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APPLICATION OF A NOTCH DIGITAL FLTER TO
ELIMINATION OF SINUSOIDAL DISTURBANCES
FROM HELICOPTER FLIGHT DATA

by
R.H. PERRIN AND R.A. FEIK

SUMMARY
AN
. Helicopter flight data, especially measurements of linear

accelerations and angular velocities, are typically corrupted by sinusoidal
deterministic disturbances, that are associated with the rotor frequency and
its harmonics. In an effort to eliminate these disturbances without distorting
the underlying trends, a new digital notch filter, developed under a research
agreement between Aeronautical Research Laboratories (ARL)M and the
University of Newcastle, has been modified and implemented on the ARL
ELXSI 6400 computer. In this memo, the filter is described and the frequency
and transient response characteristics are summarised. Practical
considerations arising out of application of single and cascaded filters to Sea
King flight data are discussed, and the performance of the new filter is
compared with that of comparable Butterworth fil ters.
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1. INTRODUCTION

In 1979, flight trials of the Sea King Mk 50 helicopter were
performed in order to validate a mathematical model of the
helicopter, developed in the Aircraft Behaviour Studies - Rotary
Wing (ABS-RW) Group, at Aeronautical Research Laboratories (ARL)
In an attempt to remove unwanted noise from the data records, the
recorded signals were prerrocessed using analogue Butterworth
filters. However, considerable noise still existed on the data
obtained. To remove this noise, one of two digital Butterworth
filters was used [1].

In a separate study, under a research agreement on flight
path reconstruction, workers at the University of Newcastle
investigated methods for the rejection of deterministic sinusoidal
disturbances. An optimal Kalman filtering approach was found to
be impractical [2). However, additional research showed that the
optimal filter could be approximated, to a high degree of
accuracy, by a digital filter which was both simple and practical
to use [3, 4, 5].

A simple program presented in Ref., 3 has been substantially
modified to adapt it for use as part of the flight reduction
procedures in the ABS~RW group.

In Section 2, the theoretical derivation of the filter is
summarised briefly, while Section 3 discusses practical issues
involved with the application the filter to flight data. Finally,
in Section U4, the performance of the new filter is compared with

that of a comparable Butterworth filter.
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2. DERIVATION OF THE DIGITAL NOTCH FILTER

The aim was to design a filter which would remove a
sinusoidal disturbance from a measured signal, ym(t), to produce a
filtered signal, yg(t). In the limit, it was desired that the
filtered signal should approach the original signal y(t) (see
Fig.1).

The detailed design and the underlying theory of this filter
can be found in Refs. 2 to 5. Excerpts from the above references

are reproduced below,

It can be shown that a sinusoidal disturbance, s, of
frequency Wy obeys the following difference equation (Ref. 2,
p2.2).

D(q M)s(t) = 0 (1)

where q”! is the delay operator and

D(g"!) =1 -2 cos (w T )q '+ g7 (2)

Let the filter transfer function, F, be of the form

Fa") « 2o (3)
b(q )
with
Ds(q_1) = 1-q,2 cos(uoT)q-1*u2q-2 (4)
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(3]

where a is a parameter such that 05 a S1 and w, is the
frequency being filtered.

If the measured signal is the sum of the original signal,
y(t), and the disturbance, 3(t), we have

T 2" AEERE LRIl b R o " o7 e " 8™ . T CP I P
-~ »

Ya(t) = y(t)+s(t) (5)

From Ref. 1, page 3, we have the following relationship
between the filtered and original signals

Dgla™!) {yp(t)-y(t)} = (D(q~")-Dg(q" M} y(t) (6)

Ta s ' HERA S YR A PEERE .

