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Objectives
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needs higher resolution
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Today's Road
(O\oays oadmap

IAS Research-Mihai IAS Research - Dejan

I Introduction

I Research threads in perception@IAS

I joint research with Dr. Radu Bogdan Rusu and others
under Prof. Michael Beetz PhD

bleeding edge research together with Dr. Oscar Martinez
Mozos

presented by Nico Blodow, Zoltan Csaba Marton, Mihai
Emanuel Dolha and Dejan Pangercic

I ROS
I HW and Q&A
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(‘\ Formalities
O

I §S2010

I Fridays 13-14.30pm (IAS Seminar Room)

I Course Website:

http://ias.cs.tum.edu/teaching/ss2010/187

I Overview of course:

1. Week 1-5: Perception area presentations + homeworks
(25% + 5%)

2. Week 6-13: Project phase (towards the paper) (60%)
3. Week 14: Project presentation (10%)

I Workload: 6 Units

I Mailing list: sie@ias.cs.tum.edu
(https://mailradig.informatik.tu-muenchen.
de/mailmanl/listinfo/sie )
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I
(O-\ Syllabus

week | Topic

w1l Introduction, Current Research @ IAS

W2 Sensors, Calibration, Data Processing, ROS, TF Li-
brary, Visualization

W3 Vision, 2D Features, (Color) Segmentation, Shape
Based Matching Methods, App: Object Detection
W4 3D Perception, 3D Features, Cloud Algos/PCL Li-
brary, App: Semantic Mapping, Grasping

W5 Perception in Simulation (Gazebo), Machine Learning
Techniques, App: Surface Type Classi cation

We6- Project Phase

w13
W14 | Project Presentation
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(‘\ Projects
O

I Object classi cation with Calonder descriptor
I Implementation of Contracting Curve Density Algorithm in

ROS
I Detection of household objects with classi cation from
http://www.germandeli.com/ website

I Detection of household objects in cluttered scenes using
Dominant Orientation Templates

29. April 2010

Practical Course Nico Blodow, Mihai Dolha, Zoltan-Csaba Marton, Dejan Pangercic@IAS

ROS


http://www.germandeli.com/

Intro IAS Research-Nico IAS Research-Zoltan IAS Research-Mihai IAS Research - Dejan

P :
(O-\ rogramming

I Coding will be done mainly in C++ and/or Python
I Ubuntu 9.10
I Laptop with Nvidia graphics card (Desktops available)

I ROS-users mailing list:
https:
/Icode.ros.org/mailman/listinfo/ros-users
I Course mailing list: sie@ias.cs.tum.edu

(https://mailradig.informatik.tu-muenchen.
de/mailmanl/listinfo/sie )
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(‘\ References
O

I ROS Install and Tutorials :
http://www.ros.org/wiki/

I OpenCV :
http://opencv.willowgarage.com/wiki/

I PCL:
http://www.ros.org/wiki/pcl

I tumros-internal repositories (need ssh key pairs):
git clone
gitosis@git9.in.tum.de:tumros-internal

I www.google.com

I R. B. Rusu, "Semantic 3D Object Maps for Everyday
Manipulation in Human Living Environments"

(http://ias.in.tum.de/people/rusu/publications/own/RusuDoctoralDissertation.pdf )
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é Overview
Q_*@'S Some topics

Decoupled Triangulated Meshes
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(\ Past and Current Research

C\)_~b)’s Some Basics - Normal and Curvature Estimation

P E— P
C= K. T Pib=L Kip
p= ot (1)+ 2
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(O-\ Past and Current Research

Feature Histograms

I For every point pair

hps; Ns); (pe; M)i, let
U=ns;vV=(pt Ps) U;w=u Vv

fo = hv;nji : |

fi=hu; py  piiEipg pili— ey = P x_3J %k gx
f2 — ” p] p|” § X=0  fxmax mein

f3 = atan(hw;nji; bu;nji)
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G‘\ Past and Current Research

