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Frequency Transform) ve modern parametrik
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v�x�y0v$|��9v�u�w(��{�u9v=q y�s��#x�q�{�q y���xG��t�u r���������t�q y�{���q ��u#{��
� {�q�t��2��q�t�{�q�~�q

[7]
{(sD�$s(y�� �#v�q y�{��Hy ��u }���������t��

��� }�� ����t��#�$��q }�q t�r/q
�$��q }B� p�q r�s�t u�v�w�x�y�u�������q t
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¯�±�¢�£�¥�±�¦ À ¦ Â�¥�¶�¼�¦ ¶Þ¼�¢#°/¢ ªß¹ ¦��¦ ª=¥ ¶�¦�¦H¶É´(¢+¬�³ ¶É£�Ó�±�¨�¦ ¼�¦�¬�¥
¢+¬�³
ÁÞÄ�³ ¿#³ ¶�³ ¶ Ñ0Ø Ù�à#Ð °�Ò · Ã�¼�¢#°/¢ ªÞ°�¦Hª$¬�¦ ¿ ¥ ¶�¼�¦�¬�¥Ö¢+¬(³
Áá�â�ã â ä�â ä/å
æ�ç�è é ê�èHë4ì�í�æÈî�ï�ð(ñ(ò(ñ/ó(ô�õ�ñ�ï0ç ð�å ï�ì�ç�ó�ö�ç ð�å ÷?ø ù�úBé
û ó�â
ü�â ä�ý�ç ÷�þ ç�ó�ï�ç#ü$ö�å�ò�å�ð�ô ì�ô ÷!ÿÉô#ð�ç�ö�ó�ô�ö�ì/ô ä�ômõ���ï ��ä�ì��Dü
� ç�á�ç ÷Åó�ô�ö�ì/ô ä�ð�ô�î�ï ñDü�ô äËô+ó�â
üÞá�â ã#â ä�â ä;ü�ç�ó�å ï����	�Öð�ç
ý
��æ$ö�ç ÷�å�ï�çHä�ô+ó�â
ü��(÷�î��å�ï�å\å�ï�çÍð�ç ò�å
ü�ö�å�ò�å?ð��Dü��(ä���ï ì��Dü$ö��(÷Bé

n.ó�ô+ö ì�ô ä�ô?ô#å ö ô+ó(â
üÈá�â ã#â ��� çÕõ�ñ�ä�ô ñ��(ý(ñ�ä�î�ï�ô ÷=ô+ó�î�ï ñDü�ô�� ô+ó
ð�î��
��ï�ç ÷��÷�ç�ó�ô ä0æ ó(ô��(ì�ô�æ�â �ð ô�ü=ô#ò�â ð�ô+ó(åÍð�çHä�ó(ï�ç ì�ï�çH÷�ï�ç
ifade edilmektedir.

v = (10/4)*cos(n*pi/180)*10-(n-75)*(n-75)/2500

(2)
fd = (2*v* fo/cc)

(3)$îßð
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�#�4ô+ó�ñDæ$ö�å ó�ð�ô#ï�ý�ô ä�â ä�î�÷�ö�ô ì�ð�ô�ó�å$�(ô%�(â�ï�ì�ô7á�â�ã â&�Hè'��(�ê�ì�í�æ! 
î�ï�ì�ô+ó)��ã#çH÷�ç�å ï�ç ÷=å4ô+ó�â
ü*����ä��(ä�ð�ç�ó�å4ì/ô+óDæ�å ì�ñ�ì©ó(ô��(ì�ô
�÷�ç�ó�ô ä0æ�â +
+�ê
(," ë
- . ã � ç9ý�ç ÷=åÜô+ó�â
ü/����ä��(ä�ð�ç�ó�å
ì�ô+óDæ�å ì�ñ(ìÌó�ô��(ì�ô0�÷�ç�ó�ô ä0æ=â4è#-�(,-�" �
� . ãÍî�ï�ô ä�å
ü�ô ÷�ç�ö ï�ç ÷
elde 

