
Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography
Vol. 35, No. 4, 291-302, 2017
https://doi.org/10.7848/ksgpc.2017.35.4.291

Absolute Radiometric Calibration for KOMPSAT-3 AEISS and 
Cross Calibration Using Landsat-8 OLI
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Abstract
Radiometric calibration is a prerequisite to quantitative remote sensing, and its accuracy has a direct impact on 

the reliability and accuracy of the quantitative application of remotely sensed data. This paper presents absolute 
radiometric calibration of the KOMPSAT-3 (KOrea Multi Purpose SATellite-3) and cross calibration using the 
Landsat-8 OLI (Operational Land Imager). Absolute radiometric calibration was performed using a reflectance-
based method. Correlations between TOA (Top Of Atmosphere) radiances and the spectral band responses of 
the KOMPSAT-3 sensors in Goheung, South Korea, were significant for multispectral bands. A cross calibration 
method based on the Landsat-8 OLI was also used to assess the two sensors using near simultaneous image pairs 
over the Libya-4 PICS (Pseudo Invariant Calibration Sites). The spectral profile of the target was obtained from 
EO-1 (Earth Observing-1) Hyperion data over the Libya-4 PICS to derive the SBAF (Spectral Band Adjustment 
Factor). The results revealed that the TOA radiance of the KOMPSAT-3 agree with Landsat-8 within 5.14% for 
all bands after applying the SBAF. The radiometric coefficient presented here appears to be a good standard for 
maintaining the optical quality of the KOMPSAT-3.
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1. Introduction

The ability to detect and quantify changes in earth’s 
environment using remote sensing is dependent upon sensors 
providing accurate and consistent measurements over 
time. To use remotely sensed data and ensure high quality 
observations, scientists need to know the spatial, geometric, 
spectral, and radiometric characteristics. Especially, 
radiometric calibration of optical images is essential for 
maintaining stable image quality and for extracting signal 
characteristics from data obtained at different times and/or 
from different sensors (Lee et al., 2012).

In general, vicarious calibrations can be challenging 
because of their labor intensity, high cost, small dynamic 
range, and spatial coverage among other factors. To overcome 
these limitations, cross calibration approach was developed 
using tandem images from a well-calibrated satellite sensor 
as a reference; this approach has been successfully used in 
a number of remote-sensing instruments (Dinguirard and 
Slater, 1999; Teillet et al., 2001). Cross calibration between the 
sensors is critical to convert the measurement from different 
sensors to a common radiometric scale. Various techniques 
use a well calibrated sensor as a transfer radiometer to achieve 
characterization of other sensors using near simultaneous 
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observations of the earth (Chander et al., 2013).
For accurate cross calibration between these two sensors, 

the uncertainty arising from their RSR (Relative Spectral 
Response) differences needs to be resolved. The necessity of 
SBAF (Spectral Band Adjustment Factors) as an important 
tool to reduce the cross calibration uncertainties arises from 
the spectral differences between the analogous bands of the 
multispectral sensors (Chander et al., 2010). The purpose of 
this study was to produce radiometric calibration coefficients 
that allow calibration of KOMPSAT-3 (KOrea Multi Purpose 
SATellite-3) DN (Digital Number) to values with physical 
units. Conversion to the sensor spectral radiance and TOA 
(Top Of Atmosphere) reflectance is a fundamental step 
during comparison of products from different sensors. 

Since the launch of KOMPSAT series, staffs of the KARI 
(Korea Aerospace Research Institute) and the PKNU RSG 
(Pukyong National University Remote Sensing Group) 
conducted radiometric calibration studies to maintain quality 
of their imagery (Lee et al., 2012; Jin and Lee, 2014). This paper 
summarizes radiometric calibration of the KOMPSAT-3, and 
the main contributions of this paper are as follows:

1.  Absolute radiometric calibration was performed using 

a reflectance-based method on a target field imaged by 
KOMPSAT-3 coincident with ground-based surface and 
atmospheric measurement.

2.  Cross calibration was executed based on the Landsat-8. 
Cross calibration between the two sensors using 
simultaneous image pairs was acquired by these two 
sensors over the Libya site. 

3.  For the differences in spectral responses between the 
KOMPSAT-3 and Landsat-8, we compensated the 
spectral band difference factor using the Hyperion.

