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Abstract—This paper presents a discrete-time map calculated 

from the nonlinear averaged model for a flyback DC-DC 

converter with peak current control. Traditional switched 

models, although accurate, are computationally expensive, 

limiting their practicality for rapid analysis. To address this 

limitation, we propose a novel discrete-time map of the 

flyback converter. The model achieves a simulation time 

reduction of over 97% compared to event-driven models 

while preserving high accuracy in both transient and steady-

state conditions, with errors of less than 1%. Numerical 

simulations validate the model's performance and its ability 

to predict system responses to perturbations effectively. This 

method enables precise detection of transitions between 

Continuous Conduction Mode (CCM) and Discontinuous 

Conduction Mode (DCM). This feature provides an 

advantage over standard averaged models by simplifying 

mode detection and improving computational efficiency. This 

approach is particularly useful for applications in renewable 

energy and power electronics. Future work will focus on 

integrating this model into real-time simulation 

environments to enhance control strategies. 

Index Terms—continuous conduction mode, discontinuous 

conduction mode, discrete-time map, flyback, peak current 

mode control, power conver  

I. INTRODUCTION 

A power converter modifies electrical energy levels by 

using inductors, capacitors, and components like 

MOSFETs, transistors, and diodes [1]. These devices are 

prevalent globally, as many products and appliances 

depend on converters to process energy in various fields, 

such as photovoltaic applications [2], aerospace 

applications [3], electric vehicle chargers [4], battery 

chargers [5], and solid-state lighting [6]. One of the key 

power converters is the flyback converter, recognized for 

its high voltage gain and the electrical isolation between 

its primary and secondary windings. This isolation is 

especially advantageous for applications in renewable 

energy, where safety and efficiency are crucial.  

The most accurate representation of a converter 

typically involves switched models, which effectively 

replicate nonlinear behaviors [7]. While these models are 

precise in simulating transient and steady-state responses, 

they often lead to longer simulation times and higher 

computational demands [8], limiting their use. In 

applications like output voltage control, however, 

switching details are less critical [9], making 

computationally efficient models an attractive alternative. 

Discrete maps have been extensively used to analyze the 

dynamics of power converters, particularly in studying the 

transition between Continuous Conduction Mode (CCM) 

and Discontinuous Conduction Mode (DCM). Reference 

[10] investigated the existence conditions of limit cycles 

and stability loss in an open-loop DC–DC boost converter 

with a constant power load operating in DCM using a 

piecewise smooth map. Reference [11] provided a 

comprehensive classification of discrete-time models for 

analyzing nonlinear phenomena in DC-DC converters, 

covering various topologies and control modes. The 

practical implications of CCM and DCM operations were 

experimentally compared in [12] for flyback converters, 

examining aspects such as component stress, voltage 

regulation, and efficiency. Reference [13] demonstrated 

the feasibility of using discrete-map models for stability 

analysis of voltage-mode DC-DC converters in CCM, 

specifically applying this approach to buck converters. 

These studies collectively highlight the effectiveness of 

discrete maps in enhancing the understanding of power 

converter dynamics across different operational modes. 

Discrete-time modeling is a powerful approach for 

analyzing power converters, offering insights into stability, 

performance, and nonlinear behavior [14]. This method 

represents converters as discrete dynamical systems 

evolving through iterative processes, where each new state 

depends on the current state [15, 16]. By sampling 

continuous-time variables at regular intervals, it creates a 

mapping or difference equation connecting state vectors at 

the beginning and end of each period [17]. This technique 

effectively captures nonlinear and chaotic characteristics, 

enabling more accurate analysis of converter performance 

[11, 18]. Discrete-time modeling can accommodate 

variations in circuit parameters and parasitic resistances, 

which are often neglected in traditional approaches. It also 
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provides a basis for developing analytical compensators 

and assessing robust stability [15]. 
Discrete maps are particularly effective for modeling 

transitions between operational modes, such as CCM and 
DCM [19]. They excel in analyzing bifurcations and 
chaotic behaviors, providing detailed insights into system 
stability and responses to perturbations [20]. One of the 

key advantages of discrete maps is their computational 
efficiency; they operate significantly faster than traditional 
switched models, which generally require extensive 
computational resources and longer simulation times [21]. 

In contrast, averaged models simplify system analysis 

by averaging over a complete switching cycle. This 
approach reduces computational time and streamlines the 
modeling process, making it efficient for capturing low-
frequency behaviors. These characteristics make them 

very valuable for applications where computational 
efficiency is paramount [22]. 

