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ABSTRACT

Modern electronic equipments have stringent requirements on power quality and demand an
earth resistance value as low as 1 Q in order to function reliably. Ensuring a low value of
earth resistance is, thus, a very important task. For this, frequent monitoring of earth
resistance is the most basic step. The value of earth resistance may change frequently
probably due to reasons such as type of soil, weather/environmental conditions and type of
earth pit. However, it is very difficult to monitor or know these changes without actually
measuring them. If we measure the earth resistance more frequently, such as 2 to 3 times a
day, timely corrective measures can be taken. However, in any large organization, where
there are hundreds or even thousands of earth pits, this would mean purchase of a lot of earth
testers and deploy them using manpower every now and then. This would mean a
considerable portion of time will be spent in such measurements and also incur financial
expenditure. It is therefore beneficial that such a system be made which can help in, firstly,
automatic measurement of earth resistance and secondly, sending the data to a web server for
regular monitoring while sitting anywhere. Commercially, such systems are available, but
they are very costly. So, while the technology to undertake this task may already be existing
in the market, development of a simplistic, go-no go type low cost system to carry out the
same task will make it more and more affordable.

The objective of the project work is to automate a 61.8 percent commercial earth tester with
the help of an ATmega328P based microcontroller (used in Arduino UNO) so as to carry out
automatic testing with the capability to send the measurement data over internet. The setup is
completely battery operated and the data is intended to be stored in a cloud service such as
Amazon Web Services (AWS). In other words, provide 10T capability to an earth resistance
tester. In addition, it is endeavoured to design and simulate earth testers working on 61.8
percent method as well as clamp on method using TI-TINA software as well.

A commercial earth tester working on 61.8 percent method is used for achieving the
objective. The tester is integrated with ATmega328P based microcontroller and an Ethernet
card for networking. The microcontroller is used to perform functions such as, control the
measurement device, measure the voltage and current to calculate corresponding earth
resistance and send data to internet based server through router or switch with the help of an
Arduino Ethernet Shield. A web based server is setup to record the measurements in a
database. The values stored in the database are viewed on a webpage from any device having
internet access. The device has been designed to accurately measure upto 10 Q, as any value
above 5 Q may be treated as unacceptable, hence measurement much above this value will
not be required. The tester has been integrated in such a way that any unserviceable tester
with just a serviceable current generator can be used for the task. In addition to this, an
attempt has been made to design and simulate a 61.8 percent earth tester and clamp on earth
tester to achieve better understanding of their functioning and replace the commercial tester
in the setup of main objective.
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Chapter-1
Introduction

Proper earthing is not only required for human safety, but also for efficient functioning of the
modern electronic equipment. Ensuring a good quality earthing is thus a very prime
requirement. However, there may be such conditions in certain places, which may cause the
value of earth resistance to go above desired limits. Such conditions may be caused due to
type of soil, degradation of earth pits with time, temporarily installed earthpits, weather,
humidity and level of maintenance. Whatever the case may be, measurement, or at least
knowing whether the value of earth resistance has crossed a threshold is the first step in
taking corrective measures. However, it may become very cumbersome and time consuming
to go to each earth pit and measure their earth resistances. Especially in larger organizations,
where the responsibility of maintaining hundreds of earth pits may be placed under a single
authority, an automated sensor system can be of great use.

1.1 Background and Literature Survey

The methods for measurement of earth resistance for single earth pits have been covered in
detail in standards such as Indian Standard 1S 3043:2018 and IEEE Std 81™-2012 (Revision
of IEEE Std 81-1983). The two main methods are Fall of Potential or 61.8 percent method [1]
and clamp on or stakeless method [2]. Certain modifications to these methods have been
suggested which discuss placement of clamps to increase sensitivity [3]. Also, the effect of
earth current on grounding resistance measurement has been studied [4]. Keeping the
limitations of earth resistance measurement such as manpower constraint, automation of the
measurement procedure using clamp on method [5] has been suggested. The method provides
capability of carrying out measurement using a standalone battery powered unit and has a
good range of measurement. However, many a times the user may only be interested in go/no
go decision making with regards to condition of earth pits. For this, a cheaper solution can be
brought out. If the requirement is defined as a go/no go tester, the measurement range can be
kept lower and accuracy may be kept reasonable. This type of tester can warn a user to
further investigate the condition of earth resistance and make a decision on their maintenance.
The variable frequency earth tester [5] uses a C8051F006 microcontroller which has 12 bit
ADC. If we are able to make a 10 bit ADC microcontroller based earth tester, a lot of cost
saving can be done with some compromise on resolution. The Arduino UNO’s
microcontroller intended to be used in this project is about 10 times cheaper than C8051F006.
The endeavour is also to use old or to be discarded earth testers, which may have working
current generators, as useful component of design along with the microcontroller. As an
added feature, the tester is intended to have IoT capability, which is not there in any of the
tester discussed above.



1.2. Objectives

1. To automate a 61.8 percent commercial earth tester with the help of a standalone
ATmega328P microcontroller (used in Arduino UNO) so as to carry out automatic testing
and an added capability to send the measurement data over internet.

2. To host a web server on a cloud service such as Amazon Web Services (AWS) which can
store the earth resistance data in a database and host a webpage to display the records.

3. To design and simulate a 61.8 percent earth tester with measurement range upto 10 Q
which can replace the commercial earth resistance tester of objective 1 above.

4. To design and simulate a clamp earth tester with measurement range upto 10 Q which can
be integrated with setup of objective 1 above.

1.3. Thesis Organisation

The thesis is organized in three chapters. Chapter 2 discusses the work carried out in four
sections, namely, 2.2, 2.3, 2.4 and 2.5. There are simulations and actual experiments in
section 2.6. In Chapter 3, the work has been summarised and future scope has been covered
briefly.



Chapter-2

Testing and Recording of Earth Resistance

The system for measuring earth resistance is intended to measure upto 10 Q. This value has
been chosen because the tester is intended to be deployed where the norms do not allow an
earth resistance value of more than 1 to 5 Q. Figure 2.1 illustrates the block diagram of
proposed scheme. Assuming that a very critical equipment is installed and connected to an
earth pit at Test Electrode, then, two electrodes namely Potential and Current can be
permanently dug in earth to enable measurement of earth resistance using 61.8 % method. An
earth resistance tester working on 61.8 percent method has been used in combination with an
ATmega328P microcontroller for carrying out this task, which can be powered using three
AA batteries. The microcontroller is used for performing functions such as, control the
measurement device, measure the voltage and current to calculate corresponding earth
resistance and send data to internet based server through router or switch with the help of an
Arduino Ethernet Shield. A web based server has been setup to record the measurements in a
database. The values stored in the database can be viewed on a webpage from any device
having internet access. For setting up the server, use of Amazon Web Services (AWS) has
been made. Furthermore, an attempt has been made to design the complete tester from scratch
based on the basic principle of measurement of earth resistance because of two reasons.
Firstly, to get a greater understanding of how such a tester works. Secondly, it can help in
avoiding the use of commercial testers, which usually have more functions than are actually
required for implementation of such a scheme. For the case of two or more earth pits
connected with the same critical equipment, a tester based on clamp on method has been
designed and simulated. The measuring device can be replaced by a clamp on tester to avoid
digging of any additional electrodes wherever two or more earthpits are bonded together.
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Fig 2.1. Block Diagram of Earthing Monitoring System.
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2.1 Proposed Earthing Monitoring Scheme

Firstly, an actual earth resistance tester has been used to inject an alternating current through
an earth resistance in conjunction with an ATmega328P microcontroller for measuring the
injected current and resulting voltage across the earth resistance. This is followed by
calculation of earth resistance value and sending the measurement data to a server on internet
using an Arduino Ethernet Shield. Secondly, a webserver has been hosted using Amazon
Web Services for recording the earth resistance data and also viewing the data as and when
desired. Thirdly, a measuring device based on 61.8 percent has been designed and simulated
which can replace the commercial tester used for the project. Lastly, a measuring device
based on clamp on method has been designed and simulated for use wherever possible. All
these works are discussed in subsequent sections.

