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EHWZHHQ�WKH�YLVLEOH�SRUWLRQ�RI�WKH�VN\�DQG�WKH�SRUWLRQ�
FRYHUHG�E\�WKH�VXUURXQGLQJ�REMHFWV��
,W�LV�VLJQLILFDQW�H�J��LQ�XUEDQ�]RQHV�ZKHUH�WKH�QLJKWO\�
FRROLQJ�RI�D�EXLOGLQJ�KDV�DQ� LQWHQVH�FRUUHODWLRQ�ZLWK�
WKH� ORQJ�ZDYH� UDGLDWLRQ� HPLWWHG� E\� WKH� VXUURXQGLQJ�
REMHFWV��
7KH� PHWKRGV� RI� FDOFXODWLQJ� WKH� 69)� FRPSULVH�
ILVKH\H�OHQV� SKRWRJUDSKV� DQDO\VLV� DV� ZHOO� DV�
PDWKHPDWLFDO� PRGHOV� RU� LPDJH� SURFHVVLQJ�� $� ZHOO�
NQRZQ� PHWKRG� IRU� WKH� FDOFXODWLRQ� LV� EDVHG� RQ� D�
YHFWRU�EDVHG� SUHVHQWDWLRQ� RI� WKH� PRGHO�� 7KH�
SURMHFWLRQ� RI� WKH� PRGHO� RQWR� WKH� KHPLVSKHUH� LV�
GLYLGHG� LQWR� VOLFHV� WR�DSSUR[LPDWH� WKH�FDOFXODWLRQ�RI�
WKH�UHVXOWLQJ�SRO\JRQ�ZLWK�WKH�FDOFXODWLRQ�RI�WKH�69)�
IRU� WKH� UHFWDQJOHV� UHVXOWLQJ� IURP� WKH� VOLFHV� RI� WKH�
SUHYLRXV�VWHS��
7KH�DSSURDFK�KDV�WZR�PDMRU�GUDZEDFNV��7KH�SURFHVV�
RI�GLVFUHWL]DWLRQ�VORZV� WKH�FDOFXODWLRQ�GRZQ�DQG� WKH�
DFFXUDF\�RI�WKH�UHVXOW�GHSHQGV�RQ�WKH�SDUWLFXODULW\�RI�
GLVFUHWL]DWLRQ�� 7KLV� SDSHU� SUHVHQWV� D� PHWKRG� ZKHUH�
QR� PRUH� GLVFUHWL]DWLRQ� LV� QHHGHG� ZKLFK� UHVXOWV� LQ�
ORZHU�FDOFXODWLRQ�WLPHV�DQG�PRUH�DFFXUDWH�UHVXOWV��
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(VSHFLDOO\� LQ� XUEDQ� DUHDV� WKH� QLJKWO\� FRROLQJ� RI� WKH�
EXLOGLQJV�LV�OLPLWHG�EHFDXVH�WKH�GHQVHO\�EXLOW�XS�DUHD�
SUHYHQWV� DQ� HIIHFWLYH� KHDW� UHMHFWLRQ� DV� LW� WDNHV�SODFH�
LQ�UXUDO�DUHDV��%XLOGLQJV�DFW�DV�KHDW�DFFXPXODWRUV�EXW�
ZKHUHDV� LQ� UXUDO� DUHDV� WKH\�SUDFWLFDOO\�RQO\� JLYH�RII�
KHDW� LQ�XUEDQ�DUHDV� WKH\�DOVR� UHFHLYH�KHDW� IURP�WKHLU�
QHLJKERULQJ� EXLOGLQJV�� *iO� HW� DO�� ������� FRLQ� WKH�
WHUP�� ³XUEDQ� KHDW� LVODQG´� WR� FODULI\� WKH� UHOHYDQFH�RI�
VXUURXQGLQJ� REMHFWV� IRU� WKH� KHDW� EDODQFH� RI� D�
SDUWLFXODU�EXLOGLQJ��$�FRPPRQ�ZD\�RI�FDOFXODWLQJ�WKH�
VN\� YLHZ� IDFWRU� �69)��ZKLFK� LV� HODERUDWHG� LQ�PDQ\�
SXEOLFDWLRQV� LV� EDVHG� RQ� JUDSKLFDO� PHWKRGV� DQG� LQ�
SDUWLFXODU� RQ� KHPLVSKHULFDO� SKRWRJUDSKV� ZLWK� D�
ILVKH\H�SKRWRJUDSKLF�OHQV���(�J��:DWVRQ�DQG�-RKQVRQ��
������
+RZHYHU�0DWXVFKHN�DQG�0DW]DUDNLV��������SRLQW�RXW�
WKDW�WKH�SURFHVV�RI�WDNLQJ�D�SLFWXUH�LV�HUURU�SURQH�DQG�
FDQ� XVXDOO\� RQO\� EH� FRPSOHWHG� LI� DQ� H[LVWLQJ�
HQYLURQPHQW� VKDOO� EH� HYDOXDWHG�� 6R� LW� PD\� QRW� EH�

