
2SWLPL]LQJ�/RJ�3HULRGLF�'LSROH�$UUD\�IRU�)UDFWDO�0XOWLEDQG�$QWHQQD�'HVLJQV
6DLG�(��(O�.KDP\DQG�0RKDE�$��0DQJRXG����0RKDPHG�$��$ERXO�'DKDE����$PLUD�,��=DNL��

�'HSW��RI�(OHFW��(QJ���)DF��RI�(QJ���$OH[DQGULD�8QLYHUVLW\��$OH[DQGULD��������(J\SW��H�PDLO� HONKDP\#LHHH�RUJ�'HSW��RI�(OHFWURQLFV�	�&RPP���&ROOHJH�RI�(QJLQHHULQJ��$$67��$OH[DQGULD�������(J\SW�H�PDLO��PDQJRXG#LHHH�RUJ��PGDKDE#LHHH�RUJ��DP]DNL#DDVW�HGX
$EVWUDFW � 5HFHQWO\��*HQHWLF�$OJRULWKP��0HWKRG�RI�0RPHQWV��*$�0R0��WHFKQLTXH�LV�XVHG�DV�DQ�HIILFLHQW�RSWLPL]DWLRQ�WRRO�IRU�PDQ\�DQWHQQD�GHVLJQ�SUREOHPV��,Q�WKLV�SDSHU��D�*$�0R0�FRGH�LV�GHYHORSHG�DQG�XVHG�IRU�FRPSUHVVLQJ�WKH�VL]H�RI�WKH� ZLGHEDQG� /RJ�3HULRGLF� 'LSROH� $UUD\� �/3'$��� 7KH� QXPHULFDO� VLPXODWLRQV� SURYH� WKDW� WKH� RSWLPL]HG� /3'$� ZLWK�FRPSUHVVHG�GLPHQVLRQV�KDV�QHDUO\� WKH�VDPH�FKDUDFWHULVWLFV�RI� WKH�SUHYLRXVO\�SXEOLVKHG�GHVLJQV��7KH�RSWLPL]HG�/3'$�LV�WKHQ�DSSOLHG�WR�D�&DQWRU�IUDFWDO�DUUD\�GHVLJQ�DQG�D�PXOWLEDQG�EHKDYLRU�LV�REWDLQHG�VXFFHVVIXOO\�,� ,1752'8&7,21
/RJ�SHULRGLF�DQWHQQD��/3��LV�D�ZLGHEDQG�DQWHQQD�WKDW�LV�QRW�DIIHFWHG�E\�WKH�FKDQJH�LQ�IUHTXHQFLHV�ZLWKLQ�WKH�RSHUDWLRQ�EDQG��2QH�RI�WKH�ZLGHO\�XVHG�/3�DQWHQQDV�LQ�PRGHUQ�FRPPXQLFDWLRQ�V\VWHPV�LV�WKH�/RJ�3HULRGLF�'LSROH�$QWHQQD��/3'$��>�@��,WV�FKDUDFWHULVWLFV�UHPDLQ�QHDUO\�FRQVWDQW�DQG�LW�UDGLDWHV�ZLWK�KLJK�JDLQ�DW�IUHTXHQFLHV�ZLWKLQ�WKH�RSHUDWLQJ�EDQG��/3'$�FRQVLVWV�RI�DQ�DUUD\�RI�GLSROHV�LQ�ZKLFK�WKHUH�OHQJWKV�DQG�VSDFLQJV�DUH�DUUDQJHG�LQ�D�ORJ�SHULRGLF�PDQQHU��7KH�DQWHQQD�LV�IHG�E\�D�EDODQFHG�WZR�SKDVH�UHYHUVDO�WUDQVPLVVLRQ�OLQHV�WKDW�DUH�WUDQVSRVHG�EHWZHHQ�HDFK�DGMDFHQW�SDLU�RI�GLSROHV��/3'$�KDV�EHHQ�XVHG�LQ�PDQ\�DSSOLFDWLRQV��5HFHQWO\��LW�KDV�EHHQ�LQWURGXFHG�DV�HOHPHQWV�IRU�PXOWLEDQG�FDQWRU�DUUD\�>�@��,W�KDV�WKH�DGYDQWDJH�RI�UDGLDWLQJ�DW�GLIIHUHQW�IUHTXHQF\�EDQGV�ZLWK�WKH�VDPH�6/5��LQ�DGGLWLRQ�WR�SURYLGLQJ�D�YHU\�KLJK�JDLQ�UHDFKHV�����G%�� 7KHVH� UDGLDWLRQ� SURSHUWLHV� DOORZ� WKLV� W\SH RI� DQWHQQDV� WR� EH� XVHG� IRU� WKH�PXOWLEDQG�ZLUHOHVV� DSSOLFDWLRQV�� 