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Abstract 

 

Consumers’ complaints of estimated bills from the Utility have risen to an 
alarming extent in recent years. On the other hand, Utility incurs huge losses 
attributing it to electric energy consumption theft among consumers. These 
complaints by the utility and the consumer led to the quest for a system that in 
addition to recording energy consumption data, will be able to compute and report 
the data to the Utility remotely. This work proposes the implementation of smart 
meter which can effectively and seamlessly record, compute and report the 
consumers’ energy consumption data remotely, as an effective means to halt 
estimated bills from the Utility and energy consumption theft among consumers. 
The design was implemented using prototypical methodology and was integrated 
with Global system for mobile communication to facilitate communication 
between the Utility and the Smart meter. In conclusion, it explored the use of smart 
meter technology in ensuring remote reporting of data in the overall interest of 
enhancing electric energy distribution in Nigeria.  
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CHAPTER 1 

1.0 INTRODUCTION 

 

1.1 Background of study 

As the commercial use of electric energy spread in the 1880s, it became 

increasingly important that an electric measuring device be introduced to properly 

bill consumers for the cost of consumed energy [1], [2]. Thus, Utility companies 

devised a means to satisfactorily measure the energy consumption of a home 

(hourly, weekly or on monthly basis). This was achieved by the invention of the 

electric meter which measures electrical energy consumption for billing purposes.  

An electric meter is a device that measures the amount of electric energy that is 

been used up by electrical appliances in a residential home, offices, places of 

business, government establishments, hospitals, etc. Electric meters operate by 

continuously measuring the instantaneous voltage (volts) and current (amperes) to 

give energy used (in joules/ kilowatt-hour etc.) [1]. Electric utilities use electric 

meters installed at consumers' site to monitor the consumers’ electric energy 

consumption, for proper billing purposes. They are typically calibrated in billing 

units. The most common one being the kilowatt hour (kWh), which is equal to the 

amount of energy used by a load of one kilowatt over a period of one hour. 

 

1.2 Problem statement 

Consumers’ complaints of estimated bills have risen to an alarming extent in recent 

years. They argue that the Utility bill them excessively, thereby paying for energy 

they did not consume. On the other hand, the utility themselves incurs huge losses, 

which is tailored down to electricity energy consumption theft amongst consumers.  

Again, the issue of real-time monitoring at the consumers site by the utility, 
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collectively have led to the quest for a metering system that could give a real-time 

computation of electricity data usage at the consumer site and then relay it 

remotely to the utility.  

 

1.3 Aims/ Objectives 

The major aim of this project is to design and construct A Wireless Smart Meter. 

Other aims include; 

 To sense (i.e. in real-time) and compute the energy consumption of a smart 

home. 

 To remotely relay to the utility a data (i.e. information), pertaining to the 

consumed energy of a smart home on an hourly basis for monitoring and for 

accurate billing purposes. 

 To put an end to the challenges of over-estimated bills, which is one of the 

major challenges, faced by electricity consumers here in Nigeria. 

 To improve on energy management amongst consumers (that is, for them to 

better manage their energy purchase), thereby making them an active member in 

the system; where one is now conscious of his/her electricity energy consumption. 

 To also bridge the gap in electric energy consumption theft amongst consumers, 

which its effect usually results in the utility spending fortunes for infrastructural 

maintenance. 

 

1.4 Scope of study 

This project work covers the design and construction of a smart meter for 

recording and reporting electric energy consumption data to the Utility using a PIC 

microcontroller and GSM as the means for wireless communication. The system is 

modeled using Proteus circuit simulation software. A review was also made on 
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past works on smart meter. Unit tests and system testing were also done and 

documented. 

 

1.5 Significance of the work 

 This work will be useful to consumers (industries and homes) in adopting the 

most suitable metering technology solutions to the problems of energy 

management. 

 Its recommendations could serve as a powerful tool towards achieving the best 

energy management concept among electricity power utility companies. 

 Its recommendations and implementation will constitute an instrument for the 

adoption of the best metering technology, an act that is important to curb 

electricity energy theft. 

 Finally, this work is expected to contribute significantly to existing literature in 

the subject under investigation 
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CHAPTER 2 

2.0 LITERATURE REVIEW 

 

This chapter explains smart meter, its application in various areas and its definite 

application in establishing bidirectional communication between the Utility and the 

consumer. It further evaluates related past works done on this research area.  

 

2.1 Brief history of Electric Meter 

According to [2], the earliest meter was Samuel Gardiner’s (USA) lamp hour meter 

patented in 1872. It measured the time during which energy was supplied to the 

load, as all the lamps connected to this meter were controlled by one switch. 

Subdividing lighting circuits became practical with the introduction of Edison’s 

light bulb, and this meter became obsolete. 

Studies in [1],[2] revealed that Edison  (1847-1931) developed 

an electrochemical metering system, which used an electrolytic cell to total current 

consumption. The electrochemical meter was labor-intensive to read and not well 

received by consumers [1]. This period also witnessed the development of the 

reason meter. This consisted of a vertically mounted glass structure with a mercury 

reservoir at the top of the meter. It recorded ampere-hours. Once the mercury pool 

was exhausted, the meter became an open circuit. It was therefore necessary for the 

consumer to pay for a further supply of electricity. There were other electrolytic 

meters, like the German Siemens-Shuckert hydrogen meter and the Schott and 

Gen. Jena mercury meter. Electrolytic meters could measure only ampere-hours 

and were not suitable when the voltage fluctuated [2]. 

In 1884, Hermann Aron (1845-1902) in Germany constructed a pendulum meter 

[1]. These meters were expensive because they contained two clocks; they were 

gradually replaced by the motor meters. The American, Elihu Thomson (1853- 
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1937) developed his ‘Recording wattmeter’ in 1889 for General Electric. This 

meter was used mainly for DC. The main disadvantage of the motor meters was the 

commutation. 

The 21st century witnessed the invention of the post-paid meter system. This 

system provides electric power to the user once it has been installed and allows the 

user to only pay bills after he must have used the service. This is normally on 

monthly or periodic basis but it is always after use. Monthly energy consumption 

of consumers is determined by taking readings from the traditional meters or post-

paid meters and, bills produced for consumers to pay within 28 days [2]. Research 

indicated that in Nigeria, under the old post-paid billing system, people were made 

to pay for electricity on a monthly basis whether power was supplied or not. The 

limitations of the post-paid meter initiated the drive for the invention of the prepaid 

meter. 

The prepaid meter system requires the consumer to make advance payment before 

electricity can be used. If the available credit is exhausted then the supply of 

electricity is cut off by a relay. The prepaid billing system allows consumers to 

purchase electricity they can afford in advance and use it according to how they 

want as well as have control over it by simply switching off the electrical 

installations. While arguing from economic perspective, studies in [3] revealed that 

the prepaid meter system results in mixed financial fortunes to the energy provider 

and the consumer.  

The post-paid meter and prepaid meter technology had the constraint of estimated 

bill and they lacked real-time or near real time, power outage notification and 

power quality monitoring. It is pertinent to underscore the fact that this became the 

precursor for the development of the novel technology (Smart meter).  

Smart meter was developed as a result of the increasing demand to match 

electricity demand with supply. Unlike the traditional electricity energy meter, 
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smart meters enable two-way communications with the utility and the consumer. 

Smart meter computes in real-time, the electrical energy consumption of a smart 

home in an hourly interval or less (based on how it was programmed) and 

communicate the information at least on a daily basis back to the utility for real-

time monitoring and accurate billing. These features were not incorporated in the 

traditional metering system. The path from the first device used for measuring 

electrical energy consumption to today’s Smart metering technology using a smart 

meter, has been a long one. 

  

2.2 Review of related Past Work 

According to [4], smart meters enable consumers to become better informed 

about the dynamics of their household energy consumption and to opt for cost-

saving measures. The author considered implementing smart meter in 

combination with indirect feedback through bi-monthly energy usage and cost 

statements (known as home energy reports), to be delivered by the energy 

suppliers, that would result in an average reduction in household energy 

consumption. His research was based on quantitative consumption change 

measurement and a qualitative consumer experience study.  

While analyzing electric energy management in a smart home, studies in [5], x-

rayed smart meter as an indispensable component of a smart home. The work of 

[3],[5], did justice to the smart technology comprising: smart home, smart meter, 

smart grid, and network connected appliances. It proposed employing Automated 

Home Energy Management (AHEM).  

AHEM, is an elegant network that self- manages end-user systems based on 

information flowing from the occupants and the smart meter. The value of 

AHEM is in reconciliation of the energy use of connected systems in a house 

with the occupant’s objectives of comfort and cost as well as the information 
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received from the service provider. Sensors and microcontrollers work together 

via a wireless Home Area Network (HAN) to gather relevant data, process the 

data using effective algorithms, and implement control strategies that 

simultaneously co-optimize several objectives: comfort and convenience at 

minimal cost to the occupant, efficiency in energy consumption, and timely 

response to the request of the service provider [2]. 

 

2.3 Review of the Current Metering System 

The prepaid metering system also known as automated meter reading was 

introduced in an effort to improve customer consumption and reduce losses. With 

this type of metering technology using a prepaid meter, the electricity units are 

paid for in advance.  There is no monthly billing plan.  When the meter runs low 

on unit, it typically warns the consumer.  When the unit runs out completely, it 

disconnects the supply coming from the utility to the consumer site. A prepaid 

meter may only offer a flat rate for electricity, not any discounts for off-hour use. 

According to [6], there are two main types of prepaid meters in use today. They 

are: key meters and smart card meters. It further described a key meter as one that 

uses a special electronic key with user’s tariff information on it. Whereas a smart 

card meter is that which sends user’s latest tariff information to the utility when 

there is a top-up command in electricity units. 

The prepaid meters reduce the overhead that usually characterize house-to-house 

recovery of revenue as was almost the case in the past. This energy metering 

system has some anti-tamper facilities that largely discourage meter tampering by 

consumers. Further studies on the prepaid meter system can be done in [7] and 

[8]. 
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2.4 Review of smart meter 

Smart Meters are electronic measuring devices used by utilities to process, 

compute and as well communicate information for billing purposes at the 

consumer sites. This smart metering system of electricity energy measurement 

was deployed in a bid to resolve the issue of real-time and accurate billing of the 

consumed electric energy. It has advanced functionality, stability, tighter 

accuracy tolerances, and is more cost effective for advanced features. The 

accuracy of a smart meter both in development and practice, has been confirmed 

as an improvement on the electro-mechanical and traditional metering 

technology.  

