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Abstract: - This paper presents the design and implementation of an Uninterruptible DC-powered boost 
differential inverter with a sensor-less Changeover system. The systems design was developed using solar 
panels, bidirectional converter current linked battery banks, and a single-staged DC/AC Converter. The system 
was designed, modeled, and simulated using MATLAB/Simulink software before its implementation. The 
properties exhibited by the system include: Single stage input voltage transformation and amplification without 
a power transformer, lightweight sensor-less and relay-less automatic changeover, and a simplified feedback 
system. The simulation results show that the system gives a pure sine voltage and current waveforms, total 
harmonic distortion (THD) of 1.25%, efficiency of 94.4%, relatively fast dynamic response and 1 kilowatt 
power rating. The specific target areas of applications are: in medical paraphernalia where pure sine waveforms 
are needed, homes, and medium scale industries.   
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1 Introduction 

The unequal provision of resources such as 
constant electricity supply, good road network, 
quality health care delivery, and adequate security 
policies to the rural areas as compared to the urban 
areas in developing countries has brought about the 
quest for rural-to-urban migration and high demand 
of individuals leaving their country to another. In 
the same vein, Farmer products such as tomatoes 
and other perishable commodities are wasted and a 
colossal amount of financial income is lost; thus the 
need for an alternative means of power generation. 
More recently, these farm products are being 
preserved with the aid of newly developed power 
electronic system appliances. These appliances are 
environmentally friendly, thereby making the 
dependency on fossil fuels a thing of past.   

It is common knowledge that inadequate power 
supply results in low productivity and slow 
economic development. This challenge has made 
investors shift their attention to the urban areas. 
Similarly, this has also created a chain of other 

challenges such as hardship and high rate of crime. 
In Nigeria for instance, utilities, power 
infrastructure, and power supply are in shambles 
which has caused Nigeria to loss about 474 billion 
naira annually [1, 2]. This challenge amongst 
numerous has made it impossible for Nigeria 
Electricity supply industry to supply enough power 
to people living in urban areas, let alone to supply 
sufficient electricity to the remote/rural areas. 
Eventually, when the electricity challenge is 
addressed, it would bring about steady, clean, and 
conditioned power supply, thereby encourages 
investors, promoting a pollution-free environment, 
and in turn raise the standard of living [3].  In 
developed countries, alternative/uninterruptible 
power supplies are ubiquitous, thus eliminating 
prolonged power interruptions or total blackout to 
the utility subscribers. This has encouraged many 
investors to invest in such regions, leading to 
reduced cost of living and improved economy. 
Numerous research efforts have been directed in the 
area of uninterruptible power supplies (UPS) and 
changeover systems with different merits and 
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demerits [4]. USP systems have found applications 
in many areas where uninterrupted power supply is 
a necessity [5]. There are many classifications of 
UPS such as OFF-line UPS, ON-line UPS and Line 
interactive UPS. In OFF-line UPS, the inverter is 
normally set OFF [6]. The connected loads are fed 
from the mains utility supply. Once the mains 
supply is not accessible, a static power switch 
switches on the inverter and connects it to the load 
automatically. When the supply is brought back, the 
inverter is again shut off. The problem with the 
OFF-line UPS is that they are interrupted 
momentarily each time the utility supply fails.  

In most cases, uninterruptible power supplies are 
known to change from one AC power source to 
another AC power source or from AC power source 
to DC/AC power source in order to maintain stable 
power to the connected loads in case of any 
interruption on the  actively supplying end. For 
instance, if utility power is suddenly off under UPS 
state, the loads are meant to be connected to a stand-
by AC generator or the output of inverter system 
(DC/AC power system) in an uninterruptible power 
supply system between utility power supply and 
DC/AC system network. 