Feature Histograms

For every point pair

ROS
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(\ Past and Current Research
CLb)’S Feature Histograms
f2
I For every point pair
h(ps; ns); (pt; Ny)i, let -
Uu=ns;v=_(pt Ps) uyw=u v — 1
= - f1
fo= hv;nji é
=g pidi pit . _Pus) e K,
o . hist — x=0 W
fo=1j Pi  Pill § max: min
f3 = atan(hw;nji; hu;nji) -
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ROS

(\ Past and Current Research
Olesy=

Example Histograms

== B |
Feature Histograms for Point Correspondences
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(\ Past and Current Research
Olesy=

Registration

Merging multiple views (>10 million points)
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(\ Past and Current Research

C)\~b)’s Local Surface Classi cation

v

classifying concave, convex,
handle

grasping simulation on handle
points
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(P Past and Current Research
)

\)S Global Classi cation

AT
\‘)f() \? \1%:‘.)

5 R T % 4,

green: glasses with stems, blue: mugs with handles,
white: glasses without stem or handle, red: bowls
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Past and Current Research

Ol

Fitting Geometrical Shapes
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(\ Past and Current Research

Q_—S)'S Passive Perception - Dynamic Object Store
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( — Past and Current Research

IAS Research - Dejan

ROS

Olesy=
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(‘\ Semantic Object Maps
Olesy=

Detecting and classifying furniture pieces

I To perform everyday manipulation tasks we need to
understand what is around us
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Semantic Object Maps

ROS

Ol

Detecting and classifying furniture pieces

I To perform everyday manipulation tasks we need to
understand what is around us

Cupboards Eﬁ

Handles
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ROS

(\ Semantic Object Maps
Oles

—UZ5)S  Detecting and classifying furniture pieces

I To perform everyday manipulation tasks we need to
understand what is around us
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ROS

(\ Semantic Object Maps
Oles

—UZ5)S  Detecting and classifying furniture pieces

I To perform everyday manipulation tasks we need to
understand what is around us
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(\ Semantic Object Maps
Oles

UE5YS planar Segmentation
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(\ Semantic Object Maps
Oles

UE5YS planar Segmentation
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(\ Semantic Object Maps
Oles

UE5YS Fixtures and Re ning the Segmentation
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(\ Semantic Object Maps
Oles

UE5YS Fixtures and Re ning the Segmentation
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(O-\ Semantic Object Maps

Feature Extraction and Categorization
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Semantic Object Maps
GP j p

ESYS Results

*
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Semantic Object Maps
GP j p

ESYS Results
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Semantic Object Maps
GP j p

ESYS Results
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(P Automatic 3D Model Generation
Olesy=

I Estimating surface type and reconstruction using
symmetries

*
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(P Multimodal Object Classi cation
Oles

HYESYS Employing different fast sensors
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(P Multimodal Object Classi cation
Oles

HYESYS Employing different fast sensors
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(O-\ Multimodal Object Classi cation

Employing different fast sensors

I The Swissranger 4000 3D camera provides depth,
amplitude and a con dence value at low resolution
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(O-\ Challenges and Proposed Solution

Overview

I Accuracy vs. speed
I Dif cult objects

I low texture or small features: plate
I shiny: silverware

I transparent: glass

I combination of the above: bottle

I Advantages of different sensors

I Variable number of features and
relations
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(‘\ Segmentation
Olesy=
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(‘\ Segmentation
Olesy=
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(O-\ 3D and 2D Features

I describing approximate shape
and size

I characterizing texture variance

I detecting different sized ellipses
at different heights in the image
of the object candidates

I position of the components
relative to the table and each
other

I relations between different
components
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(P Feature Extraction and Categorization
O\b)’s Overview
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(‘\ Test Scenes
Olesy=
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(O-\ Results

ground truth n categorization box plate glass mug bottle silver ambiguous
box 23| O 0] 2 1 0 1
plate 0(52| 0| O 0] 5 10
glass 0] 14 71 0 0 2 8
mug 0| 0| 0|39 1] 0 0
bottle 1] O 0] O 41 0 0
silver 0] O 7| 2 0] 21 13
ambiguous 20| 8 1] 5| 28| 8 17
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(P Extending Robot Simulation
Oles

