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Abstract In medical ultrasound imaging field, in order to obtain high resolution and correct the phase errors induced

by the velocity inhomogeneity of the tissue, a high-resolution medical ultrasound imaging method combining minimum

variance beamforming and general coherence factor is presented. Firstly, the data from the elements is delayed for focus-

ing; then the multi-channel data is used for minimum variance beamforming; at the same time, the data is transformed

from array space to beam space to calculate the general coherence factor; in the end, the general coherence factor is used

to weight the results of minimum variance beamforming. The medical images are gotten by the imaging system. The

experiments based on point pattern and speckle pattern are used to verify the proposed method. The results show the

proposed method in the aspects of resolution, contrast and robustness is better than the minimum variance beamforming

and conventional beamforming.
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xd(k) = [x1(k −∆1), x2(k −∆2), · · · , xM (k −

∆M ), ]T, 7 ò ∆i
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�
2 monqpsrst��susvow

(a) xsy���	�
�� (CBF); (b) xsy���	�
������������sz (c) {s|s}s~���	�
��sz (d) {s|s}s~���	 
������������sz
(e) {s|s}s~���	�
���������������s���s�s��� K = 1; (f) {s|s}s~���	�
���������������s���s�s��� K = 2
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�
3 monqpsrsts}����su�� 40 mm ���������

�
4 ���onqp�	srst��sus}���
�����

(a) xsy���	�
��sz (b) xsy���	�
����������������sz (c) xsy���	�
�������������������sz
(d) {s|s}s~���	�
��sz (e) {s|s}s~���	�
��������������������s{s|s}s~����������������� (K = 0);

(f) {s|s}s~���	�
������������������� (K = 1)

3.2 ���'0�1
l fa�c��� � íGðGñ�2�±�ü 20 ∼ 40 mm

 S�Gþ
���0�Aò �ü����

5 mm
í��²� l f,xóD�þ,x��k�"0��3ê

25 mm � 35 mm
  )  D® 4

ü l f����x 8 Z�ð�ñ�ú�¹�^�í�-�8� 
ü�i�·���¯XF�-�8�{���HGó m�n���¯�±

(CR), 7

¥0¬üAò ���fí C �,S0�0º��,y���� E hí C �,S
�� �J� 5

1
���i 8 Z�ú�¹�����í�� ¯ ±� 

È 5
1
;(< ?(� ó

CBF
º

CF
-(¼(�(� í(�%¯ ±

H�kGó G �
MV

º
GCF

-�¼����Gí���¯�±�k��
MVº

CF
-�¼� � � $ �

CBF
����|�H�|�ó

MV
½�¹

o��
CBF

p���i�k�í�������ó Q���\�m�i�����|� 
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�
1 ���onqp�	svow��

CBF CBF+CF MV MV+CF MV+GCF1 MV+GCF2��� ��������	 (dB) −33.26 −52.14 −32.75 −50.95 −50.76 −50.85
�� ��������	 (dB) −12.08 −16.28 −18.91 −23.89 −23.22 −23.48

vow�� (dB) 21.18 35.86 13.84 27.06 27.54 27.37

�
5 (a) CR vowqz (b) CNR vow

( ��>������s����� −1
����������� �������������s� 0

��������� ����������� )

3.3 ��������������^��������� ê>e>f�ð�ñ�ò[óDf�ê6="!>� r ò>$Â�>�>±>=>�
�,80l,J � ê$#$%'&0�0=>�0�$(ó ¶") ·>�$* 8 &�>+ )>£ ê>o>�>�>J�óDF ¶"+") 1>2>=Ä\> Ä$Â� �y�����J���D�h�í�ó-,�,�R�¹�F�G�ë�v�}�Ï� 

GCFí0[$.ê0� £ ê01020�0J0�0;0<,p0��F,|í�ðñ V8> $�>L>�>�>��þ �:��í�ð�ñ�ë>v�ó�ê 8 & �>+>mn0/01Gí�o�����JGó G �Gü�i�w�x¡ë�vGí�¤02�|Gó �
0 ∼ 1

