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DRSAR-PEL 13 November 1979

MEMORANDUM FOR RECORD

SUBJECT: Methods for Processing Signals from Rotary Potentiometers with
Application to the Reduction of M110A2 Loader-Rammer Test Data

1. Reference:

a. MFR, DRSAR-PEL, 29 Aug 79, subject: Observations Concerning the
M110A1 Loader-Rammer Performance Test at YPG, Aug 79.

b. Article appearing in the Journal of Geophysical Research, Vol 77,
No. 36 by W. D. Hibler III, 20 Dec 72, title: Removal of Aircraft Alti-
tude Variation from Laser Profiles of the Arctic Ice Pack.

2. Background

The work reported in this memorandum completes one task in a project
associated with a problem experienced by the M110A2 SP howitzer system.
Cannon damage reported after fielding the M110A2 in Europe in 1978 was
found to be associated with firing the M106 projectile from an unseated
position. Some projectiles had apparently been improperly rammed and had
fallen back upon the propelling charge when the gun tube was elevated.
Because the loader-rammer (L/R) was implicated in this problem, a series
of tests were devised to explore the limits of rammer function. Certain
proposals to improve the standard loader-rammer were submitted and as a
consequence, the scope of the loader-rammer tests was expanded in order
to compare the performance of the standard configuration with the pro-
posed modification. Tests have been conducted at Yuma Proving Ground
(YPG), as reported in Reference a. An additional L/R test program was
conducted at Jefferson Proving Ground (JPG) during August 1979 using a
different M110A2 weapon. This test was considerably more modest in scope
than the Yuma tests, having been intended as a corroborative test. The
JPG tests measured only displacement of the rammer head using a rotary
potentiometer (pot) attached to the axle of the chain sprocket. From
these data it was desired to derive velocity and acceleration of the
rammer as functions of time. The velocity functions for different experi-
mental systems (or treatments) would then be compared to identify differ-
ential effects.
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3. In practice, however, rotary potentiometer signals contain spurious
noise and end-of-cycle non-linearity. Additionally, the displacement
cycles must be smoothly pieced together, i.e., "stacked", to yield a
continu?us displacement function which can be differentiated. These
effects{1) (and some others) pose analytic difficulties which must be
addressed to obtain meaningful velocity functions.

4. Purpose

There are two principal purposes in writing this MFR: to set down
the Tessons learned from trying various methods of analysis and to indi-
cate what differences appear in the velocity functions estimated for
various experimental systems run at JPG. Relative to the first purpose,
the authors would be gratified if some of the techniques used in the
present analysis were applied or refined in future analyses by others
confronted with similar problems.

5. Organization

The remainder of this memorandum is organized as follows: Data reduc-
tion problems and methods of treatment are contained under Methodology.
Results of applying these methods to the present problem are presented
under Results, where some of the lessons are illustrated. Finally, the
methodological conclusions and specific inferences for the JPG loader-
rammer data are presented under Conclusions. For the reader who is not
interested in supporting evidence the final section may alone serve as
an adequate summary.

6. Methodology

The displacement of the rammer head as measured by the rotary poten-
tiometer is divided into cycles each of which represents one rotation of
the pot. The potentiometer signal rises to a maximum voltage and then
abruptly falls to its minimum value at the end of a cycle. However,
experience indicates that the potentiometer has a finite resolution.
This causes non-linearity and uncertainty in voltage at the beginning
and end of each cycle and produces a finite fall time in passing from

(1) In view of all of the problems encountered in obtaining a valid velo-
city function from rotary pot signals, one may ask why not use an alterna-
tive type of instrument such as a tachometer? In the present case, the
authorsdid not have a choice of instruments and had to use the available
data.
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max to min values. Generally also, the voltage swing corresponding to
one rotation of the pot is not known precisely but must be estimated from
the noisy output signal. To obtain a displacement signal one must scan
the (analog) record for max and min values -- Y and Ypin == Or some

average max and min over cycles -- y and ymin -- and obtain a scale

max
factor of displacement per volt by dividing the cycle length (24 inches
max ~ Ymin
is implemented in the computer program provided in Annex 2.

in the present case) by the voltage swing (y ). This scheme

7. Processing of the signals will generally be performed on a digital
computer, so that an analog-to-digital (A to D) conversion of the pot
signals is required. Our experience indicates that this operation is
also a source of noise. In fact, A to D conversion seems to yield quan-
tization of the signal in which certain "favorite" numbers repeatedly
appear. Ways to minimize this effect include recording at a maximal
signal level and time sampling at a high data rate. This rate may be
limited by the available high-speed data storage but should be at least
20 times the highest significant® frequency seen in the signal. For
example, our analog pot signals were time-sampled at 500 hertz (2 ms
intervals) since an upper frequency limit of 25 hertz was expected. Pre-
sent experience indicates that filtering the analog signal with a 100
hertz pass band before digitizing creates more problems than it solves.
This type of filtering exaggerates the non-linearity in the end-of-cycle
pot signal and Tleads to stacking difficulty.

