Automate 2015 Conference
and 46th International
Symposium on Robotics

Chicago, lllinois, USA
23-26 March 2015

Volume 2 of 2

ISBN: 978-1-5108-1588-9



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2015) by the Robotic Industries Association
All rights reserved.

Printed by Curran Associates, Inc. (2015)

For permission requests, please contact the Robotic Industries Association
at the address below.

Robotic Industries Association
900 Victors Way, Suite 140
Ann Arbor, Michigan 48108
USA

Phone: (734) 994-6088
Fax:  (734) 994-3338

www.robotics.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

MONDAY, MARCH 23, 2015

Y aNe V=g Tot<To M@ o) dTotcgl (o] gV AT o] o IR 1
S. Singer

The Fundamentals 0f MaChiNg VISION ........ccooiiiiiiiiiieieis ettt sttt e st e b e abesbente st e seenseseaseanas 51
D. Dechow

FUNAAMENTAIS OF RODOTICS ... vttt bbbkt ekt b et sb ettt bbbt nb b 92
B. Rochelle

Advanced Maching LIGNTING .......covoiiiiiiiieec ettt et e et et e sb et e e e sseteebeebesae st e saensereareas 141
J. Ludlow

IMaging OPtiCS FUNAAMENTAIS. ........c.oiiiiiiii bbbt h bbb bbbttt b e b b e b e 182
G. Hollows

A Loot at Leading Global Robotics Research: Direct Servo Motor Robotic FINGEr...........coceiiiiiiniiniiiiieceeceee 233
E. Neff

Smarter Robots: Sensor Driven, CollaboriatiVve, ASSISTIVE .......c..eiiiiiii ittt ettt e st e e st e e st a e s st ae e s saeeesaaeas 242
J. Wen

Advanced Vision SYSTEM INTEGIAtiON .........ccciiiirieiiieitiieses ettt sttt e e be st e st e st e e e st eteebeebeste st e seenseraaseas 254
D. Dechow

TUESDAY, MARCH 24, 2015

Reliable Vision Application DEVEIOPMENT .........ciiiiiiiiieieici sttt sttt eese e sbe b e b e s eseesestesbeneen 287
R. Tait

Advances in Vision GUIAEA RODOLICS .......c..eiuiiiiiiieiiieie ettt bbbttt sb et b e ebeane 328
C. Simon

Vision Guided Robotics - PULting It All TOGETNET .........oiie e 340
J. Cyrek

ViSION GUIABA RODOTS. ... vttt ettt ettt st et e e ese e b e e bt e besbeebe st et e s e e st e beebeebesbebeseaneaseaten 359
S. Fellows

Basic Lighting Techniques for Maching ViSION............coiiiiiiiiiii ittt a et ve e 365
D. Martin

INTEGIALING BIG DATA...... ettt ettt b et e h bbbt b et e bt eh e bt e bt bt e e a e b e e bt e bt e bt bt e b e neene b e 399
K. DeMaagd

The Move Toward Advanced CollabOratioN ..ottt st se et e reenesee e 411
C. Ryan

Is Automation Right fOr YOUF COMPANY? .......cooiiiiiieiieieiee ettt sttt sb et st e st e e s e b e sbestesbeseensesessestenee s 435
C. Salvalaggio

Common Pitfalls to Avoid when Automating With RODOTS...........cceiiiiiiiiicie e 458
B. Sagan

Advanced Camera and Image SENSOr TECANOIOQY ........cceiiiiiiiiiiieiee bbb 470
S. Kinney

Deploying Best Measurement Practices Across YOUr OrganiZation ............c.ccoeoeeieiiene e 499
J. Salsbury

The Fundamentals of Camera and Image SenSOr TEChNOIOQY.......cveveiiiiiiiieiiieece et 518
J. Chouinard

Collaborative Robots: Design Challenges and APPLICAtIONS .........ccveiviieiiieiiiiseiet e 597
B. Carlisle

Model-Based Design in MOTOF CONTIO ..........ooiiiiiie ittt b ettt be st b e 613
G. Fichera

Engineering Tools to Shorten Design Process and Reduce Project COSES........ouiiiiairiiieriene e 625
S. Gilliom

3D ViSiON SYStEM DEVEIOPMENT .......oviiiieiieiiett ettt sttt et et et e be e eseeseebeebesbeebe st et eseeseabeebesbeseebeseaneaseaneas 643
M. Johannesson

PLC Robot Control — A New Trend 1N RODOTICS . ...t 689
J. Cooper

Innovating Small Assembly Robot Integration Concepts Within the PLC............cccoiiiiiiiniiie e 696