2. Methodology

In this study, we concerns sensor radiometric calibration 
based on earth scenes imaged in flight, which is a useful 
method for situations where the onboard calibrator is not 
available and lunar calibration is not feasible. The flow 
chart of the calibration of KOMPSAT-3 is shown in Fig. 1. 
The radiometric calibration consisted of three stages: (a) 
Reflectance based absolute radiometric calibration, (b) 
Cross calibration with other satellite, and (c) The SBAF 
compensation using hyperspectral space born sensor.

Fig. 1. Flow chart
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The dates and viewing geometries of the scenes are shown 
in Table 1. The KOMPSAT-3 images did not include The 
DN to radiance conversion or geometry correction, which 
are Level 1R products. The Landsat-8 and EO-1 (Earth 
Observing-1) Hyperion images supplied by the USGS (United 
States Geological Survey) were Level 1T products, which 
are systematically radiometric and geometric corrected by 
incorporating ground control points, while also using a DEM 
(Digital Elevation Model) for terrain corrected images. All 
KOMPSAT-3 images were acquired near simultaneously 
(within 3 hours) with the Landsat-8, EO-1 images and were 

of very good quality, with almost no cloud (<1% cloud cover) 
and a satellite tilt angle of less than 10%. 

2.1 Sensor overview 

Table 2 lists the key specifications of the KOMPSAT-3 
AEISS (Advanced Earth Imaging Sensor System), Landsat-8 
OLI (Operational Land Imager), and the EO-1 Hyperion 
sensor. Only the four bands that the three sensors have 
in common, as listed in the table. For clarity the bands 
considered in this paper are named Blue, Green, Red, and 
NIR (Near-InfraRed). 

Table 1. Image metadata

Use Site Sensor Date
Time Earth-sun 

distance
Solar Sensor

(UTC) Zenith Azimuth Zenith Azimuth
Absolute 

calibration Goheung KOMPSAT-3 2014-02-21 4:41:25 0.988 47.9 199.1 1.4 137.5

Cross 
calibration Libya-4

KOMPSAT-3
2013-08-06

11:39:27
1.014

19.7 236.1 1.9 80.8
Landsat-8 8:57:19 24.6 114.4 Nadir (roll:-0.001́ )

KOMPSAT-3
2013-06-03

11:40:08
1.014

18.3 272.5 1.8 255.5
Landsat-8 8:57:12 20.3 103.3  Nadir (roll:-0.001́ )

KOMPSAT-3
2014-04-03

11:33:16
0.999

28.7 218.9 9.8 80.2
Landsat-8 8:55:21 32.1 132.4 Nadir (roll:-0.001́ )

KOMPSAT-3
2014-09-10

11:29:36
1.006

29.4 219.1 9.4 80.3
Landsat-8 8:55:18 31.4 135.3 Nadir (roll:-0.001́ )

SBAF
retrieve Libya-4

KOMPSAT-3
2014-07-06

11:39:27
1.016

15.9 263.0 1.9 80.7
Hyperion 8:05:26 32.8 92.5 13.6 98
Landsat-8

2014-07-08
8:55:00

1.016
22.2 100.9  Nadir (roll:-0.001́ )

Hyperion 8:03:06 32.9 92.3 12.2 98

Table 2. Sensor specifications

Parameter EO-1 Hyperion KOMPSAT-3 AEISS Landsat-8 OLI

Spectral bands
(μm)

Blue Band 11~18 0.457~0.528 Band 1 0.45~0.52 Band 2 0.45~0.52
Green Band 16~25 0.529~0.599 Band 2 0.52~0.60 Band 3 0.55~0.60
Red Band 28~34 0.630~0.691 Band 3 0.63~0.69 Band 4 0.63~0.68
NIR Band 39~56 0.742~0.905 Band 4 0.76~0.90 Band 5 0.84~0.88

GSD at Nadir (m) 30 2.8 30 
Quantization (bit) 10 14 12 
Swath width (km) 7.5 15 185

Altitude (km) 705 685 705
Scanner Push broom Push broom Push broom
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The KOMPSAT-3 is an optical Korean observation 
mission of the KARI and was launched on May 19, 2012. 
KOMPSAT-3 is loaded with an AEISS consisting of a 
panchromatic band (0.7m spatial resolution) and four 
multispectral bands (2.8m spatial resolution). It will operate 
at an altitude of 685 km in a sun-synchronous orbit for 4 
years and monitor the Korean peninsula using a payload 
capable of sub-meter class resolution. The mission objectives 
of the KOMPSAT-3 are to provide continuous satellite Earth 
observation after KOMPSAT-1 and KOMPSAT-2 and to meet 
the nation's needs for high-resolution EO (Electro-Optical) 
images required for GIS (Geographical Information Systems) 
and other environmental, agricultural and oceanographic 
monitoring applications.

