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SECTION 1

INTRODUCTION AND SUMMARY

SUMMARY

This report presents results from a Naval Research Laboratory-sponsored
investigation of dual polarization gyros. The dual polarization concept is
a new fiber optic gyro configuration designed to provide independence from
principal gyro bias error sources. Experimental results indicate an order
of magnitude improvement in bias error performance.

Important results from a new modeling capability are also included. 1In
addition to examination of dual polarization gyro performance, a number of
fiber gyro configurations have been examined. Results of this effort
include development of an improved understanding of fiber optic depolarizers
and identification of a previously unreported error term for gyros using

3 dB distributed couplers.

GYRO ERROR TERMS

The most significant difference between rotation sensors and other sensors
such as hydrophones or magnetometers is the requirement for absolute
measurements. The hydrophone, for example, only needs stability for periods
of time on the order of a fraction of a second. Gyros must maintain an
absolute reference from hours to years, depending on the mechanization.

This absolute reference requirement is easier to meet with the Sagnac
interferometer currently used for the active ring laser gyro than, for
example, a Mach-Zehnder interferometer. Both geometric paths in the Sagnac
are identical. Components in the Sagnac interferometer are sensitive to




environmental effects, giving rise to non-reciprocal phase shifts and,
hence, a non-ideal path for light traveling in the two directions. This
reduces the stability of the device, causing gyro bias errors.

It is important to note that despite the popularity of shot-noise-based
error calculations, the principal problems in gyro performance have always
been component-related. One of the most significant components in terms of
stability is the phase modulator, which is used to achieve a T/2 offset
between the two counter rotating beams. The envirommental sensitivity of
phase modulator components is especially important in the military gyro
environment, where one normally requires instant-on performance in a rough
enviromment without temperature compensation. Honeywell's effort has been
directed at this critical phase modulator element. Evaluating a new dual
polarization concept for reducing phase modulator errors is the basis of the

program.
EXPERIMENTAL MEASUREMENTS

Tests reported in this document were performed with a rate table which
supported the optical experiment on a small honeycomb-reinforced
ferromagnetic surface. All the power and signal connections to the table
were passed througn slip rings, allowing for complete freedom for rotational
measurements over a +120 deg/sec range. The flexibility of this test set-up
allowed convenient interchanging of parts and reconfiguration of the gyro.

A dedicated computer facility was used for experimental measurements. The
computer provided real time storage of data on disk files., This computer
was configured to provide a display of gyro statistics during drift rums,
accounting for necessary data normalization and processing. This greatly
assisted the experimental set-up by providing quantitative data on gyro
performance. Both analog and computer driven x-y plotters were installed as
part of the measurement instrumentation package. Plots of gyro performance
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contained in Section 4 of this report were generated directly by the
dedicated computer facility used for the experiments. Software listings for
the data processing and display functions are included in Appendix A.

In addition to the experimental efficiency provided'by this computer set-up,
a number of unique diagnostic capabilities were available. In one case, a
laser noise term was identified by Fourier analysis of laser output and gyro
detector signals. Because a large number of parameters could be recorded,
it was possible to correlate variables such as temperature with other
experimental data. This capability was used to provide experimental
diagnostics as well as output plots.

The heart of the issue investigated in this contract effort was the
feasibility of a dual polarization gyro concept. The program objective was
to demonstrate that the dual polarization gyro could provide some degree of
independence from bias error problems. The greatest difficulty in
maintaining bias stability was expected to be the temperature dependence of
the phase modulator. The experimental program described in this report had
a goal of evaluating the dual polarization gyro performance in terms of
these temperature problems.

Gyro operation was examined as a function of temperature. The single
(conventional) polarization performance and dual polarization performance
were compared. Data presented in Section 4 of this report indicate that
with temperature variation, the dual polarization configuration has an order
of magnitude improved bias stability.
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FIBER SENSOR MODELING

A numerical solution for gyro performance was completed using a Honeywell
developed interferometric model. The unigue properties of this simulation
are its applicability to arbitrarily large and complex systems, including
dual polarization, multiple paths, and many optical components. The optical
system to be modeled is described by input lines at execution time, rather
than being part of program logic. This "compiler™ approach allows
flexibility in the modeling of complex optical systems.

A Jones vector-matrix representation was used for the optical camponents
being analyzed. Wave amplitudes were represented by complex two-vectors for
both polarizations. As the interferometric system is modeled, the total
wave amplitude and absolute phase along each path are retained in a complex
propagation factor. The Jones vector representation is not normalized in
the conventional manner, allowing preservation of absolute amplitude along
each path of the model.

In addition to the dual polarization gyro, a number of important optical
components have been analyzed; results are reported in Section 3. They
include a narrow-band birefringent depolarizer, birefringent fiber sections,

and a simple distributed coupler gyro.

The work with the depolarizer has led to important understanding of how this

component can be designed for gyro systems. Important design parameters
such as the characteristics of depolarizer section length have been examined.

The effect of imperfect splicing of fibers has been considered both in the
case of the dual polarization gyro and as a generic gyro component. The
results of this study indicate that birefringent fibers must be carefully
aligned to preserve desired gyro properties.




A fourth example which was modeled is the simple gyro configuration, which
includes only a distributed coupler and sensing fiber. In this case, a
significant result was the discovery of the large error term coming from
distributed coupler temperature sensitivity. For small fiber optic gyros,
this error can result in drift terms which amount to hundreds or thousands
of degrees per hour for temperature changes on the order of 10 degrees
Celsius.




SECTION 2

THEORETICAL DISCUSSION

In order to achieve fundamental performance limits in a fiber optic rate
sensor, thermal mechanical and magnetic-induced errors must be removed from
the device. Components, including the source, detectors, couplers and
modulators (both phase and frequency), represent one class of error terms
that play a major role in reducing the performance of fiber optic rate
sensors. These error sources are dependent on the measurement concept and
configuration.

A second more fundamental class of errors exists in the fiber itself. The
non-reciprocal, scattering, and birefringent properties of the fiber are
truly the practical 1limiting error sources in the fiber optic rate sensors.
In order to achieve the projected noise performance limits, the mechanical,
thermal, and magnetic errors of the fiber must be overcome.

A third problem must also be resolved to achieve the best noise-limited
performance: the electronic readout technique used to detect fringe motion
must be capable of detecting shifts in the range of 10'7 to 10'8

radians. This represents a significant technical challenge that must be
faced in all interferometric devices.

In the following subsections, a generalized development of the Sagnac
interferometer output is presented, allowing consideration of
component-induced bias errors. An alternative measurement scheme involving
two polarizations is discussed in detail. This dual polarization
configuration has been demonstrated experimentally. Results are presented
in Section 5 of this report.




FIBER OPTIC RATE SENSOR THEORY

Fiber optic rate sensing is based on the Sagnac interferometer. The classic
treatment of the Sagnac effect by E.J. Postl shows that the phase

separation between the two counter-rotating beams is proportional to the
input rotation rate and is of the form

Ap =  BMNA o
AC
where
N = number of turns of fiber
A = area enclosed by a single fiber loop
A = free space wavelength of the light source .
¢ = velacity of light in free space

Q = input rotation rate, normal to the loop plane. i

This is the classical Sagnac expression. In order to better understand the

effects of errors induced in the device, it is necessary to develop a more
general form of the Sagnac expression that will allow for explicit examination
of the error terms. !

The primary component of a fiber optic rate sensor is the closed light path
that is formed into an interferometer. Light moving along the path will
experience a phase change proportional to the angular rate of the path in :
inertial space. The sense of the phase change is determined by the direction ‘
of the light motion with respect to the angular rate. Therefore, if a light
beam is split into two beams that travel in opposite directions along the
light path, these two beams will experience equal and opposite phase changs.
The phase changes are also proportional to the projected enclosed area whose




normal is parallel to the axis of rotation. AS a result, the axis of rotation
can be determined by using three independent, mutually orthogonal, closed
light paths.

Consider two interferomefer beams that have plane wave phase fronts in free
space and in the interferometer path medium. The electric fields are
described as:

> o
E, = Eg; Exp i(k1 *T-ouw ts ml)
E, = Egy EXp i(ﬂz . T- w, + m2) |

where :
.;l = wave vector at frequency Wy %
m; = arbitrary phase . ?7
Eoy = electric field amplitude/polarization vector i
T = displacement along fiber. k

The accumulated phase expression for the light beam after circulation around

the path is:
- T
¢ = fRy +dr - jwidt+ m (1=1,2)
0

where t is the time required to traverse the path. For a path length
L,T = nL/c, where n = the index of the medium and ¢ = the velocity of
light in space. For a system in which the observer is co-moving with the
interferometer, the spatial integral is a constant and only the temporal
integral is of interest. When the interferometer path is subjected to a
rotation generated by velocity vector'V, the change in the light beam
transit time can be written asl




=i Soy Q- Vedr (1=1,2

where a is a drag coefficient similar to the Fresnel-Fizeau coefficient.

The relative phase in time between the two counter-directional beams can be
written as
ri 5
Mt = 0y(t) - 0p(t) = S wat =S wdt 4 (m) - m))
] ]

where 13 = T3 + T4 + t. If we assume that w; and w, are
constant, then with the refractive index and drag coefficient uniform
throughout each path,

A¢ = % (wlnl - ¢2n2) + L_; [(ng w](l - al)
c

+n§m2(1-m2)]+(m1- Dt + (M + my).

Consider now that the path is a circle of radius R with N turns of fiber
around it. The tangential velocity V can be expressed in terms of an angular
rate as v - RR, and the path length is L = 2nRN. Using these expressions

and assuming the drag coefficient to be of the form a = (1 - n'z), the

phase can be written as

2INR? 27RN

S aiev b ACRE RS S CRIELY

+ (w1 - m2)t + (m1 -m).

2
points P and Q. Different choices of parameters for best distribution on the
sphere are very easily explored using the computer program. Design iterations
are efficient because of the flexible program structure.
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This is the generalized equation for the phase difference between two
counter-rotating beams in a Sagnac interferometer. This phase difference
creates an interference pattern that can be observed with a photo-detector.
The output of the detector is typically written as

1 = I0 (1 - cos Ad).

Therefore, by detecting a charge in the intensity of the pattern, the rotation
rate of the interferometer can be determined.

For a heterodyne detection scheme, the phase equation for a single frequency
can be written as

A¢=‘"2'&9+ﬂ23(n1 ‘”2) + (ml-mz).
c

One can clearly see that the two terms containing the index of refraction are
fundamental fiber error source terms which exist in all formulations. The
second is a true bias error generated by a difference in the index of
refraction for the two beams. For a typical gyro, relative stability of the
two indices must be better than 5 x lCt'12 to reduce this term to the level

of 1 deg/hr noise.

The natural sensitivity of the cosine detection function is maximized for an
argument of n/2. The standard homodyne technique adjusts the (ml - mz)

term in the previous equation to achieve this phase separation between
counter-rotating beams to optimize performance. The required phase shift can
be accomplished by an acousto-optic modulator which provides a different
frequency for the counter-rotating beams. This causes the counter-clockwise
and clockwise path to differ. An alternative way to introduce the 1/2 phase
shift is a nonreciprocal device such as a Faraday cell.




The Faraday cell is constructed of a material which exhibits a strong
magneto-optic effect to gain the required phase shift with a small current.
The Faraday cell stability, however, is a direct error term in the phase
equation. This requires that overall instability of the cell be much less
than the required minimum detectable rotation rate. To first order, the
change of the light phase due to the Faraday effect can be written as:

© = HLV

where H is an applied magnetic field, L is the length of the cell, and v is
the Verdet constant. The effect in © can be written as:

A0 A M AV
S — — —
L H v

If the instrument is required to measure 10"5 radians and the Faraday cell
is producing a m/2 phase shift, then

< -6
5 5x 10",

This sets the bounds on the stability of v, H, and L. Typical thermal
coefficients on the verdet constant are 1 x 10'4 per %. This is nearly 2
orders of magnitude worse than required for 10'5 radian stability. The

phase shift stability of the Faraday cell represents a major error in a
homodyne detection scheme. The detector intensity for any homodyne detection
scheme, ignoring fiber effects, can be written as

I= Io(t) [1 - cos (k@ + 6(t))]

where I0 and © are varied in synchronous detection schemes. Clearly, if
any unrecognized change in I0 or O occurs, the net result would be a gyro
bias error. Bias errors due to intensity fluctuations are generally removed
by using two detectors in portions of the interference pattern which are out
of phase by n. The interference patterns at the detectors can be expressed

as




I,(t) [1 - cos (k@ + 6(t))]
Io(t) [1 -cos (k@ + 0(t) + m)1.

L
I

2
Results can be summed and differenced to remove the laser power term. For
example, let

z=12-11

L+

The gyro output is optimized when © = /2. Expanding © to be O(t) =
-m/2 +6 (t), where §(t) is the small time dependent fluctuations of the
phase modulator, the output Z becomes

Z =25(t) + kQ.

The fluwtuations of the phase modulator appear directly as a gyro bias error,
causing an erroneous rate measurement. The dilemma is that there appears to
be no way to remove this bias error in a standard homodyne measurement
technique.

