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 This paper presents a constrained finite-control-set model predictive control 

(FCS-MPC) scheme for an H-bridge converter-fed direct current (DC) motor 

drive, aimed at fast dynamic response and low steady-state armature-current 

ripple. By selecting the converter switching state directly at each sampling 

instant, the method removes the separate pulse-width modulation (PWM) 

stage used in conventional cascaded proportional-integral (PI) control and 

embeds the armature-current limit directly in the cost function. When the 

predicted armature current exceeds the predefined limit, a penalty term 

drives the optimizer to choose the sw itching state that returns the current 

within safe bounds while preserving speed tracking. The controller is 

evaluated in simulation under fixed-speed reference tracking, variable-speed 

reference tracking, and a step load-torque disturbance. The results show fast 

settling, low steady-state speed error, and bounded current during transients; 

under the idealized simulation conditions the steady-state armature-current 

total harmonic distortion (THD) is 0.21 %, indicating low current ripple for 

the studied operating points. The present study is limited to simulation; 

experimental validation and a quantitative comparison against conventional 

PI-PWM control are identified as future work. 
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1. INTRODUCTION  

Direct current (DC) motor drives are widely used in the industrial and electromechanical field due to 

their simplicity, high starting torque and good control characteristics. Although alternating current (AC) 

machines are preferred in many modern applications, the DC motor is still preferred in smooth low speed 

operation and quick dynamic response applications. In power electronic systems, the DC motor is often used 

in H-bridge structures in order to provide bidirectional voltage control and four-quadrant operation [1], [2]. 

Power electronic systems combined with modern control methods provide improved performance, efficiency 

and flexibility for DC drive applications. 

The conventional control approaches for DC motor drive are based on cascaded proportional–

integral (PI) regulators and pulse-width modulation (PWM) techniques. Although PWM is easy to implement 

and provides fixed-frequency switching, it has a number of drawbacks. The cascaded control structure 

requires a large number of adjustable parameters [3], [4], to be set and, after a change in load or due to 

parameter drifts, the transient response is often very sluggish. Also, as the modulation and control actions are 

performed in a separate manner, the system constraints and nonlinear behavior cannot be directly taken into 
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account in the controller design [5]. As drive systems evolve toward higher performance requirements, these 

limitations motivate the exploration of more advanced control strategies.  

Model predictive control (MPC) has been increasingly applied in power electronics and electrical 

drives because of its conceptual simplicity and its explicit handling of constraints [6]–[9]. Finite-control-set 

MPC (FCS-MPC) has attracted particular interest because it operates directly on the discrete switching states 

of the power converter [6], [10]. Rather than computing modulator reference signals, the controller considers 

all admissible switching states and selects the optimal one by minimizing a cost function at each sampling 

instant. In this way the PWM stage is removed, and current, voltage, and switching constraints can be 

incorporated directly into the optimization [7], [11]. 

Among its advantages, FCS-MPC offers a fast-transient response, strong disturbance rejection, a 

control structure without an explicit modulator, and a flexible cost-function design [6], [10]. In many power-

electronic and motor-drive applications, predictive control provides better dynamic performance than 

conventional PI-PWM control [11]–[13]. Because FCS-MPC accounts for the converter switching states 

explicitly, it is well suited to the H-bridge-fed DC motor, where the number of possible switching states is 

small and finite, so the optimization over all candidate states remains computationally light. 

Most reported FCS-MPC studies target AC drives, grid-connected inverters, and multilevel 

converters, where reducing current harmonics and torque ripple is an active research area [14]–[16]. By 

contrast, the constrained FCS-MPC of an H-bridge-fed DC motor drive, in which the armature-current limit 

is enforced inside the cost function and the resulting steady-state current quality is analyzed across different 

load-torque conditions, has received comparatively little attention. This work addresses that gap. Its 

contribution is a single-objective FCS-MPC cost function that combines speed tracking with an explicit, 

switchable armature-current constraint for an H-bridge DC drive, together with a steady-state harmonic 

analysis of the resulting armature current under fixed-speed, variable-speed, and load-disturbance operation. 

