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 تجربي. فلوچارت الگوريتم تجزية مودهاي شبه1شکل 
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 5.0f، ب( 3.0fالف(  گولي براي - لاين، هرميت و ساويتزکيفرايند غربالگري اسپ حاصل از ،. سيگنال ايستا و اولين و دومين تابع مود ذاتي آن2شکل 

 گولي – لاين، هرميت و ساويتزکيتوسط فرايند غربالگري اسپ آمده دست به. سيگنال غيرايستا و اولين تابع مود ذاتي آن 3شکل 
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 گولي - لاين، هرميت و ساويتزکيآمده توسط فرايند غربالگري اسپ تدس . سيگنال پيچيده و توابع مود ذاتي آن به4شکل 
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شده توسط شده از مدل اغتشاشي تحريک سازي يهشبهاي خروجي الف( سيگنال نموار .6شکل  tE sin، ب( توابع مود ذاتي

 

شده توسط شده از مدل اغتشاشي تحريک سازي يهشبهاي خروجي براي سيگنال آني، ج( ضريب ميرايي آني. نمودار الف( بسامد آني، ب( و دامنة 7شکل 
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 هاي پروازي. نتايج طولي دو مجموعه از آزمايش9شکل 

 زاوية حمله، ج( سرعت لف( زاوية پيچ، ب(ا هايشده از سيگنال. توابع مود ذاتي کسب10شکل 
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 حمله، ج( سرعت ةپيچ، ب( زاوي ةالف( زاوي هايشده از سيگنال. همبستگي عرضي سيگنال تحريک الويتور و مودهاي ذاتي کسب11شکل 

 

 حمله، ج( سرعت ةپيچ، ب( زاوي ةالف( زاوي هايآمده از سيگنال دست . بسامد طبيعي مودهاي به12شکل 

 پيچ، ب( حمله، ج( سرعت ةالف( زاوي هاي . ميانگين، ميانه و انحراف استاندارد همبستگي عرضي سيگنال تحريک الويتور و مودهاي ذاتي از سيگنال7جدول 
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 حمله، ج( سرعت ةپيچ، ب( زاوي ةالف( زاوي هايآمده از سيگنال دست . ميانگين، ميانه و انحراف استاندارد بسامد طبيعي مودهاي به8جدول 



 

 حمله، ج( سرعت ةپيچ، ب( زاوي ةالف( زاوي هايآمده از سيگنال دست استاندارد ضريب ميرايي مودهاي به. ميانگين، ميانه و انحراف 9جدول 



 

 

 
 )الف(
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 هاآمده براي سري اول و دوم داده دست . مکان هندسي ميانگين مودهاي به14شکل 

kih , ji 

kim , ji 

x

ici

iri

Ln

Rn

nc

t

int

H

a

 

w 

j j

j j

jd j

u 

 

 

E 



 

 هوافضا يدانش و فناور نشريه 52
 

 

 

[1] Morelli, Eugene A. “Real-time parameter 

estimation in the frequency domain.” Journal 

of Guidance, Control, and Dynamics 23 (5), 

2000, pp. 812-818. 

[2] Jategaonkar, Ravindra V., Dietrich Fischenberg, 

Wolfgang Gruenhagen. “Aerodynamic 

modeling and system identification from flight 

data-recent applications at DLR.” Journal of 

Aircraft 41 (4), 2004, pp. 681-691. 

[3] Tischler. Mark B., Robert K. Remple. “Aircraft 

and rotorcraft system identification.” New 

York, NY: American Institute of Aeronautics 

and Astronautics, 2006. 

[4] Huang, Norden E., Zheng Shen, Steven R. Long, 

Manli C. Wu, Hsing H. Shih, Quanan Zheng, 

Nai-Chyuan Yen, Chi C. Tung, Henry H. Liu. 

“The empirical mode decomposition and the 

Hilbert spectrum for nonlinear and non-

stationary time series analysis.” Proceedings of 

the Royal Society of London. Series A: 

Mathematical, Physical and Engineering 

Sciences 454 (1971), pp. 903-995. 

[5] Pai, Frank P., Anthony N. Palazotto. “HHT-based 

nonlinear signal processing method for 

parametric and non-parametric identification of 

dynamical systems.” International Journal of 

Mechanical Sciences 50 (12), 2008, pp. 1619-

1635. 

[6] Feldman, Michael. “Hilbert transform methods 

for nonparametric identification of nonlinear 

time varying vibration systems.” Mechanical 

Systems and Signal Processing 47 (1), 2012. 

Pp. 66-77. 

[7] Jing, Hang, Haiqing Yuan, Yi Zhao, Yan Yang. 

“Applying hilbert-huang transform to 

identifying structural modal parameters. 

Education Technology and Training 2008. And 

2008 International Workshop on Geoscience 

and Remote Sensing. ETT and GRS 2008.” 

