Uni ver zi ta PRDloawwd ®h o
PS2rodovodecks8 fakulta

Katedra geoinformatiky

STANOVENC OPTI MELNCHO POSTU!
POUHI TC VI DEA JAKO ZDROJE D
FOTOGRAMMETRII

Di pl ompwv8ce

Bc. David MOTLCLEK

Vedouc? RNDBdakub MIsl JOVSKT, Ph. D

Olomouc 202 4

Geoinformatika  a kartografie



ANOTACE

Di plomovg pré&caenaslel zab I8kl adnthah ppoahadaviwddea jako
dat pro fotogrammetrii. Z nastaven? videa je zkoum8na opti m8l n?2
vztahu K pSekryvUm a rychlost.iBydohypmovikamaroy testov§gn?
experimentu na tSech p $20pmhadmo vkitcehr T scthu dbi ydedt hdbbv&me n a
stejnlich podm2nek boRewmn2 epBdp &d/dvag8 vsytpu chiaHasti§na v
fyzickogeografi ck® kzjaepoenmc?2 8jdmo mphoyllia knaapdl en2v byl pr «
snzmkovli let alwl svtispeendni@ ®rubd®opHizkhadospdl dvadiae
vpoS2zen?2 vi doebojzeSskztnua nma | ® hna kamevwz mo rvd sl ednim vIistupem
3D model. VetSet 2 p®stpddidovoyl a nat ol enzaa [Yg setl etnu dtovvoyr by mo d
PoS2 ®eihdeoz§ zylyanpyr a c oyvvs programu Agisoft Metashape Proffesional a

visledky porovn8ny mezi sebou.

Ztestovgn2 vyplynulo, he rozligen2? videa z8sadno o
ortomozai ky. Ve votgino pS2padU je dostaluj2c2?2 sn2ml
m§ sp2ge negMajivnegmwdli viemdp&Sv?2 padjuhi¢ 2 2rychlosti pohy

Hl avn2m vIjetanpveermd pt i m®|postupu pSi pouhit? vi dea. D§

doporulen® paot apemoes8§nd gdar nprogranmu®mMal g2 m vIstupem
je vytvoSen§ praglarkuuMiceogokBxcey st ahi twéb@vizch str8&nek pr
kter§8§ &UVbpbtpBmkrpabtaven2 videa a pl8&nu letu

KLCLOVE SLOVA

Fotogrammetrie; video grammetrie ;r oz |l i §en2 ; FPS
Polet str&h prg8ce:
Pol et prS2ttho hvoln§a2el ektroni ck®)



ANOTATION

The thesis deals with the analysis of the basic requirements for the use of video as a
data source for photogrammetry. From the video setup, the optimal frame rate is
investigated in relation to overlays and camera movement speed. Testing in the form of an
experiment on three case studies was carried out, taking care to maintain the same
conditions during testing. The first case study was developed in the physical -geographical
domain using a drone. The object of interest was a chapel in a field, an image fl ight was
performed over it and the output was the resulting orthomosaic. The second case study
consisted of taking video footage of a small  -scale object with a camera and the resulting
output was a 3D model. In the third case study, a portion of the buildi ng was filmed to
create the model. The captured video footage was processed in Agisoft Metashape
Proffesional and the results were compared with each other.

The testing showed that the resolution of the video significantly affects the appearance
of the final model or orthomosaic. In most cases a frame rate of 25 FPS is sufficient, higher
frame rates have a rather negative effect. They are only meaningful when using appropriate
motion speeds.

The main output is the determination of the optimum procedure when using video. Also
the recommended settings for data processing in the above mentioned program. Another
output is a Microsoft Excel spreadsheet downloadable from the thesis website, which is
used to calculate overlays, video settings and flight plan.
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EVOD
V. dnedgn2 dobo rychl ®ho technikekt®hfoo tpokpy akemerse zvy(
takhe fotogsmamhmeatinvinio pSesnimi vlkowah!| hthhé i dahénz m
rozpolabem odbornlich znalost2., Kvalita feoewybegpagtbujeklc
stejnovitkakn t 6chtwo bzlaass?tzienv2i dea. Dnegn2 cenovo dostu
majtédy vel kT pot en ¢veftogrampmetri.i {Gtuen 1997)

Dnegn? technologickinpokyohk?2iwamwdvV¥aje@ostupn® kamer )
tvorbu kvalitn2ch 3D mode®20ib), Jvalkh oudvoSud 2t eReahvneoll koag i 2 t

modebkflot ografickich snz2mkU je, he | ze snadno vytvoS$S
bez nutnosti p oau friatn2s pdorram®h opr obl emati ck®ho | aser ov@
skeneru.

Vyuhit?2 klasick® fotogr ammaznalostenetady $tracturej efom-dbor no st
Motion, kter §8 defaipSejke y¥lyl yednotlivich sn2mko$.edglignto p
vyuhit2 videoz§8znamu, jako zdroje dat pro n8sl edn®
fotek, zachov&§v§8 vysok® procento pSekryvU, coh usnai

Tat o s k utsesdbouonertese jen pozitiva, ale inegatva. Na nat ol en?2 vi dea
vztahuj2 stejn® n8roky | akap SPak | paadS 2jzee npo tfSoetboag r sapf ri &ev
expozici avady obj ekt i nejen fotkul, aler ifkuvalit videa.

V soulasn® dobdo pSevahuje zpUsodbruhahcBvaztaS¢izdadé
inovativn2zm pS2séenpoemzeé¢ evnhuoliu za pouhit? bezpilo
napS2klad dronu. Pouhit2m vygg?2 sn2mkov® frekvence
se zkr 8tz acebd&olvdt U asvt ®tr ®wenl

V praxi je tedyppobaSebdgedbh@aeggiazkt evd obng§g2 vyuh
videa m2sto fotografi?2. Tato pr8ce si kl ade =za ¢c¢?
ang§sl edn® zpracovgn2 dat pSi pouhit2aviisd eatk®yteo f ot 0
pr&8§ce pomohou ppSriactpeark® non®kbcohr n2ik Bimck ®akeSej nost i
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1 CCLE PR¢ECE

C2lem diplomov® pr&§ce je analyzovat z8kladn? pohadav
pro fotogrammetrii. Bude zkoum8na optikgSaRr gnwdmkov:
arychl osti pohybu kamery, probohne anallza pouhite
abude zkoumé&allingshuttdte tove f ot ogrammetrii. Bude provedenc
formou experimentu na nejm®nodo tSech pS2padovich st uc
vobl asti fyzickogewghlladstcik ®mo dtrsukbh@ z 8§sthvedyudivz cphS2
budou pouhita zaS2zen2, kter§ | ze adyiughi2tt§lvne? ffoa toogar paar
Jednotliv® pS2padov® studie budou amyipcrhacmaolginy blatk,
porovng8§ny mezi sebou. Videoz8znamy budou vytvoSeny t
rychlostech adr ahgch pohybu. N a testovanlch pS2stroj2ch
spol2vaj2c? vV e zamihrrank o o ®| if gerk2vence. D8I e bude zar
mnohstv?2 viakoawaowdomlF ch bodU, aby mohly bltbouvl sl edk)
[2sel no. Dat a b udpragramupAgisoft MetaShape Proffesional.

Hl avn2m vistupem bude stanoven2? a@appirm8lonZmé past p

pouhit? videa ve fotogrammetrii.at@adlugdzkmi vwihotdihpmy el
analyzovanlch dat pro porovngn? nastaven?2bufeednot | i\
vytvoSena k alprbguama Mk ierosoft E x c e | s e vzorci na vipol et

moS2tkov®ho [l2slag@gabg2mkop@mametr U. Ta bude volno Kk
vytvoSkedi®m omov® pr §ci .

Visledky prs&8§ce pomohou pSi wiammetrie I widengran@netrieet ody f o
apostupu =zpracov§gn2. VytvoSen§8 kalkulalka wumohn?
pl 8novg8§n2 | eteck®ho sn2mkov8§n2 metodou videogrammet

11



2 SOULASNT STAV SEGENEf£ PROBLEMATI

Fotogrammetrie pSedstavuj e vkgle2oldoBmgoeuo idnifsocrinpalt2incue ,n ealeel

vgirg2m spektru aplikac2. Tato disciplz2zaar amohifah e :
z8znamU, coh je kl2lTov® ppoUmnohw. obalkasu@®HDdpPavell
Fotogrammetrie j e atvodanol pgpUsob kter § se zabl v s z
vyuhitelnich moSen2, map, ddagig8cth2poodokeluy kee®RdL
zobrazov®ho, nejlastoji .féotografick®ho z8znamu

Zat 2 mco tradil n2 fotogrammesfrdteo grparfaiccukiTemi p Ss2nmior

videogrammetrie vyuh2v§ jako zdropsmamkwildieosekwoaka
sn2 mikUdea. Jak zdUr az Eiwpl8), video je elektronick8§ repre:
obrazU nebo sn2mkU, kter® jsou sest amerakyitutVak, aby

dUsl edku toho nab2z2 videogrammetrie nov® mohnost.i

apohybuj2c2chvisesSlobh@mklit &s e .

Vihodou videogrammetrie jesjh&al mbbéibaSprengctpopnaoh

uhiteln® vkmad zkdilerm n&8kladUm na poS2zen2. Na rozdz2]|
pouh?2vamwiiloahobd 3D model U, &wyha®dyjsouodib@h®® znal osti
avytvsg§Sen2, je technika videoasammebdbr pe u@ashiddV as§dost
2014)

Z8kl ady videogrammetrirecee 19881 Valmi oh Gruen, kterl
ovysoce automati zovanou moS2c2 techni kuamokhtneorsst iposk
zpracovsgnAreglam®m [ ase. Stanovil, he hl avn?2 mi fak
aspolehlivost videogrammetrick®ho syst ®mu j sou k
uspoS8§dgn2 kamemjstpowdevli2covac2ch bodukamedal i ta p$S
pol 2t arlaekyalita kanpery a objektivu adal ¢ 2 . Z8vory 'l 8nku jsou, he
se uk8§zala jako vel mi vhodng8 mo6S2c2 technika pSi Se

pr obl| @méh1997) .

Herr 8kok (2016) ve sv®m vIizkumu porovnallasdrdew® rsakmmed v §r
adogkk&§voru, he videegsammphai generovat velk® mnohs
znamen8§ vysokl Ipode@\ ®hboo drarkarlantag 2 m a fea shéedu na typ
materi 8§l u. Z2 skan®vIwvzikulmpaodtkwr zju¢ B o he vi deogr ammetr
podobn® pSesnosti jako EScanvyép8émosmizl Bheskmner o
i nhenl rasrty\gg pSesnosti neh |l aserovl skener archit
jednoduchiafl ke&vbiln2. Potvrdil, he videogrammetrick:
objekty snepravidel nou geome8wn2ch vdlkeltandt 2k,o nkkt er ® mohou
pro jin® techniky 3D model ovgn2z,.

12



Obr.2. 1. ZpUs o byvideagsmmnoewri& (2Herr §l ez a kol . 2016)

Videem, jako zdroje m dat pr o f ot ogr ammetri i, respektive pro
zablval |l oann(20%l).Ben | alki ssv® studidi otestoval sadu |
svysokIm rost?lgem2mytvoSit hust® 3D mralno bodU. Ve
kalibrovanou sadu dvou kamer, ze kterlch poS2dil z§z
viznamnou automatizaci pSi z2sk8v8&n2 prostorovlich d:

postup umohf ujmerpwhy sokisst avy, coh Seg?2 probl ®m okl u
fotogrammetrick® metody.

Dal gauory kteS3e zabl val pouhnTotre3am aRemondino3019),kt e S?2
pouhpi92 mo mobil khat @l en@dwthh kul turn?2 ko&§dd@idant®v 3D
rekonstrukci. Ve spw®ci Vvigkvopitl kterl zkoumal jednotliv®
lasu, tedy pravideln®ho intervalu, nebo na z8kl ado
jin® rozostSenost nebo smaz. Ve 3D -3AM&poiuhbyl chouh
pS2stupU se uk§zala jako nejvhodnoj g2 metoda 2D sel
pouhitelnlchWzgvdmlelOh vI zHKkumvdeogranelt ri ckl pS2stup mUO
poskytnout srovnateln® 3D visledky jako fotogrammet
zdi git8ln2z zrcadlovky.

Dal g2 prac? na odborn® Yarovni byl vizkum na t®m
kamerovich vstupU pro videoagunaemitye tvMal ajvdizikummt k ¥ e
studii pouhili nokolik zaS2zen2, nap$82klaidgirtl&nn® mo
fotoapar 8§t zmdDISKR Casio@mapaa@ar dvrkdwal i visd@eanbvinstupy
rozli gsm2Zmkovou frekvenc? pro Wleelsyw @D vnrrzdaidesu Ibiod U.
146 znalek totGpt 22 agi @minoa | i vich zaS2zen2.Tenat ol il
Nl ednd zpwprag@amua EyesCloud3D avygenerovald. mvalshedhbydU
kalibracebyly pouhity ke kalibraci model u.
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Obr. 2.2 Kalibrace kamer (Ahmad a kol 2019)

N§sl| ednprovedlsnlvi deoz8§znam rhaddelkuahd&8 kamera zaznamen
model spouhit?2m jin®haosnztmizlUi gean2 sEZBUndni ujmrat §het
videoz8znam model u by vsodpoméd w2 cphr ov@dion 8c h, aby se
jak®mukol il $zkmsti Zmojdiechw. z§vor dolvrzlegV bs| hckek mr al
bodU | ze zp2oskkuadt j e video natolen® za konzistentn2ho
avzd8§l enost meakamema zellser§v & jMeSj.ni hg2 polet beedU byl
zaS2zemami m&§l n2m r ozl 30FRNAIND 870200 p2 4 FPS.I 2Lhv 8vdy?d, g 2h e e
rozl iafePns? urlit® kamery,potl2zemm voyogdd® vbusde dn®ho mral na
poS2 zeSm2nasr oz |l i germd® 4K2mkU zavasriklume@uvel kI video
srozmazaadand byt el nl miAhread & kalk 2019)

. . ) Number Point
Camera Resolution Fps Clouds
Iphone 5s 1080p 30 tps 3,789,377 points
Iphone 7+ 1080p 30 tps 3,500,624 points

1080p 60 tps 3,898,404 points

4K 30 tps 4,028,648 points

Iphone X 1080p 30 tps 3.874.748 points
1080p 60 fps 3,832,829 points

4K 60 tps 3,567,064 points

Digital
Camera . .

A : !

(Casio 720p 30 fps 1,423 320 points
Exilim)

DSLR : .

(Nikon 1080p 2afps | SV3%781 points
D7000)

Obr.23. Visledky vizkumu (Ahmad a kol. 2019)

VLesk® republice byla metoda wced261d gkdyasenspojily i e vy uh
instituce Spr8va jeskynz LR, Lefisra&EGS gzxdbeotestavalii ck 8 spo
novou met odu mapov§8n? zatopenlch prostor Chlnovs
ozmapovsgn2 trvale zatopenle80prbetech pmoboh®fojshol
vedly ke vzniku pr vkat2o mua ptye h dPyo tv8ypudhl2ival y met ody magn

14



kter§&8 se bohinnmdmesh?2 W&j dS2ve byly poSizovgny orient
chodeb ah byla postupndé zakreslena cel &8 mapa.