Several authors define a smart meter as one that can communicate in both ways. 

That is, the meter can send information to the utility and the utility can as well 

query the smart meter. All these actions occur remotely, without any personnel at 

the consumer site. Further studies on smart metering can be done in [9].   

The information that could be sending to the utility by the smart meter may 

include; 

 Detailed usage information 

 Voltage monitoring data 

 Various alarms 

 

The information sent to the meter may include; 

 Pricing information 

 Billing rate information (i.e. R1, R2 etc.) 

 Connect/disconnect instructions 

 Alarm/load-shed instruction 

 Configuration instructions 
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 Software upgrade instructions 

 Date and time 

According to [10], as shown in Fig 2.1, as at July 2014, over 50 million smart 

meters had been deployed in the U.S. Which covers over 43 percent of U.S 

homes, up from 46 million smart meters a year ago. 

 

Fig 2.1 Analysis on smart meter installation in the U.S over time [10] 

 

Although smart meters are relatively new to the industry, they are treated with the 

same due diligence and scrutiny associated with electronic meters and its 

electromechanical counterparts. Standards in use for the Smart Meter installations 

include National Electric Code (NEC) for home electrical wiring, National 

Electrical Manufacturers Association (NEMA) and Underwriters. Initially, the 

use of this technology was applied to commercial and industrial customers due to 

the need for more sophisticated rates and more granular billing data requirements. 
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For the utilities to and deploy the use of Smart meter amongst her consumers, this 

device must meet a number of national standards and comply with state and local 

codes designed to ensure proper operation, functionality and safety. Electricity 

utility companies are continuously developing standards and guidelines to 

improve the safety, accuracy and operability of meters and associated electric 

energy metering devices. 

The deployment of a smart metering system with the aid of a smart meter, 

involves: technology selection, the planning for installation, operation and 

maintenance. A smart meter may be able to communicate with appliances in the 

home, using a Home Area Network.  Its results could be read on a liquid crystal 

display screen attached to its casing. 

 

2.5 Types of Communication Systems Adopted by the Smart meter 

The type of communication systems used by a smart meter system is based 

basically on the technology used in querying the smart meter, either by the user 

or the utility. There are three basic categories of such technologies according to 

research, as defined by their LAN. They include: 

a. Radio Frequency (RF) 

b. Power Line Carrier (PLC) 

c. GSM technology 

 

Each of the aforementioned technologies has its own advantages and 

disadvantages when applied in the design of a smart meter. It is now left for the 

utility to select the best technology that meets her demographic and business 

specification needs. Factors that determine the selection of a particular 

technology includes: evaluation of existing infrastructure, impact on legacy 
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equipment, functionality, technical requirements, as well as economic impact on 

the utility. The selection of a technology requires a thorough evaluation and 

analysis of existing needs and future requirements.  

a. Radio Frequency – RF  

The computed data of consumed electrical energy of a smart meter, is been 

relayed wirelessly to both the user and the utility through a wireless medium 

known as Radio Frequency (RF).  This data is further extracted by the utility for 

processing at a central location.  

 The Radio Frequency (RF) technology is basically classified into two different 

types:  

 Mesh Technology  

A mesh is the technology of a fixed wireless network, with the addition of some 

of the household meters acting as a relay station. These Smart meters acting as a 

relay, locally collect and transmit data through a Local Area Network (LAN), to a 

data collector.  

 

 Point to Point Technology  

In this technology, smart meters talk directly to a collector usually located on a 

tower. This tower- collector relays this data to the utility central location for 

further processing using various methods.  

Point-to-point technology as one of the basic classes of RF technology, has the 

advantage of little or no latency, direct communication with each endpoint, large 

bandwidth for better throughput, some are licensed spectrum with high range of 

operation. Its major disadvantage is the issue of line of sight.  
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b. Power Line Carrier - PLC  

The power line carrier also referred to as power line telecommunication 

technology, is tailored down to the use of existing electrical wires in carrying out 

this bidirectional operations of the smart meter. This could be wired over the 

wiring inside the house or over that of the utility coming to the house from the 

outside. 

Some of the solutions have the collection point located on the secondary side of a 

distribution transformer. The data is then delivered to the utility data systems for 

processing at a central location. According to research, electrical companies 

mostly use this type of communication technology in getting billing information 

in rural areas.  This may not be able to handle the traffic in more densely 

populated areas.  

 Its advantages include: leveraging on the use of the existing utility infrastructure 

(i.e. Poles & wires), improved cost effectiveness for rural lines, more effective in 

challenging terrain, and the capability to work over long distances. Whereas its 

disadvantages include: high latency, less bandwidth and throughput, limited 

interface with Distribution Automation (DA) device, and higher cost of 

implementation in urban and suburban locations.  

The three general technologies under Power Line Communication (PLC) include: 

i. Low-frequency Power Line Communication (TWACS/Turtle) 

ii. Medium-frequency Power Line Communication 

iii. Broadband (BPL) 

 

c. GSM Technology 

In GSM technology, the smart meter is permitted to ride or leverage on the 

existing GSM network of GSM operators for the bidirectional relay of 
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information on consumed data to both the utility and the consumer and to be able 

to carry out connect and disconnect operations (i.e. to query the smart meter), 

remotely. In order to achieve this, a GSM SIM module, (say, SIM800 OR 

SIM900), in line with design specifications is used. This technology is actually 

the one used in the design and construction of our smart meter but in this case a 

unidirectional communication from the consumer site to utility, due to time 

constraint. We opted in for SIM900 for it numerous advantages which include: 

voltage ratings of 4V-12V, GPS capability and others. With the only known 

disadvantage of incurred cost in recharge its subscriber’s identification modules 

card (SIM) and the issue of multiple GSM operators. 

 

There are other known technologies in use, different from those described above. 

Thus, these are generally known as a hybrid or combinational design, which are 

of slight variation from the basic types, according to [11]. They include: 

 

d. Telephone line/ Dial up:  

Once a day, typically late at night, the meter uses a built-in dialup modem to 

connect to the utility’s system.  It can use the same telephone line that serves the 

household, or a separate phone line.  This is similar to some pay-per-view 

television systems. If the meter uses a separate phone line, the utility computer 

can connect to the meter multiple times a day by dialup. This method is the safest 

of all the automated communication systems, but it is not suitable where the 

utility wants information from each meter many times a day. 

 

e. Cellular communication (GPRS) 

This is the simplest setup.  The meter has a built-in cell phone type modem 

(interface), so it dials the utility company’s computer and downloads the 
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information, or the utility computer can dial into the meter.  It may not be 

practical to transmit more than a few times a day.  

 

f. Home Area Network 

Some of the most sophisticated smart meters can also serve as a hub for an in-

home network, also called a Home Area Network. A common use is a display 

that receives data from the meter to display how much electricity has been used 

today, etc. A Home Area Network usually uses wireless (Wi-Fi) to communicate, 

though it could also use high-speed (high-frequency) power line communication 

over the household electrical wiring.  

 

2.6 Merits of smart meter 

Advanced metering infrastructure better known as smart meters, used to measure 

remotely and in real-time, the electricity energy consumption is now being 

deployed by several companies and individuals. With the following reasons: 

 To offer a whole range of benefits to consumers; providing them with 

feedback on their energy consumption, making them more conscious of their 

energy usage. In order words, to help them save more money in subscribing to 

electrical energy tariff and to reduce the risk of lingering power outages and other 

issues; while at the same time adding values to the utility company involved in 

the process. 

 Another importance is the query of the smart meter, remotely (i.e. connect and 

disconnect of the smart meter) by the utility. For instance, during the era of 

traditional metering using the analog meter, when a consumer is disconnected for 

inability to clear up his/her tariff bill one of the utility personnel has to be present 

at the consumer site for this to be possible. Thus, incurring some cost of moving 
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these personnel from their central station to the consumer site but this is actually 

not the case of the proposed system. This could now be done remotely right there 

at the central station.  

 It is easy to consume more of electrical energy than required without your 

knowledge of such. The proposed system helps the user to see exactly what is 

been consumed at any particular period of time. You can see the effect of 

reducing energy immediately via the liquid crystal display screen on the proposed 

system which will help one make better choices and start saving money.  

 There will be no room for estimated bills. Users will now be billed for their 

actual consumed electrical energy. The consumer of energy will receive accurate 

bills, as the smart meter will send the utility regular and accurate readings of the 

home energy consumption. 

 The smart meter will report back electricity issues (such as periods of low 

voltage) to deliver better quality of supply. 

 The utility companies will offer new pricing options to allow them pass onto 

consumers a price which better reflects the actual cost of generating the 

electricity in a given period (peak or off-peak, day or night). Again, provide 

consumers with precise details of their consumption patterns, allowing them 

better manage their use of electricity. 

 It enables new capabilities for consumers such as: the use of home energy 

management systems, to enable them to properly manage their supply from the 

utility. 

 The system computes the total electrical energy consumed in KWH and the 

expected amount due for payment in naira, this information is displayed on the 

liquid crystal display screen attached to the body of this proposed system. In 

addition to that, consumers will then be conscious of their energy usage.  
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2.7 Smart Meter Applications  

Government agencies and Utilities are turning towards advanced meter 

infrastructure (AMI) systems as part of Smart Grid expansion initiatives [9]. 

Managing an electric grid is like walking a tightrope.  The grid must be in perfect 

balance at all times between consumption and generation. When it fails, there are 

brownouts (i.e. the voltage gets too low), which could damage household 

electronics and appliances, or may lead to total blackouts. This act of grid 

balancing would become more complicated in future when there will be more 

power coming from wind turbines, solar power plants and other sources [11]. 

Having more detailed information about how electricity is consumed helps with 

these balancing acts. Smart meter applications include but are not limited to the 

following; 

 

a. Dynamic rate: 

Time-of-use billing is already in use in many places.  Instead of having a fixed 

rate for electricity, the rate depends on the time of the day.  Electricity will cost 

more in the afternoon (peak period) than in the morning, encouraging people to 

use the clothes dryers, air conditioners and heavy duty electrical equipment less 

in the afternoon during the period of high tariff plan by the power companies. 