Hence, {f Ds can be chosen to be close to D, while still

.,
i retaining stability in the system as a whole, yp(t)-y(t) will, in
the limit, be small,. IRICAR S S
~ RSN
. Using Equations (4) and (6), this similarity between Dy and e
RGNS
i D can be achieved by selecting a value for ¢ close to 1, :'.’-b:.r:'
N The final form of the filter can be expressed as
:
4 -1 D(q )
: F(q ') =G =3 (7)
> D(q )
",
P,
-1, =2 !
> (1-2 cos(uoT)q +q ) -
r =G =575 (8) RO
t (1-a2 cos(on)q +ta"q )
)
v
J
E where G i3 a scaling factor to ensure that the D.C. gain of the
: filter is unity and is given by N
Ny 1-a 2cos(u T)+a® A
; G - -2 (9) RN,
! 1-2003((.;01‘)*1 o
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From Equation (8), it can be seen that if the disturbance
frequency, w, is equal to Wy exact cancellation of the
disturbance will occur regardless of the value of a being used.
However, for w not equal to Wy the gain of the filter is close to
one, provided a 1is close to one, so that the signal passes with
minimal alteration. Thus the filter resembles a notch at W,

with a a measure of the notch width.
3. USE OF THE NOTCH FILTER
3.1 Discussion of Program

The original program presented in Ref.3 has been modified
and integrated into an existing helicopter data analysis program
[6]. Improvements were necessary to cope with the cascading of a
large number of fllters and to obtain estimates of initial
conditions. The equations used in the program are contained in
Section 2. A complete listing of the ARL program can be found in
Appendix A, while Fig.2 shows the flow of the program during

execution.

Execution of the program requires the user to type two
responses (the name of the file containing the data to be filtered
and whether the filter characteristics are required in the output
file), with the remainder of the execution being controlled by an
input file called 'INIT.DAT'. The contents of 'INIT.DAT' are
explained in the header of the main program.

3.2 Selection of Parameter Values a, W

3.2.1 Background

Implementation of the digital notch filter is conceptually
simple as only two parameters, a and Wy need to be selected.
Use of the filter in the theoretical case, described in Section 2,
where w is known exactly, simply requires the substitution

of o =1 and Wo=w into the equations. This yields a filter

------

LY

N
.
L

P A

)
L
Ay
L
]
o 7

1
7,

OO
Yy
i 2%
£

X X

%
)

L 2 S T S
" d

s

L cee W 2w
'u' ‘l"""":l’. h i
S

‘L

L

r'l
»

¥
o

¥
S

&’;\' e
‘e %

.'-"

.
.‘ ‘- l‘l'. “
S.‘-’-’-'.-"

R

M o
»

.l" .
.

»

)

"‘.
'
A
[
,d
AT

Y 'y 4

cTx%,
[
s
4, 4
v

‘!

o'y
.

N AARA
s
Ok

T,
bV 50"
» 4480
AL,
Y,

‘e

4
'n"|

L
e

AN
Pt et et S
L AT RN

»’, '.\:’.'.."

sty

A TR Y I

R




ot et tiedi et A Rai st ol i SRR I AR A I A e Wiy At e Brta e Jrind's S 5-Buy 2 e ot aine o) OS2I RN A i i B i B B % g

”,

WP S IR NS,

X7

yp

A

RAALLY  FIAARAAAS

A7

ERLRRAE T AFAVST RERIE.  [AFAFRELIRENERE ) J

.
»

w

S SISV FIERE TP YR VLVTIW

= " L LUEmmsr s

(5]

which exactly cancels out the noise signal. However, in applying
the filter to real data, a number of practical considerations need
to be addressed as described below.

3.2.2 Choice of the Value for o

The major problem is that the noise frequencies in a record
of data will very rarely, if ever, be know~ 2xactly, resulting in
an estimate for W, being used in the fi{lter.

Thus, if a value of a« <c¢lose to 1 is used, the resulting
narrow notch generated by the filter may result in the nolise
signal being missed entirely. Figures 3, 4, and 5, show the Bode
plots for the filter for varying values of a, demonstrating the
effect of a on notch width, It can be seen that as a
approaches 1, the notch width decreases, and distortion to
frequencies other than the cut-out frequency, Wy decreases.

