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We proposed a new approach for redundant robots
trajectories planning, based on the Null space (or Ker-
nel) features. The Null space (Kernel) exists only in the
case of redundant robots and it describes these joints
motion which do not affect the robot end-effector mo-
tion in the sense of both position and orientation.
Based on this “hidden motion” realized in the config-
uration space, which does not affect the motion in the
working zone, we can control independently the robot
end-effector position and orientation motions, or just
maintain its state while some external force is applied
to it.
The proposed control strategy is simple, no additional
penalty functions are used to restraint the end-effector
motion as in the case of the conventional methods. No
pseudo inverse kinematics calculations are required;
the desired trajectories are generated directly in the
configuration space. No complicated control schemes
are introduced, the proposed method is based on solv-
ing algebraic systems of equations and finding eigen-
vectors and eigenvalues.
In the paper the results from simulations and exper-
iments based on the proposed method are presented
and discussed.

Keywords: redundant robots, trajectories planning, ex-
ternal force compensation, kernel

1. Introduction

Redundant robots have been studied for many years, us-
ing mainly their features for obstacle avoidance [1, 3–5],
creating algorithms based on some energy function mini-
mization or other optimization criteria [6, 7]. Basic math-
ematical tools are pseudo-inverse Jacobian and the control
strategies have been developed based on their kinematics
mainly [2, 8–9].

This study has been inspired by the human hand fea-
tures and our desire to translate them in the robots world.
The human hand can approach a given object in various
ways and apply different forces to the environment. It has
7 degrees of freedom excluding the fingers, so in this work
a 7 d.o.f. robot with revolute joints has been investigated.

In the case of redundant robots we do not have one
to one correspondence between the robot configuration
space Q and working space [10, 11]. There are some joint
motions which do not affect the robot end-effector mo-
tion. In the next, these joint trajectories will be called
Kernel trajectories. Further such trajectories are gener-
ated and it is analyzed how to use them in order to main-
tain the robot end-effector state while some external force
is applied to the last link.

The kernel trajectories practically assure redistribution
of the inner passive forces in the redundant system, keep-
ing the established state in the working zone. The conven-
tional control methods, aiming mainly at obstacle avoid-
ance are realized by fixation of some of the joints and
controlling the remaining ones, based on some additional
optimization criteria. Here the joints to control are de-
rived directly from the Kernel trajectories. The original-
ity of the method consists of the use of some non tra-
ditional mathematical tools as homomorphisms, groups
and factor-groups, manifolds, orthogonal fibrations. That
leads to quite different point of view exceeding the tradi-
tional considerations, for example decoupling of the con-
figuration space into 4 different subsets of vectors, each
of them keeping features for different type of control.

In [12] how the configuration space can be partitioned
into 4 independent subsets of vectors, each corresponding
to a different end-effector motion in the working space,
has been described. In [16] only one of the above men-
tioned subsets of configuration vectors has been consid-
ered in details, i.e. the one responsible for positioning the
endeffector without changing its orientation. Here, the
subset of configuration vectors generating no motion of
the robot end-effector (maintaining the state unchanged)
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has been described in details and its practical application
illustrated.

2. Theoretical Background

In order to describe the transformation between the
robot joint space and working zone the sensibility theory
has been applied. Theoretically the sensibility is defined
as a homomorphism transforming a set of vectors from
the configuration space (approximated by a smooth sur-
face as its border – ball with radius ε) into a sensibility
ellipsoid in the working zone [12]. The last contains the
errors from the theoretical position and orientation of the
end-effector, caused by some deviations of the joint vari-
ables δ q [12]. The homomorphisms consists of two parts
τp and τr for position and orientation.

In the case of position, the deviations of the end-
effector δ R from the desired state, caused by some de-
viations of the joints δ q (due to different errors sources)
are given by:

δ R = Aδ q . . . . . . . . . . . . . . (1)

where the elements of the matrix A are ai j = ∂ Ri
∂ q j

, i =
1, . . . ,3; j = 1, . . . ,n (n – number of joints). The ma-
trix A is the matrix of the linear operator of the homomor-
phism τp for position. Analogously, in the case of ori-
entation the deviations from the desired system state are
described by the vector of small rotations:

δ θ = Lδ q. . . . . . . . . . . . . . . (2)

Where li j = ∂ θi
∂ q j

, i = 1, . . . ,3; j = 1, . . . ,n, are the elements
of the matrix L, which is the linear homomorphism op-
erator in the case of orientation. Having kinematically
redundant robot, part of the vectors form the configura-
tion space is transformed in the zero vector in the working
space, by the transformations (1) and (2). These vectors
belong to the null space or Kernel of the homomorphism
and do not affect the end-effector state.

