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bc defdfgc hic jgc fk lmnop gfjeqc gcdrerhnfo hf cos
iroqc hic krjmhsecmrhcp t rqinoc qftdfocoh no r tjmhns
qiroocm t crgjectcoh u vic kcrgnlnmnhw fk hi ng rddefrqi
ng pctfogherhcp no hxf ecrmsxfemp rddmnqrhnfog u yfe
gfjeqc gcdrerhnfo xc jgc hic z{|{}~�� � ��� � kert cxfe� �
xinqi rmmfx g hic qftlnorhnfo fk gc�cerm �deflmct sgd cqn�q�
gcdrerhnfo qenhcenr u �o c�dcent cohg x nhi rehn� qnrm prhr
xc gifx hirh hic lcgh dcekfet roqc x nhi cnhice qenhcenfo
qro lc rddef� nt rhcp lw jgno� hicne qftlnorhnfo u
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yrjmhsecmrhcp t rqinoc �nlerhnfo ng jgjrmmw qfeejdhcp
x nhi ghejqhjerm t rqinoc �nlerhnfo rop ofngc keft nohces
kceno� t rqinocewu �fecf�ce � t crgject cohg t rw gifx
mre�c pc�nrhnfog no ofngc qfohenljhnfo nk hic gcogfe tfjohs
no� dfgnhnfo ng �rencp u �o efhrhno� t rqinocg hicec x nmm
rmxrwg lc �nlerhnfo decgcoh � of trqinoc ng d cekcqhmw
lrmroqcp rop gt rmm ghejqhjerm ntdcekcqhnfog �qfohrqhg �
xcre � chq u� x nmm nopjqc kfeqcp �nlerhnfog no hic ghejqs
hjec u �cehrno qftdfocohg �mn�c �crelf�cg no hic t cgis
no� def qcgg� rec noicecohmw �cocerhno� gif q� djmgcg � mcrps
no� hf hic c�qnhrhnfo fk t rqinoc ecgforoqcg u vic c�qns
hrhnfo gfjeqc ng jgjrmmw hic nohcecghno� gn�orm � ljh hic
t crgject coh keft r gcogfe tfjohcp fo hic qrgno� x nmm
c�inlnh r �dfggnl mw qfo�fmjhcp rop� t n�cp �cegnfo fk
hic gfjeqcg x nhi fhice ghejqhjerm �nlerhnfo gjdcedfgcp
fo nh ��� u � fecf�ce � no hic decgcoqc fk ocrelw ofos
ngfmrhcp trqinocg �rg fkhco no gi nd co�noc efft g� � gcs
�cec nohcekcecoqc t rw lc decgcoh no hic t crgjectcohg
rg xcmm u � row xcmms�ofxo hcqion�jcg keft gn�orm defs
qcggno� ir�c lcco rddmncp hf hing deflmct no hic drgh u
vicw ecmw cnhice fo pchrnmcp �ofx mcp�c rlfjh hic hwd c
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fk gfjeqc hirh ng hf l c npcohn�cp �c u� u ro ntdjmgn�c
c�qnhrhnfo � rg x nhi lcreno� krnmjecg� fe fo hic npcohns
�qrhnfo fk hic herogt nggnfo qirerqhcenghnq �no r tfprm
rormwgng� u vr�no� r z|{}Í rddefrqi � foc trw hew hf
npcohnkw �ro rddef� nt rhnfo hf� hic �mf qrm� herogt nggnfo
qirerqhcenghnq jgno� fo mw gcogfe t crgject cohg rop �cos
cerm qirerqhcenghnqg fk hic gjddfgcp gfjeqc gn�ormg u
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�o hing drdce xc rggjt c hirh hic t n� no� def qcgg ng mnos
cre rop no ghrohrocfjg � icoqc xc rddef� nt rhc hic noÕjs
coqc fk hic herogt nggnfo keft gfjeqc hf gcogfe x nhi r
gno�mc hrd � mhce x nhi Öcef hnt c pcmrwu �o dec�nfjg xfe�
�× � Ø� gcdrerhnfo fk hic jopcemwno� gfjeqcg no �nlefs
rqfjghnqrm gwghct g xrg ghjpncp jgno� r gno�jmre �rmjc
pcqftdfgnhnfo fk hic qefggsgd cqherm t rhen� fe jgno� tfs
prm rop cn�co�cqhfe l crt kfet ceg �Ù� u �o �Ú� nh xrg qfos
qmjpcp hirh hic noghrohrocfjg t n� no� tfpcm pnp ofh
ifmp kfe hic t rqinoc jopce qfognpcerhnfo u Ûjddfgcpmw�
hi ng ng ecmrhcp hf hic en�npnhw rop gnÖc fk hic ghejqs
hjec jopce no�cghn�rhnfo � mre�c rop cmrghnq ghejqhjecg
x nmm rqqfjoh kfe gc�cec � mhceno� rop pcmrwg no hic herogs
t nggnfo keft gfjeqc hf gcogfe � xicecrg gtrmm rop en�np
ghejqhjecg t rw gifx t n� no� hirh ng rddef� nt rhcmw nos
ghrohrocfjg �Ü� u Ûcqfop � hic rljoproqc fk �ofx mcp�c
rlfjh �nlerhnfo hirh ng ct nhhcp lw efhrhno� t rqinocg ���
gifjmp deckcerlmw lc jgcp no hic gcdrerhnfo def qcpjec u
bc qro cnhice jgc �cocerm rggjtdhnfog fo hic gcqfops
fepce hctdferm ghejqhjec fk hic gn�ormg �Ý � Þ � ß� kfe
hi ng djedfgc fe hr�c r t r�ntjt mn�cmniffp rddefrqi �
c u� u lw �hhno� hic jopcemwno� gn�orm pnghenljhnfog fe jgc
drertchenq t fpcmg fk t rqinoc �nlerhnfo u bc x nmm fomw
ghjpw hic �egh rddefrqi no hing drdce u

