
   International Journal of 
                    Electrical and Electronics Research (IJEER) 

Open Access | Rapid and quality publishing                                         Research Article | Volume 12, Issue 2 | Pages 428-434| e-ISSN: 2347-470X 

 

428 Website: www.ijeer.forexjournal.co.in                     Modelling of IPFC with multifunctional VSC for low 

 

░ ABSTRACT- The unified power flow controller (UPFC) approach maximizes active power transfer with the least amount 

of losses by independently controlling both reactive and active power flow. This makes it possible to use individual transmission 

lines more effectively. The interline power flow controller (IPFC) utilizes the concept of UPFC for economic operation and control, 

management of multiline transmission systems. In its most basic form, the IPFC consists of many DC to AC converters such as 

voltage source inverters (VSCs), each of which performs the same purpose as the UPFC: providing series compensation for every 

line in multiline transmission system. A novel idea for the efficient power flow control management and compensation in multiline 

transmission system is the IPFC. This research proposed a backup controller for an effective modelling of IPFC in order to reduce 

low-frequency oscillations using four different damping controller options. The choice of an efficient damping control signal is 

discussed in this work in order to create a durable IPFC damping controller that can withstand changes in system loads and power 

supply problems. Using the proposed control approach, it is feasible to acquire both oscillation damping and independent interline 

power flow regulation. The results obtained in this research was improved the dynamic stability of the system using VSC based 

IPFC and proposed control strategy. 
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░ 1. INTRODUCTION   
Power systems have begun to use Flexible AC Transmission 

Systems (FACTS) devices as a result of the quick development 

of power electronics [1]. It is possible to regulate power flow 

and improve system stability by using FACTS devices. The use 

of FACTS devices in the operation and control of power 

systems with new loading and power flow circumstances is 

becoming more popular, especially with the deregulation of the 

energy market. Installing FACTS devices will improve the 

current power systems' capacity and controllability, making 

better use of them essential. Given the current circumstances, 

two primary factors should be taken into account when utilizing 

FACTS devices: First, the power system may operate in a 

flexible manner based on the FACTS devices' capacity to 

manage power flow. The other component is the enhancement 

of power system transient and steady-state stability [2]. FACTS 

devices are the ideal solution to these problems. 
 

The interconnection of substantial power networks is subject to 

low-frequency oscillations in the frequency range of 0.2 to 3.0 

Hz. A power system stabilizer (PSS) is used to improve power 

system oscillation stability. It is inexpensive, efficient, and 

straightforward [3]. For consumers to obtain high-quality 

electricity, the power system's performance must be improved. 

The primary tool for minimizing system losses and maintaining 

power system stability is reactive power compensation. Devices 

known as FACTS have proven to be incredibly successful 

controllers for improving system performance. Power system 

stabilizers may not be as effective as FACTS controllers in 

suppressing oscillations brought on by severe disturbances, 

including 3-phase failures [4]. FACTS controllers such as 

Unified Power Flow Controllers (UPFC), Static VAR 

compensators (SVC), and Static Synchronous compensators 

(STATCOM) can also be used to improve the steady state, 

transient stability of the system and minimizes the damping 

oscillations through a backup signal in the primary control loop 

[5]. A novel FACTS controller idea for series compensation, the 

IPFC [6] has the special capacity to govern power flow among 

many lines. IPFC uses a shared DC connection between two or 

more voltage source converters (VSCs). Every VSC can 

exchange reactive power with its gearbox system and offer a 

range of compensation for the chosen line (slave or master line) 

in the transmission system. The damping controller of low 
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power frequency oscillations in the power system must be 

designed for a nonlinear dynamic model of the power system in 

order to achieve accuracy and desired performance at damping 

of oscillations. A system with one machine and two lines out 

can also employ an SSSC or STATCOM for budgetary reasons, 

however the linear system model with more than two installed 

IPFCs were very effective in stabilizing the system [7]. The 

reactive and active capacities of the transmission lines do not 

independently control. A linearized Phillips-Heffron model is 

used to construct an IPFC damping controller for the power 

system that is connected to a single machine with infinite bus 

by 3-IPFCs each for one line. Four different damping 

controllers are to be created in this [8-9]. Because IPFC 

compromises fewer converters than conventional active power 

filters like. UPFC and UPQC, the system arrangement in Figure 

1 emphasizes IPFC's advantage over these filters. In 2010, R. 