In addition to its effect on notch width, the value of a
also affects the transient response characteristics of the
filter. As shown by xef. 2, Fig.2, and reproduced here as Fig.6,
as the value of o« tends to 1, the roots of the denominator
polynomial, Ds(q_1), approach the boundary of the unit circle.
This results in lower filter damping. This is {llustrated in
Fig.7, which shows responses of the filter to a step input for
different values of a . These transients can be a problem if the
inftial conditions are offset, or if rapid changes occur in the
signal., In the former case, the filter can be started early, if
sufficient signal s available, and the oscillations allowed to
decay before the region of interest 13 reached. However,
excitation of transient oscillations during the record are not as
simple to remove. Fligure 7(b) shows the response of the filter to
the same step input as that used in Fig.7(a), but with the filter
run over the data twice, in forward and reverse time direction, a
technnique used when cascading filters, as discussed below, The
figure shows that the effects of ringing persist longer at the

higher values of o . The possible presence of such oscillations
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should be ascertained when examining a filtered signal, and

allowances made if they do exist.

The practical use of this fllter involves reaching a
compromise in choosing the value of a . While sharpening the
notch lessens the effect of the filter on other frequencies, it
decreases the chance of filtering the signal if a slightly
erroneous value of Wy is selected, ana also increases tne chance
of transient ringing. A method used to partially offset the
effect of notch width is to use a series of cascaded filters
instead of a single filter. By cascading the filters, higher
values of o are able to be used, resulting in less distortion of
frequencies other than those being filtered. However, the

probability of 'ringing' also increases.
3.2.3 Cascaded Filter Spacing

Associatcu with tne cascading of a series of filters, the
spacing of the filters, dF, becomes an important parameter. A
large value of dF (depending on a ) can allow intermediate
frequencies to be passed, aqegrading the quality of the filtered
signal. Similariy, 1if tne spacing is too smail, then computer
time 1is being wastec by repeatediy filtering the same data.
Figures o8, Y, 10, ana 11 show the response of the filter when

cascaced between two nominal frequencies, 3.5 and 3.7 Hz.
3.3 Initial Conaitions

Errors In the initial conditions lead to an initial
trdneient response in the filtered Jdata 4s explainea in the
previous section, In order to estimate the {nitial conditions, a
suoroutine 'INITIAL' can be called. In 'INITIAL', the {ilter is
initialised by setting the first two filtereda points egual to the
initial ddta point, and the data 13 lnen run through the fiiter
aclowing any transients to damp out, Following this, the final
valies are used to re-initiacise the riiter wnicen is tnen run an

revaerse to ,ive the reguired inittial conaditions,
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In practice, the resulting initial conditions depend on the
value of w, chosen for the filter: thus {t is important to
choose Wy to match the disturbance frequency so as to minimise
any residual transients. If a wide range of frequencies |is
present, then the filter can be re-initialised at suitable
intervals if necessary.

3.4 Phase Shift

As shown is Figures 3, 4, and 5, a phase shift can result
from the use of a single filter. These figures show that the

phase shift is a function of the value of a used. As a tends to :;P;:
1, the region affected by the shift in phase contracts to the }_e.,:
vicinity of the notch frequency, Wy and phase shifts can be _\"'\-\,
neglected at other frequencies., As outlined in Section 3.2.2, the :‘ A

use of a single filter is not a practical method for the
application under consideration, in contrast to cascading. By
running the cascaded filters in opposite directions, any phase
shifts introduced by the filters tend to cancel each other.
Comparisons of phase shift diagrams of Figs. 3, 4, and 5 with

-"l"’.-ll-/l fa ..' ’

those of Figs. 8, 9, 10, and 11 show the reduction in the net
phase shift of the signal as a result of the cascaded filtering
process.

