Bibliografische Informationen
http://d-nb.info/1010287206

Contents

2.1
2.2

2.3

3.2

3.3

4.1
4.2

Introduction ... 1
About the BoOK ....... ..o i 6
1.1.1  The MATLAB Software .............c.ccoiiiiiiiiiiiiiiiiiiaiiiiaan. 7
1.1.2  Audience and Prerequisites ...............c..ooiiiiiiiiiiiiiiiii 8
1.1.3  Notation and Conventions ..................ccooiiiiiiiiiiiiiiinn.. 9
1.L14 HowtoUsetheBook ..., 9
1.5 TeachingwiththeBook .................... ... 10
L6  Outline ....oooiiniiiiii 10
Partl Foundations ... 13
Representing Position and Orientation ............................o0 15
Representing Pose in 2-Dimensions ... 19
Representing Pose in 3-Dimensions ..., 24
2.2.1  Representing Orientation in 3-Dimensions ....................... 25
2.2.2  Combining Translation and Orientation .......................... 37
Wrapping Up ... 39
Further Reading ............... . 40
EXercises ..o 41
Timeand Motion .............. ... 43
TraJectOTies ........ooiiiiiiiiitt e 43
3.1.1  Smooth One-Dimensional Trajectories ........................... 43
3.1.2  Multi-Dimensional Case ....................oo 46
3.1.3  Multi-Segment Trajectories .....................o...ool 46
3.1.4  Interpolation of Orientation in 3D ............c..oooiiiii i, 48
3.1.5  Cartesian Motion .............iiiiiiiiiiii 49
Time Varying Coordinate Frames ..................cccooviiiiiiiiiiaiins 51
3.2.1  Rotating Coordinate Frame ....................... ... 51
322 Incremental Motion ................iiiiii 52
3.2.3  Inertial Navigation Systems ..., 53
Wrapping Up ... 56
Further Reading ......... ... 56
EXOICISES . .ootiiit it e 56
Partll MobileRobots ............. ... 59
Mobile Robot Vehicles ............ ... 65
Mobility ... 65
Car-like Mobile Robots ... ..ot 67
42,1 MovingtoaPoint ... 71
422 FPollowingaline ..........c...coooiiiiiiiii 72
423 FollowingaPath ...................o.. i 74
424 MovingtoaPose ... 75


http://d-nb.info/1010287206

Contents

43
4.4

5.2

5.3

6.2
6.3
6.4
6.5
6.6

7.1
7.2

7.3

7.4

7.5

7.6

Flying RODOES ..o 78
Wrapping UP ... e 84
Further Reading ... i 84
BXOICISES . eeniit ittt ittt 85
Navigation ... ..o e 87
Reactive Navigation ..............iiiiiiiiiiiiiiiiiiiiiii e 88
5.1.1  Braitenberg Vehicles ... 88
5.1.2  Simple Automata ... 90
Map-Based Planning .......... ... 91
5.2.1  Distance Transform .............cooviiiiiiiiiiiiiiiin 93
5.2.2 D e 95
5.2.3  Voronoi Roadmap Method ............. ... 97
5.2.4  Probabilistic Roadmap Method ... 99
5.2.5 RRT s 102
Wrapping UP ... 104
Further Reading ....... ... ... . 105
EXEICISES ..ttt ittt i e 106
Localization ........ ... ... 107
Dead Reckoning ... 111
6.1.1  Modeling the Vehicle ...l 111
6.1.2  EstimatingPose ......... ... ... 113
UsingaMap ........ooiiiiiii i e 116
Creatinga Map .........oooiiiiiii 120
Localization and Mapping ...........coooiiiiiiiiiiiii 123
Monte-Carlo Localization .................c.o i 125
Wrapping UD ... 128
Further Reading .......... ... i 129
Notes on Toolbox Implementation .................... ..., 130
BROICISES ittt 130
Partlll Arm-Type Robots ..., 133
Robot Arm Kinematics ........... ... ... . 137
Describing a Robot Arm ... 137
Forward Kinematics ...........oviiiniiiiiiiniiiiie e iiainiinneeens 140
721  A2-LiInkRobOt ... 141
722 A6-AxisRobot ....... ... 143
Inverse Kinematics ............. ... c.oiiiiiiiiiiiiiiiiiiiii i, 146
7.3.1  Closed-Form Solution .............cc.ooooiiiiiiiiiiii ... 146
7.3.2  Numerical Solution .............. ... ... 149
7.3.3  Under-Actuated Manipulator .................................... 149
734  Redundant Manipulator .....................................LL 150
Trajectories ... ... ... i 152
7.4.1 Joint-Space MOLION ..........cuvvveriniiiiiie i eeiiaeenns 153
742  Cartesian Motion ..ottt 155
7.4.3  Motion through a Singularity .................................. 156
7.4.4  Configuration Change ...........................cocoiiii. 157
Advanced TOPIiCS .....ooiii e 158
7.5.1  Joint Angle Offsets ......... ... ..o it 158
7.5.2  Determining Denavit-Hartenberg Parameters ................... 159
7.5.3  Modified Denavit-Hartenberg Notation ......................... 160
Application: Drawing .............. ... 162



Contents

"

