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Abstract

Deadbeat control is an effective method for controlling the output voltage of dual active bridge converters. However, its
effectiveness depends on the model parameter accuracy. In practice, the model parameters of dual active bridge convert-
ers vary depending on the operation conditions, manufacturing tolerances, and calendar aging. This leads to performance
degradation and causes steady-state errors of the output voltage. To overcome the effect of parameter mismatch, this study
proposed an algorithm to achieve the online identification of two model parameters, i.e., the series inductor and the output
capacitor. Based on a least-squares analysis, the online parameter identification of a dual active bridge converter under dual-
phase shift modulation is implemented to obtain the actual values of model parameters. Consequently, the steady-state errors
of the output voltage are immediately mitigated after every sampling period when the optimal predicted phase shift duty
ratios are updated. The proposed algorithm was tested through both simulations and experiments to verify its effectiveness.

Keywords Dual active bridge - Deadbeat control - Dual-phase shift - Mismatch - Parameter identification

1 Introduction

Over the last few decades, the dual active bridge (DAB) con-
verter has been a focus of studies due to its advantages such
as galvanic isolation, ultrafast response, and high efficiency.
In general, phase shift modulations are attractive techniques
for DAB modulations. One of the simplest modulation tech-
niques is single phase shift (SPS). However, it has low effi-
ciency and high current stress. To overcome these issues,
various modulation techniques such as extended phase shift
(EPS), dual-phase shift (DPS), and triple-phase shift (TPS)
have been proposed. For EPS, the operating states of the
two bridges are not the same when the power flow direction
is changed. Based on its implementation, TPS modulation
is the most difficult method. Therefore, DPS is a relatively
optimal modulation method in terms of ease of implementa-
tion and efficiency [1, 2].

To minimize current stress and increase efficiency, [3—5]
used a proportional-integral (PI) controller in combination
with minimum current stress constraints to regulate the
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phase shift duty ratios with DPS modulation. However, in
their studies, they did not give guidelines for determining
the PI gains. Hence, the heuristic design is insufficient to
determine the optimal predicted phase shift duty ratios. Con-
sequently, the current stress cannot be minimized. Moreover,
with fixed PI gains, the control performance degrades under
parameter mismatch during operation. In [6], the authors
verified that the transient dynamic performance of a control-
ler is affected with only a 10% parameter mismatch.

According to the authors of [7, 8], deadbeat control
emerged as one of the best methods among the various
control methods used to control the output voltage of DAB
converters. These studies performed EPS and SPS modula-
tion with deadbeat current control. However, they required
midpoint current sampling, which resulted in difficulty in
terms of implementation. Additionally, in these studies, vari-
ations in the value of the series inductor led to performance
degradation.

For the DAB converter shown in Fig. 1, the series inductor
L and the output capacitor C, have a great influence under any
of the model-based control methods if the power is transferred
from the left side to the right side. In practice, the inductance
and capacitance can vary according to manufacturing toler-
ances, temperature drift, aging, vibrations, and stress, which
results in mismatches of around 20% when the actual model
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Fig.1 DAB converter topology

parameters differ from the original model parameters [9-12].
Therefore, to control the output voltage of the DAB convert-
ers, online parameter identification is needed to improve the
regulator performance. When mismatches of L and C, occur,
the output voltage of the DAB converters haves a steady-state
error since the predicted value of the output voltage is different
from the calculated value.

To identify parameters online, improve transient and
steady-state performances, minimize current stress, and
achieve easy implementation, this study proposed deadbeat
control under DPS modulation. The least-squares analysis
(LSA) method [13, 14] is used for the online parameter
identification of L and C,. Under DPS modulation, dead-
beat control is performed to make the output voltage tracks
its reference value. Moreover, the current and voltage are
sampled at the same time, and the switching frequency and
sensor sampling frequency are the same. Thus, the proposed
algorithm is easy to implement. In addition, the Lagrange
multiplier method (LMM) [14] is used to minimize current
stress. When compared with deadbeat control under DPS
modulation without online parameter identification, the pro-
posed algorithm can provide actual parameter values and
reduce the steady-state error of the output voltage after every
sampling period.

