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Abstract—We present a framework for analyzing the quality of
push-grasps of extruded polygonal parts under pose uncertainty
using a parallel jaw gripper. Performing a push-grasp involves
using the first jaw to push the part into stable alignment, after
which the second jaw closes onto the part. The motion of parts
pushed on a work surface is difficult to predict if the precise
interactions between the part and the work surface are not
known. However, the relative motion of the part can be easily
calculated. We use a quasi-static simulation to predict this relative
motion. Given a nominal part shape and anticipated uncertainty
in the part pose, we use a Monte Carlo sampling approach to
evaluate grasp quality under pose uncertainty. We sample poses
from the uncertainty distribution, and execute simulations to
evaluate if the grasp is successful, i.e., if force-closure is achieved.
We then calculate the overall grasp quality as a weighted
average across samples, where the weight for each sample is
the probability of that sample occurring. Since each sample can
be analyzed in parallel, this approach is well-suited for Cloud-
based execution. We also present a sensitivity analysis of the grasp
quality for a given grasp on a non-convex polygonal part under
varying position and orientation uncertainty. Our experiments
suggest that while position uncertainty has a direct effect on
quality, orientation uncertainty has complex effects which depend
on part shape and symmetry. This supports our hypothesis that a
simulation-based grasp quality metric is important for comparing
different grasps under varying levels of pose uncertainty.

I. INTRODUCTION

Many tasks in automation involve grasping and manipula-
tion of extruded parts on planar work surfaces using parallel
jaw grippers. However, the pose (position and orientation) of
the part on the work surface is not always precisely known
during operation. In automation, the accuracy of sensing the
part pose can be varied as a design parameter, but generally
there is a trade-off between task throughput and sensing
overhead. Increasing accuracy can therefore reduce speed.
However, greater uncertainty can cause more grasp failures,
also reducing speed. A grasp quality metric that can evaluate
this trade-off could help with the design process. In this work,
we consider the scenario of grasps on extruded polygonal
parts, and present a framework for evaluating the reliability
of grasps under pose uncertainty.

There is a large body of work on computing grasp quality
metrics [1, 6, 12]. However, the vast majority of these methods
do not consider uncertainty in the pose of the part. In previous
work, we have considered grasping with shape uncertainty for
polygonal parts using a very conservative geometric test to
speed the evaluation of grasps [9]. Other approaches have
allowed for grasping of parts where the pose is completely
unknown due to absence of sensing [7]; however, this requires

Fig. 1. Example of execution of the same grasp on two different poses for
a part modeled on a tape dispenser. The pre-grasps are labeled A1 and B1.
Grasp A is successful at achieving force closure, as shown in A2. Grasp B is
unsuccessful, with the part being pushed out of the gripper, as shown in B2.
We use quasi-static simulation to evaluate grasp success/failure.

multiple grasps to be executed. Confidence levels can also
allow different sensing modalities to be combined for grasp
planning [2].

Grasping with pose uncertainty has also been explored for
general 3D parts [4, 8, 11]. While this work could, in theory, be
used for parts that can be modeled as extruded polygons, there
are two aspects which motivate our approach. First, planar
grasping on a surface requires reasoning about pushing the
part on the work surface using the gripper surface, which can
be very difficult to model with a dynamic simulator. Second,
efficiency is important when the grasp quality evaluation is
part of an iterative design procedure. A cycle time of hours
or greater reduces the ability of the designer to test different
configurations, limiting their flexibility.

In this work, we present a framework for efficient evaluation
of push-grasps for extruded polygonal parts on a planar work
surface using a parallel jaw gripper. While the exact interaction
between the gripper and part is difficult to determine or model,
the relative motion between them can be calculated. We use
a quasi-static simulation to predict this relative motion. We
use a Monte Carlo approach similar to Kim et al. [11] to
accommodate pose uncertainty. We sample poses from the
uncertainty distribution, and execute simulations to evaluate



grasp success. Instead of just using the average of grasp
success across the samples [11], the overall grasp quality is
calculated using a weighted average, where the weight for each
sample is the probability of that sample occurring.

With a Monte Carlo approach, every sample could be
processed independently. This aspect means that the algorithm
can take advantage of the massively parallel computing power
available in the Cloud, dramatically shortening the execution
time [10].

Our experiments suggest that while position uncertainty
has a direct effect on quality, orientation uncertainty has
complex effects which depend on part shape and symmetry.
This supports our hypothesis that a simulation-based grasp
quality metric is important for comparing different grasps
under varying levels of pose uncertainty.

II. PROBLEM STATEMENT

We consider a parallel jaw gripper attempting to grasp an
extruded polygonal part of uniform density from above. We
assume that we have a conservative estimate of the coefficient
of friction between the gripper and the part, denoted as µ.
The gripper-part interaction is assumed to be quasi-static, such
that the inertia of the part is negligible. We assume that the
uncertainty in the part pose can be modeled as independent
Gaussian distributions on the position and orientation; because
of the nature of parallel jaw grippers, we only consider
uncertainty in the direction perpendicular to the closing axis
of the gripper.

