES UNIQUES ET PUITS QUI UTILISENT LES PROCEDES
(54) Title: METHODS OF NETWORK PEER IDENTIFICATION AND SELF-ORGANIZATION USING UNIQUE TONAL SIGNATURES

AND WELLS THAT USE THE METHODS

20 80
’
Sa Y
i
] i
] ]
i I
] i
30— 1| 60
-1
3
oL
e T
i I
] i
40 “*sh,: :
i §
I 1
] I
1 ]
i
]
3244
|
Bt N |
]
4
2
4
L
34--4

R IIAION;

e e e i et

94 92

(57) Abrégé/Abstract:

A method of communication using a wireless network is disclosed. A wireless transmission of a signal is received at a first node.
The signal has a frequency signature. The frequency signature of the received signal is compared with a frequency signature of a
previously received signal from a second node. If it is determined that the frequency signature of the received signal and the
frequency signature of the previously received signal are within a predetermined range of similarity, the received signal and the
previously received signal are accepted as having been transmitted by the second node.

C ana dg htp://opic.ge.ca - Ottawa-Hull K1A 0C9 - Attp.://eipo.ge.ca
OPIC - CIPO 191

OPIC




CA 03090799 2020-08-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 August 2019 (15.08.2019)

(10) International Publication Number

WO 2019/156966 A1l

WIPO I PCT

(51) International Patent Classification:
H04B 11/00 (2006.01)

(21) International Application Number:
PCT/US2019/016624

(22) International Filing Date:

05 February 2019 (05.02.2019)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

62/628,105 08 February 2018 (08.02.2018) US
62/799.,881 01 February 2019 (01.02.2019) US
(71) Applicant (for all designated States except US):

EXXONMOBIL UPSTREAM RESEARCH COMPA-
NY [US/US];, (EMHC-N1-4A-607), 22777 Springwoods
Village Parkway, Spring, TX 77389 (US).

(72) Inventors; and

(71) Applicants (for US only): WALKER, Katie M. [US/US];
356 Manor Lake Lane, Spring, TX 77386 (US).
CLAWSON, Scott William [US/US], 484 County Road
513, Califon, NJ 07830 (US).

Agent: JENSEN, Nathan O. et al.; ExxonMobil Upstream
Research Company, (EMHC-N1-4A-607), 22777 Spring-
woods Village Parkway, Spring, TX 77389 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: METHODS OF NETWORK PEER IDENTIFICATION AND SELF-ORGANIZATION USING UNIQUE TONAL SIG-

NATURES AND WELLS THAT USE THE METHODS

30—

44—~

4 -~y

34---5

LTI R T s p e S e s pp—

100

w0 2019/156966 A1 | NI 0000 00000 00 0

(57) Abstract: A method of communication using a wireless network is disclosed. A wireless transmission of a signal is received
at a first node. The signal has a frequency signature. The frequency signature of the received signal is compared with a frequency
signature of a previously received signal from a second node. If it is determined that the frequency signature of the received signal and
the frequency signature of the previously received signal are within a predetermined range of similarity, the received signal and the
previously received signal are accepted as having been transmitted by the second node.

[Continued on next page]



CA 03090799 2020-08-07

WO 2019/156966 A1 |10} 00 00 00O O 0 0O

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



METHODS OF NETWORK PEER IDENTIFICATION AND SELF-ORGANIZATION
USING UNIQUE TONAL SIGNATURES AND WELLS THAT USE THE METHODS

CROSS REFERENCE TO RELATED APPLICATIONS

5 [0001] (This paragraph is intentionally left blank.)
[0002] (This paragraph is intentionally left blank.)

FIELD OF THE DISCLOSURE

[0003] The present disclosure relates generally to methods of acoustically communicating

and/or to wells that use the methods.

10 BACKGROUND OF THE DISCLOSURE

[0004] An acoustic wireless network may be used to wirelessly transmit an acoustic signal,
such as a vibration, via a tone transmission medium. In general, a given tone transmission
medium will only permit communication within a certain frequency range; and, in some
systems, this frequency range may be relatively small. Such systems may be referred to herein
15 as spectrum-constrained systems. An example of a spectrum-constrained system is a well, such
as a hydrocarbon well, that includes a plurality of communication nodes spaced-apart along a

length thereof.

[0005] Known methods of installing and operating the nodes of such a network require
significant time and energy. Nodes have been required to be installed on the casing in numeric

20 order, requiring a large investment of time, an extended spatial footprint, and an extreme
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logistical plan for casing movement. Once installed in the well, operation of the network
requires ongoing investigation of optimal operating conditions and potential networked node
pairings. This is an iterative manual process requiring a significant testing time, and also drains

energy of all nodes used to send the commands to perform the tests.

[0006] The above method also incurs significant risk. Incorrect numbering of the nodes or
installation in the wrong order will result in an unworkable network, and extensive
reconfiguration may be necessary to correct the mistake, costing substantial operator time and
draining energy from a number of nodes on the network. Accidental misconfiguration while
operating (such as assigning a duplicate or out-of-order number to a node, or linking them in

an endless loop) carries with it a similar risk.

[0007] A typical method of addressing the numbering issue uses a central authority to
number all manufactured nodes sequentially. This guarantees uniqueness but does not address
out-of-order installation, nor does it prevent accidental misconfiguration, and the approach still
requires the central authority to touch each node (to assign the number), thereby limiting

manufacturing efficiency.

[0008] An alternate technique has each node assign itself a random number and eliminates
the requirement to install nodes in sequential order. This removes the out-of-order risk and
greatly reduces the risk of operational misconfiguration, but it cannot guarantee uniqueness
because it is possible that two nodes will randomly assign themselves the same number. To
minimize (though still not eliminate) the risk of duplicate numbers, a typical implementation
makes the random number very large. Unfortunately, nodes must routinely transmit this
number as part of each communication, so using a very large number leads to additional energy
drain via excessive transmitted tones. What is needed is a method of identifying nodes in a

network after installation and without using energy-draining random identification numbers.

