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Fig. 13(a) results from computerized simulation for Ci, Cz, C3, X1, X2 and X3 of Ex. 4 (ideal saturation).
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Fig. 13(b) results from SIMULINK and for Ci, C2, Cs, X1, X2 and X3 of Ex. 4 (ideal saturation).
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Table 5(a): Comparison of results obtained through graphical analysis, computer simulation, and MATLAB Simulink
Toolbox for Example 1 with rectangular hysteresis nonlinearity.

Sl.

No Methods C1 C Cs X1 X2 X3 )
1 Graphical 3.57 1.00 1.00 3.65 3.76 3.99 0.63
2 Computerized 3.02 0.75 1.30 3.00 3.48 3.50 0.63
Simulation
3 Using SIMULINK 3.10 1.50 1.30 3.50 3.50 3.50 0.60

Table 5(b): Comparison of results obtained through graphical analysis, computer simulation, and MATLAB Simulink

Toolbox for Example 2.
Sl.
No Methods C1 C2 Cs X1 X2 X3 0
1 Graphical 2.94 1.00 1.00 3.00 3.20 3.37 0.57
2 Computerized 2.80 0.31 1.10 2.80 2.70 2.60 0.62
Simulation
Use of
3 SIMULINK 3.40 1.00 0.70 3.20 3.40 3.70 0.60

Table 5(c): Comparison of results obtained through graphical analysis, computer simulation, and MATLAB Simulink

Toolbox for Example 4.
Sl.
No Methods C: C Cs X1 X2 X3 [0
1 Graphical 49 1.1 1.0 5.1 5.1 5.1 0.82
2 Computerized 4.8 1.1 1.1 5.0 4.8 4.9 0.65
Simulation
Use of
3 SIMULINK 5.0 1.0 1.2 5.0 5.0 5.0 0.63
E-ISSN: 2769-2507 176 Volume 7, 2025
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3. Signal Stabilization in 3x3 Nonlinear
System

3.1 Using Deterministic Signal

When it is confirmed that the system shown in Figure 1 with
Examples 1 & 2 exhibits an LC in the autonomous state (U=0),
quenching/mitigation of the limit cycling oscillations has been
examined by applying high frequency (HF) signals, normally
more than 10 times of s [5], at any one input or/and all three
input points (U, Us, Us). When the amplitude of the sinusoidal
input By sin ot is gradually increased while keeping the
amplitudes of the forcing signals B, sin st and B3 sin ot fixed
or at zero, the system begins to exhibit complex oscillatory
behavior. [39]. The dependent variables at various points in the
system will include signals at the forcing input frequency orand
the self-oscillation frequency s and their combined
frequencies, expressed as kjoetkoms, where k; and k, are
integers [39].

In the second scenario, where all three inputs (U1, U2, and U3)
are identical (B sin (wit), as depicted in Figures 14(a), 14(b),
and 14(c) for Ex. 1, 2, and 4, respectively, we gradually increase
the amplitude (B). This resulted in a gradual change in the self-
oscillation frequency (ws). Eventually, the system synchronized
with the forcing frequency (wy), effectively quenching the self-
oscillation and leading to forced oscillations at f.

u=5,
w = 8.0 rad/sec

Fig. 14 (a) the equivalent representation of the Figure 1 system, used
in Ex. 1 (rectangular hysteresis) designed to achieve forced oscillations
(signal stabilization) through a deterministic input.
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Fig. 14 (b) the equivalent representation of the Figure 1 system, used
in Ex. 2 (backlash) designed to achieve forced oscillations (signal
stabilization) through a deterministic input.
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Fig. 14(c) representation of an equivalent System of Fig. 1 for signal
stabilization by 5 sin ot for Ex. 4 (Ideal Saturation) where o = 6.5
rad/sec.
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The block diagram for signal stabilization by deterministic

and result/images for Ex. 4 are shown in Fig. 14(c) and Fig. 17,
respectively. Computerized simulation yields results/images for
signal stabilization under deterministic input signals of
Examples 1 & 2 are shown in Figures 15 & 16, respectively.
The steady-state values Ciss, Cass, C3ss and Xiss, Xoss, Xass are
shown with their corresponding frequencies, ®, which closely

