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ABSTRACT The DLR-HIT II hand is a highly flexible and dexterous robot capable of performing complex
grasping and manipulation tasks. This study presents a comprehensive simulation of the artificial hand
using both MATLAB’s Simscape Multibody toolbox and CoppeliaSim (formerly known as V-REP). The
simulation model accurately captures the robotic hand’s mechanical structure and control aspects, allowing
for an in-depth analysis of its behaviour. The model incorporates the technical characteristics of the hand’s
joints, links, and constraints into a multibody dynamic’s framework. The robotic hand is simulated on two
platforms: MATLAB, to verify the control system’s performance, and CoppeliaSim, which offers a realistic
3D simulation environment with real-time interaction with other robots or objects. The simulation results
enable further optimization and enhancement of the robotic hand’s design and control strategies for practical
robotics and automation applications. This research provides valuable insights into the hand’s capabilities
and limitations, serving as a foundation for future studies.

INDEX TERMS DLR-HIT II hand, simulation, MATLAB, simscape multibody toolbox, CoppeliaSim
V-REP.

I. INTRODUCTION
Robots have been widely used in the manufacturing [1],
autonomous transport [2], domestic tasks [3], construc-
tion [4], agriculture [5], and mining [6]. The medical field
has also made considerable progress in performing delicate
surgeries [7]. Furthermore, robots have been deployed to
perform hazardous tasks in military and space applications,
surpassing human capabilities and preventing risks to human
life [8]. Consequently, it can be considered that robots are
an essential element of equipment in automatic control and
has evolved to to play a significant role in diverse fields and
applications.

Deploying the robot directly into the physical environment
can be time-consuming, risky, and costly. Moreover, this
approach often complicates the testing and debugging
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processes [9]. Simulating robots will aid in testing proce-
dures by reducing initial costs and avoiding unnecessary
hazards [9]. It is also an effective tool for academic research
and education [10]. Moreover, collecting data on controller
efficiency from the physical workspace can be challenging,
since the data is vast and subject to sudden changes such us
interacting with other objects [11]. Nonetheless, the process
is made much simpler if the environment is simulated by
software.

Even though, the simulation of robot eases the cited
challenges, simulating DLR-HIT II robotic hand is difficult
owing to the complexity of the model, especially, the last two
joints of the each finger are mechanically connected by steel
cables using a linking mechanism that preserves the angles
identical for both joints [12]. In essence, one motor is used to
control the last two joints of every finger.

In this paper, DLR-HIT II hand is simulated using
MATLAB. Simscape Multibody toolbox is employed for
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TABLE 1. Joints constrains for one finger.

this purpose. The multibody simulation environment offered
by this toolbox is suitable for 3D mechanical systems
like aeroplane landing gear, automobile suspensions, robots,
and construction equipment [13]. Additionally, the robotic
hand is modeled by CoppeliaSim, which is a popular and
effective computer simulation software for robotics research
and development. Precise robotic simulations with real-time
interaction capabilities are supported by CoppeliaSim’s
cohesive development environment [14]. The reason for sim-
ulating the hand in two programs is MATLAB offers machine
learning control algorithms and sophisticated control system,
so that the model can be tested first and then can be validated
in CoppeliaSim platforms as it has better visualization and
real-time engine when compared to MATLAB.

The robot can be modelled utilizing blocks representing
bodies, joints and constraints, as well as multi types of
sensors. Computer aided design (CAD) assemblies can be
imported to MATLAB and CoppeliaSim incorporates all
masses, joints, constraints, inertias, and three-dimensional
geometry into the model that is created. The dynamics of
the system can be observed in an automatically generated
3D animation [13].

II. THE KINEMATIC OF THE DLR-HIT II ROBOTIC HAND
The forward and inverse Kinematic will be derived in
this section. The DLR-HIT Hand II Has five fingers and
fifteen degrees of freedom (DOFs) overall, All fingers are
constructed to be symmetrical to acquire a high level of
mobility. Every finger is intended to be symmetrical and
has total of 4 joints and three DOFs. The last two joints
for each finger are mechanically connected by metallic
cables using a coupling mechanism that preserves the angles
consistency [12]. The joints constrain for each finger are
shown in Table 1 [12].

