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Ã|Ì°q   
Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe )EIT(,  É�Z//��ËÂ//�e ®ÌÀ°e  �Ì£É}Â¨¿   d//�Y Ä] Ê°Ë�f°·Y ½ZË�m ªË��e �//�Âe Ä¯

n»¼Ä�ÂdWY�« Á ZÅ{Á�f°·Y �Y ÉY ¥ÔfyY ¶Ì//�¿ZfaZÅ{Á�f°·Y �Y Ê°Ë�f°·Y ÉZÅ ,y�YÂ  µZÌ//�   É�Z§|Àq  |À¿Z»  �Ë�Âe
cY�}Ã�Y|¿Y Y� Ê¼nu Á Ê»�m d�¸£ ,Ê» É�Ì³ .|À¯É�eY�f/�Y  ªË��e   dWY�«  Á ½ZË�mµZÀ´Ì/�  �YZÅ{Á�f°·Y  �¬¿

  �{ Ê¼Æ»É�Z//��Z] dÌ¨Ì¯   Á �ËÂ//�ed«{  Ã�Y|¿Y {�Y{ É�Ì³.  �Ìv» �{ Z] Á ±��] ÉZÅÉ�eY�f//�Y ÓZ] ÊËZ¿Z//��  ÉZÅ
.|Àf�Ì¿ \�ZÀ» dÌ¨Ì¯ Z] µZÀ´Ì� dWY�« Ä] �{Z« Êe�ÁZn» ½Âq ¹Â��» ]ÀZ¾ËY�] �ÅÁ�a ¾ËY �Y ¥|Å Á dyZ�  Ê]ZË��Y

Ä¿Z»Z//� EIT   dve  ¾ÌÌ e ÉY�] É�Z°f]Y É�eY�f//�Y  ¾ËÔ¿M  �Ë�Âe Á cY�}|»Zm É�Z§ Á{ {YÂ» d�¸£- �Ìv» �{ �ËZ» 
  ±��] Zf^/�¿ ÉZÅd/�Y.   ,�Â�À» ¾Ë|]16   .|¿|/� \/�¿ {YÂ» ÉÁZu ½�z» ÉÁ� �] {Á�f°·Y {|� ÊËZ¿Z/�� Z] [M �ËZ» �Z§

Ã�Y|¿Y �{ É��] |»Zm �Z§ Á ¹Â¸ »  {Â] ¦¸fz» ÉZÅÁ  {�°¸¼� ¦¸fz» dÌ «Â» Ä� �{.d§�³ �Y�« Ê]ZË��Y {�Â» Ä¿Z»Z� 
¸]Z« ,É�Z°f]Y É�eY�f/�Y Ä¯ {Y{ ½Z/�¿ lËZf¿dÌ  {Z ]Y �{ Y� ¥|Å LÊ/� �ËZ¼e Á �Ìz/�e  Á ¦¸fz»dÌ «Â»ÉZÅ   ¦¸fz»

Y{ {�Á{ . ¶Ì/�¿Zfa cY�ÌÌ¤e Á �ËÂ¿ Ä] µZÀ´Ì/� w�¿ �f»Y�ZaÉ��» ÉZÅ  Ä¯ {Y{ ½Z/�¿ lËZf¿ Á |/� Ä^/�Zv»  Ä] dÌ/�Z/�u
Ã�ZÀ¯ Ä¿ZÌ» Ä] dÌ/�Z/�u �Y �f/�Ì] ZÅ{Á�f°·Y ®Ë{�¿ Á ZÅd/�Y�ËÂ/�e dÌ¨Ì¯ ÉZÅ�f»Y�Za Ê]ZË��Y . |À¿Z»  �{ Z�y   Á Ã�Y|¿Y

  �{ Ä¯ {Y{ ½Z/�¿ Ã|/� É�Z/��Z] �ËÂ/�e �{ Ã|/� {ZnËY Ä¬¸u¥|Å LÊ/�  ±��] Á �/�Âf» Ã�Y|¿Y Z], dÌ «Â» �{ ÉZÅ
Ê» �ÅZ¯ Ã�Y|¿Y �{ Z/�y ,ZÅ{Á�f°·Y Ä] ®Ë{�¿ �Å �{ Á |]ZË,¥|Å LÊ//� Ã�Y|¿Y Ä//�   {Z/nËY  ¿ Ê¿Y�Ì» Ä] Ä/¬¸u {Â^   Ä¯

 �nÀ»Ä] .{Â� Ã|� É�Z��Z] �ËÂ�e �{ dÌ¨Ì¯ ¹|�  
:É|Ì¸¯ cZ¼¸¯  

 ,�nÀ� É�eY�f�Y , ,Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe ,É�Z��ËÂ�e d�¸£ ,cY�} �Ë�Âe  
  
*µÂX�» Ã|À�ËÂ¿Ê�Â» ¾Ì�u :    Ã{Y�rhmousazadeh@ut.ac.i 
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 {�°¸¼� Ê���] Ä¿Z»Z�Ê§Y�³Â»Âe  �¿Y|b»Y Ê°Ë�f°·Y Y dveÉ�eY�f�  É�Z°f]Y ÉY�]  �nÀ�   d�¸£

 Á{ {YÂ» |»Zm É�Z§-�ËZ»  
Ä»|¬»  

Ê§Y�³Â»Âe  Ê°Ë�f°·Y   Ä¸¼m �Y  ®ÌÀ°eÉZÅ   �eÂ Ë�Z�Ê» Ä¯ d�Y É�e |¿YÂe � ËÂÉ�  É| ] Ä� ZË É| ] Á{  �Y  �Ìv» 
Ê���]  {�Â»  |Å{ ÄWY�Y  ¹Y�³Â»Âe Ä¯ �ËÂ�e ¾ËY  .,{�Y{ ¹Z¿  ÊeZ�Ô�Y ÉÁZu    �Y  Ê°Ë�f°·Y cZÌ�Â�yÃ{Z»   �Ìv» ZË

  {�Â»d�Y �ËZ»�M  Á  ½ZÌ]Ê³�ËÁ Ã|ÀÀ¯  ½Âq ÊËZÅÃ�Y|¿Y �Ë�Âe    ,cY�}Ê¼nu d�¸£,  d�¸£  Ê»�m  cZ�z�» �ËZ� Á 
d�Y.  � Ä¯ Ê���] {�Â» �Ìv»Ze|¼  ¹Âf¿Z§1  Ê» Ã|Ì»Z¿ {Â�,  Ê»|¿YÂe  �Y Ê^Ì¯�e   §Z |�Z] �Z³ Á �ËZ» ,|»Zm ¦¸fz» ÉZÅ�  

]8  ,16[.   ®ÌÀ°e ¥Ôy�]Ä] Ä¯ ¹Â��» ÉZÅ Ä�¬¿ ®e c�Â� Ã�Y|¿Y ÉYÊ» ¹Zn¿Y Y� É�Ì³  �Á� ¾ËY �{ ,|ÀÅ{ ��¬» ¶¯
¥|Å,    �Y�« Ê���] {�Â»Ê» {�Ì³.  ¾ÌËZa ÄÀË�Å ÉY�Y{ Á d�Y É}Â¨¿�Ì£ �Á� ®Ë Ê°Ë�f°·Y Ê§Y�³Â»Âe  �{ É�e Ä�ËZ¬»

