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 

Abstract—Off-line dynamic identification requires the use of 
a model linear in relation to the robot dynamic parameters and 
the use of linear least squares technique to calculate the 
parameters. Most of time, the used model is the Inverse 
Dynamic Identification Model (IDIM). However, the 
computation of its symbolic expressions is extremely tedious. In 
order to simplify the procedure, the use of the Power 
Identification Model (PIM), which is dramatically simpler to 
obtain and that contains exactly the same dynamic parameters 
as the IDIM, was previously proposed. However, even if the 
identification of the PIM parameters for a 2 degrees-of-
freedom (DOF) planar serial robot was successful, its fails to 
work for 6 DOF industrial robots. This paper discloses the 
reasons of this failure and presents a methodology for the 
identification of the robot dynamic parameters using the PIM. 
The method is experimentally validated on an industrial 6 DOF 
Stäubli TX-40 robot. 

I. INTRODUCTION  

EVERAL schemes have been proposed in the literature to 
identify the dynamic parameters of robots [1]–[7]. Most 

of the dynamic identification methods have the following 
common features: 
- the use of a model linear in relation to the dynamic 

parameters, 
- the construction of an over-determined linear system of 

equations obtained by sampling the model while the 
robot is tracking some trajectories in closed-loop 
control, 

- the estimation of the parameter values using least 
squares techniques (LS).  

The experimental works have been carried out either on 
prototypes in laboratories or on industrial robots and have 
shown the benefits in terms of accuracy in many cases.  

To carry out the identification of the dynamic parameters, 
the Inverse Dynamic Identification Model (IDIM) is usually 
used. However, the computation of its symbolic expressions 
is extremely tedious. In order to simplify the procedure, the 
use of the Power Identification Model (PIM), which is 
dramatically simpler to obtain and that contains exactly the 
same dynamic parameters as the IDIM, was previously 
proposed in [8]. The PIM was used by one of the authors of 
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the present paper for the identification of the dynamic 
parameters of 2 degrees-of-freedom (DOF) planar serial 
robot [8] but its application to a 6-DOF serial industrial 
robot was not successful and the results never published.  

The reasons of this failure are disclosed in this paper. It 
will be shown that the PIM is much more sensitive to the 
choice of the exciting trajectories than the IDIM. In order to 
show the effectiveness of the PIM for the identification of 
inertial parameters of 6 DOF serial robots, the method is 
experimentally validated on an industrial Stäubli TX-40 
robot and compared with the usual IDIM procedure. 

The paper is organized as follows: sections 2 and 3 make 
some brief recalls on the computation of the IDIM and PIM. 
Section 4 discloses the identification procedure. Section 5 
presents the experimental validations. Finally, section 6 
gives the conclusion. 

II. THE USUAL INVERSE DYNAMIC MODELS 

The inverse dynamic model (IDM) of a rigid robot 

composed of n moving links calculates the  n 1
 
motor 

torque vector idmτ , as a function of the generalized 

coordinates and their derivatives. It can be obtained from the 
Newton-Euler or the Lagrange equations [5], [9]. It is given 
by the following relation: 

= ( )  + ( , )idmτ M q q N q q    (1) 

where q , q  and q  are respectively the  n 1 vectors of 

generalized joint positions, velocities and accelerations, 
( )M q  is the  n n  robot inertia matrix, and ( , )N q q  is the 

 n 1  vector of centrifugal, Coriolis, gravitational and 

friction forces/torques. 
It is known that the dynamic model of any manipulator 

with n actuators can be linearly written in term of a  1n  

vector of standard parameters st  [1], [4], [5]: 

( ) ( )  idm st st stq,q,q, IDM q,q,q     (2)   

where: 

stIDM  is the  stn n jacobian matrix of idmτ , with 

respect to the  1stn   vector stχ  of the standard parameters 

given by 1 2  ... 
TT T n T

st st st st       . 