DUAL~POLARIZATION CONCEPT

The Honeywell-designed dual-polarization fiber optic gyro is a modification
and expansion of the standard homodyne measurement. The basic principle is to

simply operate two independent rate gyros simultaneously in the same fiber and
components. Each of the gyros is a complete homodyne rate gyro; thus, the
errors caused by heterodyning are avoided. If the phase modulator can be made
to act oppositely for the two gyros, then it is possible to combine the
outputs of the two gyros so that the modulator and its errors are removed.
This is in principle the same as a so-called DILAG laser gyro. The two
independent gyros can be made to coexist if their polarizations are
orthogonal. The desired phase modulation will be shown to be a natural
outgrowth of the orthogonal polarizations. The results of proper
implementation of the concept will be:

12
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0 Optimum 7/2 phase shift for gyro sensitivity
0 2 x increase in scale factor
0 No first-order length dependent bias errors

0 Cancellation of gyro bias errors due to the modulator.

To aia in understanding the dual-polarization performance with
polarization-preserving fibers, let us define a coordinate system
convention. For this discussion, we will use a coordinate system tied to
the light and aligned with the orthogonal vertical and horizontal axes of
the fiber. Figure 1 shows examples of linear polarization states
propagating in opposite directions in two fibers. The box diagrams
alongside the fibers are how the polarization state appears to the observer
as he is "looking into the light" with the direction of propagation coming
out of the page. If the light is circular polarized, the direction of

Figure 1. Fiber Polarization Convention
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electric vector rotation in the fiber is represented by an arrow in the
diagram with clockwise rotation indicating right circular polarization.

This convention will be used in following illustrations to trace the
polarization state through the dual polarization fiber gyro. In some
diagrams, other information, such as the orientation of wave plate fast/slow
axes or accumulated phase, will be presented with the diagrams.

Figure 2a shows a dual polarization gyro configuration using isotropic or
birefringent fiber. The source polarization is aligned with the fast axis
of the fiber. This beam is divided at the beam splitter, whose axis of
polarization is such that the reflected beam undergoes a © phase change.
The reflected beam passes through the first A/4 plate, becomes RCP (right
circular polarized), passes through the cell, and undergoes a phase
retardation. The second A/4 plate returns the RCP light to the same
linear polarization as what entered the first A/4 plate. This is a result
of having the two plates rotated 90 deg with respect to each other. The
lirear polarized light enters the fiber aligned with the fiber fast-axis,
and propagates clockwise around the loop, causing a Sagnac phase
retardation. The output from the fiber is reflected at the beam splitter,
accumulates another m change in phase, and strikes the detector. A
perfectly isotropic fiber or one with polarization compensation can be used
as well as a polarization-preserving fiber.

The other half of the light from the source beam passes through the beam
splitter and through the fiber, picking up a Sagnac phase advance. In wave
plate #2 it becomes RCP, and since it is passing through the Faraday cell in
the opposite direction, it now experiences a phase advance. Wave plate #1
returns the RCP light to the original linear polarization, which passes
through the beam splitter and combines with the counter-rotating beam to 1
form an interference pattern whose phase difference can be expressed as
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Figure 2a. Dual Polarization Gyro with S-Polarized Input Light
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Figure 2b. Dual Polarization Gyro with P-Polarized Input Light
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Now consider Figure 2b, which is the same interferometer with the
polarization of the source rotated by 90 degrees. The reflected beam is not
phase changed. Wave plate #1 creates LCP light which is phase advanced in
the Faraday cell. Wave plate #2 returns the light to the initial
polarization state; the rotating fiber coil generates a phase retardation,
and the output is reflected onto the detector. The transmitted portion of
the source light is phase advanced in the fiber, and is changed to LCP light
by wave plate #2. Because the LCP light is passing through the cell in the
opposite direction from the other beam, it will receive a phase

retardation. Wave plate #1 converts the output of the Faraday cell back to
the original polarization, which passes through the beam splitter to form an
interference pattern with the counter-rotating beam. The phase separation
of this inteferometer can be expressed as

A¢2 = 28 - 21,

The phase output of the two polarization situations can be shown to be

A¢l=29+(21 +5¢1)

A¢2 = 2!2-(621 +5¢2)
where
Q = Sagnac phase shift due to rotation
I = phase shift introduced by a Faraday cell

8¢, o = non-reciprocal fiber effects for the fast and
?
slow fiber polarizations.

The intensity at the detector is therefore
Ey = 1- cos(ZQ + (21 +5¢1))
£, =1-cos20- (2 40,

16




-

The difference of these intensities can then be expressed as

2

(E = ( by + 0, + 49 [1 +1/2 12 4 /8 ( ¢§ . ¢§) ;

5 (o - ¢2)].
Notice that, just as in the standard homodyne technique, the fiber
non-reciprocal terms 6¢1 + 6¢2 appear directly as a bias error.
However, the phase modulator instability enters as a scale factor error. The
significance cf this can be demonstrated in a simple example. Consider a

homodyne measurement with a perfect fiber of length 1 km in a O.1lm diameter
loop, and a perfect laser source at 0.8u. The output phase shift would be

Ac

where Q is the input rate and 8 is the phase modulator error. For an input
rate of 10 deg/hr (4.8 x 10'5 rad/sec),

= (1.27 x 10-4 + 6) rad. i

For the same measurement in the dual-polarization mode,

sl 5)

or

z, = 2.54 x 107 (1 + 822 )rad. )

Now, if an undetected modulation shift of 1 x 10'4 rad were present, the
output phase shifts would be

2, = 2.27 x 1074 rad

Z, = 2.54 x 1074 4 1.27 x 10712 ;

ad. 1

17




For this 10 deg/hr input rate, the conventional homodyne gyro would read out a
rate of 17.9 deg/hr, while the dual-polarization gyro would read out 10.006
deg/hr. The result clearly shows that the modulator stability in the
dual-polarization scheme is no longer the major error source that it is in the
standard detection schemes.
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SECTION 3
SENSOR MODELING AND COMPUTER PROGRAMS

INTRODUCTION

In order to model gyro performance, Honeywell has developed a numerical
interferometer simulation package. This capability has provided a unigue
insight into gyro component effects. The modeling results presented in this
section quantify:

0 dual polarization gyro performance

o fiber depolarizer design issues

0 the effect of birefringent fiber splices

0 significant gyro errors from distributed 3 dB couplers.

The most notable feature of this package is its applicability to arbitrarily
large or complex systems with dual polarization, multiple paths, and many
optical components. In addition, the optical system is described by input
lines at execution time, rather than as a part of the program logic. In
addition to the conventional optical eloments, the imput limes specify input
excitation, intensity detectors and polarization analyzers, and direct the
type of disposition of the detector output results.

In the research and development of fiber gyros there is a need for a
capability to analyze and simulate the optical system. In order to predict
performance, sensitivity, and the effect of changing parameters and imperfect
components, some form of quantitative calculations would be very useful.
Analytical methods quickly become intractable as the complexity of the system
increases. For even the simplest fiber gyro configuration, for several
optical paths, and for a few optical components, it is practically impossible

19
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to reduce a complete analytical description to a useful form. An accurate
numerical simulation would be invaluable for low cost exploration of different
designs, sensitivity calculation, and performance prediction.

Honeywell has been developing a program for such a simulation, and we believe
that it will be a useful tool in such work. The novel features of the program

are:
1. It is applicable to arbitrarily large systems, with multiple
optical paths and a large number of optical components.

2. The optical system is described by a sequence of inmput linres,
not by the program logic. The program does not need to be
changed for each optical structure to be studied.

3. Different types of "experiments" can be run, each cne again
determined by single imput lines.

4, The program is easily expandable to include additional optical
elements or experiments.

METHOD: JONES VECTOR-MATRIX REPRESENTATION

o

The optical system is modeled using the well-known Jones vector-matrix
[ representation for the wave amplitude propagation along multiple optical
paths. The effect of optical components on the light is represented by matrix
operations. Wave amplitudes are represented by complex two-vectors for the J
i horizontal and vertical (x and y) c:mponents, here denoted as Ax and Ay.
Optical components are represented by 2 x 2 complex matrices whose diagonal
elements may be viewed as propagation factors for each of the x and y wave
components; the off-diagonal elements are coupling or conversion coefficients i
between the Ax and Ay. Standard matrices are well-known for most conventional
optical components such as polarizers, isotropic or birefringent path lengths,
wave plates, retarders, rotatars, etc.




For modeling interferometric systems it is essential to retain, along each
path, information on the total wave amplitude (power) and the absolute phase
along the path. This is done by including a common complex propagation
factor associated with each two-vector. Conventionally, the Jones
representation assumes normalized vectors and matrices such that the total
power in a path is irrelevant, and any phase factor common to both Ax and Ay
is assumed to be factored out. With such an assumption it is not possible
to compare (add, combine, or couple) the waves in two paths. Thus, the
present method may be described as the Jones vector-matrix method, enhanced
by preservation of the absolute phase and total amplitude along each path.

Beam splitters, combiners, and distributed directional couplers are also
necessary optical components. These are slightly less familiar to the usual
descriptions of the Jones method, but the form of the required 2 x 2 and

4 x 4 matrices is well-known.

The vector-matrix representation is ideally suited to numerical work and to

computer programs. The mathematical quantities are easily calculated for
any component and values of the parameters which describe it, e.g., path
lengths, orientation, reflection and transmission coefficients, coupling,
etc. The complexity of a system lies in the large number of its components
and the multiplicity of interconmnecting paths, rather than in the basic
componerts themselves. This problem can be handled by a good computer
program structure.

PROGRAM STRUCTURE

Logically there are three main parts to the program. The first part reads
the input lines, one per optical component, and builds up to a description
of the optical system. Pointer vectors and lists are built up which
describe the operations to be carried-out, in which order, and on which
paths. The operations are simﬁly-the multiplication of the complex wave
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amplitude of each path by the 2 x 2 matrix. This phase of the program
execution may be described as a "compilation" of the optical system, to be
executed later any number of times,

The compilation of the system description from the input lines is done only
once. But execution for numerical output may be carried out any number of
times to give the output data points vs some changing parameter such as
wavelength, a rotation rate, or path length, etc.

The heart of the program is a subroutine containing a large number of small
blocks of code for matrices and multiplications. A block of lines, from a
few to perhaps 20, exists for each possible component. During execution,
for any fixed set of parameter values, and progressing from input to output,
the logical flow is to skip to each block in order, executing only those
operations called for. This is done very efficiently following the pointer
lists made up during the build mode. It is done repeatedly with changing
parameter values during any one "experiment."

The third part of the program is another subroutine which conducts the
"experiments" or simulation runs. It reads additional input lines, one or
more per experiment, which describe the parameters to be varied and the
values to be used, and then calculates the "data points." The detector
outputs are printed or stored for each data point. Any number of different
experiment runs can be carried out by successive input lines, all for the
same optical system, without repeating the system description.

PROGRAM INPUT: AVAILABLE COMPONENTS AND EXPERIMENTS
The structure of the optical system and the types of numerical experiments
to be simulated are controlled by a list of input lines. One type of input

lire defines an optical component. It specifies: a mnemonic for the
component; the path or paths of which it is a part; and up to four real
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parameters of the component. A different type of input line chooses the
type of numerical experiment to be performed: it specifies the particular
optical comporent(s) and parameter(s) to be varied, and defines the list or
range of values to be used, as well as the disposition of the generated
output.

Standard optical components include: path lengths, both isotropic and
birefringent with arbitrary orientation; polarizers for linear, circular,
and arbitrary elliptical polarization; Faraday cell; beam splitters and
combiners, both polarizing and nonpolarizing; polarization rotators;
waveplates and retarders of quarter-, half- and arbitrary length and any
orientation; distributed couplers in terms of coupling coefficient,
coupling length and phase mismatch; and beam splitters' combiners.

The 1list of available optical components includes non-standard components
such as detectors of total intensity or intensity in specific polarizations,
and a Stokes parameter detector, allowing the polarization state to be
plotted on the Poincare sphere. These detectors, which may be positioned at
any point in the optical system, do not affect beam propagation. Other
non-standard components are a non-reciprocal (rotation) simulator and a
"component" which specifies the excitation state of the imput beam.

Additional pseudo-components are available which can duplicate or
symmetrically reflect a previously input component (or set of components) to
a position later in the chain. One novel imput "component" with mnemonic
FLOP can unfold a gyro structure. Any number of components preceding the
midpoint of the fiber-coil or circular path are reflected about the
midpoint, with path numbers interchanged and sense of propagation reversed.
This economizes the input required, and guarantees duplication of the
components and their parameters for the counterpropagation paths. The
latter guarantee is important in experiments which vary a parameter of a
component in the counter-propagating paths of the system.




various types of experiments may be performed by varying: 1) any one
parameter of one or several duplicated components; 2) the relative
frequency of the input light beam; and 3) any two parameters in one (or
duplicated) components. Parameters may be varied by specifying a list of
values, or by incrementing over a range.

EXAMPLES

These examples are presented in this section following the Discussion to
illustrate model capabilities:

1. Dual Polarization Gyro.

2. Narrow-band Birefringent Depolarizer.

3. Four Sections of Birefringent Fiber.

4, Basic All-Fiber Gyro, Effect of Coupler Drift.