Vzhledem kpr obl ®@mUm spojenliswenanp S2rkyicadl T m zakal en2m
prUzkumu [T 'l eni t osti \prroocset 02 Ql 7s er otzahko duddcviyuh2t |
mapov§gn? zalohenou na fovhgbammedyi mat 8naobi cdio zdokoc
SIFT metodu aal gori t my rtoalpoaum®8vat virazn® obrazov® body

gumiuosvotlen2. Pomoc? t®to metody jih dS2vellRylo zdo
izahranil 2, vietno kopapS2umalineg ckl cthe ndba®n 0. Fotogr
vhn8roln®m ter ®nu vgak Uk § maanlee f ¢ latkkiov n2Zd | osmami®y nav
nepokrlivali vgechny potSebn® I §sti dokumentovanlch
fotografie videoz8znamem. Skenov§gn? zatopen® Chlno
pot §pdiichh kahdl mol stebek @824 . vEo umohnil o kombin
rUzn® mat emati ck® postupy pSi fingln2 tvorbo,
stereofotogrammetUsek&Vtbbh vipoltO.

PSed samotnou videogrammetrickou [ §8st 2 dokument

l omovIich bod?U hl avn2zho pol ygoataks®k gkaht eal n2 mizama
kl asickou met odou ma graetnioc ksGhgon attalzw.van® body navz2c
vipoletn?2 f8zi projektu pro snadnoj g2 Spojovgn?2 d
Z8kladn2 polygon byl pSeveden doSKsaod &kbdni®homv Ghycs t Byma
Bpv. Pellivim pSemoSen2m tohoto polygonu jsme sle
kontrolu vistupU nmetedg viasopeah®h prostor8§ch votg:?2
PUdorysn® aPeésByny vygenerolvahmm®®h o model u, vykazuj 2 S
polygonem vel mi dobrou shodu. Drobn® nuance na dvol
sp2ge nedostatelnd pSesn®mu mdoSen?2 vigek hloubkomor

Kontrol n2 mi vipolty byla potvrzena cel kov§ maxi m§l
cm. Bohem pouhlTch dvou ponorU dok§zala dvojice pot:
'NenitlchspcSeovdiegpen2 m 43 met r UvCHPlordowankd® pjreSsclkey ni  p ok |
inadg8(6indel 85 a Krejla 2019)

Obr.2.4. Pozicekamer zvi deoz§84{rzalmwj Spr8va Chlnovsk® jeskyno

Software

Pro tvor bu Zdealpedvedin® gn2 dobo pouh2t vel k® mnohst v?
pouhit2 umél ® inteligence um2?2 zpracovat kr 8t k8§ vide
cenu znal n® neanpeSeoshnnoossttii vyuh2t pSesndo zamoSen® vl 2
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ngstrsojmé zenou funkcionalitou je to napS2klad 3dpres

ve free verzi mingsovg) Witdehoto typu nelze jednoz
postupy zpracovg8§n2 vstupn2ch dat. Uhivat el natol 2 v
apSiblihno za 30 mhalsbdmazp®i hdevggenerovani model,
zobrazit, ip$x8hadra . Jedi ngodmwobhonostdi t ace je pouze
visledn®ho modelu. Pro jednoduch® vi zud43Dpressp@e bez po
2024)

%% 3Dpresso beta

Obr. 2.5 VIisl(edytlvonSddelaut or pr 8§ce)

Dal g2m online n8strojem, kterl je placenliel @§2 e um
videozgznam, pS2padnodo v2ca@aqovhdahn2 Al |l omek8b§. aii de«
objektU nebo sc@&n %rveewmrn?22,, \lest2upem je interaktivn?
pS2mo vkl §dat, hrubo texturovan® modelty adnd nRicér 13dDh
pipeline, apSedrender ovan® a%6 @/4(aondAi 2024 y

Me z i programy instalovan® na pol2tal uhivatele d
spol el nosti Adobe. Adobe Substance je Sada program
model ovgn?2 umo hifwjteogpafhmetrii, pS2padspokwvobBiebbmamm

mohnost mi zpracovsg8n?2, gdaklog2je ViSeaupWMesvhak sl ouh?
vizual i zaci napS2 k!l ad(Adobbe2@p2d)l 2t al ovIich her.

Na profesion8ln2 odborn® % ovni vgak takovIich prog
program pro fotogrammetrick® mpedty, vikdeal RMedipfe
videa na jednotliv® sn2mky umohfuje definovat in
extrahov§8ny. Je zde mohnost definovat mo d e | kamery
z8znamu vi dea(Prd®d2d24)8 d § .

Domi nuje zde program Agisoft Metashape, kterl pro
digitg&8ln2chagsenegmkfe 3D prostorov§vadpaltiakap? oh p6Gu8§j
dokumentaci kulturaptbduldidi vivug§limrechned®%m8 moSen
obj ekt U r Uz nl(agisoft@0R4 2Tteenk j e pri m§&r no wfotdgafiremirale pr §ci
obsahuje in8stroj, kterl vliohen® video rozdol?2 na jednof
pracuj e. PSi extrzahde8ntzensdmkbit sn2mkovou frekven
exportu konkr®tn2zm [ 2s] e, nebo vybrg&n2m mohnosti St
progr amu automatickl krok sn2 mku pr o pSeskolen? p

imohnost o0S2znout d®I| kjuelvstzuph8thlou vielle@a konce.
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3 METODY A POSTUP ZPRACOVENC

Po obdr hen? zadgn? byla nejprve pmBygovedstnadaoawqrea ge
nastaven? pVetashapa mmanu §afu- rdost upn®ho na Agsoft. ok §c h
nastudov§gn? problematiky byl navrhen postup pr&ce.
apodlenich idostupng8 nastavasm? mkozl® Ferre(kvence videa.

Zpracov§gn? pS2padovIich studi 2 prob2halo experim
anastaven? byla testovg8§na tak, aby mohla blt me z i
testovgn2 ve venkovn2m prostSed2 byla jednotlivg vi
aby byly svoteln® podm2nky co nejv2ce podobn®. V pS§S
by | a kamer a um2 st onsaskomat amtSrt2zend? §hou pohybu. Z8r o

podm2nky byly konstantn2 pro vgechna nastavenz2.

31 Pouhit® metody
V rg&§mci diplomov® pr&ce byl o prsoyaediéendé mSmewrtidly exper

from Motion (SfM). Smorem pohybu ovkacé 20120Westebkt u z § ) m
ve sv® saiBudieStructu@ -from-Mot i ond® phot ogr zostreddctivgtoolfok | o w
geoscience applications 6 (Westoby a kol. 2012) st e mPavelkkaa & kol. (2015). Oba

uvedli, he fotografie | e v habjeku®svpeolSkidnm tpefpdkedvyi del no
80 % ai de§lvm@kol i ka Sad8ch. Stejn® dowpogpdven®8§che

jednotlivich progviaptdle B.vedenT ch

Feature of
interest

i

Obr.3.1 Pozice kameerodpSiSt M &Kale2012p.by

C2lem experi mémoU jzikyo®omat , jak efektivno SfM dok§F
trojrozmor nwWwi dseco®sneyk venc?, kter® slouh? jako vstupn?
anallzy. Prvn2m krokem t ®t o meevteoldkyl nj ep Sveyktr worSem 2v es ns?

pohybu okolo olprakt .u MNE§lmudno po nahr&§n2 sn2mkU do p
detekuje asp8ruje k!l 2vfjevd®olbddwlch sn2mc2ch videa, aby by
j ejich vz§8j eaondgh gpdorhoyubty geometrii sc®ny.

Potj®s ou provedeny rekonstrukce tr oj aalzath@ohryl@h o uspo
kamery bdhem cel ®ho z8znamu. Detai |l n®zk3#2.cell proce:
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: 3 ’ Calculate camera ’ Setting reference
iedinptdoia s location coordinate system

!

Build dense point cloud [« Align images = Check

camera calibration

Build 3 Build texture L
georeferenced mesh (color) —>> Build tile model

Obr. 3.2 Postup zpracoVRanakon2@li8yody Sf M

Pro Ypln® porozumodon? experimentu je potSeba vymezi

byly pSedmdéotem testovgn2. Mezi nd patS2 FPS (frames
zasekundu (LiaFu2018) . Vygg2 hodnota FPS znamen8 plynulejg?
ivygg2 procentaovym$eékrpollet | ednoztvliidelac h Dsar 2grak UOd Ul e h
parametrem je rozligen?2 vidkeari Tona@BouEmhElI at mpsmrmel
(Oujezdskl Y9443 rozli gen?2 videa obvykle znamen§ |
ijednotlivlich sn2mk0, ale tak® votg2 velikost soubo
Full HD, kter® nab2z2 1920 | 1080 pixel U, achakg2dal g2

Rolling shutter

Ef ekt roluj2c2 z8vorky | e z8saldedborga &ad2011s.nJ8@ mal e t vy
zpUsoben§ Iten2m dat zeesrkmalbeai cRéddvgEBmorek kamer
zaznamen§8§vs§ obr &8 dE&prekt opoj e kahdl S8dek exponov§gn

asov®ho interval u. Opgloahialt osnuu tzt 8832 zeexnp o fedef 2 cell
moment . Tato vli astnost pSi vysokI ch rychl ostech
zaznamen8ny jako ¢gi km®, nebo he rotuj2c?2 vrtule |eteze

probl ®mU mUhe bit upraven? rychlosti z8vorkfly mya dvoj
ovinemohl o zpUsobit sma#iobhmamohn®rofje, Seggen2m sn2hi t
kamery (Hedborg et al. 2011) .

PSi testovgn2 vgech pS2padovich studi? nebyl zazne
visledn® zsideamélgy byl o zpUsobeno mal oldronwPbantbrost 2 pohylt
Pro t o pirespkrignenadd Forlani kt euiv8d2, he pSi rychlosti do 2
nepat Bram® a Forlani 2023)

32 Pouhit® pS2stroje
DJI Phantom 4 Pro
Pro zpracovg8n2 prvn2 pS2padov® studie bylo potSeb

UAV dronu DJI Phantom 4 Pro. Dron je vybaven vysok
nat 8l et vi deo ve vayacbykt ®tografico zslviygseork2l m r oa] agaehtim
detaily. D2 ky sv®mu i nt egr oavpaonk®noul' i Is®ma ®neut a IGIPISi z a

mechani s mu dok§he dron udr hagpiaytnu s fip Bieltm2epfodkohul c
povotrnostn2ch podm2nk&8ch.
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Ol ympus f ot aolgektivygt vy
Pro zpracovatnSetd?r uph82 padov® studie byly pouhity fot

Konkr®tnd model y Ol yapluysmpMids Malrk Mar k |1 . Na fotoapa
byl pSi Segen? prvn2?2 pS2padov® studie nasaz4n obj ek
mm f /2,8 Pro, nastaven na ohnisko 12 mm, respektive
PSi testovsgn2 tSet?2|l pSppadov® Ltvicdideapwhk&imhi k. Pr\
f ot o a psaobjektivem Olympus M.Zuiko Digital ED 14 -42mm /3,5 -5,6 EZ Pancake

nastavenlm na ohni skovoua drzulobgktives Olynipds MiZako
Digital ED 17 mm f/1,8.

Geodetick8 GPS Trimble R4

Pro zamoSen? ak®@nctorvaalcrr2ccilpr bmti 8et 2 pS2padov® stud
pouhita Geodetick§8 GPS Tovydodee Redpol elheldinv§l sgeeodet i c
GNSS, kterl umohfuje phedbd® gebermz cppfochypadapSesnost
aspolehlivost?2 tak® d2ky pSesn®mu urlovg&§n2 polohy m
girokou gksglasmohhoské2? vIietnodo podpory v2ce druhicov]
umohfuje z2skiodt 2 flmt@ah ter®nn2ch pwordmd mik&ewha nn etho
oblastech somezenou viditelnost?2 saseUdgtt@Wn2 PmdSenma?stjae e n?

vybaveno kontrodmnper e&ldm2om ksoyust ®mem Wi ndows mobil e. P
zamoSen2 bodU jeknonteitneSeéstuperl byl zprostSedkouv!
zmobil n2zho telefonu Xi aomi Red mi Note 9 Pro. VIgka (
cmadoba moSen2 jednotlivich bodU byla minim8lndo 5 se

Autonomn?2 robotick® vozidlo

Pro testovgn? dr uh® pS2padov® studie byl o Vytvec
konstantnzasmwmach!| pehybu. Vozidlo bylo vytvoSeno ze st
elektrombtoredi ov®h oadnSa pk§jveBh2o ov I §d&§n?2 .

Mezi zaS2zen?, kted®vbyluanzayhhwvwtid&c2ch pohadavkU,
Mavic Mini 1, protohe neumohfuje pl&n letu. A mobil
kterl neumohfuje pokrol iulvileanast aven? expozice

33 Pouhitg dat a

Vegker 8 dat a wvzdpirpa coonvo8vn® pr §c i byla data prim8rnz, v\
pro tuto pr8ci. PoS2zen§ pri m8avni2deda tzaa zjnsad®/ nlaat®e c k (
af otoapar 8§t U. Fotogrsafoizd i elny mp 292 2Mprxy ve for m&§tu JF
nahr8na ve fosmB8zIlui ¢MOV2 m 4K nebo FHD.

34 Pouhit® programy

Pro pl&n || etu, zamoSemzpvaéocwo§ymt?2 plo Sbhoel ch dat b
ng§sl eduj2c2 programy

Trimble Access

Trimble Access 2021.20 vkontroln2 jednotce GP®rDrinmabsiteavRA 2 s
metody moSen2?, vadialygpShj2malzamoSen2 vye&h mpo®Sebn
oblasti probohl export ap&eliodo doomodi lamesdsd ezdanI2nz e n 2
pSenos do pol2tale.
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DJI Pilot

V. mobil n?2 apl itkvaerizebDJV2 . Bi.lla 17 byl nastaven auto
ing§sledn® rulfn2 ovl&§8dgn2 pSi Segen2 prvn2 pS2padov®
fotogrammetrick® sn2mhd0®Bnpod®knpSpBekryv, vigka | e
rychlost letu 1,8 m / s . Podrobno je tot ovkapiaet AlvRmven2p opS$S28mado v §
studie 0Kapl i I ka.
Agisoft Metashape Professional

Zpracovgn2 poS2zen lvprbgrathaAgisgit Metdasikapedtofessional verze
2.0.3. Do programu byl a naphor §nar opvonSE2nzieznssm & dvaktiks n 2
hust ®ho bodov®ho mralovd2ezpfacshom®dy n8§slednd vyt vec
ortofoto mozaiky, DEM  a 3D modely.

Vegker ® viaaasnhavytin2 programu Agisoft Metashape | st
volno dostupn®m manu8l u n aAgis@dtRa9)l cProt A8 ek §chh ®t o pr
vgak nokter§8 nastaven? uk§zzklle joavkioc hz §sravckn(®? .k aJhedd®rhzom

je zarovng§n2 sn2mkU pomoc2 n8§stroje Alignapgdbwtos, kt
zpracovgn2. Zvolen?2 pSesnosti pSi zarovn&vg&n2 m§ vI:
vysoks§ pSesnosf otporgarcaufjiee mi pUvodn? veli kosti, kdel
pSesnosti zpUsob2 zmengen2 sn2mkU dvakr§t. Nastaver
sn2mky ah T tySikrgvnokcoehr | mbh epSisiptasdlerc® pro prvotn?
pol ohy. Naopak nejvygg? pSesnoajte zddp guijleenost sipnge
vizkumn® Ylely."

Mezi pokrolil® nastaven? zaer®vmSpPScmR@apadaSpaudmni
parametrU limitu kl2lovich bodU. Toto [2slo stanovu
sn2mku, kt er ® \%v athSie bbad hvem? takt ug8l n2 f8ze zpracov§gn?

nul ov® hodnoty umohn2? programu naj2t co hkeeVvVk®e kIl 2
odchyl ce. Doporulen8 hodnota je 40 00O0.