The use of dynamic pricing will require the purchase of new devices.  Some new 

appliances will have the electronics built in, while others could possibly be 

retrofitted.  Their use will most likely be voluntary, as it would be impossible to 

force people to program their thermostats, and probably unlawful as well 

[11].  Instead, lower prices on electricity will make people convert over time. 
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b. Fast power outage location: 

Smart meters can help the utility discover and locate power outages 

easily. Otherwise, Utility has to rely on consumers to call to report an outage, and 

then send out a crew to try to locate it. With smart meters, the utility may be able 

to locate the cause within a couple of minutes so a crew can be dispatched 

directly to the site, saving much time. There are a variety of methods used. Some 

utilities receive frequent “hello, I’m alive” reports from each smart meter. These 

are sometimes called “beacons”.  If a meter has not reported in for a while, an 

alarm is generated. If an outage is reported by a consumer, the utility can send 

out signals (pings) to all meters in the area.  Those not reporting back are 

assumed to be without power. Some models of meters are able to transmit a 

distress signal after the power has been lost. 

  

c. Fast recovery from blackout: 

When a blackout does happen, it is hard for the utility to restore power again. 

When they restore the power back, everything starts at the same time.  Air 

conditioners, water heaters and refrigerators all start up together, creating a 

tremendous power surge on the grid, so the utility can only restore power to 

smaller areas, one at a time.  This is called cold load pickup [12].  If the water 

heater and air conditioner could be instructed to wait a few minutes after the 

power was restored, the utility can restore power much sooner to the next area. 

  

d. Remote connectivity: 

Each disconnects and reconnects requires a utility truck and personnel to go to 

the site to disconnect or reconnect. But smart meters have an in-built circuitry for 

disconnect and connect, which can be controlled from the utility company’s 

office, without the presence of personnel at the consumer site. 
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CHAPTER THREE 

3.0 DESIGN AND METHODOLOGY 

 

While the concept of the operation of smart meter is fairly simple, implementing 

each subsystem requires quite a lot of attention to detail in order to ensure seamless 

and efficiency in real-time data display functionality. This chapter highlights the 

design, objectives as well as the factors and considerations that were taken into 

account for the implementation of the smart meter and succinct details of how each 

subsystem works. 

In addition to the objectives, specifications for the design were also outlined and 

these determine the choice of suitable components. 

 

3.1 Design Objectives 

 To design a wireless enabled digital smart meter that will provide remote 

monitoring of consumers’ energy consumption at the consumers site by the 

utility. 

 To design a smart meter that uses GSM network to relay energy related data in 

real-time from consumers site according to its configurations. 
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 To design a smart meter that its position in any location could be detected using 

Global Positioning System (GPS) and Global Information System (GIS). 

 To incorporate a subsystem (SIM module) that will provide real-time 

communication of data at the consumer site. 

 

3.2 Design consideration 

The following factors were put into consideration during the design of the smart 

meter. 

a. Cost: 

In every design, cost is one of the major factors to be considered. In our design, the 

cost of the materials used were closely considered and well optimized without 

trading off their quality and reliability. Every component used in the design was 

selectively chosen to suit the above enlisted objectives without tampering with any 

of the desired feature of the system. The choice of PIC microcontroller rather than 

Arduino board; also, purchasing already processed SIM card to interface with a 

SIM900 module, which will now ride on a GSM network was fairly cheaper and 

more convenient than setting-up a Local Area Network (LAN). 

 

b. Availability 

While making the choice of components to be used in the design, it is also non 

trivial to consider their availability in the market so as to ensure that the project 

design meets up with the expected time frame of its delivery, because when the 

needed components required for a design is readily available in the nearest market, 

it reduces the lead time (i.e. the time it takes to deliver the components to the user) 

and hence reduces the overall time taken to fully actualize the project design.  
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c. Strength and Shock: 

Plastic pack (insulator) was chosen over other alternatives for the casing of the 

smart meter because it has a better ability to absorb heat from other components 

and for better shock isolation between the smart meter and its users. 

 

d. Efficiency and Reliability: 

The decision to use SIM900 module instead of SIM800 module to ensure seamless 

and efficient real time communication and for the identification of the geographical 

location of the smart meter by the utility though both support GPS, was influenced 

by the power ratings of the former. SIM900 module can handle power rating of 

4V-12V unlike SIM800 module which handles only 4V. Thus, this makes the 

former more suitable for this project.  

A lot of features made PIC microcontroller fashionable and desirable for this 

project. They include: 

 It has an inbuilt ADC (analog-to-digital) converter.  

 It is programmable (that is, can be instructed on what to do) 

 It consumes less power from the circuit while in operation 

 It carries out computational processing, hence the need for an extra 

computational device is exempted for this project. 

Also, to ensure that the project worked properly, components with proven track 

record of performance, extreme precision and casing materials that could withstand 

varying temperature, humidity, vibration and dust were used, hence our choice of 

plastic casing. 
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e. Health effect:  

Radio frequency radiation with its attendant health effects has made the 

implementation of Radio Frequency smart meter unfashionable. The choice of 

Global System for Mobile technology (GSM) to relay information between the 

smart meter and the consumer is thus the best alternative for the following 

undisputable reasons: 

 GSM network is an already established network by various telecoms operators, 

is reliable and thus has more stable signals with healthy features.  

 The accessibility of Subscriber Identity Modules (SIM cards), which are smart 

cards provide secure data encryption to give GSM advantages. 

 There is no need to retrofit current homes and industries to accommodate GSM, 

which will reduce the initial (setup) costs drastically. 

 

3.3 Design specification 

The specifications listed below formed the basis of the project design. 

a. Power Source 

The source of power for the system is (220-240) volts AC power supply from the 

utility.   

 

b. Wireless communication 

In order to achieve a remote monitoring of happenings at consumers site through 

the aid of the smart meter, a SIM900 GSM module was chosen. It was chosen over 

SIM800 for its ratings of accommodating between 4-12volts unlike the latter which 

accommodates just 4Volts. 
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c. Choice of microcontroller 

The microcontroller which serves as the brain of the entire system was chosen for 

its large number of input/output pins – 40 in total. Since there are lots of 

components needed in the system, a PIC16F877A microcontroller manufactured 

by Microchip Technology Incorporated. This microcontroller has enough 

input/output pins and ADC (analog to digital converter) channels to process the 

analog signals coming from the resistor voltage divider network. Key features 

include wide availability, low cost, ease of reprogramming with built-in EEPROM 

(Electrically Erasable programmable read-only memory), an extensive collection 

of free application notes, and abundant development tools [13], [14]. 

 

3.4 Hardware design 

In this subsection, all the necessary design procedure, block diagrams, theory and 

design calculations of the basic units that make up the wireless smart meter are 

explained. These units are: 

 Supply from utility unit 

 Power supply unit 

 Load power sensing unit 

 Microcontroller unit 

 GSM module unit 

 Load unit 

 Buttons unit 

 LCD display unit 

Figure 3.1 below illustrates the interconnections among the functional units of the 

system 
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Fig 3.1: Block Diagram of the Wireless Smart Meter 

 

3.5 Explanation of the Various Subunits 

 Supply from Utility: This is the mains supply from the utility (i.e. EEDC) 

usually 220VAC.This gets fed into our homes to power electrical appliances. 

While it powers our equipment, the smart meter has to know what quantity of 

energy we are consuming. 

 

 Power supply: The mains supply is stepped down to provide power supply 

for the microcontroller and other components which require +5v dc for optimum 

performance. We achieved this using a 12v transformer, rectifying diodes, filtering 

capacitors, and 5v regulator (7805). 

 

 Load power sensing: This comprises the voltage and the current and its 

calculations for billing purposes. For the voltage sensing, this is carried out 
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using a voltage divider to know the exact voltage supplied by EEDC. Using the 

principle of voltage divider circuit, stated mathematically as: 

                               [R1/ (R1+ R2)] * V_________________________ (1) 

Where; 

R1 = 50 ohms and R2 = 50 ohms, respectively for this project. 

V = 12V (stepped-down) voltage 

Hence we have equation (1) above to be: 

[R1/ (R1+R2)] * V = [50/ (50+50)] * 12 

                            = 4V 

That is to say, for every 240V supply from the utility, we have 4V as scaling factor 

for this project. A scaling factor in the sense that it is used for calculating the actual 

voltage coming from the utility, that is being consumed or used up by the 

appliances of the consumer. 

For current sensing of the smart meter, a choke resistor was used. The choke is not 

like the normal resistor; white in color and has some distinguishing features which 

made it suitable for this project. They include: ability to handle high power ratings 

and has a resistance of 1 Ohm. 

Current flowing in home appliances are first passed through the choke; which will 

now be converted to a measured voltage using the ohm’s law, stated 

mathematically as: 

V= I*R_______________________________ (2) 

 

From the mathematical expression of equation (2), stated above, we have: 
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V= AC voltage from the utility, which has been converted to a DC voltage by the 

rectifier circuit of the smart meter. This voltage is fed to the PIC microcontroller as 

4V (i.e. 240V = 4V scaling factor) 

I= current to be measured 

R= resistance offered to the flow of the current to be measured by the choke which 

for this project is 1 ohm. 

For instance, say a bulb of 100W, the current flowing through this appliance is 

calculated by revisiting equation (2); 

                                               V= I*R 

By making current, ‘I’ the subject formula we have: 

                                               I= V/ R 

The utility brings a voltage of 240V, flowing through the consumer’s appliance of 

100W. The current, I can be calculated through the mathematical expression of 

power as: 

P= I*V_____________________ (3) 

Substituting the values into the equation (3), we have: 

100W = I * 240V  

I = 100W / 240V 

Recall that power is also rated in VA. 

Hence,  

100W as 100VA 

I = 100VA / 240V 

Dividing through the above, we have: 

I = 0.4167A as the current flowing through a 100W bulb at consumer’s home. 

The idea here is this: the more appliances a consumer power at home, the more the 

power that is been consumed. 



26 
 

Therefore, substituting the value of the current, ‘I’ flowing through a 100W bulb 

as, I = 0.4167A  

For the voltage measured across the choke of 1ohm resistance used for the purpose 

of this project, we have: 

From equation (2): 

V = I*R  

V = 0.4167A * 1 ohms  

V = 0.4167V 

Notice from the above expressions that the measured voltage is exactly the same as 

the measured current, which is one of the major reasons why we chose choke 

rather than normal resistor. We did this (that is, the choice of choke of 1 ohm) to 

prevent it from affecting the measured voltage used by the utility for billing 

purposes.  

From the above expression, we were able to devise a formulae known as, 

“measurement formulae” for simplicity. That is to say, 

If 100W appliance allows 0.4167V; it also means that 100W = 0.4167V and so on. 

This is now a measurement criterion for the purpose of this project. As the power 

is increasing, the voltage is also increasing. 

