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Visualization of Archaeological Structure Data with Astronomical Objects

Kazuhiro Sekiguchi and Hiroyuki Takata
1DWLRQDO�$VWURQRPLFDO�2EVHUYDWRU\�RI�-DSDQ

ND]�VHNLJXFKL#QDR�DF�MS

:H�DLP�WR�EXLOG�D�OLJKW��ÀH[LEOH��DQG�LQWHUDFWLYH�V\VWHP�GHVLJQHG�WR�YLVXDOL]H�H[WHQVLYH�WKUHH�GLPHQVLRQDO�

(3D) archeological structure data combined with the positional data of astronomical objects. Visualizing 

astronomical objects in the sky and their positions with respect to archeological structures will provide 

insights into the spatial concepts employed by the builders of such structures. It will also allow us to 

compare the conceptual developments of civilizations. Visualization allows us to understand how people 

of ancient civilizations saw the astronomical objects and to explore their conceptual developments of 

VSDFH�DQG�WKH�ZRUOG��:H�ZLOO�¿UVW�H[DPLQH�WKH�WRROV�DQG�WHFKQRORJ\�DYDLODEOH�WRGD\��DQG�WKHQ�FRQVLGHU�

ZKDW�LPSURYHPHQWV�DQG�RU�PRGL¿FDWLRQV�DUH�QHHGHG�IRU�RXU�SXUSRVHV�

1XHVWUD�PHWD�HV�FRQVWUXLU�XQ�VLVWHPD�OLJHUR��ÀH[LEOH�H�LQWHUDFWLYR�GLVHxDGR�SDUD�YLVXDOL]DU�GDWRV�

extensos de estructuras arqueológicas tridimensionales (3D) combinados con los datos de posición de 

objetos astronómicos. La visualización de objetos astronómicos en el cielo y sus posiciones con respecto 

a las estructuras arqueológicas proporcionará información sobre los conceptos espaciales empleados 

por los constructores de las estructuras. También nos permitirá comparar los desarrollos conceptuales 

de las civilizaciones. La visualización nos permite comprender cómo la gente de civilizaciones antiguas 

veía los objetos astronómicos y explorar sus desarrollos conceptuales del espacio y el mundo. Primero 

examinaremos las herramientas y la tecnología disponibles en la actualidad y luego consideraremos qué 

PHMRUDV�\���R�PRGL¿FDFLRQHV�VRQ�QHFHVDULDV�SDUD�QXHVWURV�SURSyVLWRV�
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$OO� DQFLHQW� VRFLHWLHV� WKURXJKRXW� WKH�ZRUOG� KDYH�

ZDWFKHG�WKH�VN\��&HOHVWLDO�HYHQWV�DQG�SURFHVVHV�ZHUH�

SHUFHLYHG�E\�RXU�DQFHVWRUV�WR�GHYHORS�FRQFHSWV�RI�WLPHV�

DQG�VHDVRQV��,Q�DQWLTXLW\�WKH�VN\�ZDV�D�SDUW�RI�HYHU\GD\�

OLIH�DQG�LW�PXVW�KDYH�SOD\HG�DQ�LPSRUWDQW�UROH�LQ�GHYHORSLQJ�

EHOLHIV�DERXW�QDWXUH�DQG�KXPDQ�H[LVWHQFH��7KHUH�DUH�PDQ\�

DUFKDHRORJLFDO�VWXGLHV�FRQFHUQHG�ZLWK�SRVVLEOH�FRUUHODWLRQV�

EHWZHHQ�WKH�RULHQWDWLRQV�RI�DUFKDHRORJLFDO�VWUXFWXUHV�DQG�

DVWURQRPLFDO�REMHFWV�DQG�HYHQWV��VXFK�DV�VXQULVH�VXQVHW��

PRRQULVH�PRRQVHW��SRVLWLRQV�RI�SODQHWV�DQG�VWDUV��VSDWLDO�

SDWWHUQV�RI�VWDUV��DQG�HYHQ�OLJKW�DQG�VKDGRZ�FDVW�E\�WKH�

6XQ�GXULQJ�WKH�VROVWLFHV�DQG�RWKHU�SDUWLFXODU�WLPHV��$PSOH�

HYLGHQFH�RI�WKH�RULHQWDWLRQ�RI�DUFKDHRORJLFDO�VWUXFWXUHV�

ZLWK�DVWURQRPLFDO�REMHFWV�KDV�EHHQ�SUHVHQWHG�LQ�HDUOLHU�

VWXGLHV��IRU�H[DPSOH��>%HOPRQWH�������@��>*RQ]iOH]�*DUFtD��

����@��DQG�>5XJJOHV������E@�IRU�WKH�VRODU��OXQDU��DQG�VWHOODU�

DOLJQPHQWV��UHVSHFWLYHO\���%\�DQDO\]LQJ�WKH�DOLJQPHQW�DQG�

RULHQWDWLRQ�RI�SUHKLVWRULF�PRQXPHQWV��ZH�FDQ�LQWHUSUHW�WKH�

VSDWLDO�SHUFHSWLRQ�RI�WKH�SHRSOH��DQG�WKHUHE\�WKH�VRFLHW\��

ZKR�EXLOW�WKHP�

+RZ�GR�ZH�UHFUHDWH�WKH�VN\�DQG�ODQGVFDSH�DOLJQPHQW�

DW�D�VSHFL¿F�WLPH�DQG�YLVXDOL]H�LW"�7KLV�UHTXLUHV�DFFXUDWH�

UHFRQVWUXFWLRQ� RI� WKH� DUFKDHRORJLFDO� VWUXFWXUHV�� WKH�

VXUURXQGLQJ�ODQGVFDSH��DQG�WKH�SRVLWLRQV�RI�WKH�FHOHVWLDO�

REMHFWV� DW� WKDW� WLPH��9LVXDOL]DWLRQ�ZRXOG� KHOS� XV� WR�

SDOSDEO\�XQGHUVWDQG�KRZ�WKH�SHRSOH�RI�HDUO\�FLYLOL]DWLRQV�

FRPSUHKHQGHG�WKHLU�HQYLURQPHQWV�DQG�KRZ�WKH\�PLJKW�

KDYH�GHYHORSHG�WKHLU�FRQFHSWV�RI�WKH�³:RUOG´��7KHUH�DUH�

VHYHUDO�FRPPHUFLDO�VRIWZDUH�SDFNDJHV�ZKLFK�FDQ�EH�XVHG�

IRU�YLVXDOL]DWLRQ�DQG�DQDO\VLV�RI�DUFKDHRORJLFDO�VWUXFWXUHV�

XVLQJ�ODQGVFDSH�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6��GDWD��

+RZHYHU��WKH\�DOVR�QHHG�WR�GLVSOD\�WKH�DFFXUDWH�SRVLWLRQ�

DQG�PRWLRQ�RI�FHOHVWLDO�REMHFWV��2Q�WKH�RWKHU�KDQG��WKHUH�

DUH�GHVNWRS�SODQHWDULXP�SURJUDPV�WKDW�FDQ�VLPXODWH�DQ�

DVWURQRPLFDOO\�FRUUHFW�YLHZ�RI�WKH�VN\��0RVW�RI�WKHVH�DOORZ�

XVHUV�WR�EH�DW�DQ\�SODFH�RQ�(DUWK�DW�DQ\�JLYHQ�WLPH��WKRXJK�

WKH\�XVXDOO\�XVH�VLPSOL¿HG�DVWURQRPLFDO�FDOFXODWLRQV�

QRW�VXLWDEOH�IRU�WHVWLQJ�WKH�DOLJQPHQWV�RI�WKH�GLVWDQW�SDVW�

�5XJJOHV������D��

2XU�DLP�LV�WR�EXLOG�DQ�DFFXUDWH�DQG�LQWHUDFWLYH�V\VWHP�

GHVLJQHG�WR�YLVXDOL]H�H[WHQVLYH�WKUHH�GLPHQVLRQDO���'��

DUFKDHRORJLFDO�VWUXFWXUHV�ZLWK�WKH�VXUURXQGLQJ�ODQGVFDSH�

DQG�VN\��:LWK�WKH�KHOS�RI�FRPSXWHU�JUDSKLFV�WHFKQRORJ\��

YLUWXDO�UHDOLW\��95��ZRXOG�DOORZ�XV�WR�ZDON�WKURXJK�WKH�

UHFRQVWUXFWHG�DUFKDHRORJLFDO�VWUXFWXUHV�DQG�WR�FRQVLGHU�

WKHLU�DOLJQPHQWV�ZLWK�WKH�VXUURXQGLQJ�ODQGVFDSH�DQG�WKH�

SRVLWLRQV�RI�WKH�FHOHVWLDO�REMHFWV��6LQFH�ZH�GR�QRW�LQWHQG�WR�

UHSURGXFH�D�VRIWZDUH�SURJUDP�DQG�RU�VXEURXWLQH�DOUHDG\�

DYDLODEOH�WR�XV��ZH�EHJDQ�E\�H[DPLQLQJ�WKUHH�SRSXODU�

VWHOODU�SURMHFWLRQ�VRIWZDUH��StellaNavigator, Mitaka, and 

