RobLog
Cognitive Robot for Automation of Logistic Processes
Deliverable D2.6
Final RobLog dexterous gripper for the final integration and
test

Call Identifier:

FP7-ICT-2009-6

Objectives:

Cognitive Systems and Robotics 2.1

Work package:

2

Delivery date (project month):

30

Nature:

D

Deliverable due date: August 02, 2012

Actual submission date: January 15, 2012

Deliverable new due date: July 31, 2012

Actual submission date: July 31, 2012

Start date of project: February 02, 2011

Duration: 36 months

Lead contractor for this deliverable: UNIPI

Revision [draft, 1, 2...] 3

Project co-funded by the European Commission within
the Seventh Framework Programme
Dissemination Level
PU

Public

PP

Restricted to other programme participants (including the Commission Services

RE

Restricted to a group specified by the consortium (including the Commission Services)

CO

Confidential, only for members of the consortium (including the Commission Services)

X

RobLog

FP7-ICT-2009-6

Executive Summary
The deliverable shows the evolution of the RobLog dexterous gripper (Velvet Fingers) and
presents some pictures of the final demonstrator sent to BIBA where it has been integrated and
tested. The demonstrator has been built in Pisa and tested with JACOBS and OREBRO in Pisa’s
lab. The results of the integration and perception for the advanced scenario are demonstrated also
by the following publications:
1. Narunas Vaskevicius, Christian A. Mueller, Manuel Bonilla, Vinicio Tincani, Todor Stoyanov
Gualtiero Fantoni, Kaustubh Pathak, Achim Lilienthal, Antonio Bicchi, Andreas Birk,
Compensating Object Localization Error using a Dexterous Gripper for Industrial
Applications, CASE
2. Robert Krug, Todor Stoyanov, Manuel Bonilla, Vinicio Tincani, Narunas Vaskevicius,
Gualtiero Fantoni, Andreas Birk, Achim Lilienthal and Antonio Bicchi, Velvet Fingers: Grasp
Planning and Execution for an Underactuated Gripper with Active Surfaces, ICRA
3. Robert Krug, Todor Stoyanov, Manuel Bonilla, Vinicio Tincani, Narunas Vaskevicius,
Gualtiero Fantoni, Andreas Birk, Achim Lilienthal and Antonio Bicchi, Improving Grasp
Robustness via In-Hand Manipulation with Active Surfaces, ICRA workshop on Workshop
on Autonomous Grasping
4. Vinicio Tincani, Manuel G. Catalano, Giorgio Grioli , Manuel Bonilla, Manolo Garabini,
Edoardo Farnioli, Gualtiero Fantoni and Antonio Bicchi, Design, Implementation and
Control of the Velvet Fingers Dexterous Gripper. Submitted to IJRR
The Velvet Fingers has been sent to BIBA and integrated by UNIPI, BIBA, OREBRO and JACOBS
during the week before the meeting of November, 21st, 2013. Further tests have been done by
JACOBS and OREBRO in BIBA until the review meeting of April, 23rd, 2014. The two existing
Velvet-I prototypes are now in Bremen and Orebro. The one in Bremen has been used to perform
the grasping shown in the video of Milestone 4 (in Roblog Server: Advanced Scenario).
A new reinforced version of the Velvet Fingers have been sent to BIBA in November 2014, there
integrated by UNIPI, OREBRO, JACOBS and BIBA and a series of tests successfully performed.
Last update: Decembre, 2014.
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1. Introduction
The two existing Velvet-I prototypes now in Bremen and Orebro are preliminary prototypes,
designed using plastic parts and mechanisms that would not allow stable and durable operation of
loads that the final demo specification implies (5Kg). Our original plan was to use these designs to
meet the requirements of Milestone 4, and hence, based on results obtained, embark in the reengineering of the velvet gripper for larger loads for the final demo.
Given the not completely satisfactory integration leading to unsatisfactory performance in
Milestone 4, we have re-planned our work as follows:
1) As a first-response strategy, we have modified the existing Velvet-I design with fixes that
made it possible to re-do the experiments and meet the milestone objectives within three
months (July 2014).
2) As our longer term strategy for the final demo, we maintained the goal of upgrading the
design of the Velvet gripper to a fully functional, robust, reliable and durable end-effector.
To this regard, it should be clarified that there might have been a misunderstanding
(perhaps due to a miscommunication on our side) on the role of the so-called "Velvet-II".
The Velvet-II, i.e. the "small gripper" in aluminum with enhanced sensors, is just a study in the
process of engineering the new, stronger Velvet for the final demo. The design responds to two
main issues:
1) the mechanical design uses more robust metal parts and solutions, that will be scaled to
full size after proper validation, and
2) the sensor equipment addresses the goals of Task 2.3 “Sensor Integration and
Gripper Control” and the remarks by the reviewers in Review II that suggested (i) to
embed sensors into the gripper design (e.g. tactile or optical)1 for improved gripping and
path finding and near-field approach of the robot to the object to be grasped and (ii)
investigate possibilities to speed-up near-field movement of the robot to the grasp point by
sensor integration into the gripper design2.
Therefore, the Velvet-II must not be regarded as a "new" device that is subtracting from our focus
on integration, rather as a needed step toward fulfilment of our final goals.
As to step 1), the Consortium has produced a video (in Roblog Server: Advanced Scenario) with
the existing Velvet-I, using a stronger motor command (the Velvet-I was not used at maximum
force in the Bremen review III demo session) with payloads of the same type that were attempted
during the review. For what concern the high payload a full barrel (5kg) has been properly grasped
and downloaded (see the video about the 5kg barrel grasping).
2. Analysis of the failures happened during the Demo.
The problem encountered during the Demo of April, 23rd was unexpected since the gripper worked
properly in the days before. The analysis of the causes needs to start from the reasons why we
planned a fingertip grasping and a “weak” grasping approach instead of going for a powerful grasp.
In cluttered scenes (as the one of Milestone 4) fingertip grasps are more likely to be feasible than
robust enveloping grasps, because the latter necessitate large opening angles resulting in bulky
gripper silhouettes for which no collision free approach trajectories can be found. Therefore, we
employed the “pull-in” strategy which is illustrated in the following figure.