For rigid robots, there are 14 standard parameters by link 
and joint. For the joint and link j, these parameters can be 

regrouped into the (14×1) vector j
st  [5]: 
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j T
st j j j j j j j j j j j j j off XX XY XZ YY YZ ZZ MX MY MZ M Ia Fv Fc       (3) 

where: 

     j j j j j jXX , XY , XZ , YY , YZ , ZZ  are the 6 components of 

the inertia matrix of link j  at the origin of frame j . 

  j j jMX , MY , MZ   are the 3 components of the first 

moment of link j , jM  is the mass of link j , jIa  is a total 

inertia moment for rotor and gears of actuator j . 

jFv , jFc  are the visquous and Coulomb friction 

coefficients of the transmission chain, respectively, 

j j joff offFS off     is an offset parameter which regroups 

the amplifier offset 
joff and the asymmetrical Coulomb 

friction coefficient 
joffFS . 

The identifiable parameters are the base parameters which 
are the minimum number of dynamic parameters from which 
the dynamic model can be calculated. They are obtained 
from the standard inertial parameters by regrouping some of 
them by means of linear relations [10], which can be 
determined for the serial robots using simple closed-form 
rules [3], [5], or by numerical method based on the QR 
decomposition [11].  

The minimal dynamic model can be written using the bn  

base dynamic parameters   as follows: 

( ) idm IDM q,q,q   (4)  

where IDM is a subset of independent columns of 

stIDM  which defines the identifiable parameters. (4) takes 

the following block-triangular form: 
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 (5) 

where i is the input torque of actuator i, j  the base 

dynamic parameters of the joint j and Dij the row vector of 
matrix IDM corresponding to the actuator i and the 

parameters j  (i, j = 1, …, n). 

Because of perturbations due to noise measurement and 
modelling errors, the actual force/torque   differs from idmτ  

by an error, e , such that: 
( )     idm e IDM q,q,q e   (6) 

where   is calculated with the drive chain relations: 
1 10 0

0 0

0 0 n n

v g

v g

v g

 

 

 


   
   

     
   
   

   (7) 

v  is the ( )n n  matrix of the actual motor current 

references  of the current amplifiers ( jv  corresponds to 

actuator j) and g  is the ( 1)n  vector of the joint drive 

gains ( jg  corresponds to actuator j) that is given by a priori 

manufacturer’s data or identified [12][13]. Equation (6) 
represents the Inverse Dynamic Identification Model 
(IDIM). 

III.   THE POWER MODEL  

In order to decrease the complexity of computing the 
symbolic expressions for the identification process, a model 
based on the energy has been proposed [8], [14] for the 
identification of a 2 DOF planar serial robot. This model can 
be obtained by calculating the power Ppm of the system:  

     T
pm f

d
P H q,q q

dt
   (8) 

where  H q,q  is the total energy of the system calculated 

using the recursive equations proposed in [5] and  f  being 

the vector of the friction torques, i.e. 

      
T

f f 1 f 2 fn, ,..., ,    fj j j j j offjFv q Fs si gn( q )  . (9) 

The relation (8) can be expressed as a linear form with 
respect to the base dynamic parameters of the robot: 

    



 



 
 
       
 
  

1

2
1 2 n

pm

n

d d
P h q,q h ,h ,...,h dh

dt dt



 (10) 

where  h q,q  is the   b1 n
 
jacobian matrix of the energy 

with respect to the base dynamic parameters, dh the   b1 n
 

jacobian matrix of the power with respect to the base 

dynamic parameters and jh  the vector of matrix h 

corresponding to the parameters j  (j = 1, …, n).  

It must be mentioned here that, due the serial architecture 
of industrial robots, the vector jh  depends on joint 

velocities 1q  to jq  only and jh 0  (as well as jh , jdh  

being the vector of matrix dh corresponding to j ) if joints 

1 to j are fixed. This intrinsic property of matrices h and dh 
is crucial for the following of the paper. 

Because of perturbations due to noise measurement and 
modelling errors, the robot power P differs from pmP  by an 

error, e , such that: 
   pmP P e dh e  (11) 

where P is calculated with: 

 TP q  (12) 

 (11) represents the Power Identification Model (PIM).  
The PIM is a scalar equation whose symbolic expressions 

are easier to derive than the vector expressions of the IDIM.  



