CONTENTS

PART I: EMBEDDED SYSTEMS

1 Robots and Controllers » 3
1.1 Mobile RObOtS . . ..ot i e e e e e e e 4
1.2 Embedded Controllers. . ...ttt e eeens 7
1.3 Ierfaces . ot v ittt e e e 10
14 Operating System. . . ..o ovvt ittt e et e 13
1.5 R reNCeS . oottt e e 15

2 Sensors 17
2.1 Sensor CategOoris ... .vvvvtit et ie e e e 18
2.2 BINALY SEMNSOT. . o oottt ittt ie s et et e e 19
2.3 Analog versus Digital Sensors. ........ . i 19
24 Shaft Encoder. . ... ..ot e e e 20
2.5  A/D CONVeIter . . oottt e e, 22
2.6 Position Sensitive Device ... ..ot e 23
B B O 11 4 - G 25
2.8  Gyroscope, Accelerometer, Inclinometer ............................. 27
2.9 Digital Camera. . . . ...ttt e e e 30
200 Re oINS . oo vttt e e e e 38

3 Actuators 41
30 DO IMOtOTS . ettt et ettt i e e e 41
32 HBHAGE © oo e 44
3.3  Pulse Width Modulation . .......c.ovriiniiinn et innnrranns 46
3.4 Stepper MOtOTS. . o o ovi et e ., 48
KT T < ' < S 49
IO 255 (=51~ 1 v J O P 50

4 Control 51
A1 On-OffControl .ottt et e e e e e e 51
42 PIDCOmIol . .ottt i e e e e s 56
4.3 Velocity Control and Position Control ..................coiuunnnn... 62
4.4 Muliple Motors —Driving Straight ................................. 63
45 V-Omegalnterface ....... ... i i i 66

A6 R eIOnCOS o v o vt ettt e e et i ettt ettt e e 68



5

6

Multitasking

5.1 Cooperative Multitasking .......... .. ..o i i
5.2 Preemptive Multitasking . . . ....... ..o i
53  Synchromization............couoveiniiiniiiniineneeninennaanans
54 Scheduling . ......ouiiieiitie ittt it
5.5 Interrupts and Timer-Activated Tasks.......... ... ... . oot
56 References .. ..ottt e i i e
Wireless Communication

6.1 CommunicationModel ...... ... ... i
6.2  MESSaEES - . oottt e e e
6.3  Fault-Tolerant Self-Configuration. ... ..........ccoiiiii e
6.4 User Interface and Remote Control. . ....... .. ... oo,
6.5 Sample Application Program. . ............coiiiiiiiin it
6.6 ReferenCes . .....vtit ittt ittt ettt i

PART II: MOBILE ROBOT DESIGN

7

9

10

Driving Robots

71 Single Wheel DIIVE . . ..o v vt e e ettt eeenenneens
7.2 Differential DEive. .. ..o oottt e e
T3 Tracked ROBOLS .. oo io ittt et et et e e e e
T4 Synchro-Drive ... ... e e

7.5  Ackermann Steering
7.6  Drive Kinematics
7.7 References

............................................
..............................................

....................................................

81 Mecanum WHheels . ... .ottt it et inennennns
8.2  Omni-Directional Drive
83  KINematics. . ... ..coiiin ittt s
8.4  Omni-Directional Robot Design
8.5  Driving Program
8.6 References

..........................................

...................................
............................................

...................................................

Balancing Robots

9.1 SIMUlation . . ... e
9.2  Inverted Pendulum Robot . ... ... .ottt et
9.3 Double Inverted Pendulum
94 ReIOICNCES . .. .ottt s

Walking Robots
10.1 Six-Legged Robot Design
102 Biped ROBOEDESIZN. .. ..o ve sttt ee s e e aeeeriaeeeenenns

103 Sensors for Walking Robots
10.4  Static Balance

.....................................

......................................

R I I I I I T e A R AN S L I LN A S

.................................................



10.5 DynamicBalance. ... ... ..ot i
10.6 References

11 Autonomous Planes
11,1 Application .. ... e
11.2 Control System and Sensors . ........ouuuttinr i rnnreuneenennn.
113 Flight Program. ... ..... .ottt i et eaeeenaann
114 References . ..ottt et i et et e

12 Autonomous Vessels and Underwater Vehicles
12.1 Application ........c.niniiuiii i i i e e
12.2 DynamicModel. . ...t PP
123 AUV DesignMako ...t
124 AUV Design USAL. .. ..o i i i i
12,5 ReferemCeS o i r et e e e ettt e

13 Simulation Systems
13.1 Mobile Robot SImulation .. ........ccoveiiniriniinneneasnnnnn.
13.2 EyeSim Simulation System . ... ...covviii it
13.3 Multiple Robot Simulation ............... .. .oooun... e
13.4 EyeSim Application. . ...ttt iiniininarnnnsenns
13.5 EyeSim Environment and Parameter Files ...........................
13.6 SubSim Simulation System . ...ttt
13.7 Actuatorand SensorModels ........ ... .. o i
13.8 SubSim Applcation. .. ... ...ttt e
13.9 SubSim Environment and Parameter Files ...........................
13.10 R OrenCes . oo oot et iie e e e e e e