Landsat-8 is the latest platform in the 40 year Landsat 
series of satellites. The visible and near infrared bands 
retain many of the characteristics of previous Landsat 
sensors, such as a 185 km swath width, a 30 m ground 
resolution for the multispectral bands, and a 15 m resolution 
for the panchromatic band. One prominent change was the 
transition from a whiskbroom configuration to a push broom 
configuration, which was successfully demonstrated by the 
EO-1 ALI (Advanced Land Imager) (Irons et al., 2012). 

The NASA EO-1 satellite was launched on November 21, 
2001. During 1 year, it did validation and assessment mission. 
The Hyperion push broom hyperspectral sensor covers the 
0.4~2.5 μm spectral range with 242 spectral bands at a 10 nm 
spectral resolution and a 30 m spatial resolution, acquiring a 
7.7km swath width Image. The spectral characterization of 
Hyperion is well documented by Folkman et al. (2001). The 
Hyperion RSR is characterized using a gaussian distribution 
RSR. Overall, the EO-1 Hyperion sensor is radiometrically 
stable to within 5%, based on the lunar observations 
in comparison with the USGS ROLO (RObotic Lunar 
Observatory) (Ungar et al., 2009).

Fig. 2 shows the band average RSR of KOMPSAT-3 
AEISS together with the Landsat-8 OLI and EO-1 Hyperion. 
In general, Landsat-8 OLI bands are narrower than the 
KOMPSAT-3 bands because the Landsat-8 OLI band edges 
have been refined to avoid atmospheric absorption features. 
The Landsat-8 OLI NIR band is substantially narrower, and 
so avoids the water vapor absorption feature at approximately 

825, 940 nm. These NIR RSR differences mean that even 
when both sensors are observing the similar band of the 
electromagnetic spectrum at the same time, they may detect 
different radiance values depending on the RSR of the target.

2.2 Absolute radiometric calibration

Radiometric calibration is generally used to normalize 
remotely sensed images for time series intercomparison 
(Yang and Lo, 2000). We used a reflectance based technique 
for absolute radiometric calibration of KOMPSAT-3, 
airborne and spaceborne systems. It has been in use for over 
25 years, and is a famous and well understood procedure 
(Thome, 2001; Teillet et al., 1990). The absolute radiometric 
calibration consisted of three stages: (a) a field campaign 
to obtain site surface reflectance measurements, (b) 
atmospheric correction, and (c) determination of the absolute 
radiometric calibration. 

The field campaign for the reflectance based vicarious 
calibration was initiated on February 21, 2014, at the KARI 
Aviation Center. We set 12 different target tarps (10 × 
20m, 10 × 10m) references (Fig. 3(a)), made by KARI, at 
the test sites that had uniform reflectance in the 0.42~0.95
㎛ bandwidth (Fig. 3(b)). The reflectance for these tarps was 
measured using a spectroradiometer. We measured reference 
tarp four times, before and after twice after overpass time of 
the satellite. The average reflectance targets, all values were 
within a standard deviation of ± 2%.

To estimate the atmospheric condition, we used a MFRSR 
(Multi Filter Rotating Shadow band Radiometer), but the 
data collection time was not sufficient to apply Langley 

Fig. 2. RSR of the sensor used in this study
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plots. Therefore, a rural model was used by the MODTRAN 
(MODerate resolution TRANsmission algorithm) (Schläpfer 
and Nieke, 2005) an aerosol model. The atmospheric 
conditions were measured using PTU-2000 and Goheung 
AWS (Automatic Weather Station) operated by the KMA 
(Korea Meteorological Administration) to precisely measure 
meteorological factors such as air temperature and humidity. 
The atmospheric conditions were generally very clear and 
stable. 

Many complicated interactions occur before the solar 
radiation energy is reflected from a surface target to a satellite 
sensor. The total radiance at a sensor LS can be calculated as 
follows Eq. (1) (Richter and Schläpfer, 2011).