"A good idea is to have a camera in hand and use it to obtain more information about the object. In the
future, it would be good to investigate besides exploiting data from the visual observation of the object if it
would be more feasible to use alternative sensors on the gripper.”
2
“Furthermore, potential to improve robot motion control and to speed-up near-filed movement of the robot to
the grasp point by sensor integration into the gripper design might be investigated.”
1
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Figure 1: Grasp Execution Control: As the open griper closes in on the object (Left), the current through the
opening motor is monitored. When contact is made (Middle), the actuated belts are switched on to pull in the
object. The controller then strives to maintain the current in between two target thresholds by opening or
closing the gripper during in-hand manipulation (Right).

Here, the underactuated nature and the conveyor belts on the grasping device are exploited to
embrace the object in a firm envelope grasp by simultaneously squeezing it while actuating the
belts inwards. This is achieved by compliant low-level position controllers which saturate on
experimentally evaluated current thresholds. We use a simple grasping routine which is triggered
after an initial fingertip grasp is achieved (see Figure 1).

Figure 2: Grasp Execution: The Velvet Fingers gripper on the Parcelrobot platform retrieves a box
autonomously by employing the pull-in strategy.

This routine consists of issuing commands to fully close the gripper while moving the belts a predefined offset towards the palm. Three thresholds on the current absorption of the opening motor
are used: a low threshold (LT) signifies contact between the gripper and the object and a midthreshold (MT) indicates a large enough contact force to stop the closing movement.
Finally, an upper threshold (UT) prevents damage to the grasping device. Once the pull-in
sequence is completed, the controllers maintain the final torques to ensure a stable grasp (Figure
1).
New motor choice
For performing such a grasping with the previously described control the requirement was to have
an easily back-drivable gripper. The chosen actuator in Velvet-I (Maxon: REMAX 21 24V6W Gearratio: 316:1) was slightly back-drivable and therefore theoretically correct.
During the demo the problem was probably caused by an increased friction due to the wear
generated by the numerous opening-closing-grasping-releasing cycles that made the gripper not
back-drivable anymore.
Therefore, in order to increase the reliability of the grasping phase, we replaced the actuator of
Velvet-I (Maxon: REMAX 21 24V6W Gear-ratio: 316:1) with a less-reduced motor (Maxon: DCX
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22S 24V14W Gear-ratio: 83:1) for the opening-closing of the gripper (the actuator located in the
palm). It exerts the same torque of the previous one with a lower transmission ratio, making the
device more easily back-drivable and thus improving the ability to monitor the current absorption
during the pull-in phase of the objects through the belts. The modification has led to a much more
sensible and reliable control of the gripper as the video shows. The gripper now can handle all the
different parts of the advanced scenario (Figure 2), included the full barrel.
New grasping routine
In order to improve the reliability of the system we decided to work also on the grasping routine
and on the electronic boards.
The newly implemented grasping routine on the Velvet Gripper follows a three-stage procedure.
First, the gripper is put into current control mode and instructed to achieve a low threshold current
on the opening angle. Once that current has been achieved, we perform a grasp feasibility
check.
The feasibility check is based on the encoder of the opening/closing motor and the two encoders of
the distal phalanges of the gripper. A grasp is considered as a failure, if and only if the opening
angle is above a certain threshold and the phalanges are fully extended.
If the feasibility check is successful, the belts are switched on in current control mode and actuated
until either belt blocks (i.e., the encoders on the belt stop incrementing) or a timeout is reached. At
this point, the opening/closing motor is set to a higher current-control threshold in order to achieve
a stable grasp. Finally, the grasp feasibility check is performed again. The thresholds were set
