
�<>>@<AB4==O 59;?V?>B=<E ?VB4?L=<E 
4?4@4BV6 C 79>89;<G=<E 8>A?V8:9==OE
�9;CV?BFAV ?VF4?LAV 4C4D4F< (����) D96B?NJVBAV;G64?< EGK4EAG 79B89;VN 6 '>D4WAV, CDBCBAGNK< 

59;CD9J989AFAG 9H9>F<6AVEFL F4 FBKAVEFL. �DBH9EV=AV 79B89;<KAV 8DBA<, F4>V O> DJI Phantom 4 RTK F4 Trimble 

UX5, BEA4M9AV RTK/PPK GNSS E<EF9@4@< ; FBKAVEFN CB;<JVBAG64AAO 8B 1-2 E@, @G?LF<EC9>FD4?LA<@< >4@9D4@< 

; DB;8V?LABN ;84FAVEFN 20+ @974CV>E9?V6 F4 LiDAR-E>4A9D4@< ;84FAV CB>D<64F< 8B 100 79>F4DV6 ;4 B8<A CB?VF. 
' 2021-2022 DB>4I G>D4WAEL>V >B@C4AVW "�A:79B89;VO" F4 "'>D�BD�DB9>F" ;4EFBEG64?< F9IAB?B7VW ���� 8?O 

>4DFB7D4HG64AAO CBA48 12,000 79>F4DV6 EV?LEL>B7BECB84DEL><I G7V8L F4 450 >@ FD4AECBDFABW VAHD4EFDG>FGD< 

; FBKAVEFN, MB D4AVL9 6<@474?4 F<:AV6 FD48<JV=A<I A4;9@A<I ECBEF9D9:9AL.

%GK4EAV 79B89;<KAV 8BE?V8:9AAO ; 6<>BD<EF4AAO@ ���� EF6BDNNFL BDFBHBFBC?4A< ; DB;8V?LABN ;84FAVEFN 

8B 2 E@/CV>E9?L, J<HDB6V @B89?V D9?LTHG ; FBKAVEFN 6<EBF ±5 E@ F4 6<EB>B89F4?V;B64AV 3D-@B89?V B5'T>FV6. 
�DB7D4@AV >B@C?9>E<, F4>V O> Pix4D Mapper F4 Agisoft Metashape, 46FB@4F<;GNFL B5DB5>G 84A<I, ;@9ALGNK< 

K4E 6V8 CB?LBFG 8B 7BFB6B7B D9;G?LF4FG ; >V?L>BI F<:AV6 8B 1-2 8AV6. �D< B5EF9:9AAV �4CBDV;L>BW ��% G 2022 

DBJV 6<>BD<EF4AAO ���� 8B;6B?<?B E>BDBF<F< F9D@VA 6<>BA4AAO DB5VF A4 73% F4 ;A<;<F< >BLFBD<E A4 65% 

CBDV6AOAB ; FD48<JV=A<@< @9FB84@<, CD< JLB@G ;459;C9K<6L< 59;C9>G C9DEBA4?G 6 G@B64I E>?48AB7B 

D9?LTHG.

�CDB648:9AAO F9IAB?B7V= ���� >4D8<A4?LAB ;@VA<?B DB5BFG G>D4WAEL><I 79B89;<EFV6, BEB5?<6B CVE?O 
CD<=AOFFO G 2020 DBJV BAB6?9A<I 89D:46A<I 5G8V69?LA<I ABD@ ��� �.2.1-1, MB BHVJV=AB 6<;A4NFL 

49DBHBFB;AV@4AAO ; 8DBAV6 O> EF4A84DF<;B64A<= @9FB8 VA:9A9DAB-79B89;<KA<I 6<LG>G64AL. �V89D< 74?G;V, 
6>?NK4NK< "�<W679BVAHBD@4F<>G" F4 "�9B%<EF9@E", VAF97DG64?< G E6BW DB5BKV CDBJ9E< 8DBA< ; CB86V=A<@< 

K4EFBF4@< GPS/GLONASS/Galileo, F9C?B6V;V=A<@< >4@9D4@< F4 7VC9DEC9>FD4?LA<@< E9AEBD4@< 8?O 6<O6?9AAO 

CV8;9@A<I >B@GAV>4JV=, @BAVFBD<A7G 9DB;V=A<I CDBJ9EV6 F4 >BAFDB?N 5G8V6A<JF64 ; @V?V@9FDB6BN FBKAVEFN. 

&9IAB?B7VW CBEFV=AB 68BE>BA4?NNFLEO 4 AB6V @B89?V 8DBAV6 ; K4EB@ CB?LBFG 8B 90 I6<?<A F4 D48VGEB@ 8VW 8B 7 

>@ E>BDB ;'O6?OFLEO A4 G>D4WAEL>B@G D<A>G, MB M9 5V?LL9 DB;L<D<FL @B:?<6BEFV 79B89;<KA<I 8BE?V8:9AL.



�EF>DVO D>768F>G 45D>H>F>7=V<4==O
�EFBDVO 49DBHBFB;AV@4AAO CBK<A4TFLEO ; CVBA9DEL><I 9>EC9D<@9AFV6 �4EC4D4 $9?V>E4 "GDA4LBA4, O><= 23 

:B6FAO 1858 DB>G ;DB5<6 C9DL9 49DBHBFB;AV@4AAO �4D<:4 ; CB6VFDOABW >G?V A4 6<EBFV 80 @9FDV6. # 1903 DBJV 
AV@9JL><= 4CF9>4D .?VGE �B=5DBAA9D DB;DB5<6 >4@9D< 8?O 7B?G5V6, O>V 46FB@4F<KAB DB5<?< ;AV@>< >B:AV 30 

E9>GA8. �V8 K4E �9DLBW E6VFB6BW 6V=A< (1914-1918) 49DBHBFB;AV@4AAO EF4?B A96V8'T@A<@ 9?9@9AFB@ 6V=EL>B6BW 
DB;6V8>< 3 HD4AJG;L>4 4D@VO MB89AAB 6<7BFB6?O?4 CBA48 10 000 49DBHBFB;AV@>V6 8?O >4DFB7D4HG64AAO 

CB;<JV= CDBF<6A<>4. # 1920-I DB>4I ;'O6<?<EO C9DLV EF9D9BE>BCVKAV @9FB8< B5DB5>< ;AV@>V6, O>V 8B;6B?<?< 

EF6BDN64F< FBCB7D4HVKAV >4DF< ; FBKAVEFN 8B 1-2 @9FDV6.

 96B?NJV=A<@ 9F4CB@ EF46 DB;6<FB> 4A4?VF<KABW HBFB7D4@@9FDVW G 1950-I DB>4I, >B?< %9?L@GF ,@V8 DB;DB5<6 

@4F9@4F<KAV @B89?V 8?O FBKAB7B 6<;A4K9AAO >BBD8<A4F B5'T>FV6 A4 ;AV@>4I. # 1970-I DB>4I >B@C4AVO Zeiss 

CD98EF46<?4 C9DL<= J<HDB6<= HBFB7D4@@9FD<KA<= EF9D9BC?BFF9D, MB 8B;6B?<6 46FB@4F<;G64F< EF6BD9AAO 

FBCB7D4HVKA<I >4DF. � 1980-I DB>V6 CBK4?BEO 4>F<6A9 6CDB648:9AAO ��!-F9IAB?B7V= 8?O VAF97D4JVW 
49DBHBFB;AV@>V6 ; VAL<@< 79BCDBEFBDB6<@< 84A<@<. �4:?<6BN 6VIBN EF46 ;4CGE> G 1986 DBJV HD4AJG;L>B7B 

EGCGFA<>4 SPOT, O><= ;459;C9K<6 D97G?ODA9 BFD<@4AAO ;AV@>V6 ; DB;8V?LABN ;84FAVEFN 10 @9FDV6 8?O 

J<6V?LA<I CBFD95.

# 2000-I DB>4I 6V85G6EO EFD<5B> G DB;6<F>G ���� 8?O 79B89;VW. # 2009 DBJV L69=J4DEL>4 >B@C4AVO senseFly 

CD98EF46<?4 C9DL<= EC9JV4?V;B64A<= 79B89;<KA<= 8DBA eBee, ;84FA<= EF6BDN64F< BDFBHBFBC?4A< ; 

FBKAVEFN 8B 3 E@. � 2013 DB>G 6 #>D4WAV CBK4?BEO 4>F<6A9 6CDB648:9AAO ���� 8?O >484EFDB6<I DB5VF, ;B>D9@4 

CD< CDB6989AAV ;9@9?LABW D9HBD@<. !GK4EAV ����, BEA4M9AV RTK/PPK-E<EF9@4@<, ;459;C9KGNFL 

EG5E4AF<@9FDB6G FBKAVEFL 79BCD<6'O;>< ;AV@>V6, MB C9D96<MGT FD48<JV=AV @9FB8< A4;9@ABW ;=B@>< ;4 

9H9>F<6AVEFN 6 5-10 D4;V6. �4 84A<@< �9D:46ABW E?G:5< #>D4WA< ; C<F4AL 79B89;VW, >4DFB7D4HVW F4 >484EFDG, 

EF4AB@ A4 2022 DV> CBA48 60% FBCB7D4HVKA<I ;=B@B> 6 #>D4WAV 6<>BAGTFLEO ; 6<>BD<EF4AAO@ ����.