To determine the relation between both homomor-
phisms τp and τr, the ε-sphere and the sensibility ellipsoid
are considered as groups with vector elements. For every
homomorphism of the group ε into the group EH

ε (i.e. the
sensibility ellipsoid) the set of elements, transformed into
the neutral element (zero vector) is a normal divider GE
(i.e. Kerτp) of the group ε . The set of elements, trans-
formed into arbitrary non-zero elements in the group EH

ε
form some neighbor class with respect to the kernel GE .
The factor-group ε

/
GE is isomorphic to the group EH

ε .
Or, each normal divider GE of the group ε is the kernel
of a homomorphism, transforming ε into the factor-group
ε
/

GE . This approach, puts no restrictions on any axes,
kinematics structure (three-like or not) neither on the type
of joints. That can be pointed out as an advantage of the
method. Such analysis is easier to be done using the iso-
morphism theorem between the working zone and factor-
groups of homomorphism kernels as normal dividers. It
is well known that the kernel of any homomorphism be-

tween two groups is in the same time normal divider of
one of them. We can consider two homomorphisms be-
tween a ball round theoretical state and sensibility ellip-
soids for position and orientation. It is also known that
the intersection of any normal dividers themselves is also
a normal divider of the group. On the other hand, the con-
sidered group can be factorised with respect to every nor-
mal divider. In our case two factor-groups can be built for
position and orientation state separately. In the same way
one more factor-group can be constructed having the in-
tersection of both homomorphisms mentioned above as a
normal divider. By definition it is called sensibility factor-
group. And its elements have very clear mechanical inter-
pretation. Part of them looks after the position only, an-
other part – the orientation only and the remaining – for
both of them. The unit element itself (the vectors of that
neighbor class) will not affect the theoretical state. This
way, we can make a common description of position and
orientation motions which allows dividing the configura-
tion space into four orthogonal subsets (fibrations) with
vector elements [12]. The last gives the possibility to use
these sets of vectors for generating desired joint trajecto-
ries, allowing controlling independently position and ori-
entation motions. Or, if we use the vectors describing both
homomorphisms Kernel intersection, we can maintain the
end-effector state, while some external force is applied to
it. This approach is applicable only for redundant robots,
because only then we have Null space or homomorphisms
Kernel intersection.

Further the following notations are introduced [12].
The set of the vectors belonging to the images intersec-
tion of both homomorphisms,

{
Imτp ∩ Imτr

}
is denoted

by SFpr(n), (n – number of joints). The set of the vec-
tors of both Kernels intersection

{
Kerτp ∩ Kerτr

}
, is de-

noted by SF0(n). The set of vectors from the image of
orientation and the Kernel of position

{
Kerτp ∩ Imτr

}
,

by SFr0(n). The set of vectors from the image of position
and kernel of orientation

{
Imτp ∩ Kerτr

}
, by SFp0(n).

Every fibration contains infinite number of vectors. But
there exist finite number of independent vectors there.
They are eigenvectors for the tasks (AT A−λ E)X = 0 and
(LT L−λ E)X = 0, where E is the unit matrix of order n.
Such a way some basis is defined (pre-images of sensi-
bility directions or the eigenvectors corresponding to zero
eigenvalues) all the vectors could be expressed by. They
are called basic neighbor classes of the orthogonal fibra-
tions [12].

3. Kernel Trajectories Generation

In the next, in order to make the robot resist to some
external influence (force – acting on the last link), by
maintaining its end-effector state unchanged, we need
to generate such joint trajectories, which belong to
both kernels (for position and orientation) intersection{

Kerτp ∩ Kerτr
}

. In other words we need to generate
such joint motions which do not affect the end-effector
motion.
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Further analysis and experiments are accomplished for
the trajectories belonging to the set SF0(n). All possible
trajectories, which the system could realize in SF0(n) will
be called Kernel trajectories. Belonging to SF0(n), the
vectors q(t) would not affect the system orientation and
position but would allow the system to react to some ex-
ternal force. They could be obtained by solving the sys-
tem (where A and L have been defined in the previous
section) [13]:∣∣∣∣

Aq = 0
Lq = 0 . . . . . . . . . . . . . . (3)

which has six equations and n variables, i.e. as n > 6, the
system always has fundamental solutions based on (n−6)
independent parameters [14].

