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Abstract: The dual-active-bridge isolated bidirectional DC-DC converter (DAB-IBDC) is a crucial device for galvanic isolation, voltage
conversion, power transfer, and bus connection in the DC power conversion systems. Phase-shift modulation is an effective method
to improve DAB-IBDC performance. However, the phase-shift control strategies in the previous literatures mainly focus on optimizing
the characteristic of DAB-IBDC in a single aspect. In this paper, to optimize high-frequency-link (HFL) reactive power, current stress, and
efficiency simultaneously, a new multi-objective optimization strategy based on dual-phase-shift (DPS) control is proposed. The power
characterization, current stress, and power loss of the DAB-IBDC are analyzed. Besides, both the control principle and framework of the
proposed control strategy are described in detail. Finally, the experiment results obtained from an established DAB-IBDC prototype are
presented to verify the correctness and superiority of the proposed strategy.
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Strategija upravljanja faznega premika z vec ciljnimi
optimizacijami za dvoaktivni izolirani mostic

dvosmernega DC-DC pretvornika

Izvlecek: Izolirani dvosmerni DC-DC (DAB-IBDC) pretvornik z dvoaktivnim mosti¢em je klju¢na naprava za galvansko izolacijo,
pretvorbo napetosti, prenos moci in povezavo vodila v sistemih za pretvorbo enosmerne energije. Modulacija s faznim zamikom

je ucinkovita metoda za izboljsanje delovanja DAB-IBDC. Vendar se strategije nadzora s faznim zamikom v dosedaniji literaturi
osredotocajo predvsem na optimizacijo znacilnosti DAB-IBDC z enega vidika. V tem ¢lanku je za hkratno optimizacijo jalove modi,
tokovne napetosti in ucinkovitosti visokofrekvencne povezave (HFL) predlagana nova vecpredmetna strategija optimizacije, ki temelji
na nadzoru z dvojnim faznim zamikom (DPS). Analizirane so znacilnosti moci, tokovne obremenitve in izgube moci DAB-IBDC. Poleg
tega sta podrobno opisana tako nacelo krmiljenja kot tudi okvir predlagane strategije krmiljenja. Na koncu so predstavljeni rezultati
poskusov, pridobljeni iz vzpostavljenega prototipa DAB-IBDC, s katerimi sta preverjeni pravilnost in superiornost predlagane strategije.

Klju¢ne besede: dvojni aktivni mosti¢; vecnamenska optimizacija; strategija krmiljenja DPS; elektri¢na zmogljivost

*Corresponding Author’s e-mail: ggbao@lut.cn

1 Introduction potential for engineering applications [1-4]. With the

development of power electronics, isolated bidirec-
With the wide application of direct-current (DC) renew- tional DC-DC converters (IBDCs) have become popular
able power sources, DC loads, and storage equipment, for galvanic isolation, voltage conversion, and power
DC power conversion systems (PCS) have considerable transfer in DC PCS [5-6]. Among various IBDCs, the du-
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al-active-bridge (DAB) IBDC with merits of symmetric
topology and control structure, the convenience of im-
plement zero voltage switching for switches, bidirec-
tional power transmission, and cascaded modularity,
has been studied and applied in the DC PCS. Thanks to
the development of novel power devices and technol-
ogies, the DAB-IBDC performance is greatly improved
under the great efforts of researchers and engineers.
The improvements in DAB-IBDC also promote the de-
velopment of PCS, so bringing lots of technical advan-
tages [7-10].

