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&-1�FEWIH�XIGLRSPSKMIW�GER�FI�WXVSRKP]�FIRIƼGMEP�JSV�GSRWXVYGXMSR�WMXIW�QEREKIQIRX�
XLVSYKL� TPEXJSVQW� GSPPIGXMRK� HEXE� ERH� TVSZMHMRK� EREP]XMGW�� 8LIWI� GER� FI� YWIH� XS�
QEREKI�ERH�GSRXVSP�XLI�TISTPI��QEXIVMEPW�ERH�ZILMGPIW�ƽS[W�[LMGL�GVIEXI�XLI�GSQTPI\�
SVKERM^EXMSR�SJ�E�QIHMYQ�ERH�FMK�GSRWXVYGXMSR�WMXI��-S8�IREFPIW�QSRMXSVMRK��GSRXVSPPMRK�
ERH�EGXYEXMRK�HIZMGIW�XLEX�EVI�GVYGMEP�XS�QEREKI�XLI�WMXI��(MJJIVIRX�X]TSPSKMIW�SJ�WIRWSVW�
EVI�EZEMPEFPI�ERH�WSQI�I\TIVMQIRXEXMSRW�EFSYX�LS[�XS�WMQYPEXI�ERH�XLYW�TVIHMGX�GVMXMGEP�
MWWYIW�MR�XLI�GSRWXVYGXMSR�WMXI�LEZI�FIIR�GSRHYGXIH��8LI�I\TIVMQIRXEXMSRW��XLEX�EVI�RSX�
TVIWYQMRK�XS�FI�I\LEYWXMZI��GSRWMHIV�FSXL� MRHSSV�GSRHMXMSRW�ERH�I\XIVREP�WMXYEXMSRW�
ZIVMƼEFPI�XLVSYKL�WXERHEVH�TVSGIHYVIW��-R�XLI�TETIV��JSYV�XIWXW��HIZIPSTIH�MR�XLI�ZMVXYEP�
IRZMVSRQIRX�� 8LI� EHSTXIH� [SVOƽS[� EWWYQIW� XLI� GSRRIGXMSR� SJ� XLI� &-1� �&YMPHMRK�
-RJSVQEXMSR�1SHIPMRK
�EYXLSVMRK�XSSP�XLVSYKL�E�:40��:MWYEP�4VSKVEQQMRK�0ERKYEKI
�
XS�E�HEXEFEWI�[LIVI�HEXE�GSQMRK�JVSQ�XLI�WIRWSVW�EVI�WXSVIH��8LI�WMQYPEXMSRW�WLS[W�
XLI�TSWWMFPI�EGXYEXMSR�SJ�WTIGMƼG�HIZMGIW�XS�GSVVIGX�TSWWMFPI�GVMXMGEP�WMXYEXMSRW�XLEX�EVI�
commonly recurrent in construction sites and in the advanced one are implemented. The 
ZMVXYEP�I\TIVMQIRXEP�WIXYTW�EVI�WLS[�LS[�XS�EGGSQTPMWL�XLI�[SVO�WXITW�SVKERM^EXMSR�
ERH�LS[�XS�ZMWYEPM^I�EPIVXW�ERH�WMKREPW�IREFPMRK�XLI�STXMQM^EXMSR�ERH�GSRXVSP�SJ� XLI�
GSRWXVYGXMSR�WMXI�MR�E�&-1�IRZMVSRQIRX��8LI�EHZERXEKIW�SJ�XLMW�ETTVSEGL�EVI�WXVSRKP]�
GSRRIGXIH�XS�VMWO�ERH�GPEWL�VIHYGXMSR�MR�XLI�GSRWXVYGXMSR�WMXI��MRGVIEWIH�WEJIX]�JSV�XLI�
workmen and environmental quality. Moreover, the possibility to control the warehouse 
GSRHMXMSRW� MW� LMKLP]� FIRIƼGMEP� XS� VIHYGI� XLI� RYQFIV� SJ� HIXIVMSVEXIH�QEXIVMEPW� [MXL�
economic gains.

A BIM-Based IoT Approach to the 
Construction Site Management
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8LI� &-1� �&YMPHMRK� -RJSVQEXMSR�
1SHIPMRK
�QIXLSHSPSK]�MW�VEHMGEPP]�ERH�
MVVIZSGEFP]� GLERKMRK� XLI� 'SRWXVYGXMSR�
sector, since it allows a coherent and 
LSPMWXMG�ZMWMSR�SJ�XLI�TVSNIGX�XLVSYKLSYX�
MXW�WYTTP]�GLEMR�� -R� XLMW�WIRWI�� XLIVI� MW�
ER� MRGVIEWMRK� E[EVIRIWW� SJ� LS[� XLI�
MRJSVQEXMSR� GSQTSRIRX� MW� XLI� VIEP� VIH�
XLVIEH�XLEX�GSRRIGXW�XLI�TLEWIW�SJ�XLI�
PMJI�G]GPI�SJ�ER�EWWIX� JVSQ�XLI�WXEVXMRK�
TLEWI� SJ� TVSKVEQQEXMG� HIƼRMXMSR� XS�
XLI� HMWTSWEP�� 8LI� IQIVKIRGI� SJ� XLMW�
E[EVIRIWW� MW� XLI� (MWVYTXMZI� *SVGI� SJ�
(MKMXEP�8VERWMXMSR�JSV�XLI�%)'�MRHYWXV]��
At this very important moment in 
LMWXSV]�JSV�-S8��-RXIVRIX�SJ�8LMRKW
��HEXE�
is essential to support decision-making. 
-R� XLMW� WIRWI�� XLI� TEVXMEP� EYXSQEXMSR�
SJ� TVSGIWWIW� MW� E� OI]� JIEXYVI� SJ� XLI�
GSRGITX�SJ�-RHYWXV]������8LI�YWI�SJ�&-1�
in construction processes provides 
stakeholders with the opportunity to 
understand and support decisions 
through a computational approach. 
The most recent legal provisions also 
MQTSWI� E� RI[�[E]�SJ� STIVEXMRK� MR� XLI�
FYMPHMRK� WIGXSV�� JSV� I\EQTPI�� )YVSTIER�
(MVIGXMZI� �������� WYKKIWXW� ER�
EWWIWWQIRX�SJ�TYFPMG�[SVOW�RS� PSRKIV�
limited to the design and construction 
TLEWI�� FYX� I\XIRHIH� XS� XLI� IRXMVI�
YWIJYP� PMJI�� JEZSYVMRK� XLI� EHSTXMSR�
SJ� MRJSVQEXMSR� QSHIPPMRK�� WMRGI� MX�
SJJIVW� XLI� TSWWMFMPMX]� SJ� GSRXVSPPMRK� XLI�
SZIVEPP� TVSKVIWW� SJ� XLI� TVSNIGX�� %JXIV�
transposing European legislation, the 
-XEPMER� PIKMWPEXSV� [IRX� JYVXLIV� [MXL�
1MRMWXIVMEP� (IGVII� ���������� [LMGL�
IWXEFPMWLIH� XLI� XVERWMXMSR� XS� E� &-1�
approach in public procurement, 
XLVSYKL�E�KVEHYEP�WSJX�PERHMRK�TVSGIWW�
SJ�XVERWMXMSR�XS�HMKMXEP��WXEVXMRK�[MXL�XLI�
most important and strategic works 
[MXL�XLI�SFNIGXMZI��F]�������XS�I\XIRH�MX�
XS�EPP�XLI�GSRXVEGXW��-R�SVHIV�XS�WXEVX�[MXL�
this process, it is necessary to enable 
XLI�HMVIGX�GSRXEGX�SJ�XLI�GPMIRX�[MXL�XLI�
&-1�QIXLSHSPSK]��
This crucial operational change is also 
impacting the construction companies, 
called upon to change their structure 
ERH�TVSHYGI�YWIJYP�HEXE�JSV�XLI�FYMPHMRK�
QEREKIQIRX�� ,S[IZIV�� MR� SVHIV� XS�
EGLMIZI� E� VIEP� GLERKI� SJ� ETTVSEGL��

A BIM-Based IoT Approach to the Construction Site Managementin_bo

XLI� EZEMPEFPI� HEXE� WLSYPH� FI� YWIH� JSV�
tangible processes innovation and 
TIVJSVQERGI� GSRXVSP�� [LMGL� QIERW�
E� RSX� X]TMGEP� QIXLSH� JSV� XLI� %)'�
WIGXSV�GSQTERMIW�� -R� JEGX�� XLI]�YWYEPP]�
GEVV]� SYX� SRP]� XLI� ƼREP� EWWIWWQIRXW��
This paper aims at highlighting the 
FIRIƼXW� XLEX� XLI� GSRWXVYGXMSR� WMXI�
GER� KEMR� JVSQ� XLI� EHSTXMSR� SJ� XLI�
&-1� QIXLSHSPSK]� ERH� XLI� &-1�FEWIH�
XIGLRSPSKMIW��KIXXMRK�XLI�HIƼRMXMSR�ERH�
QEMRP]� XLI�QEREKIQIRX�SJ�WQEVX�WMXI��
-R�TEVXMGYPEV��XLI�JSPPS[MRK�WIGXMSRW�[MPP�
IQTLEWM^I� XLI� FIRIƼXW� SJ� MRXIKVEXMRK�
HIXIGXMSR� XIGLRSPSKMIW� �M�I��WIRWSVW
� MR�
SVHIV� XS� MQTPIQIRX� XLI� HMKMXM^EXMSR� SJ�
XLI� WMXI� ERH� VIPEXIH� TVSGIWWIW�� -R� XLI�
JSPPS[MRK� TEVEKVETLW� WSQI� WMQYPEXMSR�
I\TIVMIRGIW� GSRHYGXIH� HYVMRK� XLI�
IHYGEXMSREP� TVSKVEQQI� SJ� XLI� GSYVWI�
'SRWXVYGXMSR� 7MXI� 3VKERM^EXMSR� EX� XLI�
9RMZIVWMX]�SJ�&VIWGME�EVI�HIWGVMFIH�ERH�
some critical aspects are also unveiled 
and suggested.

(ǣǥǣǘȳǠ� ǘǚȳǞǙǣǘǣǝǞ�� Ǧǚǝǟ� ǜǚǝǢȨȱǘǙ� ǘǝ�
ǣǞȱǚȨȳǙǣǞǥǠǓ� ȱǝǚǚȨȱǘ� ȱǝǞǙǘǚǗȱǘǣǝǞ�
ǙǣǘȨǙ

-R� VIGIRX� ]IEVW�� FYMPHMRKW� ERH�
construction sites in general reveal a 
GSQQSR� HIRSQMREXSV�� FIMRK� QSVI�
ERH�QSVI�GSQTPI\��-X�MW�HMƾGYPX�XS�LEZI�
JSV�IEGL�SJ�XLIQ�ER�SZIVEPP�ZMI[�SJ�XLI�
processes, their relationships and the 
TEVXMGYPEV� WTEXMEP�XIQTSVEP� GSRXI\X� MR�
[LMGL� XLI]� XEOI�TPEGI��8LMW�GSQTPI\MX]�
also increases the probability and 
TVSTEKEXMSR�SJ�IVVSVW�HYVMRK� XLI�[LSPI�
TVSGIWW� JVSQ� HIWMKR� XS� GSRWXVYGXMSR�
phases. Although many studies 
MRZIWXMKEXIH�XLI�GEYWIW�SJ�IVVSVW��PIWW�MW�
known about the real costs associated 
[MXL�XLIQ��MX�MW�HMƾGYPX�XS�IWXEFPMWL�LS[�
to estimate and measure these costs 
ERH� XLIMV� IJJIGXW� SZIV� XLI� PMJI� G]GPI� SJ�
XLI�[SVO��&MNIR������
�WXEXIW�XLEX�IVVSVW�
in the construction sector account 
JSV� YT� XS� ��	� SJ� XLI� XSXEP� MRZIWXQIRX�
JSV� XLI� GSRWXVYGXMSR� SJ� E� [SVO�� 0STI^�
�����
� GPEMQW� XLEX� IVVSVW� MR� XIRHIV�
HSGYQIRXW� EPSRI� GER� EJJIGX� YT� XS� �	�
SJ� XLI�GSRXVEGX�ZEPYI��%GGSVHMRK� XS� XLI�
Building Research Establishment, in 

