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Abstract: In this paper, a novel design of robotic fingertip has been proposed to detect slippage between 

the robotic fingertip and the grasped object in multi-direction under different types of loads (static and 

dynamic loads). The detection process is based on the monitoring of variation in the normal to the 

tangential component of contact force ratios. The fingertip is composed of a compression springs and a 

conventional force sensors that are mounted to be able to measure the contact force components 

continuously. A mathematical model has been derived relative to a proposed design with the help of 

Matlab-Simulink program. Furthermore, the robotic hand mechanism contains the flexible parts to adapt 

the grasping force during the slippage occurrence period in spite of the hand actuator is in a stopped 

status. The grasped object is designed in a cube shape with two unbalance DC motors to generate an 

excitation that is used as an external dynamic load. The experimental results revealed that the proposed 

design for detecting slippage in multi-direction is feasible and effective for improving the stability of the 

grasping process. 
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صبع في احجاهاث مخعذدة وحخج ظروف حمل مخخلفتالا كشف الانزلاق لخصميم معين لرأس  

 
فٌ هزا اىبحذ, حٌ اقخشاط حصٌََ صذٍذ ىشأط اصبع سوبوحٌ ىينشف عِ الاّضلاق بَِ ٍقذٍت الاصبع واىضسٌ اىََسوك فٌ   الخلاصت:

احضاهاث ٍخعذدة وححج حأرَش اّواع ٍخخيفت ٍِ الاحَاه )اىحَو اىسنوٌّ واىحَو اىضَْاٍَنٌ(. حسخْذ عَيَت اىنشف عيي سصذ الاخخلاف 

ٍقذٍت الاصبع ححخوً عيي ّوابض اّضغاطَت وحساساث قوى حقيَذٍت اىخٌ  .ىَشمبت الافقَت ىقوة اىخَاطفٌ ّسبت اىَشمبت اىعَودٍت اىي ا

  حزبج بطشٍقت ىخنوُ قادسة عيي قَاط ٍشمباث قوة اىخَاط بصوسة ٍسخَشة. ىقذ حٌ اشخقاق اىَْورس اىشٍاضٌ ّسبت اىي اىخصٌََ اىَقخشط 

ححخوً عيي اصضاء ٍشّت ىخنَف قوة الاٍساك  تاىَذ اىشوبوحَ تلاوة عيي رىل فاُ اىَ(. عMatlab-Simulinkصخه بَساعذة بشّاٍش )زَّو

حوقف. مَا وقذ صٌَ اىضسٌ اىََسوك بشنو ٍخواصً ٍسخطَلاث  تخلاه فخشى حذود الاّضلاق عيي اىشغٌ ٍِ اُ ٍحشك اىَذ فٌ حاى

باُ اىخصٌََ اىَقخشط  تٌ خاسصٌ. قذ مشفج اىْخائش اىعَيَاىخٌ حسخخذً محَو دٍْاٍَن ةوٍحخوً عيي ٍحشمَِ بخَاس ٍسخَش ىخوىَذ اسخزاس

 الاٍساك. تعَيَ تاّه قابو ىيخْفَز وفعاه ىخحسَِ اسخقشاسٍ ةىنشف الاّضلاق فٌ احضاهاث ٍخعذد

  
1. Introduction and previous work 

 

     In general, the tactile sensation represents an important element in the perception of 

the environment. From human interaction with the undefined environment as well as 

from physical experience, it is know that slippage preventing plays an essential role in 

the successful grasping process of an object by robotic or prosthetic hands.  

     However, especial techniques to detect and prevent slippage have been widely used; 

almost more studies were focused on applying adequately high and previously known 
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forces to prevent slip [1]. Thus, the main problem is how to save a stable grasp, in spite 

of it is very difficult to predict the type of the object that will be grasped because there 

are different types of objects in terms of shape, weight, friction coefficient, stiffness, 

etc. Furthermore, there are various environmental disturbances (grasped the bottle being 

hit by means of something else suddenly, water flow into a cup during the grasp period, 

etc.). Whether the grasping forces are not adequate, the object grasped by the artificial 

robotic hand will slip. When the slip occurs, the coefficient of friction between the 

grasped object and the artificial hand decreases to a dynamic status so will be required a 

greater grasping force to stop the slip [2]. Additionally, if the slippage is not detected at 

the beginning of occurrence, it may be not stopped at the required time, and may be 

eventually the grasped object will fall and break down. Consequently, the detection of 

incipient slip is very significant for artificial hand to re-adjust the grasping force and 

provide a stable grasp. 

