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Abstract: The traditional deadbeat control for UPS inverters has a robustness problem. The parametric

imprecision can greatly harm the stability of the system, which restricts the application. A novel robust

deadbeat control method is proposed in this paper to deal with the problem. In the proposed control method, a

proportional element is added to the traditional deadbeat control in order to improve the robustness to

parametric imprecision. To eliminate the error between output voltage and voltage reference caused by

environmental noise and parametric deviat ion, a model reference adaptive regulator is also added to the control

method. A 1kVA prototype is built based on DSP. Theoretical analysis and experimental results show that the

robustness for parametric variat ion of the proposed method is much better than the traditional deadbeat control.

The system can remain stable even when the systemic parameters have a large deviat ion from calculating

parameters. The system has small static error and fast dynamic response with the new control method. This

method is easy to realize in DSP and is suitable for full digital realization of UPS.
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1 � Introduction

With the rapid growth in the use of UPS

( uninterrupted power supply) and the increasing need for

high quality UPS, its full digital implementation has been

much focused on. To limit the output voltage distortion

and improve the performance of UPS inverters, various

digital control methods have been proposed
[ 1-5]

, such as

repetit ive control, deadbeat control, sliding mode

control, and etc.

Deadbeat control, derived from state equations, has

fast dynamic response and can eliminate the state variable

errors in several control periods. However, its high

sensitivity to parametric mismatches, model uncertainties,

and noise on the sensed variables still restricts its

application
[ 3-5]

.

This paper proposed a novel robust deadbeat control

that is simple and can be easily realized in DSP. A

proportional element is added to the traditional deadbeat

control. It can effectively improve the robustness of

deadbeat control with the expense of a little increased

static error and slower dynamic response. A model

reference adaptive control regulator is also added to

eliminate the output voltage deviation caused by

environmental noise and parametric uncertainties.

Experiments are carried out on a 1kVA UPS prototype

based on DSP TMS320LF2407A. Theoretical analysis and

experiments prove the validity and effect iveness of the

proposed method.

2 � Robust Deadbeat Control

The circuit of a single-phase hal-f bridge UPS

inverter is shown in Fig�1. If the ESR of capacitor is

neglected, the capacitor voltage u c equals to the output

voltage uo . The voltage uo and the inductance current i L

are chosen as state variables, and the load current io is



Fig. 1 � Diagram of single-phase hal-f bridge inverter

treated as disturbance. The system state equation is

�x = A � x + B � u in + D � i o ( 1)

y = C
T � x ( 2)

where x = [ uo iL ]
T
, A = [ 0 � 1�C; - 1�L � 0] , B

= [ 0 � 1�L ]
T
, D = [ - 1�C � 0]

T
, C = [ 1 � 0]

T

u in is the input voltage of the LC rectifier, and in the two

level pattern it is either + Ud or - Ud .

The discrete state equation can be expressed as

x ( k + 1) = �x ( k ) + G�T ( k ) + Pi o ( k ) + H

( 3)

where

� = e
AT

= [ � 11 � � 12 ; � 21 � � 22 ]
T

( 4)

G = 2Ude
( AT�2)

B = [ g 1 � g2 ]
T

( 5)

P = - A
- 1
( I - e

AT
) D = [ p 1 � p 2 ]

T
( 6)

H = U dA
- 1
( I - e

AT
) B = [ h1 � h2 ]

T
( 7)

Where T is the control period, �T ( k ) is the acting time

of positive voltage + Ud in the k th control period.

In the traditional deadbeat control, the required

pulse width �T ( k) can be computed by making uo ( k+

1) in the first equation in ( 3) equal to the voltage

reference u ref ( k+ 1) . It holds

�T ( k ) =
1
g1

u ref ( k + 1) -
� 11

g1
uo ( k ) -

� 12

g1
i L( k )

-
p 1

g1
io ( k ) -

h1

g1
( 8)

� � Deadbeat control depends on the precise

mathemat ical models of the controlled object . On ideal

conditions, the actual parameters of the inverter are

identical with calculating parameters used in equation

(8) . However, the precise systemic model is difficult to

obtain, and the actual parameters may change during

operation.

Fig�2 shows the discrete system block diagrams of

the traditional deadbeat control and the deadbeat control

Fig . 2� Discrete system block diagram

part of the proposed method. Symbols with � �̂ stand for

calculating values and symbols without � ^ � stand for

actual values. The difference between Fig�2 ( a ) and

Fig�2( b) is that a proport ional element k w is added to the

new method. Usually 0 < kw < 1, and it returns to

tradit ional deadbeat control if kw= 1.

