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Tnllcs Vicarious calibration methods overview

Inter-Calibration System

Earth surfaces with suitable characteristics have long served as benchmark or test sites to
verify the post-launch radiometric calibration performance of satellite instruments.

Field campaigns on reference standard test sites (eg. Dunhuang, Railroad Valley Playa)
Pseudo-invariant calibration sites (PICS)

lce or snow fields (Greenland, Dome C, Tibetan Plateau Glaciers)

Deep convective clouds (DCC)

Rayleigh scattering » Pseudo-invariant Targets Selection based on prior knowledge

Liquid water cloud » Large, homogenous areas

Sun glint » Types and quantities of these targets are limited, resulting in
The Moon low calibration frequency and dynamic ranges

The stars

To achieve high-frequency, high-dynamic range, and high-precision in-orbit calibration of
satellite sensors, we propose a pseudo-invariant pixels (PIPs) based strategy for sensor
calibration (degradation trending and inter-calibration).
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A €.-.ﬁ;!§h! IR-MAD technique for PIPs selection

r-Calibration

Image pairs

IR-MAD: iteratively re-weighted multivariate alteration detection (MAD) il
The IR-MAD technique was first proposed for change detection by Nielsen .
(1998,2007), and later used in the radiometric normalization [Canty et.al, 2004, porerefemseny i
2008], radiometric calibration of AVHRR (Schmidt, 2008) 7‘ e r.
« Consider an image pair (F, G) composed of two images acquired at different times by —=~=1" '”‘age"*l“z)
the same sensor or images acquired simultaneously by two different sensors, .
. é) T L
U=a FICIIFi +612F2 +...+aNFN Mask 1 Mask 2
MAD
V=b"G=bG,+b,G, +..+byGy L \
MADI = Ul _Vl = a;FF _blTG,l:L,N “";:‘m\ \

« transform the image data to a feature space, which is more conducive to detect :
change or no-change in the scene. The MAD transformation is linear scale ey
invariant under affine transformations, thus is insensitive to the differences in
gain and offset settings of the sensor

Channel 1 (tz) H
i ' H
il

MAD
Z= Z[ j <k (Schmidt, 2008)

i=1 O;

« Pixels that meet this criterion are designated as pseudo-invariant pixels and can be used for calibration
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Sensor degradation trending based on PIPs
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‘Esics FY-3D/MERSI-II overview

Acronum MERSI-II
Full name Medium Resolution Spectral Imager — ||

Radiative cooler

Aft-optics > \N
Purpose Multi-purpose imagery, including ocean colour , N

K-mirror
g . N\
- Visible Onboard Calibrator (VOC)
Short  25-channel VIS/IR spectro-radiometer e — -
descrivtion

Backaroun Replacing and merging MERSI on FY-3A/3B and
d VIRR on FY-3A/3B/3C

Solar incident /’ .
light cone

Seannina Cross-track: 2048 samples for channels at 1000 m ‘ X
Technique resolution at nadir, or 8192 samples for channels at
250 m resolution, swath 2900 km - Along-track: ten
1-km lines every 1.5 s.

Resolution 250 m or 1.0 km at s.s.p.

Coveraae / Global coverage once/day (VIS/NIR/SWIR channels),
Cycle twice/day (MWIR/TIR).
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lobal Spoce-based
nter-Calibration System

Analyze the PIPs location and the relative degradation of the sensor with two image pairs that

have different acquisition time intervals.
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» The two image pairs show consistent spatial distributions of PIPs

» The regressions have high correlation, the slopes reflects the relative degradation of the sensor for each band

over the time interval
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» The PIPs reflect targets with high temporal stability, and aggregating them yields PICS
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Long-term degradation trending for all image pairs

Construct image pairs and perform same PIPs analysis on all image pairs for long-term FY-3D/MERSI-I|

data from January 1, 2018, to August 31, 2023, spanning over five years.
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The dots with different colors represent regression slopes from image pairs with different time intervals
Image pairs with longer intervals exhibit more pronounced sensor degradation.
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relative degradation

relative degradation

Comparison with other methods for long-term trends

Obtaining sensor degradation over time through polynomial fitting and comparing it with traditional
degradation monitoring method
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» Results of the PIPs based method are consistent with those from traditional PICS&DCC method
» The PIPs based method yields consistent results across different regions.
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relative degradation/slope(m;)

relative degradation/slope(m;)

Normalization of the long-term regression slopes

For each band, normalize the regression slopes of each image pair using the fitted long-term degradation

trends
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» After normalization, the regression slopes are distributed around 0.95-1.05 with a mean of 1, indicating that the
instrument decay trend has been fitted well.
» The standard deviation represents the uncertainty of relative degradation for individual image pairs.
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IS d -
| *_ﬂﬁf!,.f_hg Analysis across global regions.

