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Inertial navigation system, Due to the importance of navigation accuracy, inertial navigation system is often combined with
global positioning system, one of the other navigation systems. The integrated navigation system consisting of both Global
integrated navigation system, Positioning System (GPS) and Inertial Navigation System (INS) provides reliable, accurate and

adaptive Kalman filter. continuous navigation capability compared to the independent GPS or INS system. Due to the

difficulty in obtaining the accurate model of nonlinear systems and the complexity of noise in
practical environments and noise with uncertain statistical characteristics, the accuracy of classical
Kalman filter (KF) estimation is greatly reduced and even causes divergence. Therefore in this
paper, to improve the performance of integrated navigation, a concept of self-adaptation to the
classical KF is introduced, and the modified Sage-Husa adaptive KF algorithm based on the
recursive noise estimator based on maximum a posteriori probability stimation is formed to
overcome the shortcomings of the classical KF methods and solve the problem of state estimation
in practical environments with complex noise and uncertain statistical characteristics and
uncertainty in the model. A vehicle test was used to evaluate the proposed algorithm and the results
showed that the proposed algorithm has very acceptable accuracy and performance. In addition,
the simulation results showed that the proposed algorithm has a higher estimation accuracy
compared to other previous methods, such that it was able to improve RMSE evaluation criteria
of height and speed in the vertical direction about 38% and 25%, respectively, also RMSE
evaluation criteria and Std evaluation criteria of heading angle are 18% and 17%, respectively.

Extended Abstract
1. Introduction

he comprehensive and specific definition of the word navigation can be defined as the process of
T determining the position, speed and orientation of a mobile vehicle relative to a specific reference, which is
used for all types of mobile land, air, space and sea systems. In a general classification, navigation
algorithms and methods are divided into two categories: navigation based on classical calculations and
navigation based on position stabilization [1-5]. The navigation system based on classical calculations, determines
the current position of the moving vehicle by estimating the distance traveled from a specific position using speed
and direction information. The main advantage of these systems is that they are not dependent on other external
systems. Inertial navigation system (INS) is the most important type of navigation system based on classical
calculations. Inertial navigation system calculations, which are the most accurate and widely used type of
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navigation systems based on classical calculations, are based on Newton's second law. This system has gyroscope
and accelerometer sensors, which by having the initial values of the position, speed and orientation of the target to
be navigated and then integrating the output of these sensors provides the position, speed and orientation of the
target [6-8]. In navigation systems based on position stabilization, the current position of the moving vehicle is
determined based on measuring the distance of the target point to several natural or artificial points. One of the
most common navigation systems based on position stabilization is global navigation satellite systems, which
include the Global Positioning System (GPS). The Global Positioning System (GPS) is a satellite navigation
system that includes 28 active satellites and these satellites are uniformly distributed in six circular orbits with a
radius of 26,500 km. Other navigation systems that work based on position stabilization include laser measurement
systems, radars, and ultrasonic measurement systems [9]. The main hint about navigation methods is that each of
the two general categories of navigation based on classical calculations and navigation based on position
stabilization have advantages and disadvantages that causes use and application of each of the methods alone
impractical [10]. One of the main advantages of the GPS system is that if there is communication between the GPS
satellites and the ground receiver, navigation information can be obtained continuously throughout the day and
night, regardless of weather conditions. The accuracy of GPS data is high and this information is reliable and has
acceptable accuracy for general applications. In addition, the navigation error in the GPS system is fixed and does
not change over time. Disadvantages of the GPS system include the following:

1. Itssensitivity to obstacles that cause disconnection between satellites that transmit navigation information
and receivers. In this situation, which leads to disconnection of the GPS signal, various environmental
effects such as natural obstacles (such as forests, mountains, underwater environments, etc.), man-made
artificial obstacles (dense urban environments, tunnels, high buildings, etc.) ) and also adverse weather
conditions that cause radio interference and signal interruption, cause the navigation accuracy of the GPS
system to be affected.

