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MiCRoN

FEuropean Union IST project
Uppsala, Lausanne, St. Ingbert, Athens, Pisa, Barcelona, Karlsruhe

project goals

e Manipulate pm-sized

objects

e Closed-loop control of
robots

e 3D object recognition
and tracking

image acquisition

® Imicro-camera

http://wwwipr.ira.uka.de/ " micron/ e microscope
http://www.cordis.lu/ist/
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MiCRoN hardware (i)

camera
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test hardware (i)

test environment
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test hardware (ii)

microscope environment

calmera sensor actors
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software

Mimas computer vision toolkit
open source computer vision library

deliver solution < restrict vision domain

< develop reusable toolset
Sensor data: V4L, gstreamer-interface

Segmentation: LSI-filters, morphology, disparity-estimator, DFT,

image-processing

Feature-extraction: edges, corners, ...

Feature-matching: optic flow, SVD-correspondence, correlation, champfer
matching, PGH, fast POL

pose-estimation: particle filter, hough transform

http://vision.eng.shu.ac.uk/mediawiki/index.php/Mimas
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geometric hashing

1988, Lamdan & Wolfson

Geometric Hashing : A General and Efficient Model-Based
Recognition Scheme

Yehezkel Lamdan and Haim J.Wolfson

Robotics Research Laboratory
Courant Inst. of Math., NYU
715 Broadway, 12'th floor,
New York, N.Y. 10003.

Abstract: A general method for model-based
object recognition in occluded scenes is
presented. It is based on geometric hashing.
The method stands out for its efficiency. We
describe the general framework of the method
and illustrate its applications for various recogni-
tion problems both in 3-D and 2-D. Special
attention is given to the recognition of 3-D
objects in occluded scenes from 2-D gray scale
images. New experimental results are included
for this important case.

1. Introduction.

We present a unified approach to the
representation and matching problems which
applies to object recognition under various
geometric transformations both in 2-D and 3-D.
The objects are represented as sets of geometric
features, such as points or lines, and their
geometric relations are encoded using minimal
sets of such features under the allowed object
transformations. This is achieved by standard
methods of Analytic Geometry invoking coordi-
nate frames based on a minimal number of
features, and representing other features by
their coordinates in the appropriate frame. Our

Modelling Research Centre, 16th Dec 2005

Shefﬁeld Hallam Ul’llVGI‘Slty MATERIALS AND ENGINEERING
RESEARCH INSTITUTE

&

Microsystem & Machine Vision
Laboratory



m Computer Vision for Microscopes - 11 - Modelling Research Centre, 16th Dec 2005

geometric hashing

preprocessing recognition

1

HASH TABLE

Object Acquisition

4

Feature Extraction

¥

Feature Based

H(coordinate) = (object,basis)

Transformation Invariant Computation of VOTE

. . for
Coordinate Systems feature coordinates (object, basis)
in given basis pairs
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L (Object, basis)
HASH TABLE with high vote ?
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against scene edges
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Scene Image

scenc and proceed
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geometric hashing

2-D / 2 DOF
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geometric hashing

2-D / 2 DOF
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geometric hashing

2-D / 3 DOF

scene features
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geometric hashing

2-D / 3 DOF

scene features hash table
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geometric hashing

2-D / 3 DOF

scene features hash table
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geometric hashing

2-D / 3 DOF

scene features hash table
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geometric hashing

2-D / 3 DOF

scene features hash table
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geometric hashing

2-D / 3 DOF

Mimas 2005 (C) MMVL, Sheffield Hallam University

2 object(s). timestamp = Z2.00 s, 23th frome
polygan ot { —225.05 uvm, —116.84 um, 0.00 um ), angle is 1.7 deg.
e ot { 59.49 um,  1B9.31 um. 5.00 um ). angle is -50.0 deg.

o

—

single image

test on artificial sequence test on pipette
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geometric hashing

focus stacks as model database
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geometric hashing

3-D/4 DOF

test on povray sequence (time lapse)
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bounded hough transform

2001/2004, Greenspan, Shang & Jasiobedzki

Efficient Tracking with the Bounded Hough Transform

Michael Greenspan'?+

Limin Shang®

Piotr Jasiobedzki®

'Dept. of Electrical & Computer Engineering, 2School of Computing, Queen’s University, Canada
SMDRobotics, 9445 Airport Rd., Brampton, Ontario, Canada

4

Abstract

The Bounded Hough Transform is introduced to track
objects in a sequence of sparse range imdages. The method
is based upon a variation of the General Hough Transform
that exploits the coherence across image frames that resills
from the relationship between known bounds on the object’s
velocity and the sensor frame rate. It is extremely efficient,
running in O(N) for N range data points, and effectively
trades off localization precision for runtime efficiency.

The method has been implemented and tested on a vari-
ety of objects, including freeform surfaces, using both sim-
wlated and real data from Lidar and stereovision sensors.

corresponding author: michael.greenspan@ece.queensu.ca

ing variants of the Tterative Closest Point Algorithm (ICP)
[1]. This is primarily because range data is more expen-
sive to collect, and so the images tend to be sparse, which
makes it difficult to extract meaningful features. Examples
of ICP-based tracking are [2, 3] and recently [4], which si-
multaneously reconstructs while tracking.

