WSEAS TRANSACTIONS on SYSTEMS and CONTROL Jumana Alshawawreh, Hisham Alrawashdeh

Frequency Analysis of the Estimated signals by Kalman Filter using

Fast Fourier Transform

Jumana Alshawawrehl,a, Hisham Alrawashdeh2,b

!Department of Power and Mechatronics Engineering, Tafila Technical University, Tafila, Jordan

Department of Communication, Electronics and Computer Engineering, Tafila Technical University,
Tafila, Jordan

%eng_juman@yahoo.com, °hiisham_68@yahoo.com

Abstract: - Kalman filter is widely used in Power system for harmonics estimation, where the performance of
Kalman filter depends on having an accurate model of the system harmonics to predict the next state variables
based on the current states. The model of each harmonic signal is easy and only two state variables are
required, but if the harmonic model doesn't include all the harmonics in the measured signal, this will cause
error in the estimated states by Kalman filter, in most of previous researches the Mean Square Error (MSE) was
calculated to show how much the estimated signal is closed to the actual signal, but the MSE is not enough to
determine the source of the error whether it is resulted from an error in the estimated signal frequency or its
amplitude. In this paper a frequency analysis using Fast Fourier Transform (FFT) for the estimated states of the
Kalman filter was performed to understand the source of the error, after that a modification in Kalman filter
calculation is proposed to reduce the error based on the frequency analysis.
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1 Introduction And it was concluded that the Kalman model
Power system has many of nonlinear devices that should have all the harmonics component in the
produce the system harmonics such as power input signal in Kalman filter to get an accurate
electronics devices, nonlinear loads, dynamic loads estimation of the harmonic signals, even when only
and Photo Voltaic (PV) plants[1]..etc, A lot of an estimation of the harmonic signal is required, and
active filters have been used to estimate the it was also concluded that, modeling extra
fundemental signal and the harmonics in power harmonics, that are not existed in the input signal,
system, where Kalman filter is one of the main of will not affect the Kalman filter performance.

these filters [2]-[8]. This paper will analyze the error in different
Kalman filter is an optimal recursive linear filter[8], way, where FET will be used to determine all the
where, it needs an accurate model of the system to frequencies and their amplitude in all the state
predict the next states and the output based on the variables, then based on the results, a modification
current states, if this model is un accurate, this will in Kalman filter calculation is proposed to enhance
cause an error of the estimated output. For the the Kalman filter performance.

harmonics modeling, it is required to create a model
for the fundamental and harmonics signal, where
each harmonic signal can be modeled by two
variable states, and they are independent from the
other harmonic state variables.

The problem here is not the harmonics
modeling but the number and orders of harmonics
that must be modeled in the Kalman filter, where
this problem has been discussed in details in [7].

2 Kalman Filter

Kalman filter is a recursive linear optimal
filter, the estimating state variables X, and the
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output Yi for a system can be modelled as
follows [8]:

Xk = A Xk + B U + W

_ M)
Y, =Cy Xy + DU, +V,

Where:

A, : transition matrix.

B, : input control vector.
W, : process noise.

Y, : observation state vector.
C, : observation matrix.

V, : observation noise.

the Kalman filter calculation can be divided
into two stages; predicted stage and updating
stage. in predicted stage, the predicted values of
the state variables are calculated based on the
system model as follows[8]:

Xirker = AXCiyker + BeoUi

2
AkPk—l/k—1+Ai-<r+Qk @

Pk/k—l =

then, in the updating stage, the state variables
and the output are updated based on the
measurement signal as follows:

Y =Z, —Ci Xy i

Ky = Pe/kaiCu [CiPe/isCi + R
X = Kijeer T Ky

Perk =[1=KCy 1P ks

@)

Where:

Q, : process noise covariance matrix
R, : observation noise covariance matrix.

For harmonics modelling in power system, it is
required two state variables to model one
harmonic's order, the state variables for each
harmonic component are decoupled from the
other states variables, the model will be as
follows:
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A, 0 0 0 0
0 A, O 0 0
A=l0 0 A 0 |,B,=[0| (4
L0 0 0 A 0]
Cy =[C1k Cu Cau - an]1D=[0]
Where:
_ | cos(nakT) —sin(nekT)
" | sin(nekT  cos(nakT |’
an = [1 O]

As it is mentioned earlier, modelling one
harmonic component required two state variables,
one of them will appear in the output signal based
on C matrix.

