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Abstract - As digital control systems for high-frequency power electronics evolve, the demand for robust, non-linear control
strategies grows. This paper presents a simulation-based comparative evaluation of a Fuzzy Logic Controller (FLC) for a non-ideal
Buck-Boost converter, modelled to reflect implementation on two distinct DSP platforms: the 16-bit fixed-point TMS320LF2407 and
the high-performance 32-bit floating-point TMS320F28335. The converter model incorporates key parasitic elements to enable
realistic characterization of system damping and ripple behaviour [1,2,7].

The MATLAB simulation environment is configured to emulate the specific hardware constraints of each processor, focusing on
computational overhead, execution latency, and steady-state error. While the simulated TMS320F28335 powers its hardware floating-
point unit (FPU) to execute complex Trapezoidal-based fuzzy algorithms within a 10 ps interrupt window, the TMS320LF2407 model
demonstrates the need for fixed-point scaling to handle the same computational load. The results establish that integrating numerical
modelling with intelligent control provides superior transient response and reduced limit-cycle oscillations when executed on
advanced 32-bit floating-point processors.

Index Terms - Fuzzy Logic Control, Buck—Boost Converter, Fixed-Point DSP, Floating-Point DSP, Quantization Effects.

. INTRODUCTION

The rapid advancement of semiconductor technology allows modern power converters to operate at switching frequencies exceeding
100 kHz. These high speeds require sophisticated digital control loops that maintain stability despite the nonlinearity inherent in
topologies such as the Buck-Boost converter. While traditional linear controllers are common, the Fuzzy Logic Controller (FLC)
offers enhanced robustness against parameter variations and load disturbances [5].

However, transitioning from a continuous-time FLC design to a discrete-time simulation that accurately models DSP hardware
introduces significant numerical challenges. The choice of numerical integration method influences the fidelity of ripple reproduction
and the stability of the control loop. The Trapezoidal method is the most reliable option for modelling power converter behaviour, as
it ensures that stable continuous-time models remain stable in the digital Z-domain [8].

This paper extends that analysis by simulating the implementation of a Trapezoidal-based FLC on two generations of Texas
Instruments DSPs, by emulating the 16-bit fixed-point environment of the LF2407 and the 32-bit floating-point environment of the
F28335.

Il. MATHEMATICAL MODELING OF CONVERTERS

The fundamental circuit topologies for the buck and boost converters are presented in Fig. 1. This section establishes the mathematical
model required to analyse and control these systems. In modern power electronics, the performance of a digital controller is inherently
limited by the reliability of the plant model. The state-space averaging (SSA) technique is employed to model the converters. This
method averages the circuit's behaviour over a switching cycle, resulting in a continuous-time representation of the converter’s
dynamics [1]. This averaged model serves as the critical starting point for both small-signal analysis and the subsequent discretization
required for digital implementation.

The state vector for the converter can be defined as x = [i, v.]"

where iL is the inductor current and vC is the capacitor voltage.

A. Non-ldeal Buck Converter Modeling
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Fig 1. Configuration of Buck and Boost converters
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The Buck converter steps down the input voltage Vg to a lower output voltage Vout. In a non-ideal model, we must account for the
Inductor DC Resistance (rL) and Capacitor Equivalent Series Resistance (rC). Averaged State-Space Matrices for the Buck converter
can be derived by applying the averaging principle [5] A = A;p + A,-py We arrive at the non-ideal Buck matrices:

. R -1¢
ﬂ |[ nty +71c R [,
3 P _L(R+rc)|[lL]+ —|v
= L
dve | R 3 1 Ve 0 !
dtd | TR+ CR+r)l
The Output Equation v, = [;:Z ﬁ;c] [LL ]
c
B. Non-ldeal Boost Converter Modeling
Similarly, after averaging, the matrices for the Boost converter are defined as:
, R -1¢
] | n+A-D(zE) - g 1
de | - |~ L TLR+10) [iL]+ =
dve| | (1-D)R TR L R S
de 1| CR+10) CR+r)l

R -1 R i
Yo = [R +1. R +rc] [vc]
In the next section, the functional architecture of the Fuzzy Logic Controller used in this paper, along with the numerical method used
to solve the above equations, is discussed.
The simulation parameters were chosen to reflect a typical power-electronics application for the TMS320F28335, as shown in Table 1
for both converters.
Table 1. The simulation parameters