XLI� 9RMXIH� /MRKHSQ�� EX� PIEWX� ��	� SJ�
IVVSVW� MR� XLI� GSRWXVYGXMSR� ERH� PMJI� SJ�
the asset are attributable to design. 
&]� YWMRK� &-1�� SR� XLI� SXLIV� LERH�� MX�
is possible to considerably reduce 
these errors, thanks to the continuous 
GSRXVSP� SJ� MRXIVHMWGMTPMREV]� HIWMKR�
MRXIVJIVIRGIW�� IRWYVMRK� E� GSRWMWXIRX�
VIWYPX�� 8VEHMXMSREPP]�� HIWMKRIVW� SJXIR�
[SVO�RIEVP]�MRHITIRHIRXP]�SJ�IEGL�SXLIV��
making decisions without considering 
their impact on the other disciplines.
'SRXVEGXSVW� SJXIR� VIGIMZI� MRGSQTPIXI�
or incorrect documentation, especially 
when there are tight deadlines to 
EGGSQTPMWL��%PWS�XLI�GSRXVEGXYEP�JSVQW�
ERH�XLI�QIXLSHW�SJ�E[EVHMRK�XLI�[SVOW�
LEZI� E� WMKRMƼGERX� MRƽYIRGI� SR� XLI�
PIZIP� SJ� GSSVHMREXMSR�� GSQQYRMGEXMSR�
ERH� ƽS[� SJ� MRJSVQEXMSR� FIX[IIR�
HIWMKRIVW�� 0SZI� �����
� RSXIW� XLEX� XLI�
separation in use between design and 
construction has led to an ongoing lack 
SJ� GSPPEFSVEXMSR� FIX[IIR� XLSWI� [LS�
HIEP� [MXL� XLI� [SVO� EX� HMJJIVIRX� XMQIW��
-R�GSRXVEWX� XS� XLMW� XVIRH��&-1�WYTTSVXW�
E� JYPP� ERH� YRMRXIVVYTXIH� GSPPEFSVEXMSR�
FIX[IIR� EPP� XLI� MRZSPZIH� ƼKYVIW� �M�I��
GPMIRXW�� HIWMKRIVW�� ERH�� MJ� HIWMVIH��
contractors and others still called 
YTSR� XS� KMZI� XLIMV� GSRXVMFYXMSR
�� &-1�
requires a unique strategy (Love et al., 
����
�� [LMGL� VIZSPZIW� EVSYRH� WLEVIH�
MRJSVQEXMSR�GSRXIRX��JVSQ�XLI�FIKMRRMRK�
XS� XLI� IRH� SJ� XLI� GSPPEFSVEXMSR�� 8LI�
digital transition pushed by regulations 
ERH� SVKERM^IH� EW� HIWGVMFIH� EFSZI��
PIEHW�XS�E�GSQFMREXMSR�SJ�HMKMXEP�TVSNIGX�
and reality. This merge is constantly 
increasing, thanks to the development 
SJ� XIGLRSPSKMIW� XS� WYTTSVX� XLI� &-1�
methodology in this regard. Many 
VIWIEVGLIW� EVI� MR� JEGX� IZSPZMRK�
applications to convey the project to the 
WIZIVEP�WXEOILSPHIVW��8LMW�QIERW�EW�ƼVWX�
SJ�EPP��EQSRK�XLI�HIWMKRIVW��JSV�I\EQTPI�
MR�XLI�JSVQ�SJ�ZMWYEPM^EXMSRW�HIWMKRIH�XS�
JEGMPMXEXI� XLI� GSQQYRMGEXMSR� FIX[IIR�
themselves and other actors involved 
MR�XLI�[SVO��LIPTMRK�XLI�WLEVI�SJ�HIWMKR�
UYIWXMSRW�ERH�SV�I\IGYXMZI�HIXEMPW�XS�FI�
discussed and approved. 
-R�ER]�GEWI��IZIR�HYVMRK� XLI�I\IGYXMSR�
phase, the project developed by means 
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-J� XLI�TVSNIGX�STIVEXSVW�EVI�RS[�E[EVI�
SJ� XLI�YVKIRG]�SJ� XLI�HMKMXEP� XVERWMXMSR��
M�I�� SJ� XLI� EHSTXMSR� SJ� XLI� &-1�� XLI�
construction managers are also 
I\TIVMQIRXMRK�MXW�EHZERXEKIW�MR�ZEVMSYW�
[E]W�� -R� TEVXMGYPEV�� QSVI� ERH� QSVI�
WGMIRXMƼG� I\TIVMQIRXW� EVI� HIHMGEXIH�
XS� XLI� QEREKIQIRX� SJ� QEXIVMEPW��
time, equipment and employees. The 
EHSTXMSR� SJ� E� &-1�QSHIP� WLEVIH� [MXL�
EPP� XLI� EGXSVW� SJ� XLI� [SVO�� SR� XLI� SRI�
LERH� IRGSYVEKIW� XLI� I\GLERKI� SJ�
MRJSVQEXMSR�� GVIEXMRK� ER� YRMRXIVVYTXIH�
ƽS[� FIX[IIR� XLI�[SVPH� SJ� HIWMKR� ERH�
XLEX� SJ� GSQTERMIW�� GSRWXVYGXMSR� ERH� ��
SV�QEREKIQIRX��[MXLSYX�I\GPYHMRK� XLI�
customer, on the other hand creates the 
GSRHMXMSRW�JSV�SFXEMRMRK�E�PIER�TVSGIWW�
�0IER
� �;SQEGO� IX� EP��� ����
�� -R� SVHIV�
XS� XVERWJIV� XLMW� TVSHYGXMSR� QSHIP�
JVSQ� XLI� QERYJEGXYVMRK� WIGXSV� XS� XLI�
construction sector, which has remained 
EX�E�WXERHWXMPP� JSV� XSS�QER]�]IEVW�� MX� MW�
RIIHIH�XS�EGX�SR�XLI�MRJSVQEXMSR�WMHI�SJ�
XLI�&-1�QIXLSHSPSK]��ER�EWTIGX�XLEX�MW�
SJXIR� PIJX� MR� XLI�FEGOKVSYRH�GSQTEVIH�
to the graphic one. 
&IMRK�EFPI�XS�QEREKI�E�PEVKI�EQSYRX�SJ�
data allows us to develop increasingly 
GSQTPI\� VIEWSRMRK� SR� XLI� TVSHYGX��
[LMGL� SJXIR� KS� FI]SRH� XLI� MRHMZMHYEP�
HMWGMTPMRIW�MRZSPZIH�ERH�ƼRH�E�W]RXLIWMW�
MR�XLI�FIWX�EPPSGEXMSR�SJ�TVSGIWWMRK�XMQI�
and overall costs, which means the 
WYQ� SJ� XLSWI� RIGIWWEV]� JSV� WYTTPMIW��
equipment and employees. Through 
XLMW�ETTVSEGL���M
�ER�STXMQEP�TPERRMRK�SJ�
the activities, inside and outside the site, 
EW�E�VIWYPX�SJ�XLI�EREP]WMW�SJ�EPXIVREXMZI�
procedures, is now possible mostly as 
E�TVIZIRXMZI�QIEWYVI���MM
�E�VIHYGXMSR�MR�
[EWXI��FSXL�MR�XIVQW�SJ�TVSGIWWMRK�XMQI�
ERH�GSWXW��MRGPYHMRK�XLSWI�JSV�WEJIX]���MZ
�
E�GSRXMRYSYW�QSRMXSVMRK�SJ�XLI�GYVVIRX�
WMXYEXMSR�� [LMGL�� MJ� RIGIWWEV]�� GER� FI�
gradually corrected to respect time 
and costs. These issues are becoming 
MRGVIEWMRKP]�GSQTPI\�EW�XLI�WM^I�SJ�XLI�
project grows, requiring a systematic 
ETTVSEGL� XS� MRJSVQEXMSR� SR�WMXI�� 8LI�
smart site is a connected site through 
HIZMGIW�ERH�EGXYEXSVW�XLEX�GER�STXMQM^I��
speed up and increase the productivity 
ERH� WEJIX]� SJ� XLI� TVSGIHYVIW�� 8LI�

SJ� MRJSVQEXMSR� QSHIPPMRK� TIVQMXW��
SR� XLI� SRI� LERH�� KVIEXIV� GSRXVSP� SJ�
the works and, on the other hand, it 
JEGMPMXEXIW�XLI�WYTIVZMWMSR�SJ�XLI�WMXI�F]�
XLI�[SVOW�QEREKIQIRX� SƾGI� �;13
��
the operational managers, the site 
inspectors and the works manager. 
-R� XLMW� [E]�� MX� MW� TSWWMFPI� XS� EGLMIZI� E�
JVII� SJ� IVVSVW� GSRWXVYGXMSR� HIWMKR�� SV�
EPQSWX��8LI�ZEPMHEXMSR�SJ�XLIWI�QSHIPW��
LS[IZIV�� MW� ZIV]� GSQTPI\�� IWTIGMEPP]� MJ�
RS�WSPMH� VYPIW�SJ�QSHIPPMRK�EVI�WLEVIH��
3XLIV[MWI�� IZIV]� HIWMKR� WXVYGXYVI�� EW�
SJXIR� LETTIRW�� TVSHYGIW� QSHIPW� XLEX�
are not able to provide added value 
JSV� XLI� GPMIRX�� FYX� SRP]� X[S�� SV� XLVII�
dimensional representations. Although 
XLI� QIXLSHSPSK]� JEZSYVW� E� KVIEXIV�
congruence between the documents, 
the projects drawn up may contain 
IVVSVW� ERH�� XLIVIJSVI�� QYWX� FI� WYFNIGX�
XS� XLVII�HMJJIVIRX� TLEWIW�SJ� GSRXVSP�� �M
�
ZEPMHEXMSR�SJ�XLI�&-1�QSHIP���MM
�EREP]WMW�
SJ� MRXIVJIVIRGI� F]� GPEWL� HIXIGXMSR� ERH�
�MMM
� GSRXVSP� SJ� GSQTPMERGI� F]� GSHI�
GLIGOMRK�� 3RGI� XLI� TVSNIGX� LEW� FIIR�
validated through these three phases, it 
can be placed on a competitive basis. 
The represented design is used by 
the selected company to carry out an 
IZEPYEXMSR�SJ�XLI�GSRWXVYGXMSR�QIXLSHW�
that is most suited to the realisation 
SJ� XLI� [SVO�� 8LI]� EVI� VIWTSRWMFPI� JSV�
checking the materials used on-site 
to ensure that they meet the design 
VIUYMVIQIRXW� ERH� JSV� GEVV]MRK� SYX� XLI�
[SVO� GSVVIGXP]�� 8LI� HMJJIVIRX� HIWMKR�
ZIVMƼGEXMSRW�EVI�SRP]�TSWWMFPI�MJ�XLI�YWI�
SJ�MRJSVQEXMSR�QSHIPMRK�MW�EGGSQTERMIH�
F]�E�W]WXIQEXM^EXMSR�SJ�XLI�HEXE��[LMGL�
MW�� GSVVIPEXMRK� XLI� TEVEQIXIVW� SJ� XLI�
TVSNIGX� [MXL� XLI� MRXIRHIH� YWI� SJ� XLI�
QIXLSHSPSK]��8LMW�QIERW�XLEX��EW�4%7�
������������ EVKYIW�� MR� WXVYGXYVMRK� E�
TVSGIWW��MX�MW�MR�JEGX�RIGIWWEV]�XS��WXEVX�
[MXL� XLI� IRH� MR� QMRH��� XLMW� WXEXIQIRX�
MRHMGEXIW� XLEX�� HYVMRK� XLI� ƼVWX� TLEWI�
SJ� XLI� TVSNIGX�� XLI� SFNIGXMZIW� SJ� XLI�
project and, consequently, the contents 
SJ� XLI� WTIGMƼG� MRJSVQEXMSR� QSHIPMRK�
QYWX�FI�HIƼRIH��-R�XLMW�WIRWI��XLI�YWI�
SJ� XLMW� QIXLSHSPSK]� SR� WMXI� MW� SRP]�
TSWWMFPI� MJ� MX� LEW� FIIR� IWXEFPMWLIH� MR�
XLI� TVITEVEXMSR� SJ� XLI� TVSGIWW� XLEX�

XLI� MRJSVQEXMSR� QSHIPMRK� WLSYPH� EPWS�
be used in the construction phase. 
8LIVIJSVI��XLI�IZSPYXMSR�SJ�XLI�[SVOWMXI�
towards the smart, or beyond, towards 
the cognitive worksite requires a 
robust methodological basis, a greater 
attention to the management and 
JSVQEPMWEXMSR� SJ� MRJSVQEXMSR� F]� EPP� XLI�
actors involved in the process.
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cognitive site goes beyond and applying 
machine learning algorithms could 
learn by the data and predict issues 
and propose solutions increasing to a 
LMKLIV� PIZIP� XLI� EYXSRSQM^EXMSR� SJ� XLI�
procedures.

4ǠȳǘǦǝǚǟ�ȳǞȰ�ǘȨȱǤǞǝǠǝǥǣȨǙ

8LI�QEREKIQIRX� SJ� XLI� GSKRMXMZI� WMXI�
MW� E� GSQTPI\� STIVEXMSR� XLEX� QYWX� FI�
regulated in order to keep under control 
all the processes that take place in situ. 
-R� SVHIV� XS� GSRXVSP� XLI� IRXMVI� TVSGIWW��
E� TPEXJSVQ�QYWX� FI� YWIH� �&IREQQEV��
����
�XLEX�EPPS[W�HMJJIVIRX�WXEOILSPHIVW�
XS� EGGIWW� MX� [MXL� HMJJIVIRX� PIZIPW� SJ�
permits. 
8LI�YWI�SJ�E�WXERH�EPSRI�QEREKIQIRX�
system would involve the 
MQTPIQIRXEXMSR� SJ� SRP]� SRI� EWTIGX�
SJ� XLI� WMXI�� GVIEXMRK� VIHYRHERG]� SJ�
incompatible and not interconnected 
W]WXIQW�� *SV� XLMW� VIEWSR�� XLI�YWI�SJ� E�
WMRKPI�� TSWWMFP]� [IF�FEWIH� TPEXJSVQ�
would ensure that the actors in the 
TVSGIWW�YWI�E�GSQQSR�FEWMW� JSV�HEXE�
I\GLERKI�� -R� XLMW�[E]�� XLI� MRWXVYQIRXW�
used to manage the various aspects 
SJ� XLI� WMXI� �WYGL� EW� WEJIX]�� QEXIVMEP�
QEREKIQIRX�� MRXIVJIVIRGI�� IXG�
� [SYPH�
FI� STXMQM^IH� ERH� TIVJSVQ� QYPXMTPI�
JYRGXMSRW�� -X� MW� MR� XLMW� HMVIGXMSR� XLEX�
many companies are moving to set 
YT�TPEXJSVQW� �WYGL�EW�&-1����� PE]SYX��
786�:MWMSR�8IEQ�;SVO�� )ZSPZIE��8IOPE�
&-1� 7MKLX
� EFPI� XS� QEREKI� ERH� ZIVMJ]�
the compliance with the requirements 
SR�WEJIX]�ERH�GSSVHMREXMSR�SJ�[SVOQIR�
by monitoring in real time, with wireless 
WIRWSVW�� XLI� SRWIX� SJ� VMWO� JEGXSVW� ERH�
compliance with prescriptions. These 
multi-level architectures are able to 
record and analyse data in order to 
obtain statistics on site behaviour and, 
ƼREPP]�� TVSZMHI� QSRMXSVMRK� ERH� ƼREP�
reports. This structure acquires data 
JVSQ� XLI� ƼIPH� MRJVEWXVYGXYVI�� [LMGL�
connects and locates sensors, tags and 
badges, developing data management 
ERH� WXSVEKI� MR� XLI� 'PSYH�� -R� XLMW� [E]��
the surveys are analysed in real time, 
MHIRXMJ]MRK�ERH�TVSEGXMZIP]�VITSVXMRK�VMWO�

WMXYEXMSRW��8SSPI��������>SY������
�ERH�
non-compliance with prevention and 
protection procedures. 
Users can only access data using 
GVIHIRXMEPW�GSRRIGXIH� XS�E�YWIV�TVSƼPI�
WYGL� XLEX� GIVXEMR� MRJSVQEXMSR� MW�QEHI�
EZEMPEFPI�HITIRHMRK�SR� XLI� PIZIP�SJ� XLI�
TIVWSR�ERH�XLI�EƾPMEXMSR��8LI�MRXIVJEGI�
allows to manage three-dimensional 
QSRMXSVMRK� [MXL� EPP� XLI� MRJSVQEXMSR�
VIUYMVIH� JSV� XLI� KISKVETLMGEP� PSGEXMSR�
ERH� TVSKVIWW� SJ� XLI� EGXMZMXMIW�� -R� XLMW�
way, it is possible to simultaneously 
control multiple sites located in areas 
XLEX� EVI� EPWS� ZIV]� HMWXERX� JVSQ� IEGL�
SXLIV�� STXMQMWMRK� XLI� YWI� SJ� WXEJJW�
VIWTSRWMFPI�JSV�QEREKMRK�[EVRMRKW�ERH�
anomalies in the construction sites. 
These structures are able to locate in 
real time, both indoors and outdoors, 
TISTPI�� IUYMTQIRX�� QIERW� SJ� [SVO��
as well as materials with presence 
control and access authorisations 
to the various construction site 
EVIEW�� 8LMW� ETTVSEGL� GER� MHIRXMJ]�
ERH� QSRMXSV� STIVEXMSREP� MRXIVJIVIRGI�
XLEX� I\MWXW� FIX[IIR� [SVOQIR� MR� XLI�
WEQI� EVIE� SV� F]� QIERW� SJ� ZILMGPIW��
MRHMGEXMRK� LE^EVHW� [MXL� VIWTIGX� XS�
QSZMRK� ZILMGPIW�� 3R� E� GSKRMXMZI� WMXI��
the aspects listed above are just some 
SJ�XLI�TSWWMFPI�YWIW�MR�XIVQW�SJ�WEJIX]�
and resource management, which are 
QEHI� TSWWMFPI� F]� XLI� MRXVSHYGXMSR� SJ�
WIRWSVW�ERH�EGXYEXSVW��8LI�I\XIRWMFMPMX]�
ERH� WGEPEFMPMX]� SJ� XLIWI� W]WXIQW�EPPS[�
XLI� GYWXSQM^EXMSR� SJ� XLI� W]WXIQ�
GSRXIRXW�EGGSVHMRK�XS�XLI�RIIHW�SJ�XLI�
GSRWXVYGXMSR� WMXI� XLI� MHIE� SJ� GSKRMXMZI�
includes machine learning algorithms 
to introduce a responsiveness related to 
FILEZMSYVW��-R�E�WQEVX�GSRWXVYGXMSR�WMXI�
XS� GPSWI� XLI� GSRXVSP� PSST� MRJSVQEXMSR�
are delivered back to machines or 
TISTPI�MR�XLI�JSVQ�SJ�PSGEXMSRW�SJ�SXLIV�
SFNIGXW� SV� MRWXVYGXMSRW� JSV� QSZIQIRX��
in a cognitive concept the machines 
and materials can implement their 
intelligence through data analytics and 
machine learning to introduce predictive 
logics. 
-R� TEVXMGYPEV�� MXƅW� [SVXL]� XS� YRHIVPMRI�
EW� XLEX� GIVXEMR� GSRXVSPW� WYGL� EW�� JSV�
I\EQTPI�� XLI� LYQMHMX]� PIZIP� MR� E� [SVO�

EVIE�EVI�RSX�RIGIWWEV]��SV�WYTIVƽYSYW��
on a civil construction site, but in the 
GEWI� SJ� E� XYRRIP� GSRWXVYGXMSR� MX� MW� E�
ZIV]� MQTSVXERX� JEGXSV�� 8LI� TYVTSWI�
SJ� XLMW� HSGYQIRX� MW� XS� I\TPEMR� XLI�
TSWWMFPI� YWIW� ERH� MRXIKVEXMSRW� SJ� XLMW�
W]WXIQ�� -R� TEVXMGYPEV�� [I� GER� MHIRXMJ]�
WIRWSVW� JSV� �M
� XVEGMRK� TISTPI� SV�
TVSTIVX]�� �MM
� IRZMVSRQIRXEP� HIXIGXMSR�
�I�K�� EMV� UYEPMX]�� RSMWI� PIZIPW�� IXG�
�� �MMM
�
EGGIWW�XS�EVIEW�ERH��MZ
�IRZMVSRQIRXEP�
EHETXEXMSR��8LI�YWI�SJ�WIRWSVW�SR�WMXI�
is made possible by an interconnection 
network that can detect the presence 
SJ� RI[� HIZMGIW� ERH� MRWIVX� XLIQ� MRXS�
XLI� QSRMXSVMRK� W]WXIQ�� -R� XLI� WEQI�
[E]�� XLI� VIQSZEP� ERH� QSZIQIRX� SJ�
RIX[SVO�HIZMGIW�MW�EPWS�I\XVIQIP]�IEW]�
ERH� XLIVIJSVI� WYMXEFPI� JSV� XIQTSVEV]�
installations. The positioned devices 
connect autonomously to the others 
XS� GSRƼKYVI� E� VEHMS� GSZIVEKI� SJ� XLI�
GLSWIR�̂ SRI��%PP�HEXE�MW�GSRZI]IH�XS�ERH�
JVSQ�SRI�SV�QSVI�KEXI[E]W��GSRRIGXMRK�
XLI�RIX[SVO�XS�XLI�-RXIVRIX�ERH�XLIR�XS�
XLI�WIVZIVW�ERH�GPMIRXW�SJ� XLI�TPEXJSVQ�
�:EPIVS�� ����
�� ,S[IZIV�� MX� WLSYPH� FI�
TSMRXIH�SYX�XLEX�XLI�YWI�SJ�XSSPW�XS�XVEGI�
people oversteps the personal privacy 
SJ�[SVOQIR��[LMGL� MW�[L]� XLIWI� XSSPW�
entrust each workman with a user with 
certain characteristics that he or she 
TSWWIWWIW��WYGL�EW�UYEPMƼGEXMSRW�� -46��
TEXIRXW��IXG�
��FYX�HSIW�RSX�EPPS[�W]WXIQ�
EHQMRMWXVEXSVW� XS� ZMI[� XLI� MHIRXMX]� SJ�
XLI�TIVWSR��3RP]�MR�WMXYEXMSRW�SJ�HERKIV�
�M�I�� MR� XLI� TVIWIRGI� SJ� EGGMHIRXW
� MW�
the administrator allowed to link the 
[SVOQER�W� MHIRXMƼGEXMSR� [MXL� LMW�LIV�
real identity.
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The adopted methodology pursues to 
GSRRIGX�HEXE�GSQMRK�JVSQ�-S8�HIZMGIW�
such as sensors that could be used to 
locate materials, people and machines. 
8LI�QIXLSH�EHSTXIH�YWIW�:40�XS�VIEPM^I�
E�[SVOƽS[�SJ�MRXIVGSRRIGXMSR�FIX[IIR�
HEXE� GSPPIGXIH� ERH� XLI� &-1� QSHIP�
[LMGL� MW� XLI� ZMVXYEP� IRZMVSRQIRX� SJ�
GSRXVSP�SJ� XLI�GSRWXVYGXMSR�WMXI� �HMKMXEP�
X[MR
�� -RWMHI� XLI� ZMVXYEP� IRZMVSRQIRX�
controls are structured by colour codes 
and actuations could be implemented 
towards the communication 
architecture pervading the construction 
WMXI��8LI�QEMR�QIXLSHSPSKMGEP�[SVOƽS[�
MW�HITMGXIH�MR�*MKYVI����WIRWSVW�HEXE�EVI�
simulated and written in a database 
WYGL�EW�ER�I\GIP�ƼPI��ERH�XLIR�XVERWPEXIH�
XS� XLI� &-1�QSHIP� F]� E� H]REQS� WGVMTX�
and actuation or a control system about 
environmental conditions, workmen’ 
WEJIX]� ERH� QEGLMRIVMIW� PSGEXMSR� MW�
implemented.

