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Abstract—In this article, we intend to demonstrate on digital active current control in ring laser gyros (RLG). The specific source errors that
effect the performance of laser gyro is discussed. This work proposes a system of digital detection and control system to address deficiencies
of the conventional analog circuits. The hardware framework is constructed using the Field Programmable Gate Array (FPGA) and the required
analog interface, which incorporates driving and acquisition circuitry for the specific physics of gyros. The software flow is provided in full
and uses the parallel PI (proportional-integral) control algorithms. The outcomes demonstrate that the precision of anode currents are accurately
controlled within £0.1uA along with cathode voltage, demonstrating that the performance of the digital system is superior to that of analog
circuits, which will be very beneficial for the laser gyro application. The simulation results prove that the proposed approach has good result of
balancing anode currents, meanwhile, it makes the sensor a good dynamic performance. In both anodes, the experimental findings are contrasted
with balanced and unbalanced currents. The optimal constant current is obtained from the remarkable agreement between simulated and
experimental results.
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propagating beams and is proportional to the angular rotation
rate based on the Eq. (1). Where Q is the angular velocity, L is
the perimeter of the ring sensor cavity, A is the laser wavelength

I. INTRODUCTION

The ring laser gyros (RLG) are proven technology and are
capable to detect the angular rotation rate with respect to its
plane relative to the inertial frame. Its fundamental operation 44. Q
explores the Sagnac effect [1-4] the rotation rate causes the Av = L ®
optical length [5, 6] of the sensor cavity as seen by the two

oppositely travelling or the counter-propagating optical beams
in the laser are different. This difference in travelling shifts
directly into the optical frequency shift between the two counter
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and A is the area vector (perpendicular to ring surface). The
shift which is called as Sagnac frequency and can be measured
by allowing the two oppositely travelling beams beat. Null shift
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[1, 7] occurs when both frequency differences are skewed. In
the active laser medium, a phenomenon known as Langmuir
flow [1, 7] is the main cavity anisotropy that causes null shift
errors. If no null shift is to be noticed, the typical solution to this
concern is to accurately match the discharge currents [8, 9] in
both legs. A comparable null shift of 0.0066 deg/h [7] resulted
from a 1 pA imbalance in the two currents.

Though ring laser gyro uses zerodur or quartz as a base
material to lessen performance uncertainty brought on by
thermal impacts, the RLG also produces bias drift due to the
current unbalancing of anodes.

This paper proposes new system that has a lower footprint
than the old analog control system, which mostly uses analog
circuitry, and it can adjust work parameters flexibly through
software.

I1. WORKING PRINCIPE OF RLG AND OUTPUT PULSES

A Working Principle

The ring laser gyro measures the angular rotation using a
light from the laser. A square-shaped helium-neon laser emits
dual light beams, one of which moves clockwise and the other
counterclockwise. High voltage is used to ionize the helium-
neon combination at low pressure to create a glow discharge [7],
which is where the creation of light beams of lasing takes place.
The clockwise and counterclockwise light beams are created by
the lasing's light being reflected around the square by mirrors at
each of its four corners.

In order for the cavity path length [5, 6] to be an integral
multiple of the laser wavelength with the highest peak power, it
is carefully monitored and modified.

A fringe pattern made up of alternately dark and bright
stripes are produced when the laser beam frequencies vary.
Photodiodes detect the rate and motion direction of the fringe
pattern [10, 11, 12]. The size and direction of the gyro's spin are
indicated by the frequency and relative phase of the two diode
outputs.

The little frequency change between the laser beams causes
beam coupling at slow rotation speeds. Hence both frequencies
lock together [13] to a single false value in this way. A piezo-
electric dither motor [15] is utilized to shake the laser block
through the lock-in zone [20, 21] to counteract this effect.
Dither vibration averages to zero. There is no net inertial
rotation produced. The laser block casing vibrates from the
dither motor, which also emits a perceptible hum.

B. Gyro Output Pulses

At very low input rates, the RLG experiences a phenomena
called lock-in. The inability of the gyro to sense the input
rotational rates at low inputs is called lock-in. To get rid of this
lock-in, the gyro is subjected to to-and-fro vibration which is
called as mechanical dithering [13, 14, 15] wherein the gyro is
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fixed to rigid body. In addition to mechanical dithering, a
component called Pseudo Random Noise (PRN) [14] is also
introduced into the amplitude of dither, ensuring that the gyro
is brought to nearly continuous rotation rate all the time.

