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Introduction:-

Monitoring against the electric energy usage based-on the readings of an electric meter that measures the current
passing through the service entrance into the electrical service panel, used the kWH-meter [1]. Using the traditional
electric meter (called mechanical analog meter), only records the amount of electricity that has passed through it
since it was first installed or last reset by the utility service company. For a number of load groups with each of
which stands independently on a single-phase kWH-meter, the electric energy usage can be done manually for each
group, but it is inefficient, as it requires human resources as a recorder of the measurements of current and voltage
from measuring devices for all times [1]. The monitoring can also be carried out by installing the KWH-meter for
each load group, but it affects additional costs for the procurement of new kWH-meter and still requires human
resources for recording and computation [1]. Today a number of devices with minimum system that technology
controlled or microcontroller-based electronic systems have been created and developed, targeted for ease of work
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and reduction of human’s load and portion [2]. Microcontroller is a chip containing electronic devices with cheap
computers, small, and large capability through the program storage in its [3]-[12]. Electronic devices based-on
microcontroller system using the Payload Data Handling (PDH) system is a control system for monitoring, storage,
delivery, and reception of data that operate automatically through remote or close control system [4],[12]-[14].

The electric energy meter is absolutely installed [15]-[18] in every house or building of electricity customer of PT
PLN (Electricity State Company). The kWh-meter function counts how much electricity a customer consumes,
whether at home, office, or factory [19]. The value is calculated in kWH-meter each month multiplied by the unit
price of the basic electricity tariff (called is TDL). Monitoring the use of electrical energy on a single-phase KWH-
meter used for one load group is very easy and there are not many obstacles, because it is in accordance with the
designation. In contrast to the pursuit of one kWH-meter for load groupings or a group of people seeking only one
kWH-meter is used for more than one group of electrical loads in households or elsewhere. It becomes more
difficult to monitor the use of electrical energy used, because it affects the determination of the cost of electricity
tariffs, and the behavior of electric users themselves [20].

Based-on this background, it is necessary to fabricate a minimum system based-on microcontroller that integrated
into a single-phase kWH-meter for monitoring and recording the use of electrical energy in each load group.
Schematic diagram of minimum system based-on microcontroller using PDH system for segmentation of 4 (four)
load groups, as shown in Figure 1.
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Figure 1:-Schematic diagram of minimum system based-on microcontroller using PDH system for segmentation of
4 (four) load groups

Based-on Figure 1 shown, that the objectives of this research is to a) physical form of the integrated system and
programming against the microcontroller system that according to Payload Data Handling (PDH) system and b)
obtain of the result for verification and validation test through performance measurement to electronic system with
artificial condition.

Method of Research:-

For the continuity of the research method, a number of research materials are needed, including: (i) microcontroller,
(if) a number of relay modules; (iii) a number of resistors and transistors; (iv) a number of pin cables, (v)
breadboard, (vi) (vii) miniature circuits breaker (MCB), (ix) power supply, and (x) programming language based-on
Basic Compiler (BasCom). In addition to research materials, research tools are needed at the time of the research
implementation: Google Chrome web browser, Core2Duo P7370 2.00 GHz laptops, and measuring instruments of
voltage (voltmeter) and electric current (ammeter). The research method is the stages for the acquisition of a number
of research objectives. The flowchart of the stages of implementation for research method, as shown in Figure 2.
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Figure 2:-The flowchart of the stages of implementation for research method

Based-on Figure 2 shown, that the stages of the implementation of research method, there are 2 main stages in
accordance with the objectives of the research. Integration for an electronic system and programming to
microcontroller system using the Payload Data Handling system is done with the steps, namely: (1) Amount of
electronic circuit as modules: (i) voltage value detection, (ii) current value detection, and (iii) relay for actuator
driver; (2) Integration to the microcontroller system; (3) Wiring the controlling system and fabrication of the power
supply; and (4) Programming against the microcontroller system based-on the BasCom language, namely obtaining
the algorithm and writing the syntax. Verification and validation tests are measurements through the performance of
electronic systems with the provision of artificial conditions using app inventory and minimum system performance
measured by the provision of artificial conditions performed on each power path to the load group.

Result and Discussion:-

Two research results are based-on research objectives, namely (i) result of integration for a system and programming
to microcontroller system according to Payload Data Handling system and (ii) results of the verification test and the
validation test through by the provision of artificial conditions.

Integration for an Electronic System and Programming of Microcontroller System Based-on the Payload
Data Handling System:-

The integration begins with the fabrication of each electronics circuit in the form of boards for voltage detection,
current detection, and relay for actuator driver modules. The manufacture of boards for microcontrollers, control
system wiring and power supply fabrication, and programming against microcontroller based-on BasCom language.

