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(57) Abstract: A dual sided sheet surface property sensor has the capability to simultaneously measure both sides of a moving
& sheet at the same location of the sheet on the top and bottom surfaces of the sheet. The energy directed to each side of the sheet
& may include UV, visible light, infrared, radio frequency, microwave, broadband, or X-ray. The sensor has a source and associated
N etector on each side of the moving sheet and each source provides energy at a different modulation frequency and the associated

detector is responsive only to that frequency.
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Independent Measurement Of Dual Sided Properties Of Sheet
Material
1. Field of the Invention

This invention relates to measurement of the top and

bottom side quality properties of a material sheet and more
particularly to independent measurement of those quality
properties.

2. Description of the Prioxr Art

Measurement of sheet surface guality parameters 1in a
sheet making or sheet converting process, for example, gloss
on both sides of a paper web, may be performed with scanning
or non-scanning systems. The measurement system may include an
energy source and an - energy detector 12 as schematically
ijllustrated in Figure 1 where 10 is the moving sheet. Fig. 1
illustrates in (a) and (b) side and front views for the energy
source and the energy detector 12. As is shown in front view
(b) the energy source and the detector 12 are located on the
same side of the moving sheet 10.

Surface quality is frequently critical for both sides of
the sheet. Examples include dual sided gloss on paper. Often,
the sheet product is not fully opague and has some degree of
translucency. This makes accurate and independent measurement
of dual sided quality difficult due to cross talk from the
opposing side measurement energy leaking through the sheet .
This is illustrated in Figure 2 for the same side and front
views (a) and (b) shown in Fig. 1 except that instead of a
single combination source and detector 12 on one side of the
moving sheet 10 there is shown in Fig. 2 a combination source
and detector 20a on one side of moving sheet 10 and another
combination source and detector 20b on the other side of
moving sheet 10. Since the moving sheet 10 has some degree of
translucency the signal from the source of combination source
and detector 20a may leak through sheet 10 to the detector of
combination source and detector 20b making the measurement by
that combination of the gloss on the bottom side of sheet 10

inaccurate and vice versa.
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Remedles for cross .talk include physical separation of
the measurement devices for the top and bottom side in the
plane o©of the sheet. The physical separation may be
accomplished by separate measurement locations in the c¢ross
machine direction, .but in doing so the measurements do not

line up in the cross direction to represent the same physical

location on each side of the sheet. Lf the measurement
locations are physically separated in the machine direction,
the total dimensions of the sensor package will increase.
This 1s an disadvantage that increases cost and limits the
number of sensors that can be arranged for a given process.
Physically separated measurement of a sensor head pair in the
machine direction is illustrated in Figure 3 and in the cross
machine direction is illustrated in Figure 4. The measurement

energy and detection may, in these two cases, be directed or

-detected from any positional relation to the machine direction

or the sheet.

Another remedy for cross talk is to utilize different
measurement energy, for 1instance different wavelengths of
light, for top and bottom side measurement of moving sheet 10,
and selectively only detect the specific energy type on each
side. This has the drawback of making the dual sided
measurement react differently for sheet quality parameters on
ecach side of sheet 10.

Yet another method eliminates cross talk by periodically
enabling and disabling the energy source for one or the other
side of moving sheet 10 in order to temporarily remove the
cross talk source from the undesirable side. This causes an
interruption for one side of the measurement and requires
careful synchronization or timing of the operation between top
and bottom sides. Furthermore this method needs complex data
handling to estimate or extrapolate wvalues for the 1lost
measurement areas.

Measurement of dual sided properties is- sometimes
accompanied by a calculation that uses information measured
from both sides of the sheet 10. This calculation includes
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estimation of small scale uniformity of the sheet 10, or
measurement of thickness, flatness, waviness oY other
dimensional properties. These derived measurements will have
inaccuracy unless the separate top and bottom side
measurements are performed at the same physical sheet location
as 1illustrated in Figure 2. The machine direction and cross
direction offset arrangements shown 1in Figures 3 and 4,
respectively, have an disadvantage in this case. It is desired
to achieve a compact measurement system Ppy measuring both
sides of the sheet at the same location. Examples of the
physical arrangement of particularly compact dual sided sensor
can be found in U.S. Patent No. 6,588,118 entitled “Non-
Contacting Sheet Sensing And Related Method” the disclosure of
which is hereby incorporated herein by reference.