3 Frequency Analysis Using FFT
Let the first input signal as follows:

y, (t) =10cos(wt)+ 10 cos(2wt) + 10 cos(3wt)
+10cos(4wt) + 10 cos(5wt)

(%)

The input signal is shown in Fig.1, it has
fundamental, second, third, fourth and fifth
harmonics components. The amplitude of all the
harmonics components are equal, practically,
the amplitude of the harmonics signal is
decreased as the order of harmonics is
increased, but here, the amplitude is assumed to
be equal to focus on the order of the harmonics
not in the amplitude of them,

Now a Kalman filter that can model up to 8
harmonics will be used, it will model the
fundamental signal but it will not model all the
harmonics components in the input signal.
Table.1 shows all the possible cases that can be
modelled by Kalman filter , except modelling
all the harmonics signal since this case will
produce zero error[7], For example, case 1
means that Kalman filter will model all the
input signal frequencies except the second
harmonic and since the Kalman filter can model
up to 8 harmonics, so extra harmonics that are
not existed in the input signal will be modelled
(i.e. 6™, 7" 8" and 9™). In case 2, the Kalman
filter will model all the input signal frequencies
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except the 3" harmonic and it will model extra
harmonics that are not existed in the input
signal (6™, 7™, 8™ and 9™). For case 5, the
Kalman filter will model the fundemental, 4™ ,
and 5™ harmonics and it will not model the 2™
and 3" harmonics, and again since the Kalman
filter can model up to 8 harmonics, 5 harmonic
signals that are not existed in the input signal
will be modelled in this case (6", 7™, 8™ o™
and 10™). For case 15, the Kalman filter will
model only the fundemental signal and it will
not model any of the input signal harmonics (i.e
2" 3 4™ and 5™), where the Kalman filter will
model (6™, 7", 8. 9™, 10" and 11™) and none
of them are existed in the input signal. In the
first four cases (casel to case4) of Table-1, only
one frequency of the input signal is un
modelled, in the next 6 cases ( case5 to casel0)
two frequencies of the input signal are not
modelled, for casell to caseld three
frequencies of the input signal are not modelled,
and in the last case only the fundemental signal
is modelled. And in all the cases, the Kalman
filter models 8 harmonic signals, which means
that the Kalman filter models extra harmonics'
signals that are not existed in the input signal.

T | |
input signal
o} fundemental component ||

Input signal

10 N

-10

0.09 0.1 0.11

20kL L 1

1
0.05 0.06 0.07 0.08

t[sec]

Fig.1. First Input signal

Table.1. harmonics that will be modelled in Kalman
filter in each case.
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Case# | Measured signal Extra harmonic’s signal are
harmonics that are not existed in the input
included in the signal
Kalman model