This paper presents a DC-powered boost 
differential inverter for the purpose of 
uninterruptible power supply to the remotest rural 
areas where there is no grid-utility power supply and 
lack of stand-by AC generators at DC voltage buses 
in the system. This was achieved by the 
combination of two DC power sources that energize 
DC-AC converter to deliver constant and reliable 
power supply to rural dwellers. The DC-AC 
converter that is adopted in this work is known as 
boost differential inverter which has been used by 
authors in [7-10] but not in this area of research 
work. The DC-AC converter is powered by 
alternatively connecting one solar-DC power 
network to two-arm (double network) battery banks 
[11]. The solar-DC power network converts solar 
energy into electrical energy, whereas battery banks 
convert chemical energy into electrical energy. This 
shows that there is interaction between solar energy, 
electrical energy, and chemical energy to 
accomplish a particular purpose of constant DC 
power supply to an inverter input rail. During a 
changeover situation, there is no sensor and relay 
system for changing from one source to another is 
needed. The changeover depends on the difference 
in voltage between the solar panels and the battery 
network system. This happens at micro time scale, 
unlike the AC power changeover system, in which 
the voltages between the two power sources are 
equal and both combine together to power the 

connected load(s). In this study, DC power from 
solar panel modules (as the primary power supply) 
and two-48V parallel connected-battery banks (as 
the secondary power supply) are linked together 
with the aid of bidirectional DC-DC converters 
which provide constant DC-power supply to 
portable DC-AC boost converters without sensor 
and changeover relay switch systems. This implies 
that when the DC power is lower than the DC power 
from battery systems, it will automatically 
changeover to double-battery bank systems with 
sensor-less system. Also once a steady power is 
maintained and the feedback system is functional, 
the output voltage of the boost differential inverter 
becomes constant. This will lead to a steady power 
supply to the rural dwellers and other critical loads 
in the villages such healthcare centers. 

2 Proposed System 

The Photovoltaic (PV) arrary in Fig. 1 converts 
the solar energy from the sun into useful electrical 
energy to feed the load through the inverter and 
charge the two battery banks.  

 

Fig. 1. Block diagram of the designed system. 

In cases where the PV voltage is lower than the 
battery voltage,  the battery will deliver power to the 
load automatically. But when they have the same 
potential difference, they both feed the load and  at 
that point in time, their currents jointly flow to the 
load since the load has lower potential. This means 
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that during the day there will be always constant DC 
voltage at the DC bus system.  

The voltage sensor at the output of the inverter 
system has nothing to do with the changeover sytem 
between the two power sources. It monitors the 
output AC voltage level across the resistor-inductor-
capacitor (RLC) load. When the AC voltage is less 
than or more than  230V rms, it sends a signal to the 
logic control unit (signal rectifier, PID controller, 
multiplier, reference, carrier wave, comparators) to 
stabilize the output voltage of the system by 
adjusting the witdth of the triggering pulses. The 
power circuit block diagram in Fig. 1 is represented 
as a circuit diagram in Fig. 2. 

 

Fig. 2. Power circuit of the designed system. 

Fig. 2 consists of photo arrays (144V DC series-
parallel connected cells), power diode for 
unidirectional current flow, boost differential 
inverter (Insulated gate bipolar transistors 
(IGBT60M321)), power switches S1, S2, S3, S4, 
inductors L1, L2, capacitors C1, C2, RLC loads, and 
two-arm battery banks. The differential inverter 
boost and changes DC power to AC power at a 
desired voltage and current in a single stage power 
conversion. This increases the efficiency and also 
reduces the power losses in the system. The two-
arm battery bank system stores chemical energy 
when the energy from the solar panels is surplus. 
When the electrical energy goes low, the battery 
converts the chemical energy back to electrical 
energy to feed the load. The current from the battery 

does not flow back to the solar panel due to the 
presence of power diode, D. 

3 Analysis of the Proposed System 
 
3.1 Photo Arrays 

Fig. 3(a) displays a simplified PV circuit of 
photo arrays which convert the solar energy into 
electrical energy depending on the intensity of the 
sun’s radiation.  

 

Fig. 3a. The Photovoltaic (PV) cell model without 
shunt resistance. 

The Eq. (1) depicts the current-voltage 
relationship of a PV cell [12].  

  1/





nkTsRsIVq
eoIshI

d
IsI   

sh
I         (1) 

where IS is the cell current (the same as the 
module current), V is the cell voltage. V is the ratio 
of  module voltage to number of cells in series, T is 
the cell temperature in Kelvin (K), n is the ideality 
factor of the diode (1 ≤  n ≤ 2), q is the Electronic 
charge, Voc is the open circuit voltage, k is the 
Boltzmann’s constant, and Io is the reverse 
saturation current of the diode. 

It is very vital to bear in mind that temperature, 
resistance, dust, shadow, irradiation, and angle 
placement of solar panels affect its output power 
and should be taken into consideration. 