UZ5YS for Household Robotics Applications
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(P Extending Robot Simulation
Oles

UZ5YS for Household Robotics Applications
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(P Extending Robot Simulation
Oles

UZ5YS for Household Robotics Applications

*
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(O\ Real-time CAD Model Matching for Mobile Manipulation and Grasping

|

I Combination of two different camera technologies, Time-Of-Flight (TOF)
and RGB

I Table plane and supported clusters (objects) extracted using
geometrical principals and RANSAC

I Fitting of CAD models using 3D CAD model-based algorithm in single
29. April 2010 |maqe
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(O-\ Perception and Knowledge Processing

Overview

I Provides the robot with abstract symbolic knowledge about the perceived scenes

| Uses abstract symbolic knowledge for accomplishing perception tasks

I Answers new types of queries that require the combination of knowledge
processing and perception.
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(\ Perception Pipeline
Olesys

Input Data and ) )
Pre-processing Perception Routines

CAD model & SURF matching

Rotational reconstruction & color
detection
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ROS

(—\ Missing Objects Query
Olesy=

perceivedObjectsOnPlane(Plane, Perceived) :-
onPlane(Plane),
setOf(Obj-Hyp,
( on(Obj, Plane),
category(Obj,Cat),
uniqueld(ld),
objectInstace(Obj,KnownObj),
Obj-Hyp = [Id,Obj,Cat,KnownObyj]),

Perceived).
29. April 2010

Practical Course Nico Blodow, Mihai Dolha, Zoltan-Csaba Marton, Dejan Pangercic@IAS m



Intro IAS Research-Nico IAS Research-Zoltan IAS Research-Mihai IAS Research - Dejan ROS

(\ Evaluation results
Olesy=

Scene 1 Scene 2 Scene 3 Scene 4 Scene 5

NB:Last row depicts inferred missing objects, hue indicates probability: Red
corresponds to 1.0, with orange, yellow, green and blue denoting declining probabilities
in this order.
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(\ Projected Light for Stereo
Olesy=

I Projection of block-like pattern with random gray values for
better stereo correspondencies nding.
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People Trackin
Gl Pecple Tackng

LUZ5YS from 2.5D laser scans

I Simple (geometrical) features trained into strong AdaBoost
classi er
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People Trackin
Gl Pecple Tackng

LUZ5YS  from 2.5D laser scans cont.

0.25m ‘

5m ‘

I Scene setup
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People Trackin
Gl Pecple Tackng

LUZ5YS  face detection in monocular images

I Viola-Jones cascade classi er with the Haar-like features
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(GL > ROsS

What is and Why ROS?

I Meta operating system for robotics

I Simple use backed-up by powerfull cmd line tools (rosxy
commands)

I More and more hardware supported
I Easy testing and scaling (rviz, rxgraph)
I Very well documented (200+ tutorials)
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(GL > ROS

Basic Concepts

I le system: how program les are organized and built
(package, stack, app, msg, srv)

I computation graph: how programs run
I repositories: how les are distributed online
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Gloso e
|

Architectural Overview
distributed processes called nodes
I synchronous services
I asynchronous topics
| data is passed via ROS messages
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(GL > ROsS

Nodes & Messages & Services

I nodes are principal programming entities in ROS

I they connect to each other and pass data (messages) via
topics

I the discovery of who publishes on what topic is done via a
ROS master

I messages are de ned in package_name/msg/.msg les,
sent over topics

I basic data types: int, oat, string, time, duration, array[]
I services are de ned in package_name/srv/*.srv
I Service = Request msg + Response msg
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(\ Homework
Olesy=

I see course's website

- Questions?
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