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ABSTRACT 

 
Electrical energy is an essential input for businesses, offices and companies. It is also very useful for domestic purposes and 

enhances the quality of life. The mains supply in Nigeria and other developing countries is irregular, eratic and unstable. Citizens are 

faced with persistent power outage or low voltage or voltage fluctuations at homes, offices and industries. Each company or each 

home needs to regulate its power supply; install alternative energy and arrange for automatic switching or mixing of mains supply 

and alternative sources. Based on a multipurpose transformer, a microcontroller based signal processing system is developed for 

control of energy flow from three sources (the mains supply, solar energy and battery bank) to a 5KVA load. Conditions of the 

various sub-systems are detected and/or measured by sensors which send appropriate Sensor Signals (SS) to a microcontroller. A 

software program is developed which enables the microcontroller to generate appropriate Control Signals (CS) to control the 

operation of the various relays, electronic swtiches, display and other subsystems such as inverter and a smart charge controller that 

applies constant voltage and pulse techniques to recharge the battery via mains supply and/or solar module. The system is subjected 

to various functional tests. The system is found to effectively control energy flow; regulate voltage across the load; protect the load 

against over voltage above 240V; and protect the 48V bank of battery against being discharged below save limit of 42V. The system 

facilitates uninterupptible energy supply to the load. 
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1. INTRODUCTION  

Electricity is the main driver for economic and industrial 

development. There are apparently links between a sustained 

economic growth and electricity in an economy [1,2,3]. 

Electricity serves as raw material for businesses, offices and 

companies. Electricity is used in every home for domestic 

purposes and to enhance quality of life. Epileptic or irregular 

electric power supply is common in Nigeria and other 

developing countries of Africa. This problem is more 

pronounced in Nigeria. South Africa, with 40 million people, 

enjoys 40,000MW of electricity. 75 million Egyptians enjoy 

20,000MW of electricity. It is quite unfortunate that 140 

million Nigerians have less than 10,000MW of electricity [3]. 

Citizens are faced with persistent power outage or low 

voltage or voltage fluctuations at homes, offices and 

industries. 

A power outage can be identified as a power cut, power 

failure or blackout [3]. It is a loss of electricity power to a 

specific area. It causes damages to domestic and business 

operations. Persistent outages can arise from either the 

generating or transmitting or distribution subsystems. 

Consequences include social and economic frustration, poor 

quality of life, unemployment, high cost of production and 

frequent damage of devices [1,2,3,4]. 

Each company and each home need to regulate its power 

supply, install alternative energy and arrange for automatic 

switching or mixing of mains supply and alternative sources 

with a grid connecting the load to the energy souces [5,6,7,8]. 

In Nigeria, majority of electricity is generated by expensive 

small private diesel and petrol generators. A household which  

 

cannot afford a generator will be without electricity. The 

smallest generator (rated at 1000VA) is refered to as “I better 

pass my neighbor” by Nigerians. Due to emission of carbon 

monoxide, health harzard and cost of fuel, Nigerians are now 

resulting to solar energy [9,10,11,12,13,14]. 

In this work, a microcontroller based signal processing 

system for control of energy flow from three sources (the 

mains supply, solar energy and battery bank) to load is 

developed. The system also implements voltage regulation 

and protection against over voltage. Voltage regulation is 

necessary because of the epileptic and/or irregular and/or 

voltage flunctuating nature of the mains supply and solar 

module voltage variation with time of the day [15]. The 

proposed system is essentially a smart grid [16,17].  

2. DESIGN APPROACH 

A Multipurpose Transformer based Automatic Voltage 

Regulator (MT-AVR) is designed as shown in Fig.1. The 

block diagram is presented in Fig. 1(a) while Fig. 1(b) shows 

the inputs to and the outputs from the the mulitipurpose 

transformer Tm. Tm is essentially an auto-transformer with 

taps marked as 0V, 100V, 140V, 180V, 220V, and 260V as 

illustrated in Fig. 1(c). The turn’s ratio of the Tm windings is 

0.8V per turn. 

