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MVISR, FY-1A to -1D

VIRR,
IRAS,

ERM,

FY-3A to '3C, heritage from FY-1
FY-3A to -3C

FY-3A to -3C ...

MERSI, FY-3A to -3D...
HIRAS, FY-3D ...
scanning radiometer, FY-2A to

-2H

AGRI, FY-4A...

GIIRS, FY-4A...
From EXPERIMENTAL to OPERATIONAL

COCS, HY-1A to 1C...
marine satellites

IRS, HJ-1B... Disaster
and Environment
Monitoring Satellites,
AHSI, Resources
satellites, GF-5, ZY-1
02D...

laser altimeter , CE-1 to
-4... lunar exploration
Spectral imager, CE-3



IRAS

Spectral range: 0.69 ~ 15.5 ym,
channe/ numbers: 26,

cross-track scanning: £49.5°
(2172 km),
Spatial resolution: 17.0 km

- HIRAS

channe/numbers: >1300
Spectral resolution: 0.625cm-!
Spatial resolution: 17.0 km
Accruacy: <1K
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Ch:l:?el central wavie wavelength bandw_idth abT:::er
number (cm™) (um) (cm™)

I 669 14.95 3 CO,
2 680 14.71 10 CO,
3 690 14.49 12 CO,
- 703 14.22 16 CO,
5 716 13.97 16 CO,
6 733 13.64 16 CO,/H,O
7 749 13.35 16 CO,/H,O
8 802 12.47 30 Window
9 900 111 35 Window
10 1030 9.71 25 O,
1 1345 7.45 50 H,O
12 1365 7.33 40 H,O
13 1533 6.52 55 H,O
& 2,188 457 23 H,O
15 2,210 4.52 23 N,O
16 2,235 447 23 CO,/N,O
17 2,245 4.45 23 CO,/N,O
18 2,388 4.19 25 CO,
19 2,515 398 35 Window
20 2,660 3.76 100 Window
21 14,500 0.69 1,00 Window
22 11,299 0.885 385 Window
23 10,638 0.94 550 H,O
24 10,638 0.94 200 H,O
25 8,065 1.24 650 H,O
26 6,098 .64 450 H,O
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2> Infrared sounder forFY-=3:

HIRAS instrument specification 1mpr0vement for FY—3 D/E

Spectral Sensitivity
Spectral Range Resolutio (NEAT @280K) Num of
Band 1 Ch I
(cm™) n } FY-3D FY-3E annels
(cm™)
650 ~667 cm! | 0.8K
~ 1
650~1136 0.15(Expectation) | 007 689em™ | 04K
LWIR (15.38um~8.8 um) 0.625 0.4K(Requirement) 778
ptelihad o ARTCQUITEMERY) - 689~1000 cm ! | 0.2K
1000~1136 cm! | 0.4K
003 o 1210~1538 cm™ | 92K
MWIR1 : 1210~ 1750 ) 1.25 1(Expec .a ion) 433
8.26pum~5.71 pm 0.7K(Requirement) | {538~-1750 cm’! 03K
. 2155~2300 cm! | 0.3K
2155~2550 ,5 0.3(Expectation) 159

MWIR2

(4.64pum~—~3.92 um)

1.2K(Requirement)

"N ~Y7




Infrared sounder

v' HIRAS scan,

field-of-regard (FOR),

field-of-view (FOV)
v" 2X?2 Four detectors define 1 FOR i r1t;°1 O () N ¢ 16km (1.1°)
@ 33 sweeps, including 29 Earth Scene (ES), : O O O
2 Deep Space (DS) & 2 Internal Calibration g 26.42km
Target (ICT) measurements O E %
@ Nadir spatial resolution is 16km OO O ______ O
Band Spectral Range RSp;clg:lll Sensitivity No of
a (cm™) es(‘;m_l) (NEAT@280K) | Channels
650" ~1136
A5~0. 778
LW (15.38um~8.8 pm) 0-15=0.4K
1210~1750
d~0. 433
MW (8.26um~5.71 pm) O1T07K
2155~2550
3~1. 159
SW (4.64pm~3.92 pm) 0.3~1.2K




€D Infrared sounder for FY-3:

e FY-3D HIRAS
e a Fourier transform interferometer
« With high spectral resolution, low radiometric

noise and high spectral and radiometric accuracy
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ZD Infrared sounder for'FY-3:

FY-3D/ HIRAS |
Total radiometric uncertainty
» Main contributor : calibtration blackbody temperature, stability
and emissivity.

