UAV 8872 &L h X 7 Eilg% FHvz
BAAR D 5 TPk S S
Bidirectional reflectance distribution factor(BRDF) of trees
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Abstract

Satellite remote sensing involves the observation of reflected light from the surface layer and the earth’s surface
with various observation frequencies mounted on satellites. Using multi-temporal observation data for analysis, it
is possible to evaluate seasonal changes in vegetation and the effects of global warming, and sometimes it is also
used for future forecasting. However, satellite data is greatly affected by the reflectance characteristics of surface
objects due to the angle nature of the observation position and the light source position (the position of the sun).
Bidirectional reflectance distribution factor (BRDF) is defined as BRDF (Bidirectional Reflectance Distribution
Factor) is a measure of how the reflectance of an object varies depending on the angle of the incident light source
and the direction of the camera. When analyzing multi-temporal observation data, the observation position and
the light source position are not always the same. The problem with the source position is that the solar altitude
fluctuates throughout the year, causing apparent changes in reflectance. In the current situation of satellite analysis,
the surface of the observation site is often assumed to be an isotropic scatterer, and analysis is performed without
considering the effect of BRDF. Although the surface of the observed land can be approximately isotropically
scattered depending on the environment and the state of the objects, there is no perfect isotropic scatterer on the
ground surface. In particular, when vegetation is the target, the nature of the scattering changes depending on
the distribution density, and shape of the vegetation, so the scattering is not approximately isotropic and must be
treated as an anisotropic scatterer. Therefore, the influence of BRDF has a complex effect on the satellite data due
to differences in the objects on the surface of the observation site, their conditions, and the environment.

In the case of vegetation remote sensing, it has been suggested that BRDF is closely related to the three-
dimensional structure of the target object. Therefore, the BRDF has been studied to capture the BRDF of veg-
etation. Previous studies have only used spectroradiometers on board satellites, helicopters, and airplanes, and
have not investigated in detail the factors that affect the BRDF of each tree. In order to clarify the influence on the
BRDF, observations with a higher ground resolution than spectroradiometers are needed. Therefore, we focused
on the BRDF observation method using a relatively inexpensive UAV-mounted digital camera based on the recent
development of UAV technology. The objectives of this study are to develop an image calibration method to im-
prove the accuracy of BRDF observation using a UAV-mounted digital camera, and to clarify the factors that affect
the BRDF of trees.

A calibration method for bad pixels and vignetting has been established, enabling highly accurate analysis using
full-lens raw images. The BRDF analysis results showed that the BRDF of the target trees were mostly backscat-
tered (negative BRDF slope). The main reasons for the negative slope were leaf color change” and ”shadow ratio
change. When observed in the sunlit side, the leaf reflection tended to be larger and the shadow fraction smaller,
resulting in a negative slope of the BRDF. However, some BRDFs were positive. The reason for this is that the
trees tended to have lower leaf density on the forward-lit side and higher leaf density on the back-lit side, which
reduced the shadow fraction, resulting in a positive BRDF slope. The other major factors affecting the BRDF are
the size of the leaf blade and the orientation of the plane under analysis. We were not able to determine trends in
the effects of these two factors. From these results, it can be said that the BRDF is greatly affected by both leaf
color change and shadow ratio change, thus capturing both the leaf characteristics and the physical characteristics
of the tree.

In addition to the factors studied in this study, leaf orientation, leaf surface material, and leaf health (wetness)
may have a combined effect on the BRDF. High-resolution BRDF observations with ground resolution at least finer
than leaf blade resolution are needed to clarify the factors that affect BRDF. Furthermore, in order to use BRDF as

a physical indicator of vegetation in the future, it is necessary to consider multiple time periods in order to clarify
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the influence of light source location.
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wA bk

] sissem

3.4 UAV OFRITIER

& 3.2 RITREL DX FRE

B

202247 H20H

10N
E# A X 5

MATRICE 300 RTK
DIJI Zenmuse P1

LAY

ISO
YrvR—AE—F
Hf§7 7 4 LB

5.6

200
1/350 #
RAW

HREZBRARIRE R
PREAE T RERE
A |
F=N—=Fy TR
P4 KTy TH
AT

b5y fRRE
PRI

14 1K 46 77 378

14 K§ 59 77 25 #
1277 48 ¥

90%

80%

BERAH A S 135m
1.05cm/pixel

422 K




3.2 #Al7T—2®0 Raw B{E

A5 D BRDF BlHITIX, 7Y XA AX T TFE LT —&% Raw 7 7 A VB TIRIFL T 5. Raw
77 ANVEREE, A XYY 2ERUAERNTO 2 Tl T —2DZ 2 THS. ZD/=H Raw 7 7
ANERDO T — X 2 BUGAE L, E{ICEIRT 208D 5. Raw BRI, Y027 3 ¥ 2555 python 7
4 751V D Tlrawpy.postprocess| BI¥Z A L TIT-o 7. # 3.3 12 lpostprocess) BIED AJIE (Raw Hi{§ <
S X —&) ZRT. rawpy IZ & % Raw BED =0 DR T X — R DERRHRETIEIIOWTIE, v FL¥
[6] @ [rawpy T Python Biff) 2Z#E L7, Raw BE 87 X — X OFEIL, Raw 7— X TRl S N fEICT
XDRTMEPALRVEEL Lz, Raw G0 7077 21, 8% 9.2[B] iZii#k 3 5.

% 3.3 rawpy IZ& B TR VERE

RITRX—=& RIRX =R REfE
EERE S output_bps 16
[ERATE outputcolor rawpy.ColorSpace.raw
R — VB DO  no_auto_scal False
H B &% A no_auto_bright True
RTA PANT TR use_camera_wb True
use_auto-wb False
user_wb [2.6640625,1.0,1.8046875,0.0]
TEYA 7 HE demosaic_algorithm rawpy.DemosaicAlgorithm.LINEAR
H < fHIE gamma [1.00,0.00]

AWIZETIX, Raw BREED B L bit((aREE) 1 16bit ISFRE L7z, MIEELIE, B2 2R otolERo
ZrTHD, 16bit DL E—DODE 7 NI 0~65535 DWFTNLOEIEEZLRT L LA TE 5. ZOILR
LTWAHEIED Z ¥ % DN HE FER. AREFFETHEHALTWS PL 7 X 51X, 14bit TH % 720a%EEAS 16bit 12
HoTW3 WS Z kid 0~16383(14bit) DfEA 0~65535(16bit) IZ5| EHIZXINTVWE WS 2 TH 37
% DN {HTRlEk X LB fHIX 0~65535 TRILI N 2 BWFEEMNCRI I NS DS 0~16383 TH 5.

DN fED i/ MED 0 DFRfIE, mOBWIREEZREL, ©7 e idB L REXN 3. DN EBRAMED 65535
DOIfE, ROHZWVIREBEZRBIL, ©7eldAL RBEINS.
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33 TIUHIAASEZD/NY FETILOKFE LIRE

Raw H{ %25 LTy R 2ILOBERELT 5. Ny REZ+)L (Bad Pixel) 2%, EICHZWEE L
TRLEREN 2Ky PEZ AR -7 )L, DG o TV DIZEVRKE LTRL#EINLE Ty FE Ik
NDEIBRL Y RCAZHORMEREAL TEZ 2 7L —DITHS. 7Y XLARXTEIFICEER
N EMEE EHICHTAINS 720220y FEZVIZEREHEICR 2 72DRELRITAIEZR S50,

Ny REZEILORPERFEICOVWTHAT 2. £73, Ny FE 7L OREIIEBID X — 7 B2 B
L%, X=7HIRLE, REYTRVRETERYE L TAIXIERED 7 4 X2l L E KO Z T
H5. RFFICBIZ X =7 EBEOBEEINRTOF vy TREE L F P Lzbo e L, MEBHON
BICKX— 7 HR%E 10~30 WEEHRS L T\W5. python 74 75 U D lrawpy.enhance.find_bad_pixels| BE$(%
L, HEROX—7ERZHEBICEZ 22Ny REZERL Ry FEZRALE Ty RE¥ 7 EIL) OEREE
BRENS. BBUCX 2Ny RE 7 LVOREIFX -7 HEGEDPZWVIZERENR RS, 523X —7EBH
DIRVIEERRA Y REZEATREBROVSDDPFHEICI D ANy FE IV e EBBEINZBEND 5. 2HE
W&k 2Ny FEZRLOBRIREZ <729, 2022 4 6 H~2023 4£5 HO 1 M OREAEBIHI 13 [F5712 R
U7X — 7 BREFH 297 MEFHA LTy FEZ v LVDOREZRIT- 2. SEMOBEBKRD X — 7 Hif§% i
5z, Ny REZELVOEGHEERRGE L. SBHlONY REZILORE T at 24 X =Y %X 3.5 1R
F. Pl AXFICBIT 2 13 EIOEHD ANy K27t OFBMEN e REERZX 3.6 1IRT. AIFEOEGIR
Hricik, X 3.6 OFRETRLUHBERD 80% I D RKEVHDEMAL TN ZITSdDL L. THIINY
FE7 NI ZDEIICHHEZRIZFL TVAAREEZEEL, 1 DDy FEZ MR L 22 ED T
ST ENABERENRYE Lz, ZOME, Ny FEZLLVHIED 80% L D KEWVH DI 6pix IFEL, AIFFRIC
B 3 EHGRNT D HFRET % B DI 6pixxpix=54pix & L7z,

Ny REZRMEED T 025 M, MR 9.1[A] T 5.
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2022F6 A Ny REZ 4L

[ ] ~20%
[ ] ~40%
B ~60%
B ~80% .
Bl ~100% ! '

B soomm
J $-rER | ——) :
;902*? i
BRDFZR - (13[@4)
w
2023758 | o R 2 Gty
N BT

| H—sER |=—p | =
\‘907_&‘{5 u

35 BHADNY FEJEILOBETOELRAM X—-D

5460pix

“ 8192pix »

X 3.6 P1 AXSERICEITZ /Ny REIEILOFEIRERR & HIFRES
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34 TFTIZRIAATEROREDFAMIE

FORNARTRFEOHR Y L THEEBARE I 2 005 5. JAHBE L (ZHESE O UFEEE < 72 2 BiR
DZETH5. ZHEL VAT A XARMERTICE > TEAVHELTZ2DDOTHD, HERORLZHIZHKE
BT IHEDH 5. RV A4 X Y2l AT 258, BFEEEOZENRKE V. K 3.7 (IR
HHBET TV BEGRZRT. ZOERE, H—2E2NRIRE Lz DTH 2 0EGDOPUMANE < 2o T
5 e DERTE, ZOBRRDPALBHTHS.. TIORLIRX TR LOOFEZT S BB
KW BIKEL, ZOBRERIET 2 Z L IIBEARAIRTH 5.

& 3.7 FEOEFHNE L TWVWBE R

FEAEARIE AR OWTEAT 2. 7, FLAEOEOE S WE KR T 208D 5. ZTD72DITE, BRI
Y= iRy LR T 208’ H 5. £ I TRIKETE, BRCH-LREERHAT L2500 UTHESKREME
F L7-. TRIOPTICS #ictf 1218 T, BEAREZMH L 7mEx1To 7. AL 2 7EkiE, Image Engineering
#o TLE7T VIS-IR) TH 3. ZORBHERIE, BABARZ MAURERTE, 97% U LY —E2HEE T2 2
EMARETH B, RO EK 3.8 1TRT. X 3.8 TX, FHHLACEAFIv LY YFHIIAD T 4L
R—=%HA L TWB P —RHORZIIIIE T 4 VR — (T4 7 2a—F—) BHWVT-.
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3.8 LE7 VIS-IR

BB X o TRBABNDOEAEVEZLLTLES 120, KO EBHREFRILEEC L. vy v X—2X
Y— RICB L TiE, BRI 2 282 B & RV & XD ERE BIBENASCHRCE LR WIEHETE
ETHEEITo7. IRERELRYEREZE 34, K3.9I1RT. Pl A X7 CHESERERY LR L LR
HOESVER 3.10 1RT. BEIBEOEGWE, HEFO DNHEORAMELSDEERL TV 5.

R34 WATHRE

v H
b2
AR Z
LY XD
ISO

¥y X—AE—F

HR7 7 £ LR

2022411 A 17 H
26 ¥

DJI Zenmuse P1
5.6

200

1/640 #»

RAW
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LE7 VIS-IR

X 3.9 wBEER
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 3.10 P1 hASTRAK /BT LICER (£) L ZORLBADES W (A)
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JEARAEIE L, B EERARE LR O FgEigRE 7 7 v bERE LTHWS. X G IIE AE
ABHER 0 DBEHRTH 2. 77 v FEBKRICT 7 v FEGORAME (@EHEHLAL) OEZRT2 28
TaZB8HT 2. X (32)1&, FAUBNHEZRESRQDEHATHZ. QIF, FHEMHRPICa 2RI 2L TH
35, FlicX311 %P LT, HEHL a2 EBBEMIERIEL AEREK 3.12 1RT.

FEIEEAIEREAER D 7 1 7' 2%, (8% 9.1[A] \CEl#kT 5.

Ny R 72l BRI T 2RIEFEPEETE e T34 X€ 3O Raw EiffE W&
FEEE 72 fRATDIRTRE & 72 o T

a@=F + Fpax 3.1
Q=P +a (3.2)

P HIEZRDT 2 G
F 77 v ME§

Frax 77 v MERORAMM
@ JEI A I AR R

Q0  JEARYEHIER DB

X 3.11 EQEHEIER DER X 3.12 ELQESCHEERDER

FERTIC AR THIERREG OO E2H 5 < 725 TW2 Z e AT E 5. BIHICHEY L HE§IE, &4
IBOCHIIE % i L TR ALEE 21T o 7-.
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3.5 3IRTREBET—RDIER

Zerh B HREERM D SIM ZFWT 3 ZotsifE T — X OERE1T - 7z. SIM(Structure from Motion) & 1ZZ&H
Dol EOEEREEMIRE L, Thxara— XT3 22T, FHISRYO 3 Koemftr — 2 %18
LT BHMTH L. FEHIZOHDOED, KON THEKREINATED, 121 DORIFERER (XYZ) &t
(RGB) Ol z+i>. 2 XTOFED S 3 KILD KB ZIERT 2791213, A H AR 2T E 27
HrmEUL MEZE 2FALTWS. 2070, GEARICEAD LT OMEDE S HBIKOGEEPLEY 125,
AT, WTREPZHRE L7z 422 KOBHRD & 3 TR BEERER L7z, 3 RTREHER D720 D SIM AL
BIZIX, Agisoft DY 7 b7 =7 metashape) ZfEH L7z, fE SNzt 2 X 3.13 1TR7.

