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THE PROBLEM

The National Aeronutics and Space Administration (NASRA)
has been conducting research in digital fly-by-wire (DFBW)
flight control for aircraft and spacecraft. At the NASA

Dryden Flight Research Center a DFBW flight control system

. R

has been tested in the F-8 aircraft. In the specific flight
control area of sensor redundancy management (SRM) a method
capable of verifying performarnice through statistical analysis
of sensor data is desirable. It is hoped that this statistical

- analysis will define performance requirements concerned with

4

- detecting false alarms, missed alarms, and maximum vehicle

transients caused by sensor failures. The results should be

-
Farh

used to set tolerances (thresholds or trip levels) for each

S

parameter measured.

P
RN

This researcher developed a probability density function

5

:e s

for the mid-value sensor select algorithm (NASA Grant NAG 4-6).
The probability density function was used to obtain values for
nomograph plots for the probability of false alarm, given the

cummulative probability of being in the domain of failure and ’

system reliability.

One of the objectives of this grant (NAG 4-9) is to apply
the probability density functien, developed in NASA grant NAG 4-6, ]
to sensor output data from the AFTI F-16 aircféft. AFTI stands ?
for Advanced Fighter Technology Integration and is a joint Air %

j@@ Force, NASA, and Navy program to apply futuristic aircraft ﬁ

technology using a highly modified F-16A aircraft. The AFTI F-16
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program is expected to continue through the summer of 1984.

More specifically, this investigator will attempt to
reach the following goals: . '
1. Rewrite the procedures, developed in NASA Grant
NAG 4-6, for generating a probability density
function to determine false alarm rates, using

an algorithmic approach.

2. Develop microcomputer software wh}ch will print
out table of values for the cummulative probébility
of being in the domain of failure; system reliability;
and false alarm probability, given a signal is in

the domain of failure.

3. Develop microcomputer software which will plot
nomographs associated with the table of values

in step 2.

4. Apply the microcomputer software to sensor output
- data for various AFTI F-16 flights and sensor

paramaters.
5. Survey various experimental SXM zlgorithms.
6. Make practical recommendations for further research.

Conditional probability and probability density functions
will be used to find the probability of a false alarm, given
the sensor select signal is in the domain of failure. Further-
more, the resulting probabilities may be used to select

practical threshold values. This approach also includes
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ORIGINAL PAGE (9 L
OF POOR QUALIVY

system reliability in the determination of threshold values,

Qﬁp and provides the probability of a false alarm, given an
alarm occured. That is, if the fail light is on, the confidence
level for resetting the system is available. The most

difficult task will be to determine the probability density

g
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function for being in the domain of failure.

One impwrtant task is the determination of the operational

probability density function. : g

ONE TASK IS THE
ACTUAL DETERMINATION
o OF THE OPERATIONAL
| DENSITY FUNCTIONS...

PROBABILITY DENSITY
FUNCTION
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REVIEW OF RELATED LITERATURE

Sensor redundanéy management (SRM) requires a system
which will detect failures and reconstruct avionics accordingly.
In the F-8 DFBW aircraft SRM is extremely important to vehicle
performance and the activity of output signals influenced by
device errors, failures, and vehicle motion. Failures should
not cause excessive vehicle transient motion, which might

result in damage or loss of the vehicle.

Sensor redundancy management is required to detect a wide
class of failures, detect and minimize false alarms, and detect
whether or not the signals exceed a given trip level (threshold).
To maximize the deteétion of failures, the trip level should
be as small as possible. However, to minimize false alarms,
the trip level should be large enough to include the expected
errors in the parameter channels. Errors are divided into
three classes: fixed errors (bias-errors), noise errovrs
(originating in sensor and AD converter), time varying errors
(dynamic errors caused by scale factor deviations, transfer

function errors, and sensor unalignment).

Gelderloos and Wilson (1976) designed a Monte Carlo
Simulation (MCS) to verify flight control SRM in the NASA
Space Shuttle project. This MCS gives probahilities of false
alarms, failure transients, and failure dectability as
dicated by performance requirements. They note that MCS was
chosen because the non-linear nature of the problem does not
lend itself to simple linear techniques, including elementary

statistical analysis.

P
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At the start of each run the MCs randomly chooses a number
for each redundant parameter according to a given densicy
function. Data is exercised through three sets of glgorithms
(Figures 1, 2, and 3) and, for each run, finds:

1. The maximum trip level which will give one false alarm.

2. The maximum failure transient.

3. The maximum trip level which will) detect a given failure.

These maxima are collected for 500 runs and then
normalized to achieve the desired probabilities. Two of
Gelderloos and Wilson's findings are:

1. The probability of false alarms are a function of
the size of errors between redundant sensors.

2. The probability of failure detections are a function
of the size of errors on the "good" sensors as well
as the signal differences between the."failed"

and "good" sensors.

Sensor redundancy management for the F-8 DFBW aircraft
at the NASA Dryden Flight Research Center is divided into two
parts (RMI and RM2) which are executed at different times in
the computation cycle. Szalai, Felleman, Gera, and Glover
(1976) illustrated F~-8 DFBW hardware (figure 4), software
sequence and timing during one minor cycle = 20 m/secs
(figure 5), triplex SRM (figure 6), and triplex discrete
rendundancy management algorithm (figure 7). A hard sensor
fault is declared by RM2 whern a sensor differs from a selected
value by an amount greater than the allowable tolerance

(trip level) for a given number of passes (for the F-8 DFBW
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n = given number of passes = 5=100m/sec). The given number
of passes, n, is often referred to as a window width. Figure
8a illustrates a hardover sensor fault of sensor A, and figure

8b illustrates a transient fault of sensor A.

Szalai, Larson and Glover (1979) summarized the F-8
DFBW flights in and Advisor§ Group for Aerospace Research and
Development (AGARD) lecture. Table 1 lists the sensor set and
assigned tolerances (trip leVels). Some of the findings for
pitch rate gyro, roll rate gyro, yaw rate gyro, normal
accelerometer, lateral accelerometer, and longitudinal
Accelerometer for sensors A and C are:

l. RMS value of the sensor pair difference was generally

less than half the maximum difference recorded
(i.e. (A-C) RMS value < % maximum (A-C)).

2. Maximum |A-C| < % fault threshold.

The counters in the program logged each miscompare of
any sensor pair, triple, or duplex set and the number of times
the counter reached three or four {(one or two of n=5).

Table 2 lists the cummulative sensor flight experience for
the F-8 DFBW at NASA nyden.

The results are not significant because of the following

1. Angle of attack, pitch attitude, and altimeter
tallies were caused by an actual hardware failure.
2. The one lateral accelerometer fault was a false

alarm (acceleration threshold was increased to 0.2g).
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3. The other two lateral accelerometer and attitude
where the count reached four were associated with

a previous degrading of performance.

In a Boeing Company report (1978) on Signal Monitoring
and Voting the following reasons are given for the importance
of sensor select and failure detection: improve autoland
performance, reduce nuisance disconnects, improve no failure
performance, and add significant fault isolation capability.
The Boeing sensor selection system is very similar to the
Dryden F-~8 DFBW system. They have also been trying to develop
a statistical model to input sensor data, perform statistical

analysis, identify the distributions, and predict exceedance

rates. The Boeing Corporation has indicated that the identification

of the distribution will help to predict low exceedance rates.
However, they list the following as problem areas: Sensor

data is not stationary; limited sample size (not true at Dryden

since F-8 DI'BW has had over 100 flights); no specific distributions

for sensor data has been identified; and, sensor distributions

are possible to model, but extremely difficult.

The determination of false alarm rates and practical
threshold values would be beneficial to the AFTI F-16 research.
Some of the futuristic capabilities of the AFTI F~16 would
include a Voice Command System that allows the pilot and air-
craft to converse verbally; A Digital Flight Control System
computer and an Automated Manuvering Attack Sysitem computer
that converse with each other to cut down pilot workload

during combat type maneuvers;and direct force controls, such
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as "chin" canards that provide lift, sideforce, and axial
translation capabilities. All of these and other features
are designed to work together to attempt to make the

AFTI F-16 aircraft the best fighter aircra.. in the world.
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METHODS AND PROCEDURES

Given three independent signals, each measuring the same
parameter, one of the signals or a weighted average of the
incoming signals would be used for input in a flight control
system. For the F-8 DFBW project, the mid-value sensor select

algorithm was chosen:

INPUT 15| MID
INPUT 3‘ VALUE MID VALUE

INPUT 3; SELECT

The monitoring of each of the three input signals,

necessitates developing some criterion for determining when

one of the input channels fails to function properly. The
initial approach for chosing this criterion was to examine

the difference between an input channel (say, input 3), and

the mid value; then assume that this difference is approximately
normally distributed and select a value C,, so that the
probability of the "normally" distributed difference signal

exceeding C,, is quite small.

