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Abstract— This paper demonstrates the effectiveness of using
high-resolution tactile sensors for a two-finger gripper for
reactive grasping under conditions featuring uncertainty,
whereas uncertainty will be understood as positioning
inaccuracy induced by grasping planners and vision systems.
Reactive grasping is defined here as the adoption of gripper pose
in accordance to measured tactile sensor feedback. We propose
a reactive grasping algorithm that in combination with high-
resolution tactile sensors achieves grasping of unknown and
novel objects with only one correction move. Extensive tests of
the algorithm in different configurations showed a success rate
of 91 % compared to 31 % without it.

I. INTRODUCTION

A large challenge in the field of robotics when grasping
novel objects is dealing with noisy and incomplete
information, thus, sensory feedback during the grasp is of great
importance for the early detection of failure and for performing
the necessary adjustments to achieve an improved and more
stable grasp [1]-[2]. Although vision systems are able to
identify many properties of the objects to be grasped, their
performance can be limited by environmental occlusion,
lighting conditions, bad calibration, or imperfect control of the
robot [3]. Inspired by humans, this uncertainty from the vision
system can be compensated during grasp execution using
haptic feedback. Haptic feedback using tactile sensors has
received a lot of attention in research, whether it is during
grasp execution such as haptic exploration [4]-[6], sensitive
adaption of grasp configuration, the reactive grasping [7]-[9],
or the post execution such as grasp stability assessment [10]
and sensitive force adaptation whenever slip is being detected
[11]-18]. Although humans employ haptic exploration
approaches to supplement any shortcomings from their sense
of vision, in robotics this is often considered time consuming
[19]. On the other hand, reactive grasping using haptic sensors
usually employs the so called “haptic-glance” [20], which is a
momentary haptic feedback used to obtain the initial
information about the object status in-hand, after the initial
object localization by an external system, e.g. vision system.
Reactive grasping enables applying the necessary corrections
on the robot to achieve a more stable grasp.

Reactive grasping algorithms address grasping under
uncertainty. Hsiao et al. [3] developed and tested a tactile-
sensing-based algorithm using a two-finger gripper to detect
and react on the haptic contact during the grasp. It mainly
identifies whether the contact between the object and the
gripper was on the outer part of the finger, the inner part or a
contact with the palm. If the contact was detected on the outer
side of the finger, the robot moves up in the opposite direction.
If the contact detected is in the inner area of the gripper, the
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KUKA KR1100 sixx robot with Robotiq adaptive
two-finger gripper with tactile sensors.

Figure 1.

grasp is considered stable. If the contact is detected on the
palm sensor, the grasp is considered impossible. According to
Hyttinen et al. [1], the probability of a grasp success is
computed and if the grasp is not stable, their algorithm
performs a set of predefined actions while predicting the tactile
data in each action and choosing the one with the highest
probability to realize a stable grasp. The reactive grasping
controller by Felip and Morales [7], evaluated with a three-
finger gripper with tactile sensors and a force-torque sensor,
corrects the position of the robot moving it in small iterations
until the fingers are aligned with the object. Hasegawa et al.
[14] use the tactile feedback from the sensor attached to a
three-finger gripper to adjust the pose of each finger. This was
done while attempting to take a book from a shelf. While re-
grasping is beneficial to improve an unstable grasp, such
multiple re-grasping trials to search for a stable grasp not only
increase the time required for grasping a single object,
compared to a direct grasp, but also unwillingly increase the
possibility of moving the object during these attempts. This
can negatively influence the success rate of grasping an object.
Consequently, reducing the number of re-grasp trails would
increase the efficiency of the grasping process. Hence, we
present in this paper a tactile sensor based reactive grasping
algorithm with a single re-grasp trial to adjust an unstable
grasps. The algorithm is implemented with an adaptive two-
finger gripper with high-resolution tactile sensors mounted on
each fingertip and the re-grasp is achieved by calculating the
correction distances after the first “haptic-glance”.
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Figure 2. Piezoresistive tactile sensor with 2 mm
spatial resolution attached to Robotiq gripper.

In the following, the hardware and platform used for this
paper are explained. This is followed by an explanation of the
reactive grasping algorithm. The experiment used to test the
algorithm is then described, and the results are presented and
discussed.