These results are important because they represent a detailed examination
of fundamental gyro error sources. The first example is central to this
contract program; the others are important to recently-developed
high-performance gyro configurations.

DISCUSSION

The program is just reaching fruition, so these examples only hint at the
principal power of the program--the ability to do simulations of
arbitrarily complicated optical systems with multiple paths and many
optical components.




v

The limitations of the program are those imposed by the Jones method.
Only monochromatic steady state can be treated at present. Consequently,
the program is not usable for time-modulated systems which are becoming
important for fiber gyros. For quasi-monochromatic excitation (e.g.,
semiconductor lasers, LEDs, etc.), it is, in fact, possible to extend the
Jones formulation and the program. It is only necessary to rzsplace the
complex two-vector of the wave amplitudes by their coherency matrix.
This is a trivial change in the program; the same Jones matrices are
used for the optical components. It is conceivable that the program can
be extended to treat the .ime-modulated cases, but this would probably
require considerably more complexity to keep track of transit time
effects. The method is also not applicable to resonator structures;
those become boundary value problems.

In actual practice, an important limitation will be lack of adequate
quantitative data to use with the program for realistic modeling. Many
optical components are less than ideal, and too little is known about the
parameters. Examples are the polarization effects in beam splitters and
distributed couplers, and twist or misalignment in birefringent fibers.
The modeling can be only as good as the optical parameters are well-known.

Example 1. Dual Pplarization Gyro

Figure 3 shows the gyro structures as it can be modeled, both in its
folded and unfolded form. All significant optical components are
included. Input excitation is at +45 deg polarization, and separate
detectors for x and y polarizations are used at the output. The
wavelength used was 0.633.10™> mm.
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Figure 3. Dual Polarization Gyro as Modeled. Top, physical form;
bottom, unfolded form simulated by computer model.
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Polarization-preserving fiber with a 4n = 0.15 x 10> was used for

the coil of 100 meters. Because a model is not yet included for a path
which is both birefringent and rotation sensitive, the length was
partitioned into alternating segments of birefringent fiber and
nonreciprocal fiber, for a total of 50 meters of each type (with twice
the retardation coefficients appropriate for a 100m length). To simulate
fiber twist or misalignments, the orientation of the 3 birefringent
sections could be set at + a few degrees.

Figure 4a shows the output from the x and y polarization detectors vs
rotation rate in deg/sec. Scale factor and drive for the Faraday cell
were adjusted for the quadrature operating point, and the fast axis of
all the birefringent fiber sections was aligned to O deg. The output is
as expected, with the rate signal from the two detectors having opposite
phase with respect to the direction of orientation. (The two
polarizations are biased to complementary quadrature points.) An
arbitrary scale factor was used to make this model sensitivity agree with
the experimentally-observed 80 deg/sec for 2m phase shift in the
detector outputs.

To simulate possible angular misalignment of the fiber, the three
sections were then oriented at +5, +7, and -8 deg respectively, with the
results shown in Figure 4b. Most notable is the shift from equal
*detector output, appearing as a drift to an equivalent +10 deg/sec
rotation rate. Also, the curves are no longer symmetric--most notably,
the curve for the x polarized output.
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A different experiment is shown in Figure 5, where the scale factor of

the Faraday cell (Verdet constant) was varied over a relative range of

+5 ° 1074, This was intended to simulate the effects of a temperature
variation of, say, +5 deg, assuming a temperature coefficient of lo'a/deg.
This demonstrates the effects of small changes, as evidenced by the expanded
scales needed. The rotation rate was 0.002 deg/sec, and bias was at
quadrature at the 0.15 point on the horizontal axis, resulting in 0.5 output
for both detectors. The change in detector output with this "drift" in the
Faraday cell was identical; the two curves have a constant separation.

With respect to the sense of direction of rotation, or an apparent rotation,
the sense of detector drift is opposite for the two outputs. The rotation
signal, the difference between the two detectors, does not drift. This
directly demonstrates the advantage of the dual polarized gyro.

Figures 6a and 6b show similar results in the presence of the birefringence
misaligment experiment previously shown in Figure 4b. We used the same
change and horizontal scale for the Faraday cell scale factor as in Figure
5. Note the zero rotation rate points in Figure 4b: at about 0.19 for the
‘ x polarization, and about 0.84 for the y polarization. These points vs the
P drift in the bias point are shown respectively in Figures é6a and éb. Note
the expanded scales on the left for detector output. The slopes of the two
curves are in the same direction, but because the two are on such different
parts of their respective curves, the slopes are very different. The

2 important point here is that the misorientation at several "joints" in the
highly birefringent fiber has introducted mixing of the x and y polarized
energy. The consequences are quite unpredictable.
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These are preliminary results and are not fully understood. The degree of
misalignment is perhaps rather large, and the abrupt change is not really
eguivalent to fiber twist,

Example 2. Narrow-Band Birefringent Depolarizer é

Rather than preserving a polarization state, it is sometimes desirable to
depolarize a light source. This has meaning only for non-monochromatic fi
light, and the bandwidth over which depolarization can be obtained is an ;
important question. As an example, in the use of superluminescent diodes as
sources for fiber gyros, a depolarizer over a 1% bandwidth is desirable.

Figure 7 shows a possible depoarizer using two lengths of guartz. For

s narrow-band performance, the pieces need to be rather long, depending on the
degree of birefringence. One example given in the literature states that
the longer piece should be twice as long as the short piece.2 It can be 1
shown that this is a poor choice; rather, the two lengths should have a
ratio not near the ratio of small integers. The total length, in number of

: retardation wavelengths at center band, should be many times the inverse

I relative bandwidth.

The Poincare sphere is very useful to exhibit the spreading of the
polarization states by a depolarizer.3 In a good depolarizer, as the
frequency of the light is varied within the bandwidth, the state of
polarization is redistributed widely and uniformly over the surface of the
sphere. The lower part of Figure 7 shows the points on the sphere which
were obtained using the computer program. (This model requires a simple
list of about 10 input lines.) The relative frequency was varied over the
range of 0.995 to 1.005 using 100 points. That is, the total spectral range
displayed is one percent, and the individual points shown are spaced at
104, cood distribution over the sphere is evident, although there is a
somewhat greater number of points (loops) near the +45 deg linear polarized
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Figure 7. Narrow-Band Two-State Birefringent Depolarizer.
Locus of polarization states on Poincare
sphere over a 1% spectral range.

34 J




points P and Q. Different choices of parameters for best distribution on
the sphere are very easily explored using the computer program. Design
iterations are efficient because of the flexible program structure.

Example 3. Four Sections of Birefringent Fiber

The results from a simple example of birefringent fiber sections misoriented
in angle at their junctions are shown in Figures 8 and 9. Four sections of
fiber with a linear birefringence of 6n =2 - 10”7 were used (beat

length of 2.5 meter at A = 0.5 ° 10'3mm). Lengths were 9.5, 9.09,

9.72, and 9.45 meters; and the orientations (fasf axis) were all nominally
45 deg, but actually misoriented to 41, 47, 50, and 45 degs respectively.
Input light polarized at 45 deg. is nominally aligned with the fast axis of
the fiber, and should emerge as 45 deg polarized light. But the fiber
misorientation will result in deviations from pure 45 deg. polarization, as
is clearly shown in the two figures where the relative frequency was varied
over the range 0.95 (0.001).05.

et s 1 oo = e b

Figure 8 shows the output from x and y polarized detectors. The sum of the
two is constant (energy conservation); and where the two are equal, the
azimuth of the polarization is 45 deg, though there will generally be some
ellipticity. More clearly displaying the departure from the +45 deg.
polarization state is the locus shown on the Poincare sphere in Figure 9.
The locus spirals around the point P, or Stokes parameter axis S2. Over a
wider frequency band the spiral path repeats periodically. Projecting this
locus onto the S1 axis from H to V gives the resoclution into x and y
polarization shown in the previous figure.

—
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Example 4. Temperature-Induced Bias Errors in Gyros Using Distributed
Couplers

The basic all-fiber gyro consists of a distributed 3 dB fiber coupler used
for a beam splitter/combiner plus the rotation sensing fiber coil. This may
be modeled quite simply, with a single non-reciprocal phase retarder in the
path to establish the quadrature operating point. Two unfolded paths are
used for the clockwise and counterclockwise beams respectively, with a
single detector for the output of each path, giving complementary rotation
signals. Only a single polarization is used.

An experiment of interest is how the output signal might drift with, say,
temperature changes in the distributed coupler. It is not obvious whether
the drift would be equivalent to, or be interpreted as, a rotation signal,
but this is easily modeled. Figure 10 shows the results of varying the
coupling coefficient of the distributed coupler (this is equivalent to
varying the effective coupler length or the frequency of the light). The
consequence is that the light is not equally divided between the two paths.
It is the coupling coefficient which is varied here, not the power division
ratio. Because of the nature of the distributed coupler, a phase shift also
accompanies the power division change; this is a phase change that appears
as a gyro bias error.

with the choices of wavelength and coupler length used, equal power division
required a coefficient of 0.25 x 10‘5 per unit length. This point is

shown circled in Figure 10. At quadrature and zero rate, the detectors for
the two outpUts are equal. Along the horizontal axis, the coupling
coefficient is varied over a wide range. The detector outputs vary in a
manner indistinguishable from a rotation rate. To first order, very near
the w/2 point, the effect vanishes; but the second order effect, for
changes of even one percent in the coefficient, still can be large compared
to the rotation rates to be measured.
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For typical gyro parameters and a few degrees temperature change, this error
term amounts to hundreds of degrees per hour. The magnitude of this effect
has not generally been recognized. It may present a fundamental limit to
fiber optic gyro performance.
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SECTION 4

EXPERIMENTAL RESULTS

A significant portion of the objective of this contract was to determine the
operating parameters of the dual polarization gyro. The most fundamental
part of this is the definition of concept feasibility. This includes
demonstration of the experiment with measurements to evaluate performance of
the gyro at quadrature, and especially to observe the effect of rotation and
Faraday cell bias on the two polarizations.

The most important result, described later in this section, was
demonstration of dual polarization gyro performance with a changing phase
bias element envirorment. Gyro bias is shown to be an order of magnitude
more stable in the dual polarization configuration than with only one
polarization operating.

GYRO COMPONENTS

The experimental set-up used is shown in Figure 11. Here optical components
are arranged on a plate which has been mounted on a rate table. Fiber is
wound around the periphery of the plate. In this experiment approximately
150 meters of fiber are used on a 0.9 meter diameter circle. A Tropel 100
helium-neon light source is used for the initial experiment. This laser
produced noise due to light feedback from the experiment. In later
arrargements a Faraday cell isolator was used to reduce the returning light,
thereby reducing oscillations in the laser. Laser output power is sampled,
as ¢hown, by detector 3. This power measurement and others at various
places on the table are connected to a dedicated computer facility used to
record data, analyze performance, and plot gyro characteristics.
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The 50% beamsplitter which allows coupling light to both fiber ends is made
from a quartz substrate and designed to work at near normal incidence,
minimizing polarization-dependent effects. A second Faraday cell with
associated quarter wave plates provides the non-reciprocal element needed
for dual polarization gyro biasing. Quarter wave plates on either end of
this Faraday cell are aligned with a 90° difference with respect to each

other.

Fiber end couplers consist of a low strain microscope objective and a 3-axis
differential screw translation stage. One end of the fiber passes through a
polarizera and, for some configurations, it has a fiber stretcher for
decorrelation of fiber scattering. Because the gyro runs two polarizations
simultaneously, it is necessary to have detectors arranged for each;- in
this case, a polarizing beam splitter is used for signal separation at the
output of the gyro.

The optical components on the rate table are connected through a slip ring
assembly to a dedicated computer data retrieval system. This is centered
around a Fluke model 1720 A instrument controller. This system includes an
analog scanner which feeds a remotely controlled 6-1/2 digit voltmeter.
Data is stored in the 1720 A memory, processed, and then stored on disk
file. This portion of the system is illustrated in Figure 12.

A function generator and power amplifier are also connected to the slip ring
assembly. They are used for experiments requiring PZT stretchers for
decorrelation of Rayleigh scattering within the fiber.

SOFTWARE

The experiments run on the fiber optic gyro program used a Fluke 1720A data
controller as the main data storage and analysis device. The 1720A is a 16
bit micro computer with a floppy disc storage media. The language used is
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enhanced Basic. All the special drivers to control the IEEE-488 data bus
which connects the outside world to the CPU are resident in the Basic

operating system.

The routines used to acquire, analyze and plot the experimental data were
generated by Honeywell personnel. They make full use of the 1720A's
capabilities as a simple dedicated experiment controller. The programs
developed are DATRUN, a data acquisition routine; DPDEV, a data acquisition
and real time analysis routine; DPSTAT, a statistical analysis routine;
RATMAX, a rate data pre-processing routine; and HPLOT1, a data plotting
routine. Details of these software packages are contained in Appendix A.

STATISTICS AND NORMALIZATION

The output of the dual polarization gyro detectors is a voltage. The
functional form of this voltage is

v = V2 sin k@

Qhere VO is the intensity scale factor of the output and K is the rate scale
factor. K is determined uniquely by the gyro parameters and is written as

4 LR

Ac
where

fiber length = 150m

loop radius = .5m

optical wavelength = .633x10 6n
speed of light = 3x108 m/sec.