The transfer function from U ref ( z) to X ( z) in Fig�2

( b) is

X ( z )
Uref ( z )

=
C

T
Ĝ

kw
( zI - � ) + GC

T
�̂

- 1

G ( 9)

The transfer function from voltage reference to output

voltage is

G i ( z ) =
Uo ( z )

Uref ( z )
=

C
T
X ( z )

Uref ( z )

= C
T C

T
Ĝ

kw
( zI - � ) + GC

T
�̂

- 1

G

=
k w ( g 1z + g2 � 12 - g1 � 22 )

q ( z )
( 10)

where

q ( z ) = ĝ 1z
2
+ [ g1 �̂ 11 kw + g 2 �̂ 12 kw - ĝ 1 � 22

- ĝ 1 �̂ 11 ] z + g2 kw ( �̂ 11 � 12 - � 11 �̂ 12 ) + � 21

( g1 �̂ 12k w - ĝ1 � 12 ) + � 22 ( ĝ 1 � 11 - g1 �̂ 11 kw )

� � If kw= 1, and the calculating values and the actual

values are the same, equation ( 10) can be simplified as

G ( z ) = 1�z ( 11)

It means that with the traditional deadbeat control, the

output voltage follows the reference in one control period

in case that there is no parametric mismatch.

However, it is not always the case in practice. A

typical UPS inverter main circuit is considered to study
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the inf luence of parametric mismatching. The calculating

parameters are: Û d = 185V, L̂ = 1�3mH, Ĉ = 20�F.

Fig�3( a) shows the module tracks of zero and poles of the

transfer function in traditional deadbeat control, when L

changes, and Ud and C are the same with calculating

values. Similarly, Fig�4 ( a ) and Fig�5 ( a ) show the

module tracks when C and Ud change respectively.

According to control therory, the modules of each pole

should be less than 1 to ensure the system stable. When

actual parameters match calculating values, the zero

counteracts one pole, and we get equation ( 11 ) .

However, when there is parametric mismatch, the system

can easily become unstable. As shown in Fig�3( a) , Fig�4
( a ) and Fig�5 ( a) , when the actual inductance L is

smaller than L̂ , or the actual capacitor C is smaller than

Ĉ , or the actual DC link voltage Ud is bigger than Û d ,

the system has a pole outside the unit circle in Z-plane

and becomes unstable. The poor robustness makes the

traditional deadbeat control almost impract icable in UPS

application.

Fig. 3 � Modules of zero and poles when L changes

Fig. 4� Modules of zero and poles when C changes

The proposed deadbeat control with a proportional

element has better robustness compared with the

traditional method. Fig�3( b) , Fig�4( b) and Fig�5( b)

Fig. 5� Modules of zero and poles when Ud changes

show the module tracks of equation ( 10) ( kw = 0�7)

when L , C , and Ud change respectively. We can see

that in this case the system can remain stable as long as L

is larger than 0�913mH ( 70�23% L̂ ) , C is larger than

9�82�F ( 49�1% Ĉ ) , and Ud is smaller than 264�5V

( 146�94% Û d ) .

Tab�1 lists the constraints for actual parameters in

tradit ional and the proposed deadbeat control to make the

system stable. It is obvious that constraints in the

proposed method are much less strict, and the control

method has better robustness when actual parameters

deviate from calculating parameters.

Tab. 1 � Constraints for systemic parameters

Constraints

Parameters
L ( mH) C (�F) Ud( V)

Traditional deadbeat �L̂ � Ĉ � Û d

Proposed deadbeat

( kw = 0� 7) > 70. 23% L̂ > 49. 1% Ĉ < 146. 94% Û d

The proport ional element improves the robustness of

the deadbeat control, while it causes a little increased

static error. From equation ( 10) we can get the frequency

response by subst itut ing z with e
j �T

�G i ( j �) =
�U o ( j �)
�Uref ( j �)

=
kw ( g1 e

j�T
+ g2 � 12 - g1 � 22 )

q( e
j�T
)

( 12)

where �U ref ( j �) and �Uo ( j �) are voltage reference phasor

and output voltage phasor respect ively. In UPS inverters,

the voltage reference u ref is a sinewavewith the frequency

of 50 Hz, and �ac is 314 rad�s. The control frequency is

20 kHz in experiment, and the corresponding control

period T is 50 �s. Suppose that the actual parameters

match the calculating parameters, Fig. 6 shows the
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module and phase of �G i ( j �ac ) when k w changes. The

steady state error between output voltage and voltage

reference increases corresponding to the decrease of the

value of kw . When kw = 0�7, the amplitude error is

2% , and the phase error is - 0�891�. The system still

has good steady state performance.

