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- An Introduction to computational fluid dynamics
- Classification of partial differential equations
- Finite difference formulation, stability and error analysis
- Finite difference formulation of parabolic, elliptic and hyperbolic equations
- Solution of linear equation systems
- Finite volume methods
- Solution of heat conduction equations using finite volume approach
- Solution of convection and diffusion equations using finite volume approach
- Solution of Navier-Stokes equations using finite volume approach
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- Introduction

- Combustion and Thermochemistry

- Chemical Kinetics

- Chemical Mechanisms

- Reactor Models and Conservation Laws

- Mass Transfer and Droplet Evaporation

- Conservation Equations for Reacting Flows

- Laminar Premixed Flame
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- Introduction

- Laminar Non-premixed Flames

- Droplet Evaporation and Burning

- Ignition and Spark

- Governing Equations of Turbulent Reacting Flows
- Turbulent Non-premixed Flames

- Turbulent Premixed Flames

- Burning of Solids

- Detonation
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- Introduction to rocket engines
- Fundamentals of rocket engine performance
- Nozzle theory
- Chemical rocket propellant performance analysis
- Liquid propellant rocket engines fundamentals
- Thrust chambers
- Turbopumps
- Solid propellant rocket fundamentals
- Thrust vector control
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- Anintroduction to axial and radial turbomachines
- Thermodynamics of turbomachinery
- Fluid mechanics of turbomachinery
- Empirical Performance Models Based On Two-Dimensional Cascade Tests
- Aerodynamic design of axial flow turbines

- Geometric design of axial flow turbine blades
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- Compressible flows
- One-dimensional flows including basic concepts
- Isentropic flow
- Normal and oblique shock waves, Rayleigh line, Fanno line and simple waves
- Multidimensional flows including general concepts
- Small perturbation theory for linearized flows

- Method of characteristics for nonlinear flows
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Design process of gas turbine engines
Thermodynamic analysis of industrial gas turbine engines
Thermodynamic analysis of aero gas turbine engines
Off-design performance
Running line of single shaft gas turbines
Running line of double shaft gas turbines
Component characteristic curves
Part load remedy
Running line of single spool turbojets
Running line of twin spool turbojets
Transient performance of industrial gas turbines
Transient performance of aero gas turbines
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- Introduction: History of development of numerical method in turbomachinery
- Performance and analytical parameters in turbomachinery
- Governing equation in turbomachinery
- Zero dimensional or stage stacking analysis of flow in axial floe compressors
- Discretization methods for partial differential equations
- Numerical schemes of partial differential equations
- Steady and unsteady one dimensional analysis of axial flow compressors
- Two dimensional hub to shroud analysis of flow in turbomachines
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introduction to aeroelasticity and its application in design
Fundamentals of steady aerodynamic model
Static aeroelasticity
Fundamentals of quasi-steady and unsteady aerodynamic models
Dynamic aeroelasticity
Introduction to computational aeroelasticity
Case studies & Aeroelastic analysis using commercial software
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Introduction to Finite Element Method and comparison with the Other Computational Methods
Review of Calculus of Variations and Virtual Work Principle
Semi Analytical Methods: Rayliegh-Ritz and Galerkin Methods- Shape (Interpolation) Functions and
their properties
General Formulation of Finite Element Method, Stiffness Matrix, Assembling and applying Boundary
Conditions
Finite Element Formulation for 1-D, 2-D and Axisymmetric Elastic Problems
Isoparametirc Mapping
Numerical Integration
Error Estimation and Convergence
Modeling Considerations
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R. D. Cook, D. S. Malkus, M. E. Plesha, R. ]. Witt, Concepts and Applications of Finite-
Element Analysis, Fourth edition, New York, John wiley & Sons INC., 2001.

J. N. Reddy, An Introduction to the Finite Element Method, Third edition, McGraw Hill Inc.,
2005

D. L. Logan, A First Course in the Finite Element Method, Third edition, 2002 .

0. C. Zienkiewcz, K. Morgan, Finite Eements and Aproximation, New York, John wiley &
Sons INC., 1982.

G.R. Liy, S. S. Quek, Finite Element Method A Practical Course, First published 2003

S. S. Rao, The Finite Element Method in Engineering, Fourth edition, 2004.
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o Zhang, S., & Zhao, D. (Eds.). (2012). Aerospace materials handbook. CrC Press.

o Prasad, N. E, & Wanhill, R. ]. (Eds.). (2017). Aerospace materials and material technologies.
Singapore: Springer.

o Flower, H. M. (2012). High performance materials in aerospace. Springer Science & Business
Media.

o Zikry, M. A. (Ed.). (2024). Innovative Lightweight and High-Strength Alloys: Multiscale
Integrated Processing, Experimental, and Modeling Techniques. Elsevier.

o Paipetis, A., & Kostopoulos, V. (Eds.). (2012). Carbon nanotube enhanced aerospace
composite materials: a new generation of multifunctional hybrid structural composites (Vol.
188). Springer Science & Business Media.

o Abramovich, H. (2023). Advanced aerospace materials: aluminum-based and composite
structures. Walter de Gruyter GmbH & Co KG.
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A review on automatic control
State space equations and its solution
Controllability and Observability
LQR problem
Zeros and Poles for a MIMO system
Gain Margin criterion in MIMO systems
Observer Design
MIMIO Nyquist
Pole Placement
Eigenstructure Assignment
Nyquist Array
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o Maciejowski, L. M., Multivariable Feedback Design, Addison-Wesley, 1989.
o Skogestad, S. and Postlethwaite, I, Multivariable Feedback Control: Analysis and Design, John Wiley

and Sons.
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- Areview on flight dynamics principles and modeling
- Linear and nonlinear analysis of flight vehicles
- Dynamic analysis of elastic flight vehicles
- Flight vehicles response to atmospheric disturbance
- Dynamic analysis of piloted vehicles
- Flight control systems
- Other applied subjects
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J. Roskam “Airplane Flight Dynamics and Automatic Flight Control”, DARcorporation,
2018.

J. Blakelock “Automatic Control of Aircraft and Missiles”, Wiley, 1991.

D. McLean “Automatic Flight Control Systems”, Prentice Hall, 1969.

N.K. Sinha, N. Ananthkrishnan, “Advanced Flight Dynamics and Elements of Flight
Control”, CRC Press, 2017.
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Titterton D, Weston JL, Weston |. “Strapdown inertial navigation technology.” IET; 2004.

Britting, Kenneth R. “Inertial navigation systems analysis.” 1971.

Groves, P. “Principles of GNSS, Inertial, and Multisensor Integrated Navigation Systems.” Artech, 2013.
George Petropoulos, Prashant S. “GPS and GNSS Technology in Geosciences.” Elsevier, 2021.
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Modeling of aerospace vehicles
Fundamentals of modeling in aerospave
Tensor and Tensor mathematics
Definition of Frame and introducing reference frames
Coordinates systems and their transformations
Kinematics of translation and rotation
Translation dynamics
Attitude dynamics
Three - degree and six - degree freedom dynamics
Attitude determination using Direction Cosines, Euler Angles, and Quaternions
Perturbation Equations
Modeling aerospace systems such as autopilot, Guidance and Navigation systems
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Zipfel, Peter H., “Modeling and Simulation of Aerospace Vehicle Dynamics”, AIAA
Education series, American Institute of Aeronautics and Astronautics, Inc., VA, USA, 2020.
Chambers, Joseph R., “Modeling Flight: the Roll of Dynamically Scaled Free-flight Models
in support of NASA’s Aerospace Program”, CreateSpace Independent Publishing Platform,
2012.

Esfandiari, Ramin S. and Lu, “Modeling and Analysis of Dynamic Systems”, CRC Press LLC,
2018.
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State space of time-invariant linear systems
Focal forms of state space (controllable, observable, Jordan)
Solving the state equations
Controllability and observability
Design of regulator, servo and observer for single-input-single-output systems
Introduction to optimal control
Introduction to nonlinear control
Introduction to adaptive control
Introduction to robust control
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Gopal, Madan. Modern control system theory. New Age International, 1993.

Shinners, Stanley M. Advanced modern control system theory and design. John Wiley &
Sons, Inc., 1998.

Paraskevopoulos, Paraskevas N. Modern control engineering. CRC Press, 2017.
Ogata, Katsuhiko. Modern control engineering. Prentice hall, 2010.
Chen, Chi-Tsong. "Linear System Theory and Design. (1999)
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Basic Mathematics for Optimal Control
Static Optimization
Dynamic Planning
Calculus of Variations
Calculus of Variations in Optimal Control Problems
Numerical Optimal Control
State-dependent Riccati Equation
Optimal State Estimation
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Kirk, Donald E. Optimal control theory: an introduction. Courier Corporation, 2004.
Lewis, Frank L., Draguna Vrabie, and Vassilis L. Syrmos. Optimal control. John Wiley &
Sons, 2012.

Geering, Hans P. Optimal control with engineering applications. Springer, 2007.

Naidu, D. Subbaram. Optimal control systems. CRC press, 2002.

Hull, David G. Optimal control theory for applications. Springer Science & Business Media,
2013.
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System engineering and space systems;
Spacecrafts’ design algorithm;
Space mission analysis;
Spacecraft statistical design
Spacecraft attitude determination and control subsystem (ADSC) design;
Basics of digital connections (Lab. activity);
ADCS model and software in the loop simulation (Lab. activity);
ADCS hardware in the loop simulation (Lab. activity).
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James Richard Wertz, David F Everett, Jeffery John Paschall, Space Mission Engineering: The New
SMAD: Microcosm Press, 2011.

James R Wertz, Wiley ] Larson, Space mission analysis and design, 1999.

Peter Fortescue, Graham Swinerd, John Stark, Spacecraft systems engineering: John Wiley & Sons,
2011.

Michael Douglas Griffin Griffin, James R French, Space vehicle design: AIAA, 2004.

Charles D Brown, Elements of spacecraft design: AIAA, 2002.

George Sebestyen, Steve Fujikawa Nicholas Galassi, Alex Chuchra, Low Earth Orbit Satellite Design,
Space Technology Library, Springer International Publishing AG 2018

M. Reza, Emami Multidisciplinary Engineering Design, 2012 Edition, Mc Graw-Hill Ryerson Limited.
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Power Generation subsystem Design;
Power Generation Subsystem Modeling and Test (Lab. activity);

Basic of Communication Subsystem;

Basic of command and data handling subsystem;

Thermal Control subsystem design;

Thermal Control subsystem modeling and test (Lab. activity);
Basic of Structure and integration;

Image Processing

Remote Sensing CubeSat Model test (Lab. activity).
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Wertz, James Richard, Everett, David F., Paschall, Jeffery John, “Space Mission Engineering: The
New SMAD”, Microcosm Press, 2011.

Wertz, James R., Larson, Wiley J., "Space mission analysis and design,", Cambridge University Press,
1999.

Fortescue, Peter, Swinerd, Graham , Stark, John, “Spacecraft systems engineering”, John Wiley &
Sons, 2011.

Griffin, Michael Douglas, French, James R., “Space vehicle design”, AIAA, 2004.

Brown, Charles D., “Elements of spacecraft desig”,: AIAA, 2002.

Sebestyen, George, Fujikawa, Steve, Galassi, Nicholas, Chuchra,” Alex Low Earth Orbit Satellite
Design, Space Technology Library”, Springer International Publishing AG, 2018.
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Kennode, A.C. Flight without formula, starting book house, 1970.
V Vood, K. D. Aerospace Vehicle Design, Johnson Publishing.
C. D. Brown, Spacecraft Propulsion, AIAA inc. 1996.
Rocket Propulsion an Introduction to fifth Edition, New York. Chichester Brisbane, Toronto, Singapore
1986.
Space commercialization Launch Vehicle, AIAA, 1992.
Modern Engineering for Design of Liquid Propellant, AIAA, 1992.
Space Vehicle Design, AIAA, 1991, (Michael, D. Grifin)
Principles of Space Carier Rocket, 1991
International Reference Guide to Space Launch Systems, AIAA, 1999.
Reaching for the Skies, European Space Agency, ESA BR-42, June 1988, Pans.
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Vincent L. Pisacane, The Space Environment and Its Effects on Space Systems, 2008.

C.W. Allen, Astrophysical Quantities, Humanities Press, 1985.

B. A. Campbell and S. W. McCandless, Jr., Introduction to Space Sciences and Spacecraft Applications,
Gulf, 1996.

J. W. Chamberlain and D. M. Hunten, Theory of Planetary Atmospheres, Academic Press, 1987.

C. S. Gillmor and J. R. Spreiter, eds., Discovery of the Magnetosphere, AGU, 1997.

T. Gombosi, Physics of the Space Environment, Cambridge, 1998.

J. W. Haffner, Radiation and Shielding in Space, Academic Press, 1967.

D. Hasting and H. Garrett, Spacecraft-Environment Interactions, Cambridge, 1996.

J. Hundhausen, Coronal Expansion and Solar Wind, Springer-Verlag, 1972.

V. Jones (editor), Environmental Effects on Spacecraft Positioning and Trajectories, AGU, 1993.
S.Jursa, ed., Handbook of Geophysics and the Space Environment, Air Force Geophysics Laboratory,
Hanscom AFB, 1985.