3.5 Example using Spectral Information

Because of the ability of the filter to remove specific

noise frequencies from the signal record, use can be made of

spectral analysis of the signal to identify the frequencies ,_E'
present. For example, Fig.12 shows a vertical acceleration signal iif:ﬂi
and Fig.13 the noise power spectrum of the unfiltered signal. -';';’.‘
Examination of the noise power spectrum shows that there exists ggéig
considerable noise with frequencies in the region 16 to 19 Hz and _:.":::;
in the 1 to 5 Hz reglon., To illustrate the selective filtering ;:::'_'_S-
capability, the 16 to 19 Hz noise was removed using fllters with foudas

a = 0.99 and a spacing of 0.05 Hz. The resulting output signal is
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shown in Fig.l4. The power spectrum (Fig.15) of the filtered

0
)

signal shows the removal of noise with frequencies in the 16 to 19

Hz region, while other frequencies are unaffected.

g, COMPARISON BETWEEN NOTCH AND BUTTERWORTH FILTERS

4.1 Overview of the Butterworth Filter

The purpose of developing the new notch filter was to
produce a filter which performed better, when applied to actual
flight data, than the Butterworth filters currently used. The
characteristics of these Butterworth filters are shown in Ref.5,

page 8 and are reproduced below as Table 1.
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The Bode plots of the two filters, defined in Table 1, are
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shown as Fig.16a (the hign cut-off frequency filter) and Fig.16b
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in attenuated form. Tnis characteristic means that if all signal
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frequencies above a certain frequency needed to be removed from

.
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the Gaca record, then tne cut-off frequency, fc' has to be set at

some point well below that frequency. This may result in the

ANy

distortion of the base signal.

| S

“

.: Pnase shifts resulting from the use of Butterworth filters
f are greater than those incurred by using cascaded notch filters.
-L

Y However, this can be compensated for Ly eitner of two methods
3 . . A . .

i (i) srift the data by a factor, t (see nef.5) or (ii) filter the
H signa. from vpoth enas of tnhe data record to achieve phase
A

2 cancallation.

R

’ .

. 4,2 Bode Plot Comparisons

- anen conparing tne sutterwsortit an. the new notch filter, it
i should ve remembercd thiat the noten filter 18 charavterised by 4

cut=out frequency whiie the Butterworta is characterised (y .+ cut-
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off frequency. The notch filter can be made to emulate the low-
pass Butterworth filter under consideration by cascading filters
to remove all signal frequencies above a specific value.

The cascaded notch filter used for the comparison
has a=0.99 with filters between 4 and 16 Hz at a spacing of 0.05
Hz. (Fig.17 shows a Bode plot of this cascaded filter). As
indicated by Fig.17, the filter completely removes the signals
beyond 4 Hz while having little effect on the amplitude of lower
signal frequencies. Additionally, the phase shift of the filter
is very small and can be ignored., Figure 18 superimposes the Bode
plots of the two filters and shows that the notch filter has a
more square drop-off and smaller phase shift.

4.3 Comparison using Actual Flight Data

The performances of the Butterworth and notch filters can be
compared by use of the filters on actual flight data. Two data
records are used for the comparison, the first being the vertical
acceleration signal and the second, the pitch rate signal, both
from flight number 17014. The acceleration signal contained sharp
variations, while the pitch rate signal was slowly varying. These
records represent the two extremes in signal type likely to be

encountered in the flight measurements,

Firstly, in filtering the vertical acceleration signal, the
notch filter used was divided up into two parts. The first part
comprised a series of cascaded filters between 6 and 30 Hz witn

a=0.,975 and dF=0.1 Hz (designed to remove all high frequency
noise), while the second part was a series of filters between 3
and 6 Hz with a =0.99 and dF=0.05 Hz. The second bank of filters
needed a higher value of a to minimise distortion to the base
signal (which appears to have some frequency components in the
region of 2.5 to 3 Hz), while still filtering out the 3.5 Hz rotor
frequency noise. The Butterworth filters used were those defined
by Table 1. Figure 19 displays the comparison between the two
filter types.

-‘ ) ~
w3
.'.