For power consumed per day by a consumer, we then talk of collective 

combination of the product of voltage measured across the two resistors connected 

in series (voltage divider) and that of current measured across the choke using the 

mathematical expression below; 

P = I * V____________________________ (4) 

The utility on the other hand charges for energy consumed and energy is stated 

mathematically as; 

Energy (E) = Power * Time______________ (5) 
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It could be assumed from equation (5), that for any time a consumer’s appliance is 

‘ON’ a certain value of power is been used up by the appliance. Hence, the utility 

charges her customers in KWH. We then devise a way to calculate and be able to 

display in real-time, customer’s energy consumption at any instant of time. This 

was made possible by our knowledge of the interplay between the seconds, minute 

and hour. To do this, we have: 

60 seconds =   1 minute 

60 minute = 1 Hour 

Thus,  

1 seconds = (1/3600) hr = 0.0002778sec/hr  

The above time value of 0.0002778sec/hr shows that for every second the time for 

the energy that is being used up by a home in an hour for the purpose of this 

project. 

For instance, using the scenario of a 100W bulb for demonstration purposes, we 

have: 

Energy consumed in a second 

E = Power * Time 

Recall that power for 100W bulb was given previously in the context of this work 

as: 

Power = measured current across the choke (I) * measured voltage across the 

voltage divider (V) 

Power = 0.4167 * 0.4167 

Power = 0.1736389W 

Substituting the above values into equation (5), we have: 

E = 0.1736389 * 0.0002778 

E = 0.0000482 
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Thus, 0.0000482 KWH is the value of energy being used up by a 100W bulb in 

sec/hr. 

 

Energy consumed in two seconds 

Following the same sequence for that consumed in a seconds, we have: 

E = 0.1736389 * 2 (0.0002778) 

E = 0.1736389 * 0.0005556 

E = 0.0000965KWhr, is the value of energy being used up by a 100W bulb in 

2sec/hr. 

Energy consumed in an hour 

With the knowledge of that for a seconds and two seconds, we have: 

E = 0.1736389 * 3600 (0.0002778) 

E = 0.1736389 * 1.00008 

E = 0.1736528KWhr is the value of energy being used up by a 100W bulb in one 

hour.  

For the billing rates, research has demonstrated that different utility companies 

have different billing (tariff) plans for different homes or areas. In the context of 

this project, we made reference to tariff plan used by the Enugu Electricity 

Distribution Company (EEDC). Namely; 

RI rate 

R2 rate 

R3 rate 

R2 tariff plan was adopted by the company mainly for consumers in residential 

area, say; 2-3bedroom flat. Consumers in this category are required to pay a 

calculated amount of ₦12.00 for KWH of consumed energy. It was formerly ₦4.00 

but as at the period when this data was extracted, the value is ₦12.00. 
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Hence, using this ₦12.00 rate exclusively for R2 consumers, the amount they are 

due to pay at a particular instant of time is gotten by: 

E = I * V * t* R2 billing rate________________ (6) 

For instance, using that of 100W bulb, we have; 

 

Amount due for payment for a second 

E = 0.1736389 * 0.0002778 * ₦12.00 

E = 0.0000482 * ₦12.00 

E = ₦ 0.0005784 

Thus, ₦ 0.0005784 is the amount payable by the consumer for one second. 

 

Amount due for payment for two seconds 

E = 0.1736389 * 2 (0.0002778) * ₦12.00 

E = 0.1736389 * 0.0005556 * ₦12.00 

E= 0.0000965 * ₦12.00 

E = ₦0. 001158 

Thus, ₦0.001158 is the amount payable by the consumer for two seconds. 

 

Amount due for payment for an hour 

E = 0.1736389 * 3600 (0.0002778) * ₦12.00 

E = 0.1736389 * 1.00008 * ₦12.00 

E = 0.1736528 * ₦12.00 

E = ₦2.0838336 

Thus, ₦2.0838336 is the amount payable by the consumer for an hour. 

 

 Microcontroller unit: This is the brain of the smart meter. It calculates the 

consumed power, the amount payable to the utility. For instance, the Enugu 
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Electricity Distribution Company (EEDC), detecting when bypassing is in 

progress, communicating with the utility using SMS, displaying consumed power 

on the LCD, putting other pieces of information on the LCD, responding to the 

buttons pressed by the user. It was implemented using the PIC16F877A 

microcontroller. 

Fig.3.2 below shows the pin-out configuration of the PIC16F874A/877A 

microprocessor. 

 

 

Fig 3.2 Pin-out configuration of the Microcontroller 

 

 GSM module: This module is connected to the microcontroller using the 

serial ports. It communicates with the microcontroller using AT command. It 
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facilitates bidirectional communication between the smart meter and the utility. 

The GSM module used is SIM900 module. 

The GSM module provides access to GSM network. It is the medium through 

which communication is established. The GSM module is connected to the 

microcontroller through the microcontroller’s serial port (i.e RS232) interface. 

The RS232 requires bipolarity i.e +12v and -12v to effect serial data transmission. 

To achieve this, a voltage translator IC, MAX232 as shown in fig 3.3 was used. 

How to connect it to effect voltage translation is specified by its datasheet. An 

extract is shown below. 

 

Fig 3.3 MAX232 chip connection 

The GSM module is then connected to the serial port connector. Communication 

between the microcontroller and GSM module is done by using the 

microcontroller’s serial port pins for transmission RC6 and reception RC7. The 
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microcontroller uses the AT command protocol to communicate with the GSM 

modem. 

 LCD display unit: This is a 16x2 LCD device. Information concerning the 

amount of power consumed, the sending of SMS, user instructions, status 

information is displayed on this device. The LCD provides a readable indication of 

the AT command response from the GSM module. It helps the user to know the 

status of the AT command sent and see its appropriate response. 

The LCD has 16 pins on its body. It is a 2-line and 16-character LCD. The pins as 

extracted from the datasheet are shown in fig 3.4 below. It shows the pin 

configuration of the LCD. 

 

Fig 3.4 Pin-out configurations of the LCD 

 

Pins 1 & 2 are used to provide power supply to the LCD. The datasheet specifies a 

voltage of +5v. Pin3 was used to modify the brightness of the characters on the 

display of the LCD. This was done by connecting a 10kΩ variable resistor between 

pin3 and pin1. Pin4 is used to specify whether you are sending data or a command 

to the LCD. Pin5 specifies whether you are writing to or reading from the LCD.  

Pin6 is used to provide clocking enable to the LCD. Pin8 to pin14 are the data pins. 

Pin15 &16 are used to power the LED backlight. These pins are connected to the 

pins on the microcontroller except the power supply pins and the LED backlight 

pins. 

To display alphabets on the LCD, the microcontroller sends the ASCII equivalent 

of the alphabet to the output port where the LCD data are connected. Eg to display 
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“A”, the microcontroller sends 0x41 i.e 01000001 to the data pins of the LCD and 

“A” comes on screen. Fig 3.5 below shows the LCD front view. 

 

Fig 3.5 Front view of the LCD 

  

 Buttons unit: This unit comprises 3 buttons that are used to operate the 

smart meter. Button1 is used to boot/ configures the GSM module, identify the 

network, and set the communication parameters between the microcontroller and 

the GSM module. Button2 is pressed to commence measurement of load power. 

Button3 is pressed to send SMS to the consumer on the amount of energy he has 

consumed and the correspond10ng bill he is to pay.  

There are single pole single throw switches connected for the purpose of 

interaction between the device and the person operating the device. A resistor was 

used to pull up the microcontroller input on which the button was connected. This 

practice was recommended in the microcontroller datasheet. When the button is 

not pressed, the input to the microcontroller is high. When the button is pressed, 
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the input to the microcontroller becomes low. Figure 3.6 below demonstrates the 

connection of a button to the microcontroller. 

 

Fig 3.6 Connection of a button to Microcontroller 

The 100kΩ resistor ensures minimal current flow to the ground when the button is 

pressed. The value of 100kΩ was recommended by the datasheet. 

Current across the resistor is given by  

(5-0)/100000 = 0.00005A = 0.05mA 

 

The circuit diagram is shown in figure 3.7: 
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Fig 3.7 Circuit Diagram of our Design on Proteus 

 

3.6 Integration of all subsystems that make up the Wireless Smart Meter 

All the subunits which comprises of several components were all linked together in 

order to work in unison. The assembly includes the various subunits that make up 

the wireless smart meter system. The complete circuit diagram used for this is 

shown in figure 3.7. 

With reference to the circuit diagram, a full-wave rectifier circuit (i.e. 4-diodes) 

was used in order to fully rectify the 220VAC supply from the power utility. The 

microcontroller carries out the entire coordination of the system, whereas the GSM 

module is responsible for communicating the happenings at the consumers’ site, 

remotely. 
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Fig. 3.8 The Assembled Smart Meter System 

 

3.7 Precautions taken during the assembly of the system 

While assembling the system, several precautions were taken so as to achieve the 

set objectives. The precautions include but are not limited to the following: 

i.  We ensured proper voltage input to the microcontroller through the use of a 

full-wave rectifier circuit, a filtering capacitor and a 5 volts’ voltage 

regulator. 

ii. We ensured that all the various subunits were functioning correctly before 

the integration. 

iii. We ensured that the dimensions of the various units were considered while 

making the selection of the casing. 

iv. We ensured that while soldering the components, we did not allow the 

soldering iron bit to heat the components for long. 
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v. We ensured tight connections among components. 

3.8 Principle of operation of our smart meter 

Plug in the power cable into the A.C socket to tap the supply from the utility. 

Switch ON the meter. It displays welcome information on the LCD. Put on the 

GSM module. Press the boot/configure button (button1. The microcontroller 

immediately starts to send AT command to the GSM module as it sets their 

communication parameters. When this configuration exercise is completed, the 

LCD momentarily displays the name of the GSM network provider. This assures 

the user that configuration was done successfully. Press the boot/configure button 

(button1) again if you do not see the name of the GSM network provider. Then it 

displays “press start” to commence measurement or it shows “measurement in 

progress”. 

Press the start button to commence measurement. Now, the current going into the 

house passes through the current sensing resistor. The current sensing resistor, 

using Ohms law converts the consumed power to a measurable voltage. A voltage 

divider was used to measure the mains voltage. The microcontroller uses its analog 

to digital converter (ADC) to measure these voltages and scale it up to the exact 

power consumed by the load. This consumed power is multiplied by time in hours 

to get the KWH rating/unit. The utility provider (e.g. EEDC) then provides the cost 

per KWH. Every hour, the smart meter sends the consumed power in KWH to the 

consumer as well as the corresponding amount to pay EEDC. Meanwhile, for the 

sake of this project, button3 was provided. Anytime it is pressed, the smart meter 

sends SMS to the consumer on the consumed power and the cost /bill due for 

payment. 
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3.9 Programming of components 

3.9.1 Microcontroller 

For the microcontroller to perform its intended functions of load sensing through 

the aid of the voltage divider network and the choke resistor, computation etc. a 

program was written. The flowchart in figure 3.9 illustrates the steps taken by the 

microcontroller in executing the program.  

