
�6FB@4F87B64A89 75VD 84A8E F4 EF6BD9AAO 
VAF97DB64A8E 79B8978GA8E @B89?99
%GK4EA4 79B89;VO C9D9IB8<FL 8B >B@C?9>EA<I 46FB@4F<;B64A<I DVL9AL, MB CBT8AGNFL DV;AB@4AVFAV F9IAB?B7V� ;5BDG 

CDBEFBDB6<I 84A<I. �AF97D4JVO GNSS-CD<=@4KV6 ; FBKAVEFN 8B 5 @@ (RTK-D9:<@), 9?9>FDBAA<I F4I9B@9FDV6 Leica F4 Trimble 

; >GFB6BN FBKAVEFN 1", A4;9@A<I ?4;9DA<I E>4A9DV6 Riegl VZ-400i ;V L6<8>VEFN ;5BDG 8B 500,000 FBKB>/E F4 ���� DJI 
Phantom 4 RTK 8B;6B?OT EF6BDN64F< J<HDB6V @B89?V @VEJ96BEFV ; DB;8V?LABN ;84FAVEFN 8B 1 E@. &V E<EF9@< 

E<AIDBAV;GNFLEO K9D9; GAVHV>B64AV CDBFB>B?< B5@VAG 84A<@<, F4>V O> LandXML F4 GeoJSON, ;459;C9KGNK< 59;C9D9D6A<= 
CBFV> VAHBD@4JV� 6V8 CB?LB6<I 6<@VDN64AL 8B BEF4FBKA<I @B89?9= 59; 6FD4F< FBKABEFV V 89F4?V;4JV�, >D<F<KA<I 8?O 

CDB9>FG64AAO @47VEFD4?LA<I FDG5BCDB6B8V6, @BEFV6 F4 5474FBCB69DIB6<I >B@C?9>EV6.

�?NKB6<@ 9?9@9AFB@ T DB;DB5>4 T8<A<I 54; 79B89;<KA<I 84A<I A4 BEAB6V PostgreSQL ; DB;L<D9AAO@ PostGIS, MB 

CV8FD<@GNFL CDBEFBDB6V VA89>E< F4 FBCB?B7VKAV 6V8ABL9AAO @V: B5'T>F4@<. �DB7D4@A9 ;459;C9K9AAO Autodesk Civil 3D F4 
Bentley MicroStation V; 65G8B64A<@< 4?7BD<F@4@< ICP (Iterative Closest Point) ;459;C9KGT 46FB@4F<KAG D9TEFD4JVN F4 

6<DV6AN64AAO I@4D FBKB> ; CBI<5>BN A9 5V?LL9 3 @@ A4 100 @ E>4AG64AAO. %GK4EAV C?4FHBD@<, F4>V O> Esri ArcGIS Pro F4 
Hexagon Geospatial, VAF97DGNFL A9=DB@9D9:V 8?O DB;CV;A464AAO B5'T>FV6 VAHD4EFDG>FGD< (?VAV= 9?9>FDBC9D984K, 8BDB:AVI 

;A4>V6, 6B8A<I B5'T>FV6) ; FBKAVEFN >?4E<HV>4JV� 8B 95%, 4 F4>B: 4?7BD<F@< @4L<AAB7B A46K4AAO 8?O CDB7AB;G64AAO 

;EG6V6 �DGAFG F4 BEV84AAO 5G8V69?L ; FBKAVEFN 8B 2 @@/DV>, MB >D<F<KAB 64:?<6B 8?O @BAVFBD<A7G VA:9A9DA<I ECBDG8 G 
E>?48A<I 79B?B7VKA<I G@B64I.



�7?O8 ACG4A=8E 79>8978G=8E ?@8?48V6 B4 
B9E=>?>7V9
%GK4EA4 79B89;VO EC<D4TFLEO A4 L<DB><= EC9>FD 6<EB>BFBKA<I CD<?48V6 F4 C9D98B6<I F9IAB?B7V=, MB 8B;6B?ONFL 

;5<D4F< 84AV ; 59;CD9J989AFABN FBKAVEFN F4 9H9>F<6AVEFN. �?B54?LAV A46V74JV=AV EGCGFA<>B6V E<EF9@< (GNSS), F4>V O> GPS 

(%,�), ��"!�%% ($BEVO), Galileo (�%) F4 BeiDou (�<F4=), ;459;C9KGNFL 6<;A4K9AAO >BBD8<A4F ; FBKAVEFN 8B ±2-5 @@ G 
EF4F<KAB@G D9:<@V F4 ±1-2 E@ G >VA9@4F<KAB@G D9:<@V. %GK4EAV F4I9B@9FD<, A4CD<>?48 Leica TS16 K< Trimble S9, 8BEO74NFL 

FBKABEFV 6<@VDN64AAO >GFV6 8B 0,5" F4 6V8EF4A9= 8B ±0,6 @@ + 1 ppm, MB >D<F<KAB 64:?<6B CD< 5G8V6A<JF6V E>?48A<I 
VA:9A9DA<I ECBDG8, O>-BF @BEFV6, FGA9?V6 K< I@4DBKBEV6. !4;9@AV ?4;9DAV E>4A9D<, F4>V O> Faro Focus S350 45B Leica RTC360, 

;84FAV ;5<D4F< 8B 2 @V?L=BAV6 FBKB> ;4 E9>GA8G ; FBKAVEFN 8B 1 @@ A4 6V8EF4AV 10 @9FDV6, HBD@GNK< I@4D< FBKB>, MB 

6<>BD<EFB6GNFLEO 8?O EF6BD9AAO 89F4?V;B64A<I 3D-@B89?9= CDB@<E?B6<I B5'T>FV6, VEFBD<KA<I C4@'OFB> F4 
VAHD4EFDG>FGDA<I ECBDG8.

�<EB>BFBKAV J<HDB6V AV69?VD<, F4>V O> Trimble DiNi 45B Leica LS15, ;459;C9KGNFL FBKAVEFL 6<@VDN64AAO 6<EBF 8B ±0,3 @@ A4 

>V?B@9FD CB86V=AB7B IB8G, MB T >D<F<KA<@ 8?O @BAVFBD<A7G 89HBD@4JV= F4 BEV84AL 69?<><I >BAEFDG>JV=. �A9DJV4?LAV 
A46V74JV=AV E<EF9@< (INS), VAF97DB64AV ; GNSS-CD<=@4K4@< (A4CD<>?48, E<EF9@< Applanix POS LV), 8B;6B?ONFL 6<;A4K4F< 

CB?B:9AAO F4 BDVTAF4JVN DGIB@<I B5'T>FV6 ; E4AF<@9FDB6BN FBKAVEFN A46VFL G @VEJOI, 89 EGCGFA<>B6<= E<7A4? 

B5@9:9A<=.  B5V?LAV >4DFB7D4HVKAV E<EF9@<, O>-BF Trimble MX9 45B Leica Pegasus:Two, O>V CBT8AGNFL GNSS-CD<=@4KV, 
VA9DJV4?LAV 84FK<><, ?4;9DAV E>4A9D< (; K4EFBFBN 8B 1 @?A FBKB>/E9>) F4 C4ABD4@AV >4@9D< ; DB;8V?LABN ;84FAVEFN 30  C, 

8B;6B?ONFL EF6BDN64F< 89F4?LAV 3D-@B89?V @VEL><I F9D<FBDV= ;V L6<8>VEFN 8B 100 >@ 8BDV7 ;4 89AL. �9;CV?BFAV ?VF4?LAV 
4C4D4F< (�#��), 6V8 >B@C4>FA<I DJI Phantom 4 RTK ; FBKAVEFN 79BCD<6'O;>< 8B 1-2 E@ 8B CDBH9EV=A<I E<EF9@ DJI Matrice 

300 RTK ; VAF97DB64A<@< ?V84D4@< Zenmuse L1 (6V8B5D4:9AAO 8B 3 CB69DA9AL CDB@9AO), ;459;C9KGNFL 9H9>F<6A9 

>4DFB7D4HG64AAO C?BM 8B 100 74 ;4 B8<A CB?VF ; CDBEFBDB6BN DB;8V?LABN ;84FAVEFN 8B 1 E@/CV>E9?L CD< 49DBHBFB;=B@JV 
F4 8B 5 E@ 8?O ?V84DA<I I@4D FBKB>.



�D8AF8C8 >B@C?9>EAB7B CV8EB8G 8B 
79B8978GA8E 68@VDN64AL

�B@C?9>EA<= CV8IV8 8B 79B89;<KA<I 6<@VDN64AL C9D9854K4T VAF97D4JVN DV;A<I @9FB8V6 F4 F9IAB?B7V= 8?O 8BEO7A9AAO 
BCF<@4?LA<I D9;G?LF4FV6. �4 CD4>F<JV J9 B;A4K4T CBT8A4AAO GNSS-CD<=@4KV6 ; FBKAVEFN 8B ±3-5 @@ G 7BD<;BAF4?LAV= 

C?BM<AV, J<HDB6<I F4I9B@9FDV6 ; >GFB6BN FBKAVEFN 1"-5" F4 84?LAVEFN 8B 3-5 >@, F4 ?4;9DA<I E>4A9DV6 ; MV?LAVEFN 
E>4AG64AAO 8B 1 @?A FBKB> A4 E9>GA8G. �4CD<>?48, CD< 79B89;<KAB@G EGCDB6B8V 5G8V6A<JF64 @BEFB6B7B C9D9IB8G 

;4EFBEB6GNFL GNSS-@9FB8< 8?O >BBD8<AG64AAO BCBDA<I FBKB> ; FBKAVEFN ±5 @@, F4I9B@9FD<KAG ;=B@>G 8?O >BAFDB?N 

79B@9FDV� BCBD ; FBKAVEFN ±2 @@ F4 A4;9@A9 ?4;9DA9 E>4AG64AAO 8?O @BAVFBD<A7G 89HBD@4JV= >BAEFDG>JV= ; FBKAVEFN 8B 
±1 @@.