0 > O r
"

For this gyro, KQ = 5 radians/rad/sec.

The intensity scale factor vO is determined by the laser power, fiber
losses, fiber coupling coefficients, general set-up, and detector scale
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factor. Because of the flexibility of our experimental set-up, this vo has
had the oppartunity to vary. We made no real effort to fix this value
throughout our tests. We only required that it was known for the

E configuration being tested. The value is easily determined experimentally by
a rate variation experiment where the input rate is varied such that K
traverses an angle greater than 2w,

For the most part, Vo = 6 volts. Some data plots have a different vo. In
those cases, Vo is recorded on the plot.

In order to determine the gyro performance in real units, i.e., deg/hr, we

would normally have to invert the equation V = Vo sin KQ to the form gﬁ
1 5

g1 sin|V E

=R Vo %

Practically speaking, this is a difficult process to implement and is not
really necessary for experiments. The sensitivity of the gyro can be
describted in termms of the standard deviation of the rate data. This can be
written in terms of Jv as

or, for a zem rate drift run,

g
C. =V .
2 Rvo

3ecause the dual polarization can operate at guadrature at zero rate,. the
voltage-to-rate conversion can be approximated at low rates by

V'S VoKQ.
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Therefore, the zero rate drift test results, which are presented in volts, can
pe easily converted into true rate values.

EXPERIMENTAL RESULTS

The dual polarization gyro principle described in Section 2 of this report was
H verified and is illustrated in the following figures. Using the breadboard
set-up of Figure 11, we were able to change optical components and vary
experimental conditions to optimize the gyro operation. Figure 13 illustrates
' a dual polarization gyro output showing the horizontal and vertical detector
signals. This plot shows several of the unigue features of dual polarization

configurations.

At zero-rate the two outputs are observed to be at the quadrature point !
(7/2), and of opposite slope. This situation is obtained with the gyro
aligned for maximum output. These two polarization outputs have been combined
algebraically in Figure l4. Comparing Figures 13 and 14, one can note that
the scale factor for the gyro has been increased by a factor of two and the
noise decreased. The nature of the noise is obvious from re-examining Figure
13, in which the correlated peaks can be seen.

NOISE REDUCTION TECHNIQUES V]

In order to decrease the noise in the gyro output, we analyzed noise sources.
The most fruitful portion of this centered on laser-generated noise. Figure
15 illustrates a typical gyro output power spectral density for a drift run
(constant rate input). Here the noise peak at approximately 4.0 KHz is
similar to the power spectral density noise peak for the laser output. The
laser output power spectral density is shown in Figure 16. This information
led us to conclude that some form of laser isolation was required.
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DPQR1. DAT

DUAL POLARIZATION RATE RUN WITH FARADAY QUADRATURE

22-Sep-81 11:48

)

t\.v t\.*
& |A
- &

-
gﬁ%i.sgiﬁL
=0 (Yo
E (2
a
°g |28
83 134 1
[ =
S |5

=8
§§.JL§.<L
o< Jo+
9 |,
Q
8 |28 |
ld [ ]
N -4

8| 8

Nl &1

8] 8 . DA
" _sh.pg -40.08 -20.90 2.98 20.08  40.909

Figure 13.

RATE (DEG/SED)

Gyro Output vs. Rotation Rate for Horizontal
and Vertical Gyro Polarizations

48

2. 28




!
!
i
L

[ S

@. ooe 2. 089 4. P0R 6. 290

3 = NORMALIZED OUTPUT
-2. 800

-4, 080

DPAR1. DAT

DUAL POLARIZATION RATE RUN WITH FARADAY QUADRATURE
B2-Sep-81 11:48

DETECTOR OUTPUTS NORMALIZED AS 12-I1 ve. RATE

-

s

$p.08 -42.080 -20.020 2. 28 2p. 28 40. 23 80. 28

RATE (DEG/SED

Figure 14, The Combination of Two Polarization Outputs
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FOURIER MAGNITUDE

SP1D2. DAT

SP DRIFT RUN AT 25 deg/eec WITH LASER FLUCTUATIONS.
18-Jun—-81 15: 40

FOURIER TRANSFORM OF CHANNEL @ VERTICAL POLARIZATION

Y
4

.
—

0.20245 0.00268 0.00075 0.00898

2.8 2.0 4.8 8.8 8.4 10.8 12.8
FREQUENCY IN HERTZ

0.20028 0©.0001S 0.28238

Figure 15. Power Spectral Density of Gyro Output
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SP1D1. DAT

SP DUAL POLARIZED LASER NOISE EFFECTS.
18-Jun-81 1521

FOURIER TRANSFORM OF CHANNEL 2 LASER MONITOR.

&

o
v

A
v

b
v

2. 28008 Z.WIF%%Z“A%?% 2. 20884 l.m a.

=
®

2.8 4.8 8.8 8.8 18.8 12.8

Figure 16. Power Spectral Density of Laser Output

51




We constructed a Faraday rotator/polarizer using materials suggested by the
Naval Research Laboratory.5 This isolator, shown in Figure 17, was
instrumental in reducing overall gyro noise levels. Other technigues, such
as improved optical component quality and spatial filtering of the gyro
input, were also examined.

These improvements resulted in a significant decrease in system noise, which
allowed backscattering from the fiber to become the most significant noise
source. The fiber stretcher was implemented to decorrelate backscattering,
allowing further improvement in the gyro performance. Both freguency swept
(chirped) and continuous sine wave exertation for the PZT stretcher were
evaluated. The most effective decorrelation was found to be in the 4.0 -
4,5 KHz region. A l-centimeter diameter PZT cylinder with about 15V was
used with 10 fiber turns. Figure 18 illustrates the before/after results in

a drift run using the dual polarization gyro output. The RMS noise in the
runs in Figure 18 show a factor of 31 improvement with the decorrelator on.

The gyro output characteristics using the noise reduction techniques
described above are shown in Figure 19. This output compares favorably with
the previous output, Figure 14. The scale factor change in the two figures
is a result of neutral density filters in the gyro input portion of the
experiment. At the time these data were taken, the input power was
approximately 100 microwatts.

A long-term drift run is shown in Figure 20. Here the data are plotted with
an expanded vertical scale, allowing more detailed examination of the

noise. Aside from a turn-on transient, the data are relatively stable. The
drift indicated by the portion of the plot after the stabilization is
approximately 50 deg/hr/hr. This is a surprisingly good bias stability
value for such a flexible experimental set-up.
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DPQDS. DAT
18 MIN DP DRIFT AT @ DEG/SEC (QUADRATURE)
@2-Sep-81 13: 58

DETECTOR OUTPUTS NORMALIZED TO 12-I1 ve. TIME

1
o 1

g

+]

2. 000

1ZED QUTPUT
N

ch 09 120.00 299.08 300.80 420.90 S00.00 000.020
TIME (SED

Figure 18. Comparison of Drift Run with (1)
and Without (2) Chirped Decorrelator
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DPQ1RS. NOR

REALIGNED RATE RUN AFTER DPQIRS. DAT
22-Sep-81 16 43

DUAL POLARIZATION OUTPUT ve. RATE

« 7T

1

-8. 333 2. 828

-8. 8667

25. 37.58 S2. 23 82. 5@ 75. 88
RATE (DEG/SEC)

#.m

. 29 12. 58

Figure 19. Dual Polarization Gyro Output After Noise Reduction
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DPQ1D8. NOR

5 HOUR DP DITHERED DRIFT STATISTICS RUN
22-Sep-81 16: 23

DUAL POLARIZATION OUTPUT ve. TIME

[

e. 180

@. 887

a. 2833

1 = DP OUTPUT (-1 TO +1 FULL SCALE)
-8. 833

-@. 887

-

Se.22 192.80 150.28 200.28 250.08 308. 22
TIME CMIN) i

- 100
8

Figure 20. Long-Term Drift Run with Expanded vertical Scale
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The most important objective of this experimental effort was to demonstrate
dual polarization gyro independence from phase modulator errors. It was
hoped that the analytical predictions of Section 2 and the numerical
modeling of Section 3 could be verified experimentally. To accomplish this
it would be necessary to measure gyro bias while changing phase modulator
settings. The principal factor in phase modulator stability is
envirommental temperature; this parameter was varied over a time period of
about one hour, and the gyro drift recorded.

Figure 21 shows the temperature change of the Faraday cell housing as a
function of time. In this example it was heated to about 339 and allowed
to cool. During the experiment, laser output power was also observed to
fluctuate. This is plotted in the lower curve of Figure 21. A conventional
gyro would be expected to respond (drift) in response to these
perturbations. This is, in fact, what is observed in Figure 22. The curves
labeled 0 and 2 are the two single polarization outputs of a gyro plotted on
the same time scale shown in the previous figure.

Curve 1 in Figure 22 shows the dual polarization performance of this gyro.

It is an order of magnitude more stable than the conventional (single)
polarization gyro. This confirms the expectation of better drift

performance for the dual polarization gyro.




DPQ4D4. DAT

DP FARADAY THERMAL DECREASE TEST AFTER DPQ4R3
| 12-00t-81 17,53

g LASER AND TEMPERATURE DRIFT ve. TIME

T

—
o |
35-

-@. 375

33. 008

&
-

4 = FARADAY CELL TEMPERATURE (CELSIUS)

31. 000

~2. 4

~@. 525

28, 808

6 = LASER (3X FULL SCALE POWER DRIFT)

gJL gl 4
?I'&
in
5| &
1 4]
8
[~}
B| & e
S Chige 1200.80 2470.00 3600.02 4800.83 6220.98 7280.020

TIME (SED)

Figure 21. Faraday Cell Temperature and Laser Output Power
Fluctuations vs Time During Drift Measurements
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DPQ4D4. NR1
DP FARADAY THERMAL DECREASE TEST AFTER DPQ4R3
12-00t-81 17:53

in 8 8 COMPARISON OF DUAL AND SINGLE POLARIZATION OUTPUTS ve. TIME
e < 9
N T <7
[
[+ ] -] [ g
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|
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Figure 22. Single Polarization (curves 0, 2) and Dual
Polarization (curve 1) Output Showing an Order
of Magnitude Stability Improvement for Dual
Polarization.
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APPENDIX A

SOFTWARE DETAILS
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APPENDIX A

SOFTWARE DETAILS

Programs used for Fluke 1720A programming are included in this report to
allow their use by other researchers, and to quantify the statistical
measures of performance used in the experimental portions of this report.
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DATRUN

This routine is a general-purpose, fast data acquisition routine that reads
and stores up to 10 channels of 6-1/2 digit analog data at a rate up to 200
chanrels per second. The routine sets up the 7600-scanner/DVM-subsystem in
its fastest acquisition mode. The number of channels read and the speed at
which they will be read are under user control at run time. On command the
program acquires data and stores them in temporary storage until the
operator terminates the test or the storage space is exhausted. This read
and store operation allows for the high-speed operation. At completion of
the test, stored data are converted to real numbers and stored on the
diskette in a permanent file. The data can then be viewed and analyzed

The listing of DATRUN follows below.

using other routines.




FILE - DATHUN.BAS

1J¢
20!
30!
4u!
Sut
ou!
70!
8U!
90!
100!
110!
120!
130!
140!
150!
160!
170!
180!
190!
200
210
220
230
240
250
260
2/0
280!
290!
300!
310
320
330
340
350
360
370
380
390
400!
410
420
430
440
450
460
470
48V
490
500
510
520
530!
540!
5501

19149  05-0ct=-81 PAGE !

DATHUN.BAS «... FAST DATA STOHAGE ROUTINE
PAUL BJORK, PHOGHAMMER 3-30-81.
VAHRIABLE CHANNEL INPUT NUMBEK.
VAHIABLE SAMPLE AND BUKST INTERVAL SET.
CLOSES UPON DISPLAY TOUCH OH AHHAY OVERFLOW.
USES KBYTE WNbYTE STATEMENT
IN 3 BYTE BINARY INPUT FOrMAT.
#HAXIMUm SPEED—200 CHANNELS PEK SECOND.

*k USES VIRTUAL ARKAY FILE *»
B$(0) CONTAINS FILE FORMAT INFO. NO. OF CHANNELS.
BS (1) CONTAINS TOTAL NUMBEkR OF BURSTS.
A(BURST,CHANNEL) CONTAINS VOLTAGE DATA.
TB(BUKST) 1S THE ELAPSED RUNNING TIME.

ke DVM HIGH SPEED wEADING mODE *h

REVISION 2... DVM IS SET TO THE 2.5 VOLT RANGE.
ALTER LINES 250 AND 870. P. BJORK, 8/4/81.
RULTIPLE BUkST SEQUENCES POSSIBLE ON SAME FILE 8-14-81
COM Y
ES$=CHHS(2T)+¥ ("
IF Y=1 GUTO 1740
DIm ADX(9%), AI(10Q)

16O DIKRECTLY TO OUTPUT THE FILE!

