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Cooperative target localization and pursuit i~ introduction

Problems

KJ/ e How to localize the targets cooperatively ?

» ensure that all vehicles have an

agreement on the estimates of the
@ targets’ states
b‘ & e How to pursue the targets cooperatively ?
Target /// » keep the vehicles close to the targets
e » Keep the vehicles in a desired

geometrical formation w.r.t. the targets
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Target localization and pursuit > introduction

Target

Nguyen Tuan Hung (ISR/IST)
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Solutions

7 e Centralized approach with tools from

» Estimation theory (CRLB)

» Model predictive control

Distributed approach with tools from
» Distributed estimation (distributed EKF)
» Distributed control

» Nonlinear control
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Centralized approach with MPC and CRLB

v’
Vehicle zJ &\‘
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Target information > measured by the Fisher Information Matrix (FIM)

Target’s image

—
Vehicle .
W ............... >
o) |

True target

Can not distinguish “True target” and Target’'s image
when using range measurements
(because the distances to the vehicle are equal)
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Target information > measured by the Fisher Information Matrix (FIM)

Vehicle .o

. 4 How to quantify the range-related information
W ---------------- > available to estimate the target’s state ?
-

True target Fisher Information Matrix
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Range-based SLAP using posterior CRLB > problem formulation

Vehicles’" model:
[]

pll = Czl!
T 1
Position State

Target model:

Xk+1 = f(Xk)a

qr = Dxy,

T

Position State

Zp.1 = gd(zk ’

V,[j]),i =1,....,p

Prior
information

!

Xp N(Co, Po)

noise

Range measurement model

yk—

W et
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Range-based SLAP using posterior CRLB > problem formulation

Vehicles’ model:

Zp.1 = gd(zk » Vi ),z =1,..,p
il _ oyl]
=(Cz
Py k Input
" Prior
Position
State information

Target model:

Xk+1 = f(Xk), X0 N(Co, Po)}

qr = Dxy,

Position State

Range measurement model
u = |py) - qu )
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noise
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/ Problem 1 [Range-based SLAP]

Derive a control strategy for vl¥ s.t.

e The range-information acquired is "

sufficiently rich” for
target estimation purposes

e Ensure also that the vehicles converge

to a predefined vinicity of the target /,
/
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Range-based SLAP using posterior CRLB > main idea

Vehicles’ model:

'l: \

2,41 = gd(zk 7VL])77’ =1,...,p

il _ gl

= (Cz

P k Input

" Prior

Position
' State information

Target model:

\\\

FIM depends on the
vehicles’ positions driven

Fisher Information by the vehicles” inputs

Xk+1 = f(Xk), X0 N(C07 Po)?

qr = Dx
Position  giate noise
Range measurement model
u = |py) - qu )
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Matrix (FIM)
- Tychavsky et al.,
1998 i i i
>Zk: (PE]aN(COa P0)7 V([)]7 A Vl[c]—l)
Objective

Find vil, k=0,....i=1,..,p

that maximizes the det(FIM)
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Range-based SLAP using posterior CRLB > mPc scheme

MPC strategy: at each sampling time k

) (@ e )= argmax  detZ (p,[j],/\/(fck,ﬁk),v,@], ....,V,ELN_J
=[] =[]
Vi oy Vit
ki —1 kH]\; " Predicted range-information over the
prediction horizon [k + 1,k + N|
i) Control law for vl
V,EL] = \_f,[j]*,z =1,...,p L
iii) Repeat p[;]/ @
N(}/\(27 A2)
P[f/ N (%1, Pr)
p([)i]i N (%0, Pp)
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Range-based SLAP using posterior CRLB > Example

Range-based target localization and pursuit with autonomous vehicle (tracker) using MPC and Posterior CRLB

—Actual Tracker

- - Planned Tracker

—Target

-o—Estimated Target

M nitial Covariance

Il Current Covariance
----Range measurement signals

Reference: Range-based Target Localization and
Pursuit with Autonomous Vehicles: An Approach using
Posterior CRLB and Model Predictive Control, Nguyen
T. Hung, Naveen Crasta, Antonio M. Pascoal, Tor A.
Johansen, 2020
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https://youtu.be/5fzQ0DSwtUQ

Range-based SLAP using posterior CRLB > Example

Range-based target localization and pursuit with autonomous vehicles (trackers) using MPC and Posterior CRLB

N

—Tracker 1
—Tracker 2
- = Planned Tracker 1
- = Planed Tracker 2
—Target 1
-Target 2
<—Estimated Target 1
«-Estimated Target 2
B Initial covariance of Target 1
/Initial covariance of Target 2
----Range measurement signals

Reference: Range-based Target Localization and
Pursuit with Autonomous Vehicles: An Approach using
Posterior CRLB and Model Predictive Control, Nguyen
T. Hung, Naveen Crasta, Antonio M. Pascoal, Tor A.

Johansen, 2020
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https://youtu.be/jXkh-W7ksyM

Summary

e MPC + CRLB is a universal approach

® Results give useful guidelines for motion
planning

e However, for the case of multiple trackers,
the MPC scheme is implemented in a Q
centralized manner
‘@"") 2m/3

See an alternative (distributed) :f;
approach next

Reference: Nguyen T. Hung, N. Crasta, David Moreno-Salinas, Anténio M. Pascoal, Tor A.
Johansen, “Range-based target localization and pursuit with autonomous vehicles: An approach
using posterior CRLB and model predictive control”, Robotics and Autonomous Systems, 2020.

