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Abstract

Multispectral cameras on satellites are a type of camera that is widely used in sat-
ellite remote sensing and has wide applications. Therefore, it is necessary to carry out
absolute radiometric calibration to maintain the accuracy of radiometric information in
satellite camera images. There are several types of absolute radiometric calibration, in-
cluding onboard, Rayleigh, vicarious, and cross-calibration. These methods have strengths
and weaknesses. Therefore, it is necessary to conduct a literature review to find out which
calibration method is appropriate for certain conditions. Based on a literature review, all
methods can be used and adapted to the conditions of the satellite. The onboard calibration
method is suitable for satellites equipped with calibration instruments. The Rayleigh cal-
ibration method is suitable for large FOV cameras with visual wavelengths. The vicarious
calibration method is suitable for satellites from countries close to standardized calibration
sites. Meanwhile, the cross-calibration method is suitable for satellites cameras that have
specifications and conditions close to the reference camera. Therefore, these calibration
methods can be carried out together to complement each method.

Keywords: onboard, Rayleigh, vicarious, cross, calibration

1. Introduction

A multispectral camera is a camera that works with the spectral imaging method in
several spectral channels. In the imaging process, a multispectral camera has wavelengths
that do not overlap and consists of more than three spectral channels. Spectral imaging of-
fers several advantages, namely fast, accurate, low cost, and simple operation. Apart from
that, this system is also flexible and suitable for analyzing the composition of a sample
(Ariza Ramirez et al., 2022). Multispectral cameras have higher spatial resolution and less
distortion than hyperspectral cameras (Hao et al., 2023). Recently, the use of multispec-
tral cameras has become a suitable method for analyzing and controlling food quality. In
addition, it’s also popular in the aerospace and military industries (Mishra et al., 2022). In
aerospace, multispectral cameras are widely used in satellite remote sensing.

Multispectral cameras are a type of camera that is widely used in satellite remote
sensing. This camera is used for remote sensing satellites, such as LANDSAT (Ridwan et
al., 2018), Sentinel, and Terra/Aqua satellites. Multispectral cameras in satellite remote
sensing are used for detection and characterization of agroforestry systems (Bolivar-San-
tamaria & Reu, 2021), assessment of land-use change (Parveen & Ilahi, 2022), identify
ground vegetation (Fadaei, 2020), mangrove forest mapping (Sharifi et al., 2022) (Thakur
et al., 2020) (Tamang et al., 2022), assessment of forest restoration (C. C. Liu et al., 2019),
and evaluation for the sustainable development of an urban area (Prasad et al., 2022).

Because of the utilization, camera images must have good quality in geometry and
radiometry. Radiometrically, an image is considered high quality if the radiance of an ob-
ject in the camera image has the same value as the actual radiance (the result of direct
measurement of the object on Earth). Geometrically, an image is considered high quality
if an object in the image is in its actual position on Earth. Therefore, calibration is carried
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out to maintain this quality on satellite cameras.

Based on the launch time, radiometric calibration is divided into pre-launch and post-
launch calibration. Meanwhile, based on its output, radiometric calibration is divided into
relative and absolute calibrations. Relative calibration is the visual calibration of the image,
while in absolute radiometry calibration, the most important thing is to convert digital num-
bers (DN) of satellite images into reflectance or radiance on Top of the Atmosphere (TOA) (Han,
Tao, Xie, Li, et al., 2021). In this research, absolute radiometric calibration is the research
focus because this type of calibration plays a direct role in the utilization of remote sensing
satellite imagery. The use of remote sensing satellite imagery requires input in the radiomet-
ric units such as reflectance or radiance, which are the final outputs of absolute radiometric
calibration.

There are several methods of absolute radiometry calibration, such as onboard calibra-
tion, Rayleigh calibration, vicarious calibration, and cross-calibration. The calibration meth-
ods have strengths and weaknesses. Onboard calibration produces more precise calibration
coefficients, but the calibration system will degrade over time (Xu et al., 2020). Rayleigh
calibration is suitable for wide Field of View (FOV) cameras, but it is only for visual chan-
nels (Zhu et al., 2019). Vicarious calibration is precise, but it requires expensive costs and
measurement operators (Y. Liu et al., 2018). Cross-calibration can be done frequently, but
it is difficult to equalize conditions between cameras. Therefore, it is necessary to conduct a
literature review to find out which calibration method is appropriate for the condition of the
satellite camera to be calibrated.