approximates or.
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Fig. 15 ex. 1 (rectangular hysteresis) demonstrates forced oscillations
achieved through signal stabilization using a deterministic input: U =
Ssin (wtt), where or= 8.0 rad/sec.
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Fig. 16: Ex. 2 (backlash) demonstrates forced oscillations achieved

through signal stabilization using a deterministic input: U = 5 sin (o),
where or=10.0 rad/sec.
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Fig. 17 ex. 4 (ideal saturation) demonstrates forced oscillations
achieved through signal stabilization using a deterministic input: U =
5 sin (o1t), where wf= 6.5 rad/sec.

3.2 Using Gaussian Signals

While stabilization of SISO nonlinear systems subjected to
random input signals has been explored [45, 47, 48], and current
research emphasizes robustness in the presence of uncertainty,
signal stabilization with random signals for memory
multivariable nonlinear systems, also in 2x2 systems, was
previously lacking [40, 49]. This work aims to address this gap
by investigating limit cycle quenching in a 3x3 nonlinear
system using a random signal.

Revisiting Examples 1 and 2, these systems exhibit limit cycles
(LC) in their autonomous states. A Gaussian signal with
specified mean (u) and variance (¢) is applied to inputs U, Us
& Us of the subsystems to stabilize the system by suppressing
the self-sustained oscillations. At appropriate values of u and ¢,
the self-sustained oscillations disappear, and the system
synchronizes to the high-frequency forcing input.

Figures 18(a) and 18(b) show the block diagram with a
Gaussian signal (4 = 60, ¢ = 0.05) and the result of forced
oscillations for Ex. 1, respectively. Figures 19(a) and 19(b)
show the block diagram with Gaussian stabilizing signal (u =
300, ¢ = 0.025) and the results of forced oscillations for Ex. 2,
respectively. Figures 20(a) and 20(b) show the block diagram
with stabilizing Gaussian signal (1 = 60, ¢ = 05) and the results
of forced oscillations for Ex. 4, respectively. Figures 21(a) and
21(b) show the block diagram with Gaussian stabilizing signal
(u =300 and ¢ = 0.25) and the results of forced oscillations for
Ex. 4, respectively.
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Fig. 18(a) forced oscillation (signal stabilization) of the equivalent

system in Figure 1, with a Gaussian input signal: 4 60, ¢ 0.05 (Ex. 1:
rectangular hysteresis).
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Fig. 18(b) forced oscillations in Ex. 1 (rectangular hysteresis) with
signal stabilization, driven by a Gaussian input (¢ 60, ¢ 0.05).
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Fig. 19(a) forced oscillation (signal stabilization) of the equivalent
system in Figure 1, with a Gaussian input signal: u 300, ¢ 0.025 (Ex.
2: backlash).
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Fig. 19(b) simulating forced oscillations via signal stabilization,
employing a Gaussian input signal (¢ 300, ¢ 0.025), applied to Ex. 2
(backlash). Results showing fully stabilized but ripples present after t
> 3000 sec.
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Fig. 20(a) representation the equivalent system of Fig. 1 for signal
stabilization by Gaussian signal: y = 60, ¢ = 0.05 for Ex. 4 (ideal
saturation).
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Fig. 20(b) shows the results/images corresponding to the system of Fig.
20(a) Ex.4 (ideal saturation)
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Fig. 21(a) representation the equivalent system of Fig. 1 for signal

stabilization by Gaussian signal: ¢ = 300, ¢ = 0.025 for Ex.
saturation).
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Fig. 21(b) shows the results/images corresponding to the system of Fig.

21(a) for Ex.4 (ideal saturation).
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4. Signal Stabilization with Deadbeat
Control

The process of signal stabilization is a type of response that
exhibits both transients and steady states. Of course, with the
proper amplitude of the dither signal, the synchronizing
frequency should be the frequency of the dither signal at the
steady state. However, the signal stabilization process is made
faster, and, in the minimum time, the steady-state synchronized
value is determined without the transients and any steady-state
error by a discrete signal, which is termed the edged deadbeat
approach of response.

A system in the digital domain represented by its pulse
transform function (Z-transform function) that has all poles at
the origin i.e. at z = 0, is termed as deadbeat [60].