Electronic system based-on microcontroller:-
Components for the requirements in the manufacture of voltage detection module, namely: 1N4001 diode, 330k
resistor, 0.1 pF capacitor, 47 pF, 10 uf, NPN BD139 transistor, and regulator IC. The series of electronics is
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connected to a voltage source of 220 volts from the “PLN” power supply. The physical form of the detection of
voltage value, as shown in Figure 3.

Figure 3:-The physical form of the detection of voltage value

The current sensor module consists of a number of electronic components used, namely 1N4004 diodes, capacitors,
and a number of 330k resistors with inputs taken from a 220 volt ac voltage source through a T-block connector and
an electronic circuit output connected to input port of a analog to digital converter (ADC) on microcontroller. The
output value of the current sensor is 100 mV/A for the readout of the electrical loads displayed on the LCD. The
physical form of the module for the current sensor, as shown in Figure 4.

Figure 4:-The physical form of the module for current sensor

The relay drive module consists of connectors (T-block), relays, transistors, and diodes. Connectors installed in each
auxiliary contact to the load and ACS712 current sensor. Relay coils are supplied from a power supply with a 12
volt dc. Each relay operates after obtaining a signal from the microcontroller and the operating results are sent to the
microcontroller through the same wire (bidirectional). The physical form of the modules that consist of relays for the
actuator driver, as shown in Figure 5.

Figure 5:-The physical form of the shape of the relay drive module
The layout view of the components on the board for the ATmega32 microcontroller system is done through the

drilling and soldering stages of the component legs. The physical form of the board and the layout of electronic
components for the ATmega32 microcontroller system, as shown in Figure 6.
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Figure 6:-The physical form of the board and the layout of electronics components for the ATmega32 microcontroller system
Based-on Figure 6 shown, that the board is used for electronic components as required including ATMega32
microcontroller chip, 10k variable resistor, 2.2 nF capacitor, crystal oscillator for 12 MHz. frequency, and pins for
header.

Wiring the minimum system for controlling the overall load groups, as shown in Figure 7.

Figure 7:-Wiring the minimum system for controlling the overall load groups

Based-on Figure 7 shown, that the serial data pins connected to the microcontroller provide addressing commands
on the sensor data pins for the measurement of voltage detection and current measurements. The pins used in the
detector and sensor module are located on the D-port, with 8 pins available but only used 5 pins, namely DO, D1,
D2, D3, and D4. For connection to the LCD, located on the C-port, with 8 pins available but only used 6 pins,
namely CO, C2, C4, C5, C6, and C7.
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The power supply is very important for the operation of a number of electronic components, so that for the purposes
of microcontroller and other supporting components used transformer secondary side voltage system at 12 volt ac
value. The physical form of the power supply, as shown in Figure 8.

Figure 8:-The physical form of power supply

Based-on Figure 8 shown, that the power supply is used for power supply to the sensor-transducer system,
ATMega32 microcontroller system, relay modules, and LCD 4x16. The measurement result of the 5 dc power
supply from the regulator is known, that the output voltage is no load at an average value of 4.9 volts dc and the
output voltage with the load at an average value of 4.8 volts dc, so that the voltage on the power supply for the
microcontroller system relatively constant.

Programming the ATmega32 microcontroller based-on BasCom AVR language:-

The program used in the prototype detection system of excess electrical power assisted voltage detector and
microcontroller-based current sensors, namely the BasCom language. BasCom's main function to comfile the
program code into hexa-decimal (machine language). Programming the ATmega32 microcontroller is done through
the determination and making algorithm and writing syntax that ends with verification test of the program that has
been made into the Proteus application. Making the algorithm is based-on the flowchart method. The whole
programming flowchart against the ATmega32 microcontroller system, as shown in Figure 9.

?
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ShE RN Gl Current Value “Line 1”
¢ Current Value “Line 2”
Variables Current Value “Line 3”
Declaration Current Value “Line 4”
Declaration Retrieve and
of Constants Send Data

v
| Initialization | )
¢ Output (in LCD)
| Main Programs | 6

Figure 9:-The whole programming flowchart against the ATmega32 microcontroller system

Based-on Figure 9 shown, that the programming algorithm consists of 7 (seven) stages: i) pins configuration, ii)
variables declaration, iii) declaration of constants, iv) initialization, v) main program, vi) retrieve and send data, and
vii) output.

420



ISSN: 2320-5407 Int. J. Adv. Res. 6(7), 415-426

The syntax is written in BasCom according to the stages of the algorithm.

