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Abstract 

Automatic meter reading (AMR) removes the need for repeated manual 
visits to consumer premises and can improve the timeliness, traceability, 
and accuracy of electricity billing. This paper presents a methodology for 
the design and implementation of a low-cost microcontroller-based 
automatic energy meter reading system intended for single-phase 
residential or small commercial installations. The proposed architecture 
interfaces the pulse output of a digital energy meter with an ATmega16 
microcontroller through electrical isolation. The controller counts 
metering pulses, converts the pulse total into kilowatt-hours, stores 
cumulative consumption in non-volatile memory, displays local 
information, and communicates the latest reading to a utility or consumer 
through a GSM short-message link. A relay interface is included as an 
optional controlled output for service connection or disconnection. The 
methodology defines the hardware interface, firmware logic, message 
format, error checking, and bench-test procedure. Representative 
validation data show close agreement between reference energy and 
pulse-derived energy, while repeated communication trials demonstrate 
reliable transmission under normal signal conditions. The resulting design 
is modular, inexpensive, and compatible with the AMR concepts reported 
in the literature up to 2015. The paper emphasizes reproducible 
implementation steps rather than a proprietary metering platform. 

 
Introduction 

Electricity utilities traditionally depend on 
periodic manual meter reading for billing. 
Although this practice is simple, it introduces 
recurring labor cost, delayed availability of 
consumption data, transcription errors, access 
problems at consumer premises, and limited 
ability to identify abnormal consumption quickly. 
The emergence of electronic meters and 
embedded communication created a practical 
path toward automatic meter reading, in which 
consumption data are collected by a local 
electronic unit and transferred to a remote billing 
or monitoring point. By 2015, published designs 
had already demonstrated that a microcontroller 

combined with GSM could convert an ordinary 
electronic meter into a remotely readable node 
[1]. Smart-meter studies in the Indian context 
also identified accurate metering, theft reduction, 
tariff implementation, and improved billing as 
important motivations for modernized metering 
[2]. 

A useful AMR design must address two separate 
problems: measurement acquisition and data 
communication. Measurement acquisition 
requires a reliable relationship between the 
energy consumed and a digital signal that can be 
processed by an embedded controller. Many 
electronic energy meters provide an LED or pulse 

Archives available at        journals.mriindia.com 
 

  ITSI Transactions on Electrical and Electronics Engineering 

 

  
  

  
  

   ISSN: 2320-8945 
  

     Volume 4 Issue 01, 2015     
  

https://journals.mriindia.com/
https://journals.mriindia.com/


ITSI Transactions on Electrical and Electronics Engineering 

 

2 

output whose pulse constant is expressed as 
impulses per kilowatt-hour. Data communication 
then transfers the accumulated reading to the 
electricity supplier. GSM has been frequently 
adopted because it provides wide-area 
communication without installing a dedicated 
local network. Earlier GSM-based prototypes 
showed that readings could be sent remotely and 
paired with billing functions [3], while energy 
monitoring systems later extended the idea to 
profiling and utility-side control [4]. 

The present work focuses on a deliberately 
simple architecture suitable for educational 
prototyping and low-cost deployment. Rather 
than replacing the certified metering element, the 
design treats the energy meter as the 
measurement reference and adds an isolated 
pulse-reading and communication unit. This 
separation is important because the 
microcontroller is not required to calculate 
instantaneous power from raw mains voltage and 
current; it only interprets calibrated pulses 
generated by the meter. A similar philosophy 
appears in earlier GSM energy-meter designs that 
used embedded processing to automate meter 
reading and communication [5]. 

The objective of this paper is therefore to define 
a reproducible methodology for designing, 
implementing, and validating a microcontroller-
based automatic energy meter reading system 
using technology available no later than 2015. 
The specific objectives are to: (i) acquire meter 
pulses safely, (ii) compute and preserve 
cumulative energy, (iii) present the reading 
locally, (iv) transmit a structured reading 
through GSM/SMS, (v) provide basic 
communication and memory error handling, and 
(vi) evaluate measurement and communication 
performance using controlled bench tests. 
 
Literature Review 

Research on AMR has evolved around the choice 
of communication medium, embedded controller, 
and the degree of integration between 
measurement, billing, and control. Khalifa, Naik, 
and Nayak surveyed the principal AMR 
communication approaches and emphasized that 
the communication layer is a critical determinant 
of reliability, scalability, latency, and cost [6]. 
Their review is particularly relevant to the 
present design because it supports choosing a 
communication technology according to 
deployment conditions rather than assuming that 
one network is universally superior. 

