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Outline

Overview of MERSI and its Evolution
New features and improvements of MERSI Il

MERSI Il in-flight CAL/VAL

>  GSICS multiple and integrated VCs

>  CRCS ground-based validation

Summary




MERSI | on FY-3A/3B/3C

Parameters

Specification

Earth scanning

Quantization

Scanner speed

Scanning stability

Sampling pixel of each scan
Scanner Pointing accuracy
Response Degradation rate
Spectral Characterization Accuracy
Inter-band Co-registration

Restore of saturation
Bright Target Recovery

MTF
Radiometric Calibration accuracy

Detector consistency within one
band

+55. 1degree=0.1
12 bits
40 rotation/minute

<0.5 [FOV { 1000m )

2048(1000m bands) , 8192(250m bands)
120 +30 arcseconds, 1 (+100m at nadir)

<20%/3 years

Bias of Center wavelength< 10%* width, out of band< 3%
<0.3pixels

<6 pixels(1000m) within 2 km of entering Liyp regime
=24pixels(250m)

=0.27(1000m) ,

>0.25(250m)

Visible bands <7%: Thermal band<1k(270k)

unconsistency<5-7%

Visible Onboard Calibrator (VO

Solar incident r
light cone

Radiative cooler

Aft-optics
N

Scanner

O 20 spectral bands with a total of 350 detectors

located on 4 focal plane assemblies (FPA).
— 19 reflective solar bands (RSB): bands 1-19, 0.4~2.Tum
— 1 thermal emissive bands (TEB): band 5, 10-12.5 um
Two spatial resolutions (nadir): 250 m(1-5), and 1
km(6-20).
Scan angle range: +55° (from nadir)

— A swath of 10 km (along-track) by 2900 km (nadir
along-scan)

— Global coverage in 1 day
One-sided 45° scan mirror with one K- mirror (de-
rotation)

— 1.5 second each scan
Comprehensive applications

— Near 20 science data products for studies of the Earth’s
land, ocean,.and atmosphere properties.

EV Scanning Angle

One Scan width

Cross-Track




A MERSI-> MERSI-II

NSMC

Continuity and Evolution

MERSI-IT

MERSI-I

MERSI-Il Improvements:

Cover all bands in FY-3A/B/C MERSI
and VIRR

Five more IR bands
Cirrus cloud band 1.38um
Water vapor bands In NIR and 7.2um

Two IR split windows with 250m
spatial resolution

Higher accuracy from onboard
calibration
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' New features and improvements of MERSI Ii

More Baffle to decrease straylight contamination: have been installed on
the head of the instrument to further prevent contamination from solar
illumination.

OBCBB structure improvements to enhance emissivity and temperature
uniformity, new capability on warm up and cool down (WUCD)

New capability for Moon Observation Maneuver: By changing the scan
timing sequence, MERSI Il has a moon observation mode, which can
achieve the initiative moon observation and calibration ability.

RSB VOC improvements to reduce self-degaradaiotn :To minimize SIS
degradation and its associated effects due to solar exposure, a shutter
door is mounted on the solar incident light cone and is kept closed except
during solar calibration events. The spectra of the standard trap detectors
are also adjusted to better characterize changes in MERIS RSBs.




more Baffle,

NSMC

ecrease solar contamination

Great improvement around Day/Night terminator

EE Count.

Scale®1000

FY-3B/VIRR 3.8um BB DN FY-3D MERSI 3.8um BB Signal Less
Contamination(20180103) contamination ( 20180103 )







:,%,_BB performance with warming-up and
cooling-down function

temperature uniformity

PRT thermometer consistence is less
than 0.2K (Max-Min) , mean STD
less than 0.1K;

BB temperature variation

FY3D MERSI OBC - OBC BB Temperature

Updrted at Fri Dec 15 QB:16:34 2017 UTC

Latest 2 days

OBC_HA Termperature

py : , ; : function
Range:282K ~317K
Goal : Nonlinear check on orbit

Trnax-Tmin ()

BB Warming-up and cool down
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wsue  Moon Observation Maneuver
Date  Tme  Phae  see

