FREFSLRE: N=PEHGEEEEKSREHTRERED

Systematic Innovation and Development:
FengYun Satellite Boosts Global Meteorological Early Warning Capability

CHEN Xiaojie Shanghai Institute of Satellite Engineering
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Meteorological hazards and the triggered secondary disasters constitute one of the major
challenges to human survival and development.
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2024£F, BEISERERERERESRIHEEZETRKE2630{27T. TR5344F AR,
In 2024, China’ s direct economic loss caused by meteorological disasters and their secondary effects amounted to RMB 263 billion, and
53.44 million people were affected.

20255, EXMiFEEMEERMITISSBGDPRELLI0.5%.

In 2025, persistent high temperatures in Europe are expected to reduce GDP by approximately 0.5 percent.
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Space-based remote sensmg helps in disaster prevention,
survelllance early warnlng and forecastlng

I:I?leill—u%m% ﬁsz*.?‘Hm#erGDP:I:H(Jath 2000$ 29.55%, 2024$ 29.50 2%,
China’s economic losses due to meteorological disasters as a proportion of GDP: in 2000, approximately

5 %; in 2024, approximately 0.2 %.
O 2024F 2 FRRMBIRFERETTHIRKLYIFTFERIRGDPRY 0.26%,

In the summer of 2024, disasters in Europe resulted in economic losses amounting to about 0.26% of .
the European Union’s GDP.
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“The era of ‘global boiling’ has arrived.”
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2. Observation Requirements for Future Meteorological Satellite Systems

2.1 NEE=BFER Long-term Observational Objective
PAtHRSSBRFIERIWIGOS 2040FEEMINENEKRES|, SERE—BEMXEBE. MM RIER
SREZSHWNINEG, SCRRERSIBINN, mein(ENERETE, ESSIRS. RIS AEBR.

Guided by the vision of World Meteorological Organization’ s WIGOS 2040 Vision, we aim to build an intelligent, Earth-system-
wide observational network covering all spheres, with real-time response to extreme weather, achieving system-level, high-timeliness and

end-to-end low-latency early-warning, and supporting meteorological services, scientific research and sustainable-development goals.

1 G1U

Meteorological Services:
1) Severe Weather Early Warning 30-minute advance warning for
destructive severe weather events; 10-minute tornado impact zone
forecasting.

)) 2) Tropical Cyclone Tracking 5-day typhoon path forecast accuracy: +30
km.
3) Extended-Range Forecasting 10-14 day operational weather
prediction capability.

108

Seconds

10% =




—. FREREESHRWNFE

2. Observation Requirements for Future I\/Ieteorologlcal Satellite Systems

2.1 NEE=BFER Long-term Observational Objective
(SEERERENE (2022~2035%F) ) I5H:

RAEEFERNS[SRICHEARSEIL,

220355, Sl
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By 2035, the capabilities in meteorological monitoring, forecasting, and services will be significantly enhanced,

achieving a new level of intelligent meteorology.

Meteorological Service Requirements

O Disaster Prevention and Mitigation
Extreme weather, climate, and hydrological events
O Meteorological services for coastal areas and
megacities
High-precision weather forecasting services
O Air quality forecasting and monitoring services
O Sustainable Socioeconomic Development
Agriculture, disaster reduction, water resources, and
energy

>>

(m]
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Meteorological Operational Requirements

Weather Domain

Numerical Weather Prediction (NWP)

Nowcasting (0-6 hour forecasts)

Climate Domain

Short-term Climate Prediction (Seasonal-to-interannual), Climate

System Monitoring

(m

O

Emergency Observation and Tracking Requirements for Sudden
Weather Events

Full-chain Multi-Parameter Monitoring Requirements for
Meteorological Disasters

Full Causal-Chain Monitoring Requirements for Space Weather
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2. Observation Requirements for Future Meteorologlcal Satellite Systems

2.2 EEWMEFEK key Observational Requirements

2.2.1 BHIFRZERYMMEER Observational Requirements for Early Warning

ORHMEERAET "MECE2 " | RESHFSHMARSAIKBEZERRNEES], SCILR, RIFENE
BREIRERCHR, 1&?2%1’5@5%1%‘—5%47—6%1:0
One of the key focuses of early warning is the breadth of the warning domain: improving the capability to detect key elements of

high-impact weather, while simultaneously achieving real-time, low-latency global data exchange, thereby empowering disaster-
warning operations and scientific research.