3.13 SIM TR LTcBILHAR 7« —IL R D 3 RTERBEETIL

3HICHBET — XROBMAMIEICE, O UDREEZITR > THIL BN DD > TV B EMES R L.
H 50 UHHEUERIE GNSS IR X W FHAIL 7z FRMERNIE b HME R ot R K 3,14, R351RT. H
W DT IE OFERIC K 2 B EEE R ORI IERAZEZ R 3.6 RS, RETTHAT 2 3 KoTHET—
R & HH U TER S %2 DSM Ol f#EEIE 20cm TH D, BAIFIEEEIIKE VL 25 TH Sem KA & IEH
WAEWDRHORBEEEVWE TR 5. 2O ORMFRICET 2 TIE, MEREOMEXRNI L
T5.
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& 3.5 BESM FER

X 3.14 BEEQME

L

X(m)

Y(m)

Z(m)

GCP1
GCP2
GCP3
GCP4
GCP5
GCP6
GCP7

20222.277
20270.979
20260.091
20262.891
20051.349
20132.778
20165.272

71692.981
71699.849
71520.774
71855.743
71801.150
71641.974
71558.223

159.8887
168.3477
142.5047
231.2277
191.7367
180.5897
167.3047

18

& 3.6 RAMIERE

ML X(mm) Y(mm) Z(mm)
GCP1 3.135 5.973  44.850
GCP2 10.242 -10.792 -33.313
GCP3 9.615 -1.359 -1.489
GCP4  -5.781 -3.466 -0.505
GCP5  -0.805 -1.938 -0.137
GCP6  -3.544  15.310 -15.352
GCP7  -6.593 -3.728 5.945




3.6 DSM DERL

300mx300m DX REHFH % 20cmx20cm TX v > 2{b L, 3 RCRBET—E 0527 v RNOFEE S ZHH
T 2L THL B AREE 20cm @ DSM Z{ERK L 7=. DSM ¥ &, #fEZREE 71 (Digital Surface Model) & ¥
O, BRI rEYES I 2EDHYMRAOESE 5722 3 RILT—XDI e THS. DSMD7r 7T LIE,
8% 9.3[CIICRCHE T 5. X 3.15 I REPAIC BT 2 #h L7 fiE#HE 20cm D DSM %2 7R

3.15 DSM
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4 BRDF f#rF&

AFETIX, BRDF i FIEICOWTHIAS 5. X 4.1 12 BRDF #1275 BRDF & - a(ffi{t  Tofin
ZRT. MIETH X FKIEL SIM AUEDFIEOW TR L. BRDF i Ti%, TRLHZBCEHIEROFREGR) ©
MDSM Z#HLT, TALY 74 bEE) ¥ TF 70— a V), TREBIRICHT 2 5 X 5 KB b
L REGAMANZ bAONHEA 6) 2EH L. BRDF 0BH e aififkicix, TAvy 7+ by & it 6 %
vz, &IEEHOFMZFIE: FEEXRE L DHHAT 5.

UAVIEE T & ILH X 512 & 5BRDFEH|
(Raw 7 7 A LT3 T D EEER)

= &7 — 2 DRawIR &
o |
& FORNH A S EHRD
f)': Bad Pixel D4FTE & Bk
|
R FO AN A S EEROBLRIGEE
= |
ity IRTEET — X DVERK
= |
E DSMDERK
- |
il BfgROAILY 7+ T
— |
% FILY 7 * MCHBITBF7I—2 a3 0B
|
a RIS B
o hASHERY L EKBHERY b LD
fItEAEe D E H
Mg |
BROFOEH & AJ#{1b

X 4.1 BRDF o O—
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41 REHROAILY 7 b EHE

FY 7 x NEWLY X, PO INZETEEQFREREHIK R CE LS Rz X 5 I IES 2
L7bDTHB., ANVY 75 VOEHET LY X% K 421TRT.

TR E R

R E R AR

(coly, Towy) ERESR

[=] <

N4 -t vre
(up, vp)

1 X 7B REERR

(%c)Yer 2c )
5 DNOFHE% 45 A RYERELR
& | (X Vi 2p )
| ¥ <l
£ A=A

19pix /

19pix X 19pix®D V- 5 |

, 4 :;:/_
|£ ! y
X DSM 4

20cm

42 ANV T+ bOEBTILI) XL

DSM (i3 EFERR O RYMAEERR) 235 S TH D, DSM _EDOXRYIKEERR (x,.,.2,) & A A T (LB
(XeYerze) DA X =Tk VY HEEE (u,,v),), JREREEAN 202 DIR L, DSM LD H 21 (x,.y5.2,) B3
JREHRD & Z (coly,row,) CHRE SN TWLDr2R T 2 2 & CHEBR®D DN H2 5 L T2, JHsEfix
B L Z 1.05cm/1pix O L RRETERE XN TV B 720, g SN2 FERERE (col,row) & HUMZ, 20cm (2
243 % 19pixx19pix @ DN HDFEEE G Lz, ALY 7 5 VEWD 71 275 2%, T8k 9.3[C] 1Zil#
T3, M431CK312 %ALY 7+ NEBRLUIFERERT.
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42 FIVTF MIHITBZFII—2 3 VNE

BALEITRUIANY 7 4 MEBIAIGIED S FEEDC L > TRKES N THRZ 23T ORWAAMHT
V7 A BRLRERBELET 2. AV 74 P OEBERE TR DNEZMEGLTWE Z e DRERATEL T
W3, flicK 43 ORBZIERLZEGREZR 44173, K44 155> TWAREOBRBESTHRIHI TN
5. INBEAREK, RXBETORCAAHIY 7THS. ZDXS5k, Filch3EEVICENTERADY
EHBNTWBIRERF I L —Va W), F 70—V arB2ZELRINUIE-7-DNEXEENE-%F
RIS 2 28I TCLEDI DB LAY 7 4 MICF I — 3 VLR (A - RAIHHIE) % 532
BDH5.

¥ UAVALE BWAoLr—>a &

4.4 AWV T MCTEITBZFIINL—-T3 >

FIN—=Ya VIO A X =V %M 45K, Kp » 5 X TIZHD o THY 2 ERDEHICEEYNCY
725 & AAIRHE, P THZS5 Z ek UAV FCERESTAUIATHHIE Lz, X 4.5 Tl,pl,p2,p3 2504
HIE, pdpS BAAREE L 722, A 70— a YO v 75 2, 8% 93[Cl IRE#HT 2. ok &R
AHEETY 713, DNEZ 0 & L. A2 0— a VISR 2K 4.6 1I9RT
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L s PR VATV,

(xc,Yer2c )
B o=
B was
X R Y R A
2 (Xp,Ypi2p )
Pz | 1 _
P2 | : | £ ,ES
pl . I;’_ i
Z o g
(%
X SM 28
20cm

K45 AIN—2a B A-Y

B 46 FUIN—2 3 NBEOFILY T+ b
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43 XRBKRICHTEAAXTAHRANYT MILEKBAENRS MILOUES 6 DBEH

TIHRBARITH T 2 I X Z AR ML e KGRI 2 MV ORTATD 208 0 2kD B, HRX T
IR 27 ML, SIM AR ZAT o 72RHCHUF T & 2 5 X AL BLEIER & RO EEHR (x,.,.2,) 2> B HE
L7 KEBAMEANRZ P, python 4 75V ® [PyEphem) #{#H L THREBARDAED S B K EE
Y KGHNEBIR L, NRBADMEER (x,.9,.2,) 2 HDOKBHANRZ MLEREELE. BHLEZ20H
MR MADLETAHOERDE. 0 DA RX—=IFK4TITRT. DX THEANRY ML KEHRANRT S LD
BH 70277 20, 15 9.4[D], fififs 0 0BEH 70 7S ai%, {15k 9.5[E] IRl T 5.

vA o
@
[Nt

v HASHEBEEL  H AT REEE
(x[.'l! yclrzcl) (xr:z: Yesr zcz)

YRR EIR

4 ( xp! yp! Zp )

- G
& / ; z / L}/ 1
X DSM %

20cm

47 0 DARXR=Y
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4.4 BRDF Oa[{i1t

MREARIE, 3 0F713 4 DD pass THEEINZEBRICE>TW5S. flIICK 4812k / F AFXDIRE R
A MERT. BHTRLAEMEN L ) FEAFRENFNIREINTZUAV DR, Y bekbd, b/ FF21
B, AFIF 25 WIRE XA TW3S.

i e i o -
x (e /A& 2:2F)

O MBEHAN TR TL S
RS A b

. LAV
A b

[] wenm

X 4.8 WRBARLIFBERA > O (1: £/ F,2: XF)
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WREARDE - - S HERDO ALY 7 % b ¥ 0 ZFWT BRDF Zr[#{LL7-. #ERZX491RT. /57
DOMEEME 6, WEENIA LY 7 1 F OFENY FD DN FEE (0.6m X 0.6m OHFFHDFIIE) TH 5. #E#fid DN
SEfELE, 16bit D 0~65535 TRILI N2 AMILTHR L T 28KD DN HDOFE1E 15000 LLANICIN E 3
Z & S AtEE DN ED 0~15000 % 0~1 ICIEF{L L TRBE L T3, 77 7HhOROMERRE, KBFDKTHE
AERLTEBD, LD D AEANIKREO AS AR UTHERR, AHENEHEMR L 7> Tws. BRDF O]
W7 w 72 2%, 18% 9.5[E] IZFl#kT 5.

eE/F%1 AF¥1
1.0 1.0
® pass7 @ passs
0.81 ® pass8 081 | ® passé
- @ pass9 ’ @ pass?
o pass10 o pass8
N 0.6+ . : N 0.6
< ¢ < i S
ﬁ - '- o e T ﬁ ®e o™ L 4
= 0.4 -.o.. 9 = 0.4 - -
=) LI @) “
0.2 - 0.2
0» A 1 T 0. T T T
8.00 0.25 050 075 1.00 8.00 0.25 050 075 1.00
g (radian) g (radian)

& 4.9 "J#i{t L 7= BRDF Ol

b/ ¥ 2X® BRDF ZA[#{L L =4ER > S EOEENATHRNS. L2L, EEWITES DODIELDOE
PELTVS., ZORXS2EXDFERE, BIAD principal plane & UAV OHED AL ICHZ DD EZ LS.
MR D principale plane ¥ 1%, B 4.10 173 & 9 ITBIAR L BIARKIH, KGHE—FH LICEET 2 EFTD Z
LTH5B. £IT, AR TIEINRBARITN T 2B D pass 5 S8R D principale plane & UAV D#iE D
&IV pass DAT BRDF OR[H{LEITS.

Principale plane

4.10 principale plane D1 X—<
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4.9 TH[#Rt L 7= BRDF %> 58 K®D principale plane ¥ UAV DO¥IE R B3IV pass DA THOEHAGN %
fER L, BRDF ZA[fi{t. U7z, mI#i{t.L7- BRDF 2 & [ElwEMRZ KD, HERE, HE, vhzEH L. |
JREARDRE R &, HERED 0.9 U LD SO XDV R VETK & 72 5 72, AWFFE T, B L 2 ERER
DfEi = %/ AKD BRDF & 3 5.

E/*%1 A¥1
1.0 1.0
0.8 ® pass8 0.8 ® pass6
Z Z
N 0.6 A 0.6 i
5 o \\.\' _ = 0.4 | _
O O
021 _ jemen: 0506 021 — jemen: 0526
— {#= L -0.31 — {HZ c-0.18
— @K :059 — @K :060

0. i . . .
8.00 0256 050 075 1.00
6 (radian)

0. i : . .
8.00 0256 050 075 1.00
6 (radian)

411 #AKRD principale plane & UAV O#LED &R HIFL pass TRIMR{L L 7= BRDF
BRDF s SRS R & LR L 2BRIC e D K S BRI Z A TW 2002l E/F 1 EAF 1D

FE{G%X 4.12 1273, Z42h® BRDF QA DHEE 2R THERIE, SFEEGE KT 2  Eo@oZ{bh
BRDF YW LTWA Z e DERTE 2. ZDZ 255 BRDF I1F, BIAROYFHIMFHEIEZ TWELEZ 3.

E/F1 passS@%EEﬁ D FRAT I RE(#I60cm X #)60cm)

T

e 0.42

(radian)

0.51 0.61 0.71 0.81 0.91

AF¥ 1 pass6DEFREHR [ | A4 %E(#060cm x #60cm)

DaAG) -

0

(radian)

0.36 0.44 0.52 0.61 0.70 0.79 0.87 0.95

K412 £/ ¥ 1 L X¥ 1 DEFEER
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5 BRDF fEtriER

ARFETIE, ATE X TIMHR L 72Tk 58RI BRDF OFFRZRT.

51 BEILERO BRDF

KIEILTERT D BRDF TSR HRREITENZH 2 5 DDEZ K DA EDIEZZRL TWS. 2RI
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9 fHiEx

KHZE TR L7270 75 22 RTICUTOR Y. a2 s ANEOFMIERE & DY 2.

[A] A_BadPixel_ShadingCorrection.py (3.3 i, 3.4 &)
(N FEZ A ORIE, RABOCHIERBIER D 71 275 L)
[B] B_P1_DNGtoTIF-Shading_Correction_Image.py (3.2 i)
(Raw B 7w 75 L)
[C] 1.V_XY-imageCreate-P1.py (3.6 i, 4.1 fi, 4.2 &)
(DSM DFERR, ANV 74 NEHL, A 70—V a VIO e 75 L)
[D] 2_Calculate_angle_and_color-P1.py (4.3 £ii)
(X ZHARZ b e BRIGRARZ R L, DNEOFEEEEE T2 7077 L)
[E] 3_Make_graph BRDF-P1.py (4.3 ffii, 4.4 i)
(it 0 DHE I, BRDF Alf{bo 7 n 25 L)

47



9.1 Ny FEIEIDHE, BiBABERBRIEROTOI S L

v 7' 1% : A BadPixel_ShadingCorrection.py (3.3 i, 3.4 fifi)

KT ZF5 LT, Ny FETRLOREE L BT EREZER L. AJ17— %1%, %D BRDF #l
HCHRE L2 & — 7 Hif&, Image Engineering tLDFE7ER [LE7 VIS-IR| ®#R¥E LG THZ. HHF7—X&
X, Ny FEZ L OEBEET — &, Ny R 72O HBIRE KL 72, FEECHERE e i
LLZERTH 2. FEBICHERBIX, Ny REZRLEFZRELGRT -2 TH 5. URICTvr s
LDV —RAa—R%EiT.