The present invention provides a universal remedy for all
of the problems described above with the presently awvailable
methods for measurement of dual sided properties of a moving
sheet. The method and apparatus of the present invention is
adaptable for measurement of several different sheet
properties and different energy types utilized 1in the
measurement.

Summary of the Invention

A method for measuring properties of a moving web in
which sensor heads having at least one source for providing
energy and at least one assoclated detector for detecting
energy reflected from the web to be measured are installed on
both of sides of the web to measure the same location on the
web. The method:

provides from the at least one source on one side of the
web energy modulated at a first frequency:;

simultaneocusly provides from the at least one source on

- the other side of the web energy modulated at a second

frequency which is different than the first freqgquency;

the at least one detector on the one side of the web
detecting only energy reflected from the web modulated at the
first frequency; and
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the at least one detector on the other side of the web
detecting only energy reflected from the web modulated at the
second frequency.

An apparatus for measuring properties of a moving web.
The apparatus has:

first and second sensor heads for 1nstallation on
opposite sides of the web to measure the same location on the
web, each of the first and second sensor heads comprising at
least one socurce for providing energy and at least one

10 associated detector for detecting energy reflected from the
web; and

the at least one source of the first sensor head
providing energy modulated at the first frequency and the at
least one source of the seccond sensor head providing energy
modulated at the second frequency which is different than the
first frequency;

the at least one detector of the first sensor head
detects only energy reflected from the web modulated at a
first frequency and the at least one detector of the second

20 sensor head detects only energy reflected from the web
modulated at a second frequency.

A system foxr measuring properties of a moving web. The
system has: :

a machine for making the moving web, the machine
comprising one or more frames mounted on the machine such that
each of the one or more frames straddles the moving web;

one or more quality control systems for controlling one
or more properties of the moving web; and

one or more sensors mounted on at least one of the one or

30 more frames. Each of the one or more sensors have:

first and second sensor heads mounted on the at least one
of the one or more frames such that the heads are on opposite
sides of the web to measure the same location on the web, each
of the first and second sensor heads comprising at least one
source for providing energy and at least one associated
detector for detecting energy reflected from the web; and
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the at least one source of the firxrst sensor head

providing energy modulated at the first frequency and the at

least one source of the second sensor head providing energy
modulated at the second frequency which 1s different than the
first frequency;

the at least one detector of the first sensor head
detects only energy reflected from the web modulated at a
first frequency and the at least one detector of the second
sensor head detects only enerqgy reflected <from the web
modulated at a second frequency.

Description of the Drawing

Fig. 1 shows a prior art source and detector on one side

of a moving sheet for measuring sheet surface quality
parameters in a sheet making or sheet converting process.

Fig. 2 a prior art source and detector on each side of a
moving sheet for measuring sheet surface quality parametexrs in
a sheet making or sheet converting process.

Fig. 3 shows &a prior axrt arrangement of source and
detector which are physically separated in the machine
direction and Fig. 4 shows such an arrangement 1in the cross
direction.

Fig. 5 shows first and second source and detector
combinations embodied in accordance with the present invention
on opposite sides of a moving sheet.

Figs. 6(a), (b) and (c) show examples of waveforms for the
upper and lower sensors of Fig. 5.

Fig. 7(a), (b) and (c) show the resulting sensor signal
output of the complete proccessing chain shown in Fig. 5.

Fig. 8 shows an example of a sheet making system including
a paper making machine and gquality control system that can be
used with the sensor of the present invention.

Detailed Description

A dual sided sheet surface property sensor embodied 1in
accordance with the present invention is capable of measuring
both sides of a moving sheet at the same location of the sheet
on the top and bottom sides of the sheet. The energy directed
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to each side may include UV, visible 1light, infrared, radio
frequency, microwave, broadband, or X-ray. Applications of the
present invention include, but are not limited to, the
measurement of several sheet properties 1including gloss,
brightness, smoothness, texture, color, coat weight, crepe,
surface moisture and non-contacting caliper. These properties
as is well known to those in the art can, depending upon the
energy directed to each side o©of the sheet and type of
detectors used, be measured independently of each other or

10 more than one property may be measured at the same time. For
example, if the energy source is broadband light both moisture
and brightness can be simultaneously measured.