7KH�GUDZEDFN� WKDW� PD\� EH� FRQVLGHUHG� LQ� WKLV� DQWHQQD� LV� LWV� ODUJH� VL]H� >�@��$OVR�� WKH� PXWXDO� FRXSOLQJ� DQG� WKH� FRPSOH[�HOHFWURPDJQHWLFV� LQWHUDFWLRQV� EHWZHHQ� WKH� /3'$� HOHPHQWV� DUH� QRW� LQFOXGHG� LQ� WKH� WUDGLWLRQDO� GHVLJQ� HTXDWLRQV� LQ� PRVW�ERRNV��7KXV�D�SURSHU�RSWLPL]DWLRQ�WHFKQLTXH�VKRXOG�EH�DSSOLHG�IRU�GHVLJQLQJ�D�UHDOLVWLF�GHVLJQ�RI�/3'$�WKDW�FRQVLGHU�WKHVH�HIIHFWV�DORQJ�ZLWK�FRPSUHVVLQJ�WKH�VL]H�RI�WKH�DQWHQQD�DW�WKH�VDPH�WLPH��*HQHWLF� $OJRULWKP� �*$�� SUHYLRXVO\� XVHG� LQ� FRQMXQFWLRQ�ZLWK�1XPHULFDO� (OHFWURPDJQHWLF� &RGH� �1(&�� WR� VHDUFK� LQ� D�YHU\�ODUJH�GHVLJQ�VSDFH�RI� WKH�/3'$�GHVLJQ�SDUDPHWHUV�DQG�FDQ�ILQG�XQH[SHFWHG�VROXWLRQV�WR�OLQHDU�DQWHQQD�DUUD\�GHVLJQ�SUREOHPV� >�@�� ,Q� WKLV� SDSHU�� DQ� HIILFLHQW�JHQHWLF� DOJRULWKP�RSWLPL]DWLRQ� FRGH� FRPELQHG�ZLWK� WKH�ZHOO�NQRZQ�0HWKRG� RI�PRPHQWV�1(&�FRGH LV�GHYHORSHG�WR�ILW�FRPSUHVVHG�/3'$�DQWHQQD�GHVLJQ��3UHYLRXVO\�*$�0R0�SURJUDP�LPSOHPHQWHG�LQ�>�@� XVHV� 0$7/$%� URXWLQHV� IRU� WKH� *$� RSWLPL]DWLRQ� SDUW�� ZKLFK� LV� EHOLHYHG� WR� H[WHQW� WKH� UXQ� WLPH� IRU� WKH� LWHUDWLRQV��+RZHYHU��WKH�SUHVHQW�LPSOHPHQWDWLRQ�XVHV�)2575$1�FRGH�IRU�ERWK�*$�DQG�1(&�SDUWV�WKDW�PDNHV�WKH�FRGH�PRUH�HIILFLHQW�ZLWK�UHGXFHG�UXQ�WLPH��)RU�WKH�GHYHORSHG�RSWLPL]DWLRQ�WHFKQLTXH�WKH�ILWQHVV�IXQFWLRQ�LV�FDOFXODWHG�IRU�HDFK�*$�SRSXODWLRQ�QXPHULFDOO\�XVLQJ�WKH�UHVXOWV�REWDLQHG�IURP�WKH�FRPSLOHG�1(&�FRGH� 7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�REWDLQ�WKH�RSWLPXP�GHVLJQ� RI� /3'$� HOHPHQWV� ZLWK� PLQLPXP� QXPEHU� RI� HOHPHQWV� DQG� FRPSUHVVHG� ERRP� OHQJWK� XVLQJ� *$�0R0�� 7KHVH�GHVLJQV DUH� RSWLPL]HG� IRU� WKH� DYHUDJH� JDLQ� DQG� 96:5� YDOXHV� RYHU� RSHUDWLQJ� EDQG� IUHTXHQFLHV��7KH� /3'$� LV� LQLWLDOO\�GHVLJQHG�XVLQJ�WKH�WUDGLWLRQDO�/3'$�GHVLJQLQJ�SURFHGXUHV�>�@�ZLWKLQ�WKH�GHVLUHG�IUHTXHQF\�EDQG��7KHQ��*$�0R0�LV�XVHG�WR� RSWLPL]H� WKLV� LQLWLDO� GHVLJQ� IRU� WKH� DYHUDJH� JDLQ� DQG� 96:5�ZLWK� FRPSUHVVHG� GLPHQVLRQV�� 7KLV� RSWLPL]HG� GHVLJQ� LV�FRPSDUHG� ZLWK� SUHYLRXVO\� SXEOLVKHG� UHVXOWV� IRU� YHULILFDWLRQ� SXUSRVHV� >�@�� )LQDOO\�� QHZ� GHVLJQV� DUH� LQWURGXFHG� WR� ILW� WKH�PXOWLEDQG�FDQWRU�DUUD\�>�@��KH�RUJDQL]DWLRQ�RI�WKH�SDSHU�LV�DV�IROORZV��$Q�RYHUYLHZ�RI�WKH�*$�FRQFHSWV�DQG�WHUPLQRORJLHV�DUH�GLVFXVVHG�LQ�VHFWLRQ�,,��,Q�VHFWLRQ�,,,��WKH�FRPSXWHU�PRGHO�RI�*$�0R0�LV�LQWURGXFHG��,Q�VHFWLRQ�,9��WKH�WZR�/3'$�FDVH�VWXGLHV�DUH�SUHVHQWHG�DQG�WKH�QXPHULFDO�UHVXOWV�IRU� WKH�FRPSUHVVHG�DQWHQQDV�DQG�WKH�IUDFWDO�FDQWRU�DUUD\�ILHOG�SDWWHUQV�DUH�LOOXVWUDWHG��)LQDOO\��FRQFOXVLRQV�DUH�GHULYHG�LQ�VHFWLRQ�9��

,,��180(5,&$/�237,0,=$7,21�$3352$&+,Q� WKLV�SDSHU� WKH�XVHG�RSWLPL]DWLRQ� WHFKQLTXH� �*$�0R0�� LV�ZULWWHQ� LQ�)RUWUDQ��ZKHUH�*$� LV�FRXSOHG�ZLWK�D�FRPSLOHG�YHUVLRQ�RI�WKH�1(&�FRGH��7KH�RSWLPL]LQJ�SDUDPHWHUV��JHQHV��DUH�WKH�/3'$�HOHPHQWV�OHQJWKV��UDGLL��DQG�VSDFLQJV�EHWZHHQ�WKHP��7KHVH� YDULDEOH� SDUDPHWHUV� RI� WKH�/3'$�DUH� SODFHG� LQ� WKH� FKURPRVRPH�YHFWRU��7KH� ILWQHVV� IXQFWLRQ�RI�*$� OLQNHG�ZLWK�1(& WR�HYDOXDWH�WKH�JDLQ�DQG�96:5�LQ�WHUPV�RI�WKH�RSWLPL]DWLRQ�SDUDPHWHUV�LV�JLYHQ�LQ����
)LWQHVV� � 1

�I�JDLQ$ IG
IVI¦ u ��¦ uIG

IVI �I�96:5%1 ���

mailto:amzaki@aast.edu
mailto:mdahab@ieee.org
mailto:mangoud@ieee.org
mailto:elkhamy@ieee.org