K4=KEY \ ON KEY GOTO 1090

KF=|,!/8, ! wF For 20 V SCALE IS |, #F FOrR 2.5 VOLT SCALE IS 1/8
KX=KEY
ES$=CHHS(27%)+" (¥

SET UP wBYTE COMMAND STRING ARnAY,

ADXZ(0X)=607% ! ATN, UNT

ADX(14)=544%+1% ! ATN, MTA DVM

ADX(2%)=63% t ASCII "?2% THIGGEHS DVM

ADX ( 35)=575% ! ATN, UNL DVM

AD%(4%)=544%+3% ! mLA SCANNEr

ADX(53)=43% ! ASCII "+¥ INCKEMENTS SCANNEK

ADX%(6%)=40% ! ARBITkArY TIME DELAYEn

ADX%(74)=575% ! ATN, UNL SCANNEH

ADX(BX)=576%+1% ! ATN, MTA DVM
PHRINT ESS$+"2J"3CPOS(3,1)

PRINT "DATRUN.BAS ....3 BYTE 2.5 V. RANGE HIGH SPEED DATA STOKAGE KOUTINE."
PRINT

PRINT "PLEASE ENTER THE rOLLONING:"
PRINT ® DATA FILE NAME. (<CH> to view a file) "¢ \ [INPUT FIS
IF Fls<>"" GOTO 480 ELSE Y=I ! TO VIEmn FILE

HUN

PHINT * FILE HEADEr. "3 \ INPUT FHS
PHINT ¥ STAKTING CHANNEL, NUMBEr OF CHANNELS. "\ IMPUT SC%,NCX
PRINT * BURST INTERVAL(ms). "$ N\ INPUT TS
PRINT TOTAL bUKS[ NUMBEK. "3 N\ INPUT SZ$

1F SZs=¢/ THEN SZ%=300% ELSE SZ%=VAL(SZ$) ! MAXImUM ArKAY SIZE

INITIALIZE Tk VIHTUAL DATA FILE
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FILE DATHUN.BAS 19849 U5-0ct-dl PAGE 2

500 OPEN rl1s AS NEW UIm FILE | SIZE ((NCXR+IX)%SZ24)/04%+24&
5/0 vIm #1, Bs(oX) = 04%, A(SZ%,NCX)
530 DIM HA(NC%) , IAX (SZ%*3%#NCX), TB(SZX)

590 NC=NCX

600 BS (0X)=NUms (NC) ! NUMBEK OF CHANNELS.
010 BS(2%)=FIs ! FILE NAME

620 B$(3X)=FHS ! FILE HEADEk.

030 3$(4%)=DATES+/ “+TIMES

640!

650 PRINT ES$+72J73ESSs+/1pZiCPOS(2,1)

660 PRINT “PHESS SCKEEN TO INITIATE READINGS*

670 ON KEY GOTO 680 \ WAIT

680 KX=KEY \ RESUME 090

690 PRINT ESs+"2J%3CPOS(2,1)$*SCANNING CHANNELS "3SC43" TO "“§SCX+NCX-13%."
700 PRINT CPOS(S5,1)$"DATA FILE NAME IS "tFIstn n

710 PRINT CPOS(7,1)% “PRESS SCHEEN TG HALT."

720!

730! INITIALIZE METER AND SCANNEk

740¢ METEr~-FILTEr BYPASS, #EMOTE TwIGGEn, VARIABLE SAMPLE
750! SCANNER—SET LOWEK AND UPPEk INCHEMENTAL BOUNDARIES
760!

770 INIT POKT O

730 CLEAK el

790 HREMOTE @l@3

300!

810 IMX=NCX*3%-1% \ UP%=SCXZ+NCx-1

820 INIT PORT ©

830 PRINT @3%,"*,($,,)"s ! RESET AND CLEAKr SCANNEK

840 PHINT @3%,SC%s",,0" ! SET CHANNEL LOUNDAKIES

850 PRINT &3%,UP%3",,1%s

3860 PHINT w3%,SCxs¢,*" ! SET Ta STARTING CHANNEL

870 PRINT @1,"Vr2S2FI1TOBQO!™ ! Rl IS 2.5 V hANGE. R2 IS 20 V HANGE.

880 WAIT 3C00
890 PHINT ES$+/5m’3 “ACQUISITION IN PROGHESS.’$
900 INPUT LINE @l1,DI1s

910!

920! PRINT "ELAPSED TIME$ O  MINUTES"3

930! PHINT ESs+"joD"y i
940! T=TImE . T
950 FOR J%=0 TO SZ%-2% ! DO LOOP SET TO MAX SIZE

950 K3X=3X4NCX*J%

910 RBYTE (WBYTE AD%(0%..3%)) IAX(K3%..K3X%+3%*NCX-1%)13%
980!

990 TB(J%) =TIME

1000! PHINT USING “##wsr, #w" , (TB(JL))/608ESS+/7D’ ¢

1010 ON KEY GOTO 1090

1020 WAIT TS-5

1230 OFF KEY

1040 NEXT Ji

-

1050 Ji=J%=-14 ! oEDUCE JX FOK NOxAAL DO LOOP EXIT
jubu!

1070 COMVEAT DATA TO wEAL, CLUSE FILE, AND INFOM ON FILE STATUS.

juBu!

U0 K#=KEY

1O IFr Ké=u4 GUTO 12W0
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FILE UATKUN.BAS 19349  05-0Oct=-dI PAGE 3

1110 PRINT ESS+/m/3ESS+72J” )
- 1120 PHINT CPOS(3,3)3#/HESUME DATA ACQUISITION ON THIS FILE’ ]

1130 PKRINT CPOS(5,1)3/TOUCH SCREEN FOH CHOICE~”

i140 PRINT CPOS(7,7)3#“CONVERT EXISTING DATA’

1150 ON KEY GUTO 1160 \ WAIT FOx KEY

1160 KX=KEY -

1170 OFF KEY

1180 IF K%>30 GOTO 1190 -

1182 PRINT ESS+22J43CP0OS(5, 1) $/HESUMING DATA ACQUISITION (5 SEC)’ i

1183 WAIT 5000

1184 PRINT ESS$+/5m’3CPOS(8,5)37ACQUISITION IN PHOGKESS/

1185 RESUME 1040

1190 RESUME 1200 °

1200 JT=JX% ! JT IS TOTAL NO, OF BUKSTS wINUS 1, b

1205 ON CTHL/C GOTO 1340 . b

1210 TO=TB(uX) ‘

1220 PRINT ES$+72J731ESS+/m’1CPOS(3, 1 ) $"CONVERTING DATA.U .

1225 CLEAK wl@3

1230 FOr K%=0% TO JT

1240 K3X=3X*NCX*KX

1250 A(KX,NCX)=(TB(K%)=T0) /1000 ! SUKRST TIME IS ON THE NCX COLUMN,

1260 GOSUB 2060 ! CONVERSION SUBKOUTINE

1270 FOr JX=0 TO NCX-1% .
1280 A(KR,JX)=rA(JR) )

1290 NEXT JX

1300 PHINT CHks(7)3

1310 NEXT K%

1320 B$(14)sNUMS (JT+1) ! NUMBEHR OF BUKSTS.
1330 BS(SX)=NUMSCACIT,NCR) M anwsdn. ##")+" SECONDS TOTAL TIME®
1340 CLEAR wiwe3 .

1350 CLOSE 1 -
1360 GOTO 1380

1370! .
1380! SUBROUTINE ASK FOR INSTRUCTIUNS

13v0! . ‘.
1400 PHINT ESS+72J73ESS+/m’i1CPOS(2,1)8

1410 PRINT “KEY CLOSUHEs DATA ACQUISITION STOPPED,.™ -
1420 PRINT IS 3" IS FILLED AFTER "3

1430 PHINT JT+!13$" BUKRSTS."

1440 . e
1450! CHOICE ENTRY POINT

1460! -

1470 PRINT CPOS(5,1)% "CHOOSE A FUNCTION,"

1480! PRINT ESS+/im’3

1490 PHINT ES$+/5m” 3CPUS(0,6)47EXITZ3CPOS(0,18)3*VIENZ$CPUS(6,30)$2AGAIN”
1500 KA=KEY \ ON KEY GOTO 1510 \ ON CTRL/C GOTO 1620 \ WAIT FOk KEY

1510 K4=KEY \ RESUME 1520

1520 PRINT ESS+’m”$

1530 IF Ka=41 GUTO 1620 ! THEN EXIT. v

1540 [F Kx<>49 GUTO 1570

1350 PHINT ES$+7p73 ! WECYCLE TO A NEW DATA FILE. &

1560 w«UN

1570 1F K4=45 TAEN PKINT ES$+’p’ ELSE GOTO 1470

1580 Y=i ! VIEW A FILE 'T

1590 HUN .

-

-

=
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rFILE

1600
1010
16 20!
1030
1640!
1650
1660!
1670!
1680!
1690!
1700¢
1710¢
1120!
1730!
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1350
1860
1370
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1¥80
1990
2000
2010
2020
2030
2040
2050
2060
2070
20480
2090
2100
2110
2120
2130
2140

DATKUN . BAS 193149 05-0ct-8] PAGE 4

PRINT ESS+’1p’
GOTO 1470

PHINT ESs+%p#
END

VIKTUAL FILE PRINTOUT SUBrOUTINE
AC(I,J) IS THE NUMEKIC AKRAY
BS(K) IS THE FILE HEADER ARHAY
- BS(0) CNTAINS THE NUMBEK OF COLUMNS IN STHING FOKMAT
- B$(1) CUNTAINS THE NUMBEK OF HOWS
TB(J) IS THE RUNNING EBURST TIME.

Y=0 \ PKINT ESS$+’p/$ESS+72J71CPUS(3,1)
PHINT “ENTEr VIkTUAL FILE NAME FOr LISTING.... "% \ INPUT FJs \ GOTO 1760
ON CThL/C GOTO 2030 \ ON KEY GOTO 2020
OPEM FJs AS OLD DIm FILE 1
DIM #1, B2S(6X) = 64%, AS(VAL(B2S(1)),VAL(B2$(0)))
NCX=VAL(B2$(0)) \ NB%=VAL(B2s(1))
PRINT
PRINT “FILENAME “1B82s(2)
PRINT B2$(3)
PHINT B2s(1)%4 BUKSTS.”
FOR [X=4% TO 5%
PRINT B2s(I1X)
NEXT IX
PHINT
FOR IX=0 TO VAL(B2$(0))-I

PHINT 4 CHAN.’$I%s
NEXT IX
PHINT * TIME (sec.)" \ PHINT
FOR IX%=0% TO NBX-1%
For J%=0% TO NCX%-1%

PHINT NUMSCAS(IZ,JX),"Sk##.#nip")}

NEXT J&
PHINT NUMS(ASC(I%,NCZ),"na#n,#")
NEXT I%
PRINT
PKINT 7PHESS SCKREEN TO CONTINUE.”
ON KEY GOTO 2020 \ WAIT
GOTO 2030
K%=KEY \ HESUmE 2030
CLOSE 1
PHINT ESS+/1p”iCPOS(2,1)3"DATKUN"S \ GOTO 1470
'

% SUBHOUTINE  3BYTE.BAS i
% VEKSION 1.1 12712779 J.CHUKCHI LL

g BASIC V1.0, FDuS V1.0

i 3BYTE WILL CONVEWT AN INTEGER AKHAY < TA% > KEAD IN FrOM *
t THE 95024 IN HIGH SPEED KEADING WODE ( 3-BYTE BINAKY TRANSFEK ). -
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FILE

2150
2160
2170
2180
2190
2200
2210
<220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340

fia.

DATHUN . BAS 19849 (O5-0ct~31

Cl1X=255%

C2%4=2504
Cl=lo%/(10X#*Kt)
C2m40964/ (10X» k)
C3=)1048576/ ( 10X*1F)
]

FON I%=K3% TO K3%+IM% STEP 3%
(]

TAR(I 4+2%) =IAX(1X+2X) AND Cl%

IF TAZ(IX) < 1284 THEN ISX=14 \ GOTO 2290
1SX=-1%

TAX(IX) =C1X=TAX(1X)

TARCI X+ 1X) =C1X=TARCIX+ (%)

TAR( IR+ 2% ) =C2X-TAR([X+2%)

1
.
]
.
!
.
!
.
[4
.
]
.