INPUT 1, [MID

INPUT 2|‘VALUE MID-VALUg

INPUT 3’ SELECT

+ ® -
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T e

- i
T

-

R T R W onow

G e BB L
. ©

T LY
et
o -

:

-

IDUINARPIINSS, - ¥ \ hutert 3
=

(»



Ay

g TR TR T Y T

As a practical matter, it was dercided to determine C,
so that the probability of n consecutive values from the
"difference signal" exceceding CV is less than some specificd
value. The use of n values is commonly referred to as a
window width of n. Determination of Cy is predicated on the
assumption that samples from the difference signal are in-
dependent. The window width affects cV directly (i.e., the
greater n, the longer it takes to eliminate a bad sensor ;
and smaller n, the more sensitive determination of C,, is to
the kurtosis of the difference signal). Also, the longer
the flight time, the more likely n consecutive values from
the différence signal will exceed Cy+ Thus to specify with
at least 99% confidence, a maximum number of excursions (the

event that n concecutive values exceed Cv):

i.e. p(min {Iyil}?=licv
Cy is selected so that

. L1 0o .SPS*T <N
Plmin {|yi|}j=1-c ) "=5— =

" where T = total seconds ;-
n = window width 3
N = number of excurisions per T seconds 3

SPS = sampling rate of the system (Samples per second)

-
. i
-

Notice, once again, that n/SPS seconds is required to

.

determine whether or not the input signz2l is faulty. This

LR TUATE Y e AT e T
-k
»

time may or may not be critical. Selection of C, in this

i

context simply establishes a level which the difference signal

-107
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is not likely to exceed (without a hard failure of some kind).

Figure 9 shows, for various window widths, what value C,, must

take take for having the specified number (or fewer) of

excursions in one million frames of data.

An alternative approach, to determining Cy would be to
consider the conditional probability of a false alarm, given
that the difference signal has exceeded the c¢ritical value
(Cy) . This approach is more desirable than the one outlined
above; since it will include system reliability in the
determinaticn and provide the probability of a false alarm,
given that an alarm has occured.l In other words, if a fail
light comes on, the conditional probability approach will

provide a confidence level for resetting the system.

The following step~by-step procedure was developed by
the investigator.

STEP 1: Find P(AF/DF), where AF=the event of a false alarm
occuring, and DF=the event of the signal being in the domain

of failure

DOMAIN OF FAILURE

FALSE ALARM

Using Baye's law we obtain:

P (DF/AF) *P (AF)
P (AF/DF)

P (DF/AF) *P (AF) +P (DF/AF) * P (AF)

where &F

but P(DF/AF)=1, therefore

event of no false alarm (i.e., true alarm or no alarm)
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' P (AF)
i. P(AF/DF) =

P (AF) +P (DF/AF) *P (AF)

now let A = event an alarm occurs

AT = event a true alarm occurs
then AF = A U AT

and

ANAT = ¢

therefore P(DF/AF) = P (DF/(AUAT)
= P (DFA(AUAT))

P (AUAT)

and since ANAT = ¢ _
P(DF A) U P(DF AF)

P (DF/AF) = A—
P(A) + P(AT)

note DF A = ¢ and DPNAT = AT
P (AT)
P (R) +P (AT)

&

{1, P(DF/AF) =

substituting ii. into i. we obtain

P (AF/DF) = P (AF)

P (AF) + P (AT) - P(AF)
P(A) +P (AT)

P (AF) [P (A)+P (AT) ]

or iii. P(AF/DF) = — : e
P(AF)[P(A)+P (AT) J+P (AT) *P (AF)

Now we need formulas for P(AF) = P(false alarm,
P(A)= p(no alarm occurs) and P(AT)=p(a true alarm occurs)

so we can compute P (AF/DF).

-12-
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“Let P(AF) = P(A F)=p(alarmfnot a hard fault) .

where A = event an alarm ocsurs
F = event a hard fault occurs

F = event a hard fault does not occur.

iv. p(AP)sP(AﬂF)sP(A/F)~p(F)=C(DF)'R=[/DFp(y)dyJ-R

where C(DF) = cummulative probability of being in the domain

of failure

R = system reliability
i.e. R = P(F)
P(y)= operational density function
furthermore:
— ORIGINAL PAGE (@
(AF) =1-P (AF) OF POOR QUALITY
P(A) =(1-R)+P(AF)
v.{ P(A) =1-P(A)

P (AT)=1~R

Substituting v. into iii.we obtain:

P(AF)[P(R) + P(AT)]

P (AF/DF) — - —
P(AF)[P(A)+P(AT)] + P (AT) *P(AF)

P(AF)[(1=(1~R) =P (AF)+1-R] -
P(AF)[ L= (1-R)~P (AF)+1-R]J+ (I-R) - (1-P (AF))

P(2F)[1-P(AF) ]
P(AF)[1-P (2%) J+(1=R) - (1-P (AF))

= P (AF)
P(AF)+ (1-R)

]
v
5
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URIGINAL PAGE I3
OF POOR QUALITY.
- STEP. 2:
Determine the characteristics of the probability

Qﬁ' density functicn (pdf) = /ppP (y)dy = C(DF)
NORMAL, PROBABILITY DISTRIBUTION FOR CONTINUOUS RANDOM

% - e B R = L — i 5 A A A8
- w

VARIABLE X (RVX):

1 [-1/2 (X-u)2/02]
P(X) = e
ar2n
where 4 = mean RVX

02 = variance RVX

I

st. deviation RVX

Q
It

STANDARD WORMAL PROBABILITY FUNCTION

2,.
1 e -X=/2

CUMMULATIVE PROBABILITY DENSITY FUNCTION

2
X -y</2
F(X) = 1 [Co e dy
V2w

ORDER STATISTICS
Now let xl, X2, x3 (sensor triple)
be a random sample for RVX and

let y; = minimum (X1, Xo, X3)

Yo mid value (X1, Xq, x3)

The joint probability density function of Xy0 X

£(Xq) *£(Xp) *£(X3)

-14~
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The following disjoint sets:

Al = {(Xl,
= /
Az {“xl)
A3 = {(Xl,
A4 = ((Xl,
Ag = {(X

6

X3) | Xq<Xy<X5)

x3)| Xy <X3<X,}
x3>| x2<xl<x3}
x3)| Xp<Xg<X, ]
x3>| X3<Xq <Xy}

X_ )] X_<X_<x_}
3 321

ORIGINAL PAGE [3
OF POOR QUALITY

are one-to-one transformations which map each of

Ay, A, ...,Agontec the same set B = (Y;, ¥Y,, Y3) Y1<Yo<Yy-

Furthermore, the inverse functions for points in:

A, are X
A2 are X
A3 are X
A, are X

A_ are X

The Jacobian for

1

1

1

1

1

A are X
1l

—
-

I

it

oo

0
1
0

OO
o O

Ylt

0
0
1

oo

Xy

of these

Ja

1, 2,
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Therefore the joint pdf of Yier Yor Y5 iz

ORIGINAL prow e
OF POOR QUALSTY

9(yye You ¥3) = |3 [Ely ) E(y,) Ely,) +]T,] Ely))E(y, ) £(y,)

or q(yl. Yy y3) = 6f(yl)f(y2)f(y3)

Now we will compute the probability density function (pdf)

for the mid-value sensor select algorithm which is illustra-

ted in figure 9.

The marginal pdf for y2 (mid-value) is:

Y2
h = =
(Yz) - jyz g(Yll Yor Y3)dY3dY1
Y
= 2 r®
/.2 sz 6£(y1) £ (y,) £ (v4)dysdy,

= 6f(y.) /02 }
Yoll-a £(y)) [Y2 £(y,)dy,dy,

= 6f(y,) [12 £(y)) [1-Fiyylay,

[}

6f(y2)[l-P(y2)JF(y2)

since F(X) = ffm f(w)dw

THE CUMMULATIVE PDF
and

[fw f(w)dw = 1

note that h(y,) = 6f(y,)[1-F(y;) IF(y,)
has edpected value, u=0

Py £0)=6/2uF (v2) [1-F (y,) J£ (y,)dy,
since d(F(y,)) = f(y,l)dy,

p(¥2 $0)= 6f9° F(Yz)df(Y2)“[F(Y2)]zdf(YZ)

~-16-

- - —r—————

>

R RS T T, e e SRR
- ST Tt T
* e

N@L..(w;;ﬁ/ii.‘l,{,ii...,f i




il S Sl A

A e o8 e W

AR SaAVTWL ¥ T

or ply,<0)

[F(y,)12  _[F(yp)3® |0

=6 OF POOR QUALm
2 3 - 0

- l0.502 _ (0.5)3
3 3

= 0.5

Therefore our pdf has Median = 0 and is symmetric about u (mean)=0.

