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Error Analysis of Linear Mixture Model using Laboratory Spectral Measurements

Sun-Hwa Kim ', Jung-Il Shin, Sang-Min Shin, and Kyu-Sung Lee

Inha University, Department of Geoinformatic Engineering

Abstract : In hyperspectral remote sensing, linear spectral mixture model is a common procedure
decomposing into the components of a mixed pixel and estimating the fraction of each end-member.
Although linear spectral mixture model is frequently used in geology and mineral mapping because this
model is simple and easy to apply, this model is not always valid in forest and urban area having rather
complex structure. This study aims to analyze possible error for applying linear spectral mixture model.
For the study, we measured laboratory spectra of mixture samples having various materials, fractions,
distributions. The accuracy of linear mixture model is low with the mixture sample having similar
fraction because the multi-scattering between components is maximum. Additionally, this multi-
scattering is related to the types, fraction, and distribution of components. Further analysis is necessary
to quantify errors from linear spectral mixture model.

Key Words : Spectral mixture analysis, linear mixture model, spectroscopy, spectroradiometer, end-
member.
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1994; Huete 5, 1985, Huete, 1986; Zhang &,
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Agagtudo] 7k HL=1 Itk (Borel and Gerstl,
1994; Knipling, 1970; Bo—Cao and Goetz, 1995). 3}
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A APEFEL & Ul AFH go] g
3ltHZhang =, 1998; Tseng, 1999), o1& ¢Jall, &3

A2 vldgAdol B8 F7, W, Edule, AR

of wek ofFA el x|of tigh g B4jo] Ba
st} 71& AAEEolAE thoFd E3HIE 9 Wi E
AHE 7HA AR B9k B TRA 33k
Z(canopy)& 29| AIZRL & o] 77 Y 24
Axstot HPERRDY HYES BYstgt A7
Ay AgEstndel A¥ee o HYEEe
Z3ugo wet 24 et A& & 4 AT
(Tseng, 1999; Hu %, 2002; Ray and Murray, 1996;
Al 2003).

wehA B dqode Ay % S5 o831
thokst AR AuET) i e 7H S
£2 Aoz B3 Alsghs 248kl o|FA &4
9 B AeZe AgEgRde) AL g v
sto], B39 1A ulE, Wi e} skl wh
2t Ay Egtmdo] ox ¢S AFH o7 L3R
Ci=g

1o

N

F

-
N
N
)
L
o
18
)

<4
o
1o
5
2
=,
)
N
AS)
o
oft
1
lo
U
ot

Ao)ek= 7o) AR ATt

BREtEY 7HS 7t Shho] ZikE0] Sl oY
AREEQ AH3 BHIAIEALS ol8sto] 7 el
FASHE o7 AREES FAH1R(ractiony& 34
she 71Holct, ol Z} ki TRt 4 HEEE
FAEe gow 7 shae oy A4 AEEY 4N
&(fraction) &2 FAul&e] Fo =2 vehd 4 k.
ol gt EFEF[RA 7|y stetRope 33
(spectroscopy)ll A= oW, FATA} Eofo A=
w2 gAto] EFARE AlFshs 28FIY A=t
AsEdA 224307 Aey) ARt EREd
B4 7He O A7 JARFIIH R ARREY,

-538-



Error Analysis of Linear Mixture Model using Laboratory Spectral Measurements

lo ox mu
f
[
o
2%
£
SL
Lo,
F>
\1
,d
O
N
N
—Ll
0_1..
o,
r{n:
i

5 eiichn 2 1ol ol M ol
VRDIAE 7 45 THSH: HRE Aol 2

y

o B oo
z o
ol
In
1o
o2
f&
rL
p
o
NE
oi
=
_g
i ¢
N
Y
ol
o
=
o

o
i,
2
> r
o

= Hbs + hs 1)

A 1904 Xot= 3 2t thof 7t 3kart vepie gt
A& (reflectance)o| T, He A4 AE9 114 ARt
off stz AEoIH, bee SaollA] A AuE T4
vl &(fraction}& 2Jujgitt, niAe o2 he QAIGHS
LERdt, AgEdede F 7}11 AFzAE 7=
1:1] o4 7+ 829 :’,Lkh:]] & AL 0FF o]/ﬂ-_,] e
7Hqok ah, 1 /AdHEe] ELP— e 13koloof gttt

T3 74 AJE(end-memben)?] = AMEHE %
39 EFHE 4= olatoiof gt o|Ft AP
= 7PEollA 24 A AR B34l ET S Aeletn
AR o, B Aia, 98 £ FEOY AEY
FHZoAE o3t 7ol wA) etk deA Q)
THRoberts 5, 1993). o2k AFEANE 74 2
o FHEAo] AR FFe 71A7] gzl AFEHE
drch g EgRdol B APT £+ Yot
(Hapke, 1981, 1993), v|X & Egtmdo] YZEAL Zof

of 22} ARREHA| F3t ojfrofe geAfo] ERE, Bt
7, A YA 2719 g A ol T A
TEY AT FF TAE S5 olghsiat A K3}
oot wats £ AtolA = o gt A9 AlE:
= o A el uig A EREAS

|

r
p

5
_|>l

=) lo

Asjol, MAEAS el A9 dhet A 47
ERELT RS

3. 97 W
1) 5%

B oM A, B wA EERIEA o] HEkdt
=M} HAFo|S o] &3t thekdt 4 vlet v
RS 717 EEAE ARkste] EEEA71E ol&3l]
233kt olet g tEH w 5= AT EY
T4 g Wi E A ERAE A S
ot AAe] 4 = i fgolet 3 4 Sl Aldy
(Quercus mongolica) %<& A& oW B2
£ tiE EF AFH el ofzlgo] L EFS FEt 114
& 7] oY AHIESY e A& EEE}E"“ AR
he BEARS ARSSIITHAIAT, 2003). SAHE
o EFA 9] 557 2 £ th3 Table 13+ 2.

