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Abstract

The objectives of this investigation are :

1. To analyze spectral signature and the associated vegetation index for geometric illumination
conditions influenced by low solar elevation and high slope orientations in mountainous forest.

2. To assess the accuracy of the spectral angle mapper classification for the a winter land cover in
comparison with the maximum likelihood classification.
3. To produce the image of water quality and water properties that could be used to estimate the
water pollution sources and the tide-included by turbid water in estuarine and coastal areas.
These objéctives are to characterize environmental and ecological monitoring applications of the
Nak-Dong River Basin by using Fuyo-1 OPS VNIR data acquired on December 26, 1992.

The Results of this paper are as follows :

1. The spectral digital numbers and vegetation indexes (NDVI and TVI) of mountainous forest are
higher on the slope facing the sun than on the slope hidden the sun under low sun elevation
condition.

2. The spectral angle mapper algorithm produces a more accurate land cover classification of areas
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with steep slope, various aspects and low solar elevation than the maximum likelihood
classifier.

3. The maximum likelihood classification images can be used for identifying the location and
movement of both freshwater and salt water, regardless of geometric illumination conditions.

4. The color-coded density sliced image of selected water bodies by using the near-infrared band 3
can provide distribution of the water quality of the Lower Nak-Dong River.

5. The color-coded normalized difference vegetation index image of the selected mountain forest
is suitable to classify winter vegetation cover types, i.e., forest canopy densities for slope

orientations.
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gy Wats £FFY MUz dx/dee] o Aol7]) WEol (&3l <, 1993).

B A7 AR YgE 22 AEASS 1929 T ZAE SHALEIA(YED T, 1994)
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Table 1. Specification of Fuyo-1 OPS VNIR subsystem(JAROS, 1993)

Band Number Wavelength(um) Remarks(Spectral Location)
1 0.52-0.60 Green
2 0.63-0.69 Red
3 0.76-0.86 Near-infrared, Nadir-looking
4 0.76-0.86 Stereoscopic, Forward-looking
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Figurel. This illustration shows the three different types of the reflecting
directionality from a surface : a) forward scatter(reflecting) direction, b)
backward scatter(reflecting) direction, ¢) nadir scatter perfectly diffuse
reflecting direction (Hildebrandt, 1984).
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Figure 2. Diagram of two-and three-dimensional concept of the spectral angle
mapper(SAM) classification. Darkly shaded pixels should fali near
the origin, the dark point (Kim, 1996)
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Z)ol A Ho]ZAtH(Research Systemn, 1995).
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Table 2. Weighted mean values of the spectral DN and VI for forest cover of the test
area by using Fuyo-1 OPS VNIR data.

Digital Number Vegetation Index
Green Red Near-IR NDVI TVI
54.33 50.73 59.42 0.14 0.79

—-&—- North slope
ofientation
—a— South slope
orientation
---&-- East slope
orientation
- %~ West slope
orientation
North slope orientation 0.107 0.776
South slope orientation 0.173 0.797
East slope orientation 0.156 0.808
West slope orientation 0.058 0.744
b) 80
TO oo ~-#-- Norih slope
.. 60 ofientation
<>w 40 orientation
Z 39 ---&-- East slope
(=) onientation
20 - % - West slope
10 oientation
0 1
GREEN RED R
North slope orientation 47.9 39.7 50.9
South slope orientation 60 60.4 794
East slope orientation 55.7 52.4 73.5
West slope orientation ol 4.7 53.1

Figure 3. Spectral reflection and vegetation indexes for slope
orientation of mountainous forest : a) NDVI and TVI, b)
digital number(DN).
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Figure 4. Averaged values of the NDVI and TVI for various non-green cover
types in the test area by using Fuyo-1 OPS VNIR data.
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Figure 5. Plot showing average values of spectral DN for various non-green cover types in the
test area.
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Figure 6. Difference between the Nak-Dong River and the Nak-Dong-Po coastal area,
appeared by using the mean values of vegetation indexes and spectral digital
numbers.
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A - SR LG ELS TG EFAEL S el SN EAFE FAIE
= & Aolst G EAT e B ANRALE (spectral reflectance) A o)A H]E=d 7|75 7HA ¥
BAE FHskA Fahe 9o g wEA AFA Y AeHE YEE Hre T
5 ASERIIYE olgstd BE FAYE LRl et

