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MANIPULATORS (ROBOTIC ARMS)
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Cylindrical
(a)Polar

(c) Cartesian

(d) Jointed-arm

(e) SCARA U
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NON-HOLONOMIC ROBOTS
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Idea: plan in configuration space (C-space) defined by the robot’s DOFs.
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Solution is a point trajectory in free C-space.
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MOTOR CONTROL
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BIOLOGICAL MOTOR CONTROL

Motor control systems are characterized by massive redundancy
Infinitely many trajectories achieve any given task
E.g., 3-link arm moving in plane throwing at a target:
simple 12-parameter controller, one degree of freedom at target
11-dimensional continuous space of optimal controllers
Idea: if the arm is noisy, only “one” optimal policy minimizes error at target

l.e., noise-tolerance might explain actual motor behaviour

Harris & Wolpert (Nature, 1998):
signal-dependent noise explains eye saccade velocity profile perfectly
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SIMPLE LEARNING ALGORITHM: STOCHASTIC GRADIENT

Minimize Fy[y?] by gradient descent: x x

vfi()EH[yQ] - vf)n / PHU(H)F(Q)QdQ x:x
: vf’()PHU(Q) 2 *x
= [ 2L F(0) P, (0)d0
/ Pg()(e) ( ) 90( )
Vi, P, (0) 5
— g [T 8\Y)
| Py (6) *

Given samples (6;,y;), 7 =1,..., N, we have

1 \f Vo, Ps,(65) 5
o1 . T 0
VFJ()EH[ ] N = 1 PHU(H. ) yj

For Gaussian noise with covariance ¥, i.e., Py, () = N(6y, ¥), we obtain
A ‘ 1 N
Vo, Eoly?] = N Z (9 - 90)

Jj=1
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SIMPLE LEARNING ALGORITHM: STOCHASTIC GRADIENT
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5 ROBOTICS

In which agents are endowed with physical effectors with which to do mischief.

25.1 INTRODUCTION

ROBOT Robots are physical agents that perform tasks by manipulating the physical world. To do so,
EFFECTOR they are equipped with effectors such as legs, wheels, joints, and grippers. Effectors have

a single purpose: to assert physical forces on the environment.! Robots are also equipped
SENSOR with sensors, which allow them to perceive their environment. Present day robotics em-

ploys a diverse set of sensors, including cameras and lasers to measure the environment, and
gyroscopes and acceleromelers to measure the robot’s own motion.

Rus;e" f«rtlfifiﬂl In relllgence MANIPULATOR Most of today’s robots fall into one of three primary categories. Manipulators, or robot

v A arms (Figure 25.1(a)). are physically anchored to their workplace, for example in a factory

v f 1'. '\ DPIro iL‘.h assembly line or on the Intemational Space Station. Manipulator motion usually involves
a chain of controllable joints, enabling such robots to place their effectors in any position

fron within the workplace. Manipulators are by far the most common type of industrial robots,

with approximately one million units installed worldwide. Some mobile manipulators are
used in hospitals to assist surgeons. Few car manufacturers could survive without robotic
manipulators, and some manipulators have even been used to generate original artwork.

. MOBLE ROBOT The second category is the mobile robot. Mobile robots move about their environment

Stuart Russeu and Peter NOerg, using wheels, legs, or similar mechanisms. They have been put to use delivering food in

1 1 1 . hospitals, moving containers at loading docks, and similar tasks. Unmanned ground vehi-

A;‘tlﬁCIal Intelhgence' A MOdern Approa‘:h’ ey cles, or UGVs, drive autonomously on streets, highways, and off-road. The planetary rover

T iti i ; hown in Figure 25.2(b) explored Mars f iod of 3 months in 1997. Sub, NASA
3 Edlthl‘l, Prentice Hall’ 2010. runersyAWER  shown in Figure (b) explored Mars for a period of 3 months in ubsequent

robots include the twin Mars Exploration Rovers (one is depicted on the cover of this book),
which landed in 2003 and were still operating six years later. Other types of mobile robots

Ay include unmanned air vehicles (UAVs), commonly used for surveillance, crop-spraying, and
Chapter 25

! In Chapter 2 we talked shoul actuators, not effectors. Here we distinguish the effector (the physical device)
from the actuator (the control line that communicates a command to the effector).
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