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Abstract : The satellite visible data have been successfully applied to study the ocean color. Another
ocean color sensor, the Ocean Scanning Multi-spectral Imager (OSMI) on the Korea Multi-Purpose
Satellite (KOMPSAT) will be launched in 1999. In order to understand the characteristics of future OSMI
images, we have first discussed the simulation models and procedures in deteil, and produced typical
patterns of radiances at visible bands by using radiative transfer models. The various simulated images of
full satellite passes and Korean local areas for different seasons, water types, and the satellite crossing
equator time (CET) are presented to illustrate the distribution of each component of radiance {i.e., aerosol
scattering, Rayleigh scattering, sun glitter, water-leaving radiance, and total radiance). A method to
evaluate the image quality and availability is then developed by using the characteristics of image defined
as the Complex Signal Noise Ratio {CSNR). Meanwhile, a series of CSNR images are generated from the
simulated radiance components for different cases, which can be used to evaluate the quality and
availability of OSMI images before the KOMPSAT will be placed in orbit. Finally, the quality and
availability of OSMI images are quantitatively analyzed by the simulated CSNR image. It is hoped that the
results would be useful to all scientists who are in charge of OSM! mission and to those who plan to use
the data from OSML
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1. Introduction

In any successful program of space satellite
remote sensing in the world such as meteorology,
oceanography and land satellites, more attention
is paid to the simulation of radiance imagery,
before the satellite will be in orbit. The radiance
imagery can be simulated with the designed
properties of orbit, sensor, and certain cases of
atmosphere and water, by using the models of
geometric calculation of sun-water-sensor and the
models of radiative transfer in the atmosphere,
air/water, and subsurface water. The simulated
data have been successfully used to decide the
requirements of satellite orbit and sensor
properties and to validate their appropriateness
during the design phase, based on the analysis of
the future satellite data quality and availability.
And the simulated data allow users to prepare
data analysis such as algorithm development and
software testing before actual satellite data are
downlinked to the ground station.

The optical properties of seawater, generally
termed as ocean color, are determined by the
water itself and its contents (Hooker et al., 1992).
The ocean color can be retrieved from the water
leaving radiance that is part of the spaceborne
sensor measurements. The water leaving radiance
will be modified by the scattering and absorption
of the atmosphere and by the geometric

A2 A7 OSMI 7
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parameters such as the solar and sensor zenith
and azimuth angles. Actually, over oceans, most
part (more than 85%) of the total radiance arrived
at sensor are contributed by atmospheric radiation
and sun glitter which depends on the satellite
orbit and sensor geometry (Bricaud and Morel,
1987, Andre and Morel, 1989, Hooker ¢t al., 1992).
The OSMI is designed to detect and map the sea
water contents, such as phytoplankton suspended
material and yellow substance. Because of no tilt
capability of OSMI, the atmospheric radiance and
sun glitter may be critical to the success of OSMI
mission. Before placing the satellite in orbit, it is
important to assess how OSMI imagery look like
and how sun glitter, the atmospheric and sea
conditions, the Crossing Equator Time (CET), and
the time of the year will affect them.

2. Simulation Models and Procedures

In the optical transmission system of ocean
color remote sensing, sun-atmosphere-air/water-
water-sensor, the transfer of solar radiation is
generally separated into two parts. One part is
scattered backward directly to the sensor of the
satellite. The other part is scattered forward to
arrive at the water surface by which one part is
reflected and the other part is refracted into water

and scattered and absorbed by particles (e.g.,
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chlorophyll, suspended material, and yellow
substance). Under water, the part of radiance, i.e.,
water- leaving radiance that contains the signal of
water property, is scattered upward and reaches
to the sensor via atmosphere. Therefore, the total
radiance captured by the sensor can be split into
four components as follows (Gordon, 1990).

L(A) = LA+ Lo D+L A A+ L(D) ()
where L{A) is the total radiance received by the
sensor, L,{(A) is the Rayleigh radiance, L,(4) is the
aerosol radiance, Ly{A4) is the specularly reflected
solar (including sky component) radiance (sun
glitter) which can be calculated (Sturm, 1981) from
the wave slope distribution as a function of the
wind speed (Cox and Munk, 1954), and L,(4) is
the water-leaving radiance. Each component of
radiance for any given pixel can be simulated for
different cases, by means of geolocation and

radiative transfer models.

1) Geolocation

All components in Eq. (1) are functions of the
solar and sensor zenith and azimuth angles.
Therefore, we need to determine the geolocation
of given pixels (i.e., defining the latitude and
longitude of each pixel in the simulation image).

