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Multi-year to -decadal observation records are often required to detect changes that have occurred or are
occurring, and to identify trends and causes of those changes. Differences in sensor specifications,
however, cause discrepancies between observation records by two sensors. These biases should be
minimized by conducting inter-sensor calibration. The objective of this study is to perform analytical
investigations to overcome the difficulties. This study has clarified influences caused by differences in
spatial resolution, spectral band-pass filter, and observation geometries, which are beneficial to
long-term earth observation record.

SEATIRTERA
(BHEHHAL - 1)
[ERESE GiEERESE & @t
200 94 1, 600, 000 [ 430, 000 [ 2,080, 000 M
201 0% 700, 000 M 210, 000 910, 000
201 14 700, 000 M 210, 000 M 910, 000 M
201 24K 700, 000 M 210, 000 M 910, 000 M
FE
& 3, 700, 000 M 1,110, 000 M 4,810, 000 H
WFoEo 9 @Aﬁﬂﬁ
P& D53 F - AE - - IRIEBNREARAT
F—=U—F:JE— ht g

1. WHFERR Y I DT &

2 Ak & & T BR B2 R RE O 4E4R 0 € DRI
& o THREBNITEE oK
ZORER ERFRI KO BN TN D, FHRIC
K HUERBLHI T — 2 13 BEIC
WD T, FERA~OHkGEIENHEER S T
B, AAZGOEBOESEARI LD H

HE2H-TEY,

30 FEIZ K SEHE

ERBLAIGHE N EATICE S TWD. Zhbo
BHRE R3O R ESEREE VT —
WCEBT =4ty PTHERINLTWDLTZD,
LR DRI 5 o — AR B W CHRE A
BEREFOHEBICATHRT —ZD 7 |
(T—F 777 ) WELTWS., Zhb#
Bovrhr—iREMIZELEEEHT—F



v FOKER LIZIE, TOT—=FT7 77 b
ZIRIHT 212D ORMIIEZAT 5 BN B
5.

2. WFFEDOHW

AWFgeo BX, EMIRICB XSk T
— 2 ¥y MERRD =D ¥ o — [ 5
EFEICET 2 E#ME L2722 Th 5.
SEEE O TREEZ B & L BRI O
BlEy I 2L —a By, £, FHEE
R fedt o 1 DI F o Tng, —&
HodH 5 EBERNT — 4%y MEK~D
HkZ BT HL0OTHS.

3. WL HIE

oY — MR B 5 D ZE R ST &
LD, UFD3T—~&RE L.
(1) fRBEEARANED AR

(2) B ER R EO R

(3) TR SMHRATFYE D fE

KT —<IZOWT, ETMITFEEHNT
MEA~OT 7o —F 2R A, A L-EREIC
DONWT, BIEETNREKT — X2 5D
FRAEZHED D E W IR EE & 5T,

4. WFIERE

(1) fRBEEARANED AR

KGRI 2 AL D RGO TR L
PR E2ET—Z2EHNN TV Ial—v3
U (X)), HEAFEESE o Sk 2 ok
i, FEECESEAERNO v v (R
BEIZIST DA IcxtL ey hT5
EREARB OB ERFEFRT 522N
TE5 (M2). K26 3MAEROHEE
SEED (B DR EER I LC) BRI
HLTWD I ERNMAZ 5. AFETIE, =
OEBEEOBFHAMEEZH LT 5720
Wz, ETHMBEOCENERT-OOET IV
‘G EERE TV AR L (K
3). W\iC, MGEEREETLVERNDZ L
T, B DIRGEE L~ B OIREE L~ L
(BT 2R T O A PR BCE T o
PAC B AT Uiz, ZOfE %, B2 GEH
THZ LWL, £, RO mERE
THHT K1) ZHEMMT L.

— dEt[pl’/A)l _/32]
det[pwlbl _/32]

ZIT, p & py AR LU R R
VON= AR MVOREER, plETy KAV
N—=2AX7 MOHEEMERT. 12, EX
ORFnH 12822556 L THLEAET
IIRGRE \IRAF L, & DIT, Z O MmN
WHET 5. THE 1IZRD5EICRY G
RIE LW ERAL N E o Tz.