experimentally by measuring the encoder values after setting a high enough current target on the
gripper and closing it without a target object. This procedure was found to be robust enough to
detect all grasp failures during testing and experimentation. Further improvements for discerning
stable from unstable grasps can only be made with additional sensing modalities on the gripper.
In order to increase the possibility of integration and use of the gripper by the other partners: (i) the
current control has been implemented on board of the embedded gripper controller; (ii) PISA and
OREBRO re-designed the controllers and deployed them on a different board.
3. Velvet-II
As shown during the presentation on April, 23rd, last year UNIPI worked also on Velvet Fingers-II,
i.e. the "small gripper" in aluminum with enhanced sensors. Velvet-II has to be seen just a study in
the process of engineering the new, stronger Velvet for the final demo. The mechanical design of
the Velvet-II is simpler (less components) and therefore more reliable, is easier to assemble and is
already designed to be manufactured in aluminum while Velvet-I was designed to be manufactured
in ABS through FDM. The choice of smaller size was due to the desire of testing it as the endeffector of the Kuka LWR in Pisa. However, as underlined in the Reviewers’ Third Periodic Review
it is bulkier than Velvet-I and that could result a disadvantage “for grasping in more densely packed
areas”.
From a sensing point of view, the active surfaces of Velvet-II are also sensitive surfaces. From
them it is possible to get information about the position of the contact points with the grasped
object and the grasping force. Indeed a F/T sensor is located between every active surface and the
frame of the gripper. Moreover the F/T sensor allows to achieve higher performances in the control
of the variable friction: the new active surfaces allow the control to modulate the friction coefficient
(instead of the friction force as in the old version) and to compensate the internal friction of the
system (that implements the active surfaces) in order to emulate also a very low friction coefficient.
As said during the presentation of WP2 and written in the Roblog Third Periodic Report, in April
PISA was waiting for the manufactured parts that arrived in late June and have been assembled in
July (see Figure 3).
Few tests allowed us to understand pros and cons of such a design and plan the final version of
the Velvet gripper (see below).
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Figure 3: 3D CAD model

Velvet-II

Control of the Velvet-II
A single sensorized active surfaces is shown in the module below. It allowed PISA to validate the
concept developed to enhance the gripping and path finding during near-field approach. The few
tests performed demonstrated the good sensing capabilities of the device. The first experiment
was oriented to detect several geometrical 2 D shapes written on the belt surface (e.g. a circle, a
square, and finally the greeting “HI” shown in Figure 4.

Figure 4: a) The greeting “HI” written with the aid of a ruler on the active surface and then followed by hand
with a sharp object. b) The trajectory as detected through the sensors. The path is affected by the trembling
of the hand.

The picture below shows the detected trajectory of a sharp object moved by a human hand when
writing the text “HI” on the belt. The attached video shows the results of such experiment.
The picture of Figure 5 shows two trajectories traced with a sharp object over the active surface.
On the left the perimeter of the sensitive surface has been traced, while on the right, the trajectory
is purely random. In the experiments the trajectories involve both the cylindrical surfaces and the
upper plane; the algorithm is up to detect the contact point with continuity even when the
trajectories pass from the cylindrical surface to the planar surface and vice versa.
The accuracy of the contact point algorithm is ±2mm for the linear position and ±2.5° for the
angular position. The vibrations introduced by the actuated motor don’t affect the accuracy of the
system. The algorithm is also able to decompose the external force into its normal, axial and
tangential components.
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Figure 5: On the left the path follows the perimeter of the sensitive part of the active surface. On the right the
trajectory is purely random. Both the trajectory involve the cylindrical and the planar parts of the active
surface.