The supporting signal processing electronics of the gyro
converts the incremental rate into a digital pulses wherein each
pulse is weighed with the scale factor of the gyro. These pulses
are counted into a digital words after processing and it consists
of incremental angle due to the rate input motion and as well as
rate due to sinusoidal dither motion. The sinusoidal dither
motion and random noise components are removed or filtered
out by using the digital filtering technique [10] whose pass band
frequencies come under all possible rotation rate input of the
ring laser gyro. The dither motion rate is removed in real time
by applying 2 stage FIR filters with optimum filter length
having rectangular window. Just by varying minimal
coefficients in the memory, one can achieve required noise
characteristics and the gyro bandwidth.

I11. CURRENT BALANCE PHENOMENA

As stated earlier, ring laser gyro measures the rotation rate
around the ring's sensitive axis as a function of the beat
frequency, or difference in frequency between the two counter-
propagating beams. Such counter-propagating beams are
created via a procedure that typically involves a DC discharge
of electricity in an appropriate Helium-Neon mixer gain
medium. The wall effect and subsequent charging of the wall
region are caused by this electrical discharge [1]. This disrupts
the pressure balance in that area and interacts with the moving
medium which is called as Fresnel-Fizeau drag [1], causing a
frequency shift in the counter-propagating beams. As a result,
the optical length of the beam moving in the direction of flow
is different from the optical length of the beam moving in the
flow's opposite direction. The output signal therefore has a
component known as Fresnel-Fizeau bias, since the flow causes
a beat frequency between the counter-propagating beams that is
not caused by the rotation of the ring route. To counteract this
bias, the configuration of gyro is made in such a way that the
two balanced electrical discharges are directed in opposite
directions [7]. As a result, even when two electrical discharges
are not exactly balanced, a net bias still develops because of the
uneven drag.

It has been observed that a systematic change in the
magnitude of the bias produced by the optical bias occurs as the
gyro heats up. This change is attributed to the temperature
sensitivity as the gyro heats up and it has been noticed that there
is a consistent shift in the magnitude of the bias which in turn
caused by the optical bias. The temperature sensitivity of the
reflecting optical components [1] inside the gyro is responsible
for this shift. For several hours after the gyro is powered, the
magnitude of the bias decreases over time due to this self-
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Figure 1. Equivalent RLG anode-cathode behavior model
with intensity feedback.

heating. The extent of this shift is equivalent to a reduction in
beat frequency of approximately 600 Hz over a 5-hour run at
room temperature. With the help of a current regulator circuit,
a constant amount of current is provided to make up for the
change in bias. Temperature sensors are used throughout the
electronics assembly to steady the gyro in addition to
compensating for the effects of temperature, and regulator
circuits use precision reference voltage and precision thin film
resistors.

IV. SIMULATION OF INTENSITY CONTROL AND CURRENT
BALANCE CONTROL LOOPS

A. Simulink Model

In terms of cathode voltage and anode currents, the
simulation goal is to realize control dynamics. Figure 1 shows
the equivalent RLG anode-cathode Simulink behavior model
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Figure 2. Simulink model for intensity and current balance control.

DC-DC Converter -

with intensity feedback. The ring laser gyro is modelled as a
high-voltage diodes Dal and Da2 with cathodes connected to
each other and both the anodes are given equivalent series
impedances Zal and Za2, both of which are about 400 kQ. A
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variable resistor rk (74 kQ) is attached to simulate the variations
in laser beam intensity in the ring laser gyro.

In addition to this, a variable series resistances ral and ra2
are also connected to each anode, so that the current differences
can be introduced on anodes on-fly by varying them. All
variable resistor wiper terminals use unitless Simulink input
signals transformed into a physical signals. This physical signal
wipes the resistor according to Simulink input. In order to
mimic the intensity amplitude found in the sensor, a small
amount of voltage from the cathode is additionally obtained as
feedback using an op-amp as an attenuator. This voltage is
proportional to the amplitude of intensity.

Figure 2 shows the simulation of intensity and current
balance control loops in Simulink. The DC-DC converter is an
ideal converter that generates the negative high voltage output
which is required for cathode. The negative voltage to cathode
is an inherent requirement of RLG [1, 7]. The optimum cathode
voltage and anode currents are practically recorded from an
open loop test and then these values are applied in this model.
The voltage and current reference steps for cathode and anode
control loops are taken as Vref = 1.19 volts and Iref = 1.036 mA
respectively which represents the actual block requirements of
laser intensity and currents in anodes. The ballast resistors Ral
and Raz2 are used to limit the currents in anodes during the firing
of He-Ne gas towards discharge followed by lasing. Both
resistors are found to be 82 kQ by using an actual gyro before
being used in this model to determine which ballast resistors are
to be employed when taking a discharge. Simulink Simscape
electrical blocks are used for this simulation.

