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Abstract: The selection of best gripper for pick and place robot arm, is always a tedious task to
choose from various grippers available. Most of the gripper does not comply with pay load capacity
of robot arm and also lacks in efficient handling of objects. This paper assists in solving the issue i.e.,
how to choose an adequate gripper for pick and place operation considering its object handling
property. Therefore, performance testing of parallel and 3 finger gripper are done under simulation
environment based on human hand grasping taxonomy. Grasping force and number of contact
points between gripper and objects are parameters for comparative study. Simulation experiments
are conducted by gazebo simulator running under ROS, to pick and place 10 objects. Based on hu-
man hand grasping taxonomy simulation experiments are divided into 3 categories such as normal,
misaligned and rotation grasping. Points 0 and 1 are awarded to grippersi.e., 1 is for easy grasping
and 0 for difficult grasping or no grasping. From experiments, overall grasping score of parallel and
3 finger gripper are 0.8779 and 0.9667 respectively which leads to conclusion that not only grasping
of 3 finger gripper is superior as compared to parallel gripper but also it performs very well on 3
grasping taxonomies of human hand and able to handle fragile and deformable objects efficiently.
By addressing the objectives of proposed study, researcher can easily select gripper for a particular
application and also can develop more capable, adaptable, and cost-effective manipulation systems.

Keywords: parallel gripper; gazebo simulator; contact points; mis-aligned grasping; URDEF;
slipping metric; ROS

1. Introduction

Shah. Vijesh [28] presented the incorporation of an industrial robot in the operation
line and end effector is designed to manage product quality which needs to be handled
delicately, but in order to handle delicate objects, contact points of grasping needs to be
specified that factor was not taken into consideration.

Atakuru Taylan [29] developed a two-degree-of-freedom gripper for industrial ma-
nipulator further more preliminary analyses are performed for a typical pick-and-place
task. Also, the developed gripper is integrated into manipulator and tested for certain
performance criteria. In manuscript technical parameters specifying grippers are missing.
Alebooyeh M. [30] proposed research to experiment validate innovatively designed grip-
pers using flexible carbon material for efficient material pick and place tasks. Also, tests
are performed to validate the new-designed gripper enhanced performance on the slip-
page and material wrinkling based on the gripping forces, but no criterion was given to
choose a gripper suitable for particular task.

Dogan, B. [31] developed and manufactured a two-fingered gripper and a four-fin-
gered multipurpose gripper. In addition to development of robotic hands, computer con-
trol hardware and software are also developed for computer control of both hands. But in
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literature no performance comparison between 3 finger and parallel gripper been speci-
fied.

Blanes, C. [32] reviewed the requirements and phases used in the process of manip-
ulation, summarizes and analyses of the existing, potential and emerging techniques and
their possibilities for the manipulation of fresh horticultural products from a detailed
study of their characteristics but human hand grasping taxonomies which is a crucial pa-
rameter for picking fruits and vegetables in agriculture industry is missing.

Monkman G. J. [33] described in book about robot gripper classification, pretension
and prehension technology, instrumentation, control circuitry used in gripper design but
did not talk about jaw factor of gripper which is a key parameter while taking pretension
and prehension technology into account.

The literature review about to choose among various grippers and their analysis for
pick and place operation revealed unsatisfactory results. Therefore, this paper intends to
provide readers with a planning model to help them determine which gripper to choose
and the necessary parameters for designing and developing a gripper for successful pick
and place operation. In addition, by following the guidelines, more consistent research
might be conducted using human hand grasping taxonomies and reported for the better-
ment of object pick and place by robot arm. Current literature lacks standardized meth-
odologies for evaluating grippers across multiple performance matrices. Furthermore,
there’s a gap in systematic studies assessing gripper performance across a wide range of
objects, including deformable objects and irregular shapes. Current literature also lacks
systematic evaluations of the energy consumption of different gripper types and design
optimizations for energy efficiency. In addition to that research is needed to explore the
robustness and reliability of gripper designs under object variability. In current literature,
there is limited research comparing the cost-effectiveness of different gripper options, con-
sidering factors like initial cost, maintenance requirements, and overall lifespan. There’s
also need for research on integrated robotic systems leveraging visual feedback to improve
grasping performance in real-world scenarios.