Boost Converter

Parameters Buck Converter
MOSFET switch IRF 530 IRF 530
Input voltage 12 Volts 12 Volts
Output voltage 5 Volts 20 Volts
Switching 30 kHz 30 kHz
frequency
Load resistance 5 Ohms 20 Ohms
Filter capacitance 2200 pF 3250 uF
Filter inductance 150 puH 250 pH
Capac_ltor series 0.1 Ohms 0.1 Ohms
resistance
Inductor series 0.1 Ohms 0.1 Ohms
resistance
Maximum ripple 1% 1%

I1l. FUNCTIONAL ARCHITECTURE OF FUzzY LOGIC CONTROLLER

Conventional PID controllers require precise mathematical models to work. Still, power converters like the Buck—Boost are difficult
to model in this way because their fast switching states make them behave in unpredictable, nonlinear ways. Hence, a standard PID
controller can struggle to maintain system stability. Fuzzy Logic offers a better approach by using human-like "If-~Then" rules and
descriptive rules instead of numerical formulas. This makes the controller much more flexible, allowing it to handle system
uncertainties and changes much more effectively than traditional methods. The Functional block diagram of the proposed digital
fuzzy logic control system is shown in Figure 2. The converter system starts with an Unregulated D.C. Input and a Reference Voltage
V) Setpoint. The D.C.-D.C. Converter then adjusts the voltage to provide a stable Regulated D.C. Output for the load. A Sensing
block monitors this output and converts high-power signals into low-voltage data. This information is sent to an A/D Converter to be
turned into a digital signal for the controller.

A. Digital Controller (DSP Emulation)

The A/D Converter converts analog feedback into a digital signal, which the Feedback Processing block uses to calculate the error. A
Fuzzy logic engine produces control actions to fix that, based on the error and the change in the error signal, and the Trapezoidal
Integration block smooths the result into a specific duty cycle. Finally, the PWM stage sends a high-speed switching signal back to the
converter to regulate the voltage.
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Fuzzy logic control starts with Fuzzification, in which numerical signals are converted into linguistic sets using Triangular
Membership Functions to improve hardware efficiency on the 16-bit LF2407. The two inputs, Error (e) and Change in Error (ce), are
mapped into five categories: NB, NS, ZE, PS, and PB [2]. Decision-making takes place in the inference engine, which evaluates
current states against a 5x5 Rule Matrix using the Mamdani Min-Max method [2]. It identifies the degree of belonging for each rule to
determine the strategy, such as to mitigate the error. In Defuzzification, the aggregated fuzzy decisions are converted back into a crisp
numerical value for the change in duty cycle. This is calculated using the Center of Gravity (CoG) method to provide a precise final
control signal, as follows: Where
_ Di=q h(x;) - x;

AD="gn

x;: The center of the i"" fuzzy set.
u(x;): The "weight" or membership grade (how much that rule applies at that moment).
This A D is then accumulated to form the final PWM command.
The Trapezoidal Rule is chosen to solve the state space equations because it approximates the integral of the state vector by averaging
the derivatives at the beginning (k)and the end (k + 1) of the sampling interval At

At
x[k + 1] = x[k] + 7(;&[1{] + x[k +1])
By substituting the state-space equation x = Ax + Bu into this formula, we derive the discrete-time update law used in the

simulation:
AAe\7? A At AAN"Y B At
x[k +1] = (1 _T> ‘ (1 +T>x[k]+ (1 ——) e 220 k] + ulk+ 1)
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Figure 2: Functional block diagram of the proposed digital fuzzy logic control system.

B. Simulation Environment (MATLAB)

The processor modelling strategy is designed to simulate the fundamental architectural differences between the TMS320F28335 and
the TMS320LF2407 while controlling the specific Buck and Boost converter configurations defined in the present parameters. To
mimic actual working conditions, the TMS320F28335 is modelled as a 32-bit floating-point system, using native decimal arithmetic
through its integrated Floating-Point Unit (FPU) to perform high-precision complex matrix inversions in the Trapezoidal integration
method. Conversely, the TMS320LF2407 uses 16-bit fixed-point quantization, with physical variables scaled to the Q15 fractional
format, introducing realistic truncation and rounding errors [5,6]. Furthermore, the sensing capabilities are differentiated by
implementing a 12-bit ADC on the F28335 and a 10-bit ADC on the LF2407, which effectively capture the quantization noise and
"limit cycle" oscillations seen in lower-resolution hardware [3,4]. These models account for the 0.1 Q series resistances and filter
components ( L =150puH for Buck, L = 250uH for Boost) while maintaining a 100 kHz switching frequency. Finally,
computational latency is incorporated by introducing a discrete-time delay between feedback acquisition and PWM update, reflecting
the distinct clock speeds of the two architectures.
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1V. COMPARATIVE RESULTS AND DISCUSSION

The following section discusses the results obtained through simulation with respect to steady-state stability, quantitative ripple
performance, and Computational delay and overhead, in a sequential manner.