2. Radiometry Calibration

Radiometry calibration is a calibration technique to avoid radiometric distortion. When
electromagnetic waves are emitted or reflected on an optical sensor, the electromagnetic ener-
gy is distorted by both the optical sensor and the atmosphere. Radiometry calibration consists
of absolute and relative radiometric calibration. Relative calibration is calibration that focuses
on the process of improving the image visually. In relative calibration, a vignetting correction
process is performed on the image so that the image has the same response in each pixel.
The vignetting effect is a darker effect that occurs at the corners of the image compared to the
center of the image. According to references, the difference in response between pixels after
relative calibration is <1% (Ryan & Pagnutti, 2009).

After relative calibration is performed, absolute calibration is then carried out. Absolute
calibration is calibration that connects the digital number (DN) of the image with radiance.
This calibration is crucial for remote sensing satellites because the radiation measured by the
camera will be separated from the influence of the atmosphere (Ryan & Pagnutti, 2009). The
purpose of this calibration is to obtain calibration constants. It can be used to convert the
digital number (DN) of images into reflectance or radiance values for an area (Thome, 2001).
This calibration is carried out before launch (laboratory) and after launch (in-orbit).

Laboratory calibration is conducted using a uniform light source with a known radiance
value. In this calibration, the measurement camera’s response to variations in light is car-
ried out. Light variation can be obtained from the variation of the light source itself or from
camera parameters such as gain and exposure time. Additionally, measurements are taken
of the camera in dark conditions (un-illuminated) to determine the real Digital Number (DN)
value of the camera. Spectral measurements are also conducted for each camera channel to
ensure the spectral characteristics of the camera. Once these processes are completed, the
calibration coefficient can be determined. This calibration coefficient is the result of laboratory
calibration and can be used to convert DN values into radiance. The laboratory calibration
process is illustrated in Figures 2-1 and 2-2.
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Figure 2-2. Camera Spectral Measurement

Conceptually, in-orbit absolute radiometric calibration has the same goal as absolute
radiometric calibration in the laboratory. However, the difference lies in the light source used.
In laboratory radiometric calibration, the light source is directly in front of the camera and
its value is precisely known. In contrast, for some in-orbit radiometric calibrations, the light
source is sunlight illuminating the calibration site and received by the camera, necessitating
atmospheric correction to determine the actual radiance value. To achieve a uniform radiance
value similar to laboratory calibration, a uniform and standardized calibration site is required.

A region can be considered a calibration site if it meets the following requirements: the
area is generally homogeneous, does not change over time, and has low rainfall (Teillet, P.;
Chander, 2010). Additionally, the area should be free of cloud cover, have low aerosol levels,
and be located at a high elevation to minimize atmospheric influence. Typically, these areas
have little human activity. This region or site is ensured to remain a calibration/validation
area through quality control (Hu et al., 2020). Some standardized calibration sites are listed
in Table 2-1, and an example of a calibration site can be seen in Figure 2-3.

Table 2-1. Calibration Sites PICS and RadCalNet (Bacour et al., 2019)
(Alhammoud et al., 2019)

Sites Latitude (°) Longitude (°) Characteristic
Max Min Max Min

PICS Algeria-3 30.50 30.20 7.60 7.30 There are sand dunes with
Algeria-5 3120 3090  2.50 2.20 a height of 100 meters. The
Libya-1 2480 2450  13.60 13.30 spatial variability is <3%
Libyad 2865 2842 23.02 2280  over 100 kilometers
Mauritania-1 19.60 19.40 -9.20 -9.40 The lowest spatial variabil-
Mauritania-2 20.60 2040  -8.50 -8.80 ity compared to other PICS

regions

Rad-Cal- Baotou, Cina 40.85 40.84 109.63 109.62 Spatial variability is <3%

Net Gobabeb, Na-  -23.59  -23.60  15.12 15.11 and temporal variability is
mibia <2% over an area of <20
La Crau, Prancis 43.56 43.55 4.86 4.86 km.
Railroad Valley  38.50 38.49 -115.68 -115.69
Playa, USA
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Figure 2-3. Gobabeb Calibration Site, Namibia (Sinclair et al., 2020)

In-orbit calibration needs to be performed periodically because there is a possibility of
changes in the camera sensor over time. Several methods need to be employed to complement
the shortcomings of each calibration method, resulting in accurate calibration coefficients
with efficient methods. One of the absolute radiometric calibration methods in orbit can be
seen in Figure 2-4.