The Hough Transform is a well known and effective
method of feature extraction and pose determination that
has been explored thoroughly in the literature [5]. Many
variations of the Hough Transform have been proposed [6],
some of which are specifically tailored to tracking. The Ve-
lacity Hough Transform (VHT) [7] included a specific ve-
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bounded hough transform

2001/2004, Greenspan, Shang & Jasiobedzki
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Figure 6: Effects of Data Degradation
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Figure 8: Satellite Trajectory, Lidar Data

. - o . majority of which fell on the surface of the robot and the
Figure 7: Robot Mounted Satellite Model ajorly R o . ‘
background and were therefore outliers. To demonstrate the

of a Radarsat satellite was mounted on a 6 dof articulated effectiveness of the method at tracking in sparse as well as
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bounded hough transform

inverse transformation
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bounded hough transform

houghspace for relative shifts
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bounded hough transform

focus stacks for 4 DOF
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software architecture

application layers

ma‘in-prn:ngramb] user-interface

mi_scene mi_recognition application layer

'

hough_tracking_plugin geometric_hashing_plugin
mi_object_instance T T
I I
t — 4 > instance_data| =< - - |

mi_pose

— = — - - = = - — - — -

mi_recognition: :database

| .
v '

calibration mi_object_type

persistence layer
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software architecture

UML static structure

mi_recognition

#calib: calibration_ptr

Amethods: std::map: std::string. recognition_method_ptr =
#object_types: std::maps std::string, mi_object_type_ptr »
#verbose: bool

+mi_recoghition(configuration:const mm_xml_reference< XalanElement = &, _verbose:bool)
+recognise(image:const mm_images: unsigned char = &, timestamp:double.inout scene:mi_scene_ptr): std::wvector< match =
+human_vision (type:const std: string & image:const mimas:: mm_image< unsigned char = &, timestamp: double.angle:double *. x:dint *,y:iint ™)

match
mi_object_type #type: std::string

Frecognition: std::string #pose: mi_pose

Ftracking: std::string #fit: double

T #data: instance_data_ptr
1

mi_scene

3
#objects: std::vectors mi_object_instance_ptr = mi_object_instance
#jobs: std::map: std::string, int »

#id: std::pair< std:: string. int =
+mi_scene() F#timestamp: double
+add_jobiname:const std::string & maxMum:int): void #pose: mi_pose
+get_jobs(): std::map< std::string., int = & #Finternal_data: std:
+get_objects(): std::vector< mi_object_instance_ptr = &

map< vision_type, instance_data_ptr =

mi_pose
#rotation: ublas: . matrix< double =
#translation: ublas::vector< double >

+map (x:ublas::vector< double = &): ublas::vector: double =
+inv(): mm_pose

- recognition_method

#calib: calibration_ptr

#width: dint #offset: std: :map< std::string. mi_pose »
#height: int Ftype: enum { Recognition. Tracking }
#pixel_size: double #verbose: bool

#focus_distance: double

calibration

+recognise(): std::vectors match =
+calibration(in input:XMLDoCument) /\

geometric_voting_plugin hough_tracking_plugin

) | Sheffield Hallam University . Mlcmsysmﬁgb&;rﬁf;me Vision
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software architecture

UML collaboration diagram

1: operators={ image ) input: mimas::mm_image_input< unsigned char =

imer: mm_timer

*recognition.method[0]: geometric_voting_plugin

2: timer = :elapsed()
4.2 recognisel image, timestamp, scene )

4 recognisel image, timestamp, scene )
_'.

recognition:mi_recognition

3 [scene;
Control System

SCENE:MI_SCENE

6! get_pasel)

instance: mi_object_instance
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command-line tool

jan@wedesoft:/...sion/micron-vision - Befehlsfenster 2 - Konsole: |

Sitzung Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

JjanGwedesoft:”/Documents/micron-vision/micron-vision> ./micron —help

Usage: lt-micron [FILE]...

-c, ——config=xml-file-name

-5, ——schema=xsd-file-name

-4, ——gstreamer
——shm=integer

-—sen=integer

-u, ——udl
—brightness=brightness

——contrast=contrast
——uidenl1394
——shutter=shutter
——gain=gain

—-balance=balance

——device=device-namne

——chamel=chame l-number

—fps=integer

-d, —--framedrop

——savepics

Help options:
-7, —help
——usage

Specify alternate configuration file
(default: “configuration.xml")

Specify alternate location of schema file
(default: "configuration.xsd")

Select gstreamer input for reading images
shared memory key for gstreamer input
(default: 333)

semaphore key for gstreamer input (default:
I3

Select video4linux for reading images
Brightness for video4linux-input [0..655351
(default: 32768)

Contrast for video4linux-input [0..65535]
(default: 32768)

Select firewire digital camera for reading
images

Shutter for videol394-input (default: -1)
Gain for videol394-input (default: -1)
White balance for videol394-input (default:
B

Specify videodl inux--/videol1394-device
Specify video4l inux—channel- video1394-node
(default: 0)

use number of image divided by given
frame-rate for timestamp (default: use time
elapsed)

Drop frames, if algorithm is slower than
given frame-rate

Save pictures for debugging-purposes
(debug=.ppm)

Pause after initialisation

Get verbose output from vision-methods
Disable graphical output

Enable graphical output (default)

Show this help message
Display brief usage message

JjanBuedesoft :~Docunents/micron-vision/micron-vision> [

4| @ Befehlsfenster | @ Befehlsfenster 2

) | Sheffield Hallam University
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tests

syringe-chip
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tests

gripper

Mimog 2005 (C) MMYL, Sheffield Haollam Univergidiy

video
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tests

gripper2
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tests

full automation
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MiCRoN setup (i)
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MiCRoN setup (ii)
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MiCRoN setup (iii)
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MiCRoN setup (iv)
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MiCRoN

assembly mockup
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MiCRoN

assembly mockup
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demonstration

macro-scale demonstration
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Happy Christmas!
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