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Abstract. In this paper, a professional rapid control prototyping solution will be presented. The whole setup 

consists of NI MyRIO 1900, VeriStand HIL / RCP management software and MathWorks Matlab – 

Simulink testing environment based on model design approach. The control law algorithm can be modeled 

using block diagrams in a graphical simulation environment like Simulink. NI VeriStand HIL / RCP 

management software integrates both hardware (MyRIO FPGA I/O resources) and software (Simulink 

model with virtual I/O ports). LabVIEW FPGA and other third-party tools can be used to re-configure the 

RIO FPGA device according to the final project needs. The novelty of this solution consists in the fact that 

NI MyRIO device can be used in a professional manner similar to dSPACE Control Desk, by integrating 

the RIO FPGA into NI VeriStand environment. LabVIEW FPGA can be considered the equivalent software 

of dSPACE Configuration Desk. The main advantage of the proposed setup and workflow consists in the 

fact that the NI hardware can be programmed with more complex tools within Matlab – Simulink. Another 

important advantage may consist in the fact that Matlab can build and compile neural network-based 

algorithms compatible with the actual presented hardware and software setup.

1 Introduction 

Modern electrical engineering increasingly relies on 

rapid digital design, testing, and diagnostic 

methodologies. Computer-aided simulation tools and 

artificial intelligence (AI) techniques are widely 

employed in digital control systems to reduce the 

computational complexity of traditional solver-based 

and state-space models into simplified numeric 

functions or look-up tables [1].  
In power electronics applications, fast and accurate 

modeling is essential, and the integration of hardware 
and software is typically achieved using embedded 
digital controllers such as DSPs, FPGAs, and MCUs [2]. 

Graphical modeling environments, including Matlab 
- Simulink, enable the design, simulation, and automatic 
code generation of control strategies. Rapid Control 
Prototyping (RCP) extends these capabilities by 
integrating real-time hardware into the simulation loop, 
allowing online parameter tuning, monitoring, and data 
acquisition prior to final deployment. Furthermore, data 
collected during RCP can be utilized to train neural-
network-based controllers that approximate 
conventional PID control laws with reduced 
computational complexity [3],[4]. 

In advanced systems, dedicated RCP and Hardware 

in the Loop (HIL) platforms are employed for real-time 

resource management and controller architecture 

reconfiguration [5]. 
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2 Hardware and software description 

The fundamental difference between RCP (Figure 1) and 
HIL real – time (Figure 2) simulation consists in the fact 
that in HIL simulation both the plant process and the 
control strategy can be virtual. In RCP simulation the 
plant process can be a real dc - dc power stage converter 
(in our case a synchronous buck converter). The acquired 
and produced analog signals in HIL simulation can be 
emulated with ADC and DAC within HIL simulation 
unit. In RCP the captured signals come from real sensors 
(ex. current and voltage sensors) [6]. 
 

 
 

Fig. 1. Rapid Control Prototyping (RCP) workflow principles 
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Fig. 2. Hardware In the Loop (HIL) workflow principles 

The control strategy and the transistor switching 

logic pattern in RCP simulation can be implemented 

using the I/O peripherals of a digital embedded 

controller (analog inputs for signal acquisition and 

digital outputs for generating PWM gate signals for 

driving the switching elements). 

In the actual paper, a low voltage model of a 

synchronous buck converter will be tested using the 

RCP simulation method in three operating modes: 
- open loop mode (non-stabilized output voltage) 
- closed loop mode (stabilized output voltage) 
- closed loop with neural network-based controller 

2.1 Hardware description  

The controller used in this paper is the National 
Instruments MyRIO 1900, a reconfigurable I/O (RIO) 
platform featuring FPGA based core logic. It is built 
around a Xilinx Zynq-7010 System-on-Chip (SoC), 
which integrates FPGA fabric with a dual-core ARM 
Cortex-A9 processor [7].  

The device is programmed to implement the control 

law and PWM switching strategy of a synchronous buck 

converter and to acquire voltage and current feedback 

signals via its analog I/O interfaces. The PWM gate 

signal was provided to the buck converter via digital 

output pins and ports known as GPIO (General Purpose 

Input / Output pins and ports). 

A synchronous buck converter [8] will be attached 

to the I/O ports of the NI MyRIO 1900 (MXP_A 

connector). The converter and control schematic was 

represented in (Figure 3). 
 

