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SYSTEMS AND METHODS FOR PRE-CORRELATION NOISE ATTENTUATION
USING RANDOM SWEEPS IN SEISMIC DATA PROCESSING

TECHNICAL FIELD

[0001] The present embodiments relate generally to seismic exploration systems and
methods, and more specifically to sweep signals associated with systems and methods for

seismic signal processing.

BACKGROUND

[0002] Seismic waves generated for the imaging of geological layers have been used for
more than 50 years. The most widely used waves are reflected waves and more precisely
reflected compressional waves. During some land seismic prospection operations, vibrator
equipment (also known as a “source”) generates a seismic motion that propagates in particular in
the form of a wave that 1s reflected on interfaces of geological layers. Alternatively other
sources of elastic waves can be used. These waves are received by, for example, geophones,
hydrophones or other types of recervers, which convert the received elastic waves 1into an
electrical signal which can be recorded and analyzed. For example, analysis of the arrival times
and amplitudes of these waves makes 1t possible to construct a representation of the geological

layers from which the waves are reflected.

[0003] Figure 1 depicts schematically a land seismic exploration system (system) 70 for
transmitting and recerving seismic waves intended for seismic exploration 1n a land environment.
At least one purpose of system 70 1s to determine the absence, or presence of hydrocarbon
deposits 44, or at least the probability of the absence or presence of hydrocarbon deposits 44,
which are shown 1n Figure 1 as being located 1n first sediment layer 16. System 70 comprises a
source consisting of a vibrator 71, located on first vehicle/truck 73a, operable to generate a
seismic signal (transmitted waves), a plurality of receivers 72 (e.g., geophones) for receiving
seismic signals and converting them into electrical signals, and seismic data acquisition system
200 (that can be located 1n, for example, vehicle/truck 73b) for recording the electrical signals

generated by receivers 72. Source 71, recervers 72, and data acquisition system 200, can be
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positioned on the surface of ground 75, and all interconnected by one or more cables 12. Figure
1 further depicts a single vibrator 71 as the source of transmitted elastic waves, but 1t should be
understood by those skilled 1n the art that the source can actually be composed of one or more
vibrators 71. Furthermore, vehicle 73b can communicate with vehicle 73a via antenna 240a,
240Db, respectively, wirelessly. Antenna 240c can facilitate communications between receivers

72 and second vehicle 73b and/or first vehicle 73a.

[0004] Vibrator 71 1s operated during acquisition so as to generate a seismic signal. This
signal propagates on the surface of ground 75, 1n the form of surface waves 74, and 1n the
subsoil, 1n the form of body waves 76 that generate reflected waves 78 when they reach an
interface 77 between two geological layers, first and second layers, 16 and 18, respectively.
Each receiver 72 receives both surface wave 74 and reflected wave 78 and converts them 1nto an
electrical signal in which are superimposed the component corresponding to reflected wave 78
and the component that corresponds to surface wave 74, the latter of which 1s usually considered

undesirable and should be filtered out as much as 1s practically possible.

[0005] The vibrator 71 applies a vertical force to earth 75 and unlike impulsive sources,
spreads the energy over time. This 1s accomplished by providing an input sweep signal to the
vibrator 71. The typical sweep signal of choice in the seismic exploration industry 1n recent

times has been the sine-wave up-sweep signal, s(7), expressed as a function of time as follows:
s(1) = Ao(t)cos(P(1)) (1),
where Ay 15 a constant and ¢(7) 1s a phase with an instantaneous phase value ¢ (¢) expressed as:
t
() =2m [ f(D)dr+ ¢, (2)

and an instantaneous frequency, f(7):

FO) = foin + Jy ST(DdT (3)

where 1,.;» 1s the minimum frequency, Sr is the positive sweep rate and ¢ 1s the initial phase .
As those of skill in the art can appreciate, sine-wave signals have low autocorrelation side-lobes,

and a meaningful instantaneous phase expression that was well suited for older generations of
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vibrator electronics performing phase-locking. The up-sweep signal, 1.e., a signal sweeping from
low-to-high frequencies, 1s the standard chosen for the behavior of cross correlated harmonic
distortion. With a positive sweep rate, however, undesirable energy 1s produced, 1.e., the

correlated harmonic distortion, which leaks towards the negative times following correlation.

[0006] An alternative to sine-wave upsweep signals as inputs to vibrators 71 are pseudo-
random sequence sweep signals, which are spectrally shaped to meet the bandwidth and
amplitude requirements for seismic investigation. Pseudo-random sequences are known to have
higher autocorrelation sidelobes than sine-wave sweeps and, for such signals, instantaneous
frequency has little meaning as this quantity assumes that a given frequency 1s concentrated

around a single time instant

[0007] Regardless of whether sine-wave sweeps or pseudo-random sweeps are used 1n
seismic acquisitions, the resulting acquired seismic data 1s processed to remove noise. For
example, various phenomena, both natural and man-made, may introduce noise bursts during
land seismic acquisitions. For example, vehicles traveling on roads nearby the area in which
seismic acquisition 1s being performed can generate such noise bursts. Impulsive noise bursts
acquired during seismic recording will undergo correlation or convolution processes which will

spread their energy over time 1n the process.

[0008] One technique used to mitigate noise-bursts 1s the so-called diversity stack
technique. The diversity stack technique requires acquisition of the same signal, several times, at
the same location, and then combining the results as a weighted sum, e.g., as described 1n U.S.
Patent No. 3,398,396, the disclosure of which 1s incorporated here by reference. While the
diversity stack 1s efficient at removing noise, there 1s a requirement for a listen time between

each sequence that makes 1t more expensive than a single longer sweep.

[0009] Accordingly, 1t would be desirable to provide methods and systems for the
generation of seismic signals, or more specifically sweep signals, that avoid the problems of

previous solutions, e.g., having to repeat measurements to employ the diversity stack technique.
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SUMMARY

[00010] An aspect of the embodiments 1s to substantially solve at least one or more of the
problems and/or disadvantages discussed above, and to provide at least one or more of the

advantages described below.

[00011] It 1s therefore a general aspect of the embodiments to provide a noise attenuation
technique for seismic data acquisition that will obviate or minimize problems previously
described, such as having to repeat measurements to employ the diversity stack technique for

noise attenuation.

[00012] According to a first aspect of the embodiments, a method for attenuating noise 1n
seismic data signals includes the steps of transmitting a pseudo-random frequency sweep signal,
acquiring seismic data resulting from said transmitted pseudo-random frequency sweep signal;

and attenuating noise from the acquired seismic data signals on a pre-phase subtraction basis.

[00013] According to another aspect of the embodiments, a method for attenuating noise
1in seismic data signals includes the steps of transmitting a pseudo-random frequency sweep
signal, recerving, digitizing and storing seismic data, generated from the step of transmitting, as
acquired seismic data, defining one or more windows for the acquired seismic data, detecting
noise 1n each of the one or more windows of the acquired seismic data, attenuating noise from
the acquired seismic data signal 1n each of the one or more windows on a pre-correlation basis to
generate substantially noise free signal data for each of the one or more windows; performing a
correlation process on the substantially noise free signal data for each of the one or more
windows; determining a period length of the attenuated noise signal; weighting the substantially
noise free signal data for each of the one or more windows with a signal that 1s inversely
proportional to the ratio of the period length of the attenuated noise signal over the pseudo
random frequency sweep signal length; and performing further processing and/or displaying of

the weighted substantially noise free signal data for each of the one or more windows.

[00014] According to another aspect of the embodiments, a system for attenuating noise 1n
seismic data signals includes at least one source configured to transmit a pseudo-random

frequency sweep signal, at least one recerver configured to acquire seismic data resulting from
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the transmitted pseudo-random frequency sweep signal, and at least one processor configured to

attenuate noise from the acquired seismic data signals on a pre-phase subtraction basis.

BRIEF DESCRIPTION OF THE DRAWINGS

[00015] The above and other aspects and features of the embodiments will become
apparent and more readily appreciated from the following description of the embodiments with
reference to the following figures, wherein like reference numerals refer to like parts throughout

the various figures unless otherwise specified, and wherein:

[00016] Figure 1 depicts a system for transmitting and receirving seismic waves intended

for seismic exploration 1n a land environment;

[00017] Figure 2 depicts a frequency v. time plot of a sine wave linear frequency sweep as

an mput for a seismic vibrator;

[00018] Figure 3 1illustrates a frequency v. time plot of a pseudo-random frequency sweep

as an input for a seismic vibrator;

[00019] Figure 4 1llustrates a frequency v. amplitude plot of the sine wave sweep signal of
Figure 2;

[00020] Figure 5 1illustrates a frequency v. amplitude plot of the pseudo-random sweep
signal of Figure 3;

(00021} Figure 6 depicts a frequency v. time plot of a sine wave linear frequency sweep as

an mput for a seismic vibrator with a two second notch filtering;

[00022] Figure 7 1llustrates a frequency v. time plot of a pseudo-random frequency sweep

as an input for a seismic vibrator with a two second notch filtering;

[00023] Figure 8 1llustrates a frequency v. amplitude plot of the sine wave sweep signal of

Figure 6 with a two second notch filtering;

[00024] Figure 9 1illustrates a frequency v. amplitude plot of the pseudo-random sweep

signal of Figure 7 with a two second notch filtering;
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[00025] Figure 10 1llustrates a flow chart of a method for attenuating noise 1n seismic data

signals on a pre-phase subtraction basis using random sweeps according to an embodiment;

[00026] Figure 11 1illustrates a thresholding noise 1dentification technique for use with the

method described 1in Figure 10 according to an embodiment;

[00027] Figure 12 illustrates a weighting noise 1dentification technique for use with the

method described 1in Figure 10 according to an embodiment;

[00028] Figures 13-18 illustrate application of the method 1llustrated in Figure 10 for
attenuating noise 1n seismic data signals on a pre-phase subtraction basis using random sweeps

according to an embodiment;

[00029] Figure 19 1illustrates an amplitude versus frequency graph of correlated data
betore processing (line A, corresponding to Figure 16) and correlated data after processing

according to an embodiment (line B, corresponding to Figure 17); and

[00030] Figure 20 1llustrates a land seismic data acquisition system suitable for use to
implement a method for attenuating noise 1n seismic data signals on a pre-phase subtraction basis

using random sweeps according to an embodiment.
DETAILED DESCRIPTION

[00031] The embodiments are described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the inventive concept are shown. In the
drawings, the size and relative sizes of layers and regions may be exaggerated for clarity. Like
numbers refer to like elements throughout. The embodiments may, however, be embodied 1n
many different forms and should not be construed as limited to the embodiments set forth herein.
It will be apparent to one skilled 1n the art, however, that at least some embodiments may be
practiced without one or more of specific details described herein. In other instances, well-
known components or methods are not described 1n details or are presented 1n simple block
diagram format 1in order to avoid unnecessarily obscuring the embodiments. The scope of the
embodiments 1s therefore defined by the appended claims. The following embodiments are
discussed, for simplicity, with regard to the terminology and structure of a land seismic

exploration system. However, the embodiments to be discussed next are not limited to these
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systems but may be applied to other seismic exploration systems that are affected by noisy

environments.

[00032] Reference throughout the specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described 1n connection with an
embodiment 1s included 1n at least one embodiment of the present embodiments. Thus, the
appearance of the phrases “in one embodiment” on “1n an embodiment” 1n various places
throughout the specification 1s not necessarily referring to the same embodiment. Further, the
particular feature, structures, or characteristics may be combined 1n any suitable manner 1n one

or more embodiments.

[00033] According to embodiments described more fully below, methods and systems
take advantage of a characteristic of pseudo-random sweep signals that, when muted, they do not
exhibit the same spectral notching as muted sine-wave sweep signals, which characteristic
enables noise attenuation techniques which do not rely upon the repetitive measurements
associated with diversity stacking. For example, according to an embodiment, a method for
attenuating noise 1n seismic data signals involves transmitting a pseudo-random frequency sweep
signal, acquiring seismic data resulting from said transmitted pseudo-random frequency sweep
signal; and attenuating noise from said acquired seismic data signals on a pre-phase subtraction
basis.

[00034] Prior to describing such embodiments, 1t 1s useful to understand this characteristic
of pseudo-random sweep signals relative to sine-wave sweep signals. Generally, sine-wave
sweeps can be defined as described above and, for more information regarding pseudo-random
sweeps, the interested reader 1s referred to the conference article “Broadband Vibroseis Using
Simultaneous Pseudorandom Sweeps”, 2008 SEG Annual Meeting, November 9 - 14, 2008, Las
Vegas, Nevada, pages 100-104, the disclosure of which 1s incorporated herein by reference.
Consider 1n this regard, an example of a sine-wave sweep signal 250 1n Figure 2, plotted as a
function of frequency versus time, and a corresponding pseudo-random sweep signal 350, also
plotted as a function of frequency versus time shown 1in Figure 3. Although the time-frequency
plots 1n Figures 2 and 3 are quite different, sweep signals 250 and 350 can be said to be
corresponding at least in the sense that they have substantially similar spectral bandwidths as

1llustrated by Figures 4 and 5 (amplitude (A) versus frequency (F) plots) which correspond to
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sweep signals 250 and 350, respectively, and 1n that they could be used to perform similar land

seismic acquisitions as alternative inputs to the same vibrator 71.