�Á� �ËZ� Z] ) Ê�Ì�ZÀ¤» �¿Z¿Á�� Ê§Y�³Â»Âe |À¿Z» Ê§Y�³Â»Âe ÉZÅ2MRI  �^À» ®Ë �Y Á d�Y (ÂË{Y� �Ì£  ÉY�] ÂÌf¯Y
Ê» Ã{Z¨f�Y {YÂ» cZÌ�Â�y �nÀ�  .|À¯®ÌÀ°e�Â� Ä] Ê°Ë�f°·Y Ê§Y�³Â»Âe ÉZÅÊ» ºÌ�¬e Äf�{ Ä� Ä] Ê¸¯|¿Â� : 

Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe )3EIT( Ê§Y�³Â»Âe ,�Ì�ZÀ¤»Á�f°·Y ÉZ¬·Y )4MIT(  Âe ÁÂ»Ê¿�Zy Ê§Y�³)5ECT( ]91[.    
  Ä¸¼m �Y�a®ÌÀ°e ¾Ë�e{�]�Z¯,Ê°Ë�f°·Y  Ê§Y�³Â»Âe  ÉZÅ    ¾ÌÌ e  ÉY�]  Ä¯ d�Y Ê°Ë�f°·Y  �¿Y|b»Y  Ê§Y�³Â»Âe

µZÌ� cZ�z�»  ÉZÅ|ÀqÉ�Z§    �Y ¶»Zu �Z§ ÊËZ¿Z�� Z]1-ms.cm  01/0    Ze610  �Y{ {�]�Z¯ {  ]81[  .EIT    �{�ËÂ�e É�Y{�]  
Ê°��a  ]12  [,  �Z³ Á d¨¿ �ËZÀ�  ]15[  ¾Ì»� Á½{Z » ¥Z�f¯Y Á Ê�ZÀ�  ]5[  µZ� �{ É�Â·ÂÀ°e ¾ËY .{�Y{ {�]�Z¯ �ÌyY ZÅ

 .d�Y Ã|� É��ÁZ�¯ Á ÊËY~£ �ËZÀ� Ã�Âu {�YÁ    �{ÊËY~£ �ËZÀ�    �YEIT    �{ÊÅZ» Á �»�« d�Â³ dÌ¨Ì¯ Ê���]  ]23 [  ,
] �Ì� d�¸£ Á dÌ¨Ì¯13[  ,  ¾ÌÌ e  �Ë�Âe  {YÂ» cY�}½�Zz» �{ ÊËY~£ {YÂ» ½|� �Â¸z» dÌ¨Ì¯ Á  ]17  [ Ã|� Ã{Z¨f�Y

d�Y  �z] �{ .½Z¬¬v» É��ÁZ�¯,  Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe  Y�  cÓÂ�v» ½|� ®�y |ÀËY�§ �ËZa ÉY�]  ]10  [ ,
ÃZÌ³  Ê¿YÁ{  Ä�Ë�  Á  ­Zy �{  [M }Â¨¿  ½Y�Ì»  Ê���]  ]9,  20[  ½Zfy�{  Ê³|Ì�Âa  �Ìz�e  Á  ]3  [ �Y�«  Ã{Z¨f�Y  {�Â»

Ã{Y{|¿Y�� Á d�¸£ ¾ÌÌ e ,Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe ÉZÅ{�]�Z¯ ¾Ë�f¼Æ» �Y Ê°Ë . µZÌ�  É�Â^� �Z] ½ZË�m ºË
 § |Àq É�ZÄf�] É�Zn» �{ Á ½�Zz» �{ ]22 [,  �Ìz�e {Y|�¿Y  Á Ä·Â·ÄecZ]Â�� ÊÀÌ�¿  ]6 ,4 [  .d�Y Ä·Â· �{  

  Ä¿Z»Z� ®Ë �{EIT,  Ä�Â¼n» �´�u  ÉÁ� �] Ê�Zy ÉÂ´·Y Z] Ä¯ d�Y ZÅ{Á�f°·Y �Y ÉY t��  ¹Âf¿Z§    �Y�« ��¿ {�Â»
Ã{Y{  Ê».{Â�  ¹Y�³Â»Âe  ªË��e �Y ZÅ[ÁZÀf» ½ZË�m  d]Zi  ZÅ�´�u ¾ËY Ä]   x�Za d§ZË�{ Á  ¶Ì�¿Zfa \·Z« �{ÉZÅ  Ê°Ë�f°·Y  

Ê» {ZnËY É��».{Â�  Á ZÅ{Á�f°·Y d¨m �Y ®Ë�Å Ä] ½ZË�m ªË��e \Ìe�e   ÃÂv¿  ¥ÔfyY dWY�«  ¶Ì�¿Zfa  Ê°Ë�f°·Y   �Y
ZË �nÀ� É�eY�f�Y Y� ZÅ{Á�f°·Y d¨m �Y ®Ë�Å   É�eY�f�Y  ÃY� É�Y|¿Y6  .|ÀËÂ³   �] ÃÁÔ� Ã|»M {ÂmÁ Ä] �ËÂ�e dÌ¨Ì¯

dÌ¨Ì¯   µZÀ´Ì�    Ä] Ã|� ªË��e ½ZË�mÉ�eY�f�Y  Á ªË��e  dWY�«  ¶Ì�¿Zfa ¥ÔfyYZÅÊ°Ë�f°·Y É    ZÅ�´�u �Y .{�Y{ Ê´f�]  
É�eY�f�YÉZÅ  �e  ÉY�]  Ê¨¸fz»�  Á  ªËd§ZË�{  ¶Ì�¿ZfaÉZÅ  Ê°Ë�f°·Y    |À¿Z»  {�Y{  {ÂmÁ  É��»  É�eY�f�Y ,Êe�ÁZn»

  É�eY�f�Y  ,¶]Z¬f».Ã�Ì£ Á É�¸§  Ã�YÂË{ É�eY�f�Y ,Ê«Z^�¿Y  ½ZË�m É�eY�f�Y  É�eY�f�Y ¾ËY �Y ®Ë �ÅdÌ¸]Z« ZÅ  ÉZÅ
|¿�Y{ Y� {Ây {�§ Ä] ��vÀ»  .Êe�ÁZn» É�eY�f�Y µZj» �Â�]  �Ìz�e �{  �{ LÊ� ZË ¥|Å  Ã�ZÀ¯ ZÅ�´�u ®Ë{�¿ Á ZÅ

¸¼�° {�Y{ ��Á �{ �Ìz�e Ä] d^�¿ É�f]Â¸�» {�.  ¶Ì·{ Ä] Êe�ÁZn» É�eY�f�YÃ{Z� �Y�§Y dz� Á ÓZ] d«{ ¾f�Y{  �e
 

1 Phantom 
2 Magnetic resonance imaging 
3 Electrical impedance tomography 
4 Magnetic induction tomography 
5 Electrical capacitance tomography 
6 Sensing or drive strategy 
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  ÄmÂe {�Â» .d�Y      Á  �ËÂ¿ Ä]  µZÀ´Ì� w�¿  ½{Â] ¾ÌËZa É�eY�f�Y  ¾ËY  Ã|¼� ¶°�»®Ì»ZÀË{  ÄÀ»Y{  ¾ÌËZa  ¶Ì�¿ZfaÉZÅ  
Ê°Ë�f°·Y  d�Y É��»  ]14[.  ¥Y|ÅY �{ ¾ËY�]ZÀ]  ±��]    Ä�ËZ¬» ÄÀÌ»� �{ ÊeZ¬Ì¬ve .{�Y|¿ Ê^�ZÀ» {�°¸¼�É�eY�f�YÉZÅ  

  .d�Y Ã|� ¹Zn¿Y dWY�« Á ªË��e ¦¸fz»½Y�Z°¼Å Á Á�  ]21  [°¸¼�  Ä¿Z»Z� {�EIT  ÄËÁY� Ä¸�Z§ Ä� �{ Y�  ÉY22  ,158   Á
180  Äm�{  ÄÌ^� �Ìv» �{ ªË��e ÉZÅ{Á�f°·Y d¨m ¾Ì]|¿{�¯ Ê���] ,Ã|� É�Z� �{ Ä¯ {Y{ ½Z�¿ ZÆ¿M ªÌ¬ve lËZf¿ .