Wireless broadband and cellular approaches 
were both explored before 2015. Li, Hu, and 

Zhang proposed an ARM-based power meter 
with a Wi-Fi wireless communication module, 
showing how embedded processing could be 
integrated with a network interface for AMR 
applications [7]. Primicanta, Nayan, and Awan 
combined ZigBee at the local level with GSM for 
backhaul in a hybrid AMR system, illustrating a 
practical architecture in which short-range meter 
aggregation reduces the number of cellular 
connections [8]. For a stand-alone residential 
prototype, however, a direct GSM link can be 
simpler because no local concentrator is 
required. 

SMS-based metering was also studied as a cost-
conscious alternative to packet data. Wasi-ur-
Rahman and co-authors demonstrated an 
intelligent SMS-based remote metering system in 
which electricity readings could be obtained from 
a remote location using existing GSM 
infrastructure [9]. Earlier ARM-based work 
addressed remote power management and meter 
reading, demonstrating that an embedded 
processor can serve as the central element 
joining measurement, communication, and 
control functions [10]. At a lower controller level, 
PIC-based work showed that an 
electromechanical or analogue meter could be 
digitized through a pulse interface and then 
handled by a microcontroller [11]. These studies 
collectively support the pulse-counting strategy 
adopted in the present methodology. 

The literature nearest to the 2015 cutoff shows 
increasing emphasis on low-cost implementation 
and utility integration. Goswami and Hazarika 
described a GSM-based automatic energy meter 
reading system in which a microcontroller 
continuously monitored the meter and sent the 
reading through GSM [1]. Vani and Reddy 
discussed smart-meter applications and 
requirements such as communication, tariff 
handling, and consumer information in the 
Indian energy context [2]. The gap addressed by 
the present work is not the invention of a new 
communication technology; instead, it is the 
consolidation of these established ideas into a 
clear, stepwise implementation and validation 
methodology centered on an isolated meter-
pulse interface, non-volatile accumulation, 
structured SMS reporting, and measurable 
acceptance criteria. 

A comparison of the earlier approaches indicates 
a consistent engineering trade-off. Dedicated 
short-range systems can reduce recurring 
communication charges but require a local 
network or concentrator; direct cellular systems 
eliminate that local infrastructure but depend on 
mobile coverage and message cost. More capable 
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ARM platforms provide processing headroom, 
whereas smaller 8-bit controllers are adequate 
when the meter already provides calibrated 
pulses. For the present objective, an 8-bit 
microcontroller and direct GSM link offer a 
suitable balance between cost, implementation 
complexity, and traceability of the metering 
algorithm. This choice also keeps the 
methodology understandable enough to 
reproduce in a teaching or small laboratory 
environment while retaining the essential AMR 
functions described in [6]–[10]. 

Methodology 

The methodology follows six stages: requirement 
definition, hardware design, firmware 
development, communication integration, 
prototype assembly, and validation. The 
architecture intentionally uses a certified or 
calibrated digital energy meter as the primary 
measuring element. The microcontroller-based 
AMR module is therefore an add-on reader and 
communication unit, not a substitute for the 
meter's internal metrology.

 

 

Figure 1. Proposed microcontroller-based automatic energy meter reading architecture. 
 

1. System Requirements and 
Component Selection 

The prototype is specified for a 230 V, 50 Hz 
single-phase installation, but the AMR electronics 
operate from an isolated low-voltage supply. A 
digital energy meter with an accessible pulse 
indicator or optically readable LED is selected. 
The controller is an ATmega16 because it 
provides external interrupts, timers, EEPROM 
support, UART communication, sufficient digital 
I/O, and adequate program memory for a 
compact metering application. The 
communication module is a SIM900-class GSM 
modem controlled through serial AT commands. 
A 16×2 LCD provides local feedback. An 
optocoupler or phototransistor interface isolates 
the meter pulse from the logic circuit. A 
transistorized relay driver can be included for an 
optional disconnect function. The use of a 
microcontroller with a GSM interface is 
consistent with the implementation direction 
reported in [1], [3], and [5]. 

2. Pulse Acquisition and Energy 
Computation 

Let Kp be the meter constant in pulses per 
kilowatt-hour and Np be the valid number of 

pulses counted by the controller. The 
accumulated energy is calculated as E(kWh) = 
Np/Kp. For a meter rated at 3200 pulses/kWh, 
one valid pulse represents 0.0003125 kWh. The 
pulse input is connected to an interrupt-capable 
pin so that normal display or communication 
tasks do not cause missed counts. A minimum 
pulse-width/debounce rule is implemented in 
software to reject spurious transitions. The 
cumulative pulse counter is periodically written 
to EEPROM, for example after every 32 pulses or 
every fixed time interval, which limits data loss 
after a power interruption while avoiding 
excessive EEPROM write cycles. At startup, the 
most recently valid stored count is restored and 
checked using a simple checksum. 

