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1.1 The requirement of the imaging observation1.1 The requirement of the imaging observation

Flood disasterFlood disaster Hurricane monitoringHurricane monitoringLandslidesLandslides

surveying and mappingsurveying and mappingInvestigation of Investigation of Ravages of a Ravages of a 

The requirement of observation resolution and accuracy is higher.The requirement of observation resolution and accuracy is higher.

surveying and mappingsurveying and mappinggg
forest resourcesforest resources

gg
drought monitoringdrought monitoring



1.21.2 The development of imaging observationThe development of imaging observation

GEOEYE-1
（2008）

QuickBird

（2001）

WorldView-1
（2007）

0.5m0.5m

（2008）
0.41m0.41m

IKONOS
（1999）

1m1m

（2001）

0.61m0.61m

0.5m0.5m

4The development of high resolution subtle imaging The development of high resolution subtle imaging 
observation system has become the mainstreamobservation system has become the mainstream



1.3 The current situation of imaging observation1.3 The current situation of imaging observation

METOP ENVISAT

A AAURA TERRA

Nimbus-7ADEOS

technology development is swift and violent, the resolution  is better than 0.5 m,technology development is swift and violent, the resolution  is better than 0.5 m,



1.4 The mode of 1.4 The mode of imaging observationimaging observation

Imaging observation using single satelliteImaging observation using single satellite

HEO：low resolution 
LEO：a narrow field of view

Observation using maneuver satellite

Multiple satellites formation

Suitable for LEO
Mobile observation

Multiple satellites formation 
observation

Independent observation in the sameIndependent observation in the same 
orbit :the field of view is widder 

Observation together in the same orbit :
the resolution is higher

The technology of The technology of distributeddistributed satellites  formation system is the trend of future 

development



1.5 The imaging observation1.5 The imaging observation using three satellites 
formationformation

 The imaging observation  
using three distributed 
satellites

 Ascending the observing of 
low obit filed of view.

 Stereo imaging 

 maneuvering observation maneuvering observation
 Satellites constellation 
 Density of function is 

higherhigher 
 Low cost
 Short development cycle
 Ease of formation and  Ease of formation and 

launch 
FurthermoreFurthermore，，three satellites  formation system can applied to the near earth three satellites  formation system can applied to the near earth 

space environment detectionspace environment detection
Imaging  observationImaging  observation used Three small satellites DistributedThree small satellites Distributed Formation

space environment detectionspace environment detection



1.6  Near1.6  Near--Earth space environment exploration requirementEarth space environment exploration requirement

The importance of the space environment explorationThe importance of the space environment explorationp p pp p p

To dateTo date，，aboutabout 40% 40% satellite failures from more thansatellite failures from more than 6,000 6,000 caused caused 

b th b it f th i tb th b it f th i t
Impact of radio, satellite Impact of radio, satellite 

navigation  navigation  
Affect the reliability Affect the reliability 

of spacecraft  of spacecraft  

space space 
environment environment 

by the abnormity of the space environmentby the abnormity of the space environment

In particular , the late of the sun broke out for peak years , such as In particular , the late of the sun broke out for peak years , such as 

2012 , will have a dramatic impact on near2012 , will have a dramatic impact on near--Earth space environmentEarth space environment

I t t i tifiI t t i tifi

2012 , will have a dramatic impact on near2012 , will have a dramatic impact on near Earth space environmentEarth space environment

Affect the signal relay ,Affect the signal relay ,

electromagnetic transmission electromagnetic transmission 

Important scientificImportant scientific

significancesignificance



1.7   The status quo of distributed  1.7   The status quo of distributed  
environment explorationenvironment exploration

The The multimulti--plansplans of distributed  exploration of space environment of distributed  exploration of space environment 

environment explorationenvironment exploration

ee uu p sp s o d s bu ed e p o o o sp ce e v o eo d s bu ed e p o o o sp ce e v o e
has been implementedhas been implemented