&<?< ���� 8?O 79>89;<G=<E 8>E?V8:9=L
�EAGT 864 BEAB6A<I F<C< ����, O>V 6<>BD<EFB6GNFLEO 6 79B89;<KA<I 8BE?V8:9AAOI: @G?LF<DBFBDAV F4 

?VF4>B6B7B F<CG.  G?LF<DBFBDAV ����, F4>V O> >648DB>BCF9D< (DJI Phantom 4 RTK, Yuneec H520 RTK), 

79>E4>BCF9D< (DJI Matrice 300 RTK) F4 B>FB>BCF9D< (Freefly Alta X), @4NFL >V?L>4 DBFBDV6, MB ;459;C9KGNFL 

69DF<>4?LA<= ;?VF V CBE48>G, 4 F4>B: @B:?<6VEFL ;46<E4AAO 6 CB6VFDV. �BA< 8BEO74NFL FBKABEFV 
CB;<JVBAG64AAO 8B 1-2 E@, ;84FAV CD4JN64F< CD< 6VFDV 8B 10 @/E V @4NFL K4E CB?LBFG 6V8 25 8B 55 I6<?<A 

;4?9:AB 6V8 @B89?V. &V 8DBA< V894?LAB CV8IB8OFL 8?O ;AV@4AAO A969?<><I C?BM (8B 50-100 74) ; 6<EB>BN 

DB;8V?LABN ;84FAVEFN (8B 1 E@/CV>E9?L), 4 F4>B: 8?O @BAVFBD<A7G B5'T>FV6 VAHD4EFDG>FGD<, F4><I O> @BEF<, 

6<EB>B6B?LFAV ?VAVW F4 CDB@<E?B6V B5'T>F<.

���� ?VF4>B6B7B F<CG, F4>V O> senseFly eBee X, WingtraOne F4 Quantum Trinity F90+, @4NFL >D<?4, O> G ;6<K4=A<I 

?VF4>V6, V CBFD95GNFL ;?VFAB-CBE48>B6BW E@G7< 45B >4F4CG?LF< 8?O ;?LBFG F4 CBE48><. &V @B89?V @4NFL ;A4KAB 

8B6L<= K4E CB?LBFG (8B 90-120 I6<?<A) V ;84FAV CB>D<64F< 5V?LLV C?BMV ;4 B8<A CB?VF (8B 500-1000 74), MB 

DB5<FL WI CD<84FA<@< 8?O >4DFB7D4HG64AAO 69?<><I F9D<FBDV=, F4><I O> ?VEB6V @4E<6<, EV?LEL>B7BECB84DEL>V 
G7V88O F4 F9D<FBDVW 5G8V6A<JF64 ?VAV=A<I B5'T>FV6. �BA< ?9FOFL ;V L6<8>VEFN 40-110 >@/7B8 V @B:GFL CD4JN64F< 

CD< 6VFDV 8B 12-14 @/E, ;459;C9KGNK< FBKAVEFL 6<@VDN64AL 8B 3-5 E@.

�>DV@ F<CG >BAEFDG>JVW, ���� F4>B: DB;DV;AONFLEO ;4 64AF4:BCV8=B@AVEFN (6V8 0.5 8B 15 >7), A4O6AVEFN 

8B84F>B6<I E9AEBDV6 (@G?LF<EC9>FD4?LAV, F9C?B6V, ?V84D<) F4 VAF97D4JVTN ; E<EF9@4@< RTK/PPK 8?O CV86<M9AAO 

FBKABEFV 79BCD<6'O;><. %GK4EAV 79B89;<KAV 8DBA< B5?48A4AV EC9JV4?V;B64A<@< >4@9D4@< ; DB;8V?LABN 

;84FAVEFN 20-60  �, MB 8B;6B?OT BFD<@G64F< 89F4?LAV BDFBHBFBC?4A< F4 EF6BDN64F< 3D-@B89?V @VEJ96BEFV ; 
6<EB>BN FBKAVEFN. �D< 6<5BDV ���� 64:?<6B 6D4IB6G64F< A9 ?<L9 F9IAVKAV I4D4>F9D<EF<><, 4?9 = 64DFVEFL, 

8BEFGCAVEFL CDB7D4@AB7B ;459;C9K9AAO 8?O B5DB5>< 84A<I F4 6V8CB6V8AVEFL ABD@4F<6A<@ 6<@B74@ >D4WA<.

 G?LF<DBFBDAV ���� (>648DB>BCF9D<, 79>E4>BCF9D<, B>FB>BCF9D<)

���� ?VF4>B6B7B F<CG (; HV>EB64A<@ >D<?B@)



�9D96478 68>>D8EF4==O 8D>=V6 G 79>897VW
�<>BD<EF4AAO 8DBAV6 G 79B89;VW @4T K<E?9AAV C9D9647< CBDV6AOAB ; FD48<JV=A<@< @9FB84@< ;AV@4AAO. �B-

C9DL9, 8DBA< 8B;6B?ONFL E>BDBF<F< K4E ;AV@4AAO A4 70-80% CBDV6AOAB ; A4;9@A<@< @9FB84@<, BEB5?<6B 

CD< >4DFB7D4HG64AAV F9D<FBDV= C?BM9N CBA48 50 79>F4DV6 45B 6 7VDEL><I D4=BA4I V; E>?48A<@ D9?LTHB@. �B-

8DG79, EGK4EAV 8DBA<, BEA4M9AV RTK GPS @B8G?O@<, ;459;C9KGNFL FBKAVEFL 6<@VDN64AL 8B 2-3 E@ G C?4AV F4 3-5 

E@ CB 6<EBFV, MB 8B;6B?OT EF6BDN64F< 6<EB>BFBKAV J<HDB6V @B89?V D9?LTHG ; DB;8V?LABN ;84FAVEFN 8B 2 E@/

CV>E9?L. �B-FD9FT, 9>BAB@VKA4 9H9>F<6AVEFL 8DBAV6 CDBO6?OTFLEO G ;A<:9AAV 64DFBEFV DB5VF A4 30-50%, 

BE>V?L>< 6BA< CBFD95GNFL ?<L9 1-2 BC9D4FBDV6 ;4@VEFL 5D<748< ; 5-7 79B89;<EFV6.

�DV@ FB7B, 8DBA< A9;4@VAAV CD< ;AV@4AAV CDB@<E?B6<I B5'T>FV6 ; CV86<M9ABN A959;C9>BN, F4><I O> >4D'TD< 

7?<5<ABN CBA48 200 @9FDV6, IV@VKAV CV8CD<T@EF64, 45B ;BA< D48VB4>F<6AB7B ;45DG8A9AAO. �VE?O CB69A9=, 

;9@?9FDGEV6 45B ?VEB6<I CB:9: 8DBA< 8B;6B?ONFL ;4 1-2 8AV EF6BD<F< 4>FG4?LAV 3D-@B89?V CBEFD4:84?<I 
F9D<FBDV= C?BM9N 8B 1000 79>F4DV6, MB >D<F<KAB 64:?<6B 8?O C?4AG64AAO DOFG64?LA<I BC9D4JV= F4 BJVA>< 

;5<F>V6. ' 2022-2023 DB>4I CVE?O EF<IV=A<I ?<I 6 '>D4WAV 8DBA< 6<>BD<EFB6G64?<EO 8?O @BAVFBD<A7G 5?<;L>B 

75% CBEFD4:84?<I F9D<FBDV=.

�G?LF<EC9>FD4?LA9 F4 F9C?B69 ;AV@4AAO ;4 8BCB@B7BN EC9JV4?V;B64A<I 8DBAV6 6V8>D<64T AB6V @B:?<6BEFV 
4A4?V;G. �4CD<>?48, G EV?LEL>B@G 7BECB84DEF6V 6<>BD<EF4AAO 8DBAV6 ; NIR->4@9D4@< 8B;6B?OT B5K<E?N64F< 

VA89>E NDVI ; FBKAVEFN 8B B>D9@<I DBE?<A, 6<O6?OF< ;BA< EFD9EG DBE?<A ;4 5-7 8AV6 8B CBO6< 6<8<@<I B;A4>, 

4 F4>B: BCF<@V;G64F< 6A9E9AAO 8B5D<6 A4 15-25%. ' ?VEB6B@G 7BECB84DEF6V 8DBA< ; LiDAR 84FK<>4@< ;84FAV 
6<;A4K4F< 6<EBFG 89D96 ; FBKAVEFN 8B 10 E@ F4 6<O6?OF< BE9D98>< L>V8A<>V6 A4 D4AAVI EF48VOI ;4D4:9AAO, MB 

8B;6B?OT ;59DV74F< 8B 2000 79>F4DV6 ?VEG MBDB>G.

