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Abstract— The model of a robot may not be able to consider
all the physical phenomena influencing the manipulator perfor-
mances since they are too numerous and/or difficult to measure:
this is model discrepancy. For a highly-accurate active space
telescope, an important source of inaccuracy was measured
using photogrammetry: the deformation of its mobile platform.
This deformation cannot be directly measured in space and
needs to be properly modeled in order to enable the telescope
calibration with the available measurements. Two incremental
models are proposed and the parameter observability is dis-
cussed. After experimental calibration, a micrometer accuracy
can be reached. The influence of model discrepancy on the
experimental parameter identification is finally discussed.

Index Terms— Calibration; Model discrepancy; Parallel
robot; Flexure joints; Micrometer accuracy; Observability

I. INTRODUCTION

Robotic calibration aims at improving the robot accuracy
through identification of its model parameters. However, the
robot model can only approximate the real robot behavior.
Indeed, many sources of inaccuracy influence the inner
working of the robot. The inaccuracy sources classically
considered are geometric, static, dynamic and non-geometric
errors due to environmental interactions.

Identifying all the sources of inaccuracy, even if possible,
will require the use of a huge number of specific sensors
that are themselves inaccurate (e.g. static calibration is often
performed using force or frequency sensors [1], [2]). Because
of the cost and difficulty of such a procedure, many studies
were performed to analyze the main sources of inaccuracy
that need to be considered in the robot modeling [3]–
[5]. However, these analyses conclude that influence of
systematic errors on the robot accuracy mostly depend on
the robot application, manufacturing tolerances and environ-
mental conditions, which means that no a priori can be given
on the influence of one or another inaccuracy source.

Moreover, such models deal with the main sources of
inaccuracy only. So model discrepancy will exist in almost all
robotic calibration. Since calibration compares measurements
and results issued from a model prediction, those errors are
accounted in the model parameter identification [6]. A possi-
ble consequence is an identified parameter value drastically
different from its nominal one and even unrealistic, while
providing good accuracy results. The experimental calibra-
tion of an active space telescope highlights this phenomenon,
and the influence of model discrepancy on calibration results
can be explained in this case.
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II. MODEL DISCREPANCY IN CALIBRATION

Without loss of generality, we will only focus on kinematic
calibration. Let consider a manipulator, with either a closed
or open kinematic chain, with n′ actuators controlling n
degrees of freedom (n ≤ n′). The exact pose p of the end-
effector is described by the n-vector x∗p, and ρ∗p stands for
the n′-vector of the exact joint coordinates at pose p. The
exact kinematic model of this robot relates the joint and end-
effector coordinates ρ∗p and x∗p through a function f∗ that
depends upon the mtot exact model parameters described by
the vector ξ

∗
tot:

f∗(x∗p,ρ
∗
p,ξ
∗
tot) = 0 (1)

The exact kinematic model takes into account all the
sources of inaccuracy that influence the robot kinematic be-
havior (e.g. stiffness, temperature, humidity, etc). However,
such a model may be too complex, or even too difficult
to obtain. Thus, the kinematic model is often simplified
through a function f depending upon m exact parameters,
with m < mtot, described by the vector ξ

∗. In this case, the
inaccuracy sources not considered in f can be taken into
account in an additive discrepancy function ε f [7]:

f(x∗p,ρ
∗
p,ξ
∗) = ε f (x∗p,ξ

∗,ξ ∗tot) , with ε f = f− f∗ (2)

It may be assumed that the kinematic parameters ξ are
known with uncertainties δξ

∗ due to manufacturing and
assembly errors, such as ξ = ξ

∗+δξ
∗. The purpose of kine-

matic calibration is to improve the robot accuracy through
identification of its model parameters. In a calibration pro-
cess, measurements y∗p on the robot state are obtained for
different poses x∗p, with p = 1..Np. Those measurements are
related to the model parameters ξ

∗ through an identification
function gp of pose p, issued from the kinematic model f:

gp(y∗p,ρ
∗
p,ξ
∗) = ε

p
g , with ε

p
g = εg(x∗p,ξ

∗,ξ ∗tot) (3)

where ε
p
g considers the model discrepancy of pose p.