Listing 1 A_BadPixel_ShadingCorrection.py
import cv2
import glob
import os
import rawpy
import rawpy.enhance
import numpy as np
from tqdm import tqdm

import tifffile as tif

cwd = os.getcwd ()
path = os.path.splitext(cwd[:len(cwd)—-15])[0]
#{#HFAHDD path = /Volumes/Capotasto2

HAHBHHAHBHHAHBHHHH AR AR R AR R AR R R R R R R R R R R R R
# A1 A7 —%
HAHHHHAHHHHAH R AR R AR R AR R R R R R R R R R R R R R R

#A.3  BRDFBHIHD Y X b -

InputData_1 = path+”/2023EW/Data/Saoka-20%-P1”

#A.3 BEHIHE O X — 7 Hi%

InputData_2 = ”/Dark/*.DNG”

#A. 4 MEDEREIRE U i

InputData_3 = path+”/TRIOPTICS_For_P1/Photolmage_P1/Flat_LightSourceFromLE7/”+\
+”FNumber5 . 6/« .DNG”

#A.3 BEHIHDO ANy R Y7L OE{GEE T — &

OutputData_1 = ”-BadPixelLocation.npz”

#A.3 Ny R 7o HBRRE MBS

OutputData_2 = path+”/2023EW/Data/Result_BadPixel -P1/”

#A .4 LA IEFREL

OutputData_3 = path+”/TRIOPTICS_For_P1/Photolmage_P1/Result_LimbDarkening/”+\
+”P1-FlatCofficient.npz”

#A .4 AR E FREE (5

OutputData_4 = path+”/TRIOPTICS_For_P1/Photolmage_P1/Result_LimbDarkening/”+\
+”Pl-FlatCofficient. tif”
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HHH RIS R R R R R R R H HH R R R R R # #
# A.2 RawIR{REAEK
HER R R R 3

#FNA Y ORE

RawPyParametersl = rawpy.Params(
HEOTRE
output_bps = 16,
#1122
output_color = rawpy.ColorSpace .raw, # raw=0
#HR 7 — VB D%
no_auto_scale = False,
#Z&
no_auto_bright = True,
#HRV A PNT VR
use_camera_wb = True,
use_auto_wb = False ,
user-wb = [2.6640625, 1.0, 1.8046875, 0.0],
#TEWA 2
demosaic_algorithm = rawpy.DemosaicAlgorithm .LINEAR,
#REH D ILE R
gamma = [1.00,0.00] #F > <L

# Raw Image PostProcess Function
def RawPostprocess(raw_original):
#7 4 A VT 2
RGR_original = raw_original.postprocess (params=RawPyParameters]l)
hight, width, channel = RGR_original.shape
raw_original.close ()

return RGR_original, hight, width, channel

HAHHHHAHHHHAH R AR R AR R AR RS R R R R R R R R R R R R R R R
# A3 Ny FETRILOREE
HAHHHHAHHHHAH AR HAHHHH AR AR AR AR AR AR R R R R R R R R R R R R

ObservationData = sorted (glob.glob(os.path.join(InputData_1)))
ObservationData = ObservationData[14::]

for i in ObservationData:
print (i)
List_ RawD =glob.glob(os.path.join(i+InputData_2))
print ("X —ZEGEKEL . 7, len (List_RawD))

if List_.RawD == []:
print (”No_DarkFolder”)
pass
else:
bad_pixels = rawpy.enhance. find_bad_pixels (List_RawD)
hot_pixels = rawpy.enhance. find_bad_pixels (List_.RawD , find_hot=True,

find_dead=False ,
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confirm_ratio=0.9)
deadpixels = rawpy.enhance. find_bad_pixels (List_.RawD , find_hot=False ,
find_dead=True,
confirm_ratio =0.9)
np.savez (i+”/”+i[—-22:]+ OutputData_1 ,bad_pixels)
print (" Ny F¥ 7 A{E5"” ,len (bad_pixels),”, & v M&S” ,len(hot_pixels),
” -7y FME#” ,1en (deadpixels))

5460,8192 #P1A X J DEI§Y A X-
np.zeros ((ihight ,iwidth))

ihight , iwidth =
BadPixelLocationlmage =
DarkFoldaNumber = 0

for i in ObservationData:

BadPixelLocation_path = glob.glob(os.path.join(i+”/”+i[—-22:]+ OutputData_1))

if BadPixelLocation_path == []:
print ("No_BadPixelLocationData”)
pass

else:

DarkFoldaNumber += 1
BadPixelLocation_npz = np.load(BadPixelLocation_path[0])
BadPixelLocation = BadPixelLocation_npz[”arr_0"]
for badpixel in BadPixelLocation:
BadPixelLocationIlmage [badpixel [0],badpixel [1]] = \
BadPixelLocationlmage [badpixel [0], badpixel [1]] + 1

BadPixelLocationIlmage2 = BadPixelLocationIlmage / DarkFoldaNumber
def BadPixelLocation_MoreThen (Num):

BadPixelLocation_0 = []

for i in tqdm(range(ihight)):
for j in range(iwidth):
if BadPixelLocationlmage2[i,j] > Num:

BadPixelLocation_1 = []

BadPixelLocation_1.insert (0,1)
BadPixelLocation_1
BadPixelLocation_0

return BadPixelLocation_0

.insert(1,j)
.append (BadPixelLocation_1)

BadPixelLocation_MoreThenO = BadPixelLocation_MoreThen (0)

BadPixelLocation_MoreThenl0 = BadPixelLocation_MoreThen (0.1)
BadPixelLocation_MoreThen20 = BadPixelLocation_MoreThen (0.2)
BadPixelLocation_MoreThen30 = BadPixelLocation_MoreThen (0.3)
BadPixelLocation_MoreThen40 = BadPixelLocation_MoreThen (0.4)
BadPixelLocation_MoreThen50 = BadPixelLocation_MoreThen (0.5)
BadPixelLocation_MoreThen60 = BadPixelLocation_MoreThen (0.6)
BadPixelLocation_MoreThen70 = BadPixelLocation_MoreThen (0.7)
BadPixelLocation_MoreThen80 = BadPixelLocation_MoreThen (0.8)
BadPixelLocation_MoreThen90 = BadPixelLocation_MoreThen (0.9)

BadPixelLocation_MoreThen100

for i

in tqdm(range(ihight)):

(]
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for j in range(iwidth):
if BadPixelLocationlmage2[i,j] >= 1:
BadPixelLocation_1 = []
BadPixelLocation_1.insert (0,i)
BadPixelLocation_-1.insert(1,j)
BadPixelLocation_-MoreThen100.append(BadPixelLocation_1)

def BadPixelLocation_MoreThenlmage (BadPixelLocation_MoreThen ,Num):
print (" Ny F¥Z7+tL#:” ,len(BadPixelLocation_MoreThen ), ")
Image = np.zeros ((ihight ,iwidth))
for i in BadPixelLocation_MoreThen:
Image[i[0]-10:1[0]+11,i[1]-10:i[1]+11] =1
tif .imsave (OutputData_2+”BadPixels_MoreThen_-"+str (Num)+”%.tif” ,Image)

return Image

BadPixelLocation_Image0 = BadPixelLocation_MoreThenlmage (BadPixelLocation_MoreThenO ,0)
BadPixelLocation_Imagel0 = BadPixelLocation_-MoreThenlmage (BadPixelLocation_MoreThenl10,10)
BadPixelLocation_-Image20 = BadPixelLocation_-MoreThenImage (BadPixelLocation_MoreThen20 ,20)
BadPixelLocation_-Image30 = BadPixelLocation_MoreThenImage (BadPixelLocation_MoreThen30 ,30)
BadPixelLocation_-Image40 = BadPixelLocation_-MoreThenImage (BadPixelLocation_MoreThen40 ,40)
BadPixelLocation_-Image50 = BadPixelLocation_-MoreThenImage (BadPixelLocation_MoreThen50 ,50)
BadPixelLocation_-Image60 = BadPixelLocation_MoreThenIlmage (BadPixelLocation_MoreThen60 ,60)
BadPixelLocation_Image70 = BadPixelLocation_MoreThenIlmage (BadPixelLocation_MoreThen70 ,70)
BadPixelLocation_.Image80 = BadPixelLocation_MoreThenImage (BadPixelLocation_MoreThen80 ,80)
BadPixelLocation_Image90 = BadPixelLocation_.MoreThenImage (BadPixelLocation_MoreThen90,90)
BadPixelLocation_Imagel00 = BadPixelLocation_MoreThenIlmage (BadPixelLocation_MoreThen100,100)

HAHBHHHH R HAH R R RS R R R AR R R R R R R R R R R R
# A4 FEOEOCHIERBDIER
HAHBHHAHBHHAH R AR R AR R AR R R R R R R R R R R R R R

List_Raw =glob.glob(os.path.join(InputData_3))
H#INSH & AT HE 0
iTotalNum = len(List_Raw)

with rawpy.imread (List_.Raw[0]) as raw_original:
RGR_original , ihight, iwidth, ichannel = RawPostprocess(raw_original)
imAdd = np.zeros ((ihight, iwidth, ichannel,
iTotalNum), np.uintl6)

#L YAV x2—F 4 YRBENOTO - R 5 ORIREEHR 2 B {R D S 1T
for inum in tqdm(range(0,iTotalNum)):
#7 4 XA VILFEGER AU S 2
with rawpy.imread(List_Raw[inum]) as raw_original: #VFHTNULHE 1
RGR_original , hight, width, channel = RawPostprocess(raw_original)

print (RGR_original)

#EK
imAdd[:.,:,:,inum] = RGR_original
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HETE AR R T — &
iMean = np.mean(imAdd, axis = 3) #XY FI 2% AN 3

iMean2 = iMean.copy ()

#Ny R RILERE

for bad in BadPixelLocation_MoreThen80:
iMean2[bad[0] —1:bad[0]+2,bad[1]-1:bad[1]+2] = O
iMean2[5272-1:5272+2,4706-1:4706+2] = 0

#—H TR L TRTF

iFlatCoefficient.R = iMean2[:,:,0] / np.max(iMean2[:,:,0])
iFlatCoefficient.G = iMean2[:,:,1] / np.max(iMean2[:,:,1])
iFlatCoefficient B = iMean2[:,:,2] / np.max(iMean2[:,:,2])
iFlatCoefficient = cv2.merge ((iFlatCoefficient_R , iFlatCoefficient_G ,

np.savez (OutputData_3, iFlatCoefficient)
tif .imsave (OutputData_4 ,iFlatCoefficient)
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9.2 Raw REon7OJ 3 L4

7'vu 27 ~4 . B_P1_DNGtoTIF-Shading_Correction_Image.py (3.2 i)

RKF0 75 LE, Raw 77— R 2BBT 27075 5 TH5. 9.1 TIER LAY R AERZRALZ
JEABOCHIERECZ A L, A7 0275 A0 Raw BlgIE, Ny FE 7 RILDRRE & JFIEOCHILE %2 FIRHI2AT
Bole, ANT—=2F, ARX7DMNELEBERT — &, FHABOCHIERE, Raw 7—XTH 5. Hh7—%13,
FLABAMERDHEHRTH 2. U ar 750y —2a— F2ild.

Listing 2 B_P1_DNGtoTIF-Shading_Correction_Image.py
import os
import cv2
import sys
import glob
import rawpy
import rawpy.enhance
import numpy as np
import pandas as pd
from tgdm import tqdm
import tifffile as tif
import matplotlib.pyplot as plt

cwd = os.getcwd ()
path = os.path.splitext(cwd[:len(cwd)—-15])[0]
#fHFHDD path = /Volumes/Capotasto?2

HAHHHHAHHHHAH R R AR R AR AR AR AR AR AR R R R R R R R R R R R R R R
# B.1 AHh7—%
HAHHHHAHHHHAHAHHHHAHHAHAH R AR H R AR AR AR AR A H AR AR AR AR R R R R R R

Date = 720220720~
Time = 71453~
Camera = "P1”

# X N[ELEBERT — &

InputData_1 = path+”/2023EW/Data/Saoka—-"+Date+”-"+Time+”—-"+Camera+\
+”/Saoka-"+Date+”-"+Time+”-"+Camera+”—-CameraOmegaPhiKappa. txt”

#E RO E AR AL

InputData_2 = path+”/TRIOPTICS_For_P1/Photolmage_P1/Result_LimbDarkening/”+\
+”P1-FlatCofficient.npz”

#RawT — X —

InputData_-3 = path+”/2023EW/Data/Saoka—"+Date+”-"+Time+”—-"+Camera+” /RAW/”

#IELBICARIE O SR B
OutputData_1 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+”-"+Camera+"/tif /7 +\

+”Shading_Correction_Image/”
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cameradata=pd.read_csv (InputData_1 ,delim_whitespace=True,
names=("photolD” ,”x”,”y”,”z” ,”Omega” ,” Phi” ,”Kappa”,
Prll1”,el2” 7013770217 ,70227 ,70237 70317 ,71327 ,710337),
skiprows =2)
CAMERADATA=cameradata
photolist=np. array (cameradata[”photolD”])
potolist=photolist. tolist ()

HAHHHHAHHHHAH AR HAHHHH AR HH AR AR AR AR AR AR H AR R R R R R R R R R

# B.2 RawIR{EA%K
HHE RIS R RIS R R R R R R R R R R RS R #

#7RA X DRE

RawPyParametersl = rawpy.Params(
#EOTRE
output_bps = 16,
#1122
output_color = rawpy.ColorSpace .raw, # raw=0
HA T — LB DOH R
no_auto_scale = False,
#EE
no_auto_bright = True,
#RTA PNT R
use_camera_wb = True,
use_auto_wb = False ,
user_wb = [2.6640625, 1.0, 1.8046875, 0.0],
#7EYA
demosaic_algorithm = rawpy.DemosaicAlgorithm .LINEAR,
#REH D INE R
gamma = [1.00,0.00] #F <L

def RawPostprocess(raw_original):
#7 4 XA VBT B
RGR_original = raw_original.postprocess (params=RawPyParametersl)
hight , width, channel = RGR_original.shape
raw_original.close ()
return RGR_original, hight, width, channel

HERH R R R R R R R R R R R
# B.3 RawHifg & FEAEOEHIE
HHHH R AR R R R R R R R AR R AR R AR RS R R R H R R R R R R R

# RO IEREL D FE AIA A
FlatCofficient = np.load(InputData_2)
FlatCofficient = FlatCofficient[”arr_0"]

for ID in tqdm(photolist):

Path=sorted (glob.glob (os.path.join (InputData_3+ID+”%.DNG”))) #HE{RDFAIAA
for f in Path:
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#RAW

img = rawpy.imread(f)

RGR_original , hight, width, channel = RawPostprocess(img)
img_-R = np.round(np.array (RGR_original[:,:,0]) / FlatCofficient[:,:,0])
img_-G = np.round(np.array (RGR_original[:,:,1]) / FlatCofficient[:,:,1])
img_-B = np.round(np.array (RGR_original [:,:,2]) / FlatCofficient[:,:,2])
img_bgr = cv2.merge ((img_R, img .G, img_B))
img_bgr = np.array (img_bgr,dtype="uint32’)

tif .imsave (OutputData_1+ID+”.tif”, img_bgr)
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9.3 DSM O, FIY 7 # bEHR, AVN—- 3 0EBOTOT 5 L4

7025 5% 1.V _XY-imageCreate-P1.py (3.6 i, 4.1 fi, 4.2 f)

K77 Z ik, DSM OFERR, AV 74 VAW XA o0 —Ya YWEBEFETTEI0r76THS. A
NTF—=RE, 3RTRBEET—&, WX FMNBRBRET —X, IRXTRTRX—2TFT =&, FHABMERZDR
HgETH3. HHF—&iZ, DSM, A 2710 —a VEEBEOALY 74 FTHB. URIZFaZS5 L0V — R
a—FEET.