In the intensity control loop Simulink model, a step voltage
is set and then the error is derived by taking feedback from
RLG. This error is fed to Pl controller [16, 22] with tuned
proportional and integral constants as 9 and 128 respectively.
The output of PI controller is given to the DC-DC converter to
generate the negative high voltage that drives the cathode of
sensor block. Vksensor and Vfsensor  senses the voltage at
output of DC-DC converter and feedback voltage from RLG
respectively. As Vfsensor output is physical signal, a PS-
simulink block is used here to get the unitless Simulink output.
Vksensor output is a physical signal that transforms into unitless
Simulink which is used for monitoring.

The outputs of PI current controllers converts the unitless
Simulink signal to its respective physical signals and drives
Vsourcel and Vsource2 which drives anodel and anode2.
Isensorl and Isensor2 are used to sense the currents in both the
anodes. The physical signal is transformed into unitless
Simulink signal and is taken as a feedback to control the anode
currents. Both PI controllers are optimally tuned to proportional
and integral constants having 78 and 1895 respectively. The
anode resistances ral and ra2 are not set equal, before the model
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is simulated. These variable resistance values for anodel and
anode?2 are taken as 6.85 k(2 and 5.86 kQ respectively.

Figure 3 shows that cathode voltage settles to -580 volts for
a given Vref of 1.19 volts to get the same feedback. The initial
cathode voltage is adjusted to -200 volts as the block should
have minimum voltage to sustain the laser itself. Similarly both
the anode currents settle to 1.036 mA equally. Hence,
irrespective of variations in anodes due to temperature or for
any other reason, the currents in anodes remains constant.

B. Multisim Hardware Simulation With Precision
Instrument Difference Amplifier

The hardware simulation is carried out in multisim software
using the findings of the simulation done in simulink. The
hardware configuration using a precision instrument difference
amplifier AD8479, with a very large input common-mode
voltage range is shown in Figure 4. With the aid of the
difference amplifier, the anode currents are precisely measured
with differential signals even when large common-mode
voltages of up to 600 Volts are present and features inputs that
are 600 Volts transient common-mode or differential mode
protected. It only senses the currents in both the anodes by
configuring amplifier in the differential mode with *15volts
supply voltage. The anode2 impedance Za2 is slightly varied to
95% of Zal, where R1, R2, R3, and R4 are chosen as 1KQ each,
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Figure 4. Hardware simulation of current sensing circuit
with difference amplifier using Multisim.
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so that drop across R1 and R2 reflects the current in that resistor
and so the output of difference amplifier. It can be observed
from Figure 4, that current in anodel is 1.036mA and the
same is reflected at output of op-amp and across the resistor
R3 as voltage. Similarly, the current in anode2 is 1.042mA and
the same is reflected at output of op-amp as a voltage across the
resistor R4. Voltage sources Val and Va2 are manually varied
to adjust the currents in anodes, but in real conditions the Pl
controller automatically tunes the required control voltage.

V. HARDWARE AND SOFTWARE REALIZATION

Ral To Anodel
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. 2<h
> Fa2 ToAnodel e [
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FPGA L DAC _—|-' B2
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4 x ADAAOO0
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Figure 5. Block diagram of proposed hardware
with difference amplifier.

A. Hardware Realization

A schematic is made in Orcad software and its equivalent
block diagram is shown in Figure 5, and then it is brought into
hardware PCB for implementing in real time. Current sense
resistors R1 and R2 are selected as ultrahigh precision resistors
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Figure 3. Step response of intensity and
current balancing loops.
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Figure 6. Flow chart for software implementation.

with high temperature coefficient of £0.2ppm/°C and tolerance
of £0.01% having temperature range from -55°C to +125°C. In
addition to that, the part numbers for a series resistances Ral
and Ra2 are also selected with temperature coefficient of
+10ppm/°C and tolerance of £0.1% having temperature range
from -55°C to +155°C.