International International 
Living With Living With gg

a Star (ILWS) a Star (ILWS) 

Distributed satellite  Distributed satellite  is an important means of probing the space is an important means of probing the space p p g pp p g p

environment  environment  



1.8  The key technology of distributed 1.8  The key technology of distributed 
monitoringmonitoring
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HighHigh--resolution Earth Observationresolution Earth Observation
NearNear--Earth space environment explorationEarth space environment exploration

Rapid maneuverRapid maneuver
platformplatform
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High stability High stability 
platformplatform

requirementrequirement

MultiMulti--satellite satellite 
requirementrequirement Satellite communication technologySatellite communication technology

Formation  technoFormation  technologylogy

CMOS Star sensorCMOS Star sensorActiveActive--passive passive 
FlywheelFlywheel Fiber gyroscopeFiber gyroscopeAll active FlywheelAll active FlywheelIntegrated Power and Integrated Power and 

attitude Control attitude Control 
Flywheel Flywheel 
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22、、The research progressThe research progress

F th i t f th tF th i t f th t ti t llit ’ hi hti t llit ’ hi h i ii i

、、 p gp g

2.1  Magnetic Suspended(MS) inertial actuators technology 2.1  Magnetic Suspended(MS) inertial actuators technology 
For the requirements of the nextFor the requirements of the next--generation satellite’s highgeneration satellite’s high--precision precision 

stability and rapid movement performance, successfully,stability and rapid movement performance, successfully, Beihang developedBeihang developed
MSFW and MSCMGMSFW and MSCMG whichwhich will be used for our future highwill be used for our future high--resolution Earthresolution EarthMSFW and MSCMG MSFW and MSCMG whichwhich will be used for our future highwill be used for our future high resolution Earth resolution Earth 
observation satelliteobservation satellite

））agile satellite ( Under 5 ton agile satellite ( Under 5 ton ））

12

MSFW prototype
smallsmall、、medialmedial、、large large 

SGMSCMGSGMSCMG



22、、The research progressThe research progress

2.2 “Three satellite formation for space environment exploration ”2.2 “Three satellite formation for space environment exploration ”

、、 p gp g

2.2  Three satellite  formation for space environment exploration  2.2  Three satellite  formation for space environment exploration  
key projectkey project
 “Eleventh Five“Eleventh Five--Year”periodYear”period，，the Beihang University jointing with DFH Satellite the Beihang University jointing with DFH Satellite 
Ltd., Chinese Academy of Sciences Space Center and Tsinghua UniversityLtd., Chinese Academy of Sciences Space Center and Tsinghua University

the “the “Three satellite  formation exploration space environmentThree satellite  formation exploration space environment” key project” key project
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22、、Research processResearch processpp

2.2 “Three satellite  formation for space environment exploration2.2 “Three satellite  formation for space environment exploration ””p pp p
 Three innovation science exploration tasksThree innovation science exploration tasks
①① research of accuracy detection/exploration for the the shadow side ofresearch of accuracy detection/exploration for the the shadow side of①① research of accuracy detection/exploration for the the shadow side of research of accuracy detection/exploration for the the shadow side of 

nearnear--earth space environment earth space environment current systemcurrent system
②② research of nearresearch of near--earth earth plasmaplasma environmentenvironment in small scale structure in small scale structure 

and motion lawand motion law
③③ the increase and decrease of the increase and decrease of high high energenergyy particleparticle in radiation belt in radiation belt 

both in time and in space evolvement processboth in time and in space evolvement process
Realize the Identical orbit, inRealize the Identical orbit, in--situ, multi points and multisitu, multi points and multi--scale explorationscale exploration

both in time and in space evolvement processboth in time and in space evolvement process

Low frequency 
wave detector

Magnetometer Low energy 
particle detector

High energy particle
detector



22、、Research processResearch process

2.2 “Three satellite  formation for space environment exploration2.2 “Three satellite  formation for space environment exploration ” ” 

pp

 key technologieskey technologies

p pp p

 Integrated technology of the scientific detection payloadIntegrated technology of the scientific detection payload