SUMMARY OF THE DISCLOSURE

[0009] Methods of acoustically communicating and wells that use the methods are
disclosed herein. The methods generally use an acoustic wireless network including a plurality
of nodes spaced-apart along a length of a tone transmission medium. According to disclosed
aspects, there is provided a method of communication using a wireless network, such as an
acoustic wireless network using one or more well components as a tone transmission medium
as described herein. A wireless transmission of a signal is received at a first node. The signal

has a frequency signature and/or an amplitude signature, which in some aspects may be a time-
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based frequency signature and/or a time-based amplitude signature. The frequency signature
and/or the amplitude signature of the received signal is compared with a frequency signature
and/or an amplitude signature of a previously received signal. If it is determined that the
frequency signature and/or the amplitude signature of the received signal and the frequency
signature and/or the amplitude signature of the previously received signal are within a
predetermined range of similarity, the received signal and the previously received signal are

accepted as having been transmitted by the second node.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a schematic representation of a well configured to use the methods

according to the present disclosure.

[0011] Figure 2 is a flowchart depicting methods, according to the present disclosure, of

determining a major frequency of a received acoustic tone.

[0012] Figure 3 is a plot illustrating a received amplitude of a plurality of received acoustic

tones as a function of time.
[0013] Figure 4 is a plot illustrating a received amplitude of an acoustic tone from Figure 3.

[0014] Figure 5 is a plot illustrating frequency variation in the received acoustic tone of

Figure 4.

[0015] Figure 6 is a table illustrating histogram data that may be used to determine the

major frequency of the received acoustic tone of Figures 4-5.

[0016] Figure 7 is a table illustrating a mechanism, according to the present disclosure, by

which the major frequency of the acoustic tone of Figures 4-5 may be selected.

[0017] Figures 8A-8D depict digital representations of polyhistogram signatures of a

received signal.

[0018] Figures 9A-9F are amplitude diagrams showing unique patterns or signatures of a

received signal.

[0019] Figure 10 is a flowchart depicting a method of using acoustic tonal signatures as

method of network peer identification and self-organization in an acoustic wireless network.

DETAILED DESCRIPTION AND BEST MODE OF THE DISCLOSURE

[0020] The following is a non-exhaustive list of definitions of several specific terms used

in this disclosure (other terms may be defined or clarified in a definitional manner elsewhere
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herein). These definitions are intended to clarify the meanings of the terms used herein. It is
believed that the terms are used in a manner consistent with their ordinary meaning, but the

definitions are nonetheless specified here for clarity.

[0021] As used herein, the term “and/or” placed between a first entity and a second entity
means one of (1) the first entity, (2) the second entity, and (3) the first entity and the second
entity. Multiple entities listed with “and/or” should be construed in the same manner, i.e., “one
or more” of the entities so conjoined. Other entities may optionally be present other than the
entities specifically identified by the “and/or” clause, whether related or unrelated to those
entities specifically identified. Thus, as a non-limiting example, a reference to “A and/or B.”
when used in conjunction with open-ended language such as “comprising™ may refer, in one
embodiment, to A only (optionally including entities other than B); in another embodiment, to
B only (optionally including entities other than A); in yet another embodiment, to both A and
B (optionally including other entities). These entities may refer to elements, actions, structures,

steps, operations, values, and the like.

[0022] As used herein, the phrase “atleast one,” in reference to a list of one or more entities
should be understood to mean at least one entity selected from any one or more of the entity in
the list of entities, but not necessarily including at least one of each and every entity specifically
listed within the list of entities and not excluding any combinations of entities in the list of
entities. This definition also allows that entities may optionally be present other than the
entities specifically identified within the list of entities to which the phrase “at least one” refers,
whether related or unrelated to those entities specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently
“at least one of A and/or B”) may refer, in one embodiment, to at least one, optionally including
more than one, A, with no B present (and optionally including entities other than B); in another
embodiment, to at least one, optionally including more than one, B, with no A present (and
optionally including entities other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one, optionally including more than one, B
(and optionally including other entities). In other words, the phrases “at least one,” “one or
more,” and “and/or” are open-ended expressions that are both conjunctive and disjunctive in
operation. For example, each of the expressions “at least one of A, B and C,” “at least one of
A, B, or C.” “one or more of A, B, and C,” “one or more of A, B, or C” and “A, B, and/or C”
may mean A alone, B alone, C alone, A and B together, A and C together, B and C together,

A, B and C together, and optionally any of the above in combination with at least one other
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[0023] (This paragraph is intentionally left blank.)

[0024] As used herein, the terms “adapted” and “configured” mecan that the eclement,
component, or other subject matter is designed and/or intended to perform a given function.
Thus, the use of the terms “adapted” and “configured” should not be construed to mean that a
given element, component, or other subject matter is simply “capable of” performing a given
function but that the element, component, and/or other subject matter is specifically selected,
created, implemented, used, programmed, and/or designed for the purpose of performing the
function. Itis also within the scope of the present disclosure that elements, components, and/or
other recited subject matter that is recited as being adapted to perform a particular function may
additionally or alternatively be described as being configured to perform that function, and vice

versa.

[0025] As used herein, the phrase, “for example,” the phrase, “as an example,” and/or
simply the term “example,” when used with reference to one or more components, features,
details, structures, embodiments, and/or methods according to the present disclosure, are
intended to convey that the described component, feature, detail, structure, embodiment, and/or
method is an illustrative, non-exclusive example of components, features, details, structures,
embodiments, and/or methods according to the present disclosure. Thus, the described
component, feature, detail, structure, embodiment, and/or method is not intended to be limiting,
required, or exclusive/exhaustive; and other components, features, details, structures,
cmbodiments, and/or mcthods, including structurally and/or functionally similar and/or
equivalent components, features, details, structures, embodiments, and/or methods, are also

within the scope of the present disclosure.

[0026] As used herein, “fluid” refers to gases, liquids, and combinations of gases and

liquids, as well as to combinations of gases and solids, and combinations of liquids and solids.

