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ABSTRACT

This paper presents the control model of
three phase grid- connected photovoltaic
inverter based on the analysis of operating
principle of two-stage conventional grid-
connected inverter. The mathematical model
of inverter under dqg frame is set up and the
overall control strategy of two-stage
photovoltaic  grid-connected inverter is

proposed in this paper. To overcome the
distortion general caused by switching effect
on sensors, a Kalman filter is introduced. The
control strategy was simulated on Matlab —
Simulink to verify the steady and dynamic of
model, improving the quality of electrical
power to consumers.
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1. INTRODUCTION

Nowadays fossil fuel is the main energy
supplier of the worldwide economy, but the
recognition of it as being a major cause of
environmental problems makes the mankind to
look for alternative resources in power generation
[1].

The control strategies applied to distributed
systems become of high interest. And how to
improve the performance of grid inverter, increase
the switching frequency and power density to
meet power quality requirements has become a
research hotspot in recent years [2].

Many researches are focused to resolve important
problems of the distributed system and its control
to improve the quality of electrical power such as

Instantaneous reactive power based hysteresis
current controller [4], sliding mode controller [5],
synchronous reference frame controller etc. have
been proposed and developed for a three phase
voltage source inverter. The paper [3] investigates
the maximum and minimum gain off the PR
controller to adapt in case that the grid impedance
varies in a wide range. The harmonics in grid
voltages and noise in sensing circuit was canceled
by a shunt active filter in paper [6]. Recently, the
use of second order generalized integrators
(SOGI) or linear kalman filters (LKF) has proven
to be a more robust strategy for current control in
strongly polluted networks [7] by processing
voltages independently and even accounting for
reduced order harmonics [8].
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Modeling part
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Figure 1: Proposed grid tie inveter model

In this paper, authors focus on two main problems,
as designing the PI controller on dg frame and
proposing a Kalman filter based on the inverter
model to overcome the output voltage fluctuations
caused by harmonics and sensor’s noise.

2. PROPOSED CONTROL STRUCTURE
FOR GRID CONNECTED
CONVERTER

Figure 1 shows a typical model of grid
connected inverter [9]. The model includes Park
transformation, PLL, current and voltage control
loop which can see in almost grid tie inverter. The
system is built on the dq coordinate with the input
conditions such as amplitude and frequency of the
grid voltage changes in certain intervals.
Typically, the inner loop controller is AC current
control while the DC voltage (\Vdc) follows the
Vdc reference (Vdc ref) by using the outer
control loop. Called id, iq, ud, ug and vd, vq are
the shadows of output current space vector i,
output voltage space vector u and grid voltage

space vector v on dq axis respectively, iq will be
set to O in case of grid — connected power factor
equal to 1 or id/iq be constant (iq # 0 ) incase that
the power factor < 1. Transfer function model is
built from the electronic equivalent 3 phase
inverter grid:

L) Q)

Figure 2: Grid tie currents and voltages

Dg transformation is performed based on
information from the grid voltage. The state space
equations were shown below:

{J'c = Ax + Bu
y=Cx

Which:
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The values of the three-phase current source
grid tie inverter model parameters are presented in
Table 1.

Table 1: Inverter parameters

Parameter Value Explanation
r 30 Filter inductance resistor
12mH Filter inductance
® 1007 Grid frequency
Fs 1200 Hz Sampling frequency

The inverter is control by PWM switching
controller with  switching  frequency
approximately 20 kHz and the sampling
(parameter update) frequency is 1200Hz. For
simplicity, we can assume that the PWM is a delay

block with transfer function:
1
Grwm (5) = Tiors @

Call wd, wg 2 of the PWM input. We have
equations :

Ugq(s) = wgq(s) m (€))
udq(t) + 1'5Tsudq(t) - qu(t)
g () = Haa( = taa )
_ Waq(8) — uqe(0)
- 15 Js

= 800w, (t) — 800u,(t)

Put 04q(t) = uge(t) we have state space
equations :
[Od] "o _gool [ZZ] +[%° 00l [V‘;Z]
e [oq] O

Combine (2), (3) and (4)

fa] [—250 100w 8333 0 q[ia
d|iq _[—1007‘[ —250 o 8333 iq
dt |%a 0 - Oq
0q ] 0 —800- 0q
r—83.33 Va)
) —8 \ Vq
0 800 0 [|Wa
L0 0 800 [wq]
lg
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[yq]_[o 10 o] 0g ®)
0,

3. KALMAN FILTER

To reduced noise from switching process on
the sensor, we design the Kalman filter to estimate
the output signals of inverter. The Kalman filter
estimates a process by using a form of feedback
control: the filter estimates the process state at
some time and then obtains feedback in the form
of (noisy) measurements.

