
THAT THE TOUT MAN ALI MONAT DI ATALANTA US 20180073196A1 
( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2018 / 0073196 A1 

Chen ( 43 ) Pub . Date : Mar . 15 , 2018 

( 54 ) DETERMINATION OF CD AND / OR MD 
VARIATIONS FROM SCANNING 
MEASUREMENTS OF A SHEET OF 
MATERIAL 

( 71 ) Applicant : ABB Schweiz AG , Baden ( CH ) 
( 72 ) Inventor : SHIH - CHIN Chen , Dublin , OH ( US ) 
( 21 ) Appl . No . : 15 / 718 , 529 
( 22 ) Filed : Sep . 28 , 2017 

GOIN 21 / 86 ( 2006 . 01 ) 
GOIN 21 / 89 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . 121G 9 / 0009 ( 2013 . 01 ) ; GOIN 21 / 8901 

( 2013 . 01 ) ; GOIN 21 / 86 ( 2013 . 01 ) ; GOIN 
33 / 346 ( 2013 . 01 ) 

( 57 ) ABSTRACT 
CD variations and / or MD variations in scan measurements 
are determined from spectral components of power spectra 
of scan measurements taken using two or more scanning 
speeds . Dominant spectral components having the same 
spatial frequencies identify CD variations and dominant 
spectral components having the same temporal frequencies 
identify MD variations . Dominant spectral components are 
extracted from a noisy power spectrum ( PS ) by sorting all 
spectral components into an ordered PS . A first polynomial 
representing background noise of the ordered PS is used to 
set a first threshold . Spectral components of the ordered PS 
that exceed the first threshold are removed to form a noise 
PS . A second polynomial representing the noise PS is used 
to set a second threshold . Spectral components of the PS that 
exceed the second threshold are identified as dominant 
spectral components of the PS . 

Related U . S . Application Data 
( 62 ) Division of application No . 13 / 457 , 870 , filed on Apr . 

27 , 2012 , now Pat . No . 9 , 783 , 929 . 
( 60 ) Provisional application No . 61 / 480 , 249 , filed on Apr . 

28 , 2011 . 

Publication Classification 

( 51 ) Int . CI . 
D21G 9 / 00 ( 2006 . 01 ) 
GOIN 33 / 34 ( 2006 . 01 ) 

1002 

106 they 

112 

1 102 
is on 

R 108 site 
ritaining to this 

B 



Mar . 15 , 2018 Sheet 1 of 21 US 2018 / 0073196 A1 Patent Application Publication 

w 102 
Fig . 1 

112 

8011 
beste basement so b re la responsables 

content dicato do 
todos v ode soci e ties 

os til holde gode to todos Awning 
manns 

POR 



Trace 

Trace 

Trace 

- - 

- 
- 
- 

- 

- 

Patent Application Publication 

- 

- 

1 

- 

- - 

Wwwwww 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

* * * 

- 

* * * 

- 
- 

- - 

- 
- 
- 

- - 

- 
- 

* * * 

- - 

- 

- 

- 
- 

- 

- 

wy 

- 

- 

- 
- 
- 
- 

- 
- 

- 
- 
- 
- - 
- 

- 

- 

- 

- 
- 

Mar . 15 , 2018 Sheet 2 of 21 

- 
- 

- 

- 

* 

- 

- 

- 
- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- - 

+ 

- - - 

- 

* 
- 
- 

- 
- - 

- - 

- 

Sheet 

Sheet 

Sheet 

- 

www 

| frame 

scanner 

frame frame 

scanner + V2 

scanner scanner 

Trame 
scanner V 

US 2018 / 0073196 A1 

Fig . 2 ( a ) 

Fig . 2 ( b ) 

Fig . 2 ( c ) 



Traces - 

- 

Patent Application Publication 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

. 

- 

- 

. 

- - . 

- 

- 

. 

- 
- 

. 

- 

- 

- 

. 

- 

- 

. 

- 

. . 

- 
- 

- 

- 

- 

Mar . 15 , 2018 Sheet 3 of 21 

- 

- 

AV . 

- frame frame 

scanner scanner 
- 

- 

- 

- 

- 

- 

- 
- 

- - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Sheet frame 
scanner for promotie 

US 2018 / 0073196 A1 

VA Fig . 3 



Patent Application Publication Mar . 15 , 2018 Sheet 4 of 2i US 2018 / 0073196 Al 

Sheet with CD variation only 

- 206 206 

- 204 
{ as ) FL { { 

{ {? { } 23 4 } { } _ _ } * { { { { { 600 } } } ? ] 
Databox 

Fig . 4 



Patent Application Publication Mar . 15 , 2018 Sheet 5 of 21 US 2018 / 0073196 A1 

+ 206S + 2045 WWE202S - 2005 
{ 3 } ] 

2 
* * * 

- - 

Ilu - 

Avu * * 
. . 500 - ZT 

. 

E 

. Tits M 

4 400 Á Á Á Á Á The same 
St 

Scan measurements 
22 . - 02 300 Fig . 5 

1 
th 1 

- 
- 

41 - 

200 

100 - 
" tomaten " 

* * * * * 
ondem n ed 



Spectra w . rt . spatial frequency ( 1 / databox ) 

350 pm 

Patent Application Publication 

300 250 $ og § $ 100 

Mar . 15 , 2018 Sheet 6 of 21 

50 

- 2075S a 
nhanen 

- 

VÝS 

0 

0 . 01 

0 . 02 

0 . 03 

0 . 04 

0 . 05 

0 . 06 

0 . 07 

0 . 08 

0 . 09 

- 2095S Fig . 6 

US 2018 / 0073196 A1 



Patent Application Publication Mar . 15 , 2018 Sheet 7 of 2i US 2018 / 0073196 Al 

Sheet with MD variation only 

- 216 
? 

?? 
{ ? 

LLI } 
? ????? … ???????? 210 

1 ] 3 ? ] 
Databox 

4Z [ I ] 535 * 2 } { 2 } 600 

Fig . 7 



Scan measurements 

to it 2165 

* * * 

Patent Application Publication 

141 

2 

05 . 16 

- 

1 + 

Apr 27 
Unit 11 11s 

. . 

- 

$ 1 

; Liuti , 

if 

. 

1 

S 

. 

is 

W 

# , 

Altin Pri 

- - 

und 

VA 
LE 
- 

- - 

- - - 

- - 

1 

1114 

4 

Wt 2145 
- 

17 
79 

- VT 

- 

4 

i 

144 

. 

* 

In 

???????? 

15V 

TY EX 

I 

11 

, 

- - 

1 . 411 

v 

- - 

watt 212S 

Mar . 15 , 2018 Sheet 8 of 21 

DI UM 

YOU 

2105 

Mayaman 

world 
g laman ng iyon ang kanyang 

100 

200 

300 

400 

“ _ { 

600 

Fig . 8 

US 2018 / 0073196 A1 



Spectra w . rt . spatial frequency ( 1 / databox 

140 

Patent Application Publication 

120 100 

219SS 801 

- 

2175S 
- - 

Mar . 15 , 2018 Sheet 9 of 21 

- - - 111 - - - - - - 

0 

0 . 01 

0 . 02 

0 . 03 

0 . 04 

0 . 05 

0 . 06 

0 . 07 

0 . 08 

0 . 09 

Fig . 9 

US 2018 / 0073196 A1 



Spectra w . rt . temporal frequency ( Hz ) 

140 

Patent Application Publication 

120 100 3 

219TS 

Mar . 15 , 2018 Sheet 10 of 21 

- - - 

/ 8 

- - - 

- 217TS 

8 
' 

1 

. 

