Abstract

Collision detection of a robotic arm using statistical time-series methods:
A comparative study

Spyridon Zisopoulos

This study explores the detection of collisions on a collaborative robotic arm (cobot) under different Case Studies that
correspond to distinct robotic tasks using statistical time-series methods. The collisions cause abrupt changes in the
investigated torque and force signals acquired from the test rig, and two unsupervised and one supervised method are
postulated for the effective and early detection of them. The postulated methods are three, namely the variance-based,
the wavelet-based (supervised) and the RAR model-based, which are comparatively assessed with each other, as well as
with two state-of-the-art methods, namely the residual-based and the FFT-based (supervised), in terms of True Positive
Rate (TPR), False Positive Rate (FPR) and Detection Delay Time (DDT). The three case studies investigated are based on
the measurements and the results of previous works that use the same KUKA LWR4+ robotic arm and they include either
the autonomous motion of the robot in the first two Case Studies or the physical collaboration between the human and
robotin the third Case Study. The collisions are of different nature along the different Case Studies, with varying magnitude
and direction. The results indicate great TPR via all three postulated methods, that outperform the state-of-the-art ones,
while all methods have zero FPR. Regarding detection time, each method has better performance in a different Case Study,
with the RAR model-based being the fastest overall, followed by the wavelet-based and then the variance-based one.
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MepiAnyn

Avixveuaon cUYKpoUoNG POUTTOTIKOU Bpayxiova BACEL OTATIOTIKWY HEOGSWV
XPOVOOELPWV: ZUYKPLTIKA MEAETN

Inupibwv ZnoomouAog

Jtnv mopouoca SMAWHATIKY gpyacia Slepeuvatal n duvatdtnTa aviyveuong cUYKPOUGCNE EVOG CUVEPYATIKOU
POUTIOTLKOU Bpaxiova yla TPl SLOPOPETIKEG TPOXLEG TIOU OVTLOTOLXOUV Ot SLadOPETIKEG POUTIOTIKEG Slepyaaieg Baoel
OTATLOTIKWY LEBOSWV Xpovooelpwv. OL CUYKPOUCELG TIPOKAAOUV QIOTOUEC LETABOAEG OTA OHLATA POTING Kol SUVAUNG T
omola AapBavovtal anod tnv MEpapatiky dtatagn kal Tpelg péBodol epapudlovrtal yia TNV AMOTEAECUATLKA KAl £YKaLpn
avixveuon toug. OL TpeLg TipoTelvOpEeVEC HEBoSOL eival n HEBobdog Staomopag (variance-based), n uéBodog kupatidiwy
(wavelet-based) kat n péBodoc Avadpoptkol povtéhou AutomaAivdépounong (Recursive AutoRegressive, RAR model-
based), oL onoleg ouykpivovtal cOudpwva e TO TTOCOOTO AvVixveuong, To MOcooTo PeuSOCUVOYEPUWVY KAl TOV XPOVo
QViXVeUONG TOOO HETAEU TOUC 000 Kal pe Suo pebddoug tng BLPAoypadiog. Autég elval n péBodog Baollopevn oto
umolouno pomn¢ (residual-based) kot n péBodog Baollopevn otov petacxnUotiopo Fourier (FFT-based). OL TpELG TPOXLEC
Tiou Slepeuvwvtal Bacilovtol OTIC PETPFOELC KOL TA ATOTEAECUATO TIPONYOULEVWY EQYAOLWY TIOU TIpayHatonotonkav
XPNoLponolwvtag tov idlo poumnotiko Bpayxiova KUKA LWR4+ kat mepthapBdavouy eite tnv eAeVBepn Kol autovoun kivnon
TOU POUTTIOT yLa TG U0 MPWTEG TPOXLEG, €ite TN PUOLKA cuvepyaoia LETAEY avOPWITIOU Kol pOUTOT otV Tpithn TpoxLd. Ot
OUYKPOUOELC TIOU Tpayuatomnololvtal ivat Stadopetikng duoewe os KAOe TpoxLd, KabBwe €xouv SLadopeTikA Eviacn Kat
kateVBuvon, evw cuppaivouv kot og SLAPOPETIKA ONUELD TOU POUTOT. OL TPELG TIPOTELVOUEVEG UEBOSOL EMLTUYXAVOUVY
galpetikd uPnAd mocootd aviyveuong, Eemepvwvtag tig pebodouc tng PLPAoypadiog, evw OAeg ol péBodol £xouv
unéevikd mooootd Pevdoouvayepuwv. Ocov adopd otov xpdvo avixveuong n kabe uéBodog amobdidel kaAltepa ot
Sladopetikn tpoxLd, pe t péEBodo Avadpopikol povtéhou AutomaAvdpounong (RAR model-based) pébodo va £xel
OUVOALKA TO XapunAotepo xpdvo avixveuong. AkolouBei n pébodog kupatidiwv (wavelet-based) kat téhog n uéBodog
Slaomopdg (variance-based).
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