Strzelecki and G. Benysek addressed this benefit [10]. The 

author of a 2011 study comparing the use of IPFC and UPFC in 

power transmission systems concluded that IPFC is a very 

effective FACTS device in the contemporary power system 

network [11]. As seen in figure 2, the DC-to-AC converters may 

be viewed as synchronous voltage sources injecting an 

essentially sinusoidal controlled voltage (magnitude and phase 

angle) in the steady-state analysis of power systems [12]. 
 

 
 

Figure 1. An Interline Power flow controller with VSCs 
 

 
 

Figure 2. Single-line diagram of IPFC 
 

This architecture allows each voltage source converter (VSC) 

to remove the reactive power from its line to the common DC 

link, in addition to offering individual series compensation. 

Because of this, the underutilized lines might supply an overall 

surplus of power that other lines can use to reduce the reactive 

power flow by using reactive power compensation through 

IPFC. For some converters, this implies that high-priority lines 

or lines with a high reactive power flow demand can have 

complete two-dimensional reactive and active power control 

capacities embedded in them, similar to what the UPFC 

performs [13]. To properly coordinate the control mechanisms 

of the converters and accomplish the aim of zero total active 

power exchange between the IPFC and all of the lines, it appears 

that this design demands rigorous control of the overall power 

balance at the common DC terminal. 

 

░ 2. MATHEMATICAL MODELLING 

OF A SINGLE MACHINE POWER 

SYSTEM WITH VSC-BASED IPFC 
The operational characteristics of the IPFC provided in [14]. 

The conventional Interline power flow controller arrangement 

uses several DC to AC inverters, each of which offers series 

compensation for a different connection. The IPFC may provide 

a very effective power transmission regulation scheme for 

multiline substations. Nonetheless, the compensating inverters 

adhere to the basic IPFC by being connected at their DC 

terminals [15], as figure 3 illustrates. With this, any inverter 

may be made to transmit actual power from its transmission line 

to a common DC connection, in addition to offering series 

reactive compensation. As a result, the underutilized lines might 

provide an overall surplus of power that other lines can use to 

make up for lost power. Similar to what UPFC offers, certain 

inverters that compensate for overloaded or heavily reactive 

power- laden lines can also be outfitted with complete two-

dimensional, reactive, and real power flows and control 

capabilities [16]. The under loaded lines provide the overloaded 

lines with sufficient actual power transmission, which is the 

essential idea behind this configuration. To maintain the overall 

power balance between the two terminals at the common DC 

terminal, accurate monitoring control is therefore required. 
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Figure 3. Line diagram of a single machine power system with VSC-

based IPFC 
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The components of this IPFC are a common DC link capacitor 

(Cdc), as Slave Voltage Source Converter (VSC-S) and a Master 

Voltage Source Converter (VSC-M). The voltages of the 

transformers on lines 1 and 2, respectively, are Vinj1 and Vinj2 

[17]. It is requiring to install Static Synchronous Series 

Compensator (SSSC) and Static Compensator (STACOM) for 

providing the control capacities while the system is using only 

two lines. The voltages of infinite bus and the terminals voltages 

are supplied by Slave VSC and Master VSC respectively 
denoted by VB, VS, Vinj1, and Vinj2. The IPFC input signals in 

figure 3 are the control inputs for each VSC, represented by m1, 

m2, δ1, and δ2, which represent the amplitude modulation ratio 

and phase angle, respectively [18]. 
 

For the IGBT-based VSC, pulse width modulation, or PWM, 

is essential to produce the gating pulsed for the IGBT switches 

to control/regulate the voltage. By neglecting the resistance of 

the IPFC transformers the per unit values of three phase 

dynamic differential equations of UPFC and IPFC can be 

modelled using Park’s Transformation as mentioned below. 

