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Abstract

STUKEF (Strong tracking UKF) algorithm uses the time-varying fading factor Yo/fade the
past data and reduce the impact on current filter value, thus achieves the gbaleftadjusting

the filter gain matrix in real time. But STUKF algorithm nee turee filtering,
and compared with the UKF filter, calculating amount of t T mcre rlously, and it
is not conducive to application of engineering, theref ts an improved

STUKF algorithm. Compared with the traditio is new algorithm
introduces the formulas of redefined fading factor. hangln u&vﬁosmon of the fading
factor, it improves the accuracy and rob ss  of th algo |thm and reduces the
computational complexity of the algorithm&ﬁy simul results show that the new
algorithm has higher precision and stron stness
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1. Introduction 6

UKF [1-2] (Unscente Iman ' algonthm can solve the nonlinear filtering
problem of GPS/DR,i d navi system model [3-4]. However the precision and
stability of the fil be af badly when the exception of measurement vector
happens in |ntegr avigatio , and it leads to excessive location deviation [5-6].

This paper pré n impr strong tracklng UKF algorithm (ISTUKF) based on STUKF

algorithm. It 0s the s brought by the introduction of fading factor in the state
prediction covariance P.,.., Of the STUKF algorithm directly through fading factor

4, introduced in ement prediction covariance matrix and cross-covariance matrix,
making algorithn'&igher precision and robustness.
2. Unsc Kalman Filter
orithm is minimum variance estimation based on Unscented Transform (UT), and
i\%«
f rard

estimated observation and measurement model, but to estimate the distribution state

om variables. In UKF, the state distributions of random variables are expressed as

gaussian distribution variable. When the process error, measurement error and transcendental

state submit Gaussian distribution, UKF can be accurate to the third order, otherwise UKF at
least can be accurate to the second order for non-gaussian distribution.
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2.1. Problem Description

Assuming that system state equation and measurement equation are discrete time nonlinear
mathematical model:
X0 = (X, u)+w, 1)
y, = h(x,u)+v, (2)

Where x, is the system state vector whose dimension is n, and y,_is the measurement

vector whose dimension is m respectively. k is the time step, f and h are nonlinear vector
discrete function, y, is deterministic control item, w,_ is zero mean system Gaussian white

noise sequences with covariance g, and v, is zero mean measurement Gaussian white nonse

sequences with covariance r . For k -1>o: ?\
E[w,]1=0, E[WW 1=Q,4, 0
E[v,1=0, E[vkvI 1=R 5, $ @

E[w vT]=0,E[x WT]:0 E[x vT]=0

kI 0k ! 0"k
Initial state is random vector which hasQ foIIoWnean and variance
Elx,]=m,.vaf x,]=C, Q \6

2.2. UKF Algorithm

Formula (1) and (2) are the syst te equaﬂ% measurement equation respectively.
The process of the UKF algorm e sum

a) Initialization Q
%, = E[x,] 3
P, = E[(x, - %,)(X, \QQ * 4

b) Calcula@ sigma p ts 7.., and the corresponding weighted factor w > and w ™

X=X ()
2= R pi=1,n (6)
20 = %, 4 e .2n )
w ™ o +K) (8)
\@1/[2(n+1<)],i=1,~-,2n 9)
WS =2/(n+2)+@Q-a’+p) (10)
W, =1/2(n+2),i=1,-,2n (11)
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Where, 1 =a>(n+x)-n IS a scaling parameter, in which » is usually set to a small
positive value, determining the spread of the sigma points around , , and « is the secondary
scaling parameter which is set to 0 or 3-n. sz = 2 is optimal for Gaussian distributions.

c¢) Time updating:

(i) = (i)

Zener = Frcouy ) (12)
2n

o (m) (i)

Xk = Z W, h 1k‘lkfl (13)
i=0
2n

(c) (i) o (i) o T

Pk/kfl = z W| [lk/kfl - Xk/kfl][lklkfl - Xk/kfl] + Qkfl Vlﬁ)

i=0

e =hx ) u, ) i=012,..,2n

G = z WO \ﬂ Q/CQ (16)
Q

d) Measurement updating: O \\/

2n
P =W = I - ] q: 17)
(W )ikt i k/k-1 k/k-1 k/k-1 k/k-1 *
i=0
O N\

Py, = §W.“’[z:‘,’“ TP | Ty CD\ .%@ (18)