A. Steady-State Stability (Buck vs. Boost)

The simulation results in Figure 3 show a clear performance difference between the two architectures. The TMS320F28335 maintains
a high-precision, regulated output for both the 5V Buck and 20V Boost configurations. Its 12-bit ADC enables the controller to detect
minute voltage deviations, ensuring the output remains within the strict 1% design threshold.

In contrast, the TMS320LF2407 exhibits persistent "chatter" across both cases. Due to the fixed resolution of its 10-bit ADC, the
controller cannot settle to an exact steady-state value. In a Boost converter, this effect is more pronounced because the output voltage
is higher than the input. At higher voltages, even a single digital step results in a larger change in the output voltage. Consequently,
the system changes more aggressively between discrete levels, leading to significant, noticeable oscillations.

B. Quantitative Ripple Performance
The figure 4 " Steady-State Ripple" plot provides a numerical breakdown of these stability disparities:
e F28335: Achieves a ripple of < 0.8%, demonstrating the high-fidelity control afforded by its 32-bit floating-point precision.
e LF2407: Results in a substantially higher ripple of approx. 1.8%. This elevated noise level confirms that 16-bit fixed-point
arithmetic and 10-bit sensing are highly susceptible to limit cycle oscillations in high-frequency 100 kHz power applications.
3. Computational Delay and Overhead
e The "Computational Overhead" plot identifies the architectural bottleneck responsible for the LF2407's instability. While the
Floating-Point Unit (FPU) in the F28335 processes control laws near-instantaneously, the LF2407 introduces a measurable
control delay.
e This latency arises from the extensive processor cycles required for software-based scaling and Q15 fractional math. In a
real-time control environment, this computational lag reduces the system's phase margin, directly contributing to the
increased susceptibility to oscillations seen in the voltage output waveforms. The results are also presented in TABLE 2.

Buck Converter Stability: 12V to 5V (100kHz Sampling)
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Figure3. Steady-State Stability
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Steady-State Ripple (Buck/Boost)
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Figure 4. Steady-State Ripple and Computational Overhead
Table2. Comparison of DSP Performance
Metric TMS320F28335 (FPU) | TMS320LF2407 (Fixed)
Steady-State Ripple (Buck) | <0.5% ~1.2%
Steady-State Ripple (Boost) | <0.8% ~ 1.8%

Numerical Accuracy

High (Floating-Point)

Low (Truncation Error)

Computational Overhead

Low (Single-Cycle FPU)

High (Software Scaling)

V. CONCLUSION

The comprehensive comparative study between the TMS320F28335 and TMS320LF2407 processors demonstrates the critical impact
of hardware architecture on the performance of high-frequency power converters. By utilizing a custom-coded MATLAB
environment at a 100 kHz sampling frequency, it was established that the 32-bit floating-point (FPU) architecture of the F28335
provides superior tracking and stability for both Buck and Boost converter topologies. The F28335 successfully maintained output
voltage ripples below the 1% design threshold, even when accounting for non-ideal parasitic resistances of 0.1Q.

Conversely, the 16-bit fixed-point LF2407 architecture exhibited inherent limitations, primarily due to quantization noise from its 10-
bit ADC and truncation errors resulting from Q15 fractional scaling. These limitations manifested as limit-cycle oscillations, which
were amplified in the Boost converter's higher voltage range (20V), often pushing the ripple factor beyond the desired 1% limit. The
results show that, while the Trapezoidal method of integration and Fuzzy Logic Control are robust algorithms, their effectiveness
depends heavily on the processor’s bit depth and numerical precision. For modern, high-speed power-electronic applications, the 32-
bit FPU architecture is recommended to ensure high-fidelity control and minimize the need for complex software-based noise
compensation.
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