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RESULTS: INERTIAL MOTION TRACKING

The inertial measurement method 1s evaluated using Xsens IMU sensors [2]. A
Sawyer robot imposes different trajectories to the operator. These trajectories are
measured by the robot encoders and used as reference.

CONTEXT: PROGRAMMING BY DEMONSTRATION

Programming by demonstration (PbD) [1] aims at making robot programming more
intuitive, faster and requiring fewer skills, based on one or several human demon-
strations of a task. This work proposes a method to acquire a human demonstration
which does not limit human motion and 1s easy to implement.

In order to guarantee the easiness of use of the method, we opt for IMUs for human
motion capture.

non-optimized parameters optimized parameters

Measurement Time (in s)

Error (in mm) std (in mm ) Error (in mm) std (in mm )
Circle 1 8.55 52.0 14.7 329 20.5
Circle 2 7.91 53.8 12.7 28.8 10.8
Circle 3 8.25 50.1 19.7 29.4 12.8
Cross 1 27.99 55.5 32.7 39.9 26.0
Cross 2 27.71 H 28.4 42.8 20.1
Cross 3 27.08 35.0 _ 27.4
Cube 1 44.24 33.5 13.4
Cube 2 39.19 H 53.7 : 20.5
Cube 3 39.07 43.4 17.7

Hexagon 1 28.47 16.4 _ 16.7

Hexagon 2 27.77 26.5 : 20.5
Hexagon 3 27.09 : 26.4 22.1

INERTIAL HUMAN MOTION TRACKING METHOD

According to the arm model, the human hand trajectory
" AD,, is estimated from the orientation of each segment
(arm, forearm, hand) as

HAD, ="R,'"AB, +R>,”"BC,, +R3,’"CD,
InAB, = [L;00]!,>"BC, = [L,00]' ,°"CD, = [L300]"

rajectory fromIMU with optimized parameters
jectory from robot encoders

The orientation of each segment i 1s decomposed as
" Rin =" Rsio *Rsin *"Rin.

CORRECTING TRAJECTORY WITH VISION

As a first step, the correction of the trajectory 1s adressed 1n a pick and place con-

text. The method is based on matching positions of interest (POIs) & and .77, from
vision-based estimation of object positions and inertial-based hand trajectory re-

A 2-steps initialisation procedure enables to estimate
HR¢o and "Ry, (rotation of the arm straight and a
static pose) and the transformation (”Rg,fAO) from
human frame H to robot frame R (trajectory imposed

by the robot to the operator). The parameters involved spectively.

in the method are optimized through the minimization of the following function 1 - Detecting POIs based on the clustering algorithm DBSCAN.
N 2 - Pairing POIs by eliminating uncessary POIs based on point set registration by

f(""AB2"BC " CDS Ry S2Ry 3R H Ry 10,1 Rsao H R0 Ry RAO)= Y [RP—(RRy " AD} +RAO) |2 kernel correlation and then associating POIs based on their temporal parts.

k=1 3 - Correcting trajectory by applying a global transformation (rotation + transla-

H Ap*—H p* lkAB—I—HR* 2kBC_|_HR>|< 3kCB
o 0 e g e T tion) and then a local correction close to the POISs to the hand trajectory.
R.="Rs10” "Rs1k” R1 57" Ry =" Rso0” " Rsok°“Ro 5 7R3, =" Rg30”" R3¢ R3.
X
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Original hand trajectory
Transformed hand trajectory
Object trajectory
Hand POIs : 7
Object POIs : ¢
ﬁ 2 ﬁ 3 4 Global transformation

The rotation > Ry;, matrix is computed from in-
ertial sensor data. An original heading reset
enables to limit drift from gyroscope integra-
tion arround gravity direction.

RESULTS: APPLICATION OF THE METHOD

The complete method 1s evaluated through several pick and place tasks with 30 mm
side cubes with an ARuCo marker on a face. The task 1s considered a success if the
cubes, at their final states, are covering a part of their targeted position.

RESULTS: IMU ORIENTATION ESTIMATION

The method for IMU ori- = oimess2dwssiswiee
entation estimation 1s evalu-

ated on a robotic arm and
compared to 4 others algo-
rithms. The orientation of

error : mean = 10.4 degree , std = 5.8 degree
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