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Abstract

One of the main problems in robotics is the com-
putation of robot motion taking into account obsta-
cles. In this paper we present a proposal for the
computation of valid paths for a robotic (articu-
lated) hand using a hybrid algorithm, partly clas-
sical and partly quantum. The quantum component
is based on Grover’s quantum search algorithm.

1 Introduction
Obstacle avoidance is a fundamental problem in robotics. The
connectivity between two parts of the C-space (Configuration
Space, a most useful tool to define volumetric characteristics
of a robot and the obstacles it must avoid) is considered a
valid path for a robot. For each point of a valid path there is an
attainable pose of the robot. Therefore, planning the motion
of a robot between obstacles is equivalent to computing a path
in a manifold. Among relevant problems in motion planning
we find the Dexterous Manipulation problem.

In this poster we present a hybrid algorithm, partly classi-
cal and partly quantum, that allows efficient computation of
solutions to the dexterous manipulation problem. The quan-
tum part of our algorithm is an adaptation of Grover’s search
algorithm [Grover, 1996].

2 The Dexterous Manipulation Problem
Let us suppose we have an ideal hand designed to grasp and
manipulate an object. Our aim is to compute the correspond-
ing finger motions so that the object moves towards a desired
pose. The problem of dexterous manipulation can be stated
as an input-output system: joint motions (inputs) are applied
to the fingers of an articulated hand and the grasped object
experiences a motion (output). Computing the correspond-
ing object motion, given a set of finger motions, requires to
know the whole finger and object kinematics or, alternatively,
to have access to an external pose estimation system.

A general definition of the inverse problem of dexterous
manipulation using a 9 dof articulated hand follows. Let
a three-fingered robot hand � working in the Euclidean
space � , be represented by the union of its fingers, ������ ���!� " . Since each finger has three degrees of freedom,

Figure 1: . A prototype of the dexterous hands available at the
FMAT

a joint space configuration for the hand is specified as a tu-
ple #�$&%(')�+*�,-,-,�*	'�.�/ . The grasped polyhedral object is de-
noted as 0 and its position and orientation are determined
by a reference frame 1 placed in its center of gravity. The
initial configuration of the system includes 1
2 and 1
3 (initial
and final configurations for the object), as well as an initial
hand configuration # 2 . Our goal is to find a sequence of hand
configurations 45$6#-2)*7# � *-,-,�,8*9#�: , to take 0 from 1;2 to 1<3 .
2.1 A local dexterous manipulation algorithm

Muñoz et al [Muñoz et al, 1995] have presented an al-
gorithm for the computation of hand configurations 4&$# 2 *9#+��*�,-,-,-*9# : , to take 0 from 1 2 to 1 3 . This algorithm per-
forms two tasks. Firstly, it explores the space of potential
solutions for the problem of changing the orientation of an
object that is being grasped by a dexterous hand. This space
is organized as sets of potential infinitesimal motions to pass
from one hand configuration to the next until the desired tra-
jectory is completed. As a result of this exploration, the algo-
rithm delivers a list of hand configurations suitable to be used
as solutions. Let us denote those suitable hand configurations
by => � *?=> � *�,-,-,-*?=> : . Secondly, the algorithm evaluates and
selects the best solution(s), that is, the algorithm computes a
cost function using => �+*�=> �)*�,-,-,-*?=> : as input and delivers as
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Figure 2: . a) The use of a simple -industrial -gripper b) The use of
a robotic hand allows more dexterity.

output those configurations that fulfill cost requirements. It
must be noted that cost functions are case-dependant. For
example, in a certain case one could be interested in mini-
mizing the total displacement distance, while in another case
one could be looking for those configurations that minimize
the number of (say) rotations.

3 The planning algorithm
In a first phase, this algorithm explores the space of potencial
solutions for the problem of changing the orientation of an
object being grasped by a dexterous hand. This space is
organized as sets of potencial infinitesimal motions to pass
from one hand configuration to the next until the desired
trajectory is completed. The second phase consists in the
evaluation and selection of the best solution.

