Computer Vision and Robotics

Institut d'Informatica i Aplicacions
Universitat de Girona

Underwater wiy) W ;
Robotics ™ |

Computer
Vision

@

// are Architectures
al-time computer vision

Three-dimensional vision



vision

Three-dimensional




A

)
niversitat de Girena

Three-dimensional visic

3D digitiser system

Laser Emitter

CCD camera

Motorised linear
motion

the scene together. The linear motion is known to
pration and reconstruction by Projective Geometry
ak, 1987).
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Three-dimensional visic

Real-tie Range finder / / //

L c3 \
-

-

e -

y
4
4

=
| = 4

)
\ :

.I";?‘ o = >4 IR —
A‘ ‘\ p
iw/:/%,;w - Har

peed laser rotation. The time between a known reference
////W///?////////W///// laser image between 2 consecuteve
B (Vokovama et 2l 1994)
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Three-dimensional visior
Coded structured light pattern projection / /
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Three-dimensional visior
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1992. Video-rate segmentation
of a scene by colour feature
selection.
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MAGTRAK
= 1998. Video-rate multiple
| :_I object tracking by using
= colour feature segmentation.
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Computer Vision Architec ;m,,
MAGCL g g IR ]G
2001. Modular distributed Architecture,
allowing pipe-line and parallel
interconnextino of different modules.
Each module includes 1 FPGA and 1
DSP, which makes the most
calculation-intensive tasks.
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modular archltecture Addltlonal
g "
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Allows the operation with
il w2 CVBS/RGB cameras
Zl¥ and digital cameras.
L' Implementation of a real-
W L time 3D architecture.
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A 30 Cloud-of-points per second
three-dimensional digitiser:

THE 3-DIMENSIONAL CAMERA




Tree-dimensional Vision (3D camera)

Operation prmuple

(Triangulation)
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Tree-dimensional Vision (3D camera) p /a

3D Gathering Process

| selectlon detection : :

\ Range-map | Calibration
| Time Scanning angle computation | parameters
|Computation calculation 2.5D

3D Acquisition

» Reconstruccio

| Triangle Trlangle

+ 3D

| 3D Graphics acceleration y
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Tree-dimensional Vision (3D camera

3D Gathering Pmcess////

3D Acquisition

/

3D Acceleratlon
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Tree-dimensional Vision (3D camera)

ACC U racy (Peack detection)

Energy profile
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Tree-dimensional Vision (3D camera) /8

Projective Calibration (1) /
Calilbration / /
plane ‘
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Tree-dimensional Vision (3D camera)

Projective Calibration (III)/
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2D pOlnt D Reconstruction

(inn pixels)
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Tree-dimensional Vision (3D camera)

Projective Callbratlon/ / ////

// 7 /////////////////////////

Pros

*Easy calibration process

*Reconstruction by matrix
multiplication

*a is the only dependence Very Fast 3D

Noise robustness acquisition

*No precision mechanics .
needed for camera-laser High accuracy

alignment
Low cost

mechanics
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THE 3-DIMENSIONAL CAMERA

as a CMOS design approach
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K-Winner-Take-All Circuit

v
Subpixel Accuracy Peak detector




Tree-dimensional Vision (3D camera)

Pixel Circuit

e APS(Active Pixel Sensor)
* Example:
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Tree-dimensional Vision (3D camera)

K-Winner-Take-All Circuit

Row Fxels

K-Winner-Take-All
Circuit

Analog Inputs

Digital Outputs




Tree-dimensional Vision (3D camera)

Global Reconstruction (1)

Laser Scanner 6 DOF sensorised armn

Angular sensors
(optical encoders)

Global accuracy > = Scanner accuracy

High resolution optical encoders
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Tree-dimensional Vision (3D camera)

Global Reconstruction (ll)

Photodiodes

Small
Compact
Rough

Robust

High Resolution
Cheap
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Sh.pOSQ : SPIN-OFF proposal
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Product ldea

Sub-pixel Arc\fllilfé%?ure /
Detection Software running

Projective / on Real-time O.S

Real-time three dlmensmnal
Laser Scanner “3D camera”
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Aplications
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Business plan
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Our Competitors

Manufacturer

Model

Accuracy(um)|

Resolution

Speed(points/s)

3D data type

INO

250]

256 points/perfil

230400

Profile

MINOLTA

Vivid 910

)

307000 points/frame

122800

Cloud of points

3SHAPE

H-100

10 a 100|

100 a 700 um

3500

Profile

KREON3D

5

30000]

Profile

AXILA

G-SCAN

16000

Profile

HYMARC

25

10000|

Profile

IVP

M50

1536 Z values

15360000

Profile

ORIGIN

RS400

13

500 xy points

Cloud of points

PERCEPTRON

ScanWorks

50

420 um

23040

POLHEMUS

FastScan Cobra

500 um

Profile

SURPHASER

Model 25

25

200000

Cloud of points

STEINBICHLER

Comet T-Scan

30|

150 um

Profile
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Performance of Our product

Accuracy: 40 um
Resolution: 98 um
Speed*: 20000000 points/s
3D data type: Cloud of points / Profile

* 30 clouds of points per second/

CONFIDENTIAL



Expectations

Rapid Prototyping: An example /

RP users worldwide produced el s
3.55 million models and
prototype parts in 2001.

This is a growth of 18.3% from
the 3 million produced in 2000*.
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Almost any 3D industry (Hw or Sw) has
experienced a significant growth, despite the
decline in overall industry growth.

* Source: Wohlers Repor

CONFIDENTIAL



