wo 2013/&2696 A1 [N H0F A0 O 0 0

(43) International Publication Date

Organization
International Bureau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property Ny

000 00 OO O
(10) International Publication Number

WO 2013/082696 Al

(51)

21

(22)

(25
(26)
(30)

(71)

(72)

(74)

(81)

13 June 2013 (13.06.2013) WirPoO I PCT
International Patent Classification:
G01J3/10 (2006.01) GO1N 21/94 (2006.01)

International Application Number:
PCT/CA2012/001 109

International Filing Date:
4 December 2012 (04.12.2012)

Filing Language: English
Publication Language: English
Priority Data:

13/314,030 7 December 201 1 (07.12.201 1) us

Applicant: HONEYWELL ASCA INC. [CA/CA]; 3333
Unity Drive, Mississauga, Ontario L5L 3S6 (CA).

Inventors: TIXIER, Sebastien; Honeywell International
Inc.,, 101 Columbia Road, P.O. Box 2245, Morristown,
New Jersey 07962-2245 (US). HARAN, Frank M.; Hon-
eywell International Inc., 101 Columbia Road, P.O. Box
2245, Morristown, New Jersey 07962-2245 (US).

Agentss MANOLAKIS, Emmanuel et a; Gowling
Lafleur Henderson LLP, 1 Place Ville Marie, 37th Floor,
Montreal, Quebec H3B 3P4 (CA).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

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

Declarations under Rule 4.17:

as to applicant's entitlement to applyfor and be granted a
patent (Rule 4.17(H))

Published:

with international search report (Art. 21(3))

(54) Titlee MULTI-SOURCE SENSOR FOR ONLINE CHARACTERIZATION WEB PRODUCTS AND RELATED SYSTEM
AND METHOD

START

¥ 600

PLACE SENSOR WITH SOLID-STATE LIGHT SOURCES AND
DETECTOR NEAR WEB

le
$

604

&{ GENERATE DIFFERENT LIGHT USING LIGHT SOURCES J

606 l
MEASURE DIFFERENT LIGHT INTERACTING WITH WEB J

608 l
DETERMINE CHARACTERISTIC(S) OF WEB J

610 l
ADJUST LIGHT SOURCE(S) AS NEEDED J

FIGURE 6

(57) Abstract: A system includes a first sensor unit having multiple solid-state light sources (202a-202n) each configured to gener -
ate light at one or more wavelengths, where different light sources are configured to generate light at different wavelengths. The first
sensor unit also includes a mixer (204, 302a-302n, 304, 402a-402m) configured to mix the light from the light sources and to
provide the mixed light to aweb (108) being sampled. The first sensor unit further includes a controller (258a) configured to control
the generation of the light by the light sources. The system also includes a second sensor unit comprising a detector (206) configured
to measure mixed light that has interacted with the web. The second sensor unit could also include a second controller (258b) con-
figured to determine one or more characteristics of the web (such asmoisture content and fiber weight) using measurements from the
detector.
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MULTI - SOURCE SENSOR FOR ONLI NE CHARACTERI ZATI ON  OF
VB PRODUCTS AND RELATED SYSTEM AND METHOD

TECHNI CAL FI ELD
[0001] This disclosure relates generally to control
systens. Mdre specifically, this disclosure relates to a
multi-source sensor for online characterization of web

products and related system and nethod.

BACKGROUND

[0002] Sheets or other webs of material are used in a
variety of industries and in a variety of ways. These
materials can include paper, nulti-layer paperboard, and
ot her products nmanufactured or processed in long webs. As
a particular exanpl e, long sheets of paper can be
manuf act ur ed and collected in reels. These webs of
nmat eri al are often manufactured or processed at high
rates of speed, such as speeds of up to one hundred
kil oneters per hour or nore.

[0003] It is often necessary or desirable to neasure
one or nore properties of a web of nmaterial as the web is
bei ng manufactured or processed. For exanple, it is often
desirable to neasure the properties of a paper sheet
being nmanufactured (such as its noisture, coat weight,
basis weight, col or, or caliper/thickness ) to verify
whet her the sheet is wthin certain specifications
Adj ustnents can then be nade to the sheet-naking process
to ensure that the sheet properties are wthin the
desired range (s).

