DANIEL J. BIEZAD

l Integrated Navigation
~and Guidance Systems

Education Series

J. 8. PRZEMIENIECKI / SERIES EDITOR-IN-CHIEF



Table of

Contents
g = Y xi
Acknowledgments . ...... ... ..ttt xiii
Nomenclature . ..........c. it iiineiieeresanrsnnsnns XV
Chapter 1. Navigation over Earth’sSurface .................... 1
1.1 Basic Principles of Navigation and Position Fixing . . .. ......... 1
1.2 AirNavigation RadioAids . ............ ... ... ... ... ... 5
1.3 Flight Management for Situational Awareness . .............. 10
1.4 Closure. . . .o oo e e e e e e 13
Chapter 2. Newton’s Laws Applied to Navigation ............... 15
2.1 MathTools . ..., i i 16
2.2 Geodetics and Basic Reference Frames . . .. ... ... .......... 20
2.3 Simplified Aerospace Vehicle Equations . .................. 25
2.4 Fundamental Navigation Equation . ...................... 29
2.5 [Inertial Navigation System Solution—A Preview ............. 32
2.6 Global Positioning System Solution—A Preview .. ........... 35
27 CloSUE. . o ottt e 38
Chapter 3. Inertial Navigation Sensors and Systems ............. 39
3.1 Aircraft Gyroscopic Flight Instruments . . . ................. 40
3.2 Inertial Instrumentation . . .. .......... ... .. ... ... ... 45
3.3 Inertial Platform Mechanizations .. ...................... 53
3.4 Attitude-Heading Reference Systems . . ................... 70
35 Closure. . . ..o e e 71
Chapter 4. Concept of Uncertainty in Navigation. ............... 73
4.1 Inertial Navigation System Error Propagation Equations . ....... 74
4.2 Probability Concepts in Navigation . . . .................... 82
43 LeastSquares . ... ... ... 91
44 CloSUIe. . ..ottt e 93
Chapter 5. Kalman Filter Inertial Navigation System
Flight Applications ....................... et 95
5.1 Preliminaries . .. ...................... e 96
5.2 Kalman Filter: Discrete Case Derivation . .................. 97
5.3 KalmanFilter Divergence . ........................... 101



5.4 Aided Inertial Navigation System and the Inertial Navigation

SystemErrorBudget . . ............ ... ... ... . ... ..
55 Closure. . ...
Chapter 6. Global Positioning System . . .....................

6.1 Principlesof Operation . . ............................
6.2 Global Positioning System Segments .. ..................
6.3 Selective Availability . ........ ... ... ... .. ... ......
6.4 Global Positioning System Error Sources and Error Modeling . . . .
6.5 International Satellite Navigation Systems . . . ..............
6.6 Closure. .. ... ...t

Chapter 7. High Accuracy Navigation Using Global
Positioning System . . . . . ... .. i i i i i e
7.1 Global Positioning System Aiding Inertial Navigation Systems . . .
7.2 Differential Global Positioning System . .. ................
7.3 Wide Area Augmentation . ... ........................
T4 CloSUre. . .ottt e e e

Chapter 8. Differential and Carrier Tracking Global Positioning
System Applications. . . ........ ittt ittt
8.1 Review of the Kinematic Carrier-Phase Methodology .........
8.2 Aircraft Precision Approach and Landing Using

Differential Global Positioning Systems . . .. .............
8.3 Aircraft and Spacecraft Attitude Control . .................
84 AirTrafficControl . ........ ... ... ... ... ... ......

85 TestRanges. ........... i,
B.O Closure. . ...ttt
Chapter 9. Flight Testing Navigation Systems .................

9.1 Testing Autonomous Inertial Systems . ... ................
9.2 Inertial Navigation System Flight Tests . ... ...............

9.3 Testing Integrated Navigation Systems . ..................
94 Closure. . ... ..t e e
Chapter 10. Navigation Computer Simulations ................

10.1 Installation of AINSBOOK on Your Personal Computer .......
10.2 AINSBOOK Inertial Navigation System Error

Analysis Simulation. . ............. ... ... .. .. ......
10.3 AINSBOOK Kalman Filter Simulation ... ................
104 Closure. . .. ..o ot e

Appendix A Abbreviation and Acronyms. .. ...
Appendix B Discussion Questions for Integrated Navigation

and Guidance Systems . .. . ... ..i ittt a ittt ettt annes
Appendix C Web Sitesby Chapter ............ccicivveneenn.
References. .. ....oviveiiiiiiereiinennnncesroeonnnnsnas
Index .. tiiiii it i i ittt ittt