Consider a system as shown in Fig. 22.

D_(zl—'la L ()

R(z)

Fig. 22 a simple model of a digital controller with unity feedback

4.1 Signal stabilization by deterministic signal
with deadbeat control

M(z) = Closed loop transfer function = £2 — L in order to
R(z) z"

have deadbeat response [61].

. Bzsin T
Z[B sin o4t] = 2y here n=1.

z2-2z cos wsT+1’
Where n=No. of excess poles than zeroes.

Hence — = — = 2z, In the use of SIMULINK Toolbox a z~*

zn z1
signal is to be multiplied with the stabilized/synchronized
output as shown in Fig. 23(a), and 24(a) for Examples 1 & 2,
respectively.
In the signal stabilization the deterministic input signal is B sin
oft.
Fig. 23(a) represents an equivalent system of Fig. 1 for signal
stabilization by 5 sin ot with deadbeat control for Ex. 1, where
of= 8.0 rad/sec.
Fig. 23(b) shows the results/images corresponding to the system
of Fig. 23(a) for Ex. 1 (rectangular hysteresis).
Fig. 24(a) represents an equivalent system of Fig. 1 for signal
stabilization by 5 sin ot with deadbeat control for Ex. 2 where
or=10.0 rad/sec.
Fig. 24(b) shows the results/images corresponding to the system
of Fig. 24(a) for Ex. 2 (backlash).
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u=5,
w = 8.0 rad/sec

Fig. 23(a) representation of an equivalent system of Fig. 1 for signal
stabilization by 5 sin ot with deadbeat control for Ex. 1 (rectangular
hysteresis) where or= 8.0 rad/sec
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Fig. 23(b) shows the results/images corresponding to the system of Fig.
23(a) (rectangular hysteresis).
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[y
U=5
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Fig. 24(a) representation of an equivalent system of Fig. 1 for signal
stabilization by 5 sin oft with deadbeat control for Ex. 2 (backlash)
where of = 10.0 rad/sec.
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Fig. 24(b) shows the results/images corresponding to the system of Fig.
24(a) (backlash).
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4.2 Signal stabilization by Gaussian signal with

deadbeat control

Fig. 25(a) represents the equivalent system of Fig. 1 for signal
stabilization by Gaussian signal: u = 60, ¢ = 0.05 with deadbeat
control for Ex. 1.

Fig. 25(b) shows the results/images corresponding to the system
of Fig. 25(a) for Ex. 1.

Fig. 26(a) represents the equivalent system of Fig. 1 for signal
stabilization by Gaussian signal: u = 300, ¢ = 0.025 with
deadbeat control for Ex. 2.

Fig. 26(b) shows the results/images corresponding to the system
of Fig. 26(a) for Ex. 2 (backlash).

Fig. 27(a) represents the equivalent system of Fig. 1 for signal
stabilization by Gaussian signal: u = 60, ¢ = 0.5 with deadbeat
control for Ex. 4 (ideal saturation).
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Uss
webarad'sec

e
+ |C
[

Fig. 25(a) representation of an equivalent system of Fig. 1 for signal
stabilization by 5 sin oft with deadbeat control for Ex. 4 (ideal
saturation) where of = 6.5 rad/sec.
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Fig. 25(b) shows the results/images corresponding to the system of Fig. ~ Fig. 26(b) shows the results/images corresponding to the system of Fig.
25(a) (ideal saturation), 26(a).
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Fig. 26(a) representation the equivalent system of Fig. 1 for signal

stabilization by Gaussian signal: u = 60, ¢ = 0.05 with deadbeat  Fig. 27(a) representation the equivalent system of Fig. 1 for signal
control for Ex. 1 (rectangular hysteresis). stabilization by Gaussian signal: g = 300, ¢ = 0.025 with deadbeat
control for Ex. 2 (backlash).
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Fig. 27(b) shows the results/images corresponding to the system of Fig.
27(a) for Ex.2 (backlash).
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Fig. 28(a) representation the equivalent system of Fig. 1 for signal
stabilization by Gaussian signal: u = 60, ¢ = 0.05 with deadbeat
control for Ex. 4 (ideal saturation).
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Fig. 28(b) shows the results/images corresponding to the system of Fig.
28(a) for Ex.4 (ideal saturation).
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Fig. 29(a) representation the equivalent system of Fig. 1 for signal
stabilization by Gaussian signal: g = 300, ¢ = 0.025 with deadbeat
control for Ex. 4 (ideal saturation).
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Fig. 29(b) shows the results/images corresponding to the system of Fig.
29(a) for Ex.4 (ideal saturation).