> all traceable to National Institute of Metrology, China( NIM)
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Contribution does not include detector nonlinearity



SNO: HIRAS II & CRIS

FY3D HIRAS-CRIS of 20180815
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Dav-1 Global BT(Real Part)
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After data downlink, ground system generates LO data, decodes
them into L1A data and then processes the data into L1 & OBC
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2> Meteorological Satellites::

Advanced Geostationary Radiometric Imager (AGRI)
specification improvement

FY-4A FY-4B
Spectral number 14 15
Spatial Visil:.>le 0.5-1km 0.5-1km
resolution Swir 2km 2km
Mwir/Lwir 4km 4km
Temporal resolution 15min/disk 15min/disk
Solar reflective @;]\;R;]ggg " SNR=200
o band @ p =100%
Sensitivity
NEDT=0.2k | NEDT=0.2k
Infrared band @300k @300k




€D Infrared sounder forFY:4:

Geostationary Interfering InfraRed Sounder (GIIRS)

®4.44pm - 6.06pum, 8.85um - 14.3pm

® Resolution: 0.625 cm-!
® Spectral stability : <10ppm
® 67min, S000km x5000km
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http://300K

Infrared sounder foi

K: 700~1130 cm’!

Wavelength range ¥/ 1650~2250 cm!
Al L% 0.55~0.75um

Spectral resolution (cm!) TERI: KH08; FHLG
DR KK 1.6; k3.2
FNRE: KPE0.5~1.1; F1: 0.1~

sensitivity (mW/m?2sr cm!) XK (k) . KI0.5~1.1; Hiyk:

Al LB B S/AN>200 ( p=100%)

Spatial resolution

BT A 16km (2048 3 2km (A] o4

Time resolution

H/NRE: 35408
Xik: 6744

Area range

/N REE: 1000km X 1000km
X3H: 5000km X 5000km




Z> Infrared sounder for'FY=4
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€D Infrared sounder for FY-4:

I, (x) = /I/I 7, (o) cos Crox)do
0
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€D Infrared sounder for FY-4:

Maher
Pt A0S



Z> Ground calibration

A s RS T -~

 Vacuum test




& Spectral resolution
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Remote sensing instruments must be accurate and
antification of remote sensing data

Space-borne Infrared Radometric
Reference Payload
On-orbit IR source

« Sl trace in laboratory
 Traceable FTIR Prototype

* ,On orbit payload
- On-orbit calibration
— Benchmark transmission

Benchmark Reference Satellite




Fixed Point Reference
ITS-90 E: 0.9999

m m
OK 0140K 429 748 5K HHHH

Diameter 30 mm Diameter 30 mm D1ameter30 mm
rfe rometer
[ r e  |B3E4REE 202 77
FTIR Radiation Thermometry mmsssmsmmmzs: o

—D

tectors 3 um - 1000 pm

8 um - 14 um

P

VTBB
eNSor : E: 0.9999

Low Temperature BB Alcohol VTBB
125K — 200K 190K — 340K

Iatu r - Dlameter 30 mm

enchmark " FTIR
: 3pum - 1000 pm )|
Radiance remperaiiie

HVTBB
335K — 500K

ow emperature
background

swanuaru Facility



D Infrared sensors-. =

Long Wave HgCdTe detector (6~15um)
Cut-off wavelenth >154um@100K, almost 16pm

Size: 2.2mm X 2.2mm

10
OD*F3FGE ) cm

90 —

80 —

70 —

SW]1, SW2, MW, VLW

60 —

50 <=7
40 4

30 —

Relative Response/%

20

10

0 -

Wavelength/um



Space-=borne Inirared cdetectors, Mercury
Cadmium Telluride Detectors

® MW and LW triple-band infrared detector assembly

F3SFMLO0306

Relative Response/%

Response spectra

Photo of the assembly



2D Infrared sensors-.-

* Long Wavelength detector: the cutoff waveleth
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D Optical Thin |