     Slippage phenomenon can be detected by several methods. Takashi Maeno et al. [3] 

used fifteen strain gauges placed within the finger tips cover and two strain gauges 

placed into parallel plate on the artificial arm in order to detect slippage by determining 

the change in stick-slip zones on the elastic finger surface and the change in strain 

distribution into the elastic finger.  

     N.I.Glossas et al. [4] used an array of tactile sensors called taxels, which consist of 

16×16 elements, where the slippage can be detected by changing the position of the 

maximum concentrated pressure at the finger.  

     Fusjimoto et al. [5] proposed a method to realize the sensation of static friction by 

using two embedded strips of PVDF films, a different voltage signal will be generated 

from the two strips of PVDF when the initial slip occurs.  

     A.Ikeda et al. [6] used a force sensor and camera to detect an incipient slip based on 

estimation of feedback on a visual slip margin where it was estimated by a force sensor 

to measure the tangential force and a camera to measure the radius of contact region.         

Yasunori Tada and Koh Hosoda [7] proposed a method to learn a robotic hand the 

detection of slippage and observed its direction by proposing a sensor network 

composed of three modalities: piezoelectric film, strain gauge and vision sensor 

(camera).  

     Daisuke Gunji et al. [8] used the center of pressure (CoP) tactile sensor to detect 

slippage of a held object where it can determine the position of load distribution center 

applied to the tactile sensor surface.  

     Takuya Kawamura et al. [9] proposed a system of hybrid tactile sensors (CMC 

sensor) for a robotic hand to grasp an object adaptively by measuring slippage of an 

object, grasping forces, and a silicon rubber deformation of sensor elements. C.     

Schürmann et al. [10] presented  a method to detect incipient slippage in high-speed 

based on resistive sensing principle, which represents a piezoresistive tactile sensor, 

then using FFT to transform the time series  data of tactile sensor to the frequency 

domain in order to distinguish the type of material. 

     Pavel Dzitac et al. [11] designed and built a functional prototype for manipulation 

and artificial grasping to detect slippage of the held object and to estimate sufficient 

grasping forces by using a rotatable roller around the center of its support shaft and a 

sensor of reflective slippage (CBY70).  
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     Yi zhang et al. [12] proposed a method for detecting an incipient slip by using a 

wavelet transform, the high frequency of the signal of the grasping force was extracted 

and any sudden change in the wavelet coefficient would be used as an indication for the 

beginning of the initial slip.  

     F. Kobayashi et al. [13] used force/torque sensor, which measures pressure 

distribution to detect slip. Rather than increasing gripping force, it was proposed more 

fingers to be applied in order to stop slipping, from the previous research, the remarks 

can be concluded as follows: (1) Most literatures focused on the location of the sensor 

so as not to affect the performance of the robotic or prosthetic hands; (2) Some 

approaches have been used a camera as a vision sensor to estimate the eccentricity 

degree of contact region, with this approach there is a problem, how to embed camera in 

relatively small size places like hands. Moreover, processing speed based on the number 

of frames per second (frame rate) of vision, and achievement detection slippage at high 

speeds is generally difficult; (3) Some of researchers weren’t invented novel sensing 

technologies, but incorporated different kinds of sensors; (4) Detection slippage by 

estimation the coefficient of friction, this technique is not accurate and indirect 

measurement. Additionally, it is not working in undefined environment; (5) Detection 

slippage by determining the changes in the foot-print of contact over tactile sensors: the 

changes in shape of grasping area and the changes in the distribution of the pressure-

force, this technique is not affected when the held object is flexible and when slipping is 

the result of the dynamic load effect.  