2.2 Setup for Automated Earth Resistance Monitoring

A commercially available earth resistance tester was used as the measuring device. For
simulation of earth resistances, known resistances were used as they are expected to give
similar results to real earth resistances [4]. A standalone ATmega328P was programmed with
the help of Arduino UNO board to be used for the purposes such as;

(a) Switching on and initiation of test by the measuring device using relays.

(b) Measurement of current running through the earth and voltage across test and
potential electrodes.

(c) Calculation of resistance values based on measured voltage and current values.

(d) Sending the information such as tester location, station name and earth resistance
value to a server over LAN or internet, using an Ethernet Shield. For the purpose of
testing LAN based server, home WiFi network was used and for testing the internet based
server, free tier service of Amazon Web Services was used.

2.2.1 Preparation of Measuring Device

The Measuring device was made using an earth resistance tester of M/s WACO make as
shown in the picture in figure 2.2. As the tests need to be carried out only at specific intervals
of time, a provision is to be made, firstly, for switching ON the tester and secondly, carrying
out the test (manually, this is done by pressing the ‘TEST’ button). To achieve this, a bit of
manipulation has been done in the tester. As can be seen in the picture, there is an LED
indicator for charging of the tester. The LED was removed from its slot so that the
customised wiring to control the tester can be brought out of the space thus created.

11



Fig 2.2. The commercial earth tester used for project.

In order to facilitate automatic switching ON of tester, the wire attached to the battery bank
of tester (which is a set of qty-8 AA rechargeable batteries as shown in figure 2.3) was
removed and soldered to another wire whose other end was connected to the common contact
of relay K2 (white coloured wire). Another wire (grey coloured wire) was connected between
the NO contact of the same relay with the other end soldered to the battery from where the
tester’s original wire was removed. At the same time, the 1000 Q - OFF — 10 Q’ selection
switch has been permanently kept in 10 Q position. This arrangement takes care of switching
ON of the tester using relay K2 which in turn is controlled using ATmega328P. In order to
carry out the test, a pair of wires (yellow and green wires) was soldered across the terminals
of test switch with the other free ends connected to the Common and NO contacts of relay
K1. The intention behind all this arrangement is to first of all power ON the tester using relay
K2 and then conduct test using relay K1. The tester will be ON only till the time relay K2 is
energised. The test bench setup with Arduino UNO used for serial monitoring of
measurements is as shown in figure 2.4.

Fig 2.3. Inside the Earth Tester and Connection with Relays.

12
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2.2.2 Calibration of the Tester

The ATmega238P has got a 10 bit ADC hence 1024 voltage levels. Therefore, for a reference
voltage of 1100 mV, the resolution is about 1.07 mV. The ATmega238P has been calibrated
for measurement of DC voltage from ranging from 0 to 1000 mV using an Arduino UNO
board. For this, a digital multimeter was used as standard having an accuracy of (£0.5% +2
digits) for measurement of DC voltage. However, in actual practice, a higher accuracy
standard must be used for calibration. To start the calibration, the following program was
written and uploaded to the microcontroller using Arduino IDE;

void setup() {
Serial.begin(9600); // start serial communication at 9600 bits/s
analogReference(INTERNAL); // ADC reference set as internal 1.1 V

}

13



void loop() {
float reading = 0.0;
float cumulative = 0.0;
float offset = 0.0; /lthis value needs to be changed as per the offset observed
float scaling = 1.0; /lthis value needs to be changed as per the scaling required
for (inti=0; 1 <1000; i++) {
reading = analogRead(A0);
cumulative = cumulative + reading;
¥
reading = scaling*(cumulative/1000) + offset;
Serial.printin("Measured Voltage = ");
Serial.printIn(reading);
delay(1000);

¥

Then, a setup as shown in figure 2.5 below was made. In this, a single AA battery was used
with a variable resistor of 1 MQ to provide voltage ranging from 0 to 1000 millivolt. The
variable resistor was first adjusted to 0 Q and the voltage was measured using the digital
multimeter which has been found to be 0 mV. Then this value was measured using the
designed sensor. It read 3 mV. The value of ‘offset’ variable in the above program was set as
-3.0 (mV) and the program was again uploaded to the microcontroller. Then again 0 mV was
measured and it indeed read 0 mV. Thereafter, the variable resistor was adjusted till it
showed 1000 mV on the designed sensor. Then this voltage was measured on the multimeter
and it read 884 mV. To compensate this, the ‘scaling’ variable was set as 0.884 in program
above and it was uploaded to the microcontroller again. Thereafter, a number of readings at
various values between 0 and 1000 mV were measured using the Arduino UNO. The
measurements were verified using the multimeter and were found exactly the same. The
measurements were repeated for the analog input pin A5 and same results were obtained.
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LAPTOP

- GND—
L Ve 5]

GND iy

114
VARIABLE Arduino 13—
RESISTOR S_

7

AL BATTERY

L a0 i3

Tx

Fig 2.5. Setup for Calibration of Tester.
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2.2.3 Working of the Scheme