�>BAB@VO K4EG (8B 80%) F4 >BLFV6 (8B 50%)

�<EB>4 FBKAVEFL 84A<I (2-5 E@ G C?4AV F4 CB 6<EBFV)

�B:?<6VEFL ;AV@4AAO G 64:>B8BEFGCA<I F4 A959;C9KA<I @VEJOI (>4D'TD<, CDB@;BA<, ;BA< EF<IV=A<I ?<I)

�FD<@4AAO 84A<I G DV;A<I EC9>FD4?LA<I 8V4C4;BA4I (RGB, NIR, F9D@4?LA<=, @G?LF<EC9>FD4?LA<=)



�V87>F>6>4 8> 49D>D>F>7=V<4==O
#V87BFB6>4 8B 49DBHBFB;AV@4AAO T >D<F<KA<@ 9F4CB@, O><= 59;CBE9D98ALB 6<;A4K4T O>VEFL F4 FBKAVEFL 

D9;G?LF4FV6 79B89;<KA<I DB5VF. %CBK4F>G A9B5IV8AB KVF>B EHBD@G?N64F< JV?V ;AV@4AAO 4 EF6BD9AAO J<HDB6BW 
@B89?V D9?LTHG (& $), BDFBHBFBC?4AG ; DB;8V?LABN ;84FAVEFN A9 @9AL9 5 E@/CV>E9?L, 45B 3D-@B89?V 
@VEJ96BEFV. #?BM4 B5'T>F4 8BE?V8:9AAO @4T 5GF< FBKAB 6<;A4K9A4 ;4 8BCB@B7BN CBC9D98ALB7B 4A4?V;G >4DF F4 

EGCGFA<>B6<I ;AV@>V6, ; 6V8@VF>BN @9: 5GH9DABW ;BA< A9 @9AL9 50 @9FDV6 A46>B?B BEAB6ABW F9D<FBDVW.

!4EFGCA<@ >DB>B@ T BFD<@4AAO 6EVI A9B5IV8A<I 8B;6B?V6 6V8 �9D:46ABW 46V4JV=ABW E?G:5< '>D4WA< 8?O 

CB?LBFV6 A4 6<EBFV CBA48 120 @9FDV6 45B 6 A4E9?9A<I CGA>F4I. #D< DB5BFV CB5?<;G EFD4F97VKA<I B5'T>FV6 

8B84F>B6B CBFDV5AB BFD<@4F< CB7B8:9AAO 6V8 6V8CB6V8A<I E?G:5 59;C9><. �4:?<6B 6D4IB6G64F<, MB 

BCF<@4?LA<@< CB7B8A<@< G@B64@< 8?O ;AV@4AAO T 59;I@4DA4 CB7B84 ; BE6VF?9AVEFN A9 @9AL9 10000 ?N>E F4 

L6<8>VEFN 6VFDG 8B 8 @/E. &9IAVKA4 CV87BFB6>4 6>?NK4T >4?V5DG64AAO >4@9D<, C9D96VD>G CDBC9?9DV6 F4 86<7GAV6 

�#�� A4 CD98@9F CBL>B8:9AL, 4 F4>B: ;4DO8>G A9 @9AL9 FDLBI >B@C?9>FV6 4>G@G?OFBDV6 LiPo T@AVEFN 5200 

@�·7B8 8?O ;459;C9K9AAO 45-60 I6<?<A 59;C9D9D6AB7B CB?LBFG.

 4DLDGF CB?LBFG DB;D4IB6GTFLEO ;4 8BCB@B7BN EC9JV4?V;B64AB7B CDB7D4@AB7B ;459;C9K9AAO Pix4D Capture 

45B DJI GS Pro ; A4?4LFG64AAO@ CB;8B6:ALB7B C9D9>D<FFO ;AV@>V6 G 80% F4 CBC9D9KAB7B G 60%. �<EBF4 

CB?LBFG 6EF4AB6?NTFLEO A4 DV6AV 100-150 @9FDV6 ;4?9:AB 6V8 A9B5IV8ABW DB;8V?LABW ;84FABEFV. �?O CV86<M9AAO 

FBKABEFV 79BCD<6'O;>< A9B5IV8AB DB;@VEF<F< @VAV@G@ 5 BCBDA<I FBKB> A4 >B:AV 10 79>F4DV6 C?BMV ;AV@4AAO, 

6<>BD<EFB6GNK< GPS-CD<=@4K ; FBKAVEFN A9 7VDL9 2 E@. #D< C?4AG64AAV B5B6'O;>B6B E?V8 6D4IG64F< A4O6AV 
C9D9L>B8<: ?VAVW 9?9>FDBC9D984K A4CDG7BN 6V8 10 >�, 6<EBFAV 5G8V6?V, 69:V ;6'O;>G F4 ;4?VEA9AV 8V?OA>< ; 

6<EBFBN 89D96 CBA48 15 @9FDV6.

�<;A4K9AAO JV?9= F4 ;4684AL ;AV@4AAO (& $ ; FBKAVEFN 5-10 E@, BDFBHBFBC?4A 5 E@/CV>E9?L)1.

"FD<@4AAO 8B;6B?V6 6V8 �9D:46V4E?G:5< F4 CB7B8:9AL 6V8 @VEJ96<I BD74AV6 6?48<2.

#9D96VD>4 F9IAVKAB7B EF4AG �#�� (DJI Phantom 4 RTK 45B 4A4?B7), >4?V5DG64AAO >4@9D< F4 7VDBE>BCV63.

#?4AG64AAO @4DLDGFG CB?LBFG ; C9D9>D<FFO@ 80%/60% F4 DB;@VM9AAO@ BCBDA<I FBKB>4.



�?4=G64==O ?>?L>FG ����
�?4AG64AAO CB?LBFG ���� T >D<F<KAB 64:?<6<@ 8?O ;459;C9K9AAO 9H9>F<6AB7B F4 59;C9KAB7B ;AV@4AAO. 

!C9JV4?V;B64A9 CDB7D4@A9 ;459;C9K9AAO, F4>9 O> Pix4D Capture, DroneDeploy 45B Mission Planner, 8B;6B?OT 

46FB@4F<;G64F< J9= CDBJ9E ; GD4IG64AAO@ >BA>D9FA<I C4D4@9FDV6. �D< C?4AG64AAV A9B5IV8AB 6EF4AB6<F< 

FBKAV ;A4K9AAO 6<EBF< CB?LBFG (;4;6<K4= 80-120 @9FDV6 8?O 89F4?LA<I ;AV@>V6), CB;8B6:ALB7B C9D9>D<FFO 

;AV@>V6 (70-80%) F4 CBC9D9KAB7B C9D9>D<FFO (50-60%) 6V8CB6V8AB 8B F9IAVKA<I I4D4>F9D<EF<> DJI Phantom 4 

Pro 45B Mavic 2 Pro.

�D< C?4AG64AAV CB?LBFG >D<F<KAB 64:?<6B 6D4IG64F< C9D9L>B8< 6 ;BAV ;AV@4AAO: 89D964 6<EBFBN CBA48 25 

@9FDV6, ?VAVW 9?9>FDBC9D984K A4CDG7BN 10 >� V 6<M9, 5474FBCB69DIB6V 5G8V6?V F4 D48VB69:V. �B7B8AV G@B6< F4>B: 

EGFFT6B 6C?<64NFL A4 O>VEFL - L6<8>VEFL 6VFDG A9 CB6<AA4 C9D96<MG64F< 10 @/E, 6<8<@VEFL @4T 5GF< A9 @9AL9 

2 >@, 4 6B?B7VEFL CB6VFDO A9 6<M9 80%.  9>B@9A8GTFLEO CDB6B8<F< CDB5A<= CB?VF A4 6<EBFV 50 @9FDV6 CB 

C9D<@9FDG 8V?OA>< ;4 1-2 7B8<A< 8B BEAB6AB7B ;AV@4AAO 8?O >4?V5DG64AAO B5?48A4AAO F4 6<O6?9AAO 

A9DV6AB@VDABEF9= @VEJ96BEFV.

