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JAKKRIT PAKDEETO : INSTABILITY MITIGATION OF DC MICRO-
GRID SYSTEM BY USING LOOP CANCELLATION TECHNIQUE.
THESIS ADVISOR : ASSOC. PROF. KONGPAN AREERAK, Ph.D.,

270 PP.

DC MICRO-GRID SYSTEM/CONSTANT POWER LOAD (CPL)/
MATHEMATICAL MODEL/STABILITY ANALYSIS/INSTABILITY

MITIGATION/LOOP CANCELLATION TECHNIQUE

The global warming effect due to greenhouse gas is the main reason to
increase the adoption of renewable energy. The output of renewable energy is
normally DC and the power electronics is rapidly developed. As a result, the DC
micro-grid system (DCMGs) is introduced. The DCMGs can support more electronic
loads in the future. Unfortunately, the behavior of many controlled electronic loads is
constant power load (CPL). The CPL can significantly degrade the system stability.
Hence, the system stability analysis is required to predict the unstable point via the
mathematical model-"The model can be derived from the D(Q’method and the
generalized state-space approach (GSSA). These-methods=will change the time-
varying model to time-invariant model in which it is suitable for stability analysis by
using s-plane analysis via the eigenvalue theorem. However, the stability analysis can
only predict the unstable point of the system. It cannot maintain stable operation until
the rated power. Therefore, the instability mitigation is required for system
stabilization. In this thesis, the instability mitigation by using nonlinear feedback
called loop cancellation technique is presented. The loop cancellation technique will

add only the loop compensation to compute the compensated value, but it is not



necessary to add any component into the considered system. The results show that the

loop cancellation technique can explicitly mitigate the unstable operation.
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1. buckboost converter 2. buckboost converter’s component

3. digital multi meter (DMM) 4. resistive load (R...)
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1. capacitor (C......) 2. inductor (L......)

3. diode 4. mosfet

5. Arduino Mega2560 microcontroller board
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Abstract—Generally, the mathematical model of DC micro-
grids (DCMGs) with bidirectional voltage source converter
(VSC) is time-varying due to the switching action. The time-
varying model is very complicated for controller design or
stability analysis. As a result, this article presents how to derive
the mathematical model using a combination between DQ
method and the generalized state-space averaging method
(GSSA) to achieve the time-invariant model. The time-invariant
maodel is suitable for controller design or stability analysis via the
basic control theory. The computer simulations with the
SimPowerSystem™ on MATLAB program have been used for
the model validation. The results show that the good accuraey of
mathematical model in transient and steady-state responses can
be obtained. Then, the resulting mathematical model can be used
to design the controller or analyze the unstable point of the
system in the future work.

Keywords—large-signal model, DC micro-grids, bi-directional
VSC, PV array, grid connection

. Introduction

The global warming situation results in the adoption of
renewable energy sources. In addition, DCMGs are likely
increasing [1] as renewable energy sources. The power output
from the renewable energy sources is direct current (DC)
which can be directly comnected to DCMGs, The DCMGS
also help to manage power more convenient and more
efficient [2]. Moreover, nowadays, the load applications are
nommally LEDs and computers devices which are the DC
loads. These loads can be drawn power directly from DCMGs
without the requirement of power converters. Hence, the
DCMGs can reduce power dissipation in the system caused by
electric power com¥ersion circuits. The principles and control
architecture of DCMGs was presented in [3]-[4]. However, the
mathematical model‘is very important for the system analysis
and design. Therefore, this paper presents the mathematical
model of DCMGs consisting of the phbrovoltaic arrays (PVs)
with the maximum power point tracking (MPPT) and bi-
directional VSC with a voltage controller to regulate the DC
bus voltage. The constant power load is also connected to the
DC bus. The bi-directional VSC is used to backup and transfer
the power between the AC and DC grids in both directions. If
the power in DCMGs is not enough, the power is drawn from
the AC gnd. In this mode, the bi-directional VSC acts as a

978-1-5090-4666-9/17/831.00 ©2017 IEEE

rectifier. In contrast, if power in DCMGs is more than the
value of load requirement, the power will send to the AC grid.
The bi-directional VSC will act as an inverter.

It is well known that the model of power converter is
time-varying in nature due to the switching action [5]. The
previous works present several methods [6] to eliminate
switching action to achieve the time-invariant model. The
basic linear control theory can then be used for the system
design and analysis via the time-invariant model. However,
the difficulty of time-invariant model derivation is the
problem of engincers. Hence, this article will present how to
derive the dynamic model of DCMGs system by using the DQ
[7] and GSSA [8] techniques. The reported model can then be
used for the controller design and stability analysis in the
future work. If the correct model can be achieved, it can be
used for stability analysis due to the effect of CPLs [9] in
which the stability issue is very important for DCMGs. In
terms of model validation, the responses calculated from the
proposed model will be compared with those from the
SimPowerSystem™ on MATLAB called the exact topology
model under the same condition. The results must be shown
that the model is correct in both of transient and steady state
conditions.

The paper is structured as follows. Section 1 is the
introduction. The considered power system is presented in
Section [I. The model derivation is filly explained in Section
TI1. Section VT illustrates the model validation and finally in
Section V is conclusion and discussion.

1I.  The considered system

The considered DEMGs system consists of the PVs,
boost conyertercireuity with the MPPT algorithm [10], CPL,
bi-direetional MSC with its controller, transmission line, and
three-phase AC source as shown in Fig 1. The P&O algorithm
will track the maximum power to supply the DCMGs system.
The assumptions for model derivation are that the ideal current
source can be presented as the PVs behavior. In addition, all
power converters are operated under the continuous
conduction mode (CCM) and the harmonics are also ignored.
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Fig. | The considered system

Referring to the system in Fig.l, the bi-directional VSC is
used to regulate the DC bus voltage and to control power flow
between DC bus and AC grid. The regulated DC bus véltage
can be represented as a battery for DCMGs system. The PVs
are the main power source to supply the energy to the DCMGs
system. The MPPT using the well-known P&O algorithm is
also applied to track the maximum power for all operation.
Moreover, the power converters with their controls behaving
as CPLs are connected to DC bus.

1.  Mathematical Model Derivation
In this paper, the P&O algorithm is used to track the
maximum power of PVs via the boost converter, For
modelling, the GSSA is applied to eliminate the switching
action of boost converter in which the switching function is
given in (1).

1.0<t<dl
ult) = <| : (L
0T <t =T
where T, is period time of switching function
d  isdity cycle of boost converter

Based on the GSSAdmethod, if the fundamental frequency and
continuous conductive tode are considered, the complex
Fourier coefficient of the switching function is given in (2).

(we)), =d @
For deriving the model, PVs is assumed that it is always
operated at the maximum power point by ignoring the
dynamic of MPPT algorithm. As a result, d in (2) can be set
equal to " in which it can be calculated by using (3).

* e

d (3)

1—

dc.ref

where Vi is PVs voltage at maximum power point and
E_;‘ L 15 the reference voltage at DC bus .
The value of Vi, can be determined from the I-V curve

and P-V curve of the PVs. As mentioned before, PVs can
behave as an ideal current source as given in (4) [11].

(4)

I, = .v,_[{ B+ K (T

W IJ_IIJ ot
£ Nty Nynh |
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B[y
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where N,
Ny

V.N

plly

| 2]

NR

is number of series PVs modules.
is number of paralleled PVs modules.

Then, the DQ method is applied to model the system on the
AC side. Firstly, the switching function of bi-directional VSC
is considered in which based on DQ-transformation, this
function en DQ-frame is given in (5). Notice that after
transferring this function to DQ-frame, it is the time-invariant
equation,

M

dy

5 28w feosa-0
V24 7, 2 | sinig—8)

where” ¢ - is'the angle of DQ axis
#  is the phase angle of AC bus
M is modulation index of IGBT

As for the transmission line, it can be transformed into the
DQ-frame as described in [12]. When DQ method is applied
for the AC side, the equivalent circuit of considered system on
DQ-frame is shown in Fig2. The dynamic equation to
represent the considered DCMGs system can be determined
from the system in Fig.2 via the basic circuit theory such as
KVL and KCL.
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CPL Load

Fig. 2 The considered system on DO frame

For node H, the Cy. and Chue are paralleled in which they
can be combined as the equivalent capacitance Cr in which. it
can be determined as follows: C,. =C, +C, . In addition,
My and M, are the switching modulation of IGBT modules on
DQ frame. In this paper, the cascade PI controllers are used to
control a bi-directional VSC, and the details of block diagram
are shown in Fig. 3.

)

Fig. 3 The block diagram of Pl controller

From the block diagram in Fig. 3, 1, =0 for unity power

factor and M and M; can be caleulated by (6).

M=

1 jpn e o " r - -
o (ELK K, = BUK QK e X K K =1 K+ XUK,) (o)

ry ta

|
M“:T.(-" K, +X.K,)

where A, is the peak to peak value of carrier signal; here

is set equal to 2.

For modeling the controlled bi-directional VSC, the My
and M, are replaced by M; and Mr: respectively. After
applying the KVL and KCL into Fig. 2 and setting
M,=M; and M, =M;, the mathematical model of

proposed DCMGs system is given (7).