II. HARDWARE AND PLATFORM

The gripper used in this experiment is an adaptive two-
finger gripper from Robotiq with a grasp width of 85 mm. It is
mounted on a KUKA KR10 R1100 sixx robot. The robot and
the gripper unit are operated by ROS. The set-up is shown in
Fig. 1.

The sensors main operating principle is based on the
piezoresistive principle featuring the signal properties
explained in [21]-[22]. For the given purpose, we designed
compliant tactile sensors in an 11x11 sensor array, featuring a
spatial resolution of 2 mm (Fig. 2). The data of each sensor
matrix is updated at 50 Hz, which is needed to perform
dynamical reactive grasping applications.

The tactile sensors used are tailor-made in size, shape and
functionality, thereby allowing the sensors to optimally cope
with all associated gripper requirements. The sensor design
and integration follow a systematic approach, where the
application context [23], working principle as well as size and
shape of the grasping areas are taken into consideration. The
sensors are attached to the fingertips of the Robotiq gripper
and the electronics are mounted outside of the grasping area to
prevent them from causing damage or other threatening harm
during operation [21]. The updated tactile data is published by
a ROS-node on a topic that is accessible by the reactive
grasping algorithm at all times.

III. REACTIVE GRASPING WITH TACTILE SENSORS

The tactile sensors attached to the fingers of the gripper
detect contacts with an object and provide the first “haptic-
glance”, due to the spatially resolved pressure feedback. The
information about the grip is then fed forward to the controller
that calculates the relative adaption of the gripper pose that
increases the chance of achieving a stable grasp. The main idea
is to align the sensor with the object while minimizing the
number of correction moves.

It was assumed that a more stable grasp can be achieved
during reactive grasping if the haptic feedback from the tactile
sensors of both opposing sensors:

1. is equally distributed around the complete sensor face,
or

2. is arranged around the center of the sensor, e.g. when
the object is smaller than the grasping area of the

gripper.

The tactile feedback of the high-resolution sensor provides
information that can be used to localize the object in the
grippers hold. Considering two opposing sensors with their
corresponding sensor feedback in the gripper enables the
calculation of the distance the robot has to move to achieve the
conditions from these assumptions.

The reactive grasping component considers the following
steps: The reactive grasping algorithm shown in Fig. 3 begins
by removing the primarily pressure noise that is caused by a
pre-strain, e.g. from a previous grasp. It then increases the
grasping force gradually, closing the gripper, while checking
for tactile sensor readings until contact on both fingers is
detected. A predefined threshold is used to detect that contact
has been made. This threshold is selected such that it is low
enough to detect first contact with minimum possible grasp
force and high enough to overcome possible sensor noise.
After that, the tactile sensor data are analyzed to determine
whether the grasp stability satisfies the stability assumption. If
the algorithm detects an unstable grasp, a relative motion of
the robot is executed in order to achieve a more stable grasp.
Finally, the gripper closes with its maximum force regardless
if the re-grasp led to an optimal grasp or not.

A. Pre-filtering

The flexibility and the high resolution of our sensor comes
at a price. During each grasp, the sensor reshapes according to
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Figure 3. Reactive grasping algorithm for two-finger gripper
whose fingers are covered with tactile sensors.



the object grasped. This can lead to false readings where no
pressure is being applied, but tension is present. Therefore,
different filters are applied to the acquired tactile data before
further processing. The first filter removes the offset value that
is, the data reading before the application of a force. Before
each grasp attempt, the algorithm takes a reference reading of
the tactile data and subtracts it from the new reading to ensure
correct readings.

Then, a second filter is applied to remove unlikely data that
result from a single faulty taxel. As the sensor has a high
resolution, and since the objects in this experiment are larger
than the sensors spatial resolution of 2 mm, it is very unlikely
for a single taxel to have high readings while neighboring
taxels do not. Therefore, we apply a box filter in the form of a
3x3 matrix that checks the neighboring taxels and sets any
faulty taxel to zero.

B. Re-grasp

The reactive grasping algorithm in this work compensates
errors of the initial grasp pose in three dimensions: linear
alignment (y-direction, z-direction), and angular orientation of
B (Fig. 4). The linear position of x-direction and orientation of
a are neglected here, as they will be compensated by the
closing of the gripper, i.e. when the gripper closes it will push
the object in the appropriate direction. The angular position in
vy is also neglected due to high risk of collisions with other
objects, and because the error in this direction will be corrected
as an error in z-direction.

