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3URIHVVXXUL� Akustiikka ja
äänenkäsittelytekniikka koodi: S-89

7\|Q�YDOYRMD� Professori Matti Karjalainen

Tässä diplomityössä on evaluoitu ja dokumentoitu
Teknillisen Korkeakoulun akustiikan ja äänenkäsittely-
tekniikan laboratoriossa äänenlaadun arviointiin
kehitetty laitteisto. Laitteisto perustuu binauraaliseen
äänitys- ja toistotekniikkaan. Se käsittää välineet ja
menetelmät, joilla ääninäyte tallennetaan, muokataan
digitaalisen signaalinkäsittelyn keinoin ja esitetään
samanaikaisesti usealle koehenkilölle. Eri osien
evaluointi tapahtuu sekä perinteisin mittausmenetelmin
että kuuntelukokein.

Lisäksi työssä on kehitetty tosipäätekniikkaa, jolloin
binauraalisia äänityksiä tehdään koehenkilöiden korviin
sijoitetuilla mikrofoneilla. Tosipää- ja keinopää-
äänitystekniikoita on verrattu keskenään.

$YDLQVDQDW� binauraalinen, keinopää,
kuuntelukoe, lokalisointi,
psykoakustiikka, tosipää,
tuoteäänenlaatu, äänenlaatu,
äänentoisto, äänitystekniikka
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1DPH�RI�WKH�7KHVLV� Binaural system for evaluation of
sound quality
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)DFXOW\� Department of Electrical and
Communications Engineering

3URIHVVRUVKLS� S-89 Acoustics and audio signal
processing

6XSHUYLVRU� Professor Matti Karjalainen

A binaural system for the evaluation of sound quality is
evaluated and documented in this thesis. The system was
developed in the Acoustics Laboratory of the Helsinki
University of Technology and it is based on binaural
techniques. It consists of tools and methods on how to
record, edit using digital signal processing, and present
sound samples binaurally to many subjects simultaneously.
The tools are evaluated using conventional measurement
methods and by listening tests.

Also, a technique was developed in this thesis using real
(human) heads to make binaural recordings. This is
compared to artificial head techniques.

.H\ZRUGV� artificial head, binaural, listening
test, localization, product sound
quality, psychoacoustics, real head,
recording techniques, sound quality



LY

$/.8/$86(
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HWHQNLQ� DXWRWHROOLVXXGHVVD�� 7lPl� GLSORPLW\|� SRKMDXWXX�7\|VXRMHOXUDKDVWRQ� MD� NROPHQ� VXRPDODLVHQ

W\|NRQHYDOPLVWDMDQ� �7DPURFN�2\� 7XUXQWHKGDV�� 7LPEHUMDFN�2\� MD�9DOWUD�2\�$E�� UDKRLWWDPDDQ

SURMHNWLLQ�W\|NRQHLGHQ�RKMDDPRPHOXQ�KlLULWVHY\\GHQ�YlKHQWlPLVHNVL��3URMHNWL�VDL�DONXQVD�OlKHV�W\K�

MlOWl� S|\GlOWl�� 7HNQLOOLVHQ� NRUNHDNRXOXQ� DNXVWLLNDQ� ODERUDWRULR� ROL� KLHPDQ� DLNDLVHPPLQ� WHKQ\W

WXWNLPXNVHQ� ULNRWXVYDVDURLGHQ� llQLSDLQHWDVRQ� VHNl� KlLULWVHY\\GHQ� YlKHQWlPLVHNVL�� PXWWD

SHULQWHLVHPPLQ�PHQHWHOPLQ��7DUYLWWDYDD�ODLWWHLVWRD�WlPlQ�YDDWLYDQ�W\|NRQHPHOXSURMHNWLQ�VXRULWWDPL�

VHNVL�HL�ROOXW�

2OHQ�HVLWWlQ\W�RVDQ�WXWNLPXNVHVWDQL�LQWHU�QRLVH�����NRQIHUHQVVLVVD�%XGDSHVWLVVD��6LHOOl�VDLQ�VROPLW�

WXD� XVHLWD� NRQWDNWHMD� HUL� SXROHOOH� PDDLOPDD� MD� NlYLQ� PRQLD� KHGHOPlOOLVLl� NHVNXVWHOXMD� NRVNLHQ

WXWNLPXNVLDQL�� .HVNXVWHOXW� 6RXWKDPSWRQLQ� \OLRSLVWRQ� �,QVWLWXWH� RI� VRXQG� DQG� YLEUDWLRQ� UHVHDUFK�

7DNDVKL� 7DNHXFKLQ� VHNl� 1HXWULN� &RUWH[� ,QVWUXPHQWV�Q� 3HWHU� 'DQLHOLQ� NDQVVD� KHUlWWLYlW� XXVLD

LGHRLWD�MD�RVD�QLLVWl�RQ�KXRPLRLWX�WlVVlNLQ�W\|VVl�

2OHQ�NLLWROOLQHQ�XVHLOOH�LKPLVLOOH�KHLGlQ�WXHVWDDQ��NRPPHQWHLVWD�MD�DYXVWD��(ULW\LVHVWL�KDOXDQ�NLLWWll

WLHWHHOOLVHVWl�NRQWULEXXWLRVWD� WHNQLLNDQ� OLVHQVLDDWWL� -\UL�+XRSDQLHPHl� MD�977�Q�SHULQWHLVHQ�PHOXQ�

WRUMXQQDQ�DPPDWWLODLVLD��',�-XNND�7DQWWDULD�VHNl�',�.DUL�6DDULVWD��'LSORPLW\|QL�RKMDDMD�SURIHV�

VRUL� 0DWWL� .DUMDODLQHQ� ROL� DLQD� Nl\WHWWlYLVVl� MD� KlQ� WHNL� Nl\WlQQ|VVl� NRNR� /LVS�RKMHOPRLQQLQ�

7HNQLLNDQ�OLVHQVLDDWWL�7RRPDV�$OWRVDDU�ROL�P\|V�NRUYDDPDWRQ�DSX�/LVS�NLHOHQ�NLHPXURLWD�SRKWLHV�

VD�VHNl�SRVLWLLYLVHQ�DVHQWHHQ�OXRPLVHVVD�

/RSXNVL�UDNNDDOOH�YDLPROOHQL�0LUDOOH�NLLWRV�NlUVLYlOOLV\\GHVWl�MD�\PPlUU\NVHVWl�W\|SlLYLHQL�YHQ\HV�

Vl�DMRLWWDLQ�XVHDPPDNVLNLQ�YXRURNDXGHNVL��/DSVLDQL�KDOXDQ�NLLWWll�DLNDLVWHQ�DDPXKHUlW\VWHQ�W\|V�

NHQWHO\\Q�WXRPLHQ�OLVlWXQWLHQ�OLVlNVL�ORSSXPDWWRPDQD�LORQ�OlKWHHQl�ROHPLVHVWD�
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Kuvaluettelo

.XYD ��� 'LSORPLW\|VVl llQHQODDGXQ DUYLRLQWLLQ NHKLWHWW\ ODLWWHLVWR SHUXVWXX ELQDXUDDOLVHHQ
llQLW\V� MD WRLVWRWHNQLLNNDDQ� 7XWNLWWDYDW llQLQl\WWHHW WDOOHQQHWDDQ ELQDXUDDOLVHVWL ��� '$7�
QDXKDOOH� blQLQl\WWHLWl PXRNDWDDQ GLJLWDDOLVHQ VLJQDDOLQNlVLWWHO\Q NHLQRLQ ��� HVLPHUNLNVL
SRLVWDPDOOD MRLWDNLQ WDDMXXVNRPSRQHQWWHMD WDL OLVllPlOOl NRKLQDD QLLGHQ SHLWWlPLVHNVL�
blQLQl\WWHLVWl NRPSHQVRLGDDQ WRLVWRWLODQWHHVVD Nl\WHWWlYLHQ NXXORNNHLGHQ HSlLGHDDOLVXXGHW
SRLV� /DLWWHLVWROOD YRLGDDQ HVLWWll NlVLWHOW\ llQLPDWHULDDOL VDPDQDLNDLVHVWL XVHDOOH
NRHKHQNLO|OOH ���� .RHKHQNLO|W DQWDYDW YDVWDXNVHQVD WLHWRNRQHKLLULl Nl\WWlHQ� 7XWNLWWDYD
llQHQODDWXRQJHOPD UDWNDLVWDDQ NXXQWHOXNRNHHQ WXORNVLVWD WLODVWROOLVLQ PHQHWHOPLQ� �

.XYD ��� 1HXPDQQ .8���� RQ K\YLQ SHONLVWHWW\ MD HGXOOLQHQ NHLQRSll� 6LWl Nl\WHWllQ SDOMRQ
PXVLLNNL� MD OXRQWRllQLWWHLVLLQ� �

.XYD ��� <NVLW\LVNRKWD� XVHDW NHLQRSllYDOPLVWDMDW MlOMLWWHOHYlW LKPLVNRUYDD P\|V PDWHULDDOLQ
RVDOWD� 6LOLNRQLVHRNVLVWD YRLGDDQ YDOPLVWDD NRUYD� MRQND DNXVWLVHW MD I\VLNDDOLVHW
RPLQDLVXXGHW RYDW VDPDW NXLQ NHVNLPllUlLVHOOl LKPLVNRUYDOOD� �

.XYD ��� (UllQ NHLQRSllQ �&RUWH[ 0DQLNLQ 0.�� YDVHPPDQ NRUYDQ +57) �HOHYDDWLR �� MD
NXOPD ��� LOPDQ LNNXQRLQWLD MD SHKPHQQ\VWl� $LQRDVWDDQ PLWWDXVODLWWHLVWRQ YDLNXWXV
�OlKLQQl llQLOlKWHHQl WRLPLQHHQ NDLXWWLPHQ HSlLGHDDOLVXXGHW� RQ NRPSHQVRLWX SRLV� �

.XYD ��� <NVL VXXULPPLVWD ELQDXUDDOLVHQ WXWNLPXNVHQ UDKRLWWDMLVWD RQ DXWRWHROOLVXXV� blQHQ
KlLULWVHY\\V MD ODDWX RQ QRXVHPDVVD WlUNHLPPlNVL WXWNLPXNVHQ NRKWHHNVL� ��

.XYD ��� %LQDXUDDOLQHQ llQLW\V VRQGLPLNURIRQLQ DYXOOD WRVLSllVWl� 6DPD KHQNLO| NXXQWHOHH
llQLW\NVHQ� MRWHQ WDUYLWDDQ YDLQ NXXORNNHLGHQ HSlLGHDDOLVXXGHW NRUMDDYD HNYDOLVRLQWL� ��

.XYD ��� %LQDXUDDOLQHQ llQLW\V NHLQRSllOOl� 3ll� ��� MD NXXORNHNRUMDLQ ���� ��

.XYD ��� .HLQRSllMlUMHVWHOPl VLJQDDOLQ NlVLWWHO\� MD DQDO\VRLQWLPDKGROOLVXXNVLOOD� ��

.XYD ��� 0LNURIRQL Mll NRUYDNl\WlYlQ DXNRQ WDVDOOH� .RUYDNl\WlYl VXOMHWDDQ WXOSDOOD� ��

.XYD ��� 7RVLSll�llQLW\NVLVVl Nl\WHWW\ 6HQQKHLVHULQ SDLQHPLNURIRQLNDSVHOL NRUYDWXOSDVVD� ��

.XYD ���� 6XXQQLWWHOHPDPPH 39&�PXRYLVWD VRUYDWWX DGDSWHUL WRVLSll�PLNURIRQLQ NDOLEURLQWLLQ
%U�HO	.M U�Q NDOLEUDDWWRULOOH ����� ��

.XYD ��� 0LNURIRQL S\V\\ K\YLQ SDLNRLOODDQ NRUYDQ WDDNVH PHQHYlQ VDQJDQ DQVLRVWD� 6DQNRMHQ
YDLNXWXV llQLNHQWWllQ llQHQODDGXQ DUYLRLQQLQ NDQQDOWD NLLQQRVWDYDOOD WDDMXXVDOXHHOOD RQ
XVHLPPLVVD WDSDXNVLVVD PHUNLW\NVHW|Q� ��

.XYD ��� 0LNURIRQLHWXYDKYLVWLQ RQ UDNHQQHWWX SLHQHHQ MD NHY\HHQ Y\|OOH NLLQQLWHWWlYllQ
NRWHORRQ� ��

.XYD ��� 0LNURIRQLHWXYDKYLVWLPHQ D SDLQRSLLULOHY\ MD E NRPSRQHQWWLHQ VLMRLWWHOX SLLULOHY\OOH� ��

.XYD ��� 9DVWDXNVHW NHUlWWLLQ 3&�KLLULOOl� 1LLKLQ LQWHJURLWLLQ OLVlNVL SLHQL /('�PHUNNLYDOR� MRND
QlN\\ NXYDVVD MRKGRQ VLVllQPHQRQ YDVHPPDOOD SXROHOOD� 9DOROOD YRL DQWDD SDODXWHWWD
NRHKHQNLO|OOH HVLPHUNLNVL YLUKHHVWl� ��

.XYD ��� .XXQWHOXNRHMlUMHVWHOPll YDUWHQ PXXQQHOWX $SSOH ([WHQGHG .H\ERDUG� +LLUHW
OLLWHWllQ QlSSlLPLVW|Q WDDNVH OLVlWW\\Q OLLWLQSDQHHOLLQ� 1lSSlLPLVW| RQ HGHOOHHQ
NHWMXWHWWDYLVVD 0DFLQWRVK 'HVNWRS %XV�LQ NDXWWD �DXNNR QlSSlLPLVW|Q SllG\VVl�� 0LNlOL
KLLULHQ /('�PHUNNLYDORMD KDOXWDDQ RKMDWD� Wl\W\\ QlSSlLPLVW||Q OLLWWll XONRLQHQ YLUWDOlKGH� ��

.XYD ��� (VLPHUNNL NXXQWHOXNRHRKMHOPDQ GLDORJL�LNNXQRLVWD� 2KMHOPDOOD YRL WDUNLVWDD KLLULHQ
WRLPLQWDNXQQRQ VHNl NDOLEURLGD NXXORNNHLGHQ WDVRW� .XXQWHOXNRNHHQ YDOYRMD VHXUDD
Ql\W|OWl NRNHHQ HGLVW\PLVWl MD PLNlOL MRNX NRHKHQNLO|LVWl MlWWll YDVWDDPDWWD� NRH S\VlKW\\
MD Ql\W|OOH WXORVWXX �1RW DOO FKRLFHV PDGH��� .RH MDWNXX� NXQ NDLNNL YDVWDXNVHW RQ VDDWX� ��

.XYD ��� .XXQWHOXNRNHLGHQ Ql\WWHLGHQ llQLW\NVHVVl Nl\WHW\Q KHQNLO|Q NXXORNHYDVWHLWD VDPDQ
PHUNNLVLOOl NXXORNNHLOOD �6HQQKHLVHU +'������ D YDVHQ NRUYD E RLNHD NRUYD� .XXORNNHHW
DVHWHWWLLQ NRHKHQNLO|Q SllKlQ PDKGROOLVLPPDQ WDUNNDDQ VDPDOOH SDLNDOOH� ��

.XYD ��� .XXQWHOXNRNHLGHQ Ql\WWHLGHQ llQLW\NVHVVl Nl\WHW\Q NHLQRSllQ NXXORNHYDVWHLWD VDPDQ
PHUNNLVLOOl NXXORNNHLOOD �6HQQKHLVHU +'������ D YDVHQ NRUYD E RLNHD NRUYD� .XXORNNHHW
DVHWHWWLLQ NHLQRSllKlQ PDKGROOLVLPPDQ WDUNNDDQ VDPDOOH SDLNDOOH� ��

.XYD ��� .XXQWHOXNRNHLWD YDUWHQ VXXQQLWHOOXW HNYDOLVRLQWLVXRGDWWLPHW� D NHLQRSllQl\WWHLOOH E
WRVLSllQl\WWHLOOH� .XPPDVVDNLQ WDSDXNVHVVD DOOH ��� +]�Q WDDMXXNVLD NRURVWHWWLLQ
KXRPDWWDYDVWL� VLOOl SLHQHW WDDMXXGHW VLLUW\LYlW NRNHLVLLQ YDOLWXLVWD NXXORNNHLVWD KHLNRVWL
NRUYLLQ� ��

.XYD ��� 0LNURIRQLHWXYDKYLVWLPHQ VlKN|LQHQ YDVWH D YDVHQ NDQDYD E RLNHD NDQDYD�
<OLSllVW|VXRWLPHQ ��G% SLVWH RQ �� +]� ��
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.XYD ��� 0LNURIRQLHWXYDKYLVWLPHQ YDSDDNHQWWlYDVWH PLWDWWXQD PLNURIRQLNDSVHOLQ NDQVVD� ��G%
SLVWH RQ �� +]� \OLSllVW| QRLQ ��G% � RNWDDYL D YDVHQ NDQDYD E RLNHD NDQDYD� ��

.XYD ��� 0LNURIRQLHWXYDKYLVWLPHQ NDQDYLHQ YlOLQHQ \OLNXXOXPLQHQ� $VWHLNNR LOPDLVHH
DEVROXXWWLVHQ HURQ GHVLEHOHLQl� ��

.XYD ��� .XXORNHYDKYLVWLPHQ NXRUPLWWDPDWRQ XORVWXORMlQQLWH YDKYLVWXNVHQ IXQNWLRQD�
+HUlWWHHQl RQ ��� P9506 VLQLVLJQDDOL� 9DKYLVWLQ \OLRKMDXWXL Sll� MD NDQDYDVllWLPLHQ ROOHVVD
llULDVHQQRLVVDDQ� ��

.XYD ��� .XXORNHYDKYLVWLPHQ VlU|Q NDVYX NXRUPLWXNVHQ IXQNWLRQD� 0LWWDXV RQ WHKW\ NDQDYDOOD
�� PXXW NDQDYDW HLYlW ROOHHW Nl\W|VVl� 9DDND�DNVHOLOOD NXRUPLWXNVHQD ROHYLHQ NXXORNNHLGHQ
OXNXPllUl� ��

.XYD ��� .XXORNHYDKYLVWLPHQ VlU| WDDMXXGHQ IXQNWLRQD� .XRUPLWXNVHQD �� NXXORNHWWD� ��

.XYD ��� .XXORNNHLGHQ LQGXNWDQVVL �P+� D YDVHQ MD E RLNHD NXXORNH VHNl LPSHGDQVVL �Ω� F
YDVHQ MD G RLNHD NXXORNH � N+]�Q WDDMXXGHOOD� .XYDDMLVVD KDUPDD DOXH RVRLWWDD PLOOH
DOXHHOOH �� � OXNXDUYRLVWD VLMRLWWXL� KDUPDDQ DOXHHQ VLVlOOl OXNXDUYRMHQ NHVNLDUYR �SDNVX
YLLYD� VHNl NDLNNLHQ OXNXDUYRMHQ UDMDW� ��

.XYD ��� .XXORNNHLGHQ LPSHGDQVVLHQ MD LQGXNWDQVVLHQ WLODVWROOLVLD WXQQXVOXNXMD� /B/()7 RQ
YDVHPPDQ NXXORNNHHQ LQGXNWDQVVL MD 5B/()7 YDVHPPDQ NXXORNNHHQ LPSHGDQVVL � N+]�Q
WDDMXXGHOOD� /B5,*+7 MD 5B5,*+7 RYDW YDVWDDYDW DUYRW RLNHDQ SXROHLVLOOH NXXORNNHLOOH� ��

.XYD ��� blQLW\NVHVVl Nl\WHW\Q KHQNLO|Q NXXORNHYDVWHHW� D YDVHQ NRUYD MD E RLNHD NRUYD� ��

.XYD ���� .XXORNHYDVWHHW NHLQRSllOOH �&RUWH[ 0DQLNLQ 0.�� D YDVHQ NRUYD� E RLNHD NRUYD� ��

.XYD ���� .HLQRSllQ YDVHQ NRUYD WRVLSll�llQLW\NVLVVl Nl\WHW\OOl ODLWWHLVWROOD PLWDWWXQD� 6DPRLOOD
NXXORNNHLOOD� VLVllQUDNHQQHWXLOOD PLNURIRQHLOOD� YDVWH SRLNNHDD GHVLEHOLQ YHUUDQ
UHVRQDQVVLSDLNRLVVD� $OHPSL Nl\Ul VLVllQUDNHQQHWXLOOD PLNURIRQHLOOD� ��

.XYD ���� 3DLQHWWDHVVD NXPSDDNLQ NXXORNHWWD QRLQ �� 1�Q YRLPDOOD NRUYLD YDVWHQ WDVR QRXVHH
QRLQ � G% PDWDOLOOD WDDMXXNVLOOD� .XYDVVD YDKYHPSL YLLYD RQ YDVWH SDLQHWWDHVVD MD RKXHPSL
YDVWH HQQHQ SDLQDPLVWD D YDVHQ MD E RLNHD NRUYD� .XXORNHWWD SDLQHWWLLQ VRUPLOOD UHXQRLVWD�
MRWHQ )(&�RPLQDLVXXGHW HLYlW PXXWWXQHHW PHUNLWWlYlVWL� ��

.XYD ���� 7RWHXWXQXW ORSXOOLQHQ YDVWH D NHLQRSll�llQLWWHLOOH E WRVLSll�llQLWWHLOOH� 9DVWHHQ
SRLNNHDPDW RSWLPRLGXOOD DOXHHOOD RYDW DOOH GHVLEHOLQ NHVNLDUYRVWD� ��

.XYD ���� blQLW\VDVHWHOPD NXXQWHOXNRNHLGHQ KHUlWWHLWl YDUWHQ� blQLWHWWlHVVl �HGHVWl WDDNVH�� MD
�WDNDD HWHHQ�� Ql\WWHHW SllWl NllQQHWWLLQ NDWVRPDDQ SROXQ VXXQWDLVHVWL� ��

.XYD ���� 1l\WWHLGHQ NRHPHQHVW\V� 1l\WWHHW RQ QLPHWW\ VLWHQ� HWWl SLHQL �V��NLUMDLQ WDUNRLWWDD
HNYDOLVRLWXD �VXRGDWHWWX� Ql\WHWWl� 3LHQL �W� WDUNRLWWDD WRVLSll�llQLW\VWl MD �N� YDVWDDYDVWL
NHLQRSll�llQLW\VWl� �7(� YDVWDD �WDNDD HWHHQ� MD �(7� �HGHVWl WDDNVH�� ��

.XYD ���� <NVLWWlLVWHQ NRHKHQNLO|LGHQ YLUKHLGHQ OXNXPllUl� .XYDVVD RQ KRULVRQWDDOL�DNVHOLOOD
Ql\WWHLGHQ W\\SLW �NDWVR HGHOOLVHQ NXYDQ VHORVWXV�� YDDND�DNVHOLOOD YLUKHLGHQ W\\SLW �� � �
NHUWDD YllULQ YDVWDQQXW� MD S\VW\DNVHOLOOD YLUKHW\\SSLHQ OXNXPllUl� (VLPHUNLNVL Ql\WWHHVHHQ
VN7( HL NXNDDQ YDVWDQQXW � NHUWDD YllULQ MD � KHQNLO|l YDVWDVL MRNDLVHOOD NHUUDOOD RLNHLQ� ��

.XYD ��� 0U .HLQR 6XXQWRQHQ VRYHOWDD ELQDXUDDOLVWD WHNQLLNNDD WLHGHNHVNXV +HXUHNDVVD� ��

.XYD ��� 0LNURIRQLDOXVWDDQ RQ ORYHWWX XUD PLNURIRQLQ VDQNDD YDUWHQ� ��

.XYD ��� 0LNURIRQL DVHWHWWXQD DOXVWDDQ� ��

.XYD ��� (�$�5 NRUYDWXOSSD PLNURIRQLQ SllOOl� ��

.XYD ��� 6RYLWWLPHQ W\|QW|NDSSDOH SDLNRLOOHHQ DVHWHWWXQD� ��

.XYD ��� 6RYLWLQ RQ VXXQQLWHOWX %U�HO	.M U�Q NDOLEUDDWWRULLQ W\\SSLl ����� ��

.XYD ��� .DOLEURLWDHVVD VRYLWLQWD SXULVWHWDDQ NHY\HVWL NDOLEUDDWWRULD YDVWHQ� ��

Kaavioluettelo

.DDYLR ��� 3V\NRORJLVHQ NXXQWHOXNRNHHQ NDDYLR� +DYDLQWR� NXWHQ P\|V VHQ NRJQLWLLYLQHQ
NlVLWWHO\ PXXQWXYDW UHDNWLRWD PXRNNDDYLHQ WHNLM|LGHQ YDLNXWXNVHVWD� ��

.DDYLR ��� .DDYLR \KWlO|VWl ������ VLJQDDOLQNlVLWWHO\Q NHLQRLQ� .XYDVVD (YDVHQ MD (RLNHD RYDW
NDLXWWLPLOOH PHQHYlW VLJQDDOLW MD 3YDVHQ VHNl 3RLNHD llQLWHW\W llQLSDLQHHW NRUYLVWD� 0� RQ

llQLW\VWLODQWHHVVD YDOOLQQHHQ llQLSDLQHWDVRQ WRLVWDPLVHNVL WDUYLWWDYD YDKYLVWXVNHUURLQ� ��

.DDYLR ��� (WXYDKYLVWLPHQ SLLULNDDYLR� ��

.DDYLR ��� 7LODVWROOLVHHQ DQDO\\VLLQ YDOLWXW IDNWRULW ��

.XYD ��� 0U .HLQR 6XXQWRQHQ VRYHOWDD ELQDXUDDOLVWD WHNQLLNNDD WLHGHNHVNXV +HXUHNDVVD� ��
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1 VJohdanto

/lKHV�NDLNNL�LKPLVHQ�YDOPLVWDPDW�ODLWWHHW�MD�NXONXQHXYRW�WXRWWDYDW�llQWl��8VHLQ�llQL�RQ
QLLVVl� HL�WRLYRWWX� VLYXWXRWH�� MROORLQ� VLWl� NXWVXWDDQ�PHOXNVL��(QVLPPlLQHQ� NHLQR� S\UNLl
YlKHQWlPllQ�PHOXD�RQ�llQLOlKWHHQ�PXXWWDPLQHQ�MD�HULVWlPLQHQ�\PSlULVW|VWl�I\VLNDDOL�
VLQ�NHLQRLQ��0LWl�MRV�WlPl�HL�ULLWl"�(QWl�MRV�llQL�PXXWWXXNLQ�KlLULWVHYlPPlNVL�YDLNND�VHQ
WDVR�VDDGDDQ�ODVNHPDDQ"

8XGHQ�WXRWWHHQ�PDUNNLQRLQQLQ�NDQQDOWD�RQ�\Kl�WlUNHlPSll�VHQ�llQL��2VWDMDW�KDOXDYDW
ODDGXNNDLWD� WXRWWHLWD� MD� VDPDQODLQHQ� WHNLMl�NXLQ�NHVWlY\\V� MD� WXUYDOOLVXXV�RQ�llQHQODDWX�
8VHDW�YDOPLVWDMDW���HWHQNLQ�DXWRWHROOLVXXGHVVD���VLMRLWWDYDW�PHUNLWWlYlQ�RVDQ�YDOPLVWXV�
NXVWDQQXNVLVWD� WXRWWHHQVD� llQHQODDGXQ� SDUDQWDPLVHNVL� MD� PXXWWDPLVHNVL� NRKGHDVLDN�
NDDQ�PLHOW\P\VWHQ�PXNDLVHNVL��7lVWl�RQ�V\QW\Q\W�NlVLWH�WXRWHllQHQODDWX�

blQWl�YRLGDDQ�DUYLRLGD�PRQLQ�HUL�NHLQRLQ��3HULQWHLQHQ�I\VLNDDOLQHQ�PLWWDOXNX��$�SDLQR�
WHWWX�llQLWDVR�NHUWRR�YDLQ�YlKlQ�HVLPHUNLNVL�llQHQ�KlLULWVHY\\GHVWl��blQLWDVRPLWWDULQ� OX�
NHPDQ�SHUXVWHHOOD�KLOMDLVHPSL�llQL�YRL�NXLWHQNLQ�KlLULWl�NXXOLMDD�HQHPPlQ�NXLQ�WRLQHQ
YRLPDNNDDPSL�llQL��(VLPHUNLNVL�WUDNWRULVVD�NXOMHWWDMDOOH�NXXOXYDQ�PRRWWRULQ�llQHQ�YDL�
PHQWDPLQHQ�VDDWWDD�WXRGD�YDLKWHLVWRQ�llQWl�QLLQ�SDOMRQ�HVLOOH��HWWl�DMRllQL�PXXWWXXNLQ
KlLULWVHYlPPlNVL�NXLQ�HQQHQ�YDLPHQWDPLVWD��YDLNND�llQLWDVR�ODVNHH��7lVVl�WDSDXNVHVVD
YDLKWHLVWRQ� llQL� NRHWDDQ� KlLULWVHYlPSlQl� NXLQ� PRRWWRULQ� llQL�� <NVL� NHLQR� WXRWWHHQ
llQWl� VXXQQLWHOOHVVD� RQ� S\UNLl� SHLWWlPllQ� KlLULWVHYlPSL� llQL� YlKHPPlQ� KlLULWVHYlOOl
llQHOOl��PLNlOL� llQWl�HL� VDDGD�YDLPHQQHWWXD� I\VLNDDOLVLQ�NHLQRLQ� MD�NRKWXXOOLVLQ�NXVWDQ�
QXNVLQ�

7lUNHLQ� MD� OXRWHWWDYLQ� PHQHWHOPl� KlLULWVHY\\GHQ� PllULWWlPLVHNVL� RQ� NXXQWHOXNRNHLGHQ
MlUMHVWlPLQHQ��.XXQWHOXNRNHHW�RYDW�\NVL�SV\NRDNXVWLLNDQ�NHLQRLVWD�WXWNLD�DLVWLPXNVLD�HOL
NXXOLMDQ� VXEMHNWLLYLVLD� UHDNWLRLWD� lUV\NNHLVLLQ�� REMHNWLLYLVHVWL� PLWDWWDYLLQ� I\VLNDDOLVLLQ
llQLKHUlWWHLVLLQ�MD�QLLKLQ�OLLWW\YLLQ�\PSlULVW|WHNLM|LKLQ�

blQHQ� KlLULWVHY\\WWl� YRLGDDQ�P\|V� PllULWWll� HVLPHUNLNVL� VHQ� WHUlY\\GHOOl� MD� YDLKWHOXYRL�
PDNNXXGHOOD��1lLOOl�SV\NRDNXVWLVLOOD�WXQQXVOXYXLOOD�S\ULWllQ�LOPDLVHPDDQ�llQHQ�VXEMHNWLLYL�
VHVWL� YDLNXWWDYLD� RPLQDLVXXNVLD� REMHNWLLYLVHVWL� MD� QH� RQ� PllULWHOW\� NXXQWHOXNRNHLGHQ
WXORVWHQ� SHUXVWHHOOD�� blQHNN\\V� RQ� VWDQGDUGRLWX� MD� VWDQGDUGRLQWL� RQ� PHQHLOOllQ� PP�
NDUKHXGHQ�� WHUlY\\GHQ�� YDLKWHOXYRLPDNNXXGHQ�� WRQDDOLVXXGHQ� VHNl� llQHQNRUNHXGHQ
RVDOWD�� .DLNNL� SV\NRDNXVWLVHW� WXQQXVOXYXW� RQ� NXLWHQNLQ� PllULWHOW\� PRQDXUDDOLVLNVL
WXQQXVOXYXLNVL��PLNl�WDUNRLWWDD��HWWl�QH�ODVNHWDDQ�VDPDQDLNDLVHVWL�NXPPDOOHNLQ�NRUYDOOH
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ULLSSXPDWWD� YDVWDNNDLVHHQ� NRUYDDQ� WXOHYDVWD� llQHVWl�� .XLWHQNLQ� NXXORMlUMHVWHOPl
\KGLVWll� VLJQDDOLW� NXPPDVWDNLQ� NRUYDVWD� VLWHQ�� HWWl� ELQDXUDDOLVHW� WXQQXVOXYXW� VDDWWDYDW
PHUNLWWlYlVWL� HURWD�PRQDXUDDOLVLVWD� WXQQXVOXYXLVWD� �%RGGHQ�� �������%LQDXUDDOLVHW� llQL�
Ql\WWHHW�RYDWNLQ�Q\N\LVLQ�WlUNHLWl�NXXQWHOXNRNHLGHQ�KHUlWHVLJQDDOHMD�

<KGLVWHOHPlOOl� SV\NRDNXVWLVLD� WXQQXVOXNXMD� YRLGDDQ� PllULWHOOl� PRQLPXWNDLVHPSLD�
\OHLVHPPLQ�llQWl�NXYDDYLD�DUYLRLQWLDVWHLNNRMD��=ZLFNHU�RQ�PllULWWlQ\W� NXXQWHOXNRNHL�
GHQ�SRKMDOWD� ODVNHQWDPDOOLQ�PP�� VHQVRULVHOOH� PLHOO\WWlY\\GHOOH� �HQJO�� VHQVRU\� SOHDVDQWQHVV�
�=ZLFNHU��������

9DVWDNRKWDQD� \OHLVLOOH� llQHQODDWXD� NXYDDYLOOH� WXQQXVOXYXLOOH� RYDW� WLHWW\l� VRYHOOXVWD
YDUWHQ�NHKLWHW\W� WXQQXVOXYXW��1LLOOl� VDDGDDQ� OXRWHWWDYHPSLD� WXORNVLD�� VLOOl� QH�PllULWHO�
OllQ�N\VHLVHQ�VRYHOOXNVHQ�NRKGHU\KPlQ�DQWDPLHQ� WXORVWHQ�SHUXVWHHOOD�� -RV�HVLPHUNLNVL
WHKWlYlQl� RQ� DUYLRLGD� \NVLWWlLVHQ� llQHQ�� NXWHQ� YDLKWHLVWRQ� XOLQD�� YDLNXWXVWD� WUDNWRULQ
VLVlWLODQ�llQHQODDWXXQ��YRLGDDQ�NHKLWWll�PHQHWHOPl� �HQJO�� LQVWUXPHQWDO� WRROV�� VHQ�PLW�
WDDPLVHNVL� YHUWDDPDOOD� VLJQDDOLDQDO\\VHMl� N\VHLVHQ� DMRQHXYRQ� RVWDMDU\KPlOOH� WHKW\MHQ
NXXQWHOXNRNHLGHQ�WXORNVLLQ�

7lPl� GLSORPLW\|� SRKMDXWXX� 7\|VXRMHOXUDKDVWRQ� MD� NROPHQ� VXRPDODLVHQ� W\|NRQHYDO�
PLVWDMDQ� �7DPURFN� 2\� 7XUXQWHKGDV�� 7LPEHUMDFN� 2\� MD� 9DOWUD� 2\� $E�� UDKRLWWDPDDQ
SURMHNWLLQ�W\|NRQHLGHQ�RKMDDPRPHOXQ�KlLULWVHY\\GHQ�YlKHQWlPLVHNVL��0DUNNLQRLOOD�RQ�llQHQODD�
GXQ�DUYLRLQWLLQ�VXXQQLWHOWXMD�MlUMHVWHOPLl��PXWWD�QH�HLYlW�VRYHOWXQHHW�SURMHNWLQ�Nl\WW||Q
KLQWDQVD�MD�SXXWWHLGHQVD�YXRNVL��7\|NRQHLGHQ�RKMDDPRPHOXD�ROL� WDUNRLWXV�WXWNLD�P\|V
NRQHHQ�W\|VNHQQHOOHVVl�QRUPDDOLVVD�Nl\WW|\PSlULVW|VVllQ�MD�NDXSDOOLVHW�MlUMHVWHOPlW�ROL
VXXQQLWHOWX�ODERUDWRULRWXWNLPXVWD�DMDWHOOHQ��6XXQQLWWHOLPPH�llQLW\VMlUMHVWHOPlQ��MRND�HL
YDLNHXWD�NRQHHQ�Nl\WWlPLVWl� MD� WDOOHQWDD� DONXSHUlLVHQ� llQL\PSlULVW|Q�PDKGROOLVLPPDQ
DXWHQWWLVHQD�

<OHHQVl� ELQDXUDDOLVHHQ� llQLW\NVHHQ� Nl\WHWllQ�NHLQRSllWl�� MROORLQ� NRQHWWD� HL� YRLGD� RSH�
URLGD�LOPDQ�HULOOLVWl�NDXNR�RKMDXVWD��9DOLWVLPPH�PHQHWHOPlNVL�llQLVLJQDDOLQ�WDOOHQWDPL�
VHQ�NRHKHQNLO|Q� VXOMHWXQ�NRUYDNl\WlYlQ� VXXOWD��7lWl�PHQHWHOPll�QLPLWHWllQ� WlVVl� W\|VVl
\OHLVWlHQ�MR�YDNLLQWXQHHOOD�WHUPLOOl�WRVLSllWHNQLLNND��HQJO��UHDO�KHDG�WHFKQLTXH���6XOMHWXQ
NRUYDNl\WlYlQ� VXXOWD� WDOOHQWDPLVHHQ� VLVlOW\\� YlKLWHQ� VXEMHNWLLYLVWD� LQIRUPDDWLRWD� HUL
WRVLSllWHNQLLNRLVWD�MD�VH�VRYHOWXX�SDUKDLWHQ�QlLVWl�NHQWWlPLWWDXNVLLQ�

.XXQWHOXNRNHLGHQ�WXORVWHQ�OXRWHWWDYXXV�NDVYDD��NXQ�Nl\WHWllQ�ULLWWlYlQ�PRQWD�NRHKHQ�
NLO|l�� 6XXQQLWWHOLPPH�P\|V� ODLWWHLVWRQ�� MROOD� YRLGDDQ� WHKGl� NXXQWHOXNRH� XVHDOOH� NRH�
KHQNLO|OOH�VDPDQDLNDLVHVWL�
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Kuva 1.1 'LSORPLW\|VVl llQHQODDGXQ DUYLRLQWLLQ NHKLWHWW\ ODLWWHLVWR SHUXVWXX ELQDXUDDOLVHHQ llQLW\V�

MD WRLVWRWHNQLLNNDDQ� 7XWNLWWDYDW llQLQl\WWHHW WDOOHQQHWDDQ ELQDXUDDOLVHVWL ��� '$7�QDXKDO�

OH� blQLQl\WWHLWl PXRNDWDDQ GLJLWDDOLVHQ VLJQDDOLQNlVLWWHO\Q NHLQRLQ ��� HVLPHUNLNVL SRLVWD�
PDOOD MRLWDNLQ WDDMXXVNRPSRQHQWWHMD WDL OLVllPlOOl NRKLQDD QLLGHQ SHLWWlPLVHNVL� blQLQl\W�
WHLVWl NRPSHQVRLGDDQ WRLVWRWLODQWHHVVD Nl\WHWWlYLHQ NXXORNNHLGHQ HSlLGHDDOLVXXGHW SRLV�
/DLWWHLVWROOD YRLGDDQ HVLWWll NlVLWHOW\ llQLPDWHULDDOL VDPDQDLNDLVHVWL XVHDOOH NRHKHQNLO|OOH
���� .RHKHQNLO|W DQWDYDW YDVWDXNVHQVD WLHWRNRQHKLLULl Nl\WWlHQ� 7XWNLWWDYD llQHQODDWX�
RQJHOPD UDWNDLVWDDQ NXXQWHOXNRNHHQ WXORNVLVWD WLODVWROOLVLQ PHQHWHOPLQ�

7XWNLPXVWHKWlYlNVL� IRUPXORLWLLQ� VDDGD�DLNDLVHNVL� ODLWWHLVWR�� MROOD�YRLGDDQ� WXRWWDD�NXXQWH�
OXNRHPDWHULDDOLD� llQHQ� KlLULWVHY\\GHQ� DUYLRLQWLPHQHWHOPLHQ� NHKLWWlPLVHHQ�� 7lPl� GLS�
ORPLW\|�HVLWWll�ODLWWHLVWRQ�HUL�RVLHQ�WHRULDWDXVWDQ�����OXNX���VXXQQLWWHOXNULWHHULW�MD�Nl\WlQ�
Q|Q� WRWHXWXNVHQ� ���� OXNX��� /LVlNVL� NRPSRQHQWLW� HYDOXRLGDDQ� SHULQWHLVLQ�PLWWDXVPHQH�
WHOPLQ�MD�NXXQWHOXNRNHLQ�����OXNX��
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2 VBinauraalisen tekniikan perusteita

7LHWHHOOLVHVVl� WXWNLPXNVHVVD� NRNHLGHQ� WRLVWHWWDYXXV� RQ� WlUNHl� WHNLMl�� <OHHQVl� WlOODLQHQ
WLODQQH� RQ� MlUMHVWHWWlYLVVl� YDLQ� ODERUDWRULR�RORVXKWHLVVD�� 3V\NRDNXVWLLNDQ� WXWNLPXNVHQ
WDUYLWVHPDW�K\YLQ�KDOOLWXW�MD�WXQQHWXW��PLWDWWDYLVVD�ROHYDW��llQLWDSDKWXPDW�RYDW�KHOSRVWL
WRWHXWHWWDYLVVD�V\QWHHWWLVHVWL�� -RVNXV�RQ�WDUYHWWD�WRLVWDD�P\|V� WRGHOOLVLD�� UHDDOLPDDLOPDQ
NXXORWDSDKWXPLD��NXWHQ�SXKHWWD��OXRQQRQllQLl��PXVLLNNLD�WDL�PHOXD�

7DYDQRPDLVHVWL�PLNURIRQLOOD� WDL� VWHUHRPLNURIRQLSDULOOD� llQLWHW\Q� VLJQDDOLQ� WRLVWDPLQHQ
HL� HQll� XVHLPPLWHQ� NHOSDD� NULLWWLVHOOH� WXWNLPXNVHOOH�� VLOOl� WLHGHWllQ�� HWWHL� VHOODLVHQ
VLJQDDOLQ�NXXOHPLQHQ�K\YlOOlNllQ�ODLWWHLVWROOD�YDVWDD�Wl\VLQ�WRGHOOLVWD�NXXORWDSDKWXPDD�
$LGRQ�NXXORLOOXXVLRQ�WRLVWDPLQHQ�RQ�PDKGRWRQWD�WRWHXWWDD��VLOOl�NXXOHPLVDLVWLPXNVHHQ
YDLNXWWDYDW� ROHHOOLVHVWL� P\|V� PXLGHQ� DLVWLHQ� WXRWWDPDW� lUV\NNHHW�� .XXORWDSDKWXPDQ
WXQQHWLODQ�WRLVWDPLQHQ�HL�ROH�PDKGROOLVWD�WHNQLLNDQ�NHLQRLQ�

<NVL� OlKHVW\PLVWDSD� Wl\GHOOLVHHQ� WRLVWRRQ� RQ� S\UNLP\V� WRLVWDD� WRGHOOLVHVVD� WLODQWHHVVD
WlU\NDOYRLOOD� YDOOLQQHHW� llQLSDLQHVLJQDDOLW� NXXQWHOXWLODQWHHVVD� WlVPlOOHHQ� VDPRLQD�
%LQDXUDDOLQHQ�llQLW\V��MD�WRLVWRWHNQLLNND�PDKGROOLVWDYDW�WlPlQ�

%LQDXUDDOLQHQ�WHNQLLNND�RQ�SDOMRQ�YDQKHPSDD�NXLQ�VWHUHRWHNQLLNND��VLOOl�VH�WXQQHWWLLQ�MR
QHOMl�YXRWWD�JUDPRIRQLQ�NHNVLPLVHQ�MlONHHQ��6XQHDU���������6LWl�Nl\WHWWLLQ�HQVLPPlLVHQ
NHUUDQ� RRSSHUDQ� llQLWWlPLVHVVl� 3DULLVLQ� RRSSHUDWDORQ� ODYDOWD� ������ .HNVLMl� &OHPHQW
$GHU� Nl\WWL� Ql\WWlP|Q� SRLNNL� DVHWHWWXMD� KLLOLPLNURIRQLSDUHMD�� 6LJQDDOLW� KlQ� PLNVDVL
NDKWHHQ�HULOOLVHHQ�SXKHOLQOLQMDDQ��MRWND�PHQLYlW�NXXOLMRLGHQ�NRWHLKLQ��.XXQWHOLMRLOOD�SLWL
ROOD� NDNVL� SXKHOLQWD� NXOODNLQ� MD� KHLGlQ� SLWL� SLVWll� NXPPDQNLQ� NXXORNNHHW� NRUYLLQVD�
<KG\VYDOWRMHQ� LOPDYRLPDW� Nl\WWLYlW� K\SHUELQDXUDDOLVLD� NXXORWRUYLD� HQVLPPlLVHVVl
PDDLOPDQVRGDVVD� YLKROOLVHQ� OHQWRNRQHLGHQ� SDLNDOOLVWDPLVHVVD�� 9XRQQD� ����� NRNHLOWLLQ
HQVLPPlLVHQ� NHUUDQ� ELQDXUDDOLVLD� UDGLROlKHW\NVLl�� MRWND� Nl\WWLYlW� NDKWD� WDDMXXWWD�
.XXOLMDW� YLULWWLYlW� NDNVL� NLGHYDVWDDQRWLQWD� QLLGHQ� WDDMXXNVLOOH�� 9XRGHQ� ����� :RUOG·V
)DLU��WDSDKWXPDQ�NLLQQRVWDYLQ�Ql\WWHO\HVLQH�ROL�NHLQRSll��2VFDU���,KPLVHW�VDLYDW�NXXQ�
QHOOD�NXXORNNHLOOD��PLWl�WDSDKWXL�KXRQHHVVD��MRVVD�2VFDU�ROL�

%LQDXUDDOLQHQ� WHNQLLNND� SRKMDXWXX� SHUXVROHWXNVHHQ�� MRQND� PXNDDQ� llQLSDLQHVLJQDDOLW
NXPPDOODNLQ� WlU\NDOYROOD� RYDW� I\VLRORJLVHVWL� ULLWWlYl� KHUlWH� DXGLWRULVHOOH� MlUMHVWHOPlOOH�
1H�RQ�K\YlNV\WW\�NDLNHQ�NXXORWXWNLPXNVHQ�SHUXVKHUlWWHLNVL��VHNl�I\VLNDDOLVHVVD�HWWl�DX�
GLWRULVHVVD�PLHOHVVl��%ODXHUW�HW�DO���������
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/RNDOLVDDWLRLQIRUPDDWLR� PXRGRVWXX� RLNHDDQ� VHNl� YDVHPSDDQ� NRUYDDQ� WXOHYDQ� llQHQ
DPSOLWXGLQ� MD�YDLKHHQ�HURLVWD��0LNlOL� VLJQDDOLD� HL�PXRNDWD��ELQDXUDDOLQHQ�llQLW\V�YDDWLL
WRLVWRYlOLQHHNVL� VWHUHRNXXORNNHHW��0LNlOL� KDOXWDDQ� WRLVWDD� ELQDXUDDOLVHOOD� llQLW\VWHNQLL�
NDOOD�WHKW\�llQLWH�VWHUHRNDLXWWLPLOOD��SXKXWDDQ�XVHLQ� WUDQVDXUDDOLVHVWD� WRLVWRVWD��blQLWHWW\
VLJQDDOL�SURVHVVRLGDDQ�NRPSHQVRLPDDQ�NDLXWWLPLHQ� MD�NXXORNNHLGHQ�YlOLVHW�HURW��NXWHQ
NRUYLHQ�YlOLQHQ�\OLNXXOXPLQHQ�MD�WDDMXXVYDVWHHQ�HSlLGHDDOLVXXGHW�

2.1 VKäsitteitä

2.1.1 VKeinopää

8VHLPPDW� ELQDXUDDOLVHW� llQLW\NVHW� WHKGllQ� NHLQRSllOOl� �GXPP\� KHDG�� DUWLILFLDO� KHDG�
KHDG�VLPXODWRU��.XQVWNRSI���MRND�RQ�WHKW\�Wl\VLNDVYXLVHQ�DLNXLVHQ�SllQ�NHVNLPllUlLVWHQ
PLWWRMHQ�PXNDDQ� �.XYD� ������ .HLQRSllQ� UDNHQWHHVVD� S\ULWllQ� WRLVWDPDDQ�PLWWRMHQ� MD
\NVLW\LVNRKWLHQ�OLVlNVL�LKRQ�SHKPH\V�MD�OXXQ�NRYXXV�

Kuva 2.1 1HXPDQQ .8���� RQ K\YLQ SHONLVWHWW\ MD HGXOOLQHQ NHLQRSll� 6LWl Nl\WHWllQ SDOMRQ PX�
VLLNNL� MD OXRQWRllQLWWHLVLLQ�

-RSD� RLNHLWD� LKPLVHQ� SllNDOORMD� Nl\WHWWLLQ� WXWNLPXVPLHOHVVl� �6XQHDU�� ������� PXWWD
ORSXOWD� SllG\WWLLQ� V\QWHHWWLVLLQ� PDWHULDDOHLKLQ� QLLGHQ� KHOSRPPDQ� W\|VWHWWlY\\GHQ
YXRNVL�� 0RQLOOD� NHLQRSlLOOl� RQ� PXNDQD� RONDSllW� MD� MRLOODNLQ� RQ� KLXNVHW� �HVLP�� +HDG
$FRXVWLFV� +06���� .DLNLOOD� \NVLW\LVNRKGLOOD� RQ� YDLNXWXVWD� PLNURIRQHLKLQ� VDDSXYDDQ
llQHHQ��0RQLLQ�NHLQRSlLKLQ�RQ�VDDWDYDQD� LKPLVNRUYDQ�DNXVWLVWD� LPSHGDQVVLD� MlOMLWWHOH�
YlW�VLOLNRQLVHRNVHVWD�YDOPLVWHWXW�NRUYDW��.XYD������

Kuva 2.2 <NVLW\LVNRKWD� XVHDW NHLQRSllYDOPLVWDMDW MlOMLWWHOHYlW LKPLVNRUYDD P\|V PDWHULDDOLQ RVDOWD�
6LOLNRQLVHRNVLVWD YRLGDDQ YDOPLVWDD NRUYD� MRQND DNXVWLVHW MD I\VLNDDOLVHW RPLQDLVXXGHW RYDW
VDPDW NXLQ NHVNLPllUlLVHOOl LKPLVNRUYDOOD�

0LNURIRQLW�RYDW�\OHHQVl�SLHQHW�VXXQWDDPDWWRPDW�NRQGHQVDDWWRULPLNURIRQLW�VLMRLWHWWXQD
NRUYDNl\WlYlQ�VXXOOH�WDL� OlKHOOH��-RLVVDNLQ�PDOOHLVVD�PLNURIRQLW�RQ�VLMRLWHWWX�WlU\NDOYRQ
SDLNDOOH� NRUYDNl\WlYLLQ�� .DOOHLPPLVVD� PDOOHLVVD� PLNURIRQLVLJQDDOHLOOH� WHKGllQ� HNYDOL�
VRLQWL�NRUMDDPDDQ�llQHQ�NDNVLQNHUWDLQHQ�VLLUW\PLQHQ�NRUYDNl\WlYlQ�OlSL���HQVLQ�llQLWHW�
WlHVVl�MD�VLWWHQ�WRLVWHWWDHVVD��.DLNLVVD�WDSDXNVLVVD�WDYRLWWHHQD�RQ�VlLO\WWll� LKPLVHQ�NXX�
ORDLVWLQ�YDDWLPXNVLD�YDVWDDYD�ORNDOLVDDWLRLQIRUPDDWLR�
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2.1.2 VHRTF

+57)� �HQJO�� KHDG�UHODWHG� WUDQVIHU� IXQFWLRQ�� RQ� YDSDDQ� NHQWlQ� VLLUWRIXQNWLR� WLHW\VWl
SLVWHHVWl� NRUYDDQ�� +57)�LHQ� DQVLRVWD� �� ULLSSXHQ� WXOHYDQ� llQHQ� VXXQQDVWD� �� DLYRLOOH
WXOHH�VLJQDDOL��MRND�PXXWWXX�YRLPDNNXXGHOWDDQ�VHNl�WDDMXXVVLVlOO|OWllQ��.XYD������HUllQ
NHLQRSllQ� +57)� \KGHVWl� VXXQQDVWD��� .RUYDOHKGHQ� KDUMDQWHHW� VHNl� NDLNNL� PXXWNLQ
SllQ� MD� RONDSlLGHQ� I\VLNDDOLVHW� RPLQDLVXXGHW� WRLPLYDW� WDDMXXVULLSSXYLQD� VXRWLPLQD�
MRLGHQ�YDVWH�PXXWWXX�llQHQ�WXORNXOPDQ�IXQNWLRQD�QLLQ�VLYXVXXQQDVVD�NXLQ�S\VW\VXXQ�
QDVVDNLQ��$LYRW�S\VW\YlW�SDLNDOOLVWDPDDQ�WXOHYDQ�llQHQ�SLHQHVWlNLQ�PXXWRNVHVWD�llQHQ
VSHNWULVLVlOO|VVl��YDLKHHVVD�WDL�YRLPDNNXXGHVVD�
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Kuva 2.3 (UllQ NHLQRSllQ �&RUWH[ 0DQLNLQ 0.�� YDVHPPDQ NRUYDQ +57) �HOHYDDWLR �� MD NXOPD
��� LOPDQ LNNXQRLQWLD MD SHKPHQQ\VWl� $LQRDVWDDQ PLWWDXVODLWWHLVWRQ YDLNXWXV �OlKLQQl ll�
QLOlKWHHQl WRLPLQHHQ NDLXWWLPHQ HSlLGHDDOLVXXGHW� RQ NRPSHQVRLWX SRLV�

2.1.3 VTilakuuleminen

%LQDXUDDOLVLVWD� llQLWWHLVWl� YRLGDDQ� UHNRQVWUXRLGD� llQLW\VWDSDKWXPDQ� DNXVWLQHQ� WLODQQH
�6RXORGUH���������1LLVWl�VDDGDDQ�VHOYLOOH�llQLWWlYlQ�SllQ�DVHQWR�MD�VXKGH�llQLOlKWHLVLLQ�
6RSLYLOOD�KHUlWWHLOOl�VDDGXLOOD�YDVWHLOOD�YRLGDDQ�PDOOLQWDD�NRNR�WLOD��7\\SLOOLVLl�VRYHOOXN�
VLD�RYDW� llQLOlKWHHQ�SDLNDQ� LOPDLVLPHW�� W\|NDOXW�KXRQHDNXVWLLNDQ� DUYLRLQWLLQ� MD� llQLMlU�
MHVWHOPLLQ� NXWHQ� WLODYXXVPLWWDULW�� NDLXQLOPDLVLPHW�� +DDVLQ� HIHNWL� �LOPDLVLPHW� VHNl� YlOL�
QHHW�SV\NRDNXVWLLNDQ�WXWNLPXNVHHQ��(VLPHUNLNVL� WLODQWXQWXD�DUYLRLGDDQ�NRUYLHQ�YlOLVHQ
ULVWLNRUUHODDWLRQ� �,$&&�� DYXOOD�� /LVlNVL�PHUNLWWlYl� W\|NHQWWl� RQ� WXRWWHHQ� llQHQ� VXXQ�
QLWWHOX��7lKlQ�DUYLRLQWLLQ�Nl\WHWllQ�ELQDXUDDOLVLD�SV\NRDNXVWLVLD�WXQQXVOXNXMD�

2.1.4 VÄänenlaatu ja psykoakustiset tunnusluvut

7XRWHllQHQODDWX� RQ� WlUNHl� NLOSDLOX�� MD� PDUNNLQRLQWLNHLQR�� 5DMDWDSDXNVHVVD� DVLDNDV
YDOLWVHH�NDKGHQ�HUL�YDOPLVWDMDQ� WXRWWHLVWD�VHQ�� MRND�PLHOO\WWll� llQHOWllQ�HQLWHQ��7XRWWHHQ
llQL�HL�VDD�ROOD�OLLDQ�KlLULWVHYl��PXWWD�VHQ�SLWll�OXRGD� LOOXXVLR�NHVWlYlVWl��YRLPDNNDDVWD
MD�WXUYDOOLVHVWD�NRQHHVWD��.l\WW|NHOSRLVXXWHHQ�NXXOXX�P\|V�llQHQODDWX�
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0HOXD�HOL�llQWl�� MRND�RQ�KlLUL|WHNLMl��RQ�SHULQWHLVHVWL�PLWDWWX�llQLWDVRPLWWDULOOD��0LWWDULQ
LOPDLVHPD� $�SDLQRWHWWX� llQLWDVR� S\UNLL� NXYDDPDDQ�� PLWHQ� YRLPDNNDDQD� LKPLQHQ� DLVWLL
llQHQ��9RLPDNNDDPSL�llQL�HL�NXLWHQNDDQ�ROH�DLQD�KlLULWVHYlPSL��6LULQl�DXWRQ�WXXOHWLQ�
ODLWWHHVVD�KlLULWVHH�HQHPPlQ�NXLQ�PLWWDULQ�PXNDDQ�SDOMRQ�YRLPDNNDDPSL�DXWRQ�PRRW�
WRULQ�Nl\QWLllQL�

3V\NRDNXVWLVHW� WXQQXVOXYXW�RYDW� llQWl� NXYDLOHYLD� VXXUHLWD�� MRWND� RQ�PllULWHWW\� WXWNLPDOOD
HULODLVWHQ�lUV\NNHLGHQ�YDLNXWXVWD�LKPLVWHQ�DLVWLPXNVLLQ��bUV\NNHHW�RQ�PllULWHWW\�VLWHQ��HWWl
MRWDLQ� VHQ� RPLQDLVXXWWD� PXXWWDPDOOD� RQ� DLVWLPXV� NYDQWLVRLWDYLVVD� HOL� DVHWHWWDYLVVD
HQQDOWDPllUlW\OOH� PLWWD�DVWHLNROOH�� blQHNN\\V� RQ� VWDQGDUGRLWX� �',1� ������� ,62
���$�%�� MD� VWDQGDUGRLQQLQ� DOOD� RYDW� PP�� NDUKHXV�� WHUlY\\V�� YDLKWHOXYRLPDNNXXV�
WRQDDOLVXXV� MD� llQHQNRUNHXV�� (VLPHUNLNVL� llQHQ� WHUlY\\V� 6� �HQJO�� VKDUSQHVV�� NHUWRR
llQHQ�WDDMXXVVLVlOO|VWl�HOL�PLWHQ�VSHNWUL�VLMRLWWXX�NHVNLPllULQ�WDDMXXVDVWHLNROOH��7HUlY\\V
NDVYDD��PLNlOL�llQHQ�VLVlOWlPLHQ�NRUNHLGHQ�WDDMXXNVLHQ�RVXXV�OLVllQW\\��blQLWDVRQ�OLVl\V
NDVYDWWDD�P\|V�KLHPDQ�WHUlY\\WWl�

blQHQODDWXD� YRLGDDQ� NXYDLOOD� SV\NRDNXVWLVLOOD� WXQQXVOXYXLOOD� MRLVVDNLQ� K\YLQ� UDMDWXLVVD
WDSDXNVLVVD�� (VLPHUNLNVL� VHQVRULQHQ� PLHOO\WWlY\\V� 3� �HQJO�� VHQVRU\� SOHDVDQWQHVV�� ULLSSXX
llQHQ� NDUKHXGHVWD� 5�� WHUlY\\GHVWl� 6�� WRQDDOLVXXGHVWD� 7� MD� llQHNN\\GHVWl� 1�� =ZLFNHU
�=ZLFNHU�� ������ RQ� PllULWWlQ\W� VLOOH� NXXQWHOXNRNHLGHQ� SHUXVWHHOOD� PDWHPDDWWLVHQ
PDOOLQ��.DDYD������
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7lPlQ� NDOWDLVWHQ�� XVHLVWD� SULPllULVXXUHLVWD� ODVNHWWXMHQ�� PLWWDOXNXMHQ� WXORNVHW� YRLYDW
YDLKGHOOD� SDOMRQ� NRHKHQNLO|LGHQ� NRXOXWXV��� NXOWWXXUL�� MD� NRNHPXVWDXVWRMHQ� PXNDDQ� MD
HLYlW� ROH� VXRUDDQ� K\|G\QQHWWlYLVVl� HUL� WDSDXNVLLQ�� .XLWHQNLQ� \NVLWWlLVLLQ� NRKWHLVLLQ
YRLGDDQ� PllULWHOOl� YDVWDDYLD� ODVNHQWDPHQHWHOPLl� �HQJO�� LQVWUXPHQWDO� WRROV�� MD� VDDGD
\OHLVSlWHYLl�YDVWDXNVLD�UDMDWXVVD�LKPLVU\KPlVVl�

2.1.5 VBinauraaliset psykoakustiset tunnusluvut

3V\NRDNXVWLVHW�WXQQXVOXYXW�ODVNHWDDQ�VDPDQDLNDLVHVWL�NXPPDOOHNLQ�NRUYDOOH�ULLSSXPDWWD
NRUYLLQ�WXOHYLHQ�llQWHQ�HURLVWD��1lPl�PRQDXUDDOLVHW�WXQQXVOXYXW�VDDWWDYDW�HURWD�PHUNLW�
WlYlVWL� ELQDXUDDOLVLVWD� WXQQXVOXYXLVWD� �%RGGHQ�� ������� %LQDXUDDOLVLVWD� DXGLWRULVLVWD� PDO�
OHLVWD� MRKGHWXW� DOJRULWPLW� DQWDYDW� MR� YDUVLQ� K\YLl� HVWLPDDWWHMD� QlLVWl� WXQQXVOXYXLVWD�
7lPlQNDOWDLVLOOH� W\|NDOXLOOH� RQ� N\V\QWll� QLLQ� llQHQODDGXQ� DUYLRLQQLQ� DOXHHOOD� NXLQ
VRYHOOXNVLVVD�� MRLWD� NXWVXWDDQ� QLPHOOl� ELQDXUDDOLQHQ� VLJQDDOLHQ� HKRVWDPLQHQ� �HQJO�� ELQDXUDO
VLJQDO�HQKDQFHPHQW��

2.1.6 VBinauraalinen signaalien ehostaminen

+\YLQ�WXQQHWWX�WHUPL�ELQDXUDDOLVHQ�VLJQDDOLHQ�HKRVWDPLVHQ�\KWH\GHVVl�RQ�QV���FRFNWDLO�
SDUW\���LOPL|��MRQND�PXNDDQ�QRUPDDOLNXXORLVHW�LKPLVHW��ELQDXUDDOLVHQ�NXXOHPLVHQ�DYXO�
OD��YRLYDW�NHVNLWW\l�WLHWW\\Q�llQLOlKWHHVHHQ�YDLNND�WLODVVD�ROLVL�PXLWDNLQ�\KWl�YRLPDNNDLWD
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KHUlWWHLWl��7LHWHQNLQ�WlPl�RQ�MRVVDLQ�PllULQ�PDKGROOLVWD�PRQDXUDDOLVHQ�NXXOHPLVHQNLQ
DYXOOD��PXWWD�ELQDXUDDOLVHVWL�VH�RQ�PRQLQ�YHUURLQ�WHKRNNDDPSDD�

�%RFKXP�� �YHUVLRVVD� �FRFNWDLO�SDUW\�� �SURVHVVRULVWD� HOL� DOJRULWPLVWD�� MRND� YDKYLVWDD� SX�
KHWWD�N\VHLVHVVl�WLODQWHHVVD��Nl\WHWllQ�NXXORQ�ELQDXUDDOLVWD�PDOOLD�NRQWUROORLPDDQ�:LH�
QHU�VXRGLQWD� �%RGGHQ�������� �%RGGHQ�HW� DO�� ��������7lPl�RQ� WRWHXWHWWX�PllULWWlPlOOl
HQVLQ�KDOXWXQ�SXKXMDQ�SDLNND� WLODVVD� MD� DUYLRLPDOOD� VHQ� VLJQDDOLNRKLQDVXKGHWWD�PXLKLQ
SXKXMLLQ�VHNl�WDXVWDPHOXXQ�QlKGHQ��-lUMHVWHOPl�VXRULWWDD�ODVNHQQDQ�NULLWWLVLOOl�NDLVWRLOOD�
.DKGHQ� SXKXMDQ� WLODQWHHVVD� VDDGDDQ� KDOXWWX� VLJQDDOL� NRKWXXOOLVHOOH� \PPlUUHWWlY\\VWD�
VROOH�MRSD�VLLQl�WLODQWHHVVD��HWWl�VH�RQ����G%�SLHQHPPlOOl�WDVROOD�NXLQ�NLOSDLOHYD�llQLOlK�
GH�� 6RYHOOXNVLD� WlOODLVHOOH� MlUMHVWHOPlOOH� RQ� OXNXLVLD�� NXWHQ� YlOLQHHW� ELQDXUDDOLVWHQ� VLJ�
QDDOLHQ� HGLWRLQWLLQ�� NXXORNRMHHW�� SXKHHQWXQQLVWXV� VHNl� �KDQGV�IUHH�� �SXKHOLPHW�� (VL�
PHUNLNVL�ELQDXUDDOLVWD�VLJQDDOLHQ�HKRVWDPLVWD�YRLGDDQ�Nl\WWll�VXXQWDDYDPSLHQ�PLNURIR�
QLHQ�WRWHXWWDPLVHHQ�DNXVWLVHVWL�KXRQRLKLQ�WLORLKLQ�

2.1.7 VBinauraalinen mittaustekniikka

%LQDXUDDOLVHW�llQLW\V���PLWWDXV��MD�DQDO\VRLQWLWHNQLLNDW�RYDW�NHKLWW\QHHW�HULWWlLQ�YRLPDN�
NDDVWL� YLLPHLVHQ� YXRVLN\PPHQHQ� DLNDQD�� 1\N\DLNDLVHW� ELQDXUDDOLVHVVD� llQLW\NVHVVl
Nl\WHW\W�NHLQRSllW�YDUXVWHWWXQD�NHKLWW\QHLOOl� WLHWRNRQHSRKMDLVLOOD� VLJQDDOLQSURVHVVRLQWL�
MD� DQDO\VRLQWLYlOLQHLOOl� WDUMRDYDW� DNXVWLLNNDVXXQQLWWHOLMRLOOH� K\YlW� W\|YlOLQHHW� VHNl� VXE�
MHNWLLYLVHHQ�HWWl�REMHNWLLYLVHHQ�DNXVWLVWHQ�WLORMHQ�VXXQQLWWHOXXQ�

3V\NRI\\VLVHVVl� ELQDXUDDOLVHVVD� PLWWDXNVHVVD� Nl\WHWllQ� I\VLLNNDDQ� SHUXVWXYLD� PHQHWHO�
PLl��PLVVl�DXGLWRULVHVVD�PLHOHVVl�NRHKHQNLO|�WRLPLL�PLWWDXV��MD�DUYLRLQWL�LQVWUXPHQWWLQD�
1\N\LVLl�VRYHOOXNVLD�ELQDXUDDOLVHVVD�PLWWDXNVHVVD�MD�DUYLRLQQLVVD�YRLGDDQ�O|\Wll�VHOODLVLO�
WD� DOXHLOWD� NXWHQ� PHOXQWRUMXQQDVWD�� DNXVWLVWHQ� WLORMHQ� VXXQQLWWHOXVWD�� llQHQODDGXQ
DUYLRLQQLVVD� �HVLPHUNLNVL� SXKHWHNQRORJLDVVD�� DUNNLWHKWXXULVVD� DNXVWLLNDVVD� MD� WXRWWHHQ
llQHQ� VXXQQLWWHOXVVD�� VHNl� HULW\LVLVVl� PLWWDXNVLVVD� SXKHOLQMlUMHVWHOPLVVl�� NXXORNNHLVVD�
NXXORVXRMDLPLVVD� MD� NXXORODLWWHLVVD� �%ODXHUW� HW� DO��� ������ �6FKU|WHU�� -��� ������� -RLVVDNLQ
VRYHOOXNVLVVD� Nl\WHWllQ� MRSD� HUL� PLWWDVXKWHLVVD� UDNHQQHWWXMD� NHLQRSlLWl�� HVLPHUNLNVL
DUNNLWHKWXXULVWHQ�SLHQRLVPDOOLHQ�DUYLRLQQLVVD��(OV�HW�DO����������(OV�HW�DO�����������;LDQJ
HW�DO�����������;LDQJ�HW�DO����������

.RVND� NHLQRSllW� RYDW� SHUXVSHULDDWWHHOWDDQ� YDLQ� WDSD� WRWHXWWDD� VDUMD� OLQHDDULVLD� VXR�
GDWWLPLD�� YRLGDDQ� DMDWHOOD�P\|V�PXLWD� WDSRMD� LPSOHPHQWRLGD� VHOODLVLD� VXRGDWWLPLD�� HVL�
PHUNLNVL� HOHNWURQLVHVWL��0RQLVVD� VRYHOOXNVLVVD� WlPl� DQWDD� SDOMRQ� OLVll� YDSDXWWD�� NRVND
VlKN|LVLl�VXRGDWWLPLD�YRLGDDQ�NRQWUROORLGD�YDUVLQ�PRQLSXROLVHVWL�

2.1.8 VTransauraalisuus

7HUPL� �ELQDXUDDOLQHQ�� HGHOO\WWll�� HWWl� llQL� WRLVWHWDDQ� VWHUHRNXXORNNHLGHQ� NDXWWD��.XQ
VDPDD� llQLW\VWl� DLRWDDQ� WRLVWDD� VWHUHRNDLXWWLPLOOD�� Nl\WHWllQ� WHUPLl� �WUDQVDXUDDOLQHQ��
.DLXWLQNXXQWHOXVVD� WXOHH� RQJHOPDNVL� NDQDYLHQ� \OLNXXOXPLQHQ�� 7lPl� YRLGDDQ� HKNlLVWl
HVLPHUNLNVL�&RRSHULQ�PHQHWHOPlOOl�Nl\WWlPlOOl�PLQLPLYDLKHLVLD�VXRWLPLD��&RRSHU�HW�DO��
������WDL�OLVllPlOOl�DONXSHUlLVHHQ�VLJQDDOLLQ�HNYDOLVRLQQLQ�OLVlNVL�NHLQRWHNRLVHW�\OLNXXOX�
PLVHQ��SRLVWDYDW��VLJQDDOLW��$WDO�HW�DO���������0¡OOHU���������1lLGHQ�VLJQDDOLHQ�JHQHURL�
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PLVHVWD�RQ�XVHLWD�HUL�YDULDDWLRLWD�MD�SHULDDWH�RQ�SDWHQWRLWX�$WDOLQ�MD�6FKURHGHULQ�WRLPHV�
WD� YXRQQD� ������ 0¡OOHULQ� PHQHWHOPll� NlVLWHOOllQ� WDUNHPPLQ� NDSSDOHHVVD� ������� +HO�
SRLQ�WRWHXWXV�WUDQVDXUDDOLVHOOH�MlUMHVWHOPlOOH�RQ�NDLXWRQ�WLOD�MD�WDUNDOOHHQ�PllUlWW\�NXXQ�
WHOXSDLNND��/lKLNHQWWlNDLXWWLPLHQ�Nl\WWlPLVWl�WRLVWRRQ�RQ�P\|V�WXWNLWWX��6DODYD��������

Stereoäänityksen ja binauraalisen äänityksen ero

6WHUHRllQLW\NVHVVl� PLNURIRQLW� RYDW� \OHHQVl� VLMRLWHWWXQD� SDOMRQ� NDXHPPDNVL� WRLVLVWDDQ
NXLQ�NHVNLPllUlLQHQ�NRUYLHPPH�YlOLPDWND� ��� WXXPDD� WDL� ������ FP���7lOO|LQ�NDQDYLHQ
YlOLQHQ�YLLYH�HL�YDVWDD�WRGHOOLVXXWWD��0\|VNllQ�PXNDQD�HL�ROH�+57)�W�DLKHXWWDYLD�NRU�
YDOHKWHl��KDUWLRLWD�MD�SllNDOORD�YlOLVVl�

2.1.9 VKuuloketerminologiaa

.XXORNNHLOOD� YRLGDDQ� WXRWWDD� llQLSDLQHLWD� VXRUDDQ� NRUYDDQ� PRQHOOD� HUL� WHNQLLNDOOD�
6lKN|DNXVWLVHQD�PXXQWLPHQD�YRL�ROOD�SLHWVRHOHPHQWWL� WDL�KHUNNl�NDOYR�YlUlKWHOHPlVVl
VlKN|NHQWlVVl� �VlKN|VWDDWWLVHW� NXXORNNHHW��� 8VHLPPDW� K\YlODDWXLVHW� NXXORNNHHW� RQ
NXLWHQNLQ�WRWHXWHWWX�PDJQHHWWLVHVWL��G\QDDPLVHW�NXXORNNHHW��

$NXVWLVHQ�N\WNHQQlQ�SHUXVWHHOOD�NXXORNNHHW�MDHWDDQ�\OHHQVl�NROPHHQ�U\KPllQ��0LQQDDU�
�������NXXORNNHHW�� MRWND� OHSllYlW�NRUYDOHKGHQ�SllOOl� �HQJO�� VXSUD�DXUDO��� ODLWHWDDQ�NRU�
YDNl\WlYllQ��HQJO��LQWUD�DXUDO��MD�NXXORNNHHW��MRWND�\PSlU|LYlW�NRUYDOHKGHQ�NRVNHPDWWD
VLLKHQ� �HQJO�� FLUFXPDXUDO��� .RUYDNl\WlYllQ� ODLWHWWDYLVWD� QV�� WXOSSDPDOOHLVWD� YRLGDDQ
YLHOl� HURWWDD� QV�� QDSSLNXXORNNHHW�� MRWND� ODLWHWDDQ� NRUYDNl\WlYlQ� VXXOOH�� 7XOSSDPDOOLW
VXONHYDW� NRUYDNl\WlYlQ� NRNRQDDQ�� PXWWD� QDSSLPDOOLHQ� DNXVWLQHQ� N\WNHQWl� YDLKWHOHH
KHQNLO|OWl�WRLVHOOH��<OHHQVl�QDSSLPDOOLVHW�NXXORNNHHW�HLYlW�VXOMH�NRUYDNl\WlYll�Wl\VLQ�

FEC-kuuloke

$YRLPHOOD� NXXORNNHHOOD� WDUNRLWHWDDQ� XVHLQ� SXKHNLHOHVVl� NXXORNHWWD�� MRND� HL� YDLPHQQD
NXXORNNHHQ�XONRSXROHOWD�WXOHYDD�llQWl��$YRLQ�HOL�)(&��IUHH�DLU�HTXLYDOHQW�FRXSOLQJ��RQ
PllULWHOPl� NXXORNNHLOOH�� MRLGHQ� DNXVWLQHQ� VRYLWXV� NRUYDDQ� RQ� VDPD� NXLQ� YDSDDVHHQ
LOPDDQ��%LQDXUDDOLVLOOH�llQLWWHLOOH�MRXGXWDDQ�WHNHPllQ�HULNVHHQ�NRUMDXV�NRPSHQVRLPDDQ
NXXORNNHHQ� DNXVWLVHQ� LPSHGDQVVLQ� DLKHXWWDPD�PXXWRV� NRUYDQ� YDSDDNHQWWlYDVWHHVHHQ�
PLNlOL�NXXORNNHHW�HLYlW�ROH�ULLWWlYlQ�DYRLPHW�

2.2 VBinauraalinen kuuleminen

2.2.1 VBinauraalisen kuulemisen akustiikkaa

,KPLVLOOl�� NXWHQ� XVHLPPLOOD� VHONlUDQNDLVLOOD�� RQ� NDNVL� NRUYDD� VXXQQLOOHHQ� VDPDOOD� NRU�
NHXGHOOD� NXPPDOODNLQ� SXROHOOD� SllWl�� )\\VLVHVWL� NRUYDW� MD� Sll�PXRGRVWDYDW�PRQLPXW�
NDLVHQ� MD� HULW\LVHW� VLLUWR�RPLQDLVXXGHW� RPDDYDQ� DQWHQQLMlUMHVWHOPlQ�� MRND� YDVWDDQRWWDD
YlOLDLQHHVVD� �� \OHHQVl� LOPDVVD� �� HWHQHYLl� SLWNLWWlLVLl� llQLDDOWRMD��.RVND� VH� RQ� I\\VLQHQ
MlUMHVWHOPl� MD� llQHQ�HWHQHPLQHQ�RQ� OLQHDDULQHQ�SURVHVVL� �QRUP��RORVXKWHLVVD���YRLGDDQ
V\VWHHPLl�SLWll�OLQHDDULVHQD�MD�VLNVL�VH�RQ�KHOSRVWL�VLPXORLWDYLVVD�
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2WWDPDOOD� WXOHYD� llQLDDOWR� KHUlWWHHNVL� MD� llQLSDLQHHW� NXPPDQNLQ� NRUYDQ� WlU\NDOYROOD
OlKW|VLJQDDOLNVL� YRLGDDQ� MlUMHVWHOPll� NXYDWD� VDPDDQ� KHUlWWHHVHHQ� N\WNHW\LNVL� NDKGHNVL
VXXQWDULLSSXYDNVL� VXRGDWWLPHNVL�� MRLGHQ� VLLUWRIXQNWLRW� RYDW� NRUYLLQ� WXOHYDQ� DDOWRULQ�
WDPDQ�NXOPDVWD�ULLSSXYDLVHW�

Spatiaalisen informaation säilyminen ja mikrofonin sijoitus

blQHQ�VLLUW\PLQHQ�NRUYDNl\WlYlQ�VXXOWD�WlU\NDOYROOH�RQ�llQHQ�WXORVXXQQDVWD�ULLSSXPD�
WRQ� MD�P\|V�NRUYDNl\WlYlQ� VXX�YRL� WRLPLD� llQLW\VSDLNNDQD� �0¡OOHU�� �������7lPlQ� WR�
GLVWXV� RQ� MRKGHWWX�P\|V� VXOMHWXQ�NRUYDNl\WlYlQ� VXXOWD� WDOOHQQHWXOOH� llQLSDLQHHOOH�� MRND
RQ� Nl\WlQQ|OOLVHPSll� NXLQ� WlU\NDOYRQ� OlKHOWl� �+DPPHUVK¡L�� ������ �0¡OOHU�� ����D��
blQLW\VWLODQQHWWD�YDVWDDYDQ�HNYDOLVRLQQLQ�MD�RLNHDQ�NDOLEURLQQLQ�MlONHHQ�YRLGDDQ�WRLVWDD
llQLSDLQHHW�WlU\NDOYROOD�ULLSSXPDWWD�llQLW\VSDLNDVWD��0LNURIRQL�YRL�ROOD�MRSD�PXXWDPDQ
PLOOLPHWULQ��NRUYDNl\WlYlQ�DXNRQ�XONRSXROHOOD��+DPPHUVK¡L�HW�DO���������

blQLWHWWlHVVl� VXOMHWXQ� NRUYDNl\WlYlQ� VXXOWD� RQ� WRLVWRNHWMX� NDOLEURLWX� RLNHLQ�� NXQ
NXXORNNHLVLLQ� V\|WHWWlYlVWl� VLJQDDOLVWD� HNYDOLVRLGDDQ� SRLV� NXXORNNHLVWD� VXOMHWXQ� NRUYD�
Nl\WlYlQ� VXXOOH� PLWDWXQ� llQLSDLQHVLJQDDOLQ� VLLUWRIXQNWLRQ� HSlLGHDDOLVXXGHW� �+DPPHU�
VK¡L���������7lPl�HGHOO\WWll�� HWWl�NXXORNNHLGHQ�NRUMDXVVXRWLPHW� WXOHH� VXXQQLWHOOD�PLW�
WDDPDOOD�YDVWHHW�VXOMHWXOWD�NRUYDNl\WlYlOWl��<NVLO|LGHQ�YlOLVHW�HURW�YDLNXWWDYDW�NDLNNHLQ
YlKLWHQ� VXOMHWXQ� NRUYDNl\WlYlQ� VXXOWD� PLWDWWXMHQ� VLLUWRIXQNWLRLGHQ�PXNDDQ� VXXQQLWHO�
WXLKLQ�NRUMDXVVXRWLPLLQ��0¡OOHU���������0LWWDXVPLNURIRQLQ�YRL�YDODD�\NVLO|OOLVHVWL�PXR�
WRLOWXLKLQ� NRUYDWXOSSLLQ�� MRND� SRLVWDD� VXXUHQ� MRXNRQ� WDUNLVWXVPLWWDXNVLD�� VLOOl� PLNUR�
IRQLQ�VLMRLWXV�RQ�WDUNDVWL�WRLVWHWWDYLVVD�HUL�PLWWDXVNHUWRLQD�

2.2.2 VBinauraalisen kuulemisen psykologiaa

8VHLPPLVVD� llUHLVNXXORQ� PDOOHLVVD� RQ� KHUlWHVLJQDDOLLQ� SRKMDXWXYD�� KLHUDUNNLQHQ
DOKDDOWD�\O|V� �HQJO�� ERWWRP�XS�� UDNHQQH� �6FKRPDNHU� HW� DO��� ������� 7XORNVHQD� VDDGDDQ
PXXWWXYD�ELQDXUDDOLVHQ�WLHGRQ��ELQDXUDDOLVHQ�DNWLYLWHHWLQ��PDOOL��MRND�WRLPLL�VLWWHQ�DLYR�
NXRUHOOH� �HQJO�� FRUWH[�� PHQHYlQl� KHUlWWHHQl�� 7lPlQ� ELQDXUDDOLVHQ� DNWLYLWHHWLQ� PDOOLQ
HYDOXRLQWLD� YRLGDDQ� NXYLWHOOD� \OKllOWl�DODV� �HQJO�� WRS�GRZQ��� PLHOLNXYLLQ� SHUXVWXYDQD
SURVHVVLQD�� 7lPlQ� DMDWWHOXPDOOLQ�PXNDDQ� DLYRNXRUHOOD�PXRGRVWHWDDQ�PLHOLNXYD� NlVLW�
WlHQ�RGRWHWWXD�KDYDLQWR�REMHNWLD� MD�VLWWHQ�\ULWHWllQ�VRYLWWDD� WlWl�PLHOLNXYDD�KDYDLWWXXQ
REMHNWLLQ��0XRGRVWDHVVDDQ�PLHOLNXYDD� DLYRNXRUL� WXRWWDD� KDYDLQQRQ� RSLWXOOD� WLHWlP\N�
VHOOl� MD�NRNHPXNVHOOD�� MRND�YDVWDD�N\VHLVWl�WLODQQHWWD��/LVlNVL�VH�RWWDD�KXRPLRRQ�KHUlW�
WHHW�PXLOWD�DLVWHLOWD��NXWHQ�QlN|��MD�WXQWRDLVWHLOWD��0XRGRVWHWWXDDQ�PLHOLNXYDQ�NRUNHDP�
PDOOD� KHUPRVWRWDVROOD� YRL� V\QW\l� NRQWUROORLQWLWRLPLQWHLWD� PLHOLNXYDQ� WHVWDXNVHNVL�
HVLPHUNLNVL�SllQ�OLLNHWWl�

6HXUDDYDW�NDNVL�HVLPHUNNLl�WXRYDW�HVLLQ�MRLWDNLQ�ELQDXUDDOLVHHQ�WHNQLLNNDDQ�OLLWW\YLl�WHN�
QLVLl�RQJHOPLD��(QVLQQlNLQ��´FRFNWDLO�SDUW\µ�WLODQWHHVVD�LKPLQHQ�YRL�VHXUDWD�\KWl�NXXOL�
MDD� MD� VLWWHQ� YlOLWW|PlVWL� NllQWll� KXRPLRQVD� WRLVHHQ�� .XXORODLWWHHQ� WXOLVL� N\HWl� WHNH�
PllQ�VDPD�Nl\WWlMlQVl�KXRPLRQ�NRKGLVWXPLVHQ�PXNDDQ��7RLVHNVL��NRQVHUWWLVDOLHQ�DNXV�
WLLNDQ�ODDGXQ�PLWWDXVODLWWHLVWRQ�WXOLVL�RWWDD�KXRPLRRQ�SV\NRDNXVWLVHW�WXQQXVOXYXW�NXWHQ
WLODQWXQWX� �HQJO�� VSDFLRXVQHVV��� NDLXQWDLVXXV� �HQJO�� UHYHUEHUDQFH�� MD� OlSLNXXOWDYXXV
�HQJO�� WUDQVSDUHQF\���.XLWHQNLQ��\OHLQHQ�WLODQWXQWX� MD��ODDWX�� MRND�NXXOLMDOOH�V\QW\\�KXR�
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QHHVVD�� VDDWWDD�ROOD�ELDVRLWX�YLVXDDOLVWHQ� VLJQDDOLHQ�YXRNVL�� WLHW\QODLQHQ� HVLW\V�� NXXOLMDQ
HQQDNNROXXORW��WHNLMlW�NXWHQ�PXRWL�MD�PDNX�HVLPHUNNHLQl�

$LYRNXRUHQ� RVDOOLVWXPLQHQ� WXONLQWDDQ� OLVll� KXRPDWWDYDVWL� VXEMHNWLLYLVXXWWD� ELQDXUDDOL�
VHHQ�NXXOHPLVHHQ��7lPl�DLKHXWWDD�OXRQQROOLVHVWL�VXXULD�RQJHOPLD�NRNR�WHNQLLNDOOH��,QVL�
Q||ULW�MD�XVHLPPDW�WLHGHPLHKHW�RYDW�WRWWXQHHW�NlVLWWHOHPllQ�NRKWHLWD�KDYDLWVLMDVWD�ULLS�
SXPDWWRPLQD���REMHNWLLYLVXXGHQ�PLHOLNXYD��MD�PLHOHOOllQ�MlWWlYlW�VHOODLVHW�LOPL|W��MRLWD�HL
YRLGD�PLWDWD�WDL�DUYLRLGD�SXKWDDVWL�REMHNWLLYLVHVWL��KXRPLRLPDWWD��/LVlNVL�KHLOOl�RQ�WDLSX�
PXV�SLONNRD�MRNDLQHQ�RQJHOPD�SLHQLNVL�\NVLW\LVNRKGLNVL�MD�DQDO\VRLGD�RVLD�HULNVHHQ��$L�
YRNXRULWDVROOD� NXLWHQNLQ� NlVLWWHOHPPH� KDYDLQWRMD� HULOOLVLQl� NRNRQDLVXXNVLQD� MD� RVDQD
NRHKHQNLO|�WXWNLMD� �KDYDLWVLMD�KDYDLQWR�� VXKGHWWD�� /LVlNVL� WXOLVL� RWWDD� KXRPLRRQ�� HWWl
LKPLVHW� WDYDOOLVHVWL� NXXQWHOHYDW� ´JHVWDOWµ�PRRGLVVD� �6FKRPDNHU� HW� DO��� ������ HOL� KH
KDYDLWVHYDW�JOREDDOLVWL�HLNl�ORKNRLWWDLQ�

6HNl�KDYDLWVLMD�HWWl�KDYDLQWR�YDLNXWWDYDW�WRLVLLQVD�MD�NXPSLNLQ�VDDWWDD�PXXWWXD�KDYDLWVH�
PLVSURVHVVLQ�DLNDQD�KXRPDWWDYDVWL��(VLPHUNLNVL��NXXORWDSDKWXPD�VDDWWDD�PXXWWXD��NXQ
NXXOLMD�NHVNLWW\\�NXXQWHOHPDDQ�WLHWW\l�llQWl��NXWHQ�WLHWW\l�VRLWLQWD��RUNHVWHULVVD��/LVlNVL
KDYDLWVLMDQ� DVHQQH�KDYDLQWRD� NRKWDDQ� VDDWWDD�PXXWWXD� NRHVDUMDQ� NXOXHVVD� MD� VLWHQ� YDL�
NXWWDD�DQQHWWXLKLQ�YDVWDXNVLLQ�

2.2.3 VBinauraalisen tekniikan tarpeellisuus

2Q� VDQRPDWWDNLQ� VHOYll�� HWWl� HGHOOl� NXYDWXOOD� MlUMHVWHOPlOOl� RQ� XVHLWD� UDMRLWXNVLD��(VL�
PHUNLNVL�DNXVWLVWHQ�DDOWRMHQ�SLWll�ROOD�NXXORDOXHHOOD�WDDMXXGHQ�MD�LQWHQVLWHHWLQ�SXROHVWD�
NXXORMlUMHVWHOPlQ� SLWll� ROOD� NXQQRVVD� MD� DLYRNXRUHQ� WLHWRLVHVVD� WLODVVD�� YDOPLLQD� YDV�
WDDQRWWDPDDQ� MD� WXONLWVHPDDQ�DXGLWRULVWD� LQIRUPDDWLRWD��/LVlNVL� VLJQDDOLHQ�YDVWDDQRWWD�
PLVHVVD�� NlVLWWHO\VVl� MD� WXONLWVHPLVVD� RQ� XVHLWD� WDNDLVLQN\WNHQW|Ml�� 7DNDLVLQN\WNHQW|Ml
WDSDKWXX� VHOYlVWL� VXENRUWLNDDOLVHQ� DXGLWRULVHQ� V\VWHHPLQ�PRGXXOLHQ� YlOLOOl� VHNl� WlPlQ
HWWl�DLYRNXRUHQ�YlOLOOl��,OPHLQHQ�WDNDLVLQN\WNHQWl�NHVNXVKHUPRVWRQ�PRWRULLNDQ�VllWHO\�
DOXHHOWD�RQ�KDYDLWWDYLVVD�DLQD�NXQ�WHKGllQ�SllQ�DVHQQRQ�VHOYLW\VOLLNNHLWl��6FKRPDNHU�HW
DO���������

9DLNND� LKPLVHW� YRLYDW� NXXOOD� \KGHOOlNLQ� NRUYDOOD� �PRQDXUDO� KHDULQJ�� NXXOHPLQHQ� NDK�
GHOOD�WRLPLYDOOD�NRUYDOOD�RQ�Wl\VLQ�HULODLVWD��7lWl�WRVLDVLDD�YRLGDDQ�SDUKDLWHQ�WDUNDVWHOOD
NRUYDQ�ELRORJLVHQ� URROLQ�NDQQDOWD��.RUYDQ�ELRORJLQHQ� WHKWlYl�RQ�QLPHQRPDDQ�NHUlWl
WLHWRD�\PSlULVW|VWl��HULW\LVHVWL�RPDVWD�VLMDLQQLVWD�WLODVVD�MD�llQLOlKWHLGHQ�VLMDLQQLVWD�VHNl
QLLGHQ�DNWLYLWHHWLQ�WLODVWD��/LVlNVL�WlVVl�\KWH\GHVVl�WXOLVL�PXLVWXWWDD��HWWl�\NVLO|LGHQ�YlOL�
QHQ�NRPPXQLNDDWLR�WDSDKWXX�SllDVLDVVD�DNXVWLVHVWL��DLYRMHQ�WXONLWHVVD�DMDWXNVHW�DNXVWL�
VLNVL�VLJQDDOHLNVL�WRLVLOOH�DLYRLOOH�

7lPlQ� NXXORQ� SHUXVWHKWlYlQ� VXKWHHQ� ELQDXUDDOLVHQ� HWX� PRQDXUDDOLVHHQ� NXXOHPLVHHQ
RQ�OXHWHOWDYLVVD�PP��VHXUDDYLOOD�RVD�DOXHLOOD��%ODXHUW������D��

�� <KGHQ� WDL� XVHDPPDQ� llQLOlKWHHQ� SDLNDOOLVWDPLQHQ� MD� YDVWDDYDVWL� DXGLWRULVHQ� �SHUV�
SHNWLLYLQ��HOL�DXGLWRULVHQ�WLODHOlP\NVHQ�PXRGRVWDPLQHQ�
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�� (UL�SDLNRLVVD�WLODVVD�VLMDLWVHYLHQ�llQLOlKWHLVWl�WXOHYLHQ�HL�NRKHUHQWWLHQ�VLJQDDOLHQ�VHNl
PXXWDPLQ�UDMRLWXNVLQ�NRKHUHQWWLHQ�VLJQDDOLHQ�HURWWDPLQHQ�WRLVLVWDDQ�

�� 6XRULHQ��HL�KHLMDVWXQHLGHQ��VLJQDDOLHQ�YDKYLVWDPLQHQ�NDLNXLVDVVD�\PSlULVW|VVl�NXWHQ
P\|V�NRKWHHNVL�YDOLWXVWD� OlKWHHVWl� WXOHYDQ�llQHQ�YDKYLVWDPLQHQ�PXLVWD�HL�NRKHUHQ�
WHLVWD�llQLOlKWHLVWl�

2.3 VKuuntelukokeet

3V\NRDNXVWLVLD�NXXQWHOXNRNHLWD��%ODXHUW������E��NXYDWDDQ�DVHWHOPDOOD�� MRVVD�KHUlWWHHQl
RQ�llQLWDSDKWXPD�� WXORNVHQD� VLVlLQHQ�NXXORWDSDKWXPD� MD� WDUNNDLOXWDYDVWD� ULLSSXHQ� VHQ
XONRLQHQ�NXYDXV��<NVLQNHUWDLQHQ�SV\NRORJLQHQ�PDOOL�DXGLWRULVHOOH�KDYDLQWR��MD�DUYLRLQWL�
SURVHVVLOOH�RQ�VHXUDDYDVVD�NDDYLRVVD��.DDYLR�������.DDYLR�NXYDD�NRHKHQNLO|l�NXXQWHOX�
NRNHHVVD�

�

Koehenkilön kuulotapahtuma

Kuulohavainto

Akustinen
tapahtuma
(ääniaalto)

Havainnon
tulkinta Reaktio,

tulkinnan
kuvaus

Reaktioon vaikuttavat muut tekijät (häiriöt)

Päätös

Kaavio 2.1 3V\NRORJLVHQ NXXQWHOXNRNHHQ NDDYLR� +DYDLQWR� NXWHQ P\|V VHQ NRJQLWLLYLQHQ NlVLWWHO\
PXXQWXYDW UHDNWLRWD PXRNNDDYLHQ WHNLM|LGHQ YDLNXWXNVHVWD�

blQLDDOORW�WXOHYDW�NXPSDDQNLQ�NRUYDDQ��QH�HVLSURVHVVRLGDDQ� MD�RKMDWDDQ�\OHPPlOOH� WD�
VROOH�NHVNXVKHUPRVWRMlUMHVWHOPllQ��PLVVl�QH�PXRGRVWDYDW�llQLWDSDKWXPDQ�NRHKHQNLO|Q
KDYDLQWRPDDLOPDVVD��blQLWDSDKWXPD�RQ�NRHKHQNLO|Q�KDYDLQWR��HOL�YDLQ�KlQHOOl�RQ�VXRUD
NRVNHWXV�VLLKHQ��8ONRSXROLVLOOD�KDYDLWVLMRLOOD�RQ�NRHKHQNLO|Q�KDYDLQWRRQ�HSlVXRUD�NRVNHWXV
MD�KH�YRLYDW�WHKGl�VLLWl�MRKWRSllW|NVLl�YDLQ�VLLWl��PLWHQ�NRHKHQNLO|�UHDJRL�KDYDLQWRRQ�

-lUMHVWHOPlOOLVLVVl� NXXQWHOXNRNHLVVD� NRHKHQNLO|l� S\\GHWllQ� YDVWDDPDDQ� WLHW\OOl� WDYDOOD�
HVLPHUNLNVL� NXYDLOHPDOOD� WLHW\LOOl� HWXNlWHHQ� YDOLWXLOOD� VDQRLOOD� NXXORWDSDKWXPDD��0LNlOL
YDVWDXV�RQ�NYDQWLWDWLLYLQHQ�WXQQXVOXNX��YRLGDDQ�SXKXD�PLWWDXNVHVWD��.XXQWHOXNRNHHVVD
NRHKHQNLO|�YRL�WRLPLD�VLWHQ��PLWWDXVLQVWUXPHQWWLQD��RPLOOH�KDYDLQQRLOOHHQ�HOL�VHNl�NRK�
WHHQD�PLWWDXNVHOOH�HWWl��PLWWDULQD���.DDYLRQ�PXNDDQ�UHDNWLRRQ�YDLNXWWDYDW�PXXW�WHNLMlW
WXRYDW� KlLUL|WHNLM|LWl� HOL� KDYDLWVHPLVHHQ� MD� VHQ� WXONLQWDDQ� YDLNXWWDYLD� SHUVRRQDOOLVLD
YDLKWHOXLWD�VHNl�NXXORKDYDLQWR��HWWl�WXONLQWDYDLKHHVHHQ�

.XXORKDYDLQQRQ� VHOYLWWlPLVHHQ� RQ� XVHLWD� HUL� NHLQRMD�� $LVWLPXNVHQ� NXYDLOX� RQ� QlLVWl
\NVLQNHUWDLVLQ�� PXWWD� VHQ� DQDO\VRLQWL� YRL� ROOD� W\|OlVWl�� $QDO\VRLQQLQ� KHOSRWWDPLVHNVL
ODLWHWDDQ�NRHKHQNLO|�\OHHQVl�VLMRLWWDPDDQ�NXXORWDSDKWXPD�HQQDOWD�PllUlW\OOH�DVWHLNROOH�
$LVWLPXNVHQ� DVHWWHOX�� MD� MlOMLW\VPHQHWHOPLVVl� NRHKHQNLO|Q� DQQHWDDQ� YDLNXWWDD� LWVH� lUV\NNHH�
VHHQ��9DOLQWDPHQHWHOPlVVl��HQJO��IRUFHG�FKRLFH�PHWKRG��NRHKHQNLO|�VLMRLWWDD�llQLWDSDKWX�
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PDQ�MRKRQNLQ�HQQDOWD�PllUlW\LVWl� OXRNLVWD� MD�SllWWll�NDKGHQ�WDL�XVHDPPDQ�llQLWDSDK�
WXPDQ�HULODLVXXGHVWD�HQQDOWD�DQQHWXQ�NXYDXNVHQ�PXNDDQ�

2.3.1 VKuuntelukokeiden suunnittelu ja toteutus

7RWHDPXV��K\YLQ� VXXQQLWHOWX� RQ� SXROLNVL� WHKW\�� SLWll�NXXQWHOXNRNHLGHQ� VXXQQLWWHOXQ� NRK�
GDOOD�SDLNNDQVD��0LNlOL�NXXQWHOXNRHWWD�HL�ROH�VXXQQLWHOWX�DOXVWD� ORSSXXQ�VDDNND�K\YLQ�
VH�HL�YRL�RQQLVWXD��8VHLQ�WXORVWHQ�DLNDDQVDDPLVHOOD�RQ�QLLQ�NLLUH��HWWl�WLQJLWllQ�VXXQQLW�
WHOXVWD��7lPl�NRVWDXWXX�NXLWHQNLQ�YDUVLQDLVHVVD�WXORVWHQ�DQDO\\VLYDLKHHVVD��.HOYROOLVHQ
DQDO\\VLQ�VXRULWWDPLQHQ�YRL�ROOD�Wl\VLQ�PDKGRWRQWD��MRV�HQQHQ�NRHWWD�HL�ROH�YDOLWWX�ULLS�
SXYLD� PXXWWXMLD� MD� IDNWRUHLWD� HLNl� QLLWl� ROH� RWHWWX� KXRPLRRQ� NRNHHQ� VXXQQLWWHOXVVD�
7lVVl� NDSSDOHHVVD� SRKGLWDDQ�� PLWl� VHLNNRMD� WXOHH� RWWDD� KXRPLRRQ� HQQHQNXLQ� NRHWWD
U\KG\WllQ�VXXQQLWWHOHPDDQ�

Ääninäytteet

.XXORQ�SHUXVWXWNLPXNVHHQ� OLLWW\YLVVl�NXXQWHOXNRNHLVVD�Nl\WHWllQ� \OHHQVl� K\YLQ� \NVLQ�
NHUWDLVLD� MD� SHONLVWHWW\Ml� llQLQl\WWHLWl�� NRVND�PXXWHQ� IDNWRUHLGHQ�PllUl� OLVllQW\\� VXK�
WHHVVD�Ql\WWHHQ�llQLNRPSRQHQWWHLKLQ�HULWWlLQ�KDQNDODVWL�DQDO\VRLWDYDNVL��8VHLQ�Nl\WHWW\�
Ml� llQLlUV\NNHLWl� RYDW� SXKWDDW� MD� HUL� WDYRLQ�PRGXORLGXW� VLQLllQHNVHW�� HULODLVHW� NRKLQDW
VHNl�WRGHOOLVHW��llQLWWlPlOOl�VDDGXW�llQHW�

%LQDXUDDOLVLD�llQLW\NVLl�K\|G\QWlYLVVl�NXXQWHOXNRNHLVVD�Nl\WHWWlYlW�llQLQl\WWHHW�YDLKWH�
OHYDW� VHNXQQLVWD� DOOH� N\PPHQHHQ� VHNXQWLLQ�� MRV� RQ� N\VH� HUL� Ql\WWHLGHQ� YHUWDLOXVWD�
7lPlQ� YXRNVL� RQ� S\ULWWlYl� WDOOHQWDPDDQ� DLQD� WLHWW\l� WLODQQHWWD� ULLWWlYlQ� SLWNl� DLND�
MROORLQ�PLWllQ�PXXWRVWD�HL�WDSDKGX�llQLNHQWlVVl��OLLNH��NLLKG\W\V���blQLW\VWLODQWHHVVD�RQ
WlUNHll��HWWl�VDDGDDQ�WDOOHWHWWXD�PDKGROOLVLPPDQ�K\YlODDWXLVWD�PDWHULDDOLD�VLJQDDOL�NRKL�
QDVXKWHHOWDDQ� MD�NDLNNL�KlLUL|WHNLMlW�� MRLWD�NXXQWHOXNRNHHVVD�HL�DUYLRLGD�� WXOHH�HOLPLQRL�
GD��5LLSSXX�K\YLQ�SDOMRQ�NXXQWHOXNRNHHQ�OXRQWHHVWD�MD�VLVlOO|VWl��PLWl�DVLRLWD�llQLW\VWL�
ODQWHHVVD�WXOHH�S\UNLl�VDDPDDQ�HVLLQ�MD�WDOOHWHWWXD��-RV�N\VHHVVl�RQ�WXRWWHHQ�llQHQODDGXQ
DUYLRLQWL�� RQ� WlUNHll� HWWl� MXXUL� QH� PDKGROOLVHVWL� DVLDNDVWD� KlLULWVHYlW� NRODKGXNVHW� MD
YLKHOO\NVHW�WXOHYDW�QDXKDOOH�

Koehenkilöt ja testiryhmän koko

(QQHQ� NRHKHQNLO|LGHQ� YDOLQWDD� RQ� WLHGHWWlYl�� PLWl� YDVWDXVWD� KDHWDDQ� NRNHHQ� DYXOOD�
8VHLPPLVVD�NXXQWHOXNRNHLVVD�NRHKHQNLO|W�S\ULWllQ�YDOLWVHPDDQ�K\YLQ�UDMRLWHWXLVWD�MRX�
NRLVWD��.RHKHQNLO|LGHQ� I\\VLVHW� �VXNXSXROL�� LNl� MD� NXXOR�� MD� SV\\NNLVHW� � RPLQDLVXXGHW
VHNl� HOLQWDVR��� NXOWWXXUL�� MD� NRNHPXVWDXVWDW� DLKHXWWDYDW� XVHLQ� YDULDDWLRWD� NRNHLGHQ� WX�
ORNVLLQ� MD�QlLQ�ROOHQ�WXOLVL�RWWDD�KXRPLRRQ�WXORVWHQ�DQDO\\VLVVl��7XRWHllQHQODDGXQ�WXW�
NLPLVHVVD�K\Yl�HVLPHUNNL� UDMRLWHWXVWD�NRHKHQNLO|MRXNRVWD�RQ�DUYRNNDLGHQ�XUKHLOXDXWR�
MHQ�YDOPLVWDMDW��+HLOOH�NRHKHQNLO|NVL�YDOLWWXMD�\KGLVWll�\NVL�\KWHLQHQ�WHNLMl���RVWRYRLPD�
0DDWLORMHQ�LVlQWLHQ�MD�HPlQWLHQ�PLHOHVWl�WDDV�W\|VNHQWHO\�WLODOOH�KDQNLWWDYDOOD�PDDWDORXV�
WUDNWRULOOD� SLWll� ROOD� WHKRNDVWD� MD�PLHOO\WWlYll��.DXSDW� MllYlW� WHNHPlWWl�� MRV� NRHDMRVVD
RKMDDPRRQ�NXXOXX�HSlPllUlLVLl�NLWLQ|LWl�MD�VLULQ|LWl�HLNl�PRRWWRULNDDQ�NXXORVWD�NRYLQ
WHKRNNDDOWD�
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.DLNNL�LKPLVHW�HLYlW�VRYHOOX�NRHKHQNLO|LNVL�NXXQWHOXNRNHLVLLQ��+\YlQ�NRHKHQNLO|Q�WXQ�
QXVPHUNLW�YDLKWHOHYDW�MRQNLQ�YHUUDQ�VRYHOOXNVHVWD�WRLVHHQ��PXWWD�DYRLQ��VHONHlVWL�LWVHllQ
LOPDLVHYD��MRKGRQPXNDLQHQ�MD�QRUPDDOLNXXORLQHQ�KHQNLO|�RQ�SRWHQWLDDOLQHQ�YDOLQWD�

.XXQWHOXNRNHHQ�WXORVWHQ�REMHNWLLYLVXXV�YRLGDDQ�DLQD�N\VHHQDODLVWDD��5DMRLWHWWX�NRHKHQNL�
O|MRXNNR�YlKHQWll�DLQD�WXORVWHQ�NDWWDYXXWWD�

.DLNLVVD� REMHNWLLYLVXXWWD� WDYRLWWHOHYLVVD� NRNHLVVD� S\ULWllQ� VDDPDDQ� QRUPDDOLMDNDXWXQHLWD
WXORNVLD�� 7lKlQ� SllVWllQ� KHOSRVWL� VXXUHOOD� RWDQQDOOD�� PXWWD� VRSLYLHQ� NRHKHQNLO|LGHQ
SDONNDDPLQHQ�RQ�NDOOLVWD�MD�YDOLQWD�W\|OlVWl��5HOLDELOLWHHWWLD�YRLGDDQ�NDVYDWWDD�WRLVWRNR�
NHLOOD��WRLVWDPDOOD�VDPDW�Ql\WWHHW�VDWXQQDLVHVVD�MlUMHVW\NVHVVl�VDPRLOOH�NRHKHQNLO|LOOH��MD
\OHHQVl� SllVWllQ� YDUVLQ� K\YLLQ� WXORNVLLQ� MR� ������ NRHKHQNLO|Q� MRXNROOD�� 9DUVLQDLQHQ
NXXQWHOXNRHMlUMHVWHOPl� DVHWWDD� P\|V� UDMRLWXNVLD� NRHKHQNLO|MRXNROOH�� 0DKGROOLVXXV� XVHDQ
NRHKHQNLO|Q�VDPDQDLNDLVHHQ�WHVWDXNVHHQ�YlKHQWll�NRNHLVLLQ�PHQHYll�DLNDD�

0LNlOL�NXXQWHOXNRNHLWD�WHKGllQ�XVHLQ��NDQQDWWDD�KDUNLWD�NXXQWHOXNRHUDDGLQ�SHUXVWDPLVWD�
+XROHOOLVHVWL�YDOLWWX�� WHKWlYllQ�NRXOXWHWWX� �NWV�� NRHKHQNLO|LGHQ� WUHHQDXV�� MD�PRWLYRLWX�
QXW�MRXNNR�YRL�DQWDD�OXRWHWWDYDPSLD�WXORNVLD�QRSHDPPLQ�NXLQ�HULNVHHQ�NRNRRQ�NXWVXW�
WX�UDDWL�

Koehenkilöiden treenaus sekä biasointi

-RVNXV�llQLPDWHULDDOL�YDDWLL��HWWl�NRHKHQNLO|LWl�YDOPLVWHOODDQ�NRNHHVHHQ��(URW�Ql\WWHLVVl
VDDWWDYDW�ROOD�QLLQ�SLHQLl��HWWl�QLLGHQ�NXXOHPLQHQ�YDDWLL�KDUMRLWXVWD��7lOO|LQ�RQ�NXLWHQNLQ
DLQD�YDDUDQD��HWWl�NRHKHQNLO|LGHQ�PLHOLSLWHLVLLQ�YDLNXWHWDDQ�MD�WXORVWHQ�REMHNWLLYLVXXV�KHLN�
NHQHH�

0LHOLSLWHLVLLQ� YDLNXWWDPLVWD� RQ� WLHW\VVl�PLHOHVVl� ELDVRLQWL�� MROORLQ� NRHKHQNLO|LWl� HVLPHU�
NLNVL� lUV\WHWllQ� SLWlPlOOl� KHLWl� KlLULWVHYlVVl� llQLNHQWlVVl� HQQHQ� YDUVLQDLVWD� NXXQWHOX�
NRHWWD��blQHVWl�VDDWWDD�NXXOOD�KlLULWVHYLl�NRPSRQHQWWHMD�YDVWD�NXXQQHOWXDDQ�VLWl�ULLWWl�
YlQ�SLWNllQ��(VLPHUNLNVL�W\|NRQHLGHQ�PHOXQ�HYDOXRLQQLVVD�YRLWDLVLLQ�NRHKHQNLO|LWl�DMH�
OXWWDD�WHVWDWWDYDOOD�NRQHHOOD�HQVLQ�Wl\VL�W\|SlLYl�MD�WHKGl�NXXQWHOXNRH�SlLYlQ�SllWWHHNVL�
7XORNVHW�RYDW�WRGHQQlN|LVHVWL�HULODLVHW�NXLQ�LOPDQ�ELDVRLQWLD�

Koesarjat ja kokeiden kesto

.XXQWHOXNRNHHW�YDDWLYDW�NHVNLWW\PLVWl�MD�LKPLQHQ�HL�N\NHQH�NHVNLWW\PllQ�NRYLQ�SLWNllQ
VDPDDQ� DVLDDQ�� <OHHQVl� S\ULWllQ� VXXQQLWWHOHPDDQ� NRH� QLLQ�� HWWl� \KWlMDNVRLQHQ� VHVVLR
NHVWll�NRUNHLQWDDQ�SXROL�WXQWLD��7lPl�UDMRLWWDD�Ql\WWHLGHQ�PllUlQ�K\YLQ�SLHQHNVL��(VL�
PHUNLNVL� \NVLQNHUWDLVHVVD� �SDULYHUWDLOXVVD� HKGRWRQ�PDNVLPLOXNXPllUl� YLLGHQ� VHNXQQLQ
PLWWDLVLOOH� Ql\WWHLOOH� RQ� N\PPHQHQ� Ql\WHWWl�� MRV� Ql\WWHHW� NXXQQHOODDQ� �NDLNNL� YDVWDDQ
NDLNNL�PROHPPLQSlLQ���SHULDDWWHHOOD�����Ql\WHSDULD��

������������������������������������������������

� .XXQQHOODDQ NDNVL Ql\WHWWl SHUlNNlLQ MD YDVWDWDDQ WRLVHQ Ql\WWHHQ VRSLYDQ SDUHPPLQ DQQHWWXXQ NX�
YDXNVHHQ� (ULNRLVWDSDXV YDOLQWDPHQHWHOPLVWl �HQJO� IRUFHG FKRLFH PHWKRGV��
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7LODVWROOLVHQ�DQDO\\VLQ�KHOSRWWDPLVHNVL�SLWlLVL�DLQD�YDOLWD�NXXQWHOXNRHQl\WWHLVWl�N\V\WWl�
YlNVL�VHOODLVLD�RPLQDLVXXNVLD��MRWND�YRLGDDQ�KHOSRVWL�NYDQWLVRLGD��DVHWWDD�MROOHNLQ�VXKGH�
DVWHLNROOH���$LQD� WlPl�HL�ROH�PDKGROOLVWD� MD� WlOO|LQ� MRXGXWDDQ�Nl\WWlPllQ� HL�SDUDPHWULVLD
WLODVWROOLVLD� DQDO\\VLPHQHWHOPLl� �NDWVR�NDSSDOH��������� MRLGHQ� WHKRNNXXV� �HQJO�� SRZHU�� HL�ROH
QLLQ�K\Yl�NXLQ�SDUDPHWULVLVVD�PHQHWHOPLVVl�

Koejärjestelyt

.RNHLVVD� WDUYLWDDQ� WRLVWRMD�� MRWWD� VDDGDDQ� VHOYLOOH� VDWXQQDLVYDLKWHOX�� 7lPl� WDUNRLWWDD
VLWl�� HWWl� VDPD� NRH� RQ� WHKWlYl� XVHDOOH� NRH\NVLN|OOH� �HVLP�� KHQNLO|OOH� WDL� U\KPlOOH��
.RHMlUMHVWHO\LVVl�YHUWDLOODDQ�HUL�NlVLWWHO\MHQ�YDLNXWXVWD�WXWNLWWDYDDQ�PXXWWXMDDQ��.lVLWWHO\W
RYDW�IDNWRUHLWD�HOL��VHOLWWlYLl�PXXWWXMLD�MD�VHOODLVLD�YRLYDW�ROOD�HVLPHUNLNVL�WLHW\Q�llQHNVHQ
SRLVWDPLQHQ� NXXQWHOXNRNHHQ�KHUlWWHHVWl� WDL� NRHKHQNLO|Q� ELDVRLQWL��.lVLWWHO\MHQ� MlUMHV�
W\NVHOOl� VDDWWDD� ROOD� YDLNXWXVWD� WXORNVHHQ�� MRWHQ� MRV� NRH\NVLN|LOOH� WHKGllQ� XVHLWD� HUL
NlVLWWHO\Ml�� RQ� HUL� NRH\NVLN|LOOH� YDOLWWDYD� HUL� NRNHHQWHNRMlUMHVW\V�� <OHHQVl� NXXQWHOXNR�
NHHW�SLGHWllQ�DDPXLVLQ��NXQ�NRHKHQNLO|W�RYDW�OHYlQQHLWl�MD�KHLGlQ�NXXORQVD�KHUNLPPLO�
OllQ��.RNHHQ�WDUNRLWXV�PllUll�NXLWHQNLQ��PLNl�RQ�NRHKHQNLO|LGHQ�YLUNH\VWLOD�NRHKHWNHO�
Ol��0LNlOL� NRNHLWD� WHKGllQ� XVHDQD� HUL� DMDQNRKWDQD�� SLWll� YLUNH\VWLOD� RWWDD� WLODVWROOLVHHQ
DQDO\\VLLQ�PXNDDQ�\KWHQl�WHNLMlQl�

6DWXQQDLVWDPLQHQ�YlKHQWll�V\VWHPDDWWLVWD�YLUKHWWl��6DWXQQDLVWDPLQHQ�WDUNRLWWDD��HWWl�NRH�
\NVLN|W� MDHWDDQ�VDWXQQDLVHVWL�HUL�NlVLWWHO\U\KPLLQ��6DPDVVD�NRHDVHWHOPDVVD�YRLGDDQ� WXW�
NLD� XVHDQ� HUL� WHNLMlQ� YDLNXWXVWD� VHOLWHWWlYllQ� PXXWWXMDDQ�� .RH\NVLN|W� MDHWDDQ� WlOO|LQ
XVHDDQ�U\KPllQ��(VLPHUNLNVL�� MRV�PHLOOl�RQ�NDNVL�NlVLWWHO\l�� MRLGHQ�YDLNXWXVWD�KDOXWDDQ
WXWNLD��MDHWDDQ�NRH\NVLN|W�YlKLQWllQ�NROPHHQ�U\KPllQ��NRQWUROOLU\KPl�����NlVLWWHO\U\K�
Pl�MD����NlVLWWHO\U\KPl��5\KPLLQMDNRD�NXWVXWDDQ�ORKNRPLVHNVL��.RH\NVLN|W�YRLGDDQ�MDNDD
U\KPLLQ�XVHDQ�HUL�WHNLMlQ�VXKWHHQ��/RKNRPLQHQ�YlKHQWll�NRH\NVLN|LGHQ�PXRGRVWDPLHQ
U\KPLHQ�VLVlLVWl�YDLKWHOXD�

.ODVVLQHQ�NRHMlUMHVWHO\�RQ�\NVLQNHUWDLQHQ�HVLPHUNNL�NRHMlUMHVWHO\Q�WRWHXWWDPLVHVWD��.lVLWWH�
O\Ml� RQ� NDNVL�� WXWNLWWDYD� NlVLWWHO\� MD� SODFHER�� 0LWWDXNVLD� RQ� NDNVL�� DONXPLWWDXV�� MROOD
NRQWUROORLGDDQ� OlKW|WDVR� MD� ORSSXPLWWDXV�� MRKRQ� NlVLWWHO\Q� DUYHOODDQ� YDLNXWWDYDQ��.RH
WHKGllQ� NRH\NVLN|LOOH� YDLQ� NHUUDQ�� .ODVVLQHQ� NRHMlUMHVWHO\� YRLGDDQ� HVLWWll� VHXUDDYLHQ
YDLKHLGHQ�DYXOOD��$ONXPLWWDXNVHVVD�PLWDWDDQ� WXWNLWWDYDW�PXXWWXMDW�NDLNLOWD�NRH\NVLN|LOWl�
7lPlQ� MlONHHQ� VXRULWHWDDQ� U\KPLLQMDNR�� MRVVD� NRH\NVLN|W� MDHWDDQ� NRH�� MD� YHUWDLOXU\K�
PllQ�� -DNR� YRL� WDSDKWXD� DUSRPDOOD�� �VDWXQQDLVWDPLQHQ��� $ONXPLWWDXNVHQ� WXORNVLD� YRL�
GDDQ�Nl\WWll�K\YlNVL�U\KPLHQ�PXRGRVWDPLVHVVD��VLOOl�WDYRLWWHHQD�RQ�VDDGD�VDPDQNDOWDL�
VHW�U\KPlW��.lVLWWHO\VVl�NRHU\KPl�NlVLWHOOllQ�WXWNLPXNVHQ�NRKWHHQD�ROHYDOOD�NlVLWWHO\OOl�
9HUWDLOXU\KPlOOH� DQQHWDDQ� SODFHERNlVLWWHO\� VLWHQ�� HWWHLYlW� NRH\NVLN|W� WLHGl� PLKLQ
U\KPllQ� NXXOXYDW� MD� HWWHL� WlPl� YDLNXWWDLVL� WXWNLPXVWXORNVHHQ��/RSSXPLWWDXNVHVVD� PLWD�
WDDQ�WXWNLWWDYDW�PXXWWXMDW�XXGHOOHHQ��/RSXNVL�WHKGllQ�MRKWRSllW|V��MRV�NRHU\KPlQ�WXORN�
VHW�RYDW�PXXWWXQHHW�NHVNLPllULQ�HQHPPlQ�NXLQ�YHUWDLOXU\KPlQ�WXORNVHW��RQ�NlVLWWHO\OOl
YDLNXWXVWD�WXWNLWWDYLLQ�PXXWWXMLLQ�
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2.4 VBinauraalinen äänitys- ja toistotekniikka

%LQDXUDDOLVWD�llQLW\VWl�WHKGHVVl�S\ULWllQ�llQLNHQWWl�WDOOHQWDPDDQ�DLVWLOOLVHVWL�DXWHQWWLVHO�
OD�WDYDOOD�MD�WRLVWRWHNQLLNDOOD�V\QQ\WWlPllQ�VDPD�llQLNHQWWl�DNXVWLVHVWL�HULODLVLVVD�WLORLVVD
HUL�KHQNLO|LOOH��7lOODLVHOOH�RQ�Nl\WW|l�HVLP��YLLKGHWHNQRORJLDQ��NRXOXWXNVHQ�� WLHWHHOOLVHQ
WXWNLPXNVHQ��GRNXPHQWRLQQLQ� MD�YDOYRQQDQ�SDOYHOXNVHVVD��%LQDXUDDOLVLD� llQLWWHLWl�YRL�
GDDQ� YHUUDWD� P\|V� VXRUDDQ� HVLPHUNLNVL� $�%� �NRNHLOOD�� PLNl� RQ� \OHHQVl� PDKGRWRQWD
RLNHLGHQ�llQLOlKWHLGHQ�ROOHVVD�N\VHHVVl�

2.4.1 VLaitteisto

+HQNLO|NRKWDLVWHQ�ELQDXUDDOLVWHQ�llQLWWHLGHQ�WXRWWDPLQHQ�HL�YDDGL�PLWllQ�HULW\LVODLWWHLV�
WRD�HLNl�WHNQLLNDQ�V\YlOOLVHPSll�WXQWHPXVWD��7DUYLWDDQ�YDLQ�SLHQHW�PLNURIRQLW��ODDGXNDV
WDOOHQQLQ��HVLPHUNLNVL�'$7�QDXKXUL��MD�NXXORNNHHW�WRLVWRWLODQQHWWD�YDUWHQ�

7LODQQH� YDLNHXWXX� KXRPDWWDYDVWL�� NXQ� N\VHLVLOOl� llQLWWHLOOl� SLWlLVL� WXRWWDD� DXWHQWWLQHQ
WRLVWR�XVHDPPLOOH�KHQNLO|LOOH��blQLW\V�WXOHH�WHKGl�WDUNNDDQ�YDOLWXOOD�SllOOl��K\Yl��ORNDOL�
VRLQWLSll���� \OHHQVl� NHLQRSllOOl� �.XYD� ����� MD� MRNDLVHOOH� NXXQWHOLMDOOH� MRXGXWDDQ
ODVNHPDDQ� MD� WRWHXWWDPDDQ� NRUMDXVVXRWLPHW�� 7lQl� SlLYlQl� LWVH� VLJQDDOLQ� HNYDOLVRLQWL
�NDSSDOH� ������� RQQLVWXX� WRLVWRWLODQWHHVVD� UHDDOLDLNDLVHVWL� XVHDPPDOOHNLQ� KHQNLO|OOH
VDPDQDLNDLVHVWL�WHKRNNDLGHQ�VLJQDDOLSURVHVVRULHQ�DQVLRVWD�

Kuva 2.4 <NVL VXXULPPLVWD ELQDXUDDOLVHQ WXWNLPXNVHQ UDKRLWWDMLVWD RQ DXWRWHROOLVXXV� blQHQ KlLULW�
VHY\\V MD ODDWX RQ QRXVHPDVVD WlUNHLPPlNVL WXWNLPXNVHQ NRKWHHNVL�

.HLQRSll�WXOHH�YDOLWD�Nl\WW|WDUNRLWXNVHQ�PXNDDQ��0LNlOL� WXWNLPXV� WDSDKWXX�SllDVLDVVD
ODERUDWRULRVVD�� HL� VLJQDDOLQ� SURVHVVRLQWLD� WDUYLWD� LPSOHPHQWRLWXQD��.HQWWlRORVXKWHLGHQ
HYDOXRLQWLD�YDUWHQ�RQ�NHLQRSlLWl��MRLVVD�RQ�ODDGXNDV�WDOOHQQLQ�MD�WDUYLWWDYDW�HNYDOLVRLQQLW
VLVllQUDNHQQHWWXQD��0LNlOL� VXXQWDNXXORQ� DUYLRLQWL�RQ�NULLWWLVWl� NXXQWHOXNRNHLVVD�� WXOHH
RWWDD� KXRPLRRQ� RONDSlLGHQ� MD� \OlYDUWDORQ� RVXXV�� (WX�� MD� WDNDHURWWHOXN\Y\Q� RVDOWD
YDLNXWXV�RQ�±��G%�\OlYDUWDORQ�RVDOWD�MD�±���G%�RONDSlLGHQ�RVDOWD��*HQXLW��������
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Tosipää

3DUDVNDDQ� NHLQRSll� HL� ROH� QLLQ� K\Yl� KHQNLO|NRKWDLVHQ� ELQDXUDDOLVHQ� llQLWWHHQ� YDOPLV�
WXNVHHQ� NXLQ� NXXQWHOLMDQ� RPD� Sll� �0¡OOHU� HW� DO��� ������� <NVL� YDLKWRHKWR� RQ� MlUMHVWll
NXXQWHOXNRH�K\YlQ� �llQLW\VSllQ�� O|\WlPLVHNVL� �0¡OOHU� HW� DO��� �������3DUKDDQ� ORSSXWX�
ORNVHQ� VDDYXWWDPLVHNVL� WRLVWRWLODQWHHVVD� MRNDLVHOOH� NXXQWHOLMDOOH� WHKGllQ� \NVLO|OOLVHW� HN�
YDOLVRLQQLW��MRWHQ�XVHLPPLVVD�WDSDXNVLVVD�WRVLSll�VRYHOWXX�HULWWlLQ�K\YLQ�llQLW\NVLLQ�

7RVLSll�llQLW\NVHVVl�RQ�PRQLD� HWXMD� NHLQRSll�llQLW\NVLLQ��blQLW\V� YRLGDDQ� WHKGl�KHO�
SRVWL�P\|V� OLLNNXYDVVD�NRKWHHVVD��$LQRDVWDDQ� OLLNNXPLVHQ� ODDWX�YRL� WXRWWDD�RQJHOPLD� �
WlULQlQNHVWlYlW� WDOOHQQXVODLWWHHW� RYDW� YDUVLQ� NDOOLLWD�� 7XWNLWWDYDQ� NRKWHHQ�� HVLPHUNLNVL
NXONXQHXYRQ�� NXOMHWWDMDQ� NRUYLLQ� YRLGDDQ� ODLWWDD� SLHQHW�PLNURIRQLNDSVHOLW� MD� NXOMHWWDMD
YRL�W\|VNHQQHOOl�YDSDDVWL�VDPDQDLNDLVHVWL�NXQ�llQL\PSlULVW|�WDOOHQQHWDDQ�ELQDXUDDOLVHVWL
KlLULWVHPlWWl�llQLNHQWWll�llQLW\VODLWWHLVWROOD�

7lPlQ�KHWNHQ�SDUKDLWD�PLNURIRQHMD�WRVLSll�llQLW\NVLVVlNLQ�RYDW�NRQGHQVDDWWRULPLNUR�
IRQLNDSVHOLW��.XYD�������1H�YDDWLYDW�SRODULVDDWLRMlQQLWWHHQ��SKDQWRP���MRQND�MlUMHVWlPLQHQ
YRL�MRVNXV�WXRWWDD�RQJHOPLD��7RVLSllOOl�WHKGllQ�llQLW\NVLl�HUL�NRKGLOWD�NRUYDNl\WlYlOWl�
6RQGLPLNURIRQLW� PDKGROOLVWDYDW� llQLW\NVHQ� WHRQ� MRSD� WlU\NDOYRQ� YlOLWW|PlVWl� OlKHLV\\�
GHVWl�

ekvalisointi

Kuva 2.5 %LQDXUDDOLQHQ llQLW\V VRQGLPLNURIRQLQ DYXOOD WRVLSllVWl� 6DPD KHQNLO| NXXQWHOHH llQLW\N�
VHQ� MRWHQ WDUYLWDDQ YDLQ NXXORNNHLGHQ HSlLGHDDOLVXXGHW NRUMDDYD HNYDOLVRLQWL�

Sondimikrofonit

<NVLQNHUWDLVLQ�ODLWWHLVWR�Wl\GHOOLVHHQ�ELQDXUDDOLVHHQ�llQLW\NVHHQ�MD�WRLVWDPLVHHQ�NlVLWWll
PLNURIRQLW�� NXXORNNHHW�� llQHQWDOOHQQXVYlOLQHHQ� VHNl� NXXORNH�HNYDOLVRLQWLVXRWLPHQ
�.XYD�������.XPSDDQNLQ�NRHKHQNLO|Q�NRUYDDQ�WXOHYDW�llQLSDLQHDDOORW�WDOOHQQHWDDQ�VRQ�
GLPLNURIRQHLOOD� �NXWVXWDDQ� P\|V� SUREHPLNURIRQHLNVL�� MD� P\|KHPPLQ� WRLVWHWDDQ� VDPDOOH
KHQNLO|OOH� WDUNRLWXNVHQPXNDLVHQ� HNYDOLVRLQQLQ� MlONHHQ�� 6RQGLPLNURIRQL� RQ� RKXW� ���
��PP� XONRKDONDLVLMDOWDDQ�� SXWNL� MD� VHQ� SllVVl� ROHYD� SLHQL� PLNURIRQLNDSVHOL�� 3XWNL
YRLGDDQ�W\|QWll�P\|V�DLYDQ�WlU\NDOYRQ�OlKHOOH�

Keinopää

.HLQRSlLOOl�RQ�PRQLD�Nl\WlQQ|Q�HWXMD� WRVLSlLKLQ�YHUUDWWXQD�XVHLPPLVVD� VRYHOOXNVLVVD�
1H� PDKGROOLVWDYDW� HVLPHUNLNVL� UHDDOLDLNDLVHQ� llQLWDUNNDLOXQ� I\\VLVHVWL� HUL� SDLNDVVD�
7l\W\\�NXLWHQNLQ�SLWll�PLHOHVVl�� HWWl�NHLQRSllW�RQ�PXRWRLOWX� MD� VXXQQLWHOWX� W\\SLOOLVHQ
NHVNLYHUWRLKPLVHQ�PXNDDQ��1LLGHQ� VXXQWDDYXXVRPLQDLVXXGHW� HURDYDW� \OHHQVl� \NVLWWlL�
VHQ� NXXQWHOLMDQ� RPLQDLVXXNVLVWD�� 7lPl� WRVLVHLNND� YRL� KXRQRQWDD�PHUNLWWlYlVWL� NXXOR�
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HOlP\NVHQ�DXWHQWWLVXXWWD��<OHLVLPPLQ�HVLLQW\YlW�YLUKHHW�RYDW�llQHQ�YlULWW\PLQHQ�MD�HWX�
WDNDHURWWHOXQ� VHNRLWWXPLQHQ�� +HQNLO|NRKWDLVHW� VllG|W� RYDW� YDLQ� RVLWWDLQ� PDKGROOLVLD�
QLPLWWlLQ� HNYDOLVRLPDOOD� NXXORNNHHW� MRNDLVHOOH� NXXQWHOLMDOOH� HULNVHHQ�� 7lPlQ� YXRNVL
HNYDOLVDDWWRUL� MRXGXWDDQ� MDNDPDDQ� NDKWHHQ� NRPSRQHQWWLLQ�� SllHNYDOLVDDWWRULLQ� ���� MD
NXXORNH�HNYDOLVDDWWRULLQ�����

ekvalisointiekvalisointi

1 2

Kuva 2.6 %LQDXUDDOLQHQ llQLW\V NHLQRSllOOl� 3ll� ��� MD NXXORNHNRUMDLQ ����

/LLW\QWl�QlLGHQ�NDKGHQ�YlOLOOl�PDKGROOLVWDD�KLHPDQ�YDOLQQDQ�YDSDXWWD��2Q� VHOYll�� HWWl
KHQNLO|NRKWDLVHW� VllG|W� NRNR� MlUMHVWHOPlVVl� �OXNXXQRWWDPDWWD� \NVLWWlLVWl� llQHQ� WXOR�
VXXQWDD��RYDW�PDKGRWWRPLD��HOOHLYlW�VLWWHQ�NHLQRSllQ�MD�NXXQWHOLMDQ�SllQ�VLLUWRIXQNWLRW
ROH�LGHQWWLVLl�

Talletuslaitteisto

.l\WHW\LQ� WDOOHQQXVIRUPDDWWL� RQ� QDXKD�� '$7�QDXKXULQ� RPLQDLVXXGHW� ULLWWlYlW� OlKHV
NDLNNLHQ� NXXQWHOXNRNHLVVD� Nl\WHWWlYLHQ� Ql\WWHLGHQ� WDOOHQWDPLVHHQ�� /DERUDWRULR�ROR�
VXKWHLVVD�HULQRPDLQHQ�NHLQR�RQ�NRYDOHY\WDOOHQQXV��1\N\LVLQ�RQ�VDDWDYLOOD�K\YLQNLQ�ODD�
GXNNDLWD����ELWWLVLl�NRRGHNNHMD�HUL�WLHWRNRQHLOOH��.HQWWlNl\W|VVl�DLQRDNVL�YDLKWRHKGRNVL
Mll�'$7��MD�VHQNLQ�WlULQlQ��MD�S|O\QVLHWRN\Y\W�MRXWXYDW�NRYDOOH�NRHWXNVHOOH�

Signaalinkäsittely

8VHLQ� VLJQDDOHMD� NXPSDDQNLQ� NXXOLMDQ� NRUYDDQ� PLWDWDDQ� MD� NlVLWHOOllQ� WLHWRNRQHHOOD
�.XYD� ������ 6LJQDDOLQNlVLWWHO\ODLWWHLOOD� W\|VWHWllQ� llQLWHWW\Ml� VLJQDDOHMD�� 9DLNND� UHDDOLDL�
NDLQHQ�VLJQDDOLQNlVLWWHO\�HL�ROH�WDUSHHOOLVWD�XVHLPPLVVD�VRYHOOXNVLVVD��WRVLDLNDLQHQ�WRLVWR
RQ�YlOWWlPlW|QWl��0XXQQHOWXMD�MD�PXXQWHOHPDWWRPLD�VLJQDDOHMD�YRLGDDQ�WDUNNDLOOD�MRNR
VLJQDDOLDQDO\VDDWWRULOOD�WDL�ELQDXUDDOLVHOOD�NXXQWHOXOOD�

ekvalisointiekvalisointi

DSP

Kuva 2.7 .HLQRSllMlUMHVWHOPl VLJQDDOLQ NlVLWWHO\� MD DQDO\VRLQWLPDKGROOLVXXNVLOOD�



%LQDXUDDOLVHQ�WHNQLLNDQ�SHUXVWHLWD

��

Muut keinot binauraalisten äänitteiden tuottamiseksi

.XXQWHOXNRNHLVVD�Nl\WHWllQ�P\|V�NHLQRWHNRLVHVWL�WHKW\Ml�ELQDXUDDOLVLD�llQLQl\WWHLWl��1H
YDDWLYDW�SDOMRQ�PRQLPXWNDLVHPPDQ� ODLWWHLVWRQ��6LJQDDOHMD�HL� HQll� WDOOHQQHWD�NRHKHQNL�
O|Q�NRUYLVWD� WDL� NHLQRSllVWl�� YDDQ�QH�RQ� llQLWHWW\� WDL� MRSD� JHQHURLWX� LOPDQ� NRUYDQ� WDL
NHLQRNRUYDQ� YDLNXWXVWD�� .l\WHWllQ� HVLPHUNLNVL� NDLXWWRPLD� llQLWWHLWl� WDYDQRPDLVLOOD
VWXGLRPLNURIRQHLOOD�� ,KPLVNRUYDQ� V\QQ\WWlPlW� OLQHDDULVHW� VXRGDWWLPHW� YRLGDDQ� VDDGD
DLNDDQ�VlKN|LVHVWL�+57)�LOOl��VlKN|LQHQ�NHLQRSll���-lUMHVWHOPl�WDUYLWVHH�WLHWRD�llQLNHQ�
WlQ� JHRPHWULDVWD� SllQ� VLLUWRIXQNWLRQ� PllULWWlPLVHNVL� MRNDLVHOOH� llQHQ� WXORVXXQQDOOH�
7\\SLOOLVHVVl� VRYHOOXNVHVVD�� NXWHQ� KXRQHDNXVWLLNNDVXXQQLWWHOXVVD�� MlUMHVWHOPl� VLVlOWll
KXRQHHQ� JHRPHWULDDQ� SHUXVWXYDQ� llQLNHQWWlVLPXORLQQLQ�� PDWHULDDOLHQ� DEVRUSWLR�RPL�
QDLVXXGHW�VHNl��llQLOlKWHLGHQ�SDLNDW�MD�VXXQWDDYXXVRPLQDLVXXGHW��blQLNHQWlQ�PDOOLQWD�
PLVHQ�MlONHHQ�´VlKN|LQHQ�NHLQRSllµ�N\NHQHH�WXRWWDPDDQ�ELQDXUDDOLVLD�LPSXOVVLYDVWHLWD�
1lLGHQ� LPSXOVVLYDVWHLGHQ� NRQYROXXWLR� NDLXWWRPLHQ� llQLVLJQDDOLHQ� NDQVVD� VDD� DLNDDQ
ELQDXUDDOLVLD� VLJQDDOHMD�� MRLWD� KHQNLO|� YRLVL� NXXOOD� YDVWDDYDVVD� RLNHDVVD� KXRQHHVVD�
0HQHWHOPll�NXWVXWDDQ�XVHLQ�ELQDXUDDOLVHNVL�KXRQHVLPXORLQQLNVL�

7LODQWXQQXQ� VlLO\WWlPLVHQ� NDQQDOWD� RQ� WlUNHll� VDDGD� NRHKHQNLO|OOH� DLNDDQ� YDLNXWHOPD�
HWWl�KlQ�RQ� NXXOHPDVVDDQ� llQLNHQWlVVl��7RLVLQ� VDQRHQ�� NXQ�KHQNLO|� OLLNXWWDD� SllWllQ�
KDYDLWXQ�DXGLWRULVHQ�PDDLOPDQ�WXOLVL�VLLWl�KXROLPDWWD�VlLO\WWll�WLODLOOXXVLR��6LPXORLQWLV\V�
WHHPLQ�WXOHH�VLWHQ�WLHWll�SllQ�DVHQWR�N\HWlNVHHQ�PXXWWDPDDQ�LPSXOVVLYDVWHLWD�ULLWWlYlV�
WL�� 3llQ� DVHQQRQ� LOPDLVLPHW� RQ� WlVWl� V\\VWl� OLVlWWlYl� MlUMHVWHOPllQ�� 9DLNXWHOPD� WLODVVD
ROHPLVHVWD�RQ�HULWWlLQ�WlUNHl�YLUWXDDOLWRGHOOLVXXVVRYHOOXVWHQ�RVD�DOXH�

Kuulokevahvistimet ja kuulokkeet

7RLVWRWLODQWHHVVD�WDUYLWDDQ�\OHHQVl�HULW\LQHQ�NXXORNHYDKYLVWLQ��MRWWD�VDDGDDQ�NRNR�G\QD�
PLLNND�NXXORNNHLVLLQ��.XXORNHOLLWlQQlW�WDYDOOLVLVVD�YDKYLVWLPLVVD�WDL�WRLVWRODLWWHLVVD��MRSD
KLJK�HQG��PDOOHLVVD��RYDW�\OHHQVl�DOLPLWRLWHWWXMD��VLOOl�VH�RPLQDLVXXV�HL�ROH�MXXUL�NRVNDDQ
HQVLVLMDLQHQ� IXQNWLR�� -RWNXW� NXXORNHYDKYLVWLPHW� Nl\WWlYlW� OXRNDQ�$� N\WNHWW\l� SllWHDV�
WHWWD��MRND�DQWDD�SDUKDDQ�WXORNVHQ���WRVLQ�KXRQROOD�K\|W\VXKWHHOOD��VXXUL�YLUUDQNXOXWXV��
8VHLWD� PDOOHMD� RQ� VDDWDYLOOD� HUL� YDOPLVWDMLOWD� NXWHQ� +HDG5RRP�� 0F&RUPDFN�� 0HORV�
.UHOO��$.*��(DU0D[�MD�%HKULQJHU�

.XXORNNHLGHQ�PHUNLW\VWl�HL�SLGl�YlKHNV\l��.XXORNH�HNYDOLVRLQQLW�WXOHH�WHKGl�MRNDLVHOOH
NXXORNHW\\SLOOH� HULNVHHQ�� .XXORNNHHW� HLYlW� VDD� P\|VNllQ� KlLULWl� NRUYDVWD� XORVSlLQ
QlKWlYll� DNXVWLVWD� LPSHGDQVVLD� �NDWVR� )(&�NXXORNNHHQ� PllULWHOPl� NDSSDOHHVVD� �����
VLYXOOD� ��� �0¡OOHU� HW� DO��� ����D���6XOMHWXW�NXXORNNHHW� WRWHXWWDYDW� KDUYRLQ� WlPlQ� HKGRQ�
(UL� NXXORNNHLGHQ� VRYHOWXYXXGHVWD� ELQDXUDDOLVHHQ� NXXQWHOXXQ� NULWHHULOOl� DYRLPXXV� RQ
WHKW\�P\|V�WXWNLPXV��0¡OOHU�HW�DO���������

2.4.2 VÄänitys tosipäällä

blQLW\NVHW� LKPLVSllOOl� YRLGDDQ� MDNDD� NROPHHQ� HULODLOOD� NlVLWHOWlYllQ� WDSDXNVHHQ�� WlU\�
NDOYROWD��NRUYDNl\WlYlQ�VXXOWD�MD�VXOMHWXQ�NRUYDNl\WlYlQ�VXXOWD��NDSSDOH���������.RUYD�
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Nl\WlYl� VXOMHWWXQD� NRUYDNl\WlYlQ� VXXOWD� WDOOHQQHWWXLKLQ� VLJQDDOHLKLQ� VLVlOW\\� NDLNNHLQ
YlKLWHQ�VXEMHNWLLYLVWD�VlU|l��0¡OOHU��������

$OKDLQHQ�KHUNN\\V�MD�VLWHQ�KXRQR�VLJQDDOLNRKLQDVXKGH�RQ�XVHLQ�RQJHOPD�SLHQLVVl�PLN�
URIRQHLVVD�� /LVlNVL� QLLGHQ� G\QDPLLNND� HL� ROH� ULLWWlYl� NDLNNLLQ� llQLW\NVLLQ��.XXQWHOXNR�
NHLVVD�Nl\WHWWlYl�G\QDPLLNND�DOXH�RQNLQ�PllULWHWWlYl�DLQD�HWXNlWHHQ�MD�QlLQ�YDOPLVWHOWD�
YD� llQLW\V� VLWl� VLOPlOOl� SLWlHQ�� 7RLVDDOWD� WDOOHQQLQODLWWHLOODNDDQ� HL� N\HWl� WRLVWDPDDQ
LKPLVNRUYDQ�KDOOLWVHPLD�YDOWDYLD�G\QDPLLNNDHURMD��QRLQ�����G%���/LVlNVL�SLHQLHQ�PLNUR�
IRQLHQ�NDOLEURLQWL�YRL�WXOOD�RQJHOPDNVL�

0\|V� llQLW\NVHQ� WDUNNDLOXQ� YDLNHXV� RQ� RQJHOPD� WRVLSll�llQLW\NVLVVl�� <NVL� YDLKWRHKWR
ROLVL� Nl\WWll� SLHQWl� UDGLROlKHWLQWl� llQLWWlYlQ� KHQNLO|Q�PXNDQD� MD� YDUVLQDLQHQ� VLJQDDOL
WDOOHQQHWWDLVLLQ�WDUNNDDPRVVD��MRVVD�ROLVL�YDVWDDQRWLQ�

Kuva 2.8 0LNURIRQL Mll NRUYDNl\WlYlQ DXNRQ WDVDOOH� .RUYDNl\WlYl VXOMHWDDQ WXOSDOOD�

Mikrofonit erilaisille päille

<NVLO|LGHQ� YlOLOOl� RQ� VXXULDNLQ� HURMD�� .RUYDW� RYDW� HULPDOOLVLD� MD� HULNRNRLVLD�� 0LNlOL
llQLW\NVLl�WRLVWHWDDQ�VDPRLOOD�KHQNLO|LOOl�XVHLQ��SDUDV�WDSD�ROLVL�YDODD�NXOOHNLQ�\NVLO|OOLVHW
NRUYDWXOSDW�� MRLKLQ�PLNURIRQLW� XSRWHWWDLVLLQ��1lLQ�PLNURIRQLQ� VLMRLWXV�ROLVL� DLQD� WDUNND
MD�QH�S\V\LVLYlW�SDUHPPLQ�SllVVl��.XYD������
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Kuva 2.9 7RVLSll�llQLW\NVLVVl Nl\WHWW\ 6HQQKHLVHULQ SDLQHPLNURIRQLNDSVHOL NRUYDWXOSDVVD�

2.4.3 VÄänitys keinopäällä

.HLQRSllOOl�llQLWWlPLVWl�NRVNHYDW�VDPDW�I\VLLNDQ�ODLW�NXLQ�WRVLSllWl��blQLW\NVHVVl�WXOHH
RWWDD�VDPDW�DVLDW�KXRPLRRQ��.HLQRSlLKLQ�RQ�XVHLQ�LQWHJURLWX�VXRGLQWHQ�OLVlNVL�PXLWDNLQ
Nl\WW|NHOSRLVLD�RPLQDLVXXNVLD��QDXKDOOH�YRL�WDOOHQWDD�HVLP��llQLWHWWlYlQ�NRQHHQ�NLHUURV�
OXYXW�WDNRPHWULQ�DYXOOD��7lVWl�RQ�K\|W\l�VLJQDDOLDQDO\\VLD�WHKGHVVl��-RNDLVHOOD�YDOPLVWD�
MDOOD� RQ� RPD� Nl\WW|OLLWW\PlQVl� MD� NHLQRSllQ�PXNDQD� WXOHH� \NVLW\LVNRKWDLVHW� Nl\WW|RK�
MHHW�

2.4.4 VEkvalisoinnit

9DLNND� LKPLVHW� RYDW� K\YLQ� KlPPlVW\QHLWl� ELQDXUDDOLVWHQ� llQLW\VWHQ� DXWHQWWLVXXGHVWD
\OHHQVl�� � ORNDOLVRLQWL�KHLNNHQHH�KXRPDWWDYDVWL� MD�HWlLV\\GHQ�DUYLRLQQLVVD� WXOHH�YLUKHLWl�
PLNlOL�NXXQQHOODDQ� WRLVHQ�KHQNLO|Q�SllOOl�llQLWHWW\Ml�ELQDXUDDOLVLD� llQLWWHLWl� �0¡OOHU� HW
DO�������F���+XGGH���������.XXORNNHLGHQ�NXQQROOLVHVWD�HNYDOLVRLQQLVWD�HL�\OHHQVl�YlOLWH�
Wl��(NYDOLVRLQWL�RQ�WDUSHHQ�NRUMDDPDDQ�PLNURIRQHLVVD��WDOOHQQXVNDOXVWRVVD�VHNl�NXXORN�
NHLVVD�V\QW\QHHW�OLQHDDULVHW�YllULVW\PlW��blQLW\VSllQ�VXXQQLWWHOXXQ�Nl\WHWllQ�SDOMRQ�DL�
NDD�MD�UDKDD��PXWWD�llQHQWRLVWRQ�YDDWLYXXWWD�RQ�DOLDUYLRLWX�MR�ROHPDVVD�ROHYDQD�WHNQLLN�
NDQD�

.HLQRSlLGHQ� HNYDOLVRLQWLSURVHVVRUHLOOH� RQ� XVHLQ� VDDWDYDQD� PXLWDNLQ� NXLQ� SXKWDLWD
YDSDDNHQWWl��MD�GLIIXXVLNHQWWlNRUMDLPLD��8VHLQ�QlPl�RYDW�HGHOOLVWHQ�YDULDDWLRLWD�MRLOODNLQ
HULW\LVSLLUWHLOOl�� 1HXPDQQ�Q� MD� +HDG� $FRXVWLFV�Q� NHLQRSlLKLQ� O|\W\\� P\|V� NRUMDLQ
VXRUDDQ�VWHUHRNDLXWLQNXXQWHOXXQ�

+\Yl� ORNDOLVRLQWL� YRLGDDQ� VDDYXWWDD� YDLQ� KRULVRQWDDOLWDVRVVD��PLNlOL� HL� Nl\WHWl� KHQNLO|�
NRKWDLVLD�+57)�Ll��:LJKWPDQ�HW�DO��������

Kuuloke-ekvalisoinnit

.XXORNH�HNYDOLVRLQQLW�YRLGDDQ�KHOSRVWL�PLWDWD�VXRUDDQ��6LLUWRIXQNWLR�RQ
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PLVVl�(NXXORNH�RQ�MlQQLWH�NXXORNHOLLWlQQlVVl�MD�3NRUYD�RQ�MlQQLWHWWl�YDVWDDYD�llQLSDLQH�VLLQl
VDPDVVD� SLVWHHVVl� NRUYDNl\WlYlOOl�� PLQQH� HNYDOLVRLQWL� KDOXWDDQ� WHKGl�� .l\WlQQ|VVl
WlPl�VDDGDDQ�PLWWDDPDOOD�N\VHLVHHQ�SLVWHHVHHQ�NRUYDNl\WlYlOOH�VLMRLWHWXQ�PLNURIRQLQ�\OL
YDOOLWVHYD� MlQQLWH�(PLNURIRQL�� 7lVVl� \KWH\GHVVl� LVRW� �FDSLWDO�� NLUMDLPHW� LOPRLWWDYDW� VXXUHHQ
WDDMXXVWDVRVVD�MD�SLHQHW�N\VHLVHQ�VXXUHHQ�DLNDWDVRVVD�

Tärykalvolta äänittäminen

7LHWHHOOLVHHQ�WXWNLPXNVHHQ�HQLWHQ�Nl\WHWW\�WDSD�WlKlQ�VDDNND�ELQDXUDDOLVHVVD�WHNQLLNDVVD
RQ�ROOXW�llQLW\V�WlU\NDOYRQ�SLQQDQ�OlKHLV\\GHVWl�VRQGLPLNURIRQLOOD�MD�WRLVWR�NXXORNNHLO�
OD��7lVVl�PllULWHWllQ�VLLUWRIXQNWLR�*$�WlU\NDOYRQ�SLQQDQ�OlKHLV\\GHVVl�ROHYDVWD�PLNUR�
IRQLVWD� NXXORNNHLVLLQ�� HOL� N\VHLQHQ� HNYDOLVRLQWLVXRGLQ�� -RV�PLNURIRQLQ� VLLUWRIXQNWLR� RQ
0���PllULWWHOHH�P\|V�KHUNN\\GHQ�VHNl�WDDMXXVYDVWHHQ���QLLQ�NRNRQDLVVLLUWRIXQNWLR�llQL�
NHQWlVWl� S�� �llQLSDLQH� SllQ� NHVNHOOl�� PLNlOL� Sll� HL� ROLVL� llQLNHQWlVVl�� llQLSDLQHHVHHQ
WlU\NDOYROOD�S��RQ
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PLVVl�(NXXORNH� RQ� MlQQLWH� NXXORNHOLLWlQQlVVl� MD� 3�� llQLSDLQH� WlU\NDOYROOD� LOPDQ� NXXORN�
NHLWD��7lPlQ�NRNRQDLVVLLUWRIXQNWLRQ�WXOLVL�ROOD
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-RKWRSllW|V�� 2LNHD� HNYDOLVRLQWL� VDDGDDQ�� NXQ� NRPSHQVRLGDDQ� PLNURIRQLQ� KHUNN\\V� MD
NXXORNNHHQ�VLLUWRIXQNWLR�WlU\NDOYROOH�

Korvakäytävän suulta äänittäminen

.DSSDOHHVVD� ������ WRGHWWLLQ�� HWWl� DYRLPHQ� NRUYDNl\WlYlQ� VXXOWD� WHKW\� llQLWH� VLVlOWll
NRNR�VSDWLDDOLVHQ�LQIRUPDDWLRQ��.XWHQ�HGHOOl��PLNURIRQLQ�VLLUWRIXQNWLR�RQ�0�� MD�VLLUWR�
IXQNWLR�PLNURIRQLVWD� NXXORNNHLVLLQ�RQ�*%��.RNRQDLVVLLUWRIXQNWLR� llQLNHQWlVWl� S��llQL�
SDLQHHVHHQ�WlU\NDOYROOD�S��RQ
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PLVVl�(NXXORNH�RQ� MlQQLWH� NXXORNHOLLWlQQlVVl� MD�3�� llQLSDLQH� NRUYDNl\WlYlQ� VXXOOD� LOPDQ
NXXORNNHLWD��7lPlQ�WXOLVL�ROOD
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-RKWRSllW|V�� 2LNHD� HNYDOLVRLQWL� VDDGDDQ�� NXQ� PLNURIRQLQ� KHUNN\\V�� NXXORNNHHQ� VLLUWR�
IXQNWLR� VXOMHWXQ� NRUYDNl\WlYlQ� VXXOOH� VHNl� NXXORNNHHQ� DLKHXWWDPDQ� DNXVWLVHQ
LPSHGDQVVLQ� VXKGH� LOPDDQ� VDDGDDQ� NRPSHQVRLWXD�� ,GHDDOLVHQ� DYRLPHQ� NXXORNNHHQ
WDSDXNVHVVD�NXXORNNHHQ�DNXVWLVHQ�LPSHGDQVVLQ�VXKGH�LOPDDQ�RQ�\NVL�



%LQDXUDDOLVHQ�WHNQLLNDQ�SHUXVWHLWD

��

Vapaakenttäkorjaus

.RVND�llQLWWlYlOOl�SllOOl�RQ�HULODLVHW� VLLUWRIXQNWLRW� llQHQ�HUL� WXORNXOPLOOH�� WDVDLVWD� WDD�
MXXVYDVWHWWD� HL� YRLGD� VDDYXWWDD� NDLNLVWD� NXOPLVWD�� -RV� VXXULQ� RVD� llQLWDSDKWXPLVWD� RQ
VXRUDDQ�SllQ�HGHVVl��YRLGDDQ�NRUMDLQVXRGLQ�VXXQQLWHOOD�VLWHQ��HWWl�VDDGDDQ�WDVDLQHQ�WDD�
MXXVYDVWH�VXRUDDQ�HGHVWl�WXOHYDOOH�KHUlWWHHOOH��7lWl�NXWVXWDDQ�YDSDDNHQWWlHNYDOLVRLQQLN�
VL��HQJO��IUHH�ILHOG�HTXDOL]DWLRQ��

blQLW\VNRKGDOOD�NRUYDNl\WlYlVWl�HL�ROH�PHUNLW\VWl�NXQ�llQLW\V�RQ�YDSDDNHQWWlHNYDOLVRL�
WX��.XQ�VLLUWRIXQNWLR�NRUMDWDDQ�DQWDPDDQ�WDVDLQHQ�YDVWH�WLHW\OOH�VXXQQDOOH�MRVVDNLQ�llQL�
W\VNRKGDVVD��RQ�YDVWH�VDPD�PXLVVDNLQ�NRKGLVVD�llQLWHW\LOOH�VLJQDDOHLOOH��0¡OOHU��������

Diffuusikenttäkorjaus

'LIIXXVLQ�NHQWlQ�NRUMDLQVXRGLQ� VXXQQLWHOODDQ� VLWHQ�� HWWl� VDDGDDQ� WDVDLQHQ� WDDMXXVYDVWH
GLIIXXVLVVD�llQLNHQWlVVl��2KMDDPRLVVD� MD�PXLVVD�SLHQLVVl� WLORLVVD�� MRLVVD�RQ�SDOMRQ� ODVL�
SLQWRMD�\PSlULOOl� �HWHQNLQ� W\|NRQHLVVD��� WXOLVL�Nl\WWll�GLIIXXVLQ�NHQWlQ�NRUMDLQWD��6DPD
WLODQQH�RQ��MRV�llQLWWlYl�Sll�RQ�NDXHPSDQD�llQLOlKWHHVWl�NXLQ�llQLW\VWLODQ�VlGH��0\|V�
NllQ� GLIIXXVLOOH� NHQWlOOH� NRUMDWWX� YDVWH� HL� PXXWX�� NXQ� llQLW\VNRKWD� NRUYDNl\WlYlOOl
PXXWWXX�

2.4.5 VToistotekniikka

0\|V�NDLXWWLPLD�YRLGDDQ�Nl\WWll�ELQDXUDDOLVHQ�llQLW\NVHQ� WRLVWRVVD� �*ULHVLQJHU��������
.DLXWWLPLHQ� V\QQ\WWlPl� llQLNHQWWl� RQ� SDUKDLWHQ� KDOOLWWDYLVVD� NDLXWWRPDVVD� KXRQHHVVD
�KLOMDLQHQ��KHLMDVWXNVHWRQ�WLOD�� WDL� WDUNRLWXNVHQPXNDLVHVVD�NXXQWHOXKXRQHHVVD��7l\GHOOL�
VHHQ� WLODQWXQQXQ� WRLVWRRQ� HL� NDLXWWLPLOOD� ROH� YLHOl� SllVW\�� PXWWD� RLNHDQ� HNYDOLVRLQQLQ
DYXOOD� ODDWX�RQ�YHUUDWWDYLVVD� WDYDQRPDLVHHQ�VWHUHRllQLW\NVHHQ�llQHQ�VlY\Q� MD� WLODQWXQ�
QXQ�RVDOWD��7KHLOH��������

.XXORNNHHW�RYDW�KHOSRLQ�YDLKWRHKWR��NRVND�\PSlULVW|Q�DNXVWLLNDQ�YDLNXWXV�YlKHQHH�WDL
SRLVWXX�NRNRQDDQ��/LVlNVL�HNYDOLVRLQQLVVD�HL� WDUYLWVH�RWWDD�KXRPLRRQ�HUL�NDQDYLHQ� VLJ�
QDDOLHQ�VHNRLWWXPLVWD�LOPDQ�NDXWWD�ULVWLLQNXXOXPDOOD�NXWHQ�NDLXWLQNXXQWHOXVVD�

blQWHQ� SDLNDQWXPLVHVWD� SllQ� XONRSXROHOOH� Nl\WHWllQ� QLPLW\VWl� ORNDOLVDDWLR� MD� QLPLW\VWl
ODWHUDOLVDDWLR� Nl\WHWllQ� NXXORWDSDKWXPDQ� VLMRLWWXHVVD� SllQ� VLVllQ� NRUYLHQ� YlOLVHOOH
DNVHOLOOH��-DXKLDLQHQ��������

Toisto stereokuulokkeilla

.XXORNHWRLVWR� WDNDD� VHNl� VHQ�� HWWl� NXPPDQNLQ� NDQDYDQ� VLJQDDOL� SllW\\� DLQRDVWDDQ
\KWHHQ�NRUYDDQ�MD�HWWHL�NXXQWHOXKXRQHHQ�KHLMDVWXNVHW�KlLULWVH�

Tasojen kalibrointi

-RWWD�WRLVWR�ROLVL�PDKGROOLVLPPDQ�DXWHQWWLQHQ��RQ�VXRULWHWWDYD�WDVRMHQ�VllW|�YDVWDDPDDQ
llQLW\VWLODQQHWWD�� blQLWWHHOOH� SLWll� WDOOHQWDD� NDOLEURLQWLVLJQDDOL� P\|KHPSll� WRLVWRWLODQ�
WHHQ� YHULILRLQWLD� YDUWHQ�� .XXQWHOXNRNHLGHQ� OXRQWHHVWD� ULLSSXHQ� NDOLEURLQWL� RQ� XVHLQ
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llQLQl\WWHLGHQ�QRUPDOLVRLQQLQ� DSXNHLQR��3LHQLOOl� WRVLSll�PLNURIRQHLOOD� MD� VRQGLPLNUR�
IRQHLOOD� NDOLEURLQWL� YRL� ROOD� RQJHOPDOOLVWD��.HLQRSlLVVl� Nl\WHWllQ� XVHLQ�ð�� WDL�ñ� �WXX�
PDQ� PLWWDXVPLNURIRQHMD�� MRWND� RQ� KHOSSR� NDOLEURLGD� OXRWHWWDYDVWL�� 6XXQQLWWHOLPPH
SURMHNWLVVD� WRVLSll�llQLW\NVLLQ� Nl\WHW\OOH� SLHQRLVPLNURIRQLOOH� VRYLWWLPHQ� �.XYD� �����
WDYDQRPDLVHHQ�NDOLEUDDWWRULLQ��0LNURIRQL�YRLGDDQ�NDOLEURLGD�VHQ�ROOHVVD�VDQJDVVD�NLLQQL�

Kuva 2.10 6XXQQLWWHOHPDPPH 39&�PXRYLVWD VRUYDWWX DGDSWHUL WRVLSll�PLNURIRQLQ NDOLEURLQWLLQ

%U�HO	.M U�Q NDOLEUDDWWRULOOH �����

0LNlOL� llQLWHPDWHULDDOL�RQ�YRLPDNDVWD�PHOXD�� HL� ROH� MlUNHYll� WRLVWDD� VLWl� DONXSHUlLVHOOl
YRLPDNNXXGHOOD��7lOO|LQ�PllULWHWllQNLQ�XVHLQ�PHOXQ�ODDWXD��MRND�HL�HGHOO\Wl�DEVROXXWWLVLD
llQLSDLQHLWD�

Toisto stereokaiuttimilla

.DLXWLQNXXQWHOXQ� RQJHOPD� RQ� NDQDYLHQ� \OLNXXOXPLQHQ� �FURVVWDON�� VHNl� NXXQWHOXKXR�
QHHVVD�HVLLQW\YlW�KHLMDVWXNVHW��7l\GHOOLVHHQ�WRLVWRRQ�HL�ROH�YLHOl�SllVW\��PXWWD�WHRULDVVD
VH�RQ�PDKGROOLVWD��%DXHU���������'DPDVNH���������&RRSHU���������0¡OOHU��������

0¡OOHULQ� �������PHQHWHOPlQ�PXNDDQ�NDQDYLHQ� \OLNXXOXPLQHQ�YRLGDDQ�SRLVWDD�SURVHV�
VRLPDOOD�NDQDYLHQ�VLJQDDOLW�DOJRULWPLQ��������PXNDDQ��.DDYLR������
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PLVVl�(NDLXWLQ�RQ�NDLXWWLPHQ�WRLVHQ�NDQDYDQ�QDSRMHQ�\OL�YDOOLWVHYD�MlQQLWH��3llQLW\V�VDPDBSXROL�RQ
llQLSDLQH�WDDMXXVWDVRVVD�UHIHUHQVVLSLVWHHVVl�llQLWWlYlQ�SllQ�NRUYDNl\WlYlOOl��HOL�NDLXWWL�
PHQ�N\VHLVWl�NDQDYDD�YDVWDDYD�ELQDXUDDOLVHVWL�llQLWHWW\�NDQDYD���3WRLVWR�YDVWDD�llQLSDLQHW�
WD� UHIHUHQVVLSLVWHHVVl�NXXOLMDQ�NRUYDNl\WlYlOOl� WRLVWRWLODQWHHVVD� MD� ,7)�RQ�NRUYLHQ�YlOL�
QHQ�VLLUWRIXQNWLR��HQJO��LQWHUDXUDO�WUDQVIHU�IXQFWLRQ���,7)�YRLGDDQ�PllULWWll�HVLPHUNLNVL
+57)�LHQ�DYXOOD��1lLQ�ROOHQ
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ITF
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PLVVl� +57)YDVWDNNDLQHQBSXROL� MD� +57)VDPDBSXROL� RYDW� DQDORJLVHW� HGHOOLVHQ� \KWlO|Q� ������
QLPLW\NVLOOH�

9DVHPPDQSXROHLVHW�ORKNRW�WHNHYlW�NDLXWWLPLHQ�MD�PLNURIRQLHQ�HNYDOLVRLQQLQ��6HXUDDYDW
ORKNRW�SRLVWDYDW�\OLNXXOXPLVHVWD�DLKHXWXYDQ�YlULWW\PLVHQ��P\|V�HNYDOLVRLQWL���7DDMXXN�
VLOOD�� MRLOOD� \OLNXXOXPLQHQ�RQ�YlKlLVWl�� WlPlQ� ORKNRQ�NHUURLQ�RQ�QRLQ� \NVL��7RGHOOLQHQ
\OLNXXOXPLVHQ�HOLPLQRLQWL�WHKGllQ�NDKGHOOD�ULVWLLQN\WNHW\OOl�ORKNROOD�

M1⋅(Ptoisto / Ekaiutin)sama_puoli

1

M1⋅(Ptoisto / Ekaiutin)sama_puoli

1

1-ITF2

1

1-ITF2

1

ITF

ITF

+

-

+

-

Evasen

Eoikea

M1⋅
Pvasen

M1⋅
Poikea

Kaavio 2.2 .DDYLR \KWlO|VWl ������ VLJQDDOLQNlVLWWHO\Q NHLQRLQ� .XYDVVD (YDVHQ MD (RLNHD RYDW NDLXWWLPLOOH

PHQHYlW VLJQDDOLW MD 3YDVHQ VHNl 3RLNHD llQLWHW\W llQLSDLQHHW NRUYLVWD� 0� RQ llQLW\VWLODQWHHVVD

YDOOLQQHHQ llQLSDLQHWDVRQ WRLVWDPLVHNVL WDUYLWWDYD YDKYLVWXVNHUURLQ�
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3 VJärjestelmän suunnittelu

.XXQWHOXNRNHLGHQ� MlUMHVWlPLQHQ� YDDWLL� DLQD� KXROHOOLVLD� HVLYDOPLVWHOXMD�� blQLQl\WWHLGHQ
QDXKRLWWDPLQHQ� MD� QLLVWl� VRSLYLPSLHQ� YDOLWVHPLQHQ� YLH� SDOMRQ� DLNDD�� .RHWWD� VXXQQLWHOOHVVD
WXOHH�P\|V�PLHWWLl�HWXNlWHHQ��PLWHQ�KXROHOOLVHVWL�Ql\WWHHW� HNYDOLVRLGDDQ�VLOOl�HNYDOLVRLQQLQ
YRL�WHKGl�SLHQHOOlNLQ�YDLYDOOD���WLQNLPlOOl�ODDGXVWD��.RHKHQNLO|LGHQ�YDOLQWD�RQ�WlUNHl�YDLKH�
VLOOl�VHQ�WXOLVL�PllUl\W\l�NRNHHQ�WDYRLWWHLGHQ�SHUXVWHHOOD��(VLPHUNLNVL�KDOXWWDHVVD�SDUDQ�
WDD� PHWVlWUDNWRULQ� RKMDDPRQ� llQHQODDWXD�� WlUNHLQ� NRHKHQNLO|U\KPl� RQ� PHWVlNRQHHQ
NXOMHWWDMDW�� <OHLVLl� WDSDXNVLD� NRVNHYLVVD� NXXQWHOXNRNHLVVD� NRHKHQNLO|LNVL� YDOLWDDQ� QRU�
PDDOLNXXORLVLD� LKPLVLl��.RHKHQNLO|LGHQ�NXXORQ� WDUNLVWDPLQHQ�RQ�WlUNHll�NXLWHQNLQ�P\|V
WDSDXVNRKWDLVLVVD�WXWNLPXNVLVVD�

6XXQQLWWHOLPPH� Nl\WW||PPH� VRYHOWXYDQ� NDQQHWWDYDQ� WRVLSll�llQLW\VODLWWHLVWRQ�� MRND
NRRVWXX�SLHQHVWl�SDULVWROOD�WRLPLYDVWD�HWXYDKYLVWLPHVWD��.XYD������MD�'$7��QDXKXULVWD�
(WXYDKYLVWLQ� VXXQQLWHOWLLQ� Nl\WWlHQ� YlKlNRKLQDLVWD� \NVLSXROHLVHOOD� Nl\WW|MlQQLWWHHOOl
WRLPLYDD� RSHUDDWLRYDKYLVWLQWD� 660������� 0LNURIRQHLQD� Nl\WLPPH� 6HQQKHLVHULQ� SLH�
QRLVPLNURIRQLNDSVHOLD� (�$�5� NRUYDWXOSSLHQ� NDQVVD� �.XYD� ������ blQL� WDOOHQQHWWLLQ
VXOMHWXQ�NRUYDNl\WlYlQ�VXXOWD��PLVVl�PLNURIRQLW�S\V\YlW�K\YLQ�SDLNRLOODDQ�NRUYDQ�WDDN�
VH�PHQHYlQ�VDQJDQ�DQVLRVWD��.XYD�������1l\WWHHW�WDOOHQQHWWLLQ���N+]�Q�Ql\WHWDDMXXGHOOD
'$7�QDXKDOOH�� MRVWD�QH� VLLUUHWWLLQ� GLJLWDDOLVWD� llQHQNlVLWWHO\l� YDUWHQ�81,;�� MD�3&�WLH�
WRNRQHLOOH�� .lVLWHOO\W� llQLQl\WWHHW� WRLVWHWWLLQ� 0DFLQWRVK�WLHWRNRQHHOOH� RKMHOPRLGXQ
NXXQWHOXNRHRKMHOPDQ�RKMDDPDQD�NXXORNNHLGHQ�NDXWWD�NRHKHQNLO|LOOH�

7lVVl�OXYXVVD�Nl\GllQ�OlSL�MlUMHVWHOPlQ�HUL�RVDW�MD�QLLGHQ�YDOLQQDQ�WDXVWDWHNLMlW��/LVlNVL
VHOYLWHWllQ� SHUXVWHHW� NRNHLGHQ� WXORVWHQ� WLODVWROOLVHHQ� DQDO\\VLLQ�� WlUNHLPPlW� PLWWDYlOL�
QHHW�VHNl�DQDO\\VLPHQHWHOPlW�

3.1 VMikrofonikapseli

.DSVHOL� �6HQQKHLVHU�.(���������� RQ� WRLPLQWDSHULDDWWHHOWDDQ� SDLQHYDVWDDQRWLQ� MD� NRQ�
GHQVDDWWRULPLNURIRQL�� 6LLKHQ� RQ� LQWHJURLWX� Q�NDQDYD� -)(7�OOl� WRWHXWHWWX� LPSHGDQVVL�
PXXQQLQ��.DSVHOLQ�NRKLQDWDVR�RQ�YDOPLVWDMDQ�PXNDDQ�DEVROXXWWLDUYROWDDQ����G%��NDWVR
OLLWH�'��MD�$�SDLQRWHWWXQD����G%�
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Kuva 3.1 0LNURIRQL S\V\\ K\YLQ SDLNRLOODDQ NRUYDQ WDDNVH PHQHYlQ VDQJDQ DQVLRVWD� 6DQNRMHQ

YDLNXWXV llQLNHQWWllQ llQHQODDGXQ DUYLRLQQLQ NDQQDOWD NLLQQRVWDYDOOD WDDMXXVDOXHHOOD RQ

XVHLPPLVVD WDSDXNVLVVD PHUNLW\NVHW|Q�

Mikrofonin kalibrointi

3LHQWHQ� WRVLSll�PLNURIRQLHQ� NDOLEURLQWL� RQ� RQJHOPDOOLVHPSDD� NXLQ� NHLQRSlLVVl� XVHLQ
Nl\WHWW\MHQ�ð��WDL�ñ��WXXPDQ�PLWWDXVPLNURIRQLHQ�NDOLEURLQWL��blQLW\VWLODQWHHVVD�YDOOLQ�
QHLGHQ� llQLSDLQHLGHQ� MlOMLWWlPLVHNVL� VXXQQLWWHOLPPH� 39&�PXRYLVWD� DGDSWHULQ� �.XYD
������%U�HO	.M U�Q�NDOLEUDDWWRULOOH�������$GDSWHULQ�MD�NDOLEUDDWWRULQ�DYXOOD�YRLGDDQ�ll�
QLWWll�NDOLEURLQWLVLJQDDOL�MXXUL�HQQHQ�QDXKRLWXNVHQ�DORLWWDPLVWD�QDXKDOOH��.DOLEURLQQLVWD
RQ�NXYDVDUMD�OLLWWHHQl��/LLWH�$��

3.2 VMikrofonietuvahvistin

9DKYLVWLPHQ� WXOL� ROOD�PDKGROOLVLPPDQ� NHQWWlNHOSRLQHQ�� 7lPl� HGHOO\WWL� SDULVWRNl\WW|L�
V\\WWl��VXOMHWWXD�UDNHQQHWWD�MD�SLHQWl�NRNRD��/LVlNVL�VHQ�WXOL�N\HWl�NlVLWWHOHPllQ�VLJQDD�
OHMD�K\YLQ�VXXUHOOD�YDLKWHOXDOXHHOOD��MRWHQ�YDKYLVWXNVHQ�WXOL�ROOD�DVHWHOWDYLVVD�

.RWHORNVL�YDOLWWLLQ�1RUHWURQLQ�PDDKDQWXRPD�Y\|NLLQQLNNHHOOl�YDUXVWHWWX�$%6�PXRYLVWD
YDOPLVWHWWX� NRWHOR� �.XYD� ������ MRQND� VLVllQ� VXXQQLWHOWLLQ� \KGHOOl� �� YROWLQ� SDULVWROOD
WRLPLYD�HWXYDKYLVWLQ�

Operaatiovahvistin

$QDORJ�'HYLFHV�660�����3�RQ�SDNDWWX���MDONDLVHHQ�PXRYLVHHQ�',3�NRWHORRQ��6LLQl�RQ
NDNVL� \NVLSXROHLVHOOD� Nl\WW|MlQQLWWHHOOl� WRLPLYDD� YlKlNRKLQDLVWD� RSHUDDWLRYDKYLVWLQWD� MD
VH� VRSLL� HULWWlLQ� K\YLQ� MXXUL� SDULVWRNl\WW|LVLLQ�PLNURIRQLHWXYDKYLVWLPLLQ��.l\WW|MlQQLWH
RQ������9�MD�W\\SLOOLQHQ�NRKLQD�����Q9�√+]�
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3.2.1 VLähtöarvojen määrittäminen

9DKYLVWLPHVWD�WXOL�VDDGD�Wl\VL���9SS��OlKW|MlQQLWH�V\|WHWWlHVVl�PLNURIRQLLQ���G%�Q�llQL�
SDLQH��blQLSDLQH�YRLGDDQ�PXXQWDD�SDVFDOHLNVL�\KWlO|OOl

p p
Lp

= ⋅1020
0 � �����

PLVVl� p Pa0 20= µ �MD�/S�RQ�PXXQQHWWDYD�llQLSDLQH�

.RVND���3DVFDO�YDVWDD�llQLSDLQHWWD����G%�MD�NDSVHOLQ�KHUNN\\V�RQ�YDOPLVWDMDQ�DQWDPLHQ
WLHWRMHQ�PXNDDQ����P9�3D��VDDGDDQ����G%�llQLSDLQHWDVROOD�NDSVHOLVWD�����P9��7lOO|LQ
WDUYLWDDQ�YDKYLVWXVWD���9����P9��������

2OHWHWWX�VXXULQ�Nl\WHWWlYl�llQLSDLQH�RQ�����G%��7lOO|LQ�NDSVHOLVWD�VDDGDDQ�����P9�MD
YDKYLVWXNVHNVL�ULLWWll������9����P9��

6lKN|LVHQ�VXXQQLWWHOXQ�OlKW|NRKGLNVL�YDOLWWLLQ�NDNVL�DVWHWWD��MRLVWD�HQVLPPlLVHQ�YDKYLV�
WXV�J� �����MD�WRLVHQ�VllGHWWlYLVVl�YlOLOOl�J�∈�>�������@�

.DSVHOLQ� YDOPLVWDMDQ� DQWDPLHQ� DUYRMHQ� PXNDDQ� HVLYDKYLVWLPHQ� HQVLPPlLVHQ� DVWHHQ
�J ����� MlONHHQ� NDSVHOLQ� DLKHXWWDPD� NRKLQD� 81� ≈� ���� P9�� 0DNVLPLVVDDQ� Wl\GHOOl
�J �������YDKYLVWXNVHOOD�81�≈�����P9��2SHUDDWLRYDKYLVWLPHQ�DLNDDQVDDPD�NRKLQD�RQ
WlOO|LQ�VXXULPPLOODDQ�81�≈����µ9��(VLYDKYLVWLPHQ�VXXQQLWWHOXVVD�HL� WDUYLWVH�NLLQQLWWll
VXXUWD� KXRPLRWD� LWVH� YDKYLVWLPHQ� NRKLQDQ� SLHQHQWlPLVHHQ�� NRVND� PLNURIRQLNDSVHOL
WXRWWDD�OlKHV�����NHUWDD�HQHPPlQ�KlLUL|Wl�

Kuva 3.2 0LNURIRQLHWXYDKYLVWLQ RQ UDNHQQHWWX SLHQHHQ MD NHY\HHQ Y\|OOH NLLQQLWHWWlYllQ NRWHORRQ�

3.2.2 VSähköinen rakenne

(VLYDKYLVWLQ�VXXQQLWHOWLLQ�Nl\WHWWlYlNVL�GLJLWDDOLVWHQ�llQHQWDOOHQQLQODLWWHLGHQ�NDQVVD��Ol�
KLQQl�'$7�QDXKXULW���3LHQHW�PLNURIRQLW�RQ�HULWWlLQ�YDLNHD�VXXQQLWHOOD�YlKlNRKLQDLVLNVL
WLQNLPlWWl� KHUNN\\GHVWl� MD� Nl\WWlPlPPH�NDSVHOL� HL� ROH� SRLNNHXV�� -RWWD� ���ELWLQ� G\QD�
PLLNDVWD� VDDWDLVLLQ� WlOOl� PLNURIRQLOOD� NDLNNL� LUWL�� WXOHH� SLHQLl� �PXXWDPD� N\PPHQHQ
KHUW]Ll��WDDMXXNVLD�UDMRLWWDD�llQLW\VYDLKHHVVD�
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(QVLPPlLQHQ� DVWH� �.DDYLR� ����� RQ� VRYLWHWWX� PLNURIRQLNDSVHOLQ� YDOPLVWDMDQ� DQWDPLOOD
NRPSRQHQWWLDUYRLOOD���µ)�MD��N�Ω��NDSVHOLLQ��(QVLPPlLVHQ�DVWHHQ�YDKYLVWXV�DVHWHWDDQ
VDGDNVL� MD� WRLVHHQ�DVWHHVHHQ� WXOHH� VllW|�� MRND� WRWHXWHWDDQ�Nl\WlQQ|VVl�GLSSL�N\WNLPLOOl�
9LUWXDDOLPDD�RSHUDDWLRYDKYLVWLPLOOH� MlUMHVWHWllQ��NΩ� YDVWXNVHOOD� MD� �9��]HQHU�GLRGLOOD�
9LUWXDDOLPDDQ� KHLODKWHOXW� RSHUDDWLRYDKYLVWLPLHQ� YLUUDQNl\W|Q� YDLKGHOOHVVD� VLJQDDOLQ
PXNDQD�HVWHWllQ�����µ)�HOHNWURO\\WWL��MD��µ)�WDQWDDOLNRQGHQVDDWWRUHLOOD�

(QVLPPlLVHQ�MD�WRLVHQ�DVWHHQ�YlOLLQ�ODLWHWDDQ�\OLSllVW|

f dB− −
=

⋅ ⋅3 6

1

2 2 10 100.
� �����

PLVWl�VDDGDDQ����G%�Q�SLVWHHNVL�QRLQ����+]�

Lin

Rin

Lout

Rout

1k

8k2

8k2
1u

1m
4V1

1u

10k

10k

10k

10k

100

100

100

100

510k

510k

47u

47u

10k

10k

2u2

2u2

1u tant

½ IC1
½ IC1

½ IC2
½ IC2

IC1=IC2=SSM2135

Kaavio 3.1 (WXYDKYLVWLPHQ SLLULNDDYLR�

3LLULNDDYLRQ�SRKMDOWD�VXXQQLWHOWLLQ�SLLULOHY\��.XYD�������MRND�VRYLWHWWLLQ�XONRLVLOWD�PLWRLO�
WDDQ�NRWHORRQ��3LLULOHY\OOH�ODLWHWWLLQ�OLVlNVL�GLRGLW�SDULVWRQ�YllULQSlLQ�N\WNHPLVHQ�HVWlPL�
VHNVL�
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D E

Kuva 3.3 0LNURIRQLHWXYDKYLVWLPHQ D SDLQRSLLULOHY\ MD E NRPSRQHQWWLHQ VLMRLWWHOX SLLULOHY\OOH�

3.3 VÄänityslaitteisto

0DUNNLQRLOOD� RQ� XVHLWD� ODDGXNNDLWD� NDQQHWWDYLD� NRUNHDOXRNNDLVHHQ� llQHQWDOOHQQXNVHHQ
VRYHOWXYLD� ODLWWHLWD�� 0RQHW� QlLVWl� Nl\WWlYlW� NXLWHQNLQ� DXGLRGDWDQ� WDOOHQQXVYDLKHHVVD
HULODLVLD� HSlOLQHDDULVLD� NRRGDXVPHQHWHOPLl� VllVWllNVHHQ� WLODD��1lLVVl� NRRGDXVPHQHWHO�
PLVVl�Nl\WHWllQ�K\YlNVL�NXXORQ�RPLQDLVXXNVLVWD�PP��KXRQRD�YDLKHKHUNN\\WWl��6SDWLDD�
OLVHQ�LQIRUPDDWLRQ�MD�ELQDXUDDOLVWHQ�llQLWWHLGHQ�ROOHVVD�N\VHHVVl��YDLKHHQ�VlLO\PLQHQ�OlSL
WDOOHQQXVSURVHVVLQ�RQ� WlUNHll��'$7� �HQJO�� GLJLWDO� DXGLR� WDSH�� RQ� OLQHDDULQHQ�PHGLD� MD
QDXKXULQ� RPLQDLVXXGHW� ULLWWlYlW� OlKHV� NDLNNLHQ� NXXQWHOXNRNHLVVD� Nl\WHWWlYLHQ� Ql\WWHL�
GHQ� WDOOHQWDPLVHHQ��PXWWD� llQLW\V� YDDWLL� KXROHOOLVWD� YDOPLVWDXWXPLVWD� MD� DPPDWWLWDLWRD�
6LJQDDOLNRKLQDVXKWHHQ�RSWLPRLPLVHNVL� RQ� WlUNHll� Nl\WWll� ODLWWHHQ� NRNR� G\QDPLLNND� MR
llQLW\VYDLKHHVVD�HOL��KHDGURRP��WXOHH�PLQLPRLGD�

7DOOHQQXVODLWWHHNVL�YDOLWWLLQ�7DVFDP�'$�3��'$7�QDXKXUL��1DXKXUL�RQ�DNXLOOD�WDL�SDULV�
WRLOOD� WRLPLYD� NDQQHWWDYD�� PXWWD� ODDGXNDV� UHSRUWWHULNl\WW||Q� WDUNRLWHWWX� DPPDWWLODLWH�
6LLQl�RQ�GLJLWDDOLQHQ�63',)���6RQ\�3KLOLSV�'LJLWDO�,QWHUIDFH��OLLWlQWl�VLVllQ�VHNl�XORV�MD
Ql\WWHHQRWWRWDDMXXGHNVL� RQ� YDOLWWDYLVVD� ����� WDL� ��� N+]�� .RQGHQVDDWWRULPLNURIRQHLOOH
O|\W\\�HVLMlQQLWWHHQV\|WW|��SKDQWRP��

.HQWWlNl\W|VVl�QDXKXULQ�KHUNN\\V�WlUlKG\NVLOOH�DQWRL�DLKHWWD�KDUNLWD�P\|V�NRYDOHY\WDO�
OHQQXVWD�� 0DUNNLQRLOOD� RQ� SLHQLl� GLJLWDDOLVLD� llQLW\VODLWWHLWD�� MRLVVD� WDOOHQQXV� WDSDKWXX
VXXUHOOH�NRYDOHY\OOH��9DOPLVWDMLHQ�PXNDDQ�QlPl�VLHWlYlW�SXGRWXNVHQ�PXXWDPDQ�PHWULQ
NRUNHXGHVWD�NRYDOOH� ODWWLDOOH� WRLPLQQDQ�KlLULLQW\PlWWl��5DWNDLVLPPH�DVLDQ� ULSXVWDPDOOD
'$7�QDXKXULQ�llQLWWlYlQ�NRHKHQNLO|Q�NDXODDQ��MROORLQ�OlKHV�NDLNNL�WlUlKG\NVHW�YDLPH�
QLYDW�NRHKHQNLO|Q�YDUWDORRQ�

0LNURIRQLHQ�NRKLQD�VHNl�HNYDOLVRLQWLHQ�YDDWLPDW�VXXUHW�NRUMDXNVHW�WDDMXXVWDVRVVD�YDDWL�
VLYDW� VXXUHPPDQ� G\QDPLLNDQ� P\|V� llQLW\VODLWWHLOOH�� 1\N\LVLQ� RQ� VDDWDYLOOD� MRSD� ���
ELWWLVLl�NRRGHNNHMD�HUL� WLHWRNRQHLOOH��7XWNLPXNVHQ�WHNRKHWNHOOl�NHQWWlNl\W|VVl�DLQRDNVL
MlUNHYlNVL�YDLKWRHKGRNVL�MlL�'$7�QDXKXUL�
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3.4 VKuuntelukoelaitteisto

<NVL� YLUKHOlKWHLVWl� NXXQWHOXNRNHLVVD� RQ� NRHKHQNLO|LGHQ� YDVWDXVWHQ� NLUMDDPLQHQ�� 9DV�
WDXVWHQ�NHUllPLQHQ�SDSHULOOD�MD�N\QlOOl�RQ�PDKGROOLVWD�YDLQ�WLHW\LVVl�NRNHLVVD�MD�VLOORLQNLQ
SLHQHVVl�PLWWDNDDYDVVD��.LUMRLWXVYLUKHHW�YlKHQWlYlW�DLQD�WXORVWHQ�OXRWHWWDYXXWWD��.RHKHQ�
NLO|Q�UHDNWLRQ�UHNLVWHU|LQWL�HL�VDD�YDLNXWWDD�WXORNVHHQ�PLOOllQ�WDYDOOD��MRWHQ�VHQ�WXOHH�WD�
SDKWXD� PDKGROOLVLPPDQ� OXRQQROOLVHVWL� MD� ORRJLVHVWL�� /DLWWHLVWRQ� Nl\WW|OLLWW\PlQ� WXOHH
ROOD�PDKGROOLVLPPDQ�\NVLQNHUWDLQHQ�

8VHLPPDW�LKPLVHW�RYDW�ROOHHW�WHNHPLVLVVl�WLHWRNRQHLGHQ�MD�QLLGHQ�RKMDXNVHVVD�Nl\WHWWl�
YLHQ�KLLULHQ�NDQVVD�� -RWNXW�KLLULPDOOHLVWD� LVWXYDW�HULWWlLQ�K\YLQ�NlPPHQHHQ�PXRWRLOXQVD
DQVLRVWD��9DOLWVLPPH�KDOYDQ�3&�KLLUHQ��.XYD������NRHKHQNLO|Q�Nl\WW|OLLWW\PlNVL�NXXQ�
WHOXNRHMlUMHVWHOPllQ��+LLUHQ�RPLQDLVXXNVLVWD�Nl\WHWWLLQ�DLQRDVWDDQ�SDLQRN\WNLPLl�

.XXQWHOXNRHW\\SLNVL� YDOLWWLLQ� IRUFHG�FKRLVH� �WHVWL�� .RHKHQNLO|� YDVWDVL�NXXORNNHLVWD� NXXOH�
PDQVD� VLJQDDOLQ�SHUXVWHHOOD� MRNR�KLLUHQ�YDVHPPDQSXROHLVWD� WDL� RLNHDQSXROHLVWD� QDSSLD
SDLQDPDOOD��NXPSL�NDKGHVWD�Ql\WWHHVWl�ROL�KlQHQ�PLHOHVWllQ�OlKLQQl�N\V\WW\l�DVLDD�

3.4.1 VKuulokkeet ja kuulokevahvistin

%LQDXUDDOLVLOOH� llQLWWHLOOH� WHKGllQ� \OHHQVl� \OHLVHW� HNYDOLVRLQQLW�� MRLOOD� NXXORNNHLGHQ
HSlLGHDDOLVXXGHW� YRLGDDQ� MRVVDLQ�PllULQ� SRLVWDD�� .XXORNNHLNVL� YRLWDLVLLQ� YDOLWD� HGXOOL�
QHQNLQ�PDOOL��PXWWD�\OHHQVl�KDOYRLVVD�PDOOHLVVD�WROHUDQVVLW�RYDW�OLLDQ�VXXUHW�MD�VLWHQ�NXX�
ORNNHLGHQ�YlOLOOl�RQ�VXXULDNLQ� HURMD��7RLQHQ� WlUNHl� WHNLMl�RQ�NXXORNNHLGHQ� DLKHXWWDPD
DNXVWLVHQ� LPSHGDQVVLQ� PXXWRV� NRUYDVVD�� .XXORNNHLGHQ� WXOLVL� ROOD� PDKGROOLVLPPDQ
DYRLPHW�� MRWWD� QLLGHQ� DNXVWLQHQ� LPSHGDQVVL� YRLWDLVLLQ� MlWWll� KXRPLRWWD� HNYDOLVRLQWHMD
PllULWHWWlHVVl�

3URMHNWLQ� Nl\WW||Q� KDQNLWWLLQ� ��� NDSSDOHWWD� G\QDDPLVLD� NXXORNNHLWD� �PDOOLOWDDQ
6HQQKHLVHU�+'����SUHFLVLRQ��MD�QH�ROLYDW�YDUVLQ�KRPRJHHQLVLD� ODDGXOWDDQ��.XXORNNHHW
RQ�HYDOXRLWX�NDSSDOHHVVD�����MD�PLWWDXVS|\WlNLUMD�O|\W\\�OLLWWHHVWl�(�

7DQVNDODLVHVVD� WXWNLPXNVHVVD� �0¡OOHU� HW� DO��� ����D�� WHVWDWWLLQ� ��� NXXORNHWWD� ��
NRHKHQNLO|OOl�� -RXNRVVD�ROL� 6HQQKHLVHULQ� NXXORNNHLVWD�PDOOLW�+'�����+'�����+'���
MD� +'����� .DLNNLHQ� NXXORNNHLGHQ� YDVWHHW� VLMRLWWXLYDW� �� GHVLEHOLQ� YLUKHUDMDQ� VLVlOOH�
<NVLNllQ�NXXORNNHLVWD�HL�VLLV�ROOXW�LGHDDOLQHQ�)(&�NXXORNH��NDWVR�NDSSDOH���������PXWWD
WXWNLPXNVHQ� WHNLMlW� HKGRWWLYDW� �� G%�Q� YLUKHUDMDQ� Nl\WWlPLVWl� DYRLPLHQ� NXXORNNHLGHQ
YDOLQQDVVD�

.XXORNHOLLWlQQlW�WDYDOOLVLVVD�YDKYLVWLPLVVD�WDL�WRLVWRODLWWHLVVD�RYDW�\OHHQVl�DOLPLWRLWHWWXMD
MD�WDUYLWDDQ�HULOOLQHQ�NXXORNHYDKYLVWLQ�WRLVWDPDDQ�llQLWWHLGHQ�NRNR�G\QDPLLNND�DONXSH�
UlLVHQ�NDOWDLVHQD��0RQHQ�NRHKHQNLO|Q�NXXQWHOXNRNHLVVD�Wl\W\\�VDPD�Ql\WH�WRLVWDD�XVHLO�
OH� NXXORNNHLOOH� VDPDQDLNDLVHVWL� MD� YLLPHLVWllQ� VLOORLQ� RQ� KDQNLWWDYD� HULOOLQHQ� YDKYLVWLQ�
3URMHNWLOOH� KDQNLWWLLQ� NXXORNHYDKYLVWLQ�%HKULQJHU� 3RZHUSOD\�PDOOLD�+$� ����� MD� VH� RQ
HYDOXRLWX�NDSSDOHHVVD�����
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3.4.2 VVastausten kirjaaminen

Hiiret

.RHKHQNLO|Q� Nl\WW|OLLWW\Pl� NXXQWHOXNRHMlUMHVWHOPllQ� ROL� NROPLQlSSlLPLQHQ� /RJLWHFK
3LORW� 3&�KLLUL� �.XYD� ������ +LLULHQ� RPD� HOHNWURQLLNND� RKLWHWWLLQ� MD� MRKWR� YDLKGHWWLLQ� ��
SDULVHHQ�NLHUUHWW\\Q�NDDSHOLLQ��HQJO��WZLVWHG�SDLU���MRQND�WRLVHVVD�SllVVl�ROL�OLLWWLPHQl���
QDSDLQHQ�873�OLLWLQ��.DDSHOLQ� �� MRKWRSDULD� OLLWHWWLLQ� KLLUHQ� NROPHHQ�SDLQRQlSSlLPHHQ
MD�QHOMlV�SDUL�Nl\WHWWLLQ�/('�PHUNNLYDOROOH��9DOROOD�YRL� DQWDD�SDODXWHWWD�NRHKHQNLO|OOH�
HVLPHUNLNVL� YLONXWWDPDOOD� VHQ� KLLUHQ� YDORD� MROWD� HL� VDDWX� DMRLVVD� YDVWDXVWD� MD� QlLQ
YDVWDDPDWRQ�KHQNLO|�O|\W\\�QRSHDVWL�

Kuva 3.4 9DVWDXNVHW NHUlWWLLQ 3&�KLLULOOl� 1LLKLQ LQWHJURLWLLQ OLVlNVL SLHQL /('�PHUNNLYDOR� MRND

QlN\\ NXYDVVD MRKGRQ VLVllQPHQRQ YDVHPPDOOD SXROHOOD� 9DOROOD YRL DQWDD SDODXWHWWD

NRHKHQNLO|OOH HVLPHUNLNVL YLUKHHVWl�

+LLULHQ� NDDSHOL� MlWHWWLLQ� PHWULQ� SLWXLVHNVL� QLLGHQ� NXOMHWXNVHQ� KHOSRWWDPLVHNVL�� +LLUHW
N\WNHWWLLQ� 873�MDWNRNDSSDOHHOOD� YDUVLQDLVHHQ� NHVNLWWLPHQl� WRLPLYDDQ� QlSSlLPLVW|OOH
PHQHYllQ�NDDSHOLLQ��.XXQWHOXNRHMlUMHVWHOPll�S\VW\WHWWlHVVl�Nl\WHWllQ�HUL�SLWXLVLD���P��
��P��NDDSHOHLWD�KLLULHQ�OLLWWlPLVHNVL�MlUMHVWHOPllQ�

Näppäimistö

$SSOH�0DFLQWRVK� ,,�);��WLHWRNRQHHQ�QlSSlLPLVW||Q� �$SSOH�([WHQGHG�.H\ERDUG�
OLLWHWWLLQ� DOXPLLQLVWD�PXRWRLOOXQ� NHKLNRQ� DYXOOD� ��� NDSSDOHHQ�873�ULYLOLLWLQ�� MRWND� MRK�
GRWHWWLLQ� WLHWW\MHQ� QlSSlLPLVW|VWl� YDOLWWXMHQ� N\WNLPLHQ� ULQQDOOH�� .\VHLQHQ� QlSSlLPLVW|
N\NHQHH�SXVNXURLPDDQ�XVHLWD�QlSSlLPHQ�SDLQDOOXNVLD�VDPDQDLNDLVHVWL�MD�VRYHOWXX�YDUVLQ
K\YLQ�WlPlQNDOWDLVHHQ�VRYHOOXNVHHQ�
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Kuva 3.5 .XXQWHOXNRHMlUMHVWHOPll YDUWHQ PXXQQHOWX $SSOH ([WHQGHG .H\ERDUG� +LLUHW OLLWHWllQ

QlSSlLPLVW|Q WDDNVH OLVlWW\\Q OLLWLQSDQHHOLLQ� 1lSSlLPLVW| RQ HGHOOHHQ NHWMXWHWWDYLVVD

0DFLQWRVK 'HVNWRS %XV�LQ NDXWWD �DXNNR QlSSlLPLVW|Q SllG\VVl�� 0LNlOL KLLULHQ /('�

PHUNNLYDORMD KDOXWDDQ RKMDWD� Wl\W\\ QlSSlLPLVW||Q OLLWWll XONRLQHQ YLUWDOlKGH�

3.4.3 VOhjelmisto

.XXQWHOXNRHRKMHOPLVWR�WRWHXWHWWLLQ�0DFLQWRVK�&RPPRQ�/LVS��RKMHOPRLQWL\PSlULVW|Q
SRKMDOWD�� &RPPRQ� /LVS�Q� YDOPLVWDMD� RQ� 'LJLWRRO� ,QF�� 6RYHOOXNVHQ� NHKLW\V� WDSDKWXL
$SSOH� 0DFLQWRVK� ,,� );� �WLHWRNRQHHVVD� MD� Nl\W|VVl� ROL� &RPPRQ� /LVS� YHUVLR� ���
&/26��&RPPRQ�/LVS�2EMHFW�6\VWHP���ROLRODDMHQQXNVHOOD��1lLGHQ�SRKMDOWD�RQ�7HNQLOOL�
VHQ�NRUNHDNRXOXQ�DNXVWLLNDQ� ODERUDWRULRVVD�NHKLWHWW\� ODDMD� VLJQDDOLQNlVLWWHO\Q� VRYHOOXV�
WHQ�NHKLW\V\PSlULVW|��MRND�NXONHH�W\|QLPHOOl�4XLFN6LJ��.DUMDODLQHQ��������

Kuva 3.6 (VLPHUNNL NXXQWHOXNRHRKMHOPDQ GLDORJL�LNNXQRLVWD� 2KMHOPDOOD YRL WDUNLVWDD KLLULHQ WRL�

PLQWDNXQQRQ VHNl NDOLEURLGD NXXORNNHLGHQ WDVRW� .XXQWHOXNRNHHQ YDOYRMD VHXUDD Ql\W|OWl

NRNHHQ HGLVW\PLVWl MD PLNlOL MRNX NRHKHQNLO|LVWl MlWWll YDVWDDPDWWD� NRH S\VlKW\\ MD

Ql\W|OOH WXORVWXX �1RW DOO FKRLFHV PDGH��� .RH MDWNXX� NXQ NDLNNL YDVWDXNVHW RQ VDDWX�



-lUMHVWHOPlQ�VXXQQLWWHOX

��

.XXQWHOXNRHRKMHOPD� VLVlOWll� QRLQ� ���� ULYLl� /LVS� �NRRGLD�� 2KMHOPDQ� Nl\WW|OLLWW\Pl
�.XYD������ UDNHQQHWWLLQ�PDKGROOLVLPPDQ�KHOSSRNl\WW|LVHNVL� MD� VHQ� DYXOOD� YRL� WDUNLVWDD
NRHKHQNLO|LGHQ� Nl\WW|OLLWW\PLHQ� �KLLULHQ�� WRLPLQWDNXQQRQ� VHNl� NDOLEURLGD� NXXORNNHHW�
.DOLEURLQQLVVD�RKMHOPD�DMDD�NXXORNNHLVLLQ���N+]�Q� WDDMXXGHOOD� VLQLVLJQDDOLD�� MRQND� WDVR
YDVWDD����G%�llQLQl\WWHLVVl��.HLQRSllQ� WDL�NHLQRNRUYDQ�VHNl�RKMHOPDQ�DYXOOD� NXXORN�
NHHW�RQ�KHOSSR�NDOLEURLGD�WRLVWDPDDQ�llQLW\NVHVVl�YDOOLQQHLWD�WRGHOOLVLD�llQLSDLQHLWD�

7LHWRNRQHHVVD� ROL� Nl\W|VVl�1DWLRQDO� ,QVWUXPHQWV�Q� YDOPLVWDPD� ODDGXNDV� $'�� MD� '$�
PXXQQLQNRUWWL�W\\SLOWllQ�1%�$������1DWLRQDO�,QVWUXPHQWV��������

+LLUHW�N\WNHWWLLQ�QlSSlLPLVW|Q�RPLHQ�N\WNLPLHQ�ULQQDOOH�OLLWWHHQl�ROHYDQ�WDXOXNRQ��/LLWH
*�� PXNDDQ�� 8XVL� NXXQWHOXNRH� PllULWHOOllQ� RKMHOPDOOH� /LVS�VNULSWLOOl� OXRPDOOD� XXVL
NXXQWHOXNRHROLR�

(defparameter kuuntelukoeolio

  (make-instance 'multi-exp-dialog

    :experiment "VALTRA 29.05.97"

    :directory "HD-500:traktorit:290597:"

    :key-list '(1 2 )

    :signal-files

    '("vastatkaa.aiff"

      "ctval_1.aif"

      "ctval_2.aif"

      "ctval_3.aif"

      "ctval_4.aif"

      "ctval_4_f.aif"

      "cval_1.aif"

      "cval_3.aif"

      "cval_5.aif"

      "cval_6.aif"

      "cval_9.aif")

    :play-list '(( 3 2) (9 1) (2 1) (9 3) (3 8) (10 1) (5 6) (5 2) (1 5) (5 7) (3 7)
(2 3) (7 8) (1 6) (9 10) (6 9) (8 5) (6 4) (8 3) (2 7) (4 10) (4 5) (9 5) (8 7) (8
10) (7 9) (9 6) (1 4) (8 9) (10 5) (5 4) (4 2) (6 1) (2 10) (5 10) (4 3) (6 2) (1 8)
(7 10) (7 5) (2 6) (1 7) (6 7) (7 6) (8 6) (7 1) (1 3) (1 2) (10 7) (6 10) (8 2) (10
9) (1 9) (2 5) (2 4) (10 4) (3 1) (4 1) (7 2) (9 8) (5 3) (8 4) (3 9) (10 3) (2 9)
(9 4) (3 4) (4 8) (7 3)  (6 5) (5 8) (6 8) (8 1) (3 10) (1 10) (10 2) (10 8) (3 5)
(5 9) (3 6) (4 6) (6 3) (9 7) (9 2) (5 1) (2 8) (4 7) (7 4) (10 6) (4 9))))

