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Abstract. Generally, the electrical power supply acts as a voltage source only but many applications, 

current sources are needed. In conventional methods, to provide a current source, an electric power supply 

with variable voltage is adjusted to give the amount of current. In some electrical applications and devices, 

there is a demand to have a constant voltage with a variable current. This paper proposes a single phase 

alternating current controller as a power supply with a current source that can be adjusted using the 

hysteresis method. The advantage of the hysteresis method is that the electric current can follow changes 

in setting values and have a good response to any changes in the load given. This method, the actual 

current can follow the reference flow as needed. During testing, the inverter has succeeded in producing 3 

Ampere 50 Hz at the output voltage of 50 Volt which is sent to the load. In applications, the proposed 

power supply is useful as an inverter to convert DC current into AC current. Furthermore, this proposed 

inverter has the opportunity as a renewable energy resource converter to convert direct current from 

photovoltaic to alternating current for various electronic devices in industries and households.  
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1 Introduction 

Electronic power components are needed to increase 

productivity in the industry. Electronic components 

require a high quality power supply so that these 

components need to be supplied by a constant frequency 

and magnitude to reduce electromagnetic errors [1]. The 

high dependency on electricity has resulted in an energy 

crisis. In addition, to provide electrical power, alternative 

energy sources have become important to be applied [2]. 

Conventionally, in a renewable energy resource 

converter, voltage source inverter is applied. Inverters 

are usually used in uninterrupted power supply systems 

and off-grid renewable energy systems. A Distorted 

current creates problems with connected loads, such as 

loss and vibration in motor, so an inverter control system 

is needed to maintain the output voltage with a small 

error rate [3]. 

In many other applications, it is important to have a 

current source instead of the voltage source above. The 

current source is possible to be designed by applying the 

current controller method. The objective of this paper is 

to present the design of the current control system using 

the hysteresis method by controlling the upper and lower 

limits of a single phase inverter so that it can be 

synchronized with the reference current. The hysteresis 

method is widely used because the application is simple 

and the current loop control response is desirable, also a 

parameter changing does not affect the response [4]. 

 

 

2 System Model 

2.1. Inverter 

The inverter is a device for converting direct current 

(DC) power into alternating current (AC) power. The 

input of the inverter can be supplied from a battery, fuel 

cell, or power supply [5]. In the past, the use of inverters 

was only used in some main application which would be 

large-scale applications. Now, inverter is an electronic 

device which used on many electrical types of equipment 

or devices. The additional advantage of an inverter is not 

just because the inverter can convert DC power into AC 

but inverter has high efficiency, can reduce power costs, 

and versatile application [6]. Inverters are classified as 

Series Inverter, Parallel Inverter, and Bridge Inverter. 

Bridge Inverter is classified into two types, these types 

are Half Bridge and Full Bridge Inverters [5]. Full bridge 

type inverter has maximum output voltage the same as 

the input voltage. A full bridge inverter has a large 

power with small current stress compared to other 

inverter topologies [7]. The choice of the right type of 

inverter has a great influence on its optimum 

performance [8]. Inside the inverter, it is possible to have 

the rectifier circuit [9]. On the power supply uses a 

rectifier; the AC signal will be converted to DC 

bypassing the rectifier's output through a filter. This is 

intended to eliminate ripples from AC components. The 

rectifier circuits can be built using diodes. Rectifier 

circuit has three basic types namely half-wave rectifier, 

full-wave rectifier, bridge rectifier [10]. 
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2.2. Hysteresis Control 

Hysteresis is a controlled technique that is often used 

because it has simplicity of implementation, stable and 

does not require any carrier. The reference current and 

the load current that are compared should not have errors 

that exceed the upper and lower limits [11]. 

The hysteresis control compares the actual signal and 

the reference signal. From the comparison, there are 

error signals which will be fed back to the switching 

pattern. The hysteresis control has an upper and lower 

limit where if the error signal is between these limits 

then there is no switching [1]. 

 

 
Fig. 1. Working principle of an inverter. 

Fig. 1 shows the working principle of an inverter is if 

the switch S1 and S3 +VDC are on position then the load 

current will be electrified from right to left and the 

current will rise. If the switch S2 and S4 are in position 

then the load current will be electrified from left to right 

and the current falls. This condition is the principle of 

alternating current (AC) in one period of a sinusoidal 

wave with the first half wave positive and the second 

half wave negative [12].  

The magnitude of direct current voltage (VDC) and 

the load inductance affect the rate of current rise and fall 

during one wave. If the current has a faster rise and fall 

then the time needed by the current will go out of the 

hysteresis boundaries become smaller. Then, if the error 

tolerance inside hysteresis bandwidth is reduced it will 

increase the switching frequencies. But, if switching 

frequencies are operated too high, they may get damaged 

due to overheating. So, during the design of the 

hysteresis controller, it is important to consider a 

realistic and feasible switching frequency, current error 

rate, load inductance, and the dc voltage VDC [11]. 

3 Design 

3.1. Hysteresis Current Control 

Hysteresis is used to control the actual (iactual) current 

coming out of the inverter with the limits specified in the 

program where the limit serves to adjust the sinusoidal 

variable of the reference current provided by the 

controller. Error value (e) is the result of a comparison 

between the output value of the current sensor from the 

inverter (iactual) and the reference current value (iref) 

where the reference value is set using a potentiometer. 

The error value obtained is controlled by the 

microcontroller using the hysteresis method to produce 

signal control based on the value of the error obtained. 

Block hysteresis current control diagram can be seen in 

Fig 2. 

 

Fig 2. Block diagram of hysteresis controller. 