M. B. Kallenrode, Space Physics, Springer, 2004.

M. Kivelson and C. T. Russell, eds., Introduction to Space Physics, Cambridge, 1995.

J. F. Lemaire, D. Heynderickx, and D. N. Baker, eds., Radiation Belts a Models and Standards, AGU, 1996.
S. L. Ohtani, R. Fujii, M. Hesse, and R. L. Kysak (editors), Magnetospheric Current Systems, AGU, 2000.
International Reference to Space Launch Systems AIAA,1999.
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o Roddy, Dennis,” Satellite Communications:4th Edition”, Mc Graw Hill
o Bostian, Pratt, Allnutt, “Satellite Communications: 2ed Edition”, John Wiley
o Agraawal, Maini, “Satellite Technology Principles and Applications”, John Wiley
o Gordon, Morgan, “Communications Satellite Handbook”, John Wiley
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o Padmanabhan, T.R, “Industrial Instrumentation Principles and Design”, Springer 2000.

o Weedon, Thomas A., “Instrumentation and Process control”, ATP Publishing, 2019.

o Nagabhushana,S, Sudha, L.K,, “Aircraft Instrumentation and systems”, K International Publishing
House, 2010.
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Introduction to electromagnetism
Introduction to signal propagation
Electromagnetism from natural and radioactive sources
Electromagnetism from man made sources
Open Air Test Sites (OATS)
Electromagnetic interference testing
Immunity from pulsed and transient electromagnetic interference
Grounding and shielding wiring
Filtering electromagnetic interference
Cables, connectors, and sealing methods
Modeling and simulation of electromagnetic interference
Signal Integrity
Electromagnetic standards

1850wl (2wt 5l (09,

Lo yg0]] 725+ oS allSS g laclsd 7Y+ (S 5 9o ygn 700 -

180 iy Zalio Cow po 8

Anon,, “Space Engineering: Electromagnetic Compatibility”, ECSS-E-ST-20-07C, European
Cooperation for Space Standards, 2021

Military Standards , MIL-STD-461G, US Defense Department, 2015

Ott, Henry W., “Electromagnetic Compatibility Engineering”, John Wiley, 2009
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International Civil Aviation Regulations and its annexes
European Civil Aviation Regulations
Federal Aviation Regulations of United States
Regulations part 21, 23, 25,27,29
Production Organization Approval (POA)
Maintenance Regulations part 145
Component Maintenance Manual (CMM)
Certificate of Airworthiness after production
Certificate of Airworthiness after maintenance
Continued Airworthiness, Accident and Incidents reporting

Human factors in maintenance
Safety management in airworthiness
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Review of current standards

Communication Systems

Radio Navigation and Surveillance Systems

Avionics Sensors Systems

Displays and Instrumentation

Flight Control Systems

Future Air Navigation Systems

Integrated Modular Avionics (Avionics Architecture and configuration)

Avionics Design/Development processes
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SPITZER, CARY R. “Digital Avionics Handbook, 2ed Edition, AVIONICS DEVELOPMENT AND
IMPLEMENTATION”, Taylor & Francis Group, 2007.

SPITZER, CARY R.,“Digital Avionics Handbook, 2ed Edition, AVIONICS ELEMENTS, SOFTWARE AND
FUNCTIONS”,, Taylor & Francis Group, 2007.

Stacey, Dale, “Avionics Handbook Edited by CARY R. SPITZER. Aeronautical Radio Communication
Systems and Networks”, John Wiley & Sons, Ltd,2008.
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- General Characteristics of Hypersonic Flow

-1

nviscid Hypersonic Flow

- Viscous Hypersonic Flow

- Aerodynamic Heating

- Viscous Interaction

- High Temperature Gas Dynamics

- Thermodynamics of Chemically Reacting Gases

- Computational Fluid Dynamic Solution of Hypersonic Viscous Flow

- Experimental Methods in Hypersonic Flow

-1

ntroduction to Radiative Gas Dynamics
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Anderson. John D. “Hypersonic and High-Temperature Gas Dynamics”. McGraw-Hill,
VAAA.

Bertin, John J. “Hypersonic Aerothermodynamics”. AIAA, 1994.

Parton, V. Z. Mikhailov, G. K. “Super- and Hypersonic Aerodynamics and Heat Transfer”.
Taylor & Francis, 2017.

Truitt, Robert W. “Hypersonic Aerodynamics”. John Wiley & Sons, 1959..

Murthy, T. K. S. “Computational Methods in Hypersonic Aerodynamics”. Springer
Netherlands, 2010.

Dorrance, William H. “Viscous Hypersonic Flow: Theory of Reacting and Hypersonic
Boundary Layers”. Dover Publications, Inc., 2017.
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- Introduction to Air Intakes
- Pressure Recovery of Subsonic Intakes
- Transonic Effects in Pre-entry Flow
- Lip Separation and Transonic Throat Flow
- External Supersonic Compression
- Internal Supersonic Compression
- Additional Loss in Supersonic Intakes
- Boundary Layer Bleeds and Diverters
- Shock Oscillation of Supersonic Intakes
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o Seddon, ]. Goldsmith, E. L. “Intake Aerodynamics”. AIAA, 1985.
o  Goldsmith, E. L. Seddon, ]. “Practical Intake Aerodynamic Design”. AIAA, 1993.
o Zucrow, Maurice . Hoffman, Joe D. “Gas Dynamics”. Krieger Publishing Company, 1977.
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- Introduction (Aerodynamic Characteristics of Missile, Brief History of Missile development,
Classification of Flying Weapons and their Aerodynamics, etc.)
- Fuselage and its Configuration (Missile Fuselage Responsibilities, Fuselage Components of Missile,
Fuselage Configuration of Missile, etc.)
- Principles of Missile Aerodynamics (definition of Axes, Practical Aerodynamic Coefficients of
Missile and Effective Parameters, Stability Derivatives, etc.)

- Practical Theories of Missile Aerodynamics (Local Slope Method, Perturbation Methods, Supersonic
Airfoil Theory)
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Mendenhall, M. R. “Tactical Missile Aerodynamics: Prediction Methodology”. AIAA Series,
Vol. 1, 1992.

Hemsch, M. |. “Tactical Missile Aerodynamics: General Topics”. AIAA Series, Vol. 141, 1992.

Nielsen, ]J. N. “Missile Aerodynamics”. McGraw-Hill, 1988
Moor, F. G. “Approximate Methods for Missile Aerodynamics”. AIAA Series, 2000.

Anderson, J. D. “Modern Compressible Flow”. McGraw-Hill, 2003.
Ferri, A. “Element of Supersonic Aerodynamics”. Mc Millan Company, 1949.
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o Low-Speed Wind Tunnel Testing: ].B. Barlow, W.H. Rae, A. Pope, John Wiley & Sons, Edition
AALCLY

o High-speed Wind Tunnel Testing: Alan Pope, Kennith L. Goin, John Wiley & Sons, New York,
1978

o Mechanical measurements: T.G. Beckwith, R.D. Marangoni, ].H. Lienhard, Pearson, Edition 6,
Y..Q.

o Springer Handbook of Experimental Fluid Mechanics: Edited by C. Tropea, A.L. Yarin, J.F.
Foss, 2007.

o Flow Visualization: Techniques & Example, A.J. Smits, T.T. Lim, Imperial College Press,
Edition 2, 2012.

o Hot-wire Anemometry: Principles and Signal Analysis: H. H. Bruun, Oxford University Press,
1995.
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Hypersonic Flow
Inviscid Hypersonic Flow
Viscous Hypersonic Flow
High Temperature Flows
Thermodynamics of Chemically Reacting Gases
Aerodynamics Heating

- Convection

- Radiation
Methods of Heat Flux Prediction
Design of Thermal Protection systems
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Bertin, John J. “Hypersonic Aerothermodynamics”. AIAA, 1994.

o Anderson. John D. “Hypersonic and High-Temperature Gas Dynamics”. McGraw-Hill,

VAAQL

o Truitt, Robert W. “Hypersonic Aerodynamics”. John Wiley & Sons, 1959 .

Parton, V. Z. Mikhailov, G. K. “Super- and Hypersonic Aerodynamics and Heat Transfer”.
Taylor & Francis, 2017.

Dorrance, William H. “Viscous Hypersonic Flow: Theory of Reacting and Hypersonic
Boundary Layers”. Dover Publications, Inc., 2017.
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One-dimensional Steady State Heat Conduction
Conduction with Internal Heat Generation
Unsteady Heat Conduction
Lumped Analysis
Free Convection
Forced Convection
Hydrodynamic and Thermal Boundary Layer
Phase Change Heat Transfer and Heat Exchange
Radiation
Mass Transfer
Momentum, Heat and Mass Transfer Analogy
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Holman J. P. “Heat and Mass Transfer”. McGraw-Hill (India), 2002.
Cengel, Yunus A. “Heat Transfer: A Practical Approach”. McGraw-Hill, 2007.

Leinhard, J. H. Leinhard, V. A. “A Heat Transfer Version Textbook”. Phlogiston Press,
Yool

Mills, A. F. “Basic Heat and Mass Transfer”. Temporal Publishing, 2015.
Baehr, H. D. Stephen, K. “Heat and Mass Transfer”. Springer Verlag, 1998.
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Heat Conduction with Heat Generation
Two-dimensional Steady State Conduction
Transient and Multi-dimensional Heat Conduction
Heat Transfer through Extended Surfaces
Convective Heat Transfer
Forced Convection
Natural Convection
Convection with Change of Phase
Condensation
Boiling
Radiation Heat Transfer
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Bejan, Adrian. “Convective Heat Transfer” Wiley India, 2013.
Cengel, Yunus A. “Heat Transfer: A Practical Approach”. McGraw-Hill, 1998.

Kays, William M. Crawford, Michael E. Weigand, Bernhard. “Convective Heat and Mass
Transfer”, McGraw-Hill, 2005.

Howell, John R. Menguc, Pinar. Siegel, Robert. “Thermal Radiation Heat Transfer”.
McGraw-Hill, 2020.

Krasus, Allan D. Aziz, A. Welty, James. “Extended Surface Heat Transfer”. Wiley, 2001.
Bejan, Adrian. Kraus, Allan D. “Heat Transfer Handbook”. John Wiley and Sons, 2003.
olman, Jack P. “Heat Transfer”. McGraw-Hill Education, 2009.
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o Howell, John R. Menguc, Pinar. Siegel, Robert. “Thermal Radiation Heat Transfer”.

McGraw-Hill, 2015.
Modest, Michael F. “Radiative Heat Transfer”. Elsevier Inc., 2013.

Bergman, Theodore L. Lavine, Adrienne S. Incropera, Frank P. Dewitt, David P.
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Introduction

Basic concepts

Heat diffusion equation and boundary conditions
One-dimensional conduction

Heat transfer from extended surfaces

Two- and three-dimensional conduction

Transient conduction

Deriving the heat conduction equation from the full Navier-Stokes Equations
Similarity solution in Cartesian coordinate systems

Similarity solution in cylindrical and spherical coordinate systems
Dispersion and molecular diffusion
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- Introduction
- Fundamental Principle
- Laminal Boundary Layer Flow
- Laminar Momentum and Heat Transfer in Ducts
- Laminar Momentum and Heat Transfer in External Boundary Layers
- Turbulence Fundamentals
- Turbulent Fluid Flow
- Turbulent Thermal Transport
- Natural Convection Boundary Layers
- Convection Heat Transfer at High Velocities
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Thermodynamic Laws
Second Law Analysis
Concept and Application of Exergy
Thermodynamic Relations
Phase and Chemical Equilibrium
Thermodynamics of Combustion Systems

Statistical Thermodynamics
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Introduction
General Categorization of Multiphase Flows
Interfacial Multiphase Flows and Their Important Applications
Particulate Multiphase Flows and Their Important Applications
Mathematical and Numerical Modeling of Multiphase Flows

- Interfacial Multiphase Flows

- Particulate Multiphase Flows

Summary and Conclusion
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Introduction, Compressor aerodynamics and characteristics
Stability
Surge and rotating flow
Secondary flow
Vortices
Leakage flow
Control of instabilities
Bleed, injection, Casing treatment
Surge and rotating stall models
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Introduction to Liquid Propellant Rocket Engines
Classification of engines and their components
Thermodynamics of fluids and thermochemistry
Liquid propellant engine engineering

Nozzle theory

Combustion chamber
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Introduction to Solid Rocket Motors (SRMs).
SRM applications, parts
Sensitivity of SRM Requirements
Thermodynamic and thermochemistry of SRM
SRM engineering
SRM nozzles
SRM propellants
SRM combustion
SRM Design Drivers and Technology Trade-Offs
Key SRM Component Design Characteristics and Materials
SRM Manufacturing/Processing Parameters
SRM Transportation and Handling Considerations
Launch Vehicle Interfaces, Processing and Integration
SRM Development Requirements and Processes
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- Design Consideration development from birth generation to next generation transport aircraft and
or fighter aircraft

- Advanced weight investigation, class Il analytical, empirical methods for Body: fuselage, wings,
empennage, LDGs, and other aircraft systems,

- Advanced engineering drag investigation, subsonic, transonic, supersonic, for wings, body,
empennage, pylon, flaps, etc. with different types of sensitivity analysis

- Advanced installed thrust investigation for inlet, bleed, power off-take

- Advanced Cr and L/D mapping investigation for aircraft major regimes

- Advanced life cycle cost investigation for design and manufacturing, and operation segments with
appropriate sensitivity analysis

- Aircraft design and sizing with inherent instability

- Aircraft design and sizing with green propulsion (Ultra high bypass engines, hybrid propulsion &
electric propulsion)
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- An Introduction to Concepts of Parallel Computing: Introduction to applications of parallel
computing in real world, Introduction to the architecture of parallel computers, Series and parallel
parts of an algorithms, the concept of speed and scalability, Introduction to parallel computing
systems of the world.