N YN

NS

\
PO
e 0
~

¢

oA
ls:'»';.,x A
LA

'.1'::?:1’ P %'- "\J .
Pl J\) J~.) Pl

YRR X XX

. 5. 15 >
&

2" :’:’;‘" N

PYOES

.
a'a

L
'

]

Wt

$ ‘{"
LA

L 2

A8 |
<~
sl
T
-
>
e

2N

DA
R R A

v e % s s
\“"'l‘
%t

A

AN A
', ft‘."l_ KA

Y

A

s
.

]
2
.:.."};J




T

LAl e o -

WA

B T T T oy s R —

b

(10]

The distortion of the vertical acceleration signal as a
result of using the low cut-off frequency Butterworth filter {s
clearly evident and would indicate an inadequate filter choice for
this type of signal, where sharp variations are present. Use of
the high cut-off frequency Butterworth filter appears to be a
better alternative, as its output closely follows the trends of
the original signal. Noticeable in this signal is the presence of
residual noise with approximately 3.5 Hz frequency, indicating
that a considerable component of the original noise signal is

still being passed.

" TABLE 1
Specifications of Standard Digital Butterworth Lowpass Filters
Quantity Filter 1 Filter 2
(low cut-off frequency) (high cut-off frequency)
T(s) 1/60 1/60
N 5 5
J(H2) 3-5 4-0
A(dB) ’ 50-0 3.0
Je(Hz) 1-12 4-0
e (rad/s) 7-0331292892882D 4-00 2-5518903306118D+01
r(s) 0-459 0-127
E,, Fo 1, 1:7478224133541D+4-06 1, 4-5580802280576D+-03
E\ A 5, —8:0769814534886D+-06 5, —1-6621499551730D+4-04
E3 F3 10,  1:4953389527402D 407 10, 2-4877628218574D 404
Es, Fs 10, —1-3862462739192D 407 10, —1-8991475064559D +04
E, Fu 5, 6-4345340695383D+-06 5, 7-3691389324960D +03
Es, Fy 1, —1-1962698176138D+ 06 1, —1-1598727628397D 403
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Use of the notch filter as an alternative to the high cut-
off frequency Butterworth filter seems a more favourable
alternative, as it has the same overall quality in the filtered
signal as the Butterworth filter, with the added advantage of
having the 3.5 Hz nolse removed from the data record. However,
some residual oscillations, in the region of sharp variations in
the original signal, still remain. These are probably due to the
filter transient characteristics and depend on the choice of a,
as discussed in Section 3.2.2. More commonly, the notch filter
would be used on slowly varying signals of which the pitch rate
signal from this flight appears to be typical. Figure 19(b) shows
the comparison between the unfiltered pitch rate signal, the notch
filtered signal, and the two Butterworth filtered signals. The
high cut-off frequency Butterworth filter would be unsuitable for
this record type as there is still considerable noise remaining in
the filtered data record. However, the low cut-off frequency
Butterworth filter, although it has removed the noise from the
data, it seems to have introduced some low frequency oscillations
into the filtered data which are not apparent in the original
data.

Figure 19 (b) indicates that the notch filter would be an
acceptable filter choice, as the noise signal has been removed,
while the base signal remains uncorrupted. The filter used
had «a=0.90, dF=0.10 Hz, with notches cascaded between 3 and 30
Hz. This figure shows that if the signal is slowly varying, then
a cascade of notch filters with values of a 1in the region of
0.90 to 0.95 can be used with adequate results. Accompanying the
low value of a, large filter spacings (dF =0.10 Hz), and hence
fewer filters, can be used to filter a record. This results in
some improvement in the CPU time used when compared to cascaded

filters with higher values of o for the same data record.
4,4 Comparison of Execution Times for the Two Filter Types

As implemented here, the notch filter processes the data

many times as it filters, while the Butterworth filter processes
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the data only once. Hence, despite its simplicity, the run times
of the notch filter can be significantly longer than those of the
Butterworth filter. In the application described in Section 4.3,
involving a total of 330 cascaded filters, the time taken for the
high cut-off frequency Butterworth filter was less by a factor of
k.25 than the notch filter for the same range of filtering. (1.3
CPU seconds compared with 5.5 CPU seconds).