[0027] Figures 1-10 provide examples of methods 200 and/or 1000, according to the

present disclosure, and/or of wells 20 including acoustic wireless networks 50 that may include
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and/or use the methods. Elements that serve a similar, or at least substantially similar, purpose
are labeled with like numbers in each of Figures 1-10, and these elements may not be discussed
in detail herein with reference to each of Figures 1-10. Similarly, all elements may not be
labeled in each of Figures 1-10, but reference numerals associated therewith may be used herein
for consistency. Elements, components, and/or features that are discussed herein with
reference to one or more of Figures 1-10 may be included in and/or used with any of Figures
1-10 without departing from the scope of the present disclosure. In general, elements that are
likely to be included in a particular embodiment are illustrated in solid lines, while elements
that are optional are illustrated in dashed lines. However, elements that are shown in solid lines
may not be essential and, in some embodiments, may be omitted without departing from the

scope of the present disclosure.

[0028] Figure | is a schematic representation of a well 20 configured to use methods 200,
and/or 1000 according to the present disclosure. Well 20 includes a wellbore 30 that extends
within a subsurface region 90. Wellbore 30 also may be referred to herein as extending
between a surface region 80 and subsurface region 90 and/or as extending within a subterranean
formation 92 that extends within the subsurface region. Subterranean formation 92 may
include a hydrocarbon 94. Under these conditions, well 20 also may be referred to herein as,

or may be, a hydrocarbon well 20, a production well 20, and/or an injection well 20.

[0029] Well 20 also includes an acoustic wireless network 50. The acoustic wireless
network also may be referred to herein as a downhole acoustic wireless network 50 and
includes a plurality of nodes 60, which are spaced-apart along a tone transmission medium 100
that extends along alength of wellbore 30. In the context of well 20, tone transmission medium
100 may include a downhole tubular 40 that may extend within wellbore 30, a wellbore fluid
32 that may extend within wellbore 30, a portion of subsurface region 90 that is proximal
wellbore 30, a portion of subterranean formation 92 that is proximal wellbore 30, and/or a
cement 34 that may extend within wellbore 30 and/or that may extend within an annular region
between wellbore 30 and downhole tubular 40. Downhole tubular 40 may define a fluid
conduit 44.

[0030] Nodes 60 may include one or more encoding nodes 62, which may be configured
to generate an acoustic tone 70 and/or to induce the acoustic tone within tone transmission
medium 100. Nodes 60 also may include one or more decoding nodes 64, which may be
configured to receive acoustic tone 70 from the tone transmission medium. A given node 60

may function as both an encoding node 62 and a decoding node 64 depending upon whether
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the given node is transmitting an acoustic tone (i.e., functioning as the encoding node) or
receiving the acoustic tone (i.e., functioning as the decoding node). Stated another way, the
given node may include both encoding and decoding functionality, or structures, with these
structures being selectively used depending upon whether or not the given node is encoding

the acoustic tone or decoding the acoustic tone.

[0031] In wells 20, transmission of acoustic tone 70 may be along a length of wellbore 30.
As such, the transmission of the acoustic tone may be linear, at least substantially linear, and/or
directed, such as by tone transmission medium 100. Such a configuration may be in contrast
to more conventional wireless communication methodologies, which generally may transmit a

corresponding wireless signal in a plurality of directions, or even in every direction.

[0032] Figure 2 is a flowchart depicting methods 200, according to the present disclosure,
of determining a major frequency of a received acoustic tone that is transmitted via a tone
transmission medium using histograms generated from the received acoustic tone. Methods
200 may be performed using any suitable structure and/or structures. As an example, methods
200 may be used by an acoustic wireless network, such as acoustic wireless network S0 of
Figure 1. Under these conditions, methods 200 may be used to communicate along a length of

wellbore 30.

[0033] Methods 200 include receiving a received acoustic tone at 210, estimating a
frequency of the received acoustic tone at 220, and separating a tone receipt time into a plurality
of time intervals at 230. Methods 200 also include calculating a frequency variation at 240,
selecting a subset of the plurality of time intervals at 250, and averaging a plurality of discrete
frequency values at 260. Methods 200 further may include transmitting a transmitted acoustic

tone at 270.

[0034] Receiving the received acoustic tone at 210 may include receiving with a decoding
node of an acoustic wireless network. Additionally or alternatively, the receiving at 210 may
include receiving from the tone transmission medium and/or receiving for a tone receipt time.
The receiving at 210 may include receiving for any suitable tone receipt time. As examples,
the tone receipt time may be at least 1 microsecond, at least 10 microseconds, at least 25
microseconds, at least 50 microseconds, at least 75 microseconds, or at least 100 microseconds.
The receiving at 210 also may include receiving at any suitable frequency, or tone frequency.
Examples of the tone frequency include frequencies of at least 10 kilohertz (kHz), at least 25
kHz, at least 50 kHz, at least 60 kHz, at least 70 kHz, at least 80 kHz, at least 90 kHz, at least
100 kHz, at least 200 kHz, at least 250 kHz, at least 400 kHz, at least 500 kHz, and/or at least
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600 kHz. Additionally or alternatively, the tone frequency may be at most 1 megahertz (MHz),
at most 800 kHz, at most 600 kHz, at most 400 kHz, at most 200 kHz, at most 150 kHz, at most
100 kHz, and/or at most 80 kHz.

[0035] The receiving at 210 may include receiving with any suitable decoding node, such
as decoding node 64 of Figure 1. Additionally or alternatively, the receiving at 210 may include
receiving with an acoustic tone receiver. Examples of the acoustic tone receiver include a
piezoelectric tone receiver, a piezoresistive tone receiver, a resonant MEMS tone receiver, a

non-resonant MEMS tone receiver, and/or a receiver array.

[0036] An example of a plurality of received acoustic tones is illustrated in Figure 3, while
an example of a single received acoustic tone is illustrated in Figure 4. Figures 3-4 both
illustrate amplitude of the received acoustic tone as a function of time (e.g., the tone receipt
time). As illustrated in Figures 3-4, the amplitude of the received acoustic tone may vary
significantly during the tone receipt time. This variation may be caused by non-idealities
within the tone transmission medium and/or with the tone transmission process. Examples of
these non-idealities are discussed herein and include acoustic tone reflection points within the
tone transmission medium, generation of harmonics during the tone transmission process,
ringing within the tone transmission medium, and/or variations in a velocity of the acoustic
tone within the tone transmission medium. Collectively, these non-idealities may make it
challenging to determine, to accurately determine, and/or to reproducibly determine the major

frequency of the received acoustic tone, and methods 200 may facilitate this determination.