�V8 K4E CB?LBFG BC9D4FBD CB6<A9A CBEFV=AB @BAVFBD<F< F9?9@9FD<KAV 84AV: DV69AL ;4DO8G 4>G@G?OFBD4 

(>D<F<KA4 @9:4 30%), O>VEFL GPS-E<7A4?G (A9 @9AL9 12 EGCGFA<>V6), EF45V?LAVEFL C9D984KV 6V89BCBFB>G 

(;4FD<@>4 A9 5V?LL9 300 @E) F4 L6<8>VEFL ���� (BCF<@4?LAB 5-8 @/E 8?O O>VEA<I ;AV@>V6). ' 6<C48>G C48VAAO 

DV6AO ;4DO8G A<:K9 25%, 6FD4F< GPS-E<7A4?G 45B ;DBEF4AAO L6<8>BEFV 6VFDG CBA48 12 @/E A9B5IV8AB 

4>F<6G64F< CDBJ98GDG 46FB@4F<KAB7B CB69DA9AAO F4 A4?9:AB ;48B>G@9AFG64F< CD<K<AG C9D9D<64AAO @VEVW.

"�D46<?LA9 C?4AG64AAO CB?LBFG 3 ;4CBDG>4 GECVLAB7B 49DBHBFB;AV@4AAO. �B:9A 8B84F>B6<= K4E, 

6<FD4K9A<= A4 CV87BFB6>G, 9>BAB@<FL 7B8<AG CD< B5DB5JV 84A<I."



&5E=VG=V 4A?5>B8 45@>D>B>7=V<4==O
�9DBHBFB;AV@4AAO ; 6<>BD<EF4AAO@ �#�� 6<@474T 6D4IG64AAO 5474FLBI F9IAVKA<I 4EC9>FV6, O>V 6C?<64NFL A4 

O>VEFL F4 FBKAVEFL BFD<@4A<I 84A<I. �?NKB6<@ H4>FBDB@ T 6<5VD BCF<@4?LABW 6<EBF< CB?LBFG, O>4 6<;A4K4T 

CDBEFBDB6G DB;8V?LAG ;84FAVEFL ;AV@>V6 (GSD). !4CD<>?48, CD< 6<>BD<EF4AAV >4@9D< ; HB>GEABN 6V8EF4AAN 35 

@@ F4 @4FD<J9N 24  #, CB?VF A4 6<EBFV 120 @ ;459;C9KGT GSD 5?<;L>B 3 E@/CV>E9?L, FB8V O> CD< 6<EBFV 80 @ 3 

5?<;L>B 2 E@/CV>E9?L.

�D<F<KAB 64:?<6<@ 4EC9>FB@ T ;459;C9K9AAO 8BEF4FALB7B C9D9>D<FFO @V: ;AV@>4@<. #D< >4DFB7D4HG64AAV 
DV6A<AABW @VEJ96BEFV D9>B@9A8B64A9 CB;8B6:AT C9D9>D<FFO EF4AB6<FL 60-70%, 4 CBC9D9KA9 3 30-40%. "8A4> 

CD< ;AV@4AAV @VEJ96BEFV ;V E>?48A<@ D9?LTHB@ (C47BD5<, OD<) 45B 6<EB><@< B5'T>F4@< (5G8V6?V, ECBDG8<) E?V8 

;5V?LL<F< CB;8B6:AT C9D9>D<FFO 8B 80%, 4 CBC9D9KA9 8B 60% 8?O GA<>A9AAO "E?VC<I ;BA" F4 ;459;C9K9AAO 

O>VEABW HBFB7D4@@9FD<KABW B5DB5><.

�?O BCF<@4?LABW O>BEFV ;B5D4:9AL A9B5IV8AB CD46<?LAB A4?4LFG64F< 9>ECB;<JV=AV C4D4@9FD< >4@9D<. #D< 

EBAOKAV= CB7B8V D9>B@9A8GTFLEO 6<>BD<EFB6G64F< ISO 100-200, 6<FD<@>G 1/800-1/1000 E F4 8V4HD47@G f/4.0-

f/5.6. ' I@4DAG CB7B8G 8BJV?LAB ;5V?LL<F< ISO 8B 400 F4 ;@9AL<F< 6<FD<@>G 8B 1/400-1/500 E. $9:<@ ;=B@>< 

RAW+JPEG ;459;C9KGT @4>E<@4?LAG 7AGK>VEFL CD< CB84?LLV= B5DB5JV 84A<I. &4>B: D9>B@9A8GTFLEO 

6<>BD<EFB6G64F< ND-HV?LFD< CD< OE>D46B@G EBAOKAB@G E6VF?V 8?O ;4CB5V74AAO C9D9FD<@JV.

#4D4@9FD $9>B@9A8B64A9 ;A4K9AAO

#B;8B6:AT C9D9>D<FFO 60-80% (70% BCF<@4?LAB 8?O 5V?LLBEFV ;484K)

#BC9D9KA9 C9D9>D<FFO 30-60% (40% BCF<@4?LAB 8?O 5V?LLBEFV ;484K)

�<EBF4 CB?LBFG 80-150 @ (;4?9:AB 6V8 A9B5IV8AB7B GSD)

(6<8>VEFL CB?LBFG 4-8 @/E (CB6V?LAVL9 8?O >D4MBW O>BEFV)

'4EFBF4 ;AV@>V6 1-3 E9>GA8< (;4?9:AB 6V8 L6<8>BEFV)



�4@5D< F4 E5AEBD< 4?O ����
�<5VD >4@9D< F4 E9AEBDV6 8?O ���� T >D<F<KA<@ H4>FBDB@, O><= 59;CBE9D98ALB 6C?<64T A4 O>VEFL F4 

HGA>JVBA4?LAV @B:?<6BEFV BFD<@4A<I 84A<I. �?O 49DBHBFB;AV@4AAO A4=K4EFVL9 6<>BD<EFB6GNFLEO J<HDB6V 
>4@9D< ; DB;8V?LABN ;84FAVEFN 6V8 12 8B 42 @974CV>E9?V6 (MP), ; @4FD<JO@< HBD@4FG APS-C 45B 

CB6AB>48DB6<@<, MB ;459;C9KGNFL 8<A4@VKA<= 8V4C4;BA A9 @9AL9 13 EFBCV6. �CF<@4?LA4 HB>GEA4 6V8EF4AL 

8?O 49DBHBFB;AV@4AAO EF4AB6<FL 24-35 @@ (G 9>6V64?9AFV 35 @@), MB ;459;C9KGT 54?4AE @V: L<DBFBN 

BIBC?9AAO F4 89F4?LAVEFN ;B5D4:9AAO.

 G?LF<EC9>FD4?LAV >4@9D<, F4>V O> Parrot Sequoia 45B MicaSense RedEdge, ;4IBC?NNFL ;B5D4:9AAO 6 4-5 

EC9>FD4?LA<I 8V4C4;BA4I (;9?9A<=, K9D6BA<=, >D4=AV= K9D6BA<= F4 5?<:AV= VAHD4K9D6BA<=), ; CDBEFBDB6BN 

DB;8V?LABN ;84FAVEFN 1-5 E@/CV>E9?L CD< 6<EBFV CB?LBFG 100 @. &V >4@9D< 8B;6B?ONFL DB;D4IB6G64F< 

6979F4JV=AV VA89>E< (NDVI, NDRE, GNDVI), MB T A9BJVA9AA<@ 8?O CD9J<;V=AB7B ;9@?9DB5EF64 CD< @BAVFBD<A7G 

EF4AG CBEV6V6, 6<O6?9AAV A9EF4KV CB:<6A<I D9KB6<A 45B L>V8A<>V6.

�4;9DAV E>4A9D< (LiDAR) ; MV?LAVEFN FBKB> 6V8 10 8B 200 FBKB>/@² F4 FBKAVEFN 6<@VDN64AAO 6<EBF< ±5-10 E@ 

;459;C9KGNFL EF6BD9AAO 6<EB>BFBKA<I &   A46VFL G D4=BA4I ; MV?LA<@ DBE?<AA<@ CB>D<6B@. !GK4EAV 
E<EF9@< LiDAR 8?O ����, F4>V O> Velodyne Puck 45B YellowScan Surveyor Ultra, 64:4FL 6V8 600 7 8B 2 >7 F4 @B:GFL 

CD4JN64F< A4 6V8EF4AV 8B 100-200 @ 6V8 B5'T>F4 ; K4EFBFBN E>4AG64AAO 8B 300 >�J.