 

Fig. 3. Synchronous Buck converter electronic schematic 

with attached control strategy diagram 

Within the converter and control schematics the 

“e(t)” signal represents the overall closed loop system 

error as a time dependent function, “d(t)” time 

dependent function of duty cycle and “c(t)” is the 

triangular carrier wave for PWM modulation (Pulse 

Width Modulation). The signals “g1(t)” and “g2(t)” are 

representing the gate drive signals for the switching 

elements. The signal “R(t)” represents the electrical 

resistance necessary to obtain a certain current level 

corresponding the terminals voltage of the variable load.  

The PCB shield was a custom design built by our 

research team members thus representing the actual 

authors of this paper (Figure 4). The PCB also includes 

current and voltage sensing circuits based on Avago 

ACPL – 7900 isolation amplifier [9]. The PWM gate 

signal was provided to the IRF640N MOSFET [10] gate 

pin via HCPL – 3120 opto-gate-driver [11]. In other 

words, this converter has a fully isolated input and 

output signal path making it “safe to use” with MyRIO 

and other embedded digital controllers. 

 

 

Fig. 4. Synchronous Buck converter custom made PCB 

MyRIO compatible 

A linear MOSFET electronic load has also been used 

as final served load (Figure 5) [12]. The “adjust” signal 

of the electronic load’s equivalent resistance was 

provided from the embedded controller as a PWM via a 

lowpass RC filter, resulting an analog variable voltage 

proportional to the equivalent resistance of the linear 

MOSFET [13]. With this kind of approach, the control 

loop within MyRIO is capable not only of adjusting the 

output voltage of the dc-dc converter but is capable also 

of adjusting the current demanded by the final served 

electronic load. In other words, the served load is 

automatically adjusted via a PI controller to maintain 

“constant” the output current of the converter (working 

mode known as CC – Constant Current in literature). 
 

 

Fig. 5. Linear MOSFET electronic load module PCB 
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With this kind of hardware approach, we can study 

and demonstrate how a basic dc-dc converter works by 

performing standard power electronics tests: 

- adjust the output voltage and keep the load constant 

- keep the output voltage constant and adjust the load 

These operating modes are known as constant 

voltage (CV) and constant current (CC). In switching 

power supplies, CV mode is most common, providing a 

constant output voltage while the load draws variable 

current. In CC mode, the load effectively regulates its 

equivalent resistance to maintain a constant output 

current despite voltage variation. 

This kind of approach represents a simple automated 

test stand for switch-mode power supplies. A much 

more complex test stand can be built if the converter has 

an EMI filter and measurement sensors also set on the 

input side of the converter. In that setup approach 

efficiency, input + output power and input impedance 

can be determined. 

2.2 Software description 

The experimental setup uses National Instruments 

hardware, which requires the NI Full Software Bundle, 

including LabVIEW FPGA, NI VeriStand, and NI MAX 

for device configuration. MyRIO and Compact RIO 

drivers and toolkits were installed to support model 

compilation and deployment. Software compatibility is 

limited to LabVIEW 2019 SP1 and VeriStand 2019 R3, 

the last versions supporting ARM 32-bit Real-Time 

Linux on the MyRIO platform [14]. 

Additional software like “NI VeriStand custom 

device project wizard” [15] and “FPGA XML builder 

node” [16] (Figure 6) were also used within LabVIEW 

FPGA in order to build the FPGA architecture bitstream 

necessary for the final experiment. 
 

 

Fig. 6. LabVIEW FPGA XML builder node configuration 

The FPGA configuration for MyRIO was custom-

built in such a way that the PWM gate drive signal for 

the dc-dc converter (PWM_ch_AB) shall be generated 

complementary and with an additional dead-time to 

prevent simultaneous conduction on both switching 

elements (Figure 7).  

The second modulated signal was a single channel 

PWM signal (PWM_ch_C) used to drive the electronic 

load. 
 

 

Fig. 7. LabVIEW FPGA block diagram for PWM generator 

with dead-time added 

In the same bitstream configuration analog inputs 

were added for enabling data acquisition from built in 

current and voltage isolated amplifiers (Figure 8). The 

amplifiers provide differential outputs with two analog 

outputs per channel. That’s why we have added two 

analog inputs per channel. 

