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Abstract Photovoltaic (PV) energy is being researched extensively as a sustainable power source
alternative to fossil fuels, focusing on improving the power generation efficiency and grid stability. On
the other hand, shading caused by weather or clouds can result in rapid fluctuations in PV panel output
due to the inherent nature of PV plants being installed outdoors. The Buck-Boost topology, which can
perform step-up and step-down conversion, is used widely to achieve stable output. Conventional linear
control methods face limitations in ensuring robust output performance under system uncertainties. This
study designed a Module-level Power Electronics converter that achieved high-efficiency output with the
flexibility of switching states and improved the transient response and steady-state stability of the system
using nonlinear control techniques. The transient response speed can be improved by more than 5.6
times by applying the proposed topology and control method to the nonlinear I-V characteristics of PV
panels, enhancing the maximum power point tracking speed in solar power generation. The superiority
of the proposed control method was verified by conducting the simulations using PSIM, and the validity
was confirmed through comparative analysis of the output waveforms between the conventional linear
controller and the proposed nonlinear controller.
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Fig. 1. Structure of renewable energy system(RES)
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Fig. 2. Wireless communication system for module
level DC-DC converter
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Fig. 3. Inverting bidirectional buck-boost converter
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Fig. 4. Non-isolated cascaded buck-boost converter

25

~HAE 7ME|S| X 22|

2 Fig. 49} 0] 4712] 2
S5l olel QEEE AEow 450 4
'?']XIQ} shk S2 A9A = ¥ REE gkl
3 AQIX|Q} ol §4 A9IA|E RAE HE

Fig. 5= 293 AHd 0& 571828 vehdoh
Fig. 5(a)& S1, S3 29#|7} ON HiI S2, $4 29X &=
OFF ¥ g vehlin g AYo2HE Hot Zo
ARE FFH R HLet Fig. 5(b)E S1, $4 A9
Z]7F ON 1L 82, S3 A$9]]7} OFF # JH=, JA9H
7b 4E AYorRE FHEE= AHE depdch Fig.
5(c)= S2, S3 29A7F ON HL S1, S4 297t OFF
H ol State 20014 SHH JAYEY o7t £
5} 207 Agr|o] AL AFE YRt 9 State
1~3 B& £o|A AME 7} State 13} State 25 HHESH
oA S13} S3 A9JX7F JHEA 0 R FASto] ¥ BTt
T5E3, State 13} State 25 WHEIICHE 512 FAb
ON 4 ZJeiollA S3, S4 29271 JHAH o= F& 5t
HAE noyh 3=k

State 29} State 39] ¥HE 22 H-EAE F&Z
L}E}IHU% R vl 98 AHEY &Y Yol 2FH
t} [12]. Fig. 5(d)= S2, S4 A9A]7} ON Eof 2l
AR7E AAZCR AZ=E o] HHE oA &8sk=
S Uehdh PCBOll ARE ] 14H A" A 3

o Sl Qe A o) Ak 33 4

(o}

= A>3 Agsle] A& AL BE(CCMQY B4 A
= L(DCM) F9E AT 5= Ut
2.2 AAY H-BAE ZAHE9| N RHE
S3 A9X= ON HI, 4 AYX= OFF & AEIE
7188 o A49 H-RAE AN QdE AYy &
HAFE o323 Zol Yepdth
di, ‘
E: I/;n,ul 155 VC (1)
v, Vg
i 1R, @
o714 LI C= Z4z) w9l QIgEAe &3 AjAEA
E Ueiiy, i 2 A9E AF, Ve &Y A &
o A, R FOAT 3 YRR w2 Y B9

Ao} QJeie Uerie



A7 &5E =1 A A25d A7ZE, 2024

ST o

8§20

© L 2

(d
Fig. 5. Equivalent circuits depend on each switching
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(a) State 1, (b) State 2, (c) State 3, (d) State 4

Table 1. Gate Signals of Switching FETs

Control Input State Switching FET State
0 S1 = OFF 2 = ON
U 1 Sl = ON S2 = OFF
1 3 = OFF S4 = ON
2 0 $3 = ON S4 = OFF
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Table 2. Simulation Parameters

Parameters Value unit
Input Voltage Range 30~50 A
Rated Power 700 W
Switching IC Model GS61008T EA
Switching frequency 200 kHz
Main Inductor 42.9 uH
Input Capacitor 10 uF
Output Capacitor 15 uF
Output Resistance 1.75~5 o]
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Table 3. Settling Time of Transient Responses

Controller Operation Mode Settling Time
Buck Mode 263.4 [ns]
PI Controller
Boost Mode 652.2 [ns]
Sliding Mode Buck Mode 46.8 [ns]
Controller Boost Mode 47.1 [ns]
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