The logic control signals from Spartan-6 FPGA drives 4
channel DAC. The logic module is written in verilog hardware
description language, synthesized, translated, mapped, place &
routed, generated the bit file and then dumped into the FPGA.
The data and control signals provided to the DAC produce
analog signals needed to regulate the intensity and anode
currents. To isolate the high voltage coming toward the DAC,
the precision op-amp (ADA4000) with appropriate gain is also
used. The hardware implemented consists of a DC-DC
converter and also difference amplifier. The voltage drop across
R1 and R2 are sent to two-channel ADC using difference
amplifiers. The output of the ADC is fed back to FPGA for
digital processing.

The FPGA's Microblaze softcore processor operates at a
100MHz clock speed. To exchange data between a
programmable logic and processing system, the user-
configurable AXI Lite interface is used. The interface logic
module for ADCs and DACs are implemented in programmable
logic and control algorithms are implemented in the Microblaze
processing system. In addition to this, the user configurable
peripheral IPs like, UART16650, AXI interrupt controller, AXI
timer, local memory bus and block RAMS are used.

B. Software Realization

Figure 6 represents the software implementation in
micoblaze processor. Iref and Vref are desired reference digital
equivalent values of anode currents and cathode voltage. These
values are achieved by tuning the PI controller [16, 22] in open
loop condition along with sensor and then stored in the flash
memory. The Eq. (2), Eq. (3), and Eq. (4) represents the fixed
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Figure 7. Open loop anodel and anode2
current test results.
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Figure 8. Settling of anode currents to 1.036 mA
after manual disturbance.
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point discrete Pl controllers implemented in softcore
Microblaze processor
Var[n] = Var[n = 11+ Gy (Lyep — Ia1) (2)
Vir[n] = Vyp[n— 1] + GZ(Iref - Iaz) 3)
Viln] = V[n—1] + G(Vref - Vfb) €))

Where V4, [n], Vuy[n], and Vi [n] are discrete present
samples of anodel, anode2, and cathode voltages respectively.
Vyi[n — 1], Vyu[n — 1], and Vi [n — 1] are discrete previous
samples of anodel, anode2, and cathode voltages respectively.
G1, G2,and G are tuned gain parameters of anodel, anode2
and cathode respectively.

The errors Iref-1al and Iref-1a2 are fed to the PI controller
and then passed on to the DAC followed by the analog buffer.
It is then fed to anodel and anode2. Buffers drive the anodes in
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0-15Volts range. The error Vref-Vfb are provided to the Pl
controller, fed to the DAC to obtain the proportional analog
signal, and after buffering, given to the DC-DC converter to
drive the cathode of RLG.
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Figure 9. Respective voltage changes required to
balance the currents to 1.036 mA.
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Figure 10. Closed loop anodel and anode2
current test results.

V1. EXPERIMENTS

The test setup is made by connecting the controlled signals
to cathode and anodes of RLG. The test runs are given for an
hour each without and with anode current balancing. As
mentioned earlier, the RLG output (pulses) is accumulated for
100 seconds, and the remaining parameters are averaged and
plotted over that time.

Figure 7 depicts the test results for both open loop anodes
and closed loop cathode. The open loop anode voltages are
fixed at 7.5 volts each. It can be seen that currents are not equal
initially and eventually falls, where as count drifts [1, 17]. This
is because the anode currents are not equal.
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Close loop anode experiments were carried out further.
Figure 8 and Figure 9 shows the manual disturbances of anode
currents and voltages in a closed loop situation, respectively. It
can be seen that the currents draw closer, back to its actual
values (1.036mA) where its respective voltages are different.
Figure10 shows the test run for 1 hour in close loop condition.
Itis clearly visible that the anode currents are very close to each
other with a £0.1pA error. During this 1 hour, the currents at
any given time are equal in both the anodes and continues for
the complete duration of time. During the test run the anode
currents settle to 0.78mA where the anode voltages differ by 0.8
volts. It is the required anode voltages at which the anode
currents are equal.

VIIl. CONCLUSION

Digital and advanced computerized innovation has helped
with all transformations by simplifying lives, quicker, better,
viable and more charming. This study developed a novel
approach of digital active current balance control system for
RLG in digital domain and incorporated the crucial analog
interface with the extremely capable processing Spartan-6
FPGA. This study has simulated the concept of anode current
balancing in Simulink and then the hardware is simulated with
difference amplifier in Multisim software and brought into a
real working PCB electronics. The software control methods are
used in Microblaze softcore processor in FPGA. The legitimacy
of the framework, which performs better compared to
customary simple circuits and has great application possibilities
for RLG, has been affirmed by experimental results. These
sensors have higher application [18, 19] demand in inertial
navigation of missiles and aircrafts.
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