Stellarium��WR�GHWHUPLQH�WKHLU�FDSDELOLWLHV�DQG�DFFXUDF\�LQ�

UHFUHDWLQJ�VFHQHV�RI�WKH�DUFKDHRORJLFDO�SDVW��7KLV�DOORZV�

XV�WR�DVFHUWDLQ�ZKDW�IHDWXUHV�QHHG�WR�EH�DGGHG��PRGL¿HG��

RU�LPSURYHG�WR�EHVW�VXLW�RXU�SXUSRVHV�

Sky Simulation Programs

6N\�VLPXODWLRQ�SURJUDPV�DEOH�WR�VLPXODWH�WKH�DFFXUDWH�

SODFHPHQW�DQG�PRWLRQ�RI�FHOHVWLDO�REMHFWV�LQ�WKH�VN\�KDYH�

ORQJ�EHHQ�SRSXODU�DPRQJ�DVWURQRP\�HQWKXVLDVWV��0DQ\�

RI�WKHVH�SURJUDPV�DUH�IRFXVHG�RQ�VLPXODWLRQ�RI�WKH�VN\�

LQ�UHODWLYHO\�UHFHQW�WLPHV�DQG�DUH�WKHUHIRUH�QRW�VXLWDEO\�

XVHIXO�IRU�VLPXODWLRQV�RI�WKH�VNLHV�GXULQJ�WKH�DUFKDHRORJLFDO�

SDVW��$GGLWLRQDOO\��RIWHQ�LW�LV�QRW�HDV\�WR�REWDLQ�LQIRUPDWLRQ�

DERXW�WKH�DOJRULWKPV�XVHG�LQ�VXFK�SURJUDPV��PDNLQJ�LW�

GL൶FXOW�WR�DVVHVV�WKHLU�DSSOLFDELOLW\�IRU�RXU�SXUSRVHV��,Q�

WKLV�VWXG\��ZH�FKRVH�WKUHH�SRSXODU�VN\�VLPXODWLRQ�SURJUDPV�

IRU�ZKLFK�ZH�KDYH�LQIRUPDWLRQ�RQ�WKH�DVWURQRPLFDO�GDWD�

XVHG��7KHVH�DUH�StellaNavigator, Mitaka, and Stellarium, 

ZKLFK�DUH�UHDGLO\�DYDLODEOH�LQ�-DSDQ��:H�FRPSDUHG�WKHVH�

SURJUDPV�WR�GHWHUPLQH�WKHLU�DSSOLFDELOLW\�DQG�OLPLWDWLRQV�IRU�

DUFKDHRORJLFDO�XVH�DQG�WR�DVVHVV�ZKDW�IXUWKHU�GHYHORSPHQWV�

DQG�PRGL¿FDWLRQV�PD\�EH�QHHGHG�WR�PDNH�WKHP�PRUH�
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VXLWDEOH�IRU�DUFKDHRORJLFDO�VWXGLHV�

StellaNavigator

StellaNavigator �)LJXUH������LV�D�SRSXODU�FRPPHUFLDO�

VRIWZDUH�VROG�LQ�-DSDQ�VLQFH�������7KH�FXUUHQW�YHUVLRQ��9HU��

����RI�WKLV�IXOO\�IHDWXUHG�DVWURQRP\�VLPXODWLRQ�VRIWZDUH�

DOORZV�XVHUV�WR�HQMR\�PXOWLPHGLD�SODQHWDULXP�VKRZV��

À\�WKURXJK�VSDFH��DQG�FRQWURO�D�WHOHVFRSH��$�MR\VWLFN�RU�

JDPHSDG�FDQ�DOVR�EH�XVHG�WR�FRQWURO�WKH�V\VWHP��:LWK�

WKH�XVH�RI�WKH�3&¶V�*36�UHFHLYHU��WKH�V\VWHP�FDQ�REWDLQ�

WKH�FRUUHFW�WLPH�DQG�FXUUHQW�SRVLWLRQ�RI�WKH�XVHU��L�H���WKH�

SRVLWLRQ�RI�WKH�V\VWHP�LQ�XVH���,W�FDQ�DOVR�VLPXODWH�WKH�VN\�

IRU�DQ\�FKRVHQ�YLHZSRLQW�RQ�(DUWK��)RU�WKH�VLPXODWLRQ�

RI�FHOHVWLDO�REMHFWV��StellaNavigator claims to be able to 

FDOFXODWH�VWDU�SRVLWLRQ�WR�����DUFVHFRQG�DQG�WKH�0RRQ�DQG�

SODQHWV�WR�����DUFVHFRQG�DFFXUDF\�LQ�WKH�UDQJH�RI������%&�

WR�$'�������

For precession correction, StellaNavigator uses 

1HZFRPE¶V�FHQWXU\�ROG�YDOXHV�RI�WKH�SUHFHVVLRQ�FRQVWDQWV�

�1HZFRPE���������$VWURQRPHUV�KDYH�VXVSHFWHG�WKDW�WKHUH�

DUH�VLJQL¿FDQW�HUURUV�LQ�WKHVH�YDOXHV�DQG�WKH�,QWHUQDWLRQDO�

$VWURQRPLFDO�8QLRQ� �,$8�� DGRSWHG� QHZ�SUHFHVVLRQ�

TXDQWLWLHV�DW�HSRFK�-��������-('�������������/LHVNH�HW�

DO����������)RU�SURSHU�PRWLRQ�FRUUHFWLRQV��LW�XVHV�WKH�ODWHVW�

+LSSDUFRV�VSDFH�DVWURPHWU\�PLVVLRQ�GDWD��'DPOMDQRYLF�	�

7DULV���������+RZHYHU��WKHUH�LV�QR�SRODU�PRWLRQ�QRU�QXWDWLRQ�

FRUUHFWLRQ��2Q�WKH�RWKHU�KDQG��LW�PDNHV�UDWKHU�SUHFLVH�'HOWD�

WLPH��ǻ7�LV�WKH�WLPH�GL൵HUHQFH�EHWZHHQ�8QLYHUVDO�7LPH�

DQG�7HUUHVWULDO�7LPH��FRUUHFWLRQV�IURP�WKH�\HDU������WR�WKH�

SUHVHQW�WLPH�XVLQJ�WKH�8QLWHG�6WDWHV�1DYDO�2EVHUYDWRU\�

Figure 5.1.

Screenshot of StellaNavigator.