[00035] By comparing Figures 2 and 3, 1t can be seen that, for sine-wave sweeps, a given
frequency 1s concentrated around a single time instant, which 1s not the case for pseudo-random
sweeps. This means that attenuating or muting the sine-wave sweep prior to phase subtraction,
e.g., correlation, would be expected to damage the spectrum, whereas attenuating or muting the
pseudo-random sweep would not be expected to do so. Figures 6 and 7 1llustrate the impact of a
two second mute 1n the middle of sweeps 250 and 350, respectively. Shown 1n the frequency
domain 1n Figures 8 and 9, 1t can be seen that sine-wave sweep 250 experiences a spectral notch
800 as a result of the mute, whereas pseudo-random sweep 350 does not. Among other things,
this characteristic of pseudo-random sweeps 1s exploited 1n designing noise attenuation

techniques for seismic data according to the following embodiments.

[00036] Figure 10 1llustrates, according to an embodiment, a flowchart of a method 1000
for attenuating noise 1n seismic data signals such that ambient, or anomalous noise can be

attenuated on a pre-correlation basis. According to an embodiment, a transmitted pseudorandom
frequency sweep signal, which can be defined as a transmitted seismic signal, or transmitted

vibrator signal, emits all frequencies (within the transmitted frequency sweep range, 1.e., within

Jinitial £O _frinal, Where fininar 15 the starting frequency of the frequency sweep, and /s, 1s the ending

frequency of the frequency sweep, e.g., 10 Hz to 100 Hz, according to an embodiment), at all
times (during the frequency sweep transmission period). Thus, step 1002 involves generating
and transmitting a pseudo-random sweep signal based on, for example, at least the following

parameters according to an embodiment: (1) a start frequency, fi.iza; (2) a stop or end frequency,

Jrnar, (3) a pseudo-random frequency generator; (4) a sweep period; and (5) transmission

amplitude, among others. As those of skill in the art can appreciate, such list of a pseudo-
random frequency sweep signal parameters 1s not complete, but sufficient for purposes of
discussion of the embodiments disclosed herein, and for the further dual purposes of clarity and

brevity.

[00037] Following method step 1002, method 1000 proceeds next to method step 1004,

wherein uncorrelated seismic records resulting from the transmitted pseudo-random sweep
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sequences as described 1n reference to step 1002 are acquired. In typical seismic processing
systems 200, as discussed 1n greater detail below, the acquired signals are received, typically
digitized, and stored (and subjected to oftentimes extensive subsequent processing). In step
1006, method 1000 "windows" or breaks into a plurality of different groups, the acquired
uncorrelated seismic data records, and 1n step 1008, method 1000 detects anomalous noise bursts

1in the acquired uncorrelated seismic data records.

[00038] As known to those of skill in the art, numerous methods exist for the detection
and removal of noise, and according to an embodiment, one or more of these can be used for the
detection of anomalous noise bursts 1n the acquired uncorrelated seismic data records.
According to an embodiment, one aspect 1s to detect anomalous amplitudes along a single trace.
Attenuation of seismic waves strongly depends on their wavelengths: the shorter the period, the
oreater the amount of energy that 1s dissipated over a given distance. As mentioned earlier, with
sine-wave sweeps, the localized frequency content 1s a function of time, and therefore the
attenuation 1s also a function of time. This 1s not, however, the case with pseudo-random

sequences which makes anomalous amplitude detection along a trace easier.

[00039] Listed and described below are several methods, among many, that can be used to
detect anomalous noise bursts 1n the acquired uncorrelated seismic data records according to an
embodiment. As those of skill in the art can appreciate, method 1000 should not be construed as
being limited to any on these particular noise attenuation methods, and any one of them, among

others, are to be considered to be within different aspects of the embodiments disclosed herein.

[00040] Figure 11 1llustrates a thresholding noise 1dentification technique 1100 for use
with method 1000 described 1n Figure 10 according to an embodiment. Thresholding
techniques, as their name 1implies, generally involves the determination first of a threshold, and
then the elimination of data that exceeds the threshold. Method 1100 for noise 1dentification
begins with optional step 1102, in which the trace data obtained from a time window has 1ts root
mean square (RMS) value determined, the RMS value 1s stored and then, in step 1104, each trace
data 1s divided by the RMS value. The resultant 1s the new trace data. Then, in method step
1106, method 1100 computes any of the following values: the envelope of the trace signal in the

time window; the signal energy 1n the time window; and the RMS value of the signal 1in the time
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window. Respectively, the results are referred to as the envelope value, the signal energy value,
and the RMS value. In method step 1108, method 1100 again has several options: 1t can use any
one of the values determined 1n step 1106 as a hard threshold value; 1t can compute the mean
value of the trace data 1n the time window and use any one of the values determined 1n step 1106
as a deviation of the mean; and 1t can compute the median of the trace values 1n the time window

and use any one of the values determined 1n step 1106 as a deviation from the computed median.

[00041] In step 1110, method 1100 then compares the trace data (with or without optional
method steps 1102 and 1104) to any one of the determined threshold values determined 1n step
1108. According to an embodiment, any one of the quantities determined 1n step 1106 can be
used with any one of the threshold values determined 1n accordance with step 1108, according to
an embodiment. In step 1110, any trace data that exceeds the selected threshold value 1s
discarded as noise data. Then, 1f step 1104 was applied, each trace 1s multiplied by the stored

RMS values to produce the new trace data.

[00042] Figure 12 illustrates another noise identification technique, 1.e., a weighting noise
1dentification technique 1200, which can alternatively be used in method steps 1008 and 1010
according to another embodiment. Weighting techniques differ from the above-described
thresholding techniques by, for example, assigning weights to time windows or samples that are
a continuous function of the quantity used (e.g., envelope of the signal 1n the window, signal
energy of the signal in the window, or RMS value of the signal in the window). As such, the
thresholding techniques discussed above can be seen as a particular case of those techniques, 1n

which the function 1s a step function of 1 below the threshold, and O above.

[00043] Method 1200 for noise identification begins with optional step 1202, 1n which the
trace data 1s obtained from a time window 1ts root mean square (RMS) value 1s determined, the
RMS 1s stored and then, 1n step 1204, each trace data 1s divided by the RMS value. The resultant
1s the new trace data. Then, in method step 1206, method 1200 computes any of the following
values: the envelope of the trace signal in the time window; the signal energy 1n the time
window; and the RMS value of the signal in the time window. Respectively, the results are

referred to as the envelope value, the signal energy value, and the RMS value.



10

15

20

25

30

CA 02940175 2016-08-18

WO 2015/125010 PCT/IB2015/000263

11

[00044)] In method step 1208, method 1200 again has several options: 1t can use any one of
the values determined 1n step 1206 as a basis for computing a weight for the time window.
According to an embodiment, the weighting 1s a continuous function of the selected value and
can, for example, be implemented as a cosine taper as will be appreciated by those skilled 1n the
art. In method step 1212, method 1200 applies (1.e., multiplies) the weighting function
determined 1n step 1208 to each window. Then, 1n method step 1212, method 1200 determines a
sum of the weights, and normalizes the weighted trace data. The resultant 1s trace data with
noise removed or eliminated by the continuous weighting function. Then, 1f step 1204 was

applied, each trace 1s multiplied by the stored RMS values to produce the new trace data.

[00045] As discussed above, there are several methods for the detection of anomalous
noise bursts 1n the acquired uncorrelated seismic data records according to an embodiment. One
other such method or technique, 1n addition to the two discussed 1n greater detail above (1.e., the
methods illustrated in Figures 11 and 12) includes techniques involving spatial coherency. Such
methods include 2 or 3D prediction error filtering in common receirver or cross-spread domain as,
for example, described 1n the article “Signal-preserving random noise attenuation by the f-x
projection’”, by Robert Soubaras, SEG Technical Program Expanded Abstracts 1994: pp. 1576-
1579, the disclosure of which 1s incorporated herein by reference. As known to those of skill 1n
the art, spatial coherency can be used to detect outliers (1.e., anomalous noise bursts). According
to an embodiment, one requirement for the use of spatial coherency as a means for 1dentifying
anomalous noise 1s that the noise source be spatially incoherent in the domain used. For
example, single trace spikes can be detected 1n the shot domain, while traffic noise would be
spotted 1n the recerver domain. This can be applied to the techniques described above, by

looking for outliers by comparing adjacent shots.

[00046] Stated differently, those skilled 1in the art will appreciate that shot locations are
acquired sequentially. When looking at all shots for a single receiver, the wavetfield recorded 1s
coherent. Now 1f a vehicle moves near the receiver during a few shots and then stops, the
vehicle noise 1tself looks erratic on the collection of shots for the single recerver. This
inconsistency 1s used to detect an event as unwanted noise, and then replaced by an interpolation
of neighboring shots. This 1s done 1n the frequency-space domain (thus f-x) by using spatial

prediction or projection.
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[00047] Having described various ways in which noise detection step 1008 can be
performed, the discussion returns to the overall method of Figure 10. Once method 1000 detects
the noise bursts, 1t can then attenuate or mute them 1n method step 1010. Note that 1n regard to
the descriptions of the methods 1llustrated in Figures 11 and 12, and described herein, each
contains, as a final step, the elimination of the detected noise bursts. However, for purposes of
describing method 1000, 1t will be presumed that each of said methods for determining noise
bursts merely detects them, and then method 1000 attenuates or mutes them according to an
embodiment, in method step 1010. Following step 1010, method 1000 correlates the remaining
"clean" data, or performs a source de-convolving procedure, the method(s) of which are known
to those of skill in the art. Herein, the phrase “phase subtraction” (1.e., with a synthetic or
measured signature) 1s meant to be generic at least to either correlation or source de-convolution.
In method step 1014, method 1000 performs an optional step of determining a period of the
attenuated anomalous noise according to an embodiment. Methods for determining this period
are known to those of skill in the art. In further optional step 1016, the output data traces
(product of step 1012), which have had the anomalous noise attenuated, and are not correlated
and/or de-convoluted (because they were attenuated 1n step 1010), are weighted 1n an inverse
proportional manner with the period of the attenuated anomalous noise, as determined 1n method
step 1014. Then, 1n method step 1018, further processing 1s performed and/or displaying of the
seismic data processed 1n accordance with the steps of method 1000 according to an
embodiment. Results of such processing according to method 1000 using actual field data are

shown and described below 1n reference to Figures 13-18.

[00048] Figures 13-19 1llustrate application of the technique of the method of Figure 10 on
shot gathers acquired using pseudo-random sweeps according to an embodiment. The area
imaged was close to a road and records suffered from traffic noise, as shown on the uncorrelated
records 1in Figure 13, wherein the noise 1s labeled "vehicle noise." As can be seen, the noise 1s a
slanted noise stripe that represents the noise generated by vehicles moving along the line while
seismic data 1s recorded. As expected, although trace noise 1s confined to a certain time on a
given sensor on uncorrelated data (Figure 13), when subjected to correlation, the noise spreads
over the whole record length as shown 1n Figure 16. Because 1t 1s spread over the whole record

length, 1ts impact appears to be more severe than 1n the uncorrelated data. Figure 13 thus
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corresponds to the output of method step 1004 according to an embodiment. Figure 14 1llustrates
the output of method step 1010, wherein anomalous noise 1s attenuated using one of the means
for de-noising as discussed 1n regard to Figures 11 and 12, or other means for attenuating noise
as discussed herein. Figure 15 1llustrates the difference between Figures 13 and 14, thus

showing just the noise 1n the original data record.

[00049] Figure 16, as discussed above, 1s the data record shown 1n Figure 13, but once 1t
has been subjected to a correlation step (1.e., similar to what occurs 1n step 1012 of method 1000,
but without first de-noising the data record). Figure 17 1llustrates the de-noising process of
method step 1010 performed on the data record of Figure 16. The difference between Figures 16
and 17, 1.e., the correlated noise difference shown 1n Figure 18, 1s not the same as that shown 1n
Figure 15 according to an embodiment, because there 1s more noise resulting from the
correlation process being performed on the noisy data record of Figure 13. That 1s, the step of
correlation of a noise signal spreads the noise 1n the data, making 1t more difficult to detect and
remove. Figure 19 1llustrates an amplitude versus frequency graph of correlated data before
processing (line A, corresponding to Figure 16) and correlated data after processing according to
an embodiment (line B, corresponding to Figure 17). The significance of Figure 19 1s to
1llustrate that the relative power between the two signals has not substantially changed, even

though noise has been substantially eliminated.

[00050] Figure 20 1llustrates a seismic data acquisition system (system) 200 suitable for
use to implement methods 1100 and 1200 for attenuating noise 1n seismic data signals on a pre-
correlation basis using pseudo-random frequency sweep signal according to an embodiment.
System 200 1ncludes, among other 1tems, server 1901, source/recerver interface 1902, internal
data/communications bus (bus) 1904, processor(s) 1908 (those of ordinary skill in the art can
appreciate that in modem server systems, parallel processing 1s becoming increasingly prevalent,
and whereas a single processor would have been used 1n the past to implement many or at least
several functions, 1t 1s more common currently to have a single dedicated processor for certain
functions (e.g., digital signal processors) and therefore could be several processors, acting in

serial and/or parallel, as required by the specific application), universal serial bus (USB) port

1910, compact disk (CD)/digital video disk (DVD) read/write (R/W) drive 1912, floppy diskette
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drive 1914 (though less used currently, many servers still include this device), and data storage

unit 1932.

