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Adaptive parameter identification tracking based on particle filter

for airborne laser communication
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Abstract: Airborne laser communication has became the main way of large capacity space
communication for the future, high precision dynamic tracking system of airborne platform has already
been one of the most difficult problem. In order to resolve the diversity of maneuvering forms for
airborne platform, adaptive parameter identification with particle filter was put forward in the paper,
in the continuous time domain, parameter identification model based on three order linear differential
equation was applied to describe the motion of airborne laser platform, which can cover a wide
variety of motion modes, the particle filter can deal with nonlinear/non—Gaussian problems, it can be
introduced into parameter identification model. The results show that this algorithm can improve the
convergence precison, which have some significance in engineering application.
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0 Introduction

In recent years, free space laser communication
based on airborne platforms has became a research
hotspot, the main developed countries and organizations,
such as the United States, Japan and ESA have carried out
airborne laser communications" . Because of the typical
nonlinear/non —Gaussian problems in the tracking of the
airborne platform™~°1, it is a huge challenge for airborne
platform communication terminals to establish stable
optical communication link'®.

Nowadays, the classical tracking algorithm in space
laser communication includes linear regression filtering,
Wiener filtering, Weighted Minimum Mean Square
filtering, a—B— filtering and Kalman filtering etc'~", but
while the model changes, these methods will bring about
the decline or divergence in tracking performance. The
interacting multiple model (IMM) estimation algorithm
attracts more and more attention in good estimation
performance, considering the computational burden; it is
difficult to realize real —time processing of observation
data'™'. In view of the above problems, this paper
combines online parameter identification and particle filter
(PF)™M~21 by virtue of the recursive least square method,
the algorithm can overcome the data saturation and
estimate divergence effectively. Through simulation and
comparison, the parameter identification method can
adapt the mutative tracking multiple motion models, and

has good dynamic tracking accuracy.

1 Tracking model based on parameter

identification

1.1 Model description
In the continuous time domain, airborne laser
communication terminal motion equation based on third—
order differential equations can be expressed as'™':
X =ax+b+n(t) (1)
Where a, b are the parameter of identification model; n(¢)

is white noise with zero mean value.

Model can be identified by the parameter estimate of
a and b, the state equation can also be expressed as:
X1=x,(1)
Xo=x3(1)
Xy=ax,(t)+b+n(r)
x(1)=x,(1) (2)
As can be seen from Eq. (2), the parameters a, b
determine the change rate of acceleration in tracking
model, a denotes the correlation coefficient , b denotes the
constant of change rate, according to the different
combinations of a,b, parameter identification model
covering many kinds of motion modes for the airborne
laser communication terminal.
1.2 Parameter identification
In order to simplify the above problems, the tracking
condition is assumed in the one —dimensional case, by
Euler algorithm in two —step format, Eq. (1) can be
discretely expressed as™"1:
X (k+1)=x,(k—1)+2hx,(k)
X(k)=x5(k—2)+2hx;(k—1)
X3(k—=1)=x3(k—3)+2h[ax;(k—2)b+e(k—2)] (3)
Where h denotes the selection step, e (k) denotes the model
residuals.
By the difference quotient differential quadrature
formula, above formula can be further transformed as

follows:

x2<k—2>=§[x1<k—1>—xl<k—3)1
x3<k—2>=%[x2<k—1>—xl<k—2)1

# Lo(k=1)=2x,(k=2)+x,(k=3)]
x3<k—3>=%[x2<k—2>—xl(k—3)]

# [t (k—2)—2x, (k=3 )+x,(k—4)] (4)

According to above formulas, linear equation with a
and b can be derived as follows:

D(k)=A(k)a+Ay(k)b+e(k)

A (k)=8hx,(k—1)—16hx,(k—2)+8hx,(k—3)

As(k)=8n*
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e.(k)=8h’e(k-2) (5) (2) At time k, the particle weights are updated to
Eq.(5) also can be further transformed into matrix as Wl <l p(zk/xj;_ )pl(xi Ixi1) (11)

follows: q(xi/ X1 ,21)

x(k+1) : . .
® (3) Normalized particle weights are computed by
X
N
D) |10 -2 -4 9 -4 0 ||xk-1) o=l Y, w! (12)
i=1
Mk)|=] 0 0 81 —-16h 8 0 O |[|x(k=2)| (6) ) )
(4) The predicted state is:
(k) 00 0 0 0 0 1 || x(k-3) N
x(k—4) )=~ Y wixl (13)
8i’ .

