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Self-introduction

* | am a post-doc in the Prof. Cao Qixin’s Lab in Shanghai Jiao Tong
University (SJTU). The main research areas are machine vision,
modularity technology and robot localization.

* Researched in the Prof. Yokoyi’s Lab from 2016.7.1~2017.1.31. The
research project is an automatic Pick & Place robot arm for the BMI
system.
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By December 2015, SJTU has had 29 schools/departments, 25 dir-

ectly-affiliated institutions, 13 affiliated hospitals, with 16,188 und

ergraduates and 20,347 postgraduates (13,841 master degree candi
dates and 6,506 doctorate degree candidates), 2,134 overseas stu
dents.

Up to 2015, SITU led the country for the 6t consecutive year in
terms of both the project number and the amount of money
issued by National Natural Science Foundation of China, ranked
second in sponsored research grants. The total number of SCl-cited
papers from 2005 to 2014 reaches 35,488, with 308,723 times of
citation, ranking the second in China.




Robotics Institute of
SJTU was established in
1985(its predecessor
was Robot Laboratory
established in 1979).
One of the earliest
robotics professional
research organization in
China. The existing 30
teachers , about 60
PhD students, more
than 50 master students.
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Get the Ph.D. in Agricultural Mechanical
Engineering, Kagoshima University, Japan.

And then teaching in SJTU from 1998.

He is the executive deputy director of the Institute

of Robotics and the director of the Institute of
Biomedical Manufacturing and Life Quality Engineering.

Published more than 70 SCI/El journal papers, obtained 90
Chinese patents, and 4 Chinese academic awards.
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How to develop a robot system?
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How to develop a robot system?




How to develop a robot system?
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How to develop a robot system?

Laziness is human nature



How to develop a robot system?

<l > Divide+Manage+Reuse+...
Modularity
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Robot modularity technology

* Define a standard interface.
* Provide the communication and management system.

* Provide the tools for creating, compllmg, debugging
and management the modules. |

Data Ports

Robot Control Robotic Modular

Program

Service Ports




Robot modularity technology

orginization Used
standard

K.U. Leuven in Belgium , LAAS Toulouse in

OROCOS France and KTH Stockholm in Sweden, CORBA _
WWW.0rocos.org/

Building robot
Orca KTH Stockholm, orca- ce
robotics.sourceforge.net/

ROS Willow Garage , www.ros.org/ TCPROS

. -
Ope.nRT Object Management Group (OMG) and CORBA -2 25 -,
M-aist AIST, www.openrtm.org <

o e

Miro, UPnP Robot Middleware, ASEBA, Player / Stage, The PEIS -~

Kernel, OriN, MARIE, RSCA, The Middleware of AWARE, Sensory
Data Processing Middleware, Distributed Humanoid Robots
Middleware, Layer for Incorporation, WURDE



ROS(Robot Operating System)

* The ROS is a flexible framework for writing robot software. It is a
collection of tools, libraries, and conventions that aim to simplify the
task of creating complex and robust robot behavior across a wide
variety of robotic platforms.

* ROS is open-source and encourage collaborative robotics software
development.
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Introduction of ROS

Peer-to-peer graph network system

Nodes

Master

Parameter
Server

Messages

T % S
C

Computation
Graph Level

Services

Plumbing

Robot-oriented functionality

Tools

Capabilities Ecosystem



Introduction of ROS

Data recording and |
playing back | System monitor

3D visualization

“"Command
Line Tools
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Tools
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Introduction of ROS

* Provide 2500+ function packages.
* Integrated great software

£y pointcloudlbrary 0
Co

OpenCV

$Movdl!

Plumbing

Fortal pages N jou MEE 00

Robots

U2 ROS BOTHENS 0N EPECTIC 0000 AT,

-

i Dea oy Wex Robotios.
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Sensors

a ” B=

e orted by ROS
e 1. Sensors supported by R
= 1. Portals
2. Complete Listing
1. 1D range finders
v 2. 2D range finders

3. 2D Sensors (range finders & RGB-D cameras)

" 4. Audio / Speech Recognition

. 5. Cameras
e 8. Envircmental

F. Force/Torgue/ Touch Sensors

Lw 8. Motion Capture

b 9. Pose Estimation {GPS/IMLU)
10. Power Supply

BE 11. RFID

12. Sensor Interfaces

= 1. Portals

c® Fortal pages help you install and use ROS software
SE— information about tutorials and documentation of con

s 2D range finders 3D Sensors

Capabilities Ecosystem




Introduction of ROS

* ROS Answer
* ROS blog
* ROSCon

R lei L :
ROS wiki SEOUL” | I R0SCon 206 SEQUL €

ROSCon 2016 Seoul Day 2 Lightning Talk: ...