Considering a sufficient number of measurements y∗p, the
kinematic parameters ξ can be estimated by minimizing a
function of gp over all the calibration poses p. A common
way to perform calibration is to use non-linear least square
algorithm [8] in order to minimize ∑

Np
p=1 gT

p gp. However,
measurements also contain errors δρ∗p and δy∗p such as
ρ p = ρ∗p +δρ∗p and yp = y∗p +δy∗p. Accordingly, a linear
approximation of gp for the least square algorithm is:

gp(yp,ρ p,ξ ) = ε
p
g +Gp

y δy∗p +Gp
ρ δρ

∗
p +Gp

ξ
δξ
∗ (4)

where Jacobian matrices Gp
x = ∂gp/∂x depend on the pose

p. Nonetheless, the exact values of δy∗p and δρ∗p are not
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known and cannot be identified since identifying either δy∗p
or δρ∗p prevent the identification of δξ

∗ due to their number.
Thus, the identification process is always performed under
the hypothesis that gp mostly depends on the variation δξ

∗

of the model parameters. This yields to, with δξ 6= δξ
∗ since

δξ considers the measurement noise and sensor inaccuracy:

gp(yp,ρ p,ξ )≈ ε
p
g +Gp

ξ
δξ (5)

Hence, minimizing ∑
Np
p=1 gT

p gp will implicitly lead to val-
ues of δξ accounting for the model discrepancy εg. In case of
an important model discrepancy, this may yield to parameter
values being far away from their nominal ones. Those issues
are highlighted and explained in the experimental accurate
calibration of an active space telescope described below.

III. DESCRIPTION OF THE SPACE TELESCOPE

Based on a parallel architecture, the telescope structure
makes possible the repositioning of the secondary mirror
(M2) relatively to the primary one (M1) in space. Due to its
active structure, the optical quality of the telescope can be
optimized contrary to traditional space telescopes. To achieve
this accurate positioning, a proper model of the telescope is
required, ensuing a need for calibration.

A. Kinematic structure

The device is a 6-PUS parallel robot shown in Fig. 1 and
patented by INRIA [9], with all prismatic actuators linked to
the base and in a vertical position, where P, U and S stands
for prismatic, universal and spherical joints, respectively.

Fig. 1: Active wrist platform and definition of notations

Frames Fo = (xo,yo,zo) and FE = (xE ,yE ,zE) are at-
tached to the base and the mobile platform, respectively.
Those frames are linked together through a position vector
p and a rotation matrix R which describe the position and
orientation of FE with respect to Fo.

The base and mobile platforms are linked together through
6 legs of fixed length li ≈ 0.5 m, with i = 1...6. Each leg i is
attached at one side to the mobile platform at point bi, whose
coordinates are given in the mobile frame FE , and to point
ci at the other side. Coordinates of point ci are always given
in the base frame Fo and follow the relation ci = ai +ρiui
where ρi relates the displacement of actuator i along direction
ui and ai stands for the attachment point of the ith actuator
on the base platform. To each leg i a frame Fi = (xi,yi,zi)

is attached, where zi is the principal direction of the leg and
xi is such as zo belongs to the plane (ci,xi,zi).

The design geometry is given in Fig. 2, with design
parameters α0, r0, αE and rE .

Fig. 2: Geometry of the base and the mobile platforms

B. 6-PUS model
For the telescope to be compatible with the aerospace

environment, circular-arc-fillet hinge flexible joints [10] are
considered in place of U and S joints, as shown in Fig. 1.
Previous work showed that those flexure joints can be
modeled by pure spherical joints due to the small workspace
of the telescope [11]. Thus, considering each body part to
behave as rigid bodies, the telescope can be modeled as a
perfect 6-PUS parallel robot. Considering the leg orientations
zi, the kinematic model fi of leg i can be derived from the
geometrically closed-loop equations:

fi = p+Rbi−ai−ρiui− lizi (6)

The set of model parameters ξ = [aT
i ,bT

i ,uT
i , li]T for each

leg i is sufficient to completely describe the model.

C. Specifications
The space telescope does not manipulate any payload

and only needs a small workspace. The device workspace
W and desired accuracy are given in table I. Workspace
requirements of the device do not consider θz since motions
around zE do not influence the image quality provided by
the telescope due to the mirror sphericity.

x y z θx θy
(mm) (mm) (mm) (◦) (◦)

Workspace 2 2 0.2 1 1
Desired Accuracy 0.1 0.1 0.01 0.05 0.05

TABLE I: Requirements of the telescope

For the device to fit the requirements, the motor ranges
are set to ∆ρi =±1.3 mm with an accuracy of ±1 µm.
Considering a perfect 6-PUS with dimensions of Fig. 2,
a pose accuracy of, at worst, 6 µm and 10−6 degree was
calculated over the entire workspace.