"9C?B6V (VAHD4K9D6BAV) >4@9D< ; DB;8V?LABN ;84FAVEFN 320×240 45B 640×512 CV>E9?V6 F4 F9@C9D4FGDABN 

KGF?<6VEFN 0,05-0,1°C, O> FLIR Vue Pro 45B Workswell WIRIS Pro, 8B;6B?ONFL 6<O6?OF< F9D@4?LAV 4AB@4?VW 6 

8V4C4;BAV F9@C9D4FGD 6V8 -40°C 8B +550°C. �BA< A9;4@VAAV 8?O C9D96VD>< EF4AG 9?9>FDB?VAV=, 6<O6?9AAO 

F9C?B6<I 6FD4F G 5G8V6?OI, D4AALB7B 6<O6?9AAO CB:9: F4 CBLG>G ?N89= CV8 K4E DOFG64?LA<I BC9D4JV=.

�VC9DEC9>FD4?LAV >4@9D<, MB BIBC?NNFL EC9>FD4?LA<= 8V4C4;BA 400-2500 A@ ; DB;8V?LABN ;84FAVEFN 2-10 

A@, 8B;6B?ONFL BFD<@G64F< ;B5D4:9AAO G 100-300 EC9>FD4?LA<I >4A4?4I. !<EF9@< A4 >LF4?F Headwall Nano-

Hyperspec 45B Specim AFX ;459;C9KGNFL A48;6<K4=AB 89F4?LA<= 4A4?V; IV@VKAB7B E>?48G CB69DIBAL, MB 

8B;6B?OT 6<O6?OF< ;45DG8A9AAO �DGAFV6 64:><@< @9F4?4@<, 8V47ABEFG64F< ;4I6BDN64AAO DBE?<A M9 8B 

CBO6< 6<8<@<I E<@CFB@V6 45B 6<;A4K4F< FBKA<= @VA9D4?LA<= E>?48 79B?B7VKA<I B5'T>FV6.

&<HDB6V >4@9D<: Sony Alpha 7R IV (42 MP), DJI Zenmuse P1 (45 MP) ; @9I4AVKA<@ ;4F6BDB@ 8B 1/2000 E

 G?LF<EC9>FD4?LAV >4@9D<: MicaSense RedEdge-MX (5 >4A4?V6), Parrot Sequoia+ (4 >4A4?< + RGB), DJI P4 

Multispectral (6 >4A4?V6)

�4;9DAV E>4A9D< (LiDAR): RIEGL miniVUX-1UAV (FBKAVEFL ±15 @@), Velodyne Ultra Puck (8V4C4;BA 8B 200 @)

"9C?B6V >4@9D<: FLIR Vue Pro R (640×512 CV>E9?V6), Workswell WIRIS 2nd gen (F9@C9D4FGDA4 KGF?<6VEFL 0,05°C)

�VC9DEC9>FD4?LAV >4@9D<: Headwall Nano-Hyperspec (270 EC9>FD4?LA<I >4A4?V6), Resonon Pika L (150-300 

>4A4?V6)



�9F>88 79>8978G=>W ?@86'O7:8 7=V<:V6
�9B89;<KA4 CD<6'O;>4 ;AV@>V6 T A9B5IV8A<@ 9F4CB@ 8?O EF6BD9AAO FBKA<I F4 8BEFB6VDA<I >4DF F4 @B89?9= 

@VEJ96BEFV. �EAGT 864 BEAB6A<I @9FB8< 79B89;<KABW CD<6'O;><: CDO@<= F4 A9CDO@<=. #DO@<= @9FB8 C9D9854K4T 

6<>BD<EF4AAO GPS/GNSS CD<=@4KV6 (; FBKAVEFN 1-5 @), 6EF4AB6?9A<I A4 �#��, 8?O 6<;A4K9AAO >BBD8<A4F 

>B:AB7B ;AV@>4. %GK4EAV GNSS E<EF9@< CV8FD<@GNFL E<7A4?< GPS (%,�), ��"!�%% ($BEVO), Galileo (�%) F4 BeiDou 

(�<F4=), MB ;459;C9KGT A48V=AVEFL CB;<JVBAG64AAO A46VFL G E>?48A<I G@B64I. &9= @9FB8 8B;6B?OT BFD<@G64F< 

FBKAVEFL 5?<;L>B 2-3 @9FDV6 G 7BD<;BAF4?LAV= C?BM<AV, 4?9 6<@474T 6<>BD<EF4AAO 8BDB7B7B B5?48A4AAO 

64DFVEFN 6V8 1000$ F4 A4O6ABEFV E<7A4?G 6V8 @VAV@G@ 4-5 EGCGFA<>V6.

!9CDO@<= @9FB8 C9D9854K4T 6<>BD<EF4AAO BCBDA<I FBKB> ("&), >BBD8<A4F< O><I 6<;A4K4NFLEO ; FBKAVEFN 1-

3 E@ ;4 8BCB@B7BN 79B89;<KAB7B B5?48A4AAO. $9>B@9A8GTFLEO DB;@VMG64F< @VAV@G@ 5-7 "& A4 8V?OAJV C?BM9N 

1 >@², @4D>GNK< WI EC9JV4?LA<@< @4D>9D4@< DB;@VDB@ 40x40 E@ 8?O O>VEABW V89AF<HV>4JVW A4 ;AV@>4I ; 6<EBF< 

100-200 @. �?O 6<;A4K9AAO >BBD8<A4F "& 6<>BD<EFB6GNFLEO 79B89;<KAV GNSS CD<=@4KV (A4CD<>?48, Trimble 

R8s, Leica GS18 T) ; D9:<@B@ EF4F<KA<I ECBEF9D9:9AL FD<64?VEFN 15-30 I6<?<A A4 FBK>G. &9= @9FB8 8B;6B?OT 

8BEO7F< FBKABEFV 3-5 E@, 4?9 6<@474T 8B84F>B6<I CB?LB6<I DB5VF F4 ;5V?LLGT ;474?LA<= K4E 6<>BA4AAO 

CDB9>FG A4 20-30%.

 9FB8< RTK (Real-Time Kinematic) F4 PPK (Post-Processed Kinematic) EF4AB6?OFL C9D98B6<= CV8IV8, MB 8B;6B?OT 

BFD<@G64F< FBKAVEFL 2-3 E@ 59; 6<>BD<EF4AAO BCBDA<I FBKB>. RTK C9D9854K4T BFD<@4AAO >BD<7GNK<I 

E<7A4?V6 ; 54;B6BW EF4AJVW 6 D9:<@V D94?LAB7B K4EG K9D9; D48VB 45B GSM-;6'O;B> (6V8EF4AL 8B 10-15 >@), FB8V O> 

PPK 8B;6B?OT B5DB5?OF< 84AV CVE?O CB?LBFG, 6<>BD<EFB6GNK< H4=?< ECBEF9D9:9AL ; 54;B6BW EF4AJVW. �?O 

D94?V;4JVW J<I @9FB8V6 6<>BD<EFB6GNFLEO EC9JV4?LAV GNSS @B8G?V 8?O �#�� (A4CD<>?48, DJI D-RTK 2, Emlid 

Reach M2 45B Septentrio AsteRx-m2) 64DFVEFN 6V8 1500$ F4 54;B6V EF4AJVW (CBEFV=AB 8VNKV D9H9D9AJAV EF4AJVW 
45B F<@K4EB6V EF4AJVW). #D< 6<>BD<EF4AAV PPK CBFDV5AB E<AIDBAV;G64F< K4E ECD4JN64AAO ;4F6BDG >4@9D< ; 

K4EB@ GNSS CD<=@4K4 ; FBKAVEFN 8B @V?VE9>GA8, 8?O KB7B ;4EFBEB6GNFLEO EC9JV4?LAV >BAFDB?9D< (triggering 

systems).

1

�@O<89 <9F>8 (GPS/GNSS)
&BKAVEFL: 1-5 @. "5?48A4AAO: 65G8B64AV GPS/GNSS CD<=@4KV DJI, Pixhawk 45B Here3. �4EFBEG64AAO: 

CDB9>F< ; A96<EB><@< 6<@B74@< 8B FBKABEFV (@BAVFBD<A7 DBE?<AABEFV, ;474?LA9 

>4DFB7D4HG64AAO).

2
�9?@O<89 <9F>8 (>?>@=V F>G:8)
&BKAVEFL: 3-5 E@. "5?48A4AAO: 79B89;<KAV GNSS CD<=@4KV (Trimble, Leica, Topcon). �4EFBEG64AAO: 

@VEFB5G8V6A4 8B>G@9AF4JVO, >484EFDB6V DB5BF<, CDB9>FG64AAO ?VAV=A<I B5'T>FV6.

3
RTK (Real-Time Kinematic)

&BKAVEFL: 2-3 E@. "5?48A4AAO: �#�� ; RTK @B8G?9@, 54;B64 EF4AJVO, D48VB/GSM ;6'O;B>. 

�4EFBEG64AAO: 5G8V6A<JF6B, @4D>L9=89DVO, @BAVFBD<A7 ;EG6V6.