3. Billing and Data Frame Formation 

If tariff calculation is required, the energy 
increment during the billing period is multiplied 
by the configured tariff. The prototype keeps 
tariff logic independent of pulse counting so that 
a utility can change billing parameters without 
altering the measurement process. A compact 
text frame is used for transmission: ID, 
cumulative kWh, billing-period kWh, status, and 
checksum. An example is 
'MTR021,0125.438,0034.216,OK,5A'. Fixed field 
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order reduces ambiguity at the receiving end. The 
message can be generated periodically, on a 
utility request, or when a predefined 
consumption threshold is crossed. SMS is used 
because earlier AMR studies demonstrated 
remote metering with existing cellular 
infrastructure [3], [4], and [9]. 

4. Firmware Algorithm 

The embedded program is divided into 
initialization, interrupt service, foreground 
processing, storage, and communication 
routines. After reset, the controller initializes the 
LCD and UART, retrieves the last pulse total from 
EEPROM, verifies the stored checksum, and tests 
the GSM modem with an AT command. The 
external interrupt routine increments the pulse 
counter and sets a flag; it performs no lengthy 
communication. The foreground loop converts 
pulses to kWh, refreshes the LCD, checks whether 
a storage interval has been reached, and 
determines whether an SMS report is due. The 
GSM routine waits for network registration, 
selects text-mode SMS, sends the formatted 
frame, and records either an acknowledgement 
or a retry count. Three retries are allowed before 
the communication status is marked as failed. 
This separation of real-time pulse counting from 
slower communication tasks reduces the 
probability of losing metering events. 

5. Hardware Assembly and Safety 

The low-voltage AMR board is powered by an 
isolated regulated supply. The metering pulse is 
acquired without creating a direct conductive 
path from the mains circuit to the 
microcontroller. Where an LED pulse is read 
optically, a phototransistor can be positioned 
over the meter LED; where a pulse terminal is 
available, the terminal is interfaced according to 
the meter manufacturer’s isolation requirements. 
The GSM modem requires a supply capable of 
handling short current peaks during 
transmission. The relay, if fitted, must be rated 
for the intended load and driven through an 
appropriate transistor and flyback diode. 
Because mains wiring can be hazardous, the 
prototype validation described here assumes that 
all line-voltage connections are completed by a 
qualified person and that the embedded board 
remains isolated from exposed live conductors. 

6. Validation Procedure 

The proposed evaluation contains both 
measurement and communication tests. For 

measurement validation, known loads are 
connected for predetermined intervals and the 
reference energy is obtained from the digital 
meter display or a calibrated reference 
instrument. The AMR value is calculated from the 
microcontroller pulse count. Percentage error is 
computed as |E_AMR − E_ref|/E_ref × 100. Tests 
are repeated at low, medium, and high lead levels. 
For communication validation, a sequence of SMS 
reports is transmitted under normal network 
conditions and the number of messages correctly 
received with matching meter ID and reading is 
recorded. A power-interruption test verifies that 
the cumulative count is recovered from EEPROM. 
Finally, a malformed or absent modem response 
is introduced to confirm that the retry 
mechanism does not block pulse counting. The 
acceptance criteria used in this methodology are 
measurement error below 1%, successful 
delivery of at least 95% of messages within the 
retry limit, and zero loss of the last committed 
pulse count following a power cycle. 

7. Data Integrity and Implementation 
Traceability 

For each test run, the meter ID, start pulse count, 
end pulse count, calculated energy, reference 
energy, message timestamp, retry count, and 
communication status are entered in a laboratory 
log. This creates a traceable path from the 
physical pulse event to the value received 
remotely. The firmware version and meter pulse 
constant are recorded with the dataset because 
an incorrect pulse constant can produce a 
systematic scaling error even when pulse 
counting is perfect. A simple checksum in the SMS 
frame detects accidental corruption during 
parsing, while the utility-side software should 
reject duplicate frames with the same meter ID 
and sequence number. These controls are 
intentionally lightweight, but they demonstrate 
the data-integrity discipline needed before 
adding more advanced security mechanisms. 
 
Results 

Because this paper defines a methodology rather 
than reporting a certified utility field trial, Table 
1 presents a representative bench-validation 
dataset generated using the test procedure 
above. The values illustrate the expected 
reporting format and performance calculations 
and should be replaced by measured laboratory 
values when the prototype is physically 
reproduced. The pulse constant used for the 
example is 3200 pulses/kWh. 
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Table 1. Representative bench-validation results for the proposed AMR methodology. 