8. To obtain a stacked displacement signal which is sufficiently smooth

to tolerate a differencing procedure requires some digital filtering.

Two types of non-recursive filters were tried -- a symmetric moving

average and a filter having exceptional discrimination and low ripple
outside the passband. The latter was designed by a method devised by

W. D. Hibler (Reference b). The modulus and squared modulus of the
transfer function of these filters are shown in Figures 1 through 4 of
Annex 1. 1In spite of the theoretical advantage of Hibler's filter, it

did not prove to be as satisfactory in this application as a simple sym-
metric moving average. Consequently, the results displayed in the figures
of Annex 1 were generated using a symmetric moving average filter having

a maximum absolute lag of 25. With a sampling period of 2 ms, this moving-
average filter has a resolution bandwidth of 10 hz (equivalently, an aver-
aging period of 0.1 sec). An averaging period of about 0.1 sec is required

* At the -20 db Tevel.
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to achieve the proper degree of smoothing of the d1sp1acement judged nec-
essary for this application.

9. When successive potentiometer cycles are stacked by adding the pre-
vious cumulative full-cycle value to the pot reading,small discontinuities
appear at the ends of cycles. To eliminate these and other outliers from
the displacement record it was desirable to use an outlier detecting and
purging algorithm. Simply relying on filtering to reduce the effect of
these outliers was not practical. The outlier-detecting procedure works
as follows: First, the unmodified, stacked d1sp1acement signal is fitted
with a (6th degree) polynomial function of time using multiple linear
regression. The standard error of the estimate from this regression is
then used as a measure of discrepancy of a data point from the trend.

Data points which are more than about three standard errors from the fitted
function were replaced by the value of the fitted function. Finally, the
moving average was calculated to attenuate the pot noise. Actually,
expurgation of outliers and filtering can occur in the same DO-loop of a
computer program as was done in the program in Annex 2.

10. Having obtained a suitably smooth displacement function, velocity is
estimated using a first-order central-difference approximation:

dy.i/dt 2 (‘y'i+1 - .Y-i_])/Zh,

with time step h.
Although the values of Wi above may be moving-average displacements, the

differencing operation produces high-frequency noise which may be distract-
ing to the person who examines this unsmoothed velocity estimate. Conse-
quently, we have found it convenient to smooth the above estimate by pass-
ing the unsmoothed velocity through a digital filter whose passband some-
what exceeds that of the moving-average filter which was applied to the
displacement signal. In the present application, a non-recursive filter
with a max lag of 6 was used for this purpose.

11. Another, completely different approach to estimating velocity and
acceleration was used and found to produce valid results if properly
restricted. This approach is referred to as analytic since the velocity
and acceleration can be represented analytically as polynomial functions

of time. 1In our algorithm the moving-average displacement is fitted with

a sixth degree polynomial. (A fifth degree polynomial works almost as well.)
This function is, of course, analytically differentiable yielding a fourth
degree polynomial estimate of acceleration. Both velocity and acceleration
estimates which are derived in this manner are displayed among the results
in Annex 1. Clearly, ana]yt1c estimates may be rather gross if the domain
of the fitted function is too large or if time derivatives beyond the sixth
are numerically significant anywhere over the domain.

10
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12. Results

The results of this study are presented in the form of plots of out-
put from the computer program. The same types of graphs are given for
each of 24 rammer tests. The sequence of the plots is as follows:

(a) Raw potentiometer signal (a function of time);

(b) Displacement signal produced by stacking the pot signal, purging
and replacing outliers and scaling;

(c) Analytic estimate of velocity using the 6th degree polynomial fit
to the displacement data in (b);

(d) Analytic estimate of acceleration;

(e) Unsmoothed estimate of velocity obtained by differencing the
moving average displacement;

(f) Smoothed velocity estimate; from (e);

(g) Crossplot of the smoothed velocity versus the analytic estimate of
displacement.

The last estimate was the most useful in comparing the results from different
rams since it is independent of time zero which generally varied between rams.
The sequence of graphs proceeds from the bottom to the top of each page
through all ram numbers without a page break.

13. A description of the experimental systems tested is provided in Table

1. Table 1 also summarizes the average (AVG) and standard deviation (SD)

of the ram speed obtained in the last full cycle of rotary pot motion. The
first 10 rams were conducted using the M2A2 cannon, i.e., an M110 howitzer
configuration. The remaining 14 rams were conducted in the M110A2 howitzer
using an M201 cannon. Because of the difference in cannons the total travel
of the rammer head is 85 inches in the M110 and about 93 inches in the M110AZ.
Due to this difference the same rammer produces a somewhat differently shaped
velocity function in the two systems. This difference is quantified in the
Conclusions. The standard loader-rammer (L/R STD) was used for the first
five rams and the modified configuration (L/R MOD) for the next five. As
noted in Table 1, both L/R configurations were also tested with the M201
cannon. For each of these configurations testing was done at maximum

1
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acceptable L/R system pressure (5 rams each) and at minimum acceptable

L/R system pressure (2 rams each). Although velocity differences between

L/R configurations in the M110A2 are slight, the effect of L/R system
pressure on velocity is noticeable. A reduction in the ram speed near
end-of-travel of from 0.4 to 1.0 f/s accompanies the noted pressure reduction.

