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Background

Output Synchronization in SE(3)
information of neighbors’ relative positions and orientations is necessary

Experiment Systems
birds eye camera

all agents’ positions and orientations
can be sensed

but not distributed

mounted camera (local camera)
each agent can have  its own “eyes”

distributed

How can agents know their neighbors’ relative 
positions and orientations by mounted cameras? 
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Background

Visual Feedback

nonlinear observer to estimate relative positions and orientations

M. Fujita, H. Kawai and M. W. Spong [1]
T. Murao[2]
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Nonlinear Observer -Outline-
Outline

Relative Rigid Body Motion
Camera Model
Estimated Relative Rigid Body Motion
Estimation Error System
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Nonlinear Observer -RRBM-

Relative Rigid Body Motion
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Nonlinear Observer -RRBM-
Relative Rigid Body Motion
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:body velocity
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Nonlinear Observer -Camera Model-
Camera Model

3Rpoi ∈ :position vector of the i-th
feature point relative to∑o

3Rpci ∈ :position vector of the i-th
feature point relative to∑c
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Nonlinear Observer -EsRRBM-
Estimated Relative Rigid Body Motion

:input to EsRRBM
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Nonlinear Observer -Estimation Error System-
Estimation Error System
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Nonlinear Observer -Estimation Error System-
Estimation Error System

)()( ffgJe coe −= +

*take 3 or more feature points so that                be column full rank)( cogJ
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Nonlinear Observer -Estimation Error System-
Estimation Error System
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Nonlinear Observer -Estimation Error System-

Passivity of the Estimation Error System

integrating           from 0 to T, we obtain
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Nonlinear Observer -Estimation Error System-

Estimation Error System

KeKe

•Estimation error is asymptotically stable if               .
•Estimation error is L2-gain stable if                                                  .   
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Experiment

Experiment of a nonlinear observer

construct a nonlinear observer with simulink
compare estimated position/orientation with measured real 

position/orientation

vehicle moves in 2R
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Experiment
Experiment of a nonlinear observer

case1
360°slow rotation

angular θ position XY
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red : estimated trajectory
green : measured trajectory
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Experiment
Experiment of a nonlinear observer

case2
random fast rotations

angular θ position XY
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Simulation

Simulation of Output Sunchronization with  a Nonlinear Observer 

block diagram

observer

control input
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Simulation

Simulation of Output Sunchronization with  a Nonlinear Observer 

SO(3) Output Synchronization

ee Keu =

K must be 
sufficiently large. 

Otherwise, 
synchronization is 
not achieved. 

100=K
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Simulation

Simulation of Output Sunchronization with  Nonlinear Observer 

SO(3) Output Synchronization

∨−− )(
2
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attitude error vector : 

100=K
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Simulation

Simulation of Output Sunchronization with  Nonlinear Observer 

SO(3) Output Synchronization

1=K
ee Keu =
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Future Works

Future Works
gain tuning
singular point analysis
adoption of a nonlinear observer into cooperative control experiment 

systems
1 birds eye camera                   2 birds eye cameras
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Future Works

Future Works
4 vehicles                  8 vehicles （石野君？）
birds eye camera                 mounted camera(石野君？）

consider the theory of the combination of cooperative control and 
nonlinear observer 

e-nuvo wheel（伊吹君）
test bed setup 
open campus
rengo
KAIST
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e-nuvo wheel 
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