wE 2% BAER B | HEEE | & || g 28 SATETR misy | RETEEm | B9
FY-1A/1B LEIE T AT EEEET I MVISR 5/5 0.58-12.5 iR CE-1 M RT3t 32 0.40-1.0 e
FY-1C/1D 10/10 0.50-0.99 A5 Chang B LT S R R T (% VNIS > 04524
s I REY RIS ERI 1B S - VISSR °e i - BESIRIBREUY ! oos |45
FY-2C/2D12E 8/8/8 AbSy SHIJIAN-9A S TEEE AT 1 045-089 | Ak
ALLATS MR ST T VIRR 10/10 0.40-12.5 SHIJIAN -
T SN[ IRAS 26/26 069-155 SHIJIAN-9B KAEETIMAFLWIR Camera 4 8-12.5 A5
FY . HHIBRAEFETE AR (U MERST 20720 040-125 | .\pr 1A 5 CCDIRIWVC 2 0400
TOoU 6/6 0.309-0.361 HI EIIZHCCDHEFIWVC 4 0.4-0.9 Ak
SBUS 12/12 | 0.252.0.340 Hi-1B ZTI1 2 FE TR IRMSS 2 07-125
ERM 22 0.2-50 S ERIECCDHEIHRCC 5 0.4-0.90
AT ULAT SR AT VIRR 10 0.40-12.5 CBERS-1 AP EFEEFITEUIRMSS 4 05-125 s
LM SIRIMIIRAS 26 0.69-12.5 B F AR WEI 2 0. 6-0.9
FY.3C A ERAR SRR IR (X MERST 20 0.40-12.5 W =R CCDIRTHRCC 5 01090
TOU 6 309-361 CBERS CBERS-2 LIPP L FIBII I {UIRMSS 4 0.5-12.5 Ak
SBUS 12 252-340 T N7 AR WEL 2 0. 6-09
ERM 2 0.2-50 HRCC 5 0.4-0.90
HY-1A K B AR I COCTS 10 04-12.5 W CBERS-2B = FEE 2 S ARHIHRPC 1 0.5-0.8 b=
- FER AR CZI 4 0.4-09 WEI 2 0. 6-09
COCTS 10 0.4-12.5 TAC (Three-line Array Camera) 1 05-0.8 N
HY-1B EEXERECZI 4 0.4-0.9 il ir-3a MSC (Multispectral Camera) 4 04-09 i

More than 60% of optical filters
filters used in the space optical payloads launched by China
were manufactured by SITP.

(Source: https://directory.exported.org / updated Dec.2014)

and 90% of infrared

optical




D Op

Advanced Depositing Method & Better Spectrum

» Original monitoring method for depositing dielectric layers of quarter-
wave and non-quarter-wave thickness, real-time thickness measurement,

in-situ spectrum monitoring.
» Applied in several projects, such as band pass filter on FY-2 (Fengyun-II)

F Satellite. and the req
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Monitoring curve

20

o T 3 T T T
1500 1450 1400 1350 1300 1250 1200

Wavelength( cm'1)

The schematic diagram I i | Spectrum curves of a infrared filter for
of monitoring method in-situ sp;ctrum FY-3B by SITP and for HIRS by US




lPoIarization Modulation by Optical Films ]

Many IR optical elements are used in quantum teleportation system and optical

communication field. Optical films are necessary to keep quantum state and select

B ATHES

» polatization extinction ratio of film
element 10000~5000: 1.

» polatrization extinction
system 200: 1.

ratio of

———————=1

671nm
BTl RS

AERS BER4




Optical Thin Films =~

Researches on spectrum control of film in SITP

*"J',A . H
b -
j}mt m nl‘? 1|| Wl ’,

’20 70 30> =20 B30 8z ard
Wavelength (nm|

IBPF with 128x1 channels IBPF with 40 channels Working spectrum of hand

(Fundamenta I researc h (Engineering research in type IR spectrometer
in SITP) SITP) (Research Project in Israel)




» FY-3B IRAS is the only one on-orbit
remote-sensing apparatus with very long

wave channel 14.95um (669cm-1)

» SITP pioneers in very long wave NBF study
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80K cryocooler

Normally performance:
6W@w60K@188Wac

8.5kg

Normally performance:
2ww40K@ 150Wac

8.5kg

Normally performance:

1@80K@32Wac
1.3kg
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Input Power (Wac)
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2 stageTemperature (K)
- e NN
A N X O N

45 50 55 60 65

Normally performance:
0.5w@20K@ 200Wac

1 stageTemperature (K)



@leshed W|th suppotlng from:

PRI 21
T

AR

A

. 770K to 350K ;
5] , : . : : : "- H,O ;
0 5000 10000‘ 15000 20000 25000 . Temperature Uncertalnty
FE (S)
S = of the blackbody <84 mK
5 (k=2)
A H,0 Ga-Sn Ga U1 E N
P ge
; Phase  change
faEME (mK) 3.9 1.5 2.0 1.0 fixed )
RIHE (KO 273.339 293.779 303.262 315.137 1XC pOlnts,

stability <10 mK (k=2)



im AHAZ [#] 5 A% IS A5

Thermistor Phase change cells Heater = Outer Enclosure

Ria FA &5 44 Bk PN E R e oA R i T AHAZ 3] 5E 53
Thermal Black Body Temperature Controlled  Heated Halo Thermistor Phase change cells
Isolator Device
- L — h(Trm)
L = eaLa(Tpp) + (1 — eDL(Thg) L(Tog) = FLA(Thato) + (1 — F)L3(Tpy) x =

& =
2 By (Top) — H(Tym)

39



Facility

Temperature

Control Device Blackbody Cavity Heated Halo Water Cooling Aperture

Radiation
Thermometer

Thin Film Heater
* AR
Thennometer;_.-«ﬂﬂ +
\N‘\ \\‘
Bridges for |
Measuring
Temperature

Computer

Translation Stage

) Non Measurement

l I Position of Heated Halo

h
|



& On-orbit Blackbody -

Simulation EmissYigvity

i 7
BEHEENE
% =z 2 =
Diameter of cavity 44 mm
Diameter of Aperture 24 mm
STEEP3 0.9970 Depth 79 mm
60°

Angle
E of coating 0.92




1

@ On-orbit Blackbody . "

DATE BBT (K) HH T (K) Diff HH BB (K) AT (K RT T (K) E
305.09 364.34 59.25 299.25 305.40 0.9963
2014/11/6
303.60 379.28 75.69 299.65 304.04 0.9955
303.01 347.24 4424 299.55 303.45 0.9958
2014/11/5 303.39 363.31 59.92 300.15 303.87 0.9959
305.92 381.65 75.73 300.45 306.33 0.9958
302.95 347.01 44.06 300.05 303.38 0.9962
2014/11/4
303.22 379.06 75.85 299.85 303.70 0.9951
2014/10/17 301.36 361.38 60.02 295.85 301.55 0.9967
2014/10/15 301.86 359.91 58.05 295.75 301.97 0.9974
2014/10/14 294.33 356.93 62.60 294.75 204.46 0.9965
FI9E 0.9961

N Al V7 A IR VN

10 times measurements during 20 days. The average of E 1s 0.9961, SD 0.07 %.



Facility

plate in room temperature

translation stag&

plate in hot temperature

2] Eaccccccccostocossoootosees s e ]

sample

.

sample holder

I
I
N I
I

heater controller for hot plate|

e —

water bath for room plate

radiation thermometer

=~

water bath for aperture




ZD» On-orbit Blackbody

s

S

Miniature Fixed Point

Fixed points are used to define the ITS-90.

The miniature fixed points as the

standard are used to calibrate the

Temperature (°C
N
(o
‘P

thermometers working on the on-

TCBEARAE pi B THIE 28
BB K THE 2
——————— B 7E R ARAR IR

[

orbit blackbody.

Time (h)

12



Facility

Digital
multimeter

é ,‘@

source

Small-size fixe«

MELE E <N

E




> On-orbit Blackbody e M

Ga minmiature fixed point

The bath keep at 302.75 K. Heat the cavitv with 0 TW

303.3

Platform 2 h

303.2

303.1

Melting point at 303.113 < 303-0:

T 3009

with SD 1 mK. E

—

302.8
302.7

302.6

0

6
I Ch)

T
12




)

AT (Q

........................................................................................................... 0-066W_2
0.066W-3 |—
........................................................................................................ — 0.066W-4| ...
1 1 1 1 1 .
3 6 9 12 15 24

B ME] Ch)

Ga fixed point repeatability at same condition

Dates
2015/4/25 303.218
2015/4/127 303.219
2015/5/5 303.220
2015/5/8 303.218
Average 303.219
SD 1.2mK




?D> On-orbit Blackbody ok

The curve of melting at different power
The bath keeps at 302.75 K, the nower of cavitv heater is 0.066 W, 0.0466
W and 0.033W 11180

T T T T T T T
111.75 / //

111.70

e A—

111.55
——0.062W | |
111.50 ——0.0466W,|
’ ——0.033W
111.45 . 1 . 1 . 1 . 1

0 4 8 12 16
Bf1E] Ch)

Ga melting point temperatur

111.573 Q) .

R HRE Q)




Formula: 7=302.8355+5.72073 XP.