ZKHUH�$�DQG�%�DUH�FRQVWDQWV�FKRVHQ�E\�XVHU��1�LV�WKH�QXPEHU�RI�IUHTXHQF\�VWHSV��IV LV�WKH�LQLWLDO�IUHTXHQF\��ZKLOH�IG LV�WKH�ILQDO� IUHTXHQF\�� 7KLV� ILWQHVV� )XQFWLRQ� LV� XVHG� ZLWK� WZR� FRQVWUDLQV�� 7KH� WZR� FRQVWUDLQV� VWDWHV� WKDW� WKH� 96:5� �I�� OLHV�EHWZHHQ� �� DQG� ���� DQG� WKH� KLJKHU� RUGHU� /3'$� HOHPHQW� OHQJWK� PXVW� EH� JUHDWHU� WKDQ� ORZHU� RUGHU� RQHV�� ,I� DQ\� RI� WKHVH�FRQVWUDLQV�LV�QRW�VDWLVILHG�WKH�ILWQHVV�IXQFWLRQ�UHVHWV�WR�]HUR�DQG�WKH�SRSXODWLRQ�LV�GLVFDUGHG��,,,� 5(68/76
*$�0R0� LV� XVHG� WR� UHGXFH� WKH� DQWHQQD� QXPEHU� RI� HOHPHQWV� QHDUO\� WR� WKH� KDOI� LQ� DGGLWLRQ� WR� FRPSUHVVLQJ� LWV� RYHUDOO�OHQJWK��7KH�*$�DQG�WKH�LQWHJUDO�HTXDWLRQ QXPHULFDO�PHWKRG�DUH�HPSOR\HG�WR�GHWHUPLQH�DOO�JHRPHWULFDO�YDULDEOHV�UHTXLUHG�IRU� WKH�/3'$�DQWHQQD�GHVLJQ��7ZR�GHVLJQV�RI�/3'$V�DUH�RSWLPL]HG�� ILUVW�� D���HOHPHQWV�/3'$�FRYHULQJ� WKH� UDQJH�IURP�����WR�����0+]�ZLWK�D�UHGXFHG�ERRP�OHQJWK�WR�EH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI���HOHPHQWV�/3'$�LQ�>�@�IRU�YHULILFDWLRQ�SXUSRVH��1H[W��DQ�LQLWLDO�GHVLJQ�RI�EURDGEDQG����HOHPHQWV�/3'$�FRYHULQJ�WKH�UDQJH�IURP���������0+]�LV�RSWLPL]HG�DQG�FRPSUHVVHG�WR���HOHPHQWV�DUUD\�ZLWK�UHGXFHG�RYHUDOO�OHQJWK��7KLV�RSWLPL]HG���HOHPHQWV�/3'$�LV�WKHQ�DSSOLHG�WR�D�FDQWRU�IUDFWDO�DUUD\�GHVLJQ�WR�KDYH�D�PXOWLEDQG�EHKDYLRU�ZLWK�KLJK�JDLQ�DQG�FRPSUHVVHG�VL]H�
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$���HOHPHQWV�/3'$� LV�GHVLJQHG� WR�RSHUDWH�DW� WKH��������0+]�IUHTXHQF\�EDQG�XVLQJ� WKH�GHVLJQLQJ�HTXDWLRQV� >�@��$Q�DYHUDJH�JDLQ�RI�������G%�DQG�96:5�RI�����DUH�REWDLQHG��7KH�WRWDO� OHQJWK�RI� WKH�DUUD\�IURP�WKH�ILUVW� WR�WKH�ODVW�HOHPHQW��6WRWDO��LV�IRXQG�WR�EH�������P��7KLV�WRWDO�OHQJWK�IRU�UHGXFHG�QXPEHU�RI�SDUDOOHO�HOHPHQWV�ZDV�RXU�RSWLPL]DWLRQ�REMHFWLYHV��+DYLQJ�FRQVWUDLQV�RI�PD[LPXP�JDLQ�DQG�PLQLPXP�96:5�RYHU�WKH�ZKROH�RSHUDWLQJ�EDQG��*$���0R0�UXQV�ZHUH�FDUULHG�RXW� WR� ILQG�DQ�RSWLPXP�GHVLJQ�XVLQJ�RQO\���HOHPHQWV��7KH�FKURPRVRPH�KDV���JHQHV�UHSUHVHQWLQJ�WKH�HOHPHQWV�OHQJWKV����JHQHV� UHSUHVHQWLQJ� WKH� HOHPHQWV� UDGLL� DQG� WZR� JHQHV� IRU� VSDFLQJ� GLVWDQFHV� EHWZHHQ� HOHPHQWV�� 7KLV� JLYHV� D� WRWDO� RI� ��SDUDPHWHUV� WKDW� LV� HQFRGHG� LQWR����ELWV��7KH�JDLQ�DQG�96:5�DUH� VDPSOHG�HYHU\���0+]��7KH� WRWDO� DQWHQQD� OHQJWK�6WRWDO��PHDQ�RI�WKH�JDLQ�DQG�96:5�RYHU�WKH�IUHTXHQF\�UDQJH�DUH�VKRZQ�LQ�WDEOH������%\�FRPSDULQJ�WKH�LQLWLDO�GHVLJQ�UHVXOWV�DQG�WKH� �� HOHPHQWV� /3'$� UHVXOWV� REWDLQHG� LQ� >�@� XVLQJ� GLIIHUHQW� RSWLPL]DWLRQ� WHFKQLTXHV�ZLWK� WKH� �� HOHPHQWV�/3'$�GHVLJQ�REWDLQHG�XVLQJ�WKH�GHYHORSHG�*$�0R0��,W�LV�IRXQG�WKDW�WKH�DYHUDJH�JDLQ�UHGXFHG�E\�����G%�RQO\��7KH�96:5�LPSURYHG�DV�LW�GHFUHDVHG�E\�DURXQG������$OVR�WKH�6WRWDO