The run time of the notch fllter {s proportional to the
number of filters in the cascade. For small variations of the
noise frequency, for example if the nolse is confined to, say 17
to 18 Hz, then the notch f{lter would take considerably less time
than the corresponding Butterworth filter.

5. CONCLUDING REMARKS

A simple, near optimal digital notch filter designed under a
research agreement with the University of Newcastle has been
adopted for use at ARL for the removal of unwanted noise from
helicopter flight data, The ARL implementation of the filter
allows it to be used conveniently in either of two modes of
operation, If the noise power spectrum indicates the presence of
noise at specific frequencies, then a single filter or cascade of
filters can be chosen to remove particular frequencies of
concern, Guidance has been provided for the cholce of notch width

and filter spacing.

If the noise spectrum covers a wide range of frequencies, or
else if a power spectrum is not immediately available, then a
block filtering technique can be used to remove all frequencies
above a chosen value (low pass filter), A relatively wide notch
and wide filter spacing can be used to reduce computing time. A
combination of the above two operating modes can be used if

required.

Comparisons have been made with two Butterworth filters

currently used to filter the flight data, and an indication of the
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performance of the notch filter obtained. The comparisons showed
that the new filter has a superior frequency response, both in
magnitude and phase shift, when compared to the existing
Butterworth fi{lters. However, execution times can be several
times greater if a large number of filters are cascaded
together. Also, the transient response characteristiecs of the
filter can cause problems with rapidly varying records if the
notch width is very narrow, Further study could be aimed at
circumventing this potential problem area.

In general, the new filter is relatively easy to use and to
program for a computer. It provides a useful addition to the
suite of programs used in the ABS-RW group for helicopter flight
data analysis. Its simplicity makes It straight forward to use in
other applications,
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APPENDIX R : Listing of the filtering pragram D
»

P
E:‘

R

B
iy PROGRAM FILTER e
Q} COS000085000008¢000000008000080000088030000080008008080400004800000¢ S
ot c .This proaram cancels sinusaidal disturbances out of an Sevay
ot c arbitsry signal in a given frequency range. The filter 18 of NN
k: E the formt _-,,}_.:_.\
h Al 'l...-. '}
C G®(l1-2cos wTq®®-]1 + q®8-2)/(1-ALPHA.2co0s wTqee-~)|+ALPHA®S2 qee-2) 'a‘,‘ﬁﬂ
£ =
Where : i
> c 9
heY T : Samplin riod. o
N M S Y o s
0, (o FRE : Lowest Frq?uancy component in the sinusoidal disturbance D
A c ALPHA: (0‘- 1)’F%Réor‘a sensitivity to inaccuraciss in the Y
Q C value o . X
y c Typically < 0.99 - 0.99> ) : \fh’ »,
g G : Acoefficient such that the filter's gain 1s 1.0 Ny
¢ c
oo E Other variables in the program are :
P
] c : Length of the data.
P C NF_ ¢ Number of filters in cascade ‘
RS c FRE t: Frequency used in the design of the first filter in Hz
DSON c FREXP: The expected value of the noise's frequency in Hertz
Laln c Used in finding the initial conditions
c DF t Increment in freauonc from one filter to the next
Cc Typicall < 0,1Hz - 1.0Hz »
~ c NPAS : Number of gaoaes.throu h the datas usad to find
e c the initial condition for the filter output. This 18
L:g E done for sach one of thas filters. i
:t{ E Files used in the program : O
o Cc “INFILE" ¢t Contains the UNfiltered signal. A
e C CLEAN.DAT : Contains the filtered signal. . AT
¢ c INIT.OAT ¢t Contains the data for the different variasbles I
R;., c used in the program. .
o & LY
kj- E LAST UPDATE : 24th June 1985 }:;_
Qc, CO008000000000008088000000000000030080000000U0PICIO00000000ECscE000RS N
. IMPLICIT DOUBLE PRECISION ( A-H, 0-2) S
"o DATA P1/3.1415926%4/ S
DOUBLE PRECISION Y(3), VER(6000), AUX(6000) A
CHARACTER*500 INFILE e
CHARACTER®1 ANS e
> 1 WRITE (5,2)
by 2 FORMAT ($¢/),' D1 G 1 T AL NOTCH FILTERING',” AR
o 100060040000806000040050000000040000000000sedstRte PCAN
Ay 2 ' What is the name of the input file?'/”) AN
h! READ (5,3) LENGTH, INFILE AT
. 3 FORMAT 9, 8500 ) NN
5! OPEN (UNIT®20,FILEsINFILEC(L1:LENGTH) ,STATUS="0LD"' ,ERR=1) AN
OPEN (UNIT=30,FILE='INIT.DAT",STATUS='0OLDY) NN
c OPEN (UNIT=2,F1LE='CLEAN.DAT' ,STATUS= ' UNKNOWN') NN
N, READ (30,%) FRE, FREXP, ALPHA, T, OF
0y c READ (30,¢) NPAS, N, NF
o WRITE (5,5) _ o
- 8 FORMAT (/7' Qutput the filters characteristics ?'$)
e READ (5,6) ANS
s 6 FORMAT (A1)
= IF ¢ ANS .EQ, 'Y' .OR. AN .E? ‘y' ) THEN
WRITE (2‘7) INFILE (1:LENGTH)
e ? FORMAT (' Input filename :' A
" WRITE (2‘8) RE, FREXP RLPHA‘. T, DF, NPAS, N, NF
g 8 ORMAY (f ' 'FRE =',F{5.8,,! FREXP2' ,F16)8,7,
. 1 v ALPHA=' ,F15.8,/,'"T =" ,F15.8,/,
N 2 ‘D =" F15.8,7,' NPAS =',15,/,1 N «' 15,7, NF  =*,18)
N, END IF
r‘f c
(g c .
) E Read in the data to be filtered from tape 20
A DO 10 I = 1,N
o CIO READ (20,2030) 2, VER(I)
o~ € Check to see whether the data needs to have the
"’ E correct initial conditions to be found.