Pins configuration:-
Pin configuration is the determination of the pins used, both as input and output. The pins are used as parameters in
each addressing program for pin determination of ATMega32, for both voltage detection, current sensor, relay

driver, and 2x16 LCD. The syntax of the program on the pin configuration, namely:
Config Lcdpin = Pin

Db4 = Portb.4
Db5 = Portb.5
Db6 = Portb.6
Db7 = Portb.7

E = Portb.2

Rs = Portb.0

Config Adc = Pin
Adcl = Portc.0

Adc2 = Portc.1

Adc3 = Portc.2
Config Lcdpin = Pin

Db4 = Portb.4
Db5 = Portb.5
Db6 = Portb.6
Db7 = Portb.7

E = Portb.2

Rs = Portb.0
Config Adc = Pin
Adcl = Portc.0
Adc2 = Portc.l1
Adec3 = Portc.2

Declaration of variables:-
Variable declarations are performed for declarations of the type of data being worked on. The syntax of the program

on the variable declaration, namely:

Start Adc.

Dim Voltage As Byte

Dim Cont_skl As Byte, Cont_sk2 As Byte, Cont sk3 As Byte, Cont_lamp As Byte,
Dim Askl As Byte, Ask2 As Byte, Ask3 As Byte, Alamp As Byte

Dim Skl As Single, Sk2 As Single, Sk3 As Single, Lamp As Single

Declaration of constants:-

Constant declaration is a constant value assignment on the program based-on the datasheet of the sensor which is the
input on the system of minimal microcontroller load current control based-on ATMega32. The declaration of the
immediate constants mentioned large values. The declaration of a constant is not used as a colon (:) as in the
variable declaration, but used the sign equal to (=). The syntax of the program on the declaration of constants,

namely:

Config Portc = Output
In_tension of Getion Alias (0)
In_ skl Alias Getadc (1)
In_sk2 Alias Getadc (2)
In_sk3 Alias Getadc (3)
In_lamp Alias Getadc (4)
Pb_skl Alias Pind.3
Pb_sk2 Alias Pind.4
Pb_sk3 Alias Pind.5
Pb_lamp Alias Pind.6
Out_ skl Alias Portc.3
Out_sk2 Alias Portc.4
Out_sk3 Alias Portc.5
Out_lamp Alias Portc.6

Initialization:-
Initialization is the initial initialization of the program created for each command status in the program. This

initialization is expected to be a shortcut command on the next program. Program syntax on initialization, ie:
Locate 1, 1
Lcd "power line"
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Wait 3

Locate 2, 1
Cls

Do

Askl = In_skl
Ask2 = In_sk2
Ask3 = In_sk3

Alamp = In_lamp

If Pb_skl = 0 Then
Cont_skl = Cont_skl + 1
Do

Loop Until Pb skl =1
Elseif Pb _sk2 = 0 Then
Cont_sk2 = Cont_sk2 + 1
Do

Loop Until Pb _sk2 =1
Elseif Pb _sk3 = 0 Then
Cont_sk3 = Cont_sk3 + 1
Do

Loop Until Pb _sk3 =1
Elseif Pb _lamp = 0 Then
Cont_lamp = Cont_lamp + 1
Do

Loop Until Pb lamp =

Main program:-
The main program is the source of program control, since all commands in the program are sequenced starting from
the initial view, retrieving the data, showing the data on the LCD that is affected by the reaction or output (output) of

the program created. Program syntax in the main program, namely:
Locate 1, 1

Led "skl ="; Fusing (sk1l, "#. ##"); "Amp"
Locate 2, 1
Led "sk2 ="; Fusing (sk2, "#. ##"); "Amp"
Locate 3, 1
Led "sk3 ="; Fusing (sk3, "#. ##"); "Amp"
Locate 4, 1
Led "lmp ="; Fusing (lamp, "#. ##"); "Amp"

Retrieve and send data:-
Data retrieval is done until data acquisition changes, after which the data is sent and then displayed on the LCD.

Output:-
Program output is the reaction caused by the sensor, to be displayed on the LCD.

Verification and Validation Test through Electronic System Performance Measurement by Provision of
Avrtificial Conditions:-

Verification test:-

Verification tests of BasCom-based language programs are done with the help of the Proteus application program.
The prototype circuit controlling system is first assembled with the help of the Proteus application program, then the
program that has been created with BasCom language comfile into hex or machine language form and downloaded
into the circuit. The voltage and current detected in the simulation can be arranged in accordance with the desired
for verification, whether the program has been made as expected or not. Display on the verification test, as shown in
Figure 10.
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Virtual Terminal

Figure 16:-Display on verification test

Based-on Figure 10 shown, that the verification test based-on Proteus application against the the program based-on
BasCom language has been made, which for the voltage sensor depends on the given input voltage setting and for
the current value depends on the setting of the variable resistor in the simulation. Programs that have been created
and have been simulated according to expected results.

Validation test:-

Minimum system based-on microcontroller using Payload Data Handling system put on the form of box with
dimension 50 cm x 30 cm x 15 cm for the placement of transformers, microcontroller-based system, sensor-
transducer, and LCD 4x16. Performance measurement of the system is done through the provision of artificial
conditions. Physical form of the minimum system based-on microcontroller using the Payload Data Handling system
for 4 load groups on a single-phase KWH-meter, as shown in Figure 11.

