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Calculation of Reflectance by UAVs Considering Shutter Speed

Kohei OGATA*, Byungdug JUN**

This paper discusses a method for calculating the reflectance of a UAV considering the shutter

speed, especially for calculating the reflectance accurately from a single image taken by DJI's MAVIC

3M UAV. First, vignetting correction must be performed as a pre-processing step. Next, lens distortion

was corrected, and reflectance was calculated based on the irradiance and shutter speed values finally.
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VT4E, UAV(Unmanned Aerial Vehicle) Z )il L7-
Ut— b v U TEHIRPRESTFIZB W THA S
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reflectance distribution factor) Z##&fE L7=4 /L
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AT, BEOMZENED = DIZB% S i UAV
ThD MAVIC 3M) (DJI4h) T SHI-mEE 5
KEFREENT D HEEZMR LS. RimlZBW\ T
DJT #:23 2 L T2 Mavic 3M Image Processing
Guide] PZHEIC L TERLTWS.

2. MHEEAE

AHFGEIZEB T, M L7z UAV X TMAVIC 3MJ (DJI
) THD. MAVIC 3MJ (%, RGB D[R D I A T &
4 DDV F AR MATATEEH LTS, 400
YNVF ARG MVAATRHIGEL TN DLEREF TV —
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1 MAVIC 3M @ L > XEdE

RFEORENPRTENICOWTHBAT S, 77,
IMAVIC 3MJ IZ##iEh TW\Wb Y —oE# 4 Exif
HEHRNOHAMD. Exif HHEZRLT, Lo XEY
ot (optical vignetting) MALH ATV, &iZ, L
AEEDOEREMIETDH. TOH, VY v F—AE—
K (exposure time) #ZE LI-KHREZHIHTD.

T 2T, TMAVIC 3M) oL TWa =061
55 Exif [HFMIC OV T, R CTRICHWZEIZ S0
T, UITFIZEBRISR L TRL.

K1 KWTHS TG Exif IFHROIE

[XMP] drone-dji
NS gl el S
Calibrated float | EIZBITFABHLO X
Optical JHERE
CenterX
Calibrated float | EIZBITFAHLOY
Optical JHERE
CenterY
Vignetting string |V v XJELEOE O EAR
Data %
DewarpData string | v RIZEA DO IEXT
A=K —
Irradiance float |ttt IR
Sensor Gain float |¥/WVF AT MV AT
WZ[E A ORIELREL
Sensor Gain float |HEYENIR £ = — /LK
Adjustment JAHILF AT NJUHE
Gt v — O EfR
ExposureTime Integer|v ¥ v ¥ — A — R
Black Current [|integer|7 T v 7 L ~L

4

2.1 LY XEBRES (optical vignetting) MFHIE

Lo RTEAROE &%, B oG h BRI T
DOWEEEN DT B E R v T 17 (Vignetting) &
FEENDBRTH D, ZHEMIET SI121E, TMAVIC 3M)
IZ31F % [Vignetting Data] D IEFRE A TR (2)
ICHWL Z L THEIETE 5.

Iy(x,y) = I(x,y) X (k[5]*r® + Kk[4] *r®> + K[3]
1% 4+ K[2] *r3 + Kk[1] *r? +Kk[0] *r
+ 1.0) (2)

ZIT, kxy &, XOERICET D L2 XTE I
A 1E % it U 7= JEARE (x, YIS S U D B fE A 55 L,
(0, y) &%, D 7 B VFERE (x, y)IZ 35 0T 2 L
ERLTWD. £, reid, HEBOTLNLEED
v (0, y) ECOREMAERLTEY, FTiLo(2)
TEEND. £z, K0]~K[5]iE, Exif fF@HICH D
[VignettingData] N> L EUfSTE 5.

r = \/(X — CenterX)? + (y — CenterY)? (3)