2017-12-28 05:26:02~05:29:42 145° ~152° 30*30pixel
2017-12-29 06:06:22~06:07:12 26° ~27° 30*30pixel
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FY3D MERSI OBC - VOC DN average Band4

Updated at Sat Jon 6 49:29:34 2018 UTC Vi Si b I e O n boa rd

' !—..__ calibrator(VOCQ)

e Lamps and shutter door alternative
opening periodicaly, four radiance
e B #aRlevel from inside lamps and sun.
FY3D MERSI OBC - VOC Trap Signal
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NSMC

Inflight calibration and validation:RSBs

Multiple methods are used for RSBs CAL/VAL

Visible onboard calibrator(VOC) Just for reference

* scheduled every week based on lamp or sunlight
e degradation monitoring

Multi-Vicarious calibration(not ground-based)
* multi-site calibration:desert, snow, gobi, lake, sea
* intercalibration with reference sensors: MODIS, VIIRS, GOME
« DCC
* Moon

CRCS Ground-based validation

* in-situ measurement at Chinese Radiometric Calibration Site(CRCS) Dunhuang
* independent validation for MERSI |l
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NSMC

Inflight calibration and validation:TEBs

OBCBB for CAL, multi-VC for VAL

Blackbody onboard calibration

* aconcentric ring V-groove blackbody (282K) .
* space view (SV) provides offset measures
e calibrated every scan

GSICS intercalibration

* intercalibration with reference sensors: IASI, CRIS, HIRAS
* Only for validation

CRCS Ground-based validation

* in-situ measurement at CRCS Dunhuang and Qinghai Lake
* independent validation for MERSI Il




Unschedule

) Z (DNwindow

window . moon

1

water—Model ES window

Interband Calibration ; -

- D Cwindow )

I window—Model E. Swater a)water Z (D N water

moon

Absolute Calibration
I Results

moon

= Band F-Value | k(2017-4- | Reletive
a)pixelES /7 Z (DN _DNO ) 26) difference
moon (%)
2.4

I 335606 0.02237 0.006 0.02291
Degradation mornitorin% 3.09E-06  0.02241 0.003 0.02291

1.13E-06  0.008279 0.027 0.008462 2.2

"Myvindow
-D Cwatem)“ .
sk

e

 |P: (7.81e-07), 0.00746]
R?: 0.984

7.81E-07 0.007464 0.000 0.007591 1.7
K= piok [

- |RMSE: 6.1e-06
F pVal: 9.63e-05

“ 2.45E-05  0.05062 0.007 0.05459 7.8

Courtesy of Ronghua Wu
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NSMC

Calibration Reference: 6S

RTM simulations

Multiple stable earth targets
(MST) are used, to reduce
the calibration uncertainty.

— 12 desert and salt lake targets

* Higher brightness: WhiteSands,
Uyuni Salt Flats, Libyal, Libya4,
Mali

Moderate brightness : Algeria5,
Mauritania2, Sonora, Arabia2

Lower brightness : Niger2,
Sudanl, Dunhuang

— 3 dark sea targets

* AtlanticN, IndianOcean, PacificN1

Courtesy of Ling Wang

=)
=1
—
*
[
=
]
=
o
©
[
o
o
<
©
B
w
@
&
7]
o
el
@
b
S
wv
©
7]
=

Measured Reflectance Factor(*100)

Multiple VCs for CAL/VAL: Multi-site

w‘( - k:
60W 0

s3I0 G g
60 E 120 F 180 FE 120 W

Desert1
* Desert2

Desert3

Sea

MST calibration examples for FY-3D MERSI2

FY3D MERSI band01 @ 20180618

T T T
[ Ref(mea) = -0.68 + 1.06Ref(est) (R = 0.993)
L Ref(est) % = 19.65 + 4.43
[~ rBias % = 3.06 (p = 25%)
[ rBias % = 2.23
r Num =151

Desertl Snow
Sea
Desert3

Fitting line

470 nm

30 60 9|0
Estimated Reflectance Factor(*100)
FY3D MERSI band03 @ 20180618

T T T
[ Ref(mea) = 0.26 + 1.08Ref(est) (R = 0.993)
b Ref(est) % = 39.52 £ 8.50
[ rBias % = 9.49 (p = 25%)

rBias % = 9.17

£ Num = 153

Desertl Snow
] Sea

Desert3

Fitting line

650 nm

30 60 90
Estimated Reflectance Factor(*100)