PART III: MOBILE ROBOT APPLICATIONS

14 Localization and Navigation
14.1 Localization . . ... cuvnen ettt it iitia e ansaaaaeeenennann
14.2 Probabilistic Localization ............cooiiiiiniiiiiininn ..
14.3 Coordinate SYStEMS . .. .ottt tiier et
14.4 Dijkstra’s AIZOTthIn . . ... ooeiie ittt e,
145 A*¥Algorithm. ... ..ot
14.6 Potential FieldMethod . ...ttt
14.7 Wandering Standpoint Algorithm . ....... ... ... . o il
14.8 DistBug Algorithm .........coooiiiiiii
14,9 Referenees . . vt ve et it eaaae et antaan e eaa e ean

15 Maze Exploration
15.1 Micro Mouse Contest ..o viri i ie i in it eetenneerseeansnennnnns
15.2 Maze Exploration Algorithms . . ........ ... ... . il
15.3 Simulated versus Real Maze Program. . ... .. ...,
154 RETCIEICES « v o ot o v eeeeeattanerosetoenssonsuseesasoeassaesens



16 Map Generation

17

20

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8

Mapping Algorithm . ... ... ...
Data Representation. . . ......oitui ittty
Boundary-Following Algorithm ............. ... ... ... i,
Algorithm EXecution . . ... ...oov it cee
Simulation Experiments. .. ...ttt e
RODOLEXPErMENtS . .o\ oe ettt it ettt iie it
Results .. ... e e e e
References .. ...cvi it e e

Real-Time Image Processing

17.1
17.2
17.3
174
17.5
17.6
17.7
17.8
17.9

CameraInterface . . .. ... oottt i e i i e
AUto-Brightness. . .o oo vven i i e e
EdgeDetection. . ... ..ot i i i it
Motion Detection. .. ... ov it r it
Color Space . . ... e
Color Object Detection . ........ovreenn ittt
Image Segmentation . ......... ..ot intiiinen i rnannn
Image Coordinates versus World Coordinates ........................
References .. ..o ovi i e e

Robot Soccer

18.1
18.2
18.3
18.4
18.5
18.6
18.7

RoboCup and FIRA Competitions. .. ......c.oiviiiiiiiinnianen.,
Team Structure. . ... ... e

Neural Networks

19.1
19.2
19.3
194
19.5
19.6

Neural Network Principles .. .......oivieininnn e aiananainens
Feed-Forward Networks . ... .. ... .. . i
Backpropagation . .......... it e

Neural Network Example .. ....... ... ... i s

Neural Controller. . ... oot e e e e et i
References

Genetic Algorithms

20.1
20.2
203
204
20.5
20.6

Genetic Algorithm Principles
Genetic OPEIAtOTS .« oottt
Applications to Robot Control
Example Evolution ......... ... .. ittt
Implementation of Genetic Algorithms. ... ..........coeereneenennns
References

.....................................

.....................................

....................................................



21 Genetic Programming 307

21.1 Concepts and Applications ...............ccovvinn.n.. e 307
) B U U PP 309
21.3 Genetic Operators ... .. oeover e etee et eeaenreeanaenaaenns 313
214 EVOIULION « . o vttt et ie et ettt e ee e e eerene e 315
21.5 Tracking Problem .. .. ...ttt et 316
21.6 Evolution of Tracking Behavior ........... ... ... i, 319
B A N i (= 1T 323
22 Behavior-Based Systems 325
22.1 Software Architecture .. ...... ... i e e 325
22.2 Behavior-Based Robotics . ...... ...t 326
22.3 Behavior-Based Applications ....... ..ot 329
224 Behavior Framework. . . ... . oo e 330
22.5 Adaptive Controller. .. .....cvunri it it e 333
22,6 Tracking Problem .. .......oeuniirinin ittt 337
227 Neural Network Controller . ......covvririiinnerinnnanreennen 338
22.8 EXPEerimentsS...........uuiuinnnuniinrnrrneenersruienssasensnones 340
22.9 RETOIENCES . . vt v ettt ettt et ittt nen e 342
23 Evolution of Walking Gaits 345
231 SPHNES . o vt e e 345
23.2 Control Algorithm .. ... i i i e s 346
23.3 Incorporating Feedback.............. ... i 348
23.4 Controller Evolution . ... ...t 349
23.5 Controller ASSESSIMENE. . .\ vttt i it e e it et en e ea i 351
23.6 Evolved Gails. . ... vvven et i e i e e 352
237 R OrONCES . v v vttt et et ee e e et 355
24 Outlook 357
APPENDICES
A Programming ToolS . ... i e 361
B RoBIOS Operating SYsterml . .. ...vvuniniiiieiiiiie e iiaaanaeainenann. 371
C Hardware Description Table .............c i 413
D Hardware Specification .........ouiiiiir i i 429
B LabOratorios « - o v v v ev s e e e et eaeneeenn et ananaenaeaanans 437
T U4 v 1o 1 VG P 447

Index 451