3.1.1 Modeling of the system: Photo Array, 

Inverter, and Battery systems 

Fig. 3(b) shows the photo array model used in 
this work. One of the solar panels used NS-F135G5 
Sharp Amorphous which has a short circuit current, 
Isc = 3.40A, open circuit voltage, Voc = 61V, 
maximum current at standard temperature condition 
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STC, Imp = 2.88A, and maximum voltage, Vpmax = 
48.0V. 

 

Fig. 3b. Photo array model. 

This does not give the required voltage and 
current needed in this work. Therefore, we 
combined the solar panels in a series-parallel form 
to actualize our aim as shown in Fig. 3(b).  

The equations of the models output current and 
voltage are given in Eqs. (2) and (3) according to 
Kirchhoff’s current and voltage laws. 

𝐼𝑆 = 𝐼𝑎 + 𝐼𝑏 + 𝐼𝑐 + 𝐼𝑑               (2) 

𝑉𝑠𝑝 = 𝑉𝑏 = 𝑉𝐷 + 𝑉𝐸 + 𝑉𝐹      (3) 

where 𝐼𝑎, 𝐼𝑏 , 𝐼𝑐, and 𝐼𝑑 are currents along paths 1, 
2, 3, and 4. The 𝑉𝑎, 𝑉𝑏 , 𝑉𝑐, 𝑎𝑛𝑑 𝑉𝑑 are the voltages 
across  path 1, 2, 3, and 4  and are of the same value. 
The 𝑉𝐷,  𝑉𝐸, and  𝑉𝐹 are individual voltages of solar 
panel connected in series along path 2. 

Fig. 4 shows a simplified circuit current diagram 
of the proposed system when the output solar panel 
voltage, Vsp (Vs) ˃ VB (VB1 = VB2), battery network 
voltage. Under this condition, the solar panel output 
feeds the inverter section and charges both battery 
banks.  

 

Fig. 4. Current circuit diagram of proposed  system , 
if Vs ˃ VB. 

The output  current of the solar panel Is, input 
current of the inverter Iinv, and battery charging 
current IB, are related as given by Eq. (4).  

𝐼𝑠 = 𝐼𝑖𝑛𝑣 + (𝐼𝐵)       (4) 

 The Eq. (5) represents the relationship between the 
voltages, (Vsp,VB1 ) and loop currents 𝐼1, 𝐼2, 𝐼3, 𝐼4,  
𝐼5, 𝐼6, and branch impendences of the system once 
Vsp ˃ VB1 𝑜𝑟 𝑉𝐵2. 
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(5) 

when the solar panel voltage, Vs (Vsp) < 
VB1 𝑜𝑟 𝑉𝐵2, the two  battery banks jointly discharge 
to feed the inverter but current does not flow to the 
photo arrays due to the presence of unidirectional 
power diode, D. The expression for the relationship 
between Is, Iinv and IB, becomes  

𝐼𝑖𝑛𝑣 = (−𝐼𝐵) + 𝐼𝑠      (6) 

But since Vs < VB  then, Is becomes extremely small 
and can be ignored. 
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Then, Eq. (6) can be written as 

𝐼𝑖𝑛𝑣 = −𝐼𝐵                                        (7) 

IB is negative because it flows in the opposite 
direction to Is that is charging it. Therefore, the 
voltage equations of the system becomes  
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                         (8) 

Therefore, the current circuit diagram of the 
proposed system is shown in Fig. 5.  

 

Fig. 5. Current circuit diagram of proposed  system, 
if Vs ˃ VB. 

As soon as Vs = VB,  the current and voltage 
equations of Fig. 6 become,  

𝐼𝑖𝑛𝑣 = 𝐼𝑆 + 𝐼𝐵                                    (9) 

Therefore the voltage can be obtained using Eq. 
(10).

 

Fig. 6. current Circuit diagram of proposed  system , 
if Vsp = VB. 
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                                  (10)

3.2. Analysis and principle operation of 

Single Phase Boost differential inverter 

under R-L-C loads 

Once the gate terminals of the power switches 
are connected and the converted electrical energy 
from the solar energy is impressed at DC power line 
of the inverter under positive cycle, the S1 and S4 
are closed while S2 and S3 are turned OFF. The 
current flows from source voltage Vin (Vs or Vsp) 
and through power diode D, input inductor L1, S1, 
capacitor C1, and back to Vin in converter A. This 
current movement  dischages the magnetic field 
energy temporarily setup in L1 to charge the 

capacitor, C1. In converter B, the current flows from 
Vin and passes through the input inductor, L2 and 
S4, and back to Vin in order to linearly build up the 
energy in L2. In the same vein, the already stored 
energy in capacitor C2, feeds the load as shown in 
Fig. 7(a). 