�AF97D4JVO 84A<I ; DV;A<I 8:9D9? 6<@474T 6<>BD<EF4AAO EC9JV4?V;B64AB7B CDB7D4@AB7B ;459;C9K9AAO, F4>B7B O> Leica 

Infinity, Trimble Business Center 45B AVEVA LFM, O>V CV8FD<@GNFL EF4A84DFAV HBD@4F< B5@VAG 84A<@<: DXF, LandXML, GeoTIFF. 
%GK4EA<= >B@C?9>EA<= CV8IV8 C9D9854K4T F4>B: 6D4IG64AAO E<EF9@4F<KA<I CBI<5B> 6<@VDN64AL: VBABEH9DA<I F4 

FDBCBEH9DA<I ;4FD<@B> E<7A4?G GNSS (8B 20 @ 59; >BD9>JV�), D9HD4>JV� ?4;9DAB7B CDB@9AO (8B 5 @@/>@), F4 6C?<6 

F9@C9D4FGDA<I 89HBD@4JV= CD<?48V6 (±1 ppm). �CDB648:9AAO F4>B7B CV8IB8G A4 5G8V6A<JF6V �B8V?LEL>B-�BE>D9E9AEL>B7B 
@BEFB6B7B C9D9IB8G 6 �<T6V 8B;6B?<?B E>BDBF<F< K4E 6<>BA4AAO 79B89;<KA<I DB5VF A4 30% F4 CV86<M<F< FBKAVEFL 

>BAFDB?N 79B@9FD<KA<I C4D4@9FDV6 A4 40% CBDV6AOAB ; FD48<JV=A<@< @9FB84@<. �?O GECVLAB7B ;4EFBEG64AAO 
>B@C?9>EAB7B CV8IB8G 79B89;<EF CB6<A9A 6B?B8VF< A46<K>4@< DB5BF< ; DV;AB@4AVFA<@ B5?48A4AAO@, 6@VF< 

VAF9DCD9FG64F< F4 4A4?V;G64F< 84AV DV;ABW CD<DB8<, 4 F4>B: 6<>BD<EFB6G64F< @9FB8< @4F9@4F<KABW EF4F<EF<>< 8?O 

BJVA>< FBKABEFV BFD<@4A<I D9;G?LF4FV6.



�AF57D4FVO GNSS, F4E5B@5FDVW F4 ?475DAB7B 
E>4AG64AAO

�AF97D4JVO GNSS, F4I9B@9FDV� F4 ?4;9DAB7B E>4AG64AAO T >?NKB6<@ 9?9@9AFB@ EGK4EAB7B 79B89;<KAB7B CDBJ9EG, MB 
;459;C9KGT EG5@V?V@9FDB6G FBKAVEFL F4 89F4?V;4JVN 79BCDBEFBDB6<I 84A<I. GNSS-CD<=@4KV, F4>V O> Trimble R10 45B Leica 

GS18 T, ; FBKAVEFN RTK 8B 8 @@ CB 7BD<;BAF4?V F4 15 @@ CB 69DF<>4?V, 6<>BD<EFB6GNFLEO 8?O EF6BD9AAO BCBDABW 

79B89;<KABW @9D9:V ; CGA>F4@< K9D9; >B:AV 300-500 @9FDV6. �<EB>BFBKAV F4I9B@9FD< Leica TS16 45B Topcon GT ; >GFB6BN 
FBKAVEFN 1" F4 ?VAV=ABN FBKAVEFN 0.5 @@ + 1 ppm 8B;6B?ONFL 6<>BAG64F< 89F4?V;B64AG ;=B@>G B>D9@<I B5'T>FV6 ; 

CD<6'O;>BN 8B BCBDA<I CGA>FV6 GNSS A4 6V8EF4AV 8B 3.5 >@. �4;9@AV ?4;9DAV E>4A9D< Faro Focus S350 45B Leica RTC360 ; 
L6<8>VEFN ;5BDG 84A<I 8B 2 @V?L=BAV6 FBKB> ;4 E9>GA8G F4 84?LAVEFN 350 @9FDV6 HBD@GNFL MV?LAG I@4DG FBKB> ; 7GEF<ABN 

8B 2 @@ A4 6V8EF4AV 10 @9FDV6.

�AF97D4JVO J<I F9IAB?B7V= D94?V;GTFLEO K9D9; EC9JV4?V;B64AV DB5BKV CDBJ9E< F4 CDB7D4@A9 ;459;C9K9AAO. �4CD<>?48, CD< 

;=B@JV @BEFB6B7B C9D9IB8G K9D9; DVK>G �AVCDB, GNSS-CD<=@4KV Trimble R10 ECBK4F>G 6EF4AB6<?< 8 >BAFDB?LA<I CGA>FV6 ; 
45EB?NFABN FBKAVEFN ±5 @@ G E<EF9@V >BBD8<A4F '%�-2000. �4?V, ;4 8BCB@B7BN F4I9B@9FD4 Leica TS16, 5G?< 6<@VDOAV 124 

I4D4>F9DAV FBK>< >BAEFDG>JV� @BEFG ; FBKAVEFN ±2 @@ F4 EF6BD9AB CD<6'O;>G 8?O CB84?LLB7B ?4;9DAB7B E>4AG64AAO. � 16 

EF4AJV= E>4A9DB@ Leica RTC360 5G?B BFD<@4AB I@4DG ; 1.8 @V?LOD84 FBKB>, O>4 CVE?O HV?LFD4JV� F4 B5DB5>< 6 CDB7D4@AB@G 
;459;C9K9AAV Leica Cyclone ;@9AL<?4EO 8B 450 @V?L=BAV6 FBKB>. (VA4?LA4 3D-@B89?L @BEFG, EF6BD9A4 6 E9D98B6<MV 

Autodesk Revit, @4?4 45EB?NFAG FBKAVEFL ±8 @@ F4 8B;6B?<?4 6<O6<F< 89HBD@4JV� BCBD DB;@VDB@ 6V8 12 @@, MB 5G?B 
>D<F<KAB 64:?<6<@ 8?O C?4AG64AAO D9@BAFA<I DB5VF.



�B5V?LAV >4DFB7D4HVGAV E8EF5@8 F4 WI 
74EFBEG64AAO

 B5V?LAV >4DFB7D4HVKAV E<EF9@< ( �%) O6?ONFL EB5BN VAF97DB64AV C?4FHBD@<, O>V B5'T8AGNFL DV;AV E9AEBD< 8?O ;5BDG 
79BCDBEFBDB6<I 84A<I 6 DGEV. %GK4EAV  �%, F4>V O> Trimble MX9 45B Leica Pegasus:Two, 6>?NK4NFL 6<EB>BFBKAV GNSS-

CD<=@4KV ; RTK->BD9>JVTN (FBKAVEFL 8B 1-2 E@), ?4;9DAV E>4A9D< ; K4EFBFBN 8B 2 @?A FBKB>/E9> F4 D48VGEB@ 8V� 8B 500 @, 
C4ABD4@AV >4@9D< ; DB;8V?LABN ;84FAVEFN 42  C, F4 VA9DJV4?LAV 6<@VDN64?LAV 5?B>< (IMU) ; FBKAVEFN 6<;A4K9AAO 

BDVTAF4JV� 8B 0,005°. &V E<EF9@< @BAFGNFLEO A4 EC9JV4?LAB B5?48A4AV 46FB@B5V?V K9D9; :BDEF>V >DVC?9AAO ; 89@CH9D4@< 

8?O ;@9AL9AAO 6V5D4JV�, ;459;C9KGNK< ;5VD 84A<I A4 L6<8>BEFV 8B 110 >@/7B8, MB 8B;6B?OT BIBC<F< 8B 300 >@ 8BDV7 ;4 
B8<A DB5BK<= 89AL 3 G 5-10 D4;V6 L6<8L9 CBDV6AOAB ; FD48<JV=A<@< @9FB84@<.

�4EFBEG64AAO  �% 6>?NK4T L<DB><= EC9>FD CD4>F<KA<I ;4684AL. !4CD<>?48, CV8 K4E D9>BAEFDG>JV� FD4E< �<W6-"89E4, 

 �% 6<>BD<EFB6G64?<EO 8?O EF6BD9AAO 89F4?LABW 3D-@B89?V 8BDB:ALB7B CB?BFA4 ; FBKAVEFN 8B 5 @@, MB 8B;6B?<?B 
6<O6<F< 8V?OA>< ; CDBEV84AAO@ F4 89HBD@4JVTN. #D< VA69AF4D<;4JV� B5'T>FV6 VAHD4EFDG>FGD< G �L6B6V,  �% 8BCB@B7?< 

V89AF<HV>G64F< F4 >?4E<HV>G64F< CBA48 12000 B5'T>FV6 @VEL>BW VAHD4EFDG>FGD< (8BDB:AV ;A4><, E6VF?BHBD<, ?N><, ;9?9AV 

A4E48:9AAO) ;4 3 8AV DB5BF<. � 9A9D79F<KAB@G E9>FBDV, >B@C4AVO "'>D9A9D7B" 6<>BD<EFB6GT 84AV  �% 8?O @BAVFBD<A7G 
?VAV= 9?9>FDBC9D984K, 6<O6?ONK< 6V8I<?9AAO BCBD F4 CDB6<E4AAO CDB6B8V6, MB 8B;6B?<?B ;A<;<F< 464DV=AVEFL A4 28%. ' 

�AVCDV F4 %4D>B6V  �% ;4EFBEB6GNFLEO 8?O CV8FD<@>< ��%-E<EF9@ @VEL>B7B C?4AG64AAO, 89 84AV BAB6?NNFLEO 
MB>64DF4?LAB 8?O 6V8E?V8>B6G64AAO ;@VA @VEL>BW ;45G8B6<. &BKAVEFL F4 89F4?V;4JVO 84A<I  �% (8B 400 FBKB> A4 @²) 

;459;C9KGNFL BEAB6G 8?O J<HDB6<I 86V=A<>V6 VAHD4EFDG>FGDA<I B5'T>FV6, O>V 6<>BD<EFB6GNFLEO 8?O @B89?N64AAO 

EJ9A4DV�6 B5E?G7B6G64AAO F4 DB;6<F>G.



�9;CV?BFAV ?VF4?LAV 4C4D4F< 6 79B89;VW: 
@B:?<6BEFV F4 B5@9:9AAO

�9;CV?BFAV ?VF4?LAV 4C4D4F< (����), 45B 8DBA<, EF4?< D96B?NJV=A<@ VAEFDG@9AFB@ 6 79B89;V�, 6V8>D<64NK< AB6V 

@B:?<6BEFV 8?O ;5BDG 79BCDBEFBDB6<I 84A<I. %GK4EAV @G?LF<DBFBDAV 8DBA< DJI Phantom 4 RTK F4 HV>EB64AV >D<?4 F<CG 
SenseFly eBee @B:GFL 5GF< BEA4M9AV RGB->4@9D4@< ; DB;8V?LABN ;84FAVEFN 8B 42 @974CV>E9?V6, LiDAR-E>4A9D4@< Velodyne 

Puck ; FBKAVEFN 8B 3 E@, F4 @G?LF<EC9>FD4?LA<@< E9AEBD4@< MicaSense RedEdge-MX, MB 8B;6B?OT EF6BDN64F< 
BDFBHBFBC?4A< ; DB;8V?LABN ;84FAVEFN 8B 1 E@/CV>E9?L F4 MV?LAV I@4D< FBKB> ; 7GEF<ABN 8B 1000 FBKB>/@². &V F9IAB?B7V� 

8B;6B?ONFL EF6BDN64F< 6<EB>BFBKAV J<HDB6V @B89?V D9?LTHG (DTM) F4 @VEJ96BEFV (DSM), CDB6B8<F< @BAVFBD<A7 9DB;V� 

�DGAFV6 ; FBKAVEFN 8B 5 E@, 6<>BAG64F< VA69AF4D<;4JVN ?VEV6 ; 6<;A4K9AAO@ 6<EBF< 89D96 8B 95% FBKABEFV, F4 ;8V=EAN64F< 
B5EF9:9AAO >D<F<KABW VAHD4EFDG>FGD<, F4>BW O> @BEF<, 84@5< F4 6<EB>B6B?LFAV ?VAV� 9?9>FDBC9D984K.