Application software was used in writing the program source code in C++ 

programming language. The software used is MPLAB IDE (integrated 

development environment) by Microchip Technology Incorporated. The IDE 

includes a text editor to type in the source code, a C++ compiler to compile the 

source code and generate the required hex file to be burnt to the microcontroller, a 

debugger to correct errors and other tools. C++ programming language has a rich 

function library and it allows exception handling, and function overloading which 

are not possible in some programming languages (such as C) [15], [16]. Further 

studies on C++ programming language can be done in [17]. The complete source 

code for the project is included in appendix one. 

 

3.9.2 GSM modem 

The SIM900 module was configured for use using the AT commands. AT 

commands are instructions used to control a modem. The “AT” is the abbreviation 

of Attention. Every command line starts with “AT” that are why Modem 

commands are called AT commands. Thus, many of the commands known for the 

control of a wired dial-up Modems are: ATD (Dial), ATA (Answer) and ATO 

(Return to online data state), are also supported by the SIM900 module used for 

this project. Besides the aforementioned AT commands, there are sets that are 

specific to GSM technology, which includes SMS-related commands like: 
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AT+CMGS (Send SMS message), AT+CMSS (Send SMS message from storage), 

AT+CMGL (List SMS messages from storage) and AT+CMGR (Read SMS 

messages). It is important to note here that the starting “AT” is the prefix that 

informs the Modem about the start of a command name. For instance, D is the 

actual AT command in the ATD. AT command has variety of features that makes 

it compatible with GSM modem like: 

 Basic information about the GSM modem; name of manufacturer, model 

number. 

 Basic information about the subscriber. 

 Current status of the GSM modem. 

 Establish a data connection to a remote modem. 

 Control the presentation of result codes/ error messages of AT commands. 

 Obtain or change the configurations of the GSM modem. 

 Save and restore configurations of the GSM modem. 

 

3.10 Algorithm and Flowchart 

3.10.1 Algorithm 

i. Start 

ii. Connect the smart meter to power source 

iii. Boot the smart meter 

iv. Start measurement 

v. Continue measurement 

vi. Is the energy measurement time equal to 1 hour 

vii. If No, go to “v” 

viii. If yes, calculate the energy consumed 

ix. Calculate the amount payable for consumed energy 
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x. Send energy data to the Utility 

xi. Stop 

3.10.2  Flowchart 
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Fig 3.9: Flowchart for the Operation of the System 

CHAPTER FOUR 

4.0 RESULTS AND DISCUSSIONS 

 

This chapter presents the tests, results and discussion of the whole design that were 

carried out during the implementation of the project. The results were presented in 

modules and at the end of the whole module test, all the modules were assembled 

together to produce the desired system result. At the completion of the whole 

system design, the whole design was lastly tested to ensure that the overall results 

met their expected specifications and objectives that guided the entire project 

work.  

 

4.1 Results 

4.1.1 Simulation Result 

Fig 4.1 below shows the simulation result of the smart meter after the design has 

been completed, with all the subsystems integrated together and properly 

delivering the desired result.  
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Fig. 4.1: Simulation result of the design 

Before the output will be displayed, we have to boot the device by pressing the 

boot button. Then after few seconds of loading configuration setup correctly, it will 

display the output. In the occurrence of errors, the design will not be able to 

display the output “SMART METER USING SMS”.  

 

4.2 Test Results  

The entire design was tested after the system design and the following result 

classified under different figures were gotten. All the tests that were carried out 

were logically and systematically done, module by module and in blocks so as to 

clearly isolate any fault that may be associated with any module, block or unit in a 

subsystem or in the entire system. Fig 4.2 below shows the smart meter display 

during booting.  
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Fig 4.2 Smart meter booting 

It is important to note that for some reasons the smart meter may not be able to 

initialize setup correctly, so the operator will have to press the Boot button again in 

order to initialize setup configurations. The GSM module is synchronized together 

with the smart meter during the booting process. After initializing setup 

configurations correctly, the smart meter prompts the user to press start in order to 

begin measurement. This is illustrated in Fig 4.3 below. 
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Fig 4.3 Smart meter prompting the user to press start button 

 

The next step is to commence energy consumption measurement for billing 

purposes. This was achieved by pressing the start measurement button. Fig 4.4 

below shows the smart meter during the process of starting up measurement.   
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Fig 4.4 Smart meter measurement started 

 

As measurement progresses, the microcontroller component of the smart meter 

having been configured to calculate energy consumption, periodically checks if the 

consumption time is up to 1 hour in order to send energy data to the Utility. The 

microcontroller based on the KWH charged by the Utility will calculate the 

amount payable by the consumer for the energy consumed. Fig 4.5 below shows 

the result of power and cost computation done by the microcontroller. 
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Fig 4.5 Power and cost result for consumed energy 

 

The final process is the sending of energy related data to the Utility. Fig 4.6 below 

shows the smart meter output during the process of sending data. The data sent by 

the smart meter includes;  

 The computed amount of energy consumed 

 The amount in naira payable for consumed energy 
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Fig 4.6 Smart meter display during the sending of data 

 

Fig 4.7 below shows the energy consumption data received by the Utility from the 

Smart meter. 
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Fig 4.7 Energy data sent to the Utility 
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Fig 4.8 below shows the smart meter device integrated with the GSM module and 

the isolating switch with no load. The smart meter is powered by AC supply.  

 

Fig 4.8 Smart meter device without any load 

 

Fig 4.9 below shows the smart meter device integrated with the GSM module, 

isolating switch and a load of 100w bulb. The smart meter is connected to AC 

power source while the isolating switch was used to isolate the power supply from 

the load.  
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Fig 4.9 Smart meter with load 

   

 

 

 

 

 

 

 

 

 



51 
 

CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

 

5.1 Summary 

This project reveals the design of a wireless smart meter for automatic energy 

consumption computation and remote reporting of energy consumption data. The 

energy consumption recording, computation, display, and transmission of energy 

data were evaluated. The design was simulated using Proteus 8 professional 

software. This design can be implemented in Nigeria to facilitate remote reporting 

of energy data and for automatic energy consumption computation. It can be 

improved upon to accommodate remote meter query and remote connection / 

disconnection of meter. 

  

5.1.1 Challenges Encountered 

There were lots of challenges encountered during the course of design and 

construction of this project. They include; 

 

 Accessibility of components:  

While a good number of the components used are within reach, a host of them 

were not readily available in our local market. Components like the SIM 900 

module were sourced and purchased from foreign vendors, consequently leading to 

increased delivery time. 

 

 Financial constraints:  

Implementation of the smart meter is financially demanding. Most of the 

components used (like the SIM 900 module) are very costly. Also the cost of 
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delivering such components vital for the design is as much as the cost of the 

component. The cost analysis of components used is given in appendix two.  

 

 Time constraints: 

The limited time required for the implementation of the design did not permit us to 

carry out research satisfactorily. Also delay, as a result of delivery of components 

from foreign sources consumed much of the available limited time. 

 

 Low technical know-how: 

The design requires high level of technology to accomplish. One need to have 

sufficient knowledge of programming particularly as it relates to embedded 

system. 

 

 Unreliable power supply: 

Erratic power supply was a major road block to the implementation of the project. 

The soldering of the components onto the Vero board, design simulation cannot 

be satisfactorily accomplished in the absence of reliable power supply. 

 

5.1.2 Challenges to the implementation of smart meter 

Smart meter rollouts have started in many countries, but the majority of them are 

facing resistance from end-users, particularly residential consumers as stated in 

[18] and [19]. Despite the promise of empowering people through enhanced 

consumption data and savings, some people are scared and resist the idea of smart 

meter, citing concerns about meter accuracy, data security, and health related 

issues etc.  
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 Smart meter will bring with it a range of new devices and connections. As a 

result, the energy infrastructure will become more complex as it will have to 

manage new devices and capabilities. Consequently, utility must deploy an 

effective and modern network management system capable of handling every part 

of the energy network to ensure they maximize investments and take full 

advantage of the opportunities available in the country. 

 Studies revealed that with smart meter, Utility have to deal with collection, 

storage and management of data. In addition, Utilities must now master the arts of 

data collection and analysis. This is one of the biggest challenges utility companies 

will confront as they roll out smart meter. 

 With regard to home security, there is fear that burglars who are cyber-savvy 

cryptographers can hack into smart meter network and procure energy related data 

that would help them determine the most opportune time to break in. This is 

possible, but is not probable.  

 Tampering and Security: Meter tampering has been a longstanding issue for 

utilities. Meters can be manipulated to make them under-register, effectively 

allowing power use without paying for it. This theft or fraud can be dangerous as 

well as dishonest. 

 Utility will in most cases take on new specialist staff who is at home with 

analyzing copious amounts of data for key insights. They will also need to ensure 

they have the right technologists and technology in place: software and hardware 

resources that can store and manage this treasure trove of data. 
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5.2 Conclusion  

With smart meter, information can be relayed between all the points where energy 

is distributed. The role of smart meter in monitoring, measuring and reporting 

energy data, enable the Utility to balance out fluctuations in supply and demand. 

By processing this data, Utility can also regulate the flow of electricity more 

efficiently and reliably.  

The implementation of smart metering technology in Nigeria will facilitate the 

transformation of the energy system of the country at the distribution and 

utilization stages [20] and [21]. These are in terms of improved efficiency, 

stability, lower risk/maintenance cost, reduction in electricity charge and overall 

power loss reduction. 

The deployment of smart metering technology in Nigeria remains one of the 

strategic ways to help bring Nigeria out of the dark.  

 

5.3  Recommendations 

Research has demonstrated that the incorporation of this technology into the 

Nigeria power system, will lead to reduced rate of building new generating stations 

and transmission lines that are required to meet the anticipated load growth [20]. 

Thus, it is recommended that if this technology is considered at the planning stage, 

especially now that there are serious evolutionary changes in the power industry, it 

will help the country to match electricity demand with supply in the nearest future. 