'%7)�789(-)7

8LI� ƼIPH� SJ� ETTPMGEXMSR� SJ� -S8� XS� &-1�
is wide and in this paper a short 
introduction has been given in the 
TVIZMSYW�WIGXMSRW��8LI�SFNIGXMZI�SJ� XLI�
paper is to describe some case studies 
about how to use the data gathered 
MR� XLI� GSRWXVYGXMSR� WMXI� XLVSYKL�E�&-1�
model to control, enable and implement 
EHZERGIH�JIEXYVIW�JSV�XLI�GSRWXVYGXMSR�
site. Four case studies are described in 
XLI�JSPPS[MRK�WIGXMSRW�

1. 'SRXVSP�SJ�IRZMVSRQIRXEP�GSRHMXMSRW�
MR�XLI�EVIEW�SJ�E�GSRWXVYGXMSR�WMXI�

2. (YWX� GSRXVSP� MR� XLI�HMJJIVIRX� EVIEW�
MR�XLI�GSRWXVYGXMSR�WMXI�

3. 1ER� HS[R� WEJIX]� GSRXVSP� MR� XLI�
EVIEW�SJ�E�GSRWXVYGXMSR�WMXI

4. 0SGEPM^EXMSR� SJ� QEGLMRIW� MR� XLI�
EVIEW�SJ�E�GSRWXVYGXMSR�WMXI�

*MKYVI����;SVOƽS[�FIX[IIR�XLI�HEXE�GSPPIGXIH�F]�WIRWSVW�MR�XLI�GSRWXVYGXMSR�WMXI�ERH�XLI�&-1�QSHIP�MR�%YXSHIWO�6IZMX�[LIVI��(�HEXE�EVI�WLS[R�XS�TIVJSVQ�
controls and actuations.
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-R� XLI� JSPPS[MRK�WIGXMSRW� XLI� JSYV�GEWI�
WXYHMIW�EFSYX� -S8�ERH�&-1�GSRRIGXMSR�
JSV�GSRWXVYGXMSR�WMXI�EVI�HIWGVMFIH�ERH�
possible applications highlighted.

'ǝǞǘǚǝǠ�ǝǦ�ȨǞǖǣǚǝǞǟȨǞǘȳǠ�ȱǝǞȰǣǘǣǝǞǙ�
ǣǞ�ǘǤȨ�ȳǚȨȳǙ�ǝǦ�ȳ�ȱǝǞǙǘǚǗȱǘǣǝǞ�ǙǣǘȨ

8LI�ƼVWX�GEWI�WXYH]�LEW�FIIR�TIVJSVQIH�
XS�WMQYPEXI�XLI�MRHSSV�GSRHMXMSR�JSV�XLI�
GSRWXVYGXMSR� WMXI� GSRWMHIVMRK� WTIGMƼG�
XLVIWLSPHW�JSV�XLI�EHSTXIH�TEVEQIXIVW��
8LI� TSWWMFPI� ETTPMGEXMSRW� SJ� XLMW�
approach are wide considering the 
data that can be gathered by sensors 
installed and the environmental control 
TEVEQIXIVW� WYGL� EW�� XIQTIVEXYVI��
VIPEXMZI� LYQMHMX]�� WQSK�TSPPYXMSR�� HYWX�
TEVXMGYPEXI�� TVIWWYVI�� WQSOI�� RSMWI��
:3'�PIZIPW��8LI�WEQI�GSRGITX�GSYPH�FI�
implemented to monitor and decrease 
ƼVI�SYXFVIEOW��[EXIV� PIEOW�ERH�GPEMQW��
-R� XLI� TVIWIRX� GEWI�� XLI� MRHSSV� EMV�
temperature and relative humidity have 
been used as main control parameters 
ERH� ZEPYIW� LEZI� FIIR� MHIRXMƼIH� XS�
simulate the data collection by sensors 
ERH� XLI� ZIVMƼGEXMSR� SJ� XLI� MRHSSV�
GSRHMXMSRW��8LI� XLVIWLSPHW� EVI� HIƼRIH�
MR� GSQTPMERGI� [MXL� WXERHEVH� WEJIX]�
ERH�GSQJSVX�ZEPYIW��92-�)2�-73�����
�
WYGL� EW�� ��q'�  � EMV� XIQTIVEXYVI� �8
�  �
��q'����	� �VIPEXMZI�LYQMHMX]��,
� ���	��
The reported ranges state the correct 
conditions and thus the colour code 
“green” is displayed, while the values are 
lower or higher than the thresholds the 
values are reported as not compliant 
and consequently combined with a 
“red” colour code. The data have been 
GSPPIGXIH�ERH�SVKERM^IH�MR�ER�I\GIP�ƼPI�
as repository as shown in Table 1.

-R�*MKYVI��� XLI�VIWYPX�SJ� XLI�WMQYPEXMSR�
MW�TVIWIRXIH��-X�MW�XLYW�TSWWMFPI�XS�IRZM-
WEKI� MR� XLI�&-1�QSHIP� XLI�GVMXMGEP�EVI-
as and promote a tailored service to 
relocate resources which could have 
problems with indoor and storage con-
HMXMSRW�SV� MRGVIEWI� XLI�GSQJSVX� JSV� XLI�
workmen in the construction site areas.

8EFPI����)\EQTPI�SJ�HEXE�SJ�EMV�XIQTIVEXYVI�ERH�VIPEXMZI�LYQMHMX]�GSPPIGXIH�F]�ƼIPH�WIRWSVW�MR�XLI�GSRWXVYGXMSR�WMXI��
*MKYVI����'SPSYV�GSHI�XS�YRHIVPMRI�XLI�PIZIPW�SJ�XIQTIVEXYVI�ERH�VIPEXMZI�LYQMHMX]�
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The second simulation is about the 
QIEWYVIQIRX� ERH� GSRXVSP� SJ� HYWX�
in the construction site related to 
HMJJIVIRX� EVIEW�� -R� XLMW� WMQYPEXMSR� XLI�
&-1�QSHIP�SJ�XLI�GSRWXVYGXMSR�WMXI�LEW�
FIIR� VIEPM^IH� [MXL� HMJJIVIRX� WIGXMSR�
corresponding to masses and the 
WIRWSVW� VIJIVVIH� XS� XLI� ZEPYIW� SJ� XLI�
I\GIP� VITSWMXSV]�� 8LI� QEMR� XEWO� MW� XS�
monitor the environmental condition 
FYX� E� WXIT� JSV[EVH� MW� XS� IRHSVWI� XLI�
EGXYEXMSR� SJ� E� RIFYPM^IV� XS� VIHYGI� XLI�
TVIWIRGI� SJ� HYWX�� %� H]REQS� WGVMTX�
LEW� FIIR� I\IGYXIH� XS� VIEH� XLI� I\GIP�
HEXE�ZMVXYEPP]�GSQMRK�JVSQ�XLI�WIRWSVW�
ERH� [VMXI� XLI� TEVEQIXIVW� MR� XLI� &-1�
model in the Autodesk Revit authoring 
WSJX[EVI� �*MKYVI��
��%�GSPSYV�GSHI�LEW�
been applied to the construction site 
EVIEW� XS� HIƼRI� XLVIWLSPHW� XS� EGXMZEXI�
XLI� RIFYPM^IV� �*MKYVI� �
�� -R� 8EFPI� ��
XLI� SVKERMWEXMSR� SJ� XLI� &-1� QSHIP� MR�
the simulation is shown including the 
ZEPYIW�SJ�HYWX�
The simulation allows to understand 
LS[�XS�HIƼRI�XLI�GSRHMXMSRW�SJ�HMJJIVIRX�
areas in the construction site however 
MX� MW� GVMXMGEP� XS� HIƼRI� XLI� HMJJIVIRX�
EVIEW�ERH� XLI� VIPIZERGI�SJ� XLI�ZEVMSYW�
processes and location. The masses 
XLEX� HIƼRI� XLI� EVIE� MR�[LMGL� XLI� HYWX�
GSRXVSP�MW�IQTS[IVIH�LEZI�FIIR�HIƼRIH�
MR� GSVVIPEXMSR� XS� XLI� I\GEZEXMSR� EVIEW�
however the areas could change during 
XLI�TVSKVIWW�SJ�XLI�[SVO��-X�MW�[SVXL]�XS�
RSXI�LS[�XLI�MRJSVQEXMSR�QSHIP�WLSYPH�
FI� GSVVIPEXIH� [MXL� XLI� SVKERMWEXMSR� SJ�
XLI� GSRWXVYGXMSR� TLEWIW� SJ� XLI� WMXI� XS�
avoid methodological discrepancies or 
inconsistencies.