The remainder of this paper is organized as follows.
Deadbeat control under DPS modulation is briefly reviewed
in Sect. 2. In Sect. 3, the effects of parameter mismatch are
shown. The proposed algorithm is presented in Sect. 4. Sim-
ulation and experimental results are presented in Sect. 5 to
verify the effectiveness of the proposed algorithm. Finally,
Sect. 6 provides some conclusions.

2 Deadbeat control under DPS modulation
2.1 Predicted phase shift duty ratios derivation

Figure 2 represents waveforms of the DAB converter under
DPS modulation. The series inductor current i; and the
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Fig.2 Waveforms of a DAB converter under DPS modulation: a
0<D,<D,<1;b0<D,<D <1

average transferred power P under DPS modulation in the
case of 0< D, <D, <1 are derived as [15]:

v, (1) = vy(t) = Ldi (1) /dt 1)
T,
1 .
P= Fh / ()i (1dt. 2)
0

From Egs. (1), and (2), and Fig. 2a, P is derived as:
P =nv\v,(D,(1 = D,) = 0.5D}) /(2fL) 3)

where D is the inner phase shift duty ratio, D, is the outer
phase shift duty ratio, fis the switching frequency, and # is
the transformer turn ratio.

Similarly, in the case of 0<D, <D <1:

P =nvv,(1 =D, —0.5D,)D,/(2fL). )

In the case of 0< D, <D, <1, the secondary current i is
derived as:
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iy =P/v, =nv,(D,(1 - D,) - 0.5D%)/(2fL). (5)  Where:
In addition, the dynamic equation of v, is shown as: ay =fC, (V2ref = v,[k1) + i, [k]. (14)

Cydv, [dt =i, — i,. (6)
Utilizing the forward approximation, Eq. (6) is discretized

as:

o[kl = (islk = 11 = iy [k = 11) /(fC5) + v,k — 1] @)

where v,[k] is the output voltage at the k" sampling period;
volk = 1], i,[k = 1], and i [k — 1] are the output voltage, out-
put current, and secondary current at the (k — 1) sampling
period, respectively.

Combining Egs. (5) and (7), the output voltage is derived
as:

nv [k —1]

v lk] = /LG,

There are infinite combinations of D, and D, that make
Eq. (8) or Eq. (12) achieve the goal in Eq. (9). Due to the
dependency between D, and D,, if D, is chosen, D, is auto-
matically determined. Thus, in the deadbeat control, the
determination of the optimal values of D, and D, become
extremely important.

2.2 Current stress optimization of phase shift duty
ratios using LMM

In this section, the optimal value of D, is derived. The maxi-

(D,lk = 11(1 = Dy[k = 11) = 0.5D3[k — 11) — iylk — 11/(fC) + v,k — 1] ®)

where v,[k — 1], D[k — 1], and D,[k — 1] are the input volt-

age, inner phase shift duty ratio, and outer phase shift duty

ratio at the (k — 1) sampling period, respectively.
Meanwhile, the goal to be achieved is:

Vo[K] = Ve C)]

where v, is the reference value of the output voltage v,.
From Eq. (8) and Eq. (9), the predicted outer phase shift
duty ratio in the k”* sampling period is obtained as:

D,[K] = 0.5 — (0.25 — 0.5D[k] — 2f2LCya, / (nv,[K1))"/*
(10)

where:
ay = Vo — VK] + iy [K]/ (fC;). (11

In Eqgs. (10) and (11), D,[k], D,[k], v[k], and i,[k] are the
predicted inner phase shift duty ratio, predicted outer phase
shift duty ratio, input voltage, and output current in the k™
sampling period, respectively.

mum transferred power P,, and the maximum transferred
current i,, are defined as:

P,, =nv,v,/(8fL) 15)

im = Pm/vl = nvZ/(gfL) (16)

From Eqgs. (3), (4), and (15), the unified transferred
power p, is defined as Eq. (17) and Eq. (18) in cases of
0<D,<D,<1and 0<D,<D,;<1,respectively [3-5].

p,=P/P, =4D,(1 - D,) - 2D} (17)

p.=P/P, =4D,(1-D,) -2D;. (18)

As shown in Fig. 2a, the current stress i, has its maxi-
mum value in the case of 0<D; <D, <1 at point G1, which
is obtained as:

i, = max {iL}Th =nmv,(M(1=D,) + (D, +2D, — 1)) /(4fL)

Similarly, the output voltage in case of 0<D, <D, <1 is (19)

obtained as: where M =v,/(nv,) is the voltage conversion ratio.
nv[k—1] .
vy[k]l = ————D,[k — 11(1 = D[k — 11— 0.5D,[k — 11) — i, [k — 11/(fC, ) + v, [k — 11. (12)
2f2LC,

By substituting Eq. (9) into Eq. (12), the predicted outer The unified transferred current i, is calculated as:

phase shift duty ratio in the k& sampling period is derived as: o
i, =iy/i, =2(M(1-D,)+ (D, +2D, - 1)). (20)

) 12
D[kl =1—-D,[k] - ((1 — D,[k1)” = 4fLay / (nv, [k - 1]))
(13)
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To find the optimal value of D;, LMM is used to ensure
that i, is minimized while p, traces the reference p,,,» Thus,
the Lagrange function F is outlined as follows:
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Fig. 3 Percentage of output voltage steady-state error Av,%
F(d,y) = i, (@) + ¥ [p,(d) = pyey] @

where d=[D,, D,]” is the vector of the phase shift duty
ratios, y is the Lagrange multiplier, and the superscript sym-
bol T indicates the matrix transpose.

Differentiating the Lagrange function F(d,y) yields:

oFdy) _ . 9F@dw) _ . oF(dy) _
oD, =0 oD, =0 oy =0. (22)

Substituting Egs. (17), (18), (20), and (21) into Eq. (22), the
optimal value of D, is derived in discretized form as Eq. (23)

and Eq. (24) when %<pu[k — 1]1<1 and

2
0<p,lk—-1]< % respectively.

/2
(1= putk = )0E=11- 17
D - 23
lopt[] (2(M2[k—1]_2M[k_1]+3) =

/
k= 11(M[k — 1] + 1)?

Dyl = 1 - pulk— 1Mk —1]+1) 24)

2(M2[k — 1]+ 2M[k — 1] - 3)

where M[k — 1] and p,[k — 1] are calculated as follows:

Mlk =11 = v [k — 11/ (nv,[k — 1]) (25)

Pulk =11 = 8fLiy[k — 11/ (nv, [k — 1]). (26)

Table 1 Simulation parameters

Parameter Symbol Values
Input voltage vy 100 V
Reference value of the output voltage v, 95V
Switching frequency f 10 kHz
Transformer turn ratios n 1
Series inductor L 60 pH
Output capacitor C, 220 pF
Load R 25Q

D,[k] in Egs. (10) and (13) becomes the optimal value
D, [k] when D, [k] is utilized. Thus, it makes v, track v,
and minimizes the current stress. It should be noted that, in
this scheme, the predicted phase shift duty ratios only depend
on the values of M[k — 1] and p, [k — 1].

3 Parameter mismatch effects

To reflect the influence of parameter mismatch on the output
voltage in the case of 0<D, <D, <1, m; and m, are defined
as the mismatch ratios of the series inductor and output capaci-
tor, respectively.

my =L[/L;; mey = C,/Cy, 27

where L and C, are the model values; and L, and C,,, are the
actual values of the series inductor and output capacitor,
respectively.