Referring now to Fig. 5, there is shown moving sheet 10
and first and second combination source and detector sensoxrs 30
and 32 with sensor 30 located on the top side of sheet 10 and
sensor 32 located on the bottom side o©of sheet 10. As
illustrated in Figure 5, the measurement energy 1n each sensor
head is generated by a source, 30a i1n sensor head 30 and 32a
in sensor head 32, on each side of the sheet. This source 30a,

20 32a in each sensing head 1is modulated by means of an
associated oscillator 30b, 32b, a band pass filter 30c, 32c¢, a
reference detector 30d, 32d and a source driver controller
30e, 32e.

The oscillator 30b, 32b generates a well-defined and
repetitive waveform, for instance sinusoidal. The oscillator
frequency in one of the heads is preferably approximately two
times the frequency of the oscillator in the opposing head.
The reason for this choice of frequency ratio 1s related to
achieving best possible sheet property measurement frequency

30 response after demodulation and filtering, lowest possible
modulation rate of the sources at a desired process
measurement response, and minimum low frequency cross talk
that might be caused by mixing between the two oscillator
frequencies.

The freguency of oscillator 30b or 32b, that 1is the

modulation frequency, can be selected to allow maximum signal
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to noise ratio and rejection of aliasing effects due to paperx
variability. For instance, in a paper machine traveling at
1,200 m /min, a modulation frequency of 20 kHz implies one
full modulation cycle per every 1 mm paper travel in the
machine direction. This travel distance can be seen in
relation to typical sensor measurement apertures in the range
of 10 mm in diameter. This means for this example a high
degree of oversampling and spatial averaging that greatly
reduce modulation aliasing effects from small scale process
variability. It also means that no sheet property information
from any area of moving sheet 10 is lost as part of the on-
sheet measurement cycle.

With a modulation frequency ratio of approximately 2:1
between the two sensor heads, it is important to choose the
modulating wave <forms with a low level of second harmonic
content. If this 1s not the case, the second harmonic of one
sensor modulating frequency may interfere and create a low
frequency beat with the primary modulating £frequency of the
other sensor. A low distortion sine wave has little content of
second order harmonics, and so do several other wave forms, |
for 1instance symmetrical and exactly 50% duty cycle sqguare
waves. In any case, a filter, such as band pass filter 30c,
32c, 1s preferably inserted after the oscillator 30b, 32b, to
further reduce harmonics content. This filter 30c¢, 32¢, causes
a roll off of a square wave and create a rounded shape result;
however, this 1s desirable from the view of creating a wave
form without excessively fast rise time or fall time, since
otherwise the source may not be able to track the desired
waveform closely. .

A closed loop intensity controller 30e, 32e, is included
on each side of moving sheet 10. The controller 30e, 32e,
operates by comparing the received energy from an associated
reference detector 30d, 32d, and associated pre-amplifier 30F,
32f, with the commanded oscillator wave form using a tight
feedback loop and thus forcing the emitted source energy to

continuously replicate the modulation waveform.
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One or several measurement detectors 30g, 32g is provided
in each measurement head, responding to a sheet property
measurement from the source energy 30a, 32a on the
corresponding side of moving sheet 10. The measurement
detector 30g, 32g, is connected via associated preamplifiers
30h, 32h to an associated synchronous detector 30i, 321. The
second input to this detector 30i, 32i, originates from
sensing in associated phase detector 30j, 32j zero Crossings
of the AC signal from reference detector 30d, 32d amplified by
assocliated pre-amplifier 30L, 32fF. Choosing a reference
detector 30d, 32d, and measurement detector 30g, 32g, of
similar characteristics, provides a well balanced and properly
phase locked synchronous demodulation at the associated
oscillator frequency and with proper compensation for time
lags and other non ideal response.

A low pass filter 30k, 32k, is provided at the output of
sensor 30, 32, to eliminate modulation frequencies and high
frequency cross talk from the opposing side of moving sheet
10. A ratio of approximately 1 : 10 of low pass filter corner
frequency and oscillator frequency allows for a good systems
response and low residual noise, while requiring only a 4th
order low pass filter characteristics.