Fig. 7(b) shows when the system is under dead-
band controlled condition. Here, no current flows to 
the load from any of the power source, rather the 
energy in C1 and C2 discharge to loads until a 
negative cycle takes place. During the negative half 
cycle, the S1 and S4 are switched OFF while S2 and 
S3 are ON. 
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Fig. 7(a). Current flow in positive half cycle. 

The current flows from source voltage Vsp and 
through free wheeling D, input inductor L1,  S1, 
capacitor C1 and back to Vsp in converter A. This 
current movement dischages the magnetic field 
energy momentarily built in L1 to charge the 
capacitor C1.  

 

Fig. 7(b). Dead-band current flow circuit in positive 
half cycle. 

In converter B, the current flows from Vsp and 
passes input inductor L2 and S4 and flows back to 
Vsp in order to linearly build up the energy in L2. In 
that instance, the already stored energy in capacitor 
C2, feeds the load as shown in Fig. 7(c).  

 

 

Fig. 7(c). Current flow in negative half cycle. 

Before a positive cycle comes up again, the 
blanking period must be experienced where the load 
is fed by C1 and C2 only. The load voltage vo across 
the RLC load is derived from two DC biased output 
voltage of converter A and B of the DC-AC 
converter with dc-offset Vdc, amplitude Vo, and 
angle of operation as follow:  
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2
)  (13) 

The Eqs. (11) and (12) describe the voltage 
outputs of the two DC/DC converters of boost 
differential inverter while Eq. (13) shows the output 
of the boost differential inverter. 

Based on the averaging concept for boost 
converters the voltage relationship for the 
continuous conduction mode (CCM) of converters 
A and B is determined by Eq. (14) [13]. 

𝑣𝐴 = 𝑣𝐵 = [
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] ÷ [
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   where   Dc represents duty cycles of the boost 
converters. 
The capacitances C1, C2 and inductances, L1, L2 
are calculated using Eqs. (15) and (16) [13]. 
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where Lmin and Cmin are the minimum inductance 
and capacitance of the DC-DC converter under 
continuous conduction mode (CCM).  

The reference signal Sref and carrier waves (𝐶𝑟1 
and 𝐶𝑟2) signals are generated using the expressions 
in Eqs. (17), (18), and (19). 

𝑆𝑟𝑒𝑓 = 𝑆𝑎𝑠𝑖𝑛𝜃    (17) 
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𝐶𝑟2 = ⟦
0

1

2𝑓

1
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0 𝑏𝑐 0
   ⟧                 (19) 

where f is the Switching frequency of the carrier 
waves (Cr1 and Cr2), ac is the amplitude Cr1, and bc is 
the magnitude of carrier wave 𝐶𝑟2. 

The firing signals for switching S1, S2, S3, and 
S4 are produced by comparing Eqs. (17) and (18) 
while Eq. (19) is compared with the positive DC 
voltage which must be less than bc to trigger S5 and 
S6.   

4. Efficiency Evaluation of the 

Proposed System 

Efficiency, 𝜀 of the system can be defined as 
power output of inverter per power input expressed 
in percent. It can be expressed based on the output 
power and power losses as follow:  

𝜀 =
𝑙𝑜𝑎𝑑 𝑝𝑜𝑤𝑒𝑟×100

𝐿𝑜𝑎𝑑 𝑝𝑜𝑤𝑒𝑟 +𝑝𝑜𝑤𝑒𝑟 𝑙𝑜𝑠𝑠𝑒𝑠
    (20)  

In this research, the output power of the inverter, 
Po and the power losses, PL are considered for the 
efficiency evaluation.  The power losses that are 
taken into consideration are the losses in the snubber 
circuit, and inductor coils as well as device loss 
(Conduction loss).  