 

Fig. 8. LabVIEW FPGA block diagram for analog inputs 

Matlab – Simulink R2018b was also used to generate 

the “.so” Linux executable file from the Simulink model 

(Figure 9). VeriStand Model Framework toolbox for 

Simulink was also used with the corresponding Matlab 

Version. The toolbox was installed during VeriStand 

setup and installation step. 
 

 

Fig. 9. Simulink model with attached VeriStand Model 

Framework input and output ports 

Within this kind of software setup, Simulink models 

can be imported in NI VeriStand, and the “virtual ports” 

(yellow ports from the Simulink model) can be coupled 

to real signal sources coming from the embedded 

controller’s I/O ports (ADC, DAC, PWM) (Figure10). 
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Fig. 10. Matlab – Simulink model imported in NI VeriStand 

For final testing, a neural-network-based controller 

was developed using MATLAB’s Neural Network 

Training Tool and trained on data collected from the PI-

controlled model [17]. The trained network replicates 

the PI controller behavior and was integrated into the 

Simulink model using the Deep Learning Toolbox for 

deployment on the NI MyRIO. 

3 Implementation 

The following RCP real-time simulation conditions 

were established in the workbench system in order to 

test and verify the converter functionality: 

- input voltage: Vin = 15 [V] 

- input power supply resistance: rs = 0.01 [Ω] 

- input power supply capacitance: Cs = 1000 [µF] 

- switching elements T1, T2: MOSFET IRF640N 

- converter’s filtering inductor: L = 250 [µH] 

- converter’s filtering capacitor: C = 400 [µF] 

- isolation amplifier model: AVAGO ACPL 7900 

- output current measurement method: 10 [mΩ] shunt 

- output voltage measurement: triple voltage divider 

- fixed output voltage level: Vout = 5 [V] 

- maximum output current: 5 [A] 

- sample time: Ts = 1e-3 [s] 

- ADC resolution: r = 12 bit [max. val.: 4095] 

- PWM duty cycle resolution: r = 12 bit [max. val.: 4095] 

- switching frequency or PWM frequency: fs = 20 [kHz] 

To test the working principle of the dc-dc buck 

converter in different operating scenarios, a test stand / 

workbench has been set up consisting of: 

- NI MyRIO 1900 embedded controller (cyan mark) 

- Dc – dc synchronous buck converter (white mark) 

- Adjustable linear electronic load (green mark) 

- Digital oscilloscope TPS 2014B (yellow mark) 

- Multimeter AXIOMET 582B (magenta mark) 

- Programmable power supply (orange mark) 

- Computer with NI Full Software Bundle (purple mark) 

The test stand architecture was represented in the 

following figure (Figure 11): 

 

 

Fig. 11. RCP workbench architecture 

The built-in sensing circuits are used to determine 

the output voltage and current of the converter. The 

output voltage signal was used within the control 

strategy of the dc-dc converter to keep the output level 

constant despite the demand of current requested by the 

final served load.  

The current output signal was used for electronic 

load control. The electronic load maintains the output 

current constant despite the voltage variation over time. 

Both power stages (the load and the converter) are 

driven by a closed loop, PI-based control law Simulink 

model as presented in (Figure 12). 
 

 

Fig. 12. Simulink model of the PI based control law of the 

converter and load 

The oscilloscope was used to monitor and record the 

gate signal of the switching elements within the dc-dc 

converter, the current flowing through the converter’s 

inductor and the output voltage (Fig. 13). The gate signal 

was represented by two complementary PWM square 

wave signals with dead-time delay added (yellow and 

cyan waveform).  

The inductor current (magenta waveform) was 

represented as a triangular waveform, depicting the 
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charging and discharging slope of the magnetic circuit 

of the main current filtering inductor.  

The output voltage (green waveform) was 

represented as a straight line depicting a constant 

voltage over time (DC). 

 

 

Fig. 13. Waveforms of the gate signals, inductor current and 

output voltage 

 

Fig. 14. Practical implementation of the test stand 

The test setup was practically implemented 

according to the upper block diagram (Figure 11), and it 

was represented as a general picture in (Figure 14). 