In (3) A and L are derived for a fixed configuration (a
point of the robot configuration space). Such a configura-
tion point could be understood as a “description” of both
homomorphisms. The center of the ε-ball is calculated
for it. Local coordinates can be introduced by that part
of the eigenvectors, which form the basis of the Kernel.
The considered Kernel trajectory is described by local co-
ordinates and belongs to corresponding ε-ball (given con-
figuration). It is normal to expect that the control of the
robot along that part of such a Kernel trajectory would be
worse when the robot moves far from the ball center. As
it will be seen later, the experiments confirm the same.
Then the Kernel trajectory must be prolonged using the
manifold structure induced over the robot configuration
space [12]. The configuration space Q can be consid-
ered as a subset of linear space with vectors q = (qs)n

s=1,
which has borders because of the physical or construc-
tive reasons. Let by qp an arbitrary vector is denoted, and
by Qp

ε – a set of vectors qε
s , which difference from qp is

smaller by length than a preliminarily given number ε ,
i.e. Qp

ε =
{

qε
s :

∣∣qε
s −qp

∣∣ < ε
}

. This set is n-dimensional
sphere with center “the point” qp and radiusε . If we intro-
duce the notation δ qε

s = qε
s −qp, then we can write Qp

ε in
the form Qp

ε = {δ qε
s : |δ qε

s | < ε}. That way the configu-
ration space Q can be presented as a union of enumerated
areas Qp

ε round every point of the set Q. If the point qp
is considered as “a theoretical robot state”, the area Qp

ε is
interpreted like a pre-image of the homomorphism which
transforms it into the sensibility ellipsoid. Also an or-
thonormal basis of eigenvectors exists which image repre-
sents the kinematics sensibility directions corresponding
to qp. From (1) we have:

δ R2=(δ R)T(δ R)=(Aδ q)T(Aδ q)=δ qT AT Aδ q=δ qT Bδ q.

The matrix B is symmetric and positive defined one. So,
for such matrices orthonormal basis of eigenvectors ex-
ists. The same can be said for any other point qd of
Q. Then its area will be Qd

ε . The orthonormal basis of
eigenvectors mentioned above allows introducing the lo-
cal coordinates (xα

p )n
α=1 in the area Qp

ε . It can be done
also for Qd

ε where the corresponding local coordinates are
(xα

d )n
α=1. Then in the intersection Qp

ε ∩ Qd
ε both kinds

of local coordinates will be valid. From the theory it is

known that for every two orthonormal bases of one and
the same linear space (the subsets Qp

ε belong to the con-
figuration space Q) there exists regular transformation be-
tween them. That means every system of local coordi-
nates can be expressed by another one and vice versa:

xα
p = xα

p (x1
d, . . . ,x

n
d), α = 1, . . . ,n

xα
d = xα

d (x1
p, . . . ,x

n
p), α = 1, . . . ,n

and the Jacobian det
(

∂ xα
p

∂ xα
d

)
is different from zero. In this

way a manifold structure over robot configuration space
can be introduced. The ε-balls form the union, which cov-
ers the configuration space. The homomorphisms eigen-
vectors, which are a basis of the Kernel, introduce local
coordinates round the ball center. The transformation be-
tween the local coordinates is assured by the connection
of any pair of orthonormal basis vectors in the linear vec-
tor space, which is expressed by the corresponding or-
thogonal matrix. As a result, the new homomorphisms
are defined, derived by new configuration points and the
Kernel trajectory is formulated in the terms of the new lo-
cal coordinates and so on. That theoretical case is realized
practically by “updating” many times the matrices A and
L with the current joint values during the control of the
robot along the Kernel trajectory.

The system (3) represents a mapping between the con-
figuration space and working zone and its right side equal
to zero is equivalent to joint motions which do not cause
an end-effector motion.

In our case a 7 d.o.f. robot has been controlled, which
has only rotational joints. It has three dimensional Im-
ages and four dimensional Kernels in the case of position
and orientation respectively. Further only the SF0(n) fea-
tures will be discussed. For the considered robot, the fi-
bration SF0(n) is in the general case one-dimensional (the
robot has 7 d.o.f.; solving the system (3) and having 6
equations we obtain the fundamental solution based on
one independent parameter). For some configurations the
SF0(n) dimension could increase giving better possibility
for force interaction with the environment. Having a robot
with greater number of joints, the number of independent
parameters (solutions) increases and we have a variety of
kernel trajectories we can generate.