[0037] Estimating the frequency of the received acoustic tone at 220 may include
estimating the frequency of the received acoustic tone as a function of time and/or during the
tone receipt time. This may include estimating a plurality of discrete frequency values received
at a corresponding plurality of discrete times within the tone receipt time and may be

accomplished in any suitable manner.

[0038] As an example, the received acoustic tone may include, or be, a received acoustic
wave that has a time-varying amplitude within the tone receipt time, as illustrated in Figures 3-
4. The time-varying amplitude may define an average amplitude, and the estimating at 220
may include measuring a cycle time between the time-varying amplitude and the average
amplitude (222), measuring a period of individual cycles of the received acoustic wave (224),

and/or measuring a plurality of zero-crossing times of the received acoustic wave (226).

[0039] The estimating at 220 may be used to generate a dataset that represents the
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frequency of the received acoustic tone as a function of time during the tone receipt time. An
example of such a dataset is illustrated in Figure 5. As may be seen in Figure 5 the frequency
of the received acoustic tone includes time regions where there is a relatively higher amount of
variation, such as the time regions from Ty to Ty and from T, to T3 in Figure 5, and a time
region where there is a relatively lower amount of variation, such as time region from T; to T,

in Figure 5.

[0040] Separating the tone receipt time into the plurality of time intervals at 230 may
include separating such that each time interval in the plurality of time intervals includes a subset
of the plurality of discrete frequency values that was received and/or determined during that
time interval. It is within the scope of the present disclosure that each time interval in the
plurality of time intervals may be less than a threshold fraction of the tone receipt time.
Examples of the threshold fraction of the tone receipt time include threshold fractions of less
than 20%, less than 15%., less than 10%, less than 5%, or less than 1%. Stated another way,
the separating at 230 may include separating the tone receipt time into at least a threshold
number of time intervals. Examples of the threshold number of time intervals includes at least
5, at least 7, at least 10, at least 20, or at least 100 time intervals. It is within the scope of the
present disclosure that a duration of each time interval in the plurality of time intervals may be
the same, or at least substantially the same, as a duration of each other time interval in the
plurality of time intervals. However, this is not required to all implementations, and the
duration of one or more time interval in the plurality of time intervals may differ from the

duration of one or more other time intervals in the plurality of time intervals.

[0041] Calculating the frequency variation at 240 may include calculating any suitable
frequency variation within each time interval and/or within each subset of the plurality of
discrete frequency values. The calculating at 240 may be performed in any suitable manner
and/or may calculate any suitable measure of variation, or frequency variation. As an example,
the calculating at 240 may include calculating a statistical parameter indicative of variability
within each subset of the plurality of discrete frequency values. As another example, the
calculating at 240 may include calculating a frequency range within each subset of the plurality
of discrete frequency values. As yet another example, the calculating at 240 may include
calculating a frequency standard deviation of, or within, each subset of the plurality of discrete
frequency values. As another example, the calculating at 240 may include scoring each subset

of the plurality of discrete frequency values.

[0042] As yet another example, the calculating at 240 may include assessing a margin, or
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assessing the distinctiveness of a given frequency in a given time interval relative to the other
frequencies detected during the given time interval. This may include using a magnitude and/or
a probability density to assess the distinctiveness and/or using a difference between a
magnitude of a most common histogram element and a second most common histogram

element within the given time mterval to assess the distinctiveness.

[0043] As a more specific example, and when the calculating at 240 includes calculating
the frequency range, the calculating at 240 may include binning, or separating, each subset of
the plurality of discrete frequency values into bins. This is illustrated in Figure 6. Therein, a
number of times that a given frequency (i.e., represented by bins 1-14) is observed within a
given time interval (i.e., represented by time intervals 1-10) is tabulated. A zero value for a
given frequency bin-time interval combination indicates that the given frequency bin was not
observed during the given time interval, while anon-zero number indicates the number of times

that the given frequency bin was observed during the given time interval.

[0044] Under these conditions, the calculating at 240 may include determining a span, or
range, of the frequency bins. In the example of Figure 6, the uppermost bin that includes at
least one count is bin 14, while the lowermost bin that includes at least one count is bin 11.

Thus, the span, or range, is 4, as indicated.

[0045] Selecting the subset of the plurality of time intervals at 250 may include selecting a
subset within which the frequency variation, as determined during the calculating at 240, is less
than a threshold frequency variation. Experimental data suggests that time intervals within
which the frequency variation is less than the threshold frequency variation represent time
intervals that are more representative of the major frequency of the received acoustic tone. As
such, the selecting at 250 includes selectively determining which time intervals are more
representative of, or more likely to include, the major frequency of the received acoustic tone,
thereby decreasing noise in the overall determination of the major frequency of the received

acoustic tone.

[0046] The selecting at 250 may include selecting a continuous range within the tone
receipt time or selecting two or more ranges that are spaced-apart in time within the tone receipt
time. Additionally or alternatively, the selecting at 250 may include selecting at least 2, at least

3, at least 4, or at least 5 time intervals from the plurality of time intervals.

[0047] The selecting at 250 additionally or alternatively may include selecting such that

the frequency variation within each successive subset of the plurality of discrete frequency

-10-



10

15

20

25

30

CA 030390799 2020-08-07

WO 2019/156966 PCT/US2019/016624

values decreases relative to a prior subset of the plurality of discrete frequency values and/or

remains unchanged relative to the prior subset of the plurality of discrete frequency values.

[0048] An example of the selecting at 250 is illustrated in Figure 6. In this example, time
intervals with a span of less than 10 are selected and highlighted in the table. These include

time intervals 1, 4, and 3.

