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Abstract—This paper proposes a deadbeat control with
parameter identification under single phase-shift modulation
which aims to improve the output voltage regulation of dual
active bridge converters. The least-squares analysis method is
used to identify the actual values of parameters consisting of
inductor and capacitor. In practice, the inductor and capacitor
can vary due to tolerance and operation conditions, which cause
regulation degradation. The proposed deadbeat parameter
identification control is adopted to provide the predicted phase-
shift angle accurately. When compared with the deadbeat
control without parameter identification and conventional
proportional-integral control under single phase-shift
modulation, the steady-state performance and transient
dynamic response of the output voltage of the proposed method
are significantly improved. Simulation and experimental
prototype setup are implemented to validate the advantages of
the proposed method.

Keywords—Deadbeat control, Dual active bridge, Single phase-
shift, Parameter identification.

I. INTRODUCTION

Nowadays, more and more battery energy storage systems
(BESS) are integrated into the dc microgrid, which presents a
series of challenges for stable operation, safety, and the
economics of the de microgrid. One of the DC-DC converters
that can capable charge and discharge the battery is the dual
active bridge (DAB) converter because of its advantages such
as simplicity, efficiency, and versatility of control [1], [2].

Some of the most important issues in a DC microgrid are
stabilizing the output voltage, reducing the steady-state error,
and achieving a rapid transient dynamic response under
different operating modes. Many control methods have been
introduced to control the output voltage, such as conventional
proportional-integral (PI) control [3]-[5], model-based phase-
shift control [6], feedforward control [7], model predictive
control (MPC) [10]-[13], peak current control [12], and
current stress optimization control [11], [13]-[19]. All of these
methods stabilize and improve the performance of the output
voltage using a simplified average model or an accurate model
with fixed model parameters. However, they do not consider
that the model parameters show tolerance to some extent and
can even vary during operation. In practical experiments, the
inductance and capacitance values can change concerned to
manufacturing tolerance, temperature drift, aging, vibration,
and stress. Thus, they can cause mismatches up to 20% when
the actual values differ from the original values [20]-[23].
Consequently, the mismatches between model parameters and
actual values of the inductance and output capacitance are

inevitable in practice. Thus, reducing the sensitivity of
parameter mismatch is considered to be an important issue
[24], [25].

To address the parameter identification problem, the
recursive least squares (RLS) method with model-based
feedforward control can be used to enable online inductance
identification [25]. However, it does not include the output
capacitance, which also affects the performance of the output
voltage. Furthermore, the RLS method is rather complicated
as it contains many calculation steps and an additional PI
control is used to directly control the phase-shift duty ratio,
which can be subject to overcompensation under a large
change in the feedforward signal, resulting in performance
degradation. Another approach involves the adaptive online
parameter identification algorithm defined in [26], which uses
MPC and least-squares estimation to find the solution to the
error function. However, in the paper, the least-squares
solution was found by solving a 3—by—3 matrix, although there
are only two variables that need to be found, so the calculation
becomes too complex.

Besides, compared with other methods, deadbeat control
is emerging as an effective way to control the output voltage
of the DAB converters [27], [28]. However, these papers
required midpoint current sampling, resulting in difficulty in
real implementations. Moreover, in these papers, the changes
in the value of the series inductor may cause performance
degradation.

From the aforementioned analysis, this paper proposes a
deadbeat control with parameter identification which aims to
improve the output voltage regulation of the DAB converter.
The least-squares analysis (LSA) is used to find the optimal
solution of a set of linear equations to identify the actual values
of the inductor and output capacitor. Besides, in order to
control the output voltage of the DAB converter, single phase-
shift (SPS) is one of the simplest modulations and is most
widely adopted compared with the extended phase-shift
(EPS), dual phase-shift (DPS), or triple phase-shift (TPS).
Therefore, SPS modulation is used in this paper to
demonstrate the effectiveness of the proposed idea.

This paper is divided into five sections. Deadbeat control
under the SPS modulation scheme is briefly reviewed in
Section II. In Section III, the proposed method is presented to
identify parameters online including the inductor and output
capacitor. Simulation and experimental comparison results
are discussed in Section IV to illustrate the advantages of the
proposed method in steady-state performance and transient
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dynamic response. Finally, Section V provides the

conclusion.