Tm receives the mains supply Vm via SW1 and SW3. When 

ever Vm is available, the inverter is isolated from Tm. When 

ever Vm is not available, SW1 and SW3 are turned off and 
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Tm receives its input from the inverter. SW4 selects the 

appropriate tap of the auto-transformer. 

The 220V AC output of Tm is connected to the load through 

SW2. There is also a 12V AC output from Tm. When ever 

Vm is available, the 48V AC output of Tm is available for 

charging a bank of batteries via SW5.  

Conditions of the various sub-systems are detected and/or 

measured by sensors which send appropriate Sensor Signals 

(SS) to a microcontroller [18] which in turn generates 

appropriate Control Signals (CS) to control the operation of 

the various relay and electronic swtiches, display, fan, alarm 

and other subsystems as shown in Fig. 1(d). Simple Electrical 

and Electronics Engineering components and principles are 

utilised [19,20,21,22,23,24,25]. 

2.1 DC Power Supply 

DC Power Supply generates 60V DC, 12V DC and 5V DC as 

illustrated in Fig. 2(a). The 12V AC output from Tm can 

originate from either the mains supply Vm or Inverter. The 

12V AC is rectified and regulated to 12V DC [26]. As an 

alternative, the DC source from the bank of batteries Vb (48V 

DC) is regulated down to 12V DC. The 12V DC supply is 

required to power the devices such as the relays, 555 timer, 

SG3525 oscillator, some comparators and the cooling fan 

[27]. The 12V DC supply is further regulated down to 5V DC 

to power devices such as the microcontroller and some 

comparators.  

When ever Vm is available, CS9 from the microcontroller is 

high (5V DC) and the 48V AC output from the Tm is 

connected via switch SW5 to the Rectifier II to produce 

regulated 60V DC supply to charge a bank of batteries. When 

ever Vm is not available, CS9 is low (0V DC) and the 48V 

AC output from Tm is disconnected from the Rectifier II. 

Switch SW5 is inside a relay RL1 of Fig. 2(b). 

2.2 Sensor Signals (SS0 to SS12) 

Fig. 3 shows the sensor subsystems which generate sensor 

signals SS1 to SS12. 

2.2.1 User Requires Power (SS0) 

A user manual switch (UMSW) is desgined such that when 

ever the user presses it, sensor signal SS0 = 5V is sent to the 

microcontroller to indicate that the user requires supply to the 

load. SS0 = 0V when UMSW is depressed. 

 

Fig. 1. Multipurpose Transformer based Automatic Voltage Regulator (MT-AVR) 
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Fig. 2. DC Power Supply and Relay Switch Control Circuit. 

2.2.2 Mains Supply Sensor (SS1) 

Fig. 3(a) is the mains supply sensor. Sensor signal SS1 is high 

if there is mains supply, otherwise it is low. The voltage drop 

across a half wave resistive load is 0.45 multiplied by the 

input AC rms value [26]. Therefore, for Vm range of 80V to 

280V, Vcc1 ranges from 36V to 126V. R7 and R8 constitute 

voltage divider network to achieve VR8 of 5V DC for a 

minimum mains supply Vm of 80V (Vcc1 = 36V). R9 limits 

the current through the LED (D7) to a maximum of 1mA. 

R10 and R11 is a voltage divider network to achieve 

comparator’s Vref of 4.9V. Generally, voltage divider 

resistive network are used in this work to set voltage at 

certain points of circuits.  

2.2.3 Mains Supply Voltage Level Detector 

(SS2 to SS6) 

The mains supply voltage level detector of Fig. 3(b) detects 

the range of the mains supply voltage Vm. The mains supply 

voltage is grouped into six voltage ranges as < 260V, < 220V, 

< 180V, < 140V, < 100V and < 80V.  Voltage divider 

networks are used to provide Vcc2 and Vref for the 

comparators as shown in Table 1. The corresponding values 

of the set of sensor signals SS2 to SS6 for specific ranges of 

Vm are also presented in Table 1. 