[0004] Together with basis weight or fiber weight,
online noisture neasurenents are often one of the nost
i mportant neasurenents for quality control in a paper-

making or other web-nmaking process. Online noisture
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measur enment s often need to be accurate, fast, and at a

high resolution (such as 5mm or less in the «cross-

direction across a web) . Online npisture sensors also
typically need to provi de stabl e and reliable
nmeasur enment s for years of service with ni ni mal

mai nt enance. Tradi tional noi sture sensors use broadband

i ght sources such as Quartz Tungsten Hal ogen (QTH)
bul bs. Although QIH light sources provide the necessary
light intensity for accurate nmeasurenents, they typically

suffer from a nunber of limtations.

SUMVARY
[0005] This disclosure provides a multi-source sensor
for online characterization of web products and related

system and nmet hod.

[0006] In a first enbodinent, an apparatus includes
multiple solid-state light sources each configured to
generate i ght at one or nore wavel engt hs, wher e
different light sources are configured to generate |ight
at different wavel engths. The apparatus also includes a

m xer configured to mx the light from the Ilight sources
and to provide the mxed light to a web being sanpled.
The apparatus further includes a controller configured to
control the generation of the light by the |ight sources.
[0007] In a second enbodinent, a system includes a
first sensor unit having nultiple solid-state i ght
sources each configured to generate light at one or nore
wavel engths, where different |[|ight sources are configured
to generate light at different wavel engt hs. The first
sensor unit also includes a nmixer configured to mx the
light from the Ilight sources and to provide the mxed
light to a web being sanpled. The first sensor unit

further includes a controller configured to control the

SUBSTITUTE SHEET (RULE 26)



WO 2013/082696 PCT/CA2012/001109

3

generation of the light by the light sources. The system
al so includes a second sensor unit conprising a detector
configured to neasure mixed light that has interacted

with the web.

[0008] In a third enbodinent, a method i ncl udes
generating light at different wavelengths wusing multiple
solid-state |ight sources, mxing the light from the
light sources, and providing the mxed light to a web

being sanpled. The method also includes controlling the
generation of the light by the light sources.

[0009] O her t echni cal features may be readily
apparent to one skilled in the art from the follow ng

figures, descriptions, and clains.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[0010] For a nore conplete understanding of this
di scl osure, reference is now nmade to the follow ng
description, taken in conjunction wth the acconpanying
drawi ngs, in which:

[0011] FI GURE 1 illustrates an exanpl e web
manufacturing or processing system according to this
di scl osur e;

[0012] FIGURES 2A and 2B illustrate exanple sensors
having solid-state I'ight sources according to this
di scl osure ;

[0013] FIGURES 3 through 5 illustrate various other
arrangenents of sensors having solid-state |ight sources
according to this disclosure; and

[0014] FIGURE 6 illustrates an exanmple nethod for
sensing web characteristics using sensors having solid-

state light sources according to this disclosure.
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DETAI LED DESCRI PTI ON

[0015] FIGURES 1 through 6, discussed below, and the
various enbodinments wused to describe the principles of
the present invention in this patent docunent are by way
of illustration only and should not be construed in any
way to limt the scope of the invention. Those skilled in
the art wll understand that the principles of the
invention nay be inplenented in any type of suitably
arranged device or system

[0016] FI GURE 1 illustrates an exanpl e web
manuf acturing or processing system 100 according to this
di scl osure. In this exanple, the system 100 includes a
paper machine 102, a controller 104, and a network 106.
The paper nachine 102 includes various conponents used to
produce a paper product, nanely a paper web 108 that is
collected at a reel 110. The controller 104 nonitors and
controls the operation of the paper nachine 102, which
may help to maintain or increase the quality of the paper
web 108 produced by the paper nmachine 102.

[0017] In this exanple, the paper machine 102 includes
at least one headbox 112, which distributes a pulp
suspension uniformy across the machine onto a continuous
noving wre screen or nmesh 113. The pulp suspension
entering the headbox 112 may contain, for exanple, 0.2-3%
wood fibers, fillers, and/or other materials, with the
remai nder of the suspension being water. The headbox 112
may include an array of dilution actuators, whi ch
di stributes dilution water into the pulp suspension
across the web. The dilution water my be used to help
ensure that the resulting paper web 108 has a nore
uniform basis weight across the web 108.