     In the present paper, the working principle of our approach based on sensing whole 

contact force components, i.e. the normal and two tangential components after that the 

two tangential to normal force ratios will be computed which remain constant during the 

case of stable grasp and will change when the object begin to slip [14]. To embrace this 

approach, a new design of the fingertip is proposed for detecting slippage of the grasped 

object under different load conditions. The proposed design deals with conventional 

sensors that have the ability to measure only the applied forces in the normal direction, 

but in the present work, they employed to measure forces in three dimensions by 

processed the signals through a mathematical model. Also, the advantage of the 

proposed system can detect the slip without knowing any characteristic of the grasped 

object such as weight, coefficient of friction, shape, surface texture and the type of the 

excitation exerted upon the grasped object. 

 
2. The Dynamic Modeling 
 

Fig.1shown below represents a fingertip mechanism of artificial hand, which is 

designed as a dome-shape that represents the area of contact that occurs with the 

grasped object, also it’s connected with the links that make up the finger by the ball 

joint.   

     The fingertips were covered with a viscoelastic material, which have a ridged 

surface, in order to produce a small vibration at the moment of slip occurrence as well 

as provide more reliable properties of friction than smooth skin [15]. 
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                                           (A)                                           (B)                                                 (C)  
      

                            Figure 1. The proposed Mechanism of the artificial fingertip 

 (A)  Side view of fingertip  part and its frame 

 (B) Side view of Fingertip part 

 (C) 3D view, fingertip part release from its frame 

 

     The mathematical model of the artificial fingertips has been derived to create the 

relationship between the components of the contact force and the forces exerted on 

force sensor .The desgin of fingertip by using solid work program has been shown in fig 

.2. 

 

Figure 2. FlexiForce Sensors and Springs Mounting with Fingertip 

 

     For simplification, it can be assumed that there is no relative motion between the 

fingertip and the grasped object before slip occurrence; also, the ball joint friction and 

the inertia of the fingertip have been neglected [16]. Fig.2. represents the distribution of 

contact force components, forces exerted on sensors and springs forces where these 

forces can be analyzed statically to find both normal and tangential force component 

with respect to force sensors. 
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Frame 
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   Figure 3. Fingertip Free Body Diagram. 

 

      By taking summation of forces in y-axis the normal force can be found: 

 

  
     

     
    

    
                                                                                                                

 

   From the moment equilibrium equations of the fingertip in three axes as a vector 

about its ball joint the two tangential forces can be determined as follows:  
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For          , and after mathematical simplification, the following will be true: 
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By the same way, the normal and tangential force components of the left finger will be: 

 

  
     

     
    

    
                                                                                                                               

 

   
  

  
          

    

  
                                                                                                                               

And, 

   
  

  
          

    

  
                                                                                                                               

 

     Now, dividing the two tangential forces of each finger on their normal forces in order 

to obtain ratios of contact force components in Z-axis and X-axis as follows: 

In Z-axis: 
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And in X-axis: 

   
 

  
 ⁄  

  
          

    

(   
     

    
    

 )    
        

   
 

  
 ⁄  

  
          

    

(   
     

    
    

 )    
                            

 

     From the stable grasp status and the coefficient of friction cone definition, the 

contact force component ratio must be within the friction cone, 

   

   

                                                                                                                                                            

     But whether the texture of the surface of the grasped object is unknown, i.e. the 

coefficient of friction is unknown. In this case, the slippage cannot be distinguished by 

using equation (9). So, the slip detection should be done through monitoring the 

variation in the result of an equation (8) with the real time. 

 
3. System Description  
 

      Robotic gripper: an artificial two-finger gripper was set up at the end of 4degreese 

of freedom artificial robotic arm. The robotic gripper is underactuated as shown in 

figure (4), where it consists of DC geared motor which is connected to power screw in 

order to convert the motion from rotational at the DC motor to linear at constrained nut, 

then the nut connect with three springs that transmit the linear motion to cylindrical part 

which associated with the links which form the fingers structure. Connection the springs 

between the nut and the cylindrical part allows the artificial hand to adapt the grasping 

force in spite of the actuator is in a stationary status.   

