MeToa, npensapuTeNbHON KaanbpoBKu
doTorpammeTpuYecKknx NnapameTpoB A/1A PacyéTa
TPEXMEPHbIX KOOPANHAT TOYEK N306parkeHnA rno

MaTPUYHbIM KOOpAMHATaM

Puxtep A.A.@61 Yykann C.U. (@8)
(@) AkKuMoHepHoe obuecTBo «Tasmap AiTu-contowH3s», r. CaHkT-Netepbypr
(6) HayuHO-nccnesoBaTENbCKUIN MHCTUTYT a3POKOCMMUYECKOro MOHUTOPUHra "ASPOKOCMOC", r. MocKBa

&) depepanbHOe rocygapcTeeHHoe bloaxeTHoe 0bpasoBaTe/ibHOE yUpexAeH e Bbiclero obpasoBaHna «CaHKT-
MeTepbyprckuii rocyaapcTBeHHbIN yHUBepCUTET, . CaHKT-NeTepbypr

() TocypapcTBEeHHbIN YHUBEPCUTET NO 3emaeycTpoincTey, Mocksa, PO

urfinl7@yandex.ru
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[locTaHOBKa 3a4a4M

e CyuwiectsyeT 60n1bllOe KONMYecTBo GpoTorpaMmeTPUYECKUX METO0B, OMUCHIBAOLLMX
CTPYKTYPHbIE U TEOMETPUYECKME XaPaAKTEPUCTUKN U300PaXKEHHbIX 0OBEKTOB MO UX
nsobpaxkeHnam. OHM UMEIOT LUMPOKUIN CNEKTP NPMMEHUMOCTM B 3aJ,a4aX
KOMMbIOTEPHOrO 3peHUA.

* OanH N3 MeToa0B ONUCLIBAET CTaHAAPTHOE Npeobpa3oBaHMe KOOPANHAT U3 CUCTEM
KOOpAWHAT cTepeonapbl (N1€BOro 1 NPaBoro CHUMKa) B CUCTEMY KOOPAUHAT 06beKTa.
[MpumeHeHne «Hanpamyo» GoTorpaMmeTpUYecKorn mogenmn npeobpasoBaHua
KOOpAUHAT n30bpaxeHnsa B KOOPAMHATbl 06beKTa HeuenecoobpasHo, BBUAY TOrO, YTO
napameTpbl BHELWHErO U BHYTPEHHEro OPUEHTUPOBAHUA CHUMKOB HE OTKa/InbpoBaHbl. B
INTepaType BCTPEeYatoTCA METOAUKN KaNnbpoBKM GOTOrpaMMETPUYECKUX NAPAMETPOB.
MHOrme U3 HUX CNOXHbI B ONMCAHUKU N TEXHNYECKOU peanm3daummn. Metoabl
dboTOorpammeTpumn, B TOM YNCIe METOAbl KaIMBPOBKKU, ONUCAHHbIE B COOTBETCTBYHOLLEMN
NNTEpaType, 4HacTo NOHATHbLI CNeUMannNCcTam no GoTorpammeTpmn, HO He
nccnegoBaTenam, ANA KOTOPbIX NOCTaB/leHa 3a4a4a, CBA3aHHAA C reOMETPUYECKOM
nHTepnpeTaumen n3obparkeHHbIX 06BHEKTOB.

* lpepnaraetca anroputTm KaanMbposkn GoTorpamMmeTpUYecKUx NapameTpos Ans
MPAKTUYECKNX PACYETOB TPEXMEPHbIX KoongHaT n306parKEHHbIX 0O6BEKTOB MO MX
MATPUYHbIM KoOopAMHaTam (B maTtpuLe nsobparkeHus).