KK T X, K s

(N

AL, AC,
ot il d'rJ‘-‘{-*’--- -rmf
P Ac, [

Ve Model Validation

Theresulting model in (7) is validated by using the time-
domain simulation by using the SimPowerSystem™ blocks in
which the exact topology model is used. Under the same
condition, the responses calculated from (7) are compared with
those from the simulation. The rated power of PVs is set equal
to 300W/module at 1000W/m?® and 25 C . The DC bus voltage
is regulated to 1000V. The remain system parameters are
defined as follows: y =220v, R =0050Q1, =00ImH

g ey
C,, =22uF L, =5mH R, =0.05Q C, =1000F [, =1mH
N, =40 N, =9
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K, =0.5064 K, =105.7404 K =-0.0251 K, =—49.3480

The CPL is initially set equal to 20kW and it is increased
until equal to 170kW at r = 0.9s, The comparison of DC
bus voltage response from both proposed model and
exact topology model is shown in Fig.4.

—— Proposed medsl
‘Exac topoiogical model

WAW W sk skw

AW uRW | TRw

1020, 3 1
|
|

oo - 1 -

()
§

B 03 04 05 08 07 0B 0B
tisoe.)

Fig 4. DC bus voltage response

- menermode  ——w o rectifier mode —
kW HOkW | —— phasan|

3]

1iAl

Fig 5. Voltage apd ciwrrent waveforms of AC grid

It can be seen in Fig.4 that the proposed dynamic model,

of (7) can provide accurate response for both transient
and steady-state situation. Moreover, the result in Fig.5
shows the bi-directional VSC working in two modes. At
t = 0.6 s, the bi-directional VSC is changed from
inverter mode to rectifier mode because of not enough
power from PVs supplying to the load. In both modes,
the power factor is always equal to 1 because of
T.o=0

el

V. Conclusion

The mathematical model of proposed DCMGs
system derived from DO and GSSA methods can
provide the accurate responses compared with those
from the exact topology model. The reported model in
the paper is time-invariant. Therefore, the proposed
model can then be used for controller design and
stability analysis by using the basic control theory. The
stability issue is very important because the proposed
DCMGs have the CPL connected to the DC bus, The
CPL ecan degrade the system stability as mentioned
before. Hence, for the future work, the stability analysis
of the proposed DCMGs system will be studied via the
resulting mathematical model.
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The Optimal Controller Design of Buck-Boost Converter by using

Adaptive Tabu Search Algorithm Based on State-Space Averaging Model

Abstract — Normally, the artificial intelligence algorithms are widely applied to the optimal controller
design. Then, it is expected that the best output performance is achieved. Unfortunately, when
resulting controller parameters are implemented by using the practical devices, the output performance
cannot be the best as expected. Therefore, the paper presents the optimal controller design using the
combination between the state-space averaging model and the adaptive Tabu search algorithm with the
new criteria as two penalty conditions to handle the mentioned problem. The buck-boost converter
regulated by the cascade PI controllers is used as the example power system. The results show that the
output performance is better than those from the conventional design method for both input and load
variations. Moreover, it is confirmed that the reported controllers can be implemented using the
realistic devices without the limitation and the stable operation is also guaranteed. The results are also
validated by the simulation using the topology model of MATLAB and also experimentally verified by
the testing rig.

Keywords: Adaptive Tabu search, Buck-boest converter, State-space averaging model, Small-signal
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model, Controller design, Stability

1. Introduction

Presently, the artificial intelligence (Al) techniques are
widely used for electrical engineering research areas such
as the system identifications using adaptive tabu search
{ATS) [1-5], the protection design in power system via ATS
[6], the active power filter design using genetic algorithm
(GA) [7], power loss minimization using particle swarm
optimization (PS0) as well as artificial bee colony (ABC)
[8], reactive power optimization for distribution systems
based on ant colony optimization (ACO) [9], and etc. In
this paper, the Al technique called the ATS method will be
applied to design the cascade PI controllers of buck-boost
converter because this algorithm has the mathematical
proof to ensutesthat it can escape the local solutions [2].
However, whenthe Al is applied to the power electronic
system, the main‘problem.is the simulation time. This is
because the simulation, of pewer electronic system using
software packages (such as MATLAB, PSTM, and etc.)
provide a huge simulation time die‘to a sWitching behavior.
It is not easily applicable for the Al searching method in
which the iterative simulation is required. Moreover, many
research works [10-13] normally present the optimal
controller design using the Al methods in which the best
output performance is guaranteed. Unfortunately, when
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the resulting controllers are implemented, the output
responses cannot provide the waveform with a good
performance as expected. This is because the control
signal is limited by the practical devices.

Therefore, to handle the mentioned problems, this paper
also presents a state-space averaging model. The benefits
of the proposed averaging model are concluded as follows:

& The fast computation time can be obtained via the
averaging model. It is very useful for the optimal
controller design using ATS algorithm in which the
system responses are iteratively simulated.

The control signal can be determined from the system
state-variables. Hence, during the searching process, the
control signal of each searched controller parameters can
be identified. Consequenily, the control signal limitation
can be included as at¢penalty condition in the design
process,

The stabilityanalysis can be also included by calculating
the Eigenvalues from the small-signal model linearized
fromrthe state-space averaging model.

L

Hitherto, using the state-space averaging model in the
searching process, the fast simulation time, the control
signal consideration, and the stability confirmation can be
achieved. As a result, the controller parameters designed by
the proposed technique can provide the best output
response that can be also implemented by practical devices.
Furthermore, the stable operation is also confirmed. The
three-phase uncontrolled rectifier feeding the regulated
buck-boost converter is considered as the example system
for this study. The ATS is applied to search the cascade PI
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controller parameters of buck-boost converter to achieve
the best output voltage performance for both input and
load variations. The proposed design procedure in the
paper has not been reported in the previous publications.
The simulation and experimental results for the system
with the controller designed by the conventional method
are compared with those of the system with the controller
designed by the ATS method.

This paper is structured as follows. The considered
power system is described in Section 2. The state-space
averaging model derivation is explained in Section 3. In
Section 4, the optimal control design using the ATS method
is illustrated in which the control signal consideration and

the stability analysis are also included in the design process.

Section 5 shows the controller design results validated by
the simulation. Section 6, the experimental results are
presented to support the concept of the proposed design
method. Finally, Section 7 concludes the advantages of the
proposed design technique in which it is easily applicable
to design the controller of other power converters.

2. Considered Power System

The considered power system is depicted in Fig. 1. Tt
consists of balanced three-phase voltage source, trans-
mission line parameters represented by R, L,,. and Cy, 6-
pulse diode rectifier, DC-link filters representedby R, L,
R, and Cy buck-boost converter regulated by the cascade
PI controllers feeding the resistive load represented by R.
Generally, to regulate the ¥, output response, the cascade
PI controllers having the inner-loop and outer-loop are
used. The K,; and K, are the PI controller parameters of
inner-loop to control the inductor current of L, while the
K, and K, are the PI controller parameters of outer-loop to
control the output voltage of capacitor C. According to the
example power system shown in Fig. I, the aim of the
paper is to design these Pl controller parameters, here are

K, Kiiy K. and K. These parameters are appeared in the
proposed state-space averaging model. Therefore, the
controllers based on their existing model can be tuned by
using the ATS algorithm until the best output performance
is achieved. Unfortunately, the regulated buck-boost
converter in Fig. 1 normally behaves as a constant power
load (CPL) in which it can significantly affect the system
stability [14]. Hence, the stability study is also included
in the tuning process via the small-signal model linearized
from the state-space averaging model as the penalty
condition. Moreover, dx in Fig. 1 is the control signal.
This value is used to compare with the sawtooth waveform
having amplitude equal to 4. The d, can be calculated
from the state-space averaging model. For the imple-
mentation, it should not be more than A,. Therefore, this
limitation is also included in the searching process as the
penalty condition as well. It can be concluded that this
paper presents the optimal controller design using the ATS
algorithm to achieve the best output response. During the
design process, two penalty conditions are included. The
details how to design the controller using the proposed
technique will be described in Section 4. The system
parameters for the considered system are as follows: V, =
15 Vi,/phase, = 50 Hz, R, =02 Q, L, =100 pH, C,, =
2nF R=20Q,L=33mH, C,=1100 pF,R.=3Q,L=15
mH, C= 1100 pF, and R = 80 Q.

3. State-Space Averaging Model

It is well-known that the models of power converter are
time-varying in nature because of their switching actions.
In this paper, the DQ method [15-17] and the generalized
state-space averaging (GSSA) method [18-20] are used to
eliminate the switching behavior of diode and switch O,
respectively. As a result, the time-invariant model is
achieved, Firstly, the DQ method is selected to derive the
dynamic model of a three-phase diode rectifier in which

Bepulse
Diode
I ¢ i Rectifier Ry Ly
Source Bus, AC Bus = o
L _«".‘bt_n’-“-'-‘ﬂ-
Vi R:\, ;—,q,-
¥ |V Rey Lo e

fw=5ktz 20" } A

Fig. 1. Considered power system
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Fig. 2. The equivalent cireuit of the considered system on DQ-axis

the diode rectifier can be treated as a transformer on DQ-
axis as shown in Fig. 2. According to Fig. 1, the effect of
L., on the AC side causes an overlap angle g in the output
waveforms that causes as a commutation voltage drop.
This drop can be represented as a variable resistance, R,
that is located on the DC side as shown in Fig. 2. The
transmission line section in Fig. | can also be transformed
into DQ frame.