- Areview on operating systems and programing: Introduction to installation and utilization of Linux
operating system, command line (practical), interpretation and implementation of program by
C/C++ and Fortran in Linux operating system (practical), remote access to parallel computing of
the world

- Parallel computing with a distributed approach: Introduction to library and MPI commands,
transmission and receiving of data, parallelism of loops, parallelism of repetitive algorithms in
solving of linear equations systems, parallel solution for 2-D heat transfer equation, Domain
segregation for CFD problems' solutions.

- Programming with shared memory approach: Introduction to library and OpenMP commands,
different types of variables, parallelism of loops, parallelism of matrix operations (reversing,
triangularization and diagonalization), calculation of eigenvalues and matrices with parallel
computing approach, solving of the optimization questions by domain segregation and loop
parallelism.

1850wl (2wt 5l (09,

Lo ygo]l 75+ oS llSS g laclsd Z0¥'+ (S 5 9o ygn 700 -

18 ki Zalho Cuw po 8

Peter Pacheco, "An Introduction to Parallel Programming". Morgan Kaufmann, 2011.
Miguel Hermanns, "Parallel Programming in Fortran 95 using OpenMP". 2020.

George Karniadakis, Robert M. Kirby, "Parallel Scientific Computing in C++ and MPI".
Cambridge University Press, 2003.
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- Introduction and Background

- Basic Concepts and Applications

- Transforming the Physical and Computational Domains

- Introduction to Structured and Unstructured Grids

- Grid Generation by Structured Algebraic Method

- Unidirectional and Multi-directional Interpolation

- Orthogonal Grid Generation

- Elliptic Grid Generation Using Laplace and Poisson Equations, Boundary Condition
- Point Control and Parabolic and Hyperbolic grid generation

- Unstructured grid generation

- Search algorithms, Delaunay and advancing front grid generation methods
- Adaptive grids

- Hybrid grid and viscous flow grid

- Surface grid, grid quality and selected subjects
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o Thompson, Joe F. Soni, Bharat K. Weatherill, Nigel P. “Handbook of grid generation Edited
“. CRC Press, 1999.

o Thompson, J. F. Warsi Z. Mastin, CW. “Numerical grid generation: foundations and
applications”. Prentice Hall, 1985.

o Farrashkhalvat, M. Miles, ]. P. “Basic Structured Grid Generation: With an Introduction to
Unstructured Grid Generation”. Butterworth Heinemann, 2003.
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Review of Forces and Stress, Stress and Strain, Hydrostatic and Deviatoric strain

Displacement and strain in Curvilinear Coordinates, Surface and Body forces, Hydrostatic and

Deviatoric stress

Principle stresses, Equilibrium Equations in Cylindrical and Spherical Coordinates

Constitutive Equations of Elastic and Thermos-elastic Materials

Elasticity, Constitutive Linearization, Material Symmetry, Isotropic Materials

Linearized Elasticity Problems, Field Equations, Boundary Condition, Saint-Venant's Principle

Useful Consequences of Linearity, Solution Methods, Two-Dimensional Problems, Virtual Work, Energy

Theorems in Elasticity Anti-plane Strain Problems

Plane Strain/Stress Problems, Airy Stress Function

Kinematic Linearization, Cylindrical and Spherical Coordinates

Solve using polynomial stress function and Fourier series

Formulation of tension, pressure and torsion, solving torsion problems using the surface boundary

equation, solving torsion problems using Fourier series, torsion of hollow sections, torsion of bars with

varying diameter, bending formulation, bending without torsion.
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Elasticity: Theory, Applications and Numerics; M.H.Sadd, 3rd ed. Academic Press 2014 .
Elasticity (Solid Mechanics and Its Applications); ].R.Barber, 3rd ed. Springer 2010
Elasticity in Engineering Mechanics; A.P.Borsei, K.Chong and ].D.Lee, John Wiley and Sons
Yoy,

Theory of Elasticity; S.P.Timoshenko and ].N.Goodier, Mc-Graw Hill 1969, Digitized 2010.
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- Fundamentals of elasticity and fracture mechanics: equilibrium and compatibility equations, basic
equations in the theory of plane elasticity (field equations, Airy stress function, biharmonic equation)
- Preliminary fracture mechanics, stress analysis in cracked specimens

- Strain measurement methods: strain gauges, strain gauges based on electrical resistance

- Determination of stress intensity factors

- Determination of residual stresses

- Optical methods in stress analysis: basics of optics, Moire method, interferometry method,
photoelasticity method

- Optical methods in determining the fracture parameters: Irwin two-parameter method, over-
deterministic method

- Determination of stress intensity factors according isochromatic patterns, photoelastic coatings, brittle
coatings
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o Dally, J.W,, Riley, W.F., Experimental Stress Analysis, CRC Press, Mc Graw Hill Inc., 1991.
o Doyle, J.F,, Modern Experimental Stress Analysis, John Wiley, 2004.
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o Anderson, T.L., Fracture Mechanics: Fundamentals and Applications, CRC Press, 1995.

o Broak, D., Elementary Engineering Fracture Mechanics, Kluver Academic Publishers,
1986.




Lad1 g cwihigo A 5 JuoS & Mwazxi 40l g9

Sl g (S ¢35 o)) w0 0
Fatigue, Creep and Fracture (omndlSS1) (> o
(3 lno)/ 5 g
A el s o sty | Y [rgliely| Y sl Slass
oo pedi 0 b 0 s cllosl s liilpssialiatl O o)y ssis O oflesn st O saleff O 2 JuoST (4901
1 had pw

(lalad e odS D9 Jn‘}c Sl ;{su&n bli}b 9 G"P )Jb—‘ LSLG(“’ﬁ) P 8I90 ‘w)> 9 CnSls L5L9(c9‘09‘ ml 9 w)laa dodde O

(o A2z S 55 oo aslona Sl lge 55 )y (sl gl Skl (SisSy e (55 yee 2 5o sl 5 il 1 S

065 Jelgs il o Clizes dlge ;0 CanSl (glgo sl

S (Sl g (s oy

Sl S5 by g g9y 2 i log See 51wy 9 EBSD (slo (8o il ¢ 31,5 i S
SEM sle (uSe Juloos 5 (315 55571,8) ol gl (oo

O 2 (e 3)S9) 3l odliil b (Kiwd jos (2055

S Caoglio (59) bawgie (U5 g S5 5 ya S

OB e 3)S5g) il ool b (s S5 £gyd g (s jes (eSS

S Sl (slisoyy (S (L))

Slowy 45 51 g 0d 03 g (slaojles (Saud ()

0 970 A gl S5 Cod  Sus

O O 0O 0O 0O o 0o o o o

sl il

s SVl e SlSe

StoMy = StV Jilos ) cnsls SSlSe

bt Sl sl SGle 3 (651 (sl

S35l peplae by sl lume (55l peplie a1l CnSlS (sla eyl (B2

o O O O O O

GBS S,

1850wl (2wt 5l (09,

laygoil 725+ oS idlSS g laculad 7Y+ (S 5 9o ygun 700 -

183y pabio Cow pp

Zhou, W,, Tada, N., & Sakamoto, ]. (2024). Creep-Fatigue Fracture: Analysis of Internal
Damage. Springer.

Bolotin, V. V. (2020). Mechanics of fatigue. Crc Press.

Meyers, M. A.,, & Chawla, K. K. (2008). Mechanical behavior of materials. Cambridge university
press.

Kassner, M. E. (2015). Fundamentals of creep in metals and alloys. Butterworth-Heinemann.
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o ASM Handbook, “Nondestructive Evaluation and Quality Control”, Volume 17, ASM
Handbook, 2018.

o European Federation for NDT (EFNDT), “Overall NDT Quality System”, EFNDT Guidelines,
YeoA.

o Baldev Raj, T. Jayakumar, M. Thavasimuthu, “Practical Non-destructive Testing”, 2n Ed,
2002.
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- Damage mechanics and fundamental of micromechanical, phenomenological and statistical approaches
- Damage specifications and characterization
- Progressive damage analysis
- Continuum damage mechanics
- Damage evolution in laminate composites
- Microcracks in matrix
- Damage of fiber-matrix debonding
- Inelastic strains and damage
- Damage accumulation
- Micromechanical modeling approach in damage
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o Continuum damage mechanics (a continuum mechanics approach to the analysis of
damage and fracture), S. Murakami, Springer science and business media B.V. 2012.

o Damage mechanica of composite materials, R. Talreja, Elsevier science, 1994.
o Engineering damage mechanics, ]. Lemaitre, Springer, 2005.
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fundamentals of physical nodelling of complex, oscillatory, systems
mathematical model derivation of many DOF systems and analysis
damping types and its modelling
fundamentals of rotating systems
balancing of rotating systems
finite element modelling considerations of continuous oscillatory systems
explicit & implicit computational techniques
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Elements of Vibration Analysis, by Leonard Meirovitch (Author)
Principles and Techniques of Vibrations, by Leonard Meirovitch (Author)
Mechanical Vibration Analysis and Computation, by D. E. Newland (Author)
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- Fundamentals of nonlinear oscillatory systems and classification
- Non computational analysis method, phase plane
- computational techniques in nonlinear system analysis, weak and strong nonlinearity
- Standard models and paradigms in nonlinear systems
- instability mechanisms and limit cycles

- nonlinear system analysis techniques in frequency domain
- explicit & implicit computational techniques
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o A.H. Nayfeh and D.T. Mook, Nonlinear Oscilations, 1997.
o A.H. Nayfeh, Introduction to Perturbation Techniques, 2011.

o Ivana Kovacic, Michael ]. Brennan, The Duffing Equation: Nonlinear Oscillators and their
Behaviour, 2011.




q* Léé"b‘épnéieo 4&5)‘slgnSSGb)ﬂyaﬂﬁitou;g

ik Jaod 9 S oLl (w0 ) ooy 0
Random Vibrations and Spectral Analysis L omddSS1) (> 0L
1(5lron)/ 315 pdhny
A |l s o ety Y [igliel| Y sl Slass
oo ped 0 e b O Sl clleel] Lol Lt gpaguallalil [ o)l o8, T g bl o5, O olSizylejl O :uJ':"’SS 0‘3}9"1
1 had pw

tow ) 4 el pw b Colue
s JUSow g b pisr (i adbs 5 o0k ci)ls -
058 Sy 9 498 gl s VLl Lol Lo —
58 Gl @l g ad (sl s sl (295 5 90909 kil —
S QIS (iS5 ol S g a5 —
ST (63959 b (s gl wiw gl (295 5 99959 Latly) (wyp
Sk b b (298 sl WS olys —

Siad o > Bl syl )8 -
g )55 8o bl Jlos ) Bl il o) —

SN & U Jad s |y
— Basic definitions and classification of signals and systems
— Fundamentals of statistics & Probability
— Fourier transforms and series
— Input output relationship for linear systems & Frequency Response Function (FRF)
— Frequency properties of random signal
— Input output relationship for linear systems with random input
— Properties of narrow band output signals
— Application of the random vibration in fatigue analysis
— Application of the random vibration in vehicle ride quality
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o D.E.Newland, “An Introduction to Random Vibrations”, Spectral & Wavelet Analysis,

Yeud

S.H. Crandall, W.D. MarkRandom, “Vibration in Mechanical Systems”, 2014.

