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ABSTRACT. Microgrids (MGs) are deemed as one of the main building blocks of the smart
grids. It is important to enhance the power quality in the islanded MGs. However, the
power quality can be deteriorated under unbalanced and non-linear loads. In this paper,
a Distributed Secondary Control (DSC) method for voltage unbalance compensation in
islanded MGs is proposed. Also, based on the communication technology and hierarchical
control theory, a new mnetworked hierarchical control scheme is presented for the DSC
of MGs. In the control structure, each unit is independently controlled and the entire
system of controllers is connected by a communication network. Compared to the cen-
tralized secondary control scheme, it makes the MG systems reduce the requirements of
communication links bandwidth, toward standardization and be easy to expand. The pro-
posed approach is not only able to compensate voltage unbalance at the Point of Common
Coupling (PCC), but also ensures reactive power sharing accurate. The design procedure
of the control system is discussed in detail. Finally, simulation experimental results are
presented to show the effectiveness of the proposed method in the compensation of voltage
unbalance.

Keywords: Distributed generator (DG), Microgrids (MGs), Networked hierarchical con-
trol, Distributed secondary control (DSC), Voltage unbalance compensation

1. Introduction. Recently, Microgrids (MGs) have attracted significant attention due
to a considerable growth in the number of Distributed Generators (DGs) [1]. MGs are
low-voltage distribution networks comprising various Distributed Resources (DRs) and
different types of loads and are able to operate either grid-connected or islanded operation
modes. DRs may include DGs and distributed storage units [2]. Voltage Source Inverters
(VSIs) are usually used for all kinds of distributed generation interfaces in MGs. It is the
microgrid’s superiority to power the local loads continuously when the utility fails. The
voltage and frequency of the MGs are determined by the VSIs in islanded mode; therefore,
the compensation of power quality problems can also be achieved through proper control
strategies [3]. Amongst various power quality phenomena, voltage unbalances are very
common. Voltage unbalance can result in adverse effects on the equipment and power
system. Under unbalanced conditions, the power system will incur more losses and be
less stable. Also, voltage unbalance has some negative impacts on equipment such as
power electronic converters, adjustable speed drives and induction motors. Thus, the
International Electro-technical Commission (IEC) recommends the limit of 2% for voltage
unbalance in electrical systems [4,5]. A major cause of voltage unbalance is the connection
of unbalanced loads (mainly, single-phase loads connection between two phases or between
one phase and the neutral).
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Compensation of voltage unbalance is usually done using series Active Power Filter
(APF) through the injection of negative sequence voltage in series with the distribution
line. However, for the microgrid situation, it is uneconomic to install extra APF for each
DG [5]. It is well known that DGs often consist of a prime mover that is connected
through an interface converter, such as the inverter. Some works have been done on
voltage unbalance compensation at the DG terminal through controlling of the Voltage
Source Inverters (VSIs). One method for voltage unbalance compensation through the
injection of negative-sequence current by the DG has been proposed in [6]. However,
under severely unbalanced conditions, the injecting current might be too large. In [7], the
unbalanced voltage is compensated with a resonant voltage controller inside the power
droop loop and the virtual impedance loop. However, the unbalanced voltage drop on the
virtual impedance is not considered, which will lead to unbalance of the output voltage
and the compensation effect weakened. In [8], the compensation reference is injected at
the output of the voltage control loop. However, such compensation will be considered
a disturbance to be rejected by the voltage control loop. Thus, an approach proposed
in [9] injects the compensation reference before the voltage controller. A similar control
structure is applied in [10], but a Proportional-Integral (PI) controller is used to follow
the reference of the voltage unbalance factor. In addition, the droop method has also
an inherent trade off between the voltage regulation and the current sharing between the
converters [11-15]. In all those techniques, reactive power sharing cannot be achieved
completely since voltage is a local variable, as a contrary of frequency. To the end, a
hierarchical control concept from the traditional power system has been introduced for
MGs in [16,17]. The secondary control has been proposed to restore the nominal values
of the voltage inside the MGs.