Listing 3 1_V_XY-imageCreate-P1.py
import os
import cv2
import sys
import math
import glob
import xmltodict
import numpy as np
import pandas as pd
from tgdm import tqdm
from skimage import io

from osgeo import osr, gdal

cwd = os.getcwd ()
path = os.path.splitext(cwd[:len(cwd)—-15])[0]
#fHFHDD path = /Volumes/Capotasto?2

HAHHHHAHHHHAH AR HAHHHH AR R AR AR AR AR AR AR R R R R R R R R R R
# 1.1 fEAT SR
HAHHHHHHHHHHHAHHHHAH R AR H R AR H R AR AR RAH AR AR AR R AR R AR R R

Date = 720220720~

Time = 71453”

Camera = P17

ImageType = sys.argv|[3]
#R 2 L D3t S

GCPx,GCPy, GCPz= 20205,71707,180 o0 SR PH D HU L PE A
xmin_0 = GCPx-150

ymin_0 = GCPy-150

zmin_0 = GCPz-70

xmax_-0 = GCPx+150

ymax_0 = GCPy+150

zmax_0 = GCPz+70

Interval = 0.2

#R 7LD

xmin_1 ,xmax_1 = xmin_.0—-1 , xmax_0+1
ymin_1,ymax_-1 = ymin.0-1 , ymax_0+1
zmin_1 ,zmax_1 = zmin_.0-1 , zmax_0+1
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#1.3 JOLRBET—% 3

InputData_1 = path+”/2023EW/Data/Saoka—"+Date+”—-"+Time+"-"+Camera+)\
+”/Saoka-"+Date+”—"+Time+”—-"+Camera+”—RandomPointCloud . txt”

#1.5 AR IMELEBEMT— £

InputData_2 = path+”/2023EW/Data/Saoka-"+Date+”—-"+Time+"—-"+Camera+)\
+”/Saoka-"+Date+”-"+Time+”-"+Camera+”—-CameraOmegaPhiKappl . txt”

#1.5 ARXTNRGRXA—RT—X

InputData_3 = path+7/2023EW/Data/Saoka-"+Date+”-"+Time+"-"+Camera+)\
+”/Saoka-"+Date+”—"+Time+"—"+Camera+”—CameraXML . xml”

#1.5 JREIB

InputData_4 =path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"—-"+Camera+\
+7/tif /”+ImageType

#1.2 REHTFZ b O

OutputData_1 = path+”/2023EW/BRDF/Saoka—-"+Date+”—-"+Time+"—-"+Camera+\
+”/check/XYmesh. txt”

#1.2 #&GYH  (numpy)

OutputData_2 = path+”/2023EW/BRDF/Saoka—-"+Date+”—-"+Time+”—-"+Camera+)\
+”/result/XYmesh XYZ.npz”

#1.3 K7trr—%&

OutputData_3 = path+”/2023EW/BRDF/Saoka—"+Date+”-"+Time+"—-"+Camera+)\
+”/check/cutvoxel”+Date+”. txt”

#1.3 K7L 7—%&

OutputData_4 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"—-"+Camera+\
+7/result/”+Date+”voxel_ XYZD .npz”

#1.4 DSM

OutputData.5 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"-"+Camera+\
+”/check/ XY _intersection”+Date+". txt”

#1.4 DSM

OutputData_6 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"-"+Camera+\
+”/result/”+Date+”intersection_XYZ”

#1.5 ALY 7x b

OutputData_7 = path+”/2023EW/BRDF/Saoka-"+Date+”-"+Time+”—-"+Camera+)\
+”/result/tif /”+ImageType

HHHAHHHHHHUERHH AR HH A H U B HH AR HH AR H B R HH AR HH AR HH R H BB HH AR HH AR H B R A H BB HH AR H BB H U R HH AR HHHHHH
# 1.2 BEEHOERK (X Ymesh)
HAHHHHHHHHAHHHHHHHAAAHHHHHHH A AR HHHHAH A AR HHHHHH A A AR HHHHAH S AR HHHH A AR AR B HHH A A AR HHHH

#H8 T R D [T BT PEAE ()
s=0.2

A AROR S

a=xmax_0—xmin_0

b=ymax_0-ymin_0

c=zmax_-0—zmin_0

xsizel = int(round(a/Interval))+1
ysizel = int(round(b/Interval))+1

zsizel = int(round(c/Interval))+1
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xmesh np.zeros ((ysizel ,xsizel))

ymesh = np.zeros ((ysizel , xsizel))

zmesh = np.zeros ((ysizel , xsizel))

tmp0 = np.array ([])
tmp_-list0 = tmpO. tolist ()
k=0
with tqdm(total=xsizel) as pbar:
while k < xsizel:
pbar.update (1)
X=xmin_0+(k*Interval)
j=0
Y=ymax_0
while j < ysizel:
#print (i, k)
xmesh[j][k] X
ymesh[j][k] =Y

zmesh[j][k] = zmax_0

arr =[]
arr.insert (0,X)
arr.insert (1,Y)
arr.insert (2,zmax_0)
tmp_listO.append(arr)
#print (i,Y)
j=i+l
Y=ymax_0-(j=«Interval)
k=k+1
tmpO=np. array (tmp_list0)

np.savetxt(OutputData_1 ,tmp0, fmt=["%.7f", "%.7f", "%.7t"])

np.savez (OutputData_2 , xmesh,ymesh,zmesh)

HHHH R AR BRI R R R R R R R R R R H R R R R R
# R7eMIERT—Z2OENEELZGS 1.3
HHHH RS R RIS R A R R R R R R A R R R R R R #

HBIHNR TV 7 D2ER 7 L 2 EK

xsize2 = int(round ((xmax_l—xmin_1)/Interval))
ysize2 = int(round ((ymax_-1-ymin_1)/Interval))
zsize2 = int(round ((zmax_l1—-zmin_1)/Interval))

#R 27 LA OFLO K FEERIRR 72 O TR 27 A OFLEZIA (0.20.1)

xcenter = xmin_1 + 0.5 % Interval
ycenter = ymax_-1 — 0.5 = Interval
zcenter = zmin_1 + 0.5 % Interval
#7127 2 )LRGBN

Xvoxel = np.zeros ((zsize2 ,ysize2 ,xsize2))

Yvoxel np.zeros ((zsize2 ,ysize2 ,xsize2))

Zvoxel = np.zeros ((zsize2 ,ysize2 ,xsize2))
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D = np.zeros ((zsize2 ,ysize2 ,xsize2))

tmpl=np.array ([])
tmp_listl=tmpl. tolist ()

#EHT— 2% 117323 AIAAT , TEo 7o R 7 2 A EFNCEEE . L CGEME ¥ % numpy
with open(InputData_1,’r’) as f:
#header = next(f)
for line in tqdm(f):
xnum = int(round ((float(line.split()[0])—xmin_1)/Interval ,4))
ynum = int(round ((ymax_1-float(line.split()[1]))/Interval ,4))
znum = int(round ((float(line.split()[2])—-zmin_1)/Interval ,4))
if 0 <= xnum < xsize2 and 0 <= ynum < ysize2 and 0 <= znum < zsize2:
D[znum][ynum][xnum] = 1 #{ET 2R 7 AR VDE 1

Xvoxel[znum ][ ynum ][ xnum] = xcenter+xnum=Interval
Yvoxel[znum ][ ynum ][ xnum] = ycenter —ynumx*Interval
Zvoxel[znum][ynum ][ xnum] = zcenter+znumx*Interval
arr =[]

arr.insert (0, xcenter+xnum=Interval)
arr.insert(l,ycenter —ynumsInterval)
arr.insert(2,zcenter+znumsInterval)
tmp_listl .append(arr)

tmpl=np.array (tmp_listl)

np.savetxt(OutputData_3 ,tmpl,fmt=["%.7f", "%.7f”, "%.7t"])

np.savez (OutputData_4 , xcenter ,ycenter ,zcenter ,D)

HEHHR R R R A R R R
# 1.4 DSMODTER,

HAHBHHAH R HAH R R RS R R R AR R R R R R R R R R R

mesh =np.load (OutputData_2)
X=mesh[”arr_0"]

Y=mesh[” arr_1"]
Z=mesh[”arr_2"7]

rowsize ,colsize=np.shape (X)
x0=X[0][0]

yO=Y[01[0]

z0=Z[0][0]

x1=X[0][ colsize —1]

y1=Y[O][ colsize —1]

z1=Z[0][ colsize —1]
x2=X[rowsize —1][ colsize —1]
y2=Y[rowsize —1][colsize —1]
z2=7Z[rowsize —1][colsize —1]
vix=x1-x0

vly=yl-y0

vlz=z1-z0

v2x=x2-x0

v2y=y2-y0

v2z2=22-20
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A=v2yxvlz—vly=xv2z

B=v2zsvIx—vlzxv2x

C=v2x#vly—vix*v2y
HEMRZ T

r=As%2+B##%2+Cxx%2

R=math.sqrt(r)

tx =

ty =
tz

voxelrange =[]

(A/ R)
-(B/ R)
—-(C/ R)

*

*

*

Interval

Interval

Interval

irange , jrange , krange=D. shape

n=1

ysize3 , xsize3=np.shape (X)

N=ysize3xxsize3

xintersection
yintersection

zintersection

np.zeros ((ysize3 , xsize3))
np.zeros ((ysize3 ,xsize3))

np.zeros ((ysize3 ,xsize3))

tmp2=np.array ([])
tmp_list2=tmp2.tolist ()
VOXEL= np.load (InputData_2)
Xvoxel=VOXEL[” arr_0"]
Yvoxel=VOXEL[” arr_1"]
Zvoxel=VOXEL[” arr_2"]
D=VOXEL[” arr_3"]

k=0
kc=0
j=0

with tqdm(total=N) as pbar:

while n <= N:

pbar.update (1)

if j == ysize3:

kc=0

k=k+1
j=0

xv=X[] I[k]
yv=Y[jI[k]
zv=Z[j 1[k]

count =[]

if tx

!:

0:

xld=(xmin_1-xv)/ tx

x2d=(xmax_1—-xv)/tx

count.append(x1d)

count.append (x2d)

if ty

|=

0:
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yld=(ymin_1-yv)/ty
y2d=(ymax_1-yv)/ty
count.append(yld)
count.append (y2d)

if tz 1= 0:
zld=(zmin_1-zv)/tz
z2d=(zmax_1-zv)/tz
count.append(zld)
count.append(z2d)

count=np.max(count)
C=0

while True:

if C > count:

kc=kc+1
j=j+1
break
XV = XV + tX
yv = yv + ty
Zv = zV + tz
C=C+1

if xmin_1 <= xv <= xmax_l and ymin_1 <= yv <= ymax_l and zmin_1 <= zv <= zmax_l:
K = int(round ((xv — xmin_1) / Interval))
J = int(round ((ymax_1 — yv) / Interval))
I
if 0 <= 1 < irange and O<= J < jrange and O<= K < krange:
if D[IJ[J][K] == 1:

xintersection[j][k]=xv

int (round ((zv — zmin_1) / Interval))

yintersection[j][k]=yv
zintersection [ ]J[k]=zv+Interval
print (J ,K,j .k)

arr =[]

arr.insert (0,xv)
arr.insert(l,yv)
arr.insert (2,zv+Interval)
tmp_list2 .append(arr)
ke=kc+1

j=j+l

break

n=n+1
tmp2=np.array (tmp_list2)

np.savetxt(OutputData_5 ,tmp2)

np.savez (OutputData_6 , xintersection ,yintersection ,zintersection)
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HHH RIS R R R R R R R H HH R R R R R # #
# ALY T B 1S
HER R A A 3

cameradata=pd.read_csv (InputData_2 ,delim_whitespace=True,
names=("photolD” ,”x” ,”y”,”z” ,”Omega” ,” Phi” ,”Kappa”,

Pr11”,7r12” 7013770217 ,70227 ,7 23”7317 ,71327 ,7r33”),
skiprows=2)

CAMERADATA=cameradata

photolist=np.array (cameradata[”photolD”])

intersection= np.load (OutputData_5)

XI=intersection[”arr_0"]

YI=intersection[”arr_1"]

Zl=intersection[”arr_2"]

with open(InputData_3, encoding="utf-8’) as fp: #HiAAA xml
xml_data = fp.read ()
# xml — dict

dict_data = xmltodict.parse(xml_data)

def changeXYZtolJK (a,b,c):
xnum =int (round ((a—xmin_1)/Interval))
ynum =int (round ((ymax_-1-b)/Interval))
znum =int (round ((c—zmin_1)/Interval))

return xnum,ynum,znum

def InvisibleJudgment (X1,Y1,Z1,X2,Y2,Z2): #A[# « FAfLHEL 2L —2 a VP ()

Judgment = ”Visible”

GEO_P1 = X1,Y1,71 #Hh FEREUAV
GEO_P2 = X2,Y2,72 #HE & AT O Hh_E AR
num = 1

t =1
#HEREFT S £ TO 2 RTHHUAV

num2 = np.sqrt (((GEO_P2[0]-GEO_P1[0])#%2+(GEO_P2[1]-GEO_P1[1])xx2))
num3 = (1/num2)/5 #0.2 DREEICT 372%m(/5)

while num < int(num2):

t = t — num3

#HIERRD 2

X _cross GEO_PI[0] + t*(GEO_P2[0]-GEO_P1[0])

Y_cross = GEOPI[1] + t«(GEO_P2[1]-GEO_P1[1])

Z_cross = GEO_P1[2] + t+(GEO_P2[2]-GEO_P1[2])

if (X_cross — xmin_0)/0.2 > 1500 or (ymax_.0 — Y_cross)/0.2 > 1500:

pass
elif Z_cross <= ZI[int ((ymax_-0-Y_cross)/0.2),int ((X_cross—xmin_-0)/0.2)]:
Judgment = “Invisible”
break
num += 1

return Judgment
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for ID in photolist:

print (ID)

data = CAMERADATA

data=data[data[”photolD”]==ID]

idx=list (data.index)

Index=sum(idx)

params=dict_data[”document” ][ "chunk” ][ ”sensors” ][ ”sensor”][”calibration™]

try:
f=float (params[”f”])

except TypeError:
params=dict_data[”document” ][ ”chunk” ][ ”sensors”][”sensor”][”calibration”][1]

f=float (params[”f”])

cx=float (params[”cx”])

cy=float (params[”cy”])

width=float (params[”resolution” ][ ” @width” ])

height=float (params[”resolution”][” @height”])

C f + 0.0043948613649283609/1000
W = width % 0.0043948613649283609/2000
H = height % 0.0043948613649283609/2000

= float(data[”x”])
= float(data[”y”])
= float(data[”z”])
data[”Omega” ]

= data[”Phi”]

= data[”Kappa”]

R " O N < =
1]

#ERD SINE

rad_O = math.radians (float (O))
rad_P = math.radians (float(P))
rad_K = math.radians (float (K))