Now h(y;) = 6£(ya)F(y)[1-F(y,)]
h(-y;) = 6£(~y,)F(-yp)[1-F(-y;)]
2
1 -X%/2

f(X) = ———-v— e
Y2n

£(-y,) = £(y,)

F(~y,) = 1-F(yj,)

1-F(-yy) = F(y,)
hence h(-y,) = 6£(y,)[1-F(y,)IF (¥))
has u=0, median = 0, and is symmetric about u.
The variance E(y,2)-E(y,)2=E(yj)?

(since median = 0)

Therefore,
02(y2)=variance(y2)=6fjwy§ f(yz)F(yz)El-F(Yz)]
Now we must integrate the mid-value variance.
The formula for variance (yz) above is very difficult to

integrate.

However, we can use the trapezoidal rule t> integrate numerically

and obtain variance (mid-value)=02(y,)= 0.4487.

-17-

ORIGINAL PAGE 13

z L SOOI

BT
e S

&
;
H

o g -

T 2 A s
B PR
Lo

RS

Jhid ERGAIE T
AE T

AL
Sy




ORIGINAL PACT 13
OF POOR QUALITY

The distribution h(X)=6£ (X)F(X)[1-F(X)]

~

1 -x2/2
where: £(X) = e € and
Y27

F(X) = e [X_ o dt,
Y2n

is not normal, but statistically indistinguishahle from a
normal distribution with u=0 and o2 = 0.4487 at the 0.05

level of significance. The distribution h(X) = 6£(X)F(X)[1-F(X)]
1 e-x2/2(o.44a7)

/Z7(0.6699)

and n (X) = agree in the + 30

range to at least two decimal places.

. We define a distribution to be "near-normal if a x2
(Chi-squared) test of goodness fit indicates the distribution
g is indistinguishable from some normal distribution at the L
| 0.05 level of significance. Every normal distribution is

"near~-normal" as is h(X) = 6£(X)F(X)(1-F(X)).

The x2 goodness fit test indicates that at the 0.05 E

level of significance h(X) is not significantly different

wore 4 0
’ R N .
-

from a normal distribution with u=0 and o2 = 0.2887. 1In :
¥ fact, the 99 percent confidence interval for o¢? is: :
41 .
X 0.4222<02<0.4970. g
L - - 4

Finally, our "near-normal" pdf for the mid-value

£3 selection is 2
: -X</2(1.4487)

E;A n(x) = J e

5 V27 (1.2036)

- e -X2/2.8974
5 g7~ . or n(X) = 0.33145 e

-18~




1.e. u=0
02 = Normal Part + Near-Normal Part = 1+0.4487=1.4487
o = v1.4487 = 1.2036, and

=30 < 99 percent of signals < 3¢

-3.099 < 99 percent of signals < 3.099

STEP 3: The present investigator modified the NASA Dryden
prepackaged programs FLIFRNT (for obtaining sensor channel data)
and SPA (for obtaining a statistical analysis of sensor .channel

data) to obtain this information for differences (left-self,

left-right, self-right) between sensor channels (see Appendix C).

STEP 4: Original microcomputer software (see Appendix D) was
written to obtain tables of values and plots of corresponding
nomographs for P(AF/DF), given the sensor channel difference

was in the domain of failure and system reliability.

STEP 5: The revised SPA program and original microcomputer
software was run using sensor data collected from various

AFTI F-16 flights.

-19~
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FINDINGS

The NASA Dryden computer center has a statistical
package, entitled SPA (see Appendix E), which can cause linear
trends to be removed from unfiltered data; filter data;
perform descriptive statistical analysis; nonparametric
statistics, root mean square analysis, spectrum analysis,
histogram plots, and normal curve fitting to histogram plots.
Figure 10 (roll rate gyro sensor data for channel C on flight
22) and figure 1l (longitudinal axis sensor data for channel
C on flight 22) are indicative of F-8DFBW sensor data dis-
tributions. Most sensor data distributions for the F-8DFBW
aircraft have the following properties: the data is subject
to abrupt peaking; few or no extremity values exist; and observed
chi-square values exceed critical values (see Table 3). These
non-normal properties induced the investigator to formulate
the near-normal probability density functions in the previous

section of this paper.

Subsequently,for NASA Grant NAG 4-6 a BASIC computer
program was constructed and executed using sensor data from
roll rate gyros A and C for flight 23 of the F-8DFBW aircraft.
This program accepted a sensor value; then computed the
corresponding value of C(DF), using the probability density
function; then let R = reliability of the system assume values
from 0.9999 through 0.9950; and finally compute the corresponding
values of P(AF/DF) probability of a false alarm, given the

sensor select value was in the domain of failure,

=20~
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The results of this BASIC program were used to construct
the general nomograph, illustrated in figure 1l2. As an
illustrative example, we see in figure 12 that for

C(DF) = 5.2x10"° and R = 0.999, P(AF/DF) = 0.05.

Now, introducing the selectioh of a desired window
width (which was explained in the previous section of this
paper); to the BASIC program and general nomograph which
computes P(AF/DF), given C(DF) and R, a general nomograph
for selecting Cy (critical threshold values) was constructed
in Figure 13. For example, figure 13 illustrates that for a
window width of n = 5, the threshold value
Cy 2 1.480 = 1.48(1.2036) = 1.78 (for the mean~-value sensor

select algorithm).

Repeating the processes outlined above the investigator
obtained a second output of values for the mid-value sensor-
select pdf. The statistical comparison of the mid-value and
mean-value sensor select distribution, as expected, was not
significant at the 0.05 level. The general nomegraphs in
figures 12 and 13 apply to both mid-value and mean-value

sensor select probability density functions.

Modified versions of the FLIFRNT and SPA computer
programs (Appehdix C), and microcomputer software (Appendix D)
were used.to obtain complete statistical analyses, false
alarm probabilities and corresponding nomographs for AFTI F-16
flight data collected by the investigator, during August, 1982

(Appendix F).
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A COMPARISON OF VARIOUS SRM ALGORITHMS

After one sensor has failed in a triplex system, the
SRM algorithm must perform selection, detection, and recon-

figuration on the remaining two sensor inputs.

One basic idea in SRM, for a triplex system, is that
when a particular sensor input differs from the other two;
it is probably true that this particular sensor, and not the

other two, has failed.

A miscompare between two inputs creates a problem for
the computer, because it has no way of telling which input is
correct. The computer must have a third source cf information,
before it can isolate the bad input and avoid declaring both
inputs bad.

(A) ASPECTS OF SRM

l., Selection Process
2. Pault Detection Process

3. PFailure Reconfiguration Process

(B) SELECTION METHODS FOR SRM

l. Mid-Value Select (MVL) ~ takes the three

input signals and picks the value "inbetween"

the other two (see figure 14).

2. Self-If-Good (SIG) - each processor uses its
respective sensor input, providing it was not
previously declared out of tolerance (see figure 15).
3. Averaging (AVE) - mathematical average of the

three inputs (see figure 16). Notes: if one sensor

-22-
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has failed, the remaining two are averaged; and

¥ )
LY

only the MVL method allows selection to be run

before detection.

(C) DETECTION METHODS FOR SRM

1. Result Minus Sensor (RES-X) - takes the result
of the selection process and subtracts each sensor
value for comparison to a tolerance (see figure 17).
RES-X is performed every 20 m/secs and each miscompare
represents one persistance count (PC). Given a
frame rate and a set time, a fault must persist for
a specified maximum PC beéore being declared permantently
failed.
- 2. Differening (DIFF) - compares the difference of
? A each sensor pair to a tolerance for determination of

a miscompare. If two comparisons fail, the sensor

common to those tested has its PC incremented.

NOTES:

a) Acceptable selection/detection processes: MVL/RES-X,

-

MVL/DIFF, SIG/DIFF, AVE/DIFF.

»

b) RES-X requires selection first, and only MVL allows

selection before detection.