�fognpce hic qrgc no xinqi foc irg rqqcgg hf tjmhns
dmc t crgject cohg à fk r t n�hjec fk nopcd copcoh gn�ormg
á u â ggjt no� r mnocre t n� no� tfpcm ã rop rmmfx no� rps
pnhn�c ofngc ä mcrpg hf hic tfpcm
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xicec lfmpkrqc �renrlmcg pcofhc eropft �cqhfeg x nhi
Öcef t cro rop �onhc qf�renroqc u �fecf�ce � á irg ghrhngs
hnqrmmw nopcd copcoh qftdfocohg u vic defl mct fk ��â
ng ofx � �n�co � ecrmnÖrhnfog fk à � cghnt rhc lfhi t n�s
no� t rhen� ã rop hic nopcd copcoh qftdfocohg à u vic
�|� ~z��{� ��� ����� ���� hf ��â jgcg hic krqh hirh � rkhce
gdrhnrm decxinhcono� � hic ��âslrgng ng �n�co lw r efs
hrhnfo fk hic �xinhcocp� t crgject cohg u �h xrg gifxo
���� �×� hirh hi ng rddefrqi ng efljgh r�rnogh ofngc pjc
hf t crgject coh ceefeg rop �onhc grtdmc gnÖcg u �oc
qro jgc gcqfopsfepce 	~�� ���| qfeecmrhnfog no prhr lw
qiffgno� hic 
ghrq�� fk cn�cot rhenqcg hf l c pnr�forms
nÖcp rg hic noghrohrocfjg gdrhnrm qfeecmrhnfo t rhen� rop
r gch fk hnt csmr��cp gdrhnrm qfeecmrhnfo t rhenqcg u vic
dcekfet roqc pcd copg fo hic qifnqc fk hnt c mr�g �Ý� �
ljh nh xrg gifxo hirh �jgh hr�no� �~~��| hnt c mr�g
nohf rqqfjoh ng fkhco gj� qncoh kfe rqinc�no� gcdrers
hnfo ��×� u �fxc�ce � hr�no� ofonokfet rhn�c pcmrwg nohf
rqqfjoh trw mcrp hf ojtcenqrm deflmct g no hic pns
r�formnÖrhnfo def qcpjec � icoqc pcqecrgno� hic d cekfes
t roqc u ving rddefrqi qro lc c�hcopcp lw qfognpceno�
hic hnt cskec�jcoqw qirerqhcenghnq fk hic gfjeqcg u vic
ghrq� fk t rhenqcg hirh ng hf lc pnr�formnÖcp qro ofx
lc qfoghejqhcp keft r gch fk �gcqfopsfepce gnt nmrenhw �
trhenqcg flhrnocp no gc�cerm kec�jcoqw lropg rh gc�cerm
hnt c ghrtdg u � coqc � ofoghrhnforenhw fk hic gfjeqcg qro
lc jgcp kfe hic gcdrerhnfo ��Ø� u
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vic hnt cskec�jcoqw rm�fenhit qro lc mff�cp jdfo rg
r gd cqnrm qrgc fk hic lnmnocre kfet g lrgcp gcdrerhnfo
rm�fenhit lw �cgict �Þ� � xicec hic ctdmfwcp hnt cs
kec�jcoqw pnghenljhnfo ng r �jgh r drehnqj mre �nop fk z{�
|{} ~�� � ��� �r �nop fk 
�cocermnÖcp gcqfopsfepce gnt ns
mrenhw tcrgjec�� u � cec � xc pc�oc r lnmnocre kfet � hf
lc �~� ���	{}� t n�hjecg �� � ���� �� nohf gfjeqcg �� � ���� �� nk