“The contribution of the research is to help the researchers to choose between parallel
and 3 finger gripper based upon their specific pick and place requirements based upon
performance comparison between them on various parameters such as grasping force,
slipping metric, cost and human hand grasping taxonomies [26].

2. Materials and Methods
2.1. Proposed Methodology

e  Comparison of grasping force to hold same object by different grippers;

e  Comparison of grippers based upon no. of contact points between gripper jaws and
object;

e  Comparison of grippers based on human hand grasping taxonomies;

e  Performance testing of grippers under simulated environment using gazebo simula-
tor;

The aim is to compare grasping of parallel gripper and 3 finger gripper, to grasp
household objects like water bottle, can, egg, shoe, orange, plastic box, fable brick, cup,
marker and teddy bear. Selected gripper serves the purpose if successfully grasps 9 objects
from given list without doing any damage to them. The grasping objects are indexed from
0 to 9 as shown in Figure 1.
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Figure 1. 10 Daily Based Sample Household Objects for Picking by Gripper.

2.2. Compariosn of Grasping Force to Hold Same Object by Both Grippers

Parallel gripper usually has two jaws with two degrees of freedom and force distri-
bution between jaws as shown in Figure 2 [9,10].
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Figure 2. (a) Parallel Gripper; (b) Force Distribution in a Parallel Gripper.

s
Fg =m(g+a)ﬁ

@™
where Fg = Grasping force (N) m = Object weight (Kg)

g = Gravitational acceleration (m/s?) u = Coefficient of friction
a = Object acceleration (m/s?) = 0 (For Stationary object) S = Safety factor =2 [21]
While 3 finger gripper provides functionality of human hand in robots as shown in
Figure 3 [11]. The generalized rule shows that the force required by parallel gripper is 4
times as that by encompassing gripper to hold the same object. Jaw factor for a parallel

gripper is assumed to be 4 and for 3 finger Encompassing Grip is assumed to be 1 [14-17].
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Figure 3. (a) 3 Finger Gripper; (b) Force Distribution in a 3 Finger Gripper [25].

Fe=m(1+g)] )
where ] = Jaw Factor [22]
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For Grasping 0.5-pound football in parallel gripper with 1.5 g acceleration by the ro-
bot arm,

Fg=0.5(1 + 1.5 9.8) * 4 =32 Ibf

For grasping 0.5-pound football, in 3 finger gripper with 1.5 G acceleration by the
robot arm [8],

Fg=0.5(1+1.5x9.8)*1=8Ibf

Thus, grasping force required by 3 finger gripper is 25% of grasp force required by
parallel gripper, also motor rating is reduced by 75% [1,3].

2.3. Comparison of Grippers Based upon Number of Contact Points

Contact points is the gripper surface area which is in between object and jaws of grip-
per. The contact points are classified as point, line, surface, circular, and double line. Ar-
row in Figures 4 and 5 [4]. indicates contact points between gripper and object surface.
The gripper jaw’s design is a determining factor for a proper prehension mechanism which
is solely responsible for grasping force distribution [12,13].

Two Point Contact | Three Point Contact

2 Finger Grippet m_

3 Finger Gripper Not
Applicable

Figure 4. Contact Points on Parallel and 3 finger Gripper [16,37].

Figure 5. Gripper Contact Points Well Suited for Pick and Place Operation [24].

2.4. Comparison of Grippers Based upon Human Hand Grasping Taxonomies

Grasping taxonomy are a set of rules that defines how human hand grasp various
objects in a real-world environment [2]. For adequate grasping, it is necessary to have
minimum two points of contact between object and gripper jaws [12]. Gripper design
should be similar to Figure 6 [5]. As the no. of contacts points are 6, more friction exists
between contact surfaces i.e., better is the grasping force thereby lowers chances of slip-
ping of object and symmetric force distribution [6].
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Figure 6. Transversal Axis on Objects Under Normal Grasping. Note: Red color transversal axis de-
picts, from which side object need to be grasped (Lengthwise).