II. DEADBEAT CONTROL UNDER SPS MODULATION

The DAB converter is shown in Fig. 1, which is composed
of two active bridges interfaced through a high-frequency
transformer (turn ratio n:1). The series inductance Lx consists
of the transformer leakage inductance and extra inductance.
Under SPS modulation, each bridge is regulated by a constant
duty cycle of 50% to generate a high-frequency square-wave
voltage between two active bridges.

The waveforms of the DAB converter under SPS
modulation are shown in Fig. 2, including primary voltage v,
secondary voltage vs, inductor current iz, phase-shift angle o,
and switching frequency f;. For more simplified analysis, Jis
chosen in the range of [0 ~ 772]. Compared with other models
such as the discrete-time model [29] or generalized average
model [30], the reduced-order model [9], [12] has a good
compromise in accuracy and complexity, thus, it is used in
this paper. When the power flows from the input voltage side
to the output voltage side, the secondary current is obtained

as follows
nv,8 (1 - éj
V1

gL "

The dynamic equation of the output voltage is discretized
according to the forward Euler approximation and derived as
follows [8], [9]

i Tk-1]- k1]
e

s

k)= v k1] S

where v2[k] and v2[k — 1] are the output voltage at the & and
(k — 1) sampling period, respectively; is[k — 1] and i2[k — 1]
are the secondary current and output current at the (k — 1)”
sampling period, respectively.

From (1) and (2), the output voltage is rewritten as
follows

5[k-1]

nv, [k—l]é[k—l](l—

27 f1L,C,

J_iz [k-1]
1,

+w[k-1], 3)

v [k]=

where vi[k — 1] and J[k — 1] are the input voltage and phase-
shift angle at the (k — 1)" sampling period.

Aiming to control the output voltage equal to reference
value v2 = va, the predicted phase-shift angle at the k%
sampling period is derived as follows

(k] :;{%—G+2nvl [k]ffL,(y/j ], “)

where

Bridge H2

Vi

Fig. 2. Waveforms of the DAB converter under SPS modulation.

i [k
v =- ZJE ] —Cyv,, +Con, [£].

The equation (4) represents deadbeat control in which the
optimal value of the phase-shift angle is directly derived from
the values of system parameters (Lt and C2) and measured
values of voltage and current. That means the optimal value
of the phase-shift angle strongly depends on system
parameters.

®)

The simulation results of the effects of parameter
mismatches in deadbeat control without parameter
identification are shown in Fig. 3 with simulation parameters
are listed in Table 1. it is easy to see that, when parameters
vary in the range of 20% as mentioned in Section I, the output
voltage has the steady-state error. In matched case (both L
and Cz have the values of 100% of their nominal values) from
0.03 (s) to 0.05 (s), steady-state error of the output voltage is
immediately mitigated, and thus the output voltage
completely coincides with the reference value varr. From 0.05
(s) to 0.07 (s), the difference is about 0.4 V when both L and
C> have values of 80% of their nominal values. When the
value of Lk is greater than the nominal value, the output
voltage v2 is higher than the reference value vz Other
mismatch cases also show the steady-state error of the output
voltage.

From the aforementioned discussions, it can be seen that
if the system parameters have mismatches, they cause the
poor steady-state performance of the output voltage.
Therefore, a simple method of parameter identification
proposed in the next section will solve this problem.
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II1. PROPOSED DEADBEAT PARAMETER IDENTIFICATION
CONTROL

To get the actual values of the parameter after every
sampling period, (3) is rewritten as follows

v, [k]=v,[k-1]+vC[k—-1]+yD[k-1], (6)
where
n, [k—l]&[k—l][l—a[k_l]J
s
C k_l = E)
i[k—-1]
Dlk-1]= —2[—,
[k-1] S ™
1
V = b
LkCZ
L
Y C, .
Converting (6) to matrix form, it is obtained that
Ax =B, (®)

where

C[k-1] D[k-1]

e C[k-2] D[k-2]

cw ol |,

#
X = , 9
}/ 2x1

A [k]—v2 [k—l]
_|» [k—l]—.v2 [k-2]