The wiring diagram of the test setup is as shown in figure 2.6. Initially, the measuring device
is in OFF state with standalone ATmega328P powered in power down mode using gty-3 AA
batteries. The microcontroller can however be powered using 9 VV PP3 batteries also by suing
a 5 V voltage divider. The P1 terminal of the measuring device is connected to the Test
Electrode, P2 with the Potential Electrode and E2 with the Current Electrode. The E1 and P1
terminals are shorted as per instructions in the manual of the tester. After a fixed interval
(such as 8 hours), the ATmega328P wakes up to energise relay K2 by making pin 14 low,
which in turn results in switching ON of the measuring device. After a delay of 1 second, the
relay K1 is energised by lowering voltage at pin 15 of ATmega328P which initiates the
testing. The delay of 1 second ensures stablisation of measuring device after switching ON.
After 5 seconds of this, both relays K1 and K2 are de-energised by making pins 15 and 14
HIGH, resulting in switching OFF of the measuring device. During the 5 seconds of testing,
an alternating current is forced through earth from the current and test electrodes. A known
resistance R of 10.4 Q has been inserted between the E2 terminal of measuring device and
current electrode to facilitate measurement of current injected by the earth resistance tester.
When the current from measuring device flows through this resistor, a voltage V, is produced
across it. At the same time, voltage Vi is produced between P1 and P2 terminals of the
tester. While relays K1 and K2 are in energised state, 2000 samples of are taken for voltage
V. After completion of sampling for Vo, a gap of 2 seconds is given so that the ADC of
ATmega238P is stabilised and made ready for measuring Vgis. Thereafter, the relay K4 is
energised by a LOW at pin 12 of ATmega328P to connect the P2 terminal with the GND pin
of ATmega328P. At this point, sampling of Vi starts and again 2000 samples are taken.
Each sample of Vy and Vs is measured in terms of millivolts, squared and added to the
previous sample value. Thereafter, the root mean square values (rms) of both Vo and Vi are
found. The rms value of V, when divided by resistance R value, we get the value of current
(1) flowing through earth. The value of current measured using this method was found to be
varying between 42 mA to 34 mA depending on the battery state of the tester. When the
battery is in fully charged state, the value of current measured was 42 mA consistently on
repeated readings. As the measurements are made repeatedly, the battery of the tester kept on
getting weaker progressively and the value of current slowly dropped. The lowest value of
current measured was 34 mA, at which the tester started showing low battery indication.
Once the corresponding values of Vg and current | have been found, the value of earth
resistance (R.) can be found as R, = Vgir/l. The earth resistance value thus obtained is then
sent to a server setup over internet or LAN. For this, the ATmega328P first switches ON the
Ethernet Shield by energising relay K3. The data is then sent to internet/LAN using a router
or switch. The way earth tester has been used in this project enables use of any other earth
resistance tester also in its place. Even an unserviceable earth resistance tester but with
working current generator can be used. This setup makes possible the automation of earth
tester without tinkering with its internal circuitry too much. Before migrating to standalone
ATmega328P, the testing of setup was done using Arduino UNO board and corresponding
pins of the board vis-a-vis ATmega328P are separated by slashes in the figure 2.6.

15
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The ATmega328P has to be configured with the IP of the server to which the data has to be
sent. The subnet and gateway may also be given in addition. After the data has been sent, the
relay K3 is de-energised and the ATmega238P goes to Power Down mode for next 8 hours.
A provision of buzzer can also be made as soon as the value of earth resistance crosses 1 Q or
5 Q (as applicable to a particular earth pit). In order to perform all the above functions, a
program has been made and uploaded to the ATmega328P microcontroller using Arduino
UNO and Arduino IDE. The ethernet part of the program is modification of code written by
David A. Mellis and the power down mode program for timer switch has been picked up
from the code by Nick Gammon. The full program is as follows;

#include <SPI1.h>
#include <Ethernet.h>
#include <avr/sleep.h>
#include <avr/wdt.h>

float scaling = 0.884; // The scaling factor is as per the value found during calibration

float offset = 3;

Il The offset is as per the value found during calibration

float calfactor = 0.19; // This is the correction factor for difference in earth resistance

/l reading

16



int samplesize = 2000; // This is the most appropriate sample size found
int samplerep = 1,
float runnum = 0.0;
int hours = 8; /[This is the interval in hours between each measurement
int pin8 = 8§;
int pin9 = 9;
int pin6 = 6;
int pin7 =7;
void setup() {
pinMode(pin8, OUTPUT);
pinMode(pin9, OUTPUT);
pinMode(pin6, OUTPUT);
pinMode(pin7, OUTPUT);
digitalWrite(pin8, HIGH);
digitalWrite(pin9, HIGH);
digitalWrite(pin6, HIGH);
digitalWrite(pin7, HIGH);
analogReference(INTERNAL);

¥
ISR (WDT _vect)
{
wdt_disable(); // disable watchdog
}
ISR (ADC_vect)
{
int adc_val;
adc_val = ADCH,;
OCROA = adc_val;
ADCSRA |= 1<<ADSC,; //conversion start
}
void loop() {

int conv=(hours*3600)/8; // convert hours to seconds for use later
PRR &= ~(1<<PRADC); /I Disable power reduction

ADCSRA = 0xcF; // Enable ADC to start measurements
analogReference(INTERNAL);
delay(2000);

float earthresistance = 0.0;
float sensorReading = 0.0;
float channel0 = 0.0;

float channel12 = 0.0;
float cumulativeO = 0.0;
float cumulativel = 0.0;
float voltage = 0.0;

float current = 0.0;

17



float vdiff = 0.0;
float intermediate = 0.0;
digitalWrite(8, LOW);
digitalWrite(9, LOW);
delay(1500);
/Ithe following loops are used for taking voltage samples
for (int y=0;y<=samplerep;y++) {
for (int x=0;x<=samplesize;x++) {
float sensorValuel = scaling*(analogRead(A0)*1100.0)/1024+offset;
channelO=channelO+pow(sensorValuel,2);
}
channelO=sqrt(channel0/samplesize);
cumulativeO=cumulativeO+channel0;
}
digitalWrite(6, LOW);
delay(1000);
for (int y=0;y<=samplerep;y++) {
for (int x=0;x<=samplesize;x++) {
float sensorValue2 = (scaling*(analogRead(A5)*1100.0)/1024);
channell2=channel12+pow(sensorValue2,2);
}
channel12=sqrt(channel12/samplesize);
cumulativel=cumulativel+channel12;
}
digitalWrite(6, HIGH);
digitalWrite(8, HIGH);
digitalWrite(9, HIGH);
cumulativeO=cumulativeO/samplerep;
cumulativel=cumulativel/samplerep;
vdiff=cumulativel;
current=cumulative0/10.4;
earthresistance=vdiff/current-calfactor; //earth resistance measurement is complete
delay(1000);
digitalWrite(pin7, LOW);
delay(5000);
EthernetClient client;
char server[] = "aaa.bbb.ccc.ddd"; //IP needs to be give according to server IP
byte mac[] = {
OxDE, 0xAD, 0xBE, OXEF, OxFE, OXED
I
IPAddress ip(192,168,1,8);
Ethernet.begin(mac, ip); // start the Ethernet connection and the server
int reattempt=0;
while (reattempt<=10) {

18



delay(6000);
if (client.connect(server, 80)) {
/I Make a HTTP request:
client.print("GET /EMS/EMS.php?TesterLocation="); //YOUR URL
client.print("Edusec1L2");
client.print("&ResistanceValue=");
client.print(earthresistance);
client.print("&Station=");
client.print("l11T%20Madras");
client.print("");  //SPACE BEFORE HTTP/1.1
client.print("HTTP/1.1");
client.printin();
client.printin("Host: aaa.bbb.ccc.ddd ™);
client.printin("Connection: close");
client.printin();
reattempt=11,
delay(20000);
}else {
reattempt++;
}
}
digitalWrite(pin7, HIGH);
/I The following code provides the functionality of TIMER SWITCH and it puts
/I the test setup to sleep mode and battery power consumption to about 38 pA
for (int j = 0; j <= conv; j++){
ADCSRA =0; // disable ADC
MCUSR =0; // clear various "reset" flags
WDTCSR = bit (WDCE) | bit (WDE); // allow changes, disable reset
/I set interrupt mode and an interval, set WDIE, and 8 seconds delay:
WDTCSR = bit (WDIE) | bit (WDP3) | bit (WDPO0);
wdt_reset();
set_sleep_mode (SLEEP_MODE_PWR_DOWN);
nolnterrupts (); / timed sequence follows
sleep_enable();
MCUCR = bit (BODS) | bit (BODSE); // turn off brown-out enable in