For adequate grasping, it is necessary to have minimum two points of contact between
object and gripper jaws [12]. Gripper design should be similar to Figure 5 [5]. As the no.
of contacts points are 6, more friction exists between contact surfacesi.e., better is the grasp-
ing force thereby lowers chances of slipping of object and symmetric force distribution
[34-36]. The gripper jaws should align itself with red axis as shown in Figure 6.

Each experimental test is meant for three grasping types: normal, misaligned and
rotation grasping and red line in Figure 6 indicates the object axis [26]. During simulation
test, all the 10 objects shall be subjected to above grasping taxonomies and result can be
either passed or failed attempt [27]. During Normal grasping, gripper jaw axis is parallel
to object axis shown by red transversal line i.e., angle between them is 00 as shown in
Figure 7, while during misaligned grasping gripper jaw axis is rotated at 450 with object
axis also shown in Figure 6 [7,29], While during Rotation grasping, object axis and gripper
jaw axis rotated at 90°. Figures 8-11 shows contact points colored in red, where gripper
should hold object during normal, rotational and misaligned grasping [51].
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Figure 7. Transversal Axis on Objects Under Normal and Misaligned Grasping [47-50].
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Figure 8. Parallel Gripper Contact Points on Objects during Normal Grasping.
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Figure 9. 3 Finger Gripper Contact Points on Objects during Normal Grasping. Note: Green dot
shows objects center of mass while red dot shows point of contact of the gripper with the object [2].
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Figure 10. Parallel Gripper Contact Points on Objects During Misaligned Grasping [23].
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Figure 11. 3 Finger Gripper Contact Points On Objects During Misaligned Grasping.

2.5. Block Diagram for Gripper Testing Using Gazebo Simulator

Gazebo is an open-source 3D robotics simulator that provides a platform for simu-
lating the dynamics of robots and environments using ROS (Robot Operating System)
[43,44], URDF (Unified Robotics Description Format) file, in a realistic and controlled vir-
tual environment and before deploying them to physical robots as shown in Figures 13 and

URDF File setup
Fvironmental Setup Conf. File ol .
Iuilding Dependencies and Packages TRDF text file Generated Launch File :i'f“bl‘“‘ “‘“’I"“‘"f of ey

Install Gazebo Install ROS Install URDF ROS Package Setuf IAdd Gazebo Plugin|
| Robot Model 1 ] .
sudo apt update sudo apt install ros-noetic-desktop-ful catkin create pg ueS description ~deatkin_ws/srciurs_describe <plugin nume="gripper_vontroller’

sudo apt insiall gazebo :“"d‘k’x‘u’::‘; .:;:mc o ol mikdir urdf . catkin. make filename="libgazebo_ros_control.so"!

Luadig URDE model Contolling URS Robot RO s somiliers Simulate Sensors readings
o Gizebo in simulatic
Launch Gazebo ROS Control Run Simulation Interact with Visualize and
Configrations Simulation Analyzc Process
Jaunch file includes necessary controlldrs » 3 ) ROS tools like Gazeho GUT
plugin's and configration osleunch mysmobolfpke geocbolung. Bablich cairands e sontol

Figure 12. Block Diagram To Simulate UR5 Robot along with gripper Gazebo Simulator [38—42].
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Figure 13. (a) Normal Grasping (Parallel Gripper); (b) Misaligned Grasping (3 Finger Gripper)
[45,46].
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Figure 14. Performance Curve of Grippers Under Simulated Environment.

2.6. Flowchart Diagram for Gripper Testing Using Gazebo Simulator
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3. Simulation Results

Under simulation, 3 attempts are made by robot arm integrated with gripper to grasp
Sample objects under study.

3.1. Performance Curve of Grippers Under Simulation

Tables 1 and 2 shows the grasping scores obtained by parallel and 3 finger gripper
during simulation experiments under 3 grasping taxonomies. In each grasping taxonomy,
every object has to be picked 3 times in a row. 0 and 1 are awarded for failed and successful
attempts made by gripper. The overall grasping scores of parallel and 3 finger gripper are
0.8779 and 0.9667 respectively i.e 3 finger gripper score is more than parallel gripper by
0.088. From the curve as shown in Figure 15 illustrates that object ID’s 1, 2, 6 and 7 are diffi-
cult to be grasped by parallel gripper, while object ID’s 2, 6 and 7, the difficulty level is
quite low for 3 finger gripper. Also from the Tables 1 and 2, object ID’s 0, 4, 5 and 9 are the
objects easily grasped by both of the grippers.
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Table 1. Simulation Results For Parallel Gripper.

