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Introduction

Adaptive information processing methods are widely
used in navigation techniques. Most often they are use for
tow or more sensor information processing. GPS
information is most often complex treated with inertial
sensor information using adaptive filtering techniques [1,
2]. If navigation system has only one source of information
adaptive filtering can be used [3]. Widely known are
following algorithms: Least Mean Square (LMS)
algorithm, Recursive Least Squares (RLS) algorithm and
Kalman Filtering (KF) algorithm [3]. We research Least
Square Method (LSM) for one source information filtering
with sliding window. Length of window changes in
filtering process and depends on the evaluation results.
LSM algorithms for information processing in window are
used from [4]. This work describes results of filter
modeling and optimization and use of optimal sliding
window filter for GPS information processing.

Modeling constant length sliding window filtering for
one coordinate of mobile object

Trajectory of mobile object movement is supposed
linear with radical change in one point. True coordinate is
modeling in i point or in time t; using expression (1). All
modeling values are relative, velocity is a relative
coordinate change in the time step between two points

Xt =X+ Vx i, (1)
where X, is coordinate in starting point, but V is velocity
of x coordinate change.

Maximal object movement dynamic is if velocity
changes from positive to negative or contrary. In Fig. 1 is
shown true coordinate time function if linear movement
and radical change of 180° are used for mobile object
trajectory modeling. True trajectory measurement errors ¢;
are modeling as normal process with mean value M, equal
zero and root square value - c.. In Fig. 2 are shown error
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modeling results in case if velocity V,=0 and &.=2.
Measured trajectory xm; = xt; + ¢;,
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Fig. 1. True coordinate changing model if x,=0,V,=0.2 and
changes to V,=-0.2
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Fig. 2. Measurement error modeling results M.=0, 6.=2

Measured coordinate xmy; is estimated using LSM
method with sliding window. First results of estimated
coordinate xe were obtain with constant length window —
w. For information filtering in window following
expressions (2) are used [4]. In every times are calculate
two estimated values using information inside window: xe,
and V. Coordinate x estimation modeling results are
shown in Fig. 3, for coordinate changing model descript in



Fig. 1, error model descript in Fig. 2 and window’s length
w=200. Estimation error (ee) is shown in Fig. 4 and:
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Fig. 3. Estimation results with constant length sliding window
w=200 and velocity change in point i=500 from +0.2 to -0.2
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Fig. 4. Estimation error ee; and measuring error e; modeling
results with constant length sliding window w=200 and velocity
change in point i=500 from +0.2 to -0.2

How it is seen from Fig. 3 and Fig. 4 estimation
results is good if coordinate change is linear. When
velocity changes estimation error has very high value.
Error’s maximal value is proportional windows length and
velocity changing. If wvelocity is constant filtering
efficiency is higher using longer window. In Fig. 5 are
shown modeling results of least square estimation error G,
depending from sliding window length w for two values of
velocity and its change from positive to negative value as
show in Fig. 1. Results show, that there is same optimal
value of windows length w, for every velocity which gives

minimal estimation error. If velocity change is smaller the
optimal length of window is longer and minimal o is
smaller. If w=0, the estimation error is equal modeling
eITor (Gee= Op).
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Fig. 5. Least square estimation error o, depending from sliding

window length w for two values of velocity (clee,, for V, =0.2,
o2ee,, for V, =0.4)

If system have sensors measuring velocity, the
windows length can be change proportional velocity. This
is one of possible methods using adaptive trajectory date
filtering for GPS accuracy improvement. For example if
GPS system is used in automobile odometer can be used
for velocity measuring. What do if GPS system is used
autonomous? In this case sliding window’s length can be
change using detected error value between priory
calculated coordinate xp;.;, based on sliding window
filtering, and measured coordinate xm;,;.

Modeling variable length sliding window filtering for
one coordinate of mobile object

We research different adaptive filtering algorithms
with sliding window. Relatively good results were
reaching if window is change using expressions (3):

(w=w+ 1, if |xmj+; — Xp+1| £ nl- G, but N0 more Wy,

w=w-—1, if nl- o, <|xmj; — Xpj+| £ n2- G,
(5)

w=w/2, if n2- o, <|xm — Xpj+1| £n3- G,

W = Win, if 13- G < [Xmi — Xpivi] .

\

Algorithm choice is based on error estimation with
constant length sliding window. First must be choice
values of minimal and maximal windows length (W,
Wmax). Minimal length can be chose from Fig.5, when
windows length has week influence on dynamic error and
this is when value of w,;, is about 10. Maximal value
depends from date processing system parameters and can
be about 400 — 1000 time steps. We use value wy,,=500.
Choice of numbers nl, n2 and n3. Windows length must
increase when estimation is with high probability (0.95-
0.997) and this is when nl = (2...3)c. for normal
measuring error distribution. Length decreasing has three
steps: little decreasing — reduce per one unit, reduce per
50% and reduce till minimal length. In the Fig.6 and Fig.7
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results of modeling estimation with variable parameter
sliding window are shown. True trajectory model is so as
show in Fig. 1. Modeling estimation parameters are
following wpy;,=10, Wy,=500, nl=2c., n2=3c. and
n3=4c..
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Fig. 6. Sliding window length change wp;,=10, Wy,,=500,
nl=2c,, n2=3c, and n3=4c,
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Fig. 7. Estimation error for variable parameter trajectory
determination wp,;;=10, W,,,=500, n1=2c,, n2=3c, and n3=4c,

Fig. 6. shows that in the moment of velocity change
length of sliding window decrease: first for 50% and then
till Wy, When movement is stabilized windows length
increments and reaches maximal value. Fig. 7 shows
estimation errors depending of time or i. In the moment of
velocity change there is error, but only short time
compared with error, which take place in case of
parameter determination using constant length window
(Fig. 4). Maximal value of error also decreases, compared
Fig. 4 and Fig. 7.