Figures 6(a), (b) and (c) shows examples of wave forms
for the upper and lower sensor 30, 32. The two upper graphs in
Figures 6(a) and (b) show the measuring on a fully opaque
sheet that has no cross talk between the sensoxs. The
oscillator frequency in this simulation is 10.000 kHz for
upper head 30 and 20.400 kHz for lower head 32, or a ratio of
2.04 : 1. The resulting detected signals in each head are 1in
this case sinusoidal and at different frequencies. The third
graph in Figure 6(c) shows the resulting wave form on top side
measurement detector 30g with 30% signal Cross talk
contributed from bottom source modulation. It is the task of
the synchronous demodulation of the present 1invention to
unravel this complex wave form and by doing so eliminate the

un—desired cross talk component.
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Figures 7(a), (b) and (¢) show the resulting sensor
signal output of the complete signal processing chain as
illustrated in Figure 5, and with 30% of the raw measurement
signals on each side originating from cross talk from the
opposing side source. In this simulation, the source intensity
on each side is furthermore independently changed by major
steps up and down. The resulting processed measurement signals
on each side are independent of the intensity changes on the
opposing side, thus demonstrating very low cross talk after
the specified signal processing.

In Figures 7(a), (b) and (c), the same step changes and
cross talk conditions are furthermore repeated at three
slightly different modulation frequency pairs for the upper
and lower heads. The frequency pairs thus exemplified are
randomly chosen at (1) 10.000 / 20.000 kHz for Fig. 7{(a), (2)
10.000 / 20.917 kHz for Fig. 7(b) and (3) 10.123 / 19.980 kH=z
for Fig. 7(c). Other simulations give similar results. As
evident from the results, there 1s no need for exact frequency
tracking or phase lock between the top and bottom sensor heads
30, 32 and a frequency tolerance of approximately * 5% 1is
sufficient.

Referring now to Fig. 8, there is shown in simplified
form a typical system for making a sheet such as paper that
includes a papermaking machine 40 that can use the sensoxr 30,
32 of the present invention. Machine 40 includes a forming
section 42 that has a headbox 44, As is well known to those
of ordinary skill in the papermaking art, 1in the modern
production of paper a continuous fiber/water slurry is formed
as a moving web. The slurry is in the headbox 44 and 1is
deposited from the headbox 44 through a long horizontal slit
onto a perforated web or wire.

As the slurry moves down the machine 40 the water is
removed first at pressing section 46 and then at a first dryer
section 48 and a second section dryer 50 to leave the [fiber

which forms the paper web. The paper web is wound on reel b52.
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As 1is shown 1in Fig. 8, machine 40 includes a first
scanning or non scanning frame 54 mounted across the machine
between dryer sections 48 and 50. Examples of a scanning
measurement can be found in U.S. Patent No. 5,479,720 entitled
“Method And Apparatus For Measuring Web Thickness And Other
Characteristics Of A Moving Web” the disclosure of which 1is
hereby incorporated herein by reference. The frame has an
opening through which the moving paper web moves. Frame 54
includes one or more sheet property sensors, such as the
sensor of the present invention, that, when frame 54 1s a
scanning frame, scan back and forth across the moving web to
each measure one or more properties of the moving web. Machine
40 also includes a second scanning or non-scanning frame 56
mounted across the machine between dryer section 50 and reel
52. Frame 56 includes one or more sensors, such as the sensor
of the present invention, that, when frame 56 1s a scanning
frame, scan back and forth across the moving sheet to each
measure one or more properties of the moving web. The paper
machine 40 may be a complete process as 1llustrated in Fig. 8,
or a sub-process involving only certain manufacturing steps,
for instance surface treatment to an previously already
produced paper web to achieve a higher gloss paper.

As 4is shown 1in Fig. 8, the papermaking system also
includes a gquality control system (QCS) 58 in the form of a
computing device that interfaces with the output of the
sensors mounted on frames 54 and 56 and contains software that
uses the outputs from the sensors to control the machine 40 in
order to obtain on the zreel 52 a paper web having
predetermined desired properties. As is well known to those
of ordinary skill in the papermaking art, QCS 58 1s connected
to all of the equipment in a papermaking system that provides
either measurements of the process or can be controlled to
affect the properties of the moving web. However, for ease of
illustration the QCS 58 is shown in Fig. 8 as only connected
to frames 54 and 56.