[0049] Averaging the plurality of discrete frequency values at 260 may include averaging
within the subset of the plurality of time intervals that was selected during the selecting at 250
and/or averaging to determine the major frequency of the received acoustic tone. The
averaging at 260 may be accomplished in any suitable manner. As an example, the averaging
at 260 may include calculating a statistical parameter indicative of an average of the plurality
of discrete frequency values within the subset of the plurality of time intervals. As another
example, the averaging at 260 may include calculating a mean, median, or mode value of the

plurality of discrete frequency values within the subset of the plurality of time intervals.

[0050] As a more specific example, and with reference to Figures 6-7, the averaging at 260
may include summing the bins for the time intervals that were selected during the selecting at
250. As discussed, and using one criteria for the selecting at 250, bins 1, 4, and 5 from Figure 6
may be selected. The number of counts in these three bins then may be summed to arrive at
Figure 7, and the bin with the most counts, which represents the most common, or mode,
frequency of the selected time intervals, may be selected. In the example of Figure 7, this may
include selecting bin 12, or the frequency of bin 12, as the major frequency of the received

acoustic tone.

[0051] Transmitting the transmitted acoustic tone at 270 may include transmitting with an
encoding node of the acoustic wireless network. The transmitting at 270 may be subsequent,
or responsive, to the averaging at 260; and a transmitted frequency of the transmitted acoustic
tone may be based, at least in part, on, or equal to, the major frequency of the received acoustic
tone. Stated another way, the transmitting at 270 may include repeating, or propagating, the
major frequency of the received acoustic tone along the length of the tone transmission
medium, such as to permit and/or facilitate communication along the length of the tone

transmission medium.

[0052] According to an aspect of the disclosure, an acoustic telemetry packet may be sent
from node to node along a casing in a wellbore. A node in a fixed location, such as a

hydrophone, may listen to the telemetry progress down the acoustic wireless network and a
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representation of the received acoustic signal may be recorded. This representation is known
colloquially as a histogram or polyhistogram and may be generated as previously disclosed, or
by collecting zero-crossings interpreted in time bins, such as 1 millisecond-long bins, by a
receiver algorithm when receiving a telemetry packet. Other means of analyzing the frequency
and/or amplitude of a received acoustic signal may be used, such as: performing a Fourier
transform of the received acoustic signal; performing a fast Fourier transform (FFT) of the
received acoustic signal; performing a discrete Fourier transform of the received acoustic
signal; performing a wavelet transform of the received acoustic signal; performing a multiple
Ieast squares analysis of the received acoustic signal; margin, span with zero crossing rate
(ZCR); margin, span with Fast Fourier Transforms (FFT), and the like. The process of
identifying frequencies in a wireless network using histograms is described in co-pending and

commonly owned U.S. Patent Application Publication No. 2018/058,204.

[0053] As scen in Figures 8A-8D, each frequency transmitted by a given node has its own
pattern of higher and lower graded polyhistogram bins when received by a specific receiver.
These patterns or signatures, which may be termed tonal signatures, polyhistogram signatures,
or the like, vary by node due to the physical variability, however slight, of the node assembly
and installation, and also may be impacted by the distance from the transmitting node to the
receiving node. Furthermore, other non-idealities which may impact frequency signatures
and/or amplitude signatures include acoustic tone reflection points within the tone transmission
medium, generation of harmonics during the tone transmission process, ringing within the tone
transmission medium, variations in a velocity of the acoustic tone within the tone transmission
medium, the specific arrangement of distances and material properties (density, refraction
index, ctc.) unique to cach transmit/receiver pair of nodes. For example, Figure 8A shows a
polyhistogram signature 802 for a listener (such as a node in an acoustic wireless network)
when a specific node, such as node 12, transmits two specific tones. As shown in Figure 8B,
the listener may hear a similar polyhistogram signature 804 when node 12 later transmits the
same two tones. While the digits of the two polyhistogram signatures 802, 804 arc not
identical, known pattern recognition techniques may be used to determine that the signatures
are sufficiently similar for the purposes of identifying a unique source of the transmitted tones.
As shown in Figure 8C, the same listener hears a different polyhistogram signature 806 when
a different node, such as node 13, transmits the same two tones. The listener hears a
polyhistogram signature 808 when node 13 later transmits the same two tones. Polyhistogram
signature 808 is similar to polyhistogram signature 806, but differs from polyhistogram
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signatures 802 and 804.

[0054] The unique patterns or signatures are present not only in the time or frequency
domains, as viewable by the corresponding polyhistogram, but also in the amplitude domain,
as shown by Figures 9A-9F, due to the physical propagation of various acoustic modes through
the specific arrangement of distances and material properties (density, refraction index, etc.)
unique to the transmit/receiver pair of nodes. Figure 9A shows the time-based amplitude 902
of an acoustic signal from a transmitting node as received by a first receiving node. Both nodes
are part of an acoustic wireless network associated with a wellbore and are attached to a casing
of the wellbore. The first receiving node is positioned inches (centimeters) from the
transmitting node, but on the opposite side of the casing, i.e., 180 degrees around the casing.
Figure 9B shows the time-based amplitude 904 of the identical signal as it is received by a
second receiving node. The second receiving node is positioned inches (centimeters) from the
transmitting node, but on the same side of the casing. Figure 9C shows the time-based
amplitude 906 of the signal as it is received by a third receiving node. The third receiving node
is positioned 40 feet (13 meters) from the transmitting node, but on the opposite side of the
casing, 1.e., 180 degrees around the casing. Figure 9D shows the time-based amplitude 908 of
the signal as it is received by a fourth receiving node, which is positioned 40 feet (13 meters)
from the transmitting node, but on the same side of the casing. It can be seen that a signal is
received differently based on distance and position of a receiving node from a transmitting
node. Another example is shown in Figures 9E and 9F, which depict time-based amplitudes

910, 912 of a different signal as received by the third and fourth receiving nodes, respectively.

