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Fig. 1: Comparison of two motion retargeting approaches for wiping a plate on ARMAR-6 in a kinematic simulation. An importance-based
approach (top, mhl ≈ 0.63) leads to an increase in the proposed unified human-likeness criterion mhl ∈ [0, 1] compared to end-effector
pose tracking (bottom, mhl ≈ 0.56). Both non-linear optimization-based approaches are augmented with the same human-likeness criterion
as additional objective and qualitatively provide similar human-like robot motions.

Abstract— Understanding bimanual and human-like motion
is pivotal to equip humanoid robots with human-like capabilities
and manipulation skills and to enable intuitive human-robot
interaction. In this extended abstract, we present a multi-modal
dataset of accurate whole-body human bimanual manipulation
actions. Moreover, we conceptualize and derive a novel unified
human-likeness criterion to assess human-like robot motions,
which we evaluated across applications related to motion
retargeting on bimanual manipulation tasks. Building on these
results, we propose an importance-based motion retargeting
approach improving human likeness.

I. INTRODUCTION

To assist humans with a variety of household tasks,
humanoid robots must be able to learn new skills and adapt
them to different scenarios. In order to increase efficiency
and tackle more complex tasks, humans tend to perform
such daily activities using both hands simultaneously. Robot
manipulation similarly benefits from the integration of both
arms and the use of bimanual coordination strategies [1]. A
promising method to achieve such human-like manipulation
capabilities involves learning from human demonstration [2].
This poses several challenges, including learning suitable
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bimanual task representations on symbolic and subsymbolic
levels, and reproduction across various humanoid robot
kinematics. Another important factor is the quality of the
executed robot motion. Human-like motions are key to
enable intuitive human-robot interaction and increase the
predictability and acceptability of robot movements in col-
laborative and assistive robot scenarios [3], [4].

II. THE KIT BIMANUAL MANIPULATION DATASET

To better understand bimanual and human-like motion,
we provide a comprehensive multi-modal dataset (about 176
minutes) of whole-body human bimanual manipulation tasks
with variety of short actions [5] and longer tasks [6]. The
recorded sensor data is converted to the Master Motor Map
(MMM) data format [7]1, a unified format for whole-body
motion data that decouples the motion capture process from
further post-processing tasks. The dataset contains accurate
whole-body human motion and hand kinematics mapped to
the MMM model — a reference model of the human body
including statistical, kinematic, and dynamic properties based
on biomechanical studies — and the 6D poses of objects
involved in the task. The motions are manually segmented
and annotated with individual actions for each hand (e. g.,
approach, hold, pour, stir) and, to some extent, with biman-
ual categories based on our bimanual manipulation taxonomy
(e. g., loosely coupled, tightly coupled symmetrical) [1]. The
dataset is publicly available as part of the KIT Whole-Body
Human Motion Database2. It offers valuable insights into

1https://mmm.humanoids.kit.edu
2https://motion-database.humanoids.kit.edu/details/datasets/3521
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Fig. 2: Derived unified human-likeness criterion as a hierarchical
combination of 11 criteria quantifying human likeness [9].

bimanual human motions and enables the evaluation of ap-
proaches for automated action segmentation of bimanual hu-
man motions [6], classification into bimanual categories [1],
learning movement primitives [8], or human-like motion
retargeting on bimanual manipulation tasks [9].

III. A UNIFIED HUMAN-LIKENESS CRITERION

Various criteria for assessing human likeness have been
proposed in the literature, spanning various fields such as
neuroscience, biomechanics, and robotics. Although numer-
ous criteria have been carefully designed, guidelines to select
the appropriate criteria for a given context remain largely
overlooked. To better understand these human-likeness cri-
teria and their interrelationships in the context of robotics, we
analyze a dataset of paired human and corresponding human-
like robot motions. In our context, this pairing is essential
as some criteria require the comparison of resulting robot
motions with the human reference, and human-like robot
motions ensure that the selected criteria remain applicable.
We generate this dataset using existing motion retargeting
approaches across various robot kinematics, while incorpo-
rating human-likeness criteria as additional optimization ob-
jectives. We analyze different human-likeness criteria using
correlation metrics on the resulting dataset, first for each
kinematic individually, and then combined as an average
correlation matrix C. To derive a unified human-likeness
criterion, we perform a hierarchical cluster analysis of the
matrix D = 1 −C and simplify the resulting hierarchy by
merging close clusters and discarding dissimilar ones. The
unified human-likeness criterion can then be expressed as a
weighted sum of normalized individual criteria [9].