Nguyen Tuan Hung (ISR/IST) EUMR webinar April 2021 13/ 28




Distributed Approach

>
Vehicle zJ \\\f
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DEC strategy for cooperative SLAP - Problem formulation

Vehicles' model (under-actuated vehicles) |
p[i] _ R(n[i])v[z‘]’ ikew matrix vlil: linear velocity
R(nl) = R(n™)S(wl)

T Angular velocity

Rot. matrix from
Blil to 7

Target model:
Xpy1 = f(xz), X0 ~ N(co, Po)
qr = Dxy

Range measurement model . noise

yy = ‘pk qk H+nk
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DEC strategy for cooperative SLAP > problem formulation

7 %] ;/\

o O Te
t — o0 ; i
® S
AC’/

' Problem 2 [Cooperative distributed SLAP]
Let x[”) denote an estimate of x computed by vehicle 7. Derive a distributed esti-
mation and control strategy for x4 and ul? £ col(vl], wl?) s.t.

e Cooperative pursuit: e Cooperative localization:
lim [|pf(t) —a(t)|| < Em (R H<r

\ Py H ( ) ( )H C) gt k k|l = Te /
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DEC strategy for cooperative SLAP > problem formulation

7 %] ;/\

o ’ Tc
t — 00 ! i
\\‘)/
“Optimal” vehicles-target relative geometry for target localization purposes [from the MPC
approach]
,gj /g} /2 ,/K@\’ @
A. a ‘wﬁ) 7777777 .ql-> on/3
=
~
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DEC strategy for cooperative SLAP > Trajectory planning

Spatial - temporal (S-T) curve e - is the parameterizing variable

Spatial path e Evolution of v can be chosen freely

Target's trajectory

¢".- ........ ~
'¢' » ~“~~
Vehicle P(W)
( » \ Target evolves
e eannntt
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DEC strategy for cooperative SLAP > Desired formation

2 vehicles: 3 vehicles: p! &
,/ Problem 2.1 [Cooperative control for target pursuit]
Derive a distributed estimation and control strategy for ull and 4% s.t.
e Tracking: e Coordination
lim [[p (1) — ()| < e, limg—, o 719 (t) — 411(2) = 0,
t— 00
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DEC strategy for cooperative SLAP 1> Proposed DEC architecture

the latest PDF
about the target

et

PDF: Probability density function

« » coordination

L (]
p[]](.) gl state
) M
- ; \ \\7;,/
Cooperative .
Estimation Coc(:)peratllve
(DEKF) ontro
x| |l Cooperativelayer
Tracking-layer
NG S
r p[i]
n[i]
Tracking Controller Vehicle
A \ /
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DEC strategy for cooperative SLAP > Cooperative estimation mechanism

the latest PDF
about the target

: : : <
Cooperative estimation: S ()
pY() Loy Ty §
(from neighbors) ~_
v
range information Cooperative
N . Estimation
. (DEKF)
Pl (xy, |Yk[i] ,- I}Lj])
S ' (7 € M)
[4] Y[i] I[j]
. P (xk|Yy, Iy )
(sent to neighbors) )
p[ ](Xk|Yk[—]1>I/E£1) Q(ed\(}\' &
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DEC strategy for cooperative SLAP > cooperative control

Network coordination
state
W

1]

c"’/m'\\\
A
\

_/

Cooperative control:

ooperativ
, ] Control
’Y[Z] = W+ Ve [i]

(%

v = —k. 2 jenti (v — A1) [c ' eJ

limy oo 7[@'} (t) — 7[j] (t) =0,

Nguyen Tuan Hung (ISR/IST)
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DEC strategy for cooperative SLAP 1> simulation with a single vehicle

60
| | | |

S-T curve
(dash red)

40

20

X[m]
o

-20

Vehicle
(solid red)
40 S
Estimated target
o (star-red) | | |
-50 0 50 100 150 200
Yim]
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https://youtu.be/nYfQvMq_RRo

DEC strategy for cooperative SLAP [~ simulation with 3 vehicles

Animation of Cooperative Target Tracking and Pursuit

g0 T T T
*
E
o, | \ \ \ \
-100 -50 0 Y[Srﬂ:ﬂ 100 150 200
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https://www.youtube.com/watch?v=J94cYoKW4y0&ab_channel=nt-hung

DEC strategy for cooperative SLAP 1> simulation with a single vehicle

50

Z[m]

Target
(blue)

-150
-80
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120120

—

X

-80
[m]

S-T curve
(dash-red)

Vehicle
(solid red)
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https://www.youtube.com/watch?v=jbJOe6ppwDg&ab_channel=nt-hung

DEC strategy for cooperative SLAP [~ simulation with three vehicle

50

-150
-80
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https://youtu.be/YuWicw6N9qc

Summary

Future research directions and plans:

> Extend to the case of multiple targets
> Event driven sampling (measurement strategy)

» Conduct field trials at Expo, Lisbon

Materials about this work can be found at:

https://nt-hung.github.io/research/Range-based-target-localization/

Reference: Nguyen T. Hung, Francisco Rego, Antonio M. Pascoal, “Cooperative distributed
estimation and control of multiple autonomous vehicles for range-based underwater target
localization and pursuit”, IEEE Transactions on Control Systems and Technology, conditionally
accepted with minor revision.
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Thank you!

Discussion

Nguyen Tuan Hung (ISR/IST)
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