4.1. Losses in the Proposed System 

In this system, the snubber circuits, input 
inductor coils and the device losses (conduction 
losses) are considered. Their consideration is based 
on the knowledge that the major losses occur in 

those regions. In the snubber circuit, each switch 
snubber charges and discharges once in a cycle. 
Therefore, the energy loss per cycle, ELs is given in 
Eq. (21) [14]. 

𝐸𝑙𝑠 =
2𝐶𝑠𝑉𝑠

2

2
          (21) 

For the eight switches in the whole system, the 
energy loss per cycle in the snubber circuits, ELs is 
expressed as 

𝐸𝑙𝑠 =
16𝐶𝑠𝑉𝑠

2

2
    (22) 

where Cs is the capacitance of snubber capacitor, 
Vs is the maximum voltage from the PV,  f is the 
switching frequency. 

Then, the power loss per cycle in the eight 
snubber circuits, PLs is given as 

𝑃𝑙𝑠 =
16𝐶𝑠𝑉𝑠

2𝑓

2
                    (23) 

  Considering the inductor coils, the inductor coil’s 
power loss, PiL is expressed as  

𝑃𝑖𝑙 = 𝐼𝑟𝑚𝑠
2 𝑅𝑙𝑖𝑛     (24) 

Irms is current flowing through the inductor and 
𝑅𝑙𝑖𝑛 is the internal resistance of the inductor coil 
given as Eq. (25).    

𝑅𝑙𝑖𝑛 =
𝜔𝐿

𝑄
            (25) 

ω is the angular frequency (rads/sec), L is the 
inductance of the inductor, Q is the quality 
characteristic (factor) of inductor. 

Furthermore, the Conduction loss (Device loss), 
Pcl of the system is given by Eq. (26) [15, 16]. 

𝑃𝑐𝑙 = 𝐼𝑎𝑣𝑉𝑑𝑛𝑑    (26) 

where Vd is the voltage across the device, Iav is 
the average current flowing through the device, and 
nd is the number of devices. The average current 
(Iav) flowing through the device is given by Eq. (27). 

𝐼𝑎𝑣 = ∫ (
𝑉𝑜𝑟𝑚𝑠

𝑅
𝑠𝑖𝑛𝜔𝑡)𝑑𝜔𝑡 =

𝑉𝑜𝑟𝑚𝑠

𝜋𝑅

𝜋

0
  (27) 
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5.  Results and Discussion of 

Simulations and Laboratory 

Experimentation 

 This work was modeled and simulated in a 
MATLAB/Simulink 2014 software environment. 
The Table 1 shows the overall characteristics of the 
photo array modeled in this work. 

Table. 1. The Solar panels of NS-F135G5 Sharp 
Amorphous characteristics. 

Maximum Power (Pmax) 1.70kW 

Voltage at Pmax (Vmp) 144.00V 

Current at Pmax (Imp) 11.52A 

Open circuit voltage 
(Voc) 

183.00V 

Short circuit current (Isc) 13.60A 

Temperature coefficient 
of Isc 

0.065 ± 0.015 
JmA/0C 

Temperature coefficient 
of Voc 

-
160±20JmV/0C 

The current and voltage (I-V) characteristics 
were simulated in MATLAB M-file. This was 
achieved by analyzing the I-V characteristics of the 
solar panel, NS-F135G5 Sharp Amorphous made in 
Japan using the following factors: temperature, 
resistance, and insolation. 

5.1. The Influence of Temperature on the PV 

Panels 

The I-V characteristic of PV module at varying 
temperatures is graphically shown in Fig. 8.

Fig. 8. The effect of temperature on the output of solar module. 

Results from Fig. 8 show that the higher the 
temperature of the PV module, the lower the voltage 
and current which decreases the power output of the 
system and vice versa. At 321K, the current and 
voltage are at 5A and 138.4V, while at 298K the 
current and voltage are at 11.52A and 144V as 
observed from the knee point of the I-V curve.   

5.2. The Effect of Solar Irradiation (Insolation) 

on the Output of Solar Module 

The I-V curve of insolation is shown in Fig. 9. 
The graph of I-V curve of PV module indicates that 
the greater the insolation on the surface of the photo 
arrays, the more the power output (current and 
voltage) of the PV system.  At insolation, G5 = 
0.2kW/m2 as seen from Fig. 9.  
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Fig. 9. The effect of solar insolation on the output of solar module. 

Also the current and voltage are deduced to 2.5A 
and 143V, whereas at G1 = 1kW/m2 the current and 
voltage are 11.52A and 160V. 