J. Bendat, A.G. Piersol, “Random Data: Analysis and Measurement Procedures”,Wiely,

[

o Engineering Applications of Correlation and Spectral Analysis, 2nd Edition, Bendat,
Piersol, August 2013
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fundamentals of signal measurement
measurement system analysis
signal types and fundamental considerations in their measurement
signal processing
experimental modal analysis techniques
application of different EMA techniques
case studies
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D.]. Ewins, “Modal Testing: Theory, Practice and Application”, John Wiley & Sons, 2009.

o “Structural Testing Part 1: Mechanical Mobility Measurements”, Briiel & Kjeer Primer,

VAAA L

o “Structural Testing Part 2: Modal Analysis and Simulation”, Briiel & Kjeer Primer, 1988.
o “Dual Channel FFT Analysis (Part 1)”, Briiel & Kjaer Technical Review # 1 - 1984

“Dual Channel FFT Analysis (Part 1)”, Briiel & Kjzer Technical Review # 2 - 1984
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Matrix Notation for Vectors, Vector Transformation and Vector Multiplications, Transformation
Matrix, Rotation Operator, Inertia Matrix
Newton/Euler Equations
Momentum and Angular Momentum
Work and Kinetic Energy
D’Alembert principle
Hamilton's Principle
Lagrange equations
Kane’s Method
Numerical solution of nonlinear algebraic and differential equations multiple degree of freedom
systems
Computer simulation of Multi-Body Dynamic Systems Using Commercial Software
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o

J. Ginsberg, "Engineering Dynamics"”, Cambridge University Press, 3rd edition, 2007.
D. T. Greenwood, “Principle of Dynamics”, Prentice Hall, 2th Ed., 1988 .

C. M. Roithmayr, D. H. Hodges “Dynamics: Theory and Application of Kane's Method”,
Cambridge University Press, 2016.

J. Torok, “Analytical Mechanics: With an Introduction to Dynamical Systems”, John Wiley,
Yeoo

G. Douglas, “Classical Mechanics”, Cambridge University Press, 2006.
R. M. Rosenberg, “Analytical Dynamics of Discrete Systems”, Plenum Press, 1977.
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o J.M. Vance, F. Y. Zeidan, B. G. Murphy, “Machinery Vibration and Rotor Dynamics”, John
Wiley, 2010 .
o M. L.Jr, Admas,” Rotating Machinery Vibration: From Analysis to Troubleshooting, Marcel
Dekker, Inc., New York, 2001.
o J.S.Rao, “Vibratory Condition Monitoring of Machines”, Narosa Publishing House, New
Delhi, 2000.
o W.]J. Chen and E. ]J. Gunter, “Introduction to Dynamics of Rotor-Bearing Systems”, Trafford
Publishing, Victoria, BC, Canada, 2005.
o B.M. Robert, “Rotating Machinery: Practical Solutions to Unbalance and Misalignment”,

CRC Press, 2003.
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o Fluid Structure Interactions, Slender Structures and Axial Flow, Volume 1, P. Paidoussis,

VAQA.

o Fluid Structure Interactions, Cross Flow Induced Instabilities, P. Paidoussis, Price, E.D.

Langre, 2010.
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Theory of Elastic Stability, S.P. Timoshenko, ].M. Gere, McGraw-Hill, 1961.
Background to Buckling, H. G. Allen, P. S. Bulson, McGraw-Hill, 1980.

Buckling of Bars, Plates and Shells,D. O. Brush, B. 0. Almorth, McGraw-Hill, 1975.
Stability of structures, Z. Bazant, World Scientific, 2010.

Buckling and Postbuckling of Beams, Plates, and Shells, M.R. Eslami, Springer, 2017.
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o M.CY. Niu, Airframe Structural Design: Practical Design information and Data on Aircraft
Structures, Conmilit Press ltd., 1989.

o -D.Howe, Aircraft Loading and Structural Layout, Professional Engineering Publishing,
Yeo¥.
o -D.J.Peery, Aircraft Structures, Dover Publications, 2011.
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Sarafin, Thomas P. Larson, Wiley J., “Spacecraft Structures and Mechanisms: From Concept to
Launch”, Springer Netherlands, 1995

Bruhn, E. F,, “Analysis and Design of Missile Structures”, Tri-State Offset Company, 1973.

Blair, J.C,, Ryan, R.S, Schutzenhofer, L.A., “Launch Vehicle Design Process: Characterization, Technical
Integration, and Lessons Learned”, Marshall Space Flight Center, 2001.

Griffin, Michael Douglas, French, James R., “Space Vehicle Design”, AIAA education series, 2004.
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Structure in design of spacecraft and satellites
Fundamental concepts of mechanical material and design
Structural dynamics
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Wijker, Jacob Job, “Spacecraft Structures”, Springer, 2008.

Anon., “ECSS Standards and Handbooks”, European Corporation for Space Standardization, ESA,

2010-2021.

Anon., “NASA Standards”, National Aeronautics and Space Administration, 2010-2021.
Thomson, William T., Dahleh, Marie D., “Theory of Vibration with applications 5th edition”, Kindle

publishing, 1998.

Budynas, Richard, Nisbett, Keith, “Shigley’s Mechanical Engineering Design, 11th edition”,

McGraw Hill, 2022.
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- Introduction to space mechanism
- Space mechanism design process
- Space mechanism components

- Launch vehicle mechanism

- Modular design

- Thermal control

- Structure design

- Instability of structures

- Dynamical analysis
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- Flugge, W., “Handbook of Engineering Mechanics”, McGraw-Hill, 1992.

- Bruhn, E. F,, “Analysis and Design of Flight Vehicle Structures”, Jacobs Pub; 1973.

- Crandall, S., Mark, W., “Random Vibration in Mechanical Systems”, Academic Press, 1963.
- Meirovitch, M., “Analytical Methods in Vibrations”, Pearson,1967.

- Fusaro, R. L., “NASA Space Mechanisms Handbook and Reference Guide”, NASA,1999.
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o Anselmet, Fabie, Mattei, Pierre-Olivier, “Acoustics, Aeroacoustics and Vibrations”, Wiley,
ARAY S

o Xiaofeng Sun Xiaoyu Wang, “Fundamentals of Aeroacoustics with Applications to Aero
propulsion systems”, Elsevier publishing, 2020.

o Hubbard, Harvey H., “Aeroacoustics of Flight Vehicle: Theory and Practice, Vol. 1: Noise”,
NASA Langley Research Center, 1991.
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Calculation of Norm
Modeling of Uncertainty
Robust Stability and Robust Performance
Small Gain Theorem
Design of Hz and Hinf Controller
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Skogestad, Sigurd, and Ian Postlethwaite. Multivariable feedback control: analysis and design. Vol. 2.
New York: Wiley, 2007.

Goodwin, Graham Clifford, Stefan F. Graebe, and Mario E. Salgado. Control system design. Vol. 240.
New Jersey: Prentice Hall, 2001.

Zhou, Kemin, and John Comstock Doyle. Essentials of robust control. Vol. 104. Upper Saddle River,
NJ: Prentice hall, 1998.

Bhattacharyya, Shankar P., and Lee H. Keel. "Robust control: the parametric approach.” Advances in
control education 1994. Pergamon, 1995. 49-52.
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o

loannou, Petros, and Baris Fidan. Adaptive control tutorial. Society for Industrial and Applied
Mathematics, 2006.

Sastry, Shankar, and Marc Bodson. Adaptive control: stability, convergence and robustness. Courier
Corporation, 2011.

Astrém, Karl J., and Bjorn Wittenmark. Adaptive control. Courier Corporation, 2013.

Kokotovi¢, Petar V., ed. Foundations of adaptive control. Springer Berlin Heidelberg, 1991.

Landau, [oan Doré, et al. Adaptive control: algorithms, analysis and applications. Springer Science &
Business Media, 2011.
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Describing function
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Lyapunov redesign
Backstepping method
High Gain Observer
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Slotine, Jean-Jacques E., and Weiping Li. Applied nonlinear control. Vol. 199. No. 1. Englewood Cliffs,
NJ: Prentice hall, 1991.

Khalil, Hassan K. "Nonlinear systems third edition.” Patience Hall 115 (2002).

Isidori, Alberto, E. D. Sontag, and M. Thoma. Nonlinear control systems. Vol. 3. London: springer,
1995.
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Brief Review of Probability

Brief Review of Random Variables

Brief Review of Random Processes

Least Square Estimation
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Kalman Filter Generalization

Linear Quadratic Gaussian Control
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Speyer, Jason L., and Walter H. Chung. “Stochastic processes, estimation, and control”.

Society for Industrial and Applied Mathematics, 2008.

Karl J. Astrom (Eds.), “Introduction to Stochastic Control Theory”, Academic Press, 1970.
Simon, Dan. “Optimal state estimation: Kalman, H infinity, and nonlinear approaches”.

John Wiley & Sons, 2006.
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- Introduction, and basic concepts of fuzzy logic and fuzzy systems
- Fuzzy Mathematics
- Fuzzy system methods such as fuzzy rules, fuzzifier and defuzzifier and fuzzy inference engines
- Approximation in first order and second order fuzzy system
- Design of fuzzy control systems
- Adaptive fuzzy control, optimal fuzzy control, robust fuzzy control
- Stability analysis in fuzzy control systems

- Combining fuzzy control and neural networks
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o L.X.Wang, "A Course in Fuzzy Systems and Control", part I and part II, Prentice-Hall, 1997
o L.Reznik, "Fuzzy Controllers", Elsevier, 1997.
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Introduction to cooperative control

Multi-agent modeling and simulation of aerial vehicles
Acceleration autopilot and velocity-heading autopilot
Formation flight by velocity-heading autopilot
Formation flight by acceleration autopilot
Introduction to consensus

Single integrator agents’ consensus

Double integrator agents’ consensus

LTI agents’ consensus

Collision and obstacle avoidance systems

Behavioral based formation flight

Formation flight by consensus laws

Aerial rendezvous by consensus laws
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o Ren, Wei, and Randal W. Beard. Distributed consensus in multi-vehicle cooperative
control. Vol. 27. No. 2. London: Springer London, 2008.

o Ren, Wei, and Randal W. Beard. "Consensus-based Design Methodologies for Distributed
Multivehicle Cooperative Control." Distributed Consensus in Multi-vehicle Cooperative

Control: Theory and Applications (2008): 159-178.

o Li, Zhongkui, and Zhisheng Duan. Cooperative control of multi-agent systems: a consensus
,._—\l‘egion approach. CRC press, 2017.
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Mathematical Modeling of Aircraft and Missile
Calculation of Transfer Functions

Two-Loop Acceleration Autopilot

Three-Loop Autopilot

Roll/Pitch/Yaw Attitude Autopilot

Flight Path Angle Autopilot

BTT Autopilot

Thrust Vector Control and Thruster Control
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Zaikang, Qi, and Lin Defu. “Design of Guidance and Control Systems for Tactical Missiles”.
CRC Press, 2019.

Stevens, Brian L., Frank L. Lewis, and Eric N. Johnson. “Aircraft control and simulation:
dynamics, controls design, and autonomous systems” John Wiley & Sons, 2015.

Pratt, Roger W., ed. “Flight control systems”. American Institute of Aeronautics and
Astronautics, 2000.

Falangas, Eric T. “Performance Evaluation and Design of Flight Vehicle Control Systems”.
John Wiley & Sons, 2015.

Yedavalli, Rama K. “Flight Dynamics and Control of Aero and Space Vehicles”. John Wiley
& Sons, 2020.

Tewari, Ashish. “Advanced control of aircraft, spacecraft and rockets”. Vol. 37. John Wiley
& Sons, 2011.
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- Basic concepts and introduction to guidance system and its component
- Interception engagement kinematics and geometry
- Three-Point guidance laws
- Two-Point guidance laws
- Integrated Guidance and Control (IGC)

- Strategic guidance laws
- UAV guidance laws
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o Paul Zarchan, “Tactical and Strategic Missile Guidance”, AIAA Progress in Astronautics
and Aeronautics, 6th Ed, 2013.

o George M. Siouris, “Missile Guidance and Control Systems”, Springer-Verlag NewYork,
Inc., 2004.

o Modern Navigation, Guidance and Control Processing Volume-II, Ching-Fang Lin, Prentice
Hall, 2008.

o Joseph Z. Ben-Asher and Issac Yaesh, “Advances in Missile Guidance Theory”, AIAA
Progress in Astronautics and Aeronautics, 1998.
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Brief Review of Free INS
Calibration of Inertial Block and its Requirements
Coarse and Fine Alignment
Velocity Matching
Attitude and Heading Reference System
Model Aided Navigation
Differential Alignment
Transfer Alignment

Environmental and Terrain Based Navigation
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P. D Groves, “Principles of GNSS, inertial, and multisensor integrated navigation systems,
[Book review]”. IEEE Aerospace and Electronic Systems Magazine 30.2 (2015): 26-27.
J.Christopher. “Inertial navigation systems with geodetic applications”. Walter de Gruyter,
2012.