# =R DOER

sin_O = math.sin(—float(rad_0))
cos_O = math.cos(-float(rad_0O))
sin_P = math.sin(—float(rad_P))
cos_P = math.cos(-—float(rad_P))
sin_.K = math.sin(-float(rad_K))
cos_K = math.cos(-float(rad_K))

irange , jrange , krange=D. shape

n=1

tmp = np.array ([])

tmp_-list = tmp.tolist ()

arr2 = np.array ([[cos_K,-sin.K ,0], [sin_.K,cos_.K,0], [0,0,1]]) #kappa
arr3 = np.array ([[cos_P,0,sin_P], [0,1,0], [-sin_-P ,0,cos_P]]) #phi
np.array ([[1,0,0], [0,c0s.O,-sin_-O], [0,sin_-O ,cos_-O]]) #omega
np.dot(arr2, arr3)

arr4

arr5
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arr6 = np.dot(arr5, arr4)
N=ysizel xxsizel
ki=0
kec=0
ji=0
u = np.zeros ((ysizel ,xsizel))
v = np.zeros ((ysizel ,xsizel))
with tqgdm(total=N) as pbar:
while n<=N:
n=n+1
pbar.update (1)
if ji == ysizel:
ke=0
ki=ki+1
ji=0
point_mesh_x = XI[ji][ki]
YI[jill[ki]
ZI[jillki]

point_mesh_y

point_mesh_z

if point_mesh_x == 0 and point_mesh_y == 0 and point_mesh_z == O0:
kc=kc+1
ji=ji+l

else:
arrl = np.array ([[ point_.mesh_x—-float(x)], [point_mesh_y—-float(y)],

[point_mesh_z—float(z)]]) #&rkim—

arr7 = np.dot(arr6, arrl)

U= -C = (arr7[0,0] / arr7[2,0]) #H5semat

V=-C=x (arr7[1,0] / arr7[2,0])
ul[ji][ki] = float(U)

vijillki] = float (V)

ke=kc+1

ji=ji+l

Path=sorted (glob.glob (os.path.join (InputData_4+"/"+ID+" . tif”))) #EREDFTAAHA

for f in Path:
#JPEG

img = io.imread(f)

img_-R = np.array (imgl[:,:,0])
img_-G = np.array (imgl[:,:,1])
img_ B = np.array (imgl[:,:,2])

h, w = img_G.shape

pixel_width = 0.0043948613649283609 / 1000
pixel_height = 0.0043948613649283609 / 1000
#ARAEAR S TH] o i PR s D I8 ()

kasou_row , kasou_col = np.shape(u) #1501,1501

#HARE R EhEho 2 RITHYIRGB

virtual_r_image = np.zeros ((kasou_row,b kasou_col), np.uint32) ##1501,1501
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virtual_g_image np.zeros ((kasou_row , kasou_col), np.uint32)

virtual_b_image = np.zeros ((kasou_row ,hkasou_col), np.uint32)
C=0

n=1

k=0

kc=0

j=0

GEO_P1 = X,y.,z # DMl FEEUAV
IMG_P1 = (x — xmin_0)/0.2 , (ymax.0 — y)/0.2 , z/0.2 #D R 7 2 NBHIUAV
#HGEH O UL E

centerj = int(kasou_col/2)

centerk = int(kasou_row/2)

N = kasou_col * kasou_row
#print (N)
for j in tqdm(range(kasou_row)):

for k in range(kasou_col):

if j == rowsize:
kc=0
k=k+1
j=0

U = u[j][k]

V = v[jI[k]

col.1 =U / pixel_width

row_1 V / pixel_height

col_.2 = col_1 + w/2

row_2 = h/2 — row_1

col_3 = col_2 + cx #=*X

row_.3 = row_.2 + cy #=*

Col = int(col_3)

Row = int(row_3)

if 0 < Col <wand 0 < Row < h
Col_min, Col-max = np.array (max(0, Col-9)),np.array (min(w,Col+10))

Row_min,Row_max = np.array (max(0, Row—9)),np.array (min(h,Row+10))

rsum = np.sum(img_R[Row_min:Row_max, Col_min:Col_max])
r.n = np.count_nonzero (img_R[Row_min:Row_max, Col_min: Col_max])
g_sum = np.sum(img_G[Row_min:Row_max, Col_min:Col_max])
g-n = np.count_nonzero (img_G[Row_min:Row_max, Col_min: Col_max |)
b_sum = np.sum(img_B[Row_min:Row_max, Col_min: Col_max])

b_ = np.count_nonzero (img_-B [Row_min:Row_max, Col_min: Col_max ])

r = np.array (round(r_sum / r_n,0))
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np.array (round(g_sum / g.n,0))

[ e]
([

np.array (round(b_sum / b._n,0))

I
-

virtual_r_image [ ][k]

virtual_g_image[j][k] = g
virtual_b_image[j][k] = b
if U==0 and V ==
if j == centerj and k == centerk:
pass
else:
virtual_r_image[j][k] = 0
virtual_g_image[j][k] = 0
virtual_b_image[j][k] = 0
#A 7N — a VL
if virtual_r_image[j][k] == 0 and \
virtual_g_image[j][k] == and \
virtual_b_image[]j][k] ==
pass
else:
GEO_P2 = XI[j.k],YI[j,k],ZI[], k] HHIE 3 2 1 PRAE

Judgment = InvisibleJudgment (GEO_P1[0],
GEO_P1[1],GEO_P1[2],
GEO_P2[0],GEO_P2[1],

GEO_P2[2])
if Judgment == “Invisible”: #FA[HIHIE
virtual_r_image[j][k] = 0
virtual_g_image[j][k] = 0
virtual_b_image[j][k] = 0

else:

pass

dtype = gdal.GDT_Ulnt32
band = 3 #1~Y F¥
#ZEDWH 7 7 4L
output = gdal.GetDriverByName (’GTiff’ ). Create (OutputData_7+"/XY_"+ID+”.tif”,
xsizel , ysizel , band, dtype,
options = [ ’PHOTOMETRIC=RGB’ ])

output.SetGeoTransform ((xmin_0, Interval ,0,ymax_0,0,-Interval)) #MEERIEE
srs = osr.SpatialReference () #ZERSHRIER

sts . ImportFromEPSG (2446)

output. SetProjection (srs.ExportToWkt()) #ZMIHEREMS
output.GetRasterBand (1). WriteArray (virtual_r_image)
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output.GetRasterBand (2). WriteArray (virtual_g_image)
output.GetRasterBand (3). WriteArray (virtual_b_image)
output . FlushCache () #7574 A7 ICEEHL

output = None
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9.4 AXFAMRI MILEKXKBZEERANY ML, DNEOFH=zEHTSTOT 5 L4

7n 'S 14 : 2_Calculate_angle_and_color-P1.py (4.3 i)

RTOT 5 NE, IRXATHERT PV RGHRAIRY b, §FN2 RO DNEOFE2HE T2 707 J A
ThHd. ANT—%1F, DSM, H X FMEEBNERT —X, ALY 74 ThHd. HhT—&I%, HXF771A
N7 b, KBTIANRZ P, #&N2 RO DNEDOFEZEE LTz csv 77 AL TH S, URIZT0 7540
V—ZXa—RN%Zi7.

Listing 4 2_Calculate_angle_and_color-P1.py
import os
import csv
import sys
import math
import ephem
import glob
import numpy as np
import pandas as pd
from tgdm import tqdm
from skimage import io

from pyproj import Transformer

cwd = os.getcwd ()
path = os.path.splitext(cwd[:len(cwd)—-15])[0]
#fHFHDD path = /Volumes/Capotasto?2

HAHHHHAHHHHAH R R AR R AR R AR AR AR AR R R R R R R R R R R R R R R
# 2.1 fEHTO G
HAHHHHAHHHHAHAHHHHAHHAHAH R AR A H R AR AR AR AR AR AR AR AR AR R R R R R

#R 7 &L DR

GCPx,GCPy, GCPz= 20205,71707,180
x0 = GCPx-150

y0 = GCPy-150

z0 = GCPz-70

x1 = x0 + 300

yl = y0 + 300

zl = z0 + 140

#R 27 L ORI
voxel_interval = 0.2
Interval = voxel_interval
#R 7B ILOHiFH

xmin ,xmax = x0 , x1

ymin,ymax = y0 , yl

zmin ,zmax = z0 , zl
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HAS IR A A R S A R
# 2.2 WERMEONS BEREREDFHE
H#H#FHHHHH A H B R R R
Name = str(sys.argv[1])

#XTROM L PEFEZFER Lz csv
TreesList = pd.read_csv (path+”/2023EW/BRDF/ X5 /KBRDFver0105.csv”, index_col=0)
print(TreesList.loc[Name])

input_data_X ,input_data_Y = float(TreesList.loc[Name][’X’]), float(TreesList.loc[Name][’Y ])

Xnum = int(round((input_data_X —xmin)/Interval ,4))
Ynum = int(round ((ymax—input_data_Y )/ Interval ,4))
col ,row = Xnum, Ynum

pix = col ,row

pixel=str (pix)

photo_num = 422

Ave_range = 60

ImageType = ”Shading_Correction_Image”
Date = 720220720”

Time = 71453”

Camera = "P1”

#2.3, 2.5 DSM

InputData_1 = path+”/2023EW/BRDF/Saoka-"+Date+”-"+Time+”—-"+Camera+\
+”/result/”+Date+”intersection_XYZ .npz”

#2.3, 2.4 AR IMEZBERT —£

InputData_2 = path+”/2023EW/Data/Saoka—"+Date+”-"+Time+"—-"+Camera+)\
+”/Saoka-"+Date+”-"+Time+”-"+Camera+”—-CameraOmegaPhiKappa . txt”

#2.5 ALV 7x b

InputData_-3 = path+”/2023EW/BRDF/Saoka—-"+Date+”—-"+Time+"—-"+Camera+\
+”/result/tif/”

#2.6 ARXASTHERT MV, KEBHHARZ ML, EDOF DN

OutputData_1 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+”—-"+Camera+”/result/csv/”\
+ImageType+”/ Angle_and_color/Angle_and_color ="\
+Name+” (Row="+str (row)+” ,Col="+str (col)+”).csv”

HAHBHHAH R HAH B H AR R AR R AR R R R R R R R R R R R R R R
# 2.3 [Tt BN KBEE T A,
HAHBHHAHHHHAHFHH AR R AR RS R AR R R R R R R R R R R R R R R R

def Sun_Location(Lon,Lat,Day,Hour, Minutes , Second):
kochi = ephem. Observer ()
kochi.lat, kochi.lon = Lat,Lon

kochi.date = Day+ ’-’ + Hour+’:’+Minutes+’: +Second

kochi.date —= ephem.hour * 9

It = ephem.localtime (kochi.date)
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sun = ephem.Sun(kochi)

sun.compute (kochi)

rhl = sun.hlon — ephem.degrees(’180:00:00")
dhl = ephem.degrees(rhl).norm
sun_alt=float (str (sun.alt).split(’:’)[0])+ \
float (str(sun.alt).split(’:’)[1])/60+ \
float (str(sun.alt).split(’:°)[2])/3600
sun_az=float (str(sun.az).split(’:’)[0])+ \
float (str(sun.az).split(’:’)[1])/60+ \
float (str(sun.az).split(’:’)[2])/3600

return sun_alt ,sun_az

#DHiHIAS DATA

POINT = np.load (InputData_1)
z=POINT[” arr_2"]

x=POINT[” arr_0"]

y=POINT[” arr_1"]
input_data_X = x[row][col]
input_data.Y = y[row][col]

input_data_Z = z[row][col]

cameradata=pd.read_csv (InputData_2 ,delim_whitespace=True,
names=("photolD” ,”x” ,”y”,”z” ,”Omega” ,” Phi” ,”Kappa”,
Pr11”,7r12”,7r13”,7r217,7r22” ,71r23” 71317 ,71r32” ,7r337),
skiprows=2)
photolist=np.array (cameradata[”photolD”])
photolist=photolist.tolist ()
photolist = photolist[0:photo_num ]

cameradata = cameradata[0:photo_num ]

#IREHR DL 2 R 5
tmp_time = np.array ([])
tmplist_time = tmp_time.tolist ()

Scene_line = sum(1l for line in photolist)

for n in photolist:
img = n
Hour =n[12:14]
Minutes = n[14:16]
Seconds = n[16:18]
day = [n[4:8],”/”,n[8:10],”/”,n[10:12]]
Day = 77
for val in day:
if val != n[10:12]:
Day += val
else:
Day += val
arr =[]

arr.insert(0,n)
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arr.insert (1,Day)
arr.insert (2,Hour)
arr.insert (3, Minutes)
arr.insert (4,Seconds)

tmplist_time .append(arr)
tmp_time=np. array (tmplist_time)
H#HH R H BRI HE  H HH HHE  HEE  HE  HEE H

# 2.4 FRXITHEART P KBHERZ FLOREH
HHE RIS R R R R R R SRR R R R R R R R R R RS R RS R #

tmp-theta = np.array ([])
tmplist_theta = tmp-theta.tolist ()
transformer = Transformer.from_crs(”epsg:2446”, “epsg:4326”)

Lat_data ,Lon_data= transformer.transform (input_data_Y ,input_data_X)

#SREROKGEE., KGAMAZRD 2 (KEEE: . KGANMAsun_alt:) sun_az
tmp_time_line = sum(1l for line in tmplist_time)
for n in list(range(0,tmp_time_line)):
sun-alt ,sun_az = Sun_Location(str(Lon_data),str(Lat_data),tmp_time[n][1],
tmp_-time [n][2],tmp_time[n][3],tmp_time[n][4])
rad_sun_alt = math.radians(sun_alt)

rad_sun_az = math.radians(sun_az)

#h oK pixel AFDEADBENA R FL (()sun_x ,sun_y,) sun_z
sun_x =math.sin(rad_sun_az)smath.cos(rad_sun_alt)
sun_y =math.cos(rad_sun_az)xmath.cos(rad_sun_alt)

sun_z =math.sin(rad_sun_alt)

cameradata=pd.read_csv (InputData_2 ,delim_whitespace=True,
names=(”photoID” ,”x” ,”y” ,”z” ,”Omega” ,” Phi” ,” Kappa” ,
Pr117”,7r12” 71137 ,71217 , 7122 71237 , 71317 ,” 132" ,”133”7) ,

skiprows=2)

CAMERADATA = cameradata[”photoID”] == tmp_time[n][0]
CAMERADATA = cameradata [CAMERADATA]

UAV_X = CAMERADATA[”x” ]
UAV_Y = CAMERADATA[”y” ]
UAV_Z = CAMERADATA[”z” ]

#HUDOF — X HHEZ T E it Series
UAVX = uAV.X.iloc[-1]
UAV.Y = uAV.Y.iloc[-1]
UAVZ = uAV_Z.iloc[-1]

#P HANDARZ P LpixelUAV (uav_x_unit ,uav_y_unit ,uav_z_unit)
vav_x =UAV X-input_data_X
vav_y =UAV_Y-input_data_Y
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vav_z =UAV.Z-input_data_Z
uav_vector = math.sqrt ((uav_x#%2)+(uav_y#+2)+(uav_z+%2))#X7 MLDOEX

uav_x_unit =uav_x/uav_vector
uav_y_unit =uav.y/uav_vector
uav_z_unit =uav_z/uav_vector
arr =[]

arr.insert (0,sun_x)
arr.insert(l,sun_.y)
arr.insert(2,sun_z)
arr.insert(3,uav_x_unit)
arr.insert(4,uav_y_unit)
arr.insert(5,uav_z_unit)

tmplist_theta.append(arr)
tmp_theta=np.array (tmplist_theta)
H#FHHHHH AR B A A R R R