The improvements of DAB-IBDC in the previous litera-
tures mainly focus on the topology design and opti-
mization, mathematical model derivation, phase-shift
modulation strategies, converter control schemes,
and soft-switching realization [11-15]. Particularly, the
phase-shift control is an effective method to optimize
the DAB-IBDC performance [16]. The phase-shift con-
trol strategies can be categorized into single-phase-
shift (SPS), extended-phase-shift (EPS), dual-phase-
shift (DPS), and triple-phase-shift (TPS). With DAB
configurations each full bridge is driven with specific
phase-shift. While these phase-shifts can differ in DPS
they are equal and referred as inner phase-shift, and
phase-shift between each full bridge is the outer phase-
shift [7]. The SPS has one degree of freedom with outer
phase-shift, and the EPS and DPS have two degrees of
freedom with inner phase-shift and outer phase-shift,
while the TPS has three degrees of freedom with two
different inner phase-shifts and an outer phase-shift. In
[17],an improved asymmetric modulation for both-side
of DAB-IBDC is proposed, enabling the smooth transac-
tion during steady-state operation and minimizing the
transient time regardless of equivalent resistance of in-
ductor. In [18], optimized phase-shift modulations are
proposed to accelerate the transient response and sup-
press the DC bias during transient process. In [19-20],
a mathematical model of current stress for DAB-IBDC
is established, and the minimum current stresses are
achieved under DPS and TPS control strategies, respec-
tively. In [21-22], the DAB-IBDCs with soft-switching
operation during whole operating range are analyzed,
expanding the zero-voltage switching (ZVS) range and
promoting efficiency. In [23-24], the power loss and
efficiency models are established, and the efficiency
optimized modulation schemes based on phase-shift
control are developed. Other phase-shift modulation
strategies are also proposed in [25-28] to eliminate re-
active power, reduce the peak and root-mean-square
(RMS) values of HFL current, and enhance light-load
performance for DAB-IBDC, respectively. Moreover, the
phase-shift strategies with quasi-square-wave, trian-
gle-wave and sine-wave modulation are investigated
for improving performance under varied modulation
methods [29-30]. Besides, the TPS control strategy is an

efficient method to improve the performance of DAB
[31-33].

The phase-shift control strategies in the previous lit-
eratures have improved the performance of DAB-IBDC
effectively. However, most existing phase-shift control
strategies only realize the performance optimization
in a single aspect (e.g., current stress, reactive power
elimination, ZVS behavior, or efficiency performance of
DAB-IBDC). The phase-shift control strategy for multi-
objective optimization, i.e., simultaneously optimizes
various characteristics of DAB-IBDC, has not been
considered and discussed yet. Besides, some phase-
shift control strategies with optimal phase-shift angle
contain lots of electrical parameters, nonlinear equa-
tions, or trigonometric calculation, leading to a high
computational burden, a complicated process, and a
poor real-time characteristic in practical application. In
this paper, to address the above problems and achieve
the comprehensive optimization for DAB-IBDC, a multi-
objective optimization strategy with DPS control is pro-
posed. The proposed strategy can reduce current stress,
improve transmission power, and minimize power loss
simultaneously. Consequently, the proposed strategy
can achieve high efficiency and improve adaptability
and practicality for DAB-IBDC, which promotes the ap-
plication of DAB-IBDC and also accelerates the devel-
opment of DC PCS.

This paper is organized as follows. The topology,
switching behavior based on DPS control, and the per-
formance characteristics including the high-frequency-
link (HFL) current stress, power factor, and power loss
of the DAB-IBDC are investigated in Section 2. On this
basis, a multi-objective optimization based on DPS
control is proposed in Section 3. Then, Section 4 pro-
vides the experimental results obtained from a built
DAB-IBDC prototype to verify the proposed strategy.

2 Performance characteristics of DAB-
IBDC under DPS control

The topology of the DAB-IBDC is presented in Fig. 1.
The DAB-IBDC is consisted of active full-bridges H, and
H,, two DC capacitors C, and G, an auxiliary inductor
L, and an high-frequency-link (HFL) transformer with
a conversion ratio n. S, ~ S, and D, ~ D, are switches
and diodes in H,, respectively, and Q,~Q, and M, ~M,
are switches and diodes in H,, respectively. v, and v,
are DC voltages on two sides of DAB-IBDC, respectively.
The energy transfer could be equivalent to the trans-
mission of energy between two modulated voltage
sources through equivalent inductor L., is HFL current
flowing through the equivalent inductor. v, is the HFL



X. Xu et al,; Informacije Midem, Vol. 51, No. 3(2021), 169 - 179

voltage on the primary side. v is the HFL voltage on
the secondary side, which is generated by secondary
terminate and equivalent to the primary-side voltage.
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Figure 1: Topology configuration of DAB-IBDC.
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Figure 2: The operation principle, HFL voltages, and
currents under DPS control.

Generally, the DPS control has two working modes: the
inner phase-shift ratio is larger or smaller than the out-
er phase-shift ratio, which is determined by the trans-
ferred power [7]. Different from EPS and TPS, the inner
phase-shift ratios under DPS strategy in active full-
bridges on both sides are the same. T _is the switching
period. To avoid the analysis complexity brought from
the traditional time-domain segmentation function,
the unified model form based on the Fourier series is
applied in the analysis and control design. According
to the topology of DAB-IBDC, the operation principle,
HFL voltages, and currents under DPS control are pre-
sented in Fig. 2, where B is the outer phase-shift angle
between v, and v, and o, =0a,=ais the inner phase-
shift angle.

