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What Is the Purpose of Open Source”

A Yell out a few ideas ...



The Arc of Computer Science

A Ever more encapsulation of ability in tools.
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What Is the Purpose of Open Source”

My take:
1. The purpose Is to accelerate human capability

2. To maintain that acceleration over time
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Implication

Purpose of Open Source;:
1. To accelerate human capability
2. To maintain that acceleration over time

A X YIFIAyte UGKNRdAdAK GKS dzaS 2F Slae NBO2

1. Open sourceeed not be free

2. Butit must be cheap

3.) YR AYLIR2asS 0UKS alrys a
A Ina way that encourages positive feedback

Gary Bradski. 6
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Models?

Purpose of Open Source: Implication:
1. To accelerate human capability 1. Open sourceneed not be free
2. To maintain that acceleration over time 2. Butit must be cheap
3. ' YR AYLIZAS (KS alyYS d&o
A X YIFIAyte GKNRdAzZAK (KS dzi A Ina way that encourages positive feedback

A Anyone?
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Models?

Purpose of Open Source: Implication:

1. To accelerate human capability 1. Open sourceneed not be free
2. To maintain that acceleration over time 2. Butit must be cheap

3. Il YR AYLI2AaS G4KS alyYyS aGo
A X YIAyte GKNRdIdzZAK GKS dz A Ina way that encourages positive feedback
My Take:

1. Compensation drives innovation and persistence
2.CKS 4d{2y3 LI}l & Y2RST ¢
AaléoS | aFSSé¢ 1y | f f
A If a product uses open source code, % goes
to the open project in proportion to its use.

A Companies that contribute back, become part c
the that projectspaid contributor pool.



Algorithms, not Code

Purpose of Open Source: Implication:
1. To accelerate human capability 1. Open sourceneed not be free
2. To maintain that acceleration over time 2. Butit must be cheap
3. Il YR AYLI2aS G4KS alyYyS aGo
A X YIAyte GKNRdIdzZAK GKS dz A Ina way that encourages positive feedback
My Take:
1. Compensation drives innovation and persistence
2. ¢CKS a{2y3 LXIe Y2RSt¢ 2y NIYRAZ2 YAIKG 62N
A al oS || aFSS¢ 1y it LINRPRdJzOGa&a 27
A If a product uses open source code, ¥ goes to the open project in proportion to its use.

A Companies that contribute back, become part of the that projgetisl contributor pool.

We wantfiner grain combinations
1. Algorithms, not whole packages
2. Plug ins, eask use, fast to compile
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What is Willow Garage?

A A Robotics Research Institute/Incubator
I Mobile HumarCentric Robotics

A Turning Robotics into a Software Problem:

I Creating OpeyFree (BSOpfrastructure
A SoftwareROSOpenCV

I Building Robust Robotics Platforms
APR, Texal

A Working with many different research groups
A Located on Willow Road in Menlo Park

A Now~55 FullTime, 45 Contract, 20interns
I Plus postdoc and visiting faculty
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Business Plan

1.. SO2YS (GUKS dG[AYydzEE 27
I Through funded open source development and

I Unbeatable HW platforndistributed freeto select
research groups who contributgppen code back.

2. Foster an Industry, not just a Company
I Wide externakollaboration/infrastructure
i 2SS g2y Q0 a26yéE AG | ff
I Faster and faster development cycles (from months to
week now see youtube videos)

3. With Learned Expertise, Spin off Verticals



Business Plan

1. . S8502YS (KS aG[AydzEé 2F w2020A04

I Through funded open source development and

I Unbeatable HW platforndistributed freeto select research groups who contributpen code back.
2. Foster an Industry, not just a Company

| Wide externakollaboration/infrastructure

I 2S g2y Q0 a2eyé AG | ff

T Faster and faster development cycles (from months to a week now see youtube videos)
3. With Learned Expertise, Spin off Verticals

1. Ros Is driving eaggcombination

2. We pr,agtice this viq sho,r1-2 week ,
RSOSt 2LIYSYu alLINAYydUlUa

3. Standing on the shoulded giant code.

Gary Bradski.
http/OpenCV.willowgarage.com
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b.
What is ROS?

» Meta operating system for robotics

* Obtain, build, write, and run code across
multiple computers, and multiple robots

e,
Ml

Hello, | am Texaid418

Hi, I'm a PR2 Beta

Gary Bradski.
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b
ROS Concepts

|. computational graph

- how programs run: master, node, topic, message,
service, parameter

/. file system

 how programs are organized and built: packages,
stacks, msg, srv

lll. repositories

- how files are distributed online: ros-pkg, wg-ros-pkg,
tum-ros-pkg, sail-ros-pkg, ...