The Denavit-Hartenberg (DH) model [15] is used to
represent the relation between the joints and links of the
dexterous robotic hand by utilising the geometrical structure
of the system. This approach fixes the coordinate on each
link of the robot structure. The homogeneous transformation
matrix yields the spatial relation among two adjacent links.
In order to determine the end-effector’s pose with respect
to the base frame, the robot’s kinematic solution can be
computed by applying the transformation sequence [16].
Fig. 2 shows the coordinate system for one finger of the

human hand. As there are no motors in the palm, only the
fingers need to be considered in the DLR-HIT II structure.
The length of a link between two neighbouring finger joints
is denoted by Li, and the coordination system’s base is
represented by the letter ‘‘o.’’ Table 2 below shows the DH

FIGURE 1. The DLR-HIT II hand [16].

FIGURE 2. The frames distribution on one finger.

TABLE 2. DH parameters for one finger of human hand.

parameters for a single finger.The DH parameter table is
constructed depending on the world frame of CoppeliaSim.
The framework for the DLR-HIT II hand can be easily
established through determining the DH parameters for each
finger. This allows for a thorough understanding of the hand’s
kinematic structure and facilitates effective implementation.

By using the general transformation matrix (1) of DH, the
transformation matrix between each two consecutive frames
is obtained.

T i−1i =


Ri−1i Pi−1i

cos θi − sin θi 0 ai−1
sin θi cosαi−1 cos θi cosαi−1 − sinαi−1 −di sinαi−1
sin θi sinαi−1 cos θi sinαi−1 cosαi−1 di cosαi−1

0 0 0 1

 (1)
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where Ri−1i is the rotational matrix between two frames and
Pi−1i is the translation between two frames. to find T 0

1 is the
transformation matrix between frame 0 and frame 1 and can
be found as follows:

T 0
1 =


cos (θ1 − pi/2) − sin (θ1 − pi/2) 0 0

0 0 1 0
− sin (θ1 − pi/2) − cos (θ1 − pi/2) 0 0

0 0 0 1


(2)

That is leading to the next transformation matrix T 1
2 :

T 1
2 =


cos θ2 − sin θ2 0 0
0 0 −1 0

sin θ2 cos θ2 0 0
0 0 0 1

 (3)

The transformation matrix between frame 2 and 3 is
calculated in the following matrix:

T 2
3 =


cos θ3 − sin θ3 0 L1
sin θ3 cos θ3 0 0
0 0 1 0
0 0 0 1

 (4)

T 3
4 is computed as follows:

T 3
4 =


cos θ3 − sin θ3 0 L2
sin θ3 cos θ3 0 0
0 0 1 0
0 0 0 1

 (5)

The last transformation matrix between the frame 5, that is
attached to the tip of the finger, and the previous frame 4 is
shown in the following matrix:

T 3
4 =


1 0 0 L3
0 1 0 0
0 0 1 0
0 0 0 1

 (6)

Thus, through multiplying the computed transformation
matrices for every frame, the finger pose’s tip with regard to
its base can be determined by the following equation:

T 0
5 = T 0

1 T
1
2 T

2
3 T

3
4 T

4
5 (7)

That leads to:

T 0
5

=


c332s1 − s332c1 − c1 L2c32s1+L1c2s1+L3c32s1
s332 c332 0 L2s32+L1s2+L3s332
c332c1 − s332c1 s1 L2c32c1+L1c2c1+L3c32c1

0 0 0 1


(8)

The rotational matrix R05 is:

R05 =

c332s1 −s332c1 −c1
s332 c332 0
c332c1 −s332c1 s1

 (9)

While the position of the tip of the finger is as follows:

P05 =

XY
Z

 =
L2c32s1 + L1c2s1 + L3c32s1L2s32 + L1s2 + L3s332
L2c32c1 + L1c2c1 + L3c32c1

 (10)

where:

s1 = sin θ1, c1 = cos θ1, s2 = sin θ2,

c2 = cos θ2, c32 = cos (θ3 + θ2),

s332 = sin (2θ3 + θ2), c332 = cos (2θ3 + θ2).