Between the temperature and power. P 1s the power
From this formula, the melting

303.35

20230 1 point 1s 302.9825K when the power
303.25
303.20 — .
] 1s 0.0013 W
303'15 T 303‘10 ...................
o ]
303.10 4
T 303.05
303.05 4 /_—
303.00 _ 303.00 4 — ;
302.95 ] . sones o ' 302.9823
302.90 - : ; ; ; i /
0.00 0.02 0.04 0.06 0.08 - 302.90
A N /
& 202.85 —0.013W,
302.80 _,_‘.J/
302.75 :
0 3 6 9 12 15 18 21 24 27 30

2?2 ( h)



@Supported by National Key R&’I“P‘W@»gn@hwof

(A~ B~
C

e —

S i | B

pectral range

500 cm™ ~2700cm

Spectral resolution

Better than 0.5cm-!

IFOV 17km
Sensitivity 0.1K@270K
<0.2K (k=2)
Uncertainty spectrometer: <0.085K (k=1)
blackbody: <0.050K (k=1)
emissivity > 0.999
Diameter of blackbody 60mm
Temperature range 250-330K
No. of fixed points 3-4
Uncertainty of emissivity <4*10-3
Reproducibility of Ga <10mK

e B ST B B SIN T SN SIS SEe B Baih  SENE

o YUY o W a Y V4



Solving the benchmark reference problem of space
radiation observation for climate change research.
Developed an infrared radiation benchmark reference
prototype with absolute calibration uncertainty less than
0.2K (k=2).

Breaking through the problem of the value transfer on-orbit
of the phase change fixed-point.

Breaking through higher performance Fourier infrared
spectroscopy



« Fourier interferometer + Sltracable

* Higher spectral resolution
* IR telescope ONETSP
* Higher accuracy

- Cooled MCT | + Higher sensitivity
olute Radiance blackbody Higher stability

* High temporal resolution
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High-precision infrared hyperspectral sounder,
uncertainty 0.085K (k=1)




High-precision infrared hyperspectral sounder,
uncertainty 0.085K (k=1)




Mini fixed point used™ " i

Quantitative traceability technology and
International comparison
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Thermistor Phase change cells Heater  Outer Enclo

Miniature phase change gallium fixed point variable
temperature space reference black body




Phase change cells' stablility testing has
peen carried out
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non-uniformity 0.004K at 270K;
non-uniformity 0.007K at 350K;




« Development 1
Phase Change Ce

Sealing pluc¢ Leakage

Phase chai
material

Miniature Pha

Design of Miniature Phase Change Cells

Miniature Phase
Change Cells
Perfusion system

Perfusion and encapsulation

Electron beam
welding

Tightness test

Data acquisition
system

Temperature reproducibility
measurement

Temperature
controller

Standard platinum resistance
thermometer

The Power Supply

Value comparison between Micro
Phase Change Cells and National
temperature reference

Development of micro phase change cells
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_ Stability
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Thermometry

brldie

- -
o o
o O

o0 1
oo i

:lﬁ:

Low-temperature

doruIny Surpesuuy

Test Methods: Precision platinum resistance thermometer placed in a
temperature annealing furnace (150At °C) annealing from about2h /Times,
by accurately measuring the temperature of the bridge at the triple point of
waterResistance thermometerRy,; Then place it into-80Alcohol °C of the
bath to about annealed 2h /Times, and then measured in the temperature

a]r‘nhn] grnnvp

(R

H measuring bridge triple point of waterResistance thermometerRy,. Upper and
ah - lower limits for the heat treatment after a heating cycle, thermal cycling of
g», the thermometer by multiple triple point of waterR,Precision measurements
§ 8 to calculate the stability of platinum resistance thermometer.
i g data processing: Multiple triple point of waterResistance
%_gf‘ rermometerRivieasurements-to-eatettate-the-standard-devtattor
N . Rt /Q)
|z = time R
g« 2017078 2017073
ﬁ 2017.04.18 99.95399 99.79355
2017.10.19 99.94917 99.79591
2018.01.11 99.95041 99.79589
2018.01.19 99.94864 99.79627
average value/Q 99.95030 99.79541

standard deviation/mK 4.8 3.1




Spectral Emissivity wil be  oosf ST forest
%‘ 0.92 F
under study § ces).
m 0.84 | |
0.8
o0l

5 6 7 8 9 10 11 12
Wavelength (um)

* 3.7-16.7 pm

+ 0.999 . 1048
« WAL . o P
L GH ik

JO




Togtl
FOr BB“GI‘



