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Modeling and analysis of fiber optic gyroscope dynamic north-

finding algorithm based on Simulink
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(Rocket Force University of Engineering, Xi'an 710025, China)

Abstract: In view of the problems such as the low automation degree and low precision in the traditional
fiber optic gyroscope(FOG) static north-finding method, the in-depth analysis of the FOG dynamic north-
finding principle and algorithm was focused on. The simulation model of FOG dynamic north-finding
algorithm with least square method by points was established based on Simulink toolbox in MATLAB,
and then the turntable rotation speed and sampling frequency which affected obviously the FOG dynamic
north-finding precision, were simulatedly calculated and optimally analyzed as the key consideration. The
simulation and calculation results show that, in the case of adopting the proposed parameters, when the
turntable rotation speed is 4.5-8.5 (°)/s and the sampling frequency is about 50 Hz, the FOG dynamic
north-finding system can reach higher precision. The simulation model and the research conclusions can
provide theoretical reference for the design of FOG dynamic north-finding system. Meanwhile, it also
provides reference for the theoretical research and concrete realization of the FOG dynamic north-finding
system.
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0 Introduction

With the in-depth development of equipment
information, modern warfare has gradually changed to
all-weather, all-direction, rapid maneuverability and
precision strikes. Therefore, it requires the weapon
system to have the abilities of rapid and precise
positioning and direction ''2!. For the inertial north-
the outside

finding technology is independent on

world, which has become one of the important
guarantees for the weapon system to realize rapid
autonomy maneuverability and precision strikes. Fiber
optic gyroscope (FOG) north-finding system is one of
the new inertial north-finding technologies, which has
been used increasingly in defense and civil
applications®™*. Tt not only provides ideal directional
information for weapon system and equipment, but
also provides precise direction and attitude control
reference for oil drilling, robots and other civilian
areas””™l.

The principle of FOG north-finding system
mainly relies on its sensitivity of the horizontal
component of the Earth angular rate. For this value is
very small, the north-finding resolution mainly
depends on the precision of FOG. However, it will
pay a higher cost for improving the level of hardware
resources on the basis of manufacturing processes and
technology at present. On the other hand, the north-
FOG north-finding

precision and rapidity obviously, so the north-finding

finding algorithm affects the

algorithm can be considered to be improved in order
to better meet the practical requirements for the FOG
north-finding system. Among the FOG north-finding
algorithm, static north-finding method is a traditional
method and has been used widely, but the operation is
complex, and north-finding precision is limited 7~%
The FOG dynamic north-finding method is a new
inertial positioning method, which is being explored

and focused on by the researchers at home and

abroad. It refers to a new method that the FOG

rotates with the turntable around its central axis in

continuous constant-speed in the process, and
calculates the initial direction according to the FOG
output signal '°~"! Compared with the FOG static
north-finding method, the FOG output signal can be
modulated periodically by continuous constant-speed
mechanical rotation. Using the appropriate solution, it
can suppress the constant drift and random drift of
FOG effectively, shortening the north-finding time and
improving the north-finding solution accuracy.
However, for the limitation of structure and process
level, there is few example of FOG dynamic north-
finding system used in engineering™".

According to the above background, this paper
mainly researches on the FOG dynamic north-finding
principle and algorithm, using Simulink simulation
toolbox of MATLAB, and focuses on the simulation
model building and analysis of least square method by
points of FOG dynamic north-finding algorithm, which
is in order to realize the parameters optimization
design of the rotation speed and sampling frequency
for FOG north-finding system, and provide reference
for practical engineering of FOG dynamic north-

finding system.

1 FOG dynamic north-finding principle

FOG is a new solid-state angular rate sensor based
on Sagnac effect, compared with conventional electro-
mechanical gyroscope, it not only has the advantages of

quick start speed, wide dynamic range, withstand

overload, but also has better zero deviation repeat

ability, is insensitive to the movement and noise of

S [12-13]

the intersecting axe . In engineering application,

although the north finding methods are different, its

basic principle is through sensitive Earth rotation

angle rate . in the geographic coordinate system of
b

level component w._, and calculate the included angle

ie ?

between the carrier ordinate axis direction and

geographic north direction, and then realize independent

direction, its principle is shown in Fig.1(a).
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FOG dynamic north finding method refers to
FOG and turntable beginning with initial location and
continuous rotation around vertical axis together with
the constant speed (2 during the north finding process,
and sampling the FOG output data in real-time, then
calculating the north component of the Earth rotation
angle rate directly according to different algorithm, or
the initial angle between the FOG sensitivity axis and

geographic north. The schematic is shown in Fig.1(b).

