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Abstract: This paper proposes a simple
optimal voltage control method for three-
phase uninterruptible-power-supply systems.
The proposed voltage controller is composed
of a feedback control term and a compensating
control term. The former term is designed to
make the system errors converge to zero,
whereas the latter term is applied to
compensate for the system uncertainties.
Moreover, the optimal load current observer is
used to optimize system cost and reliability.
Particularly, the closed-loop stability of an
observer-based optimal voltage control law is
Mathematically proven by showing that the
whole states of the augmented observer-based
control system errors exponentially converge
to zero. Finally, the comparative results for
the proposed scheme and the conventional
feedback linearization control scheme are
presented to demonstrate that the proposed
algorithm achieves fast transient response,
small steady-state error, and low total
harmonic distortion under load step change,
unbalanced load, and nonlinear load with the
parameter variations.

Key words: optimal voltage control, optimal
load current, closed loop stability, feedback
linearization control scheme.

I.LINTRODUCTION

Therefore, this paper proposes an
observer-based optimal voltage control scheme
for three-phase UPS systems[1]. This proposed
voltage controller encapsulates two main parts:
a feedback control term and a compensating
control term. The former term is designed to
make the system errors converge to zero, and
the latter term is applied to estimate the system
uncertainties. The Lyapunov theorem is used
to analyze the stability of the system.
Specially, this project proves the closed loop
stability of an observer-based optimal voltage

control law by showing that the system errors
exponentially converge to zero. Moreover, the
proposed control law can be systematically
designed taking into consideration a tradeoff
between control input magnitudes and tracking
error unlike previous algorithms [2].

The efficacy of the proposed control
method is verified via simulations on
MATLAB/Simulink and experiments on a
prototype600-VA UPS inverter test bed with a
TMS320LF28335DSP. In this paper, a
conventional FLC method is selected to
demonstrate the comparative results because it
has a good performance under a nonlinear-load
condition, and its circuit model of a three-
phase inverter is similar to our system
model[3].

Il. PROPOSED OPTIMAL
VOLTAGE CONTROLLER DESIGN

The three-phase UPS system with an
LC filter is shown in Fig. 1, which is
composed of a dc-link voltage (Vdc), a three-
phase pulse width modulation (PWM) inverter
(S1~S6), anoutput LC filter (Lf, Cf),and a
three-phase load (e.g., linear or nonlinear load)
[4,5].Based on Fig. 1, the dynamic model of a
three-phase inverter can be derived ina d — q
synchronous reference frame as follows.
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vLd =ovq +Klijqg—K1li...... 3

VLQq =-0Vid +Klij, —K1liq....4

where k1=1/Cf, and k2=1/Lf. In system
model, vLd, vLg, s and iy are the state
variables, and vi; and vj, are the control inputs.
In this scheme, the assumption is made to
construct the optimal voltage controller and
optimal load current observer as follows:

The load currents (iLs and iLqg) are
unknown and vary very slowly during the
sampling period. Recall that Q and R are
the weighting matrices [26]. Excessive
large error or control input values can be
penalized by using properly chosen Q
and R. Generally, the large Q means a
high control performance, whereas the
large. R means a small input
magnitude[6]. Consequently, there is a
tradeoff between Q and R in the control
system. The Q and R parameters
generally need to be tuned until
satisfactory control results are obtained.
Let the diagonal matrices Q and R be
defined as
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Fig 1 block diagram of proposed

system.
Il PROPOSED OPTIMAL VOLTAGE
CONTROLLER DESIGN AND

STABILITY ANALYSIS
Here, a simple optimal voltage controller is
proposed for system (1). First, let us define the
d — g-axis inverter current references (i*id,
i*ig) as

1

lig = lpa — vath

. . 1

lig = lpq + Ha)de ... (5)
Then, the error values of the load voltages and
inverter currents are set as vde

Vrd = Vra — Via»

lge = lig — lia,

lge = ligtlg————— (7)
Therefore, system model (1) can be
transformed into the following error dynamics:
X =Ax+Blu+uy)—————-— (8)
Note that ud is applied to compensate for the
system uncertainties as a compensating
term.Consider the following Riccati equation
for the solution matrix P
PA+AT—PBR'BTP+Q=0 ------- (10)
where Q and R are the positive definite
weighting matrices with sufficient dimensions.