W. Quan, et al. “INS/CNS/GNSS integrated navigation technology”. Springer, 2015.
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o Kimberlin, Ralph D., “Flight Testing of Fixed Wing Aircraft”, AIAA Education series, AIAA,
2001.

o Gerigory, James W., Liu, Tianshu, “Introduction to Flight Testing”, John Wiley and Sons,
2021.

o Ward, Donald T., “Introduction to Flight Test Engineering”, Kendal Haul publishing, 2001.
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o J.R.Raol, G. Girija, ]. Singh “Modeling& Parameter Estimation of Dynamic systems” IET,
2004.

o Brown, Robert, and Patrick Hwang. “ Introduction to Random Signals and Applied Kalman
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Englewood Cliffs, NJ: Prentice-Hall, 1984.
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Educational Series, 2006.

o D.Sundararajan, “Discrete Wavelet Transform: A Signal Processing Approach 1st Edition”.
Wiley; 1st edition 2016.
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Introduction and missile categories
Aerodynamic forces and moments acting on projectiles
Notes on aerodynamic drag
The point-mass equations of motion and trajectory
Six degrees of freedom equations of motion and trajectory
Linearized pitching and yawing equations of motion

Linearized swerving equations of motion
Lateral throw off and aerodynamic jump
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McCoy, Robert. “Modern exterior ballistics: The launch and flight dynamics of symmetric
projectiles”. Schiffer Pub., 1999.

Zipfel, Peter H. “Modeling and Simulation of Aerospace Vehicle Dynamics (AIAA
Education)”. AIAA (American Institute of Aeronautics & Ast, 2003.

Schmidt, David. Modern “flight dynamics”. McGraw-Hill Higher Education, 2011.
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- Introduction (Definitions, History, Necessities, and Applications)
- Multidisciplinary Design Optimization Structures

- Classification of Formulation (Single-Level and Multi-Level)
- Single-Variable and Multi-Variable Optimization

- Constrained Optimization

- Multi-Objective Optimization

- Combined and Meta-Heuristic Optimization

- Design based on Alternative Models

- Design based on Uncertainty

- Case Study of Several Engineering Systems

- Related Software
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o J.Sobieszczanski, A. Morris and M. van Tooren, Multidisciplinary Design Optimization
Supported by Knowledge Based Engineering, Wiley, 2015.
o R.F.Coelho, Multidisciplinary Design Optimization in Computational Mechanics, Wiley,

2013.
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o Leishman, J. G, Principles of Helicopter Aerodynamics, Cambridge Aerospace Series, 2000.

o Prouty, Raymond W., Helicopter performance, stability, and control. Krieger Publishing
Company, 1995.

o Seddon, John M., and Simon Newman. Basic helicopter aerodynamics. John Wiley & Sons,
Yy,

o Filippone, A, Flight Performance of Fixed and Rotary Wing Aircraft, AIAA Education Series,
2006.
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ECSS-Q-ST-10, Product Assurance Management
ECSS-Q-ST-20C, Product Quality Assurance Management
ECSS-Q-ST-30C, Space Product Assurance, Dependability
ECSS-Q-ST-10-02C, Verification Plan

ECSS-Q-ST-40-12C, FMEA, FTA

MIL-HDBK-217f, Reliability Prediction of Electronic Equipment
MIL-STD-1629.Rev.A, Procedures for Performing a Failure Mode, Effects and Criticality Analysis
(NASA) 300-PG-7120.2.2D Mission Assurance Guidelines
(NASA) GLAST-LLR-PL-026- Product Assurance Plan

(NASA) LPR 5300.1, Space Product Assurance

ECSS-Q-ST-80C, Software product assurance




\Y$ Ladl g cwihigo 4 y (oSS S Mwasns 4ol 59

bl Sy ygolo (A0 (w0 ) ooy 0
Space Mission Design H ownadSS1) > 0L
1(jlno)/ 5 g
A |l dass o sty v [igien| Y sl Slass
coio ped T Lo ot O e obdee Lels sladlgpngliadl O o liilay o5 O llecion sl s O olitylegi O HRNLY) ufo’},oi
1 had pw

ey B b lad pw b Cole
e SSlSe (65950 —
Solows slaody 5 Slaise (ol oo —
©ohe clolazel b sl -
ool celalae —
bad Copgele sl —
(soxiw 0)lgale jlae (b~
Syl o lsale s b -
o lsale daglite sl b —
eSSl 4 Bl pw b Calao
Review of orbital mechanics
Time, coordinate systems, and celestial phenomena
Introduction to orbital perturbations
Special orbits
Introduction to STK software
Space mission structure
Remote sensing satellite orbit design

Communication satellite orbit design
Constellation design
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o Vallado, D.A., Fundamentals of Astrodynamics and Applications, Space Technology Library, 2013.

- Capderou, M,, Satellites - Orbits and Missions, Springer, 2005.

o -].R.Wertz, Mission Geometry; Orbit and Constellation Design and Management, Microcosm Press,
2001.
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Review of mechanisms and their performance
One shot mechanisms
Continuous operating mechanisms
On demand operating mechanisms
Mechanisms components
Space bound mechanisms materials
Mechanisms design with modularity approach
Dynamic, structural, tolerance, and thermal analysis
Shock and vibration analysis
Electro Magnetic Compatibility analysis
Tribology and lubrication
Ground test and verification of space mechanisms
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Fortescue, peter, Swinerd, Graham, Stark, John, “Space System Engineering, 4th edition”, John Wiley
and Sons, 2011.

Flugge, W., “Handbook of Engineering Mechanics”, McGraw-Hill, 1992.

Bruhn, E. F., “Analysis and Design of Flight Vehicle Structures”, Jacobs Pub; 1973.

Fusaro, R. L., “NASA Space Mechanisms Handbook and Reference Guide”, NASA,1999.
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o -Vallado, D.A., Fundamentals of Astrodynamics and Applications, Space Technology Library, 2013.

- Capderou, M,, Satellites - Orbits and Missions, Springer, 2005.

o -J.R.Wertz, Mission Geometry; Orbit and Constellation Design and Management, Microcosm Press,
2001.
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- Introduction
- Planning
- Infrastructure
- Subsystem delivery
- Documentation
- Assembly
- Integration
- Testing
- Verification
- Quality assuarance
- Safety
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o Baghal, Lisa A., “Assembly, Integration, and Test Methods for Operationally Responsive Space
Satellites”, Air University, USAF, 2010.

o Carufel, Guy de, “Assembly, Integration and Thermal Testing of the Generic Nanosatellite Bus”,
University of Toronto, 2009

o ECSS, “Space Engineering; Software”, ECSS-E-ST-40C, European Cooperation for Space
Standardization, 2009.

o ECSS, “Space Engineering; Testing”, ECSS-E-10-03A, 2002




\v.

Lad1 g cwihigo A 5 JuoS & Mwazxi 40l g9

bad CULEST 5 pgle How)B) (3 0U
Space Science and Explorations omndlSSN) (w3 oL
1(jlno)/ 5 g
A |l dass o sty v [igien| Y sl Slass
coio ped T Lo ot O e obdee Lels sladlgpngliadl O o liilay o5 O llecion sl s O olitylegi O HRNLY) ufo’},oi
1 had pw

ey B b lad pw b Cole

@lad sl hls Slaal plgis 4 o)k pole  (slassde -

s dnglaie Jledl g )l 3 Jlass Sl BT -

b8 (59 (slacjgele (sl (ale jlo g Jl e (2L -

bad (B9l glacygale sl ot Sl -

(itbuogadly eso 2 g el cgmios o ¢35 @i €8] comp9) b slacagale o ale VTN -
lad Glcy)sele cols glaodly cuopf g jlisle -

lawlad Jloyl slaodls jl lyluw (S5des5 gl yiolyl glyseinl -

oud gl el (Sajedens sboyia)l (bl 2 S JSB ) b (G9)> Solins 5 kb Jow -
(s doglaio Jladl g Sl )3 el p Sl BT gl s -

sl g B Jad pos g oo
Introduction to planetary science
Life signatures
Mission design (Trajectory and science orbit design)
Mission design (Systemic constrains for mission design)
Scientific Instruments onboard spacecraft (Camera, Laser altimeters, Spectrometers, Mass
spectrometers, Radio science instruments)
Space mission data structure
Determination of planetary geophysical parameters
Study of planetary interiors and planet formation
Life detection on Solar System bodies
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o Pater, Imke de, “Planetary Sciences”, Cambridge University Press, 2015.
o Jin, Shuanggen, “Planetary Geodesy and Remote Sensing”, CRC Press, 2014.
o Wertz, James, Larson, Wiley, “Space Mission Analysis and Design”, Springer, 1999.
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Coordinate Systems
Review of orbital mechanics, Newton’s Gravity Law, two and three body problem, Energy law,
orbital parameters definitions
Satellite positon determination in different orbit (circular, elliptical, parabolic, hyperbola, and
special orbits.
Time determination based on orbital position
Satellite movement in inertial space - Newton'’s equations
Disturbed satellite orbit - Gaussian equations
Orbit maneuver, Homan transfer- orbit plane change maneuver
Optimization of orbit maneuver energy, low impulse and high impulse thrusters
Orbit disturbances; Gravity gradient, Aerodynamic, third body, and Sun pressure wave
Positon determination in orbit using one and more ground station
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Curtis H., “Orbital Mechanics for Engineering Student”, Elsever publishing, 2005
Chobotov, V., “Orbital Mechanics”, AIAA, 2005.

Curtis, Howard H., “Orbital Mechanics for Engineering Student, 4th Edition”, Butterworth-
Heinemann Publishing, 2020.
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Spacecraft thermal environment
Thermal flux
Heat power and radiation of the sun and earth
Thermal analysis of a satellite
Thermal control hardware
Heat transfer mechanism in satellite
Thermal boundary conditions of orbit
Effect of atmosphere on the satellite
Heating of free molecular and ions

Active and passive thermal control
Thermal design of a typical satellite
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Gilmore, D., “Satellite Thermal Control Handbook”, AIAA, 1994.

Chetty, P. R. K,, “Satellite Technology and Its Applications Hardcover”, Jacobs Pub; 1991.
Bergman, T., Lavine, A, Incropera, F., DeWitt, D., “Fundamentals of Heat and Mass Transfer”, 8th
edition, John Wiley & Sons, 2011.
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— Coordinate Systems and axis transformations
— Kinematics and Dynamics

—  Subsystems Modelling

—  Simulation

—  Orbital Motion Simulation

— Injection
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o Zipfel, P. H. Modeling and simulation of aerospace vehicle dynamics. Reston, Va., American Institute
of Aeronautics and Astronautics, 2014.

o Markley, F. Landis and Crassidis, J.L, Fundamentals of Spacecraft Attitude Determination and
Control, Springer 2014

o Tewari, A. Atmospheric and space flight dynamics: modeling and simulation with MATLAB and
Simulink. Boston, Mass., Birkhauser, 2007.

o Bate, R. R, etal. “Fundamentals of astrodynamics. New York,, Dover Publications, 1971.

o Campbell, B. A. and S. W. McCandless “Introduction to space sciences and spacecraft applications.
Houston, Tex., Gulf Pub, 1996.

o Regan, F.]. and S. M. Anandakrishnan ” Dynamics of atmospheric re-entry. Washington, DC, American
Institute of Aeronautics and Astronautics, 1993.
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— Introduction

Coordinate Systems and axis transformations
Attitude Kinematics and Dynamics

Orbital Motion

Stability Analysis

Attitude Control

Momentum Biased Satellites

Attitude Measurement and Determination
Structural Dynamics and Liquid Sloshing
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Sidi, M. ]., Spacecraft dynamics and control: A Practical Engineering Approach, Cambridge University
Press, 1997
Markley, F. Landis and Crassidis, ].L, Fundamentals of Spacecraft Attitude Determination and
Control, Springer 2014.
Wie, B., Space Vehicle Dynamics and Control, 1998.
Chobotov, V. A, Spacecraft Attitude Dynamics and Control, Kreiger Pub. Co., 1991.
Wertz ].R., Spacecraft Attitude Determination and Control, 1978.
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- Linear vs. nonlinear
- Nonlinear stability and stability analysis of spacecraft motion
- Bifurcations (periodic attitude motion and CR3BP)
- Dissipative flows and attractors (flexible satellite with nonlinear damping)
- Integrable systems (Keplerian motion)
- Non-integrability (KAM Theorem, Melnikov method, resonance overlapping)
- Chaos detection techniques
- Space application (Chaotic Orbits of space debris, Chaos in navigation satellite orbits, Chaotic
behavior of magnetic rigid spacecraft)
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o .Argyris, ], etal, “An Exploration of Dynamical Systems and Chaos”, Springer, 2015.

o - Wiggins, S., “Introduction to Applied Nonlinear Dynamical Systems and Chaos”, Springer, 2003.
o -Chen, L. and Liu, Y., “Chaos in Attitude Dynamics of Spacecraft”, Springer, 2013.