However, a model discrepancy from the perfect 6-PUS
model was experimentally identified: the mobile platform
deformation. Moreover, the model parameters are not known
exactly: for the accurate calibration, a proper choice of the
measurement configurations is needed. Finally, the effect of
model discrepancy on calibration results are discussed.

5804



IV. MODEL DISCREPANCY:
THE MOBILE PLATFORM DEFORMATION

For calibration, measurements were performed on the en-
tire telescope structure through photogrammetry: the position
of each object point attached to the telescope was obtained in
the measurement frame, as shown in Fig. 3. A first analysis
of the photogrammetry object point displacements shows a
deformation of the mobile platform of the telescope. A linear
and a matrix approximation are developed below to highlight
the impact of model discrepancy on the identification of the
model parameters. Note that more complex models such as
a stiffness model were also studied but no final accuracy
improvement was obtained due to observability issues.

Fig. 3: Experimental setup of photogrammetry

The algorithm proposed by Haralick et al. is considered
[12] in order to extract the position and the orientation of
each rigid body of the telescope structure from photogram-
metry object points. This method gives the rigid displace-
ments of a scatter of points between two poses with noise
considerations. The data analysis validates the rigid body
hypothesis on all bodies, except for the mobile platform –
deformations up to 60 µm from a rigid model were observed.

Fig. 4 illustrates a deformation of the ring on which the
legs are attached at points bi. The deformed ring looks like
a buckled wheel for almost all measurement configurations.
Such a deformation is due to the flexible joints that gen-
erate stresses. The measured deformations at points bi are
higher than the 5 µm given by simulations and lead to an
unacceptable inaccuracy.

Fig. 4: Measured deformation of the mobile platform for
one measurement configuration. Blue lines represent the
amplified error between the measured object points and their
rigid body position estimation (red circle points).

A. Linear approximation of the model discrepancy

A linear model is first proposed in order to evaluate the
displacements ∆bz

i of points bi. Fig. 5 shows the measured

displacements ∆bz
i of points bi in the measurement frame

plotted as functions of the actuator displacements ∆ρi. Due
to the small displacements ∆bz

i (±60 µm), a linear relation
between ∆bz

i and ∆ρi is assumed, considering the coefficient
κi with initial value identified at 0.011 for i = 1...6:

∆bz
i = κi∆ρi (7)

−1.5 −1 −0.5 0 0.5 1 1.5−60

−40

−20

0
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60

Fig. 5: Linear approximation of the platform deformation

B. Matrix approximation of the model discrepancy

The mobile platform deformation is due to the stresses
generated by the flexure joints. Those stresses depend on
the static equilibrium of the mobile platform which involves
all forces acting on the platform at points bi. Moreover,
those forces should mostly depend on the actuator displace-
ments ∆ρi inducing deformations of the flexure joints. So,
displacements of point bi must be related to the actuator
displacements through a coefficient matrix K:

∆bz = K∆ρ (8)

with ∆bz = [∆bz
1...∆bz

6]
T , and ∆ρ = [∆ρ1...∆ρ6]T . In order

to identify the terms of the coefficient matrix K, data from
Fig. 5 is considered and distances between the measured
displacements ∆bz

i and the matrix estimate are minimized
through a least-square optimization. For each leg i, the ith

row ki of matrix K is used to compute the displacements
∆bz

i with (9). This gives an initial estimate of the coefficient
matrix K:

∆bz
i = ki∆ρ (9)

K = 10−3


16 0 -8 12 -2 -20
0 20 -17 -1 13 -13

-2 -15 14 2 -9 9
6 -12 4 14 -16 2

-12 7 0 -15 14 4
-20 -1 10 -10 2 19

 (10)

The elements of K are of the same order of magnitude as
κi. Analyzing matrix K, strong dependencies between legs
1-6, 2-3, and 4-5 are observed. For example, displacements
∆ρ1 and ∆ρ6 greatly influence ∆bz

1 and ∆bz
6. This may

be due to the mobile platform geometry. Indeed, there is
no strengthening for the mobile platform ring between the
attachment points of legs 1 and 6. Thus, displacements of
point b1 can have a significant impact on ∆bz