1 1St| 3le 4th , 5th 6t|’1l 7t|’1l 8t|’1l 9th

2 1Sl‘ 2nd‘ 4lh ’ 5th Glh, 7lh‘ 8[h‘ glh

3 1Sl‘ 2nd‘ 3I’d ‘ 5th Glh, 7lh‘ 8[h‘ glh

4 1Sl‘ 2nd‘ 3I’d ‘ 4th Glh, 7lh‘ 8[h‘ glh

5 1St| 2nd , 3rd 6t|’1l 7t|’1l 8t|’1l gthl loth

6 1St| 2I’\dl 4th 6t|’1l 7t|’1l 8t|’1l gthl loth

7 1Sl‘ 2nd‘ 5[h Glh, 7lh‘ 8[h‘ glh‘ 10[h

8 1Sl‘ 3rd‘ 4lh Glh, 7lh‘ 8[h‘ glh‘ 10[h

9 1Sl‘ 3rd‘ 5[h Glh, 7lh‘ 8[h‘ glh‘ 10[h

10 lSt, 4th’ 5th 6t|’1l 7t|’1l 8t|’1l gthl loth

11 lSt, 2nd 6t|’1l 7t|’1l 8t|’1l gthl lOth, llth

12 15[] 3rd Glh, 7lh‘ 8[h‘ glh‘ 10[hl 11th

13 1Sl‘ 4th Glh, 7lh‘ 8[h‘ glh‘ 10[hl 11th

14 1Sl‘ 5th Glh, 7lh‘ 8[h‘ glh‘ 10[hl 11th

15 1St 6t|’1l 7t|’1l 8t|’1l gthl lOth, llth, 12“’1

Since the fundamental component is known in
the input signal, two error signals will be studied,;
the error signal which is defined as the difference
between the input signal and the estimated output
signal, and the fundamental error signal which is
defined as the difference between the fundamental
signal and the estimated fundamental signal, both of
these error signals are shown in Fig.2 for casel.
Both of them are not equal zero, since the 2™
harmonic signal isn't modelled. Now FFT will be
used to determine the frequencies of all the
estimated harmonics signals, the result of case 1 is
shown in details then the results of all the other
cases are listed in Table 2 to Table-4. Fig.3 and
Fig.4 show the frequencies in each of the estimated
signals for casel, for the estimated fundamental
signal, there are two frequencies; one of them is the
fundamental frequency and the other is the 2™
harmonic frequency, where the amplitude of the
fundamental component in  the estimated
fundamental signal is equal to the amplitude of the
fundamental component in the input signal, which
means that, Kalman filter can accurately estimate
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the amplitude of the fundamental signal, and the
fundamental error signal is due to the second
harmonic component that appears in the estimated
fundamental signal. The estimated 3 order
harmonic is also contained two frequencies one of
them is the 3™ harmonic frequency and the other is
the 2™ harmonic frequency, and again the amplitude
of the third order harmonic in the estimated signal is
equal to the 3 order harmonic amplitude in the
input signal. The same results are obtained for the
estimated 4™ and 5™ harmonics signals. For the
estimated signals that are not existed in the input
signal such as 6™ , 7", 8" and 9" harmonics, there is
one harmonic frequency on each one of them which
is the 2™ harmonic frequency, so again the Kalman
filter is estimated accurately the amplitude of these
harmonics in the input signal, which is equal to
zero.

Two important results can be noticed from these
figures, the first one is that the 2" harmonic
frequency is appeared in all the estimated signals
but the amplitude of it is not equal in all the
estimated components, where the biggest amplitude
of it appeared in the estimated fundamental and
estimated 3 harmonics signals, the second result
that the kalman filter estimates the amplitude of the
harmonics in the input signal accurately.

second harmonic is not modelled
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Fig.2. Error and fundamental error signal of casel
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Fig.3. Amplitude of the harmonics components in the
estimated harmonics signal by Kalman filter for case 1.
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Fig.4. Amplitude of the harmonics components in the
estimated harmonics signal by Kalman filter for case 1.

Table2, summarized the results obtained from
the FFT of the estimated fundemental signal for all
the cases listed in Table-1, in all the cases, the
estimated fundemental signal contains a
fundemental signal component with amplitude
equals to the amplitude of the fundemental input
signal, and when only one of the input signal
frequency is not modelled ( Casel-Case4), the
estimated fundemental signal has two frequencies;
one of them is the fundemental frequency and the
other is the un modelled harmonic frequency, the
amplitude of the un modelled frequency is
decreased as the order of the un modelled harmonic
is increased. when two of the input signals are not
modelled (Case5-Casel0), both of the un modelled
harmonic frequencies are appeared in the estimated
fundemental signal, their amplitude are not equal,
where the amplitude of them depends on how much
their frequencies are close to the fundemental
frequency, for example, when the 2", 3" harmonic
signals are not modelled , the amplitude of the *™
harmonic component is greater than the amplitude
of the 3™ harmonic component since the second
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harmonic frequency is closer to the fundemental
frequency more than the 3™ harmonic frequency,
the same result can be obtained when more than two
of input signal harmonics are not modelled (Casel1-
Casel5) , where all the un modelled frequencies are
appeared in the estimated fundemental signal with
different amplitudes and their amplitudes depend on
their orders, when the order of the un modelled
harmonic is close to the estimated fundemental
frequency, its amplitude is large.