Figure 2-4. Measurement of Reflectance and Atmospheric Properties in Vicarious
Calibration

3. Absolute Radiometry Calibration in Orbit

This paper focuses more on in-orbit radiometric calibration to facilitate the compari-
son process between different types of the same radiometric calibration. There are several
methods on absolute radiometry calibration for satellite multispectral cameras while in orbit,
including the on-board calibration method, Rayleigh distribution calibration, vicarious cali-
bration, and cross-calibration.

3.1. On-board Calibration

Basically, cameras on remote sensing satellites are calibrated before launch. However,
there is a possibility that changes will occur due to vibrations during launch, space radia-
tion, or temperature while in orbit. A calibration system is needed to guarantee the quality of
the camera. The calibration system is claimed to have high accuracy is on-board calibration.
On-board calibration is calibration using a calibration device installed on the satellite. This
method has advantages in terms of lighting and observation conditions. This method also has
the advantage of high calibration frequency and accuracy (Song et al., 2022).

Advanced Spaceborne Thermal Emission and Reflection (ASTER), one of the payloads of
the Terra satellite, uses a light-based calibrator to monitor change in sensor response. ASTER
calibration uses two halogen lamps periodically. The lamp and optical system calibration are
monitored by a silicon photo monitor. In addition, before the satellite launched, the on-board
calibration system was characterized by an integrating sphere and black body (Arai, 2013a).
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In addition to monitoring changes in sensor response, the on-board radiometric calibra-
tion system also carries out spectral calibration and degradation observations, such as in the
HY-1C Satellite Calibration Spectrometer (SCS) calibration system. This satellite calibration
system uses on-board spectral calibration based on a wavelength diffuser. Like the ASTER
calibration system, the HY-1C carries out measurements at the diffuser wavelength with a
standard spectrum (Xu et al., 2020).
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Figure 3-1. On-board Calibration System on SCS satellite HY-1C

The SCS on-board calibration system consists of a calibration wheel and solar atten-
uation screen to reduce solar energy entering the system. The calibration wheel is equipped
with a Calibration Solar Diffuser (CSD) for frequent applications, a Reference Solar Diffus-
er (RSD) for infrequent applications, an erbium doped diffuser for spectral calibration, and
a blank plate for obtaining dark current. Radiometric calibration, degradation observation,
spectral calibration, and dark current acquisition using the Calibration Solar Diffuser (CSD),
Reference Solar Diffuser (RSD), doped diffuser, and blank plate are then directed to the SCS
optical system.

Radiometric calibration is carried out once a day, starting with dark current acquisi-
tion, CSD calibration, and ending with dark current acquisition back. CSD monitoring is
carried out every month by observing CSD and RSD along one orbit. Spectral calibration is
carried out every month with CSD and erbium-doped diffuser observations along one orbit.
Apart from that, validation is also carried out with MODIS (Xu et al., 2020). The on-board
calibration process using a solar diffuser was also carried out on the Sentinel-5 and GCOM-C
satellites (Ludewig et al., 2020)(Tilstra et al., 2020)(Urabe et al., 2020). Table 3-1 lists several
on-board calibrations related research.

Table 3-1. On-board calibrations related research

Camera/ Calibration Instrument Uncertainty Reference
Satellite
SCS/ Double solar diffuser and erbi- <2% (Xu et al., 2020)
HY-1C um-doped diffuser
TROPOMI/ Diffuser, white light source, spec- 1—-3% (Ludewig et al., 2020)

Sentinel-5 Precursor tral line source, and common LED (Tilstra et al., 2020)

SGLI/ Solar diffuser, non-polarized and 1% (Urabe et al., 2020)
GCOM-C polarized telescope

3.2. Rayleigh Calibration

Several radiometric calibration methods use various targets, such as deserts, ice sheets,
deep convective clouds, the moon, and oceans. In the Rayleigh method, the ocean is the tar-
get. In contrast to vicarious calibration, the Rayleigh method does not require an operator to
obtain the radiation. In addition, this method has the advantage that the ocean is not geo-
graphically limited and many parts of the ocean can be observed (Zhu et al., 2022).
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The signal received by the sensor comes from the atmosphere and sea surface reflec-
tance. The received reflectance is as in Equation 3-1.