1 

) 

) , 

TY 
* * * 

0 . 5 

1 . 5 

2 

2 . 5 

Fig . 10 

US 2018 / 0073196 A1 



Patent Application Publication Mar 15 , 2018 Sheet li of 21 US 2018 / 0073196 Al 

Sheet with both MD and CD variations 

- 236 

– 234 
Ti?? { ?? ???? ?? - 232 

{ { { D ???? ? ] 
Databox 

Fig . 11 



Patent Application Publication Mar . 15 , 2018 Sheet 12 of 21 US 2018 / 0073196 A1 

2345 2328 
WW - 2305 600 

Voorov komentare 
22 500 
- AVM - - 

trening 13 
ca 400 

roso . wwwww ASS 
Ku 

- - 

Scan measurements - 300 

Auto 
Fig . 12 

wwwwwwwwwwwww 24 . 
* 

amb - - els Carte 200 
w 2 . wwwwwwwwwwwwww ant to see 

- 
* * N * 100 # 

- - - 

TAK . 



Spectra w . rt . spatial frequency ( 1 / databox 

350 

Patent Application Publication 

300 200 

237 ' SS - 150 + 

- 2375S 

Mar . 15 , 2018 Sheet 13 of 21 

- 

8 

- - 

239 ' SS . 

- 

- 239SS 

- - - 

- 

Warmw 
eergeven 

0 

0 . 01 

0 . 02 

0 . 03 

0 . 04 

0 . 05 

0 . 06 

0 . 07 

0 . 08 

0 . 09 

Fig . 13 

US 2018 / 0073196 A1 



Patent Application Publication Mar . 15 , 2018 Sheet 14 of 21 US 2018 / 0073196 A1 

2 . 5 

1 . 5 

Spectra w . rt . temporal frequency ( Hz ) Fig . 14 

- 237SS 
23955 

Y 

0 . 5 

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

- 
- 

- 
- - 

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

- - - - - - 

250 00€ OSZ { } { 17 100 

237 ' SS - 150 239 ' SS501 



- 230S 

Patent Application Publication 

M 

2305 
V 

V 

244 – 244 

Mar . 15 , 2018 Sheet 15 of 21 

- 246 

bata pangalan dengan 

apa 

MI ? 
Www tengah hari 

100 

200 

300 

400 

500 

600 

Fig . 15 

US 2018 / 0073196 A1 



US 2018 / 0073196 A1 

90 SFO 50 98000 970 ZO SLO 10 900 

pour law 

prompting to help 

0 

w 

aringinaniningning 
p 

a 

ngang 

- 302 

Fig . 16 ( b ) 

t erren 

Mar . 15 , 2018 Sheet 16 of 21 

S 

e 

imanan dan 

denne 

www . 

m 

Lis 

3310U wopuel aulo Unds IdMode 

OOOZ 

0031 0091 0011 QIZI 0001 008 

009 

008 

OOC 

www . macromo 

- - - 

1 

WYKYYYY 

wing 

w 

Mr 

LEY 

. 

www 

Fig . 16 ( a ) 

Sii 

? ??? 
????????? 

i 

ncontri 

www 

. at 

Patent Application Publication 

esiou Wopues 

300 



w 304 

( 2 ) Measurement 

Patent Application Publication 

wird 

kaninanaisini 

Womeny 

so 
winwin : 

wwwwwwwwww 

. Y 

w 

WWXXU 

WW 

000 

Fig . 17 ( b ) 

na konto 

191 

awwwww 

ww 

nisimo 

atv 

soos 

wimwear 

0 

00 

miningnan moninaintenance 
00 

00 

009 

0006 

COFLOOK 
009 

008 

OBOZ 

b ) Power spectrum of the measured signal 

200 
mindamannimisan 

hinanamanian 
weininnorway 

Mar . 15 , 2018 Sheet 17 of 21 

e nbana 

Beimmmmmmmmmmmdat 

mm www 

600 

Ole 

308 

w 

Fig . 17 ( b ) 

400 

wiwitevima 
ini dilapidiminerima tawarrimit 

innistaminin 

insrippenmeistoria 
- 306 

handelin 0 . 25 0 . 3 0 . 36 0 . 4 0 . 45 

beskikbaar met de 
0 0 . 06 0 . 1 0 . 15 0 . 2 wwws 

0 . 5 

US 2018 / 0073196 A1 



Measurement 

0 . 2 

Patent Application Publication 

0 . 15 

- 312 

0 . 1 

il 

w 

0 . 05 0 . 05 
OH 

- 0 . 05 

Mar . 15 , 2018 Sheet 18 of 21 

- 0 . 14 
- 0 . 15 

. 

. 

. . . 

. 

. . . . . . . 

. . . . . . . 

. . . . . . . . . . . 

O 

0 . 1 

0 . 2 

0 . 3 0 . 4 0 . 5 0 . 6 0 . 7 Normalized sample number 

0 . 8 

0 . 9 

1 

Fig . 18 

US 2018 / 0073196 A1 



Spectrum of the measurement 

12 pm pompong 

Patent Application Publication 

- 314 

Mar . 15 , 2018 Sheet 19 of 21 

2 
Wwwwwwwwwwwwww 0 0 . 05 

0 . 1 

0 . 15 

0 . 2 0 . 25 0 . 3 Spectral frequency 

0 . 35 

0 . 4 

0 . 45 

0 . 5 

Fig . 19 

US 2018 / 0073196 A1 



Sorted spectrum and the first polynomial approximate of sorted background noise 

12 pm 

Patent Application Publication 

Tutoooo 

318 

- 320 

4 

Mar . 15 , 2018 Sheet 20 of 21 

- 316 

- - t - - 

- 

- 

- 

- - - med 

boom 0 

0 . 05 

0 . 1 

0 . 15 

0 . 35 

0 . 4 

0 . 45 

0 . 5 

0 . 2 0 . 25 0 . 3 Spectral frequency Fig . 20 

US 2018 / 0073196 A1 



Original spectrum , the approximated background noise and the dominant spectral components 

12 

IG 

Patent Application Publication 

328 

TIIMI 42 " com IIIIIIIII co . . . . . . . 

- 324 

326 

Mar . 15 , 2018 Sheet 21 of 21 

A 

uror . 

It 
www . 

7 322 

2 

2 

. 

CH 

. 