 

2.2.4 Output Voltage Limit Sensor (SS7) 

The output voltage limit sensor shown in Fig. 3(c) monitors 

the Tm 220V AC output across the load to prevent over 

voltage. The over voltage could be as a result of mains supply 

exceeding 280V or the failure of the inverter oscillator to 

reduce the switching current of the inverter when the battery 

voltage Vb or photovoltaic supply Vs is above the nominal 

value. Sensor signal SS7 is high if the Tm output is above 

240V, otherwise it is low. 

2.2.5 Battery Voltage Level Sensor (SS8 to 

SS10) 

The voltage across the bank of batteries is monitored during 

charge and discharge operations to prevent overcharging and 

discharging below the safe voltage level. The circuit of the 

battery voltage level sensor is shown in Fig. 3(d). while its 

operation is summarised in Table 2. 

2.2.6 Solar Voltage Level Detector (SS11) 

The maximum voltage expected from the 48V photovoltaic 

module is 68V. When solar module voltage is Vs = 48V, 

Vcc5 in the solar voltage level detector of Fig. 3(e) is 3.3V. 

Vref is set to be 3.2. SS11 is +5V when the photovoltaic 

module voltage Vs is equal or greater than 48V, otherwise it 

is 0V. 
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Table 1: The Mains Voltage (Vm) and corresponding Vcc2 , VR15, Vref and Sensed Signals SS2 to SS6 

Vm (V) 
Vcc2 (V) 

 

VR15 (V) Vref (V) SS2 (V) SS3 (V) SS4 (V) SS5 (V) SS6 (V) 

Vm> 260 117 5.0000 - 0 0 0 0 0 

220 <Vm< 260 99 4.2306 4.2 0 0 0 0 0 

180 <Vm< 220 81 3.4614 3.5 5 0 0 0 0 

140 <Vm< 180 63 2.6922 2.7 5 5 0 0 0 

100 <Vm< 140 45 1.9230 1.9 5 5 5 0 0 

80 <Vm< 100 36 1.5384 1.5 5 5 5 5 0 

Vm< 80    5 5 5 5 5 

 

Table 2: The Battery Voltage (Vb) and corresponding VR43, Vref and Sensed Signals SS8 to SS10 

Vb (V) Description 
VR43 

(V) 

Vref 

(V) 

SS8 

(V) 

SS9 

(V) 

SS10 

(V) 

Vb ≤ 42 
42V:- Battery Voltage is too low and no further discharge should be 

allowed 

3.2584 3.3 0 0 0 

42 < Vb ≤ 45 45V:- Low Battery Voltage during discharge  3.4912 3.5 5 0 0 

45 < Vb ≤ 58 58V:- Maximum Voltage durring charging 4.4997 4.5 5 5 0 

Vb > 58 
Battery Voltage is above maximum and charging technique is changed 

from constant voltage technique to pulse technique 

  5 5 5 
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Fig. 3. Generation of Sensor Signals (SS1 to SS12) 

2.2.7 Fan Status Sensor (SS12) 

The fan status sensor of Fig. 3(f) monitors the status of the 

fan; whether it is ON or OFF. A control signal CS10 from the 

microcontroller switches the fan ON. The coil of the fan has a 

resistance of about Rfan=70Ω. When CS10 is +5V, Q9 

switches ON and the negative terminal of the fan is connected 

to the ground through R60. Rfan and R60 is a resistive 

voltage divider network that sets VR60 to 2.12V when Q9 is 

ON. Therefore, when the fan is ON, SS12 is +5V. There is a 

fault if CS10 is +5V and SS12 is 0V. 
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2.3 Control Signals (CS1 to CS14) 

 

2.3.1 Auto-Tap Selector (CS1 to CS6, CS8 

and CS9) 

Fig. 4 shows the auto-tap selector which connects the mains 

voltage to the appropriate terminals of Tm. Fig. 4 is closely 

related with Fig. 1(c). Relays RL2, RL7 and RL8 in Fig. 4 are 

are the switches SW1, SW2 and SW3 respectively in Fig. 

1(c). Relays RL3, RL4, RL5 and RL6 in Fig. 4 constitute the 

switch SW4 in Fig. 1(c).  