p:pr+pa+pm+Tpg£+t(psw+pwr:)p:pr+pa+pm+T‘Og£+t(psw+pwc) (3_1)

With p, representing the molecular contribution of Rayleigh distribution, p, is the con-
tribution of aerosol distribution, p,, represents the contribution of molecular distribution be-
tween molecules and aerosols, pgrepresents the contribution of sunlight on the sea surface, T
is direct transmittance, t is atmospheric diffusion transmission with p.,, and p,,. representing
water leaving radiation, and white cap reflection (Zhu et al., 2019). The Rayleigh calibration
procedure is shown in Figure 3-2.
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Figure 3-2. Rayleigh distribution calibration process on the Gaofen-1 satellite’s Wide Field
Viewing (WFV) camera (X. Chen et al., 2017)

The first step is to determine the ocean image that will be used for calibration. There are
several requirements for determining image conditions, namely (a) choosing an ocean target
with a small amount of chlorophyll to reduce the total reflectance of the ocean, (b) a clean at-
mosphere to reduce aerosol distribution, and (c) having a large solar zenith angle to increase
the distribution of atmospheric molecules.

The second step is to process atmospheric and ocean parameter data for each image.
The third step is to select a suitable image by considering atmospheric and oceanic parame-
ters. The fourth step is processing images to remove clouds in the image. The fifth step is cal-
culating the TOA radiance. The sixth step is to do analysis to optimize the calibration results
(X. Chen et al., 2017). Table 3-2 lists several Rayleigh calibrations related research.

Table 3-2. Rayleigh calibrations related research

Camera/ Calibration Site Uncertainty Reference
Satellite
MODIS/ Pacific Ocean 0.14-1.39% (Zhu et al., 2019)
AQUA
WEV/ Southeast Pacific, Northwest 2.44-4.63% (X. Chen et al.,
Gaofen-1 Pacific, Tropical Eastern 2017)

Pacific, South Indian Ocean,
Tropical South Atlantic

3.3. Vicarious Calibration

Vicarious calibration is a calibration method in orbit using a natural target as the tar-
get instrument to be calibrated (Lin et al., 2019). In this method, atmospheric properties and
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reflectance of the target surface are measured simultaneously with the satellite passing over
the target. The results of these measurements are then used as input for the radiation trans-
fer model to produce TOA radiance or TOA reflectance (Babu et al., 2023)(Tang et al., 2023)
(Y.-K. Liu et al., 2020)(Jin et al., 2020)(Lin et al., 2019). The vicarious calibration method can
be divided into three methods, namely the reflectance method (Babu et al., 2023)(Tang et al.,
2023)(W. Chen & Wang, 2021)(Y.-K. Liu et al., 2020), radiance method (Y.-K. Liu et al., 2020),
and irradiance method (Zhang et al., 2018) (W. Chen & Wang, 2021)(Tang et al., 2023).

In vicarious calibration, the data required is radiometry measurement data, atmospher-
ic parameters, and camera images. In situ reflectance measurements were carried out using
a spectroradiometer (Babu et al.,2023) (Y.-K. Liu et al., 2020), while atmospheric parameters
were carried out using a sun photometer and ozonometer (Babu et al., 2023). If we use the
RadCalNet calibration site, measurement data can be obtained on the AERONET website (Y.-
K. Liu et al., 2020). The measurement data have almost the same time as the image data to
be calibrated. The vicarious calibration process for a satellite camera is shown in Figure 3-
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Figure 3-3. Vicarious calibration process on the Remote Sensing Instrument (RSI) payload
of the Formosat-5 satellite (Lin et al., 2019)

Figure 3-3 shows a vicarious calibration method based on target reflectance measure-
ments. The first step is to measure the surface reflectance and atmospheric parameters of
the calibration site. The results of this measurement become input for the radiative transfer
model to produce TOA radiance. After TOA radiance and the digital number (DN) image are
known, the calibration coefficient can be obtained. The calibration coefficient is determined
based on equation 3-2.

C(R) = (KoGsem) =R + N + C(0)C(R) = (KgGsein) =R + N + C(0) (3-2)

C(R) is the output signal in the form of a digital number (DN); K is the calibration coeffi-
cient; G_ is dynamic range gain; nn is the relative response of each detector; R is radiance; N
is noise; and C(0) is the offset. Table 3-3 lists several vicarious calibrations related research.