 High performance attitude and orbit control technology based on High performance attitude and orbit control technology based on 
micromicro--instrumentinstrument/device/device

 Formation Formation configurationconfiguration and cooperative control for microand cooperative control for micro--nano nano 
satellitesatellite

 The terrestrial test of distribution for the satellite formation The terrestrial test of distribution for the satellite formation 
configuration and measurementconfiguration and measurement



22、、Research processResearch process

Key point 1: Integrated technology of the scientific detection payloadKey point 1: Integrated technology of the scientific detection payload

pp

Key point 1: Integrated technology of the scientific detection payloadKey point 1: Integrated technology of the scientific detection payload

ThreeThree--axis stabilized microaxis stabilized micro-- SpinSpin--stabilized stabilized onon--board integratedboard integrated
nano satellitenano satellite

pp
micromicro--nanonano satellitesatellite

 the design based on the the design based on the integration of payload and structureintegration of payload and structure, build up the , build up the 
configuration and layout of the threeconfiguration and layout of the three--axis stabilized and spinaxis stabilized and spin--stabilized microstabilized micro--nanonano

gg
electronic systemselectronic systems

configuration and layout of the threeconfiguration and layout of the three--axis stabilized and spinaxis stabilized and spin--stabilized microstabilized micro--nano nano 
satellitessatellites

 with the restriction of the mass, power and volume of the satellite, an onwith the restriction of the mass, power and volume of the satellite, an on--board board 
integrated electronicintegrated electronic framework is designed based on the attitude and orbit controlframework is designed based on the attitude and orbit controlintegrated electronicintegrated electronic framework is designed based on the attitude and orbit control framework is designed based on the attitude and orbit control 
/ energy / communication / payload / satellite service modules/ energy / communication / payload / satellite service modules



22、、Research processResearch processpp

Key point 2: High performance attitude and orbit control Key point 2: High performance attitude and orbit control 

Star Star tracker/tracker/
FOGFOG//

technology based on microtechnology based on micro--instrument/deviceinstrument/device

FOGFOG//
MagnetometerMagnetometer//
Sun sensorSun sensor

highhigh performance of threeperformance of three axis satelliteaxis satellite

MEMS gyros/MEMS gyros/
‘Z’ t l lit‘Z’ t l lit

Small propulsion Small propulsion 
systemsystem

highhigh--performance of threeperformance of three--axis satellite axis satellite 
IntegratedIntegrated attitude determination system attitude determination system 

Small flywheelSmall flywheel--
based highbased high--‘Z’ style slit sun ‘Z’ style slit sun 

sensorsensor
MicroMicro--
MagnetometerMagnetometer

system system 
(Propellant: (Propellant: 

propane)propane)

based highbased high
stability control stability control 

MagnetometerMagnetometer

Highly reliable and high precision

highhigh--performance spin satellite performance spin satellite 
IntegratedIntegrated attitude determination systemattitude determination system

Small flywheelSmall flywheel--based highbased high--stability controlstability control
Small propulsion system with propane for Small propulsion system with propane for 

i ii iHighly reliable and high-precision 
measurement technology based on 

integrated miniature device

the attitude and orbit controlthe attitude and orbit control



22、、Research processResearch processpp

Key point 3: Formation configuration and cooperative control for Key point 3: Formation configuration and cooperative control for 
 initialization, keeping and Reconstruction (the distance between satellites) of three initialization, keeping and Reconstruction (the distance between satellites) of three 

micromicro--nano satellite heterogeneous formationnano satellite heterogeneous formation

micromicro--nano satellitenano satellite

 MultiMulti--agent based multiagent based multi--objective optimization with resisting disturbance objective optimization with resisting disturbance 

coordination control (spin axis between two satellites)coordination control (spin axis between two satellites)