Object ID Normal Grasping Mis Aligned Grasping Rotational Grasping Average Score

0 1 1 1 1 1 1 1 1 1 1
1 1 1 1 0 0 1 1 1 1 0.778
2 1 1 0 1 1 0 1 1 0 0.667
3 1 1 1 1 1 1 1 1 0 0.889
4 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 0 1 0 1 0.778
7 1 1 1 1 0 1 1 1 0 0.778
8 1 1 1 1 0 1 1 1 1 0.889
9 1 1 1 1 1 1 1 1 1 1

Overall Score 0.8779

Table 2. Simulation Results For 3 Finger Gripper.

Object ID

Normal Grasping =~ Mis Aligned Grasping

Rotational Grasping Average Score

0
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0.9667

From The simulation experiments and results, the following points are worth noting
while making a choice between parallel and 3 finger gripper for picking objects:

3.2. Performance Metrices of Grippers
3.2.1. Success Rate of Grasping Objects

The average success rate of grasping objects of parallel and 3 finger grippers are
87.79% and 96.67% respectively. The egg is the typical object for grasping with 66.7% suc-
cessful attempts with parallel gripper and 88.9% successful attempts with 3 finger gripper.
Another difficult object is cup with 88.9% successful attempts for parallel gripper. Round
fable brick has 77.8% success attempts with parallel gripper and 88.9% successful attempts
for 3 finger gripper. Since brick is non deformable object which gives less contact surface.
On other hand because of deformed surface teddy bear has got 100% successful attempts.
Therefore 3 finger gripper is more suitable for picking egg as well as cup.

3.2.2. Grasping Force Impressed by Gripper Jaws

From the grasping force calculations, arrived at conclusion that the force requirement
of 3 finger gripper is comparatively much lesser than parallel gripper approximately one-
fourth of that of parallel gripper i.e.,75% of reduction in servo motor rating. Therefore 3
finger gripper has more suitability as compared to parallel gripper for pick and place ro-
botic arm and its applications.
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3.2.3. Slipping Metric

The chances of object slipping exist in parallel gripper while 3 finger gripper provides
efficient grasping because of more no of contact points with the object. The chances of slip-
ping are more in parallel gripper During misaligned grasping.

3.2.4. Grasp Stability

Parallel gripper offers maximum 3 and minimum 2 contact points while 3 finger grip-
per has minimum 3 and maximum 6 contact points. Since more no of contact points en-
sures more friction resulting into good grasping force. 3 finger gripper are the first choice
to hold fragile and soft objects.

3.2.5. Design Complexity

Parallel grippers are simple and rugged in construction while 3 finger gripper is more
complex in fabrication and design. But for good work practice, the design complexity can
be out on secondary note.

4. Results and Conclusions

This research’s aim was to fill a broad gap in existing knowledge related to selection
of gripper for pick and place operation, while taking into consideration various parameters
which makes easy for research to make a decision to choose. If the pick and place task
involves handling irregular shaped objects in a cost-effective manner, a parallel gripper
may not be sufficient and also if the application demands versatility, dexterity. Since 3
finger gripper also conforms to a limited human hand grasping taxonomies, definitely it
has got privilege to work under dexterous pick and place environment.

The only limitation of proposed research is to work under unstructured environment
where the objects are placed in workspace in non-systematic way like clutter and in that
case robot arm should be equipped with adequate object detection systems to pick object
of interest. The parallel gripper fails in most of the cases under such scenario while 3 finger
gripper is still effective in operation. By addressing the objectives of proposed research,
researcher can easily select gripper for a particular application and also can develop more
capable, adaptable, and cost-effective manipulation systems well suited to work under
unstructured environment in industrial and service robotics applications.

Supplementary Materials: The following supporting information can be downloaded at:
https://github.com/marutdevsharma/gripper_performance_comparison_using_Gazebo.
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