4. Control Signal Synthesis

The control signal has been synthesized based on a
modified computed torque method, with additional cor-
rections for the joint positions and velocities. It is pre-
sented in details in [15]. Here we will introduce it briefly.
In the general case the robot-manipulator’s dynamic is de-
scribed by:

A(q, d)q̈+h(q, q̇, d)+g(q, d)+N(q, Fext) = τ, (4)

with q the joint-variable vector, τ the generalized
force/torque vector, A(q, d) the inertia matrix, h(q, q̇, d)
the Coriolis/centripetal vector, g(q, d) gravity vector,
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Fig. 1. The controlled robot.

Fig. 2. Kinematics scheme of the robot.

N(q, Fext) external force components, translated in the
joint space and d the robot geometric parameters. In more
compact form, (4) could be written as:

A(q, d)q̈+B(q, q̇, d, Fext) = τ . . . . . . . (5)

The arm control input in its general form is [15]:

τ = Aq̈+B−K2(Δq̇− ż)−K1(Δq− z)− (Δq̈− z̈) . (6)

where K1 and K2 are diagonal feedback coefficients ma-
trices with positive elements; z, ż, z̈ are additional correc-
tions for the joints positions, velocities and accelerations,
derived by solving the system (7):

z̈(t)+K2ż(t)+K1z(t) = KV (t), t ∈ [ti−1, ti] . (7)

where K is constant matrix and its elements have weighty
coefficients meaning, V (ti) = M1V1(ti) + M2V2(ti) +
M3V3(ti),V1(t)= q(t)−qd(t)= Δq, V2(t) = q̇(t)− q̇d(t)=
Δq̇, V3(t) = q̈(t)− q̈d(t) = Δq̈; M1, M2, M3 – dimensional
coefficients; qd , q̇d , q̈d– desired joints positions, veloci-
ties, accelerations. We have neglected the Coriolis forces
and moreover the desired joint trajectories are linear, i.e.
the acceleration is zero. Therefore the overall robot arm
input in our particular case has the form:

τ = g(q, d)+N(q, Fext)−K2(Δq̇− ż)−K1(Δq− z). (8)

In (8) the external force Fext components are measured by
a six-component force/torque sensor and could be trans-
lated into a joint torque by using the transposed Jacobian.

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

5 5.5 6 6.5 7 7.5 8

Time, sec

A
n
g
le
, 
r
a
d

q1

q2

q3

q4

q5

q6

q7

Fig. 3. Desired kernel trajectories for the joints (1 Kernel traj.).

Fig. 4. Desired kernel trajectories for the joints (3 Kernel traj.).

5. Experimental Results

As it was mentioned above the human hand has 7 de-
grees of freedom, excluding the fingers, that is why we ap-
plied our control scheme to a 7 d.o.f. robot with only rev-
olute joints. It is shown on Fig. 1. Its kinematics scheme
is shown on Fig. 2.

This robot arm (VS6354B, made by DENSO com-
pany), has 6 d.o.f. and one additional joint attached in
order to apply the proposed control method, which is
valid only in the case of redundant robots. Totally we
have 7 d.o.f. robot arm. Its geometrical dimensions are
h1 = 0.1 m, h2 = 0.255 m, h3 = 0.085 m, d4 = 0.285 m,
d6 = 0.01 m, p = 0.1 m.

The objectif of the experiments is to apply some ex-
ternal force to the robot end-effector and apply at the
same time some desired joints Kernel trajectories which
maintain the robot end-effector unchanged although the
applied external force. In that sense we could say these
trajectories will compensate the applied external force. A
6 component force-torque sensor has been mounted be-
tween the 6th and 7th body in order to measure the applied
external force. To facilitate the realization of the exper-
iments, the desired joints Kernel trajectories have been
generated in advance. For better results and more precise
control they should be generated in real time. In order
to decide the desired joint trajectories, some simulations
have been done. First the system (3) has been solved, tak-
ing the values of the joint angles at the initial contact (at
the moment when starting applying some force) and with-
out updating the system (3) with the current joints val-
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Fig. 5. Theoretical orientation trajectory without external force.
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Fig. 6. Theoretical position error without external force (1
Kernel traj).

ues during the control. The later means we do not switch
between different Kernel trajectories (we do not have a
transition between different ε-balls in the configuration
space). That is why here the deviation for the end-effector
position and orientation respectively is large. The gener-
ated joints Kernel trajectories are shown on Fig. 3. The
orientation error is presented on Fig. 5 and it is 0.1846 rad.
Position error (Fig. 6) is [0.007263, 0.00443, 0.00421] m.
Therefore this trajectory is not efficient for our control
purposes.