If the mains supply is available (SS1 = 5V), the 

microcontroller makes CS1, CS6 and CS9 5V each; makes 

CS7 0V and makes CS2 to CS5 5V or 0V according to Auto-

Tap Selector truth table presented as Table 3. If the mains 

supply is not available (SS1=0V), the microcontroller makes 

CS1 to CS9 0V each except CS7 (associated with the 

inverter) and CS8 (associated with the Tm 220V AC output) 

which depend on some other factors. CS8 is 5V when ever the 

user requires output to the load and output voltage is less or 

equal to 240V (SS0 & SS7= 5V) otherwise it is 0V. CS7 is 

5V when ever switching ON the inverter is necessary and 

battery voltage level is adequate otherwise it is 0V. CS9 

controls relay RL1 (switch SW5) of Fig. 1(c) for the Tm 48V 

AC output as illustrated in Fig. 2(b). 

2.3.2 Oscillator and Inverter (CS7) 

The oscillator and the inverter converts DC to AC [12,28,29]. 

Fig. 5(a) and (b) show the oscillator and the inverter 

respectively. When the user actuates the user manual switch 

(UMSW of Fig. 5(a)), the oscillator SG3525 (U14) device is 

energised and the sensor signal SS0 will be 5V to indicate to 

the microcontroller that the user desires power output to the 

load. If mains supply is available (SS1=0V), CS7 is made 0V 

by the microcontroller so as to shut down U14. If the mains 

supply is not available, CS7 is made 5V and U14 will 

generate a dual alternating square waves Pt and P(t+π). Pt and 

P(t+π) are to drive two MOSFETs which serve as the SW6 

and SW7 of the inverter of Fig. 5(b). VR37 is used to regulate 

the amplitude of Pt and P(t+180) so as to prevent overvoltage 

when the battery voltage and photovoltaic supply voltage are 

above the nominal voltage. 

 

Fig. 4. Auto-Tap Selector 
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Table 3: Auto-Tap Selector Truth Table 

Vm (V) 

SS2 

(V) 

SS3 

(V) 

SS4 

(V) 

SS5 

(V) 

SS6 

(V) 

CS2 

(V) 

 

CS3 

(V) 

CS4 

(V) 

CS5 

(V) 

SW4 Consider 

Mains  

Available? 

220 <Vm 
0 0 0 0 0 0 0 0 0 f           a 

(Default) 

Yes 

180 <Vm< 220 5 0 0 0 0 5 0 0 0 f           b Yes 

140 <Vm< 180 5 5 0 0 0 5 5 0 0 f           c Yes 

100 <Vm< 140 5 5 5 0 0 5 5 5 0 f           d Yes 

80 <Vm< 100 5 5 5 5 0 5 5 5 5 f           e Yes 

Vm< 80 
5 5 5 5 5 0 0 0 0 f           a 

(Default) 

No 

 

Fig. 5. Oscillator and Inverter 
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The output frequency of U14 is half the set frequency of C10 

and R104 [27]. For 50Hz, C10 is chosen to be 0.1µF and 

R104 is calculated as 130KΩ. R112 and R115 constitute a 

voltage divider network to achieve a Vref of 3.3V. 

As long as the oscillator is generating the output pulses P(t) 

and P(t+π), the inverter will convert the battery DC to AC.  

The inverter generates the 50Hz, 50% duty cycle alternating 

square wave. The inverted AC is transformed by the Tm to 

about 220V.  If UMSW is off, SS0 is 0V, CS7 and CS8 are 

0V. 

2.3.3 Fan (CS10) 

The fan is for cooling the system. CS10 is set to 5V to keep 

the fan ON as illustrated in Fig. 3(f).  

2.3.4 Charger (CS11 and CS12) 

The charger of Fig. 6 charges the bank of batteries using 

either the constant voltage or pulse charging techniques 

[10,30,31,32]. The microcontroller generates CS11=0V and 

CS12=5V to direct the charger to implement pulse charging 

technique. The microcontroller generates CS11=5V and 

CS12=0V to direct the charger to implement constant voltage 

charging technique. The 60V DC Supply and the Solar 

Module voltage Vs are used as sources of energy for charging 

the bank of batteries. 