LS = LT + LP (1) 

Where LT: Total radiance from the target toward the sensor 
(W/m2/sr), and LP: Path radiance resulting from multiple 
scattering (W/m2/sr). The atmospheric correction in Eq. (1) 
is required to minimize or remove the contribution of path 
radiance LP. To calculate the total radiance at the sensor (LS) 
quantitatively, radiative transfer models are used, which 
predict the path radiance in a certain region on a specific 
date and remove its effect. At the sensor radiance used for 
reflectance based vicarious calibration was calculated using 
MODTRAN radiative transfer code. 

The surface reflectance data measured in field campaigns 
and the atmospheric condition parameters, such as 
meteorological conditions and OMI (Ozone Monitoring 
Instrument) ozone, water vapor and aerosols shown in Table 
3 were input to a radiative transfer code that predicts the TOA 
radiance.

Fig. 3. KOMPSAT-3 image for the reflectance based vicarious calibration at KARI aviation center in Goheung, South 
Korea (a) Location of the 12 types of tarp used for radiometric field campaign (b) Average reflectance measured by the 

spectroradiometer for the target tarp types

Table 3. Summary of the atmospheric condition parameters used in this study

Weather parameter MODTRAN input parameter
Visibility(km) 23 Model atmosphere  US standard and mid latitude winter

OMI ozone (DU) 370.8 Type of atmospheric path Slant path
Water vapor (cm) 0.82 Execute with multiple scattering MS on flux at observer
Temperature (°C) 8 Aerosol phase function MIE generated

Pressure (mb) 1028 Ground altitude above sea (km) 0.001 
Humidity (%) 39 Aerosol model 23 km visibility rural 

(a) (b)



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 35, No. 4, 291-302, 2017

296  

The relationship between the TOA radiance of a reference 
target at a test site and that determined by atmospheric 
correction and the DN of KOMPSAT-3 Level 1R images was 
expressed by the following Eq. (2).

Lλ = gain × DN + offset (2) 

where Lλ: Band averaged spectral radiance predicted at the 
sensor from the radiative transfer code (mW/cm2/sr/㎛), gain: 
Change in radiance as a function of DN, and offset: DN value 
where zero radiance is detected. The gain is the sensitivity 
of the image DN to the radiance reaching the sensor from 
the landmarks and explains the spectral characteristics of 
the sensor (Belward and Valenzuela, 1991). KOMPSAT-3 
radiometric gain coefficients derived from Goheung site for 
each of the multispectral bands. KARI routinely measures 
dark counts to subtract out the offset (Kim et al., 2015) 
the offset was set to zero and the least squares approach 
generating only a gain parameter was used. 

2.3 Cross calibration

Cross calibration is one of the various methods used for 
sensor calibration after launch. A given sensor is calibrated 
against another satellite sensor for which the radiometric 
calibration is better known through the near simultaneous 
imaging of a common ground target (Teillet et al., 1990).

In this study, cross calibration was conducted using the 
KOMPSAT-3 AEISS with reference to the Landsat-8, which 
performs radiometric calibration by an onboard calibrator 
(Amanollahi et al., 2013). For cross calibration, we used same-
day (3 hours different) Landsat-8 and KOMSAT-3 overpass 
time at the Libya-4 PICS (Pseudo Invariant Calibration Sites) 
on August 6, 2013, June 3, 2013, April 3, 2014 and September 
10, 2014 (Fig. 4).

For the cross calibration, the calibration coefficient was 
calculated by comparing the at sensor spectral radiance for 
the same location calculated using the Landsat-8 calibration 
parameters in the metadata and the DN of KOMPSAT-3 for 
the ROI (Regions Of Interest). Each ROI for cross calibration 
was selected to be homogenous, with a size of about 9 × 
9 km. To match in the spatial resolution 30m between 
KOMPSAT-3 and Landsat-8 images. 

We used the Landsat-8 metadata file, including the 
coefficients necessary to convert to radiance, and the 
reflectance from the quantized and calibrated DN of the 
product. This can achieve rapid conversion by calculating 
the radiometric rescaling factor offered in the metadata file 
using the following Eq. (3).

RadianceLandsat8 = DN * MULT + ADD (3) 

Where MULT: Band specific multiplicative rescaling 
factor, ADD: Band specific additive rescaling factor, and DN: 
quantized and calibrated standard product pixel values.