Inter-Calibration System

Analysis is conducted on nine global regions, comparing the results obtained from different regions and
identifying global PIPs (GPIPs)
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nter-Calibration System

The GPIPs align with traditional PICS, but additional hotspots
areas were also identified, providing direction for subsequent
selection of PICS.
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Sensor inter-calibration based on PIPs
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N

ol

R o VIRR and MERSI-1 overview

Acronym VIRR (FY-3) MERSI-1
Eull name Visible and Infra-Red Medium Resolution Spectral
Radiometer Imager -1
Platform FY-3A/3B/3C FY-3A/3B/3C satellite VIRR MERSI
Multi-purpose imagery band CW  band CW
PUrbose with emphasis on Ocean color, vegetation indexes 1 0.630 3 0.650
P vegetation and ocean and aerosol 2 0.865 4 0.865
color | i 7 0455 110 8%8
Short 10 20 channels, 19 narrow-bandwidth 8 0.505 = 0'520
description VIS/NIR/SWIR/MWIR/TIR in VIR/NIR/SWIR and one 9 0555 5 0550
channels broadband in the Thermal IR : :
Similar to MVISR on FY 1C L Jaeed @ AREOU
Background and 1D New development 2 0.865 4 0.865
Cross-track: 2048 pixel of Cross-track: 2048/8192 samples for ~ FY3B / 0455 110 8138
Scanning 800 m s.s.|c;., swath 2800 ch_annels e 8 0-505 1 0.520
Technique  km - Along-track: six 1.1- TS IEn & feell sxEil 2200 G 9 0.555 2 0.550

- Along-track: ten 1-km lines every

km lines/s 15
Resolution 1.1 km at s.s.p. 250 m or 1.0 km at s.s.p.
Utilization 2008 to 2022 2008 to 2021

Period:

UOoLL O AZTULY INCPUL L I vidy VL4, OOolvo IVIVLIL Y VvVeL viccully
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22E%  IR-MAD technique for inter-calibration

Interest Region: 20°W o . o 6o

» mainly composed of desert, no
vegetation, high reflectance thus high
signal-to-noise ratio, and minimal
atmospheric path effects;

> relatively arid with minimal atmospheric
water vapor influence, and low
occurrence of clouds and rainfall.

» spatially homogeneous, reducing spatial
registration errors.

> relative smooth spectral profile (minimal
impact when SRF varies greatly).

» two CEOS-endorsed PICS for validation.

Data:
> FY3A-MERSI/VIRR L1B (20081112-20141231)
> FY3B-MERSI/VIRR L1B (20110121-20181114)

1|30°N

20°N

10°N
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nter-Calibration System

g@&!ﬁ! IR-MAD tech. for inter-calibration

Processing Flowchart:

1. Reproject the near-simultaneous overpass at the ROI from the two
sensors onto a common geographic grid to get the image pair.

2. Mask out cloudy pixels (not strict) and pixels with sensor zenith
angles greater than 30°.

3. Select pseudo-invariant pixels (PIPs) by the IR-MAD technique
4. Aggregate five consecutive days PIPs for regression

5. Perform an orthogonal regression on PIPs to get regression slope,
which is a measurement of the intercalibration resuilt.

6. Apply the above process to long-term data series, resulting in a
long-term intercalibration result

timeline

v

i Ww» i
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Roslcs

22 Global Space-based
Inter-Calibration System

FY-3A/B band matching:
> VIRR: 1, 2. 7. 8. 9
> MERSI: 3. 4, 6. 1. (10\11), 2

Spectral Band Matching SBAF

©
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44,511 SCIAMACHY spectral samples were used for SBAF calculation, representing one full year of
SCIAMACHY data within the ROl and encompassing the spectra of all surface types within the ROI

(may also include cloud data).
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M

SBAF adjusted MERSI
TOA reflectance(fsgar - 0

-=--- Ground track

)

M

SBAF adjusted MERSI
TOA reflectance(fspar * P

Examples Applied on FY-3B
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Regression results of PIPs from single-day comparison
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Regression results of aggregated PIPs from 5 consecutive days

Aggregate the PIPs from five consecutive days and perform linear regression.