Oblwasa cxema anropnTma

BapsupoeaHue

obGy4yaembix oGpas3uoe

Oby4vaembit HatGop
naobpaxxkeHnm
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N
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Il. PacuyéT nepBuU4YHOro

M3 cnucka

MepenyHbie 6a3ucsl Baos

TECTOBBLIX OOy4YaemMbix
oSpas3uyoe

s o6Gpasua

-

———————————— MepBuYaHLIA 6a3uc ANsa NepBoro
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BXoAHble AaHHble

BxoaHbIMKW AaHHbIMK fiBNAETCS Habop obyyaembix 06pasLOB:
- {[It, P i=1..1},

roe | —uncno obpasuos, i — Homep obpasua, I' — i-e sTanoHHOe n3obpaxexne, Pt —
COOTBETCTBYIOLWI i-i 3TA/IOHHbIN NONMUIOH (MONMIOH COOTBETCTBYIOLLEro N306paXKeHus,
MOKPbIBAIOLLNI N306PAXKEHHYIO TEPPUTOPUID).

3TaﬂQHHbIe M306pa)KeHl/1ﬂ B COCTaBe Ha6opa noayyeHbobl C'béMKpl\/’I 3eMHOM noBepxHOCTU C
OA4HOUN Kamepbl C NOCTOAHHbIMU TEXHUNYECKUMUN YCNOBUAMU CHBEMKMN.

3TaNIOHHbIN NONUTOH 3343ETCA B BUAE (PUCYHOK 2):
M . o

© P'S{AG}L A = (9, 4),

« P'o{ri}r = (le,y}),] =1..4,i=1..1,

A;-,j = 1..4 - reorpaduyeckme KoopanHaTbl j-ro yrna i-ro obyuyaemoro nsobpaxeHus (j-n

BEPLUNHbI NONNTOHA); rj‘ — MaTpUYHble KOOPAMHATbLI COOTBETCTBYIOLLMX TOYEK (HOMEp
CTPOKMU, Homep cTonbua).

r
«GpA\g» - 0603HaYeHWe reorpadpuyeckux koopanHat A, reomertpuyeckoro obvekra G,

«G—-R - KapTorpadpuueckmx koopamHat R (8 npoekumn UTM), «G—=1;- MaTPUYHbIX
KOOpAWHAT 77;.

4
1 Sy
[ @
SX
3 ® )
2 2
KapTtorpadpuyeckue MaTpuyHbie
KoopauHaThbl KoopguHaThbl

N3 pucyHKa 2: j = 1 — BepxHuUi
nesbityron, xt =1, yt=1;j=2-
HUKHWI NeBblii yron, x5 = sk, yt=1;
j = 3 — HWKHWI1 NpaBbIit yron, xk =
sk, y3‘;= SJi,;j = 4 — BepXHWUI NpaBbIi
yron, xi =1, yt= Sji,. MapameTpbi st
7 531', — pa3mepbl n3o6paskerus I B
NUKcenax.



[eorpaduyeckme n Kaptorpapuyeckme
KOOPAMHATHI

O603Haunm npeobpaszosaHmne reorpapuueckmx KoopanHaT (@;, A;) TouKm
3eMHOI NOBEPXHOCTU B KapTorpadpuyeckme KoopamHaThbl (X-‘, Y;'), koTopoe
CYUTaeTCA ObLLLEN3BECTHbLIM:

(XLJ in)' N3, NEpsg = K(QOJL, )l]l)l
rae n, — Homep 30Hbl, Ngpsc — Ko EPSG (anAa reorpadgumueckmx koopanHat
kon, EPSG paseH 4326). AnnavkaTta Z; B TOUKe (X-‘, Y-‘) onpeaenaeTcs,

ncxoasa U3 mogenm umdpoBou penbed>a (LLMP), mectHocTn (LLMM) nau
nosepxHocTtn (LLMIT), ambo cuntaeTca NOCTOAHHOM B OKPECTHOCTU TOUYKM

doTorpadpumpoBaHma St n nponuncbiBaeTca B mMeTafdaHHbIX (Cm. Aanee
napametp D).

ObpaTHoe Nnpeobpa3zoBaHME MOXKHO MOJYYUTb MO popMyne:
(0, ;) = K71 (X}, ¥, my).