Earth’s axis

Turntable
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(a) FOG north-finding principle

Q

FOG

Sensitivity axis
Turntable 4

Optical
grating code

Base

(b) Principle of dynamic FOG north-finding system
Fig.1 FOG and its dynamic north-finding principle

Ideally, when the FOG and turntable turn around
together with a constant rate w, the projection that
horizontal component of the Earth angular velocity of
rotation on the vertical axis is™:

wi = w,cosLcosbcos(2mft+ V,)+ w,sinBsinL (1)
where ,=15.04108 (°)/h is the Earth angular velocity
of rotation; L is the geographic latitude value of the
system; W, is the initial angle between the -carrier
FOG sensitivity axis and geographical north; 6 is the
angle of pitch; f is the rotation frequency of the

turntable, and there is Q=2muf.
In theory, when the FOG is in the condition of

constant input, its output is also a constant which is

b
proportional to w, . However, because of the existence

of many factors such as FOG drift itself, thermal
noise of data acquisition circuit, turntable rotation
speed changes, surrounding low frequency interference
(such as ground shaking, people walking and wind
etc.) and so on, the FOG actual output data contains
a number of random errors. Therefore, the practical

FOG dynamic output model can be expressed as!™!:
Woui(1)=K w.[cosLcosBsin %—(2Wﬁi+q’n) +

sinésinL]+&y+ & (2)
where K is the scale factor of FOG; g, is the constant
bias (drift) of FOG; g is the FOG random drift term
which includes white noise.

In ideal experiment conditions, FOG can be fixed
on the turntable which has been leveled, that is, 6=0.
When the turntable rotates with a constant angular rate
(), the output model of FOG can be simplified to:

Woui( ;) =K wicosLcos(t+ W)+ &5+ &; 3)

It just needs to calculates the value of W
according to Eq.(3), and the true north direction can
be known, then the north-finding and directional task
have been completed. In general, the system overall
performance requirement is higher for the dynamic
north-finding method, its outstanding advantages are
high north-finding precision and shortening north-
finding working time, which is in line with the FOG
north-finding  system towards the development
directions of integration, automation, high-precision

and rapid north-finding.

2 Modeling and simulating analysis

2.1 Least squares parameter estimation algorithm
principle
When the FOG rotates together with the turntable
at a constant speed, particular frequency sampling is
used on the FOG dynamic output data in real time.

According to the total sampling points of a full period
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or more than one full period, the initial angle W,

between the FOG sensitivity axis and the geographical

north direction is calculated wusing least squares

parameter estimation. According to the FOG dynamic
output model in Eq.(3), it can be decomposed into:
Woui(1;) =K wcosLcostcos Wy— K w.cosLsin{;sin Vy+

at& (4)

Making A=Kw.cosLcosW,, B=—Kw,cosLsin¥;, o=

Or, and not considering the effects of error term

temporarily, there is:
Woi(t)=Acosa+Bsing; (5)
Using least squares parameter estimates in Eq.(5),

the values of A and B can be determined as follows:

n n n n
z sinoy; Z WoiCOSO— z WoSINQ; z SINQ,COSey;
i=1

A: i=1 i=1 i=1

n n ;on \
) 2 .

z sin aiz cos a,—( z sina,cose, )

i=1 i=1 i=1 /

(6)

n n n n
z cos’q; z W SIN O~ z Wo COSQY; 2 sinacos;
i=1 i=1

B: i=1 i=1

n n n
2 sin*o; z cos a,—( 2 sinacosa;
i=1 i=1 V=1

At this point, the estimated value of initial angle

is:
W,=actan(—B/A) (7)
When using this method to realize north-finding

flexibly

according to the precision and real-time requirements.

dynamically, it can adjust parameters
It has advantages of simple operation and well system
stability.
2.2 Modeling and analysis of algorithm

Depending on the least squares estimation
algorithm principle of dynamic north-finding based on
FOG, the algorithm using Simulink simulation toolbox
in MATLAB is modeled. The specific parameters in
the model is: FOG scale factor K,=0.81; latitude L is
34°16' ; the Earth’s rotation angular velocity w, is
15.041 08 (°)/h; and the initial angle between FOG
sensitivity axis and the geographical north is 10°.
Because the specific algorithm model is complex, due

to the space limitations of this paper, we mainly

analyze and discuss the simulation results. In the
dynamic north-finding system based on FOG, when
the hardware resources have been determined, the
turntable rotation speed and frequency are two
important parameters which affect the north-finding
precision. It uses the above algorithm model as
follows, and focuses on simulation analysis of the
north-finding precision effect by changing the just two
parameters.