Both discrete maps and averaged models offer 
significant advantages over traditional switched models in 

terms of speed and efficiency, making them indispensable 
tools for power electronics analysis. 

In this context, the present work combines the 
advantages of the averaged model and discrete-time map 
by developing a discrete map model for the flyback 

converter, derived from its nonlinear averaged model and 
validated through numerical simulations using the 
conventional switched model. This approach enables 
accurate identification of transitions between CCM and 

DCM through the use of the valley current. Additionally, 
it significantly reduces simulation time—by more than 
97%—and computational requirements, while maintaining 
high accuracy in both transient and steady-state conditions. 
These features make it a powerful tool for analyzing and 

optimizing power converter performance in renewable 
energy applications. 

The structure of this paper is as follows: Section II 
provides an overview of the system under investigation, 

specifically a DC-DC flyback. Section III delves into the 
detailed modeling of the converter, focusing on the 
derivation of the discrete map model. In Section IV, the 
proposed discrete map is validated by comparing its 

performance against that of the traditional switched model. 
Finally, Section V present conclusions and future work. 

II. FLYBACK CONVERTER 

The flyback converter, illustrated in Fig. 1, is a DC-DC 

converter consisting of a power supply 𝑣in, a MOSFET S, 

a load resistor R, a capacitor C, the magnetizing inductance 

𝐿𝑚, and a turns ratio 𝑛 = 𝑁1/𝑁2. The flyback converter 
provides isolation between the input and output, making it 
widely used due to its high voltage gain and the isolation 
it offers between the source and the load through the use 
of coupled coils or a potential transformer [23]. Among its 

main features and advantages are its efficiency, reliability, 
fast response, simple structure, low cost, and compact size, 
all of which contribute to ease and simplicity in control 
design [24–27].  

Similar to other converters, the behavior of the current 

is crucial in the flyback converter, specifically the 

magnetizing current 𝑖𝐿𝑚
. This current is related to the 

primary-side current 𝑖prim and the secondary-side current 

iD which is the same of the diode, as shown: 

𝑖𝐿𝑚
= 𝑖prim +

𝑖𝐷

𝑛
                           (1) 

As in other converters, when 𝑖𝐿𝑚
> 0 , the system 

operates in CCM, and when 𝑖𝐿𝑚
= 0, it operates in DCM. 

 

 
Fig. 1. Model of flyback converter. 

A. CCM Operation 

Fig. 2 illustrates the behavior of the magnetizing current 

𝑖𝐿𝑚
 in CCM, where the system operates through two 

topologies as shown in Fig. 3. Now, Fig. 3 (a) represents 

Topology T1 and Fig. 3 (b) represents Topology T2. The 

state variables in this system are the capacitor voltage vC 

and the magnetizing current 𝑖𝐿𝑚
. 

 
Fig. 2. Current 𝑖𝐿𝑚

 in CCM. 

 
Fig. 3. Topology: (a) T1 and (b) T2. 

In Topology T1, the MOSFET is closed, allowing 

current to flow through the primary winding, which causes 

energy to be stored in 𝐿𝑚 and increases the magnetizing 

current 𝑖𝐿𝑚
. However, since the diode is reverse-biased, no 

current flows to the secondary winding. Simultaneously, 

the capacitor supplies the load, discharging in the process. 

The equations governing the system's behavior in this 

topology are given by [25]: 

𝑣̇𝐶 = −
𝑣𝐶

𝑅𝐶
                                 (2a) 

𝑖𝐿̇𝑚
=

𝑣in

𝐿𝑚
                                 (2b) 

Subsequently, the MOSFET opens, and the system 
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switches to Topology T2. In this mode, the diode becomes 

forward-biased, allowing all the energy stored in 𝐿𝑚 to be 

transferred to the secondary side. In this case, the current 

𝑖𝐿𝑚
 begins to decrease while the current 𝑖𝐷 starts to flow, 

charging the capacitor and supplying the load. The 

equations representing the system dynamics in this 

topology are in [25]: 

𝑣̇𝐶 = −
𝑣𝐶

𝑅𝐶
+ 𝑛 

𝑖𝐿𝑚

𝐶
                        (3a) 

𝑖𝐿̇𝑚
= −𝑛

𝑣𝐶

𝐿𝑚
                                (3b) 

B. DCM Operation 

When the system operates in DCM, it indicates that the 

magnetizing current 𝑖𝐿𝑚
 has reached zero, as shown in Fig. 