Active surfaces can change their friction coefficient with the grasped object from very low friction
(0.05) up to very high friction (0.8).
Figure 6 shows the result of a very explicative experiment in which an emulated friction coefficient
of 0.2 has been set. The upper graphs report the measured ratio between the tangential force FX
and the normal force FZ, randomly exerted by hand with a sharp object on the active surface, on
time and the graphs on the bottom report the position of the contact point. When the ratio is lower
than the emulated friction coefficient (blue areas of the top) the position of the contact point doesn’t
change since the tangential force is not big enough to overcome the emulated friction force. On the
contrary when the ratio is greater than the emulated friction coefficient (blue areas on the bottom)
the position of the contact point changes.
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Figure 6: Evidence of friction control: top) the gripper rests in its stable position until the ratio between Fx and
Fz remains below µ*, otherwise bottom) it start moving thus keeping constant the value of ratio Fx/Fz.

Remarks
Even if the sensing abilities of the active surfaces are really interesting the integration of F/T
sensors make the gripper bulkier and smaller version of the sensors are available neither in the
market nor in academia. Therefore the Velvet with integrated all F/T sensors is rather difficult to be
adopted for the final Milestone.
However the Velvet-II presented also some new architectural/mechanical solutions that allowed us
to compare Velvet-I and Velvet-II. What we learned from the Velvet-II is that some mechanical
variants are more robust solutions with respect to the one adopted in Velvet-I e.g.: belt actuation
system, transmission systems between proximal and distal phalanges.
4. Final Choice of the Gripper
Both the design of Velvet-I and Velvet-II have advantages and drawbacks we pointed out during
the tests. While the structure of the Velvet-I is more suitable for a cluttered environment (less
“distortion contour” as underlined by the reviewers in the Third Periodic Review), the conveyor belt
system of the Velvet-II is much more effective and make use of less components (thus increasing
the reliability) and have a higher degree of controllability since each phalanx has its own motor for
actuating its belt.
The final Velvet for the Milestone 5 takes advantages of both the designs and is:
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Final Velvet
2 fingers gripper
2 phalanges for fingers
Dimensions
V-like closing behavior
5 Motors (4 for belts and 1 for closing)
Easily back-drivable motor
Frame in aluminum
Motion of the belts
7 Magnetic encoders
1 current sensor

Velvet-I






Velvet-II








During the last design process, several improvements have been conceived and implemented.
In the following a brief description of the main design choices.
Figure 7 shows a view and an axial section of the driver cylinder of the active surfaces present in
each phalanx, with the motor inside of the roller itself in order to save space.
The motor used for the actuation of the belts is a DC motor 24V, 4.5W and an 84:1 gearbox able to
exert a traction force in the belt of 17.5N.

Figure 7: An overall view of the driver cylinder of the conveyor belt on the left and an inside view on the right.

In order to increase the friction coefficient of the active surfaces, the belts have been coated with a
bi-component of liquid polyurethane that results in a final conveyor belt with high friction, a uniform
thickness and a well-bonded and resistant coating.
Figure 8 shows the distal phalanx of the fingers. The material of the frame is aluminum Ergal. The
tip of the phalanx is very thin in order to perform pinch grasping minimizing the space demanded
during the initial phase of tip grasp of the autonomous grasping procedure earlier described. In the
picture on the right, it is possible to see the arrangement of the components forming the conveyor
belt system: the driver motor, the disposition of the rollers on the upper surface of the phalanx and
the tensioner.
The location of the driver cylinder inside the frame takes some advantages.
First it is not directly involved by the grasping forces, therefore the cylinder, stressed only by the
torque for the motion of the belts and by the pretension in the belt, can be mounted free-standing
and this solution turns out in a more robust structure of the frame.
All these considerations are valid also for the driver cylinders of the proximal phalanges.
On the external side of the frame the housing of the magnetic encoder for the actuation of the
active surface is placed.
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Figure 8: An overall view of the distal phalanx and the main components on the right.

