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Introduction

C Robots are the agents endowed with physical effectors with which to do mischief.
C Physical agents that perform tasks by manipulating the physical world.
C Effectors assert physical forces on the environment (legs, wheels, joints, and grippers)
C Sensors perceive their environment (cameras, lasers, gyroscopes, and accelerometers)
C Manipulators
C Robot arms physically anchored to their workspace
C Mobile robots
C Move about their environment using wheels or legs
C Mobile manipulators

C Combine mobility with manipulation
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Motivating Examples: Robots for Manipulation and Transportation

(a)

(@)

Figure 25.5

courtesy of Willow Garage, (€) 2009. (b) On|

(a) Mobile manipulator plug

Figure 25.6  (a) Four-legged dynamically-stable robot “Big Dog.” Image courtesy Boston
2009. (b) 2009 RoboCup Standard Platform League competition, showing the
winning team, B-Human, from the DFKI center at the University of Bremen. Throughout the
match, B-Human outscored their opponents 64:1. Their success was built on probabilistic
state estimation using particle filters and Kalman filters: on machine-learning models for gait
2009.

optimization: and on dynamic kicking moves. Image courtesy DFKI. (©)

Figure 25.27  (a) The Helpmate robot transports food and other medical items in dozens
of hospitals worldwide. (b) Kiva robots are part of a material-handling system for moving
shelves in fulfillment centers. Image courtesy of Kiva Systems.
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22.1 Introduction (1/2)

1) Equipment of robots

» Effectors
B To assert physical forces on
the environment
B e.g. legs, wheels, joints,
grippers
» Sensors

E To perceive their
environment

B e.g., cameras, lasers,
gyroscopes, accelerometers

Figure 25.1  (a) An industrial robotic manipulator for stacking bags on a pallet. Image
courtesy of Nachi Robotic Systems. (b) Honda’s P3 and Asimo humanoid robots.

Figure 25.2  (a) Predator, an unmanned aerial vehicle (UAV) used by the U.S. Military.
Image courtesy of General Atomics Aeronautical Systems. (b) NASA’s Sojourner, a mobile 5 / 39
robot that explored the surface of Mars in July 1997.




22.1 Introduction (2/2)

2) Categories of robots

» Manipulators (robot arms)
B Physically anchored to their workplace
B Most common type of industrial robots
» Mobile robots
B Move about their environment using wheels, legs or similar mechanisms

B e.g., unmanned ground vehicles (UGVs), unmanned air vehicles (UAVS), autonomous
underwater vehicles (AUVS)

» Mobile manipulator

B Combined form of mobility and manipulation

B e.g. humanoid robots
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22.2 Robot Hardware (1/3)

1) Sensors

» Passive sensors (camera): Capture signals generated by other sources in the environments.
» Active sensors (sonar): Send energy into the environment, and get the reflected energy.

» Three types of sensors
B Range finders
U Measure the distance to nearby objects
U e.g., sonar sensor, stereo vision, time of flight camera, scanning lidars, tactile sensors
B Location sensors

U Most location sensors use range sensing as a primary component to determine
location.

U e.g., Global Positioning System (GPS), Differential GPS
B Proprioceptive sensors
U Inform the robot of its own motion
U e.g., shaft decoders, odometry, inertial sensors, force sensors, torque sensors
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22.2 Robot Hardware (2/3)

2) Effectors

» Degree of freedom (DOF)
B 6 DOF of AUV: three for its oo location in space and three for its angular orientation
Wi €,@udn Qo0 wQ
B These six degrees define the kinematic state or pose of the robot. The dynamic state of
a robot includes these six plus an additional six dimensions for their velocities.
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Arm (a) has exactly six degrees of freedom. Car (b) has three effective degrees of freedom but
two controllable degrees of freedom (move forward or backward, turn). Nonholonomic : has more
effective DOFs than controllable DOFs. Holonomic : two numbers are the same.
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22.2 Robot Hardware (3/3)

2) Effectors (contd.)

u

Locomotion

» Differential drive robots possess two independently
actuated wheels (or tracks)

» An alternative is the synchro drive (each wheel can
move and turn around its own axis).