8EFPI����)\EQTPI�SJ�HEXE�SJ�HYWX�GSPPIGXIH�F]�ƼIPH�WIRWSVW�MR�XLI�HMJJIVIRX�EVIEW�MR�XLI�GSRWXVYGXMSR�WMXI��
*MKYVI����(]REQS�WGVMTX�ERH�[SVOƽS[�JVSQ�WIRWSV�XS�QSHIP�XS�QSRMXSV�ERH�GSRXVSP�XLI�HYWX�
*MKYVI����7MQYPEXMSR�SJ�GSRXVSP�SJ�HYWX�XLVSYKL�&-1�QSHIP�QEWWIW�ERH�-S8�ETTVSEGL��
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8LI� QER� HS[R� ERH� 44)� �4IVWSREP�
4VSXIGXMSR� )UYMTQIRX
� EVI� GVYGMEP� JSV�
WEJIX]� TVSGIHYVIW� MR� XLI� GSRWXVYGXMSR�
WMXI��8LI� ETTPMGEXMSR� SJ� XLI� -S8� XS�&-1�
GSRRIGXMSR� EVI� VIJIVVIH� XS� WIGYVMX]�
ERH� WEJIX]� ETTPMGEXMSRW� ERH� EGGIWW�
control to restricted access areas. The 
X[S� WIRWSVW� VIPEXIH� XS� XLI� [SVR� 44)�
and man down signal converge to the 
H]REQS�WGVMTX�[LS�XVERWJIVW�XS�XLI�&-1�
QSHIP� XLI� MRJSVQEXMSR� VIPEXIH� XS� XLI�
colour code. 
8LI�GSPSYV�GSHI�MW�EWWMKRIH�JSV�XLI�44)�
SR��[SVR
�ERH�QER�WXERHMRK�EW�ƈKVIIRƉ�
light or correct procedure and “red” light 
ERH� EPIVX� WMKREP� JSV� XLI� 44)� SJJ� ERH�
or the man down signal as shown in 
*MKYVI� ��� 8LI� EWWSGMEXMSR� SJ� XLI� X[S�
MRJSVQEXMSR� GSYPH� FVMRK� XS� E� WEQI�
emergency level however it could be 
HMJJIV�JSV�WEJIX]�TVSGIHYVI�

0ǝȱȳǠǣǒȳǘǣǝǞ�ǝǦ�ǟȳȱǤǣǞȨǙ�ǣǞ�ǘǤȨ�ȳǚȨȳǙ�
ǝǦ�ȳ�ȱǝǞǙǘǚǗȱǘǣǝǞ�ǙǣǘȨ

8LI�PSGEPM^EXMSR�SJ�XLI�QEGLMRIW�MR�XLI�
EVIEW�SJ�XLI�GSRWXVYGXMSR�WMXI� MW�E�ZIV]�
important issue and accidents and 
WEJIX]� TVSFPIQW�GSYPH�FI�EZSMHIH�ERH�
controlled by using sensors to delimit 
XLI� EVIEW� �M�I�� GSRIW� WIRWSVW� EW� 6*-(�
6EHMS�*VIUYIRG]�-(IRXMƼGEXMSR
�XLEX�EVI�
connected to the sensor in the machine 
�M�I�� +47� +PSFEP� 4SWMXMSRMRK� 7]WXIQ
�
YWIH� XS� MHIRXMJ]� MXW� PSGEXMSR�� 8LI� EMQ�
SJ� XLI� I\TIVMQIRXEXMSR� MW� XS� ORS[� XLI�
RYQFIV�SJ�QEGLMRIW� MR�E�WTIGMƼG�EVIE�
EMQMRK� EX� STXMQM^I� XLI� ƽS[W� ERH� XLI�
VIWSYVGIW�� 8LI� -S8� XS� &-1� [SVOƽS[�
GSYPH�FI�ETTPMGEFPI�XS�HIƼRI�HIRWMX]�SJ�
QEGLMRIW�MR�E�WTIGMƼG�EVIE�ERH�HIRWMX]�
SJ�[SVOQIR�MR�XLI�EVIEW�
The process could be supported 
both outdoor and indoor. The actual 
GSSVHMREXIW� SJ� XLI� QEGLMRIW� EVI�
converted with a dynamo script in the 
&-1� IRZMVSRQIRX� ERH� XLIR� GSQTEVIH�
XS�XLI�QEWWIW�YWIH�XS�HIƼRI�XLI�EVIEW�
MR� XLI� GSRWXVYGXMSR� WMXI�� -R� XLMW� [E]� MX�
MW� TSWWMFPI� XS� HIXIVQMRI� MJ� E� WTIGMƼG�
QEGLMRI�MW�MR�E�HIƼRIH�EVIE�ERH�ZIVMJ]�

8EFPI����)\EQTPI�SJ�HEXE�JSV�XLI�QER�HS[R�ERH�TVIWIRGI�GSRXVSP�SJ�TISTPI��
*MKYVI����7MQYPEXMSR�SJ�QER�HS[R�ERH�44)�GSRXVSP�MR�XLI�GSRWXVYGXMSR�WMXI��
*MKYVI����1EWWIW�JSV�QEGLMRIW�ERH�QEWW�JSV�XLI�EVIEW�MR�XLI�GSRWXVYGXMSR�WMXI�ERH�[SVOƽS[�
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MJ�XLIVI�EVI�MRGSQTEXMFMPMXMIW�ERH�MWWYIW�
to solve.
The simulation could be used to enable 
TVSGIWWIW�SJ�VIGSKRMXMSR�SJ�TSWMXMSR�JSV�
elements in the construction site such 
as pillars, beams, etc. adopting a control 
procedure and a colour code to highlight 
TSWWMFPI� IVVSVW� MR� XLI� TSWMXMSRMRK� SJ�
WYGL� IPIQIRXW�� -R� XLMW� GEWI� MX� MW� EPWS�
GVYGMEP� XS� HIƼRI� XLI� HMJJIVIRX� EVIEW� SJ�
the construction site in a congruent and 
relevant manner to unveil issues. The 
GSRGITX�SJ�ƈWXEVX�[MXL�XLI�IRH� MR�QMRHƉ�
GSRXMRYIW� XS� FI� GSVI� TSMRX� JSV� E� &-1�
IREFPIH�-S8�STXMQM^EXMSR�ETTVSEGL�
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The cognitive construction site, 
IREFPIH� F]� -S8� XIGLRSPSKMIW� ERH�
&-1� QIXLSHSPSK]�� EPPS[W� XS� MRGVIEWI�
productivity and decrease time and 
GSWXW�� %� PSX� SJ� JEGXSVW� GER� MRGVIEWI�
SJ� ���	� XLI� GSWX� SJ� E� GSRWXVYGXMSR��
JSV� GLERKI� MR� [SVO� TPER�� RSX� EZEMPEFPI�
[SVOMRK�EVIEW�� YRHIVIWXMQEXIH� IJJSVXW��
[IEXLIV� GSRHMXMSRW�� TVIZMSYW� LERHSJJ�
incomplete, not available materials 
ERH� PEFSYV��1SWX� SJ� XLIWI� JEGXSVW� GER�
FI� GSVVIGXIH� F]� ER� -S8� ETTVSEGL� F]�
sensing the procedures and materials, 
tracking machines and workmen to 
STXMQM^I�ƽS[W�ERH�MRGVIEWI�WEJIX]�ERH�
GSQTPMERGI� SJ� STXMQM^IH� TVSGIHYVIW��
The paper shows some case studies 

