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Vision Based Control

* Robots need information from
sensors to operate autonomously in
dynamical environments.

* Visual information is suited to
recognize unknown surroundings.
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Visual Motion Observer

Goal

« Estimate Relative
Rigid Body Motion
based only on image
information V..

Can’t be measured
- Need of observer
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Relative Rigid Body Motion [1]

Pose
Camera
Jab = (Pabs Rav) /\Z’

Pose of body relative to bodya
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Relative Feature Points Model
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m Perspective Projection for Pinhole Camera [2]
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Transform feature points from Caeaframe
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Image Jacobian for Pinhole Camera [2]
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Perspective Projection for Panoramic Camera [3]

— Tokyo Institute of Technology
fi= Aa(pmi) Tmi
= T
2r+ o i)Zmi | Ymi
+ alpmi)zmi | Ymi Hyperbolic
i
f' Zm
n

Mirror
~

/7 -
Zy
& (pmi) = _P(rzmi + allpmil) ol [pa World Frame
mi) — k)
a?zy,; +atyn,; — b2z,

______ R A 2%

(zmn +1)? o+ Yo

1 Pinhole /
=1, Cmera s
2 72 —Cemera |
r=+/a%+ b? -
5, !
) Camera Ten
Camera ere N

i poili=1...n)

Points Model Projection

Relative Feature| Pe | Perspective ’» fl9) Panoramic Camera Model [3]

Image Jacobian for Panoramic Camera [3]

— Tokyo Intitute of Technology

[ _or ofi af, 5 \A
Jii= [ D |Pmi=Pmi Dy 1Pmi=Pmi Dy |Pmi=Pmi ] [ I —(Rpo:i) ]

. 0
J=1 [ 0 R ]
In

ofi — 2rdau(pmi) Tmi | A(pmi) 1
Omi (2 + a(pmi) 2mi)? | Ymi 2r + a(pmi) Zmi | 0

afi _ 2rAay (Pm,i) T + )\Q(Pmi) 0

i (2r + a(pmi)zmi)? | Ymi 2r + a(pmi)zmi | 1

afi 2r Az (Pmi) [ Tmi ] _ A (pmi) [ Tmi ]
Ozmi (2r + &(Pmi)Zmi)? | Ymi (27 + a(pmi)zmi)? | Ymi

9a(pmi 0 (pmi Aa(pmi
(astom = 2521 0 5) = 22220, = 20m))

ni OYmi
Tokyo Insituteof Technology _mM

Outline

¢ Introduction

Tokyo Ingtitute of Technology

Visual Motion Observer
* Relative Rigid Body Motion
» Camera Models and Image Jacobian
« Pinhole Camera
* Panoramic Camera

e Simulation Results

¢ Conclusions and Future Work

Tokyolnsitue Teccloy _aumm

[m] Simulation Settings
— Tokyo Ingtitute of Technology

Relative Pose ) Camera settings
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Estimation Error with a static object

—x direction linear velocity
—vy direction linear velocity
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Simulation Results for Pinhole Camera
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Estimation Error with object moving along a line
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Simulation Results for Panoramic Camera

Tokyo Institute of Technology

Estimation Error with a static object
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Tokyo Intitute of Technology

Estimation Error with object moving along a line
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Conclusions

¢ Study of the theory of a Visual Motion Observer

* Modeling of two different cameras

« Simulations of the Visual Observer with both cameras

Future Work
¢ Conduct experiments to verify simulation results
< Estimation using multiple cameras
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