


UAV Systems Group (Finco LLC)

designs and produces unmanned aerial vehicles (UAVSs) for video surveillance
and aerial photography, provides services of obtaining operational data with
unmanned aerial vehicles for various applications and services for mapping.

I'pynna Komnannii «becnuiotasie Cucremb» (000 «DuHKO0»)

pa3pabarbiBacT U NPOU3BOAUT OECNUIOTHBIC JeTareibHble anmnaparsl (BITJIA)
JU1s1 BUICOHAOMIONEHHST U a3pO(OTOCHEMKH, OKA3bIBAET YCIYTH MO MOJYUYESHUIO
OTIEPATUBHBIX JAHHBIX Pa3IUYHOTO HA3HAYCHUS IMPU NOMOIIU O€CIMUIOTHBIX
JIeTareNIbHbIX alnaparoB U YCIYTH [0 CO3/JaHUI0 OTJEIbHBIX BUIOB
KapTorpaguueckoi mpoIyKIuu
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Takeoff Elvi End Flight Max flying Payload
Weight, HZiI:,:ﬁt " nht:)Larnce, Speed distance,
kg ’ km/h | km
150-3,000 Photo camera, video camera,
Supercam 2.5 | Operational 1.5 65-120 120 thermal camera,
height: night vision camera,
S100F 50-1000 multispectral camera
150-5000 Photo camera, video camera,
Supercam | 9.5 | Operational | 3 65-120 210 thermal camera,
height: night vision camera,
S250F multispectral camera
150-2000
150-5000 Photo camera, video camera,
Supercam | 11.5 | Operational | 45 65-120 280 thermal camera,
height: night vision camera,
S350F multispectral camera
150-2000
50-1000 Photo camera, video camera,
Supercam 1.5 | Operational | 05 0-40 3 thermal camera,
height: multispectral camera
X6 elght:
150-500
50-1000 Photo camera, video camera,
Supercam 8 Operational | (.7 0-60 5 thermal camera,
N night vision camera,
X8M height:

150-500

multispectral camera
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oU PERCAM
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Unmanned aerial system
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Obtaining accurate and reliable data for mapping
Iosry4eHue TOYHBIX M JOCTOBEPHBIX JAHHBIX 11 KAPTOrPa(pupoBaHUS TEPPUTOPUT

Task: Create topographic maps of 1: 500-1: 5000 scale
on the territory of oil fields based on UAV aerial data.
3ajava: Coznanue Tomnorpaduyeckux miaHoB Maciitada 1:500-

1:5000 Ha TeppuTOpHI0 HEPTETPOMBICIIOB 10 MaTepuaiaM cheMKu ¢ bJIA.

Mission: Study the UAV feasibility and assess the data accuracy.
Choose the software for data processing.

[lens paboT: HcciienoBanme Bo3MoXHOCTEN cheMKH ¢ BJIA
U OIIEHKA TOYHOCTH MOJTYUYCHHBIX JaHHBIX.
Bb100p nmporpaMMHOTO MpoAyKTa Jyisi 00pabOTKU TaHHBIX.

Expert co-executor of work: “Uralaerogeodeziya” Topographic Surveying Company, Izhevsk.
DKCHEPTHBIM COMCIONHUTENB:  Tornorpado-reoe3ndyeckoe NpeanpusIThe « Ypaaasdporeoae3us», I. I)KeBCK.

Cooperation period: 2014-2016
ITepuon coTpynHUUECTBA:
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02.07.

S=7km? H=350m f=20mm q,,q,=80%,60% GSD=0.07m

20

14

Supercam 350F

SUPERCAM

unmanned.ru
Photomod Pix4ad
average | perspective GCP check average | perspective GCP check
error,m centers points error m centers points
X = 0.31 0.33 X 0.22 0.19 0.32
Y - 0.30 0.35 Y 0.19 0.14 0.25
VA - 0.27 0.34 VA 0.24 0.18 0.31
UAS Master Agisoft Photoscan
average | perspective GCP check average | perspective GCP check
errorm centers points errorm centers points
X 0.08 0.02 0.52 X 0.22 0.18 0.19
Y 0.07 0.03 0.48 Y 0.20 0.15 0.21
VA 0.04 0.02 0.26 VA 0.20 0.14 0.30
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SUPERCAM

orthophoto mosaic+ check point unmanned.ru
opTodoTONMNaH + KOHTPOJIbHAsA TOYKa

dX -0.054 dy 0313

S 0.317 D 0317

Photomod Pix4d

dX 0107 dy  0.080

S 0134 D 0134

UAS Master Agisoft Photoscan
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SUPERCAM