The DQ representation of the transmission line is then
combined with the diode rectifier. As a result, the
equivalent circuit of the considered power system can be
represented in the DQ frame as depicted in Fig. 2 by fixing
the rotating frame on the phase of the switching function
(¢=¢ [21]. In Fig. 2, the three-phase diode rectifier
including the transmission ling on AC side is already
transformed into the DQ frame via the DQ method. Notice
that the diode rectifier can be modeled as the transformer in
which it can provide the time-invariant model, The GSSA
modeling method is then used to eliminate the switching
action (switch ) of the buck-boost converter. The control
signal d, can be calculated by the system state-variables
given in (1). Notice that when PI controllers are considered,
the X, of the voltage loop control and the X; of the current
loop control are set as the state variables of the model.

d, =K1, — KKV, + KoK X, + K X 4 K K Ve

[R8]

The control signal dydis compared with.the sawtooth
signal having the amplitude 4,10 provide ihe @ waveform:
The " is the duty cycle of buck-boost converter as well as
the gate drive signal for the switch . Hence, d" should be
equal to 0-1 in which it can be calculated by (2).

(2)

Applying the basic KVL and KCL to Fig. 2 with the
(GSSA method and using (1) and (2) during the derivation
process, the state-space averaging model of considered
system can be expressed in (3).
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The resulting model given in (3) is the nonlinear time-
invariant model in which it can be used to calculate the
system responses with the fast computation time. It is very
useful for the controller design using the ATS algorithm
in which the output response is iteratively calculated.
Furthermore, when the state-variables can be calculated by
(3). the control signal d, can then be also determined by (1).
As for the stability analysis, the model in (3) is linearized
by using the first order terms of the Taylor expansion so as
to achieve a set of linear differential equations around an
equilibrium point. This resulting linearized model of (3) is
then of the form in (4) that can be called small-signal
model. Consequently, the eigenvalues can be determined
from the Jacobian matrix A(x,,u, ).
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where

ox=[8l1 81, Vg Wiy, 8Ly WV, 81, 3V, 8X, 5X,]
du= I:(W,
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The matrices A B C and D are too awkward to put in
this paper. The more details how to derive the considered
power system using the DQ and GSSA methods can be
found in [21].

4. Optimal Controller Design

The ATS is one of the powerful artificial intelligence
(Al) search algorithms and has a convergence property
[2]. Therefore, in this paper, the ATS algorithm is used as
the tuning mechanism to minimize J until one of the
termination criteria is satisfied. The use of ATS algorithm
to design the cascade Pl controller wia the state-space

averaging model is explained in the block diagram of Fig.

3 in which two penalty conditions are included in the
process. Referring to Fig. 3, the command input V; is
firstly determined. Then, all state x; values can be caleulated

from the proposed state-space averaging model given in (3).

In terms of computational time, if the system of Fig.1 is
simulated from /=0-1.5s. by using the exact topological
model in MATALB, the computing time is egual to -175s.
Otherwise, the system response under the same scenario
calculated from the proposed dynamic model given in (3)
consumes only —0.08s. Hence, for the searching case, the
system will be repeatedly simulated more than 100 rounds.
Applying the obtained models for simulations instead of
the exact topology models based on the simulation
packages is appropriate. As can be seen in Fig. 3. there are
three parts in thefuning design process as follows:

Caleulate
performance
| RO.T.T:

113

peralty condition |

A = o )
Colculaed, | "

baily -

Wapeaporsa

ey aomd

A

ey cusebtion 1|

Caleulae i )
elgenvalues

Fig. 3. ATS-based cascade PI controller optimization

vagit, Kongpan Arveerak and Kongpol Areerak

4.1 Calculating the performance index

The output voltage response V, (one of state-variables) is
used for this section. The dynamic response of ¥, for both
varying command voltage and load conditions can be
obtained. In the paper. the changing ¥, from 20 V to 30 V
with ® = 80 € and changing R from 80 Q to 400 with
Vr: = 30V are used for the design process. As a result, the
percent overshoot (PO ,gs), rise time (T, 4), and setting
time (T, ;) are determined. The weighting function w,
(for input voltage variation) and w; (for load variation) can
be calculated by (5)

a T T
S ,,?I[P.a..n |+ ,,J[ r,m]+ ;,3[ .=..¢m] *

Ocoy ) r.CON T con

where POcgy, Ty, and T, oy are the percent overshoot,
rise time, and setting time of F, response when the
controllers are designed by the conventional method. The
conventional design method is based on the standard
second-order system characteristic. More details how to
design the controllers using the conventional method can
be found in Appendix. In (5), the /i, h; and h; are the
priority eoefficients of PO, T, and T, in which the
summation of these values must be equal to 1. In this
paper, the values of &, h,, and h; are set to 0.34, 0.33, and
(.33, respectively because the PO, T,, and T, are equally
significant. Note that, the w, and w, becomes to 1 for the
conventional design method.

4.2 Penalty condition 1

The control signal consideration is included in the
design process to ensure that the resulting P1 controller
parameters can be implemented by using the realistic
devices. The control signal @, can be calculated from the
system state values by (1). The w; can be determined by
using the condition given in (6) in which the A4, is the
amplitude of sawtooth signdl.. In the paper, 4, is set equal
to 10 V. The A, cannot be set'exgeed 15 V if the controllers
are implemented by using“op-amp as the comparator
because it will be satrated at the voltage level equal to
~15V.

if d, <4,

wy =0

else (6)
wy =10

end

4.3 Penalty condition 11
As mentioned before, the regulated buck-boost converter
behaves as a CPL in which this load can significantly

degrade the system stability. Hence, during tuning Pl
controller parameters, the stability analysis is also included.
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According to Fig. 3, the state-space model is linearized
by the first-order term of Taylor series expansion.
Consequently, all eigenvalues 4, can be calculated from
the matrix A of linearized model or small-signal model.
The w, can be determined by using the condition given in
(7.

if Re{A}<0

wy =0

else (7
wy =10

end

All wy wy w; and w, can be calculated from the proposed
state-space averaging model given in (3) in which the Pl
controller parameters K, K, K, and K, are appeared inside
the model. The ATS algorithm will tune these controller
parameters until the minimum .J is achieved. In the paper,
the objective function J is calculated by (8) in which y is
equal to 4 because there are only 4 conditions for the
design procedure. The designer can add other conditions
for different considerations.

I —.-.Zu'w (8)
x=]

The number of iterative is set to 100 as the termination
criteria. The upper and lower limits of K, K, & and Kj;
are set to [0.015 0.4], [1.4 30], [0.4 10], and [500 100007,
respectively. The setting boundary of these parameters can
be randomly determined. However, for this paper, this
setting boundary is based on the controller designed by
using the conventional method. As a result, the optimal PI
controller can be achieved with a fast computing time.
Notice that the penalty values of w; and w, are set equal to
10. However, some problems can be set to different values
depending on the w; and w; value. In this paper, the penalty
values equal to 10 is sufficient to evaluate the bad solution
because the minimum value of ./ is around (.5. In addition,
the steady-state” error is not considered in the design
process of Fige"33«This is because the PI controllers
increase the systém type. Fherefore, the steady-state error
is always zero.

5. Simulation Results

The resulting Pl controller parameters with  their
objective function values represented by J are given in
Table 1.

According to Table 1, the ATS method can provide the
minimum J compared with the conventional method. It
means that the best output voltage performance can be
achieved by using the ATS algorithm technique. Moreover,
the implementation ability and the stable operation are
guaranteed. To verify the results, Fig. 4(a) shows the V,
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Table 1. The comparison results between conventional
method and ATS method

Pl 1l Design method
J value Conventional method ATS method
K 5486 1.457
Ky 2742 4571
K, 0.128 0.5453
A 704 32332
J 1.0 0,377
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response to a step change of ¥, from 20 to 30 V that
occurs at £ = 1s. [t can be seen from the simulation result
that the cascade Pl controller designed from the ATS
method can provide the better output performance than
those designed from the conventional method. For this case,
the control signal d, is shown in Fig. 4(b). As can be seen
in this figure, the resulting control signal is not exceeded 4,
value (10 V). Hence, the PI controller parameters designed
by the ATS method can be implemented. For example, if
this control signal is compared with sawtooth having 4, =
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10. The op-amp will be not saturated. In terms of stability
analysis, the eigenvalues are addressed in Fig. 4(c) in
which all eigenvalues are located on the stable region.
For varying voltage command from 30V to 40V and 40V
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Fig. 9. V| =50V with R changed from 800 to 4002

to 50V, the results of ¥, response, control signal, and
location of eigenvalues are depicted in Fig. 5 and Fig. 6,
respectively.

For varying load conditions, Fig. 7(a) shows the ¥,
response when ¥ is set to 30V and resistive load R is
changed from 80£ to 408. The control signal and the
result of stability analysis for this case are also presented
in Fig. 7(b) and Fig. 7(c), respectively. Under the same
condition of varying load, the results for Vo' equal to
40V and 50V are shown in Fig. 8 and Fig. 9, respectively.

The simulation results from Fig. 4 - Fig. 9 confirm that
the ATS method can provide the better output voltage
performance compared with the conventional method.
Although changing V; from 20 V to 30 V with £ = 80 0
and changing R from 800 to 40€) with Va' = 30V were
only used in the ATS process, the better output voltage
performance can be obtained for other conditions.

The system with the PI controllers designed by the ATS
method still provide the better output voltage response
compared with those of conventional method.