� ��� � �� � �  � !�� � � " # � $ " % �×�
xicec !�� ng hic & efocq�ce pcmhr rop  � ng ofoÖcef kfe
rmm # u â lnmnocre kfet ng ecdecgcohcp lw r 
gnt nmrenhw
t rhen��
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no hic lrgng fk t n�hjecg �� � ���� �� u .fx gc�cerm lnmnocre
kfet hirh rec �~� ���	{}� ecdecgcoh r gch fk gnt nmrenhw
t rhenqcg hirh qro lc hecrhcp no r �fnoh pnr�formnÖrhnfo

def qcpjec no hic grt c trooce rg hic cn�cot rhenqcg no
hic /â01 rop Û�2 � rm�fenhit g �Ý � ��� u ving tfec
�cocerm kfetjmrhnfo rmmfx g hic noqfedferhnfo fk herpns
hnform gcdrerhnfo rm�fenhit g � pcdcopno� fo hic qifnqc
fk lnmnocre kfet u vic gntdmcgh lnmnocre kfet ng
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xinqi ng �jgh hic nooce defpjqh l chxcco hic hxf �cqhfeg4 rop � u b ico xc �dmj�sno � hing kfet nohf r gcdrerhnfo
rm�fenhit � xc cop jd x nhi >�â fe gdrhnrm decxinhcos
no� u �hice qifnqcg kfe � qro lc
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mcrpno� hf hic Û�2 � rm�fenhit �Ý� u �iffgno�
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mcrpg hf ro rm�fenhit no xinqi gfjeqcg x nhi pnLcecoh
qwqmfghrhnforew qirerqhcenghnqg qro lc gcdrerhcp u ving
c�dmfnhrhnfo fk hic �� ~�	��| �~ÍM}Í�}�N no r gfjeqc ng
gnt nmre hf hic xrw hirh hic � � ��~�O PQRS rm�fenhit
��Ù� gcdrerhcg gfjeqcg u vic qifnqc
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kfe �renfjg hnt cskec�jcoqw 
rhft g� �A � [ � rop qcehrno
qifnqc fk hic gtffhino� �ceocm X �Y � $� mcrpg hf hic hnt cs
kec�jcoqw rm�fenhit fk 2cmfjqieron ��Ø� u vic qifnqc fk
hnt cskec�jcoqw rhft g hf noqmjpc pchcet nocg hic ojt s
lce fk t rhenqcg hf pnr�formnÖc u �k hi ng ojtlce l cqft cg
hff mre�c fe hic t rhenqcg rec mre�cmw jonokfet rhn�c �
hi ng x nmm mcrp hf ro noherqhrl mc fe gjlfdhnt rm pnr�fs
ormnÖrhnfo def qcpjec u � coqc � foc qro hr�c fomw r gjls
gch fk hicgc t rhenqcg nohf rqqfjoh � ecdecgcohno� hic
hnt cskec�jcoqw rhft g x nhi hic i n�icgh coce�wu �fecs
f�ce � hic defdce qifnqc fk gd cqherm rop hctdferm ecgs
fmjhnfo gcct g qenhnqrm kfe gjqqcggkj m gcdrerhnfo u ving
ng lrgcp fo c�dcencoqcg x nhi r gch fk t n�cp qrmnlers
hnfo gn�ormg x nhi pnLcecoh hnt cskec�jcoqw qirerqhcengs
hnqg �� mnocre qined � × \rjggnro â� mnocre qinedg � ×
gn�ormg x nhi �pnLcecoh� 0fddmcesginkh rop � gnojgfnprm
â� mnocre qined � � ��jec �u �o fje kjehice c�dcent cohg
x nhi hnt cskec�jcoqw gcdrerhnfo xc qiffgc r b n�oces] nmmc pnghenljhnfo rg lnmnocre kfet � xinqi qfeecgdfopg
hf r gtffhino� �ceocm npcohnqrmmw �u vic hnt cskec�jcoqw
rm�fenhit irg r hcopcoqw hf qfoqcoherhc gn�orm dfxce
rop pngd cegc ofngc dfxce lw qiffgno� gjnhrl mc hnt cs
kec�jcoqw rhft g u
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yn�jec �� Ûfjeqcg �r� � t n�hjecg �l � rop ecqfoghejqhcp
gfjeqcg �q� x nhi hnt cskec�jcoqw qirerqhcenghnqg

