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 Abstract - We designed a system for monitoring energy consumption using innovative devices for Smart metering based on 
Internet of Things (IoT). The system of energy consumption monitoring was simulated and tested by obtaining real time values in 
an electrical measurement box in a building, and was carried out at the Access Network Laboratory, Telkom University.  The 
preliminary results produced by our initial parameters for monitoring the system of electrical energy consumption were: RMS 
Current, Voltage, Active and Apparent Power. Initial identification of power energy consumption was conducted through checking 
RS482 devices, IC ESP 286 and IC MCP 3909.  The design of the smart metering hardware was made in a simple prototype and 
then tested by applying algorithms to the measurement of RMS Current, RMS Voltage, Active Power and Apparent Power. Also 
we devised a system for coding the programs that support the achievement of better system performance and yield more accurate 
results. The research involved the production of circuit layouts for PCB Smart Metering, STM01 trial boards, web design and a 
real time data base. 
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I. INTRODUCTION 
 

Home electricity meters are a very important device for 
checking monthly electricity usage, overload prevention, 
and home electricity breakers. There are problems in the use 
of electricity meters that are unlimited or postpaid. Users of 
postpaid electricity meter are people who find it difficult to 
estimate what the expenditure will be at the end of the 
month because the meter will continue without any cost 
limit. If you don't diligently check and observe the 
electricity meter the user will have difficulty controlling the 
electricity usage. Therefore devices are needed that can be 
checked at any time by displaying the entire monthly 
electricity consumption data even daily. The device can also 
be checked from anywhere and anytime via the web or 
application [1,11-13]. 

The overall connectivity of devices in the world can be 
realized through the Internet of Things or called IoT. IoT 
itself refers to a device that has a physical and character 
form virtually, using a smart interface and integrated in 
information and telecommunications networks. Electric 
meters that can be checked through the internet in realtime, 
will help regulate and plan household electricity 
expenditure. IoT-based smart electricity meters can carry 
out real-time checks and can be monitored through the 
internet network. Data will be stored on the web and can be 
checked at any time. Users can easily find out the electricity 
usage that has been used [2,9-10]. 

Therefore in this study we will implement a power 
measurement technique based on IC STPM01 on a smart 
power meter using a multi-function system on chip (SOC) 
namely ESP32 as a brain and communication device, and a 

power calculating IC is STPM01. The ESP 32 can function 
as a communication device via WIFI so it can connect to the 
internet without using additional modules. 

This meter will also have a voltage, current and power 
calculation feature. This meter is needed as an accurate and 
efficient measurement system, so that this device can solve 
the problems of household efficiency. The STPM01 IC was 
chosen because it has many features needed in measuring 
electrical energy efficiently and accurately. This device will 
help improve the efficiency of using home electrical energy. 

The rest of paper is organized as follows. Related work 
about this issue is described in Section II. The Design smart 
metering is described in Section III. The measurement and 
results analysis described in Section IV. Lastly, the paper 
conclusions is described in Section V. 
 

II. RELATED WORKS 
 

Lloret [2] proposed an integrated Internet of Things 
architecture for smart meter networks that can be used in 
smart cities. In this research also discussed about 
communication protocols, data formats, data collection 
procedures, and decision systems based on big data 
treatment. The intended architecture includes electricity, 
water, and smart gas meters. From the results of 
measurements made it turns out that the proposed IoT 
architecture is beneficial for both customers and network 
providers. Furthermore, the research also produces smart 
metering measurement data on electricity, water and gas 
use. These data describe patterns from various types of 
customers. 
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Bilal Shahid [3] introduced smart networking for smart 
house systems that can manage all power consumption and 
communication between systems. Where smart houses use 
smart cards (digital meters, micro controllers, sensors, and 
LAN cards) that can running communication between 
equipment and smart meters.  

In this research the PSTN network was used to connect 
the smart meter and server with the reason that it was very 
safe and protected from virus attacks on the data generated 
by the smart meter. Data readings by smart meters can be 
determined whether every hour, or every time if needed and 
the results will be sent immediately to the server, therefore 
the smart system is very broad because it can utilize the 
PSTN networks and the PLC networks. 

R. Bhavani and S. Alamma [4] focused their research on 
designing Smart Energy Meters (SEM) using GSM 
technology, which has a wide range and is very easy to give 
orders and notifications on the use of power consumption 
according to the needs of consumers as homeowners. SEM 
is very helpful for consumers in consuming power during 
low load hours and during peak loads, so that the efficient 
use of power is obtained in accordance with consumer 
needs. 

The SEM components mainly consist of ATMEGA32SP 
Micro Controller for computation, GSM module and RF 
module for data transfer and data updates. Smart Energy 
Meter is designed to correct meter reading errors, theft of 
power and losses in the network including practicality in use 
and error free due to human factors. The working principle 
of SEM is that the engine meter reads the input voltage and 
current from the load sampled and quantified through the 
ADC to produce digital quantization and will be processed 
by the Digital Signal Processor (DSP) to calculate metering 
parameters resulting in power consumption. With the GSM 
system, consumers or customers will get an SMS containing 
information about the power load every time. 