By the sequence dynamic observation X (k), vector
equation can be built as follows :
D(k)=Av+E.(k) (7
Where @ (k) . A and E,(k) can be defined as follows :
P=[®(1) D(2) -+ P(K)]"
M) A1)
M(2) Ax(2)

k) Ay(k)
v=[a b]" (8)

In order to fully pay attention to the new observation
data, the observation data can be weighted to decay old
data. The improved recursive least squares method can be
expressed as follows:

J= Y, 2 W(k)=E" WE,
k=1

W=dig[w(l) w(2)

w(k)=ar"=* (9)

Where a>0, 0<r<1,the function J can be minimized to

w(m)]

get optimal solution for parameter v, the solution can be

expressed as follows:

P=[ATWAT' ATWD (10)
2 Particle filter

PF with important resampling strategy is summarized
as follows:

(1) Particles initialize: Particle swarm {x] (0)} X, is
generated by the priori probability; all particle weights are

1/N;

The above equation constitute the basic process of
recursive PF algorithm, as can be known from derivation
process, the particle filter is easy to nonlinear/non —
Gaussian problems.

By recursive least squares and PF together, it is
possible to realize the adaptive parameter estimation, the
state transition matrix can be determined by parameter a,

b. The algorithm process is shown in Fig.1.

Estimate initial values
of parameters a,b

Extract motion information
observational value

v

Obtain motion information filtering
value with PF algorithm

J

Using recursive least squares to
estimate a,b by fitering value

Matrix calculation

Estimate a,b

Fig.1 Flow chart of parameter identification

3 Simulation experiment

It is difficult to test tracking performance of airborne
platform in real environment, so it iS necessary to
creatively build simulation test system, and verify the
validity and reliability of the tracking theory. This paper

presents a new method that use lase beam to simulate
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airborne platform motion, laser on two —dimensional
turntable is emitted to form various motion modes of
airborne laser communication terminal in wall, which
include circular, linear uniform speed and acceleration etc,

as shown in Fig.2.

v

Tracking systvem

Test system M

Fig.2 Simulation experimental system

In Fig.2, the triangular relationship can be deduced
as follows:

, L
A'=arctan( =
arctan(—=)

2
L)
2+ Z2

Where L is the shortest level distance from wall to the laser

E'=arctan( (14)

turntable.
Similarly, angle equation in tracking system can be

established as follows:

A=arctan(

L
Z\+7,

=B
N D +(Z,+Z,)° :

Through the above relationships, angle relationship

E=arctan( (15)

can be built to test the dynamic tracking performance.

In order to simulate the high —speed, high mobility
(acceleration and steering) characteristics for laser
communication terminal, in lab, laser on two -—
dimensional turntable is driven to simulate terminal
movement according to programming regular via the
synthesis of velocity, which realize clockwise circular
motion (6 (°)/s)—uniform linear (0.2 m/s) — Anti—clockwise
circular motion (3 (° )/s) — clockwise circular motion
(6 (° )/s) — uniformly accelerated rectilinear (0.2 m/s?),
the total duration of 120 s, the trajectory as shown in
Fig.3.

Tracking error in azimuth and pitching angle is

shown as 3+
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Fig.3 Simulation of airborne terminal trajectory
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Fig.4 Tracking error with the parameter identification

With respect to the Fig.4, communication terminal
keeps the stronger maneuverability, the tracking error is
generally less than 2 mad, when the motion form changes,
the tracking algorithm always keeps the better stability,
the tracking error basically maintains within 3 mrad.
Assume 3 mrad field of view in fine tracking, it is only
1.5 s for tracking system to cause lost lock phenomenon,
which is mainly the result of program running reaction in
initial stage of tracking.

Assume 3 mrad field of view in fine tracking,
separately from four indicators to analysis tracking
performance with different algorithms, which is shown as

Tab.1.
a Tab.1 Tracking effect

Parameter identification with PF Kalman
E”‘/’rrnr:ggi“ 2.8 5.2
RMSE/mrad 0.6 1.5
Response time/s 3.6 6.3
Lose tracking/s 1.5 13.7
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4 Conclusion

Parameter identification with PF can overcome the
limitations of the traditional single model tracking through
effective automatic dynamic parameter adjustment. This
paper presents a new method that adopt laser beam to
simulate airborne laser communication terminal motion, at
the same time, the experiments show that the algorithm

has good tracking performance and strong robustness.
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