“U-H138 892 EATRACTION OF ROUTATION INFORMATION FROM A SIMULATED 1/1 -
FIBER OPTIC GYRO USI.. <U) AIR FORCE INST OF TECH
- WRIGHT-PATTERSON RFB OH SCHOOL OF ENGI.. D J BRETT
UNCLRSSIFIED DEC 83 AFIT/GE/EE/83D-12 F/G 17/7 NL

.

T
1
| I




6

a3 3
S EEE

1
FEFEEETTTR

I

1.4

l

.25

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963-A

..'.:.. Yoty
EEASAN G
et A

)

;a;i

- "
N
S
-y

\‘\
“
hY

-\.-.:'J.' n
\.': ,;.' A

-y

-.*ﬁ."s' ~
) .
i

l:{

S
P AT
oy

.

"

'Q’-
“




ADA138092

DTIC

ON STATEMENT A ELECTE
for public releasel FEB2 21984
Distribution Unlimited

DEPARTMENT OF THE AIR FORCE B _
AIR UNIVERSITY

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

OTIC FILE COPY

................................................

L)



N e o ™ gty SN A AR A o L ANl g - I M S Dl Sl Ml Al A 540 =R M St VLR w.z.-’- - ,_‘_—-- PafiE o c'l_""_"..v','f’:_v;"v.n_ .!;'-.v.'. 'r‘.'.‘EJ‘i,

N AFIT/GE/EE/83D-12

NEPA LT

A 4 &4 L o

£rd

EXTRACTION OF ROTATION INFORMATION
FROM A SIMULATED FIBER OPTIC GYRO
USING AMPLITUDE MODULATION

2 et A

THESIS
6
;
: Daniel J. Brett
s AFIT/GE/EE/83D-12 2Lt USAF
¢

: - _DTIC

ELECTE
FEB2 21984

Approved for public release; distribution unlimited

YOOI YL RNy \ SO ) O T T AT A ) P TAN \ 938 'p '.‘.\ s 2 > .,- TR AT LT A



" o\
o
e

o

o)

;!;nl.

-----------

- NN A A AR LA R R LT A BRGNS B TR ALY L L S AR S LA RO S AL SR gL M ) -"FWT

AFIT/GE/EE/83D-12

EXTRACTION OF ROTATION INFORMATION
FROM A SIMULATED FIBER OPTiIC GYRO
USING AMPLITUDE MODULATION

THESIS

Presented to the Faculty of the School of Engineering
of the Air Force Institute of Technology
Air University
in Partial Fulfillment of the
Requirements for the Degree of

Master of Science

by
Daniel J. Brett, B.S.
2Lt USAF

Graduate Electrical Engineering
December 1983

Approved for public release; distribution unlimited.




e A o £ 0 Svi g et sl SRR E A S AR A AIDL MRS SN AN AN e AT e T e e T B e T e @ T 9, e (T 4. 7L, .‘-ﬂ'{
o
T
2;5 Contents
RN
e 'QQ} Page
,-._‘ Preface e ® © o6 © o ® e o o © o o & & o o o o o o o o ii
>
g List of FAGUIES « v o o o v o o o o o o o o o o o o« iii
t . List of Tables L L] L L J L ] * L] L) L * - L] *® »® L ] L ) L L * v
Abstract L] [ ] - . L ] L I [ ] [ ] L] L] L] L L 4 L d . L L ] L] L] * [ ] vi
;E; /z' I L Introduction * [ ] L] * L ] L L] L ] *® L 4 L] L] * L L * [ L] 1
é‘
) Background . « « o o o o o o o o o o o o o 1
Problem and Scope * o o o o s s e e s e o 2
fﬂ Assumptions . e o o o o o o o s o o & 3
o General Approach e o o o s s o s e o s o 4
N Sequence of Presentation . . . . . . . . . 5
f5
:‘f‘ II. Theory L ] L] * L ] [ ] [ ] . L] [ J L L] L 3 L] *® *® L ] L d L] ® - . 6
0 Method of Amplitude Modulation . . . . . . é
; Significance of Data Obtained . . . . . . . 11
n General Layout of System . . . . « ¢« « .+ . 15
128
% ‘ib ITI. Experimental Setup . o ¢ o ¢« o ¢ ¢ ¢ ¢ ¢ o o« o & 18
W Introduction . . . . . . . . . 18
i Michelson Interferometer and Photodetector 18
W S/H Circuit and A/D Converter . . . « « « . 22
X Digital Computer and D/A Converter . . . . 25
o Summing and High Voltage Amplifiers . . . . 26
‘t\ Summary [ ] [ ] * L L ] L 4 L 4 L 4 - L ] L L 4 L L ] L ] * L) . 26
s; IV, Test Procedure . . « « o ¢ ¢ o o o o o o o o o o 27
3: Introduction [ ] L ] [ L L L 4 ® ® L] L] ® L] L L ] 27
sy Interferometer Alignment . o o o o o o 27
) Determination of Operating Points . . . . . 28
‘5§ Hardware Limits . « ¢« % ¢ ¢ o o ¢ ¢ ¢ ¢ o & 30
> Software Development . . « « ¢ ¢ ¢ o ¢ & & 30
"-: Data collecting . . ° ° . . »® ° . . . ° . Y 34
:— V. Results e & ® ® ® ® ® ® ® ® 8 ® & ®w & & & e s » 40
'E VI. Conclusions and Recommendations . . . . . . . . 47
S Bibliography ¢ ®© & 8 o ® o 6 © o & o & o ® o & ° o » 49
pr Appendix A: Sagnac Effect . « « ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o & 50
.‘_.j -IE:Z:;' Appendix B: Sagnac Interferometer . . . . . . . . . 53
:',
N
~
f L]

" ol - _'l .f\r_'-'~.‘~¢\.'~(.' \ f~(~.\ '




o

=~

Yoyl P e

"

B E2

Ll
'\—J.

Py

R

Ve

Contents
(Continued)

Appendix C: Hardware Descriptions . . . . + ¢« « « . . 60

Appendix D: Control Program Coding . . . « ¢« « &« « & 64
Vita ® ® * L] L] L d L4

DTIC TAB
Unannounce@
Justificat;au_,__ﬂ_,__,r

JURSSE

g

BY ——— e e
Distri@ution/“m_ﬂ_'_~__
A;gilability Codeq__~‘
“Tiavail aud/or

Dist specinl

AT 2 SR AT R
™, ':‘.}‘J .Axi ks RYASCSTRLAER

SO

o lneced




Preface

\’:‘1:— APy B
f?éa
&

This study was conducted to determine the feasibility

¢

of a new concept for extracting rotation information from a

%
b )

fiber optic gyro. This method is attractive because it also
f‘ provides laser wavelength change information as well as
¥
. detection of changes in laser intensity.

Several weeks into the project, it became evident that
building a fiber optic gyro would consume all the time needed

to demonstrate feasibility of the information extraction con-

AR A2

cept. A simple Michelson interferometer was built to simu-
late operation of the fiber optic gyro. This setup enabled

me to concentrate on the extraction concept without getting

2K At S e

‘ ‘E} bogged down in the intricacies of building a fiber gyro.
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eers and technicians at the Frank J. Seiler Research Labora-
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my thesis advisor, Maj Salvatore Balsamo, for keeping me on
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track, and maintaining a positive attitude about the project.
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Capt Mark Nelson, a fellow thesis student, was also a valu-
kS able source of information and encouragement throughout the

experiment. Finally, I thank my loving wife, Donna, whose
/ encouragement, patience and hard work at home freed me to

p. work on this thesis.
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Ho) The purpose of this experiment was to determine feasi-
3 bility of the amplitude modulated dither technique of ex-

.

AT

tracting rotation information from a fiber optic gyroscope.
By varying the amplitude of the modulation appropriately,
information can be obtained at points on the output intensity
curve that are most sensitive to rotation. These points are
also in the most linear region of the curve.

A Michelson interferometer is used to simulate a Sagnac
interferometer undergoing rotation. A digital control loop
processes the information obtained by amplitude modulation
and generates a feedback signal to null the path length
difference.