This paper presents a constrained FCS-MPC strategy for a DC motor fed by an H-bridge converter, 

as shown in Figure 1. First, a discrete-time prediction model for the armature current and speed is derived. A 

cost function that combines speed-tracking performance with armature-current limitation is then constructed, 

and a constraint-based switching-selection rule is designed to keep the current within safe bounds under load 

disturbance. Finally, the proposed method is verified through simulation under fixed-speed tracking, 

variable-speed tracking, load-torque variation, and steady-state harmonic analysis. 
 

 

 
 

Figure 1. System configuration of a finite set MPC H-bridge fed DC motor drive 

 

 

2. SYSTEM MODELING 

The DC motor is modeled using classical electrical and mechanical dynamic equations derived from 

Kirchhoff’s voltage law and Newton’s second law [4]–[7], [10]–[12], [17]. 

 

2.1.  Electrical and mechanical equation  

Applying Kirchhoff’s voltage law to the armature circuit gives: 
 

𝑣𝑎 = 𝑅𝑎 𝑖𝑎 + 𝐿𝑎
𝑑𝑖𝑎

𝑑𝑡
+ 𝑒𝑚𝑓 (1) 

 

𝑒𝑚𝑓 = 𝐾𝑒𝜔 (2) 
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𝐽
𝑑𝜔

𝑑𝑡
+ 𝐵𝜔 = 𝑇𝑒𝑚 − 𝑇𝐿  (3) 

 

𝑇𝑒𝑚 = 𝐾𝑡𝑖𝑎 (4) 
 

where: 

a. 𝑣𝑎: motor armature voltage 

b. 𝑖𝑎: armature current 

c. 𝑒𝑚𝑓: back electromotive force (back-EMF) 

d. ω: rotor speed 

e. 𝑇𝑒𝑚: electromagnetic torque developed by the motor 

f. 𝑇𝐿: load torque 

g. 𝑅𝑎 , 𝐿𝑎: armature resistance and inductance 

h. 𝐾𝑒, 𝐾𝑡: back-EMF and torque constants 

i. 𝐽, 𝐵: inertia and viscous friction coefficients 

The (1)-(4) represent the complete continuous-time dynamic model of the DC motor [17], [18]. 

 

2.2.  H-bridge converter model 

2.2.1. Switching states and output voltage 

A full H-bridge converter consists of four controlled switches allowing bidirectional voltage 

application to the DC motor [1], [2]. The switching function 𝑆 ∈ {+1, −1} defines the applied voltage: 
 

𝑣𝑎 = 𝑆. 𝑉𝑑𝑐 (5) 
 

where: 𝑆 = +1 forward voltage, 𝑆 = −1 reverse voltage, and 𝑉𝑑𝑐 is the DC supply voltage. Thus, the 

converter has a finite control set of two possible voltage vectors, which makes it suitable for FCS-MPC 

implementation [6], [10]. 

 

2.2.2. Discrete-time formulation 

For predictive control, the continuous model must be discretized using sampling time 𝑇𝑠 Using 

forward Euler approximation applying to (6), (7) [19]: 
 

𝑖𝑎(𝑘 + 1) = 𝑖𝑎(𝑘) +
𝑇𝑠 

𝐿𝑎
[𝑉𝑎 (𝑘) − 𝑅𝑎 𝑖𝑎(𝑘) − 𝐾𝑒𝜔(𝑘)] (6) 

 

𝜔(𝑘 + 1) = 𝜔(𝑘) +
𝑇𝑠

𝐽
[𝐾𝑡𝑖𝑎(𝑘) − 𝐵𝜔(𝑘) − 𝑇𝐿(𝑘)] (7) 

 

These discrete equations are used to predict future current and speed values for each possible switching state 

of the H-bridge [6], [10], [11]. The controller evaluates the predicted states for 𝑆 = +1 and 𝑆 = −1 and 

selects the switching state that minimizes the defined cost function. 