The satellite flies around the earth in its orbit.
The sensor scans and images the ocean surface by
a rotating scan mirror. The relationship between
the geographic and the image coordinates is a
function of the satellite flight direction and the
scanning direction of sensor. The two-dimensional
movement of sensor is the flight direction along
the orbit corresponding to the line number of
image and the scanning direction across the orbit
corresponding to the pixel number in the scanning
line. Meanwhile, the two-dimensional movement
of sensor is not a simple scanning on a static plane

surface, but relative to the spherical earth surface,
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which rotates around its polar axis. In principle, if
the geographic coordinates of one pixel in the
image are known, it is possible to calculate the
geographic coordinates of other pixels by using
the satellite orbit parameters and sensor
properties. The satellite orbit and sensor
parameters include the satellite altitude (km),
flight direction (descending or ascending),
inclination angle (degrees), date (in Julian day),
crossing equator time (CET), orbit period (min),
the field of view (FOV), scanning rate (line/
second), and total number of pixels per scanning
line. With the coordinate transformation, the
latitude and longitude (GB, GL), the solar and
sensor zeniths (4, 6,) and the azimuth between
the sun and sensor (¢) (sun’s-nadir-pixel-sensor’s
nadir) are calculated for each pixel of the image.

In the model, the earth’s curvature and rotation,
the motion of the satellite relative to the pixel on
earth surface, and different cases of orbital
inclination are considered. Assuming the crossing
equator point to be the center of the simulated image
(GMy,, GLp), the geographic coordinates (GB, GL) of
each pixel can be calculated by the following
coordinate transformation (Pan et al., 1996)

(1) Calculate the earth spherical coordinates (X, Y)
corresponding to the image coordinates (1, Iy).

{2) Derive the central polar coordinates (R, S)
corresponding to (X, Y).

(3) Compute the arctic polar coordinates (U, V)
from (R, S).

(4) Transform (U, V) into the geographic
coordinates (GB, GL).

(5) Finally, the solar and sensor zenith angles (4,
6.}, and the azimuth angle (¢} of the sun -pixel

-scanner can be calculated from (GB, GL).

2) Atmospheric Transmittance

The direct transmittance (1;) depends on the
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following five components (Iqbal, 1983):

ld= trtat()ztmgtwv (2)

wheret #, Iy, to; tmg and 4, are the trasmittances of
Rayleigh, aerosol, ozone, mixed gas (such as CO,,
and Oy, ), and water vapor, respectively. They can
be calculated by the following equations (Igbal,
1983). Rayleigh transmittance (1) is given by

t, = exp(=0.008735 A 4% m,) (3)

where 1 is wavelength, /3 is the volume scattering

function [see Eq. (6)], and m, is the atmospheric

optical mass as:
my = [cosf. + 0.15(93.885 — g,)~} 233
- (p/1013.25) (4)

where p is the air pressure (hPa) and 6, is the
viewing zenith angle. Aerosol transmittance (t,)is
as follows:

ta = exp(-PA*my) (5)

When the optical horizontal visibility is more
than 5km, 3 can be calculated from the following

equation:
B =(0.55)* (3.912/vis—0.01162)[0.02422
(vis-5)+1.132] 6)

where @ could be between 0.5 and 2.5 (normally
@=1.3 for most case of air vis and is horizontal
visibility (km). Ozone transmittance (1,) is
determined by:

ty; = exp(—Koa Aoz mp) 7N

where Ky is the attenuation coefficient of ozone
at a given wavelength 4, Aoz is the total amount
of ozone [em (NTP)], and my is the optical mass

as:

_ 1.0035
0= cos? 6, + 0.007703 (8)

Transmittance for mixed gas (1) is as follows:

Img = exp[-1.41Koamy/
(1+118.93K,3m,) 4] 9

where K, is the attenuation coefficient of mixed
gas. Water vapor transmittance (1,,) is calculated
by
tyy = exp[-0.2385K,,4 - W - m,,/
(1420.07K,,1 - W - m,,)°*) (10

where K1 is the attenuation coefficient of water
vapor, W is the precipitable water m,(cm), and

is the optical mass of water vapor given by
My, = [cosO; + 0.0548(92.65— 0,447 (11)

In the above equations (2) through (11), the
transmittance of the direct solar component
through the air has been described. In addition to
the direct component, some of the scattered
Rayleigh and aerosol radiance has to be
considered. Then, the total transmittance is as
follows:

t=ty+t (12)

where t; is the transmittance of the direct
component from Eq. (2) and ¢ is the trasmittance

of the diffuse component:

1-£,0.95

1.5
Iy = tuat()ztmgtwv[ 5 + 17 F(1-14)] (13)

where F, is the forward scattering coefficient of
aerosol, 7,4 is the aerosol trasmittance after
absorption

taq = expl—(1-W)Tamy) (14)

and 1, is the transmittance after scattering

tas = EXP(—WyTaMy) (15)

where w, is the single scattering albedo, 7, is the
optical mass of aerosol which is BA? in Eq. (5).
The above transmittances are the function of &,.
For example, when 8, = 6 1,(0;) is the downward
transmittance for any given component of

radiance.
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3) Atmospheric Path Radiance
The path radiance includes Rayleigh and

aerosol scattering. Not only the single scattering
arriving at sensor but also the specula reflection
from the water surface are considered in both
calculation of Rayleigh and aerosol scattering
(Gordon and Castano, 1989):

Ly = FsT,,p(0,, 0)/(47cos 8,) (16)

where L, is the radiance of Rayleigh or aerosol
scattering; L, is Rayleigh scattering when x = r and
L, is the aerosol scattering when x = a. F; is the
instantaneous extraterrestrial solar irradiance and

calculated by

Fy= Fo(A) [140.0167cos 2—75?%‘3)]2 (17

where Fy(1) is the mean extraterrestrial solar
irradiance and D is the Julian day.

@, is the single scattering albedo and P, is the
scattering phase function and calculated by

POy, O5) = PO+ p(00)+p(0)IPL(67) (18)

where P(67) and P(8") are the backward and
forward scattering phase functions, respectively.
And p is the Fresnel reflectance for solar (4,) and
viewing (f,) geometries, respectively. The aerosol
scattering phase function P,(0) can be calculated
by the following Henyey-Greenstein function:

a(l-g)
(1 +g%—2g] cos@i’)l'5

(1-e)(1-g3)
(1 +g%~2g2 cos@ )l

POF) = +

(19)

where & = 0.983, g1 = 0.82, g = —0.55, and

cosf¥ = +cosh, cosf; — sin 8, sin O cos(@)
(20)

The specula reflectance p(i) is as follows:
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p(i) = 0.5[sin’(i - j)/sin’(i + j)+tan’(i — j)
ftan’(i + )] 2D
where / represents the incident zenith angles (6
or 8,), j is the refracted zenith and can be

calculated by Snell’s law.

j=sin~! [sin(i)/n] (22)
where n is the water refractive index and taken to
be4/3.

4) Sun Glitter

The specula reflectance of direct sun light at a
rough sea surface can be calculated based on the
formula for calculating the distribution of wave
slopes as a function of the wind-speed. With the
two ways of diffuse trasmittance through the
atmosphere, the sun glitter radiance arrived at the
sensor may be written as (Sturm, 1981, Cox and
Munk, 1954):

Lgr = Fta(05) + 1.(0,)g cosby (23)

g is the coefficient of reflectance of sun glitter as

follows:

g = [p(w)cosw/(cosb,cosl;)exp
[(~tan’ Blo)(4na?cos* B)] (24)

where o = 0.003 + 0.00512V,, (25)

@ = 0.5cos ! [cosh, cosf
- sinf, sinf; cos] 26)

BB = cos™[(cosO,+cosO)/(2 cosw)] (27)

and V,, is the wind speed.

5) Water Leaving Radiance

The solar radiation arrived at the water surface
is refracted into subsurface. This part of radiation
is scattered back to the sensor by the water
substance such as plankton, suspended material
and water (Fischer, 1983). One part of the
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refracted radiation in the subsurface is absorbed
by the phytoplankton and is converted to the
fluorescence with the photosynthesis, and is
subsequently transmitted to the sensor. Thus the
total water leaving radiance can be written as
follows:

Ly = Lyg+Lyys (28)

where L, Lys and Ly are the total, visible, and
fluorescence water leaving radiance, respectively.
The solar irradiance refracted into the subsurface
through the air/water interface is:

Eya = Fst(05)Ta(65) (29)

where E, ; is the solar irradiance at the subsurface,
t4(8,) is the total downward transmittance of
atmosphere, and TA8,) is the transmittance from
air to water subsurface and can be calculated by:
Ta(0s) = (1-py) cosbs (30)

where p, is the average specula reflectance of
different directions, normally equals 0.06. The
water leaving radiance reflected through the
water/air interface can be calculated as follows:
Lys=[Eywa - R - T(0v) - 1.00))/Q (€)Y

where R is the irradiance reflectance of water
surface, Q is the factor of the conversion from
irradiance to radiance and normally equals 4.5,
t,(8,) is the total upward transmittance of
atmosphere, T,(6,) is the transmittance of
water/air and can be calculated by:

Tul0y) = [1-p(0))in* (32)

where n is the refractive index of water and
normally equals 1.33. The irradiance reflectance of
water surface can be computed by two stream
models as follows:

R=(K-ay/(Ki+ay) (33)

where K, and a; are the coefficients of the

scattering and the absorption of the subsurface

water (Pan et al., 1997), which depend on the
water constituents, e.g., chlorophyll, suspended
material and yellow substance. The a; and K; are
calculated as:
ar=ay + Ceae + Coag + Coay (34)
Ki =Ky + CKe + CKs + CoK (35)

In the above, a,, and K,, are the coefficients of
absorption and scattering of pure water. (a,, a5, a,)
and (K., K;, K,) are the coefficients of absorption
and scattering per unit of chlorophyll, suspended
material and yellow substance. The units of a,, ag,
K. and K, are in m2/mg and K, are in m2/g. C, C;,
C, are the concentrations of chlorophyll,
suspended material and yellow substance,
respectively. The units of C. and C, are in mg -
m-3and Csing - m-3.

To calculate the contribution by the stimulated
chlorophyll fluorescence to the upwelling
irradiance, the following procedure can be used as
an approximation (Doerffer, 1980):

The total solar radiation in the wavelength

range A; — Az absorbed by the phytoplankton
pigment is

A2 C(,'ac(j')
Eaf= ‘ﬁl Ed[ l—R(l)] a,(/l) dﬂ’ (36)

where 4| =0.4um, A, =0.675um.

The emitted energy into the upper hemisphere
Eyris

Ey=05 Eq Fof (37)

where F,y is fluorescence efficiency and normaily
is 0.003. Since the fluorescence energy is emitted
over a broad band which can be described by a
Gaussian shape with a standard deviation of A
=10.6 nm, equivalent to a half band width of 25
nm, the fluorescence energy has to be distributed
over a wavelength band for each wavelength, 4,

around the wavelength of maximum fluorescence
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energy (A =0.6854m assumed).
The weight g(4p for the wavelength interval dA
is calculated by
—(Ar ~Ao)’
247
The effect that the mean penetration depth for

-12

e(Ap = 2rAd) ] (38)

exp|

the absorbed solar radiation is different from the
mean depth from which the fluorescence energy
arrives at the surface (due to the different
attenuation in the blue-green and in the red
spectra range) can be calculated by the factor for
each emission wavelength by using the following
procedure.

The mean excitation depth Z,, weighted by the
absorption of phytoplankton pigments for the

spectral range A~y is

Zoe Z’il =1 Cc'a('(li)

e/ 39
Zli = IKI(li)C(‘az'(li) @)

The total radiance of the fluorescence leaving
water surface is

Fu(l) =~ E“'fg(ji—

4
Ze,\' : K,(ﬂ) 4

The radiance of the fluorescence arriving at the
Sensor is
Lnfz Fu(l) - T,46,) - 1,(60.)/Q (41

where T,(0,) is the transmittance of the water/air

interface.

6) Simulation Procedures

The simulation procedures to generate radiance
imagery are as follows:
(1) Geolocation and calculation of geometrical
parameters for each pixel of the image.
(2) Calculation of the optical parameters, e.g.,
atmospheric trasmittance 1(9,), 1,(6,), and
optical thickness 7, by the atmospheric

characteristics such as air pressure (hPa), the
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amount of the ozone, mixed gas, water vapor
[em (NTP}], precipitation, horizontal visibility,
wind speeds.

(3) Computation of the optical parameters of
subsurface water such as albedo, the radiance
of the fluorescence, and the transmittance of
the air/water interface by the water
constituents e.g., chlorophyll, suspended
material, and the yellow substance.

{4) Derivation of each component of radiances L,,
L, Ly, L, and L, arriving at the sensor.

(5) Digitization and simulation of the radiance
image in the following steps:

(a) Computation of spectral radiance for a
given band of sensor as follows:
Fi=[[# L{OSADAN(A-Aa)  (42)
where A|—4> the wavelength range of the
bands, S(1) is the sensitivity of the band
with respect to the wavelength, x is the
subscript which represents r, a, sr, w and t
respectively corresponding to Rayleigh,
aerosol, sun glitter, water leaving, and the
total radiance.

(b) The irradiance F. of each band is
B=Lin 43)

(c) The albedo A% of each band by scaling the
extraterrestrial solar irradiance:
Al =F\/F (44)

where Fi is the extraterrestrial solar
irradiance.

{d) Digitization of the radiance of each band
by the gain G} and intercept 7% of the
Sensor:

D = (AL~ L)/G} (45)
If the gain G% and intercept I’ are
unknown, then,

DL =2" AL (46)
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where n is the digitizing bit.

