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Summary 

Ø  Introduction: Anthropomorphic hands and Autonomous 
Manipulation (Underactuated Finger Using Tactile Sensor) 

Ø Design methodology based on Quality Function Deployment 
(QFD) 

Ø Modeling and kinematic analysis of the anthropomorphic 
hands 

Ø Compliance Control 
Ø Results, validation prototype and demonstrative video 
Ø Conclusion 



Anthropomorphic Hands 

Ø  Products produced more customizable 
Ø Different types of robotic claws used 
Ø Handle different categories of objects 
Ø  Integration of actuators, sensors and 
    Controllers 
Ø Underactuated hands 
Ø   Interest in the distribution  of the forces 
Ø   Robotic hand refers to a particular type of  
end-effector with an anthropomorphic  
inspiration 
 
 



Autonomous Manipulation 

Ø Domestic spaces are usually not structureed 
Ø Unstable fingertipes are unable to 
maintain a stable grip 
Ø  Tactile sensors provide robots with physical contact information 
Ø  fully actuated mechanisms: ndof = nact; 
Ø  redundantly actuated mechanisms: ndof < nact; 
Ø  underactuated mechanisms: ndof > nact 

The number of DOF (ndof )  
relatively to the number of actuators (nact) 



Comparison	  of	  different	  
anthropomorphic	  hand	  



Comparison	  of	  different	  
anthropomorphic	  hand	  



Defined User Requirements (URs) or “What’s” 
User	  requirements	  for	  anthropomorphic	  robo6c	  hand	  



Mudge Diagram (A=5, B=3, C=1) 

Priority Item: 
•  To have the appearance of 

the human hand (1) 
•  Be compatible with robotic 

manipulators (2) 
•  Force feedback system with 

direct measure (3) 
•  Being able to interact with the 

user (4) 

Not Priority Item: 
•  Products for assembly 
to be made accessible (5) 
•  Uses easy reusable 

materials (6) 
•  To handle objects of 

different weight (7) 
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Average importance ratings for the user 
requirements shown in the Pareto chart 



Selected Design Parameters (DPs) or “How’s” 
Table	  3	  –	  Product	  requirements	  for	  anthropomorphic	  robo6c	  hand	  
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QFD matrix of relationship between RUs and DPs 



Matrix of correlations between DPs 



Specifications-meta for the anthropomorphic hand 



DOF representatiton 



Kinematics model – Direct Kinematics 

Direct	  kinema6cs	  for	  the	  pinky,	  ring,	  middle	  and	  index	  finger	  



Kinematics model – Direct Kinematics 
Direct	  kinema6cs	  for	  the	  thumb	  



Results of Kinematics Analysis 
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Project Overview 





Use Case Diagram 



Communication Between Raspberrys Pi  
MQTT – Message Queuing Telemetry Transport 



Compliance Control 



Compliance Control 



Detailing of fingers anthropomorphic robot hand 



Detailing of palm and flange 



Prototype of the anthropomorphic robotic hand 



Manipulation of Objets 



Hand with and without compliance control 



Items reached summarized	  



Items not satisfactorily achieved or not estimated	  

• Max Capacity of manipulation: According to the datasheet of the 
motor used, it has 1kg/cm. 

• Graphic interface: generation of the graphical interface had to be 
performed through the Node-RED software to enable the 
decentralization of the client-control system to maintain system 
efficiency. 

• Control system accuracy: according to the author’s limitations, it 
was not possible to estimate the accuracy of the control system 
developed. 

• Forms of canonical force and canonical shapes of precision: 
movements of the fingers occurred in a general way, since there is 
a need to make improvements in the gripper to allow classification 
of the grip. 





•  The adopted product development technique proved effective 
for the development of the anthropomorphic robotic hand. 

•  Only 4 items out of 15 of the target specifications required in 
the anthropomorphic robotic hand were not satisfactorily 
achieved or not estimated. 

•  The compliance control system developed the response time 
was about 300ms for the 5 fingers. 

•  In order to achieve a better interaction between object and 
finger, another mechanism for the fingers will be constructed. 
Strain gauge sensors will be used to read finger strength. 

Conclusion	  

• The behaviour of underactuated fingers can be substantially 
enhanced with tactile information and a classic fuzzy control 
approach. 
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