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MODELLING OF MULTILOOP 
INTERLEAVED CONTROL FOR THREE-
LEVEL SWITCH-MODE RECTIFIER IN 

AC/DC APPLICATIONS USING PID 
CONTROLLER 
Arun Kumar Myla, Sudhakar Rao D 

Abstract— In this paper the interleaved three-level switch-mode rectifier (SMR) behaves like the conventional boost Type SMR even 

though two capacitor voltages are imbalanced. It implies that conventional PID control can be applied to the interleaved three-level 

Switch Mode Rectifiers to achieve the desired power factor correction function. The proposed system is digitally implemented and 

verified in a Three-Level Boost PFC Converter system. The provided results show that proposed system stably works, and the 

capacitor voltages are eventually balanced during the system. 

Index Terms— PIC Micro controller, Mosfet, gate driver, LCD display, Power factor, Rectifier, Resistive load, PID controller. 

——————————      ——————————

1 INTRODUCTION                                                              

HE dc–dc converter with high stride up voltage pick up 

is broadly utilized for some applications, for example, 

power device vitality change frameworks, sunlight based 

cell vitality transformation frameworks, and high-force 

release light counterweights for car headlamps. 

Customarily, the dc–dc support converter is utilized for 

voltage venture up applications, and for this situation, this 

converter will be worked at greatly high obligation 

proportion to accomplish high stride up voltage pick up. In 

late power electronic investigates, high power thickness, 

high power consider, high proficiency, low current 

mutilation, and basic control plan are firmly suggested for 

the modern applications. This is because of the requirement 

of strict consonant controls. Customary diode rectifiers or 

stage-controlled rectifiers have properties of 

straightforward structure and minimal effort. 

Notwithstanding, they have the characteristic 

disadvantages that the power calculate diminishes when 

the terminating point increments and the line current 

sounds are generally high.  

As to an EV drive, a conservative and superior charger 

circuit is likewise required. In, a SRM converter with 

driving and charging capacities was introduced. Be that as 

it may, an extra winding must be twisted to couple intently 

to one engine stage winding, and the power consider 

adjustment (PFC) control is not orchestrated. Some current 

EV chargers embrace an indispensable circuit configuration 

with Three-Level   Boost   PFC Converter system. In 

power hardware applications, computerized control 

procedures have been investigated to accomplish plan and 

execution favorable circumstances, for example, 

programmability, enhanced dynamic reactions, or 

enhanced vigor, offered by the capacities to for all intents 

and purposes actualize more propelled control system. 
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2 Existing System 

Boost converter is an exchanging converter that has a yield 

higher than its information. It is working in a guideline of 

PWM. Support converter is so far the best dynamic power 

calculate remedy. It drives the scaffold diodes (D1-D4) to 

turn on paying little heed to the condition of charge of the 

mass capacitor C1 that strengths the current to course 

through the diodes from the information. At the point when 

the PWM is at low express, the present will even now spill 

out of the contribution through the extension diodes until 

the put away vitality in the inductor is totally expended. 

There will be just a brief timeframe that the present won't 

spill out of the contribution to the scaffold diodes. This sit 

period will have just a little effect on the state of the current. 

Help converter control figure revision circuit has a 

powerful component that can go higher than 99%. 

2.1 Simulation diagram 

 

 
            
 

2.2 EXISTING SYSTEM CURRENT AND VOLTAGE 

INPUT 

In the current existing system, there is lag in current and 

voltage waveform. The power variable of an AC electrical 

power framework is characterized as the proportion of the 

genuine power streaming to the heap to the clear power in 

the circuit and is a dimensionless number in the shut 

interim of −1 to 1. 