The input to the algorithm is a polygonal part, the gripper
width and friction, a pre-grasp pose, and the standard deviation
for both position and orientation uncertainty. The output of
the algorithm is a quality between 0 and 1, estimating the
probability of success of the grasp on the object under the
given pose uncertainty.

III. METHOD

We use a quasi-static simulation to determine grasp qual-
ity based on a Monte Carlo sampling approach. We use
Box2D [3], a dynamic simulation engine written in C++,
to efficiently simulate push-grasps. Accurately simulating the
interactions between the part and work surface as part of
the push-grasping procedure is difficult since it requires cal-
culation of the center of rotation, which requires empirical
testing to determine the pressure distribution on the surface.
This is not provided in Box2D. Instead, we model quasi-static
motion using Box2D with a model similar to that proposed by
Dogar et al. [5].

The quasi-static simulation is distinguished from using
slow-moving objects in a dynamic simulation in that the
relative motion of the objects in simulation is correct, but the
absolute motions of the objects required to produce these rela-
tive motions cannot be accurately predicted by the simulation.

Once the simulation has converged, i.e., the part and gripper
jaws have stopped moving, we determine if force-closure is
achieved using the test provided by Nguyen [13]. We note

Fig. 2. Simulation results for the part and grasp shown in A1 of Fig. 1.
Each dot indicates a test using 100 samples from the distribution using the
parameters indicated, with the position uncertainty ranging from 0.055d to
1.11d, where d is the diameter of the part, and the orientation uncertainty
ranges from 5◦ to 60◦. The color of the dot indicates the quality, with a fully
black dot indicating a quality of 1 (i.e., all samples successful) to white for
a quality of 0. The dots shown range in quality from 0.550 to 0.033.

that other grasp quality measures can also be used for the
force-closure test [1, 6].

A fixed number of samples are drawn from the pose
distribution, and the simulation is used to analyze if force
closure is achieved for each one, resulting in a quality of either
0 or 1. The grasp quality is calculated as a weighted average
of these 0s and 1s, where the weight for each result is the
value of the probability density function for the pose of that
sample.

IV. RESULTS

We demonstrate an example analysis of a single grasp, using
the grasp and polygonal part shown as A1 in Fig. 1 under
varying levels of position and orientation uncertainty. In this
section, the uncertainties are all zero-mean Gaussians and are
specified in terms of standard deviation.

We tested the part under varying both the position and
orientation uncertainty, where each position-orientation un-
certainty pair was tested using 100 samples. We tested 100
such uncertainty pairs, using 10 linearly-spaced values for
position uncertainty, ranging from 0.055d to 1.11d, where d
is the diameter of the part, and 10 linearly-spaced values for
orientation uncertainty, ranging from 5◦ to 60◦.

The results are shown in Fig. 2. As expected, the quality de-
creases with increasing position uncertainty. The quality does
not, however, uniformly decrease with increasing orientation
uncertainty. With varying orientation, different features of the
part are contacted by the pushing gripper jaw. Depending on
the shape of the part, higher orientation uncertainty could in
fact be beneficial to grasp quality if it makes features amenable
to push grasps more likely to come into contact with the
pushing gripper jaw.

The maximum quality, 0.550, was achieved with a position
uncertainty of 0.172d and an orientation uncertainty of 60◦.
The minimum uncertainty, 0.055d and 5◦, had a quality of
0.452. The minimum quality, 0.033, occurred with a posi-



tion uncertainty of 0.874d and an orientation uncertainty of
41.7◦. This suggests that the relationship between the level of
uncertainty in part pose and grasp quality is not trivial, and
that simulation-based evaluation of the grasp quality can be
beneficial.

The overall execution time for this test, which tested a single
grasp on a total of 10, 000 samples, was 317 seconds. This
time could be substantially reduced through elimination of
simulation steps. For example, the grippers start at a distance
guaranteed to be out of collision with the part; the position
of initial collision could be determined and the gripper could
start at that position.

V. CONCLUSION

We have presented a framework for efficiently analyzing
planar, parallel-jaw grasps on extruded polygonal parts under
pose uncertainty using a quasi-static simulation. Increasing
position uncertainty uniformly decreases grasp quality, but
increasing orientation uncertainty has more complex effects.

In future work, we will improve our grasp analysis to
include non-binary grasp quality metrics, reduce simulation
time, and include uncertainty in part shape. We will integrate
this grasp analysis method with grasp planning using adaptive
sampling from the candidate grasp space. Additionally, we will
take advantage of the nature of Monte Carlo sampling and the
Google Compute Engine to parallelize our implementation.
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