  

IV. THE IDENTIFICATION PROCEDURE 

A. Identification of the dynamic parameters 

The off-line identification of the base dynamic parameters 
  is considered, given measured or estimated off-line data 

for τ or P and    q, q, q  , collected while the robot is tracking 

some planned trajectories.  
For the IDIM, (   )q, q, q   in (6) are estimated with 

(   )ˆ ˆq̂, q, q  , respectively, obtained by band-pass filtering the 

measure of q [8]. For the PIM, (  )q, q  and matrix dh in (10) 

are estimated with (  )ˆq̂, q  and ˆdh , respectively, obtained by 

band-pass filtering the measure of q and values of  h q,q . 

The principle is to sample the identification models (6) or 
(11) at a frequency mf  in order to get an over-determined 

linear system of rm equations and bn
 
unknowns such that: 

 fm fm fmY W χ ρ  (13)
 

In order to cancel the high frequency torque ripple in fmY  

and to window the identification frequency range into the 
model dynamics, a parallel decimation procedure low-pass 
filters in parallel fmY  and each column of  fmW  and 

resamples them at a lower rate, keeping one sample over dn . 

This parallel filtering procedure can be carried out with the 
Matlab decimate function [8]. It is obtained: 
 Y Wχ ρ  (14)  

ρ is the ( 1)r  vector of errors, with  m dr r / n   , 

W  is the ( ) br n  observation matrix. 

Depending of what type of model is used, Y is composed 
of the sampled data of either the measured torques  (for the 

IDIM) or the estimated power  TP q  (for the PIM). 

Similarly, W concatenates either all matrices IDM of (4) (for 
the IDIM) or all matrices dh of (11) (for the PIM). 

Using the base parameters and tracking “exciting” 
reference trajectories, a well-conditioned matrix W is 
obtained. The LS solution χ̂  of (14) is given by: 

  1T Tχ̂ W W W Y W Y
    (15) 

Standard deviations 
i̂

 , are estimated assuming that W  

is a deterministic matrix  and  , is a zero-mean additive 

independent Gaussian noise, with a covariance matrix C , 

such that: 
T 2( ) rC E ρρ I    (16) 

E is the expectation operator and Ir, the ( )r r  identity 

matrix.  An unbiased estimation of the standard deviation 

  is: 
22 ( )ˆˆ Y -W r b    (17) 

The covariance matrix of the estimation error is given by: 

T 2 T 1[( )( ) ] ( )ˆ ˆ ˆˆ ˆC E χ χ χ χ W W 
    . 

( )
i

2
ˆ ˆ ˆC i,i    is the ith diagonal coefficient of ˆ ˆC  (18) 

The relative standard deviation 
riˆ%   is given by: 

100
ri iˆ ˆ i

ˆ%     , for i̂ ≠ 0 (19) 

The ordinary LS (OLS) can be improved by taking into 
account different standard deviations on equations errors 
[8]. In the case of the IDIM, each equation of joint j in (14) 
is weighted with the inverse of the standard deviation of the 
error calculated from OLS solution of the equations of joint 
j, in order to obtain the following system of equations that 
conserves the block-triangular form of (5): 

1 1 1,1 1,2 1,n 1 1,n 1
τ τ τ τ

2 2 2 ,2 2 ,n 1 2,n 2
τ τ τ

n 1 n 1 n 1,n 1 n 1,n n 1
τ τ

n n n,n n
τ

Y ( τ ) W W W W χ

Y ( τ ) 0 W W W χ

Y

Y ( τ ) 0 0 W W χ

Y ( τ ) 0 0 0 W χ





 











     

     
     
     
       
     
     
         




      



(20) 

where j jY ( τ )  regroups the sampled and filtered values 

of the joint j input torques and j ,kW  regroups the sampled 

and filtered values of vectors Dj,k of (5).  
For the PIM, the observation matrix has no block-

triangular form: 
1

2

1 2 n 1 n
P pm P P P P P P P

n 1

n

χ

χ

Y ( P ) W W W W W

χ

χ

  



 
 
 
        
 
  

 
 (21)  

where P pmY ( P )  regroups the sampled and filtered values 

of the power pmP  and k
PW  regroups the sampled and filtered 

values of vectors kdh  of (10). 
Furthermore, for both the IDIM and PIM, if the data 

collected on different trajectories are concatenated in (14), 
the equations corresponding to one given trajectory can be 
weighted using the same procedure, and that for all the 
concerned trajectories. 