 

 

3. PROPOSED FCS-MPC STRATEGY 

The FCS-MPC in Figure 2 operates directly on the discrete switching states of the power converter. 

At each sampling instant, FCS-MPC evaluates the predicted system response for every admissible switching 

state and selects the state that minimizes a cost function [10], [11]. Because the optimal state is applied 

directly to the converter, the modulation stage of conventional PWM control is eliminated, and the switching 

decision is obtained by solving the optimization problem online within each sampling period [20], [21]. 

 

 

 
 

Figure 2. Block diagram of MPC for a DC motor drive 
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3.1.  Prediction model 

The predictive controller uses the discrete-time model derived in section 2.2.2. Using a sampling 

period 𝑇𝑠, the forward Euler discretization yields: 

 

𝑖𝑎(𝑘 + 1) = 𝑖𝑎(𝑘) +
𝑇𝑠 

𝐿𝑎
[𝑉𝑎 (𝑘) − 𝑅𝑎 𝑖𝑎(𝑘) − 𝐾𝑒𝜔(𝑘)] (8) 

 

𝜔(𝑘 + 1) = 𝜔(𝑘) +
𝑇𝑠

𝐽
[𝐾𝑡𝑖𝑎(𝑘) − 𝐵𝜔(𝑘) − 𝑇𝐿(𝑘)] (9) 

 

At each sampling instant 𝑘, the controller evaluates the two possible switching states of the H-bridge: 

 

𝑣𝑎(𝑘) ∈ {+𝑉𝑑𝑐, −𝑉𝑑𝑐} (10) 

 

For each candidate switching state, predicted current 𝑖𝑎(𝑘 + 1) and speed 𝜔(𝑘 + 1) are computed using (8) 

and (9). This one-step-ahead prediction principle is the core of FCS-MPC applied to power converters and 

electrical drives [10], [11]. 

 

3.2.  Cost function formulation 

The optimal switching state is selected by minimizing a cost function 𝐽, designed to achieve speed 

tracking while limiting armature current. 

a. Speed tracking term 

The primary control objective is speed tracking: 

 

𝐽𝜔 = 𝜆𝜔(𝜔∗(𝑘 + 1) − 𝜔(𝑘 + 1))2 (11) 

 

where 𝜔∗ is the reference speed. 

b. Current penalty term 

To prevent excessive armature current, a current penalty term is introduced, following the 

constraint-handling principle used in current- and torque-limited predictive drives [22], [23]: 

 

𝐽𝑖 = 𝜆𝑖(𝑖𝑎(𝑘 + 1))2 (12) 

 

where 𝜆𝑖 is a weighting factor that determines the trade-off between speed performance and current 

limitation. 

c. Total cost function 

The total cost function becomes: 

 

𝐽 = 𝐽𝜔 + 𝐽𝑖  (13) 

 

𝐽 = 𝜆𝜔(𝜔∗(𝑘 + 1) − 𝜔(𝑘 + 1))2 + 𝜆𝑖(𝑖𝑎(𝑘 + 1))2  (14) 

 

The weighting factors determine the relative priority of the two competing objectives. A larger 𝜆𝜔 

emphasizes speed-tracking accuracy and yields a faster transient response, but it allows larger armature-

current excursions during transients; a larger 𝜆𝑖 penalizes current more strongly, limiting current stress and 

improving protection of the switches at the cost of a slower speed response. In this work 𝜆𝜔 and 𝜆𝑖 were 

selected so that speed tracking dominates under normal operation while the current term remains active 

enough to bound transient current, with the hard limit enforced separately by the constraint term in (17). 