In Table-3 and Table-4, two estimated harmonic
signals are analysed using FFT, one of them is for
the 2™ harmonic signal, which is an example of
harmonic signal that is existed in the input signal,
and the other Table is for the estimated 5™ harmonic
signal which is not existed in the input signal.

Table-3 shows the results obtained from FFT of
the estimated 2™ harmonic signal for all the cases
that are listed in Table-1. For Casel, Case8-Casel0,
and Case12-Casel5, the 2™ harmonic signal is not
modelled in the Kalman filter. in all the remaining
cases , the estimated 2™ harmonic signal always has
2" harmonic frequency with amplitude equals to the
amplitude of the 2™ harmonic in the input signal,
and there are extra components of frequencies equal
to the un modelled harmonics frequencies of the
input signal, their amplitudes are depends on their
orders, when the un modelled frequency is closer to
the 2" harmonic signal. its amplitude will be larger.

In Table-4, the estimated 5" harmonic signal is
analysed for all the cases that are listed in Table-1,
where it emphasizes the results that are obtained
from Table-2 and Table-3.

Two important facts can be noticed from Table2-
Table4, the first one is, the un modelled harmonics
of the input signal are appeared in all the estimated
harmonics by Kalman filter, the second fact, the
amplitude of the un modelled harmonics in the
estimated harmonics are varied, where the highest
amplitude of them appear in the nearest estimated
harmonic order.

In  previous input signal, all harmonics
components have the same amplitude, now the
effect of the amplitude will be investigated, the
result here will focus on the estimated fundamental,
fundamental error and the error signals. let the
second input signal to be as follows:
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y, (t) =10cos(wt) + B, cos(2wt) + B, cos(3wt)
+ B, cos(4wt) + B, cos(5wt)

(6)

First, the second harmonic will not be modelled
in the Kalman filter, the amplitude of g, will

change from 0.5 to 20, the amplitude of
B3, By and pswill set to 10, the percent of the

amplitude of the 2™ harmonic in the estimated
fundamental, fundamental error and error signals are
shown in Fig.5, the percent of the 2" harmonic is
almost constant and reaches approximately to 60%
of its amplitude in both of the estimated
fundamental and fundamental error signals, while it
reaches about 30% in the error signal.

The values of g;,3,and g are also changed

individually from 0.5 to 20, the results are shown in
Fig.6 to Fig.8 respectively, the results show that the
percent of the amplitude of them in the estimated
fundamental signal are almost constant, the percent
of the un modelled harmonic in the estimated
fundamental signal is decreased when the order of
the un modelled harmonic is increased as it is shown
in Fig.9. The fundamental error and the estimated
fundamental signals have exactly the same results
and this emphasis the result obtained before, that the
estimated fundamental signal has a fundamental
component with the same amplitude of the
fundamental component in the input signal.

For the error signal, the percent of the un

modelled harmonic signals is constant regardless of
their order.

Estimated Fundemental signal

N
o

2 4 6 8 10 12 14 16 18 20
B2
Fundemental error signal

2 a 6 8 10 12 14 16 18 20

Error signal

N
o

20

Amp of 2nd harmonic[%] Amp of 2nd harmonic[%] Amp of 2nd harmonic[%)]
3
o

o

2 a 6 8 10 12 14 16 18 20
B2

Fig.5. Percent of 2" harmonic amplitude in the estimated
fundamental, fundamental error and error signal when the
2" harmonics is not modelled and its amplitude is
changed from 0.5 to 20.
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Fig.6. Percent of 3 harmonic amplitude in the Fig.9. Percent of un modelled harmonics in the
estimated fundamental, fundamental error and error estimated fundamental signal
signal when the 3" harmonics is not modelled and its
amplitude is changed from 0.5 to 20.
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E 2 4 6 8 10 12 14 16 i8 20 . . .
= o some nonlinear devices in power system.
é a0} s
£ 2of ] Based on the frequency analysis, a slight
| L T CE R TR T modification in Kalman filter calculation is