B ZFERMIRINEK Requirements for Multi-Method and High-Precision Observation
SKREENVBSN. =. M. B, 8. EF5ESHEZRNPENE. H=SH0.

Meteorological satellite observations shall cover multiple parameters (wind, clouds, precipitation, temperature, humidity, pressure) along with their internal
structures and spatiotemporal distributions.

B EHEANESEEFISERI ESER Requirements for Data Continuity and Real-Time Availability
MR MEMMNEREN S AERSRNEERSEATE. HiEmGIESEEN.

Real-time downlinking and dissemination of observational data require GEO and LEO satellites to possess inter-satellite links and onboard preprocessing capabilities.

B SRR BRI RZ EER Requirements for Adaptive and Rapid-Response Observation Modes
SHEREREKE. ENEFESRERPERSRENN. REIEA. BESEEEEMEITAEEN.

The sudden and short-lived nature of meteorological disasters demands satellite capabilities in agile sensing, prompt response, and autonomous Al-driven
operations.

-10-
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2. Observation Requirements for Future Meteorological Satellite Systems

2.2 EEWMEFEK key Observational Requirements

2.2.2 BHAFRZERAIBP R EK Systematization Requirements for Early Warning
QRHIMEERAET "MEREZR" , EHFAMRMKREFNATRKAERT, LIMBERRRFIMNEICIETT,
R S BRI REUEIREE SR 2,

One of the key focuses of early-warning is rapid warning speed: system performance oriented Earth-observation network to

continuously enhance capabilities for disaster risk reduction and related applications, and concentrating on promoting satellite

performance and the global effectiveness and timeliness of remote sensing data acquisition.
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2. Observation Requirements for Future Meteorological Satellite Systems

2.2 EENMEEIK key observational requirements
2.2.3 BHIFREZERIES S EK Intelligentization Requirements for Early Warning

ORMMEERTT "MEENZRE" |, ALERE. AEESFZIANGRARRIENAINNG, ARFTHTEE
REMZS. SaeiRAEEE, B "R--Rin" NSTRRE, ek "ERMFaN. RSMHEEME"
TEARSSBESD.

The successful in-orbit testing of cutting-edge technologies such as artificial intelligence and big data has laid the foundation for

A\

the future development of networked and intelligent applications in advanced satellites. This will enable multi-node connectivity across

"space-ground-terminal” systems, forming an early warning service capability that ensures "information is readily accessible and

services arrive with the signal.”
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2. Observation Requirements for Future Meteorological Satellite Systems

2.3 %ﬁ;ﬁ*ﬂ}];&i %ﬁ%ﬁﬁgﬁiﬂ New technologies drive the realization of early-warning objectives
2.3.1 E FEsEIE Onboard Intelligent Processing

ZPERTNETESE FEREIERE, Wil ¥ REMIRCES K RIRFSFZm SN -
By deploying on-board intelligent processing models, multiple countries and organizations have tested in-orbit data processing
and applications across scenarios including wildfire detection .

Cloud mask superimposed on the
hyperspectral image

Al-computed cloud mask

Satellite Country Launch Date Function
EO-1 United States 2000.11.21 identification of regions of interest
BIRD France 2001.10.22 Hot-spot detection
Pleiades-HR France 1A: 2011.12.17 Radiometric correction, geometric correction, PhiSatfEiz=#/In-orbit cloud
1B: 2012.12.02 image compression discrimination
PhiSat-2 ESA 2024.08.16 Map generation, sh_lp detection, fire s aaaaaaaaaa A
recognition :
- Canada & First satellite 2024.10; full . . I
WildFireSat Germany constellation by 2029 Real-time tracking of wildfires
Space Compass Japan Planned launch 2026 On-orbit ship identification, data WildFireSat&2EE K KRiR5I%S

compression

/constellation-based fire detectio_nl 3.
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2. Observation Requirements for Future Meteorological Satellite Systems

2.3 %ﬁ;ﬁ*ﬂ}];&i : ﬁ%ﬁﬁ%‘giﬂ New technologies drive the realization of early-warning objectives

2.3.1 E FEsEIE Onboard Intelligent Processing
2 FEtELEIE, E EHF IS, BinlSERANESNRE. ZEMRSEHAMNBENZELNK,

HERARERENAIR T B SHEERE I IEEE L,
On-board intelligent processing continues to advance, with steady gains in autonomous mission planning and target

detection. The capability for multi-satellite coordination and networking is gradually taking shape, with preliminary in-orbit
computing and reasoning abilities now available for large models.