Gary Bradski.
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b
(1) Architecture Overview

» distributed processes called nodes
* synchronous services

e asynchronous fopics

 data is passed via ROS messages

message

*
....Service request
ﬁ%ﬁﬂiﬁvﬁgé ;{:om ;




(I) Nodes
« principal programming entities in ROS
» they connect to each other and pass data
via fopics

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

0. | am publishing on /chatter 1. who publishes on /chatter?
( P " ) ROS master P
2. node Talker
3. connect to Talker

~Gary Bradski:

 4.start sending messages




b
(I) ROS Messages

» defined in package-name/msg/.msgq files,
sent over fopics

* basic data types: int{8,16,32,64},
float{32,64}, string, time, duration, array(]

Point.msg
float64 x
float64 y
float64 z

* used in ROS services, defined in package-
name/srv/*.srv

Service = Request msg + Response nigy Bradski 22

~ http/OpenCV.willowgarage.com




b
(I) master, roscore

 Master

* Name service for ROS
* Nodes register topics and services with Master
* Nodes find each other using Master

» XML-RPC based

* roscore
» Master
e parameter server
 rosout: logs /rosout topic for debugging

Gary Bradski.
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b
(Il) Packages & Stacks

« Packages = directories with a certain structure,
can contain anything: nodes, messages, tools
* in their most basic form:

package name/

package name/Makefile
package name/CMakelLists. txt
package_name/manifest.xml

* ROS core = small, but ROS world = many
packages !!!

» Stacks = collection of packages

* in their most basic form:

stack_name/
stack_name/package_name_1
stack_name/package_name_N Gary Bradski

stack_name/stack.xml http/OpenCV.willowgarage.com 24
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(Ill) Repositories

* collection of packages and stacks, hosted online
* many repositories (>20): Stanford, CMU, TUM, etc




A Model for Open Source?

A ROS puts a thing wrapper around code blocks
A Allows easy combination through messaging.

A Maybe a model for finer grain Open Source
combinations?
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‘v  OpenCNV Qverview:

OpenCV

opencv.willowgarage.com > 500 al gO I'Ith ms
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Coarse-to-fine optical flow
estimation
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“ .| descriptors /=

Camera
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Tracking
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~~ | Learning:
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S A Recognition
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34
~9  Machine Learning Library (MLL)

CLASSIFICATION / REGRESSION

(new) Fast Approximate NN-LANN)

(new) Extremely Random Trees AACBAABBCBCC

CART A

Naive Bayes /\ \

MLP (Back propagation) AACACH CBABB(
Statistical Boostingl flavors

Random Forests /\ R
SVM CCB AAA | CB ABBC

Face Detector

(Histogram matching) §
(Correlation) BBC
CLUSTERING O A

K-Means %
EM i % © . "

O @) 40
(Mahalanobis distance) j“mmm lh lh JL
TUNING/VALIDATION %
Cross validation = L ° A . h = M
Bootstrapping e h e e b
Variable importance
Sampling methods & l| s

ary Bradski. dl B 1] N L
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i OpenCV History

A Original goal:
A Accelerate the field by lowering the bar to computer vision
A Find compelling uses for the increasing MIPS out in the market

. . >
A Timeline: LSS
DS S .
S Willow
S SN
-] < < < <
,‘:SS' ‘b_%ca .-.;,‘bf"’ ‘b‘g: ‘b‘g: ‘b‘g: zf’%
== QS < < T S NS AS
& T > > > > > > >
Q‘?-‘Q \@QF\ <X @é <V~ Q,é' ,Q_&‘}e Q_éq' ,Q_&e
O hag .

1999 2000 2001 2002 2003 2004 2005 20“6 2007 20“8 2009 2010
A Staffing:

A Climbed inL999to averageT first couple of years

A Starting2003support declined between zero and one with exception
of transferring the machine learning from manufacturing work | led
(equivalent of3 people).

A Support to zero the couple of years before Willow.
A 5people over thdastyear *°  ~2.5M downloads
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OpenCV

OpenCV Tends Towards Real Time

Comparison with other libs: Performance

160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

0

E LTI

B VXL

B OpenCV

B OpenCV+IPP

2D DFT Resize Optical
Description
Test station: Pentium M, 1.7GHz
Libraries: OpenCV 1.0pre, IPP 5.0, LTI 1.9.14, VXL 1.4.0
2D DFT: Forward Fourier Transform of 512x512 image
Resize: 512x512->384x384 bilinear interpolation, 8-bit 3-channel image
Optical flow: 520 points tracked with 41x41 window, 4 pyramid levels.
Neural Net: mushroom benchmark from FANN

Gary Bradski.

http://opencvewilowgarage.com
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License

A Based on BSD license
A Free for commercial or research use
I In whole or in part
I Does not force your code to be open

T You need not contribute back

A We hope you will contribute back, recent contribution, C++
wrapper class used for Google Street Maps*

* Thanks to Daniel Filip



Where is OpenCV Used?

A Google Maps, Google street view, Google Earth, Books
A Academic and Industry Research

A Safety mOnItOrlngDam sites, mines, W|mm|ng pools)
A Security systems ‘9‘_‘1858‘?‘3”1"1”%‘?%‘

A Image retrieval -~

A Video search




Useful OpenCV Links

OpenCV WikKi: User Group39717members)
http://opencv.willowgarage.com/wiki http://tech.groups.yahoo.com/group

/OpenCV/join
OpenC\odeRepository:

svnco https://code.ros.org/svn/opencv/trunk/opencv

New Book on OpenCV:
http://oreilly.com/catalog/9780596516130

Or, direct from Amazon:

http://www.amazon.com/LearningDpenCWComputerVision
Library/dp/0596516134

Code examples from the book:
http://examples.oreilly.com®780596516130

Computer Vision with
the OpenCV Library

Documentation
http://opencv.willowgarage.com/documentation/index.html

()7 RE"_LYl Gary Bradski & Adrian Kaebler
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Canny Edge Detector




DistamneeTlaasfstonm

A Distance field from edges of objects
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Flood Filling
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