5. Comparison of Results
5.1 Comparison 1

Comparison of results for signal stabilization by deterministic
signals with the results obtained by 5 sin ot for Ex. 1., Ex. 2,
& Ex. 3 with the results obtained by signal stabilization with
that of deadbeat control where wr= 8 rad/sec. / wr=10 rad/sec /
®r=6.5 rad/sec.

5.2 Comparison 2

Comparison of Results for Signal Stabilization by Gaussian
Signals with the y = 60, variance = 0.05 and by Gaussian signals
with g = 300, variance = 0.025 with the results obtained by
Gaussian signals with deadbeat control for Ex. 1., Ex. 2., & Ex.
3.

5.3 Observation and Discussion

Observation of results/images of Fig. 15, Fig. 16 and Fig. 17
(signal stabilization by deterministic signals) and also
results/images of Fig. 18(b), Fig. 19(b), Fig. 20(b) and Fig.
21(b) (signal stabilization by Gaussian signals) content
transients and ripples up to 40 — 400 seconds.

Observation of results/images of Fig. 23(b), Fig. 24(b), and Fig.
25(b) (signal stabilization by deterministic signals using digital
control with deadbeat approach) and also results/images of Fig.
26(b), Fig. 27(b), Fig. 28(b), and Fig. 29(b) (signal stabilization
by Gaussian signals using digital control with deadbeat
approach) display transient free, ripple free, almost
instant/immediate response (takes almost zero time).
Comparison of these two sets of results encourages one to
implement this in the real process of load frequency operation

6. Conclusion

Digital and discrete systems, despite potential drawbacks like
inaccuracy and the risk of aliasing if sampling theorem
deviations occur, are widely preferred and adopted. This
preference is because of a greater technical advantage in having
deadbeat response. A deadbeat response offers several
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significant benefits: it's transient-free, exhibits no steady-state
error, and is ripple-free, leading to a much faster overall
response. In our current work on signal stabilization using
deadbeat control, we've observed remarkable improvements in
both accuracy and speed for both deterministic and Gaussian
signals. This exceptionally fast response could particularly
encourage researchers to explore its real-time application in
load frequency control.

The novelty in the present work opens an eye to using signal
stabilization with deadbeat control in the case where the
backlash type is an inherent characteristic of the device, like
governors. It is a common practice to have load frequency
control using the governors. Backlash nonlinearity is
ineluctable in governors, the presence of which causes the
exhibition of limit cycling (LC) oscillations that affect the load
frequency control. In such a case to quench/mitigate the LC,
signal stabilization may be opted for. It may demand signal
stabilization with deadbeat control in real-time implementation.
If so, like the most modern practice of robust design, signal
stabilization by random (Gaussian) signals with deadbeat
control may be preferred so that real-time implementation can
be possible.

Acknowledgment

The authors wish to thank the C.V. Raman Global
University, Bhubaneswar — 752054, Odisha, India, for
providing computer facilities for the preparation of this paper.

References

[1] Gelb, A, Limit cycles in symmetric multiple nonlinear
systems. IEEE Trans. Autumn. Control: AC-8, 1963, pp.
177-178.

Jud, H.G Limit cycle determination of parallel linear and
non- linear elements. IEEE Trans. Autumn. Control: AC-
9, 1964, pp. 183-184.

Gran, R., and Rimer, M Stability analysis of systems with
multiple nonlinearities. IEEE Trans. Autumn. Control: 10,
1965, pp. 94-97.

Davison, E.J., and Constantinescu, D Describing function
technique for multiple nonlinearity in a single feedback
system IEEE Trans Autumn. Control: AC-16: 1971, pp.
50-60

Oldenburger, R., T. Nakada T Signal stabilisation of self -
oscillating system IRE Trans. Automat Control. USA, 6,
1961, pp: 319-325.