Satellite

Organization

Dongfang Huiyan Gaofen 01 Zhejiang Lab

“ZhiJia X2" On-board satellite Zhejiang Lab

“Tianzhi 2C" Chlnesse Academy of
ciences
Aman-Intelligent-Computing

Satellite Zhejiang Lab

CASC 8th Institute &

Siwei Gaogjing 3 02 China Siwei

Cosmic X-ray Polarimetry 03

and 04 series Cubesats Guangxi University

Three-Body Computing
Constellation” first batch of 12
satellites

Guoxing Aerospace &
Zhejiang Lab

Launch Date

2024.02.03
2024.09
2024.11.11

2024.11.11

2025.03.15

2025.05.14

2025.05.14

Function
Image parsing

On-orbit remote-sensing influence
processing

Autonomous mission planning

On-orbit real-time observation and data
processing

On-orbit autonomous rapid image
processing

rapidly capture gamma-ray bursts and
automatically perform target analysis and
classification

Massive-complex-data real-time on-orbit
analysis and processing

\

3DSTENIRIEE

ZITENE: ITEEFEEREREMKIE
Three-Body Computing Constellation

-14-
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2. Observation Requirements for Future Meteorological Satellite Systems

2.3 %ﬁ;ﬁ*ﬂ}];&i ?ﬁ%ﬁﬁgﬁiﬂ New technologies drive the realization of early-warning objectives
2.3.2 FRAKIEB Meteorological Large Models

FESREINSRSFIABSEHET ATEHRERNSRAERE, XERARRRESKIORMKSHEIIRE
N FAIETESERE.

CMA and several meteorological agencies have successively launched large Al-based weather models. The
application of these technological achievements in space-based meteorological disaster prevention and mitigation is

also worth exploring.

o i R 4
R 5 T B

FuXi Meteorological Large Model Weather forecasting, typhoon track prediction, subseasonal climate forecasting

PanGu Meteorological Large Model  Global meteorological element forecasting, typhoon track prediction

Wind Space Weather Large Model Real-time monitoring of extreme space weather events
Wind speed,
WindClear Large Model Global medium-range weather forecasting temperature,
precipitation, radar
WindLightning Large Model Precise forecasting of severe convective short-duration weather disasters reflectivity, lightning
density
WindOrder Large Model Long-time-series climate trend simulation and analysis
Q]MUS imu"a"eou;‘mumf%h ;essage_passmg FuYao Large Model Intelligent identification and risk evaluation of highly-influential weather
@ @ & RainMaster Large Model High-resolution precipitation forecasting capability construction

GraphCast
-15-



=, FEREZPEFZEMNE:
2. Observation Requirements for Future Meteorological Satellite Systems
2.4 MEJZE&‘E@% Development Trends of FengYun Satellites
ERSEEREAEFRK, CHRELNBUSERASFRIERAKIE, RAfHEZ. B, BEMlEENHh
B, B=NcEERFELERKE S EE TN,

To meet high-quality forecasting needs, in-orbit tests of FengYun networking and Al are underway and a systematic
build-out of intelligent, precise, interactive observation is also in progress. The third generation of FengYun satellates will
achieve more breakthroughs.

1st Generation 2nd Generation 3rd Generation

2D Imaging & Single- Second Generation: 3D Radiative Intelligent Precision

Satellite Observation Network Detection Interactive Observation

m Achieved quantitative meteorological )) B Reached partial international leadership )) B Aims for comprehensive global

observation B Accomplished 3D radiative detection leadership
B Realized 2D imaging observation B Developed collaborative observation m  Will enable disaster tracking/warning
m Established stable operational capacity B Features smart observation-forecast
capability interaction

-16-
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.1 ’[’j}ﬁliﬂiﬂ“@fg Collaborative Observation Conception
T X =SSR EERRERPEKRIDEANESHINECIKE T, BB HFIRFZ SRR NFIIRSS8E.

The new generation Fengyun meteorological satellite system, driven by both user demands and technological
advancements, will establish enhanced observation and service capabilities to better support meteorological disaster
prevention and mitigation.

