
 

 

 
Abstract—Stiffness sensing is an important issue in medical 

diagnostic, robotics surgery, safe handling, and safe grasping of 
objects in production lines. Detecting and obtaining the 
characteristics in dwelling lumps embedded in a soft tissue and safe 
removing and handling of detected lumps is needed in surgery. Also 
in industry, grasping and handling an object without damaging in a 
place where it is not possible to access a human operator is very 
important. In this paper, a method for object handling is presented. It 
is based on the use of an intelligent gripper to detect the object 
stiffness and then setting a programmable force for grasping the 
object to move it. The main components of this system includes 
sensors (sensors for measuring force and displacement), electrical 
(electrical and electronic circuits, tactile data processing and force 
control system), mechanical (gripper mechanism and driving system 
for the gripper) and the display unit. The system uses a rotary 
potentiometer for measuring gripper displacement. A microcontroller 
using the feedback received by the load cell, mounted on the finger of 
the gripper, calculates the amount of stiffness, and then commands 
the gripper motor to apply a certain force on the object. Results of 
Experiments on some samples with different stiffness show that the 
gripper works successfully. The gripper can be used in haptic 
interfaces or robotic systems used for object handling. 
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I. INTRODUCTION 

TIFFNESS of an object is one of important characteristic 
which must be considered in physical contact with other 

objects. The stiffness of an object can also be indicative of the 
physical characteristics of the object. For example, in clinical 
practice, doctors routinely palpate the patient’s body with the 
fingers and palm to detect tumors, indwelling lumps and 
smaller nodules. Moreover, in telesurgery, doctors take out, 
pick up and move the tissue or organ of the body. Thus, there 
is a need for sensors that can sense stiffness of tissue for safe 
handling and safe grasping of tissues. Also, in industries, there 
are many cases for demand of safe gripping and manipulating 
delicate and sensitive objects. In some of such cases, it is 
needed to know the stiffness of objects. In all these cases, 
there is a need for a tool that acts as an artificial tactile sensor 
give feedback to the operator. 

The concept of artificial tactile sensing based on force and 
torque measurements and geometric calculations was first 
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proposed by Salisbury [1]. He showed that from the 
measurement of a six-axis force/torque sensor, and by 
knowing the geometry of the finger surface, most of the 
necessary information for the large majority of manipulating 
tasks including magnitude of contact force, finger touching 
point and the direction of applied force can be obtained in a 
simple and fast way. Intrinsic type of this contact sensor which 
can be placed far from the surface where contact occurs, and is 
often located inside the fingertip, was designed by Bicchi et al. 
[2]. This intrinsic tactile sensor was used to prevent and 
control object slippage [3]. In addition, tactile sensor is usable 
not only in the case of point contact with friction, or hard 
finger surfaces, but also can be extended to the case of robotic 
legs, and used to improve the control of legged locomotion on 
unknown terrain [4]. 

Major recent advances in artificial tactile sensing 
technology have been obtained in surgical assistant robots. 
This technology has been used in Minimal Access Surgery [5]. 
Using this method, tactile sensing is reproduced to surgeons 
by using actuators such as piezoelectric actuators. This 
technology is known as haptic. In addition, force sensitive 
tactile sensor was used for minimal access surgery [6]. 
Artificial tactile sensing technology was also used in 
minimally invasive surgery [7]. A medical tactile sensing 
instrument for detecting embedded objects, with specific 
application for breast examination was designed and 
fabricated in [8]. In this study, the functionality of this tactile 
sensor for detecting the existence of an embedded object 
inside a tissue was simulated and analyzed with the help of 
finite element contact analysis. In this research, by using force 
and displacement sensors, the variation of breast stiffness was 
measured and exact location of embedded tumors was 
obtained. 

In this paper, using the idea of artificial tactile sensing for 
detecting hard tissues in medical applications and laparoscopic 
surgery, a new programmable gripper for moving objects, with 
the ability to detect the object stiffness, is designed and 
fabricated. Although the force sensor has been used in gripper 
robot fingers, but the feedback was limited to force; and 
objects softness detection was done using only the force 
feedback not calculating body stiffness. By calculating the 
stiffness of moving objects, it is possible to exert gripping 
force with certain predetermined criteria. In this study, in 
addition to force measuring sensor, a displacement 
measurement sensor is added to a gripper for calculating body 
stiffness of moving objects. After measuring the stiffness of 
the body, according to a predefined conditional control 
strategy based on the measured stiffness and determined by 
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