6.
With the matrix model, the maximal error committed on

the displacement estimation of ∆bz
i is 20 µm, and the average

error is 5 µm, which is close to the measurement noise.
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V. MEASUREMENT CONFIGURATION CHOICE

For calibration, photogrammetry was chosen as a measure-
ment system because of its high accuracy (3 µm of standard
deviation) over a wide number of object points. In order
to minimize the influence of non-geometric parameters not
considered in the device models [13], the photogrammetry
process is performed in a clean room under controlled
pressure, temperature and humidity conditions. However,
the desired accuracy of 10 µm is only three times the
standard deviation of the photogrammetry process. Thus,
the sensitivity of calibration to measurement noise has to
be as low as possible. One way to perform this task is
through a proper choice of the measurement configurations
[14]. Algorithms of configuration choice are always based on
observability indices [15], [16] which are based on properties
of the observability matrices Gp

ξ
[17], for p = 1..Np.

In order to develop the observability matrix Gp
ξ

, the 6-PUS
model is considered. The identification function gi,p for the
ith leg in the pth measurement configuration is derived from
the closed-loop equation (6):

gi,p = li−‖pp +Rpbi−ai−ρ
p
i ui‖ (11)

Analyses [11] show that due to the measurement noise
and the small orientation workspace of the telescope, the
three model parameters {az

i ,b
z
i , li} are linearly related in the

equations of calibration. Thus, among those three parameters,
only one can be identified. Considering the assembly and
manufacturing tolerances, it was found that li supports the
maximal uncertainties among those three parameters. There-
fore, we choose to identify li. Note that ui is a unit vector and
thus can be fully described by only two of its components
ux

i and uy
i . The set of identifiable parameters is thus reduced

to {ax
i ,a

y
i ,b

x
i ,b

y
i ,u

x
i ,u

y
i , li} for each leg i. Differentiating gi,p

with respect to the 7 identifiable parameters gives the ith row
of the observability matrix Gp

ξ
of pose p:

(Gp
ξ
)i =

 hT
i,p

2
√

hT
i,phi,p

 1 0 ρ
p
i 0

0 1 −xp
E −yp

E 0 ρ
p
i

0 0 0 0

 ,1

 (12)

with hi,p = pp +Rpbi−ai−ρ
p
i ui.

In order to determine the Np optimal measurement con-
figurations, we choose to consider the observability index
O1, the determinant of GT

ξ
Gξ with Gξ = [G1

ξ

T
. . .GNp

ξ

T
]T

since it considers all the singular values of GT
ξ

Gξ allow-
ing to obtain an optimum within reasonable computation
time [16]. Considering measurements of the position and
orientation of the mobile platform, at least 8 measurement
configurations are needed for calibration of the 6-PUS model.
However, in order to improve the telescope accuracy, some
other inaccuracy sources might have to be considered – for
example the platform deformation as shown in this paper.
Consequently and for safety reasons, calibration was per-
formed on Np = 40 measurement configurations. The optimal
configurations were found to be at or very close to the
boundaries of the telescope workspace. They are given in
[11].

VI. PARAMETER IDENTIFICATION

The last step of a calibration process is parameter identi-
fication. From the kinematic model and the measurements,
the model parameters are estimated so that an identification
function gp is minimized on all the measurement configu-
rations p, with p = 1..Np. In parallel robotics, identification
functions are often issued from the geometrically closed-loop
equations and thus are distance equations. A common way
to achieve identification is the use of non-linear least square
algorithms. Moreover, for the telescope under consideration,
each leg can be considered separately in the equations. Thus,
for the ith leg, the least square equation to be minimized
becomes:

Gi =
NP

∑
p=1

gT
i,pgi,p (13)

with gi,p the identification function for the ith leg in the pth

measurement configuration.
Experimental calibration is performed with measurements

of the position and orientation of the mobile platform pro-
vided from photogrammetry data, which will be the only
measurements available in space. The mobile platform is
considered as a perfect rigid body, and with the linear and
matrix approximations, respectively. Identification uses the
lsqnonlin function of MATLAB. Same results are obtained
by using either the Levenberg-Marquardt or the trust-region
reflective algorithms. Experiments show that, in our case,
those algorithms are not sensitive to changes on the initial
values. The observability issues are considered below.