4
PPK (Post-Processed Kinematic)

&BKAVEFL: 2-3 E@. "5?48A4AAO: �#�� ; PPK @B8G?9@, 54;B64 EF4AJVO, >BAFDB?9D E<AIDBAV;4JVW. 
�4EFBEG64AAO: D4=BA< ; CB74A<@ @B5V?LA<@ ;6'O;>B@, 69?<>V F9D<FBDVW, VA:9A9DAV 6<LG>G64AAO.



�5@>5>4 45@>D>F>7=V<>V6: 5F4?8 F4 
?@>7@4<=5 74557?5G5==O
�1@>1:0 05@>D>B>7=V<:V2 T A:;04=8< B0 B@C4><VAB:8< ?@>F5A><, O:89 28<030T 28:>@8AB0==O A?5FV0;L=>3> 

?@>3@0<=>3> 70157?5G5==O B0 7=0=L 2 30;C7V D>B>3@0<<5B@VW. �@>F5A >1@>1:8 A:;040TBLAO 7 H5AB8 :@8B8G=8E 

5B0?V2: V<?>@B B0 >@30=V70FVO 7=V<:V2 (2:;NG0NG8 ?5@52V@:C O:>ABV B0 <5B040=8E), 287=0G5==O 2=CB@VH=VE 

?0@0<5B@V2 :0<5@8 (D>:CA=0 2V4AB0=L, 3>;>2=0 B>G:0, :>5DVFVT=B8 48AB>@AVW), 28@V2=N20==O 7=V<:V2, AB2>@5==O 

IV;L=>W E<0@8 B>G>:, AB2>@5==O B@828<V@=>W <>45;V <VAF52>ABV (&� /&��) B0 35=5@0FVO >@B>D>B>?;0=C 7 

@>74V;L=>N 740B=VABN 4> 1-2 A</?V:A5;L.

�0 5B0?V 28@V2=N20==O 7=V<:V2 2V41C20TBLAO 287=0G5==O 270T<=>3> @>7B0HC20==O 7=V<:V2 B0 WE >@VT=B0FVO 2 

?@>AB>@V 70 4>?><>3>N 0;3>@8B<V2 SIFT 01> SURF. &59 ?@>F5A 107CTBLAO =0 02B><0B8G=><C @>7?V7=020==V 
5000-10000 A?V;L=8E B>G>: (tie-points) =0 :>6=><C 7=V<:C B0 28:>@8AB0==V 5-15 >?>@=8E B>G>: (GCP) 7 

B>G=VABN 4> 1-2 A<, @V2=><V@=> @>7?>4V;5=8E ?> ?;>IV 7=V<0==O. �0 5B0?V AB2>@5==O IV;L=>W E<0@8 B>G>: 

D>@<CTBLAO <0A82 40=8E 7 IV;L=VABN 100-500 B>G>:/<², I> 4>72>;OT 287=0G0B8 B@828<V@=V :>>@48=0B8 

:>6=>W B>G:8 =0 ?>25@E=V >1'T:B0 7=V<0==O 7 B>G=VABN 4> 2-5 A< ?> 28A>BV.

�;O ?@>D5AV9=>W >1@>1:8 05@>D>B>7=V<:V2 28:>@8AB>2CNBLAO A?5FV0;V7>20=V ?@>3@0<=V ?@>4C:B8 7 @V7=8<8 

<>6;82>ABO<8 B0 FV=>28<8 :0B53>@VO<8. Agisoft Metashape Professional (20@BVABL ;VF5=7VW ~$3500) 70157?5GCT 

=0928IC B>G=VABL B0 3=CG:VABL =0;0HBC20=L, ?V4B@8<CT RTK/PPK 40=V B0 <0T ?>BC6=V V=AB@C<5=B8 :;0A8DV:0FVW 
B>G>:. Pix4Dmapper Pro (~$4990/@V:) >?B8<V7>20=89 4;O :0@B>3@0DC20==O AV;LAL:>3>A?>40@AL:8E C3V4L B0 <0T 

V=B53@0FVN 7 E<0@=8<8 A5@2VA0<8. DroneDeploy (~$3000/@V:) ?@>?>=CT =09?@>ABVH89 V=B5@D59A :>@8ABC20G0 

B0 H284:C >1@>1:C 40=8E, 0;5 7 45I> =86G>N B>G=VABN 4;O A:;04=8E >1'T:BV2.

"/:VA=0 >1@>1:0 05@>D>B>7=V<:V2 7 4>B@8<0==O< B5E=>;>3VG=8E =>@< B0 ?0@0<5B@V2 3 70?>@C:0 >B@8<0==O 

4>AB>2V@=8E @57C;LB0BV2 7 B>G=VABN, I> 2V4?>2V40T 28<>30< V=65=5@=8E B0 :040AB@>28E @>1VB."



%F6BD5AAO BDFBDBFBC?4AV6: CD<AF<C< F4 
@5FB4<
�@B>D>B>?;0= 3 F5 35><5B@8G=> ?@028;L=5 7>1@065==O <VAF52>ABV, O:5 >B@8<0=5 H;OE>< 

>@B>B@0=AD>@<C20==O 05@>D>B>7=V<:V2 7 ?@>AB>@>2>N @>74V;L=>N 740B=VABN 2V4 2 4> 30 A</?V:A5;L. 

�@B>B@0=AD>@<C20==O 3 F5 ?@>F5A CAC=5==O 35><5B@8G=8E A?>B2>@5=L, 28:;8:0=8E @5;LTD>< <VAF52>ABV (4> 

40% =0 3>@18ABV9 <VAF52>ABV), :CB>< 7=V<0==O (>A>1;82> ?@8 2V4E8;5==V 2V4 =048@C 1V;LH5 =V6 =0 15°) B0 

48AB>@AVTN >1'T:B820 :0<5@8. �@B>D>B>?;0=8 28:>@8AB>2CNBLAO 4;O :0@B>3@0DC20==O, 75<;5CAB@>N, 

:040AB@>28E @>1VB B0 V=H8E 35>V=D>@<0FV9=8E 70240=L, 45 ?>B@V1=0 28A>:0 B>G=VABL (4> 5-10 A< C ?;0=V) B0 

35><5B@8G=0 ?@028;L=VABL 7>1@065==O.

�@>F5A AB2>@5==O >@B>D>B>?;0=C A:;040TBLAO 7 B@L>E :@8B8G=8E 5B0?V2. !?>G0B:C AB2>@NTBLAO F8D@>20 

<>45;L @5;LTDC (&  ) 7 IV;L=VABN B>G>: 2V4 10 4> 50 =0 <², O:0 28:>@8AB>2CTBLAO 4;O CAC=5==O 35><5B@8G=8E 

A?>B2>@5=L. �0;V 2V41C20TBLAO 2;0A=5 >@B>B@0=AD>@<C20==O 05@>D>B>7=V<:V2 70 4>?><>3>N <5B>4C 

72>@>B=>W ?@>5:FVW =0 >A=>2V &   B0 :0;V1@C20;L=8E ?0@0<5B@V2 :0<5@8 (D>:CA=0 2V4AB0=L, :>>@48=0B8 

3>;>2=>W B>G:8 B0 :>5DVFVT=B8 48AB>@AVW). �AB0==V< 5B0?>< T <>70W:C20==O >@B>D>B>7=V<:V2 3 F5 ?@>F5A 
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79B89;<KA<@< CD<?484@< F4 CDB7D4@A<@ ;459;C9K9AAO@. �9B89;<KA4 CD<6'O;>4 ;AV@>V6 CB6<AA4 
;8V=EAN64F<EO MBA4=@9AL9 ;4 4-6 >BAFDB?LA<@< FBK>4@< A4 >B:AV 10 74 F9D<FBDVW ; 6<>BD<EF4AAO@ GNSS-

CD<=@4KV6 G D9:<@V RTK ; FBKAVEFN 6<;A4K9AAO >BBD8<A4F A9 7VDL9 ±2 E@ G C?4AV F4 ±5 E@ ;4 6<EBFBN. 

%9D98ALB>648D4F<KA4 CBI<5>4 EF6BD9AAO BDFBHBFBC?4AG A9 CB6<AA4 C9D96<MG64F< 1/3 8BCGEF<@BW CBI<5>< 

6<;A4K9AAO CB?B:9AAO @9:B6B7B ;A4>G 6V8CB6V8AB 8B VAEFDG>JVW �9D:79B>484EFDG.