Test Load condition Reference 
energy (kWh) 

AMR energy 
(kWh) 

Absolute 
error (%) 

SMS result 

1 Low load 0.250 0.2497 0.12 Delivered 
2 Medium load 0.500 0.4994 0.12 Delivered 
3 High load 1.000 0.9988 0.12 Delivered 
4 Mixed load 1.500 1.4984 0.11 Delivered 
5 Power-cycle recovery 0.750 0.7491 0.12 Delivered 

 
The representative data correspond to a mean 
absolute energy error of approximately 0.12%, 
which is well inside the 1% methodology 
acceptance limit. In a pulse-derived system, this 
close agreement is expected when the meter 
pulse output itself is accurate, the 
optical/electrical pulse interface is stable, and no 
events are missed. The principal contribution of 
the microcontroller is therefore reliable 
counting, preservation, formatting, and 
transmission of the meter's calibrated energy 
information rather than independent 
measurement of mains power. 

For communication evaluation, a practical test 
should transmit at least 50 to 100 messages at 
different times of day. If, for example, 98 of 100 
messages are received within three attempts, the 
communication success rate is 98%. Failures 
should be logged with network-registration state 
and retry count. This makes it possible to 
distinguish meter-reading faults from 
communication faults. The modular approach is 
consistent with prior work in which GSM or SMS 
was used as the transport layer for remotely 
measured energy data [3], [4], [9]. 

The power-cycle recovery test is equally 
important because the displayed reading must 
not reset when the AMR electronics lose supply. 
Storing the cumulative pulse total in EEPROM at 
controlled intervals means that only pulses 
occurring after the last committed record are at 
risk. The interval can be shortened if tighter 
recovery is required, or a capacitor/supervisory 
circuit can be used to trigger a final save on 
impending power failure. 

A sensitivity check should also be performed on 
pulse-input quality. If the optical sensor is 
misaligned or ambient light reaches the receiver, 
false transitions can occur. Conversely, an 
excessively long debounce interval can suppress 
valid pulses at high load. During implementation, 
the observed pulse width and the maximum 
expected pulse frequency should therefore be 
measured before selecting the digital filtering 
threshold. This test links the physical interface to 
the firmware configuration and prevents 

apparent metering error from being incorrectly 
attributed to the GSM subsystem. 
 
Conclusion and Discussion 

This paper presented a stepwise methodology for 
designing and implementing a microcontroller-
based automatic energy meter reading system 
using components and communication 
approaches established by 2015. The 
architecture combines an existing digital energy 
meter, an isolated pulse interface, an ATmega16 
controller, non-volatile storage, a local LCD, and 
GSM/SMS communication. The method separates 
time-critical pulse acquisition from slower 
display and communication functions, thereby 
improving software robustness. It also defines an 
explicit data frame, retry behavior, power-failure 
recovery, and quantitative validation criteria. 
The design is intentionally modular: GSM may 
later be replaced by another communication 
channel without changing the fundamental pulse-
counting and energy-accounting logic. Earlier 
studies demonstrated the feasibility of GSM, SMS, 
Wi-Fi, hybrid wireless, ARM, and PIC approaches 
to AMR [1], [6]–[11]; the present methodology 
organizes these established concepts into a 
reproducible low-cost prototype procedure. The 
main limitations are dependence on cellular 
coverage, SMS latency, the accuracy of the source 
meter, and the need for careful electrical 
isolation. A future physical implementation 
should include long-duration field testing, secure 
authentication of control commands, tamper-
event logging, and utility-grade enclosure and 
protection. The representative numerical results 
in this methodology are illustrative rather than 
certified field measurements and should be 
replaced with experimentally recorded values 
before submitting the work as an empirical 
research study. From an implementation 
perspective, the main trade-off is between 
simplicity and communication scalability. A 
direct GSM modem at every meter minimizes 
local infrastructure and suits a small prototype, 
while a large deployment may benefit from 
neighborhood aggregation or a hybrid local 
network such as the approaches discussed in [6] 
and [8]. Importantly, the pulse-counting core is 
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unaffected by that choice, so the measurement 
subsystem can remain stable while the 
communication layer evolves. Reliability must 
also be separated into metering and 
communication components. Metering reliability 
depends on the source meter, pulse-interface 
alignment, isolation, interrupt handling, and 
preservation of cumulative data; communication 
reliability depends on modem power integrity, 
network registration, signal strength, retry 
policy, and receiver-side parsing. Security is a 
further limitation of a basic SMS implementation. 
Before the optional relay is used for real service 
disconnection, control commands should be 
authenticated and protected against replay or 
unauthorized messages. The numerical values 
reported in this methodology are representative 
validation data, not certified field measurements 
and should be replaced by traceable laboratory 
observations before empirical publication. 
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