�DBF9, 6<>BD<EF4AAO ���� 6 79B89;V� @4T E6BW F9IAVKAV F4 ND<8<KAV B5@9:9AAO. &<CB6<= K4E CB?LBFG >648DB>BCF9DV6 

EF4AB6<FL ?<L9 20-30 I6<?<A, MB B5@9:GT C?BMG CB>D<FFO 8B 50-100 74 ;4 B8<A CB?VF, 4 HV>EB64AV >D<?4, IBK V @B:GFL 
?VF4F< 8B 90 I6<?<A, @4NFL 7VDLV CB>4;A<>< @4A96D9ABEFV. �V8CB6V8AB 8B �B6VFDOAB7B >B89>EG '>D4WA< F4 A4>4;V6 

�9D:46V4E?G:5<, CB?LBF< ���� ;45BDBA9AV 6 D48VGEV 5 >@ 6V8 49DBCBDFV6, A48 6V=EL>B6<@< B5'T>F4@<, F4 6<M9 120 @9FDV6 

59; EC9JV4?LA<I 8B;6B?V6. �C9D4FBD< >B@9DJV=A<I ���� @4EBN CBA48 2 >7 CB6<AAV @4F< E9DF<HV>4JVN F4 D9TEFD4JVN 
4C4D4FV6. &BKAVEFL CB;<JVBAG64AAO CD< 6<>BD<EF4AAV RTK-GPS ;4;6<K4= EF4AB6<FL 2-5 E@ G C?4AV F4 5-10 E@ CB 6<EBFV, 4?9 

@B:9 CB7VDLG64F<EO CD< E?45>B@G EGCGFA<>B6B@G E<7A4?V 45B 9?9>FDB@47AVFA<I C9D9L>B84I. �9ECD<OF?<6V CB7B8AV 
G@B6<, F4>V O> E<?LA<= 6VF9D (5V?LL9 12 @/E), BC48< K< F9@C9D4FGD4 A<:K9 -10°C 45B 6<M9 +40°C, @B:GFL ;DB5<F< CB?LBF< 

A9@B:?<6<@< 45B ;A4KAB CB7VDL<F< O>VEFL 84A<I. �9;64:4NK< A4 JV B5@9:9AAO, ���� ;4?<L4NFLEO 9>BAB@VKAB 

9H9>F<6A<@ VAEFDG@9AFB@ 8?O 79B89;<KA<I DB5VF, 8B;6B?ONK< E>BDBF<F< K4E ;5BDG 84A<I A4 60-80% CBDV6AOAB ; 
FD48<JV=A<@< A4;9@A<@< @9FB84@<.



�9FB88 46FB@4F874FVW CB?LB68E 79B8978GA8E 
DB5VF

�6FB@4F<;4JVO CB?LB6<I 79B89;<KA<I DB5VF T 64:?<6<@ A4CDO@>B@ DB;6<F>G EGK4EABW 79B89;V�, ECDO@B64A<@ A4 
CV86<M9AAO CDB8G>F<6ABEFV, FBKABEFV F4 9>BAB@VKABW 9H9>F<6ABEFV 6<@VDN64AL. �BA4 C9D9854K4T 6<>BD<EF4AAO 

DB5BF<;B64A<I F4I9B@9FDV6 (F4><I O> Leica Geosystems TS16 F4 Trimble S9), GNSS-CD<=@4KV6 ; 46FB@4F<KA<@ D9:<@B@ 

ECBEF9D9:9AL (Topcon Hiper VR, Leica GS18 T), ?4;9DA<I E>4A9DV6 ; 46FB@4F<KABN D9TEFD4JVTN 84A<I (Faro Focus S350, Leica 
RTC360), 4 F4>B: EC9JV4?LAB7B CDB7D4@AB7B ;459;C9K9AAO 8?O 46FB@4F<KABW B5DB5>< F4 4A4?V;G 84A<I (Leica Infinity, 

Trimble Business Center, Agisoft Metashape). $B5BF<;B64AV F4I9B@9FD< CV86<MGNFL FBKAVEFL 6<@VDN64AL 8B ±0.5 @@ A4 1 >@ 
IB8G V 8B;6B?ONFL 6<>BAG64F< 6<@VDN64AAO 59; CBEFV=ABW CD<EGFABEFV BC9D4FBD4, 46FB@4F<KAB A46B8OK<EL A4 JV?L F4 

HV>EGNK< D9;G?LF4F< 6<@VDN64AL ;V L6<8>VEFN 8B 10 FBKB> ;4 E9>GA8G.

%GK4EAV GNSS-CD<=@4KV ; 46FB@4F<KA<@ D9:<@B@ ECBEF9D9:9AL @B:GFL ;5<D4F< 84AV 59;C9D9D6AB CDBFO7B@ 8B 16 7B8<A 

A4 B8AB@G ;4DO8V 54F4D9W, ; FBKAVEFN 8B 8 @@ + 1 @@/>@ 8?O EF4F<KA<I 6<@VDN64AL. �4;9DAV E>4A9D< ; 46FB@4F<KABN 
D9TEFD4JVTN 84A<I 8B;6B?ONFL L6<8>B F4 9H9>F<6AB ;5<D4F< 8B 2 @V?L=BAV6 FBKB> ;4 E9>GA8G ; FBKAVEFN 8B 1 @@ A4 

6V8EF4AV 10 @. %C9JV4?V;B64A9 CDB7D4@A9 ;459;C9K9AAO, O>-BF AutoCAD Civil 3D 45B Bentley MicroStation, 8B;6B?OT 

46FB@4F<KAB B5DB5?OF< F4 4A4?V;G64F< 84AV, ;@9ALGNK< K4E B5DB5>< A4 60-70% CBDV6AOAB ; DGKA<@< @9FB84@<. 
�6FB@4F<;4JVO CB?LB6<I 79B89;<KA<I DB5VF E>BDBKGT K4E 6<>BA4AAO 69?<><I CDB9>FV6 A4 30-50%, ;A<:GT 64DFVEFL DB5VF 8B 

40% F4 8B;6B?OT 6<>BAG64F< 6<@VDN64AAO G 64:>B8BEFGCA<I 45B A959;C9KA<I @VEJOI, O>-BF L4IF<, FGA9?V, CDB@<E?B6V 
B5'T>F< ; CV86<M9ABN D48V4JVTN 45B IV@VKA<@ ;45DG8A9AAO@, 89 CD<EGFAVEFL ?N8<A< T A954:4ABN 45B A9@B:?<6BN.



%F6>D9==O T88=>W 5478 79>8978G=8E 84=8E: 
EFDG>FGD4 F4 68<>78

!F6BD9AAO T8<ABW 54;< 79B89;<KA<I 84A<I T >D<F<KA<@ ;4684AAO@ 8?O 9H9>F<6AB7B GCD46?VAAO 79BCDBEFBDB6BN 
VAHBD@4JVTN 6 EGK4EA<I G@B64I. "4>4 54;4 CB6<AA4 VAF97DG64F< 84AV ; DV;AB@4AVFA<I 8:9D9?, 6>?NK4NK< 6<@VDN64AAO 

DB5BF<;B64A<@< F4I9B@9FD4@< ; FBKAVEFN 8B 1-2", GNSS-CD<=@4K4@< ; RTK-D9:<@B@ FBKAVEFN 8B 1-2 E@, A4;9@A<@< 
?4;9DA<@< E>4A9D4@< ; MV?LAVEFN FBKB> 10 000-50 000 FBKB>/@², 49DBHBFB;=B@>BN ; DB;8V?LABN ;84FAVEFN 3-5 E@/CV>E9?L 

F4 VEFBD<KA<@< >4DFB7D4HVKA<@< @4F9DV4?4@<. �CF<@4?LA4 EFDG>FGD4 54;< 84A<I C9D9854K4T BD74AV;4JVN ;4 VTD4DIVKA<@ 

CD<AJ<CB@ ; CB8V?B@ A4 L4D< (FBCB7D4HVO, >484EFD, VA:9A9DAV @9D9:V) F4 ;4EFBEG64AAO@ CDBEFBDB6BW VA89>E4JV� 8?O 
L6<8>B7B CBLG>G. �BA4 @4T 6V8CB6V84F< @V:A4DB8A<@ EF4A84DF4@ ISO 19115 (@9F484AV), ISO 19107 (CDBEFBDB64 EI9@4) F4 

A4JVBA4?LA<@ EF4A84DF4@ �!"#.

�9;C9>4 84A<I G T8<AV= 79B89;<KAV= 54;V ;459;C9KGTFLEO 5474FBDV6A96BN E<EF9@BN ;4I<EFG, MB 6>?NK4T L<HDG64AAO AES-
256, 46F9AF<HV>4JVN >BD<EFG64KV6 ;4 CD<AJ<CB@ 86BH4>FBDABW C9D96VD>< F4 DB;@9:G64AAO CD46 8BEFGCG (48@VAVEFD4FBD, 

D984>FBD, >BD<EFG64K). �9B5IV8AB 6CDB648<F< 46FB@4F<KA9 D9;9D6A9 >BCVN64AAO ; J<>?B@ 24 7B8<A< A4 ;B6AVLAV 

E9D69D< F4 69DEVBAG64AAO 84A<I ; @B:?<6VEFN 6V8>4FG 8B CBC9D98AVI 69DEV= ; 89F4?LA<@ :GDA4?B@ ;@VA. �?O 
;459;C9K9AAO EG@VEABEFV ; DV;A<@< ��! (ArcGIS, QGIS, MapInfo) F4 !�� -E<EF9@4@< (AutoCAD Civil 3D, Bentley MicroStation) 

E?V8 6<>BD<EFB6G64F< 6V8>D<FV HBD@4F< B5@VAG 84A<@<, ;B>D9@4 GML, GeoJSON, F4 CV8FD<@G64F< EF4A84DFAV 695-E9D6VE< 
OGC (WMS, WFS, WCS). !F6BD9AAO F4>BW 54;< 84A<I CBFD95GT >B@4A8< ; 5-7 EC9JV4?VEFV6 (48@VAVEFD4FBD 54;< 84A<I, 

79B89;<EF<, ��!-EC9JV4?VEF<, CDB7D4@VEF<) F4 E<EF9@< ; @VAV@4?LABN T@AVEFN 10-15 "�, O>4 CV8?O74T MBDVKAB@G 

DB;L<D9AAN A4 20-30%.