1) Corrections in z- and y-directions

For the linear corrections, each row of the tactile sensor
data is averaged to provide a modeled column with the average
of each row. The mean of the resulting column is calculated
and used to divide these columns in order to remove taxels
containing values less than the average. This results in values
containing mainly the significant activated taxels, i.e. taxels in
direct contact with the object, without the rows that are
affected by indirect contact, i.e. non-active taxels. This leaves
a column grid for the z-direction of 2 mm size, sensors spatial
resolution, and a row grid by which the z-correction required
can be calculated. Applying the calculated result should result
in the pressure feedback to be equally distributed around the
tactile sensors. The same principle is thereafter applied to
calculate y but considering columns instead of rows and
resulting in a row gird for the y-direction containing active and
non-active cells (Fig. 5).

The correction in the y-direction is calculated by summing
the non-active cells of the grid from the right and from the left
and subtracting them from one another. This results in the

Figure 4. Axes used in reactive grasping
with respect to robot from a flat table.
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Figure 5. Illustration of the approach for correction measurements in z-
and y-direction. a) Example of haptic feedback of a tactile sensor with
11x11 sensor cells. b) Line-wise averaged values of each row of the sensor
matrix. ¢c) Rows’ average values after dividing by the mean. d) Line-wise
averaged values of each active column of the sensor matrix. e) Columns’
averaged values after dividing by the mean.

number of cells to shift the region of the activated cells in y-
direction to the middle of the sensor, where the grasping
stability assumptions are satisfied. This shift number is
translated into distance in y-direction by multiplying it with
the sensors’ spatial resolution. The same approach is
implemented for correction in z-direction.

2) Corrections in p-direction

After correct translational alignment, the column grids are
evaluated with respect to the angular position B (Fig. 6). The
contact points represent a right triangle when comparing the
first activated cell of each column of both opposing sensors’
feedback. The angular rotation required to align both opposing
sensors is B. The geometrical parameter d, which is the
distance between the two columns, is known. This is because
the distance between the two fingers can be calculated from
the gripper controller. The geometrical parameter / represents
the number of non-active cells in the column grid multiplied
by the sensors’ spatial resolution. From basic geometry, the
angle B can be calculated as follows:

B = arctan (I/d)

Examples of re-grasping from unstable positions in y-, z-
and B-direction are shown in Fig. 7.

IV. EXPERIMENT

The robot is mounted on a table in a standard orientation,
and objects to be gripped were placed on the table. The initial
grasping poses are manually set and provided to the controller.
The objects used in the experiment (see Table I) were chosen
to cover a broad range of objects that are of different sizes,
materials and weights. The sizes of the objects were limited to
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Figure 6. Illustration of the correction values in B-direction.
a) Illustration of tactile data of left finger after averaging rows and
dividing by mean. b) Illustration of tactile data of right finger after
averaging rows and dividing by mean.
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Figure 7. Reactive grasp examples in z-, y- and B-direction.

a) Haptic glance of object with unstable grasp. b) Re-grasp of object after
correction in z direction. ¢) Haptic glance of object with unstable grasp. d)
Re-grasp of object after correction in y direction. ¢) Haptic glance of object

with unstable grasp. f) Re-grasp of object after correction in f direction.

those which are graspable by the Robotiq gripper. This means
that objects must have a width less than 85 mm and height
larger than 20 mm. For objects bigger than the 85 mm like 03
in Table I, the initial grasp pose is directed to the graspable
portion of the object so that they fit inside the gripper.

For the evaluation of our algorithm attempts to grasp the
objects with and without reactive grasping were executed. The
grasp positions given to the controller were shifted from the
optimal grasp positions to emulate pose estimation errors and
testing how the algorithm can detect and fix them. Translation
errors were tested in y-, z- and zy-axes, orientation errors in
as well as translation and orientation combination in yf (see
Fig. 4). The translation errors were calculated with respect to
how much the sensor area was covered by the objects to test

the limits of the algorithm. Positions where 10 %, 20 % and 30 %
of the sensor area are covered by the object were tested as well
as angles of 10, 20 and 30 degrees. The combination of zf3 and
consequently yzp were not included as it was harder to keep
the conditions of z-displacement in the presence of B-error in
both fingers, i.e. to ensure that only 10 %, 20 % or 30 % of the
sensors are in contact with the object. However, it was
indirectly tested as the rotational error of B causes a
displacement in z at least in one of the fingers.