To solve the problem and accomplish the voltage harmonics compensation simulta-
neously, in this paper, the Distributed Secondary Control (DSC) strategy is applied to
compensate the voltage unbalance at PCC for an islanded MG. Also a simple networked
hierarchical control scheme is presented for the DSC of MGs, which avoids the use of a
single centralized controller for the secondary level of MGs. In this control architecture,
the primary and secondary controllers are implemented together locally in each DG, where
the secondary control should collect the required data from all other units and produce
appropriate reference control signal. This way, every DG has its own local secondary
control that can produce appropriate control signal for the primary control level by using
the measurements of other DGs in each sample time.

The paper is organized as follows. Section 2 discusses the structure of the microgrid
hierarchical control. The design approach of the control system is presented in Section 3,
including DG local control strategy and distributed secondary control strategy. Section 4
includes simulation experimental results. Finally, the paper is concluded in Section 5.

2. Networked Hierarchical Control Structure of Microgrid. Hierarchical control
applied to power dispatching in power systems is well known, and it has been used exten-
sively for decades. Nowadays, these concepts are starting to be applied to MGs based on
power-electronic, which are able to operate both in grid-connected and in island mode.
The hierarchical control approach makes the MGs toward standardization, smartness and
flexibility. A hierarchical control structure consisting of three control levels is proposed in
[16-19]. The primary control deals with the local control of the DG units, which is based
on the droop method including a virtual output-impedance loop. The secondary level is
designed to restore the DGs output voltage frequency and amplitude deviations, which
are produced by the power droop-controllers and output impedances. The tertiary control
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level exchanges information with the distribution system operator in order to make feasi-
ble and to optimize the MG operation within the utility grid [19]. Moreover, primary and
tertiary controls are decentralized and centralized control levels respectively, since while
one is taking care of the DG units, the other concerns about the MG global optimization.
Since, in this paper, the microgrid operates in islanded mode, the tertiary control level is
not considered. Secondary control is conceived to compensate frequency and voltage de-
viations produced inside the MG by the virtual inertias and output virtual impedances of
primary control [20,21]. However, the conventional secondary control approach depends
on using a MicroGrid Central Controller (MGCC), which includes slow controls loops and
low bandwidth communication systems in order to measure some parameters in certain
points of the MG, and to send back the control output information to each DG unit.
The drawback is that the MGCC is not highly reliable since a failure of this controller is
enough to stop the secondary control action. Moreover, the centralized control strategy
has an inherent drawback of the single point of failure, i.e., an MGCC failure terminates
the secondary control action for all units.

The problem of using the MGCC for implementing secondary control is that a failure
can result in a bad function of the whole system. In order to avoid a single centralized
controller, a networked hierarchical control scheme is presented for the DSC of MGs in
this paper. A distributed control strategy is an approach in which none of the controllers
are centralized, but distributed throughout the system so that each unit is independently
controlled and the entire system of controllers is connected by a communication network.
The main idea is to implement primary and secondary controllers together as a local
controller. In this sense, a local secondary control is determined for each DG to generate
set-points of the droop control to restore the deviations produced by the primary con-
trol. This kind of distributed control strategies, also named Networked Control Systems
(NCS), has been reported recently in some literature [22,23]. However, in [22], techni-
cal aspects of providing frequency control reserves (FCRs) and the potential economic
profitability of participating in FCR markets for both decentralized and centralized coor-
dination approach based on a setup of multiple MGs are investigated. On the other hand,
a master-slave control by using networked control strategy for the parallel operation of
inverters has been introduced in [23]. The method is employed to achieve the superior
load-sharing accuracy compared to conventional droop scheme. However, the application
of these control strategies to secondary control of MGs still has not been proposed. So, in
this work, a networked hierarchical control scheme is presented for the secondary control
of MGs.

Figure 1 shows the diagram of a general architecture of networked hierarchical control
for islanded MGs. In this architecture, primary and secondary controls are implemented
in each DG unit. The secondary control is placed between the communication system
and the primary control. In other word, the secondary control is locally embedded in
each DG unit, similar to primary control; however, the local secondary control requires
an underlying communication network to operate properly. Since the secondary control
should collect the required data from all other units and produce appropriate control
signal for the primary one using an averaging method. In turn, the local secondary
controllers operate on these parameters, and proposed communication algorithm is able
to not only control frequency and voltage but also share power between units in the MG.
Data exchange for DSC can be implemented in industrial Ethernet or EtherCAT.