PAGE 5

CONSTANT For 17S COMPLEMENT
CONSTANT rFOk 275 COMPLEMENT
CONSTANT FOr BYTE |
CONSTANT rOk BYTE 2 (2712)
CONSTANT Fox BYTE 3 (2°20)

(EMOVE EQI BIT

CHECK FOx NEGATIVE READING
SET SIGN [0 NEGATIVE
COMPLEMENT BYTE |
COMPLEMENT BYTE 2
COMPLEMENT BYTE 3

IF TAX(IX) AND 32X THEN HA((I%=K3%)/3%)=0%\GUT0O 2320 ! ErrOR HAS OCCURED
HA((T4=K3%)/34)= (AR (IR)/C I+ AR (I4+1%) /C2+ TAX( 1 4+2%) 7/C3) *1SX
)

NEXT 1%
RETUKN
END

68

Lni

LuoP

\ .
i ikl o a3,

For




LX)

DPDEV

In order to examine the gyro performance over long-term drift runs, a
special acquisition program was developed. The routine acquires a burst of
multiple channel data similarly to DATRUN. This burst is done at high data
rate for a short time period, usually less than 10 seconds. These data are
converted and statistically analyzed for the mean and sigma of each
channel. These values are stored on file, and the program returns to
acquire another burst of data. The collection of means will show the
low-frequency drift character of the gyro, and the sigmas will show the
high-frequency character of the gyro noise. Therefore, this acquisition and
real time analysis yields a full bandwidth examination of the gyro output
withowt prohibitively large data storage. The listing of DPDEV follows.
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FILE UPDEV.BAS 19252 U5~Oct=3] PAGE 1

10! DPDEV .... FAST DATA STOKAGE KOUTINE

2U! PAUL BJUHK, PHOGHAMMER 3-30-81,

3! VEKSION 3 KEVISION ),.. DVs IS SET TU THE 2.5 VOLT HANGE.
40! STHEAMLINED FUrR “HEAL TIME’ STATISTICAL ANALYSIS,

45! DUAL POLAKIZATION VERSION 972781

4/! DUAL POLAHIZATION REVISION 1| 9710781 J HANSE

50! P, BJOKK, Br4/81.

ou!

70 ESS=CHrS(27)+" ("

80 JX=4%

9U DIM AD%(94), AI(10) MN(J%) , TN(14) (SF(J%) NS(JZ),S(1X),£5(14).S1(18),S2(1%)

100 ON CTkLs/C GOTO 1240

110 ON EkROR GOTO 1240

120 nF=1, ! RF Fort 20 V SCALE IS 1.

130 GUSUB 1320 ! 3BYTE INITIALIZATION

140 STS=/S##  #hsén’

150 Li=1E-5

100 KE%=KEY

170!

1801 SET UP WBYTE COMMAND STHING ARHAY.

190!

200 ADX(0%)=607%

210 AD%(1%)=544%+1%

220 ADX(2%)=063%

230 ADX(3X%)=575%

240 ADX(4%)=544%+3%

250 ADX%(5%)=43%

200 AD%(6%)=40%

270 AD%(7%)=575%

280 ADX(8%)=576%+1%

290!

300 PRINT ESs+%2J"3CPOS(3,1)%

310 PHINT "UPDEV .... DATA ACQUISITIOUN AND WEAL TIME STATISTICAL ANALYSIS®
’

ATN, UNT

ATN, MTA DVM

ASCII "?" THIGGEKS DVM

ATN, UNL DVM

MLA SCANNEH

ASCII “+" INCKEMENTS SCANNEK
ArBITRARY TIME DELAYER

ATN, UNL SCANNER

ATN, sTA DVM

e S s s s b e A b

315 PRINT FOr DUAL POLARIZATION GYRO URIFT TESTING”

320 PRINT CPUS(5,6) $ENTER FILE NAME 7% \ INPUT FIs

340 PRINT CPOS(7,12)3/FILE HEADEH 7% \ INPUT FHs

350 PRINT CPUS(Y,12)87STAKTING CHANNEL 73 \ INPUT SC%

360 PRINT CPOS(9,12)3’The input channels are assumed to be “3SCX3” and 231SCx+i%
370 PRINT CPOS(10,12)382BUKSTS PEX CYCLE 73\ INPUT NB%

380 PKHINT CPOS(11,12)3’NUABEK OF CYCLES 73\ INPUT CYZ%

370!

500! INITIALIZE THE VIKTUAL DATA FILE

5108

515 NC%=2%

520 OPEN FIs AS NEW DIM FILE 1 SIZE (5X*CY%)/064%+2%

530 DIA #1, BS(6X) = 64%, A(CYX,44)

540 DIM HACNCE) [AX(NBE*3IZ*NCX)

550 Bs (U%)=NUMS (4%X) ! NUMBER OF CHANNELS STOWED ON rILE.
500 Bs(27)=FIs

570 BS (3%)=rHS

530 B8$(4%)=DATES+" "+[IMES

570!

000! INITIALIZE METExM AND SCANNER

610! WETER=-r ILTEK BYPASS, HEMOTE TRIGGEK, VAKIABLE SAwPLE
020! SCANNER=—SET LOWEK AND UPPEK INCKREMENTAL BOUNDAKIES
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FILe DPUEV,.BAS 19852 US=0ct=8| PAGE 2

. 030!
040 INIT Pl O
650 CLEAK el
6600 KREMOTE e@l1a3
070 [MX=NCEX*3%-1%
630 UPZ=SCX+NCX-1 ! UPPEK BOUND
ov0 INIT POKT O
700 PRINT w3Z,"*,($,,)"% ! RESET AND CLEAK SCANNER
710 PRINT @3%,SCxs",,0" ! SET CHANNEL BOUNDAKIES
720 PRINT @3%,UP%3",,1"s
730 PHINT @3%,SCXs%, " ! SET TO STAHTING CHANNEL
740 PRINT @1,"VK2S0r ITOBQO!Y ! RI IS 2,5 V KANGE. K2 IS 20 V HANGE.
750 INPUT LINE weil,DIs
760 PRINT CPOS(13,1)%2 TIME (MIN) DET. 173TAB(65%)34DET., 2/
705 PHINT CPUS(14,19)82MEAN SIGHA MEAN SIGMAZ
T70 PRINT
780 TO=TIME
790!
800! CYCLE ACQUISITIUON AND ANALYSIS LOOP
310!
820 ON KEY GOTO 1170
830 rOK Lx=0% TO CYX%~1X%

840 A(L%,0%)=(TIME~TO)/( 1000%60) ! TIME STOHED IN MINUTES
845 FOK J¥=0X TO 1%

850 S$(JX)=0.

d00 SS(JX)=0.

805 NEXT JX

870 OFF KEY

880 FOR K%=0% TO NbB%-1%

890 K 3%=3X®*NCX*KX

Y00 HBYTE (WBYTE ADX(0%..6%)) TAX(K3%4..K3%+3%*NCX-1%)83%
210 NEXT K&

920  ON KEY GOTO 1170

930 FOR K%=0X% TO NB%-1%

940 K3%=3%*NCx*K%
950 GosuB 1410 ! CONVEHSION SUBROUTINE
960! FOR J%=1 TO NC%
970! NS(JX)=(HA(J%=1%)-MN(J%) ) /SF (JX) ! SINUSOIDS
980! NEXT J3
1015 FOR J2=0X TG 1%
1020 S(JZ)=S(J%)+HA(JX)
1040 SS(JA)=SS(JA)+RA(IZ)I*RA(JIR)
1045 NEXT J%
- 1050 NEXT K%
1053 PHINT USING “ ###.##7,A(L%,0%),
- 1055 FOR JX=0% TO 1%
1060 S1(JX)=5(J%)/NBX
1070 S2(J%)=SQK ((SS{(J%) /NBX)=~S1(J4)"2)
1080 ACLR, 1 %422 JX)=S1(JR) ! 1,3 ARE mEAN OF DET | AND 2
1090 AlL%,28+2% %) =S52(JK) ! 2,4 ARE SIGMA OF DET | AND 2
1100 PRINT USING STs,S1(Ja)82 73S2(J%),
1103 NEXT J&
1105 PrINT

BRIV IF KE4<>Us GUTO 1220
1120 NEXT L%




FILE

1130!
1140

1160!

1180
1190
1200!
1210!
1220
1230
1240
1250
1260
1270
1280

1300
1310
1320
1330
1340
1350
1360
1370
1380!
1390!¢
1400!
1410
14 20!
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1340

1290 !

DPDEV.BAS 19852 0U5=0ct=8l

PAGE 2

L¥=L%~15% ! FOR NORMAL DO LOOP EXIT

1150 GOTO 1210

KEX=KLY
RESUME

CLOSE FILES AND ENUL

1170 PHINT “KEY CLOSUKES ANALYSIS WILL CONTINUE TO FINISH CYCLE.”

BS (1X)=NUAS (LX) ! NUMBER OF CYCLES

BS(5%)=NUNS(A(LX,0%))+/ 4INUTES [OTAL TINE?
CLEAK @la3

CLOSE 1

IF Ekk<> O THEN PRINT “EkROK #3EKK$/ OCCUKEL ON
CLOSE 1

END

[}

' SUBKOUTINE 3BYTE INITIALIZATION.
]

C1%=2554

C2%=256%

Cl1=16%/ (1UZ*KF)

C224096%/ ( 10%*rF)

C3=1048576/ (104*KF)

RETURN

SUBROUTINE 3bYLE CONVERSION
FOR [%=K3%2 TO K3%+IM% STEP 3%

TAZR(IX+2%)=]AR(IX+2%) AND Cl1%

IF IAR(I%) < 128% THEN IS¥%=1% \ GOTO 1490
[S%==1%

TAR(I%)=C1%-1A%X(I%)
TARCIA+12)=CIX~TAR(IX+1%)
TAR(IX+2%)=C2%-1AX([%+2X) !

T T

LINE Z3EKL \ GUTO 1270

CUNSTANT FOK 1S COMPLEMENT
CONSTANT FOk 275 COmPLEMENT
CONSTANT FOk BYTE |1
CONSTANT FOk BYTE 2 (2°12)
CONSTANT FOK BYTE 3 (2720)

HEMOVE EOI BIT

CHECK FOk NEGATIVE READING
SET SIGN TO NEGATIVE
COMPLEMENT BYTE |
COMPLEMENT BYTE 2
COMPLEMENT BYTE 3

IF IA%(I%) AND 32% THEN /AC(I1%-K3%)/3%)=04\GOTO 1520 ! EKROK HAS OCCUKED
RAC(IR=K3%)/3%)=CIAR(IR) /C 1+ AR (JA+1X) /C2+ TAR (I%+2X)/C3) %] SX

NEXT 1% !
ETURN
END
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DPSTAT

This is a simple statistical analysis package. The data is input from the
diskette. The routine can accept data from either DATRUN or DPDEV. The
routire spools through the data and calculates the mean, sigma, maximum
value and minimum value of each channel selected by the operator. These
results are output to the printer. The routine then goes back and
calculates a best fit straight line for the data using time as the
independent variable, removes the line from the data, and calculates the
residue. The residue, slope, and intercept are output to the printer. The
units of the channels are preserved, so if the data were stored as volts
every 10 seconds, the slope would be in volts per second and all the other

outputs would be in volts




FILE UPSTAT.BAS 19831 U5-0ct-81 PAGE

10! DPSTAT ... .0UAL POLAKIZATION STATISTICAL DATA ANALYSIS ROUTINE.

20! PAUL BJOHK, PHOGHAMMEH.
30! VEKRSION 1, REVISION 3, 8/5/81,
40! DUAL POLARIZATION VERSION 9/10/81 JOEL HANSE
] 50! FUNCTIONSS
60! |« CALCULATES MEAN AND SIGMA ON CHANNEL IN A DATRUN TYPE FILE
70! 2. REMOVES A LEAST SQUAHES STHAIGHT LINE,
63! 3. CALCULATES MEAN AND SIGMA OF WESIDUAL.
»O!

100 ESS=CHkS (27)+2("
105 CHS=ESS+/H/+ESs+72J7 ! CLEAr SCHEEN ANL HOME 3
106 LF$=CHkS (10) t LINE FEED

197 FF$=Crnrs$(12) ! FOrM FEED

18 OPEN “KBUt” AS NEW FILE 4

109 OPEN “KB184 AS NEW FILE 5

110 PHINT CHS3ICPOS(3,1)%

120 ON ErnOr GOTO 1030

130 ON CTRL/C GOTO 1030

140 J%=5%

150 DIM S(JX),SS(JB) JNCRE(JL) YX(JRB) JYM(IZ) ¢ SX(J%) ¢ XX(JZ) (XY (J%) i (JX) ,B(IZ)
100 STS=/Sw#, #awss’

170!