The feedback signal is monitored while a rotation simu-
lation signal is introduced to the interferometer. The feed-
back signal tracks the simulation signal at 180° out of phase
(negative feedback). The test setup performs as expected to

the hardware and operating frequency limits.
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; Background

;; In 1913, G. Sagnac demonstrated that rotation rate could
) .

. be sensed by measuring a path length difference between coun-
2 ter-rotating light beams traveling a closed optica »ath (Ref
4 q." :
“3 1:3). This Sagnac effect, derived in Appendix A, the
. basis for optical rotation sensing. Optical rotat. s* sensors
. have advantages over traditional mechanical gyros in that

ka they have no moving parts, very short warm-up time, essen-

‘_\

; tially zero g-sensitivity and light weight.

2 One form of optical rotation sensor is the fiber optic
ﬁt Sagnac interferometer. This device, described along with

O 'Ei some inherent error sources in Appendix B, is shown in simple
s form in Fig 1. This type of rotation sensor uses optical

ﬁ fiber rather than mirrors to close the optical path.

ﬂ
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Several different methods have been proposed for sensing
rotation in fiber optic rotation sensors (Ref 2):

(1) Imposing a static 90° phase difference between the
clockwise (cw) and counterclockwise (ccw) directions.

(2) Alternating the 90° phase shift.

(3) Phase nulling by propagating slightly different,
and variable, frequencies around the loop.

(4) Conveying the phase difference, by heterodyne tech-
niques, to an intermediate frequency and processing it elec-
tronically.

This thesis focuses on a technique similar to the phase
shift technique described by (2). In addition to alternating
a 90° phase shift between the cw and ccw beams, a 270° phase
shift is also alternated. Throughout the rest of the paper,
phase shifts are referred to as path length differences;

they are directly related to each other.

Problem and Scope

The problem is to determine whether the amplitude modu-
lated dither technique is a feasible way of extracting rota-
tion information from a fiber optic Sagnac interferometer.

Due to the complexity involved in building a Sagnac
fiber interferometer, this project is limited to showing the
feasibility of the amplitude modulated dither technique using
a Michelson interferometer. The Michelson interferometer is
modified to simulate operation of a Sagnac interferometer.

One arm of the Michelson interferometer is used to simulate




e modulation of the difference between ccw path lengths, and

the other arm is used to simulate rotation of the device.
The experiment is set up to show the feasibility of the amp-
litude modulated dither concept, and is not intended to demon-

strate the maximum attainable degree of accuracy.

Assumptions

The testing in this experiment is done at a modulating
frequency far below that required for a fiber interferometer

(500 Hz vs 150 KHz). This low frequency is due to the oper-

ii ational limits of the piezoelectric transducer (PZT) avail-

% able for this experiment. It is assumed that success of this

; experiment at a low frequency shows feasibility of the same
ﬁ method at a much higher frequency in a Sagnac fiber interfer-

2 | ometer. This assumption is made because the fiber-wound PZTs

' suggested for use as modulators for fiber optic gyros (Ref

1:157) operate in the high kilohertz range necessary for
that application.

It is also assumed that the Michelson interferometer to
be used in this experiment is an adequate model of the Sagnac
~ fiber interferometer insofar as it is used to demonstrate the
new rotation information extraction technique. Success of a
relatively crude model implies a higher degree of success in
the actual fiber interferometer. It must also be assumed
that errors introduced by the use of fiber opties do not

significantly detract from the new technique. This assump-

‘l. “$1

tion is possible because the availability of low loss, high
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grade, polarization preserving fiber greatly reduces error
sources such as birefringence. Also, error sources such as

backscattering are reduced by new splicing techniques.

General Approach

A mechanism is required to extract rotation information
from the Michelson interferometer. In this case, feedback
is employed to control the path length difference sensed by
the interferometer when rotation is simulated. This control

loop is diagrammed in Fig 2.

Simulated Path length

Signal + Miche/son Difference
Inferferometer B

Rotatrun Digital | Sample

Znfarmation Contreller] ,‘z /d

Figure 2. General block diagram of control loop
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Essentially, the path length difference Af is sampled
using amplitude modulated dithering of the path length in one
arm of the interferometer. A feedback signal proportional to
Al is generated by a digital controller. This feedback
signal, while maintaining‘AI=0 s also provides the rotation
information desired, because A! is related to rotation rate
£l Dby the relationship of Eq (A-3) (developed in Appendix
A).

Sequence of Presentation

First of all, the method of extracting rotation infor-
mation using amplitude modulation is described theoretically.
The modulation signal, the data sampled, and the conversion
of that data into useful information are also discussed in
this section on theory.

Following a general description of the feedback control
loop, implementation of each individual function of the loop
is explained. The components to be described are the Michel-
son interferometer, the sample and hold (S/H) circuit, analog
to digital (A/D) and digital to analog (D/A) converters, and
the digital computer.

Finally, the experimentation procedure is examined,
including determination of hardware limits and operating
points, software development, and collection of data. Analy-
sis of the data yields results, from which conclusions are
drawn concerning feasibility of the method, and recommenda-

tions are made regarding further development of the technique.
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II. Iheory

Method of Amplitude Modulation  “**SNENRARcs

The basic premise of a fiber optic rotation sensor is
that rotation rate can be measured by obtaining the path
length difference of counter-rotating beams of light. This
path length difference can be related directly to a corres-
ponding change in the output intensity of the rotation sen-
sor (in this case, a Sagnac fiber interferometer). Fig 3
shows that the greatest sensitivity to path length changes
occurs at the points of maximum slope (t’%/ ,13% ). The
peaks and minimums of the output intensity curve correspond
to completely constructive and destructive interference,

respectively.

'8

+Af

VO IR P N TR e TR AT S NP T P e e e e N R RIS

Figure 3. Output intensity vs path length difference
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:g - The ideal points at which to collect rotation informa-
> i;; tion are the points of maximum slope (11,12,13 and IA)’ not

e only from the standpoint of maximum sensitivity, but also

ié because of the approximate linearity of these regions. A

o method of doing this is to amplitude modulate the path

9 length difference of the interferometer in order to be oper-
%E ating in these linear regions, as shown in Fig 4.

;t Assuming no rotation of the device, the modulation sig-
Q. nal modulates the path length difference to the four points
§§ of maximum slope shown in Fig 4 (I3.12.I4 and I1). This can
;ﬁ be physically accomplished by placing some type‘of fiber

E; length changer close to one end of the Sagnac interferometer
e fiber loop as shown in Fig 5. This fiber length changer

2 ‘:b (i.e., a fiber-wound P2T) changes the length of the fiber

::: loop by AL when a voltage V is applied. If the length of

ni the fiber loop is L1 when no voltage is applied to the fiber
N length changer, then when the voltage V is applied, the loop
o length becomes

. "

et L, tAL = L,

A

’\' It is assumed that L, = 1 km, AL 1 km and the PZT is

:3 placed very close to the beam splitter. It is also assumed
%: that the PZT changes size instantaneously as voltage is

3 applied. Consider two photons, each starting at the beam

.: splitter at time to and traveling in opposite directions.

i? -SE; If no voltage is applied at to. and the voltage V is applied
7

e
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right before the ccw photon reaches the fiber length changer,
the ccw photon travels a length L2 to complete the loop,
while the cw photon only has to ,travel a length L1. Assume
the path length changer is modulated between 0 volts and

V volts at a frequency whose half period coincides with the
round trip time of light through the loop. Then the result-
ant path length difference is shown by Fig 6.

Assuming that the fiber length changer operates linearly
in the region of interest, a modulation signal such as that
shown in Fig 4 can be obtained with the PZT input shown in
Fig 7. By modulating the path length difference in this man-
ner, the interferometer is as sensitive as possible to rate

of rotation because information is being collected around

the points of maximum slope.
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Significance of Data Obtained
Basically, three types of useful data can be obtained

using this extraction technique. First of all, the primary
purpose of the Sagnac interferometer is to detect rotation
rate. In open-loop operation, rotation can be sensed. by de-
tecting deviations from the half maximum values I1,12,I3 and
IA’ as shown in Fig 8. By sampling the values of output

intensity at these four points, and calculating
] -
(I{ + Ié) - (I2 + Il',) =4I, (1)

a value proportional to rotation rate is available. Once the

relationship between IO and Al is experimentally determined,
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’32 rate of rotation is found using the relationship
. 4mR°N

o af - 4LEN_ (2)

"

ss:;

33

) where

E_ R = radius of fiber loop

b N = number of turns of loop

= gpeed of light

Sl

o o

rate of rotation

rolP O

(See Appendix A for derivation) The direction of rotation

depends on the sign of A IO.