AL T i R e ATRESE S
. -

B %

(D) RECONFIGURATION METHODS FOR SRM

CTIRE

Reconfiguration indicates what must be done when only

two good sensors remain andé a miscompare between these two

I g

occurs. The needs for reconfiguration are to set system

reliability requirements and indicate the importance of the

R I"T_ﬂ‘ !\w‘«‘ S 1!-‘\*‘
Py
%

sensor in question.
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L
2.
3.
.
4.
|
e
4,

Resonability Check - determines if the input is
within its physical range. For example, if an air-
craft cannot reach an altitude greater than 40K, a
value greater than 40K would be used as a resonability
check for altitude.

Rate Change - tests the sensor input in question
against a known physical limit, namely a given rate
change. The rate of change and resonability methods
are quite similar.

Analytic Radundancy Management (ARM)-makes use of
unfailed sensors which are related to the sensor being
monitored. The ARM relationship is modeled in the
digital system and driven by dissimilar sensor inputs.
The main function of the ARM algorithm is to output

a third sensor value, in order to isolate the fault.

Failure Analysis - uses knowledge of the system hard-

e maca s

ware structure to isolate failures. If a number of
analogue inputs fail at the same time; a failure
of analogue to digital is declared, then all analogue !
inputs Zor the channel in question are put in a
failed status. If a second miscompare occurs and
this failure is analyzed as a failure of a higher
order device (such as analogue to digital converter),
then the corresponding input would be declared failed,

f
allowing the remaining good sensor to be identified. %“
X
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RECOMMENDATIONS

A
y

It seems that conditional probability and order statistics
offer an elementary, interesting, and promising approach to the
complex problem of analyzing sensor distributions, predicting

false alarms, and selecting practical threshold values.

In conclusion, the investigator offers the following
specific recommendations for further research:
1. Use the probability function and microcomputer
, software developed.in this research paper to perform
3 a statistical analysis for each of the sensor
parameters on current AFTI F-16 flights.

2. Attempt to use the statistical analysis in step 1

T meeTee DAY Rl L Pl M o4

to set practical threshold values for AFTI F-16

:.—\

sensor parameters.

3. Develop microcomputer software to replace the NASA
Dryden SPA statistical package. ;

4. Develop statistical procedures to study the various pe
experimental SRM algorithms.

5. Develop statistical procedures to compare the results

of various experimental SRM algorithms.

- W owe -

‘ 6. Determine the probability of a sensor miscompare

based on noise frequency content and sampling delays

S N WATT W T

in an asynchonous system. It is possible that an

asynchonous system will reduce the input of electrical

L eI
- »

transients on system operations. One theory is that

Al
f

AL

if an electrical transient occurs, it will appear on

R R T

only one channel at a time and will be voted out in

the selection process.

. 25
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ORIGINAL PAGE 19
OF POOR QUALITY
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Figurel4. Mid-Value Sensor Select Algoritim
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F =2

e

” SENSOR_SET TOLERANCE
Pitch rate (deg/s) 4 deg/sec
Roll rate (deg/s) 10 deg/sec
Yaw rate (deg/s) 4 dég/sec
Axial accelerometer (g) 0.1g
Lateral accelemoter (g) 0.2g
Normal accelerometer (g) 0.5g
Pitch C stick (cm) l.0cm
Roll:C stick (cm) 1.0cm
Rudder pedals (cm) 0.5cm
Angle of attack (deg) 2.0deg
Left secondary actuator (cm) 3.5cm
Right secondary actuator (cm) 3.5cm
Pitch attitude (deg) 15deg

Roll attitude (deg) 15deg
Heading (degqg) 15deg
Mach number 0.05
Altitude (m) 150m

Table 1: Sensor Fault Thresholds
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: SENSOR ACTUAL FALSE OF TIMES |NUMBER OF
HARDWARE | FAULT FAILCOUNT |MISCOMPARES
FAULTS DECLARATIONS | REACHED 4 |ANY FLIGHT

YAW RATE GYRO 0 0 0 0
YAW RATE GYRO 0 0 0 0
YAW RATE 0 0 0 0
LONGITUDINAL ACCELEROMETER 0 0 0o 0
LATERAL, ACCELEROMETER 0 1 2 226
NORMAL ACCELEROMETER 0 0 0 6
ALTIMETER 1 0 267 :
MACH 0 0 0 0 :
PITCH ATTITUDE 1 0 2 10
ROLL ATTITUDE 0 0 0 72

4 HEADING 0 4 0 9 |
PTTCH CENTER STICK 0 0 0 0 5
ROLL CENTER STICK 0 0 0 0
RUDDER PEDALS 0 0 0 0 T
PITCH SIDESTICK 0 0 0 0 !
ROLL SIDESTICK 0 0 0 0 :
ANGLE OF ATTACK 0 0 0 7
Table 2: F8 DFBW Sensor Flight Experience \
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x 2 VALUES x 2

CRITICAL VALUE

daf (0.995 level)
QBA-QBC 16€75. 8 21.96
PBA-PBC 186386. 10 25.19
RBA-RBC 117647. 14 31.32
NXA-NXC 200559. 24 45.56
NYA-NYC 465560. 27 49.64
NB8A-NBC 491741. 21 41.40

NOTE: x?2 VALUES COMPUTED UP TO EXPECTED FREQUENCY

LESS THAN 5.

IN EACH CASE COMPUTED VALUE EXCEEDS CRITICAL VALUE SO

DISTRIBUTIONS MAY BE TAKEN TO BE DIFFERENT FROM NORMAL.

Table 3: Chi-Square Test for Sensor Select Values

(Mid-vValue Algorithm)
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APPENDIX C

MODIFIED FLIFRNT PROGRAM

MODIFIED CARD SETUP FOR SPA PACKAGE
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@) C AR D SeETUFr FoR SPA

Cond 2 /23
ORIGINAL PAGE 3
Z / whitle cortisd eardl B Ot A
X FI&SPA, TIpzd.
J u.Sc('(AF/é FDPS)
ConTRal 4 CHARGE <«+5 g4 FTN) y
CARDS 5 - CETPF (PROC ;:11_ JNZ CSDO
/77 sa(@ilBmly)  SwITcw,3. /
v £ Beszw, TA'SK SP&)FLT’AF/Q@ PLET, FLiuN =AFLL,
1 7 7/5/é lard (Mef/taw—vg )
8 F/6SCALZ o@p FLT/SP7h @@ FoRELTIR o
' FLIFZ/\ff 771660—&«\5:
: otz )9 4:/@
z canda 4 17 @X‘CLIN ] s )" =) =  fPET= g
z NCr - 3 = 5. ¢)@Pz:/u,—:-.-:7'~;2’
f [ ACMITD PRZmITO pr2m2T0
A-/DW
/____7‘—6& @ ST = Seecs '/j: M"t&-" ET= 94912"9 W%CM
- Q(r)/.n Carc (2, o»-j// £ e en TRe
Faj (fj'ﬂam W%ﬂ /9 gpceLy 5 Lare )
| (¢> NCt
b
E < 28 i 7/3/? Clu.w/ (a/\ﬂj//&d‘t—ﬂs
; o 13 @Cﬁﬂﬂd@ﬁms-rye—zﬁﬁf—/ STATTST=
| S 14 @PSTATENGST= =)=~ -5 ~-=) ET2mm ey e
} &5@—’* ND= 4510@; =7 o 7 ).
w@x s @ ARNSTN@ST = === === ET===9—==-) |

WD=Y, ST =TX
E : \_—P,,@ L b L»(S 14,urdIS /u‘»-efe,,oﬂv‘ Mo gono FL7™
- (43%“ C%AZ ;;i ﬁ% -
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! 0 (1,101) TITLE - SR A o AT TR ;
prwmw- 181 FURMAT (BALOY ™™™ et A e -
o aEramm s UG Eeen
| W ES X T T 0
o READ 102, UFLID - 7o e s dLBJ ‘1“‘ Iahy 37
- 102 FORMAT C(A1@) - N : ’ voom
READ FLIN . .
:-Exgr H.m : - T gf’cm“t P"G"— '3
FRINT 183» UFLID o POOR QuALITY,
1. FORMAT C1H@y "UFLID = “yA10y ") :
IFCNCH.LT.! .OR. NCH.GT.10) PRINT 201 ' -
Zu. FORMAT C1X%" Reoussrsn NCH 135 OUTSIDE OF RLLONRBLE LIMITS. CORRECT
-HND RESUBMIT, .
IFCHCHL LT, L op NCH.GT.10) GO TO 999
WRITE (2) NCH» SPS
' “EAD 101y C(PARMIDCID s ImLyNCH) - rmmrmmmcoso cccooc oo o o ta o
ITE <2 (PARMIDCI)yI=1sHCH) v
JNOT.PRINTIT) PRINT 104y (PARMIDCI)) I=1)HiH)
P PMATC1Xs " PARMIDS REQUESTED ARE: ", 1BR1@y .
/ [%HF = 3TC(1) 3
[SMIN = 3T(2)
[SEC = ST(3)
[SMIL = ST(4)
IEHR = ET(1)
[EMIN = ETC2) /
IESEC = ET(3) yi
: IEMIL = ET(4) -
’ CALL DABOP (IUCDsUFLIDsNCH, Panmxn,meas.rsu,anxn,xrv PARMHANM)
[FUICCPRM.NE, @) PRINT 202
202 FORMAT C1H@, "AT LERST ONE psauscren PRPnMETER 1S MISSING FROM THE
-FLIDAB, CORRECT AND RESUBMIT, SR
IFCICCTME.NE. ) PRINT 203 . oo s bl e ik 2,