Assuming that the average capacitor current is equal to zero
in the steady-state and substituting i, =i,=v,/R into Eq. (5), the
output voltage v, is obtained and discretized as:

_ Rnv, [k]

Vs [k] = T (D20p1[k] (1 - D20pl[k]) - O'SD%opl[k]>

(28)

where the optimal values of D,,,[k] and D,,,[k] are
obtained from Eqgs. (23) and (10), respectively. Simplifying
Eq. (28) in the steady-state yields:

vy = fRC,my My Vo / (1= my, +fRCymyme,). (29)

Consequently, the percentage of the steady-state error of
the output voltage Av,% is derived as:

97 ™
—~ | | Theory
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Fig.4 Comparison of the output voltage v, in the theoretical analysis
and simulations according to changes of m; and m,
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Vo, — v
Av,% = =—24L % 100% =
Varef JRCyymymey —my + 1

—1
My % 100%.

(30)
Similarly, the relationship between the output volt-
age v, and the mismatch ratios m; and m, in case of
0<D,<D,<11is derived as:
JRL,Cymymey ( 1 = fRCy mymey ) Voref
L,(1=my) +fRL,Cyymimey (1 = fRCyumcy)

vy = (€2))

In this case, Av,% is obtained as

Ly(m, —1)(1-
Av,% = ol = 1) . M) oos 32)
La(l - mL) +Tm;mey (1 — &)

where 1=fRL,C,, and £=fRC, m,.

In practice, the variations of L and C, usually fluctu-
ate within 20% as mentioned in Section I. Therefore, the
mismatches of L and C, used in this study are chosen as
20%. Figure 3 shows the results of Av,% in the cases of
0<D,<D,<land 0<D,<D,;<1, when m; and m, are
in the range of [0.8 ~1.2]. The simulation parameters are
shown in Table 1. In Fig. 3, the values of Av,% in both
cases completely coincide. Av,% has its maximum value of
0.38% at m; =1.2 and m,=0.8, and its minimum value of
— 0.57% at m; =m,=0.8. It is worth noting that, Av,% =0
when m; = 1. This means there is no steady-state error of the
output voltage v, if L has a perfect match. Furthermore, the
more m; and m, differ from 1, the larger the steady-state
error of v,.

A comparison of the output voltage v, in the theoreti-
cal analysis and simulations according to changes of m,
and m, is depicted in Fig. 4. The output voltage v, in
the simulation coincides with the theoretical calculation.
When m; =m,=0.8 from 0.05 to 0.06 (s), the output volt-
age v, in Fig. 4a is at its farthest different from v,,,,=95 V,
which is the worst-case mismatch condition.

4 Proposed online parameter identification

When the parameters L and C, are in the mismatch condi-
tion, the predicted values in Eq. (8) and Eq. (12) move far
from the actual value of the output voltage v,. Therefore,
the actual values of L and C, need to be identified online to
correct the obtained results. In the case of 0 <D <D, <1,
Eq. (8) becomes:

85Ik = 11+ 0Q[k — 1] = v,[k] = vy[k — 1] 33)

where L and C, are expressed through dummy parameters as:

@ Springer

6=1/LC,, 0=1/C,, (34)

and S[k — 1] and Q[k — 1] are given by:

Slk—1]= %(Dz[k —1]=Djlk - 11 - 0.5D][k — 1])

(35)

Olk — 1] = =i [k = 11/f. (36)
For the case of 0<D, <D, <1, S[k — 1] becomes:

Slk—1] = %Dz[k— 11(1 =Dy [k — 1] = 0.5D,[k — 1]).

37

In Egs. (33), (35), and (36), the values of v, v,, and i, are
measured at the (k — 1) sampling period and serve as input
data for the k™ sampling period. If Eq. (33) is converted to
matrix form, it is possible to set:

Kx =h (38)

where:

Slk—11 Q[k— 1]
eS[k — 2] €Qlk — 2]

K= : :
38121 30121
k28111 €2 0[] (k=1)x2
(39
Va[k] = v,k — 1]
e(vylk — 1] = vy[k = 2])
h= :
€3 (1,[3] = 1, [2])
sk_z(vz[z] - Vz[l]) (k=1)x1
and:
o [6] (40)
6 2><1.