 

A power element of short of what one implies that the 

voltage and current waveforms are not in stage, decreasing 

the quick result of the two waveforms (V × I). Genuine 

power is the limit of the circuit for performing work in a 

specific time. Obvious power is the result of the current and 

voltage of the circuit. Because of vitality put away in the 

heap and come back to the source, or due to a non-direct 

load that mutilates the wave state of the current drawn from 

the source, the clear power will be more prominent than the 

genuine power. A negative power calculate happens when 

the gadget (which is regularly the heap) creates control, 

which then streams back towards the source, which is 

typically viewed as the generator. In an electric power 

framework, a heap with a low power figure draws more 

present than a heap with a powerful variable for a similar 

measure of helpful power exchanged. The higher streams 

increment the vitality lost in the conveyance framework and 

require bigger wires and other gear. As a result of the 

expenses of bigger gear and squandered vitality, electrical 

utilities will generally charge a higher cost to modern or 

business clients where there is a low power consider. 

 

 2.3 EXISTING SYSTEM OUTPUT 
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3 PROPOSED SYSTEM 

Power factor is of the parameters needed to compute for the 

real or true power. In this article we are going to discuss 

power factor correction principle. In linear circuits or 

systems, power factor correction refers to the process of 

making the voltage and current in-phase. Power factor 

correction principle is not only concern on making the 

voltage and current in-phase but also preserving the shape 

of the current. This is true for non-linear system or circuit. 

An ideal power factor is unity. The more the power factor 

goes below unity, the bad its effect to the power line. The 

true power is given by below equation 

 
The true power is the real power consumed by electrical or 

electronic appliances or equipment.  

Power factor correction principle is best described by 

considering the phase angle difference between voltage 

and current as well as the shape of the current or the  

distortion present in the current. The role of power factor 

correction circuit in linear circuits is to make the voltage 

and current in-phase to each other. Another role of power 

factor correction circuit is to make the current waveform 

less distorted for non-linear systems.  

 

 

 

 

 

3.1 PROPOSED BLOCK DIAGRAM 

 

 
Power factor correction circuit makes the line current RMS 

value as expected thus minimizing the transmission loss. A 

poor power factor will result to higher line current. By 

making improvement to power factor, the current will live 

as expected. A power consider remedy circuit will make the 

circuit control calculate close solidarity. In some top of the 

line SMPS; a power variable of over 99% is feasible. A close 

solidarity control variable may expand framework 

productivity on the grounds that the power misfortunes on 

the segments introduced in the info side will be low. 

Control calculate revision circuit makes the present shape 

close sinusoidal. This will give a low aggregate consonant 

contortion. Control consider adjustment circuit will dispose 

of glimmer issues also. Control figure redress circuit brings 

the item's aggressiveness up in the market 

3.2 PID Controller 

  The PID controller is used to improve the dynamic 

response and to reduce the steady-state error. The 

derivative controller improves the transient response, and 

the integral controller will reduce steady-state error of the 

system. 
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The transfer function of the PID controller is given as 

follows 

  

                   

The PID controller works in a closed-loop system. The 

signal u(t) output of the controller is equal to the Kp times 

of the magnitude of the error plus Ki times the integral of 

the error plus Kd times the derivative of the error as follows: 

                         

       

This control signal will be then sent to the plant, and the 

new output y(t) will be obtained. This new output will be 

then sent back to the sensor again to find the new error 

signal e(t). The controller takes this new error as input 

signal and computes the gain values (Kp, Ki, Kd). 

 

3.2.1 AC SOURCE 

Rotating Current Circuits 12.1 AC Sources In Chapter 10 we 

discovered that changing attractive flux can actuate an emf 

as indicated by Faraday's law of acceptance. Specifically, if 

a loop turns within the sight of an attractive field, the 

initiated emf differs sinusoidally with time and prompts a 

substituting current (AC) and gives a wellspring of AC 

power. The image for an AC voltage source is case of an AC 

source is V0 t( ) =V sinωt.  

where the greatest value V is known as the adequacy. The 

voltage changes between and since a sine work shifts 

amongst +1 and −1. A diagram of voltage as an element of 

time. Sinusoidal voltage source. The sine capacity is 

occasional in time. This implies the estimation of the voltage 

at time t will be precisely the same at a later time t ′ = +T 

where T is the period. The recurrence, f, characterized as f = 

1/T , has the unit of reverse seconds (s−1 ), or hertz (Hz). The 

precise recurrence is characterized to be ω = 2πf .  