2.4 Compensation spectral band difference

Cross calibration can be conducted because the satellite 
sensors used for overpass have a similar bandwidth. However, 
not all satellites have the same color filter transmittance and 
sensor reactivity, even though the purpose is to observe the 
visible bands. Therefore, the differences in the RSR should 
be corrected. SBAF is a factor that corrects the differences 
in the spectral response of two different satellites, allowing a 
comparison to be made. EO-1 Hyperion sensor images were 

(a) June 3, 2013

(c) April 3, 2014

(b) August 6, 2013

(d) September 10, 2014

Fig. 4. KOMPSAT-3 and Landsat-8 images used for cross 
calibration at the Libya site
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used to derive the SBAF to compensate for the differences in 
the RSR between the sensors.

In this study, we obtained the EO-1 Hyperion image for 
the same days as the KOMPSAT-3 and Landsat-8 overpasses 
for the SBAF at the Libya-4 PICS. EO-1 Hyperion sensor 
images were used to derive the SBAF to compensate for the 
differences in the RSR between the sensors. The SBAF was 
calculated using KOMPSAT-3 and EO-1 on July 6, 2014, 
and Landsat-8 and EO-1 on July 8, 2014 (Fig. 5). The SBAF 
can be calculated using the following Eq. (4) by utilizing the 
integral values of the RSR (Chander et al., 2013).

𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝜌𝜌𝜆𝜆(𝐵𝐵)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

 
𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)

𝜌𝜌𝜆𝜆(𝐵𝐵)
𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)

𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

 
𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)

𝜌𝜌𝜆𝜆(𝐵𝐵)
𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)

𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

 
(4)

Where RSRλ: RSR of the sensor, ρλ: Hyperspectral TOA 
reflectance profile, 

𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝜌𝜌𝜆𝜆(𝐵𝐵)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

: Simulated TOA reflectance for 
sensor A, 

𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝜌𝜌𝜆𝜆(𝐵𝐵)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

: Simulated TOA reflectance for sensor B, 
and 

𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝜌𝜌𝜆𝜆(𝐵𝐵)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

: Compensated TOA reflectance for sensor A 
when using the SBAF to match sensor B TOA reflectance. 

TOA reflectance was used instead of the TOA radiance. 

The Eq. (5) calculate the TOA reflectance (ρ) of KOMPSAT-3 
and Landsat-8.

𝜌𝜌𝜆𝜆(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = ∫𝜌𝜌𝜆𝜆∙𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆
𝑅𝑅𝑅𝑅𝑅𝑅𝜆𝜆 𝑑𝑑𝜆𝜆

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝜌𝜌𝜆𝜆(𝐵𝐵)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗) = 𝜌𝜌𝜆𝜆(𝐴𝐴)
𝑅𝑅𝐵𝐵𝐴𝐴𝑆𝑆

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆)

𝜌𝜌𝜆𝜆(𝑆𝑆 ∗)

𝜌𝜌𝜆𝜆 =
𝜋𝜋 ∙ 𝐿𝐿𝜆𝜆 ∙ 𝑑𝑑2

𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝜆𝜆 ∙ 𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠  
(5)

where, ρλ : Planetary reflectance, Lλ: Spectral radiance at 
the sensor aperture (either KOMPSAT-3 or Landsat-8 (W/m2 
㎛ sr), ESUNλ: Band dependent mean solar exoatmospheric 
irradiance (W/m2㎛), θs: Solar zenith angle (radians), and d: 
Earth-sun distance (astronomical units). 

 
３. Results and Discussion

3.1 Absolute calibration using vicarious method

Absolute radiometric calibration coefficient was calculated 
for each spectral band for KOMPSAT-3 AEISS using a RSR 
corresponding to predicted TOA radiances and images DN 
of KOMPSAT-3. The absolute radiometric calibration curves 
are shown in Fig. 6 and Table 4. 

We calculated the solar exo-atmospheric irradiance, known 
as “ESUN” of the KOMPSAT-3 sensor, using KOMPSAT-3 
RSR and the high-resolution solar irradiance spectrum (Fig. 
2) proposed by Fontenla et al. (2011). Table 4 shows the values 

(a) Hyperion (July 8, 2014) 

(c) Hyperion (July 6, 2014)

(b) KOMPSAT-3 (July 8, 2014)

(d) KOMPSAT-3 (July 6, 2014)

Fig. 5. Common area of images in the Libya site used for 
retrieve the SBAF

Fig. 6. KOMPSAT-3 radiometric gain coefficients and 
calibration curve derived from reflectance based vicarious 

calibration at the Goheung site for each band
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of the bandwidth, central wavelength and bandwidth data for 
the KOMPSAT-3 sensor. Spectral bands are often generalized 
in terms of the full width at half maximum bandwidth and 
central wavelength corresponding to the maximum value of 
the response function (Pagnutti et al., 2003).