According to Fourier series, the primary and secondary
side HFL voltages v, and v, shown in Fig. 2, are:

v,0= 2

k=135...

vs (t) =

k=135...

ﬂcos(k—w) sin(nax)
T 2

ﬂcos(k_a) sin[n(ax — B)]
T 2

Since the average inductor current is equal to zero dur-
ing steady-state, the HFL current i _in every switching
period can be express as:
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From (1) - (2), the following equations can be obtained:

i ()= Z A* + B? sin(kaxt + arctan g)

1.3,5

A= cos( )[V cos(kB)—1] (3)

B= Vcos( )sm(kﬂ)

Thus, the root-mean-square (RMS) value of j is:

1} ps = ’ 2 \/2 [

2.1 Transmission power characterization

242

\/ 2+ B (4)

The average transmission power P can be obtained as:

1 (7, .
P = E.[o v, ()ei, (1)dt (5)

Substituting (1) - (3) into (5), the average transmission
power P can be further calculated as:

)y

k=1,3,5...

8V,

P =
i’ L

———=2—C0S (—) sin(kf3)

Besides, the reactive power Q can be obtained:

87, cosz(k—a)
Ot = k:1,3,5..,k371'—2L[Vl =V, cos(k )]
O, =Uud s, = 3 k2 5 oL OS(_)\' A4’ + B

From (6) - (7), the apparent power S is calculated as:

2 2 2
S=\/ P+ Y 0+ Y 0L
k=1,3,5... k=1,3,5...

k=1,3,5...
Finally, the HFL power factor A can be obtained as:

(8)

A=P/S 9)
Based on (6) - (9), Fig. 3 shows the HFL power factors
under conventional control strategy. In Fig. 3, the HFL
power factor 4 is influenced by phase-shift angles, and
the HFL power factors under DPS are higher. Besides,
under DPS (DPS, <DPS, <DPS,), with the increasing of
inner angle o, the HFL power factor 2 becomes higher
correspondingly, decreasing HFL reactive power and
increasing efficiency of DAB-IBDC.
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Figure 3: HFL power factors of DAB-IBDC.

Current Stress /

[—
NO — N W i N
4 L e L ’ /

Figure 4: The current stress of DAB-IBDC.
2.2 Current stress characterization

To prolong the service life of switching devices, and
improve the efficiency of DAB-IBDC, reducing the cur-
rent stress is an effective solution. In the DAB-IBDC, the
maximum value of HFL current i represents the current
stress. From (3), it can be observed that the HFL current
i, compromises components with different frequencies
under Fourier series analysis. Since the fundamental
component in HFL current i, is approximated with HFL
current i, during operation, the maximum value of the
fundamental component of i can be considered as the
current stress /|

X"

2v, cos(%)Jl + M* —2M cos(B)

7wl

(10)

1 = max{‘iu(t)‘} =

where M =V, / nV, is the voltage conversion ratio of
DAB-IBDC.

According to (10), the current stress is closely related to
V., V,a p, and M. Fig. 4 presents the current stress .
with the different o and S under the SPS and DPS con-
trol. From Fig. 4, it can be observed: 1) with the increase
of outer f3, the current stress l..increases under these
two strategies, 2) under the same outer S, the current
stress produced by DPS control is kept smaller. Besides,
the current stress can be reduced with the increase of
phase-shift a under DPS.

2.3 Power loss characterization

For DAB-IBDC, its total power loss P

conducting loss Peonr

magnetic components P, [24].

Loss Mainly contains

switching loss Py and loss of

Boss = Feon + Fsw + Fra

(an
(1) Conducting loss: From the topology of DAB-IBDC,
the conducting loss P is the sum of conducting loss-
es in switches and diodes namely Peons and Peoney Y-
spectively. For the DAB-IBDC, the dead-band loss
should be considered and could not be ignored. As the
zero-voltage-switching (ZVS) for DAB-IBDC can be also
realized by using the freewheeling of anti-parallel di-
odes during dead-band time. Thus, the dead-band cur-
rent is freewheeling in diodes, which means the dead-
band loss can be considered as a part of conducting
loss. For simplicity, assume that the diodes and switch-
es in DAB-IBDC have the same conducting resistance
Reon Besides, the conducting loss is closely related to
the RMS HFL current in primary bridge H, and second-
ary bridge H, namely /. and I, respectively. The relation-
ship between [ and Lis |, =1,/n= 1/+2 . Consequently,
the conducting loss of switches and diodes in a switch-
ing period are:

=4R

CONI|2 + 4RCON122 =2(1+ nz)RCONIE-RMS (12)

Prox
Based on (12), the conduction losses P is mainly de-
cided by RMS current / . of HFL. Under both SPS and
DPS control, the conduction loss P_,, for DAB-IBDC are
presented in Fig. 5(a), and they are normalized by P =
2(1+ ) R, 1.2 Obviously, with the increase of phase-
shift angle §, the conduction loss P_ increases, while P__
under DPS is always smaller. Besides, the conduction loss

P_., drops with the increase of inner phase-shift a.

(2) Switching loss: From [24], with the same transfer
power, switching loss is relatively smaller compared
with the conducting loss and the loss of magnetic
components, and it only accounts for a small propor-
tion of the overall power loss of DAB-IBDC. Besides, un-
der soft-switching achievement, the switching loss can
be neglected. Thus, for simplicity, the switching loss is
ignored here.
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(3) Loss of magnetic components: In DAB-IBDC, mag-
netic components include the transformer and the
auxiliary inductor. Typically, the power loss of magnetic
component consists of the copper loss and core loss.
Assuming that the winding resistance of magnetic
components is constant, the copper loss P, is close-
ly related to the RMS value of i.In addition, the RMS
value of i also plays a major role in the core loss P_ ..
The power loss of magnetic components P, can be ob-

tained as:

2mf iN°V, .,
2

Py = Foom + Foore = (R, + Ry, + ) rus

(13)

where R _is the transformer winding resistance while
R, is auxiliary inductor winding resistance. m repre-
sents the specific parameter of core loss, i, represents
the permeability of vacuum, N represents the number
of turns, V_represents the effective core volume, and g
represents the air gap of magnetic path.

Based on (13), the power loss P is affected by the RMS
current / o of HFL. Fig. 5(b) shows the curves of nor-
malized power loss of magnetic components P, for

DAB-IBDC under DPS, in which they are normalized by
(@)

CON

Normalized P

TA

Normalized P

Figure 5: The power loss for DAB-IBDC. (a) Conducting
loss, (b) Loss of magnetic components.
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P, = (R"+Rau+2mfS uozNZVe/gz)lL_maxz. Itis obvious that, the
power loss P, increases with the raise of outer angle
S, which is smaller under DPS compared with SPS. Be-
sides, the P reduces with the raise of the inner angle a.

3 Multi-objective optimized strategy
based on DPS control

From the analysis above, in the DAB-IBDC, all the HFL
reactive power, current stress, and efficiency perfor-
mance could be optimized by DPS strategy simultane-
ously. Accordingly, an optimized strategy based on DPS
control is investigated for DAB-IBDC.
The current stress - conducting loss Peon and loss of
magnetic components P, are:

l=1= \/EIL-RMS
P, =201+ n’ YReond E—RMS

2mf iy NV, . >
MY ey

L-RMS

(14)

RI'A = (Rtr +Rau +

From (14), it could be seen that the current stress of DAB-
IBDC is affected by the RMS value of HFL current / ..
Besides, the conducting loss P and loss of magnetic
components P, are also mainly affected by the RMS cur-
rent of HFL. Thus, through optimizing the HFL current, the
current stress, power loss, and the efficiency can be all
optimized. Once the optimal RMS value of HFL current is
obtained, the optimization of current stress and efficiency
for DAB-IBDC could be realized at the same time.

To obtain the optimal RMS value of HFL current, a La-
grangian objective function is constructed:
E(a’ﬂ’/?'):[L-Rms(asﬁ)'*'/?'(P(aaﬁ)_R)) (15)
where P is the calculated output power for DAB-IBDC,
which is obtained through multiplying the reference
output voltage V, . by the output current /.. Substitut-

ing (6) and (10) into (15), the constraints of the optimal
equation can be obtained as:

20V, cos(Z)J1+ M? —2M cos()
E= 2 +

TwL

AV o2 @y sinp) - B)
T wL 2

a—E:«/1+M2—2Mcos(,l§’)+AM'V' cos(g)sin(/i’)=0 (16)
dor V4 2
oE M sin(f) 24V, o
—= e - =0
s \/1+M2—2Mcos(/3) i T COS(Z)COS(IB)
OE _4VVin Lo o
- Pol cos (2)sm(,8) P=0
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From (15) and (16), the optimal solution (o, ) for DAB-
IBDC under DPS control can be obtained by the results
of the nonlinear equations in (16), and the DPS-based
optimized strategy for DAB-IBDC is presented in Fig.
6. For the proposed strategy, the outer angle f is ob-
tained from the output voltage control loop. An op-
timized calculation model is used to obtain the inner
angle o for reducing the current stress/power loss and
improving the efficiency of DAB-IBDC.