Dal g2 dUlehitim parametrem je |limit v8zac2ch bod0U
bodU pro kahdl sn2mek. Doporul en8 hodnota je 4 000,
maldje pot Seba vysAgldk200§esnost

JednzmhitelnTch n8§strojU je tak® Generic Presele

zpracovsgn2 t2m, he umohfuje vibor p&ru sn2zmkU, kter

vyb2r§ pSekrivaj2c?2 se dvojice ahipg2ppé&ebabs®2anal’
Me z i dal g2 mohnosti pat S2 funkce Exclude stationar

spojovac?2 body, kter® zUst8&vaj2 na m2stdo na v2ce

r O:
bit uhiteln® pSi zarovn§8vsgn2 fotogr afsituaci kdgjest at i ckl
kamera pevnoasnlae dh?vsandl obj ekt se ot8&l2 na otoln®m po

vr § mci t ®t o pr8ce otestovs8na, ni cm®na byl o zjigt
anedosahuje olek8vanlich visl sdhkOUOouZandwmEs ma ciho tbogrla f
vedokzarovng§n2 pouze mal ®ho poltu vstupn2ch sn2mkU, ¢
zpracovsgnz2,

Ds§le je zde mohnost vyuh2t funkci s2zen®ho por o\
zvyguje polet kl2lTovich bodU na sn2mek bez virazn®ho
n8stroj je vhodnl z esjfoto@rafiami psrvee g et g dspenebesi on8Il n2 mi
kamerami svysokIlm rozli genz2m.

Adaptivn? model fotoapar §tu je dal g2 uhitelnou fu
vibor parametrU kamery na z8klado jejich spolehl i\

poSizovgn2 snzmlOnibwh o¥%h viUe theewloch datech, kde pom§h
odchyl k&8m nokterlch parametr 0.
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Dal g2 pouhit® progr amy
Hodnoty zvi stupn2ch report Uawiyz ya |piowrpmg8msyMy icrosoft
Excel. Gr afi ck® vIstupy ‘\bpyogrgmuzAdobe Hustiat®rn y

3.5 Postupz pracov 8n?

PSilohenl vivojovIi diagram grafi.cky zobrazuje postu,

Reserse

Studium problematiky

Piiprava experimentu
Vybér techniky
Vybér lokalit

Vybér nastaveni

Experiment - terénni prace
Zpracovani prvni piipadové studie — Kaplicka
Zpracovani druhé piipadové studie — Kostka

Zpracovani treti pfipadové studie — Budova

Experiment - zpracovani dat

Zpracovani naméfenych dat metodou SfM

Vyhodnoceni dat

Vygenerovani reportl jednotlivych projektd

Analyza dat
Porovnani hodnot
Vizualizace vysledki
Zavérecné prace
Textova cast diplomové prace
Tvorba webovych stréanek

Tvorba posteru

Obr.3.3Postup zpracovsgn?
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4VLASTNC SEGENC

Byly zpracovsg8§ny 3 pS2padov® studie. PSedch8zelo jim g
vyzkougeny r Uzkj® dpnSe?tslitiuplym pS2padovim studi2m. Prvn:
zablvala vyuhit?2m videa m2sto klasicklich fotografi?
pS2padovs§ studie se zablvala vyuhit2zm viae&epto tv
pS2padov§ studie bwodbal awsytpr ancoosvi§snka® z &§st avby. ZaSz2ze
formou experimentu za pouhit2 t®mo6S stejnich podm2n.
porovng8§ny mezi syolzdi lpouznast asem2mkoz®i e@aRvence.

41 Prvn?2 pS2paddékK8pbitluUKae

Prvn2 pS2padbwy§ astzpdiagpoovngonc2 UAV &dBdmen2 Spol2val e
votestowpms ovnsgn? |l eteck®ho sn2mkov8§mhahp@&dlge2 pl ¢
videozg§p®Samsestejn®m | eBgl k®me i dmEwninnp od obdl et 6 n 2
objektu z&j mu po kruhnici.

411 Prvotn2?2 testovsg8n?

V r8mci prvotnzho testovg&n2 prvn2 pS2padov® studie
s dronem DJI Mavic Mi ni 1. Jako objekt z8jmu byl nejprve vybi
Hi dl ochovi c. Na dronu byl nasdl@lveno n2um okmalté mk vy bbred
objektu abyl o zapnuto nahr 8vsgnz, N8sl ednd se vgak uk 8§z
vhodn®, pr otse hepohybueo konst ant n?2 apyocsheldosm§ pS21i g slo
konstrukc ina testov§n2. Svotel n® podm2nky bohem testovs§

PSesto byly provedhasy adea2mbivéetde aFRD50RPS30 FPS

Obr. 4.1 VIisledn]l] model posedu

Jako dal gz obj ekt z8) mu byla vybr8na rozhledna Al
vmanu8ln2m rehi mu obletémnal cemkew $Hbd§ krkitto We,h| feel em
tento dron autor pr8&ce wrnZamtm® dli diuBadabaddenkksizgasdrko st i
letot po pSiblihno spg%gat®o deseSzeot Dvgemacovs§n2 uk§za

vhodm®zdUvodu, he dron byl st8&le ovl&d&§n pouze mant
visledky, d&8le he dron nedisponugacostoat é lgnkevdums @K, al
frekvenc2 pSi nastaven®m nejvygg2m rozligen2. Z8rove
kontroln? body, takhe visledky nemohly bit srovn§ny
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Obr.42 Vi sl ednl model rozhledny

412 Ter ®nn?2 vagkam dat

Jako objekt z8&8jmu byla vybr §8na vydik lokea Saoviée, dt@apl e sv.
zdUOvodu jednoduchosaviholdnm®htor ukm2est 6 n 2 me me k tzr8isd lka® b u
vedeDatum ter®hnkRhmu 6bywl.o 2024 pSiblihnd ve 13 hodin
jasnosm2 rnl mi poryvy votru.

Obr.4.3Um2st on?2 kaplilky
Nejprve byl vytvoSen pl&n | etu paplikacidDdloRilot DJI Pha
snastaven2m vIigky letu na 25 m, rychlost2z pWhybu 1,
apS2Inim pSek% (©Obre4n4).75Vy §g2 rychlost nemohla blt nas
aplikace. V z8j mov® obl asti byl o geoda&4 i k&our @GIP52 z

body spSesnost2 0,005 m, na kter® byly um2stony hlut®
vnoj g2 orientace. Ceslnkkankdo &aF &0 oril, asbyl o tedy aut
vytvoSeno 6 | @brat)l.ctPSdr @alomto nastaven2 bylo vytvoSe
Expozice fotografi?2 byla n8sleduj2c?2: clonov® [ 2s]
a hodnota citlivosti ISO 200.
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Obr.

Se stejnim nasntaflviem# ,viad o,
pSi nast avern?z lviigdeemd m2 Ko v o u
25FPS aFHD 50 FPS. Doba |
pSi |l etu podle pSedem
Dron obletoVvpklapmdd kupSi blihno
25 metstubl) em kamearsye F4&jnlm

Distance

445 m 4m23s

Estimated Time

[$%4
25 N/A

Waypoints
12

R
&

Mapping2
Speed(m/s)
1
Elevation Optimization @

Upon Completion

[ rFeunmorome ]

Advanced Settings

Longitude
[ ]

4. hletuP1 8§

et u

stanoven®ho

byly
frekvenc?

provedeny
25

FPS,

dal g2 =
dgl e

byl aapSaménfndasindrank Ut .

30 metr U
nastaven2m

l et u. Tento | et bysd$nagsgtoavvwedare2n

FPS a 50 FPS. Doba letu byla 30 sekund (Obr. 4.6)

PSehledndo jsou vgechny tywvon§shédumace
Tab.4. 1 Nastaven2 sn2mkov§gn?

Dron DJI Phantom 4 Pro

Vi glsm2 mkovgn25 metrU nad zem?

Rehi m s n2 m§ n| Fotografie Vi deoz8[Videoz8zn
Rychlost 1,8 m/s 1,8 m/s 6 m/s

Polet letovl|6 6 1

PS2TInl pSekr|75% 75 %

Pod®l nT pSek|8 %

Doba letu 5 minut 5 minut 40 sekund
Clonov® [ 2s||fl5

Rychl ost z8v|1/500s

ISO 200

OvlI §dgnz: Aut omat i|Aut omatManu8l n?2
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Pol etz cvovac?2d 8

Pofl eotntkr ol n2 ¢ 4

Nastaven2 vi|Olek8&8vanl polet sn2mkU0U
4K 25 FPS 7 500 1 000

4K 50 FPS 15 000 2 000

FHD 25 FPS 7500

FHD 50 FPS 15 000

Q Vlicovaci bod
@ Kontrolnfi bod

V12

P

V3 Ve
K9
K5 @) O
Ny

&
\Y
K7(e)

K4

"Q* O

\J

0

V)

V10

O

Obr.45. Sn2mkovgnpl B el e
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O Vlicovaci bod
@ Kontrolni bod

Obr. 4. 6. Sn2mklowZm2owl §8d&n2m

413 Zpracovsg§n?2 dat

Zpracov§gn? d a tv praggraroubAgibo#t IMetashape Profe ssional . Bylo stanoveno

pouh2t stejn® nastaven? programdUypoodur (havs vod aest the2v e n

ng§rolnost.i zpracovsgn2 vgak musel o vjednam kpkuwpfi t o odl i

fotogrammetri apr o vi deogrametri.i pSi zpracovs8§n2 sn2mkov®
Nejprve bylo zpracov8§no nastaven?2 pro klasickou foc

nahr §ny do pragowen®mo .zarbdbeh8gtafi?2 bylAlgn®hofos,t n§str

pSesnost zarovng§n2 byl Keypait limit byenastaven aa 4400 h a Tie

point limit byl nastaven na 4 000. Vzhledem kt omu, he polet sn2mkU byl po
zpracovgn2 bylhag&80lsekonmtda N§slednd byvg&zuygytubSeéona UMe
ZaS2zen2 DJI Phanpo$®i z40 vBmaé udkSit§d@ruaéSfaidpnedeot | i vIich

sn2mkdlouSadni cov®m sysvehedem kWSBu4 he skécobwvalkcA2 body
byly zamdoSeny geowdeuiSakoic GP®mJITSK,stj®em ®Butn® souSadi
fotografi2 pSev®st pr8§vo daTSKouBadnieov®hp Seysd®rmy!
ngstrCGojpvert. Vnastaven? tohotwyl ngyhbsediprer vhosiupert

transformace . N8s | edov al i mporatkomt PobmachcthodU. Body byl
geodetickou GPS spSesnost?2 na 5 mm. Ban@gy|lkeyiny wlyekemoyt ov§n
souboru CSV, kterl byl pS2mo i mportovgn do progr amu
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Delimiter
b el: Rotation

Obr. 4.7. I mport zamdoSenlch vil.2covac2ch a kontrq

Pot® byly body na sn2mkhamofSefihd pSiSadeing2m. Po
se nad konkr ®t n2 ahkoldi knmautnt?pmkdutitkem mygi byl vybr §n
bod. Po pSidg§n2 bwSadmiacej ednom sn2mku seodqraafni§sclhedu
zobraz2 pomocn® linie, kter® jsou programem vypol 2t §
vod2c2 |linie pom&8haj?2 wuhivateli pSi(@Gad8t souSadnici

Obr. 4.8. vhonoep®i pSi Sazenz2bosdolnBadni ¢ k

Takto bylybody uzpracovgn2 fotogr anpnteitSaizcekn® nmneat ovdgye ch s n?2
vprUmoéru na 12 fotografi2ch. NE§sl| edn @&byaprlowedenay br §ny p
optimalizace zarB8nsg§nw® kipaSeagre ' t en2 prvkU0 akej g2 or
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zpSesnon? bodovByhlo wymd HtaOmiinize Camera Alignment , kde byly
vybr8ny vgechny kaliadatég2vadrameektyi vu

General
f F r £
f  Fit k1
/ Fit k2
f FAtk3

Fit k4

Advanced

Adaptive camera model fitting

Estimate tie point covariance

Fit additional corrections

oK

Obr.49. Nastaven?2 n8§stroje Optimize Camera Al ignme

Po optimalizaci byl o vyt voeSemodov® mombdad n Bsild rPoipteCloud .
Vstupn2z data t oh oDepth map®, &@lsta prdtgsl a2 p r a ¢ obyl& mastavena
naHigh ,f il trace jemn® hl oub kWdetate |Vay tnvaos eanvie nPao innat Cl oud
jako vstupn?2 vvytvapdhygom DI Mesh. \trrasdt aven? ng§stroje
vmo h n o s Swfack type nastaven a mo h n oHeight field a Face count na High.

Ng&sl edna byt voSena or t @aDEMt oVmo m a B k arv&ant2r Builde
Otrhomosaic byla zvol ena vst Mgh2amohmsdstdnomppE2 padnl ch dor .
Ung§st rBoilffl BEM pr o vyt voSenmodeld fykzoole® PantCloud, j ako vstupn?
vrstva , kvalita zpracov8nHighhyl a nastavena na
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PSehledndo je cell ipdptwmp mzmraseca®Em? mon na n§sl eduj

diagramu:
Import Photos
Accuracy: Medium
Source data: Tie points

Generic preselection: Yes
Key point limit: 40 000
Align Photos

Surface type: Height field

Depth maps guality: High
Face count: Custom — Build Mesh
Custom face count: 0
Depth filtering: Mild

Tie point limit: 4 000
Interpolation: Endabled

Exclude stationary tie point: No
Guided image matching: Yes
Adaptive camera model fitting: Yes

Import CSV

Control points
Check points

Import Reference

Control points Assignment
P N Fit: f; k1; k2; k3
Optimize Camera Calibration ox, oy p1: p2; b, b2

Build Peint Cloud
Source data: Point cloud
Surface type: Height field
Depth maps quality: High
Build Mesh

Minimal projection: 10 pics

Source data: Depth maps
Quality: High

Uniform sampling: Yes
Point spacing (m): 0,1
Depth filtering: Moderate
Refuse depth maps: Yes

Face count: High
Custom face count: 0
Depth filtering: Mild
Interpolation: Endabled

4 N

Build Orthomasaic

Surface: Mesh

Blending mode: Mosaic
Hole filling: Yes

Refine seamlines: No
Enable ghosting filter: No

Obr.4. 10 Postup fotpgramroetrie¢ § n 2

Obdobnim postupem bpb&2zpnacovierdomSzoadm?l em, he ce
procesu pSep@dhaecdm? videa na .jTeodnjog | mo®n®ndmky pS?
vprogramu Agisoft Metvgs madpre prpPrmandindma zpracovsgn2 v

Na z &I ohwneo hfiolset i slempvoyrbte r e ImporhVides tavpr Uz k umn2 k u
souboseWbere pS2sl ugnl soubor . Vsei ahestjashfkmo okhohen?
sn2mkU, ngzev sn2mk0U, Fr azmvei detae ppouthée ¢ =xvdj@csa@y sn?2
nastaven®ns®i FP&hr 8wéméd se sn2mkov§ far ekRS%emacknd exjdad s
m§ video o0S2znout
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01:48 / 04:19

Parameters

Output folder: F:/DP/PS1/4K25

Filename template: 4K25-{filenum}.png
Frame step: 1
Start from: Current position

End at: Current position

Cancel

Obr.411 Nastaven?2 n8stroje |Import Video

Z vytvoSemwmiz&€z nenneflieo h| a bl t vileyzgha@aovg§na. sS&dstaven?
sn2mky za sekundu by vytvoSilo 15 000 fotografi?2,
ajejich zpracovgn? by byl o nemohn®. Z tohoto dUvo
sn2mkovou frekvenc?2 25 FPS. Polet tochto fotografi?