2.2 LYAEEDEHDWHIE

wIiZ, VORBERDOEREMET D, X, L
RIZEADERNFAET 2HEI, EHEZMIET 5D
DTHDH. ZH 5L Exif [FHFHRIN O [DewarpDatal IZAEH
oL, TLLEBRT 5. EAERE(fx fy) &, ot
FHREE (cx, cy) NS, WAT < MY v 7 AEMET 5.
—fRIZ I AT~ FY w7 RE, FReofrsX(4) TE S
no.

fx 0 CenterX +cx
0 fy CenterY +cy @)
0 0 1

camera matrix =

F 77, Exif [N D [DewarpDatal 121X, Lo XE L
MIELZPE S [k1, k2, pl, p2, k3] D /8T X — & — b Gk L
Thd. ¥, k1,k2,k31%, 77 4 T LVEREE LW
D, pl,p2 i, BIBIEMRE S Wb TS, Zhb
DIXNT A —H—% OpenCV ® undistort B2 CH W%
ZET, VOXEABDELEMETD.

2.3 Vv v —RE—FEEELE-REEOEH
KIZ, XY v —AE—FaBETLFAROEH

Z175. T (B)TRIND.
X _ (IX_IBlackLevel)/(Xgain*Xe;t(:gne)*Pcamx (5)
Ref = [Irradiance]«2bitnum
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b, RG)OZNEFNOERIITLOmEY ThH 5.

Xpep + XWRITIRIT 2 =

Iy @ XEEICHT 2 5
CXERICBTAT T v LUL

IBlackLevel

pCamX @ ~/NF AT MLH A T EH ORIERREK
Xgain * FEYE NIR &2 2 — LICHT 5~ L F 2ALY

MVES R 2 — DR IELR S

)(etirne DYy vy —AE—F
[Irradiance] @ U RE
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IITE, fERE LOREETo B0 a— K&

#HLTEL. L, §iL Python Z T 5.

(Exif FEHRDEG
from PIL import Image, ImageTk
from PIL.ExifTags import TAGS, GPSTAGS

image = Image.open (image path)

def get exif (x):
exif dict = x.getexif ()
exif = [TAGS.get(k, "Unknown")+ f":
{str(v)}" for k, v in exif dict.items()]
exif str = "¥n".join (exif)
return exif str

print (get exif (image))

(Lo XBEDEAHEERE]

k = [-0.000016779, 1.386650e-06,
4.019088e-09, 6.862371e-12, -5.235157e-
15, 1.481126e-18]

1296.000000

centerY = 972.000000

centerX
height, width = dn values.shape
distances = np.zeros((height, width))

for y in range (height) :

for x in range(width) :

distances [y, x] = np.sqrt((x -
centerX) **2 + (y - centerY)**2)
height r, width r = dn_values r.shape

VignettingCollction array =

dn _values* (k[5] *distances**6 + k[4]
*distances**5 + k[3] *distances**4 +
k[2] *distances**3 + k[1l] *distances**2

+ k[0] *distances +1.0)

(LYXDEBRDEHDHIE]

dewarp data = "2022-08-
02;2170.000000000000,2170.000000000000,0
.000000000000,0.000000000000,0.000000000
000,0.000000000000,0.000000000000,0.0000
00000000,0.000000000000"

date str, params_ str =

dewarp data.split(";")

76

params = [float (param) for param in
params_str.split(",")]

fx, fy, cx, cy = params[0], params[l],
params[2], params|[3]

k1, k2, pl, p2, k3 = params|[4],
params[5], params[6], params[7],

params [8]

camera matrix = np.array([[fx, O,
centerX + cx], [0, fy, century + cyl,
(0, 0, 111)

dist coeffs = np.array([kl, k2, pl, p2,
k31)

undistorted image =
cv2.undistort (VignettingCollction array

nir, camera matrix, dist coeffs)

(Vv v —RAE-FZEFELEREEROHH]
I BlackLevel = 3200
nir gain = 1.021
r gain = 1.000
nir etime = 1094
r etime = 1514
nir irradiancce = 11467.438477
r irradiancce = 14887.082031
pCamNIR = 1.036728
pCamR = 0.535415

X Ref = (I X -
I BlackLevel)*10**6*pCamX/ (X gain*X etim

e*X irradiancce*2**16)
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