120

120

FY3D MERSI band02 @ 20180618

Measured Reflectance Factor(*100)

T T T
[ Ref(mea) = -0.80 + 1.11Ref(est) (R = 0.994)
L Ref(est) % = 26.51 + 6.19
[~ rBias % = 7.40 (p = 25%)
[ rBias % = 7.36
r Num =143

Desertl Snow
Sea
Desert3

Fitting line

550 nm

—
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teasured Reflectance Factor(*100)
N B [*2)
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30 60 9|0
Estimated Reflectance Factor(*100)
FY3D MERSI band04 @ 20180618
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T T T
[ Ref(mea) = 0.36 + 1.01Ref(est) (R = 0.997)
b Ref(est) % = 47.56 £ 10.45

[~ rBias % = 1.92 {p = 25%)

[ rBias% = 1.26

r Num = 154

Desertl Snow
S Sea
Desert3

Fitting line

865 nm_

30 60 90
Estimated Reflectance Factor(*100)

Site location




Multiple VCs for CAL/VAL: DCC

Albedos vary with COD

Broadband
0.65
0.86

10 100
Cloud Optical Depth

FY3D-MERSI Bias by DCC FY3D-MERSI Bias by DCC

150 1én 250
Days Since FY3D Launched(2017/11/15)

150 1én 250
Days Since FY3D Launched(2017/11/15)

Courtesy of Lin Chen




9@: Multiple VCs for CAL/VAL: SNO/SNOx

Nadir Track SNO/SNOx Geo
edicticn  mmmd @0l ICoEtion

Filtering

Collocation Criteria e R s
RSB Reference sensor: Observation time difference check T

0.9988

MODIS, VIIRS, GOME frvo ™ bl = s i

Satellite zenith angle difference check

| cos( SZAs) / cos( SZAgys) — 1| <
MaxRate_OptPathDiff

AQUA+MODIS Reflect,

02 04 06 0.8 1.0

TEB Reference sensor: Environment uniformity check ' O GR
STDV(FY3 DNs in ENV_BOX) < MaxSTDV
IASI, CrlS, MODIS

Normality check

| MEAN(FOV_BOX) - MEAN(ENV_BOX) |
X 9/ STDV(ENV_BOX) < Gaussian




"¢ Iner-Cal between MERSI Il and GOME-2
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Reflectance Spatial Total
i j v Uncertainty Uncertainty Uncertainty
100 200 300 |:|(\J|?Ml=5|:2| R:ggﬂ 700 800 900 1000 0.0002669 0.16 0.72 0.74

0.0002677 0.15 0.89 0.91

1000 Band Cal_Slope

0.0002508 0.14 0.98 0.99
0.0002384 0.18 0.68 0.70
0.0002232 0.23 0.69 0.73
0.0002065 0.21 0.78 0.81
0.0002102 )

0.0002016 ;: ?f:::-g)t();isglgs1s§:f '3281?2 R? = 0.9862
0.0002063 | = -2,03343¢-006x°+ 0,03511x+-5.877; R?=0,
0.0001806 ;

0.0001871

GOME-2 Reflectance %

© MetopA
*  MetopB

Poly 1

Poly 2

Constraint Poly 2

100 200 300 400 500 600 700 800 900 1000 .
Rho/GOME2 Band-1 2500




Iner-Cal between MERSI Il and IASI

Time Series of Brightness Temperature Bias

SNO US e IAS I_B as referenc e i FY3D+MERSI Minus METOP-B+IASI CH_23 ALL 250K

3

TB Bias@250K is about 0. 5K 1K, based on 2
prelaunch emissivity and nonlinear para.mefge;:rCH23
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Time Series of Brightness Temperature Bias
. i -4
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' 1 Time Series of Brightness Temperature Bias
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Time Series of Brightness Temperature Bias Time Series of Brightness Temperature Bias
FY3D+MERSI Minus METOP-B+IASI CH_22 ALL 250K FY3D+MERSI Minus METOP-B+IASI CH_24 ALL 250K