@

X 1. Landsat7-ETM+% RV 7z [6—{fEE 0 2R
RBEETY L J

NOVI savI Eviz
0.208 om o
| z 0171

0.29
% 0.204
5 0.202
:om

= e 2
0.268 = 0.169 0.1585
nnnnnnnnnn

w 0w e’ w e 0w’ w 0w
Musber of pixel (in log scale) Mumber of pixel (in log scale) Mamber of pixel (in log scale)

X 2. #EAEH (NDVI, SAVL, EVI2) o LieH
B (K1) i) 2REEREN

X 3. fAMeEBEBRETADIGAR. LEIIFGE
LUV I vb 4, TEIX1 D 9DBBERT.
I B, —REHAEREOLEIZONTS
e D T FER, Z OFEECEIEIL, &
EBRBEET VIV ERIND R —RGBE
BENCTHMICE(LT D L LT,
AR 7 e —FI2 LY, St EEE
WO YA D R — 45 EE B N CHFRIC A b
THFEOOZ Y RA L NR—Z_7 hLICH
THOEMPFET HZ L ER LT

(2) B BRI O fR A

B BRI 2581, £,
KRR OB EZEH T2 L0 0HD
7o, BIMRRoE T, HEKER—E DKM
TTEOLNDNE AT SLois (BT
A VT4, K4) IZEBL, 20T A4 VT
A v aRTHFEX (H8ET7A4 Y74 V5B
A) LLTEHLE (M5).

NIR

Red

M 4. BEETNVICEDEHETA Y T A Df)



Pbn | Fo
f(w fbv

-1
Fb'uab'Fa

B 5. HAEEED &Y —HBEREXOEHFIE

X5, ZOREHRFEBRAE UV CHEA T
Bt o —RER A fmiracE s L, 5
Bo¥ o —MHERIEE2R AT, Bl ER
OFER (X6) 1%, B —RIOMHAERIEN
EWEECTHRETHDL ZLEZRBL TS,

K 6 TETAYITAVFIERXEFALEEVY
—RIFEARERE (True MODIS vs. Translated
MODIS from CAI)

(3) HAIR)SERATE D fR A

AIET CEH LMo ' o — Bt
AEHICEE L TIE, RIS 2 R BIAR
CLTCEETA Y ITA U TERERERALE.
WAREE O Y —HEFRET EE T 1
FA LV FBRAXORDbYICHAERBIZBITAZE
¥ CEEMEERLR L) Z2EELEGAICED
LD R BER WAET A Y T4V )ifE
A) ZHWTCHLEHAIEETHDH. £ T, K
e CIIAETA V74 v FRERXICH &2
<HAREHOE Y —MBERAZEHL, %
DRI D& Y — KTAA I KX OFx AL A

OEALN ' Y — BRI KIE T REIC
OWTHR L7z, 5ot o —RIEHR A+
ORI, RIS R B 4%
BIERIFTHZ ENHLMNE o7z,

T (65,6
Aba,l(‘90195) = M
TVR(QO’QS)

Dpas (Oo,0,05) = pi (05, 9,05)
+bT, (65,65)

—7(05,05) pr (05,0,05) (3)
WIZ, TR EsHncEH Sty
P —MBFRIF ORE (h1) 23, B TS
(B —KTEA LR SFALA) 128 DR
BEARGET 20N EHLNNT B0,
BEETTLVERHW -2l —va v &2FE
L7, ZORREK 7TIRT. ZORERE)
o, HAEREICHHAT D, o/mERFME
NREIC 72 5 & PREMRE (hD) 1Tk'
B — RTEA DN LA /N S WS F T @il
LMFMECHELTIFIE—FE L D Z LR
SNz, ET—F D OHERESREEZRD S
WA, HEE = X ARMERT — 4 &
Wiz D2V0ERDD., AFRICLBERT, =
O [REABLR T — 2 OB KRz DN T
HOREOREMNAGETHD Z EEREBL
TW5.

(2)

azimuth angle

0 10 20 30 40 50 60
view zenith angle

X 7. WARBWEARTORE (h1) OFEH
BMTRME~DIRTEME (RIEBAMEWGAITITKE
EBMEL 2o TVHBDRFEZS.)

5. TR ILF

(WFZEARFAE . WFFE T M ONEEERTSEH (2

EQNY)

CdeRERm ) (R 8 1)

[1] Kenta Obata, Tomoaki Miura and Hiroki
YYoshioka, “Scaling effects in
area-averaged values of two-band spectral
vegetation indices represented in a general
form,” Journal of Applied Remote Sensing,

vol. 6, 17 pages,
DOI:10.1117/1.JRS.6.063585, 2012.7% &t
AV

[2]  Hiroki Yoshioka, Tomoaki Miura, and



(3]

[4]

(5]

(6]

[7]

(8]

Kenta Obata, “Derivation of relationships
between spectral vegetation indices from
multiple sensors based on vegetation
isolines,”  Remote  Sensing,  4(3),
pp.583-597, DOI: 10.3390/rs4030583,
2012. #FEA Y