UHGXFHG�WR�����P�L�H��WKH�DQWHQQD�VL]H�UHGXFHG�E\�DERXW�������P��7KHUHIRUH��WKH�VDPH�SHUIRUPDQFH�LV�QHDUO\�REWDLQHG�XVLQJ�OHVV�QXPEHU�RI�HOHPHQWV�DQG�D�UHGXFHG�WRWDO�DQWHQQD�OHQJWK��)LJXUH��D�DQG��E�VKRZV�WKH�JDLQ�DQG�WKH�96:5�RI�WKH�LQLWLDO���HOHPHQWV�/3'$�DQG�WKH�*$�GHVLJQHG���HOHPHQWV�/3'$�DUH�VLPLODU�DOO�RYHU�WKH�EDQG��7KDW�YHULILHV�WKDW�ERWK�WKH�LQLWLDO�DQG�WKH�FRPSUHVVHG�/3'$V�KDYH�WKH�VDPH�SHUIRUPDQFH�
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1H[W��$�EURDGEDQG����HOHPHQWV�/3'$�RSHUDWLQJ�DW���������0+=�LV�RSWLPL]HG��7KLV�/3'$�HOHPHQW�LV�SUHYLRXVO\�XVHG�WR�FRQVWUXFW�D�PXOWLEDQG�IUDFWDO�FDQWRU�DUUD\�>�@��7KLV�/3'$�SURYLGHV�DQ�DYHUDJH�JDLQ�RI�����G%�DQG�96:5�RI�����RYHU�WKH�UDQJH�IURP�����WR������0+]��7KH�DQWHQQD�FRQILJXUDWLRQ�GHWDLOV�>�@ DUH�VKRZQ�LQ�WDEOH����ILUVW�FROXPQ���/Q DQG�5Q DUH�WKH�OHQJWK�DQG�WKH�UDGLXV�RI�WKH�/3'$�QWK HOHPHQW�UHVSHFWLYHO\��7KH�REMHFWLYH�LV�WR�FRPSUHVV�WKH�DQWHQQD�WRWDO�OHQJWK�6WRWDO �����P�ZLWK�UHGXFHG�QXPEHU�RI�HOHPHQWV�XVLQJ WKH�GHYHORSHG�*$�0R0��7KHUHIRUH��WKH����HOHPHQWV�/3'$�LV�RSWLPL]HG�WR�FRYHU�WKH�VDPH�UDQJH�XVLQJ�RQO\���HOHPHQWV��7KH�SURJUDP�XVHV����JHQHV�RU�RSWLPL]DWLRQ�SDUDPHWHUV��7KHVH�SDUDPHWHUV�DUH�IRU���HOHPHQWV�OHQJWKV����HOHPHQWV�UDGLL��DQG���VSDFLQJV�GLVWDQFHV�EHWZHHQ�WKH�HOHPHQWV��(DFK�JHQH�LV HQFRGHG�E\���ELWV��WKH�FKURPRVRPH�OHQJWK�LV����ELWV��QXPEHU�RI�SRSXODWLRQV�SHU�JHQHUDWLRQ�LV����DQG�QXPEHU�RI�JHQHUDWLRQV�LV�������7KH�JDLQ�DQG�96:5�DUH�VDPSOHG�HYHU\���0+]��7KH�UHVXOWDQW�HOHPHQWV�OHQJWKV��VSDFLQJV��WRWDO�DQWHQQD�OHQJWK�6WRWDO��UDGLL��PHDQ�RI�WKH�JDLQ�DQG�96:5�RYHU�WKH�IUHTXHQF\�UDQJH�DUH�DOVR�VKRZQ�LQ�WDEOH����VHFRQG�FROXPQ���%\�FRPSDULQJ�WKH�LQLWLDO�GHVLJQ�UHVXOWV�DQG�WKH�*$�0R0�GHVLJQ��DQ�DYHUDJH�JDLQ�LV�SURGXFHG�JLYHQ�E\����G%��7KH�DYHUDJH�JDLQ�GHFUHDVHG�E\�RQO\�����G%��7KHUHIRUH��ERWK /3'$¶V�QHDUO\�KDYH�WKH�VDPH�DYHUDJH�JDLQ��7KH�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�HOHPHQWV�OHG�WR�FRPSUHVVLQJ�WKH�DQWHQQD�VL]H�DV�WKH�WRWDO�ERRP�OHQJWK��6WRWDO��LV�UHGXFHG�WR�����P�L�H��WKH�DQWHQQD�VL]H�UHGXFHG�E\�DERXW������)LJXUH��D�
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���1XPEHU�RI�HOHPHQWV *$�GHVLJQ,QLWLDO�GHVLJQ&RQILJXUDWLRQ