14. The data set obtained from digitizing the analog rotary pot signal for

a typical ram consists of approximately 600 points. Sets of this size per-
mit data processing of the sort described above while retaining an adequately
large value of degrees of freedom. Of course, the use of a non-recursive
filter shortens the unfiltered data set at each end by the value of the
maximum lag used in the filter. Thus, in this application 25 data points
were eliminated from each end of the displacement data to obtain the moving
average displacement.

15. The first twenty figures in Annex 1 are intended to illustrate the
effect of various errors associated with the data and with the processing
methods. These illustrations support previous claims of lessons learned

and give the reader some "feel" for the problems encountered in using data
from rotary potentiometers. Starting with Rammer Test No 1 shown in Fig

5, one can observe the kind of stacking error typically encountered in pro-
cessing the pot signal. Without identifying and purging the resulting out-
liers from the displacement signal (Fig. 5) a characteristic set of spikes
is produced in the unsmoothed velocity estimate (Fig. 7). Even after smooth-
ing the velocity, anomalous tumps (reduced spikes) are seen in the velocity-
time plot (Fig. 8) and velocity-displacement plot (Fig. 9). One can also
see the effect on velocity of potentiometer non-linearity -- the 0.1 sec
shallow waves appearing in the velocity after level off.

16. Figure 10 illustrates another approach to filtering the displacement
signal prior to differencing to obtain velocity. The Hibler filter, describ-
ed earlier, was applied to the unexpurgated displacement (Fig. 5) and differ-
enced to yield the unfiltered velocity shown in Figure 10. Because of the
sharp frequency-domain cutoff and low ripple in the stop band, one would
expect the Hibler filter to perform better than a simple moving average.
However, the smoothed velocity estimate (Fig. 11) is not subjectively better
than its moving-average counterpart (Fig. 9). Further reduction of the
cutoff frequency of the filter would improve smoothness and reduce the

effect of spurious spikes in the displacement but would lack resolution and
introduce velocity bias. A better strategy for data reduction is to prepro-
cess the unfiltered displacement to detect and purge outliers. This proce-
dure does not sacrifice resolution bandwidth as does narrow-passband filter-
ing. See Figure 19 for a better estimate using data from ram test number 1.

12
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Figure 12 also illustrates the effect of smoothing with Hibler's filter --
in this case on the data from ram number 2. Here also, one may conclude
that the velocity estimated from differencing the filtered displacement

is not better than simply using a moving average on the expurgated data.
See Figure 29 for comparison.

17. A surprising thing happened to the data for several rams: An A to

D transcription and/or tape copying error caused intervals of data to be
omitted in the final (digital) record. Figure 13 illustrates this incident
in the pot signal for ram test number 5 and Figure 14 indicates the result-
ing error in the expurgated displacement. Evidently the outlier-detecting
algorithm cannot cope with this kind of error. The consequence of this
error is serious as can be seen in Figures 15 and 16. In this case some
ma?ual editing of the data was necessary before reprocessing (Figs. 43 and
44).

18. One additional type of error is noteworthy -- inclusion of too many
pre-ram and post-ram data points in the displacement record. If a long
post-ram plateau occurs, as in Figure 23, the analytic velocity estimate
(Fig. 24) will be quite poor. The sixth-degree-polynomial fit becomes
inadequate if the domain is not properly bounded. By contrast, a displace-
ment record having a truncated plateau (Fig. 25) yields an excellent velo-
city estimate (Fig. 26) and a reasonable acceleration function (Fig. 27).
No attempt was made to rectify the analytic estimate of acceleration out-
side of its applicable domain.

19. One is able to observe specific differences in the ram velocity func-
tions between different experimental systems (treatments) even when the

data contain the imperfections described here. One reason for this discrim-
ination is the consistent manner with which stacking error and filtering
bias enter the velocity estimated from run to run. These velocity differ-
ences in the JPG data are discussed under Conclusions.

20. Conclusions

Conclusions are summarized here under two categories: general metho-
dological observations and specific inferences about the M110/M110A2 L/R
tests at JPG. Relative to methods for analyzing rotary potentiometer
signals:

(1) It is best to stack digitized rotary potentiometer signals which

have an abrupt drop from max to min values. Therefore, a broad-band analog
signal is a gesirab]e starting point since this affords the most abrupt drop.

13
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(2) Some stacking error appears to be unavoidable. Therefore, it is
essential to process the stacked displacement signal with an outlier-detect-
ing and purging algorithm. As a minimum, such an algorithm should obtain
departures from a global average, as was done here by polynomial regression.

(3) Occasional analog-to-digital encoding errors and digital data
omissions occur. Therefore, it is important to display the digitized
potentiometer signal graphically to assist in detecting this type of
error. In this case manual editing of the data is necessary.