,
‘f.
i}

X ( NPAS .GT. 0 ) THEN N
) CALL INITJAL (FREXP,ALPHA,T,NPAS,N,VER,Y) X
. ¥(3) & Y(I1) PN
-4 Y(2) = Y(2) 2N
" ELSE ®
;e Y(3) = UER(1) O
. Y(2) VER(1) e
- ENDIF .:_.:,:-_._
> el
y .\ I '- -‘;
:-\ ":.',:.' :/
v N
LSRR W ]
Lol “
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]
N
l € This section represents the main loop of the program.,
' FRE = FRE - DF
N 00 2000 Il = 1, NF
\ c FRE = FRE’+ OF
) c WRITE (5,20)FRE
) € 20 FOGRMAT (!Fiiter frequency :',F10.5)
E Calculate the value of 2.Cos(Wk.T) and the filtar‘'s D.C. gain 'G*
. A - «0 ® DCOS(2.00PIeFRE®T)
c G = ? 1.0 - ALPaﬂ‘A + ALPHA®ALPHA ) 7 ( 2.0 - A )
C Perform the filtering task for the remainder of the
E data points
00 160 I = 3, N .
E = VERLI) ~ ASUER(I-1) + UER([-2)
e Y(1) = ALPHASA®Y(2) - ALPHA®ALPHA®Y(3) ¢+ EeG
E Over-write the old value of Y(3) to the data
[ w ..'
. c VER(I-2) = ¥Y(3) S
\ C Shift the data points Y(3) and Y(2) to the next T
) E data point N
Y Y(3) = Y(2)
I c ¥(2) = ¥(1)
c100 CONTINUE
C Write out the two filtared end points to the variable
E array VER
VER(N-1) = Y(3)
c VER(N)Y = Y(2)
. c
] C HModify the values for Y(3) and Y(2) so that they contain
. E the correct values for the reverse sweep of the data
g Y(2) = Y(3)
g Y(3) = v
) C Load into the array AUX the reversed contents of the
: E arrey VER to enable” the backwards pass through the data
DO 200 [ = 1, N
c200 AUX(1) = UER(Nel-~1)
- E Copy the contents of the array AUX into the array VER : e
: 00 300 [ - 1, N RS
. 300 VERC(I) ="AUX (1) ~TAIATAT
- c -, e
- c AP
2000 CONTINUE - .
' E > A
. C Check to see wHether there exists & condition that K
. C would reault in the reversal of the data and if so ~
E ensure that the data is written out i1n the correct form .

