Human-like Robot Interaction: A Framework for Generating Natural Robot

Dynamics Using Bilateral Control and Transformer Neural Networks
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Fig. 1. A schematic representation representing the work described in this paper. A 4-channel teleoperation setup allows the collection
of force data during a displacement task. Data are then fed to a transformer, which learns to replicate human-generated resistive
forces. Finally, a modified Turing test shows that the forces generated by the transformer are indistinguishable for human generated

forces.
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2.2 Bilateral controllers
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2.3 Human-like robot behaviour via imitation learning
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3 A framework to replicate reaction forces in a robot-mediated displacement task

T ss n 8 & S firs wmr w W Wy sT « » rwaox rgng M4 ww
x MX WM X NS FRX S W nOTRRg g mx ¥ S ® WRmrx »norx ™ SS
wea w g W x firs sx s WP W WSS P » X S ® » » rwox
mw x » r s x uS TS W sp Wmwm s

3.1 Framework components

3.1.1 Robots setup and bilateral control. wrs wp » w s » Twmoom Pwmor os(or rr oorx
s m ) wfiger mr s s s x x sp S« P g ms
mS ™ ®msg wNg x s ®m gr s x wa R I S ng ® WS x s
s  wmam r W rmg wm W wea W T SS W mS WS aupp
g Ssws req® S WS X mg x ur . SMr W X Sp W ™ rs m xS
o] sn owm fllm rw x »w x s RX W W RSUr NS & sp
amAR » »Pr XS 1 zT wm x wg wmrx ¥ ks S S W s w
wp w rm rr sT pr nmgSs wm( S)[ ] sus S® rmz NN
H nx s m Sm s r ws RX  wWW NS W ] r s m
S ox surmawms wm wg rg fi » WS sus row ms ff ng ) r s m
r s m x sT wwm r wng reu »x g ®ms s ® swp fi s m 4 R
x nE oo » r s m x T «rs X SrM wr S S W pur wUp
P mx rT ssru wr w s sm x ne x ng ¥ ran N nr
%1 =Kp (9( H1 - 9k,1) ~ K01 +J1(0)F +g (1
%, =Kp (9( 1), ~ Ok, ) - Kd-ék, +]J (Q)TF1 +g ()
® T} S L LT/ ) » x m s pk w x i
® Ui ™ O 1y 7 wr®o W X WS WM P S WS ¥ ixsp
e Kp » Kyq r PR W™ o™ r & WS r Sp
° Ji(0) s w ff x) mwa ox  oxx i
eFi » F =« rs mox oW R oR P »n £ x firs » s wm «x
r sp
e g rrspwSs 8" P NS W red S »
T s ®wmr sxo wr » » us sp fi & O rSwg r m ®m ne »

WK RS wr R sp Wmwm s

» Trx ms rwa rwa Trx ms rwa rs

=
=t
%)
=
7]
=

3.1.2 Transformer architecture: =» wr

[44] = P TRRgW S sgnfi m su NS S au W S s W ST S

nUS TP SU W



Table 1. Proportional and Derivative Gains
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Fig. 2. Block diagram of the implemented bilateral PD + bilateral force controller

Fig. 3. Transformer architecture. The multivariate input series is split into multiple univariate series, which are then fed into the
Transformer backbone. Within the Transformer, these univariate series are divided into batches and normalized before entering the

encoder, where multi-headed attention scores are computed.
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Fig. 4. Point cloud representing the totality of the input data fed to the Transformer. Each point represents a force recorded in time
across the x, y, and z axes
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4.2 Transformer training
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s Fig. 5. A direct comparison of human-generated and transformer-predicted forces. For simplicity and to avoid redundancy, the picture

“ reports the forces in the x axes as an example.
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Fig. 6. Left: count of responses for each controller for the question "was the robot on the other side operated by a human?", pooled in
data. Right: Confidence ratings for each controller and response to the Touring test, pooled in data.
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Fig. 7. User testing setup
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