Satellite A (Master) Satellite A (Master) Satellite B2 (Slave) Satellite B2 (Slave) Satellite B1 (slave) Satellite B1 (slave) 

Satellite ground station Satellite ground station 
simulation system simulation system 

Satellite linkSatellite link
simulation unitsimulation unit

Satellite communication Satellite communication 
and processing unitand processing unit

Satellite control Satellite control 
command generation unitcommand generation unit



22、、Research processResearch process

Key point 4: The terrestrial test of distribution for the satellite Key point 4: The terrestrial test of distribution for the satellite 

pp

 Achieving the three innovative scientific exploration missions of nearAchieving the three innovative scientific exploration missions of near--

y py p
formation configuration and measurementformation configuration and measurement

g pg p
earth space environment using earth space environment using distributed satellite formation distributed satellite formation 
monitoring technologymonitoring technology ；；

Completing the whole process of scientific exploration tasks realCompleting the whole process of scientific exploration tasks real--time time 
simulation based on simulation based on terrestrialterrestrial demonstration systemdemonstration system ；；

 Finishing there satellites coordination control and Finishing there satellites coordination control and terrestrial terrestrial 
demonstration based on demonstration based on distributed realdistributed real--time simulation technologytime simulation technology 。。
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"3 +2" Small"3 +2" Small--satellite Projectsatellite Project

Developing "3 +2" microDeveloping "3 +2" micro--satellite to carry out experimentalsatellite to carry out experimental

jj

Developing 3 2  microDeveloping 3 2  micro satellite to carry out experimental satellite to carry out experimental 
verification of new technologies and the nearverification of new technologies and the near--earth space environment earth space environment 
exploration.exploration.exploration.exploration.

Task OneTask One：：
experimental experimental 
verification of verification of 

new technologiesnew technologiesgg

Task twoTask two ：：

the nearthe near--earth earth 
space environmentspace environmentspace environment space environment 

explorationexploration
21



"3 +2" Micro"3 +2" Micro--satellite Projectsatellite Projectjj

 Task 1 Task 1 -------- Experimental Verification of New TechnologiesExperimental Verification of New Technologies

①① Agile maneuver control technology based on novel actuator Agile maneuver control technology based on novel actuator 

②② Autonomous celestial navigation using new type of sensorAutonomous celestial navigation using new type of sensor

③③ Formation flying technologyFormation flying technology

22



New Technologies 1New Technologies 1：：Agile attitude control technologyAgile attitude control technology

2.1 Task 1 2.1 Task 1 ---------- Experimental Verification of New TechnologiesExperimental Verification of New Technologies

New Technologies  1New Technologies  1：：Agile attitude control technology Agile attitude control technology 

Orbit: 686kmOrbit: 686km

Several shots pointing on the Several shots pointing on the 
earth’s surface at T1 time earth’s surface at T1 time 

Imaging after Maneuver  Imaging after Maneuver  
at T2 timeat T2 time

Attitude Control performance ofAttitude Control performance of
 Using MSCMGs for coarse control and 

MSFW for precise control during 

Attitude Control performance ofAttitude Control performance of
SmallSmall--satellite(150Kg)satellite(150Kg)

• Attitude determination accuracy： p g

attitude maneuver;

 When MSCMGs system is almost 

0.05(3σ)
• Pointing  accuracy：0.5(3σ)
• Attitude stability： 0 008/s(3σ) y

singular, MSFW generates torque 

command along the singular direction.