Patra, K. C, Patnaik, A, Investigation of the Existence of
Limit Cycles in Multi Variable Nonlinear Systems with
Special Attention to 3x3 Systems. Int. Journal of Applied
Mathematics, Computational Science and System
Engineering. Vol. 5, 2023, pp. 93-114.

Nordin, M. and Gutman, P. O Controlling mechanical
systems with backlash- a survey, Automatica, vol. 38, (10),
2002, pp.1633-1649.

Wang, C., Yang, M., Zheng, W., Hu, K. and Xu, D,
Analysis and suppression of limit cycle oscillation for
Transmission System with backlash Nonlinearity, IEEE
Transactions on Industrial Electronics, vol. 62, (12), 2017,
pp- 9261-9270.

[2]

[3]

[4]

[3]

[6]

[7]

[8]

Volume 7, 2025



International Journal of Electrical Engineering and Computer Science

DOI: 10.37394/232027.2025.7.17

[9] Viswandham, N., and Deekshatulu, B.L Stability analysis
of nonlinear multivariable systems. Int. J. Control, 5, 1966,
pp- 369-375.

[10]Gelb, A. and Vader-Velde, W.E Multiple-input describing
functions and nonlinear system design, McGraw- Hill,
New York, 1968

[11]Nikiforuk, P.N., and Wintonyk, B.L.M Frequency
response  analysis of two-dimensional nonlinear
symmetrical and non-symmetrical control systems. Int. J.
Control, 7, 1968, pp.49- 62.

[12]1Raju, G.S., and Josselson, R Stability of reactor control
systems in coupled core reactors, IEEE Trans. Nuclear
Science, NS-18, 1971, pp. 388-394.

[13] Atherton, D.P Non-linear control engineering - Describing
function analysis and design. Van Noslrand Reinhold,
London, 1975

[14] Atherton, D.P., and Dorrah, H.T A survey on nonlinear
oscillations, Int. J. Control, 31. (6), 1980, pp. 1041-1105.

[15] Gray, J. O. And Nakhala, N.B Prediction of limit cycles in
multivariable nonlinear systems. Proc. IEE, Part-D, 128,
1981 pp. 233-241.

[16]Mees, A.I Describing function: Ten years on. IMA J. Appl.
Math., 34, 1984 pp. 221-233.

[17] Sebastian, L the self-oscillation determination to a category
of nonlinear closed loop systems, IEEE Trans. Autumn.
Control, AC-30, (7), 1985 pp. 700-704.

[18]Cook, P.A, Nonlinear dynamical systems, Prentice-Hall,
Englewood ClilTs, NJ, 1986

[19]Chang, H.C., Pan, C.T., Huang, C.L., and Wei, C.C A
general approach for constructing the limit cycle loci of
multiple nonlinearity systems, IEEE Trans. Autumn.
Control, AC-32, (9), 1987, pp. 845-848.

[20] Parlos, A.G., Henry, A.F., Schweppe, F.C., Gould, L.A.,
and Lanning, D.D Nonlinear multivariable control of
nuclear power plants based on the unknown but bounded
disturbance model, IEEE Trans. Autumn. Control, AC-33,
(2), 1988 pp. 130-134.

[21]Pillai, V.K., and Nelson, H.D A new algorithm for limit
cycle analysis of nonlinear systems, Trans. ASME, J. Dyn.
Syst. Meas. Control, 110, 1988, pp. 272-277.

[22] Genesio, R., and Tesi, A On limit cycles of feedback
polynomial systems, IEEE Trans. Circuits Syst., 35, (12),
1988, pp. 1523-1528.

[23]Fendrich, O.R Describing functions and limit cycles, IEEE
Trans. Autom. Control, AC -31, (4), 1992, pp. 486487.
[24] Tsay, T-S., Han, K-W., Limit Cycle Analysis of Nonlinear
Multivariable Feedback Control Systems. Journal of the
Franklin Institute, Volume 325, Issue 6, 1988, pp. 721-730.

[25] Zhuang, M., and Artherton, D.P PID controller design lor
TITO system, TEE Proc. Control Theory Appl. 141, (2),
1994, pp. 111-120.