ana t Satylonkcndmu pSistupkd@nag?2jmaukovi deosoubor

Po pSeveden?j evindoefatogm@ n§s| edoval o opot zaBbvngn?
pouhit?2 sn2mkov® fsreravteavcen?2m FPeSsnos Medium,aatm v n §n 2 r
zdUvodu, mod nmHigh zpracovgn2 tr vaano knod kiskira§kl idinéd chybou,
nebo nebyl =zarovng&n dostatelnl polet snzmkU. PSi z
pSesnost zarovngn? g Paveya Megatedhbrydy sn2mky pSeved
do souSadnicov®h-dTSKs yasot ®ehlv 0 u,snfAenky VvytzwideSen®
neobsahovaly 38unSacni eNEGgt alliceudInd m p SvlS2azewnadc?2 ch
bodU na skzmuBSakinic2m zamoSenich viz2cltvamdchhodosd.
cel kovl pol et sn2m&%deptonhsy2bcolv,al by | y s odyupopojemyi c e
vprUmoru na dvangcti smzmpecaclhy§ate| odkjyakoGidndr ive .
jednotlivichylsnafdkhOdnl, ale vyyyr pS8® h atpddSe2adeiney
vdostatelnlch vzd8§l eNésledbvaldytskimeky jp&Slkadcp&z2m
postupu zpracovg8§n2zUvodear ammet en®h o s esdjri8hnoouu |keatne r c
okolo kaplilky |jei3Dmbdelodeku vpSesS®tnastaven?2 je zn§z
diagramu Obr. 4.12
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Import Videos
Accuracy: Medium

Generic preselection: Yes
Align Photos
Source data: Tie points

Key point limit: 40 000
Tie point limit: 4 000
Exclude stationary tie point: No
Surface type: Height field
Depth maps quality: High
Face count: Custom Build Mesh
Custom face count: 0
Depth filtering: Mild
Interpolation: Endabled
Minimal projection: 10 pics

Guided image matching: Yes
- . Fit: f; k1; k2; k3
Optimize Camera Calibration o%, o p1: p2; b; b2

Adaptive camera model fitting: Yes
Build Point Cloud
Source data: Point cloud
Surface type: Height field
Depth maps quality: High
Build Mesh

Source data: Depth maps
Quality: High

Uniform sampling: Yes
Point spacing {m): 0,1
Depth filtering: Moderate
Refuse depth maps: Yes

Face count: High
Custom face count: 0
Depth filtering: Mild
Interpolation: Endabled

' N

Build Orthomaosaic

Surface: Mesh

Blending made: Mosaic
Hole filling: Yes

Refine seamlines: No
Enable ghosting filter: No

Obr. 4.12 Post wideogrgmmetreo.v 8§ n 2

414 Vyhodnocen?

Vt ®t 0 pS2padov ® |Iskteund iziprbaycloov §mma%tadleingnl ®em vn2, ref
bylo fotogrammetrick® zprbaydovds&no2n, owdi§ dktne raQm omat i cky
nastaven®htetu,pplSE§nut omt o nast &@dve ns2n 2veknli. k kVbgzenckiyyn y
programem Yzsgroogwn@dpno dal §2m zpracov§n? vzni kla viIsl
aDEM. N8§sl edovalo zpracovg§§n?Sivi ke @g ®anmnseitcrei evzni k|l a
srozli gemFHD adskn2 mkovou fr abWFPR Z2d U¥® du [aavsiopvo® et n 2
n8rol nost.i n ennaosht | aass &R t FPS z pr &&Sa v §znpar. a25 RS byto
vyexportovgnad5bkolandat!livicobomnsmklukg§zalo jako pr
s parametry 16 GB RAM, Intel(R) Core(TM )i7-9750H 2.60GHz CPU a NVIDIA GeForce GTX

1650 GPU j ako velice ng§roln@oha zprarcav@whAgn? sn2mkU
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srozl i ¢gea2mFPIla 25 hodin
50% poS2zenlch

.Ztochto
sn2mkU. |

dUvodU byl o

zarovng8§no p

p Skedsat | og 2bnyul oz pprSapcsoi voSknp?e m ®m by |

vistupem omotomd2dkel Zvi deoz8znamu jseed n205t IFRAS cllylyrozl i ge
vybr&ny v ge canndys | ®idkha®h d I t Setadbyls kAmmk pSi stupovgno | i
kvideu poS2zeha@moveekvenc? a8BFBS. FEBto pS2stup se uk
jako vhodnihylpo ottsofheegno =z ar ovn 8nsot up2nec hn eshn 28nk 0% p Si
rozliigeAmkov® f Dakyénmi@dstvaiwWemgr ammetrie, pSi kter ®r
manu8l n?2 | et paolka ubbjektu z8§j mu s ebylogprdvetena kamer o
srozligenZzamn24nk ovou frel@ab®ncPPS25 PSi t omto nastav
vyexportovsgno 92000r enpookbtbiuvep 2 padech program %spog
100 % z nich.
Tab.42 Espognost zarovng&n2 sn2mkU
OVI§O|§RozzlicheSankoSank Sn2mkU0O ZEZEE\%E
s n2 mkU |frekvence |celkem zarovnang o ok (
Foto Pl 8n 115472 | 3648 0,4 93 93 100,00 %
4K 25 Pl §n 14096 | 2160 25,0 7 403 3591 48,51 %
4K 25/2 Pl 8n 14096 | 2160 12,5 3746 3132 83,61 %
4K 25/3 Pl §n 14096 | 2160 8,3 2498 2042 81,75 %
FHD 25 Pl 8§n 11920 ] 1080 25,0 7578 3780 49,88 %
FHD 25/2 Pl §n 111920 | 1080 12,5 3789 3166 83,56 %
FHD 25/3 Pl §n 111920 | 1080 8,3 2526 2094 82,90 %
4K 25 §/Rul n2 4096 ] 2160 25,0 920 920 100,00 %
4K 50 ¢g|Rul n2 |4096 | 2160 50,0 2034 2034 100,00 %
Dal §2m porovng&n2m je polet v§8zac2ch bodOU, kter® b

zpr acok&n020 0s,e ctoehn tjoe pzoel evtg ebclh? ft2e

Tnoe j melnay 2 2mp (psr obceemat u§1 n2 m pSekr yt 2
l%t pwS2Inl apBeksb ypod® nl pSekr
d | vkapitole p 7P tmezi 97 % a 99,5 % .

Uf otogrammetrick®ho
nastaven2 nej m®nao.

fotogroapodl e pl §nwub5
U videogrammetrie jepod ®lpSlekr y v,

PSesutnoi hg2ho rozleippdr2z W~FHERac2ch boblyemmohleimyenz 4K.
Dal g2 rozd2ly meaistw§ na®h2omir olzddyen?2 ale oddyly gn® sn?2
zapS2lindény rozm2ston2m Umastvawen2chd4leomzbk®obpEno

vel m@ohstv2 fwptrovgnrzafliét pd@®kydrBemuh vivamt &1 a2 st o d2r .

anemohly blt nalezeny v8zac2 body.

Polet bodUo n&ytl wd®en®v®ho mral na b fotogrammgtrib y st ¢ 2
nejmeng?2 hustotapShylnaasztjaivietno®Bnma a2 %1 8 geady FBD3 sn2 mkl
sekundu. Ul et u se gi kmbyl bamgiegtedda h 24 mi l Mod&cel Tch
coh g poreveghiegenvemmiKvysok® -Isesypot avezme ¢i kml |
trval pSi bl i hanloe t3 0s es eskvuinsdl ou kamerou pSiblihnd 5 min
Tab. 4. 3%8Ralcétch bodU a bodov®ho mralna
Nast av e|Tie points Point cloud
Foto 60 925 | 55532218
4K 25 1024 268 37 136 851
4K 25/2 2 003 821 35 652 143
4K 25/3 748 795 34 804 156
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FHD 25 |
FHD 25/2
FHD 25/3 |
4K 25 ¢ 277 824 24 154 559
4K 50 ¢ 358 689 28 619 593

Jakjih bylo zmayrdosm2dmE&owan® oblasti byl o gsmodeti ck:t
vi2covalttyx$i kontrsplSesnbetdy . Rb6@8mmna sn2mc2ch byl
zpracovgn? pSisSlazem® saodrusSsaldendmce byly zji gtony odchyl
Konkr ®t n2 jheoddnnoottlyi v ch odchyl ek jsou uvedeny na n§8sil
Tab. 4.4 Hodnoty odchylek vi2covac2ch bod0

VI 2 c o bayc 2
Nast av e|Xerror(cm) Y error (cm) Z error (cm) Total (cm)
Foto 1,162 1,169 1,727
4K 25 0,441
4K 25/2 0,332
4K 25/3
FHD 25 0,410
FHD 25/2 1,041 0,989 0,383 1,487
FHD 25/3 0,989 1,337
4K 25 ¢ 0,387
4K 50 ¢ 0,999 0,432 1,379
Tab. 4.5 Hodnoty odchylek kontroln2ch bodU
Kont r dobdy 2

Nast av e |Xerror(cm) Y error (cm) Z error (cm) Total (cm)
Foto 0,891 0,526 1,956 2,213
4K 25 1,012 1,142 1,586
4K 25/2 1,110 1,081 1,613
4K 25/3 1,010 1,717 2,040
FHD 25
FHD 25/2
FHD 25/3
4K 25 ¢
4K 50 ¢

Pro | epg? porovngn? j souinadalgsllledughéNehvogmypiech

odchylka vose X byl a
asn2zmkov®
a25 FPS.
vygg?,

neh pSi

namoS ey

na

| ze

. Upizk n@lem2 s FHMDE n 2
srozligen2mAVHEDR Nt r ol n2 bylasitnawel @ pal M&,j vy §g?
rozl ianeenj2n gFBH>® g i k m@ fotograenmetrii.
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pSi nastavend?

S2bly) yhehpBbvRPopdchgghkydKa vl 2c
pSi 4K byly odchy
hodnoty b



X error

1,8
1,6
1,4
1,2

< 1,0

X

=, 0,8
0,6
0,4
0,2
0,0

Foto  4K25 4K 25/2 4K25/3 FHD25 FHD25/2 FHD 25/3 4K25 4K 50
OAlYedAlYe

(cm)

och

mxf NO2m¥I2Q NI NB f y N

Obr. 4. 13 Graf porogsaXn8§8§n2 odchyl ky v

VoseYbyly nejvotga vdtbobgvaghramoBedgchastaven®m rozl
4K a fotogrammetri pSi stejn®myinasvgakpgt ky kontreelica2ch booc
mal @odnoty odchyl ekmpBHD naszlavge®? | svasepstiepn®, | a
tak iul etu se ¢gi kmou kamerou.

Y error

1,8
1,6

12
1,0

0.8
0,6
0,4
- A A1 H
0,0

Foto  4K25 4K 2572 4K25/3 FHD25 FHD25/2 FHD25/3 4K25 4K 50
OAlYeOA] Ye

ochylka (cm)

mxf NOZmM¥I2YNI NB f y N

Obr. 4.14 Graf por @e¥8n2? odchyl ky v

VoseZje na prvn?2 pohled zSej ®8,cmme rkeojnutdtod 2n 2ocche hoyol dk
byla zjigtona p Sa25BPSshSiv ebnl2i AFGHEDM  p® tooz kecohuynbSyn 2b ytl oz j i ¢
he na kontr ol n2m JzkthodcHylRas I-1@cns,e doohuhel vgak konkr ®t n
vzni ku chyby n\eodsytlatznzoght opnS2 padech je odchwlylga2na ko
neh na bodech vlI2covac?2ch.
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Z error

a o N
o o o

ochylka (cm)
N w &
o O O

=
o

Foto  4K25 4K25/2 4K25/3 FHD25 FHD 25/2 FHD25/3 4K25 4K 50
OAlYeOA] Ye

o
o

mxf NO2m¥I2Q N NB f Yy N

Obr. 4.15 Graf por @eZ8n? odchyl ky v

Cel kovg8 odehyge&ah smorech byl a nejvyggrasntaa vkeomn2t r o |
FHD 25 FPS pr8vo kvUlvioseZ.yss oko® verdeceeh yjlec ez aj 2 mav ®, he p
nastavenodcbhyllaka na vlI2covacZgh abadg¢ehtma&iPalipkdsn ®,
nejnihge? odchyl ky byly zjigtony pSi l et u se gi km
ivporovmsgonitogrammetri 2.

~ ~

| St 120t 2ROKef {1}

a o N
o o o

odchylka (cm)
Nhow s
o O O

=
o

Foto 4K 25 4K 25/2 4K 25/3 FHD 25 FHD 25/2 FHD 25/3 4K 25 4K 50
OAlYeOrl Ye

o
o

mrf NOm¥I2FN NRf vy N

Obr.416 Gr af poroealnicalehgky .

Dal gpsedmotem zkad@E§emesi st Se diyd Sein®e Inld G3 mi
(Ground Sampling Distance ), kter § by | o zajdivgotnoan z p Us o b yp.S2 b & dhbplée m
2 sk moSem®mo c 2 progr amu Agi sdfuhiMet hghapeypolten?
nastaven®ho r ozlaidipad M2 c & n prakakapiotar 8 Vi pol'ty pSi 1l etu
gi kmou kamer ou nebyly pr ovezdpernayc,cov §ndt onhiSe p S2?jliicgh
promonnV¥icdimt o aspektu byl y dosjahemy? fwlt ©lgeodzkopoe t r i 2
dUvodus,anoet n® fotografie maj? asen2viykyderj mohn®Seanli ge
Avgak ve vgectideqgg@mmetiel dboyd o dosaheno |l epg2ch visledkdU
vypteno podl e paramet atdo Zxlaimpery2 PSin2 mkeu.u se ¢gi kmou ka
arozligen2m 4K je hodnod as VGSDl Tsar odvaitaageeine§n sF HD.
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Tab.46 Porovn8n2rbhpdhgen2 na zemi GSD

Nastave|GSD zmo6Seno (IGSD vypolteno
Foto 6,00 6,85
4K 25 7,44 9,16
4K 25/2 7,55 9,16
4K 25/3 7,49 9,16
FHD 25 16,10 19,53
FHD 25/2 17,10 19,53
FHD 25/3 17,30 19,53
4K 25 ¢ 14,40
4K 50 ¢ 15,50
Avjgak ®GSDk nezarul uje automaticky kvalitu vIisledn®
na pamoti, he proces vytv8Sen?: ortomozai ky ze g¢gik
Z8mornodo jsou zde zobrazeny cel ® awnt dmdz aciedys8 ez voS

ortomozaika vlietobjekni BBl mdémkapler . Marka j e na vgech
vytvoSenmizah k §ch .