(6) Generation of Mercator projection of the
radiance image based on the results of
geolocation calculation.

Based on the above procedures, the individual
component of radiance for the OSMI spectral
band can be produced and will be discussed in

section 5.

3. Evaluation Models and Procedures

1) Evaluation Models

The quality and availability of OSMI images
depend not only on the complex radiation
transmission system that has been discussed
above in detail, but also on the technical level of
data processing, such as the accuracy of
atmospheric correction. Here, a key index of the
image, herein after called complex signal noise
ratio (CSNR) is introduced for the evaluation of
the image quality index (IQI). CSNR is defined as
follows:

CSNR = L (A)/LpA) 47

where L,.(1) is the water leaving radiance
calculated by Eq. (28). L,(1) contains a useful
signal to measure the water properties determined
by the concentration of phytoplankton, suspended
material, and yellow substance. Ly(4) is a complex
noise that could be contributed by the following

sources:

(1) Remained noise from atmospheric correction

In the raw image, the total sum of L,(A4), L{A)
and Lg{A) (see the right items of Eq. (1)) is about
85% of the total radiance received by sensor. The

atmospheric correction is no doubt necessary for
the ocean color retrieval. Since the CZCS data was
available in 1978, scientists in the word have made
every effort to remove the atmospheric path
radiance and sun glitter. But it is not possible to
remove all of them so far, and even in the future
because of random variations of air properties
with the space and time in the large scale of
satellite coverage. It means that the remained
noise is still involved in the image for which the
atmospheric correction has been made. How
much the remained noise will be in the pre-
processed image? It depends on the data
correction accuracy of L,(4), L{A) and L (A).
Suppose that A, B and C are the calculation
accuracy of LA), L) and L), respectively,
with the error relative to their own totals, then
their remained noises are AL,(4), BL(1), and

CLg(A), respectively.

(2) Inherent sensor noise

The sensor sensitivity could normally be
characterized by the signal to noise ratio SNR. The
inherent sensor noise can be approximately
estimated as L{1)/SNR, where L{4) is the total

radiance received by the sensor.

(3) Sensor calibration

The requirement of accuracy of radiance
measurement for ocean color is normally less than
5%, with the error relative to the total radiance.
The sensor calibration accuracy should meet the
above requirement. Hence, the sensor calibration
error will also contribute the noise for CSNR.

Based on the above analysis of noise sources,
the total remained noise Ly(/2) in the image can be

estimated as follows:

Lot =|[ A2 D2La(f +] B4’ Lr W + | CopPLsr D + | 1+ D? LOAYSNR] (48)
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where A, B and C are the calculation accuracy of
LA), L{A) and L (), respectively, and D is the
sensor calibration accuracy. It is obvious that the
higher CSNR of the pixel is the better quality of a
pixel in the image. Therefore, CSNR is a
reasonable index to evaluate the image quality.

Meanwhile, a threshold of CSNR; (minimum
CSNR) may be used to determine whether or not
a given pixel is available. For example, if CSNR of
one pixel is less than CSNR;, then the pixel will be
judged as an unavailable pixel. As mentioned
above, the requirement of radiance measurement
accuracy is normally 5% with the error relative to
total radiance and thus CSNR; is chosen to be 20 in
this study. Then the availability of whole image is
defined as follows:

AVA = N/N, (49)

where AVA is the availability of whole image, N,
is the number of available pixels determined by
Eq. (49), and N, is the total number of pixels in the

image.
2) Evaluation Procedures

The evaluation procedures of CSNR and AVA
are as follows:

(1) Calculation of the radiance of different
components L,(2), L), L,{A) and L,(4) for
each pixel, with the specification of the satellite
orbit and sensor characteristics and the
atmosphere and water properties.

(2) Computation of the total remained noise in the
image by Eq. (48).
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(3) Derivation of CSNR from Eq. (47) as the Image
Quality Index to produce the IQI image.

{4) Determination of the pixel to be available or
not and finally the availability of whole image
by Eq. (49).

4. Parameters in Simulation and
Evaluation

The orbit and sensor parameters of OSMI are as

follows (Paik ef al., 1998):

(1) Obit: 685 km altitude, 10:50 AM (assumed 8:00-
16:00 AM) ascending, 98.13 degree inclination
and 98.5 min period sun-synchronous.

(2) Sensor: 60 degree FOV, 1044 pixels per each
scan line, 6 bands from 8 bands in Table 1,
sensor spectral sensitivity S(I) = 1.0. Digitizing
10 bits with gain G' = 1.0, intercept I' = 0.

(3) The parameters of atmosphere, water, and the

dates in the simulation are described in Table 2.