Qo] F 7iA B3 FR= 471 UE 2R 23
oA &4 Holgled), 59 £354718 Argst
ot FOVA A7) 97k th2r}, Table 29t Fig, 1
o= 24 gyl thst AAISE AR E Hofar Qlok,

2) CIst 724 HIgES 718 EEA

APESR ) a7t EFAY F4 L) H&0)
ueh o BA YeERtEAE £4517] sk, £ °°]:rL°ﬂ
Re o 5 7 $52) EEAE AT ¢
H] A E}-"Ef’ BHRREA S Ve i"}ﬁ’“"l
Fol9] THAE o Fig. 29

o] F4slo] SATIAT, ol AMFolY we] =
ggole] WAL Z7AATA TR T4 Hgo) B

& el BRAloks 2o BRE 2RALS

He Uehii SASY BEUENLS

sho, 2 QoA Tl TRHIEY B A

LRSS o EASGH the Fig 32 B
& Wlgom AZEY 4 90 WEOR 2594 3

717 BYRSE 2% Ak 592 Aek,

-539-



Korean Journal of Remote Sensing, Vol.23, No.6, 2007

Table 1. Setting of mixture sample with two end-members used for this study.

Fraction V .
) Sample # Green (Center) Red (Boundary) Sample # Red
Sample [-1 0% 100% Sample ITI-1 Boundary
Case 1. Sample I-2 5% 95% * .Sample III-2 Center
?izecnoi‘grd Sample I-3 2% 78% Sample III-3 Right
paper Sample I-4 51% 49% Sample 1114 Left
Sample I-5 100% 0% Sample II-5 Lower
Sample III-6 Upper
Sample # Vegetation! (Center) | Soil? (Boundary)
Case 2. Sample II-1 0% 100%
Green Sample I1-2 25% 75%
vegetation | Sample II-3 50% 50%
andsoil g ple 114 5% 25%
Sample II-5 100% 0%

* Vegetation! is the oak (Quercus mongolica) leaf, soil? is the standard sand.
* Sample L is refer to Fig. 2, sample I is refer to Fig.3, sample I is refer to Fig.4.

Table 2. Condition of spectral measurements in laboratory.

B Spectro-radioméf& ’
Light condition Two 500Watt tungsten-halogen lamps
Date December 20, 2005 ‘ November 28, 2002
Lenz 10° FOV
Height 2.0m 1.6m
Size of FOV Ellipse shape (Major: 42cm, Minor: 28cm) Ellipse shape (Major: 26cm, Minor: 19cm)

Fig. 1. Measurement condition using the GER 2600 spectrometer in laboratory.
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(c) B (d)

(e)

Fig. 2. Targets having various area ratios of green(white color on figure) and red(grey color on figure) color
papers (2:0% , b:5.7%, ¢:22.7%, d:51%, €:100% of green area ratio under red color paper).

{d)

(e)

Fig. 3. Measured mixtures of vegetations for area ratio being 0%(a), 25%(0),50%(c),75%(d),and 100%(e) and soil.
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Fig. 4. Mixtures of 50% green color paper (white color on figure) on the center(a), boundary(b),
right(c), left(d), lower(e), and upper(f) and 50% red color paper (grey color on figure) on
the boundary(a), center(b), left(c), right(d), upper(e), and lowe(f).
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Fig. 5. Spectrums of the mixtures having various areas of
green and red color papers.

Table 3. RMSRE of linear mixture model for the mixtures of
green and red paper (ratio means the area ratio of
green paper, *total is RMSRE (Root mean square
relative error) value at 400-2,500nm wavelength).

1 cen | Red | NIR | SWIR | Total*

5.7% | 0.035 | 0.070 | 0.0467 | 0.020 | 0.020 | 0.037

22.7% | 0.103 | 0.184 | 0.226 | 0.005 | 0.0175| 0.121

51% | 0.105 | 0205 | 0.579 | 0.148 | 0.016 | 0.243
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Fig. 6. Relative enror of linear mixture model for mixtures having

various area ratios of green and red color paper.
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Table 4. RMSRE value of linear mixture model for mixtures of
vegetation and soil(the ratio means the area ratio of
green paper, “total is RMSRE value at 400-2,500nm
wavelength).

Ratio | Blue | Green | Red

25% | 0.091 | 0.024 | 0.041 | 0.036 | 0.050 | 0.049
50% | 0.105 | 0.083 | 0.091 | 0.024 | 0.05 | 0.056
75% | 0203 | 0.069 | 0.051 | 0.035 | 0.059 | 0.071
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