Recall that Q and R are the weighting
matrices. Excessive large error or control input
values can be penalized by using properly
chosen Q and R. Generally, the large Q means
a high control performance, whereas the large
R means a small input magnitude.
Consequently, there is a trade off between Q
and R in the control system[7]. The Q and R
parameters generally need to be tuned until
satisfactory control results are obtained.
Let the diagonal matrices Q and R be defined
as

=2 0 0 0
o — 0 Qo 0 0
L O e O Qm
r I 0 0 0
e — 0 Ro 0 0
Lo .. . 0 R

where Q and R have positive diagonal entries
such that

\Qi =1/ymaxi , wherei=1, 2, ...m, and

VRi = 1/umaxi , where i = 1, 2, . . ..m. The
number ymaxi is the maximally acceptable
deviation value for the ith component of
output y. The other quantity umaxi is the ith
component of input u. With an initial guessed
value, the diagonal entries of Q and R can be
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adjusted through a trial-and-error method.

Then, the optimal voltage controller can be

designed by the following equation[8,9]
u=-ugt+Kx - —————— (11)

where K = —R—1BTP denotes the gain matrix,
and Ug and Kx represent a feed forward
control term and a feedback control term,
respectively[10].

The proposed voltage controller, in
essence, is designed based on the well-known
linear quadratic regulator minimizing the
following performance index :

] = f(xT Qx + ulRu,)dt — — — —(12)

where x is the error, un = u + ud, and
Q and R are symmetrical positive definite
matrices as mentioned above.
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Fig. 2 Block diagram of the
proposed optimal voltage control
scheme.

1. SIMULATION RESULTS

VARV, V

Fig.3 Simulation results of ups linear
optimal system

FIG 3 shows Simulation and experimental
results of the proposed observer-based optimal
voltage control scheme under load step change
with30 %parameter variations in Lf and Cf
(i.e., balanced resistive load:0%-100%)
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Fig 4 under
voltage
Fig 4 shows that Flc control by applying

linear load the voltage wave form.

Jload voltage

Fig5 FLC control Ups linear load current

Fig 5shows Simulation and experimental
results of the conventional FLC scheme under
load step change with—-30% parameter
variations in Lf and Cf (i.e., balanced resistive
load: 0%—-100%)
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Fig6 Simulation and experimental results of
the proposed observer-

Based optimal voltage control scheme under
unbalanced load

fig 6 shows with—30%parameter variation
sinLf and Cf (i.e., phase B opened)—
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Fig7 Simulation and experimental results
of the conventional FLC scheme under
unbalanced load output voltage
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Fig 8 Simulation and experimental results
of the conventional FLC scheme under
unbalanced load output current

Fig9 Simulation and experimental results
of the proposed observer-based optimal
voltage control scheme under nonlinear
load Load output voltages (VL)

Fig 10 Simulation and experimental results
of the proposed observer-based optimal
voltage control scheme under nonlinear
load Load output currents(IL)

Figll Simulation and experimental results
under nonlinear load

Fig shows under nonlinear load PhaseA load
current error(ieLA=iLA—"iLA)

Figl2 Simulation and experimental results
of the conventional FLC scheme under
nonlinear load

Fig 12 shows the results of conventional IFLC
scheme under non linear load
with—30%parameter variations in Lf and Cf
(i.e., three-phase diode rectifier
CONCLUSION

This paper has proposed a simple observer-
based optimal voltage control method of the
three-phase UPS systems The proposed
controller is composed of a feedback control
term to stabilize the error dynamics of the
system and a compensating control term to
estimate the system uncertainties. Moreover,
the optimal load current observer was used to
optimize system cost and reliability. This
paper proved the closed-loop stability of an
observer-based optimal voltage controller by
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using the Lyapunov theory. The superior
performance of the proposed control system
was demonstrated through simulations and
experiments. Under three load conditions,the
proposed control scheme revealed a better
voltage tracking performance such as lower
THD, smaller steady-state error, and faster
transient response than the conventional FLC
scheme even if there exist parameter
variations.
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