P s a i A
e LA 1Y

‘Ei Changes in intensity of the light source may also be de-
! tected using these data. Fig 9 shows how an intensity fluc-
e
;ﬁ tuation can affect the output intensity curve. It can be
£
N seen in this case that
»
vl~'
Y
~! I + I + I + I
N 12 3 4.1 +al (3)
. 2 D D
X
“
:g where
-
‘ I; = desired maximum intensity
-
o Al = deviation of intensity from desired value
-g ﬁ;g The calculated deviation of intensity can be used as a
¢
>

.‘
o
e
fo
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4. feedback signal to stabilize the intensity of the light

o entering the interferometer.

: A third calculation that can be used from this config-
.

A uration is a change in the wavelength of the light entering
) the interferometer. Fig 10 shows that fluctuation in wave-
> ‘

b length can be approximated to first order by

; (13 + I3) - (I} + I}) = kAN (4)
where

ﬂ k = experimentally determined constant

« SN

:; -‘;:\':Z- AN= change in wavelength

.

‘..

™,

l‘ 13

N
% B

‘ -

. At T AT 4 4 ‘e At R e " T e LA I LI N O S T ST SR IO ) e
$ \ \-'\"\ \-". "o‘. i o’ -n o y ° ..’ Y . .".0."- ‘-" --‘ ‘-' ‘."‘. Ll --' . -.' - '-.‘ S \“-" - ) Y " -.‘ -. ..\



PR A

SO ONEY

Pk

VNSNS

..........................................................

'8

+Af

Figure 10. Wavelength change information

This deviation from the desired wavelength, A)\ , can be
useful as feedback for controlling the wavelength of the
light entering the interferometer, or at least accounting for
the change in wavelength.

It must be pointed out that a fluctuation in any of the
three parameters (rotation, intensity and wavelength) is
assumed to limited to the approximately linear regions of the
output intensity curve. This assumption imposes some limits

on the rotation rate to be measured, Maximum Al that can

be detected fairly linearly is + % .
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? c =3 x 108 meters/sec
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: TR'N = A pp = I meters® (1 km fiber loop)
5 where

A

4 Aeff = effective area enclosed by fiber loop
Yt

!

L then

.6 x 1072 rad/sec (5)
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General Layout of System

For the purpose of this experiment, fluctuations in
intensity and wavelength of the light source are ignored.
The parameter of interest is rate of rotation. The block
diagram of Fig 11 gives the general design of the systenm
which obtains the rotation information.

This system is actually a control loop which keeps the
maximum point of the output intensity of the interferometer
centered on Af = 0 (See Fig 3). The feedback signal is in-
versely proportional to the induced rate of rotation and

provides the rotation information that is desired.
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The feedback control signal is generated by a digital
computer. The computer takes samples of the interferometer
output intensity, performs the calculation of Eq (1), and
feeds back a proportional control signal which changes the
bias of the amplitude modulation signal and drives the max-
imum intensity point back toward Af = 0 . The feedback sig-
nal should exactly follow the rotation simulation signal, but
is 180° out of phase.

Before getting into the details of the experimental
setup, note that a digital computer is being used as a con-
troller as opposed to a hardwired digital circuit. This

allows the flexibility desired for experimental work.
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IITI. Experimental Setup

Introduction

Since a digital computer is being used as the controller,
the experimental setup involves a blend of hardware and soft-
ware. This section focuses on the hardware development of
the system, taking each block of Fig 11 and expanding on it.
A detailed circuit of the entire control loop appears in

Appendix C.

Michelson Interferometer and Photodetector

In Chapter I, it is assumed that a Michelson interfero-
meter adequately simulates the operation of a Sagnac inter-
ferometer for the feasibility demonstration of this experi-
ment. The configuration in Fig 12 shows how this simulation
is accomplished. Using a Michelson interferometer for the
experiment rather than a Sagnac fiber interferometer avoids
the high precision required to get light into an optical
fiber while still effectively demonstrating the feasibility
of the data extraction method.

Referring to Fig 12, it can be seen in (a) that the re-
flection of light off mirror #2 simulates the cw direction
of the light in (b). Using this fact, the path length of the
ew traveling light can be changed by moving mirror #2 with
PZT #2.

Also in Fig 12, it is observed that reflection of light

off mirror #1 in (a) is analogous to light traveling in the

18
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(a) Michelson interferometer
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(b) Sagnac fiber interferometer

Figure 12, Michelson vs Sagnac interferometer
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cew direction in (b). The desired modulation of the fiber
can be simulated by modulating mirror #1 with PZT #1. This
is done by directly modulating PZT #1 with the signal shown
in Fig 13.

This modulating signal is different than the signal
shown in Fig 7(b). Due to the time constant introduced when
driving a PZT (capacitive load), it is found experimentally
that the PZT has more time tc react to the "staircase" signal
in Fig 13. As shown in Fig 14(a), the extreme voltage swings
of the other signal cannot be accomplished at 500 Hz with the
power limitations of the equipment available for this exper-

iment.

R

Figure 13. "Staircase" modulation signal
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Using the staircase modulation approach, the photodetec-
tor output appears as in the upper trace of 14(b). The dia-
gram of Fig 15 illustrates how the photodetector output is
used to generate a feedback signal which drives A! back to
zero. First, a rotation is induced, causing a positive path
length difference. The magnitude of this path length differ-

ence is proportional to the result of Eq (1), or

(1! + 11

Once the proportionality between AIO and A! is determined
experimentally, an appropriate feedback signal to PZT #1
drives A! of the interferometer back toward zero. It can
be seen from the modulation signal in Fig 15 that this is
done by changing the bias of the modulation signal.

The levels used for computation in Eq (1) are obtained
from the photodetector output, which is a voltage signal
proportional to incident 1£ght. Before a digital computation
can be performed, the analog voltage must be converted to
digital representation. This function is performed by a

combination S/H and A/D converter.

S/H Circuit and A/D Converter

The voltage output of the photodetector is fed into a
S/H circuit and A/D converter. The end product of this part
of the circuit is an 8-bit digital number for each of the

voltage levels proportional to I1.I2.I3 and IA'
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Figure 16. Sample/hold circuit

The S/H circuit consists of a bilateral switch, a capa-
citor, and an operational amplifier (op-amp) in the config-
uration of Fig 16. When the switch is closed, the output of
the S/H circuit follows the input. When the switch is
opened, the final value of the input before opening the
switch is held on the output.

The desired portion of the photodetector output occurs
right before the modulation signal changes levels, where the
PZT response has had time to flatten out and AJ is at the
desired value., A typical oﬁtput of the S/H circuit is shown
in Fig 17, where the S/H output is the middle trace. The
bottom trace shows the modulation signal, while the top trace
is the actual photodetector output. In this case, the signal
is being sampled for the last fourth of each modulation
level, then held till the next sample is to be taken. The
7KHz signal superimposed on the photodetector output is re-

lated to the resonant frequency of the PZT.
When the S/H circuit is holding a constant value on its

output, the A/D converter is able to convert the signal to
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Figure 17. Sample/hold output
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. ari 8-bit representation. This digital number is then avail-
,_:; G able to the computer through an input port. The computer
‘; can then manipulate the numbher as necessary.