Other Kernel trajectories have been generated, this time
solving the system (3), updating it every 1 sec with the
current joints values. The total motion is 3 sec, there-
fore we have connected 3 Kernel trajectories (transition
between 3 ε-balls in the configuration space). The de-
sired joints trajectories are shown on Fig. 4. Here the end-
effector state has been maintained. The orientation error
is smaller – 0.0454 rad. It is shown on Fig. 5. From the re-
sults it can be seen that the orientation of the end-effector
is not kept when we do not switch between several joint
trajectories, however in the case we update more often the
system (3), the orientation error is smaller. For describing
the orientation we have used Euler parameters, describing
a finite rotation about an arbitrary axis. They are an al-
ternative to Euler angles, but the advantage of using them
is, they allow a singularity-free description of rotational
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Fig. 7. Measured joints kernel trajectories.

Fig. 8. Measured and theoretical orientation trajectory.

motion and give equivalent result concerning orientation
errors estimation.

For the considered robot we have only one independent
parameter in the system (3) and it is an algebraic system
of 6 equations. For both cases we have decided linear
law of variation of the independent parameter q7 . By
choosing the independent parameter law of variation we
can control the kernel trajectory direction or amplitude.
However, if some higher magnitude force is applied to
the end-effector, and physically the robot is not capable
to maintain it, then it will be driven to a singular config-
uration by the Kernel trajectories. The force magnitude
and direction, which could be compensated, depend on
each concrete robot kinematics scheme and motors power.
Further, the 3 connected Kernel trajectories presented on
Fig. 4 have been chosen as desired ones for the real con-
trol. For one of the experiments a desired Kernel trajec-
tory without been updated has been tracked for compar-
ison. Next, by applying different forces to the last robot
link, pushing it from different sides, we have investigated
how this influences the robot end-effector state. In the first
experiment we have pushed the 7th link frontally. The
results are presented on Fig. 7 – measured joint Kernel
trajectories; Fig. 8– measured and theoretical orientation
errors; Fig. 9– measured end-effector position; Fig. 10 –
measured external forces.

The measured force is presented with respect to the sen-
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Fig. 9. Measured end-effector position.
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Fig. 10. Measured external force.

sor coordinate frame. As it is seen from the results the
orientation of the end-effector has been maintained along
the trajectories, compared with the theoretical evaluation
about the orientation error. The deviation is 0.0171 rad.
Concerning its position, along the X and Z directions we
have small deviations about 1 or 2 mm, but along Y axis
we have bigger deviations, about 4 mm difference from
the theoretically estimated error. If we take a closer look
at the measured Kernel trajectories (Fig. 7) and desired
ones (Fig. 4) we can notice that the robot joints have been
changing dependently in pairs. For example q2 and q3 are
changing in the opposite direction, q4 and q6 are chang-
ing dependently and q5 and q7 are changing dependently.
The first join q1 is not changing. If we consider the robot
kinematics scheme (Fig. 2) we can see that the joints are
grouped by pairs and each joint is responsible for compen-
sating some other joint deviation, which could be caused
by some external disturbance. Only the first joint does not
have an analogous one moving along the same axis that is
why the first joint trajectory is almost zero. These trajec-
tories come directly from the solution of the system (3).
We can expect that for this concrete robot, if some exter-
nal disturbance provokes some deviation of the first joint
then it could not be compensated by the Kernel trajecto-
ries. In this experiment we have generated the Kernel tra-
jectory in advance, by taking into account the theoretical
values of the joints. But practically this leads to some de-
viations from the robot end-effector state. The Kernel tra-
jectories have to be computed in real time, by updating the
matrices A and L from (3) with the measured joints values.
Each updates of A and L is a beginning of new Kernel tra-

Fig. 11. Measured and theoretical orientation trajectory.
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Fig. 12. Measured external force.

jectory, which means, we need to generate several short
kernel trajectories and switch between them during the
real control. This way, if some joint position has been
changed by the external force (for ex. 6th joint), the corre-
sponding pair joint motion - (4th joint), will be generated
in real time in order to compensate the deviation. Also,
the computed kernel trajectory could be updated more of-
ten. In our case the interval for updating it is still large – 1
sec, practically it could be shorter, for instance every 3 or
4 steps. In the next we have applied some force on the last
link from bellow and we had not updated the desired tra-
jectory during the experiment. On the Fig. 11 and Fig. 12
we have presented the results (end-effector orientation er-
rors, measured and theoretically estimated; and measured
force).