The robot was commanded to the aforementioned
positions and the grasps with and without reactive grasping
capabilities were executed. The grasp with reactive grasping
was performed following the algorithm in Fig. 3. The non-
reactive grasping, on the other hand, was achieved by grasping
the object with the maximum possible force of the gripper.
After that, the object was lifted to a height of 200 mm and
placed back on the table to ensure that the grasp was successful
and the object was stable in the gripper. We also registered the
correction values for the repeated tests objects 00 and ol (see
Table I) for the same configurations to compare the
consistency of the algorithm’s correction values.

TABLE L REACTIVE GRASPING TEST OBJECTS

Different objects tested with reactive grasping using the two finger
gripper with the red arrows showing the grasping points.
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TABLE II. REACTIVE GRASPING RESULTS

Results of grasping objects listed in Table I with predefined initial
grasp positions and corresponding errors with reactive grasping.
Results labeled “n/a” indicates that a particular grasp position
does not satisfy the side size constraints of the gripper.

00 ol 02 03 o4 o5 o6 o7 o8 09
z10% 5/5 5/5 5/5 55 02 22 22 22 5/5 22
z20 % 5/5 5/5 5/5 55 02 22 22 22 5/5 22
730 % 5/5 5/5 5/5 4/5 02 222 272 22 55 212
y 10 % 5/5 4/5 2/2 n/a 02 22 272 22 5/5 nla
y20 % 5/5 5/5 22 n/a 02 22 272 222 5/5 nla
y 30 % 5/5 5/5 22 n/a 02 22 272 22 5/5 nla
yz10% 5/5 3/5 22 n/a 02 222 22 22 5/5 nla
yz20% 5/5 5/5 2/2 n/a 02 2/2 22 222 5/5 nla
yz30% 5/5 5/5 22 wna 02 2722 272 272 55 nla
B 10° 5/5 5/5 22 222 272 222 22 22 55 22
B 20° 5/5 5/5 22 222 272 222 22 22 55 22
30° 5/5 5/5 22 02 22 02 22 22 5/5 22
yB 10 5/5 4/5 22 nfa 02 22 22 2/2 5/5 nla
yB 20 5/5 5/5 222 nfa 02 22 22 22 5/5 nla
yB 30 5/5 4/5 2/2 n/a 02 02 22 22 5/5 nla

V. RESULTS

The objects used were tested in 15 test configurations with
and without reactive grasping. During the reactive grasping
tests, the algorithm detected an unstable grasp after the first
contact for all objects, and consequently, preformed a pose
adjustment. The results of the tests are presented in Table II,
while the results of direct grasps without reactive grasping can
be found in Table III. The first row contains the names of the
objects given in Table I, and the first column contains the
errors with respect to how much of the sensor is covered for
transitional errors and the degree of the error from a right grasp
for the rotational error. A result of “n/a” in Table II and Table
IIT indicates that in the particular grasp position contact in both
fingers was not achievable.

A summary of the results is given in Table IV where the
success rates are compared for each configuration. As can be
seen in the table, our reactive grasping algorithm has an overall

TABLE III NON-REACTIVE GRASPING RESULTS

Results of grasping objects listed in Table I with predefined initial grasp
positions and corresponding errors without reactive grasping.
Results labeled “n/a” indicates that a particular grasp position

does not satisfy the side size constraints of the gripper.

o0 ol 02 [IX] 04 o5 06 o7 08 09
z10% o5 0/5 05 05 02 02 02 02 05 072
7220 % 5/5 0/5 05 05 02 02 02 02 5/5 02
230 % 5/5 0/5 0/5 0/5 02 02 02 22 55 22
y 10 % 1/5 0/5 072 n/a 02 02 02 02 55 na
y20 % 5/5 0/5 02 na 02 02 02 22 55 nla
y 30 % 5/5 4/5 1/2 n/a 02 02 02 22 5/5 nla
yz10% 0/5 0/5 02 n/a 02 02 02 02 0/5 n/a
yz20% 5/5 0/5S 02 n/a 02 02 02 22 5/5 nla
yz30% 5/5 0/5 02 n/a 02 02 02 22 5/5 nla
B 10° 55 5/5 02 22 02 02 02 22 55 272
B 20° o5 55 02 02 02 02 02 22 55 02
B 30° 05 55 02 02 02 02 02 02 05 02
yp 10 05 05 02 n/a 02 02 02 02 55 n/a
yp 20 05 0/5 02 na 02 02 02 22 05 na
yB 30 05 0/5 072 n/a 02 02 02 22 0/5 nla

