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Figure 1: Generic geometry conversion process 
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'LIIHUHQW� SK\VLFDO� SURFHVVHV� DUH� VLPXODWHG� LQ� D�%36�
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7KXV�� ZH� GHULYH� GDWD� UHTXLUHPHQWV� IRU� JHRPHWU\�
&$'� PRGHO� EDVHG� RQ� WKHVH� XQGHUO\LQJ� SK\VLFDO�
SURFHVVHV� DQG� HYHQWXDOO\� WUDFH� WKHVH� GDWD�
UHTXLUHPHQWV� EDFN� WR� WKH� PRGHOLQJ� SURFHVV� LQ� WKH�
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H[FKDQJH� FRQWH[W�� )RU� WKH� ,)&� IRUPDW�� YDULRXV�
PHFKDQLVPV�KDYH�EHHQ�GHYHORSHG��VXFK�DV�WKH�0RGHO�
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'HOLYHU\� 0DQXDO� �,'0��� 7KH�09'� IRFXVHV� RQ� WKH�
,)&�SURSHUWLHV�DQG�VRIWZDUH��ZKLOH�WKH�,'0�IRFXV�RQ�
WKH�GHILQLWLRQ�RI�WKH� LQGXVWULDO�SURFHVV��2QH�H[DPSOH�
RI�VXFK�D�SURFHVV�ZRXOG�EH�WKH�JHRPHWU\�FRQYHUVLRQ�
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GHYHORSHG�GDWD�UHTXLUHPHQWV�DQG�RXU�H[SHULHQFH��ZH�
SURYLGH� WKH� FRQWH[W� IRU� WKH� ,)&� IRUPDW� DQG�GHVFULEH�
WKH� FXUUHQW� VWDWXV�� DGYDQWDJHV� DQG� VKRUWFRPLQJV� RI�
WKH�IRUPDW���
7KH�ODVW�DVSHFW�WKH�LPSRUW�RI�%,0�GDWD�LQWR�%36�WRROV�
LV�FRYHUHG�E\�QXPHURXV�SXEOLFDWLRQV��%D]MDQDF�������
������ %D]MDQDF� HW� DO�� ������ +LWFKFRFN� DQG� :RQJ�
������ DQG�JUHDWO\�GHSHQGV�RQ� WKH� ILUVW� WKUHH� DVSHFWV�
WR�ZRUN�ZHOO��
,Q� WKLV� SDSHU�� ZH� ZLOO� GHYHORS� WKH� UHTXLUHG� GDWD�
UHTXLUHPHQWV�RI�JHRPHWU\�PRGHOV�IRU�XVH�IRU�HQHUJ\�
VLPXODWLRQ��SXW�WKHVH�UHTXLUHPHQWV�LQWR�FRQWH[W�RI�WKH�
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�'� PRGHOV� DUH� IRU� RWKHU� SXUSRVHV�� VXFK� DV� DQ�
DUFKLWHFWXUDO� RU� YLVXDO� UHSUHVHQWDWLRQ�� DQG� GR� QRW�
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VSDWLDO� PRGHO�� 2WKHU� SULQFLSOHV� GR� QRW� FDUU\�
DGGLWLRQDO� UHTXLUHPHQWV�� ,Q� WKLV� SDSHU�ZH�ZLOO� IRFXV�
RQ�RQH�%36�HQJLQH��(QHUJ\3OXV��/%1/�����F���7KH�
PRVW� LPSRUWDQW� SULQFLSOH� LV� KHDW� WUDQVIHU� EHWZHHQ�
WKHUPDO�]RQHV�WKURXJK�VXUIDFHV��+RZHYHU��%36�WRROV�
DOVR� LQFOXGH� VRODU� UDGLDWLRQ� FDOFXODWLRQV� DQG�
GD\OLJKWLQJ�FDOFXODWLRQV�WKDW�UHO\�RQ�WKH�VSDWLDO�PRGHO�
UHSUHVHQWDWLRQ�� 7KH� UHVXOWLQJ� UHTXLUHPHQWV� DUH�
QXPEHUHG�WKURXJKRXW�WKH�SDSHU�IRU�HDVLHU�UHIHUHQFH���
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FDVHV�RI�KHDW�WUDQVIHU��)LJXUH������
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Figure 2: The three different heat transfer cases 
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WKH� VXUIDFH� �UHT������� ,Q�RUGHU� WR� FOHDUO\� LGHQWLI\� WKH�
WKUHH� GLIIHUHQW� KHDW� WUDQVIHU� FDVHV� �VHH� )LJXUH� ����
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7KH� SULPDU\� FRQFHUQ� RI� VRODU� UDGLDWLRQ� UHODWHV� WR�
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PDWHULDO� SURSHUWLHV� LQIOXHQFH� WKH� SURFHVV� RI� VRODU�
UDGLDWLRQ�LQFLGHQW�RQ�WKH�ZLQGRZ�VXUIDFH�DQG�DFWXDOO\�
HQWHULQJ� WKH� VSDFH�� 7KH� �'� SRVLWLRQ� RI� WKH� ZLQGRZ�
GHWHUPLQHV�WKH�DFWXDO�VRODU�UDGLDWLRQ�WKDW� IDOOV�RQ�WKH�
ZLQGRZ�� +HUH� H[WHUQDO� VKDGLQJ� �LQFOXGLQJ� VHOI��
VKDGLQJ� IURP� WKH�EXLOGLQJ��DQG� WKH� VXQ�SRVLWLRQ�DQG�
FORXG� FRYHU� IXUWKHU� LQIOXHQFH� WKH� VRODU� UDGLDWLRQ� RQ�
WKH� ZLQGRZ� VXUIDFH�� )RFXVLQJ� RQ� WKH� H[WHULRU�� WKH�
%36�WRRO�FDOFXODWHV� WKH�SRVLWLRQ�RI� WKH�VXQ�EDVHG�RQ�
FRRUGLQDWHV�DQG�GDWH�DQG�WLPH��WDNHV�H[WHUQDO�VKDGLQJ�
�LQFOXGLQJ�VHOI�VKDGLQJ�� LQWR�DFFRXQW�DQG�GHWHUPLQHV�
WKH� VRODU� UDGLDWLRQ� LQFLGHQW� RQ� WKH� H[WHUQDO� ZLQGRZ�
VXUIDFH��$Q�HQFORVHG�VSDFH�LV�UHTXLUHG�WR�HQVXUH�WKDW�
WKHVH�VHOI�VKDGLQJ�FDOFXODWLRQV�DUH�FRUUHFW��
2EYLRXVO\�� LQ� WKH� VDPH� PDQQHU� DV� D� QRQ�ZLQGRZ�
VXUIDFH� W\SH�� DQ� ³LQWHUQDO´� RU� ³H[WHUQDO´� ZLQGRZ�
VXUIDFH� W\SH� LV� UHTXLUHG� �UHT�� ����� %DVHG� RQ� WKH�
ZLQGRZ�PDWHULDO� SURSHUWLHV� WKH�%3'� WRRO� FDOFXODWHV�
WKH� UHVXOWLQJ� VRODU� UDGLDWLRQ� RQ� WKH� LQVLGH� RI� WKH�
ZLQGRZ���
�

�
Figure 3: Cases of solar radiation through windows 
�
7KHUH�DUH� WKUHH�GLIIHUHQW�ZD\V� WR�GLVWULEXWH� WKH� VRODU�
ORDG�ZLWKLQ�D�VSDFH��)LJXUH�����

 6RODU�UDGLDWLRQ�LV�DVVXPHG�WR�IDOO�RQO\�RQ�WKH�
IORRU�VXUIDFH�
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�
Figure 4: Daylighting reference points (LBNL 2012) 
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D� �'� SRVLWLRQ� RI� VXUIDFHV� �LQFOXGLQJ�

ZLQGRZV���5HT�����
E� �'�SRVLWLRQ�RI� WKH� UHIHUHQFH�SRLQWV� �5HT��

����
F� QRUPDO�RI�VXUIDFH��5HT�����DQG�����

'� 5HODWLRQVKLSV�
D� UHODWLRQVKLS� EHWZHHQ� VXUIDFHV� �LQFOXGLQJ�

ZLQGRZ�VXUIDFHV��DQG�VSDFHV��5HT���������
���DQG�����

E� UHODWLRQVKLS� EHWZHHQ� PDWHULDOV� �DQG� WKHLU�
SURSHUWLHV�� DQG� WKH� VXUIDFH� �LQFOXGLQJ�
ZLQGRZ�VXUIDFH���5HT����DQG�����

F� UHODWLRQVKLS� EHWZHHQ� WZR� RSSRVLWH�
VXUIDFHV�IRU�LQWHUQDO�KHDW�WUDQVIHU��5HT�����

G� UHODWLRQVKLS� EHWZHHQ� SDUHQW� DQG� FKLOG�
VXUIDFH��5HT������

H� UHODWLRQVKLS� RI� UHIHUHQFH� SRLQW� WR� VSDFH�
�5HT������

(� (QFORVHG�VSDFH�WKURXJK�LWV�VXUIDFHV��5HT������

'$7$�5(48,5(0(176�,1�&21(;7�2)�
02'(/�&5($7,21�
7KHVH�GDWD�UHTXLUHPHQWV�UHTXLUH�DQ�DGGLWLRQDO�WDVN�RI�
WKH�&$'�PRGHOHU��:KLOH�PRVW�GDWD�UHTXLUHPHQWV�FDQ�
EH� IXOILOOHG� ZLWK� UHDGLO\� DYDLODEOH� REMHFWV� DQG� GDWD�
ZLWKLQ� %,0�FDSDEOH� &$'� WRROV�� VRPH� PRGHOLQJ�
DVSHFWV� DUH� GLIILFXOW� WR� UHVROYH�� )RU� H[DPSOH�� WKH�
GHILQLWLRQ� RI� PDWHULDO� SURSHUWLHV� �VXFK� DV� GHQVLW\��
FRXOG�EH� LQWHJUDWHG� LQWR� WKH�PDWHULDO� OLEUDULHV�RI� WKH�
&$'� WRROV� WR� PDNH� WKHP� UHDGLO\� DYDLODEOH� IRU� WKH�
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XVHUV�� �2Q� WKH� RWKHU� KDQG�� WKH� %36� DQDO\VW� PD\� EH�
EHWWHU�TXDOLILHG�WR�DVVLJQ�FRUUHFW�PDWHULDO�SURSHUWLHV���
&XUUHQWO\�� %36� LPSRUW� WRROV� HLWKHU� OLQN� D� PDWHULDO�
GDWDEDVH�LQWR�WKH�SURFHVV�RU�HQDEOH�PDQXDO�XVHU�LQSXW�
DQG�VHOHFWLRQ���

'$7$�5(48,5(0(176�,1�&217(;7�
2)�,)&�
7KH� ,)&� PRGHO� FDQ� VWRUH� DOO� GDWD� GHILQHG� E\� WKH�
UHTXLUHPHQWV� DERYH� H[FHSW� WKH� GLUHFW� UHODWLRQVKLS�
EHWZHHQ�WZR�LQWHUQDO�VXUIDFHV���
7KLV�RPLVVLRQ� LV� GXH� WR� WKH� IDFW� WKDW� VXUIDFH�REMHFWV�
�FDOOHG� ³,IF5HO6SDFH%RXQGDU\´�� DUH� UHODWLRQVKLSV�
WKHPVHOYHV� EHWZHHQ� EXLOGLQJ� HOHPHQWV� DQG� VSDFHV��
DQG��DV�RI� ,)&�[��� WKHUH� LV�QR�ZD\� WR�GLUHFWO\�UHODWH�
WZR� UHODWLRQVKLSV�� &XUUHQWO\�� WKLV� UHODWLRQVKLS� LV�
GHGXFLEOH� EHFDXVH� DQ� LQWHUQDO� VSDFH� ERXQGDU\� SDLU�
PXVW� UHIHUHQFH� WKH� VDPH� EXLOGLQJ� HOHPHQW� DQG�PXVW�
EH� RSSRVLWH� WR� HDFK� RWKHU� VSDWLDOO\�� +RZHYHU�� WKLV�
ZDV�UHVROYHG�LQ�WKH�QHZ�,)&�YHUVLRQ�,)&�[��DQG�ZLOO�
EH�DYDLODEOH�LQ�WKH�IXWXUH��EXLOGLQJ60$57�����F���
7KH� UHTXLUHG� SURSHUW\� GDWD� FDQ� HDVLO\� DWWDFK� WR�
REMHFWV� LQ� ,)&� HLWKHU� WKRXJK� H[SOLFLWO\� GHILQHG�
SURSHUWLHV�RI�REMHFWV�RU�E\�HDVLO\�H[WHQVLEOH�SURSHUW\�
VHWV��,Q�WKH�VDPH�PDQQHU��VXUIDFH�DUHD�SURSHUWLHV�FDQ�
DWWDFK�WR�VXUIDFH�REMHFWV�LI�VXSSRUWHG�E\�WKH�H[SRUWLQJ�
DSSOLFDWLRQV�� 7KH� EXLOGLQJ� HOHPHQW� UHIHUHQFHV�
PDWHULDO�OD\HU�VHWV��PDWHULDO�OD\HUV�DQG�PDWHULDOV��DQG�
WKXV� PDWHULDO� SURSHUWLHV�� 6LPLODUO\�� �'� FRRUGLQDWH�
GDWD� FDQ� EH� VWRUHG� LQ� ,)&� LQ� QXPHURXV� GLIIHUHQW�
IRUPDWV�� 7KH� YDULHW\� RI� GLIIHUHQW� JHRPHWU\�
UHSUHVHQWDWLRQV�LV�RQH�RI�WKH�VWUHQJWKV�RI�,)&��EXW�DW�
WKH�VDPH�WLPH�D�ZHDNQHVV��VLQFH�WKLV�JUHDW�IOH[LELOLW\�
FDXVHV� DGGLWLRQDO� LPSOHPHQWDWLRQ� UHTXLUHPHQWV� IRU�
VRIWZDUH� WRROV�� ,Q� WKH� FRQWH[W� RI� VSDFH� ERXQGDU\�
JHRPHWU\��WKLV�IOH[LELOLW\�DOORZV�WR�GHILQH�WKH�VXUIDFH�
DV�D��'�SODQH�DQG� WKH�QRUPDO� WR� WKDW�VXUIDFH� DV�SDUW�
RI� WKH� UHODWLYH� SODFHPHQW� GHILQLWLRQ� RI� WKH� VXUIDFH�
�EXLOGLQJ60$57�����F����
5HIHUHQFH�SRLQWV� IRU�GD\OLJKWLQJ�DUH� �QRW�FRQVLGHUHG�
KHUH� DQG� LW� FRXOG� EH� DUJXHG� WKDW� WKHVH� UHIHUHQFH�
SRLQWV�VKRXOG�EH�HQWHUHG�RU�DXWR�FDOFXODWHG�ZLWKLQ�WKH�
%36�WRRO��
,Q� VXPPDU\�� WKH� ,)&� GDWD� IRUPDW� VXSSRUWV� DOO� GDWD�
UHTXLUHPHQWV�DQG�VROXWLRQV�H[LVW�IRU�WKH�FXUUHQW�QRWHG�
OLPLWDWLRQV� WKURXJK� DGGLWLRQDO� SURFHVVLQJ� RI� GHULYHG�
LQIRUPDWLRQ���

(;3257,1*�63$7,$/�'$7$�72�7+(�
,)&�'$7$�02'(/�
7KH� QH[W� DVSHFW� RI� VXFFHVVIXO� GDWD� WUDQVIRUPDWLRQ�
EHWZHHQ� &$'� DSSOLFDWLRQV� DQG� %36� WRROV� LV� WKH�
H[SRUW�RI�GDWD�LQWR�WKH�,)&�IRUPDW��7KH�GHYHORSPHQW�
RI� D� VSHFLILF� VSDFH� ERXQGDU\� JHQHUDWLRQ� WRRO� �6%7��
�%D]MDQDF� HW� DO�� ������ SRLQWV� WR� WKH� SUREOHPV� ZLWK�
,)&�H[SRUW� LQ�SDUWLFXODU� UHODWHG� WR�VSDFH�ERXQGDULHV��
'XH� WR� WKH� GLIILFXOWLHV� RI� UHOLDEOH� GDWD� H[SRUW��
EXLOGLQJ60$57� ,QWHUQDWLRQDO� GHYHORSHG� DQG� LV�
FXUUHQWO\� LPSOHPHQWLQJ� D� QHZ� FHUWLILFDWLRQ� SURFHVV��
FHUWLILFDWLRQ������EXLOGLQJ60$57�����D���$VVXPLQJ�

WKDW� WKLV� FHUWLILFDWLRQ� ZLOO� UHVXOW� LQ� LPSURYHG� GDWD�
H[SRUW� DQG� FRUUHFW� GHILQLWLRQ� RI� DOO� ,)&� GDWD�� WKH�
UHPDLQLQJ�FRQVLGHUDWLRQ�LV�WKH�TXDOLW\�RI�WKH��'�&$'�
PRGHO��

,03257,1*�63$7,$/�'$7$�72�7+(�
%36�02'(/�
$�QXPEHU�RI�VRIWZDUH�WRROV�KDYH�EHHQ�GHYHORSHG�WKDW�
SHUIRUP�WKH�FRQYHUVLRQ�RI�VSDWLDO�EXLOGLQJ�GDWD�IURP�
&$'�WRROV�LQWR�%36�WRROV��%D]MDQDF�������%D]MDQDF�
HW� DO�� ������ +LWFKFRFN� DQG�:RQJ� �������:KLOH� WKH�
SURFHVV�DQG�DOJRULWKPV�KDYH�LPSURYHG�RYHU�WLPH��ZH�
EHOLHYH�WKH�TXDOLW\�RI�VSDWLDO�PRGHOV�KDV�QRW��7KLV�LV�D�
VLJQLILFDQW� SUREOHP� IRU� WKHVH� FRQYHUVLRQ� WRROV� WKDW�
DOUHDG\�FRQWDLQ�VRPH�ORJLF�WR�GHWHFW�DQG�IL[�JHRPHWU\�
SUREOHPV�� )RU� H[DPSOH�� WKH� LQFRQVLVWHQW� QRUPDO�
YHFWRUV� RI� WKH� SDUHQW� ZDOO� VXUIDFH� DQG� LWV� FKLOG�
ZLQGRZ� VXUIDFH� FDQ� EH� GHWHFWHG� DQG� FRUUHFWHG�� 7KH�
QH[W�VHFWLRQ�ZLOO�GHVFULEH�D�QXPEHU�RI�VXFK�SUREOHPV�
DV�IRXQG�LQ�QXPHURXV�FDVH�VWXGLHV���

&$6(�678',(6�,//8675$7,1*�
*(20(75<�352%/(06�
7R� SURYLGH� HYLGHQFH� RI� WKH� ODFN� RI� TXDOLW\� LQ�
JHRPHWU\�PRGHOV��ZH�SUHVHQW�VRPH�W\SLFDO�SUREOHPV�
IRXQG� LQ� FDVH� VWXGLHV�� 7KH� DXWKRUV� SDUWLFLSDWHG� LQ�
JHRPHWU\� FRQYHUVLRQ� LQ� WKH� IROORZLQJ� SURMHFWV��
1$6$� $PHV� 6XVWDLQDELOLW\� %DVH� �2¶'RQQHOO� HW� DO��
������� SLORW� SURMHFWV� LQ� FRQWH[W� RI� WKH� $(&22� WHVW�
EHG� �2*&� ������� SLORW� SURMHFWV� LQ� FRQWH[W� RI� WKH�
&'%�������6HH�DQG�:HOOH��������EXLOGLQJ�PRGHOV�RI�
H[LVWLQJ�EXLOGLQJV�LQ�FRQWH[W�RI�D�GRFWRUDO�GLVVHUWDWLRQ�
�0DLOH�������DQG�QXPHURXV�RWKHU�EXLOGLQJV��SURMHFWV�
DQG�FDVH�VWXGLHV��

'XSOLFDWH�REMHFWV�
3RVVLEO\�WKH�PRVW�FRPPRQ�SUREOHP�LQ�,)&�JHRPHWU\�
ILOHV� LV� WKH� GXSOLFDWLRQ� RI� REMHFWV�� )RU� H[DPSOH�� WKH�
VDPH�ZDOO�PLJKW�EH�GHILQHG� WZLFH�DW� WKH�H[DFW� VDPH�
ORFDWLRQ��

,QFRUUHFW�VSDFH�YROXPHV�
6SDFHV�DUH�RIWHQ�GHILQHG�ZLWKRXW�WKH�SURSHU�KHLJKW��LQ�
SDUWLFXODU� LQ� FRQWH[W� ZLWK� FHLOLQJ� SOHQXP�� 7KLV�
UHFXUULQJ� LVVXH� FDXVHV� PLVVLQJ� RU� LQFRUUHFW� VSDFH�
ERXQGDULHV�IRU�WKH�FHLOLQJ�VODEV��

0LVVLQJ�VSDFHV�
$QRWKHU� FRPPRQ� SUREOHP� LV�PLVVLQJ� VSDFH� REMHFWV��
(LWKHU� WKH�PRGHOV� GR� QRW� KDYH� DQ\� VSDFH� REMHFWV� DW�
DOO��RU�VHYHUDO�PD\�EH�PLVVLQJ��

0LVVLQJ�VSDFH�ERXQGDULHV�
,I�VSDFHV�DQG�EXLOGLQJ�HOHPHQWV�GR�QRW�DOLJQ�SURSHUO\�
VSDFH� ERXQGDULHV� DUH� RIWHQ� PLVVLQJ� RU� DUH� QRW�
SURSHUO\� FDOFXODWHG�� $QRWKHU� IDFWRU� WKDW� FDXVHV�
PLVVLQJ� VSDFH� ERXQGDULHV� DUH� JHRPHWULF�
UHSUHVHQWDWLRQV� IRU� ZKLFK� VSDFH� ERXQGDULHV� DUH� QRW�
VXSSRUWHG��H�J��FXUYHG�JHRPHWU\���
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0LVVLQJ�H[WHULRU�ZDOOV�
,Q� WKH� FDVH�RI� YHU\� ODUJH�PRGHOV�� FRPSOHWH� EXLOGLQJ�
HOHPHQWV� �VXFK� DV� ZDOOV�� FDQ� EH� PLVVLQJ� DQG� FDXVH�
WKH�RPLVVLRQ�RI�VSDFH�ERXQGDULHV�DQG�RWKHU�SUREOHPV�
�)LJXUH������
�

�
Figure 5: Missing external walls  

�

$OLJQPHQW�RI�VSDFH�DQG�EXLOGLQJ�HOHPHQW�
0LVDOLJQPHQW� RI� VSDFH� JHRPHWU\� DQG� EXLOGLQJ�
HOHPHQW� JHRPHWU\� FDQ� DOVR� FDXVH� PLVVLQJ� DQG�
LQFRUUHFW�VSDFH�ERXQGDULHV��)LJXUH�����
�

�
Figure 6: Misalignment (in red) of space and wall 

 

%XLOGLQJ� HOHPHQWV� DUH� PRGHOHG� ZLWK� PXOWLSOH�
LQVWDQFHV�WR�UHSUHVHQW�PDWHULDO�OD\HUV�
0RGHOV�VRPHWLPHV�FRQWDLQ�EXLOGLQJ�HOHPHQWV�WKDW�DUH�
GHILQHG�QH[W�WR�HDFK�RWKHU�LQ�WKH�DWWHPSW�WR�UHSUHVHQW�
GLIIHUHQW� PDWHULDO� OD\HUV� RI� WKH� VDPH� ZDOO� RU� VODE�
FRQVWUXFWLRQ�� 7KLV� FDXVHV� D� VLJQLILFDQW� SUREOHP� LQ�
VSDFH�ERXQGDU\�JHQHUDWLRQ�DQG�VKRXOG�EH�DYRLGHG��

&ROXPQ�GLVORFDWLRQ�
)LJXUH� �� VKRZV� D� JUHDW� H[DPSOH� RI� LQFRQVLVWHQFLHV�
WKDW�ZLOO� FDXVH� SUREOHPV� IRU� RWKHU� VFHQDULRV� DV�ZHOO�
DV� IRU�HQHUJ\� VLPXODWLRQ��+HUH� WKH�FROXPQ� LV�SODFHG�
LQ�WKH�PLGGOH�RI�D�GRRU��
�

�
Figure 7: A column that blocks a door  

,QFRUUHFW��QG�OHYHO�VSDFH�ERXQGDULHV�
$QRWKHU� H[DPSOH� RI� D� SUREOHP� LV� WKH� LQFRUUHFW�
JHQHUDWLRQ�RI��QG� OHYHO�VSDFH�ERXQGDULHV��)LJXUH�����
,Q�WKLV�H[DPSOH�WKH�FROXPQ�VSDFH�ERXQGDULHV�DUH�RQO\�
JHQHUDWHG�RQ�RQH�VLGH��EXW�LJQRUHG�RQ�WKH�RWKHU�VLGH��
:KLOH�WKLV�LV�PRVW�RIWHQ�D�VRIWZDUH�LVVXH�ZLWK�WKH�,)&�
H[SRUW��LW�PD\�DOVR�KDSSHQ�GXH�WR�PLVDOLJQPHQWV��
�

�
Figure 8: Incorrect 2nd level space boundary 

generation (the column should be reflected by the red 
dotted space boundary segments) 

 

,QFRUUHFW�QRUPDO�YHFWRU�GLUHFWLRQ�
6LQFH� WKH� QRUPDO� YHFWRU� GLUHFWLRQ� RI� D� VXUIDFH� LV�
UHTXLUHG� DQG� GHILQHG� WR� SRLQW� RXWZDUG� RI� WKH� VSDFH�
�/%1/� ������� WKLV� QRUPDO� YHFWRU� FDQ� SRLQW� LQ� WKH�
RSSRVLWH�GLUHFWLRQ�� ,Q� )LJXUH� ���PRVW� RI� WKH� H[WHUQDO�
VXUIDFHV� SRLQW� LQZDUGV� �OLJKWHU� FRORU�� UDWKHU� WKDQ�
RXWZDUGV� �GDUNHU� FRORU��� 7KLV� LV� DOVR� DQ�
LPSOHPHQWDWLRQ� LVVXH� RI� WKH� ,)&� H[SRUW�� EXW� LV� DOVR�
RIWHQ�IRXQG�LQ�YHU\�FRPSOH[�PRGHOV��
�
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�
Figure 9: Incorrect normal vectors (lighter color) of 

external wall space boundaries 
�

*HRPHWULF�WROHUDQFH�DQG�³VQDSSLQJ´�
%XLOGLQJ� HOHPHQWV� DQG� VSDFHV� VRPHWLPHV�� WHUPLQDWH�
DW� SRLQWV� WKDW� DUH� YHU\� FORVH� WR� HDFK� RWKHU� DQG� QRW�
FRQQHFWLQJ�DW�WKH�FRPPRQ�SRLQWV�LQ��'�VSDFH�DV�WKH\�
VKRXOG�� 6XFK� GLVFUHSDQFLHV� FDQ� FDXVH� PDUNHG�
LQFUHDVH� LQ� SURFHVVLQJ� WLPH� DQG� HYHQ� SURJUDP�
LQVWDELOLW\�LQ�GRZQVWUHDP�FRQYHUVLRQ�WRROV��

*8,'(/,1(6�)25�02'(//,1*�
%DVHG� RQ� WKH� GHYHORSHG� GDWD� UHTXLUHPHQWV� DQG� RXU�
H[SHULHQFH� LQ� FRQYHUWLQJ� QXPHURXV� PRGHOV� DV�
LOOXVWUDWHG� E\� WKH� FDVH� VWXG\� H[DPSOHV�� ZH� GHYHORS�
WKH�IROORZLQJ�JXLGHOLQHV��

7KH�VSDFH�LV�WKH�PRVW�LPSRUWDQW�REMHFW�IRU�%36�
*LYHQ�WKH�GHSHQGHQF\�RI�PRVW�RI�WKH�UHODWLRQVKLSV�RQ�
WKH� JLYHQ� VSDFH� REMHFW� DQG� WKH� SUREOHPV� FDXVHG� E\�
LQFRUUHFWO\� GHILQHG� VSDFHV�� WKLV� REMHFW� DQG� LWV�
JHRPHWU\� GHPDQG� FRUUHFW� GHILQLWLRQ� DQG� UHJXODU�
FKHFNLQJ�GXULQJ�WKH�JHRPHWU\�JHQHUDWLRQ�SURFHVV��1R�
VSDWLDO�GXSOLFDWLRQ�RU�RYHUODSSLQJ�ZLWK�RWKHU�EXLOGLQJ�
HOHPHQWV�LV�DFFHSWDEOH��

6SDFHV�PXVW�EH�FRPSOHWHO\�HQFORVHG�
7KH� VSDFH� DQG� LWV� VXUURXQGLQJ� EXLOGLQJ� HOHPHQWV�
PXVW�WRXFK�HDFK�RWKHU�DQG�IRUP�D�VSDWLDO�FRQVWUXFW�WR�
HQVXUH�WKDW�EXLOGLQJ�HOHPHQWV�FRPSOHWHO\�HQFORVH�WKH�
VSDFH� YROXPH�� $� XVHIXO� IHDWXUH� LQ� VRPH� &$'�
DSSOLFDWLRQV� KHOSV� DFKLHYH� WKLV� E\� DXWRPDWLFDOO\�
XSGDWLQJ�VSDFH�IRRWSULQWV�EDVHG�RQ�WKH�DFWXDO�ORFDWLRQ�
RI� PRGHOHG� EXLOGLQJ� HOHPHQWV�� +RZHYHU�� WKH� VSDFH�
JHRPHWU\� LV� D� ��GLPHQVLRQDO� REMHFW� DQG� PXVW� EH�
WRXFKLQJ�D�EXLOGLQJ�HOHPHQW�LQ�DOO�GLUHFWLRQV��

%XLOGLQJ�HOHPHQWV�QHHG�SURSHU�JHRPHWU\�
%XLOGLQJ�HOHPHQWV�VKRXOG�EH�GHILQHG�XVLQJ�WKH�SURSHU�
FRUUHVSRQGLQJ� GHILQLWLRQ� WRROV� ZLWKLQ� D� &$'�
DSSOLFDWLRQ�� 8VXDOO\�� PRUH� FRPSOH[� JHRPHWU\� W\SHV�
ZLOO� FDXVH�SUREOHPV�GRZQ� WKH� URDG�DQG�DUH� WKXV�QRW�
UHFRPPHQGHG�� %XLOGLQJ� HOHPHQWV� PXVW� SURSHUO\�
DOLJQ� ZLWK� WKH� VSDFH� REMHFWV� DQG� PXVW� KDYH� WKH�
FRUUHFW� GLPHQVLRQV� WR� HQFORVH� WKH� VSDFHV�� 7KXV��
EXLOGLQJ� HOHPHQWV� VKRXOG� QRW� RYHUODS�� VSDWLDOO\�
GXSOLFDWH�RU�EH�WRR�VKRUW�WR�ILW�LQWR�LWV�SRVLWLRQ�LQ�WKH�
EXLOGLQJ��

%XLOGLQJ�HOHPHQWV�QHHG�SURSHU�PDWHULDO�
GHILQLWLRQV�
%XLOGLQJ�HOHPHQWV�VKRXOG�DW�OHDVW�KDYH�PDWHULDO�OD\HU�
VHWV� DVVLJQHG� WKDW� QDPH� WKH� PDWHULDO� OD\HUV�� ,W� LV�
SUREOHPDWLF� WR� GHILQH� PXOWLSOH� EXLOGLQJ� HOHPHQWV� WR�
PRGHO�VLQJOH�PDWHULDO�OD\HUV�DQG�SODFH�WKHP�QH[W��LQ�
SDUDOOHO��WR�HDFK�RWKHU��7KLV�LV�QRW�WKH�LQWHQGHG�XVH�RI�
EXLOGLQJ�HOHPHQWV�DQG�FDXVHV�VLJQLILFDQW�SUREOHPV�LQ�
WKH�VSDFH�ERXQGDU\�FDOFXODWLRQ��VLQFH�WKH�UHODWLRQVKLS�
EHWZHHQ� EXLOGLQJ� HOHPHQW� DQG� WZR� QHLJKERULQJ�
VSDFHV�LQ�VXFK�FDVH�FDQQRW�EH�GHILQHG��

&KHFNLQJ�JHRPHWU\�UHJXODUO\�IRU�FRUUHFWQHVV�
0RVW�&$'�DSSOLFDWLRQV�GR�QRW�SURYLGH�IXQFWLRQDOLW\�
WR� FKHFN� WKH� FRUUHFWQHVV� RI� WKHLU�PRGHOV¶� JHRPHWU\��
7KXV�� WKH�PRGHOHU� RIWHQ� QHHGV� WR� FKHFN� YLVXDOO\� WKH�
PRGHO� E\� XVLQJ� VHFWLRQV� DQG� HOHYDWLRQV�� 7KH� XVHU�
VKRXOG�DOVR�UHO\�RQ�H[WHUQDO� WRROV� WKDW�FDQ�FKHFN� WKH�
FRUUHFWQHVV� RI� ,)&� ILOHV� H[WHUQDOO\� WR� WKH� &$'�
DSSOLFDWLRQ��7KHVH�H[WHUQDO�WRROV�FDQ�SURYLGH�YDULRXV�
PDQXDO� DQG� DXWRPDWHG� FKHFNV�� EXW� GR� QRW� FRYHU� DOO�
DVSHFWV�RI�WKH�GLVFXVVHG�UHTXLUHPHQWV��

5(&200(1'$7,216�
%DVHG� RQ� WKH� JXLGHOLQHV� DQG� VKRUWFRPLQJ� RI� WKH�
FXUUHQW�SURFHVV�ZH�UHFRPPHQG�WKH�IROORZLQJ���

0DWHULDO�SURSHUWLHV�
:KLOH�LW�LV�WKHRUHWLFDOO\�SRVVLEOH�WR�WUDQVIHU�PDWHULDOV�
ZLWK�WKHLU�WKHUPDO�SURSHUWLHV��PRVW�&$'�DSSOLFDWLRQV�
GR�QRW�LQFOXGH�VXFK�GDWD��2XU�UHFRPPHQGDWLRQ�LV�WKDW�
&$'�DSSOLFDWLRQV� VWDUW� WR� LQFRUSRUDWH� WKHVH�PDWHULDO�
SURSHUWLHV�ZLWKLQ� WKHLU� VWDQGDUG� OLEUDULHV�� )LUVW�&$'�
WRROV� DUH� VWDUWLQJ� WR� HQDEOH� WKLV� LQ� WKHLU� FXUUHQW�
YHUVLRQV� �6WLQH� ������� 7KXV�� WKH� XVHU� FDQ� VHOHFW� D�
VSHFLILF� ZDOO� FRQVWUXFWLRQ� DQG� DOUHDG\� KDV� W\SLFDO�
PDWHULDO� SURSHUWLHV� DVVLJQHG�� ,GHDOO\�� WKHVH� OLEUDULHV�
ZLOO�EH�EDVHG�RQ�LQGXVWU\�GDWD�VWDQGDUGV��

,PSURYHPHQW�RI�,)&�H[SRUW�
%DVHG� RQ� RXU� H[SHULHQFH� DQG� SUREOHPV� HQFRXQWHUHG�
ZH� HQFRXUDJH� WKH� LPSURYHPHQW� RI� ,)&� H[SRUW�
IXQFWLRQDOLW\� RI� VRIWZDUH� DSSOLFDWLRQV� DQG� KRSH� WKDW�
WKH� QHZ� FHUWLILFDWLRQ� ���� SURFHVV� ZLOO� \LHOG� D�
VLJQLILFDQW�GDWD�H[FKDQJH�TXDOLW\�LPSURYHPHQW��

$GGLWLRQ�RI�PRGHO�FKHFNLQJ�ZLWKLQ�&$'�
DSSOLFDWLRQV�
,Q� RUGHU� WR� SURYLGH� LQVWDQW� RU� UHODWLYHO\� TXLFN�
IHHGEDFN� WR� WKH� &$'� PRGHOHU� ZH� UHFRPPHQG� WKH�
GHYHORSPHQW� RI� PRGHO� FKHFNLQJ� IXQFWLRQDOLW\� LQ�
&$'� DSSOLFDWLRQV�� )RU� H[DPSOH�� GHWHFWLQJ� GXSOLFDWH�
ZDOO�LQVWDQFHV�VKRXOG�QRW�EH�D�KDUG�WR�VROYH�SUREOHP�
IRU�D�&$'�WRRO��

0RGHO�FKHFNLQJ�SURFHVV�
:H�UHFRPPHQG�WKDW�WKH�PRGHOHUV�VWDUW�WR�XVH�YDULRXV�
ZD\V�WR�FKHFN�DQG�YDOLGDWH�WKHLU�PRGHOV�WR�HQVXUH�DQ�
DFFHSWDEOH� OHYHO� RI� PRGHO� TXDOLW\�� ([LVWLQJ� WRROV�
SURYLGH� HQRXJK� FKHFNLQJ� DQG� YDOLGDWLRQ� FDSDELOLWLHV�
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WR� LQFUHDVH� WKH� TXDOLW\� RI� PRGHOV� DQG� GUDVWLFDOO\�
GHFUHDVH�WKH�QXPEHU�RI�HUURUV���

4XLFN�DGDSWLRQ�RI�WKH�IRUWKFRPLQJ�,)&�[��
'XH� WR� WKH� VXEVWDQWLDO� LPSURYHPHQWV� RI� ,)&�[��
UHODWHG� WR� VSDFH�ERXQGDULHV��ZH� UHFRPPHQG�D�TXLFN�
DGDSWLRQ�RI�WKH�,)&�[��VWDQGDUG���

&21&/86,216�$1'�)8785(�:25.�
,Q�WKLV�SDSHU��ZH�GHVFULEH�WKH�IXQGDPHQWDO�SULQFLSOHV�
WKDW� GULYH� VSDWLDO� GDWD� UHTXLUHPHQWV� IRU� %36�� %DVHG�
RQ� WKHVH� SULQFLSOHV� ZH� GHYHORSHG� GDWD� UHTXLUHPHQWV�
IRU� &$'� JHRPHWU\� PRGHOV� WKDW� DUH� IRU� WKH� H[SOLFLW�
SXUSRVH�RI�%36��:H�GHVFULEH� WKH�FXUUHQW�SURFHVV�RI�
GDWD� WUDQVIRUPDWLRQ� DQG� SXW� WKHP� LQWR� FRQWH[W� RI�
WKHVH� GDWD� UHTXLUHPHQWV�� 7KH� PRVW� UHVWULFWLQJ�
UHTXLUHPHQW�KHUH�LV�WKH�HQFORVXUH�RI�D�VSDFH�WKURXJK�
VSDFH� ERXQGDU\� VXUIDFHV� WKDW� UHTXLUHV� JHRPHWU\�
PRGHOV� WR� EH� D� �'� JHRPHWULFDO� VWUXFWXUH� ILOOHG�ZLWK�
VSDFHV�DQG�EXLOGLQJ�HOHPHQWV�WKURXJKRXW�WKH�EXLOGLQJ�
DQG�LV�HQGLQJ�DW�LWV�H[WHUQDO�VKHOO��%DVHG�RQ�WKHVH�GDWD�
UHTXLUHPHQWV��ZH�GHYHORSHG�PRGHOLQJ�JXLGHOLQHV�WKDW�
KHOS� WKH� PRGHOHU� WR� LPSURYH� WKH� TXDOLW\� RI� WKHLU�
PRGHOV�� )LQDOO\�� ZH� SURYLGH� UHFRPPHQGDWLRQV� WR�
IXUWKHU� LPSURYH� WKLV�SURFHVV� DQG�DGGUHVV� WKH�FXUUHQW�
SUREOHPV�IRU�PRUH�UHOLDEOH�GDWD�WUDQVIRUPDWLRQ�LQ�WKH�
IXWXUH���
,Q� WKH� IXWXUH�� WKH� SUREOHP� RI� ORZ� TXDOLW\� JHRPHWU\�
PRGHOV� QHHGV� WR� EH� DGGUHVVHG�� ,Q� SDUWLFXODU�� RIWHQ�
UHSHDWHG� SUREOHPV� FRXOG� HLWKHU� EH� IL[HG�
DXWRPDWLFDOO\� RU� GHWHFWHG� PXFK� VRRQHU� SHUKDSV� E\�
WKH� XVHU�� 7KXV�� LQWHJUDWLQJ� WKHVH� JXLGHOLQHV� DQG�
UHFRPPHQGDWLRQV� LQWR� WKH�PRGHO� JHQHUDWLRQ� SURFHVV�
LV�WKH�QH[W�ORJLFDO�VWHS��7KLV�DVSHFW�RI�WKH�DSSOLFDWLRQ�
VLGH�DQG�DGGLWLRQDO�WUDLQLQJ�WR�HQDEOH�PRGHO�FUHDWRUV�
WR� JHQHUDWH� KLJKHU� TXDOLW\� PRGHOV� ZLOO� GUDVWLFDOO\�
ERRVW�WKH�UHOLDELOLW\�RI�XVLQJ�%,0�PRGHOV�IRU�%36���

$&.12:/('*(0(176�
7KLV� ZRUN� ZDV� SDUWLDOO\� VXSSRUWHG� E\� WKH� $VVLVWDQW�
6HFUHWDU\� IRU� (QHUJ\� (IILFLHQF\� DQG� 5HQHZDEOH�
(QHUJ\�� 2IILFH� RI� %XLOGLQJ� 7HFKQRORJ\�� 6WDWH� DQG�
&RPPXQLW\� 3URJUDPV� RI� WKH� 8�6�� 'HSDUWPHQW� RI�
(QHUJ\� XQGHU� &RQWUDFW� 1R�� '(�$&�����&+������
DQG� E\� WKH� &DOLIRUQLD� (QHUJ\� &RPPLVVLRQ� 3,(5�
%XLOGLQJV� SURJUDP�� ,QIRV\V� 7HFKQRORJLHV� /WG�� DQG�
WKH� 8�6�� 'HSDUWPHQW� RI� (QHUJ\� 7HFKQRORJ\�
&RPPHUFLDOL]DWLRQ�)XQG��
:H� DOVR� ZDQW� WR� WKDQN� (OPHU� 0RUULVVH\�� 3DXO�
5DIWHU\��1DWDVD�0UD]RYLF� DQG� -XQLD�&RPSRVWHOOD� GL�
6DQJXLQHWWR� IRU� WKHLU�ZRUN� LQ�PRGHOLQJ� VRPH�RI� WKH�
FDVH�VWXGLHV��

5()(5(1&(6�
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%D]MDQDF��9����������³6SDFH�ERXQGDU\�UHTXLUHPHQWV�
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HQHUJ\�DQG�RWKHU�SHUIRUPDQFH�VLPXODWLRQ�´�
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�������
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�KWWSV���VLPHUJ\�EHWD�OEO�JRY�!��)HE������
�������
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