 

[
𝑉𝑖𝑛𝑗1𝑑

𝑉𝑖𝑛𝑗 1𝑞
] = [

0 𝑋t1

−𝑋t1 0
] [

𝐼1𝑑

𝐼1𝑞
] + [

𝑉𝑖1𝑑

𝑉𝑖1𝑞
]                                   (1) 

 

 𝑉𝑖1𝑑 =
𝑚1𝑉𝑑𝑐𝑐𝑜𝑠 𝛿1

2
                                                        (2) 

 

𝑉𝑖1𝑞 =
𝑚1𝑉𝑑𝑐𝑆𝑖𝑛 𝛿1

2
                                                        (3) 

 

[
𝑉𝑖𝑛𝑗2𝑑

𝑉𝑖𝑛𝑗 2𝑞
] = [

0 𝑋t2

−𝑋t2 0
] [

𝐼2𝑑

𝐼2𝑞
] + [

𝑉𝑖2𝑑

𝑉𝑖2𝑞
]                            (4) 

  

𝑉𝑖2𝑑 =
𝑚2𝑉𝑑𝑐𝑐𝑜𝑠 𝛿2

2
                                                            (5)  

 

𝑉𝑖2𝑞 =
𝑚2𝑉𝑑𝑐𝑆𝑖𝑛 𝛿2

2
                                                             (6) 

 
𝑑𝑣𝑑𝑐

𝑑𝑡
=

𝑚1

2𝐶𝑑𝑐

[𝐶𝑜𝑠𝛿1  𝑆𝑖𝑛𝛿1] [
𝐼1𝑑
𝐼1𝑞

] +
𝑚2

2𝐶𝑑𝑐

[𝐶𝑜𝑠𝛿2  𝑆𝑖𝑛𝛿2] [
𝐼2𝑑
𝐼2𝑞

] (7) 

 

Here,  

Vdc = DC link Voltage (Volts), Xt1 = Reactance of the master 

injection transformer, Xt2 = Reactance of the Slave injection 

transformer 

 

𝐼1̅ =  𝐼1𝑑 + 𝑗𝐼1𝑞  , 𝐼2̅ =  𝐼2𝑑 + 𝑗𝐼2𝑞                                        (8) 

 

The above equations are utilized to construct the dynamic 

model of a single-machine infinite bus power system with an 

IPFC. 

 

𝛿̇ = 𝜔0𝜔                                              (9) 

  

𝜔̇ =
𝑃𝑚 − 𝑃𝑒 − 𝐷𝜔

2𝐻
                                                               (10) 

𝐸̇𝑞
′ =

−𝐸𝑞 + 𝐸𝑓𝑑

𝑇𝑑𝑜
′                                                            (11) 

 

𝐸̇𝑓𝑑 = −
1

𝑇𝐴
𝐸𝑓𝑑 +

𝐾𝐴

𝑇𝐴
(𝑉𝑠0 − 𝑉𝑠)                                    (12) 

 

Here, Vs refers the actual terminal voltage and Vso refers the 

reference value of the terminal voltage 

𝑇𝑒=𝑃𝑒 = 𝑉𝑠𝑞𝐼𝑞 + 𝑉𝑠𝑑𝐼𝑑  ,     𝐸𝑞 = 𝐸𝑞
′ + (𝑋𝑑 − 𝑋𝑑

′ )𝐼𝑑 ,         𝑉𝑠 =

√𝑉𝑠𝑑
2 + 𝑉𝑠𝑞

2  , 𝑉𝑠𝑑 = 𝑋𝑞𝐼𝑞 

 

𝑉𝑠𝑞 = 𝐸𝑞
′ − 𝑋𝑑

′ , 𝐼𝑑 = 𝐼1𝑑 + 𝐼2𝑑 + 𝐼3𝑑 , 𝐼𝑞 = 𝐼1𝑞 + 𝐼2𝑞 + 𝐼3𝑞   (13) 

 

Figure 1 allows us to have, 

𝑉𝑠𝑑 + 𝑗𝑉𝑠𝑞 = 𝑋𝑞 + (𝐼1𝑞 + 𝐼2𝑞 + 𝐼3𝑞) + 𝑗[𝐸𝑞
′ − 𝑋𝑑

′ (𝐼1𝑑 + 𝐼2𝑑 + 𝐼3𝑑)] 

 

j(𝑋𝐿3)(𝐼3𝑑 + 𝑗𝐼3𝑞) = 𝑗(𝑋𝐿1 + 𝑋𝑡1)(𝐼1𝑑 + 𝑗𝐼1𝑞) − 𝑉𝑖1𝑑 − 𝑗𝑉𝑖1𝑞   (14) 
 