It should be appreciated that the sensor of the present




10

CA 02652202 2008-11-13
WO 2007/149162 PCT/US2007/011575

E20030090 11

invention, provided it has means of modulating the energy in a
controlled fashion and preferably at a high rate, can be used
to measure several different properties of a moving sheet such
as gloss, brightness, smoothness, texture, color, coat weight,
crepe, surface moisture and non-contacting caliper and may use
several different types of energy such as UV, visible light,
infrared, radio frequency, microwave, broadband, or X-ray in
making that measurement.

It 1s to be understood that the description of the
foregoing exemplary embodiment(s) is (are) intended to be only
illustrative, rather than exhaustive, of the present invention.

Those o0f ordinary skill will be able to make certain
additions, deletions, and/or modifications to the embodiment (s)
of the disclosed subject matter without departing from the

spirit of the invention or its scope, as defined by the
appended claims.
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What is claimed is:

1. A method for measuring properties of a moving
web 1n which sensor heads comprising at least one source
for providing enexgy and at least one associated detector
for detecting energy reflected from said web to be
measured are installed on both of sides of said web to
measure the same location on said web, said method
comprising:

providing from said at least one source on one side

10 of said web energy modulated at a first frequency;
simultaneously providing from said at least one
source on the other side of said web energy modulated at
a second frequency which 1is differxent than said first
frequency;

sald at least one detector on said one side of said
web detecting only energy reflected from said web
modulated at said first frequency; and

said at least one detector on said other side of
sald web detecting only energy reflected from said web

20 modulated at said second frequency.

2. An apparatus for measuring properties of a
moving web comprising:

first . and second sensor heads for installation on
opposite sides of said web to measure the same location
on sald web, each of said first and second sensor heads
comprising at least one source for providing energy and
at least one assocliated detector for detecting energy
reflected from said web; and

said at least one source of said first sensor head

30 providing energy modulated at said first frequency and
said at 1least one source of said second sensor head
providing energy modulated at said second frequency which
1s different than said first frequency}

said at least one detector of said first sensor head
detects only energy reflected from said web modulated at
a first frequency and said at least one detector of said
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second sensor head detects only energy reflected from
said web modulated at a second frequency.

3. The apparatus of claim 2 wherein said enerqgy
provided from said at least one source of said Ffirst
sensor head and said second sensor head are both selected
from a group consisting of:

uv, visible light, infrared, radio frequency,
microwave, broadband, or X-ray.

4. The apparatus of claim 2 wherein said first
frequency is about two times said second frequency.

5. The apparatus of claim .2 further comprising a
first source of a signal héving said first frequency and
a second source of a signal having said second frequency.

6. The apparatus of claim 2 wherein said signal
having first frequency and said signal having second
frequency are each selected to have a low level of second
harmonic content.

7. The apparatus of claim 5 further comprising
synchronous demodulators for selectively detecting only
the energy associated with said first frequency in said
first sensor head and said second frequency in said
second head.

g . The apparatus of claim 2 further comprising a
frame 1in which said first and second sensor heads are
mounted 1n a manner such that when said frame straddles
said moving web said sensor heads are on opposite sides
or sald moving web and measure a property of said moving
web at the same location on said moving web.

9. The apparatus of claim 8 wherein said frame is
selected from a group consisting of:

a scanning frame or a non-scanning frame.

10. The apparatus of claim 8 wherein said first and
second sensor heads measure one or more of the properties
of said web selected from a group consisting of:

gloss, brightness, smoothness, texture, color, coat

weight, crepe, surface moisture, non-contacting caliper
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or sheet flatness.

11. The apparatus of claim 9 further comprising a
quality control system connected to at least saild first
and second sensor heads.

12. A system for measuring properties of a moving
web comprising:

a machine for making said moving web, said machine
comprising one or more frames mounted on said machine
such that each of said one or more frames straddles said
moving web;

one or more quality control systems for controlling
one or more properties of said moving web; and

one or more sensors mounted on at least one of said
one or more frames, each of said one oOYr more Sensors
comprising:

first and second sensor heads mounted on said at
least one of said one or more frames such that said heads
are on opposite sides of said web to measure the same
location on said web, each of said first and second
sensor heads comprising at least one source for providing
energy and at least one associated detector for detecting
energy reflected from said web; and

said at least one source of said first sensor head
providing energy modulated at said first frequency and
said at least one source of said second sensor head
providing energy modulated at said second frequency which
is different than said first frequency;

said at least one detector of said first sensor head
detects only energy reflected from said web modulated at
a first frequency and said at least one detector of said
second sensor head detects only energy reflected from
said web modulated at a second frequency.