/I software
MCUCR = bit (BODS);
interrupts (); I guarantees next instruction executed
sleep_cpu ();
sleep_disable(); /I cancel sleep as a precaution
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2.2.4 Timer Switch

The purpose of timer switch as programmed above, is to switch on the measuring device after
fixed interval of time such as 3 hour, 6 hour or 8 hour. This can be made using a standalone
ATmega328P programmed using Arduino IDE. To keep the power consumption to bare
minimum while the sensor is not measuring, the micro-controller needs to be kept in sleep
mode. To further reduce the power consumption during the sleep mode, various features such
as brown out detection, ADC, analog comparator etc need to be turned off during this period.
This will ensure a very long battery life. At fixed intervals of time, such as 8 hours, the
microcontroller can wake up, performs the measurement and sends the measurement data to
the server on network. Thereafter, it again goes back to sleep to conserve the battery.

2.3 Hosting of Database and Webpage on Cloud Service.

There is a need to keep a log of values such as station at which measurement has been made,
tester location inside the station, the value of earth resistance and the date/time information of
the measurement made by the tester setup. It is intended that there will be hundreds of such
sensors deployed across the country. In order to ensure that all the records are made available
at a central place, each tester needs to send the required information to a server set up over
internet. For setting up of internet based webserver, use of free tier services of Amazon Web
Services (AWS) was made. In this, an instance of Windows Server 2016 Basic was installed
and then accessed using Remote Desktop Protocol (RDP). Thereafter, an exception for the
listening port 80 was added in the firewall. A server using open source platform XAMPP has
then been installed as it provides Apache server and MySQL database service. Upon
installation of XAMPP, a control panel as shown in figure 2.7 becomes available.

- XAMPP Control Panel v3.2.4 [ Compiled: Jun 5th 2019 ]

| XAMPP Control Panel v3.2.4 ST
Modules )
Netstat
Service Module  PID(s) Port{s) Actions & fletsia
1748
Apache 16772 80, 443 Stop Admin Config Logs @ shel
MysaL 5244 3306 Admin Config Logs Explorer
FileZilla Start Admin Config Logs E' Services | |
Mercury Start Admin Config Logs & Help
Tomcat Start Admin Config Logs [ aut
175517 [Tomeat] or reconfigure Tomeat and the Control Panel to listen on a different port A
17:55:17 [main] Starting Check-Timer
17:5 [main] Control Panel Ready
1 [Apache] Attempting to start Apache app...
1 [Apache] Status change detected: running
17:55:22 [mysql] Attempting to start MySQL app...
17:55:22 [mysql] Status change detected: running
v
< >

Fig 2.7. XAMPP Control Panel.

The services of Apache and MySQL is started using buttons provided on the control panel in
order to use the instance as an application server for hosting a website and database.
Thereafter, a database named ‘earthing monitoring system’ has been created using
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phpMyAdmin provided with XAMPP. A table named ‘emsl’ has been created inside this
database with fields such as Tester Location, Resistance Value, Time info and Station as
shown in figure 2.8. Thereafter, a folder named ‘EMS_v1’ (EMS for Earthing Monitoring
System) has been created in the root directory (named htdocs) of the XAMPP. In this folder,
two PHP Hypertext Preprocessor based files were created by name ‘ems.php’ and ‘index.php’
and programmed using PHP such that they respectively perform the function of storing the
data sent by the test setup and displaying the records based on user’s form based query in a
web browser. The form based query results are displayed on a webpage having a table at the
bottom as shown in figure 2.9.

4 localhost /127,001 / earthme X [ =
<« c @ © O localhost ‘phpmyadmin/tbl_structure.php?db=earth +maonitoring +system&table=ems1 b b ¥ N D@ =]

php BN 7 Sener 127.0.01 » @ Database: earth monitoring system /8 Table- ems1

OEle : @ [Z Browse 4 Structure L] SQL L Search #t Insert =} Export [& Import =3 Privileges ” Operations 2% Triggers
@ @ %8
Recent || Favontes 4 Tablestructure &2 Relation view
-
[ SiED # Name Type Collation Attributes Null Default Comments Extra Action
= earth monitoring system SIN .
= Now O o > bigint(20) No None AUTO_INCREMENT 7 Change @ Drop + More

$14 delhi [] 2 Testerlocation char(11)  utf3mbd_general ci Yes NULL o7 Change @ Drop = More

L2. :

—kt ems1 [0 3 ResistanceValue ozt Yes NULL & Change @ Drop + More
311 Cotimos O 4 Timeinfo timestamp No curent timestamp() 7 Change @ Diop ~ More
F-] Indexes :

U kharagpur [] & Station char(20)  utf8mb4_general ci Yes NULL 47 Change @ Drop = More

+- )4 lists

= + [J Checkall  With selected [5] Browse g7 Change ~ @Drop 5 Primary [ Unique  [&]index [ Fulltext
3C] X
- | -
i) L &y Print B Propose table structure @ fp Move columns 4 Normalize
- | performance_schema N
@@ phpmyadmin F& Add |1 3| column(s) | after Station ~| (Go
50 E,
- test
Indexes @
Action Keyname Type Unique Packed Column Cardinality Collation Null Comment
&’ Edit @ Drop PRIMARY BTREE Yes No SiNo 599 A No
Create anindexon |1 [5| columns Go
Partitions &
m| Console 1 v
“2/ems_v1/ X
<« C @

EARTHING MONITORING SYSTEM

Choose a Station and Click Display to

Choose a Station followed by the Section and other Parameters to Display Filtered Values
View all Records

Choose a Station: | -Select Station- ~

Choose Location

Choose a Section: | -Select Station- -

Choose a Station: | -Select Station- v

Display All Values of Selected Station

Enter the value of resistance from:[0.0 2 toz[100

Select the date from: |01/01/2021 ©|toz[31/12/2071 @ |

Select the hour of the day from: ‘0 = ‘to: |23 - ‘

Display Filtered Values

Displaying Results for [IT Madras for earth resistance between 0.0 and 100 Ohms from 2021-01-01 to 2071-12-31 and for timings between 000 h to 2300 h

[SINo [TesterLocation i [Timeinfo [Station
160 Edusec1l2 .84 [2021-03-29 13:53:42 IIT Madras
161 Edusec1l2 .95 [2021-03-29 13:54:00 T Madras
162 Edusec1lL2 [1.09 [2021-03-29 13:56:02 T Madras
v
; 3 an 12:48
ﬂ O Type here to search i 4 C N B O ENG o R

Fig 2.9. Displaying form based query results on Webpage.
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2.4 Design of 61.8% Method Measuring Device

As stated earlier, a measuring device working on 61.8 percent method was designed and
simulated to attain better understanding, also, integration with the Arduino and networking
component of the project. The device has a current generator which forces an alternating
current at a frequency of 128 Hz through the current and test electrodes. The current then
flows through the earth which results in a voltage proportional to the earth resistance
(V = IR). A potential electrode is dug at 61.8 % of the distance between test electrode and
current electrode, the voltage measured between test electrode and potential electrode directly
gives the value of earth resistance. This voltage sensor filters and converts the resulting
alternating voltage to a DC value, which can be read using ATmega328P microcontroller.
The microcontroller also controls the switching ON and OFF of the measuring device at fixed
intervals of time using relays. The block diagram of the tester arrangement is given in figure
2.10.