 >=VB>@8=7 >5'T>BV6 V=D@4AB@C>BC@8 74 
8>?><>7>N ����
�<>BD<EF4AAO ���� 8?O @BAVFBD<A7G B5'T>FV6 VAHD4EFDG>FGD< A45G64T @4ELF45AB7B CBL<D9AAO 6 '>D4WAV. 
�B>D9@4, 8?O VAEC9>JVW @BEFB6<I >BAEFDG>JV= ;4EFBEB6GNFLEO >648DB>BCF9D< DJI Phantom 4 RTK ; FBKAVEFN 

79B?B>4JVW 8B 1 E@, MB 8B;6B?OT 6<O6?OF< @V>DBFDVM<A< L<D<ABN 6V8 0,5 @@. �D< B5EF9:9AAV ?VAV= 

9?9>FDBC9D984K 6<>BD<EFB6GNFLEO EC9JV4?V;B64AV 8DBA< ; F9C?B6V;V=A<@< >4@9D4@< FLIR Vue Pro R ; 

DB;8V?LABN ;84FAVEFN 640×512 CV>E9?V6, O>V ;84FAV 6<O6?OF< C9D97DVFV ;'T8A4AAO A4 6V8EF4AV 8B 100 @9FDV6.

�?O EF6BD9AAO BDFBHBFBC?4AV6 46FB@B5V?LA<I 8BDV7 6<>BD<EFB6GTFLEO @9FB8 C9D9ID9EAB7B CB?LBFG ; 

C9D9>D<FFO@ ;AV@>V6 A4 80%, MB ;459;C9KGT FBKAVEFL 6<@VDN64AL 8B 2 E@/CV>E9?L. &9 8B;6B?OT 89F4?LAB 

4A4?V;G64F< CBL>B8:9AAO 8BDB:ALB7B CB>D<FFO, 6>?NK4NK< 6<5BWA<, FDVM<A< F4 >B?V=AVEFL. �D< @BAVFBD<A7G 
;4?V;A<KABW VAHD4EFDG>FGD< ;4 8BCB@B7BN ���� Trimble UX5 HP 8BEO74TFLEO @B:?<6VEFL EF6BD9AAO J<HDB6<I 
@B89?9= D9?LTHG ; FBKAVEFN CB 6<EBFV 8B 3 E@, MB >D<F<KAB 64:?<6B 8?O 6V8EF9:9AAO 89HBD@4JV= 

;4?V;A<KAB7B CB?BFA4 F4 >BAF4>FABW @9D9:V.

� 4A4?V;G CD4>F<>< "'>D;4?V;A<JV" F4 "'>D46FB8BDG", 6<>BD<EF4AAO ���� 8?O @BAVFBD<A7G VAHD4EFDG>FGDA<I 
B5'T>FV6 E>BDBKGT 6<FD4F< A4 VAEC9>JVN 8B 70% CBDV6AOAB ; FD48<JV=A<@< @9FB84@<, ;@9ALGT K4E B5EF9:9AAO 

A4 85% F4 CV86<MGT =@B6VDAVEFL D4AALB7B 6<O6?9AAO >D<F<KA<I 89H9>FV6 A4 60%. � G@B64I B5@9:9AB7B 

HVA4AEG64AAO CDB7D4@ ; 6V8AB6?9AAO VAHD4EFDG>FGD<, ����-@BAVFBD<A7 EF46 A9;4@VAA<@ VAEFDG@9AFB@ 8?O 

BCF<@V;4JVW 6<>BD<EF4AAO D9EGDEV6 A4 A4=5V?LL CDB5?9@A<I 8V?OA>4I.



�>@<4B86=>-?@46>64 5474 68>>@8AB4==O 
���� 6 '>@4W=V
�<>BD<EF4AAO �#�� 6 '>D4WAV D97G?NTFLEO A<;>BN ABD@4F<6AB-CD46B6<I 4>FV6, O>V 6<;A4K4NFL CD46<?4 

CB?LBFV6, 6<@B7< 8B �#�� F4 WI BC9D4FBDV6, 4 F4>B: 6V8CB6V84?LAVEFL ;4 CBDGL9AAO CD46<?. �B BEAB6A<I 

ABD@4F<6A<I 8B>G@9AFV6, MB D97G?NNFL 6<>BD<EF4AAO �#�� 6 '>D4WAV, A4?9:4FL:

#B6VFDOA<= >B89>E '>D4WA< (EF4FFO 39 O>B7B 6<;A4K4T �#�� O> "CB6VFDOA9 EG8AB, CD<;A4K9A9 8?O 

6<>BA4AAO CB?LBFG 59; CV?BF4 A4 5BDFG")

#D46<?4 6<>BD<EF4AAO CB6VFDOAB7B CDBEFBDG '>D4WA< (#BEF4AB64 � ' 7954 6V8 6 7DG8AO 2017 DB>G ;V 
;@VA4@< 2021 DB>G)

�6V4JV=AV CD46<?4 '>D4WA< "#D46<?4 6<>BD<EF4AAO CB6VFDOAB7B CDBEFBDG '>D4WA<" (!4>4; �9D:46V4E?G:5< 

7362 6V8 11.05.2018)

#BDO8B> ;8V=EA9AAO 89D:46AB7B >BAFDB?N ;4 8BFD<@4AAO@ CD46<? 6<>BD<EF4AAO CB6VFDOAB7B CDBEFBDG 

'>D4WA< (#BEF4AB64 � ' 7401 6V8 07.06.2017)

�V8CB6V8AB 8B J<I 8B>G@9AFV6, 8?O 6<>BD<EF4AAO �#�� 647BN CBA48 20 >7 A9B5IV8AB BFD<@4F< 8B;6V? A4 

6<>BA4AAO CB?LBFV6 G �9D:46AV= 46V4JV=AV= E?G:5V '>D4WA< 45B D97VBA4?LA<I CV8DB;8V?4I. �DBA< 647BN 6V8 2 

8B 20 >7 CV8?O74NFL B5B6'O;>B6V= D9TEFD4JVW K9D9; 9?9>FDBAA<= >45VA9F CV?BF4 A4 E4=FV �9D:46V4E?G:5< ; 

BFD<@4AAO@ GAV>4?LAB7B D9TEFD4JV=AB7B AB@9D4. #B?LBF< 8DBAV6 647BN 8B 2 >7 G @9:4I CDO@BW 6<8<@BEFV A4 

6<EBFV 8B 120 @9FDV6 A9 CBFD95GNFL 8B;6B?G ;4 G@B6< 8BFD<@4AAO ;45BDBA F4 B5@9:9AL.

"C9D4FBD< �#�� CB6<AAV @4F< 6V8CB6V8AG >64?VHV>4JVN 6V8CB6V8AB 8B >?4EG 8DBA4 F4 EH9D< ;4EFBEG64AAO. 

�?O >B@9DJV=AB7B 6<>BD<EF4AAO �#�� A9B5IV8AB CDB=F< EC9JV4?LAV >GDE< F4 BFD<@4F< E9DF<HV>4F CV?BF4. � 

2023 DB>G 66989AB B5B6'O;>B69 EFD4IG64AAO J<6V?LABW 6V8CB6V84?LABEFV BC9D4FBD4 �#�� ;4 L>B8G, ;4CB8VOAG 
FD9FV@ BEB54@. �4 CBDGL9AAO CD46<? 6<>BD<EF4AAO �#�� C9D9854K9A4 48@VAVEFD4F<6A4 6V8CB6V84?LAVEFL G 

6<7?O8V LFD4HG 6V8 1700 8B 8500 7D<69AL 45B >D<@VA4?LA4 6V8CB6V84?LAVEFL G 6<C48>G ;4684AAO ;A4KABW 
L>B8<.

�4:?<6B 6D4IB6G64F<, MB ; 1 EVKAO 2022 DB>G 6 '>D4WAV 8VT AB64 D984>JVO �6V4JV=A<I CD46<?, O>4 484CFB64A4 8B 

D97G?OFBDA<I 6<@B7 �6DBC9=EL>B7B %BN;G ($97?4@9AF �% 2019/947 F4 2019/945). $97G?ODAB BAB6?NTFLEO 

C9D9?V> ;45BDBA9A<I 8?O CB?LBFV6 �#�� ;BA, BEB5?<6B 6 CD<>BD8BAA<I D4=BA4I F4 CB5?<;G 6V=EL>B6<I 
B5'T>FV6. "C9D4FBD< �#�� ;B5B6'O;4AV E?V8>G64F< ;4 4>FG4?LA<@< NOTAM (Notice to Airmen) CB6V8B@?9AAO@< F4 

8BFD<@G64F<EO 6EVI B5@9:9AL, 6EF4AB6?9A<I 6 G@B64I 6BTAAB7B EF4AG.