This weighting operation normalises the errors in (14) and 
gives the weighted LS (IDIM-WLS or PIM-WLS) estimation 
of the parameters. 

B. Discussion about the exciting reference trajectories 

Due to the intrinsic nature of serial industrial robots, the 
inertial parameters of the last joints (especially, those of the 
wrist) are the most difficult to identify. Indeed, the wrist 
elements are lighter and if their corresponding inertial 
parameters are melt in the same equation with those of the 
first joints, they will be poorly identified.  

This problem is partially solved when using the IDIM 
procedure thanks to the block-triangular structure of the 
observation matrix shown in (20). The LS solution of (20) 
minimizes the squared norm of the error  : 
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Fig. 1. Link frames of the TX-40 robot 
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

    

    

    
 (22) 

where the term     j j , j j j ,n n j
τ τY W χ ... W χ  is the 

norm of the error on the estimation of the joint j torque. 
Thus, minimizing the squared norm of   is a stepwise 

coupled minimization of each squared norm of error j
 , 

starting from the parameters nχ . The squared norm 
2n

  

in (22) contributes giving a good estimation of  nχ , then the 

squared norm 
2n 1


  contributes giving a good estimation 

of the parameters n 1χ  , etc. 

Considering now the PIM, it can be directly observed that 
the observation matrix of (21) doesn’t have a block-
triangular form and that the squared norm of the error P is: 

    
22 1 1 n n

P P P PY W χ ... W χ  (23) 

As the wrist links are lighter, the contribution of the wrist 
actuators to the total robot power is quite small with regards 
to the shoulder power, i.e. for a 6 DOF robot, 

4 4 5 5 6 6 1 1 2 2 3 3
P P P P P PW χ W χ W χ W χ W χ W χ     . 

Thus, the LS solution of (21) may lead to a poor 
estimation of the wrist parameters.  

Minimizing (23) using the PIM-WLS procedure should be 
compared with the IDIM-WLS procedure using only the joint 
1 data in (22), i.e. the squared norm of the error for joint 1,  

     
2 21 1 1,1 1 1,n n

τ τY W χ ... W χ . (24) 

This result will be shown in the next section. This 
problem can be avoided by creating a block-triangular 
regressor thanks to the use of optimal experimental 
trajectories. Using the property of matrices dh mentioned in 
section III for a n-DOF industrial serial robot, the block-
triangular form of W can be obtained by carrying out at least 
n different types of trajectories that cancels some terms of 
W: 
1.  Trajectories with all joints moving altogether 
2.  Trajectories with joint 1 fixed ( 1q 0 ), all the other 

joints (from 2 to n) moving altogether 
3.  Trajectories with joints 1 and 2 fixed (  1 2q q 0  ), all 

the other joints (from 3 to n) moving altogether 
… 
n.  Trajectories with joints 1 to n–1 fixed (  1 2q q ...   

 n 1q 0 ), joint n moving only. 

Using these trajectories, the observation matrix built with 
the PIM takes block-triangular form. In the next section, the 
PIM-WLS identification procedure is compared with the 
IDIM-WLS procedure in order to show its efficiency. 

V. CASE STUDY 

A. Description of the TX 40 kinematics  

The Stäubli TX-40 robot (Fig. 1) has a serial structure with 
six rotational joints. Its kinematics is defined using the 
modified Denavit and Hartenberg notation (MDH) [15]. In 
this notation, the link j  fixed frame is defined such that the 

jz  axis is taken along joint j   axis and the jx  axis is along 

the common normal between jz  and j 1z   (Fig. 1). The 

geometric parameters defining the robot frames are given in 
Table 1. The payload is denoted as the link 7. The parameter 

0j  , means that joint j  is rotational, j
 

and jd
 

parameterize the angle and distance between j 1z   and jz  

along j 1x  , respectively, whereas j  and jr  parameterize 

the angle and distance between j 1x   
and jx  along jz , 

respectively. For link 7, 2j 
 
means that the link 7 is 

fixed on the link 6. Since all the joints are rotational then j  

is the position variable qj of joint j .  

