A Rob otics Persp ective on Motor

Programs and Path Planning

Christopher I. Connolly

Lab oratory for Perceptual Rob otics

Computer Science Department

University of Massachusetts at Amherst

Email: connol ly@cs.umass.edu �

February 9, 1993

The Alexander, DeLong and Crutcher article is relevant, not only to the-

ories of biological motor systems, but to robotics research as well. If we

roboticists are to construct versatile robot systems, then we need to concen-

trate on engineering solutions which provide robot systems with the ability

to react quickly and appropriately to environmental changes { just as their

biological counterparts do. Indeed, biological motor systems are the only

existence proofs for this sort of exibility. Therefore, I think it is appropriate

for roboticists to maintain at least some familiarity with those aspects of

neural science which are relevant to their ob jectives. In light of this opinion,

I would like to tie the article’s criticisms to some current robotics literature.

The notion of a \motor program" is prevalent in the robotics path plan-

ning literature. This is most apparent in techniques which rely on meth-

ods from computational geometry or algebra (see, for example Canny 1987;

Hopcroft et al. 1985; Kapur and Mundy 1989; Lozano-Perez 1981). In these

methods, the emphasis is on constructing complete paths from one point to

another. Some of these algorithms are of great value to theoretical computer

science, but in a practical sense, they succumb to the same criticisms that

� Behav. Brain Sciences 15(4):728-729

Alexander, DeLong and Crutcher level at theories of biological motor sys-

tems. Most \motor program" algorithms in robotics are not naturally suited

to a massively parallel computing archi- tecture. Moreover, with these tech-

niques, any change in the robot’s environment requires a \substantive plan-

ning phase". With current computer technology, such replanning is a time

consuming step and of necessity results in a certain in exibility in the robot

system.

Over the past ten or so years, a class of \potential �eld" planning methods

has arisen in robotics (see, for example Arkin 1987; Barraquand & Latombe

1991; Khatib 1985; Krogh 1984; and Newman & Hogan 1986). Such methods

rely on the gradient descent of a potential function constructed in some state

space to drive the robot system away from obstacles and toward goal posi-

tions. These algorithms typically use a geometric model of the environment

to set up a repulsive vector �eld around every obstacle, and an attractive

�eld around the goal (this is also reminiscent of Arbib’s control surfaces Ar-

bib 1981, and the path-planning model of Arbib and House, Arbib 1987).

The robot system then follows the vector �eld which results from the sum of

the repulsive and attractive �elds. These techniques are sometimes regarded

as being local in nature; it has been assumed that they cannot by themselves

be used for generating whole paths from start to goal. The reason for this

is that in the case of arbitrary vector �elds, spurious local minima can arise.

These are points where the individual vector �elds cancel, the result being

zero. No movement can occur at these points, and once there, the robot

is stuck short of the goal. Recently, however, progress has been made in

devising techniques which do not exhibit the \local minimum" problem (see

Connolly et al. 1990; Koditschek 1987). Moreover, the technique described

in Connolly et al. (1990) admits of a very simple and fast hardware imple-

mentation (Tarassenko & Blake 1991) that has some connectionist qualities.

It consists simply of a programmable resistive network. Voltage levels within

the network provide the function to be descended.

Although not strictly connectionist by some de�nitions, potential �eld

methods can also serve as candidates for partial models of the motor system

(Mussa-Ivaldi et al. 1991a). The implementation described by Tarassenko

and Blake is indeed \unsupervised, with changes in synaptic weights (con-

nection strengths) being based entirely on local synaptic conditions". In this

case, the \weights" correspond to voltages within the grid. Obviously, such

a model is a simpli�cation which ignores the plasticity of the motor system.

On the other hand, the medium spiny neurons of the neostriatum receive

massive cortical a�erents, yet are the primary output neurons for the neos-

triatum. The monosynaptic nature of the cortico-striato-pallidal pathway

does not suggest the presence of "hidden units" which would support a more

traditional connectionist model. These same cells are also relatively quiet

(Kandel et al. 1991; Shepherd 1990). Is it possible that these cell properties

really re ect some sort of local, passive computation, such as that seen in a

resistive grid?

The somatotopic divisions of the putamen are consistent with a state-

space, especially in light of the results of Crutcher and DeLong (Crutcher &

DeLong 1984a; 1984b) and Kimura (1990). The massive striato-pallidal con-

vergence presumably gives the globus pallidus access to information from any

point within the neostriatum. Could this somatotopy and convergence re ect

some sort of computation of potential functions within di�erent state spaces

(corresponding to positions of limbs, face, etc.), which are then sampled by

the globus pallidus in order to drive state changes within the system?