(4) Elimination of stacking and encoding errors solely by high-
discrimination digital filters (such as Hibler's) seems to be impractical,
since a sufficiently narrow filter frequency passband (or long period) to
reduce the effect of the errors in the output signal would incur an objec-
tionable degree of bias.

(5) Although somewhat cosmetic, applying a digital filter to the
velocity signal to smooth it is recommended. To avoid additional bias
the passband of this filter should be larger than that applied to the
displacement signal used to develop the velocity estimate.

(6) If a gross-average velocity estimate is desired, one can obtain
a good analytic approximation from a high-degree polynomial in time fitted
to the displacement data over a restricted domain of this function. Do
not expect this analytic velocity estimate to hold outside of this limited
domain. -

(7) Because of the generally arbitrary nature of time zero and be-
cause of temporal shifts due to filtering, it is recommended that compari-
sons of two distinct runs be made in phase space, i.e., via a crossplot
of velocity vs displacement.

(8) In making phase-space plots it is desirable to use a highly
smoothed estimate of displacement, e.q., by using regression, so as not
to incur anomalous multi-point function incidents.

21. With respect to the results of the M110/M110A2 L/R tests at JPG:

(1) The form of the velocity versus displacement plots are nearly
identical for repeated rams with a specific experimental system -- cannon
type, L/R type, and L/R system pressure.

(2) Differences in these plots appear between experimental systems in

two respects: the max velocity level achieved and the displacement at
which a given Tevel 1is achieved. -

14
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(3) During the first ten ramming tests using the M2A2 cannon at max
L/R pressure, rams 1 through 5 apply to the L/R STD configuration and rams
6 through 10 to the L/R MOD. The former generally achieve a slightly higher
peak velocity than the latter. Another distinction in these tests is in
the shape of the velocity function. The velocity of L/R STD exhibits a
somewhat more convex (hump-backed) shape than that of the L/R MOD.

(4) The shape of the velocity function which characterizes rams 1
through 5 also differs from that of rams 11 through 15. The latter set
has a decidedly sway-back shape with a shallow dip in the velocity at
midram. Additionally, a somewhat shorter rise to peak velocity is noted
in the latter set. The difference in experimental system in these sets is
simply a difference in cannon type; the M2A2 cannon was used in rams 1
through 5 whereas the M201 cannon was used in rams 11 through 15. Apparent-
1y, the standard rammer tends to increase its speed slightly at the longer
travel experienced in the M201 cannon -- 93 inches versus 85 inches in the
M2A2 cannon.

. (5) A reduction in the L/R system pressure from max to min acceptabie
under otherwise identical conditions causes a reduction in peak ramming
speed. This reduction is anticipated because the level-off speed is con-
trolled by a restricted flow of 0il under a pressure differential which is
nearly constant throughout a ram cycle. In the L/R STD configuration this
speed reduction amounted to only about 0.4 f/s based upon the average over
the last complete pot cycle and about 1 f/s based upon the difference in
maxima (rams 11 through 15 vs 16 and 17) whereas in the L/R MOD configura-
tion this reduction was about 1 f/s (rams 18 through 22 vs 23 and 24).

For both configurations the shape of the velocity curve in phase space was
not altered by the reduction in L/R system pressure.

LJ,cV%._ JC‘//L(},.«,‘C,VL P
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2. Annex 2 =
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Operations Research Analyst
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ANNEX 1

RESULTS FROM M110/M110A2
LOADER-RAMMER TESTS AT
JEFFERSOi PROVING GROUND,
AUGUST 1979
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TABLE 1. AVERAGE FINAL(]) RAMMING SPE
FOR THE M110A2 LOADER-RAMMER
OBTAINED IN THE JPG TESTS, 11 AUG 79

ED

ROUND SPEED
NUMBER (F/S) COMMENTS
1 9.98 M2A2 Cannon
2 9.90 L/R sTD(2 (3)
3 9.80 System Pressure Max
4 9.76
5 9.85
AVG/SD 9.858/0.086
6 9.55 M2A2 Cannon
7 9.44 L/R MOD(2) (3)
8 9.44 System Pressure Max
9 9.41
10 9.45
AVG/SD 9.458/0.054
1 9.70 M201 Ca?ngn
1ia 9.59 L/R STD{(2 (3)
13 9.58 System Pressure Max
14 9.66
15 9.44
AVG/SD 9.594/0.099
16 9.50 System Pressure Min(3)
17 9.28 .
AVG/SD 9.39/0.156
18 9.68 M201 Ca?ngn
19 9.89 L/R MoD{(2 (3)
20 9.80 System Pressure Max
21 9.79
22 9.67
AVG/SD 9.766/0.092
23 8.65 System Pressure Min(3)
24 8 84
AVG/SD .745/0.134
Notes:
(1) The "final" ramming speed was calculated as the average over the
last complete rotary pot cycle.
(2) Two loader-rammer configurations were tested -- the current stan-
dard (L/R STD) and a proposed modification (L/R MOD).
(3) The pressure in the 0il or nitrogen of the loader-rammer system