233 FORMAT C(1HA, "AT LEAST PART OF THE. REQHE°TED TIHE IS MISSING FROM T
| -HE FLIDAE. CORRECT AND RESUEMIT.,") :
f TCICATS.NE.A) PRINT 204 !

: Zv  ORMAT C1H@: "CATASTROPHIC FLIDAE HEADER ERROR
JFCICCPRM,NE.@ .OR. 'ICCTME.NE.® ,OR, ICATS.NE, o> GO TO .999 % . .'N
ASTC(1) = ISHR
ASTC2) = ISMIN ek cadaast iy 2 BTG4 L A ed *'**'»* - i '

AST(3) = ISEC b g T M AT ~,~
ASTC(4) = ISMIL : '
IFCPRINTIT) PRINT 105, TITLE;(PRRMID(I) T=13NCH)
105 FORMAT(1H1,8R18s/#T15) "UNFILTERED DATA FROM,FLIDAB") //T17,
- AT S AT Ay
2 CALL DRBIR <msas.nar.xrvps.xrv,wcn> ok
1- IFCICCDAT.GT.A) GO TO 3 1ol v
N

MILLI = IDTTL .
WRITE (2D IDﬂﬁ!DZ:MILLI!(DHT(!):I'i’NCH)

IFCPRINTITY PRINT 1065 ID1, ID2y ¢DATCI) s I=TyVHCHY ™
lag FORMATC1XsA10s A2, 10612.5) ¥

l
]
l
r
l
i
i
GO TO 2
3 EMDFILE 2 _ S el '
HET 1 IDHR -
. " - F“—-("'j' IDMIN___.._. “- o e w eriapades & ..--.44‘- A:fpe-i ..'Pnai P
\ G0 TO 1
- EMDFILE 2
FEWIND 2 !
999 S TOF v S
M —49-

'

e

el o b

R DSEC ' . s . PRR a m«:'f—-?fvﬂa
FZTC4) [niL : / e 8= Para-Pria
”IHT 197y ASTHRET

L7 FAORMAT, C1HBy "ACTURL START TIME = t'IS!IX’IZs 1Rs T2 1Ky 3918,

- "ACTURL END TIME = " 129 1Ry 1291 Ky L2 1% 13D
RITE (20 H T’HET . \
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APPENDIX D

MICROCOMPUTER SOFTWARE FOR COMPUTING
FALSE ALAPM RATES AND PLOTTING

CORRESPONDING NOMOGRAPHS
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T 0000 OGN0 GG ON6 6 OU
Ry Lo RO L6 B AT ALRTNE ST AT AT

.
CONACSOUSVNS ~COUICT LLMN~0W0D
VDX VA==~V VIV V VDL M=+ VEI~ =~ VOV O+ VD TV~D~T VIV VVVV VD TVONTOOVD

~NINNININING)
=ooOoo®

o

ORIGINAL PAGE i3
OF POOR QUALITY

REM oo e o o e o e o o o e e -
REM -- NASA PROGRAM ~-- RITTEN BY JEknrY H., SITBON  <=====
ggn -=  PROGRAM WRITTEN ON NORTH#STAR COMPUTER (HP BAS) .. ===
SE: ON_PROGR
N M
DIM Sgs&sggg.F2t(8?.9$(33),F13(33).At(lS).TO(33)-D(3.20).P$(25)
DIM VU$(10000),P(2,300),29%(10)
ggsge 30000 \ REM LEARN TERMINAL CODES
GOéUB 9500 \ REM CHRCK FOR DIR FILE AND DEFAULT DRIVE
PRINT C1%, gts. Hés \ REM CLEAR SCREEN, RING BELL, HIGH INTENSITY
PRINT TAB(20),"SENSOR REDUNDANCY MANAGEMENT"
ge NT TAB(20),.FNS$(28,45)
“
PRINT \ PRINT \ PRINT \ PRINT Ni1s
PRINT TAB(Z),"(",H1S, “,N1$,")", TAB(1S5),"Enter data to file"
PRINT TAB(Z),"“(",H1%$,"2"/,N1%,")",TAB(1S),"Disrlav data from File"
PRINT TAB(Z),"(",H18%,"3",N18,")", TAB(1S),"Edit data in file"
PRINT TAB(Z),"(",H1%$,"4" ,N1$,")", TAR(1S),"ComPute and ararh pProbadbilities"
PRINT TAB(Z),"(",H1$,"S",N18$,")", TAB(1S),"Delete File"
PRINT TAB(Z),"(",H1%,"B",N1%,")", TAB(1S),"Display fFile list"
PRINT TAB(Z),"(",H1$,"7",N18%,")", TAB(1S),"Exit Pprogram"
PRINT \ PRINT '
PRINT “Type in the number of vour choice ...... "

E=AVGHABR ‘Ris) FAERCLBYA aas
RINT As

ON A-48 GOTO S00,900,80,3000,90,6000,8990

T
EEH Eﬁ?ER NATA TO FILE

I Cis$, .19,B1%,CHRS (10) CHR$(10) ,CHR$(10)
I TAF . 'S),"INPUT MODE" \FOR R=1 TO 1000 \ NEXT R
S goo \ GOTO S7S
{ 1%, Bis, His
I TAB(Z),"SENSOR REDUNDANCY MANAGEMENT"
I TAB(Z),FNS$(28,45) \ Z=11
I \ PRINT TAB(Z+5),"Probalility of false alarm"
I \ PRINT TAB(Z+S),"Enter data prosram"
I \ PRINT TAB(Z+S),"Written by J. Sitbon"
§ hlzRINT TAB(Z+S),"“For F. Scalzo Ph.D"
I \ PRINT TAB(B),"“TYPE IN THE NASA PROJECT FILE NAME"
I \ PRINT \ PRINT TAB(10),FNS$(25,45),U1%,Ul$, HLS
I TAB(10Q),
(1,33)=FNS$(33,32)
PUT1I"",F$(1.,25)
=FNT$(F$)

O THEN GOTO SE6S

\PRINT \ PRINT Ni1$\ PRINT TAB(10),"LOOKING UP DISK DIRECTORY",B1%
2000 \ REM SEARCH DIR

-z

T 0 6

\ EEIN? E?S ENTQ(FS). is a new ProJect file rame",B1%
\ INT

“"Should this file be created 7 (Yes or No) ",

A%
$) =0 THEN GOTO S9S
1)="N" THEN GOTO 90 \ REM GOTO MENU
1)<>"yY" THEN GOTO S80
Q0 \ REM WRITE DIR ENTRY
PRINT
THEN GOTO BZ2S
1 TO SO0 \ NEXT R
0
“ProJect file “,T$," will be stored in target file ",F2%(1,8)

TAB(10) , "PRESS ANY KEY TO CONTINUE "yB1%,
NCHAR$(0) \ GOTO 700

Ci$,21%,"ProJect name ",T%$," exist, stored in tarsgset file "“,F2%(1,8)
\ PRINT “SHOULD THIS FILE STORE NEW DATA “.