� � a�Ò]����Ñ ^ÏÐ\`\_��� a`�_Ï`�\

�h ng �ofxo ��Ú� hirh foqcsdcesefhrhnfo djmgcg fk ofngc
pjc hf c u� u r lcreno� krjmh qro lc tfpcmmcp rg lrops
mnt nhcp ofngc tfpjmrhcp x nhi r dcenfpnq ecqhro�jmre
djmgc � xinqi ng r gn�orm hirh c�inlnhg qwqmfghrhnfores
nhwu � coqc xc �cocerhcp ro rormwhnq â� ���sgfjeqc �Ý� �
xinqi xrg tfpjmrhcp x nhi r qreence rh �ofetrmnÖcp�
kec�jcoqw [3 u ving hwd c fk gn�orm c�inlnhg qwqmfghrs
hnforenhw rh qwqmnq kec�jcoqw � � ×[3 � gnoqc hic gn�s
orm ng �qfo�j�rhc� gcmksqficecoh x nhi r ×[3 kec�jcoqws
gi nkhcp �cegnfo fk nhg qftdmc� qfo�j�rhc ��Ù� u vic gcmks
qficecoqc fk r qwqmfghrhnforew gn�orm �x nhi [3 � � �Ù�
rg r kjoqhnfo fk hic kec�jcoqwsginkh hirh ng rddmncp hf
hic gn�orm �g qfo�j�rhc ng gifxo no ��jec × u �mcre dcr�g
no hic gcmksqficecoqc rec decgcoh rh r gi nkh fk ×[3 � ljh
r gt rmm pc�nrhnfo ecgjmhg no defofjoqcp mfgg fk qfices
coqc u ving nopnqrhcg hirh gcdrerhnfo rm�fenhit g hirh
jgc hing qenhcenfo t rw lc �cew gcognhn�c hf hic qifnqc fk
hic �qfeecqh� qwqmnq kec�jcoqwu
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yn�jec × � Ûcmksqficecoqc rg r kjoqhnfo fk kec�jcoqwsginkh

bc t n�cp hxf qwqmfghrhnforew gfjeqcg � n uc u hxf qft s
dmc� tfpjmrhcp rormwhnq â� ���sgfjeqcg x nhi eropft
no nhnrm dirgc � ntdno�no� fo r gcogfe reerw x nhi ro�mcg
s �× rop �Ø pc�eccg u âdreh keft pnecqhnfo � hic gfjeqc
gn�ormg fomw pnLce x ue uh u hicne t fpjmrhnfo kec�jcoqw