B4

proposed in this section to reduce the error in the
estimated fundamental signal.
Fig.7. Percent of 4™ harmonic amplitude in the

estimated fundamental, fundamental error and error Let us start with a Kalman filter can model only
signal when the 4™ harmonics is not modelled and its 9 order of harmonics, our choice will be modelling
amplitude is changed from 0.5 to 20. the first 9 harmonic order from (2™ to 9™ ), since
these harmonics are the most effective on the

o EstmaiedFundementaisignal estimated fundamental signal, this step will ensure

that the error in the estimated fundamental signal
o will have frequency order greater than or equal to
24 e B I 124 1e e 2 10, and the percent of amplitude of the un modelled
w0 e harmonics will not exceed 15% in the estimated
20 fundamental signal ( based on the result obtained

from Fig.9), let the input signal to be as follows:

20

2 4 6 8 10 12 14 16 i8 20
BS

Error signal
40

2or 1 Yy, (t) =10cos(wt) + 10 cos(2wt) + 10 cos(3wt)

s 4 s & o a a8 a +10cos(4wt) + 10 cos(5wt) + 10 cos(6wt)
+10cos(7wt)+ 10 cos(8wt) + 10 cos(9wt)

+10cos(10wt)

Amp of 5th harmonic[%] Amp of 5th harmonic[%] Amp of 5th harmonic[%]

(1)

8. Percent of 5™ harmonic amplitude in the estimated
fundamental, fundamental error and error signal when the
5" harmonics is not modelled and its amplitude is
changed from 0.5 to 20.

The input signal has harmonic’s orders from 2™
to 10", the Kalman filter in this case will model all
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the harmonics except the 10™ harmonic, and the
error in the estimated fundamental signal will have
frequency equals to the 10" harmonic frequency, the
error and the fundamental error signals are shown in
Fig. 10.

Now, if the calculation of the Kalman filter is
changed slightly, where it will be divided into four
stages instead of two stages as it is shown in Fig.11,
the size of the Kalman matrices will be also
modified, where, the size of the original Kalman
filter was 18, the size of the matrices in the new
stages will be the half of the size of the original
Kalman matrices. In the first two stages, The
fundamental and the harmonic’s orders from (2" to
5 ) will be modelled, while in second two stages,
the Kalman filter will model also the fundamental
and the harmonics orders from (6" to 9™ ), note here
the modelled harmonics are the same in both of the
original and the proposed Kalman filter.

0.5

Fundemental Error Signal

-0.5F

0.052 0.054 0.056 0.058 0.06

t[sec]

0.046 0.048 0.05

Fig.10. Fundemental error signal for the input signal
3.

Predicted Stage 1

v

Update Stage 1

Zout

‘ Predicted Stage 2

Update Stage 2

Fig.11.Proposed modification of Kalman filter
calculations.

The input of the first two stages is the measured
signal, while the input of the second two stages is
the estimated fundamental signal from the first two
stages, this will not cause a delay on the output
signal, since it depends on the current measured
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signal, but it is required to have a processor
compatible with the calculation time, and the size of
the matrices in both of stages is half of the original
Kalman filter and this will reduce the calculation
time.

The advantage of this modification, is that the
output of the first two stage will be the fundemental
signal beside a percent of amplitude of the
harmonics components exceeds 6™ harmonic order,
then when this signal is considered as the input of
the second two stages, the output signal will be the
fundamental signal and a percent of harmonic that
their order greater than 9, so the un modelled
harmonics is multiply by a percent doesn’t exceeds
15% twice, so the amplitude of the un modelled
harmonic in the estimated fundemental signal will
not exceed 2.25% (i.e 15% multiply by 15%), the
results of the proposed Kalman filter is shown in
Fig.12.

Another suggestion can be proposed here, is to
combine the original Kalman filter with a Low Pass
Filter (LPF), where the estimated fundamental
signal from the Kalman filter will have harmonic
orders equal or greater than 10 , and their
amplitudes are reduced to 15% of their amplitude in
the input signal, so using a simple LPF can easily
get rid of these harmonics since the Kalman creates
a wide frequency band between the passing
frequency ( fundamental frequency) and the
stopping frequencies ( equal or greater than 10"
order frequencies).

Kalman Filter
— Proposed Kalman Filter

iy

L L L L L L L L L
0.08 0.082 0.084 0.086 0.088 0.09 0.092 0.094 0.096 0.098
t[sec]

[N

0.