The frequency of the oscillator is determined by the values of 

R92, R93, and C9. For a 50Hz oscillation, R92 and R93 are 

chosen to be 100KΩ each, and C9 was calculated as 0.096 

μF. R95 and R96 constitute a voltage divider network to 

produce Vref of 3.3V for the comparator U13. 

If CS12 is +5V, U12 is shutdown, otherwise operational 

while if CS11 is +5V, U13 produces +5V output, otherwise 

the output is 0V. U11 adjusts the control voltage of U12 

thereby adjusting the amplitude of the pulse width to ensure 

that the charge voltage across the battery does not exceed the 

float charge voltage (55V for  48V battery) during pulse 

charging. 

2.3.5 Alarm (CS13 and CS14) 

The alarm subsystem of Fig. 7 alerts the user when the battery 

is low during discharge, or there is overvoltage to load or fan 

fault occurs. C18 and R127 determines the frequency of the 

oscillation. For 1Hz, R127 is chosen to be 10KΩ and C18 is 

calculated as; 

             C18 = 1/(f * R127)  = 1/(1 * 10) = 100µF               (1) 

If CS13 is +5V, a pulsing alarm will come ON while making 

CS14 +5V will make the alarm to be continouous. 

2.4 Software Program 

The various subsystems were built and interconnected 

(Hardware). The entire circuit control decisions are made by 

the microcontroller with aid of a software program. The flow 

chart of the program is shown in Fig. 8. 

2.5 System Status Display  

The display unit shows the current status of the system. Table 

4 is the truth table which gives the status of the various sub-

systems.  

 

Fig. 7. Alarm 
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Fig. 6. Charger 
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Fig. 8. The Flow Chart of the Program
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Table 4: System Status Truth Table 

S/N Description Options (Status) Conditions 

1 

 

Mains Supply 

 

Available SS1 = 5 & SS6 = 0 

Low SS1 = 5 & SS6 = 5 

Not available SS1 = 0 

2 
User Demand 

Output 

Yes SS0 = 5 

No SS0 = 0 

3 
Load ON CS8 = 5 

OFF CS8 = 0 

4 
Output  

Voltage 

> 240V AC SS7 = 5 

≤ 240V AC SS7 = 0 

5 
Solar Module 

Voltage 

≥ 48V DC SS11 = 5 

< 48V DC SS11 = 0 

6 

 

Battery  

Charging (CS11 = 0 & CS12 = 5) or (CS11 = 5 & CS12 = 0)  

Discharging CS7 = 5 & CS8 =5 

Low SS8 = 0 

7 

 

Charger 

Constant Volt Technique CS11 = 5 & CS12 = 0 

Pulse Technique CS11 = 0 & CS12 = 5 

OFF CS11 = 0 & CS12 = 0 

8 
Inverter ON CS7 = 5 

OFF CS7 = 0 

9 
Fan ON SS12 = 5 

OFF SS12 = 0 

 

3. RESULTS  

The complete system was subjected to various tests. The 

results of the tests are summarised in Table 4. The primary 

input or inputs are underlined. At any given time, the system 

conveys energy from one of the three sources (the mains 

supply, solar energy and battery bank) to the load. Further  

 

 

more, the system charges the battery bank when ever energy 

is available from the mains supply and/or solar module. When 

ever user requires output and mains is not available or low, 

the inverter is switched on to convey energy from solar 

module or battery bank to the load. When ever output voltage 

is above 240, the load is disconnected.  
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Table 5: Test Results 

 

4. CONCLUSION  

A multi-source energy flow control and voltage regulation 

system has been developed for for use in developing countries 

with epileptic or irregular electric power supply. Voltage 

regulation is implemented with the aid of a multipurpose 

transformer. A smart charge controller that will apply 

constant voltage and pulse techniques to recharge the battery 

via utility and photovoltaic supplies will improve the service 

life of the battery as the batteries will not be left in the 

discharged state for a long period of time and the formation of 

sulfates on the Lead plates are taken care of. The system also 

protects the battery against being discharged below save 

voltage level. The load is also protected against high voltage 

above save limit. The system can be expanded for more than 

three sources by amending the software program.   
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