From the equations (10) to (14), 

𝐼1𝑞 = 𝑉𝑖1𝑑  𝑋𝑞11 + 𝑉𝑖2𝑑  𝑋𝑞21 + 𝑉𝑏𝑋𝑞𝑏1 sin 𝛿                      (15)   
 

𝐼1𝑑 = 𝑉𝑖1𝑞 𝑋𝑑11 + 𝑉𝑖2𝑑  𝑋𝑑21 + 𝑉𝑏 𝑋𝑑𝑏1 cos 𝛿 + 𝐸𝑞
′  𝑋𝑑𝑒1     (16) 

 

𝐼2𝑞 = 𝑉𝑖1𝑑  𝑋𝑞12 + 𝑉𝑖2𝑑 𝑋𝑞22 + 𝑣𝑏 𝑋𝑞𝑏2 sin 𝛿                          (17) 
 

𝐼2𝑑 = 𝑉𝑖1𝑞 𝑋𝑑12 + 𝑉𝑖2𝑑  𝑋𝑑22 + 𝑉𝑏 𝑋𝑑𝑏2 cos 𝛿 + 𝐸𝑞
′  𝑋𝑑𝑒2     (18) 

 

𝐼3𝑞 = 𝑉𝑖1𝑑  𝑋𝑞13 + 𝑉𝑖2𝑑 𝑋𝑞23 + 𝑣𝑏 𝑋𝑞𝑏3 sin 𝛿                          (19) 

 

𝐼3𝑑 = 𝑉𝑖1𝑞 𝑋𝑑13 + 𝑉𝑖2𝑑  𝑋𝑑23 + 𝑉𝑏 𝑋𝑑𝑏3 cos 𝛿 + 𝐸𝑞
′  𝑋𝑑𝑒3     (20) 

 

Where, 
 

∆𝑃𝑒 = 𝑘1∆𝛿 + 𝐾2∆𝐸𝑞
′ + 𝐾𝑝𝑑∆𝑉𝑑𝑐 + 𝐾𝑝1∆𝑚1 + 𝐾𝑝𝛿1∆𝛿1 +

𝐾𝑝2∆𝑚2 + 𝐾𝑝𝛿2∆𝛿2                                 (11) 
 

∆𝐸𝑞
′ = 𝑘4∆𝛿 + 𝐾3∆𝐸𝑞

′ + 𝐾𝑞𝑑∆𝑉𝑑𝑐 + 𝐾𝑞1∆𝑚1 + 𝐾𝑞𝛿1∆𝛿1 +

𝐾𝑞2∆𝑚2 + 𝐾𝑞𝛿2∆𝛿2                               (12) 
 

∆𝑉𝑠 = 𝑘5∆𝛿 + 𝐾6∆𝐸𝑞
′ + 𝐾𝑣𝑑∆𝑉𝑑𝑐 + 𝐾𝑣1∆𝑚1 + 𝐾𝑣𝛿1∆𝛿1 +

𝐾𝑣2∆𝑚2 + 𝐾𝑣𝛿2∆𝛿2                               (13) 
 

∆𝑉𝑑𝑐 = 𝑘7∆𝛿 + 𝐾8∆𝐸𝑞
′ − 𝐾9∆𝑉𝑑𝑐 + 𝐾𝑐1∆𝑚1 + 𝐾𝑐𝛿1∆𝛿1 +

𝐾𝑐2∆𝑚2 + 𝐾𝑐𝛿2∆𝛿2                            (14) 
 

Make a metrics form arrangement of the aforementioned 

equations as 

 
Where, the parameters ∆m1, ∆m2, ∆δ1, and ∆δ2 indicate the 

linearization of the IPFC's input control signals. Figure 4 

displays the dynamic model that has been linearized. 
 

Both the multi-converter IPFC configuration and the basic 

IPFC depicted in figure 3 may be understood by using this 

logic. PS1 and QS1 are typically exchanged between converter 

https://www.ijeer.forexjournal.co.in/
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VSC1 and the line upon Vinj1 injection on system 1. Typically, 

the injection voltage Vinj1,2 is divided into d-q components 

using Park’s transformation, making it easier to examine whole 

system. The Vinj1q is the quadrature component that has more 

effect on the real power the Vinj1d is the direct/in-phase 

component has more effect on the reactive power. Reactive 

power exchange (QS1) is provided by the converter itself. The 

DC terminals must, however, satisfy a demand imposed by the 

active power (PS1). By using the PS1+PS2 = 0 constraint, 

Converter VSC-2 is responsible for meeting this requirement. 