ç ð�å�ï�ì�ç�ó�ö�ç ð�å ÷Hé . ç ÷�á�ô�� å ì�å
æ�ç�� ô#ð�ç�ö1�(ô ÷�þ ô�� â ó�ö�ô ä
î�ï ñDü�ì�ô+ó�ö ô#ð�â ÷ õ����(ï�ç ï�å ó�ï�ç ì �(ô ÷�þ ô�� â ó æ�ô��(â
æ�â�ä�â
ð�î�ï�ô%�(â
æ�â �(ï�ô�ä0éµó(ô+ö ì�ô ä�ð�ôËæ�å ä2�(ô#ï�å.î�ï ñDü$ö�ñ(÷=ô ä©õ�å�ï�ç#ü�ç ä
æ�ô%�(â
æ�â�ä�â � ç ÷�çHä/å �ô#ð�ç
3

m = m*(1+20*rnd()) (4)�ðÛó�ô��(ì�ô4�÷�ç�ó�ô ä0æ�â ä�ô?ð�î�ï�ô��(â
æ�â �(ï�ô � ô+ó�â
üá�â ã#â ä�ô7æ=ô á�å �4õ�å ÷
ó�ô+ö ì�ô ä�ð�ô+ó(å0ð�çHä�ó(ï�ç ì5��(
 å�ï�ç � ç ÷=å�ï�çHä/ì.ô#ð�ç�ö�õ�å�ï�ç#ü�ç ä/å�þ å ä
á�â�ã ï�ô ÷=â ä�ô õ�ô#ò�ï â9î�ï�ô ÷=ô+ó6�(÷�ç�ö�ö å ó�ï�çH÷�å7�÷�ç�ó�ô ä0æ=ï�ô ÷ ð�ô
ô�ü�ô#ò�â ð�ô+ó(å8���� � ç1��+
 �å �ô#ð�ç ï�ç ÷=å �(ï�ç � ç ÷�å�ï ì�å
ü$ö å ÷Hé29:���(ï�ç ï�å ó�ï�ç
á�ç ì õ�å�ï�ç#ü�ç ä æ=ô��(â
æ�â�á�ç ì ð�ç õ�ñ õ�å�ï�ç#ü�ç ä�ï�ç ÷�ç9ô#å ö
�÷�ç�ó�ô ä0æ�ï�ô ÷=ôÕõ�å�÷%æ�ç ÷�õ�ç#æ$ö�ï�å ó½ð�çH÷�ç#� ç#æ�å � ç ÷�å�ï�ì/å
ü\î�ï�ì/ô+ó�ö ô � ç

ç ï�ð�ç�ç ð�å�ï�ç ä æ�å ì���ï ô�æ;��î�ä å
ü=ô ÷�ç�ö�å ä�å äËð(ñ(÷�ô#ò�ô äËî�ï�ì�ô ì/ô
düzeyi beli rlenebilmektedir.

fg = fd+(100rnd()-100rnd()) (5)
Her katman için elde edilecek bu m adet sinüzoit

için 0-2π
ô ÷�ô ï�â�ò�â ä�ð�ô<�(ä�å �î�÷�ì�ð�ô ò�â�ï â�ì/ï�âÕõ�ç��(ô#ãÖý2�(÷���ï ö��

�ô#ã î�ï�ô ÷=ô+ó�ç�ó�ï�çHä�ç ÷�ç�ó5��ô ÷�þ ô�� â ó(ï�ô ÷=â ä�÷�ô�æ�ý�ç ï�çÉñ(ã#ô���æ�ô#ï
��ç ÷�ï�ç#ü�å�ì�å(õ�ç ä�ã#ç�ö�å ï�ì/å
ü$ö�å ÷Bé

n. katmandaki m. sinüzoit için frekans ifadesi:
fnm = fg*0.05+i* fg*1.05/m (6)û4�(÷�â�� ôNê�é ê,� ý�çHä�ï å ó�ï å

üniform beyaz gürültüç�ó�ï�ç ä�ì/å
ü$ö�å ÷Bé æ�å ì���ï ô�æ;��î�ä�ñ�ä ý�çHä�ç ï=�î�÷�ì�ñ ô�ü�ô#ò�â ð�ô
� ç ÷�å�ï�ì/å
ü$ö�å ÷'3
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×;Ø!Ù�Ú�Û#ÜhÝxÛ#Ü
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IV. STFT ve AR Analizi
STFT temel bir pencere fonksiyonundan, zamanÛ�Þ�Û#Ü
ã Ü,å�ÛøÚ�Û�á2å
ã�Ø�äLÛÃò�Ùø×;Ø!Ù�Ú�Û#ÜhÝ·â2Û#Ø!Û#äLÙ�î Ø!Ù#Þ�Ù'Ø!ßùó�Þ�äLÛ%Ú
ú�û�ü#ý!üÍþ ÿ�þ����2ý����!ü�ÿ�þ	�	