DQG� �E� VKRZ� WKH� JDLQ� DQG� WKH�96:5� RI� WKH� LQLWLDO� ���HOHPHQWV� /3'$� DQG� WKH� *$� GHVLJQHG� ��HOHPHQWV� /3'$�� 7KLV�LQGLFDWHV� WKDW� WKH� FRPSUHVVHG� �� HOHPHQWV� /3'$� SHUIRUPV� WKH� VDPH� DV� WKH� LQLWLDO� GHVLJQ� ZLWKLQ� WKH� RSHUDWLQJ� EDQG�� ,W�VKRXOG� EH� QRWLFHG� WKDW�� GHVLJQLQJ� /3'$� XVLQJ� WKH� GHYHORSHG� *$�0R0� LV� DOVR� PXFK� HDVLHU� WKDW� WUDGLWLRQDO� GHVLJQLQJ�SURFHGXUHV�>�@��DV�WKH�GHVLJQHU�GRHV�QRW�KDYH�WR�ZRUU\�DERXW�FKRRVLQJ�WKH�GHVLJQLQJ�SDUDPHWHUV�VXFK�DV�2 �WKH�VFDOH�IDFWRU�RI�DQWHQQD�HOHPHQWV�OHQJWKV��DQG�1 �VSDFLQJ�IDFWRU�EHWZHHQ�HOHPHQWV���
7$%/(����,QLWLDO�/3'$�DQG�*$�'HVLJQHG�/3'$�&RQILJXUDWLRQV

