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Roboftic Systems

1. Sensing System
2. Mechanical System

3. Artificial Intelligence

© Tauseef Gulrez




Robotics Control Mode

g 5

Autonomous Control Shared Controlled (Semi-

autonomous)
anual Mode

- the machine is only used to transmit and adapt data from
the user and the mobility task.

the machine has complete control of the system,
once a goal is selected.

Semi-autonomous Mode

- control is divided between the user and the machine.

- sharing degrees of liberty.
e.g.) the user: choose way to go, the machine: obstacle avoidance

\\



Purpose of Robotic Control

» Direct control of forces or displacements of a
manipulator

» Path planning and navigation
(mobile robots)

» Compensate for robot’'s dynamic properties (inertiq,
damping, etfc.)

» Avoid infernal/external obstacles

Robotic
Control




Laser Map Building
(Sonar, Vision, efc.)




Map Building & Path-
Planning Process




State-Space Model of Robotic
Wheelchair

Robot Relative
Measurements

Landmarks

Observation Vector
e

oXoZa)  Global Coordinates
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Autonomous Robotics — State Space '

Model
Lontinuous Time Discrete Time Space
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Wheelchair Kinematics Model

< 1
?_F.-i Trajactary Tracking Contrallar Whaalchair Madal
il | - _ A 5 . 1'--;1 Vo - I
X, remalics gy PRArmice g C ; | P =
- ! Centroler Ifjl- -:anrdhr ._',E'_"{ COTIEC & ol Ll :'
.1'|:I'__: i i [- :
i
rveos —awsindy 0 0
X vsindr + awcosyr 0o 0 Sy
g w 0o 0 EF
. [u] i 1 Vref
eU|l=| 2,,2_ 22 +| = +{o0
4 Blm Blv 8 0 | lewpes 5,
o 05 B 1 Em
ey — 2 0 —
BTl B
Closed Loop input equation with velocity
t
] — If ~ Ey ~
InPUt Vector: h=— [Ixmnh (E_:I) lytanh (E—}}r)]
=[x ¥»]* * ¥

Kinematics Control
jp = ’;] _ ’Cﬂsw —ﬂsiﬂtﬂ] [:]l ] [ cosy smi,b ] xg + [ tanh (E’;’E)‘

sinyr acosy ——Slﬂ-‘:ﬂ —EGS'IJ j;,d_|_3ymﬂ_h(%§)'

¥
\\ © Tauseef Gulrez

Time derivative of
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M Wheelchair’s mass

B and I, Center of the line connecting the
wheels and mertial moment on B.
respectively

G Center of mass

h=fx y]’ Point of interest

vand ¥ Longitudinal and side velocities
of the center of mass

v Side shdmng wvelocity of the

wheels

5 =
vy and vy

Longitudinal shiding velocity of
the right and left wheels

o and Y Angular velocity and orientation
a b, ¢ d eandg Distances
Fpr and Fppyy Longitudinal and side forces on

the right wheel

Frierand Frpy

Longitudinal and side forces on
the left wheel

Fpand F

Longitudinal and side forces on
C; due to the left free wheel

F o and Fpy Longitudinal and side forces on
C, due to right free wheel

Fg and Fy Longitudinal and side forces on E
due to user body seated on the
wheelchair

T, Moment due to the user body
seated on the wheelchair

R, and r Nomunal and current radius of the

wheel

R, kg I,and B,

Motor-reduction parameters

kpr, kpg, kpr and kpp

Gains of PIDs controllers




Shared Control Robotics

earning Interfaces
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Wearable Sensors — For body signals

|
sv.e

Front

52 - sensors

Change in current due to deformations caused by body
movement.




Wheelchair Kinematics Model
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Wheelchair Control Strategy
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Body Movement | Side | Abbrev. v wr
Elbomw right re increase -
Elbom left le decrease

Shoulder right s increase
Shoulder lett Is decrease




Wheelchair Non-destructive
Testbed (Virtual Reality)




Minimal Invasive Tele-
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Control Signals

Robotic Workspace

Robotic Surgical System
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End Effector
Analysis




International Journal of Swarm Intelligence and Evolutionary
Computation

International Journal of Swarm

Intelligence and Evolutionary
Computation
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