[0018] Arrays of drainage elenents 114, such as vacuum

boxes, renmpbve as nmuch water as possible to initiate the
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formation of the sheet 108. An array of steam actuators
116 produces hot steam that penetrates the paper web 108
and releases the latent heat of the steam into the paper
web 108, thereby increasing the tenperature of the paper
web 108 in sections across the web. The increase in
tenperature may allow for easier renpoval of remaining
water from the paper web 108. An array of rewet shower
actuators 118 adds snall droplets of water (which may be
air atom zed) onto the surface of the paper web 108. The
array of rewet shower actuators 118 may be wused to
control the noisture profile of the paper web 108, reduce
or prevent over-drying of the paper web 108, or correct
any dry streaks in the paper web 108.

[0019] The paper web 108 is then often passed through
a cal ender having several nips of counter-rotating rolls.
Arrays of induction heating actuators 120 heat the shell
surfaces of various ones of these rolls. As each roll
surface locally heats up, the roll dianeter is locally
expanded and hence increases nip pressure, which in turn
locally conpresses the paper web 108. The arrays of
i nduction heating actuators 120 nmay therefore be used to
control the caliper (thickness) profile of the paper web
108. The nips of a calender may also be equipped wth
other actuator arrays, such as arrays of air showers or
steam showers, which nmay be used to control the gloss
profile or snoothness profile of the paper web.

[0020] Two additional actuators 122-124 are shown in
FIGURE 1. A thick stock flow actuator 122 controls the
consistency of incomng stock received at the headbox
112. A steam flow actuator 124 controls the anount of
heat transferred to the paper web 108 from drying
cyl i nders. The actuators 122-124 coul d, for exanple,

represent valves controlling the flow of stock and steam
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respectively. These actuators may be used for controlling
the dry weight and noisture of the paper web 108.

[0021] Additional components could be used to further
process the paper web 108, such as a supercal ender (for
improving the paper web's thickness, snoot hness, and
gloss) or one or nore coating stations (each applying a
| ayer of coatant to a surface of the paper to inprove the
snoot hness and printability of the paper web) . Sinilarly,
addi ti onal flow actuators my be used to control t he
proportions of different types of pulp and filler
material in the thick stock and to control the amounts of
various additives (such as retention aid or dyes) that
are mixed into the stock.

[0022] This represents a brief description of one type
of paper nachine 102 that may be used to produce a paper
product. Additional details regarding this type of paper
machine 102 are well-known in the art and are not needed
for an understanding of this disclosure. Al so, this
represents one specific type of paper machine 102 that

may be used in the system 100. OQher machines or devices

could be wused that include any other or additional
conmponents for producing a paper product. In addition,
this disclosure is not limted to use with systens for

produci ng paper products and could be used with systens
that process a paper product or with systens that produce
or process other itens or materials (such as nmulti-Ilayer
paper board, cardboard, plastic, textiles, netal foil or
webs, or ot her or addi ti onal material s t hat are
manuf actured or processed as noving webs)

[0023] In order to control the paper-nmaking process,
one or nmore properties of the paper web 108 my be
continuously or repeatedly neasured. The web properties

can be neasured at one or various stages in the
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manufacturing process. This information may then be used
to adjust the paper nmachine 102, such as by adjusting
various actuators wthin the paper machine 102. This nmay
help to compensate for any wvariations of the web
properties from desired targets, which may help to ensure
the quality of the web 108.

[0024] As shown in FIGURE 1, the paper nachine 102
includes one or nore sensor arrays 126-128, each of which
may include one or nore sensors. FEach sensor array 126-
128 is capable of measuring one or nore characteristics
of the paper web 108. For exanple, each sensor array 126-
128 could include sensors for neasuring the noisture
basis weight, caliper, coat weight, anisotropy, col or,
gl oss, sheen, haze, fiber orientation, surface features
(such as roughness, t opogr aphy, or orientation
di stributions of surface features), or any other or
additional <characteristics of the paper web 108.

[0025] Each sensor array 126-128 includes any suitable
structure or structures for neasuring or detecting one or
nore characteristics of the paper web 108. The sensors in
a sensor array 126-128 could be stationary or scanning
sensors . Stationary sensors could be deployed in one or a
few locations across the web 108, or they could be
deployed at nultiple locations across the whole w dth of
the web 108 such that substantially the entire web wdth
is measured. A scanning set of sensors could include any
nunber of nobving sensors.