4 Experimental results 

The experimental results for three operating modes of 

the synchronous buck converter will be presented: 

- open loop mode 

- closed loop PI controller-based mode 

- closed loop with neural network-based control mode 

Vital waveforms were captured during open-loop 

operation of the DC - DC converter, which enables 

calibration, debugging, and load-conditioning. Open-

loop measurements also identify conduction modes — 

CCM, DCM, and BCM — with most tests conducted in 

CCM. In this study, the converter functions as a 

unidirectional synchronous buck converter. 

4.1 Open loop mode 

Open-loop tests demonstrate that the output voltage 

cannot remain constant under high load current, as the 

gate signal duty cycle is fixed and uncompensated 

(Figures 15, 16). 

 

 

Fig. 15. Output voltage of the converter in open loop 

operating mode 

 

Fig. 16. Output current demanded by the load in open loop 

operating mode 

The input voltage was fixed around 15 [V]. The duty 

cycle was set in no-load conditions in such way that the 

output voltage may be around 5 [V]. The output current 

was increased up to 4 [A]. 
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4.2 Closed loop mode with PI controller 

In this operating mode (closed loop with PI controller) 

the output voltage will be kept fixed around 5 [V] by the 

PI controller. The controller adjusts dynamically the 

duty cycle related to the output load current (Figures 17, 

18, 19, 20). 

 

Fig. 17. Output voltage of the converter in closed loop 

operating mode 

 

 

Fig. 18. Output current demanded by the load in closed loop 

operating mode 

 

Fig. 19. The duty cycle adjusted by the PI controller 

 

Fig. 20. The closed loop system error compensated by the PI 

controller 

The closed loop system error compensated by the PI 

controller in optimal operation shall be convergent to 

zero. The system error represents the difference between 

the set voltage reference (ex. Vref = 5 [V]) and the 

measured converter output voltage (ex. Vmeas = Vout = 

4.5 [V]). When the reference voltage matches the 

measured voltage, the controller keeps the duty cycle 

value the same maintaining the output voltage constant 

around the set reference point. 

4.3 Closed loop mode with neural network-
based controller 

In the previous step, the output voltage was maintained 

constant even though the demanded current was 

modified. The controller’s behaviour was represented 

by the compensated error and the adjusted duty cycle 

over time.  

 The closed loop time dependent function called 

“system error” “e(t)” represents the input data series for 

the PI controller. The resultant time dependent function 

called “duty cycle” “d(t)” represents the output data 

series of the PI controller. By collecting these data series 

into the Matlab workspace, the Neural Network 

Training tool can be used to build a neural network-

based controller. 

 The neural network training tool performs a series 

of iterative “try and error” operations that would best 

match the original function described by the provided 

dataset. The final neural function shall match the 

behavioral trend of the original function when the 

regression coefficient is almost equal to one (Fig. 21). 

 

 

Fig. 21. The resultant neural function trend matching the 

original function 
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The result of this operation shall be an equivalent 

neural network-based controller that behaves the same 

as the PI controller tested initially. The “genism(net,-1)” 

command in Matlab will build a neural network-based 

controller ready to be deployed in Simulink model and 

to replace the PI controller (Figure 22). The expected 

results of RCP simulation (in case of neural net) shall be 

similar to the PI controller-based results. 

 

 

Fig. 22. Simulink control law model based on neural network 

pre-trained controller 

Two tests will be performed in order to confirm that 

the neural network-based controller works as expected: 

- keep output voltage constant and change the load 

- keep the load constant and change the output voltage 

Rapid control prototyping simulation will be 

performed and data from NI VeriStand will be recorded 

and represented for both situations (Figures 23, 24, 25, 

26). 

 

CASE I – Constant output voltage and variable load 

 

Fig. 23. Output voltage of the converter 

 

Fig. 24. Output load current 

CASE II – Constant load and variable output voltage 

 

Fig. 25. Output voltage of the converter 

 

Fig. 26. Output load current 

5 Conclusions 

The NI myRIO-1900 serves as a modern RCP platform, 

running real-time Linux applications via NI VeriStand 

and Simulink-compiled models, similar to commercial 

RCP solutions (dSPACE, Opal-RT, Typhoon).  

NI VeriStand enables integration with third-party 

software, enhancing flexibility, while LabVIEW FPGA 

supports hardware reconfiguration for automated 

testing. 

MATLAB tools for neural networks, deep learning, 

and embedded code generation allow experimentation 

with AI-based controllers on an affordable embedded 

device and real-time validation in a professional 

environment. 
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