B Si: REWRA

GEO satellites serve as space-based hub

B i RET=

LEO satellites serve as space-based nodes

mE: FRPO

Ground stations serve as the system center
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wRs s

—— i WKL AT [
%&% s ECEES 18



=. BRI BEMNERNKERAR

3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.1 ’[’j}lﬂiﬂfﬂ“*@fg Collaborative Observation Conception
fEZERDE. [=E. (XEEnE. BPE2nE. FdEnEEBiR, SLSMESREEGEKEE. FEMEI.

Aimed at achieving element coordination, spatio-temporal coordination, instrument coordination, satellite

coordination, and data coordination, to realize meteorological satellite interconnectivity and intelligent collaborative
observation.

Element Instrument Satellite

coordination coordination coordination

Temporal-spatial coordinati Remote sensing GEO/LEO, general/special- Onboard autonomous

on of detection elements, m instrument channel purpose, and operation and intelligent

ulti-system coordination, an configuration and payload large/medium/small satellite processing, space-ground

d end-to-end coordination configuration collaborative collaborative observation integrated smart
complementarity collaboration and services

-19-
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.2 ’[’j}ﬁliﬂfﬂ“ﬁlﬂﬁﬁ Collaborative Observation Application Scenarios
B SHERENIMMMNDEMMEZR High-efficiency coordinated disaster emergency response observation system

HEX. BEKSFNRIKRESMY, SNEENSEHEN. BEMLES, SISEMBEEVEMN, EEEEE,
SNEEEHRELE, ok MEIR R,

For typhoon, heavy
precipitation, and other
emergency disaster events,
GEO satellites perform
dynamic real-time monitoring

" GEO satellites

and autonomous task

mission
structure -

> _ ‘
Precipitation
g
£ 2
S
N
)
&3
e}
>

Observation

planning, guide LEO satellites
to conduct maneuverable
observations and downlink
data, execute onboard fusion
processing, and distribute
primary products.

Typhoon thermal

Data collection

Typhoon thermal
structure — Precipitation
Decision-making
information

Ground Command Center

-20-



3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

=. BRI BEMNERNKERAR

3.3 Wgﬂ}lﬂimﬂu*ﬁﬂiﬁ Key Technologies for Systematic Collaborative Observation

EMEFRFENR, BRBEEFCERK. 2 FEiMNERZRERERST B0 RERA,

To meet future demands, breakthroughs are required in technologies such as inter-satellite laser communication, on-board

intelligent processing, and multi-source data fusion broadcasting.

(
ERHYGEEEEX
R

Inter-satellite
laser link
establishment
and
interconnection
technology

\.

\

A

4

\.

=g E LA ER
%

On-board
processing

hardware design

N

A

/B FEEIERS )
BEIERST &R
2R
Onboard
Intelligent
Processing &
Fusion, Broadcast,
and Distribution
of Multi-source

\ Data /
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.1 E[ER6EERIKIEAR Inter-satellite Laser Link Establishment and Interconnection Technology

KA+ AERIEIRS ., TeERMERREEE. JRGERFNEE, SMSMMEERE,. A5k,
e, AXTEERRDEEISAEM,

Using a gaze+scan capture method, rapid inter-satellite link establishment and reliable stable tracking between GEO and LEO

satellites are achieved, enabling fast, reliable and stable link building between GEO and LEO satellites, thereby laying a solid
foundation for the FY satellite system collaboration.

HEWGKRA : RN

LTS

KikAESiEREIRE, EF
ESNEREE, EdEimaH
EM=ESIERIRE.
VK BIESEERIERER
£, YiEHIrRESRENE
MREERS,
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.1 E[ER6EERIKIEAR Inter-satellite Laser Link Establishment and Interconnection Technology

NI

N=BEFCBREARFIE: EEETEMEEENE. FNERMNER. FeEaTHRE. AT
WRIZY, FRERNIEEERE. TWEHHES. ATEERIEF—RIIER,

The laser-communication system of the FengYun Meteorological Satellite Constellation is characterised by long link distances

'd

and frequent link establishment and disruption, rapid relative motion between disparate orbits, strong platform motion disturbances,

and dramatic thermal deformation changes. It must address a series of challenges including precise orbital propagation, accurate

mechanism control, and precise thermal deformation calibration.
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satellites in dissimilar orbits
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.1 E[ER6EERIKIEAR Inter-satellite Laser Link Establishment and Interconnection Technology

EEMESRNEERS, REENELSMNEEIS, k7 SENEENE, eHEILTHEEz

o). FEESEN., ATFERENSITNERERIFN,
On the ground a GEO/LEO link building system was constructed; based on real in-orbit GEO/LEO orbit link building scenarios, a
GEO/LEO orbit link building test was completed. During the test the influences of orbital motion, platform attitude variation and

thermal deformation were simulated.