2. In this system, due to the reliance on data received from satellites, there is a possibility of anti-electronic
measures such as electronic disruption or deception operations in satellite data.

3. The low rate of updating navigation information in the GPS system has made it unable to accountable the
continuous navigation needs of mabile vehicles alone, even in the case of stable communication between
the satellites that send the information and the receiver.

4. It is not possible to determine the heading angle of mobile vehicles from the GPS system, that is, the
orientation of the mobile vehicles cannot be determined [11-13].

5. Restrictions in accessing satellite information in different regions of the globe, for example, lack of access
to GPS system satellite data in polar regions.

Various satellite systems are covering the earth, the most famous of them is the Global Positioning System (GPS)
under the control of the US government, which was developed in the late 1960s by the US Defense Agency. The
GPS navigation system can estimate the three-dimensional position of users in the form of passive ranging and
using the signals sent from the rotating satellites, and to determine the exact position, it must be connected with at
least four satellites. The GPS receiver determines its position with the help of TOA distance finding. TOA distance
finding involves measuring the time it takes for a signal from a satellite to reach the receiver at a specific location.
Then the signal propagation time is multiplied by the signal speed and shows the distance between the transmitter
and the receiver. By determining the time of at least three satellites, the position of the receiver can be determined,
and to determine the exact position of the receiver, the time of four satellites must be determined [25]. On the other
hand, in recent decades, the use of inertial technology in the navigation system has seen a significant growth due
to its lack of influence from the external environment in various applications, which is one of the most reliable
navigation methods. One of the advantages of the inertial navigation system is that this system does not need
information from external sources for navigation, it does not have an operating range limit, it is resistant to anti-
electronic measures, and the output of the inertial sensors is high frequency and continuous. But one of the main
disadvantages of this system is the increase of its error with the passage of time, due to the existence of two
integrators in the navigation process, the error increases significantly. This error increase becomes unlimited with
the passage of time, which causes a lot of vehicle deviation [14-18]. Therefore, in order to cover the shortcomings
of this system and reduce its error, it is necessary to combine the inertial navigation system with other navigation
systems or external sensors. Analyzing and examining the integration algorithms and covering their weak points
with the aim of increasing the accuracy of the navigation system is the basis of Scientist research.
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Due to the disadvantages of the inertial navigation system and to achieve higher reliability and accuracy, especially
in long-term navigations, in this research, the Global Positioning System (GPS) is used because of its
complementary features along with the inertial navigation system. INS navigation system has output with high
bandwidth and low short-term noise, but they have low long-term accuracy. On the other hand, the Global
Positioning System (GPS) has high long-term accuracy, but they have a lower output rate and often have high
short-term noise. On the other hand, GPS signals can be disrupted or unavailable. Therefore, the integration of the
information of these two systems results in a continuous and high-bandwidth navigation response, which will have
acceptable short-term and long-term accuracy, and in addition, the integrated navigation system provides complete
navigation data including position, speed, and orientation. The design of the mode estimator filter is one of the
basic steps in the development of integrated inertial navigation systems. Kalman filter is one of the most important
and widely used methods used as state estimator filter in integrated navigation systems. Although the Kalman filter
is generally used as a standard algorithm for integrating the INS system with the GPS system in past works, the
problems and inability of this algorithm in practical environments are due to the complexity of noise and noise
with uncertain statistical characteristics as well as uncertainties in the model, it causes the accuracy of navigation
states estimation to be greatly reduced and even causes divergence. One of the ways to deal with these problems
is the covariance matching method, in which the covariance of the estimation error is matched using the innovation
phase error of the Kalman filter. Therefore, in this research, to improve the navigation performance and accuracy
in the integrated navigation system, the modified Sage-Husa adaptive Kalman filter based on the recursive noise
estimator based on the maximum a posterior probability estimation (MAP) was introduced to overcome the
shortcomings of the classical Kalman filter methods and solve the problem of state estimation in practical
environments with complex noise and uncertain statistical characteristics and uncertainty in the model. At the end
of validation, the proposed algorithm has been evaluated using the data of a vehicle test.
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