%F4A84DF874FVO DBD@4FV6 84A8E 8?O VAF97D4FVW 
DV7A8E F8CV6 68@VDN64AL

%F4A84DF<;4JVO HBD@4FV6 84A<I T >D<F<KAB 64:?<6<@ 9?9@9AFB@ 8?O GECVLABW VAF97D4JV� DV;A<I F<CV6 79B89;<KA<I 
6<@VDN64AL G T8<AG 54;G 84A<I. �9G;7B8:9AVEFL HBD@4FV6 @V: GNSS-CD<=@4K4@<, 9?9>FDBAA<@< F4I9B@9FD4@<, 

?4;9DA<@< E>4A9D4@< F4 HBFB7D4@@9FD<KA<@< E<EF9@4@< EF6BDNT ;A4KAV CDB5?9@< CD< B5'T8A4AAV 84A<I. �4CD<>?48, 
84AV GNSS-6<@VDN64AL K4EFB ;59DV74NFLEO G HBD@4FV RINEX (Receiver Independent Exchange Format), FB8V O> D9;G?LF4F< 

?4;9DAB7B E>4AG64AAO 3 G HBD@4FV LAS/LAZ ; FBKAVEFN 6<;A4K9AAO >BBD8<A4F 8B @V?V@9FDV6. �?O 9H9>F<6ABW 

EF4A84DF<;4JV� D9>B@9A8GTFLEO 6<>BD<EFB6G64F< @V:A4DB8AV HBD@4F<, F4>V O> GML (Geography Markup Language) 8?O 
69>FBDA<I 84A<I ;7V8AB EF4A84DFG ISO 19136, CityGML 8?O 3D-@B89?9= @VEL><I F9D<FBDV=, GeoTIFF 8?O D4EFDB6<I 

;B5D4:9AL ; 79BCD<6'O;>BN, F4 LandXML 8?O B5@VAG 84A<@< VA:9A9DA<I 6<LG>G64AL.

�D< 6<5BDV HBD@4FV6 84A<I A9B5IV8AB 6D4IB6G64F< A9 ?<L9 F<C 6<@VDN64AL, 4?9 = >BA>D9FAV C4D4@9FD< FBKABEFV. &4>, 
8?O FBCB7D4HVKA<I ;=B@B> @4ELF45G 1:500 CBFDV5AB ;459;C9K<F< FBKAVEFL G C?4AV ±5 E@, MB 6<@474T ;59D9:9AAO 

>BBD8<A4F ; FBKAVEFN 8B FD9FLB7B ;A4>G CVE?O >B@< G @9FD4I. �?O >BA69DF4JV� @V: DV;A<@< HBD@4F4@< D9>B@9A8GTFLEO 

6<>BD<EFB6G64F< CDB7D4@AV >B@C?9>E< ; CV8F69D8:9ABN @9FDB?B7VKABN 4F9EF4JVTN, F4>V O> FME (Feature Manipulation 
Engine), GDAL (Geospatial Data Abstraction Library) 45B ArcGIS Data Interoperability. �D< >BA69DF4JV� E?V8 ;59DV74F< @9F484AV 

CDB CBK4F>B6G E<EF9@G >BBD8<A4F, 84FG 6<@VDN64AL, 6<>BD<EF4A9 B5?48A4AAO F4 BJVA>G FBKABEFV. �D74AV;4JVO@ 
D9>B@9A8GTFLEO DB;DB5<F< 6AGFDVLAV= D97?4@9AF EF4A84DF<;4JV�, O><= 6<;A4K4F<@9 54;B6V HBD@4F< 8?O >B:AB7B F<CG 

84A<I, CDBJ98GD< >BAFDB?N O>BEFV CD< >BA69DF4JV� F4 6V8CB6V84?LA<I BEV5 ;4 CV8FD<@>G JV?VEABEFV 84A<I CD< 

C9D9F6BD9AAOI HBD@4FV6.



%<EF9@< >BBD8<A4F F4 WE G;7B8:9AAO 6 
VAF97DB64A<E @B89?OE

%<EF9@< >BBD8<A4F 6V8V7D4NFL HGA84@9AF4?LAG DB?L G 79B89;V�, ;459;C9KGNK< @4F9@4F<KAG BEAB6G 8?O 6<;A4K9AAO 
CB?B:9AAO FBKB> A4 ;9@AV= CB69DIAV. � EGK4EAV= CD4>F<JV 6<>BD<EFB6GNFLEO DV;AV F<C< E<EF9@ >BBD8<A4F: 79B7D4HVKAV 

>BBD8<A4F< (Ç, », h), O>V 54;GNFLEO A4 @B89?OI 9?VCEBW84 WGS-84, GRS-80 K< �D4EB6EL>B7B; C?BE>V >BBD8<A4F< 6 CDB9>JVOI 
UTM, �4GEE4-�DN79D4 45B EF9D9B7D4HVKAV= CDB9>JV�; F4 @VEJ96V E<EF9@< >BBD8<A4F, CD<6'O;4AV 8B >BA>D9FA<I B5'T>FV6 

VAHD4EFDG>FGD<. �4CD<>?48, 89D:46A4 79B89;<KA4 D9H9D9AJA4 E<EF9@4 >BBD8<A4F '%�-2000 6<>BD<EFB6GTFLEO 8?O 

FBCB7D4HB-79B89;<KA<I F4 >4DFB7D4HVKA<I DB5VF A4 F9D<FBDV� '>D4WA<, FB8V O> ITRS/ITRF ;4EFBEB6GTFLEO 8?O 6<EB>BFBKA<I 
@V:A4DB8A<I 79B89;<KA<I 6<@VDN64AL.

%F6BD9AAO VAF97DB64A<I 79B89;<KA<I @B89?9= 6<@474T D9F9?LAB7B G;7B8:9AAO 84A<I, BFD<@4A<I G DV;A<I E<EF9@4I 

>BBD8<A4F K9D9; CDBJ9E FD4AEHBD@4JV� ; 6<>BD<EF4AAO@ E9@< C4D4@9FDV6 �9?L@9DF4 (FD< C4D4@9FD< ;EG6G, FD< >GF< 
CB6BDBFG F4 @4ELF45A<= >B9HVJVTAF). �4:?<6<@ >B@CBA9AFB@ T 6D4IG64AAO C4D4@9FDV6 84FG@V6 4 A4CD<>?48, CD< 

C9D9IB8V 6V8 %�-42 8B '%�-2000 A9B5IV8AB ;4EFBEB6G64F< EC9J<HVKAV C4D4@9FD< FD4AEHBD@4JV�, MB 8B;6B?ONFL 8BEO7F< 

FBKABEFV 8B 3-5 E@. �D< 79BD9H9D9AJVN64AAV D4EFDB6<I ;B5D4:9AL 6<>BD<EFB6GNFLEO @9FB8< 4HVAAB7B C9D9F6BD9AAO ; 
@VAV@G@ LVEFL@4 BCBDA<@< FBK>4@< 8?O 8BEO7A9AAO E9D98ALB>648D4F<KABW CBI<5>< @9AL9 0.5 CV>E9?O. ';7B8:9AAO 

6<EBFA<I E<EF9@ 6<@474T 6D4IG64AAO >64;V79BW8G 45B @B89?V 79BW84 EGM2008 ; DB;8V?LABN ;84FAVEFN 2.5'×2.5' 8?O 
C9D9F6BD9AAO 9?VCEBW84?LA<I 6<EBF G ABD@4?LAV 45B BDFB@9FD<KAV. �9G;7B8:9AVEFL E<EF9@ >BBD8<A4F @B:9 CD<;69EF< 8B 

E<EF9@4F<KA<I CB@<?B> 6V8 0.3 @ 8B 89>V?L>BI @9FDV6, BEB5?<6B CD< VAF97D4JV� 84A<I ; DV;A<I 8:9D9?, F4><I O> GNSS-

6<@VDN64AAO, F4I9B@9FD<KA4 ;=B@>4 F4 ?4;9DA9 E>4AG64AAO.



�9F>88 >5D>5>8 F4 DV?LFD4FVW "E8D8E" 
79>8978G=8E 84=8E
�5DB5>4 F4 HV?LFD4JVO "E<D<I" 79B89;<KA<I 84A<I T >D<F<KA<@ 9F4CB@ 8?O BFD<@4AAO FBKA<I D9;G?LF4FV6 ; CBI<5>BN A9 

5V?LL9 2-5 @@/>@. "!<DV" 84AV, BFD<@4AV ; F4I9B@9FDV6, ��!!-CD<=@4KV6 F4 ?4;9DA<I E>4A9DV6, @VEFOFL E<EF9@4F<KAV 

CB@<?>< (8B 15-20 E@ CD< ��!!-6<@VDN64AAOI G @VEL><I G@B64I) F4 6<C48>B6V LG@< (±3-7 @@ CD< F4I9B@9FD<KAB@G 
;AV@4AAV). �5DB5>4 C9D9854K4T 6<O6?9AAO F4 6<CD46?9AAO E<EF9@4F<KA<I CB@<?B> ;4 8BCB@B7BN >4?V5DG64?LA<I 

>B9HVJVTAFV6: 8?O 9?9>FDBAA<I F4I9B@9FDV6 (CBCD46>< ;4 @9F9BG@B6<, ;4 >D<6<;AG �9@?V F4 D9HD4>JVN), 8?O ��!!-
CD<=@4KV6 (6D4IG64AAO VBABEH9DABW F4 FDBCBEH9DABW ;4FD<@><, H4;B6<I J9AFDV6 4AF9A), 8?O AV69?VDV6 (CBCD46>< ;4 

8B6:<AG D9=><).

!GK4EAV 4?7BD<F@< B5DB5>< 79B89;<KA<I 84A<I 6>?NK4NFL EC9JV4?V;B64AV @9FB8< ;4 F<C4@< 6<@VDN64AL. �9FB8 

A4=@9AL<I >648D4FV6 ;4EFBEB6GTFLEO CD< 6<DV6AN64AAV CB?V7BAB@9FD<KA<I IB8V6 F4 AV69?VDA<I @9D9: ; 647B6<@< 
>B9HVJVTAF4@< 6V8 0.5 8B 2.0 ;4?9:AB 6V8 >?4EG FBKABEFV. (V?LFD �4?@4A4 ; C4D4@9FD4@< ;7?48:G64AAO Q=0.01 F4 R=0.1 

6<>BD<EFB6GTFLEO 8?O >VA9@4F<KA<I ��!!-ECBEF9D9:9AL ; K4EFBFBN 1-20 �J.  B54EFAV @9FB8<, F4>V O> �-BJVA>< )LN59D4 ; 
CBDB7B6<@ ;A4K9AAO@ k=1.345, ;459;C9KGNFL EFV=>VEFL 8B 6<><8V6, MB C9D96<MGNFL 3Ã. Wavelet-C9D9F6BD9AAO ; 

@4F9D<AEL>BN HGA>JVTN �B59LV 4-7B CBDO8>G 9H9>F<6AB 6<84?OT 6<EB>BK4EFBFAV LG@< ?4;9DAB7B E>4AG64AAO ; 

MV?LAVEFN FBKB> 5-10 F<E. FBKB>/@². �D< B5DB5JV 84A<I ; C9D9L>B84@< (6<EB>V 5G8V6?V, 89D964) ;4EFBEB6GNFL 
5474FBL?OIB6V @B89?V ; >B9HVJVTAF4@< >BD9>JV� 6V8 1.2 8B 1.8 6V8CB6V8AB 8B EF4A84DFG ISO 17123-8:2015. *9 8B;6B?OT 

8BEO7F< 6AGFDVLALBW G;7B8:9ABEFV 84A<I A4 DV6AV 1:100,000 8?O CDBFO:A<I ?VAV=AB->GFB6<I @9D9: F4 6V8ABEABW FBKABEFV 6 
1-2 ppm 8?O ��!!-69>FBDV6, MB 6V8CB6V84T 6<@B74@ 8?O EF6BD9AAO VAF97DB64A<I 79B89;<KA<I @B89?9= G 89D:46A<I 

E<EF9@4I >BBD8<A4F '!�-2000 F4 WGS-84.