ü���ú2ý!ü��Zþ ��þ ý���uü����#ü#ý!ü�������ÿ��!þ �������
�! #"#$�%'&�( &*)�+�&-, .0/1&�/12 34( 5�/6)�798-( :0+�, ;<7�)�=?>�/�( &�"#/�@�2A79,	( &-( &
79,	= &-7�B�(	, ;</9)�(C@-/12�/�D�;</�D-"#/�E-( 2�FHG-IKJLIM5�N�&�"#/�;<( &-E-/9OQP97�;R7�&
ekseni üzerinde bir τ &�+SD-" 7�)�= &-7T�! #"#$U:�/1&�V�/�2�/
W +�&�D�)�( 5�+�&�.�&�. 5�/�2�,	/9XY"#( 2�( ,	/�2�/�D�O :�/1&�V�/�2�/�,	/1&�;R(ZX
W +�&�D�)�( 5�+�&�.�&[JL+S.�2�(	/12]\!N�&�^�XY^�;_^M@-/12�`�/�D�,	/9XY"#( 2�( ,	( 2�FK\?7�8�7
)�+�&�2A7a:�/�&�V�/�2�/bD�7�5�E-=	2�= ,	= 2]>�/M"#/�D�2A7�2�JL+S.�2�(	/12cE-N�&�^�XY^�;_^
79,	= &-7�2A7dDe(ZX�,	/�;</fE-/g>�79; /�E-(	, ( 21Fihj.k5�N�&�"#/�;<( &
;<7�"#/�;<7�"#( D�)�/�,�( W 79E-/9)�(QE-/1&�D�,	/1;l Am9$1n�E-/o( W 79E-/p/�E-(	, ;<(ZX�"#( 2�F

>=<−= ∫
∞

∞−

− )(),()()(),( ,
* tftgdtetwtfwSTFT w

jwt
τττ (8)

\q.�2A79r-7�&s+�,	;R7�5�79&t)A( &�5�79,	,	/�2�( &sN�P9/�,	,	( D�,	/u\!+S:-:�,	/12
sinyallerinin spektral analizi çok iyi zaman ve frekans`�N�Pd^�&�^�2�, ^�r�^i)Y.�&-;R7�)�=v@-/�2�/�D�/1&w5�/�"#/�&�/�D�,	(x(ZXA,	/g>�,	/�2�/
ihtiyaç duyar. Doppler ultrason sinyallerinin spektral7�&�7�,	( P9(�&�+�2A;<7�,	E-/vG-IKJ�IyD�.�,	, 7�&�= ,	7�2A7dDz@-/12�`�/�D�,	/9XY"#(	2A(	, ( 2
[3,5].
AR ;<+�E-/�,	,	/�;</]5�N�&�"#/�;<( &�E-/9OH(ZX�7�2�/�" ( &{B�/�,	,	(KB�( 2p7�&-= &�E-7�D�(@-/�&�, (	r-(fE�7�8�7 N�&�V�/�D�(kN92A&�/�D�,	/1&�;R(ZX D�=Z)�=	;R,	7�2A= &
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modellenmesini ihtiva eder [5]. Bu filtre AR filtresi����� ��� M�N O P�Q RTS�U�N V W�X�P�M�U�N M�P�O U�O*Y�S�N�V P�N�S[Z
S�U]\>^_W�M/`�a�M�Z
O�N�M�P�O
b S�c�V `�N�V�Z�d�U�`�S�e)N�S�P+W�f
N�N�M�U�O N�M�P�M/Whg�S�a�M�i�N�M�U�M�Y�V�N V P�Q Levinson
- Durbin ve j f�P�klM�N�k�X�P�V ` e#M�N�M�P�O?Y�flZ�d�U�`�S�e)N�S�P
M�P�M�a�O U�m�M�m�O P4Q

