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,Q� WKLV� SDSHU�� ZH� SUHVHQW� D� PHWKRG� RI� GHILQLQJ� WKH�
SURILOH�FXUYH�RI�D� VWDWLF� VSHFXODU� VODW�W\SH� V\VWHP�� ,W�
XVHV� DQ� RSWLPL]DWLRQ� SURFHGXUH� �*HQ2SW� SURJUDP�
ZDV� OLQNHG� WR� -*$3� �-DYD� *HQHWLF� $OJRULWKP�
3DFNDJH�� JHQHWLF� DOJRULWKP�� LQ� RUGHU� WR� PRGLI\� WKH�
VKDSH�RI� D� TXDGUDWLF� FXUYH��ZKLFK� LQ� WXUQ� LV� XVHG� WR�
GHVFULEH� WKH� VODW� SURILOH�� 7KH� DLP� LV� WR� DFKLHYH� WKH�
IROORZLQJ�FULWHULD��
��� 7R� UHGXFH� VXPPHU� WZR� GLPHQVLRQDO� ��'��

WUDQVPLWWHG�IOX[�
��� 7R�LQFUHDVH�ZLQWHU��'�WUDQVPLWWHG�IOX[�
��� 7R�LQFUHDVH�WKH�YLHZ�WKURXJK�WKH�V\VWHP�
��� 7R� LQFUHDVH� WKH� XSZDUG� SDUW� RI� �'� IOX[�
OHDYLQJ�WKH�V\VWHP��UHGLUHFWLRQ�DELOLW\����
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7KH� EXLOGLQJ� VHFWRU� LV� UHVSRQVLEOH� IRU� ���� RI� WKH�
RYHUDOO� HQHUJ\� FRQVXPSWLRQ� �(XURVWDW�� ����� HGLWLRQ��
DQG�UHSUHVHQWV� WKH�ELJJHVW�VRXUFH�RI� �&2��HPLVVLRQV�
�(XURSHDQ� &RPPLVVLRQ¶V� ZHEVLWH� RQ� HQHUJ\�
HIILFLHQF\� LQ� EXLOGLQJV��� )DFLQJ� WKH� FKDOOHQJH� RI�
UHGXFLQJ�JUHHQ�KRXVH�HPLVVLRQV��(8�PHPEHUV�DJUHHG�
WR� LPSOHPHQW� WKH� VR�FDOOHG� ³��������´� WDUJHWV� E\�
������ 7KHVH� WDUJHWV� DUH�� D� ���� UHGXFWLRQ� LQ� JUHHQ�
KRXVH� HPLVVLRQV� EDVHG� RQ� ����� OHYHOV�� D� ����
UHGXFWLRQ�LQ�HQHUJ\�XVH�GXH�WR�HQHUJ\�HIILFLHQF\�DQG�
���� RI� (8� HQHUJ\� QHHGV� VKRXOG� EH� PHW� E\�
UHQHZDEOHV��7KLV� �FOLPDWH� DQG� HQHUJ\�SDFNDJH��ZDV�
DJUHHG� E\� WKH� (XURSHDQ� 3DUOLDPHQW� DQG� &RXQFLO� LQ�
'HFHPEHU� ������ ,W� LV� HYLGHQW� WKDW� HQHUJ\� HIILFLHQF\�
SOD\V� D� FUXFLDO� UROH� LQ� DFKLHYLQJ� UHDO� HPLVVLRQ�
UHGXFWLRQV� DW� ORZ� FRVW� �81)&&��
)&&&�.3�$:*���������� ������� (XURSH¶V� �����
6WUDWHJ\� �� ZKLFK� ZDV� DGRSWHG� LQ� ������ LQFOXGH� WKH�
DERYH� � PHQWLRQHG� WDUJHWV� ZKLOH� WKH� UHFDVW� RI�
(XURSHDQ�%XLOGLQJ�3HUIRUPDQFH�'LUHFWLYH��'LUHFWLYH�
��������(8� ������� � UHTXLUHV� WKDW� PHPEHU� VWDWHV�
HQVXUH��DPRQJ�RWKHUV��WKDW�E\������DOO�QHZ�EXLOGLQJV�
ZLOO� EH� 
QHDUO\� ]HUR�HQHUJ\� EXLOGLQJV
� VWDUWLQJ� ZLWK��
WKH�SXEOLF�VHFWRU��
2IILFH�EXLOGLQJV�KDYH�D�KLJK�HQHUJ\�VDYLQJV�SRWHQWLDO�
�*UDWLD�(�HW�DO���������ZLWK�VKDGLQJ�SOD\LQJ�D�FUXFLDO�
UROH�� 6KDGLQJ� FDQ� UHJXODWH� VRODU� JDLQV� E\� UHGXFLQJ�
FRROLQJ� ORDGV�� SURYLGH� GD\OLJKWLQJ� DQG� DW� WKH� VDPH�

WLPH� RIIHU� D� YLVXDO� FRQQHFWLRQ� WR� WKH� H[WHUQDO�
HQYLURQPHQW�� +RZHYHU�� WKH� DERYH� SKHQRPHQD� DUH�
DQWDJRQLVWLF� DQG� LQ� PDQ\� FDVHV�� GXULQJ� WKH� GHVLJQ�
SKDVH�� WKH� VKDGLQJ� V\VWHP� VHOHFWLRQ� LV� VXEMHFW� WR� D�
FRPSURPLVH� EHWZHHQ� VKDGLQJ� QHHGV�� GD\OLJKW�
SURYLVLRQ� DQG� FRPIRUW� �7VDQJUDVVRXOLV� $���������
/LJKWLQJ�HQHUJ\� VDYLQJV�GXH� WR�GD\OLJKWLQJ� � � FDQ�EH�
TXLWH�KLJK��'RXORV�/�HW�DO����������DOWKRXJK�WRR�PXFK�
GD\OLJKW� FDQ� FDXVH� JODUH� SUREOHPV�� 7KHUHIRUH�� DQ\�
FRQWURO� RI� WKH� GLVWULEXWLRQ� RI� OLJKW� LQWHQVLW\� FDQ� EH�
EHQHILFLDO�� 7R� IDFLOLWDWH� WKHVH� WLPH�UHODWHG� FRPSOH[�
GHPDQGV�� VKDGLQJ� V\VWHPV� FDQ� EH� HLWKHU�
DXWRPDWLFDOO\� � FRQWUROOHG� �L�H�� VODW� DQJOH�
PRGLILFDWLRQ�� RU� GHVLJQHG� LQ� VXFK� D� ZD\� WKDW��
DOWKRXJK� VWDWLF�� WKH\� FDQ� RIIHU� D� FRPSURPLVLQJ�
VROXWLRQ��
$OWKRXJK�WKH�QXPEHU�RI�EXLOGLQJV�WKDW�KDYH�G\QDPLF�
IDFDGHV�LV�EHJLQQLQJ�WR�JURZ��WKH�FRPSOH[LW\�RI�WKHLU�
GHVLJQ� DQG� WKH� LQFUHDVHG� LQLWLDO� FRVWV� DQG�
PDLQWHQDQFH� QHHGV� SUHYHQW� WKHLU� ZLGHVSUHDG� XVH��
GLVUHJDUGLQJ�WKH�XVHU¶V�UHDFWLRQV���
2QH� RI� WKH� PRVW� FRPPRQ� V\VWHPV� DGMXVWLQJ� VRODU�
JDLQV�WRJHWKHU�ZLWK�GD\OLJKW�DGPLVVLRQ�LV�WKH�YHQHWLDQ�
EOLQG� V\VWHP�� (LWKHU� H[WHULRU� RU� LQWHULRU�� RUGLQDU\�
EOLQGV�KDYH�D�FXUYHG�VHFWLRQ�IRU�PHFKDQLFDO�VWLIIQHVV�
DQG�DGMXVWPHQW�SUHFLVLRQ�DQG�D�UDWKHU�ORZ�HIILFLHQF\�
LQ� UHGLUHFWLQJ� VXQOLJKW�� 7KLV� SURSHUW\� LV� VWURQJO\�
GHSHQGHG� XSRQ� WKH� EOLQG� VHFWLRQ� DQG� LWV� PDWHULDO�
UHIOHFWLRQ�SURSHUWLHV��1HYHUWKHOHVV��YLVXDO�FRQQHFWLRQ�
ZLWK� WKH� H[WHULRU� HQYLURQPHQW� �FUXFLDO� IRU� KXPDQ�
EHLQJV�� FDQ� EH� UHVWULFWHG�� 7R� WDFNOH� WKLV� SUREOHP��
SHUIRUDWLRQ� LV�XVHG�� UHVWRULQJ�YLVXDO�FRQQHFWLRQ�HYHQ�
ZKHQ�EOLQGV�DUH�FORVHG��
'XH�WR�WKH�FRPSOH[LW\�RI�WKH�FRQWLQXRXV�FRQWURO��QHZ�
GHVLJQV� IRU� UHIOHFWLYH� EOLQG� VHFWLRQV� KDYH� EHHQ�
SURSRVHG� �� VXFK� DV� WKHVH� IURP�.RHVWHU� �.RHVWHU��+��
������ RU� .XKQ� �.XKQ� 7�(��� ������ RIIHULQJ�
XQREVWUXFWHG�YLHZ���VHDVRQDO�UHJXODWLRQ�RI�VRODU�JDLQV�
GXULQJ� WKH� KHDWLQJ�FRROLQJ� SHULRGV� DQG� GD\OLJKW�
SURYLVLRQ��
,W�LV�REYLRXV�WKDW�ILQGLQJ�D�EOLQG�VHFWLRQ�ZLWK�WKH�XVH�
RI� D� SUHGHILQHG� VHW� RI� GHPDQGV� FDQ� EH� RI� � JUHDW�
LPSRUWDQFH��$�VLPLODU�DSSURDFK�LV�XVHG�IRU�WKH�GHVLJQ�
RI� D� OXPLQDLUH¶V� UHIOHFWRU�� 6LQFH� WKH� GHVLJQ�� WHVWLQJ�
DQG� PRGLILFDWLRQ� RI� D� UHIOHFWRU� VKDSH� LV� D� WHGLRXV�
SURFHVV��EDVHG�RQ�WULDO�DQG�HUURU���DQ�LQYHUVH�PHWKRG�
FDQ� EH� DSSOLHG�� DW� OHDVW�� GXULQJ� WKH� LQLWLDO� GHVLJQ�
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SKDVH�� � 8VLQJ� D� OLJKW� VRXUFH� ZLWK� NQRZQ� LQWHQVLW\�
GLVWULEXWLRQ�� LQYHUVH� GHVLJQ� PHWKRGV� FUHDWH� WKH�
UHIOHFWRU�VXUIDFH�VKDSH�E\�XVLQJ�D�JLYHQ�SKRWRPHWULF�
GLVWULEXWLRQ� DV� D� SUHUHTXLVLWH� �$VKGRZQ� ,� ��������
3DWRZD�*��HW�DO����������:DQGDFKRZLF]�.������������
+RZHYHU�� UHIOHFWLYH� EOLQGV� KDYH� D� PRUH� FRPSOH[�
EHKDYLRU� EHFDXVH� WKH� OLJKW� VRXUFHV� �VXQ� DQG� VN\��
HLWKHU� FKDQJH� WKHLU� SRVLWLRQ� RU� WKHLU� LQWHQVLW\�
GLVWULEXWLRQ�� ,Q� DGGLWLRQ� WR� WKLV�� DUELWUDULO\� VKDSHG�
VHFWLRQV� FDQ� FRQVLGHUDEO\� LQFUHDVH� WKH� QXPEHU� RI�
LQWHUHIOHFWLRQV� PDNLQJ� WKH� FDOFXODWLRQ� SURFHVV� WLPH�
FRQVXPLQJ��
7KHUH�DUH�D�QXPEHU�RI�DOJRULWKPV�DYDLODEOH��FDSDEOH�
RI�VLPXODWLQJ�WKH�SURSDJDWLRQ�RI�OLJKW�IOX[�WKURXJK�D�
PRGHO�� XVLQJ� UD\� WUDFLQJ� WHFKQLTXHV�� 7KHVH� FDQ�
KDQGOH� D� YDULHW\� RI� VXUIDFH� RSWLFDO� SURSHUWLHV�� �'�
JHRPHWULHV� DQG� OLJKW� VRXUFHV� �7UDFH�3UR�� 3KRWRSLD��
3KRWRQPDS�� 63(26�� DQG� SURYLGH� OLJKW� LQWHQVLW\�
GLVWULEXWLRQV�±DPRQJ�RWKHUV��DV�RXWSXW��,Q�WKH�FDVH�RI�
OXPLQDLUH� UHIOHFWRU� GHVLJQ�� D� NLQG� RI�
RSWLPL]DWLRQ�SDUDPHWHUL]DWLRQ�GRHV�H[LVW��DOWHULQJ�WKH�
LQWHQVLW\�GLVWULEXWLRQ�SURGXFHG�E\�WKH�LQLWLDO�GHVLJQ�LQ�
D�QXPEHU�RI�FRQWURO�SRLQWV��7KLV�KDV�DQ�HIIHFW�RQ�WKH�
UHIOHFWRU¶V� VKDSH�� $XWRPDWLRQ� RI� WKLV� SURFHGXUH� FDQ�
EH�SHUIRUPHG�E\�XVLQJ�DQ�HYROXWLRQDU\�DOJRULWKP�DQG�
VHWWLQJ�XS�DQ�REMHFWLYH�IXQFWLRQ�GLUHFWO\�UHODWHG�WR�WKH�
HIILFLHQF\�DQG�RU�WKH�GHVLUHG�LQWHQVLW\�GLVWULEXWLRQ��
7KH�DSSURDFK�WKDW�WKLV�SDSHU�SURSRVHV�LV�EDVHG�RQ�WKH�
IROORZLQJ� DVVXPSWLRQV� DQG� LWV� WDUJHW� LV� WR� SUHVHQW� D�
VROXWLRQ�VR�DV��WR�VLPSOLI\�WKH�LQLWLDO�GHVLJQ�SKDVH�RI�
VODW¶V�SURILOH�FXUYH��
��� 2QO\�VSHFXODU�UHIOHFWLRQ�LV�FRQVLGHUHG��
��� 2QO\� GLUHFW� VRODU� UDGLDWLRQ� LV� WDNHQ� LQWR�
DFFRXQW�
��� �'�UD\�WUDFLQJ�DOJRULWKP�LV�XVHG�WR�HVWLPDWH�
WKH� DQJXODU� GLVWULEXWLRQ� RI� WKH� WUDQVPLWWHG� IOX[�
�7VDQJUDVVRXOLV� $�� HW� DO� �������� :LWWNRSI� 6�� HW� DO�
������� DQG� YLHZ�� 7KHVH� SDUDPHWHUV� GHILQH� WKH�
REMHFWLYH� IXQFWLRQ� WKDW� WKH�JHQHWLF�DOJRULWKP� WULHV� WR�
PLQLPL]H�� LQ�DQ�HIIRUW� WR�VDWLVI\�FHUWDLQ�FULWHULD�VXFK�
DV� WKH� UHGXFWLRQ�LQFUHDVH� RI� WKH� WUDQVPLWWHG� �'� IOX[�
GXULQJ� VXPPHU�ZLQWHU� UHVSHFWLYHO\�� WKH� LQFUHDVH� RI�
YLHZ�DQG�WKH�LQFUHDVH�RI� WKH�XSZDUG�SDUW�RI��'�IOX[�
OHDYLQJ�WKH�V\VWHP��UHGLUHFWLRQ�DELOLW\���
��� $� K\EULG� JHQHWLF� DOJRULWKP� ZDV� XVHG��
FRPELQLQJ� *HQ2SW� �*HQ2SW��
KWWS���VLPXODWLRQUHVHDUFK�OEO�JRY�*2�QHZ�KWPO��
WRJHWKHU� ZLWK� -*$3� �-*$3��
KWWS���MJDS�VRXUFHIRUJH�QHW�����
7KH�GHVLJQ�DSSURDFK�DV�D�ZKROH�LV�SUHVHQWHG�LQ�ILJXUH�
���

�
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Figure 1.  Schematic flow chart for the design of a 
slat type shading system 
�
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7KH�RSWLPL]DWLRQ�SUREOHP�ZDV� VROYHG�ZLWK� D� K\EULG�
JHQHWLF� DOJRULWKP�� 7KH� EDFNERQH� RI� WKH� PHWKRG�
SUHVHQWHG�LV�WKH�*HQ2SW��VLQFH�LW�FDQ�EH�FRXSOHG�ZLWK�
D�VLPXODWLRQ�HQJLQH�YLD�WH[W�ILOHV��7KH��'�UD\WUDFLQJ�
SURJUDP�XVHV�WH[W�ILOHV�DV�LQSXWV�DQG�SULQWV�GHOLPLWHG�
UHVXOWV� LQWR� WH[W� ILOHV�DV�ZHOO��7KH�FXUUHQW�YHUVLRQ�RI�
*HQ2SW� ������ GRHVQ¶W� LQFOXGH� D� JHQHWLF� DOJRULWKP��
WKHUHIRUH�-*$3�KDV�EHHQ�LQWHJUDWHG�LQWR�LW��-*$3�LV�D�
*HQHWLF� $OJRULWKPV� DQG� *HQHWLF� 3URJUDPPLQJ�
FRPSRQHQW�SURYLGHG�DV�D�-DYD�IUDPHZRUN��*HQ2SW�LV�
GLYLGHG� LQWR� D� NHUQHO� SDUW� DQG� DQ� RSWLPL]DWLRQ� SDUW��
7KH� NHUQHO� UHDGV� WKH� LQSXW� ILOHV� WKDW� VHWXS� WKH�
SUREOHP�� ZULWHV� WKH� VLPXODWLRQ� HQJLQH¶V� LQSXW� ILOHV��
FDOOV� WKH� VLPXODWLRQ� SURJUDP�� UHWULHYHV� WKH� UHVXOWV�
IURP� WKH� RXWSXW� ILOHV�� ORJV� WKH� RSHUDWLRQV� DQG� SULQWV�
UHVXOWV� WR� WKH� VFUHHQ��7KH�RSWLPL]DWLRQ�SDUW� FRQWDLQV�
WKH� RSWLPL]DWLRQ� DOJRULWKPV� DQG� H[SRVHV� WKH� NHUQHO�
IXQFWLRQDOLW\� WR� WKHP�� 7KH� FRGH� QHHGHG� WR� FRXSOH�
-*$3� IXQFWLRQDOLW\� ZLWK� *HQ2SW� ZDV� LPSOHPHQWHG�
DV�D�QHZ�RSWLPL]DWLRQ�DOJRULWKP��7KLV�QHZ�DOJRULWKP�
UHWULHYHV� WKH� JHQHWLF� DOJRULWKP� �*$�� FRQILJXUDWLRQ�
IURP�*HQ2SW¶V�LQSXW�ILOH�DQG�VHWV�WKHP�WR�WKH�-*$3��
-*$3�GHFLGHV� WKH�YDOXHV�RI� WKH�GHVLJQ�YDULDEOHV� IRU�
HDFK�SRSXODWLRQ��7KH�LPSOHPHQWDWLRQ�FRGH�WUDQVODWHV�
WKLV�SRSXODWLRQ�LQWR�*HQ2SW�VLPXODWLRQV�DQG�H[HFXWHV�
WKH� FDOFXODWLRQ� SURFHGXUH�� 7KH� UHWULHYHG� UHVXOWV� DUH�
VHQW� EDFN� WR� -*$3� ZKLFK� GHFLGHV� IRU� WKH� QH[W�
SRSXODWLRQ�� 7KH� -*$3� FRQILJXUDWLRQ� LV� GRQH� LQ� WKH�
VDPH� ZD\� OLNH� DQ\� RWKHU� DOJRULWKP� SURYLGHG� E\�
*HQ2SW�ZLWK�DQ�³DOJRULWKP´�VHFWLRQ�LQ�WKH�FRPPDQG�
ILOH���
7KH� LPSOHPHQWHG� JHQHWLF� DOJRULWKP�XVHV� WKH� W\SLFDO�
*$� RSHUDWLRQV�� ,W� VWDUWV� ZLWK� DQ� LQLWLDO� SRSXODWLRQ�
ZLWK� UDQGRP� YDOXHV� IRU� YDULDEOHV� XVHG� WR� FDOFXODWH�
WKH� ILWQHVV� �REMHFWLYH�� IXQFWLRQ��$IWHU� WKDW�� LW� DSSOLHV�
WKH�QDWXUDO�VHOHFWRU�WR�WKH�SRSXODWLRQ�XVHG��WR�SLFN�WKH�
VROXWLRQV� ZLWK� WKH� EHVW� ILWQHVV� IXQFWLRQ�� 7KHQ� LW�
DSSOLHV� WKH� W\SLFDO� RSHUDWRUV� RI� FURVVRYHU� DQG�
PXWDWLRQ� DQG� DGGV� UDQGRP� SRSXODWLRQ� LI� QHHGHG� WR�
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JHW�WKH�GHVLUHG�SRSXODWLRQ�VL]H��7KH�-*$3¶V�EUHHGHU��
ZKLFK� DSSOLHV� WKH� JHQHWLF� RSHUDWRUV�� LV� IXUWKHU�
LPSURYHG�E\�FOHDQLQJ�GRXEOH�HYDOXDWLRQV�DQG�JHWWLQJ�
D�VWHDG\�SRSXODWLRQ�VL]H��
7KH� DERYH� PHQWLRQHG� *$� LV� IXUWKHU� FRXSOHG� LQ� D�
K\EULG�RSHUDWLRQ�ZLWK�WKH�*36+RRNH-HHYHV�ZKLFK�LV�
D�JHQHUDO�SDWWHUQ�VHDUFK�DOJRULWKP�DQG�LV�SURYLGHG�E\�
*HQ2SW�� 7KH� *$� RSHUDWLRQ� LV� FDUULHG� RXW� LQ� D�
PXOWLWKUHDGHG� ZD\� EXW� WKH� SURYLGHG� SDWWHUQ� VHDUFK�
XVHV�RQO\�RQH�WKUHDG��:LWK�VRPH�PRGLILFDWLRQV�WR�WKH�
RULJLQDO� FRGH�� WKH� *36+RRNH-HHYHV� DOJRULWKP�
RSHUDWHV� DV� D� V\QFKURQRXVO\� SDUDOOHO� SDWWHUQ� VHDUFK�
PHWKRG� ZKLFK� XWLOL]HV� WKH� PXOWLWKUHDGHG� FDSDELOLW\��
7KLV� RSHUDWLRQ� IXUWKHU� LPSURYHG� WKH� DOJRULWKP¶V�
SHUIRUPDQFH�IRU�WKH�FXUUHQW�SUREOHP��
 