�?7BD<F@< 46FB@4F<GABW D5TEFD4FVW F4 
6<DV6AN64AAO E@4D FBGB>
�6FB@4F<KA4 D9TEFD4JVO F4 6<DV6AN64AAO I@4D FBKB> T >D<F<KA<@ 9F4CB@ EF6BD9AAO CD9J<;V=A<I 3D-@B89?9= @VEJ96BEFV 

F4 B5'T>FV6 A4 BEAB6V 84A<I ?4;9DAB7B E>4AG64AAO. $9TEFD4JVO I@4D FBKB> C9D9854K4T B5'T8A4AAO 89>V?L>BI I@4D FBKB>, 
BFD<@4A<I ; DV;A<I CB?B:9AL E>4A9D4 (;4;6<K4= 6V8 5 8B 50 E>4AV6 8?O E9D98AVI CDB9>FV6), 6 T8<AG E<EF9@G >BBD8<A4F ; 

FBKAVEFN 8B 2-5 @@. �<DV6AN64AAO I@4D FBKB> C9D9854K4T GEGA9AAO E<EF9@4F<KA<I CB@<?B> F4 A9FBKABEF9= (8B 0,3-1,5 
E@), O>V 6<A<>4NFL 6 CDBJ9EV D9TEFD4JV� K9D9; 4F@BEH9DAV G@B6<, 6V5D4JV� B5?48A4AAO F4 CB@<?>< CB;<JVBAG64AAO, 

;459;C9KGNK< @4>E<@4?LAG FBKAVEFL F4 G;7B8:9AVEFL @B89?V ; >BAFDB?LA<@< 6<@VD4@<. %GK4EAV 4?7BD<F@< 46FB@4F<KABW 

D9TEFD4JV� F4 6<DV6AN64AAO I@4D FBKB> 6>?NK4NFL ICP (Iterative Closest Point), O><= ;4;6<K4= 6<@474T C9D9>D<FFO E>4AV6 
A9 @9AL9 30%, RANSAC (Random Sample Consensus), MB ;84FA<= B5DB5?OF< @4E<6< 84A<I ; 20-40% 4AB@4?LA<I FBKB>, 

NDT (Normal Distributions Transform), MB C9D969DLGT ICP A4 15-25% ;4 L6<8>VEFN 6 MV?LAV= @VEL>V= ;45G8B6V, F4 SIFT (Scale-
Invariant Feature Transform), BCF<@V;B64A<= 8?O E>4AG64AAO B5'T>FV6 A4 6V8EF4AOI 8B 300 @9FDV6.

�?7BD<F@ ICP T VF9D4F<6A<@ @9FB8B@, O><= LG>4T A4=5?<:KV FBK>< @V: 86B@4 I@4D4@< FBKB> (;4;6<K4= 50,000-10 
@V?L=BAV6 FBKB>) F4 @VAV@V;GT 6V8EF4AL @V: A<@< ;4 @9FD<>BN E9D98ALB>648D4F<KABW CBI<5><, ;4;6<K4= 8BEO74NK< 

BEF4FBKABW FBKABEFV 3-8 @@ CVE?O 15-30 VF9D4JV=. �?7BD<F@ RANSAC CD4JNT K9D9; 6<C48>B6G 6<5VD>G F4 C9D96VD>G 7VCBF9;, 
6<84?ONK< 6<><8< F4 7DG5V CB@<?>< ; 9H9>F<6AVEFN 95-99% CD< B5DB5JV A4;9@A<I I@4D FBKB>, MB BEB5?<6B JVAAB CD< 

E>4AG64AAV DBE?<AABEFV 45B 8<A4@VKA<I E9D98B6<M. �9FB8 NDT, I4D4>F9D<;GTFLEO DB;5<FFO@ CDBEFBDG A4 >B@VD>< 

DB;@VDB@ 0,5-2 @ F4 CD98EF46?9AAO@ DB;CB8V?G FBKB> K9D9; ABD@4?LAV DB;CB8V?<, MB ;459;C9KGT L6<8LG >BA69D79AJVN A4 
30-45% CBDV6AOAB ; ICP 8?O MV?LA<I @VEL><I ?4A8L4HFV6. �?7BD<F@ SIFT, O><= 6<?GK4T 8B 4000-8000 89E>D<CFBDV6 V; 

EGCGFAVI ;B5D4:9AL ; DB;8V?LABN ;84FAVEFN 10-20 @974CV>E9?V6, 8B;6B?OT 8BEO7F< 46FB@4F<KABW D9TEFD4JV� I@4D FBKB> 
A46VFL CD< ;@VAV @4ELF45G K< >GF4 ECBEF9D9:9AAO A4 15-40°. �4 CD4>F<JV 6<5VD BCF<@4?LAB7B 4?7BD<F@G ;4?9:<FL 6V8 

I4D4>F9D<EF<> CDB9>FG: 8?O EF4F<KA<I 4DIVF9>FGDA<I B5'T>FV6 ICP ;459;C9KGT FBKAVEFL 8B 2-4 @@, 8?O E>?48AB7B 
?4A8L4HFG >B@5VA4JVO RANSAC+ICP CV86<MGT FBKAVEFL A4 25-30%, 4 8?O 69?<>B@4ELF45AB7B @VEL>B7B >4DFB7D4HG64AAO 

@9FB8 NDT E>BDBKGT B5K<E?N64?LA9 A464AF4:9AAO A4 40-60% 59; EGFFT6BW 6FD4F< FBKABEFV.



%F6BD9AAO 3D-@B89?9= @VEF96BEFV A4 BEAB6V 
VAF97DB64A<E 84A<E
%F6BD9AAO 3D-@B89?9= @VEJ96BEFV A4 BEAB6V VAF97DB64A<I 84A<I T >D<F<KAB 64:?<6<@ ;4684AAO@ 8?O K<E?9AA<I 74?G;9=, 

6>?NK4NK< 79B89;VN, >4DFB7D4HVN, @VEFB5G8G64AAO, FD4AECBDFAG VAHD4EFDG>FGDG, 9A9D79F<>G F4 9>B?B7VKA<= @BAVFBD<A7. 

&BKAV 3D-@B89?V 8B;6B?ONFL A9 ?<L9 6V;G4?V;G64F< D9?LTH ; EG5@9FDB6BN FBKAVEFN, 4?9 = CDB6B8<F< 89F4?LA<= 4A4?V; 
VAHD4EFDG>FGDA<I B5'T>FV6 (; FBKAVEFN 8B 2-5 E@ 8?O 5G8V69?L F4 VA:9A9DA<I ECBDG8), >?4E<HV>G64F< DBE?<AAVEFL ;4 

6<84@< F4 MV?LAVEFN, F4 @B89?N64F< 7V8DB?B7VKAV CDBJ9E<. �?O EF6BD9AAO 6<EB>BFBKA<I 3D-@B89?9= 6<>BD<EFB6GNFLEO 
DV;AB@4AVFAV 84AV, 6>?NK4NK< 84AV ?4;9DAB7B E>4AG64AAO (; MV?LAVEFN 6V8 8 8B 50 FBKB> A4 @²), @G?LF<EC9>FD4?LAV 

49DBHBFB;AV@>< ; DB;8V?LABN ;84FAVEFN 8B 5 E@/CV>E9?L, >VA9@4F<KAV GNSS-6<@VDN64AAO ; FBKAVEFN ±2 E@, F4I9B@9FD<KAV 

;=B@>< ; FBKAVEFN ±5 @@ F4 VEAGNKV >4DFB7D4HVKAV @4F9DV4?< @4ELF45G 1:500-1:5000. �AF97D4JVO J<I 84A<I G T8<AV= E<EF9@V 
>BBD8<A4F '%�-2000 ;459;C9KGT A45474FB 6<MG FBKAVEFL F4 VAHBD@4F<6AVEFL @B89?V, AV: CD< 6<>BD<EF4AAV B>D9@<I 

8:9D9?.

%GK4EAV @9FB8< EF6BD9AAO 3D-@B89?9= @VEJ96BEFV 6>?NK4NFL CB5G8B6G J<HDB6<I @B89?9= D9?LTHG (&�$) ; 
69DF<>4?LABN FBKAVEFN ±10-15 E@, J<HDB6<I @B89?9= @VEJ96BEFV (&��) ; >?4E<HV>4JVTN B5'T>FV6 ;4 @V:A4DB8A<@< 

EF4A84DF4@< CityGML, F4 HBFBD94?VEF<KA<I FD<6<@VDA<I @B89?9= B5'T>FV6 ; F9>EFGDG64AAO@ A4 BEAB6V RGB-;B5D4:9AL. 

&�$ EF6BDNTFLEO L?OIB@ >?4E<HV>4JV� F4 HV?LFD4JV� I@4D FBKB> ?4;9DAB7B E>4AG64AAO ; 6<>BD<EF4AAO@ 4?7BD<F@V6 
@4L<AAB7B A46K4AAO G CDB7D4@A<I >B@C?9>E4I TerraScan, GlobalMapper F4 ArcGIS Pro. &�� HBD@GTFLEO A4 BEAB6V &�$ ; 

8B8464AAO@ 69>FBDA<I L4DV6 5G8V69?L, 8BDV7, DBE?<AABEFV F4 7V8DB7D4HV�, BFD<@4A<I L?OIB@ A4CV646FB@4F<KABW 
>?4E<HV>4JV� 49DBHBFB;AV@>V6 G E9D98B6<MV Agisoft Metashape F4 ENVI. �?O EF6BD9AAO 89F4?LA<I FD<6<@VDA<I @B89?9= 

B>D9@<I B5'T>FV6, F4><I O> VEFBD<KAV 5G8V6?V ; FBKAVEFN ±1-2 E@, @BEF< ; FBKAVEFN ±3-5 E@, F4 VA:9A9DAV @9D9:V, 

6<>BD<EFB6GNFLEO CDB7D4@AV >B@C?9>E< Autodesk Revit, Bentley ContextCapture F4 Leica Cyclone. %F6BD9AAO 6<EB>BO>VEA<I 
3D-@B89?9= 6<@474T CBFG:AB7B 4C4D4FAB7B ;459;C9K9AAO (DB5BKV EF4AJV� ; GPU NVIDIA RTX) F4 >64?VHV>B64A<I EC9JV4?VEFV6 

; 8BE6V8B@ DB5BF< 6 79BVAHBD@4F<JV F4 >B@C'NF9DAB@G @B89?N64AAV. �VAJ96V @B89?V CB6<AAV 6V8CB6V84F< 6<@B74@ 
FBKABEFV ISO 19157 F4 5GF< CD<84FA<@< 8?O 6V;G4?V;4JV� A4 695-C?4FHBD@4I K9D9; HBD@4F< 3D Tiles 45B Cesium, 4 F4>B: 

8?O VA:9A9DA<I DB;D4IGA>V6 F4 @B89?N64AAO EJ9A4DV�6 DB;6<F>G F9D<FBDV�.