Matrix K, vector h, and vector x have sizes of (k — 1) X2,
(k—1)x1, and 2 X 1, respectively. The constant ¢ is the for-
getting factor chosen in the range of [0-1]. If ¢ is too small,
the noise has a greater effect on system performance pos-
sibly resulting in instability of the identification algorithm.
Conversely, if ¢ is too large, the solution of the proposed
algorithm largely reflects old measured data, which reduces
the dynamic response [6]. Since L and C, change gradually
in practice, € was set as 0.99 in this study.

K and h are not square since the number of rows are cru-
cially greater than the number of columns. Therefore, Eq.
(38) cannot be solved in a conventional inverse matrix. Thus,
the LSA method is used to find the optimal solution with the
LSA function f(x) defined as:
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Fig.5 Flowchart of the proposed algorithm
f = llel’* = [Kx —h|* = (Kx - W) (Kx—h) @1
where e = Kx — h is the error vector.
After differentiating f{x) with respect to x:
of (x)/ox = 0, 42)

and substituting Eq. (41) into Eq. (42), the following is
obtained:

x = (K'K)"'K'h. (43)

Fig.6 Steady-state performance without and with the proposed algo-
rithm

For the sake of convenience, Eq. (43) is rewritten using
two dummy matrices as follows:

x=U'w (44)

where:

U= | e =K'K, w= Wil — KT, (45)
Uy Uy w2

The elements of the matrix U and vector w are calculated
by substituting Eq. (39) into Eq. (45) as follows:

k—1
uy = Y (17s[m])?
h=1
k—1 5
Up = Uy = Z (e17") S[h1QIR]
h=1
k—1
up = Y (¢77"01h1)’ (46)
h=1
k—1
wi =Y (6517 STh (vylh + 11 = v, [h])
h=1
k—1 5
wy = Y (1) 01R] (valh + 11 = v,[h]).
h=1
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Fig. 12 Experimental results under initial parameter mismatches
(m; =m=0.8) without and with the proposed algorithm

From Eq. (46), to facilitate the implementation of the pro-
posed algorithm in digital signal processors, these elements
can be implemented as follows:

uy k= 1] = %uy [k — 2] + S?[k — 1]

upplk — 11 = €2up, [k — 2] + Sk — 11Q[k — 1]

Uy [k =11 = upplk = 1]

Uuplk — 11 = €upy[k — 21+ Q*[k — 1]

wilk — 11 = ewy [k — 2] + STk — 11(v,[k] = v,[k — 1])

wylk — 11 = ew,[k — 2] + Qlk — 11(v,[k] — v,[k — 17).
(47

Although K and & contain a great deal of data, U and w
have sizes of 2 X2 and 2 X 1, respectively. Therefore, the
calculation burden of the controller is greatly reduced by a
simple inverse operation as shown in Eq. (44). In addition,
the proposed algorithm does not require a large amount of
controller memory since all of the elements of U and w are

(a)

(b)

Fig. 13 Experimental results without online parameter identification
when load R steps down and up between 28 and 23 Q

incrementally updated from previous data and the newly
measured data. Thus, the proposed algorithm is suitable for
low-cost digital controllers. Note that, the old measured data
is less involved when k increases.