# 2.5 fEHTHIAS X 33(60cm x 60cm M40 ){HOD FEDEHRGB
HEHHHHRHHHHRH R R BB R BRI R R R R R R R R R R

HENTHIS A X @ 33fHOFIE O EHRGB
intersection= np.load(InputData_1)
XI=intersection [”arr_0"]
YI=intersection [~ arr_1"]
Zl=intersection[”arr_2"]

tmp_color = np.array ([])

tmplist_color = tmp_color.tolist ()

tmp-time_line = sum(1 for line in tmplist_time)

for n in tqdm(list (range(0,photo_num))):
img = io.imread (InputData_3+”/”+ImageType+” /XY _"+photolist[n]+”.tif”)

r_band = img[:,:,0]
g_band img[:,:,1]
b_band imgl[:,:,2]
#ZNZHRGB (Ave_range/20) x (Ave_range/20) DF¥IERD 3

r.sum = np.sum(img[row—1:row+2,col —1:col+2,0])

r_n = np.count_nonzero (img[row—-1:row+2,col —1:col +2,0])
g_sum = np.sum(img[row—1:row+2,col —1:col+2,1])
g.n = np.count_nonzero (img[row—1:row+2,col —1:col+2,1])
b_sum = np.sum(img[row—1:row+2,col —1:col+2,2])

b_n = np.count_nonzero (img[row—-1:row+2,col —1:col +2,2])

if bn == 0 or gn =0 or r.n == 0
b_mean = float(”nan”)
float (”nan”)

float (”nan”)

g_mean

r-mean

else:
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b_mean np.array (round(b_sum / b_n,0))

g_mean = np.array (round(g_sum / g.n,0))
r_mean = np.array (round(r_sum / r_n,0))
g_ravel = np.ravel (img[row,col ,1])
arr =[]

arr.insert (0, r_mean)
arr.insert(1l,g_mean)
arr.insert (2,b_mean)

tmplist_color.append(arr)

tmp-color=np.array (tmplist_color)

tmp-photolist = (np.array(photolist)).reshape ((photo_num,1))
print(len(tmp_photolist))

TMP = np.hstack ([tmp_photolist ,tmp_theta ,tmp_color])

TMP=np . array (TMP)

df=pd. DataFrame (TMP)

HEMED 2 WTHS 2 B
delindex = df[df[8] == ’nan’].index
df.drop(delindex ,inplace=True)

HHHHHHHHH AR HHHHHHH U R AR B HHHHHHH AR B SHHHHHHHH AR B S HHHHHH AR S S HHHHHH R RS HHHHHH#H#
# 2.6 csvZrALDEXHL
HHHHHHH U R B R BHHHHHHH U R AR B RS HHHHH U R AR B R HHHHHH R R R AR RS HHHHHH B R ARG S HHHHHH BB LRSS HHHHHHH

csv_file = glob.glob(os.path.join(OutputData_1))
print(csv_file)
if csv_file==[]:

header = [”ID”, ”sun_x”,”sun.y”, "sun_z”,”uav_x”, “uav_.y”,”uvav_z”, "r”,”g”,”b”]

with open(OutputData_1, "w”) as f:
writer = csv.writer (f)
writer . writerow (header)
f.close ()

df = np.array (df)

for i in tqdm(range(len(df))):
df_ID = str(df[i][0])
df_sun_x = float(df[i][1])
df _sun_y = fleat(df[i][2])
df_sun_z = float (df[i][3])
df _uav_x = float(df[i][4])
df _uav_y = float(df[i][5])
df_uav_z = float (df[i][6])
df_r [

df_g

df_b

float (df[i][7])
float (df[i][8])
float (df[i][9])
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with open(OutputData_1,”a”) as f:
print (OutputData_1)
writer = csv.writer (f)
writer . writerow ([ df_ID ,df_sun_x ,df_sun_y ,df_sun_z ,
df_uvav_x ,df_uav_y ,df_uav_z ,df_r ,df_g,df_b])
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9.5 fiutlA o DEH, BRDF It 70T 5 L

v 27 1% : 3_Make_graph BRDF-P1.py (4.3 i, 4.4 fii)

K707 nE, (MM 0 0RN, BRDF OF#LEZFITT 2077 4 THS. ANT—KIE, IATTT
[R7 MV EKRGATAARZ PL, §&oN2 FD DN FIEZESR LTz csv 7 7 4L, B R FAEZBERT — X,
DSM, 1 X 585 X =27 =& JHARNAEROREGRTH 2. M7 =213, MNREAROFEGRER, #
Mot RE OV, RIME, RAE, EERZE, o7 el L csv 7 7 4L, BRDF ZA[#{kL 7%
X, BRDF OHBIREL, M=, YIFEGER LIz csv 7 740, HEIGEMMRKTHZ. LIRCTR 760D —
Aa— RNZFT.

Listing 5 3_Make_graph_BRDF-P1.py

import os

import csv

import sys

import math

import glob

import xmltodict

import numpy as np

import pandas as pd

from tqdm import tqdm

from skimage import io

import matplotlib.cm as cm

import matplotlib.pyplot as plt
import matplotlib.patches as pat
import matplotlib.ticker as ticker
import mpl_toolkits.mplot3d.art3d as art3d

from matplotlib.ticker import MultipleLocator, FormatStrFormatter

plt.rcParams [’ font.family’] = ’“Hiragino-Sans’

np.set_printoptions (precision=15, floatmode="maxprec’)

cwd = os.getcwd ()
path = os.path.splitext(cwd[:len(cwd)—-15])[0]
#fHHHDD path = /Volumes/Capotasto?2

FHH R
# 3.1 NFHFOANT BEREEDOMRE
HHAR R R R R R R

Name = str(sys.argv[1l])
#XTROM L PEEEEFER Lz csv
TreesList = pd.read_csv (path+”/2023EW/BRDF/ X /KBRDFver0105.csv”, index_col=0)

input_data_X ,input_data_Y = float(TreesList.loc[Name][’X*]), float(TreesList.loc[Name][’Y ])

DN Y O il |
GCPx,GCPy, GCPz= 20205,71707,180
x0 = GCPx-150
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y0 = GCPy-150
z0 = GCPz-70
x1 = x0 + 300
yl = y0 + 300
z1 = z0 + 140

#KR 7L DR
voxel_interval = 0.2
Interval = voxel_interval
#1R 7 IV DHEiH

xmin ,xmax = x0 , x1

ymin,ymax = y0 , yl

zmin ,zmax = z0 , zl

#RARORE
a=xXmax—xmin
b=ymax—ymin

c=zmax-—zmin

xsizel = int(round(a/Interval))+1
ysizel = int(round(b/Interval))+1
zsizel = int(round(c/Interval))+1
#R 27 L DHPH

xmin_1 ,xmax_1 = xmin-1 , xmax+l1
ymin_1,ymax_1 = ymin-1 , ymax+1
zmin_1 ,zmax_1 = zmin—-1 , zmax+l

HBHR T Y 7 D22R 7 2L 2K

xsize2 = int(round ((xmax_l1—xmin_1)/Interval))
ysize2 = int(round ((ymax_-1-ymin_1)/Interval))
zsize2 = int(round ((zmax_l1-zmin_1)/Interval))

D = np.zeros ((zsize2 ,ysize2 ,xsize2))

Xnum = int(round ((input_data_X —xmin)/Interval ,4))
Ynum = int(round ((ymax—input_data_Y )/Interval ,4))
col ,row = Xnum, Ynum

pix = col ,row

pixel=str (pix)

Ave_range = 60

ImageType = ”Shading_Correction_Image”
Date = 7202207207

Time = 714537

Camera = "P1”

HAHBHHAHBHHAHBHHHH IR AR R AR R AR R R R R R R R R R R R R
# 3.2 MEMMEOANS EREROMRER
HAHHHHAHHHHAH R AR R AR R AR R R R R R R R R R R R R R R R
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#3.1 KBHAINRY b, A X FTHENT bv, kN REEE DN

InputData_1 = path+”/2023EW/BRDF/Saoka—-"+Date+”—-"+Time+"-"+Camera+”/result/csv/”+\
+ImageType+”/ Angle_and_color/Angle_and_color =" +\
+Name+” (Row="+str (row)+” ,Col="+str (col)+”).csv”

#3.1 X FMEEBERT — &

InputData_2 = path+”/2023EW/Data/Saoka-"+Date+”—-"+Time+"—-"+Camera+)\
+7/Saoka-"+Date+”—-"+Time+”-"+Camera+”—CameraOmegaPhiKappa. txt”

#3.4 DSM

InputData_3 = path+7/2023EW/BRDF/Saoka-"+Date+"-"+Time+"-"+Camera+)\
+”/result/”+Date+”intersection_XYZ .npz”

#3.4 AATNRIXA—RT—X

InputData_4 = path+”/2023EW/Data/Saoka—-"+Date+”-"+Time+"-"+Camera+)\
+”/Saoka—-"+Date+”—"+Time+”-"+Camera+”—CameraXML . xml”

#3.4 JFHER

InputData_5 = path+7/2023EW/BRDF/Saoka-"+Date+”-"+Time+”-"+Camera+\
+7/tif /”+ImageType+"/”

#3.4 RRBIARO G

OutputData_1 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"—-"+Camera+)\
+”/result/csv/ImageCoordinates /ImageCoordinate_"+\
+Name+” (Row="+str (row)+” ,Col="+str (col)+”).csv”

#3.4 fRFTNRE OVIGE, FoME, RKE, FHFEE, Bov s e

OutputData_2 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"—-"+Camera+\
+”/result/csv/RGB/RGB_”+Name+” (Row="+str (row)+” ,Col="+str (col)+”).csv”

#3.6 oOn[t{t  BRDF%£(pass)

OutputData_3 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+”—-"+Camera+)\
+”/result/graph/”+ImageType+”/BRDF/Old-BRDF-"+Name+” . jpg”

#3.6 OF#{tk  BRDF principale plane D®DApassik N> K (fHEFEDN)

OutputData_4 = path+”/2023EW/BRDF/Saoka—"+Date+”-"+Time+"—-"+Camera+)\
+”/result/graph/”+ImageType+” /BRDF/Old2-BRDF-"+Name+” . jpg”

#3.6 OnJti{t  BRDF principale plane ®®DApass ((G/R+G+) fEFEBDN)

OutputData_5 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+"—-"+Camera+\
+”/result/graph/”+ImageType+” /BRDF/ Normalize_Old2 -BRDF-"+Name+” . jpg”

#3.6 OEM, HE, YA EEHTS 7741  BRDFcsv

OutputData_6 = path+”/2023EW/BRDF/Saoka—-"+Date+”-"+Time+”—-"+Camera+)\
+”/result/csv/Comparison/ BRDF_infomation_ver0105.csv”

#3.6 WEIGZN

OutputData_7 = path+”/2023EW/BRDF/Saoka—"+Date+”-"+Time+"—-"+Camera+)\
+”/result/graph/”+ImageType+” /BRDF/Old2-Shadow—"+Name+” . jpg”

A_C_Vevtor = pd.read_csv (InputData_1)

photolist = np.array (A_C_Vevtor[”ID”])
sun_x = A_C_Vevtor[”sun_x"]
sun_.y = A_C_Vevtor[”sun_y”]
sun-z = A_C_Vevtor[”sun_z”]
uav_x = A_C_Vevtor[”uav_x"]
uav_,y = A_C_Vevtor[”uav_y”]
uav_z = A_C_Vevtor[”uav_z”]

ave_r = A_C_Vevtor[”r”]
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ave_.g = A_C_Vevtor[”g”]
ave_.b = A_C_Vevtor[”b”]

Cameradata=pd.read_csv (InputData_2 ,delim_whitespace=True,
names=("x",”y”,”z” ,”Omega” ,” Phi” ,”Kappa”,
Pr11”,7r12” 713770217 ,7r22” 70237 7317 ,710327 ,7133”7)
,skiprows=2, index_col=0)
UAV.X = Cameradata[”x”]
UAV.Y = Cameradata[”y”]

UAVZ = Cameradata[”z”]

HAHBHHHHBHHAHBHHHH R R H AR R R R R R R R R R R R R RS
# 3.3 U0, SEADFHEUAV-
HAHHHHAH R HAH R AR R AR R AR AR R R R R R R R R R R R R R

Theta_List = [] #OHA 0
UAV_alt_List = [] #mEAUAV
[]

Sun_alt_List

for i in range(len(A_C_Vevtor)):
#HBHIG N2 v e KGR Y S vohitdfs 6
inner_product = (sun_x[i]sxuav_x[i])+(sun_y[i]+xuav_y[i])+(sun_z[i]+xuav_z[i])
theta = math.acos(inner_product / \
math.sqrt ((sun_x[i]#*2+sun_y[i]#*2+sun_z[i]*%2) * \
(vav_x[i]**2+uav_y[i]**2+vuav_z[i]xx2)))

theta2 = math.degrees(theta)

inner_product2 = (—sun_x[i]xuav_x[i])+(—sun_y[i]xuav_y[i])+(Oxuav_z[i])
uav_alt = math.acos(inner_product2 / \
math. sqrt (((—sun_x[i])#*2+(—sun_y[i])**24+0%%2) = \
(uav_x[i]ss2+uav_y[i]*sx2+uav_z[i]%x2))) #fH

vav_alt2 = math.degrees(uav_alt)
inner_product3 = (sun_x[i]xsun_x[i])+(sun_y[i]*sun_y[i])+(Oxsun_z[i])
sun_alt = math.acos(inner_product3 / \

math. sqrt (((sun_x[1])**2+(sun_y[1])#*2+0%%2) = \
(sun_x[i]s*2+sun_y[i]==2+sun_z[i]%%2))) #fif

sun_alt2 = math.degrees(sun_alt)

arrl =[]

arrl .insert (0, photolist[i])
arrl .insert(1,theta2)
Theta_List.append(arrl)

arr2 =[]
arr2 .insert (0, photolist[i])
arr2 .insert(1,uav_alt2)

UAV _alt_List.append(arr2)

arr3 =[]
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arr3 .insert (0, photolist[i])
arr3 .insert(l,sun_alt2)

Sun_alt_List.append(arr3)

HAHBHHAHBHHAH R AR R AR R AR R R R R R R R R R R R R R
# 3.4 BATHREOFIE, RAME, BKE, SEERE 2oy 2L BOFE
HAHHHHAHHHHAH R AR R AR RS R AR H R R R R R R R R R R R R R R

HEHREEE L8RS 5 7 7 A VOTER csv
cameradata=pd.read_csv (InputData_2 ,delim_whitespace=True,
names=("photoID” ,”x” ,”y” ,”z” ,”Omega” ,” Phi” ,”Kappa”,