Attitude stability： 0.008 /s(3σ)
• Maneuver ability：5~10/s
• Mass of attitude control system：≤35kg

St d t t ti ≤90W

23

• Steady-state power consumption：≤90W



NN TechnologiesTechnologies 22 A tonomo sA tonomo s l ti l i ti t h ll ti l i ti t h l

2.1 Task 1 2.1 Task 1 ---------- ExperimentalExperimental Verification of New TechnologiesVerification of New Technologies

New New TechnologiesTechnologies 22：： AutonomousAutonomous celestial navigation technologycelestial navigation technology

Attitude sensorAttitude sensor：：
 Micro CMOS Star Sensor + Micro CMOS Earth Sensor
Autonomous celestial navigation methodAutonomous celestial navigation method：：
 Directly sensing horizon method + Indirectly sensing horizon method



SStar Star 
DirectionDirection Starlight Starlight 

 Directly sensing horizon method + Indirectly sensing horizon method

StarlightStarlight

Star Star 
SensorSensor 

S

refractionrefraction Stellar 
direction

RefractionRefraction



Starlight Starlight 
angular angular 
distancedistance

Refraction Refraction 
HeightHeight



r
Geocentric

Earth Earth 
SensorSensor

Geocentric 
direction

Principle ofPrinciple of directly sensing horizon method

Principle ofPrinciple of indirectly sensing 
horizon method



N h l i l i k 3N h l i l i k 3 lid i f lli f ilid i f lli f i

2.1 project mission2.1 project mission————11））new technological experimentnew technological experiment

New technological experiment task 3New technological experiment task 3：：validation of satellite formationvalidation of satellite formation

686km686km

Spinning satellite Spinning satellite B1 (50kg) B1 (50kg) Spinning satelliteSpinning satellite B2(50kg)B2(50kg)TriTri--axes stabilization axes stabilization Spinning satellite Spinning satellite B2(50kg) B2(50kg) 
satellite satellite A (150kg) A (150kg) 

567km567km
TriTri--axes stabilization axes stabilization 
satellite  satellite  C(240kg) C(240kg) 

TriTri--axes stabilization axes stabilization 
satellite satellite D(240kg) D(240kg) ( g)( g) ( g)( g)

 Construction and maintenance of Communication link Construction and maintenance of Communication link 

between five satellitesbetween five satellites

Ground stationGround stationFormation of identical orbitFormation of identical orbit

Reconstruction of satellites on different orbitReconstruction of satellites on different orbit

25



22、、Overall mission analysis and technology requirementOverall mission analysis and technology requirement

2 1 project mission2 1 project mission————22））space environment explorationspace environment exploration

 Three innovation tasks Three innovation tasks 

2.1 project mission2.1 project mission————22））space environment explorationspace environment exploration

①① research of accuracy detection/exploration for the the shadow side of nearresearch of accuracy detection/exploration for the the shadow side of near--earth space earth space 
environment environment current systemcurrent system

②② research of nearresearch of near--earthearth plasmaplasma environmentenvironment in small scale structure and motion lawin small scale structure and motion law②② research of nearresearch of near--earth earth plasmaplasma environmentenvironment in small scale structure and motion lawin small scale structure and motion law

③③ the increase and decrease of the increase and decrease of high high energenergyy particleparticle in radiation belt both in time and in radiation belt both in time and 
in space evolvement processin space evolvement process

④④ l d f f h l dl d f f h l d
 Three extended tasks Three extended tasks 
④④ evolvement process and forms of aurora when auroral storm and      evolvement process and forms of aurora when auroral storm and      

auroral electrojet occurs auroral electrojet occurs 
⑤⑤ coupling effect between magnetosphere and ionospherecoupling effect between magnetosphere and ionosphere

⑥⑥ ionosphere disturbanceionosphere disturbance induced by activity of magnetosphere induced by activity of magnetosphere 

p g g p pp g g p p

26



Scientific task 4Scientific task 4：：research on evolvement process and forms of aurora when auroral storm research on evolvement process and forms of aurora when auroral storm 
and auroral electrojet occursand auroral electrojet occurs

2.1 project mission2.1 project mission————22））space environment explorationspace environment exploration

and auroral electrojet occursand auroral electrojet occurs

 payloadpayload：：aurora sensor aurora sensor 

 ultravilolet aurora micro imaging detector Aultravilolet aurora micro imaging detector A

 i l ii l i
combination 

Formation 
exploration

 Identical orbitIdentical orbit、、inin--situsitu、、multi pointsmulti points、、multiple parametersmultiple parameters、、small scalesmall scale，，