5. Discussion and Results

1) Image Properties of Different Bands

The total radiance arrived at OSMI for case I
and case II water decreases with the spectral
wavelength as shown in Fig. 1. It is because
Rayleigh scattering plays a dominant role in the
shorter wavelength (see Eq. (3)). The total radiance

L(A) and the individual component of radiance

Table 1. Characteristics of the OSM! spectral bands.

Band No BO Bl | B2

Center Wavelength(nm) 412 443 490
Bandwidth (nm) 20 20 20
SNR 350 | 450 450

B3 [ B4 B5 Bx B6
_

510 555 670 765 865

20 20 20 40 40

450 | 350 350 350 350
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Table 2. Simulation parameters of atmosphere, water, CET, and date.

Notes

Parameter Values used
Vemal Equinox,
Summer Solstice
Date

Autumn Equinox,

‘ Winter Solstice
8:00 - 16:00
T
CE focus on 10:50

Sun glitter variation with CET;
KOMPSAT design

Pressure 1013.25 g/m? Standard air pressure
Ozone 0.32-0.38 cm (NTP) | Typical air Igbal, 1983
Atmosphere Horizontal visibility 20 km (10 - 50 km) Coast area to open sea
Precipitation ‘ 2cem (04 -4 cm typically) Coast area to open sea
Wind speed ) 1.4-5m/s Coast area to open sea
Chlorophyll 0.5 mg/m3
( Suspended material 0.5 g/m3
Case | Yellow substance 0.001 mg/m3 Open seawater
Ozone 0.32 ¢cm (NTP)
Water ] Wind speed 5 m/s
} Chlorophy!l 5 mg/m3
Suspended material 50 g/m3
Case [ Yellow substance 0.5 mg/m3 Coastal water

L

Ozone 0.36 cm (NTP)
‘L Wind speed 1.4 m/s

Fig. 1. Distributions of simulated total radiances for the
OSM!I spectral bands.

(La(A), LKA, Lo{A), Li(A)] for six representative
pixels (A, B, C, D, E, F in Fig. 2) have been

calculated and illustrated in Fig. 2. The pixels A
and B are at the high latitudes and C at the low
latitudes but A and B at the same longitude. The
D, E, F pixels are located near the equator. E

represents the high Rayleigh scattering area, F for

Fig. 2. Individual component of radiance for the OMSI band 3.

the sun glitter area and D between E and F. As for
the total radiance, the band 1 value is about fifteen

times as large as the band 6 counterpart except for
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in Fig. 2.
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Fig. 5. CSNR and AVA averages of whole path image for
the OSMI spectral bands.

the pixel F because of sun glitter.

The simulated spectral (total) radiances of six
pixels are shown in Fig. 3. It is clear that the total
radiance of all pixels in the image obviously
decreases from band 1 to band 6.

Unlike the radiance variation with the
wavelength, both CSNR and AVA increase with
the wavelength. The series of CSNR image of
different bands for the case I and case 1l water,
and the average CSNR and AVA of whole orbit
image show that the CSNR and AVA increase
from band 1 to band 5. For example, the CSNR
spatial distribution for case Il water and the
average CSNR and AVA of whole path image for
the OSMI spectral bands are shown in Fig. 4 and

Simularion and Evaluation of the KOMPSAT/OSMI Radiance Imagery

Fig. 4. CSNR patterns of case Il water for the OSMI spectral
bands.

Fig. 5, respectively. Both Fig. 4 and Fig. 5 also
show that the band 5 for atmospheric correction
with the assumption of zero radiance in clear
water is efficient to measure the case I water
because its CSNR and AVA are higher than other
bands.

2) Image Properties at Different CET

The sun glitter will appear on the OSMI image
because of its inability of tilt scanning. The
distribution pattern of sun glitter depends on
satellite orbit, sensor properties, wind speeds, CET
and so forth, but is mainly decided by the CET if
satellite orbit and sensor have been designed. To
help understand how the sun glitter radiance
pattern looks like and how it affects the CSNR and
AVA in terms of the different CET, we select
different bands to simulate the radiance image at
different CETs (8:00, 9:00, 10:00, 11:00, 12:00, 13:00,
14:00, 15:00 and 16:00).
distributions of band 3 at different CETs from 8:00

to 16:00 are shown in Fig. 6. The followings are

Total radiance

noticeable:

(a) The sun glitter starts to appear at CET 8:00, on
the almost all of eastern edge of the image like
a belt, but with weak reflection.