* * 
0 . 45 

0 

0 . 05 

0 . 1 

0 . 15 

TT 
0 . 2 0 . 25 0 . 3 Spectral frequency 

0 . 35 

0 . 4 

0 . 5 

Fig . 21 

US 2018 / 0073196 A1 



US 2018 / 0073196 A1 Mar . 15 , 2018 

DETERMINATION OF CD AND / OR MD 
VARIATIONS FROM SCANNING 

MEASUREMENTS OF A SHEET OF 
MATERIAL 

scanning sensor capture the sheet property variations along 
diagonal traversing paths . The measurement usually cannot 
be separated in MD and CD variations easily . The system of 
the present application enables MD and CD variations in 
sheet scan measurements to be quickly and effectively 
separated . FIELD OF THE INVENTION 

0001 ] The invention of the present application discloses a 
system for the determination of cross - machine direction 
( CD ) variations and / or machine direction ( MD ) variations 
within scan measurements taken on a sheet of material . The 
disclosed approach compares power spectra of measure 
ments obtained using two or more scanning speeds with 
respect to spatial frequencies for CD variations and with 
respect to temporal frequencies for MD variations . The CD 
and MD variations are identified by matching dominant 
spectral components of power spectra of measurements 
taken at two or more scanning speeds with respect to spatial 
and temporal frequencies , respectively . The system will be 
described with reference to measuring properties of a web of 
paper as it is being manufactured for which it was developed 
and is initially being used . However , it will be apparent that 
it is applicable to the determination of CD and / or MD 
variations from measurements of a wide variety of sheet 
material where the sensor ( s ) and the web are moved per 
pendicular to one another so that the sheet material mea 
surements are obtained by scanning . 

BACKGROUND OF THE INVENTION 
[ 0002 ] In a sheet - making process , such as the manufacture 
of paper , sheet properties are commonly measured with 
sensors mounted on a scanner . The scanner traverses across 
the forming sheet back and forth while the paper sheet is 
moving in the direction perpendicular to the scanner ' s 
motion . A partially broken - away perspective view of a 
scanning system 100 is shown in FIG . 1 . A scanner 102 is 
moved along a supporting frame which includes two beams 
104 positioned one above a web 106 of material to be 
scanned and one below the web 106 . The scanner 102 
includes first and second members or heads 108 , 110 which 
are moved back - and - forth along the beams 104 to scan the 
web 106 in the cross - machine direction ( CD ) or transversely 
to the web ' s direction of movement during manufacture . The 
web 106 of material is moved in the machine direction ( MD ) 
or x direction as indicated by the x axis of a coordinate 
system shown in FIG . 1 and the cross direction is in the y 
direction . A gap 112 is formed between the first and second 
heads 108 , 110 with the web 106 of material to be scanned 
passing through the gap 112 for the scanning operation . 
[ 0003 ] The web is sampled by one or more sensors mov 
ing along the traversing path to produce a continuous 
measurement which is processed to form a scanning mea 
surement of a sheet property across the width of the sheet 
which is referred to as a “ scan measurement ” . Scan mea 
surements consist of arrays of values that are accumulated 
over small CD widths called " databoxes ” or over short 
periods of time called “ time samples ” , either of which may 
sometimes be referred to as " slices ” . Ideally , the traversing 
paths are perfectly perpendicular to the machine direction 
and the variation of the entire sheet would be completely 
captured in a matrix where the MD variation is represented 
by the average of each scan measurement and the CD 
variation is represented by the shape of the scan measure 
ment . In reality , the scan measurements obtained from a 

SUMMARY OF THE INVENTION 
[ 0004 ] The system of the present application determines 
cross - machine direction ( CD ) variations and / or machine 
direction ( MD ) variations within scan measurements of a 
sheet of material being measured , for example a sheet of 
paper , based on spectral components of power spectra of 
scan measurements taken using two or more scanning 
speeds . Dominant spectral components having the same 
spatial frequencies are used to identify CD variations and 
dominant spectral components having the same temporal 
frequencies are used to identify MD variations . 
[ 0005 ] In accordance with one aspect of the invention of 
the present application , a process for determining CD varia 
tions from scanning measurements made of a sheet of 
material comprises scanning at least one sensor over a sheet 
of material at a first scanning speed to generate first scan 
measurements . The first scan measurements are transformed 
into a first spatial power spectrum with respect to a first 
spatial frequency and first spatial dominant spectral compo 
nents of the first spatial power spectrum are detected . At 
least one sensor is scanned over the sheet of material to be 
measured at a second scanning speed to generate second 
scan measurements . The second scan measurements are 
transformed into a second spatial power spectrum with 
respect to a second spatial frequency and second spatial 
dominant spectral components of the second spatial power 
spectrum are detected . CD spectral components of the 
scanning measurements are identified by determining at 
least one of the first spatial dominant spectral components 
that are at the same spatial frequency as at least one of the 
second spatial dominant spectral components . 
[ 0006 ] The first spatial frequency of the process may be 
equal to the second spatial frequency . 
[ 0007 The process may further comprise scanning at least 
one sensor over a sheet of material to be measured at a third 
scanning speed to generate third scan measurements . The 
third scan measurements are transformed into a third spatial 
power spectrum with respect to a third spatial frequency . 
Third spatial dominant spectral components of the third 
spatial power spectrum are detected . The CD spectral com 
ponents of the scanning measurements are identified by 
determining at least one of the first spatial dominant spectral 
components that are at the same spatial frequency as at least 
one of the second spatial dominant spectral components and 
at least one of the third spatial dominant spectral compo 
nents . 
[ 0008 ] The CD variations within the scanning measure 
ments can be constructed using inverse transformation of the 
CD spectral components . The step of detecting first spatial 
dominant spectral components of the first spatial power 
spectrum may comprise sorting all spectral components 
from the first spatial power spectrum in order of magnitude 
to form a first ordered spatial power spectrum . Background 
noise of the first ordered spatial power spectrum can be 
represent with a first polynomial . A first deviation threshold 
may be set with respect to the first polynomial and spectral 
components of the first ordered spatial power spectrum may 
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be compared to the first deviation threshold . Spectral com 
ponents of the first ordered spatial power spectrum that 
exceed said first deviation threshold are removed from the 
first ordered spatial power spectrum to form a first noise 
spatial power spectrum . The first noise spatial power spec 
trum in the first spatial power spectrum is represented by a 
second polynomial . A second deviation threshold is set with 
respect to the second polynomial and spectral components of 
the first spatial power spectrum that exceed the second 
deviation threshold are identified as first spatial dominant 
spectral components of the first spatial power spectrum . 
Commonly the first and second polynomials are low - order 
polynomials . 
[ 0009 ] The step of detecting second spatial dominant 
spectral components of the second spatial power spectrum 
may comprise sorting all spectral components from the 
second spatial power spectrum in order of their magnitudes 
to form a second ordered spatial power spectrum . Back 
ground noise of the second ordered spatial power spectrum 
is represented by a third polynomial . A third deviation 
threshold is set with respect to the third polynomial and 
spectral components of the second ordered spatial power 
spectrum are compared to the third deviation threshold . 
Spectral components of the second ordered spatial power 
spectrum that exceed the third deviation threshold are 
removed from the second spatial power spectrum to form a 
second noise spatial power spectrum . The second noise 
spatial power spectrum is represented by a fourth polyno 
mial and a fourth deviation threshold is set with respect to 
the fourth polynomial . Spectral components of the second 
spatial power spectrum that exceed the fourth deviation 
threshold are identified as second spatial dominant spectral 
components of the second spatial power spectrum . 
[ 0010 ] The process may further comprise transforming the 
first scan measurements into a first temporal power spectrum 
with respect to a first temporal frequency . First temporal 
dominant spectral components of the first temporal power 
spectrum are detected and the second scan measurements are 
transformed into a second temporal power spectrum with 
respect to a second temporal frequency . Second temporal 
dominant spectral components of the second temporal power 
spectrum are detected and MD spectral components of the 
scanning measurements are identified by determining at 
least one of the first temporal dominant spectral components 
that is at the same temporal frequency as at least one of the 
second temporal dominant spectral components . The pro 
cess may further comprise constructing the CD variations 
within the scanning measurements by inverse transforma 
tion of the CD spectral components , and constructing the 
MD variations within the scanning measurements by inverse 
transformation of the MD spectral components . 
[ 0011 ] In accordance with another aspect of the invention 
of the present application , a process for determining MD 
variations from scanning measurements made of a sheet of 
material may comprise scanning at least one sensor over a 
sheet of material to be measured at a first scanning speed to 
generate first scan measurements . The first scan measure 
ments are transformed into a first temporal power spectrum 
with respect to a first temporal frequency and first temporal 
dominant spectral components of the first temporal power 
spectrum are detected . At least one sensor is scanned over 
the sheet of material to be measured at a second scanning 
speed to generate second scan measurements . The second 
scan measurements are transformed into second temporal 