We analyzed 11 criteria quantifying human likeness of
upper-body robot motions (e. g., elbow elevation angle, joint-
space jerk, similarity to the reference motion on joint level
or to learned synergies extracted via principal component
analysis) using bimanual human motions from our KIT
Bimanual Manipulation Dataset mapped to 3 different robot
kinematics. The hierarchical human-likeness criterion de-
rived from this dataset is shown in Fig. 2. Note that the
analysis and derived unified criterion depend on the gen-
erated dataset and individual criteria. However, the results
align with expected relationships between criteria. We then
applied the proposed unified human-likeness criterion to
compare the performance of bimanual motion retargeting
approaches in two applications, namely absolute and relative
end-effector pose tracking. We observed that a non-linear
optimization-based inverse kinematics solver (similar to [10])
augmented with human-likeness criteria achieved the highest
score with respect to the proposed unified criterion and
functional criteria.

IV. IMPORTANCE-BASED MOTION RETARGETING ON
BIMANUAL MANIPULATION TASKS

In the context of bimanual manipulation tasks, human-like
motion retargeting approaches should both fulfill required
task-space objectives and preserve the human-like charac-
teristics of the human reference motion. In our previous
work [9], we tracked either the absolute or relative end-
effector poses from the reference motion. We argued that
relative end-effector tracking provides additional redundancy
which enables to further optimize the human likeness. How-
ever, this is only valid in certain situations such as for
asymmetric bimanual actions. Overall, the priority or impor-
tance of such objectives can either be learned implicitly from
multiple demonstrations [11] or inferred from the context of
a single human demonstration [12], [13].

Our goal is to design an approach based on a single refer-
ence motion that can dynamically change the relative impor-
tance of objectives on bimanual manipulation tasks, thereby
resulting in more freedom for optimizing human likeness.
We propose to reformulate our previous optimization-based
solver in order to adjust the individual weights of objectives
and parameters of their loss functions based on the context,
e. g., using a Swamp Groove loss [14]. We specify the context
by leveraging constraints arising from the human interaction
with the environment [12], [15] and the coordination of the
hands [1], [13]. In particular, we use calculated hand-object
and object-object distance relationships in the reference
motion, as well as changes in the bimanual category. In a
bimanual pouring task, for instance, the non-dominant end-
effector holding a cup may deviate from its absolute position
depending on its distance to the table, i. e., the allowed
deviation is greater the further the cup was lifted. Meanwhile,
the dominant hand pouring the liquid moves relative to the
non-dominant hand, following a leader-follower approach.
Fig. 1 shows a preliminary qualitative comparison between
an importance-based motion retargeting approach and the
approach that directly follows both absolute end-effector
poses. As anticipated, an importance-based approach, which
allows for more flexibility in achieving task objectives, leads
to an increase of our unified human-likeness criterion.

V. CONCLUSION

This extended abstract highlighted the potential of lever-
aging bimanual human motion data to better understand
bimanual and human-like motions. We derived a novel uni-
fied human-likeness criterion that enables the evaluation of
bimanual human-like robot motions, as well as importance-
based human-like motion retargeting. Future work will ad-
dress additional challenges posed by retargeting bimanual
manipulation tasks which involve complex motion patterns
and dexterous manipulation of objects, including the adap-
tation to changes in the environment. To this end, we plan
to evaluate suitable motion representations that capture these
capabilities at the symbolic and/or subsymbolic level using
our proposed unified human-likeness criterion.
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