(b) When CET changes from 8:00 to 11:00, the sun

glitter extends from eastern edge to the center
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Fig. 6. Variation of total radiance (band 3) with CET.

of image. Its pattern varies from narrow belt
(8:00), to small half of ellipse (9:00), to half of
ellipse (10:00), and to whole ellipse (11:00). The
highest radiance occurs at the center of sun
glitter ellipse and gradually decreases from
center to circumference.

(c) When CET close to 12:00 from 11:00, the sun
glitter ellipse is shrinking to almost like a spot
in the middle of image.

(d) When CET varies from 12:00 to 13:00, sun
glitter ellipse appears again and moves to the
western side of image.

(e) Finally, when CET changes from 13:00 to
16:00, the sun glitter ellipse varies from whole
ellipse into a half ellipse (14:00 and 15:00), and
info a belt pattern (16:00) on the western edge
of the image, whose pattern is similar to the
beginning of pattern (8:00) on the eastern
edge.

To illustrate how strong the sun glitter is in the
area of ellipse and how different from the non-sun
glitter area under the OSMI sun-synchronous
orbit of CET 10:50, we select the pixel F centered at
the sun glitter ellipse and another pixel D from the
non-sun glitter area (see Fig. 2). The spectra of
different component radiances [L,(4), L{A), Ly{(A),
L(4) and L(A)] of pixel F and pixel D are

simulated and are shown in Fig. 7 and Fig. §,

Padiance(W/m?2/¢m/sr)

Wavel ength(nm})

Fig. 7. Simulated radiance of each component for the pixel F
located in the sun glitter area; case !l water.

respectively. Comparing two figures, we can see

the following features:

{a) The total radiance in the sun glitter area is
almost 2 to 5 times stronger than the non-sun
glitter area, and increases more in longer
wavelength bands than shorter, mainly due to
the sun glitter.

(b) The total radiance in the sun glitter area is
dominated by sun glitter (see Fig. 7), but
Rayleigh scattering is a major component in
the non-sun glitter area (see Fig. 8).

(c) The sun glitter also causes the increase of
aerosol scattering (see Fig. 8) because the sun
glitter radiation is scattered by aerosol.

(d) Even though the very high sediment
concentration in the case Il water is applied to
simulate the spectra in Fig. 7 and Fig. 8, the
water leaving radiance is only about 7-12% of
the total in the sun glitter area, but about 12-
28% in the non-sun glitter area. When the case
I water is applied, less water leaving radiance,
only about 2.5-6% of the total in the sun glitter
area and 8-15% in the non-sun glitter area. It
indicates that atmospheric correction can be
very difficult but should be made before the
OSMI data is distributed to the user.
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Fig. 8. Simulated radiance of each component for the pixel
D located in the non-sun glitter area; case |l water.

To understand how CET affects the quality of
OSMI image, a series of CSNR images have been
simulated at different CETs from 8:00 to 16:00, as
shown in Fig. 9. The CSNR patterns illustrate the
followings:

(@) When CET is at 8:00, the CSNR values of
whole image is the lowest compared to other
CETs because of the lowest sun elevation in
the early morning, but the distribution of
CSNR looks much more homogenous than
others.

(b) As CET varies from 8:00 to 12:00, CSNR
generally increases except the ellipse area
where sun glitter significantly affects. The best
quality of image is at CET 12:00.

(¢) When CET changes from 12:00 to 16:00, CSNR
decreases and the distribution of CSNR image
of CET 16:00 is quite similar to that of CET
8:00.

The CSNR image of OSMI would be like one at
CET 11:00 in the Fig. 9. It is noted that the data
quality of the eastern side of OSMI image is not
satisfactory because of sun glitter (see Fig. 2,4, 7, 8
and 11). To illustrate how the sun glitter affects
CSNR, the profiles of CSNR and total radiance of

Simulation and Evaluarion of the KOMPSAT/OSMI Radiance Imagery

Fig. 9. Variation of CSNR (band 3) with CET.
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Fig. 10. Profiles of CSNR and total radiance of the scan line
passing through the pixel D, E, and F.

the scan line passing through the pixel D, E, and F
in Fig. 2 are plotted in Fig. 10. The total radiance
received by satellite in the sun glitter area on the
eastern side of OSMI image is much higher than
in the non-sun glitter area, but much lower CSNR.
Almost a half of line data is useless. Therefore, it is
necessary to pay attention to the sun glitter
problem in the OSMI image.