Since there is no tool attached at the tip of each finger of
DLR-HIT II and the robotic hand is not attached to robotic
arm, then there is no need to find the orientation of the fingers
tip. A vector of the the position (µ) will be constructed as
follows:

µ =

XY
Z

 (11)

The linear velocity Jacobianmatrix Jv will be the derivative
of position (X ,Y ,Z ) with respect to joints angles (θ1, θ2, θ3)
as follows:

Jv =


∂X
∂θ1

∂X
∂θ2

∂X
∂θ3

∂X
∂θ3

∂Y
∂θ1

∂Y
∂θ2

∂Y
∂θ3

∂Y
∂θ3

∂Z
∂θ1

∂Z
∂θ2

∂Z
∂θ3

∂Z
∂θ3

 (12)

The DLR-HIT II robotic hand’s inverse kinematics can
be solved numerically with the use of the Newton-Raphson
method. Finding the parameters of the joint that enable the
robotic hand’s end effector to be positioned in the desired
manner is the goal of inverse kinematics. In order to reduce
the error within the current end effector position and the
objective’s position, the Newton-Raphson method constantly
modifies the joint angles. The method begins with an esti-
mation of the joint angles and calculates the error using the
Jacobianmatrix, which connects the joint velocities of the end
effector velocities. The Newton-Raphson method converges
to the solution that results in the desired end-effector position
by constantly updating the joint angles in away to make this
error smaller. The DLR-HIT II hand is especially appropriate
for this method given its intricate joint structure and high
dexterity, which make mathematical solutions difficult. The
Newton-Raphson method gives a reliable means for handling
the kinematics of the hand’s nonlinearities and constraints,
leading to accurate approximation for the joint angles. The
pseudo code for Newton-Raphson method is as follows:

III. THE METHODOLOGY OF SIMULATING THE DLR-HIT II
HAND IN MATLAB AND CoppeliaSim
The simulation of robotic systems requires powerful, precise,
and user-friendly tools. This work aims to evaluate the
performance of the DLR-HIT II robotic hand and develop
a model suitable for future integration with deep learning
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FIGURE 3. Finger’s Simulink block diagram.

Algorithm 1 Newton-Raphson Method
1: Initialize positions of finger’s tip µinitial
2: Initialize joint values qinitial = (θ1, θ2, θ3)
3: for i = 1 to 100 do
4: θ1← qinitial(1)
5: θ2← qinitial(2)
6: θ3← qinitial(3)
7: Compute pseudo inverse of Jacobian matrix Jv
8: Compute estimated position µe
9: Compute task-space error δ = µa − µe

10: if |δ| < 1e− 5 then
11: break {Check convergence}
12: end if
13: Update joint values qnew← qintial + J−1v δ

14: end for

TABLE 3. DLR-HIT II robotic hand dimensions and weights.

algorithms and advanced control systems. Since not all the
necessary tools for simulation and control of the robotic
hand could be found in one software, the robotic hand
was modelled in MATLAB and CoppeliaSim. MATLAB
is a mathematical modelling and control environment. The
features found in MATLAB can provide accurate verification
of the system which can be used for control system
learning, developing AI control techniques, and evaluating
dynamic performance through simulations. The CoppeliaSim
can provide a 3D dynamic modelling environment that
can simulate the total workspace including the workpieces
and robot arms. CoppeliaSim is designed specifically for
real-time robotics simulation, offering better performance for
simulating real-time interactions and better representation
compared to MATLAB.