 

░3. DESIGN OF IPFC CONTROLLER 
The synchronous machine Phillips-Heffron model is frequently 

used for off-line PSS design and tiny signal stability analysis. 

By dampening the oscillations of the generator rotor, oscillatory 

instability may be solved satisfactorily and economically. PSS 

design aims to offer supplementary damping torque at crucial 

oscillation frequencies without compromising the 

synchronising torque. 
 

 
 

Figure 4. IPFC based Phillips Heffron Model 
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Figure 5. Power system stabilizer control diagram 
 

A block diagram can be used to demonstrate the theoretical 

underpinnings of a power system stabiliser, as seen in figure 5, 

where the PSS's function is to add a damping torque component. 

The speed variation ∆ωr is a functional output that should be 

utilized to regulate generator excitation. To account for the 

phase lag between the exciter input and electrical torque, the 

PSS transfer function, Gpss(s), needs suitable phase correction 

circuits. 

 

░4. DAMPING CONTROLLER DESIGN 
In order to generate an electric torque in step with the speed 

variation, the damping controllers are built. To generate the 

damping torque, one can modify the four IPFC control 

parameters (m1, m2, δ1, δ2). The damping controllers use the 

speed deviation, ∆w, as an input. In this paper, the four 

different IPFC-based damping controllers are analysed. 

Moving forward, a damping controller that utilises IPFC 

control parameter m1 will be referred to as a damping 

controller (m1). Likewise, damping controllers are determined 

by m2, δ1, and δ2. 
 

The process of finding the parameters of the damping 

controller with phase compensation is given in below steps: 
 

1. The natural frequency of oscillation ωn can be calculated 

by using the expression below 
 

ωn= √
𝐾1𝜔0

𝑀
 

 

2. The Phase angle (γ) can be computed by S= jωn. Where ωn 

is natural frequency of oscillations found in step-1. 
 

3.  The transfer function (Gc) of the lead-lag compensator is 

then determined with the following block diagram. 
 

 
4. The necessary level of phase adjustment is provided 

by the phase lead/lag compensator Gc. for a complete 

phase shift. 
 

 
 

5. The transfer function of the phase compensator Gc(s) 

is found by assuming on lead-lag compensator (T1 = 

a T2). 
 

Gc (s) =  
1+𝑠.𝑎𝑇2

1+𝑠.𝑇2
 

 

6. Given that γ is the phase angle that the lead-lag 

network adjusts for, T2 and the parameters can be 

found as   follows 
 

 

 
7. Computation of optimum gain Kdc. 

https://www.ijeer.forexjournal.co.in/
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To get the required quantity of damping torque, the IPFC 

damping controller can supply the value Kdc is setting. The high 

pass filter known as signal washout keeps the IPFC input 

parameter from changing when there are consistent variations 

in speed. In order for signals related to the speed oscillations in 

rotor is unaltered, the settling time constant value needs to be 

large enough. The value may be anything between 1 and 20 

seconds, and from the perspective of the washout function, it is 

not significant. Tw equal to 10s is used as the Reference in this 

work. 

 

░ 5. RESULTS & DISCUSSIONS 

When loads fluctuate and impact the transmission system, the 

power system is typically not in a stable state. Power system 

torque angle and speed deviations result from various load 

variations; as a result, power system power fluctuations may 

occur. 
 

 
 

Figure 6. Angle deviation without using PSS and IPFC 
 

 
 

Figure 7. Speed change with time when PSS is in                                                 

operating condition 
      

Figure 6 illustrates how, in the absence of controllers, low-

frequency oscillations and angle deviation rise with respect to 

time. As a result, the system becomes unstable. Consider the 

power system stabiliser, which was previously presented and is 

in working order, the waveforms in figure 7, and the speed 

deviation that can be controlled on the generator side in order to 

reduce these low frequency oscillations. Likewise, the low-

frequency oscillations can be regulated in the transmission 

system and the angle deviations seen in figure 8, above by 

installing a power system stabilizer. We want to manage these 

low frequency oscillations to stabilize power system. An 

interline power flow controller fitted in series with the gearbox 

system regulates the phase angle and subsequently the speed 

deviations in the system, as illustrated in figure 9. In figure 6, 

the low-frequency oscillations are enhanced with varied loads 

in the power system. 
 

