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To whom it may concern

Review on Mr. Nursultan Doszhan’s Ph.D. Dissertation

Thesis: Development of Motion Control Algorithms for Satellites in Formation

This thesis addresses the formation flying control of four Earth observation satellites in geostationary orbit
(GEO). The formation, consisting of three mirror satellites and one mother satellite with optical receptors,
creates a synthetic aperture telescope for high-resolution Earth imaging. Positioned in GEO, this
configuration offers both high spatial and temporal resolution, enabling continuous disaster monitoring.
The University of Tokyo initially proposed this concept to monitor forest fires in Australia, with various
technologies developed to enhance optical performance. However, precise control algorithms for maintaining
the satellites' relative positions with ultra-high accuracy (such as micrometer-level) remain underexplored.
This research evaluates six control algorithms for maintaining the satellites' relative positions in a tetrahedral
formation using thrusters. The algorithms compared include two types of root location methods, Linear
Quadratic Regulator-(LQR), H-infinity, H, and a combined H-infinity/H, control algorithm. Simulations
indicate that the combined H-infinity/Ha algorithm offers the best performance.

To implement these control algorithms, a solution to a mathematical model of the relative motion of satellite
formations was derived using analytical and numerical methods from differential equations theory. This
model considers disturbances such as Earth's inhomogeneous gravitational field, the gravitational pull of the
Moon and Sun, and solar radiation pressure, based on the Hill-Clohessy-Wiltshire, Lawden, and Sedwik-
Schweigard models.

This thesis contributes significantly to the field of formation flying research. I recommend Mr. Nursultan

Doszhan's Ph.D. thesis for defense to earn the Doctor of Philosophy degree (Ph.D.).

Sincerely Yours,

Shinichi Nakasuka, Professor, Ph.D.
Department of Aeronautics and Astronautics University
of Tokyo, TEL+81-3-5841-6590 FAX+81-3-5841-8560

nakasuka@space.t.u-tokyo.ac.ijp
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Js npenbsiBJeHNS 0 MeCTy TpeOOBaHHS

Om3swvi na Ph.D.ouccepmayuio Hypcynmana [Jocoicana

Tema: Pa3paGoTka aJiropuTMOB ynpaBJieHHs ABHKEHHEM CIIyTHHKOB B IPyNIHPOBKe

OTa auccepTalMdsi MOCBSLLEHA YIPABJICHUIO I10JE€TOM YEThIPEX CIIyTHUKOB HaOnomeHus 3eMid Ha
reocraunonapHoil opbure (I'CO). I'pynnupoBka, cocToslias W3 TPeX 3epKajbHBIX CIYTHHUKOB W OZHOIO
MaTepUHCKOIO CIyTHHKA C ONTHYECKUMH MPUEMHHUKAMH, CO31aeT CUHTETHUYECKHUH arnepTypHBIH TeJIECKON
AJI4 MOJIyYEHHS BbICOKOPa3pelleHHbIX n3o0paxenuil 3eman. Pacnonoxennas B 'CO, sta koHUryparus
obecrieunBaeT Kak BbICOKOE IPOCTPAHCTBEHHOE, TaK M BPEMEHHOE pa3pelleHHe, MO3BOJISS HEMpPEPbIBHO
MOHHTOPHUTb CTUXHIHbBIE OeaCTBUS.

TokniCKMH yHMBEPCUTET M3HAYAJIBHO MPEUIOKMI 3TOT KOHUENT AJsi MOHHUTOPHHTA JICCHBIX IMOKAPOB B
ABcTpanuu, pa3paboTaB pazjIMuHble TEXHOJOTHM [UIS YJIYYLIEHHS ONTHYECKOW IMPOM3BOAUTEILHOCTH.
OJHaKo TOUHbIE aITOPUTMBI YIIPaBAEHHUS 1715 NOANCPKAHUS OTHOCHUTE/IbHBIX MO3ULIMH CITyTHHKOB C yJIbTpa-
BBICOKOH TOUHOCTBIO (Ha YPOBHE MUKPOMETPOB) OCTAIOTCS MaTOWU3yYeHHBIMH.

B »Tom McenenoBaHUM OLIEHUBAIOTCS LLECTh JITOPUTMOB YIIpaBJIeHUs AJs MOAAEPIKAHHUS OTHOCHUTEIBHBIX
MO3MLIMA CITYTHUKOB B T€TPadApajibHON IpyMINUPOBKE C UCTIONb30BAaHUEM JIBUraTeseil. CpaBHHBAIOTCA 1Ba
THIIA  METOAOB KOpHEH, JMHeHHbId kBaapatuuHblilt perynstop (LQR), H-Geckoneunocts, Hz wu
xkOMOMHHUpPOBaHHbIN anroput™ H-Geckoneunocts/Ha. Monenuposanye nokaseiBaet, 4To KOMOMHUPOBAHHBIM
anropurm H-6eckoneunocts/Hy neMOHCTpUpyeT HAMTYULIYIO IPOU3BOAUTENBHOCTD.

Hns peanusaluu 5THX aJrOpUTMOB YMpAaBJACHUS OBbUIO MMOJNYYEHO pELIEHHE MAaTeMaTHYECKOM Moeau
OTHOCHTEJILHOTO IBUIKEHHSA CITyTHUKOBOM IPYNIHMPOBKHU C HCIONB30BAHHEM aHATMTUYECKUX M YMCIEHHBIX
METO0B TEOpHH Iu(pepeHUHabHbIX YPaBHEHHH. DTa MoOmeNnb YUYMTHIBAET TAKHE BO3MYILUEHHMS, Kak
HEOIHOPOAHOE TPaBUTALIMOHHOE MoJie 3eMJIM, TpaBUTAUMOHHOEe Bo3nekicTBue JlyHel W CojiHLA, a TakKe
JaBjIeHHE COJIHEUHOIO M3JIyYeHHs, OCHOBaHHbIE Ha Mmoxessx Xwumia-Knoxeccu-Yunrmupa, Jloynena u
CenBuka-1lIgaitrapaa.

Dra OMccepTalns BHOCHT 3HAUMTESIbHBIM BKJIAaJ B OOJIaCTh MCC/IENOBAHWM yNpABICHUS [BMKEHHEM B
rpynnuposke. f pekomenayto nuccepraumio Hypeynrana JlocskaHa K 3a1iTe Ha COMCKAHKME YUEHOM CTENEHH

aokropa punocoduun (Ph.D.).
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