Note��StellaNavigator VFUHHQ�YLHZ�RI�WKH�VN\�DW�WKH�ODWLWXGH�����GHJUHHV�DQG�WKH�ORQJLWXGH�����GHJUHHV�DW���KRXU�RQ�-DQXDU\����

$'����&RS\ULJKW��������StellaNavigator�����$VWUR$UWV�,QF�
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�8612��'HOWD�7�GHWHUPLQDWLRQV��DQG�IRU�HDUOLHU�WKDQ������

DQG�IRU�IXWXUH�GD\V��LW�XVHV�1$6$¶V�)LYH�0LOOHQQLXP�

&DWDORJ�RI�6RODU�(FOLSVHV��(VSHQDN�	�0HHXV���������7KH�

SRVLWLRQ�RI�WKH�0RRQ�DQG�WKH�SODQHWV�ZDV�FDOFXODWHG�ZLWK�

SHUWXUEDWLRQV�IRU�WKH�SHULRG�EHWZHHQ������%&�DQG�$'������

�.XGU\DYWVHY���������7KH�HVWLPDWHG�HUURU�RI�WKH�SRVLWLRQ�

FRRUGLQDWHV�FRPSDUHG�ZLWK�DVWURQRPLFDO�FDOHQGDU�'(����

RI�1$6$�-3/��6WDQGLVK��������LV�OHVV�WKDQ�RQH�DUFVHFRQG�

For landscape simulations, StellaNavigator can 

JHQHUDWH�DQG�GLVSOD\�D�WRSRJUDSKLF�LPDJH�DURXQG�WKH�

REVHUYDWLRQ� SRLQW� DXWRPDWLFDOO\��7RSRJUDSKLFDO� GDWD�

LQFOXGHV����P�JULG�GRPHVWLF�HOHYDWLRQ�GDWD�DQG����������

VFDOH�WRSRJUDSKLF�PDSV�ZLWK����P�DOWLWXGH�JULG�PHVK�IURP�

WKH�*HRVSDWLDO�,QIRUPDWLRQ�$XWKRULW\�RI�-DSDQ��*6,���LQ�

DGGLWLRQ�WR�JOREDO���NP�GLJLWDO�UDVWHU�GDWD�GHULYHG�IURP�

D�YDULHW\�RI�VRXUFHV��:KLOH�WKLV�LV�PRUH�RU�OHVV�VX൶FLHQW�

WR�FUHDWH�KRUL]RQ�SDQRUDPDV��LW�PD\�QRW�EH�JRRG�HQRXJK�

IRU�WKH�WHVWLQJ�RI�GHWDLOHG�DVWURQRPLFDO�DOLJQPHQWV�RI�

DUFKDHRORJLFDO�DUFKLWHFWXUH��$GGLWLRQDOO\��LW�GRHV�QRW�KDYH�

WKH�RSWLRQ�WR�GLVSOD\�UHFRQVWUXFWHG��'�IHDWXUHV�

Mitaka

Mitaka��)LJXUH������LV�D�IUHH�GRZQORDGDEOH�VRIWZDUH�

WKDW� DOORZV�XVHUV� WR� YLVXDOL]H� WKH�XQLYHUVH�EDVHG�RQ�

UHDO�DVWURQRPLFDO�GDWD�DQG�WKHRUHWLFDO�VWXGLHV��DQG�FDQ�

LQWHUDFWLYHO\�GLVSOD\�YDULRXV�FHOHVWLDO�ERGLHV�DQG� WKH�

KLHUDUFKLFDO�VWUXFWXUH�RI�WKH�XQLYHUVH��,W�ZDV�GHYHORSHG�E\�

7VXQHKLNR�.DWR�RI�WKH�1DWLRQDO�$VWURQRPLFDO�2EVHUYDWRU\�

RI�-DSDQ��1$2-�¶V�)RXU�'LPHQVLRQDO�'LJLWDO�8QLYHUVH�

��'�8��3URMHFW��7KH�ODWHVW�YHUVLRQ�������E��FXUUHQWO\�LQ�

-DSDQHVH�RQO\��ZDV�UHOHDVHG�RQ�0D\����������.DWR���������

0LWDND�QDYLJDWHV�DFURVV�VSDFH�IURP�(DUWK�WR�WKH�HGJHV�RI�

WKH�NQRZQ�XQLYHUVH��,W�LV�RSWLPL]HG�IRU��'�YLVXDOL]DWLRQV�

on multiple screens, but it can also be used on a single 

:LQGRZV�3&��7KHUH�LV�D�YLUWXDO�UHDOLW\��95��YHUVLRQ�ZKLFK�

LV�FRPSDWLEOH�ZLWK�D�KHDG�PRXQWHG�GLVSOD\��7KH�95�YHUVLRQ�

ZRUNV�DV�D�SOXJ�LQ�IRU�WKH�UHJXODU�YHUVLRQV��FXUUHQWO\�ZRUNV�

ZLWK�-DSDQHVH�YHUVLRQ�������DQG�(QJOLVK�YHUVLRQ������D���

8VHUV�FDQ�QDYLJDWH�LQ�Mitaka¶V�95�VSDFH�ZLWK�D�JDPH�

FRQWUROOHU��VXFK�DV�WKH�'XDO6KRFN�IRU�6RQ\�3OD\6WDWLRQ��

ZLWK�WKH�-&�36���869�86%�DGDSWHU�E\�(/(&20�RU�WKH�

60$57�-2<�3$'���3OXV1�E\�6.QHW�

Mitaka� HPSOR\V� WKH� ,$8����������� SUHFHVVLRQ�

QXWDWLRQ�SURFHGXUHV� �&DSLWDLQH�	�:DOODFH�� ������ WR�

FRUUHFW�(DUWK¶V�SUHFHVVLRQ�DQG�QXWDWLRQ�IRU�WKH�SHULRG�

EHWZHHQ�$'������DQG�$'�������2XWVLGH�RI�WKLV�SHULRG��LW�

XVHV�WKH�SUHFHVVLRQ�H[SUHVVLRQV�E\��9RQGUiN�HW�DO����������

ZKLFK�DUH�YDOLG�IRU�ORQJ�WLPH�LQWHUYDOV�ZLWK�DQ�DFFXUDF\�

FRPSDUDEOH�WR�,$8������DURXQG�WKH�FHQWUDO�HSRFK�-��������

D�IHZ�DUFVHFRQGV�WKURXJKRXW�WKH�KLVWRULFDO�SHULRG��DQG�D�

IHZ�WHQWKV�RI�D�GHJUHH�DW�WKH�HQGV�RI�WKH�����������\HDU�

WLPH�VSDQ��7KH�(DUWK¶V�D[LDO�WLOW�LV�WDNHQ�IURP��&DSLWDLQH�

HW�DO����������7KH�ǻ7�LV�FRUUHFWHG�XVLQJ��6WHSKHQVRQ�HW�DO���

������IRU�����%&�WR�$'�������ZLWK�\HDUV�RXWVLGH�WKLV�UDQJH�

FRUUHFWHG�XVLQJ�SRO\QRPLDO�H[SUHVVLRQV�IRU�GHOWD�7��ǻ7��

IURP��1$6$���������7KH�SRVLWLRQV�RI�WKH�(DUWK�LQ�WKH�UDQJH�

RI��������%&�WR�$'��������DQG�WKH�0RRQ�LQ�WKH�UDQJH�RI�

�����%&�WR�$'������DUH�DGDSWHG�IURP��.XGU\DYWVHY��������

DQG��.XGU\DYWVHY���������UHVSHFWLYHO\��)RU�WKH�SODQHWV��

HSKHPHULGHV�RI�SODQHWV�EHWZHHQ�$'������DQG�$'������

E\��&KDSURQW�	�)UDQFRX��������DUH�XVHG�

)RU�WKH�(DUWK¶V�ODQGVFDSH�LQIRUPDWLRQ��*7232���

IURP�WKH�8�6��*HRORJLFDO�6XUYH\��86*6��8�6��*HRORJLFDO�

6XUYH\�� ������ LV� XVHG�� %HFDXVH�Mitaka focuses on 

PDQHXYHULQJ�LQ�RXWHU�VSDFH��QRW�PXFK�DWWHQWLRQ�ZDV�JLYHQ�

WR�WKH�YLUWXDO�UHFRQVWUXFWLRQ�RI�ODQGVFDSH�RU�IHDWXUHV�RQ�

(DUWK�

Stellarium 

Stellarium� �)LJXUH� ����� LV� D� SRSXODU� RSHQ�VRXUFH�

GHVNWRS�SODQHWDULXP�VRIWZDUH�SDFNDJH�RULJLQDOO\�GHYHORSHG�

E\�)DELHQ�&KpUHDX�DQG�RWKHUV�LQ�������Stellarium�KDV�EHHQ
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Figure 5.2.  

Screenshot of Mitaka.

Note. Mitaka�VFUHHQ�YLHZ�RI�WKH�VN\�DW�WKH�ODWLWXGH�����GHJUHHV�DQG�WKH�ORQJLWXGH�����GHJUHHV�DW���KRXU�RQ�-DQXDU\������$'��

&RS\ULJKW��������Mitaka�9HUVLRQ������E��1$2-

IXUWKHU�GHYHORSHG�DQG�XVHG�H[WHQVLYHO\�IRU�DUFKDHRORJLFDO�

DSSOLFDWLRQV�E\�*HRUJ�=RWWL��=RWWL������D��=RWWL�	�:ROI��

�������:LWK� YDULRXV� SOXJLQV��Stellarium� FDQ� SURMHFW�

FHOHVWLDO�REMHFWV��YLVXDOL]H�UHFRQVWUXFWHG��'�DUFKLWHFWXUH��

DQG�UHFUHDWH�WKH�SDVW�ODQGVFDSH�DQ\ZKHUH�DQG�DW�DQ\�JLYHQ�

WLPH��,W�FDQ�VLPXODWH�VKDGRZV�FDVW�E\�WKH�6XQ�DQG�0RRQ�

RQ�WKH�UHFRQVWUXFWHG�DUFKDHRORJLFDO�IHDWXUHV��

7KH�ODWHVW�YHUVLRQ��Stellarium ��������=RWWL���������

XVHV�SUHFHVVLRQ�FRUUHFWLRQV�E\��9RQGUiN�HW�DO���������DQG�

,$8����%�QXWDWLRQ��0F&DUWK\�	�/X]XP���������WKRXJK�

QXWDWLRQ�LV�RQO\�FRPSXWHG�IRU�������\HDUV�DURXQG�-��������

3RVLWLRQV�RI� WKH�SODQHWV�DUH�FDOFXODWHG�XVLQJ�DQDO\WLF�

PRGHO�9623����%UHWDJQRQ�	�)UDQFRX��������DQG�LWV�

XVH�LV�UHFRPPHQGHG�IRU������%&�WR�$'�������+RZHYHU��

DV�DQ�RSWLRQ��IRU�WKH�UDQJH�EHWZHHQ��������%&�DQG�$'�

��������-3/�'(�����)RONQHU�HW�DO���������FDQ�EH�XVHG�IRU�

PXFK�PRUH�DFFXUDWH�SODQHW�SRVLWLRQV��7KH�ǻ7�LV�FRUUHFWHG�

XVLQJ��E\�GHIDXOW���(VSHQDN�	�0HHXV���������$GGLWLRQDOO\��

Stellarium R൵HUV�VHYHUDO�ǻ7�PRGHOV�ZKLFK�WKH�XVHU�FDQ�

FKRRVH�IURP�

7KH�6FHQHU\��G�SOXJLQ�ZDV�UHOHDVHG�ZLWK�Stellarium 

������� LQ� ����� �=RWWL�� ����E��� 7KH� FXUUHQW�9HUVLRQ�

������� �=RWWL�� ������ DOORZV� DUFKLWHFWXUDO� �'�PRGHOV�

WR�EH�HPEHGGHG�LQWR�WKH�ODQGVFDSH��,W�DOORZV�XVHUV�WR�

ZDON�WKURXJK�UHFRQVWUXFWHG�VWUXFWXUHV�DQG�FRQ¿UP�WKH�

DVWURQRPLFDO�DOLJQPHQW�RI�WKH�VWUXFWXUHV��7KLV�SOXJLQ�DOVR�

VLPXODWHV�WKH�VKDGRZV�RI�WKH�VFHQH¶V�VWUXFWXUHV�FDVW�E\�WKH�

6XQ��0RRQ��DQG�HYHQ�9HQXV��)XUWKHUPRUH��LW�KDV�D�SOXJLQ�

FDOOHG�$UFKDHR/LQHV�ZKLFK�GLVSOD\V�DQ\�FRPELQDWLRQ�RI�

GHFOLQDWLRQ��į��DUFV��VXFK�DV�WKH�GHFOLQDWLRQV�RI�HTXLQR[HV��
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Figure 5.3. 

Screenshot of Stellarium.

Note. Stellarium VFUHHQ�YLHZ�RI�WKH�VN\�DW�WKH�ODWLWXGH�����GHJUHHV�DQG�WKH�ORQJLWXGH�����GHJUHHV�DW���KRXU�RQ�-DQXDU\������$'��

&RS\ULJKW���������Stellarium��������

GHFOLQDWLRQV�RI�WKH�FURVV�TXDUWHU�GD\V��GHFOLQDWLRQ�RI�WKH�

=HQLWK�SDVVDJH��FXUUHQW�GHFOLQDWLRQ�RI�WKH�6XQ��FXUUHQW�

GHFOLQDWLRQ�RI�WKH�0RRQ��HWF�

Discussion

7KH�WRROV�RI�DUFKDHRORJ\�FRQWLQXH�WR�FKDQJH�DQG�HYROYH�

DV�QHZ�TXHVWLRQV�DULVH��EULQJLQJ�ZLWK�WKRVH�FKDQJHV�PDQ\�

WHFKQRORJLFDO�FKDOOHQJHV��,Q�UHVSRQVH�WR�WKRVH�FKDOOHQJHV��

WKH�WRRONLW�RI�DUFKDHRORJ\�LV�DOVR�FKDQJLQJ��:KHWKHU�RU�QRW�

DUFKDHRORJLFDO�VWUXFWXUHV�ZHUH�EXLOW�LQ�FRQQHFWLRQ�ZLWK�

DVWURQRPLFDO�RULHQWDWLRQ�SDWWHUQV�FDQ�EH�WHVWHG�YLVXDOO\��

XVLQJ�DFFXUDWH�YLUWXDO�UHFUHDWLRQV�RI�WKH�DUFKDHRORJLFDO�

VLWH�ZLWK�DVWURQRPLFDOO\�FRUUHFW�VLPXODWHG�SRVLWLRQV�RI�

WKH�FHOHVWLDO�REMHFWV��:LWK�WKH�KHOS�RI�FRPSXWHU�JUDSKLFV�

WHFKQRORJ\��VXFK��'�YLVXDOL]DWLRQ�FDQ�EH�DFKLHYHG��

7KHUH�DUH�WZR�SRVVLEOH�ZD\V�IRUZDUG�LQ�GHYHORSLQJ�

D�V\VWHP�IRU�WKH�WHVWLQJ�RI�SRVVLEOH�FRUUHODWLRQV�EHWZHHQ�

WKH�RULHQWDWLRQ�SDWWHUQV�RI�DUFKDHRORJLFDO�VWUXFWXUHV�DQG�

FHOHVWLDO�REMHFWV��2QH�LV�WR�DGG�DQ�DFFXUDWH�EDFNJURXQG�

DVWURQRPLFDO�VLPXODWLRQ�WR�WKH�ODQGVFDSH�YLVXDOL]DWLRQ�

SURJUDPV��WKH�RWKHU�LV�WR�DGG�ODQGVFDSH�DQG�DUFKHRORJLFDO�

VWUXFWXUHV�WR�DVWURQRPLFDO�VLPXODWLRQ�SURJUDPV��,Q�WKLV�

VWXG\�ZH�WRRN�WKH�ODWWHU�DSSURDFK��EHFDXVH�WKHUH�DUH�PDQ\�

DVWURQRPLFDO�VLPXODWLRQ�SDFNDJHV�WKDW�DOORZ�FDOFXODWLRQV�

RI�WKH�DFFXUDWH�SRVLWLRQ�DQG�PRYHPHQW�RI�FHOHVWLDO�REMHFWV�

DQG�WKH�DELOLW\�WR�SURMHFW�WKHP�RQ�PRQLWRUV�DQG�VFUHHQV��:H�

FRPSDUHG�WKUHH�SRSXODU�DVWURQRP\�VLPXODWLRQ�VRIWZDUH�

(DFK�RI�WKH�WKUHH�SURJUDPV�H[DPLQHG�ZDV�GHYHORSHG�

IRU�VOLJKWO\�GL൵HUHQW�DSSOLFDWLRQV��StellaNavigator is for 

DQ�LQGLYLGXDO�XVHU�RQ�D�GHVNWRS�3&�DQG�PRELOH�WHUPLQDO��

Mitaka�LV�PDLQO\�IRU�D�GRPH�WKHDWHU�IRFXVHG�RQ�YLVXDO�

UHQGHULQJ�SHUIRUPDQFHV�DQG�KDV�YHUVLRQV�IRU��'�DQG�
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YLUWXDO�UHDOLW\��95���Stellarium�ZDV�RULJLQDOO\�GHYHORSHG�

IRU�WKH�GHVNWRS�3&�DQG�QRZ�KDV�D�PRELOH�DQG�:HE�YHUVLRQ��

$OO�WKUHH�SURJUDPV�DSSO\�YDULRXV�FRUUHFWLRQV�DFKLHYLQJ�

DFFXUDWH�YLHZV�RI�WKH�VN\�LQ�SDVW�FHQWXULHV��7KRXJK�LW�

GHSHQGV�RQ�WKH�GHJUHH�RI�DFFXUDF\�UHTXLUHG��IRU�DW�OHDVW�

D�URXJK�DSSUR[LPDWLRQ��WKHVH�DUH�DGHTXDWH�WR�WHVW�WKH�

DVWURQRPLFDO�FLUFXPVWDQFHV�VXUURXQGLQJ�WKH�DUFKDHRORJLFDO�

VWUXFWXUHV�

7R� FRPELQH� WKH� ODQGVFDSH� DQG� WKH� VN\� YLHZ��

StellaNavigator�DOORZV�XVHUV�WR�SURMHFW�D�VN\OLQH��ZKLFK�

ZDV�FUHDWHG�XVLQJ�WKH�WRSRJUDSKLFDO�GDWD��RU�D�����GHJUHH�

SDQRUDPLF�SLFWXUH�WDNHQ�IURP�D�¿[HG�YLHZSRLQW��Mitaka 

XVHV�WKH�JOREDO���NP�GLJLWDO�UDVWHU�GDWD��86*6��WR�GUDZ�WKH�

KRUL]RQ��2QO\�Stellarium�LV�HTXLSSHG�ZLWK�D�VRSKLVWLFDWHG�

�'�ODQGVFDSH�SOXJLQ��FDOOHG�6FHQHU\�G��=RWWL������������E��

������=RWWL�HW�DO����������ZKLFK�DOORZV�XV�WR�LQFRUSRUDWH��'�

VWUXFWXUH�DQG�ODQGVFDSH�PRGHOV�LQWR�WKH�VN\�YLHZ��)LJXUH�

�����

Note. Stellarium�VLPXODWLRQ�VKRZLQJ�Sterngarten��6WDU�*DUGHQ��

RI�9LHQQD�ZLWK�$UFKDHR/LQHV�SOXJLQ��ZKLFK�VKRZV�GHFOLQDWLRQV�

RI�HTXLQR[HV��GHFOLQDWLRQV�RI�WKH�FURVV�TXDUWHU�GD\V��GHFOLQDWLRQ�

RI� WKH�=HQLWK�SDVVDJH��GHFOLQDWLRQ�RI� WKH�1DGLU�SDVVDJH��

GHFOLQDWLRQ��į��RI�WKH�FXUUHQWO\�VHOHFWHG�REMHFW��HWF��&RS\ULJKW�

������ Stellarium �������

DUFKLWHFWXUDO��'�PRGHOV�DQG�LQYHVWLJDWH�WKH�SRWHQWLDO�

DVWURQRPLFDO�RULHQWDWLRQ�RI�WKH�VWUXFWXUHV��6FHQHU\�G�XVHV�

:DYHIURQW�7HFKQRORJLHV¶�2%-�¿OH�IRUPDW��ZKLFK�VWRUHV�

JHRPHWULF�REMHFWV�DQG��'�GDWD��)RU�WKH��'�DUFKDHRORJLFDO�

VWUXFWXUH�GDWD��WKH�DFWXDO�PHDVXUHPHQW�GDWD�FDQ�EH�XVHG��IRU�

H[DPSOH��LQ�WKH�&$'�IRUPDW���)RU�WKH�*,6�EDVHG�ODQGVFDSH�

PRGHOLQJ��ZH�FRXOG�XVH�*7232����RU�1$6$
V�6KXWWOH�

5DGDU�7RSRJUDSK\�0LVVLRQ��6570��GDWD�IRU�D�FRDUVH�

ODQGVFDSH��,I�DYDLODEOH��/L'$5�GDWD�ZRXOG�SURYLGH�D�¿QHU�

DQG�EHWWHU�ODQGVFDSH�PRGHO�

Conclusions

:H�H[DPLQHG�WKUHH�SRSXODU�DVWURQRP\�VLPXODWLRQ�

VRIWZDUH��StellaNavigator, Stellarium, and Mitaka, for 

WKHLU�VXLWDELOLW\�LQ�LQYHVWLJDWLQJ�WKH�SRVVLEOH�DOLJQPHQW�

RI�DUFKDHRORJLFDO�VWUXFWXUHV�DQG�FHOHVWLDO�REMHFWV�DQG�

HYHQWV��:KLOH�DOO�WKUHH�VRIWZDUH�FDQ�DFFXUDWHO\�PRGHO�WKH�

sky from centuries past, Stellarium�R൵HUV�D�EHWWHU�RSWLRQ�

Figure 5.4.

Screenshot of a sample Stellarium simulation.

2YHU� WKH� ODVW� GHFDGH��=RWWL� DQG�KLV� FROODERUDWRUV�

KDYH� GHYHORSHG� DQG� LPSURYHG�Stellarium for use in 

DUFKDHRORJLFDO�VWXGLHV��=RWWL�HW�DO����������7KH\�VXFFHVVIXOO\�

applied Stellarium WR�DUFKDHRDVWURQRPLFDO�VLPXODWLRQV�RI�

0LGGOH�1HROLWKLF�&LUFXODU�'LWFK�6\VWHPV��=RWWL������D��

=RWWL�	�1HXEDXHU���������WKH�0D\D$UFK�'�SURMHFW��=RWWL��

����E���DQG�+DGULDQ
V�9LOOD��)ULVFKHU�HW�DO����������%HFDXVH�

Stellarium LV�DQ�RSHQ�VRXUFH�VRIWZDUH��LW�DOORZV�PRGLI\LQJ�

DQG�RU�DGGLQJ�QHZ�SOXJLQV�ZLWKRXW�DQ\�OLFHQVH�DJUHHPHQW��

$GGLWLRQDOO\��ZKLOH�StellaNavigator and Mitaka are good 

IRU�DVWURQRPLFDO�GLVSOD\V��WKH\�UHTXLUH�PRUH�GHYHORSPHQW�

WR�GLVSOD\�DUFKLWHFWXUDO��'�PRGHOV��:H�WKHUHIRUH�FKRVH�

Stellarium�IRU�IXUWKHU�LQYHVWLJDWLRQ�LQ�GHYHORSLQJ�RXU�

FXVWRPL]HG�V\VWHP�

7KH�6FHQHU\�G�SOXJLQ�IRU Stellarium enables users 

WR�ORDG��'�PRGHOV�RI�DUFKLWHFWXUH�ZLWK�WKH�VXUURXQGLQJ�

ODQGVFDSH�LQWR�DQ�DVWURQRPLFDO�EDFNJURXQG�VLPXODWLRQ��

,W� DOVR� DOORZV� XVHUV� WR� ZDON� WKURXJK� WKH� VLPXODWHG�
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IRU�PRGHOLQJ��'�DUFKLWHFWXUH�ZLWKLQ� WKH�VXUURXQGLQJ�

ODQGVFDSH��)XUWKHUPRUH��DV�Stellarium is an open-source 

VRIWZDUH��LW�FDQ�EH�IUHHO\�PRGL¿HG�WR�VXLW�RXU�VSHFL¿F�

QHHGV��:KLOH�Stellarium is currently offered for PC, 

PRELOH�SKRQHV��DQG�WKH�:HE��QR�95�YHUVLRQV�DUH�DYDLODEOH��

7KH�QH[W�VWDJH�RI�RXU�SURMHFW�LV�WR�FRQVWUXFW�DQ�2%-�¿OH�

IRU�D�VDPSOH�DUFKDHRORJLFDO�VLWH�LQ�-DSDQ�DQG�GHYHORS�D�

95�YHUVLRQ�ZKLFK�FDQ�EH�XVHG�RQ�VLWH��9LVXDOL]LQJ��'�

PRGHOV�ZLWK�WKH�VLPXODWHG�VN\�KDV�WKH�JUHDW�SRWHQWLDO�WR�

DOORZ�UHVHDUFKHUV�WR�DGGUHVV�TXHVWLRQV�DERXW�WKH�SRVVLEOH�

DOLJQPHQW�RI�DUFKDHRORJLFDO�VWUXFWXUHV�DQG�FHOHVWLDO�REMHFWV�
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