5.3.   The effect of series Resistance on the 

output of solar module  

The effects of the series resistance on I-V 
characteristics of PV module are shown in Fig. 10. 

 

Fig. 10. The effects of the series resistance on I-V 
characteristics of PV module. 

 As series resistance increases from 12.5Ω to 
125Ω, the terminal voltage starts dropping from 
144V down to 90V.  

The modulation scheme used in this work is 
shown in Fig. 11. Fig. 11(a) shows the modulating 
signal with amplitude of 0.8V at 50Hz. It is 

generated using Eq. (16), whereas Fig. 11(b) 
displayed the carrier wave signal with 1.0V and 20 
kHz.  

 

Fig. 11. (a) Reference sinewave at 50Hz (b) Carrier 
wave at 20 kHz. 

The carrier wave signal is produced by using Eq. 
(17). When they are compared with each other, they 
produce the waveforms in Fig. 12. 
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Fig. 12. Triggering gate signals of the single phase 
boost differential inverter. 

 In Fig. 12, S1 and S4 are high and low at the 
same time, while S2 and S3 have a similar 
waveform. This pattern prevails only in theory. But 
practically, there must be a dead band circuitry 
(blanking circuit) to separate the switching signals. 
The S1, S2, S3, and S4 signals are used for 
switching the boost differential inverter which 
converts the DC power to AC power as shown in 
Fig. 13. 

 

Fig. 13. DC-carrier based modulation scheme. 

In order to trigger the power switches of S5 and 
S6, the DC-signal voltage waveform with amplitude 
of 0.85V is matched up with 1.0V triangular carrier 
waveform as shown in Fig. 13 to generate the 
triggering signals shown in Fig. 12. The 1.0V 
triangular carrier waveform in Fig. 13 is formed 
using Eq. (18). Fig. 14 presents the pulses for 
switching S5 and S6 power switches of bidirectional 
DC-DC converter. When S5 = ON, S6 = OFF and 
verse versa. It is observed that they are 
complementary to each other. 

 

Fig. 14. Firing gate signals of the bidirectional DC-
DC converter. 

Fig. 15 shows the 144V maximum DC output 
voltage of the solar panels, 78V DC voltage being 
supplied from the solar panels to the inverter input 
terminals before the changeover. The 48V DC of the 
battery voltage after the changeover becomes 58V 
DC of charging voltage. During the period of solar 
panels supply to the t input of the inverter terminals 
DC voltage bus, the 58V DC is being used to charge 
the battery which is indicated by the dotted line 
within S-D region.
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Fig. 15. Changeover pattern at Inverter input of the proposed system. 

At a time interval of 0 ≤ t ≤ 0.5ms and at the S-D 
region, the Photo arrays (solar panels) feed the DC-
AC converter with 78V DC and charge the battery 
with 58V DC.  It is observed that during the power 
supply from solar panels, the DC voltage from the 
battery is not shown at the input terminals of the 
inverter; thus it is not represented in the S-D region. 
Again at  t = 0.500005ms, the  inverter input 
terminals changeover to battery voltage supply and 
automatically give a smooth short curve between D 

and B, as shown in Fig. 15. The DC voltage from 
the solar panels ceased to appear at the input 
inverter terminals as shown in Fig. 15. This shows 
that the battery voltage is greater than the output 
voltage of solar panels. The inverter input DC 
voltage is represented with a green color in Fig. 15. 
This changeover situation bring about some 
transiency in the AC output of the inverter, but with 
the help of the feedback system, the inverter output 
voltage is restored as shown in Fig. 16(c).  

 

Fig. 16. (a) DC-baised voltage of Converter A. (b) DC-baised voltage of Converter B. (c) Output voltage 
waveform of boost differential Inverter of the proposed system. 