  ÄËÁY� Ä¸�Z§  ,É�eY�f�Y Ä� ¾ËY  ½ZÌ»158    .d�Y {�°¸¼� ¾Ë�fÆ] ÉY�Y{ ½ZË�m ªË��e {Á�f°·Y  d¨m ¾Ì] Äm�{  Á Y�]
ÊmY�Z³Z¿  ]1[  d§Z] �Ìz�e �{ Y� ¶]Z¬f» Á Êe�ÁZn» É�eY�f�Y Á{ {�°¸¼� Y� ¡�» ¹Âf¿Z§  �{ Ê]�q Á ½YÂzf�Y ÉZÅ

Y{ �Y�« Ê���] {�Â».|¿{   {�°¸¼� Z»Y {�Y{ Y� ��¿ {�Â» ¥|Å �Ìz�e dÌ¸]Z« Â´·Y Á{�Å Ä¯ {Y{ ½Z�¿ ZÆ¿M Ê���] lËZf¿
[Â¸�» ¶]Z¬f» É�eY�f�Y.d�Y �e ½Y�Z°¼Å Á Â�Á� ]11 [ �Z�§ ÉZÅ�´�u ÉÁ� �] Y� ¦¸fz» É�eY�f�Y Ä� {�°¸¼�  {�Â»

  .|¿{Y{ �Y�« Ê���]¶Ì�¿Zfa dÌ¨Ì  ̄Z] �^e�» ÉZÅ�f»Y�Za ZÆ¿MÉZÅ  °·YÊ°Ë�f   Ê���] {�Â» Y� Ã|� É�Z��Z] �ËÂ�e Á É��»
Ä  ̄{Y{ ½Z�¿ ªÌ¬ve ¾ËY lËZf¿ .|¿{Y{ �Y�«   Ê°Ì»ZÀË{ ÄÀ»Y{ Á {�Y{ É�f¼  ̄¶¼ve �ËÂ¿ �]Y�] �{ Êe�ÁZn» É�eY�f�Y Äq�³Y

¶Ì�¿ZfaÊ»  ÄWY�Y  É�fÆ]  {�°¸¼�  {�Y{  �Y�«  ZÅ{Á�f°·Y  Ê°Ë{�¿  �{  LÊ�  Ä¯  Ê»Z´ÀÅ  Z»Y  ,d�Y  �f¼¯  ½M  ÉZÅ|Å{ .
Á �Àe�Z´ÀËZÅ    ½Y�Z°¼Å]2  [ {�°¸¼�    ®Ë  É�eY�f�Y¹Z¿ Ä] É�Z°f]Y  Ã�Zf� ÉÂ´·YÃ�¨u �Ìz�e ÉY�] Y� ÉY cZv¨� ÉZÅ

  {�Â» ¾]�¯ É�¼Ì¸aÃ�Zf� ÉÂ´·Y .|¿{Y{ �Y�« Ê���] Ã{Z¨f�Y ½ZË�m ªË��e ÉY�] ZÅ{Á�f°·Y Ê·Z¼fuY \Ì¯�e �Å �Y ÉY
Ê»  ºf�Ì� ®Ë ÉY�] .|À¯EIT    Z]16    ,{Á�f°·Y240  ·Zu  �¬§ dd�Y �Ë~a ½Z°»Y ½ZË�m ªË��e ÉY�] Ê���] ¾ËY lËZf¿ .

Ã�¨u Ä¯ {Y{ ½Z�¿  ��« Z] ÊËZÅ10  Ê¸Ì»Ê» Ã{Y{ �Ìz�e Êf��{ Ä] É�f»Y| e �ËY�§Y ¶Ì·{ Ä] Z»Y |¿Â� {    ZÅ dWY�«
Ê» ¥�� É{ZË� ½Z»�  .d�Y Ã|ÀÀ¯ {Á|v» ¶»Z� ¾ËÔ¿M ÉZÅ{�]�Z¯ �{ Ä¯ {Â� 

½Z¼Å |Àq µZÌ� cZÌ�Â�y ¾ÌÌ e Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe Ã|¼� ÉZÅ{�]�Z¯ �Y Ê°Ë |� Ã�Z�Y Ä¯ Ä¿Â³
Ä·Â· Á ½�Zz» �{ É�Z§.d�Y ZÅ    Á ÊÅZ´�ËZ»�M {Z ]Y �{ Ã|� ¹Zn¿Y cZ¬Ì¬ve��« Z]  ¹Âf¿Z§    {Á|u ®qÂ¯cm20   �{ Á

a  ÊËZ¿Z��  ¾ÌËZ1-ms.cm2   .d�Y    ¶Ì·{ Ä] Êe�ÁZn»  ÉÂ´·Y  |À¿Z» ¹Â��» ÉÂ´·Y  ½{Â]  º¯¶Ì�¿Zfa  ®Ì»ZÀË{ ÄÀ»Y{ ÉZÅ  
Ê°Ë�f°·Y  É��»   {�Y|¿ Y� ZÅ�´�u �Y \�ZÀ» x�Za ¾Ì»Ze dÌ¸]Z«.    ¾ËY�]ZÀ]  ,ªÌ¬ve ¾ËY ¹Zn¿Y �Y ¥|Å É�eY�f�Y ÄWY�Y  

¶Ì�¿Zfa dWY�« É�Z°f]Y  É��» Ê°Ë�f°·Y ÉZÅ½M {�°¸¼� Ê]ZË��Y Á    �{�Ìv»Á {ZË� ��« Z] ÉZÅ    Zf^�¿ ÊËZ¿Z��  {ZË� .d�Y 
  Ä¿Z»Z� Y|f]Y �ÅÁ�a ¾ËY �{EIT  ¶Ì�¿Zfa ¥ÔfyY dWY�« Á ½ZË�m ªË��e ÉY�] \�ZÀ»  Ê°Ë�f°·Y   Ã|� ÄfyZ� Á ÊuY��

  �b� Á É�eY�f�Y Ã{ZÌa ½M �{ ��¿ {�Â» É�Z°f]Y ÉZÅ�f»Y�Za ,��¿ {�Â» É�eY�f�Y {�°¸¼� Ê]ZË��Y �Â�À» Ä] .|� É�Z�
¶Ì�¿Zfa ¥ÔfyY dÌ¨Ì¯ Z] \e�»ZÅÊ°Ë�f°·Y É  ÁÊ» �Y�« Ê���] {�Â» Ã|� É�Z��Z] �ËÂ�e.{�Ì³  

  
�Á� Á {YÂ»ZÅ  

 {�°¸¼� Ê]ZË��Y �Â�À» Ä] Ä¿Z»Z/�  EIT   ¹Z¿ Z] Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe Ä¿Z»Z/� ,��¿ {�Â» É�eY�f/�Y �{ Ä¿Z»Z/�
[Á�ËÓ  �ZË�Ì/�] )1BDSS(   ¿ZË�{ Á �{ZÀ] ½Z»�Z/� ��Z¨/� Ä] {�Â�ËZa ¥|Å Z] É  ¾ËÔ¿M Ä·Â· �Y É�Â^� �Z]  Êf/�¯ ÉZÅ