OUTPUT
128 Hz J J
CURRENT
SOURCE
[ vOLTAGE
| ] SENSOR
18V oV oV
POWER
SOURCE I
Y iy

p—

TEST POTENTIAL CURRENT
ELECTRCDE  ELECTRODE ELECTR.CDE

Fig 2.10. Block Diagram of Earth Tester for Single Earthpit.
2.4.1 Current Generator

The current generator is designed to give an output of 20 mA peak sinusoidal current at 128
Hz. The output current will be obtained by first generating a sinusoidal signal using Bubba
phase shift oscillator and then deriving current with help of a Howland current source. The
block diagram of the proposed current source is shown as figure 2.11.

128 HZ HOWLAND
SINE WAVE SIGNAL CURRENT ———() TO CURRENT ELECTRODE
GERNERATOR SOURCE BANK
— ) TO TEST ELECTRODE

18V oV OV

POWER
SOURCE

Fig 2.11. Block Diagram of Current Generator.
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The circuit diagram of the 128 Hz Sine Wave Generator is as shown in figure 2.12. A Bubba
oscillator has been used as the sine wave signal generator followed by a buffer amplifier. The
values of all the resistances and capacitances of the Bubba oscillator have been set such that
we get an output of 8.5 V peak to peak 128 Hz signal. The signal generated by the Bubba
oscillator is then amplified or level translated so as to achieve the maximum possible value
(within the operating voltage range of the operational amplifiers) using an inverting
amplifier. This will enable us to draw maximum possible current from the current source. The
output of Bubba oscillator has been taken between R, and C, and fed to a buffer amplifier
stage. Thereafter, the signal from buffer amplifier has been fed to the level translator stage,
which amplifies the oscillator voltage to 15 V peak to peak 128 Hz signal. This is the final
output signal Vg of the Sine Wave Generator. The device is intended to be battery powered,
hence, a single supply operational amplifier such as TLO84CN can be used for the realisation
of the circuit.

BUFFER LEVEL
AMPLIFIER TRANSLATOR

BUBBA OSCILLATOR

Fig 2.12. Circuit Diagram of 128 Hz Sine Wave Signal Generator.

The design of current source has to be carried out under the constraints of available voltage
and maintaining linear range of the measuring device for changing values of earth resistance.
After calculations and simulations, the circuit shown in figure 2.13 was found suitable for the
requirement. During simulation study, it was found that the designed Howland current source
stays linear for a load resistance of up to about 100 Q. This is ten times the claimed design
range of 10 Q. However, if contact resistances, resistance of wires and earth electrodes of the
practical circuit are also added, this much margin will be required.

Fig 2.13. Circuit Diagram of Howland Current Source.
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2.4.2 Voltage Sensor

The voltage across test and potential electrode is passed through four stages, viz., 128 Hz

bandpass filter, amplification/peak detection and voltage measurement as shown in figure
2.14.

FROM&‘;L‘:;Q;& (— T‘iﬁgﬁﬁ INSTRUMENTATION
AMPLIFIER/PEAK
1 BANDPASS oETECTOR
FROMTEST ELECTRODE ( ——— FLTERS |[—— -
18v SV ov

ARDUING UND

POWER OR

SOURCE STANDALONE

ATmegalZ8P BASED
WOLTAGE SENSOR

L)

i

“OUTPUT

Fig 2.14. Block Diagram of Voltage Sensor.

The 50 Hz T- Notch Filter is used to safeguard against interference from 50 Hz commercial
power supply signal. This is followed by two cascaded 128 Hz bandpass filters to safeguard
against interference from other signal sources. The circuit diagram of the filters is shown in
figure 2.15. The input of bandpass filters will be provided from the potential electrode (as
shown in figure 2.14). The voltage at potential electrode will be fed to the filter through a
buffer amplifier. The output of the filters will be fed to the instrumentation amplifier.

185V

Rs; 3.18k p

Rsp3.18k

FROM
POTENTIAL
ELECTRODE

Fig 2.15. Circuit Diagram of T-Notch and Bandpass Filters.
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The voltage signal after filtration by the filters is amplified to a suitable level for
measurement, rectified using a precision rectifier and then passed through a peak detector.
The output has been calibrated such that the measuring device gives 5 V DC as output, for an
earth resistance of 50 Q. This peak detected voltage is intended to be measured using
ATmega328P based voltage sensor. The circuit diagram of the instrumentation amplifier,
precision rectifier and peak detector is as shown in figure 2.16.

INSTR AMP

FROM Rio 10k Ryp 9928k

BANDPASS
FILTERS

Ry 1k Rug 20k

ZENER

[
1

1

1

1

1

1

1

1

TO ARDUINO :
:

1
DIODE (5V) :
1

1

|

Fig 2.16. Circuit Diagram of Instrumentation Amp, Precision Rectifier and Peak Detector.

2.4.3 Power Source

The power source required is 18 V dc with a centre tap. Practically, this can be achieved
using quantity-02 9 V PP3 batteries in series.

2.4.4 Proposed Circuit

The overall circuit based on proposed setup of block diagram in figure 2.17 is given in figure
2.9. The earth resistance has been simulated using a potentiometer. The circuit should
perform such that the resistance value to the right side of wiper should not affect the reading
of the actual earth resistance which is on the left hand side of the wiper. The current to the
earth resistance is fed through isolation transformer T1 to ensure electrical isolation of the
circuitry. The voltage measured across Potential and Test electrodes can be fed to one of the
analog pins of the Atmega328P microcontroller. The center tap of the battery, which is 9 V,
is required to be fed to the GND pin of the Atmega328P. The Vcc pin of ATmega328P needs
to be fed with 5V. For this, a voltage divider can be used if the setup is being powered using
PP3 batteries.
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CURRENT ELECTRODE

POTENTIAL
ELECTRODE

EARTH RESISTANCE

AN

TOINSTR
AMPLIFIER

TO ATmega328P
ANALOG PIN

7"\ TO ATmega328P
“ GND PIN

TO VOLTAGE
DIVIDER FOR
ATmega32SP

TO ATmega328P

i’ ZENER
DIODE (5V)

Fig 2.17. Circuit Diagram of Simulated Measuring Device.
2.5 Design of Clamp On Method Measuring Device

In order to measure earth resistance of two or more earthpits bonded together, another test
equipment has been designed and simulated. Although, such testers are commercially
available, they have way more functionalities than are required for our application and hence,
are costly. Therefore, if a dedicated tester is designed with limited range and functionality,
that is just sufficient to meet our requirement, a lot of cost saving can be done. The scheme is
shown in figure 2.18. A voltage source will induce a voltage at 128 Hz into a loop formed by
the two earthpits. This voltage will cause a corresponding current to flow in the loop, the
value of which will depend on the total resistance in the loop. This current is sensed through
another transformer and further taken up for measurement. During simulation experiments, it
was found that with few modifications in the circuit of sub section 2.4.4 above, a clamp on
measuring device can be set up.
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WHICH EARTHING
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VOLTAGE
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L TRANS-
FORMERS
CURRENT
SENSOR ;

Fig 2.18. Block Diagram of Earth Tester for Multiple Earthpits bonded together.