6. Experimental Results

It has been established in the previous section that the
propesed ATS design can provide the better output
voltage response than those from the conventional design
for both input and load variations. In this section, the
experimental validation is pr ted. The experi tal rig
is shown in Fig.10. The cascade PI controllers based on the
diagrammatic representation of Fig. | were implemented
using an Atmagal280 microcontroller that highlighted by
the number 3 in Fig. 10. The resulting PI controller
parameters were applied to the system of Fig. 10 to regulate
the output voltage. The simulation and experimental rig
were subjected to the same condition. The resulting V,
waveforms by using Pl controller parameters designed
from both conventional and ATS methods for changing
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[0 Ac-hC converter

Lsolated amplifier
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Fig. 10. The testing rig of the considered power system
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Fig. 13. The experimental results for changing lr"; from
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Fig. 16. The experimental résults for changing R from 800}
to 40Q with ¥ =50V

l{,‘ from 20V to 30V, 30V to 40V, and 40V to 50V with
R=B0€Y are shown in Figs. 11 - Fig. 13, respectively. The
comparison waveforms for load variations when resistive
load R is changed from 80C) to 400} with V; equal to
30V, 40V, and 50V are shown in Figs. 14-Fig. 16,
respectively.

Overall it can be concluded that a good agreement
between simulation and experiment results during the input
and load variation can be achieved. The benefit when the
system using the controllers designed by the proposed ATS
method is clearly shown.
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7. Conclusion

According to the results, it indicates that the state-space
averaging model and the ATS algorithm play a significant
mechanism to the optimal controller design process. The
ATS algorithm is very useful to design the cascade PI
controllers of buck-boost converter. Because of the penalty
condition I and II, the resulting controller parameters are
confirmed that they can be implemented using the practical
devices without the saturated problems and the stable
operation can be achieved. During the tuning process, the
control signal o, and the eigenvalues can be calculated
from the proposed averaging model. The results have been
already verified by using the simulation and experiment
with a good agreement. The design procedure proposed in
the paper is not limited to only buck-boost converter, but it
can be also applied to all power converters with various
types of controllers. However, the averaging models of
the system are very important in which they must be
determined before using the proposed design process.
Furthermore, other Al algorithms such as GA, PSO, and
etc. can be applied to the design process using the same
procedure as well. It can be seen that the proposed design
technique is very flexible and simple for the optimal
controller design of power converter in which the imple-
mentation ability and the stable operation are confirmed.

Appendix

The details of classical method for PI controller design
are as follow:

- Current loop control

The schematic of the current loop control of the system
in Fig. 1 is shown in Fig. Al.

Fig. A1. curent ldopieentrol

In Fig. Al, the K, and K, are the PI parameters of
current loop control, while L, 4,, and ¥, are the inductor of
buck-boost converter, amplitude of sawtooth waveform,
and DC-link voltage, respectively. Closed-loop transfer
function of the current loop is given by:

Kﬂ-3+K,-,- v,
5 4L s
B KoV ot Ki¥ae
AL AL

The closed-loop denominator has roots with g, and £,
The standard second order form is

T +2lws+ a0 (A-2)

Hence, the current loop controller can be designed by
comparing between the denominator of (A-1) and (A-2) 1o
yield:

< zga”m Ar‘{'

K, = (A-3)
I'..I’r'
- (‘-‘Ef/‘!.- L
K, =2ttt (A-4)
" de
- Voltage loop control

The schematic of the voltage loop control of the system
in Figurel is shown in Fig. A2.

P B .
+ 77 s | | Res+ |

Fig. A2. voltage loop control
In Fig. A2, the K, and K, are the Pl parameters of
voltage loop control, while C and R are the capacitor of
buck-boost converter and resistive load, respectively.
Closed-loop transfer function of the voltage loop is given

by:
K, s+K;
AN\ L (A-5)
p= N r a
v e !\_|,,,R+1 _H,EE
RC C

Therefore, the voltage /loop controller can be also
designed by comparing between the denominator of (A-5)
and (A-2) to yield:

, Sord 24w, RC-1
- R
K, =a’C (A-T)

(A-6)

In this paper, the PI controllers of both current and
voltage control loops are designed by using (A-3), (A-4),
(A-6), and (A-7). It can be seen that the controllers depend
on the system parameters, damping ratio ¢ and ¢ , the
bandwidths of current loop g, , and voltage loop @,,. The
Pl parameters in Table 1 of Section 5 (conventional
method) are designed by selecting £=0.8, =08, a, = 800
rad/s, ay,, = 80 rad/s, and V. =35 V.
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Abstract

Presently, the global warming issue caused by preenhouse effects are
the main couse for the increasing rencwable energy sources. As a result,
the use of DC micro-grid system suitable for the renewnble encrgy is
i the load d 1o the DC micro grid is
normally :ﬁﬁgﬂ?&mm load in which it can degmde the system
stability. Thereforg) the“stabllity issue for the DC micro-grid system is
very important.In this paper,the stability point civbe predicted by using
the cigenvalue theorem via the proposed el The madiematical rodel
derived by using the combination between the DQ and GSSA methods.
The simulation results via the SimPowerSystem ™ of MATLAB are used
10 validate the instability point predicted from the theory. The results
show that the eigenvalue theorem with the proposed model can comectly

iy @ e

predict the unstable point.
Keyword: stability analysis, DC Micro-grids, constant power load
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Abstract —The paper deals with the stability analysis of DC
micro-grid system (DC MGs). The eigenvalue theorem is
applied with the proposed model derived from the DQ
method and the generalize state-space averaging (GSSA)
method. It can be found from the stability study that the
irradiance of PV arrays can significantly affect to the
stability margin of DC MGs. The simulation results via the
exact topological model of MATLAB are used to confirm
the theoretical results. A good agreement between the
simulation and theory can be achieved. Moreover, the effect
of irradianee changing on stability issue is very important.
This effect has to be considered for DC MGs to avoid the
unstable operation.

Keywords —DC Micro-grid, stability analysis, PV array,
mathematical model, eigenvalue theorem :

I. INTRODUCTION

The global warming issue caused by greenhouse gases is
the main reason for the adoption of renewable energy’ sources:
Most of the renewable energies provide DC power In addifion,
the advancement of electronic power technology has resulted in
the increasing DC power usage [ 1]. This trend is a concept for
developing the DC MGs [2]. It can support more loads in the
future and increase system reliability. This article presents DC
MGs with PV source. The output power of PV array normally
depends on the irradiance, The rated of the DC MGs ean be
equal to the maximum output power of the photovoltaic
modules of the standard light intensity (1000W/m?). Trends of
the load in the system are mostly constant power such as the
electric motor with speed controlled, power converter circuit
with output voltage controlled and ete. In paper [3, 4] found that
the CPL can degrade the system stability. This may cause the
system becomes uhsiable before rated power. Therefore, the
stability analysis ofDC MGs.is important,

The mathematicalmodal is normally used for the stability
study. It is well known tharthe model of the power converter is

time-varying in nature due to the switching acn,pn Bl tha

considered system, it has two componemts of the power
converter circuit: the boost converter and the bi-directional
converters circuit. In order to simplify the stability analysis, the
previous works presented several methods [5] to eliminate
switching action to achieve the time-invariant model. The
proposed model will use the combination between DQ [6] and
generalized state-space averaging (GSSA) [7] techniques to
achieve the time-invariant model. Then, the stability analysis of
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the system will use eigenvalue theorem to predict the unstable
point of the system. Furthermore, this technique will be used for
analyzing the effect of irradiance changing in DC MGs. The
simulation results from SimPowerSystem™ on MATLAB
program can be used to validate the result from theory. The
results show that the stability analysis via the proposed model
can accurately predict the unstable point of the system.

In this paper, it consists of five sections as follows: the
introduction of this article show in Section 1. The details of the
considered system and mathematical model derivation will be
presented in Section I1l. Section III presents the stability
analysis. Section VI illustrates the effect of irradiance changing
in DC MGs and Section V is the conclusion.

II. THE CONSIDERED SYSTEM

The considered DC MGs is depicted in Fig 1. It consists of
the PV arrays, boost converter, CPL, bi-directional voltage
source eonverter (VSC), transmission line and three-phase AC
source. The part of PV array has 350 W/panel. The amount of
PV arrays are 360 panels (parallel 40 panels and series 9
modules) in which they can supply the maximum power equal
to 102 kW (210 A). The characteristic curve of the PV source
used in the considered DC MGs is shown in Figure 2. In the part
of boost converter, it has MPPT algorithm (P&O) [8]. The P&O
algorithm will track the maximum power to supply the DC MGs.
Moreover, the bi-directional VSC can be used to regulate the DC
BUS wvoltage by wsing Pl controller, In this paper, the
assumption for mode! derivation is that the ideal current source
can be represented as the PVs behavior. In addition, all power
converters are operated under the continuous conduction mode
{CCM) and the harmonics are also ignored.

Mathematical Model Derivation

As for deriving the modelythe GSSA is applied to eliminate
the switching action of the boost converter, while the DQ
method is used for the'three phase AC power system. Based on
the GSSA Thethéd. il the fundamental frequency and CCM are
considered, the ‘eomplex Fourier coefficient of the switching
functiow is given in (1)

(u{r))“ =d (

where  d is duty cycle of the boost converter

To reduce the complexity of the model, the duty cycle at the

maximum power point (MPP) for any operating point can be
defined as shown in (2).
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Fig 2, The characteristic I-V and P<V of PV array

d =128 2)
~de ref

Viupnter 15 the.gutput voltage of PV at any MPP

E;._m,. is the'DEBUS voltage controlled

where

As for the DQ method [9], the-switching funttion”of bi+
directional VSC is firstly considered. This switching function
on DQ-frame is given in (3). Notice that afier transferring this
function to DO-frame, it is the time-invariant equation.

- JEzJ'Mcosm -0)
N2 oz 2| sin(g—-@)

(3)
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where ¢ is the angle at source bus, g is the angle at the
terminal of bi-directional VSC, M is modulation index, M, and

M, is modulation index in D and Q axis respectively.