power spectrum with respect to a second temporal scanning 
frequency . Second dominant spectral components of the 
second temporal power spectrum are detected . The MD 
spectral components of the scanning measurements are 
identified by determining at least one of the first temporal 
dominant spectral components that is at the same temporal 
frequency as at least one of the second temporal dominant 
spectral components . 
[ 0012 ] The process may further comprise constructing the 
MD variations within the scanning measurements by inverse 
transformation of the MD spectral components . The process 
may further comprise transforming the first scan measure 
ments into a first spatial power spectrum with respect to a 
first spatial frequency ; detecting first spatial dominant spec 
tral components of the first spatial power spectrum ; trans 
forming the second scan measurements into a second spatial 
power spectrum with respect to a second spatial frequency ; 
detecting second spatial dominant spectral components of 
the second spatial power spectrum ; and identifying CD 
spectral components of the scanning measurements by deter 
mining at least one of the first spatial dominant spectral 
components that is at the same spatial frequency as at least 
one of the second spatial dominant spectral components . 
[ 0013 ] The process may further comprise constructing the 
MD variations within said scanning measurements by 
inverse transforming the MD spectral components ; and 
constructing the CD variations within the scanning mea 
surements by inverse transformation of the CD spectral 
components . 
10014 ] In accordance with an additional aspect of the 
invention of the present application , a process for extracting 
dominant spectral components from a power spectrum of 
noisy measurements may comprise sorting all spectral com 
ponents from a power spectrum in order of magnitude to 
form a first ordered power spectrum ; representing back 
ground noise of the ordered power spectrum with a first 
polynomial ; setting a first threshold with respect to the first 
polynomial ; comparing spectral components of the ordered 
power spectrum to the first threshold ; removing spectral 
components of the power spectrum that exceed the first 
threshold from the ordered power spectrum to form a noise 
power spectrum ; representing the noise power spectrum in 
the power spectrum with a second polynomial ; setting a 
second threshold with respect to the second polynomial ; 
and , identifying spectral components of the power spectrum 
that exceed the second threshold as dominant spectral com 
ponents of the power spectrum . The first and second poly 
nomials may be low - order polynomials . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0015 ] The benefits and advantages of the invention of the 
present application will become apparent to those skilled in 
the art to which the invention relates from the subsequent 
description of the illustrated embodiments and the appended 
claims , taken in conjunction with the accompanying draw 
ings , in which : 
[ 0016 ] FIG . 1 is partially broken - away perspective view of 
a scanning system ; 
[ 0017 ] FIG . 2 ( a ) - FIG . 2 ( c ) show illustrative scanning 
speed patterns for use of two different scanning speeds of a 
scanning system ; 
[ 0018 ] FIG . 3 shows the use of two scanning systems 
operating at two different scanning speeds ; 
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[ 0019 ] FIG . 4 shows a simulated sheet of material with CD 
variations only and the traces of four scans made at two 
different scan speeds on the simulated sheet ; 
[ 0020 ] FIG . 5 shows scan measurements of the simulated 
sheet of FIG . 4 obtained using the scans shown in FIG . 4 
having two different scan speeds ; 
10021 ] FIG . 6 is the spatial spectra of the scan measure 
ments of FIG . 5 ; 
[ 0022 ] FIG . 7 shows a simulated sheet of material with 
MD variations only and the traces of four scans made at two 
different scan speeds on the simulated sheet ; 
[ 0023 ] FIG . 8 shows scan measurements of the simulated 
sheet of FIG . 7 obtained using the scans shown in FIG . 7 
having two different scan speeds ; 
100241 FIG . 9 is the spatial spectra of the scan measure 
ments of FIG . 8 ; 
[ 0025 ] FIG . 10 is the spatial spectra of FIG . 9 converted to 
temporal frequencies using the measurement scan speeds ; 
[ 0026 ] FIG . 11 is a simulated sheet of material with both 
MD and CD variations and the traces of scans made using 
two different scan speeds ; 
10027 ] FIG . 12 shows scan measurements of the simulated 
sheet of FIG . 7 obtained using the scans shown in FIG . 7 
having two different scan speeds ; 
10028 ] FIG . 13 is the spatial spectra of the scan measure 
ments of FIG . 12 ; 
[ 0029 ] FIG . 14 is the spatial spectra of FIG . 13 converted 
to temporal frequencies using the measurement scan speeds ; 
[ 0030 ] FIG . 15 illustrates a scan measurement , the CD and 
MD variations in the scan measurement determined using 
the process of the present application and the background 
random noise in the scan measurement found by removing 
the CD and MD variations from the scan measurement ; 
[ 0031 ] FIG . 16 ( a ) illustrates a measurement that contains 
only random noise ; 
[ 0032 ] FIG . 16 ( b ) illustrates the derived power spectrum 
of the measurement of FIG . 16 ( a ) ; 
0033 ] FIG . 17 ( a ) illustrates a measurement that contains 

specific signals ( or variations ) at several frequencies and 
background random noise ; 
[ 0034 ] FIG . 17 ( b ) illustrates the derived power spectrum 
of the measurement of FIG . 17 ( a ) ; 
0035 ] FIG . 18 illustrates a measurement which may con 

tain a few dominant spectra ; 
10036 . FIG . 19 illustrates the power spectrum of the 
measurement of FIG . 18 ; 
[ 0037 ] FIG . 20 shows the spectral components of power 
spectrum of FIG . 19 that have been sorted and placed in 
descending order based on their magnitudes ; and 
[ 0038 ] FIG . 21 illustrates a noise spectrum determined 
from the ordered power spectrum of FIG . 20 and dominant 
spectral components of the power spectrum of the measure 
ment of FIG . 18 determined in accordance with one aspect 
of the present application . 