2.5.1 Proposed Circuit

In the circuit for the measuring device, the Howland current source stage of figure 2.17 has
been removed. All other circuit elements such as 128 Hz signal generator, T-Notch filters,
bandpass filters, instrumentation amplifier, precision rectifier and peak detector are present in
this circuit also. The elements have already been covered briefly in sections 2.4.1 and 2.4.2.
The output of signal generator is directly fed to the earthing loop through transformer T1. A
stepped down voltage is then present across the secondary of the transformer T1. As a result,
a current starts flowing though the loop containing earth resistance. When this current flows
through the primary of transformer T2, a small current results in its secondary winding. This
current flows through a 10 kQ resistance, hence results in a voltage across the resistance. The
value of this voltage varies inversely with the increasing earth resistance. After amplification,
rectification and peak detection, a dc voltage between the range of 5V and 0V is presented at
the output of operational amplifier OA28. In order to read, process and interface the
corresponding earth resistance value with internet, the output can be fed to the analog pin of
ATmega328P microcontroller after level shifting the output. The turn ratios of transformer
T1 was set as 100:1 and that of T2 was set as 1:1000.
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Fig 2.19. Circuit Diagram of Earth Tester for Multiple Earthpits bonded together.
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2.6 Results

There were three studies carried out during the course of work. First one was experimentation
with the setup covered in section 2.2, second one was simulation study of the tester covered
in section 2.4 and third one was simulation of the tester covered in section 2.5.

2.6.1 Finding accuracy and repeatability of the test setup of section 2.2

The accuracy of the sensor was checked by measuring known resistances of values such as
1 Q, 10 Q, 22 Q, 33 Q and 100 Q, each having £5% tolerance, in various combinations
between terminals P1 and P2 of the earth tester. At first, 1 Q resistance was measured using
the tester. It can have a value between 0.95 Q to 1.05 Q for 5% tolerance. The value
measured using the designed tester was 1.02 Q, which was within the possible range of the
known 1 Q resistance. Thereafter, two 1 Q resistances were connected in series combination
to make it 2 Q. The worst case error in resistance value in this case was 10%, therefore, the
measured value should have been between 1.90 Q to 2.10 Q. When measured using the
designed tester, the value obtained was 2.08 Q, which was again within the tolerance range.
In order to test the values below 1 €, the known resistances such as 10 Q, 22 Q, 33 Q and
100 Q were put in parallel combination with 1 Q resistance one by one. The reference device
available for measurement was a (+0.8%z=2 digits) accuracy digital multimeter and has a
display resolution of 0.1 Q. With 5% tolerance resistors and a multimeter of this accuracy,
the most suitable reference was worked out. It was found that for some combinations,
calculations give a better reference and for other combinations, multimeter serves better
reference. To check which reference was suitable for what combination of resistances, the
following relation was derived;

t __t .1 2.1)
R.£AR. R *AR R, *AR,
+ +
1 _ REAR+R AR, 2.2)
R, AR, (R tAR)(R,*AR,)
A R, £ AR
:>ReiARe=(Rl Rl)( 2 2) (23)
R +R, £ (AR +AR))
@le[mj
R
=R, +AR = RR, L R : (2.4)
R +R, 1t AR, +AR,
- R+R,
-1
SR AR =R (14 AR [, AR I AR HAR, (2.5)
R +R, R, R, R +R,
Expanding the last term by binomial theorem, we get:-
R, AR = &(11 AR, J[li AR, J[l: AR + AR, + higher powertermsj (2.6)
R +R, R R, R +R,
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Neglecting the higher power terms in binomial expansion, we get:-

R+R | R R R +R,

1 2

R AR, = _RRe (P_rﬁiA_RziARlARZiAR1+AR2iﬁ'ARﬁARZiA_RZ.ARNLARZiARlARZQARﬁARZJ
R+R\ R R RR  R+R, R R+R R R+R, RR R+R
(2.8)

Using the equation above, the effective resistance R, and error in resistance 4R, can be found
as:-
R - RR,
° R +R,

(2.9)

And,

" RR, ﬁ+AR2 +ARlARZ +AR1+AR2 +ﬁ.ARl+AR2 +ﬁ'ARl+AR2 +ARlARZ ’AR1+AR2
® R+R,(R R, RR, R+R, R R+R, R, R+R, RRy R+R,
(2.10)

Where, R. is the earth resistance, 4R, is the error in earth resistance, R; and R, are the

resistors used for parallel combination, 4R; and 4R, are their respective tolerances.

Using the equation above, the values of effective resistances were found as shown in the table
2.1 below. Since the resolution of the digital multimeter is 0.1 Q with an accuracy of (+£0.8%
+2 digits), only calculation based values of R £ AR, having AR, less than 0.2 Q (as shown in
table 2.1) were used as reference. However, the values of 4R, for all combinations given in
table 2.2 based on calculations were found to be more than 0.2 Q. Therefore, the range of R, +
AR, for these combinations was based on the measurement using the digital multimeter. As
can be observed, all the values when measured using our designed tester were found to be
within the tolerance limits of the parallel combination of known resistances. Each
measurement was repeated 10 times to find the repeatability of the design and monitored on
serial monitor of Arduino IDE. For example, repeated measurements for two 1 Q resistances
in parallel is shown in figure 2.20. After measuring all the values on tester, it was found that
repeatability was within = 0.02 Q.

Table 2.1. Measurement of resistance values with AR. less than 0.2 Q

Range of Values Measured

SI No R, AR, R, AR, Re AR, (ReiARe) Value
1. 1 0.05 1 0.05 0.50 0.08 0.42 10 0.58 0.54
2. 1 0.05 10 0.5 091 0.14 0.77 10 1.05 0.96
3. 1 0.05 22 1.1 0.96 0.15 0.81to1.11 0.98
4, 1 0.05 33 1.65 0.97 0.15 0.82t01.12 0.98
5. 1 005 100 5 0.99 0.16 0.83t01.15 0.99




Table 2.2. Measurement of resistance values with 4R, equal to or greater than 0.2 Q

Range of

AR, Measured
SINo Ri Re Re ) 008R, + 2 digits) (FX i'j‘;ie) Value
1 2 10 L7 0.2 1510 1.7 1.70
2. 2 2 19 0.2 1.7t02.1 1.79
3, 2 33 20 0.2 1.8102.2 191
4. 2 100 21 0.2 191023 1.99
5. 10 10 51 0.2 491053 4.92
6. 10 22 10 0.3 6.7t07.3 6.83
7 10 33 18 0.3 75t08.1 7.69
8. 10 100 9.2 0.3 8.9109.5 9.19
9. 22 33 134 0.3 13.110 137 13.10

e COM3
Send
14:358:12.972 -> VO = 431.40 2
14:38:12.972 -> Vdiff = 36.70
14:38:13.015% -> Current = 41.48
f14:38:13.01% -> Earth Resistance = 0.54
|14:38:13.073 >
414:38:55.614 -> VO = 430.10
14:38:58.661 -» Vdiff = 36.51
14:35:58.661 -> Current = 41.3¢6
414:38:58.061 -» Earth Resistance = 0.54
14:358:58.714 ->
§14:359:44.302 —> V0 = 430.31
14:359:44.302 -> Vdiff = 36.52
14:35:44.302 -> Current = 41.38
14:35%:44.355 ->» Earth Resistance = 0.54
14:39:44.355 ->
W
Autoscroll Show timestamp Mewline | 9600 baud v Clear output

Fig 2.20. Arduino IDE serial monitor output for two 1 Q resistances in parallel.