4ﬁ CHz2 : - CH25

gt 41 -1t

st - -2

=1 31|

I B
= -4 .
Nov 2017 Dec 2017 Jan 2018 Feb 2018Mar 2018 Apr 2018 May 2018 Jun 2018 Nov 2017 Dec 2017 Jan 2018 Feb 2018Mar 2018 Apr 2018 May 2018 Jun 2018 ’
www.wps.cn [ iFPPT#IH#E stk ! | 18 v

@® Daily ® Monthly 20171115-20180606 NSMC-GPRC @® Daily ® Monthly 20171115-20180606  NSMC-GPRC :




X

Iner-Cal between MERSI and HIRAS

collaboration of intercalibration in the different and same platform.

TEBs OBC paremeters correction use IASI and CrlS as reference
Y= 10273 X +01426 Ro=0fod> ¢ Maanblag 01075 252% After corect

j 6712+

=

jan}

radiance-REF

CrS UnCorrect
1AS] UnCorrect
Cr3 Correct
&S] Correct

i : ; ! ; 1
0 20 40 &0 250 300 3450
MNonlinear radiance-WMERSI B23 Manlinear radiance-MERSI B23 TEB-MERSIEZ23

Before correetiQkas et atch_22 20180810 (0) After Carrectif0er atcr_22 20180810 (0)

1
M2

TEE Difference(MERSI-REF)

radiance Difference(MERS

|
o

L

90°N =

60°N |-~

0°s L 90°S
180° 150°W 120°W 90°W 60°W 30°W ° 180° 150°W 120°W 90°W 60°W 30°W
mean =0.72 mean =0.33
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Comparison of various VC methods

Reflectance Method Comparison Applicable channels of
Dynamic Sl ~OILpatiSon MERSI IT

Merit: high stability, providing high brightness information, better
High (>80%) DCC performance in the absorption channel 1~7, 16~19
Demerit: saturation in ocean channels

Merit: multi-targets
Vledium (<80%) Multi-Site Demerit: seasonal variation affected by atmosphere and surface, 1~19

unsuitable for absorption channels

Merit: not rely on the atmosphere and surface observation, spectral
differences can be 1gnored, providing medium reflectance targets for
ocean channels;

Demerit: Only suit for VIS channels

SNO GOME

SNO_MODIS 1~18

Merit: Do not rely on the atmosphere and surface observation —

SNO VIIRS Demerit: Need spectral correction 2~10. 12. 14. 15

Merit: High stability
Low (<10%) Moon Demerit: Accuracy depending on the moon model, low calibration 1~20

frequency

. § -
various targets Y ' A - | ’% ~ |y

Dunhuang ~ Libv{ & Arab2

(40.138° N, 9432° (24.42° N, 1335° (20.13° N, 50.96°




Integrated Vicarious Calibration

MERSI Il use Integrated Vicarious Calibration method to perform Wide
Dynamic calibration based on CMA GSICS GPRC

Sample distribution

Important Steps:

(PDMulti-samples integration : the sample is weighted

Integrated by piecewise averaging.

(2)SV Seletion : SV is a daily fixed cold space without
stray light contamination at night.

Multiple stable target and:Reference Instruments

Dunhuang -~ Liby{ Arab2
(40.138° N, 94.32°. (24.42° N,13.35% (70.13° N,50.96°| DCC
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3 FY-3D MERSI2 Band02 (20180722)

100
80
60
40

SNO_M Isamp;e: 872
[ MST sample.:43 ]
[ DCC sample: 1

S

2000 3000

DN

1000

3 FY-3D MERSI2 Band03 (20180722)

100
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40

50
40
30
20
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0 1000

SNO_M Isamp;e: 690
[ MST sample.:45 ]
[ DCC sample: 1

2000 3000

DN

1000

FY-3D MERSI2 Band08 (20180722)

TTTTTT T T TT T T T T T T I [TTITT T T T[TTTTTTTTT
410

SNO_Msample: 1

MST sample.: 39
DCC sample: 0

'

2000
DN

4000

Reflectance Factor(*100)

4000

Reflectance Factor(*100)