Contour lines (aerial mapping + ground survey) unmanned.ru
[opu3oHTanu (aspodoToTonor paduyeckas + Ha3eMHasa UHCT pyMeHTarnbHasi CbeMKa )
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Topographic map of 1:5000 scale
(ground survey)
Tonorpadgundecknin nnad M 1:5000
(HazeMHasi cCbeMKa)

SUPERCAM
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Objects (orthophoto mosaic + ground survey)
O6beKkTbl (OpTOOoTONMAaH + Ha3eMHasa CbeMKa)

Transmission towers Fences
Onopsl N3l OrpaxaeHus

Buildings
CTpoeHus

Object absence on the topographic map
[Mponyckn o6beKTOB Ha Tonorpaduyeckom nnaHe
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loption: 13 check points
1 BapmaHT : 13 KOHTPOJIbHbIE TOYKHU

average | perspective GCP check points
errorm centers

X 0.05 = 0.05

Y 0.04 - 0.06

z 0.04 = 0.05

2 option: 5 GCP
8 check points
2 BapuaHT: 5 ONOpPHbIX TOYEK
8 KOHTPONbLHbLIX TOYeK

24.07.2015 S=4km? H=150m f=20mm q, q,=80%,60% GSD=0.03m ——re GCP check points
errorm centers
X 0.05 0.05 0.05
Y 0.04 0.05 0.05
yA 0.04 0.04 0.05

13 GCP

Supercam 350F
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SUPERCAM

DPW Photomod unmanned.ru

block scheme DTM
cxema 6,10Ka UmMP

contour lines h=0.5 m terrain correction, data compilation

ropusoHTanu h=0.5 m KOPPEKTUPOBKa penbeda n cbop KOHTYpOB
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Objects (stereomapping + ground survey)

O6bekTbl (cTepeoTonorpaguyeckas + HaseMHasi CbemMka)
averageerror,m
cpenHee pacxoxaeHue reoge3nyecKknx 1

bOTOrpaMMETPUYECKUX TOHEK B METPAX

0.028
x| av |z
0.10

0.10

0.09

,f
/f N
.dz=0. 1%

,n' o
-1\__1 -.L

dy 0.014

Object
absence
NponyckK
obbekTa

stereomapping

ground survey
Topographic map of 1:500 scale

(ground survey)
Tonorpaduyeckuin nnand M 1:500

cTepeoTonoCcbeMKa
Ha3eMHad CbeMKa
(HaszemHas cbemka)
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distortion of terrain form
NCKaKeHne popMbl pesbeda

Terrain
Penbed

ground survey

SUPERCAM
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terrain on level ground
penbed Ha POBHbIX MIOLLAAKAX
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Conclusion:
3akJjoueHue: e

1. Itis efficient to use the Supercam UAV data for mapping, and in compliance with o -
all necessary requirements for the aerial survey, surveying equipment and
data processing technology the accuracy sufficient to Create topographic maps T
of 1: 500-1: 5000 scale can be achieved. T e e

Hcnonw3oBanue panabix ¢ BJIA Supercam B kaptorpaduueckux =
IEISIX BO3MOXKHO U MeJIeCO00pa3Ho, W MPH COOMIOEHUN BCEX == sy
HEOOXOJMMBIX TPEeOOBaHUM K MPOU3BOJCTBY CHEMKU, ChEMOYHOM g =
anmaparype ¥ TeXHOJIOTHH 00pabOTKU JaHHBIX MOXKET J1O0 CTUTaTh D it
TOYHOCTH, JIOCTaTOYHOMU JIJIsI _MPOU3BOJCTBA TOMOTPa()UICCKIX e e
mwiaHoB Macitabos 1:500-1:5000. e Ty ey -

R Ll A —

2. Reliable software for UAV data processing is an important factor in obtaining
the required accuracy of photogrammetric model. g

Hanexnoe nporpammHoe o0ecrniedeHue 1o 0OpabdOTKe JaHHBIX C
BITJIA — BaxHbIN (hakTOp MOJTYyUEHHS] HEOOXOIUMOM TOUHO CTH
dboTorpaMMeTprUUYECKOM

MOJIEIIH.

OT3BIB

3. Theuse of dual frequency geodetic receiver allows to obtain reliable and
accurate data by the coordinates of centres of projection.