C. Elston



Improving Plant Productivity: The Impact of Robotics and Automation Control Architecture.............ccocoeceoviinene 716
C. Kapoor

Total Cost of Ownership: Electric Actuators vs. Pneumatic CYINGEIS .........ccoovviiiiiiiiicice s 726
A. Dietrich

WEDNESDAY, MARCH 25, 2015

Image Processing FUNAAMENTALS ...........oiiiiiieie et bttt e st e et e e st e beebesbesbe st e e aneeneees 738
N. Vazquez

What's New In ROBOtIC WEIAING & CULLING .....ovveiiiiiiiieeeee sttt st saebeste b 783
M. Oxlade

AdVaNCES IN RODOTIC WERIAING ...ttt b bbbttt b b nbe b b ebeane 792
M. Whan

LAY =T a1 g LA A TS o o OSSOSO 816
D. Huston

Innovations and Challenges of Automated Reconfigurable TOOING .......coviriieiiiinieree s 826
Y.-T. Lin

Designing EOAT for @ SUCCESSTUL STAMT-UD.......ccociiiiiiieicicsese e sb et aenesbesbeneen 835
C. Gales

New Gripper Technology for "Hard t0 Grasp™ PartS.........ccuiiiiiiieie et 849
S. Annen

Collaborative Robot Operations - Clarifications and ConSIAerations.............cccceoueieiiiiriiene e 865
R. Dickey

Power and Force Limiting Guidance for Collaborative RODOt OpPerations............ccoeirerereneieieese e 877
P. Davison

Key Technologies and Applied Research for Safer Collaborative Robots in Manufacturing .............cc.coceevvniiiiennne 892
R. Behrens

Advanced Color Machine Vision and APPIICALIONS ..........coveiiiiiiiiiiiec e abe 914
R. Chatterjee

Considerations for Selecting and Using FPGA Technology for Vision Applications............ccoceoviiiiiinencininencnen 1028
J. Kline

Maximizing Safety with Innovative RODOTIC GrIPPEIS ......c.oiiiiii it 1042
J. Amend

End-Effectors for Collaborative RODOTS ...........cccoiiiiii ettt sae st b 1060
L. Jentoft

3D Triangulation SUCCESS PAFAMETEIS ........cviiiiiitiiiieieie ettt ettt sttt b e te et et et et e seesesbe et e te st e b eseetaatesbe e s 1068
W. Latimer

Detecting Contaminant Particles Prior to Assembling Flat Panels ... 1079
R. Lee

RECAI PIEVEINTION ...ttt ettt st b e e et e st e b e ek e e E e e b e ee e s e s e e Rt eE e e Eeebeseem b e s e emeabeabeabesbe b ereeneabeaten 1088
J. Dannay

Advanced Vision GUIAEA RODOTICS .........cuiiiiiiiiieee ettt et eetesbesbeste b e e eneereaneas 1098
S. Prehn

The 5th INAUSEIIal REVOIULION ......o.viiiiiiiii ettt 1121
E. Oestergaard

Where did we Come From and Where are wew Heading Could it be Collaboration? ...........ccccooviiiniiniicnienens 1129
P. Crowther

INAUSErial RODOT RISK ASSESSIMEINTS ... .etiteiiiietietiete ettt sttt e ettt st e be e et e s e e s e ebesae et e seenseseeseebeebesbeseeneeseaneanas 1141
P. Davison

RODOTICS 1N ThE WAFENOUSE. ..ottt ettt st b et et e st seete et e s be st e e s e eneebeebeebentebeneeneareanens 1174
E. Wohlrab

Robotic Palletizing in @ MOAEIN FACHITY .......cviiiiiiiiccc e ettt et et saeseeneste b 1188
K. Keefe

Robotic Material Handling Heavy Steel Sleeves in Rolling Mill............cocoiiiii e 1200

S. Patel



THURSDAY, MARCH 26, 2015

2D Calibration and Metrology TECRNIQUES .........oiiiiiiiiii ettt sbe s 1216
D. Michael

SeeiNg BeYONA the VISIDIE ..ottt ettt b bbb et e et e b e b e ebesbe b et eneereeneneas 1235
D. Malchow

Best Practices for a Robust & Reliable Machine Vision Inspection Application ..o 1257
D. Dechow

Flexible AUtOMALION FOF GEAIS .........cvceiiiiiect bbbt 1266
G. Walter

Particle Analysis and ClassifiCation TECHNIQUES ..........cc.ciiiiiiiii bbb 1276
P. West

ERIDAY, MARCH 27, 2015

High Speed Line-Scan MaChing ViSION ...........ciiiiiiiiiiiiii ettt b e bbbt nne 1309
P. West

Author Index