 In order to protect consumers from other prying eyes (social engineers), 

Utilities must increase effort in cyber-security upfront to implement a more 

secured metering system. The key thing is to encrypt all the data that comes from 

the meters. Right after the meter gets installed, its communications should be 

encrypted. All of the data that are sent from the meters wirelessly through the 

network should be sent securely. 
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  Utilities and smart meter developers should maximize network 

security. Safeguards like network resiliency, security software on meters, event 

correlation improvements, identity management and authorization, meter-to-meter 

authentication and encryption, meter worm prevention should be implemented to 

help ensure grid security and forestall meter hacking.  

 Power companies should install remote-reporting meters specifically to 

enable remote detection of tampering, and to discover energy theft. 

 Utility and network providers should liaise in order to ensure minimal charge 

for sms sent by the meter.  

 Since, some consumers are still not comfortable using smart meters for one 

reason or the other. Utilities should give consumers the chance to opt-out of smart 

meter deployment.  

 

5.3 Research for further studies 

Research should be conducted in the following areas to improve on the 

functionality of the meter. 

i. Security of the meter: More research and work should be done to detect meter 

tampering and bypassing.  

ii. Remote connect and disconnect by the Utility: The Smart meter device should 

be improved upon to accommodate remote query and remote connect/ disconnect 

by the Utility. 

iii. Remote control by the consumer: The smart meter should be improved upon to 

accommodate remote connection and disconnection by the user. 
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APPENDIX ONE 

MICROCONTROLLER PROGRAMMING USING C++ PROGRAMMING 

LANGUAGE 
// smart power meter 

 

#include <htc.h> 

#include <stdlib.h> 

#include <string.h> 

#include <ctype.h> // used to check if xter is printable ascii or not i.e isprint(c) 

//#include <stdio.h> 

 __CONFIG(XT & WDTDIS & PWRTEN & BORDIS & LVPDIS & WRTEN & DEBUGDIS & DUNPROT & UNPROTECT); 

 

__IDLOC (EEC1); 

 

#define RS RE0//LCD RS 

#define RW RE1//LCD RW 

#define E  RE2//LCD E 

 

#define lcd_port PORTD // LCD PORT IS ON PORTD 

 

#define busy_led RB7 

 

#define report_reading RB0 

#define start_button RB1 

#define boot_button RB2 

 

const float ac_volt = 220; 

const float powa_cost = 4.0; // N4.0 per KWh . R1 value 

 

char lcdxters1 [17]; 

char lcdxters2 [17]; 

 

char power_aray [6]; 

char cost_aray [6]; 

volatile unsigned int raw_adc @ 0x21; 

 

char adresl; 

char adresh; 
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char *pnter; 

char *pnter_s; 

int rx_counter; 

char rc_buffer[21]; 

bit new_rx; 

//char temp_buffer[73]; 

 

// gsm commands 

const char flow_control [] = {"AT+IFC=0,0"} ; // sets no flow control 

const char set_baud_rate [] = {"AT+IPR=9600"};// sets baud rate = 9600 

const char off_echo[] = {"ATE0"}; // offs command echo. Permanently -> {"ATE0&W"} 

const char AT_only [] = {"AT"}; // sends AT  

const char network_register[] = {"AT+CREG=1"};// CREG=1 

const char check_nw_register[] = {"AT+CREG?"};// CREG? 

const char ask_nw_operator[] = {"AT+COPS?"};// requests the network registered to. 

const char txt_mode_sms[] =  {"AT+CMGF=1"};// sets sms mode  

const char send_sms_cmd[] = {"AT+CMGS="};//{AT+CMGS="08036613606"}after sending this, send 0x22 i.e(". to open quote)and close 

quote after phone no. 

const char fone_no[] = {"07066975486"};// maxwell's fone no 

const char read_sms_cmd[]=  {"AT+CMGR="}; //read sms command, alongside index  

indicated using +CMTI: syntax 

// sms msg for power consumed 

const char power_msg1[] = {"Power consumed up to the moment is "}; 

const char power_msg2[] = {"KWH. Your NEPA bill is N"};  

  

 

char *sms_index;// pointer to sms index from :cmti  

char index;//index no of sms from +CMTI: is here  

 

//measurement variables 

bit start_flag; 

bit successful_op; // set if current operation is a success, no need for d nxt operation  

char base_time =0; 

int measurement_counter =0; 

char update_counter =0; 

bit ttm; //time-to-measure. if set carry out measurement. set every second 

float time_in_hrs;// total time power is consumed; used for getting current kwh 

float nepa_bill;// cost incured due to pay 

float hold_current;// instanteneous measured current 

float hold_powa; // instanteneous measured power 

float running_powa;// used to keep aggregated power consumed over measurements  

char ascii_result [10];// holds the result for a float to ascii conversion.  

 

// function prototypes 

void delay (long x); 

void init (); 

void init_adc (); 
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void get_adc_voltage(); 

void select_channel (unsigned char x); 

int byte2int (char h, char l); 

void m_and_p(); 

void set_up_timer1(); 

void lcd_cmd(); 

void clr_screen(); 

void init_lcd(); 

void write_2_screen (char x); 

void string_2_lcd(unsigned char *s); 

void lcd_2nd_line (); 

void clr_lcd_buffer(); 

void buffer2lcd(); 

 

void serial_rx_data(); 

void serial_tx_data( char x); 

void serial_send_string_rom (const char *pnter); 

void serial_send_string_ram (unsigned char *pnter); 

void init_rx_buffer(); 

void init_serial_port(); 

void prep_4_tx(); 

void boot_modem(); 

//void sms_msg_generator(); 

void send_sms(); 

void response_on_lcd (int i); 

void fta(float x); 

 

 

void interrupt isr (void) 

 { 

  if(RCIF ==1 && RCIE ==1)  

   { 

     // reset the timing variables for time out 

     // receive for received sms 

    // receive into rc_buffer while watching for timeout. 

    // reset timer variables as reception is in progress. 

    // when reception is complete restore timer1 variables 

    // reset the buffer index 

    // set appropriate flag 

    busy_led =1; 

 

    TMR1ON =0;  

    TMR1H =0X0B;// 0.5 sec time out 

    TMR1L = 0XDB; 

    TMR1ON =1; 

    rx_counter = 0;// index of rc_buffer at begin 

    while (TMR1IF ==0) 
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    { 

     if (RCIF ==1) 

      {serial_rx_data(); 

       TMR1H=0X0B; 

       TMR1L =0Xdb; 

      }   

    } 

    TMR1ON =0;      

    new_rx=1; 

    rx_counter = 0;// index of rc_buffer 

    TMR1IF =0; 

    TMR1ON =1;  

    busy_led =0; 

     

   } 

if(TMR1IF == 1 && TMR1IE == 1)  

{ 

  // measure current every second and aggregate the sum of measurements over time to get power at time time 

 // i.e measure current every second for 15 secs. aggregate with 15 measurements to get power consumed in 15 secs 

  // dont forget to reset timing variables 

  base_time++; 

  if (base_time ==2) // 1 sec has elapsed 

  { 

   base_time =0; 

   // carry out measurement and store values in m_and_p. 

   ttm=1; 

   update_counter++; // keeps time, waiting for 60 secs for lcd update 

  } 

  TMR1H=0X0B; // reset timer1 variables  

  TMR1L =0Xdb; 

  TMR1IF =0; 

} 

 

} 

 

 

 

void main () 

{ 

 INTCON = 0X00; // off all intr 

 init(); 

 init_adc (); 

 init_lcd(); 

 strcpy (lcdxters1,"SMART METER"); 

 strcpy (lcdxters2,"USING SMS"); 

 buffer2lcd(); 

 delay (1000); // for  visibility 
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 init_rx_buffer(); 

 

 set_up_timer1(); 

 TMR1ON=0; // ensure its off 

 

 init_serial_port(); 

 init_rx_buffer(); 

 

 pnter_s = (char)&raw_adc;//pnter_s holds the address of raw_adc permanently; 

 pnter = pnter_s; // and gives it out when needed 

 start_flag =0;// start_flag=0 measurement stop. start_flag=1 measurement start 

 PEIE =1; 

 GIE =1; 

 RCIE =1;// Ready for serial INTR 

while (1) 

{ 

 if(boot_button == 0) 

 { 

   busy_led =1; 

   boot_modem(); 

   busy_led =0; 

   GIE =1; 

   RCIE =1; 

// put appropriate msg here 

if (start_flag ==0) 

{ 

  clr_lcd_buffer();      

  strcpy(lcdxters1,"press start"); 

  strcat (lcdxters2, "to begin"); 

  buffer2lcd();  

} 

if (start_flag ==1) 

{ 

  clr_lcd_buffer();      

  strcpy(lcdxters1,"measurements"); 

  strcat (lcdxters2,"in progress"); 

  buffer2lcd(); 

} 

} 

if (start_button == 0) 

{ 

 start_flag =~start_flag; // commence measurement or stop it 

 // display measurement n communication started 

 if (start_flag ==1) 

 { 

  clr_lcd_buffer();      

  strcpy(lcdxters1,"measurements"); 
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  strcat (lcdxters2,"commenced"); 

  buffer2lcd(); 

  // start the measurement sec counting 

  set_up_timer1(); 

  TMR1ON=1;  

  TMR1IE =1; 

  measurement_counter=0;// new measurement regime 

  update_counter=0; 

  running_powa =0; // new measurement regime 

  ttm =0; // set in the isr 

 } 

 else 

{  

  TMR1ON=0; // stop measurement timer 

  TMR1IE =0; 

  clr_lcd_buffer();      

  strcpy(lcdxters1,"measurements"); 

  strcat (lcdxters2,"stopped"); 

  buffer2lcd(); 

} 

 while(start_button == 0) 

 {}// wait for hands off button 

}  

if (start_flag == 1 && ttm ==1) // m and p every second 

{ 

 // measure, process, store. 

 m_and_p(); 

 ttm =0; // set in the isr 

 // running_powa/measurement_counter = average power per second 

} 

if (report_reading == 0 && start_flag ==1) 

{ 

 // send sms of current electricity consuption 

 // process n send sms  

  clr_lcd_buffer();      

  strcpy(lcdxters1,"sending sms"); 

  strcat (lcdxters2,"in progress"); 

  buffer2lcd();  

  delay (15000); 

  // continue 

  TMR1IE =0; 

  send_sms(); 

  // ensure timer is on 

  set_up_timer1(); 

  TMR1IE =1; 

// put appropriate message here 

  clr_lcd_buffer();      
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  strcpy(lcdxters1,"measurements"); 

  strcat (lcdxters2,"in progress"); 

  buffer2lcd();  

} 

} 

} 

 

// functions are here 

// prototypes are here 

void init() 