[00051] Data storage unit 1932 1tself can comprise hard disk drive (HDD) 1916 (these can
include conventional magnetic storage media, but, as 1s becoming increasingly more prevalent,
can include flash drive-type mass storage devices 1924, among other types), ROM device(s)
1918 (these can include electrically erasable (EE) programmable ROM (EEPROM) devices,
ultra-violet erasable PROM devices (UVPROMs), among other types), and random access
memory (RAM) devices 1920. Usable with USB port 1910 1s flash drive device 1924, and
usable with CD/DVD R/W device 1912 are CD/DVD disks 1934 (which can be both read and
write-able). Usable with diskette drive device 1914 are tloppy diskettes 1937. Each of the
memory storage devices, or the memory storage media (1916, 1918, 1920, 1924, 1934, and 1937,
among other types), can contain parts or components, or 1n 1ts entirety, executable software
programming code (software) 1936 that can implement part or all of the portions of the method
described herein. Further, processor 1908 itself can contain one or different types of memory
storage devices (most probably, but not 1n a limiting manner, RAM memory storage media 1920)

that can store all or some of the components of software 1936.

[00052] In addition to the above described components, system 200 also comprises user
console 1935, which can include keyboard 1928, display 1926, and mouse 1930. All of these
components are known to those of ordinary skill in the art, and this description includes all
known and future variants of these types of devices. Display 1926 can be any type of known
display or presentation screen, such as liquid crystal displays (LCDs), light emitting diode
displays (LEDs), plasma displays, cathode ray tubes (CRTs), among others. User console 1935
can include one or more user interface mechanisms such as a mouse, keyboard, microphone,
touch pad, touch screen, voice-recognition system, among other inter-active inter-communicative

devices.

[00053] User console 19335, and 1ts components 1f separately provided, interface with
server 1901 via server input/output (I/O) interface 1922, which can be an RS232, Ethernet, USB
or other type of communications port, or can include all or some of these, and further includes

any other type of communications means, presently known or further developed. System 200
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can further include communications satellite/global positioning system (GPS) transceiver device
1938 (to receive signals from GPS satellites 1948), to which 1s electrically connected at least one
antenna 240 (according to an embodiment, there would be at least one GPS receive-only antenna,
and at least one separate satellite bi-directional communications antenna). System 200 can
access internet 1942, either through a hard wired connection, via I/O interface 1922 directly, or

wirelessly via antenna 240, and transceiver 1938.

[00054] Server 1901 can be coupled to other computing devices, such as those that operate
or control the equipment of vehicles 73a,b, via one or more networks. Server 1901 may be part
of a larger network configuration as 1n a global area network (GAN) (e.g., internet 1942), which

ultimately allows connection to various landlines.

[00055] According to a further embodiment, system 200, being ostensibly designed for
use 1n seismic exploration, will interface with one or more sources 71 and one or more receivers
72. These, as previously described, are attached to cables 12. As further previously discussed,
sources 71 and recetvers 72 can communicate with server 1901, via input/output port 1906 and
source/recerver interface 1902, either through electrical cable 12, or via a wireless system that
can communicate via antenna 240 and transceiver 1938 (collectively described as

communications conduit 1946).

[00056] According to further embodiments, user console 1935 provides a means for
personnel to enter commands and configuration into system 200 (e.g., via a keyboard, buttons,
switches, touch screen and/or joy stick). Display device 1926 can be used to show: visual
representations of acquired data; source 71 and recerver 72 position and status information;
survey information; and other information important to the seismic data acquisition process.
Source and recerver interface unit 1902 can also communicate bi-directionally with sources 71
and receirvers 72 via communication conduit 1946 to recerve land seismic data and status
information related to sources 71 and receivers 72, and to provide excitation signals and control

signals to source 71 and recervers 72.

[00057] Bus 1904 allows a data pathway for items such as: the transfer and storage of data
that originate from either the source sensors or streamer receivers; for processor 1908 to access

stored data contained 1n data storage unit memory 1932; for processor 1908 to send information
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for visual display to display 1926; or for the user to send commands to system operating
programs/software 1936 that might reside 1n either the processor 1908 or the source and recerver

intertace unit 1902.

[00058] System 200 can be used to implement methods 1000 and 2000 for attenuating
noise 1n seismic data signals on a pre-correlation basis using random sweeps according to an
embodiment. Hardware, firmware, software or a combination thereof may be used to perform
the various steps and operations described herein. According to an embodiment, software 1936
for carrying out the above discussed steps can be stored and distributed on multi-media storage
devices such as devices 1916, 1918, 1920, 1924, 1934, and/or 1937 (described above) or other
form of media capable of portably storing information (e.g., umiversal serial bus (USB) flash
drive 1924). These storage media may be inserted into, and read by, devices such as the CD-

ROM drive 1912, disk drives 1914, 1916, among other types of software storage devices.

[00059] As also will be appreciated by one skilled 1n the art, the various functional aspects
of the embodiments may be embodied 1n a wireless communication device, a telecommunication
network, as a method or 1n a computer program product. Accordingly, the embodiments may
take the form of an entirely hardware embodiment or an embodiment combining hardware and
software aspects. Further, the embodiments may take the form of a computer program product
stored on a computer-readable storage medium having computer-readable instructions embodied
in the medium. Any suitable computer-readable medium may be utilized, including hard disks,
CD-ROMs, digital versatile discs (DVDs), optical storage devices, or magnetic storage devices
such a floppy disk or magnetic tape. Other non-limiting examples of computer-readable media

include flash-type memories or other known types of memories.

[00060] Further, those of ordinary skill in the art in the field of the embodiments can
appreciate that such functionality can be designed into various types of circuitry, including, but
not limited to field programmable gate array structures (FPGAs), application specific integrated
circuitry (ASICs), microprocessor based systems, among other types. A detailed discussion of
the various types of physical circuit implementations does not substantively aid 1n an
understanding of the embodiments, and as such has been omitted for the dual purposes of brevity

and clarity. However, as well known to those of ordinary skill in the art, the systems and
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methods discussed herein can be implemented as discussed, and can further include

programmable devices.

[00061] Such programmable devices and/or other types of circuitry as previously
discussed can include a processing unit, a system memory, and a system bus that couples various
system components including the system memory to the processing unit. The system bus can be

any of several types of bus structures including a memory bus or memory controller, a peripheral

10

15

20

25

bus, and a local bus using any of a variety of bus architectures. Furthermore, various types of
computer readable media can be used to store programmable 1nstructions. Computer readable
media can be any available media that can be accessed by the processing unit. By way of
example, and not limitation, computer readable media can comprise computer storage media and
communication media. Computer storage media includes volatile and nonvolatile as well as
removable and non-removable media implemented 1n any method or technology for storage of
information such as computer readable instructions, data structures, program modules or other
data. Computer storage media includes, but 1s not Iimited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CDROM, digital versatile disks (DVD) or other optical
disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the desired information and which can
be accessed by the processing unit. Communication media can embody computer readable
instructions, data structures, program modules or other data 1n a modulated data signal such as a
carrier wave or other transport mechanism and can include any suitable information delivery

media.

[00062] The system memory can include computer storage media 1n the form of volatile
and/or nonvolatile memory such as read only memory (ROM) and/or random access memory
(RAM). A basic input/output system (BIOS), containing the basic routines that help to transfer
information between elements connected to and between the processor, such as during start-up,
can be stored in memory. The memory can also contain data and/or program modules that are
immediately accessible to and/or presently being operated on by the processing unit. By way of
non-limiting example, the memory can also include an operating system, application programs,

other program modules, and program data.
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[00063] The processor can also include other removable/non-removable and
volatile/nonvolatile computer storage media. For example, the processor can access a hard disk
drive that reads from or writes to non-removable, nonvolatile magnetic media, a magnetic disk
drive that reads from or writes to a removable, nonvolatile magnetic disk, and/or an optical disk
drive that reads from or writes to a removable, nonvolatile optical disk, such as a CD-ROM or
other optical media. Other removable/non-removable, volatile/nonvolatile computer storage
media that can be used 1n the operating environment include, but are not limited to, magnetic
tape cassettes, flash memory cards, digital versatile disks, digital video tape, solid state RAM,
solid state ROM and the like. A hard disk drive can be connected to the system bus through a
non-removable memory interface such as an interface, and a magnetic disk drive or optical disk

drive can be connected to the system bus by a removable memory interface, such as an interface.

[00064] The embodiments discussed herein can also be embodied as computer-readable
codes on a computer-readable medium. The computer-readable medium can include a computer-
readable recording medium and a computer-readable transmission medium. The computer-
readable recording medium 1s any data storage device that can store data which can be thereafter
read by a computer system. Examples of the computer-readable recording medium include read-
only memory (ROM), random-access memory (RAM), CD-ROMs and generally optical data
storage devices, magnetic tapes, flash drives, and floppy disks. The computer-readable recording
medium can also be distributed over network coupled computer systems so that the computer-
readable code 1s stored and executed 1n a distributed fashion. The computer-readable
transmission medium can transmit carrier waves or signals (e.g., wired or wireless data
transmission through the Internet). Also, functional programs, codes, and code segments to,
when implemented 1n suitable electronic hardware, accomplish or support exercising certain
elements of the appended claims can be readily construed by programmers skilled 1n the art to

which the embodiments pertains.

[00065] The disclosed embodiments provide a source array, computer software, and a
method for attenuating noise 1n seismic data signals on a pre-correlation basis using pseudo-
random frequency sweep signal according to an embodiment. It should be understood that this
description 1s not intended to limit the embodiments. On the contrary, the embodiments are

intended to cover alternatives, modifications, and equivalents, which are included 1n the spirit
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and scope of the embodiments as defined by the appended claims. Further, in the detailed
description of the embodiments, numerous specific details are set forth to provide a
comprehensive understanding of the claimed embodiments. However, one skilled 1n the art

would understand that various embodiments may be practiced without such specific details.

[00066] Although the features and elements of the embodiments are described 1n the
embodiments 1n particular combinations, each feature or element can be used alone, without the
other features and elements of the embodiments, or in various combinations with or without

other features and elements disclosed herein.

[00067] This written description uses examples of the subject matter disclosed to enable
any person skilled 1n the art to practice the same, including making and using any devices or
systems and performing any incorporated methods. The patentable scope of the subject matter 1s
defined by the claims, and may include other examples that occur to those skilled 1n the art.

Such other examples are intended to be within the scope of the claims.

[00068] The above-described embodiments are intended to be 1llustrative 1n all respects,
rather than restrictive, of the embodiments. Thus the embodiments are capable of many
variations 1n detailed implementation that can be derived from the description contained herein
by a person skilled in the art. No element, act, or instruction used 1n the description of the
present application should be construed as critical or essential to the embodiments unless
explicitly described as such. Also, as used herein, the article “a” 1s intended to include one or

more 1tems.

[00069] All United States patents and applications, foreign patents, and publications

discussed above are hereby incorporated herein by reference 1n their entireties.
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WE CLAIM:
1. A method for attenuating noise 1n seismic data signals comprising:
transmitting (1002) a pseudo-random frequency sweep signal;

acquiring (1004) seismic data resulting from said transmitted pseudo-random frequency

sweep signal; and

attenuating (1010) noise from said acquired seismic data signals on a pre-phase

subtraction basis.

2. The method according to claim 1, wherein the step of attenuating further comprises:

attenuating noise from said acquired seismic data signal prior to correlating or de-
convolving said acquired seismic data signals with a replica of said transmitted pseudo-random

frequency sweep signals.

3. The method according to claim 1, wherein the step of attenuating noise comprises:

using one of a thresholding technique, weighting technique, or spatial coherency
technique for selectively 1dentifying and attenuating noise from said acquired seismic data

signals.

4. The method according to claim 3, wherein said thresholding technique comprises
computing the envelope of said data and 1dentifying noise as envelope samples exceeding a
threshold value, wherein said threshold 1s one of: a hard threshold value, a deviation from a

mean envelope value, and a deviation from a median envelope value.

5. The method according to claim 3, wherein said thresholding technique comprises:

determining a plurality of windows for said acquired seismic data signals; and
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determining at least one of: a signal energy of said data in each of said windows, and a

root-mean-square (RMS) value of said data in each of said windows.

6. The method according to claim 5, further comprising:

determining one or both of a mean of all the windows” RMS or energy values, and a

median of all the windows” RMS or energy values; and

1dentifying noisy windows as windows where said RMS or energy value exceeds a hard
threshold value, a deviation from said mean RMS or energy values, and a deviation from said

median RMS or energy values.

7. The method according to claim 5, wherein said weighting technique comprises:

determining a plurality of windows for said acquired seismic data signals; and

determining at least one of: a signal energy of said data in each of said windows, and a

root-mean-square (RMS) value of said data 1n each of said windows.

computing a weighting function as a continuous function of said at least one of signal

energy and RMS values;

multiplying said weighting function against said acquired seismic data 1n said one of
plurality of windows, thereby attenuating noise from said acquired seismic data 1in said one of

plurality of windows; and

normalizing said weighted data 1n said window by determining a sum of weights

ogenerated by the weighting function and using said sum as a normalizing factor.

8. The method according to claim 3, wherein said spatial coherency technique

COMPriISES:

sorting said acquired data in each of said windows to any one of a plurality of different

oathers; and



10

15

20

25

CA 02940175 2016-08-18

WO 2015/125010 PCT/IB2015/000263

22

1solating noise based on known noise spatial characteristics particular to said converted

domain.