measurements are commonly made . In addition , the system 
of the present application can be used for analysis of 
measurements that are obtained by generally perpendicular 
relative movement between a sheet of material to be mea 
sured and one or more sensors however that movement is 
affected . The disclosed system effectively separates the MD 
and / or CD variations in scan measurements . Since the 
separated MD and / or CD variations are more accurate than 
those determined by known prior art systems , the separated 
variations can be used as inputs to corresponding MD and / or 
CD controllers to better control processes being measured . 
The frequencies of the separated MD and / or CD variations 
can also be used to determine the root causes of the 
variations . Reconstructed MD and / or CD variation patterns , 
which might not be recognized directly from the scanning 
measurements , are useful tools in determining potential 
improvements if the identified variations are eliminated or 
substantially reduced . 
[ 0040 ] Since scanning sensors have been used online to 
measure sheet properties for many years , it is understood 
that the scan measurements obtained from the zigzag path of 
the sensors mixes MD , CD and localized variations together . 
The separation of MD and CD variations from a scan 
measurement has always been a challenge . Traditionally , the 
MD variation component has been approximated by aver 
aging the scan measurements and the CD variation compo 
nent has been estimated by filtering subsequent scans at each 
databox . The approximated MD variation component would 
not contain any MD variations that are faster than the scan 
time and the approximated CD variation component is likely 
to be contaminated or distorted by those faster MD varia 
tions . 
10041 ] Several approaches have been used to overcome 
the challenge of separating MD variations and CD variations 
from scan measurements . As a first approach , scanning has 
been eliminated all together by using full - width , non - scan 
ning measurement systems , see for example U . S . Pat . No . 
5 , 563 , 809 . In principle , this is an ideal solution . However , 
the cost and complexity of non - scanning measuring systems 
often out - weights the benefits that are expected to be gained 
from such systems . A few non - scanning systems have been 
designed in the past , but for the most part , they were not 
commercially accepted . 
[ 0042 ] A second approach has been to scan faster , scan 
local regions , or mix scanning with single point measure 
ments . These approaches shift the variation contents to be 
detected depending on the scan speed , the regions or the 
single points that are scanned . However , the fundamental 
challenge remains the same . 
[ 0043 ] A third approach has been to process MD and CD 
separation more frequently , for example every 5 seconds 
instead of every 20 - 30 seconds in accordance with typical 
scan times . This approach of using more frequent processing 
of scan measurement data provides estimates of MD varia 
tions that are faster than the scan time thus improving the 
separation of MD and CD variation components . Unfortu 
nately , such time - based estimation improvements still can 
not detect MD variations that are shorter than the sampling 
time , such as 5 seconds . 
[ 0044 ] The system for determination of CD and / or MD 
variations from scanning measurements of a sheet of mate 
rial of the present application addresses the challenge of 
separating MD variations and CD variations from scan 
measurements and avoids the shortcomings of existing 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0039 ] The system of the present application will be 
described with reference to measuring properties of a web of 
paper as it is being manufactured for which it was developed 
and is initially being used . In this regard , the system can be 
used to measure properties not only of sheet - making pro 
cesses but also rewinding processes , coating machines , and 
many other similar processes and machines where scan 
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approaches . The scan measurement obtained from a scan 
ning sensor can be transformed into the spectral domain by 
the well - known Fourier transformation technique imple 
mented using a Fast Fourier Transform ( FFT ) algorithm or 
a Discrete Fourier Transform ( DFT ) algorithm . A wide 
variety of programs are commercially available for perform 
ing FFT and DFT , accordingly they will not be described 
further herein . 
[ 0045 ] When scan measurements are taken over small CD 
widths , i . e . , " databoxes ” , and hence expressed in databox 
resolution , the spatial ( CD ) frequency is derived from the 
databox resolution directly and the temporal ( MD ) fre 
quency is obtained from the spectral frequency and the scan 
speed . For example , assuming a constant scan speed , the 
spatial frequency of a scan measurement that records its 
values in 600 databoxes across the width of the sheet , the 
spatial frequency ranges between 0 . 001667 and 0 . 50 ( 1 / data 
box ) . On the other hand , the temporal ( MD ) frequencies of 
the same measurement are derived by multiplying the spatial 
frequencies with the scan speed . For example , the temporal 
frequency of a scan measurement obtained with a 30 data 
boxes / sec scan speed and a resolution of 600 databoxes 
ranges between 30 - 0 . 001667 = 0 . 05 Hz and 30 - 0 . 5 = 15 Hz . 
[ 0046 ] Alternatively , when scan measurements are taken 
over short periods of time , i . e . , “ time samples ” , the temporal 
( MD ) frequency is derived directly and the spatial ( CD ) 
frequency is obtained from the temporal frequency and the 
scan speed . For example , the temporal frequency of a scan 
measurement that is expressed in 1 millisecond time samples 
with a 20 second scan time at a constant scan speed , ranges 
between 0 . 05 Hz and 500 Hz . The spatial ( CD ) frequencies 
of the same measurement are obtained by dividing the 
temporal frequencies with the scan speed , for example 30 
databoxes / sec . The spatial frequency of the same scan 
measurement ranges between 0 . 05 / 30 = 0 . 001667 and 500 / 
30 = 16 . 67 ( 1 / databox ) . 
[ 0047 ] For a sheet of material that consists of persistent 
CD variations ( pure CD variations ) , dominant spectral com 
ponents in the CD direction with respect to their spatial 
frequencies will not change for different scanning speeds so 
that scan measurements taken at two or more different 
scanning speeds should yield the same dominant spatial 
spectral components . By comparing the spatial spectral 
content of scan measurements taken at two or more scan 
speeds , dominant spatial spectral components from the 
different scan measurements will be found at the same 
spatial frequencies . This overlap of the dominant spatial 
spectral components represents the CD spectral contents . 
Accordingly , using the system of the present application , the 
CD spectral contents in scan measurements can be identified 
and separated from the scan measurements . 
10048 ) On the other hand , for a sheet of material that 
consists of persistent MD variations ( pure MD variations ) , 
dominant spectral components of MD variations obtained by 
scanning the sheet at two or more scanning speeds are not 
aligned with respect to the same spatial frequencies . How 
ever , when the spectral contents of scan measurements are 
shown with respect to their temporal frequencies , the domi 
nant temporal spectral components will appear at the same 
temporal frequencies regardless of the scan speed . By com 
paring the spectral contents of scan measurements made at 
two or more scanning speeds with respect to temporal 
frequencies , the overlap of the dominant temporal spectral 
contents can be detected . Accordingly , using the system of 