{ 

 ADCON1 = 0X06; 

 TRISA = 0xff;// 

 TRISB = 0x0f;// rb7:4 =>o/p. rb3:0 =>i/p 

 TRISC = 0b10000000;//serial port is here 

 TRISD = 0X00 ;// lcd data 

 TRISE = 0X00;// lcd control 

 OPTION = 0X07;// timer0 prescaler = 1:256 

 PORTB = 0X00; //  

 PORTD = 0X00; // 

 PORTE = 0X00; 

 PORTA = 0X00; 

 PORTC = 0x00; 

} 

void init_lcd() 

{ 

//THIS INITIALISES THE LCD  

 clr_screen(); 

 delay (600); 

 //function_set (); 

 lcd_port = 0B00111000 ;// 0,0,1,DL,N,F,X,X 

 lcd_cmd (); 

 delay (400); 

 //display_on_off();  

 lcd_port = 0B00001100 ;// 0,0,0,0,1,D,C,B 

 lcd_cmd (); 

 delay (400); 

 //entry_mode(); 

 lcd_port = 0B00000110;// b'0,0,0,0,0,1,I/D,S' 

 lcd_cmd (); 

 delay (400); 

} 

void clr_screen() 

 { 

 lcd_port = 0B00000001 ;  

 lcd_cmd (); 

 } 
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void lcd_2nd_line () 

{ 

 lcd_port = 0XC0; 

 lcd_cmd (); 

} 

void lcd_cmd() 

 { 

 RS =0; 

 RW =0; 

 E = 0; delay(10); 

 E = 1; delay(100); 

 E = 0; delay(10); 

 } 

void write_2_screen (char x) 

{ 

 lcd_port = x; 

 RS = 1; 

 RW =0; 

 E = 0; delay(10); 

 E = 1; delay(100);  

 E = 0;delay(10); 

} 

void string_2_lcd(char *s) 

{ 

 while (*s) 

 write_2_screen(*s++); 

} 

void clr_lcd_buffer() 

{ 

 int ole; 

 ole = sizeof(lcdxters1); 

 ole = ole -1;// prevents memory over write 

 while (ole != 0) 

 { 

  lcdxters1[ole] = 0x00; 

  lcdxters2[ole] = 0x00; 

  ole--; 

 } 

 lcdxters1[0] = 0x00; 

 lcdxters2[0] = 0x00; 

} 

void buffer2lcd() 

{ 

 // put buffer to LCD 

 clr_screen(); 

 string_2_lcd (lcdxters1); 

 // goto 2nd line 
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 lcd_2nd_line (); 

 string_2_lcd (lcdxters2); 

} 

void delay (long x) 

{ 

 for ( ; 1 < x; x--); 

}   

 

void set_up_timer1() 

{ 

 T1CON = 0B00111100; // prescale value = 1:8 

 TMR1IF = 0;// ENSURE FLAG IS CLRED I.E PIR1,TMR1IF  

 TMR1H = 0X0B; 

 TMR1L = 0XDB; // if u want 0.5 sec 

 TMR1ON = 1; 

} 

void init_adc () 

{ 

 ADCON1 = 0b10000010; // right justify all portA,except porte are analogue,. 

 ADCON0 = 0b01000001;// channel selection is here, fosc/8 = 4mhz crystal. 

} 

void select_channel (unsigned char x) 

{ 

 //select adc channel 

 switch (x) 

 { 

  case 0x00: 

  CHS2 = 0; 

  CHS1 = 0; 

  CHS0 = 0; 

  break; 

  case 0x01: 

  CHS2 = 0; 

  CHS1 = 0; 

  CHS0 = 1; 

  break; 

  case 0x02: 

  CHS2 = 0; 

  CHS1 = 1; 

  CHS0 = 0; 

  break; 

  case 0x03: 

  CHS2 = 0; 

  CHS1 = 1; 

  CHS0 = 1; 

  break; 

  case 0x04: 
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  CHS2 = 1; 

  CHS1 = 0; 

  CHS0 = 0; 

  break; 

  case 0x05: 

  CHS2 = 1; 

  CHS1 = 0; 

  CHS0 = 1; 

  break; 

  case 0x06: 

  CHS2 = 1; 

  CHS1 = 1; 

  CHS0 = 0; 

  break; 

  case 0x07: 

  CHS2 = 1; 

  CHS1 = 1; 

  CHS0 = 1; 

  break; 

 default : 

 // sel channel 0 

  CHS2 = 0; 

  CHS1 = 0; 

  CHS0 = 0; 

 } 

} 

void get_adc_voltage () 

{ 

  delay(100); 

  GODONE =1; // conversion commences 

  while (GODONE ==1) 

   { 

   }  

} 

void init_rx_buffer() 

{ 

 int ole; 

 ole = sizeof(rc_buffer); 

 ole = ole -1;// prevents memory over write 

 while(ole != 0) 

 { 

  rc_buffer[ole] = 0x00; 

  ole--; 

 } 

 rc_buffer[0] = 0x00; 

  rx_counter =0; 

 } 
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int byte2int (char h, char l)//  

{ 

   // 

   //pnter = (char)&raw_adc; 

    pnter = pnter_s;// the address of raw adc from pointer_s  

   (*pnter) = l;//ADRESL; 

   pnter += 1;  

   (*pnter) = h;//ADRESH; 

   return  raw_adc; 

} 

void init_serial_port()// baud rate = 9600 

{ 

 SPBRG = 25; 

 RCSTA = 0B10010000; 

 TXSTA = 0B00100110; 

} 

void serial_tx_data( char x) 

{ 

 while (TXIF ==0) 

 { 

  asm ("nop"); 

 } 

 TXREG = x;   

}  

void serial_send_string_rom (const char *pnter) 

{ 

 while (*pnter) 

 serial_tx_data (*pnter++); 

} 

void serial_send_string_ram (unsigned char *pnter) 

{ 

 while (*pnter) 

 serial_tx_data (*pnter++); 

} 

void serial_rx_data() 

{ 

 if (OERR == 0 && FERR == 0) 

 { 

  rc_buffer[rx_counter] = RCREG; 

  rx_counter++;      

 } 

 else 

 { 

  RCSTA = 0X00; 

  TXSTA = 0X00; 

  init_serial_port(); 

  char temp; 
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  temp = RCREG; 

  temp = RCREG; 

 } 

} 

void boot_modem() 

{// set baud rate 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (set_baud_rate); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data(); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

 delay (10000);// for visibility 

// off echo 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (off_echo); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data(); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

 delay (10000);// for visibility  

// flow control 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (flow_control); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 
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    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

 delay (10000);// for visibility 

 

//network register 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (network_register); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

 delay (10000);// for visibility  

// AT only 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (AT_only); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

  delay (10000);// for visibility  

//check nw register 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (check_nw_register); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 
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  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

  delay (25000);// for visibility  

// enter sms mode 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (txt_mode_sms); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

  delay (10000);// for visibility  

// new sms reception syntax 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (rx_sms_indication); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

  delay (10000);// for visibility  

// ask nw operator 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (ask_nw_operator); 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 
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 { 

  if (RCIF == 1) 

   { 

    serial_rx_data(); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1); 

  delay (40000);// for visibility  

 busy_led =1; 

} // booting complete 

void prep_4_tx() 

{// get ready to transmit command and get a response 

 // put off all rcie and tmr1ie interrupts 

 // get timer1ready to roll  

 GIE =0; 

 RCIE =0; 

 init_rx_buffer();// get the buffer ready for new data 

 set_up_timer1();// get the timer ready 

 TMR1ON = 0; 

} 

void send_sms() 

{ 

 // send txt message to recipient phone number. 

// busy_led =1; 

 prep_4_tx(); 

 busy_led =1; 

 serial_send_string_rom (send_sms_cmd); 

 serial_tx_data(0x22);// " 

 serial_send_string_rom (fone_no); 

 serial_tx_data(0x22); // " 

 serial_tx_data(0x0D); // sending CR 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // put response on lcd now 

 response_on_lcd (1);// lcd will show > 

 delay (10000);// for visibility 

 // then the message to be sent is next 

 prep_4_tx(); 

// the sms msg is here 

 serial_send_string_rom (power_msg1); // power consumed is 
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 serial_send_string_ram (power_aray); //xy.z 

 serial_send_string_rom (power_msg2); //KWH. total to pay is N 

 serial_send_string_ram (cost_aray); // ab.cd 

 // then ctrl+z follows 

 serial_tx_data(0x1A); 

 TMR1ON = 1; 

 while (TMR1IF ==0) // time out occurs when 0.52 seconds expires 

 { 

  if (RCIF == 1) 

   { 

    serial_rx_data (); 

   } 

 }  

 // show the index no of the message on lcd 

// response_on_lcd (1); 

//delay(9000); 

 busy_led =0; 

 RCIF =0; 

 GIE = 1; 

 RCIE =1; 

} 

void response_on_lcd (int i) 

{ 

// copy gsm modem response to lcdxters1 and lcdxters2. 

// then put lcdxters1 and lcdxters2 to lcd 

 int ole; 

 ole = sizeof(rc_buffer);  

 rx_counter =i;//  

 char temp =0x00;// used for holding data frm rc_buffer temporarily 

 int lcd_index =0; 

  // empty the lcdxters1 and lcdxters2 buffer 

  clr_lcd_buffer(); 

  lcd_index =0; 

   while (lcd_index <16 && rx_counter <= ole) // copy into lcdxters1 

   { 

    temp = rc_buffer[rx_counter]; 

    if (isprint(temp)) 

     { 

      lcdxters1[lcd_index] = temp; 

      lcd_index++; 

     } 

    rx_counter++; 

   } 

  lcd_index = 0; 

 while (lcd_index <16 && rx_counter <= ole) // copy into lcdxters2 

 { 

  temp = rc_buffer[rx_counter]; 



75 
 

  if (isprint(temp)) 

   { 

    lcdxters2[lcd_index] = temp; 

    lcd_index++; 

   } 

   rx_counter++; 

  } 

 // put lcdxters1 and lcdxters2 to lcd 

 rx_counter =0; 

 buffer2lcd(); 

} 

void m_and_p()// measure and process 

{ 

 // 

  // measure current 

  int tempi =0; 

  int tempv =0;  

  float ave_powa; 

 // float hold_volt; 

  measurement_counter++;// keeps count of the no of times we measure 

   select_channel (0x01); 

   get_adc_voltage ();  

   adresl = ADRESL; // raw current in v form low byte 

   adresh = ADRESH;// raw current in v form hi byte    

   tempi = byte2int (adresh, adresl); 