[26]Loh, A.P., and Vasanu, V.V Necessary conditions for limit
cycles in multi loop relay systems, IEE Proc., Control
Theory Appl., 141, 31, 1994, pp. 163-168.

[27]Hakimi, A. R. and Binazadeh, T, Inducing sustained
oscillations in a class of nonlinear discrete time systems,
Journal of Vibration and control vol. 24, Issue 6, July, 20,
2016.

E-ISSN: 2769-2507

186

Kartik Chandra Patra, Asutosh Patnaik

[28]Patra, K. C, Singh, Y.P, Graphical method of prediction of
limit cycle for multivariable nonlinear system. IEE Proc.
Control Theory Appl.: 143, 1996, pp. 423-428.

[29] Tesi, A, Abed, E. H., Genesio, R., Wang, H. O., Harmonic
balance analysis of periodic doubling bifurcations with
implications for control of nonlinear dynamics, Automatic,
32 (9), 1996, 1255, 1271.

[30]Habib, G, and Kerschen, G. Suppression of limit cycle
oscillations using the nonlinear tuned vibration absorber.
Mathematical Physical and Engineering Sciences, 08 April
2015 https://dol.org

[31]Lim, L. H and Loh, A.P. Forced and sub-harmonic
oscillations in relay feedback systems, Journal of the
Institution of Engineers Singapore, 45(5),(2005),pp88-100

[32]Hori, Y., Sawada, H., Chun, Y., Slow resonance ratio
control for vibration suppression and disturbance rejection
in torsional system, IEEE Trans. Ind. Electron., vol. 46, (1),
1999, pp.162-168.

[33]Raj Gopalan, P.K and Singh, Y. P. Analysis of harmonics
and almost periodic oscillations in forced self-oscillating
systems, Proc 4th IFAC Congress, Warsaw.41,(1969),80-
122

[34]Lin, C.H., Han, K.W Prediction of Limit cycle in Nonlinear
two input two output control system, ‘IEE Proc.-Control
Theory Appl. Vol.146, No.3 may. 1999.

[35]Chidambaram, I.A, and Velusami, S Decentralized biased
controllers for load-frequency control of inter connected
power systems considering governor dead band non-
linearity, INDICON, Annual IEEE, 2005, pp.521-525.

[36] Eftekhari, M and Katebi, S. D Evolutionary Search for
Limit Cycle and Controller Design in Multivariable
nonlinear systems, Asian Journal of Control, Vol. 8, No. 4,
2006, pp. 345 — 358.

[37]1Katebi, M., Tawfik, H., Katebi, S. D., Limit Cycle
Prediction Based on Evolutionary Multi objective
Formulation, Hindawi Publishing Corporation,
Mathematical Problems in engineering Volume, Article ID
816707, 2009, 17pgs.

[38]Garrido, J, Morilla, F., Vazquez, F., Centralized PID
control by Decoupling of a Boiler-Turbine Unit,
Proceedings of the European Control Conference,
Budapest, Hungary, Aug. 2009, 23-26.

[39] Tsay, T.S Load Frequency control of interconnected power
system with governor backlash nonlinearities, Electrical
Power and Energy, vol. 33, 2011, pp.1542-1549.

[40]Tsay, T.S Limit Cycle prediction of nonlinear
multivariable feedback control systems with large
transportation lags, Hindawi Publishing corporation
journal of control science and Engineering, Vol., article id
169848, 2011.

[41]Tsay, T.S Stability Analysis of Nonlinear Multivariable
Feedback Control systems, WSEAS Transactions on
systems, Volume 11, Issue 4, 2012, pp. 140 — 151.

[42]Sujatha, V., Panda, R. C Relay Feedback Based Time
domain modelling of Linear 3-by-3 MIMO System,
American Journal of System Science, Scientific &
Academic Publishing, 1(2) 2012, pp. 17-22.

[43]Wang, C, Ming, Y, Weilong, Z., Jiang, L., and Dianguo,
X., Vibration suppression with shaft torque limitation
using explicit MPC-PI switching control in elastic drive

Volume 7, 2025



International Journal of Electrical Engineering and Computer Science

DOI: 10.37394/232027.2025.7.17

systems, IEEE Trans. Ind. Electron, vol. 62, (11), 2015, pp.
6855-6867.