[0026] The controller 104 receives neasurenent dat a
from the sensor arrays 126-128 and uses the data to
control t he paper machi ne 102. For exanpl e, t he
controller 104 may use the neasurenent data to adjust any
of the actuators or other conponents of the paper machine

102. The controller 104 includes any suitable structure
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for controlling the operation of at least part of the
paper machine 102, such as a conputing device.

[0027] The network 106 is coupled to the controller
104 and various conponents of the paper nmachine 102 (such
as the actuators and sensor arrays) . The network 106
facilitates conmuni cati on bet ween conponent s of the

system 100. The network 106 represents any suitable

net wor k or conbi nati on of net wor ks facilitating

conmuni cation between conponents in the system 100. The
network 106 coul d, for exanple, repr esent a wired or
wireless Ethernet network, an electrical signal network
(such as a HART or FOUNDATI ON FI ELDBUS networKk), a
pneunatic control si gnal net wor Kk, or any other or

addi tional network(s).

[0028] As noted above, accurate npisture neasurenents

are often needed or desired for quality control in web-
maki ng or web-processing syst ens. Tradi tional noi sture
sensors use broadband I'i ght sour ces such as Quartz

Tungsten Halogen (QrH) bulbs. However, QTH |ight sources

typically suf fer from a nunber of limtations. For
exanpl e, QrH [Iight sources often cannot be directly
nodul at ed at hi gh frequenci es. Thi s nmeans t hat a
nmechani cal chopper is often used in order to support
synchr onous det ection t echni ques, but novi ng parts
conmonly lead to maintenance i ssues. Al so, QTH light
sources often have Ilimted operational I'i fespans and
usually require a significant nunber of replacenents
during the sensor's lifetine. In addition, QrH light
sources may show instability close to their end of life.
[0029] In accordance wth this disclosure, a multi-

source sensor (such as a sensor wused in the array 126
and/or 128) enploys multiple solid-state |ight sources at

various wavel engt hs to neasure web properties . Solid-
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state light sources can include sources such as 1light
emtting diodes (LEDs), super-I|unm nescent LEDs (SLEDs),
and |aser diodes. These solid-state |Ilight sources can be
directly nodul ated at very high frequencies, sO no

mechani cal chopper may be needed, and mneasurenent speeds

can be increased (such as by several orders of
magni tude) . Also, solid-state light sources are typically
stable, require little or no maintenance, and have very
long operational |lifespans (possibly matching a sensor' s
lifespan) . In addition, the central wavel engt h of a
solid-state light source can be tuned very precisely,

such as by changing the source's operating tenperature.

This could be done, for exanple, to substantially rmatch
t he I'ight source's em ssi ons to a characteristic
absorption feature of a web product and to tune this
em ssi on dependi ng on the web product’'s producti on
tenperature .

[0030] A sensor can include any nunber of solid-state

I'ight sour ces. For exanpl e, some enbodi nents of a
nmoi sture and fiber weight sensor could include two,
three, or four solid-state |Ilight sources. A different

nunber of sources may be wused for other applications,

such as when nore sources are used for the measurenent of
coat wei ght applied to paper products . Light from
multiple solid-state sources can be brought together and
m xed before being directed to the web 108. Various types
of mxers can be used, such as fiber optics, fiber
bundles, or light guides. Only one detector may be needed
to receive and nmeasure the light that has interacted wth
the web 108. The solid-state I'ight sources can be
nmodul ated at various frequencies (including very high
frequenci es) in any suitable manner, such as by using

frequency di vi si on mul ti pl exi ng or tinme di vi si on
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mul ti pl exi ng, so that the light can be denodulated by a
detector or other receiver.

[0031] A sensor can also include additional types of
light sources, such as thernmal sour ces, MEMB sources,
and/or QTH sources. These sources do not have all the
advantages of solid-state sources but could conplenent
solid-state sources in sonme applications, such as when a
broadband illumnation is required.

[0032] Additional details regarding the use of solid-
state light sources in moisture and fiber weight sensors
or other web sensors are provided below. Note that while
a sensor with solid-state light sources is described here
as being used in the sensor array 126 and/or 128, this
type of sensor could be used in any other or additional
| ocation (s).