The KOMPSAT-3 absolute radiometric coefficient were 
0.01811 for the blue band, 0.02541 for the green band, 0.02023 
for the red band and 0.01300 for the NIR band. The coefficient 
of determination (R2) values of the fitted lines exceeded 0.99, 
t-test results for the gain coefficients were less than 0.05 in a 
simple linear regression. Thus, the correlation between TOA 
radiances and the RSR of the KOMPSAT-3 sensor in the 
Goheung sites were significant for all bands. However, we need 
to analyze the nonlinearity generated by the determination 
of the calibration coefficient and to reduce the uncertainty 
of the calibration coefficient. The accuracy of the ground 
measurements will be improved by using sun photometer and 

sky radiometer measurements in the next field campaign.

3.2 Cross calibration in Libya site

The TOA radiance is influenced by the sun, satellite view 
geometry, and the atmospheric conditions. When using near 
simultaneous images minimizes this effect because the sensors 
are viewing the same atmosphere. However, LTAN (Local 
Time on Ascending Node) of KOMPSAT-3 and LANDSAT-8 
has approximately 3 hours of difference according to the orbit 
of a satellite, and this makes a difference of the solar zenith 
angles when acquire images. In order to solve these issues 
to apply cross calibration, the cosine correction was to be 
applied to KOMPSAT-3 images according to the zenith angle 
suggested by Teillet et al. (2001).

For KOMPSAT-3, regression lines were determined 
for data within each band, as well as overall regression 
combining average data from all bands. Table 5 gives the 

Table 4. KOMPSAT-3 sensor characteristics and calibration results

Band Gain R2 50% bandwidth1) Centre1) Spectral irradiance2)

Blue 0.01811 ± 0.0008 0.9941 445.6 – 532.3 489.0 200.1
Green 0.02541 ± 0.0020 0.9941 606.1 – 559.0 559.0 187.5
Red 0.02023 ± 0.0010 0.9937 702.8 – 668.0 668.0 152.5
NIR 0.01300 ± 0.0007 0.9931 932.2 – 844.1 844.1 102.7

1) nm, 2) mW cm-2 um-1

Table 5. Cross calibration results obtained with the radiance from Landsat-8 and KOMPSAT-3 DN

Date Type
Blue Green Red NIR

Mean Stdev2) Mean Stdev Mean Stdev Mean Stdev

2013-06-03
Landsat-8 radiance 13.27 0.29 16.65 0.39 19.30 0.43 15.04 0.33
KOMPSAT-3 DN 7416 149.10 6484 137.68 8823 178.08 9351 199.55

calibration coefficient 0.01789 0.02567 0.02187 0.01578

2013-08-06
Landsat-8 radiance 14.47 0.41 18.23 0.58 20.93 0.68 16.14 0.54
KOMPSAT-3 DN 8086 185.83 7176 177.73 9726 254.84 10351 290.96

calibration coefficient 0.01789 0.02540 0.02152 0.01559

2014-04-03
Landsat-8 radiance 13.25 0.63 16.85 0.90 19.64 1.02 15.02 0.71
KOMPSAT-3 DN 7588 342.29 6837 332.79 9369 448.97 10317 471.52

calibration coefficient 0.01746 0.02465 0.02096 0.01456

2014-09-10
Landsat-8 radiance 13.35 0.57 16.88 0.82 19.51 0.91 15.05 0.65
KOMPSAT-3 DN 7539 293.91 6714 293.52 9189 401.12 9784 414.26

calibration coefficient 0.01770 0.02514 0.02124 0.01538

1) Radiance unit: mW/cm2/str/um, 2) Standard deviation
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results of the cross calibration between for the KOMPSAT-3 
and Landsat-8 images overpassed in 2013, and 2014. The 
standard deviation of radiance of Landsat-8 and DN of 
KOMPSAT-3 had a maximum of 5% of all image. 

The maximum difference in the calibration coefficient was 
calculated for each scene is 2.4% in blue band, 3.9% in green 
band, 4.1% in red band and 7.7% in NIR band. There was a 
trend for the difference to increase from the Blue band to the 
NIR bands, which was likely to be due to the RSR difference. 

