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Selected Robotics and Mechatronics Systems

* |ntelligent Vehicles

* Unstable Vehicles/Robots

* Haptics or Master-Slave Robots/Machines
* Exoskeleton Robots

* Inverted Pendulums

e AGV, LGV

* Artificial Intelligence

 Robo-Animal

* Earth Observation Satellite




Intelligent Vehicles
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Waypoint Tracking

Next Waypoint
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Previous Waypoint

Steerz'ng = Kd:s P (d) + Kd:s D‘d) + Khead_P (G) + Khead_d (Q)



Obstacle Avoidance

Destination
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Obstacle

Wall Result Motion

Virtual Force = Virtual Spring Force + Virtual Damping Force



st Erow

zm Jard

Bl e |

Comend S poesall e |

* AL (RERLF T

Pt ol L 1
L wiichs (m) L.44
Bolalivo Woscdsty (ot p 00

Distamon {m) 17

L |

Lindiikin |

=

Sk L

Adaptive GrisE GontF




FLC based Speed Control
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Vehicle equipped ACC Lead vehicle

L}~

—bvhost

dist

sensor

Fuzzy Controller \

Adaptive cruise control
Mamdani Method ) i i i
Break & Velocity command

Relative velocity




Membership Functions and Rules

NL NM NS z PS PM PL

NL NM NS z PS PM

distant error (m.) relative speed (km/hr)

NVL NL NM NS 4 PS PM PL PVL

4 3 =2 -1 0 1 2 3 4
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Flying Robot Video




Underwater Robot Video
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Pendulum-based Spherical Robot
Video




Unstable Vehicles/Robots



based BicyRobo Video
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Torque from Momentum Wheel




Centrifugal Force based BicyRobo
Video




Centrifugal Force based Balancing

* Centrifugal force is proportional to square of
speed and inverse of radius.
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Two-Wheel Balancing Robot Video
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6-DOF Controlled Unicycle Video

Asian Institute of Technology




Haptics or Master-Slave
Robots/Machines
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Video

Medical Tele-Analyzer

Mode: Manual




Disturbance Observer-Based
Robust Motion Control
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Equivalent Block Diagram of
Disturbance Observer-Based
Robust Motion Controller
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Displacement Controller
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Force Controller
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Surgical Robot
Video




Mixed Sensitivity H-Infinity

R(s) = reference input, V(s) = measurement error, W(s) = actuator error, D(s) = output disturbance

E(s) = S(S)R(s) =D&+ TSV ()] = S()G(s)[W(s)]

S()=(1+L(s)) T(s) = (1 +L(s)) ™ L(s) S(s) +T(s) = I




Exoskeleton Robots






Zero Moment Point (ZMP)
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- _Arm-Exoskeleton for
* Virtual Reality Video
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Impedance Control
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Inverted Pendulumes
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Flywheel based Inverted Pendulum
Video







Kinematics Analysis

TABIEI -
D-H PARAMETEER.
a; a; 4 d, ;
0 1o 0 | g
90 | 1 0 | g,

|

[co -sg, 0 I ce, -S8, 0 I

s c§ 0 0 E 0 0 0

0 o0 1 > |-s8, —c6, 0 0
0 0

ﬂ ) )

00 1| | o o 1 ‘ l,
- — Z Yy
co,co, —Cas6, —s6, 1,C6,+,

s6,ce, —s6s6, €6, 16,

s6, —co, 0 0




Kinetics Analysis
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Ballbot Video




Double-Level Ballbot Video




Inverted Pendulum on Segway Video
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Quadruped Robot Video




AGV, LGV



Library Robot (Librobo) Video




LGV Forklift Video




LGV Obstacle Avoidance Video

OBSTACLE AVOIDANCE OF AN INDOOR UNMANNED FORKLIFT USING
LASER GUIDANCE




Differential Wheeled Locomotion Mechanism

— Wheel Distance (WD (m))

N7D N = Measured Pulse Number
WD = "R D = Wheel Diameter (m)
R = Encoder Pulse per Revolution

— Robot Distance (RD (m))

WD, + WDp
D = >

WD; = Left Wheel Distance
WDy = Right Wheel Distance

— Robot Heading (RH (degree) positive in clockwise direction))

180(WD, — WDg) L = Distance between y
H = sht Wheels |-
L Left and Right Wheels RHIS
Olﬁ —ﬁl@—> X

— Robot Coordinate (x (m), y (m))
x=X(RD xsin(ERH))  y=X(RD x cos(% RH)) CDO
Eree Tumingwheal |




Omni Wheeled Locomotion Mechanism

— Wheel Distance (WD (m))

N7D N = Measured Pulse Number
D= "R D = Wheel Diameter (m)
R = Encoder Pulse per Revolution
— Wheel Coordinate (x; (m), y: (m))
_ WDL . WDl
\/7 Vi = \/?

WD1 WD:2

Xi

— Robot Coordinate (x (m), y (m))

X1 —Xp— X3+ X +Y, t Y3+
! 24 3 4 y=3’1 )’243’3 Y& wD o WD

— Robot Heading (RH (degree) positive in clockwise direction))

H = 180(WD, — WD, + WD; — WD,) S = Perpendicular Distance between
41tS WD vector and Robot Center




Mecanum Wheeled Locomotion Mechanism

— Wheel Distance (WD (m))

NmD N = Measured Pulse Number
WD = R D = Wheel Diameter (m)
R = Encoder Pulse per Revolution
— Wheel Real Motion (WM (m)) WD1 iy, ywms WD2
V2o s, S WDs
— Robot Coordinate (x (m), y (m)) "M\ WM

WM, — WM, — WMs +WM, WM, + WM, + WMs +WM,
42 Y 42

— Robot Heading (RH (degree) positive in clockwise direction))

H = 180(WM, — WM, + WMz —WM,) ¢ = Perpendicular Distance between
4nC WM vector and Robot Center

X =




Stair Climbing Wheelchair Video




Artificial Intelligence



Rubik Solving Video




Robo-Animals



Brain Stimulation Roborat Video




Earth-Observation Sun-
Synchronous Satellite



Earth Observation Satellite




GNC Architecture

Analog
Signals x 12

SunSx3

Digital

Sensors
Signals x 4

Actuators




Scholarships and Fellowships
for M.Eng in Mechatronics at AIT

e King’s Scholarship (deadline 31 March)

— Support: tuition fee (B 768,000), registration (B
80,000), accommodation fee, and bursary

— CGPA =2 3.50

* RTG Fellowship

— 100% Fellowship: CGPA > 3.00: Support tuition fee
(B 768,000), registration (B 80,000)

— 75% Fellowship: CGPA > 2.75: Support tuition fee
(B 576,000), registration (B 60,000)



Scholarships and Fellowships
for M.Eng in Mechatronics at AIT

* Other Scholarships

— www.ait.ac.th/admissions/scholarships

* AIT Fellowship
— 100% Fellowship
— 75 % Fellowship
— 50% Fellowship
— 25% Fellowship
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