Tab.47 VI sl edn® ortomozaiky

Na st av| Ortomozaika Na st av| Ortomozaika

Foto 4K 25

4K 25 /2 4K 25/3
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FHD 25 FHD 25/ 2
FHD 25/ 3

4K 25 4K 50

gi kml gi kml

PSpSibl2hen? asmaot@@8n2 detail U je patrn®, he vysok
zpUsopiSPavegk® pSekryvy, coh mohedalkomdadlsil @eP&Eb lvaanti %
rozl iFfEmad K se ¢gi kmou kamer ouSegli gm®&E2 t k uyo snteaht n 2
pS2padech, to je zpUsobeno pr §vwel kwvdk Ibrgi sheo ddnaoltoa n8
nejlepg2ch visledkU ort gmonziamok yf obtyol gor acrorea fre niq pSi
25/3 FPS, d8&8l e pakl pSen2 FHR4EK5R23 FPS se (i kmAwJl&mer o
viomto pS2pado je nwtznhh® ezd Wriasz reidin,® boerltiogmdizailkcyh j e
m2stech kvUli ©Omo418. |l etu viz
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B

Obr.417Porovw§nsd edn® ortomozai ky.pSi 100% pSibl2he

Obr. 4.1 8 Detail ortomozaiky poS2 zém® uz se §i kmou kamerou
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42 Druh8§ pS2padodK8stkst udi e

Dr uhsg pS2padov§ stwodtieest9p@h2vaviad@@agrmadm@mr medel u,
napS2klad pro n§sledn® zpra8bvéEndkve 3Dkprohgjreaku 2z &
vybr 8na Rubi kowviao zkndg telkcan 5,5 cm, ktervgn2 sbtynoast um2 s
snemonnl mi svotelnl mi podm2nkami. Fotoapar §t byl

umohfovalo pbhyh®mdké8metantn2 rychlost?2,

421 Prvotn?2 testov§gn?
PSi pSedbohn®m testovg§n2 druh® pS2padov® studie, by

otolnl podstavec vyrobenl =ze stavebnice LEGO. Tent
rychlaosotd?2e! byl vimhot 8n Sedu pSed kamerou na pevn®m s
byl o b2 @avppegtaadé¢ac2 m2stnost.i byly neBmnlnom ®n astvdlt end o1 ®
video, pSi kter®mopedhosok8lbkuolil a

Obr. 4.1 9. Prvot n2?2 dsetckooka®eaiou .s

V programu Agisoft Metashape je mohnost nastavit r
Tato mohnost jErclude astatibnarg§ points ap Si zapnut2z t®to funkce
vyl oul?2 spojovac?2 body, kter® zUsPSvappr ®aédmEma o na
nastaven2m vgak nebylo dosaheno dostaluj2c2ch vIsl
sprg&vno sn2 mkav yztavr naSichnimdel.
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Obr.4.20Prvotn2 testovg§n?2 sedvdtsdteidelkouz ak damerr§m@

Z tohoto dUvodu bypomeyaa®S2Szeenno? ,j id2@&y kt er ®mu se o0

konstantn2 rychlost?2 po stejn® dr §ze. Byl a pouhita
um2 st on fosbapalrBm svotl em. Deska obsahekfal ackylumo v
motorem ad8&!| kovIim ovlI 8d&§nz2m, kter® umohftovalo ot 8l et

konstrukci byl um2ston stativ, ze Gnbgild ®lion2isy 16 ns pw g te d
Rubi kovy kostky. Objektiv kamery smdoSoval vzhUru p
ztohoto t est ov&§n?2 se luk@ydltesjitak@&n2 prvn2ho. Program dc

sprg§vno zavytvnafi ¢h model . V. nokterlch pS2padech vg{
modelu zcela i de8hp?foto muselo blt upraveno nastaven2 zar
software vyumdd&|l kr s mdnioobjek®hvgpozad? , podle kterlch z

j ednotsiniz2ym®ayp,r ot o hevpmylaa 2 ger o, nebyl o vhakawem§mch sn
pS2padech zcela korektn?2. Dal g2 pr obad ko nbsytl rou osva8mo?t n
cel ® sc®ny. Model albygrhervee prawddurcchm. Z tochto dUvodUO ¢
zavchnut asc®na pSepracovgna.

Obr.4.21VIi sl ednl pmoedeh2ho testovg8n2z se statickIm mod:é
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422 Laboratorn2avbharmkudnat

Ze stavebnice LEGO bylo vytvoSeno autonomn? robot i
fot oapar 8t OJEyMIparks II.Mozi dl o byl oelelgronto®rend nasoov | §d &no

d&l kovim ovladalem, d2ky lemuh byakonsapangnénayicéadno
pohybun®tS§r en2 jednotlivbchzdildebmsu aindd e Nan
fotoapar 8tu byl nast avidea | m@&xparigel bylnastawem narhodnotu

1/500 s, cl onov®ISO 208.1 Koa mear af /b5y | a m2r nodo skl opena, ab
vgechny TtySi obvodovpelpdrom?y todrnik.y, t ak

Obr.4.22 Testov@gmmos2 autonomn2ho robotick®ho vozidl

Byl o otestov8no msasthvégprtasmPd&avou fr aBWRPSc2 25
arozli gense seHDkovou frekvemntt?2 FRS,, B®l ka jednoho vi
vprUmdéru 19 sekund. Pod Rubikovsnekée&seklUebymium? dcons:e
akontrol n2 mizdolbvdoydu apireUbohu experimentu ve vnitSn2m
body geodetickpzdamoSegyo zji gtono, he program Agi s
prob2halo zpracovgn2, nedok8&8hesopSadmimdsSrelniltc hv dd&IUe r
Proto byl tento exper i mesRubikpvouz k®djsit k aw pakndwg8mnou |
milimetrov@mseapd88adni cemi b odlJo kngelzniz2 ms esboouuSadni c o
syst®mad2mto zpUsobem byl o za2n&xloenno 06 n?l boawac?2ch

Natolen§ videa byla nai mport oMefshape hp Spvedeamunagi
jednotliv® sn2mky. Zaroowdl8ingnIfn tneaks tpa webmdzhrh oopr ot i pr
studi svi dei natzodlreomlumi V tomto pS2padd mohla blt zvol e
na High. Tie pointlimit byl nastaven na 10 000 . Guided image matching a Adaptive camera
model fitting byly nastaveny na  No. Dal g2bkiryykgbdobn® jako pSi zpr af
pS2padov® sstmdireozd2| eam,edhem pkrokem nebyl o vytvo
a Orto mozaiky, ale p o mo c 2 n PBsild Tiked Model by | vytvoSen 3D model
Vstumindaty do tohot o nDemhmagsj.e j sou
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Import Video i
Accuracy: High
Generic preselection: Yes
Key point limit: 40 000
Align Photos Tie point limit: 10 000
Exclude stationary tie point: No
Guided image matching: No
Adaptive camera model fitting: No
Source data: Tie points
Surface type: Height field
Depth maps quality: High
Face count: Custom Build Mesh
Custom face count: 0
Depth filtering: Mild
Interpolation: Endabled

- . . Fit: f; k1; k2; k3
Optimize Gamera Calibration ox, oy; p1; p2: b1; b2

Build Point Cloud
Source data: Point cloud
Surface type: Height field
Depth maps quality: High
Build Mesh

Minimal projection: 10 pics

Source data: Depth maps
Quality: High

Uniform sampling: Yes
Point spacing (m): 0,1
Depth filtering: Moderate
Refuse depth maps: Yes

Face count: High
Custom face count: 0
Depth filtering: Mild
Interpolation: Endabled

Obr.4.23 Postup zpracovgn? va dmalg®rm mmed li e

423 Vyhodnocen?

PSi t®to pS2padmoat®o Iserua isednbkidde oz§znamU. Jak jih byl
pS2padovs§ studie byl a, zdpdrvaoadauv §meav hdbwdank®rh&te fpirnvoovt 8nre2h o

vl 2 covake@ncthr ol n2 &/ shaghogyrh 3D model, kterkdalygsmudal
zpracown&msS2klad 3D tisku. Byl o aFEDBt a8 nfootromzplair e
Olympus .Pol et pixel U afdotomaipark§teu T byl soul 8st2je prvnz

odl i.gnflot oapgre§tpol et 3840i x 8160J z at 2 milmmw disponoval pixely
4096 ) 2160. To je zpUsobeno odlignoBnzvmKdk®sft?ekwmemmad Ul
nastavenyna 25,30 a50FPS. PSi prvn2 zpracov§8§wpr UmblBsetuRd, ka vi de e
pSi druh®m zpracovgn2 péEhbbi hnaddlveskilhtnlich drah,
fot oapar 8t se
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Vprvn2m pS2paddé pohybpwvw@imdpemdoamivpiSéipadoé druh®m mol
kruhnice prUmoér pSrodUvdckaes atv§2 cchm.vi deoz§znamU byly
vgechny vyexportovan® sn2mkPS.pSi vgech nastavenz2ch

Tab.48 Por ovnpnl2t u vytvoSenlich sn2mk0U

Nastav|Rozl i genFPS Sn2mkU celSn2mkU zarov
4K 25 3840 x 2160 25 437 437
4K 30 3840 x 2160 30 494 494
FHD 25 1920 x 1080 25 487 487
FHD 30 1920 x 1080 30 565 565
FHD 50 1920 x 1080 50 844 844
4K 25 v2 3840 x 2160 25 263 263
FHD 25 v2 1920 x 1080 25 293 293

Nejv2ce wv8§zac?2ch bopgBi bphet snvadHDz B0nEPGe ac o h byl o
zpUsobeno prgvson2wmkoolbau fr eNkaweprack? nej m®nd v 8&zac?2ch
nalezeno p Sdr uh®m snsrrmo&d2 BEa25MFPS. Co se tlle bodov®ho mr
pr8vo tam, kde bylo nejm®no v&zac2ch. NMpatly2 jeolnetj v?
bodU bodov®ho mralna byl vytvoSen pSi nastaven®m r o.

Tab. 4.9 PvoSzoaven28cnt? bodU a bodov®ho mralna

Na st av|Tie points |Point cloud
4K 25 169 145 8 436 478
4K 30 111 301 12 297515
FHD 25 125916 2 709 185
EHD 30 140299 3155199
FHD 50 209 507 3124745
4K 25 v2 74 781 18000 650
FHD 25 v2 98 985 5902 546

VpS2pado vliakoeowtacrdlcm2ch bodU bylo mafs®op&ndvpdi
druh®m sn2diBm®du absence souSadwmprcwnv®ho sHpEWEM?RU.
odchylek uobou nastaven? j sou Vwboa v npad 2ep and@e. ¢ h j #oseodchyl k-
Zzanedbat eVY('eéchny body byly zaznamen§8ny na pap2Se \
podlaze, a proto hodnoty odchylek d o s a hmigjx2i m& 1 no Wp B2 wando6 vI 2covac2ch
jsou ostaocéhyl ky byigp®Po pSicnt opz3ii gethRomtkr ol n2ch bodU j
hodnoty Yp®moS t Dtosm@.j 2 maxi mBseW.0 2 cm
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+f NO2 O ON o62R@

2,0
. I
0,0 . [ | -

X error Y error Z error Total

Odchylka (cm)
I
(&3]

[EnY
o

m4K 25 v2 mFHD 25 v2

Obr. 4.24 Porovn8§n?2 odchyl.ek na vlI2covac2ch b

Y2YOUNRE YN 02R@

0,0 . I -

X error Y error Z error Total

Odchylka (cm)
Lo R A <
(6] o (&) o

=
o

m4K 25 v2 mFHD 25 v2

Obr.425Porovng§n2 odchylek na. kontroln2ch bodech

Posledn2 parametr, KkdreuH®Ho ez proaowwn&En2, je rozlidge
kde bylo zmi®kepiox 8p&dli64,K3 OmFHD. x Rozd?2 Idvjog ntSesdoyb n 1

Posledn? tabul ka ukazuje v zzZwliesd e dekdth ojtel ipvaltcrhn @po dheel
se sn2mkov§ viyrtevk8Selnscleendmodluchybnd vzni k|l ® rfavargineemt vy .
stowzni klagrz2ovn®, ippedsgdl ® PEbehyj.e vidiodeozfe nam
vyt v®Benwot §2 vzdvgniklg modsly isl epg2m vzhlneheteoz§znamu
poS2zem®@hochem meng?2 v(ek&U2enost i
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Tab.4.10 Vzhl ed model u dle nastaven®ho rozligen2 a FPS

Na st av|Vzhled modelu Na st a v| Vzhled modelu
4K 25 4K 30
FHD 25 FHD 30
FHD 50
4K 25 v2 FHD 25 v2
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43 TSet? pS2paddédBufovest udi e

TSet? dpS8%8pastudie byla zpracov§na opdt ve veamkovn2m
Obr.426.byl y um3deatfoontyoapar 8ty znal ky Ol ympus. Takto wur
moly podobn® tedybij¥ehletl i vzy8absdtrely,n® nastaven2m expozice.
pod®l budovy r ozm2osztnéanfoe nT1 & hb dd@ak mesdDeni m symbol em
zdUvodu vot g2BogySteysinoszdamoSeny geopdéescaou2TGBSO5 m
sn2m&n? z8&8Wameom®hagdSiidleshnmd. Pod® tochto bodU byl o na
oba fotoajpdenn®ment snastaven2m videa pSi aFldD26FP§en2 4K 2
N8sl edpbo dotol enosmadtgdvemni2dre oFHBmM6O PFEBypad®lyl
budovy, rychlost pohybu byla ¢ h UzpeSi b ITithyk@6h. Fot oapam®Sypyvaly na ston
budovy podas¥h I13e0m .

Obr.426Um2 st on?2 kamer na Ychytu

v
e 1 O O Vlicovaci bod

@ Kontrolni bod
MepouZity vlicovaci bod

V.'SO
“olL LSS S S S S
TUSQ W,O V?O VBC) Vo vio Vi1 Viz 3 V14

V15

A

Obr.427Ro0zm2 st dn2 VnBdra pKoBkamerys.
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Takto nat ol en® videoz8gznamy byly nahr §ny do pr
azpracosttomtyohni m nast awpe$h?2pm d ojvagk os t u @ kostkal VizObro d v a
4.23.

Vzhledem kt o mu, Blaglky vzit ®t o pS2padov® syhodmbdersy jak @by | vy
uspokojiv®, byl vyprozdhowdatut d ut o pS2padowdlui gali mdi i
pS2stuBegmo vybr §no & olive®vonm?ysttno® [ §s tkidemdsytian, n§sl edn
zamd6oSeno 12 vl2covac?2ch b onadba kral gilnide yd polovinputiom2 st 6 ny
apod®l nich byl o onpacstod ema@ap avri §lteyo um2 st ovielObmi4. 26.a Yc hyt
Bohuhel se pSi ng§sl edn®m z priasd cevdSaktd pwlS§ zaind ch he
videozg8znamU jsou zcabgl onepSiubikvgihe® o o p e nho 2
zpracov 8§n?2 .

O Vlicovaci bod O Q O O
o —>

© o Yo o O

Obr.428Rozm2ston?2 VnBdra pKoBlkaamersdonevyhovuj 2c?2

431 Vyhodnodan?

ZdUvodae¥wpl n®ho zamdéuk8ns? mov® obl adbtjieknevmé@ vyhodno
namdoSen® hodnoty to®toZpsSkhad®hv® palmidseabch bodU by
vybrg&8no prvn2chylymsm,alletspro® 10 sn2khsduobBapgSi Samenygbyl
souSadnice bodU byly smaz8ny, aby nemodoly vliiv na nal

Jednotliv® vim@&log §dwmédmy trvsgn2 pSiblilhenhoohj ebdynluo mi
vyexpor tlewdn s n2 mk U pSi nastaveaB®2f3r slnvenkdi pBS5 FRP R kv
50FPS. Byl o ot estov§&naFHDa z INie§ e/ry2) 92K “%spdognossnzmk @vngn?
zvidleasrozI|li gen2m 4K 25 FPS, vhehht ®2nobh p%2pAEdech byl a
m®no neh 50 %.

Tab. 4.11 Porovn8n2 Yisspognost.i zarovngn2 sn2mk0
Sn2mkdSn2 mk|Sn2 mkU Espogn

NastavRozl i gert Pod
frekvence |celkem zarovnarmnzarovn

4K 25 3840 x 2160 25 1 562 1 052 67,35 %

FHD 25 1920 x 1080 25 1 560 708 45,38 %

FHD 50 1920 x 1080 50 3323 1 058 31,84 %

VpS2pado vE&zac?2réj wdtdd)? brgd mhst v2 nhasd & vzjnizg tvd me ap Fil
50FPS.Vtomto pS2padbl dyil se zarovnanl mi sn2mky nej me
sn2mkov® freknalezermit ®mplSo trojng§sobn® mnohstv2 bod0
frekvenci 25 FPS. Nejv2ce bodU bodov®ho mralna vzniMPBo pSi n
zdOvodu, he WspognossF%zarovng§n?2 byl a
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Tab. 4.12 Porovngn2 poltu v&8zac2ch bodU a bodov®ho mralna

Na st a\Tie points

4K 25 92 883

Point cloud

9 602 410

Nejvot g2 oddRylokwyacrtach bodech byly namoSea3 pSi na
FPS. Konkr ®tlnad rbej vot gaosed enh yluk acm @tp 6 tm na bodech jedna
at SVoseYt Sdm aminus potm na bodeosm KoOli tomto dUvodUm
celkovsg odsbnyllkkvadeoz8@emast aven2 m r ozbyly gdehgy FHD
srovnatel n®.