the present application , the MD spectral contents in scan 
measurements can be identified and separated from the scan 
measurements . 
[ 0049 ] After both MD and CD dominant spectral contents 
and their spatial and temporal frequencies are identified , 
inverse transformation , including , for example , the inverse 
Fourier transformation , can be used to separate MD and CD 
variation components from each scan measurement . The 
MD and CD dominant spectral components and their spatial 
and temporal frequencies can be identified regularly , inter 
mittently , or on an event - driven basis while the separation of 
MD and CD variations from each scan measurement can be 
performed as frequently as needed to achieve optimal per 
formance of the process that is being measured . The MD and 
CD dominant spectral components and their spatial and 
temporal frequencies can be identified for the full width of 
sheet or any portion of sheet while the separation of MD and 
CD variations from each scan measurement can also be 
performed accordingly to meet the needs of the associated 
control and / or diagnostic applications . 
[ 0050 ] An example of a series of operations that can be 
performed for operation of the system of the present appli 
cation will now be described followed by simulated 
examples illustrating the basic principles used in the present 
application to ensure complete understanding of operation of 
the system of the present application . 
[ 0051 ] 1 . Scan at least one sensor over a moving sheet 
with at least two scanning speeds which can be interleaved 
periodically , arranged by groups or can be event driven . FIG . 
2 ( a ) illustrates groups of different scanning speeds showing 
two scans at a scanning speed of V , interleaved with two 
scans at a scanning speed of V2 . FIG . 2 ( b ) illustrates 
alternating scans of different scanning speeds showing alter 
nating scans at V and V2 scanning speeds . FIG . 20 ) 
illustrates random alternation of scanning speeds . Other 
arrangements for scanning with at least two scanning speeds 
will be apparent to those skilled in the art . For example two 
separate scanners , one scanning at a scan speed of V , and 
one scanning at a scan speed of V , are shown in FIG . 3 . 
Thus , while the system of the present application is 
described with reference to a single scanner that is scanned 
at two scanning speeds , a single scanner that scans at more 
than two scanning speeds can be used . Also two or more 
scanners can be used with each scanner having similar 
sensors and scanning at one , two or more than two scanning 
speeds . 
[ 0052 ] 2 . Scan measurements from the scanning sensor ( s ) 
and their corresponding scan speeds can be recorded as 
needed for processing scan measurements . 
[ 0053 ] 3 . The scan measurements are transformed to their 
corresponding power spectra using , for example , Fourier 
transformation . 
[ 0054 ] 4 . Dominant spectral components are detected 
from the transformed power spectra and their frequencies 
noted . Spatial ( CD ) frequency is based on the databox 
resolutions of the scanning operations and temporal ( MD ) 
frequency is based on the temporal sampling frequencies 
and the scan speeds of the scanning operations . A novel 
process for the extraction of dominant spectral components 
from noisy measurements will be described below . 
[ 0055 ] 5 . The power spectra of the scan measurements at 
the different scan speeds are compared against their spatial 
frequencies or overlaid to identify the dominant spectral 
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components that appear at the same spatial frequencies in 
both scan measurements to identify the CD spectral com 
ponents . 
[ 0056 ] 6 . The CD variations can be constructed using 
inverse transformation , for example , inverse Fourier trans 
formation , of the identified CD spectral components . 
[ 0057 ] 7 . The power spectra of the scan measurements at 
the different scan speeds are compared against their corre 
sponding temporal frequencies or overlaid to identify the 
dominant spectral components that appear at the same 
temporal frequencies in both scans to identify the MD 
spectral components 
[ 0058 ] 8 . The MD variations can be constructed using 
inverse transformation , for example , inverse Fourier trans 
formation , of the identified MD spectral components . 
[ 0059 ] 9 . The residual variations can be derived as the 
remainder after both the MD and CD variations are sepa 
rated from each measurement . 
[ 0060 ] The first simulated example is one where the sheet 
has only CD variations and two different scan speeds are 
used ( 20 second scans and 25 second scans — for 600 data 
box spatial resolution , these scan speeds correspond to 30 
databoxes / sec and 24 databoxes / sec , respectively ) . A sheet 
with CD variations only and the traces of scans made using 
two scan speeds are shown in FIG . 4 . The trace of each scan 
speed is marked with a diagonal line — the bottom or first 
two scans 200 , 202 ( solid lines ) are 20 second scans , and the 
two top or last scans 204 , 206 ( dotted lines ) are 25 second 
scans . 
10061 ] Scan measurements 200S , 202S ( shown as solid 
lines ) and 2045 , 206S ( shown as dotted lines ) obtained from 
FIG . 4 with two different scan speeds and their spatial 
spectra are plotted in FIG . 5 and FIG . 6 , respectively . The 
dominant CD spectral components 207SS , 209SS , shown as 
solid and dotted lines , respectively , from the spectra appear 
at the same spatial frequency of 0 . 015 ( 1 / databox ) . 
[ 0062 ] The second simulated example is one where the 
sheet has only MD variations and again two different scan 
speeds are used ( 20 second scans and 25 second scans — for 
600 databox spatial resolution , these scan speeds correspond 
to 30 databoxes / sec and 24 databoxes / sec , respectively ) . A 
sheet with MD variations only and the traces of scans made 
using two scan speeds are shown in FIG . 7 . The trace of each 
scan speed is marked with a diagonal line — the bottom or 
first two scans 210 , 212 ( solid lines ) are 20 second scans and 
the top or last two scans 214 , 216 ( dotted lines ) are 25 
second scans . 
[ 0063 ] Scan measurements 2105 , 212S ( shown as solid 
lines ) and 214S , 216S ( shown as dotted lines ) obtained from 
FIG . 7 with two different scan speeds and their spatial 
spectra are plotted in FIG . 8 and FIG . 9 , respectively . The 
dominant MD spatial spectral components 217SS , 219SS 
from the spectra , shown as dotted and solid lines , respec 
tively , appear at different spatial frequencies of 0 . 0053 and 
0 . 0067 ( 1 / databox ) . 
[ 0064 ] However , by converting the dominant MD spectral 
components 217SS , 219SS from the spatial spectra to tem 
poral frequencies using their corresponding scan speeds as 
described earlier , the dominant MD spectral components 
217TS , 219TS appear at the same temporal frequency of 
0 . 16 Hz as shown in FIG . 10 as dotted and solid lines , 
respectively . 
[ 0065 ] The third simulated example is one where the sheet 
has both MD and CD variations and again two different scan 