[TepBUYHbIM HADOP MeTadaHHbIX U Ba3nC N30bparKeHUs

| No_| Hassaun [easmnya wamepenvs]
O [ «Image, <helght> Nel  Hasmawnenapamerpa | Obowmauenne

«i », «KWi » .
H Arprisia |l Sy image», «width MaTpuyHble KOOPAMHATbI I1aBHOM TOYKM [NK] X0, Vo
I PeanbHoe (ncTnHHOE) ¢doKycHoe f «focal», «length» n Pasmepbl n3o6paskenms [nK] Ser Sy
paccroatme kamepe! [w] n leorpadumyeckme KoopanHaTbl TOYKN poTorpadmpoBaHma [pasa) Qs, As
« », « »
I PO [FHEEERLE [ NI s fm 9, SO u KapTtorpaduueckme KoopanHaTtbl TO4KN GoTorpadumposaHuns [m] X, Ys, Zs
skBuBaneHTe [m] u OTHOCUTENIbHAs BbICOTa TOYKK doTorpadmpoBaHms [m] Z's
« », «lati »
H LLnpoTa nonoxeHuna kamepsbl [pas] O gps», «latitude n T —— f
« », « i » .
u Jlonrota nonoxeHuna Kamepbl [paa) Ag gps», «longitude oAl E TS O e o] v, 9,1
«abs», «alti »
ABcontoTHaA BbICOTa Haj, YPOBHEM MOpA 7 abs», «altitude u T bt
TOYKM poTorpadmpoBaHmna [m
¢ pa¢up [m] u MaTpuua nosopoTa A
BbicoTa  OTHOCUTENBHO  NOBEPXHOCTU Z's «rel», «altitude» .
(. 30Ha KOOPAMHATHOW NPOEKLMN n,
3emnu ToukmM doTorpadmpoBaHma [M] 0
u Yron pbiCKaHUA NONOXKeHUA Kamepbl [paa) y «yaw», «degree» Iepeuunviii 6azuc uz06parcenus
m Yron TaHraxka nonoxeHua Kamepsl [paa] ) «pitch», «degree»
u Yron KpeHa nosoxeHuna kamepsbl [paa) Y «roll», «degree»

llepsuunwiii Habop memaodanHbix



OTanoHHbI NOMNIOH
nepsoro obpasua

BNOK-CXeMbl OCHOBHbIX MPoLEeayp aJropnutma

Mepebii obpasey
( ) MepBuyHble Hasucol

MepsuHbIi 6a3nc Buaebl obyyaembix o6pasuos
usobpaxeHns
nepsoro obpasua
Bun
MNepsu4HLIN Basnc
K n306paxeHns
OPPSE?_:';:;’FHOB MonHein yron o63opa M3 Habopa
@ @ ] oby4yaembix
OoppeKTUpyemsie -
yrne! Bitnepa o |8 £ |8 Monyyexune Bapuauum 4 obpa3uos
) z o [ % °
o © = = bl
PacyéTt To4kn nepeceyeHuns ¢ é § § § Basuca n pacyeTHoro @
NpeaMETHOM NIIOCKOCTLIO < @ 2 NoNMroHa n3obpaxexuns B =
[<) = = = (o)
Toura £ |5 e | & 3 8 M3 cnucka
nepece4eHus o ¥ (P2 S g BUAOB
& ) b z g
/ﬂgaepxa NPUHAANEXHOCT ConocTtaeneHue 2 § ”
TOYKWN NepeceyeHuns . 3 s ©
3TANOHHOMY NONMIOHY pacye€THOro nonuroHa g = };7
C 3TANOHHbIM s §1 b
NnoNroHom -§ = 2
Ecnm » c*b -
NPUHAANEXWT, z g
BUA MAET K KanubposaHHbie 3 E
Cnucky Bnaos Hasuncel oby4yaembix ©
n3obpaxernit Ans
[ ) —
Cnucok BMaoB Ans
nepsoro obpasua
K Habopy kanubpoBaHHbIX

Hasuncoe




Cxema noJsiy4eHnsa BMAO0B Mo NepBMYHbIM Ba3mcam AN NepBOro
obpa3ua

(rermencormees )
pBLiln oSpas3ey
ke

Mepsmyiresliia 6asnc By
nzoSparkeHnnsa
nepesoro oSpasua

=
= S NS
Lo )
S 8 Koppekums yrnos
= '8 SDnrnepa
£ 2
é cg- KoppexTmpyemeie
g =] yrrne: Dnnepa