4. In DCM, the system transitions through the two 

topologies described are like the ones described in CCM, 

but additionally enters a third Topology T3. In this mode, 

the MOSFET is open, and the diode is reverse-biased, as 

illustrated in Fig. 5, leaving only an RC circuit that 

discharges the capacitor. The equations describing the 

behavior of Topology T3 can be found in [25]: 

𝑣̇𝐶 = −
𝑣𝐶

𝑅𝐶
                                 (4a) 

𝑖𝐿̇𝑚
= 0                                   (4b) 

 
Fig. 4. Current 𝑖𝐿𝑚

 in DCM. 

 
Fig. 5. Topology T3. 

III. DISCRETE-TIME MAP 

To calculate the discrete-time map for flyback converter, 

a mathematical analysis and development of the system 

must be carried out, taking into account its mode of 

operation. 

A. CCM Solution 

Since in CCM the magnetizing current 𝑖𝐿𝑚
 never 

reaches zero, and assuming each period is considered in 

isolation, with 𝑡 ∈ (0, 𝑇) , the solution for the first 

Topology T1 is given by: 

𝑣𝐶(𝑡)   =   𝑒− 
𝑡

𝑅𝐶 𝑣𝐶(0)                          (5a) 

𝑖𝐿𝑚
(𝑡)   =  

𝑣in

𝐿𝑚
 𝑡 + 𝑖𝐿𝑚

(0)                   (5b) 

The duty cycle d corresponds to the time during which 

the MOSFET remains closed, which is valid until 𝑖𝐿𝑚
 

reaches 𝐼max. Since the system operates in CCM, 𝑖𝐿𝑚
(0) ≠

0, and the time $d$ can be calculated as follows: 

𝑑 = (𝐼max − 𝑖𝐿𝑚
(0)) 

𝐿𝑚

𝑣in
                   (6) 

Thus, at 𝑡 = 𝑑, the voltage across the capacitor and the 

magnetizing current are given by: 

𝑣𝐶(𝑑)   =   𝑒− 
𝑑

𝑅𝐶 𝑣𝐶(𝑇)                      (7a) 

𝑖𝐿𝑚
(𝑑) = 𝐼max                                 (7b) 

In the next phase, it must be ensured that the system 

operates in CCM. For this reason, a 𝛥num is calculated, 

which represents the time at which the current reaches 

zero. 

 
Fig. 6. CCM 𝛥num. 

From Fig. 6, it can be seen that 𝑑 + 𝛥num > 𝑇. Thus, 

𝛥num is assigned as 𝑇– 𝑑, which corresponds to a known 

value. Now, assuming that the current slope is linear, it 

follows that:  

𝑖end = 𝐼max − 𝑛 𝑣𝐶  
𝛥num

𝐿𝑚
                    (8) 

From (8), the value of 𝑖end  can be determined 

numerically. Similarly, the function that defines the time 

interval 𝛥fun (the same time interval as 𝛥num in Fig. 6) is 

expressed as:  

𝛥fun =
𝐿𝑚(𝐼max−𝑖end)

𝑛 𝑣𝐶
                         (9) 

Now, the average value of the magnetizing current is 

given for the following expression:  

𝑖𝐿̅𝑚
= (𝐼max + 𝑖end)  

𝛥fun

2 𝛥num
                (10) 

By substituting (9) into (10), the average value is given 

by:  

𝑖𝐿̅𝑚
= 𝐿𝑚

𝐼max
2 −𝑖end

2

2 𝑛 𝑣𝐶 𝛥num
                        (11) 

Thus, by substituting (11) into equation (3a), we obtain:  

𝑣̇𝐶 = −
𝑣𝐶

𝑅𝐶
+ 𝐿𝑚

𝐼max
2 −𝑖end

2

2 𝐶 𝑣𝐶 𝛥num
                 (12) 

The solution to this equation is represented by:  

𝑣𝐶(𝑡) = √𝑒−
2 𝑡

𝑅 𝐶𝑣𝐶
2(𝑑) +

(𝐼max
2 −𝑖end

2 ) 𝐿𝑚 𝑅

2 𝛥num
(1 − 𝑒−

2 𝑡

𝑅 𝐶)  (13) 
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Finally, this expression is evaluated at 𝑇, and the initial 

condition for the next cycle is set, allowing the map 

𝑥((𝑘 + 1)𝑇) = 𝑓(𝑥(𝑘𝑇)) to be obtained. 

