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Abstract:

A method for increasing the accuracy of the initial alignment process of inertial navigation systems
with a stable platform is presented through state feedback control in flight mode. In the presented
method, the state feedback controller is designed by using the stable plate deviation angles and the
sensor error which is extracted with the help of Kalman filter. To do this, while checking the
observability of the system, by adding suitable flight maneuvers and expressing the equations of
propagation of navigation error, in the form of a fixed piece system with time, it is possible to
estimate the angles and errors of the sensors in the align phase. The groundwork is provided for the
design of state feedback. Then, taking into account the stable platform motion equations and using
the principle of separation of observer and controller design, a state feedback controller is designed.
In the end, the simulation results of the proposed method show an increase in the accuracy of the
alignment process and, consequently, an increase in the accuracy of the navigation, compared to the

conventional output feedback method.

Keywords: Initial Alignment, Navigation Systems, Stable Platform, Estimation, State Feedback

1. Introduction

Navigation accuracy in inertial navigation systems
largely depends on the quality of the initial
justification process. The initial justification process
means determining the initial angles and alignment of
the inertial sensors of the device in question with
respect to another device (analytical justification) or
matching the coordinates of the sensors to a reference
device (physical justification), one of the important
topics in the topic of navigation that various research
has assigned. Analytical justification can be used in
navigation systems attached to the body [1-3] and
having a stable plane [4, 5], while physical
justification can be used in navigation systems with a
stable plane [6-8] Although the physical justification
is more complicated than the analytical type due to
the need to design a control system, it leads to the
improvement of navigation accuracy in the navigation
phase by removing one of the error-causing factors.
The justification process, depending on the
conditions, can be done in both stationary [9-11] and
mobile [12, 13] modes. In stationary mode, in the
navigation system without stable plane, the output of
gyroscopes and accelerometers is used, and in the
inertial navigation system with stable plane, the

output of accelerometers is used for initial justification.
In order to perform justification while moving, while
using information from inertial sensors, information
from a navigation aid system such as Global Positioning
System (GPS) can also be useful [14].

In navigation systems with a stable plane, physical
justification happens by damping the angles of plane
deviation [8], which researches in this field are
limited, especially in the flight mode [15, 16]. In one
example of this research, the calculated speed
difference of the inertial navigation system and the
output of the navigation aid system have been used to
extract the control signal and correct the deviation
angles of the stable plane. Of course, to reduce the
effect of noise and sensor error, these speed
differences have been passed through the Kalman
filter and its estimation by the Kalman filter has been
used to make the control signal [15]. In another
example, the calculation of the control signal was
done directly through the filtration of the output of
the accelerometers [16]. In this article, in order to
improve the quality of physical justification, other
modes of the justification process are also used in the
construction of the control signal. To be more precise,
by estimating the error of the sensors and the
deviation angles of the stable plane, the appropriate
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control input is extracted to be applied to the torque
generator of the gyroscopes in order to rotate the
stable plane and physically compensate its deviation.
To do this, it is necessary to check the visibility of
this system [17, 18]. The results of the observability
analysis of the navigation error propagation equations
in the flight mode indicate that in a specific
maneuver, regardless of the type of maneuver, the
system states cannot be fully calculated from the
observations, and therefore the main challenge in the
state feedback controller design for this system is the
complete lack of visibility of the state variables.

To overcome this challenge, in this article with the
help of [19], which is related to the analysis of the
observability of time-constant piecewise systems, we
have shown that if a combination of flight maneuvers
is used in the justification process, the error
propagation equation is fully visible by observing the
error of the speeds, and the ground is provided for the
design of the mode feedback.

According to what was said, the strengths of the
current research compared to the past are summarized
as follows:

1- The physical justification of the inertial navigation
system has been done in the flight mode, which,
compared to the analytical justification, leads to the
elimination of an error-causing factor and the
reduction of the computational volume in the phase
after the justification, i.e., navigation.

2- The accuracy of physical justification in flight
mode is higher compared to the few past researches in
this field.

3- Suitable maneuvers are proposed through which it
is possible to estimate the stable plane deviation
angles and sensor errors.
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