In Fig. 8 are shown modeling results of least square
estimation error o, depending from velocity if it change
from positive to negative value as show in Fig. 1. For
velocities higher relative value 0.1 estimations error is
constant, for small velocity values error is decreasing. If
compare Fig. 5 and Fig. 8 can see, that estimation error is
smaller in the case of variable window length estimation
and do not increase for high dynamic objects how it take
place using constant length window.

Influence of parameter nl is very small. Modeling
results show that changing nl in diapason 1.5 - 2.5, G,
changes from 0.68 till 0.69 for modeling parameters c.=2
and V,=0.2. Modeling results show that value of windows
change in point n2 is optimal in diapason 0.3 — 0.6. We
chose 0.5 or 50% change. Value of n3 also has small
influence on estimation error if window length is change
till Wy, in this point. For example changing n3 from 3.5
till 5 if V,=0.2 do not affect value of o ..=constant.

Modeling results using variable sliding window
estimation, when for window change expressions (3) are

used, estimation error decrease about 10 time if object
movement parameters are constant and decrease about 3
times relative measuring error if parameters change very
rapidly.
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Fig. 8. Least square estimation error 6., with variable sliding
window depending from velocity

GPS data filtering with variable length sliding window

Next step is to use the same method for some
fragment of GPS data. There are 4 turns in this data
fragment. Fig. 9 shows measured data (xm) and estimated
data (xe) with fixed sliding window length w=20.
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Fig. 9. Estimation results with constant length sliding window
w=20
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Filtering gives quite significant error in turns where
we need to drop sliding window length quickly. Estimation
results using variable sliding window, when for window
change, expressions (3) are used, are shown in Fig.10.
Sliding window change: w,;;=5 and w,,,,=50. As shown in
the Fig. 10 result of date filtering is much better.
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Fig. 10. Estimation results with window length sliding w,;,=5,
Winax=30, n1=2c,, n2=3c, and n3=4c,
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In this work research results of Least Square Method for information filtering with sliding window are presented. Length of window
changes in filtering process and depends on the evaluation results between measuring and expected coordinate. Modeling results of
filtering with variable parameter window are comparing with constant length sliding window filtering. Algorithms for sliding window
change are developed and research. Modeling results using variable sliding window coordinate estimation show that estimation error
decrease about 10 time if object movement parameters are constant and decrease about 3 times relative measuring error if parameters
change very rapidly. Results of sliding filter modeling and filter parameter optimization and use of optimal sliding window filter for
GPS receiver information processing are described. I11. 10, bibl. 4 (in English; abstracts in English, Russian and Lithuanian).
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B nanHO# paboTe NPUBOAATCS pPE3yJIbTAaThl HCCIECIOBAHUS CPEIHEKBAIPATHYECKOT0 METOJA CO CKOJIB3SIIUM OKHOM IS
¢dunbTpanuu nudopmanuu. J[nuHa oKHA M3MEHseTcs B Iporecce GUIbTpalu U 3aBUCHT OT PE3yJIbTaTOB CPABHEHUS N3MEPEHHOW M
HPOTHO3UPYEMON KOOPIAMHATHL. Pe3yibTaThl MOAENMPOBAHMS IIpolecca (UIBTPALMU CO CKOJB3SIIMM OKHOM C HM3MEHSEMBIMHU
HapaMeTpaMH CPaBHUBAIOTCS C Pe3yIbTaTaMy (HIBTPAILMU CO CKONB3SAIIAM OKHOM ITOCTOSTHHON AJHMHBI. Pa3paboTaHbI U HCCIIeI0BAaHbI
AITOPUTMBI M3MEHEHHS IJIMHBI CKOJNB3AIIET0 OKHA. Pe3yibTaThl MOJCIMPOBAHUS OIEHKH KOOPAWHAT METOJOM CKOJB3SIIET0 OKHA
MOKa3aJIH, YTO OIIMOKa OIIEHHBAHMS YMeHbIIaeTcs npumepHo 10 pas, ecnn mapaMeTpsl IBIDKCHHS 00BbEKTa IIOCTOSHHBI, B IPUMEpHO 3
pa3a OTHOCHTENIBHO IOTPENIHOCTH H3MEPSEMOro IapamMeTpa IpH OBICTPEIX JBOMIONMAX oOOBekTa. IIpuBOAsATCS pe3ynbTaThl
MOZEINPOBAaHHS U ONTUMH3ALNH (HIBTPA CO CKOJIB3SIIMM OKHOM U Pe3yJIbTaThl IPHMEHEHHS ONTHMAJIbHOTO (GHUIbTpa 11 00paboTKu
unapopmarmu GPS npuemuunka. M. 10, 6ubm. 4 (Ha aHMIHICKOM s3bIKe; pedepaThl Ha aHTIUHCKOM, PYCCKOM M JINTOBCKOM $3.).

V. Belinska, A. Kluga, J. Kluga. GPS imtuvo tikslumo didinimas taikant kintamy parametry vidutinj kvadratinj metoda //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 8(104). — P. 109-112.

Aprasomi slankiosios jrangos informacijos filtravimo rezultatai. Lango ilgio jvertinimo kriterijai gauti modeliuojant filtracijos
procesa. [rodyta, kad naudojant slenkiyju langy filtracija, paklaida sumazéja 10 karty, kai objekto judesys yra pastovus, ir 3 kartus, kai
objekto judesys greitai keiCiasi. Rezultatai panaudoti kuriant naujos kartos imtuvus ir modeliuojant bei optimizuojant slankiyjy langy
filtry parametrus. Il. 10, bibl. 4 (angly kalba; santraukos angly, rusy ir lietuviu k.).
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