[� � [3 � � [ u bc qftdrec hic ecgjmhg flhrnocp x nhi
Û�2 � � Û���1 rop r qftlnorhnfo fk lfhi t chifpg � nk
xc �rew hic kec�jcoqw ginkh � [ u
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yn�jec Ø � â�cer�c t cpnro Û.� �g u ! [ kfe Û�2 � �
Û���1 rop hicne qftlnorhnfo � sÚ p2 Û.�
bc ecdcrh ×Ú� ejog fk hic gfjeqc gcdrerhnfo rm�fenhit
�Û�2 � � Û���1 fe hicne qftlnorhnfo � � rop hic t cpnro
Û�.� g �no p2 � � r�cer�cp kfe lfhi gfjeqcg � rec qft s
djhcp u �o lfhi Û�2 � rop Û���1 xc jgcp Ú gnt nmrenhw
t rhenqcg �icoqc �� trhenqcg no hic qftlnorhnfo rm�fs
enhit � u �o ��jecg Ø rop Ù hic ecgjmhg rec dmfhhcp kfe
gfjeqc Û.� g fk BÚ rop ×Ú p2 � ecgdcqhn�cmwu
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SINR vs. spectral difference; noiselevel = 25 dB
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yn�jec Ù � â�cer�c t cpnro Û.� �g u ! [ kfe Û�2 � �
Û���1 rop hicne qftlnorhnfo � ×Ú p2 Û.�
�h qro lc gcco hirh kfe gt rmm gd cqherm pnLcecoqc � fomw
Û���1 xnmm lc rlmc hf pf hic gcdrerhnfo u yfe mre�ce
gdcqherm pnLcecoqc �! [ � � �� �� hicec ng cofj�i nokfet rs
hnfo no hic mr��cp qf�renroqc t rhenqcg � gf Û�2 � d ces
kfet g lcgh u vic qftlnorhnfo rm�fenhit kfmmfx g hic
l chhce d cekfet roqc fk lfhi t chifpg � kfe gt rmm gdcqs
herm gi nkh nh lcir�cg mn�c Û���1 � xicecrg kfe mre�ce
ginkhg nh rddefrqicg Û�2 � u ving cLcqh ng ghefo�cgh kfe
mfx gfjeqc Û.� g u bc ofhnqcp r mre�c �renrhnfo no ×Ú�
ecd chnhnfo g fk ro c�dcent coh u �o fepce hf �jrohnkw hing �
xc pchcet nocp hic qjtjmrhn�c pcognhw fk hic Û�.� g no
×Ú� ecdchnhnfog kfe hic �egh gfjeqc �hic gcqfop gfjeqc
gifx g gnt nmre l cir�nfje� u �o ��jec Ú hic pcognhncg kfe
gt rmm rop mre�c gd cqherm ginkh �� [ � �� ��� � � � ���� rec
gifxo kfe Û�2 � � Û���1 rop hicne qftlnorhnfo gcds
rerhcmwu yfe gt rmm ginkh hic qftlnorhnfo lcir�cg mn�c
Û���1 � xicecrg kfe mre�c ginkh nh l cir�cg mn�c Û�2 � u
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yn�jec Ü � �pk fk Û�.� g � Ú p2 Û.� � � pcmrw

� � `�_\_��Ñ Ò\aÓ��Ï^ \ÐÐ� �a\_���
� ��� Ô ���������	 ����
��� ���ä�	
�o hic �egh qrgc ghjpw �nlerhnfo xrg t crgjecp fo r
djtdgch no r djtdno� ghrhnfo � no xinqi r gc�cec �cres
lf� krnmjec xrg decgcoh ��Ü� u � fjohcp fohf hic �crelf�s
qrgno� xrg r gt rmm fnm djtd hirh xrg ejoono� rh ×ÞÚ�Ö u �o tfgh fk hic t crgject cohg flhrnocp x nhi Ù
rqqcmceft chceg pnghenljhcp fo hic qrgno� fk hic trs
qinoc rop hic fnm djtd hing nohcekcecoqc xrg �ngnl mc
���jec Ý �r�� u vic gn�ormg xcec pfxogrtdmcp hf rds
def� u Ù�� � Ö rop hic gn�orm gjlgdrqc qfohrnocp Ø qft s
dfocohg ���jec Ý �l �� u âkhce d cekfet no� hnt cskec�jcoqw
��â fo hic tjmhnqiroocm t crgject coh �gdcqherm ecgfs
mjhnfo no rm�fenhit xrg ��×Ù lno g rop Ú� tfgh coce�chnq
rhft g xcec jgcp� � r pcqftdfgnhnfo nohf �ocremw � hct s
dfermmw joqfeecmrhcp qftdfocohg xrg flhrnocp ���jec
Ý �q�� u vic �egh qftdfocoh qfognghg t rnomw fk hic fnm
djtd kec�jcoqw� xicecrg hic gcqfop qftdfocoh qfos
hrnog decpft norohmw fhice �nlerhnfo fk hic fnm djtd
�hirh xrg ofh t crgjecp fo hic t rqinoc� u vic hinep
qftdfocoh qfohrnog t rnomw hic �crest cgi kec�jcoqw
�× �Ü � Ö� fk hic t rqinoc � xinqi xrg in�i pjc hf hic