13. The system of claim 12 wherein salid energy
provided from said at least one source of said first
sensor head and said second sensor head are both selected

from a group consisting of:
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UV, visible light, infrared, radio fregquency,

microwave, broadband, or X-ray.

14. The system of claim 12 wherein said first
frequency is about two times said second frequency.

15. The system of claim 12 wherein each of said one
or more sensors further comprise a first source of a
signal having said first frequency and a second source of
a signal having said second frequency.

16. The system of claim 12 wherein said signal
having first frequency and said signal having second
frequency are each selected to have a low level of second
harmonic content.

17. The system of claim 15 wherein each of said one
or more sensors further comprise synchronous demodulators
for selectively detecting only the energy associated with
said first frequency in said first sensor head and said
second frequency in said second head.

18. The system of claim 12 wherein each of said one
or more frames are selected from a group consisting of:

a scanning frame or a non-scanning frame.

19. The system of claim 12 wherein each of said one
or more sensor heads measure one or more of the properties
of said web selected from a group consisting of:

gloss, brightness, smoothness, texture, color, coat
weight, crepe, surface moisture, non-contacting caliper
or sheet flatness.
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Figure 1 (Prior Art)
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Figure 2 (Prior Art)
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Figire 3 (Prior Art)

KFigure 4 (Prior Art)
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Fig. 7(a)

Measurement recovery after signal processing
Intensity step change response; Top f= 10.000 kHz, bottom f = 20.000 kHz

