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Robot grippers and hands are commonly used to grasp various objects. However, for multi-link 

fingers, it is challenging to cover the joints with tactile sensors, which limits the safety and 

sensitivity of such fingers. In the current paper we use a remote center of motion (RCM) mechanism 

for the joints, which enables us to cover also the joints completely with soft and thick tactile sensors, 

in particular distributed 3-axis sensors. The RCM joints are implemented as 6-bars, and we evaluate 

their robustness in simulation. A real implementation of the gripper is tested by grasping various 

objects, and the resulting tactile sensor readings are presented.   

 

Multi-link fingers have the benefit of being able to wrap around the object, and thereby increase 

the contact surface, which reduces the required contact pressure and enables more delicate and 

dexterous grasping. Moreover, covering fingers with soft and sensitive skin is beneficial for 

sensitive grasping. While sensor solutions for soft skin exist, however, it is typically difficult to 

cover the joints with such sensors. Therefore, such fingers have substantial gaps in the soft and 

sensitive covers for the joints. Contacts in these areas can go unnoticed, no soft material cushions 

the fingers, and small objects can get squeezed in the joints.  

 

Stretchable sensors could cover joints, but existing stretchable skin sensors typically have 

limitations, in particular they cannot measure distributed force vectors, only distributed 1-axis forces, 

and including the digitization electronics in stretchable material is still challenging. Furthermore, to 

cover the palmar side of typical joints, which is the one typically in contact with the grasped object, 

the sensors have to be thin, which limits the softness that can be implemented.  

 

In the past, our lab developed the uSkin sensors, which can measure distributed 3-axis forces, and 

each 3- axis sensor already provides digital output, enabling to put many sensors on the same digital 

communication bus, vastly reducing the number of required cables to readout the sensor signals. 

uSkin is 4 mm thick and soft. However, uSkin is not stretchable. Therefore, in previous work we 

introduced the concept of a remote center of motion (RCM) mechanism for the joints of a robotic 

gripper. We furthermore implemented adaptive coupling of the RCM joints. In the current paper, for 

the first time, we implement tactile sensors that completely cover the palmar side of the finger. 

Overall, the gripper presented in this paper has the following benefits: 

 

⚫   The palmar side of one finger is completely covered with soft and sensitive skin. To the best of 

our knowledge, this is the first time this has been achieved. The softness aids the grasping of 

delicate objects, and it is guaranteed that soft material will be in contact with the grasped 

object, irrespective of the contact location on the palmar side of the finger. The sensors provide 

feedback about the contact with the object, again regardless of the contact location. Both 
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softness and sensors enable safe and delicate grasping. 

⚫   Because also the joints are covered with the sensors, more information about the contact with 

the object is available, potentially benefiting machine learning approaches (for example for 

tactile object recognition) or aiding even just simple feedback control. The surface area, and 

therefore the potential contact and sensing area, does not get smaller when the finger flexes. 

⚫   The thickness of the skin that can be implemented with RCM joints has no principal limit. In 

our case, we implemented 4 mm thick uSkin, which provides distributed 3-axis measurements. 

Thereby, one finger, which has 2 joints and is about 90 mm long and 27 mm wide, provides 64 

3-axis measurements. 

⚫   There is no risk of pinching or squeezing the grasped object in the joints between the finger 

segments when flexing the fingers. 

⚫   Adaptive joint coupling between the two joints in each finger is implemented. Therefore, only 

one actuator suffices, and the fingers wrap automatically around various object shapes.  

In this thesis, the structured as follows: 

  Chapter 1 is the introduction, in this chapter will explain the motivation, background, objectives 

of this research. The important relation of robotic hand and tactile sensor will be described. After 

this will focused on the related works and the state of art of robotic hand.  

Chapter 2 introduced the conceptual idea and design of the RCM based robotic hand. The 

mechanical design will be explained. This chapter will show how to achieve RCM(virtual remote 

center) and shows that the center of rotation for both the virtual PIP and DIP joint are at the surface 

of the soft skin layer. For each virtual joint, implementation of two 4-bar parallelograms, will 

present after the concept idea. 

Chapter 3 introduced the passive coupling mechanism of 6-bar mechanism. This chapter shows that 

the design of how to implement the passive coupling in the RCM mechanism robotic hand. The 

finger is underactuated, and the two virtual joints are coupled with linkages, the actuation force is 

distributed on the phalanges, and the robot can passively adapt to a wide variety of object shapes, 

as will be described. In particular, the current paper demonstrates that a linkage-based coupling 

mechanism can be also used in combination with RCM joints. 
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Chapter 4 introduced the improvement of the design and the ANSYS simulation of the parts for 

creating stronger structure for the desirable robotic hand. The 6-bar mechanism enables the 

integration of tactile sensors at the joints. However, the mechanism also has downsides, in particular 

it includes 4 relatively thin bars, which could limit the achievable stiffness of the finger. Therefore, 

in this section we investigate the robustness of the finger. 

 

Chapter 5 and 6 introduced the implementation of developed RCM robotic hand and 3-axis tactile 

sensor uSkin. The integration of tactile sensor created a novel end-to-end continuous sensing surface. 

Instead of a conventional robot finger, which has the rotation points located inside of the finger, 

implemented with revolute joints at the rotation points, the proposed design has the rotation point 

located outside the finger structure. The position of the rotation point was adjusted to the desired 

skin thickness. Therefore, in our case, this design allows the finger segments to rotate without 

creating a significant gap between the skin of each phalange.  

 

Chapter 7 discuss the evaluation experiments and result of this work. Due to the design is 

completely different from conventional one, in this chapter will also describe the potential of this 

design. Research of the robotic hand has been done for many years, but to make a novel robot hand 

can fully optimized with tactile sensor, the topic is not been done yet. With this new RCM methods, 

we hope to inspire a new type of grippers and hands, that are covered with a thick layer of soft 

material, or also very thick sensors like the Gelsight tactile sensors could be implemented in all 

finger phalanges. 

 

   Finally, Chapter 8 is the conclusion and future work for the proposed prototype. We mentioned the 

achievements of the is research and described the certain limitation in the experiments.  The 

future work described the next generation improvement design and implementation.
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