 ,[Á�ËÓ.|� ÄfyZ� Á ÊuY�� ½Y�Æe ÃZ´�¿Y{ ®Ì¿Á�eZ°» ÃZ³�Z¯ �{ ¾ËY  Ä¿Z»Z�EIT �Y �z] Ä� ÉY�Y{:d�Y Ê¸  
• ZÅ�´/�u ¶»Z/� ZÅ�´/�u :16  Ã�ËY{ ��¬» Z] {Á�f°·Y ��« Ä] ÉYmm60  ®Ë ½Â»Y�Ìa Ä¯ |Àf/�Å Ä¿YÂf/�YÉY   Ä]

 ��«mm610  Ã|/� \/�¿|¿Y   ¶°/�)1(. Ê]Á�ËÓ cZÌ¸¼� �ËZa �Â�À» Ä],  ¾ËYÄ·Â· �Â�y ¾Ì] �{ ¹�¨f¸aÉZÅ 
Êf�¯   [Á�ËÓÊ» \�¿ {Â�.  

 
1 Basir dredge support system 
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٤ 
 

•  ¶Ì/�ve Ä¿Z»Z/�) Ã{Y{DAS1  :(�Å ¾Ì] d]Zi ½ZË�m µZÀ´Ì/� pÌWÂ/� Á µZ/��Y ,¾Ì»Ze Ä¨Ì�Á �Y ®Ë  {Á�f°·Y d¨m
 ��Y{�a �z] ÉY�] µZ//��Y Á Z/Å{Á�f°·Y �Y Êf§Z/Ë�{ µZ/À´Ì//� d/ËÂ¬e Á �f¸Ì§ ,d/§Z/Ë�{ ¾ÌÀr¼Å Á Ã|/Æ��] Y�

 {�Y{   ¶°�)1(.  
•  ºfË�Â´·YÉ�Z/��Z]  �ËÂ/�e: cZ�Ô�Y kY�zf/�Y �Y �a  ºfË�Â´·Y �/�Âe ,Ã|¿�Ì³ ÉZÅ{Á�f°·Y �Y Êf§ZË�{ µZÀ´Ì/�

É�Z��Z]  Ã|»M d�|] cZ�Ô�Y �Y �ËÂ�e�ËÂ�e ÉY�]É�Z� Ê» Ã{Z¨f�Y ��¿ {�Â» �Ìv» ��¬» �Y.{Â�  
¶°/� �{-1  Ä¿Z»Z/� ¹Y�³ZË{ ­Â¸] ,EIT Ã|� ÄfyZ�  Ã|� \�¿ ½M ÉÁ� �] ZÅ�´�u Ä¯ Ê»�¨f¸a ¾ÌÀr¼Å Á¿ |¿Y ½Z�

.d/�Y Ã|/� Ã{Y{  �Â/� [M �ÅÁ�a ¾ËY �{ �ËZ» �Z§] w�¿ Z1-gr.lit5/12  NaCl ½Y�Ì» ¾ËY) d/�Y  É�Â/�  ÉZ»{ �{Co 25 
µ{Z »   ÊËZ¿Z/��1-ms.cm18    Ê]ZË��Y ÉY�] .(d/�Y¶Ì/�¿Zfa ¥ÔfyY dWY�« Á ½ZË�m ªË��e É�eY�f/�Y ÉZÅÊ°Ë�f°·Y Ì]¾ 

É��] |»Zm �Z§ ,ZÅ{Á�f°·Y �{ ª¸ » �Â� Ä] Ä¯ d�Y cÁZ¨f» {Z ]Y Z] Ê°Ìf�Ôa ÉZÅ �ËZ» �Z§  Ã{Y{ �Y�« ZÅ�´�u Â¸m �{
Ê».|¿Â�  

  

         
 ¶°� 1( �z]  Ä¿Z»Z� ¦¸fz» ÉZÅEIT  Ã|� \�¿ ½M�] ZÅ�´�u Ä¯ Ê»�¨f¸a Á Ã|� ÄfyZ�|¿Y  

  

�//� ®e É�eY�f//�Y ¹Z¿ Z] É�Z°f]Y É�eY�f//�Y ,Ã|¿�Ì³ ÉZÅ{Á�f°·Y �{ dWY�« Á ªË��e É�eY�f//�Y  ¾ËY �{ .d//�Y
�{ ªË��e ÉÂ´·Y Ä]Z/�» ½ZË�m ªË��e ÉÂ´·Y ,É�eY�f/�Y  .d/�Y Êe�ÁZn» É�eY�f/�Y  ¶Ì/�¿Zfa ¥ÔfyY dWY�« ÉÂ´·YZÅ Z] ,

d/�Y d]Zi dWY�« Á ªË��e ¶uY�» ¹Z¼e �{ Ä¯ �m�» {Á�f°·Y ®Ë ¾f§�³ ��¿ �{  Ê» ¹Zn¿Y¶°/� .{Â/�-2  �Y Ê°ÌeZ¼/�
 dWY�« Á ½ZË�m ªË��e ÃÂv¿¥ÔfyY  Å ¶Ì//�¿ZfaÊ» ½Z//�¿ Y� Z .|Å{  ��¿ {�Â» ÉÂ´·Y  Z] Ä�Â¼n» ®Ë �{16  {Á�f°·Y Ä]

ÉZÅ{Á�f°·Y �//�Âe ,ªË��e µÁY Ä¸u�» �{ Ä¯ d//�Y c�Â//� ¾ËY  16-1Ê» ªË��e ¹Âf¿Z§ Ä] ½ZË�m , Á {Â//� ¥ÔfyY
¶/Ì//�¿Z/fa  Ê°Ë�f°·Y   {Á�f°·Y ¾f§�³ ��¿ �{ Z] ZÅ{Á�f°·Y �ËZ//� �Y10 Ã�Y|¿Y ­�f//�» ZË �m�» {Á�f°·Y ½YÂÀ� Ä]  É�Ì³

Ê»yY Ä¯ c�Â� ¾ËY Ä] .{Â�  ÉZÅ{Á�f°·Y �Y ¶Ì�¿Zfa ¥Ôf2-10  ,3-10  ,4-10  ,5-10  ....15-10  Ã�Y|¿YÊ» É�Ì³ {Â�
 ¶°//�)a2,¹Á{ Ä¸u�» �{ .( �//�Âe    {Á�f°·Y1-2 ÉZÅ{Á�f°·Y d¨m Á Äf§�³ c�Â//� ½ZË�m ªË��e ,3-10  ,4-10  ,5-

 
1 Data acquisition system 
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10.... 15-10 Ê» dWY�«) {Â/� ¶°/�b2.(  Á ªË��e Ä¸u�» ¾Ë�yM Ze \Ìe�e ¾Ì¼Å Ä]Ã�Y|¿YÊ» Y�mY É�Ì³.{Â/�  ¾ËY �{
 É�eY�f�Y Z] ¥~udWY�« ,É�Y�°e ÉZÅ �Â¼n» �{99  ¶¬f�» dWY�« d�{ Ä]Ê»|ËM.  