 Low energy particle micro sensor Low energy particle micro sensor B1B1、、B2B2 measurement

27

Research on evolvement process of auroral formsResearch on evolvement process of auroral forms



S i tifi t k 5S i tifi t k 5 h li ff t b t t h d i hh li ff t b t t h d i h

2.1 project mission2.1 project mission————22））space environment explorationspace environment exploration

Scientific task 5Scientific task 5：：research on coupling effect between magnetosphere and ionosphere research on coupling effect between magnetosphere and ionosphere 

 Payload: Payload: network distributed sensor for coupling effect exploration network distributed sensor for coupling effect exploration between between 
magnetosphere and ionospheremagnetosphere and ionospheremagnetosphere and ionospheremagnetosphere and ionosphere

 Low energy particle micro sensor B1Low energy particle micro sensor B1、、B2B2
 Flux micro sensor AFlux micro sensor A、、B1B1、、B2B2 Formation 

t

Combination measurement 
technology

 Identical orbitIdentical orbit、、inin--situsitu、、multi pointsmulti points、、multiple parametersmultiple parameters、、small small 

 Low frequency magnetic field wave micro sensorALow frequency magnetic field wave micro sensorA、、B1B1、、B2B2 measurement

28

pp p pp p
scalescale，，Research on transport phenomena of energy and mass between Research on transport phenomena of energy and mass between 
magnetosphere and ionospheremagnetosphere and ionosphere



Scientific task 6Scientific task 6 research on ionosphere disturbance induced by activity of magnetosphereresearch on ionosphere disturbance induced by activity of magnetosphere

2.1 project mission2.1 project mission————22））space environment explorationspace environment exploration

AA、、B1B1、、B2 B2 Orbit:686kmOrbit:686km

Scientific task 6Scientific task 6：：research on ionosphere disturbance induced by activity of magnetosphereresearch on ionosphere disturbance induced by activity of magnetosphere

Seism research Seism research 
satellitesatellite

satellite formation satellite formation 
explorationexploration

C l iC l i O bit 500kO bit 500kComplementation Complementation 
exploration with exploration with 
seism research seism research 

Orbit 500kmOrbit 500km

 payloadpayload：：network distributed sensor for space plasma network distributed sensor for space plasma 

satellite  satellite  

p yp y p pp p

 Low energy particle micro sensor B1Low energy particle micro sensor B1、、B2B2
 Fl i AFl i A B1B1 B2B2 bi i

Formation 
exploration Flux micro sensor AFlux micro sensor A、、B1B1、、B2B2

 High energy particle micro sensorHigh energy particle micro sensor B1B1、、B2B2
combination 
measurement

exploration 

29

 Identical orbitIdentical orbit、、inin--situsitu、、multi pointsmulti points、、multiple parametersmultiple parameters、、
small scalesmall scale，，Research on propagation of disturbanceResearch on propagation of disturbance



“3+2”micro satellite engineering project“3+2”micro satellite engineering project

scheme  scheme  

g g p jg g p j

567km 567km 

Constellation of five satellitesConstellation of five satellites

Variant constructionVariant construction

B2B2（（Three triThree tri--axes satellites & Two spinning satellitesaxes satellites & Two spinning satellites））

Variant orbit formationVariant orbit formation

AA

多星上面级多星上面级
CC

Variant orbit formationVariant orbit formation

B1B1

DD

B1B1

CZCZ--2D2D
（（Jiuquan or TaiyuanJiuquan or Taiyuan））

686km  686km  
30
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4、cooperation4、cooperation  

 Space mission  analysisSpace mission  analysis
 Formation flying system design Formation flying system design  Formation flying system design Formation flying system design 
 Space probe payload 
 ……

Fang Jiancheng:8610-82339487Fang Jiancheng:8610 82339487
Fangjiancheng@buaa.edu.cn
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