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Autonomous robots shall act
appropriately in dynamic, real time, and
adversarial environments

One of the biggest challenges in Al and
robotics

Numerous examples: rescue scenarios,
home assistance, device assistance (e.g.
cars, planes)

Playing soccer with biped robots as a
testbed for development (RoboCup).

RoboCup is a landmark project as well as

a standard problem (as was chess in the
90s)

4 RoboCanes NAO players



real time sensor fusion

reactive behavior
learning

learning

" real time planning multi-agent systems
context recognition

strategy acquisition
motor control

decision making
intelligent robot control
opponent modeling

and many more...



International initiative fostering Al &
Robotics

By the year 2050, develop a team of fully
autonomous humanoid robots that can
win against the human world soccer
champions

Large community: approx. 500 teams from
> 40 nations compete worldwide; > 15,000
scientists in RoboCup mailing list; > 5,000
active researchers every year

RoboCanes active since 2010:

» 1st place in European Open 2011

» 2nd place in Asian Open 2011, 2012

» 2nd place in World Cup in Mexico 2012
>

1/4 finals in 2 leagues in World Cup in
The Netherlands 2013




ROBOCUP-SOCCER

» Research goals: Cooperative multi-
robot and multi-agent systems in
dynamic adversarial environments

» All robots in this category are fully
autonomous

» Various leagues

» Humanoids
Middle Size Robots
Simulation (2D/3D)
Small Size Robots
Standard Platform
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HARDWARE: NAO COMPONENTS OVERVIEW

Manufacturer: TR TILE Sahiallish P =N FRONT & REAR
,(A\Idebar)an Robotics SPEAKERS&%'L%%% ' }\\‘_ %j T N
France INFR EMITTER/ —© e CAME
RECEEMR% EYELEDS o= 2 @ —4 LAA:‘EERES -
S573x275x311mm HEAD JOINT MICROPHONES (X2)
5.2kg (11.41b) SHOULDER JOINT
Ei?rt]tiﬁm lg(r)]—QO min CHEST BUTTON SONARS (X2)
ELBOW JOINT
Ethernet 1xRJ45 | E BATTERY
10/100/1000 BASE T HIP JOINT
WRIST JOINT

WiFi IEEE 802.11.b/g

oxcep NAO'

Degrees of freedom
Head : 2

Arm : 4 (x2)

Pelvis : 1

Leg : 5 (x2)

Total: 21
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® rv.Viewer
3. ./roboviz.sh (bash) 4. visser@uvhost: ~ (zsh)

at java.awt.EventQueue.dispatchEvent(EventQueue. java:680) autostart,sh binNaoDefault currentWifi,sh Tlibrobocanes,so
at java.awt.EventDispatchThread.pumpOneEventForFilters(EventDispatchThre nN r ! iphoneii h
awt

~ A

e O 00 RoboViz

ad.java:296)
at java.
java:211)
at java.awt.Eve
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at java.awt.Eve
=» roboviz_spl_20130327
= roboviz_spl_20130327
64/11b/ ./testRemoteSer
zsh: no such file or di
=» roboviz_spl_20130327
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-GL Version
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~-Vendor
-Renderer
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1. DYLD_LIE

Load modules for proces

Create module network_n

Create module cognitior

Used modules: 41

Load representations fc

Load representations fc

Load representations fc

Nao V4 model initialize

Used representations: €

Sort modules...

Executing modules...

Process debug started.

Process motion started.

Process cognition start

send request PlayerInfc

send request BallPercer

send request GoalPercer

send request JointData,

send request SensorDatc

send request ButtonState,

send request TorsoAngles, size 20 -- 192,168.20.102 ping statistics ---

send request Odometry, size 17 3 packets transmitted, 3 packets received, 0.0% packet loss

WARNING: librobocanes not running? round-trip min/avg/max/stddev = 31,515/31.951/32.778/0.585 ms
- ~
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ROBOCANES: SIMULATED 3D AGENTS WITH FULL PHYSICS

each robot has 22 motors

RoboCanes ,
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RoboCanes

RoboCup 2013

SPL Qualification Material

November 8, 201 2

Email: robocanes@cs.miami.edu




» Many choices for motion capture
» Optical (marker, marker-less, ...)
» Mechanical

» Inertial

» Quality vs. cost and setup time

» How to represent motion data?

» Markers Q =
=

i ~
» Angles ./J # %\ \\\,
» Skeleton 7 / / ‘ AY
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Seekircher, A, Stoecker, J.,Abeyruwan, S., & Visser, U. (2013). Motion capture and contemporary optimization algorithms for robust and stable motions on
simulated biped robots. In X. Chen, P. Stone, L. E. Sucar, & T.Van der Zant (Eds.), RoboCup 2012: Robot Soccer World Cup XVII. Mexico City: Springer
Berlin / Heidelberg.