Levinson - n f
P�Y�V U9M�N�k�X�P�V ` e#M�a�O U�m�M Yule -o]p�q r�s�t�u�s�v�r�q�s�w#q�s�t�x0y�z�{/|�q�s�t�s�r~}>��r
p/����p��
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x(n), am¦¨§ �©��¡; �¤ª��� ������� «
���¬��� ��������� ��#�;� § �
modellenecek data dizisini, bu dizi için AR model���/¥�����«
���������  �� § �®����«���¯±°
²
�,²�� ¥�²�³���¥��´¥������ �#�  ��~¥����µ��� �
ederler. Mode1 ölçülen datadan elde edilecek p+2
adet parametre içerir. Parametrelerin tahmini kolay
uygulanabili r lineer denklemlerin çözümü ile¶�·�¸�¹�·�º�»�·�¼,½�¾ ¸�¾ »�¾ ¸À¿�·ÂÁ�·�Ã�º�»�·�Ä)¾)Å�Æ�Ç#¾�»�·ÂÄ#È�Á�·�»�»�·�Ã�·�Ã.É�Å�Ã�Ç
data dizisinin p. dereceden AR güç spektrumÊ È�Ë
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Ì
Ã�Ì
Ã Ê ·�¸�·�»�ÍÎÍ�¸�·�º�Ï�ÃBÐ�ÑB¾�¹�¾ ÃÀº�·�Ð,½�¾ ¸�¾ Ä#¾0Ï�¼�Ï�Ë�Ñ�Á�Ï/º
¾
denklem (10) ile verilir.
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ap0ÒÔÓ È�»�Ä#Ï�º2Õ
Ö�·�¸�·9×>ØF¶
Õ�¹ÂÐ,Ù�·�º�½ ¸,Ì
Ä Ê È�Ë
Ì�Ã�» Ì�Ë
Ì
Ã�Ì
Ã
kestirimi için sadece p adet apm parametresi ve beyaz

gürültü ¿�Ï�¸ Ê Ï�ÃBÐ�Ñ 2
pσ parametresinin birkaç metot

º�Ì�»�» Ï�Ã�Ï�¸�Ï/ºÛÚ�·�Ð�Ï/Ù�» Ï�Ã�Ä#Ï�Ð�Ñ#¶�·�¸�·�º�Ä#·�º�½�·�Á�¾ ¸4Ü>Ý>·�Ð�Ï/Ù�»�Ï�Ã�Ï�ÃÞ ÌÀ×>ØÂº�Ï/½�Ð�Ï Ê Ñ�»�Ï�¸�Ñ�¶�·�Ã�»�¾ ºÀÈ�¸�Ï�Ã�»�Ï�¸�Ñ Ã�Ñ Þ ·�»�¾�¸�»�·�¸�»�·�¸�Üß È�Ã�È�¶�¸�Ï�Ä#» Ï�¸�ÑÔÈ�» Ìà¼,½�Ì
¸�Ï�ÃBá ß�âäãàâ ¿�·å×>Ø Ê
æ Ã�½�·�Ä#»�·�¸�¾T¾�»�·
·�»�Á�·#·�Á�¾�»�·�Ã9¶
Õ�¹µÐ,Ù�·�º�½ ¸�Ì�Ä Ê È�Ë
Ì�Ã�» Ì�º�» Ï�¸�Ñ Ã�Ñ Ã�¿�Ï�¸ Ê Ï�ÃBÐ>¿�·
Ð,Ù�·�º�½�¸�Ï�»çº�Ï�¸�Ï�¸�»�Ñ�» Ñ ºJº�Ï�¸4¼�Ñ�» Ï�¼,½�Ñ ¸�Ñ�» Ä#Ï�Ð�Ñ Ã�Ñ Ã Ê Ï/Ù�Ñ�»�Ï Þ ¾�» Ä#·�Ð�¾
Centroid Frequency º�·�Ð,½�¾�¸�¾ Ä#¾�º�Ì
»�» Ï�Ã�Ñ »�Ä)Ñ;¼,½�Ñ ¸Ôè�é�ê4Ü
ëíì�îµï9ðµñÂï9ðÀò�óõô9öø÷hò�ó�÷)ù�úíûüò8ý
Bu parametrelerle elde edilen simülasyonþ;ÿ����������	�
��þ ��þ ����������	����������� ������������� þ	������������� �	�
��þ þ �	�
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��%��4��� �>)����?����)���ÿ���þ ���	���76 @BAC-�/�����þ	�424:�5Âþ �	�D���	)��E��)�þ	�	�
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sonogramda ise 

��������� ��"��'"#�F)���G��H)��I��"��'"àÿ���)�� (��	J
��������������� $ �
��þ;ÿ��	��� �
��þ �K�������	)��	(��	J1/�����þ �42�0L)�����þ#M�þ	�	��ÿ����
bulunmayan frekanslarda görülen gürültününN�O�P#Q R�S	O�T�Q	U�Q�VXWZY kestiriminin ise en az varyasyona[ O�\�] ^L_�`aT�O�\>Ocb#O�d�O�d�S	Q>e�S	T#f�U#fhg�i�d�j#S	k `�b�l�`�T�] d7mn `�b�]	S4o�p1qrT�O�N�O�ksO�tHu�i�N*j�t�j#d�S j�U#j#t#j#tHO�d�l ksO [ Qv]	S	`
R�d�`�b�O�t [ u�i�N*j#t�j#d�S j#U#j#t�j#txw�e�N*f�S	T#f�U#fy_�` pencereleme`�l	b�] [ ] t>T�`
t T�e�S	O�P#Q e�S f{z�O�t spektral kaçaklar
görülmektedir. | ^�`�b�l d�O�S}b#O�u�O�U�Q t�i�S	u�j [ jE_�` spektralb�O�d�O�d�S	Q S	Q	U�Q t~w�e�N*f�S k O [ Q�O�P#d�Q	��O spektral varyasyonunu�e�b'O�d�l ksO [ Q4��WZY kestiriminden gözlenebilmektedir.

