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WMR control

Basic motion planning
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Elementary motion tasks

m Point-to-Point Transfer (e.g parallel parking)
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EIementary motion tasks

Point to point Trajectory following

4 B R2 = &) AATLAB
PuBLISH D e )] seorch Documentation A = | s 2 ] se2rch Documentation

g Evm gz | =@E0 - Y D] B pase & P E et N | 5B s &
save Ll Compare > P GoTo v Comment % 2 %3 i o T B e P HW v fGoTo v Comment % B EERE e
o v Advance Time. - -~ > =Print v (4 Find v indent [ | - v Advance Time.

e r
> =Pt v (4 Find v
FILE

NAVIGATE o [BREAKPOINTS RUN i FILE NAVIGATE o [BREAKPOINTS RUN |
<G EHE [ »F > Matlebfinal projects » WMR )

» F: > Matlab final projects » WMR

(¥ Editor - F\Matlab final projects\WMR\test_draw_path.m
| differential WMR_Kinematic.m | differential_WMR_dynamic.m | Play_me first.m Draw_Diff WMR.m | My_Circlem | My Rectangle.m Rot_zm test_draw_path.m |+ \ differential WMR_Kinematic.m [d‘ﬁerenml_wmR_dynam.c.m ¢ \ Play_me firstm | Draw_Diff WMR.m ‘ My_Circle.m | My_Rectangle.m | Rotzm | test.draw_path.m |
= h=figure; ~d = alph=linspace (0,pi/2,20)7 D
4= n=20; = BITS x=100*cos (alph) +50; o
Sis x=linspace (0,150,n) ; g = y=100*sin(alph);
6— y=linspace(0,150,n); 10 — phi=linspace (pi/2,3*pi/4,n);
Tl phi=linspace(0,pi/4,n); 11— for i=l1:n
8= for i=1:n 12— plot(x,y)7
g plot(x,y): 13— axis equal;
(o= axis equal; 14 — axis square;
11— axis square; 15 axis ([-100 200 -100 200]);
12:= axis ([-100 200 -100 200]);: 16 — grid minor
1S grid minor 17— repere(0,0,0,100,eye(3),1)
14 - repere‘(0,0,0,100,§ye(3)‘,1) o T8 Draw_Diff WMR( x(i),y(i),phi(i)):
15 — Draw_Diff WMR( x(i),y(i),phi(i)); 19 — if i<n
16— if i<n 20 = pause (0.1);
17 pause (0.1); 23— [ollin
18 — clf 20 = else
19 else o 23 = uiwait;
20— uiwait; 24 — end
ZEIS end v 25 % drawnow('limitrate', 'nocallbacks'): e
- script In 7 Col 20 X script Ln 10 Col 19
H AR Type here to search i ) q BF A D ®m @D L s H O Type here to search | 9 & q 2 ® O & W o
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L ow level control

Low-Level Control

High-level | |, 3 £ ,| Robot
Control . Control u | E | Model
I

T proprioceptive , exteroceptive <
Sensors

Core Concepts

m High-gain Pl controllers control the robot’s motors so that the robot
moves according to the desired speed profile

m [he low-level control deals only with the robot actuators control
according to the high-level control instructions

m If the gains are high enough, the low-level control makes the robot a
purely kinematic system

https://manara.edu.sy/
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High—lé“\"/él' control

Core CGHCEptS High-Level Control

m |t processes and computes the signals to send

to the low-level controller using data coming
from sensors

m From its point of view, the robot behaves as a
purely kinematic system

m For mobile robots, speed control signals are
used

https://manara.edu.sy/
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Control of a WMR

m Internal loop on the motors side for controlling the robot actuation
m It is a simple Pl for electric drives (linear systems)

m It is not affected by the non-holonomic constraints introduced by the
wheels

m Known and solved issues

High-Level Control

m |t defines the motion and the behavior of the robot based on the
task to be performed

m It must consider the kinematic model
B Subject to the constraints of the wheels

m It has to control a nonlinear and complex system

https://manara.edu.sy/
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Plinhing

Planning for a WMR

m Problem: determining a trajectory in the configuration space to take
the robot from a certain initial configuration to a final configuration,

both feasible

m [he initial and final configurations (boundary conditions) and any
point of the trajectory must be compatible with the kinematic
constraints of the robot

https://manara.edu.sy/
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Note

A trajectory is not feasible if it requires the robot to perform motion
incompatible with its kinematic constraints.

|
Example: unicycle can not have lateral

¢ .’\( ' translational trajectories.

https://manara.edu.sy/
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Space-time separation of the trajectory

m We want to plan a trajectory q(t) for t belongs to [t;, t¢] that take
the robot from an initial configuration q(t;) = g; to a final
configuration q(tf) = gr

m We assume no obstacles

The trajectory g(t) can be decomposed in:
m a path g(s), with dq(s) #+0,Vs

ds
e N m a motion law s = s(t), with 5; <5 < 57,
N \ with s(ti) = s
A \ S(Ef) = 5f
s(t) =s I s(tr) = st s monotonic, i.e. 5(t) >0
\_ S m [ypical choice for s is the curvilinear
o . sis = 0
abscissa along the path: { '

S5 = L

https://manara.edu.sy/ 10
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Planning
d d
Space-time separation of the trajectory g = dt: — djé =q's

m g’ has the direction of the tangent to the path in the configurations
space oriented for growing s

m S is a scalar which modulates the intensity

Form the Pfaffian form of the nonholonomic constraints we get the
feasability condition of the geometric path:

{A(q)f? = A(q)q's=0
5 > 0, Vt € [t;, te]

|3
A(q)q’

https://manara.edu.sy/ 11
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Pléiﬁhing

A feasable path is given by: ¢’ = G(q)i

m Geometric inputs . determine the geometry path

m Chosen i feasable, we define the motion law s(t) to define how fast
the robot run across the path

How to combine the geometric path with known inputs & and the motion
law in order to obtain the control inputs for the robot?

https://manara.edu.sy/ 12
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Example: unicycle
For the unicycle, the wheel's nonholonomic constraints imply the
following feasibility condition for the geometric path:

[sinf, —cosf,0]q" = x"sinf — y' cosf =0
m [he condition highlights the fact that the Cartesian speed must be

oriented along the direction of motion (no lateral slip)
m [he feasible paths for the unicycle are given by:

x" = Vcosf
y' = ¥sinf
0 = &

m [ he kinematic inputs are obtained from the geometric ones:

{v(t) - Vs

w(t) = @s

https://manara.edu.sy/
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Thanks

Think about MATLAB SIMULINK to validate the resultant model
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