Ky =P Py A@ ,\6 (19)
R, = R+ KoYy = Vo) (20)
g™ (R

Pe=P 1~ KkP(

k " g\»Q 1)
When the mea@/alue ofh@u nt moment is get, we can update the state vector and

covariance oug tr@ove steps.
3. Improved Stro% cking UKF Algorithm

3.1. Strong Tragki ilter (STF)

Ifa filte&tuihe following good qualities: stronger robustness of model uncertainty, strong
traceabili t mutation status, even when the system is stable, keep traceability for slowly
changi s and mutation status, moderate computational complexity, it is referred to as

S king filter (STF) [7].
g tracking filter of nonlinear systems which are constituted by Formula (1) and (2)
has the following structure:

Xe = X + KoV = X + KoYy = Vi) (22)

The orthogonality principle is a sufficient condition for making the filter to be a strong
tracking filter, namely choosing an appropriate time-varying gain matrix x . which makes

following formula is established:
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EL(x, - %,)(x, — %) 1= min (23)
E[v,, v, 1=0k=12,,j=12,, (24)

Where, Formula (24) demands that residual value sequence of the different time must keep
the orthogonal everywhere.

3.2. STUKF Algorithm

STUKEF algorithm [8] is a kind of strong tracking UKF algorithm, in order to overcome the
flaws of the UKF, it uses the time-varying fading factor to fade the past data and reduce the
impact on current filter value. In the UKF algorithm, state prediction covariance matrixe

L 2

measurement prediction covariance matrix p, ~ and the cross-covariance ma x\v

between state and measurement can be adjusted |n real-time through mtro i0 o time-
varying fading factor to adjust the real-time filter gain matrlx Formula (14 7 8) are
modified as shown below:

2n

(c) (i) o ()
Pk/k—1:ikzwu [Zklkfl_xk/kfl][lklkfl_ K /k- 1] +Qk 1 OQ (25)

i=0
2n

Pie = 2 WIS = Vi e - 00T Q (26)
» S o
Pl s ZW(”[ TS OP raora \@\ 5\\6 (27)

Where, i, > 1 IS the time-varyin

ing | fa
With the modified formula?A (26) mstead of (14), (17) and (18) respectively,
STUKEF algorithm can be with the&e teps as UKF algorithm. This strong tracking
filter is based on the introducesefading factor in state prediction variance matrix.
STUKF algorithm hree UT’%ach filtering: firstly, calculating the state prediction
i0n cova atrix p_, ; secondly, calculating the residual value

7, »the meaet pr di@ covariance matrix p ~~ and cross-covariance matrix
Py, . Witholtfadin éﬁr, then calculating the fading factor » and the new state
prediction covariaﬁ!ktrix P.,.. With fading factor; thirdly, calculating p ~ and

P with f actor, then calculating gain matrix k , state estimation x_ and

O )i rea

estimation iance matrix p,_. Compared with the UKF filter, calculating amount of three
uT incre riously, and it is not conducive to application of engineering.

3@ KF Algorithm
ISTUKEF algorithm is an improved STUKF algorithm. In view of the problems brought by
the introduction of fading factors in the state prediction covariance matrix p_  of the

STUKF algorithm directly, fading factor , is introduced in measurement prediction

covariance matrix and cross-covariance matrix. New algorithm is the same as traditional
UKF, however without introducing fading factor in measurement prediction covariance
matrix and cross-covariance matrix.
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a) According to %, and the sampling strategy, we need to do second UT and
calculate sigma sampling point set ¢ (j =04, ,2n) after calculating p,,, .
b) Calculate the residual value , , fading factor » , measurement prediction covariance

v P

k/k-1

matrix p_ and cross-covariance matrix p ~ with the fading factor 2, .

7, =h(&)i=012,..2n (28)
Vi = §wi“"’ni (29)
Ve = Ve = Vi \gg)
Py, = /12 Wl = 9l = Yl + R, (31)

P(Xy)k/m = ﬂ'kz Wu(C)[ k(ll)k 1 XAk/kfl][ni - 9klk71]T & @ (32)
iszI(C)[ﬂl_yk/k—l][ni_yk/k—l]T =ka_R O \V (33)

Where v/ = E[y,7, ] * OQ ‘\6

N, =V, -R, 6\ ‘\Q (34)
N, =AM, A@K 6& (35)

Through the formula (35®prr|me g@n of fading factor is:
N 36
el \\Q @ (36)

)
Covarlance matrix @Jal value is estimated by the following formula:

v,/ K 5V g (37)

+ &
Whe @ ¢ <1 is forgetting factor.

ed with STUKEF algorithm, the position of fading factor and formula are different
in ew algorithm.