=211 =0:5 30k RIS

Inter-satellite networking micro-vibration test -24-
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.2 54¥sEE A ZES Onboard Processing Hardware Design

BIEFR CEAE. (USRI, 4T BRI SRANIE (RARIGITRE BRIt HRE
LinEE LR, (ESNFERIESRERIEE SIZITHR

By upgrading on-board hardware and optimizing the computing architecture, a hybrid architecture of general-purpose
computing plus dedicated Al acceleration was built to have on-board supercomputing capability, so as to meet the deployment and
operation requirements of intelligent task models such as on-board retrieval and mission planning.
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.2 S514¥seE LA Z S Onboard Processing Hardware Design

HEE FMEBERRARGESIE, STlEENEMINEY

BRI RO E.

System-level simulation and verification of the on-board processor are conducted, completing a demonstration

of GEO and LEO collaborative observation and including end-to-end simulation of the collaborative links.

1ES3HK BRES=R Bz TERERRpESE LNE S
B AieinE, B (};F;rgﬁ_g) 1% Verilog, VHDL
Btrta ST (SFEE'I\A/I) =) Verilog, VHDL
SHRE (EENETETE cPU 16 e+ jﬁgﬁAda\
FsEm TR, IR NPU = —
EHET 5SSl BHNZRIEREHE DSP BS C/C++
P FLASH th
MR SIS KEEFME. INRERE <sp  MRAM (FAHRR)
HOEFF AR SRIE BELE PC. fgsseE I\/IL?/‘E[ t)(l:n

J‘,\ ‘_ iy

SIS
© FEREEUDER
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0 - >
© By [F] 45 1) 2 i
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.3 E FEse BN Z REIERIS T &9 A&BiAR Onboard Intelligent Processing & Fusion, Broadcast,

and Distribution of Multi-source Data

B EMAERE, SURRDSSI SR mANSEEE, RBRRR BHEESFRA, SCUEERRiE ([0F)
HSRIEESERIT &, £k, ok, KNIBRFSSEIENRIRS A,

Through the integration of space-ground large models, data collaboration, onboard intelligent processing of
meteorological products, and low —latency terminal broadcast push technologies. This system achieves real-time
broadcasting, transmission, and distribution of meteorological information from satellites to end-user devices (e.g.,
smart phones). This innovation significantly enhances the service experience of meteorological data and products.

4,

Al
processi

Distributi

Satellite observation data Weather event End-user service

_D7-
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3. Key Technologies for Systemic Coordinated Observation of the Fengyun Satellite Constellation

3.3.3 ELEet BN FREIERIST B A&EA Onboard Intelligent Processing & Fusion, Broadcast,

and Distribution of Multi-source Data

RN EEY 2 FH et IR RIREREAUINE M, EREEEERE, BEEEMERR, &
FHRimRSHY “Hil-TRE- A" £EsRREE.

The system-level real-time observational data undergoes onboard intelligent processing to rapidly generate fine-scale warning

products, which are directly pushed to ground terminals, significantly reducing warning latency and enhancing the full-chain “monitor-

warn-respond” effectiveness for extreme weather.

Physical-space system :
architecture layer Satellite layer Ground terminal layer

Earth—satellite link path and time—frequency dynamic Low-noise array antenna transmission and reception

Optimization techn?logy 0 High integration, low power consumption chip
. - ) G ST [LiTes o RF signal loss compensation technology
Adaptive transmission technology . Beam and frequency intelligent management and control
technology

: Autonomous access and scheduling technology
Technical key e T

points

Mobile phones directly connecting to satellites — «  Innovation in satellite transceiver antenna technology «  Unification of terminal communication standards

Development
recommendati wireless spectrum allocation . Establishment of standard communication protocol . Reduction of direct-connect mobile phone costs 28
ons - -

Service monitoring and regulation systems



Conclusion

Systemic collaborative observation by the Fengyun meteorological satellite constellation is an

essential requirement for the “high-quality development” .

Building an intelligent collaborative observation system for the Fengyun satellites constitutes a

feasible pathway to addressing extreme weather.
B strengthening the timeliness of disaster early warning
B shortening disaster response cycles

B and reducing early warning gaps

-29-
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