  
  
  
  
  
  

 

  
  

 ¶°�2 ¶Ì�¿Zfa ¥ÔfyY dWY�« Á ½ZË�m ªË��e ÃÂv¿ ( ®e É�eY�f�Y �{ ZÅ ��  
  

 cZÌ/�Â/�y kY�zf/�Y Á �ËÂ/�e É�Z/��Z] ¥|Å Ê°Ë�f°·Y �¿Y|b»Y Ê§Y�³Â»Âe �{Ê°Ë�f°·Y Ê°Ë�f°·Y ÊËZ¿Z/�� ½Âq 
 ��¬» ¶¯ �Y¶Ì/�¿Zfa �/�Âe �Ìv» º¯Zu Ä·{Z » .d/�Y Ã|»M d/�|] É��» ÉZÅ�ËÂ/�e É�Z/��Z] Ä¸X/�» �]  Ä] ¥Á� » Ä¯

 ª]Z�» d�Y ½Â�YÂa Ä·{Z » Ä�]Y�)1d�Y ( ]4:[  
.׏                                                     ሺߪ. ሻ∅׏ ൌ 0                 )1       (                                               

�{ É��» �ËY�� Ä¯ ) Ä�]Y�2( d�Y Ã|� ½ZÌ]:  

ߪ డ∅
డ௡

ൌ ܬ                                  d^j» ½ZË�m ÉZÅ{Á�f°·Y �{        

ߪ డ∅
డ௡

ൌ െܬ  )2 {                         (Ê¨À» ½ZË�m ÉZÅ{Á�f°·Y �        

ߪ                                                       డ∅
డ௡

ൌ 0 ��» ÉÁ� �Z¬¿ �ËZ�         
∅ ,Ê°Ë�f°·Y ¶Ì�¿Zfa : J  ,½ZË�m Ê·Z´qߪÊ°Ë�f°·Y ÊËZ¿Z�� :  

 �Â° » Á ºÌ¬f//�» ¶/u �Y Ä/̧X//�» ¾ËY ¶/u ÉY�]Ê» Ã{Z/̈f//�Y  .{Â//� É{Y|/ e Ä/] ��¿ {�Â» ��¬» ,µÁY Ä/̧u�» �{
½Z¼·YÊ» ºÌ/�¬e �z/�» ÉZÅZ] Á {Â/�   �Y Ã{Z¨f/�YFEM1 ,ÊËZ¿Z/�� ¾f/�Y{ Z]¶Ì/�¿Zfa ,¹Â¸ » ÉZÅÃ�³ ÉZÅ ¾ÌÌ e ZÅ

Ê»Y Z] �Â° » ¶u �{ Á {Â/�¾eÂÌ¿ ºfË�Â´·Y �Y Ã{Z¨f/�-Äf§ZË {Â^Æ] �Â³ º�À» ÉÂ´·Y ÁÉ�Z/�2 NOSER , �Å ÊËZ¿Z/��

 
1 Finite element method 
2 Style regularization 
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٦ 
 

¶Ì/�¿Zfa �/�Âe ½Z¼·YÊ» Ä^/�Zv» É��» ÉZÅ.{Â/�   �{ �ËÂ/�e É�Z/��Z] Á �Â° » Á ºÌ¬f/�» ¶u ¶uY�» ÄÌ¸¯  Äf/�Â¿ Ä»Z¿�]
�{ Ã|/�  C#.Net ¶°/� �{ .|/� ¹Zn¿Y-3 �» ÃÂv¿.d/�Y Ã|/� Ã{Y{ ½Z/�¿ ��¿ {�Â» ��¬» É|À]   ��¬» ,�» ¾ËY �{

Ã�ËY{ ÉYÄ·Â·  Ä] ,576  ÉY�Y{ Á Ã|/� ºÌ/�¬e ½Z¼·Y313    .d/�Y Ã�³½Z¼·Y {Y| e �ËY�§Y Z]  Ã|/� É�Z/��Z] �ËÂ/�e d«{ ZÅ
 {�]�Z¯ �{ Z»Y .{�¯ |ÅYÂy Y|Ìa �ËY�§Y  Äv·Z/�» |ËZ] ¾ËÔ¿M�ËÂ/�e É�Z/��Z] ½Z»� Á d«{ ¾Ì] ÉY  ¾Ì¼Å �] {Â/� �Y�«�]

½Z¼·Y {Y| e ,�Z�Y Z] �]Y�] ZÅ576 .|� Äf§�³ ��¿ �{ ½Z¼·Y  

  
 ¶°� 3(  �» ÃÂv¿ ��¿ {�Â» ¹Âf¿Z§ ��¬» É|À]  

  
ÃÂv¿   Ä¿Z»Z//� {�°¸¼� Ê]ZË��YEIT    É��] Ä//� Ä¯ {Â] \Ìe�e ¾ËY Ä] Ã|//� Ê§� » �nÀ//� ÉÂ´·Y Z] Ã|//� ÄfyZ//�

) ®/qÂ¯ {Z/ ]Y �{ Ê°Ìf//�Ôa  ��«cm5/8) �//�Âf» ,(  ��«cm16  ±��] Á ()  ��«cm30  (  �{  Ä/¬�À» Ä//�0x= ,5/0x=  Á
75/0x=    �{ \Ìe�e Ä]) Á �Z /� ¹Á{ ®Ë ,¹Âf¿Z§ �/�Á (ZÅ�´�u c�ÁZn» Ê���] {�Â» ¹Y�³Â»Âe �Zf§� Á Ã|� Ã{Y{ �Y�«

 .d§�³ �Y�«�{ Ê]ZË��Y  Y|f]Y ,��¿ {�Â» ÉÂ´·Y {�°¸¼�  ÉZÅY�f»Y�Za  ¶Ì/�¿Zfa dÌ¨Ì¯ÉZÅ Ê°Ë�f°·Y   Ê/���] {�Â» É��»
 �f»Y�Za ¶»Z//� ZÅ�f»Y�Za ¾ËY .d§�³ �Y�«  w�¿) �ËÂ¿ Ä] µZÀ´Ì//�1SNR(  ¶Ì//�¿Zfa cY�ÌÌ¤e Á) É��» ÉZÅBVC2 d//�Y (.  

Ã�Y|¿Y �{ d«{ Á µZÀ´Ì/� dÌ¨Ì¯ Ã|ÀÀ¯ ½ZÌ] �ËÂ¿ Ä] µZÀ´Ì/� w�¿ �f»Y�Za.d/�Y É�Ì³   Ä] µZÀ´Ì/� w�¿ Ä^/�Zv» �Â�À» Ä]
  �{ Ä/̄  Ê¿Z/»� ,�ËÂ¿  {�Â» �Ìv»Ê//���]À´¼ÅZ/¿ Ä/¿Â³ pÌÅ ,Ê    {�Y|/¿ {ÂmÁ ,(|/»Z/m �Z/§ ½Á|/])  ¥ÔfyY¶/Ì//�¿Z/fa ÉZ/Å  

Ê°Ë�f°·Y  Ê» dWY�« É��»Ä·{Z » ��Âe Á |¿Â� )3( Ê» Ä^�Zv» �ËÂ¿ Ä] µZÀ´Ì� w�¿ {Â� ]1[:  

ܴܵܰ஻௉ ൌ ݋20݈ ଵ݃଴
஻௉ಲೇೃ

ௌ஽ሾ௏ಳುሿ
         )3                             (  

AVRBP   ¾Ì´¿ZÌ» ¥ÔfyY ¶Ì�¿ZfaÉZÅ Ê°Ë�f°·Y   ,É��»]BPSD [V �ZÌ » ¥Y�v¿Y ¶Ì�¿ZfaÉZÅ Ê°Ë�f°·Y .d�Y É��» 

 
1 Signal-to-Noise Ratio 
2 Boundary Voltage Changes 
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٧ 
 

 �f»Y�ZaBVC   » ,�Ìz/�e dÌ¸]Z« ½ZÌ] ÉY�] É�ZÌ ¥|Å LÊ/�1 �{ É�eY�f/�Y  �nÀ/� d/�Y cY�ÌÌ¤e Ä^/�Zv» ÉY�] .
¶Ì/�¿Zfa  É��» ÉZÅÄ�]Y� ª^� )4 (¶Ì/�¿Zfa ¾Ì] ¥ÔfyY ¹�¿ �Yd·Zu Á{ �{ ZÅ{Á�f°·Y ÉZÅ ÊËZÆÀe Ä] �ËZ» �Z§ )ఙܸ଴(    Á

|»Zm �Z§ ÃY�¼Å Ä] �ËZ» �Z§ )ఙܸଵ( Ê» Ã{Z¨f�Y {Â�  ]11[.  