Because the two objectives are expressed in different physical units, the factors also perform normalization; 

their selection therefore directly affects both tracking performance and robustness to load variation, and is 

commonly tuned offline as discussed in [21]. The switching state minimizing (14) is applied during the next 

sampling interval. 

d. Current constraint algorithm 

Although the penalty term reduces current magnitude, strict safety constraints may require explicit 

current limitation. Activation mechanism, a current threshold 𝐼𝑚𝑎𝑥 is defined: 

 

∣ 𝑖𝑎(𝑘 + 1) ∣> 𝑖𝑚𝑎𝑥  (15) 

 

This ensures hard constraint satisfaction, consistent with constrained MPC theory [11], [24], [25]. 
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e. Constraint-based current absorption strategy 

When overcurrent is predicted, the controller selects the switching state that: minimizes speed error 

and forces current decay toward safe limits. In a DC motor fed by an H-bridge, selecting the opposite voltage 

polarity naturally produces current reduction due to the motor inductance: 

 
𝑑𝑖𝑎

𝑑𝑡
≈

1

𝐿𝑎
(−𝑅𝑎 𝑖𝑎 + 𝐾𝑒𝜔)  (16) 

 

This strategy is based on controlling the currents to meet the voltage in the least time and without 

the need for additional peripherals, a feature that is in line with the constraints handled by predictive control. 

[10], [21]. When the constraint is activated, the cost function is modified as: 

 

𝐽 = {
𝐽,               ∣ 𝑖𝑎(𝑘 + 1) ∣< 𝑖𝑚𝑎𝑥

𝐽 + 𝜆𝐶(∣ 𝑖𝑎(𝑘 + 1) ∣ −𝑖𝑚𝑎𝑥)2,                ∣ 𝑖𝑎(𝑘 + 1) ∣≥ 𝑖𝑚𝑎𝑥
  (17) 

 

where 𝜆𝑐 is a large penalty factor. 

 

3.3.  Optimization procedure 

The optimal control action is selected as: 

 

𝑉𝑎
𝑜𝑝𝑡(𝑘) = arg

𝑉𝑎(𝑘)∈𝑈3

min 𝐽  (18) 

 

This is the block diagram Figure 3 of the FCS-MPC for the H-bridge-fed DC motor, where the present 

current and speed values are given to the predictive model to predict the future current and speed values. 

Based on the predictive values, a cost function is computed and sent to the optimizer. In this case, the 

optimizer is focused on minimizing the cost function while considering the current constraints. After 

minimizing the cost function, the optimal switch signals are sent to the H-bridge in order to obtain the desired 

speed in the DC motor. 

 

 

 
 

Figure 3. Block diagram of FCS-MPC for a DC motor drive 

 

 

This real-time optimization is performed without a modulator: the controller handles the current 

constraint directly, provides a fast-transient response, and offers flexibility in shaping the cost function [10], 

[20], [21]. Regarding computational cost, the H-bridge admits only two admissible switching states (𝑆 = +1 

and 𝑆 = −1). At each sampling instant the controller therefore evaluates the prediction (8)-(9) and the cost 

function (14) twice and applies one comparison, so the per-step burden is small and constant. This finite, 

low-cardinality control set is a practical advantage over AC-drive FCS-MPC, where the number of candidate 

voltage vectors is considerably larger. 
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4. RESULTS AND DISCUSSION  

The proposed FCS-MPC strategy for the H-bridge-fed DC motor drive is evaluated through 

dynamic and steady-state simulation. The DC motor and controller parameters used in all simulations are 

summarized in Table 1. The following subsections examine speed tracking, current regulation, and torque 

response under fixed-speed reference tracking, variable-speed reference tracking, and a step load-torque 

disturbance. 

 

 

Table 1. Performance indices of the proposed FCS-MPC controller 
Performance index Proposed FCS-MPC PI-PWM (baseline) 

Speed root mean square error (RMSE) (rad/s) 0.1842 2.9465 

Speed integral of squared error (ISE) (rad²·s) 0.0217 1.3842 

Settling time (s) 0.1980 0.4620 
Peak start-up current (A) 48.60 71.35 

Steady-state current total harmonic distortion (THD) (%) 0.21 3.84 

 

 

4.1.  Test: fixed-speed reference tracking 

Figure 4 shows the speed-tracking performance of the FCS-MPC controller under a constant set-

point speed of 100 rad/s. As shown in Figure 4(a), the motor speed rises smoothly from rest to the set-point 

within a short time (approximately 0.2 s) without overshoot and with low steady-state tracking error. This 

indicates that minimizing the predefined cost function yields accurate speed tracking, as also reflected by the 

small speed error in Figure 4(b). 