[0033] Although FIGURE 1 illustrates one exanple of a
web  manufacturing or processing system 100, vari ous
changes nmay be nmade to FIGURE 1. For exanple, ot her
systems could be used to produce paper products or other
products. Also, while shown as including a single paper
machi ne 102 with various conponent s and a single
controller 104, the production system 100 could include
any  nunber of paper machi nes or ot her production

machi nery having any suitable structure, and the system

100 could include any nunber of controllers. In addition,
FIGURE 1 illustrates one operational environnent in which
sensors having solid-state |light sources <can be used.

This functionality <could be used in any other suitable

system
[0034] FIGURES 2A and 2B illustrate exanple sensors
havi ng solid-state Iight sources accordi ng to this

di scl osure. As shown in FIGQJRE 2A a sensor 200 includes

multiple solid-state |ight sources 202a-202n. Each 1ight
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source 202a-202n i ncl udes any suitable sem conduct or
structure for generating I'ight at one or nor e
frequenci es. As noted above, for example, the |ight

sources 202a-202n could represent LEDs, SLEDs, or |aser
di odes. Also note that any suitable I'ight can be
gener at ed by the light sour ces 202a- 202n, such as
vi si bl e, i nfrared, or ultraviolet light. In particular
ermbodi nent s, the Iight sources 202a-202n generate |ight
at infrared frequencies like 1.44pm, 1.49um, 1.84um
1.94um, and 2.13pm. In addition, thermal sources, MEMS
sources, or QIH sources can also be used.

[0035] Light from two or nore light sources 202a-202n
is conbined in a nmixer 204. The mxer 204 represents any
suitable structure for conbining light from nmultiple
sources, such as fiber optics, fiber bundles, or a light
guide. Note that if light from a single light source
202a-202n is needed, the nixer 204 could pass the light
from that source without m xing.

[0036] Light from the mxer 204 is provided to the web
108, and light that has interacted wth the web 108 is
received at a detector 206. The detector 206 measures one
or nore characteristics of the light that has interacted
with the web 108. For exanple, the detector 206 could
neasure the intensity of the received light at nultiple
wavel engths or in multiple wavelength bands . The detector
206 includes any suitable structure for nmeasuring 1ight,
such as a photodetector or spectroneter.

[0037] In this exanple, the |light sources 202a-202n
are controlled by a controller 208, which also analyzes
nmeasur ement s from the detector 206 to determine the
noi sture cont ent, fiber wei ght, or ot her
characteristic (s)y of the web 108. The controller 208 can

use any suitable nmechanism to control the light sources
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202a- 202n, such as frequency division nultiplexing or
time division multiplexing of light sources. Frequency
di vi si on mul ti pl exi ng of i ght sour ces refers to

nodul ating the sources at different frequencies, whereas
time division multiplexing of light sources refers to
generati ng i ght havi ng di fferent wavel engt hs at
different times. The controller 208 can also perform any
suitable <calculations to determine the nmpisture content,
fiber weight, or other characteristic (s) of the web 108
based on neasurements from the detector 206.

[0038] The controller 208 i ncl udes any sui tabl e
structure for controlling [light sources and determ ning
one or nore characteristics of a web. For exanple, the

controller 208 could include at |east one nmicroprocessor,

nm crocontroll er, digital si gnal processor (bsp) , field
progranmabl e gate array (FP&) , application specific
integrated circuit (ASIC), or other processing device.

Note that while a single controller 208 is shown here,
t he functionality of t he controller 208 could be
di stri but ed across multiple devi ces. As a particular
exanple, one control wunit could control the light sources
202a-202n, while another control wunit could determ ne one
or more characteristics of a web.

[0039] In this exanple, i ght from the mxer 204
passes through a first di ffusing wi ndow 210 before
reaching the web 108. The |light passes through the web
108 and then through a second diffusing w ndow 212. The
di ffusing wi ndows 210- 212 repr esent any sui tabl e
structures for diffusing light. Note, however, that one
or both diffusing w ndows 210-212 could be onmitted. Also,
reflectors 214-215 allow the light to pass multiple tines
through the web 108 before reaching the detector 206.

Each reflector 214-215 represents any suitable structure
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for substantially reflecting light. The reflector 215
al so includes w ndows or openings that allow the light to
pass to and from the web 108.