Tasdighi [5] introduced micro-CHP support to optimize 
smart metering for the consumption of electrical energy 
with the objective of increasing room temperature and water 
heating. In previous research, it can be explained that the 
micro-CHP system is an energy conversion unit with an 
electrical capacity below 15 kW which simultaneously 
generates heat and power. This research changes the micro-
CHP schedule to avoid MILP problems. From the results of 
the research conducted, it can be used in the energy 
management systems for residential buildings and can also 
help realize intelligent micro grids. 

Damminda A. [6] explained that smart-measurement is 
currently a smart-metering landscape space, continuing on 
the establishment of a framework for connecting smart 
meter data with stakeholders. Likewise, applications that are 
made according to stakeholder needs include analytical tools 
and techniques needed. This framework will help identify 
current limitations in smart measurement. In addition, this 
research also conducts analytic identification of building 
blocks of smart meters that can play a role in connecting 

various devices used for smart measurements and 
identifying key analytical activities. 
 

III. SMART METERING DESIGN 
 
A. Energy Calculation Algorithms Concept 
 

Energy calculation in the Smart metering device 
designed is done by a single chip STPM01. In STPM01 
there is a section that measures active power with a 
particular approach. This approach results in high 
performance in terms of measurement accuracy. 
 
A1. Active Power: 
 
In STPM01, after preconditions and A / D conversions, 
digital voltage signals are processed by the differentiation 
section which converts to[7]: 
 

         (1) 
 
The signal result along with the current signal processing 
(signal conditioner and A / D conversion): 
 

i (t) = I⋅sin (ωt + φ)                             (2) 
 
And then we integral of multiple both formulas: 

           (3) 

And: 

  (4) 

After following process, subtract and divide it with 2 to 
produce active power: 

                         (5) 

A2. Reactive Power: 
 

Reactive power is obtained through several calculation 
steps as follows [7]: 

      (6) 

         (7) 

Then from the two equations the reactive power formula 
is produced as follows: 
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          (8) 

A3. Apparent Power and RMS Value: 
 
Shunt atau currenttransformer [7]: 

    (9) 

And then multiple byωto get RMS current value: 

     (10) 

RMS voltage: 

    (11) 

Real Power value[7]: 

    (12) 

Apparent power value: 

                           (13) 

 
B. Smart Metering Circuit  

 

 
Figure1. Smart Metering Circuit 

 
Smart metering circuit is composed of several parts that 

are important for both power management and power data 
registers and several sensors for current and voltage. Details 
of the parts of the smart metering circuit include: 

 

B1. ESP32:  
 
ESP32 is the main brain of Smart Metering. It has 

microcontroller chip that integrated with WiFi and double 
Bluetooth mode. ESP32 used TensilicaXtensa LX6 
microprocessor on dual-core and single-core. It includes 
built-in switch antenna, balun RF, power amplifier, low-
noise amplifier on receiver,filter, and power management 
module.ESP32 has 4 PIN SPI, 2 PIN I2C, and it use wire for 
communication link.ESP32 also has 41 PIN digital I/O [8]. 

 
B2. STPM01:  
 
STPM 01 is the one phase power meter IC. It can 

measure active, reactive, and real power on an electrical 
circuit [7]. This device can be implemented as a one phase 
electric energy meter or as a measurement device that 
integrated with a microcontroller.STPM01 specification that 
related to the design of a single phase electricity meter: 

- Active, reactive, real energy and RMS value 
- Easy and fast digital calibration 
- Less than 0.1% error 
 
B3. Current Sensor and Voltage Sensor Circuit:  
 
The current sensor circuit receives an AC current signal 

from the current transformer. The current from the load is 
derived, so that the current can be measured by the IC 
STMP01. At the point on the right side of H1 and H2 
capacitors are installed to pass noise. At the right point of 
the 1KOhm resistor there is a voltage difference which will 
be measured by IC STPM01 as a change in current. This 
voltage sensor circuit functions to receive the voltage to be 
measured. Pin V1 receives voltage from 220V AC power. 
The voltage goes into the resistor circuit for the voltage 
divider. Resistor 3 X 220K ohm serves to reduce the voltage 
so that it can be measured by IC STPM01 [7]. 

 
B4. OLED:  
 
Use of keypad and OLED is needed for user and tool 

interactions. Like an electric meter, a keypad is generally 
needed as input from the user to the electricity meter. OLED 
functions as a viewer of electrical power record data that has 
been used. OLED uses I2C communication to connect with 
the system brain, ESP32. OLED requires I2C because it has 
very large bits so it is not possible to use ordinary digital I / 
O, which is very limited. 
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B5. OSCILATOR: 
 
An oscillator is a circuit that produces amplitude output 

that changes periodically over time. The output can be 
sinusoidal waves, square waves, pulse waves, triangular 
waves or saw tooth waves. This oscillator functions to 
generate waves that are used as clock at STPM01 IC. The 
circuit used in Smart Metering uses a Crystal type oscillator 
[7]. 