Pr11”,7r12”,7r137 70217 ,71r227 7237 71317 ,71r327 ,71r337),
skiprows =2)

CAMERADATA=cameradata

intersection= np.load(InputData_3)

XI=intersection [”arr_0"]

YI=intersection[”arr_1"]

Zl=intersection[”arr_2"]

with open(InputData_4 , encoding="utf-8’) as fp: #mtAAA xml

xml_data = fp.read ()

dict_data = xmltodict.parse(xml_data)

csv_file = glob.glob(os.path.join(OutputData_1))
print(csv_file)
if csv_file==[]:

header = [”ID”, "Row”,”Col”]

with open(OutputData_1, "w”) as f:

writer = csv.writer (f)

writer . writerow (header)

f.close ()
### 7 7 A VICEHREEE 2 B ZAA csv
for ID in tqdm(photolist):
data = CAMERADATA
data=data[data[”photolD”]==ID]
idx=list (data.index)
Index=sum(idx)

params=dict_data[”document” ][ "chunk” ][ ”sensors”][”sensor”][”calibration”]

try:
f=float (params[”f”])
except TypeError:

params=dict_data[”document” ][ ”chunk”][”sensors” ][ ”sensor”][”calibration”][1]

f=float (params[”f”])

cx=float (params[”cx”])

cy=float (params[”cy”])

width=float (params[”resolution”][” @width” ])
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height=float (params[”resolution”][” @height”])

™ £ 0
[

R " O N < X
Il

#ERH S
rad_ O =
rad P =
rad_K =

SILEE

math .

math .

math

# =B DFE

sin_.0 =
cos_ O =
sin_P =
cos_P =
sin_K =

cos_.K =

math .

math .

math

math .

math .

math

= float(data[”x”])
= float(data[”y”])
= float(data[”z”])
data[”Omega” ]

= data[”Phi”]

= data[”Kappa”]

radians (float (O))
radians (float (P))
.radians (float (K))

sin(—float(rad_0))
cos(—float(rad_0O))
.sin(—float (rad_P))
cos(—float(rad_P))
sin(—float(rad_K))
.cos(—float(rad_K))

irange , jrange ,krange=D.shape

n=1

tmp = np.array ([])
t = tmp.tolist ()

tmp-_lis
arr2 =
arr3 =
arr4d =
arr5 =

arr6 =

=f % 0.0043948613649283609/1000
width = 0.0043948613649283609/2000
= height % 0.0043948613649283609/2000

np.array ([[cos_-K,-sin_K ,0],

np.array ([[cos-P,0,sin_P],

np.ar

np.dot(arr2, arr3)

np.dot(arr5, arr4d)

N=ysizel xxsizel

ki=0
ke=0
ji=0

u

v

np.zeros ((ysizel , xsizel))

np.zeros ((ysizel , xsizel))

with tqdm(total=N) as pbar:

while n<=N:

n=n+
pbar
if j

poin

1

.update (1)

i == ysizel:
kc=0

ki=ki+1

ji=0

t_mesh_x = XI[ji][ki]

[0,1,0],
ray ([[1,0,0], [0,c0s_.0,-sin_O],
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[sin-K ,cos_K,0], [0,0,1]]) #kappa
[-sin_-P ,0,cos_P]]) #phi

[0,sin_O ,cos_O]]) #omega



point_mesh_y = YI[ji][kil]

ZI[ji]lki]

point_mesh_z

if point_mesh_x == 0 and point-mesh_.y == and point_-mesh_z == 0:
ke=kc+1
ji=ji+l
else:
arrl = np.array ([[ point_mesh_x—-float(x)], [point_mesh_y—-float(y)],
[point_mesh_z —float(z)]]) #EmlhmE—
arr7 = np.dot(arr6, arrl)
U= -C  (arr7[0,0] / arr7[2,0]) #HfsaR
V=-C=x (arr7[1,0] / arr7[2,0])
ul[ji]l[ki] = float (U)
viji]lki] = float (V)
kc=kc+1
ji=ji+l1

Path=sorted (glob.glob(os.path.join(InputData_5+ID+"«.tif”))) #ME{RDFAAAL
img = io.imread (Path[0])

img_-R = np.array (imgl[:,:,0])

img_-G = np.array (imgl[:,:,1])

img_-B = np.array(imgl[:,:,2])

h, w = img_G.shape

pixel_width = 0.0043948613649283609 / 1000
pixel_height = 0.0043948613649283609 / 1000
#ARAEA 3 TH] D P i D I8 H ()

kasou_row , kasou_col = np.shape(u) #1501,1501

#AEE Rz hEh D 2 XITEYIRGB

virtual_r_image = np.zeros ((kasou_row,kasou_col), np.uint32) ##1501,1501

virtual_g_image = np.zeros ((kasou_row ,hkasou_col), np.uint32)
virtual_b_image = np.zeros ((kasou_row,h kasou_col), np.uint32)
C=0

n=1

k=0

kc=0

j=0

GEO_P1 = X,y,Z #O I FEFEUAV
IMG_P1 = (x — xmin)/0.2 , (ymax — y)/0.2 , z/0.2 #D R 7 L IILTEHIUAV
#HLHH O O

centerj = int(kasou_col/2)

centerk = int(kasou_row/2)

N = kasou_col % kasou_row
#print (N)

for j in range(kasou_row):
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for k in range(kasou_col):

if j == ysizel:
ke=0
k=k+1
j=0
U = u[j][k]
V = v[jllk]

col.1 =U / pixel_width
row_1 =V / pixel_height
#print(col_1 ,row_1)

col_.2 = col_1 + w/2

row_2 = h/2 — row_1

col_.3 = col_2 + cx #=*
row_3 = row_2 + cy #=*

Col int(col_3)

Row = int(row_3)

if Row>0 and Row<5460 and Col>0 and Col <8192:
if j==int(row) and k==int(col)
with open(OutputData_1,”a”) as f:
#print (OutputData_1)
writer = csv.writer (f)

writer . writerow ([ ID,Row, Col])

else:
print ("{ERFE Acsv :”+O0utputData_1)

Coordinates = pd.read_csv(OutputData_1)
ImageRow = Coordinates [”Row” ]

ImageCol = Coordinates[”Col”]

#7 7 A LVOIERK csv
csv_file2 = glob.glob(os.path.join(OutputData_2))
if csv_file2==[]:
print ("ERELFHRT 27 7 A LDIERGesv”)
header = [”ID”,
”Ori_-R_Mean” ,”0Ori_G_Mean” ,”Ori_B_Mean” ,”Ori_G_Normalize”,
”Ori_R_Min” ,”0ri_G_Min” ,”Ori_B_Min”,
”Ori_R_Max” ,”0Ori_G_Max” ,”Ori_B_Max”,
”Ori_R_Std”,”0Ori_G_Std” ,”Ori_B_Std”,

”Ortho_R_Mean” ,”Ortho_G_Mean” ,” Ortho_B_Mean” ,”Ortho_G_Normalize”

”Shadow_pixel”
1

with open(OutputData_2, "w”) as f:
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writer = csv.writer (f)

writer . writerow (header)

f.close ()

print ("EREFHEG”)
Coordinate = pd.read_csv (OutputData_1)

Original_Image_Data = []

print ("EWRZFHDN")

for

i in tqdm(range(len(Coordinate))):

ID = Coordinate [”ID” ][1i]

print (ID)

Row = Coordinate [”Row” ][]

Col = Coordinate [”Col”][1i]

Path=sorted (glob. glob (os.path.join (InputData_5+ID+”x. tif”))) #ERDFAAA
img = io.imread(Path[0])

Row_min,Row_max = max(0,Row-28) ,min(int (img.shape[0])—-1,Row+29)

Col_min, Col_-max = max(0,Col-28) ,min(int (img.shape[1])—-1,Col+29)

img2 = img[Row_min:Row_max, Col_min:Col_max ,:]

Ori_R_Mean = np.nanmean(img2[:,:,0])
Ori_G_Mean = np.nanmean(img2[:,:,1])
Ori_B_Mean = np.nanmean(img2[:,:,2])
Ori_G_Normalize = Ori-G_Mean/(Ori_R_Mean+Ori_G_Mean+Ori_B_Mean)
Ori-R_Min = np.nanmin (img2[:,:,0])
Ori-G_Min = np.nanmin (img2[:,:,1])
Ori_B_Min = np.nanmin(img2[:,:,2])
Ori_R_Max = np.nanmax (img2[:,:,0])
Ori_G_Max = np.nanmax (img2[:,:,1])
Ori_B_Max = np.nanmax (img2[:,:,2])
Ori_R_Std = np.nanstd (img2[:,:,0])
Ori_G_Std = np.nanstd (img2[:,:,1])
Ori_B_Std = np.nanstd (img2[:,:,2])

HEOE 7LV EH T b
Shadow_img = img2.copy ()
count_pix = 0
for m in range(img2.shape[0]):
for n in range(img2.shape[1]):
if img2[m,n,1]<4500:

count_pix += 1

# 5 E 5 T

arr_Original =[]

arr_Original .insert (0,ID)

arr_Original .insert (1,0ri_R_Mean) #F3(E
arr_Original .insert (2,0ri_G_Mean)
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arr_Original .insert (3,0ri_B_Mean)
arr_Original.insert(4,0ri_G_Normalize) #IEf/{t

arr_Original .insert(5,0ri_R_Min) #E/IME
arr_Original .insert (6,0ri-G_Min)
arr_Original .insert (7,0ri-B_Min)

arr_Original .insert (8,0ri_R_Max) #IXKME
arr_Original .insert (9,0ri_G_Max)
arr_Original .insert (10,0ri_B_Max)

arr_Original .insert(11,0ri_R_Std) #IEUE (R
arr_Original .insert (12,0ri-G_Std)
arr_Original .insert (13,0ri_B_Std)

arr_Original.insert(14,count_pix) #E DY 7 I
Original _Image_Data.append(arr_Original)

else:
print ("{ERFE Acsv:”+O0utputData_2)

HHHHAHAHAHHHHHHHHHHHAHAH AR AR HAHHHH R R R AR AR AR H AR AR AR H AR AR AR H R AR RS H AR
# 3.5 princpal Ofhfiplane
H#HHAHA R AR AR R AR R R R RS R R R A R R R R R R A R R R R R

# plncipale LtoL— b xHlBRpalene

RootSplit = []

InitialValue = 0
for i in tqdm(range(len(photolist))):
try:

if int(photolist[i][—-4::]) + 1 != int(photolist[i+1][—-4::]):
RootSplit.apend(InitialValue+1)

except:

RootSplit.append(InitialValue +1)

InitialValue += 1

#HA passprincipale D plane
if str(sys.argv[2]) == "a”:

principal_root = RootSplit[int ((len(RootSplit)/2) — 1)],RootSplit[int(len(RootSplit)/2)]
elif str(sys.argv[2]) == "b”:

principal_root = RootSplit[int((len(RootSplit)/2) — 2)],RootSplit[int((len(RootSplit)/2)-1)]
elif str(sys.argv[2]) == "c¢”:

principal_root = RootSplit[—-2],Roo0tSplit[—1]

elif str(sys.argv[2]) == 7d”:
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principal_root = RootSplit

if csv_file2==[]:
#EHRID
pri_photolist =
pri_photolist2 =

#AOTAHA O
pri_Theta_List =
pri_-Theta_List2 =

#EEAHUAV
pri-UAV _alt_List =
pri_UAV _alt_List2 =

# R = A
pri_Sun_alt_List =
pri_Sun_alt_List2 =

#)H Row
pri-ImageRow =

pri-ImageRow?2 =

#JFHEI{% Col
pri-ImageCol =
pri_ImageCol2 =

#ih L FEERUAV
pri-UAV_X2 =
pri_-UAV_Y2 =
pri-UAV_Z2

[-3],RootSplit[-2]

np.array (photolist[principal_-root[0]: principal_root[1]])
pri_photolist[:]

np.array (Theta_List[principal_root[0]: principal_root[1]])
np.array (pri-Theta_List[:,1],dtype="float32")

np.array (UAV_alt_List[ principal_root [0]: principal_root[1]])
np.array (pri_UAV _alt_List[:,1],dtype="float32")

np.array (Sun_alt_List[principal_root[O]: principal_root[1]])
np.array (pri-Sun_alt_List[:,1],dtype="float32")

np.array (ImageRow|[ principal_root [0]: principal_root[1]])
pri-ImageRow [:]

np.array (ImageCol[ principal_root [0]: principal_root[1]])
pri_-ImageCol [:]

np.array ([])
np.array ([])
np.array ([])

for i in range(len(pri_photolist2)):
pri_.UAV_X = float(Cameradata.loc[pri_photolist2[i]][’x"])
pri_.UAV._.Y = float(Cameradata.loc[pri_photolist2[i]][’y’])

pri_-UAV_Z

pri_-UAV_X2 = np.append
pri_-UAV_Y2 = np.append
pri-UAV_Z2 = np.append

#2077 MREEA VY D HEFR L 72°F
pri_ave._r =
pri_ave_r2 =
pri_ave_g =
pri_ave_g2 =
pri_ave_b =

pri—ave_b2 =

float (Cameradata.loc[pri_photolist2[i]][’z"])

(pri-UAV_X2 ,pri_UAV_X)
(pri-UAV_Y2 ,pri_UAV.Y)
(pri_-UAV_Z2 ,pri_UAV_Z)

¥em

np.array (ave_r[principal_root[0O]: principal_root[1]])
pri-ave_r [:]

np.array (ave_g[principal_root[0O]: principal_root[1]])
pri—ave_g|[:]

np.array (ave_b[principal_root[0]: principal_root[1]])
pri-ave_b [:]

#2070 fEREA L Y B O % ER{temDN
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pri_ave_g2 /(pri_ave_r2+pri_ave_g2+pri_ave_b2)

pri_ave_n

pri-Original = np.array (Original_-Image_Data[ principal_root[0]: principal_root[1]])
pri-Original2 = np.array (pri-Original [:])

#7 7 A NMICEEALCsy
for Num in range(len(pri_photolist2)):

ID = pri_photolist2 [Num]
Ori_R_Mean = pri_Original2 [Num,1]
Ori_G_Mean = pri_Original2 [Num,2]
Ori_-B_Mean = pri_Original2 [Num,3]
Ori_G_Normalize = pri_Original2 [Num,4]
Ori_R_Min = pri_Original2 [Num,5]
Ori-G_Min = pri_Original2 [Num,6]
Ori_B_Min = pri_Original2 [Num,7]
Ori_R_Max = pri_Original2 [Num, 8]
Ori_G_Max = pri_Original2 [Num,9]
Ori_B_Max = pri_Original2 [Num,10]
Ori_-R_Std = pri_Original2 [Num,11]
Ori_G_Std = pri_Original2 [Num,12]
Ori_B_Std = pri_Original2 [Num,13]
Ori_-Shadow_pixel = pri_Original2 [Num,14]
Ortho_R_Mean = pri_ave_r2 [Num]
Ortho_G_Mean = pri_ave_g2 [Num]
Ortho_B_Mean = pri_ave_b2 [Num]