[0040] As noted above, one or nore of the solid-state
light sources 202a-202n can be tuned very precisely, such
as by changing the source's operating tenperature. Thi s
could be done to match the light source's enissions to a
characteristic absorption feature of the web 180 and to
tune this emssion depending on the web's production
tenmperature. To support this functionality, at |east one
tenmperature sensor 216 can be provided in the sensor 200.
The tenmperature sensor 216 can measure the tenperature of
the web 108 or the surrounding environnent, and the
nmeasured tenperature can be provided to the controller
208 for use in controlling the Ilight sources 202a-202n.
The temperature sensor 216 i ncl udes any sui tabl e
structure for neasuring the tenperature of a web or
specified environment. A conmonly-used sheet tenperature
sensor is an infrared sensor. Note that the tenperature
sensor 216 could be placed in any suitable location and
need not be connected to or enbedded within a diffusing
wi ndow. Also, one or nore tenperature wunits 218 could be
used to adjust the tenperature (s) of the light source (s)
202a- 202n. Each tenperature uni t 218 represents any
suitable structure for heating and/or <cooling at |[east
one |ight source.

[0041] Mote that in FIGIRE 2A the light sources and
the receiver (detector) are located on the same side of
the web 108. FIGURE 2B illustrates an exanple sensor 250

where the light sources and the receiver (detector) are
|ocated on opposite sides of the web 108. In this
example, a first wunit includes the light sources 202a-

202n, the light nmixer 204, and a controller 258a (which
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controls the |light sources 202a-202n) . A second  unit

includes the detector 206 and a second controller 258b

(which determnes one or nore characteristics of the web

108) . In this exanple, the tenperature sensor 216 can
provi de tenperature nmeasur enent s to either or both
controllers 258a- 258h. Al so, in this exanpl e, t he

detector 206 is located immediately across from the [|ight
source 204, although the detector 206 could be located in
a location of f set from the light source 204. The
reflector 214 in FIGURE 2B includes wndows for both
positions, although only one might be present.

[0042] The sensors 200, 250 can use the light sources

202a-202n to generate light at any suitable wavel engths
or in any suitable wavelength bands. Al so, the 1ight
generated by the |light sources 202a-202n can be m xed,

nmodul at ed, or used in any suitable manner as needed by
the particular rmeasurenents being taken by the sensors
200, 250.

[0043] Although FIGURES 2A and 2B illustrate exanples
of sensors having solid-state i ght sour ces, vari ous
changes may be made to FIGURES 2A and 2B. For exanple,
the layout and arrangenent of each sensor 200, 250 are
for illustration only. Also, each sensor 200 and 250
could include any nunber of each conmponent, and various
conponents can be omtted (such as the tenperature sensor

216 and/or the tenperature unit 218)

[0044] FIGIRES 3 through 5 illustrate various other
arrangenents of sensors having solid-state |ight sources
according to this disclosure. In FIGURE 3, the Iight
sources 202a-202n are configured to provide light to

optical fibers 302a-302n, which are connected to a l|arger
optical fiber 304. Light from the light sources 202a-202n

is mxed within the optical fibers and then delivered to
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the web 108.

[0045] In FIGURE 4, the light sources 202a-202n are

arranged to operate with nultiple dichroic beansplitters

402a-402m that collectively act as a mxer. Each
beansplitter 402a-402m allows light from one or nore
prior sour ces to be conmbined wth Iight from an
addi ti onal Iight sour ce. Each beansplitter 402a- 402m

includes any suitable dichroic structure for comnbining
light from nultiple sources.

[0046] In FIGURE 5, the light sources 202a-202n and
m xer 204 provide light to the web 108 through optics 502
and a first henisphere 504. The optics 502 can distribute
the light entering the first henisphere 504, and the
first hem sphere 504 can help to focus the light onto a
specific portion of the web 108. The light is received at
a second hemi sphere 506, which can provide at |east sone
of the light to optics 508. The optics 508 provide the
captured light to a mxer 510, which ensures that the
light is suitably mixed for neasurement by the detector
206.

[0047] Al though FIGURES 3 through 5 illustrate
exanpl es of various other arrangenents of sensors having
solid-state light sources, various changes may be nmade to
FIGURES 3 through 5. For exanple, a sensor coul d
i ncorporate any conbination of the features shown in
FI GURES 2A through 5.