3. The Control System Design for Voltage Unbalance Compensation. In the
primary control level, voltage, current, and virtual impedance control loops are designed
without considering the effect of unbalance compensation; then, in the secondary control
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FIGURE 1. General architecture of networked hierarchical control for is-
landed MGs

level, compensation gain is selected such that the stability of the compensated system
is ensured. Frequency control, voltage control, and reactive power sharing will also be
reviewed by using this control approach. The present paper mainly focuses on the voltage
quality at PCC.

The proposed networked hierarchical control structure and the DG power stage are
shown in Figure 2. It can be seen that the power stage of each DG consists of a DC power,
an interface inverter and an LC filter. The impedance Z;; models the distribution line
between DG and PCC. Note that, the other DGs have the same power stage, but the line
impedances are different. The local controller of each DG consists of voltage and current
control loops, virtual impedance loop, and active/reactive power droop controllers, which
generate the gate signals for DGs interface inverters. The secondary controller generates
the unbalance compensation of PCC voltage in microgrid by sending proper control signals
to the DGs local controllers. Then, in order to extract PCC voltage positive and negative
sequences, which are transmitted toward the secondary controller to calculate Voltage
Unbalance Factor (VUF). More details about the design of the primary and secondary
controllers are provided in the next section.

3.1. The design of DG inverter local control level. The DG local control system is
shown in Figure 2. At first, DG three-phase output voltage and current (vygpe and iygpe,
respectively) are measured and transformed to «f frame. Secondly, positive and negative
sequences of output voltage and positive sequence of output current are extracted. Positive
sequence current is fed to the virtual impedance block. Then, the voltage controller
follows the references generated by power controllers and secondary controllers to generate
the reference for the current controller. Moreover, the power controllers are designed
by the active and reactive droop control method, whose outputs E* and ¢* are used
to generate the three phase reference voltages of the inverter. This voltage is positive
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FIGURE 2. Scheme of the proposed networked hierarchical control for a DG
unit in MG

sequence component; thus, positive sequence powers must be calculated before. The
output of the current controller is transformed back to abc frame to provide three-phase
voltage reference for the Pulse Width Modulator (PWM). Finally, the PWM block controls
the switching of the inverter based on this reference. More details are provided in the
following subsections.

As shown in Figure 2, the DG local control system is designed in a3 reference frame. So,
the clarke transformation is used to transform the variables between abc and af frames.
The transformations are shown in Equations (1) and (2).

1 =1 _1 ) Tq
Tq > 2 ( 2 2
=1/3 o (1)
V3 V3
< e 3 0 I Te

za (10 )

x —4/2 | =1 ¥ ( a> 2

S A W 7 B )
2 2

where z,, 1y, z. and z,, 3 can represent the instantaneous output voltage (Voa, Yo, Voc
and Upq, Uog), output current (ipq, ob, tor aNd ioq, i0g), or LC filter inductor current (igq,
iLb, iLe and ipq, irg) in the abc and af frames, respectively.
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3.1.1. The design of the improved droop controllers. The conventional frequency/voltage
droop method is a well studied strategy; however, it has important drawbacks. Although
it is useful to share a common active load between DGs, the reactive power control
scheme is strongly dependent on the grid parameters. The power-sharing accuracy is
strongly affected by impedance unbalances [24]. The imminent frequency and magnitude
deviations can strongly affect the system stability. High droop gains have a negative
impact on the stability of the system. It is not suitable when nonlinear load is shared [25].
So this paper proposed an approach to overcome these problems and provide improved
solutions to the control of stand-alone mode microgrids.

Considering a three-phase DG that is connected to the grid through the impedance
7 /0, the fundamental positive sequence active and reactive powers injected to the grid
by the DG (P* and @™, respectively) can be expressed as follows [20]:

E 2 E
P+:<7Vcos¢—%>cosﬂ+7vsind)sin9 (3)
E 2 E
Q+:<7Vcos¢—‘/7> sin9—7vsin¢cosﬁ (4)

where Pt and Q" are the positive sequence active power and positive sequence reactive
power, respectively. FE is the magnitude of the inverter output voltage, V is the grid
voltage magnitude, ¢ is the load angle between E and V', and Z and # are the magnitude
and the phase angle of the impedance, respectively. Considering phase angle of the grid
voltage to be zero, ¢ will be equal to phase angle of the inverter voltage. Assuming mainly
inductive electrical systems (Z ~ X and 6 = 90°), the active and reactive powers can be
expressed as the following equations:

EV .
Pt = 7s1n¢ (5)
_ EVcos¢p—V?
Q= e ©)

In practical applications, ¢ is normally small; thus, a P* and Q" decoupling approxima-
tion (cos¢ &~ 1 and sin ¢ &~ ¢) can be considered as follows [20]:

Pra (7)
N V(E-YV)
o~ HED) ®)

Thus, active and reactive powers can be controlled by the DG output voltage phase angle

and amplitude, respectively. According to this, the following droop controller is designed

for the positive sequence active and reactive power sharing among DGs in an islanded

microgrid:
. W 1 "

o :?:;[W[]—(mp‘i‘mDS)P ] 9)

E*=Ey—n,Q" (10)

where, s is the Laplace variable; Ej is the rated voltage amplitude; wy is the rated angular

frequency; m,, is the active power proportional coefficient; mp is the active power integral

coefficient; n,, is reactive power proportional coefficient; Ej is voltage amplitude reference;
¢* is voltage phase angle reference (¢* = [ w*dt).

If the microgrid operates in islanded mode, the use of pure integrators is not allowed,

since, the total load will not coincide with the total injected power, and it will lead to

instability [25]. So the traditional droop control method must be improved. In this paper,
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no integral term is considered for voltage frequency and amplitude control. Moreover, the
derivative coefficient in Equation (9), mp helps to improve the dynamic behavior of the
power control.

According to the instantaneous reactive power theory [26,27], the instantaneous values
of active and reactive powers should be calculated using (11) and (12), respectively:

b= Voaloa + Voﬁioﬁ (11)
q= Voﬁioa - Voaioﬁ (12)
Each of the instantaneous powers consists of dc and ac (oscillatory) components. The de
components (average values of p and ¢) are positive sequence active and reactive powers
(Pt and Q7, respectively) [27]. The oscillatory parts are generated by the unbalance

and/or harmonic contents of the voltage and current. The dc components are extracted
using two 1st order low pass filters in the following.

LPF(s) = —2¢

13

S+ we ( )
where s represents the Laplace variable, and LPF(s) is the transfer function of Low Pass
Filter (LPF), i.e., the cut-off frequency of these filters is set to 47 (rad/s).

3.1.2. The design of the virtual impedance loop. The accuracy of the power sharing pro-
vided by the droop controllers is affected by the output impedance of the DG units
and the line impedances. The virtual impedance is a fast control loop that can fix the
phase and magnitude of the output impedance. Moreover, the effect of asymmetrical
line impedances can be mitigated by proper design of the virtual impedance loop [20,21].
In contrast with physical resistance, the virtual resistance has no power losses, because
it is provided by a control loop; thus, it is possible to implement it without decreasing
the efficiency [20]. In addition, virtual inductance is considered to make the DG output
impedance more inductive to improve the decoupling of P™ and @Q*. Thus, the virtual
impedance enhances the performance and stability of droop controllers. Furthermore, the
virtual output impedance can provide additional features such as the hot-swap operation
and sharing of nonlinear load.

The virtual impedance is implemented as shown in Figure 3, where R, and L, are the
virtual resistance and inductance values, respectively [28]. Thus, the following equations
express the virtual impedance in the af frame:

Wwa = Ryig, — Lwig, (14)
vwg = Ryijy + Lywiy, (15)

—_al LPF " —

iaﬁ |

—>* LPF ‘r‘lﬁ/

FiGure 3. The block diagram of virtual impedance
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3.1.3. The design of the proportional-resonant voltage and current controllers. Due to the
difficulties of using Proportional-Integral (PI) controllers to track non-dc variables, quasi
Proportional-Resonant (PR) controllers are usually preferred to control the voltage and
current in a stationary reference frame [20,29]. In this paper, the following quasi PR
voltage and current controllers are applied.

riV cWey - S

Gv(s) = k,y + 16

v =y k:lz,?;&Y §2 4 2wey - 5 + (kuwo)? (16)
ril *Wer - S

G =k 17

1(8) = Kyt + Z §2 + 2wy - s + (kwp)? (17)

k=1,3,5,7

where kyy (kpr) and k. (k.r) are the proportional and kth harmonic resonant coefficients
of the voltage (current) controller, respectively. Also, w.y and w.; represent the voltage
and current controller cut-off frequencies, respectively.