Legs

» Dynamically stable : a robot can remain upright
while hopping around

» Statically stable : a robot can remain upright without
moving its legs

Sources of power

» The electric motor is the most popular mechanism
for both manipulator actuation and locomotion

» Pneumatic actuation using compressed gas and
hydraulic actuation using pressurized fluids also
have their application niches

Figure 25.6  (a) Four-legged dynamically-stable robot “Big Dog.” Image courtesy Boston
Dynamics, (©) 2009. (b) 2009 RoboCup Standard Platform League competition, showing the
winning team, B-Human. from the DFKI center at the University of Bremen. Throughout the
match, B-Human outscored their opponents 64:1. Their success was built on probabilistic
state estimation using particle filters and Kalman filters; on machine-learning models for gait
optimization: and on dynamic kicking moves. Image courtesy DFKI. (©) 2009.
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22.3 Robotic Perception (1/9)

1) Robotic perception
» Robots have all the problems of state estimation

(or filtering )
» Belief state: the posterior probability distribution (X .
over the environment state variables
< the state of the environment (including (2 ©

the rObOt) at tlme 0 Figure 25.7  Robot perception can be viewed as temporal inference from sequences of
actions and measurements, as illustrated by this dynamic Bayes network.

<the observation received at time 0
0 : the action taken after the observation is received A 22 #9

‘Hn [0g hdg) |"E» In ) (  [6hd)0 o |04y )D
B Previous action ¢, current sensor measurement »
B ( |6 hd) is called transition model or motion model

B 'E» |q )is called sensor model 10/ 39




22.3 Robotic Perception (2/9)

2) Localization and mapping

» Motion model
» For small time intervals 30, a crude
model of the motion of such robots is given by
O 30A |
0 300 EJ
0 30

~ ~
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(a) (b)

Figure 25.8  (a) A simplified kinematic model of a mobile robot. The robot is shown as a
circle with an interior line marking the forward direction. The state x, consists of the (z;, 3}
position (shown implicitly) and the orientation f;. The new state X;, is obtained by an
update in position of v;A; and in orientation of w,A,. Also shown is a landmark at (x;, ;)
observed at time £. (b) The range-scan sensor model. Two possible robot poses are shown for
a given range scan (2, 2a, 23, 24 ). It is much more likely that the pose on the left generated
the range scan than the pose on the right.

-4 #10

» The notation R refers to a deterministic state prediction. Of course, physical

robots are somewhat unpredictable.

» This is commonly modeled by a Gaussian distribution with mean QR b f)  and

covariance +
'R oA R
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22.3 Robotic Perception (3/9)

2) Localization and mapping (contd.)

» Sensor model
B Sensors detect stable, recognizable features of the environment called landmarks
B wt gty Sx%x whohj ? &hd it senses a landmark whose location is o

H @) (J - ) SBl6) 6 b

» Typically, we assume that the errors for the different beam directions are
independent and identically distributed, so we have

0@ 16) | Q Hur

» An array of range sensors, each of which has a fixed bearing relative to the robot
B Sensors produce a vector of range values », & 8 h
B Given a pose 0 , let aHbe the exact range along the “@h beam direction from 0 to the

nearest obstacle. 0(6|6) | B Q Hir
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22.3 Robotic Perception (4/9)

2) Localization and mapping (contd.)

(a) (b)

Figure 25.8  (a) A simplified kinematic model of a mobile robot. The robot is shown as a
circle with an interior line marking the forward direction. The state x; consists of the (z,, y;)
position (shown implicitly) and the orientation #;. The new state x;,; is obtained by an
update in position of v;A; and in orientation of w;A;. Also shown is a landmark at (x;, y;)
observed at time £. (b) The range-scan sensor model. Two possible robot poses are shown for
a given range scan (2, 29, 23, 24 ). It is much more likely that the pose on the left generated
the range scan than the pose on the right.
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22.3 Robotic Perception (5/9)

2) Localization and mapping (contd.)
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