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ABSTRACT

In recent years, there have been great 
improvements in digital signal processing field. There 
is a great demand for digital filters in most Digital 
Signal Processing (DSP) applications. Therefore, 
digital filters designed with Personal Computer (PC) 
that is include multi-function input/output interface card 
can be easily used in these applications.

In this study, digital filter software and 
hardware were designed and realized by using PC. 
Firstly, suitable IIR (Infinite Impulse Response) filter 
design methodology and architecture determined. 
Next, the errors generated by quantization of filter 
coefficients and multiplication removed by using 
floating point arithmetic. Then, the software required 
for direct and parallel realization with second order 
modules of digital filters was formed. Three main 
programs were designed as programs calculating 
sample rate, calculating filter coefficients and 
operating the filter.

In some industrial applications needing digital 
filters, depending on used materials, analog 
input/output cards can be compared with digital signal 
processing cards concerning their important features.  
The cost increase depends on performance of 
designed digital filter in both cases. As it has a wide 
application range and a cost lower than a DSP card, 
it’s obvious that in the applications based on a digital 
filter, the multifunctional analogue input/output card 
used in this study is more economical. The results of 
this study have showed those eighth orders digital 
filters.  In addition, signals up to 5kHz can be filtered 
well in this way.
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%X� oDOÕúPDGD�� VD\ÕVDO� ILOWUH� \D]ÕOÕP� YH�GRQDQÕPÕ� ,%0� 3&� X\XPOX� ELU� ELOJisayar sisteminde WDVDUODQPÕú� YH� JHUoHNOHúWLULOPLúWLU�� %X� DPDoOD� LON�RODUDN� X\JXQ� VRQVX]� LPSXOV� \DQÕWOÕ� VD\ÕVDO� ILOWUH�WDVDUÕP� \|QWHPL� YH� VD\ÕVDO� ILOWUH� \DSÕVÕ� EHOLUOHQPLúWLU��$UGÕQGDQ� ILOWUH� NDWVD\ÕODUÕQÕQ� YH� oDUSÕPODUÕQ�NXDQWDODQPDVÕ� QHGHQL\OH� PH\GDQD� JHlen hatalar ND\DQ� QRNWDOÕ� DULWPHWLN� LúOHP� \DSÕODUDN� RUWDGDQ�NDOGÕUÕOPÕúWÕU�� � 'DKD� VRQUD� VD\ÕVDO� ILOWUHOHULQ� GLUHNW� YH�
ikinci derece modüllerle paralel gerçeklenmesi için JHUHNOL�\D]ÕOÕPODU�WDVDUODQPÕúWÕU��%X�DPDoOD�|UQHNOHPH�IUHNDQVÕQÕ�� VD\ÕVDO� ILOWUH� WUDQsfer fonksiyonunun NDWVD\ÕODUÕQÕ� EXODQ� YH� VD\ÕVDO� ILOWUH\L� oDOÕúWÕUDQ� ROPDN��]HUH� �o� DQD� SURJUDP� \D]ÕOPÕúWÕU�� %X� oDOÕúPDGD�GRQDQÕP� RODUDN� oRN� IRQNVL\RQOX� JLULú� �� oÕNÕú� NDUWÕ�NXOODQÕOPÕúWÕU�� %X� NDUW� �]HULQGH� ��������������RUDQODUÕQGD�|Q� \�NVHOWHo�� ��� NDQDO� 12-Bit Örneksel / 6D\ÕVDO� '|Q�úW�U�F�� �$'&�� YH� ��-ELW� 6D\ÕVDO� ��gUQHNVHO� �'$&�� EXOXQPDNWDGÕU�� <D]ÕOÕP� LVH�JHUoHNOHQHFHN�VD\ÕVDO�ILOWUH�LoLQ�|UQHNOHPH�IUHNDQVÕQÕ��LVWHQHQ�|]HOOLNOHUL�VD÷OD\DFDN�VD\ÕVDO�ILOWUH�NDWVD\ÕODUÕQÕ�EXODQ� YH� EX� NDWVD\ÕODUÕ� NXOODQDUDN� VD\ÕVDO� ILOWUH\L�oDOÕúWÕUDQ� SURJUDP� ROPDN� �]HUH� �o� DQD� NÕVÕPGDQ�PH\GDQD�JHOPLúWLU�����
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$QDORJ� JLULú� LúDUHWL� |UQHNOHQHUHN� VD\ÕVDO� LúDUHWH�G|Q�úW�U�OPHVLQGH� YH� �]HULQGH� ILOWUH� LúOHPL� \DSÕODQ�VD\ÕVDO� ELOJLQLQ� |UQHNVHO� LúDUHWH� çevrilmesinde çok 
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IRQNVL\RQOX� JLULú�oÕNÕú� NDUWÕ� NXOODQÕOPÕúWÕU�� .DUWÕQ� ���NDQDOOÕ� ��� ELW� |UQHNVHOGHQ� � VD\ÕVDOD� G|Q�úW�U�F���$'&��� ��� ELW� VD\ÕVDOGDQ� |UQHNVHOH� G|Q�úW�U�F���'$&��YH�NHVPH�NXOODQPD�\HWHQH÷L�EXOXQPDNWDGÕU�
Örnekselden 12-ELWOLN�VD\ÕVDOD�G|Q�ú�P LoLQ��³EDúDUÕP�\DNODúÕPÕ´� \|QWHPL� NXOODQÕU�� gUQHNVHO� VD\ÕVDO�G|Q�úW�U�F�� GDKLOL� |UQHNOHPH�� WXWPD� GHYUHOHUL� YH�PLNURLúOHPFL� \RO� DUDELULPLQH� VDKLSWLU�� ��-bitlik bir G|Q�ú�P���µV�]DPDQ�DOPDNWDGÕU��$\UÕFD�ELU�|UQHNVHO�oR÷XOOD\ÕFÕ� YH� ND]DQFÕ� oÕNÕú���� ���� �����1000  olarak D\DUODQDELOHQ� SURJUDPODQDELOLU� \�NVHOWHo� W�POHúLN�GHYUHVL� EXOXQPDNWDGÕU�� .DUWÕQ� �]HULQGH� \HU� DODQ�DQDKWDUODU� NXOODQÕODUDN� �9�� ��9�� ��9� JLULú� LúDUHWL�DUDOÕNODUÕQGD�|UQHNOHU� DOÕQDELOLU�� <�NVHOWHo�NXOODQÕODUDN��P9� JLEL� G�ú�N� JHQOLNOL� JLULú� LúDUHWi uygulanabilir. 6D\ÕVDOGDQ� |UQHNVHOH� G|Q�ú�P� LoLQ� \�NVHN�SHUIRUPDQVOÕ� ��-ELWOLN� ELU� VD\ÕVDOGDQ� |UQHNVHOH�G|Q�ú�P� W�POHúLN� GHYUHVL� NXOODQÕOPÕúWÕU�� 7�POHúLN�GHYUH� DNÕP� oÕNÕúOÕ� ROXS�� EX� oÕNÕú� �� DGHW�HQVWU�PDQWDV\RQ� LúOHPVHO� \�NVHOWHFL� LOH� JHULOLPH�G|Q�úW�U�O�U� YH� WDPSRQODQÕU��.DUWÕQ��]HULQGH�EXOXQDQ�DQDKWDU� VD\HVLQGH� VD\ÕVDOGDQ� |UQHNVHOH�G|Q�úW�U�F�Q�Q� LNL� NXWXSOX� YH\D� WHN� NXWXSOX� oÕNÕú�YHUPHVL�VD÷ODQDELOLU���-5/.