2D-ray tracing algorithm 
 
7KH�GHILQLWLRQ�RI�WKH�REMHFWLYH�IXQFWLRQ��GHPDQGV�WKH�
FDOFXODWLRQ� RI� �'� IOX[� IURP� WKH� EOLQG� V\VWHP�ZKLFK�
FRQVLVWV� RI� WZR� SDUDOOHO� KRUL]RQWDO� VODWV� RI� NQRZQ�
SURILOH� FXUYH�� 7KHUH� DUHQ¶W� PDQ\� �G� UD\� WUDFHUV�
DYDLODEOH� �5D\WUDFH�� KWWS����
ZZZ�UHLPDQQ�GN�JUHJHUV�SURMHFWV���5D\WUDFH�OVS���
7KXV� D� VLPSOH� �'� UD\WUDFHU� ZDV� GHYHORSHG� IRU� WKLV�
UHDVRQ�DQG�WKH�FDOFXODWLRQ�VWDUWV�ZLWK�WKH�HPLVVLRQ�RI�
D� XVHU� GHILQHG� QXPEHU� RI� SDUDOOHO� UD\V� ZKLFK� DUH�
HPLWWHG�IURP�WKH�HQWUDQFH�DSHUWXUH���
)RU�HDFK�UD\�HPLWWHG��DQ�LQLWLDO�ZHLJKW�HTXDO�WR���ZDV�
DVVLJQHG�� 7KH� UD\V� DUH� WUDFHG� WKURXJK� VXFFHVVLYH�
VSHFXODU� UHIOHFWLRQV� DQG� WKHLU� ZHLJKW� LV� UHGXFHG�
DFFRUGLQJ� WR� WKH� VODW� VXUIDFH� UHIOHFWDQFH�� 7KH�
SURFHGXUH� LV� UHSHDWHG� XQWLO� WKH� UD\� ZHLJKW� EHFRPHV�
VPDOOHU�WKDQ�D�SUHVHW�YDOXH��L�H��UD\�DEVRUEHG��RU�H[LWV�
WKH� V\VWHP�� &RQVHTXHQWO\�� WKH� UD\V� DUH� UHFXUVLYHO\�
WUDFNHG�WKURXJK�UHIOHFWLRQV�DQG�ZKHQ�WKH\�H[LW�� WKHLU�
ZHLJKW�LV�DFFRXQWHG�LQ�D�SUHGHILQHG�ELQ�RI�GLUHFWLRQV��
$OO� H[LW� UD\V� WKDW� KDYH� WKH� VDPH� GLUHFWLRQ� EXW�
GLIIHUHQW� SRVLWLRQV�� DUH� DFFRXQWHG� LQ� WKH� VDPH� ELQ�
VLQFH�WKH�VODW�V\VWHP�LV�FRQVLGHUHG�DV�D�SRLQW�VRXUFH��
8VLQJ� RQO\� RQH� ELQ� �KHPLVSKHUH��� WKH� �'� IOX[�
WUDQVPLWWHG� LV� FDOFXODWHG�� ZKLOH� E\� LQFUHDVLQJ� WKH�
QXPEHU�RI� ELQV�� �'�DQJXODU� IOX[�GLVWULEXWLRQ� FDQ�EH�
HVWLPDWHG��
7KH�PDWKHPDWLFDO�IRUPXODWLRQ�RI�WKH�XVHG�UD\�WUDFLQJ�
DOJRULWKP� LV� TXLWH� VLPSOH�� 6ODW� VHFWLRQ� LV� GHVFULEHG�
XVLQJ� D� FRQWLQXRXV� IXQFWLRQ� �LQ� WKLV� FDVH� LW� LV� EDVHG�
RQ�D�TXDGUDWLF�HTXDWLRQ���

��xfy  ������������������������������������
:KHQ� D� UD\� LQWHUVHFWV� WKLV� HTXDWLRQ� DW� D� SRLQW�

���� �� xfx �� �� WKH� VORSH� RI� WDQJHQW� DQG� LWV� QRUPDO��

DUH�  �xf  � DQG� � ±���  �xf  � � � UHVSHFWLYHO\�� �6LQFH�
WKH�UHIOHFWLRQ�LV�FRQVLGHUHG�DV�VSHFXODU�� WKH�UHIOHFWHG�
UD\��R


��LV�FDOFXODWHG�XVLQJ�WKH�LQFLGHQW�UD\�� I


��DQG�

WKH�QRUPDO�� N

��DFFRUGLQJ�WR�WKH�HTXDWLRQ��

�

��� INNIR

 ���������

�
7KH�JHRPHWULFDO� YDULDEOHV� WKDW� DIIHFW� WKH� VODW� SURILOH�
FXUYH� DQG� DUH� XVHG� IRU� LWV� VKDSH� RSWLPL]DWLRQ� DUH�
SUHVHQWHG�LQ�WKH�IROORZLQJ�ILJXUH��

�
�
Figure 2. Geometrical parameters used for slat 
profile curve optimization. 
�
7KH� DOJRULWKP� FDOFXODWHV� WKH� �'� IOX[� WUDQVPLWWHG�
WKURXJK� WKH� V\VWHP� IRU� WZR� LQLWLDO� UD\� GLUHFWLRQV�
IRUPLQJ�DQJOHV�ZKLFK� � UHSUHVHQW� WKH�KLJKHVW�DOWLWXGH�
RI�WKH�VXQ�GXULQJ�WKH�VXPPHU�DQG�ZLQWHU�VROVWLFH�RQ�D�
YHUWLFDO�VHFWLRQ�QRUPDO�WR�WKH��ZLQGRZ�VXUIDFH�ZKHUH�
WKH�EOLQG�V\VWHP�ZLOO�EH�SODFHG�� � �7KH�ZHLJKW�RI� WKH�
WUDQVPLWWHG�UD\V�LV�VXPPHG�XS�IRU�HDFK�RQH�RI�WKH�VL[�
ELQV�DV�SUHVHQWHG�LQ�WKH�ILJXUH����

�
Figure 3. Definition of  angular distribution of the 
transmitted flux.  
�
7KH� VHOHFWLRQ� RI� WKHVH� DQJOHV� LV� FUXFLDO� IRU� WKH� VODW�
SURILOH� LQ� RUGHU� WR� KDQGOH� VRODU� UDGLDWLRQ ZLWK�
VHDVRQDO� VHOHFWLYHQHVV� VLQFH� WKH� V\VWHP� LV� VWDWLF��
'HSHQGLQJ�RQ� WKH� ILWQHVV� IXQFWLRQ�� WKH� LQLWLDO� GHVLJQ�
FRQFHSW� FDQ� EH� DOWHUHG�� )RU� H[DPSOH� WZR� VXQ�
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HOHYDWLRQV�UHSUHVHQWLQJ� WKH�H[WUHPH�SRVLWLRQV� IRU� WKH�
VKDGLQJ�SHULRG� FDQ�EH�XVHG� �IRU� H[DPSOH� LQ�$WKHQV��
*UHHFH��VKDGLQJ� LV�QHHGHG�IURP�0D\�WR�6HSWHPEHU���
,Q�WKLV�FDVH��WKH�REMHFWLYH�IXQFWLRQ�FDQ�EH�PRGLILHG�WR�
LQFOXGH� RQO\� YLHZ�� UHGLUHFWLRQ� DELOLW\� DQG� D�
SUHGHILQHG�IOX[�WUDQVPLWWDQFH�GXULQJ�WKH�VXPPHU��
�

Optimization procedure  
�
7KH� LQLWLDO� QXPEHU� RI� UD\V� HPLWWHG� DQG� WKH� WZR�
GLUHFWLRQV�DUH�XVHU�GHILQHG�ZKLOH�WKH�*$�PRGLILHV�WKH�
IRXU� SDUDPHWHUV� SUHVHQWHG� LQ� ILJXUH� ��� $OO� IRXU�
WRJHWKHU� FRUUHVSRQG� WR� D� SRWHQWLDO� VROXWLRQ�ZKLFK� LV�
FDOOHG� D� FKURPRVRPH� RU� DQ� LQGLYLGXDO�� (DFK� VHW� RI�
SRWHQWLDO� VROXWLRQV� LV� FDOOHG� D� SRSXODWLRQ�� (DFK�
FKURPRVRPH� FRQVLVWV� RI� JHQHV�� DQG� HDFK� JHQH�
UHSUHVHQWV� D� SDUWLFXODU� HOHPHQW� RI� WKH� FDQGLGDWH�
VROXWLRQ��$Q�DOOHOH�LV�WKH�YDOXH�RI�D�JHQH���
,QLWLDOO\� PDQ\� LQGLYLGXDO� VROXWLRQV� �FKURPRVRPHV��
DUH�UDQGRPO\�JHQHUDWHG�WR�IRUP�DQ�LQLWLDO�SRSXODWLRQ��
$IWHU� FDOFXODWLQJ� HDFK� LQGLYLGXDO¶V� ILWQHVV� IXQFWLRQ��
WKH� SRSXODWLRQ� HYROYHV�� 7R� FRPSXWH� WKH� QH[W�
SRSXODWLRQ�� RSHUDWRUV� DUH� DSSOLHG� WR� WKH� FXUUHQW�
SRSXODWLRQ��
7KH� VLPSOHVW� IRUP� RI� JHQHWLF� DOJRULWKP� LQYROYHV�
WKUHH� W\SHV� RI� RSHUDWRUV�� VHOHFWLRQ�� FURVVRYHU� DQG�
PXWDWLRQ�� 7KH� VHOHFWLRQ� RSHUDWRU� VHOHFWV�
FKURPRVRPHV�LQ�WKH�SRSXODWLRQ�IRU�UHSURGXFWLRQ��7KH�
ILWWHU� WKH�FKURPRVRPH�� WKH�KLJKHU� WKH� OLNHOLKRRG� WKDW�
WKH\� ZLOO� EH� VHOHFWHG� WR� UHSURGXFH�� 7KH� FURVVRYHU�
RSHUDWRU� UDQGRPO\� FKRRVHV� D� ORFXV�� ZKLFK� LV� WKH�
SRVLWLRQ�RI�D� JHQH� LQ�D�FKURPRVRPH��DQG�H[FKDQJHV�
WKH�VXEVHTXHQFHV�EHIRUH�DQG�DIWHU�WKDW�ORFXV�EHWZHHQ�
WZR� FKURPRVRPHV� WR� FUHDWH� WZR� RIIVSULQJV�� 7KH�
PXWDWLRQ� RSHUDWRU� UDQGRPO\� FKDQJHV� WKH� YDOXH� RI� D�
JHQH�LQ�D�SRWHQWLDO�VROXWLRQ��7KH�DOJRULWKP�VWDUWV�ZLWK�
DQ� LQLWLDO� VODW�VHFWLRQ� VKDSH� �FRQWLQXRXV� IXQFWLRQ��
ZKLFK�LQ�WKLV�FDVH�LV�D�TXDGUDWLF�HTXDWLRQ��

\ [���D������������������
'HSHQGLQJ� RQ� WKH� SODFH� DQG� WKH� RULHQWDWLRQ� RI� WKH�
ZLQGRZ� ZKHUH� WKH� VKDGLQJ� V\VWHP� LV� JRLQJ� WR� EH�
SODFHG�� WZR� VXQ� HOHYDWLRQ� DQJOHV� DUH� GHILQHG��
UHSUHVHQWLQJ� WKH� KLJKHVW� DQG� WKH� ORZHVW� HOHYDWLRQ�
GXULQJ� WKH� VXPPHU� DQG�ZLQWHU� VROVWLFH� UHVSHFWLYHO\��
7KH� DOJRULWKP� WKHQ� PRGLILHV� DOO� SDUDPHWHUV� WKDW�
DIIHFW�WKH�VODW�SURILOH�VKDSH�LQ�DQ�HIIRUW�WR�UHGXFH�WKH�
VXPPHU� WZR� GLPHQVLRQDO� ��'�� IOX[� WUDQVPLWWHG�
��'BVXP���WR�LQFUHDVH�WKH�ZLQWHU��'�IOX[�WUDQVPLWWHG�
��'BZLQ��� WR� LQFUHDVH� WKH� � YLHZ� RXW� WKURXJK� WKH�
V\VWHP��9LHZBRXW��DQG�WR�LQFUHDVH�WKH�XSZDUG�SDUW�RI�
�'�IOX[�OHDYLQJ�WKH�V\VWHP��UHGLUHFWLRQ�DELOLW\���7KXV�
WKH� REMHFWLYH� IXQFWLRQ� WKDW� WKH� DOJRULWKP� KDV� WR�
PLQLPL]H�LV�GHILQHG�DV�IROORZV��
�

I�[�� ���������'BVXP�ZHLJKWBVXP���
�'BZLQZHLJKWBZLQ���9LHZBRXWZHLJKWBYLHZ�������
�
�
ZKHUH���
�
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raysofweight
sumD bin

bin


�

�
��

B� �������

�
�
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raysofweight
winD bin
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�

�
��

B� ������

�
9LHZBRXW� LV� WKH� IUDFWLRQ� RI� XQREVWUXFWHG� YLHZ�
WKURXJK� WKH� EOLQGV� DV� SUHVHQWHG� LQ� WKH� IROORZLQJ�
ILJXUH����
�

�
Figure 4. Definition of the parameter View_out 
�
,Q�WKLV�SUHVHQW�FDVH�DOO�ZHLJKW�YDULDEOHV��ZHLJKWBVXP��
ZHLJKWBZLQ��ZHLJKWBYLHZ��DUH�FRQVLGHUHG�HTXDO� WR���
ZKLOH� WKH� QXPEHU� �� ZDV� XVHG� WR� HQVXUH� WKDW� WKH�
REMHFWLYH� IXQFWLRQ� LV� DOZD\V� SRVLWLYH�� 7R� FRQVWUDLQ�
XQIHDVLEOH��'�IOX[�GLVWULEXWLRQ�DPRQJ�WKH�ELQV��LW�ZDV�
GHFLGHG� WKDW� DOO� GHVLJQV� ZLWK� �'� IOX[HV� WUDQVPLWWHG�
LQWR� ELQV� �� DQG� �� WKDW� DUH� ODUJHU� WKDQ� ��� RI� WKH�
LQFLGHQW�IOX[��VKRXOG�EH�SHQDOL]HG�WRJHWKHU��7KLV�ZDV�
UHDOL]HG� E\� XVLQJ� SHQDOW\� IXQFWLRQV�� RQH� IRU� HDFK�
LQLWLDO�UD\�GLUHFWLRQ��L�H��VXQ�HOHYDWLRQ����7KXV�WKH�QHZ�
REMHFWLYH�IXQFWLRQ�LV�QRZ�GHILQHG�DV���
�

I�[�� ���������'BVXP�ZHLJKWBVXP���
�'BZLQZHLJKWBZLQ���9LHZBRXWZHLJKWBYLHZ��

�SBVXP���SBZLQ����������������������
�

ZKHUH�p_sum�DQG�p_win�DUH�WKH�SHQDOW\�IXQFWLRQV�IRU�
VXPPHU� DQG� ZLQWHU� UHVSHFWLYHO\�� 7KHVH� IXQFWLRQV�
WUDQVIRUP� WKH� FRQVWUDLQ� SUREOHP� LQWR� DQ�
XQFRQVWUDLQHG� RQH� DQG� � SHQDOLVH� DQ\� VROXWLRQ� ZLWK�
IOX[� WUDQVPLWWDQFH� LQ� ELQV� �	�� !������ 7KHLU�
GHILQLWLRQV�DUH�DV�IROORZV��
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7KH�VDPH� IRUPXODWLRQ�DSSOLHV� IRU� WKH�ZLQWHU�SHQDOW\�
IXQFWLRQ�DV�ZHOO�� ,W�PXVW�EH�SRLQWHG�RXW� WKDW�SHQDOW\�
IXQFWLRQV�KDYH�WR�EH�GHILQHG�LV�VXFK�D�ZD\�DV�WR�DYRLG�
DGGLQJ� GLVFRQWLQXLWLHV� WR� WKH� ILWQHVV� IXQFWLRQ� 
3DUDPHWHU�U�LV�WKH�SHQDOW\�FRHIILFLHQW��
Case study results 
�
7KH�PHWKRG�ZDV�XVHG�IRU�D�FDVH�ZLWK�VRODU�HOHYDWLRQ�
DQJOHV��L�H��GLUHFWLRQV�IRU�LQLWLDOO\�HPLWWHG�UD\V��HTXDO�
WR� �������� ������� UHSUHVHQWLQJ� WKH�KLJKHVW� DQG� ORZHVW�
SRVLWLRQ� RI� WKH� VXQ� GXULQJ� WKH� VXPPHU� DQG� ZLQWHU�
VROVWLFH� LQ� $WKHQV�� *UHHFH�� 7KH� QXPEHU� RI� LQLWLDO�
HPLWWHG� UD\V� FDQ� DIIHFW� WKH� VLPXODWLRQ� WLPH� DQG� LWV�
HVWLPDWLRQ� LV� EDVHG� RQ� D� VHQVLWLYLW\� DQDO\VLV�� 7KH�
UHVXOWV�DUH�JLYHQ� LQ� ILJXUH���SUHVHQWLQJ� WKH�YDULDWLRQ�
RI� �'BIOX[� WUDQVPLWWHG� WKURXJK� WKH� V\VWHP� IRU� WKH�
WZR� GLUHFWLRQV�� DJDLQVW� WKH� QXPEHU� RI� LQLWLDO� UD\V��
$IWHU�D�QXPEHU�RI�UD\V�WKH�FRQYHUJHQFH�LV�REYLRXV���

�
�
Figure 5. 2D-flux transmitted  against initial emitted 
rays 
7KH� -*$3¶V� DOJRULWKP� VHDUFKHV� JOREDOO\� IRU� D� QHDU�
RSWLPXP�VROXWLRQ�DQG�WKHQ�*HQ2SW�XVHV�WKH�UHVXOW��WR�
VWDUW� D� ORFDO� VHDUFK� XVLQJ� D� V\QFKURQRXV� SDUDOOHO�
YHUVLRQ� RI� *36+RRNH-HHYHV� DOJRULWKP�� 7KH� XVHG�
SDUDPHWHUV�DUH�LQ�WKH�IROORZLQJ�WDEOH��$W�WKLV�SRLQW�LW�
KDV� WR� EH� PHQWLRQHG� WKDW� DOO� GLPHQVLRQV� KDYH� EHHQ�
QRUPDOL]HG�WR�[��ZKLFK�LV�FRQVLGHUHG�HTXDO�WR����

Table 1 
Parameters used in the case study 

�
Geometrical 
parameters 

Optimization parameters 

,QLWLDO�
HPLWWHG� UD\V�
 ��������

GA parameters 

/LPLW� UD\�
ZHLJKW ������

0D[�JHQHUDWLRQV� ����

�����[����� 3RSXODWLRQ6L]H� ����
��� [���� %HVW&KURPRVRPHV6HOHFWRU5DWH �����
[� �� &URVVRYHU5DWH� �����
��[����� 'HVLUHG0XWDWLRQ5DWH� ������
6ODW�
UHIOHFWDQFH�
 �����

3HQDOW\�FRHIILFLHQW�U ���

�  
� GPSHookeJeeves properties 
� 0HVK6L]H'LYLGHU� ���

� ,QLWLDO0HVK6L]H([SRQHQW� ���
� 0HVK6L]H([SRQHQW,QFUHPHQW� ���
� 1XPEHU2I6WHS5HGXFWLRQ� ���
�
�

�
Figure 6. Minimization of the fitnesse function (GA 
best generation points). 
�
7KH�VHDUFK�VSDFH�LV�UHODWLYHO\�VPDOO��VR�WKH�*$�HDVLO\�
ILQGV� D� JRRG� VROXWLRQ� DIWHU� ��� JHQHUDWLRQV� �����
VLPXODWLRQV�� DV� LW� LV� VKRZQ� LQ� )LJXUH� ��� +RZHYHU��
����� VLPXODWLRQ� UXQV�KDYH�EHHQ� DSSOLHG�E\� WKH�*$��
LQ� DQ� HIIRUW� WR� PLQLPL]H� WKH� SUREDELOLW\� ILQGLQJ� D�
VXERSWLPDO� VROXWLRQ� IRU� WKH� FXUUHQW� SUREOHP�� :KHQ�
WKH�*$�KDV�HQGHG��WKH�SDWWHUQ�VHDUFK�LV�DSSOLHG�LQ�DQ�
HIIRUW� WR� UHILQH� WKH� PLQLPXP� YDOXH�� 5D\� WUDFLQJ�
VWDUWHG� ZLWK� ������� UD\V� IRU� HDFK� RQH� RI� WKH� WZR�
LQLWLDO� GLUHFWLRQV� DQG� WKH� SHQDOW\� FRHIILFLHQW� ZDV�
HTXDO� WR� ���� 0LQLPXP� YDOXH� IRU� WKH� REMHFWLYH�
IXQFWLRQ�ZDV�DFKLHYHG�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�
[� ������ [� ��������� [� ��� [� ������ 9LHZBRXW� LV�
���� ZKLOH� WKH� YDOXH� IRU� �'BVXP� DQG� �'BZLQ� ZDV�
������ DQG� ����� UHVSHFWLYHO\�� 7KH� VROXWLRQ� LV�
SUHVHQWHG�LQ�WKH�IROORZLQJ�ILJXUH��
�

�
�
�
Figure 7.  Reflective parabolic slat shape as defined 
by the objective function 
�
�
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&21&/86,216�
�
6WDUWLQJ�IURP�D�TXDGUDWLF�HTXDWLRQ�DQG�D�VHW�RI�VLPSOH�
UXOHV�� WKH� SURILOH� VKDSH� RI� UHIOHFWLYH� VODWV� FDQ� EH�
GHWHUPLQHG�� 7KHVH� UXOHV� DUH� EDVHG� RQ� WKH� JHQHUDO�
DSSURDFK�RI� UHGXFLQJ�VRODU�JDLQV�GXULQJ� WKH�VXPPHU�
WRJHWKHU� ZLWK� WKH� PD[LPL]DWLRQ� RI� YLHZ� RXW�� $� �'�
UD\�WUDFLQJ� DOJRULWKP�� OLQNHG� ZLWK� D� K\EULG� *$�
SDWWHUQ� VHDUFK� PHWKRG�� FDQ� EH� XVHG� WR� PLQLPL]H� DQ�
REMHFWLYH� IXQFWLRQ�ZKLFK� WDNHV� LQWR�DFFRXQW� WKH� IOX[�
WUDQVPLWWHG�GXULQJ� WKH� VXPPHU�DQG�ZLQWHU��YLHZ�RXW�
DQG� WKH� DQJXODU� GLVWULEXWLRQ� RI� �'� IOX[� OHDYLQJ� WKH�
V\VWHP�� %\� LQWURGXFLQJ� SHQDOW\� IXQFWLRQV� IRU� VRPH�
SDUWV�RI�WKH�WUDQVPLWWHG�IOX[��WKH�UHGLUHFWLRQ�DELOLW\�RI�
WKH� V\VWHP� FDQ� EH� DOWHUHG�� 7KLV� DSSURDFK� FDQ�
HIIHFWLYHO\��FRYHU�WKH�GHVLJQ�VSDFH�RIIHULQJ�D� IDPLO\�
RI� VROXWLRQV� WKDW� IXOILOV� WKH� VHW� RI� WKH�GHVLJQ� FULWHULD�
DQG� FDQ� EH� WKH� VWDUWLQJ� SRLQW� IRU� D� PRUH� GHWDLOHG�
DQDO\VLV��

�

5()(5(1&(6�
�
$VKGRZQ� ,� �������1RQ�LPDJLQJ�RSWLFV�GHVLJQ� XVLQJ�
JHQHWLF� DOJRULWKPV�� -RXUQDO� RI� WKH� ,OOXPLQDWLRQ�
(QJLQHHULQJ�6RFLHW\��������±�����
�
'LUHFWLYH� ��������(8� RI� WKH� (XURSHDQ� 3DUOLDPHQW�
DQG� WKH� &RXQFLO���� 0D\� ����� RQ� WKH� HQHUJ\�
SHUIRUPDQFH�RI�EXLOGLQJV��UHFDVW���2IILFLDO�-RXUQDO�RI�
WKH�(XURSHDQ�&RPPXQLWLHV��%UXVVHOV���
�
'RXORV� /��� 7VDQJUDVVRXOLV� $��� 7RSDOLV� )�� �� ��������
³4XDQWLI\LQJ� HQHUJ\� VDYLQJV� LQ� GD\OLJKW� UHVSRQVLYH�
V\VWHPV�� 7KH� UROH� RI� GLPPLQJ� HOHFWURQLF� EDOODVWV´��
(QHUJ\�	�%XLOGLQJV��9RO������SS���������
�
(XURVWDW�� (QHUJ\�� 7UDQVSRUW� DQG� (QYLURQPHQW�
LQGLFDWRUV�������HGLWLRQ���
�
(XURSHDQ� &RPPLVVLRQ¶V� ZHEVLWH� RQ� HQHUJ\�
HIILFLHQF\� LQ� EXLOGLQJV�
KWWS���HF�HXURSD�HX�HQHUJ\�HIILFLHQF\�EXLOGLQJV�EXLOGL
QJVBHQ�KWP���
�
*UDWLD� (OLVDEHWK� DQG� $QGUH� 'H� +HUGH�� ��������
³'HVLJQ� RI� ORZ� HQHUJ\� EXLOGLQJV´�� (QHUJ\� DQG�
%XLOGLQJV��9ROXPH�����SS�����������
�
*(1237��
KWWS���VLPXODWLRQUHVHDUFK�OEO�JRY�*2�QHZ�KWPO��
�
-*$3���KWWS���MJDS�VRXUFHIRUJH�QHW����
�
.RHVWHU�� +�� �������� ³'\QDPLF� 'D\OLJKWLQJ�
$UFKLWHFWXUH��%DVLFV�� 6\VWHPV�� 3URMHFWV´��%LUNKDXVHU�
3XEOLVKHUV��
�

.XKQ� 7�(��� �������� ³6RODU� FRQWURO�� $� JHQHUDO�
HYDOXDWLRQ�PHWKRG�IRU�IDFDGHV�ZLWK�YHQHWLDQ�EOLQGV�RU�
RWKHU� VRODU� FRQWURO� V\VWHPV´�� (QHUJ\� DQG� %XLOGLQJV�
���SS�����±������
�
3DWRZD� *XVWDYR�� ;DYLHU� 3XH\RD�� $OYDU� 9LQDFXD���
³8VHU�JXLGHG�LQYHUVH�UHIOHFWRU�GHVLJQ´��&RPSXWHUV�	�
*UDSKLFV�����������SS���±�����
�
3KRWRSLD��
KWWS���ZZZ�OWLRSWLFV�FRP�3KRWRSLD�RYHUYLHZ�KWPO�
3KRWRQPDS�� KWWS���ZZZ�LVH�IUDXQKRIHU�GH�HQ�DUHDV�
RI�EXVLQHVV�DQG�PDUNHW�DUHDV�DSSOLHG�RSWLFV�DQG�
IXQFWLRQDO�VXUIDFHV�OLJKWLQJ�WHFKQRORJ\�OLJKWLQJ�
VLPXODWLRQV�OLJKW�GLUHFWLQJ�ZLWK�UDGLDQFH�SKRWRQ�
PDSSLQJ�GHWDLOV�RQ�WKH�SKRWRQ�PDSSLQJ�
SURFHGXUH�FRS\BRIBGHWDLOV�]XP�SKRWRQ�PDSSLQJ�
YHUIDKUHQ��
�
5HSRUW� RI� WKH� $G� +RF� :RUNLQJ� *URXS� RQ� )XUWKHU�
&RPPLWPHQWV� IRU� $QQH[� ,� 3DUWLHV� XQGHU� WKH� .\RWR�
3URWRFRO����������81)&&���)&&&�.3�$:*����������
63(26�� KWWS���ZZZ�RSWLV�
ZRUOG�FRP�SURGXFWV�VRIWZDUH�VSHRV�/0�KWPO��
�
7UDFH�3UR��
KWWS���ZZZ�ODPEGDUHV�FRP�VRIWZDUHBSURGXFWV�WUDFHS
UR�WUDFHSUR���
�
7VDQJUDVVRXOLV�$���������� � ³$�5HYLHZ�RI� ,QQRYDWLYH�
'D\OLJKWLQJ�6\VWHPV´��$GYDQFHV� LQ�%XLOGQJ�(QHUJ\�
5HVHDUFK��������9RO����SS��±����
��
7VDQJUDVVRXOLV� $��B�� 9�� %RXUGDNLV�� 9�� *HURV�� 0��
6DQWDPRXULF� �� ��������³$�JHQHWLF�DOJRULWKP� VROXWLRQ�
WR� WKH� GHVLJQ� RI� VODW�W\SH� VKDGLQJ� V\VWHP´��
5HQHZDEOH�(QHUJ\�9RO�����SS�����±�������
�
:DQGDFKRZLF]� .��� &DOFXODWLRQ� RI� 'LIIXVH�
/XPLQDLUHV� 8VLQJ� 5DGLDQFH� 6\VWHP� DQG� %DFNZDUG�
5D\�7UDFLQJ�0HWKRG��/X[�MXQLRU����������)RUXP�IXU�
GHQ� OLFKWWHFKQLVFKHQ� 1DFKZXFKV�� $UQVWDGW����
�������������
�
:LWWNRSI� 6��� /�2�*UREH�� '�� *HLVHU�0RURGHU�� 5��
&DPSDJQRQ�� -�� .DPSI�� )�� /LQKDUW�-�/� 6FDUWH]]LQL��
���������³5D\�WUDFLQJ�VWXG\�IRU�QRQ�LPDJLQJ�GD\OLJKW�
FROOHFWRU´��6RODU�(QHUJ\����SS�����������
�
5$<75$&(� �KWWS����
ZZZ�UHLPDQQ�GN�JUHJHUV�SURMHFWV���5D\WUDFH�OVS���������
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