Hcnonbp3oBanue ABYXYACTOTHOTO I'cOAC3NICCKOTO IMPUCMHUKA
IMO3BOJIACT IMOJTYYaTrb HAJACKHBIC U
TOYHBIC JAHHBIC IIO KOOpAUHATAM HCHTPOB IIPOCKIHH.

Izhevsk, Russia | +7 (3412) 51-51-65, +7 (912) 757-07-07 | info@unmanned.ru | unmanned.ru
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Obtaining accurate and reliable data for archeology unmanned.ru
HOJIY‘IEHI/IG TOYHBIX 1 TOCTOBCPHBIX TAHHDBIX J1JI5 paﬁoT I10 APXCOJIO0I'NH

Task:

3ajaua;

Mission:

[lens paboT:

Expert co-executor of work:

OKCNEPTHBIN COUCTIOTHUTETb:

Cooperation period:
ITepuon coTpynHuUECTBA:

Reservation of archaeological heritage using non-destructive methods and new
technologies.

COXpaHCHI/Ie APXCOJOIrn4CCKOro HacJjicanuAa ¢ HCI10Jb30BAHUCM
HEPA3PYyUIAOIINX METOA0B U HOBBIX TEXHOJIOTHH.

Study the UAV feasibility for landscape detection of cultural heritage objects
and for their state protection registration.

HccnenoBanue BoO3MOxHOCTEN cbeMKU ¢ BJIA s nanamadTHOro
pacCIIO3HAaBaAHUA 00BLEKTOB KYJIbTYPHOI'O HACJICAUA 1 LA UX ITIOCTAHOBKH HA
rOCyJapCTBEHHYIO OXpaHYy.

The Centre for the Protection and Use of Objects of Cultural Heritage
(I1zhevsk), Physics and Technology Institute of Ural Branch of the Russian
Academy of Sciences (I1zhevsk)

LleHTp 10 OXpaHe U UCMOJIb30BAHUIO OOBEKTOB KYJIBTYPHOTO HACIIEAUS
(UxeBck), ®uzuko-rexunyeckuid THCTUTYT YpO PAH (MxeBck)

2014-2016
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Object of complex study:
OOBEKT KOMILUIEKCHOTO NCCJICAOBAaHUA.

Aerial photography:
AspodoTocbeMKa:
05.2015
sony $=20km?
H=200 m
f=20mm

Thermal remote sensing:

dy9,=80%,60% ; TennoBU3NOHHAA CbeMKa:
GSD=0.04m i 05.2015 1 Gep
S=20km 2 .
11 check points
H=500m 1
£=19 mm OMOPHbIX TOYEK
11 KOHTPO/IbHbIX TOYEK
average | perspective GCP check points
error, m centers
X 0.07 0.05 0.04
Y 0.05 0.04 0.05
Z 0.05 0.06 0.06

Supercam 350 23 GCP

Izhevsk, Russia | +7 (3412) 51-51-65, +7 (912) 757-07-07 | info@unmanned.ru | unmanned.ru
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orthophoto mosaics

~ 3D model (dense point cloud)
OpTO(OTOIIaAHBI 3D mozens (m1oTHOE 00IaKO TOYEK)

4
4 p

IR_FL_00003 0003 IR_FL_00003.0003 IR_FL_00003.0003 IR_FL_00003.0003 IR_FL_00003.0003
75.jpg 76.jpg 71.jpg 78.jpg 79.jpg

EIETLN R

IR_FL 00003, 0003 IR_FL.00003.0003 IR_FL.00003.0003 IR_FL 000030003 IR_FL_00003_0003
90.jpg 91.jpg 92.jpg 93.jpg 9%4.jpg

e,
+

IR_FL_00003.0004 IR_FL_00003.0004 IR_FL 000030004 IR_FL 000030004 IR_FL 00003 0004

contour lines thermal remote sensing: video and images
TOPU30HTAJIN TCINNIOBU3MOHHAA Cb€MKA. BUJICO U CHUMKU

Izhevsk, Russia | +7 (3412) 51-51-65, +7 (912) 757-07-07 | info@unmanned.ru | unmanned.ru
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Uchkakar ancient settlement, monument of 1X-XI1V centuries.
T'oponuie Yukakap, namatauk 1 X-X1V Bs.