�9>V=D>@<4FV9=V A8AB9<8 O: ?;4BD>@<4 8;O 
V=B97@4FVW 79>8978G=8E 84=8E
�9BVAHBD@4JV=AV E<EF9@< (��%) T CBFG:A<@ VAEFDG@9AFB@ 8?O VAF97D4JV�, GCD46?VAAO, 4A4?V;G F4 6V;G4?V;4JV� 

79BCDBEFBDB6<I 84A<I. %GK4EAV ��%, F4>V O> ArcGIS, QGIS F4 MapInfo, 8B;6B?ONFL B5'T8AG64F< DV;ABDV8AV 79B89;<KAV 84AV: 

D9;G?LF4F< GNSS-6<@VDN64AL, 84AV F4I9B@9FD<KA<I ;=B@B>, AV69?N64AAO, ?4;9DAB7B E>4AG64AAO F4 HBFB7D4@@9FDV�. 
�4CD<>?48, 8?O EF6BD9AAO FBCB7D4HVKAB7B C?4AG @VEL>BW F9D<FBDV� @B:A4 VAF97DG64F< 84AV RTK-6<@VDN64AL 8?O BCBDA<I 

FBKB>, @4F9DV4?< 49DBHBFB;=B@>< ; ���� 8?O >4DFB7D4HG64AAO 5G8V69?L F4 VAHD4EFDG>FGD<, 4 F4>B: 84AV @B5V?LAB7B 
?4;9DAB7B E>4AG64AAO 8?O 89F4?LAB7B 6V8B5D4:9AAO D9?LTHG F4 ?VAV=A<I B5'T>FV6. ��% ;459;C9KGNFL FBKAG CD<6'O;>G J<I 

84A<I 8B T8<ABW E<EF9@< >BBD8<A4F (A4CD<>?48, '%�-2000 45B WGS-84) F4 CDBCBAGNFL VAEFDG@9AF< 8?O FD4AEHBD@4JV� @V: 

E<EF9@4@<.

��% T >D<F<KAB 64:?<6BN C?4FHBD@BN 8?O VAF97D4JV� 79B89;<KA<I 84A<I ;468O>< @B:?<6BEFO@ >9DG64AAO 4FD<5GF<6ABN 
VAHBD@4JVTN F4 @9F484A<@<. �4CD<>?48, G CDB9>FV EF6BD9AAO ;9@9?LAB7B >484EFDG A4E9?9AB7B CGA>FG ��% 8B;6B?OT 

;59DV74F< A9 ?<L9 79B@9FD<KAV C4D4@9FD< ;9@9?LA<I 8V?OAB>, 4?9 = 84AV CDB FBKAVEFL 6<@VDN64AL, 84FG CDB6989AAO 
DB5VF, 6<>BD<EF4AV @9FB8< F4 CD<?48<, 6V8CB6V84?LA<I 6<>BA46JV6. �V8>D<FV EF4A84DF< B5@VAG 79B89;<KA<@< 84A<@<, F4>V 

O> GML (Geography Markup Language) F4 LandXML, ;459;C9KGNFL EG@VEAVEFL 84A<I @V: DV;A<@< ��%-C?4FHBD@4@< F4 

EC9JV4?V;B64A<@ 79B89;<KA<@ CDB7D4@A<@ ;459;C9K9AAO@ (Leica Infinity, Trimble Business Center, Carlson Survey). �D< 
6<5BDV ��% 8?O VAF97D4JV� 79B89;<KA<I 84A<I E?V8 6D4IB6G64F< A9 ?<L9 ;474?LAG HGA>JVBA4?LAVEFL, 4?9 = A4O6AVEFL 

EC9J<HVKA<I @B8G?V6 8?O B5DB5>< 79B89;<KA<I 6<@VDN64AL, @B:?<6BEFV 3D-@B89?N64AAO F4 4A4?V;G, CV8FD<@>G 
6<EB>BFBKA<I >BBD8<A4FA<I B5K<E?9AL F4 FBCB?B7VKAG >BD9>FAVEFL. �?O 69?<><I CDB9>FV6, F4><I O> VA:9A9DAV 

6<LG>G64AAO 8?O 5G8V6A<JF64 FD4AECBDFA<I @47VEFD4?9= 45B @BAVFBD<A7 89HBD@4JV= VA:9A9DA<I ECBDG8, BCF<@4?LA<@ 

DVL9AAO@ T 6<>BD<EF4AAO >BDCBD4F<6A<I ��% ; J9AFD4?V;B64A<@< 54;4@< 84A<I A4 BEAB6V PostgreSQL/PostGIS, O>V 
;459;C9KGNFL 5474FB>BD<EFG64JL><= 8BEFGC F4 >BAFDB?L 69DEV= 84A<I.



�4597?9G9==O O>>ABV B4 B>G=>ABV 6 
46B><4B87>64=8E 79>8978G=8E 68<V@N64==OE
�459;C9K9AAO O>BEFV F4 FBKABEFV T >D<F<KAB 64:?<6<@ 4EC9>FB@ 6 46FB@4F<;B64A<I 79B89;<KA<I 6<@VDN64AAOI. 

�6FB@4F<;4JVO A9 74D4AFGT 46FB@4F<KAB 6<EB>G FBKAVEFL, FB@G A9B5IV8AB 6CDB648:G64F< >B@C?9>EAG E<EF9@G >BAFDB?N 

O>BEFV, MB 6>?NK4T C9DVB8<KA9 >4?V5DG64AAO B5?48A4AAO, C9D96VD>G @9FB8B?B7V� F4 69D<HV>4JVN D9;G?LF4FV6. 
�4?V5DG64AAO 79B89;<KA<I CD<?48V6 CB6<AAB CDB6B8<F<EO A9 DV8L9 AV: D4; A4 6 @VEOJV6 V; ;4EFBEG64AAO@ @9FDB?B7VKAB 

CV8F69D8:9A<I 9F4?BAV6 V 54;<EV6. �D< >4?V5DG64AAV 9?9>FDBAA<I F4I9B@9FDV6 6<;A4K4NFL CBCD46>< 8?O >B@C9AE4JV� 
E<EF9@4F<KA<I CBI<5B> G 6<@VDN64AAV >GFV6 (; FBKAVEFN 8B 0,5" 8G7B6BW E9>GA8<) F4 6V8EF4A9= (; FBKAVEFN 8B 1 @@ + 1 ppm). 

�9D<HV>4JVO ��%%-CD<=@4KV6 CB6<AA4 6>?NK4F< F9EFG64AAO A4 6V8B@<I CGA>F4I �9D:46ABW 79B89;<KABW @9D9:V ; 

BFD<@4AAO@ FBKABEFV 6 C?4AV ±5 @@ F4 CB 6<EBFV ±10 @@.

�?4AG64AAO 79B89;<KA<I @9D9: 6<@474T 8BFD<@4AAO >BA>D9FA<I 79B@9FD<KA<I C4D4@9FDV6. �?O ;459;C9K9AAO 
A48V=ABEFV D9;G?LF4FV6 A9B5IV8AB EF6BDN64F< @9D9:V ; CB>4;A<>B@ PDOP @9AL9 3,0 8?O ��%%-6<@VDN64AL F4 

>B9HVJVTAFB@ 79B@9FD<KABW :BDEF>BEFV A9 @9AL9 0,75 8?O FD48<JV=A<I @9D9:. ' 7VDEL><I D4=BA4I K< @VEL><I G@B64I 
A9B5IV8AB 6D4IB6G64F< 6C?<6 D9?LTHG (>GF A4I<?G CBA48 15°) F4 5474FBCDB@9A96B7B CBL<D9AAO E<7A4?G 6V8 6<EB><I 

5G8V69?L (5?<:K9 50 @). �?O 5BDBFL5< ; 4F@BEH9DA<@< 6C?<64@< E?V8 6<>BD<EFB6G64F< >BD<7G64AAO FDBCBEH9DABW 

;4FD<@>< ;4 @B89??N %44EF4@B=A9A4 ; GD4IG64AAO@ @9F9BDB?B7VKA<I 84A<I, BFD<@4A<I 59;CBE9D98ALB A4 EF4AJV� 
(F9@C9D4FGD4 ; FBKAVEFN ±0,5°C, F<E> ; FBKAVEFN ±0,5 7�4). �D< B5DB5JV 84A<I A9B5IV8AB ;4EFBEB6G64F< DB54EFAV @9FB8< 

HV?LFD4JV�, F4>V O> @9FB8 A4=@9AL<I >648D4FV6 ; 647B6<@< >B9HVJVTAF4@< 45B HV?LFD �4?@4A4 V; EF4F<EF<KA<@ 
F9EFG64AAO@ ;4 >D<F9DVT@ �VDEBA4 8?O 6<O6?9AAO 6<><8V6.

�B>G@9AFG64AAO CDBJ9EG 6<@VDN64AL CB6<AAB 6V8CB6V84F< EF4A84DFG ISO 9001:2015 F4 6>?NK4F< @9F484AAV CDB G@B6< 
ECBEF9D9:9AL: F9@C9D4FGDG (; 8V4C4;BAB@ -20°C 8B +40°C), 6B?B7VEFL (20-90%), 4F@BEH9DA<= F<E> (960-1040 7�4), F4 

L6<8>VEFL 6VFDG (8B 10 @/E). &9IAVKA4 8B>G@9AF4JVO @4T @VEF<F< VAHBD@4JVN CDB E9DV=AV AB@9D< 6<>BD<EF4A<I CD<?48V6, WI 
@9FDB?B7VKAV E6V8BJF64 ; F9D@VAB@ 8V�, @9FB8<>G 6<@VDN64AL ;7V8AB ; ABD@4F<6A<@< 8B>G@9AF4@< ��� �.1.3-2:2010, 

D9;G?LF4F< >4?V5DG64AAO ; CBCD46BKA<@< >B9HVJVTAF4@<, F4 CDBFB>B?< >BAFDB?N O>BEFV ; DB;D4IGA>B@ 

E9D98ALB>648D4F<KA<I CBI<5B>. �459;C9K9AAO O>BEFV 6 46FB@4F<;B64A<I 79B89;<KA<I E<EF9@4I 6<@474T F4>B: 
D97G?ODAB7B BAB6?9AAO CDB7D4@AB7B ;459;C9K9AAO (A9 DV8L9 AV: D4; A4 DV>) F4 CDB6989AAO A46K4AAO C9DEBA4?G ; 

@9FB8V6 >BAFDB?N O>BEFV A9 @9AL9 16 7B8<A A4 DV>.