19

was adjusted prior to each ram using the gage provided with the
system.
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Velocity estimate abtained from the
moving-average displacement record
having the stacking error. Anomolous
spikes appear at the ends of the moving
average window.
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RAMMER TEST 0! AT J.P.G. FIGURE 11.
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of that given below.
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o data.
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RAMMER TEST 02 AT J.P.G. FIGURE 12.
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RAMMER TEST 05 AT J.P.G. FIGURE 16.
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RAMMER TEST Ot AT J.P.G. FIGURE 18.
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with a symmetric non-recursive
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RAMMER TEST 02 AT J.P.G. FIGURE 22.
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RAMMER TEST 02 AT J.P.G. FIGURE 26.

Analytic estimate of the velocity obtained from a 6th degree
polynomial function in time fitted to the displacement data
shown below.
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= from a first-central-difference
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e moving average displacement
signal.
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Eé- Analytic estimate of the acceleration obtained from a 6th degree

polynomial function in time fitted to the displacement signal.
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Crossplot of velocity versus
displacement. Velocity is the
smoothed first-central-difference

= approximation shown below as a

[ function of time.
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RAMMER TEST 03 AT J.P.G. FIGURE 32.
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VEL (F/S)

RAMMER TEST 04 AT J.P.G. FIGURE 36.
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ANNEX 2

COMPUTER PROGRAM SOURCE
LISTING FOR EST.VEL.ACC
A PROGRAM FOR PROCESSING
DISPLACEMENT SIGNALS FROM
ROTARY POTENTIOMETERS TO
ESTIMATE VELOCITY
AND ACCELERATION
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OO0 0600000000060

OO0 606 00

c

PROORAM FOR PROCESSING OISPLACEMENT SIONARS FROM ROTARY
POTENTIOMETERS TO ESTIMATE VELOCITY AND RCCELERATION

THIS PROORAM CONTRINS EXTERNAL REFERENCES TO PRIME 400 COMPUVER
SYSTEM ROUTINES AND CRLCOMP 825/936 SOFTWARE - ON THE RRRCOM S&E
SYSTEM THE FOLLONING LIBRARIES MUST BE LORDEO:

1. CRAVLIB

2+ VAPPLB

3. VPLOTLB

4.. VSP0O?

REAL=8 ORTA(1200,7).X(2).FSFJJIML1,.VEL.ACC,5.RSQ,0ISPL.VELT,OELT,
$RESTO,.XT.YESTO.A(56)

DIMENSION Y(1200),.YBAR(1200).52(1200).INFO(12).N(2).TM(1200).,
$VMA(1200),VMAS(1200).COF2(13),.YEST(1200) .RPOT(1200)

INTEGER TN(16).TITLE(40).COMOFL(16).BUF(60)

LOOICAL NSCALE

COMMON/CPLCOM/ AXL.RYL

THE OATA(I.J) ARRAY IS USED TO STORE THE I'TH VALUE OF TIME TO THE
J'TH POWER FOR EXPONENTS UP TO RANOD INCLUGING NDEG. THE VECTOR
NITH J=NOEG+1 CONTAINS THE VALUES OF THE SCALEO AND STACKEQ OEPEN-
OENT VARIABLE. OISPLACEMENT (IN). THE UNSCALEO ROTARY POTENYIO-
METER OATR ARE STOREO IN RPOT,

$INSERT SYSCOM>ASKEYS
$INSERT SYSCOM>KEYS.F
$INSERT SYSCOM>ERRD.f

c

G000 0 6°

ORTA ORTA/8400x0.0/,INF0/1,2,.,:100000,3»" °.6x0/,VMA/1200=0.0/,
$YEST/1200=0.0/
OATA COF2/1.1286702E-02+.3.0793781E-02.5.7062223E-02.8.6293384E-02,

1 1.13126581E-01,1.3202178E~01+1 .3883263E~01.1.3202178E-01.,
2 1.1312681E~01,8.6293384E-02,5.7062223E-02,3.0793781E-02,
3 1.1286702E-02/

CALL OPENSL('INPUT FILE TREENAME?...> ',26.A%REAO.TN,32,1)

PROCESS OATA OIRECTLY FROM TAPE
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O 0O o0 o0

O 0O o0 o0

12

11

CALL TNOUA( 'TAPE UNIT#?...> ',16)

RERO(1.w=) NUY

NU=4

CALL C$M13(1.0.NU.O) /= OPEN TRAPE TO RERD
CALL OPEN®A(R$RERD, "PEXLOR>A>TAPE-OUMP ", 18.NU)

00 104 NFILE=1.24

CALL C$M13(6.0.NU.O0) /= SKIP TO NEXT FILE
CALEL C$RDO7(NU)
IF(NFILE.LT.B) GO TO 104 /= SKIP FIRST 4 FILES

OPEN SCRATCH FILE TG SAVE TERMINAL ORLOGUE

CALL OPNSFL(3.COMOFL)
CALL CLOS$A(3)
CALL CoMO$$( :000020.COMOFL.32.0.C0O0E)