9. A method for attenuating noise 1n seismic data signals comprising:
transmitting (1002) a pseudo-random frequency sweep signal;

recerving, digitizing and storing (1004) seismic data generated from said step of

transmitting as acquired seismic data;
defining (1006) one or more windows for said acquired seismic data;

detecting (1008) noise 1n each of said one or more windows of said acquired seismic

data;

attenuating (1010) noise from said acquired seismic data signal 1n each of said one or
more windows on a pre-correlation basis to generate substantially noise free signal data for each

of said one or more windows;

performing (1012) a correlation process on said substantially noise free signal data for

each of said one or more windows:
determining (1014) a period length of said attenuated noise signal;

weighting (1016) said substantially noise free signal data for each of said one or more
windows with a signal that 1s inversely proportional to the ratio of said period length of said

attenuated noise signal over the said pseudo random frequency sweep signal length; and

performing (1018) further processing and/or displaying of said weighted substantially

noise free signal data for each of said one or more windows.

10. The method according to claim 9, wherein the step of attenuating noise comprises:

using one of a thresholding technique, weighting technique, or spatial coherency
technique for selectively 1dentifying and attenuating noise from said acquired seismic data

signals.
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11. The method according to claim 10, wherein said spatial coherency technique

COMPrISES:

sorting said acquired data in each of said windows to any one of a plurality of different

domains; and

1solating noise based on known noise spatial characteristics particular to said converted

domain.

12. A system for attenuating noise 1n seismic data signals, comprising:

at least one source (71) configured to transmit a pseudo-random frequency sweep

signal;

at least one receiver (72) configured to acquire seismic data resulting from said

transmitted pseudo-random frequency sweep signal; and

at least one processor (1908) configured to attenuate noise from said acquired

seismic data signals on a pre-phase subtraction basis.

13. The system according to claim 12, wherein said at least one processor 1s configured

to attenuate the noise by:

attenuating noise from said acquired seismic data signal prior to correlating or de-
convolving said acquired seismic data signals with a replica of said transmitted pseudo-random

frequency sweep signals.

14. The system according to claim 12, wherein said at least one processor 1s configured

to attenuate the noise by:
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using one of a thresholding technique, weighting technique, or spatial coherency
technique for selectively i1dentifying and attenuating noise from said acquired seismic data

signals.

15. The system according to claim 14, wherein said at least one processor uses the

thresholding technique by:

computing the envelope of said data and identifying noise as envelope samples
exceeding a threshold value, wherein said threshold 1s one of: a hard threshold value, a deviation

from a mean envelope value, and a deviation from a median envelope value.

16. The system according to claim 14, wherein said at least one processor uses the

thresholding technique by:
determining a plurality of windows for said acquired seismic data signals; and

determining at least one of: a signal energy of said data in each of said windows,

and a root-mean-square (RMS) value of said data in each of said windows.

17. The system according to claim 16, wherein the at least one processor 1s further

configured to:

determine one or both of a mean of all the windows” RMS or energy values, and a

median of all the windows” RMS or energy values; and

1dentify noisy windows as windows where said RMS or energy value exceeds a
hard threshold value, a deviation from said mean RMS or energy values, and a deviation from

said median RMS or energy values.

18. The system according to claim 16, wherein said at least one processor 1s configured

to use the weighting technique by:
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determining a plurality of windows for said acquired seismic data signals; and

determining at least one of: a signal energy of said data in each of said windows,

and a root-mean-square (RMS) value of said data in each of said windows.

computing a weighting function as a continuous function of said at least one of

signal energy and RMS values;

multiplying said weighting function against said acquired seismic data in said one
of plurality of windows, thereby attenuating noise from said acquired seismic data 1n said one of

plurality of windows; and

normalizing said weighted data in said window by determining a sum of weights

generated by the weighting function and using said sum as a normalizing factor.

19. The system according to claim 14, wherein said at least one processor 1s configured

to use said spatial coherency technique by:

sorting said acquired data in each of said windows to any one of a plurality of

different gathers; and

1solating noise based on known noise spatial characteristics particular to said

converted domain.

20. The system according to claim 12, wherein the system 1s a land seismic system.
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Transmitting Pseudo Random Frequency Sweep Seismic Signals
During Signal Generation
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Receiving, Digitizing and Storing Seismic Data Generated by
Transmitted Pseudo Random Freguency Sweep Seismic Signals
During Signal Generation
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FlG. 11

{Optional)
Determine KMS Value of Trace Data in a Time Window
Store RMS Value

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
*

(Optional)
Divide Each Trace Data by the RMS Value;
This decomes the New [race Data Valye

*
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Compute at Least One of the Following Quantities:
(i) Envelope of the Signal in the Time Window;
-(ii} Signal Energy in the Time Window,; and
(i1} RMS Value of the Signal in the Time Window

*
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Set the Threshold According One of the Following;

(a) Hard Value (i.e., the value as delermined
in any of Steps 1106(0-110631);

(b)Y Compute the Mean of Trace Data in the Time Window, and
the Threshold can be a Deviation from the Computed Mean;

(c) Compute the Median of the Trace Data in the Time Window, |
and the Threshold can be a Deviation from the Computed Median

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Compare the Threshold Value as Determined in Step {11081 to the
i race Dala in the Window, and Eliminate irace Dala that Exceeds |
5 the Threshold Value f

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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G. 12

(Optional
Determine RMS Value of Trace Data in a Time Window
Store RMS Value
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(Optional)
Divide Each Trace Data by the RMS Value;
This decomes the New frace Dala Valye
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Compute at Least One of the Following Quantities:
(i) Envelope of the Signal in the Time Window;

) Signal Energy in the Time Window, and

i RMS Value of the Signal in the Time Window
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Compute a Weight for the Time Window Based on a Selected Value
Determined in Step 1200, wherein the Weight is a Continuous
Function of the Selected Value
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viuitiply the Weight Against the Trace Data values in the
Time Window
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Determine a Sum of the Weighis Computed in Step 1208, and
Normalize the Trace by the Sum of the Weights

LR R I I I I I I I I I I I D I I R I I I I I I I I I R R I I I I I O I R I I I I I I I I R I O I R I R I I I I I R I R D D I I I I I I I I I R I I I R I R R I R I I I I I R I I I I I R I R R I I I I R I D I I I I I R R IR I I I I I I I I R I I R I I R I I I I I I I I I R R D I R I D R I I I I I I I D I I I R R I I R I R I I I I I I I I I D I I I I I R R I R R D D O D D D I D D D U U D U D D R

LR EEEEEEEEEEEEEEEREEEEN
LR U N B N U D I D R I I U U U U B U U U N U O 2

LR R I N I U D I R N U I U U U U U U U U U O U U I U U B O B



WO 2015/125010

Vehicle Noise

100

FIG. 13

250 300 350 400

200

150

50

"L\.-.-.

CA 02940175 2016-08-18

PCT/IB2015/000263

8/15

.'h. \:""“‘ Lt.-.nlx.‘.t x.‘l_y‘al.fl.

-

N‘U'I'V\ﬂ‘:-‘\‘l“'b :"c -~ -‘5::.. . ; R 33 LR “w% m -‘-‘-LL-:::‘“ . -\‘5\.
A AR 3 e - NV i}:::-i:::. {:ﬁ.}v A L LR AT T X \.':':k .;;*}\*.v:a. .
LY Is.n.

_\_
wtvvct
-
,vg:b"- l-‘-3~

‘A . \ b 1‘ . ..yi.

“\'2-*&3{-1‘5.’.\‘ RENEESS

TS LR TSV WA

1P
' r’d

I
3
'_4

1

1
1
1
1
1
| I
1
1
1
1
’

-.....h

--u--.
K‘\ \

dnina s
= mgg%

L
A -
P wtary ‘x’k ~
-

e

» :?.. e 3

T HPy -

e i e ey w
¥ L) - ¢ \
ARyt

» . ? ' oty \.

Pibiatad npl"}

r

A 7
- - A,
w-w‘ttw‘!t

RNERERNNGS
‘-“-“-“~‘l- “---‘A -rhay
\\\\\.\ Su-‘.\r. \

ﬁ\\ﬁﬂt

-, e \.-.
IO TN AT AN
\\\\\\\‘\“u ‘t \ ﬂ\

" '\
'.‘ - e

wawaw ‘Ic.

------ -\. A} avnz-‘---vn*q-!-ww:a :

‘L-A--LA-LLA-LLA---L‘ ..“

wwwww wwww - - = - w e - !vw
QO \. "' '5'-.\.\ ":‘.'k\tc:.‘u\x}}u&\\ l\.

\\\\\\'«-k&

"ﬂﬂ"ﬂﬂ" W"ﬂﬂ"ﬂﬂ"ﬂﬂ"ﬂﬂ"ﬂﬂ"ﬂﬂ"ﬂ

-
ﬁ-u-\-u-s-\-u-s\ﬁ-\-\-u-u-\-h‘\-u-s-\-u-u-\\-u-\-u-\\-h*\'\-u-u-\-h-\*\\'\\‘-u-\-u-h-\-u-s-\-h‘\-\ﬁ*\-\-h‘\-\-u%\-u‘\-\-u-s-\-u-s-\ﬁﬁﬁﬁﬁ\ﬁ\‘\ﬁﬁ\ﬁ‘\\ﬁ\\ﬂ\-\‘h-\\ﬁ‘\

*«%@ﬂ'—*»ﬂ :;:-. \k‘i\%&—t\.

l‘|" « }I"g‘a \l \1‘ L\.”’

SR w:.““éx:“ HoEas
‘*e AR ’3 R

Sl
SRR :
" L X FUN ':\' WLEN A :.., -

o .%WW&WEX‘*?’%%}“‘&;}E%%

c‘b’h \-‘QVB .\ -

SNEEES :sw S SN -o-‘f-*nz:*“‘ww:?t%%”:‘%%i 22

-~ W W -
’QQ\Q‘T '4‘.‘ = IKT'\ Q Q._\‘ \._"Q““'_‘_“\‘ R.".Q" l.\l‘ Q\_‘_Q yes !“'%Q\\\\‘Q‘_‘Q T Taa . S B S \WJ-.“ x—- \-?

SRR ﬁtg%\%}}kﬁ??ﬁ_‘ﬁﬁ& S »ié“*::%‘&

SEL AT

1“"11“‘
‘I--v- »w - '3 0" k] J
TAaRY® sy

. . . ; g . iy N
\0 .0‘6._ [ ] e n ‘ ’0\‘\«- \- \on. < 15...‘._' LR

N ¢ > -, 1,’ v . H 0
‘Q}XS % : A AP AY Y oy C . *{
oy ‘L'.' - LE X L X ~ ™ ~‘h‘.§»§m‘~ ‘
. - 'y l.:‘ &_\ LY o

A RS
. C

:"L
V&‘ .- Y

-'l ‘v’;—" - v\ . ‘
” \‘.:' OUr_ h -
- v‘ b, ‘Tﬂw

A

S -\ - T X -

-vv"wvvo » e e ey - w % Tewswwwesleeresebhrweewen: AL L L LL XXX
- - - -

- -
- ow

- *{ = x&x iy - - . - d- *-""? v*v.— \.-"*::' !-. #”
%& SR -“v E\"\’\i m
M-L
-

S
S

'I'-L;.l -" %-?;‘ \5‘;‘1‘\:\\
\ ‘\-‘;“.‘- ’h- "-: s"l ‘-;\. \:
- '\.Q“R’\\.{‘: LA .._. . - ' .

\u\.. - + N 1 n e

* \
e % (N - n

-
-..h...c..h.-.b-.‘.h....
W W W W W W%

., .
- - -y
\ ‘ \\\ K\ < N ..l\ \.

e ‘S - -.-—- - -
™

A AN S
1 Sy " L]

K

h t “

\\gﬁk. > '.\. RN
WA » N %

e oo '*\\.{*‘ e hwn"f'
..\vm. -~ ’-‘-‘~~,« PR B P
A\r t‘\\} O,A,h { \'~“‘ \— & l‘J .'u:‘.‘ {‘ B,
K A

e
L . ‘\\\\\\'\\\\\

3 »’ O N

»
m *,.w . Ve, e, Ve, e, Ve, W, S, Sy,

hhhhhhhhhhh
“............

- » b -~ - K -

#a .’a".“.-.".. Oyt S Al e tni Pyl Weh SRy s Tadiefie el
\Q\* WIS E AT A . &\‘r_é\t_\.‘:

\H‘ e e e e e e e % - i b .
Ih - I | : I L % J I I-I

-
tsxs;u\.;uﬁ.;\ ahbhasssssssnnnt

3. g g ey

“- WM \\\\\I\\\\\\\\\\\

gy e o W e e e e e e e e e e e e
AMLEAS S AL

AALALALLEEE
T A : TE T T TR e e
e ol -
-

t\‘...s-. -“ t‘.;“.Ln\.LL‘.

"X RN \\ I "’h'\
—v-—

s &\M == %-.oan
ﬁ.‘ X

h\ \{‘A’\‘
- —-»

Q'\"\'\“'\"\'\

XA i \ P J‘ =
Ul h‘p‘%.}%a R%&:;}ﬁ%% l‘*‘c@.—«w“%ﬁs "Y%%*g&&ﬂ&m&&}
-I tw‘;}“‘w*:i-w‘xw\-l:“ **1‘ 1‘!11\ t‘t-lﬁ 2:\":“:‘:\\’ *I:‘:T} 1&\ “}::: -Q:ww Q"Q 1 1:,-}:}1*\ ‘_‘1“01::.:.:.:.:.:.:
\\ _ _‘-\ \‘ t\‘ T \\

-é*.}a

-
\‘\ ‘-\‘ L‘
. & .