Firstly, under the conditions that the sampling
frequency and other parameters have no changes,
when the turntable rotation speed is respectively 1, 2,
5, 10 (°)/s, the output results of dynamic north-finding
system are calculated based on FOG, the specific

results are shown in Fig.2.
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Fig.2 Simulation results under different rotation speeds

of turntable

It can be seen from Fig.2 that, in the initial
stage of the north-finding system working, the system
output value has deviation from the theoretical
geography north value (10°) further away. However,
after about 20 seconds, the system output value of
north direction gradually comes close to the theoretical
geography north value. In addition, according to the
simulation results, it can be seen that when the
turntable rotates at different speeds, the steady-state
error between the final output value of north-finding
system and theoretical geography north value is
different. The steady-state error when the turntable
rotation speed changes from 1 (°)/s to 10 (°)/s is
calculated respectively, and the results are shown in

Fig.3.
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Fig.3 Steady-state error when the turntable has different rotation

speed

The results in Fig.3 show that the turntable
rotation speed will have significant impact on north-
finding precision when other parameters of FOG have
no change; the turntable rotation speed is too big or
too small which results in a large error. For the
parameters used in FOG, when the turntable rotation
speed is approximately between 4.5 (°)/s and 8.5 (°)/s,
the FOG north-finding precision can be located within
a range of x10" in theory. Therefore, it needs an
appropriate turntable rotation speed of FOG dynamic
north-finding system working in practice.

In addition, the sampling frequency for FOG
output data can also have a certain impact on north-
finding precision. When all other parameters are
constant, selecting the sampling frequency of the model
respectively at 10, 20, 50, 100 Hz for simulation, and
calculating the steady-state errors in different sampling

frequency, the results are shown in Fig.4.
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Fig.4 Steady-state error simulation results in different sampling

frequency

According to the simulation results in Fig.4,

when the sampling frequency is lower, the output true
north direction error of north-finding system is larger.
When the sampling frequency increased step by step,
the steady-state error decreases gradually to a steady
state. The error change trends between the FOG north-
finding system output value and theoretical value with

the sampling frequency have been given in Fig.5.
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Fig.5 North-finding errors change trends with sampling frequency

According to the above calculation results in Fig.5,
when the sampling frequency is lower than 50 Hz, the
north-finding steady-state error is larger. When the
sampling frequency is higher than 50 Hz, the steady-
state error of FOG north-finding system output value
is stabilized at about —1'. It is thus clear that, too
higher sampling frequency does not improve the
precision of FOG north-finding system any more, but
it may actually increase the system costs. Therefore,
the sampling frequency of FOG north-finding system
can be determined generally by the maximum output
sampling frequency of FOG.

To sum up, during dynamic north-finding in the
use of FOG, in order to obtain higher true north
calculation precision and system response time, the
best turntable rotation speed and output data sampling
frequency should be determined based on the precision
and performance parameters of FOG. For the proposed
FOG parameters, the turntable rotation speed should
be approximately between 4.5(°)/s and 8.5(°)/s, and
the sampling frequency is about 50 Hz, it can achieve

higher north-finding precision.

3 Conclusion

As a new type of solid-state angular rate sensor,
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FOG is very suitable as the main inertial measurement
unit in north-finding and directional system. Compared
with the traditional static north-finding method, the
dynamic north-finding method can suppress the
constant drift and random drift of FOG, shorten north-
finding working time significantly, and improve the
north-finding precision, so it is a very promising north-
finding method. Based on the analysis of north-finding
principle of dynamic continuous rotation FOG, this
paper focuses on the realization principle analysis of
least squares parameter estimation algorithm, and the
dynamic north-finding system model based on FOG has
been established by using the Simulink simulation
toolbox, and then the turntable rotation speed and
sampling frequency that affects FOG dynamic north-
finding precision, have been stimulatedly calculated and
optimally analysed as key consideration. The simulation
results show that, there has a suitable turntable rotation
speed range for high precision measurement, and the
north-finding precision will be affected when the
turntable rotation speed is too low or too high. Along
with the sampling frequency increasing step by step,
the steady-state error decreases to a steady state
gradually. It is thus clear that, too higher sampling
frequency does not improve the precision of FOG
north-finding system any more, but it may actually
increase the system costs. Therefore, the conclusions of
this paper

simulated

can provide theoretical reference and

verification for the engineering and

practicality of FOG dynamic north-finding system.
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