-,

ri Digital Computer and D/A Converter

fs The digital computer is that part of the control loop
® which enables the hardware to perform its function. For

R this experiment, it not only performs the calculations ne-
‘;E cessary to provide a feedback signal, but also generates the
:% "staircase" modulation signal for PZT #1.. Additionally, it
\; triggers the S/H and A/D converter with logic enable signals
. -

when necessary.
The computer is an 8080-based microprocessor designed

he and built at the Frank J. Seiler Research Laboratory. The

----------

N N S RN N e T L N T e N N L b e S N e NG \:;»}\;,\..-.}-.__:__\1.\;_
8 - . 4 , K . - b3




Pl d

MY

* R D

8N A s

PEF L

DA AN N

A

AP

APYTSNOr

LA NS

-‘Id‘x‘;’:’ -

4

IS

.......

’

-,
I

4
»

£
Ny

LRGN,
» .

™ NN

data input/output provisions for the computer include four
programmable input/output ports for interfacing with and

controlling the A/D converter and two D/A converters. One
D/A converter is dedicated to generating the amplitude mod-
ulation signal. The other D/A converter provides the feed-

back control signal.

Summing and High Voltage Amplifiers
The final stage in the loop has the two-fold function

of algebraically adding two signals and amplifying the re-
sultant signal. The feedback signal is added to the digi-
tally generated modulation signal. The high voltage ampli-
fier (HVA) is required, finally, to amplify the voltage
level of the PZT input to an acceptable level. 1In this
case, the HVA is set up for a gain of ten so that, for-an
input between +5 V, the output is +50 V. This voltage is
needed to move the PZT's mirror sufficiently to hit all

four operating points.

Summary

The overall function of the loop is to provide path
length control for the interferometer. This control is ac-
complished by sampling the photodetector output, computing
path length difference, and introducing a proportional feed-

back signal to PZT #1.
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$§ . IV. Test Procedure

SRS

35 Introduction

£§ Testing of the effectiveness of the control loop is ac-
ij complished by introducing a known signal to simulate rotation
;: and observing the feedback signal. First, the interferometer
3; is aligned till an appropriate interference pattern is ob-
iﬁ served at the output. Then,.the required amplitudes of mod-
JE ulation are determined experimentally. Third, the limits of
gi the hardware are determined to find a reasonable modulation
f? frequency for experimentation. Last, the test software is
3% developed and test data are collected.

i

" ‘:9 Interferometer Alignment

:f Alignment of the Michelson interferometer is essential
;§ for an interference of the two beams to occur. First, the
3 beam out of the laser is leveled with respect to the inter-
'%: ferometer mounting platform. Then the beam in each leg of
E% the interferometer is independently aligned by adjusting its
= respective mirror. Each mirror is adjustable about its ver-
ﬁ: tical and horizontal axes (two degrees of freedom). When

Sﬁ each beam is aligned, the two beams are allowed to interfere
Tﬁ while the interference pattern is observed on a piece of

}‘ paper. The mirror adjustments are then fine tuned to pro-

- duce a round bright dot in the center of the pattern, indi-
ig cating totally constructive interference. The fine tuning
Gﬁ f;; is continued until completely constructive and destructive
3

‘k% 27
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interference is observed while varying the voltage on only

one of the PZTs.

Determination of Operating Points

The requirement of this data extraction technique is to
modulate PZT #1 to four points on the output intensity curve
as shown in Fig 15. It is necessary to determine what ampli-
tude values the modulation signal must have in order to
reach these four points. To do this, the output of a func-
tion generator, amplified through the HVA, is applied to the
PZT to be modulated. A slow ramp function is applied by gen-
erating a triangular wave at 0.5 Hz. The resultant output
intensity curve is shown in Fig 18.

Since the modulation signal is generated digitally, the
analog voltage levels are converted to digital levels. The
D/A converter puts out 10 V peak to peak and the HVA is set
up for a gain of 10. The maximum output voltage is 100 V
peak to peak, or #+50 V. The maximum intensity point of the

curve can be centered on 0 V by biasing one of the PZTs,

Since the D/A converter is 8 bits, 0 V is represented by the
;fé decimal number 128, or 80 hexadecimal (80H). There are 28,

or 256, digital levels, equating to

D

Nele 100 V

o 256 Tevels - C-4 V/level

‘!-'»:-i:

gﬁ{: oy Using this value, the digital levels for the modulation sig-
h'f.;-:- :': »

532 w nal are calculated. The output intensity curve of Fig 18
:-_I:i';
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shows, however, that the voltage levels on the downward

slope of the input to PZT #1 are different than on the up-
ward slope, indicating some hysteresis. This implies that
the voltage levels on the "down" side of the staircase differ
from those on the "up" side. This matter is addresseu in the

software development.

Hardware Limits

To determine the experimental operating frequency of
the modulation signal, it is important to know the frequeﬁcy
response of the PZT driving system. Both small signal band-
width and large signal bandwidth are obtained, and 500 Hz is
chosen as the modulation frequency for testing because it is
well within the bandwidth limitations.

Small signal bandwidth is obtained by modulating in the
linear region of the intensity output curve as shown in rig
19. Large signal bandwidth is plotted by modulating between
-50 V and +50 V, or the max.mum voltages to which the PZT is
driven. Both plots appear together on Fig 20, and show that

500 Hz is a "safe" frequency at which to be mddulating.

Software Development

Ceveral functions are to be accomplished by the soft-
ware. First, the modulation signal is generated digitally.
Also, the program must enable the S/H circuit and the A/D
converter at the correct times. Last, the software must

manipulate data and do the computations necessary to generate
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Figure 19. Small signal bandwidth test

a feedback control signal.

g The two primary concerns in generating the modulation

N "
sy

signal are correctness of the voltage levels and timing.
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Since the computer has a 4 MHz clock, one machine state is

a
..

250 nsec long. The time spent on each voltage level of the
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modulation signal is % cycle, or
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- 2501n2:§7state = 4000 machine states

So each % cycle is made up of 4000 machine states.
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The program enables the S/H circuit for the last % of
the duration of each voltage level., Right before the vol-
tage level is changed, the S/H circuit is disabled, holding
the final value of the photodétector output in that % cycle.
As soon as the voltage level is changed, the A/D converter
is enabled to convert the sampled photodetector output to a
digital number. The cycle continues in this manner.

In between A/D conversion and sampling the output,
there are over 2000 states available to do computation. The
program uses some of these states to keep running totals of
the data collected at the four points 1, 2, 3 and 4 in Fig
21. The data collected at points 1 and 4 are added twice
for timing purposes. For example, after one time through
the staircase (the six levels shown in Fig 21), each data
point has contributed two pieces of data to its running

total.

¥ 3

o [
Ol

Figure 21. Staircase data points
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The program averages each of the totals when specified.
Once the totals are averaged, the computation is accomplished
and an appropriate feedback signal is generated from the pro-
gram. Fig 22 shows the flow chart for this program. The

assembly language program is located in Appendix D.

Data Collecting

Once the program is up and running, the digital voltage
levels are fine tuned to insure modulation to the proper op-
erating points. This is done by finding the maximum and
minimum outputs of the photodetector. Then the voltage
levels are adjusted till the sampled photodetector outputs
can be brought into a reasonably straight line at the half
maximum point. This process is accomplished, as shown in
Fig 23, by manually changing the bias on PZT #2 while observ-
ing the S/H circuit output (top trace).

Once the voltage levels are set satisfactorily, a sine
wave is put into PZT #2, introducing a known path length
change to the interferometer. The feedback signal is ob-
served on the CRT of the FFT Analyzer (because of its storage
capability), and plotted digitally. The feedback signal is
recorded for input signals with frequencies ranging from

0.2 Hz to 70 Hz.
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N
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70 “COMPARE +
ConTRoL™, FIG 22d

DELAY
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DELAY

]
DISABLE S/H AND BLANK CONVERTER
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Figure 22b. Program flow diagram (Loops A,D,E and F)
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Figure 22c¢c. Program flow diagram
(Loops B and C)
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Figure 23. Sample/hold output (top trace)
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V. Results

The control loop of this experiment is designed to pro-
vide a feedback signal which is proportional to a simulated
rotation rate. Fig 24 shows the response of the feedback
signal at different frequencies of the input signal. The
input signal in each case is a 1.2 V peak to peak sine wave.
At 0.2 Hz (Fig 24a), the feedback signal is following the
input signal with a 180° phase shift, as expected. The
feedback signal remains fairly good up td a frequency of
about 10 Hz. As the frequency gets higher than 30 Hz, the
digital feedback signal is not updated often enough to ac-
curately track the simulated rotation input. This limitation
can be explained in terms.of Shannon's sampling theorem.