PacuéT Toukm nepecedYyeHuns C
npeamMmeTHOM NJIOCKOCTLIO

Touxa
nepece4dYeHuns

\/I"Ip/oaepxa NMpUMHaaAne>xXHoCT
TO4YKKM NepecedYeHuns

STAJIOHHOMY MNMoOoOJImMroy

0 ouHegoduadeq
£$ ‘0p auHesoduadeg
270 oukesoduadeq
1S p anHegoduadeg

Ecrnw
nNpMHanone»XmT,
B MaeT K
CcnuckKy BengoeB

Cnmcok semaoe ans
nepBoro oGpasua




Cxema noJiy4eHuns B1MaoB no nepBMYHbIM Ba3mcam 4158 OCTa/IbHbIX
0bpa3uos

v={d,s,c} vEV v

Bun
yai rcnucox Bnoos Ans j

k nepeoro o6pasua

V — cnnucokK smaos

Opyrue

o oGpas3ubi
d — BEKTOp CMENIECHU Ha T

MepenyHbin Gasuc
n3obparxeHns
ouepegHoro oSpasua

«OPSIMBIEY» YTJIBI YIJTIOB DWliepa

Koppekuus yrnoe
Suvnepa

d e{z o T o0 ml 2 }k—1 3
Kk T, 2; T, 2; ;2;7-[;2; T ¢, — L.

Koppektupyemoie
yrnst 3anepa

PacuéT Toykm nepecedYeHus C
npeamMmeTHOM NJIOCKOCTLIO

Touka
nepece4deHnn

S — BEKTOpP HAIMPABJICHHUI CMEIICHUN YTJIOB /”6355:3 2232&T§$’L>

3TaN0HHbIA NOMKMTOH
04epenHoro 06pasya

IDTANTIOHHOMY MNOJFIMTOHY

sk €E{-1,1},k=1..3 ]

NMpoBepka NpuHagne>xHoCT TOYKN
nepeceYeHuns 3TaroHHOMY MNOFNTMIroHy Ans
BCcex nsaobparxeHunn

C — BEKTOP MOPAIKOB YIJIOB A BT NNy,

BMOO0B

Cancox BMAOOB A5ns BCEeX )
Ck E {1; 2; 3}, Cl :)t C2 i C3 :pt Cl' obyuaembix o6pasuos




Cxema pac4yéTa KanmbpoBOYHbIX Ba3mMcoB obyyaembix N30OparKeHUn NO
NepBUYHbIM Da3ncam 1 BUAAM

MeperydHbIe Gas3uncol
oby4vyaembixXx oGpaszuos

Buno
Mepsur4dHbIn Sasnc
n3oSparxeHns
NMonHein yron oGzopa

iz Habopa
obOy4Yaembix
:I oG6pasuos

N

Monyvernme seapuauuvin
Ba3mnca n pacyYeTHoOro
nonumroHa m3oSparxkeHus

L

ConocraeneHme
pacyHeTHOro rionmroHa
C 3TANOHHBLIM
MNoONMMroHom

Mz cnuucka
BaOo0B

edoeqo euJA 0J0HUOU euHesoduadeg

KMHOXedQOeN auesoduadeg A
el anHesoduadeg ﬁ

KanmuSposaHHbie
Sa3suncel obyvaembix
m3oOparxkeHnia ans

BUuOa
Y

K Habopy kanmbpoBaHHbIX
6asuvcoe
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' ID nso6paenus I

DJI_20221115144137_0005_V

DJI_20221115144142_0008_V

DJI_20221115144145_0010_V

https://support.virtual-

surveyor.com/support/solutions/articles/1000310553-download-

sample-datasets

Habop obyyaembix 0bpa3LoB

P, 5, 95, @l

29.88868967
29.88828351
29.88828546
29.88869161
29.88868595
29.88827971
29.88828095
29.88868719
29.88868208
29.88827587
29.88827817
29.88868367

98.54838399
98.54838175
98.54791568
98.54791791
98.54808601
98.54808459
98.54761843
98.54761985
98.54788869
98.54788645
98.54742073
98.54742296