Table 3-3. Vicarious calibrations related research

Camera/ Method Calibration Site Uncertainty Reference
Satellite
AHSU/ Reflectance-based Dunhuang, China <3% (Tan et al., 2021)
Gaofen-5
RSI/ Reflectance-based Alkali Lake and Rail- +5% (Lin et al., 2019)
Formosat-5 road Valley
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Camera/ Method Calibration Site Uncertainty Reference

Satellite
SV0101, Reflectance and Baotou, China 4.5% for reflec- (Y.-K. Liu et al.,
SV0102, radiance based tance-based and 4% 2020)
SV0103, for radiance-based
SVO0104/
SuperView-1
MUX/ Irradiance-based and Baotou, China 5.68% for reflec- (Tang et al.,
7Y3-02 reflectance based tance-based and 4.06% 2023)

for irradiance-based

Multispectral ~ Reflectance-based Baotou, China <5% (Tang et al.,
Imager/ 2022)
Gaofen-7
AHSI/ Reflectance-based Dunhuang, China 5.71% (Yan et al., 2022)
ZY1E

3.4. Cross-Calibration

Cross-calibration is a method used by using sensor radiance on another satellite to
identify the performance of the calibrated optical satellite sensor. This method is a general
method for matching the spectral radiance of a target instrument with a reference instru-
ment while in orbit (Wang et al., 2022). In cross-calibration, the reference camera has some
requirements. The requirement is to have almost the same calibration site image, overpass
time, spectral, geometry (Lu et al., 2022), and resolution (Mizuochi et al., 2020). Furthermore,
the reference camera must have a stable and accurate calibration system (C. Gao et al., 2020)
and easy access to images and supporting data.

In this calibration, comparisons are made between channels where the two sensors
(target sensor and reference sensor) have overlapping spectral and similar response functions
(Lin et al., 2019). For sensors without an on-board calibration system, cross calibration is an
alternative option that is low cost, high calibration frequency, and can be carried out repeat-
edly to obtain calibration coefficients for each channel (H. Gao, 2016). Research on cross-cal-
ibration of satellite cameras has been widely conducted. Lu researched cross-calibration for
medium resolution multispectral cameras with large angles (Lu et al., 2022). Gao researched
cross-calibration to monitor VNIR sensor degradation on the Gaofen-4/GF-4 satellite using
three reference sensors, namely OLI/Landsat-8, MSI/Sentinel 2, and MODIS/Terra (C. Gao
et al., 2020).

Jie Han researched cross-calibration based on a radiometric block adjustment (RBA)
algorithm to minimize radiometric effects due to differences in integration time (Han, Tao,
Xie, Liu, et al., 2021). Mizuochi researched cross calibration with inter-band calibration on
a hyperspectral camera (Mizuochi et al., 2020). The images used for cross-calibration have
several criteria. Xie (Xie et al., 2017) proposed several criteria, including (a) the time difference
between the target and reference images is less than 1 hour (Thome, 2001), (b) the image is
not contaminated by clouds (S. Chen & Zhang, 2015), (c) the calibration site is in the center of
the image (Y. Chen et al., 2017), (d) image calibration points should not be at the edges (Wolfe
et al., 2002). Mizuochi proposed several criteria, including (a) the time difference between the
target and reference images within 40 minutes; (b) the sensor viewing angle within 10°; (c)
the angle of incidence of the sun within 6°; (d) no cloud, snow, or fog contamination. In the
cross-calibration process, support data is also needed, including reflectance, water vapor,
geometry, and aerosol data (Mizuochi, et.al., 2020).