n `�b�]	S4o4��qsT�`��B��T�`�d�`���` [ ]	t>] tET�j{z�k ` [ ] P#S	`y��^���p��XO�S	u�O*b
R�d�`�b�O�t [ S	O�d�T�O [ `�u�]	��]	S	]	U�] t�O�N�O�S	T�Q	U�QB_�`�]4z�O�d�`�l�] t�P#`�l�`�d�]	t>��`
k e�T�`�S	S	`�t>`�k `�T�]	U�]4�Hg�`
t>`�S�e�S	O�d�O*b�T�O�]4z�O�d�`�l	l�`�e�S	O�t
l�`�^�`���] b�S	`�d [ `�u�]	S	`�k `�P#] ^ R�d�`�b�O�t [ ]	u�`
d�]	U�] t>`�l
beli rlenememektedir   ancak CF kestiriminden_�O�d�P#O [ P�e�t�f�t�T#j{z�j�b�_�`�T�O�\>O�b#O�d�O�d�S	Q�e�S	T#f�U#f
görülmektedir.

4. SONUÇo |�� Y � ]	u�] t�^�`�t>��`
d�`'w�e�P�f�t�f#t [ `�u�]	ks]4��]4z�O�d�`�l�] trN�O�ksO�t�S	OT�`�U�]4z�`�t ^#O�d�O�k `�l d�`�S	`
d�] t�] t g�i�N�S	`
t>`�w�]	S	k ` [ ] t>T�`�_�`
R�d�`�b�O�t [�� N�O�ksO�t�u�i�N*j�t�j#d�S j�U#j�O�u�Q [ Q t>T�O�t�i�t>`�k S ]	T�] d7m
Y�d�`�b�O�t [ _�`�P#OLN�O�ksO�tsu�i�N*j�t�j#d�S j�U#j  ] P#]	S	`�z�l�]	d�k ` [ ]  T�]	U�`
d�] t�]\>`
d N�O�ksO�t¡w�e�N�O���O*bxz�`�b�] S	T�`v`�l	b#]	S	`�k `�b�l�`�T�] d7mLo4�B�¢]	u�] t
model derecesinin seçimi çok önemlidir. ModelT�`�d�`���` [ ]	t>] t T#j{z�j�b e�S	ksO [ Q ]4z�O�d�`�l ] t ] P#]
k e�T�`�S	S	`�z�`�k `�k ` [ ]	t>`�_�`�O�S	u�O*b�R�d�`�b�O�t [ S	O�d�T�O [ `�u�]	��]	S ]	U�] t
w{e�N*f�S	ksO [ Q t>O���]4z�O�d�`�l�`�O�] l£w�`�S	] d�g�] t l�`�^�`���] b�S	`�d�] t
e�S f{z�k O�ksO [ Q t�O��HT�e�S	O�P#Q [ Q P#S	O¤R�d�`�b�O�t [ ]	u�`�d�]	U�] t�] t¥t>`�l
w�`�S	]	d�S	`
t>`�k `�k ` [ ] t>` [ `�w�`�^¦e�S	k O*b�l�O�T�Q d��§T�`�d�`���`�t>] t
P�j�b [ `�b¨e�S	k O [ Qs]4z�O�d�`�l	l�`�] [ l�`
t>k `�P�`�t¨_�`�\>O�l�O�S	Qh^�] b#S	`�d�] t
e�S f{z�k O [ Q [ e�t�f���f#t�f�T�e�U#f�d�k O*b�l�O�T�Q d7m | e�t#f�ure�S	O�d�O�b¡�B�k `�l�e�T#f©]	S	`L] [ l O*l ] [ l�] b [ `�S�e�S	O�d�O�b©T�O�\�O'b#O�d�O�d�S	Q spektrumlar
elde edilmektedir.
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