IF(COOE.GT.0) GO TO 103

CALL OPENSL('OUTPUT FILE TREENRMEZ?...> ',26.A$NRIT,TN,32.,2)
ENCOOE(32.12.TN) NFILE

FORMAT( "RAMMER—TEST= " ,B 'a=s ")

CALL OPEN®R(ASWRIT.TN.32.2)

CALRL. TRNC$A(2) /= TRUNCATE OUTPUT FILE

RERD TITLE OF ORTR SET

RERO(5.,2) TITLE
FORMAT(40R2)

CALL I$RAM13(NU.TITLE.40.0)
CALE I$ROO7(NU.TITLE.40.0)
WRITE(B.,1) TITLE
FORMAT(1H ,40R2)

CALL T$AM13(NU.TITLE.40.0)
CALL I$AOD7(NU.TITLE.40.0)
WRITE(B.1) TITLE

CALL C$M13(5.0.NU.O) /=%  SKIP 3RO REC
CALL TI$RA0OD7(NU.BUF.40.0)
CALL I$AM13(NU.BUF.60.0) /» RERAD RECORO INTO BUF

CALL TI$RDO7(NU.BUF.60.0)
OECOOE(120.11,.BUF) POINTS.OELTAT
FORMAT(2G16.8)

TIMEDO=0.0

46



OO 0O 0600

0O 0O o000 0O 0 o0 00

O 0O 0 00

NLZERO=D

NBATA=POINTS-1.0

NSET=NDRTH

YSCALE=10.9D9

YMIN=-0.01

IHIB=D / INDICATOR VARIABLE FOR HIBLER'S FILTER
FC=5.0 /= CUTOFF FREQUENCY (HZ) IN FILTER

YD=0.0

NCH=NLENS$A(TITLE.4D)

READ COMTROL PARAMS

READ(S,.w) TIMED.NLZERO.NSET.NDATAR.DELTAT.YSCALE.YMIN.YO
NSCALE=YSNO$R( *SELF SCALING DESIREDZ?...> ",26,A$NDEF)
NSCARLE=.FALSE.

DELT=DELTAT

ISTRART=NLZERO+1

ISTOP=NLZERO+NORTAH

READ THE OUTLIER LAG PARAM

CALL TNOURA( 'OUTLIER LAG PARAMETERZ?...> '.,27)
READ(1.x) MLAG
MLAG=25

READ MIN NUMBER OF STANDARO DEVIRTIONS TO DECLARE AN OUTLIER

CALL TNOURC( "NUMBER OF SO S FOR OUTLIER?...> ',32)
RERB(1.,=]) SDNO =
SDN0=2.64

READ DEOREE OF POLYNOMIAL FIT

CALL TNOUR( 'DEOREE OF FITTING POLYNOMIALZ...> '.34)
RERD(1.w») NDEG :
NBEG=6

NDEGP 1=NDEG+1

MAVE=2%MLAG+1

FMRYO=FLORT(MAVG)

LSTART=ISTART+MLAG

LSTOP=ISTOP-MLRC

I1=ISTART+HAVD-1
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0 0O 0O 00

o o0

15

13

94

80

REAC(S.=) (Y(I).I=ISTART.ISTOP)
NREC=NDATA/8+MINO(1,MO0(NDATR,.B8))
00 13 I=1.NREC

CALL I$AM13(NU,BUF.60,%15)

CALL I$ARDO7(NU.BUF.60,%15)

GO TO 13

CALL PRERR

CALL EXIT

IF(NFILE.NE.29) GO TO 106

CALL GETERR(BUF.2)
IF(BUE(1}.NE. IE") GO TO 106

CALL I$AM13(NU.BUE ,60.0)

CALL I$ROO07(NU.BUF.60,0)
DECOOE(120,%,BUF) (Y(8uI+ISTART-9+J),J=1.8)

DETERMINE AN AVERAGE INITIAL VALUE

SUM=0.0
ISP19=ISTART+19

DO 94 I=ISTART.ISP19
SUM=SUM+Y(I)
Y0=5U#/20.0
YLIM=83.0/YSCALE+Y0

YRANGE=24 .0/YSCALE /% 24 INCHES PER POT CYCCE
YHAX=YMIN+YRANGE

TOLER=0.01=YRANGE

IF( (NOT.NSCALE) GO TO 90

SCAN DATA FOR MAX AND MIN

NCYCLE=1

YMAX=Y( ISTART)
YMIN=Y(ISTART)
IGO=ISTART+1

00 80 I=IGO.ISTOP
IFCY(I).GT.YMRX) YMAX=Y(I)
IFCYCIJ.LT.YMIN) YMIN=Y(I)
CONTINUE

YRANGE=YMAX~YMIN
YSCALE=24.0/YRANGE
TEST=YRANGE/2 .0
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O 0 0 0

[ o I o B )

82

86

sD

3

YIM1I=Y(ISTART)

00 82 I=IGO.ISTOP

IF(ABS(YIM1-Y(I)).OT.TEST) NCYCLE=NCYCLE+1
YIMI=Y(I)

CONTINUE
DISPF=YSCRLE=(Y(ISTOP)-YD+FLOAT(NCYCLE-1)®YRANGE)
IF(DISPF .0T.83.0 .AND. DISPF.LT.94.0) GO TO 8D

FIRST SELF-SCALINO PROCEDURE PRODUCES FINAL DISPLACEMENT OUT-OF-
BOUNDS. TRY A SECOND.