Reflectance Factor(*100)

3000 4000

5 Integrated Calibration of Band02

Ref = -3.0044 + 0.0250DN
R =1.000, Num= 24
F RMSE % = 0.17

DN

Integrated Calibration of Band03

1000 2000 3000 4000

Ref = -6.1605 + 0.0257DN
R =1.000, Num = 26
F RMSE % = 0.27

DN

" Integrated Calibration of Band08

1000 2000 3000 4000

Ref= -1.6386 + 0.0101DN
R =0.999, Num = 39
F RMSE % = 020

2000 3000

DN

1000

4000

Reflectance Bias(%)

Reflectance Bias(%)

Reflectance Bias(%)

grated Vicarious Calibration

Fitting Bias

SNO M SNO V MST
Bias % 0.1 0.28
{rBias % = 16.91 b <= 10%)
rBias % = 0.57 p > 10%)

30 60 90
Reference Reflectance (*100)

Fitting Bias

120

SNO M SNO \ MST
Bias % 0.01 0.44
{rBias % = 14.68 p <= 10%)
rBias % = 0.53 p > 10%)

0 30 60 90
Reference Reflectance (*100)

Fitting Bias

120

SNO M S MST i
Bias % -0.88 0.08
[rBias % = 3.36 p <= 10%)
rBias % = -0.82 p = 10%)

o

15 30 45
Reference Reflectance (*100)

e 250m Visible
bands

Stable Targets: MST (Dunhuang,
Libya1, Libya4, Arabia2, Lanai),
DCC, Moon;

Reference Instrument: VIIRS
MODIS GOME

Left: Distributions of various VC
samples;

Mid: Distributions of integrated
samples and weighted
regression results;

Right: Distributions of residual
biases




Reflectance Factor(*100) Reflectance Factor(*100) Reflectance Factor(*100)

Reflectance Factor(*100)

FY-3D MERSI2 BandW 6(20180722)

SNO ,.: ample: 0
[ MST sample: 43
[ DCC sample: 84

! 4
[ 4

1000 2000

3000

FY-3D MERSI2 BandW ¥ (20180722)

4000

SNC I_‘-,‘! ample:

[ MST sample: 40
[ DCC sample: 84

0 1000 2obo

3000

FY-3D MERSI2 BandW 8 (20180722)

4000

SNC I_‘-,‘! ample:

[ MST sample: 43
[ DCC sample: 84

[ 4

0 1000 2000

3000

FY-3D MERSI2 BandW 9 (20180722)

4000

\\H ,.: ample: 0
[ MST sample: 42
[ DCC sample: 84

@
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2000
DN

3000

4000

Reflectance Factor(*100) Reflectance Factor(*100) Reflectance Factor(*100)

Reflectance Factor(*100)

5 Integrated Calibration of Band16

Ref = 4.5605 + 0.0261DN |
R =1.000, Num = 31
| RMSE % = 0.40

1000 2000 3000 40
Integrated Calibration of Band17

Ref= 5.6604 + 0.0242DN
R = 1.000, Num = 29
F RMSE % = 0.20

7000 2000 3000 40
mal

Integrated Calibration of Band18

Ref= 67864 + 0.0286DN
R =1.000, Num = 30
F RMSE % = 0.20

1000 2000 3000 40
Integrated Calibration of Band19

Ref = -6.0429 + 0.0335DN |
R =0.999, Num = 28
[ RMSE % = 0.60

7000 2000 3000
DN

4000

Reflectance Bias(%) Reflectance Bias(%) Reflectance Bias(%)

Reflectance Bias(%)

Fitting Bias

SNO_M
Bias % --
rBias % =

MST
0.97
-1.94 p <= 10%)

[rBias % = 1.03 > 10%)

o

e Near infrared
bands

30 60 90
Fitting Bias

[rBias % = 0.46 p »

SNO_M
Bias % --
rBias% = 2.10 p

MST

0.35
<= 10%)
10%)

%

Stable Targets: MST (Dunhuang,
Libya1, Libya4, Arabia2, Lanai),
DCC, Moon;