 

3.2. Hardware Plant 

The main block of this inverter shown in Fig. 3 are a 

single-phase AC voltage source, a control module with 

the dsPIC30F4011 microcontroller, full-wave bridge 

rectifier, TLP MOSFET driver, ACS712-05B current 

sensor, Digital to Analog Converter (DAC) AD7302, 

voltage sensor, and load. 
 

 
Fig. 3. Block Diagram Inverter Single Phase Hysteresis 

Single phase AC voltage source has a function as a 

power supply for the main circuit and control circuit. 

The 16-Bit DSPIC30F4011 microcontroller is used to 

produce a hysteresis signal for the actual current 

measured on the sensor and the reference current. DC 

supply voltage in the inverter is obtained from AC 

voltage by using a rectifier bridge. 

A full bridge single-phase inverter has 4 switches 

from MOSFET IRF460. The applied driver is TLP250. 

The supply voltage on the MOSFET is 15V DC and the 

power supply for the DSPIC30F4011 microcontroller is 

obtained from the transformer output and a full wave 

rectifier. 

The inverter output is measured using an ACS712 

current sensor which is sent to DSPIC30F4011 via 

Analog to Digital Converter (ADC). The outgoing 

voltage functions as a representation of the actual current 

and the reference current is displayed via Digital to 

Analog Converter (DAC) AD7302 to the display of 

oscilloscope. The voltage sensor circuit is used so that 

the signal from the voltage can be read by the 

DSPIC30F4011 microcontroller. 
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4 Simulation and Experiment Result 

4.1. Simulation 

Before executing the hardware, the simulation of single-

phase inverter in Matlab is made and tested to know the 

difference in value from control hysteresis. Fig. 3 shows 

a single phase inverter block diagram. Controller 

hysteresis simulation is displayed in Fig. 4.  

 

Fig. 4. Simulink Matlab for hysteresis controller 

The output signal from the controller block in Fig 4 

is used to trigger the switch on the inverter block. The 

inverter block is supplied from the supply voltage by a 

DC voltage source. The inverter's output voltage is 

connected in series with the resistor and inductor as the 

load. Current sensors are installed in series with a load to 

measure the amount of current. The measured current 

value is fed back and it is compared with the specified 

reference current signal. The single phase inverter 

simulation with the hysteresis current controller in 

Matlab is shown in Fig 5. 

 

Fig. 5 Simulink Matlab for single phase inverter 

The simulated parameters used in Fig 5 include 50 

DC voltage as a supply of an inverter, an inductor 

mounted on an output inverter is 20 mH, the variable 

resistive load consist of 8 Ω and 10 Ω, and the reference 

current is 1 A, 2 A, and 3 A. Output of Simulink for 

single phase inverter with hysteresis method is shown in 

Fig. 6 and Fig. 7 

 
Fig. 6. Inverter current output during simulation 

 

 
Fig. 7. Larger current profile for inverter output current 

at Fig. 6 

4.2. Experiment Result 

In this paper, the test aims to observe changes in the 

shape and magnitude of waves at the output of a single-

phase inverter using the hysteresis method with 50 Volt 

DC input voltage and load at inverter output were R = 8 

Ω and R = 10 Ω. The reference current was set at 1 A to 

3 A with upper and lower-band hysteresis was also set at 

0.2 A. The setting of reference current was determined 

by the value of the potentiometer and the setting of 

bandwidth above was settled by the program in the 

DSPIC30F4011 microcontroller. 

 
Fig. 8. Inverter current output with hysteresis control for 

iref  = 1 A and R = 8 Ω 

 

 
 

Fig. 9. Inverter current output with hysteresis control for 

iref  = 1 A and R = 10 Ω 

iref 

iactual 

iactual iref 

iactual 
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Fig. 10. Inverter current output with hysteresis control 

for iref  = 2 A and R = 8 Ω 

 

 
 

Fig. 11. Inverter current output with hysteresis control 

for iref  = 2 A and R = 10 Ω 

 

 
Fig. 12. Inverter current output with hysteresis control 

for iref  = 3 A and R = 8 Ω 

 

 
 

Fig. 13. Inverter current output with hysteresis control 

for iref  = 3 A and R = 10 Ω 

Fig. 8 – 13 shows the inverter output current using 

the hysteresis method, where blue is the reference 

current (iref) and the red wave is the actual current 

(iactual). The picture shows the current control of a single 

phase inverter by using a hysteresis method to produce a 

good current signal form synchronized with the given 

reference current. The ripples are seen to be caused by 

switching effects that are controlled by hysteresis control 

where switching occurs based on a comparison of error 

flow. The actual current follows the reference current 

given from 1A to 3A with value resistor R = 8 Ω and R = 

10 Ω at controlled hysteresis limit of 0,2A. Ripples at R 

= 8 Ω are greater than R = 10 Ω, so this phenomenon 

shows that if the given load is greater, the ripple is 

smaller. The value of the experimental results can be 

seen in Table 1. 

 

Table 1. Results of single phase inverters with hysteresis 

method 

iref Error (R=8 Ω) Error (R=10 Ω) 

1 A 0,12 -0,08 

2 A -0,72 -0,28 

3 A 0,12 0 

5 Conclusion 

The output current waveform on the inverter with the 

Hysteresis control can follow the reference current 

correctly, even though the load resistance value is 

changed. Hysteresis is caused by switching MOSFETs 

that are on and off when triggered by signal hysteresis 

control, where the control signal does not form a regular 

pattern because the control signal will move from 0 to 1 

and from 1 to 0 directly based on the comparison of the 

error value and the given hysteresis limit. The current 

inverter output using hysteresis control can be 

synchronized with the reference current given, even 

though the load resistance value is changed. The 

experimental value shows that the difference between 

the reference current and the actual current has a very 

small error.  
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