It is discovered earlier that a "safe" frequency for
modulation is 500 Hz. This frequency equates to a half

period of

nl3

= %? = 1 msec

In keeping with this limitation, the duration of each voltage
level of the modified "staircase™ signal is set at 1 msec.
Since the test program is set up for a maximum feedback up-
date rate of one update per program cycle (once every 6 msec),

the maximum frequency that can be sampled, according to

............
................................
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Shannon's sampling theorem, is

1 a
S

- 1 -
fmax =~ 2(6 msec) 83.33 Hz

.
I Y |

X
NN )

T

- The rule of thumb for accurate representation is

4.

~

2«‘ 1 -

X £t hunb S-10(6 msec) 16.67 Ha
3

. It can be seen from the progression of the signals in Fig 24

‘I- that the control loop is operating well up to the sampling

. limit given above.
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2.8A 8.2A A/8 SEC 8

Figure 24a. Feedback signal for a
simulated rotation (0.2 Hz)

'2.0A 8.2A A/8  SEC 4
Figure 24b. Feedktack signal for a «
simulated rotation (0.5 Hz)
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.- Figure 24c. Feedback signal for a

.:; simulated rotation (1 Hz)

2.8A 0.2A A/8  SEC 8.4
Figure 24d. Feedback signal for a
simulated rotation (5 Hz)
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Figure 24e. Feedback signal for a
simulated rotation (10 Hz)
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Figure 24f. Feedback signal for a
simulated rotation (20 Hz)
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2.8A B.1A A/8 'SEC

Figure 24g. Feedback signal for a
simulated rotation (30 Hz)
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'2.8A O.1A A/8  SEC  2.88
A Figure 24h. Feedback signal for a

simulated rotation (40 Hz)
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Figure 24i. Feedback signal for a
simulated rotation (70 Hz)
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o VI. Conclusions and Recommendations

i_'(_

LT

The results bear out several conclusions, the first of

which is that this method of rotation extraction is at least

feasible for the fiber interferometer. The obvious recom-
mendation immediately follows that a fiber optic Sagnac in-
terferometer be built with the purpose of testing the ampli-
tude modulated dither technique.

It must also be pointed out that the noise present on

the 0.2 Hz feedback signal (Fig 24a) is largely due to the

-

.::_

'-\-
3.
N
e

coarseness of the digital feedback signal. An 8-bit number

B

just does not provide the accuracy required for the voltage

KA RN

levels of this experiment. This coarseness is not so much

&_‘.f'

'E7 manifested in the detection circuit, but shows up more in
- the feedback, where 0.4 V is the smallest increment for the
- ) feedback signal. It is recommended that before the method
of information extraction is implemented in a fiber optic |
3 device, a more accurate control loop be implemented in this
g same test setup using A/D and D/A converters of more than

" 8 bits.

It is also recommended that the "massage" circuit be

modified to account for the 7 KHz resonant frequency appear-

L

ing on the photodetector output. This improvement can be
accomplished by implementing a circuit that can average the

last quarter of the signal in each half cycle.

RN -

i

Finally, it is recommended that some experimenting be

el
‘3)

done with wavelength and intensity control using the data

o,
o,

o
o,
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available from the output intensity of the interference
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signal. A possible implementation might use feedback to

control the wavelength of the laser light by adjusting the

length of the laser cavity.
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» Sagnac Effect

The main principle behind the Sagnac interferometer was

a s.4

demonstrated by Sagnac himself in 1913. He postulated that

% rotation rate could be detected by measuring a path length
E difference between counter-rotating light beams traversing
. the same optical path. He observed the rotation rate by

- looking at the fringe effects due to interference between
; the two light beams. To illustrate this concept, consider
: two beams propagating in a vacuum (Fig A-1).

3 The counter-rotating beams (a photon in each direction)
; start at the same point at t,. While the photons are tra-
I ‘:3 versing the light path in opposite directions, the gyro is
% . experiencing clockwise rotation, {1 . During the time At
f it takes for the light to pass along the path a distance L
3

3

.

'§§~ Figure A-1. Sagnac effect
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(in the gyro reference frame), the photon starting point has
moved a distance {JRAt, where R is the radius of the circu-
lar light path. The difference in path lenghts between the
clockwise and counterclockwise traveling photons at time Al

Al=2RﬂAt (A-1)

where

Al= Aﬂf?g-aj_/l (A-2)

¢ being the speed of light in a vacuum. Substituting (A-1)
into (A-2), and solving for A,{ ,

af- 2oL

C -

But
c>R0O
So
af= ﬁcg'_ N (A-3)
and
at= i;.*Lﬂ (A-4)
51
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2
where A=7Tp is the area enclosed by the optical path. A

' fringe pattern observed at the photon starting point at time
- t1 denotes a phase shift between the two light beams corres-
e

5]

2 ponding to

-

e at

A= AT —— )\/

%

= N —g%-ﬂ (A-5)

where A is the wavelength of the light. 1In the special

=3 case of fiber wound coil,

?&l A¢ = 81TAN (@]
a [
::j: where N is the number of coil windings, or

-:.-\ A¢= g%c-&ﬂ (A-é)

IR

where D=2R is the diameter of the coil. Equations (A-5) and
(A-6) relate rotation rate Ll toa phase shift A¢ . This
proportionality expression, %"—%—D— » is known as the scale

XA

factor.
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R APPENDIX B

Fiber Optic Sagnac Interferometer

:

<.

v

- A simple configuration of a fiber optic Sagnac interfer-

o ometer (Fig B-1) divides light from a suitable light source

:ﬂ into two equal intensity beams by means of a beamsplitter.
Each beam is then coupled into one end of a fiber coil wind-

> ing. The light emerging from each end of the coil is com-

—i bined at the beamsplitter for detection of a difference in

A

L phase history due to rotation of the instrument.

‘2

7

2

Oy

a Laser

M ’

1J>

.1

N

N

- Figure B-1. Simple Sagnac interferometer
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NI Limitations

A plot of output intensity I versus nonreciprocal phase
shift A¢ is shown in Fig B-2 (Ref 1:8). The uncertainty in
phase difference measurement 6°ﬁ¢) can be seen to be a func-
tion of the intensity noise caused by variations in the light
S source. Even though the operating point can be maintained
L) where sensitivity to rotation is at a maximum (greatest

change in I for small change in A¢ ), intensity noise is

L still appreciable. It is possible to compensate for most
o intensity variations in the light source except for photon
C4
shot noise, which is a random process. So, in the ideal case,
N the only factor limiting the instruments' sensitivity to
3 rotation is the photon shot noise limitation (Ref 6).
.
L4
, #
@ I
¥
N
| ======"infensily
| noise
|
i
|
. |
:
e |
. |
& - T Af
i $(aq)
RO
:} - Figure B-2. Phase difference uncertainty
w2
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Reciprocity

One of the most important characteristics that a Sagnac
interferometer must have for reliable operation is recipro-
city. In simple terms, this means that what happens to the
light traveling in one direction must happen identically to
the light traveling in the opposite direction. Reciprocity
is important in an optical rotation sensor because slowly
varying optical path differences are being measured on the
order of 10'15 meters over path lengths of 103 meters in a

18

physical medium. This 10 ratio is discouraging in light

of problems like thermal expansion. ZEven the most thermally
stable materials exhibit expansion coefficients in the 10'7
per degree Centigrade range, which over modest temperature
ranges would generate path length changes on the order of
1 part in 107 - much higher than the part in 1Q8 required
for this measurement. What is hoped for in this device is
that all parasitic effects such as the thermal expansion are
reciprocal and cancel one another out since both clockwise
and counterclockwise signals use the same optical path.

Then the Sagnac effect, which is nonreciprocal, can be de-
tected to small rotation rates with great reliability.