So, the model was first made in MATLAB to control
the simple movement of the fingers and verification of

FIGURE 4. The block diagram of the Proximal phalanx.

its performance. Subsequently, the model in CoppeliaSim
facilitated the simulation and analysis of object grasping
tasks. To ensure a comprehensive visualization of the
simulation, efforts were made to ensure that the CAD files
used for the robotic hand’s appearance accurately reflected
the actual model. To do this, STL files for the DLR-HIT II
have been utilized from the GitHub repository [17], where
the fingers’ phalanx are downloaded, then modified in
SolidWorks, and assembled in MATLAB/Simulink aiming
to achieve the same visual quality as the DLR-HIT II
robotic hand. Due to the low resolution of the files,
they were modified in SolidWorks (the coarse bodies
were converted to fine mesh bodies) for more accurate
visualization.

DLR-HIT II consists of five identical fingers with three
joints each [18]. The actuation system of this device uses
brushless motors and belts to ensure its accuracy. Using a
differential bevel gear, the base joint of each finger has two
DOF [18]. The dimensions and the mass of each finger’s parts
of the DLR-HIT II used in the simulation are presented in
Table 3 [12].
Each finger’s weight is 220 g including motors and

other components, and the whole robotic hand weight is
1.5 Kg [12].
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FIGURE 5. The controller system block diagram.

A. SIMULATION IN MATLAB/SIMULINK
Simulation of a robotic hand using MATLAB/Simulink
toolboxes involves creating a detailed and dynamic model
similar to the behaviour of a physical robotic hand. This
process starts with designing the kinematic and dynamic
models of the robotic hand, which includes defining the
joints, linkages, and actuators using the Simulink Simscape
toolboxes. Then PID blocks are employed to develop control
algorithms, simulate the hand’s movements, and verify
accuracy. The simulation environment inMATLAB/Simulink
supports extensive analysis and visualization tools, enabling
fine-tuning control strategies, optimising performance, and
validating the robotic hand’s performance. This integrated
approach provides a robust iterative design and testing
platform, significantly reducing development time and costs.

1) MECHANICAL STRUCTURE
A highly complex mechanical structure, the DLR-HIT II is
designed to emulate the human hand in terms of proficiency
and capabilities [18]. A universal joint block from Simscape
MATLAB/Simulink is required to model base joint. This
block is designed to rotate around the x-axis and y-axis [19].
As shown in Figure 2, the rotations are considered to be
around the z-axis which creates a conflict in the calculations.
The base joint differential bevel gear mass and inertia affect
the forces and torque generated [18]. To model DLR-HIT
II 2 DOF base joint, a cross shaft with a similar weight and
dimension is used.

Modeling the structure of each finger also presented
challenges concerning joints 3 and 4. These joints are
actuated by the same motor. The motor is placed at joint
3 location, actuating both joint 3 and 4 simultaneously using a
belt. To simulate joints 3 and 4 with the right actuation model,
two pulley constraints and a cable were used in the model.
The pulley constraint size is 3 mm and its mass is neglected.
So, the motor torque compensates for the movement of both
links 3 and 4. The following block diagram in Figure 3
represents each finger simulation model in Simulink. The
angular velocity and the position of the joints are sensed from
each joint block which is used to feedback the DC motors
and the control systems. The hand’s palm is considered as

FIGURE 6. Signal conditioning block diagram.

FIGURE 7. DC motor model block diagram.

the robotic hand’s base with its coordinate frame placed
at the same position as the world frame. The CAD files
improve the visuality of the model and an inertia block
parameter was used to define the mass, the center of mass,
and the moment of inertia values of each phalanx. The block
diagram model used for each phalanx is shown in Figure 4.

