i) Supreme National Defense University Defense Logistics and Technology

https://amfad.sndu.ac.ir E-ISSN: 2980-8073

Vol. 9, No. 3, Issue. 31, Autumn 2026 Received: 2025/01/05 Accepted: 2025/05/08

Optimal Parameter Estimation in Inertial
Navigation Systems and INS/GPS Integration
Using an Enhanced Kalman Filter

Jasem Jamali

Assistant Professor, Department of Electrical Engineering, Kazerun Branch, Islamic Azad
University, Kazerun, Iran (Corresponding Author).

Mohammad Hossein Fatehi Dindarloo

Assistant Professor, Department of Electrical Engineering, Kazerun Branch, Islamic Azad
University, Kazerun, Iran

Mohammad Ali Rahgoshai

Assistant Professor, Department of Electrical Engineering, Kazerun Branch, Islamic Azad
University, Kazerun, Iran

Omid Mahdiyar

Assistant Professor, Department of Electrical Engineering, Kazerun Branch, Islamic Azad
University, Kazerun, Iran

Mohammad Ansari

PhD Candidate in Electrical Engineering, Department of Electrical Engineering, Kazerun Branch,
Islamic Azad University, Kazerun, Iran

Abstract

This study aims to propose a novel approach for optimizing integrated inertial navigation and
Global Positioning System (GPS) systems to reduce computational errors and improve system
accuracy under complex environmental conditions. The main focus of the study is the strategic
integration of generalized proportional-integral-derivative (PID) controllers with a standard
Kalman filter, providing a simple and efficient framework for addressing challenges arising from
measurement noise and signal disturbances. The study is based on detailed simulations
conducted in MATLAB. The simulation data were used to evaluate system performance across
a broad range of realistic environments, including densely urban areas, dense forests, and
challenging maritime conditions. The designed experiments, based on two different
configurations, demonstrated that incorporating integral and derivative terms into the Kalman
filter structure reduces estimation errors, improves system stability, and substantially enhances
the accuracy of integrated navigation systems. The proposed approach not only has potential
applications in autonomous vehicles, robotic systems, and aerial and maritime navigation, but
also provides a foundation for further research and development in the field of integrated
navigation systems.
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1. Inertial Navigation System (INS)
2. Global Positioning System (GPS)
3. Low Earth Orbit (LEO)

4. Global Positioning System (GPS)
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1. Inertial Navigation System (INS)
2. Proportional-Integral-Derivative Filter - PID Filter
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1. Inertial Measurement Unit (IMU)
2. Global Positioning System (GPS)
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1. Inertial Navigation System (INS)
2. Global Positioning System (GPS)
3. Root Mean Square (RMS)
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1. Proportional-Integral-Derivative (PID)
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1. Inertial Navigation System (INS)
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2. Global Positioning System (GPS)
3. Inertial Navigation System (INS)
4. Global Positioning System (GPS)
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