At the point when a voltage source is associated with a RLC 

circuit, vitality is given to remunerate the vitality scattering 

in the resistor, and the swaying will at no time in the future 

soggy out. The motions of charge, present and potential 

distinction are called driven or constrained motions.  

After an underlying "transient time," an AC current will 

stream in the circuit as a reaction to the driving voltage 

source. The present, composed as  

 

will sway with an indistinguishable recurrence from the 

voltage source, with an abundancy 0 I and stage φ that 

relies on upon the driving recurrence  

3.2.2 Simple AC circuits  

Before looking at the determined RLC circuit, how about we 

initially consider the basic situations where just a single 

circuit component (a resistor, an inductor or a capacitor) is 

associated with a sinusoidal voltage source.  

3.2.3 Simply Resistive load  

Consider an absolutely resistive circuit with a resistor 

associated with an AC generator. As we might see, a simply 

resistive circuit relates to unbounded capacitance.  

Applying Kirchhoff's circle run yields  

Where, and is the greatest current. We findφ = 0, which 

implies that ( ) RI t and are in stage with each other, 

implying that they achieve their most extreme or least 

esteems in the meantime. The time reliance of the current 

and the voltage over the resistor is delineated  

The Behavior of can likewise be spoken to with a phasor 

outline,  

A phasor is a turning vector having the accompanying 

properties:  

(i) Length: the length relates to the plenty full ness.  

(ii) Angular speed: the vector turns counterclockwise 

with a precise speed ω.  

(iii) Projection: the projection of the vector along the 

vertical hub relates to the estimation of the rotating 

amount at time t. We should signify a phasor with a bolt 

above it.  

3.3 RECTIFIERS 
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A rectifier is an electrical gadget made out of at least one 

diodes that believers rotating current (AC) to direct present 

(DC). A diode resembles a restricted valve that enables an 

electrical current to stream in just a single course. This 

procedure is called correction.  

A rectifier can take the state of a few diverse physical 

structures, for example, strong state diodes, vacuum tube 

diodes, mercury bend valves, silicon-controlled rectifiers 

and different other silicon-based semiconductor switches. 

A rectifier is an electrical gadget that believers AC to DC. 

Air conditioning consistently switches bearing, while DC 

streams in one heading as it were. Correction creates a kind 

of DC that includes dynamic voltages and streams, which 

are then balanced into a sort of consistent voltage DC, 

despite the fact that these changes relying upon the 

present's end utilize. The current is permitted to stream 

continuous in one bearing, and no current is permitted to 

stream the other way. All rectifiers contain more than one 

diode specifically courses of action. A rectifier additionally 

has diverse waveforms. 

3.3.1 Single-Phase AC  

Two diodes can shape a full-wave rectifier if the transformer 

is focus tapped. Four diodes masterminded in a scaffold are 

required if there is no inside tap.  

3.3.2 Three-Phase AC 

For the most part uses three sets of diodes One of the key 

issues with rectifiers is that AC control has pinnacles and 

lows, which may not create a consistent DC voltage. 

Generally, a smoothing circuit or channel should be 

combined with the power rectifier to deliver a smooth DC 

current. Rectifiers have many utilizations yet are regularly 

discovered filling in as parts of DC power supplies and 

high-voltage coordinate current power transmission 

frameworks. Amendment may serve in parts other than to 

produce coordinate current for use as a wellspring of 

energy. As noted, locators of radio signs fill in as rectifiers. 

In gas warming frameworks fire correction is utilized to 

recognize nearness of a fire. Considering the rotating way 

of the info AC sine wave, the procedure of amendment 

alone creates a DC current that, however unidirectional, 

comprises of beats of current. Numerous uses of rectifiers, 

for example, control supplies for radio, TV, and PC gear, 

require an enduring consistent DC present (as would be 

delivered by a battery). In these applications the yield of the 

rectifier is smoothed by an electronic channel (more often 

than not a capacitor) to create a relentless current.  

3.4 GATE DRIVER  

An entryway driver is a power enhancer that acknowledges 

a low-control contribution from a controller IC and 

produces a high-momentum drive contribution for the door 

of a powerful transistor, for example, an IGBT or Mosfet. 