Kenta Obata, Tomoaki Miura, and Hiroki
Yoshioka, “Scaling effect of
area-averaged NDVI: Monotonicity along
the spatial resolution,” Remote Sensing,
4(1), pp.160-179, DOI:
10.3390/rs4010160, 2012. #FHiA Y
Kenta Obata and Hiroki Yoshioka,
“Comparison of the noise robustness of
FVC retrieval algorithms based on linear
mixture models,” Remote Sensing, 3(7),
pp.1344-1364, DOI: 10.3390/rs3071344,
2011. AHA Y

Kenta Obata and Hiroki Yoshioka,
“Relationships between errors propagated
in fraction of wvegetation cover by
algorithms based on a two-endmember
linear mixture model,” Remote Sensing,
2(12), pp.2680-2699, DOI:
10.3390/rs2122680, 2010. A #HiA
Kenta Obata and Hiroki Yoshioka,
“Inter-algorithm  relationships for the
estimation of the fraction of vegetation
cover based on a two endmember linear
mixture model with the VI constraint,”
Remote Sensing, 2(7), pp.1680-1701,
DOI: 10.3390/rs2071680, 2010. ##i A
U]

Hiroki Yoshioka, Tomoaki Miura, José A.
M. Dematté, Karim Batchily and Alfredo
R. Huete, “Soil line influences on
two-band  vegetation  indices and
vegetation isolines: A numerical study,”
Remote Sensing, 2(2), pp.545-561, DOI:
10.3390/rs2020545, 2010. Z#HiA Y
Hiroki Yoshioka, Tomoaki Miura, José A.
M. Dematté, Karim Batchily and Alfredo
R. Huete, “Derivation of soil line
influence on two-band vegetation indices
and vegetation isolines,” Remote Sensing,
1(4), pp.842-857, DOI:
10.3390/rs1040842, 2009. Z#HiA v

(%R G2 71F)

(1]

(2]

Kenta Taniguchi, Kenta Obata, and Hiroki

Yoshioka, “Inter-sensor NDVI
relationships  based on  analytical
relationships of soil isolines,” IEEE

IGARSS’12, 4 pages, Munich, Germany,
July 2012 (to be appeared).

Masayuki Matsuoka, Kenta Obata, and
Hiroki Yoshioka, “Scaling effect of

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

area-averaged NDVI  derived from
ALOS-AVNIR?2 data,” IEEE IGARSS’12,
4 pages, Munich, Germany, July 2012 (to
be appeared).

Kenta Obata, Hiroki Yoshioka, and
Tomoaki Miura, “Comparison of scaling
effects in fraction of vegetation cover
between algorithms based on linear
mixture  model using VI,” IEEE
IGARSS’12, 4 pages, Munich, Germany,
July 2012 (to be appeared).

Hiroki Yoshioka, Kenta Obata, and
Yasuhiro Ikuta, “Analysis of error in
fraction of vegetation cover propagated
from band-correlated errors in endmember

spectra,” |IEEE IGARSS’12, 4 pages,
Munich, Germany, July 2012 (to be
appeared).

Hiroki Yoshioka and Kenta Obata, “Soil
isoline equation in red-NIR reflectance
space for cross calibration of NDVI
between sensors,” IEEE IGARSS’11, pp.
3082-3085, Vancouver, Canada, July
2011.

Kenta Obata, and Hiroki
“Influence of endmember spectra on
scaling effect of vegetation cover
estimation with NDVI,” IEEE IGARSS11,
pp. 2919-2922, Vancouver, Canada, July
2011.

Hiroki Yoshioka and Kenta Obata,
“Relationship of propagated error in
fraction of vegetation cover among the
retrieval algorithms based on linear
mixture model,” Proc. 34-th International
Symposium  of Remote Sensing  of
Environment, in CD-ROM, 4 pages,
Sydney, Australia, April 2011.

Kenta Obata and Hiroki Yoshioka, “On the
resolution transfer sequence that results in
monotonic  changes of area-averaged
two-band spectral vegetation indices,”
Proc. 34-th International Symposium of
Remote Sensing of Environment, in
CD-ROM, 4 pages, Sydney, Australia,
April 2011.

Kenta Obata and Hiroki Yoshioka,
“Monotonicity of two-band spectral
vegetation index in general form under a
two-endmember linear mixture model,”
Proc. 34-th International Symposium of

Yoshioka,

Remote Sensing of Environment , in
CD-ROM, 4 pages, Sydney, Australia,
April 2011.