�9@A?9:B868 @>768B:C B9E=>;>7V9 ���� C 
79>897VW
&9IAB?B7VW ���� G 79B89;VW CDB8B6:GNFL 4>F<6AB DB;6<64F<EO, 6V8>D<64NK< AB6V @B:?<6BEFV 8?O ;5BDG F4 
B5DB5>< 79BCDBEFBDB6<I 84A<I. �EF4AAV 8BEO7A9AAO 6>?NK4NFL DB;DB5>G >648DB>BCF9DV6 V; K4EB@ CB?LBFG 8B 

60 I6<?<A V 84?LAVEFN 8VW 8B 7 >@, MB ;A4KAB DB;L<DNT C?BMG CB>D<FFO ;4 B8<A 6<?VF. %GK4EAV 
@G?LF<EC9>FD4?LAV >4@9D< ; DB;8V?LABN ;84FAVEFN 8B 0,5 E@/CV>E9?L 8B;6B?ONFL BFD<@G64F< A48;6<K4=AB 

89F4?LAV ;AV@><, 4 ?4;9DAV E>4A9D< (LiDAR) ;459;C9KGNFL FBKAVEFL 6<@VDN64AL 8B 1-2 E@ A46VFL G @VEJOI V; 
7GEFBN DBE?<AAVEFN. �>EC9DF< CDB7AB;GNFL, MB 8B 2025 DB>G FBKAVEFL 79B89;<KA<I 6<@VDN64AL ;4 8BCB@B7BN 

���� 8BEO7A9 @V?V@9FDB6B7B DV6AO.

�8A<@ ; C9DEC9>F<6A<I A4CDO@>V6 DB;6<F>G T 6<>BD<EF4AAO ���� ; LFGKA<@ VAF9?9>FB@ (,�) 8?O 
46FB@4F<KAB7B DB;CV;A464AAO B5'T>FV6 A4 ;AV@>4I V EF6BD9AAO FD<6<@VDA<I @B89?9= @VEJ96BEFV. �9=DBAAV 
@9D9:V F<CG U-Net F4 ResNet ;84FAV 6<O6?OF< F4 >?4E<HV>G64F< B5'T>F< VAHD4EFDG>FGD< ; FBKAVEFN 8B 95%, 4 

F9IAB?B7VW >B@C'NF9DAB7B ;BDG 8B;6B?ONFL 6<O6?OF< 89H9>F< DB;@VDB@ 6V8 5 @@ A4 5G8V69?LA<I >BAEFDG>JVOI. 
%<EF9@< D94?LAB7B K4EG, F4>V O> Edge AI, ;459;C9KGNFL B5DB5>G 84A<I 59;CBE9D98ALB A4 5BDFG ����, 

E>BDBKGNK< K4E 4A4?V;G A4 70-80% CBDV6AOAB ; FD48<JV=A<@< @9FB84@<. &4>V DVL9AAO BEB5?<6B JVAAV 8?O 
@BAVFBD<A7G >D<F<KABW VAHD4EFDG>FGD< F4 9>EFD9A<I VA:9A9DA<I B5EF9:9AL.

' A4=5?<:KV 3-5 DB>V6 ���� 5G8GFL 6<>BD<EFB6G64F<EO A9 FV?L>< 8?O ;5BDG 84A<I, 4 = 8?O 6<>BA4AAO DV;A<I 
79B89;<KA<I DB5VF. �:9 DB;DB5?ONFLEO 8DBA<-DB5BF<, ;84FAV 6EF4AB6?N64F< F<@K4EB6V 79B89;<KAV @4D>9D< ; 

FBKAVEFN 8B 1 E@, 6<@VDN64F< 6V8EF4AV ?4;9DA<@< 84?9>B@VD4@< ; CBI<5>BN @9AL9 0,5 @@/>@ F4 CDB6B8<F< 

46FB@4F<KA<= >BAFDB?L 69DF<>4?LABEFV 5G8V69?LA<I >BAEFDG>JV= G D94?LAB@G K4EV. �>BAB@VKA<= 9H9>F 6V8 

6CDB648:9AAO F4><I F9IAB?B7V= BJVANTFLEO G ;A<:9AAV 64DFBEFV 79B89;<KA<I DB5VF A4 30-40% F4 CD<E>BD9AAV 
WI 6<>BA4AAO G 3-5 D4;V6. �7V8AB ; 8BE?V8:9AAO@< �EBJV4JVW 79B89;<EFV6 '>D4WA<, 8B 2027 DB>G 8B 70% GEVI 
FBCB7D4HVKA<I ;=B@B> G >D4WAV 6<>BAG64F<@GFLEO ;4 8BCB@B7BN 46FB@4F<;B64A<I ����-E<EF9@.



�<A=>6>< B4 @9>><9=84FVW M>8> 
6?@>648:9==O ���� C 79>89;<G=C ?@4>B<>C
�<>BD<EF4AAO ���� G 79B89;<KAV= CD4>F<JV 89@BAEFDGT ;A4KAV C9D9647< CBDV6AOAB ; FD48<JV=A<@< @9FB84@<: 

FBKAVEFL 6<@VDN64AL 8BEO74T 1-3 E@ CD< 6<>BD<EF4AAV RTK-E<EF9@, L6<8>VEFL ;5BDG 84A<I ;DBEF4T G 5-7 D4;V6, 

9>BAB@VO >BLFV6 EF4AB6<FL 30-50% ;4 D4IGAB> E>BDBK9AAO CB?LB6<I DB5VF, 4 59;C9>4 CV86<MGTFLEO ;468O>< 

6V8EGFABEFV A9B5IV8ABEFV 8BEFGCG 8B A959;C9KA<I ;BA. �?O GECVLAB7B 6CDB648:9AAO A9B5IV8AB B5D4F< ���� ; 

GD4IG64AAO@ 64AF4:BCV8=B@ABEFV (6V8 300 7 8B 5 >7 8?O DV;A<I >4@9D F4 E9AEBDV6), FD<64?BEFV CB?LBFG 

(BCF<@4?LAB 25-45 I6<?<A), V EFV=>BEFV 8B 6VFDG (8B 10-12 @/E).

 9>B@9A8GTFLEO CBK<A4F< ; CV?BFA<I CDB9>FV6 C?BM9N 8B 10-15 74, 6<>BD<EFB6GNK< 7BFB6V DVL9AAO A4 54;V DJI 

Phantom 4 RTK 45B Autel EVO II RTK. �D< C?4AG64AAV CB?LBFV6 A9B5IV8AB ;459;C9K<F< C9D9>D<FFO ;AV@>V6 A9 

@9AL9 70% CB6;8B6:ALB7B F4 60% CBC9D9KAB7B, 6<EBFG CB?LBFG 50-120 @ ;4?9:AB 6V8 A9B5IV8ABW DB;8V?LABW 
;84FABEFV, F4 6<>BAG64F< ;=B@>G CD< L6<8>BEFV 6VFDG 8B 8 @/E V BE6VF?9ABEFV A9 @9AL9 10000 ?N>E. �?O 

B5DB5>< 84A<I D9>B@9A8GTFLEO 6<>BD<EFB6G64F< E9DF<HV>B64A9 �� O> Agisoft Metashape Professional, 

Pix4Dmapper 45B ContextCapture, 4 8?O VAF97D4JVW ; ��!-E<EF9@4@< 3 ArcGIS, QGIS 45B AutoCAD Civil 3D ; 

6V8CB6V8A<@< C?47VA4@<.

�BFD<@4AAO K<AAB7B ;4>BAB846EF64 '>D4WA< 6<@474T D9TEFD4JVW ���� @4EBN CBA48 20 >7, BFD<@4AAO 8B;6B?V6 

A4 CB?LBF< G >BAFDB?LB64AB@G CB6VFDOAB@G CDBEFBDV 6V8 �9D:46V4E?G:5< F4 CB7B8:9AAO ; 6V8CB6V8A<@< 

BD74A4@< CD< DB5BFV CB5?<;G EFD4F97VKA<I B5'T>FV6. �D< CD46<?LAB@G 6CDB648:9AAV, ; GD4IG64AAO@ GEVI 

F9IAVKA<I F4 ND<8<KA<I 4EC9>FV6, 6<>BD<EF4AAO ���� 8B;6B?OT ;5V?LL<F< CDB8G>F<6AVEFL 79B89;<KA<I DB5VF 

A4 200-300%, ;@9AL<F< 6<FD4F< A4 40-60% CD< 69?<><I B5'T@4I DB5VF F4 DB;L<D<F< EC9>FD CBE?G7 

79B89;<KA<I CV8CD<T@EF6, 6>?NK4NK< @BAVFBD<A7 5G8V6A<JF64, EF6BD9AAO J<HDB6<I 86V=A<>V6 B5'T>FV6 

VAHD4EFDG>FGD< F4 BC9D4F<6A9 >4DFB7D4HG64AAO F9D<FBDV= CVE?O A48;6<K4=A<I E<FG4JV=.