FXE 2 (principal component analysis) % 3 3Hclustering) ol 93 F745 EF71H& &
AFNME AR 2T EFAUS - AUSE F4 BRVIHS ARt vkstd ofn
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ARRR EAX 5EAL T Rl oA dgad AdeE FAEF 7] (maximum
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o2 she thige] RESF(ARLETF)E FHS £ oo o3 WMEL-2-308 FAHH
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Table 3. Comparison of the SAM classification with systematic sampling supported in-situ
analysis in percentage of the classified pixels. Results based on Fuyo-1 OPS scene
of a) path 084 and row 241 worldwide reference system(WRS), b) path 084 and

row 242 WRS.
a)
Class Number of pixels Cover % Number of Re. Sample Cover %
Unclassified 176985 1133 - -
Forest 525367 33.62 100 54.65
Urban 174028 11.14 8 437
Winter Agricultural 603942 38.65 35 19.13
Green(Vinyl) house - - 27 14.75
Barren 26201 1.68 5 2.73
Reeds Vegetation - - 3 1.64
River 55978 3.58 5 273
Total 1562501 100 183 100
b)
Class Number of pixels Cover % Number of Re. Sample Cover %
Unclassified 111039 9.08 - -
Forest 378379 18.87 39 28.06
Urban 81991 6.70 10 7.19
Winter Agricultural 232493 19.01 16 11.51
Green(Vinyl) house - - 8 5.75
Barren 6046 0.49 - -
Reeds Vegetation 54168 4.43 5 3.60
River 69881 5.71 5 3.60
Sand dune - - 1 0.72
Coastal sea 436588 35.70 99 39.57
Total 1222940 100 139 100
TFHAAGANME #7E 4HATS BN AL B &2 AXI}T 92, AN EA LY FA
EReEe & gixs] BE 784S 58 39T 4 Aok I-7 bolA SMo 7 Yehd
ol 1YAR MERE ARATECI 59 FALEL X402 Dol= AP A Y2
S0l glol AUTHTPAA BEa BA NBART 2R HPANGES L & Ak
2 Fe) AYSEFYRREE AFGEAE BR LRE WE & AR TR 2
2l TRE B AYSEE, FAEG $gde] 2HE AFERE ¢

19 7be] AHS 3 084-24100 4 2] ol BHL FAF 084-24200 4 o U AFR) o wh
FErlolFsle] BEFZSEFAYE 3] DEoN BiFslatott o] FAW EFsMldN o
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LERSEYTI

weanid

Figure 7.

a) False color composite of Fuyo-1 OPS data(bands 3, 2, 1=RGB) for

the Lower Nak-Dong River Basin test area. b) The result of performing a
spectral angle mapper classification of the test area by using OPS
bands 3, 2, and 1. The categories of this classification are Black
=Unclassified forest (mainly north and west aspects), Yellow=Winter
agricultural land cover, Green=Forest, Red=Urban, Orchid=Reeds
Vegetation, White=River, and Blue=Costal sea.
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Table 4. Land cover results from SAM classification, the maximum likelihood classification and
systematic sampling supported in-situ analysis for the test site of Fuyo-1 OPS
worldwide reference system, path 084 and row 242, in percentage of the classified

pixels.
Class Cover of SAM Cover of In-situ Cover of ML
Classification( %) Analysis( %) Classification( % )
Unclassified 9.08 : - -
Forest 18.87 28.06 33.16
Urban 6.70 7.19 10.08
Winter Agricultural 19.01 11.51 1784
Greenhouse( Vinyl) - 5.75 ’
Barren 049 - 0.12
Reeds Vegetation 4.43 3.60 1.90
River 5.71 3.60 1.80
Sand dune - 0.72 -
Costal sea 35.70 ) 39.57 343
Totall00 100 100

ZALET 289% %> HAB &S AR At & 8
A AFH A3 o @4 oA Zetd BI3AUIEFS ST Z8 T Zdzte] 2Rz}
Ho} 387%9k 527%0F AL AEHH &S AR dt
4 AFAAREE ol fT EFREAAY FEEE LA E(emor matrix) & THEo] KHAT
kappa statistic) == A Ak} A B % (producer’ s accuracy )t AFR-RF A 8% (user s accuracy) &

P

gted & 4= YA o] HPHE B9 A E-A] (nonsite-specific) F F = H7IO|RE o O7tA Y AT
ERASET T8 5 J3 JA 2 ERASE disires FAH

(=
3
73S A g
= gHoltH(Verbyla, 1995 : Jensen, 1996).

7oA A EEZAb g EFAFSE wiwwde vE FAE AFRAA) ¢ld
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Figure 8a. Maximum likelihood classification Figure 8b. Maximum likelihood classification
image of freshwater in the test image of salt water in the test
area. area.

Figure 8c. Maximum likelihood classification
image of freshwater and salt
water in the test area.
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17.7081
51.9561
15.8528
41337
4.2043
34532
2.6928

Pecent of total
number of pixels

High
14
17
20
21
23
27

160

value

DN
Low

10
15
18
21
22
24
28

Blue
255
255
240
255

Green
255
255
255

32
255

Color look-up table value

Red
255
255
160

selected water bodies in the test area shown in Figure 9b.
255

Green
Red
Yellow
Cyan
Purple
White

Table 5. Color class intervals and associated values for color-coded density sliced image of
Blue

Visual color
class interval
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a) b)
Figure 9 a) False color composite image of water bodies, the test area masked. b) Color-
coded density sliced image of selected water bodies by using near-infrared band 3.
Color class intervals and associated look-up table values are presented in Table 5.