- e wh -

\-‘..-'.-\-}u "‘-_\ v %" T “- =y \;\.‘;k“s;;\: ata \"\' et Ak

-vv-vv-ﬁ.-v-----* -v-*--v-\-\vaﬁ.%

-
w—vw -vv#hﬁb-\.*---‘-w--\ﬂv

\W: - g, -
R e AT \mﬁcﬁn

‘ -~ -Q:{\‘ 1‘&_‘}:}4\3‘_ g\: xx \n‘u‘ T k\.‘%\‘\‘i"}&: !‘}}}: :'.\.

A A A R, e A A

- --—--..,

QL-hL-A.-..A.LLA.-LA.LL‘LLA.LLA.

_‘} ‘_Q“!_._Q_ et \Q hJ ‘_‘ \
\.Q\k \ kk\.

\’g\\.

--‘..‘-

'S.\‘
(R R

\.(.\. n.-.\.n.\q:\.l.

.-‘.--&--—-

- - - - - - -y
raaadandhbadonk

Qxxﬁgxﬁ Lﬁﬁ&ﬁ&&ﬁﬁ

- - - -y - - - - - - - - -
‘I““‘.C“‘I (] Avw\ccs‘\.‘x-s-‘c“‘ t‘:‘.‘1“1‘1“¢13 ‘tstts‘tbwtstacttc s‘- %x-.‘- 1
o - — - - - Ay -

EDEIERY

o wiws Rl gy laty te ke

-u-\“-s\‘-v-\-ﬁ-\ﬁ-sﬁﬁﬁ-\-u-s\-u ‘\‘h\ﬁ -\‘\-\-\-u-s-\ﬁ-u-\ﬁ S

\\\\\\\\\\\\\\\\\\\\ .\\b\\b\\\\.‘..b\\

&AM&

A.& MMM L b bbaobddddddddididoddoda
e e e e e e e e e e e

“m;‘wv

l.a.- \ s‘x\u-
A ";\ 4\\\
0'1.\("\‘
i"s'\i

N =™ \1-1.\\‘\\
v.vv——-——v——-vwv——v—v v v

e e e e *.‘. .
N "‘ \E\‘Q,‘
- - ]
i s e i,
\t\\t\\\\\.g sxt}ntxﬁ\x o
‘wEEww R ok e -"‘V"-"\ nw
\Q
y ‘

L3

-rv-;.-.-.
S *:w%.‘

- d - b

< Bl

\. NS .\

et 1‘7\:‘ e s

wy b, 3 A g e
"\‘c"&‘h‘.
- .

- - - . -

Wﬂ,

v A w

'ﬁ-«-\l’w u:\u

.gseé‘s::

- e A - - :- ---' -

\\\\\\\\\\\\\\\\\\\\\\\\ h\nn.\\\\\\\\\T\-\\\\\\\\\\\.\\b\‘\\\ c‘\n.\\b\nn.\\\\\\\\\\\\\\\\t\\\\\\\\\‘\ d‘b\\\\\\\\\\
A iy M;¢m

‘M w L‘“ MML M mm MMML
MMM NN W, LN - \e\\\,\\};\\.q\\.\\\.\\\\\\\\\\\\\\E\\\\\\\\\\ -\,\\ MMM NN NN >
e {%}I‘Z‘J‘i‘:""ﬁ'&‘ oI -"""-“‘-' A NHD: — :'. RIS LA LI : e e N e L e .;; B imigiateX -\"1 T }Z":{{Q(" '-"' XA RLLIAL) : e
N 3\\ e, N w&\ \\":2‘?.‘\ *i:“ e "“‘q*:&?\“ =
» - «ar y " :
i S e A A A AL A \ha-e‘
vv——..v—vv—vvw—vvvovvvvvv—-

\1. 1.;‘\ ey e T B e T Ty T Y T e e e
- - - - e T e e e ok B
Ay A

A

M C M.\LA.L
“.\\‘.\\‘.\\‘. W

“

v——v-—v -—vvvvv—vw—-—.—.—v-

!-—
ey e e e v BB A
AT
-‘Il. ey \ \ Y
% K\th\‘?‘! \& \\‘ C‘I\\\ w“%

’-A\ ’-
'V\\ ]
‘1. ‘ 1‘011‘!11**1*11

.‘L‘]x‘&h c.m
e e :{:’:’\v{ \\. -y

-
» .
. T ‘ -. e
I S AT \

""'kn?.‘-ﬁ’-— -

’\-':»\‘NL'\-L\ V‘:»-‘h’_%\
- NS S SRR S

E\‘:-L&

‘\“\\\\ \\\\“\\\‘\
‘hv T th v.v.v.v_v.v.‘h .‘ )
W W W W WM W, W W

1**\ -
“ '\:“\ '\W"“"\
-------..-q.-- - -----
‘\\.“‘ \ ‘ AR A SN
-w h.\‘ ‘\\ .‘.

aRRaEEs

-, . L T TR TR TR L TR TR T T TR L TR TR T TR YL R W,

‘\'\‘\\%‘\\

W W W W W W W %
e, W e T T T T Yy

"'N. \ "--

LN

_ SR
- e - -

- e e e e ..

-» > -
Q*\‘Q‘ '!Q'Q'!Q‘Q\\ Q‘QQ'!!Q!‘QQQ‘Q!X'Q‘Q"&!!'*QRR‘L&"_‘Q‘Q!&Q!Q*Q‘Q!QQ!QQ!!\Q‘Q*Q*Q‘WQ'Q!Q'Q‘Q!‘Q*‘Q!QQ!QQ!QQ‘QQ!QQ!Q*!Q*QRQ!QQQ‘Q\QQ!QQ!
- Py ) - - -

. b e b e

PO

\.\\\\\\.\.u\\.\\‘
T3 T I I I I I I INT

\\\‘5‘\&\\

ke e ke e b b

LN NN NN N
=3

-
3 %

e ) e e

e

R R R R R R R R R R R R

“23ITFR _&_lﬂ_&'bﬂ_"‘ﬂ_&_lﬂﬂw

'l'l“I‘1“’“"I'l“I“I“I“I“‘“I““‘I“I“I“I““‘I

-
ﬁ“““““‘ LS L“‘ L““““ L“ -

y y g, O o, o, o S g
L L L L A L L LSS L L LSS SN

EJCIC I
DAt dbidissn

""'..""""

SRR R

e ke e G G G e o
AShassaRaaRRn “‘“‘““““‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“‘“““““““““““

e e e e

"\\"\“'\‘ T IMmTMTITITTITITTIEITTETRETRERERARRRRRRRRRR™SY

A AT

L]
.............................................h...-..................

N,

AR A AT AL AL LA A AN ) -y
W e e e e e e e e e A e e e e e e e e e e e e e e e e e e e e e e

-

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\?\\\\\\\\\\\\\\\\
AT EYEYY Y Y A O O E F r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r  r  r r r rrrrrryryy Yy Yy Y

\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\

k\kk5kk\mkmk\HI-'ul-I-Mml-mI-'ul-l-'u“'ul-I-'ul-I-'uml-I-m'ul-I-'ul-I-'u“Ml-m.l-'ul-“l-I-\MI-'ul-I-'ul-k\kk%k“kw&\“m\kk\kkm\kk\

TRTERTERTRTR TR TR TR TN TR RN RN TR

T Y Y Y Y Y YPY Y Y TYTYVvYyrw

AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR TR ™. """‘ . """"""""""""""""""""""""

‘ L R )
O S S PSS S

LLLLLLLLLLLLLLLLLL
T T T T T T T T T T T T TR TR TR TR TR TR R T TR TR TR TR TR TR TR R T N N W N N N N N B i i
AAAAAAAAN S AAAAAAAARS S

Y Y T T Y Y Y Y Y Y Y Y yYyT T Y rF Y Y Y YY Y Y Y Y T vY Yy vy~

S S S S S S
T Y T Y T T Y T S 50 T S T S . S S
rYYrTrTYTyrTrryrryryryryvyvyrvyfrTT™ " T T YT Y YYYTY

-
™

- - -

N < LN \O



O 2015/125010

350 400

300

CA 02940175 2016-08-18

9/15

gty -

e
J;h:;

= - -

"‘ ' '{ .
.

LY
b g - &
<h 4{{51‘44‘(0{1-
VT Cat - -, < r . -

" 4

- o
eﬁL.*:h - -
- -

- - - Ld

LA i \\.b\‘:‘;b - (SN e A
‘ﬁﬂ\;\ﬁ e e e B
ERRRRERAR ﬁ"“’v_\‘f';\'\n Sy

b
.

RN R St M

'o.\-n\:'; Ta 0

NN
—— -

L AR AR AR A AL AR W 1_\:(\._.\\ . R CLE LT
SREN A s

™ e o
; (N a ‘?}
> ~ ﬁf s I g \P W ~ %‘

B e h e e A M - [ *““ﬁ:’f{** - RPN PN P N
oY, ".;.'-_‘_‘...‘.‘_‘.‘_'...‘..‘h';"_&‘ FAMARER MG L A Nl B S SR A

S AT A R gt
e A
- . = a - " w - w -

-
- -
- -

B e R VO] XX
e o o

=
By Syl By, Ay -
- -

TN S R Y
N "‘51%:-.;—23:1:\‘1:‘:\,

. - . 3 s
e s A A e ~ A =
FPNCI N NEN et Neoind 20 ) ACAER NI capite adli AR AR,

* -
T e I o O o e
SRS s
T At R 100, S, 1) SO ‘Z"._._.z‘r.v:'l_:-..‘.:.—:\\l %
- -

::; wihiwvidwhn - . Lo W 8
S

ey B "}f":."{,«‘.x‘-

g e u
A A TR AT NN NN ERRE Y VN w e

-y - -

" cﬁt - ﬁg}n:ttﬂr\.
A - .“\- ¥

\‘Q\* . Y
) :v A ()
LR

i

«d £

'-.';A‘{-‘"s‘\'&' S
LraRRidan

- - s

-
g I e weteiiu ey S gy
ey iy \_:s‘ﬁ_c\\\\\\vm\;\
AL \h::&\\ S aRaatundn
g .n: Rty e e b AR R b e

\x-. N N

2 “Wi"‘

- -

L )

- -y - - &
xLtL Lk i
=,
cl.} W wm e -

R = e Ay x: -
- (A - ~ = - = Ve - T T T T T
a}_lr:ah\}.; w Rk YR SR s}.‘l o \:r\ . = Q_‘:‘ T A e m % :h.;\ “e

% L Y JL:\; c}::\. 3 o s'\

-
O

-

YN -
LR L) ;;\V'ﬁﬁﬂ: - .z*-'2~-
x:::::&x‘;}g\\q}ixt\x\xfmvﬁw:.'E...
4 - 4

- - - -

A =
A SR AR

™~ L
- b4 " ﬁ:::c:

BN, ‘;‘C’;;L\T:m' ""::‘:f;‘.{"{?.i.‘f:‘. e
- jﬁSbi;Sb?héb;E¢SbL
WY A AT I RNTESLTY T TS TN v

\&L LN Y . Bl
A

- - W
a“ -

TEEEERN LR R R R R R R E R LR
- B AR R R R B A S

- -~ -~
ShAAAAAMN \A A AR LY

-

-

ﬂ,\t‘\.\ _

v ey AT >

- e - e e e
-

R
- -
W49 WED

-

- -

{'\ o
- R X))
-_«-::--\iﬂ:
\N.qs>'1}- ﬁg
A R A A i N
S Y -
LAY \: e LAV R\
—e
A
-

0%. o e T J, o !
N SR
-
r: “- ~\¥b' - - w v mAy oy my -
- LN -

: -
:. i ’ O AN AN A

AN A A BN S AR AR S

- Y ‘TV&4€i~u 2\ {?:\-l\;“} % -

- 'JJJJCJJ:JJJJJJJJL:&::.JJJJJ\%; ‘?‘Q T L L

"Q,"‘; ”{3&‘3—‘0{{}‘{&\ e o o e e

N S R A e A A A A Al

Pt

e
-~
"\:w'v
~

Aﬁg&
- - Tt A
P,
] - -~
-~ - -
iy :::if?:&wt
- v o, .
e w -

-
- - -
R R

" -
Ny u: (Y YN " Y

2,
iy
ﬁ

A
A
1
!::J'
A
10
:nju'
T
!:'J'.
o
1A

u"
w1o%
‘n:fr
n f
-:fr
i
l'fr'
un
Ty
iy
-'fF
)
n':

¢
e
4“f'|

4l
45":

r
Py
‘r
i
4
4{.
‘r

A
a
A
a
a

T . . . . T . . T . . . T T . . . . . . . . . . -

\.\\\.\\\.\\\.\\\.\\:\.\ e M M M M M e e e M M N N N N N N N N N e N N N N N N N N L N N S
- -

R Y Y N A YA IIIIIIIIINIINIIIIIIAIZAI NI NI IINIIINNY,
i G U S S T AT s TRl G CT N e i Rt R

i

T . . - -

r
‘
A
'Y
’

-

A
"‘E‘. L
- - L

R A e

L AL R

20

e e SO T e TS 'gfc;s.\ e
- A N e -~ < . [ e - e B e - o e
~h e vﬁ"\_‘" e \' e T e T e N \‘..":'_1'\ '\L\ i) "v’\\\}:i\}_\
n
ﬁ

~ riing —
MATALATARLART WAL LAARATLA LS LR RS
n," . T Ty W

T
X -:{.h;%
e

- n e L SE S I A o B N
A e
i e pringhn, v By

“'if

u '
- . LIEJE ) - -

R e e ’:.‘-\-{‘- N
x> { AR

- v,

s

-w
~

.
N[N

v

PR
AN
TN CE TR
ey oy

LY

N A L I

-~

.
\.UQK+
'._'

-
IR W

IR

- -

‘mn

Y
A AL S G

R
- -

x "=
ey
T Id’:‘ (et

— . ——

- -k

3 Yﬁ:\’-\-\\}}i{é{? A X R e M S W WL
;r'gkx‘v\_'\_..‘ ~ ‘G.&w. S e

-»"v
-

- —

-~n

*\kgqggx a&{& “q xtd”h;'_~ ‘h*& *4&' . ¢ :;
e e T B R e
-y - - - PR T - - - L .