speeds are used ( 20 second scans and 25 second scans — for 
600 databox spatial resolution , these scan speeds correspond 
to 30 databoxes / sec and 24 databoxes / sec , respectively ) . A 
sheet with both MD and CD variations and the traces of 
scans made using two scan speeds are shown in FIG . 11 . 
10066 ] The trace of each scan speed is marked with a 
diagonal line — the bottom or first two scans 230 , 232 ( solid 
lines ) are 20 second scans and the two top or last two scans 
234 , 236 ( dotted lines ) are 25 second scans . Scan measure 
ments 230S , 232S ( solid lines ) and 234S , 236S ( dotted lines ) 
obtained from FIG . 11 with two different scan speeds and 
their spatial spectra are plotted in FIG . 12 and FIG . 13 , 
respectively . The dominant CD spectral components 237SS , 
239SS , shown as dotted and solid lines , respectively , from 
the spectra appear at the same spatial frequency of 0 . 015 
( 1 / databox ) . The dominant MD spatial spectral components 
237 ' SS , 239 ' SS from the spectra , shown as dotted and solid 
lines , respectively , appear at different spatial frequencies of 
0 . 0053 and 0 . 0067 ( 1 / databox ) . 
100671 . When the dominant CD and MD spectral compo 
nents 237SS , 239SS , 237 ' SS , 239 ' SS are converted to tem 
poral frequencies using their corresponding scan speeds as 
described earlier , the MD dominant spectral components 
237 ' SS ( dotted line ) , 239 ' SS ( solid line ) appear at the same 
temporal frequency of 0 . 16 Hz , and the CD spectral com 
ponents 237SS ( dotted line ) and 239SS ( solid line ) appear at 
different temporal frequencies of 0 . 36 Hz and 0 . 45 Hz as 
shown in FIG . 14 . 
[ 0068 ] Thus , when the spectra of scan measurements 
obtained from different scan speeds are shown with respect 
to the spatial frequencies ( FIG . 13 ) , the dominant spectral 
components that appear at the same spatial frequency rep 
resent the CD variation components . Similarly , when the 
spectra of scan measurements obtained from different scan 
speeds are shown with respect to their corresponding tem 
poral frequencies ( FIG . 14 ) , the dominant spectral compo 
nents that appear at the same temporal frequency represent 
the MD variation components . This result allows effective 
identification and separation of the CD and MD variations 
from sheet scan measurements that consist of both CD and 
MD variations . 
[ 00691 . For example , once the scan measurements of FIG . 
12 have been processed as described above to identify the 
CD and MD variation components in the spectral domain , 
those variation components can be inverse transformed into 
the CD variations 242 and the MD variations 244 shown in 
FIG . 15 . The CD variations 242 and the MD variations 244 
can then be removed from the scan measurement , for 
example the scan measurement 230S shown in FIG . 15 , to 
obtain the background random noise 246 in the scan mea 
surement 230S . The CD variations 242 can be used as inputs 
to a CD controller and the MD variations 244 can be used 
as inputs to an MD controller to better control processes 
being measured . The frequencies of the separated CD and 
MD variations 242 , 244 can also be used to determine the 
root causes of those variations so that the causes can be 
addressed and thereby those variations eliminated or sub 
stantially reduced . 
[ 0070 ] As noted earlier , a process for extracting dominant 
spectra from a noisy measurement will now be described . In 
many real world applications , a measurement typically con 
tains both a useful signal and background random noise . For 
practical purposes , there is always a strong need to separate 
the useful signal from its background random noise . The 
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challenge is that it is not obvious how to distinguish between 
the useful signal and the background noise directly from the 
measurement itself . In practice , very often a measurement 
can be transformed into the spectral domain using , for 
example , Fourier transformation to facilitate differentiation 
between the signal and the background noise . In the spectral 
domain , the useful signal of the original measurement often 
shows up as a set of dominant spectra in the power spectrum . 
A novel process for effectively extracting the dominant 
spectra from the power spectrum of a given measurement 
which can be used in the system for determination of CD 
and / or MD variations from scanning measurements of a 
sheet of material of the present application will now be 
described . 
[ 0071 ] The dominant spectra extraction process can be 
used when working with a variety of measurements includ 
ing without limitation measurements taken by industrial 
instrumentation , research laboratory apparatus , medical 
equipment , communication equipment , and measurements 
of commercial numerical trends , any historical data series 
and all forms of multi - dimensional arrays of data . Wherever 
the measurements are taken and to whatever the measure 
ments apply , the disclosed process effectively identifies / 
separates the dominant spectral components in the measure 
ments from their background random noise . The extracted 
dominant spectral components are noise - free and can be 
used to determine the root causes of the dominant spectra or 
to reconstruct the dominant variations that are hidden in the 
measurements as described above with regard to FIG . 15 . 
[ 0072 ] Power spectrum analysis is a well - known tool to 
analyze the spectral contents of measurements . If a mea 
surement contains only random noise , then its power spec 
trum should have uniform magnitudes at all frequencies . If 
the spectrum is non - uniform , then there must be a few 
spectral components larger than the rest . These larger spec 
tral components are the " dominant spectra ” in the given 
measurement and they often represent the useful signal in 
the given measurement . To separate the dominant spectra , 
you need to know the magnitude of the noise accurately . 
However , the magnitude of the noise cannot be accurately 
estimated if the dominant spectra are not separated from the 
measurement . Thus , a catch - 22 situation is the result . 
[ 0073 ] Although it may be relatively easy to “ visually " 
pick out the dominant spectra from a power spectrum of a 
measurement , it is not straightforward for an instrument or 
a computer to systematically pick out the dominant spectra . 
The dominant spectra can occur at any frequency and have 
various magnitudes . It is non - trivial to separate dominant 
spectra from a signal ' s background random noise . This 
aspect of the present application overcomes these problems 
and enables machine extraction of the dominant spectra 
from a spectrum of a measurement using estimation and 
threshold setting techniques . 
[ 0074 ] Given a measurement as a sequence of sampled 
data , the power spectrum of the measurement can be 
obtained using a Fast Fourier Transformation ( FFT ) or 
Discrete Fourier Transformation ( DFT ) algorithm . If the 
measurement 300 contains only random noise as shown in 
FIG . 16 ( a ) , then its derived power spectrum 302 is substan 
tially uniform across its entire frequency range as shown in 
FIG . 16 ( 6 ) . 
[ 0075 ] If the measurement 304 contains specific signals 
( or variations ) at several frequencies as shown in FIG . 17 ( a ) , 
its power spectrum 306 as seen in FIG . 17 ( b ) will show 