ܥܸܤ ൌ ‖ ఙܸଵ െ ఙܸ଴‖   )4                                   (  

�{  dÌ¨Ì¯ Ê/���] Ã�Y|¿Y ÉZ�y É�Z/��ËÂ/�e �f»Y�Za Á{ Ã|/� É�Z/��Z] �ËÂ/�e )SE Á ( {ZnËYÄ¬¸u )RNG(   {�Â»
  �Y�« Ê/���] Ê «YÁ Ã�Y|¿Y ¾Ì] ¥ÔfyY .d§�³Ê/�L ] Ã�Y|¿Y Á Ê/���] {�Â»Ä  Ä¿Z»Z/� �/�Âe Ã|»M d/�{EIT   ÉZ�y Y�

 Ã�Y|¿Y |ÀËÂ³Ä�]Y� �Y Á )5( Ê» Ä^�Zv» {Â� ]11:[  

ܧܵ ൌ ቚ஽ௌைିோௌை
஺಴ವ

ቚ  )5(                                     
 

Ä�]Y� �{  )5( ,DSO  �/�Âe Ã|/� Ä^/�Zv» Ã�Y|¿Y Ä¿Z»Z/� EIT ,RSO  ,Ê «YÁ Ã�Y|¿YCDA  ¶¯ duZ/�»¹Âf¿Z§  {�Â»Ê/���] 
d�Y Ê» Ä^�Zv» ¶�°Ìa \�u �] Ã|� É�Z��Z] �ËÂ�e �{ Ä¯ {Â�.  

  d///�Y ¾°¼» ,Ê°Ë�f°·Y �¿Y|/b»Y Ê§Y�³Â»Âe �{Ä/¬¸u  ÉY²/¿� Ê]M  (¥|/Å Ê//� ²/¿� ¦·Z/z»)    ¥|/Å ¥Y��Y
  {ZnËY Ã|/� É�Z/��Z]  {Â/� {Â/� [ZÀfmY ½M {ZnËY �Y |ËZ] ¾°¼» |u Ze Ä¯Ä�]Y� �{ �f»Y�Za ¾ËY Ä^/�Zv» ÃÂv¿ .  )6(  ½ZÌ]

d�Y Ã|�]11[:  
ܩܴܰ ൌ ஺಺ಿೇ

஺಴ವି஽ௌை
     )6                                          (  

  
Ä�]Y� �{  )6( INVA    ,Ã|/� {ZnËY Ä¬¸u duZ/�»CDA,Ê/���] {�Â» Ã�Âu duZ/�» DSO  duZ/�»Ã|/� ÊËZ/�ZÀ/� ¥|Å 

.d�Y  
  

hv] Á lËZf¿  
¶/°//�-4   ¶/Ì§Á�a ¥ÔfyY¶Ì//�¿Z/faÉZÅ Ê°Ë�f°·Y  É��»  ª^� Y� ZÅ{Á�f°·Y d¨m �Y Ã|//� dWY�«  É�Z°f]Y ÉÂ´·Y

®eÊ» ½Z�¿ ��.|Å{ ¶Ì�¿Zfa ®Ì»ZÀË{ ÄÀ»Y{®e ÉÂ´·Y É��» ÉZÅ �� {Á|u �{mV1600 d�Y .  

  
 

1 Target 
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٨ 
 

 ¶°�4 ¶Ì�¿Zfa ¥ÔfyY ¶Ì§Á�a ( É��» Ê°Ë�f°·Y ÉZÅÊe�ÁZn» ÉÂ´·Y �{- �� ®e  

  
Â´·Y ¾ËY �{ �ËÂ¿ Ä] µZÀ´Ì/� w�¿ ½Y�Ì»dB 05/1 .d/�Y Â´·Y ¾ËY �{ ÓZ] Zf^/�¿ É�Ë~a �ËÂ¿ Ã|ÀÅ{ ½Z/�¿ Ä¯ d/�Y    ÉY�]

¶°� �{ �f»Y�Za ¾ËY �fÆ] ­�{-5  Ä�ËZ¬»Ã{Y{ �Y Ã|� É�Z��Z] �ËÂ�e ¾Ì] ÉYÄÌ^� ÉZÅÉ�Z� Ã{Y{ ÁÉZÅ  ÊÅZ´�ËZ»�M  
Ã{Y{)  ÉZÅÊ «YÁ(  �/�Á �{ ¦¸fz» ÉZÅ��« Z] ¥|Å Ä¯ Ê¿Z»� ¹Âf¿Z§ .d/�Y Ã|/� Ã{Y{ ½Z/�¿ {�Y{ �Y�«    Ä¯ Ä¿Â³ ½Z¼Å

Ã{Y{ �Y ¶/�Zu ¹Y�³Â»Âe �{ÄÌ^/� ÉZÅÄÌ^/� �ËY�/� �{ É�Z°f]Y É�eY�f/�Y {�°¸¼� ,d/�Y �z/�» É�Z/� �ZÌ/�] É�Z/�
Â¸�»[   �{ tÌv//� ¶°//� Á Ã�Y|¿Y �{ Y� ��¿ {�Â» ¥|Å Ô»Z¯ Á d//�YÃ�Y|¿Y ] ¦¸fz» �{ Z»Y .d//�Y Ã{�¯ É�Z//��Z

Ã{Y{ �Y ¶/�Zu ¹Y�³Â»Âe ÉZÅ/� ¾ÌËZa w�¿ ¶Ì·{ Ä] ÊÅZ´/�ËZ»�MÌZÀ´µ    É�Z/��Z] Êf/��{ Ä] �ËÂ/�e �Y Ê/�z] ,�ËÂ¿ Ä]
.d/�Y Äf§�³ �Y�« �ËÂ¿ �ÌiZe dve Á Ã|/�¿    {Z ]Y ½|/� ®qÂ¯ Z] Z/�Â/�yÊ/�L  dÌ¨Ì¯ �Y Ã|/� ÄfyZ/� ¹Y�³Â»Âe ,¥|Å

.d/�Ì¿ �Y{�Ây�] Ê^/�ZÀ» µÁ|m �{-1 �Ë{Z¬» BVC   ®Ë�Å ÉY�] �Y�ËZ»�M �ËY�/� Ê/� ¦¸fz» Ã�Y|¿Y Z]L    �{ ¥|Å
.d/�Y Ã|/� Ã{Y{ ½Z/�¿ ¦¸fz» ÉZÅ dÌ «Â»  Äq�ÅBVC   |/�Z] �f/�Ì][Â¸�» Ä¿Z»Z/� {�°¸¼� ½Z/�¿ lËZf¿ .{Â] |ÅYÂy �e