AR A T T

e N e S T e

- a

e e e e
ey e P e

L

- g i
\‘\":k*'\\';’%& Ty Ty \';z't\w\“}v

e e e

e e A e e AL

SN

A - -

A
- - -
= w

-

WY '}\:'L R TR -‘-L‘k-\_‘c:u-‘.-\.‘:\-:h-\:‘t-'\.-Lf.;i’.&:. LT AT

-, :S “. ‘\Q%ﬁ‘\.\.\'-ﬂ.‘\\\'\\\\\ e \_

v i e et e e e e e e -
e T T Y Ty

A et A B e et e

R e e

-

:::-'Ek e
@ 5 ._;\‘;'.r%:':‘:\.q RS

e
IIIIIVNIININNY
-

aarnanana

-~
-
- - - - -

- -

- ) -

-
-

M EAEAR AT AALARER R AWT®T MW

- - - -
-~

- [ &
A AR A Y

L L -

U e e e e e, )
- -

i e T N N Y G

gﬂ}ﬂﬂ&h}‘\x&g"xﬁ
= T

e
Ponadn

i Pyl Sl Ry A T "5}".‘:{‘1'.' a \...‘_‘_‘:.. N A0S Cgm ko 2
e N e

o
N
SN

A%
-
‘\ﬁ’:kff:';Jf LR L

R R L K e

THEERAL NN Rilﬂ'i.%
=~ NS

RN

Tawnanaanwaan
-

PCT/IB2015/000263

AN

" duy
a¥aran
i \Cﬁ\n

O A N :_: A AR R
e iy S e LY h R -
{% \: - o= .\*aéﬁq
'\_é:\_\"v::‘:-_\}i::\_\ ;v"a R e S S b
A ELAN ALY A A AL AL A AR A LA A AL AN

ity R

™. -
- -

- LA E A%

- LE Y - - h - ﬂ
S

-~

Y THTETRETETRETETE YT
- [P -

Aoy u
o MR Sy =
i, My MG R R B

-~
- - L -

-
.?*}

3 k)
- - - - - L
TR RARR AR

N = e e A
R YRR TR Y Y YN R

LR
— g{vqsgjq;:‘iﬂgggcn;
N ﬁ\ N :}.w x—z’
Y A AT T
1\;\‘\ \:1 . - - .

N ’ 5"‘..\

-+
8
n W \\‘ﬁp

R AN
-

- . q&a\
FERSEER

(R -"
g T T e i
CARLAARRRARAAN

— -~

\}kk\\\\& N

Ly %
1#

X ""\:\.‘ 2 G T,

- -
e

S R e e e W W .\*:':.“. NI, et r:'\ (%

e Xy
. ‘r.‘“‘ﬁ"{5$;::5};\hhp.‘.‘2n dﬂuﬁﬂ%.
B D A D Kt L N K XN,

R

‘W%

e A S

SRR
AR R

iy, Sy Py Agiy St hpial,
R R AR L RaR e e
‘-h \/ qk ﬁ“ ‘QR" ‘:Tf%\ :Jg*éi}‘- Ry

& v v - e o w e

N N N N LN AA WY
RRTINY

*hvrom i
- -
{@\f
-

-

T S St

- ’::*t
-
-
N
- -
LE R}
- ek R A L E L L E E L L E L R N
LLLLCthlt‘tLLLLLLuLLLLLLLtLLL T B
AR R AT N R R T M Yy T Ny AN Ny,
W W N e oy
RavTraaswmwRTaawan

W N, W T T W T W, W W v

-
“»
- - -

o - -
N X Ku¢\n¢£2JH£TTK
- v

~ -~ wr
o wwww T w v

b B e B A B B B e B B e Bt e B B A A e e

AR

- g -

Aoy AN N,
AU iy

- - e .-

F
’Jk¢
"J’J
LA

¢ !
-

“rn
4,'1'|

f
r

AU e,

Ryl K b GF, Bl I T

A e e e e e )

i T e e e

LR R N L N S N N N N N N L N N N N N R N N N N N R N N L L e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T Tt T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e T T T T T T T T T T T T T T T T T T T T T M

e m m e W W W W W EE W W W W EEE NN W EEEEEEEEEEEEEnnmuEEEEuunumuEEEEEEEEEEEEEEEEEEEEEEEEEEEE NNl sttt s s anann

-




CA 02940175 2016-08-18

PCT/IB2015/000263

WO 2015/125010

10/15

DA A VIO O A MMAR A K O OMHA A RS O OO SO Ik r
Pl Ryt UG il dy S TR e Aq
ot iutt AP . A Y I VIl MM A YR MG fy
’ / 4 r [ 4 /¢ / N r 4 s ’ f /
LSt it Firyle elady A Lt el #drgtyts Tl plutanteli (MO 7y
Wi dplatd P R MM AT K Y IO MM LA S o LS 4y
’r 1 tyf P YIS V1A 4 MV M M MO
r [ 4 /¢ / r s ’ / 4
.s\u\x (MR LA MMA M T ) (M " 4 s
_..-.“m“&x M L L
et a fghegr,
el
I"" \\‘.‘ &\
e
1
n.".“\nu.ux
re xﬁu“
"1 2edr
E-‘\\&x
v

A

R LY
LIC )
LA

- =
- -
LY NN

By Sy Sy T B B et

Om ‘\ »
s
v.-.

A
-,

&y

-
e e S
>
o
L
e T W

S

ﬁ.I“\
ﬂ-I-‘
1.-;
ﬂ.:-\
vnd
-i-s

et

_.“...“
.m
1
o

R

1
O
(|
‘.i“\
s—I-‘
vmd

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

TTTTTITTITTTITTTTTTTTTETTTETTTTTTT ™

B i e i e i i
TTTTTITTTITTITTTTTITTITTTTTTEITETE YT YT ™

N

}::x.
o

N
- - -
-

o
-
I

A
S e e

-

P

AR
-
Al

By Ty S

=TSN
- - -
-wa
- -
“\

.

‘\

- bbb
R s e Wiy

=
-
-
-
-
by Sy Sy
S
-
LY
A .

TITTTITTTTITTTTTITTTITTITTTTETTEITETETETYE YT ™

e -..““- P M ML I M4 I
Py P -._x_l.""‘ n\ﬁ‘““-“.H"“_u_““..u-“\““l“\
-\\-l-o—\ (] -k\- -L ‘ﬁ. L ‘n“- .““Q"Q“s"\“t"“\“cuu““-u_“ﬁ
¢ ’
o tx“_.“.““._“_;"g“&..‘“w“u““\“‘.
\.v‘.-w-s-s_\“t %\“Q“.‘\’-“_\\-“-
“.s....o-v ! DI
/
fy7e 0
né
e

3
R g
-
AU

.
-
LY

b Sy
hER

53
A S
s Y

:;i “x“\
RS

by S S Sy

g
‘\
O
i e T T

by Sy Sy Sy Sy Sy Sy Sy Sy
R R

o o o o o o o o o o L L L L L U U U U U U U U U UL A N

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

B T T T T T T T T T T T T T T T T T T T T S T S T S T S T S T T T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T T T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T T T S T S T S T S T S T S T S T S T S T S T S T S T S T S e S T S e S S S
i I e T e T e T e T T T e T e T T T e T i T T T T T e T i T T T T T e T T T T T i T T T T T T i T T T T T e T T T T T i T i T T T e T i T T e T T e T i T T T T e T e T T T T T T T T T T T T e T T T e B i e T i e i i )

AL ARR AN

-

e W . T . T T . T T T . T T T . T . . . T . . T . . T T . . . . . . . T . . . T T . T . . T . . T T T . T T T T T T T T . . . T T . . . . T T T T T T T . T . T T T . T T T . . T . T T . . . T . . . . . T . . . . . T . . . . . . .

oy

Aelr

Gl Ol



CA 02940175 2016-08-18

WO 2015/125010 PCT/IB2015/000263

11/15

350 400

300

—

o RN PR

"\-.-LA_-&_- \_'_\._t‘_t__\ N A -l

™
-
.l.ﬁ& A . B k."'\‘!\

S \%ﬁxa\x\w\\\%3x3k\ s*-:x.'i\w‘m\ﬁ% =

o N e A A A S B AR AR A AT A R = “ "v o o - BN A R
[ % n\QL bl ('\l. !QL\\.L&I&K e . (™ ~ A NEE t" ' \- -3 o . .B; *_.\
AR ~5I~ = \-?:\. \‘)‘t‘:ﬁ.\ :-\ -"v-'\- ‘ ‘,-S ‘@% __.-,-' N o) . R o ; : .
‘\‘:-.p‘\# \"‘ . e e Qu - - .\ 4— .. Py Mg & "!. .th A ) . ~ - " é
. \.\):}.\;x_\*h.ﬁ&_\\ __________ Dt T Y, S o N '_L‘_*a:x}*r_ s_m'nx -z:.} 5 3 i 1 G, Wty yh, ! N b
_______________________________ :_______ N P \v-\ ‘-‘-'~_;~,; SRR ' _ - % ___::_ T

‘i‘ ““‘i“‘*“ {:“ﬁ‘t ‘1‘5“\_ I 3 = . . . - - \ G b A - : ; i . 5 1‘ 0 ““c. “\ \"x“}*‘\
.h‘ s'sﬁ:‘: L-s‘?L}:':-L‘?\b:?‘:L \\\ L*- : - Y . - .‘x‘ ;‘h"‘_ﬁ AL' X '\‘-' h‘ \"L L:‘:‘b X

250

ii q' 'Il“ 'l‘l .' :l"{_.“" .l"li“
5:} ‘J h\ {4 ,.t'\t( } .. RACS
8 .\ "“: - - -

O™ “y -:‘t:‘
R Y ¥ o 3'”’ : N‘ R ‘-F‘L}T""'
: - ;Tl "J 'n\ ch 1., ;\ I{"l{..*“‘ e

- 1

.
‘0
0
.
e
-
NI o)
.
H

'
*.L

200

...................................................

_--_-_ ¥ i -..'.,'-'._ .-.~ | '.-'-'.. .:s._... . . - e . K N e w _-o_:..-
. b d A e - ) - ey K.._\_.1\.'v\\_)

_..___

A ' I g Q! . 0
SRARIAREY e N R R R R R - A
"""" by : W W N -, ; e, 2 R . ’ A - - ‘ : -l. Eg. g ’igh’\\‘."- oz, "-"
i._ - ey ) . 2 %\ . 0 5 . - . \ ,ﬂ.. 'b\-

-
- - ity AW . - - “ N Y -hL » \:\ s.-\\‘c& .-‘ct\'
------ = e e e e S e S e L = L . . ) - = ":&.L -"-"“ = "-’““‘\\
R T T N e CR e e e . § w ¥ : - g “% . . .\. m
V"“% .\%'-'\ 's\"\ww'\jw_}_a’ : 3 v '\ R RS

—— g w——— - ——————— - . " - v -——y - - ——

_________________________________
AN
\1'\.1-\
................
‘-““““““‘
______ - - iy -
-LLLL‘:‘\L\ oy o S o e ooy S e
- -~ -~ R B S e T -t ~ N
L 3’-‘? -.:l‘ -,--.,-.,‘l,,\. -}., -.-....3-‘ \%A\
%.* ﬁ*“ “ﬁ. -“ﬁ.“*
AR R R A R R Ry B8 -vq_‘ -‘Q_*.F“-.“
- da v v v b ‘ hu v 4u. 4

150

oy -‘-‘T:-\-s-‘-s-s-‘-‘-s ------------- - - -s-‘-\-s-‘-s-s-‘-\- Ty 7 --------- i-cs c-‘-s ---------- - -‘-‘? - : ‘-- -.- - -‘- .
1‘-‘ ﬁ.}‘ ‘l\\\ﬁ:;z:\;‘;:':\\n'-\ n\ wx\ \ \:k ')\‘% \b m.

-----
------------------------------

- - - - B . - - e . - - -
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
e Ve Ve Ve Y Ve Ve o Ve Vg Vg Vg Vg Ve Ve Ve Ve Y e T Vo Y Y Y - =y -

: : .'-3‘..;.." .,
........ -; ALY Ledirt i it i ot tiii iy = O SN W S A L w
- o :\:.!.z.:,:.s.xz..gz..a. .% At "‘4. a wn g i .
" oy k iy sy Q‘\ﬁ-:‘:?‘ - o - o.‘c. &‘t-?*}&‘h“‘ \ \"i.\ -‘:::.}.&‘:‘a 'ﬁ
\\‘-\\\\\\\\\\\\\‘\‘ - \h-l‘k- n-\‘:\‘lm\ L
B T T g

““““““““ > ST S e e e Q?}‘;‘S:“c«;..'