Ortho_G_Normalize

pri_ave_n [Num]

with open(OutputData_2 ,”a”) as f:

writer = csv.writer (f)

writer . writerow ([ID, Ori_R_Mean , Ori_G_Mean , Ori_B_Mean ,
Ori_-G_Normalize ,
Ori_R_Min , Ori_G_Min , Ori_B_Min ,
Ori_R_Max , Ori_G_Max , Ori_B_Max ,
Ori_R_Std ,Ori_G_Std , Ori_B_Std ,
Ori_Shadow_pixel ,
Ortho_R_Mean , Ortho_G_Mean , Ortho_B_Mean ,
Ortho_G_Normalize

1

else:
pri_photolist = np.array (photolist[ principal_root[O]: principal_root[1]])
pri_photolist2 = pri_-photolist[:]
pri_-Theta_List = np.array (Theta_List[principal_root[0]: principal_root[1]])
pri-Theta_List2 = np.array (pri-Theta_List[:,1],dtype="float32")
pri-UAV _alt_List = np.array (UAV_alt_List[ principal_root[0]: principal_root[1]])
pri_UAV _alt_List2 = np.array (pri_UAV_alt_List[:,1],dtype="float32 ")
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pri_Sun_alt_List
pri-Sun_alt_List2

pri-ImageRow

pri-ImageRow?2

pri_-ImageCol
pri_ImageCol2

pri-UAV_X2
pri-UAV_Y2
pri-UAV_Z2

= np.array(Sun_alt_List[principal_root[0]: principal_root[1]])
= np.array (pri-Sun_alt_List[:,1],dtype="float32"’)

= np.array (ImageRow|[ principal_root [0]: principal_root[1]])

= pri-ImageRow [:]

= np.array (ImageCol[ principal_root [0O]: principal_root[1]])
= pri_-ImageCol [:]

= np.array ([])
= np.array ([])
= np.array ([])

for i in range(len(pri_photolist2)):

pri_UAV_X
pri_-UAV_Y
pri_-UAV_Z

float (Cameradata.loc[pri_photolist2[i]][’x"])
float (Cameradata.loc[pri_photolist2[i]][’y’])
float (Cameradata.loc[pri_photolist2[i]][’z"])

pri_-UAV_X2 = np.append (pri-UAV_X2  pri_.UAV_X)

pri_-UAV_Y2

np.append (pri_-UAV_Y2 ,pri_-UAV._.Y)

pri-UAV_Z2 = np.append (pri_-UAV_Z2 ,pri_.UAV_Z)

RGBInfo = pd.read_csv (OutputData_2)

Ori_R_Mean = np.array (RGBInfo[”Ori_R_Mean”],dtype="float32 ")
Ori_-G_Mean = np.array (RGBInfo[”Ori_G_Mean” ], dtype="float32 ")
Ori_R_Mean = np.array (RGBInfo[”Ori_B_Mean”],dtype="float32 ")
Ori-G_Normalize = np.array (RGBInfo[”Ori-G_Normalize”],dtype="float32 ")
Ori-R_Min = np.array (RGBInfo[”Ori_R_Min”],dtype="float32’)
Ori-G_Min = np.array (RGBInfo[”Ori_G_Min”],dtype="float32’)
Ori-B_Min = np.array (RGBInfo[”Ori_B_Min”],dtype="float32’)
Ori_R_Max = np.array (RGBInfo[”Ori_R_Max”],dtype="float32’)
Ori_G_Max = np.array (RGBInfo[”Ori_G_Max”],dtype="float32’)
Ori_B_Max = np.array (RGBInfo[”Ori_.B_Max”],dtype="float32 ")
Ori_R_Std = np.array (RGBInfo[”Ori_R_Std”],dtype="float32 ")
Ori_G_Std = np.array (RGBInfo[”Ori-G_Std”],dtype="float32 ")
Ori_-B_Std = np.array (RGBInfo[”Ori_-B_Std”],dtype="float32 ")
Ori_-Shadow_pixel = np.array (RGBInfo[”Shadow_pixel”],dtype="float32 ")
Ortho_R_Mean = np.array (RGBInfo[”Ortho_.R_Mean”],dtype="float32 ")
Ortho_G_Mean = np.array (RGBInfo[”Ortho_.G_Mean”],dtype="float32 ")
Ortho_B_Mean = np.array (RGBInfo[”Ortho_.B_Mean”],dtype="float32 ")
Ortho_G_Normalize = np.array (RGBInfo[”Ortho_G_Normalize”],dtype="float32 ")
#RIGE L D

Sun_alt = np.average(pri-Sun_alt_List2)

#HARDE ITH3E 5 & RE L RO = & Y1/ UAV
UAVPath_Slope = (pri-UAV_Y2[0]-pri_-UAV_Y2[ —-1])/(pri-UAV_X2[0]-pri-UAV_X2[-1])
TreePath_Slice = input_data_.Y — UAVPath_Slope % input_data_X
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#BIR ¥ WUE & O/CFEEEUAV
Hdist = round(abs(UAVPath_Slopexpri_.UAV_X2[0] + (—-1)xpri_-UAV_Y2[0] + TreePath_Slice) / \
(np.sqrt (UAVPath_Slope*%2 + (—-1)%x%2)),2)
HHPERAHA
OrbitalPhaseAngle = round (
np.degrees(
np.arcsin (
(np.sin(np.radians (90)) / \
(np.sqrt ((pri_-UAV_Z2[0] - ZI[row,col])*%2 + Hdist=x=2)))* Hdist)),2)

HEFHHHHHHHHH B HH R R R R R
# 3.6 777 OHH
H##HH# HHHHHHHH B H AR S R R R R R R R R R R R R
#O At ©£BRDFpass

def LinearStrtch (P,Pmin,Pmax,Qmin,Qmax):

Qmin,Qmax = Qmin, Qmax

Pmin ,Pmax = Pmin, Pmax

a = (Qmax — Qmin) / (Pmax — Pmin)
b = Qmin - axPmin

Q = axP + b

return Q

def degrees_to_radians (degrees):

return math.radians (degrees)

X_data0l = list (map(float ,np.array(Theta_List)[:,1]))

Y _dataO1l list (map(float ,np.array(ave_g)))

#HHB R cor =, pYIA [0] ,p[1]

pl = np.polyfit(X_dataOl,Y_data0l,1)

fl = np.polyld(pl)

corl = np.corrcoef(X_data0l,Y_data0O1)[0,1]

plt.rcParams [’ figure.subplot.bottom’] = 0.15
plt.rcParams [’ figure.subplot.left’] = 0.17

#DFE Figure
fig0l = plt.figure(figsize =(5,5))
ax01 = fig01.add_subplot(1,1,1)

ax01l.set_title (Name)
ax01.set_xlabel (760 (radian)”)
ax01.set_ylabel ("DN.G”)
ax01.set_x1im (0,90)
ax01.set_ylim (0,20000)
ax01. grid (True)

#HBRE (O
ax01.plot(X_dataOl, f1(X_dataOl), color = ”black”, label="fHBI{R%¥: {:.3f}”.format(corl))
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#iEH =
ax01
#Y R
ax01

ax01
ax01

O
.plot(X_dataOl, fl1(X_dataOl), color

O
.plot(X_dataOl, fl1(X_dataOl), color

.legend (loc="upper-left”)
.scatter (X_dataOl ,Y_dataOl)

figO1 .show ()
figO1 .savefig (OutputData_3)

= ”black”, label="fHZ 2{:.2f}” . format(pl [0]))

= ”black”, label="tIf {:.1f})7 . format(pl[1]))

HAHHHHHHH AR AAAHHHHHHHH AR AAFHHHHHEH AR AAFHHHHHHH AR HHHHHHHH AR A A A A HHHH R A AAHHHHHEH
# OW#{LBRDF principale plane D®DApassikN> F ({EHFEHDN)

X_data02 = list (map(float ,np.array(pri-Theta_List2)))
Y _data02 = list (map(float ,np.array (Ori_G_Mean)))

X _data03 = list (map(degrees_to_radians ,

Y _data03

#HEBI R cor HE , ptIA [0],p[1]

p2 =
f2 =

cor2

np.polyfit(X_data03,Y_data03,1)
np.polyld(p2)
= np.corrcoef(X_data03 ,Y_data03)[0

#OE Figure
fig02 = plt.figure(figsize =(5.5))

ax02

ax02.
ax02 .

ax02

ax02 .
ax02.

ax02

= fig02.add_subplot(1,1,1)

.set_xlim (0,1)
set_ylim (0,1)

.grid (True)

squared = 0

for (i,j,k) in zip(X_data03,Y_data03 ,np.
squared = squared + (j — (p2[0]=i +

RMSE = ’{:4f}’ .format(np.sqrt(squared /
# (RMSE)

ax02.plot(X_data03, f2(X_data03), color
#HEBRE O

ax02.plot(X_data03, f2(X_data03), color
#HEZ ()

ax02.plot(X_data03, f2(X_data03), color

#U1
ax02

O
.plot(X_data03, f2(X_data03), color

#RHZ R TR
Zenith_theta = math.radians ((90 — Sun_alt))

X _data02))

LinearStrtch (Ori_G_Mean ,0,15000,0,1)

211

set_xlabel (70 (radian)”,fontsize =18)
set_ylabel ("DNf& N> K ()7, fontsize =18)

yaxis.set_-major_formatter (FormatStrFormatter (*%.1f"))

array (np.array (pri_-photolist2))):
p2[11)) %2

len (X _data03))) #EEEBEEZ LALVE S ICRE

= ”black”, label=" RMSE”+RMSE[0:5])

= 7black”, label="tHB{R%:{:.2}”.format(cor2))

= ”black”, label="{HZ 2{:.2f}” . format(p2[0]))

= ”black”, label="HIf “{:.2f})” . format(p2[1]))
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ax02.plot ((Zenith_theta ,Zenith_theta), (0,1),color = ”r”,alpha=0.2)

ax02.legend (loc="lower-left”)
ax02.scatter (X_data03 ,Y_data03)

fig02 .savefig (OutputData_4)

HAHHHHAHHHHAH AR R AR AR AR AR AR AR AR AR R R R R R R R R R R R R R R

# OAF{LBRDF principale plane ®®D&pass ((G/R+G+) fHXFEBDN)

X _data04 = list (map(float ,np.array(pri-Theta_List2)))

Y _data04 = list (map(float ,np.array (Ori-G_Normalize)))#Ori_G_Normalize

X_data05 = list (map(degrees_to_radians , X_data04))
Y _data05 = Y_data04

#HEB R cor HE , ptIA [0],p[1]

p3 = np.polyfit(X_data05,Y_data05,1)

f3 = np.polyld(p3)

cor3 = np.corrcoef(X_data05,Y_data05)[0,1]

#DE Figure
fig03 = plt.figure(figsize =(5,5))
ax03 = fig03.add_subplot(1,1,1)

ax03.set_title (Name)

ax03.set_xlabel (70 (radian)”)

ax03.set_ylabel ("G/(R+G+B)”)

ax03.set_xlim (0,1)

ax03.set_-ylim (0.3,0.5)

ax03.yaxis.set-major_formatter (FormatStrFormatter (’%.2f’))
ax03. grid (True)

#HBIRE O

ax03 . plot(X_data05, f3(X_data05), color = ”black”, label="HIBI{R%K
#HEHZ ()

ax03 . plot(X_data05, f3(X_data05), color = ”black”, label="fHZ
#IR O

ax03.plot(X_data05, f3(X_data05), color = ”black”, label="YJ}

ax03.legend (loc="upper-right”)
ax03.scatter (X_data05, Y_data05,s=15)

{:.3f}”.format(cor3))

{21} format(p3[0]))

.21} format(p3[1]))

ax03.plot ((Zenith_theta ,Zenith_theta), (0,1),color = ”r”,alpha=0.2)

squared2 = 0

for (i,j.k) in zip(X_dataO5,Y_dataO5 ,np.array(np.array(pri_-photo
ax03.plot(i,j,’0”)
ax03.annotate (k[ —-4::], xy=(i, j),size=5)
squared2 = squared2 + (j — (p3[0]*i + p3[1]))*=%2
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RMSE2 = ’ {:f}’ .format(np.sqrt(squared2 / len(X_data05)))
fig03 .savefig (OutputData_5)

HAHBHHAH R HAHBHH AR R AR R AR AR R R R R R R R R R R R R
# WHAZENKN

X_data06 = list (map(float ,np.array(pri_Theta_List2)))
Y _data06 = list (map(float ,np.array (Ori_Shadow_pixel)))

X_data07 = list (map(degrees_to_radians , X_data06))
Y _data07 = np.array(Y_data06) / 3249 #57 x 57pix

#HEB R cor i E , ptIA [0],p[1]

p4 = np.polyfit(X_data07,Y_data07,1)

f4 = np.polyld(p4)

cor4d = np.corrcoef(X_dataO7,Y_data07)[0,1]

#DBE Figure
fig04 = plt.figure(figsize =(5.,5))
ax04 = fig04.add_subplot(1,1,1)

#ax04 .set_title (Name)

ax04.set_xlabel ("0 (radian)”,fontsize=18)

ax04.set_ylabel ("##|&”,fontsize =18)

ax04.set_xlim (0,1)

ax04 .set_ylim (0,1)

ax04.yaxis.set_-major_formatter (FormatStrFormatter(’ %.1f"))
ax04 . grid (True)

#HBIREL O
ax04.plot(X_data07 , f4(X_data07), color = ”black”, label="#BHR%:{:.3}”.format(cor4))
#HEZ (O

ax04 .plot(X_data07 , f4(X_data07), color = ”black”, label="{HXZ {:.2f}” . format(p4[0]))
#h O

ax04 . plot(X_data07, f4(X_dataO7), color

“black”, label="{]f {:.2f)” format(p4[1]))

ax04 .legend (loc="upper-right”)

ax04.scatter (X_data07 ,Y_dataO7 ,color="gray’)

ax04.plot((Zenith_theta ,Zenith_theta), (0,1),color = "r”,alpha=0.2)

fig04 .savefig (OutputData_7)

Shadow_mean = np.mean(Y_data07)

BRDFinfo_csv = glob.glob(os.path.join(OutputData_6))

if BRDFinfo_csv==][]:

header = [”Name”, “correlation”,”slope” ,”intercept” ,”RMSE”,

“correlation2”,”slope2”,”intercept2”,”’RMSE2”,
”OrbitalPhaseAngle”,
”Shadow_correlation2”,” Shadow_slope”,” Shadow_intercept”,

”Shadow_mean”

]
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with open(OutputData_6, ”"w”) as f:
writer = csv.writer (f)
writer . writerow (header)
f.close ()
with open(OutputData_6,7a”) as f:
writer = csv.writer (f)
writer . writerow ([ Name, cor2 ,p2[0],p2[1] ,RMSE, cor3 ,p3[0].,p3[1],
RMSE2, OrbitalPhaseAngle ,cor4 ,p4[0],p4[1],Shadow_mean])
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