Inferences: The test setup was able to read the resistance values and gave output within the
tolerance band of the resistors. When these resistors were used in parallel combination, the
values were either read within the propagated tolerance or within the accuracy range of
multimeter having accuracy (+0.8%z=2 digits). The setup may even have higher accuracy but
needs a higher standard to verify that. Also, after repeated readings for each resistance
combination, it was found that the readings did not vary from each other by more than
+ 0.02 Q. Also, the tester is set up in such a way that the reading of resistance between P1
and P2 of earth tester is not affected by insertion of varied values of resistances between P2
and E2. An advantage of this setup is that even if the commercial earth tester is not itself
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calibrated, it can be made use of to carry out quite accurate measurements by calibration in
program of ATmega328P. Also, the same setup should work for any other tester which has a
working current generator but is overall unserviceable.

Limitiation: The test setup was run using both Arduino UNO and standalone ATmega328P.
It was observed that both the setups performed equally, however, with standalone
ATmega328P, the records, say 1 out of 20, were not reliably being stored in server database.
But this problem was no there with Arduino UNO. Most probably, PCB implementation
instead of breadboard implementation will resolve this issue.

2.6.2 Simulation Study of 61.8% Tester

The complete circuit of measuring device (except ATmega328P and timer switch) is given in
figure 2.9. This circuit was simulated using the TI-TINA software and the output waveforms
were observed for various values of simulated earth resistance. The earth resistance was
simulated using a potentiometer set at 61.8%. Therefore, in order to simulate an earth
resistance of 10, the total resistance value of the potentiometer was set as 1.618 Q. Similarly,
to simulate 50 Q earth resistance, the value of potentiometer was set as 80.9 Q. The output of
the peak detector was obtained with reference to the central voltage of power supply, i.e.,
9 V. The circuit output has been calibrated such that it gives an output of 5 V DC above the
central value of 9 V. However, in a practical circuit the values of contact resistances, wires
and mild steel stakes need to be measured and accounted in order to calibrate the device. In
order to initiate oscillations in the Bubba oscillator, a current source of 1 mA pulse for 1 ns
was used during simulation. However, this should not be required in a practical circuit due to
presence of noise. The screenshots of output waveforms of precision rectifier and peak
detector overlapped for simulated earth resistance of 1 Q, 10 Q and 50 Q are shown in figure
2.21, figure 2.22 and figure 2.23 respectively.

400.00m —

300.00m —]

200.00m ]

100.00m

N N N NN

Output

-100.00m —

-200.00m —]

300.00m———————————— T T —

70.00m 75.00m 80.00m 85.00m 90.00m
Time (s)

Fig 2.21. Output of simulated 61.8 percent tester for 1 Q earth resistance.
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Fig 2.22. Output of simulated 61.8 percent tester for 10 Q earth resistance.
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Fig 2.23. Output of simulated 61.8 percent tester for 50 Q earth resistance.

The circuit was simulated for the simulated earth resistance values from 1 Q to 60 Q in steps
of 5 ohms. The circuit was simulated first without the isolation transformer T1 and then with
it. It was found that there is slight fall in the value of current of the current source as the
resistance value increased when simulation was carried out without the isolation transformer.
However, when the simulation was repeated with the isolation transformer, the value of
current remained constant irrespective of the earth resistance value. The results for simulation
carried out with the isolation transformer are given in table 2.3 below. It can be observed that
the circuit gives the desired result during simulation (with slight inaccuracies of below 1%).
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Table 2.3. Output of simulated 61.8 % tester for various values of earth resistances.

Simulated Sine Wave Current Voltage Peak Expected %Error
Earth Generator Source  Across Test  Detector  Value
Resistance  Voltage (V p-p) Output  and Potential ~ Output
(Ohms) (mA p-p) Electrode

1 15.05 20.03 20.03mV  100mVvV 100mV 0.0
5 15.05 20.03 100.16 mV 501 mV 500mV 0.2
10 15.05 20.03 200.29 mV 1V 1v 00
15 15.05 20.03 300.37 mV 15V 15v 00
20 15.05 20.03 400.57 mV 2V 2V 00
25 15.05 20.03 500.74 mV 251V 25V 04
30 15.05 20.03 600.85 mV 3.02V 3v. 07
35 15.05 20.03 700.99 mV 35V 35V 00
40 15.05 20.03 801.24 mV 401V 4V 0.2
45 15.05 20.03 901.45 mV 451V 45V 0.2
50 15.05 20.03 1V 501V 5v. 02
95 15.05 20.03 11V 551V 55V 0.2
60 15.05 20.03 1.2V 6.01V 6V 02

Inferences: The circuit designed for the measurement of earth resistances for single earth pits
is behaving linearly for values of earth resistances upto 60 Q with an error of less than 1%.
This is well above our requirement of measuring upto 10 Q earth resistance. It gives a
maximum output of 1 V for a 10 Q earth resistance and hence is suitable for practical
implementation in combination with test setup of section 2.2. Also, it has been found that
with the use of an isolation transformer to feed current to the current electrode, the value of
current can be kept more constant as compared to without its use. Hence, the need for
measurement of current in addition to the output voltage of the tester can be eliminated if we
use an isolation transformer.

Limitations: There is a need to deploy two auxiliary earth electrodes permanently for using
this tester. Hence, it is important to identify most critical earth pits so that its use is made as
limited as possible.

2.6.3 Simulation Study of Clamp on Tester

The complete circuit of proposed clamp on tester (except ATmega328P and timer switch) is
given in figure 2.19. This circuit was simulated using the TI-TINA software and the output
waveforms were observed for various values of simulated earth resistance. The output of the
peak detector was obtained with reference to the central voltage of power supply, i.e., 9 V.
The circuit output has been calibrated such that for 1 Q loop resistance, it gives an output of
5V DC above the central value of 9 V. However, in a practical circuit the values of contact
resistances, wires and non linearity of transformers used need to be known and accounted in
order to calibrate the device. Again as in previous simulation, to initiate oscillations in the
Bubba oscillator, a current source of 1 mA pulse for 1 ns was used during simulation.
However, this should not be required in a practical circuit due to presence of noise. The
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screenshot of output waveforms of precision rectifier and peak detector overlapped for
simulated earth resistance of 1 Q is shown in figure 2.24.
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Fig 2.24. Output of simulated clamp on tester for 1 Q earth resistance.