As it is seen from the measured orientation error of the
end-effector (Fig. 11), the end-effector orientation could
not be maintained in that case. The error is 0.087 rad. We
have observed also big errors on the end-effector position
reaching 20 mm in Z direction and 11 mm in Y direction.
As it is seen from the measured joint trajectories (Fig. 13)
the 7th joint deviation from the desired trajectories had
not been compensated by the 5th joint motion as it was
expected. The last is due to one main reason. The kernel
trajectory has been generated in advance, before starting
the real control and has not been updated online, by taking
the measured joint values each 2 or 3 sampling intervals.

Further, the results showing how the robot state has
been affected by applying some force from the left side
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Fig. 13. Measured Kernel trajectories.

Fig. 14. Measured and theoretical orientation trajectory.
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Fig. 15. Measured external force.

of the 7th link are shown (Fig. 14 and Fig. 15).
In this case the orientation error is very small −0.0045

rad. The end-effector state has been maintained. The ori-
entation and position errors are close to the theoretically
estimated values. Considering the results from the real
experiments we can conclude that the robot end-effector-
could resist different external forces based on the redun-
dancy features, by simply generate desired joint trajecto-
ries belonging to the Null space or Kernel. They are easy
to be obtained in real time and do not require complex
calculations. The control scheme is realized in the joint
space.

6. Conclusions and Future Work

A novel approach for redundant robots force control
has been proposed in the work. This strategy allows
the robot end-effector to resist to external force by gen-
erating such desired joints trajectories in the configura-
tion space, which do not affect the motion in the work-
ing zone. To achieve this purpose the features of the so
called Null space or Kernel have been used. The config-
uration space has been divided into 4 independent sub-
sets, each responsible for different motion. One of these
4 sets represents the orientation and position homomor-
phisms Kernels intersection. By using its vector elements
we can generate the desired Kernel trajectories, responsi-
ble to maintain the robot end-effector state, while some
“hidden” motion occurs in the joint space. Further if this
trajectories are generated online, during the real control,
on the base of the measured values of the joints, and some
joint position (angles) has been affected by the applied
external force, in that case this deviation can be com-
pensated by the motion of some pair joint, by solving
(3). In our case the Kernel trajectories were generated
in advance in order to simplify the control scheme, which
caused some deviations of the end-effector state for some
of the cases, but although that it was proved the method
is efficient to make the robot end-effector resist to some
external influence, when we have constraint tasks. This
control features could be used for instance if we have a re-
dundant robot, which has to make a hole into some object
with variable density (for instance drilling bones in ortho-
pedic operations). Then the end-effector position has to
be maintained stable and unchanged while the drill will
penetrate the object with variable density. If the robot
has more degrees of freedom, better possibilities exist
to compensate forces from different directions. The last
robot feature depends also on the joints displacement in
the kinematics chain. This approach is easy to be applied,
because the necessary mathematical tools are based on al-
gebraic system of equations, eigenvectors and eigenval-
ues. To constrain the end-effector motion, no additional
penalty functions are needed as in the case of the con-
ventional methods. No pseudo-inverse Jacobian calcula-
tions are needed; the desired trajectories are generated in
the joint space. To compute the desired Kernel trajecto-
ries we have chosen a linear law of variation of the joints,
for simplicity. Some other cases should be investigated
in the future. To compute the control torque we have
chosen the servo-control method with standard trajecto-
ries [15], which is a modified computed torque method.
Of course we are not restricted only to this method. The
key in this control scheme is the Kernel trajectories gener-
ation. The last, together with the proof of the possibilities
of force compensation by using the redundant robot fea-
tures, is the main purpose of the work. Of course, lots of
other questions arise, related to redundant robots control –
the singular problem, the stability of the motion, the case
when the redundancy increases and so on. No doubt all
these points are very interesting not only for truly inves-
tigating the redundant robots but also for separate analy-
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ses. The answers and the results are surely expected to
be interesting and remain subject of future work. It seems
good to point out some advantages of the proposed con-
trol method. First, a new idea is proposed for exploring
the quality features of the robots with redundancy – for
the remaining it does not work. For that some not stan-
dard techniques and tools have been used – homomor-
phisms, groups and factor-groups, manifolds, orthogonal
fibrations and kernel trajectories. They help to describe
some redundancy characteristics more clearly and extract
a part of quality possibilities of the redundant robots with
the aim to apply them in practical applications. In the
work kernel trajectories practically assure a redistribution
of the inner passive forces in the redundant system, keep-
ing the established state in the working zone. This was
confirmed by the experiments. As a further investigation
the role of the kernel trajectories in the sense of applying
a desired force in the contact tasks must be clarified.

