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Thesis Summary (approx.2000 Japanese Characters )

AFCIE TPassivity-based Visual Feedback Pose Synchronization in Three Dimensions (Z@EhfhicIe—< 3 Wnhlit 7 4 — KX
v 7 BINCIE  BEGAREIENC B3 20F%8) ) LREL, U6 LMk I TV D.

% 1 % Tntroduction) CiE, AWFEOERIZHONWTE LD, LOEEL BIZOWTRRTWS. HEOMIKEER Y FbRkD xR
v MU =22k LT, 0E - BRI A SRS LD FBT S 2 2 HIE LICFRRMEA TV A, KSR OZ2 @I k3
HE0RERNIN TN EE2EHRLTWA. F, HREFRICE S A<, £< o 2 Roo Tl EOBBEZ LY
STNHZLEEMUTND. Z I TABIETIE, 3T «— K8y 7RI E - BEGFRHERIORE, 3 X OHIEILEGRNR T 7' 1
— TS REMEORFEE HRVE T 5 Z L 2k T 5.

%5 2 ¥ [Problem Settings and Foundations| TiX, AMEORBEREE 52 TWD. £9°, HlExSE LT, MEoES) % k45
BEET L, MR OEHZ S R S, BIOREICE28HINI»olo ey a7 vaRT 4 v I Xy NT—7 BRE
LT3, XL, RXORIEEKE LT, 17 4 — KNy 71X 2 RERMEB LONE - BRARMZERL TS, 51, il
BRI OHER R L OLTEVERNTIC W CTAGR LA 8 U CEE 2% 2 K- Tl EES T 7 L OZEEOMEZEALTWD. kkic, A
LD RAE L 72 B MATHIIEE LT, ERIKROBLRANIINCHIR AR S 200 3 oehiE - KA WWIHIER], sXO0eya 7 vEe—va it
T — R LT D BRAE W S ATHRANA & D 3 Wt XM B « BEEHEE T D IRIEA TV — AR LT 5.

% 3% [Visual Feedback 3D Attitude Synchronization] TX, fRH 7 1 — F ANy 7 IZ X2 BB EHMELERLTHD. £3, HI
ROEZFE T N OZ B ED < L FEIITEA Z#2E LT\ 5. KRIE T, SRKOBRIT D2 2 REFHRICIEES N TWb Tz
W, REHEAIIRETE RN S 3 WICHIMIE - BBEHOET DI A T —"ERNE LT, 2L, BELILA T =5
OB EZEHAT S Z Lk, V—FBRUOAEMEEZ AT LI 2T7AaRT 4 v 7 Xy NI — 7 BNEBREEAERTHZ &
EVT T ORECHER N ORLTWA. Fiz, V=2 L UEEORESER) 217 5 Rt LT, AMDREEoE %8
ALTHy bT—7 OBREMERERNT 2175 2 & T, BEHEHAICB T 27 A4 VREDRELZ 52 T\D. KEIL, YIalb—vari
L OFERIZ L o THIEHIOFDMEZ R LTV D,

%5 4 ¥ [Visual Feedback 3D Pose Synchronization] TiE, %53 B TEZ UL RBIIINA T, MEBOBHRLEEL-HE Y 1 —
RNy ZIC K DA0E - BERMHEEZEZRZ L T D, 22T, BEOHEEFLE LT, TRETHRELTWIE Y R—A A AT
ETNED QIR AL T 5% ) I~BA A TET NV ER > TS, Ei-, RUEEORKME LT, MR OMIETE T VIzBy
BT EBPET VN ERLON vy TV o TIBEEF L TWAZ EERERH LTS, ZhICH LT, RMECILEYRET v
YV A B LT AHSHERE 7 AV OZ B A VD 2 LT, Ay ) U S HERRTE D 2 L AR LTS, BERIZRTIILE 3 F
LREBETH D, FIERORE, RN - HRREMIT 2TV, Y2 b—2 g VB XOERICK > THIERIOA2MEZ2 /R LT D,

% 5 & [Further Developments on Visual Feedback Attitude/Pose Synchronization] TIX, #H~7 4 — K v 72X BNE « BH
FHMEOHFEIZ OV THERL TS, 7, KBFEHFIHINCE O CHRESBORT ¢ WHEEEZ AW TN Z EICER L,
U—HDOUHEHEDET N EA TP — NICNET DI LIk, V—FDORT ¢ WEEE & HEET D87 sl 222 L Tnd. o
TN, V—FOFEEEIE LR WEIR B A E 2B T80T VvalRl T 4 v 7 3y hU—271Cx LT, BRI ZEmRkT 5 H7-72
IR A RRE L T D, Eie, X0 B2 WTHUREE k3 2 ORPERRAT O BIRE A A BAREYIZR R TV D . X561, FHllko®rET v
& LT Newton—Euler FERERAEAT D Z LIk, (E - BEAFMAENRT D) - M7 HIERIZRE L TS, ke, BURIM)o
BAFICHTE AN TND ZEICEH L, S84 58 U 7o MR RS L ONIMATH O 28 mME s B L L T 5.

% 6 T [Conclusions] TiX, AFRLOWFERIUZONTE LW, ABROWFEOTANEIZ DN TR TN D.
bR HIE, RmlE, @RETTOIEBOHENLRLEY 2TV RT 4 v 7 Xy FT—=2 2 LT, HRICEDATH—N
NG LTZZ BRI S AR - BBRWIHERAREL, HR, vIal—vary, BIOERICI > TEOGAMERLIZH DT,
LTHEEET 5 & ZAMREV. Ko TR+ (L) OGS E LT Ha2MER S 5 ERD 6D,

% @ WSCEEIX, F13C 2000 52L& 3530 300 754 1 #TOfEHT o2, b L<IEHEIC 800 754 2 #ifeH LT 72& 0w,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 2 copies of
800 Words (English).
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This dissertation investigates visual feedback attitude/pose synchronization on the Special Euclidean
group for a group of rigid bodies equipped with vision sensors. The objective of attitude synchronization
is to lead orientations of all the bodies with the same linear velocity to a common value. Therefore
all the bodies move in the same direction when attitude synchronization is achieved. On the other hand
the goal of pose synchronization is to drive orientations and virtual positions to common values.

We first introduce a notion of visual robotic networks to be controlled throughout this work. Visual
robotic networks consist of multiple rigid bodies with kinematic models, visibility structures
representing visual information flows between bodies, and measured output extracted by vision sensors
After defining visual feedback attitude/pose synchronization as the goals of this work, we propose visual
feedback attitude/pose synchronization laws consisting of vision—based observers to estimate relative
poses of visible bodies and relative pose information—based synchronization schemes. Here, passivity of
the kinematic models plays a central role for the design of the present estimation/control mechanisms.

We next give convergence and performance analysis for the present control laws. It is first shown via
Lyapunov methods that the present laws achieve attitude/pose synchronization under leader—following type
visibility structures. Then, for the leader moving independently, we analyze the tracking performance
of the network by employing the theory of input—to—state stability and input—to—output stability. Here
we regard the individual velocity of the leader as an external disturbance and evaluate the total estimation
and control errors in the network

We also give some further developments on visual feedback attitude/pose synchronization in regard to
(i) linear velocity observers for visual feedback attitude synchronization, (ii) ring—type visibility
structures which does not require the existence of a leader, (iii) extension from velocity laws to
force/torque laws by integrating Newton—Fuler equations as rigid body dynamics, and (iv) collision
avoidance and visibility maintenance. The effectiveness and validity of the present estimation/control
schemes are demonstrated through 3D simulation and experiments on a planar testbed
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