A flowchart of the proposed algorithm is illustrated in
Fig. 5. First, the values of M and p,, in the (k — 1)" sampling
period are calculated from the measured data from Eqgs. (25)
and (26). Then, a comparison is performed to calculate S and
0 from Eqgs. (35), (36), and (37). The elements of matrix U,
vector w, and the values of 6 and @ are calculated online in
a simple way from previous data and the newly measured
data through Eqgs. (40), (44), (45), and (47). In addition, the
actual values of the parameters L and C, are obtained by
Eq. (34). A comparison is utilized again to calculated the
optimal values of the predicted phase shift duty ratios D, and
D, at the K" sampling period from Eqs. (23), (24), (10), and
(13). It is worth noting that when k increases, the parameter
identification process becomes more accurate, which reduces
the steady-state error of the output voltage v,.
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Fig. 14 Experimental results of the proposed algorithm when the
load R steps down and up between 28 and 23 Q

5 Simulation and experimental results

Simulation parameters are shown in Table 1. Figure 6a
shows the steady-state error of the output voltage v, when
the proposed algorithm is activated under an initial param-
eter mismatch (m; =m,=0.8) at 0.08 (s). A steady-state
error of the output voltage v, is observed when the param-
eters have mismatches. From 0.08 (s), the output voltage v,
and the reference value almost coincide, and the steady-state
error approaches zero. This is due to the fact that the values
of L and C, are accurately identified to obtain the actual val-
ues as shown in Fig. 6b and c. In Fig. 6b, the series inductor
L approximates 60.6 pH, which is near its actual value (60
pH), while the initial value has a 20% mismatch (m; =0.8).
For the output capacitor C,, the value changes from a 20%
mismatch (m,=0.8) to 219 pF, which only has a 0.45%
mismatch from its actual value (220 pF).

The transient dynamic performance of the output volt-
age v, in the presence of parameter mismatch (m; =0.8,
me=1.2), when the load R changes between 25 and 20
Q, are shown in Fig. 7. When the controller operates under
initial parameter mismatches, the output voltage v, has a
steady-state error. At 0.1 (s), when the proposed algorithm
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Fig. 15 Experimental results without online parameter identification
when the reference v, steps up and down between 95 and 100 V

is activated, the steady-state error is dramatically reduced,
and the values of L and C, approach their actual values as
shown in Fig. 7b and c. In addition, Fig. 7d shows the output
current i,.

The simulation results in Fig. 8 show the transient dynam-
ics performance of the output voltage v, under an initial
parameter mismatch (m; =1.2, ms,=0.8) before and after
the proposed algorithm is applied when the reference v,,,,
steps up and down between 95 and 100 V. The controller is
switched to the proposed algorithm at 0.08 (s) and the effec-
tiveness of the proposed algorithm is demonstrated.

Figure 9 presents the transient dynamic performance of
the output voltage v, when the input voltage v, steps up and
down between 100 and 105 V under an initial parameter
mismatch (m; =m,=1.2). From 0.075 (s), the proposed
algorithm is activated with online parameter identification,
where it minimizes the steady-state error of the output volt-
age v, and provides the values of the parameters L and C,,
which are almost equal to their actual values.

To evaluate the effectiveness of the proposed algo-
rithm, an experiment was set up as shown in Fig. 10. The
experimental parameters were measured by an LCR meter
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Fig. 16 Experimental results with the proposed algorithm when the
reference v, steps up and down between 95 and 100 V

12 ms

(Agilent) as L=51 pH and C,=219 pF. The other param-
eters are shown in Table 1. Figure 11 shows the steady-state
performance of the output voltage v, according to parameter
mismatches. The parameter mismatches affected the output
voltage and caused the steady-state error. Moreover, the
results were equal to the simulation and theoretical results
shown in Fig. 4. This verifies the correctness of the theoreti-
cal analysis.

Figure 12 shows the experimental results of the proposed
algorithm. The output voltage v, tracks the reference value
Ve and the parameters L and C, immediately change from
the initial mismatches (m; =m,=0.8) to their actual values
(L=51 pH and C,=219 pF). The experimental results are
the same as the simulation results shown in Fig. 6.