Odchyl ky na kontroln2zm bodd nedosahujp? 2 ¢ aka cviycsho k
bodCel kme§ vot g2 odchyl ka byla opot ¢pdBdamawsdlaa emec elk
t Sech cenbg§imetsrsU.cm byl opfiamdo&enaven? aRHDb 500 FPSI
nastaven2? FHD 25 FPS.

+f NO2 O ON 062R@
5,0
4.5

4,0
3,5

3,0
=, 25
2,0
15
1,0
0,5 I
0,0

X error Y error Z error Total

ka (cm)

Odch

m4K25 m FHD25 = FHD50

Obr. 4.29 Porovng8§n?2 odchyl.ek na vlI2covac2ch b
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N
A

Y2YGNRE YN

110 I I
0,5
0,0 .

X error Y error Z error Total

m4K25 m FHD25 = FHD50

Obr. 4.30 Porovng8§n?2 onmbdddp.l ek na kontroln?

Mo d el vypad§ vzhp8idemastaV®pe PKoRBYyFPB86Nn jsou r o
budovypm&vi ,%peoluze textur pobhéddinzlohhuj éd ehce zdeform
nastaven®m roabDgERS ¥FiHpPad§ modelvevznh| godvegak ak®ony
nejsou zcelvmokwobemi®ch m2stech se na nich objevuj?2
nastaven?2 FHD 25 FPSnevrzonvirkd sot 2s pnoau sgluoch8ch, kter® b)
VpS2padodo dal g2ho zpracomnw8red kywllayliada.pdi0Seodam, prol
videa dopadlo vzhl edovo mBS, smémkovou frekvemwd?, gm@&me b
fotoapar8tu pSi, zg3eama, vhaeldrmeal s tzaSvbeorr2u bwoal syt a tort 20chi ®
pS2padech byl pouhit £MLtMarklh awrtSotmt® ypnSPupsa dd vgak Ol ynm
MiOMarkll , kterl je geaeemBapS3khadgPychl ® pSeost Sovgn?

Tab. 4.13 Rahdemd&nmodel u dle nastaven®ho rozligen2 a FPS

Nast av| Vzhled modelu

4K 25
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FHD 25

FHD 50
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5S VI SLEDKY

PSi zpracov§n?2p S2epdandootvilicvhiacst uels ow§ha r UsepnSg? sntausptya.v e n:
Na zaS2zen2ch byly nastavenapSsit ezjpnr® choovddmnc?t yb ye xyp opzoi uch
nastaven2, aby mohly blt vistuPyiporsilosm®mdy bme z i
rozli genadsn?intkeoav § f reckiveoncsleohi t ost i progesi Agiseftn 2
Met ashape Professional, ve kter®m prob2ynayitovegPamcov §
dva skupinov® procesy ulohen®edompoubovat XMa, pkogr
dal g2m tesfTgvdns3oubory jsowdosulupnt® kewsbwam@Ensgce.
Prvn2 pS2paddkKépbtlUHlae

V pS2padodo prvn2 pS2padov® studispomater YAVYy!| dykop
prok8z8no, he sn2mkov8pSfir erkyweemlcees t25 pFoRn® bru§ zd r onu 1
ng§sledek vytvoSen2 pS21|i ¢ avelkkd® hpoS2mn ajh svtevizk Ts np Srekk(r y
kne%spogn®mu zarovngn2 vel aPheomdoh8§t el n®mePmk Pracov
vipolet pSekmkowW®ho | etu se svislou kamerou byla vy
v programu Microsoft Excel . Hl awin2zdr ojem byl a podobno vytvoSen
webovlich str Sprolc@ec.hvVvzpirxe pro vipolet par apme§twol byl
z tohoto webu at a kz®ebu calculatorsoup.com

ai — vt 1)

kde:
Wsd§2 Ska s wmilmetreeh
Hs v 1 g ka s nvmitimdtrech
Wpdpol et pixelU del g2 strany
Hpdpol et pixel U kratg? strany
ai — 2
kde:
msdmoS2tko sn2mkov§gn?
fodohni skov§ vweniili#etreano s t
HgdprUmorng vigka | evmetrecad t er ®nem

oY — 3)
kde:
GSDdr ozl i g e n2vmilimetreck mipixel
Wsd g2 Skm2 mavlmdimetrech
HgoPr Umorng§ vigka | evmetrecad t er ®nem
fdohni skov§ vweniili#etreano s t
Vwod®l ka del g2 svwvpixelach sn2 mku
06 — 4)
kde:
Bodvzdg&l enost mezi vsenBretkegh sn2 mk U
v d rychlost letu v metrech za sekundu
FPSosn2mkovsg§ frekvence
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0i Q—
kde:

Hsgdvli gka sn2mal e
msdmoS2t ko
Hsdv 1 gka

sn2mkov§gn?
s nv2mifimdtrech

on Q0 "Q6
kde:
Dpe 6d ®I k a
HsgdvIi gka sn2mal e
Bovzd8l enost

p Sweckntirgetrach

me z i
00 — pnm
kde:
PEdprocent usg8l n?2
Dpe 6d ®I k a
Hsgdv 1 gka

pSekryv
p Sweckntirgetrach
sn2mal e

Tab. 4.14 Vzhl ed

p r o nviceéntimetreGh n a

p r o nvicéntimetre€h n a
ventBretcegh s n2 mk U

p r o nvceéntimetre6h n a

Z e mi

zZ emi

Z emi

v y t progéamunMicrokoft Excall | al ky v

(5)

(6)

()

DJI Phantom 4 Pro, Phantom 4 Adv, Phantom RTK

N§zev Hodnota Jednotky
Ohni skovs8 vzd8l enost 8,8 mm
G2Ska sensoru, mm 13,2 mm
Vigka sensoru, mm 8,8 mm
Polet pixelU del g2 s 5472 px
Zadan® par Polet pixelU kratg? 3648 px
Vigka |l etu, m 25 |m
Rychlost letu, m/s 1,8 |m/s
Sn2mkovsg8 frekvence, 8,3 | FPS
Rozligen2 videa (d®I 4 096 | pix

Velikost pixelu 0,002412 mm
M6S2tkov® I2slo sn2zm 284091

Maxi m8I n2 rychlost z 196,61 /s

VTsIedkyROZIigenz na zemi (VG 9,16 mm/pix

Vzd8l enost mezi stSe 21,69 cm
Vigka sn2male prom2t 250000 cm
D®l ka pSekryvu 2478,31 cm
Pod®l nl pSekryyv 99,13 %
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Dle vimaletsl oy&n2maxi m&l n2 vhoeyIBI%, edek3dr3y vFPS pSi
rychlostil ,8m/s ve vIgce 25 metr®nxwmgldod zem¥ence 50 FPS nemc
zpracovsgna, coh ovgewh8derzincahmepn$g?,p dhdkeeghH nen2 mohn® vy
he by dron | e0mlsryehiobngm&ad2 sedpov2daj2c?2 rychlost?
byly by pod®l9@&. pSekryvy

D&l e bylo zljdtgtdemogi Kimou kamerou ®orkodloi pdrj2ektauK zB§
visledn® rozligen2 na gsemnkev®wvnmt eé n®avriscd loiug ekna2me r o
FHD. Dal §2 vihoeogyi kimemesou viteomtfbpe pS2pado trvalo sn2n
30 sekund, zat2mco pSi SN2 m§n?2 podheak®,§nhe | éalga?2n
vistupem mUhe b, tpr3dt afoe ejl soius viiass n& ns§tndyny . HIl avn?2 nce

tohoto zpracovgn2 je, he visledn§ ortomozaika nedosahuj
se svislou kamerou. Co s e viteovakoanltrol n2ch bvoldsU e ¢ sy u
videogrammetrie sr ovnaskon®grammetri 2 ve vgech pSFphadech, K

25FPS, kdy byla namoSena odchylka trojngs.ddv®,d oprot
vzniku t ®todchylky nebyl nalezen.
Druh8 pS2padodkKsstkat udi e

Ve druh® pS2padov® studi.i byl o otestov8§na metoda V
rozmorTuest ovgn? pg poobmiohcazl o f ot oapar 8§t u um2 st 0n®m na
robotick®m vozidle,kambgt ddyt Sod agclalgstipghypo n@na moé Senl ch
hodnot Izeporovnat nast aven® r aFIHDg@®d 4K2 mkov® f NVNekteenci 25
pS2padodo bylygaodkchyakgotchln2ch bodech vel mi podobn®.
byly namd&rPySi nastaven®HDjro zV i §lelmatcmovtod n § snoebhn §
urozli gem#h 4, za n&sl| ed @BGSDhP3i§ 2p mrwre2 m gteenst ovEn2 byl a
mezi kamerou aobjektem z 8§ mu d20kyy2 [ emdmivhl sl ednl rmed®| pl ochy
aneobsahoval chybnd vzni kl ® fragmenty.
TSet? pS2paddBufovasst udi e

TSet?2 pS2padovs§ svidhnamaé miepkaba ®my bohem zpraco
kobt2h2m pSi v yehvoldsnloecdorvng nanal 1 za nedoRywldl po$%Speko]
videoz8g8znam z 8] mozve® kotbelra®htoi byl y n8sl| esmaxizm8lonvn §ny
“uuspoOgnost?pS66 nst aven®m a26 FPS. y/eors2t at K2 ch pS2padech
mnohstv2 spr&vnd zarmnvonhaenmh crhi gh22. mkMWOvodem ne¥%spogn®|
je pravdopmdobmpohybu pSi n\attdmtemn 2 p &2 pdagthad  bpyolh y b u
pS2nmmam2sto smdédru okol opobijke kifNfisd Bjdrkiem toho byly pS$
nedost aawlip®, sn2mkov® frekvenci 50 FPS.
Stanoven? optim8ln2ho postupu

Optim8ln2 postup zpracovs§n2 pro pouhit2z vjedea jak
nut mr®zdol it dl e z pdbglaubje -lipohgbnk8mety dl e pl §naws mdet u
kamery svisll, postup, avhstappo?2 ombpi §m®mEmM2 obj ekt u

gi kmou kaampeorhoybem okol o oWjlektzpragjomE.nz t Sech pS2pad
je optim8ln2 r o zd sinPenmk2o v\8i dferae kd&/keaiame r2y5, FsPeS.kt er T mi
vytvoSeny videoz§znanmss tnaevuemozh F vowagaghno? nrkoozvI§i ¢ferne?k v e n ¢
25 FPS byl azdPpvotgl n2

Sesvisloukamerou jenutn® nejprve prov®st vipolty pSekryvO
apS2padnodo upravitasimsmlove®?f.l edMSuelneckuj e acamdSené n 2
viz2covakérthroln2zch bodd0, s a meet n§ z namfemk owild elaet Po t ¢
prac¥thr®eonutn® dal §2 wppgram Agi®fh Ketashape. V  programu
probohne pSeveden2 videaaspasi skapithowi® pmém&y [ 2sl o
pro Ortofoto, ve kter®m jsou pSé&daasvagehyadhkromyy . mes h
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Ng§sleduje ruln2 pSidapen? olvld2ahav hsor®2bicZamo Senl m
souSadmnina mini m&§l adl idersi2ati sn2mc2ch pro kahdl bod
Skupinovl proces 2sl o dea kpeo @Bretdnfacstt @vena optim
zarovngn? tkobanemresh abodov ®ho ma g snlaed n o vytvoSen?2

a Ortomozaiky.

VpS2pasdédmg&n2 se i kmou karnoezrno?us tjiet auhoohdcno®@ &4 @2 body
okoloobjektu z §j mutoivpS2pado, he by smwpPpm8m?2 nkrEath? tbalzo mohno
zamoSen2 bodU potneokc?v GBP . S¢Wadm2st2 model na mil i me
abody j sou zazwmbSehiN&sl eduje wiobeaztiZzpakugd mohno pSi
konstantn? proy&hluhsitiici okol seolgj &mow xSomeey cns.s| eduj e
Z pr ac owpgogradmu Agisoft Metashape kde je video pSevedewo na j e
N8§sl edndo se spust? Skupinovli, pprSoicelst ejrkRdma aoopjrdda 2mo d
sn2flavytvoSen2 mjeshnutDB® evpl RicSoavkadch?t r ol n2 body na sn?
kzamdoSenim souSagsiegplwtedon2 Skupinov®ho procesu dva
optimalizuje zarovngn2 Kkanoemesh ary§ svloeS¢n @ 03D vido dre la.l n

Snimkovy let se svislou kamerou
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4 N

Vlicavaci a kontralni body

L
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Prace v terénu
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) Doporugend snimkova frekvence: 25 FPS
videozaznamu

Doporutent rozligent: 4K
Smér pohybu: po kruznici ckolo ohjektu zajmu

Prace v terénu

d Doporutens snimkovd frekvence: 25 FPS
videozaznamy smér pohybu: dle vyrrofeného plinu letu

Prevedeni Dle rychlosti pohybu
videa na snimky pfipadné snizit FPS

Prevedeni
videa na snimky

Spusténl Kroky procesu:
skupinového procesu 1 zarovhani snimki
pro Ortofota - yytvoreni Mesh

Spusténi Kroky procesu
skupinoveho procesu 1 - zarovnani snimki
pro Ortofoto - vytvoreni Mesh

Prifazeni port zamétenych
soufadnic Rucni piifazen

cich body
mgich k soufadnicim

Zpracovani v Agisoft Metashape

Pfifazeni mport zam
soufadnic Ruéni pi

)

Kroky procesu
Spusténi optimalizace zarovnani kamer

skupinového procesu 2 - ‘enf bodového mradna
pro Ortofoto

Zpracovani v Agisoft Metashape

sh
madelu

o Kroky procesu
Spusten - optimalizace zarovnani kamer
skupinového procesu 2 - vytvoreni bodového mragna
pre Ortofoto vytvofen! mesh
- vytvoren! DEM & Orthomaozaiky

Obr. 5.1 Optim8ln2 .postup zpracovsgn?
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6 DISKUZE

Byly zpraS8pB8mpyRdsmdie, bohem keeraluclmor pr §sSadmpatl k al
probl &gue.chny pS2padov® studie byly zpracovs8§ny noko
nejlepg2ch visledkOU

PSi zpracovgn2 prvn2? pS2ypaddde®kyt wuklirievseme. nRySyit rbd t
letu srul n2zm o v | &dhfan ¥znmknout odchylka zdUOvodaoadl i gchregh
anekonstrgohlbshidetu. Zpr acovg§n2 poS2zenliza®dt o i pRoEpd&dzoaelst u
bylo vel mi ng§roln® jednak [l asovd, zdI@vadwk ® encao svtlaktoenl np&
vikompw! 2 taalteor a pr8§ce byl vyuhit pol2tal knarikabgts$
spravovgn pomoc?2 vizdgféegsgtPapHobhyzpracovg§alasndkol ik
skonlchyboa zdUvodu nedost avtzkalS 2 gaemat. i

U druh® pS2pabywyp@oshtadpet2he spojen® se zpUsobem
Aut or musel pSehodnotit pUvodrmRkolo et®msyr am$isdtedupmadel
k pohybu kamery okolo modelu , I emfupSedch§zela | itas&zmgmerneges e
smetodouStM. VI sl edky mmhit yo bz k izedsUveondyozd dlr§®y pohybu.