SRVVLEOH� WR� UXQ� VLPXODWLRQV� LQ� DQ� HDUO\� SKDVH� RI� D�
SURMHFW� ZKHUH� RQO\� FRPSXWHU� PRGHOV� H[LVW�� 7KH\�
HYDOXDWH�³6N\+HOLRV´��D�VRIWZDUH� WRRO��ZKLFK�FDQ�EH�
XVHG� WR� FDOFXODWH� WKH� 69)�� ,W
V� EDVHG� RQ� GLJLWDO�
HOHYDWLRQ�PRGHOV�RI�WKH�UHOHYDQW�VFHQDULR�DQG�UHWXUQV�
SURPLVLQJ�UHVXOWV��
5DNRYHF� DQG� =DNãHN� ������� WDNH� LQWR� DFFRXQW� WKH�
GLIIXVH� WLOW� IDFWRU� LQ� DGGLWLRQ� WR� WKH� 69)�� 7KH\�
SUHVHQW�D�PHWKRG�IRU�WKH�FDOFXODWLRQ�RI� WKH�FRPSOHWH�
GLIIXVH� UDGLDWLRQ� EXW� WKH\� UHVWUDLQ� WR� D� IODW� VORSH�
UDWKHU�WKDQ�WR�SURMHFWLRQV�IURP�DUELWUDU\�REMHFWV��
%UDGOH\�� 7KRUQHV� DQG� &KDSPDQ� ������� IRFXV� RQ�
FDOFXODWLQJ� WKH� 69)� YDOXH� IURP� KHPLVSKHULFDO�
SKRWRJUDSKV�ZLWK� D� ILVKH\H� SKRWRJUDSKLF� OHQV��7KH\�
VXJJHVW� XVLQJ� *36� LQ� FRQQHFWLRQ� ZLWK� LW� WR� DYRLG�
HUURUV�ZKHQ� EXLOGLQJ� XS� D� 69)�GDWDEDVH��7KH\� DOVR�
WDNH� LQWR� DFFRXQW� WKH� GHQVLW\� RI� WKH� XUEDQ�
GHYHORSPHQW� WR� PDNH� RXW� GLIIHUHQFHV� LQ� WKH� 69)�
YDOXH�IRU�SDUWLFXODU�FODVVHV�RI�XUEDQ�UHJLRQV��
*iO� HW� DO�� FRPSDUH� WKH� 69)� YDOXHV� UHFHLYHG� E\� D�
ILVKH\H�OHQV� SKRWRJUDSK� DQDO\VLV� ZLWK� YDOXHV�
FDOFXODWHG� IURP� DQ� XUEDQ� YHFWRU� GDWDEDVH�� 7KHLU�
PHWKRG� RI� FDOFXODWLQJ� WKH� 69)� IURP� D� YHFWRU�
GDWDEDVH�LV�DQDO\]HG�LQ�GHWDLO�RQ�WKH�IROORZLQJ�SDJHV��
7KH� ILVKH\H�OHQV� SKRWRJUDSKV� DUH� GLYLGHG� LQWR� D�
QXPEHU� RI� FRQFHQWULF� DQQXOL� RI� HTXDO� ZLGWK�� HDFK�
UHSUHVHQWLQJ�DQ�LQWHUYDO�RI�]HQLWK�DQJOHV��7KH�UHVXOWV�
RI�ERWK�PHWKRGV�GHYLDWH�E\�DQ�DYHUDJH�YDOXH�RI�������
�UHJDUGLQJ� WKH�UHOHYDQW�69)�YDOXHV�� IURP�HDFK�RWKHU�
ZKLFK� LV� PDLQO\� RZHG� WR� WKH� IDFW� WKDW� YHJHWDWLRQ� LV�
QRW�LQ�WKH�GDWDEDVH�XVHG�DV�LQSXW�IRU�WKH�FDOFXODWLRQV��
0DW]DUDNLV� DQG� 0DWXVFKHN� ������� SUHVHQW� ³5D\�
0DQ´��D�PRGHO�XVHG�IRU�WKH�FDOFXODWLRQ�RI�VKRUW��DQG�
ORQJ�ZDYH� UDGLDWLRQ� IOX[HV� RQ� WKH� KXPDQ� ERG\��
5D\0DQ�DOVR�SURYLGHV�DQ�LQWHUIDFH�IRU�IUHH�GUDZLQJV�
DQG�ILVK�H\H�SKRWRJUDSKV�WR�FDOFXODWH�WKH�69)��
-RKQVRQ�DQG�:DWVRQ��������SUHVHQW�D�PHWKRG�ZKHUH�
WKH\� VHW� XS� D� SRODU� FRRUGLQDWH� V\VWHP� WR� FDOFXODWH�
69)� YDOXHV� IRU� ILQLWH� DQG� LQILQLWH� FDQ\RQV� HQFORVHG�
E\�ZDOOV�RI� FRQVWDQW� KHLJKW��7KH�PHWKRG�RXWOLQHG� LQ�
ZKDW�IROORZV�LV�SDUWO\�UHODWHG�WR�WKHLU�DSSURDFK�EXW�LV�
EDVHG�RQ�D�GLIIHUHQW�FRRUGLQDWH�V\VWHP��%HVLGHV�DOVR�
ZDOOV� ZLWK� YDU\LQJ� KHLJKW� ZLWK� UHVSHFW� WR� WKH�
ORQJLWXGLQDO�D[LV�DUH�FRQVLGHUHG��
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.lOOEODG� ������� SUHVHQWV� D� JHQHULF� IXQFWLRQ� WR�
FDOFXODWH�WKH�69)�YDOXH�DQG�2NH��������ZKR�GHILQHV�
WKH�VN\�YLHZ�IDFWRU��69)��DV�WKH�UDWLR�RI�WKH�DPRXQW�
RI�WKH�VN\�³VHHQ´�IURP�D�JLYHQ�SRLQW�RQ�D�VXUIDFH�WR�
WKDW� SRWHQWLDOO\� DYDLODEOH� DOVR� JLYHV� YDOXHV� IRU�
FRPPRQO\� RFFXUULQJ� JHRPHWULF� DUUDQJHPHQWV� OLNH�
YDOOH\V�RU�VORSHV�RU�D�EDVLQ�RI�D�FRQVWDQW� UDGLXV�DQG�
RI� FRQVWDQW� KHLJKW�� %DVHG� RQ� WKHVH� YDOXHV� WKH� 69)�
FDQ� DOVR� EH� XVHG� WR� TXDQWLI\� WKH� FKDUDFWHULVWLFV� RI� D�
EXLOGLQJ¶V�VXUURXQGLQJV�ZKLFK�DUH�VLJQLILFDQW� IRU�WKH�
DPRXQW�RI�KHDW�WKDW�LV�UHFHLYHG��
�

�
Figure 1 Basin with the opening angle of  

representing the projection of a virtual surrounding 
of constant height on the hemisphere 

�
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6R� WKH� 69)� LQ� WKLV� FDVH� UHSUHVHQWV� WKH� DUHD� RI� WKH�
RSHQLQJ�RI� WKH�EDVLQ� WR� WKH�DUHD�RI� WKH�PLGGOH�FLUFOH�
TXRWLHQW�� ,I� RQO\� WKH� IUDFWLRQ� UHSUHVHQWHG� E\�� VKDOO�
EH� WDNHQ� LQWR�DFFRXQW�DFFRUGLQJ� WR�*iO�HW� DO�� �������
WKH�69)�UHVXOWV�WR��
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7KH� FDOFXODWLRQ� PHWKRGV� SUHVHQWHG� LQ� WKH� SDSHU� DW�
KDQG�DUH�SDUWO\�EDVHG�RQ�(TXDWLRQ���DQG����
$�VROXWLRQ�IRU�WKH�FDOFXODWLRQ�RI�WKH�69)�IRU�JHQHULF�
VXUURXQGLQJV�LQ�WHUPV�RI�JHRPHWU\�LV�RXWOLQHG��*iO�HW�
DO�� DOVR� EDVH� WKHLU� DSSURDFK� RI� FDOFXODWLQJ� WKH� 69)�
IURP�D�YHFWRU�GDWDEDVH�RQ�2NH¶V�YDOXH�RI�WKH�69)�IRU�
WKH� EDVLQ� PHQWLRQHG� DERYH� E\� GLYLGLQJ� WKH�
KHPLVSKHUH� LQWR� VOLFHV� DQG� FDOFXODWLQJ� WKH� 69)� IRU�
HDFK� VOLFH�� 7KH� GUDZEDFNV� RI� WKHLU� VROXWLRQ� PD\�
UHJDUG� SHUIRUPDQFH� LVVXHV� DQG� DFFXUDF\� GHSHQGLQJ�
RQ� WKH� FKRVHQ� OHYHO� RI� GLVFUHWL]DWLRQ��:LWK� WKH� UDLVH�
RI� UHVROXWLRQ� RI� GLVFUHWL]DWLRQ� QRW� RQO\� WKH� DFFXUDF\�
RI� WKH� UHVXOW� PD\� LPSURYH� EXW� DOVR� WKH� DPRXQW� RI�
WLPH�FRQVXPHG�E\�D�VLQJOH�VLPXODWLRQ�UXQ�PD\�JR�XS��
7KH� VROXWLRQ� LQ� WKH� SDSHU� DW� KDQG� DYRLGV� WKHVH�
GUDZEDFNV� E\� SUHVHQWLQJ� D� QHZ� FDOFXODWLRQ� PHWKRG�
ZKHUH�QR�PRUH�GLVFUHWL]DWLRQ�KDV�WR�EH�PDGH��

0(7+2'�
Transformation of the scenery into a new 
coordinate system 
)RU� GHPRQVWUDWLRQ� SXUSRVHV� ZH� FKRVH� D� VLPSOH�
VFHQDULR� ZLWK� WZR� IDFHV� UHSUHVHQWLQJ� WZR� RI� WKH�
HQYHORSLQJ� VXUIDFHV� RI� DQ� REMHFW�� 7KH\� FDQ� DOVR� EH�
LQWHUSUHWHG�H�J��DV�WKH�IDFDGHV�RI�WZR�EXLOGLQJV��
�

�
Figure 2 Two faces in relation to a thought part of 
the hemi-sphere. Vertical angles are labeled with 