®e É�eY�f/�Y Ä¯ Ã{Y{  É�f/�Ì] �Ë{Z¬» ÉY�Y{ ZÅ{Á�f°·Y c�ÁZn» �{ �/�BVC   Ä¿ZÌ» Ä] d^/�¿ ¹Âf¿Z§.d/�Y ��¿ {�Â»  
  �Y|¬» ¶«Y|uBVC  Z] �]Y�] �¯�» �{ ®qÂ¯ LÊ//� ÉY�]mV  63/77   �{ ¥|Å LÊ//� Ä¯ Ê»Z´ÀÅ �{ �j¯Y|u Á d//�Y

  Z] �]Y�] {�Y{ �Y�« ZÅ�ZÀ¯mV 9/787 Â´·Y Z] cZ¬Ì¬ve �ËZ//� �{ Ä¯ d//�Y Ê·Zu �{ ¾ËY .d//�Y ,Êe�ÁZn» É Á ¶«Y|u
Y|u¯�j BVC  Z]  d^�¿  Ä]Z�»�Ìv» ¶¯ Ä] ¥|Å LÊ� Ã�Y|¿Y\Ìe�e Ä] , mV 16 Á mV55  {Â] ]11 .[  

  

  
 ¶°� 5 Ã{Y{ �Y ¶�Zu ¹Y�³Â»Âe ( ÄÌ^� ÉZÅ Ã{Y{ Á É�Z�ÊÅZ´�ËZ»�M ÉZÅ  

  
 µÁ|m1( )�f»Y�ZamV(  BVC   ÉY�]  ¦¸fz» {Z ]Yº�m  cÁZ¨f» dÌ «Â» Ä� �{ ¥|Å  

   dÌ «Â»
Ê�L  ¥|Å  

   ¥|Å LÊ� {Z ]Y  
   ®qÂ¯    ��Âf»     ±��]  

0X=  63/77    85/234    38/594  
5/0X=   74/304    85/556    66/1220  

75/0X=   90/787    32/1252    30/1503  
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¶°/� �{-6  ÉÂ´·Y dve Ã|/� ÄfyZ/� ¹Y�³Â»Âe  dWY�« Á Êe�ÁZn» ªË��e  LÊ/� ¦¸fz» dÌ «Â» Ä/� ÉY�] �/� ®e

 ¥|ÅÃ�Y|¿Y �{.d/�Y Ã|/� Ã{Y{ ½Z/�¿ ±��] Á �/�Âf» ,®qÂ¯ ÉZÅ  d/�Y �z/�» Är¿M    É�eY�f/�Y cÂ« �Z¬¿ �Y Á
®/e É�Z/°f]Y,{�Y{ {ÂmÁ �//�  d/Ì «Â» Á ¥|/Å º//�m Ã�Y|/¿Y �{ ¥ÔfyY �Ìz//�e d/Ì¸]Z/«d//�Y ¦¸fz» ÉZ/Å  . �{

É�eY�f//�Y ËZa ¶Ì·{ Ä] Êe�ÁZn» ªË��e Z] ÉZÅ¶Ì//�¿Zfa ®Ì»ZÀË{ ÄÀ»Y{ ½{Â] ¾Ì �¯�» �{ ¥|Å �Ìz//�e ,É��» ÉZÅ
Y Z] ¶/�Zu É�eY�f/�Y �{ Z»Y d/�Y ­|¿Y �ZÌ/�]Ê» dWY�« ÉÂ´·Y sÔ/��ZÀ¯ �Ìz/�e �] ÃÁÔ� ½YÂe Ã  �ËÂ/�e ,¹Âf¿Z§ ÉZÅ

 �{ Äf^·Y .{�¯ É�Z/��Z] �Ì¿ Y� �¯�» �{Ê/�L   .d/�Y �f/�Ì] �ËÂ/�e É�Z/��Z] �{ Z�y ,�f°qÂ¯ {Z ]Y Z] ¥|Å Ê/���] ÉY�]
µÁ|m �{ Ã|/� É�Z/��Z] �ËÁZ/�e Ê¼¯-2  Á Ã�Y|¿Y ÉZ�y ÉZÅ�f»Y�Za,Ã|/� {ZnËY Ä¬¸u .d/�Y Ã|/� Ã{Y{ ½Z/�¿  ª^� 

µÁ|m-2 Á{ ÉY�] , LÊ/�  ½|/� ®Ë{�¿ Z] ,±��] Á �/�Âf» ¥|ÅÊ/�L Ä] ¥|Å �ÁZn»c ZÅ{Á�f°·Y ½Y�Ì» ,SE  �ÅZ¯
»ÊZ] ±��] É��] Ä] �Â]�» Ã�Y|¿Y ÉZ�y ¾Ë�f/�Ì] .|]ZË   %6/4 SE=   .d/�Y dÌ «Â» �{ Ä¯ Ê¿Z»� ®qÂ¯ É��] ÉY�]
5/0x=   Ã�Y|¿Y ÉZ�y ½Y�Ì» ¾Ë�f¼¯ ,{�Y{ �Y�«Ä]Ê» d/�{|ËMÊ/���] lËZf¿ . {Y{ ½Z/�¿ ZÅ   dÌ «Â» �{0x=  �ËÂ/�e {Z ]Y

®qÂ¯ ¥|Å LÊ/� �Y Ã|/� É�Z/��Z]  dÌ «Â» �{ ¥|Å LÊ/� Ä¯ Ê�ËY�/� �{ Z»Y .d/�Y Ê «YÁ {Z ]Y �Y �e5/0x=  �Y�«
±��] Ã|� É�Z��Z] �ËÂ�e {Z ]Y ,LÊ� Ã�Y|¿Y Ä� �Å �{ {�Y{.d�Y Ê «YÁ {Z ]Y �Y �e  
  

  
 ¶°�6( dÌ «Â» �{ Á ¦¸fz» Ã�Y|¿Y Z] ¥|Å ÉY�] Ã|� É�Z��Z] �ËÂ�e¦¸fz» ÉZÅ  

  
  µÁ|m �{-2 Ä¬¸u �f»Y�Za  .d/�Y Ã|/� Ã{Y{ ½Z/�¿ ¥|Å LÊ/� Ã�Y|¿Y Ä/� Á dÌ «Â» Ä/� ÉY�] Ã|/� {ZnËY Ä¯ Ê¿Z»�

  dÌ «Â» �{ Á �¯�» �{ ¥|Å LÊ/�5/0x=   ½|/� ®Ë{�¿ Z] Á d/�Y ­|¿Y �ZÌ/�] Ã|/� {ZnËY Ê]M Ä¬¸u Z^Ë�¬e {�Y{ �Y�«
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  Ä] ¥|ÅÃ�ZÀ¯Ê» �ËY�§Y Ã|/� {ZnËY Ä¬¸u É|u Ze ,½ZË�m �Â^� �Ì/�» ½{�¯ {Á|/�» Á ZÅ� Ä] |]ZËÂ� Ä¯ É �Å ÉY�]
Ä¬¸u ½Y�Ì» ¾Ë�f/�Ì] ,±��] Á �/�Âf» ®qÂ¯ Ã�Y|¿Y Ä/�  c�ÁZn» �{ Ã|/� {ZnËY ÉZÅ  �Â¼n» �{ Z»Y .d/�Y ZÅ{Á�f°·Y