1. Got a more stable regression
2. Richer samples, offering a higher dynamic range.
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Examples Applied on FY-3B

Example of selected PIPs at early and later stage of FY-3B’ s lifecycle:

5°E 10°E 15°E 20°E  25°E 5°E 10°E

5E  20°E 25°E
(b) e ’

28°N 28°N

24°N|

i 24°N

LIBYA1

20°N

16°N

O

25° 5°E T0°E 15°E  20°E
20110121-20110125 Ground track Seected FlPs 20180728-20180801

Although the orbit of the satellite has drifted during this period and the sensor has also experienced
relatively large degradation, the spatial distribution of PIPs is consistent except in some cloud areas.
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IR-MAD vs. SNO-x
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o
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]
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Rt o =] S ’, -
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‘ e et ,/ ’,
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\r_&‘ = 7 i f
7 % 20 20 7 20 20 20f 7
> VIRR channel 1 ,’I VIRR channel 2 , VIRR channel 7 VIRR channel 8 ,” VIRR channel 9
P’ ’ v
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16°N SBAF adjusted MERSI SBAF adjusted MERSI SBAF adjusted MERSI SBAF adjusted MERSI SBAF adjusted MERSI
TOA reflectance(fsgar - O) TOA reflectance(fsgar - p;,) TOA reflectance(fsgar - pr:,) TOA reflectance(fsgar pl\;) TOA reflectance(fsgar - p,\})
- Ground track = Selected pixels

(c) IRMAD method. (d) SNO-x method. (Uprety et.al, 2013)

« IR-MAD selects samples requiring no prior knowledge of the surface

« greater number of samples compared with the SNO-x method

« offering more diverse range of types and a wider dynamic range.

« SNO-x method sometimes fails, particularly poor spatial uniformity, eg. northwest region of China.
GSICS Agency Report
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The IR-MAD can provide a very
stable long-term
intercalibration results for both
FY-3A and FY-3B

One Inter-cal result per 5 days.

Got the VIRR calibration trend if
the Reference sensor MERSI is
stable.

regression slope (m;)

regression slope (m;)

Long-term Intercalibration Results
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TaxSiCS Long-term Trend Compared with other Methods

nter-Calibration System

The obtained VIRR degradation
results can be compared with
those from other independent
methods which show high
consistency.

Solid line is inter-cal using PIPs,
Dash Line from VIRR itself
temporal Image pairs
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(Wang et.al, 2079 in Chinese)
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nter-Calibration System
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After inter-calibration, the trend of VIRR has been eliminated and it has a consistent
radiometric response with MERSI, the bias mean <1.5%, std <2%.
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Kosics : -
e Uncertainty Analysis

The uncertainty are analyzed from all the comparisons during the study period

FY3A VIRR FY3B VIRR
source
ch1 ch2 ch7 ch8 ch9 ch1 ch2 ch7 ch8 ch9
misregistration
Uncertainty for image pair 2mosPheric conditions 1.46% 1.30% 0.69% 0.68% 0.65% 1.50% 1.23% 0.85% 0.78% 0.89%
BRDF effect
spectral band differences
polynomial fitting 1.64% 2.32% 1.83% 0.81% 1.05% 1.59% 2.31% 1.57% 1.28% 0.75%
Uncertainty for long-term
cross-calibration total error (root sum of 2.20% 2.67% 1.96% 1.06% 1.24% 2.19% 2.62% 1.78% 1.50% 1.17%

squares)

» The IR-MAD can implicitly reduce uncertainty because it selects PIPs based on the potential linear
relationship between the two images.

» The single SBAF obtained from all spectral samples in the ROl is the primary sources of uncertainty.

» When applied to sensors on different platforms, differences in overpass time and BRDF effects will introduce

additional uncertainties, this can be reduced by more comparisons in more ROIs since the mean effects

tend to be zero.
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©31€8  Spatial Distribution of PIPs using accumulated data

ster-Calibration System

The density map of the spatial frequency distribution of PIPs for all image pairs of FY-3B

80°E 90°E 100°E 110°E

5°E 10°E 15°E 20°E 25°E

42°N

40°N

38°N
r 0.5

336°N

34°N

32°N

5°E 10°E 15°E 20°E 25°E O E : goo S 100°E

» We have conducted experiments on two regions, and obtained similar results
» in addition to recognized PICS such as LIBYA1 and LIBYA4 being found within the distribution area of PIPs,

there are several extensive PIPs hotspot regions. These areas hold the potential to serve as valuable calibration

sites for future research.
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Inter-Calibration System