1.00

* P4 * M - >
s 1 H . s H . 3 e - 3
: 3 i m i : : $ i i } ! : . i
: 1 1 ] ; g : $ : : i 3 : : :
: - - : $ : : : : u i ! : i
'wm ...-o..--!:.Iww.oa-:::._-\chopupﬁﬁﬂﬂns nHoo.o..v.-vacoo_c...c.-ﬁ.900.-o.ocomio;oot-oooo.o.mt.:t.!.oco..o:.cw_...0..:.a43aoo.m-.o‘o't:ooo...a.m.t.o.co-!:ooo-.Wo.o.:w:c::-.¢M.:.:.-....3.-Mcooqo:at-::.W.l::::vo:o‘ul::oo::o. p—
* o o - ™ a — " " " y » a *40
: : ' : 3 : 2 : $ : : : : ‘
P4 il 4 * - - 1 - 4 > m m m
. —Dotton] measurement: : : : : : : " :
90 : : : : 1 i i z : : $ : : : :
. -.0-03o..‘}.m.o::o-::.:ewoo:-.._.!.:.oo.o_m.o-..:--.oozom..o-::.o:.::W:oo.o:to:.o:h.!_o.q-::.-.-:n.::.q-:_.....:..-:3-.:-_-..W:.:.—oarcontlo.o'-:ancc...-ooqohc.ooo..qo-oaco.oohozoqovoo:oo:9&.oo-qo.lqoo-.o.oh.oaoo.oosoo::“.o.:.o:t.c:t.
i - i : 3 : : : t 3 : i
: : : : t : : : : : 1 : m |
: i $ ] i m 2 { : i $ m 3
: s : : . H : .
umm 40.0.o1-Cooot._oo-ui-o:.olootonomigoootpoo.o.oom.. .o.o.-oaooo.odizaoo.i..:o_;30:;-:':0.03:0::xoocomt&-vo:ooooooo::”l-oo.cccioac_cco Mon-:o.o.o.v.tolho-oooo::-olooamv-o--..-!t:_.:.mtooooo.o-io...W430ooaocooroz.M.ootnooon.to:oamso.tt.oo.!o-ooooo
; ; : : _ : M : m ; : : : :
i : i : : : : : : : : m ; m
mo .o...-o-.i.—.ﬂ.-m...:.:-to.:..m-::..33-3:% roNPANRIDIa -.m m m m M M m m m. m m
" —. m 9 [ nv.-oco.::cc:.qmc o.bn.t.::..0-m.o-o-:.o’oooi.mcloo’.a.-to...-.“.otoof..-:-; I.ooqotos._.o-o._oa :oo!o:.’oot!moevo.aozo:q:oqq:-.:_. -l.-so..m-ot.o.‘:oo.::cl.o:::.:.:..*..:’..:0:1.
; : : : f i : : ] : : 7 : :
! : ! : : $ i -~ : : ; i w
: 4 1 . m 2 1 & > . m
qm -.o.OO...-!!.QQQ.m:..00..0.000Co.-“.‘.nbt.’!-c..;c. vidhenses s = : 3 m M m m s 4 m
» u u eues :..qo.-“ozocoocootoo..ou .o.-lo-..-’..m.o!3...3-..3ow:.._..:..2.-3.@-.-:-3--.-.- 2-::8!:-3#..:-!2::-:..-::1........0.!..... -:..-0::..._asoooo.-oﬁ...ct,.zoozomoc.oso-o-:.-lo.
“ a - u b 4 u ﬂ : w n v
: : ; : i : : : : : i :
: $ : i i - i : ] : 1 :
70 : : : : : m i : n m : : ;
® 2.llo.o.3.-o.-.mtlo-.aoooo:lboms-..:o-z-o:oc q3313..l..o’omo:.ot::o!:o a.a-1-.oo-.oo..“.olo.:._.lo.o.oovm.:o.-333-:3.*33!-8:3.3” ..a.-oqooooooo-uW-o.:s!..o:to..w..-.-.-..03_:-Woa:o:os. o...mo!..ooo-oovo..om..cooo-ooo.-:law-!:.-o!-oo..lo.
— -4 4 o ’ . 4 -
: : $ : : : 3 : : : t
$ : i : : : - : i 3 m :
: : . : H ! : : 3 | | :
QM -:..-.-uonosooo-mcctsba-uoo " ﬂ w m ﬂ m w m m m m :
’ m 8 .-.:uo-:.!-o.:o:o : : (RRIA LI TYT] ..-..:-:.o.n:..oru-:ooo_-cooocqo..ouq::0.09:...t?w::.:.:oo.:o.m. o-o-o._-co.:3.nlo.oooo:.oo.o._..l“..—oo-.::.o-..-.-m.:.ooa!.:. .-h..-.o..l.::.-.*:..lo-.o...o..ln..o:oo:o.o:oo..
: } : : t : : : : : : : ! :
" ” “ : m | i | i , I U SR M
oo dPENe OQQODOOOQQMQQ.-.n...o-....cb“v-o-..o..u...c.'o”.:-.tQQ#I‘.....m..-O-.-.Q.t -oizmo m m m m m m m . o
' m m : : ? - :o:--.-l-!..m.-3033o.o.o..om.:..ooc:...E-W.-:..-...-...-HS.::-:.-.o.-w:.32o.-3z-.ﬂ:—-..-.o:-.:“::.._.-...-._-2@.3::-.-...o.*-:o.:.-.:.low.ocoooooao:.!..
: : m : : : : ; : : ; : m :
: : : : : : 1 : : : - 3 : $ i
QM s rqnoxtbcaa-mOD-.:o.-..o..OulﬂOQQQQ Cutbudrda H m m m e - w " w m W " m "
. m m rtwt by -tm:oo.ozo-.-::.m::ocot-ot-snctn-...’o..-o..o:-m-00-..-..0.:.:.“.:.0.-.o:nx.-.qolvolot:so‘loti“o-:-oooo-cooccco.ﬂcz.-c.oxpot:.rt.o.:cfo.--.ﬂ-ov’::o..o:o’w.o.ooot..o-.o.—.oboo:oz.o:.oo:hzcoaoﬁoo:.lb:-
i : ¢ g : ' - : : ¢ 1
! i t : 1 $ : i i i i : ! : |
3 . 1 ! : 3 : ’ H . : | g .
$ ; ! : i i : : ) : " ! : : d
20 : : : : . : : : . : i m ;

0 .0025 .005 .0075 .01 .0125 .015 0175 .02 .0225 .025 .0275 .03 .0325 .035 .0375 .04

Time (sec)

J




CA 02652202 2008-11-13

PCT/US2007/011573

WO 2007/149162

9/11

Fig. 7(b)

Measurement recovery after signal processing

P 1 00 Intensity step change response; Top = 10.000 kHz, bottom £=20.917 kHz
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Fig. 7(c)

Measurement recovery after signal processing
Intensity step change response; Top f= 10.123 kHz, bottom = 19.980 kHz
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