The three-phase AC power system through the transmission
line can be also converted to a DO axis by using the same DQ
transformation used in (3). The details how to design the Pl
controller can be found in [10], Thus, the mathematical model
of the system is shown in (4).

L
1
L L .H.. fu. AL
KK J\u
Al AL
KXY, Wi b, KX
AL, AL,

)
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The mathematical model in (4) 1s a nonlinear model. It is
not suitable for the stability analysis by using the eigenvalue
theorem. The linearization via the first order terms of Taylor
series expansion is applied so as to achieve a set of linear
differential equations around an equilibrium point. The lincar
time-invariant state variable model of the system as shown in

(5).
ax=A(x,,u, )ox+B(x ,u, )ou (s)
Sy =C(x,,u,)0x + D(x,,u,)éu

0l

From (5), the values in matrix A, B, C, and D depend on the
operating point of the system. This model is suitable for stability
analysis by using eigenvalue theorem. The system parameters
are set as follows: V=220V e , Re=0.050 | L,~0.0lmH |
Ce=22pF , Li=6.5mH , Re=0.058 , Cr=1000 pF , Ljgos=1mH
N=40, N=9 |, K, ~0.5004 , Ki=105.7404 , K,=0.0327 , K~
64.1527. As for the validation, the changing CPL from 140 kW
to 145 kW is considered via the simulation as shown in Fig.3.
The results show that the proposed model can provide the same
responses compared with those from the exaet topological
maodel in both transient and steady-state. Therefore, the madel
can be used for stability analysis as discussed in the next seetion.
S kW | o B

140 kW

o

Fig 3. The model validation

IU. STABILITY ANALYSIS
In this section, the hnearized model in (5) 1s then used with

the eigenvalue theorem‘to‘@nalize the stability. The eigenvalue
can be calculated from the Jacablanmatrix in (3) by:

det[A1-A]=0 )
and the system is stable if

Re {1}<0. @)

where i=1, 2, 3,..., n (n = the number of state variables)

To investigate the instability condition due to the CPL, the
eigenvalues of the system are calculated from the Jacobian
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matrix when the CPL varies from 190 kW to 200 kW with fixed
irradiance equal to 1000W/m?, The eigenvalues are shown in
Fig4. According to the eigenvalue theorem, the system
becomes unstable when the CPL equal to 200 kW. The
simulation results to support the unstable condition of Fig.4 is
depicted in Fig.5. In addition, if the irradiance is equal to 0
W/m?, the system will be unstable when the CPL equal to 87.5
kW. The eigenvalues when the irradiance is equal to 0 W/m?
and the simulation result is shown in Fig 6 and Fig 7
respectively.

Fined value : E; = 1500V, 1, = 1000 Wm®
P T
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Fig 4. The eigenvalue at irradiance = 1000 W/m?
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IV, THE EFFECT OF IRRADIANCE CHANGING

As the aforementioned, if the irradiance is more than 0
Wim?, the considered DC MGs will be more a'ﬁblc
Unfortunately, if the irradiance is equal to 0 W/m?, the sysﬁem
becomes unstable at 87.5 kW. Naturally, the irradiance 3
be defined as a constant value. The irradiance is esnmaiﬂﬁ
W/m? when the PV arrays are operated atnight or the,
with many clouds covered. In the case, the system
unstable if the CPL is operated at 87.5 kW. In order to.
this situation, the simulation result of irradiance changi
fixed CPL at 87.5 kW is shown in Fig 8. J

Fixed value : Pepy = 87,5 kW

% g prem— ’—-I[-t— m.-.uble-_h-lf-‘—" stable ——wt
I {
00| | | -
= il A |
= o8 (1] 1 1t 12 03 14 15 16
l @) |
00 . IF 3 e ——— o
= |
aa 1800/~ I 1\ =
o el 7 AN 1
BE 09 ' 1 12 43 14 48 18
| L |
400 g 4 Y W
£ ol I ]'. Fole— -t
= ! B/ L |
85 he WY '|:| 12 1 4 15 is
e}
100, - p ) . -
= : T
=
SRS FSE.
3T A b
08 (3] 1 11 L F) F are A5 16
)"
f(sec |

Fig & The simulation results while irradiance changing

Referring to Fig.8, the system will be unstable at 1.1s to 1.3s
when the irradiance is equal to 0 W/m’. The oscillation is
occurred in the DC BUS voltage as shown in Fig.B(b).
However, if the irradiance is increased more than 0 W/m?, the
system becomes stable again. Therefore, the irradiance
changing can provide the instability situation. The proposed
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study in the paper is very important for the DC MGs having PV
arrays,
V. CONCLUSION

This paper presents the stability analysis of DC MGs
including the effect of irradiance changing. The stability
analysis in this paper uses the eigenvalue theorem via the
proposed mathematical model. The model of considered DC
MGs derived from DO and GSSA methods that can provide the
accurate responses compared with those from the exact
topology model, The results show that the eigenvalue can be
used to predict the unstable point of the system. From the
simulation results, the irradiance changing will affect the
stability of the system. When the irradiance is decreased, the
system can become unstable,
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#include <stdio.h>

#include "SumDiff.h"

#include <rtdx.h> /* RTDX Read */

#include "target.h" /* TARGET INITIALIZE */

#include "math.h"

void add_sub_buffers (float *inputl, float *input2,float *input3,float *input4, float *outputl,
float *output2, float *output3, float *output4);

#define MAX BUFSIZE 1024

float output_a[l],output_b[1],output_c[1],V_alpha[1],V_beta[1],
V_d[1,V_q[1].M_alpha[1],M_beta[1],M_0[1],theta[1];

float input1[1],input2[1],input3[3],input4(3],

Vref,Vdc=100,Va,Vb,Vc,la,Ib,Ic;

float outputl[1],output2[1],output3[1];

float k=0.816497,k1=0.8660254;

float ksqrt23=0.8165 kinvsqrt23=1.2247;

float Ibeta,lalpha,I_d.,I q;

float kpv=0.02445 kiv=38.19769,kpi=-0.00665 kii=-5.2820,Ts=1.65¢-5;

float Upv=0,Uiv=0,Uiv_1=0,Upid=0,Uiid=0,Uiid 1=0,Upiq=0,Uiiq=0,Uiiq _1=0,Upi_id=0,Upi_iq=0;
float err_v=0,err_id=0,err ig=0;

float Iin_d ref,lin_q ref=0;

Y parameters of mitigation
float KFB=0,invEdc,LpfinvEdc1,LpfinvEdc=0,difLpfinvEdc,delthaEdc[1];
float NUm=0.0009995,DEn=0.999;// for Ts=1e-5

/* */

/*-- defines actual size, must be less than limit -*/

int nbuf=1;

/*-- defines RTDX channels -*/

RTDX_CreatelnputChannel (ichanl); /* Channel from which to receive filter input */
RTDX_CreatelnputChannel (ichan2); /* Channel from which to receive filter input */
RTDX_CreatelnputChannel (ichan3); /* Channel from which to receive filter input */

RTDX_CreatelnputChannel (ichan4); /* Channel from which to receive filter input */
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RTDX_CreateOutputChannel(ochanl)
RTDX_CreateOutputChannel(ochan2)
RTDX_CreateOutputChannel(ochan3)
RTDX CreateOutputChannel(ochan4)

/*

/* Channel to output coefficient updates
/* Channel to output coefficient updates
/* Channel to output coefficient updates
/* Channel to output coefficient updates

main *

void main()

{

TARGET _INITIALIZE();
RTDX enablelnput (&ichanl); /* Enable channels */
RTDX enablelnput (&ichan2);

RTDX _enablelnput (&ichan3);

RTDX _enablelnput (&ichan4);

RTDX_enableOutput(&ochanl);
RTDX enableOutput(&ochan2);
RTDX _enableOutput(&ochan3);

RTDX_enableOutput(&ochan4);

while (1)
/* Read inputs from host */

// RTDX read( &ichanl, dinl, nbuf * sizeof(long) );

/ RTDX read( &ichan2, din2, nbuf * sizeof(long) );
RTDX read( &ichanl, inputl, 1*sizeof(float));
RTDX read( &ichan2, input2, 1*sizeof(float));
RTDX read( &ichan3, input3, 3*sizeof(float));
RTDX read( &ichan4, input4, 3*sizeof(float));

/*:Call function */

add_sub_buffers(inputl, input2,input3,input4, output_a, output_b, output_c, delthaEdc);

while (RTDX_writing != NULL )
{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif I

RTDX_write( &ochanl, output_a, nbuf*sizeof(float) );

/* Target-specific initialization */

*/
*/
*/
*/
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while (RTDX_writing != NULL )
{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif I

RTDX_write( &ochan2, output_b, nbuf*sizeof(float) );

while (RTDX writing != NULL )
{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif }

RTDX write( &ochan3, output_c, nbuf*sizeof(float) );

while (RTDX_writing != NULL )
{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif }

RTDX_write( &ochan4, delthaEdc, nbuf*sizeof(float) );

[Hmmmmmmee add sub buffers */

void add_sub_buffers(float *inputl, float *input2,float *input3,float *input4, float *outputl, float

*output2, float *output3, float*delthaEdc)
{ Vref=input1[0];
Vdc=input2[0];