7o

A REIE FEF - SR AAAT gukstd olE FEFY Ao E] AT
HZ2Z 2 A} EUst7] rcH-E’—O]I:}(ﬂEW - YW T, 1993).

F S ZhERAlG] AE7F ARERE FASIAIRE A= W S E olFA HEZ
10b2] YA FellM BH wrxAe] 7] e WAE 19 10a Hrh 2 djotdn), &
Ao YAlsdE 7HAFAN Y YASHTET A ES JAE HolAA T AFKFd
gy g3 QEET ANIHE gy B AT F o FU A 2 FAHEY
AT E/A 3R AR pEHo Y, BeA FESA7E AMESHAl R AAAE S
ALAANE HES BAES] MR o] 27X G S T st 2 AR 48 + 9
o}

AB7A =oE] FAs gdZ2A S48 S FAASS AT 4 "
AFEH S wf/iHF7E AR et A Aol A AR g upet 2ol
27 43 E-E AXIER ALAER T I 5A =
3 A7 2 ek B oA s de AR FREE =E s A

| R
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Figure 10a. False color composite Fuyo-1 OPS VNIR image showing
the test site Nak-Dong Esturary. Red line(or dotted red
line), green line(or dotted green line) and yellow line(or
dotted yellow line) indicate chemical oxygen
demand(COD), total inorganic nitrogen(TIN) and salinity,
respectively. See text for details.

Figure 10b. Anaglyphic image of Fuyo-1 OPS VNIR band 3(nadir-
looking) and band 4 (forward- looking) data for the test site

Nak-Dong Esturary.
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#g AR ST HFEZ ok A - WA AR ST v gt B oW Bl

= o} (illumination) &G & A

3k A AR o) v g EE =

A MAF3A TIE 1las 7HH7HEE &
et O AFEY e g wEQth o] At w2 ANASRE e G

AR ko] e oo vy gy B AARFHE Zte 99, F

A vebdh Al21do A Aest uke Zo] Asidy A AFTEe] vl &g

AR oF 248 AY 1 FHFLS FAF-HY FFF AytEo Ho J¥od 1

o]

I} = P

B oox rlu ot

i

a)

Figure 11. a) Transformed vegetation index(TVi) image of the selected mountain forest

in the test area. Red lines indicate a ridgeline of mountains and they also

divide slope orientations. b) Color-coded normalized difference vegetation

index(NDV1) image of selected mountain forest in the test area. Color
representation of NDVI values are found in Table 6.
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o]3lH Fuyo-l OPS VNIR 89} Zo] AAEs) 5] $48 FAARERE AYAFE 2T
S 23 o gYuE AXAY o wrEA] IYAGES aEsfol sk Tt gae] A
AR =0] 11kmE ZH= AVHRR(Advanced Very High Resolution Radiometer) 255 AHE-st
o A TFE :r”—% Ao o)A o)W FHE FA]E 4= 9JTH(Running et al, 1995).
Bl Jdxe Ao o8 dekS o 2e el o A A=
kil F Aok YA JPETLY AA=(EHH 1:25000, 1989 A=) E
GIS7|9el 938 AAAFES} T4 FHUE M JAEE ALH QAT THAARYGE
of A3 BN FT AAZ GAF/RE st o2 Wy, & FFAMAFLEE FYFES S
H 1L

e Oﬁ

XA o] WL ZARITL

2oiHt} Fuyo-l OPSY A A= AMmM 2 Ry AxE JFAQAFR7F S50
Uo = Aol glo] 08 7|FECE 8t %—éOlE(R—shift)AlﬁE} oy ¥FaFAYAE AHE
3te] 1Y 11bst 2 §MATHALS BEJAD X 62 I7 11b9] AAE FHd hF =
o2 Ao AFANAFAY BxWEeS yehd otk SH0F 5&F FE2 HHE 4
Az 2L ZPMoz st AYAAT dAustd AEITHRA A EZsHA ded A3
BE=5 A3 A2 UAZ AHEHAJ7] gEolth

18 1bollA B 7bg @& AFAARAFES 7HAE 44999 g S5EAES
MZEAEAL], & 2PAZE A7l Tl dehdth 83 A7) AARTGE AR § O
YA} A £ Qe APEEA HAL A AA - g HEA - AT S0l WA
AFANAFIe] B AT ABAGAL 22 GEAY Fge] FEFHMFH APES HEE

Z A Abolol Myt BT AFFPOE A5H w}aw 41804 Aedt AT
01 Y sz 2 BZA 02 A4stE Al fFAIE AT K

Table 6. Color representation and associated normalized difference vegetation index(NDVI)
value intervals for color-coded NDVI image of the selected mountain forest in the
test area shown in Figure 11b. See the text for the black color representation.

. NDVI value interval Percent of total number of
Color representation n .

Low High pixels

Red -0.4609 0.0172 17.8729

Black -0.0073 -0.0032 1.9114

Blue 0.0212 0.1427 39.9440
Yellow 0.1468 0.2440 23.1878

Cyan 0.2481 0.3291 12.2888
Magenta 0.3331 0.5681 4.7951
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