[0055] Because the received patterns or signatures — whether in the time, frequency, or
amplitude domains — are unique and repeatable for an extended duration between a given
transmit/receive set of nodes, multiple uses for the patterns or signatures can be derived.
Additionally, the unique received patterns or signatures are receiver-specific. In other words,
a signal from a first transmit/receive node to a second transmit/receive node will generate a
pattern or signature that is different from a pattern or signature generated by a signal from the
second transmit/receive node to the first transmit/receive node. The unique nature of the

patterns or signatures may be used to infer physical properties between two nodes.

[0056] Examples of uses of the disclosed aspects include using the unique frequency and/or
amplitude signatures defining links between signals defined between the various nodes to form
a network independent of human intervention. The unique frequency and/or amplitude

signatures can identify specific nodes, and the network may be established using the defined
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nodes. Such a network may adapt over time, and be optimized on a packet-by-packet basis,
either to changing physical environment, or by a specific goal for network use, such as
minimizing energy usage between nodes or the network as a whole, maximizing a data rate,
minimizing an error rate, minimizing latency, guarantecing a worst-case data rate, guaranteeing
a worst-case latency, autonomously balancing energy usage across multiple nodes,
autonomously balancing data transmission loads, and the like. The signatures may also be used
to infer physical properties between any two nodes, such as a changing nature of the
transmission medium, which in an aspect may be an acoustic transmission medium. In another
aspect, the unique signals may help determine, on a case-by-case basis, the networking
parameters between each node in the network. Such parameters may include locally-ideal
frequency bands or timing parameters, which may be tailored specifically for a particular
neighboring node that may be different from other nodes in the region, as described in

commonly-owned U.S. Patent Application No. 16/139,427.

[0057] In another aspect, a node may change its preferred communication partner to
another node in response (at least in part) to changes noted in the acoustic and/or frequency
signatures. Additionally or alternatively, a node may change one or more of its communication
parameters in response (at least in part) to changes noted in the signatures. Such
communication parameters may include ping time (i.e., the actual duration a signal is
transmitted), wait time (i.e., a predetermined duration after a ping time where no signal is
transmitted), symbol time (i.c., a duration equal to the sum of the ping time and its associated
wait time), transmit amplitude, type of error correction, bits per tone, type of data compression,
communication link prioritization, communication frequency band, modulation strategy, and
the like. These communication parameters may be selected for commumication between two

nodes, a group of nodes, or all nodes in the network.

[0058] In still another aspect, a communication link and/or a network parameter may be
changed or modified because the frequency signature and/or the amplitude signature of a
received signal is not as expected. For example, a pair of nodes may be transmitting and
receiving a series of signals. If one of the received signals, expected from or assumed to have
been sent from the receiving node, has a frequency signature and/or an amplitude signature that
is not in line with previously received signals from the receiving node, then the receiving node
may change or modify the communication link and/or network parameter(s) to maintain or

improve communication between the nodes and in the network overall.
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[0059] In an additional aspect, the frequency signature and/or the amplitude signature of a
received signal may be used to establish a preferred signal traversal path along part or all of the
network in terms of acoustic strength — instead of proximity. Such preferred signal path may
include various communication links and communication parameters at different locations

along the network.

[0060] In still another aspect of the disclosure, the frequency signature and/or the amplitude
signature of a received signal, once identified as being from a specific transmitting node in the
network, may itself be used as a unique identifier of the transmitting node. In this case, the
transmitting node does not need to include a node identifier in the message or data being
transmitted by the signal; the signature is sufficient to identify the transmitting node. The
signal can therefore be used to transmit actual information, thereby saving transmission power

and time.

[0061] Changes in the physical properties of received signals over time may be noted by
recording in memory the pattern changes over time. Such recorded signal changes may be
caused by and therefore used to determine changes in the physical surroundings such as the
contents of the wellbore tubular, rate of flow or flow regime of the contents, corrosion,
perforation or other tubular failure, changes in tubular thickness or eccentricity, potential
wellbore blockages, and the like. Changes in the signal over time may also be the result of
node hardware failures or declining battery power. Recording and analyzing the changes in

signal properties over time may permit one to predict and mitigate node failures.

[0062] The unique frequency/amplitude signatures of each node connection are affected by
their surroundings in the wellbore. By analyzing these signatures, it may be possible to
determine which node is most proximate to a condition of interest to be sensed using a node’s
onboard sensors. Such condition of interest may include a well perforation, a well inflow, a
wellbore blockage, a re-injection operation, a location of a wired or autonomous tool in the

well, and the like.

[0063] Advantages of the disclosed aspects are numerous. For example, node
identification and network assembly can occur without human intervention. Determination of
neighboring nodes may occur in terms of optimal acoustic strength instead of physical
proximity. This allows for automated assignment of non-sequential node identifications at the
time of manufacture, and the nodes may then be installed on the casing in arbitrary order but
tracked for physical location using barcode scans, RFID tags, etc. during installation into the

well). Other neighbor pairings may be optimized on a packet-by-packet basis based on another
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goal such as lowest energy usage, highest data (lowest error) rate, lowest latency, autonomous

load balancing, etc.

[0064] Another advantage is that dynamic optimization of networking parameters and
optimal communication partners may be performed on a case-by-case basis. Such optimization
increases network scalability, thereby supporting operation of a larger network such as in
deeper wells. For example, a neighboring node’s transmission characteristics may suggest that,

at a particular moment, the neighbor is unsuitable for conveying an important or large packet.

[0065] Another advantage is that with extremely sensitive dynamic systems, changes in the
physical properties of received signals over time may be noted by recording in memory the
pattern changes over time. Still another advantage is that locally-ideal frequency bands or
timing parameters can be tailored specifically for a particular neighboring node that may be
different from other nodes in the region, as described in commonly-owned U.S. Patent
Application No. 16/139,427, “Method and System for Performing Operations with
Communications” and filed October 13, 2017.

[0066] Still another advantage is that the disclosed wireless acoustic network can issue
predictive trouble tickets that focus operator intervention on high-risk nodes. Yet another
advantage is that the disclosed wireless acoustic network can determine which node is most

proximate to a condition of interest to be sensed using a node’s onboard sensors.