Va=input3[0];
Vb=input3[1];
Ve=input3[2];
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Ta=input4[0];
Ib=input4[1];
Ie=input4[2];
[[-====mm=- > abc to stationary frame of V ----------
V_alpha[0] =k*(Va- 0.5%Vb - 0.5%Vc¢),
V_beta[0] = k*(Va*0 + k1*Vb - k1*Vc);
if (V_alpha[0]>=0 ){
if (V_beta[0]<0){
theta[0] = (atan((V_beta[0]/V_alpha[0])));}
if (V_beta[0]>=0){
theta[0] = (atan((V_beta[0]/V_alpha[0])));}
}
if (V_alpha[0]<0) {
if (V_beta[0]>=0) {theta[0] = 3.1415927+(atan((V_beta[0]/V_alpha[0])));}
if (V_beta[0]<0){theta[0] = -3.1415927+(atan((V_beta[0]/V_alpha[0])));}
}
[[~====mmmmm > abc to stationary frame of [ ----------
Talpha=(ksqrt23)*(Ia-0.5*Ib-0.5*Ic);
Ibeta =(ksqrt23)*(0.866*Ib-0.866*1c¢);

[[~====mmmmm >stationary frame to DQ of V---------
V_d[0]=V_alpha[0]*cos(theta[0])+V_beta[0]*sin(theta[0]);
V_q[0]=-V _alpha[0]*sin(theta[0])+V_beta[0]*cos(theta[0]);

[[-====mm=- >stationary frame to DQ of V---------
I_d=lalpha*cos(theta[0])+Ibeta*sin(theta[0]);

I_g=-lalpha*sin(theta[0])+Ibeta*cos(theta[0]);

invEdc=1/Vdc;
LpfinvEdc1=DEn*LpfinvEdc+NUm*invEdc;
difLpfinvEdc=(LpfinvEdc1-LpfinvEdc)/Ts;
LpfinvEdc=LpfinvEdc1;

delthaEdc[0]=difLpfinvEdc*KFB*Vref/2;
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/I PI controller voltage loop----------- >>>
err_v=Vref-Vdc+delthaEdc[0];

/! err_v=Vref-Vdc;
Upv=kpv*err v;
Uiv=(kiv*Ts*err_v)+Uiv_1;

Iin_d ref=Upv+Uiv; / D-axis

/I PI controller current loop D-axis----------

err_id=lin_d ref-I d;
Upid=kpi*err id;
Uiid=(kii*Ts*err_id)+Uiid 1,

Upi_id=Upid+Uiid,;

/I PI controller current loop Q-axis----------

err_ig=lin_q ref-I q;
Upig=kpi*err iq;
Uiig=(kii*Ts*err_iq)+Uiiq_1;

Upi_iq=Upiq+Uiiq;

//---->update error value
Uiv_1=Uiyv;
Uiid_1=Uiid,;

Uiiq_1=Uiiq;

[[~====mmmm- > DQ to stationary frame -------
M. alpha[0]=Upi_id*cos(theta[0])+ Upi iq*-sin(theta[0]);
M beta[0]=Upi_id*sin(theta[0])+ Upi_iq*cos(theta[0]);

M_0[0]=0;

[[~====mmmm- > stationary frame to abc --------
output1[0]=(1/0.8165)*(0.6667*M _alpha[0]);
output2[0]=(1/0.8165)*(-0.3333*M_alpha[0]+0.5774*M_beta[0]);
output3[0]=(1/0.8165)*(-0.3333*M_alpha[0]-0.5774*M_beta[0]);

return;
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R R R A AR

I/ >DC MGs Controlled & Mitigation<
R R R R R AR
#include "DSP28x_Project.h"

#include "DSP2833x Examples.h"

#include "DSP2833x_Device.h" /"DSP2802x_Device.h"

#include <stdio.h>

#include <stdlib.h>

#include "IQmathLib.h"

#include "math.h"

/I ADC start parameters

#if (CPU_FRQ_150MHZ) // Default - 150 MHz SYSCLKOUT

#define ADC_MODCLK 0x3 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 = 150/(2*3) = 25.0
MHz

#endif

#if (CPU_FRQ_100MHZ)

#define ADC_MODCLK 0x2 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK2 = 100/(2*2) =25.0
MHz

#endif

#define ADC_CKPS 0x0 // ADC module clock = HSPCLK/1 = 25.5MHz/(1) = 25.0 MHz

#define ADC_SHCLK 0x1 // S/H width in ADC module periods =2 ADC cycle

#define AVG 1000 // Average sample limit*/

#define ZOFFSET 0x00 // Average Zero offset

#define BUF_SIZE 1024 // Sample buffer size

// Prototype statements for functions found within this file.

void InitEPwm1Example(void);

void InitEPwm2Example(void);

void InitEPwm3Example(void);

interrupt void epwml _isr(void);

interrupt void epwm?2_isr(void);

interrupt void epwm3_isr(void);

interrupt void cpu_timer0_isr(void);
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void Gpio_select(void);

Uint32 EPwmI1TimerIntCount;
Uint32 EPwm2TimerIntCount;
Uint32 EPwm3TimerIntCount;
Uint16 EPwm1_DB_Direction;
Uint16 EPwm2_DB_Direction;

Uint16 EPwm3_DB_Direction;

// Global Variables

float Va=0,Vb=0,Vc=0;

float ksqrt23=0.8165 kinvsqrt23=1.2247,

float

Voltage VR1=0,Voltage VR2=0,Voltage VR3=0,Voltage VR4=0,Voltage VR5=0,Voltage VR6=0
,V_ch1=0,V_ch2=0,V_ch3=0,V_ch4=0,V ch5=0,V_ch6=0;

float Valpha=0,Vbeta=0,theta=0,thetal=0,amplitude V=0,Vd=0,Vq=0;

float Vab_actual=0,Vbc_actual=0,Vdc=0,Ia=0,Ib=0,Ic=0;

float Vab_actual fil=0,Vbc_actual fil=0,Vdc fil=0,la_fil=0,Ib fil=0,Ic fil=0;
float amplitudel,lalpha,lbeta,ld,Iq;

// Global Variables ---> PI controller

float err_v=0,err_id=0.err iq,lin_d reflin q ref=0,Upv,Uiv,Uiv_1=0,t=0;

[[-======== parameter with mitigation

/] ====mmmen > PI controller Wnv=150

float kpv=0.02445 kiv=38.19769.kpi=-0.00665 kii=-5.2820,Ts=1.65¢-5, Ts_I loop=1.65¢e-5;

float
Upid=0,Uiid=0,Uiid_1=0,Upiq=0,Uiiq=0,Uiiq_1=0,Upi_id=0,Upi_iq=0,err v_0=0,err_id 0=0,err iq
_0=0;

float Vref 1=75,Vref 2=102,Vref=0;
float
M_alpha=0,M_beta=0,M_0=0,Ma=0,Mb=0,Mc=0,Ma_compare=0,Mb_compare=0,Mc_compare=0;

float M=0,Ma_1=0,Mb_1=0,Mc_1=0;
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/[>>>>>Low pass filter

float fil_1=0.945,fil_2=0.0549;

[[>>>>>>> e parameters of mitigation
float KFB=3,invEdc,LpfinvEdc1,LpfinvEdc=0,difLpfinvEdc,delthaEdc;
float Ts_ m=1.65e-5;

float NUm=0.003324,DEn=0.9967;

/* */

// Maximum Dead Band values
#define EPWM1 MAX DB 0x03FF
#define EPWM2_MAX DB 0x03FF
#define EPWM3_MAX DB 0x03FF
#define EPWMI1_MIN DB 0
#define EPWM2 MIN DB 0
#define EPWM3 MIN DB 0
/I 'To keep track of which way the Dead Band is moving
#define DB_UP 1
#define DB DOWN 0
// Prototype statements for functions found within this file.
void main(void)
{ InitSysCtrl();
EALLOW,
SysCtrlRegs.HISPCP.all = ADC_MODCLK;
EDIS; /I 0x00AF to NOT disable the Watchdog, Prescaler = 64
Gpio_select();
DINT;
InitPieCtrl();
1IER = 0x0000;
IFR = 0x0000;
InitPieVectTable();
EALLOW:; // This is needed to write to EALLOW protected registers
EDIS; // This is needed to disable write to EALLOW protected registers

InitAdc();
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AdcRegs. ADCTRLI1.bit. ACQ_PS = ADC_SHCLK;
AdcRegs. ADCTRLI1.bit.SEQ_CASC =1;// 1 Cascaded mode
AdcRegs. ADCTRLI1.bit. CONT _RUN = 1; // Setup continuous run
AdcRegs. ADCTRLI1.bit.SEQ_OVRD = 1; // Enable Sequencer override feature
AdcRegs.ADCTRL2.all = 0x2000;

AdcRegs. ADCTRL3.bit. ADCCLKPS = ADC_CKPS;
AdcRegs. ADCMAXCONV.bit. MAX_ CONV1=0xf;
AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0x0; /A0
AdcRegs. ADCCHSELSEQ1.bit. CONVO01 = 0x1; /Al
AdcRegs. ADCCHSELSEQ!.bit. CONV02 = 0x2; //A2
AdcRegs. ADCCHSELSEQ2.bit. CONVO0S5 = 0x5; //AS
AdcRegs. ADCCHSELSEQ2.bit. CONV06 = 0x6; /A6
AdcRegs. ADCCHSELSEQ2.bit. CONV07 = 0x7; //A7
AdcRegs. ADCST.bit.INT SEQ! CLR =1;
InitEPwm1Example();

InitEPwm2Example();

InitEPwm3Example();

DINT;

// Enable CPU INT1 which is connected to CPU-Timer 0:
IER |=M_INTI;

// Enable TINTO in the PIE: Group 1 interrupt 7
PieCtrlRegs.PIEIER 1.bit.INTx7 = 1;

// Step 4. Initialize all the Device Peripherals:

// This function is found in DSP2833x_InitPeripherals.c
EALLOW;

SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 0;

EDIS;

EALLOW,;

SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 1;

EDIS;*/

// Enable global Interrupts and higher priority real-time debug events:

EINT; // Enable Global interrupt INTM
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ERTM; // Enable Global real-time interrupt DBGM
// Step 6. IDLE loop. Just sit and loop forever (optional):
for(;;){

//=============8tarting ADC process

11111111 Recieve Vab_and_Vbe /1111111

Voltage VRI = (AdcRegs. ADCRESULTO0>>4); //V_chl
V_chl= Voltage VR1*3/4095;

Voltage VR2 = (AdcRegs. ADCRESULTI1>>4); //V_ch2
V_ch2=(Voltage VR2*3)/4095;

I Recieve Vdce /111111111

Voltage VR3 = (AdcRegs. ADCRESULT2>>4); //V_ch3
V_ch3= (Voltage VR3*3/4095);

T Recieve da_ib_ic /1111111111

Voltage VR4 = (AdcRegs. ADCRESULT5>>4); //V_ch4
V_ch4= Voltage VR4*3/4095;

Voltage VR5 = (AdcRegs. ADCRESULT6>>4); //V_ch5
V_ch5= Voltage VR5%3/4095;

Voltage VR6 = (AdcRegs. ADCRESULT7>>4); //V_ché6
V_ch6= Voltage VR6%3/4095;

Vab_actual fil=(V_ch1-1.5)*52.3*%1.5;

Vab_actual=fil_1*Vab_actual+fil 2*Vab_actual_fil;

Vbc_actual_fil=(V_ch2-1.5)*52.3*1.5;

Vbce_actual=fil 1*¥*Vbc_ actual+fil 2*¥Vbc actual fil;

Vdc_fil=(V_ch3*1.6e2)+1.3;

Vde=fil_1*Vde+fil 2*Vde fil;

Ia_fil=((V_ch4)*5.6)-8.5;

Ta=fil_1*Ta+fil 2*Ia_fil;

Ib_fil=((V_ch5)*5.6)-8.5;

Ib=fil_1*Ib+fil 2*Ib fil;

Ic_fil=((V_ch6)*5.6)-8.5;

Ic=fil_1*Ic+fil 2*Ic_fil;




161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

245

Valpha=ksqrt23*((Vab_actual)+((0.5)*(Vbc_actual)));
Vbeta=ksqrt23*((0.866*(Vbc_actual)));
if (Valpha>=0){
if (Vbeta<0){theta=(atan(Vbeta/Valpha));}
if (Vbeta>=0) {theta=(atan(Vbeta/Valpha));}
}
if (Valpha<0){
if (Vbeta>=0) {theta=3.1415927+(atan(Vbeta/Valpha));}
if (Vbeta<0){theta=-3.1415927+(atan(Vbeta/Valpha)); }
}
Talpha=(ksqrt23)*(Ia-0.5*1b-0.5*Ic);
Ibeta =(ksqrt23)*(0.866*Ib-0.866*Ic);

[[-====mm=- > stationary frame to DQ ----------
Vd=Valpha*(cos(theta))+Vbeta*(sin(theta));
Vq=-Valpha*sin(theta)+Vbeta*cos(theta);
Id=Talpha*cos(theta)+Ibeta*sin(theta);

Iq=-lalpha*sin(theta)+Ibeta*cos(theta);

invEdc=1/Vdc;
LpfinvEdc1=DEn*LpfinvEdc+NUm*invEdc;
difLpfinvEdc=(LpfinvEdc1-LpfinvEdc)/Ts_m;
LpfinvEdc=LpfinvEdc];
delthaEdc=difLpfinvEdc*KFB*Vref/2;

// PI controller voltage loop & mitigation----------- >>>
err_v=Vref-Vdct+delthaEdc;
Upv=kpv*err_v;

/*// P1 controller voltage loop----------- >>>
err_ v=Vref-Vdc;
Upv=kpv*err_v;*/
Uiv=(kiv*(err_v_0)*Ts/2)+Uiv_1;
Iin_d ref=Upv+Uiv; / D-axis

{ if(lin_d_ref>5){lin_d_ref=5;} if(lin_d_ref<-5){lin_d_ref=-5;}}
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// PI controller current loop D-axis----------- >>>
err_id=lin_d ref-1d,;
Upid=kpi*err id;
Uiid=(kii*(err_id 0)*Ts_I loop/2)+Uiid 1,
Upi_id=Upid+Uiid;
Upi_id=Upi_id;
// PI controller current loop Q-axis----------- >>>
err_ig=lin_q ref-Iq;
Upig=kpi*err iq;
Uiig=(kii*(err_iq 0)*Ts_I loop/2)+Uiiq_1;
Upi_iq=Upiq+Uiiq;
Upi_iq=Upi_iq;
//---->update error value
err_v_O=err v;
err_id O=err_id;
err_iq O=err iq;
Uiv_1=UivH(kiv*(err_v_0)*Ts/2);
Uiid_1=Uiid+(kii*(err_id 0)*Ts I loop/2);
Uiiq 1=Uiiq+(kii*(err_iq 0)*Ts_I loop/2);
[[~====mmmmm > DQ to stationary frame ----------
M_alpha=Upi_id*cos(theta)+ Upi_iq*(-sin(theta));
M_ beta=Upi_id*sin(theta)+ Upi_iq*cos(theta);
M. 0=0;
[[-====mm=- > stationary frame to abc ----------

Ma=(((kinvsqrt23)*(0.6667*M_alpha)));

Mb=(((kinvsqrt23)*(-0.3333*M_alpha+0.5774*M_beta)));
Mc=(((kinvsqrt23)*(-0.3333*M_alpha-0.5774*M_beta)));

Ma=((Ma+1)*0.5)*7000;

Mb=((Mb+1)*0.5)*7000;

Mc=((Mc+1)*0.5)*7000;
if(Ma>7000){Ma=7000; } if(Ma<=0) {Ma=0;}
if(Mb>7000) {Mb=7000; } if(Mb<=0) {Mb=0; }
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if(Mc>7000){Mc=7000; } if(Mc<=0) {Mc=0;}

Va=Ma;,

Vb = Mb;

Ve =Mcg;
EPwmI1Regs.CMPA .half. CMPA = 7000-Va;
EPwm2Regs.CMPA .half. CMPA = 7000-Vb;
EPwm3Regs.CMPA .half. CMPA = 7000-Vc;

// end of forever loop //

}
}
void InitEPwm1Example()
{

EPwmIlRegs.TBPRD = 7000; // Period = 1600 TBCLK counts

EPwmIlRegs. TBPHS.half. TBPHS = 0; // Set Phase register to zero

EPwm1Regs. TBCTL.bit. CTRMODE = TB. COUNT_UPDOWN; // Symmetrical mode
EPwmIlRegs. TBCTL.bit. PHSEN = TB_DISABLE; // Master module

EPwmlRegs. TBCTL.bit.PRDLD = TB_SHADOW;

EPwmlRegs. TBCTL.bit. SYNCOSEL = TB_CTR_ZERO; // Sync down-stream module
EPwmlRegs.CMPCTL.bit SHDWAMODE = CC_SHADOW;
EPwmI1Regs.CMPCTL.bit. SHDWBMODE = CC_SHADOW;
EPwm1Regs.CMPCTL.bit. LOADAMODE = CC_CTR_ ZERO:; // load on CTR=Zero
EPwm1Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwmI1Regs. AQCTLA.bit. CAU = AQ SET; // set actions for EPWM1A
EPwmlRegs.AQCTLA.bit. CAD = AQ CLEAR;

EPwmI1Regs.DBCTL.bit.OUT MODE=DB_ FULL ENABLE; // enable Dead-band

module

EPwmI1Regs.DBCTL.bit.POLSEL = DB_ACTV_HIC; // Active Hi complementary

EPwmI1Regs.DBFED = 10; // 10 = lusec
EPwmI1Regs.DBRED = 10; // 10 = lusec
}

void InitEPwm2Example()
{
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module

}

EPwm2Regs. TBPRD = 7000; // Period = 1600 TBCLK counts

EPwm2Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero

EPwm2Regs. TBCTL.bit. CTRMODE = TB_ COUNT _UPDOWN; // Symmetrical mode
EPwm2Regs. TBCTL.bit. PHSEN = TB_ENABLE; // Slave module

EPwm2Regs. TBCTL.bit. PRDLD = TB_SHADOW;

EPwm2Regs. TBCTL.bit. SYNCOSEL = TB_SYNC IN; // sync flow-through
EPwm2Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;
EPwm2Regs.CMPCTL.bit. SHDWBMODE = CC_SHADOW,
EPwm2Regs.CMPCTL.bit LOADAMODE = CC_CTR ZERO; // load on CTR=Zero
EPwm2Regs. CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm2Regs. AQCTLA.bit. CAU = AQ_SET; // set actions for EPWM2A
EPwm2Regs. AQCTLA.bit. CAD = AQ_CLEAR;

EPwm2Regs.DBCTL.bit. OUT MODE = DB _FULL ENABLE; // enable Dead-band

EPwm2Regs.DBCTL.bit.POLSEL = DB _ACTV_HIC; // Active Hi complementary
EPwm2Regs.DBFED = 10; // 10 = lusec

EPwm2Regs.DBRED = 10; // 10 = lusec

void InitEPwm3Example()

{

EPwm3Regs. TBPRD = 7000; // Period = 1600 TBCLK counts

EPwm3Regs. TBPHS.half. TBPHS = 0; // Set Phase register to zero

EPwm3Regs. TBCTL.bit. CTRMODE = TB_ COUNT UPDOWN; // Symmetrical mode
EPwm3Regs. TBCTL.bit. PHSEN = TB_ ENABLE;// Slave module