The inputs of the algorithm are: � The initial( #�2 ) and
final( # 3 ) configurations of the grasped-object. � The posi-
tions of the initial contact points ( � 2 ).
The outputs of the algorithm at any given iteration are: �
A coordinated sequence of movements in the joint space. �
A sequence of forces for the stability.

The algorithm can be described as follows:

algorithm fixed point-rolling-sliding commutation
01begin
02 begin
03 Trajectory-decomposition
04 �������� 	 first partition of trajectory
05 end
06 while NOT(end of trajectory)
07 for finger=1 to finger=3
08 begin
09 if (valid = Inverse Kinematics( 
��
� ���� � ����

)
10 then Movement mode: FIXED POINT(FP)

11 solutions � ����������� 	 � FP,  q, 
 � � ���� � ��!� �
12 list 
��#"%$&$ �(')� = points around 
*�
13 list surface �#"%$&$ ��'+� = points around surface object

14 list normals �#",$-$ �(')� = normal of points in surface
15 for i = 1 to i = nm
16 for j = 1 to j = nm
17 if (valid = Inverse Kinematics( 
�./� �� � �

�� � )
18 then
19 if de = d
20 then Movement mode: ROLLING(R)

21 solutions � ���(������� 	 � R,  q, 
�.0� �� � �
�� � �

22 else Movement mode: SLIDING(S)

23 solutions � ���(������� 	 � S,  q, 
 . � �� � �
�� � �24 else

25 Movement mode : Finger relocation1

26 end
27 Triplet’s-generation(solutions[])
28 Force-calculation(Triplets)
29 Minimum-torques-selection
30 � �1���� 	 next partition of trajectory
31 end-while
32end

Let =2 be a position vector of the contact point in the
object’s surface. Let =3 be a normal vector on the contact
point in the object’s surface. Let 4 be an euclidean distance
between the original position vector =265 : 587 and the new posi-
tion vector =2 ::9/; obtained after the transformation 1 ::9/;5 : 587 . Let4�< be the corresponding distance along the finger-tip surface
from the original contact-point �>= and the new candidate � 5
after one interaction search. ?�@ are the number or candidate
points around the original point of contact on the object
(represented by the normal vector =3 = and the position vector
=2 = , Figure 3) and finger surface (represented by � = , Figure 6).

After applying this algorithm, we have now, a sequence of
possible manipulation modes for each finger. First we clas-
sify it in decreasing order respecting the joint variation A q.
Second, we choose a set of three possibilities (one for each
finger) and calculate the respected finger forces for the stabil-
ity.

4 Seeking solutions with Quantum Mechanics
Our proposal is to use a classical computer for the computa-
tion of the first part of Muñoz’ algorithm (i.e. computation
of potential solutions), and a Quantum Computation (QC)
scheme for performing the second part (i.e. looking for a set
of actual solutions). The rationale behind the use of a quan-
tum search algorithm is the following: in Classical Computer
Science, searching for an element in an unsorted list of

3
ele-

ments takes B % 3 / operations. In the quantum case, searching
for an element in an unsorted list using Grover’s algorithm
takes B %0C 3 / operations [Nielsen and Chuang, 2000].

Let us introduce two fundamental ideas in QC: the notions
of a qubit and the evolution of a quantum system.

Qubit. The basic component of QC is a qubit, that is, a
physical entity (such as an electron) that can be mathemati-
cally represented as a vector in a D�E Hilbert space F � . The

1Considering its application in a well-defined method is com-
plex.We do not actually compute this in simulation
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Figure 3: . Contact description

general form of a qubit is � ����$���� ���	��
�� 
�� where �?*�
����
constrained by � ��� � ��� 
�� � $�� , and ��� ��� *�� 
���� is an arbitrary
basis of F � . Thus, � ��� is a superposition of states � ��� and� 
�� , and therefore � ��� can be prepared in an infinite number
of ways by varying the values of � and 
 . In contrast, classi-
cal computers measure bit values using only one basis, � 0,1 �
and the only two possible states are those that correspond to
the measurement outcomes, � or � .