 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

  Sensors: A FlexiForce sensor model A301 [17] has been used in this work, where it 

mounted within the fingertip. It can measure the applied force on its sensing area in one 

direction, but in this work it is used to measure contact force components in three 

dimensions with 445 N range of force. Also, a hall-effect sensor 49E model [18] has 

been used to give an indication of the situation of slippage by observing the variation in 

relative motion between the palm of gripper and the grasped object, as clarified in fig.4. 

Arm  
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motor  
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motor 
Power 

screw 
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Joint  
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part  

Figure 4. Robotic gripper mechanism 
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The signal of the hall-effect device was not calibrated because it is used only for slip 

monitoring. All the mentioned sensors generate an analog signal that are transformed to 

digital signal from a data acquisition device (National Instruments USB-6009), and then 

the digital signal is transmitted to a PC in order to process it by Matlab-Simulink 

program. 

     Grasped Object: The grasped object is designed in a cuboid shape with two 

disturbance generators (unbalance DC motors) embedded within the grasped object as 

clarified in fig.5 to generate an excitation that used as external dynamic load. Each two 

corresponding layer at the contact zone of the grasped object with the fingertip is 

covered by one type of selected material, namely, glass and wood layers as the test 

requires as shown in fig. 5a and 5b. 

  

 

4. Slipping Experiments and Discussion 
 

    The objective of these experiments is to demonstrate the effectiveness of the 

proposed system to detect slipping in multi-direction under different types of loads. The 

experiments will be explained as follows: 

 
4.1 First Experiments Group  
     

    grasping the object without external disturbances. 

This group of experiments is performed based on the following sequence:  

(1) Grasping the object by means of turning-on manually the robotic gripper actuator 

until it reaches the stable status of grasp;  

(2) Start recording the signals of the sensory system at the moment when the grasping 

reaches the stable status;  

(3) Pulling the grasped object manually until it starts to slip;  

(4) Restarting the previous steps but in different slippage direction and pair of contact 

material (wood, glass) 

 

 

Unbalanced 

motor 

Glass 

layer 

Wood 

layer 

Magnetic 

piece 

(a) (b) 
Figure 5. (a) 3D view and (b) side view of experimental object 
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Figure 8. The tangential force component with 

angle slipping 0, glass layer 
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Figure 9. The force ratio with angle slipping 0, 

wood layer 
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Figure 10. The normal force component with 

angle slipping 0, wood layer 
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Figure 11. The tangential force component with 

angle slipping 0, wood layer 
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Figure 15. The force ratio with angle slipping 40, 

wood layer 
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Figure 14. The tangential force component with 

angle slipping 40, glass layer 
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Figure 6. The force ratio with angle slipping 0, glass 

layer 
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Figure 7. The normal force component with angle 

slipping 0, glass layer 
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Figure 19. The normal force component with  
angle slipping 90, glass layer 
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Figure 16. The normal force component with 

angle slipping 40, wood layer 
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Figure 17. The tangential force component with 

angle slipping 40, wood layer 
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Figure 18. The force ratio with angle slipping 90, 

glass layer 
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Figure 20. The tangential force component with 

angle slipping 90, glass layer 
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Figure 21. The force ratio with angle slipping 90, 

wood layer 
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Figure 22. The normal force component with 

angle slipping 90, wood layer 
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Figure 23. The tangential force component with 

angle slipping 90, wood layer 
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    From the results of first experiments group, one can observe that the signal behavior 

of contact force components ratio in real time start with a certain ratio of initial grasping 

force components. This force ratio varies from one to another experiment due to the 

effect of flexible parts (compressive springs) in the fingertip structure, then this signal 

will vary as a jump from the initial value at the moment of slip occurrence. Also at this 

time, the variation in the Hall-effect sensor signal will be occurred approximately 

similar to the variation in the signal of force ratio, this means the beginning of the 

grasped object slippage. Furthermore, it was observed that the variation in the signal of 

ratios (   
    

) changes according to the angle of slippage occurrence. When the 

slippage angle is 0, the jump in signal just occurs in the force ratios that are oriented 

towards z-axis, when the slippage angle is 40, the jump in the signal occurs at all the 

force ratios in x-axis and z-axis in a similar behavior, and when the slippage angle is 90, 

the jump in signal just occurs in the force ratios that are oriented towards the x-axis.  