Reference Instrument: VIIRS

60 90
[ o T o PR SRR £ 5 o Ta )Y

Fitting Bias

MODIS

[rBias % =

SNO_M MST
Bias % - -0.29
rBias % = 1.08 p <= 10%)
-0.53 (p > 10%)

L t_%tr &

Left: Distributions of various VC

30 60 90
Fitting Bias

samples;

SNO_M
Bias % --
rBias % =

MST
0.84
-35.39 p <= 10%)

[rBias % = 0.29 p > 10%)

Mid: Distributions of integrated
samples and weighted
regression results;

Right: Distributions of residual
biases

0

30 61 91
Reference Reflectance (*100)
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1 CRCS ground-based validation

SAA: 118 SEA 71 SAA 181 SZA 10 SAA 1D SEA 25 SAA: 90 SEA 37 SAA 138 SEA 45 ShA 100 SEA 53

Surface spectral
reflectance,
aerosol optical
property, and
v - atmOSpheric
orofile are

S emeas measured
synchronously
with the satellite
overpass.

L_ . [
Gobi surface combined with sandy soil and gravels, the mean BRDF(AM BRALS)
diameter of the gravels is from 2cm to 5cm. | PR

1000 1500 2000
Wavelength{nm)

CRCS annual field campaign has been routinely carried out in summer.

The Dunhuang VC based on synchronous in-situ measurements used
to be the baseline calibration approach for Chinese FY series satellites , o
but only the independent validation method from MERSI I —




CRCS campaigns

Field campaigns is conducted at Dunhuang site and
Qinghai Lake in May and Auguest 2018 for MERSI Il

test.

Surface reflectance measurement
— ASD field spectroradiometer

— CE313 field radiometers (simulated MERSI and VIRR’s
bands)

Atmospheric characteristics measurement
— Weather and radiosonde
— Sunphotometer: AOD, transmittance
— Lidar: AOD
Calibration method:
— Reflectance-based method
— Irradiance-based method
— Radiance-based method




nsme Ground-based Automatic Observation Systems

New field observing station at Dunhuang

Constructing field observing station, including
House,Observing field ,Instrument platforms,Power supply,Tower crane ,Road,Safeg
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%CS automatic measurement instruments

T

Total solar irradiance, diffused sky irradiance,

directed solar irradiance

dlrected solar radlance for AOD atmosphere&land surface temEerature Rroﬁ
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DNs measured by ATR from Aug, 2015 ~ Apr, 2016
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ﬁiometric calibration method based on automatic
i)servatlon instruments on Dunhuang site

=

=

Solar Direct
Irradiance

The surface Reflectance in
band by PSR, NIM and ATR
instruments

- Diffuse-to- - l

Total ‘ Irradiance spectral |
irradiance in surface

¥
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Ref

Scaling |
A p(ATR)2016-09-20 14:59
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atmosphere)

The surface Reflectance in band is
scalled to Hyper-spectral
reflectance at the satellite
overpass time by a priori hyper-
spectral reflectance(reference

reflectance)

Calculation the TOA radiance and
comparision to the satellite
observation

radiance




Validation results comparsion

Prelaunch calibration On-orbit validation based on vicarious
calibration (VC) ban Center Integrated-VC Dunhuang

d Spectral nm % Insitu VC %

1 470 -1.79 -1.28

Prelaunch laboratory calibration perform well on-orbit, and the — — —
biases of most bands are within 5%. The two independent o . 2
validation results show good consistency. 865
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Validation results comparsion between integrated vicarious calibration 940
(without insitu measurement) and Dunhuang site insitu calibration 1030
(2018.05)
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Summary

FY-3D/MERSI-II has several significant improvements than previous
MERSI-1 and all these functions work well on early orbit test.

MERSI-II RSB key performance such as SNR and calibration accuracy are
checked and comparable with pre-launch characterization/calibration.
Prelaunch calibration show well performance on-orbit.

Integrated Vicarious Calibration and Degradation Mornitoring based on
multiple stable target are used for RSBs on-orbit calibration. So far, Most
of RSBs are quite stable and no obvious degradation has been found.

All the on-orbit calibration parameter are from prelaunch lab testing. It
will be updated and the dataset will be reprosessed based on the new
evaluation.
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