Smart factory based on ROS

Capabilities Ecosystem




ROS greatly accelerating the development

\fetch

roboltics
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3. The development of the BMI robot arm system
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Background

Paralysis (J}f ) is loss of muscle function for one

or more muscles.
Reason: damage in the nervous system, such as,

stroke, trauma with nerve injury, poliomyelitis,

ALS, etc.

ALS(Amyotrophlc lateral sclerosis f%ﬁfﬁfﬁfﬂﬂ?@{bﬁ)

Stephen William Hawking

[wikipedia.org]

2014 ice bucket challenge
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Brain Machine interface (BMlI)

SU:  Single-unit recording
ECoG: Electrocorticography
EEG: Electroencephalography

Subdural

Sensor

WA
Feedback:\\\\

Visual, vocah \\
: \
, Tactile WM
commands
Invasion

Precision low

Frequency




Project objective

functions to assistant the
patents

Visual, vocah \\
, Tactile hRRN
Main task is grasping the

lcommands
objects on the table

mii Rl bl

EEG ,’/ ) \
Sensor | * Using EEG sensor and develop
T | brain signal classification
! algorithm
- L. Develop a light but powerful
I\\\\ ' robot arm
Feedback®, '\ n ' * Add some Automatic
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\
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System overview




System overview

Sensor data Joint Angles

Task space I—> Sensor |—> Algorithm, robot controller I—> Robot I

Virtual
world




BMI robot arm

* Basic System
* Hardware design
* \Vision sensor
e System calibration
* Simulated robot
* Base robot control function

* Machine vision based automatic grasping
* Control sharing with BMI system



Hardware design
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Lightweight and powerful

S N Sy

Muti metrlal ‘I
©  Aluminum alloy |
|
l

el @® carbon fiber

® 3D printer PLA

A lot of lightening hole

DA TSR E)

Coupled Tendon-Driven(7 4 ¥ F & EEE))
%¥FE2016-109120

; Two motor are

I cooperating at

: every time.



Parallel control of the motors
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Repeat accuracy testing

Test Pose ®===) Random Pose * 3 Posesare
tested

5 measures for one Pose Max absolute
~ Average
; error

(mm)

(Lly)

X 20. 72833 0. 16544
Posel Y 47. 34129 0. 426108
z 3. 7125552 0. 126973
X 37. 14884 0.100315
Pose2 Y 53. 16144 0. 136713
z —3. 60846 0. 200365
X 25. 38503 0. 184033
Pose3 Y 22. 46846 0. 512729
z —2. 37699 0. 176066



Vision sensor system

* RGB-D sensor can simultaneously capture the

e RGB —— color information

o D —— Depth information One frame of sensor data
color
Camera

L
R eft IR

Right IR Projector Camera
Camera




Vision System calibration

[ ] ] ° ] N ’
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Simulate robot

* Gazebo is integrated in ROS

Virtual robot =~ Physical properties Realicket
= Task space information
=~ Sensor information

= Control interface

Physical simulation

EKELIEEFELEEER



Basic Control functions

Joint Control Trajectory Control Cartesian Control



BMI robot arm

* Basic System

* Machine vision based automatic grasping
* Object recognition
e Grasping point determining
* Arm path planning
* Demonstrating

* Control sharing with BMI system



Machine vision based automatic grasping
 Roadmap of the grasp system.
2

Sensor Data Object b Grasping  SESEE  Robot Arm
Recognition Point Search Path Planning

System
Calibration




Object recognition

* Detect the objects on the table

Sensor data Clustered point
\ cloud
RANSAC
Euclidean 0.979045
clustering

Recognized
point cloud

Recognized plane



Recognition result

SimpleScreenRecorder

average

average

average

average

average

average

average

average

average

average

average

0.212s
3.264
¢ 0.212s

SimpleScreenRecorder

.04059s

.04068s

.04069s

.04069s

.04061s

.04069s

.04072s

.04076s

.04074s

.04071s

.04067s

.04066s

window:
window:
window:
window:
window:
window:
window:
window:
window:
window:
window:

window:

The File 'objectrecognizationreal.mp4' already exists. Are

you sure that you want to overwrite it?

e

(CEER (RN (PR +

(M Interact | "$* Move Camera

The object most be a

Rotational symmetry with Z

axis

The Z axis most Perpendicular

to the table plane

Not use the color information

-_ee e e e - e e e o e e .