 
B6. AC to DC Converter:  
 
An AC-DC converter is an electrical circuit that converts 

an alternating current (AC) into a direct current (DC) 
output. They are used in electronic power applications 
where AC 50 Hz or 60 Hz AC voltage power input requires 
power conversion for DC output. This module serves to 
supply voltage to the system. ESP 32 requires a maximum 
of 3.3V so that this module is used to supply the system. So 
the system does not require additional batteries. 

 
C. Lay Out of PCB 

 

 
Figure 2  Lay Out of PCB Smart Metering 

 
The above design is a double layer PCB layout which 

will be printed both for trials and production. At the top 
right of the board is part of the microcontroller's brain. And 
the top left is the brain of the power meter, while the lower 
part is the voltage filter and the 220 volt AC divider. The 
cross section for AC power lines is made wider because the 
incoming voltage is 220 volts with a maximum power of 
900 watts so that it can damage the path if it is not made 
thick. 

Before we try SPI communication from IC STPM01, 
PCB board was made with the following design: 

 
Figure 3. STPM01 board trials 

 
The trial board above was made to make it easier to 

replace the new IC in a modular manner so that the IC can 
be replaced if there are obstacles. So that, the board can be 
still used even without other support sets. 
 
D. The Internet of Thing System Design 
 

 
Figure 4. Design architecture of IoT 
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From this figure can be explain about design principles 
are: 
1. Sensor data is sent from the sensor to ESP32.The results 

of the sensor readings processed by STPM01 with the 
help of the Arduino board produce three output data 
where the data is monitored in realtime with the help of 
a database that can be accessed using a smart phone. 

2. Data transmission uses Wi-fi communication lines with 
the help of ESP12 to connect to the internet and send 
sensor calculation data to the smartmetering database as 
shown below: 

 

 
Figure 5. Table on the database. 

 

 

Figure 6. Real time data that saved on database when device activated. 

 
Sensor data stored real time in the database is obtained 

from ESP32 which processes data from STPM01 by 
generating current, voltage, and active energy data then sent 
wirelessly with the help of internet networks to cloud 
databases whose results are displayed in the form of tables. 

The data can be accessed via a smartphone by knowing 
the address of the database. The latest data changes are 

stored on the server. The following picture shows an 
example of monitoring through a browser. 

 

 

Figure 7. Latest data shows 2.58. 

 

 
Figure 8.Web design. 

 
IV. MEASUREMENT AND RESULTS ANALYSIS 

 
Measurement system on STPM01. Register data 

processed as below: 
 DEV[0] and DEV[1] processed become Irms and Vrms 
 DAV is Active Energy 
 DRV is Reactive Energy 
 DSV is Apparent Energy 
 DFV is Produced Energy 
 

TABLE 1. IRMS, VMS, DAV, DRV AND DSV RESULTS. 
Irms Vrms Active Energy (Wh) Reactive Energy (VARh) Apparent Energy (VA) DAV DRV DSV

0,17361111 197.46.00 0,0253316 0,00465728 0,03854676 332 3064 5052
0,17361111 197.46.00 0,0506632 0,00931456 0,07709352 332 3064 5052
0,17361111 197.46.00 0,0758422 0,01397488 0,11565554 330 3064 5054
0,17361111 197.46.00 0,1011738 0,01863216 0,1542023 332 3064 5052
0,17361111 197.46.00 0,1263528 0,02329248 0,19276432 330 3064 5054
0,17361111 197.46.00 0,1516844 0,02794976 0,23131108 332 3064 5052
0,17361111 197.46.00 0,1768634 0,03261008 0,2698731 330 3064 5054
0,17361111 197.46.00 0,202195 0,03726736 0,30841986 332 3064 5052
0,17361111 197.46.00 0,227374 0,04192768 0,34698188 330 3064 5054  
 

By implementing measurement techniques 
the power based on the STM01 IC on the electric meter is 
characterized by the three energies and RMS currents-
voltages as shown below: 
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Figure 9. Characteristic of Active Energy, Re-active Energy, and Apparent 

Energy 

 
From the picture shows that all measured energy is the 

amount of accumulation with increasing measurement time. 
The apparent energy is the sum of active energy and 
reactive energy which increases linearly with changes in 
observation time. 
 

 
Figure 10. Characteristic of Vrms and Irms 

 
It contrast to the voltage and current magnitude of the 

RMS, it is obtained constant value of changes in observation 
time. This is in accordance with the characteristics of the 
voltage source where the smart meter is installed. 

Thus, based on the measurement data obtained as real 
time data, it will facilitate the use of accurate and efficient 
electrical energy, so that this data will greatly meet user 
expectations. 
 

V. CONCLUSIONS 
 

There are several conclusions in designing IoT-based 
smart metering, as the initial stages of the whole process, 
namely: 

 Energy calculation algorithms can be applied in 
implementation, so that all energy quantities can be shown. 

 The results of measurement with RMS voltage-
current parameters and consumption energy can show the 
reliability of the device designed. 

 The sensitivity of the STPM 01 IC is very high, so 
that interference with communication can reduce IC 
performance. 
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