The entire finger of the new version of the gripper is depicted in Figure 9. Also the frames of the
proximal phalanges are in aluminum Ergal. The phalanges are maintained aligned by means of an
extensional spring (not visible in the picture) for each side of the finger.
The springs employed satisfy three main requirements:
1) balance the torque around the second joint due to the weight of the distal phalanx, through
a proper initial pre-load
2) minimize the resistant torque when the proximal phalanx is blocked by the object and the
distal phalanx turns around the second joint
3) allow a rotation of 90° of the distal phalanx without exceeding their maximum elongation
The anchoring points of the springs on both the sides of the finger are visible in Figure 9.
In the same picture, the magnetic encoders of the conveyor belts and the encoder on the second
joint are highlighted.

Figure 9: A finger of the final version of the gripper.

The kinematic and the transmission system is the same employed in the first version of the gripper.
Figure 10 shows an inside view of the finger. In particular, the blue lines represent the path of the
active surfaces whereas, the black line is the path of the timing belt. The small pulley is fixed on
the frame of the distal phalanx, instead the big pulley is idle on the shaft of the first joint that is fixed
at the frame of the palm.
All the tensioners are easily and reliably tunable by regulating the position of stop-dowels on the
lateral sides of the fingers.
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Figure 10: An inside view of the finger. The paths of the active surfaces (blue) and the timing belt (black) are
visible.

Figure 11 shows the transmission system of the motion from the driver shaft in the palm to the idle
pulleys on the first joint. The magnetic encoder in the palm together with the encoders on the
second joints of the fingers allow user to know the angles of the links of the gripper as better
described in the following.

Figure 11: Transmission of the motion from the driver shaft in the palm to the finger by means a driver timing
belt.

Figure 12 shows the palm, printed in ABS, of the new version of the gripper. The tensioning of the
driver belts is employed to a reliable system mounted on the front side of the palm. The
transmission system of the fingers is the same of the first version.
The motor employed is a DC motor 24V, 14W with a 83:1 gearbox. The system is back-drivable
and the maximum squeezing force at the tip of the fingers is about 18N.
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Figure 12: A view of the palm on the left and a section of the palm along the axes of the driver shafts on the
right.

Figure 13 is a schematic representation of the control architecture implemented on the final version
of the gripper. The symbols used in the picture are:
- left and right are for the left and right finger
- M is for Motor
- E is for Encoder
- I is the current demanded by the motors
- θ is the angle read by the encoders
- subscript “d” is for Distal phalanx
- subscript “p” is for Proximal phalanx
- subscript “j” is for second Joint
- subscript “o/c” is for Opening/Closing
- C.S. is for Current Sensor
The control of the device is entrusted to three electronic boards with micro-controller on board (see
also Figure 12).
The boards placed on the lateral sides of the palm power the motors of the conveyor belts (Idleft,
Ipleft, Idright, Ipright) and control the displacements of the active surfaces through the reading of the
turning angles of the driver cylinder (θdleft, θpleft, θdright, θpright). These boards read also the
second joint angles (θjleft, θjright) which, together with the angle θo/c of the driver shaft in the palm,
allow to trace the position of the links in the plane. The board on top of the palm is dedicated to the
control of the opening/closing of the fingers. The current supplied to the motor in the palm for the
movement of the fingers is read by the current sensor, which the board is equipped with, and
controlled by the micro-controller on board.
Summing everything up, the final version of the entire system has been greatly redesign and
integrates solutions coming from Velvet I and Velvet II.
The introduced modifications make the gripper more reliable, strong and robust with respect to the
previous versions.
Moreover, the new design makes every intervention on the gripper, like the replacement of the
belts, the access to the tighteners of the conveyor belts and the timing belts, or the replacement of
the motors, much easier than on the previous versions.
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Figure 13: Architecture control system of the gripper.

On the left of Figure 14 is represented a simulation of an enveloping grasp of a keg beer of the
gripper. On the right, a picture of the final gripper standing alone without the covers of the fingers.

Figure 14: Enveloping grasping of a barrel (left) and a picture of the final version of the gripper (right).
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Figure 15 shows a sequence of an autonomous grasp of a big box with the final version of the
Velvet Fingers. In picture a) and b) the gripper, mounted on the wrist of the Parcel Robot, reaches
the grasping point. In picture c) the fingers are closed on the box in order to ensure a proper
grasping force for the further pull-in phase by means of the belts (see picture d)). Picture e) shows
the escaping phase, while in picture f) the Parcel Robot is going back to the home position with the
box stably grasped by the gripper.

(a)

(b)

(c)

(d)

(e)

(f)

Figure 15: A sequence of an autonomous grasp of a big box with the final version of the Velvet Fingers
mounted on the wrist of the Parcel Robot.