BOU~OOND MNSUCUSUCUSUSUBN=IUSVOUICUSUL OoOOO0OCUo O

Ottt )
Z MZM DDrCzZ2Z Z2Z0 IZCDODDIMCZZZICCZMrMCRZZZZZZZZZZUZCZZ O
HHZﬂtHﬂﬂmﬂﬁﬁﬂHﬂﬂﬂmﬂsﬂGQGgﬂﬁﬁﬂu304u24~Hﬂﬂﬂﬂﬂﬂﬁﬁﬂ —m——
" o~~~ L
U~ ~ D

HOA=MTMMMZIJ[DSIIDO0O0TIOTNIMMZIIINMMODIMEZR#IDIIDIIDDIDNIODD
Ot il bt~ 0 =)

1 ““,A¢
N(A$)=0 THEN GOTQ_B6S
(1,1)="N" THEN GOTO 90
(1,1)<>"Y" THEN GOTO 650
M_INPUT DATA
NE#0,80,0
INT C1$,H1%,218,
LEN(T$)+16
= INT(238-%/2) -51-
RINT FNP$(A,0),Ts," (INPUT MODE) '
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4388 TP% 53t FReABBP0°1650 "0
4810 TaTem  NC(ZOTATIT
sT+ > Y e
8 ikt OF POOR QUALITY
30 '#5 VS (X, X+£9) QUALITY
550 L3=L3+1 \ IF L3=11 THEN L3=1
4650 NEXT
4G5S '#S T+R \!#S\!#S
4670 !'#S \!#S TAB(20),"CURVE KEY" \ R=98950
4675 ' #S
4680 FOR X = S TO 1 STEP -1
4690 '#S TAB(25),R/1E4," = “,CHR$(41+X)," ",\R=R+10
4700 NEXT
470& !#g
4710 A=CALL(B5169)
4720 FILL 65532,88 \ FILL 65534, (R8-4)
4725 '#1 CHR$(27),"“(2z" CHR$(2Z7)."(0z"
4730 GOTO 90
BC0U) REM DISPLAY DIRECTORY
BOIO! B1$,H1$,C1%
GO20 ! "“DO YOU WANT A HARDCOPY ",
G030 A$=INCHARS$(0)
6040 IF A$="Y" THEN S=1 ELSE S=0 \ PRINT
B0S0 FILL 65532,88 \ FILL 65534 88-4
GOBO OPEN #1%S5,"“DIR,"+STR$(D)
6070 '#8_*“ FLIGHT AND NUMBER TARGET FILE"\!'#S
GOBO IF TYP(1)=0 THEN GOTO 6120
6090 READ#1, F1$(1,33)
6100 PRINT TAB(10), F1%(1,33)
6110 GOTO 6080
6120 CLOSE#1
6125 A=CALL(G6S169) \ REM FF
6130 PRINT “PRESS ANY KEY TO GOTO MEMU “,
G140 A$=INCHAR$(0) \ GOTO 90
8930 PRINT C13,TAB(15),"PROGRAM TERMINATED"
8995 PRINT \ PRINT \ PRINT

8333 RER srrincs FuncTiON

~"10 DEF FNS$(L.C) \ REM L = LENGHT C = ASC CODE MAX LENGHT (2Z5S)

{ 20 S9¢=""

CRE) Egs=§93+cuﬂs%C)

9050 NEXT

3558 ERINGY S°f

9100 REM FILE TEST FUNCTION
9105 REM O = NOT FOUND 1.2,3,4 IF FOUND DRIVE LOCATED
ve® FMF(Z9s)

X=1

ERRSET 9150,L,E

X9%$=", "+STR$ (X)

IF FILE (29%+X9%) <> -1 THEN GOTO 9180
/ {4

IF _X<3S THEN GOTO 9130

\I_(

ERRSET

RETURN X

FNEND

REM CHECK FOR DIR FILE SET DRIVE DEFAULT
D=2 \ REM DEFAULT DRIVE

= FNF("DIR")

A=0 THEN GOTO 9530
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10N ORIGINAL PAGE IS
ON OF POOR QUALITY

OoOoO000

OGO OGIRGIGN NN UL AU U~ -

3
106
GS=ASC(QS$
€ OR QS=4G DR CS=69 OR QS5=34S5 THEN GOTO 10620
GOTO 10720
5‘. “wau
GOSUB 11140 \ REM INPUT #
AB=XS \ YB=YS
AS=XS+25
IF XS<>82 THEN 10540
X5=7 \ YS=YS+1
IF YS<> 24 THEN 10540
®S5=57 \¥S=23 \ GOTO 10540
GS$=INCHAR$(0) \ QS5=ASC(QTs)

N BN SO IO UD LN S B0
OO000O0Oo 000000000
~—

m
=<
o)

"

20 " ~une

(]
<

B e e e e s T e
[ lglnlol
O
SOAS

2000 000000000000 O0OOTO000COO0O0OCO00

700 IF _@5=67 OR (@5=68 OR Q@S5=83 OR @GS5=76 OR @S5=82 OR Q5=85 THEN GOTO 10720
710 GOTO 10690
720 IF 05$~’“S“ THEN_10740
730 IF XB6=S7 AND YG>3 THEN RETURN
740 IF QSs% '“ “ THEN GOTO 10760
750 IF ¥S<>4 THEN YS=Y5-1 \ GOTO 10540
760 IF GSQ(\“D“ THEN 10820
770 R=XS \ L=Y5 \ REM TEMP
780 YS=YS+1
781 X=XB+25 \ Y=YB \ IF X<{>82Z THEN 10783
782 A=7 \ Y=YG+1
783 IF Y<>24 THEN GOTO 10784 \ X=X6 \ Y=YG
784 IF X=XS AND Y=YS THEN GOTO 10540
790 GOSUB 11420
808 IF Y=0 THEN GOTO 10540
10 XS=R \ ¥5=C
815 GOTO 1054
820 IF OS$<>“L' THEN 10850
330 IF AS<>7 THEN AS=XS-25
840 GOTO 1054
850 IF QGS5s<>" R THEN GOTO 10930
860 IF XS5=57 THEN GOTO 10540
865 GOSUB 11420 \ IF Y=1 THEN GOTO 10540
B70 XS=XS+25
880 IF YS<>YE THEN GOTO 10810
890 IF XS<{=XB6+25 THEN GOTO 10540

AS=X5-25

?PT8513§58“ THEN GOTO 10540

7935 GOSUE 11420 \ IF Y=1 THEN GOTO 10S4u
40 PRINT -FENP$(XS,YS) A%,

PRINT FNP$(X5,Y5),

GOSUB 11110

GOTO 10540

REM INPUT NUMBER

ng INCHARQ(O) \Q@S=ASC(QS%)
REM GET

IF 0*813 THEN GOTO 11280

IF @5=8 THEN GOTO 11220

IF LEN(NS$)=10 THEN GOTC 11130
NS$=NS$+35¢%

PRINT GS$:

GPTO 130
S'““ THEN GOTO 11130
IF LEN (NS$)<>1 THEN GOTO 11250
NS$="" \ GOTO 11260
NSE=NS$ (1, LEN(NS$)~-1)
PRINT QS
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S).," ERROR “yBl1%,
\ KT _Z
S),A%$,FNP$(XS,YS),

onmz ZuxXuno
T M-rM-mMum
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Z A

ION LOCAT SIZE
M vY=1 IF TRUEEN
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ORIGINAL PAGE 19
OF POOR QUALITY

R T T R R R R R R R R R R R R R R R R R R R R R R R R R )
. 2 ' = Sensor Redundancy Management = '

3 °¢ This is & program to allow the input of sensor data to the data L]

4 "2 file for processing by the report generating program. .

S s NASA Grant NAG 4-¢ ]

6 't June 1981 L]

¥y *2 Frank Scalze, Ph.D. L

L e R R R R R R R R R P R R R s

’ .