3.2. The design of the secondary control level. It is well known that voltage unbal-
ance leads to the appearance of the negative-sequence voltage. Thus, the compensation of
voltage unbalance can be achieved by reducing the negative-sequence voltage. As shown
in Figure 2, the output of the Unbalance Compensation Reference (UCR) is injected as
a reference for the voltage controller. The details of this calculation are shown in Figure
4.

Secondary Control

3
Positive and | 75 —>» LPF .
PCC 35 el g UCR
» ) gative - o
Yy aff Sequence Vo
ave Extraction [ abs L—» LPF

FIGURE 4. Block diagram of secondary control level

According to Figure 4, at first the three-phase output voltage of PCC is measured and
transformed to the a8 frame (v,5). Secondly, positive and negative sequences of output
voltage of PCC (v}, and v,,) are extracted, which are used to calculate Voltage Unbalance
Factor (VUF') [20]. As can be seen, a-components of PCC output voltage positive and
negative sequences are fed to VU F' calculation block. Then, the average values of rectified
waveforms (7}, and 7)) are calculated by applying two absolute functions (abs) and Low-

Pass Filters (LPF'). LPF structure and parameters are exactly as follows.

w2

LPF = cul 18
$2 + 20 weuss + w2y, (18)

where, the filter cut-off frequency we,; = 47 (rad/s) and the damping ratio ¢ = 0.707.

Afterwards, the calculated value is compared with the reference VUF™* and the error
is fed to a PI controller. Finally, the output of PI controller is multiplied by 7, to
generate UCR,,, which is transmitted to the primary level. It is noteworthy that the
B-components are used for VUF' calculation, the result will be the same, because the
positive and negative sequences are balanced.
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FIGURE 5. Test system of simulation studies

4. Simulation Experiment Results Analysis. The simulation experiments are per-
formed using the MATLAB/Simulink software package and the Control Desk with a
TMS320F2812 DSP controller card. The simulation experiments of voltage unbalance
compensation considering Resistive-Inductive (RI) and resistive loads are presented. Sev-
eral simulation experimental tests including the comparison with extant technique were
carried out to validate the effectiveness of the proposed scheme.

The islanded microgrid shown in Figure 5 is considered the test system for simulation
studies and also the experimental evaluation of voltage unbalance compensation.

TABLE 1. Power stage parameters

DG prime | Inverter filter | Inverter filter| ,. D.Gl . . D.G2 . Unbalanced| Balanced
. . distribution | distribution
mover inductance | capacitance . . load load
line line
Vie (V) L (mH) C (pF) Zn () Zip () Zup () | Za. ()
650 1.8 25 0.6 + 51.6959|0.2 + 50.5655 660 50 4+ 712.57

TABLE 2. Control system parameters

Primary Level Secondary Level
Power Controllers Virtual Impedance | Voltage Controller | Current Controller | PI Controller
mp mp | np Ey wo |Ry (Q)| Ly (mH) | kpv | krv |wev | kpr krr | wer kp kr
0.00002 [0.0002 | 0.13 [ 230+/2 | 27 * 50 1 4 2 100 2 10 1000 | 2 0.5 7

This microgrid includes two DGs with the power stage and control system, as shown
in Figure 2. It can be seen from Figure 5, a single-phase load Zy g is connected between
phases “a” and “b” which creates voltage unbalance. A balanced star-connected three-
phase load Zg is also connected to PCC. Power stage and control system parameters are
listed in Tables 1 and 2, respectively. To provide correct comparison, the power stage
and control system parameters remain consistent with the extant techniques proposed in
[21]. Switching frequency of the DGs inverters is set to 10 kHz. In this figure, Z;; and Z
represent the distribution lines between DGs and PCC. Unbalance compensation starts
acting from ¢t = 0.5s. VUF* is set to 0.5%.