The TX-40 robot is characterized by a coupling between 
the joints 5 and 6 such that: 

     
           

5 5 5

6 6 6 6

qr N 45 0 q

qr N 32 N 32 q

 
 

,
 

 

    
    

       

5 5

6 6

c r5 6

6c r

N N

0 N
 (25) 

where jqr is the velocity of the rotor of motor j, jq is the 

velocity of joint j, Nj is the transmission gain ratio of axis j, 
τcj is the motor torque of joint j, taking into account the 
coupling effect on the motor side, τrj is the electro-magnetic 
torque of motor j.  

TABLE I 
GEOMETRIC PARAMETERS OF THE TX-40 ROBOT WITH THE PAYLOAD 

j j j dj j rj

1 0 0 0 q1 0 
2 0  0 q2-/2 0 
3 0 0 d3 = 0.225 m q3+/2 rl3 = 0.035 m 
4 0  0 q4 rl4 = 0.225 m 
5 0  0 q5 0 
6 0  0 q6 0 
7 2 0 0 0 0 



  

The coupling between joints 5 and 6 also adds the effect 
of the inertia of rotor 6 and new viscous and Coulomb 
friction parameters Fvm6 and Fcm6 , to both τc5 and τc6.  

It is possible to write:  
   sign( )    

5c 5 6 6 6 6 6 6Ia  q Fvm  q Fcm  q    and 

    sign( + ) sign( )     
6c 6 6 5 6 5 6 5 6 6Ia  q Fvm  q Fcm q q q      

where τj already contains the terms 
   j j j j j j( Ia q Fv q  Fc sign( q ))   , for j=5 and 6 respectively, 

with    2 2
5 5 5 6 6Ia N Ja N Ja  and  2

6 6 6Ia N Ja  (26) 

Jaj is the moment of inertia of rotor j. 
(26) is introduced into (4), (8) to obtain the IDIM and PIM. 

B. Identification results 

In this section, the identification procedure using PIM is 
compared with the usual method using IDIM. Three cases 
will be tested: 
- Case 1: the robot dynamic parameters are identified with 

usual IDIM-WLS, using a single exciting trajectory with 
all joints moving simultaneously; 

- Case 2: the robot dynamic parameters are identified with 
usual IDIM-WLS, using optimal trajectories presented in 

section IV.B; 
- Case 3: the robot dynamic parameters are identified with 

PIM-WLS using the same trajectory as for Case 1; 
- Case 4: the robot dynamic parameters are identified with 

PIM-WLS using the same trajectory as for Case 2. 
Some small parameters remain poorly identifiable because 

they have no significant contribution in the joint torques. 
These parameters have no significant estimations and can be 
cancelled in order to simplify the dynamic model. Thus 
parameters such that the relative standard deviation 

 riˆ%  is 

too high are cancelled to keep a set of essential parameters 
of a simplified dynamic model with a good accuracy [16]. 
The essential parameters are calculated using an iterative 
 

TABLE III 
QUALITY OF IDENTIFICATION. 

 Case 1 Case 2 Case 3 Case 4

Rel. Err. norm ˆ / Y 0.077358 0,0821229 0,0689218 0,0670227

mean(%ei1) — — 119.09 22.89
mean(%ei2) — — 131.97 21.70

 ˆ ˆY W    is the minimal norm of error. 

 

TABLE II 
IDENTIFIED DYNAMIC PARAMETERS. 