10 * w= DISPLAY HEADING ON THE SCREEN ==

1’

12 CLS: CLEAR 1000 ‘set aside string space

13 PRINT 268,CHRe(23) 1 "SENSOR REDUNDANCY MANAGEMENT™
14 PRINT STRINGS (32,%=")

1S PRINT 3324, "Probability of False Alara”

16 PRINT TAB(&)1"Data Entry Prograa”

17 PRINT 3652,"Py F. Scalzo, Ph.D."

21 ON ERROR GOTO 2000

38358a8asusNPRRUNRE

OPEN “1°,1,"SFILEL"
CLOSE 1
PRINT "There is already data on file”
INPUT *“DO YOU WANT TO REPLACE I[T";As
IF LEFTS(AS,1) <> "Y" THEN RUN “MENU"
as
INPUT “Enter the number of Sensor Pairs "N
DIM S(N,2)
FOR J=1 TO N
PRINT 3193,CHR®(31) "Erase to the end

PRINT 3195, "Enter the Data for Pair #%;J

. PRINT 3323.;
! INPUT “READING #1 *;S(J, 1)
. PRINT 2387,
> INPUT "READING #2 *;SWJ,2)
E NEXT J
; PRINT
} 100 INPUT “Would you like to see the data “jAs
9 110 IF LEFTS(A®,1) <> "Y* THEN GOTO 1460
2 115 CLS
- 120 FOR J=1 TO N
P 128 IF INT(J/12) = J/12 THEN GOSUB 1000
o 130 PRINT "Pair“jJ,"Reading #1°:S(J,1), " "Reading #2"31S«J, 1)
. 140 NEXT J
. 150 CLsS
4 160 INPUT "“Do You Have Any Corrections "i1AsS
i 170 IF LEFTS(AS,1) <>"Y*" THEN GCTO 240
. 180 INPUT “Which Pair*;J
: 190 INPUT "Reenter Reading #1 ":;S(J,1)
' 200 INPUT “"Reenter Readirg #2 ":15WJ.,2)
: 210 INPUT "Any Other Corrections ":AS
) 220 IF LEFTS(A®,1) = "Y* THEN CLS: GOTO 180
' 230 CLs
240 INPUT “Do You Want a Hard Copy of the Data ":AS

] 250 IF LEFTS(AS,1) <> "Y* THEN GOTO 300
5 260 FOR J=1 TO N
. 270 LPRINT "Pair*:J,"Reading #1":S(J,1),"Reading #2";S((J, 1)
4 280 NEXT J
i 300 OPEN "O",1,"SFILEL1"

: 310 PRINT #1, N;
| 320 FOR J=i TO N
, 330 PRINT #1, S(J,1)38(J,2);
; J40 NEXT J
I 380 CLOSE 1
_ 300 RUN "MENU"
| 900 END

1000 PRINT 2900, " (press any key to continue)”;
1010 IF INKEYS=“" THEN GOTO 1010 ELSE CLS
1020 RETURN

2000

* gsxsxx FILE DOES NOT EXIST w=ws OK TO CONTINUE szssass

2010 RESUME 27

.o

b

=59+



or Reouncency Management

Report of ’r.-auny Oensity Function ,CDF),

Relianility, R, ang Prosebility of False Alara, Fiar/om
For the Senser Value I1n the Josein of Fallwre

FlLight = FE-"Bell
Parsseter ~A0LL RATE OYRO Sensor Cheannels e A e C©

Sensorie |, %441 Sensarle 1.3%97 Sensar | ~Sensor 2e- . 4334

PAF/DF) Table tor Senser Chawel A = 0

ror RELIAS. LA -
08932 e . e
«O8%e312 B i B adds l)
JOoNveII2 B aadd Bl
089312 . B ac i ld
nl B o | - oaveis e pasere
OR'GINI\- "’ALAL l oavesi2 Cewes L2271
OF POOR QUALITY st et el
JOoe312 B aad « 002
08312 P . Y4703
JOoNve312 . ee B il
~O899312 B dd TS
Loa%e312 B 40
o312 B sy
JOoNwe312 B « o2
LONYe312 B Jma
LONve312 . . 980343
JOouv3L2 . Biacid)
JOe™eI12 . 978202
L0899312 L. Y7733
LORve312 ST Y7807
LONe312 S + 73007
JoNYeI2 B add ] JITIV
o832 S 72087
LONve312 J7a L7183
LONvIL2 o3 Y0776
N ety 72 .
JONv 312 7 «ela73
L0312 B add “SaTe2e
JOoev L2 « 900 «Yean7e
JONve3I2 P . 9693533
0899312 B aidd « Padan
0899312 « e «%a3431
089312 « %3 JPe2413
B adit PR «Yel37?
JONwe312 93 960342
L0832 S92 Dol
089312 N el o820
LORVeIL2 9% 97352
JORNYIL12 B i «9Se228
JORY3L12 B *Is202
JOoavY312 N e id 95410
089312 B 953199
0899312 o83 982142
L0899312 ] Lo91129
LON%e3L2 ooy 950111
0899312 52 L San0%e
LON9e312 L . 948008
JO8ve312 9 Y4708
PIAF/OF) Table for Sensor Channel C = 2,597
ror RELIAS. »arsor)
0321681 B saad Ll
032161 s S
+03216a1 B aadd « 990797
0321641 S 7712
«03216e1 B aasl . 994083
0321641 B Jaia7e
0321081 « 3 JT8eA7
0321601 L2 973713
«03216e1 S asd 97279
032161 99 « o2
0321601 « 9989 «Tesave
0321681 « %00 « 963993
«0J216e1 7 «%61107
.03216e1 BS et «ER236
«03216e1 s B 2
0321601 B «a2342
«03214el PRt L2
+0321ee1 2 Yeavie
0321841 9981 944129
.03214e1 e 941333
0321601 7Y Rl b
0321681 N i ] L9351
«032ieer N i L3N
0321041 S 930413
0321061 7S 927716
0321681 «97a 925034
0321661 973 #T223608
«03218e1 2 LNYT1e
0321601 L7y 17078
«03210a1 o7 914433
0321681 B ol o 11040
03216e1 « %8 « 909254
L03216a1 L% LP0ea74
0321001 B 904108
0321681 « 9% 901537
«03210e1 04 899019
«03216el Rl 096493
«0321eai « 992 LE93ves
03216081 .9 91408
«03218e1 « "% + 889004
0321641 Baid « 886833
<0321 6el 950 + 884077
L03216at JS7 L881433
«03216sl s 879202
0321641 . 9953 878788
+03218al 9S4 874379
0321881 953 .871%68
0321681 2 + 84%606
0321681 ) «Ba724
«03216a1 B ] . Bossme
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PROGRAM SENTTAT 73774 OPT=1 FTN 4.2475060

 heW e T e

E———

R R RO R RO,
.

10

20

30

40

50

PROGIAM SENSTAT(INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT,
+ TAPEL.TAPE2,TAPEI,TAPEW)

COMMON/STATDAT/STATMIN'STATMAX MEAN,VAR,DEV,MEANSO,RMS,

s SKEWsKURT ¢ XLOW¢XHIGH, NSGOOD4NSTOTAL

COMMON/HISTOAT /HISTMINJHISTMAX {NSEGSsTALLY s NHGOOD NHTOTAL
COMMIN/PLOTODAT/XSCALE (&) s YSCALE (&) yHSTART,HSTOP, TITLE(6) (IDPLOT
REAL MEAN,MEANSQ.KURT

INTESER TALLY(100)

OIMENSION DATA(100)4ITIME(6) 4MESSAGE(3)

READ(S,10)TITLE
FORMAT (3410)
IF(EJF (5) «NE.G)STOP "“NO TITLE CARD"™

READ(S410)HSTART yHSTOP
IF(EOF(5) «NE.O)STOP “NO TIME CARD™
BACKSPACE 5

READ(S5,20) ITIME

FORMAT (2(3(I241X)41X))
START=FLOAT(1000*(3600*ITIME(L)+60°ITIME(2)+ITIME(3)))
STOP=FLOAT (1000® (3600*ITIME(L) +60*ITIME(S)+ITIME(6)))

REMOfS5430) IOPLOT o INDEXAy INDEXBy NPARANMS
FORMAT (AL0,3I10)

JFIEQF {5) ¢« NE.O)STOP "NO JOB CARDS"™
CALL PLATS (04044

CALL FACTOR(.7871)

CALL PLOT(0eslies=D)

GO T3 €0

READ(5,30) IDPLOTINDEXAy INDEXByNPARAMS
IF(EDF (5) «NE.O)GO TO 990

IF(INDEXAGT+0.ANDSINDEXA.LE.NPARAMS,AND,

¢ INDEXB+GE«C.ANDLINDEXB.LE.NPARAMNS)GO TO S5

CALL REMARK("ILLEGAL JOB CARD™)

+ GO T) &0

55

60

REWIND 1 o
REWIND 2 ORIGINAL PAGE IS
N=0 OF POOR QUALITY
MESSAGE (1) ="WRITING 2%

MESSAGE (2)=I0PLOT

MESSAGE(3) =0

CALL REMARK (MESSAGE)

READ(1)TL4T2, TMILLIZ(DATA(TI) yI=1,NPARANS)
IF(EOF (1) e NE4 O ORe THILLI.GTSTOP) GO TO 70
IF(TMILLILT.START) GO TO 60

A=DATA (INDEXA)

B8=0. “
IF(INDEXB.NE.C)B=DATA(INDEXB)

C=A-3

WRITZ(2)C

N=N+1

GO T) 60
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PROGRAM SENSTAT 73/74 0PT=1 FTN 4,2475060 08/2