Reflectance data is obtained from reference sensors, water vapor and geometry data can
be obtained from MODIS products (C. Gao et al., 2020)(Mizuochi,et.al., 2020)(Han, Tao, Xie,
Li, et al., 2021)(Lu et al., 2022), while aerosol data obtained from the VIIRS product (C. Gao
et al., 2020). The cross-calibration method is shown in Figure 3-4.
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Figure 3-4. Cross-calibration of the Formosat-5 satellite’s Remote Sensing Instrument (RSI)
payload (Lin et al., 2019)

The first step is to select the image pair between the reference and the target sensor. The
second step is to adjust the target image area to the reference image. The reference image with
atmospheric parameters becomes input to the Radiative Transfer Code (RTC). The reflection of
the camera surface can be determined using equation 3-3.

f; M%) pe r1(A)SRF (A)ak
Refl, = 50 ... (3-3)
' j; max(0) cpr(A)dA
min(i)

Where A4, (1) is the maximum wavelength of Full Width at Half Maximum (FWHM) band
i, Apin (@) is the minimum wavelength of FWHM band i, Refl(\) and SRF(A) are surface reflec-
tance and Spectral response at wavelength A. The next step is to conduct spectral correction
and Bidirectional Reflectance Distribution Function (BRDF) correction. The spectral differ-
ence between the reference and the target sensor can be calculated based on equation 3-4.

Rellres —ReJTrar , 100 ... (3-4)
ReﬂRsf
Where Reflg.r dan Reflrq, are the average surface reflectance of the spectral bandwidth
of the reference and the target camera. Meanwhile, the BRDF correction is calculated based

on equation 3-5.

Sba nd —

_ Refloff—nadir™ Reflnadir
Reflyadir
Where Reﬂoﬁ_mmr dan Refl, .4 are the surface averages at off-nadir and nadir. The

spectral correction coefficient and BRDF are determined based on equation 6.

100 ... (3-5)

6T)I ewing —

= XL rargeteffonadir _ (1 _ 5, V(1 + Spiewing) - (3-6)

RefIRsfsrsncs nadir
The surface reflectance from the previous process is multiplied by this coefficient to
produce the surface reflectance of the target camera. This reflectance is processed with RTC
to produce TOA radiance of the target camera. Next, using equation 3-2, the calibration coef-
ficient can be found.
Apart from that, there are other methods to obtain calibration coefficients. In this meth-
od, the calibration coefficient will be calculated based on equation 3-7.

DN, m.d?.cos(8g)

9t = Spar.oNgegEocos(6)

Where g; is the calibration coefficient in the form of the gain, DN; is the digital number of

the target camera, SBAF is the Spectral Band Adjustment Factor, DNR is the digital number

of the reference camera, cR is the calibration gain of the reference camera, E; is the average of

solar irradiance on the target camera channel, &; is the sun’s zenith angle on the target cam-

era, d is the average distance between the sun and the earth, 8; is the sun’s zenith angle on
the reference camera.

(3-7)
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In this method, the SBAF is calculated based on the reflectance of the reference and
target camera, which is simulated using the 6S algorithm. This process requires input in the
form of ground reflectance, atmospheric parameters, and the response spectral function of
the target and reference cameras to produce reflectance on the target and reference cameras.
The spectral adjustment between reference and target camera is a part of cross-calibration
process for avoiding systematic errors. It is producing the SBAF (C. Gao et al., 2020) (Han,
Tao, Xie, Li, et al., 2021). SBAF will be calculated based on equation 3-8.

SBAF = —Lref
Refljtar

(3-8)

Where Refl;,.; is reflectance of reference camera, and Reﬂ2 .ar 18 reflectance of target
camera. Table 3-4 lists several cross-calibration related research.

Table 3-4. Cross-calibration related research

Camera/

Targ?t Refeiﬁg;eg:ielli te Method Cahgil;itmn Uncertainty Reference
Satellite
PMS/ OLI/ Cross-calibration for =~ Dunhuang 1.14-6.65%  (Luetal.,
Gaofen-4 LANDSAT-8 large FOV cameras (China) 2022)
VNIR/ OLI/ Cross-calibration Dunhuang, 3.9-6.64 % (C. Gao et al.,
Gaofen-4 LANDSAT-8 using three reference  Dalate, Baotou 2020)
MSV/ cameras (China)
Sentinel-2
MODIS/Terra
PMS/ OLI/ Cross-calibration Dunhuang 0.65-0.97%  (Han, Tao,
Gaofen-4 LANDSAT-8 based on radiometry ~ (China) Xie, Liu, et
MODIS/Terra block al., 2021)
EO-1/ MODIS/Terra Combination of Railroad Valley 4-6% (Mizuochi et
Hyperion cross-calibration and  Playa (US) al., 2020)
inter band calibration
PMS/ MODIS/Terra Cross-calibration us-  Dunhuangand 2-6 % (Q. Liu et al.,
Gaofen-1 OLI/ ing new model BRDF  Golmud (China) 2019)
LANDSAT-8
WE-1/ OLI/ Cross-calibration us-  Badain Jaran 0.2 -5.6 for (Zhou, et.al.,
Gaofen-1 LANDSAT-8 ing Global Searching (China) PMS 0,4-7.5 2021)
PMS/ % for WF-1
Gaofen-4