Acknowledgements
The authors gratefully acknowledge the support by the Japan

Society for promotion of Science (JSPS).

References:
[1] R. Murray, Z. Li, and S. Sastry, “A Mathematical Introduction to

Robotic Manipulation,” CRC Press, pp. 456, 1994.
[2] D. Bertram, J. Kuffner, R. Dillmann, and T. Asfour, “An integrated

approach to inverse kinematics and path planning for redundant
manipulators,” Proc. Of IEEE Conf. on Robotics and Automation,
pp. 1874-1879, Orlando, 2006.

[3] O. Yonghwan, C. Wankyun, and Y. Youngil, “Extended Impedance
Control of Redundant Manipulators Based on Weighted Decompo-
sition of Joint Space,” Journal of Robotics Systems, 15(5), pp. 231-
258, 1998.

[4] I. Iossifidis and G. Schoner, “Dynamical Systems approach for the
Autonomous Avoidance of Obstacles and Joint-limits for a Redun-
dant Robot Arm,” Proc. Of the 2006 IEEE/RSJ Int. Conf. on Intel-
ligent Robots and Systems, Oct. 9-15, Beijing, China, 2006.

[5] Y. Zhang and J. Wang, “Obstacle Avoidance for Kinematically Re-
dundant Manipulators using a Dual Neural Network,” IEEE Trans.
On Systems, Man and Cybernetics, Part B: Cybernetics, Vol.34,
No.1, pp. 752-760, 2004.

[6] J. M. Hollerbach and K. S. Suh, “Redundancy Resolution of
Manipulators Through Torque Optimization,” Proc. IEEE ICRA,
pp. 1016-1021, 1985.

[7] P. Hsu, J. Hauser, and S. Sastry, “Dynamic Control of Redundant
Manipulators,” J. Robot. Syst., 6, pp. 133-148, 1989.

[8] C. Klein and C. Huang, “Review on pseudoinverse control for use
with kinematically redundant manipulators,” IEEE Transactions on
Systems, Man and Cybernetics, Vol.13, No.3, pp. 245-250, 1983.

[9] J. A. Kuo and D. J. Sanger, “Task Planning for Serial Redundant
Manipulators,” Robotica, Vol.15, pp. 75-83, 1997.

[10] F. Lewis, D. Dawson, and C. Abdalah, “Robot Manipulator Control.
Theory and Practice,” 2rded., Marcel Dekker, Inc., pp. 614, 2004.

[11] L. Sciavicco and B. Siciliano, “Modeling and Control of Robot-
manipulators,” 2nded., Springer, pp. 377, 2007.

[12] G. Boiadjiev, D. Vassileva, H. Kawasaki, and T. Mouri, ”Sensibil-
ity Control of Redundant Robots: Sensibility Directions along Tra-
jectory Tangent Vector,” Proc. of the IEEE Int. Conf. on Industrial
Technology ICIT’2005, Hong Kong, pp. 1164-1169, 2005.

[13] D. Vassileva, G. Boiadjiev, H. Kawasaki, and T. Mouri, “Sensibility
Control of Redundant Robots: Force Compensation by Kernel Tra-
jectories,” Proc. of the IEEE Int. Conf. on Industrial Technologies,
pp. 1061-1065, India, 2006.

[14] G. Strang, “Linear Algebra and its applications,” NY Press, 1976.
[15] D. Vassileva, G Boiadjiev, H. Kawasaki, and T. Mouri, “Application

of the Servo-control Method with Standard Corrections for Robot-
manipulators Control,” Proc. of the IEEE Int. Conf. on Mechatron-
ics and Autom. ICMA’07, pp. 3238-3243, Harbin, China, 2007.