Assume that noise is white noise that
includes:

System noise w(t): Appearing due to factors
of uncertainty in the system and the model’s error.

Measurement noise v(t): Appearing due to
uncertainty from the environment, noise on the
grid and having direct affect the measurement of
the sensors.

Since the occurrence of noise, system state
equation has been changed:

x = Ax + Bu+ Gw
{y=(]x+v 6)
1
]
G = 1l
1

Normally, the measurement noise has a great
effect on the system’s stability. In this paper,
authors suppose that there is no system noise then
w, Vv is regarded as uncorrelated (E (wv ~ T) =0),
with the average value of 0 and variance
respectively:
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(ww') =Q =107° @)
n—p_[001 01
E(vv )—R—[ 0 0.01].
Suppose measurement of noise variance with
2 components id, ig are 0.01.

The Kalman filter “KEST” is calculated
based on the model parameters. KEST includes 6
inputs: vdg, udg, ydq, to create value estimated of
6 output values: Y44, Tqq) Oaq-

The state space equations of grid tie inverter
is shown in equation (5). The PI currents
controller was chosen by using loop shaping
theory for the singular values plot of shaped loop
have to have high gain at low frequency ( 5Hz)
and low gain at high frequency (500Hz), the
singular plot of target system are shown in figure
4 and 5.

Grid connected current (xd, 1q)
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Figure 3: Kalman filter
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Figure 4: Singular value plots of system before
adjusting

4. SIMULATION RESULT

The simulation parameters including 250Wp
solar panels, DC voltage will be fixed at 100VDC,
grid voltage vd = 90V, vq = 0V, the grid tie
current is controlled with constant ratio: I1d / Iq =
2.

14

Singular Values (¢8)

Figure 5: Singular value plots of system after
adjusting

Simulation 1: Simulation in case without
sensors noise and Kalman filter.

@)

_
b)
Figure 6: System DC voltage (a) and feedback
currents(b) in ideal condition.
Simulation 2: Simulation in case the output
noise with variance 0.01 without Kalman filter.

Trang 195



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.18, No.K6 - 2015

i | a)
I el
A
e
o
- »

Figure 7: DC voltage (a) and feedback current
(b) in case having sensor noise without filtering

Simulation 3: Simulation in case the output
noise with variance 0.01, with Kalman filter

b)
Figure 8: DC voltage (a) and feedback current
(b) in case having sensor noise with Kalman filtering

Simulation 1, 2 and 3 show the importance of
Kalman filter. The sensor noise which will always
appear in power system can be canceled by using
a soft filter.

5. CONCLUSION

This paper proposes the Kalman filter for
sensor noise cancelation. With the Kalman, the
disturbance appear during measurement can be
eliminated, thus better system response. By using
software filters, we can reduce hardware noise
filter which usually cause phase delay and
expensive. Moreover, we can use cheaper sensors
but system still achieves quality and stability.
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Ung dung bd loc Kalman loc nhiéu ctia cdm
bién trong b6 nghich Iwu két noéi lwdi
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TOM TAT

Bai béo dwa ra mé hinh bé nghich lwu két
néi lwdi dwa trén viée phéan tich bé nghich luu
hoa ludi dang bién tén 3 pha, 2 bac. M6 hinh
toan va mo hinh diéu khién téng quét ctua hé
thdéng duoc xay dung trén hé truc toa dé dq.
Bai bdo dé xuét bo loc Kalman (ng dung

trong viéc loai bé nhiéu xuét hién trén cam
bién do viéc déng cét & tén s cao géy ra. M6
hinh hé théng duoc kiém chirng trén Matlab
— Simulink véi két qud tét, nang cao chét
lwong dién ap hoa lwdi.

Ttr khéa: Bé loc Kalman, nghich Iuu hoa |lwéi, nhiu cdm bién.
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