180 PRINT ES$+72J731CPOS(3,1)4

190 PRINT “DPSTAT....DUAL POLARIZATION STATISTICAL DATA ANALYSIS ROUTINE.”

200 PRINT

210 PRINT This routine performs three functions”’ ?
220 PHINT l. Calculates mean and sigma of any channel of a’
230 PRINT ¢ standard (DATRUN) type virtual data file’
240 PRINT - 2. Hemoves least squares straight line”

250 PRINT 7 3. Calculates mean and sigma of residual’

260 PRINT 7 Items 2 and 3 can be disabled on command’

270 PRINT CPOS(14,5)3”ENTER DATA FILE NAME. 23 \ INPUT FIs

280 OPEN FI$ AS OLD DIM FILE 1

290 DIM #1,B8(6%)=04%, A(VAL(BS(1%)),VAL(3s(0%)))

300 NB%=VAL(BS(1%))

320 PHINT CHS$ICPUS(5,1)87FILE “/3FIS$4 CONTAINS “iNB%-1%#2 DATA POINTS’
330 PRINT CPOS(7,1)3’FOk PARTIAL FILE DATA ANALYSIS ENTER”

340 PHINTCPOS(38,5)3/LINE NuMaEr OUF FInST DATA POINT TO CONSIDER “

350 PRINTCPOS(9,5)87AND NUMBEK OF POINTS TO ANALYZE ‘3

360 INPUT FPi, N

305 IF FPX%+N>Nb% GOTO 330

367 LPX=tPA+N=-I|

370 PRINT CPOS(11,1)3/ENTER X AXIS CHANNEL FOx LEAST SQUAKRES LINE KEMOVAL 73
375 PHINT CPOS(12,5)3/C/R IMPLIES™NO LEAST SQUAKES LINE REMOVAL ‘3
380 INPUT XCs

385 PHINT CHss

3v0 IF XCs<>## THEN XCx=VAL(XCS) \ GOTO 420

400 XCx==12%

410 PaINT CPOS(7,1)38’CALCULATING ONLY RAW DATA STATISTICS.’

420 PKRINT CPOS(8,5)37 ENTER COLUMNS TO BE ANALYZED 7% \ INPUT NCS

430  CTA=LEN(NCS)

440 FGr IX=1% TO CT%

450 NCA(IA)=VAL(MIDI(NCS,1%,14))
460 NEXT I%
4/0 GUSUB 14C0 ! ZERO AKKAYS
74 -




FILe OPSTAT.BAS 1831 05-0ct-81 PAGE 2

49U PRINT

500 PrINT CPUS(11,5)38CALCULATING MEAN AND SIGMA ON FILE “3FIs
510 FOR [X=FP% TO LP%

520 For J%=1% TO CT%

530 CNX=NCX(J%)

540 Y=A(I%,CNZ)

550 GOSUB 1250 ! CALCULATE Sums
560 NEXT J%

570 NEXT 1%

58U!¢

532 PRINT CHss
584 rOk 10= 4 TO 5
530 PrINT#I0,LFSSLFSsLFssLFssLFs

590 PRINT#10,” STATISTICS ON DATA FILE “3FIss2.73LFssLrsilrs

010 PRINT#10,7COLUMN NO. MEAN SIGMA MINIMUM MAXTaUM”
020 PRINT#IG

630 FLX=1X ! FLAGt PHINT MAX AND MIN.,

640 GOSUB 1100 ! PRINT HESULTS.

642 NEXT IO

650 IF XCX=-=14& GOTO 1010 ! STOP IF NO STRAIGHT LINE FIT DESIKED.
660!

670! CALCULATE STRAIGHT LINE LEAST SQUARES FIT.

og0!

685 GOSUBE 1400 ! ZER(O AKRAYS AGAIN FOR STHAIGHT LINE FIT

690 PRINT CHS3$CPOS(11,5)8”CALCULATING STHAIGHT LINE FIT.”
700 FOR IX=rP% TO LP%
710 FOon JX=1X% TO CT%

720 CNZ=NCZ(JX)

130 X=ACI%,XC%) ! X AXIS CHANNEL.

740 =A(I%,CN»)

750 GOSUB 1250 ! CALCULATE SumssS.

760 GOSUB 1330 ! CALCULATE LINE SuMms.
710 NEXT JX

780 NEXT [%

790 For J%=1X To CTX
300 MOJR)=(XY (J4)=SX(JZ)*S(J%)/N) /(XX (JZ)=(SX(J%)"2)/N) ! SLOPE.
310 B(J%)=(S(J%)-M(JZ)*SX(JX))I/N ! Y INTERCEPT.
820 NEXT Jx
330 PHINT
840!
3585 CALCULATE STATISTICS ON RESIDUE.
oU !
870 GUSUB 140V ! ZERO AKkKAYS
840 FOr la=tPX TO LP%
890 FOk JX=1% TO CTA

Yy CNZ=NCX(JX)

910 Y=AC(IXCNX)=(m(JR)*ACIX,XCX)+B(JX)) ! KEMOVE LINE rkOd Y POINT

920 GoSyb 1250 ! CALCULATE Sums.

930 NEXT J4

¥40 NEXT 1%

950 PHINT CHS3

v32 For 10 = 4 To 5 .

954 PRINT #I10,LFSSLFSSLFS3LFS

' ¥00 PuINT#10, 4 RESIDUE AND EXTKACTED LEAST SJUAKES LINE STATISTICS.”
970 HS=/COLUMN MO, AEAN SIGHA SLOPE Y INTEKCEPT”
i 7




FILE ULPSTAT.uAS 19831  US5=~-uct=dl ?AGE 3

972 PHINT #I[04HS

YU GOSUL 1100

YU PRINT#I0, ZCALCULATIONS CUmPLETED ON FILE “3FIss’.”
992 NEXT IO

100C!

il CLOSE FILES AND END ubF PhUGHAM

1vau!

103V IF Ekke<>0 TdEN PHRINT “EhKOK “3Ehkn$ ?OCCUKED OGN LINE “tEnL3”’.”
104G CLUSE 1,4,5

fuSu ZND

juou!

170!

1030! CALCULATE mEAN AND SIGMA, PrINTOUT wOUTINE.

1U9U!

1100 FOR Ja=1% TO CT%

1110 CNX=NCZ(J%)

1120 S1=S(JX)I/N

1130 $2=SQK((SS(JX)/N)=-S1"2)

1140 PRINT #10

115 PHINT #I0,CNas" "3

1100 PRINI #I0,USING STs,SI3TAB(26)8S23TAB(40)3

1170 Ir FLX=1% THEN PKINT#IO,USING ST$,YM(CNZ)iTAb(54)3YX(CNL)I\GOTO 1190
[RE-1¥) PRINT#IU, USING 3T$, A(JX)$TAB(54)8b(J%)

1190 NEXT J»
1200 PRINT#I0
1210 HETURN
1220!
1230! SUbJUT'INE CALCULATE SUMS.
1240!
125U S(J46)=5(J%)+Y ! SUM,
1200 SS(J%)=8S(J%)+Y"2 ! Sum UF SQUAKES.
1270 IF YX(CN4)<Y THEN YX(CN=s)=Y ! MAXIMUm VALUE.
- 1230 IF YM(CNZ)>Y THEN Y4 (CN®)=Y t MINIMUM VALUE.
3 129y ETURN
; 13 00!
E 1310! SUbROUTINE CALCULATE LINE SUsMS.
1320!
, S3v SX{J4)=SX(JA)+X 1 X Sud
| 1340 XY(JZ)=XY(J%)+X=Y t XY PrRODUCT SUM
135U XX(IZ)=XX(J%)+X" 2 ! X AXIS SUi UF SOUAHES.
130V ARETURN
1370!
. 1380 SUBROUTINE ARrAY ZERUING AN INITIALIZATION
- 1390!

1400 FOK J%=14 Tu CI%

1410 FL&=0%

1420 S(Jz)=0, ! INITIALIZATION
1430 SS(J4)=0,

1440 SX(J4)=0,

1450 XX(J4)=U,

14060 XY(Ja)=U,

1470 CNo=NCA(JX)

1380 YX(CNa)=A(UN,CNi)

1490 Yin (CMA)=A(UA,CNw)

1500 EXT Jk .

FILE  OPSTAL.0AS 19351 US-uct~ul PAGE 4 Tt
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RATMAX

This simple routine spools through a data file that has been generated by
DATRUN and determines the maximum and minimum values for each channel. The
results are printed out and alsoc stored on diskette for later use. This
routine is particularly useful in determining the intensity scale factor of
the gyro.

Program RATMAX will normalize any dual polarization data file stored as two
single polarization detector outputs to the dual polarization mode I12-11,
and store the normalized data with time on an output file with a .NOR
extension, Full rate scale is normalized to the sinusoidal -1 to +1 for
easy computational reference.




rILE RATMAX.BAS 19834  05~-0Oct-31 PAGE

10! HATMAX ...ROUTINE PACKAGE TO FIND 4AX AND #IN OF FIBER GYRUO RATE ANGLE rILES ]

25! HEVISION |, PrOGHAMMER PAUL BJOrK, 10-2/81.

39! SUBRGUTINESE

40! LIMITS....HATE HUN SCALING LIMIT CALCULATION.

70! MULTIDETECTOK DATA INPUT FILE FORMAT—/DATHUN’, EXTENSION “.DAT”.
90!

100! INPUT.DAT QUTPUT . ANG CHANNEL DESCRIPTION

110! 0 0 ttate or other.

120! 2 1 Horizontal Polarization angle.
130! i 2 Vertical Polarization angle.
140! Last 3 Elapsed time

150!

160 ESS=CrHks(27)+* (7

165 ON CThLs/C GOTO S10

170 UIM F(8%,1%),SF(4%) ,uN(4%) ,mX(4%)

175 PHINT ESs+/2J7

130 PHINT CPOS(3%, 1%)3’RATMAX . ... HATE ANGLE SCALING LIMITS ROUTINE.”
190 PHINT CPUS(5,5) $ENTER DATRUN HATE DATA FILE NAMEZ3

200 INPUT FIs$

210 Y%=INSTR(1X,FI$,7.7)

220 FOS=LEFT(FIS,Y%=1%)+/.NORr/

225 PRINT CPOS(6,8)1/ENTER FIRST DETECTOK COLUMN NUMBEH (rRATE=1,DHIFT=0) 7}
227 INPUT SCX

230 PHINT CPUS(7,5)$7ENTEx DATHUN LIMITS FILE NAME’$

240 INPUT FRS$

245 IF Frs=/7 THEN FHS=FIS$

250 YX=INSTR(1Z,FHS,7.7)

260 IF Y2=0% THEN YX=LEN(FHS$)+1%

270  FRS=LEFT(Fh$,Y%-1%)

280 OUN ExHOK GOTO 430

290 OPEN FRS+“,.MXMZ AS OLD DIm FILE 6 ! TEST FOR LIMITS FILE.

300 DIM #0,FF$(6%)=64%,FO(10%,5%) ! JUMP TO 430 IF NO EXISTING LIMITS FILE,
310! ON EKKOR GOTO 510

320 GOSUB 4000 ! NORMALIZATION

360!

370! PROGRAM COMPLETEDS HOUSECLEAN.

380!

390 CLOSE 1,2,5,6
395 PRINT CPOS(12%,5%)3 .
400 PRINT “HATE ANGLE FILE “3F0ss$/ HAS BEEN FILLED AND CLOSED.”

410 END

420! .

430! LIMITS FILE EkROH POINT

440!

450 IF EHk <> 305 GUTO S1u ! ERROK 305 [S NO EXISTING FILE ON OEVICE

400 RESUME 465

465 PRINT CPOS(7%,5%)%

408 PrINT ’/NO AVAILABLE LIMITS FIlk.,.CALCULATING NEW SCALING rATIOS.’

470 GOSUb 2000 ! CALCULATE NEW LIWMITS FILE.

480 GOTO 940

500! N
510! EKHOH NOTIFICATION

520! 1
530 PHINT “EhnUK NUMBEK 23$ExH3’ HAS OCCUKED ON LINE “3ExL3’.”
540 CLOSE 1,2,5,06 }
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FILE RATMAX.BAS 19334 05-0ct-8] PAGE 2

* 550 END
500!
2000! SUBRGUTINE LIMITS....DETERMINES SCALING LIMITS FROM A
2u10! HATE RUN FOR USE BY THE “ANGLE’ SUBKOUTINE.
020! INPUT FILENAME [S IN “DATHUN’Y FORMAT WITH A 2.DAT” EXTENSION.
éuaoz OQUTPUT FILE 1S “Katerun filename.mXM’ ON THE SAME FLOPPY DISC.
130!
2145 CN=0. ' .2 ! FILTEx CONSTANT.
2150 OPEN Fus+”.DAT’ AS OLD vIM FILE 5
2160 DIN #5,B5$(6%)=04%,A5(VAL(B5$(1%)), VAL(B5$(0%)))
2170 FHS=FhS+7 ,MXM’
2180 OPEN FKS AS NEw DIM FILE 6
2190 DIM #6,FF$(6%)=64%,FD(9%,5%) 19 OR 107
2200 NBX%=VAL(BS5$(1))
2210 NCX%=VAL(85$(Q))
+ 2240 FOR J%=SC% TO 1%+SC%
v 2250 T12A5(0%,J%) ! INITIALIZE 4AX AND MIN.
1 2260 MX(JX)=T]
: 2270 MN(J%) =TI

2290 NEXT J%

2300! FILTER AND LIMITS CALCULATION LOOP.

2310!¢

2320 FOX [%=0% TO NB%-1%

2330 FOr J%=SC% TO 1%+SC%

-

2340 F(JX,1%)=A5(1%,J%)
2360 IF MX(JX)<F(J%, 1%) THEN mMX(J%)=F(J%,1%) ! TEST FOR MAXIMUM,
2370 IF MN(J%)>F(JX,1%) THEN MN(JX)=F(J%,1%) ! TEST FOR MINIMUM.

2380 NEXT J%
2390 NEXT 1%

2400!

2410! WKITE DATA TO THE OUTPUT rILE.

2420!