[44]Yang, M, Weilong, Z., Jiang, L. and Dianguo, X.,
Suppression of mechanical resonance using torque
disturbance observer for two inertia system with backlash
Proc. IEEE 9th Int. Conf. Power Electron., ECCE Asia,
2015, pp. 1860 - 1866.

[45]Shi, Z, and Zuo, Z back stepping control for gear
transmission servo systems with backlash nonlinearity
IEEE Trans. Autumn. Sci. Eng., vol. 12, (2), 2015, pp. 752-
757.

[46] Patra, K. C, and Dakua, B. K, Investigation of limit cycles
and signal stabilisation of two dimensional systems with
memory type nonlinear elements, Archives of Control
Sciences, vol. 28, (2), 2018, pp. 285-330.

[47] Zeineb, R., Chekib,G. and Naceur, B. B Non-fragile H
Stabilizing Nonlinear Systems Described by Multivariable
Hammerstein Models Nonlinear Dynamics of Complex
Systems, Hindawi (Special Issue) Volume 2021,19 Feb.
2021,

[48]Patra, K. C, Kar, N Suppression Limit cycles in 2 x 2
nonlinear systems with memory type nonlinearities,
International Journal of Dynamics and Control, Springer
Nature’,34,95€, vol.10 Issue 3, 2022, pp 721-733.

[49]Elisabeth, T.M & Seng, C. C. Designing Limit-Cycle
Suppressor Using Dithering and Dual-Input Describing
Function Methods. Mathematics, Vol.8(MDPI) No.6,2020

[50]Keran, S, Xiaolong, W and Rongwei, G. Stabilization of
Nonlinear Systems with External Disturbances Using the

DE-Based Control Method Symmetry (MDPI), 15,
987,2023
[51]Stanislaw, H. Z'ak Systems and Control’ Oxford

University Press, 2003, pp. 77 — 83.

[52]Lopez, D.S, Vega, A.P, Fuzzy Control of a Toroidal
Thermosyphon for Known Heat Flux Heating Conditions,
Proceeding of the 8th World Congress on Momentum,
Heat and Mass Transfer (MHMT’23), Lisbon Portugal-
March 26-28, 2023. DOI:10.11159/entht23.133

[53]Corrado. C, Roney, C. H., Razeghi, O., Lemus, J. A. S.,
Coveney, S., Sim, I., Williams, S. E., O’neil, M.D.,
Wilkinson, R.D., Clayton, R. H., Niederer, S. A.,
Quantifying the impact of shape uncertainty on predict
arrhythmias, Computers in Biology and Medicine, Elsevier
Ltd., 153, 2023, 106528.

[54]Chen, W., Yang, X, Liao, Z, Wu, L., and Qiu, N.,
Oscillation characteristics and trajectory stability region
analysis method of hierarchical control microgrids, Energy
Reports, 9, 2023, pp 315-324.

[55]Kumar, U., Pushpavanam, S., The effect of sub diffusion
on the stability of autocatalytic systems, Chemical
Engineering Science, Elsevier Ltd., 265, 2023, 118230.

[56]Marrone, J. 1., Sepulchre, J. A., and Ventura, A. C., A
nested bistable module within a negative feedback loop
ensures different types of oscillations in signalling systems,
Scientific reports| Nature portfolio, 2023, 13:529.

[57]Munch, S, B., Rogers, T. L., Sugihara, G., Recent
developments in empirical dynamic modelling, Methods in
Ecology and Evolution, 2022, 14, pp 732-745.

[58]Patra, K. C., Patnaik, A., Analysis and Control of 3x3
Systems with Memory Nonlinearities: Estimation,

E-ISSN: 2769-2507

187

Kartik Chandra Patra, Asutosh Patnaik

Stabilization, and Suppression Limit Cycles. International
Journal of Mathematical and Computational Methods,
http://www.iaras.org/iaras/journals/ijmcm, vol. 10, pp 93-
124, 2025.

[59]Raymond, T. Stefani, Shahian, B., JR. C. J. S., and
Hostetter, G. H., Design of Feedback Control Systems,
Oxford University Press, 4th edition, 2002, pp. 677-678.