TABLE IV. GRASPING RESULTS SUMMARY

Summary of grasping results with and without reactive grasping.

non-reactive grasping with reactive grasping

z210% 0/35 (0 %) 33/35 (94 %)
220 % 10/35 (29 %) 33/35 (94 %)
230 % 14/35 (40 %) 32/35 (91 %)
y 10 % 6/25 (24 %) 22/25 (88 %)
v 20 % 12/25 (48 %) 23/25 (92 %)
v30 % 17/25 (68 %) 23/25 (92 %)
vz 10 % 0/25 (0 %) 21/25 (84 %)
vz 20 % 12/25 (48 %) 23/25 (92 %)
vz 30 % 12/25 (48 %) 23/25 (92 %)
B10% 22/29 (76 %) 29/29 (100 %)
B 20 % 12/29 (41 %) 29/29 (100 %)
B30 % 5/29 (17 %) 25/29 (93 %)
yB 10 %+10° 5/25 (20 %) 22/25 (88 %)
VB 20 %+20° 2/25 (8 %) 23/25 (92 %)
VB 30 %+30° 2/25 (8 %) 20/25 (88 %)
Total 131/417 (31 %) 381/417 (91 %)

success rate of 91 % for all tested objects compared to the non-
reactive grasp, which only achieved 31 %.

The results of the registered correction values to evaluate
the consistency of the corrections provided by the algorithm
for the repeated tests of objects o0 and ol in the same
configuration are demonstrated in Fig. 8. The label “similar”
includes results with the same values +2 mm or degrees for
angles. The label “different” refers to results with a difference
higher than £2 mm and “NONE” labels results where the
direction of the error was not corrected.

VI. DISCUSSION

Table IV clearly shows a great improvement of grasping
objects with the proposed reactive grasping algorithm to
achieve a stable grasp with only one correction move.
Although the errors of our configurations were calculated
with respect to the sensor, it was not that far off from the
center of the objects, which is usually the position acquired
from vision systems, of cylindrical form like ol and 04 in z-
direction as well as 05 and 08 in y-direction. The algorithm
shows a great success regardless of the different shapes, edges
and corners. Object 04, which has shown to be the object with
the lowest grasp success rate, has a high weight and a slippery
surface, as it is smooth plastic filled with liquid. During its

z y B
NONE

W Similar  ® Different

Figure 8. Reactive grasping algorithm results for z-, y- and
B-corrections values. In this figure, “similar” labels correction values
of the same amount or with 2 mm or 2° difference. “Different” labels

values with difference greater than 2 mm or 2° and “NONE” means
the direction of the error was not corrected.



grasp with this algorithm, the object was detected, the grasp
was corrected and the fingers were covered completely, but
the grasp failed during the lifting sequence of the grasp.

Fig. 8 shows that the results of in z- and y-direction were
consistent in most of the cases. Results for § differed, as
sometimes the angle error was not detected and a
compensation in the z-direction was calculated instead. This
could be due to the shape of the object that limits the contact
in the middle of the sensor, resulting in an angle calculation.
Another reason could be noise in the tactile data that was not
removed despite the filtering.

A possible improvement for the algorithm is the detection
of stability of the objects. Since we consider grasps where the
object is not completely covering the sensor, unstable
corrections are executed although a direct grasp could have
achieved a stable grasp. This could be time-consuming in a
bin-picking scenario. We believe that the use of deep learning
to detect stability of grasp could solve this problem [10].

VII. CONCLUSION

In this paper, we presented a model-based reactive grasping
algorithm that utilizes high-resolution tactile sensors of 2 mm
spatial resolution to correct an unstable grasp. The
experimental results with objects of different shapes and
elastic properties demonstrated a significant improvement in
the success and stability of grasp planning with a two-finger
gripper. This was achieved through the enlargement of the
initial partial contact area of the fingertips of the gripper with
the object. It showed a success rate of 91 % with only one
move of correction compared to 31 % success rate for the
same objects and grasp positions without reactive grasping.
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