�9FB88 6V7G4?V74FVW VAF97DB64A8E 79B8978GA8E 
@B89?99

�V;G4?V;4JVO VAF97DB64A<I 79B89;<KA<I @B89?9= T >D<F<KA<@ 9F4CB@ 8?O CD98EF46?9AAO F4 4A4?V;G 79BCDBEFBDB6<I 

84A<I. %GK4EA4 6V;G4?V;4JVO FD4AEHBD@GT E>?48AV J<HDB6V A45BD< 84A<I ; >BBD8<A4F4@<, 6<EBF4@< F4 4FD<5GF4@< G 
6V;G4?LAB 8BEFGCAV F4 VAHBD@4F<6AV ;B5D4:9AAO, O>V ;4EFBEB6GNFLEO G @VEFB5G8G64AAV, VA:9A9DAB@G CDB9>FG64AAV, 

5G8V6A<JF6V FD4AECBDFABW VAHD4EFDG>FGD<, GCD46?VAAV ;9@9?LA<@< D9EGDE4@< F4 9>B?B7VKAB@G @BAVFBD<A7G. �B:9A @9FB8 
6V;G4?V;4JV� @4T KVF>V F9IAVKAV I4D4>F9D<EF<>< F4 EH9D< ;4EFBEG64AAO.

&<HDB6V F9@4F<KAV >4DF< F4 FBCB7D4HVKAV C?4A< (@4ELF45G 1:500-1:5000) 6<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO 

79BCDBEFBDB6<I 84A<I A4 C?BE>V= CB69DIAV ; 6<>BD<EF4AAO@ CDB7D4@A<I >B@C?9>EV6 ArcGIS F4 QGIS. %F4F<EF<KAV 8V47D4@< 

(EFB6CK4EFV, >DG7B6V, ?VAV=AV) F4 7D4HV>< D97D9EV� G CDB7D4@4I MS Excel F4 Tableau 8B;6B?ONFL 6V8B5D4:4F< >BD9?OJV� @V: 
6<EBFA<@< 6V8@VF>4@<, MV?LAVEFN ;45G8B6< F4 7V8DB?B7VKA<@< CB>4;A<>4@<. �<EB>BFBKAV FD<6<@VDAV @B89?V EF6BDNNFLEO 

G AutoCAD Civil 3D F4 Bentley MicroStation ; DB;8V?LABN ;84FAVEFN 8B 5 E@ 8?O 6V8B5D4:9AAO J<HDB6<I @B89?9= D9?LTHG 
(DTM), VA:9A9DA<I ECBDG8, CV8;9@A<I >B@GAV>4JV= F4 B5'T>FV6 >D<F<KABW VAHD4EFDG>FGD<. 4D-4AV@4JV� 6 Autodesk InfraWorks 

F4 Esri CityEngine ;4EFBEB6GNFLEO 8?O @B89?N64AAO 8<A4@VKA<I CDBJ9EV6 89HBD@4JV� �DGAFV6, DGIG FD4AECBDFA<I CBFB>V6, 

@B89?N64AAO CB69A9= F4 CBL<D9AAO ;45DG8ANNK<I D9KB6<A.

�<5VD BCF<@4?LAB7B @9FB8G 6V;G4?V;4JV� ;4?9:<FL 6V8 FBKABEFV 6IV8A<I 84A<I (E4AF<@9FDB64 FBKAVEFL 8?O VA:9A9DA<I 
ECBDG8, 89J<@9FDB64 8?O ?4A8L4HFAB7B C?4AG64AAO), JV?LB6BW 4G8<FBDV� (F9IAVKAV EC9JV4?VEF< K< L<DB>4 7DB@48EL>VEFL), 

4 F4>B: 4C4D4FA<I @B:?<6BEF9= E<EF9@< 6V;G4?V;4JV�. �?O CD9;9AF4JV= @GAVJ<C4?LA<@ BD74A4@ 6<>BD<EFB6GNFLEO 
ECDBM9AV @B89?V ; >B?LBDB6<@ >B8G64AAO@ ;4 6<EBFA<@< ;BA4@<, FB8V O> 8?O VA:9A9DAB7B CDB9>FG64AAO ;4EFBEB6GNFLEO 

5474FBL4DB6V @B89?V ; 89F4?LABN 4FD<5GF<6ABN VAHBD@4JVTN. �D<F<KAB 64:?<6B 8BFD<@G64F<EL A4JVBA4?LA<I 

EF4A84DFV6 MB8B G@B6A<I CB;A4K9AL, >B?LBDB6BW 74@< (6V8CB6V8AB 8B �%&' � �.2.4-2:2009) F4 ;459;C9KG64F< @9F484A<@< 
>B:9A 9?9@9AF 6V;G4?V;4JV� 8?O CB84?LLB7B 6<>BD<EF4AAO 6 79BVAHBD@4JV=A<I E<EF9@4I.



�4EF>EG64==O HFGG=>7> V=F9?9>FG 8?O 4=4?V7G 
79>8978G=8E 84=8E

�4EFBEG64AAO LFGKAB7B VAF9?9>FG (,�) 8?O 4A4?V;G 79B89;<KA<I 84A<I T C9DEC9>F<6A<@ A4CDO@>B@ DB;6<F>G EGK4EABW 
79B89;V�. ' 2023 DBJV 6CDB648:9AAO 4?7BD<F@V6 ,� 8B;6B?<?B E>BDBF<F< K4E B5DB5>< EGCGFA<>B6<I ;AV@>V6 A4 73% 

CBDV6AOAB ; FD48<JV=A<@< @9FB84@<. %GK4EAV E<EF9@<, F4>V O> GeoAI F4 TerraVision, 46FB@4F<;GNFL CDBJ9E< B5DB5>< 84A<I 

LIDAR, GNSS F4 HBFB7D4@@9FD<KA<I 6<@VDN64AL, 8BEO74NK< FBKABEFV 8B 2-3 @@ CD< @B89?N64AAV @VEL><I F9D<FBDV=. 
�B>D9@4, F9IAB?B7V� >B@C'NF9DAB7B ;BDG 6<O6?ONFL ;@VA< D9?LTHG A4 C?BM4I 8B 10 >@² CDBFO7B@ >V?L>BI I6<?<A, MB 

>D<F<KAB 64:?<6B 8?O @BAVFBD<A7G ;EG6V6 �DGAFG F4 79B?B7VKA<I 89HBD@4JV=.

�BA6B?NJV=AV A9=DBAAV @9D9:V ResNet-50 F4 U-Net GECVLAB 6<>BD<EFB6GNFLEO 8?O >?4E<HV>4JV� F4 DB;CV;A464AAO B5'T>FV6 

A4 BDFBHBFBC?4A4I ; FBKAVEFN 8B 95%, MB ;A4KAB C9D96<MGT @B:?<6BEFV FD48<JV=AB7B 89L<HDG64AAO. �?7BD<F@< 
@4L<AAB7B A46K4AAO, ;B>D9@4 Random Forest F4 XGBoost, 46FB@4F<KAB 6<O6?ONFL 4AB@4?V� G 84A<I AV69?N64AAO F4 

F4I9B@9FD<KABW ;=B@><, ;@9ALGNK< >V?L>VEFL CB@<?B> A4 62%. � '>D4WAV 6:9 6CDB648:9AV CV?BFAV CDB9>F< V; 
;4EFBEG64AAO@ 7?<5B>B7B A46K4AAO 8?O 4A4?V;G I@4D FBKB> ?4;9DAB7B E>4AG64AAO CD< EF6BD9AAV J<HDB6<I @B89?9= 

D9?LTHG @VEF �<T64 F4 �L6B64, MB 8B;6B?<?B V89AF<HV>G64F< CBA48 98% 5G8V69?L F4 VA:9A9DA<I ECBDG8. �>EC9DFAV 

E<EF9@< A4 54;V ,�, F4>V O> GeoExpert, ;459;C9KGNFL 46FB@4F<KA9 >BD<7G64AAO >BBD8<A4F F4 6<EBF BCBDA<I CGA>FV6 G 
D9:<@V D94?LAB7B K4EG, CB>D4MGNK< FBKAVEFL 79B89;<KA<I @9D9: A4 40-45%. �BT8A4AAO J<I F9IAB?B7V= ; I@4DA<@< 

B5K<E?9AAO@< 8B;6B?OT B5DB5?OF< F9D454=F< 79BCDBEFBDB6<I 84A<I G 8-10 D4;V6 L6<8L9, MB 6V8>D<64T AB6V @B:?<6BEFV 
8?O >484EFDB6B7B B5?V>G F4 CDBEFBDB6B7B C?4AG64AAO F9D<FBDV=.



�=B97@4FVO 79>8978G=8E 84=8E 7 V=H8<8 
?@>AB>@>68<8 84=8<8
�AF97D4JVO 79B89;<KA<I 84A<I ; VAL<@< CDBEFBDB6<@< 84A<@< T >?NKB6<@ ;4684AAO@ 8?O EF6BD9AAO >B@C?9>EABW 

79BVAHBD@4JV=ABW E<EF9@<. �9B89;<KAV 84AV 6<EB>BW FBKABEFV (>BBD8<A4F<, 6<EBF<, >GF< V 6V8EF4AV) @B:GFL 5GF< VAF97DB64AV 

; DV;AB@4AVFA<@< CDBEFBDB6<@< A45BD4@< 84A<I: BDFBHBFBC?4A4@< ; DB;8V?LABN ;84FAVEFN 8B 5-10 E@, 84A<@< 
?4;9DAB7B E>4AG64AAO ; MV?LAVEFN FBKB> 10-15 A4 @², FD<6<@VDA<@< @B89?O@< @VEL>BW ;45G8B6<, >484EFDB6<@< D9TEFD4@< 

;9@9?LA<I 8V?OAB>, VAHBD@4JVTN CDB CV8;9@AV F4 A4;9@AV VA:9A9DAV @9D9:V (6B8BCDB6B8<, 74;BCDB6B8<, 9?9>FDB@9D9:V), 
4 F4>B: 84A<@< 9>B?B7VKAB7B @BAVFBD<A7G (DV6AV ;45DG8A9AAO, EF4A DBE?<AABEFV). &4>4 VAF97D4JVO HBD@GT 5474FBL4DB6G 

J<HDB6G @B89?L F9D<FBDV�, O>4 6<>BD<EFB6GTFLEO 8?O @VEFB5G8V6AB7B C?4AG64AAO, GCD46?VAAO >B@GA4?LABN 

VAHD4EFDG>FGDBN, @B89?N64AAO A48;6<K4=A<I E<FG4JV= F4 BCF<@V;4JV� FD4AECBDFA<I @4DLDGFV6.