3.5 VNäytteiden ekvalisointi

7lUNHl�RVD�ELQDXUDDOLVWHQ�NXXQWHOXNRNHLGHQ�VXXQQLWWHOXVWD�RQ�SllW|V�NXLQND�HNYDOLVRLQ�
QLW� VXRULWHWDDQ��0LNlOL� llQHQWRLVWRNHWMXVVD� V\QW\YLl� YllULVW\PLl� HL� NRUMDWD�� ORNDOLVRLQWL
KHLNNHQHH�KXRPDWWDYDVWL�MD�HWlLV\\GHQ�DUYLRLQQLVVD�WXOHH�YLUKHLWl��(NYDOLVRLQQLW�YRLGDDQ
WHKGl�\OHLVLQl��MROORLQ�QH�RYDW�DLQD�NRPSURPLVVL�HLNl�ORNDOLVRLQWL�WRLPL�NDLNLOOD�WDL�NHQHO�
OlNllQ�NRYLQ�K\YLQ��3DUDV�ODDWX�VDDYXWHWDDQ��MRV�HNYDOLVRLQQLW�WHKGllQ�KHQNLO|NRKWDLVLQD�

6XOMHWXQ�NRUYDNl\WlYlQ�VXXOWD��NDSSDOHHVVD��������llQLWHW\W�llQLQl\WWHHW�HVLWHWWLLQ�NXXQ�
WHOXNRNHLVVD� NRHKHQNLO|LOOH� NXXORNNHLGHQ� DYXOOD�� .XXORNNHLWD� NlVLWHOOllQ� WlVVl� )(&�

PllULWHOOllQ�NRNHHQ�QLPL

KDNHPLVWR��PLVVl�Ql\WWHHW�RYDW

QLPHWllQ�Ql\WWHHW��QH�YRLYDW�ROOD
DLII��WDL�DLIF�IRUPDDWHLVVD��HQVLP�
PlLVHQl�RQ�DLQD�YDVWDDPLVNHKRLWH
�.DLNNL�HLYlW�YDVWDQQHHW��RONDD
K\Yl�MD�YDVWDWNDD�YlOLWW|PlVWL�

SOD\OLVW�PllULWHOOllQ�Ql\WHSDUHLQD�
WlVVl�HVLPHUNLVVl�NDLNNL�Ql\WWHHW
VRLWHWDDQ�NHUUDQ�MRNDLVWD�YDVWDDQ
����Ql\WHWWl�⇒����Ql\WHSDULD�
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NXXORNNHLQD� �NDSSDOH� �������� MRWHQ� QLLGHQ� DNXVWLVWD� LPSHGDQVVLD� HL� RWHWD� KXRPLRRQ�
.RUMDWWDYDW� HSlLGHDDOLVXXGHW� RYDW� VLWHQ� YDLQ� NXXORNHYDVWH� MD� llQLW\VODLWWHLVWRQ� YLUKHHW�
.XXORNHYDVWHHW�PLWDWWLLQ�Nl\WWlHQ�VDPDD�llQLW\VODLWWHLVWRD�NXLQ�Ql\WWHLGHQ�llQLW\VWLODQ�
WHHVVD�MD�WlPlQ�YXRNVL�HNYDOLVRLQWLVXRGLQ�RQ�NRNRQDLVXXGHVVDDQ�NXXORNHYDVWHHQ�NllQ�
WHLVVXRGLQ�

/lKHV� NDLNNL� WRVLSll�Ql\WWHHW� llQLWHWWLLQ� VDPDQ� NRHKHQNLO|Q� SllOOl�� .RUMDXVVXRGLQ
VXXQQLWHOWLLQ� KlQHQ� NXXORNHYDVWHHVWDDQ�� 6HNl� NHLQRSll��� HWWl� WRVLSllNXXORNHYDVWHHW
PllULWHWWLLQ�PLWWDDPDOOD�LPSXOVVLYDVWHHW�SlLKLQ�ODLWHWXLVWD�NXXORNNHLVWD�llQLW\NVHVVl�Nl\�
WHWW\LKLQ� PLNURIRQHLKLQ�� .HLQRSllVVl� ROL� RPDW� VLVllQUDNHQQHWXW� %U�HO	.M U� ����
YDSDDQNHQWlQ� ð� WXXPDQ� PLNURIRQLW� MD� NRHKHQNLO|OOl� Nl\WHWWLLQ� WlVVl� W\|VVl� HVLWHWW\l
VXOMHWXQ� NRUYDNl\WlYlQ� VXXOWD� llQLWWlYll� ODLWWHLVWRD�� 7DDMXXVYDVWHHW� �.XYD� ���� �� .XYD
�����PllULWHWWLLQ�MRNDLVHOOH����VWD�NXXORNNHHVWD�MD�QH�S\ULWWLLQ�DVHWWDPDDQ�SlLKLQ�WlVPlO�
OHHQ�VDPRLOOH�SDLNRLOOH�

.HLQRSllQ�MD�NRHKHQNLO|Q�NXXORNHYDVWHLVVD�RQ�KXRPDWWDYDQ�VXXULD�HURMD�HQVLPPlLVHQ
��N+]�Q�UHVRQDQVVLNXRSDQ�MlONHHQ��.HLQRSllOOl�NXXQQHOWXQD�6HQQKHLVHULQ�NXXORNH�YDL�
PHQWDD�\OL����N+]�Q�WDDMXXNVLD�QRLQ����G%��.RHKHQNLO|OOl�NXXORDOXHHQ�\OlSllQ�WDDMXX�
GHW� WRLVWXYDW�YDLPHQWXQHLQD�PXXWDPDVWD� V\YlVWl�NXRSDVWD�KXROLPDWWD�PXWWD�NXLWHQNLQ
NDNVL�NHUWDD�YRLPDNNDDPSLQD�NXLQ�NHLQRSllOOl�
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Kuva 3.8 .XXQWHOXNRNHLGHQ Ql\WWHLGHQ llQLW\NVHVVl Nl\WHW\Q NHLQRSllQ NXXORNHYDVWHLWD VDPDQ

PHUNNLVLOOl NXXORNNHLOOD �6HQQKHLVHU +'������ D YDVHQ NRUYD E RLNHD NRUYD� .XXORNNHHW

DVHWHWWLLQ NHLQRSllKlQ PDKGROOLVLPPDQ WDUNNDDQ VDPDOOH SDLNDOOH�

.XXORNHYDVWHLGHQ� NHVNLDUYRMHQ� �(YDOXRLQQLW�� .XYD� ���� �� .XYD� ������ SHUXVWHHOOD� YRL�
GDDQ�ODVNHD��NllQWHLVVXRWLPHW��MRLOOD�NRPSHQVRLWDLVLLQ�NXXORNNHLGHQ�WDDMXXVWRLVWRQ�HSl�
LGHDDOLVXXGHW�VLWHQ��HWWl�NDLNNL�WDDMXXGHW�WRLVWXLVLYDW�\KWl�YRLPDNNDLQD��7lVVl�WDSDXNVHV�
VD�NllQWHLVVXRWLPLHQ�WXOLVL�NRURVWDD�\OL����N+]�Q�WDDMXXNVLD�MRSD�VDWDNHUWDLVLNVL�����G%�
MD�VLLWl�VHXUDD�OLLDQ�VXXUL�VLJQDDOLNRKLQDVXKWHHQ�KHLNNHQHPLQHQ��.XXORNHYDVWHLGHQ�SRK�
MDOWD� VXXQQLWHOWLLQ� �),5�VXRWLPHW� �.XYD������� MRWND�NRPSHQVRLYDW�XVHLPSLHQ� NXXQWHOX�
NRHQl\WWHLGHQ�ROHQQDLVHOWD�WDDMXXVDOXHHOWD�HSlLGHDDOLVXXGHW�SRLV�

3.5.1 VEkvalisointiohjelma

(NYDOLVRLQWHMD� KHOSRWWDPDDQ� NLUMRLWHWWLLQ� RKMHOPD� 0DWODELD� �0DWKZRUNV�� ����D�
Nl\WWlHQ��2KMHOPD�Nl\�WDUNLVWDPDVVD�HQQDOWD�PllUlW\VWl�KDNHPLVWRVWD��RQNR�VLHOOl�HNYD�
OLVRLWDYLD� Ql\WWHLWl��0LNlOL� QLLWl� O|\W\\�� VH� WDUNLVWDD� QLLGHQ� QLPHW� MD� IRUPDDWLQ�� (QVLP�
PlLQHQ�NLUMDLQ�PllUll�Ql\WWHHQ�W\\SLQ�
% r for the real head recording

% d for the dummy head recording

% c for the calibration signal

-RV� Ql\WWHHW� RYDW� 3&�� WDL�0DFLQWRVK��$,))�WLHGRVWRMD�� WHKGllQ� QLLOOH� W\\SSLNRKWDLQHQ
HNYDOLVRLQWL� �HNYDOLVRLQWLVXRGDWWLPHQ� VXXQQLWWHOX� OLLWWHHVVl� -��� 2KMHOPD� QRUPDOLVRL
Ql\WWHLGHQ�$�SDLQRWHWXW�VSHNWULW� WDUYLWWDHVVD�VDPRLNVL��(NYDOLVRLQWLHQ� MlONHHQ�Ql\WWHLOOH
ODVNHWDDQ� YDKYLVWXVNHUURLQ� YRLPDNNDLPPDQ� Ql\WWHHQ� PDNVLPLDUYRQ�PXNDDQ� MD� NDLNNL

������������������������������������������������

� ,PSXOVVLYDVWHHOOH ODVNHWDDQ 0DWODELQ �0DWKZRUNV� ����E� OSF�NRPHQQROOD PLQLPLYDLKHLVHW OLQHDDULSUH�

GLNWLR�NHUWRLPHW�

� )LQLWH ,PSXOVH 5HVSRQVH� 'LJLWDDOLVXRGLQ� MROOD RQ llUHOOLQHQ LPSXOVVLYDVWH MD VLOOl YRLGDDQ NRUMDWD VHNl

YDLKH� HWWl PDJQLWXGLYllULVW\PLl� ),5�VXRGLQ RQ DLQD VWDELLOL�
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Ql\WWHHW� VHNl� NDOLEURLQWLVLJQDDOL� NHUURWDDQ� YDKYLVWXVNHUWRLPHOOD� VLJQDDOLNRKLQDVXKWHHQ
RSWLPRLPLVHNVL�

),5�VXRGDWWLPLVWD�WXOL�YDUVLQ�SLWNlW������MD�������PXWWD�VH�HL�ROH�RQJHOPD��NRVND�Ql\WWHLWl
HL�WDUYLWVH�HNYDOLVRLGD�UHDDOLDLNDLVHVWL�
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Kuva 3.9 .XXQWHOXNRNHLWD YDUWHQ VXXQQLWHOOXW HNYDOLVRLQWLVXRGDWWLPHW� D NHLQRSllQl\WWHLOOH E WRVL�

SllQl\WWHLOOH� .XPPDVVDNLQ WDSDXNVHVVD DOOH ��� +]�Q WDDMXXNVLD NRURVWHWWLLQ KXRPDWWD�

YDVWL� VLOOl SLHQHW WDDMXXGHW VLLUW\LYlW NRNHLVLLQ YDOLWXLVWD NXXORNNHLVWD KHLNRVWL NRUYLLQ�

3.6 VTilastolliset työkalut

<OHHQVl� WLHWHHOOLVHVVl� WXWNLPXNVHVVD� S\ULWllQ�PDKGROOLVLPPDQ� VXXUHHQ� REMHNWLLYLVXXWHHQ�
7LODVWRWLHGH� S\UNLL� DQWDPDDQ� RKMHLWD�� MRWWD� SllVWlLVLLQ� PDKGROOLVLPPDQ� OlKHOOH� REMHN�
WLLYLVXXWWD��7l\GHOOLQHQ�REMHNWLLYLVXXV� RQ�PDKGRWRQWD�� VLOOl�PLWWDDMDQD� WRLPLL� LKPLQHQ�
LKPLVHQ� WHNHPLOOl�YlOLQHLOOl�� MD� WLHWRMHQ�KDQNLQWD� OlKWHH� LKPLVHQ� WDUSHLVWD�� -RV� WLODVWRDL�
QHLVWR�RQ�RLNHLQ�DQDO\VRLWX� MD�DQDO\\VLW�RLNHLQ�WXONLWWX� MD�UDSRUWRLWX��RQ� WXWNLPXVWXORN�
VHOOD� SDLQRDUYRD�� 7LODVWROOLVLOOD� WHPSXLOOD� YRLGDDQ� KXLMDWD� KHOSRVWL� VHOODLVLD� KHQNLO|LWl�
MRWND�HLYlW�WXQQH�WLODVWROOLVLD�NlVLWWHO\WDSRMD��7LODVWRWLHGHWWl�WXQWHYD�OXNLMD�WDDV�KDYDLWVHH
RLNHLQ�UDSRUWRLGXVWD�WXWNLPXNVHVWD��RQNR�WLODVWRDLQHLVWRQ�NlVLWWHO\�WHKW\�RLNHLQ��7lPlQ
YXRNVL� RQ� WlUNHll� YDOLWD� RLNHDW� WLODVWROOLVHW� PLWWDYlOLQHHW� MD� DQDO\\VLPHQHWHOPlW� MRNDLVHHQ
WDSDXNVHHQ�

3.6.1 VTilastolliset mittavälineet ja analyysimenetelmät

$LQHLVWRQ� DQDO\VRLQWLRVD� YRLGDDQ� MDNDD� NDKWHHQ� WLODVWRWLHWHHQ� RVD�DOXHHVHHQ��NXYDLOX� MD
SllWWHO\� �0DQQLQHQ�� ������� .XYDLOX� NlVLWWll� KDYDLQWRDLQHLVWRQ� WLLYLVWlPLVWDSRMD� MD
HVLWWlPLVPHQHWHOPLl�� NXWHQ� WDXOXNRW�� WXQQXVOXYXW� MD� NXYLRW�� 7LODVWROOLVHOOD� SllWWHO\OOl
S\ULWllQ� YDVWDDPDDQ� WXWNLPXVRQJHOPDQ� N\V\P\NVLLQ��0HQHWHOPLQl� Nl\WHWllQ� K\SRWHHVLQ
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WHVWDXVWD� MD� WLODVWROOLVLD� DQDO\\VHMl�� 1H� SHUXVWXYDW� HSlYDUPXXGHQ� V\VWHPDDWWLVHHQ� NlVLWWH�
O\\Q�

Hypoteesien testaus

7LODVWROOLVWHQ� WHVWLHQ�DYXOOD�YRLGDDQ� WXWNLD�RWDQWDSRSXODDWLRWD�NRVNHYLHQ�YlLWWlPLHQ� WDL
NlVLW\VWHQ� �K\SRWHHVLHQ�� SDLNNDQVDSLWlY\\WWl�� .RVND� WHKWlYlW� SllWHOPlW� SHUXVWXYDW
RWRNVHHQ�� HL� Wl\WWl� YDUPXXWWD� NRVNDDQ� YRLGD� VDDGD�� 7LODVWROOLVHQ� WHVWLQ� DYXOOD� RQ� YDLQ
PDKGROOLVWD�DUYLRLGD�N\VHLVHHQ�SllW|NVHQWHNRWLODQWHHVHHQ�OLLWW\Yll�ULVNLl�VLOOH��HWWl�RWRN�
VHQ� SHUXVWHHOOD� SRSXODDWLRVWD� WHKW\� MRKWRSllW|V� RQ� YLUKHHOOLQHQ�� /RSXOOLVHQ� SllW|NVHQ
WHNR� Mll� DLQD� WXWNLMDOOH� LWVHOOHHQ��7LODVWROOLQHQ� WHVWL� DQWDD� DLQRDVWDDQ� DSXD� SllW|NVHQWH�
NRWLODQWHHVHHQ�

-RWWD� K\SRWHHVLHQ� WHVWDXVWD� YRLWDLVLLQ� Nl\WWll�� Wl\W\\� ROHWWDD�� HWWl� PXXWWXMD� QRXGDWWDD
OLNLPDLQ� QRUPDDOLMDNDXPDD� SHUXVMRXNRVVD�� RVDMRXNNRMHQ� YDULDQVVLW� RYDW� \KWlVXXUHW� MD
RVDMRXNRW�RYDW�WRLVLVWDDQ�ULLSSXPDWWRPLD�

+\SRWHHVLQ�WHVWDXNVHVVD�ODVNHWDDQ����ODMLQ�YLUKHHQ�HOL�K\ONllPLVYLUKHHQ��WRGHQQlN|LV\\V
MD�PLNlOL�YLUKHHQ�WHNHPLVHQ�WRGHQQlN|LV\\V�RQ�SLHQL��K\OlWllQ�QROODK\SRWHHVL�MD�K\YlN�
V\WllQ� YDVWDK\SRWHHVL�� 9DVWDK\SRWHHVL� �DQWLWHHVL�� RQ� YDVWDYlLWWlPl� QROODK\SRWHHVLOOH�
5LVNLWDVRQ� UDMRLQD� Nl\WHWllQ� \OHHQVl� DUYRMD� ������ ����� MD� ������� 1lLOOH� O|\W\YlW� P\|V
QLPLW\NVHW�

�������S��������WXORV�RQ�VXXQWDD�DQWDYD�

�������S��������WXORV�RQ�WLODVWROOLVHVWL�PHONHLQ�PHUNLWVHYl��
��

��������S��������RQ�WXORV�WLODVWROOLVHVWL�PHUNLWVHYl��

�

S���������RQ�WXORV�WLODVWROOLVHVWL�HULWWlLQ�PHUNLWVHYl��


��

1lLWl�UDMRMD�HL�ROH�SDNNR�Nl\WWll��YDDQ�RQ�MlUNHYlPSll�HVLWWll�WDUNND�PHUNLWVHY\\VWDVRQ
DUYR�MD�WHKGl�MRKWRSllW|V�WLODQWHHQ�PXNDDQ�

Tilastolliset kuvailumenetelmät ja tunnusluvut

7LODVWROOLVHQD�NXYDLOXPHQHWHOPLQl�YRLGDDQ�Nl\WWll�U\KPLWWlLVLl�NHVNLDUYRMD� MD�NHVNLYLUKHL�
Wl�� VHNl�QlLVWl�SLLUUHWW\Ml�NXYLRLWD��$ULWPHHWWLQHQ�NHVNLDUYR�RQ�HQLWHQ�Nl\WHWW\� MD� XVHLQ
�SDUDV��NHVNLOXNX��0LNlOL�PXXWWXMDQ�MDNDXPD�RQ�YLQR�WDL�KDYDLQWRDLQHLVWRVVD�RQ�SDOMRQ
PXLVWD�SRLNNHDYLD�KDYDLQWRMD��NXYDDYDW�JHRPHWULQHQ�NHVNLDUYR�MD�PHGLDDQL��SDUHPPLQ�
MDNDXPDQ� NHVNXVWD�� )UDNWLLOLW� RYDW� SURVHQWWLVXPPDIUHNYHQVVLQ� SHUXVWHHOOD� PllUlWW\Ml
SLVWHLWl�MDNDXPDVWD��0HGLDDQL�RQ������Q�IUDNWLLOL��)UDNWLLOL�QLPHWllQ�VHQ�PXNDDQ��NXLQND
PRQHHQ�RVDDQ�MDNDXPD�MDHWDDQ��HVLPHUNLNVL�

• NYDUWLLOLW�������������PHGLDDQL��MD�����

������������������������������������������������

� .XWVXWDDQ PHUNLWVHY\\VWDVRNVL WDL ULVNLWDVRNVL �VLJQLILFDQFH  S WDL D��
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• WHUWLLOLW��������MD�������

• NYLQWLLOLW������������������MD�����

• GHVLLOLW����������������������������������������MD�����

$LQRD�NHVNLOXNX��MRQND�YRL�PllUlWl�OXRNLWWHOXDVWHLNRQ��HVLP��VXNXSXROL��VLYLLOLVllW\��DP�
PDWWL��PXXWWXMDVWD�RQ�PRRGL�HOL� W\\SSLDUYR��0RRGL�RQ� VXXULPPDQ� IUHNYHQVVLQ�RPDDYD
OXRNND��0LNlOL� MDWNXYDVWD�PXXWWXMDVWD�KDOXWDDQ�PllUlWl�PRRGL��RQ�VH� WHKWlYl� OXRNLWHO�
OXVWD�PXXWWXMDVWD�

)UDNWLLOLW�MD�PRRGL�RYDW�K\YLQ�YlKlQ�Nl\WHWW\Ml�NHVNLOXNXMD��.HVNLDUYRMHQ�HURMHQ�WLODVWRO�
OLVWD�PHUNLWVHY\\WWl�YRLGDDQ�WHVWDWD�W�WHVWHLOOl�WDL�YDULDQVVLDQDO\\VLOOl�

T-testi

7�WHVWL� RQ� HUllQODLQHQ� NHVNLDUYRWHVWL�� .HVNLDUYRWHVWHLOOl� YHUUDWDDQ� RWRNVHVWD� ODVNHWWXD
NHVNLDUYRD�YDNLRRQ�WDL�YHUWDLOODDQ�RVDMRXNNRMHQ��U\KPLHQ��NHVNLDUYRMD�WRLVLLQVD��.DLNLV�
VD� NHVNLDUYRWHVWHLVVl� RQ� OXRQQROOLVHVWL� ROHWXNVHQD�� HWWl� WXWNLWWDYDVWD� PXXWWXMDVWD� YRL�
GDDQ� ODVNHD� NHVNLDUYR� HOL� PXXWWXMDQ� RQ� ROWDYD� YlOLPDWND�� WDL� VXKGHOXNXDVWHLNROOLQHQ�
/LVlNVL�WXWNLWWDYDQ�PXXWWXMDQ�WXOHH�QRXGDWWDD�OLNLPDLQ�QRUPDDOLMDNDXPDD�

.XQ�KDYDLQWRDLQHLVWRVWD�YRLGDDQ�RVRLWWDD�KDYDLQWRSDULW�� MRWND� VHOYlVWL� ULLSSXYDW� WRLVLV�
WDDQ��Nl\WHWllQ�U\KPlNHVNLDUYRMHQ�YlOLVHHQ�YHUWDLOXXQ�YHUUDQQROOLVWHQ�SDULHQ� W� �WHVWLl��.XQ
YHUWDLOODDQ�NDKWD�Wl\VLQ�WRLVLVWDDQ�ULLSSXPDWRQWD�RVDMRXNNRD�WRLVLLQVD� MD�KDOXWDDQ�WLHWll
HURDYDWNR� U\KPLHQ� NHVNLDUYRW� WRLVLVWDDQ�� YRLGDDQ� WLODVWROOLVHQD� PHQHWHOPlQl� Nl\WWll
ULLSSXPDWWRPLHQ�RWRVWHQ�W��WHVWLl�

Varianssitestit

0LNlOL� WRLVLVWDDQ�ULLSSXPDWWRPLD�YHUUDWWDYLD�U\KPLl�RQ�XVHLWD��HL�QlLGHQ�YHUWDLOXXQ�VDD
Nl\WWll�SDULWWDLVLD�W��WHVWHMl��YDDQ�VRYHOWXYD�PHQHWHOPl�RQ�\NVLVXXQWDLQHQ�YDULDQVVLDQDO\\VL�
9DULDQVVLDQDO\\VL� HL� QLPHVWllQ� KXROLPDWWD� WHVWDD� U\KPLHQ� YDULDQVVLHQ� YlOLVWl� HURDYDL�
VXXWWD�� YDDQ� NHVNLDUYRMD�� 1LPL� MRKWXX� VLLWl�� HWWl� DQDO\\VL� SHUXVWXX� U\KPLHQ� YlOLVHQ� MD
VLVlLVHQ�YDLKWHOXQ�YHUWDDPLVHHQ�MD�YDLKWHOXD�DUYLRLGDDQ�YDULDQVVHLOOD�

<NVLVXXQWDLVHQ� YDULDQVVLDQDO\\VLQ� OLVlNVL� YDULDQVVLDQDO\\VLl� YRLGDDQ� Nl\WWll� XVHDPSL�
VXXQWDLVHQD�MD�HULODLVWHQ�NRHDVHWHOPLHQ��HVLP��ORKNRNRNHLVVD��DQDO\VRLQWLLQ�

Jakauman tutkiminen

.DLNNL� NHVNLDUYRWHVWLW� MD� PRQHW� PRQLPXXWWXMDPHQHWHOPlW� ROHWWDYDW� QRUPDDOLMDNDXPDQ�

.DLNLVVD�WHVWHLVVl�ULLWWll��MRV�PXXWWXMDW�RYDW�OLNLPDLQ�QRUPDDOLMDNDXWXQHLWD��1lLQ�YRLPD�
NDVWD� ROHWXVWD� HL� NDLNLVVD� PHQHWHOPLVVl� WDUYLWVH� WHKGl�� 8VHLQ� ULLWWll�� HWWl� NHVNLDUYRQ
RWDQWDMDNDXPD�RQ�QRUPDDOLQHQ� WDL� MllQQ|NVHW�QRXGDWWDYDW� OLNLPDLQ�QRUPDDOLMDNDXPDD�
1RUPDDOLVXXGHQ�YRL�WRGHWD�JUDDILVHVWL�KLVWRJUDPPDVWD�WDL�VXPPDIUHNYHQVVLQ�NXYDDMDV�
WD�� -DNDXPDQ� RPLQDLVXXNVLD� VLMDLQQLQ� MD� KDMRQQDQ� OLVlNVL� RYDW� YLQRXV� �VNHZQHVV�� MD
KXLSXNNXXV� �NXUWRVLV���9LQRXV�NXYDD� MDNDXPDQ�V\PPHWULV\\WWl�� -RV� MDNDXPD�RQ�VDPDQ�
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NDOWDLQHQ� MDNDXPDQ�NHVNLNRKGDVWD�RLNHDOOH� MD� YDVHPPDOOH�SlLQ��RQ� MDNDXPD� V\PPHWUL�
QHQ�MD�YLQRXV� ����+XLSXNNXXVWXQQXVOXNX�NHUWRR�MDNDXPDQ�PDNVLPLNRKGDQ�OHYH\GHV�
Wl��<NVL�YLQRXVWXQQXVOXYXLVWD�RQ�3HDUVRQLQ� YLQRXVPLWWD�� MRND�SHUXVWXX�NHVNLOXNXMHQ�YlOL�
VHHQ�HURRQ��-RV�3�������VDQRWDDQ�MDNDXPDQ�ROHYDQ�YDVHPPDOOH�ORLYHQHYD�MD�MRV�3�!���
VDQRWDDQ� MDNDXPDQ� ROHYDQ� RLNHDOOH� ORLYHQHYD�� 1lLOOH� WXQQXVOXYXLOOH� YRLGDDQ� P\|V
ODVNHD�NHVNLYLUKH�MD�VLWHQ�Nl\WWll�WHVWHLQl��2Q�NXLWHQNLQ�KXRPDWWDYD��HWWl�N\VHLVHW�WHVWLW
WHVWDDYDW� VLWl�� SRLNNHDDNR� MDNDXPDQ� YLQRXV� WDL� KXLSXNNXXV� QRUPDDOLMDNDXPDQ� YDVWDD�
YDVWD�RPLQDLVXXGHVWD��HLNl�YDUVLQDLVHVWL� VLWl�YRLNR�VDDWX� MDNDXPD�ROOD�RWRV�QRUPDDOLMD�
NDXPDVWD�� -DNDXPDWHVWHMl� NXWVXWDDQ� \KWHHQVRSLYXXVWHVWHLNVL� MD� Nl\WHW\LQ� RQ
.ROPRJRURY�6PLUQRY��WHVWL��7HVWL�YHUWDD�MDNDXPDQ�VXPPDIUHNYHQVVHMl�QRUPDDOLMDNDX�
PDQ��WDL�PXXQ�MDNDXPDQ��NHUW\PlIXQNWLRQ�YDVWDDYLLQ�DUYRLKLQ�

Jakaumasta riippumattomia testejä

-DNDXPDVWD� ULLSSXPDWWRPDW� HOL� HL�SDUDPHWULVHW� PHQHWHOPlW� �QRQSDUDPHWULF� PHWKRGV�
HLYlW�YDDGL�PXXWWXMDQ�SHUXVMRXNRQ�MDNDXPDQ�WDL� MDNDXPDQ�SDUDPHWULHQ��HVLP��YDULDQV�
VL�� WXQWHPLVWD��7lVVl�HVLWHWWlYLVVl� WHVWHLVVl�DONXSHUlLVHW�KDYDLQWRDUYRW�NRUYDWDDQ� MlUMHV�
W\VOXYXLOOD� MD� ODVNXWRLPLWXNVHW� SHUXVWXYDW� QlLKLQ� MlUMHVW\VOXNXLKLQ�� -DNDXPDVWD� ULLSSX�
PDWWRPDW� WHVWLW� HLYlW� WLHW\VWL� ROH� QLLQ� YRLPDNNDLWD� NXLQ� MDNDXPDVWD� ULLSSXYDW�PHQHWHO�
PlW�HOL�QH�HLYlW�\OHHQVl�K\ONll�QROODK\SRWHHVLD�\KWl�KHOSRVWL��1lLVWl�HVLPHUNNHLQl�YRL�
GDDQ�PDLQLWD�:LOFR[RQLQ�WHVWL�MD�0DQQ�:LWKQH\Q�8�WHVWL�

Regressioanalyysi

�.RUUHODDWLRNHUWRLPHQ� DYXOOD� YRLGDDQ� WXWNLD� NDKGHQ�� YlKLQWllQ� YlOLPDWND�DVWHLNROOLVHQ�
PXXWWXMDQ� OLQHDDULVWD� ULLSSXYXXWWD��0LNlOL� WXWNLPXVDODQ� DVLDQWXQWHPXNVHVWD� WXQQHWDDQ
V\\�� HOL� VHOLWWlYl�PXXWWXMD� MD� VHXUDXV�� HOL� VHOLWHWWlYl�PXXWWXMD�� YRLGDDQ� WLODVWROOLVHQD
PHQHWHOPlQl�Nl\WWll� UHJUHVVLRDQDO\\VLl��5HJUHVVLRDQDO\\VLLQ� YRLGDDQ�RWWDD�PXNDDQ�P\|V
XVHLWD�VHOLWWlYLl�PXXWWXMLD�

5HJUHVVLRPDOOLQ� VHOLW\VN\N\l� NXYDD� VHOLW\VDVWH�� MRND� NHUWRR� NXLQND� SDOMRQ� PDOOL� VHOLWWll
NRNRQDLVYDLKWHOXVWD��6HOLW\VDVWH�HVLWHWllQ�XVHLQ�SURVHQWWHLQD�MD�\KGHQ�VHOLWWlYlQ�PXXWWX�
MDQ�UHJUHVVLRPDOOLQ�VHOLW\VDVWH�RQ�NRUUHODDWLRNHUWRLPHQ�QHOL|�

Hajontalukuja

.l\WHW\LQ�KDMRQWDOXNX�RQ�NHVNLKDMRQWD��HQJO��VWDQGDUG�GHYLDWLRQ���MRND�LOPRLWWDD�KDYDLQ�
WRDUYRMHQ� KDMDDQWXPLVHQ� NHVNLDUYRQ� \PSlULOOH�� /XRNLWHOOXOOH� PXXWWXMDOOH� NHVNLKDMRQWD
ODVNHWDDQ�NRUYDDPDOOD�KDYDLQWRDUYRW�OXRNNDNHVNXNVLOOD��.HVNLKDMRQWD�RQ�MlUNHYl�KDMRQ�
WDOXNX�YDLQ��NXQ�PXXWWXMDW�RYDW� OXRNLWHOWDYLVVD� MRQNLQ�DVWHLNRQ�PXNDDQ� �RYDW�YlOLPDW�
ND��MD�VXKGHDVWHLNRQ�PXXWWXMLD��

������������������������������������������������

� (VLPHUNNHLQl HULODLVLVWD NRUUHODDWLRNHUWRLPLVWD PDLQLWWDNRRQ 3HDUVRQLQ WXORPRPHQWWLNRUUHODDWLRNHU�

URLQ� .HQGDOOLQ MlUMHVW\VNRUUHODDWLRNHUURLQ� 6SHDUPDQLQ MlUMHVW\VNRUUHODDWLRNHUURLQ� .RUUHODDWLR LOPRLWWDD

PXXWWXMLHQ YlOLVHQ ULLSSXYXXGHQ OXNXDUYRQD QROODQ MD \NN|VHQ YlOLOWl� .RUUHODDWLRNHUWRLPHQ DUYR QROOD

NHUWRR� HWWl PXXWWXMDW HLYlW ULLSX ODLQNDDQ WRLVLVWDDQ� -R NRUUHODDWLRNHUWRLPHQ DUYR ��� YRL ROOD MRLVVDLQ

WDSDXNVLVVD VXXUL�
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9DULDQVVL� �HQJO�� YDULDQFH�� RQ� NHVNLKDMRQQDQ� QHOL|� V���9DULDDWLRNHUURLQ� RQ� VXKWHHOOLQHQ
NHVNLKDMRQWD��6LOOl�VDDGDDQ�HUL�VXXUXXVOXRNNDD�ROHYLHQ�PXXWWXMLHQ�KDMRQQDW�YHUWDLOXNHO�
SRLVLNVL��9DULDDWLRNHUURLQ�YRLGDDQ�ODVNHD�YDLQ�VXKGHDVWHLNRQ�PXXWWXMLOOH��.HVNLDUYRQ�NHV�
NLYLUKH��HQJO��VWDQGDUG�HUURU�RI�PHDQ��NXYDD�NHVNLDUYRQ�OXRWHWWDYXXWWD��.l\WHWllQ�XVHLQ
NHVNLDUYRNXYLRLVVD� MD� WDXOXNRLVVD��.HVNLYLUKHHQ�NlVLWH� OLLWW\\� HVWLPRLQWLLQ��9DLKWHOXYlOLQ
SLWXXV�RQ�VXXULPPDQ�KDYDLQWRDUYRQ�MD�SLHQLPPlQ�KDYDLQWRDUYRQ�YlOLQHQ�HURWXV�

Kokeiden luotettavuus ja oikeellisuus

5HOLDELOLWHHWWL� WDUNRLWWDD� PLWWDXNVHQ� WRLVWHWWDYXXWWD�� 7XWNLPXNVHQ� VLVlLQHQ� UHOLDELOLWHHWWL
YRLGDDQ�WRGHWD�PLWWDDPDOOD�VDPD�WLODVWR\NVLNN|�XVHDPSDDQ�NHUWDDQ��-RV�PLWWDXVWXORNVHW
RYDW�VDPDW��QLLQ�PLWWDXV�RQ�UHOLDDEHOL��-RV�PLWWDXVWXORNVHW�SRLNNHDYDW�WRLVLVWDDQ��WXORVWHQ
VDWXQQDLVYDLKWHOX� NHUWRR� PLWWDXNVHQ� UHOLDELOLWHHWLVWl�� 6DWXQQDLVYDLKWHOXD� WXWNLWDDQ� XVHLQ
ODVNHPDOOD�WRLVWHWWXMHQ�PLWWDXVWHQ�YDULDDWLRNHUURLQ��7RLVDDOWD�NDKGHQ�WRLVWHWXQ�PLWWDXVWX�
ORNVHQ�YlOLVHQ�NRUUHODDWLRNHUWRLPHQ� Wl\W\\� ROOD� OlKHOOl� \NN|VWl��1lLQ� YRLGDDQ� DUYLRLGD
WXWNLPXNVHQ�VLVlLVWl�UHOLDELOLWHHWWLD��7XWNLPXNVHQ�XONRLQHQ�UHOLDELOLWHHWWL�WDUNRLWWDD�VLWl��HW�
Wl�WXWNLPXV��MD�PLWWDXNVHW��RYDW�WRLVWHWWDYLVVD�P\|V�PXLVVD�WXWNLPXNVLVVD�MD�WLODQWHLVVD�

9DOLGLWHHWWL� �PLWWDXNVHQ� RLNHHOOLVXXV�� RQ� PLWWD� VLOOH�� PLWDWDDQNR� WRGHOOD� VLWl�� PLWl� RQ
WDUNRLWXV� PLWDWD�� 9DOLGLVXXV� OLLWW\\� DLQD� VRYHOOXVDOXHHQ� WHRULDDQ� MD� VHQ� NlVLWWHLVLLQ�
6LVlLVHOOl�YDOLGLWHHWLOOD�WDUNRLWHWDDQ�VLWl��YDVWDDYDWNR�PLWWDXNVHW�WXWNLPXNVHQ�WHRULDRVDV�
VD�HVLWHWW\Ml�NlVLWWHLWl��8ONRLVHVWL�YDOLGLVVD�WXWNLPXNVHVVD�P\|V�PXXW�WXWNLMDW�WXONLWVHYDW
N\VHLVHW�PLWWDXVWXORNVHW��MD�WXWNLPXVWXORNVHW��VDPRLQ�NXLQ�WXWNLPXNVHVVD�RQ�HVLWHWW\�

3.6.2 VTilastolliset ohjelmistot

7LODVWRMHQ�DQDO\VRLQWLLQ�RQ�VDDWDYLOOD�K\YLQ�HULWDVRLVLD�RKMHOPLD�HUL�Nl\WW|\PSlULVW|LKLQ�
6WDWLVWL[� RQ� HVLPHUNNL� NHY\HVWl� RKMHOPDVWD�� RKMHOPDQ� Nl\WW|� RQ� KHOSSRD� MD� VLOOl� VDD
SHUXVWXQQXVOXYXW�QRSHDVWL��0XLWD�HVLPHUNNHMl�RYDW�1&66��68592��%0'3� MD�*/,0�
/LVlNVL�([FHO��VHNl�0DWODE��RKMHOPLLQ�RQ�VDDWDYLVVD�WLODVWROOLQHQ�DQDO\\VLSDNHWWL��3V\NR�
ORJLVWHQ�NRNHLGHQ�WXORVWHQ�DQDO\\VLLQ�QlPl�NHY\HPPlW�RKMHOPDW�HLYlW�\OHHQVl�ULLWl��VLOOl
QLLVWl�SXXWWXX�VRVLDDOLWLHWHLOOH�WlUNHlW�PRQHQ�VDPDQDLNDLVHQ�PXXWWXMDQ�DQDO\\VLPHQHWHO�
PlW�

6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFHV��6366�� MD�6WDWLVWLFDO�$QDO\VLV�6\VWHP��6$6��RYDW
PDUNNLQRLGHQ� MRKWDYDW� WLODVWROOLVHHQ� DQDO\\VLLQ� WDUNRLWHWXW� RKMHOPLVWRW�� 6$6� RQ� VXRVL�
WXPSL�WHNQLVLVVl�VRYHOOXNVLVVD��NXQ�WDDV�6366�YDOLWDDQ�XVHLQ�Nl\WWl\W\PLVWLHWHLGHQ�Nl\W�
W||Q��.XPPDOODNLQ�YRL� WHKGl� VDPDW� DVLDW��7lPlQ� WXWNLPXNVHQ� WLODVWRMHQ� DQDO\VRLQWLLQ
Nl\WHWWLLQ�6366��RKMHOPDD�

3.7 VAudiometri

.XXQWHOXNRNHLVLLQ� RVDOOLVWXYLHQ� NRHKHQNLO|LGHQ� NXXOR� WXOHH� DLQD� WDUNLVWDD�� <OHHQVl
ULLWWll�QRUPDDOLNXXORQ�WDUNLVWXV�DOOH���NLORKHUW]LQ�WDDMXXNVLOOD��.XXQWHOXNRNHLGHQ�WXORVWHQ
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DQDO\VRLQWLLQ� RWHWDDQ� XVHLQ� \NVL� �IDNWRUL� NXYDDPDDQ� KHQNLO|Q� NXXORD�� 9DOLWVLPPH
NXXORQ� WDUNLVWXNVHHQ� DXGLRPHWULQ� ,QWHUDFRXVWLFV� 'LDJQRVWLF� $XGLRPHWHU� $'���� MRND
Wl\WWll� VWDQGDUGLW� ,(&� ����������� MD� $16,� ���������� $XGLRPHWULVWl� O|\W\\� PP�
DXWRPDDWWLQHQ�,62������VWDQGDUGLQ�PXNDLQHQ��+XJKVRQ�:HVWODNH�WHVWL��$XWRPDDWWLVLD
WHVWHMl�YRL�MRKWDD�KDUKDDQ�KHOSRVWL�MD�VLNVL�NXXORWHVWLl�WXOHH�DLQD�HKGRWWRPDVWL�YDOYRD�MD
VXRULWWDD� DXWRPDDWWLVHQ� WHVWLQ� OLVlNVL�PXXWDPD�PDQXDDOLQHQ� WDDMXXVWDUNLVWXV� HSlLO\WWl�
YLVVl�WDSDXNVLVVD��/DLWWHHOOD�YRLGDDQ�PllULWWll�NXXORN\QQ\V�WDDMXXVDOXHHOOD����������+]
MD�llQLSDLQHWDVRLOOD������������\KGHQ�GHVLEHOLQ�WDUNNXXGHOOD�

3.7.1 VKalibrointi

$XGLRPHWULQ� YRL� NDOLEURLGD� LOPDVLLUW\PlQ� �HQJO�� DLU� FRQGXFWLRQ�� VWDQGDUGL� ,62�5����
������WDL�OXXMRKWXPLVHQ��HQJO��ERQH�FRQGXFWLRQ��VWDQGDUGLW�,62������WDL�$16,�6������
������ PXNDDQ�� $XGLRPHWULQ� PXNDQD� WRLPLWHWWLLQ� 7HOHSKRQLFV�LQ� NXXORNNHHW� PDOOLD
7'+���3�� MRWND� VRYHOWXYDW� YDLQ� llQLHULVWHW\VVl� WLODVVD� WHKWlYLLQ� WHVWHLKLQ��.HQWWlNl\W�
W||Q� YDOLWVLPPH� 6HQQKHLVHU�LQ� VXOMHWXW� NXXORNNHHW� PDOOLD� +'$� ����� 1H� SHUXVWXYDW
3HOWRU�LQ� NXXORVXRMDLPLLQ� PDOOLD� +�� MD� YDLPHQQXVDUYRW� RYDW� W\|WHUYH\VODLWRNVHQ� WHV�
WDXNVHQ�VWDQGDUGLQ�,62��������PXNDDQ����G%�VWl������+]�����G%�LLQ����N+]���.XXORN�
NHHW�NDOLEURLPPH�DXGLRPHWULLQ�%U�HO	.M U�Q�NHLQRNRUYDD������Nl\WWlHQ�

������������������������������������������������

� ,NlNRUMDXVWDXOXNRQ ,62 ���� PXNDDQ QRUPDOLVRLWX NXXORLQGHNVL VHNl DEVROXXWWLVHW OXRNLWXNVHW NXWHQ

QRUPDDOLNXXORLQHQ MD NXXORYDXULRLQHQ�

� +XJKVRQ�:HVWODNH RQ DXWRPDDWWLQHQ� SXKWDLVLLQ VLQLllQLLQ SHUXVWXYD WHVWLVDUMD� .XXORN\QQ\V PllULWH�

WllQ NDNVL NROPHVWD �WDL NROPH YLLGHVWl� RLNHDVWD YDVWDXNVHVWD �SHULDDWWHHOOD WLHW\OOl llQLSDLQHWDVROOD� 7HV�

WLVHNYHQVVLVVl WDVRD QRVWHWDDQ � G%�Q N\QQ\NVLQ MD ODVNHWDDQ �� G%�Q N\QQ\NVLQ�



��

4 VEvaluoinnit

7LHWHHOOLVHVVl� WXWNLPXNVHVVD� RQ� WlUNHll� WXORVWHQ� MlOMLWHWWlY\\V� MD� WRLVWHWWDYXXV�� 7XWNL�
PXNVHVVD� Nl\WHW\Q� ODLWWHLVWRQ� RPLQDLVXXGHW� RQ� WLHGHWWlYl� PDKGROOLVLPPDQ� WDUNNDDQ�
MRWWD�NRH�ROLVL�P\|KHPPLQ�WRLVWHWWDYLVVD�HUL�PLWWDXVYlOLQHLOOl�

7lPlQ�WXWNLPXNVHQ�NRNRQDLVWDYRLWH�ROL� VDDGD� WXWNLPXNVHOOH� DVHWHWXW�NULWHHULW� Wl\WWlYl�
WRLPLYD� MlUMHVWHOPl�� 7lVVl� OXYXVVD� Nl\GllQ� ODLWWHLVWRQ� NRPSRQHQWLW� \NVLWHOOHQ� OlSL� MD
PllULWHWllQ� QLLVWl� WlUNHLPPlW� RPLQDLVXXGHW�� /DLWWHLVWRQ� RPLQDLVXXNVLD� PllULWHWllQ
SHULQWHLVWHQ�PLWWDXVPHQHWHOPLHQ�OLVlNVL�NXXQWHOXNRNHHOOD��MRVWD�WXWNLWDDQ�HNYDOLVRLQWLHQ
WDUSHHOOLVXXWWD�VHNl�ELQDXUDDOLVWHQ�llQLW\VPHQHWHOPLHQ�HURMD�

.XXQWHOXNRHQl\WWHLGHQ� llQLW\NVHVVl� Nl\WHWWLLQ� VHNl� NHLQRSllWl� HWWl� NRHKHQNLO|LGHQ
RPLD�SlLWl�WRVLSllWHNQLLNDOOD�llQLWWlHQ��.HLQRSll�VLVlOWll�RPDW�VLJQDDOLSURVHVVRULW�YDV�
WHLGHQ�NRUMDXNVHHQ�HUL�llQLW\V\PSlULVW|Ml�YDUWHQ��7lVVl�OXYXVVD�OlSL�Nl\WlYLVVl�PLWWDXN�
VLVVD� NHLQRSllVVl� Nl\WHWWLLQ� YDVWHHQ� �OLQHDULVRLYDD� HNYDOLVRLQWLVXRGLQWD�� MRWD� Nl\WHWllQ
YDSDDQNHQWlQ�llQLW\NVLVVl��(YDOXRLQQHLVVD�Nl\WHW\W�PLWWDXVYlOLQHHW�� RKMHOPDW� MD� W\|ND�
OXW�RQ�OXHWHOWX�OLLWWHHVVl�%�

4.1 VÄänityslaitteisto

7lVVl�NDSSDOHHVVD�HYDOXRLGDDQ�WXWNLPXNVHVVD�NHKLWHW\VWl�WRVLSll�llQLW\VODLWWHLVWRVWD�WlU�
NHLPPlW�RPLQDLVXXGHW�

4.1.1 VSähköinen vaste

0LNURIRQLHWXYDKYLVWLPHOOH�PLWDWWLLQ�VlKN|LVHW�YDVWHHW��.XYD������VLWHQ��HWWl�PLNURIRQLW
ROLYDW� NLLQQL� MD� KHUlWH� V\|WHWWLLQ� PLNURIRQLOLLWlQWllQ�� 0LWWDXNVHW� VXRULWHWWLLQ� VHNl
�0/66$OOD� �'5$�/DERUDWRULHV�� ������ VHNl�4XLFN6LJLOOl� �.DUMDODLQHQ�� ������ �.DUMDODL�
QHQ��������

������������������������������������������������

� .l\WWlPlPPH NHLQRSllQ �OLQHDDULQHQ� VXRGDWLQ �/&� HL WRGHOOLVXXGHVVD ROH OLQHDDULQHQ� YDDQ VH NRUMDD

NHLQRSllVVl Nl\W|VVl ROHYLHQ PLNURIRQLHQ YDVWHHQ OLQHDDULVHNVL� 6XRWLPHVVD RQ �� N+]�Q NRKGDOOD �

G%�Q NRURVWXV MD �� N+]�Q NRKGDOOD � G%�Q YDLPHQQXV�

� 0/66$ PLWWDD OLQHDDULVHQ V\VWHHPLQ LPSXOVVLYDVWHHQ Nl\WWlHQ SVHXGRVDWXQQDLVWD KHUlWHWWl� MRWD

NXWVXWDDQ PDNVLPLSLWXXVMRQRNVL �HQJO� PD[LPXP�OHQJWK VHTXHQFH� 0/6��
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Kuva 4.1 0LNURIRQLHWXYDKYLVWLPHQ VlKN|LQHQ YDVWH D YDVHQ NDQDYD E RLNHD NDQDYD� <OLSllVW|VXR�

WLPHQ ��G% SLVWH RQ �� +]�

4.1.2 VVapaakenttävaste

9DSDDNHQWWlYDVWHHW��.XYD������PLWDWWLLQ�7..�Q�LVRVVD�NDLXWWRPDVVD�KXRQHHVVD��0LNUR�
IRQL�ROL�VLMRLWHWWXQD�MRXWVHQNDXODQ�SllKlQ���PHWULQ�HWlLV\\GHOOH�llQLOlKWHHVWl�
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Etuvahvistimen vapaakenttä-vaste vasen kanava
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dB

E

10
2

10
3

10
4

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2
Etuvahvistimen vapaakenttä-vaste oikea kanava

Taajuus (35Hz-20kHz)
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Kuva 4.2 0LNURIRQLHWXYDKYLVWLPHQ YDSDDNHQWWlYDVWH PLWDWWXQD PLNURIRQLNDSVHOLQ NDQVVD� ��G% SLV�

WH RQ �� +]� \OLSllVW| QRLQ ��G% � RNWDDYL D YDVHQ NDQDYD E RLNHD NDQDYD�

4.1.3 VKanavien välinen ylikuuluminen

(WXYDKYLVWLPHQ� VlKN|LVHVVl� VXXQQLWWHOXVVD� S\ULWWLLQ� SLHQHHQ� YLUUDQ� NXOXWXNVHQ� MD
NRNRRQ��6DPDOOD�MRXGXWWLLQ�WHNHPllQ�NRPSURPLVVHMD�PXLGHQ�RPLQDLVXXNVLHQ�VXKWHHQ�
9DKYLVWLQDVWHLGHQ�YLUWXDDOLPDD� HL�ROH� ULLWWlYlQ� Ml\NNl� MD� VHXUDXNVHQD�RQ� MRQNLQ� YHUUDQ
\OLNXXOXPLVWD� �.XYD� ������ <OLNXXOXPLQHQ� PllULWHWWLLQ� PLWWDDPDOOD� LPSXOVVLYDVWH
VDPDQDLNDLVHVWL� NXPPDVWDNLQ� NDQDYDVWD� LUURLWWDPDOOD� WRLVHQ� NDQDYDQ� PLNURIRQL� OLLWWL�
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PHVWllQ�� +HUlWH� V\|WHWWLLQ� PLNURIRQLLQ� NXXORNNHLGHQ� DYXOOD� MD� PLNURIRQLW� ROLYDW
VXOMHWXQ�NRUYDNl\WlYlQ� VXXOOD��.XXORNHWRLVWRQ� HSlLGHDDOLVXXGHW� NRPSHQVRLWXYDW� DXWR�
PDDWWLVHVWL�SRLV�MDHWWDHVVD�KlLUL|NDQDYDQ�PDJQLWXGLYDVWH�VLJQDDOLNDQDYDQ�YDVWHHOOD�

10
2

10
3

10
4

-40

-35

-30

-25
Etuvahvistimen kanavien välinen ylikuuluminen

Taajuus (20Hz-20kHz)

dB

Kuva 4.3 0LNURIRQLHWXYDKYLVWLPHQ NDQDYLHQ YlOLQHQ \OLNXXOXPLQHQ� $VWHLNNR LOPDLVHH DEVROXXWWLVHQ

HURQ GHVLEHOHLQl�

4.2 VKuulokevahvistin

.XXORNHYDKYLVWLPHVWD��%HKULQJHU�3RZHUSOD\�+$�������PllULWHWWLLQ�\OLRKMDXVYDUD��HQJO�
KHDGURRP���NRKLQDWDVRW��NXRUPLWXNVHQVLHWR�MD�YDVWHHW��0LWWDXVS|\WlNLUMD�O|\W\\�OLLWWHHV�
Wl�)�

9DKYLVWLPHQ� VXXULQ� XORVWXORMlQQLWH� RQ� ���9506�� 9DKYLVWLQ� VDDGDDQ� \OLRKMDXWXPDDQ� MR
����P9506� �Q� VLQLKHUlWWHHOOl� �.XYD� ������.DQDYLHQ� VWDELLOLXV� RQ� HULWWlLQ� K\Yl� MD� WDVRW
SRLNNHDYDW�NDQDYLHQ�YlOLOOl�YDLQ�YlKlQ�WRLVLVWDDQ��VXXULPPLOODDQ�GHVLEHOLQ�YHUUDQ��

V

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6

6

3

Master 
gain

Kuva 4.4 .XXORNHYDKYLVWLPHQ NXRUPLWWDPDWRQ XORVWXORMlQQLWH YDKYLVWXNVHQ IXQNWLRQD� +HUlWWHHQl

RQ ��� P9506 VLQLVLJQDDOL� 9DKYLVWLQ \OLRKMDXWXL Sll� MD NDQDYDVllWLPLHQ ROOHVVD llULDVHQ�

QRLVVDDQ�
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3LHQLQ�NRKLQD�VDDYXWHWDDQ��NXQ�SllWDVRQVllGLQ� �0DLQ� OHYHO��RQ�VXXULPPDVVD�DVHQQRV�
VDDQ�MD�NDQDYDWDVRQVllWLPHOOl��&KDQQHO�JDLQ��VllGHWllQ�VRSLYD�OlKW|WDVR�

Kuormitus ja särö

9DKYLVWLPHQ� SllWHDVWHHQ� VlU|\W\PLVWl� �.XYD� ����� DUYLRLWLLQ� NXRUPLWXNVHQ� IXQNWLRQD�
+HUlWWHHQl� Nl\WHWWLLQ� �� N+]�Q� VLQLVLJQDDOLD� MD� VH� RKMDWWLLQ� NXXORNNHLVLLQ� ��� P:�Q
WHKROOD��MRND�YDVWDD�NHLQRSllOOl�PLWDWWXQD�llQLWDVRD�/$ ����G%��6WDQGDUGLQ�',1������
PXNDLQHQ�VXXULQ�QLPHOOLVWHKR�QlLOOH�NXXORNNHLOOH�RQ�����:��6lU|Q�NDVYX�HL�ROH�PLWDWWD�
YLVVD��PLNlOL�PXLKLQ�NDQDYLLQ�OLVlWllQ�NXKXQNLQ�NROPH�NXXORNHWWD�

0,000 %

0,005 %

0,010 %

0,015 %

0,020 %

0,025 %

0,030 %

0,035 %

0,040 %

0 1 2 3 4 5 6 7 8 9 10 11 kpl

Kuva 4.5 .XXORNHYDKYLVWLPHQ VlU|Q NDVYX NXRUPLWXNVHQ IXQNWLRQD� 0LWWDXV RQ WHKW\ NDQDYDOOD ��

PXXW NDQDYDW HLYlW ROOHHW Nl\W|VVl� 9DDND�DNVHOLOOD NXRUPLWXNVHQD ROHYLHQ NXXORNNHLGHQ

OXNXPllUl�

9DKYLVWLPHQ�VlU|�RQ�HULWWlLQ�SLHQL�DOOH�NLORKHUW]LQ�WDDMXXNVLOOD��.XYD�������NXQ�YDKYLVWL�
PHHQ� RQ� N\WNHWW\� ��� NXXORNHWWD�� +DUPRQLVLVWD� NRPSRQHQWHLVWD� ODVNHWWLLQ� PXNDDQ� ��
HQVLPPlLVWl�OXNXXQRWWDPDWWD����N+]�Q�WDDMXXWWD����NRPSRQHQWWLD��

0,00 %

0,05 %

0,10 %

0,15 %

0,20 %

0,25 %

0,30 %

31 125 500 2000 8000 Hz

Kuva 4.6 .XXORNHYDKYLVWLPHQ VlU| WDDMXXGHQ IXQNWLRQD� .XRUPLWXNVHQD �� NXXORNHWWD�

4.3 VKuulokkeet ja ekvalisoinnit

6HQQKHLVHULQ�+'����NXXORNNHLGHQ� WDDMXXVYDVWH�%U�HO	.M U�Q�NHLQRNRUYDOOD������PL�
WDWWXQD� �',1� ������� RQ� ���������+]� ���� G%�� MD� ���������+]� ����� G%��� .XXORNNHHW
RYDW�WRLPLQWDSHULDDWWHHOWDDQ�G\QDDPLVHW�MD�DYRLPLNVL�VXXQQLWHOOXW��NDWVR�)(&�PllULWHO�
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Pl�NDSSDOHHVVD���������1LPHOOLVLPSHGDQVVL�RQ�����Ω��7DDMXXVYDVWH�RQ�HNYDOLVRLWX�GLI�
IXXVLLQ� NHQWWllQ� MD� NXXORNH� SXULVWXX� NRUYDQ� \PSlULOOl� �HQJO�� FLUFXPDXUDO�� QRLQ� ����1
YRLPDOOD�

0llULWLPPH� VlKN|LVHW� RPLQDLVXXGHW� �.XYD� ����� .XYD� ����� MD� VLLUWRIXQNWLRW� MRNDLVHOOH
���VWD�NXXORNNHHVWD��.XXORNNHLGHQ� LPSHGDQVVHLVVD�ROL� MRSD����Ω�Q�HURMD���N+]�Q� WDD�
MXXGHOOD�VDPDQ�NXXORNNHHQ�SXKHNHORMHQ�YlOLOOl�MD�VXXULQ�HUR�HUL�NXXORNNHLGHQ�YlOLOOl�Yl�
OLOOl�ROL����Ω��,QGXNWDQVVLW�SRLNNHVLYDW�VXKWHHVVD�YLHOl�HQHPPlQ��VLOOl�HUR�HUL�NXXORNNHL�
GHQ�YlOLOOl�ROL�OlKHV������NHVNLPllUlLVHVWl�DUYRVWD�

D

16N =

L_LEFT

6,0

5,5

5,0

4,5

4,0

3,5

E

16N =

L_RIGHT

6,0

5,5

5,0

4,5

4,0

3,5

F

16N =

R_LEFT

330

320

310

300

290
15

G

16N =

R_RIGHT

330

320

310

300

290

15

Kuva 4.7 .XXORNNHLGHQ LQGXNWDQVVL �P+� D YDVHQ MD E RLNHD NXXORNH VHNl LPSHGDQVVL �Ω� F YDVHQ

MD G RLNHD NXXORNH � N+]�Q WDDMXXGHOOD� .XYDDMLVVD KDUPDD DOXH RVRLWWDD PLOOH DOXHHOOH

�� � OXNXDUYRLVWD VLMRLWWXL� KDUPDDQ DOXHHQ VLVlOOl OXNXDUYRMHQ NHVNLDUYR �SDNVX YLLYD�

VHNl NDLNNLHQ OXNXDUYRMHQ UDMDW�

16 1,70 4,00 5,70 4,7438 ,5176 ,268
16 1,90 3,90 5,80 4,8813 ,5741 ,330
16 30,00 292,00 322,00 312,1250 7,3564 54,117
16 27,00 293,00 320,00 313,4375 7,3209 53,596

16

L_LEFT
L_RIGHT
R_LEFT
R_RIGHT
Valid N
(listwise)

N Range Minimum Maximum Mean
Std.

Deviation Variance

Descriptive Statistics

Kuva 4.8 .XXORNNHLGHQ LPSHGDQVVLHQ MD LQGXNWDQVVLHQ WLODVWROOLVLD WXQQXVOXNXMD� /B/()7 RQ YD�

VHPPDQ NXXORNNHHQ LQGXNWDQVVL MD 5B/()7 YDVHPPDQ NXXORNNHHQ LPSHGDQVVL � N+]�Q

WDDMXXGHOOD� /B5,*+7 MD 5B5,*+7 RYDW YDVWDDYDW DUYRW RLNHDQ SXROHLVLOOH NXXORNNHLOOH�

.XXORNNHLGHQ� VLLUWRIXQNWLRLVVD� �NXXORNHYDVWHLVVD�� ROL� MRQNLQ� YHUUDQ� SRLNNHDPLD�� MRLVWD
RVD� MRKWXL� VlKN|LVWHQ� DUYRMHQ� HURLVWD�� .DLNNLHQ� ��� NXXORNNHHQ� VLLUWRIXQNWLRW� NHVNLDU�
YRLVWHWWLLQ� MD� QlLQ� VDDWLLQ� NXXORNH�HNYDOLVRLQQHLVVD� WDUYLWXW� NXXORNHYDVWHHW� �.XYD� ���� �
.XYD�������
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Koehenkilön kuulokevaste (HD580) vasen korva
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Koehenkilön kuulokevaste (HD580) oikea korva
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Kuva 4.9 blQLW\NVHVVl Nl\WHW\Q KHQNLO|Q NXXORNHYDVWHHW� D YDVHQ NRUYD MD E RLNHD NRUYD�
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MRVWD�VHXUDD�WlPlQ�RQNDORQ�LOPDV\OLQWHULQ�SLWXXGHNVL�O� ������PP��.XQ�llQHQ�QRSHXV
RQ�F� �����P�V�VDDGDDQ�RQNDORQ�DOLPPDNVL�UHVRQDQVVLWDDMXXGHNVL��QHOMlQQHVDDOWRUHVR�
QDDWWRUL�

f
c

l l
Hzres =

+
≈

4
5100

0( )
� �����

7lPlQ�RQNDORQ�SLWXXV�RQ�NXLWHQNLQ�QLLQ�SDOMRQ�O\K\HPSL�NXLQ��LKPLVHOOl�MD�VH�RQ�OLLDQ
VXXUL�KDONDLVLMDOWDDQ�SLWXXGHQ�VXKWHHQ�� MRWWD�VH�YRLVL�NRURVWDD�PHUNLWWlYlVWL�UHVRQDQVVL�
WDDMXXWWDDQ��(URMD�HL�ROH� MXXUL�KDYDLWWDYLVVD� �.XYD�������� MRV�YHUUDWDDQ�RQNDORQ�SHUlOWl
�VLVllQUDNHQQHWWX�PLNURIRQL�� WDOOHQQHWWXD�llQLSDLQHWWD� VXOMHWXQ�RQNDORQ� VXXOWD� �YHUWDD�
VXOMHWXQ�NRUYDNl\WlYlQ�VXXOWD��WDOOHQQHWWXXQ�llQLSDLQHHVHHQ�
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Kuva 4.11 .HLQRSllQ YDVHQ NRUYD WRVLSll�llQLW\NVLVVl Nl\WHW\OOl ODLWWHLVWROOD PLWDWWXQD� 6DPRLOOD NXX�
ORNNHLOOD� VLVllQUDNHQQHWXLOOD PLNURIRQHLOOD� YDVWH SRLNNHDD GHVLEHOLQ YHUUDQ UHVRQDQVVLSDL�
NRLVVD� $OHPSL Nl\Ul VLVllQUDNHQQHWXLOOD PLNURIRQHLOOD�

Kuulokkeiden sijoituksen vaikutus

.XXORNNHLGHQ� VLMRLWXNVHQ� YDLNXWXV� ULLSSXX� K\YLQ� SDOMRQ� NXXORNHW\\SLVWl�� 0LNlOL� WlPl
YLUKHWHNLMl�KDOXWWDLVLLQ�PLQLPRLGD�� WXOLVL�Nl\WWll�KHQNLO|NRKWDLVHVWL�YDOHWWXMD�NRUYDWXOS�
SDNXXORNNHLWD��7XOSSDNXXORNNHLVVD�RQ�QLLQ�SDOMRQ�PXLWD�RQJHOPLD��PP��HSlNl\WlQQ|O�
OLV\\V� MD� HNYDOLVRLQWL� HULWWlLQ� KDQNDODD��� MRWHQ� Nl\WHWllQ� PXLWD� UDWNDLVXMD�� 7lVVl� WXWNL�
PXNVHVVD� Nl\WHWW\MHQ� NXXORNNHLGHQ� VLMRLWXNVHQ� YDLNXWXVWD� WXWNLWWLLQ� MD� KDYDLWWLLQ�� HWWl
DVHWWDPDOOD�NXXORNNHHW�KXROHOOLVHVWL�SllKlQ�VDDGDDQ�YDUVLQ�K\Yl�WDUNNXXV�WRLVWROOH�

������������������������������������������������

� 7l\VLNDVYXLVHQ LKPLVHQ NRUYDNl\WlYlQ SLWXXV NHVNLPllULQ �� PP MD KDONDLVLMD � PP� 1lPl DQWDYDW
DOLPPDNVL UHVRQDQVVLWDDMXXGHNVL IUHV ≈ � N+]�
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.RNHLOLPPH� P\|V� PLWHQ� NXXORNNHLGHQ� YRLPD�� PLOOl� NXXORNNHHW� SXULVWXYDW� NRUYLD
YDVWHQ��YDLNXWWDD�YDVWHLVLLQ��1HOMlQ�NLORKHUW]LQ�WDDMXXNVLOOD�llQLSDLQHWDVR�QRXVHH��.XYD
�������PXWWD�VHQ�\OlSXROHOOD�YDVWH�S\V\\�OlKHV�LGHQWWLVHQl�
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4.4 VKeinopää-tosipää vertailu

9HUWDLOODNVHPPH�WRVLSllOOl�WHKW\Ml�llQLW\NVLl�NHLQRSllOOl�WHKW\LKLQ�MlUMHVWLPPH�NXXQWH�
OXNRNHHQ�� MRVVD� DUYLRLWLLQ� NRHKHQNLO|LGHQ� N\N\l� ORNDOLVRLGD� llQLl� NXXORNHNXXQWHOXVVD�
/lKW|NRKWDQD�ROL�N\V\P\V��RQNR�NHQHQ�WDKDQVD�KHQNLO|Q�SllOOl� WHKW\�llQLWH�SDUHPSL�NXLQ�K\�
YlOOl�NHLQRSllOOl� WHKW\�llQLWH"�6DPDOOD�KDOXWWLLQ�VHOYLWWll� HNYDOLVRLQQLQ�PHUNLW\VWl�llQLW\NVHQ
ODDWXXQ�

.XXQWHOXNRNHHVHHQ� RVDOOLVWXL� ��� NRHKHQNLO|l� LlOWllQ� ������ YXRWWD�� .RHKHQNLO|LGHQ
NXXOR� ROL� WRGHWWX� QRUPDDOLNVL� NXXORWHVWLOOl� HLNl� KHLWl� KDUMRLWHWWX� HWXNlWHHQ� NXXQWHOX�
NRHWWD� YDUWHQ��2VD�ROL� RVDOOLVWXQXW� DLNDLVHPPLQNLQ� NXXQWHOXNRNHLVLLQ��PXWWD� NHWllQ� HL
YRLQXW�SLWll�KDUMDDQWXQHHQD�NRHKHQNLO|Ql�

6H��HWWl�KHUlWWHHQl�HL�Nl\WHWW\�NHLQRWHNRLVWD�WDL�ODERUDWRULRVVD�llQLWHWW\l�Ql\WHWWl��WHNHH
WlVWl�NXXQWHOXNRNHHVWD�QRUPDDOLVWD�SRLNNHDYDQ��7lPlQ�UHDDOLVHQ�VWLPXOXNVHQ���KHQNLO|�
DXWRQ� RKLDMR�� YXRNVL� Ql\WWHLVVl� ROL� OXRQQROOLVHVWL� PXLWDNLQ� llQLYLKMHLWl�� NXWHQ� OLQQXQ
ODXOXD�MD�SXURQ�VROLQDD�

$XWR� DMRL� llQLWWlYlQ� SllQ� RKL� KLHNNDLVHOOD� SROXOOD� QRLQ�PHWULQ� HWlLV\\GHOWl� VLWHQ�� HWWl
Sll�S\V\L�SDLNRLOODDQ��NDWVRHQ�NRKWLVXRUDDQ�SROXQ�\OLWVH�MD�DXWR�DMRL�HGHVWDNDLVLQ�SROXOOD
�.XYD��������1lLQ�VDDWLLQ�Ql\WWHHW�� MRLVVD�DXWR�DMDD�RLNHDOWD�YDVHPPDOOH� MD�YDVHPPDOWD
RLNHDOOH��3llWl�NllQQHWWLLQ�NXYDQ�PXNDLVHVWL� NDWVRPDDQ�SROXQ� VXXQWDLVHVWL�� MROORLQ� DX�
WRQ� DMDHVVD� HGHVWDNDLVLQ� VDDWLLQ�Ql\WWHHW� �HGHVWl� WDDNVH�� MD� �WDNDD� HWHHQ���.HLQRSllVVl
Nl\WHWWLLQ�YDSDDNHQWWlHNYDOLVRLQWLD�llQLW\VWLODQWHHVVD�

EQ DAT

Kuva 4.14 blQLW\VDVHWHOPD NXXQWHOXNRNHLGHQ KHUlWWHLWl YDUWHQ� blQLWHWWlHVVl �HGHVWl WDDNVH�� MD
�WDNDD HWHHQ�� Ql\WWHHW SllWl NllQQHWWLLQ NDWVRPDDQ SROXQ VXXQWDLVHVWL�

������������������������������������������������

� )RUG 7DXQXV ��� YP� ���� IDUPDUL�
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+HQNLO|��MRQND�NRUYLLQ�ODLWHWXLVWD�PLNURIRQHLVWD�llQLW\V�WHKWLLQ��ROL�VDWXQQDLVHVWL�YDOLWWX�
blQLW\NVHVWl� YDOLWWLLQ� QHOMl� HUL� RKLDMRD� NXPPDOODNLQ� llQLW\VSllOOl�� (ULODLVLD� Ql\WWHLWl
�.DDYLR������ROL�NDLNHQ�NDLNNLDDQ�����NRVND�NXNLQ�Ql\WH�WRLVWHWWLLQ�P\|V�HNYDOLVRLWXQD�
.DLNNL�Ql\WWHHW� WRLVWHWWLLQ�NROPH�NHUWDD� VDWXQQDLVHVVD� MlUMHVW\NVHVVl�� MRWHQ�NRHKHQNLO|W
YDVWDVLYDW����DDQ�N\V\P\NVHHQ�NRNHHQ�DLNDQD��9DVWDXNVHW�PHUNLWWLLQ�SDSHULOOH�\PS\U|L�
PlOOl�\NVL�QHOMlVWl�YDLKWRHKGRVWD��9DVWDXVORPDNH�RQ�OLLWWHHQl��/LLWH�&��

4.4.1 VKuuntelukokeen tulokset

7RLVHVVD�NRNHHVVD�NRHKHQNLO|LGHQ� WHNHPLHQ�YLUKHLGHQ� OXNXPllUl� MD� VHQ�KDMRQWD�ROLYDW
KLHPDQ�SLHQHPSLl��7DXOXNNR�������/LLWWHHVVl�+�RQ�NDWWDYDPSL�WDXOXNNR�WXORNVLVWD�

Taulukko 4.1 .XXQWHOXNRNHHQ�WXORNVLD�

���NRH ���NRH

9LUKHLWl�NHVNLPllULQ�NDLNNLDDQ ���� ����

9LUKHLGHQ�OXNXPllULHQ�NHVNLKDMRQWD��NSO� ��� ���

.HLQRSllYLUKHLWl��NDLNLVWD�Ql\WWHLVWl� ���� ����

7RVLSllYLUKHLWl��NDLNLVWD�Ql\WWHLVWl� ���� ����

1l\WWHHW�� MRLVVD� DXWR� OlKHVW\L� SllWl� VLYXOWD� MD� SRLVWXL� WRLVHOOH� VLYXOOH� RVRLWWDXWXLYDW
RGRWHWXVWL�K\YLQ�KHOSRLNVL� �YDLQ�NDNVL�HUHKG\VWl�� MD�QH� MlWHWWLLQ�YDUVLQDLVHQ� WLODVWROOLVHQ
DQDO\\VLQ� XONRSXROHOOH�� 1H� SLGHWWLLQ� NXXQWHOXNRNHHVVD� PXNDQD� SV\NRORJLVLVWD� V\LVWl� �
WHVWL�RQ�NRHKHQNLO|LOOH�PLHOO\WWlYlPSL��NXQ� MRXNRVVD�RQ�KHOSSRMDNLQ� WDSDXNVLD��/LVlNVL
NRHKHQNLO|W�VDDYDW� LWVHOXRWWDPXVWD�YDVWDWHVVDDQ�VHONHllQ�N\V\P\NVHHQ� MD�QlLQ� VDDGDDQ
YDLNHLVLLQNLQ� N\V\P\NVLLQ� OXRWHWWDYHPPDW� YDVWDXNVHW�� $QDO\\VLLQ� YDOLWXLVWD� Ql\WWHLVWl�
Ql\WWHHVHHQ� VN7(� �VXRGDWHWWX� NHLQRSllOOl� llQLWHWW\� Ql\WH� �WDNDD� HWHHQ���� YDVWDWWLLQ
SDUKDLPPLOODDQ�OlKHV�QHOMllQ�YLLGHVWl�RLNHLQ��.XYD�������
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Kuva 4.15 1l\WWHLGHQ NRHPHQHVW\V� 1l\WWHHW RQ QLPHWW\ VLWHQ� HWWl SLHQL �V��NLUMDLQ WDUNRLWWDD HNYDOL�
VRLWXD �VXRGDWHWWX� Ql\WHWWl� 3LHQL �W� WDUNRLWWDD WRVLSll�llQLW\VWl MD �N� YDVWDDYDVWL NHLQR�
Sll�llQLW\VWl� �7(� YDVWDD �WDNDD HWHHQ� MD �(7� �HGHVWl WDDNVH��
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-RXNRVVD� ROL�P\|V� NRHKHQNLO|LWl�� MRLOOD� HL� ROOXW� ODLQNDDQ� YLUKHLWl� NHLQRSllQl\WWHLVVl� MD
WRLVDDOWD� P\|V� KHQNLO|LWl�� MRWND� YDVWDVLYDW� RLNHLQ� NDLNNLLQ� WRVLSllOOl� llQLWHW\LVWl� Ql\W�
WHLVWl��(QHPPlQ�NXLQ�MRND�NROPDV�NRHKHQNLO|LVWl�YDVWDVL�MRNDLVHOOD�NHUUDOOD�RLNHLQ�Ql\W�
WHHVHHQ��VXRGDWHWWX�NHLQRSll�llQLW\V�WDNDD�HWHHQ���.XYD�������
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Kuva 4.16 <NVLWWlLVWHQ NRHKHQNLO|LGHQ YLUKHLGHQ OXNXPllUl� .XYDVVD RQ KRULVRQWDDOL�DNVHOLOOD Ql\W�
WHLGHQ W\\SLW �NDWVR HGHOOLVHQ NXYDQ VHORVWXV�� YDDND�DNVHOLOOD YLUKHLGHQ W\\SLW �� � � NHUWDD
YllULQ YDVWDQQXW� MD S\VW\DNVHOLOOD YLUKHW\\SSLHQ OXNXPllUl� (VLPHUNLNVL Ql\WWHHVHHQ VN7(
HL NXNDDQ YDVWDQQXW � NHUWDD YllULQ MD � KHQNLO|l YDVWDVL MRNDLVHOOD NHUUDOOD RLNHLQ�

)DNWRULW� WLODVWROOLVHVVD� DQDO\\VLVVD� ROLYDW� �.DDYLR� ����� VXXQWD� �WDNDD� HWHHQ� WDL� HGHVWl
WDDNVH���Sll��NHLQRSll�WDL�WRVLSll��VHNl�HNYDOLVRLQWL��HNYDOLVRLWX�WDL�LOPDQ�HNYDOLVRLQWLD��

(GHVWl WDDNVH 7DNDD HWHHQ

(NYDOLVRLWX

(GHVWl WDDNVH 7DNDD HWHHQ

,OPDQ HNYDOLVRLQWLD

.HLQRSll

(GHVWl WDDNVH 7DNDD HWHHQ

(NYDOLVRLWX

(GHVWl WDDNVH 7DNDD HWHHQ

,OPDQ HNYDOLVRLQWLD

7RVLSll

.RHKHQNLO|W

����

Kaavio 4.1 7LODVWROOLVHHQ DQDO\\VLLQ YDOLWXW IDNWRULW

+HQNLO|NRKWDLVLD�HNYDOLVRLQWHMD�HPPH�WHKQHHW��YDDQ�VXRGDWWLPHW�SHUXVWXLYDW�NXPPDQ�
NLQ�llQLWWlYlQ�SllQ�NXXORNHYDVWHLVLLQ��.XYLVVD� �.XYD����� ��.XYD�������RQ����NXXORN�
NHHQ� �6HQQKHLVHU�+'����� LPSXOVVLYDVWHHQ�NHVNLDUYR� N\VHLVLOOl� SlLOOl�PLWDWWXQD�� 6DPDW
NXXORNNHHW�ROLYDW�Nl\W|VVl�NXXQWHOXNRNHLVVDNLQ�

6HOLWHWWlYl� �ULLSSXYD�� PXXWWXMD� DQDO\\VLVVD� ROL� NRHPHQHVW\V� HOL� NXLQND� PRQWD� RLNHDD
YDVWDXVWD� NXNLQ�Ql\WH� VDL��$LQHLVWR� DQDO\VRLWLLQ� 6366� �RKMHOPLVWROOD� MD� WlVVl� HVLWHW\LVVl
WDXOXNRLVVD� ROHYDW� S�DUYRW� RQ� VDDWX� PRQHQ� PXXWWXMDQ� YDULDVVLDQDO\\VLl� �0$129$��
NKLLQ�QHOL|WHVWLl�VHNl�7�WHVWLl�Nl\WWlHQ�
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Taulukko 4.2 )DNWRUHLGHQ�HNYDOLVRLQWL��),/7(5��MD�Sll��+($'��\KWHLVYDLNXWXVWHQ�S�DUYRMD�

+($'�E\�),/7(5������� 7�WHVWL χ���WHVWL

N7(�VN7( ���� ����

W7(�VW7( ���� ����

0HUNLWVHYl� IDNWRUL� ROL� HNYDOLVRLQWL�� .XQ� llQLQl\WH� NRPSHQVRLGDDQ� NXXORNHYDVWHHQ
NllQWHLVVXRGDWWLPHOOD�� SDUDQHH� ORNDOLVRLQWL� OlKHV� NDLNLVVD� WDSDXNVLVVD� �.XYD� ����� �
7DXOXNNR� ����� NHLQRSllOOl� PXWWD� VXXUHOOD� WRGHQQlN|LV\\GHOOl� KXRQRQHH� HQWLVHVWllQ
WRVLSllOOl�� 7lPl� WRVLQ� ROL� RGRWHWWDYDD�� NRHKHQNLO|Q� NRUYD� HL� YlOWWlPlWWl� ROH�PXRGRO�
WDDQ� VDPD�PLWl� llQLWWlYlOOl� KHQNLO|OOl� MD� NXQ� P\|V� HNYDOLVRLQWL� WHKGllQ� HUL� KHQNLO|Q
SllOOH��WXOHH�llQLQl\WWHHVHHQ�HQWLVWl�HQHPPlQ�KHQNLO|NRKWDLVLD�YLYDKWHLWD�

+\YLQ�WXQQHWWX�ORNDOLVRLQWLYLUKH�ELQDXUDDOLVHVVD�NXXQWHOXVVD�RQ�llQHQ�DLVWLPLQHQ�WDDN�
VH��7lPlQ�WXWNLPXNVHQ�DLQHLVWRQ�SHUXVWHHOOD�WLODVWROOLVHVWL�PHUNLWWlYl�RQ�P\|V�VXXQQDQ
MD�SllQ�\KWHLVYDLNXWXV��(VLPHUNLNVL� HNYDOLVRLGXLOOD� NHLQRSll�Ql\WWHLOOl� NHVNLDUYRW� HURD�
YDW������Q�WRGHQQlN|LV\\GHOOl�WRLVLVWDDQ��7DXOXNNR�������.KLLQ�QHOL|WHVWLQ�PXNDDQ�QLL�
GHQ�WXORNVHW� ULLSSXYDW�P\|V� MRQNLQ�YHUUDQ� WRLVLVWDDQ�� MRWHQ� WXORNVHHQ� Wl\W\\�VXKWDXWXD
YDUDXNVHOOD�

Taulukko 4.3 )DNWRUHLGHQ�VXXQWD��)517%$&.��MD�Sll��+($'��\KWHLVYDLNXWXVWHQ�S�DUYRMD�

+($'�E\�)517%$&.������� 7�WHVWL χ���WHVWL

VN(7�VN7( ���� ����

VN7(�VW(7 ���� ����

7lVVl�WXWNLPXNVHVVD�WXORNVHW�ROLYDW�OlKHV�QRUPDDOLMDNDXWXQHHW�

Johtopäätökset kuuntelukokeesta

+\YlOOl� NHLQRSllOOl� VDDGDDQ� SDUHPSLD� WXORNVLD� NXLQ� VDWXQQDLVHVWL� YDOLWXOOD� WRVLSllOOl�
0LNlOL�KDOXWDDQ�VDDYXWWDD�SDUDV�PDKGROOLQHQ�ODDWX��RQ�Nl\WHWWlYl�KHQNLO|NRKWDLVLD�llQL�
W\NVLl� VHNl�NRUMDXVVXRWLPLD��.XXQWHOXNRNHLGHQ� DYXOOD�RQ�NXLWHQNLQ�PDKGROOLVWD� O|\Wll
NRHKHQNLO|��MRQND�SllOOl�llQLWHW\W�Ql\WWHHW�WRLPLYDW�ELQDXUDDOLVHVWL�SDUHPPLQ�XVHLPPLO�
OD�LKPLVLOOl�NXLQ�K\YlOOl�NHLQRSllOOl�llQLWHW\W�Ql\WWHHW��0¡OOHU�HW�DO����������2Q�WXQQHW�
WXD�� HWWl� \OHLVLQ�YLUKH�ELQDXUDDOLVLD� llQLW\NVLl� NXXQQHOOHVVD�RQ� llQWHQ� ORNDOLVRLWXPLQHQ
WDDNVH��.RNHHQ� MlONHHQ� VXRULWHWXVVD� KDDVWDWWHOXVVD� NRHKHQNLO|W� LOPRLWWLYDW� SllVllQW|L�
VHVWL�llQWHQ� ORNDOLVRLWXQHHQ�KHLGlQ� WDDNVHHQ��0XXWDPDQ�PLHOHVWl� WRVLQ�NDLNNL� WDSDKWXL
KHLGlQ�HGHVVllQ��7LODVWROOLVHQ�DQDO\\VLQ�SHUXVWHHOOD�ROL�PHUNLWVHYll��NXPPDOOD�SllOOl�ll�
QLWHW\W�llQHW�ORNDOLVRLWXLYDW�WDDNVH��MRWHQ�VH�RQ�RVDOWDDQ�YDLNXWWDQXW��WDNDD�HWHHQ��Ql\W�
WHLGHQ�K\YllQ�PHQHVW\PLVHHQ�NXXQWHOXNRNHHVVD��.ROPDV�PHUNLWVHYl�WXORV�NXXQWHOXNR�
NHHVWD� ROL�� HWWl� HNYDOLVRLQWL� SDUDQVL� KXRPDWWDYDVWL� ORNDOLVRLQWLD� NHLQRSll�llQLWWHLOOl� MD
KXRQRQVL�MRQNLQ�YHUUDQ�ORNDOLVRLQWLD�WRVLSll�llQLWWHLOOl�



��

5 VDiskussio

7lVVl�W\|VVl�HVLWHWW\�MlUMHVWHOPl�DQWDD�XXVLD�KDDVWHLWD�WXRWHllQHQODDGXQ�NDXSDOOLVLOOH�NH�
KLWWlPLVW\|NDOXLOOH��7RVLSll�llQLW\VWHNQLLNDQ� HWHHQSlLQ� YLHPLQHQ�RQ� WDUSHHQ� NHLQRSlL�
GHQ�NHKLWWlPLVHQ�ULQQDOOD��7\|VVl�HVLWHWW\� MlUMHVWHOPl�RQ�DVNHO�HWHHQSlLQ��PXWWD�PRQLD
RQJHOPLD�Mll�NXLWHQNLQ�YLHOl�UDWNDLVWDYDNVL�

5.1 VJärjestelmän rajoituksia ja ongelmia

3HUXVWDYRLWWHHQD� ELQDXUDDOLVHVVD� WHNQLLNDVVD� RQ� Wl\GHOOLVHQ� NXXORLOOXXVLRQ� VDDYXWWDPL�
QHQ� WRLVWDPDOOD� NXXORWDSDKWXPDVVD� YDOOLQQHHW� llQLSDLQHHW� WlU\NDOYRLOOD� NXXQWHOXWLODQ�
WHHVVD� XXGHOOHHQ�� .XXORDLVWLPXNVHHQ� YDLNXWWDYDW� NXLWHQNLQ� ROHHOOLVHVWL� P\|V� PXLGHQ
DLVWLHQ� WXRWWDPDW� lUV\NNHHW� HLNl� NXXORWDSDKWXPDQ� WXQQHWLODQ� WRLVWDPLQHQ� WHNQLLNDQ
NHLQRLQ�ROH�PDKGROOLVWD�

7HNQLVHVWL� YRLGDDQ�ELQDXUDDOLVHQ� WHNQLLNDQ�SHUXVWDYRLWH� VDDYXWWDDNLQ� YDOYRWXLVVD� ODER�
UDWRULR�RORVXKWHLVVD�� PXWWD� Nl\WlQQ|Q� NXOXWWDMDWDVRQ� UDWNDLVXW� NXXOXYDW� YLHOl� WXOHYDL�
VXXWHHQ��.XXORNHWHNQLLNDQ� NHKLWWlPLVHHQ� WXOLVL� RWWDD� WRLVHQODLQHQ� OlKHVW\PLVWDSD�� VLOOl
HUL�KHQNLO|LGHQ�YlOLOOl�RQ�KXRPDWWDYLD�HURMD�SHONlVWllQ�NXXORNHYDVWHLVVD�YDUVLQNLQ�NRU�
NHLOOD�WDDMXXNVLOOD��.HLQRNRUYDW��MRLOOD�NXXORNNHLGHQ�YDVWHLWD�WXWNLWDDQ��HLYlW�RWD�ODLQNDDQ
KXRPLRRQ� NRUYDOHKGHQ� YDLNXWXVWD�� 'LJLWDDOLWHNQLLNDQ� DLNDNDXGHOOD� HL� NXXORNHYDVWHHQ
NRPSHQVRLQWL�UHDDOLDLNDLVHOOD�NllQWHLVVXRWLPHOOD�ROH�HQll�PDKGRWRQWD�

(WX�� MD� WDNDORNDOLVRLQWL� RQ� XVHLQ� YDLNHDD� ELQDXUDDOLVLOOD� llQLWWHLOOl��<NVL� VHOLW\V� VLOOH� RQ
VH��HWWl�LKPLQHQ�WHNHH�NRNR�DMDQ�SLHQLl�SllQ�OLLNNHLWl�WDUNHQWDDNVHHQ�llQHQ�SDLNDOOLVWD�
PLVWD�� %LQDXUDDOLVHW� llQLWWHHW� HLYlW� UHDJRL� SllQ� NllQWlPLVHHQ�� 7RVLSllOOl� WHKWlYLVVl
llQLWWHLVVl� RQ� XVHLQ� RQJHOPDQD� llQLWWlYlQ� SllQ� OLLNNHHW��1H� VDDYDW� NXXQWHOLMDQ� llQHQ
SDLNDQWDPLVWRLPLQQRQ�VHNDLVLQ��VLOOl�KlQ�HL�N\NHQH�NllQWlPllQ�VDPDQDLNDLVHVWL�VDPDDQ
VXXQWDDQ�SllWllQ�LOPDQ�HULNRLVWRLPHQSLWHLWl�

Pään liikkeiden seuranta

<NVL� NHLQR� VDDGD� ELQDXUDDOLVHW� llQLWWHHW� �HOlPllQ�� ROLVL� V\|WWll� NXXQWHOLMDQ� SllQ� OLLN�
NHHW�VLJQDDOLSURVHVVRULOOH�MD�ODVNHD�VLOOl�NllQW\PLVHVWl�DLKHXWXQHHW�PXXWWXQHHW�+57)�W�
MRLOOD� VLJQDDOLD� VLWWHQ�PXRNDWWDLVLLQ� UHDDOLDLNDLVHVWL�� 7RLQHQ� NHLQR� YRLVL� ROOD� llQLW\NVHQ
YLGHRLQWL�



'LVNXVVLR

��

Videointi

9DUXVWDPDOOD� llQLWWlYl� Sll� SLHQHOOl� YLGHRNDPHUDOOD�� YRLWDLVLLQ� VHQ� OLLNNHHW� ��NDWVH��
WDOWLRLWXD� V\QNURQLVHVWL� llQLWWHHQ� NDQVVD�� 7lPl� KHOSRWWDLVL� llQLWWHHQ� NXXQWHOXD�� NXQ
SllQ�DVHQQRVWD�ROLVL�P\|V�QlN|DLVWLQ�DQWDPDD�WLHWRD�

5.2 VJärjestelmän jatkokehitys

.HKLWHW\VVl� NXXQWHOXNRHMlUMHVWHOPlVVl� RQ� RQJHOPLD� VXXULOOD� NRHKHQNLO|PllULOOl�� VLOOl
\KWlDLNDLVLD� YDVWDXNVLD� WXOHH� DMRLWWDLQ� OLLNDD� MD� RVD� YDVWDXNVLVWD� Mll� UHNLVWHU|LPlWWl�
.RHKHQNLO|W�SDLQDYDW�YDVWDXVQDSSLD�OLLDQ�SLWNllQ�MD�MlUMHVWHOPlQ�\OlUDMD�VDPDQDLNDLVLOOD
YDVWDXNVLOOD�WXOHH�YDVWDDQ��9DVWDXVWHQ�UHNLVWHU|LPLVWl�SLWlLVL�PXXWWDD�OLVllPlOOl�MRNDLVHQ
N\WNLPHQ� NRKGDOOH� SLLUL� �WULJJHUL��� MRND� DQWDD� MRNDLVHVWD� N\WNLPHQ� SDLQDOOXNVHVWD� YDLQ
O\K\HQ� LPSXOVVLQ� WDL�PXXWWDD�N\WNLPHW�PHNDDQLVLNVL� OLLSDLVXN\WNLPLNVL�� ,PSXOVVLQ� WXOHH
ROOD�WLHWHQNLQ�ULLWWlYlQ�SLWNl��HWWl�MlUMHVWHOPlQ�RPD�HOHNWURQLLNND�UHDJRL�VLLKHQ�

7RVLSll�llQLW\VODLWWHLVWRRQ�NXXOXYDQ�HWXYDKYLVWLPHQ�NDQDYLHQ�YlOLVWl�\OLNXXOXPLVWD�YRL�
VL�YlKHQWll�Ml\NLVWlPlOOl�YLUWXDDOLVWD�PDDWD�VHNl�O\KHQWlPlOOl�WRLVHQ�YDKYLVWLQDVWHHQ�WD�
NDLVLQN\WNHQWlYDVWXNVHQ�VLJQDDOLUHLWWLl�� MRND�NXONHH�PRQHQ�GLSSLN\WNLPHQ�VHNl�YDVWXN�
VHQ�OlSL�

.XXQWHOXNRHRKMHOPD� RQ� YDUVLQ� WRLPLYD�� PXWWD� VLLKHQNLQ� YRLVL� OLVlWl� MRLWDNLQ� Nl\WW|l
KHOSRWWDYLD�RPLQDLVXXNVLD�

⇒ QlSSlLPLVW|Q�� KLLULQlSSlLPLHQ��OXNX�SllOOl�DLQRDVWDDQ�NXQ�NRH�RQ�PHQRVVD��RKMHO�
PD�YRLVL�UHDJRLGD�WXROORLQ�HVLPHUNLNVL�YDLQ�KLLUHOOl�WDSDKWXYLLQ�NlVN\LKLQ

⇒ NHVNH\W\NVHQ� WXOOHVVD� WDUNHPSL� VHOYLW\V� V\\VWl�� LOPRLWXV� NRHKHQNLO|OOH�� MRV� KlQHQ
YDVWDXNVHQVD�RQ�MllQ\W�UHNLVWHU|LPlWWl

⇒ HQHPPlQ� LQIRUPDDWLRWD� NRNHHQ� HGLVW\PLVHVWl� MD� DXWRPDDWWLQHQ� WDXRWXV�� SLWNLVVl
NRNHLVVD�Q�����PLQ��NXOXWWXD

7\|VVl� MRXGXWWLLQ�Nl\WWlPllQ�llQLWLHGRVWRMD�VHNl�81,;���3&��HWWl�0DF�\PSlULVW|LVVl�
7lPl� DLKHXWWL� SllQYDLYDD� WLHGRVWRIRUPDDWWLHQ� PXXQQRVWHQ� NDQVVD�� $MDOOLVHVWL� SDOMRQ
W\|Wl� Nl\WHWWLLQ� 0DWODE�RKMHOPRLQWLLQ�� 7lUNHLPPlW� GLSORPLW\|Q� VLYXWXRWWHHQD� DLNDDQ�
VDDGXLVWD�RKMHOPLVWD�ROLYDW�$,))�IRUPDDWLVVD�ROHYLHQ�llQLWLHGRVWRMHQ�OXNHPLVHQ�0DWODE�
\PSlULVW||Q� MD� llQLYHNWRULQ� 0DWODELVWD� XORVNLUMRLWWDPLVHQ� PDKGROOLVWDYDW� VNULSWLW
UHDGDLII�P�VHNl�ZULWHDLII�P�

Tulevaisuus

7XOHYDLVXXGHVVD� ELQDXUDDOLQHQ� WHNQLLNND� WXOHH� Nl\WWlPllQ� K\YlNVHHQ� NXXORUDGDQ
WRLPLQWDD� YDVWDDYLD� SV\NRORJLVLD� PDOOHMD�� 6LLKHQ� WDUYLWWDYDD� WHNQLLNNDD� HL� WRLVWDLVHNVL
YLHOl�ROH��0DVVLLYLVHQ�ELRORJLVHQ�ULQQDNNDLVWLHWRNRQHHQ�UDNHQWDPLQHQ��NXWHQ�DLYRNXRUL�
HL�ROH�PDKGROOLVWD�YLHOl�SLWNllQ�DLNDDQ�
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7RLVWDLVHNVL�KHOSRLQ� WDSD� WRWHXWWDD�NXXQWHOXNRNHHW�RQ�NXXORNHNXXQWHOX�K\YlVVl�NXXQ�
WHOXKXRQHHVVD��PXWWD�ELQDXUDDOLVWHQ�VLJQDDOLHQ�WRLVWRVVD�NDLXWLQWHQ�NDXWWD�RQ�VDDYXWHWWX
P\|V�OXSDDYLD�WXORNVLD�

5.3 VBinauraalisen tekniikan muita sovelluksia

Binauraalinen simulointi ja sonifikaatio

2Q� ROHPDVVD�PRQLD� VRYHOOXNVLD� ELQDXUDDOLVHVVD� VLPXORLQQLVVD� MD� VRQLILNDDWLRVVD� �HQJO�
VLPXODWLRQ�DQG�DXGLWRU\�GLVSOD\V��VRQLILFDWLRQ�� MR�Q\W� MD�DOD�RQ�YRLPDNNDDVVD�NDVYXVVD�
(VLPHUNLNVL� ELQDXUDDOLQHQ� PLNVDXV� �3|VVHOW� HW� DO��� �������� ELQDXUDDOLQHQ� KXRQHLGHQ
VLPXORLQWL� �/HKQHUW�� HW� DO��� ������� �/HKQHUW�� HW� DO��� �������� NHKLWW\QHLPPlW� llQLHIHNWLW
�HVLPHUNLNVL� WLHWRNRQHSHOHLVVl��� NXXORQ� DYXOOD� VXXQQLVWDPLVHVVD� YDURLWXVllQLQl
�HVLPHUNLNVL�RKMDXVK\WHLVVl�WDL�VRNNROHQWlPLVHVVl���PRQLPXWNDLVHQ� WLHGRQ�DXGLWRULVLVVD
YLVXDOLVRLQQHLVVD�VHNl�HVLW\NVLVVl��WHOHNRQIHUHQVVHLVVD�MD�WHOHRSHUDDWWRULMlUMHVWHOPLVVl�

Binauraaliset valvontajärjestelmät

,KPLVHQ� SV\NRORJLVHW� RPLQDLVXXGHW� WXOHH� RWWDD� KXRPLRRQ��PLNlOL� KDOXDPPH� UDNHQWDD
ODLWWHLWD�MRWND�SHUXVWXYDW�WlKlQ�WHNQLLNNDDQ��(VLPHUNLNVL�WHKWDDVHHQ�VLMRLWHWXQ�ELQDXUDD�
OLVHQ�YDOYRQWDMlUMHVWHOPlQ� WXOHH� HURWWDD� NDLNHVWD�PHOXVWD� MD� KlO\VWl� HUL� NRPSRQHQWLW� MD
YDOLNRLGD�QLLVWl�QH��MRLVVD�WDSDKWXX�MRWDLQ�QRUPDDOLVWD�SRLNNHDYDD�

7HNQLOOLVHQ�NRUNHDNRXOXQ�DNXVWLLNDQ�ODERUDWRULRVVD�KDUMRLWXVW\|Ql�WHKWLLQ��0DLMDOD�HW�DO��
������GHPRQVWUDDWLRWDUNRLWXNVHHQ�VXXQWDNXXQWHOLMD��.HLQR�6XXQWRQHQ���.XYD������

Kuva 5.1 0U .HLQR 6XXQWRQHQ VRYHOWDD ELQDXUDDOLVWD WHNQLLNNDD WLHGHNHVNXV +HXUHNDVVD�

.HLQRQ�NRUYLVVD�RQ�PLNURIRQLNDSVHOLW�MD�VH�ODVNHH�QLLKLQ�WXOHYLHQ�VLJQDDOLHQ�YlOLOOH�ULVWL�
NRUUHODDWLRQ��5LVWLNRUUHODDWLRQ�WXORNVHQ�SHUXVWHHOOD�VH�NllQWll�SllQVl�WXOHYDD�llQLDDOWRD



'LVNXVVLR

��

NRKWL�� .\VHLVWl� WHNQLLNNDD� VRYHOWDHQ� RQ� KHOSSR� NHNVLl� PRQLD� HUL� Nl\WW|WDUNRLWXNVLD�
<NVL� YRLVL� ROOD� YLGHRNDPHUDQ� RKMDXV�� .DPHUD� YRLVL� ROOD� YDOYRQWDWDUNRLWXNVHVVD� WDL
NXYDDPDVVD�WlUNHLVVl�NRNRXNVLVVD�NXOORLVWDNLQ�SXKXMDD�

PA-järjestelmät

7HDWWHUHLVVD� MD� NRQVHUWHLVVD�PLNVDXVS|\Wl� YLH�PRQWD� DUYRNDVWD� NDWVRMDSDLNNDD�� /LVlNVL
VH� KlLULWVHH� XVHLQ� WLODLVXXWWD� OlVQlROROODDQ�� 6LMRLWWDPDOOD� NHLQRSll� NRQVHUWWLVDOLLQ�� YRL�
GDDQ�PLNVDXV�WHKGl�PLVVl�WDKDQVD�PXXOOD��7HRULDVVD�YDLNND�WRLVHOOD�SXROHOOD�PDDSDOORD
YHUNNR\KWH\NVLHQ�NDXWWD�

Etäkokoukset

%LQDXUDDOLVHQ�llQLW\V��MD�WRLVWRWHNQLLNDQ�\NVL�VRYHOOXV�YRLVL�ROOD�HVLPHUNLNVL�HWlQHXYRWWH�
OXW�� MRLVVD� NXXOLMD� N\NHQLVL� ORNDOLVRLPDDQ� NLLQQRVWDYDQ� SXKXMDQ� MD� VLWHQ� PXXW� VDPDDQ
DLNDDQ� SXKXYDW� HLYlW� KlLULWVLVL� \PPlUWlPLVWl�� NXWHQ� WRGHOOLVHVVDNLQ� HOlPlVVl� �FRFWDLO�
SDUW\��HIHNWL��

Heikkokuuloisten apu

<OHHQVl�NXXORODLWWHHW�YDKYLVWDYDW�NXXORD�YDLQ�PRQDXUDDOLVHVWL��%LQDXUDDOLVHVWD�WHNQLLNDV�
WD�RQ�ROOXW�SDOMRQ�DSXD�RVLWWDLQ�KHLNNRNXXORLVWHQ�SXKHHQ\PPlUWlPLVHVVl��%LQDXUDDOLVHW
NXXORODLWWHHW� RWWDYDW� llQHQ� YDVWDDQ� NRUYDNl\WlYlQ� VXXOWD� MD� V\|WWlYlW� VHQ� MRNR� DNXVWL�
VHVWL�WDL�PHNDDQLVHVWL�WlU\NDOYROOH��.DSSDOHHVVD�������RQ�HVLWHOW\�KLHQRVWXQHHPSL�NXXOR�
ODLWH�

5.4 VVastaavat kaupalliset järjestelmät ja alan yritykset

6'5&��6WUXFWXUDO�'\QDPLFV�5HVHDUFK�&RUS��� MD�%U�HO	.M U�RYDW� WHKQHHW�\KWHLVW\|VVl
ELQDXUDDOLVHQ�llQHQODDWXMlUMHVWHOPlQ��6H�NRRVWXX�6LOLFRQ�*UDSKLFV��W\|DVHPDVWD�MD�PLW�
WDXVODLWWHLVWRVWD� VHNl� ,�'HDV� 6RXQG�4XDOLW\� (QJLQHHULQJ� �RKMHOPDVWD�� .\VHLVHQ� RKMHO�
PDQ�DYXOOD�VXXQQLWWHOLMDW�YRLYDW�PLWDWD�MD�DQDO\VRLGD�OlSLNRWDLVLQ�WXRWWHLGHQVD�llQWl��/L�
VlNVL� RKMHOPD� DQDO\VRL� WXRWWHHQ� llQHVWl� XVHLWD� SV\NRDNXVWLVLD� WXQQXVOXNXMD��0LNlOL� MR�
WDLQ�HL�WRLYRWWXD� O|\W\\��YRL� VXXQQLWWHOLMD�RKMHOPDQ� DYXOOD� ´YLULWWllµ� WXRWWHHQ� llQWl�K\�
YlNV\WWlYlPPlNVL�

%LQDXUDDOLQHQ� WHNQLLNND� MD�SV\NRDNXVWLLNND�PDKGROOLVWDYDW� \KGHVVl� YDNDYDVWL� RWHWWDYDQ
NLOSDLOXWHNLMlQ��� WXRWHllQHQODDGXQ���NHKLWWlPLVHQ��/LVlNVL� WHNQLLNND�RQ�OXRQXW�\PSlULO�
OHHQ�DLYDQ�XXGHQ�+,),�NXOWWXXULQ��-R�WlOOl�KHWNHOOl�RQ�VDDWDYLOOD�XVHLWD�VDWRMD�ELQDXUDDOL�
VLD�llQLWWHLWl�MD�MRWNXW�WHNQLLNDVWD�LQQRVWXQHHW�HLYlW�VXRVWX�PXLOOD�WHNQLLNRLOOD�llQLWHWW\Ml
llQLWWHLWl� HQll� NXXQWHOHPDDQNDDQ�� /LLWWHHVVl� ,� RQ� WDXOXNNR� MRLVWDNLQ� ELQDXUDDOLVHQ
WHNQLLNDQ�DODQ�\ULW\NVLVWl�MD�KHLGlQ�:::�\KWH\VWLHWRMDDQ�



��

6 VYhteenveto

7lVVl� GLSORPLW\|VVl� RQ� NHKLWHWW\� MlUMHVWHOPl� llQHQODDGXQ� DUYLRLQWLLQ�� -lUMHVWHOPl� YRL�
GDDQ�MDNDD�NDKWHHQ�RVDDQ��ODLWWHLVWRRQ�VHNl�PHQHWHOPLLQ�

/DLWWHLVWR�SHUXVWXX�ELQDXUDDOLVHHQ�WHNQLLNNDDQ�MD�VH�RQ�MDHWWDYLVVD�NDKWHHQ�HULOOLVHHQ�NR�
NRQDLVXXWHHQ�� llQLW\V�� MD� NXXQWHOXNRHODLWWHLVWRRQ�� blQLW\VODLWWHLVWROOD� YRLGDDQ� VlLO\WWll
VSDWLDDOLQHQ�LQIRUPDDWLR�llQLQl\WWHLGHQ�WDOWLRLQQLVVD��7XWNLPXNVHVVD�Nl\WHWWLLQ�llQLW\N�
VLLQ� VHNl� NDXSDOOLVWD� NHLQRSll�llQLW\VODLWWHLVWRD� HWWl� GLSORPLW\|VVl� NHKLWHWW\l� WRVLSll�
llQLW\VODLWWHLVWRD�� .XXQWHOXNRHODLWWHLVWR� VXXQQLWHOWLLQ� XVHDQ� NRHKHQNLO|Q� VDPDQDLNDL�
VHHQ�WHVWDXNVHHQ�MD�llQLQl\WWHHW�YRLGDDQ�WRLVWDD�VLOOl�ELQDXUDDOLVHVWL�

0HQHWHOPlW� NXYDDYDW� llQLW\VODLWWHLVWROOD� NHUlW\Q� NXXQWHOXNRHPDWHULDDOLQ� GLJLWDDOLVLD� VLJ�
QDDOLQNlVLWWHO\NHLQRMD� VHNl� YDUVLQDLVHVWD� NXXQWHOXNRNHHVWD� VDDWDYDQ� WLHGRQ� WLODVWROOLVWD
DQDO\\VLD�MD�WXONLQWDD�

blQLW\VPHQHWHOPLl�YHUUDWWLLQ�NXXQWHOXNRNHHQ�DYXOOD�MD�WXORV�ROL��HWWl�K\Yl�NHLQRSll�VlLO\W�
Wll� SDUHPPLQ� VXXQWDLQIRUPDDWLRQ� llQLW\NVHVVl� NXLQ� VDWXQQDLVHVWL� YDOLWWX� NRHKHQNLO|�� 0LNlOL
KDOXWDDQ� VDDYXWWDD� SDUDV�PDKGROOLQHQ� ODDWX�� RQ� Nl\WHWWlYl� KHQNLO|NRKWDLVLD� llQLW\NVLl
VHNl� NXXORNHYDVWHHQ� NRUMDXVVXRWLPLD��.XXQWHOXNRNHLGHQ� DYXOOD� RQ� NXLWHQNLQ�PDKGRO�
OLVWD� O|\Wll� NRHKHQNLO|�� MRQND� SllOOl� llQLWHW\W� Ql\WWHHW� WRLPLYDW� ELQDXUDDOLVHVWL� SDUHP�
PLQ�XVHDPPLOOD�LKPLVLOOl�NXLQ�K\YlOOl�NHLQRSllOOl�llQLWHW\W�Ql\WWHHW�

,KPLVHW�RYDW� \OHHQVl�K\YLQ�KlPPlVW\QHLWl�ELQDXUDDOLVWHQ�llQLWWHLGHQ�DXWHQWWLVXXGHVWD�
YDLNND�QLLWl�HL�ROLVL� HNYDOLVRLWX�PLWHQNllQ��blQLWDSDKWXPD�YRLGDDQ� WRLVWDD� Wl\GHOOLVHQl
NXLWHQNLQ� YDLQ� RLNHDQ� HNYDOLVRLQQLQ� DYXOOD�� .XXORDLVWLPXNVHHQ� YDLNXWWDYDW� NXLWHQNLQ
ROHHOOLVHVWL�P\|V�PXLGHQ� DLVWLHQ� WXRWWDPDW� lUV\NNHHW� HLNl� NXXORWDSDKWXPDQ� WXQQHWLODQ
WRLVWDPLQHQ�WHNQLLNDQ�NHLQRLQ�ROH�PDKGROOLVWD��<NVL�PHUNLWVHYl�WXORV�NXXQWHOXNRNHHVWD
ROL��HWWl�NXXORNNHLGHQ�YDVWHHQ�NRUMDDYD�HNYDOLVRLQWL�SDUDQVL�KXRPDWWDYDVWL� ORNDOLVRLQWLD
NHLQRSll�llQLWWHLOOl�

-lUMHVWHOPl�RQ�ROOXW�MR�WXWNLPXVNl\W|VVl��-lUYHOlLQHQ��������
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7 VLähteet ja viittaukset

$WDO� %�6 	 6FKURHGHU� 0�5� ����� $SSDUHQW VRXQG VRXUFH WUDQVODWRU� 3DW� 8�6� � ��� ����

%DXHU� %�%� ����� 6WHUHRSKRQLF HDUSKRQHV DQG ELQDXUDO ORXGVSHDNHUV� -RXUQDO RI $XGLR (QJLQHHULQJ

6RFLHW\ 9RO� �� �� ��� V�

%ODXHUW� -� ����D� +HDULQJ � 3V\FKRORJLFDO %DVHV DQG 3V\FKRSK\VLFV� .DSSDOH 3V\FKRDFRXVWLF ELQDXUDO

SKHQRPHQD�

%ODXHUW� -� ����E� 6SDWLDO +HDULQJ� 7KH SV\FKRSK\VLFV RI KXPDQ VRXQG ORFDOL]DWLRQ� &DPEULGJH� 7KH

0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\� 0,7 3UHVV� ��� V�

%ODXHUW� -� 	 *HQXLW .� ����� 6RXQG�(QYLURQPHQW (YDOXDWLRQ E\ %LQDXUDO 7HFKQRORJ\� 6RPH %DVLF
&RQVLGHUDWLRQ� -RXUQ� $FRXVW� 6RF� -DSDQ� 9RO� ��� 6� ��������

%ODXHUW� -� 	 (OV� +� 6FKU|WHU� -� ����� $ 5HYLHZ RI WKH 3URJUHVV LQ ([WHUQDO (DU 3K\VLFV 5HJDUGLQJ WKH
2EMHFWLYH 3HUIRUPDQFH (YDOXDWLRQ RI 3HUVRQDO (DU 3URWHFWRUV� ,Q 3URFHHGLQJV RI ,QWHU�1RLVH
����� 1HZ <RUN� 86$� 6� ��������

%RGGHQ� 0� ����� 7KH LPSRUWDQFH RI ELQDXUDO KHDULQJ IRU QRLVH YDOLGDWLRQ� ,Q &RQWU� 7R 3V\FK� $FRXVW�
(G� $� 6FKLFN� �� (G�� 2OGHQEXUJ� %LEO�� XQG ,QIRUPDWLRQVV\VWHP 8QLYHUVLWlW 2OGHQEXUJ�

%RGGHQ� 0� ����� 0RGHOLQJ +XPDQ 6RXQG 6RXUFH /RFDOL]DWLRQ DQG WKH &RFNWDLO�3DUW\�(IIHFW� $FWD
$FXVWLFD �� 9RO� �� 6� ������

%RGGHQ� 0� 	 %ODXHUW� -� ����� 6HSDUDWLRQ RI &RQFXUUHQW 6SHHFK 6LJQDOV� $ &RFNWDLO�3DUW\ 3URFHVVRU
IRU 6SHHFK (QKDQFHPHQW� ,Q 3URFHHGLQJV RI (6&$ :RUNVKRS RQ� 6SHHFK 3URFHVVLQJ LQ $GYHUVH
&RQGLWLRQV �&DQQHV 0DQGOHLHX�� 6� ��������

%UDXQH� %� ����� 0|JOLFKH *U|VVHQ ]XU %HZHUWXQJ YRQ *HUlXVFKHQ� 8QLNHOHU &RQIHUHQFH 3DSHU�

&RFKUDQ� :�*� 	 &R[� *�0� ����� ([SHULPHQWDO GHVLJQV� �QG HG� -RKQ :LOH\ 	 6RQV� 1HZ <RUN�

&RRSHU� '�+� 	 %DXFN� -�/� ����� 3URVSHFWV IRU 7UDQVDXUDO 5HFRUGLQJ� -RXUQDO RI $XGLR (QJLQHHULQJ
6RFLHW\� 9RO� ��� 1XPEHU ���� ����� 6� �����

'DPDVNH� 3� ����� +HDG�UHODWHG WZR�FKDQQHO VWHUHRSKRQ\ ZLWK ORXGVSHDNHU UHSURGXFWLRQ� -RXUQDO RI
$XGLR (QJLQHHULQJ 6RFLHW\� 9RO� ��� ����� 6� �����

'5$ /DERUDWRULHV� ����� 0/66$� 0D[LPXP�/HQJWK 6HTXHQFH 6\VWHP $QDO\]HU� 5HIHUHQFH 0DQXDO
9HUVLRQ ����$� '5$ /DERUDWRULHV� &RS\ULJKW ������� E\ 'RXJODV '� 5LIH� 6� ����

(OV� +� 	 %ODXHUW� -� ����� 0HDVXULQJ 7HFKQLTXHV IRU $FRXVWLF 0RGHOV � 8SJUDGHG� ,Q 3URFHHGLQJV RI
,QWHUQRLVH ����� 6FKULIWHQU� %XQGHVDQVW� $UEHLWVVFKXW]� 9RO� ,E ���,,� 6� ����������



/lKWHHW�MD�YLLWWDXNVHW
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(OV� +� 	 %ODXHUW� -� ����� $ 0HDVXULQJ 6\VWHP IRU $FRXVWLF 6FDOH 0RGHOV� ,Q ��WK ,QW� &RQJU� $FRXVW��
3URF� RI WKH 9DQFRXYHU 6\PS� $FRXVWLFV 	 7KHDWUH 3ODQQLQJ IRU WKH 3HUIRUPLQJ $UWV� 6� ������

*HQXLW� .� ����� $ PRGHO IRU WKH GHVFULSWLRQ RI RXWHU�HDU WUDQVPLVVLRQ FKDUDFWHULVWLFV� +57)�LHQ
NHKLWWlPLQHQ SllQ MD XONRNRUYDQ JHRPHWULDQ SRKMDOWD� 'RFWRU RI (QJLQHHLQJ GLVVHUWDWLRQ�
5KHLQLVK�:HVWSKDOLDQ 7HFKQLFDO 8QLYHUVLW\� $DFKHQ� *HUPDQ\�

*HQXLW� .� ����� ([DPLQDWLRQ RI REMHFWLYH HYDOXDWLRQ RI ELQDXUDO DQDO\VLV� 3URF� ��WK ,QWHUQ� &RQJU�
$FRXVW� ����� 7URQGKHLP� 6� ��������

*ODVJDO� 5� 7KH (DU 3LQQD DQG 5HDOLVP LQ 0XVLF 5HSURGXFWLRQ�
<URL:http://www.ambiophonics.org/pinna.htm>

*UHGPDLHU� /� ����� 0DNLQJ VRXQG TXDOLW\ DXGLEOH� 3URFHGLQJV RI ,QWHUQRLVH ����� /LYHUSRRO� 6� �����
�����

*ULHVLQJHU� '� ����� (TXDOL]DWLRQ DQG 6SDWLDO (TXDOL]DWLRQ RI 'XPP\�+HDG 5HFRUGLQJV IRU
/RXGVSHDNHU 5HSURGXFWLRQ� -RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� �� ������ 6� ������

+DPPHUVK¡L� '� 	 0¡OOHU� +� ����� )UHH�ILHOG VRXQG WUDQVPLVVLRQ WR WKH H[WHUQDO HDU� D PRGHO DQG
VRPH PHDVXUHPHQWV� ,Q )RUWVFKULWWH GHU $NXVWLN� '$*$ ����� %RFKXP� 6� �������

+DPPHUVK¡L� '� 	 0¡OOHU� +� ����� $UWLILFLDO KHDGV IRU IUHH ILHOG UHFRUGLQJ� KRZ ZHOO GR WKH\ VLPXODWH
UHDO KHDGV " 3URFHHGLQJV RI ��WK ,QWHUQDWLRQDO &RQJUHVV RI $FRXVWLFV� %HLMLQJ � +����

+DPPHUVK¡L� '� ����� %LQDXUDO WHFKQLTXH � D PHWKRG RI WUXH �' VRXQG UHSURGXFWLRQ� 3K� '�
GLVVHUWDWLRQ� $DOERUJ 8QLY�� 'HQPDUN� $DOERUJ 8QLYHUVLW\ 3UHVV� ,6%1 ��������������

+DPPHUVK¡L� '� 	 0¡OOHU� +� ����� 6RXQG WUDQVPLVVLRQ WR DQG ZLWKLQ WKH KXPDQ HDU FDQDO� 7KH
-RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ���� 1R��� -XO\ ����� 6���������

+DPPHUVK¡L� '� ����� )XQGDPHQWDO $VSHFWV RI WKH %LQDXUDO 5HFRUGLQJ DQG 6\QWKHVLV 7HFKQLTXHV� $(6
3UHSULQW 1XPEHU� ����WK �&���� &RQYHQWLRQ� ���� ����� 0D\ �������

+DPPHUVK¡L� '� 	 6DQGYDG� -� %LQDXUDO DXUDOL]DUWLRQ� 6LPXODWLQJ IUHH ILHOG FRQGLWLRQV E\ KHDGSKRQHV�
��WK $XGLR (QJ� 6RF� &RQY� � 3UHSULQW �����

+XGGH� +� 	 6FKU|WHU� -� ����� 7KH HTXDOL]DWLRQ RI DUWLILFLDO KHDGV ZLWKRXW H[DFW UHSOLFDWLRQ RI WKH
HDUGUXP LPSHGDQFH� $FXVWLFD� 9RO� ��� ����� 6� ��������

-DXKLDLQHQ� 7� ����� .XXOR MD YLHVWLQWl� <OLRSLVWRSDLQR� +HOVLQNL� ,6%1 ��������������

/HKQHUW� +� 	 %ODXHUW� -� ����� $ &RQFHSW IRU %LQDXUDO 5RRP 6LPXODWLRQ� ,Q 3URF� ,(((�$663
:RUNVKRS RQ $SSOLFDWLRQ RI 6LJQDO 3URFHVVLQJ WR $XGLR 	 $FRXVWLFV� 86$�1HZ 3DOW] 1<�

-HNRVFK� 8� 	 %ODXHUW� -� ����� $ 6HPLRWLF $SSURDFK WRZDUG 3URGXFW 6RXQG 4XDOLW\� ,Q ,QWHUQRLVH
����� /LYHUSRRO� %RRN �� 6� ����������

-lUYHOlLQHQ� +� ����� 2KMDDPRPHOXQ KlLULWVHY\\GHQ VXEMHNWLLYLQHQ MD REMHNWLLYLQHQ DUYLRLQWL� 'LSORPL�
W\|� 7HNQLOOLQHQ .RUNHDNRXOX� (VSRR�

.DUMDODLQHQ� 0� ����� '63 6RIWZDUH ,QWHJUDWLRQ E\ 2EMHFW�2ULHQWHG 3URJUDPPLQJ� $ &DVH 6WXG\ RI
4XLFN6LJ� ,((( $663 0DJD]LQH� $SULO ����� 6� ������
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.DUMDODLQHQ� 0� ����� 2EMHFW�RULHQWHG SURJUDPPLQJ RI '63 SURFHVVRUV� $ FDVH VWXG\ RI 4XLFN&��� ,Q
3URF� ���� ,((( ,QW� &RQI� $FRXVW�� 6SHHFK DQG 6LJQDO 3URFHVVLQJ �,&$663
���� 6DQ )UDQFLVFR�
&$� 9RO� �� 6� ��������

/HKQHUW� +� 	 %ODXHUW� -� ����� 3ULQFLSOHV RI %LQDXUDO 5RRP 6LPXODWLRQ� -RXUQ� $SSO� $FRXVW�� 9RO� ���
6� ��������

/HWRZVNL� 7� ����� 6RXQG TXDOLW\ DVVHVVPHQW� &RQFHSWV DQG FULWHULD� 3URF� ��WK $(6 &RQYHQWLRQ�
SUHSULQW �����

/HWRZVNL� 7� ����� *XLGHOLQHV IRU FRQGXFWLQJ OLVWHQLQJ WHVWV RQ VRXQG TXDOLW\� 3URF� 1RLVH�&RQ C��� )W�
/DXGHUGDOH� )ORULGD� 6� ��������

0DLMDOD� 3� 	 .DDUHVRMD� 7� ����� .HLQR 6XXQWRQHQ� $NXVWLLNDQ MD llQHQNlVLWWHO\WHNQLLNDQ ODERUDWRULR�
7HNQLOOLQHQ .RUNHDNRXOX�
<URL:http://www.acoustics.hut.fi/~pantse/projects/keino>

0DLMDOD� 3� ����� %HWWHU ELQDXUDO UHFRUGLQJV XVLQJ WKH UHDO KXPDQ KHDG� ,Q 3URFHHGLQJV RI ,QWHUQRLVH
����� 9RO� ,,� 6�����������

0DQQLQHQ� 3� ����� 7LODVWRWLHGHWWl \KWHLVNXQWDWLHWHLOLM|LOOH� *DXGHDPXV� +HOVLQNL�

0DWKZRUNV� ����D� 8VLQJ 0$7/$%� 0DWKZRUNV� ,QF� 'HFHPEHU ����� 6� ������

0DWKZRUNV� ����E� 0$7/$% 6LJQDO 3URFHVVLQJ 7RROER[ 8VHU
V *XLGH� 0DWKZRUNV� ,QF� 'HFHPEHU
����� 6� ������

0LQQDDU� 3� ����� $Q LQYHVWLJDWLRQ RI WKH VLJQDO GHWHFWLRQ� DQG ORFDOLVDWLRQ FDSDELOLWLHV RI SHRSOH XVLQJ
ELQDXUDO VRXQG UHSURGXFWLRQ V\VWHPV� $ GLVVHUWDWLRQ IRU WKH GHJUHH RI 0�6F� 8QLYHUVLW\ RI
6RXWKDPSWRQ� ��� V�

0¡OOHU� +� ����� 5HSURGXFWLRQ RI $UWLILFLDO�+HDG 5HFRUGLQJV 7KURXJK /RXGVSHDNHUV� -RXUQDO RI $XGLR
(QJLQHHULQJ� 6RFLHW\� �� ������ ����� 6� ������

0¡OOHU� +� ����� )XQGDPHQWDOV RI ELQDXUDO WHFKQRORJ\� $SSOLHG $FRXVWLFV ��� ����� 6� ��������

0¡OOHU� +� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� 	 +XQGHE¡OO� -�9� ����D� 7UDQVIHU FKDUDFWHULVWLFV RI
KHDGSKRQHV� 0HDVXUHPHQWV RQ �� KXPDQ VXEMHFWV� SUHVHQWHG DW WKH ��QG &RQYHQWLRQ RI WKH
$XGLR (QJLQHHULQJ 6RFLHW\� 9LHQQD� $XVWULD� �����

0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� ����E� +RZ ZHOO GR H[LVWLQJ ELQDXUDO
V\VWHPV ZRUN"� ,Q SUHSDUDWLRQ� SUHOLPLQDULO\ UHSRUWHG LQ �+DPPHUVK¡L DQG 0¡OOHU� $UWLILFLDO
KHDGV IRU IUHH���������

0¡OOHU� +� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� 	 6¡UHQVHQ� 0�)� ����D� 7UDQVIHU FKDUDFWHULVWLFV RI
KHDGSKRQHV PHDVXUHG RQ KXPDQ HDUV� -RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� ��� ���� 6� ����
����

0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� ����E� +HDG�UHODWHG WUDQVIHU IXQFWLRQV
RI KXPDQ VXEMHFWV� -� $XGLR (QJ� 6RF� 9RO� �� ���� 6� ��������

0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� ����F� %LQDXUDO WHFKQLTXH� 'R ZH QHHG
LQGLYLGXDO UHFRUGLQJV� -� $XGLR (QJ� 6RF�� 9RO� ��� 1� �� 6� �����

0¡OOHU� +� 	 &OHPHQ� %�-� 	 +DPPHUVK¡L� '� 	 6¡UHQVHQ� 0� ����� 8VLQJ D 7\SLFDO +XPDQ 6XEMHFW
IRU %LQDXUDO 5HFRUGLQJ� $(6 3UHSULQW 1� ���� �&����� ���WK &RQY�� ����� 0D\ �������
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0¡OOHU� +� 	 -HQVHQ� &�%� 	 +DPPHUVK¡L� '� 	 6¡UHQVHQ� 0� ����� (YDOXDWLRQ RI $UWLILFLDO +HDGV LQ
/LVWHQLQJ 7HVWV� $(6 3UHSULQW 1� ���� �$��� ���WK &RQYHQWLRQ� ����� 0DUFK �������

1DPED� 6� ����� 1RLVH 4XDOLW\� ,Q 5HFHQW 7UHQGV LQ +HDULQJ 5HVHDUFK� )HVWVFKULIW IRU 6HLLFKLUR
1DPED� )DVWO +�� .XZDQR 6�� 6FKLFN $� �(GV��� %LEOLRWKHNV� XQG ,QIRUPDWLRQVV\VWHP GHU
8QLYHUVLWlW 2OGHQEXUJ�

1DWLRQDO ,QVWUXPHQWV� ����� 1%�$���� +LJK�5HVROXWLRQ $XGLR )UHTXHQF\ $QDORJ ,�2 %RDUG IRU WKH
0DFLQWRVK ,, )DPLO\ RI &RPSXWHUV� 8VHU 0DQXDO� -XQH ���� (GLWLRQ� 3DUW 1XPEHU ����������

3DW� 8�6� � ��� ���� $SSDUHQW VRXQG VRXUFH WUDQVODWRU� $WDO� %�6 	 6FKURHGHU� 0�5�

3UDQWH� +�8� ����� 3UHGLFWLQJ &DWHJRULFDO -XGJHPHQWV RI 6RXQG� $ &RQWULEXWLRQ XVLQJ $UWLILFLDO 1HXUDO
1HWZRUNV� ,Q 5HVXOWV RI WKH 6HYHQWK 2OGHQEXUJ 6\PSRVLXP RQ 3V\FKRORJLFDO $FRXVWLFV�
%LEOLRWKHNV� XQG ,QIRUPDWLRQVV\VWHP GHU 8QLYHUVLWlW 2OGHQEXUJ LQ SUHVV�

3|VVHOW� &� HW DO� ����� *HQHUDWLRQ RI %LQDXUDO 6LJQDOV IRU 5HVHDUFK DQG +RPH (QWHUWDLQPHQW� ,Q 3URF�
��WK ,QW� &RQJU� $FRXVW� 9RO� ,� %���� &1'�7RURQWR�

6DODYD� 7� ����� 7UDQVDXUDO 6WHUHR DQG 1HDU�)LHOG /LVWHQLQJ� -RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO�
��� 1XPEHU ���� 6� ������

6FKRPDNHU HW DO�� (VSULW 3URMHFW ���� � 0,$0,� �����
<URL:http://www.cogsci.kun.nl/~miami/taxonomy/node1.html>

6FKU|WHU� -� 7KH 8VH RI $FRXVWLFDO 7HVW )L[XUHV IRU WKH 0HDVXUHPHQW RI +HDULQJ�3URWHFWRU $WWHQXDWLRQ�
3DUW ,� 5HYLHZ RI 3UHYLRXV :RUN DQG WKH 'HVLJQ RI DQ ,PSURYHG 7HVW )L[XUH� -RXUQ� $FRXVW�
6RF� $P�� 9RO� ��� 6� ����������

6RXORGUH� *�$� 6SDFLRXVQHVV MXGJPHQWV RI ELQDXUDOO\ UHSURGXFHG VRXQG ILHOGV� $6$ ���WK 0HHWLQJ
2WWDZD ���� 0D\ �D$$���

6XQHDU� ����� %LQDXUDO 5HFRUGLQJ IRU +HDGSKRQH ([SHULHQFHV� %LQDXUDO )UHTXHQWO\ $VNHG 4XHVWLRQV�
<URL:http://www.btown.com/binaural/binfaq.html>

7KHLOH� *� ����� =XU .RPSDWLELOLWlW YRQ .XQVWNRSIVLJQDOHQ PLW LQWHQVLWlWVVWHUHRSKRQHQ 6LJQDOHQ EHL
/DXWVSUHFKHUZLHGHUJDEH� 'LH 5LFKWXQJDEELOG� 5XQGIXQNWHFK� 0LWW�� 9RO� ��� 6� ������

7RLYDQHQ� ����� 7HNQLOOLQHQ DNXVWLLNND� �� SDLQRV� 2WDWLHWR ����� ��� V�

:LJKWPDQ� )�/� 	 .LVWOHU� '�.� ����� $ PRGHO RI KHDG�UHODWHG WUDQVIHU IXQFWLRQV EDVHG RQ SULQFLSDO
FRPSRQHQWV DQDO\VLV DQG PLQLPXP�SKDVH UHFRQVWUXFWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI
$PHULFD� 9RO� ��� 1R� �� 6�����������

;LDQJ� 1� 	 %ODXHUW� -� ����� $ 0LQLDWXUH 'XPP\ +HDG IRU WKH %LQDXUDO (YDOXDWLRQ RI 7HQWK�6FDOH
$FRXVWLF 0RGHOV� -RXUQDO RI $SSOLHG $FRXVWLFV� 9RO� ��� 6� ��������

;LDQJ� 1� 	 %ODXHUW� -� ����� %LQDXUDO 6FDOH 0RGHOOLQJ IRU $XUDOL]DWLRQ DQG 3UHGLFWLRQ RI $FRXVWLFV LQ
$XGLWRULD� -RXUQDO RI $SSOLHG $FRXVWLFV� 9RO� ��� 6� ��������

=ZLFNHU� (� 	 )DVWO� +� ����� 3V\FKRDFRXVWLFV� )DFWV DQG 0RGHOV� 6SULQJHU�9HUODJ %HUOLQ +HLGHOEHUJ
1HZ <RUN� 6� ��������



��

8 VKirjallisuusviitteitä

$VDQR� )� 	 6X]XNL� <� 	 6RQH� 7� ����� 5ROH RI VSHFWUDO FXHV LQ PHGLDQ SODQH ORFDOLVDWLRQ� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ��������

%DWWHDX� '�:� ����� 7KH UROH RI SLQQD LQ KXPDQ ORFDOL]DWLRQ� ,Q 3URF� 5� 6RF� �/RQGRQ�� 9RO� %���� 6�
�������

%DXHU� %�%� ����� 6WHUHRSKRQLF HDUSKRQHV DQG ELQDXUDO ORXGVSHDNHUV� -RXUQDO RI $XGLR (QJLQHHULQJ
6RFLHW\ 9RO� �� �� ��� V�

%HJDXOW� '�5� ����� �' VRXQG IRU YLUWXDO UHDOLW\ DQG PXOWLPHGLD� &DPEULGJH� 0DVVDFKXVHWWV� $FDGHPLF
3UHVV� ��� V�

%ODXHUW� -� ����� 6RXQG ORFDOL]DWLRQ LQ WKH PHGLDQ SODQH� $FXVWLFD ��� 6� ��������

%ODXHUW� -� 	 +DUWPDQQ� 5� ����� /RVV IDFWRUV DQG FKDUDFWHULVWLF LPSHGDQFHV RI WKH FUDQLDO ERQH RI
YDU\LQJ GHJUHHV RI DLU�ILOOHG SRURVLW\� $FXVWLFD� 9RO� ��� 6� ��������

%ODXHUW� -� ����� 6SDWLDO +HDULQJ� 7KH SV\FKRSK\VLFV RI KXPDQ VRXQG ORFDOL]DWLRQ� &DPEULGJH� 7KH
0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\� 0,7 3UHVV� ��� V�

%ODXHUW� -� 	 *HQXLW .� ����� 6RXQG�(QYLURQPHQW (YDOXDWLRQ E\ %LQDXUDO 7HFKQRORJ\� 6RPH %DVLF
&RQVLGHUDWLRQ� -RXUQ� $FRXVW� 6RF� -DSDQ� 9RO� ��� 6� ��������

%ODXHUW� -� 	 (OV� +� 6FKU|WHU� -� ����� $ 5HYLHZ RI WKH 3URJUHVV LQ ([WHUQDO (DU 3K\VLFV 5HJDUGLQJ WKH
2EMHFWLYH 3HUIRUPDQFH (YDOXDWLRQ RI 3HUVRQDO (DU 3URWHFWRUV� ,Q 3URFHHGLQJV RI ,QWHU�1RLVH
����� 1HZ <RUN� 86$� 6� ��������

%RGGHQ� 0� ����� 7KH LPSRUWDQFH RI ELQDXUDO KHDULQJ IRU QRLVH YDOLGDWLRQ� ,Q &RQWU� 7R 3V\FK� $FRXVW�
(G� $� 6FKLFN� �� (G�� 2OGHQEXUJ� %LEO�� XQG ,QIRUPDWLRQVV\VWHP 8QLYHUVLWlW 2OGHQEXUJ�

%RGGHQ� 0� ����� 0RGHOLQJ +XPDQ 6RXQG 6RXUFH /RFDOL]DWLRQ DQG WKH &RFNWDLO�3DUW\�(IIHFW� $FWD
$FXVWLFD �� 9RO� �� 6� ������

%RGGHQ� 0� 	 %ODXHUW� -� ����� 6HSDUDWLRQ RI &RQFXUUHQW 6SHHFK 6LJQDOV� $ &RFNWDLO�3DUW\ 3URFHVVRU
IRU 6SHHFK (QKDQFHPHQW� ,Q 3URFHHGLQJV RI (6&$ :RUNVKRS RQ� 6SHHFK 3URFHVVLQJ LQ $GYHUVH
&RQGLWLRQV �&DQQHV 0DQGOHLHX�� 6� ��������

%UDXQH� %� ����� 0|JOLFKH *U|VVHQ ]XU %HZHUWXQJ YRQ *HUlXVFKHQ� 8QLNHOHU &RQIHUHQFH 3DSHU�

%XUDQGW� 8� 	 3|VVHWW� &� 	 $PEUR]XV� 6� 	 .QDXII� 9� ����� $QWKURSRPHWULF FRQWULEXWLRQ WR
VWDQGDUGLVLQJ PDQLNLQV IRU DUWLILFLDO�KHDG PLFURSKRQHV DQG WR PHDVXULQJ KHDGSKRQHV DQG HDU
SURWHFWRUV� $SSOLHG (UJRQRPLFV� 9RO� ��� 6� ��������
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%XUNKDUG� 0�'� 	 6DFKV� 5�0� ����� $QWKURSRPHWULF PDQLNLQ IRU DFRXVWLF UHVHDUFK� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 6� ��������

&DUWDUHWWH� (�&� 	 )ULHGPDQ� 0�3� ����� +DQGERRN RI SHUFHSWLRQ �9ROXPH ,9�� +HDULQJ� $FDGHPLF
3UHVV ,QF�

&DVVHGD\� -�+� 	 &RYH\� (� ����� &HQWUDO DXGLWRU\ SDWKZD\V LQ GLUHFWLRQDO KHDULQJ� 3XEOLVKHG LQ <RVW�
:�$�� *RXUHYLWFK� *� 'LUHFWLRQDO KHDULQJ� 1HZ <RUN� 6SULQJHU 9HUODJ� 6� ��������

&&,5 5HFRPPHQGDWLRQ ������ ���������� 6XEMHFWLYH DVVHVVPHQW RI VRXQG TXDOLW\� 6� ��������

&KULVWPDQ� 5�-� 	 9LFWRU� *� ����� 7KH SHUFHSWLRQ RI GLUHFWLRQ DV D IXQFWLRQ RI ELQDXUDO WHPSRUDO DQG
DPSOLWXGH GLVSDULW\� 5RPH $LU 'HYHO� &HQWUH $5'&� 86$)� 7HFK� 1RWH 5$'&�7+��������

&RFKUDQ� :�*� 	 &R[� *�0� ����� ([SHULPHQWDO GHVLJQV� �QG HG� -RKQ :LOH\ 	 6RQV� 1HZ <RUN�

&ROEXUQ� +�6� ����� 7KHRU\ RI ELQDXUDO LQWHUDFWLRQ EDVHG RQ DXGLWRU\ QHUYH GDWD� ,,� 'HWHFWLRQ RI WRQHV
LQ QRLVH� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 1R� �� 6� ��������

&RRSHU� '�+� 	 %DXFN� -�/� ����� 3URVSHFWV IRU 7UDQVDXUDO 5HFRUGLQJ� -RXUQDO RI $XGLR (QJLQHHULQJ
6RFLHW\� 9RO� ��� 1XPEHU ���� ����� 6� �����

&ULVSLHQ� .� 	 3HWULH� +� ����� 3URYLGLQJ DFFHVV WR *8,V IRU EOLQG SHRSOH XVLQJ D PXOWLPHGLD V\VWHP
EDVHG RQ VSDWLDO DXGLR SUHVHQWDWLRQ� ,Q ��WK $XGLR (QJLQHHULQJ 6RFLHW\ &RQYHQWLRQ �3UHSULQW
1R� ������ 1HZ <RUN�

'DPDVNH� 3� ����� +HDG�UHODWHG WZR�FKDQQHO VWHUHRSKRQ\ ZLWK ORXGVSHDNHU UHSURGXFWLRQ� -RXUQDO RI
$XGLR (QJLQHHULQJ 6RFLHW\� 9RO� ��� ����� 6� �����

'5$ /DERUDWRULHV� ����� 0/66$� 0D[LPXP�/HQJWK 6HTXHQFH 6\VWHP $QDO\]HU� 5HIHUHQFH 0DQXDO
9HUVLRQ ����$� '5$ /DERUDWRULHV� &RS\ULJKW ������� E\ 'RXJODV '� 5LIH� 6� ����

'XUUDQW� -�'� 	 /RYULQLF� -�+� ����� %DVHV RI KHDULQJ VFLHQFH� :LOOLDPV 	 :LONLQV� WKLUG HGLWLRQ�

(JDQ� -�3� 	 %HQVRQ� :� ����� /DWHUDOLVDWLRQ RI D ZHDN VLJQDO SUHVHQWHG ZLK FRUUHODWHG DQG
XQFRUUHODWHG QRLVH� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 6� ������

(OV� +� 	 %ODXHUW� -� ����� 0HDVXULQJ 7HFKQLTXHV IRU $FRXVWLF 0RGHOV � 8SJUDGHG� ,Q 3URFHHGLQJV RI
,QWHUQRLVH ����� 6FKULIWHQU� %XQGHVDQVW� $UEHLWVVFKXW]� 9RO� ,E ���,,� 6� ����������

(OV� +� 	 %ODXHUW� -� ����� $ 0HDVXULQJ 6\VWHP IRU $FRXVWLF 6FDOH 0RGHOV� ,Q ��WK ,QW� &RQJU� $FRXVW��
3URF� RI WKH 9DQFRXYHU 6\PS� $FRXVWLFV 	 7KHDWUH 3ODQQLQJ IRU WKH 3HUIRUPLQJ $UWV� 6� ������

(YHUHVW� )�$� 	 6WUHLFKHU� 5� ����� 7KH QHZ VWHUHR VRXQGERRN� 7$% %RRNV� 0F*UDZ�+LOO�

)LVKHU� +� 	 )UHHGPDQ� 6�-� ����� 7KH UROH RI WKH SLQQD LQ DXGLWRU\ ORFDOLVDWLRQ� -RXUQDO RI $XGLWRU\
5HVHDUFK� 9RO��� 6� ������

)XNXGRPH� .� ����� (TXDOLVDWLRQ IRU WKH GXPP\�KHDG�KHDGSKRQH V\VWHP FDSDEOH RI UHSURGXFLQJ WUXH
GLUHFWLRQDO LQIRUPDWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI -DSDQ� 9RO� � ���� 6� ������

*DUGQHU� 0�%� 	 *DUGQHU� 5�6� ����� 3UREOHP RI ORFDOLVDWLRQ LQ WKH PHGLDQ SODQH� HIIHFW RI SLQQDH
FDYLW\ RFFOXVLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ��������

*DUGQHU� %� 	 0DUWLQ� .� ����� +57) PHDVXUHPHQWV RI D .(0$5 GXPP\ KHDG PLFURSKRQH� 0,7
0HGLD ODE SHUFHSWXDO FRPSXWLQJ� 7HFKQLFDO UHSRUW 1R� ���� 6� ����
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*HQXLW� .� ����� $ PRGHO IRU WKH GHVFULSWLRQ RI RXWHU�HDU WUDQVPLVVLRQ FKDUDFWHULVWLFV� +57)�LHQ
NHKLWWlPLQHQ SllQ MD XONRNRUYDQ JHRPHWULDQ SRKMDOWD� 'RFWRU RI (QJLQHHLQJ GLVVHUWDWLRQ�
5KHLQLVK�:HVWSKDOLDQ 7HFKQLFDO 8QLYHUVLW\� $DFKHQ� *HUPDQ\�

*HQXLW� .� ����� 6LPXODWLRQ RI WKH IUHH�ILHOG XVLQJ KHDGSKRQHV IRU LQYHVWLJDWLRQ RI WKH VSDWLDO KHDULQJ
DQG VSHHFK LQWHOOLJLELOLW\� $XGLRORJLVFKH $NXVWLF� 9RO� �� 6� ��������

*HQXLW� .� ����� (DU DGHTXDWH VSHFWUDO DQDO\VLV IRU QRLVH HYDOXDWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI
$PHULFD 6XSSOHPHQW �� 9RO� ��� 6� ���

*HQXLW� .� ����� ([DPLQDWLRQ RI REMHFWLYH HYDOXDWLRQ RI ELQDXUDO DQDO\VLV� 3URF� ��WK ,QWHUQ� &RQJU�
$FRXVW� ����� 7URQGKHLP� 6� ��������

*LHUOLHFK� +�:� 	 *HQXLW� .� ����� 3URFHVVLQJ DUWLILFLDO KHDG UHFRUGLQJV� -RXUQDO RI $XGLR (QJLQHHULQJ
6RFLHW\� 9RO� �� ������ 6� ������

*LHUOLHFK� +�:� ����� 7KH DSSOLFDWLRQ RI ELQDXUDO WHFKQRORJ\� $SSOLHG $FRXVWLFV� 9RO� ��� 6� ��������

*ODVJDO� 5� 7KH (DU 3LQQD DQG 5HDOLVP LQ 0XVLF 5HSURGXFWLRQ�
<URL:http://www.ambiophonics.org/pinna.htm>

*UHGPDLHU� /� ����� 0DNLQJ VRXQG TXDOLW\ DXGLEOH� 3URFHGLQJV RI ,QWHUQRLVH ����� /LYHUSRRO� 6� �����
�����

*ULHVLQJHU� '� ����� (TXDOL]DWLRQ DQG 6SDWLDO (TXDOL]DWLRQ RI 'XPP\�+HDG 5HFRUGLQJV IRU
/RXGVSHDNHU 5HSURGXFWLRQ� -RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� �� ������ 6� ������

*U|KQ� 0� 	 7DNDOD� 7� ����� 0DJLF0LNHV � PHWKRG IRU VSDWLDO VRQLILFDWLRQ� ,Q 3URF� 63,(
���

+DIWHU� (�5� 	 -HIIUHVV� /�$ ����� 7ZR�LPDJH ODWHUDOLVDWLRQ RI WRQHV DQG FOLFNV� -RXUQDO RI $FRXVWLFDO
6RFLHW\ RI $PHULFD� 9RO� ��� 6� ��������

+DOO� -�:� 	 7D\ORU� 5�6� 	 )HUQDQGHV� 0�$� ����� 0RQDXUDO DQG ELQDXUDO IUHTXHQF\ UHVROXWLRQ�
PHDVXUHG XVLQJ EDQG OLPLWHG QRLVH DQG QRWFKHG QRLVH PDVNLQJ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI
$PHULFD� 9RO� ��� 6� ��������

+DPPHUVK¡L� '� 	 0¡OOHU� +� ����� )UHH�ILHOG VRXQG WUDQVPLVVLRQ WR WKH H[WHUQDO HDU� D PRGHO DQG
VRPH PHDVXUHPHQWV� ,Q )RUWVFKULWWH GHU $NXVWLN� '$*$ ����� %RFKXP� 6� �������

+DPPHUVK¡L� '� 	 0¡OOHU� +� ����D� $UWLILFLDO KHDGV IRU IUHH ILHOG UHFRUGLQJ� KRZ ZHOO GR WKH\
VLPXODWH UHDO KHDGV " 3URFHHGLQJV RI ��WK ,QWHUQDWLRQDO &RQJUHVV RI $FRXVWLFV� %HLMLQJ � +����

+DPPHUVK¡L� '� 	 0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 /DUVHQ .�$� ����E� +HDG�UHODWHG WUDQVIHU IXQFWLRQV�
0HDVXUHPHQWV RQ �� KXPDQ VXEMHFWV� 3UHVHQWHG DW WKH ��QG &RQYHQWLRQ RI WKH $XGLR
(QJLQHHULQJ 6RFLHW\� 9LHQQD� $XVWULD�

+DPPHUVK¡L� '� ����� %LQDXUDO WHFKQLTXH � D PHWKRG RI WUXH �' VRXQG UHSURGXFWLRQ� 3K� '�
GLVVHUWDWLRQ� $DOERUJ 8QLY�� 'HQPDUN� $DOERUJ 8QLYHUVLW\ 3UHVV� ,6%1 ��������������

+DPPHUVK¡L� '� 	 0¡OOHU� +� ����� 6RXQG WUDQVPLVVLRQ WR DQG ZLWKLQ WKH KXPDQ HDU FDQDO� 7KH
-RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ���� 1R��� -XO\ ����� 6���������

+DPPHUVK¡L� '� ����� )XQGDPHQWDO $VSHFWV RI WKH %LQDXUDO 5HFRUGLQJ DQG 6\QWKHVLV 7HFKQLTXHV� $(6
3UHSULQW 1XPEHU� ����WK �&���� &RQYHQWLRQ� ���� ����� 0D\ �������
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+DPPHUVK¡L� '� 	 6DQGYDG� -� %LQDXUDO DXUDOL]DWLRQ� 6LPXODWLQJ IUHH ILHOG FRQGLWLRQV E\ KHDGSKRQHV�
��WK $XGLR (QJ� 6RF� &RQY� � 3UHSULQW �����

+DQ� +�/� ����� 0HDVXULQJ D GXPP\ KHDG LQ VHDUFK RI SLQQD FXHV� -RXUQDO RI $XGLR (QJLQHHULQJ
6RFLHW\� 9RO� ��� ���� 6� ������

+HEUDQN� -� 	 :ULJKW� '� ����� 6SHFWUDO FXHV XVHG LQ WKH ORFDOL]DWLRQ RI VRXQG VRXUFHV RQ WKH PHGLDQ
SODQH� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ����������

+HOOVWURP� 3��$� 	 $[HOVVRQ� $� ����� 0LQLDWXUH PLFURSKRQH SUREH WXEH PHDVXUHPHQWV LQ WKH H[WHUQDO
DXGLWRU\ FDQDO� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ��������

+HQQLQJ� *�%� ����� 6RPH REVHUYDWLRQV RQ WKH ODWHUDOLVDWLRQ RI FRPSOH[ ZDYHIRUPV� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 6� ��������

+LQWRQ� 3�5� ����� 6WDWLVWLFV H[SODLQHG� $ JXLGH IRU VRFLDO VFLHQFH VWXGHQWV� 5RXWOHGJH�/RQGRQ DQG
1HZ <RUN�

+LUVK� ,�-� ����� 0DVNLQJ RI VSHHFK DQG DXGLWRU\ ORFDOLVDWLRQ� $XGLRORJ\� 9RO� ��� 6� ��������

+ROPDQ� 7� ����� 1HZ IDFWRUV LQ VRXQG IRU FLQHPD DQG WHOHYLVLRQ� -RXUQDO RI $XGLR (QJLQHHULQJ
6RFLHW\� 9RO� ��� 1R� ���� 6� ��������

+RZDUG� ,�3� 	 7HPSOHWRQ� :�%� ����� +XPDQ VSDWLDO RULHQWDWLRQ� -RKQ :LOH\ 	 6RQV� /RQGRQ�

+XGGH� +� 	 6FKU|WHU� -� ����� 7KH HTXDOL]DWLRQ RI DUWLILFLDO KHDGV ZLWKRXW H[DFW UHSOLFDWLRQ RI WKH
HDUGUXP LPSHGDQFH� $FXVWLFD� 9RO� ��� ����� 6� ��������

+XRSDQLHPL� -� 	 .DUMDODLQHQ� 0�� 9lOLPlNL� 9�� +XRWLODLQHQ� 7� ����� 9LUWXDO LQVWUXPHQWV LQ YLUWXDO
URRPV � D UHDO�WLPH ELQDXUDO URRP VLPXODWLRQ HQYLURQPHQW IRU SK\VLFDO PRGHOV RI PXVLFDO
LQVWUXPHQWV� ,Q SURFHHGLQJV RI ,&0&
��� cUKXV� 'HQPDUN� 6� ��������

,IHDFKRU� (�&� 	 -HUYLV� %�: ����� 'LJLWDO 6LJQDO 3URFHVVLQJ � $ 3UDFWLFDO $SSURDFK� $GGLVRQ�:HVOH\
3XEOLVKLQJ &RPSDQ\� ��� V�

-DXKLDLQHQ� 7� ����� .XXOR MD YLHVWLQWl� <OLRSLVWRSDLQR� +HOVLQNL� ,6%1 ��������������

-RW� -��0� 	 /DUFKHU� 9� 	 :DUXVIHO� 2� ����� 'LJLWDO VLJQDO SURFHVVLQJ LVVXHV LQ WKH FRQWH[W RI ELQDXUDO
DQG WUDQVDXUDO VWHUHRSKRQ\� ,Q ��WK $XGLR (QJLQHHULQJ 6RFLHW\ &RQYHQWLRQ �3UHSULQW 1R� ������
3DULV�

-XOOLHQ� -��3� 	 .DKOH� (� 	 0DULQ� 0� 	 :DUXVIHO� 2� ����� 6SDWLDOL]HU� $ SHUFHSWXDO DSSURDFK� ,Q ��WK

$XGLR (QJLQHHULQJ 6RFLHW\ &RQYHQWLRQ �3UHSULQW 1R� ������ %HUOLQ�

.DUMDODLQHQ� 0� ����� .RPPXQLNDDWLRDNXVWLLNND� .XUVVLQ 6������� RSHWXVPRQLVWH� 7HNQLOOLQHQ .RUNHD�
NRXOX� (VSRR�

.DUMDODLQHQ� 0� ����� '63 6RIWZDUH ,QWHJUDWLRQ E\ 2EMHFW�2ULHQWHG 3URJUDPPLQJ� $ &DVH 6WXG\ RI
4XLFN6LJ� ,((( $663 0DJD]LQH�

.DUMDODLQHQ� 0� ����� 2EMHFW�RULHQWHG SURJUDPPLQJ RI '63 SURFHVVRUV� $ FDVH VWXG\ RI 4XLFN&��� ,Q
3URF� ���� ,((( ,QW� &RQI� $FRXVW�� 6SHHFK DQG 6LJQDO 3URFHVVLQJ �,&$663
���� 6DQ )UDQFLVFR�
&$� 9RO� �� 6� ��������

.HHQH� 6�(� 2EMHFW�RULHQWHG SURJUDPPLQJ LQ &RPPRQ /LVS � $ SURJUDPPHU
V JXLGH WR &/26�
5HDGLQJ� 0DVVDFKXVHWWV� $GGLVRQ�:HVOH\� ��� V�
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.HQGDOO� *�6 	 0DUWHQV� :�/� ����� 6LPXODWLQJ WKH FXHV RI VSDWLDO KHDULQJ LQ QDWXUDO HQYLURQPHQWV� ,Q
SURFHHGLQJV RI ,&0&
��� 3DULV� 6� ��������

.LVWOHU� '�-� 	 :LJKWPDQ� :�/� ����� $ PRGHO RI KHDG�UHODWHG WUDQVIHU IXQFWLRQV EDVHG RQ SULQFLSDO
FRPSRQHQWV DQDO\VLV DQG PLQLPXP�SKDVH UHFRQVWUXFWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI
$PHULFD� 9RO� ��� �� 6� ����������

.OHLQHU� 0� ����� 3UREOHPV LQ WKH GHVLJQ DQG XVH RI GXPP\ KHDGV� $FXVWLFD 9RO� ��� 6� ��������

.OHLQHU� 0� 	 'DOHQElFN� %��,� 	 6YHQVVRQ� 3� ����� $XUDOL]DWLRQ � $Q RYHUYLHZ� -RXUQDO RI $XGLR
(QJLQHHULQJ 6RFLHW\� 9RO� ��� ��� 6� ��������

.OHPP� 2� ����� /RFDOLVDWLRQ RI VHQVRU\ LPSUHVVLRQV LQ FRQQHFWLRQ ZLWK GLVSDUDWH DGGLWLRQDO VWLPXOL�
3V\FKRORJLFDO 6WXGLHV� 9RO� �� 6� �������

.LOOLRQ� 0� &� ����� (TXDOLVDWLRQ ILOWHU IRU HDUGUXP SUHVVXUH UHFRUGLQJ� XVLQJ D .(0$5 PDQLNLQ�
-RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� �� ������ 6� ������

.LQQHDU� 3�5� ����� 6366�3&� 0DGH 6LPSOH� /DZUHQFH (UOEDXP $VVRFLDWHV 3XEOLVKHUV�

.UDXVV� 7�3� 	 6KXUH� /� 	 /LWWOH� -�1� ����� 0DWODE 6LJQDO 3URFHVVLQJ 7RROER[ � 8VHU
V *XLGH� 7KH
0DWKZRUNV ,QF� ��� V�

.XKQ� *�)� ����� 7KH SUHVVXUH WUDQVIRUPDWLRQ IURP D GLIIXVH VRXQG ILHOG WR WKH H[WHUQDO HDU DQG WR WKH
ERG\ DQG KHDG VXUIDFH� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ���������

.|ULQJ� -� 	 6FKPLW]� $� ����� 6LPSOLI\LQJ FDQFHOODWLRQ RI FURVV�WDON IRU SOD\EDFN RI KHDG�UHODWHG
UHFRUGLQJV LQ D WZR�VSHDNHU V\VWHP� $FXVWLFD� 9RO� ��� 6� ��������

/HKPDQQ� (�/� ����� 1RQSDUDPHWULFV� 6WDWLVWLFDO 0HWKRGV %DVHG RQ 5DQNV� 0F*UDZ�+LOO�

/HKQHUW� +� 	 %ODXHUW� -� ����� $ &RQFHSW IRU %LQDXUDO 5RRP 6LPXODWLRQ� ,Q 3URF� ,(((�$663
:RUNVKRS RQ $SSOLFDWLRQ RI 6LJQDO 3URFHVVLQJ WR $XGLR 	 $FRXVWLFV� 86$�1HZ 3DOW] 1<�

-HNRVFK� 8� 	 %ODXHUW� -� ����� $ 6HPLRWLF $SSURDFK WRZDUG 3URGXFW 6RXQG 4XDOLW\� ,Q ,QWHUQRLVH
����� /LYHUSRRO� %RRN �� 6� ����������

/HKQHUW� +� 	 %ODXHUW� -� ����� 3ULQFLSOHV RI %LQDXUDO 5RRP 6LPXODWLRQ� -RXUQ� $SSO� $FRXVW�� 9RO� ���
6� ��������

/HWRZVNL� 7� ����� 6RXQG TXDOLW\ DVVHVVPHQW� &RQFHSWV DQG FULWHULD� 3URF� ��WK $(6 &RQYHQWLRQ�
SUHSULQW �����

/HWRZVNL� 7� ����� *XLGHOLQHV IRU FRQGXFWLQJ OLVWHQLQJ WHVWV RQ VRXQG TXDOLW\� 3URF� 1RLVH�&RQ C��� )W�
/DXGHUGDOH� )ORULGD� 6� ��������

/RRPLV� -�0� 	 +HUEHUW� &�� &LFLQHOOL� -�*� ����� $FWLYH ORFDOLVDWLRQ RI YLUWXDO VRXUFHV� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 6� ����������

0DLMDOD� 3� ����� %HWWHU ELQDXUDO UHFRUGLQJV XVLQJ WKH UHDO KXPDQ KHDG� ,Q 3URFHHGLQJV RI ,QWHUQRLVH
����� 9RO� ,,� 6�����������

0DQQLQHQ� 3� ����� 7LODVWRWLHGHWWl \KWHLVNXQWDWLHWHLOLM|LOOH� *DXGHDPXV� +HOVLQNL�

0DWKZRUNV� ����D� 8VLQJ 0$7/$%� 0DWKZRUNV� ,QF� 'HFHPEHU ����� 6� ������
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0DWKZRUNV� ����E� 0$7/$% 6LJQDO 3URFHVVLQJ 7RROER[ 8VHU
V *XLGH� 0DWKZRUNV� ,QF� 'HFHPEHU
����� 6� ������

0HKUJDUGW� 6� 	 0HOOHUW� 9� ����� 7UDQVIRUPDWLRQ FKDUDFWHULVWLFV RI WKH H[WHUQDO KXPDQ HDU� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ����������

0HOOHUW� 9� ����� &RQVWUXFWLRQ RI D GXPP\ KHDG DIWHU QHZ PHDVXUHPHQWV RI WKH WKUHVKROG RI KHDULQJ�
-RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 6� ����������

0LGGOHEURRNV� -�&� 	 0DNRXV� -�&� 	 *UHHQ� '�0� ����� 'LUHFWLRQDO VHQVLWLYLW\ RI VRXQG�SUHVVXUH
OHYHOV LQ WKH KXPDQ HDU FDQDO� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� �������

0LQQDDU� 3� ����� $Q LQYHVWLJDWLRQ RI WKH VLJQDO GHWHFWLRQ� DQG ORFDOLVDWLRQ FDSDELOLWLHV RI SHRSOH XVLQJ
ELQDXUDO VRXQG UHSURGXFWLRQ V\VWHPV� $ GLVVHUWDWLRQ IRU WKH GHJUHH RI 0�6F� 8QLYHUVLW\ RI
6RXWKDPSWRQ� ��� V�

0LWUD� 6�.� 	 .DLVHU� -�)� �HGLWRUV� ����� +DQGERRN IRU GLJLWDO VLJQDO SURFHVVLQJ� 1HZ <RUN� -RKQ :LOH\
	 6RQV� ���� V�

0RQWJRPHU\� '�&� ����� 'HVLJQ DQG $QDO\VLV RI ([SHULPHQWV� 1HZ <RUN� :LOH\�

0RRUH� %�&�-� ����� ,QWURGXFWLRQ WR WKH SV\FKRORJ\ RI KHDULQJ� $FDGHPLF 3UHVV /LPLWHG� /RQGRQ� �UG

HGLWLRQ�

0RUVH� 3�0� 	 ,QJDUG� .�8� ����� 7KHRUHWLFDO DFRXVWLFV� 3ULQFHWRQ� 1HZ -HUVH\� 3ULQFHWRQ 8QLYHUVLW\
3UHVV� ��� V�

0XVLFDQW� $�'� 	 %XWOHU� 5�$� ����� ,QIOXHQFH RI PRQDXUDO VSHFWUDO FXHV RQ ELQDXUDO ORFDOLVDWLRQ�
-RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� �� ���� 6� ��������

0¡OOHU� +� ����� 5HSURGXFWLRQ RI $UWLILFLDO�+HDG 5HFRUGLQJV 7KURXJK /RXGVSHDNHUV� -RXUQDO RI $XGLR
(QJLQHHULQJ� 6RFLHW\� �� ������ ����� 6� ������

0¡OOHU� +� ����� )XQGDPHQWDOV RI ELQDXUDO WHFKQRORJ\� $SSOLHG $FRXVWLFV� 9RO� ��� 6� ��������

0¡OOHU� +� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� 	 +XQGHE¡OO� -�9� ����D� 7UDQVIHU FKDUDFWHULVWLFV RI
KHDGSKRQHV� 0HDVXUHPHQWV RQ �� KXPDQ VXEMHFWV� SUHVHQWHG DW WKH ��QG &RQYHQWLRQ RI WKH
$XGLR (QJLQHHULQJ 6RFLHW\� 9LHQQD� $XVWULD� �����

0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� ����E� +RZ ZHOO GR H[LVWLQJ ELQDXUDO
V\VWHPV ZRUN"� ,Q SUHSDUDWLRQ� SUHOLPLQDULO\ UHSRUWHG LQ �+DPPHUVK¡L DQG 0¡OOHU� $UWLILFLDO
KHDGV IRU IUHH���������

0¡OOHU� +� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� 	 6¡UHQVHQ� 0�)� ����D� 7UDQVIHU FKDUDFWHULVWLFV RI
KHDGSKRQHV PHDVXUHG RQ KXPDQ HDUV� -RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� ��� ���� 6� ����
����

0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� ����E� +HDG�UHODWHG WUDQVIHU IXQFWLRQV
RI KXPDQ VXEMHFWV� -� $XGLR (QJ� 6RF� 9RO� �� ���� 6� ��������

0¡OOHU� +� 	 6¡UHQVHQ� 0�)� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� ����F� %LQDXUDO WHFKQLTXH� 'R ZH QHHG
LQGLYLGXDO UHFRUGLQJV� -� $XGLR (QJ� 6RF�� 9RO� ��� 1� �� 6� �����

0¡OOHU� +� 	 +DPPHUVK¡L� '� 	 -HQVHQ� &�%� 	 6¡UHQVHQ� 0�)� ����G� 'HVLJQ FULWHULD IRU KHDGSKRQHV�
-RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� ��� 6� ��������
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0¡OOHU� +� 	 &OHPHQ� %�-� 	 +DPPHUVK¡L� '� 	 6¡UHQVHQ� 0� ����� 8VLQJ D 7\SLFDO +XPDQ 6XEMHFW
IRU %LQDXUDO 5HFRUGLQJ� $(6 3UHSULQW 1� ���� �&����� ���WK &RQY�� ����� 0D\ �������

0¡OOHU� +� 	 -HQVHQ� &�%� 	 +DPPHUVK¡L� '� 	 6¡UHQVHQ� 0� ����� (YDOXDWLRQ RI $UWLILFLDO +HDGV LQ
/LVWHQLQJ 7HVWV� $(6 3UHSULQW 1� ���� �$��� ���WK &RQYHQWLRQ� ����� 0DUFK �������

1DPED� 6� ����� 1RLVH 4XDOLW\� ,Q 5HFHQW 7UHQGV LQ +HDULQJ 5HVHDUFK� )HVWVFKULIW IRU 6HLLFKLUR
1DPED� )DVWO +�� .XZDQR 6�� 6FKLFN $� �(GV��� %LEOLRWKHNV� XQG ,QIRUPDWLRQVV\VWHP GHU
8QLYHUVLWlW 2OGHQEXUJ�

1DWLRQDO ,QVWUXPHQWV� ����� 1%�$���� +LJK�5HVROXWLRQ $XGLR )UHTXHQF\ $QDORJ ,�2 %RDUG IRU WKH
0DFLQWRVK ,, )DPLO\ RI &RPSXWHUV� 8VHU 0DQXDO� -XQH ���� (GLWLRQ� 3DUW 1XPEHU ����������

1RUXäLV� 0�-� ����� 6366�3&� 6WDWLVWLFV ��� IRU WKH ,%0 3&�;7�$7 DQG 36��� 6366 ,QF�

3DKNLQHQ� (� 	 /HKWRQHQ� 5�� ����� 2WDQWD�DVHWHOPDW MD WLODVWROOLQHQ DQDO\\VL� +HOVLQNL� *DXGHDPXV�

3OHQJH� *� ����� 2Q WKH GLIIHUHQFH EHWZHHQ ORFDOLVDWLRQ DQG ODWHUDOLVDWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\
RI $PHULFD� 9RO� ��� 6� ��������

3UDORQJ� '� 	 &DUOLOH� 6� ����� 0HDVXULQJ WKH KXPDQ KHDG�UHODWHG WUDQVIHU IXQFWLRQV� $ QRYHO PHWKRG
IRU WKH FRQVWUXFWLRQ DQG FDOLEUDWLRQ RI D PLQLDWXUH �LQ�HDU� UHFRUGLQJ V\VWHP� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ����������

3UDQWH� +�8� ����� 3UHGLFWLQJ &DWHJRULFDO -XGJHPHQWV RI 6RXQG� $ &RQWULEXWLRQ XVLQJ $UWLILFLDO 1HXUDO
1HWZRUNV� ,Q 5HVXOWV RI WKH 6HYHQWK 2OGHQEXUJ 6\PSRVLXP RQ 3V\FKRORJLFDO $FRXVWLFV�
%LEOLRWKHNV� XQG ,QIRUPDWLRQVV\VWHP GHU 8QLYHUVLWlW 2OGHQEXUJ LQ SUHVV�

3|VVHOW� &� HW DO� ����� *HQHUDWLRQ RI %LQDXUDO 6LJQDOV IRU 5HVHDUFK DQG +RPH (QWHUWDLQPHQW� ,Q 3URF�
��WK ,QW� &RQJU� $FRXVW� 9RO� ,� %���� &1'�7RURQWR�

5D\OHLJK� ����� 2Q RXU SHUFHSWLRQ RI VRXQG GLUHFWLRQ� (G� 6WUXWW� -�:� 3KLORVRSKLFDO PDJD]LQH� 9RO� ���
6� ��������

5LIH� '�'� 	 9DQGHUNRR\� -� ����� 7UDQVIHU�IXQFWLRQ PHDVXUHPHQW ZLWK PD[LPXP�OHQJWK VHTXHQFHV�
-RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� ��� �� 6� ��������

5LQGHO� -�+� 	 /\QJH� &� 	 1D\ORU� *� 	 5LVK¡M� .� ����� 7KH XVH RI D GLJLWDO DXGLR PDLQIUDPH IRU
URRP DFRXVWLFDO DXUDOL]DWLRQ� ,Q ��WK $XGLR (QJLQHHULQJ 6RFLHW\ &RQYHQWLRQ� 3UHSULQW 1R� �����
$PVWHUGDP�

5XEDN� 3� ����� +HDGSKRQH VLJQDO SURFHVVLQJ V\VWHP IRU RXW�RI WKH�KHDG ORFDOLVDWLRQ� $XGLR
(QJLQHHULQJ 6RFLHW\� 3DULV� 3UH�SULQW ���� �.����

5XVRWWL� -�6� 	 6DQWRUR� 7�3� 	 +DVNHOO� *�%� ����� 3URSRVHG WHFKQLTXH IRU HDUSKRQH FDOLEUDWLRQ�
-RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� �� ���� 6� ��������

6DODYD� 7� ����� 7UDQVDXUDO 6WHUHR DQG 1HDU�)LHOG /LVWHQLQJ� -RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO�
��� 1XPEHU ���� 6� ������

6DQGYDG� -� 	 +DPPHUVK¡L� '� ����� %LQDXUDO DXUDOL]DWLRQ� &RPSDULVRQ RI ),5 DQG ,,5 ILOWHU
UHSUHVHQWDWLRQ RI +,5V� ,Q ��WK $XGLR (QJLQHHULQJ 6RFLHW\ &RQYHQWLRQ� 3UHSULQW 1R� �����
$PVWHUGDP�

6FKRPDNHU HW DO�� (VSULW 3URMHFW ���� � 0,$0,� �����
<URL:http://www.cogsci.kun.nl/~miami/taxonomy/node1.html>
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6FKU|WHU� -� 7KH 8VH RI $FRXVWLFDO 7HVW )L[XUHV IRU WKH 0HDVXUHPHQW RI +HDULQJ�3URWHFWRU $WWHQXDWLRQ�
3DUW ,� 5HYLHZ RI 3UHYLRXV :RUN DQG WKH 'HVLJQ RI DQ ,PSURYHG 7HVW )L[XUH� -RXUQ� $FRXVW�
6RF� $P�� 9RO� ��� 6� ����������

6FKU|WHU� -� 	 (OV� +� ����� 2Q EDVLF UHVHDUFK WR DQ LPSURYHG DUWLILFLDO KHDG IRU WKH PHDVXUHPHQW RI
KHDULQJ SURWHFWRUV� $FXVWLFD� 9RO� ��� 6� ��������

6KDZ� (�$�*� ����� 7KH H[WHUQDO HDU� ,Q +DQGERRN RI 6HQVRU\ 3K\VLRORJ\� (GLWRUV .HLGHO� :�' 	
1HIIV� :�'� 9RO� 9��� 6SULQJHU�9HUODJ� %HUOLQ� ��� V�

6KDZ� (�$�*� ����� 7UDQVIRUPDWLRQ RI VRXQG SUHVVXUH OHYHO IURP WKH IUHH ILHOG WR WKH HDUGUXP LQ WKH
KRUL]RQWDO SODQH� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ����������

6KDZ� (�$�*� 	 9DLOODQFRXUW� 0�0� ����� 7UDQVIRUPDWLRQ RI VRXQG�SUHVVXUH OHYHO IURP WKH IUHH ILHOG WR
WKH HDUGUXP SUHVHQWHG LQ QXPHULFDO IRUP� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� 6�
����������

6KD[E\� -�+ 	 *DJH� )�+� ����� 6WXGLHV LQ WKH ORFDOLVDWLRQ RI VRXQG� 0HGLFDO 5HVHDUFK &RXQFLO
6SHFLILFDWLRQ 5HSRUW� 6HULDO 1XPEHU ���� 6� �����

6KLPDGD� 6� 	 +D\DVKL 6� ����� 6WHUHRSKRQLF VRXQG LPDJH ORFDOLVDWLRQ V\VWHP XVLQJ LQQHU�HDUSKRQHV�
$FXVWLFD� 9RO� ��� 6� ��������

6LHJHO� -�+� ����� (DU FDQDO VWDQGLQJ ZDYHV DQG KLJK�IUHTXHQF\ VRXQG FDOLEUDWLRQ XVLQJ RWRDFRXVWLF
HPLVVLRQ SUREHV� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� �� ���� 6� ����������

6LHJHO� 6� 	 &DVWHOODQ� +�-�-U� ����� 1RQSDUDPHWULF 6WDWLVWLFV IRU WKH %HKDYLRUDO 6FLHQFHV� �QG (GLWLRQ
0F0JUDZ�+LOO�

6RXORGUH� *�$� 6SDFLRXVQHVV MXGJPHQWV RI ELQDXUDOO\ UHSURGXFHG VRXQG ILHOGV� $6$ ���WK 0HHWLQJ
2WWDZD ���� 0D\ �D$$���

6SLNRIVNL� *� ����� 7KH GLIIXVH ILHOG SUREH WUDQVIHU IXQFWLRQ RI VWXGLR TXDOLW\ KHDGSKRQHV� (%8
5HYLHZ � 7HFKQLFDO� 1R� ���� 6� ��������

6WHHOH� *�/� ����� &RPPRQ /LVS� 7KH /DQJXDJH� �QG HGLWLRQ� %XUOLQJWRQ� 0DVVDFK� 'LJLWDO 3UHVV� ���� V�

6WLQVRQ� 0�5� 	 /DZWRQ� %�:� ����� 6SHFLILFDWLRQ RI WKH JHRPHWU\ RI WKH KXPDQ HDU FDQDO IRU WKH
SUHGLFWLRQ RI VRXQG�SUHVVXUH OHYHO GLVWULEXWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO�
�� ���� 6� ����������

6XQHDU� ����� %LQDXUDO 5HFRUGLQJ IRU +HDGSKRQH ([SHULHQFHV� %LQDXUDO )UHTXHQWO\ $VNHG 4XHVWLRQV�
<URL:http://www.btown.com/binaural/binfaq.html>

7KHLOH� *� ����� =XU .RPSDWLELOLWlW YRQ .XQVWNRSIVLJQDOHQ PLW LQWHQVLWlWVVWHUHRSKRQHQ 6LJQDOHQ EHL
/DXWVSUHFKHUZLHGHUJDEH� 'LH 5LFKWXQJDEELOG� 5XQGIXQNWHFK� 0LWW�� 9RO� ��� 6� ������

7KHLOH� *� ����� 2Q WKH VWDQGDUGLVDWLRQ RI WKH IUHTXHQF\ UHVSRQVH RI KLJK�TXDOLW\ VWXGLR KHDGSKRQHV�
-RXUQDO RI $XGLR (QJLQHHULQJ 6RFLHW\� 9RO� �� ����� 6� ��������

7KXUORZ� :�5� 	 0DQJHOV� -�:� 	 5XQJH� 3�6� ����� +HDG PRYHPHQWV GXULQJ VRXQG ORFDOL]DWLRQ�
-RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ��������

7KXUORZ� :�5� 	 5XQJH� 3�6� ����� (IIHFW RI LQGXFHG KHDG PRYHPHQWV RQ WKH ORFDOL]DWLRQ RI GLUHFWLRQ
RI VRXQGV� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ��������
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7RQQGRUI� -� ����� 7KH H[WHUQDO HDU� ,Q 3K\VLRORJ\ RI WKH HDU� (GLWRUV -DKQ� $�)� 	 6DQWRV�6DFFKL� -�
5DYHQ 3UHVV� 1HZ <RUN� 6� ������

7RZQVHQG� +�7 	 *ROGVWHLQ� '�3� ����� 6XSUDWKUHVKROG ELQDXUDO XQPDVNLQJ� -RXUQDO RI $FRXVWLFDO
6RFLHW\ RI $PHULFD� 9RO� ��� 6� ��������

:HLQULFK� 6�*� ����� %LQDXUDO ILWWLQJ RI KHDULQJ DLGV ZLWK RSWLPDO UHSURGXFWLRQ RI DXGLWRU\ VSDFH� ,Q
3URFHHGLQJV RI 1$0
��� $DUKXV� 'HQPDUN� 6� ��������

:HQ]HO� (�0� 	 :LJKWPDQ� )�/� 	 .LVWOHU� '�.� 	 )RVWHU� 6�+� ����� $FRXVWLF RULJLQV RI LQGLYLGXDO
GLIIHUHQFHV LQ VRXQG ORFDOLVDWLRQ EHKDYLRXU� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD
6XSSOHPHQW ��� 9RO� ���

:HQ]HO� (� 	 )RVWHU� 6� ����� 3HUFHSWXDO FRQVHTXHQFHV RI LQWHUSRODWLQJ KHDG�UHODWHG WUDQVIHU IXQFWLRQV
GXULQJ VSDWLDO V\QWKHVLV� 3URF� ���� :RUNVKRS RQ $SSOLFDWLRQV RI 6LJQDO 3URFHVVLQJ WR $XGLR
DQG $FRXVWLFV� 1HZ 3DOW]� 1HZ <RUN�

:HQ]HO� (�0� 	 $UUXGD� 0� 	 .LVWOHU� '�.� 	 :LJKWPDQ� )�/� ����� /RFDOLVDWLRQ XVLQJ QRQ�
LQGLYLGXDOLVHG KHDG�UHODWHG WUDQVIHU IXQFWLRQV� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ���
6� ��������

:HQ]HO� (�0� 	 )RVWHU� 6�+� ����� 3HUFHSWXDO FRQVHTXHQFHV RI LQWHUSRODWLQJ KHDG�UHODWHG WUDQVIHU
IXQFWLRQV GXULQJ VSDWLDO V\QWKHVLV� 3URFHHGLQJV RI WKH ,((( ZRUNVKRS DSSOLFDWLRQV VLJQDO
SURFHVVLQJ� $XGLR DFRXVWLFV� �,(((� 1HZ <RUN�� ,163(& %��������������

:LJKWPDQ� )�/� 	 .LVWOHU� '�.� ����D� +HDGSKRQH VLPXODWLRQ RI IUHH�ILHOG OLVWHQLQJ ,� 6WLPXOXV
V\QWKHVLV� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO ��� 6� ��������

:LJKWPDQ� )�/� 	 .LVWOHU� '�.� ����E� +HDGSKRQH VLPXODWLRQ RI IUHH�ILHOG OLVWHQLQJ ,,� 3V\FKRSK\VLFDO
YDOLGDWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO ��� 6� ��������

:LJKWPDQ� )�/� 	 .LVWOHU� '�.� ����� $ PRGHO RI KHDG�UHODWHG WUDQVIHU IXQFWLRQV EDVHG RQ SULQFLSDO
FRPSRQHQWV DQDO\VLV DQG PLQLPXP�SKDVH UHFRQVWUXFWLRQ� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI
$PHULFD� 9RO� ��� 1R� �� 6�����������

:LQHU� %�-� ����� 6WDWLVWLDO 3ULQFLSOHV LQ ([SHULPHQWDO 'HVLJQ� �QG (GLWLRQ� 1HZ <RUN� :LOH\�

:ULJKW� '� 	 +HEUDQN� -�*� 	 :LOVRQ� %� ����� 3LQQD UHIOHFWLRQV DV FXHV IRU ORFDOL]DWLRQ� -RXUQDO RI
$FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ��������

;LDQJ� 1� 	 %ODXHUW� -� ����� $ 0LQLDWXUH 'XPP\ +HDG IRU WKH %LQDXUDO (YDOXDWLRQ RI 7HQWK�6FDOH
$FRXVWLF 0RGHOV� -RXUQDO RI $SSOLHG $FRXVWLFV� 9RO� ��� 6� ��������

;LDQJ� 1� 	 %ODXHUW� -� ����� %LQDXUDO 6FDOH 0RGHOOLQJ IRU $XUDOL]DWLRQ DQG 3UHGLFWLRQ RI $FRXVWLFV LQ
$XGLWRULD� -RXUQDO RI $SSOLHG $FRXVWLFV� 9RO� ��� 6� ��������

=KRX� %� 	 *UHHQ� '�0� 	 0LGGOHEURRNV� -�&� ����� &KDUDFWHUL]DWLRQ RI H[WHUQDO HDU LPSXOVH
UHVSRQVHV XVLQJ *ROD\ FRGHV� -RXUQDO RI $FRXVWLFDO 6RFLHW\ RI $PHULFD� 9RO� ��� �� 6� ����������

=ZLFNHU� (� 	 )DVWO� +� ����� 3V\FKRDFRXVWLFV� )DFWV DQG 0RGHOV� 6SULQJHU�9HUODJ %HUOLQ +HLGHOEHUJ
1HZ <RUN� 6� ��������
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9 VLiitteet

/,,7(�$��.89$6$5-$�.$/,%52,11,67$ ��

/,,7(�%��0,77$869b/,1(/8(77(/2 ��

/,,7(�&��.8817(/8.2.((1�9$67$86/20$.( ��

/,,7(�'��0,.52)21,.$36(/,1�20,1$,688.6,$ ��

/,,7(�(��0,77$863g<7b.,5-$��.88/2..((7 ��

/,,7(�)��0,77$863g<7b.,5-$��.88/2.(9$+9,67,1 ��

/,,7(�*��+,,5,(1�-$�1b33b,0,67g1�5,11$1.<7.(17b7$8/8 ��

/,,7(�+��.8817(/8.2.((1�78/2.6,$ ��

/,,7(�,��%,1$85$$/,6(1�7(.1,,.$1�<5,7<.6,b ��

/,,7(�-��(.9$/,62,17,�2+-(/0$1�682'$77,0(7 ��
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Liite A. Kuvasarja kalibroinnista

Kuva 9.1 0LNURIRQLDOXVWDDQ RQ ORYHWWX XUD PLNURIRQLQ VDQNDD YDUWHQ�

Kuva 9.2 0LNURIRQL DVHWHWWXQD DOXVWDDQ�

Kuva 9.3 (�$�5 NRUYDWXOSSD PLNURIRQLQ SllOOl�
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Kuva 9.4 6RYLWWLPHQ W\|QW|NDSSDOH SDLNRLOOHHQ DVHWHWWXQD�

Kuva 9.5 6RYLWLQ RQ VXXQQLWHOWX %U�HO	.M U�Q NDOLEUDDWWRULLQ W\\SSLl �����

Kuva 9.6 .DOLEURLWDHVVD VRYLWLQWD SXULVWHWDDQ NHY\HVWL NDOLEUDDWWRULD YDVWHQ�
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Liite B. Mittausvälineluettelo

Taulukko 9.1 (YDOXRLQQHLVVD�Nl\WHW\W�PLWWDXVYlOLQHHW�MD�RKMHOPLVWRW

'$7�QDXKXUL 7DVFDP�'$�3�

.DOLEUDDWWRUL %U�HO	.M U�����

.HLQRNRUYD %U�HO	.M U�$UWLILFLDO�KHDG�����

.HLQRSll &RUWH[�0DQLNLQ�0.���NHLQRSllQ�NRUYLVVD�PLNURIRQLW

%U�HO	.M U�����

.XXORNHYDKYLVWLQ %HKULQJHU�3RZHUSOD\�+$�����

.XXORNNHHW 6HQQKHLVHU�+'�����3UHFLVLRQ

/&5�PLWWDUL 0,&�����'

0LNURIRQL %U�HO	.M U��������MRXWVHQNDXOD�8$����

0LNURIRQLYDKYLVWLQ %U�HO	.M U�PHDVXULQJ�DPSOLILHU�����

3LLUWXUL %U�HO	.M U�OHYHO�UHFRUGHU�����

3llWHYDKYLVWLQ <DPDKD�0;���

5HIHUHQVVLllQLOlKGH *HQHOHF�����$

7DNRPHWUL 2SWLQHQ�DQWXUL�0RQDUN�526��

(WXYDKYLVWLQ�0RQDUN�636��

<OHLVPLWWDUL )OXNH����MD�3URWHN����

6\VWHHPLDQDO\VDDWWRULW �LPSXOVVLYDVWHHW��4XLFN6LJ��.DUMDODLQHQ��������
�.DUMDODLQHQ�������

0/66$��'5$�/DERUDWRULHV�������

6LJQDDOLQNlVLWWHO\ 0DWODE��YHUVLR�����������

6LJQDO�3URFHVVLQJ�7RROER[ YHUVLR������

7LODVWROOLQHQ�NlVLWWHO\ 6366�����IRU�:LQGRZV

6366�%DVH����

6366�3URIHVVLRQDO�6WDWLVWLFV����

6366�$GYDQFHG�6WDWLVWLFV����
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Liite C. Kuuntelukokeen vastauslomake

.XXQWHOXNRH���������

llQLQl\WWHHVVl��DXWR���)RUG�7DXQXV�����IDUPDUL������DMDD�llQLWWlYlQ�SllQ�RKLWVH

MRNR

29� RLNHDOWD�YDVHPPDOOH�Õ

92� YDVHPPDOWD�RLNHDOOH�Ö

(7� HGHVWl�YDVHPPDOWD�SXROHOWD�WDDNVH�Ø

7(� WDNDD�YDVHPPDOWD�SXROHOWD�HWHHQ�×

.XXOWXDVL�Ql\WWHHQ�\PS\U|L�UXNVDD�VHXUDDYLVWD�YDLKWRHKGRLVWD�VH��MRND�RQ�OlKLQQl

NXXOHPDDVL�� -RND� QHOMlQQHQ� Ql\WWHHQ� MlONHHQ� WXOHH� llQLPHUNNL�� blQLPHUNLQ
MlONHLQHQ�Ql\WH�RQ�YDKYHQQHWXOOD�IRQWLOOD��.RH�NHVWll�QRLQ���â�PLQXXWWLD�

����llQLPHUNNL

$OXNVL�llQLPHUNNL�MD�NROPH�RULHQWRLYDD�Ql\WHWWl�VHXUDDYDVVD�MlUMHVW\NVHVVl�

��������Õ18 Ö81 ×6'

���� Õ29 Ö92 Ø(7 ×7(

��� Õ29 Ö92 Ø(7 ×7(

��� � Õ29 Ö92 Ø(7 ×7(

��� � Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

��� � Õ29 Ö92 Ø(7 ×7(

��� � Õ29 Ö92 Ø(7 ×7(

��� � Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(
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����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

������ Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

����� Õ29 Ö92 Ø(7 ×7(

�

-KKV·OOG�XCKXCPP·ÌUV·UK��
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Liite D. Mikrofonikapselin ominaisuuksia

5DNHQQH NRQGHQVDDWWRULSDLQHPLNURIRQL�
HOHNWUHHWWLUDNHQQH

7DDMXXVYDVWH ��������+]�±���G%

+HUNN\\V��YDSDD�NHQWWl��HL�NXRUPDD�

�����+]�8%� ���9

�����+]�8%� �����9

��P9�3D�±�����G% ��G%

UHI���9�3D�±����G%

��P9�3D����G%

6lKN|LQHQ�LPSHGDQVVL������+]� Q����N

3LHQLQ�SllWW|YDVWXV ����N

.RKLQD

(NYLYDOHQWWL�llQLSDLQHWDVR

�WHKROOLQHQ�$�SDLQRWHWWX�DUYR�

�&&,5��������DEVROXXWWLQHQ�DUYR�

���G%

���G%

.l\WW|MlQQLWH ����������9

9LUUDQNXOXWXV Q�����X$

6XXULQ�VDOOLWWX�llQLSDLQH ����G%��. ���

9DUDVWRLQWLOlPS|WLOD

.l\WW|OlPS|WLOD

����&�������&

����&�������&

,OPDVWROOLQHQ�NHVWlY\\V��YDUDVWRLQWL ���� &� MD� ��� �� VXKWHHOOLQHQ� NRV�
WHXV��613����
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Liite E. Mittauspöytäkirja, kuulokkeet

1UR 9DVHQ��Ω� 2LNHD��Ω� 9DVHQ��P+� 2LNHD��P+� ∆5 ∆/

� ��� ��� ��� ��� � ���

� ��� ��� ��� ��� � ���

� ��� ��� ��� ��� �� ���

� ��� ��� ��� ��� � ���

� ��� ��� ��� ��� � �

� ��� ��� ��� ��� � ���

� ��� ��� ��� ��� � ���

� ��� ��� ��� ��� � ���

� ��� ��� ��� ��� �� ���

�� ��� ��� ��� ��� �� ���

�� ��� ��� ��� ��� �� ���

�� ��� ��� ��� ��� � ���

�� ��� ��� ��� ��� � ���

�� ��� ��� � ��� � ���

�� ��� ��� ��� ��� � ���

�� ��� ��� ��� ��� � ���

.HVNLDUYR ����� ����� ��� ���

.HVNLKDMRQWD ��� ��� ��� ���

6XXULQ�DUYR ��� ��� ��� ���

3LHQLQ�DUYR ��� ��� � ���
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Liite F. Mittauspöytäkirja, kuulokevahvistin

Sennheiser HD 580

kuulokespeksien määrittäminen 13.02.97

BEHRINGER POWERPLAY HA 4000 testit:

speksien määrittäminen 13.02.97

mittausvälineet:

Fluke 45 multimeter

Philips PM3218 scope

Tektronix TG 5010 genis

HP 3561A analysaattori

1.Sinisignaali -> Main in L

Ilman kuormaa.

Mikäli main level on max.

vahvistinaste säröytyy kun Vin > 1.35 V

Mikäli main level on "3"

vahvistinaste säröytyy kun Vin > 8.8 V

Max Vout =~ 20V

Vin = 0.100 V RMS

Vout arvot myös RMS

main level "6"channel level "1" -> Vout=0.2196 V

main level "6"channel level "2" -> Vout=1.5282 V

main level "6"channel level "3" -> Vout=3.379  V

main level "6"channel level "4" -> Vout=6.727  V

main level "6"channel level "5" -> Vout=15.758 V

main level "6"channel level "5.5" -> Vout=19.784V

main level "3"channel level "1" -> Vout=0.02538V

main level "3"channel level "2" -> Vout=0.2329 V

main level "3"channel level "3" -> Vout=0.5167 V

main level "3"channel level "4" -> Vout=1.0386 V

main level "3"channel level "5" -> Vout=2.4185 V

main level "3"channel level "6" -> Vout=3.295  V

2.Sama asetelma,

main level "6", channel level "3" (kaikissa kanavissa)

säädetään Vin = 0.02955 V siten että Vout1=1.00 V

Vout1=1.0011 V

Vout2=0.9875 V

Vout3=0.9942 V

Vout4=0.8794 V

Stabiilius muuten hyvä (piti samat jännitteet tunnin ajan)
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3.Kohina:

-ei signaalia sisään.

main level "6", channel level "3" Vout=0.25mV

main level "3", channel level "6" Vout=1.30mV

main level "6", channel level "6" Vout=2.23mV

4.THD

Kuulokkeet pystyvät speksien mukaan käsittelemään

200mW eli 300 ohmin nimellisimpedanssilla noin

7.75 V.

Syötetään 1kHz sini 2.45 V eli n.20mW kuulokkeisiin ja tarkkaillaan

jännitteitä sekä THD:tä. Korvatuntumalta ääni ON voimakas >100dB.

Testaan myöhemmin keinopäällä tarkemman arvon. Äänitasomittarilla

mitattuna mikrofoni kuulokkeessa kiinni A-painotus päällä 115 dB.

Signaalikohinasuhteen ja THD:n mukaan optimoidut säädöt

Main level 5 ja channel level 2

(Vin(amp) 257mV)

Mitataan kanavasta 1 left

Avg = 20, Hanning

Kuulokkeita THD jännite

1 -82.77 dB 2.4388 V

2 -76.05 dB 2.4355 V

3 -71.22 dB 2.4323 V

4 -68.15 dB 2.4290 V

5 -66.24 dB 2.4274 V

6 -64.88 dB 2.4240 V

/* ensimmäiset kuusi kanavassa 1, tällöin niiden impedanssi

on 50 ohm (49.41 tässä tapauksessa vahvistimen

lähtöimpedanssi mukaanlukien)

-> lisätään kanavaan 2 */

7 -64.92 dB 2.4237 V

8 -64.98 dB 2.4236 V

9 -64.80 dB 2.4237 V

/* lisätään kanavaan 3 */

10 -64.85 dB 2.4236 V

11 -64.84 dB 2.4234 V

12 -64.90 dB 2.4234 V

/* lisätään kanavaan 4 */

13 -64.86 dB 2.4234 V

14 -64.79 dB 2.4234 V

15 -65.00 dB 2.4233 V

Tässä vaiheessa 1kHz on +7dBV ja ensimmäinen harmoninen

-64.78 dBV ja toinen harmoninen -60.06 dBV.

15 kpl kuulokkeita kiinni:
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Pikainen katsaus eri taajuuksiin. Mukaan laskentaan otetaan

10 ensimmäistä komponenttia eli mittauskaista >= 10* f_fund

f (Hz) THD (-dB)

31 71.79

63 73.15

125 77.25

250 76.14

500 71.01

1k 65.02

2k 59.03

4k 53.62

8k 47.74

16k 42.80 /* mittauslaitteen rajoituksista johtuen vain 5
komponenttia*/

UUSI KIERROS Main 5 ja channel 2 , testi vain yhdelle kanavalle.

Avg = 20, Hanning

Kuulokkeita THD jännite

0 -80.60 dB 2.4487 V

1 -80.41 dB 2.4454 V

2 -77.98 dB 2.4424 V

3 -74.47 dB 2.4394 V

4 -70.16 dB 2.4365 V

5 -68.03 dB 2.4274 V

6 -66.44 dB 2.4260 V

7 -65.05 dB 2.4249 V

8 -63.95 dB 2.4238 V

9 -63.14 dB 2.4226 V

10 -62.01 dB 2.4214 V

11 -61.31 dB 2.4202 V

Päätelmiä:

Kanavat ovat riippumattomia toisistaan kuormituksen suhteen.

Lisäämällä jokaiseen kanavaan neljä kuuloketta saadaan harm.

säröksi 8-(-68) dB eli varsin vähän. Kuudella luurilla

THD olisi parempi kuin 1/3500 = 0.0003

MAIN SECTION -> 5, mikäli linjatasoinen syöttö. Muulloin -> 6.

Channel level määrää lopullisen tason.

VASTEMITTAUKSIA:

QuickSig

Main 34 naksua, level 10 naksua
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Liite G. Hiirien ja näppäimistön rinnankytkentätaulu

1lSSlLPLVW|Q�QlSSlLQ +LLUHQ�QXPHUR +LLUHQ�QlSSlLQ

+RPH � NHVNLPPlLQHQ

+HOS � YDVHQ

3DJH8S � RLNHD

(QG � NHVNLPPlLQHQ

'HO � YDVHQ

3DJH��3DJH'RZQ� � RLNHD

| � NHVNLPPlLQHQ

S�WDL�3 � YDVHQ

� � RLNHD

� � NHVNLPPlLQHQ

� � YDVHQ

� � RLNHD

O�WDL�/ � NHVNLPPlLQHQ

R�WDL�2 � YDVHQ

� � RLNHD

N�WDL�. � NHVNLPPlLQHQ

L�WDL�, � YDVHQ

� � RLNHD

M�WDL�- � NHVNLPPlLQHQ

X�WDL�8 � YDVHQ

P�WDL�0 � RLNHD

� � NHVNLPPlLQHQ

� � YDVHQ

� � RLNHD

K�WDL�+ � NHVNLPPlLQHQ

\�WDL�< � YDVHQ

Q�WDL�1 � RLNHD

J�WDL�* � NHVNLPPlLQHQ

W�WDL�7 � YDVHQ
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E�WDL�% � RLNHD

I�WDL�) �� NHVNLPPlLQHQ

U�WDL�5 �� YDVHQ

Y�WDL�9 �� RLNHD

� �� NHVNLPPlLQHQ

� �� YDVHQ

� �� RLNHD

G�WDL�' �� NHVNLPPlLQHQ

H�WDL�( �� YDVHQ

F�WDL�& �� RLNHD

V�WDL�6 �� NHVNLPPlLQHQ

Z�WDL�: �� YDVHQ

[�WDL�; �� RLNHD

D�WDL�$ �� NHVNLPPlLQHQ

T�WDL�4 �� YDVHQ

]�WDL�= �� RLNHD

� �� NHVNLPPlLQHQ

� �� YDVHQ

� �� RLNHD
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Liite H. Kuuntelukokeen tuloksia

���NRH ���NRH

9LUKHLWl�NHVNLPllULQ�NDLNNLDDQ ���� ����

9LUKHLGHQ�NHVNLKDMRQWD ��� ���

6XXULQ�YLUKHSURVHQWWL��\NVLWWlLQHQ�KHQNLO|� ���� ����

3LHQLQ�YLUKHSURVHQWWL��\NVLWWlLQHQ�KHQNLO|� ���� ����

(WX�WDND��YLUKHLWl��NDLNLVWD�Ql\WWHLVWl� ���� ����

(WX�WDND��YLUKHLWl��HWX�WDND��Ql\WWHLVWl� ���� ����

(WX�WDND��YLUKHLGHQ�NHVNLKDMRQWD ��� ���

6XXULQ�HWX�WDND��YLUKHSURVHQWWL��\NVLWWlLQHQ�KHQNLO|� ���� ����

3LHQLQ�HWX�WDND��YLUKHSURVHQWWL��\NVLWWlLQHQ�KHQNLO|� ���� ����

.HLQRSll��YLUKHLWl��NDLNLVWD�Ql\WWHLVWl� ���� ����

7RVLSll��YLUKHLWl��NDLNLVWD�Ql\WWHLVWl� ���� ����



/LLWWHHW

��

Liite I. Binauraalisen tekniikan yrityksiä

%LQDXUDDOLVHHQ�WHNQLLNNDDQ�OLLWW\YLl�WXRWWHLWD�YDOPLVWDYLD�\ULW\NVLl�VHNl�KHLGlQ�\KWH\VWLHWRMDDQ�

$PELVRQLF�6XUURXQG�6RXQG �KWWS���ZZZ�RPJ�XQE�FD�aPOHHVH�DPELVRQ�KWPO

%U�HO	.M U 1±UXP��'HQPDUN

&$77� KWWS���ZZZ�QHWJ�VH�aFDWW

&KURPDWLF�5HVHDUFK� KWWS���ZZZ�FKURPDWLF�FRP

&RUH�6RXQG�%LQDXUDO�0LFURSKRQHV�KWWS���ZZZ�SDQL[�FRP�aPRVNRZLW�PLFV�KWPO

&UHDWLYH�/DEV KWWS���ZZZ�FUHDI�FRP

&U\VWDO�5LYHU�(QJLQHHULQJ� KWWS���ZZZ�FUH�FRP����FUH

(W\PRWLF�5HVHDUFK

)RFDO�3RLQW KWWS���ZZZ�ISRLQWLQF�FRP�GDWD�DGV�IRFSURG�KWP

+($'�$FRXVWLFV $DFKHQ��*HUPDQ\

+HDG5RRP KWWS���KHDGURRP�KHDGSKRQH�FRP

+RORSKRQLFV� KWWS���ZZZ�KRORSKRQLFV�FRP

.QRZOHV�(OHFWURQLFV� KWWS���ZZZ�DHDQHW�RUJ�KRPHSDJH�PHP�LQW��D���KWPO

/DNH�'63�3W\��/WG� KWWS���ZZZ�ODNHGVS�FRP

1HXPDQQ %HUOLQ��*HUPDQ\

1X5HDOLW\� KWWS���ZZZ�QXUHDOLW\�FRP

3DUDGLJP�6LPXODWLRQ� KWWS���ZZZ�SDUDGLJPVLP�FRP

46RXQG�/DEV KWWS���ZZZ�TVRXQG�FD

5RODQG�&RUSRUDWLRQ� KWWS���ZZZ�URODQGFRUS�FRP�

6RQLF�6ROXWLRQV� KWWS���ZZZ�VRQLF�FRP�

6SDWLDOL]HU� KWWS���ZZZ�VSDWLDOL]HU�FRP

656�/DEV� KWWS���ZZZ�VUVODEV�FRP
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Liite J. Ekvalisointi-ohjelman suodattimet

Vasteen korjaus

(NYDOLVRLQWLRKMHOPD� NRQYXORL� NXQNLQ� Ql\WWHHQ� NDKGHQ� HUL� VXRGDWWLPHQ� NDQVVD�
(QVLPPlLVHOOl� WHKGllQ� HVLNRURVWXV� MD� MlONLPPlLVHOOl� WHKGllQ� �KLHQRYLULW\V��� 7lVVl
GXPP\BD� MD� UHDOBD� RYDW� HVLNRURVWXVVXRGDWWLPHW� MD� GXPP\BE� VHNl� UHDOBE� NRUMDDYDW
ORSXW�HSlLGHDDOLVXXGHW�
dummy_a=fir2(2^11-1, [0 10/24000 15/24000 18/24000 20/24000 ...

      30/24000 40/24000 60/24000 100/24000 150/24000 200/24000 ...

      300/24000 500/24000 900/24000 20000/24000 23500/24000 1], ...

   [0 0.1 5 12 8 3 1 1.6 1 1 1 1.03 1.1 1 1 0.1 0]);

dummy_b=fir2((2^12-1), [0 10/24000 15/24000 18/24000 20/24000 ...

      30/24000 45/24000 75/24000 100/24000 1000/24000 1300/24000 ...

      2000/24000 3000/24000 4000/24000 5000/24000 6000/24000 7000/24000 ...

      9000/24000 17000/24000 20000/24000 23800/24000 1], ...

   [0 0.1 2 6 2 0.6 1 1 1 1 0.8 0.75 0.6 0.7 0.7 1.8 1 2 2 1 0.1 0]);

real_a=fir2(2^11-1, [0 10/24000 15/24000 18/24000 20/24000 ...

      30/24000 40/24000 60/24000 100/24000 200/24000 300/24000 ...

      500/24000 800/24000 1000/24000 2000/24000 20000/24000 ...

      23500/24000 1], ...

   [0 0.1 8 20 16 5 0.3 1.7 1.1 1 1.03 1.1 1.2 1.2 1.1 1 0.1 0]);

real_b=fir2((2^12-1), [0 10/24000 15/24000 18/24000 20/24000 ...

      30/24000 40/24000 60/24000 100/24000 500/24000 1000/24000 ...

      2000/24000 3000/24000 4000/24000 4500/24000 7000/24000 ...

      9000/24000 15000/24000 20000/24000 23800/24000 1], ...

   [0 0.1 3 12 2 0.8 0.9 1.1 1 1.14 1 1 0.9 0.95 0.7 1.3 1.5 1.3 1 0.1 0]);

A-painotettu suodin

1l\WWHLGHQ�$�SDLQRWHWWX�VSHNWUL�YRLGDDQ�QRUPDOLVRLGD�VHXUDDYDOOD�RKMHOPDOOD�
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Let's do the A-weighted normalization filter

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

if A_weighting

   br = [0 0 0 0];

   ar(1) = -2*atan(pi*20.6/srate);

   ar(2) = ar(1);

   ar(3) = -2*atan(pi*107.7/srate);

   ar(4) = -2*atan(pi*737.9/srate);

   kx = 10500*(44100/srate)^2;

   ar(5) = -2*atan(pi*kx/srate);

   %[b,a] = bilinear(poly(br),poly(ar),1);

   %freqx = freqz(b,a,[2*1000*pi/srate pi]);

   %b = b/abs(freqx(1));

   [b,a] = bilinear(poly(br),poly(ar),1);

   freqx = freqz(b,a,[2*1000*pi/srate pi]);
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   b = b/abs(freqx(1));

   clear ar br kx freqx

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Now we shall do the normalization in A-weighted power spectrum

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

   x=1;

   while x <= length(out)

      tmp=out{x};

      tmp_l=tmp(1,:);

      tmp_r=tmp(2,:);

      A_weighted_l=filter(b,a,tmp_l);

      A_weighted_r=filter(b,a,tmp_r);

      PwrSpctrm_l=norm(A_weighted_l,'fro');

      PwrSpctrm_r=norm(A_weighted_r,'fro');

      A_Coeffs(x,1)=PwrSpctrm_l;

      A_Coeffs(x,2)=PwrSpctrm_r;

      x=x+1;

   end

   Max_A=max(max(abs(A_Coeffs)));

   x=1;

   while x <= length(out)

      tmp=out{x};

      tmp_l=tmp(1,:)*(Max_A/A_Coeffs(x,1));

      tmp_r=tmp(2,:)*(Max_A/A_Coeffs(x,2));

      out{x}=[tmp_l;tmp_r];

      x=x+1;

   end

else

   no_A='We do not make A-weighting';

   disp(no_A)

end
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