3.3 Spectral band adjustment factor in Libya site

In this study, “measured” TOA reflectance refers to the 
reflectance obtained directly from the multispectral sensor 
(e.g., KOMPSAT-3 and Landsat-8) imagery by converting 
the calibrated DN to TOA reflectance using the absolute 
gain coefficient. The “simulated” TOA reflectance refers 
to the reflectance obtained from integrating the RSR of the 
multispectral sensor with the hyperspectral profile of the 
target. 

Table 6 lists a summary of the average simulated 
KOMPSAT-3 and Landsat-8 reflectance, the SBAF, 
and the percentage difference before and after SBAF 
compensation for all spectral bands. For band 1, without 
SBAF compensation, the difference in the measured TOA 
reflectance between KOMPSAT-3 and Landsat-8 was -0.39%. 
With SBAF compensation, this difference was -2.48%. This 
indicates that SBAF overcompensated for the differences 
between KOMPSAT-3 and Landsat-8 for band 1. For band 
2 without SBAF compensation, the percentage difference 
between the TOA reflectance measured by KOMPSAT-3 

and Landsat-8 was -4.60%, which reduced to -3.25% after 
applying SBAF. For band 3, the disagreement between 
KOMPSAT-3 and Landsat-8 TOA reflectance decreased 
from -6.24% to -4.08% after applying SBAF. For band 4, 
without SBAF compensation, the percentage difference 
between the TOA reflectance measured by KOMPSAT-3 and 
Landsat-8 was -13.91%, whereas with SBAF compensation, 
it was 5.14%, which indicates a significant improvement in 
the offset. SBAF compensation of the RSR for the individual 
bands can vary significantly among sensors. 

Without SBAF compensation, the OLI images provided 
higher TOA reflectance values than the KOMPSAT-3 
reflectance values. The differences were greater in the NIR 
band than the visible bands, especially band 4, for which the 
TOA reflectance was on average 9.5% higher for OLI than 
KOMPSAT-3. The difference in the NIR was consistent 
between different bands, with the TOA reflectance with OLI 
being slightly larger (Mishra et al., 2014). 

The effect of RSR differences among satellites has an 
impact on the uncertainties associated with cross calibration. 
An SBAF can be derived to account for these differences. 
This SBAF can then be used to convert the imagery to a 
common spectral basis (Morakot et al., 2013).

Table 7 shows coefficient comparison before and after 
SBAF compensation. Before and after SBAF compensation 
the difference in the blue band changed from 2.06 to 
-0.14~0.14%, the difference in the green band changed from 
-0.76 to -2.13~2.18% and the difference in red band changed 
from -5.77 to -3.59~3.47%, all of which were similar. For the 
green band there was a tendency to increase slightly, which 

Table 6. The effects of the Hyperion 10 nm derived the SBAF TOA reflectance

Band S.Ref1)

(K3)
S.Ref2)

(L8) SBAF Stdev
(SBAF)

M.Ref 3)

(K3)
M.Ref 4)

(L8)
A.Ref 5)

(K3)
% Diff SBAF

Before6) After7)

Blue 25.1 24.5 0.979 0.43 25.5 25.6 25.0 -0.39 -2.48

Green 36.3 36.8 1.014 0.45 33.2 34.8 33.7 -4.60 -3.25

Red 47.5 48.6 1.023 0.34 45.1 48.1 46.1 -6.24 -4.08

NIR 55.1 67.3 1.221 0.30 52.6 61.1 64.2 -13.91 5.14

1) KOMPSAT-3 simulated TOA reflectance from Hyperion, 2) Landsat-8 simulated TOA reflectance from Hyperion, 3) 
Measured TOA reflectance on Landsat-8, 4) Measured TOA reflectance on KOMPSAT-3 5) Adjusted TOA reflectance (SBAF 
compensation), 6) [M.Ref (K3)-M.Ref (L8)] / [M.Ref(L8)×100], 7) [A.Ref (K3)-M.Ref (L8)] / [M.Ref(L8) ×100], 
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suggests that there is no significant change when considering 
the uncertainty. The difference in the NIR band changed from 
-17.91 to 3.43~-3.55%, which was a marked improvement.

Chander et al. (2010) selected Hyperion, Landsat-7 
ETM+ (Enhanced Thematic Mapper Plus), and MODIS 
(Moderate Resolution Imaging Spectroradiometer) images 
from the same day for SBAF adjustment. We also processed 
the same day images and the corresponding day’s specific 
SBAF adjustment was applied, as described earlier. The 
average percentage difference between ETM+ and MODIS 
TOA reflectance before (-16.24~5.63) and after the SBAF 
(-5.53~4.28) were similar.