\

N\
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Using CNN for object recognition

SSD: Single Shot MultiBox Detector (Wei Liu etc., 2016)

Extra Feature Layers

VGG-16 f A \

_th_ro_u_gh_Conv5__§ I_aY-%r Classifier : Conv: 3x3x(4x(Classes+4))
A

——
A
N N N Classifier : Conv: 3x3x(6x(Classes+4))

* Robust to background AN <

\ .

and Motion blur o \

Image

74.3mAP
59FPS

19 19

Convé_3 Convé Conv? 0 Conv: 3x3x(4x(Classes+4))

(FC8) (FC7)

-

* Running at real-time »

™
\
N\
N
A

19 19 10 10_2 Convl1_2

—————————

L
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Machine vision based automatic grasping

 Roadmap of the grasp system.
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Sensor Data ' d Grasping ClEN NN R oot Arm
Recognition Point Search Path Planning

Calibration




Task Space Region(TSR)(Berenson 2011)

e Continuous graspable area.

Xmin Xmax

Ymin  Yimax

g — Zoin  Zmax

R Oimin~ Oxma

oT - { Oyin Oy
0  Oin Oy |

|
o O O O O

YN O O O o o
| |




Grasping point searching

* We use searching method to find the grasp point

* Generate a lot possible grasp poses of the grasper.

* Check those pose include the pre-grasp pose with Inverse Kinematic, collision
etc.

) 2 *x cos0, if0>0
* Compute a score for every possible grasp pose. Score =

cosfd if0<0

"%
o 1
1
%‘ " 6 N
1 \
Pre-Grasp ,:'
Point !



Grasping point searching

Candidates of N
grasping pose | This method is stable :
By using parallel computing 1
the search speed is :
acceptable I
Not work well for objects with :
| 633.114000000]: Visual_toots_pstcton: complex shape I
/

7/

, 633.114000000]: tranformedposition:

, 633.114000000]: Generated 31 grasps.

Reset 27 fps



e features:

* 1.For different objects in high clutter grasping
e 2.No human demonstration, No human labeling

3.Suitable for different size of gripper. No retraining

4.Better for known objects; Suitable for unknown
objects.

5.Can be combined with object detection

f\\\ “ Jt\ Q sample the grasps
Il

ﬂ train CNN
0non (f y, TE— A peeeeeses) B0
& e i )J{ get the point cloud whether it is a force

I~ - ~ between each grasp

- 3D object library . closure grasp

mg. 62 jpeg mg 63 pes mg. 64 jpeg Mg 65 jpeg img 66 jpes
S B ESS § S F B § ESS F B § S § B §F O Eas O B § s O B § S B B § S § B § S § B § S F B § s B B O s B .



Machine vision based automatic grasping

 Roadmap of the grasp system.
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sensor Data ' R Grasping nobot Arm
Recognition Point Search Path Planning
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Robot arm path planning

Using a RRT ( rapidly exploring random tree) method to find a Collision-
free path.




Simulation experiment

Sim Time: Real Time:

P

bmi@bmi-Alienware: ~/Documents/ws_moveit

S (R (e IR (TR (TR (ST + ©

point num is [3 x 3231]

ACB.860026score

point num is [3 x 16151]

[detection-2] killing on exit

*** SIGINT received, stopping graph execution.

*** If you are stuck here, you may need to hit ~C again
*** when back in the interpreter thread.

*** or Ctrl-\ (backslash) for a hard stop.

ore

find object1

terminate called after throwing an instance of

e_impl<boost::exception_detail::error_info_injecto oost::lock_error>
what(): boost: mutex lock failed in pthread_mutex_lock: Invalid argument

prepare one objectterminate called after throwing an instance of 'boos

ption_detail::clone_impl<boost::exception_detail::error_info_injector<boost::

lock_error '

p & 1 what(): boost: mutex lock failed in pthread_mutex_lock: Invalid argument

shutting down processing monitor...

.+. shutting down processing monitor complete
= |jone
- bmi@bni-Alienware:~/Docur WS_mov | |

FResel | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options.

Start vision detection




Real robot experiment

S Al (416 S STAERE
0o NwER o




BMI robot arm

* Basic System
* Machine vision based automatic grasping

e Control sharing with BMI system
* Strategy
* Experiment



Sharing control with BMI system

RGB-D Camera j A
‘@

e AN I A
!

* Using state switching . E .
such that either the

|

|

|

BMI user or the |

robotic system had |
control during specific; =/ A

|

|

|

|

]

|
!
!
!
!
!
!
!
!
!
!
!
!
\

. 2 fB 1k
phases ' i
e A Finite state machine ~ERHE
) 21 1
. system is used. RN

S // BMI : 3 V
Robot control
Eﬁ%uﬁﬂ Finite state machine
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BMI grasping experiment

* SSVEP is used
for BMI system

* 10 tests are all
successful and
the average
grasping time
IS 1 mins




conclusion

* A light but powerful robot arm is designed. The robot arm
has a similar DOF configuration and work space with
human. The repeat precision is high.

* A vision based automatic grasping system is developed,
which has good stability for special grasping task. More
intelligent function is under developing.

* A Finite State Machine system is used to communication
with the BMI.

* The robot control software is based on ROS.



Thank you for your attention!