}REU = 2 ¢ INT ( FLOAT _(NF) ~/ 2,0 )
F ( IREV .EQ. NF ) GOTO 2015

DO 2005 JJ = 1,N
2008 AUX (JJ) =" UVER ( N + 1 - J3)
0 2010 J) = 1,N
2010 VER ¢ JJ ) = AUX ( JJ )

e ® A FWmW S 4 s

2015 CONTINUE

no. 00

I = 1,N
= T'e FLOAT (1-1)
2020 TE (2,2030) TIME, VERCI)

Cal! routine which calculates the CPU time used
in the running of the program.

CALL CPTINME
2030 FORMAT(2X ,2(F15.2,2X))
END

0 0nno
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SUBROUTINE INIT

1AL (FRE,ALPHA NPAS , N, VAL ,Y)
CO0CPOCSOENOCIVISOO0D

T
veevcccbocosvndnivectieitcilonscrcececsscessrsesee

C

c

Cc The purpose of this subroutine is to tind the 1nitial
C conditions for the data to enable a singie pass filtering
E to be performed,.
c
c
¢

Last update : 20th June 1986

(X221 LI 2222222 YRR PR R F R R F P Y Y Y Y Y R Y Y Y Y P Y Y Y Y Y Y Y Y T )
IMPLICIT DOUBLE PRECISION ¢ A-H, Q-Z )
DIMENSION  Y(3), UAL(4000), auxls000)
DATA Pl +3.141592654~

The fallowing is used to ascertain whethar HPAS 13
odd or even since for correct ogeratlon of thts subroutine
esedee NPAS MUST BE 0ODD 80044

IREV = 2 4 INT ¢ FLOAT(NPAS)~/2.0 )
IF ¢ IREV .EQ. NPAS ) THEN
= NPAS + 1

ononn

to the first value

[wlulniz]
3
.4
o
-
1 d
o
a4
J
e
<
-
c
o
[
-
o
-
<
~
w
]
3
o
=<
N
-

culate the value for 2.CostWk.T) and the
‘s D.C. gain value 'G‘

f
A = 2.0 % DCOS(2.0¢PIeFREST)
G 1.0 - ALPHA®A +« ALPHA®ALPHA ) 7 ( 2.0 - A )

This section represents the main loop of the subroutine
10 CONT INUE
DO 100 I
E

-3 N
= valLli) - AevAL(1-1) « UAL(1~2)
Y(1) = ALPHA®A®Y(2) - ALPHA®ALPHA®Y(3) + E*G
e
2
i

(glyluiy]

0O 00

Shift the d

. Y(3) = ¥¢(
Y(2) = ¥(

100 CONTINUE

Load into array AUX the reversed contents of the srray
VAL to enable the backwards pass to be made

00 200 I = 1, N
200 AUX(I) =" UAL(N+1-1)

Copy the contants of the array AUX i1nto the array UAL

0O 300 I = 1, N
300 UALCD) = AuUX(D)

Decrease the value of NPAS by 1
-1

a points Y(2) and Y(3) for the rnext calculation

[gigly}

t
)
)

(glnly] 0nna 0O

[g]lwlw]

A
2
3

o~ (f)

NPAS
¥(3)
Y1)

.GE. 0 ) GOTO 10
URN
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Figure 10(a) Comparison between the Unflitered and

{ SECONDS )

Flltered Vertical Acceleration Signals using the
Notch and Various Butterworth Filters
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