A. With the rigid body assumption

The 6-PUS model is assumed by regarding each part of
the telescope to behave as a rigid body and the identification
function gi,p is (11). Experimental calibration confirms that
only one parameter among {az

i ,b
z
i , li} can be identified.

Regarding the actuator orientation ui, only one of its compo-
nents can be experimentally identified due to observability is-
sues, whatever parametrization used. Since identifying either
ux

i or uy
i does not change the experimental calibration results,

we arbitrarily choose to identify ux
i . The set of identifiable

parameters is thus reduced to {ax
i ,a

y
i ,b

x
i ,b

y
i ,u

x
i , li}, and az

i , bz
i

and uy
i are fixed to their nominal values: zero.

B. With the linear approximation of the model discrepancy

In order to take into account the linear approximation in
the robot model, the identification function becomes:

gi,p = li−‖pp +Rp(bi +κi∆ρ
p
i zo)−ai−ρ

p
i ui‖ (14)

As for the 6-PUS model, a strong dependency between az
i ,

bz
i and li is observed. Experiments also show that the actuator

direction ux
i and the coefficient κi cannot be both identified.

Identifying either ux
i or κi leads to the same accuracy results.

Thus, we choose to identify κi while setting ux
i to zero since

it is directly related to the platform deformation that needs
to be estimated. The set of identifiable parameters is then
{ax

i ,a
y
i ,b

x
i ,b

y
i , li,κi}, and az

i , bz
i , ux

i and uy
i are fixed to zero.
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C. With the matrix approximation of the model discrepancy

Considering the ith row ki of the coefficient matrix K, the
identification function gi,p for each leg i becomes:

gi,p = li−‖pp +Rp(bi +(ki∆ρ
p)zo)−ai−ρ

p
i ui‖ (15)

As for the linear approximation, ki and ux
i cannot be both

identified. Moreover, setting ux
i to its nominal value allows

the identification of only one coefficient in ki. Experiments
show that the best accuracy results are obtained by identi-
fying all the diagonal terms of K, which actually relate to
the coefficients κi of the linear model. The diagonal terms
of matrix K are identified and are referred as κi in table II.

VII. EXPERIMENTAL RESULTS

Table II presents the experimental results of identification
for the three considered models as distances between the
nominal and identified values of each identifiable parameter.

i 1 2 3 4 5 6
∆ax

i 0.98 −0.23 −2.72 −2.31 0.37 4.42
∆ay

i 2.62 2.57 −2.55 −1.97 −1.76 −2.42
∆bx

i 3.59 0.73 −0.09 2.45 −3.67 −0.49
∆by

i −1.38 −0.88 4.22 1.39 −0.02 3.04
∆ux

i −0.07 0.05 0.10 −0.06 0.05 −0.15
∆li 0.95 0.07 1.53 0.50 0.63 1.22

(a) Without considering the platform deformation

i 1 2 3 4 5 6
∆ax

i 0.32 0.29 −1.74 −2.93 0.89 2.95
∆ay

i 2.66 2.60 −2.54 −1.99 −1.71 −2.40
∆bx

i 3.59 0.72 −0.09 2.43 −3.72 −0.44
∆by

i −1.34 −0.87 4.24 1.40 0.01 3.02
∆li 0.91 0.05 1.48 0.48 0.62 1.11

103∆κi 7.10 1.60 −0.61 1.62 −0.72 6.48

(b) With the linear approximation

i 1 2 3 4 5 6
∆ax

i −1.71 0.41 0.30 −1.58 −0.18 −0.34
∆ay

i −0.33 −0.21 −2.12 0.37 0.98 −2.62
∆bx

i 0.56 1.91 0.04 0.41 −1.82 −0.32
∆by

i −0.19 −0.21 2.25 1.46 0.61 −0.22
∆li 0.37 −0.45 1.02 0.25 0.43 0.58

103∆κi 9.58 1.96 4.44 3.33 0.67 6.99

(c) With the matrix approximation

TABLE II: Distances between nominal and identified param-
eter values for the three considered models (in mm except
for ∆κi which is dimensionless)

Experimental results are also given in term of final ac-
curacy for each identified model in Fig. 6. The nominal
model stands for the 6-PUS model with the initial values
of the parameters. The position error refers to the distance
between the calculated and the measured position of the
center of the mobile platform. The orientation error is the
angle of the axis-angle representation between the calculated
and the measured orientation of the mobile frame FE .
For verification purpose, 6 verification poses were chosen
arbitrarily within the telescope workspace. Each bar has the
size of the maximal error and the inner line stands for the
average error. For the verification poses, the average and
maximal error values are provided.
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Fig. 6: Position and orientation errors, values correspond to
the average and maximal errors on the verification poses