3.5. Comparison of Absolute Radiometric Calibration Methods

Table 3-1 shows that onboard calibration has a 1-3% uncertainty value, indicating high
accuracy. This method offers the highest accuracy when compared to other approaches. The
calibration instrument’s performance has a significant impact on it. It will deteriorate with
time, lowering the camera image’s quality. Moreover, this method is limited to specific satel-
lites equipped with an onboard calibration mechanism. Since the ocean picture target is so
wide, the Rayleigh calibration works well with wide Field of View (FOV) cameras; nevertheless,
this method is limited to visual channels. Table 3-2 shows that the uncertainty ranges from
0.14 to 4.63%, depending on how clean the sea target is. In addition, it is challenging in prac-
tice to pinpoint distinct images of the water.

Based on Table 3-3, the vicarious method has an uncertainty of 3-6%, depending on
calibration sites and measured radiometric data. The supporting data in this method is quite
accurate because the data is measured simultaneously with image acquisition by satellite.
However, this method is quite expensive because it requires in-situ measurements. Especially
for Indonesia, which is far from standardized calibration sites. Besides that, this method also

112



Indonesian Journal of Aerospace Vol. 22 No. 2 Desember 2024 : pp 103 - 118 (Salaswati et al.)

requires a measurement operator so there is the possibility of human error.

Meanwhile, based on Table 3-4, the cross-calibration has an uncertainty of 0.2-7.5%,
depending on the calibration site and reference camera. The calibration results will be more
accurate if the target and reference camera specifications are as close as possible. This meth-
od is cheap because it does not require transportation costs to the calibration site. Further-
more, it can be done frequently because it uses data from reference satellites without in-situ
measurements. The weakness of this method is that it is difficult to obtain same conditions
between the target and the reference camera (Kabir et al., 2020). Table 3-5 lists the strengths
and weaknesses of absolute radiometric calibration methods.

Based on strengths and weaknesses, radiometric calibration methods can be adapted
to satellite conditions. The onboard calibration method is suitable for satellites equipped with
calibration instruments. The Rayleigh calibration method is suitable for large FOV camer-
as with visual wavelengths. The vicarious calibration method is suitable for satellites from
countries close to standardized calibration sites. Meanwhile, the cross-calibration method is
suitable for satellites cameras that have specifications and conditions close to the reference
camera. Basically, these calibration methods can be carried out together to complement each
method.

Table 3-5. the strengths and weaknesses of absolute radiometric calibration methods
Calibration Method Strengths Weaknesses

Onboard High accuracy Only for satellites with onboard calibra-
tion systems, the calibration instrument is
degraded over time

Rayleigh Suitable for wide Field of View (FOV)  Only for visual channels, identifying spe-
cameras cific ocean images is difficult in practice
Vicarious Supporting data in this method is quite ~ Expensive, requires a measurement oper-
accurate ator so there is the possibility of human
error
Cross Cheap, coefficient calibration from this  Difficult to obtain same conditions be-

method can be updated more frequently tween the target and the reference camera
than other methods

4. Conclusions

Based on the description previously, onboard calibration is a relatively accurate method
with a range value that is not significant, with an uncertainty value of 1-3%. However, in some
conditions, Rayleigh and cross-calibration are more accurate than onboard calibration be-
cause these methods have low uncertainty values, namely 0.14% and 0.2%, depending on cal-
ibration sites (Rayleigh and cross), as well as reference camera (cross). Basically, all methods
can be used and adapted to the conditions of the satellite. The onboard calibration method is
suitable for satellites equipped with calibration instruments. The Rayleigh calibration method
is suitable for large FOV cameras with visual wavelengths. The vicarious calibration method
is suitable for satellites from countries close to standardized calibration sites. Meanwhile, the
cross-calibration method is suitable for satellites cameras that have specifications and condi-
tions close to the reference camera. Therefore, these calibration methods can be carried out
together to complement each method.
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