 Case 1 Case 2 Case 3 Case 4 

Par. Values 
ri

ˆ%   Values 
ri

ˆ%   Values 
ri

ˆ%  %ei1 %ei2 Values 
ri

ˆ%   %ei %ei2

zz1r 1,29e+00 0,45 1,27e+00 0,36 1,18e+00 2,40 8,53 7,09 1,24e+00 1,84 3,88 2,36
fv1  6,90e+00 0,78 6,90e+00 0,58 7,98e+00 1,73 15,65 15,65 5,33e+00 4,54 22,75 22,75
fs1  6,71e+00 2,37 6,72e+00 1,76 — — — — 1,59e+01 6,45 136,96 136,61
xx2r -4,57e-01 2,02 -4,84e-01 1,44 -4,68e-01 6,26 2,41 3,31 -4,22e-01 9,19 7,66 12,81
xy2 — — — — -1,06e-01 21,66 — — — — — —
xz2r -1,35e-01 4,3 -1,45e-01 3,03 -1,32e-01 9,45 2,22 8,97 -1,22e-01 12,79 9,63 15,86
zz2r 1,06e+00 0,57 1,06e+00 0,31 1,24e+00 1,97 16,98 16,98 1,09e+00 1,25 2,83 2,83
mx2r 2,22e+00 0,52 2,21e+00 0,27 2,02e+00 1,95 9,01 8,60 2,18e+00 0,98 1,8 1,36
fv2  4,54e+00 1,33 4,45e+00 0,72 1,42e+00 26,46 68,72 68,09 4,28e+00 3,19 5,73 3,82
fs2  8,11e+00 1,83 7,87e+00 0,97 2,80e+01 7,18 245,25 255,78 8,25e+00 6,68 1,73 4,83
xx3r — — 9,49e-02 7,62 — — — — — — — —
xz3  — — — — 0,093 23,48 — — — — — —
yz3  — — — — 0,225 10,06 — — — — — —
zz3r 1,39e-01 3,7 1,46e-01 1,81 2,70e-01 10,47 94,24 84,93 1,57e-01 6,56 12,95 7,53
my3r -6,30e-01 1,53 -6,07e-01 0,79 — — — — -6,10e-01 1,5 3,17 0,49
ia3  8,27e-02 5,83 8,74e-02 2,85 — — — — 7,54e-02 12,88 8,83 13,73
fv3  1,73e+00 2,61 1,60e+00 1,19 — — — — 1,32e+00 3,47 23,7 17,5
fs3  6,30e+00 2,4 6,30e+00 1,03 2,08e+01 3,35 230,16 230,16 7,50e+00 3,36 19,05 19,05
xy4  — — — — -0,1 11,09 — — — — — —
yz4  — — — — 0,0588 19,79 — — — — — —
zz4r — — — — — — — — 3,72e-02 4,48 — —
mx4  — — — — — — — — -4,27e-02 12,67 — —
ia4  — — 3,51e-02 3,81 — — — — — — — —
fv4  9,15e-01 4,79 8,51e-01 1,78 8,56e-01 9,90 6,45 0,59 7,34e-01 3,02 19,78 13,75
fs4  2,40e+00 6,87 2,55e+00 2,31 — — — — 3,05e+00 4,56 27,08 19,61
yz5  — — — — 0,0561 17,15 — — — — — —
ia5  5,44e-02 9,94 4,16e-02 4,84 1,96e-01 11,86 260,29 371,15 4,41e-02 7,47 18,93 6,01
fv5  1,60e+00 3,8 1,56e+00 1,42 3,02e+00 4,09 88,75 93,59 1,46e+00 3,08 8,75 6,41
fs5  3,37e+00 4,47 2,71e+00 1,92 — — — — 2,00e+00 9,54 40,65 26,2
xy6  — — — — 0,0182 21,67 — — — — — —
xz6  — — — — — — — — -2,54e-03 22,05 — —
zz6  — — — — -0,026 11,49 — — — — — —
mx6  — — — — 0,055 17,75 — — -2,53e-02 10,48 — —
my6  — — — — 0,0547 19,12 — — — — — —
ia6  — — 1,09e-02 4,43 — — — — 9,99e-03 2,76 — 8,35
fv6  5,81e-01 4,91 5,13e-01 1,69 1,29e+00 6,36 122,03 151,46 4,01e-01 1,81 30,98 21,83
fs6  1,96e+00 7,72 1,83e+00 2,68 -8,58e+00 11,04 537,76 568,85 2,63e+00 2,97 34,18 43,72
fvm6 5,19e-01 4,59 4,92e-01 1,69 8,08e-01 8,09 55,68 64,23 3,39e-01 3,05 34,68 31,1
fsm6 1,85e+00 7,76 1,53e+00 3,19 -2,97e+00 32,24 260,54 294,12 2,79e+00 4,41 50,81 82,35

i̂
 is the standard deviation and 

ri
ˆ%


 its relative value (%). %ei1 is the relative difference (%) between the parameters identified in Case 1 and those 

identified with the PIM-WLS. %ei2 is the relative difference (in %) between the parameters identified in Case 2 and those identified with the PIM-WLS. 
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Fig. 2. Measured and reconstructed torques of the TX-40 with the parameters identified in Case 2. 
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Fig. 3. Measured and reconstructed torques of the TX-40 with the parameters identified in Case 3. 
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Fig. 4. Measured and reconstructed torques of the TX-40 with the parameters identified in Case 4. 
 