[LIVI� E� [SVOƽS[� XS� GSRRIGX� HEXE�
gathered by sensors that could be 
installed in the construction site enable 
XS� MQTPIQIRX� XLI� GSRXVSP� TVSGIHYVIW��
improving environment conditions, 
controlling and actuating actions 
to correct uncompliant conditions, 
MRGVIEWI�WEJIX]�ERH�IREFPMRK�IQIVKIRG]�
procedures, locate in the correct place 
SJ� XLI� GSRWXVYGXMSR� WMXI� QEGLMRIW��
workmen and elements that could be 
FIRIƼGMEP� XS� FI�QSRMXSVIH� MR� XLI�[SVO�
TVSKVIWW�� 8LI� TVSTSWIH� [SVOƽS[�
supports the project management and 
XLI� YWI� SJ� HEXE� JSV� WXEXMWXMGEP� EREP]WMW�
TVSZMHMRK� E� KVETLMG� ZMWYEPM^EXMSR� SJ�
XLI� MRJSVQEXMSR� MR� XLI� WEQI� TPEXJSVQ�

however the interconnection between 
HMJJIVIRX� WSJX[EVI� MW� RIIHIH� ERH�
EYXSQEXM^EXMSR� GSYPH� FI� MQTPIQIRXIH�
through an interpreted, object-oriented, 
high-level programming language with 
dynamic semantics.

%'/23;0)(+1)287�

The authors would like to thank the 
ZEPYEFPI� GSPPEFSVEXSVW� )RK�� +MSZERRM�
'EVEXS^^SPS�� )RK�� (EZMHI� +LIPƼ�� )RK��
Silvia Mastrolembo. A special thank 
KSIW� XS� )RK�� 7XIJERS� 6MREPHM� JSV� XLI�
JYRHEQIRXEP� GSRXVMFYXMSR�ERH�IJJSVX� XS�
develop the visual programming phase.

*MKYVI����7MQYPEXMSR�SJ�QEGLMRIW�PSGEPM^EXMSR�MR�WTIGMƼG�EVIEW�MR�XLI�GSRWXVYGXMSR�WMXI�



���

in_bo

&ȨǞȳǟǟȳǚ��1���%ȲȰȳǝǗǣ��%���%ǤǟȳȰ��7���8ǝǗȳǘǣ��
*���ɱ�/ȳȰǚǣ��%�������
. $�0RGXODU�,R7�3ODWIRUP�IRU�
5HDO�7LPH�,QGRRU�$LU�4XDOLW\�0RQLWRULQJ��6HQVRUV, 
����
�������

&ǣǢȨǞ��.�������
� 'XUDELOLW\�RI�HQJLQHHULQJ�
VWUXFWXUHV��'HVLJQ��UHSDLU�DQG�PDLQWHQDQFH� 
;SSHLIEH�4YFPMWLMRK��'EQFVMHKI��9/�

'LUHFWLYH���������(8�RI�WKH�(XURSHDQ�3DUOLDPHQW�
DQG�RI�WKH�&RXQFLO�RI����)HEUXDU\��������RQ�SXEOLF�
SURFXUHPHQW�DQG�UHSHDOLQJ�'LUHFWLYH���������
(&�7H[W�ZLWK�(($�UHOHYDQFH��3ƾGMEP�.SYVREP�SJ�XLI�
)YVSTIER�9RMSR������������0��������

0ǝǜȨǒ��6���0ǝǖȨ��4��)��(���)ȰǕȳǚȰǙ��(��.���ȳǞȰ�(ȳǖǣǙ��
4��6�������
� ̸'HVLJQ�HUURU�FODVVLͤFDWLRQ��FDXVDWLRQ�
DQG�SUHYHQWLRQ�IRU�FRQVWUXFWHG�IDFLOLWLHV�̹�J. 
4IVJSVQ��'SRWXV��*EGMP�������
�����Ɓ���

0ǝǜȨǒ��6���ɱ�0ǝǖȨ��4��)��(�������
� ̸'HVLJQ�(UURU�
&RVWV�LQ�&RQVWUXFWLRQ�3URMHFWV̹��.SYVREP�SJ�
'SRWXVYGXMSR�)RKMRIIVMRK�ERH�1EREKIQIRX��
�����
�����Ɓ����

0ǝǖȨ��4��)��(���7ǡǣǘǟǝǚȨ��6��1���ȳǞȰ�)ȳǚǠ��+�������
� 
̸6HOHFWLQJ�D�VXLWDEOH�SURFXUHPHQW�PHWKRG�IRU�D�
EXLOGLQJ�SURMHFW�̹�'SRWXV��1EREKI��)GSR�������
��
���Ɓ����

1-8�������
��1MRMWXIVMEP�(IGVII��2�����������������
?(IGVIXS�1MRMWXIVMEPIA�
4%7�������������6SHFLͤFDWLRQ�IRU�LQIRUPDWLRQ�
PDQDJHPHQW�IRU�WKH�FDSLWDO�GHOLYHU\�SKDVH�RI�
FRQVWUXFWLRQ�SURMHFWV�XVLQJ�EXLOGLQJ�LQIRUPDWLRQ�
PRGHOOLQJ�

8ǝǝǠȨ��8��1�������
. &RQVWUXFWLRQ�6LWH�6DIHW\�
5ROHV��.SYVREP�SJ�'SRWXVYGXMSR�)RKMRIIVMRK�ERH�
1EREKIQIRX�������
�����Ɓ�����

92-�)2�-73����������, (UJRQRPLD�GHJOL�
DPELHQWL�WHUPLFL���'HWHUPLQD]LRQH�DQDOLWLFD�H�
LQWHUSUHWD]LRQH�GHO�EHQHVVHUH�WHUPLFR�PHGLDQWH�
LO�FDOFROR�GHJOL�LQGLFL�309�H�33'�H�GHL�FULWHUL�GL�
EHQHVVHUH�WHUPLFR�ORFDOH�

:ȳǠȨǚǝ��)���ɱ�%Ȱ̳Ǟ��%�������
� ,QWHJUDWLRQ�RI�
5),'�ZLWK�RWKHU�WHFKQRORJLHV�LQ�FRQVWUXFWLRQ��
Measurement���������Ɓ����

;ǝǟȳȱǡ��.�4��ȳǞȰ�.ǝǞȨǙ��(�8�������
, Lean 
7KLQNLQJ�̰�%DQLVK�:DVWH�DQG�&UHDWH�:HDOWK�LQ�
Your Corporation��*VII�TVIWW��2=

>ǝǗ��4��<��;���ɱ�>ǤȳǞǥ��+�������
. Managing 
5LVNV�LQ�&RQVWUXFWLRQ�3URMHFWV��/LIH�&\FOH�DQG�
6WDNHKROGHU�3HUVSHFWLYHV��-RXIVREXMSREP�.SYVREP�SJ�
'SRWXVYGXMSR�1EREKIQIRX�����
����Ɓ���

%LEOLRJUDSK\
%LEOLRJUD௕D

L. C. Tagliabue, A. L. C.CiribiniA BIM-Based IoT Approach to the Construction Site Management