7.7

7.8

8.2

8.3

8.4
8.5

9.2

9.3
9.4

9.5

10
10.1

Application: a Simple Walking Robot .................... ...l 163
7.7.1  KinematiCs ........ooinuiiiiiiiiiiii i 163
772 Motionof OnelLeg ........ccoiviiiniiiiiiiiiiiiiiii i 165
7.7.3  Motionof FourLegs .............coooiiiiiiiiiiiiiiiiiiinn.. 166
Wrapping Up ... 167
Further Reading ..............oooiiiiiiiiiii 168
The plot Method ...t e 168
EXOrCises ... e 170
Velocity Relationships ............... ... 171
Manipulator Jacobian ..............ooiiiiiiii 171
8.1.1  Transforming Velocities

between Coordinate Frames ....................... ... 174
8.1.2  Jacobian in the End-Effector Coordinate Frame .................. 175
8.1.3  Analytical Jacobian ........... ... 176
8.1.4  Jacobian Condition and Manipulability .......................... 177
Resolved-Rate Motion Control .............coooviiiiiiiiiiiiiiiiiinnn... 180
8.2.1 Jacobian Singularity ... 182
8.2.2  Jacobian for under-Actuated Robot .................. ... ... 183
8.2.3  Jacobian for over-Actuated Robot ...............ccoiiiiii.... 184
Force Relationships ... 186
8.3.1  Transforming Wrenches between Frames ........................ 186
8.3.2 Transforming Wrenches to Joint Space ........................... 186
Inverse Kinematics: a General Numerical Approach ...................... 187
Wrapping Up ..o 188
Further Reading .............oo i 189
EXOICISeS ...ttt e 189
Dynamicsand Control ... ... ... i e 191
Equations of MOtion ...........oooiiiiiiiiiiiii 191
9.1.1  GravityTerm ... 193
9.1.2  Inmertia MatriXx .............coiiiiiiiiiiii 195
9.1.3  Coriolis MatriX .........coiiiiiiiiiiiii 196
9.1.4  Effectof Payload ............ ... .. 197
9.1.5 Base Force .......oooiiiiiiiiiii e 198
9.1.6  Dynamic Manipulability ... 198
Drive Traifl ...oooo it 200
9.2.1  FriCtion ...t e 201
Forward Dynamics .............coooiiiiiiiii 202
Manipulator Joint Control ........ ... .. ... i 204
9.4.1 ACtuators ...t 204
9.4.2  Independent Joint Control ... 204
9.4.3  Rigid-Body Dynamics Compensation ....................ceeen.n. 211
9.4.4  Flexible Transmission ... 213
Wrapping Up ..o 215
Further Reading ..........coooiiiiiiiiiiii i e 216
BXOICISES .ttt et e 217
PartlV Computer Vision ..., 219
Lightand Color ... ... i 223
Spectral Representation of Light ................................ 223
10.1.1  AbSOrption .............oiiiiiiiiii 225

10.1.2  Reflection ..ottt 226



Contents

15
15.1
15.2

15.3

15.4

16

16.1
16.2
16.3
16.4
16.5

16.6
16.7

Re-=TTITommonNnw>»

PartV Robotics,Visionand Control .................coviiiiiiiiia... 451
Vision-Based Control .......... ... ... 455
Position-Based Visual Servoing ... 456
Image-Based Visual Servoing ......................oo 459
15.2.1 Cameraand Image Motion ..............................L 460
15.2.2 Controlling Feature Motion ......................cooiiiil, 464
1523 Depth ..o 469
15.24 Performance ISSUES ...........cuiiiiriniiiiieiennarennaerennnnns 471
Using Other Image Features ...................iiiiiiiiiiiiiiennan.... 473
15.3.1 Line Features ............c.iveruioieinneineiinenniiaeeanennnns 473
1532 Circle FEatures ............ovieiiiniiiuneeiiiieainaeineiannans 474
Wrapping Up ... 476
Further Reading ............. ..o i 476
05 o T 478
Advanced Visual Servoing ........... ... 481
XY/Z-Partitioned IBVS ... ... ..o i e e 481
IBVS Using Polar Coordinates .................c.oiiiiiiiiiiiiienaen .. 484
IBVS for a Spherical Camera ..................coi i 486
Application: Arm-Type Robot ... 488
Application: Mobile Robot ......... .. ... 489
16.5.1 Holonomic Mobile Robot ..............ccooiiiiiiiii i, 489
16.5.2 Non-Holonomic Mobile Robot .................c.cooviiiiiiaa... 491
Application: Aerial Robot ... 492
Wrapping Up ... 494
Further Reading .......... ... i 494
BXOTCISES ottt e e e 495
APPENdiCeS ... oot 497
Installing the Toolboxes .................ccooiiiiiiiiiiiiii i 499
SIMUNNK® 501
MATLAB® Objects .........ooiiiiiiiiiiir e e e 505
Linear Algebra Refresher ........... ... ... 511
Ellipses .. ... 517
Gaussian Random Variables ............................................. 523
Jacobians ... 527
Kalman Filter ..........ooo 529
Homogeneous Coordinates .....................ccooiiiiiiiiiin.. 533
GraphsS o 535
Peak Finding ... 539
Bibliography ... . ... 543
INdeX ..o 553
Indexof People ... ... o i 553
Index of Functions, Classes and Methods ................................. 554

General IndexX ... 558