70 EMDFILE 2
IF(N.EQ.0)STOP "“NO DATA WITHIN TIME SLICE"
STATYIN==1E99
STATMAX=+1E99
MESSAGE (1) ="STATIST 2%
CALL REMARK (MESSAGE)
CALL STATIST(2)
MISTMIN=XLOW i
uiérqnxax:gcu ORIGINAL eAGE (3
NSEGS=100 OF POOR QUALITY
CALL HSTGRAM(2)
IF(INDEXB.EQ.0)GO TO 40

REWIND 2

REWIND 3
HISTMIN=HISTHMAX=0.
MESSAGE(1)="WRITING 3"
CALL PEMARK (MESSAGE)

: 80 REAN(2)C

JF(EOF(2) .NE.0)GO TO 90
X=ARS (C=MEAN)
HISTMAX=AMAXL (HISTMAX, X)
WRITZ ()X

GQ T3 80

90 ENDFJLE 3
NSEGS=100
CALL HSTGRAM(3)
GO T2 40

il o g v, o,

990 CALL PLOT(204+04,4999)
STOP “ENOD OF JOB"™

END

:—vwwavwwwm-vv‘v—-‘w"'v—wv- T Mg YPDY Y



UBROUTINE STATIST 73774 03T=1

+

20

+

+
30

OO O0ENOWMEFE WN -

ORIGINAL PAGE B8 FTN 4,2¢75060 08
OF POOR QUALITY

SUBRJUTINE STATISTI(FILE!

COMMON/STATDAT/XMINg XMAXy MEANy VAR DEVy MEANSQRMS, SKEW,KURT,
XLOWe XHIGH s NGOOD ¢ NTOTAL

COMMON/PLOTODAT /XSCALE (4) y YSCALE (4) yHSTART HSTOP,TITLE(B) ,IDPLOT

REAL MEANyMEANSQWKURT4N

INTEGER FILE

MEANz VAR=DEV=MEANSO=RMS= SKEW=KURT=SUMX=SUMX2=SUMX3I=SUM X4L=0,
XLOW=+1E99

XHIG4==-1E99

NGOO)=NTOTAL=0

REWIND FILE

READ(FILE) X
IF(EJFI(FILE).NELO)GO TO 20
NTOTAL=NTOTAL+1

IF(Xe LT XMIN,OR X« GT . XMAX)IGO TN {0
NGOOI=NGOOD+1

SUMX= SUMX +X

X2=X*X

SUMX2=SUMX2+4X2

X3=X*X2

SUMXI=SUMX3I+X3

Xb=X*X3

SUMXL=SUMXL4XL

XLOWzAMINL (XLOW,X)
XHJG4=BAMAXL (XHIGH, X)

GO 1Y 10

IF(N500D0.EQ.0) STOP “SUBRQUTINE STATIST HAS NO DATA™

N=FLIAT(NGOOD®

ME AN= SUMX/N

VAP=SUMX2/N=ME AN**2

IF(VAR.LE.Q04)STOP "SUBROUTINE STATIST SHOWS ZERO VARIANCE"™

DEV=SQPT(VAR)

MEANSQ=SUMX2/N

RMS=SQRT (MEANSQ)

SKEW=(SUMX3/N=3,*MEAN*MEANSN+2 .,*MEAN**3)/ (DEV*VAR)

KURT= [SUMX&L/N=U, *MEAN® SUMXI/N+6,*MEAN®*2*SUMX2/N=3, *MEAN®**L) /
(VAR®VAR)

WRITZ(643C)TITLEWFILEsIOPLOToNTOTAL s XMINyXMAXyNGOODy XL OWyXHIGH,

MEAN, VAR, DEVy MEANSQ+RMSySKEW,XURTHSTART,HSTOP
FORMAT (L1H1////7" RESULTS OF SUBROUTINE STATIST™////

“ TITLE™ T28.6A1C//* DATA FROM FILE NO.",T28,12//
* PLOT ID",T284A10//" TOTAL NO. OF SAMPLES™,T28, 1677/
* ALLOWABLE MINIMUM™,T28+G12.6//
“ ALLOWABLE MAXIMUM®™,T28,G12.6//
** SAMPLES ALLOWEO™.T28,16//
* OBSERVED MINIMUM™,T28,612.67/
* OBSERVED MAXIMUM™4T284G12.67/
* MEAN VALUE®™,T28,612.6//" VARIANCE™,T28,G12.6//
* STANDARD DEVIATION™,T28,612.6/7/" MEAN SQUARED™T28,612.6//
* ROOT MEAN SQUARED™,+T284G12.6//" SKEWNESS*™,T28,G12.6//
* KURTOSIS™¢T284G12.6//" START TIME™,T28,A10//
* STOP TIME™,T284A10)
RETURN
END

53= D
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IBROUTINE HSTGR

| c
c
c
1
5
c
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c
c
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1
2
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( L1 AGL

AM 73774 oPT=1

SUBRJUTINE HSTGRANIFILE)

15 FIN 42475060 08/2

OF POOR QUALITY

COMMON/HISTDAT/XMINg XMAX ¢ NSEGSy TALLY s NGOOD4NTOTAL
COMMON/PLOTDAT/XSCALE (L) YSCALE(L) yHSTART(HSTOP,TITLE(6),I0PLOT

COMMON/DAYTIME/DAY HRMINSC

INTEGER FILE TALLY(100),TOTAL(100),REMAINC(L100),PASSNO

DIMENSION FROM(100),TO(100) 4 MESSAGE( W)

MESSAGE (L) =PASSNO=0
PERCINT=0.95
NCONSEC=3

PASSNO=PASSNO+1

ENCOJE (27 454MESSAGE) FILE,PASSNO, IOPLOT
FORMAT (“HSTGRAM “4I14"™ RUN "4I2,1X,410)
CALL REMARK(ME SSAGE)

00 10 I=1,NSEGS
TALLY(I)=0

REWIND FILE
NGOQI=NTOTAL=0
DELTA=4.000001*(XMAX=XMIN) /FLOAT (NSEGS)

REAQIFTLE) X
IF(EJF(FTLE)+NELO)GO TO 40
NTOTAL=NTOTAL+1
IFIX, LT XMINIGO TO 20
TEST=YM[N

D0 30 I=1,NSEGS
TEST=TEST+0DELTA
IFIY. 51 TESTIGO TO 30
TALLY (D) =TALLY(I)#+14
NGOOD=NGOOD+1L

GO T) 20

CONTINUE

GO T3 20

CALL DATE (DAY)
CALL TIME(HRMINSC)

WRITZ(E4SO)TITLEWFILEsIOPLOTWNTOTALXMINyXMAX,NGOOOD,NSEGS,

DAY ,HRMINSC

50 FOPNAT(1H1//“ RESULTS CF SUBROUTINE HSTGRAM™///

TITLE™,T284+6A10/7/* DATA FROM FILE NO."™,T28,127/
~ PLOT ID",T28,A10//7% TOTAL NO. OF SAMPLES™,T28,16//

“ ALLOWABLE MINIMUM*™,T28,G12.6//
ALLOWABLE MAXIMUM®™,T28,G12.6/7/
SAMPLES ALLOWED™,T2A,16//

NO. OF SEGMENTS",T28,13//
DATE/TIME™T28,A10,A977)

TOTAL (1) =TALLY (1)
REMAIN(1) =NGOOOD~TALLY (1)
FROM( 1) =X=XMIN

-64-
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UBROUTINE HSTGRAM 73/74  OPT=1 FIN 4o 2475060 08/2
|
D0 60 I=2,NSEGS ORIGINAL PAGE 19
TOTAL(I)=TOTAL(I=1)+TALLY(I) OF POOR QUALITY

REMAIN(I/)=NGOOD=-TOTALID)
.60 FROM(I)=TO(I-1)=X=X+DELTA

TOINSEGS) =XMAX

WRITZ(E470) (I4FROMII) yTOCI)4TALLY(I) 4 TOTAL(I) 4REMAINIT),I=14NSEGS)
70 FOPMAT(™ SEG. NO FROM™,T29,"T0",T38,"SAMPLES ToTAL"™,
+ TS7"“REMAINING™//7100(2H 2I3,LX42(G12.642X),3(I6,4LX)/))

CALL PLHIST

OLOMIN=XMIN

OLDOMAX =XMAX
MINRZIQ=INT(PERCENT*FLOAT (NGOOD))
IF(FILE.EQ.3)GO TO 1410
IF