- G G G - - G S GES G GES GES GES G GES GES G Gye GEE GEE G GEE GES GEE GES GES GEE G Gye GEE GEE GES GES GEE G SEE GEE GEE S GEE GEE G GEE Gye G G S Gy G G G G G e - _____..‘ -y wh -k - -—— - —— -y g - ey - - ——— -y G Gy = - — -

__________________________________________________________________ "‘""'H‘ “"-';‘.,-.':...l\‘“\“\*"z“ A NN o A ‘““'

-
u\\.u\\.u\\.u\\&\\.u\.%\\.\\\.u\\.k\\.\.\\.\k\\.u M B e B T B W B T By B B B R B B B B B B B B B B R _#;\ Sl e \?\\L}?u\\.\‘&k\ uknx\‘:\ \\c.
e ™ ™ T T T T T T T T T T T T T T T T T T T T T T T T T e ™ M T T T T T T T T T T T T e T M - \\ i e e e NN
-

---------------------------------------------------------------------------------- ‘_“ i T - L S S SR SR SR SR L R G S SR SR SR SR MR R e e e e e e e
---------------------------------------------------------------------------------- = - -‘-----‘-------
l. -\ -.l.&l.l.&‘l.&l.l.‘ -
TR, ‘Q;u.\\ﬁs A N S ‘\
e S ieg . Pagte T Tt o
........................................................................
oy ety it T utin Moy I“ﬂb‘.."I"i‘..\I‘\.‘..Q.\‘.". h SAS- A B - . --uw-sv-sguvg.ut-..-.-\‘

{;ﬂ\"ﬂ\_‘\x\\\}.\ k\\‘\\\:\\\\\,\x\, \..\, _-:.._n._\._\._\.\\\, A\._:.._* (.::‘_. o - N - ey~ _— g : ...-C"., —, % \‘t._\t. ATy A Ly
P < 3

iy S iy Sy e A O O 2 5 “_ e ok tte e M
54& &gx\%\@i& )W@ﬁ&

.\,.,-J.rl.aaa - g - \.\.‘\\\.\-3-\,-.
Tix - - vw*mvoqu
-

100

s

\‘w 'Q\ }1
-
-
-

- & -.. 8 RS :\ R
- y : s < : _
'ﬁ }{t kfm s»ii":s

- W ‘ - 'ﬁn. R '
.............. R o Ay = .‘ig“:':':'::‘i%t % 3_1q~‘3\‘~.‘_§1_‘}>_-:_,_2}1, T "_"!'.'.‘*.—: : ..;E' B S

‘....... X l. . .‘.‘....‘,............-..-........-.....‘\.-'l"‘
- -

50

- - - -
-x‘_‘ﬁ\.'w\o-qbg. -v

R R ; """"""""""""""""""" S AR RN
---------------------- ey 9\'\‘\’\"\‘\’\"\\‘\"\‘\‘\"\ Y -----------------\--------\'\’\-\9\-1-\9\1\\\\\'\ LN RS = =N

.......................................................................................
\\\\l\k\\.\\\l\\\\\.\\l‘&\\\\\\\\t\\\‘.&\t\t\\\\\t& CALALLALAAN .
‘\:\:Ix‘-ﬁ.\:‘w‘-.‘-:‘-."-.\:‘-.-ﬁ.‘\.‘-:‘-.-.‘-:‘-.‘-.‘“\:‘\ .:\:.:.:\.:.:.:*.:.:.:*..‘.:................ T Ty By 5 Ky e
\\\'h\\'h\\\\\\\\\\\\\\\\\'ﬁ\\\\\‘\\\\\\\\\ A e B B B

""”"’ -v’q-v’q-v”
ssas

T e e e A A e T ":.‘-.."-"‘a‘.."—-*x‘-..‘-‘a‘-..“—"‘:._.‘a--"‘a“-..
S e uc eSS S S S S S e S S S S e S S S S e S e S e e NS S S S e S eSS S e
------—--—--—‘h-—--—--—--—--—--—--—-- " " o ™ ™ " ™ " o " e " " ---—--—-—---—--—‘h-—--—--—
e e e

- - - - ‘-.‘- A e S S . . S S S S W . . W S S S - . S S . W S S S S W S S S S e S S . e d S e e A . et S S W S S . L S S S SR, S S . . G S S . S
T Ty, B, T T T, T, T B, g M, T, T, T, T, Ty, Ty, T T T T T By, B 2 W \. O T, T Ty, T, T, T, T By, T, T, T, T B T T T W, Ty, \\\\\\&-&\\‘&\"\\ “\\\-\.’-\\‘\.\\&-&\\&\
e \'\\\'\\\'\\ T T TR TR R R R R R R R W W W T T T T T T T T T T T T T T T T T T T T T T T T T TR T TR TR R TR R R R R W TR R R R R R R R R W W W
---------------------------------------------------------------------------------------------------------------- - .- -
i i i i s T T T T T T T T T T ::::::::::::"::":::":":":""":""""""""""""~"""f"f"f"f"fMMNMNrTTyrFrTrrrrrTrTrrTrTrrTrTT' ' """ . LhT'L .\

------------------------------------------------------------------------------------------------------------------- T
------

o - - - - -‘ . . - e e e e e ..

-
k\.\k‘-.\k‘-.\k‘n.\k‘-.\k\.\k‘-.\k‘-.\k‘n.\k‘-.\k\.\k‘-.\k‘-.\k\.\k\.\k\.\k\.\k\.\k\.\k\.\k\.\ ‘-.\k‘..\k‘n.\k‘-.\k\.\k‘-.\k‘-.\k‘n.\k‘-.\k\.\k‘-.\k\.\k\.\k\.\k\.\k\.\k‘y\k\.\k\.
"“"""""""""“"""""""‘"‘“"""""‘“““““"‘““““‘} ‘"‘1"""""“"""""""""“"""‘"‘“"‘“““““"““‘

e e e =Stk eSSkt Al tie AlrerSke e Ak ki Al Mttt St Site A tie A

vvvvvvvvvvvvv W W W A A A A A A A A A A AN A A A AT WA A WA A A A A A A AT A A A A A A AT VA A A A A A AT A A W AT AT A A A A A AT A AT AN AA AT AT AT A A A A A A AT AN AT A AT A A A AT "W W w T - w - - -
LL-LLLLLL“LLLLLLLLL;LLLL B R R B e B BB B B B B B B B R e B LL;;LLLLL B b B B B b B B B B B LLLLLLL;tLL;LLLLhLL (YN YN - h.&‘LL
1.&1.1.1.1.1.1.1.1.1.1.&1.1, L LWL 1.‘\.1.1.1.1.1.1.1.1.1.1,1.1.1.1.1.1.1.1.1.\1.‘\.& T T T . 1.1,1.1.‘\1.1.1.1.& R RS L &-v,ﬂ,x\.

O ‘w-w LR A i S AR e

------------- -

o '-Q LY
_

N
-

FIG. 16



CA 02940175 2016-08-18

WO 2015/125010 PCT/IB2015/000263

12/15

400

350

300

> - BT e MG - . 3t L e e et . et s =
{‘\v‘v‘ ‘*1ﬁ -1*'-’* \’c’;’*’\ '- L‘-‘I’- .‘Q.K .'ﬁ's"h c’-l.t ‘v.v.y ;‘-‘u‘c‘c -‘.Tﬁ':\-'ﬁ-‘\'h.rﬁ“' - h'-’*’cvb‘c?-’&—* .c. CTQK"-TQ‘:!:‘ x %
o g i e o ting i e B e S e e A oo o S i e e o o e o e e |
- e W e S e g W T, oy Sor? e R u\m}%&.\,&\, \:‘:..\:\;.. 2
A A Al e At NVLIDIN S, RS-
- - - - e g e e e - .. - - -
‘—\-1.1.--'Itl--htititu"-s"l"l'l-'t'l "-'l'. t-.ah\-u
- - - L L LI
“rLewlw-

PR LR L R L L L RN
q.n.u.t"c.u.

: - ‘-%'v'v. V'E - >
x . ‘_\: t_,—.l - c{ ‘. -
o,

Ay iy iy kR, ek - -
'-wt‘_ LA 2" - TR L. LR L. e
i T e B o S " -,

-y - - - mp e oy - o - - -

Lo inLwm \Gt-tn.s- I.‘.-I.I.
i S S S e e N i i Sl Vi S Y Y
LA - - T,
L)

_____ - - T .\-‘.

e e e Ay .
Rt
W

_- 7 f}\i- A3

250

e
TR Y
‘}..b\':}! },":.. - -

R A T T .

- -
-\,-.v\\,‘.\bxu\, s
g 2 s T 9 R S
e e e T
-n - w
-

-

200

= Vi

A a0, P
.E\.qa::sﬂ - \? Som
T T A A A e
- - - - » vhww i - Bl -
R g “*1-,;9‘-'2’.?‘-:3-;*4 el o
ez RN Y] P T e A

. - ) - - -
~ Ly TN A LN LT AN S T
A A ‘??\!:55=.~,:4l;;;§::2!. e
- - ‘ - - » - iy
Q;U:.A " --}:\“"

A ey

. - . !
(PN A LW
‘_':.:s:c-:s:s.s:ha.\:s.\?s.“

T MY TN T T T TS ".Y

e e e g e e e e Ny e e
- % RECER R R

150

¥

1

He

s

1

Rk
L

)
1
¢
c}i
M
i
M

P

(
4',‘
A
4
'(

¢
Ly

¢’
¢’
4

1,0
l:l
1,
1,0
1,
|‘f'
1y
1

1

"
i
”
r
"
"
r
"
"

:
‘J
‘J

]
r:f
r’f

'y
l:c.
L )

1
"
1
H

‘

e e
ALYy

s

Y,
Y
Y,
ar
K
#

ek

Y
-
)
YN

‘4

‘.{'
1
Y
Y
'

M I
|:|: by
M. 3
l'l:’ ]
1hgfeh
5%
1Tty
i afy ke
e

14
I

et
o‘f;
A
A
I*
r
I*

]
1y,
g

4
/
e
P4

F {
/
:

1
{
1
1
1{

4
4

e, S T
A0 i i, i T o S i T T, T T, ;‘\ e o e Ve
LA -
g, W, -
L5
-

h _'*c-..c.-s_‘.
by by
'l'l!_'l'll_!' W W W W -...- LA N NS . W W "l_’l 'l_ N W .'\:i LR :1:‘.%";‘}":#“
A O A S PR X L A v
) - £~

f ]
l‘

-
v-’ - o
t‘“‘
A A
e
ZNE P TN ™ R ok e e P SRS T R PR 5y S
- - - - - - W e

-~
: : - A A
- ~
“3\@3&(\ “@‘{‘?\3
-y - - - - - - - - -
CRA R P PN R PFTEE RSN A D e e e S 5 S = W
- i . - - - e -

-
x .

- - - - - R - - — - - - - - - -
-

5 r A
- iy - L - : Oy "y A e N PN el e Ny N ey ™y
~. \“‘{\ > \.W‘L;L l{%’ "':“ﬁ ¥ ) ‘;\.vh‘-‘t -~ ' e . 3 3 . Ny *.":"\ - e Sy n I -
A A R A AT A R R e ORI R Rl S ROk SRR SR R

,f
'l

r
'
15

N

/iyl
»

'
L)

. o
i Sy S . OO oy N - - Jepding g, i -

N A N T AT U A S AL SN A A A D O S, N AR G o L,
oA LS S AR AT 5 A o b

R SRR D o )
224 % LI AN : oA R AAE RN &"‘-{*‘&"@‘*E‘E%Z‘:E' ")\M‘% A
'... T ™ :-.h’.\- "\- M‘\ - ﬁ‘ ‘} - -'\.. - - 3’%‘2‘. x‘“‘:. by F." \:‘x‘xé:“"\,\-&? m a\;\w .\.‘% - -
G AN A e O et i g gy A T e A G T T e, amt 5 S, S B O R ALY,

NEED ‘&.‘ﬁ T : = : ¥ - -
e T - N . P B = v i A -
e A At Ry et N el - .?.E\ e "‘-*—«a“-:_..-,.,"’-\u-‘ » ..‘:.,Nﬁ::xa.&-

S
e SRS e e

A, '
" gl
e W W -
AT AN S A e VAT AR Y R a Y o
T e e ‘1{3i‘?-‘~:: = T A A e T T R S e
. OWt. \3% “ N kT \: A - :i'_\\ > LT E;\;\%‘\h\.&\ﬁ -
g 'g:h - ‘.\
ta -