Izhevsk, Russia | +7 (3412) 51-51-65, +7(912) 757-07-07 | info@unmanned.ru | unmanned.ru



thermal remote sensing + electromagnetics
(TemIoBM3MOHHAS CheMKa + 3ICKTPOpa3BEIKa)

Humus filled ditch

PoB 3anonHeHHbIN rymycom

The areas with the cultural layer

Y4acTKu ¢ KynbTypPHbIM CITIOEM

SUPERCAM

unmanned

Layersrich in humus; holes with a
contrastfilling; hearths

Crnou, HacblLLEHHbIE TYMYCOM; iMbl C
KOHTPACTHbIM 3anoJiHeHeM; o4Harum

The calcined clay; sandy loam;
slightly humic layers
MpokaneHHasi rMMHa; cynecs;
cnaboryMmycupoBaHHbI€e Criox

Clay loam
CyrnnHok

Inland clay

MaTtepukosas
rmmHa
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“3D model (dense point cloud)

3D Monenpb (TuoTHOE 0071aK0 TOUEK)

Outer defense wall

BHewHMi1 Ban 060pOHbI

Central defense wall

orthophoto mosaic CpeaHuit Ban 060pOHbI

Izhevsk, Russia | +7 (3412) 51-51-65, +7(912) 757-07-07 | info@unmanned.ru | unmanned.ru



Bigershay burial ground. Archeological monument of IX-XI11 centuries. Opened in 1959 unmanned.ru
Moruniabauk burepmaii. Apxeosorndeckuii namMsatHuk | X-XI11 BB. OTkpsIT B 1959 1.

predatory excavations fragment of a copper mess-tin fragment of a crock
rpabUTEIbCKIE BKOIIBI (parMeHT MeHOTO KOTIA (pparMeHT NIMHAHOIO KyBUIMHA

Izhevsk, Russia | +7 (3412) 51-51-65, +7(912) 757-07-07 | info@unmanned.ru | unmanned.ru
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Excavations drawing, monument destruction assessment
IIpopurcoBka packoIloB 1o OpToQOTOIIaHY, OIlcHKa MacinTada pa3pyuenus OKH

monument boundary = ———— rpaunuiia namsaTHEKA
damage boundary I'paHMIIA Pa3pyIICHUS

predatory excavations ———— packoribl rpaburesneil

Izhevsk, Russia | +7 (3412) 51-51-65, +7 (912) 757-07-07 | info@unmanned.ru | unmanned.ru
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, _ unmanned
Multispectral aerial survey

MynbTUCHIEKTPAIbHAS ChEMKA

05.2016

S=51km?

Supercam 350 F £28 43 mm
Tetracam

H=600 m
dyxd,=80%,60%

GSD=0.20m

Izhevsk, Russia | +7 (3412) 51-51-65, +7(912) 757-07-07 | info@unmanned.ru | unmanned.ru



SUPERCAM

unmanned.ru

Comparative analysis: near-surface geophysics and multispectral survey

CpaBHI/ITeJ'IbeII/I aHaﬂl/l3 MaJ'IOFJ'Iy6I/IHHa$I reOCbl/l3|/|Ka n MHOFOCHGKTpaﬂbHaﬂ Cb?_l’\‘llKa
£y ] [ P ‘!/

the area of the cultural layer of considerable thickness
YHaCTOK KYNbTYPHOro Cnosd 3Ha4nuTesisHOM MOLLHOCTM




Conclusion:
3aKJII04YeHue;

It is efficient to use UAV data for state protection registration of
archaeological heritage objects and for non-destructive methods and
technologies application to obtain information about the ancient
archeological monuments.

Heobxoaoumo u uenecoobpasHo Mcrnornb3oBaTb BO3MOXHOCTU ChbEMKMU
c BJIA B uensax noctaHOBKM Ha rocydapCTBEHHYK OXpaHy OObEKTOB
apXxeornorMyeckoro Hacrneguma WU B Uensax NPUMEHEHNS
HepaspyllalLlWwmnx MeTogoB U TEXHOMNorurM  Ana  noryyeHus
NHoOpMaLMN O OPEBHUX NAaMSATHUKAX apXeorormn.

SUPERCAM

unmanned.ru

Yamyprekoe perHoHaALHOE OTAC/IEHAE
Beepoccniickoii ofmecTsennoii oprannsanun
«Bceepoceniickoe 061ecTBO OXPAHLI NAMATHHKOB

HCTOPHH M KYALTYPLI»
evipaxcaem baazooapnocms

I pynne komnanuit «becnunomnsie cucmemuiy

3a COMPYOHUNECHEO NO NPOEKMY
«Mugponozuueckuin randwagpm Ceeepa Yomypmuis:

COXPAHEHUE apXeoNI02UNecK020 HACAeOUR)

NMpeacenaveas Mpeswauyma 2
> -«

~ ¥O BOO «BOONHK»
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