[0067] Figure 10 is a flowchart depicting a method 1000 of communicating using a wireless
network according to the present disclosure. The wireless network may be an acoustic wireless
network having a tone transmission medium. At block 1002 a wireless transmission of a signal
is received at a first node, where the received signal has a frequency signature and/or an
amplitude signature. At block 1004 the frequency signature and/or the amplitude signature of
the received signal is compared with a frequency signature and/or an amplitude signature of a
previously received signal received from a second node. At block 1006 it is determined
whether the frequency signature and/or the amplitude signature of the received signal and the
frequency signature and/or the amplitude signature of the previously received signal are within
a predetermined range of similarity. If so, at block 1008 the received signal and the previously
received signal are accepted as having been transmitted by the second node. At block 1010 the
received signal and the previously received signal are defined as identifying a communication

link between the first node and the second node.
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[0068] The acoustic wireless network and/or the nodes thereof, which are disclosed herein,
including acoustic wireless network S0 and/or nodes 60 of Figure 1, may include and/or be any
suitable structure, device, and/or devices that may be adapted, configured, designed,
constructed, and/or programmed to perform the functions discussed herein with reference to
any of the methods disclosed herein. As examples, the acoustic wireless network and/or the
associated nodes may include one or more of an electronic controller, a dedicated controller, a
special-purpose controller, a special-purpose computer, a display device, a logic device, a

memory device, and/or a memory device having computer-readable storage media.

[0069] The computer-readable storage media, when present, also may be referred to herein
as non-transitory computer readable storage media. This non-transitory computer readable
storage media may include, define, house, and/or store computer-executable instructions,
programs, and/or code; and these computer-executable instructions may direct the acoustic
wireless network and/or the nodes thereof to perform any suitable portion, or subset, of any of
the methods disclosed herein. Examples of such non-transitory computer-readable storage
media include CD-ROMs, disks, hard drives, flash memory, etc. As used herein, storage, or
memory, devices and/or media having computer-executable instructions, as well as computer-
implemented methods and other methods according to the present disclosure, are considered to
be within the scope of subject matter deemed patentable in accordance with Section 101 of
Title 35 of the United States Code.

[0070] In the present disclosure, several of the illustrative, non-exclusive examples have
been discussed and/or presented in the context of flow diagrams, or flow charts, in which the
methods are shown and described as a series of blocks, or steps. Unless specifically set forth
in the accompanying description, it is within the scope of the present disclosure that the order
of the blocks may vary from the illustrated order in the flow diagram, including with two or
more of the blocks (or steps) occurring in a different order and/or concurrently. Itis also within
the scope of the present disclosure that the blocks, or steps, may be implemented as logic,
which also may be described as implementing the blocks, or steps, as logics. In some
applications, the blocks, or steps, may represent expressions and/or actions to be performed by
functionally equivalent circuits or other logic devices. The illustrated blocks may, but are not
required to, represent executable instructions that cause a computer, processor, and/or other
logic device to respond, to perform an action, to change states, to generate an output or display,

and/or to make decisions.
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INDUSTRIAL APPLICABILITY

[0071] The wells and methods disclosed herein are applicable to the acoustic wireless
communication, to the hydrocarbon exploration, and/or to the hydrocarbon production

industries.

[0072] It 1s believed that the disclosure sct forth above encompasses multiple distinct
inventions with independent utility. While each of these inventions has been disclosed in its
preferred form, the specific embodiments thereof as disclosed and illustrated herein are not to
be considered in a limiting sense as numerous variations are possible. The subject matter of
the inventions includes all novel and non-obvious combinations and subcombinations of the
various elements, features, functions and/or properties disclosed herein. Similarly, where the
claims recite “a” or “a first” element or the equivalent thereof, such claims should be
understood to include incorporation of one or more such elements, neither requiring nor

excluding two or more such elements.

[0073] It is believed that the following claims particularly point out certain combinations
and subcombinations that are directed to one of the disclosed inventions and are novel and non-
obvious. Inventions embodied in other combinations and subcombinations of features,
functions, elements and/or properties may be claimed through amendment of the present claims
or presentation of new claims in this or a related application. Such amended or new claims,
whether they are directed to a different invention or directed to the same invention, whether
different, broader, narrower, or equal in scope to the original claims, are also regarded as

included within the subject matter of the inventions of the present disclosure.
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CLAIMS:

1. A method of communication using a wireless network, comprising:

at a first node, receiving a wireless transmission of a signal, the received signal
having a frequency signature and/or an amplitude signature;

comparing the frequency signature and/or the amplitude signature of the received
signal with a frequency signature and/or an amplitude signature of a previously received
signal from a second node; and

if the frequency signature and/or the amplitude signature of the received signal and
the frequency signature and/or the amplitude signature of the previously received signal are
within a predetermined range of similarity, accepting the received signal and the previously
received signal as having been transmitted by the second node and defining the received
signal and the previously received signal as a unique signal identifying a communication
link between the first node and the second node;

wherein the receiving step comprises receiving, with a decoding node of an acoustic
wireless network and from a tone transmission medium, a received acoustic tone for a tone
receipt time, and wherein the comparing step comprises:

estimating a frequency of the received acoustic tone, as a function of time, during
the tone receipt time, wherein the estimating includes estimating a plurality of discrete
frequency values received at a corresponding plurality of discrete times within the tone
receipt time;

separating the tone receipt time into a plurality of time intervals, wherein each time
interval in the plurality of time intervals includes a subset of the plurality of discrete
frequency values received during the time interval;

calculating a frequency variation within each subset of the plurality of discrete
frequency values;

selecting a subset of the plurality of time intervals within which the frequency
variation is less than a threshold frequency variation; and

averaging the plurality of discrete frequency values within the subset of the plurality

of time intervals to determine major frequency of the received acoustic tone.
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2. The method of claim 1, further comprising:
using the unique signal, forming the wireless network independent of user

intervention.

3. The method of claim 1, further comprising:

using the unique signal, adapting a connection in the wireless network.

4. The method of claim 3, wherein adapting the connection comprises adapting the

connection due to a changing physical environment.

5. The method of claim 3, wherein adapting the connection comprises adapting the

connection to optimize network communications.