Fig. 6 shows that the desired accuracy can be reached
with all models, after calibration. A better orientation ac-
curacy is however obtained with the matrix model. Fig. 6
also shows that identical accuracy results are obtained for
the rigid body assumption and the linear approximation.
Moreover, the identified values for those two models are
quite similar, as shown in table II. However, the identified
values of ux

i for the rigid body model are far away from
their nominal values. Actually, the model discrepancy was
directly taken into account in a linear approximation during
the identification of the rigid body parameters in order to
best fit the measurements. This can be analytically explained
considering the identification function of the linear model:

gi,p = li−‖pp +Rp(bi +κi∆ρ
p
i zo)−ai−ρ

p
i ui‖ (16)

Because of the small workspace of the telescope, the
platform orientation does not vary too much. Thus, the ap-
proximation of Rp(κi∆ρ

p
i zo) by (κi∆ρ

p
i zo) leads to maximal

errors of less than 1 µm for p = 1...Np. Moreover, since ui
was set to its nominal value zo, (16) can be rewritten as:

gi,p = li−‖pp +Rpbi−ai− (ρ p
i −κi∆ρ

p
i )ui‖ (17)

Considering ρ
p
i = ρ0

i +∆ρ
p
i leads to:

gi,p = li−‖pp +Rpbi−ai−ρ
0
i ui− (1−κi)∆ρ

p
i ui‖ (18)

The term (1 − κi)∆ρn
i ui shows that when the mobile

platform deformation is not considered, the identification of
κi is accounted in the identification of ui. This ensues values
of ux

i being far away from their nominal values as shown
in table II. It also explains why only one component of ui
can be identified in the perfect 6-PUS model. Indeed, the
identification process considers the platform deformation in
a linear approximation for the identification of the actuator
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direction ui. Since the linear approximation is only one de-
gree of freedom, only one component of ui can be identified.

However, the mobile platform deformation is also ac-
counted in the other identified parameters as shown on Fig. 7.
Errors between the nominal values and the identified param-
eters are amplified in Fig. 7 to highlight those deviations.

Fig. 7: Representation of errors between nominal and iden-
tified parameters values for the three different models: with
the rigid body assumption (circle), the linear (cross) and the
matrix model (triangle)

Fig. 7 shows that the minimum deviations from the nomi-
nal parameters are obtained as the matrix model is considered
for the mobile platform deformation (points marked by
triangles). This result is as expected since the matrix model is
a good approximation of the mobile platform deformations.
Thus, this inaccuracy source does not need to be accounted
in the parameter identification and their identified values can
be close to their nominal ones.

For the rigid body and linear models, we remark that the
identified positions of points ai and bi do not correspond to
the initial design of the telescope. For example, the identified
geometry of the base platform considers a smaller design
parameter α0 than its initial design. Once again, the origin
of those modifications must be the platform deformation:
errors that cannot be taken into account in the identification
of ui are accounted in the other identified parameters.

VIII. CONCLUSIONS

Two models were developed to take into account the
mobile platform deformation of the highly-accurate space
telescope: a linear and a matrix approximation. With the
matrix approximation, small deviations of the identified
parameter values from their a priori are observed, which
means that this model properly handles the mobile platform
deformation. Using the linear model and without considering
the mobile platform deformation, the identified parameter
values are found to be “far away” from their nominal values.
Those deviations are not only due to geometric uncertainties
on the telescope parameters but mainly due to the model
discrepancy accounted in the parameter identification. The
way calibration carries the model errors over the identified
parameters is analytically explained.

Experiments also show that the desired accuracy is reached
with all models, on both the calibration and verification
poses, which means that good accuracy results can be

obtained when model discrepancy exists. However, when
dealing with model parameters far away from their nominal
values, (i) it is difficult to certify the device accuracy
over its entire workspace since it is difficult to link those
deviations to missing physics, and (ii) those deviations can
have a significant impact on other performance indexes not
considered during calibration, such as stiffness, vibration or
trajectory control. Thus, even if model discrepancy can be
estimated in some specific cases [7], the best way to tackle
this issue seems to increase the model complexity until no
significant changes are found in the model parameters [3].
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