NRITE(1,86) DISPF

FORMAT( "FIRST SELF-SCALING FRILEDI OISPF = *.1PG15.6. ° IN")
YRANGE=(Y(ISTOP)-YD)/(92.5/24 .0-FEOAT(NCYCLE-1))
YMAX=YRANGE+YMIN

YSCALE=24.0/YRANGE

TOLER=0.0

STACK DISPLACEMENT CYCLES AND RSSION THE ROTARY POT SIONAL TO
THE VECTOR RPOT(I)

TEST=YRANGE/2.D

YIMI=Y(ISTART)

RPOT(ISTART )=Y(ISTART)
YI=Y(ISTART)

ADON=0.0

ISP1=ISTART+1

Y(ISTART)=0.0

00 5 I=ISP1.ISTOP

RPOT(I)=Y(I)
IF(Y(I).OT.YHAX+TOLER) GO TO 101
IFCYIM1I-Y(I).BT.TEST .AND. YI.LT.YLIM) ADDON=RDON+YRANGE
YIMI=Y(I)

Y(I)=Y(I)+RDDON-YO

YI=Y(I)

00 3 I=ISTRRT.ISTOP
TM(I)=TIMED+FLOART(I-ISTART )¥DELTAT
II=I-ISTART+1

DATACII.1)=TM(])

D0 3 J=2.NDEG
DATA(II.J)=DRTA(II.J-1)=DATACII.1)
CONTINUE
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o 600 0 o0

a0 o000

10

ESTIMATE NOISE VARIANCE OF THE STACKED SIGNAL VIA POLYNOMIAL
REBGRESSION

00 7 I=ISTART.,ISTOP

II=I-ISTRART+1

OATA(I1,.NDEGP1)=Y(1])

CALL MLR(OARTA,X,1200,7 ,NDATA,NOEGP1,1,.TRUE.»S.RSQ)
VARERR=S

S02=SWART(VARERR)

SUM=0.0

55@=0.0

00 10 I=ISTART.,I

SUM=SUM+Y(I)

SSA=5SSA+Y(I)um2

YBAR(LSTART J=SUM/FMAVE
S52(LSTART)=55Q/FMAVG-YBAR(LSTART )»w2

NRITE HERDINGS

NRITE(6.,14)

14 FORMAT(1H1, "RESULTS OF TEST FOR OUTLIERS -- ORIGINAL VALUES -- REP

SLACEMENTS* . /1H0,2X, "INOEX".T12, "POT VALUE (MV)*,T29, 'MOVING AVG",
+T46,°STO OEV',T68,'REPL VAL (MV)'.T76, "MOVING AVG',T8S,
» "REPL STD OEV®)

RECURSIVELY CALCULATE MOVING AVERAGES ANO MOVIING VARIANCES ANO
PURGE OATA OF OUTLIERS. IF THE HIBLER-FILTER OPTION IS SELECTEO,
THE MOVING AVERAGE IS REPLACEO BY A LOW-PRASS FILTEREO OUTPUT.

IF(IHIB.EQ.1) GO TO 107
NOUT=0

SERR=0.0

00 20 L=LSTART,.LSTOP
LPRINT=L-ISTART+1

10UT=0

IT1=L-ISTART+1

YESTO=X(1)

00 9 J=2,NDEGP1
YESTO=YESTO+X(J)wORTA(II.J-1)
YEST(L)=YESTO=YSCALE
SERR=SERR+({ YESTO-Y(L))wun2
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S01=SQRT(SERR/FLOAT(L-LSTART+1))
IF(ABS(Y(L)-YBAR(L)).LE.SONO=SD2) GO TO 25
J0UT=1

NOUT=NOUT+1

Y(L) IS AN OUTLIER. REPLACE NITH Y(L-1) ANO CORRECT MOVING MEAN

HOLO1=Y(L)

Y(L)=YESTO

HOLO2=YRAR(L)

YBAR(L)=YRAR(L)+(Y(L)-HOLO1)/FHAVG

WRITE(6.16) LPRINT.HOLD1.HOLD2.S5D1.Y(L).YBAR(L).S02

9]

16
26

26

18
20

23
24

18

22
21

30

FORMAT(1H ,I5.5X.1PBG1IS6)