�?O 9H9>F<6ABW VAF97D4JV� 79B89;<KA<I 84A<I A9B5IV8AB 6<>BD<EFB6G64F< EGK4EAV F9IAB?B7VKAV DVL9AAO: >BA69DF4JVN 
HBD@4FV6 (; DWG, DXF 8B GeoJSON, GML 45B Shapefile), FD4AEHBD@4JVN @V: DV;A<@< E<EF9@4@< >BBD8<A4F (6V8 ?B>4?LA<I 

%� 8B WGS-84, '%�-2000), ABD@4?V;4JVN 69DF<>4?LA<I 84A<I (C9D9IV8 @V: DV;A<@< @B89?O@< 79BW84). �AF97D4JV=AV CDBJ9E< 
D94?V;GNFLEO K9D9; EC9JV4?V;B64AV CDB7D4@AV >B@C?9>E<, F4>V O> ArcGIS Enterprise, QGIS ; DB;L<D9AAO@< 

PostgreSQL/PostGIS F4 OpenLayers, MB CV8FD<@GNFL F9IAB?B7V� ETL (Extract-Transform-Load) 8?O 46FB@4F<;B64ABW B5DB5>< 

84A<I. �4=EGK4EAVLV CV8IB8< 6>?NK4NFL 6<>BD<EF4AAO I@4DA<I F9IAB?B7V= F4 DB;CB8V?9A<I EIB6<M 8?O GCD46?VAAO 
69?<><@< B5EO74@< CDBEFBDB6<I 84A<I (CBA48 10 &�) ; @B:?<6VEFN B8ABK4EAB7B 8BEFGCG 8?O 50-100 >BD<EFG64KV6. &4>V 

VAF97DB64AV E<EF9@< CV86<MGNFL FBKAVEFL CDBT>FG64AAO A4 15-20%, ;A<:GNFL 64DFVEFL VA:9A9DA<I 6<LG>G64AL A4 30-40% 
F4 ;459;C9KGNFL 8BEFGC 8B 4>FG4?LABW 79BCDBEFBDB6BW VAHBD@4JV� 6 D9:<@V D94?LAB7B K4EG 8?O 6EVI ;4?GK9A<I 

EC9JV4?VEFV6.



�@46>6V B4 9B8G=V 4A?9>B8 46B><4B87>64=>7> 
75>@C 79>8978G=8E 84=8E

�6FB@4F<;B64A<= ;5VD 79B89;<KA<I 84A<I, BEB5?<6B ; 6<>BD<EF4AAO@ 59;CV?BFA<I ?VF4?LA<I 4C4D4FV6 (����) F4 
@B5V?LA<I >4DFB7D4HVKA<I E<EF9@, CBDB8:GT AB6V CD46B6V F4 9F<KAV C<F4AAO. � '>D4WAV JV C<F4AAO D97G?NNFLEO �4>BAB@ 

"�DB FBCB7D4HB-79B89;<KAG V >4DFB7D4HVKAG 8VO?LAVEFL" F4 �B6VFDOA<@ >B89>EB@ '>D4WA<, 89 6<;A4K9AV B5@9:9AAO 
CB?LBFV6 ���� A48 CD<64FA<@< F9D<FBDVO@<, EFD4F97VKA<@< B5'T>F4@< F4 A4E9?9A<@< CGA>F4@<. �D46B6V 4EC9>F< F4>B: 

6>?NK4NFL BFD<@4AAO 8B;6B?V6 6V8 �9D:46V4E?G:5< 8?O CB?LBFV6 6<M9 120 @9FDV6, D9TEFD4JVN ���� 647BN CBA48 20 >7, 4 

F4>B: 6V8CB6V84?LAVEFL BC9D4FBDV6 ;4 6<C48>< CBDGL9AAO CD<64FABEFV K< CBL>B8:9AAO @4=A4. �EB5?<6G G647G E?V8 
CD<8V?OF< ;5BDG 84A<I G CD<>BD8BAA<I ;BA4I F4 5V?O 6V=EL>B6<I B5'T>FV6, 89 ;4EFBEB6GNFLEO 8B84F>B6V B5@9:9AAO ;7V8AB 

; CBEF4AB64@< �45VA9FG  VAVEFDV6 '>D4WA<.

�?O ;459;C9K9AAO 9F<KAB7B 6<>BD<EF4AAO 46FB@4F<;B64A<I E<EF9@ ;5BDG 79B89;<KA<I 84A<I A9B5IV8AB 8BFD<@G64F<EO 
>BA>D9FA<I CD<AJ<CV6. �B-C9DL9, B5B6'O;>B69 VAHBD@G64AAO 7DB@48OA CDB ;5VD 84A<I K9D9; CG5?VKAV B7B?BL9AAO, 

BEB5?<6B CD< CDB6989AAV DB5VF G :<F?B6<I D4=BA4I. �B-8DG79, 4ABAV@V;4JVO ;V5D4A<I 84A<I, MB @B:GFL @VEF<F< BEB5<EFG 

VAHBD@4JVN (A4CD<>?48, B5?<KKO ?N89= K< AB@9DAV ;A4>< 46FB@B5V?V6 A4 ;AV@>4I). �B-FD9FT, ;59DV74AAO 84A<I 6V8CB6V8AB 
8B EF4A84DFV6 �%&' ISO/IEC 27001 V; L<HDG64AAO@ KGF?<6BW VAHBD@4JV�. �9B89;<KAV >B@C4AV� 6 '>D4WAV, F4>V O> 

"'>D79B89;@4D>" F4 "�<W6�9B�AHBD@4F<>4", 6:9 6CDB648:GNFL 9F<KAV >B89>E<, MB D97?4@9AFGNFL 6<>BD<EF4AAO 
46FB@4F<;B64A<I E<EF9@ F4 DB5BFG ; BFD<@4A<@< 84A<@<. &9 6>?NK4T CDBJ98GD< BFD<@4AAO ;7B8< 6V8 6?4EA<>V6 

;9@9?LA<I 8V?OAB> F4 CDBFB>B?< ;A9BEB5?9AAO C9DEBA4?LA<I 84A<I CD< HBD@G64AAV CG5?VKA<I 79BVAHBD@4JV=A<I 54; 

84A<I.



�9@A?9:B868 @>768B:C B9E=>;>7V9 
V=B97@>64=8E 79>8978G=8E 68<V@N64=L
&9IAB?B7V� VAF97DB64A<I 79B89;<KA<I 6<@VDN64AL CDB8B6:GNFL DB;6<64F<EO L6<8><@< F9@C4@<, 6V8>D<64NK< AB6V 

@B:?<6BEFV 8?O ;5BDG, B5DB5>< F4 4A4?V;G 79BCDBEFBDB6<I 84A<I. �9DEC9>F<6< DB;6<F>G J<I F9IAB?B7V= 6>?NK4NFL 6 

E959: CV86<M9AAO FBKABEFV GPS F4 GNSS E<EF9@ 8B @V?V@9FDB6B7B DV6AO (0,5-2 @@) CD< EF4F<KA<I 6<@VDN64AAOI, EF6BD9AAO 
@G?LF<E9AEBDA<I C?4FHBD@, O>V B8ABK4EAB 6<>BD<EFB6GNFL LIDAR, F9C?B6V;BD<, F4 @G?LF<EC9>FD4?LAV >4@9D< A4 T8<AV= 

C?4FHBD@V, 4 F4>B: 6CDB648:9AAO @9FB8V6 7?<5B>B7B @4L<AAB7B A46K4AAO 8?O B5DB5>< 84A<I ; FBKAVEFN DB;CV;A464AAO 
B5'T>FV6 8B 98,7%. �9DEC9>F<6A<@ T DB;6<FB> @B5V?LA<I ?4;9DA<I E>4A9DV6 ; K4EFBFBN E>4AG64AAO CBA48 2 @V?L=BA< 

FBKB> ;4 E9>GA8G F4 >64AFB6<I 7D46V@9FDV6 ; KGF?<6VEFN 8B 10^-9 @/E², MB 6V8>D<64T AB6V 7BD<;BAF< 8?O 79B89;<KA<I 

8BE?V8:9AL. �B 2025 DB>G CDB7AB;GTFLEO, MB 75% 79B89;<KA<I 6<@VDN64AL 6<>BAG64F<@GFLEO 46FB@4F<;B64A<@< 
E<EF9@4@<, 6>?NK4NK< EGK4EAV ���� F<CG DJI Matrice 300 RTK F4 A4;9@A<I DB5BFV6 Boston Dynamics Spot ; VAF97DB64A<@< 

?4;9DA<@< E>4A9D4@<.

�4=5V?LL C9DEC9>F<6A<@< EF4NFL A9=DB@9D9:96V 4?7BD<F@< A4 54;V 4DIVF9>FGD< U-Net F4 ResNet 8?O E97@9AF4JV� 
79B89;<KA<I ;B5D4:9AL ; FBKAVEFN 8B 95%, 4 F4>B: E<EF9@< >B@C'NF9DAB7B ;BDG ; @B:?<6VEFN D9>BAEFDG>JV� 3D-@B89?9= 

@VEL><I E9D98B6<M G D94?LAB@G K4EV. �AF97D4JVO 79B89;<KA<I 84A<I ; BIM (Building Information Modeling) E<EF9@4@<, 

>484EFDB6<@< D9TEFD4@< F4 C?4FHBD@4@< "DB;G@A<I @VEF" 8B;6B?OT EF6BDN64F< J<HDB6V 86V=A<>< F9D<FBDV= ; FBKAVEFN 
8B 98% 6V8CB6V8ABEFV D94?LA<@ B5'T>F4@. &4>V E<EF9@< 6:9 6CDB648:GNFLEO 6 �<T6V, �L6B6V F4 %4D>B6V 6 D4@>4I CDB7D4@ 

J<HDB6BW FD4AEHBD@4JV� @VEF. �>DV@ JLB7B, 4>F<6AB DB;6<64NFLEO CDB7D4@< CV87BFB6>< H4IV6JV6 ; 79BCDBEFBDB6<I 
VAHBD@4JV=A<I E<EF9@ G 14 CDB6V8A<I GAV69DE<F9F4I '>D4WA<, 4 @V:A4DB8AV CDBT>F< ; >B@C4AVO@< Trimble, Leica 

Geosystems F4 Topcon ECD<ONFL FD4AEH9DG C9D98B6<I F9IAB?B7V= F4 CD4>F<>. �KV>GTFLEO, MB 8B 2030 DB>G G>D4WAEL>4 

79B89;<KA4 74?G;L CB6AVEFN VAF97DGTFLEO G T6DBC9=EL><= 8BE?V8A<JL><= CDBEFVD ;468O>< ECV?LA<@ CDBT>F4@ Horizon 
Europe F4 Digital Europe Program.