Vet Set?2 pS2pamem®hlsa uldiiti pouhizdalvnoedtuo dsan 2f§M 2 v el k-

objektu. Proto byl o kp®ihsgtbaiu ppeon.op 8% mou @ 0 paotdoocbhntoo d Uv od U
nebylo spr8vnoogshabeh8®o mdo h shemdhl takn2nikroud model
cel ®ho z8) mov®ho %zem?2., Tatop@tS2pggdougowgmuai aodkoglli

snahou dos&8hnout co nejlepg2ch visledkO.

Cel § pr8ce byl a paperapcogranfuvAgisott Metashape Professional,
knomuh byla gkol ou pdslpBSténgumed mdéibd @mye se software uk:é

pl no dostZalvuejd2ecn?® | iter8rn2 regerge je tak®jezSej m®,
vyuh2vsgn pro fotogmammetorfiecsk ®@ n'gll enl2y ¥r ov ni vel mi l'as

Bohem zpr abcyol vy8 n2jzi §yst addnny? me z i sn2mkem poS2zenim v\
asn2mkem vyexpanvitdea.vVaynfiat ogr af ovanl s nvemhekk® oarnsoehtsu jve
metadat & EXIF, sinformacemi j ako je hodnota | SO, clasoev®@v©brEkVo.
VpS2padodo sn2mku zgran$jezzden ®p &i bl i hn§vppoodloobhoa souSadni c
Usn2mku vytwebede@hse takov®to informace nikam neukl
informace |jsou raszmlzinkeorv28 Viirdeebefbrcda ak® byl o zjigto
zpracovg§nafidtdgks&8he program Agisoft MetashaP8i s&m
Zzpracovgn? vi AegaBiIF k olfiov. mace je mohn® si zaznalit
vier®nuvelikost pi xel u lae vdeal W&t gpianrda me3rpyad@sagpdl 2t
nevli hoda je sp2Sje ntaa,§! lejem vz avS2dzecfrecddef i novanl pomdr
obwkle16:9, pSitom sn2mal m§ (D3048By 2 Isethrodme,pjlhel ze vyuh?2t
cell savmdy dckmwjSke u snr2akkkel.j e pot Sebatagraiiei hee poS
ve form§8§tu RAW, kterl obasamopeujvé ceoti®m¥ ommaedédsti n:
zpracoubhe, sn2mku podezera®homdEdi® fHek®n2mek poS2zer
fotografickymezeée anyitckoSii tz§vorkou, ale u videa | ze poc

z8vorku.

Nespornou vihadpe vbobdedhe generuje vel k® mnohstv?
obzvlI 89gF pSi vysok® sn2mkov® nf&l ek wveanmoij.doruwild@ng nrta s |
pot misnnwtmk ov § f je@lSvdn qe aryoszolkigreamgt aveno napS2klad n
Vt akov®m pnS& pwaidde o zv8ezlniakmo st na di sku BySioblzjhingt 63n 05 C
jeden vyexportavadbtaspd®eken®ho drorPem BrglUmehamt om
velikost 175MB.V pS2paddo poti mi poSti ow®B amkwiviRe d r doktedynci 50
vzniklo 15000 snomleUkov ® 2e2IGBk®oshty haddigset atek m2sfa na di
ale pSepaedgMhrno n8rol n® \dat ¢?p rpaovtgeurfunif &b k ® sn2 mkov ®
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frekvence by mol o zvIigen?2 rychlosakop®myp82 gaderlyy wap S2 k
nasn2mal cel ou oblagpsSte kza vkyr atyg 2b yll ays pTSeerstt o zdpplsst calt e I n
otest pwlire [ §stedmtoohe aplikace, ve kter® ildyl nast
maxi m&§l n2 rychhopgé$2 poahybuuln2ho ovl §d&n2 nebylo moh
ryche asystematicky nad sn2manou obl ast 2.

Pokralovg§nzm t®to diplomoy@hprt8castley emptlra Kkilatmer &
snatolen2m z8znamu pouzwe pedmdWh k amehyplabo ot estov§n
videogrammetrie s dronem a vysokou rychtpsStl&ddiaad htyabkuov ®m

pS2padoé by pravdopodobndé molo smysl vyuhit?2 vysok®
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Z¢C VOR

C2lem diplomov® pr&§ce bylo analyzovat z #rbjeeddtn2 pohac
pro fotogrammetrii. Byly vypracov§gny t Siformo8 experithentu®, kdet udi e
pSedmotem zkoum8&n2 bylo rozl i §enro jasi nd2enak o wr S sfpreekkt vi evrec
videa.

Prvn?2 pS2padov§ st udiveoblabty f »z izpk ;g eoBfi@Edvéidenk ®
sn2mkovIUAIVet pSi kter®m byl poS2zeny sn2mky metodou 1
stejn®mM nastaven2po&rpgeniyc e i Wigerogzs§tzanvaermy2 m r ozl i genz v
aFHD asn2 mkovou frekw&hEPS5.DEBI eFBYI|l proveden |l et se @ik
okolo objektu z8&jsmazbbge&numn#akKi pSi sn2 madWF®S.f rekven.
Takto vyt v o Svdea§ a fotografie by | a Z p r acpoogr8muaAgisoft Metashape
Professional avi sl edky porovn8§nyBOmempr aselvg@un? byl o zZji gt
sn2mkov§g f BOFRYeSicerychlosti pohybmSalriod wwsher@k v/ s | e
vel kmhs tfve’t o gr &ftiekre® §rsé exdmroacovat. Dle visledBUO bylo
t®t o rychl osti ve vigce el eoput i2n®§ | met rsth 2mekdo v8e ni2r ejk v e |
D&l e byl oopother zveyng § 2 rozligen2r m8| izipe Nn2§ Evideal 2 & miv 0 t ¢
poS2zene®h®i kmou kamerou p&imobz®i dev$hm®hto rozl i gen:
zemi, jako pSi sn2mkov®m | etu se satiosl|lzoau nkmanern Kk rpaSi
a.sPro zjedno8lulgecdh#®hm zpracov§gn? byl avprogramuo Sena k.
Mi crosoft Ex&di spbzéc§ pa we b odvilpcho nsotvr®@ npkr88cche .

PSedmotem druh® pS2pades®ovs€ndi poSyken2 videa na
rozmdarau %l el em vytvoSErpeBDmmotebyl zpracovs&n nokoli
pr ob2otvdlaboratorn2ch podm2nkkS8cnhs tpp$it n2achh sw®Hn2el nl ch p
stejn® raycrh§ystdgohyb wBykamerjyi.gt ono, he pro spr8§vn® zé
nezbyt n@®odehijteho okol 2 dostatat¢akh®e nmSivZped®geng2 vi de
vzd8l emmeat kne na model u meng?2 mnohsBytacbymestok§irir
rozli dgeaF?HD4Kia f ot sapad®ind m objRKIty vemestovs8ny snzm
frekvence 25,30 a6 0 FPS pSi racrED.Dgend¥ 14K edk U rfjieh ¢2h osdm2omkgcv §
frekvence, tedy 2mM§¥PS| epi mkag&l®mnohstv2 zdefor mo
ploch.

TSet2adoS2g st udypea by @oblast most sk® z8§stavby. Ter ®nn
probohl o a@aniakjre8dnom pfep&iddesl o uspokS&mov® pohybedky
kamery byl pS2mi, m2sto pohybu po kruhnici, coh byl
chybn®ho zarovng&n2 pozStleaeRBEebdt snpmeblohl o zpracov§gn
ter®in2ho getSen?2 t®hfspBidpacdop®resvngneém visledkU ne
nastaven2m videa. iBtydmt ajp gZipam®g2 hleepg?2 visledky nas
srozli geadm2mkKovou frekvenc?2 25 FPS.

Po zpracovgn2 tSech pS2padovich stvidaaintg Iz8e aldmr?st a
viivna vzhled f i n§labzuo PSi vygg2mevi o1 leidipe i@tomozaika vy g g 2
rozlingeemt, kter® se vgak ani pSi vysok®seamkimv® fr
poS2zenim metodou .D&t @g rbayrhme tproitevr zeno, he vysok§ s
m§ve votginonepgSetpavdn® vl i v naPovuhsilte2d nd?2 zokb®& arzy.c hl os't
avysok® sn2mkov® frekvence zpUsobujke ervetekndrt g® mmno hs
ngrokUm na al2oiviygtodk ®r ol nmasztpir ac o WAledem kt omu, he se
nepodaSil o zmem&defeks ol | ing shutt epoStaem§dcm®mn2 mk U
nemohl a tkaltto v a dzak odi§rdSat e s tna.vDBUvode m phryalvad o podd bk §
rychlost pohypu as mdor ot 8f'en2 kamery.
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Jako hlvdwn2upryfeoPeorsitup zprprcovpothit?2 videa za
fotogrammetrie zn§8zornowll vaopov®m dbDaggamu.vIi gteupweynt voSen§
kal kul aprdgmmu Microsoft Excel d2ky kter® jehcomr@p&S2rxeébdr
nastaven?2vivgkdye addeatlug2 ch dUl ehitlchstmarnamattr Upomr®@d nl
pSekrydgl.e byly vyMLvoSempory, kter® obsahuj? skuj
spSednastaven] miprmar e@mdetordy § g 2v programa Agisoft Metdshape
Vgechny vistupy jsou dostupn® na vytvoSen®m webu di |

Met oda videogrammetfjake sgchkd8malaado znaln® m2ry a
metodou za ¥l el em vy tNeo Sehno2d n3d0 gnto dsemolr. pohybu kamery

okolo objekt Bnz@:mkmul | et se jsvitsako® nkophtnein ® g&l eSadu
nevI h@odrwvn fotogramsmetri 2 P Si nN2zk® rycltklaometriy pmohdboww h® do
sn2mkovgn2 vznikne vel k® mnohstv2 sn2mkU, Tektda er ® j e

zpUsob sn2m&n2 bypS?yladoho direly bk ®Sydwchl ost pohybu k
interva | poS2zen2 fotograf iy pnreomofhdt obglztalhemedtgyé iy chl ost i
ukl 8d&8n2 fotografi?2.
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Fig. 1. Camera locations and image overlap.
MNumber of images: 7,403 Camera stations: 3,591
Flying altitude: 21.7 m Tie points: 1,024, 268
Ground resolution: 7.44 mm/pix Projections: 5,807,051
Coverage area: 5.8%+03 m? Reprojection error: 0.776 pix
Camera Model | Resolution | Focal Length | Pixel Size | Precalibrated
Unknown 4096 x 2160 | unknown unknown | No

Table 1. Cameras.




Camera Calibration

Fig. 2. Image residuals for unknown.

unknown

7403 images

Type Resolution Focal Length Pixel Size

Frame 4096 x 2160 unknown unknown

Value Error F Cx Cy B1 B2 K1 K2 K3 P1 P2

F 2017.47 1= 1.00 | -090 | 0.15 | <012 | D27 |DOD4 |-037 | 05D (032 |-D.12
Cx | 17.0456 0.053 100 |-0.12 | 0DS | -0.15 | -D03 | 033 | -0.45 | <012 | 0.1
Cy | 2.B9435 0.035 100 |-D2+ | -0u02 | -D02 | <0.05 | 0.07 | 010 JO.25
Bl | -3.49119 0.029 100 |-012 |DODD | 004 | -0.05 |-0.10 § 002
B2 | LE71017 0.026 100 D01 |-010 | 0.14 | OuD9 |-D.01
K1 | 0.0DB15558 Ge-05 100 | -046 | 0.42 | -0.37 | DuD&
K2 | -0.0208487 0.00012 100 | -0.97 | -0.11 | QDS
K3 | LD212379 0.00013 100 | D16 |-D.O7
Pi | O.OOZ290574 3.3e-06 10a | -0.D&
P2 | -D.0DO652914 | 1.5=-06 100

Table 2. Calibration coefficients and correlation matrix.



Ground Control Points

¢ Control points

Fig. 3. GCP locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
8 1.36138 1.34435 0.440622 1.91328 1.96336
Table 3. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.
Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
4 1.01175 0.435575 1.14173 1.10153 1.58648

Table 4. Check points RMSE.
X - Easting, Y - Northing, Z - Altitude.




Label | X error (cm) | Y error (cm) | Z error (cm) | Total (ecm) | Image (pix)
01 -0.0957238 | 1.14139 -0.207709 1.16408 0.347 (11)

02 -3.01432 0432335 0.122194 3.04762 0.372 (10)

03 -0.832702 -1.56174 0.127548 1.77446 0.228 (10}
06 0.899245 -0.475233 0.451978 1.113 0.407 (10}
08 1.12218 -0.612915 -0.0769259 | 1.28096 0.365 (10)

10 0.316595 2.24932 0.0557398 2.27218 0.448 (10)

11 -0.0871545 | 0.859178 -0.995935 1.31821 0.433 (10}
12 1.69189 -2.03234 0.523111 2.69565 0.359 (10}
Total | 1.36138 1.34435 0.440622 196336 |0.375

Table 5. Control points.
X - Easting, ¥ - Northing, £ - Altitude.

Label | X error (cm) | Y error (cm) | Z error (cm) | Total (ecm) | Image (pix)
04 0.442153 -0.155587 2.10055 2.15221 0.393 (10)
05 -0.00760819 | -0.186361 0.632395 0.659326 | 0.189 (10)

07 1.21057 0.818779 0.466779 1.5342 0.351 (10}
09 1.55997 0.171944 -0.429056 162701 0.254 (11)
Total | 1.01175 0.435575 1.14173 1.58648 |0.306

Table 6. Check points.
¥ - Easting, ¥ - Northing, £ - Altitude.




Digital Elevation Model

277 m

ey

Fig. 4. Reconstructed digital elevation model.

Resolution: 6.55 cm/pix
Point density: 233 points/m?



Processing Parameters

General
Cameras 7403
Algned @meras 3591
Markers 12
Coordinate system 5-TSK J Krowak East North (EPSG::5514)
Rotation angles ‘Yaw, Pitch, Roll
Tie Points
Points 1,024 268 of 2,638,862
RMS reprojection error 0.102205 (0.776445 pix)
Max reprojection ermor 0.706477 (350681 pix)
Mean key point size 644875 pix
Point colors 3 bands, wint3
Key points Mo
Average te point multiplicty 131342
Alignment parameters
Accuracy Medium
Generic preselection Yes
Reference preselecton Source
Key point lmit 40,000
Ky point limit per Mpx 1,000
Tie point limit 10,000
Exclude staticnary te points Mo
Guided image matching ‘fes
Adaptive camera model fitting Yes
Matching time 7 hours 59 minutes
Matching memory usage 8.78 GB
Alignment time 16 hours 57 minutes
Alignment memory usage 16.94 GB
Optimization parameters
Parameters f, bl, b2, cx, oy, k1-k3, p1, p2
Adaptive camera model fitting Mo
Orptimization time 19 minutes 35 seconds
Date created 2024:03:02 18:10:37
Software wersion 2.0.3.16960
File sme 5e0.82 MB
Model
Faces 207 589
Vertices 104,731
Vertex colors 3 bands, wint3
Reconstruction parameters
Surface type Height field
Source data Tie points
Interpodation Enabled
Simict volumetnic masks Mo
Processing time 38 seconds
Memory usage 113.44 MB
Date created 2024:03:05 14:40:45
Software wersion 2.0.3.16960
File sze 4.77 MB

Orthomosaic



Size 13,567 x 12,800

Coordinate system S-ITSK [ Krovak East Morth (EPSG::5514)
Colors 3 bands, winkd
Reconstruction parameters
Blending mode Mosaic
Surface Mash
Enable hode filling Yes
Enable ghosting filter M
Processing time 1 hours 51 minutes
Memary usage 1.65 GB
Date created 2024:03:07 03:48:53
Software version 2.0.3.16960
File sme 54.14 GB
System
Software name Agisoft Metashape Professional
Software version 2.0.3 build 16960
o5 ‘Windows &4 bat
RAM 15.79GB
U IntelR) Core(TM) i7-9750H CPU @ 2.80GHz

GPU(s) MVIDIA GeForce GTX 1650
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Survey Data
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Fig. 1. Camera locations and image overlap.
MNumber of images: 920 Camera stations: 920
Flying altitude: I3 m Tie points: 277,824
Ground resolution: 1.44 cm/pix Projections: 1,293,940
Coverage area: 0.0106 km? Reprojection error: 1.02 pix

Camera Model | Resolution | Focal Length | Pixel Size | Precalibrated

unknown 4096 x 2160 | unknown unknown | No

Table 1. Cameras.