Alexander, et al. suggest that the transformations required by \a se-

quential/analytic approach to control movement" (sect. 3, para. 4) would

be re ected in specialization within the motor system. I would like to note

that in some discrete spatial representations used in robotics, forward and

inverse kinematics computations can be performed in a massively parallel

manner by simply permuting and combining the inputs using a boolean \or"

function to go from one representation to another. Is it possible for this to

be accomplished within the motor system by permutation and arborization

of a�erent �bers?

In conclusion, I think the article o�ers insights and criticisms that are ap-

plicable to the �eld of robotics. Moreover, increased knowledge of biological

motor systems should lead to improvements in our own ability to build suc-

cessful, versatile robot systems. I especially agree with the authors insofar as

the only real successes in robotics will come through the use of distributed,

massively parallel com- puting, similar to that found in biological systems.

I would like to thank Brian Burns for some very crucial discussions dur-

ing the preparation of this commentary. I would also like to thank Mary

Andrianopoulos and Rod Grupen for their insights.

References

Arbib, M. A. (1981) Perceptual structures and distributed motor control.

In Handbook of Physiology, volume 2, chapter 33. American Physiological

Society.

Arkin, R. C. (1987) Towards cosmopolitan robots: Intelligent navigation

in extended man-made environments. Technical Report 87-80, COINS De-

partment, University of Massachusetts.

Barraquand, J. & Latombe, J-C. (1991) Robot Motion Planning: A Dis-

tributed Representation Approach. International Journal of Robotics Re-

search 10(6):628-649.

Canny, J. F. (1987) The Complexity of Robot Motion Planning. PhD

thesis, Massachusetts Institute of Technology.

Connolly, C. I., Burns, J. B., & Weiss, R. (1990) Path planning using

Laplace’s Equation. In Proceedings of the 1990 IEEE International Confer-

ence on Robotics and Automation, pages 2102-2106.

Crutcher, M. D. & DeLong, M. R. (1984a) Single cell studies of the

primate putamen I. functional organization. Experimental Brain Research,

53:233-243.

Crutcher, M. D. & DeLong, M. R. (1984b) Single cell studies of the pri-

mate putamen II. relations to direction of movement and pattern of muscular

activity. Experimental Brain Research, 53:244-258.

Hopcroft, J. E., Joseph, D., & Whitesides, S. (1985) On the movement

of robot arms in 2-dimensional bounded regions. Society for Industrial and

Applied Mathematics Journal of Computing, 14(2):315-333.

Kandel, E. R., Schwartz, J. H., & Jessell, T. M., editors. (1991) Principles

of Neural Science. Elsevier Science Publishing Co.

Kapur, D. & Mundy, J. L., editors. (1989) Geometric Reasoning. MIT

Press, Cambridge, Massachusetts.

Khatib, O. (1987) A uni�ed approach for motion and force control of

robot manipulators: the operational space formulation. Journal of Robotics

and Automation, RA-3(1):43-53.

Kimura, M. (1990) Behaviorally contingent property of movement-related

activity of the primate putamen. Journal of Neurophysiology, 63(6):1277-

1296,

Koditschek, D. E. (1987) Exact robot navigation by means of potential functions: Some topological considerations. In Proceedings of the 1987 IEEE

International Conference on Robotics and Automation, pages 1-6. IEEE.

Krogh, B. H. (1984) A generalized potential �eld approach to obstacle

avoidance control. In Robotics Research: The Next Five Years and Beyond.

Society of Manufacturing Engineers.

Lozano-Perez, T. (1981) Automatic planning of manipulator transfer move-

ments. IEEE Transactions on Systems, Man, and Cybernetics, SMC-11(10):681-

698.

Mussa-Ivaldi, F. A., Bizzi, E., & Giszter, S. F. (1991) Transforming plans

into actions by tuning passive behavior: A �eld-approximation approach.

In Proceedings of the 1991 IEEE International Symposium on Intelligent

Control, pages 101-109.

Newman, W. S. & Hogan, N. (1986) High speed robot control and obstacle

avoidance using dynamic potential functions. Technical Report TR-86-042,

Philips Laboratories.

Shepherd, G. M., editor. (1990) The Synaptic Organization of the Brain.

Oxford University Press, New York.

Tarassenko, L. & Blake, A. (1991) Analogue computation of collision-

free paths. In Proceedings of the 1991 IEEE International Conference on

Robotics and Automation, pages 540-545.