spikes 308 at those frequencies . The spectral components 
which are larger than the rest and marked with circles 310 
in FIG . 17 ( b ) are the " dominant spectra ” of the signals in the 
measurement . These “ dominate spectra ” can be systemati 
cally extracted using the process for extracting dominant 
spectra from a noisy measurement in accordance with this 
present aspect of the present application . 
[ 0076 ] An example of a series of operations that can be 
performed for extraction of dominant spectra or spectral 
components from measurements will now be described 
followed by an example illustrating the basic principles used 
in the present application to ensure complete understanding 
of operation of the dominant spectra extraction process of 
the present application . 
[ 0077 ] 1 . Sort all spectral components from the original 
power spectrum in order of their magnitudes and keep their 
sorting order . 
[ 0078 ] 2 . Approximate the background noise of the sorted 
spectrum with a first polynomial , typically a low order 
polynomial . 
[ 0079 ] 3 . Identify the outlier spectral components that 
significantly deviate from the first low - order polynomial . 
[ 0080 ] 4 . Remove the outlier spectral components identi 
fied in operation 3 from the original power spectrum . The 
remaining spectral components represent the background 
noise of the original power spectrum . 
[ 0081 ] 5 . Approximate the remaining spectral components 
from operation 4 representative of the background noise of 
the original power spectrum with a second polynomial , 
typically a low order polynomial . 
[ 0082 ] 6 . Extract the spectral components that signifi 
cantly deviate from the second polynomial , typically a 
low - order polynomial . The extracted spectral components 
are the dominant spectral components of the original power 
spectrum . 
[ 0083 ] An example for extraction of dominant spectra or 
spectral components from actual measurements makes ref 
erence to FIG . 18 which illustrates a measurement 312 
which may contain a few dominant spectra . 
[ 0084 ] FIG . 19 illustrates the power spectrum 314 of the 
measurement 312 shown in FIG . 18 . Even though a few 
dominant spectra are visually noticeable in FIG . 19 , it is 
nontrivial to consistently identify all dominant spectra that 
meet desired criteria from a power spectrum of measure 
ments . One simple approach that might be used is to set a 
uniform threshold across the entire spectrum . Unfortunately , 
such a uniform threshold would not work well because 
background random noise could have slightly higher spectra 
near the low frequency range . 
[ 0085 ] FIG . 20 shows the spectral components of FIG . 19 
that have been sorted and placed in descending order based 
on their magnitudes . The generally flat region 316 of the 
resulting ordered spectrum 318 , approximately from spectral 
frequency 0 . 05 to spectral frequency 0 . 5 of FIG . 20 , is the 
region of the spectrum that represents background noise of 
the measurement and that generally flat region is approxi 
mated using a low - order first polynomial . A first threshold is 
set relative to the first polynomial as shown by the dashed 
line 320 . The first threshold can be set by selecting a distance 
from the first polynomial , for example set in relation to the 
standard deviation o , of the statistical distribution of the 
spectral components that comprise the generally flat region 
of the ordered spectrum of FIG . 20 with respect to their 
corresponding first polynomial reference . Currently , it is 
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believed that the first threshold could be within a range of 
about 0 to 100 , . The outlier spectra that significantly 
deviate from the first polynomial and exceed the first thresh 
old ( shown as circles in FIG . 20 ) include the dominant 
spectral components of the power spectrum and are removed 
from the ordered spectrum to form a noise spectrum . 
[ 0086 ] The noise spectrum 322 , shown as dots in FIG . 21 , 
is used to approximate the background noise in the original 
power spectrum 314 . As is typical , a low - order second 
polynomial 324 approximation is made of the noise spec 
trum shown in FIG . 21 . A second threshold 326 is set relative 
to the second polynomial 324 as shown by the dashed line 
326 in FIG . 21 . The second threshold 326 can be set by 
selecting a distance from the second polynomial 324 , for 
example the second threshold 326 can be set according to the 
statistical distribution of the background noise approximated 
by the noise spectrum 322 . The dashed line 326 in FIG . 21 
is set at three times the standard deviation , 302 , of the 
background noise with respect to the second polynomial 
324 . The second threshold 326 can be adjusted to provide the 
best results for the dominant spectra extraction process of 
the present application . Currently , it is believed that the 
second threshold could be within a range of about 302 to 

tions of the present invention can be effected within the spirit 
and scope of the following claims . 
[ 0094 ] For example , the disclosed process for determining 
CD and / or MD variations from scan measurements of a 
sheet of material can be applied to a single scanner frame 
that scans at two or more scanning speeds , two or multiple 
scanner frames that scan at different scanning speeds where 
each scanner frame hosts a similar sensor , or two or multiple 
frames that scan at two or multiple scanning speeds on each 
frame . Temporal resolution ( number of samples per second ) 
and / or spatial resolution ( number of databoxes ) from each 
sensor on each frame does not have to be the same . In reality , 
the spatial resolution is set to be the same to keep the system 
simpler . The disclosed process does not always have to be 
applied to entire scan measurements . Rather , this process 
can be applied to any portion of the scan measurements . If 
the disclosed process is applied to a sensor that scans at two 
or multiple scanning speeds , the order of the scanning 
speeds can be arranged in many different ways in addition to 
those illustrated in FIGS . 2 ( a ) , 2 ( b ) and 2 ( c ) which show 
three different examples : V1 , V1 , V2 , V2 , V1 , V1 . . . 
( block ) ; V1 , V2 , V1 , V2 , V1 . . . ( alternating ) ; and V1 , V2 , 
V1 , V1 , V2 , V1 , V2 , V2 . . . ( random ) . The power spectra 
of scan measurements can be updated or accumulated with 
the scan measurements of the same scanning speed either 
regularly , intermittently or in a batch . The process of deter 
mining 
100951 MD and CD spectral components and frequencies 
does not have to be fully synchronized with the update of the 
scan measurements or the separation of MD and CD varia 
tions from scan measurements . However , the determination 
of MD and CD frequencies is needed before the inverse 
transformation can be applied to separate MD and CD 
variations . The determination of MD and / or CD spectral 
components can be triggered by events or executed periodi 
cally by measurement updates but the actual separation of 
CD and MD variations from the scan measurements most 
likely will be executed regularly whenever scan measure 
ments are updated . 

602 
[ 0087 ] In FIG . 21 , the spectra ( represented by circles 
within the dotted line 328 ) which are above the dashed 
threshold 326 so that they deviate significantly from the 
background noise or noise spectrum 322 are identified as the 
dominant spectra within the power spectrum . 
[ 0088 ] The selection of the first and second polynomials 
and the first and second thresholds provide tuning param 
eters for the dominant spectra extraction process of the 
present application . 
[ 0089 ] The dominant spectra extraction process of the 
present application can be used in many different applica 
tions . For example , if the original measurement is a flow rate 
of a pipe in a chemical plant , the frequency of an extracted 
dominant spectral component might be matched to an oscil 
lation frequency of a control valve so that an alarm can be 
given to check the control valve so see whether it may be 
malfunctioning and in need of repair or replacement . 
[ 0090 ] If the original measurement consists of multiple 
dominant spectral components , for example as shown in 
FIG . 21 , the dominant spectra extraction process of the 
present application can be used to extract them all so that 
they can be used to trace each individual dominant spectral 
component to its root - cause . The root causes can be a 
number of different valves , pumps , other rotating devices 
and the like . 
[ 0091 ] When dominant spectra are extracted using the 
disclosed dominant spectra extraction process of the present 
application , they can be used to reconstruct their original 
signals by applying inverse transformations , such as inverse 
Fourier transformation , to the dominant spectra . The result 
ing reconstructed signals can be used for control or for 
estimating potential improvement if the dominant spectra 
are eliminated . 
[ 0092 ] The disclosed processes are easy to use and very 
effective at picking out the dominant spectra systematically 
for a wide variety of measurements . 
[ 0093 ] Although the invention of the present application 
has been described with particular reference to certain 
illustrated embodiments thereof , variations and modifica 

What is claimed is : 
1 . - 12 . ( canceled ) 
13 . A process for extracting dominant spectral compo 

nents from a power spectrum of noisy measurements com 
prising : 

sorting all spectral components from a power spectrum in 
order of magnitude to form an ordered power spectrum ; 

representing background noise of said ordered power 
spectrum with a first polynomial ; 

setting a first threshold with respect to said first polyno 
mial ; 

comparing spectral components of said ordered power 
spectrum to said first threshold ; 

removing spectral components of said power spectrum 
that exceed said first threshold from said ordered power 
spectrum to form a noise power spectrum ; 

representing said noise power spectrum in said power 
spectrum with a second polynomial ; 

setting a second threshold with respect to said second 
polynomial ; and 
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identifying spectral components of said power spectrum 
that exceed said second threshold as dominant spectral 
components of said power spectrum . 

14 . The process as claimed in claim 13 wherein said first 
and second polynomials are low - order polynomials . 

* * * * 