  

TABLE IV 
QUALITY OF TORQUE RECONSTRUCTION. 

 Case 1 Case 2 Case 3 Case 4 Case 5

Rel. Err. norm ˆ / Y  0.0726 0.0765 0.5346 0.1545 0.7485

 
procedure starting from the base parameters estimation. At 
each step the base parameter which has the largest relative 
standard deviation is cancelled. A new LS parameter 
estimation of the simplified model is carried out with new 
relative error standard deviation 

 riˆ% . The procedure ends 

when     
ri riˆ ˆmax(% ) / min(% ) r , where r  is a ratio 

ideally chosen between 10 and 30 depending on the level of 
perturbation in Y and W. Here, for all identification 
procedures, r is fixed to 20. 

The obtained results are shown in Table 2. The 
parameters with the subscript R stand for the regrouped 
parameters [3]. The results show that, in general, the 
parameters identified with PIM-WLS and optimized 
trajectories (Case 4) are closer to the parameters identified 
with IDIM-WLS (Cases 1 and 2). Some difference exists, but 
the parameters that have the largest differences %eij are 
those that have the largest relative standard deviation. It can 
also be observed that a larger number of parameters can be 
estimated when IDIM-WLS uses the trajectories optimized 
for PIM-WLS (Case 2), compared with the IDIM-WLS 
results obtained with a single trajectory (Case 1). 

Table 3 presents the mean of the relative differences %eij 
between the parameter values estimated with PIM-WLS and 
IDIM-WLS. For the parameters estimated in Case 4, the 
mean of the difference with respect to those estimated in 
Cases 1 and 2 is stable and about 22%. For the parameters 
estimated in Case 3, this value is from 6 times higher. 

The relative error norm that gives an estimation of the 
quality of the identification procedure is also shown in the 
Table 3. Both PIM-WLS methods have a good identification 
quality, i.e. the identified parameters well estimate the robot 
power. However, only the IDIM-WLS and PIM-WLS 
procedure with optimized trajectories can correctly estimate 
the input torques (Fig. 2, 3 and 4; the reconstructed torques 
for Case 1 are not shown because the curves are very similar 
to those of Case 2), even if IDIM-WLS shows better results. 

Finally, a last IDIM-WLS procedure is carried out to 
identify the robot parameters using the equation of joint 1 
only (denoted as Case 5). The relative norm of error for each 
case of identification is shown in Table 4. The results show 
that, as mentioned in section IV.B., the torques are poorly 
reconstructed using both PIM-WLS with a single trajectory 
and IDIM-WLS with the equations of joint 1 only, i.e. 
without the use of a block-triangular observation matrix.  

Moreover, the quality of reconstruction is twice better 
with IDIM-WLS than with PIM-WLS. This can partially be 
explained by the fact that vector YP in (21) is correlated with 
the observation matrix WP as they both depend of the 
estimated values of q  in which there is noise. A possible 

solution to this problem is to adapt the procedure DIDIM 
[17] to the PIM, as this procedure uses simulated values 
(without noise) of q . This is part of our future work. 

VI. CONCLUSION 

This paper dealt with the identification of robot inertial 
parameters using the power model. This method uses a 
model with symbolic expressions dramatically simpler to 
compute than those of the usual inverse dynamic 
identification model, was formerly applied for the 
identification of the dynamic parameters of a planar 2-DOF 
serial robot but failed when applied to a 6-DOF serial 
industrial robot. The causes of this failure are disclosed in 
the present paper. It is shown that it is necessary to create a 
block-triangular observation matrix via the use of optimized 
trajectories in order to correctly identify the wrist inertial 
parameters. If not, the identification fails to find the 
parameters that are able to correctly estimate the actuator 
torques. The method has been experimentally validated on a 
Stäubli TX-40 robot and the results shown that this method 
is efficient for identifying the dynamic parameters of a 6 
DOF industrial robot. 
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