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On behalf of the technical program committee (TPC), we warmly welcome to you to the 1st 
International Conference on Applied Information Technology and Innovation (ICAITI 2018) in 
Padang, Indonesia. The committee has organized exciting technical program for ICAITI with 
conference theme  a new paradigm for design of assistive technology in smart home 

  ICAITI is the international conference organized by Politeknik Negeri Padang. As a 
intenational conference , ICAITI provides excellent platform to share idea and experiences, 
exchange information and explore collaboration among researchers, engineers, practitioners and 
scholars in the field of information technology, communications, and electrical engineering. 

All 76 submitted papers throughout the world went through a rigorous review process and each 
paper was evaluated by independent reviewers in accordance with standard blind review process. 
Based on the result of process, 43 papers have been selected, which constitute the acceptance 
rate of 56.6%. ICAITI also features world-class keynote/plenary speeches and distinguish-invited 
speakers that reflect the current research and development trends in the aforementioned fields. 

We are deeply indebted to all of our TPC members as well as our reviewers, who volunteered a 
considerable amount of their time and expertise to ensure a fair, rigorous, and timely review 
process. Many thanks should be given to our keynote and invited speakers who will share their 
experience in this conference. Last but not least, our sincere gratitude should be given to all 
authors for submitting their work to ICAITI 2018, which has allowed us to assemble a high 
quality technical program. Welcome to Padang and hope you will enjoy a wonderful experience 
in West Sumatra. 

 

With best regards 

 

Humaira, MT 
General Chair 
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FKDUDFWHULVWLFV�>��@��>��@��,Q�DGGLWLRQ��LQ�DSSURSULDWH�URWRU�VORW�
FRPELQDWLRQ� LQFUHDVHV� QRLVH� OHYHOV� DQG� XQGHVLUDEOH� GLSV� LQ�
WKH�VWDUWLQJ�WRUTXH��ZKLFK�GHFUHDVHV�HIILFLHQF\��SRZHU IDFWRU��
DQG�URWRU�KHDWLQJ�>��@�

7KH� LQGXFHG� YROWDJHV� FUHDWH� FLUFXODWLQJ� FXUUHQWV� LQ� WKH�
FORVHG�URWRU�VORWV�GHSHQGLQJ�RQ� WKH� LPSHQGHQFH�RI� WKH�URWRU�
ZLQGLQJ��ZKLFK� LV� D� IXQFWLRQ�RI� WKH� IUHTXHQF\�� QXPEHU� DQG�
VKDUS�RI� WKH� VORWV��DQG�SHUPHDELOLW\�RI� WKH� LURQ� 7KH�FXUUHQW�
GHYHORS�PPI�ZDYHV�ZLWK� D� WKHRUHWLFDOO\� LQILQLWH� QXPEHU� RI�
KDUPRQLFV� DQG� QHZ� RUGLQDO� Ȝ� EHFDXVH� RI� WKH� URWRU� VORWWLQJ��
7KH� LQWHUDFWLRQ� RI� WKH�PPI�ZDYHV� RI� WKH� URWRU�PPI�ZDYHV�
DQG� DLU�JDS� SHUPHDQFH� ZDYHV� JHQHUDWHV� RWKHU� IOX[� GHQVLW\�
ZDYHV� 'LVUXSWLRQ�RI�WKH�VXSSO\�YROWDJH�FDXVHV�D�FLUFXODWLQJ�
FXUUHQW�XQEDODQFH�LQ�WKH�URWRU�VORWV��ZKLFK�LQ�WXUQV�LQFUHDVHV�
URWRU�XQEDODQFH��QRLVH��DQG� WHPSHUDWXUH�RI� WKH�PRWRU��7KXV��
URWRU� VORW� GHVLJQ� LV� FUXFLDO� IRU� LPSURYLQJ� VSLQGOH� PRWRU�
SHUIRUPDQFH�

,,,� 237,0,=$7,21�0(7+2'2/2*<�

$� ,GHQWLILFDWLRQ�RI�6SLQGOH�0RWRU�'HVLJQ�
$�VSLQGOH�PRWRU�ZLWK����N:��� 3ROHV��¨�FRQQHFWLRQ��RSHUDWLQJ�

DW� ����9� DQG������� USP� LV� XVHG� LQ� WKLV� VWXG\��7KH� VSLQGOH�PRWRU�
ZDV� FRQVWUXFWHG� XVLQJ� D� URXQGHG� VHPL�FORVHG� VWDWRU� VORW� REWDLQHG�
IURP� VSLQGOH� PRWRU� PDQXIDFWXUHU�� 6WDWRU� JHRPHWU\� LV� DVVRFLDWHG�
ZLWK�WKH�QXPEHU�RI�FRQGXFWRUV�SHU�VORW��ZKLFK�LQ�WKLV�VWXG\�LV���DQG�
WKH� ZLUH� GLDPHWHU� LV� ������PP�� 7KH� JHQHUDO� VSHFLILFDWLRQV� RI� WKH�
VWDWRU� DQG� URWRU� DUH� OLVWHG� VKRZQ� LQ� 7DEOH� ��� 7KH� WRS� DQG� ERWWRP�

,&$,7,����� ��������������������������������������������������3DGDQJ������6HSWHPEHU����� ��������������������������������������������������������



���

WRRWK�ZLGWK�RI� WKH� VWDWRU�FRPSRVHG�RI���&6���� LV���PP�DQG������
PP��UHVSHFWLYHO\��7KH�RSWLPL]DWLRQ�VWHSV�DUH�LOOXVWUDWHG�LQ�)LJ����

7$%/(�,�� 02725�63(&,),&$7,216

3DUDPHWHU 9DOXH

,QQHU�GLDPHWHU�RI�VWDWRU��PP� ���

2XWHU�GLDPHWHU�RI�VWDWRU��PP� ���

/HQJWK�RI�WKH�VWDWRU�FRUH��PP� ���

2XWHU�GLDPHWHU�RI�URWRU��PP� ���

,QQHU�GLDPHWHU�RI�URWRU��PP� ��

1XPEHU�RI�VWDWRU�VORW ��

1XPEHU�RI�URWRU�VORW� ��

)LJ���� 2SWLPL]DWLRQ�IORZFKDUW�

%� 7KH�2SWLPDO�'HVLJQ 3URFHVV�

7$%/(�,,�� '(6,*1�9$5,$%/(�$1'�/(9(/6�

)DFWRU 'HILQLWLRQ
/HYHO

� � �

$ KV� �PP� ��� � ���
% KV� �PP� � ��� ���
& EV� �PP� � � �

,Q� WKLV�SDSHU�� WKH�7DJXFKL�PHWKRG�XVHG� IRXU� IDFWRUV�DQG�
WKUHH�OHYHOV�IRU�WKH�URXQG�FORVHG�VORW�URWRU��DQG�WKUHH�IDFWRUV�
DQG� WKUHH� OHYHOV� IRU� FLUFXODU� DQG� RYDO� FORVHG� URWRU� VORW�� $V�
GHVFULEHG�LQ�>��@��>��@��/��RUWKRJRQDO�DUUD\�LV�XVHG�WR�REWDLQ�
WKH� RSWLPDO� FRPELQDWLRQ� URWRU� VORWV� JHRPHWU\�� 7KH� GHVLJQ�
YDULDEOHV� DQG� OHYHOV� IRU� WKH� FLUFXODU� FORVHG� URWRU� VORWV� DUH�
OLVWHG� LQ� 7DEOH� ��� 7KH� VSLQGOH� PRWRU� SHUIRUPDQFH� LQ� /��
PDWUL[�H[SHULPHQWV�REWDLQHG�XVLQJ�WZR�GLPHQVLRQDO�)(0�IRU�
FLUFXODU�FORVHG�URWRU�VORWV�DV�UHSRUWHG�LQ�7DEOH���

7$%/(�,,,�� 0(75,;�2) '(6,*1�9$5,$%/(6 $1'�/(9(/6�

1R��([S $��KV�� %��KV�� &��EV�� (II���� 7��1P�
� ��� � � ����� �����
� ��� ��� � ���� �����
� ��� ��� � ����� �����
� � � � ����� �����
� � ��� � ����� �����
� � ��� � ���� �����
� ��� � � ����� ����
� ��� ��� � ����� ����
� ��� ��� � ����� ����

)LJ���� (IIHFW�SORW�RI�HILFLHQF\�

)LJ���� (IIHFW�SORW�RI�WRUTXH��

7$%/(�,9�� $129$2)�()),&,(1&<�

3DUDPHWHU� 66 ��HIIHFW '2) 06

$��KV�� �������� ����� � ����

%��KV�� �������� ����� � ����

&��EV�� �������� ����� � ����

HUURU ������ ����� � ����

7RWDO�66 �������

7$%/(�9�� $129$2)�72548(���

3DUDPHWHU� 66 ��HIIHFW '2) 06

$��KV�� ������� �������� � �������

%��KV�� �������� ������� � ��������

&��EV�� �������� ������� � ��������

HUURU �������� �������� � ��������

7RWDO�66 �������
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)LJ���� 7KUHH�WRSRORJLHV�RI�FORVHG�URWRU�VORWV���D��FLUFXODU�FORVHG��&&����E��
URXQG�FORVHG��5&����F��RYDO�FORVHG��2&�

7$%/(�9,�� 237,0,=$7,21�5(68/76�2)�52725�6/276�*(20(75<����

3DUDPHWHU� && 5& 2&

+V� �PP� ��� ��� ���

+V��PP� ��� ��� ���

+V��PP� ��� � �

%V��PP� � � �

%V��PP� � � �

%V��PP� � � �

(IIHFW�SORWV� IURP� WKH�PDWUL[� H[SHULPHQW� DUH�XVHG� WR�GHWHUPLQH�
WKH�RSWLPDO�FRPELQDWLRQ�RI� WKH� URWRU� VORW�SDUDPHWHUV��)LJ���� DQG���
SUHVHQW� WKH� HIIHFW� SORW� RI� HIILFLHQF\� DQG� WRUTXH� IRU� FLUFXODU� FORVHG�
URWRU�VORWV��UHVSHFWLYHO\��'LIIHUHQFHV DUH�REVHUYHG�LQ�WKH�RSWLPDO�RI�
HIILFLHQF\� DQG� WRUTXH�� LQ� WKH� HIILFLHQF\� RI� KV� OHYHO� �� SURGXFHV�
KLJKHU� HIILFLHQF\� DQG� WRUTXH� KV� OHYHO� �� SURGXFHV� KLJKHU� WRUTXH��
$QDO\VLV�RI�YDULDQFH��$129$��ZDV�XVHG�WR�GHWHUPLQH�WKH�RSWLPDO�
FRPELQDWLRQ�� 7DEOHV� �� DQG� �� UHSUHVHQW� WKH� $129$� UHVXOWV� IRU�
HIILFLHQF\�DQG�7RUTXH��(IILFLHQF\�KV� KDV�D�KLJKHU�HIIHFW�WKDQ�GRHV�
WKH� WRUTXH�� 7KHUHIRUH�� KV� OHYHO� �� LV� WKH� RSWLPDO� YDOXH� RI� WKLV�
RSWLPL]DWLRQ�� WKH� RSWLPDO� FRPELQDWLRQ� UHYHDOHG� E\� WKH� 7DJXFKL�
PHWKRG� LV� KV� OHYHO� ��� KV� OHYHO� ��� DQG� EV� OHYHO� ��� 7KLV� UHVXOW� LV�
YHULILHG�E\�XVLQJ�)(0�DQG�HTXLYDOHQW�FLUFXLW�DQDO\VLV��7KH�RSWLPXP�
UHVXOWV� REWDLQHG� XVLQJ� 7DJXFKL�PHWKRG� IRU� URXQG� DQG� RYDO� FORVHG�
URWRU�VORWV�DUH�UHSRUWHG�LQ�)LJXUH����7KH�7DJXFKL�PHWKRG�UHVXOWV�RI�
WKH�WKUHH�LQYHVWLJDWHG WRSRORJLHV�DUH�VXPPDUL]HG�LQ�7DEOH���

&� 3HUIRUPDQFH�FDOFXODWLRQV�

)LJ���� (TXLYDOHQW�FLUFXLW�DQDO\VLV���

)LJ����SUHVHQWV�D�SKDVH�HTXLYDOHQW�FLUFXLW�RI�D�WKUHH�SKDVH�
VSLQGOH� PRWRU�� ZKHUH� 9��� 5�� ;��� ;P� 5��� DQG� ;� DUH� SKDVH�
YROWDJH�� VWDWRU� UHVLVWDQFH�� VWDWRU� UHDFWDQFH�� PDJQHWL]LQJ�
UHDFWDQFH��URWRU�UHVLVWDQFH��DQG�URWRU�UHDFWDQFH��UHVSHFWLYHO\��
7KH� &URVV�VHFWLRQDO� DUHD� RI� WKH� URWRU� VORWV� VXEVWDQWLDOO\�
DIIHFWV� WKH� URWRU� UHVLVWDQFH� DQG� KLJK� URWRU� UHVLVWDQFH� DIIHFWV�
URWRU�DQG�PDJQHWL]DWLRQ�FXUUHQWV��

$Q� DSSURSULDWH� WKH� URWRU� VORW� ZLWK� URWRU� FXUUHQW�
UHODWLRQVKLS� JHQHUDWHV� KLJK� PDJQHWL]DWLRQ� FXUUHQWV�� ZKLFK�
LQIOXHQFHV�WKH�FRQYHUVLRQ�RI�HOHFWULFDO�HQHUJ\�LQWR�WRUTXH��,I�
WKH� VWDWRU� DQG� URWRU� FXUUHQW� DUH� QRW� LQFOXGHG� LQ� WKH�
PDJQHWL]DWLRQ�FXUUHQW��OHDNDJH�UHDFWDQFH�LV�JHQHUDWHG�DQG�WKH�
KLJK� OHDNDJH� UHDFWDQFH� LQ� WKH� VWDWRU� DQG� URWRU� OHDG� WR� KLJK�
DGGLWLRQDO� ORVV�� ZKLFK� GHFUHDVHV� RI� WKH� VSLQGOH� PRWRU�
HIILFLHQF\�

$IWHU� GHVLJQLQJ� WKH� PDFKLQH�� VWDWRU�� DQG� URWRU�� WKHLU�
FKDUDFWHULVWLFV�FDQ�EH�GHWHUPLQHG�XVLQJ�DQ�HTXLYDOHQW�FLUFXLW��
(VWLPDWLQJ�PDFKLQH�ORVV�LV�QHFHVVDU\�IRU�SUHGLFWLQJ�PDFKLQH�
SHUIRUPDQFH��*HQHUDOO\��WKH�FRUH�ORVV�LQ�WKH�PDFKLQH�KDV�WZR�
FRPSRQHQWV�� HGG\� FXUUHQW� ORVV� DQG� K\VWHUHVLV� ORVV� LQ� WKH�
VWDWRU�FRUH��8QGHU�WKH�QRUPDO�RSHUDWLQJ�FRQGLWLRQV��WKH�URWRU�
FRUH�ORVV�FDQ�EH LJQRUHG�EHFDXVH�RI�WKH�ORZ�URWRU�IUHTXHQF\��
ZKLFK� LV� FDXVHG� E\� GLVWRUWLRQV� LQ� WKH� VSLQGOH�PRWRU� VXSSO\�
FXUUHQW�DQG�YROWDJH��7KH�VWDWRU�DQG�URWRU�FXUUHQW�DUH�REWDLQHG�
XVLQJ� ����DQG� ����� UHVSHFWLYHO\��7KH�PDJQLWXGH�RI� WKH� VWDWRU�
FXUUHQW� LV�REWDLQHG�XVLQJ������ZKHUH� V� LV�PRWRU� VOLS�DQG�57+

DQG�;7K DUH� WKHYHQLQ� UHVLVWDQFH� DQG� UHDFWDQFH�� 57+ DQG�;7K

DUH�REWDLQHG�XVLQJ�����DQG������UHVSHFWLYHO\�
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7KH�RXWSXW�SRZHU�FDQ�EH�H[SUHVVHG�DV�>��@�
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)URP������WKH�HIILFLHQF\�FDQ�EH�REWDLQHG�DV�
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,Q� WKH� URWRU� VORWV�� PDJQHWLF� VDWXUDWLRQ� LV� FOHDUO\�
LQIOXHQWLDO��)UHTXHQF\�FDQ�EH�HDVLO\� LQFUHDVHG�E\� LQFUHDVLQJ�
URWRU� VORW� ZLGWK�� WKHUHE\� UHGXFLQJ� URWRU� EDU� UHVLVWDQFH��
+RZHYHU�� ZLGHQLQJ� WKH� VORW� LQFUHDVHV� WRRWK� VDWXUDWLRQ� DQG�
PD\� GHWHULRUDWH� RI� WKH� VSLQGOH� PRWRU� SHUIRUPDQFH�� ,Q�
DGGLWLRQ�� DFFXUDWH� SUHGLFWLRQ� RI� WKH� VWDUWLQJ� SHUIRUPDQFH� LV�
UHTXLUHG�DQG�WKH�PRGHO�XVHG�PXVW�DOVR�FRQVLGHU�WKH�GHHS�EDU�
HIIHFW�� %HFDXVH� )(0� DQDO\VLV� LV� FDSDEOH� RI� PRGHOLQJ� ERWK�
WKHVH� HIIHFWV�� )(0� LV� VXLWDEOH� IRU� FDOFXODWLRQ� URWRU�
SDUDPHWHUV�� $OWHUQDWLYHO\�� HTXLYDOHQW� FLUFXLW� PRGHO� \LHOG�
DFFXUDWH�SHUIRUPDQFH�SUHGLFWLRQV�>��@��

,9� 7(67�5(68/7�$1'�',6&866,216�

�� �� �� �� �� ��
�

�

�

�

��

��

5RWRU�FXUUHQW��$�
�D��5RWRU�EDU�FXUUHQW�GHQVLW\�ZLWK�URWRU�FXUUHQW
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)LJ���� 5RWRU�FXUUHQW�GHQVLW\�DQG�FRSSHU�ORVV�URWRU�ZLQGLQJ�FKDUDFWHULVWLFV����
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)LJ���� &XUUHQW�FKDUDFWHULVWLFV�LQ�FLUFXODU�FORVHG�URWRU�VORW����
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)LJ���� &XUUHQW�FKDUDFWHULVWLFV�LQ�URXQG�FORVHG�URWRU�VORW����
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)LJ���� &XUUHQW�FKDUDFWHULVWLFV�LQ�RYDO�FORVHG�URWRU�VORW����

7HVW�� DQDO\VHV�� DQG� FRPSDULVRQ� ZHUH� FRQGXFWHG� WR�
LQYHVWLJDWH� WKH� FKDUDFWHULVWLFV�RI� WKH� URWRU�GHVLJQ��)RU� D� IDLU�
FRPSDULVRQ�� WKH� WHVWV� ZHUH� SHUIRUPHG� XQGHU� WKH� VDPH�
RSHUDWLQJ� FRQGLWLRQV�� � 7KH� FURVV�VHFWLRQDO� DUHD� RI� WKH� VORWV�
VXEVWDQWLDOO\� DIIHFWV� ZLQGLQJ�� LURQ�� DQG� WRWDO� ORVVHV��
0RUHRYHU�� UDWHG� FXUUHQW� DIIHFWV� WKH� UDGLDO� IRUFH�� YLEUDWLRQ��
DQG�QRLVH�LQ�PRWRUV�>��@��&XUUHQW�FKDUDFWHULVWLFV�DQG�VSLQGOH�
PRWRU� SHUIRUPDQFH� ZDV� WKH� PDLQ� IRFXV� RI� WKH� WHVWV�� $V�
VKRZQ� LQ� 7DEOH� ��� FLUFXODU� FORVHG� URWRU� VORWV� SURGXFH� WKH�
KLJKHVW� FRSSHU� ORVV� URWRU� ZLQGLQJ� EHFDXVH� WKHLU� FURVV�
VHFWLRQDO�DUHD LV� WKH� VPDOOHU�� WKLV� LQ� WXUQ� LQFUHDVHV� URWRU�EDU�
FXUUHQW� GHQVLW\�� )LJ�� �� �D�� SUHVHQWV� WKH� URWRU� EDU� FXUUHQW�
GHQVLW\� DQG� VSHHG� FKDUDFWHULVWLFV�� DQG� WKH� FRSSHU� ORVV� URWRU�
ZLQGLQJ�FKDUDFWHULVWLFV�DUH�VKRZQ�LQ�)LJ�����E���7KH�VWDUWLQJ�
FXUUHQW�SURGXFHG�E\� WKH�FLUFXODU�FORVHG� URWRU� VORWV� LV� ORZHVW�
DV�VKRZQ�LQ�)LJXUH����ZKLFK�DIIRUGV�FXUUHQW�VWDELOLW\�DQG�ORZ�
QRLVH�� 7KH� FURVV�VHFWLRQDO� DUHD� RI� WKH� URWRU� VORWV� LV� LQ�
DJUHHPHQW� ZLWK� WKH� VWDWRU� VORWV�� DIIRUGV� WKH� VWDWRU� FXUUHQW�
VWDELOLW\��8QGHU�WKH�QRUPDO�VSLQGOH�PRWRU�URWDWLQJ�FRQGLWLRQV��
URXQG�DQG�RYDO�FORVHG�URWRU�VORWV�JHQHUDWH�PRUH�VWDEOH�VWDWRU�
FXUUHQW�WKDQ�WKH�FLUFXODU�URWRU��DV�VKRZQ�LQ�)LJ����DQG���

7$%/(�9,,�� 3(5)250$1&(�&203$5,621�2)�7+(�52725�7232/2*,(6����

3DUDPHWHU� && 5& 2&
6WDWRU�3KDVH�&XUUHQW��$� ����� ����� �����

5RWRU�3KDVH�&XUUHQW��$� ����� ����� �����

&RSSHU�/RVV�RI�5RWRU�:LQGLQJ��:� ������ ����� �����

7RWDO�/RVV��:� ������ ������ ������

2XWSXW�3RZHU��N:� �� �� ��

(IILFLHQF\���� ����� ����� �����

3RZHU�)DFWRU ���� ���� ����

7RUTXH��1P� ����� ����� �����

5RWRU�%DU�&XUUHQW�'HQVLW\��$�PP�� ���� ���� ����

5RWRU�5LQJ�&XUUHQW�'HQVLW\��$�PP�� ���� ���� ����
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)LJ����� 5RWRU�IOX[�FXUUHQW�GHQVLW\�����

)LJ����� 3HDN�URWRU�IOX[�GHQVLW\�����

7KH� LQGXFWLRQ� VSLQGOH� PRWRU� FDQ� EH� FRQVLGHUHG� DV� WZR�
ZLQGLQJ� V\VWHPV� LQ� DQ� LQGXFWLYH FXUUHQW� UHODWLRQVKLS�� 7KH�
FXUUHQW� WKDW� SURGXFHV� IOX[HV� FDQ� EH� FODVVLILHG� LQWR� WZR�
FRPSRQHQWV�� 7KH� ILUVW� FRPSRQHQW�� WHUPHG� XVHIXO� RU�
PDJQHWL]LQJ�IOX[HV�DUH�WKRVH�LQYROYHG�LQ�HQHUJ\�WUDQVIHU��DUH�
OLQNHG� ZLWK� ERWK� ZLQGLQJV�� DQG� DUH� DVVRFLDWHG� ZLWK� WKH�
IXQGDPHQWDO� ILHOG� ZDYH�� 7KH� VHFRQG� FRPSRQHQW� QDPHG�
OHDNDJH� IOX[� DUH� QRW� LQYROYHG� LQ� WUDQVIHU� HQHUJ\� >��@��
&KDQJHV�LQ�WKH�FURVV�VHFWLRQDO�DUHD�RI�URWRU�VORWV�DIIHFW�WRRWK�
URWRU� IOX[� GHQVLW\� DQG� URWRU� \RNH� IOX[� GHQVLW\�� )LJ�� ���
FRPSDUHV� WKH� IOX[� GHQVLW\� REWDLQHG� XVLQJ� )(0� VLPXODWLRQ�
DQG�)LJ�����SORWV�WKH�SHDN�URWRU�WHHWK�IOX[�GHQVLW\��7KH�RYDO�
FORVHG�URWRU�VORWV�SURGXFH�WKH�KLJKHVW�URWRU�WHHWK�IOX[�GHQVLW\�

)XUWKHUPRUH�� WKH� FURVV�VHFWLRQDO� DUHD� RI� WKH� URWRU� VORWV�
DIIHFWV� WKH�URWRU� UHVLVWDQFH��ZKLFK� LQ� WXUQ�DIIHFWV� WKH�HQHUJ\�
FRQYHUVLRQ� DV� RXWSXW� SRZHU�� 7KH� FKDUDFWHULVWLFV� RI� RXWSXW�
SRZHU� DQG� VSHHG� IRU� WKH� WKUHH� WRSRORJLHV� DUH� SUHVHQWHG� LQ�
)LJ������D��DQG�7DEOH����7KHVH�RXWSXW�SRZHU�FKDUDFWHULVWLF�GR�
QRW�GLIIHUHQW�PXFK�DQG�DUH� FRQVLVWHQW�ZLWK� WKH� VSHFLILFDWLRQ�
RI����N:�

$W� ORZ� VSHHGV�� FLUFXODU� FORVHG� URWRU� VORWV� SURGXFH� WKH�
KLJKHVW�RXWSXW�SRZHU��7KH�GLIIHUHQFHV�LQ�RXWSXW�SRZHU�DW�ORZ�
VSHHGV� LQ� D� FLUFXODU� FORVHG� URWRU� VORWV� FDXVH� GLIIHUHQFHV� LQ�
HIILFLHQF\� DQG� WRUTXH�� )LJ�� ��� �E�� DQG� ���F�� VKRZ� WKDW� WKH�
HIILFLHQF\�DQG�WRUTXH�SURGXFHG�LQ�LW�URWRU�LV�WKH�KLJKHVW� $Q�
LQFUHDVH� LQ� RXWSXW� SRZHU� LQFUHDVHV� HIILFLHQF\�� 7KH� OHDNDJH�
UHDFWDQFH� GRHV� QRW� YHU\� PXFK� GLIIHUHQW� DPRQJ� WKH� WKUHH�
GHVLJQV�� 1HYHUWKHOHVV�� WKH� URXQG� FORVHG� URWRU� VORW� SURGXFHV�
WKH� ORZHVW� OHDNDJH� UHDFWDQFH�� 0LQLPL]LQJ� WKH� OHDNDJH�
UHDFWDQFH�PD[LPL]HV�HQHUJ\� WUDQVIHU� LQ� WKH� VWDWRU�DQG� URWRU��

DV�VKRZQ�LQ�)LJ������G���7KXV��WKH�LQSXW�HQHUJ\�LV�FRQYHUWHG�
LQWR�WKH�RSWLPDO�VSLQGOH�PRWRU�WRUTXH�

)LJ�� ���� ���� DQG� ��� SUHVHQW� WKH� WRUTXH� DQG� WLPH�
FKDUDFWHULVWLFV� RI� WKH� WKUHH� WRSRORJLHV�� WKH� VWDUWLQJ� FXUUHQW�
LQIOXHQFHV�VWDUWLQJ�WRUTXH��WKH�VWDUWLQJ�SRZHU��DQG�HIILFLHQF\��
7KH� FORVHG� FLUFXODU� URWRUV� SURGXFH� KLJK� VWDUWLQJ� WRUTXH� DQG�
UHVSRQG�TXLFNO\�DV� VKRZQ� LQ�)LJ������5RXQG�DQG�RYDO� URWRU�
VORWV� SURGXFH� KLJK� VWDUWLQJ� FXUUHQW� DQG� KLJK� VWDUWLQJ� WRUTXH�
ULSSOH��DV�VKRZQ�LQ�)LJ�����DQG����
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)LJ����� 7RUTXH�ZLWK�WLPH�FKDUDFWHULVWLFV�LQ�RYDO�FORVHG�URWRU�VORWV�����

9� &21&/86,21

,Q� WKLV� SDSHU�� WKH� SHUIRUPDQFHV� RI� WKUHH� FORVHG� URWRU�
VSLQGOH� PRWRU� WRSRORJLHV� ZHUH� SUHGLFWHG� XVLQJ� )(0� DQG�
DQDO\]HG� XVLQJ� DQ� HTXLYDOHQW� FLUFXLW�� 7KH� SHUIRUPDQFH�
FRPSDULVRQ�UHYHDOHG� WKDW�FLUFXODU�FORVHG� URWRU� VORWV�SURGXFH�
WKH�KLJKHVW�FRSSHU�ORVV�RI�URWRU�ZLQGLQJ�EHFDXVH�WKHLU�FURVV�
VHFWLRQDO�DUHD�LV�WKH�VPDOOHVW��2YDO�FORVHG�URWRU�VORWV�SURGXFH�
WKH� KLJKHVW� URWRU� WHHWK� IOX[�GHQVLW\��$W� ORZ� VSHHGV�� FLUFXODU�
FORVHG� URWRU� VORW� SURGXFHV� WKH� KLJKHVW� RXWSXW� SRZHU�� 7KH�
GLIIHUHQFHV�LQ�RXWSXW�SRZHU�DW� ORZ�VSHHGV� LQ�FLUFXODU�FORVHG�
URWRU� VORWV� FDXVH� GLIIHUHQFHV� LQ� HIILFLHQF\� DQG� WRUTXH�� 7KH�
OHDNDJH�UHDFWDQFH�SURGXFHG�E\�WKH�WKUHH�GHVLJQV��DQG�OHDNDJH�
UHDFWDQFH� SURGXFHG� E\� WKH� URXQG� FORVHG� URWRU� VORWV� LV� WKH�
ORZHVW�� 7KXV�� WKH� 7DJXFKL�� HTXLYDOHQW� FLUFXLW�� DQG� )(0�
PHWKRG� DUH� HIIHFWLYH� LQ�RSWLPDOO\� GHVLJQLQJ�RI� FORVHG� URWRU�
VORWV�WR�LPSURYH�WKH�SHUIRUPDQFH�LQ�VSLQGOH�PRWRU�

$&.12:/('*0(17

7KLV�SURMHFW�ZDV�VXSSRUWHG�E\�3HQGDSDWDQ�1HJDUD�%XNDQ�
3DMDN��31%3� 813�ZLWK�FRQWUDFW�QR�������81�����3*�����

5()(5(1&(6

>�@ .�� =KDQJ��;�� -LDQJ��<��:X�� /�� =KDQJ�� DQG�;��:X�� ³(IIHFW� RI� 6ORW�
6KDSH�LQ�5RWRU�RI�(OHFWULFDO�0RWRU�ZLWK�+LJK�6SHHG�6SLQGOH�RQ�6ORW�
ULSSOHV´�� 3URFHHGLQJV� RI� WKH� ����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
0RGHOOLQJ� ,GHQWLILFDWLRQ�DQG�&RQWURO��2ND\DPD��-DSDQ���SS�����������
�����

>�@ /�� :DQJ�� /�� =KDQJ�� DQG� 0�� ;X�� ³6LPXODWLRQ� $QDO\VLV� RQ� WKH�
,QIOXHQFH� RI� 0DJQHWLF� )LHOG� 'LVWULEXWLRQ� &DXVHG� E\�0RWRU� 6SLQGOH�
$LU�JDS´� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (OHFWURQLF� 	� 0HFKDQLFDO�
(QJLQHHULQJ�DQG�,QIRUPDWLRQ�7HFKQRORJ\��SS����������������

>�@ '�� =KDQJ�� &�� 6�� 3DUN�� DQG� &�� 6�� .RK�� ³$� 1HZ� 2SWLPDO� 'HVLJQ�
0HWKRG�RI�5RWRU�6ORW�RI�7KUHH�3KDVH�6TXLUUHO�&DJH�,QGXFWLRQ�0RWRU�
IRU� 1(0$� &ODVV� '� 6SHHG�7RUTXH� &KDUDFWHULVWLF� 8VLQJ� 0XOWL�
2EMHFWLYH 2SWLPL]DWLRQ�$OJRULWKP´�� ,(((�7UDQV�� RQ�0DJQHWLFV�� YRO��
����QR�����SS����������������

>�@ *��/HH��6��0LQ��DQG�-��3��+RQJ��³2SWLPDO�6KDSH�'HVLJQ�RI�5RWRU�6ORW�
LQ� 6TXLUUHO�&DJH� ,QGXFWLRQ� 0RWRU� &RQVLGHULQJ� 7RUTXH�
&KDUDFWHULVWLFV´��,(((�7UDQV��RQ�0DJQHWLFV��YRO� ����QR�����SS�������
����������

>�@ :�� 3XUZDQWR�� 5LVIHQGUD�� '�� )HUQDQGH]�� '�� 6�� 3XWUD�� 7�� 6XJLDUWR��
³'HVLJQ� DQG� FRPSDULVRQ� RI� ILYH� WRSRORJLHV� URWRU� SHUPDQHQW�PDJQHW�
V\QFKURQRXV�PRWRU�IRU�KLJK�VSHHG�VSLQGOH�DSSOLFDWLRQV´ ,QWHUQDWLRQDO�
-RXUQDO�RI�*(20$7(� YRO� ��� QR����� SS����������������

>�@ $�� -DEEDUL�� 0�� 6KDNHUL�� DQG� $�� 1�� 1LDNL�� ³,URQ� 3ROH� 6KDSH�
2SWLPL]DWLRQ�RI�,30�0RWRUV�8VLQJ�DQ�,QWHJUDWHG�0HWKRG´��$GYDQFHV�
LQ� (OHFWULFDO� DQG� &RPSXWHU� (QJLQHHULQJ�� YRO�� ���� QR�� ��� SS�� �������
�����

>�@ :��3XUZDQWR��5LVIHQGUD��'� 6��3XWUD��³(IIHFW�RI�VWDWRU�VORW�JHRPHWU\�
RQ� KLJK� VSHHG� VSLQGOH� PRWRU� SHUIRUPDQFH´� ����� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� ,QIRUPDWLRQ� DQG� &RPPXQLFDWLRQV� 7HFKQRORJ\�
�,&2,$&7�� <RJ\NDUWD��,QGRQHVLD��SS� ���������

>�@ $��%DUERXU��DQG�:��7��7KRPVRQ��³)LQLWH�HOHPHQW�VWXG\�RI�URWRU�VORW�
GHVLJQV�ZLWK�UHVSHFW�WR�FXUUHQW�PRQLWRULQJ�IRU�GHWHFWLQJ�VWDWLF�DLU�JDS�
HFFHQWULFLW\� LQ� VTXLUUHO� � FDJH� LQGXFWLRQ� PRWRUV´�� ,(((� ,QGXVWULDO�
$SSOLFDWLRQV 6RFLHW\� $QQXDO� 0HHWLQJ� 1HZ� 2UOHDQV�� /RXLVLDQD�� SS��
��������������

>�@ $��.�� 6LFKDQL�� *�� 5��$��0DUNDGHK�� DQG� 6��+��(VIDKDQL�� ³'HVLJQ� RI�
2SWLPDO�5REXVW� 6SHHG� 7�6� )X]]\� &RQWUROOHU� IRU� D� :RXQGHG� 5RWRU�
,QGXFWLRQ� 0RWRU� &RXSOHG� ZLWK� D� 1RQOLQHDU� /RDG´� ,QGXVWULDO�
(OHFWURQLFV� �,6,(��� ,(((� ,QWHUQDWLRQDO� 6\PSRVLXP� SS�� ���������
�����

>��@ $�� %RJOLHWWL�� 5�� ,�� %RMRL�� DQG� $�� &DYDJQLQR�� 3�� *XJOLHOPL�� DQG� $��
0LRWWR�� ³$QDO\VLV� DQG�0RGHOLQJ� RI�5RWRU� 6ORW� (QFORVXUH� (IIHFWV� LQ�
+LJK�6SHHG� ,QGXFWLRQ� 0RWRUV´�� ,(((� 7UDQVDFWLRQV� RQ� ,QGXVWU\�
$SSOLFDWLRQV��YRO������QR�����SS������������������

>��@ 6��:LOOLDPVRQ��DQG�&��,��0F&OD\��³2SWLPL]DWLRQ�RI�WKH�*HRPHWU\�RI�
&ORVHG�URWRU�6ORWV�IRU�&DJH�,QGXFWLRQ�0RWRUV´��,(((�7UDQVDFWLRQV�RQ�
,QGXVWU\�$SSOLFDWLRQV��YRO������QR�����SS����������������

>��@ :��<�)RONHUV��DQG�&��0��&UHYHOLQJ��³(QJLQHHULQJ�0HWKRG�IRU�UREXVW�
SURGXFW�GHVLJQ´��$GGLVRQ±:HVOH\�SXEOLVKHU�FRPSDQ\���UG SULQW�������

>��@ 6��0DGKDY�� DQG�3KDGNH�� ³4XDOLW\� HQJLQHHULQJ� XVLQJ� UREXVW� GHVLJQ´��
3UHQWLFH�KDOO�������

>��@ 3��*QDFLQVNL�� ³3UHGLFWLRQ� RI�ZLQGLQJV� WHPSHUDWXUH� ULVH� LQ� LQGXFWLRQ�
PRWRU� VXSSOLHG� ZLWK� GLVWRUWHG� YROWDJH´�� (QHUJ\� &RQYHUVLRQ�
0DQDJHPHQW��YRO������SS����������������

>��@ ,�� %ROGHD� DQG� 6�� $�� 1DVDU�� ³7KH� ,QGXFWLRQ� 0DFKLQHV� 'HVLJQ�
+DQGERRN´��&5&�3UHVV���QG�HGLWLRQ�������

>��@ '�� =KDQJ�� &�� 6�� 3DUN�� DQG� &�� 6�� .RK�� ³$� 1HZ� 2SWLPDO� 'HVLJQ�
0HWKRG�RI�5RWRU�6ORW�RI�7KUHH�3KDVH�6TXLUUHO�&DJH�,QGXFWLRQ�0RWRU�
IRU� 1(0$� &ODVV� '� 6SHHG�7RUTXH� &KDUDFWHULVWLF� 8VLQJ� 0XOWL�
2EMHFWLYH� 2SWLPL]DWLRQ� $OJRULWKP´�� ,(((� 7UDQVDFWLRQV� RQ�
0DJQHWLFV��YRO������QR�����SS����������������
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