6. The method of claim 5, wherein optimizing network communications comprises at
least one of minimizing energy usage in the wireless network, minimizing error rate,
maximizing data rate, minimizing latency, guaranteeing a worst-case data rate,
guaranteeing a worst-case latency, autonomously balancing energy usage across multiple

nodes, and autonomously balancing data transmission loads.

7. The method of claim 1, further comprising;

inferring physical properties between the first node and the second node based on
one or more of

the frequency signature and/or the amplitude signature of the received signal from
the first node, and

the frequency signature and/or the amplitude signature of the received signal from

the second node.
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8. The method of claim 1, further comprising:
recording, in a memory, changes to the frequency signature and/or the amplitude

signature of subsequently received signals at the first node.

9. The method of claim 1, further comprising:

using at least one of the frequency signature and/or the amplitude signature of the
received signal and the frequency signature and/or the amplitude signature of the previously
received signal, determining a node in the wireless network most proximate to a condition
of interest; and

sensing the condition of interest using sensors associated with the determined node.

10.  The method of claim 1, further comprising:

when the frequency signature and/or the amplitude signature of an expected
received signal and the frequency signature and/or the amplitude signature of the previously
received signal are not within a predetermined range of similarity, establishing a second
communication link between

one of the first node and the second node, and a third node,

prioritizing use of the second communication link over the first communication
link.

11.  The method of claim 1, further comprising:

when the frequency signature and/or the amplitude signature of an expected
received signal and the frequency signature and/or the amplitude signature of the previously
received signal are not within a predetermined range of similarity, modifying one or more

communication parameters of the communication link.

12.  The method of claim 11, wherein the one or more communication parameters
comprise ping time, wait time, symbol time, transmit amplitude, error correction type, bits
per tone, type of data compression, communication link prioritization, communication

frequency band, and modulation strategy.
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13.  The method of claim 1, further comprising:
identifying, from one of
the frequency signature and/or the amplitude signature of the received signal
and
the frequency signature and/or the amplitude signature of the previously
received signal
a risk to the communication link; and
transmitting, from one of the first node and the second node, a message to a third

node or to a user of the wireless communication network regarding the identified risk.

14.  The method of claim 1, further comprising:
establishing a preferred path of signal traversal along the network in terms of
optimal acoustic strength based at least in part on one or more of
the frequency signature and/or the amplitude signature of the received signal
from the first node, and
the frequency signature and/or the amplitude signature of the received signal

from the second node.

15.  The method of claim 1, further comprising: using the unique signal as a replacement

for an encoded node identifier in the received signal.

16. A well, comprising:
a wellbore that extends within a subterranean formation; and
a downhole acoustic wireless network including a plurality of nodes spaced-apart
along a length of the wellbore, wherein the plurality of nodes includes a decoding node;
a processor; and
non-transitory ~ computer  readable  storage media  including

computer-executable instructions that, when executed on the processor, direct the
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downhole acoustic wireless network to perform a process of communication
therewith, the process including:

at a first node of the plurality of nodes, receiving a wireless transmission of
a signal, the received signal having a frequency signature and/or an amplitude
signature;

comparing the frequency signature and/or the amplitude signature of the
received signal with a frequency signature and/or an amplitude signature of a
previously received signal from a second node of the plurality of nodes; and

if the frequency signature and/or the amplitude signature of the received
signal and the frequency signature and/or the amplitude signature of the previously
received signal are within a predetermined range of similarity, accepting the
received signal and the previously received signal as having been transmitted by the
second node and defining the received signal and the previously received signal as
a unique signal identifying a communication link between the first node and the
second node;

wherein the receiving step comprises receiving, with the decoding node of
an acoustic wireless network and from a tone transmission medium, a received
acoustic tone for a tone receipt time, and wherein the comparing step comprises:

estimating a frequency of the received acoustic tone, as a function of time,
during the tone receipt time, wherein the estimating includes estimating a plurality
of discrete frequency values received at a corresponding plurality of discrete times
within the tone receipt time;

separating the tone receipt time into a plurality of time intervals, wherein
each time interval in the plurality of time intervals includes a subset of the plurality
of discrete frequency values received during the time interval;

calculating a frequency variation within each subset of the plurality of
discrete frequency values;

selecting a subset of the plurality of time intervals within which the

frequency variation is less than a threshold frequency variation; and
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averaging the plurality of discrete frequency values within the subset of the
plurality of time intervals to determine major frequency of the received acoustic

tone.

17. A  non-transitory  computer readable storage medium including
computer-executable instructions that, when executed on a processor, direct an acoustic
wireless network to perform a process of communication using a wireless network,
comprising:

at a first node, receiving a wireless transmission of a signal, the received signal
having a frequency signature and/or an amplitude signature;

comparing the frequency signature and/or the amplitude signature of the received
signal with a frequency signature and/or an amplitude signature of a previously received
signal from a second node; and

if the frequency signature and/or the amplitude signature of the received signal and
the frequency signature and/or the amplitude signature of the previously received signal are
within a predetermined range of similarity, accepting the received signal and the previously
received signal as having been transmitted by the second node and defining the received
signal and the previously received signal as a unique signal identifying a communication
link between the first node and the second node;

wherein the receiving step comprises receiving, with a decoding node of an acoustic
wireless network and from a tone transmission medium, a received acoustic tone for a tone
receipt time, and wherein the comparing step comprises:

estimating a frequency of the received acoustic tone, as a function of time, during
the tone receipt time, wherein the estimating includes estimating a plurality of discrete
frequency values received at a corresponding plurality of discrete times within the tone
receipt time;

separating the tone receipt time into a plurality of time intervals, wherein each time
interval in the plurality of time intervals includes a subset of the plurality of discrete

frequency values received during the time interval;
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calculating a frequency variation within each subset of the plurality of discrete
frequency values;

selecting a subset of the plurality of time intervals within which the frequency
variation is less than a threshold frequency variation; and

averaging the plurality of discrete frequency values within the subset of the plurality

of time intervals to determine major frequency of the received acoustic tone.
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