Experimental results under an initial parameter mismatch
(m;=0.8, m,=1.2) without online parameter identification,
when the load R steps down and up between 28 and 23 Q, are
shown in Fig. 13. The steady-state error of the output voltage
v, exists and slightly changes when the load R changes. The
same scenarios were performed, and the results are shown
in Fig. 14, when the proposed algorithm was applied. It can
be seen that the steady-state error was significantly reduced.

Figure 15 shows experimental results under an initial
parameter mismatch (m; =1.2, m,=0.8) without online
parameter identification when the reference v, steps up
and down between 95 and 100 V. Due to the parameter mis-
match, the output voltage v, cannot track v,,,. This means
that there is the steady-state error of the output voltage. Fig-
ure 16 shows the results of the proposed algorithm with the

22 ms : 11 ms | , I
| [ B o[ v (10V/div) | 4v¥ . v (10 V/div) |
I i T av i i .
a /9220 Vidiv) L__._ql gl i (2 A/div) | ms o Asdiv) |
| Va2 (100 V/div) | — T == 2 IL

| | | |

Vaer (100 V/div)

q - . ” ”
; | 10 ms/div/| . ! ! 1 i ms/div]

Vo (100 V/div)

(a) ©
| 2 ms ! 2 ms i ‘ !
[« 1 | v, (10 V/div) v, (10 V/div)
3 v, (20 V/div) r ]
| : ) v . .
| Vowr (100 V/div) === : 1 i» (2 A/div)
| : Vaer (100 V/div)

Vaez (100 V/div

9 - . ”
3 | , 10 ms/div/| ] | ol

(d)

(b)

®

Fig. 17 Comparisons of transient dynamic performances: a DPS-PI; b proposed algorithm; ¢ DPS-PI; d proposed algorithm; e DPS-PI; f pro-

posed algorithm
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same scenarios. The output voltage v, is always equal to v,,,4
which verifies the effectiveness of the proposed algorithm.

Figure 17a and b show comparisons of the experimental
result obtained with the method introduced in [5] (DPS-PI
control) and the proposed algorithm when changing v,
between 80 and 100 V, respectively. The settling times of
the DPS-PI control when v, steps up and down between
80 and 100 V are 22 (ms) and 12 (ms), respectively. This is
due to the fact that, in DPS-PI control, the phase shift duty
ratios are strong relative to the PI controller. Thus, even the
steady-state error of the output voltage v, is mitigated, and
it has low transient dynamic performance. Meanwhile, the
settling times of the proposed algorithm are 2 (ms) when
V,rer Changes. In the proposed algorithm, the PI controller is
eliminated. Thus, the optimal values of the predicted phase
shift duty ratios are directly derived from previous data and
newly measured data by deadbeat control. Furthermore, the
actual values of L and C, are updated online after every
sampling period based on the LSA method. Therefore, when
compared with the DPS-PI control, the proposed algorithm
has excellent transient dynamic performance. Figure 17¢ and
e show the transient responses of the DPS-PI control when
the load R steps down and up between 28 and 23 €, respec-
tively. Figure 17d and f show transient responses of the pro-
posed algorithm when the load R steps down and up between
28 and 23 Q, respectively. It is clear that the settling time in
the DPS-PI control is very long and that the output voltage
v, has dips and overshoots when the load steps down and
up, respectively. Meanwhile, the proposed algorithm gives
a very stable output voltage. Thus, the proposed algorithm
clearly shows the excellent transient dynamic performance
when changing the load.

6 Conclusions

This study presents an online parameter identification algo-
rithm for DAB converters under DPS modulation with dead-
beat control. The proposed algorithm significantly reduces
steady-state error. In addition, optimally predicted phase
shift duty ratios are obtained to minimize current stress
using the LMM. The actual values of the series induc-
tor and output capacitor are updated after every sampling
period with the LSA method. Various scenarios were tested
through simulations and experiments to show that the pro-
posed algorithm is feasible for application in the control of
DAB converters. It should be noted that the proposed idea
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can be extended to other phase shift modulations (SPS, EPS,
and TPS) to further improve the performance of the DAB
converter.
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