o - Celletti, A., “Stability and Chaos in Celestial Mechanics”, Springer, 2009.
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Introduction on Terrestrial, Inertial, Satellite, Interplanetary Navigation and Navigation methods on
other Planets such as Mars
Coordinates Frames and Time systems
Space Sensors and Observations for Estimation of Orbit, Position and Attitude
Path Planning, Trajectory Generation & Tracking
Linear and Nonlinear Orbit Estimation
Sensor Fusion and Utilization of Kalman Filters
Introduction to Interplanetary Navigation for Maneuvers and Trajectory
Machine Vision for Space Applications
Rover Dynamic and Kinematics
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Miller, J., “Planetary Spacecraft Navigation”, ISBN 978-3-319-78916-3, 2019

Curtis, H., “Orbital Mechanics: Engineering for Students”, 2005

Battin, Richard H., “An Introduction to the Mathematics and Methods of Astrodynamics”, AIAA Rev
Sub edition (1999), ISBN-10: 1563473429, ISBN-13: 978-1563473425

Kaplan, Marshall H., “Modern Spacecraft Dynamics & Control”, Wiley; 1st edition (October 19, 1976),
ISBN-10: 0471457035, ISBN-13: 978-0471457039

Vallado, David A., “Fundamentals of Astrodynamics and Applications”, Microcosm Press; 4th edition
(March 29, 2013), ISBN-10: 1881883183, ISBN-13: 978-1881883180.
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- Introduction
- Modeling of real time imbedded systems
- Scheduling

Resource mangment

Memory management of real time imbedded systems
Power and heat management

Multi IC imbedded systems design

Modeling, performance assessment, and reliability
Distributed real time imbedded systems

Analysis and assessment of real time imbedded system
Cyber physical systems

Optimization of real time imbedded systems
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Koptez, H., “Real time Systems: Design Principles for Distributed Embedded Applications”, Springer,
2011.
Cheng, A.M.K,, “Real time Systems: Scheduling, Analysis, and Verifications”, John Wiley & Sons, 2002.
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Satellite stabilizing methods (gravity gradient, spin, three axis)
Stability method selection
Dynamic and kinematic equations of a spinning satellite
Control of a spinning satellite
Dynamic and kinematic equations of no spinning satellite
Disturbing moments on a satellite
Three axis stability and control
Sensors and actuators
Attitude determination and attitude control algorithms
Propagator algorithms
Position determination
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Sidi, Marcel ]., “Spacecraft Dynamics and Control, A Practical Engineering Approach”, Cambridge
University Press, 1997

Werts, J.R., “Spacecraft Attitude Determination and Control”, D. Reidel Publishing, 1980

Werts, James R, Larson, Wiley ], “Space Mission Analysis and Design”, Sprinter, 1999.

Agrawal, Brij N., “Design of Geosynchronous Spacecraft”, Prentice Hall, 1986.
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- Introduction to remote sensing
- Satellite mission and orbit
- Sensors and systems
- Data acquisition and Information mining
- Digital imaging systems
- Image processing and enhancement
- Specialized map drawing from satellite images
- Earth vegetation coverage analysis for agricultural use
- Forestand eco system analysis
- Natural disaster management using satellite data
- Urban development and expansion analysis and management
- Earth resources measurement and analysis
- Pollution measurement and analysis

1850wl (2wt 5l (09,

loygoil 75+ S idlSS g locullad 7Y+ (WS )3 g0 ygn 700+

180 iy Zalio Cow o8

o Harris, R, “Satellite Remote Sensing”, 1983.
o - Campbell, J., Wynne, R., “Introduction to Remote Sensing”, Fifth Edition, 2011.
o - Ben-Asher, ., “Optimal Control with Aerospace Applications”, AIAA, 2010.
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An Overview of Optics
Basics of optical design
Electro-optical systems
Introduction to space optics standards and requirements
Optical imaging payloads
Optical spectrometric payloads
Sun sensors
Star tracker
Free space optical telecommunication
Space telescopes
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Shen-En Qian ,"Optical Payloads for Space Missions", John Wiley & Sons,(2016).
Hemani_Kaushal, V.K._Jain, Subrat_Kar, "Free Space Optical Communication”, Springer,(2017).
DiMarzio, Charles A., "Optics for Engineers", CRC Press. (2011).

Neil English ,Space Telescopes: "Capturing the Rays of the Electromagnetic Spectrum", Springer;
(2016).
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Introduction to photogrammetry
Imaging sensors
Space platforms
Parametric mathematical model for geometric correction of space images
Two dimensional mathematical model based on interpolation
Base mathematical transformation in photogrammetry
Three dimensional mathematical model replacing sensors
Optimization and model correction for fractional ratio
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Konecy, G., "Geo-information, Remote Sensing, Photogrammetry, and Geographic Information
Systems”, CRC Press Publication, 2014.

Li, Z., Chen, ], Baltsavias, S., “Advances in Photogrammetry, Remote Sensing, Spatial Information
Science”, ISPRS Congress Book, CRC Press Publication, 2009.

McGlone, J.C., “Manual of Photogrammetry, 6th edition”, American Society for Photogrammetry and
Remote Sensing, 2013.
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- Fundamentals of an image processing system
- Human vision analysis, its limitations, and extraction of parameters
- Fundamentals of signal analysis in time and frequency domain
- Image quality improvement in time and frequency domain
- Discrete two dimensional Fourier transformation for improving image
- Filter design and noise reduction
- Image reconstruction
- Viner Filter, Parametric Viner Filter, and image geometric distortion reconstruction
- Colorimage processing and quality improvement
- Lossy and loss less compression
- Image coding and data encryption
- Image division
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o Gonzales, R.C., Woods, R.E., “Digital Image Processing”, Prentice- Hall Publication, 2008.
o -Lim,].S, “Two Dimensional Signal and Image Processing”, Prentice Hall Publication, 2012.
o -Tekalp, A.M.,, “Digital Video Processing”, Prentice Hall Publications, 2010.
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- Electrical sub systems duties

- Production and storage of electrical energy

- Control and regulation of distributed power

- The solar panels and their circuitry

- Space quality battery and their characteristics

- Converters and regulator

- Production and storage simulation

- Linear and nonlinear models of batteries

- Design of a typical solar powered system for a satellite
- Control and distribution simulation
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o Visesh, Burnwal, Et. Al,, “Small Satellite Power System”, Lambert Publication, 2015
o Patel, Mukund, “Spacecraft Power System”, CRC, 2004
o Chen, Et. Al,, “ Spacecraft Power System Technologies”, Springer publishing, 2020




\F¥ Ladl g cwihigo 4 y (oSS S Mwasns 4ol 59

3059 S35 St (210 Howyb) wp3 pU
Photovoltaic systems Design omndlSSN) (w3 oL
1(jlno)/ 5 g
A |l dass o sty v [igien| Y sl Slass
coio ped T Lo ot O e obdee Lels sladlgpngliadl O o liilay o5 O llecion sl s O olitylegi O HRNLY) ufo’},oi
1 had pw

)38 Sig Sl sla Jas g (gdyob Slombio bl (Bjme idodiie O
Sy o S gl sideg 5 Lo

Gdygs sl Jae )y g Sl el s cla w2 )65l

s5le sl 9 (gludyed sl ygiyenl pd ks b
4y as g bl pd )3 (odyos sla Jawe J 58
Shdygs Gle e (295 5 03959 slayld Sk
a4 gl G5 S8 sle b, gl

Sy sl s lolll g L]

S Jlw S sl Jole

S3b Y (gl

wlad gadyss gla Jole

Sy S 4 ol SGB ) sl Jolo

S e Jolw (glb 00iiS 080 5 )8 Sig Sl

b 4 Jae (0085 slo Jolos

Syt sl Jolo (Sl Ak

Sy sl Jolo (Sopsdl ()b

Lab ) il 8 ped (glb w9 (30d )55 Sl Joho 3)Slas

O O 0O 0o o o ooo 0O o O o o o o

180wl (2wl (109,

b ygoil 75 e oS S5 g acllad Z¥+ ¢ M8 53 j3go g /)

18 by Zalho Cuw po 8

o McEvoy, Markvart, T., Castaner, L., “Practical Handbook of Photovoltaics; Fundamentals and
Applications, 2ed edition”, Academic Press, 2011.

Goetzberger D.W., Hoffmann, V.U., “Photovoltai Solar Energy Generation, Vol. 112", Springer, 2005.
o Boxwel, Michael, “Solar Electricity Handbook”, Greenstream Publishing, 2019.

Barrett, M. J. (1971). Spacecraft Solar Cell Arrays (Vol. 8074). National Aeronautics and Space
Administration.
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Introduction
Design of various kinds of power switching
Design of Snubber circuit for electronic power convertors with mandatory commutation
Design of input/output filters for electronic power converters
Design of various converters
Computation of losses in electronic power converters
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Wens, M,, Steyaeri, M., “Design and Implementation of Fully-Integrated Inductive DC-DC Converters
in Standard CMOS”, Springer, 2011.

Cirrinclone, M., Pucci, M., Vitale, G., “Power Converters and AC Electrical Drives with Linear Neural
Networks” CRC Press, 2012.

Rashid, M.H., “Power Electronics Handbook, 3rd Edition”, Butterword - Heinmann, 2010.
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Introduction of necessary design indicators for electronic power converters
Introduction of performance parameters for electronic power converters
Introduction and implementation of various space vectors modulation, pulse width modulation
techniques, phase shift, hysteresis band for control, symmetric and unsymmetrical conditions of
electronic power converters
Introduction and implementation of selected harmonic elimination
Introduction and implementation of various methods of charge control for multilevel inverters
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Rodriguez, |., Cortes, P., “Predictive Control of Power Converters and Electrical Drivers”, Wiley, 2012.
Khomfoi S., Tolbert, L.M., “Multilevel Power Converters, Power Electronics Handbook, 2ed edition”,
Elsevier, 2007.

Kazimierezuk, M.K., “Pulse width Modulated DC-DC Power Converters”, Wiley, 2008.
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Introduction to energy system storage
Super capacitors systems
Fuel cell systems
Other energy storage systems
Combination of different energy storage
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Crompton, T.R., “Battery Reference Book, 3rd edition”, Elsevier, 2000.

Ehsani, M., Gao, Y., Emadi, A., “Modern Electric, Hybrid Electric, and Fuel Cell Vehicles: Fundamentals,
Theory, and Design, 2ed Edition”, CRC Press, 2010.

Vielstich, W., “Handbook of Fuel Cells, 6 Volumes Set”, Wiley, 2010.
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- Introduction to fuel cell systems
- Fundamentals of fuel cell systems
- Analysis of various fuel cell technologies
- Hydrogen supply for fuel cells
- Linear and nonlinear modeling of fuel cell
- Linear and nonlinear controlling of fuel cell
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o Larminie, ]., Dicks, A., Rand, D., “Fuel Cell Systems Explained, 3rd edition”, Wiley, 2004.

o Ehsani, M,, Gao, Y., Emadi, A., “Modern Electric, Hybrid Electric and Fuel Cell Vehicles: Fundamentals,
Theory, and Design, 2nd edition”, CRV Press, 2009.

o Vielstich, W., Lamm, A, Gasteiger, H. A., “Handbook of Fuel Cells, 6 Vol. Set”, Wiley, 2003.
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o Jens Eickhoff, Onboard Computers, Onboard Software and Satellite Operations, An Introduction,
Springer, 2012.

o Giorgio C. Buttazzo , Hard real-time computing systems, Springer, 1997

o Zheng You, Small Spacecraft Technology State of the Art, Ames Research Center, Moffett Field,
California, Elsevier, 2014.
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Introduction to Fault tolerance
Design methods for fault tolerancy
Fault tolerance assessment
Computation of fault rate using experimental models

Fault tolerance system design
Case studies in fault tolerant design
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Dubrova, Elena, “Fault Tolerant Design: An Introduction”, Department of Microelectronics and
Information Technology, Royal Institute of Technology, Sweden, 2008.

Pradhan, D.K,, “Fault-Tolerant Computer System Design”, Prentice-Hall International, 1996.

Trivedi, K.S. “Probability and Statistics with Reliability, Queuing and Computer Science Application”,
Prentice-Hall International, 1992.
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Introduction to testing methods
Coverage criteria
Practical consideration of software testing
Tools for testing and adjusting software
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Offutt, Ammann, “ Introduction to Software Testing” Cambridge University Press, 2008.
Pressman, R.S., “Software Engineering; A Practitioner’s Approach, 7th edition, McGraw-Hill, 2010.
Myers, Glenford J., Sandler Corey, Badgett, Tom, “ The Art of Software Testing, 3rd edition”, Wiely,
2011.
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Fundamentals of Software Engineering Requirements
Understanding the scope of the problem and extraction of requirements
Requirement assessment
Definition and documentation of requirements
Evolution and tracing of requirements
Goal oriented requirements engineering
System goals modeling using purpose model
Danger analysis using purpose models
Modeling requirements using ULM graph
System operation modeling
System behavior modeling
Inspection and verification of requirements
Requirements management
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Lamsweerde, A. van, “Requirements Engineering; From Sstem Goals to UML Model to Software
Specifications”, Wiley, 2009.