Door drivers can be given either on-chip or as a discrete 

module. Basically, a door driver comprises of a level shifter 

in blend with an enhancer.   

As a transistor requires a specific door voltage to switch on, 

the entryway capacitor must be charged to in any event the 

required entryway voltage for the transistor to be 

exchanged on. Also, to turn the transistor off, this charge 

must be disseminated, i.e. the entryway capacitor must be 

released. At the point when a transistor is turned on or off, 

it doesn't promptly change from a non-leading to a 

directing state; and may briefly bolster both a high voltage 

and lead a high present. Therefore, when door current is 

connected to a transistor to make it switch, a specific 

measure of warmth is produced which can, now and again, 

be sufficient to pulverize the transistor. Subsequently, it is 

important to keep the exchanging time as short as would be 

prudent.  

In order to limit exchanging misfortune. Regular 

exchanging times are in the scope of microseconds. The 

exchanging time of a transistor is conversely corresponding 

to the measure of current used to charge the entryway. In  

this  manner, exchanging  streams are  regularly   

required  in the   scope  of a  few  hundred milli-

amperes, or even in the scope of amperes. For run of the mill 

door voltages of roughly 10-15V, a few watts of energy 

might be required to drive the switch. At the point when 

vast streams are exchanged at high frequencies, e.g. in DC-

to-DC converters or expansive electric engines, numerous 

transistors are now and then given in parallel, in order to 

give adequately high exchanging streams and exchanging 

power. 

 

3.5 PROPOSED CIRCUIT DIAGRAM 
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3.6 SIMULATION FOR PROPOSED SYSTEM 

 

 

        Fig.3.4: proposed simulation diagram 

Here the main aim of the program is to correction of power 

factor during boosting of voltage in this convertor the two-

level boosting is used to improve the power factor the given 

input voltage is boosted to desired output value and to get 

the unity power factor two level convertor has been used. 

As the hardware circuit requires the DC voltage the input 

AC is rectified into DC. So here the hardware describes that 

the external operation of the concept.  

 

3.7 Input AC Voltage 

 

Now this is rectified to DC voltage as we required DC for 

the circuits  

 

 

 

3.7 Converted DC Voltage 

 

        

As we required the DC input to run the hardware, we are 

rectifying the input AC source to DC so that te circuit 

operation can be done then the input voltage that is given is 

boosted using three level switching where, the circuit first 

carries the two-level operation then these two-level output 

is performed with the third level for the boosting operation 

using power Mosfet switches gate drivers are used to create 

pulses. Simultaneously as shown in following figures 

 

3.8 COMBINED SWITCHING PULSE 
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The boosted output voltage is done using two level 

boasting in which for fifty volts output. It provides 25 

volts for firstlevel and as well as 25 volts for second plevel 

also. Which combindly provides the output voltage of fifty 

volts For the further boosting to 50volts which is refference 

the output voltage is now 50 voltage. 

 

3.9 OUTPUT OF 50 VOLTS 

 

After the voltage has been boosted, the output of power 

factor which is unity of the current and voltage Now the 

power factor for the Boosted output voltage is almost at 

unity that means no lag in the voltage and current phase 

angle which increases the efficiency of the appliances  

 

3.10 POWER FACTOR WAVE FORM 

 

4. CONCLUSION  

In this paper the results shown in the three level SMR with 

the PID controller behaves similar to the conventional boost 

type SMR. Its performance of the current shaping function 

does not degrade even when the two capacitor voltages are 

imbalanced. The MIC for the three level SMR in AC/DC 

applications has been first proposal. The proposed MIC is 

implemented in PID controller the measured result shown 

that proposed MIC is able to achieve the desired PFC 

function and capacitor voltages are automatically balanced 

without adding the voltage balancing loop. The commercial 

PFC IC have the multi loop function but do not integrate the 

voltage balancing loop. However, based on this system the 

commercial PFC ICs can be used in the three level SMRs if 

the temporary voltage imbalance is acceptable during the 

system operation 
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