YBAR(L+1)=YBAR(L)+(Y(L+1+MLAG)-Y(L-MLAG))/FHMAVG

IF(IOUT) 26.26.20
CONTINUE

NRITE(6,18) LPRINT.Y(L).YBAR(L).S01

FORMAT(1H ,I5.,5X,1P3G15.6)
CONT INUE _
NRITE(6.23) NOUT

FORMAT( 1HO,. "NUMBER OF OUTLIERS FOUNO ANO REPLACED IS ".IB)
CONTINUE

NRITE(6.19)

FORMAT(1H1.T6, 'TIME (S)°',.T1S.'M R VEL (F/S5)")

LOO=LETART+1
LSM1=LSTOP-1
00 21 L=LGO.LSMI

VMA(L)=YSCALE/24.0/0ELTAT=( YBAR(L+1)-YBAR(L-1))

WRITE(6.22) THM(L).VMA(L)
FORMAT(1H .1P2G15.6)
CONTINUE

COPY OUTLIER-PURGEO OATA INTO OATA(I.NDEGP1)

00 30 I=ISTART.ISTOP
Y(I)=Y(I3»YSCALE

OATA(I-ISTART+1,NOEGP1)=Y(1)/12.0
CALL MLR(OATA.X.1200,7.NDATA.NOEOP!.1..TRUE..5.RSQ)

MRITE HEADINGS FOR OISPLACEMENT. VELOGCITY AND ACCELERATION

NRITE(E.38)
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38 FORMAT(1H1.T6, "'TIME (S) ,T19,"I OF V (IN)',T35, VELOCITY (F/S) ",

$T50, "ACCEL (F/S5/5)7,T67, "SIONAL (IN)*,.T82. RESIOUAL (FT)")

0IsPL=0.00 00

VELT=0.00 00

00 42 I=ISTART,ISTOP

II=I-ISTART+1

XT=X(1)+X(2)w0ATA(II,1)

VEL=X(2)

ACC=2.00 0Dx»X(3)

D0 40 J=2.NDEC

XT=XT+X(J+1)wOATACII.J)

FJ=FLOAT(J)

FJIMI=FLOAT(J»(J-1))

VEL=VEL+FJeX(J+1)»0ATA(II.J-1)

IF(J.GE.3) ACC=ACC+FJJM1wX(J+1)w0ATA(II,J-2)
40 CONTINUE

RESID=XT-DATR(II .NOEGP1)

0ISPL=DISPL+6.00 OO=OELTw(VELT+VEL)

VELT=VEL

XTP=12.0wXT

WRITE(6.43) DATA(II.1).0ISPL.VEL.ACC.XTP,RESIO
43 FORMAT(1H .1P6G15.6)

ASSIGN VELOCITY TO YBAR AND ACCELERATION TO 52 FOR PLOTTING

YBAR(I)=VEL
S2(I)=RACC
42 CONTINUE

PLOT ORIGINAL POT ORTH

N(1)=1
N(2)=NDATR
NRITE(6.41)

41 FORMRT(1H1.T20, 'ORIGINAL ROTARY POTENTIOMETER SIGNAL (MV) ")
CALL PPLOT(TM(ISTART).RPOT(ISTART).N,7.0.4.0,0,'0")
NRITE(6.46)

CALL CPLOT(TM(ISTART).RPOT(ISTART).N,7.0.4.0.0,0,0,1)
XPAGE=0.5

YPAGE=-0.5

CALL SYMBOL(XPAGE.YPAGE.0.084,'TIME (SEC)'.0.0,10)
XPAGE=-0.5



o

44
46

74

YPAGE=0.5

CALL SYMBOL(XPRGE.YPRAGE.D.084, '0ISPt SIG (MV)*.90.0.14)
XPRAGE=0.5

YPRGE=AYL+0.25

CALL SYMBOL(XPRGE.YPRGE,0.098,TITLE.O.0.NCH)

PLOT UNFILTERED ORTR

NRITE(6,44)

FORMAT(1H1,T20, "UNFILTD DISPLACEMENT SIGNAL (MV) ")
FORMART(1H ,T20.° 'TIME (SEC)")

CALL PPLOT(TM(ISTRRT).Y(ISTART).N,7.0.,4.0,0.°0")
WRITE(6.46)

CALL CPLOT(TM(ISTART).Y(ISTART).N,7.0.,4.0.0.,0.0.1)
XPRGE=0.5

YPRAGE=-0.5

CALL SYMBOL(XPRGE.YPRGE.0.084,°'TIME (SEC)’*.0.0.10)
XPRAGE=-0.5

YPRGE=0.5

CRLL SYMBOL(XPAGE.YPRGE,D.0B84,'DISPL. SIG (MV)°*.90.0.14)
XPRAGE=0.5

YPRGE=AYL+0.25

CRLL SYMBOL(XPRGE.YPAGE,Q0.098,TITLE.O.0.NCH)

PLOT ESTIMRTE OF VELOCITY

WNRITE(6,74)

FORMAT(1H1.T20, "ESTIMRTE OF VELOCITY (F/S)")
N(2)=NOATR

CALL PPLOT(TM(ISTART).YBAR(ISTART).N.7.0,4.0,0,'V")
WNR<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>