Fig. 6� Influence of k w on steady state performance

3 � Model Reference Adaptive Regulator

Because of the actual parametric variance, the

sampling noise of state variables and etc, the output

voltage may deviate from voltage reference. Besides, the

proportional element increases the stat ic error as stated

above. Since the phase error can be neglected, we use a

model reference adaptive regulator with adjustable

amplifying coefficient to eliminate the error between

output voltage and voltage reference. Fig�7 shows the

control diagram. The ideal deadbeat control is used as the

reference model, which is a delay element with the

continuous time transfer function e
- Ts

. The cont inuous

t ime transfer function of the proposed deadbeat controlled

system is K v e
- Ts

. K v is the gain of the actual system

influenced by environmental condit ions. The voltage

reference u ref does not act on the controlled system

directly as in usual cases. Instead, an adjustable

amplifying coeff icient k c is added between u ref and the

controlled system. uom and uo are the output voltages of

reference model and actual system respectively, and e

stands for the error between them. k c is adjusted based on

the model reference adaptive control law. According to

M. I. T. rule
[ 6]
, in order to minimize

J = 1
2�e ( �)

2
d� = 1

2�( uom( �) - uo( �) )
2
d�

( 13)

the gradient of k c should be

�k c= - �
�J
�k c

= - �e
� e
�k c

= - �e
�uom

�k c
-
� uo

� k c

= �e
�uo

� kc
( 14)

where �> 0

After deduction, we can get that

� uo

�k c
= K vuon ( 15)

Combining formula ( 14) and formula ( 15) , it holds

�k c = �K v euom ( 16)

� � The initial value of k c is kc0 . The coefficient k c is

adjusted according to the product of voltage error signal e

and reference model output uom to reduce the error

between uom and uo , as shown by formula ( 16) . Formula

( 16) is the adapt ive law to make sure error e ( t )

converges to zero or a certain allowable value.

Fig. 7 � Model reference adaptive control with M. I. T rule

4 � Experimental Results

Experiments using the proposed robust deadbeat

control method are carried out on a hal-f bridge inverter

system. DSP TMS320LF2407A is used to achieve the

control scheme. The experimental parameters:

Sampling frequency: 20 kHz

Rated capacity: 1 kVA�700 W

Output voltage reference: 50Hz, 100 V(RMS)

DC bus voltage: 185 V

Output filter: L 1�3 mH, C 20�F

Fig�8, Fig�9 and Fig�10 show the waveform of

output voltage and output current with resistant load, no

load and rect ifier load respect ively. The RMS values of

voltage are 99�5V, 101�7 V and 99�8 V. The THD

values are 1�09%, 1�06% and 1�08% .

Fig�11 shows the dynamic process of output voltage

and output current when the load changes from rated load
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Fig. 8� Output voltage and current with resistance load

( uo 50 V�div, io 5 A�div)

Fig. 9 � Output voltage and current with no load

( uo 50 V�div, io 5 A�div)

Fig. 10 � Output voltage and current with rectifier load

( uo 50 V�div, io 5 A�div)

Fig. 11� Output voltage and current with step load( R to � )

( uo 50 V�div, io 5 A�div)

to no load. The RMS values of voltage in one period

before and after the load change is 99�6 V and 100�6 V

respectively, and the voltage change ratio is 1%.

Tab. 2 shows the static performance of the output

voltage when the actual parameters of output f ilter deviate

from the calculating parameters ( L̂ = 1�3 mH, Ĉ =

20�F) . L changes from 0�5mH to 2�0mH ( 38�5% ~

153�8% L̂ ) , and C changes from 10�F to 30�F( 50%

~ 150% Ĉ ) . The prototype still has good performance

when the deviation is within a certain range. The RMS

value deviation of voltage is less than 2% under rated

load, and less than 4% under no load, and the THD of

voltage is less than 1�5%. Only when L is reduced to

38�5% L̂ ( 0�5mH) and C is reduced to 50% ( 30�F) ,

the system becomes unstable.

Tab. 2 � Static performance with parametric deviation

Output Filter Rated Load No Load

L( mH) C (�F) Uo( V) THD(% ) Uo( V) THD(% )

2� 0 30 100�3 1� 09 101�5 1� 07
1� 5 30 100�0 1� 11 102�1 1� 07

1� 0 30 100�5 1� 12 102�4 1� 07
0� 5 30 100�9 1� 19 102�9 1� 20

2� 0 20 100�3 1� 10 102�3 1� 05
1� 5 20 100�5 1� 10 101�4 1� 11
1� 0 20 100�6 1� 13 101�8 1� 13

0� 5 20 101�0 1� 30 103�3 1� 34
2� 0 10 100�1 1� 12 101�5 1� 14

1� 5 10 101�2 1� 15 101�9 1� 17
1� 0 10 101�4 1� 27 103�1 1� 30

0� 5 10 Unstable

� � The prototype has desirable static performance under

different kinds of load. Load change causes little

disturbance to the output voltage during dynamic process.

The system can remain stable when actual parameters

deviate from calculat ing parameters. Experimental results

prove that with the proposed control method, the inverter

has both small static error and fast dynamic response, and

has robustness for parametric deviation.

5 � Conclusion

A novel deadbeat control method for UPS converters

is proposed in this paper. A proportional element is added

in this method to improve the robust performance to

systemic parameters. Besides, an adaptive regulator is

applied to eliminate the error between output voltage and

voltage reference. The method does not require much

� � � (下转第 64 页, cont. on p. 64)
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computat ion and can be easily realized in DSP. Systemic

analysis and experiments prove that it greatly improves the

robustness of deadbeat control, and has good steady state

performance and fast dynamic response. It is quite

suitable for the full digital implementation of UPS.
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