» OpenNlis a framework for using
natural interaction (NI) devices

r_hand. head © | hand
» RGB-D sensors (Kinect, Xtion Pro) O
@ neck
: : r elbow | elbow
» PrimeSense NITE skeleton tracking - @ O O
algorithm for Kinect r_shoulder ” |_shoulder
torso

» 3D joint positions must be used to

calculate robot joint angles r_hip@ @ I_hip

» Mapping approach

_ r_knee | _knee
» Vector/angle calculation ® ®

» |IK drawbacks
r foot @ O |_foot
» Limb lengths change

» End effector positioning vs. angles



MOTION MAPPING: ARMS

ff_\

B = |_elbow — |_shoulder | ( & /
Bp = X(X-B)+ Z(Z - B) S |
L BoxB : O B,

N = Bp x B| - | _ N

F = |_hand — |_elbow / R
. FxB N

'F x B| Y

s = /(X,Bp,Y)

ps = /(Bp,B,Bn)
Vg = (BN, FN, B)
vp = L(B,F,FN)




MOTION MAPPING: LEGS

Pre-compute hip configurations
with forward kinematics

T = |_knee — |_hip
S = |_foot — | _knee

SxT
S x T

ag = from lookup(N)

N =

¢y = from lookup(N)
O = (T, Zyg,N)
O = L(S,T,N)



Original Motion (directly using MoCap angles)




MoCap provides |6 joint control angles at 50 Hz. Model has 22 DOF.

Model: A1

=) 0;0j(x) =6" d(x)

7=0

Basis functions:

Initial objective function:

minZ(ti — 0" d(x))?



Curve-Fit Motion




Initial optimization of the model parameters is used as a seed for the
optimization of the motion for stability on the robot.

Task is optimization problem with two conflicting objectives.

Following exactly joint angles provided by the MoCap does not guarantee the
outcome to be correct.

Also, the changes in the angles have to be small to ensure the final result to be
close to the captured motion.

Obijective functions:

> Max,  fwd up.side) (£(MoCapTO, ;, ObsTOy ;))?

1

Y (> _(MoCapAngle; — ObsJointAngle;)?)

e

¢t g

ES/PSO algorithms are used again to optimize the model parameters.

Optimize only the traces of the agent’s legs (12 traces for each motion), N x
|2 parameters (e.g., with eight parameters, we optimize 96 parameters).



pel / 8|buy

al
D
—
LL]
P
<
=
Z
LL]
=
O
LL]
al
<
LL]




Optimized Motion




MOTION CAPTURE AND OPTIMIZATION

RoboCanes : <Right>
nde: BeforeKickOf |

Seekircher, A, Stoecker, |.,Abeyruwan, S., & Visser, U. (2014). Fast, robust, and low-cost method to create complex
whole body motions on biped robots. Artificial Intelligence Journal, under review.




Hypothesis verified: robust motions for a biped soccer robot can be quickly
generated with inexpensive MoCap techniques and optimization.

Kinect sensor provides enough information to map complex and initially unstable
poses, such as the balancing motions.

We have found a process that can be used to produce a number of motions
needed for humanoid soccer robots.

No claim that our approach will hold for all possible motions.

Motions were mostly stable after ~30 min.

Making use of parallel processing on a cluster of computers can bring the entire
processing time down to 10-30 min per motion, including the MoCap.

Observation: CMA-ES and xNES are similar in performance, PSO shows partly
smaller errors with a larger variance and it takes longer to learn.

Models with sigmoidal basis functions yields good results for all three algorithms.



SimSpark [ORRO04],the simulated robot is a humanoid robot similar
to the Nao (21 DOF sensor cycle 50 Hz).

4 motions in the experiments: |) lift right leg, 2) simple kick, 3)
forward lean with balancing on one leg while stretching the other leg
back, and 4) leans torso to the side.

Joint motions modeled using polynomials and linear weighted
sigmoidal basis functions.

Models are initialized by minimizing the least squared error to the
input angles.

Using the initial parameters as a seed, |12 leg joints are optimized by
CMA-ES, xNES, and PSO using the fitness function based on the joint

and the torso error.

Population size is 50 for all optimization methods.
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FINAL Match Twn no m n“ n lanan The Robot Soccer WorldCup
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FINAL SMALL SIZE LEAGUE ROBOCUP 2013

CMDragons (USA) 0 - 0 Zjunlict (China) ﬂgjgp%g