International Workshop on, IEEE, Shanghai, 2, 

2008, pp. 617-621. 

[8] Feldman, Michael. “Considering high harmonics 

for identification of non-linear systems by 

Hilbert transform.” Mechanical Systems and 

Signal Processing, 21 (2), 2007, pp. 943-958. 

[9] Shi, Z. Y., S. S. Law, X. Xu. “Identification of 

linear time-varying mdof dynamic systems 

from forced excitation using Hilbert transform 

and EMD method.” Journal of Sound and 

Vibration 321 (3), 2009, pp. 572-589. 

[10] Bao, Chunxiao, Hong Hao, Zhong-Xian Li, 

Xinqun Zhu. “Time-varying system 

identification using a newly improved HHT 

algorithm.” Computers & Structures 87 (23), 

2009, pp. 1611-1623. 

[11] Pai, Frank P., Anthony N. Palazotto. “Detection 

and identification of nonlinearities by 

amplitude and frequency modulation analysis.” 

Mechanical Systems and Signal Processing 22 

(5), 2008, pp. 1107-1132. 

[12] Ma, Wann-Jiun, Wang Tang, Fan-Ren Chang. 

“Analysis of aircraft longitudinal long-period 

oscillation by Hilbert-Huang transform.” 

Proceedings of the 2006 National Technical 

Meeting of the Institute of Navigation, 

Monterey, CA, 2001, pp. 543-553. 

[13] Rilling, Gabriel, Patrick Flandrin, Paulo 

Gonçalvés. “On empirical mode decomposition 

and its algorithms.” IEEE-EURASIP Workshop 

on Nonlinear Signal and Image Processing 

NSIP, Grado, Italy, 2003, pp. 8-11. 

[14] Qin, S. R., Y. M. Zhong. “A new envelope 

algorithm of Hilbert–Huang transform.” 

Mechanical Systems and Signal Processing, 20 

(8), 2006, pp. 1941-1952. 

[15] Meignen, Sylvain, Valérie Perrier. “A new 

formulation for empirical mode decomposition 

based on constrained optimization.” IEEE 

Signal Processing Letters 14 (12), 2007, pp. 

932-935. 

[16] Chang, Nai-Fu, Cheng-Yi Chiang, Tung-Chien 

Chen, Liang-Gee Chen. “Cubic spline 

interpolation with overlapped window and data 

reuse for on-line Hilbert Huang transform 

biomedical microprocessor.” Engineering in 

Medicine and Biology Society, Annual 

International Conference of the IEEE, Boston, 

2011, pp. 7091-7094. 

[17] Kokes, Josef, Nghien N. BA. “Using 

constrained cubic spline instead of natural 

cubic spline to eliminate overshoot and 

undershoot in Hilbert Huang Transform, 

Carpathian Control Conference (ICCC).” 13th 



 

 53 1393زمستان پاييز و سال سوم، شمارة دوم، 
 

 

 

International, IEEE, High Tatras, 2012, pp. 

300-306. 

[18] Press, William H. Numerical recipes: The art of 

scientific computing, 3rd edition, New York, 

NY: Cambridge university press, 2007. 

[19] Huang, Norden E., Samuel S. Shen. “Hilbert-

Huang transform and its applications.” 

Introduction to the Hilbert-Huang transform 

and its related mathematical problems. 

Singapore: World Scientific, 2005. 

[20] Huang, Norden. E., Zheng Shen, Steven R. 

Long. “A new view of nonlinear water waves: 

The Hilbert Spectrum. Annual review of fluid 

mechanics, 31 (1), 1999, pp. 417-457. 

[21] Roskam, Jan. “Airplane flight dynamics and 

automatic flight control.” Lawrence, KS: 

DARcorporation, 1995. 

[22] Holleman, E. C. “Summary of Flight Tests To 

Determine the Spin and Controllability 

Characteristics of a Remotely Piloted, Large-

Scale (3/8) Fighter Airplane Model.” National 

Aeronautics and Space Administration, Report 

no. NASA TN D-8052, 1976. 

 

                                                            
1. Hilbert-Huang transform 

2. empirical mode decomposition 

3. LTI 

4. Intrinsic mode functions 

5. Parabola parameter spline interpolation 

6. Segment power function 

7. Quadratic programming problem 

8. constrained cubic spline 

9. natural cubic spline 

10. harmonic functions 

11. DC offset 

12. approximations 

13. details 

14. Wavelet 

15. stopping criteria 

16. local orthogonality of the decomposition 

17. index of orthogonality 

18. over decomposition 

19. resolution  

20. finite impulse response 

21. Piecewise cubic hermite interpolating polynomial 

22. convergence based stopping criterion 

23. extrema mirroring 

24. intermittency frequency 

25. Ergodic 

 

 

 

 

 

 

 

                                                                                      

 