The simple Sagnac interferometer (Fig B-1) is a roughly
rgciprocal instrument. Because the counter-rotating light
beams traverse the same optical path, reciprocal perturba-
tions cancel out while the nonreciprocal Sagnac effect is

doubled. However, experimentation with the setup proposed

by Sagnac yields an interference pattern which shifts in and

55
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X
Eg% o out in phase with applied rotation as expected, but also
;ﬁ : drifts both in time and with temperature (Ref 1:16).
ﬂ;: This phenomenon can be explained by a combination of
E% the use of the beamsplitter in the interferometer and the

S5 effects of mode coupling within the fiber. Because the simple
i; Sagnac interferometer uses a different arm for detection than
'if' it does for input, it can be shown that the phase histories
- of the two recombining beams differ (Ref 1:18). This is true
;ﬁ; because of the number of times each beam interacts with the
ig; beamsplitter. It turns out that the beams appearing in the
Siz detector arm interfere destructively (assuming ideal beanm-
?; splitters) for a zero rotation rate.
,§§ Another phenomenon contributing to nonreciprocity in
;ﬁ§ GEB this device is mode coupling. Whenever more than one mode is
T allowed to propagate through a fiber, random perturbations
Eg; give rise to exchanges of energy between individual modes.
,}fz This effect not only depletes the original mode of propaga-
7222 tion energy, but also introduces to the coupled mode a phase
Eﬁ history of light that may have travelled a different optical
- path.
i; These contributions to nonreciprocity in the simple
E;f Sagnac interferometer necessitate some changes in the origi-
ibf nal design. Fig B-3 (Ref 1:20) has incorporated the necessary
Egj changes and is the minimum reciprocal configuration.
-gi The added beamsplitter insures that the phase histories
:55 of the two detected beams are the same. The combination of
_{- ES} the polarizer and spatial filter restricts the entry and exit
nE
N7
e

s 56
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., Source

Detector

Rlarizer

Modu/lator

o
ilter

Fiber
Loop

A mode. The modulator makes it possible, once reciprocity has

- been achieved, to detect and measure the Sagnac phase shift.

- Figure B-3. Minimum reciprocal configuration.

. of light into and out of the closed light path to the same

- Error Sources

Tables B-1,

:'.\."' AT R ST I N Ny .
® + * ) ‘ a N s ” \

cause drift, noise, and scale factor changes. They also

suggest possible remedies.
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B-2, and B-3 summarize the effects which




L
1?7 S Table B-1. Effects causing drift
{
}j Effect Means to reduce effect
NS -Beamsplitter with free -Insert a good spatial filter
“h beam propagation: light (SM fiber filter) and use only
) beams propagating to the the optical signal running back
2 fiber ends and beams com- to the source
IS ing from the fiber ends -Use directional couplers, avoid
jz do not have same axis freely propagating beams
L)
:?j -Losses in the beamsplit- ~-Use only the optical signal
ter or directional coupler running back to the source
;. -Birefringence of fiber -Insert polarizers
- (Fiber supports orthog- -Stabilization of state of
- onally polarized modes) polarization, use polarization
- preserving fibers
v -Exposure of fiber to -Shield fiber coil
oy thermal radiation
ﬁ} -Magnetic field -Shield fiber coil magnetically
:J -
N G
;-;.:
Oy Table B-2. Effects causing noise
o Effect Means to reduce effect
0 -Noise due to light scat- -Light source with low coherence
- tering in fibers (Rayleigh) length (multimode semiconductor
. and in components diode laser), frequency modu-
- lated source
-
f: -Photodetector noise
e -1/f noise -Phase modulation frequency
S greater than 1 KHgz
ﬁx -amplifier noise -Low C input circuit, large R,
N low noise field effect transis-
N tor (FET)
.. -shot noise -High power laser, low attenua-
o tion fiber, low fiber coupling
”y losses
-L *
N X
o
N
‘.




Table B-3. Effects causing scale factor changes

Effect

Means to reduce effect

-Fiber coil
-Change of area A with
temperature
-Change of attenuation
and birefringence

&

-Laser
- -Change of laser wave-
o length
-Change of spectral
distribution

-Change of output power

-Effect of light returning
to laser

-Sense temperature T, correct
for T, stabilize T

-Evaluate signals such that
signal amplitude has no effect
on scale factor

-Sense and correct wavelength
-Use low bandwidth source

-Evaluate signals such that
signal amplitude has no effect
on scale factor

-Insert optical isolator or
attenuator, use lasers insen-
sitive to returning light
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APPENDIX C

Hardware Descriptions

Michelson Interferometer

The Michelson interferometer is built using a 2 mW
Tropel HeNe laser as a light source. After a cube beanm-
splitter splits the beam in two directions, two totally re-
flecting flat Spectra-Physics mirrors reflect the light beams
back to the beamsplitter where the beams interfere. The
mirrors are glued to cylindrical PZTs which are mounted in
adjustable mounts (two degrees of freedom). The PZT mounts
and beamsplitter are bolted to a thin aluminum sheet which
is in turn bolted to a 1" aluminum slab. The slab is sup-
ported on the four corners with pieces of foam rubber for
isolation from vibration. A cardboard shelter is built to
protect the device from wind currents which adversely affect
path length data. The photodetector is a PIN-3D photodiode
set up for photoconductive operation. Fig C-1 shows the bias

circuit for photodetection.

LAV

N

)

L o

<
<
<

\V/

Figure C-1. Photodetector bias circuit
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és? . Feedback Control Loop

‘ﬂ? R The feedback control loop is shown in Fig C-2. The sig-
(;$ nal from the photodetector is input to a 741 op-amp set up
3; for variable gain. This amplifier acts not only as a buffer
o

N but is also used to adjust the photodetector output for a
voltage range from 0-10 V.

g;g The S/H circuit uses a 4066 bilateral switch which has
e very low ON resistance and high OFF resistance, making it
L~ ideal for S/H application. Since the 741 op-amp has high
Eﬁ; input resistance, the capacitor stays charged till the 4066
:2? switch is closed. The 4066 is enabled with a software
s generated enable signal from I/0 port 8EH, bit 2. The 7406
ﬁﬁ; inverts the enable signal.
(23 The A/D converter being used is the AD570. It is an
{ft 8-bit converter with a conversion time of 25 usec and has a
:?ﬁ 0-10 V range. The output of the A/D converter enters the
:? computer through I/0 port 8CH. The D/A converter being used
sz is the DACO808. It also is an 8-bit converter with a 0-10 V
;ﬁg range and takes its input from I/0 port 8AH of the computer.
‘A? Since the feedback signal out of the D/A converter
;g eventually is amplified by a gain of 10 at the HVA, it is ;
éz‘ divided by 10 with a simple voltage divider. A 741 op-amp %
:t acts as an inverting buffer. It is necessary to have feed- %
?g back on either side of zero volts, so a bias is necessary to |

-~

convert the 0-1 V range to a -0.5 to +0.5 V range. This bias,

. m.‘,;‘

%: along with the digitally generated modulation signal, is
: -
2L added to the feedback signal through a 741 op-amp set up as
N‘.':
A
%
. . 6 1

S
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Figure C-2. Control loop schematic




'y

.
v '.l

NN
hAY

)

an inverting summing amplifier. Another 741 is used as a
buffer before the HVA stage. The HVA, set up for a gain of
10, amplifies the signal for application to the PZT. The

0.1 uF capacitor is used to help tune the PZT for suppression
of its 7 KHz resonance. It should be noted that a bias cir-
cuit such as the one for the feedback signal is also built

for the modulation signal for the same reason.
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APPENDIX D

Feedback Control Program

This is the assembly language program which collects the
rotation information, processes that information, and gene-
rates a feedback signal to maintain path length difference

of the interferometer equal to zero.