Munenori Miura, Kenta Obata, and Hiroki
Yoshioka, “Vegetation isoline equations
for atmosphere-canopy-soil system of



[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

layer with second order interaction term,”
Proc. SPIE, vol.7809, 780906, DOI:
10.1117/12.860432, San Diego, USA,
August, 2010.
Kenta Obata, Munenori Miura, and Hiroki
Yoshioka, “Scaling effect of fraction of
vegetation cover retrieved by algorithms
based on linear mixture model,” Proc.
SPIE, vol.7809, 780905, DOl:
10.1117/12.860440, San Diego, USA,
August, 2010.
Kenta Obata and Hiroki Yoshioka, ”Error
bounds of area-averaged NDVI induced by
differences in spatial resolution under a
multiple-endmember linear mixture
model,” Proc. ISPRS TC VIII Symp. 2010,
in CD-ROM, 6 pages, Kyoto, Japan,
August, 2010.
Kenta Obata and Hiroki Yoshioka,
“Inter-algorithm relationships for retrievals
of fraction of vegetation cover in a
framework of linear mixture model,” Proc.
ISPRS TC VIII Symp. 2010, in CD-ROM, 6
pages, Kyoto, Japan, August 2010
Munenori Miura, Kenta Obata, and Hiroki
Yoshioka, “Vegetation isoline equations
for analysis of hyper-spectral data with
higher order interaction terms,” IEEE
IGARSS’10, pp. 1031-1034, Hawaii, USA,
2010.
Naoki Takahashi, Kenta Obata, Masaki
Iwamura, and Hiroki Yosihoka, “Parallel
implementation of unmixing algorithm for
variable-endmember linear mixture
model,” 1EEE IGARSS’10, pp. 967-970,
Hawaii, USA, 2010.
Kenta Taniguchi, Kenta Obata, and Hiroki
Yoshioka “Derivations of inter-sensor
NDVI relationships based on soil isoline
equations”, G Z=ff] EXPO 7 4 —
L, 2 pages, ik, 20124F6 H.
s, HREE T AR
T —H AW TN Ve — T AL
LT NA R=RAXT MVT—H D5y
JCRFPEDRAM, 7 25 53 BIHAY £ —
NN = L S AE N
HA, 2012 4E 11 A.
s b BLan,  EE bR, /NI EEOR,
“ALOS/AVNIR-2 % i\ 7= NDVI @
ARG BEARAFPEIC B9 D Bl 2R, ” o
AR 24 AR B ARG SR TR
2, B, 2012 4 5 H.
ANIEER, ERAEE REAEfRER A T
WIZBIBIR G T /AT D < SRR O
G FE AR AT B9 % LI b, 7
B 51 MAARYE— bR TER
PR R SR, pp. 63-64, GLAT,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

2011 4 11 H.

VIR, FHAMEE  “NDVI & W
T TR SR HE T2 A1 D A5 BE A A7 1P 2 AV
THLY RAUN—XDOFE,” &H
50 M HAYE—FEr v /pasy
kiR CHE, pp. 117-118, HUA,
2011 4 5 H.

Tomoaki Miura and Hiroki Yoshioka,
“Spectral and spatial compatibility
analysis of multi-sensor vegetation indices
using EO-1 Hyperion data,” %5 50 [A]
HARY E— Moy v V32
L, pp. 109-110, HOT, 2011 4F
5 H.

ANV, EHEE RRECRHEEE
DG FEAR TR & & ORRGE, 7 6
18 BHVE— bRV T T HF—T A
&k pp.11-12, T2, 2011 4 3 A.
ANEER, I E R AT R v D
AHEE MR 3 2 MR  HEERR 22
FIEMBRROE TS 49 FIHA Y £
— b v TR T S R SUE,
pp.33-34, FEVLE, 2010 4F 11 H.
ANIEER, i E HRIRIR G T VT
b & D FRCREHEE M (FECEAE)
DG FEARATIE S 48 B H AR Y £— K
BT T N T 2 e SR
pp.7-8, =< IE, 201045 H.

VANY <:iF =3 N B W T N 9 PR
ABETT IS < NDVI Ot R 1T
P RA U R—EOEBEIZONT?,
BT RV E—b BT T —T
LERE, pp.45-46, B, 2010 4= 3 H.
SR, MR, S & CmR O
M EVER %558 U= KRR BEfR Ao
B E 17T H)E—F T T
+— 7 NEEE, pp.31-32, HA(, 2010
H3H.

ANV, FnH SR, S E 0 NDVI
SEIRCE I D iRt B A A« 22 FI ARG
BEVZAE S BRI DWW T, AARY E—
MU TRRE AT BRI
A, pp. 117-118, & B K%,
2009/11.

(fls, [EIBRE R S 6 - 5Ani)

(X3)

GFofF)

(PEE M PEME]
OHRERPL (B0 1)
OBAHRIL (FF0 )

(Z Dfth)
6. WAL
(1) WFgefizessr

i RRES

(YOSHIOKA HIROKI)

RN R « [RS8 - e
Fges &5 « 40332944