From (16), the common solution and Pareto front of op-
timization for inner angle « is further obtained:

Pl
a=arccos | —X
nVv, sin(f)

From (17), since the fluctuations in switching frequency
and inductance value are very small compared with the
magnitude of normalized transmission power and DC
voltages, their influence on optimization result will be
very small. Therefore, the optimal inner phase-shift an-
gle a is mainly determined by outer phase-shift angle
B, relatively fixed parameters normalized transmission
power P, the HFL voltage ratio n, and also DC voltages
V,and V..

(17)

The multi-objective optimization DPS Strategy

M Compr-eh.ensive | et
Optimized
Calculation |

Voltage Ratio
Calculation

7y 7
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PWM |5, s,
| Switching ——»
Vs OF I, or | Signals O1-04
Varer L
e

DC Voltage Controller

Figure 6: Control framework of proposed multi-objec-
tive optimized DPS strategy for DAB-IBDC.

4 Experiment verification

To verify the proposed control strategy, a TkW rated
DAB-IBDC prototype is established, and the load power
rating is rated 1kW. The detailed parameters are pre-
sented in Table 1, and the prototype is shown in Fig. 7.

Table 1: Parameters of DAB-IBDC Prototype.

Parameters Value Symbol
Primary Side DC Voltage 50V ~ 150V V,
Secondary Side DC Voltage | 50V ~ 150V V,
Switching Frequency 20kHz f,
Transformer Turn Ratio 1:1 n
HFL Equivalent Inductor 30uH L
DC-link Capacitance 150uF C, G
Load Resistance 10Q ~ 100Q R

Figure 7: The prototype of DAB-IBDC.
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For the DAB-IBDC, Fig. 8 shows the steady-state experi-
ment waveforms under SPS control. It can be seen that,
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V, (100V/div)
v
T
i, (10A/div)
7
V> (100V/div)
Y
t (2ms/div)
(b) i, (10A/div)
‘/ ©
e N S A I o e
Ve (100V/div)
i T =
4 v ¢ B0 (R TFT N A
v (100V/div)
v
o H & 7 1 # I d
1 (25ps/div)
(@) iy (10A/div)
i
Ve (100V/div)
v
1 S L
AL Iy
v, (100V/div)
frre——— ey ""{"- (|
D"-‘-—J = o = a - ~ L r—
1 (25ps/div)
(d) ir. (10A/div)
‘/ o
e N e e
Ve (100V/div)
v
| & |
L H rJ il ¥ | 0 LL F’
Vs (100V/div)
¥ —
| | [ I 1 I [
mr " r ) r 1 r H i
£ 25ps/div)

Figure 9: Experiment waveforms under conventional
and proposed optimized DPS. (a) DC side Voltages and
current of DAB-IBDC, (b) Conventional DPS when a =
0.12, (c) Conventional DPS when a = 0.25, (d) Proposed
optimized DPS when a =0.18.
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the Vv, on the primary DC side is 100V, and the V,on the
secondary DC side is regulated at the designed 80V. The
HFL voltages v, and v, are both high-frequency square
waves, and the frequencies of Vy Vs and i are 20kHz. Be-
sides, since the DC voltages deviate from the conversion
ratio 1:1, the HFL current stress and reactive power be-
come high. However, the SPS control could not solve this
issue, and the maximum value of HFL currentis 10.1A.