Evolution. The evolution of a quantum system with no
interaction with the environment is described by a unitary op-
erator, i.e. an operator � such that � �"! $#�$!�� $&% . Thus,
the evolution of a qubit can be written as � ��� 7(' � $)�*� ��� 7 .
Unitary operators are reversible, thus the performance of any
operation in a quantum computer (except for measurement)
must be reversible. Any irreversible computation can be made
reversible by modifying corresponding circuits and adding a
(polynomial) number of bits as working space.

Introductions for computer scientists to the fundamentals
of QC can be found in [Venegas and Bose, 2003], [Venegas
and Ball, 2004] and [Nielsen and Chuang, 2000].

In the following section we provide a scheme for the use of
Grover’s algorithm in the Dexterous Manipulation problem.

5 Quantum Search Algorithm
Let us suppose that the first part of Muñoz’ algorithm has
been already performed, i.e. we have a set of hand configura-
tions � => �+* => �)*-,�,-,-* =>�+ �",.-

+
. Also, let each entry /10 5 of => 5

be represented with 2 bits. We then have a new set of binary
vectors =>$35 �4�5� *6�7�98

+
.

Now, we use Grover’s search algorithm ([Nielsen and
Chuang, 2000] for a detailed explanation). The algorithm is
made out of three parts: a Hadamard gate : , a set of Grover
operators ; , and a measurement system. Each part is a uni-
tary operator except for the measurement system. The al-
gorithm takes as input the quantum state � <�� , which is the

c)a) b)

Figure 4: . Contact evolution

tensor product of ? qubits initialized in � �=� (see Fig. 1). Af-
ter gate : , input becomes an equal superposition of qubits
� ��� $?> :�@ �A9B 2 � �	� . Note that by setting ? $C2�@ we can cre-
ate a � - � function between binary vectors representing hand
manipulation and components of quantum state � ��� .

Grover operator is composed of four parts: an oracle, two
Hadamard operators and a phase shifter. Oracle design in
Grover’s algorithm depends on the specific application one
has in mind. The main purpose of the oracle is to recognize
solutions for the search problem and, additionally, if a solu-
tion � D	� is recognized then the oracle computes the function� D���E %�F$� /6� D	� . Note that recognizing a solution is different
from knowing it. An example of this difference is the factor-
ization of a large integer number G . If one is given a set of
primes, checking out (i.e. recognizing) whether those primes
factorize G is entirely different (and much easier) from know-
ing the factorization of G beforehand.

Oracle workspace

n qubits G

...

...|0> |Ψ>

G
H

Figure 5: . Schematics for Grover’s algorithm.

In our case, we take as oracle input the quantum state
� <H� and qubit � IJ� $ K 21LM@ K � LN � as oracle workspace. The
oracle has two goals: 1) The computation of a cost func-
tion � for each � �	� (remember that each hand configura-
tion =>$35 has been linked with a superposition component � �	� ,
for �O�P��� *<,�,-,-*1?QFR�S� ), and 2) Computing the function� ���TE %UF$�+/6� ��� for those hand configurations for which the



outcome of the cost function is lower than a given threshold.
We are now working on the design of an oracle for the com-
putation of the Hamming distance as cost function.

6 Future Work
We intend to take as much advantage of quantum algorithms
as possible by simulating them in classical systems. Thus, we
are working now on producing a set of solid software tools
to simulate the behaviour of our solutions for the Dexterous
Manipulation Problem. Furthermore, we intend to explore
the behavior of this hybrid system by implementing it in re-
versible hardware systems.
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