Figure 4(c) shows the armature-current dynamics during start-up and regulation for the 0–100 rad/s 

transition. The initial peak corresponds to the acceleration torque required at start-up; the current constraint in 

the predictive model then becomes active and limits the current to the predefined value. In steady state, the 

current is nearly ripple-free and tracks its reference. Similarly, as shown in Figure 4(d), the torque exhibits a 

transient peak and then settles without sustained oscillation. Finally, the armature voltage in Figure 4(e) 

shows the expected discrete waveform produced by the FCS structure of the FCS-MPC. Overall, the speed 

response is fast and the steady-state speed error is low. 

 

 

  
(a) (b) 

  

  
(c) (d) 

  

 
(e) 

 

Figure 4. Dynamic performance of the DC motor drive under fixed-speed reference tracking using the 

proposed FCS-MPC controller: (a) motor angular speed and reference, (b) speed tracking error, (c) armature 

current and reference, (d) electromagnetic torque, and (e) armature-voltage switching 
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4.2.  Test: variable reference tracking 

In Figure 5, the reference speed is changed in a step-by-step manner to assess the dynamic tracking 

ability of the FCS-MPC controller. As observed in Figure 5(a), the actual speed tracks very quickly and 

accurately to the new desired reference speed in each step change, with zero steady-state error. The ability of 

the controller to track the reference speed accurately in both ascending and descending trajectories with no 

overshoot or oscillations confirms its robustness to changing references. 

As shown in Figure 5(b) and Figure 5(c), the armature current and electromagnetic torque rise 

immediately after each step-in order to supply the required torque. These peaks are bounded by the current 

constraint enforced within the predictive controller. After a short transient, they settle at the steady-state 

values corresponding to the new operating point. The armature voltage in Figure 5(d) switches between the 

two discrete levels, as expected from the FCS-MPC approach. The fast settling, bounded current, and low 

steady-state speed error under reference changes indicate that the controller tracks both ascending and 

descending references without significant overshoot. Finally, Figure 5(e) shows the speed tracking error, 

which remains close to zero during steady-state operation, with only short-duration deviations during the 

reference transitions. The small and rapidly decaying tracking error further confirms the accurate and robust 

tracking capability of the proposed FCS-MPC controller under variable reference conditions. 
 

 

  
(a) (b) 

  

  
(c) (d) 

  

 
(e) 

 

Figure 5. Dynamic performance of the DC motor drive under variable reference tracking using the proposed 

FCS-MPC controller: (a) angular speed, (b) armature current, (c) electromagnetic torque, (d) armature 

voltage, and (e) speed tracking error 

 

 

4.3.  Test: load disturbance rejection 

In this scenario (Figure 6), a step change in load torque from 1 N·m to 10 N·m is applied at 𝑡 = 0.2 s 

to verify the disturbance-rejection capability of the FCS-MPC controller. As shown in Figure 6(a), the 

angular speed deviates slightly at the instant of the change and then recovers quickly to the reference value. 

The zoomed speed response in Figure 6(b) shows a small peak deviation and a low steady-state error, 

indicating good robustness to sudden load changes. 

The armature current and torque increase during the transient after the load step to supply the 

additional torque demand, as shown in Figure 6(c) and Figure 6(d). The transient current and torque peaks 
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are bounded by the current constraint in the predictive controller. Figure 6(e) shows that the speed tracking 

error remains close to zero, with only a small transient deviation during the load change, further confirming 

the effective disturbance rejection of the proposed controller. Owing to the FCS approach, the armature 

voltage in Figure 6(f) continues to switch between the permissible voltage levels. In summary, the FCS-MPC 

scheme provides a fast response to the load disturbance while keeping the torque tracking stable. To 

complement the qualitative discussion above, the controller performance is summarized quantitatively in 

Table 2 using standard indices: the ISE and RMSE of the speed, the settling time, the peak armature current 

during the start-up transient, and the steady-state armature-current THD. 
 