With the same transmission power, Fig. 9(a) and Fig.
9(b) show the experiment waveforms of DAB-IBDC un-
der the conventional DPS control. It can be seen that
the DAB-IBDC operates normally, i.e., V, is 100V and v,
is also regulated at the designed 80V. Besides, the HFL
current stress and reactive power under DPS control
are lower than that under SPS control. Thus, the DPS
strategy is able to improve the performance of the DAB-
IBDC by reducing the maximum value of HFL current to
9.4A. Moreover, steady-state experiment waveforms of
HFL current under conventional DPS and proposed op-
timized control are presented in Fig. 9(c) and Fig. 9(d).
It can be seen that the conventional DPS with a larger

inner phase-shift angle can further reduce the HFL cur-
rent stress and reactive power, and the value of HFL
current under the proposed optimized DPS control can
reduce to 8.7A. Accordingly, the HFL current stress and
reactive power under proposed optimized DPS control

(a)

V: @couple) (100V/div) ‘
M 51 (ac-couple (2V/div)

Vi
i ¥V, (100V/div)
o
i, (20A/div)
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- Vl (;}-cuuple) (1 OOV/diV)

Vi (ac-couple) (2V/div)

v
d V> 100v/div)
o
i (20A/div)
£ (10ms/div) '

Figure 10: The dynamic-state experiment waveforms
of DAB-IBDC under proposed optimized DPS strategy.
(a) Load varies from 100% to 50%; (b) Load varies from
50% to 100%.
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are lowest compared with that under SPS and conven-
tional DPS.

The dynamic-state waveforms of the DAB-IBDC under
the proposed optimized DPS strategy are presented
in Fig. 10. According to Fig. 10(a), when the load varies
from 100% to 50%, the voltage ripple of V, decreases,
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Figure 11: Experimental curves under conventional
strategies and proposed optimized DPS (ODPS) strate-
gy. (a) Curves of current stress, (b) Curves of power loss,
(c) Curves of efficiency.
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and V, maintains at 100V. Besides, the HFL current
stress i decreases correspondingly. Similarly, when
the load varies from 50% to 100%, the voltage ripple
of V, increases, and v, keeps at 100V. In addition, the
HFL current stress i increases correspondingly, accord-
ing to Fig. 10(b). Based on the above analysis, it can be
concluded that under the proposed optimized DPS
strategy, the DC voltages on both sides of DAB-IBDC
maintain at designed value, and the DAB-IBDC oper-
ates stably during the dynamic-state.

With the same transmission power and varied DC volt-
ages, Fig. 11(a) shows the current stress of DAB-IBDC
under conventional strategies and proposed optimized
control strategy. From Fig. 11(a), it can be observed
that: under the three control strategies, the lowest cur-
rent stress occurs when V1 = V2 = 100V. However, the
current stress would become higher because the con-
version ratio deviates from 1:1 farther (e.g., V2 drops
from 100V to 85V or increases from 100V to 115V). Also,
the current stress under DPS control is lower than that
under SPS control, and increasing the inner phase-shift
angle can further reduce the current stress. In addition,
the proposed optimized DPS strategy achieves the
lowest current stress for DAB-IBDC among the three
strategies.

Similarly, Fig. 11(b) and Fig. 11(c) present the power loss
and efficiency of DAB-IBDC under conventional control
strategies and proposed optimized control strategy,
respectively. Similar to the results of current stress ex-
periments, under various phase-shift control strategies,
the lowest power loss can be achieved when V1 =V2 =
100V. Once V2 varies and deviates from the conversion
ratio 1:1, it would result in larger power loss and lower
efficiency. Meanwhile, lower power loss is achieved by
the DPS strategy compared with that under the SPS
strategy. Increasing the inner phase-shift angle a can
further reduce power loss. In addition, the proposed
optimized strategy realizes the lowest power loss, so as
to obtain the highest efficiency for DAB-IBDC. Thus, the
proposed multi-objective optimized strategy improves
the efficiency of DAB-IBDC.

5 Conclusions

The DAB-IBDC plays a crucial role in DC distribution net-
works for realizing galvanic isolation, voltage conver-
sion, power transfer, and bus connection. In this paper,
the effect of phase-shift control on power transmission
characteristic, current stress, and efficiency of DAB-IB-
DC is analyzed in detail. Then, to optimize these three
features simultaneously, a DPS-based multi-objective
optimized control strategy is proposed. The experi-
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ment results obtained from a built DAB-IBDC prototype
verify that 1) the DPS control realizes less HFL reactive
power, lower current stress, and higher efficiency for
DAB-IBDC compared with SPS control, 2) the proposed
optimized DPS control strategy optimizes the three
features of DAB-IBDC simultaneously. Accordingly, the
proposed control strategy can effectively improve the
performance of DAB-IBDC, which makes it more adapt-
able and practical in DC power conversion networks.
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