Applied on Sensors on Different Platforms
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Applied on Sensors on Different Platforms

intercalibrate FY-3B/MERSI Using Aqua/MODIS

5°E 10°E 15°E 20°E 25°E 5°E 10°E 15°E 20°E 25°E
5 - modis_xcal_fy3b_mersi_northafrica_nearest_nc_ch8 modis_xcal_fy3b_mersi_northafrica_nearest_no_ch8
28°N 280N 2011-02 2011-08 2012-02 2012-08 2013-02 2011-02 2011-08 2012-02 2012-08 2013-02
channel 1 0ty <05yr channel 2 U armaym.
26°N 26°N Ly ) 1.4
24°N [ 24N £ S N S - T £
g g
22°N [§ 22°N 3 £
£ 104 P Lo e Sy SR T HRp R
20°N 20°N
o o o T T T T T T T T o T T T T T T T T
18 N 18 N 100 200 300 400 500 600 700 8OO 100 200 300 400 500 600 700 BOO
2 v t [days since the first day] t [days since the first day]
16°N WPl 16°N
i modis_xcal_fy3b_mersi_northafrica_nearest_nc_ch8 modis_xcal_fy3b_mersi_northafrica_nearest_no_ch8
280N L MaSKEd p= "SATEIeRcStT(: P‘SS ZBON 2011-02 2011-08 2012-02 2012-08 2013-02 2011-02 2011-08 2012-02 2012-08 2013-02
racl
26°N MODIS track — Juo], RIS 0ty <05yr Lo chammel3 U armaym.
VZA<15"
24°N 2N 8 £ 12
S =
22°N 22°N ¢ e S S
ﬁ 1.0 TZ- 1.0
20°N 20°N SR ST S
18°N 18°N o T : T T T T T T 0 T . T T T T T T
100 200 300 400 500 600 700 8OO 100 200 300 400 500 600 700 BOO
160N 16°N t [days since the first day] t [days since the first day]
8E 20°E 10°E 15°E 20°E 25°E
100 = = 100 o 100 = 100 v
r=0.9991 oFIPs r=0.9989 - PIPs r=0.9992 *PIPs r=0.9993 i W h I : d t d ff t I tf
7/ o
§ sob k=1.2141 s a0l k=0.9964 g0l k=0.9422 g0l k=1.0634 e n a p p Ie O Se n SO rs O n I e re n p a O rl I I S,
2 0=0.04% # 0=0.03% 0=0.03% 0=0.03%
Q rd L . [ ] L)
= 60 80 60 60
differences in overpass time and BRDF effects will
)9 40 40 40 40 . . o o .
@
g ) . ) introduce additional uncertainties.
=
MERSI channel 1 MERSI channel 2 MERSI channel 3 MERSI channel 4
/A
OU 20 40 60 80 100 CU 20 40 60 80 100 00 20 40 60 80 100 9 20 40 60 80 100
MERSI TOA reflectance MERSI TOA reflectance MERSI TOA reflectance MERSI TOA reflectance

GSICS Agency Report

9 May 2024,

GSICS Monthly Web Meeting

26




MODIS—MERSI—VIRR

Due to limitations of the on-orbit
calibrator of MERSI, a calibration
transfer chain can be established by
inter-calibrating MERSI with MODIS,
and then cross-calibrating VIRR with
MERSI.
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Inter-cal Testing between FY-3F/MERSI and
Sentinel-3/OLCI
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si1es Inter-cal Testing between FY-3F/MERSI and
Sentinel-3/OLCI

nter-Calibration System
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©=31€%  Conclusion and Way Forward

Inter-Calibration System

« The PIPs-based method is beneficial for the following purposes:

* Intercalibration between sensor with similar bands
 PIPs can be accumulated into PICS
« Degradation trend monitoring

« PIPs extent traditional large-area spatially uniform PICS to the pixel level, allows for a more quantity of
samples, richer surface types, and wider dynamic ranges.

« The large-scale distribution hotspots of PIPs indicate the direction for searching for other potential
PICS.

« The identification of GPIPs requires no prior knowledge of surface properties, is not specific to a
particular sensor, and is immune to the degradation of sensor itself.

« PIPs can reduce the uncertainty introduced by the atmosphere, geometry in the traditional calibration
process, and can obtain more accurate and stable calibration results.

« Analyzing the Global PIPs (GPIPs), which will soon be featured in our upcoming work.

« CMA can share the experience and codes of this method and implement the practice in the next step
within GSICS community
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Thanks for your attention!
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