 
4.2 Second Experiments Group  

 

     grasping the object under disturbance (dynamic load). 

         These experiments are performed based on the pervious sequence as mentioned in 

the first group of experiments except step 3, However in these experiments the 

unbalance motors have been used as disturbance generators in order to generate slippage 

between the grasped object and the fingertip at the moment of it's turning-on. The 

results of this group will be listed and presented in fig. 24 to 41: 
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Figure 24. The force ratio with angle slipping 0, 

glass layer 
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Figure 25. The normal force component with 

angle slipping 0, glass layer 
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Figure 26. The tangential force component with 

angle slipping 40, glass layer 
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Figure 27. The force ratio with angle slipping 0, 

wood layer 
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Figure 28. The normal force component with 

angle slipping 0, wood layer 
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Figure 29. The tangential force component with 

angle slipping 40, wood layer 
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Figure 30. The force ratio with angle slipping 40, 

glass layer 
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Figure 31. The normal force component with 

angle slipping 40, glass layer 
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Figure 33. The force ratio with angle slipping 40, 

wood layer 
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Figure 32. The tangential force component with 

angle slipping 40, glass layer 
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Figure 35. The tangential force component with 

angle slipping 40, wood layer 
Figure 34. The normal force component with 

angle slipping 40, wood layer 
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     In these experiments, when the dynamic load is applied, the object begins to slip, 

also at this moment; the signal of force ratio is starting to change in a form of an 

alternative sequence, this change is due to the instantaneous variation that occurs in the 

magnitude and direction of the contact force components. Subsequently, the friction 

cone condition cannot be satisfied because of the variation range of force ratio it will be 

raised at the period of slippage occurrence in comparison with the drop in friction 

coefficient from static state (  ) to dynamic state (  ). Also, it was observed that the 

response of the contact force components ratios varies depending on the angle of slip, 

namely, only the ratio that is towards the angle of slip will get the variation in its signal 

as explained in the first group of experiments. 

     From results of all experiments, one can deduce that the components of contact force 

which have the same direction of the slip also have the same behavior, so any force ratio 

(   
    

) shows this behavior firstly can be considered to distinguish the onset of 

slippage. This increase in the force ratio signal can be interpreted as a result of applying 
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Figure 36. The force ratio with angle slipping 90, 

glass layer 
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Figure 37. The normal force component with 

angle slipping 90, glass layer 
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Figure 38. The tangential force component with 

angle slipping 90, glass layer 
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Figure 39. The force ratio with angle slipping 90, 

wood layer 
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Figure 40. The normal force component with 

angle slipping 90, glass layer 
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Figure 41. The tangential force component with 

angle slipping 90, glass layer 
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an external load whether it is quasi-static load or dynamic load on the grasped object, 

this leads to an increase in the magnitude of the normal component and the two 

tangential components of contact force but in different rates. Additionally, it was 

observed, when the contacting occurs between the rubber layers of fingertips and the 

pair of glass layers of grasped object, the grasping process is more stable and the results 

of experiments of this case shows best responses to the slippage occurrence, since the 

mechanism of adhesion friction is into play [19]. But when the contacting occurs 

between the fingertips rubber layers and the pair of wood layers of the grasped object, 

the experimental results of this case of contact shows different responses, because they 

were confusingly and noisy, this is due to the variety in mechanism of friction of rubber 

with wood. As summarized, the present approach can detect the onset of slip of the 

grasped object with different roughness i.e. smooth layer (glass) and rough layer 

(wood). 

 
5. Conclusions 

 

     A novel design of robotic fingertip has been designed to be able to detect slippage in 

multi-directions under different type of load (static load and dynamic load) with 

different contacting layers (glass on rubber and wood on rubber) by measuring the 

components of contact force in three dimensions by implementing conventional sensor.         

An underactuated artificial gripper was designed with linkages mechanism. A grasped 

object was designed in a cubic shape with two unbalance DC motors embedded within 

the grasped object structure. The generated signal for slippage detection demonstrates a 

feasible behavior that can be aid to improve the stability of the grasping process. 
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