1-4, horizontal ones with 1-4. 
�

7KH� FDOFXODWLRQ� RI� WKH� 69)� LV� EDVHG� RQ� WKH� FHQWUDO�
SURMHFWLRQ�RI� WKH� UHOHYDQW� VFHQDULR��7KH�RULJLQ� LV� VHW�
DW� WKH� SRLQW� WKDW� WKH� 69)� VKDOO� EH� UHIHUUHG� WR�� 7KH�
SURMHFWLRQ� RI� WKH� VXUURXQGLQJ� EXLOGLQJV� KDV� WR� EH�
VSHFLILHG�E\�D�IXQFWLRQ�RI�WKH�KRUL]RQWDO�DQJOH����UH�
WXUQLQJ� WKH� YHUWLFDO� DQJOH� � UDWKHU� WKDQ� E\� D� VHW� RI�
&DUWHVLDQ� FRRUGLQDWHV�� 7KH� WUDQVIRUPDWLRQ� IURP� WKH�
&DUWHVLDQ�FRRUGLQDWH� V\VWHP� LQWR�D�QHZ�� FRRUGL�
QDWH� V\VWHP� EULQJV� DORQJ� D� GLVWRUWLRQ� RI� RULJLQDOO\�
VWUDLJKW�OLQHV��
,Q� WKH� H[DPSOH� RI� )LJXUH� �� YHUWLFDO� HGJHV� UHPDLQ�
YHUWLFDO�LQ�WKH�SURMHFWLRQ��KRUL]RQWDO�HGJHV��KRZHYHU��
PXVW�EH�VSHFLILHG�E\�WKH�WDQJHQW�RI�WKH�KHLJKW�WR�GLV�
WDQFH�TXRWLHQW���)LJXUH����
�

�
Figure 3 Schematic representation of the central 

projection of the same scenario from the position of 
the origin as a function of the horizontal angle . 

�
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7KH�H[DFW�VKDSH�RI�QRQ�YHUWLFDO�HGJHV�GHSHQGV�RQ�WKH�
JHRPHWULF�FLUFXPVWDQFHV��,Q�WKH�H[DPSOH�DW�KDQG�WKH�
FDOFXODWLRQ�RI�1�DQG�2 LV�WULYLDO��
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�
Figure 4 Geometry of one of the faces of the length, l, 
related to the point that the SVF refers to. dw denotes 

the distance of the face from the origin and  the 
angle of the line orthogonal to the face. 
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)URP� )LJXUH� �� LW� FDQ� EH� VHHQ� WKDW� WKH� IXQFWLRQ�
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6R�WKH�RULJLQDOO\�KRUL]RQWDO�VWUDLJKW�HGJHV�RI�WKH�WZR�
IDFHV�EHFRPH�FXUYHV�LQ�WKH�SURMHFWLRQ�LOOXVWUDWHG�LQ�
)LJXUH����
6LQFH�RQO\�WKH�GLIIHUHQFH�EHWZHHQ�WZR�DQJOHV�LV�XVHG�
LQ� WKH�FDOFXODWLRQV�DQ\� UHIHUHQFH�D[LV�FDQ�EH�FKRVHQ�
IRU�DOO�UHOHYDQW�DQJOHV��

Discretization approach 
7KH�SURMHFWLRQ�UHVXOWLQJ�IURP�WKH�SUHYLRXV�H[DPSOH�LV�
GLVSOD\HG�LQ�)LJXUH����

�

�
Figure 5: Resulting projection of two faces onto the 
hemisphere discretized by dividing it into slices of 

equal width. 
�

2QFH�WKH�SURMHFWLRQ�RQ�WKH�KHPLVSKHUH�DV�D�IXQFWLRQ�
RI� WKH� KRUL]RQWDO� DQJOH���� LV� FRPSOHWH� WKH�69)�FDQ�
EH�FDOFXODWHG�EDVHG�RQ�(TXDWLRQ����
)LJXUH��� LOOXVWUDWHV�KRZ�*iO� HW� DO�� �������GLYLGH� WKH�
SURMHFWLRQ� LQWR� VOLFHV�� HDFK� FRYHULQJ� WKH� VDPH�
IUDFWLRQ�RI�WKH�DQJOH�����7KH\�FKRRVH�WKH�PLGGOH�
SRLQWV�RI�WKH�LQWHUYDOV�DV�YDOXHV�IRU���+RZHYHU�XQGHU�
VRPH� XQIDYRUDEOH� FRQGLWLRQV� WKH� PLGGOH� SRLQW� PD\�
QRW� SUHVHQW� WKH� DYHUDJH� YDOXH� RI� �� �)LJXUH� ��� $�
KLJKHU� OHYHO� RI� GLVFUHWL]DWLRQ� FDQ� LPSURYH� WKH�
DFFXUDF\�RI�WKH�UHVXOW�EXW�ZLOO�KDYH�D�QHJDWLYH�LPSDFW�
RQ�WKH�SHUIRUPDQFH��
�

�
Figure 6: Discretization matches well left and right 
of the corner of the model. The slice in the middle 
produces an inaccurate result because its middle 

value is too low. 
�

Functional based approach 
$Q�DOWHUQDWLYH�DSSURDFK�LV�EDVHG�GLUHFWO\�RQ�(TXDWLRQ�
��� 7KH� 69)� RI� D� IUDFWLRQ� RI� WKH� EDVLQ� FDQ� DOVR� EH�
LQWHUSUHWHG�DV�WKH�UHVXOW�RI�DQ�LQWHJUDO��
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� FDQ� EH� REWDLQHG� IURP� (TXDWLRQ� ��� ,WV� IRUP� LV�
LQGHSHQGHQW� RI� WKH� LQFOLQDWLRQ� RI� DQ� HGJH� VR� QR�
DGGLWLRQDO�FRPSOH[LW\�RFFXUV�ZLWK� UHDO� VFHQDULRV��6R�
ZKDW� UHPDLQV� WR� EH� GRQH� LV� WR� DFFRPSOLVK� WKH�
LQWHJUDWLRQ�RI�VLQ���
7KHUH� LV� QR� V\PEROLF� VROXWLRQ� IRU� LW� EXW� WKH�
FDOFXODWLRQ� RI� WKH� QXPHULFDO� VROXWLRQ� LV� QR� SUREOHP�
ZLWK�FRPPRQ�PDWK�SURJUDPV��
7KH� UHODWLRQ� EHWZHHQ� h�� DQG� d�� KDV� WKH� PRVW�
VLJQLILFDQW�LPSDFW�RQ�WKH�69)��7KH�SRLQW�RI�UHIHUHQFH�
WKDW� WKH� 69)� LV� FDOFXODWHG� IRU� LV� PDUNHG� 325� LQ�
)LJXUH����
�

�
Figure 7 The h to d quotient is a critical factor for 

the calculation of the SVF. 
�

7KH�h�WR�d�TXRWLHQW�ULVHV�DV�WKH�GLVWDQFH�EHWZHHQ�WKH�
SRLQW� RI� UHIHUHQFH� �325�� DQG� WKH� UHOHYDQW� EXLOGLQJ�
GHFOLQHV��)LJXUH���LOOXVWUDWHV�WKH�UXQ�RI�WKH�69)�FXUYH�
IRU� DQ�h� WR�d� TXRWLHQW� VWDUWLQJ�ZLWK��� UHSUHVHQWLQJ� D�
EXLOGLQJ� LQ� LQILQLWH� GLVWDQFH� XS� WR� ��� UHSUHVHQWLQJ� D�
EXLOGLQJ�ZLWK�WKH�WRS�HGJH�DW�D�YHUWLFDO�DQJOH�RI�DERXW�
��� GHJUHHV�� $V� WKH� h� WR� d� TXRWLHQW� JURZV� DOVR� WKH�
KRUL]RQWDO� RSHQLQJ� DQJOH� ������ JURZV�
DSSUR[LPDWHO\�DW�WKH�VDPH�UDWH�DV�WKH�YHUWLFDO�DQJOH��
�

�
Figure 8 The SVF depends on the relation between h 
and d. At an h to d quotient between 3 and 5 the SVF 

curve starts to flatten. 
�

)URP� )LJXUH� �� LW� FDQ� EH� VHHQ� WKDW� WKH� H[DFW�
FDOFXODWLRQ� RI� WKH� 69)� LV� OHVV� LPSRUWDQW� IRU� h� WR� d�
TXRWLHQWV� DERYH� DERXW� ��� +RZHYHU� IRU� ORZ� h� WR� d�

TXRWLHQWV� DOVR� VPDOO� LQDFFXUDFLHV� FDQ� FDXVH� ODUJH�
HUURUV��

(9$/8$7,21�
:KHUHDV� WKH� SHUIRUPDQFH� DQG� WKH� DFFXUDF\� RI� WKH�
FDOFXODWLRQ� RI� WKH� 69)� GHSHQG� RQ� WKH� QXPEHU� RI�
VOLFHV� LQ� FDVH� RI� WKH� GLVFUHWL]DWLRQ� DSSURDFK� WKHUH� LV�
QR� PRUH� QHHG� IRU� GLVFUHWL]DWLRQ� LQ� FDVH� RI� WKH�
IXQFWLRQDO�EDVHG�DSSURDFK��

Accuracy 
7KH� DFFXUDF\� LQ� FDVH� RI� GLVFUHWL]DWLRQ� GHSHQGV�
PDLQO\�RQ�WZR�SDUDPHWHUV��
 7KH� JHRPHWU\� RI� REMHFWV� ZKLFK� DUH� SDUW� RI� WKH�

VFHQDULR�WR�EH�FDOFXODWHG��
 7KH� ZLGWK� RI� WKH� VOLFHV� DQG� WKH� OHYHO� RI�

GLVFUHWL]DWLRQ�UHVSHFWLYHO\��
7KH� FDOFXODWLRQ� RI� WKH� 69)� RI� D� SDUWLFXODU� VOLFH� LV�
EDVHG�RQ� WKH�PLGGOH�YDOXH�RI��ZKLFK� LV� XVHG�DV�DQ�
DYHUDJH�YDOXH�IRU�WKH�KHLJKW�RI�WKH�ZKROH�VOLFH��6R�LQ�
FDVH� RI� VWUDLJKW� HGJHV� LQ� WKH���SURMHFWLRQ� WKHUH� LV�
QR� HUURU� DW� DOO� EHFDXVH� WKH� PLGGOH� YDOXH� H[DFWO\�
PDWFKHV�WKH�DYHUDJH�YDOXH��
+RZHYHU�LI� WKHUH�LV�D�YHUWH[�FDXVLQJ�DQ�RIIVHW�LQ�WKH�
SURMHFWLRQ�WKDW�GRHV�QRW�FRLQFLGH�ZLWK�WKH�ERUGHU�RI�D�
]RQH�DQ�HUURU�LV�FDXVHG���)LJXUH����
�

�
Figure 9 The middle line of a slice is close to an 

offset in the projection of two objects. Thus the error 
in the region of the slice becomes significant. 

�

7KH� VL]H� RI� WKH� HUURU� GHSHQGV� RQ� KRZ� PXFK� WKH�
DYHUDJH� YDOXH� GLIIHUV� IURP� WKH� PLGGOH� YDOXH� RI� WKH�
UHOHYDQW� VOLFH�� )RU� D� SDUWLFXODU� FDVH� WKH� HUURU� ZDV�
FDOFXODWHG�IRU�GLIIHUHQW�h�WR�d�TXRWLHQWV��
,Q�WKH�IROORZLQJ�H[DPSOH�D�VHW�RI�WZR�EXLOGLQJV�ZLWK�
D� WRWDO� RSHQLQJ� DQJOH� RI� �� GHJUHHV� LV� LQYHVWLJDWHG��
6LQFH� WKH� FDOFXODWLRQ� RI� WKH� 69)� FRPSULVHV� D�
FDOFXODWLRQ� IRU� ���� GHJUHHV� WKH� VFHQDULR� LV� DVVXPHG�
WR�EH�UHSHDWHG�IRU�D�FRPSOHWH�URWDWLRQ��
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Table 1: Error in the calculation of the SVF for the 
scenario illustrated in Figure 9. There are two types 
of objects, one with a horizontal opening angle,2 -
 1, of 3.01 degrees, the other one with 2.99 degrees. 

The K to G quotient of the second object is kept 
constant at a value of 8.0. The width of the slices 
used to discretize the scene was chosen with 2.0 

degrees. 
�

H / D (OBJ 1) H / D (OBJ 2) ERROR 
BETWEEN 

FUNCTIONAL 
AND 

DISCRETIZED 
CALCULATION 

IN % 
���� ���� �����
���� ���� �����
���� ���� �����
���� ���� �����
���� ���� �����
���� ���� ����
���� ���� ����
���� ���� ����
�

7KH� ILJXUHV� LQ� 7DEOH� �� FODULI\� WKDW� WKH� GLVFUHWL]HG�
FDOFXODWLRQ� PDWFKHV� WKH� H[DFW� RQH� ZHOO� IRU� VPDOO�
GLIIHUHQFHV� EHWZHHQ� WKH� UHOHYDQW� h� WR� d� TXRWLHQWV��
$OVR� UDWKHU� ODUJH� RSHQLQJ� DQJOHV� RI� WKH� VOLFHV� LQ�
UHODWLRQ�WR�WKH�RSHQLQJ�DQJOHV�RI�WKH�EXLOGLQJV�OHDG�WR�
JRRG�UHVXOWV� LI� WKH�HGJH�RI� VOLFH�KDSSHQV� WR�EH�FORVH�
WR�WKH�HGJH�RI�D�SURMHFWHG�EXLOGLQJ��+RZHYHU�WKH�VL]H�
RI�WKH�HUURU�UHPDLQV�GLIILFXOW�WR�SUHGLFW��
$FFRUGLQJO\�D�KLJK�QXPEHU�RI�RIIVHWV��H�J��FDXVHG�E\�
PDQ\� GLIIHUHQW� EXLOGLQJV� EHLQJ� SURMHFWHG� RQ� WKH�
KHPLVSKHUH�� LQFUHDVH� WKH� ULVN� RI� VOLFHV� FDXVLQJ� DQ�
HUURU��
7R� DYRLG� IRU� VXUH� DV� XQIDYRUDEOH� FRQGLWLRQV� DV�
UHSUHVHQWHG� LQ� WKH� WRS�SDUW�RI�7DEOH� �� VOLFHV�ZLWK�DQ�
RSHQLQJ�DQJOH�FOHDUO\�EHORZ�WKH�RSHQLQJ�DQJOH�RI�WKH�
UHOHYDQW�EXLOGLQJV�VKRXOG�EH�FKRVHQ��

Performance 
$W�WKH�VDPH�WLPH�DV�WKH�RSHQLQJ�DQJOH�RI�WKH�VOLFHV�LV�
GHFUHDVHG� WKH� QXPEHU� RI� FDOFXODWLRQ� VWHSV� LV�
LQFUHDVHG�� :LWK� WKH� IXQFWLRQDO�EDVHG� DSSURDFK� RQH�
FDOFXODWLRQ� VWHS� LV� QHHGHG� IRU� HYHU\� HGJH� RI� WKH�
SURMHFWLRQ��

�

Table 2: Number of calculation steps of a complete 
SVF calculation (360 degrees) with the functional 
based approach compared with the discretization 
approach depending on the horizontal opening 
angle,2 - 1, of the slices and the number of 

projected objects. 
�

NUMBER OF 
PROJECTED 

OBJECTS 

OPENING 
ANGLE 

OF A 
SLICE, 2 -

 1 

NUMBER OF 
CALCULATION 

STEPS FOR 
DIFFERENT 

CALCULATION 
METHODS 

� � FUNCTIO-
NAL 

DISCRE-
TIZED 

��� ���� ��� ����
��� ���� ��� ����
��� ���� ��� ���
��� ���� ��� ����
���� ���� ���� ����
���� ���� ���� ���
�

2EYLRXVO\� WKH� QXPEHU� RI� FDOFXODWLRQ� VWHSV� IRU� WKH�
IXQFWLRQDO� EDVHG� DSSURDFK� GHSHQGV� XQLTXHO\� RQ� WKH�
QXPEHU�RI�REMHFWV�WKDW�DUH�WDNHQ�LQWR�UHJDUG�ZKHUHDV�
IRU� WKH� GLVFUHWL]DWLRQ� DSSURDFK� LW� GHSHQGV� RQ� WKH�
RSHQLQJ�DQJOH�RI�D�VLQJOH�VOLFH��
)RU� WHVWLQJ� SXUSRVHV� VDPSOH� VFHQDULRV� ZHUH� FUHDWHG�
FRQWDLQLQJ� D� QXPEHU� RI� REMHFWV� GHSHQGLQJ� RQ� D�
UDQGRP�QXPEHU�UHSUHVHQWLQJ�WKH�RSHQLQJ�DQJOH�RI�DQ�
REMHFW��7KH�XSSHU�ERXQG�RI�WKH�RSHQLQJ�DQJOH�ZDV�VHW�
WR� ��� DQG� WKH� ORZHU� ERXQG� WR� ��� GHJUHHV� UHVXOWLQJ�
LQWR� �� WR� �� REMHFWV�� 7KH� K���G� TXRWLHQWV� ZHUH� DOVR�
JHQHUDWHG�EDVHG�RQ�D�UDQGRP�QXPEHU�ZLWK�DQ�XSSHU�
ERXQG�DFFRUGLQJ�WR�WKH�ILJXUHV�LQ�7DEOH���DQG�D�ORZHU�
ERXQG�RI����7KH�RSHQLQJ�DQJOH�IRU�WKH�VOLFHV�ZDV�VHW�
WR� ���� GHJUHHV�� 7KH� VLPXODWLRQ� ZDV� UXQ� ���� WLPHV�
ZLWK� HDFK� VHW� RI� SDUDPHWHUV�� 7DEOH� �� FRQWDLQV� WKH�
DYHUDJH�YDOXHV�IRU�DOO�����WHVW�UXQV�RI�HDFK�WHVW�UXQ��
�

Table 3: Error in the calculation of the SVF for 
random test scenarios. Maximum h / d values were 

varied between 0.5 and 15 
�

MAXIMUM H / D ERROR BETWEEN 
FUNCTIONAL AND 

DISCRETIZED 
CALCULATION IN % 

���� ����
���� ����
���� ����
���� ����
���� ����
���� ����
���� ����
����� ����
����� ����
�

�
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&21&/86,21�
$� QHZ� PHWKRG� RI� FDOFXODWLQJ� WKH� 69)� KDV� EHHQ�
SUHVHQWHG� ZKLFK� LV� EDVHG� RQ� WKH� FDOFXODWLRQ� RI� WKH�
YHUWLFDO�DQJOH��DV�IXQFWLRQ�RI�WKH�KRUL]RQWDO�DQJOH���
:LWK�WKH�LQSXW�RI�WKH�JHRPHWU\�LQ�D�YHFWRULDO�IRUP�WKH�
FDOFXODWLRQ� RI� WKH� IXQFWLRQ� � LV� SRVVLEOH� IRU�
KRUL]RQWDO� HGJHV� DV� ZHOO� DV� IRU� LQFOLQHG� RQHV�� 7KH�
JHRPHWULF� FLUFXPVWDQFHV� KDYH� EHHQ� LOOXVWUDWHG� LQ�
RUGHU� WR� VHW� XS� WKH� IXQFWLRQ� WKDW� QHHGV� WR� EH�
LQWHJUDWHG�WR�FDOFXODWH�WKH�³WHUUDLQ�YLHZ�IDFWRU´�ZKLFK�
LV� GHILQHG� DV� 1-SVF�� 7KH� LQWHJUDO� WKDW� QHHGV� WR� EH�
FDOFXODWHG� IRU� WKH� WHUUDLQ� YLHZ� IDFWRU� FDQQRW� EH�
REWDLQHG� LQ� D� V\PEROLF� IRUP� DQ\PRUH� EXW� FRPPRQ�
PDWK� SURJUDPV� OLNH� :ROIUDP¶V� 0DWKHPDWLFD� RU�
0DWK:RUNV¶�0DWODE� RU� 3\WKRQ¶V� 6FL3\� FDQ� SURYLGH�
QXPHULFDO�VROXWLRQV�LQ�UHDO�WLPH��
2WKHU� DSSURDFKHV� H[LVW�� OLNH� WKH� RQHV� SUHVHQWHG� E\�
*iO�� 5]HSD�� *URPHN� DQG� 8QJHU� ����� EDVHG� RQ� DQ�
XUEDQ� YHFWRU� GDWDEDVH�� 7KH\� GLYLGH� WKH� KHPLVSKHUH�
LQWR� VOLFHV� UHSUHVHQWLQJ� HTXDOO\� VL]HG� SDUWV� RI� WKH�
KHPLVSKHUH�� 2NH� JLYHV� 69)� YDOXHV� IRU� FRPPRQO\�
RFFXUULQJ� JHRPHWULF� DUUDQJHPHQWV� �������� RQH� RI�
WKHP� D� EDVLQ� RI� FRQVWDQW� KHLJKW�� 7KH� FDOFXODWLRQ�
EDVHG�RQ�WKH�GLYLVLRQ�RI�WKH�KHPLVSKHUH�LQWR�VOLFHV�DV�
ZHOO� DV� WKH� IXQFWLRQDO� EDVHG� FDOFXODWLRQ� XVH� 2NH¶V�
69)�YDOXH�IRU�WKH�EDVLQ��
7KH� FDOFXODWLRQ� EDVHG� RQ� WKH� GLYLVLRQ� RI� WKH�
KHPLVSKHUH� LV� VLPSOH� DQG� ZRUNV� ZHOO� IRU� PRVW�
VFHQDULRV�� ,Q� VRPH� UDUH� FDVHV� KRZHYHU� D� VLJQLILFDQW�
HUURU�PD\�RFFXU�LQ�SDUWLFXODU�LI� WKH�RSHQLQJ�DQJOH�RI�
WKH�VOLFHV� LV�FORVH� WR� WKH�KRUL]RQWDO�RSHQLQJ�DQJOH�RI�
WKH�VXUURXQGLQJ�REMHFWV��
:LWK� WKH� IXQFWLRQDO� EDVHG� DSSURDFK� WKH� H[DFW�
FDOFXODWLRQ�RI�WKH�69)�FDQ�EH�JXDUDQWHHG�DW�DQ\�WLPH��
6FDODELOLW\� RI� VROXWLRQV� SURYLGHG� IRU� EXLOGLQJ�
VLPXODWLRQ�WRROV�LV�VXEVWDQWLDO�IRU�WKH�LQWHJUDWLRQ�RI�D�
SDUWLFXODU� FRPSRQHQW� ZLWKLQ� WKH� ZKROH� DUFKLWHFWXUH�
RI� D� WRRO�� :LWK� WKH� IXQFWLRQDO� EDVHG� DSSURDFK� WKH�
FRPSXWDWLRQDO�HIIRUW�LV�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�
REMHFWV�WR�EH�WDNHQ�LQWR�DFFRXQW��7KH�LPSOHPHQWDWLRQ�
LV�FRPSOLFDWHG�E\�WKH�WUDQVIRUPDWLRQ�RI�WKH�&DUWHVLDQ�
FRRUGLQDWH�V\VWHP�LQWR�DQ��V\VWHP��7KXV�VWUDLJKW�
OLQHV�DUH�VSHFLILHG�E\�D�VHW�RI�WULJRQRPHWULF�IXQFWLRQV�
ZKLFK�FRPSOLFDWHV�WKH�FDOFXODWLRQ�RI�LQWHUVHFWLRQV�RI�
GLIIHUHQW�REMHFWV¶�SURMHFWLRQV�RQWR�WKH�KHPLVSKHUH��
7KH� FRPSXWDWLRQDO� HIIRUW� IRU� FDOFXODWLQJ� WKH� 69)�
ZLWK�VOLFHV�RI�WKH�KHPLVSKHUH�GHSHQGV�RQ�WKH�OHYHO�RI�
GLVFUHWL]DWLRQ��$�GUDZEDFN�RI�WKH�DSSURDFK�LV�WKDW�WKH�
DFFXUDF\�RI�WKH�FDOFXODWLRQ�JURZV�DW�WKH�VDPH�UDWH�DV�
WKH�SHUIRUPDQFH�GURSV��7KH�HUURU�GHSHQGV�PDLQO\�RQ�
WZR�SDUDPHWHUV��7KH�GLPHQVLRQV�RI�WKH�REMHFWV�WR�EH�
WDNHQ� LQWR� DFFRXQW� DQG� WKH� OHYHO� RI� GLVFUHWL]DWLRQ��
(YHQ�WKRXJK�WKHUH�LV�QR�IDLO�VDIH�ZD\�RI�TXDQWLI\LQJ�
LW��LW�KDUGO\�HYHU�H[FHHGHG�D�UHPDUNDEOH�GHJUHH�LQ�WKH�
UDQGRP� WHVW� VFHQDULRV� HYHQ� ZLWK� DQ� RSHQLQJ� DQJOH�
DERYH���GHJUHHV��
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