[16] G. Boiadjiev, D. Vassileva, H. Kawasaki, and T. Mouri, “Sensibility
control of redundant robots: position control by image trajectories,”
Int. Conf. on Comp. Intelligence for Modeling, Contr. & Autom.
CIMCA’06, CD, Sydney, Australia, 2006.

Name:
Daniela Vassileva

Affiliation:
Researcher, Harmonic Drive Systems Inc.

Address:
1856-1 Hotakamaki, Azumino-shi, Nagano-ken 399-8305, Japan
Brief Biographical History:
2004- Ph.D. in robotics, Institute of Mechanics, Bulgarian Academy of
Sciences
2005- JSPS Post-doc fellow, Information and Human Systems Department,
Gifu University
2007- Researcher, Harmonic Drive Systems Inc.
Main Works:
• “Sensibility Analysis of Redundant Robots: Numerical Analysis and
Experimental Results,” SICE Annual Conf. Proc., pp. 2348-2353, 2007.

Name:
George Boiadjiev

Affiliation:
Senior Scientific Researcher, Institute of Me-
chanics, Bulgarian Academy of Sciences

Address:
Acad. G. Bonchev str., bl. 4, Sofia 1113, Bulgaria
Brief Biographical History:
1989- Scientific Researcher, Institute of Mechanics, Bulgarian Academy of
Sciences
2001- Senior Scientific Researcher, Institute of Mechanics, Bulgarian
Academy of Sciences
Main Works:
• “Dynamics of Multicomponent Systems Based on the Orthogonality
Principle,” Journal of Theoretical and Applied Mechanics, Year XXIV,
No.1, Sofia, Bulgaria, pp. 11-26, 1993.
• “Dynamics and Control of Robot-Manipulators,” Sofia University Press,
Sofia, Bulgaria, pp. 236, ISBN 954-07-1113-4, 1997 (in Bulgarian).
• “Sensibility Control of Redundant Robots: Sensibility Directions along
Trajectory Tangent Vectors,” IEEE Conference ICIT, Hong Kong., CD,
ISBN 0-7803-9484-4, Book of Abstracts, FP1-33, pp. 93, 2005.
Membership in Academic Societies:
• The Robotics Society of Bulgaria (RSB)

Journal of Robotics and Mechatronics Vol.21 No.1, 2009 111



Vassileva, D., Boiadjiev, G., Kawasaki, H., and Mouri, T.

Name:
Haruhisa Kawasaki

Affiliation:
Gifu University

Address:
1-1 Yanagido, Gifu 501-1193, Japan
Brief Biographical History:
1974- Joined Nippon Telegraph and Telephone Corp.
1990- Professor of Kanazawa Institute of Technology
1994- Professor of Gifu University
1996- Director of Virtual System Laboratory in Gifu University
1998- Visiting Professor of University of Surrey
2000- Vice Dean of Faculty of Engineering, Gifu University
Main Works:
• “Symbolic Analysis of Robot Base Parameter Set Using Grobner-Basis,”
Jour. of Robotics and Mechatronics, Vol.10, No.6, pp. 475-481, 1998.
• “Design and Control of Five-Fingered haptic Interface Opposite to
Human Hand,” IEEE Transaction on Robotics, Vol.23, No.5, pp. 909-918,
2007.
Membership in Academic Societies:
• The Institute of Electrical and Electronic Engineers (IEEE)
• The Japan Society of Mechanical Engineers (JSME)
• The Robotics Society of Japan (RSJ)
• The Virtual Reality Society of Japan (VRSJ)

Name:
Tetsuya Mouri

Affiliation:
Lecturer, Gifu University

Address:
1-1 Yanagido, Gifu 501-1193, Japan
Brief Biographical History:
2000- Researcher, Gifu University
2005- Lecturer, Gifu University
Main Works:
• “Unknown Object Grasping Strategy Imitating Human Grasping Reflex
for Anthropomorphic Robot Hand,” Journal of Advanced Mechanical
Design, Systems, and Manufacturing, Vol.1, No.1, pp. 1-11, 2007.
• “Robot Hand Imitating Disabled Person for Education/Training of
Rehabilitation,” Journal of Robotics and Mechatronics, Vol.20, No.2,
pp. 280-288, 2008.
Membership in Academic Societies:
• The Japan Society of Mechanical Engineers (JSME)
• The Robotics Society of Japan (RSJ)
• The Virtual Reality Society of Japan (VRSJ)

112 Journal of Robotics and Mechatronics Vol.21 No.1, 2009

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