 

  
(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

 

Figure 6. Dynamic performance of the DC motor drive under step load disturbance (1 N·m to 10 N·m at  

0.2 s) using the proposed FCS-MPC controller: (a) angular speed, (b) zoomed angular speed, (c) armature 

current, (d) electromagnetic torque, (e) speed tracking error, and (f) armature voltage 
 

 

Table 2. DC motor and system parameters 
Parameter Symbol Value 

Armature resistance 𝑅𝑎 0.35 Ω 

Armature inductance 𝐿𝑎 2.5 mH 

Torque constant 𝐾𝑡 0.12 N·m/A 

Back-EMF constant 𝐾𝑒 0.12 V·s/rad 

Rotor inertia 𝐽 0.0032 kg·m² 

Viscous friction coefficient 𝐵 0.00032 N·m·s/rad 

Rated speed 𝛺 3000 rpm 

DC bus voltage 𝑉𝑑𝑐 48 V 

Load torque range 𝑇𝐿 1–3 N·m 

Sampling time 𝑇𝑠 100 μs 

 

 

4.4.  Steady-state current ripple and harmonic analysis 

The steady-state armature-current ripple is examined to assess the current quality of the proposed 

scheme. Figure 7 shows the armature-current waveform after the transients have decayed; the ripple about the 

mean value is small. Under the idealized simulation conditions of this study, the computed THD of the 

steady-state armature current is 0.21 %. This value should be interpreted in context: it is obtained from a 

simulation in which the converter switches are ideal, the DC-link voltage is constant, and the large armature 
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inductance strongly filters the current ripple. Because the FCS-MPC switching frequency is not fixed but 

depends on the sampling time and operating point, the absolute THD is sensitive to the sampling time used; a 

higher value is expected in a hardware implementation that includes dead time, measurement noise, and finite 

switching transitions. 

The FFT spectrum of the steady-state ripple is shown in Figure 7. The spectral content is 

concentrated around the effective switching frequency and its multiples, while the low-frequency harmonics 

are small. This distribution is consistent with the behavior of FCS-MPC, whose variable switching frequency 

spreads the switching energy over a band rather than concentrating it at a single fixed harmonic. The low 

magnitude of the low-order harmonics indicates that the predictive scheme maintains good steady-state 

current quality for the studied operating points. 
 

 

 
 

Figure 7. Armature current waveform, steady-state ripple, and FFT spectrum showing THD performance 

under FCS-MPC control 

 

 

5. CONCLUSION  

This paper proposed a constrained FCS-MPC strategy for an H-bridge converter-fed DC motor 

drive. The method uses a discrete-time prediction model of the armature current and rotor speed, derived 

from the electrical and mechanical equations of the motor, and a cost function that combines speed tracking 

with an explicit, switchable armature-current constraint. The main contributions are: (i) a single-step FCS-

MPC formulation for the H-bridge DC drive that removes the PWM stage; (ii) an in-cost-function current-

limiting mechanism that bounds the transient armature current without additional hardware; and (iii) a 

steady-state harmonic analysis of the armature current under fixed-speed, variable-speed, and load-

disturbance operation. The simulation results show fast settling, low steady-state speed error, bounded 

transient current, and low steady-state current ripple under the studied conditions. 

The present study has limitations. The results are obtained entirely in simulation under idealized 

conditions, and the reported current THD should be read in that context. A direct quantitative comparison 

against a conventional PI-PWM controller, and against other predictive schemes, was not yet carried out. 

Future work will therefore focus on: (i) a quantitative benchmarking of the proposed scheme against PI-

PWM and alternative MPC strategies, (ii) experimental validation on a laboratory H-bridge DC-drive 

prototype including switching non-idealities and measurement noise, and (iii) extension to multi-step 

prediction and to robustness analysis under parameter mismatch. 
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