É�eY�f/�Y �ËZ/� Z] Ä/�ËZ¬» �{ É�eY�f/�Y ¾ËY �{ Ã|/� {ZnËY Ä¬¸u ½Y�Ì».d/�Y ­|¿Y ZÅ  ]Ä Á Â/�Á� Ê/���] �{ Ä¯ É�Â�
½Y�Z°¼Å ]11[  ½Y�Ì» {ZnËY Ã{Á|v» �{ ¶]Z¬f» Á Êe�ÁZn» É�eY�f�Y ÉY�] Ä¬¸u29/0  Ze36/0 .d�Y{ �Y�« 

 
 
 
  

µÁ|m2(  e dÌ¨Ì¯ ÉZÅ�f»Y�Za®e ÉÂ´·Y Ê]ZË��Y ÉY�] �ËÂ�- ¥|Å LÊ� Ã�Y|¿Y Ä� Á dÌ «Â» Ä� �{ ��  

�f»Y�Za   dÌ «Â»  
 ¥|Å LÊ� {Z ]Y  

 ®qÂ¯     ��Âf»     ±��]  

 É
Z�y
 Ã�Y|¿Y

 (%)
  0X= 91/0    5/1    6/4  

5/0X= 16/0    29/0    5/2  
75/0X= 41/0    37/0    05/2  

  {ZnËY Ä¬¸u
Ã|�

  0X= 0    001/0    008/0  
5/0X= 007/0    001/0    002/0  

75/0X= 040/0    025/0    011/0  

  
ÄnÌf¿É�Ì³  

�¿Y|/b»Y Ê§Y�³Â»Âe Ä¿Z»Z//� Ê]ZË��Y ,|//� ¹Z/n¿Y Ä/ ·Z/�» ¾ËY �{ Ä/r¿M   Á ±��] {Z/ ]Y Z] ÉZÅ �Ìv» Ã�ËÁ Ê°Ë�f°·Y
 É�Z°f]Y É�eY�f//�Y ®Ë dved//�Y ¾ËÔ¿M �ËY�//� �{  ,É�eY�f//�Y ¾ËY �{  .¶Ì//�¿Zfa ¾ÌËZa ÄÀ»Y{ ½Y�^m ÉY�]ÉZÅ 

Ê°Ë�f°·Y  ¶Ì/�¿Zfa dWY�« ÉY�] É��»®e É�Z°f]Y ÉÂ´·Y �Y ,ZÅ  �/�¶Ì/�¿Zfa {Y| e Â ·́Y ¾ËY �{ .|/� Ã{Z¨f/�Y É��» ÉZÅ
 ¶¬f/�»99   {|� .{Â]�ÅÁ�a ¾ËY �{  ÉY�] Ã|/� É�Z/��Z] �ËÂ/�e dÌ¨Ì¯  LÊ/�  ,®qÂ¯ ¦¸fz» Ã�Y|¿Y Ä/� Z] ¥|Å

  dÌ «Â» Ä//� �{ Á ±��] Á �//�Âf»0x= ,5/0x=  Á 75/0x= d§�³ �Y�« Ê//���] {�Â» . Â´·Y ¾ËY Ä¯ {Y{ ½Z//�¿ lËZf¿
  LÊ//� Ã�Y|¿Y ®Ì°¨e Á �Ìz//�e dÌ¸]Z«�{ dÌ «Â»Y{ Y� ¦¸fz» ÉZÅ {� .  lËZf¿ ¶Ì//�Zfa Z] �^e�» �f»Y�Za Á{ Ê]ZË��Y

 Ä¯ {Y{ ½Z//�¿ É��» Ê°Ë�f°·YSNR  Z] �]Y�] Ä�Â]�» ÉÂ´·Y ÉY�]  dB 05/1   Á¶«Y|u  BVC   Z] �]Y�] ®qÂ¯ º//�m ÉY�]
mV77  �j¯Y|u ÁBVC   Z] �]Y�] ±��] º/�m ÉY�]mV  1503  .{Â] f/�Ì]�¾Ë  �f»Y�ZaSE   Ã�Y|¿Y Ä/��Å ÉY�] dÌ «Â» �{

0x=  {Â] Á Ê» �ÅZ/̄  Ã�Y|/¿Y Ä//� �Å �{ Ã�Y|/¿Y ÉZ/�y Z/Å Ã�Z/À¯ Ä/] ½|//� ®/Ë{�¿ Z/]Ä/¬¸u �f»Y�Z/a Ê]Z/Ë��Y .|/]Z/Ë   {Z/nËY
Ä¬¸u Ä¯ Ã{Y{ ½Z/�¿ É�eY�f/�Y ¾ËY �{ Ã|/� �Â� Ä] Ê]M ÉZÅÊÀ »Ê¼¿ {ZnËY É�eY�f/�Y ¾ËY �{ É�Y{ �Z¬¿ �Y Á |¿Â/�
Ê» dËZÆ¿ �{ .d//�Y É�eY�f//�Y ¾ËY cÂ« �ËZ//� Z] Ä//�ËZ¬» Z] ½YÂeÉ�eY�f//�Y  �Â¿ �Y ½M ½ZË�m ªË��e ÉÂ´·Y Ä¯ ZÅ

.d�Y �Y{�Ây�] Ê]Â¸�» {�°¸¼� �Y É�eY�f�Y ¾ËY ,d�Y Êe�ÁZn»  
  

Ê¿Y{�|« Á �°�e  
  ½Z»�Z//� ��Z¨//� Ä] �ÅÁ�a ¾ËYÉ{�Â¿ZË�{ Á �{ZÀ]  Á Ê//�ÅÁ�a s��-Ã�Z¼//� Ä] É{�]�Z¯  20  /�3528    Y�mY Ä]

 �Y Ä¸Ì�Á ¾Ë|] Ä¯ |»M�{c|�Z�»  .|ËM Ê» ¶¼� Ä] Ê¿Y{�|« Á �°�e ½Z�ËY  
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Abstract 

Electrical impedance tomography (EIT) is a non-invasive image reconstruction technique that 
measures the properties of multiphase fluids such as particle distribution, mass and volume 
concentration by injecting an electric current into a set of electrodes and reading the difference in 
electrical potentials from the electrodes.  The strategy of current injection and signal measurement 
from the electrodes has an important role in the image reconstruction quality and measurement 
accuracy.I  n large phantom with high-conductivity, conventional strategies such as adjacent are not 
able to measure the signal with suitable quality. Therefore, the purpose of this study is to construct 
and evaluate the EIT system under an innovative strategy for online determination of particle 
distribution and concentration of solid-liquid fluid in relatively large phantoms. The sensors of this 
instrument consist of 16 circular electrodes that are embedded around the vertical cylindrical 
container. The liquid phase was water with known conductivity and the solid phase was the bottle in 
different sizes and in three different situations the performance of the system was evaluated. The 
results showed that the innovative strategy has the ability to recognize and differentiate the target in 
different dimensions and different positions. The two-parameter signal rate to noise and boundary 
potential changes were calculated and the results showed that the sensitivity to the sides and near the 
electrodes was higher than the sensitivity to the middle. Size error parameter decreases in the target 
of medium and large size, in positions close to the electrodes. In the three sizes of the target, the 
ringing has no negative effect on the reconstructed image quality.

 
 
Key words: Sensing strategy, Imaging, Electrical impedance tomography, Particle distribution, 
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