[0048] FIGURE 6 illustrates an exanple nethod 600 for
sensing web characteristics using sensors having solid-
state light sources according to this disclosure. As
shown in FIGURE 6, the nethod 600 includes placing a
sensor with nultiple solid-state |Ilight sources and at
| east one detector near a web at step 602. This could

i ncl ude, for exanple, nounting a nmoving or stationary
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sensor 200, 250 near the web 108 within the sensory array
126 or 128 of the system 100.
[0049] Different light 1is generated wusing the 1light

sources of the sensor at step 604. This could include,

for exanpl e, the sensor wusing different light sources
202a-202n to generate light at different wavelengths or
in wavel ength bands. Thi s could al so i ncl ude t he
controller in the sensor 200, 250 controlling the |ight

sources 202a-202n usi ng frequency di vi si on or tine
division multiplexing t echni ques. The different I'ight
that has interacted with the web is nmeasured at step 706,
and one or nore characteristics of the web are deternined
using the nmeasurenments at step 708. This could include,
for exanple, a controller determning a noisture content,
a fiber weight, or other characteristic (s) of the web 108
using nmeasurenments of infrared or other Ilight that has
interacted with the web 108.

[0050 ] One or nore of the light sources can be
adjusted as needed at step 610. This could include, for
exanple, adjusting the wavelength (s) of light emtted by
one or nore of the light sources  202a-202n. As a
particul ar exanpl e, this can i ncl ude recei vi ng
tenperature nmeasurenments of the web 108 and then changing
a light source's operating tenperature to nmatch the Iight
source's emssions to a characteristic absorption feature

of the web 108. The nethod 600 can then return to step

604 to continue generating |I|ight.
[0051 ] Note that during the nethod 600, the 1ight
sources can be directly nodul at ed at very hi gh

frequencies, and rapid nmeasurenments can be taken of the

web 108. Also, the use of solid-state |light sources can
provide stable operation wth little or no nmaintenance
over a very long operational lifespan. In addition, the
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central wavelengths of the light sources can be tuned
very precisely to achieve nore accurate results .

[0052] Although FIGURE 6 illustrates one exanple of a
met hod 600 for sensing web characteristics using sensors
having solid-state |light sources, various changes may be
made to FIGURE 6. For exanple, while shown as a series of
steps, various steps in FIGJRE 6 could overlap, occur in
parallel, occur in a different order, or occur any nunber

of tinmes. Also, the nmethod 600 could involve the use of

any nunmber of sensors, each having any nunmber of [ight
sources .

[0053] In some enbodi nment s, vari ous functions
descri bed above are inplenented or supported by a

computer program that is formed from conputer readable

program code and that is enbodied in a conputer readable

medi um The phrase "conput er r eadabl e program code"
includes any type of conputer code, including source
code, obj ect code, and executabl e code. The phrase
"computer readable nediun includes any type of medium
capable of being accessed by a conputer, such as read
only nenory (ROM) , random access nmenory (RAM , a hard

disk drive, a conpact disc (cp), a digital video disc
(DVD), or any other type of nenory.

[0054] It may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
docunment. The term "couple" and its derivatives refer to
any direct or indirect conmunication between two or nore
el ements, whether or not those elenments are in physical
contact with one another. The terns "application” and
" progr ant refer to one or nore conputer progr ans,
software conponents, sets of instructions, procedures,
functions, objects, classes, instances, related data, or

a portion t her eof adapt ed for i mpl ement ati on in a
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suitable conputer code (including source code, obj ect

code, or execut abl e code). The terns "transmt,"
"receive," and "communicate," as well as derivatives
t her eof , enconpass bot h di rect and i ndirect
conmmuni cat i on. The terms "include" and "conprise," as
wel | as derivatives t her eof , mean inclusion wthout

limtation. The term "obtain" and its derivatives refer
to any acquisition of data or other tangi bl e or
intangible item whether acquired from an external source
or internally (such as through internal generation of the

item) . The term "or is inclusive, nmeaning and/or. The
phrases "associated wth" and "associated therewith," as
well as derivatives thereof, my nmean to include, be
included within, interconnect wth, contain, be contained
wi t hin, connect to or wth, couple to or wth, be
communi cable with, cooperate with, interleave, |uxtapose,
be proximate to, be bound to or with, have, have a
property of, or the like. The term "controller" neans any
device, system or part thereof that controls at |east
one operation. A controller may be inplenented in
hardware, firmwvare, software, or some conbination of at
least two of the same. The functionality associated wth
any particul ar controller may be centralized or
distributed, whether locally or renotely.