The circuit was simulated for the simulated earth resistance values from 1 Q to 25 Q in steps
of 5 ohms. The results are given in table 2.4 below. It can be observed that the circuit gives
the desired result during simulation with an error of upto 2% for earth resistance upto 10 Q.

Table 2.4. Output of simulated clamp on tester for various values of earth resistances.

Total Earth Sine Wave Peak Expected %Error
Resistance Generator Detector Value
(Ohms) Voltage (V p-p) Output

1 15.05 503V 5V 0.6
5 15.05 1.02V 1V 2.0
10 15.05 510 mV 500 V 2.0
15 15.05 345 mV 333V 3.6
20 15.05 258 mV 250V 3.2
25 15.05 206 mV 200 V 3.0

Inferences: The circuit designed for the measurement of earth resistances for multiple earth
pits is behaving linearly for values of earth resistances upto 25 Q. This is well above our
requirement of measuring upto 10 Q earth resistance and hence can be considered suitable for
practical implementation in combination with test setup of section 2.2. Also, it is most
favourable tester for two or more earth pits as there is no need of digging auxiliary test
electrodes as required for tester in sections 2.2 and 2.4. It can also be observed that as the
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value of earth resistance decreases, we get a higher output voltage. Therefore, if this voltage
is measured with the help of an ADC, it will be nearer to the full range value and hence
accuracy at lower resistance values will be more.

Limitations: The measurements carried out with this method will give the value of two or
more earth resistances in series and hence will be that of total combination. Measuring the
value of a single earth resistance will require individual earth pit measurement after isolation.

2.7 Conclusions

In this project, a commercial earth resistance tester has been integrated with an Arduino UNO
and its microcontroller ATmega328P in turns. The tester injects a current in simulated earth
resistance which results in appearance of a voltage. The voltage is read, processed and
interfaced with internet using Arduino UNO as well as standalone ATmega328P
microcontroller in combination with and Arduino Ethernet Shield. It is found to be accurate
atleast upto the standard used for the work and repeatability figure of + 0.02 Q. The setup has
also been used for transmission of recorded data to a web server based on Amazon Web
Service and the measurements were recorded in a database on the server. A web page has
been designed for reading the data stored in the database which is accessible from anywhere
on the internet.

In addition to this, two types testers, first one working on the 61.8 percent principle and
second one on clamp on principle, have been designed and simulated.
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Chapter-3

Summary and Future Scope

3.1Summary

Provision of good quality earthing is one of the most prime requirements to ensure human
safety and reliable operation of electrical/electronic equipments. The most obvious indicator
of the quality of earthing is the earth resistance value. Measuring and monitoring earth
resistance is thus an inescapable task which every service provider should consider seriously.
Therefore, monitoring the earth resistance automatically and recording the values can prove
to be a very handy. At the outset, the investment in making such systems may look a bit high
but the damage it can help in preventing to the costly electronic equipments is immeasurable.
Even though, such systems are available commercially, designing own solution can result in
major cost cutting for organisations especially if the testers can be created in a laboratory
environment.

The remote monitoring of earthing system project has been designed keeping in mind that on
date, internet is the best way through which the sensor readings can be accessed remotely.
For this, a battery powered system has been attempted to be made. A test setup has been
fabricated using an actual earth resistance tester and performance checked. It is found to be
accurate atleast upto the standard used for the work and repeatability figure of + 0.02 Q. The
output of earth tester is read, processed and interfaced with internet using an Arduino UNO or
ATmega328P microcontroller in combination with and Arduino Ethernet Shield. The setup
has also been used for transmission of recorded data to a web server using Amazon Web
Services and the system with Arduino UNO has been found to reliably record the data in a
database on the server. A web page has been designed for reading the data stored in the
database which is accessible from anywhere on the internet. A large number of such testers
can be integrated over internet. In short, this brings 10T and earth resistance measurement
together.

Additionally, simulation studies have been carried out to design two type of testers. The first
tester is based on the 61.8 percent method of testing earth resistance. In this, a method has
been found using which there should be no need to measure current separately in order to find
the earth resistance. The voltage presented across the Test and Potential electrodes alone can
directly give the value of earth resistance. The tester has an error of less than 1 percent as
compared to the actual value of earth resistance. The second type of tester is based on the
principle of induction of voltage in a loop formed by two or more earth pits. The resulting
current is picked up using a transformer and processed to finally give a corresponding output
voltage. This type of tester may help in eliminating the use of auxiliary test electrodes
wherever two or more earthpits are bonded together.
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3.2 Future Scope

The system made using actual earth tester has been tested and found to be reliably measuring
the resistance values of simulated earth resistances. The T Notch filters, bandpass filters,
precision rectifier and peak detector as designed in simulation may be used with the current
generator of commercial tester for more accurate results. Furthermore, testing may be carried
out in actual conditions and multiple such testers can be integrated to test for reliably
recording of data in the server.

The test setup sends the data reliably to AWS server when using Arduino UNO. However,
behaviour in this aspect is little less reliable with standalone ATmega328P based test setup.
The reason may be investigated so that the advantage of significantly lesser power
consumption by standalone microcontroller may be made use of. Probably, PCB
implementation instead of breadboard implementation will resolve this issue.

The webpage has a limited functionality and can be improved with security features such as
user authentication and installation of SSL certificate on server. Additional features such as
sending sms to mobile phones based on increased earth resistance values and automatic
raising of alarm for unacceptable values can also be added.

The earth testers designed and simulated may be actually fabricated and checked for
performance. Also, a method can be devised which can measure the earth resistance without
the use of any current or voltage source. Thereafter, this module can replace the measuring
device part of the experimental test setup and integrated with the Arduino
UNO/ATmega328P for interfacing and networking part.

References

[1] Bureau of Indian Standards 1S 3043:2018 Code of Practice for Earthing (Second
Revision).

[2] IEEE Standard 81 of 2012 (Revision of IEEE Std 81-1983) IEEE Guide for measuring
Earth Resistivity, Ground Impedance, and Earth Surface Potentials of a Grounding System

[3] N. lzumo, S. Takagi, Y. Kishimoto and S. Muroyama, "A new method of measuring
earth resistance applicable to mutually bonded earth electrode systems,” 21st International
Telecommunications Energy Conference. INTELEC '99 (Cat. No.99CH37007), 1999, pp.
449-, doi: 10.1109/INTLEC.1999.794109.

[4] A. Mutoh, S. Nitta and T. Sato, "The relationship between the Earth current and the
ground resistance meter's indication,” 2003 IEEE Symposium on Electromagnetic
Compatibility. Symposium Record (Cat. N0.03CH37446), 2003, pp. 789-793 vol.2, doi:
10.1109/ISEMC.2003.1236708.

[5] Liwei Li, Jiyan Zou and Hui Sun, "Research on the New Clamp-on Ground Resistance

On-line Tester Based on AC Variable Frequency,"” 2006 6th World Congress on Intelligent
Control and Automation, 2006, pp. 5286-5289, doi: 10.1109/WCICA.2006.1714078.

38