Camera Calibration

T ERY
RIS

Fig. 2. Image residuals for unknown.

unknown

920 images

Type Resolution Focal Length Pixel Size

Frame 4096 x 2160 unknown unknown

Value Error F Cx Cy E1 B2 Ki K2 K3 Pi P2

F 2B26.4 o077 1.00 | -0.0% | 0.40 -0.73 | <002 | 0LOTF 0.03 | -0.02 | 0u0S 007
Cx | 54.3607 0.2B 100 |-0.11 | 014 |OF7 |-D.18 | 0.1% |-0.1B | 0.59 005
Cy | 14.24B8 1.8 100 | -092 |00s |-D.01 | 004 |-0.03 | -DOS | DDE
Bi | 26.2732 11 l.oo | -002 | 0.O3 -0.03 | 0.0 003 -0.02
B2 | -12.2011 0.3 1.00 -0.12 | 0.0 | -0.08 | OUDS 011
K1 | 0.O550252 | 0.00018 100 | -0.92 (086 |-DOG | -D.20
K2 | -0.0099862 0.00049 1.00 | -096 | D12 008
K3 | 00102198 0.00045 1.00 -0.13 | <007
P1 | 0.007BO754 | 2e-05 1.00 | -0.03
P2 | -D.00112348 | 2.2e-05 1.00

Tahle 2. Calibration coefficients and correlation matrix.




Ground Control Points

& Control points

T (heck points

Fig. 3. GCP locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated GCP locations are marked with a dot or crossing.

@®1:0m
@ 096 cm
© 0.72cm
© 0.48 cm
© 0.24 cm
¢ 0am

© -024m
@ -0.58cm
@ 072cm
@ -09% m
@®-12om

x 300

Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
8 0.815844 0.764851 0.387319 1.1183 1.18348
Table 3. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.
Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
- 0.778507 0.730002 0.886763 1.06723 1.38756

Table 4. Check points RMSE.
X - Easting, Y - Northing, Z - Altitude.




Label | X error (cm) | Y error (cm) | Z error (cm) | Total (cm) | Image (pix)
01 0.315695 0.320452 -0.316881 0.550242 | 0.515 (12)

02 -1.20922 0.02735497 -0.133478 1.21687 0.565 (11}

03 -0.646349 -0.275551 0.534801 0.883011 | 0.635 (10)
06 0.736025 -0.864874 0.209692 1.15486 0.524 (11}
08 0.563102 0.0971376 -0.15471 0.591992 0.591 (14)

10 -0.560365 1.63224 0.592054 1.82449 0.402 (10}

11 -0.561596 0.0973783 -0.600178 0.8277 0.401 (11}

12 1.36271 -1.03415 -0.131302 1.71571 0.465 (11}
Total | 0.815844 0.764851 0.387319 1.18348 |0.521

Table 5. Control points.,
X - Easting, Y - Northing, Z - Altitude.

Label | X error (cm) | Y error (cm) | Z error (cm) | Total (cm) | Image (pix)
04 0.515181 -1.08831 0.895252 1.50044 0.443 (10}

05 0.298092 0.565261 0.983116 1.17256 0.476 (10}

07 1.30797 0.0309698 1.16986 1.75508 0.377 (11)

09 0.599375 0.791649 0.0940103 0.997395 | 0.426 (10)
Total | 0.778507 0.730002 0.886763 1.38756 |0.431

Table 6. Check points.
X - Easting, ¥ - Northing, £ - Altitude.




Digital Elevation Model

275 m

264 m

Fig. 4. Reconstructed digital elevation model.

Resolution: 2.87 cm/pix
Point density: 0.121 points/cm?



Processing Parameters

General
Cameras 920
Aligned cameras 920
Markers 12
Coordinate system 5-JTSK [ Krowak East North (EPSG::5514)
Rotation angles ‘Yaw, Fitch, Roll
Tie Points
Points 277,824 of 348,335
RM5 reprojection error 0.124183 (1.01573 pix)
Mz reprojection ermor 0.505662 (35.366 pix)
Mean key point size 6.72784 pin
Point colors 3 bands, uint3
Key points Mo
Average e point multiplicity 7.24072
Alignment parameters
Accuracy Medium
Generic preselection Yes
Reference presekection Source
Key point mit 40,000
Key point limit per Mpx 1,000
Tie point limit 10,000
Exrclude staticnary tie points Mo
Guided image matching Yes
Adaptive camera model fitting fes
Matching time 13 manutes 15 seconds
Matching memory usage 452.45 MB
Algnment time 36 minutes 26 seconds
Alignment memory usage 1.08 GB
Optimization parameters
Parameters f, bl, b2, cx, oy, k1-k3, p1, p2
Adaptive camera model fitting Mo
Oyptimization time 33 seconds
Date created 2024:03:12 D8:56:09
Software version 2.0.3.16960
File sme: 45.96 MB
Point Clowd
Points 24,154,559
Point attributes
Color 3 bands, uint3
MNormal
Point classes
Created (never dlassified) 24,154,559
Depth maps generation parameters
Cruality Highh
Filtering mode Moderate
Max neighbors 1&6
Processing time 1 hours 18 minubes
Memory usage 3.55GB

Point cloud generation parameters
Processing time 11 hours 29 minutes



Memory usage 10.98 GB

Date created 2024:03:13 20:20:40
Software version 2.0.3.16960
File size 330.26 MB
Model
Faces 4,827,758
Vertices 2,415,425
Vertex colors 3 bands, wint3
Depth maps generation parameters
CQuuality High
Filtering made Moderate
Mz neighbors 16
Processing time 1 hours 18 minutss
Memory usage 355 GB
Point cloud generation parameters
Processing time 11 hours 29 minukes
Memory usage 10.98 GB
Reconstruction parameters
Surface type Height field
Source data Point cloud
Interpolation Enabled
Stmict volumetric masks Mo
Processing time 1 minutes { seconds
Memory usage 63736 MB
Date created 2024:03:13 20:20:41
Software version 2.0.3.16960
File size 110.52 MB
Tiled Model
Texture 3 bands, wintd
Reconstruction parameters
Source data Mash
Tile size 256
Face count Medium
Enable ghasting filter Yes
Processing time 55 minutes 21 seconds
Memory usage 1.80 GB
Date created 2024:03:13 22:37:31
Software version 2.0.3.16960
File size 102.30 MB
DEM
Size 4,767 x 4,395
Coordinate system S-ITSK [ Krowak East Morth (EPSG::5514)
Reconstruction parameters
Source data Point diaud
Interpolation Enabled
Processing time 4 seconds
Memory usage 305.58 M
Date created 2024:03:13 200 22:24
Software wersion 2.0.3.16960
File size 42.44 ME
Orthomosaic
Size 9,534 x 8,838
Coordinate system S-ITSK [ Krowak East Morth (EPSG::5514)
Colors 3 bands, uint3
Reconstruction parameters
Blending mode Mosaic
Surface Mash
Enable hole filling Yes
Enable ghosting filter Mo
Processing time 51 minutes 1 seconds
Memory usage 2.14 GB
Date created 2024:03:13 20:49:49
Software version 2.0.3.16960
File sze 23.73 GB
System
Software name Agisoft Metashape Professional
Software version 2.0.3 build 16960
05 Windows &4 bit
RAM 15.79 GB
cru IntelR) Core(TM) i7-9750H CPU @ 2.60GHz

GPU(s) NVIDIA GeForce GTX 1650



Surface
Enable hole filling
Enable ghosting filker
Processing time
Memory usage
Date created
Software version
File sze
System
Software name
Software version
o5
RAM
e
GPLU(s)

Mash

Yes

Mo

51 minutes 1 seconds
214 GB

2024:03:13 20:49:49
2.0.3.16960
23.73GB

Agisoft Matashape Professional

2.0.3 build 16960
Windows &4 bit
15.79 GB

IntekR) Core{TM) i7-9750H CPU @ 2.60GHz
WVIDIA GeForce GTX 1650
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Survey Data
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Fig. 1. Camera locations and image overlap.
Number of images: 293 Camera stations: 293
Flying altitude: 314m Tie points: 98,985
Ground resolution: 1.64 cm/pix Projections: 314,678
Coverage area: 6.35e+03 m2 Reprojection error: 1.84 pix
Camera Model | Resolution | Focal Length | Pixel Size | Precalibrated
unknown 1920 x 1080 | unknown unknown |[No

Table 1. Cameras.




Camera Calibration

N

S pix

Fig. 2. Image residuals for unknown.

unknown

293 images

Pixel Size

Focal Length
unknown

Resolution

Type

Frame

unknown

1920 x 1080

P2

-0.11

-0.63

005

-0.08

0.11

0.06

100

P1

0.05

1.00

-0.08 | -0.24 | -D.19

100 |-0.11

K2

0.05 | -0.14 | -0.06 | 0.03

0.06 |-0.13 | 0.02

1.00 | -0.97 | 0.04

K1

-0.01

-0.02 | 0.06 | -0.13 | 0.87

0.08

100 |-094 | 086 |-005|-00¢

B2

0.10

1.00 |-0.03 | 0.07

Bl

0.07

100 |-0.18 | -0.0¢ | -0.08 | 0.14

0.25

1.00 |-0.16 | 0.22

Cx | Cy

1.00

1.00 | -0.13 | -0.03 | -0.98 | 0.15

Error

&

6

29

37

55

0.011

0.04

0.047

0.0012

Value

1898.61

-31.7839

-213.025

-345.328

0.246382

-0.000611028 | 0.000%

F

ox
cy

B1

B2 | 6.47728

K1 | -0.115443

K2

K3 | -0.245148

P1 | -0.00316479

P2

Table 2. Calibration coefficients and correlation matrix.



Ground Control Points

® Contral points

T heck points

Fig. 3. GCP locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.
Estimated GCP locations are marked with a dot or crossing.

Count

X error (m)

Y error (m)

Z error (m)

XY error (m)

Total (m)

0.360149

2.01322

0.266377

2.04518

2.06245

Table 3. Control points RMSE.

Count

X error (m)

Y error (m)

Z error (m)

XY error (m)

Total (m)

0.374512

2.12712

0.263093

2.15984

2.1758

Table 4. Check points RMSE.



Label | X error (m) | Y error (m) | Z error (m) | Total (m) | Image (pix)
1 0.318361 -0.671814 | 0.14018 0.756531 | 23.963 (10)
2 -0.0415823 |-0.16673 0.0587705 |0.181609 |15.808 (11)
4 -0.421705 |-0.836022 | 0.145511 0.947598 | 27.257 (10)
5 -0.426266 |-1.23291 0.226631 1.32406 37.720 (10)
7 -0.0195564 | 4.40251 -0.565898 | 4.43878 110.586 (10)
8 0.561461 -1.49601 0.0992975 | 1.60098 33.964 (11)
Total |0.360149 | 2.01322 0.266377 |2.06245 |51.608
Table 5. Control points.
Label | X error (m) | Y error (m) | Z error (m) | Total (m) | Image (pix)
3 -0.122295 |-1.2945 0.341493 1.34436 7.846 (10)
6 -0.515328 |-2.71543 0.147712 2.76784 | 3.435(10)
Total |0.374512 | 2.12712 0.263093 |2.1758 6.056

Table 6. Check points.

Digital Elevation Model

Resolution:
Point density:

45m

24m

Fig. 4. Reconstructed digital elevation model.

3.29 cm/pix

927 points/m?2



Processing Parameters

General
Cameras 293
Algned cameras 293
Markers 8
Cioordinate system Local Coordinates (mi)
Rotation angles ‘Yaw, Pitch, Roll
Tie Points
Points 98,985 of 205,594
RMS reprojection error 0.602323 (1.84179 pix)
Max reprojection ermor 466428 (27.8976 pix)
Mean key point size 3.71609 pix
Point colors 3 bands, uintd
Key points Mo
Average tie point mulkiplicty 432368
Alignment parameters
Accuracy High
Generic preselection ‘fes
Reference preselection Source
Key point lmit 40,000
Key point limit per Mpx 1,000
Tie point limit 10,000
Exclude stationary tie points Mo
Guided image matching Mo
Adaptive camera model fitting Mo
Matching time 1 minutes 48 seconds
Matching memory usage 795.50 MB
Alignment time 5 minutes 31 seconds
Alignment memaory usage 299.13 MB
Optimization parameters
Parameters f, bl, b2, cx, oy, k1-k3, pl, p2
Adaptive camera model fitting Mo
Orptimization time 30 seconds
Date created 2024:04:23 15:41:05
Software version 2.0.3.16960
File sime 16.46 MB
Depth Maps
Count 293
Depth maps generation parameters
Cuality Highh
Filtering mode Moderate
Max neighbors 16
Processing time 4 minutes 29 seconds
File sime 135.25 MB
Point Cloud
Points 5,902 546
Coordinate precision 8.21 mm
Point attributes
Color 3 bands, uintd
Normal

Point classes



Created (never classified)
Depth maps generation parameters
Chusality
Filtering mode
Max neighbors
Processing time
Point cloud generation parameters
Processing time
Date created
Software version
File sze
Model
Faces
Vertices
Vertex colors
Depth maps generation parameters
Chusality
Filtering maode
Max neighbors
Processing time
Point cloud generation paramebers
Processing time
Reconstruction parameters
Surface type
Source data
Interpolation
Simict volumetnic masks
Processing time
Memory usage
Date created
Software version
File sze
Tiled Model
Texture
Reconstruction parameters
Source data
Tile size
Face count
Enable ghosting filter
Processing time
Memory usage
Date created
Software wversion
File sze
System
Software name
Software version
05
RAM
CPU
GPU(s)

5,002,546

High

Moderate

16

4 minutes 29 seconds

28 minutes 46 seconds
2024:04:23 16:43:00
2.0.3.16960

80.32 MB

1,180,117
540,251
3 bands, winkd

High

Moderate

16

4 minutes 29 seconds

28 minutes 46 seconds

Height field

Point choud

Enabled

Mo

21 seconds

202.00 MB
2024:04:23 16:43:00
2.0.3.16960

27.01 MB

3 bands, winkd

Mesh

256

Medium

Mo

7 minutes 33 seconds
955.61 MB
2024:04:23 17:12:19
2.0.3.16960

36.35 MB

Agisoft Metashaps Professional
2.0.3 build 16960

Windows 64 bit

15.79 GB

IntelR) Core(TM) i7-9750H CPU @ 2.60GHz

NVIDIA GeForce GTX 1650
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Survey Data
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Fig. 1. Camera locations and image overlap.
Number of images: 3,323 Camera stations; 1,058
Flying altitude: E.21m Tie points: 257,202
Ground resolution: 3.03 mmy pix Projections: 1,290,288
Coverage area: 350 m2 Reprojection error: 0.885 pix

Camera Model | Resolution | Focal Length | Pixel Size | Precalibrated

unknown 1920 x 1080 | unknown unknown | No

Table 1. Cameras.