V2 [2] e [1] (k=1)x1

In order to find the optimal solution of (8), x is obtained by

differentiating ||Ax —B"2 to zero as follows [31]

o(|lax-BI) )
ox - (10)
—x=(A"4) A'B=(N)'M,
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Fig. 3. Effects of parameter mismatches of deadbeat control without
parameter identification.
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Fig. 4. Block diagram of the proposed method.

where

)

Although matrix 4 and vector B have a large size, the sizes
of matrix N and vector M are only 2-by-2 and 2-by-1,
respectively. As a result, the calculated time is reduced by a
simple 2-by-2 inverse matrix calculation. Fig. 4 shows the
block diagram of the proposed method. Firstly, parameter

TABLEI
PARAMETERS

Parameters Symbol Values
Input voltage Vi 100 V
Reference value of the output voltage Varef 95V
Switching frequency fs 10 kHz
Transformer turn ratio n 1
Series inductor Lk 51 uH
Output capacitor C2 219 pF
Resistor load R 200

identification is performed from (7)—(11). When the number
of the sampling periods is increased, values of Ly and C> are
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Fig. 5. Simulation results when the proposed method is applied at
0.06 (8).
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Fig. 6. Simulation results when the output current &> changes from
475 Ato 5.7 A.

casily derived. Then, the predicted phase-shift angle & is
derived with deadbeat control as shown in (4). Since
parameters are identified accurately, the output voltage v
also traces vareraccurately.
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P

L= 120%

L= 100°
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Cy=100% r‘z”*" ’ 2
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(a) Effects of parameter mismatches of deadbeat control without
parameter identification

T
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Fig. 7. Experimental results (50 ms/div).

IV. SIMULATION AND EXPERIMENTAL RESULTS

The simulation results of the proposed deadbeat parameter
identification control (proposed method) are shown in Fig. 5.
Firstly, deadbeat control without parameter identification is
implemented with Lx and Cz underestimated by 80% of their
nominal values, the same issue has occurred as shown in Fig.
3. At 0.06 (s), when the proposed method is applied, the
parameters Lx and Cz are converged quickly to actual values
after a few sampling periods, and the output voltage traces
reference value accurately.

In this paper, the proposed method is compared with the
conventional PI method under SPS modulation to show its
advantages. The PI controller is designed with a phase margin
of 90 degrees and a target gain cross-over frequency f = 2000
Hz. The operating point with the output current i2 of 4.75 A
is adopted for comparisons. Fig. 6 shows the transient
dynamic response of the PI control and the proposed method
when the output current changes between 4.75 A and 5.7 A.
In the PI control, although the output voltage has no steady-
state error due to the integral compensator with optimal gains,
the output voltage has an undershoot and overshoot of 0.5 V.
Meanwhile, in the proposed method, the output voltage shows
an excellent transient dynamic response. This is because the
proposed method can provide the predicted phase-shift angle
accurately after every sampling period.

An experimental prototype setup is implemented with all
parameters to be the same as in the simulation, where LCR
meter (Agilent) is used to measure the passive parameters as
Ly =51 pH and C: = 219 pF, which serve as actual values.
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Experimental results of the effects of parameter mismatches
in the deadbeat control without parameter identification with
the proposed parameter identification method are shown in
Figs. 7(a) and (b), respectively. The results are almost the
same as in simulations. In Fig. 7(b), the initial Lx and C> are
purposely set to 80% of the actual values. When the proposed
method is applied, the output voltage traces the reference
value quickly, and parameters Lt and C2 become equal to the
actual parameter values. As a result, this proves the benefits
of the proposed method.

V. CONCLUSION

In this paper, the LSA method is adopted for parameter
identification in the deadbeat control under SPS modulation
of the DAB converter. The steady-state performance is
improved and actual values of Ly and C» are precisely
identified within a few sampling periods. Besides, the
proposed method is compared with the conventional PI
control, where the other benefits of the proposed method are
realized with excellent transient dynamic responses. Note that
the proposed method can be extended to other modulation
schemes such as EPS, DPS, or TPS that have more versatility.
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