EPwm3Regs. TBCTL.bit. PRDLD = TB. SHADOW;

EPwm3Regs. TBCTL.bit. SYNCOSEL = TB_SYNC IN; // sync flow-through
EPwm3Regs.CMPCTL.bit. SHDWAMODE = CC_SHADOW;

EPwm3Regs. CMPCTL.bit. SHDWBMODE = CC_SHADOW;
EPwm3Regs.CMPCTL.bit. LOADAMODE = CC_CTR_ZERO,; // load on CTR=Zero
EPwm3Regs.CMPCTL.bit. LOADBMODE = CC_CTR_ZERO; // load on CTR=Zero
EPwm3Regs. AQCTLA.bit. CAU = AQ_SET; // set actions for EPWM3A
EPwm3Regs. AQCTLA.bit. CAD = AQ_CLEAR;
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module

}

EPwm3Regs.DBCTL.bit.OUT_MODE = DB_FULL ENABLE; // enable Dead-band

EPwm3Regs.DBCTL.bit. POLSEL = DB ACTV_HIC; // Active Hi complementary
EPwm3Regs.DBFED = 10; // 10 = lusec

EPwm3Regs.DBRED = 10; // 10 = lusec

void Gpio_select(void)

{

EALLOW,;
GpioCtrlRegs. GPAMUX1.all = 0x0000;

GpioCtrlRegs. GPAMUX1.bit. GPIOO = 1; // ePWMI1A active
GpioCtrlRegs. GPAMUX1.bit. GPIO1 = 1; // ePWM1B active
GpioCtrlRegs. GPAMUX1.bit.GPIO2 = 1; // ePWM2A active
GpioCtrlRegs. GPAMUX1.bit.GPIO3 = 1, // ePWM2B active
GpioCtrlRegs. GPAMUX1.bit.GPIO4 = 1; // ePWM2A active
GpioCtrlRegs. GPAMUX1.bit.GPTOS5 = 1; // ePWM2B active

GpioCtrlRegs. GPBMUX1.all = 0x0000; // GPIO functionality GPI032-GPI047
// GpioCtrlRegs. GPBMUX?2.all = 0x00000000;

GpioCtrlRegs. GPCMUX1.all = 0x0000; // GPIO functionality GPI064-GPIO79
/I GpioCtrlRegs. GPCMUX2.all = 0x00000000;

GpioCtrlRegs.GPADIR.all = 0x0000;

GpioCtrlRegs.GPBDIR.all = 0x0000; // GPIO32-GPIO47 are output
GpioCtrlRegs.GPCDIR .all = 0x0000; // GPI064-GPIO79 are output

EDIS;}
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#include<avr/io.h>
#include<avr/interrupt.h> //Gl"lsf}interrupt
#include<compat/deprecated.h>

#include<math>

#include <Keypad.h>
const byte ROWS = 4; // Four rows
const byte COLS =4; // columns
// Define the Keymap
char keys[ROWS][COLS] = {

{1123 A", {456, B'}, {'7','8','9'C"}, {'*'0,'#, D'} };
byte rowPins[ROWS] = {31, 33, 35, 37} ;byte colPins[ COLS] = {39, 41, 43, 45},
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS );
[[=mmmmmmm s >Variable
int num[5],count_num,numl,i,k;
float
voltage=0,current=0,V_o_buck boost=0,I L buck boost=0,V_o act=0,V_0=0,V_o fil=0,I L act=0,
I L=0,I L fil=0,V_o buck boost keep=0,I L buck boost keep=0;

float fil_1=0.945,fil 2=0.0549;

int port PWM =11;
int duty_cycle,increased Vref=0;

float d;

#include <Wire.h>

#include <LiquidCrystal 12C.h>

LiquidCrystal I12C 1ed(0x3f,16,2); // set the LCD address to 0x27 for a 16 chars and 2 line display
[[=mmmmmmm e >Pi controller

float kpv=1.457 kiv=4.573 kpi=0.5453 kii=22.332,Ts=3.33e-4;

float count_timer=2e-4,period_time=0;

float delthaP=10,R=40;

float err_v=0,Upv=0,Uiv=0,Uiv_1=0,Upi_v=0,err v_0=0;
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float err_i=0,Upi=0,Uii=0,Uii_1=0,Upi_i=0,V,V_o01=0,I L1=0,err i 0=0;
e >show value

int count_round=0;

void setup() {
[[mmmmmmmmmm e >check speed board
pinMode(24, OUTPUT);

pinMode(port PWM, OUTPUT);

[[=mmmmmmm e >serial monitor

/* Serial.begin(9600);

Serial.printIn("Please input value of duty cycle(0-100) =");

Serial.print("duty cycle : ");*/

[[mmmmmmmmm e >LCD

/Ned.init(); // initialize the lcd
led.begin(); // initialize the lcd
led.backlight(); // backlight of LCD
lcd.setCursor(1,0);

led.print("Pls. press Vo");
led.setCursor(1,1);

led.print("Vo=");

keypad.addEventListener(keypadEvent);
count_num=0;
i=1; num[5]=0; while(i!=0){ number(); }
V=numl;
lcd.clear();

I]]==mmmmmmmm >TIMER1 PWM <---------- I
pinMode(port PWM, OUTPUT);
TCCRIA = (1<<COMI1A1)|(1<<COM1A1);
TCCRIA |= (1<<COMIB1)|(1<<COMI1BI1);
TCCRIB = (1<<WGM13)|(0<<WGM12);
TCCRIA |= (0<<WGM11)|(0<<WGM10);
TCCRIB |= (0<<CS12)|(0<<CS11)|(1<<CS10);
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ICR1 =800; OCRIA =0; OCRI1B =0; TCNT1=0;

}
void number(){
keypad.getKey();
}
void keypadEvent(KeypadEvent eKey){
switch (keypad.getState()) {
case PRESSED:
Serial.println(count_num);

Serial.print(eKey);

lcd.setCursor(5+count_num,1);if(eKey!='A") {lcd.print(eKey);};

switch (eKey){

case '1"num[count num]=1;count num=count num+1;break;
case '2":num[count num]=2;count num=count num+1;break;
case '3":"num[count_num]=3;count_num=count_num-+1;break;
case '4":num[count_num]=4;count_num=count_num-+1;break;
case '5"'num[count_num]=5;count num=count_num-+I;break;
case '6":num[count num]=6;count num=count num+1;break;
case '7":num[count num]=7;count num=count num+1;break;
case '8 :num[count_num]=8;count_num=count_num-+1;break;
case '9":num[count_num]=9;count_num=count_num-+I;break;

case '0":num[count_num]=0;count_num=count_num-+1;break;

case 'A':icheck num();return;
yoobd
void keypadEvent_stop(KeypadEvent eKey){
switch (keypad.getState()) {
case PRESSED:
/*Serial.printin(count_num);
Serial.print(eKey);*/
switch (eKey){
case "*":{increased_Vref=increased Vref+1;}

Pty
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void check_num(){

}

if(count_num==0){Serial.println("Invalid Number");delay(2000);setup();}
if(count_num==1) {num1=num[0];i=0; return;}

if(count_ num==2){num1=num[0]*10+num[1];i=0; return;}
if(count_num==3){num1=num[0]*100+num[1]*10+num[2];i=0; return;}
if(count_num==4){num1=num[0]*1000+num[1]*100-+num[2]*10+num[3];i=0; return;}

if(count_num>4){Serial.printIn("Invalid Number");delay(2000);setup(); }

void loop() {

H

if(increased_Vref>=1) {
if(period_time>=1) {iflV>=63) {V=V+0;period_time=0;}else {V=V+3;period_time=0;} }

period_time=period_time+count_timer;increased Vref=1;

V_o_buck boost=analogRead(A0);

V_o_act=V_o_buck boost*5/1024;

V_o fil=V o act*100+2.4;

V_o=fil_1¥V o+fil 2*V o fil;

I L buck boost=analogRead(Al);

I L act=I L buck boost*5/1024;

I L fil=I L act*1.3-0.08;

I L=fil_1¥I L+l 2*1 L fil;

if(count_round>1500){Icd.clear();

[[FFHE oo >show value v
Ied.setCursor(0,0);
led.print("Vo =");lcd.print(int(V'));
[[RHEE e >show value P
lcd.setCursor(0,1);
led.print("P=");lcd.print(int(V*V/R));
count_round=0;

¥ count_round-++;

// P CONTROLLER ------ > voltage loop

err v=V-V_o;
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Upv=kpv*err_v;
Uiv=(kiv*Ts/2*err_v_0)+Uiv_1,;
Upi_v=Upv+Uiv; // PI value loop v
if (Upi_v>=10)

{Upi_v=10;}
else if (Upi_v <=-10)

{Upi_v=-10;}
Uiv_1=Uiv+(kiv*(err_v_0)*Ts/2);
err v 0=err v;

// P CONTROLLER ------ > current loop
err_i=Upi_v-I_L;

Upi=kpi*err_i;
Uii=(kii*Ts/2*err i 0)+Uii 1,
Upi_i=Upi+Uii;
Uii_1=Uii+(kii*(err_i_0)*Ts/2);
err_i_O=err i;

d=Upi_i*800;

if (d >= 0.95*800)

1d=0.95*800; }
else if (d <=0.05*800)

{d=0.05*800; }

OCRI1A =d;
keypad.addEventListener(keypadEvent_stop);

keypad.getKey(); }
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