)LQDOO\�� WKH�FRPSUHVVHG�/3'$�LV�XVHG�DV�WKH�HOHPHQWV�RI� WKH�FDQWRU�DUUD\��6R�D�FRPSUHVVHG PXOWLEDQG�IUDFWDO�&DQWRU�/3'$�DUUD\�LV�REWDLQHG�SURYLGLQJ�WKH�VDPH�SHUIRUPDQFH�DV�WKH XQFRPSUHVVHG�RQH��)LJXUH���VKRZV�WKH�IDU�ILHOG�SDWWHUQV�DW�����0+]�DQG�����0+]�IRU�ERWK�FRPSUHVVHG�DQG�XQFRPSUHVVHG�)UDFWDO�/3'$�&DQWRU�$UUD\��%\�FRPSDULQJ�WKH�SDWWHUQV��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�*$�0R0�GHYHORSHG�WRRO�SURYLGHG�D�FRPSUHVVHG�/3'$�&DQWRU�$UUD\�HOHPHQWV�WKDW�KDYH�WKH�VDPH�SHUIRUPDQFH�DV�XQFRPSUHVVHG�RQH��$V�VKRZQ�LQ�WKH�ILJXUH��WKH�PXOWLEDQG�EHKDYLRU�LV�DFKLHYHG�ZLWK�UHGXFHG�QXPEHU�RI�HOHPHQWV�DQG�DOVR�KDV�D�FRPSDFW�VL]H�
,9� &21&/86,21*HQHWLF�DOJRULWKP�LQ�FRQMXQFWLRQ�ZLWK�QXPHULFDO�HOHFWURPDJQHWLF�FRGH�WHFKQLTXH�LV�VXFFHVVIXOO\�HPSOR\HG�WR�FRPSUHVV�WKH�RYHUDOO�VL]H�RI� WKH�/3'$�DQWHQQD��6HYHUDO�/3'$�GHVLJQV�XVLQJ�ERWK�WKH�WUDGLWLRQDO�DQDO\WLFDO�GHVLJQLQJ�PHWKRGV�DQG�WKH�RSWLPL]DWLRQ�*$�0R0�WHFKQLTXH�DUH� LQYHVWLJDWHG� LQ� WKLV�SDSHU�� ,W�KDV�EHHQ�VKRZQ�WKDW�*$�0R0�WHFKQLTXH�SURYLGHV�RSWLPXP�/3'$�GHVLJQV�ZLWK�OHVV�QXPEHU�RI�HOHPHQWV�DQG�WRWDO�OHQJWK��7KHVH�DQWHQQDV�RSHUDWH�LQ�WKH�VDPH�IUHTXHQF\�EDQG�DV�WKH�DQDO\WLFDOO\�GHVLJQHG�/3'$V�QHDUO\�ZLWK�WKH�VDPH�DYHUDJH�JDLQ�DQG�DYHUDJH�96:5��7KH�RSWLPXP�/3'$�GHVLJQ�LV�WKHQ�DSSOLHG�WR�FRQVWUXFW�D�SUDFWLFDO�PXOWLEDQG�FDQWRU�DUUD\��:LWK�WKH�HIILFLHQW�*$�0R0�RSWLPL]DWLRQ�WRRO�/3'$�RYHUDOO�OHQJWK�FRXOG�EH�FRPSUHVVHG�WR�KLJK�YDOXHV�UHODWLYH�WR�LWV�LQLWLDOO\�DQDO\WLFDO�GHVLJQ�ZLWK�UHGXFHG�QXPEHU�RI�HOHPHQWV��)RU�H[DPSOH�� ��������0+]�/3'$� GHVLJQ� WKDW� KDV� �� HOHPHQWV� DQG� ��� FP�ERRP� OHQJWK� >�@� LV� VXFFHVVIXOO\� FRPSUHVVHG� WR� ��HOHPHQWV�DQG����FP�ERRP�OHQJWK�KDYLQJ�QHDUO\�WKH�VDPH�DYHUDJH�JDLQ�DQG�96:5�YDOXHV��5HVXOWV�DOVR�VKRZ�WKDW����������0+]�EURDGEDQG�/3'$�WKDW�KDV����HOHPHQWV� LV�FRPSUHVVHG�WR���HOHPHQWV�/3'$�ZLWK�����UHGXFWLRQ�RI� LWV�RULJLQDO�VL]H��)LQDOO\��LW�KDV�EHHQ�VKRZQ�WKDW�WKLV�RSWLPXP���HOHPHQWV�/3'$�RSHUDWLQJ�DW����������0+]�SHUIRUPV�ZHOO�LI�LW�LV�XVHG�DV�WR�FRQVWUXFW�D�UHDOLVWLF�PXOWLEDQG�FDQWRU�DUUD\��7KH�DUUD\�PXOWLEDQG�EHKDYLRU�ZLWK�KLJK�JDLQ�LV�REWDLQHG�DQG�LW�LV�LOOXVWUDWHG��,W� FDQ� EH� DOVR� FRQFOXGHG� WKDW� GHVLJQLQJ� /3'$� XVLQJ� WKH� GHYHORSHG� *$�0R0� SURGXFH� VXSHULRU�DQWHQQD� GHVLJQV� WR�WUDGLWLRQDO� DQDO\WLFDO� DSSURDFKHV�� $V� WKH� GHVLJQHU� GRHV� QRW� KDYH� WR� ZRUU\� DERXW� WKH� GHVLJQLQJ� SDUDPHWHUV� OLNH� LQ� WKH�WUDGLWLRQDO GHVLJQLQJ�SURFHGXUHV��
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>�@�&��3HL[HLUR��³'HVLJQ�RI�/RJ�3HULRGLF�'LSROH�$UUD\�´�,(((�SURFHHGLQJ�9RO�������3W��+��1R�����SS����������$SULO������>�@ 6��(ONKDP\�HW�DO���³'HVLJQ�RI�0XOWLEDQG�)UDFWDO�$QWHQQD�$UUD\V�ZLWK�:LGHEDQG�/3'$�HOHPHQWV´�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSXWHU�7KHRU\�DQG�$SSOLFDWLRQV����WK ,&&7$��$OH[DQGULD��(J\SW��$XJ�������>�@�(��$��-RQHV�DQG�:��7��-RLQHV�³*HQHWLF�DOJRULWKP�IRU�OLQHDU�DQWHQQD�DUUD\´�,(((�DQWHQQDV�DQG�3URSDJDWLRQ�0DJD]LQH��9RO�����1R�����SS����������-XQH������>�@�<��&��&KXQJ��DQG�5DQG\�/��+DXSW��³/RJ�SHULRGLF�GLSROH�DUUD\�RSWLPL]DWLRQ�´�-RXUQDO�RI (OHFWURPDJQHWLF�:DYHV�DQG�$SSOLFDWLRQ��YRO������QR�����SS������������������



�
�
�
�
�
�
�

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���)UHTXHQF\�LQ�0+]

96:
5

,QLWLDO���HOHPHQWV*$���HOHPHQWV

��
���

����
��

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���)UHTXHQF\�LQ�0+]

*DLQ�
LQ�G%

,QLWLDO���HOHPHQWV*$���HOHPHQWV

��
��
���

����
����

��� ��� ��� ���� ���� ���� ���� ����)UHTXHQF\�LQ�0+]

*DLQ�
LQ�G%

,QLWLDO�����HOHPHQWV�*$����HOHPHQWV�

��
��
��
�

��� ��� ��� ���� ���� ���� ���� ����)UHTXHQF\�LQ�0+]

96:
5

,QLWLDO�����HOHPHQWV�*$����HOHPHQWV

)LJ���D *DLQ�RI�WKH�LQLWLDO���HOHPHQWV�/3'$�DQG�WKH�*$�GHVLJQHG���HOHPHQWV�/3'$����������0+]� )LJ���E 96:5�RI�WKH�LQLWLDO���HOHPHQWV�/3'$�DQG�WKH�*$�GHVLJQHG���HOHPHQWV�/3'$��������� 0+]�

)LJXUH��D��*DLQ�RI�WKH�LQLWLDO����HOHPHQWV�/3'$�DQG�WKH�*$�GHVLJQHG���HOHPHQWV�/3'$�����������0+]� )LJXUH��E��96:5�RI�WKH�LQLWLDO����HOHPHQWV�/3'$�DQG�WKH�*$�GHVLJQHG���HOHPHQWV�/3'$�����������0+]�

)LJ�����1RUPDOL]HG�FRSRODU�IDU�ILHOG�SDWWHUQ�YHUVXV�WKHWD
�����������������������������

���� ���� ���� ��� ��� ��� � �� �� �� ��� ��� ���7KHWD

1RUP
DOL]HG

�IDU�IL
HOG�

&DQWRU�DUUD\�ZLWK�QWLDO�/3'$������0+]�&DQWRU�DUUD\�ZLWK�&RPSUHVVHG/3'$�������0+]�&DQWRU�DUUD\�ZLWK�,QWLDO/3'$�����0+]�&DQWRU�DUUD\�ZLWK�&RPSUHVVHG/3'$������0+]�


	RESULTS
	REFERENCES