In case the battery voltage becomes lower than 
the output voltage of solar panels, the reverse 

movement takes place. Hence, keeping a steady DC 
power supply at the inverter input which gives a 
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constant power supply at the critical loads in the 
remotest villages. The simulated DC-baised voltages 
of Converter A and B of the proposed system is 
stated mathematically in Eqs. (10), (11), and are 
represented in Figs. 16(a) and (b). The disparity 
between the two  waveforms of Fig. 16(a) and (b) 
illustrates the AC output voltage of the boost 
differential inverter of the proposed system as 
illustrated in Fig. 16(c) and already expressed 
mathematically in Eq. (12).  At  time interval of 0 ≤ 
t ≤ 0.1ms, the inverter output voltage transiently 
changes from 0.0V to 600V and then settles down at 
325.10V due to the presence of the incorporated 
feedback system. The proposed systems AC output 
voltage remains stable at time intervals 0.1 ≤ t ≤ 
0.5ms. At exactly, t = 0.50005ms and point CD, 
there is a changeover power supply from the photo 
arrays (Solar panels’) supply to the battery banks. 
This situation brings about a small AC inverter 
output voltage fluctuations at a time interval of 
0.500005 ≤ t ≤ 0.6ms and K1-K2. The AC inverter 
output is restored back to 325.10V at a time interval 
of 0.6 ≤ t ≤ 0.8 ms as shown in Fig. 17.  

 

Fig. 17. Output voltage waveform of boost 
differential Inverter of the proposed system. 

The boost differential inverter output current is 
displayed in Fig. 17. It mimics the behavours of the 
AC inverter output waveform shown in Fig. 16; the 
only difference is their  magnitudes. At a time 
interval of 0 ≤ t ≤ 0.1ms, the current rises from 0.0A 
to 12.0A, while at a time interval of 0.1 ≤ t ≤ 0.5ms, 
it remained at 4.57A. At 0.500005 ≤ t ≤ 0.6ms it 

varied from 4.57A to 7.76A and returns to a stable 
state of 4.57A. This stable state is shown in Fig. 18. 

 

Fig. 18. Spectral characteristics of the proposed 
system. 

Fig. 18 portrayed the spectral characteristics of 
the proposed system.  It showed that the AC output 
voltage of the proposed system has peak value of 
325.1V and total harmonic distortion (THD) of 
1.25% at fundamental frequency of 50Hz. This 
implies that the power required by the system is 
small and the system is very efficient. The 
parameters obtained from the proposed system are 
presented in Table 2.  

Table 2. Proposed system parameters 

Type of inverter used Single phase single 
stage boost 

differential  Inverter 

Maximum Output voltage  
of solar panels 

144VDC 

Maximum Input Current 11.52ADC 

Short circuit current 13.60ADC 
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Open circuit voltage 183.00VDC 

Switching frequencies of 
carriers 

20kHz and 1kHz 

AC output voltage (rms) 325.1V (230Vrms) 

Inverter output power 1485.7W 

IGBT Voltage drop 1.000V 

L1 = L2  of power circuit 295µH 

C1 = C2 of power circuit 20µF 

Bidirectional DC-DC 
converter components 

(resistors, inductors and 
capacitors) 

1.0Ω, 2.5mH and 
1000 µF, 480V 

Rms inductor Input 
current Irms 

5.60A 

Load resistance, 
inductance and 

capacitance 

45Ω, 5.5mH, and 50 
µF 

Kp 10.000 

Ki 2.173 

Kd 0.001 

Quality factor 50.00 

Total  harmonic distortion 
(THD) 

1.25% 

Efficiency 94.40% 

5.4. Sinewave and Triangular wave (carrier 

wave) Generation for the Single Phase Boost 

Differential Inverter 

Fig. 19(a) shows an Oscilloscopic waveform of a 
reference sine wave. It has frequency of 50.30Hz 
and an amplitude of 7.8V. The laboratory frequency 
value is similar to the simulated 50Hz frequency as 
shown in Fig. 11(a).  

 

Fig. 19a. Reference sine wave. 

This frequency determines the output voltage 
wave frequency of the boost differential inverter. 
The carrier wave is shown in Fig. 19(b).  

 

Fig. 19(b). Triangular wave (Carrier wave). 

It has frequency of 20.30 kHz with a peak 
voltage of 10.0V. The Fig. 20 depicts the laboratory 

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS 
DOI: 10.37394/23201.2021.20.2

Candidus U. Eya, Ayodeji Olalekan Salau, 
Stephen Ejiofor Oti

E-ISSN: 2224-266X 22 Volume 20, 2021



generated sinewave and triangular waves. The 
waveforms are compared and gapped to generate the 
pulses in Fig. 20 and Fig. 21(a).  

 

Fig. 20. Sinewave Triangular wave signals. 

 

Fig. 21(a). Firing signals of S1 and S2. 