The reason for this, as shown in Table 8, was that the 
RSR for each band differed between KOMPSAT-3 and 

Landsat-8. For the nominal spectral band width overlap ratio, 
the blue and green bands were more than 90% similar. The 
red overlap was 83%, the NIR overlap was 28.6%, and the 
precise overlap ratio based on RSR was in the order of blue, 
green, red, and NIR, with overlap ratios. The blue and green 
bands displayed relatively small differences, but the red and 
NIR bands had large differences. Therefore, the effect of the 
red and NIR band’s SBAF was higher than that for the blue 
and green band.

 
4. Conclusion 

We performed absolute radiometric calibration using 
vicarious method for the KOMPSAT-3 sensor following 

Table 7. Coefficient comparison before and after consider SBAF

Band
Applying SBAF

% Difference3)
Difference SBAF (%)

Absolute Cross L8<-K31) K3<-L82) L8<-K3 K3<-L8

Blue 0.01811 0.01774 0.01814 0.01771 2.06 -0.14 0.14

Green 0.02541 0.02522 0.02487 0.02577 0.76 2.13 -2.18

Red 0.02023 0.02140 0.02096 0.02065 -5.77 -3.59 3.47

NIR 0.01300 0.01533 0.01255 0.01587 -17.91 3.43 -3.55

1) KOMPSAT-3 SBAF compensation using Landsat-8 TOA reflectance
2) Landsat-8 SBAF compensated using KOMPSAT-3 TOA reflectance
3) (Goheung absolute calibration, cross calibration before SBAF)/Goheung absolute calibration *100

Table 8. Spectral band width and overlap ratio on KOMPSAT-3 and Landsat-8

Source RSR1) Nominal
Unit Band Blue Green Red NIR Blue Green Red NIR

nm

K3 low 446 512 633 756 450 520 630 760
K3 high 532 606 702 930 520 600 690 900
L8 low 452 533 636 851 450 525 630 845
L8 high 512 590 673 878 515 600 680 885

Band width(K3) 86 94 69 174 70 80 60 140
Band width (L8) 60 57 37 27 65 75 50 40

%

O.R.2) 69.8 60.6 53.6 15.5

92.9 93.8 83.3 28.6
Int3)/L8 O.R. 74.9 63.3 48.0 17.1
Int/K3 O.R. 92.1 95.8 75.3 93.9
Int/All4) O.R. 65.2 61.5 41.5 17.0

1) Relative spectral response, 2) Overlap Ratio, 3) intersection, 4) union
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a field campaign in Goheung, South Korea, in 2014. The 
radiometric calibration coefficient was determined to 
explain the relationship between the DN and sensor radiance 
through absolute radiometric calibration of the KOMPSAT-3 
AEISS. We also described a cross calibration approach based 
on the Libya-4 PICS that used near simultaneous collections 
from the two sensors during an underfly. Images of the EO-1 
Hyperion were used to quantify the spectral signature of the 
target area to overcome the spectral band difference. 

For absolute radiometric calibration, when fitting the 
coefficients, the coefficient of determination values of the 
line fit was greater than 0.99 for all bands. For the cross-
calibration, a calibration coefficient was calculated using the 
TOA radiance and KOMPSAT-3 DN of the Landsat-8 OLI 
overpassed the Libya-4 PICS, the accuracy of the calibration 
coefficient at the site was assumed to be ± 1.0%. In cross 
calibration, standard deviation of the cross calibration 
coefficients showed a difference of about 3%. Before and 
after the SBAF compensation in the blue and green bands, 
the differences in the red band were improved from –5.77 to 
–3.59 ~ +3.47%, and the differences in the NIR band were 
improved from –17.91 to -3.55% ~ +3.43%.

The results provide a good scale for maintaining optical 
quality of the KOMPSAT-3 AEISS, which lacks data for 
prelaunch, onboard, and absolute calibration. However, we 
need to analyze non-linearity generated by determining the 
calibration coefficient and reducing uncertainty (atmospheric 
parameter and bidirectional reflectance distribution 
function). In terms of the results, the radiometric calibration 
coefficients provided here are thought to be useful for 
maintaining optical quality of the KOMPSAT-3 AEISS.
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