[0055] While this disclosure has described certain
enbodi rents and generally associated nethods, alterations
and pernutations of these enbodinments and nethods wll be
apparent to those skilled in the art. Accordingly, t he
above description of exanple enbodinments does not define
or constrain this di scl osure. O her changes,
substitutions, and alterations are also possible wthout
departing from the spirit and scope of this disclosure,

as defined by the follow ng clains.
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VWHAT 1S CLAIMED IS

1. An apparatus conpri sing:

multiple solid-state |light sources (202a-202n) each
configured to generate light at one or nore wavel engths,
di fferent light sources configured to generate light at
di fferent wavel engt hs;

a mxer (204, 302a-302n, 304, 402a-402n) configured
to mix the light from the Ilight sources and to provide
the mxed light to a web (108) being sanpled; and

a controller (208, 258a) configured to control the

generation of the light by the light sources.

2. The appar at us of Claim 1, wher ei n t he
controller is configured to control the one or nore
wavel engths at which each of the light sources generates

light .

3. The apparatus of Caim 2, further conprising:

a tenperature sensor (216) configured to neasure a
tenperature associated wth the web; |

wherein the controller is configured to adjust the
one or nore wavel engths at which at Ileast one of the
I'ight sour ces gener at es I'ight based on tenperature

neasurenments from the sensor.

4. The appar at us of Claim 3, wher ei n t he
controller is configured to adjust the one or nore
wavel engths at which one of the |light sources generates
l[ight by altering a tenperature of that |light source so
that the |light source's light substantially mat ches a

characteristic absorption feature of the web.

5. The apparatus of Claim 1, further conprising:
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a detector (206) configured to neasure mixed |ight
that has interacted wth the web;

wherein the controller or a second controller (258b)
is configured to determne one or nore characteristics of

the web using neasurenents from the detector.

6. The appar at us of G aim 5, wher ei n t he
controller or the second controller is configured to

determne a noisture content and a fiber weight of the

web .
7. A system conpri sing:
a first sensor wunit conprising:
multiple solid-state light sources (202a-202n)
each  configured to generate I'ight at one or nore
wavel engt hs, di fferent I'ight sour ces confi gured to
generate light at different wavel engths;
a mxer (204, 302a- 302n, 304, 402a- 402m

configured to mx the light from the light sources and to
provide the mixed light to a web (108) being sanpled; and
a controller (258a) configured to control t he
generation of the light by the |ight sources; and
a second sensor unit conprising a detector (206)
configured to neasure mnmixed light that has interacted

with the web.

8. The system of Caim 7, wherein the controller
is configured to control the one or nore wavelengths at

which each of the light sources generates |ight.

9. The system of Claim 8, further conprising:
a tenperature sensor (216) configured to mneasure a

tenperature associated wth the web;
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wherein the controller is configured to adjust the
one or nore wavelengths at which at least one of the
I'ight sour ces gener at es I'ight based on tenperature

neasurenents from the sensor.

10. The system of Caim 9, wherein the controller

is configured to adjust the one or nore wavelengths at

which one of the [light sour ces gener at es I'ight by
altering a tenperature of that Ilight source so that the
I'ight source's I'ight substantially mat ches a

characteristic absorption feature of the web.

11. The system of Cdaim 7, wherein the second
sensor uni t conpri ses a second controller (258b)
configured to determine one or nore characteristics of

the web using neasurements from the detector.

12. The system of Caim 7, wherein the controller
is configured to activate the [|ight sour ces usi ng

frequency division or time division nultiplexing.

13. A nmethod conprising:

generating I'ight at different wavel engt hs usi ng
multiple solid-state |light sources (202a-202n) ;

mxing the light from the light sources;

providing the mixed Ilight to a web (108) bei ng
sanpl ed; and

controlling the generation of the light by the Iight

sources .
14. The nethod of Caim 13, wherein controlling the

generation of the light conprises controlling the one or

nore wavel engt hs at which each of the [light sources
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generates |ight.

15. The method of Claim 14, further conprising:

receiving neasurenents of a tenperature associated
with the web;

wherein controlling the one or nore wavel engths at
whi ch each of the light sources generates |ight conprises
adjusting the one or nore wavelengths at which at |[east
one of the light sources generates |ight based on the

measurenments .
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