Pohl, K., “Requirements Engineering; Fundamentals, Principles, and Techniques”, Springer, 2010.
Robertson, S., Robertson J.C., “Mastering the Requirements Process, 2nd edition”, Addison-Wesley
Professional, 2006.
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Introduction
Introduction of analytical methods of fusion
Brief introduction of first and second generation methodology of software
Introduction of analytical methodology of third generation software
Introduction of robust methodology
Production and architecture of model based software methodology
Pattern and learning pattern in software production process
Meta models in software production process

Methodology engineering design and analysis
Introduction of methodology engineering tools
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Ambler, S.W., Nalbone, ], Vizdos, M.]., “The Enterprise Unified Process; Extending the Rational Unified
Pross”, Prentice-Hall, 2005.

Anon,, “Software and Systems Process Engineering Meta-Model Specification, V2.0”, Object
Management Group (OMG), 2007.

Rasmin, R, Paige, R.F., “Process - centered review of Objet - oriented Software Development
Methodologies”, AMC Computing Surveys 40, Article 3, Feb.2008.
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Measurement of Entropy
Source Entropy and noiseless coding problem
Source coding techniques; Hoffman aliasing
Decodable codes
Real time codes
Channel noise statistics
Hamming distance
Coding of channel with noise
Deformation rate theory
Reed - Moller codes
Hamming and complete codes
Convolution and viterbi
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Cover, Thomas M., Thomas, Joy A., “Elements of Information Theory, 2ed edition”, Wiley -
Interscience, 2006.

Adu, Philip, “A Step-by-Step Guide to Qualitative Data Coding, 1st edition”, Routledge, 2019.
Gallagar, Robert G., “Information Theory and Reliable Communication, 1st edition”, Wiley, 1991.
Ash, Robert, “Information theory”, Dover Publication, 1990.

Peterson & wepdon, “Error Correcting Codes”, MIT Press, 1972.
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Optical communication history
Optical communication applications
Advantages of optical communication
System design and link budget in optical communication
Optical communication telescope and antenna
Transfer channel in optical communication
Coding, modulation, and detection methods
Transmitters and receivers in optical communication
Tracing and tracking in optical communication
Optical communication network
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Ellis, Andrew, Sorokina, Mariia, “Optical Communication Systems; Limits and Possibilities”,
Routledge Taylor and Francis Group, 2020.

Aviv, David V., “Laser Space Communication”, Artech House Space Technology, 2006.

Majumdar, A., Ghassemlooy, Z., Bazil Raj, A.A., “ Principles and Applications of Free Space Optical
Communication; Telecommunication”, The Institute of Engineering and Technology, 2019.
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Introduction to wireless communication
Wireless channel
Methods of fading elimination
Perpendicular multiplexing of frequency sharing
Multi access of shared codes
Multi input - multi output communication systems
Wireless communication standards
Doppler effect on wireless communication
Error analysis in wireless communication
Study cases in wireless communications
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Proakis, ]., Salehi, M., “Digital Communications, 5th edition”, Prentice Hall, 2007.

Simon, M. K., Alouini, M. S., “Digital Communication Over Fading Channels, 2nd edition”, Wileym
2004.

Goldsmith, A., “Wireless Communications, “Cambridge University Press, 2005.
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- FastFourier transformation and implementation of its algorithms
- Processing of multi rate signals
- Short period Fourier transformation
- Time-Frequency processing

- Array signal processing
- Advanced sampling
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o Oppenheim, A.V,, Schafer, R.W., “Discrete - Time Signal Processing, 3rd edition”, Prentice Hall, 2009.
o Lim, ].S., Oppenheim, A.V., “Advanced Topics in Signal Processing”, Prentice Hall, 1988.
o Vaidyanathan, P.P., “Multirate Systems and Filter Banks”, Prentice Hall, 1992.
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Familiarization with antenna for ground and space segment
Advanced antenna for space missions
Antenna radiation pattern and gain
Link budget and antenna effect
Major antenna parameters in design
Design and simulation of antenna pattern
Antenna laboratory and testing process
Ground station antenna characteristics
Mechanical tracking for ground antenna
Synthetic aperture antenna
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o Imbriale, Willam, Gao, Shichang, Boccia, Luigi, “Space Antenna Handbook”, John Wiley, 2012.

o Kitsuregawa, Takashi, “Advanced Technology in Satellite Communication Antennas”, Artech House
publishing, 1990.

o Maral, Gerald, Bousquet, Michel, “Satellite Communication Systems; Systems, Techniques, and
Technologies, fifth edition”, wiley, 2002.
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Various type of earth station

Earth station and ground networks relationship
Ground station architecture and equipment layout
TT&C operation from ground station

Ground station reliability

Link budget and ground tracking

Tracking, distance measurement and their software
Satellite Controls Center

Daily operations in a ground station

Review of ground stations and associated standards
Data reception and processing systems

Ground station and satellite control centers considrations
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Elbert, Bruce, “The Satellite Communication Ground Segment and Earth Station Handbook, 2ed
edition”, Artech House publishing, 2014.

Morgan, Walter, Gordon Gary D., “Communication Satellite Handbook”, John wiley, 1989.

Ackroy, Brian, “World Satellite Communication and Earth Station Design, BSP Professional, 1990.
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o Burgess, C., & Dubbs, C. (2007). Animals in space: From research rockets to the space shuttle.
New York, NY: Springer New York.

o Vakoch, D. A. (Ed.). (2013). On orbit and beyond: Psychological perspectives on human
spaceflight. Springer Berlin Heidelberg.

o Smith, C. M. (2019). Principles of space anthropology. Springer Nature.

Bor, R, Eriksen, C., Georgemiller, R. ]., & Gray, A. L. (Eds.). (2024). Handbook of Aviation
Neuropsychology: A Practical Guide for the Clinician. Hogrefe Publishing.
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o Historical review of civil and military flight decks, cabin layout philosophy, and panel layout specifically
the basic T, instruments and system displays.

o Design of critical cabin layout including floor, pilot seats, flight controls, pedals, front panels, center and
overhead consuls based on FAR part 25 and Military regulations.

o Front wind shield and side windows based on the pilot vision requirements.

o Design of the pilot flight display, flight state, Navigation display, Engine display, landing gear and flap
controls, as well as systems and autopilot control.

o Design layout of throttle, flight management system, on center consuls.

o Design layout of life support systems, emergency controls, warning system, backup system on the
overhead and side panel.

o Design of communication, navigation, and avionics.

o Protocol for under cabin hatch, steps, racks, modules, and avionic system boards.

o Stationing of Avionics under cabin racks and access hatch.
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o Harris, Don, “Human Factors for Civil Flight Deck Design”, Routledge, a Taylor and Francis group
publishing, London, 2016.

o Coombs, L.F.E,, “Fighting Cockpits 1914-2000, Design and Development of Military Aircraft Cockpit”,
Motor books International, USA, 2000

o Senol, Mehmet Burak, “Evolution of Cockpit Design, Application and Algorithms”, Lambert
publishing, 2012.
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- Familiarization with international Avionics regulations
- Familiarization with Parts Manufacture Approval (PMA)
- Familiarization with Parts Technical Standard Order
- Quality assurance of Avionics parts
- Phases of Avionics Approval
- Safety plan
- Design and standards
- Risk management
- Certification project management and planning
- Post certification
- Project Specific Certification plan for Avionics Approval (PSCP)
- Project Specific Certification plan for Avionics Installation (PSCP- Installation)
- Project Evaluation form
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o Heckey, John, “ FAA & Industry Guide to Avionics Approval”, Federal Aviation Administration, 2001

o Hilderman, Vance, Bahai, Tony, “ Avionics Certification: A Complete Guide to DO-178 (Software), D)-
254 (Hardware)”, Avionics Communication Inc., 2007.

o Spitzer, Cary Ferrel, Uma Ferrel, Thomas, “ Digital Avionics Handbook”, CRC publication, 2011.
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- Air traffic control fundamentals
- Air traffic control and management
- Air traffic control organizational chart
- Air corridor design
- Human oversight on air traffic control
- Air traffic control operation
- Interference assessment in air traffic control
- Air traffic control challenges

- Next generation communication and surveillance
- Aircraft avionic systems related to air traffic control

- Aircraft avionic system and air traffic control ground equipment protocols
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o Anon, “Preocedures for Air Navigation Services — Air Traffic Management (PANS-ATM), DOC 4444”,
International Civil Aviation Organization Publication, 2016.

o Anon, “International Civil Aviation Organization (ICAO) Documents and annexes”, ICAO publication,
2016.

o Anon., “Next Generation Air Traffic Control, Communication, and Surveillance document”, Federal
Aviation Administration, 2010.




\7¥

Lad1 g cwihigo A 5 JuoS & Mwazxi 40l g9

Saigrgl (sodld (13515 9 ko owy8) (wyd oL
Avionics Data Processing and Analysis H ownadSS1) > 0L
(her)/ by
A |l s e el Y g liely| Y sl Slass
oo pedus O ale b Gle olleel] Lols clad/gagual/ail O ())3la 5 o855 O (g lidlesn o8, O olKiolel :uJ'&"’SS &}9"‘

1 had pw

fow )8 4 Luad pw U Colo
odige 3 el O
durlio gla i, O
o S5 00Dy asgese —la 03> Loy Jdow O
olly Jobos g 4o
ol (gai 09,5 (sla o3y (gae gl AoMS o o3y s
2 031>y g isles
Jly @iy b clwle
e yiie 93 b Jlowi g w30

AL YRSy IO SO FRLI TS

O O O O O

Statistics in engineering

Comparing means

Descriptive analysis of data - One variable datasets
Analysis of variance (ANOVA)

Data transformation, Numerical summaries of grouped data
Representing, and visualizing data

Computations with the normal distribution

Analysis with two numerical variables
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David S. Moore,W.H. Freeman, “The Basic practice of statistics”, 2nd ed, 2000.

William McKinney. Python for Data Analysis: Data wrangling with Pandas, NumPy, and [Python.
O'Reilly Media, October 2012.

Schiefer, Hartmut. “Statistics for Engineers: An Introduction with Examples from Practice”. Springer
Nature, 2021.

Metcalfe, Andrew, et al. “Statistics in Engineering: With Examples in MATLAB® and R”. CRC Press,
2019.
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ECSS-Q-ST-10, Product Assurance Management
ECSS-Q-ST-20C, Product Quality Assurance Management
ECSS-Q-ST-30C, Space Product Assurance, Dependability
ECSS-Q-ST-10-02C, Verification Plan

ECSS-Q-ST-40-12C, FMEA, FTA

MIL-HDBK-217f, Reliability Prediction of Electronic Equipment
MIL-STD-1629.Rev.A, Procedures for Performing a Failure Mode, Effects and Criticality Analysis
(NASA) 300-PG-7120.2.2D Mission Assurance Guidelines
(NASA) GLAST-LLR-PL-026- Product Assurance Plan

(NASA) LPR 5300.1, Space Product Assurance

ECSS-Q-ST-80C, Software product assurance
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Aircraft electrical systems characteristics
Current standards and regulations on commercial planes electrical systems.
AC and DC generators
Electrical distribution systems
Electrical converters
Electrical storages
Electrical loads
Auxiliary power systems
Ground power unit

Electric supervisory systems
Examples of aircrafts electrical system
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o Tooley, M., Wyatt, D., “Aircraft Electrical and Electronic Systems”, 2009
o Boss, Bimal K., “Power Electronics and Motor Drives: Advanced and Trends”, Academic Press. 2006.
o Pallet, E.H.J, “Aircraft Electrical System”, Longmans Science and Technical, 1987
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Hardware and Software characteristics of avionics equipment

Review of standards links in avionics systems

Analysis of methods of avionics modules integration

Fault detection and alleviation methods in avionics systems

Analysis of modern distributed avionics parts

Design analysis of flight crew cabin and their compatibility with current standards

Test and simulation of aerospace vehicle avionics systems (traditional cabins, Glass cabind, Remote
Cabin)

Review of avionics standards and certification methodology
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Spitzer, C. R, “Digital Avionics Handbook: Elements, Software and Functions”, CRC Press, 2007.
Spitzer, C. R, “Digital Avionics Handbook: Development and Implementation”, CRC Press, 2007.
Collinson, R. P. G, “Introduction to Avionics Systems”, Springer, 2011.

Standard Documents:

MIL-STD-1553B

ARINC 429, ARINC 629, ARINC 664

D0-297,D0-178, DO-254
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Kodali,V.P., “Engineering Electronic Compatibility; Principles, Measurements, Technologies, and
Computer Models, 2nd Edition”, IEEE Press, 2001.

