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Abstract

6KDULQJ� WKH� RXWSXW� GDWD� RI� D� GLJLWDO� VXUYH\� ZLWK� RWKHU�
VWDNHKROGHUV� FDQ� LQFUHDVH� LWV� SURIHVVLRQDO� DQG� ZLGHVSUHDG�
XVH��+RZ�D�QRQ�VXUYH\LQJ�VSHFLDOLVW�FDQ�YLVXDOL]H��LQWHUURJDWH�
and measure the reality-based models in the three-
GLPHQVLRQDO� VSDFH� �DQG� QRW� RQO\�� ZLWKRXW� VHFWRU�VSHFLÀF�
VRIWZDUH� LV�� IRU� PRVW� LQVWDQFHV�� D� VLJQLÀFDQWO\� FKDOOHQJLQJ�
SUREOHP��7KH�SRVVLELOLW\�WR�XSORDG�GLJLWDO�VXUYH\�GDWD�RQ�ZHE�
SODWIRUPV�ZRXOG�DOORZ�IRU�JUHDWHU�GLVVHPLQDWLRQ�DQG�JUHDWHU�
H[SORLWDWLRQ�RI�WKH�FDSDELOLWLHV�RI�UHDOLW\�FDSWXUH�WHFKQRORJ\��
The point cloud can be displayed and investigated directly 
RQ� WKH�ZHE� DQG� DFFHVVLEOH� RQ� DQ\� GHYLFH� �ODSWRS�� GHVNWRS��
WDEOHW�� RU� VPDUWSKRQH��� 7KH� WRROV� IRU� PHDVXULQJ�� FURSSLQJ��
DQQRWDWLQJ�� DQG� GRZQORDGLQJ� GDWD� DUH� XVXDOO\� LQFOXGHG�
DV� VWDQGDUG� IHDWXUHV�� 0RUHRYHU�� WKH� GLරHUHQW� FRPPHUFLDO�
SURSRVDOV�SURYLGH�PDQ\�LQQRYDWLYH�IXQFWLRQV��95�LQWHUDFWLRQ��
%,0�LQWHURSHUDELOLW\��DXWRPDWLF�VFDQ�DOLJQPHQW��DQG��'�SRLQW�
FORXG� DXWRPDWLF� VHJPHQWDWLRQ� DQG� FODVVLÀFDWLRQ�� 7KH� ZHE�

based system solution represents a real revolution in digital 
data sharing among experts, technicians, and professionals, 
ZKR�FDQ�GLVSRVH�RI�DOO�WKH�VXUYH\�GDWD�GLUHFWO\�RQ�WKHLU�GHYLFHV�
DQ\WLPH��DQ\ZKHUH��SUHYHQWLQJ�GDWD�ORVV�DQG�HQKDQFLQJ�XVHU�
VKDULQJ�
This paper aimed to present the characteristics and the 
potential of some online platforms for direct sharing and 
management of the point clouds derived from image- 
RU� UDQJH�EDVHG� WHFKQLTXHV�� 7KLV� SUHOLPLQDU\� UHVHDUFK� LV�
presented to underline the pros and cons and identify future 
GHYHORSPHQWV� LQ� WKLV� QHZ� ZD\� RI� H[SORLWLQJ� GLJLWDO� VXUYH\�
GDWD�� 7KLV� DSSURDFK� FDQ� EH� DGYDQWDJHRXV� LQ� WKH� &XOWXUDO�
+HULWDJH�ÀHOG��HVSHFLDOO\�ZKHQ�&$'�RU�+%,0��'�PRGHOOLQJ�LV�
XQQHFHVVDU\�EHFDXVH�LW�LV�QRW�WKH�ÀQDO�DLP��7KH�VROXWLRQ�FDQ�
EH�WR�VNLS�WKH�ZKROH�FRPSOH[�DQG�WLPH�FRQVXPLQJ�PRGHOOLQJ�
phase and directly use the point cloud as the 3D geometric 
EDVH�DQG�DV�D�UHIHUHQFH�IRU�WKH�LQIRUPDWLRQ�UHSRVLWRU\�
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Problem Statement
Several sectors relating to the natural environment, civil 
engineering, infrastructure, architecture, heritage, and art 
DUH� LQYROYHG� LQ� WKH� �'� GLJLWL]DWLRQ� SURFHVV� �)LJ�� ��� ZLWK�
GLරHUHQW� DLPV� DQG� SXUSRVHV� >'DQLRWWL� HW� DO�� ������0LFHOL�
HW�DO���������3DUULQHOOR�������3RX[�HW�DO��������5XVVR�HW�DO��
����@�
,Q� WKH� LQIUDVWUXFWXUDO� DQG� DUFKLWHFWXUDO� ÀHOG�� WKH� ODVW�
KDUGZDUH�DQG�VRIWZDUH�GHYHORSPHQWV�KDYH�VLPSOLÀHG�DQG�
speeded up the data acquisition and processing phases, 
HYHQ�LQ�WKH�FDVH�RI�FRPSOH[�PHDVXUHPHQWV��VXUYH\V�ZLWK�
ORWV� RI� VFDQV�� EXLOGLQJV� ZLWK� VHYHUDO� ÁRRUV� DQG� FRPSOH[�
SODQ�OD\RXWV��QDUURZ�HQYLURQPHQWV�DQG�VR�RQ��
Laser scanner equipment types are becoming smaller, 
OLJKWHU��DQG�TXLFNHU�LQ�ÀHOG�RSHUDWLRQV��PDNLQJ�LQVWUXPHQW�
WUDQVSRUWDWLRQ� PRUH� ÁH[LEOH�� IDVWHU�� DQG� VXLWDEOH� IRU�
GLරHUHQW� HQYLURQPHQWV�� 7KDQNV� WR� RQ�ERDUG� UHDO�WLPH�
HODERUDWLRQ�� WKH�GDWD�FDSWXUH�SKDVH� LV�EHFRPLQJ�TXLFNHU�
DQG� PRUH� H඼FLHQW�� 0RUHRYHU�� ODVHU� VFDQQHUV� DUH� QRZ�
FRPPRQO\� HTXLSSHG� ZLWK� DGGLWLRQDO� VHQVRUV� �*166�

)LJ����²�3RVVLEOH�ÀHOGV�RI�LQWHUHVW�DQG�DSSOLFDWLRQV�RI�WKH��'�GLJLWL]DWLRQ�
SURFHVV�

V\VWHPV�� ,08�SODWIRUPV�� WUDFNLQJ�V\VWHPV�HWF��� WKDW�DOORZ�
XVHUV� WR� UXQ� D� UDZ� SUH�UHJLVWUDWLRQ� RI� WKH� YDULRXV� UDQJH�
VFDQV� RQ�VLWH� LQ� UHDO�WLPH� ZKLOH� WKH� VXUYH\� LV� JRLQJ� RQ��
This aspect primarily ensures that the detected surfaces 
are under control and that it is easier to determine if the 
3D measurement is complete and if it includes all the 
LQYROYHG�DUHDV��7KH�RQ�VLWH� UDZ�SUH�DOLJQPHQW�� WKHUHIRUH��
VLPSOLÀHV� WKH� SUDFWLFDO� VXUYH\� DFWLYLW\� DQG� GUDVWLFDOO\�
reduces the time required for the optimized registration of 
WKH�VFDQV�LQ�R඼FH��RSWLPL]LQJ�DQG�HQKDQFLQJ�WKH�VFDQ�WR�
SRLQWFORXG�SLSHOLQH��+RZHYHU��WKH�VFDQ�WR�+%,0�ZRUNÁRZ�
LV�VWLOO�D�KDUG�ZRUNLQJ�SURFHVV�HYHQ�WKRXJK�LW�LV�EHFRPLQJ�
D� UHIHUHQFH� VWDQGDUG� LQ� DUFKLWHFWXUDO� KHULWDJH� >6HPLQD�HW�
DO�������@�
(YHQ� LQ� WKH� ÀHOG� RI� LPDJH�EDVHG� PHWKRGV�� VRIWZDUH�
development related to computer vision techniques 
KDV� UHYROXWLRQL]HG� WKH� WLPHV� DQG� ÁH[LELOLW\� RI� WKH�
SKRWRJUDPPHWULF� GDWD� SURFHVVLQJ� ZRUNÁRZ�� 7KH� SKDVHV�
of image orientation and dense machining have been 
VLJQLÀFDQWO\�DFFHOHUDWHG��VLPSOLÀHG��DQG�RSWLPL]HG�
Despite the technological advancements that have 

)LJ����²�7KH�´ERWWOHQHFNµ�RI�WKH�GLJLWL]DWLRQ�SURFHVV��GLරXVH�XVH�RI�UHDOLW\�
FDSWXUH�GDWD�E\�XVHUV�ZLWKRXW�SURIHVVLRQDO�OHYHO�KDUGZDUH�DQG�H[SHUWLVH�
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improved and accelerated the data acquisition and 
the processing phase in both image and range-based 
ZRUNÁRZV�� WKH� XVH� DQG� PDQDJHPHQW� RI� RXWSXW� GDWD� E\�
WHFKQLFDO�SURIHVVLRQDOV�ZKR�DUH�QRW�VXUYH\RUV�RU��'�H[SHUWV�
DUH�VWLOO�XQFRPPRQ�
1RZDGD\V�� FRQGXFWLQJ� D� GLJLWDO� VXUYH\� LV� XVXDOO\� VLPSOHU�
WKDQ�XWLOL]LQJ�LWV�UHVXOWV�DQG�RXWFRPHV��7KH�ERWWOHQHFN�LV�WKH�
SUDFWLFDO��H඼FLHQW��DQG�LPPHGLDWH�HPSOR\PHQW�RI�WKH�UHDOLW\�
FDSWXUH�GDWD��)LJ������
,QGHHG�� REVHUYLQJ� WKH� GLJLWDO� VXUYH\� ZRUNÁRZ�� WKH� PRUH�
WLPH�FRQVXPLQJ�VWHS� LV�WKH�RXWSXW�HODERUDWLRQ��ZKHWKHU�D�
�'�RU� �'� UHSUHVHQWDWLRQ� �)LJ�� ����:KHWKHU� XVLQJ� DFWLYH�RU�
SDVVLYH�VHQVRUV�� WKH�ÀQDO�RXWFRPH� LV�D�SRLQW�FORXG�PRGHO�
WKDW�WDNHV�D�ORQJ�WLPH�DQG�HරRUW�WR�EH�WUDQVIRUPHG�LQWR�D�
WHFKQLFDO��'�GUDZLQJ�RU�D�&$'�RU�%,0�PRGHO�
The discussion aims to present the characteristics and the 
SRWHQWLDO� RI� VRPH� RI� WKH� ZHE� SODWIRUPV� DYDLODEOH� RQ� WKH�
PDUNHW�IRU�GLUHFW�VKDULQJ�DQG�PDQDJHPHQW�RI�SRLQW�FORXGV�
IURP�LPDJH��RU�UDQJH�EDVHG�VXUYH\V��,QGHHG��WKHVH�VROXWLRQV�
could facilitate the direct and professional utilization of 
SRLQW�FORXG�PRGHOV�E\�YDULRXV�VSHFLDOLVWV��)LJ������

7KH�PDLQ�RSHQ� LVVXHV� WKDW� VHHP� WR�KLQGHU� WKH�ZLGHVSUHDG�
XVH�RI�GLJLWDO�VXUYH\�RXWSXWV�DUH�WKH�IROORZLQJ��L��GLJLWDO�GDWD�
VKDULQJ�DQG�XVH�UHTXLUH�VSHFLÀF�VRIWZDUH�� LL�� WKHVH� W\SHV�RI�
VRIWZDUH� DUH� W\SLFDOO\� QRW� XVHU�IULHQGO\� IRU� SURIHVVLRQDOV� LQ�
RWKHU�ÀHOGV��DQG�WKH�DFTXLUHG�GDWDVHWV�DUH�XVXDOO\�YHU\�KXJH��LLL��
WKH�HYHQWXDOO\�VXEVHTXHQW�JHRPHWULFDO�&$'�RU�%,0�PRGHOLQJ�
LV�YHU\�WLPH�FRQVXPLQJ��DERYH�DOO�IRU�EXLOW�KHULWDJH���LY��WKH�
3D modelling implies many open issues about geometrical 
GHYLDWLRQ�DPRQJ�PHWULF�GDWD�DQG�WKH�UHFRQVWUXFWHG�PRGHOV�
$� ZHE�EDVHG� SODWIRUP� DSSURDFK� FDQ� DGGUHVV� WKHVH�
problematic aspects because: i) digital data can be shared and 
XVHG�GLUHFWO\�WKURXJK�D�ZHE�EURZVHU��LL��QR�VSHFLÀF�VRIWZDUH�
RU�SOXJ�LQV�DUH�UHTXLUHG��LLL��YLVXDOL]DWLRQ�DQG�LQWHUDFWLRQ�DOVR�
ZLWK�PDVVLYH�GDWD�DUH�TXLFN�DQG�HDV\�� LY��SRLQW� FORXGV� FDQ�
be directly used as geometric and informative reference v) 
the point model is real scale, and any metric data can be 
extracted from the point cloud depending on the aim and 
JUDSKLF�UHSUHVHQWDWLRQ�VFDOH��,Q�WKLV�FRQWH[W��WKH�ZHE�EDVHG�
SODWIRUPV� IRU� RQOLQH� SRLQW� FORXG� PDQDJHPHQW� FDQ� ÀOO� WKH�
JDS�EHWZHHQ�WKH�GLJLWDO�VXUYH\�DQG�WKH�ZLGHVSUHDG�XVH�RI�LWV�
RXWFRPHV��

)LJ����²�'LJLWDO�VXUYH\�SLSHOLQH� )LJ����²�5HDOLW\�FDSWXUH�GDWD�XVH�DQG�VKDULQJ��SUREOHP�VWDWHPHQW�
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State of Art
7KH�VLJQLÀFDQW� LQFUHDVH�H[SHULHQFHG� LQ� WKH� ODWHVW�\HDUV� LQ� WKH�
use of reality capture outputs stresses urgently the need for 
suitable and easy tools for managing and broadly sharing this 
NLQG�RI�GDWD��7KH�ZHE�SODWIRUPV�IRU�SRLQW�FORXG�GDWD�VKDULQJ�DUH�
QRZDGD\V�WKH�PRVW�SURPLVLQJ�RSWLRQ�WR�DGGUHVV�WKLV�LQFUHDVLQJ�
QHHG�
$�ZHE�SODWIRUP�IRU�SRLQW�FORXG�PDQDJHPHQW�LV�D�WRRO�HPEHGGHG�
LQ�D�ZHEVLWH�WKDW�SURYLGHV�XVHUV�LQVWUXPHQWV�WR�YLHZ�DQG�LQWHUDFW�
ZLWK�SRLQW�FORXG�GDWD�DOUHDG\�SUHVHQW�LQ�WKH�V\VWHP��RU�WKDW�FDQ�
EH�XSORDGHG�E\�WKH�XVHU��7KH�XVHU�FDQ�LQWHUDFW�ZLWK�WKH�SRLQW�
FORXG�E\� WDNLQJ� DQQRWDWLRQV��PHDVXULQJ�GLVWDQFHV�� DUHDV�� DQG�
volumes, cutting cross-sections, and consulting information 
WKURXJK� GDWDEDVHV� UHODWHG� WR� SRLQW� FORXG� REMHFWV�� :KHUHDV�
JHQHUDOO\��IRU�DOO�WKH�ZHE�SODWIRUPV��WKH�PRGXOH�IRU�YLVXDOL]DWLRQ�
is performative and achieves a smooth user experience, the 
´DPRXQW� RI� LQWHUDFWLRQµ� WKDW� LV� SRVVLEOH�ZLWK� WKH� SRLQW� FORXG�
GHSHQGV�RQ�WKH�SXUSRVHV�DQG�JRDOV�RI�WKH�SODWIRUP��7KLV�ODWWHU�
DVSHFW�LV�D�NH\VWRQH�LQ�WKH�IXWXUH�GHYHORSPHQW�RI�ZHE�SODWIRUPV�
that promise to evolve from data-displaying tools to fully cloud-
EDVHG�HODERUDWLRQ�VRIWZDUH��DV�GHVFULEHG�ODWHU�LQ�WKLV�SDUDJUDSK�

The visualizer is the main core of the system and is the 
module in charge of delivering, through rendering and 
YLVXDOL]DWLRQ��WKH��'�GDWD�VWRUHG�LQ�WKH�V\VWHP��,W�KDQGOHV�
the most resource-consuming operations as point clouds 
are massive and require to be rendered fast in order to 
SURYLGH�XVDELOLW\�DQG�D�VDWLVI\LQJ�XVHU�H[SHULHQFH�
The research on point cloud visualization systems has been 
IRFXVHG�� VLQFH� LWV� HDUO\� VWDJHV� >$[DULGRX�HW� DO��� ����@�� RQ�
ÀQGLQJ�PRUH�HරHFWLYH�ZD\V�WR�LQGH[�PDVVLYH�SRLQW�FORXGV�
IRU�RXW�RI�FRUH�UHQGHULQJ�>%RUPDQQ�DQG�.UlPHU������@�DOVR�
DGDSWLQJ�WR�WKH�W\SRORJ\�RI�GDWD�ZLWK�VHPDQWLF�GHSHQGHQW�
WHFKQLTXHV�>'LVFKHU�HW�DO�������@��LQ�RUGHU�WR�JHW�VDWLVI\LQJ�
SHUIRUPDQFHV�RQ�PRVW�RI� WKH�GHYLFHV��7KH�PDLQ� IRFXV�RI�
WKHVH�HරRUWV�LV�GLUHFWHG�WRZDUGV�SRLQW�FORXGV�DW�D�WHUULWRULDO�
scale, especially massive, country-size ones derived from 
/L'$5� VXUYH\V� >0DUWLQH]�5XEL� HW� DO��� ����@�� ZKLFK� ZLWK�
WKH� DFWXDO� DYHUDJH� KDUGZDUH� UHVRXUFHV�� UHSUHVHQW� D� UHDO�
FKDOOHQJH�IRU�LQ�FRUH�UHQGHULQJ�
2QH�RI� WKH�PRVW�GLරXVHG�SRLQW�FORXG�YLVXDOL]HU� LV�3RWUHH�
�3RWUHH�� ������ 6FK�W]�� ������ ZKLFK� RULJLQDWHG� IURP� WKH�
6&$123<� 3URMHFW� >6&$123<�� ����@� DQG� LV� VWLOO� XQGHU�
GHYHORSPHQW�� 3RWUHH� LV� DQ� RSHQ�VRXUFH� FRQYHUWHU� DQG�
visualizer based on WebGL that can be used both as a 
VWDQGDORQH�GHVNWRS� DSSOLFDWLRQ� DV�ZHOO� DV� DQ� HPEHGGHG�
WRRO�LQ�ZHEVLWHV��7KH�XVH�RI�3RWUHH�IRU�ZHE�DSSOLFDWLRQV�LV�
a common choice both for case studies that involve data 
at a territorial scale and for experiences at an architectural 
VFDOH��3RWUHH� LQWHJUDWHV�VRPH�EDVLF�DQQRWDWLRQ�WRROV� WKDW�
DOORZ�XVHUV�WR�WDNH�PHDVXUHPHQWV�RQ�WKH�SRLQW�FORXG��SXW�
SRLQW� ODEHOV� ZLWK� WH[WXDO� GHVFULSWLRQV� DQG� DWWDFKPHQWV��
DQG�FXW�VHFWLRQV�RI� WKH�FORXG� �)LJ������6RPH�FDVH�VWXGLHV�
are useful to focus on possible uses of Potree, as an 
environment to display architectural reconstructions 
through point clouds of existing buildings and mesh 
PRGHOV� RI� DUWZRUNV� >%HQW� HW� DO��� ����@� DQG� FDQ� EH� XVHG�
as a renderer in more extended platforms for point cloud 
management that may also integrate WebGIS visualizers 
>4XLQWLOOD�&DVWiQ�DQG�+HUQiQGH]������@��7KH�XVH�RI�RSHQ�)LJ����²�7KH�LQWHUIDFH�RI�3RWUHH�YLVXDOL]HU�DQG�WKH�PDLQ�WRROV�DYDLODEOH�
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VRXUFH� FRGH� FDQ� RරHU� VHYHUDO� SRVVLELOLWLHV� LQ� WHUPV� RI�
DGDSWDELOLW\�DQG�FXVWRPL]DWLRQ��DOORZLQJ�XVHUV�WR�XVH�SRLQW�
clouds as a geometrical basis for various purposes, such as 
WKH�UHSUHVHQWDWLRQ�RI�DFRXVWLF�IHDWXUHV�RI�VSDFH�>%HUJHURW�
HW�DO�������@�
$VLGH� IURP� WKH� RSHQ�VRXUFH� ZRUOG�� VHYHUDO� FRPSDQLHV�
DUH� GHYHORSLQJ� ZHE� SODWIRUPV� GHYRWHG� WR� SRLQW� FORXGV�
as a complementary service to their other products 
RU� DV� WKHLU� FRUH� EXVLQHVV�� ,Q� WKH� ÀUVW� FDWHJRU\� FDQ� EH�
PHQWLRQHG� VHUYLFHV� VXFK� DV� /HLFD� 7UX9LHZ� &ORXG� >/HLFD�
*HRV\VWHPV�$*������@�DQG�)$52�:HE6KDUH�>)$52������@��

RරHUHG� DV� DGGLWLRQDO� VHUYLFHV� WR� WKH� DOUHDG\� HVWDEOLVKHG�
VXUYH\�LQVWUXPHQWV�DQG�VRIWZDUH��LQ�RUGHU�WR�HQKDQFH�WKH�
SRVVLELOLWLHV�RI�GDWD�VKDULQJ�DQG�GLරXVLRQ�E\� WKHLU�FOLHQWV�
>)LJ���@��7KH�VHFRQG�FDWHJRU\�FRPSUHKHQGV�SODWIRUPV�WKDW�
propose data elaboration and analysis services based on 
cloud computing, sometimes starting directly from the 
GDWD� FDSWXUHG� RQ�ÀHOG�� &LQWRR� >&LQWRR�� ����@� SURSRVHV�
tools for fully-operational data elaboration oriented to 
terrestrial laser scanning surveys in a perspective of digital 
WZLQQLQJ�DQG�EXLOW�DVVHW�PDQDJHPHQW��9HUFDWRU�>&RUUHYDWH�
/WG�� ����@� LQWHJUDWHV� DOLJQPHQW� DOJRULWKPV�� DXWRPDWLF�

)LJ����²�:HE�SODWIRUPV�IRU�SRLQW�FORXG�YLVXDOL]DWLRQ�DQG�PDQDJHPHQW�FDQ�EH�FDWHJRUL]HG�DFFRUGLQJ�WR�WKH�GDWD�RULJLQ��VSHFLÀF�LQVWUXPHQWV�DQG�
VRIWZDUH��FORVHG�V\VWHPV��RU�YLUWXDOO\�DQ\�SRVVLEOH�GDWD��VRXUFH�DJQRVWLF��
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segmentation objects, and features recognition tools 
>6HOYLDK�� ����@�� )O\9DVW� >*HRYDVW� �'�� ����@� LV� D� SODWIRUP�
EDVHG�RQ�WKH�3RWUHH�YLVXDOL]HU�WKDW�ZDV�GHYHORSHG�WR�RරHU�
$UWLÀFLDO�,QWHOOLJHQFH��$,��VXSSRUW�IRU�JHRPHWU\�UHFRJQLWLRQ�
>3RX[� HW� DO��� ����@��1DY9LV� ,9,21� >1DY9LV�� ����@� DLPV� WR�
provide elaboration tools from the beginning of the 
survey process, aligning cloud-to-cloud the laser scans, 
VKDULQJ� WKH� SRLQW� FORXG�� DQG� FUHDWLQJ� GHOLYHUDEOHV�� WKH�
SODWIRUP� LV� LQWHJUDWHG� DQG� RSWLPL]HG� WR� ZRUN� ZLWK� WKH�
PRELOH� PDSSLQJ� GHYLFH� >1DY9LV� 9/;@� GHYHORSHG� E\� WKH�
VDPH� FRPSDQ\�� 3RLQWHUUD�'� >3RLQWHUUD�� ����@� LV� RULHQWHG�
WRZDUGV�XVLQJ�UHDOLW\�FDSWXUH�GDWD�IRU�GLJLWDO�WZLQQLQJ�DQG�
DQDO\VLV�DQG�VLPXODWLRQ�EDVHG�RQ�JHRPHWU\��RරHULQJ�WKUHH�

GLරHUHQW�PRGXOHV�ZLWK�VSHFLÀF� IHDWXUHV�DFFRUGLQJ� WR� WKH�
XVHU·V� QHHGV�� %ORRP� &ORXG� (QJLQH� >%ORRP� 7HFKQRORJLHV��
����@� SURFHVVHV� D� EURDG� DPRXQW� RI� SRLQW� FORXG� GDWD�
DQG� RරHUV� YLVXDOL]DWLRQ� DQG� DQQRWDWLRQ� WRROV�� LW� HPEHGV�
D� SOXJ�LQ� WR� H[SRUW� SRLQW� FORXGV� WR� $XWRGHVN� SURGXFWV��
XG&ORXG�>(XFOLGHRQ������D@�LV�WKH�ZHE�SODWIRUP�EDVHG�RQ�
WKH�XG6WUHDP�DSSOLFDWLRQ�>(XFOLGHRQ������E@�ZKLFK�KDV�WKH�
main feature to handle massive point clouds, providing 
EDVLF� PHDVXUHPHQW� DQG� DQQRWDWLRQ� WRROV�� $7,6�FORXG�
>$7,6�FORXG�� ����@� VXSSRUWV� D� JUHDW� YDULHW\� RI� VFDQQLQJ�
projects, from terrestrial, aerial and mobile devices, for 
delivery and visualization of point clouds, including some 
DQQRWDWLRQ�DQG�VOLFLQJ�WRROV��&HVLXP�LRQ�>&HVLXP�*6������@

)LJ����²�)HDWXUHV�RI�WKH�/HLFD�7UX9LHZ�&ORXG�SODWIRUP�



169169

10'DWD�PDQDJHPHQW��H඼FLHQW�XVH��DQG�VPDUW�DFFHVV�WR�UHDOLW\�FDSWXUH�GDWD�YLD�ZHE�SODWIRUPV

is a platform generally devoted to the representation of huge 
geodata, as point clouds and mesh, but can be used also 
ZLWK�JHRUHIHUHQFHG�FORXGV�DW�WKH�DUFKLWHFWXUDO�VFDOH��&HVLXP�
SURYLGHV�D�VHULHV�RI�HPEHGGHG�ZRUOG�VFDOH�PDS�DQG�EXLOGLQJ�
databases from various sources to be used as standalone or 
ZLWK�WKH��'�GDWD�SURYLGHG�E\�WKH�XVHU�
Web platforms for point cloud visualization and management 
DUH�QRZDGD\V�VSUHDGLQJ�DQG�GHYHORSLQJ�DV�IDVW�DV�WKH�UHTXHVW�
IRU�UHDOLW\�FDSWXUH�LQFUHDVHV��OHDQLQJ�WRZDUGV�WKH�SRVVLELOLW\�RI�
RරHULQJ�GDWD�HODERUDWLRQ�IHDWXUHV��DXWRPDWL]HG�VHJPHQWDWLRQ�
tools, and enhancing sharing possibilities in order to cover all 
WKH�QHHGV�RI�SURIHVVLRQDO�DQG�QRQ�SURIHVVLRQDO�XVHUV�

)LJ����²�$Q�H[DPSOH�RI�WKH�DQQRWDWLRQ�SRVVLELOLWLHV�RරHUHG�E\�WKH�/HLFD�
7UX9LHZ�&ORXG�SODWIRUP�

Experimental case studies
$V� DOUHDG\� VSHFLÀHG�� WZR� PDLQ� FDWHJRULHV� FDQ� EH�
GLVWLQJXLVKHG�E\�VWXG\LQJ�WKH�W\SHV�RI�ZHE�SODWIRUPV�FXUUHQWO\�
DYDLODEOH�� 7KHUH� DUH� FORVHG� V\VWHPV� RI� VKDULQJ� VROXWLRQV�
IRU� GLJLWDO� VXUYH\V� FRQQHFWHG� WR� WKH�PRVW�ZHOO�NQRZQ� DQG�
ZLGHVSUHDG�FRPPHUFLDO�KDUGZDUH�DQG�VRIWZDUH��2Q�WKH�RWKHU�
hand, there are agnostic sharing platforms independent of 
DQ\� KDUGZDUH� DQG� VRIWZDUH� VXSSOLHU�� FRPSDWLEOH� ZLWK� DOO�
VFDQQHUV�DQG�IRU�DQ\�W\SH�RI�SRLQW�FORXG�
In order to test the functionality of both cloud-based 
SODWIRUPV� IRU� UHDOLW\� GDWD� VKDULQJ�� WZR� VRUWV� RI� GDWDVHWV�
ZHUH� XVHG�� 7KH� ÀUVW� GDWDVHW� FRQVLVWV� RI� GDWD� FRPLQJ� RQO\�
from the laser scanner survey of the Torre degli Zoppi�� 7KH�
GDWD� ZHUH� DFTXLUHG� ZLWK� D� VLQJOH� ODVHU� VFDQQHU� LQVWUXPHQW�
GXULQJ�WKH�VDPH�VXUYH\�FDPSDLJQ��7KH�;,,�FHQWXU\�WRZHU� LV�
ORFDWHG�LQ�&RVWD�GL�0H]]DWH��QHDU�%HUJDPR��/RPEDUG\��,WDO\���
,W�ZDV�VXUYH\HG�LQ������XVLQJ�WKH�/HFLD�57&����ODVHU�VFDQQHU��
UHVXOWLQJ�LQ�D�SRLQW�FORXG�RI�����ELOOLRQ�SRLQWV��FRPSRVHG�RI����
VFDQV�>*DYD]]HQL������@�
On the other hand, a second dataset is a mixed set-up of 
data from image and range-based acquisitions collected 
over the years during the surveys developed in the village of 
*KHVF��7KH�GDWDVHWV�UHIHU�WR�GLරHUHQW�\HDUV�DQG�DUH�UHODWHG�WR�
DFWLYH�DQG�SDVVLYH�VHQVRUV��7KH�KLVWRULFDO�YLOODJH�LV�ORFDWHG�LQ�
the Ossola Valley (Piedmont, Italy), and it is characterized by 
WKH�ORFDO�VWRQH�SHFXOLDU�DUFKLWHFWXUH��)URP������WR�������WKH�
YLOODJH�ZDV�VXUYH\HG�ZLWK�YDULRXV�WHFKQLTXHV�GXULQJ�UHFXUUHQW�
VXPPHU�VFKRROV� >$FKLOOH�HW�DO���������%RORJQHVL�DQG�)LRULOOR��
����@��7KH�ÀQDO�GDWDVHW�XVHG�LQ�WKLV�SDSHU�LV�FRPSRVHG�RI�D�
ODVHU�SRLQW�FORXG�RI����VFDQV�DQG�D�8$9�SRLQW�FORXG�RI�URRIV�
DQG�WKH�VXUURXQGLQJ�WHUUDLQ�>$FKLOOH�HW�DO�������@�
6WDQGDUG�DQG�FRPPRQ�IHDWXUHV�DPRQJ�WKH�GLරHUHQW�SODWIRUPV�
DUH�UHODWHG�WR��L���'�3RLQW�FORXG�GLVSOD\�DQG�VKDULQJ��LL��YLUWXDO�
WRXU�PRGH�QDYLJDWLRQ�XVLQJ�D��'�SDQRUDPLF�LPDJH��LLL��DFFHVV�
IURP�DQ\�EURZVHU�DQG�DQ\�GHYLFH�� LY�� UHPRWH�FROODERUDWLRQ�
DQG� FXVWRPL]DEOH� DFFHVV� IRU� XVHUV�� Y�� GLUHFW�PHDVXUHPHQWV�
�GLVWDQFH�� DQJOH�� DUHD�� RQ� WKH� SRLQW�PRGHO�� YL�� SRLQW� FORXG�
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FURSSLQJ� RU� VHOHFWLRQ�� YLL�� FURVV�VHFWLRQV� H[WUDFWLRQ�� YLLL��
YDULRXV�SRLQW�FORXG�UHQGHULQJ� �5*%�� LQWHQVLW\��HOHYDWLRQ��� L[��
FUHDWLRQ�RI�DQQRWDWLRQV�DV�*HR7DJV�RU�+RW6SRWV��
This last utility is essential to developing an informative 
VWUXFWXUH�WKDW�JUDSKLFDOO\�UHSUHVHQWV�LQIRUPDWLRQ�DV�D�OLQN�RQ�
WKH�SRLQW�FORXG�ZLWK�D�VSHFLÀF�LFRQ�
Since the Torre degli Zoppi�GLJLWDO�VXUYH\�ZDV�FDUULHG�RXW�DQG�
PDQDJHG�HQWLUHO\�ZLWKLQ�WKH�/HLFD�*HRV\VWHPV�KDUGZDUH�DQG�
VRIWZDUH� HQYLURQPHQW�� WKH� DFTXLUHG� GDWDVHW�ZDV� SXEOLVKHG�
XVLQJ� /HLFD� 7UXH� 9LHZ� �)LJJ�� ������ 7UXH� 9LHZ� LV� D� FORVHG�
V\VWHP�WKDW�DOORZV�VKDULQJ�WKH�SURMHFW�GLUHFWO\�IURP�WKH�/HLFD�
SURFHVVLQJ�VRIWZDUH�WR�D�ZHE�SRUWDO��7KH�SODWIRUP�SURYLGHV�
an interesting feature related to the mesh or CAD model 
YLVXDOL]DWLRQ� LQVLGH� WKH� RQOLQH� SURMHFW��0RUHRYHU�� WKH�PRUH�
innovative resource is the possibility to integrate immersive 
H[SORUDWLRQ�XVLQJ�9LUWXDO�5HDOLW\�GHYLFHV�

)LJ�����²�)HDWXUHV�RI�WKH�&LQWRR�ZHE�SODWIRUP�

)LJ����²�&LQWRR�ZHE�SODWIRUP�LQWHUIDFH�

)LJ�����²�&LQWRR�UHQGHULQJ�PRGHV�RI�WKH�SRLQW�FORXG�



171171

10'DWD�PDQDJHPHQW��H඼FLHQW�XVH��DQG�VPDUW�DFFHVV�WR�UHDOLW\�FDSWXUH�GDWD�YLD�ZHE�SODWIRUPV

7KH�VDPH�GDWDVHW�ZDV�DOVR�XSORDGHG�RQ�WKH�&LQWRR�SODWIRUP��
FKDUDFWHUL]HG� E\� VWURQJ� %,0� LQWHURSHUDELOLW\� �)LJJ�� �������
The cloud-based management and collaboration platform 
ensure the upload of massive scan data (structured clouds 
RQO\��� )XUWKHUPRUH�� D� UHSRVLWRU\� RI� XQGHU�VWXG\� EXLOGLQJ�
documentation (technical documentation and bibliographic 
UHVHDUFK��FDQ�DOVR�EH�VWUXFWXUHG��)LJ�������
Flyvast and Vercator adhere to the same principle and 
organizational structure as Cintoo: independently process, 
PDQDJH�� SXEOLVK�� DQG� VKDUH� �'� GDWD�� ,Q� DGGLWLRQ�� ERWK�
ensure the uploading of unstructured clouds, such as those 
JHQHUDWHG�E\�SKRWRJUDPPHWULF�VXUYH\V��
7KHVH� ODVW� WZR� SODWIRUPV� VKDUH� D� VWURQJ� VSLULW� RI� UHVHDUFK�
by proposing innovative AI-based tools for point cloud 
VHJPHQWDWLRQ��,QQRYDWLYH�DQG�FRQVWDQWO\�XQGHU�GHYHORSPHQW�
WRROV�IRU�VHPDQWLF�VHJPHQWDWLRQ��DXWRPDWLF�FODVVLÀFDWLRQ��DQG�
SRLQW�FORXG�ODEHOLQJ�FKDUDFWHUL]H�)O\YDVW��)LJJ����������,QVWHDG��
DV�D�QRYHOW\��9HUFDWRU��)LJ�����RරHUV�WKH�RSWLRQ�WR�LPSOHPHQW�
DQ�DXWRPDWLF�WDUJHWOHVV�VFDQ�DOLJQPHQW�

)LJ�����²�&LQWRR�GDWD�PDQDJHPHQW�LQWHUIDFH� )LJ�����²�)HDWXUHV�RI�WKH�)O\YDVW�ZHE�SODWIRUP�
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)LJ�����²�)O\YDVW�SRLQW�FORXG�VHFWLRQLQJ�WRRO�DQG��EHORZ��Á\YDVW�DXWRPDWLF�VHJPHQWDWLRQ�WRRO�
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)LJ�����²�)HDWXUHV�RI�WKH�9HUFDWRU�ZHE�SODWIRUP�
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)LJ�����²�6XPPDU\�DQG�KLJKOLJKWV�RI�WKH�SDSHU�
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Conclusions    
7KH�SUHVHQWHG�FULWLFDO�DQDO\VLV�LV�FRQÀJXUHG�DV�D�SUHOLPLQDU\�
report regarding the cloud-based platform for reality 
GDWD� VKDULQJ� DQG� PDQDJHPHQW�� UHYHDOLQJ� WKH� IROORZLQJ�
EHQHÀWV� �)LJ�� ����� 7KH� ZHE�EDVHG� DSSURDFK� DOORZV�
ZRUNÁRZ�LPSURYHPHQW�IURP�WKH�GLJLWDO�VXUYH\�WR�WKH�XVH�
RI� LWV� RXWSXWV� FROODERUDWLYHO\�� ZLWKRXW� VSHFLÀF� VRIWZDUH��
DQ\ZKHUH��DQ\WLPH��DQG�RQ�DQ\�GHYLFH��
The point cloud can be employed as a geometrical reference 
IRU�DWWDFKLQJ�GLරHUHQW�IRUPV�RI�WHFKQLFDO�GDWD��LQIRUPDWLRQ��
and additional analyses about the under-studied object 
XVLQJ�KRWVSRWV��DQQRWDWLRQV��DQG�ODEHOV��7KLV�DSSURDFK�FDQ�

)LJ�����²�3RLQW�FORXG�FODVVLÀFDWLRQ�

EH�DGYDQWDJHRXV� LQ� WKH� FXOWXUDO� KHULWDJH�ÀHOG�� HVSHFLDOO\�
ZKHQ� &$'� RU� +%,0�PRGHO� LV� XQQHFHVVDU\� EHFDXVH� LW� LV�
QRW�WKH�ÀQDO�DLP��7KH�VROXWLRQ�FDQ�EH�WR�VNLS�WKH�FRPSOH[�
and time-consuming modeling phase altogether and 
use the point cloud directly as a 3D geometric base for 
WKH� LQIRUPDWLRQ� UHSRVLWRU\�� 7KLV� VWUDWHJ\� FDQQRW� UHSODFH�
geometric analysis and architectural interpretation phases 
but can support them and other types of structural 
SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�LQYHVWLJDWLRQV�
$W�ODVW��WKLV�DSSURDFK�RරHUV�LQQRYDWLYH�DGYDQFHG�WRROV�IRU�
H[SHULPHQWV�DLPHG�DW�DXWRPDWLQJ�VSHFLÀF�SURFHVVHV��H�J���
FORXG�UHJLVWUDWLRQ��SRLQW�FORXG�VHJPHQWDWLRQ��FODVVLÀFDWLRQ��
and change detection) by exploiting machine learning 
DOJRULWKPV�DQG�$,�VWUDWHJLHV�
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In Buildings��S�������6SULQJHU�1DWXUH�

>��@� 'LVFKHU�� 6��� 5LFKWHU�� 5��� '|OOQHU�� -��� ������ $� VFDODEOH� ZHE*/�
based approach for visualizing massive 3D point clouds using 
semantics-dependent rendering techniques, in: Proceedings of 
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