[60]Benjamin, C., Kuo, Digital Control Systems, Oxford
University Press, 2nd Edition, 8th Impression, 2009.

[61]0lden burger, R., Liu, C.C. “Signal stabilization of a
control system”. AIEEE Transactions. Pt II, vol 78 pp 96-
100, 1959.

[62]0Olden burger, R., Sridhar, R. “Signal Stabilization of a
Control System with Random Input”. Journal of
Magazines, Transactions of the American Institute of
Electrical Engineering. Part II: Applications and Industry:
Vol 180, Isane, pp 260-268, Nov. 1961.

[63]Sridhar, R. Oldenburger, R: “Stability of a Non-linear
feedback system in the presence of Gussian Noise” Journal
of Basic Engineering, 1962.

[64] Thotakura N.L, Burge C.R, Liu Y: “Impact of the Exciter
and Governor Parameters on Forced Oscillations” MDPI
Electronics 2024,13,3177,
http:doi.org/10.3390,MDPI, Switzerland.

[65]Wang,C, Yang, M, Zheng, W, Hu, K, Xn,D: “Analysis &
Suppression of Limit Cycle Oscillation for Transmission
system with Backlash Nonlinearity IEEE Transactions on
industrial Electronics, vol.62, No12, pp 9261-9270,2017.

[66]Sing,Y.P: Some aspects of forced oscillations of non-linear
systems (Doctoral dissertation, Ph.D. Thesis, Electrical
Engg, IIT Kharagpur, India (1968)

Dr. Kartik Chandra Patra received B.Sc. Eng. (Hons) Degree
in Electrical Engineering from REC (now NIT) Rourkela 1971,
M. Sc, Eng. from SBP, Unv. in 1976 and Ph.D. Degree in
Engineering from IIT Kharagpur, India in 1986. He has been
working as a Professor in Electrical Engineering since 1989 to
2007 at IGIT, Sarang, Odisha, India, presently at C. V. Raman
Global University, Bhubaneswar Odisha, India; he has
published 135 research papers in Journals and Conferences. He
has authored one book in Control System Engineering. He has
bagged 23 National and State Level Awards for his research
work. Guided several research scholars towards Ph. D degrees
in: Analysis of Signal Stabilization of multivariable nonlinear
control systems, Analysis of switching boost converters,
Optimal design of electrical equipment and their application in
Industrial Sectors leading to energy conservation, Investigation
of Limit Cycles and signal stabilization of two dimensional
systems with memory type nonlinear elements.

Asutosh Patnaik is presently working as Assistant Professor in
Department of Electrical and Electronics Engineering, C. V.
Raman Global University, Bhubaneswar. He received his M.
Tech degree in Electronic Information Systems from
Berhampur University, Berhampur, Odisha. He is pursuing Ph.
D in Electronics at Berhampur University, Berhampur, Odisha.
He has 17 years of teaching experience. He has 19 nos. of
publications in international/national journals and conferences

Volume 7, 2025



International Journal of Electrical Engineering and Computer Science

DOI: 10.37394/232027.2025.7.17

of repute. His area of interest is in Signal Processing,
Communication, Nano electronics

Contribution of individual authors to the creation
of a scientific article (ghostwriting policy)

Author Contributions: Please, indicate the role and
the contribution of each author:
Example

Kartik Chandra Patra has formulated the problem,
methodology of analysis adopted and algorithm of
computation presented.

Asutosh Patnaik has made the validation of the results
using the geometric tools and SIMULINK toolbox of
MATLAB software.

Sources of funding for research presented in a
scientific article or scientific article itself

No source of funding.

Conflict of Interest

The authors have no conflicts of interest to declare that
are relevant to the content of this article.

Creative Commons Attribution License 4.0
(Attribution 4.0 International , CC BY 4.0)

This article is published under the terms of the Creative
Commons Attribution License 4.0
https://creativecommons.org/licenses/by/4.0/deed.en_US

E-ISSN: 2769-2507 188

Kartik Chandra Patra, Asutosh Patnaik

Volume 7, 2025


https://creativecommons.org/licenses/by/4.0/deed.en_US



