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Introduction

ANowadays robots are able to perfor
many useful tasks.

AMost of the human communication i
non-verbal

AHRI research on a gestubased
Interaction system.
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Motivation

AElderly or handicapped person case




Human Multi-Robot Interaction Based on Gesture Recognition Gerard Canal Camprodon  4/34

Outline

AGoals

AResources

ASystem overview

AGesture Recognition

ARobot navigation

AHRI methods

AResults: Gesture recognition performance
AResults: User evaluation

AConclusions
AFuture work
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Motivation

AVision sensor too large to be carried by tiobot.
ADARPA Grand Challenge idea of a driving humanoid.
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Goals

ADesign of asystemeasyto use andntuitive.
ARealtime, therefore, fastresponse

AStaticand dynamicgestures recognition.
AAccuracyn pointing at thelocation.
AMulti-robot tasks
ASolvingambiguoussituations.
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Hardware resources

AMicrosoft Kinect version 2.
AWindows 8.1 driver and USB 3.0.

A Two laptops:

ANAO. .
ACPU Geode. A Intel 15
ANoaQiOS. A Intel Core 2 duo

AWifibot .

Alntel Atom.

AUbuntu 12.04.
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Hardware resources modifications
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Software resources

i 00
ARQOS: Robot Operating Systere o o R O S
00

ATo program the robots.
ASMACH to implement the Finite State Machines in Python.

Alndigo Igloo version in Ubuntu 14.04.

ikinectfor Windows SDK 2.0.  [KINECT

AC++ mode. for Windows:

APCL: Point Cloud Library.

Almplemented in C++. @ pCL
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System overview

Waves back

Wave gesture

‘ Point At gesture
Approach to pointing
location
| |
Goal reached

Segments
objects

Points object

Approaches
to object
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Computer Vision: Gesture Recognition

ATwo types of gestures: f‘ }
AStatic N
ADynamic

AOne gesture of each type:
AWave
APoint at

ADescribed by means of skeletal features |L].

[1] J. Shotton, A. Fitzgibbon, M. Cook, T. Sharp, M. Finocchio, R. Moore, A. Kipman, and A. Blake. Real-time human
pose recognition in parts from single depth images. In Proceedings of the 2011 IEEE Conference on Computer Vision
and Pattern Recognition, CVPR d1, pages 12971 1304, Washington, DC, USA, 2011. IEEE Computer Society.



Gesture recognition
Skeletal features
Wave gesture:

" - Neck¢ Hand distance
" ,. Elbow angle

Point at gesture:
" .- Handg¢ Hip distance
" ,. Elbow angle
" 5 Hand3D position
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Gesture recognition:
Dynamic Time Warping
AUsed for sequence alignment.

AApplied for dynamic gesture recognition.

AAN (infinite) input sequence is aligned with a gesture
model.

AUsing a weighted L1 distance measure:

k
di(r,s) = Za@-m — 8
=1

AA gesture is recognized when the input sequence is close
enough to the model M, < .k € [1,..., )]
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Gesture recognition:
Dynamic Time Warping
AM; ; = di(ri, s5) + mm{M-_Lj, M;_q -1, Mz’,j—l}
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Static gesture recognition

ANoO dynamic time warping used.
AChecking features are within some thresholds.
AChecking involved limb is not moving.

AAIl during a certain number of frames.
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Static and Dynamic Gesture
Recognition Algorithm (SDGRA)

ADynamic and Static recognition in a joint algorithm.

AMulti -threaded to ensure real time.

APossible multiple recognition in the same frame
solved by keeping the one with less cost.
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Gesture recognition:

Pointing gesture related methods

AGround plane detection by
RANSAC model fitting [2].

APointed point extraction using
skeletal joints information.

AQObject segmentation by
Euclidean Cluster Extraction [3].

[2] M. A. Fischler and R. C. Bolles. Random sample consensus: A paradigm for model fitting with
applications to image analysis and automated cartography. Commununications of the ACM,
24(6):3811 395, June 1981.

[3] R. B. Rusu. Clustering and segmentation. In Semantic 3D Object Maps for Everyday Robot
Manipulation, volume 85 of Springer Tracts in Advanced Robotics, chapter 6, pages 751 85.
Springer Berlin Heidelberg, 2013.