2) ACTUATION AND CONTROL SYSTEM
A variety of actuation and control methods were used for
the simulation to achieve a more realistic simulation. This
led us to increase the similarity of the model to the actual
robot. Consequently, a power amplifier system and DCmotor
model were used to actuate the finger joints, PD controllers
were used for computed torque control implementation, and
signal conditioning filters were used to filter signal noise.
Each finger joint was actuated by a motor, so three PD
controller blocks were used to control a finger. Tuning
each PD controller block separately can be challenging and
time-consuming, so the multi-loop tuning method can be
helpful [20]. The PD block generates signals that are sent
to a command block to make duty, reverse threshold, and
braking threshold voltage references to be used on the H-
Bridge block. To avoid saturation of the output of the PD
block multi-loop tuning session, it is limited to +0.5 to
−0.5 Nm which these values obtained experimentally. The
controlling system and command block diagrams can be seen
in Fig. 6 and Fig. 7. According to Fig. 8, a signal conditioning
subsystem for the controlling system is considered to filter
feedback signal noise generated by the DC motors and
other system components since the PD controllers are more
sensitive to noise.
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FIGURE 8. Power amplifier and DC motors drive system.

FIGURE 9. DC motor model block diagram and its interfaces.

To drive the DC motors, a power amplifier block is
considered including a PWM generator and a H-Bridge block
to drive the motor. Figure 7 and 8 represent the DC motors
and the drive system block diagram. Figure 9 provides an
overview of the DC motor models and their interfaces with
the fingers’ mechanical model, illustrating how they receive
angular velocity feedback signals and sense the generated
torque.

B. MODELLING THE DLR-HIT II IN CoppeliaSim
To validate the modeling work, it is required to plan an
object grasping process for the DLR-HIT II robotic hand.
Thus, CoppeliaSim is more convenient to perform this task.
Regarding modeling the robotic hand in CoppeliaSim, the
work was more straightforward as it does not have the
limitation of MATLAB which has a matrix basis. Modeling
the robotic hand had fewer challenges in CoppeliaSim
in comparison with MATLAB/Simulink as some features
like joint dependency mode are defined in the software
in which the feature is employed for the 4th and 3rd
joints in each finger. Like modeling the robotic hand in
MATLAB/Simulink, the Palm coordinate frame is placed at
the same position as the world frame, and the fingers’ frames
are matched with the DH model. CoppeliaSim requires

FIGURE 10. The structure of the joint and links of the DLR-HIT II in
CoppeliaSim.

FIGURE 11. Computed torques for the thumb finger.

FIGURE 12. Compared the actual joints position with the desired joints
positions for the thumb finger.

convex or pure shapes of the links to perform dynamically
accurate movements, and response to the other objects.
Therefore, to reserve both the appearance and the dynamical
accuracy of the robotic hand, non-visible convex shapes are
used in the background, and similar shapes of the robotic hand
are used at the top level of visibility. One of the robotic hand’s
fingers and its joints’ structure is shown in Figure 10.
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FIGURE 13. Demonstrates the movement of the modeled hand for 10s using PD motion base control in Matlab platform.

FIGURE 14. Shows the grasping of the hand for different objects in CoppeliaSim.

The Lua script is used within CoppeliaSim to simulate the
grasping process of a robotic hand. This process involves
several key steps: setting up the environment, configuring
the inverse kinematics, moving the robotic arm to the
end-effector’s desired position, and grasping the target
object.Maximum torque andmovement parameters (velocity,
acceleration, jerk) for both forward kinematics and inverse
kinematics are defined to control the joints’ behaviour. This
simulation approach allows for accurate and efficient testing
and validation of robotic grasping behaviours in a real-time
controlled virtual environment.