4. GPS/DR Integrated Navigation System Model

Global Positioning System (GPS) and Dead Reckoning System (D/R) have their respective
characteristic, which can be combined for the GPS/DR integrated navigation system [9].
Because the error of sensor and external interference makes the reckoning error increase [10],
the data of DR must be filtered. However in DR navigation system, the measurement equation
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is nonlinear. So the nonlinear filtering algorithm is used to estimate the state of DR and
improves the navigation accuracy.

In order to analyze ISTUKF algorithm, this paper designs a simulation experiment about
GPS/DR integrated navigation system model by the Matlab simulation. GPS/DR system
adopts the northeast coordinate system in which x axis points to the east and y axis points
north. In the GPS/DR integrated navigation system, we define position, velocity and
acceleration as system state, therefore, state equation of the system can be summarized as
follows:

N

| Vew | B

la, | lw_ | (38)
Xk:IX I:(I)k/k—lxk—l+} 0 l V

n(k)
o ?“
[ @nc ] [Wa
Where, «x,,,,v,,, and a,, are the east position, ve n respectively,
however, x, , ,v, . anda,, are the north ones. w, ’ are Gaussmn noises
of east and north acceleratlons, and o IS the stat sition m s shown below:
k/k—

® ., , =dag {®, o } % (39)
i 7 T1° O

121
Where, ! l,@ samg&d
¢, =D = | 0 1 |
o }XQ
Take the east location ¢__a th o% PS receiver outputs, the angular rate » of
O

gyroscope output and the ce S of meter’s output during one sampling period as
the measurement Vd surem ation of integrated navigation system can be
summarized as foII Q

;—eobs(k) QQ | Tw,
Y = } om0 ! n(k)“e(k)

\

L

(40)

n (k) |+

5
. —|

| W
I w,
. )) + (Vo) J LW
Where,v% w,are the measurement noises of east and north locations of the GPS
receiver, 0 utput of the gyroscope, w_is the measurement noises of the odometer.

gation Experiment

According to the above definition of GPS/DR integrated navigation system model, the
conditions of simulation experiment are set as shown below: Assuming the vehicle starts from
the origin (0, 0) in an almost straight line trajectory with a speed of 20 m /s and a course of
45 ° for 300s, the speed of east and north which can be calculated through above assumptions
is 10~/2m /s , and outliers appear in GPS receiver’s measurement values at time 20s.
Furthermore, the sampling period T=1s, initial system state vector x, =[0,10,0,0,10,0], initial
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state prediction covariance matrix p, - diag [1,11,1,1,1] , independent noises of system and
measurement can be set as follows: 2 =0.0000 , o =0.0000 ,0% =15.5",5% =16 5",

o?=0.00002 ,o’=05. STUKF [10] algorithm and ISTUKF algorithm were used

respectively in simulation of GPS/DR integrated navigation system, and results are shown in
Figure 1-3 as below.

From Figure 1-3, it can be seen that when the outlier appears in the measurement data, the
filtering precision and stability of the STUKF will be influenced badly. However ISTUKF
algorithm filters out very commendably the disturbance brought by the outliers, and it is
superior to STUKEF algorithm in the filtering precision, robustness and speed.
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Figure 1. The Contrast@bout thg&( osition and North Position of ISTUKF
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Figure 2. The Contrasts about the East Velocity and North Velocity of ISTUKF
and STUKF
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Figure 3. The Contrasts about the East Accelerati
ISTUKF and STU KF

On the base of UKF and STUKF algorithm, paper pre \ah ISTUKF algorithm that

solves the problem of filtering precision ang@ b|I|ty affected by the uncertainty

rﬁdNort@@raﬂon of

6. Conclusion

factors in GPS/DR integrated navigation Sim n*results show that the filtering
precision and robustness of ISTUKF a{ﬁ.tj is {&\ the STUKEF algorithm.
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