The Firing signals of S1 and S2 shown in Fig. 20 
are laboratory switching signals for firing power 
switches S1 and S2. This is observed from the 
oscilloscope display in Fig. 20. They have 
frequency of 20.62 kHz and an amplitude of 13.4V. 
Moreover, the delay gaps between the two 
complimentary signals are equally shown. Fig. 21(b) 
clearly illustrates the switching signals that turn ON 
and OFF at the second leg of the single phase boost 
differential inverter. 

 

Fig. 21(b). Triggering signals of S3 and S4. 

It was observed that the upper signal on the 
second channel has a frequency of 20.54 kHz and an 
amplitude voltage of 12.8V; and the lower signal on 
the first channel of the scope has frequency of 20.56 
kHz and an amplitude voltage of 12.2V. This 
implies that the power switches on the same leg 
cannot be short-circuited. This is because the signal 
controlling the upper switches is delayed by 0.01ms. 

5.5. Solar Power Station  

The solar power generating station used is 
located at the Department of Electrical Engineering, 
University of Nigeria, Nsukka at a Latitude of 
6.8673° N and Longitude of 7.4085° E.  

Fig. 22 shows how the solar transmission cable is 
run from the generating station into the laboratory 
where this work was carried out. It can be noticed 
that the cables are not touching the ground to avoid 
rodents from attacking it as well as from human 
beings. 

 

Fig. 22. Solar power Station. 
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A characterization wooden rectangular box of 
length 30.00cm and width of 23.00cm is shown in 
Fig. 23.  

 

Fig. 23. Characterization wooden rectangular box. 

It is a part of the solar system that joins the 
output of solar panels and the power circuit of the 
proposed system. It is also the section where the 
solar output voltage and current are measured using 
two digital multi-meters. The first one situated on 
the left hand side measures the output current of the 
active connected solar panels, while the second 
digital multi-meter, determines the voltage output of 
the solar panels. It can be observed that the ammeter 
recorded 5.13A when the voltage output of the solar 
panel is 140V by 10:59am on a sunny day. At the 
time the solar panels were supplying 5.13A and 140 
V, the battery network recorded 48V as displayed in 
Fig. 23. It shows that the load is fed by the solar 
panels and not from the battery section. Whenever 
the solar output voltage is lower than 48V, 
automatically, the battery voltage supplies the load 
through the inverter system. The batteries voltage 
level is shown in Fig. 24. 

 

Fig. 24. Level of battery network voltage. 

Fig. 24 displayed only when the system was 
driven in open –loop mode. The idea here is to get 
the actual DC reference point and AC reference 
level for controlling the battery banks as well as the 
DC-AC converter. The name of the oscilloscope 
used in this research is two-channel Tektronix TBS 
1052B 50MHz. 
         After getting both the DC and AC reference 
points, we continued the design and implementation 
of the close loop system by building the feedback 
system based on the magnitudes of the two 
references practically.  
     The pure AC sine wave output voltage of the 
proposed system is extracted with the aid of USB 
flash drive and displayed in shown in Fig. 25.  

 

Fig. 25. The output of single phase boost differential 
inverter. 

Fig. 25 shows the pure sinewave output signal of the 
single phase boost differential inverter. It was 
observed that the maximum voltage of the pure 
sinewave from the oscilloscope is 194V which gives 
us 388V peak-to-peak voltage. In addition, the rms 
voltage of 194V is reduced to 148V. This system 
comfortably gives 230V rms value, but the value 
shown on the oscilloscope in Fig. 25 is the 
maximum achieved at 50V per division. The 
limitation of the oscilloscope is that beyond this 
division, the results are not seen clearly. The 
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developed Uninterruptible DC-powered boost 
differential inverter with Sensor-less Changeover 

system in a closed-loop system is presented in Fig. 
26. 

 

Fig. 27. Uninterruptible DC-powered boost differential inverter with Sensor-less Changeover system in closed-
loop system. 

6. Conclusion 

An uninterruptible DC-powered boost 
differential inverter with Sensor-less changeover 
system has been presented, analyzed, simulated, and 
experimented. The results show that the developed 
system is efficient, giving an efficiency of 94.4% 
with a fast dynamic response. The system requires a 
small amount of power with a power rating of 1 
kilowatt. This specification finds application in 
powering residential areas and medium scale 
industries.  
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