500
1000
1500

E 2000

x
2500
3000 0%

3500

0 1000 2000 3000 4000 5000
y, K

H3zobpasicenue 1-20 obyuaemozco obpaszya

11



Sy
f
fm

'y

[TepBUYHbIN HAOOP MeTaaaHHbIX

3956 nk
5280 nk
12.29 mm
24 Mmm
[29.0, 53.0, 18.5551] rpag,
[98.0, 32.0, 53.3392] rpag,
394.429 m
45.015 m
-89.5 rpag,
-90.0 rpag
180.0 rpag,

Tlepsuunbiii Habop memadanHvix
(Ons 1-20 obyuaemoeo oopasya)

Obosnauennn _|uavewnn ___________Jrer

ExiflmageHeight
ExiflmageWidth

FocalLength

FocalLengthIn35mmFilm

GPSLatitude
GPSlLongitude
AbsoluteAltitude
RelativeAltitude
GimbalYawDegree
GimbalPitchDegree
GimbalRollDegree

el s 2

0,0
P 3956, 5280

29.888487527777777
98.54814977777778
456371.22165586567

3306514.7000242453
394.429

B 015
u 0.01229

-1.562069680534925
-1.5707963267948966
3.141592653589793

i 0.4636476090008061
0.6435011087932844
[[1.2192567064669045e-16,
-6.22987007940613%e-17,
-1.0],
[0.9999619230641713,
-0.008726535498373897,
1.2246467991473532e-16],
[-0.008726535498373897,
-0.9999619230641713,

6.123233995736766e-17]]
10 giyj

0,0

3956, 5280
29.888483416666666
98.54785216666666
456342.483470789
3306514.3574492577
394.434

45.023

0.01229
-1.5638150097869192
-1.5707963267948966
3.141592653589793
0.4636476090008061
0.6435011087932844
[[1.2203421663297608e-16,
-6.20858055762272e-17,
-1.0],
[0.9999756307053947,
-0.006981260297961624,
1.2246467991473532e-16],
[-0.006981260297961624,
-0.9999756307053947,
6.123233995736766e-17]]
47

0,0

3956, 5280
29.888479916666665
98.54765394444445
456323.34222900425
3306514.044904919
394.381

44981

0.01229
1.5795229730548683
-1.5690509975429023

0.0

0.4636476090008061
0.6435011087932844
[[-1.523066994133026e-05,
-0.0017452619091420732,
0.9999984769132877],
[0.9999619230641713,
-0.008726535498373997,
0.0],
[0.008726522207103736,
0.9999604000354535,
0.0017453283658982615]]
47

Ilepsuunvie b6azucvl 06yuaemvix 06pa3yos
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PacuéT BnaoB 1 KanmbpoBO4HbIX Da31COB

TR R R N

31 31 3

_3_71'_3_71.'_3_7‘[ '1r'11'1 11012
2’ 27 2

_3m 3110 -1,-1,-1 0,21
2’ 2’7

___3_”:_37[ _ll_ll_l 1;0;2
2’ 27 2

Buowi, paccuumanmwvie no ooyuaemvim
obpaszyam

1

Nn

1978.0, 2628.480534115393

1

6.283185307179586,
3.1328660073298216,
1.5707963267948966
0.4636476090008061
0.6435011087932844
[[1.8369935141198218e-16,
-1.0, -5.343461882864711e-
19], [-0.9999619230641713,
-1.8368769371258616e-16, -
0.008726535498373959],
[0.008726535498373959,
2.1373847531458845e-18, -
0.9999619230641713]]

1978.0, 2630.784511712388

1

6.283185307179586,
3.134611336581816,
1.5707963267948966
0.4636476090008061
0.6435011087932844
[[1.8369851206103478e-16,
-1.0,
-4.2747890389566373e-19],
[-0.9999756307053947,
-1.8369105111637583e-16,
-0.006981260297961684],
[0.006981260297961684,
1.7099156155826549e-18,
-0.9999756307053947]]

1977.9774044399742,
2628.480551626346

1

6.281439977927592,
-0.008726646259971771,
4.71238898038469
0.4636476090008061
0.6435011087932844
[[-0.0017453283658986289,
0.9999984769132877, =
1.6030385648594314e-18],
[-0.9999604000354535, =
0.0017452619091424405, -
0.008726535498374058], |[-
0.008726522207103796, -
1.5230669941331968e-05,
0.9999619230641713]]

