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Introduction to IIT Delhi 
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Space robots  
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Serial Chain: DeNOC-Based 

1997 IEEE Trans. on Rob. & Aut.  

V. 13, N. 2, Apr., pp. 301-304 

PUMA Robot 
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Inverse vs. Forward Dynamics 

Inverse Dynamics 

 

Find joint torques/forces for 

given joint motions and end-

effector moment/force 

Forward Dynamics 

 

Find end-effector motion for 

known joint torques/forces 

13 



Simple System 

Newton’s 2nd law:             Modelling 

Given          ; Find                    Inverse dynamics 

Given          ; Find                    Forward dynamics 

                                                           

                                              Integrations  
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 Kane’s, Hamilton’s … 

 Orthogonal 
Complement based, 
e.g., Decoupled Natural 
Orthogonal Complement 
(DeNOC)                             
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DeNOC for Simple System 

Newton’s 2nd law:             

Velocity constraint:               

Natural Orthogonal Complement: 

Constrained motion (Euler-Lagrange):   
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Uncoupled NE Equations 

•The 6n uncoupled equations of motion 
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Velocity Constraints: DeNOC Matrices 

Bij: the 6n  6n  twist-propagation matrix  

pi: the 6n-dimensional joint-rate propagation vector or twist generator 18 



Definition: DeNOC Matrices 

• NNlNd: the 6n  n Decoupled Natural Orthogonal Complement 19 



Coupled Equations 

• n coupled Euler-Lagrange equations 

- no partial differentiation 20 



Recursive Expressions 

• For the n  n GIM, each element  

• For the n  n MCI, each element  

• For the n  n generalized forces  

Composite body mass matrix 
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Saha (1999): ASME 
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Recursive Forward Dynamics  

& Simulation 

Articulated body matrix 

1999 IJRR, V. 18, N. 1, pp. 20-36 
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Chinese 
(PRC) 

Spanish 
(Mexico) 

Books + RoboAnalyzer (Free: www.roboanalyzer.com) 
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Tree-type and Closed Systems 
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DeNOC Matrices 
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Upon pre-multiplication 

Dynamics using DeNOC matrices 

Generalized inertia matrix (GIM) 

Matrix of  Convective inertia (MCI) 

Equation can be written as, 

and 
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DeNOC  
matrices 

Dynamics using the DeNOC Matrices 

 Analytical expressions of vector and matrices, Decomposition inertia 

Matrix, Recursive algorithms, Dynamics model simplifications, etc.     

,  

 Decoupled form of the velocity transformation matrix 

Minimal-order 
Equations of 

motion 

Newton-Euler 
Equations of 

motion 

× 

 Eliminate constraint forces and moments from the NE equations.  

Rate of 
Independent 
coordinate θ. 

Link 
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Mi 

M0 

Modules 
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Inter- and intra- modular recursive 
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 This book addresses dynamic 
modelling methodology and 
simulation of tree-type robotic 
systems. 

 Such analyses are required to 
visualize the motion of a system 
without really building it.  

 Novel treatment of tree-type robots 
using  

1) Kinematic modules; 

2) Decoupled Natural Orthogonal 
Complements (DeNOC) 

 Unified representation of the 
multiple-degrees-of freedom-joints 

 Efficient Recursive Dynamics 
Algorithms 

 Examples: Biped, Quadruped. 
Hexapod, etc. 

2013 
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ReDySim? 

 Recursive Dynamic Simulator is Free 

http://www.roboanalyzer.com 

or 

http://www.redysim.co.nr/download 

 

 It has three modules  

1. Open- and closed-loop multi-body systems 

2. Free-floating system 

3. Legged robot with ground interactions 
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A Robotic Gripper (Inverse Dynamics)  
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Planar biped 
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Legged robots 
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Ms 

M1 

Base  

Mi Torsion 

spring 

Detail of the 

module Mi 

Agrawal (2013): MUB 

New Application: Chains and Ropes 
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Four-bar mechanism (Forward Dynamics)  
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Closed-loop systems 
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Recursive Dynamics for Closed-loops 

(Without Cut-method) Courtesy: Prof. Shimizu 

 

Saha (2001): 
MSM 

 

Khan (2005): 
ASME 

   MUB 
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Solve for Unactuated Joint-rates 

DeNOC:  
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Use in MuDRA 

 Multibody Dynamics for Rural 
Applications (MuDRA) 
 Pose rural mechanisms as research 

problems 

 Use of modern tools, e.g., Multibody Dyn. 

 Use of modern software 

 Able to publish 

 Benefits of MuDRA 
 Establishing a culture 

 Rural problems may get solved 
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Carpet Cleaning: Traditional 

43 



Carpet Scrapping Machine 

 Purpose: To reduce human effort 

 Straight line generating machine 
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Tree-types: Double Recursion 
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ASME J. of Mech. Des., Dec. 2007 

• Unknowns: 6+3 & Eqs. 2+1 

• Unsolvable independently 

(Indeterminate subsystems) 

• Unknowns: 4 & Eqs.: 4 

• Solvable independently 

(determinate subsystem) 
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Results 
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Preface  
 

This book has evolved from the 
passionate desire of the 
authors in using the modern 
concepts of multibody 
dynamics for the design 
improvement of the 
machineries used in the rural 
sectors of India and The 
World. In this connection, the 
first author took up his 
doctoral research in 2003 
whose findings have resulted 
in this book. …. (contd.) 
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Conclusions 

 DeNOC for serial-chain systems 

 

 RoboAnalyzer 

 

 Tree-type and Closed-loop 
systems 

 

 Use in MuDRA 
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Conclusions 

 Components of a software 
 

 How much should we know?  
RecurDyn 
 

 DeNOC-based modeling and simulation 
 

 RoboAnalyzer and ReDySim 
 

 MuDRA 
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