As shown in Figure 6(a), VUF of PCC properly follows the reference value. Also, it
can be seen that the improvement of PCC voltage quality is achieved by making the DGs
output voltage unbalanced. Also, its VUF is increased a little more because of the less
line impedance between DGy and the PCC. The simulation result of the conventional
secondary control approach proposed in [21] was shown in Figure 6(b). It can be seen
that the VUF of PCC also can follow the reference value, but VUF' of DGs increases
more than Figure 6(a). It will make the voltage unbalance of DGs increase, even over the
limit. By comparing the result, it can illustrate that the proposed approach has better
compensation results.
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To provide more details, the simulation results of phase-a negative sequence voltage at
PCC and DGs terminal are shown in Figures 7(a)-7(c). As seen, PCC negative sequence
voltage is decreased by increase of DGs output voltage negative sequence. The result
proposed in [21] was shown in Figures 8(a)-8(c). It can be seen from Figures 8(a)-8(c) that
the negative sequence voltage is slightly higher and the fundamental negative sequence
component cannot be shared properly. By comparing the results, it can be concluded
that the proposed approach can compensate the voltage unbalance at PCC of MGs, which
proves that the proposed approach has practical value.

In addition, compared to the control structure, the problem in [21] is using the MGCC
to implement secondary control that will result in low reliability and heavy communication
burden. This work using DSC strategy overcomes the inherent drawback of using cen-
tralized control strategy. The control strategy proposed in this paper not only enhances
the power quality, but also reduces the requirement of communication link bandwidth.
Moreover, it can make the MGs toward smartness, standardization, flexibility, and be
easy to expand. It makes the MGs easy to implement plug and play functions.

Also, in order to demonstrate unbalance compensation more clearly, the before compen-
sation and after compensation waveforms of three-phase output voltages at PCC and DGy
terminal are depicted in Figure 9. The DG, output voltage behavior is similar to DG;. As
seen, as a result of compensation, PCC voltage unbalance is decreased, effectively; while
the DGy output voltage becomes unbalanced. These figures demonstrate the effectiveness
of the proposed compensation method in balancing the PCC output voltages.

The simulation and experimental results of before compensation and after compensa-
tion waveforms at PCC three-phase output currents are depicted in Figure 10. Because

i 5 T 400 \ ! -
Wi R =
il o a'ut 1%"0"“ Wi
T ﬂLiTime{seq"ﬂ5 08 1 3o 05w/ o7 os

VI

raW-PCC
=

I
=
I=

038 0.82 084 0.86 0388 09 06 0

. . B []I.Y
Time(sec) Time(sec)
(a) PCC (b) DG terminal

FIGURE 9. Three-phase voltages. (a) PCC. (b) DG, terminal.
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the load is connected between phase-a and phase-b, the currents of these phases are ap-
proximately the same (red and blue waveforms, respectively), and the phase-c current
(green waveform) is approximately zero. The unbalance load currents create voltage
unbalance; thus, the compensation control loop action leads to a slight increase of the
phase-c current to reduce voltage unbalance. These results show the effectiveness of the
voltage unbalance compensation. In addition, the experimental and simulation results are
in good agreement.

Sharing of P™ and Q" between DGs are shown in Figures 11(a) and 11(b) respectively.
As seen, in spite of asymmetrical distribution lines, active and reactive powers are shared
properly between the DGs. Also, it should be noted that the active power can be shared
exactly between DGs, because the frequency is the same throughout the microgrid, while,
due to no uniform profile of microgrid voltage, reactive power is shared by a small error.

5. Conclusions. In this paper, a networked hierarchical control approach for PCC volt-
age unbalance compensation in an islanded microgrid is proposed. The control structure
consists of DGs local controllers and a distributed secondary controller. In this archi-
tecture, the primary and secondary controllers are implemented together locally in each
DG, where the secondary controller collects the required data from all other units and
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produces appropriate control signal for the primary one using an averaging method. Data
exchange for DSC can be implemented in communication networks, such as industrial
Ethernet or EtherCAT. However, every secondary controller calculates PCC voltage un-
balance compensation and directly sends the proper control signals to the local controllers
in the primary level by interline. PCC voltage data and the control signal are transmit-
ted to/from secondary level through interline. The distributed secondary control does
not rely on a central control, so that the failure of a single unit will not produce the fail
down of the whole system. The design of control system is discussed. The simulation
experimental results show that the PCC voltage unbalance is compensated to the desired
value, while active and reactive powers are shared properly.

As the next step, a non-linear load should be considered. Since this paper only presented
and compared the results of voltage unbalance compensation considering resistive and
resistive-inductive loads. We are working on the secondary control for compensation of
the other PCC voltage power quality problems such as voltage harmonics and sags. In
addition, this paper neglects delays and packet losses, so the time delay limits of the
communication systems will be studied as well.
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