IV. RESULTS AND DISCUSSION
The DLR-HIT robotic hand’s geometric shape and structure
were effectively modelled by the simulation. The simulation
model accurately represented the intricate structure of the
hand, which comprises its articulated fingers, joints, motors,
and links. To ensure realistic dynamics and interactions, every
part of the hand is constructed as a rigid body with the proper
mass, measurements, and inertial features. A main challenge
confronted through the modelling process was simulating the

mechanical coupling, which is designed using a metal cable
driven with only one motor, connecting the final two joints
in every finger. Because of this coupling, variations in one
joint’s positionwould have an impact on the other joint’s posi-
tion, making it challenging to precisely capture the dynamics
and movements among the linked joints. The robotic hand’s
movement andmanipulation abilities were verified efficiently
by the PD computed torque control scheme that is used
in the MATLAB’s simulation. The control algorithm made
it possible for the fingers to move smoothly and precisely
by calculating the desired position relying on the desired
joint positions and velocities. Figure 11 shows the torques
for the motors in thump finger, and Figure 12 illustrate
the tracking of actual joints position to the desired joints
position. The gains of the PD controller were thoroughly
adjusted to provide responsive and stable performance under
a variety of operating scenarios. The results of the simulation
confirm that the geometry and motion of the DLR-HIT
robotic hand can be accurately modelled and simulated using
the Simscape Multibody toolbox in MATLAB. The hand’s
motion can be precisely and quickly controlled due to the

181338 VOLUME 12, 2024



A. Al-Shahrabi et al.: Modeling the DLR-HIT II Robotic Hand: A Dual-Platform Simulation Approach

integration of PD motion base control as shown in Figure 13.
Moreover, The DLR-HIT II hand is simulated utilizing
CoppiliaSim software. The challenge of joints coupling is
solved by changing the mode of last joint of each finger of
the artificial hand to depended mode. The robotic hand is
tested using foreword and inverse kinematic control to grasp
various objects as illustrated in Figure 14. As mentioned
earlier in this paper, The hand is simulated in both
programs because MATLAB provides advanced machine
learning control algorithms and a robust control system,
allowing for initial testing. The model is then validated
in CoppeliaSim, which offers better visualization and a
real-time interaction compared to MATLAB. The simulation
represents insightful information about the physical structure
and operation of the DLR-HIT robotic hand. The simulation
model yields a valuable knowledge into the DLR-HIT
robotic hand’s structure and control, enabling additional
improvement for real-world robotics and automation appli-
cations. To further enhance the performance and versatility
of the hand, future work might concentrate on extending
the simulated design with more features like adaptive
control methods and interaction between humans and robots’
capabilities.

V. CONCLUSION
This study illustrates an accurate modelling of themechanical
structure and control aspects of the robotic hand with
the use of CoppeliaSim and MATLAB’s Simscape Multi-
body toolbox.The simulation model accurately captures the
mechanical structure of the robotic hand and resolves the
issue of mechanical coupling between the last two joints of
each finger. The simulated DLR-HIT II robotic hand can
perform grasping and manipulation tasks with flexibility and
dexterity. First, the robotic hand is modelled in MATLAB
employing computed torque control to evaluate its movement
in joint space. After that, the model is validated using the
forward and inverse kinematics control for grasping various
objects in CoppeliaSim. The rationale behind utilizing two
applications for modelling the hand is twofold. CoppeliaSim
provides real-time interaction and superior visualization
compared to MATLAB, while MATLAB offers advanced
machine learning control algorithms and a robust control
system for preliminary testing. Additionally, simulating the
artificial hand on different platforms allows for a more
precise analysis of its motion and a deeper understanding
of its interaction with the environment. The simulation
experiments used to validate the DLR-HIT II hand’s per-
formance offer invaluable data for enhancing the robotic
hand’s functional and structural parameters. Consequently,
the hand’s flexibility and effectiveness can be improved in
real-world conditions by constantly enhancing its grasping
techniques, motion planning algorithms, and interaction
dynamics through the simulation. The repetitious procedure
of simulation-based design improvement not only facilitate
the development of robotic system but also reduces the
hazards and expenses corresponding with actual model.

The outcome of this work identifies the limitations and
potential of the DLR-HIT II robotic hand and establishes a
standard for more challenging robotics investigations such
the application of deep learning control methods, automated
decision-making processes, manipulating the robot in com-
plex environments, and collaboration between humans and
robots.
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