Figure 11:-Physical form of the minimum system based-on microcontroller using the Payload Data Handling for 4 load groups
on a single-phase KWH-meter

Load changes occur when the voltage value is detected with the current value changes. Voltage and current
measurements are carried out with an electrical load, so that voltage and current changes are detected, then
information about the voltage and current values has been reached at a certain value. The measured voltage value in
the form of a decimal number as an 8-bit binary number conversion and the measured current value of ampere (A).
Measurement of measurement results, displayed via LCD 4x16. The measured voltage and current values
correspond to the detected state. For the use of loads that exceed the limit, it is detected by the current sensor.
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System performance measurements were performed on several sample installation points, including 1) “sk1”, 2)
“sk2”, 3) “sk3”, and 4) “Imp”. The display of measurement results of a number of electrical loads as representation
of each load group, as shown in Figure 12.

skl= H.16 AmMF

sk2= H.48 AnrF
sk3=

Figure 12:-The display of measurement results of a number of electrical loads as representation of each load group

Based-on Figure 12 shown, that the load is attached to the load group “sk1” with the result of measurement to the
load with the current value according to the sensor capability of 0.16 amperes. The measured current value has been
changed from the usage load value, worth 4.19 volts. For the current value contained in the load, where the result of
the sensor measurement is influenced by the current value contained in the load, the load increase is proportional to
the value of the detected current. The load is attached to the “sk2” load group with the measurement result to the
load with the current rating according to the sensor capability, of 0.4 amperes. The measured current value has been
changed from the usage load value, worth 4.47 volts. For the current value contained in the load, where the result of
the sensor measurement is influenced by the current value contained in the load, the load increase is proportional to
the value of the detected current. The load is attached to the “sk3” load group with the measurement result to the
load with the current value according to the sensor capability of 0.24 amperes. The measured current value has been
changed from the usage load value, worth 4.35 volts.

For the current value contained in the load, where the result of the sensor measurement is influenced by the current
value contained in the load, the load increase is proportional to the value of the detected current. The load is attached
to the “Imp” load group with the measurement result to the load with the current rating according to the sensor
capability, of 0.32 amperes. The measured current value has been changed from the usage load value, worth 4.41
volts (in the form of 8 bit digital value). For the current value contained in the load, where the result of the sensor
measurement is influenced by the current value contained in the load, the load increase is proportional to the value
of the detected current.

Based-on the measurement of the measured current values shown on the LCD as the measurement result of the
control system based-on Payload Data Handling assisted microcontroller for the load group on the electrical
installation of the dwelling house with only one kWH-meter. Measured voltage at each of the 214 volt ac power
supply terminals. The result of measuring the current value detected by the ACS712 current sensor, as shown in
Table 1.

Table 1:-Measurements of current values detected by ACS712 current sensors

No. Load Group Current Values (ampere)
1 skl 0,16
2 sk2 0,40
3 sk3 0,24
4 Imp 0,32
Conclusion:-

Based-on the results and the discussion can be concluded, that the minimum system for controlling the segmentation
of the 4 load groups on a single-phase kWH-meter controlled microcontroller system using the Payload Data
Handling system has been in accordance with the research objectives.
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Integration for the existence of all entities as parts of the system-based minimal formation of ATmega32
microcontroller system is shown, that the board for microcontroller ATMega32 provided five ports each for 5 volt
dc power connector, sensor, LCD 4x16, downloader, and output. The five ports are input (input) and output (output)
derived from pin ATMega32. There is one power supply for the purposes of microcontroller and other supporting
components, namely power supply with 12 volt voltage system Ac with 2 ampere current. The result of the
measurement of the 5 volt dc power supply of the regulator is known, that the output voltage is no load at an average
value of 4.9 volts dc, while the output voltage with load at an average value of 4.8 volts dc. ATmega32
microcontroller programming for system operation, BasCom-based programming is implemented through eight
stages: (i) pins configuration, (ii) variable declaration, (iii) declaration of constants, (iv) initialization, (v ) main
program, (vi) retrieve and send data, and (vii) output.

The simulated results of the Proteus application are shown, that the simulation results are approached as expected,
for current sensors which depend on the given input voltage setting, and the current depends on the settings with the
variable resistors in the simulation. Measurements on the performance of the system are shown, that the selection of
electric load groups is very important, in order to know the value when measuring and remain accurate, not
changeable. Control system based-on payload data handling is capable of applying the value of the flow of several
examples of electric load group points according to the ability of the sensor. One current value with a value of 0.40
or equivalent to a voltage value of 4.47 volts is indicated, that the control system for example of electric load group
point by measuring the current value can be considered feasible, if the voltage value is in the range of 220 volts ac.
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