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6D\ÕVDO� ILOWUH�\D]ÕOÕPÕ ROXúWXUXOXUNHQ� ILOWUH�\DSÕODUÕQGDQ��'� NXOODQÕOPÕúWÕU�� 7DEOR� ���¶� H� EDNÕOGÕ÷ÕQGD� �'�\DSÕVÕQÕQ�]DPDQ-JHFLNPH�HOHPDQÕ�EDNÕPÕQGDQ��'�YH�

�'�\DSÕVÕQD�J|UH�JHUoHNOHPH�\DSÕOÕUNHQ�GDKD�DYDQWDMOÕ�ROGX÷X�J|U�OPHNWHGLU��$\UÕFD�WRSODPD�QRNWDODUÕ�GLNNDWH�DOÕQGÕ÷ÕQGD�GD EHQ]HU�DYDQWDM��'�YH��'�\DSÕVÕQD�J|UH�J|U�OPHNWHGLU�� 7�P� EX� DYDQWDMODUÕQGDQ� GROD\Õ�JHUoHNOHPH� \DSÕOÕUNHQ� �'� \DSÕVÕ� WHUFLK� HGLOPLúWLU��6D\ÕVDO� ILOWUH� ��'� \DSÕVÕ�� \DSÕVÕQD� DLW� SURJUDP��|UQHNVHO�ELOJLQLQ�DOÕQÕS�VD\ÕVDOD�oHYULOPHVL��EX�VD\ÕVDO�
bilgi üzerinde LúOHP� \DSÕOÕS� VRQXFXQ� WHNUDU� |UQHNVHOH�oHYULOPHVL� LúOHPL� JHUoHN� ]DPDQGD� \DSÕOGÕ÷Õ� LoLQ�PDNLQH�GLOLQGH�\D]ÕOPÕúWÕU�6D\ÕVDO� ILOWUH� \DSÕVÕ� ROXúWXUXOXUNHQ� LNL� D\UÕ�PDNLQH� GLOL� SURJUDPÕ� \D]ÕOPÕúWÕU�� %X� SURJUDPODUGDQ�ELULQFLVLQGH� HOGH� HGLOHQ� GH÷HUOHU� �ILOWUH� NDWVD\ÕODUÕ��|UQHNVHO� LúDUHWWHQ� DOÕQDQ� |UQHN� GH÷HUL��PLNURLúOHPFLQLQ� \D]PDoODUÕQD� DNWDUÕOÕU� YH� EX� GH÷HUOHU��]HULQGHNL� LúOHPOHU� PLNURLúOHPFL� WDUDIÕQGDQ� \DSÕOÕU��%LOLQGL÷L� JLEL� LVWHQHQ� ILOWUH� |]HOOLNOHULQL� VD÷OD\DQ� +�]��WUDQVIHU� IRQNVL\RQXQXQ� NDWVD\ÕODUÕ� UHHO GH÷HUOHU�DODELOLU��%X�UHHO�GH÷HUOHUL�PLNURLúOHPFLQLQ�\D]PDoODUÕQD�GR÷UXGDQ� DNWDUPDN� YH� �]HULQGH� LúOHP� \DSPDN�P�PN�Q�GH÷LOGLU��%X�GH÷HUOHULQ�X\JXQ�ELU�\RO�L]OHQHUHN�SURJUDPD�DNWDUÕOPDVÕ�JHUHNPHNWHGLU�6D\ÕVDO� ILOWUH� \DSÕVÕ� ROXúWXUPDN� LoLQ� \D]ÕODQ� LNLQFL�
prRJUDPGD� HOGH� HGLOHQ� GH÷HUOHU� PLNURLúOHPFLQLQ�LoHULVLQGH� W�POHúLN� RODUDN� EXOXQDQ� Q�PHULN� LúOHPFL\H�DNWDUÕOÕU� YH� EX� GH÷HUOHU� �]HULQGHNL� LúOHPOHU� Q�PHULN�LúOHPFL� WDUDIÕQGDQ� \DSÕOÕU�� %LOLQGL÷L� JLEL� EXJ�Q�NXOODQÕOPDNWD� RODQ� ,%0� X\XPOX� NLúLVHO� ELOJLVD\DUODUÕQ�
tüP�QGH� ����� NRPXW� WHPHOOL� JHOLúPLú� Q�PHULN�LúOHPFLVL� EXOXQPDNWDGÕU�� %X� LúOHPFL� VDKLS� ROGX÷X�GRQDQÕP�|]HOOLNOHUL� VD\HVLQGH�NDUPDúÕN�PDWHPDWLNVHO�LúOHPOHULQL� NROD\OÕNOD� YH� KÕ]OÕ� \DSDELOPHNWHGLU�� .D\DQ�1RNWDOÕ� $ULWPHWLN� �)ORDWLQJ� 3RLQW� $ULWKPHWLF�� LúOHP�
yapabiOPH� |]HOOL÷LQH� VDKLS� RODQ� EX� LúOHPFL� VD\HVLQGH�HOGH� HGLOHQ� VD\ÕVDO� ILOWUHQLQ� NDWVD\ÕODUÕ� �]HULQGH�KHUKDQJL�ELU� LúOHP�\DSÕOPDNVÕ]ÕQ�EX�GH÷HUOHU�ROGXNODUÕ�JLEL�DOÕQDUDN�EX� LúOHPFL\H�DNWDUÕOÕU�YH��]HULQGH�JHUHNOL�RODQ� DULWPHWLN� LúOHPOHU� NROD\FD� \DSÕODELOLU�� %öylece NDWVD\ÕODUÕQ�YH�oDUSÕPODUÕQ�NXDQWDODQPDVÕ\OD�PH\GDQD�JHOHFHN� KDWDODU� RUWDGDQ� NDOGÕUÕOPÕú� ROXU�� %X� VD\HGH�VD\ÕVDO� ILOWUHQLQ� IUHNDQV� \DQÕWÕQGD� ROXúDFDN� KDWDODU�PLQLPXPD�LQGLUJHQPLú�ROXU�����-10/.
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*HUoHNOHQHQ� VD\ÕVDO� ILOWUHQLQ� IUHNDQV� \DQÕWÕQÕ�HOGH� HWPHN� LoLQ� ùHNLO� ���� µGHNL� G�]HQHN� NXUXOPXúWXU��

Bu deney düzeninde birinci fonksiyon üretecinin üçgen GDOJD� oÕNÕúÕ� X\JXQ� JHULOLP� GH÷HUOHUL� YHUHQ� \RNXú�IRQNVL\RQX� ROXúWXUDFDN� ELoLPGH� D\DUODQÕU� YH� VLQüs IRQNVL\RQX� ROXúWXUDFDN� ELoLPGH� D\DUODQDQ� LNLQFL�
fonksiyon üretecinin gerilim kontrollü osilatör (VCO-9ROWDJH� &RQWUROOHG� 2VLODWRU�� JLULúLQH� YHULOLU�� %|\OHFH�ELULQFL� LúDUHW� �UHWHFLQGHQ� JHOHQ� GH÷LúLN� JHULOLP�
seviyelerine göre ikinci fonksiyon üretecinden belirli bir DUDOÕNWD� N�o�NWHQ� E�\�÷H� DUWDQ� IUHNDQVODUD� VDKLS�VLQ�]RLGDO� LúDUHWOHU� �UHWLOLU� YH� EX� LúDUHWOHU� VD\ÕVDO�ILOWUH\H� X\JXODQÕU�� %LULQFL� IRQNVL\RQ� �UHWHFLQLQ� �oJHQ�
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GDOJD�oÕNÕúÕ�RVLORVNREXQ�;�NDQDOÕQD�YH�VD\ÕVDO�ILOWUHQLQ�oÕNÕúÕ� GD�RVLNRVNREXQ�<�NDQDOÕQD�X\JXODQÕUVD� VD\ÕVDO�ILOWUHQLQ�JHQOLN�IUHNDQV�VSHNWUXPX�RVLORVNRS�HNUDQÕQGD�
görülebilir. $úD÷ÕGD� %XWWHUZRUWK� YH� &EHK\VKHY� ,� W�U��ILOWUHOHU� LoLQ� \DSÕODQ� |Oo�POHU� J|U�OPHNWHGLU�� $OoDN� YH�
yüksek geçiren filtreler ikinci dereceden, band geçiren 
ve band söndüren filtreler birinci derecedendir. Kazanç |Oo�POHULQGH� VD÷OÕNOÕ� |Oo�P� \DSÕODELOPHVL� LoLQ� VÕQÕU��N+]�RODUDN�EHOLUOHQPLúWLU��

)D]� IDUNÕ� |Oo�POHULQGH� EX� VÕQÕU� �N+]¶� GLU��gOo�P� \DSÕODQ� DOoDN� YH� \�NVHN� JHoLUHQ� ILOWUHOHUGH�NHVLP�IUHNDQVÕ��N+]��EDQG�JHoLUHQ ve band söndüren ILOWUHOHUGH� LVH� NHVLP� IUHNDQVODUÕ� ���+]�YH����N+]¶�GLU������
(Wn = [W1 W2] ) Chebyshev I türü filtreler için JHoLUPH�EDQGÕQGDNL�]D\ÕIODWPD��G%¶�GLU�

gOo�POHU� VRQXFXQGD� JHUoHNOHQHQ� VD\ÕVDO�ILOWUH\OH�IUHNDQVÕ��N+]¶�H�NDGDU�RODQ�LúDUHWOHULQ�VD÷OÕNOÕ�ELU� úHNLOGH� |UQHNOHQLS� ILOWUHOHQHELOGL÷L� J|U�OP�úW�U�� %X�GH÷HU� NXOODQÕODQ� VD\ÕVDO� ILOWUHQLQ� GRQDQÕPÕQD� ED÷OÕ�RODUDN� GH÷LúHELOLU�� (÷HU� EX� JHUoHNOHPHGH�NXOODQÕODQODUGDQ� GDKD� KÕ]OÕ� $'&� YH� '$&� NXOODQÕOÕUVD��VD÷OÕNOÕ�|UQHNOHPH�\DSÕODELOHQ�EX�IUHNDQV GH÷HUL�GDKD�\XNDUÕ� VHYL\HOHUH� oÕNDUÕODELOLU�� <LQH� HN� RODUDN� EX�JHUoHNOHPHGH� NXOODQÕODQ� ��-bit ADC ve DAC yerine 
16-ELW� $'&� YH� '$&� NXOODQÕOÕUVD� JLULú� VLQ\DOLQLQ�NXDQWDODQPDVÕQGDQ�PH\GDQD�JHOHFHN�KDWDODU�GDKD�DOW�
seviyelere indirilebilir.
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4. SONUÇ

EndüstULGH� VD\ÕVDO� ILOWUH\H� JHUHN� GX\XODQ�RUWDPODUGD� NXOODQÕODQ�PDO]HPH\H� ED÷OÕ� RODUDN� DQDORJ�JLULú�oÕNÕú�NDUWÕ�LOH�VD\ÕVDO�LúDUHW�LúOHPFL�NDUWODUÕ�|QHPOL�|]HOOLNOHUL� LOH� NDUúÕODúWÕUÕODELOLU�� +HU� LNL� GRQDQÕPGD� GD�SHUIRUPDQV� DUWWÕNoD� VD\ÕVDO� ILOWUHQLQ� PDOL\HWL�
arWPDNWDGÕU�� )DNDW� EX� oDOÕúPDGD� NXOODQÕODQ� oRN�IRQNVL\RQOX� JLULú�oÕNÕú� NDUWÕ� GDKD� JHQLú� NXOODQÕP�DODQÕQD�VDKLS�ROGX÷X�YH�GDKD�XFX]�ROGX÷X�LoLQ�ILOWUHQLQ�NXOODQÕOGÕ÷Õ�RUWDPGD�VLVWHP�PDOL\HWLQLQ�GDKD�HNRQRPLN�RODFD÷Õ� DoÕNWÕU�� <DSÕODQ� |Oo�POHU� VRQXFXQGD�
günümüzGH� \D\JÕQ� RODUDN� NXOODQÕODQ� ,%0�3&� X\XPOX�ELOJLVD\DU�VLVWHPL�YH�EX�oDOÕúPDGD�NXOODQÕODQ�03,%0��oRN� IRQNVL\RQOX� JLULú�oÕNÕú� NDUWÕ� LOH� ��GHUHFHGHQ��ILOWUHOHULQ� JHUoHNOHQHELOGL÷L� YH� EX� ILOWUHOHUOH� �N+]¶H�NDGDU� IUHNDQVD� VDKLS� LúDUHWOHULQ� VD÷OÕNOÕ� ELU� úHNLOGH�
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