B. DCM Solution 

Given that 𝑖𝐿𝑚
 reaches zero, the solutions to the 

equations in Topology T1 are 

𝑣𝐶(𝑡)   =   𝑒−
𝑡

𝑅𝐶 𝑣𝐶(0)                      (14a) 

𝑖𝐿𝑚
(𝑡)   =  

𝑣in

𝐿𝑚
 𝑡 + 𝑖𝐿𝑚

(0)               (14b) 

Since the system operates in DCM, 𝑖𝐿𝑚
(0) = 0 , and 

based on the behavior during T1, the time d is determined 

as follows:  

𝑑 = 𝐼max  
𝐿𝑚

𝑣in
                             (15) 

Thus, at 𝑡 = 𝑑, the voltage across the capacitor and the 

magnetizing current are given by: 

𝑣𝐶(𝑑) = 𝑒−
𝑑

𝑅𝐶 𝑣𝐶(0)                   (16a) 

𝑖𝐿𝑚
(𝑑) = 𝐼max                            (16b) 

In the next phase, the MOSFET opens and the current 

flowing through the secondary is proportional to the 

magnetizing current (𝑖𝐷 = 𝑛𝑖𝐿𝑚
) . Assuming that the 

capacitor discharges very little, the slope of the 

magnetizing current can be approximated as a constant, 

given by (3b). With this assumption, the time 𝛥num, which 

the current takes to reach zero, can be calculated as shown 

in Fig. 7. 

 
Fig. 7. DCM 𝛥num. 

From Fig. 7, it can be observed that 𝛥num is represented 

by: 

𝛥num =
𝐼max 𝐿𝑚

𝑛 𝑣𝐶(𝑑)
                            (17) 

For the system to operate in DCM, it must be ensured 

that 𝑑 + 𝛥num ≔ α ≤ 𝑇. Similar to CCM, the expression 

for the crossing time 𝛥fun is determined as a function of 

constants and voltage, given by: 

𝛥fun =
𝐼max 𝐿𝑀

𝑛 𝑣𝐶
                           (18) 

Similar to CCM, the average value of the magnetizing 

current in the secondary is determined by: 

𝑖𝐿̅𝑚
= 𝐼max  

𝛥fun

2 𝛥num
                       (19) 

By substituting (18) into this expression, we obtain: 

𝑖𝐿̅𝑚
= 𝐿𝑚

𝐼max
2

2 𝑛 𝑣𝐶𝛥num 
                     (20) 

By substituting (20) into equation (3a), the result is: 

𝑣̇𝐶 = −
𝑣𝐶

𝑅 𝐶
+

𝐼max
2 𝐿𝑀

2 𝐶 𝑣𝐶 𝛥num
                    (21) 

The solution of which is given by: 

𝑣𝐶(𝑡) = √𝑒− 
2 𝑡

𝑅 𝐶𝑣𝑐
2(𝑑) +

𝐼max
2  𝐿𝑚 𝑅

2𝛥num 
(1 − 𝑒−

2 𝑡

𝑅 𝐶)   (22) 

With this expression, 𝑣𝐶(α)  is calculated, and it is 

established that 𝑖𝐿𝑚
(α) = 0 . Finally, in the last phase, 

𝑣𝐶(𝑇) and 𝑖𝐿𝑚
 are recalculated as indicated: 

𝑣𝐶(𝑇) = 𝑒−
α

𝑅𝐶 𝑣𝐶(α)                      (23a) 

𝑖𝐿𝑚
(𝑇) = 0                                   (23b) 

With these analytical expressions, the map  

𝑥((𝑘 + 1)𝑇) = 𝑓(𝑥(𝑘𝑇)) is constructed.  

IV. SIMULATION AND RESULTS 

A. System Response 

The voltage and current responses of the exact event-

driven model developed in MATLAB® and the discrete-

time map were simulated and evaluated. The parameters 

used for evaluating the map are listed in Table I. 