2425 PRINT CPOS(11%,10%)3% 7 CHANNEL MIN MAX’

2430 FOr J%=SC% TO SC%+1%

2440 FD(JX, 1Z)=MN(J%)

2450 FD(JX,2%)=MX(JX)

2455 PRINT ,J&,MN(J%) ,MX(J%) ! KILL THIS

2460 NEXT J%

2470 FD(9%,0%)=A5(NB%,NC%)

2440 FD(9%, 12)=A5(Nb%,NC%)/Nb% ! THIS MAY BE ADJUSTED.

2490 FD(9%, 2% )=NB% .

2520 FFs$(0%)=B85%$(2%)

2530 FF$(14)=85%(3%)

2540 PHINT CPOS(b%,5%)3/ENTER TWO LINES OF INFOKMATION DETAILING LIMITS.”
2550 PHINT CPOS(9%,104)% \ INPUT F-$(1%)

2560 PRINT CPOSC10%,10%)% \ INPUT FF$(2%)

2570 PRINT CPOS(T7%,1%)3ESS+72K’ ¢

2580 PRINT CPUS(7%,5%)% 2LIMITS FILE “%Fuss’ IS COMPLETE.’

2585 PHINT CPOS(8B%,5%)IESS+7J” ¢

2590 CLOSE 5

2600 HETURN

2010 END

4000! SUBHOUTINE NOKMAL....HATE SCALING LIMITS DATA NORMALIZATION.
4010! SCALES AND NOKMALIZES EACH DATA CHANNEL TO UNITY USING MAX AND
4020 #IN DATA STOKEU IN FR$=’Raterun filename.MXM’,.
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FILE HATMAX.U0AS 19834 O05-uct-81 PAGE 3

4000! OPEN DATA FILES. LIMITS FILE #06 ALHEADY OPEN,

4070!

4080 OPEN FIS$ AS Ol DIs FILE 1 ! INPUT FILE.
4090 DIn #1,B15(6)»645,A1(VAL(BIS(1)),VAL(BIS(U)))

4093 NCX=VAL(BIs(0))

4095 NBX=VAL(BIS(1))

4100 OPEN FOS AS NEW DIm FILE 2 SIZE 2%#NbX/64%+2X ! OUTPUT FlILE.
4110 DIM #2,828(6X)=64%,A2(VAL(BIS(1)),1%)

4120!

4130! FILTER INITIALIZATION

4140!

4200 DIM AF(NBX,2%)
4210 rOR JX=1% TO 2%

4220 SFE(J%)=(FD(JX,24)-FD(J%, 1%)) ' SCALE FACTOx CALCULATION, .
4240 MN(JZ)=FD(JX, 1%) ! MINIMUM FOR EACH CHAMNEL.

4250 NEXT J%

4260!

4270! FILTEK AND NOMALIZATION PROCESSING LOOP.

4280!

4290 FOR 1%=0% TO NB%~-1%

4330 AF(IX%,04)=(AI([X,SCX)=MN(1X))/SF(1%)=.5 ! SCALE DOaN.

4332 AF (1%, 1%)=(A1(1%,SCX+1%)=MN(2%))/SF(2X)=.5 ! SCALE DOWN.

4345 NEXT 1%

4350 FOR 1%=0% TO NBX-1%

4353 IF SCX=1X THEN A2(1%,0%)=A1(I%,0%) N\ GOTO 4380 ! HATE DATA ON LINE O
4355 A2(1%,0%)=A) (I%,NCX)

4380 A2CTX, 14)=AF (1%, 1X)=-AF(1%,0%)

4395 NEXT 14

4401

4403 B2s (V%) =NUmS (1X)

4404 82s(1%)=B1s(1%)

4405 B2$(2%)=F0$

4406 B82s(1%)=B1s(1%)

4407 FOR J%=3% TO 0%

4408 B82s(J%)=B1s(J%)

4409 NEXT Js

44 10!

4450 CLOSE 1,2,5,06

4400 AETUKN .
4470! i

Prre. g
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HPLOT1

HPLOT1 is a general-purpose plot routine that drives an Hp 7225A plotter.

The input data format is the same as the output of DATRUN. The operator has
control over the axis scaling, titles, and which data to plot. The routine
is capable of plotting up to 4 channels of data on a single graph. !
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FILE HPLOTI.bAS 19850 uUS-Uct=-31 PAGE ]

10 ¢ 7HPLOTI? .00 ROUTINE T DO MULTIPLE PLOTS ON HP 7225A

11 ! JOEL HANSE 6/10/80 :
12! i
13 1 PLOTTEr IS CONNECTED [IEEE-48&3 PORT 2105/

15 1 DATA IS ASSUMED TO BE A DATHUN FOHMAT VHTUAL AKKAY

V7

)
13 ESS=CHKS(27)+7(”
19 PRINT ESS+/2J71CP0OS(3,))
20 ON CTwL/C GOTOQ 1240
3U ON ERROKk GOTO 1240 |
. 32 INIT PONT |
35 PRINT “HPLOT! ....HP 7225A PLOTTING ROUTINE rFOR DAThUN FOHWAT FILES.”
37 PRINT
40 PRINT “ENTEr FILE NAMEZs$\ INPUT Fls
50 PC%=| ! PLOT COUNTEr FOr MULTIPLE PLOIS
6V PRINT FISt$/ IS ASSUMED TO oE A DATRUN VIKTUAL ARRAY rILE.” i
65 PHINT 7ENTer PLOT HEADING’$ \ INPUT PHS
70 DIM X(5C0),Y(500)
80 OPEN F1Is AS OLD DIM FILE |
9U UIn #1,62$(6)=64%,V(VAL(B2S(1)),VAL(B2$(0)))
100 IF PCx<>] GOTO 140
110 PKINT ZENTER COLUMN Ok X AXISZ3$\INPUT IX%
120 PHINT 1S X AXIS -THE TACH QUTPUTZI\INPUT KRS
130 IF LEFT(KRS,1)=7Y7 THEN KK=60/1.10 ELSE Kh=1
140 PRINT “ENTER COLUMN FUR Y AXISZ7$\INPUT 1Y%
150 NCA=VAL(B2s(Q))
160 IF 1Y%<0 THEN 1240
170 IF IX4>NCA OR IY%>NC% THEN 100
172 IF PC%<>1 GOTO 240
180 NP%=VAL(B2s(1))
190 PRINT /DATA POINTS IN FILE=’3$NP%
200 PRINT ZENTEK # OF DATA POINTS TO PLOTZ$\INPUT NP% .
210 ! HEAD IN THE X AND Y AXIS AND COMPUTE MAX AND 4IN VALUES
230 XX=~IESU\XM=IE3U
240 YY==1E30\YM=1E30
241 V(NP%,IY%)=V(NPA-1%,1Y4%)
250 FOr J%s= 1 TO NPX%-1%
260 IF PC% <> 14 GOTU 300
270 X(J%)=V(JZ%, I X%)*»KK
280 IF X(JX)>XX THEN XX=X(J%)
2¥0 IF X(J%)<XM THEN X#=X(J%)
300 D3=ABS(V(JXE+ 1%, IY%)=V(JI%=-1%,1Y4)) ! NILD POINT EDITOk
302 D2=ABS{V(JB+ 1%, IYZ)-V(J%,IY%))
304 DI=ABS(V(J%, IY4)~V(J%=-1%,1Ys))
306 IF D1>50%D3 ANU 02>50#*1)3 THEN Y(JX)=V(JX-1%,1Y%) ELSE Y(JX)=V(J%,1Y%)
310 IF Y(J%)>YY THEN YY=Y(J%)
s 320 IF Y(J%)<YM THEN YM=Y(Js)
? 330 NEXT J&

235 YC(UA)=V (0%, IYR)\X(0A)=V (U4, I X4)*KK

340 IF PCi<>1 GOTO 370

350 PRINT /X WAX AND AIN VALUES AKE’ $ XX X -

- 300 PHINT ZENTExr X AXIS mAX AND wIN FO#t THE PLOTZ3$\INPUT S3,Si
301 IF $5>S4 THEN XX=2SS ELSE XX=Si

302 IF S35>SM [nkN XM=2S5i ELSE Xm=SS

310 PRINT 7Y MAX AMU wIN VALUES AREZ1YY,Yn
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FILE  HPLUT . 8AS 19850 05=0ct=81 PAGE 2
380 PRINT “ENTER Y AXIS MAX AND MIN FOR THE PLOTZ$\INPUT SS,S#

331 [F €S>SM THEN YY=SS ELSE YY=Sh

3382 IF €S>S4 THEN YM=SiM ELSE YM=SS

350 [F PCX<>1% GOTO 420

400 XL=6.\YL=6,

410 PRINT “ENTER X AXIS LABEL’/N\INPUT LXs

420 PRINT /ENTER Y AXIS LABEL/N\INPUT LYS

430 CALCULATE THE rESOLUTION FOr THE PLOT
440 ' kX IS THE HESOLUTION FOR THE X AXIS

450 ! Y IS THE RhSOLU]ION FOxw THE Y AXIS

460 HS=) 00U

4/0 IF ABS(XX)>ABS(XM) THEN KX=ABS( XX) ELSE nRX=A3S(XM)

480 RX=RS/ KX

490 IF ABS(YY)>ABS(Ym) THEN nY=ASS(YY) ELSE HY=ABS(YM)

500 RY=HS/HKY

520 ! START PLOTTING

530 0%=105% ! OUTPUT AMD INPUT I[EEE ADDKESS
540 1%=105%

550 IF PC%= 1% GOTO 60

555 PHINT CHHS(7%)3/PEN CHANGE? (Press screen to continue)’\wAIT rFOH KEY
556 K4=KEY

570 !

600 PrINT ¢O%,7IN$SIs’ ! INITIALIZE PLOTTER

710 ¢

720 ! SET LIMITS OF THE PLOT

730 PX=1000%(XL+2)\PY=]1000%(YL+.5) ! CALCULATE PLOTTER LIMITS
740 PHINT @U%,7IP 2000,500,7%PX$7,73PY$737 ! SEND PLOTTEKR LIAITS

745 IF PCx<> 1% GOTO 900 ! SKIP X AXIS FOX MULTI-PLOT
700 ¥ PUT OUN X AX1S

770 PRINT 60%,7PA2000,5003PDsXTs”

780 For I=1 To XL

790 PRINT @0%,7PR1000,08XT3”

300 NEXT I

810 PRINT @0%,’PUs’

820 PRINT @U%,”PA4000, 1003LB73LXS$CHRrS(3)874 ! WRITE LABEL ON X AXIS
830 DX=(XX-=-Xd)/XL

840 PHINT w0%,’PA1400,300%7

850 FOR I=0 TO XL ! SCALE NUMBEKS

800 Z=aXm+DX*]

801 ZSaNUMS(Z,’S#aws, i##’)

370 PHRINT @OX,’L’32ZSICHRS(3)37874/PH118,0%7

880 NEXT 1

890 ! END OF X AXIS NOW PUT ON Y AXIS

Q00 XVA=2500%-PCA*5004

902 PRINT wO%,”’PA’,XV%,7,5003PD3YT8”

910 FOKr [=]1 TO YL

920 PRINT a04,’Pn0, 1UQOSYTS”

930 NEXT I

940 PRINT 0%, 7PUIDIU, 18Pr=300,7 +~YL*750,73LB731Y%3%= 23LYSICHRS(3)4247
950 LY=(YY=YHI/YL

200 PRINT wO&%,7PA’, (XV%=150%),7,5037

970 run I=0 TO YL

Yol L=Ym+UY*]

9al ZS=ENUmMS(Z,’Swan, rus’)

970 PoINT €0%,7Lu28283CHKS(3) 372 38P0, 10087
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FILE

1000
1020
1022
1030
1040
150
1060
179
1371

1072
10¥0
1092
1095
1100
1124
1125
1128
1130

1140!
1150

1180
1190
1200
1210
1220
1230
1240
1260
1270
1280

HPLOT1.BAS 19350 05-0ct-81 PAGE 3

NEXT I
! END OF Y AXIS
IF PC%<>| GOTO 1090
! WRITE LABEL ON AXIS
FOHR [L=2 TO 4
PL=PY+1000-(1L-2)%250
PHINT @OX,’PUSDIN,08PA2G00,7 1PL373LB2#52s(IL)ICHRS(3)87%47
NEXT IL
PL=PY+250
PRINT €¢0%,7PUIDI1,03PA2G00,”$PL32SLEY 3PHS $CHKS(3) 8737
XMZ=INT O XMAHX INXXZ=INT( XX*nX)
YMA=INT (YM®RY )\YYR=INT(YY*HY)
PRINT @U%,”SC”231XM%3Z, 28 XX%37,7 $YMZE2,28YYA3742! SCALE PLOT
! PLOT THE DATA
I=0
PHINT 60%,7PA? S INT(X(I)*RrX) 37,78 INTCY(1)*RY) 37 3$PD”
FORr I=1% TO NP%-1%
PHINT @U4, 7PAZ s INT(XCII*RX) 387,73 INT(Y(I)*RY)$2$PD”
IF I <> | TAEN PHINT @w0%,X(I)*KX$7,78Y(])*RY
IF I<>1 AND I<NPX THEN PHINT @U4,”7,”
NEXT 1
PRINT CHHS(27) 42 10D73CHRS(27)37 1K’}
PRINT @0%,73PUIPH100,08011,08LE’$IYZICHRS(3)37 8INS”
PCX=PCXZ+1X\PRINT “PLOT DONEs$ NEXT CHANNEL’
PRINT @0%,’PU%”
GOTO 100
PRINT @UX,’IN%”
CLOSE |
IF EKr <> O THEN PRINT “Exk=’3$ERH,”EkL=/3EHL
END
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