&

Fundemental Error Signal
o

-0.

o

KR

Fig.12. Fundemental Error Signal for the original
Kalman filter and the proposed Kalman filter.
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4 Conclusions

A frequency analysis of the estimated signals of
Kalman filter was done in this paper using FFT,
where it is found that the Kalman filter has the
capability of estimating the exact amplitude of all
the harmonics that are modelled in the kalman filter,
and the error in the estimated signal is due to the un
modelled frequencies in the input signal, where the
un modelled harmonic frequencies are appeared in
all the estimated signals, and it is also noticed that,
the un modelled harmonics affected mostly the
nearest estimated frequencies, and the percent of its
amplitude in the estimated signal is almost constant.
Based on the frequency analysis of the Kalman
filter, different techniques can be proposed to
enhance the Kalman filter performance, where one
of them is proposed in this paper, in the proposed
Kalman filter the number of the modelled harmonics
are not changed but the calculations in the Kalman
filter is divided into two cascaded stages, to
multiply the amplitude of the error twice by the
percent error. In future work the number of stages
will be studies carefully and the calculation time
will be computed.
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Table-2. Amplitude of the harmonics components in the estimated Fundemental signal for the

cases listed in Table-1

Amplitude

Freg. | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case
order |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1% 9.918 | 9.983 | 10.01 | 10.03 | 10.09 | 10.00 | 10.03 | 9.936 | 9.923 | 9.908 | 10.12 | 9.968 | 9.926 | 9.918 | 9.93
2" 5901 | 0 0 0 0 0 0 5943 | 5999 | 6491 | 0 6.047 | 6.520 | 6.566 | 6.59
3" 0 3541 | 0 0 0 3.659 | 3.985 | 0 0 3.487 | 3973 | 0 3.576 | 4.143 | 4.34
4" 0 0 2580 | 0 2854 | 0 2832 | 0 2327 | 0 3.537 | 2.708 | 0 2.423 | 2.95
5m 0 0 0 2.046 | 2328 | 2045 | 0 1829 | 0 0 2.216 | 2.021 | 1.680 | O 1.86
6" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

gm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

oM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table-3. Amplitude of the harmonics components

cases listed in Table-1

Jumana Alshawawreh, Hisham Alrawashdeh

in the estimated 2™ harmonic signal for the

Amplitude

Freq. | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case
order | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1% - 0 0 0 0 0 0 - - - 0 - - - -
2nd - 9.932 | 9.987 | 10.01 | 10.06 | 9.953 | 9.906 | - - - 9.824 | - - - -
3 - 5292 |0 0 0 5.380 | 5.868 | - - - 6.013 | - - - -
4 - 0 3.060 | 0 3467 | 0 2.801 | - - - 3391 | - - - -
5 - 0 0 2240 | 2379 | 1.914 [ 0 - - - 1.918 | - - - -
6 - 0 0 0 0 0 0 - - - 0 - - - -
7m - 0 0 0 0 0 0 - - - 0 - - - -
gMn - 0 0 0 0 0 0 - - - 0 - - - -
oM - 0 0 0 0 0 0 - - - 0 - - - -
INE 0 0 0 0 0 0 - - - 0 - - - -
11" - 0 0 0 0 0 0 - - - 0 - - - -
12 - 0 0 0 0 0 0 - - - 0 - - - -

Table-4. Amplitude of the harmonics components in the estimated 6™ harmonic signal for the
cases listed in Table-1

Amplitude

Freq. | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case | Case
order |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2" 1561 | 0 0 0 0 0 0 0.916 | 1.183 | 1.406 | O 0.579 | 0.655 | 0.787 | 0.985
3™ 0 1894 | 0 0 0 1.335 11688 | O 0 1.784 | 1.267 | O 1.448 | 1.847 | 2.000
4m 0 0 2641 | 0 2343 | 0 2.690 | O 2531 | 0 2912 [ 2371 | 0 2.377 | 3.533
5" 0 0 0 4972 | 5448 | 4914 | 0 4834 | 0 0 5.665 | 5.549 | 5.006 | 0 5.810
6" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
on 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10™ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
127 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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