Kanubposounwvie bazucvl 0obyuaemvix 0opasyos ons uoa 4
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PacuyéTt KaambpoBoyHOro basunca Ana TeCcToBOro obpasuLa

H e _

Xo,Yo  1975.4108014024496, 2640.0000001910935
SeSy  3956,5280

380Z, ™M
370
360

@s, As 29.88916363888889, 98.54746502777778

Xs, Y5, Zg [456305.3992197406, 3306589.8785657454, 394.384 1/1B50
33.0661
7 44.996
f 0.01229 X ’19326 45632 63333 .0657
Yy, 9,9 4.71238898038469, 3.139847324337799, : J
0 1000 2000 3000 4000 5000
3.115412714809878 Y. K .
6 Paxypc cvémxu
te ty 0.4636476090008061, 0.6435011087932844 3o pPAINCEHUE U 2TIABHAA MOYKA
[[0.02617694830787324, 0.9956558024107687, Ha npumepe TectoBoro o6pasua ID DJI_20221115144415_0107_V, 1s Buia 4
0.001744730285457878],
[0.9996573249755573, -0.0261769084381111, -

Pacuér kaprorpaduueckux u reorpauuecKkux KOOpAUHAT 110

MaTpPUYHBIM KOOpAWHATaAM
[-3.206116195137692e-19, 0.0017453283658983227,
10.9999984769132877]] x4 = 2142 1K, y4 = 2216 nK; xp = 2222 1K, yg = 3113 1K

Zy=27Zp=Zs—Z7's=349.388m
47 A= 4p=Ls s -

X, = 456302.853 M, Y, = 3306594.19 M; X = 456292.643 M, Yz = 3306593.774 M.

4.5687370414385584e-05],

S
w

° -l ele] ~lojele e~ ]~
>

(0a,A4) = K"1(X,,Y,,n,) = (29.8892025 rp, 98.5474385 rp.)
(g, Ap) = K-1(Xp, Yg,n,) = (29.8891983 rp, 98.5473328 rp. ). 14



BbiBOAbI

* B paboTe npeactaBaeH anroputm KaiimbposKu potorpammeTpmnyecKkmnx
NnapameTpoB A1 BO3MOXKHOCTM NMPAKTUYECKOTO NPUMEHEHUS
dboTOorpamMmmeTpuYecKom moaenn npeobpa3oBaHUA ABYXMEPHbIX KOOPAUHAT TOYEK
CHUMKa B TPEXMEPHbIe KOOPAMNHATbI TOYEK 0O6beKTa. YCIOBHO BBEAEHbI MOHATUA
6a3unca nsobpaxeHmna (Habop HeobxoanMbIX POTOrPAMMETPUYECKUX NAPAMETPOB
N306paxKeHna ana pacyéta TPEXMEPHbIX KOOPAMHAT) U BUAa (KOppeKTMpPOBaHME
HanpaBAEeHMA Ha N306parXKaeMyro MOBEPXHOCTb, 3a/1aHHOTO yriamu dnnepa).

* ANTOPUTM BKIOYAET CAeayiolme npoueaypbl: n3BiedyeHme nepBMyHoro Habopa
MeTagaHHbIX Ana obyyaembix 06pa3L0B; PACYET NePBUYHbIX 6A3NCOB; PACYET
BMAOB NO NepBMYHbIM Ba3ncam; Ha 6a3e NoNyYeHHbIX BUAOB PACYET
KannbpoBoYHbIX 6a3ncos 0bpas3uoB.. [lanee No TeCTOBOMY M30OparKeHUto ¢ TeEMU
e TEXHNYECKMMM XapaKTeEPUCTUKaMM CbEMOYHOTO 06opyaoBaHMA
paccyYnTbiBaeTCcA KaAMbpoBOYHbIN BA3nNC, MO KOTOPOMY YrKEe PACCYUTLIBAOTCA
TPEXMepPHble KOOPAMHATbI NO KOOPAMHATAM MaTpPULbl U306parkeHuUs.