TABLE I: TYPE SIZES FOR CAMERA-READY PAPERS 

Component / Parameter Value 
Input voltage (vin) 12 V 
Turns ratio (n = N1/N2) 1/30 
Magnetizing inductance (LM) 9.85µH 
Period (T) 42.6µs 
Capacitor (C) 30 µF 
Load resistance (R) 100Ω 
Peak current (Imax) 15.7804 A 

 

Initially, by comparing the simulation times between 

both models, it was found that the event-driven model took 

4.188350 seconds, while the discrete-time map took 

0.013017 seconds. The significant advantage of using the 

map is evident, as the simulation time was reduced by 

approximately 97%. 

Fig. 8 shows the voltage response of the discrete-time 

map compared to the event-driven model. The greatest 

error, 45%, occurs during the initial iterations of the 

transient state. However, at t = 0.8 ms, the error decreases 

to 10%, and at t = 0.005 s (still in the transient state), the 

error is 0.8%. In the steady state, the error is less than 

0.05%. Specifically, in the zoomed-in area, the error is 

0.003%. 

Fig. 9 shows the current response of the discrete-time 

map compared to the event-driven model. It can be seen 

that the maximum error is 1.38% at t = 0.6 ms. 

Subsequently, at t = 4 ms, the error decreases to 0.5%. 

Finally, from t = 10 ms onward, the error remains below 

0.1%. In the zoomed-in interval, the error is approximately 

0.05%. 
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Fig. 8. Voltage response of the model. 

 
Fig. 9. Current response of the model. 

B. Response to Disturbances 

To evaluate the robustness and responsiveness of the 

map against abrupt changes in operating conditions, 

simulations were conducted by introducing disturbances in 

the current reference. Initially, the reference current was 

perturbed from 15.7804 A to 13 A at 0.03 s, then increased 

to 30 A at 0.06 s. Finally, at 0.09, both the reference and 

the load were perturbed simultaneously, to 25 A 60 Ω, 

respectively. 

Regarding simulation times, the event-driven model 

took 12.759044 seconds, while the discrete-time map took 

0.028437 seconds. This represents an approximate 

reduction of 99.78% in simulation time. 

Fig. 10 shows the voltage response of the models to 

perturbations. In this case, during the first transient, the 

maximum error of 45% occurs at t = 0.04 ms. Following 

this, as shown in the zoomed-in view, the highest error 

peaks appear during reference changes; however, the error 

remains below 0.5%. 

In Fig. 11, similar to the voltage, the maximum error 

occurs during the first transient, where it is 1.38%. 

Subsequently, it remains below 1%, including the peaks 

generated by the perturbations. 

 

 
Fig. 10. Voltage response to disturbances. 

 
Fig. 11. Current response to disturbances. 

V. CONCLUSIONS AND FUTURE WORK  

In this work, we have developed a discrete-time map for 

a flyback converter with peak current control based on the 

nonlinear averaged model, which has proven to be 

significantly more efficient in terms of simulation time 

compared to the event-driven model. The results showed a 

reduction in simulation time of approximately 97%, while 

maintaining adequate accuracy in both transient and 

steady-state conditions, with errors less than 1%. 

The proposed method allows for the accurate 

identification of transitions between CCM and DCM. 

Additionally, results show that the map can track changes 

in the reference current quickly and accurately, efficiently 

adjusting to each new condition without compromising the 

stability of the system. This demonstrates the effectiveness 
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of the model in real-world operating scenarios where 

conditions can vary unexpectedly and abruptly. 

This model can be integrated into different simulation 

environments, such as SPICE-based software or power 

system stability analysis tools. These integrations enable 

the detailed study of the behavior of multiple power 

converters connected to various nodes in an network, 

optimizing their operation and coordination within 

distributed generation systems. 

The proposed model allows for quick and accurate 

evaluation of the system dynamics, making it suitable for 

use in renewable energy generation applications and 

scenarios where system response under different operating 

conditions must be analyzed. In addition, the simplified 

modeling approach helps reduce computational 

complexity, which is beneficial for large-scale simulations 

and the development of efficient control systems. 

The proposed model has a limitation at very low 

frequencies due to the linear approximation of the current 

waveform, which becomes less accurate as the frequency 

decreases. Nevertheless, at higher frequencies, the model 

maintains high accuracy and computational efficiency. 

Future work will focus on addressing this limitation to 

further enhance the model’s applicability across a broader 

frequency range. 

As future work, it is proposed to validate the discrete-

time map with different DC-DC converter topologies and 

implement additional control techniques that could further 

enhance system stability and efficiency. Furthermore, it 

would be interesting to explore the integration of the model 

into real-time simulation environments for microgrid and 

distributed energy system applications. 
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