Label Instruciion Data Comment
MVI A,OFFH sMODE 3
oUT 8DH
MVI A,OFFH sALL IN FOR ADC PORT
ouT 8DH
s8CH IS NOW THE ADC PORT
, MVI A,OFFH ;MODE 3
ﬁ OUT 8FH -
- MVI A,80H ;SET LSB FOR_B/C & 3rd BIT
9 0UT 8FH ; FOR S/H EN
-ﬂ s8EH IS NOW THE ADC CONTROL PORT
e MVI A,OFFH sMODE 3
ouT 89H
MVI A,00H sALL OUT FOR FIRST DAC PORT
ouT 89H ,
;88H IS THE FIRST DAC PORT
-2 MVI A,OFFH sMODE 3
e oUuT 8BH
- MVI A,Q00H s ALL OUT FOR SECOND DAC PORT
OuT 8BH

. s8AH IS NOW THE SECOND DAC PORT
- MVI A,80H ;SET "CONTROL" TO ZERO VOLTS
STA CONTROL
MVI A,08H
LXI H,DATA1
_ CLR: MVI M, 00H sCLEAR DATA ACCUMULATORS
- INX H
7 DCR A
« JINZ CLR
START: MVI C,_a_ ;SET NUMBER OF CYCLES

y BEFORE AVERAGING

- O N N T
« Lt et . ot N
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Label Instruction Data Comment
BEGIN: MVI A,62H
CALL LOOPA
MVI A, A8H
CALL LOOPB
MVI A,F2H ;s SET VALUES FOR
CALL LOOPC s PZT INPUT LEVELS
MVI A,9EH
CALL LOOPD
MVI A,57H
CALL LOOPE
MVI A,OEH
CALL LOOPF
DCR C
JNZ BEGIN ;CONTINUE LOOPING
JMP START s START NEW AVERAGING CYCLE
LOOPA: ouT 88H ;SET PZT INPUT
MVI A,FEH ;sENABLE A/D
ouT 8EH
MVI B,14H
LP1: DCR B
JNZ LP1 sALLOW A/D CONVERSION TIME
IN 8CH ;GET DATA FROM A/D
MoV E,A
MVI D,00H ;KEEP RUNNING SUM IN DATA1
LHLD DATA1 ;
DAD DE
DAD DE
SHLD DATA1
MOV A,C ;READY TO AVERAGE YET?
CPI 01H
JZ AVER1
MVI B, 0A9H
LP2: DCR B sIF NOT ENOUGH SAMPLES,
JNZ LP2 ; DELAY FOR TIMING
JMP SKIP1
AVER1: LHLD DATA1
CALL AVG ;s AVERAGE DATA1
STA AVG1
MVI B,97H sDELAY FOR TIMING
LP3: DCR B
JNZ LP3
SKIP1: MVI A,FAH ;ENABLE S/H
ouT 8EH
MVI B, 3EH
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Lgbe; Instruction Data Comment
IR LP4: DCR B ;ALLOW TIME FOR S/H
i - JNZ LP$
g MVI A,FFH sDISABLE S/H & BLANK CONVERTER
o oUT 8EH
i RET
LOOPB: oUT 88H ;SET PZT INPUT
Y MVI A,FEH ;sENABLE A/D
1 ouUT 8EH
) MVI B,14H
y LP5: DCR B ;ALLOW A/D CONVERSION
JNZ LP5
IN 8CH ;GET DATA FROM A/D
MOV E,A
MVI D,00H ;KEEP RUNNING SUM IN DATA2
LHLD DATAZ2
DAD DE
SHLD DATAZ2
MVI B, 0ACH
i LP6: DCR B ; DELAY
‘(3 INZ LP6
MVI A,FAH ;ENABLE S/H
OUT 8EH
MVI B, 3EH
LP7: DCR B sALLOW TIME FOR S/H
INZ LP7
MVI A,FFH ;DISABLE S/H & BLANK CONVERTER
ouUT 8EH
RET
LOOPC: oUT 88H ;SET PZT INPUT
MVI A,FEH sENABLE A/D
oUT #RH
MVI B, 14H
LP8: DCR B $ALLOW A/D CONVERSION TIME
JNZ LP8 :
8CH ;GET DATA FROM A/D
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Label Instruction Data Comment
LHLD DATA3 ;KEEP RUNNING SUM IN DATA3
DAD DE
SHLD DATA3
MVI B, OACH
LP9: DCR B ;sDELAY
JNZ LP9
MVI A,FAH :ENABLE S/H
oUT 8EH
MVI B, 3EH
LP10: DCR B s ALLOW TIME FOR S/H
JNZ LP10
MVI A,FFH ;DISABLE S/H & BLANK CONBERTER
oUT 8EH
RET
LOOPD: ouT 88H $SET PZT INPUT
MVI A,FEH ;ENABLE A/D
0UT 8EH
MVI B,14H
LP11: DCR B ;s ALLOW A/D CONVERSION TIME
JNZ LP11
IN 8CH ;GET DATA FROM A/D
MOV E,A
MVI D,00H
LHLD DATA4 ;KEEP RUNNING SUM IN DATA.
DAD DE
DAD DE
SHLD DATAL
MOV A,C ;IS IT TIME TO AVERAGE?
CPI 01H
JZ AVERS,
MVI B, 0A9H
LP12: DCR B sDELAY FOR TIMING
INZ LP12
JMP SKIP2
AVER4: LHLD DATAL
CALL AVG ;s AVERAGE DATAL
STA AVGS
MVI B,97H
LP13: DCR B s DELAY
JNZ LP13
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S Label Instruction Data Comment
SRS SKIP2: MVI A,FAH sENABLE S/H
{ OUT 8EH
-
X MVI B, 3EH
: LP14: DCR B ;ALLOW TIME FOR S/H
~; INZ LP14
1 MVI A,FFH ;DISABLE S/H & BLANK CONVERTER
OUT 8EH
2 RET
X LOOPE:  OUT 88H sSET PZT INPUT
MVI A,FEH sENABLE A/D
~ OUT 8EH
2 MVI B,14H
% LP15: DCR B ;ALLOW A/D CONVERSION TIME
: INZ LP15
1S IN 8CH sGET DATA
R
3 MOV E, A
3 MVI D, 00H
S LHLD DATA3 ;KEEP RUNNING SUM IN DATA3
a1 s DAD DE
K SHLD DATA3
-3 MOV A,C
= CPI 01H SREADY TO AVG?
w JZ AVER3
- MVI B, 0AAH
b LP16: DCR B s DELAY
& INZ LP16
- IMP SKIP3
AVER3:  LHLD DATA3
2 CALL AVG sAVERAGE DATA3
9 STA AVG3
- MVI B, 98H
- LP17: DCR B sDELAY
» INZ LP17
3 SKIP3:  MVI A,FAH ENABLE S/H
- OUT 8EH
- MVI B, 3EH
I LP18: DCR B s DELAY
el INZ LP18
;
L4
K
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"' Label Instruction @ Data Comment
= MVI A,Fir d ;DISABLE S/H & BLANK CONVERTER
P OUT 8EH

N RET

A

N LOOPF: OUT 88H 3SET PZT INPUT

- MVI A,FEH sENABLE A/D

| OUT 8EH
o MVI B,14H
-1 LP19: DCR B ; DELAY

- INZ LP19

' IN 8CH ;GET DATA

2 MOV E, A

% MVI D, 00H

S LHLD DATA2 ;KEEP RUNNING SUM IN DATA2
X DAD DE
= SHLD DATA2

b MOV A,C

3 CPI 01H ;READY TO AVG?

- Jz AVER2

MVI B, 0ACH

" 1) LP20: DCR B s DELAY

) INZ LP20

A IMP SKIP

2,

- AVER2: LHLD DATA2

CALL AVG s AVERAGE DATAR

2 STA AVG2

7y MVI B, 76H

> LP21: DCR B ; DELAY

o INZ LP21

% CONTROL: LDA AVG1 ;ADD AVG1 AND AVG3

o MOV E,A ; AND STORE IN DATA1

- MVI D, 00H ;