�D����3Gí0304�Q�º�H < ��JGí��05��Gü 8 �
+�o�����J�óD��J�H < M�� E ü

π/4, π/2, π
 D���

·0�0= G P09í
GCF

º
MV

-0¼0½0¹0�0�0�þ��
��F�G�ð�ñ�óD��� ¯ i�ð�ñ�l�9� 

®
5 6 �Äi 8 �Ä�ÄoÄ�Ä�ÄJÄH < MÄ� E ü 0,

π/4, π/2, π
����d���= G «�¬�o�p�P�Q�í�ð�ñ0l�9

a0W09
CR
�

CNR
 7 ò²�°¯²±�³�´0f°¯ (CNR)ü

CR
º���� E h�í���\�J�  ¯¡ó87�R�¨�ª

14
ò¡í

9 x[ó
CNR

;>< 5": ê>o>�";>Ë6K6L>^�í�ð�ñ>l
90 DÈ0®

5
;0<�?0�ó$R0t,A0�$<0Z0«0¬0o0p0P0Q

í>½>¹�ó=3
W>H < o>�>�>J�í
S < ó�ð�ñ>l>9>� :
Á�^�\� È�®

5(a)
;�<�?���·���o�p�q�Q�í

MV
½

¹�;�<�p���H < í�� ¯ �
(CR),

¶ ®
5(b)

ê�n�>�?
@

K = 1 A p$B$C$D$E CNR F=G$H$I$J$K$L$M$L
K = 1 A$N B$C$D$E CNR, O$PRQTS$U$S$V$W$XZY[0\^]0_a`cb0d0e0f0g0h0i0j0k E0l I0J�m0n \ G0H

I$J$K$L$o D$p$q$r$s'q$t$u$v"w$x"y$z|{ \~}$��$�$�$�$�$�$�$�$�$� d$e u$E I"J$n \=�"� S"���������� F
4 ���

f"�"� U i �"�"�"�"�"� �"�|�-\=h"i q"�"wl �"�$�$� QT $¡$¢$£ l"¤$¥$¦$§$E$¨$©$ª$«$E$¬ \ �$® j$¯ C$°$±$«$²"³$´ G"H$I"J$K"L"µ$¶ Eb$·$¸$� ²$³ F=O ¯ ²$³ j ±"¹"º$q"E �"» p$C"°±$«$²$³$¼$½$¾ b$·$¸"� ²"³$q"�"w �"¿ m$À \=Áj ±$¹ �$Â E �$» p G$H$I$J$K$L$Ã$Ä b$·$¸"�ZÅÆ$Ç$È$É �$i �$Ê$l"¤$¥$Ë"E"Ì$Í n$F �$Î U$À"W
XÏY [0�0� V0W=XÏY [ E �0� �0Ð \ U q��0w�Ñ UaÒÓ Ñ URÒ ÓZÔÖÕ � Ò �$�"i$×"Ø"Ù I"Ú ª"« n }"¿±0¹0Û0Ü Ò ¼ \ÞÝ0� B ®0ß C0°=±0« b�·0¸��0à�}0�
U$À$W$XZY [$�$� N B � q"� �"�"� U|Ò Ó$\=á"f� �$® E$±$³ U$S �$� � ½$½$â$ã$E V$W$XZY [$��$�$�$i$h$i I$Ú ª$«"ä$å"Ë$E �"�$\=i U|Ò Ó"�� URÒ ÓZÔÖÕ � Ò ¿ ±"¹$æ �$ç � �$\=è O ¯ ±"³Ý$� �$Î$é$ê G$H$I$J$K$L$M$L � q$r$sëq$E$ì$v
M0L za{cí0é0ê0q0�0w0Ñ UaÒ Ó0�0� Ì0Í n�F ��Ð0îï p$C$°$±$« b$·$¸$� ´ G$H$I$J$K$L �$ð µ"¶ ²³ i m k �$�$�"� �$� Ç » Ë"E$ñ"ò \ Ä �"� �"�� E�������� ��� K�ó���ô p�õ�ö�÷�ø F
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