Clarke,C.A,, Larsen,W.E. “Aircraft Electromagnetic Compatibility”, 1987.

[an Moir, Ian, Seabridge, Allen G., “Civil Avionics Systems”, Professional Engineering Publishing
Limited, UK, 2003.

Paul, C.R,, “Introduction to Electromagnetic Compatibility, 2nd Edition”, John Wiley & Sons, 2006.
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Software life cycle engineering
Requirement analysis
Design, development and testing software
Design methodology
Top-down vs. bottom-up design
Objective software design
Designing for software reuse and maintainability
Real time consideration in software design
Official Validation and Verification and software standards
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Anderson, C., Dorfman, M., “Aerospace Software Engineering: A Collection of Concepts”, Progress in
Astronautics & Aeronautics, AIAA, 1991.

Rierson, Leanna, “Developing Safety-Critical Software, A Practical Guide for Aviation Software and
DO0-178C Compliance”, CRC Press, 2013.

Voelter, Markus, “Model - Driven Software Development: Technology, Engineering, and
Management”, John Wiley and Sons, 2008.
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Avionic hardware considerations including wiring, installation requirements, power, and EMC
consideration
Architecture, topology, and data network protocols in aircraft
Examples of military and civil data network such as ARNIC 629, ARNIC 429, STANAG, MIL-1553,
ARNIC 659, ACSB, CSDB AND AFDX, 3910
Integration and testing of avionic systems
Laboratories and functional test equipment for avionics
EMC and environmental testing of avionics systems
Equipment and flight testing of avionics systems
Test analysis methods
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Wang, Guoqing , Wenhao Zhao, “The Principles of Integrated Technology in Avionics Systems”,
Elsevier, 2020.

Moir, Ian, Seabridge, Allan, “Aircrafdt Systems: Mechanical, Electrical, and Avionics Subsystems In
tegration, 3rd Edition”, John Wiley and Sons, 2011.

Moir, Ian, Seabridge, Allen, Jukes, Malcom, “Civil Avionics Systems”, John Wiley and Sons, 2013.
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Digital signal processing main concepts
Correlation function
Discrete Fourier transformation
Signal convolution
Digital signal processing generalized scheme
Digital filters with final pulse characteristics
Digital filters with infinite impulses characteristics
Digital radio navigation equipment design principles
Information processing algorithm for pulse radiolocation stations
Radiolocation signal finding and the assessment of the parameters of digital techniques
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Tooley, Mike, “Aircraft Digital Electronics and Computer Systems, 3ed edition”, Routledge Taylor and
Francis Publishing, July 2020.

Proakis, John, Manolakis, Dimitris, “Digital Signal Processing, Principals, Algorithms, and
Applications 4th edition”, Pearson Publishing, 2006.

Spitzer, Cary, Ferrel, Uma, Ferrel, Thomas, “Digital Avionics Handbook, 3ed edition”, Routledge
Taylor and Francis Publishing, 2015.
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Digital signals

Foundation of signal processing

Multiplexing and multi access techniques (FDMA, TDMA, CDMD, CSMA, etc.)

Modulation and demodulation techniques (QPSK, BPSK, M-ray, no coherent and coherent
demodulation methods)

Requirements for digital links systems

VDL system design (mode 2, 3, 4)

Digital HF radio design, SATCOM system design

Installation and integration.
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Tavlin, Linda ], “Aviation Communication: Strategy and Message for ensuring success and preventing
failure”, Routledge publishing, 2019.

Stacy, Dale, “Aeronautical Radio Communication Systems and Networks”, John Wiley and Sons, Ltd,
2008.

Slim Ben Mahmoud, Mohamad, “Aeronautical Air-Ground Data Link Communications”, Wiley-IEEE
Press, 2014.
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Compressor performance
Axial Turbine performance
Introduction to engine control systems
Airframe fuel system
Engine fuel handling system
Hydro mechanical fuel metering
Electronic engine control
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Jaw, Link C., Mattingly, Jack D., “Aircraft Engine Controls Design, System Analysis, and Health
Monitoring”, AIAA Education series, 2009.

Wild, Thomas W., “Aircraft Power plant, 9th edition”, McGraw Hill Publishing, 2018.

Moir, Ian, Seabridge, Allan, “Aircraft Systems: Mechanical, Electrical, and Avionics subsystems
Integration, 3rd edition”, John Wiley and Sons, 2011.
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Dependency concept
Fault source and it effect
Fault tolerant hardware
Fault tolerant software
Fault detection techniques
Fault tolerant system design

Fault tolerant navigation and flight control systems
Case study
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Krishna, C.Mani , “Fault-Tolerant Systems”, Elsevier, 2007.

Anon.,”Design by extrapolation: an evaluation of fault-tolerant avionics, Proceeding of IEEE
Conference, 20th DASC. 20th Digital Avionics Systems Conference, 2001.

Gu, Yu, Gross Jason, Barchesky, Francis, Chao, Haiyang, Napolitanio, Marcello, “Avionic Design for
Sub-Scale Fault Tolerant Flight Control Test Bed”, West Virginia University, 2014.
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Failure modes, Effective and Criticality Analysis (FMECA)
Sensors and Instruments for different aircraft subsystems
Fault detection and isolation techniques

Aircraft health management ( model base, case based, ...)
Aircraft health management prognosis methods

Physics of failure approaches

Integrated Vehicle Health Management design

Structural health management

Cost benefits of integrated vehicle health management
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o Demicri, Serf, Hajiyev, Chingiz, “Intelligent Based Aircraft Engine Health Monitoring”, Lambert

Academic Publishing, 2011.

o Svirskiy, Yuri A, Bautin, Andery, Papic, Ljubisa, Gadolina, Irina V., “Methods of Modern Aircraft
Structural and Diagnostics of Technical States”, Springer International Publishing, 2018.
o Jennions, lan K., “Integrated Vehicle Health Monitoring, Perspectives on an Emerging Field”, SAE

International, 2011.
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- Neural Networks

- Unsupervised algorithm

- Data analysis

- Machine learning

- Deep learning

- Computer vision

- Artificial Intelligence Technics
- Autonomous Flight
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o Zhou, Z. H. (2021). Machine learning. Springer nature.
o Alpaydin, E. (2021). Machine learning. MIT press.
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Introduction

Fundamental concepts and neural network models
Single layer perceptron
Feedforward multi-layer neural network

Radial function neural network

Principle component analysis neural network

Self-organizing neural network
Associational memories
Recursive neural networks
Statistical neural networks
Theory of resonance adaptive

Application of neural network in time series processing
Cascade correlation neural network

Deep learning neural network
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o Haykin, S., “Neural Networks and Learning Machines, 3rd edition”, Prentice-Hall. 2008.
o Aurada, M,, “Introduction to Artificial Neural Systems”, West Publishing Company, 1992.
o Aggarwal, Charu C., “Neural Networks and Deep Learning: 1st edition”, Springer, 2018.
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o Ertel, W. (2024). Introduction to artificial intelligence. Springer Nature.

o Kumar, V., Rezaei, ]., Akberdina, V., & Kuzmin, E. (2021). Digital Transformation in Industry.
Springer International Publishing.
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Tabatabaian, M. (2023). Tensor Analysis for Engineers. Mercury Learning and Information.

o White, R. E. (2023). Computational Linear Algebra: with Applications and MATLAB
Computations. Chapman and Hall/CRC.

o Goodman, R. W. (2016). Discrete Fourier and wavelet Transforms: An Introduction through
Linear Algebra with Applications to Signal Processing. World Scientific.




1A Ladl g cwihigo 4 y (oSS S Mwasns 4ol 59

V 4 iy oo LSy, (w0 ) ooy 0

Advanced Engineering Mathematics 2 omndlSSN) (w3 oL

(b)) 5L i

A |l s e el Y g liely| Y sl Slass

oo pedus O ale b Gle olleel] Lols clad/gagual/ail O ())3la 5 o855 O (g lidlesn o8, O olKiolel :uJ'&"’SS 0‘3}9"1

1 had pw

oY doles (ol > dlsleo czge Aolrs  JUsl doles i Jod Sim siie Juwslyd &Yolee
bt Jgl ae S rde Juwdlyins Vol

SPPIp g Span sgerm Yol

OYoleo (Soil8 o8

Wyl 5 i polie Pluwe

b o (gjlolix

gl i polie Plue 5y > )9 sy 9 rgoed—pygidl dliwws

Jologss Jol i Ken e SYoleo

LSl kg (S o aysd s (LSl la s

»S ey

5 Bl gy coleny b9y sy ably (hey (JUASSE (O peln (6LAS (il Sl )
(Perturbation) Mz s,

solme slagsd)

b Slagby) dgime wx (hy) g el () dgiome W] ) 1 Jje Fude Judlyd SVl o (s335 lagshy,

o 0O O o O 0o o O 0O 0o o O o o

L L NV YT Y)

laygo]l 725+ oS illSS g laclad 7Y+ (S 5 9o ygun 700 -

183y pabio Cow pp

o Evans, L. C. (2022). Partial Differential Equations. American Mathematical Society.
o John, F. (2023). Partial Differential Equations. Springer Nature.

o Duffy, D. G. (2016). Advanced Engineering Mathematics with MATLAB. Chapman and
Hall/CRC.

o de Cursi, E. S. (2015). Variational Methods for Engineers with MATLAB. John Wiley & Sons.
o Lui, S. H. (2012). Numerical Analysis of Partial Differential Equations. John Wiley & Sons.




\A#

Lod1gd wiigo A 5 (JwoSS WMo 4ol g

Wyl (5338 Olowlone (w0 ) ooy 0
Advanced Numerical Methods L omddSS1) (> 0L
1(5lron)/ 315 pdhny
A |l s e el Y g liely| Y sl Slass
oo p e 0 oo O oo cbeel] s lsilpognaladl 0 gy s O oo sdsis O okl 0| 2 oSSy 3901

HEY) WL JOW)

Jrwilyis> 6y ©¥olo g ODE-IVP «(giloains 2 (o e e

4 g b g Glilte 2Ly 9 (DFT) S (g5 oo
Gy OYolo Jo awgiaslp ¢l Python U MATLAB (65500 5l 5l eslital olojen Jo

Sl 8 (s3leae )3 doleo (slap 2

oy (595 jl oolil b dllus (g jlodinnS
ODE-BVP s g1,y 3100 G331 s,
PDE o (el sgame i3S s,
ODE-BVPs > ¢l dolxio (dg>0n b9,
PDE (> sl soleis (cog2pn (59)

bt sy Vsl Jo

SIS g paiitene £9393 jl e slasdyy sanadb
0xiS1y (Jad lagtuns Jo slagty) (B
%98 s

o 0o 0o o o o oo 0o o o o o

150wl (2wt 5l (w09,

‘Jhuyc)] Z;‘ ‘Lf“)% UZ.JK\: 9 LQ;».JL&E ZY" ‘L)‘JM{ ).5 );99 )9.é.> Z\'

183y pabio Cow pp

o Mathews, |. H,, & Fink, K. D. (2004). Numerical methods using MATLAB (Vol. 4). Pearson

prentice hall.

o Duffy, D. G. (2016). Advanced engineering mathematics with MATLAB. Chapman and

Hall/CRC.

o White, R. E. (2023). Computational Linear Algebra: with Applications and MATLAB
Computations. Chapman and Hall/CRC.
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o Montgomery, D. C. (2017). Design and Analysis of Experiments. John Wiley & Sons.
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o Montgomery, D. C., & Runger, G. C. (2019). Applied statistics and probability for engineers.
John wiley & sons.

o Carlton, M. A, & Devore, ]. L. (2017). Probability with applications in engineering, science,
and technology. New York: Springer.

o Dodson, B.,, Hammett, P., & Klerx, R. (2014). Probabilistic design for optimization and
robustness for engineers. John Wiley & Sons.
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o Hamilton, J. S., & Nilsson, S. (2015). Practical aviation & aerospace law. Aviation Supplies and
Academics, Incorporated.

o Bartsch, R. I, & AM, R. . B. (2016). International aviation law: a practical guide. Routledge.

o Gélain, A. (2021). The Business of Aerospace: Industry Dynamics, Corporate Strategies,
Innovation Models and the Bigger Picture. American Institute of Aeronautics and Astronautics,
Inc..
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o Rogers, M,, & Dufty, A. (2012). Engineering project appraisal. John Wiley & Sons.

o Ardalan, A. (1999). Economic and financial analysis for engineering and project management.

Crc Press.

o Siegel, N. G. (2020). Engineering Project Management. John Wiley & Sons.
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o Kenan, A. (2021). Python for Mechanical and Aerospace Engineering. Alex Kenan.
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o Gilmore, J., & Hatcher, M. (2023). Preparing for College and University Teaching: Competencies
for Graduate and Professional Students. Taylor & Francis.

o Rovida, E., & Zafferri, G. (2022). The Importance of Soft Skills in Engineering and Engineering
Education. Springer.
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