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tronic converter in the topology of qZS DAB [16, 17]. This 
topology is very challenging from the point of view of flexible 
interface converter in smart grid applications. It can provide 
bidirectional power flow among the power source, power grid, 
and storage. Due to the input voltage boost capability in both 
directions, the proposed converter is an effective power con-
version tool and can reveal all benefits of the proposed control 
system. The proposed control system is optimized for a highly 
demanding application where ten switches (8 transistors and 
2 shunting switches) should be controlled. Moreover, the un-
conventional switching sequence can be performed in order to 
achieve zero voltage switching (ZVS) or zero current switching 
(ZCS) [18].

Hence, it can be treated as an interface between two dif-
ferent DC power systems, or between a DC power system and 
an energy storage device. DAB can be used in wide power 
range applications.

In the Internet age (and in the coming Energynet) the Web-
based management capability of a device is important from the 
prosumers’ point of view. Each prosumer can interact through 
a user-friendly interface with energy data acquired in its power 
system (like smart srids or smart industry). The subject of the 
smart grid has become an area of research for a number of 
scientists and resulted in an abundance of publications. Many 
of those publications focus on showing the idea of the commu-
nication and control link between a power electronics converter 
and the prosumer as shown in Fig. 1.

The remainder of this paper is organized in the following 
way. Section 2 describes the hardware platform of the controller 
board including an ARM-based microcontroller and peripheral 
devices. Section 3 describes the DAB used for this application. 
Section 4 describes the firmware, including the communication 
framework with TCP/IP stack, the control algorithm, and the 

Web-based diagnostic and control interface. Section 5 demon-
strates the laboratory tests of the manufactured controller. The 
conclusions are presented in Section 6.

This work provides an example of design, and describes the 
principles of operation of a controller for one of such devices 
– the, in author’s opinion, very promising power converter qZS 
DAB unit.

As far as authors know, the novelty of this paper lays in the 
proposition of complex solution for qZS DAB converter moni-
toring and control through the Internet in real time. A dedicated 
control board, designed specifically to fulfill all the mentioned 
requirements, has been developed and integrated with the con-
structed efficient qZS-DAB converter. Software for control and 
data transfer has been developed and implemented. The whole 
system has been tested in laboratory environment.

2.	 Inverter control system

2.1. Main control unit. The control system is based on a 32-bit 
ARM Cortex-M4 microcontroller from ST Microelectronics 
(ST). The ARM Cortex-M is a group of 32-bit RISC ARM pro-
cessor cores licensed by ARM Holdings. The cores are intended 
for use as microcontrollers and they include the Cortex-M0, 
Cortex-M1, Cortex-M3, Cortex-M4 and Cortex-M7 [19]. Inter-
nally, each microcontroller consists of the processor core, static 
RAM memory, flash memory, debugging interface, and various 
configuration-dependent peripherals. The ARM core designs 
have numerous configurable options, and ST choose to use an 
individual custom configuration for each design. ST attach their 
own peripherals to the core before implementing the design in 
a silicon die.

The ARM Cortex™-M4 processor is the most popular 
choice for embedded applications, and was developed specifi-
cally to address digital signal control markets that demand an 
efficient, easy-to-use blend of control and signal processing 
capabilities. The Cortex-M4F (STM32F407) processor features 
extended single-cycle multiply-accumulate instructions, opti-
mized SIMD arithmetic, saturating arithmetic instructions and 
an optional single-precision floating point unit (FPU). These 
features build upon the innovative technology that characterizes 
the ARM Cortex-M processor family.

The combination of high-efficiency signal processing 
functionality with the low-power, low-cost and ease-of-use 
benefits of the Cortex-M family of processors is designed to 
satisfy the emerging category of flexible solutions, targeting 
specifically motor control, automotive applications, power 
management, embedded audio and industrial automation mar-
kets [20].

The STM32F4 series consists of five compatible product 
lines of digital signal controllers (DSC), all being a perfect 
blend of the real-time control capabilities of an MCU and the 
signal processing performance of a DSP. The STM32F4 is per-
fectly suited for DC and AC three-phase machine control with 
a wide range of products. Additionally, it contains an embedded 
ethernet media access control with dedicated DMA and IEEE 
1588 precision time protocol hardware support.

Fig. 1. The idea of ARM-based communication and control link be-
tween power electronics converter (energy conversion) and prosumer
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2.2. Hardware configuration of the control system. The block 
diagram of the control system is shown in Fig. 2. The common 
4-layer board of the control system with the microcontroller 
contains connectors such as SWD programmer, LCD console, 
Ethernet, USB, analog inputs and SPI serial interface. This 
system was designed and developed to control power electronic 
converters (AC-DC, DC-DC and DC-AC) via fiber-optic lines 
or wiring. The main microcontroller can run with clock speeds 
up to 168 MHz and comes with optional built-in hardware for 
Ethernet support. However, only select few models from the 
MCU family, that is STM32F7, STM32F4, STM32F3, and 
STM32F1 series, provide Ethernet support as included. Ethernet 
tends to be one of the exclusive features in the special series 
MCUs and in newer and more expensive devices. They utilize 
the reduced [standard] media independent interface (RMII) pro-
tocol (IEEE 802.3u) using a DP83848 transceiver chip. That 
allows for both 10 and 100Mb/s transmission speeds. The use 
of RMII, rather than standard MII allows for reduction of the 
number of I/O pins used for communication between the Eth-
ernet transceiver and media access control (MAC) hardware. 
Originally, it was intended mostly for devices with multiple 
Ethernet ports, such as switches, to reduce the number of PINS 
and routed connections on a PCB.

LCD connector allows for connecting an optional local LCD 
display, equipped with push buttons that may be utilized by soft-
ware as a user interface, allowing to display the current status 
or to change the settings of the inverter parameters.

Programming and debugging of the MCU can be realized 
by using the Serial Wire Debug (SWD) interface. SWD re-
places the JTAG interface commonly used in ARM7/9 and 
other microcontroller products. The SPI interface allows con-
necting external components, such as DACs or flash memory, 
or can be used to communicate without its control systems. 
An external watchdog chip installed on the PCB supervises 
the proper operation of the MCU. Unlike a built-in watchdog 
that would reset the microcontroller in case of malfunction, 
this external watchdog can disable the output signals to the 
converter.

The frequency of the PWM output signals can be adjusted 
within the range from 0 to 200 kHz with 16-bit resolution. 
All these features, in combination with a single, precision 
floating point unit (FPU), enable implementation of com-
plex control algorithms in real time, and at the same time, 
utilize communication via Ethernet using the low-cost ARM 
technology.

Fig. 2. Block diagram of the inverter control part

Fig. 3. Top view of the designed and developed control board circuit with 
connector descriptions in a typical application of a DC-DC converter

The DP83848C from Texas Instruments is a robust, fully 
featured 10/100 single port Physical Layer device that receives 
the 4-bit wide RMII protocol, and synthesizes the differential 
signals necessary to drive the Ethernet RJ45 socket. It also does 
the reverse, decoding incoming signals from the RJ45 connector 
and talking RMII back to the MCU.

The electrical interface contains a 1:1 isolation transformer 
between the outside connection and the physical layer (PHY). 
The PCB board shown in Fig. 3 is equipped with a six-channel 
analog input connector, used for measurement of currents and 
voltages of the inverter utilizing a 12-bit A/D converter. An 
