The averages of CSNR and AVA of whole orbit
image for different visible bands are calculated by
Eq. 47-50 at every half an hour from CET 8:00 to
16:00 for case I and case Il water. Subsequently,
the average for the spectral bands is taken and the
results are shown in Fig. 11. It is obvious that both
the average CSNR and AVA for case [ or case II
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Fig. 11. Variation of the average CSNR and AVA of whole
path image with CET; case | water (_w1), case |l
water (_w2).

water have the same distribution with the CET
variation and that they would be better if they are
closer to noon. Also we find that the case I water is
more sensitive to the CET variation. The CSNR
and AVA at CET 12:00 are 2 and 3 times
respectively higher than at CET 8:00 for the case [
water, but only about 2 to 1.5 times higher than

for the case II water.

3) Evaluation Results

Since OSMI is designed to observe both global
oceans and Korean seas, it would be interesting to
compare the CSNR and AVA values between the
whole orbit pass (global) and the Korean regional
pass for four different seasons.

The simulated patterns of total radiance and
CSNR for the OSMI band 3 are shown in Fig. 12. It
is apparent that the location of sun glitter ellipse
varies with seasons. The distributions of total
radiance and CSNR in spring and autumn are
more homogeneous and appear to be symmetric
to the equator.

The images at high latitudes of the winter
hemisphere are affected by lack of sunlight. The
averages of CSNR and AVA for the 20800 scan
lines of the whole orbit pass have been calculated

for different seasons of case I and case Il water

Fig. 12. Simulated image of the total radiance and CSNR
(band 3) for four different seasons.

(Table 3). For both case I and case II water, the best
seasons are autumn and spring. The worst season
is summer for case I water and winter for case II
water. In general, the availability of the OSMI
image on a global scale is about 51% for case I
water and 75% for case Il water.

For the Korean region, we choose the image
strip centered at 36.4'N and 128°E (5000 scan lines
in an along-track). The CSNR patterns are not
shown but the averages of CSNR and AVA are
listed in Table 3. In general, the CSNR and AVA
values of the Korean region are better than those
of the whole orbit pass. Korea is located at fairly
good latitudes under the given OSMI orbit. The
annual availability of the OSMI image is about
65% for case 1 water and 88 % for case II water.
The best season is spring for both case I and case II
water. It is different from the whole orbit pass in
that the good quality image could be obtained in
winter. Because of the strong effect of sun glitter in
summer, the worst quality image could be
produced in this season.

In addition, the following points are notable

from the comparison between global and regional
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Table 3. Summary of the OSMI data evaluation.

Global Korean Region
Casel Case 1l Casel Case I1
CSNR AVA CSNR AVA CSNR AVA CSNR AVA

Spring 20 54 48 79 28 82 50 100
Summer 18 46 47 74 16 39 44 63
Autumn 24 56 50 80 24 64 52 100
Winter 18 48 45 69 24 75 46 92
Average 19 51 47 L 75 23 65 48 88

* AVA with %

scale images: case Il water decreases with the spectral

(@) The image is more efficient in case Il water
than case I. The AVA is about 20% higher in
case Il water than case 1.

(b) The AVA of image is more stable on a global
scale than a regional scale.

{c) The AVA is higher in the Korean region
compared to the whole orbit pass except for
the summer.

{(d) The image of the Korean region in summer

will be seriously affected by sun glitter.

6. Conclusion

In this study, we have simulated the
KOMPSAT/OSMI radiance imagery using the
KOMPSAT orbit parameters and OSMI sensor
characteristics for several cases of typical air-sea
conditions. Simulation has been performed by
models of geolocation and radiative transfer.
Based on the simulated radiance imagery and the
concept of CSNR, we have further attempted to
evaluate the quality and availability of OSMI
imagery. We summarize the findings in this study
as follows:

+ CSNR could serve as a reasonable index to
evaluate the image data quality.
« The total radiance arrived at OSMI for case [ and

wavelength. It is largely dominated by Rayleigh
scatting in the most part of image, by aerosol
scattering in the satellite nadir area, and by sun
reflection in the sun glitter area. The eastern
side of image is seriously degraded by sun
glitter, especially in the summer of Korean
region, where the water leaving radiance of case
[ water is only about 2.5-6% of total radiance.

» The OSMI data quality and availability depend
on space and time. On a global scale, the best
seasons for case 1 and case 1 water are spring
and autumn. The worst season is summer for
case | water, while winter being the worst for
case II water. In general, the annual mean
availability is about 50% for case I water and
75% for case Il water. In the Korean region, the
availability is higher than the global scale
except for the summer when sun glitter
seriously constrains the quality of image. The
annual mean availability for case I water is
about 65% and about 88% for case Il water.
From the resulis of this study, the future work

to improve the OSMI data quality, such as efforts

for the data processing including atmospheric
correction, the analysis of off-nadir observations
over the Korean region, the comparison with
SeaWiFS measurements in terms of the calibration

and validation activity, is warranted.
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