 
 

Figure 8. Angle deviation with PSS 
 

 
 

Figure 9. Phase angle speed deviation when IPFC in operating 

condition 

 
 

Figure 10. Variations in speed while operating the IPFC 
 

Figure 6 illustrates how, in the absence of controllers, low-

frequency oscillations and angle deviation rise with respect to 

time. As a result, the system becomes unstable. Consider the 

power system stabiliser, which was previously presented and is 

in working order, the waveforms in figure 7, and the speed 

deviation that can be controlled on the generator side in order to 

reduce these low frequency oscillations. Likewise, the low-
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frequency oscillations can be regulated in the transmission 

system and the angle deviations seen in figure 8, above by 

installing a power system stabilizer. We want to manage these 

low frequency oscillations to stabilize power system. An 

interline power flow controller fitted in series with the gearbox 

system regulates the phase angle and subsequently the speed 

deviations in the system, as illustrated in figure 9. In figure 6, 

the low-frequency oscillations are enhanced with varied loads 

in the power system. 

 

The IPFC, as shown in figure 10, will maintain system stability 

and rectify speed deviations faster than the power system 

stabilizer. 
 

 
 

Figure 11. Angle deviation with IPFC in operation 

 

 
 

Figure 12. Mechanical & electrical power flow response 
 

Specifically, as seen in figure 11, by controlling the interline 

power flow controller's angle deviation with respect to time, a 

parameter that has to be controlled in the shortest period of time 

relative to PSS. The transmission system would be more stable 

if IPFC was used to regulate both speed variation and angle 

variation in the power system. In addition, as figure 12 shows, 

the power flow needs to be controlled. The waveform in the 

transmission system will control the power system's mechanical 

and electrical power. The comparative analysis for validation of 

this study with the published article is seen in table.1 

 

 

░Table 1. Comparative analysis of the results 
 

Details 

of the 

Study 

Angle of 

Deviation 
Speed Deviation 

Change 

in power 

(p.u) 

Without  

PSS & 

IPFC 

With 

PSS 

& 

IPFC 

Without 

PSS & 

IPFC 

With 

PSS 

& 

IPFC 

A. V. N. 

Babu et 

al. 

(2010) 

6.5 5.2 0.09 0.032 0.021 

A. 

Murugan 

et al. 

(2013) 

7.2 4.5 0.15 0.021 0.024 

Mircea 

Eremia 

et al. 

(2016) 

8.2 5.8 0.13 0.019 0.019 

T. Kiran 

et al. 

(2020) 

7.6 4.9 0.24 0.017 0.021 

Muluneh 

Lemma 

et al. 

(2022) 

7.1 5.2 0.15 0.021 0.016 

Proposed 8.7 4.9 0.11 0.015 0.013 

 

░ 6. CONCLUSIONS 
This study examines the effects of low-frequency oscillations 

on rapid variations in loads, torque angle, and speed in a single-

machine infinite bus power system operating in a steady 

situation. As a result, the system becomes less stable and has a 

reduced capacity for electricity transmission. The power 

system, which is described in the simulation findings, uses 

controls for interline power flow and power system stabilisers 

to prevent these low-frequency oscillations. The resulting 

waveforms demonstrate how these controllers provide higher 

performance and stability with less time lapse. A power system 

stabiliser has a longer stabilisation time for low-frequency 

oscillations and speed deviations than an IPFC, which is 

lowered in the proposed work. By controlling the power flow in 

transmission line, the IPFC was able to provide system stability 

more quickly. 
 

Future research on the topic of mitigating low-frequency 

oscillations in power systems could focus on several avenues to 

enhance the stability and efficiency of electricity transmission 

network, such as Integration of Renewable Energy Sources, 

Wide-Area Monitoring and Control, Optimal Allocation of 

Distributed Generation, Real-Time Simulation and Testing and 

Resilience to Extreme Events etc. 
 

While the study demonstrates promising results in mitigating 

low-frequency oscillations and improving system stability 

using interline power flow controllers (IPFCs) and power 

system stabilizers (PSS), there are several limitations that 

should be considered such as, Limited Operating Conditions, 

Controller Tuning and Parameter Sensitivity, Validation and 
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Real-world Implementation, Reliability Concerns and Dynamic 

stability. 
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