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Desired motion profile for the end-effector

In the bMSd toolbox generating desired end-effector tra-
jectory pd(t) can be done using ./general_purpose/trajC.m.
An example is provided in ./examples/test_trajC.m

vd(t) and v̇d(t) can be obtained by numerical differenti-
ation. We define ev = ėp = vd(t) − v(t) to be the error
between the desired and current linear velocity.

Generating desired end-effector orientation Qd(t) can be
done using ./rotation/slerp.m. An example is pro-
vided in ./examples/test_slerp.m

Once a sequence of unit quaternions Qd(t) is available,
one could obtain Rd(t) by using ./rotation/q2R.m

As discussed in Lecture 13, the orientation error eo be-
tween Rd(t) and a current orientation R(t) can be gener-
ated using ./rotation/R_err.m

Before we are able to define orientation error at velocity
level, we have to define desired “rotation velocity”.

Let Rd(t) and Rd(t+∆t) be two consecutive desired end-
effector orientations. One choice for the angular velocity
required to start at Rd(t) and reach Rd(t+∆t) in time ∆t,
is ωd = α

∆tk, where (k, α) is the axis angle representation
of Rd(t + ∆t)Rd(t)

T (see Lecture 13).

3

The desired angular velocity ωd can be computed using
./rotation/RR2w.m or ./rotation/qq2w.m.

Define the orientation error at velocity level1 eω = ωd−ω

where ω is the current angular velocity of the end-effector.
ω̇d can be found by numerically differentiating ωd.

For convenience we define

ep/o =

[

ep
eo

]

, eξ =

[

ev
eω

]

, ξd =

[

vd
ωd

]

, ξ̇d =

[

v̇d
ω̇d

]

Note: A rotation matrix Rd(t) can be represented in
terms of a sequence of three Euler angles Ed(t) =

{

θ φ ψ
}

.
As with rotation matrices however, in general, subtracting
two sets of Euler angles Ed(t) − E(t) is not a meaningful
operation, simply because E(t) can not be regarded as a
vector. Nevertheless, when a manipulator arm has to track
a continuous trajectory, where the orientation difference
between two consecutive configurations is very small, it is
common to use as orientation error

eo = Ed(t) − E(t) =
[

∆θ ∆φ ∆ψ
]T

(1)

In what follows, the error defined in (1) is not used, how-
ever you could test it in your simulations. The function
./rotation/R2rpy.m could be useful.

1We don’t say “the derivative of eo” because eω 6= ėo
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Inverse dynamics control in the task space
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Figure 1: Inverse dynamics control in the task space.

Recall the kinematic relations

ξ = Jq̇ (2a)

ξ̇ = Jq̈ + J̇ q̇ (2b)

Let us assume that J is invertible. Given equation (6)
of Lecture 12 (q̈ = aq), we choose aq as

aq = J−1(aX − J̇ q̇) (3)

where aX is parameter to be determined.
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Substituting q̈ = aq from (3) in equation (2b) gives

ξ̇ = aX (4)

Let us define aX as

aX = ξ̇d + Kdeξ + Kpep/o (5)

Substituting (5) in (4) and using ėξ = (ξ̇d− ξ̇) we obtain

ėξ + Kdeξ + Kpep/o (6)

Fig. 1 depicts the structure of a controller using aq from
(3) (with aX from (5)) as an input to an inner control loop
(discussed in Lecture 12).

τ u = Ĥ(q)aq + Ĉ(q, q̇) + Ĝ(q) (7)

The derivative of the Jacobian matrix (J̇) can be com-
puted using ./kinematics/calc_dJe.m.

If the manipulator is redundant, we can replace J−1 with
J †. When J is singular or close to singular, a damped
pseudoinverse can be used (see Lecture 13).
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