   // next measure voltage 

    select_channel (0x02);   

    get_adc_voltage (); 

    adresl = ADRESL;  

    adresh = ADRESH;   

    tempv = byte2int (adresh, adresl); 

// the method of current measurement is changed  

// to the use of shunt resistor 

//hence all previous calculations for getting current will also change 

// 

 hold_current = (float) (0.004888*tempi*0.32); 

// next convert measured quantities to power 

 // next do P=IV 

 hold_powa = hold_current*ac_volt;// in float detail 

 // its in watts.convert it to kw 

 hold_powa = hold_powa/1000; 

 // hold_powa will be used for aggregation  

 running_powa = running_powa+hold_powa;// used to keep aggregated power consumed over measurements  

 // now get how long power has been consumed 

 // 3600 secs = 1hr 

 // 1sec = 0.000278hrs 

 time_in_hrs = measurement_counter*0.000278; 
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 // now get the consumed power in KWh 

 ave_powa = running_powa*time_in_hrs; // this gives the current kwh consumption 

 //reset the measurement counter when 1 hr reaches 

 if (measurement_counter == 3600)// this is supposed to be for 24hrs i.e 3600*24=86400 

 { 

  measurement_counter =0;// start again. one hr has passed 

 } 

// cost of electric power consumed 

 nepa_bill = ave_powa*powa_cost; 

// empty arrays used for sms 

{ 

 int ole; 

 ole = sizeof(cost_aray); 

 ole = ole -1;// prevents memory over write 

 while (ole != 0) 

 { 

  cost_aray[ole] = 0x00;  

  power_aray[ole] = 0x00;  

  ole--; 

 } 

  cost_aray[0] = 0x00;  

  power_aray[0] = 0x00; 

} 

// prepare values for sms purposes 

fta(nepa_bill); 

strncpy (cost_aray,ascii_result,5); 

fta (ave_powa); 

strncpy (power_aray,ascii_result,5); 

// display consumed power of the last 60 seconds on lcd 

// update value every 60 seconds 

update_counter++; // keeps time, waiting for 60 secs 

if (update_counter >= 10) 

{ 

 update_counter =0; // reset it 

 // time to display on lcd update is here 

 clr_lcd_buffer(); 

 strcpy(lcdxters1,"POWR IS "); 

 strcat(lcdxters1,power_aray);// consumed power move to lcdxters2 

 strcat(lcdxters1,"KWH");  

 strcpy(lcdxters2,"COST IS "); 

 strcat(lcdxters2,"N"); 

 strcat(lcdxters2,cost_aray); 

 buffer2lcd(); 

 delay(1000);// visibility  

} 

/*// FOR TESTING ONLY. REMOVE AFTER 

 fta(hold_current); 
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 clr_lcd_buffer(); 

 strcpy(lcdxters2,ascii_result);// move to lcdxters2 

 strcpy(lcdxters1,"hold current");  

 buffer2lcd(); 

 delay(1000);// visibility 

 */ 

} 

//char ascii_result [10];// holds the result for a float to ascii conversion.  

void fta(float x) 

{ 

 int a1; 

 char hx1,hx2; 

 float fx = 0.0; 

 fx = x; 

 a1 = (int)(fx); 

// empty the buffer first 

{ 

 int ole; 

 ole = sizeof(ascii_result); 

 ole = ole -1;// prevents memory over write 

 while (ole != 0) 

 { 

  ascii_result[ole] = 0x00;  

  ole--; 

 } 

 ascii_result[0] = 0x00; 

} 

// 

 if (a1 == 0) 

 { //situation 1, its a 0.xyz to 0.0000xyz situation 

/*fx = x*100000; 

  fx = x*10000; 

  fx = x*1000; 

  fx = x*100;  

  fx = x*10; 

*/ 

 successful_op =0;// starting condition 

 

 fx = x*10; 

 a1 = (int)(fx); 

 if (a1 != 0) 

 { //case 0.xyz  

  fx = x*100;// => xy.z ,  

  a1 = (int)(fx);// => xy 

  itoa (ascii_result,a1,10); 

 // adjust for decimal place  

  hx1 = ascii_result[0]; 
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  hx2 = ascii_result[1]; 

  ascii_result[0] = 0x30;// 0 in ascii 

  ascii_result[1] = 0x2e;//"."; 

  ascii_result[2] = hx1; 

  ascii_result[3] = hx2;  

 // leave this routine frm here 

 successful_op=1; // operation is sucessfull 

 }  

if (successful_op == 0)// starting condition) 

{  

 fx = x*100; 

 a1 = (int)(fx); 

 if (a1 != 0) 

 { //case 0.0xyz  

   fx = x*1000;// => xy.z ,  

  a1 = (int)(fx);// => xy 

  itoa (ascii_result,a1,10); 

 // adjust for decimal place  

  hx1 = ascii_result[0]; 

  hx2 = ascii_result[1]; 

  ascii_result[0] = 0x30;// 0 in ascii 

  ascii_result[1] = 0x2e;//"."; 

  ascii_result[2] = 0x30;// 0 in ascii 

  ascii_result[3] = hx1; 

  ascii_result[4] = hx2;  

  // leave this routine frm here 

  successful_op=1; // operation is sucessfull 

 }  

 } 

if (successful_op == 0)// starting condition) 

{ 

 fx = x*1000; 

 a1 = (int)(fx); 

 if (a1 != 0) 

 { //case 0.00xyz  

  fx = x*10000;// => xy.z ,  

  a1 = (int)(fx);// => xy 

  itoa (ascii_result,a1,10); 

 // adjust for decimal place  

  hx1 = ascii_result[0]; 

  hx2 = ascii_result[1]; 

  ascii_result[0] = 0x30;// 0 in ascii 

  ascii_result[1] = 0x2e;//"."; 

  ascii_result[2] = 0x30;// 0 in ascii 

  ascii_result[3] = 0x30;// 0 in ascii 

  ascii_result[4] = hx1; 

  ascii_result[5] = hx2;  
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  // leave this routine frm here 

  successful_op =1; // operation successful 

 }  

} 

if (successful_op == 0)// starting condition) 

{ 

 fx = x*10000; 

 a1 = (int)(fx); 

 if (a1 != 0) 

 { //case 0.000xyz  

  fx = x*100000;// => xy.z ,  

  a1 = (int)(fx);// => xy 

  itoa (ascii_result,a1,10); 

 // adjust for decimal place  

  hx1 = ascii_result[0]; 

  hx2 = ascii_result[1]; 

  // leave this routine frm here 

  successful_op =1; 

 }  

} 

if (successful_op == 0)// starting condition) 

{ 

 fx = x*100000; 

 a1 = (int)(fx); 

 if (a1 != 0) 

 { //case 0.0000xyz  

  fx = x*1000000;// => xy.z ,  

  a1 = (int)(fx);// => xy 

  itoa (ascii_result,a1,10); 

 // adjust for decimal place  

  hx1 = ascii_result[0]; 

  hx2 = ascii_result[1]; 

  ascii_result[0] = 0x30;// 0 in ascii 

  ascii_result[1] = 0x2e;//"."; 

  ascii_result[2] = 0x30;// 0 in ascii 

  ascii_result[3] = 0x30;// 0 in ascii 

  ascii_result[4] = 0x30;// 0 in ascii 

  ascii_result[5] = 0x30;// 0 in ascii 

  ascii_result[6] = hx1; 

  ascii_result[7] = hx2;   

 // leave this routine frm here 

 successful_op =1; 

 } 

 } 

 }  

 else //(a1 != 0) 

 { // situation2=> abc.xyz 
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 fx = x*1000; 

 a1 = (int)(fx); 

 itoa (ascii_result,a1,10); 

 // adjust for decimal place  

 int i =0; 

 signed int j =0; 

 

 i= sizeof(ascii_result); 

 //j = isdigit(ascii_result[i]); 

 while (isdigit(ascii_result[i])== 0)// continue untill last digit is found 

 { 

  i--; 

 } 

//0= false;1=true;  

//this i gives the last position of a digit 

// from here count 3 places backward and put a point and move other digits forward 

switch (i) 

{ 

 case 9: 

 hx1 = ascii_result[i]; //i = 0 

  // given real life maths method 

 // this case will never be 

 break; 

 case 8: 

 ascii_result[7] = hx1; 

 ascii_result[6] = 0x2e;//".";// decimal point = 0x2e here 

 break; 

 case 7: 

 hx1 = ascii_result[i]; //i = 7 

 ascii_result[5] =  0x2e;//".";// decimal point = 0x2e here 

 break; 

 case 6: 

 hx1 = ascii_result[i]; //i = 6 

 ascii_result[ 4] =  0x2e;//".";// decimal point = 0x2e here 

 break; 

 case 5: 

 hx1 = ascii_result[i]; //i = 5 

 ascii_result[3] =  0x2e;//".";// decimal point = 0x2e here 

 break; 

 case 4: 

 hx1 = ascii_result[i]; //i = 4 

 ascii_result[2] =  0x2e;//".";// decimal point = 0x2e here 

 break; 

 case 3: 

 hx1 = ascii_result[i]; //i = 3 

 ascii_result[1] =  0x2e;//".";// decimal point = 0x2e here 

 break; 
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 case 2: 

 hx1 = ascii_result[i]; //i = 2 

 // given real life maths method 

 // this case will never be 

 break; 

 case 1: 

 hx1 = ascii_result[i]; //i = 1 

  // given real life maths method 

 // this case will never be 

 break; 

 case 0: 

 hx1 = ascii_result[i]; //i = 0 

  // given real life maths method 

 // this case will never be 

 break; 

 } 

 } 

} 
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APPENDIX TWO 

BILL OF QUANTITY 

 

S/N COMPONENT NUMBER OF 

COMPONENTS 

AMOUNT TOTAL 

1 Resistor 7 ₦10each  ₦70 

2 Variable  resistor 1 ₦50each ₦50 

3 Diode(in4001) 4  ₦50each ₦200 

4 Diode 7805 2 ₦80each ₦160 

5 Choke  resistor 1 ₦100 100 

6 Max232 1 ₦500 ₦500 

7 GSM module 1 ₦6000 ₦6,000 

8 PIC16f877a 1 ₦2500 ₦2,500 

9 Transformer 3  ₦1000 ₦3,000 

10 Liquid Crystal Display  1 ₦1500 ₦1,500 

11 Crystal 2 ₦50 ₦100 

12 Capacitor 2 ₦50 ₦100 

 TOTAL 26 ₦11,890 ₦13,780 
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