�crelf� krjmh u ving qftdfocoh xrg t crgjecp fo hic fnm
djtd rg xcmm ���jec Ýr � Ùhi qiroocm� � ljh gjddecggcp
no hic �qmcrogcp � fnm djtd tcrgject coh ���jec Ýq � ×op
qiroocm� u > ecxinhcono� ng qmcremw nogj� qncoh kfe gfjeqc
gcdrerhnfo ���jec Ýl � � gnoqc hic d cr�g rh × �Ü � ×ÞÚ rop
refjop ��� � Ö rec decgcoh no rmm hiecc qftdfocohg u
bc ofhnqcp hirh defdce qifnqc fk kec�jcoqw lrop rop
hnt c gi nkh xrg qenhnqrm kfe hic dcekfet roqc fk hic rms
�fenhit � lrp qifnqcg pnpo �h rmmfx kfe gn�on�qroh nt s
def�ctcoh f�ce >�â u �o fje no�cghn�rhnfo � hic jgc fk
Ú� rhft g x nhi gj� qncoh gdcqherm ecgfmjhnfo xrg rpcs
�jrhc kfe rqinc�no� gfjeqc gcdrerhnfo u

� �Î � \ ���á����	 á��������� �
 �������� ������á

�o hic gcqfop qrgc ghjpw� ofngc keft r drggno� qre
xrg t crgjecp fo r Úst nqefdifoc reerwu Ûc�cec pnghjes
lroqcg xcec decgcoh � mn�c r efhrhno� t rqinoc ejoono�
ghrhnforew refjop Ü� �Ö � ro rnedmroc qefggno� hic gqcoc
rop x nop ljeghg keft �c�chrhnfo no hic �nqnonhw fk hic
reerwu vic t crgjectcohg xcec mfxdrggs� mhcecp � gf hic
t rno gn�ormg decgcoh xcec x nop � qre rop t rqinoc ofngc u> enfe hf defqcggno� � hic gn�ormg xcec hnt csrmn�ocp jgs
no� qefggsqfeecmrhnfo lchxcco hic gcogfeg u vic hnt cs
kec�jcoqw dmfh fk r hwdnqrm tcrgject coh ng gifxo no
��jec ß �r� u vic gd cqher qfeecgdfopno� hf hicgc tcrs
gject cohg rec gifxo no ��jec Þ �r� u â khce decxinhcos
no� xc flhrnocp hic gdcqher no ��jec Þ �l � u Ûnoqc foc
fk hic gfjeqcg ng t f�no� �hic qre� � xc qro hr�c hic
ofoghrhnforenhw fk hic gn�orm pjc hf hing gfjeqc nohf rqs
qfjoh u bc rddmncp hic hnt cskec�jcoqw rm�fenhit fk �Ý�
hf hic t crgjectcohg �jgno� Ú� trhenqcg hirh ecdecgcoh
hic tfgh coce�chnq hksrhft g� � xicec hic gn�ormg xcec
pfxogrtdmcp hf dmt u ×�� � Ö rop hic hnt cskec�jcoqw
rhft g irp r x nphi fk Ú� hnt c grtdmcg rop rddef� u
�uÚ � Ö �xinqi xrg gj� qncoh kfe rggjt no� oreefxlrop
gfjeqcg� u ving ecgjmhcp no hic gd cqher fk ��jec Þ �q� u
vic efhrhno� t rqinoc ng gcdrerhcp nohf hic �khi qft s
dfocoh � nhg hnt cskec�jcoqw lcir�nfje ng dmfhhcp no ��s
jec ß �l � u vic efhrhno� t rqinoc �ghrhnforew qftdfocoh
refjop Ü� �Ö� xrg ofh �ngnl mc no hic hnt cskec�jcoqw
dmfhg fk hic t crgject cohg ���jec ß �r�� u �fecf�ce � hic
gcqfop qftdfocoh ng decpft norohmw r x nop s qftdfs
ocoh rop hic �egh qftdfocoh qfohrnog hic qre ���jecg
Þ �q� rop �� �r� u â perxlrq� fk hic hnt cskec�jcoqw rm�fs
enhit ng gifxo no qftdfocohg Ø rop Ù rop ��jec �� �l � �
hic ojtlce fk jopcemw no� gfjeqcg xrg hiecc � ljh gnoqc
xc kfeqcp r gfmjhnfo nohf Ú qftdfocohg x nhi pnghnoqh
hnt cskec�jcoqw lcir�nfje �rqqfepno� hf hic tfgh coces
�chnq hnt cskec�jcoqw pcgqendhfeg� � hic qre gn�orhjec ng
gdmnh nohf hxf drehg u
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Machine vibration measurements − measured
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File 43 − measured
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yn�jec Þ � Ûdcqher fk rqfjghnqrm t crgject cohg �r� � decxinhcocp �l� � rop gcdrerhcp qftdfocohg �q�

� � a��a��^���

bc gifxcp hirh jgno� hic lnmnocre kfet g kert cxfe� nh
ng dfggnlmc hf noqmjpc gc�cerm gcdrerhnfo qenhcenr nohf r
gfjeqc gcdrerhnfo rm�fenhit u ving qro lc lcoc�qnrm kfe
t n�hjecg c�inlnhno� gc�cerm �nopg fk ghejqhjec � xicec nh
ng r denfen ofh qmcre jopce xinqi qfopnhnfog crqi qenhcs
enfo ng jgckj m u Ûd cqn�qrmmw� nh rmmfx g hic jgc fk drehnqjmre
nokfetrhnfo hirh qro lc ecmc�roh kfe gfjeqc gcdrerhnfo
no efhrhno� trqinoc rddmnqrhnfog � mn�c qwqmfghrhnfores
nhw rop hnt cskec�jcoqw nokfetrhnfo u ving xrg pctfos
gherhcp kfe lfhi rqfjghnqrm rop �nlerhnform t fonhfeno�
fk efhrhno� t rqinocg � xicec hic ecmc�roh t rqinoc qft s
dfocoh qfjmp lc gcdrerhcp fjh fk r gch fk tcrgject cohg u

� � `Ï�Ï`Ï�aÏ^

��� � u �ctdcm � �{z�����M�	{� ��}Í{	{�} � �}{	��{}� u1 mmng �fexffp �hp u� �ßß �u

�×� � u Û u &ftdcmmr � > u 0 r�ncg � � u / u 2ceoirep � rop0 u â u �Lfep � 
â hcqion�jc hf pchcet noc hic ojt s
lce fk noqficecoh gfjeqcg qfohenljhno� hf hic ecs
gdfogc fk r gwghct �� � ~�� �}{��| �N�	~�� �}Í �{� �
}�| � ���~��{}� � �fm u Þ � of u Ù � dd u ØÜØ�ØÞ� � �ßßÙ u

�Ø� / u � u 0 rohicÖ rop � u â �jnmnor � 
Ûcdrerhnfo
fk lefrplrop gfjeqcg def qcggno� qfoqcdh fk hic
mrlerpfe gfkhxrec �� � ~�� �}{��| �N�	~�� �}Í �{� �
}�| � ���~��{}� � �fm u ��� of u �� dd u ß �� ��Ü � �ßßÝ u

�Ù� b u â u &jdcet ro rop \ u vjec� � 
�rhqicp �cmp
rqfjghnqg �� � ~�� �}{��| �N�	~�� �}Í �{�}�| � ���~���
{}� � �fm u ��� of u � � dd u �Ù � � �ÙÞ � �ßßÝ u

�Ú� \ u \cmmc � �~� �	�	{�	{�M~� Í ���Í�~ �M� ~�{~M� �� �
� |{�M~~� � |� Í~	~�	{�} ~	 � |� �~� ���	{�} Í~ ��M��~� 	

	{|{��	{�} ~} �}�|N�~ {z��	�{�~ ~	 ���M�	{�M~u>i0 hicgng � �on�cegnhc pc �cnt g �irtdr�ocs
âepcooc � �ßßÞ u
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yn�jec �� � v ksdmfhg fk × nopcd copcoh qftdfocohg no rqfjghnq t crgjectcohg � qre �r� rop dreh fk qre �l �

�Ü� â u �dtr � 0 u � u / u vr� � rop � u > u b u 0jno �
�fljgh t rqinoc krjmh pchcqhnfo x nhi nopcd copcoh
qftdfocoh rormwgng rop gjddfeh �cqhfe prhr pcs
gqendhnfo �� no � ���~~Í{}� � �� ���� �SSS �} 	~�}��	{�}�| ������ �� �} � ~M��| � ~	� ���� � �� O {�}�|
� ���~��{}� � �� rpngfo � b ngqfogno ��Ûâ �� � dd u ÜÝ �
ÝÜ � �ßßß u

�Ý� â u 2cmfjqieron � & u âlcps� cernt � / usy u �repfgf �
rop 1 u � fjmnocg � 
â lmnop gfjeqc gcdrerhnfo hcqis
on�jc jgno� gcqfopsfepce ghrhnghnqg �� �SSS 	��}��
��	{�}� �} �{�}�| � ���~��{}� � �fm u ÙÚ � of u × � dd u ÙØÙ
� ÙÙÙ � �ßßÝ u

�Þ� â u �cgict � 
Ûfjeqc gcdrerhnfo jgno� lnmnocre
kfet g �� no � ���~~Í{}� � �� 	� ~ 
	� �} 	~�}�	{�}�|P�}� ~�~}�~ �} � {�� ~��Q�Í~� O	�	{�	{��| O {�}�|
� ���~��{}� � �ßßß u

�ß� â u �dtr rop > u >r�joco � 
�fhrhno� t rqinoc �ns
lerhnfo rormwgng x nhi gcqfopsfepce nopcd copcoh
qftdfocoh rormwgng �� no � ���~~Í{}� � �� �P� ���
�M���{� ����}�~� � dd u ØÝ � Ù× � /rojrew �ßßß u

���� / u �repfgf � 
� n�isfepce qfoherghg kfe ��â �� � ~M�
��| P��� M	�	{�}� �fm u ��� dd u �ÚÝ � �ß× � /ro u �ßßß u

���� � u Ûqincggm rop ch rm � 
2 mnop gcdrerhnfo fk gdrhnrm

gn�orm drhhceog keft fdhnqrm nt r�no� ecqfepg �� no
� ���~~Í{}� � �� �P� ��� � dd u �Ýß � �ÞÙ � �ßßß u

��×� â u � ncic rop & us� u �jcmmce � 
v0 Û1> s ro c� qncoh
rm�fenhit kfe lmnop gcdrerhnfo jgno� hnt c ghejqs
hjec �� no � ���~~Í{}� � �� �P��� �
 � �fm u × � dd u ÜÝÚ�
ÜÞ� � Ûdeno�ces]cemr� � �ßßÞ u

��Ø� â u 2cmfjqiero n rop \ u ât no � 
2 mnop gfjeqc gcds
rerhnfo lrgcp fo hntcskec�jcoqw gn�orm ecdecgcos
hrhnfog �� �SSS 	��}� 	 �} O� � �fm u ÙÜ � of u ���
dd u ×ÞÞÞ � ×ÞßÝ � �ßßÞ u

��Ù� 2 u â�cc � Û u ] u Ûqicmm � rop b u â u \repoce � 
Ûdcqs
herm gcmksqficecoqc ecghferm � r ocx rddefrqi hf
lmnop rprdhn�c gn�orm c�herqhnfo jgno� rohcoor res
erwg �� � ���~~Í{}�� �� 	� ~ �SSS � �fm u ÝÞ � dd u ÝÚØ �
ÝÜÝ � rdenm �ßß� u

��Ú� â u � u � q�fet nq� � PN�|��	�	{�}��{	N �}Í � {�� ~��
��Í~� �	�	{�	{��| �{�}�| � ���~��{}� � �� � ��� {}~ ��} �
Í{	{�} � �}{	��{}� u >i0 hicgng � �on�cegnhw fk
Ûherhiqmwpc ��& � � �ßßÞ u

��Ü� 0 u � u vr� � â u �dtr � rop � u > u b u 0jno � 
Ûjddfeh
�cqhfe prhr pcgqendhnfo rddmncp hf t rqinoc �nlers
hnfo rormwgng u� > ef qccpno�g fk âÛ�� �ßß � �ßßß u


