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Introduction

Localization: Localization: Effects of Beacon
Extended Kalman Extended Kalman . .
. . . . Configurations and
Filter with Filter with . .
Robot Trajectories
measurements from measurements from .
on Estimate Error
leader robot beacons
Control: Linear Control: Lyapunov
Quadratic Regulator Based Controller
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Applications

Curiosity Rover

M Otlvath N Unmanned Autonomous Vehicle (UAV)
*Simultaneous Localization and Mapping
(SLAM)

*Exploring unknown territories
*Truly autonomous navigation :
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Kalman Filter (for LINEAR systems)

Process: =x; = Ax,_,+Bu,_;+w;_, p(w)~N(0, Q)

Measurement: « = Hx;+v, p(v)~N(O, R)
/—\Measurement Update (“Correct”)

Time Update (“Predict™)

(1) Compute the Kalman gain

(1) Project the state ahead K, = P;CHT(HP;HT + R)—l

%, = Ax,_,+Bu, _,
(2) Update estimate with measurement z;

(2) Project the error covariance ahead % p = ji;;( + K k( 7 H:i-;()
P, = AP, _ IAT + 0 (3) Update the error covariance
Pk = (I—KkH)Pk

\__ |

Initial estimates for X, _, and P, _,




CGE— = <= UCSD | School of
s Center Jacobs | Engineering

Localization
Extended Kalman Filter (for NON-LINEAR systems)

Process: Xx; = f(xp_1 Uyp_1 Wi_1) p(w)~N(0, Q)
Measurement: z, = h(x;, v,) p(v)~N(0, R)

Measurement Update (“Carrect™)

Time Update (“Predict™
e Upoate ( 3 (1) Compute the Kalman gain

(1) Project the state ahead _ T T 2Ty
K.=PH (HPH +VRV,

o= flxe w1, 0)
(2) Update estimate with measurement ;3

(2) Praject the error covariance ahead .= X+ Kk(zk h( X, 0})

PS: - A&Pk IAE"' “"}Q.& 1“"{ (3) Update the errar covanance
Pk = ([ KkHIc)Pk

R |

Imitial estimates for X, . and P, |
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Control
'yvapunhov-based Controller
Positive definite: V(x) > 0,x # 0

Vo)=0 e
Vzl 2+1‘32+1—cose3 v \
29T T T} k/(

dv(x(t)) _ov(x(e))
dt Ox X E <0,x+0

v=V, cose, + ke,
o=, +ke,
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Control
Linear Quadratic Regulator

system: © = Az + Bu

Q0

cost function: 7= I[xTQx + uTRu]dt,. .Q20,R>0
0
feedback: u = —Kx
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Simulation Results

Kalman Filter and Lyapunov Controller
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Simulation Results
Kalman Filter and LQR Control
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Simulation Results
Beacon Placement

Observed changes in the following variables:

*Number of beacons
*Distance from trajectory
*Beacon configurations
*Robot trajectory

10
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TurtleBot

*Personal mobile robot-kit

with open-source software m‘
*implemented Robotic B | 2l

Operatic System programs to

perform SLAM

11
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Future Work
*Look further into Lyapunov controller to

Increase scope
*Create nonlinear LQR controller
*Include mapping in current localization

algorithms
*Implement new algorithms on Turtlebot
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