LY X E T X EEY Y
- — - - - - - - - -, W W W W W W W e Lt - W g e W W W e
Lﬁ\-‘“‘ﬁ.ht‘. -.l.-?Ll.oh,ﬁ"Lh.ﬁ\:‘“t-htht-h‘thtﬁ‘\?hth‘t e v v v v v v s e S -~ S L L N e D T a - - - .
A ‘\r\. \.\.\.\.\.\.\\:\r\c.\. ﬁ.;'\x‘. \)\._ u'\.\.\.‘\.\.v_\.\ LAl \Q.\\\\\\}&\a‘:&\,\\.\.x.\, A \.\.\:.-\.\\.\. \.\,-\.\,' “ﬁ " .
. ANMNIEIT T UDPITERT 2T E Y \\H e HTATYT Y ™Y e B i NMHTYYY Y hJ A » LR e ik ) REA AR R A " e - ‘\
= alle olie e wm wle alks als als oye e am wm wm obe 2 ols op ole BB Ba i R Py Py P Cly T 7 Vg iy iy e oys sls olie e e e olls e olls e oye ol e em e ols e e ole e o e ohe e ols ole el ol op Sy B Ny Ny T T - - -
L ~
- a

N~

b -

‘\l\\‘\\l\\‘\ll\‘l\\l\\l\'!'l.\\l\\l\\l\‘l\‘l\\l\\l\\l\\lQ‘._l*\\..l\\l\\l\‘_\!\\l\‘ﬁl\\!\\‘\\l\\l\‘.l\‘l - X - e l_h\
- de ke o de o - -——— -—— » -

——— - ———— - — - ——— o - - . e - . - . ——— - —

-
- - L L L S - »~ -
- \.--.qﬁ".cgQ..Q.Aqh‘*’..'*.‘&&&

50

%y g Wy
X RN : SN
. ) [y ~ - . S - - .i - D ‘--m'h -
o o A A AR e R RS R AR o)
M -'u-.’hﬁ’-?.-‘-.’q - .“'.’.-\-‘ \3-‘-:d:qn:-:a.:.:.:Q:h—h:\.:c:\-:k}}-_ " ey 'u. - .: : : h 4 : X -\: : : : Pty

- - - - w W - R E L E RS

e R ] . v e e e e . e -

-weewy

e T T I T T I e e e I S e S S S S D o I I I I I I I I I T S e e o e e S S S S S B I I I I e e S S S S S S

S vs\scvssv‘&s\\s
e T T T ey e N
- LEEEEEEEE) LR EE R EEREEEE N E]

-

e o i my o o e e
YT T T ETETETETETEETENEEN "EEw L I

- -w.w - - LB -ww -
- - ARAARARRRRRRRw AAARAARARRARRRRRRS - AR A A AL I LYY -nnw

Sy Sy S

L ' -

- .

-w.w - -w.w - - - - - w - - ww -
AAAAAA AR RRARRRRRRRR RN - - . - - AR A A A I I L L L) - . -
W. JRQWE@ ﬁ;{ﬁ\ . ..iﬁ\m'm FEEECTARAAAY ST RW 22T
SAbLAbAGAbLbobbdbbantbhbbabnanan ALAbh bbb abibe ALbbdbbbbdnbbbbbbbabanneenn L‘L“‘LL&.‘.%§‘ Q;LLL&LL;&\ -
o o o o ot S o = = s S 5
e e

- -u -
- -nean -
o L]
T T T T T T T T i i e e T O '\.'\.‘\‘\.‘m‘.‘, ‘\.\‘\.‘\.\‘\.'\.\- B T T T T e T e T T i ‘.\x‘ )
- - T . - - T T == T T T T T s e s s . PR A - T T s T . e
B S e e e e e o o o e e e e e e o e e e e e e e e e e e e e e o e e o o i i S S e e o o e e o e o O e e e O e e e o O e e S S e i S S S S Sy Sy Sy S S ™

-,
- } - 6"
O\
- | L -
- - \ - .
-

= - R R, o
"= S i e "m e i e i e e e e e e e e e T e e i o e e Sy T e e e e T e e Yo

SN DS S N O DO B S O L S . S . O O S S - O L R O S S T S L S S S O N N O N S . S . O L O O S LD B - L L L -
WM WS WS W W W WE W W W W WE W W W WS WS WS WS WS WS WE W W WS WS WS W WS WS WS W W WS WS WS WS W WS WS WS WS W WS WS WS W W WS WS WS W WS WS WS WS W WS WS W W e ol W S W W WS WS WS W W WS WS WS W W WS WS WS W WS WS WS WS W WS WS WS WS W W WS WS WS W WS WS WS W W WS WS W WS W W W WS WS W W e vk W W e e e - - - - - [ Y - - -
WM M MMM MMM MMM W MR TR TR T T T R T T TR T T TR R T R T T T R T T R T T R R R R L R L e e v, 3 Rl a4
. . L L R . B L S B R B S S S S . S S . S S . S S S S S S S S . S S S S S . S S . S S S S S S S S . S S S S S S S S . S S . S S . S S S S S S S S S S S S S S . S S S S S . S S S S S S S S S S S S S S S . S S . S S . SR SR . . . . -.‘L*.t&h.t“.h\‘.‘h‘.h -,
_s_\_\_s_\_\_s_\_\_\_\_\_\_\_\_s_\_\_s_\_\_s_\_\_\_\_\_\_\_\_s_\_\_s_\_\_\_\_\_\_\_\_\_\_\_s_\_\_s_\_\_\_\_\_\_\_\_\_\_\_s_\_\_s_\_\_\_\_\_’\_\_\_\_\_.\_s_\_\_s_\_\_\_\_\_\_\_\_\_\_\_s_\_\_s_\_\_\_\_\_\_\_\_s_\_\_s_\_\_s_\_\_\_\_\_\,ﬁ i e e i e e e Darasiv—g
- \\‘\\‘\\‘\\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘_.\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\'\‘\\‘\\‘\1% \-\\'\‘:«. "R -
g e e e ——————————————————— ———— ——————————————————————————— k- - ——— - e e e o ———————————————————————————————————————————— - o e e o g wh o -y -
.| tttttttt‘tttttt\tt\ﬁttttttttttttttttttt‘tttttttﬁtﬁ‘ttttttttﬁhtttttﬁtttttts \t\t(ttttttttt‘ttttthttt‘K‘_tttttttttttttttttttt‘tt‘_‘tt\:‘) \-I\‘_t\h\-\t(‘_ &tt“\.‘tt
______________________________ - an i e an_an_an an &m s an Gn Gn Gn G Gn am de G Gn Gn G G ds &n &n Gn Sn Gn G G2 Gn &5 G» Gn G G5 G SN G» Gn &» G G G G Gn Gn an s de &n &m en_ an &n Gn Gn Gn_ Gn Gn Gn Gn &n Gn Gn G Gn G Gn Em s an Gn Gn dems G e . o i an an = dems - -
A ia &kk&&%m%ﬁ.k&’.&.&k&.&k&.& 2.3."!‘1-!-&.\‘3.2..3:!.2.3.2-2.3.3.2.3.2-2‘:.2_!.3.3. e e e e e L R N 2.3.3.2.3.3‘,:..3.3.2. 3.2.3.3.1.3.3.%1.3.3.2.&. Iyttt L - ‘..A\'!..l..*.k‘ 31:.1-3..

AR AR ER R R R R R R R R LR R LR R R R R LR AR R R R R R R R R R E R R R R R R R R R R R AR R R R R R R R A R E R R R R R R R R R R R R AR R R R R R E R R R R R R R R R R R E A R R R R R R R R R R R R R - \\w-t:\ - -

- W W R R R L G R S G W R SR R R R SR R W R
e e e e e e o e TR A vk e T A -

E I O U U )
e e A A e e T v e T e e e e e e ek R S w

W W M R N W R R R R N W SR R R R R R R e W W R
e e e e e e B e e B vk e e e e e e e e T e e e

LR, Tt )

W W L R R W R SR W W R R SR SR VR R R R R R R W W
- TR e e e WA

oy -
e A v e e e e e e e e e e WA -

-
bttt -~ -

F

FIG. 17

-

Wl
-

L
—

N

b
N



PCT/IB2015/000263

13/15

CA 02940175 2016-08-18

.
e T T T T T T T T T T T e T T T T T e S T S T S T S T S e S T S T S e S T S T S T T e S T S e S e S T S T T e S T S T S T S T S T S T S T S T S e S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S T S e S e S e S e S e S e S
i I I T e T e T e T T T e T T i T e T i T T T i T i T T T i T T i T T T T T T i T T i T e T T T e T T e T B T i T T T T e T T i T B T e T i T T T e T i T B T e T i T B T e T e T T T e T e T e T e T B T B T e T e T B T e e i e e i e B e B B e

WO 2015/125010

\_“C\__}..

157"
Liinee y
f

MY ¢

“\\-h-h-—‘
4 MY
‘-.-k‘o

1"
12 b » d
.u?.‘C e ........_x
M fyle
AT
seisdel

R

X
N

B e

ot

e

- v S e e e e e

o~

o,
o

.
-
LY
-

e B B
~

et
t
e

e v e e e
L

AT

- -
-
T T e e e

i
~

N
L

-
- e e

T T T e .

4
A
;C““

-
-

el

B S S A A A S S S N AN

T

e

LY Y 1

LA

4

A

;Cu;
Vi

ﬁ_\-\ ®

v v
-~
-
N,
LY

h

4
A
;C““

AL
‘lq
N

1:' \"c'\

e,
A

-
R
:ce

4
A
;C““

e v e e e
- v - -

14
P
RO
“*“_.\“...C._
/ *t_\ ...c
ry _\““:“g\

AV AW -

’
F|
4

7
£

s
N

o~

- e e R SR SR MR R R SR W R R R e e
-

B A A A A A A A A A A B A A A A A A §
Sap
i

e Wy 2 W
e ™

.

4
A
;C““

N
A

- e
R
T T
L

- =

=

i T T T e o e o T
LY

4
A
;C““

- w
AN

o« .- e - - -
—h e t*i'}l’:&
LY w

o

-~ -
0
-

3
S
“

v v
-
e
. W,

e bl

L

A
o~

*
-—r

Ry .

ke e ke ke e whe ke ke ke whe ke e whe whe ke ke whe ke ke

\

hd
-

NS

TR TR TR TR R R R R R
L N ]

- By
e

A e A

’
LA
;C““

TR
b
- v

-

- e R R e e R e

PR P P P
e e ke ke b b b b ke ke ke e ke ke b

w dply
VI
“*u_\“.“c“
Lo
?u_.\_.. e
?x_“_.....g._
AT

4

A

;Cu;
Vi

AR R R B B R R R R R LR R R LR R LR R A LR LR LR R R R R Ll Rl Rl il il il i il Rl il il Rl i Rl i il il i bl il Rl A il bl il bl Al A Rl A Rl Rl Al i Rl i bl il il bl il bl Al A Al Rl Rl Rl Bl B B B Bl Bl Bl Rl L LR

B T T T T T .

TR

A haAaaanas -
— - - -\
T e e e B e e

e e e e e i i e i i i e e e e i i i i i o i i e e e o e e e e e e e e e e e e e e e T i S e
i i o o e i S e e e e o o i S i i o e e e o e e o e o o e o e e ol S o e e e e e i S o e o o o e o o e e e e o e o e e e e e o e e o e o o e o e e e e e o e e e o e e e e e o o e e e e o i o e T o e e e o e o e e o i o e o o o o e e o T o e o e i S S i S S i S S

e T . T T . T T T . . T T . T T T T T T . T . T T T . T T . T T T . T T T T T . T . T T T . T T T T T . . T T . T . . T T T . T . T T . . T . T T T T T T . . T . T . T . T . T . . . T . . T T T T T T T T . T T . T . T T . . . . . . . . .

104

8L Old



CA 02940175 2016-08-18

WO 2015/125010 PCT/IB2015/000263

14/15

FIG. 19

5
- e ISCON Post/

305
—eeL}RConeEre —A
SO0
295
é% : %. | (Figiﬂ"@ 16}
§ -
275 e
B N
<70 (Figure 17) "\
265 N
260
295

10 20 30 40 50 80 70 80 90 100
Frequency (Hz)



CA 02940175 2016-08-18

PCT/IB2015/000263

WO 2015/125010

15/15

1425)

cchl

0E6 1

wa_
986} m
. 0z6l— Wvd [
. 926 — =
. 8161 NO& m
. 986} — = m
. 9161 daH m

M/ A
oHSXSI( do - dasn

vmmvl* 1445)

oc61-Y  9¢g6l

00¢

00! 02 9Ol

7061
3061 906

JOSS200J .

JoUIB)U|

7 oz6L—] Aeidsig || PIEOAtM |
GE6)— m

oo,
AN
O
-—

¢061
Uc/

(9¥61)21 .
@

(]
@ @
@ @
(9¥61)Z1 .

_
(9¥61)21 L)

eC.

8c6 |

8¥6 |

0144
PoJIAA // 4/\/
9SNOW [ o /

444}



FIG. 10 1000

1002

Transmitting Pseudo Random Frequency Sweep Seismic Signals
During Signal Generation

~1004

Receiving, Digitizing and Storing Seismic Data Generated by
Transmitted Pseudo Random Fregquency Sweep Seismic Signals
During Signal Generation

_ ; /-1 006}

Defining One or More Windows from the Stored Seismic Data

1008

Detecting Noise in Each of the One or More Windows

; 1010

Attenuating Detected Noise

| ; 1012

Correlating angd/or De-gonvoiving the Remaining Data Signal

/'"1014

Determining Period Length of Attenuated Noise Signal

101

Weighting Qutput Data (Trace Signals) Inversely Proportional to
the Attenuated Period Langth Determined in Step 1014
{or Using the Square Root of the Attenuated Period Length)

I 1018

Performing Further Processing and/or Displaying

of Processed Seismic Data
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