T LDA AVG3

- MOV L,A

= MVI H, 00H
o DAD DE

N SHLD DATA1

3

> LDA AVG2

. MOV E,A
T MVI D, 00H sADD AVGx . AVG4

< I LDA AVG4

SR MOV L,A

"~

“~
L e

N
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Label Instruction Data Comment
MVI H,O00H
DAD DE
MOV A,H
CMA ;GET 2"s COMPLEMENT OF
MOV H,A s AVG2 + AVGA
MOV AL
CMA
MOV L,A
INX H
MOV D,H
MOV E,L s PERFORM ADDITION
LHLD DATA1
DAD DE
JC CONT1 3IS RESULT NEG OR POS
MOV AH sIF RESULT LT ZERO, 2"s COMPL
CMA
MOV H,A
MOV A,L
CMA
MOV L,A
INX HL
MVI A,01H 3SET SIGN TO "1" FOR NEG
STA SIGN
JMP CONTR
CONT1: MVI A, 00H ;SET SIGN TO "QO" FOR POS
STA SIGN
MVI B, 02H
CONT3: DCR B " ;DELAY
IJNZ CONT3
CONTZ2: MOV A,H
CPI 01H
CMC
MOV A,L
MVI B,1 or 2 3;DIVIDE BY 2 or 4
CONT4: RAR
STC
CMC
DCR B
JNZ CONT4
MOV B,A ; STORE ERROR SIGNAL
CPI OH
JZ LT sIF WITHIN LSB, DON'T UPDATE
LDA SIGN
CPI 01H
J2Z NEG

70




« -
-~
D)
-
A}

NENES Sy~

v

AR

b Y Y] *
a 2

g AN

At

-
o WP )

/.

.
T W
LN

%

R
o

o

o

-
e

o,

Label Instruction Data Comment
POS: LDA CONTROL sPOS ERROR?
ADD B s INCREASE CONTROL
JMP CONT5 ;
NEG: LDA CONTROL sNEG ERROR?
SUB B ; DECREASE CONTROL
CONT5: OUT 8AH
STA CONTROL
JMP CONT6
LT: MVI B,05H
LT1: DCR B ;s DELAY
JNZ LT1
CONT6: MVI A,08H
LXT H,DATA1
CLR: MVI M, OCH sCLEAR DATA
INX H
DCR A
JNZ CLR
SKIPL4: MVI A,FAH ;sENABLE S/H
oUT 8EH
MVI B, 3EH
LP22: DCR B ;s DELAY
JNZ LP22
MVI A,FFH ;DISABLE S/H & BLANK CONVERTER
0UT 8EH
RET
AVG: STC
CMC
MOV AL
MVI B,b
DVD: RAR
STC
CMC
DCR B
JNZ DVD
MOV D,A
MOV AH
STC
CMC
MVI B,c
DVD1: RAL
STC
CMC
Va2
NP e A A -¥?1VE¥H~ *dﬁ$$ﬁﬁﬁddﬁfiﬁ§f§“f ..............




~ W

RRODIAERE  MSITNG0 — KAAADCIN - § OOy
{

Label Instruction Data Comment
N
L DCR B
JNZ DVD1
ADD D
RET

DATA1: .WORD
DATAZ2: .WORD
DATA3: .WORD
DATA4: .WORD

AVG1: .BYTE
AVG2: .BYTE
AVG3: .BYTE
AVG4: .BYTE
CONTROL: .BYTE
SIGN: .BYTE

Values that need to be set

a b c
1 1 7
2 2 6
4 3 5
8 4 4
10H 5 3
20H 6 2
40H 7 1

a represents the number of
cycles before averaging.




> J . faiC] n A A D AL RO T LA B L " L T e I e e

‘RIS

VITA

. e ke v T

'.‘ﬂ ’ .t
AL

l..‘. rl v . EE N R

Daniel John Brett was born on 22 May 1955 in Los Angeles,
California. He graduated from high school in Durango, Colo-
rado in 1973 and enlisted in the Air Force n October 1973.
After completing basic training and technical school, he was

stationed at Ellsworth AFB, South Dakota, where he served as

TR0 KR

Y

an automatic flight control systems specialist in the 28th
Avionics Maintenance Squadron. Leaving the Air Force in
October 1977, he attended South Dakota School of Mines and
Technology, from which he received a Bachelor of Science in
Electrical Engineering in December 1981. He reentered the
Air Force on active duty in January 1982 and received his
commission from Officer Training School in April 1982. He
entered the School of Engineering, Air Force Institute of

Technology, in June 1982.

Permanent address: 590 County Road 207

Durango, Colorado 81301




T R A
UNCTLASSIFIED
- SECURITY CLASSIFICATION OF THIS PAGE
-'.'_f-: REPORT DOCUMENTATION PAGE
:.'_-:.j ¥ AEPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
R, Unclassified
m Za. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT
2b. DECLASSIFICATION/DOWNGRADING SCHEDULE Approved for public release;
distribution unlimited.
4. PERFOAMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION AREPORT NUMBER(S)
AFIT/GE/EE/83D-12
A 6a. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
.'_‘-. (If applicable)
AN School of Engineering AFIT/EN
o 6c. ADDRESS (City, State and ZIP Code) 7b. ADDRESS (City, State and ZIP Code)
.,
{" Air Force Institute of Technology
n Wright-Patterson AFB, Ohio 45433
[
SN 8s. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL |9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
S ORGANIZATION (If applicabie)
" 8c. ADDRESS (City, State and ZIP Code) 10. SOURCE OF FUNDING NOS.
g PROGRAM PROJECT TASK WORK UNIT
e ELEMENT NO. NO. NO. NO.
‘,‘..': 11. TITLE (Include Security Classification)
cij See Box 19
ASC 12. PERSONAL AUTHORI(S)
{ ~Daniel J. Brett, B.S., 2Lt, USAF
Qe Ta TYPE OF REPORT 13b. TIME COVERED 14. OATE OF REPORT (Yr., Mo., Day) 18. PAGE COUNT
. MS Thesis FROM T0 1983 December 82
.:._4 16. SUPPLEMENTARY NOTATION Apgroved lwﬁlc relecze: AW AFR 190-17.
o LYN% ENvoata )6&’}" W
- Tio 1 1 . ) o . T oY Aepmens
) COSAT!I CODES 18. SUBJECT TERMS (Continue on reverse ifeboisary-anis idesitily by bloekiAisnber)
D GROUP SUB. GA. Wright i clizisen £.D Cai 6 wed
g 08 LASER GUIDANCE, GYROSCOPES, FIBER OPTICS
'.\' 19. ABSTRACT (Continue on reverse if necessary and identify by block number) ]
:' Title: Extraction of Rotation Information from a
A Simulated Fiber Optic Gyro Using
o Amplitude Modulation
. Thesis Chairman: Salvatore Balsamo, Major, USAF
Vy
‘-.. _.:":’7 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
oL "L acuassierep/unuimiTed @ same as ret. O otic useas O UNCLASSIFIED
2 22s. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE NUMBER 22c. OFFICE SYMBOL
B {Include Area Code)
Salvatore Balsamo, Major, USAT
» RaJory AV 259-3122 FJSRL/NH
I
e DD FORM 1473, 83 APR EDITION OF 1 JAN 73 1S OBSOLETE.

. SECURITY CLASSIFICATION OF THIS PA(




................................................

S L R Y T T T T T e T ey Ny e " g RIDA AR e B "v""("'\‘“v"-.""‘w

x>
m INCTASSTFTED

“.  SECURITY CLASSIFICATION OF THIS PAGE —
oo |
- :
oo The purpose of this experiment was to determine feasibility of J
ii. the amplitude modulated dither technique of extracting rotation infor-

mation from a fiber optic gyroscope. By varying the amplitude of the
modulation appropriately, information can be obtained at points on the
output intensity curve that are most sensitive to rotation. These
points are also in the most linear region of the curve.

= A Michelson interferometer is used to simulate a Sagnac interfer-
ometer undergoing rotation. A digital control loop processes the in-

e formation obtained by amplitude modulation and generates a feedback

oS signal to null the path length difference.

N The feedback signal is monitored while a rotation simulation sig-

E§' nal is introduced to the interferometer. The feedback signal tracks

~ the simulation signal at 180 out of phase (negative feedback). The
test setup performs as expected to the hardware and operating frequency
limits.

alhs

.

SECURITY CLASSIFICATION OF THIS P]

>t - e e e e . CEREN . s .t
D . . I PO DU I . L ta . A et actat




.

WOy
jolalich W
R e N




