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CHAPTER-1 

INTRODUCTION 

1.1 Embedded System 

 
 

An embedded system is a microprocessor-based computer hardware system with software that 

is designed to perform a dedicated function, either as an independent system or as a part of a 

large system. At the core is an integrated circuit designed to carry out computation for real-time 

operations. 

An embedded system is a special-purpose computer designed to perform one or a few dedicated 

functions, often with real time computing constraints. Embedded systems have become very 

important today as they control many of the common devices we use. An embedded micro 

controller is a chip, which has a computer processor and all its support functions, memory (Both 

program and data) and I/O (including bus interfaces) built within the device. The paper proposes a 

RCM (Remotely Controlled Model) which discusses significance of using Micro Controller to 

remotely control maximum number of devices so that the applications of Embedded System can be 

improved by connecting more devices to the Micro controller. 

Now-a-days in our country most of the existing RTO offices didn’t have systematic driving 

license verification system. If we want to get the driving license from RTO office, it is not a 

difficult task now a days but maintaining the original driving license is major task to the vehicle 

users . On the other side vehicle users are cheating the police by maintaining fake license which was 

crime. Currently driving license card having details like driving license identification number and 

address Details of the authorized vehicle Drivers are being morphed. 
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1.2 Driving License Verification System 

 
 

So now-a-days the persons who are maintaining fake driving license, they are removing the 

authorized vehicle driver license photo and the details and using same license identification number . 

This is the major disadvantage for the authorized driving license persons and it is advantage for the 

persons who are maintaining fake driving license. In order to overcome these problems an 

authenticating driving license system is proposed and provided to RTOs. By making use of RFID 

reader we can maintain authenticated driving license system. The existing method at the road 

transport officers was we need to fill the online driving license application form and next step is the 

written exam, that exam issuing a driving license by taking photo and the details of the eligible 

person .So in that driving license as we already know there existing a license. This is the major 

drawback of the existing driving license issuing system. 

 

1.3 Eligibility Test Kit 

 
 

But we face a new issues while getting a new driving license test for driving license is not done 

before the RTO officer. it is done by the driving school, they provide certificate for driving. After 

the driving school given certificate they applied for driving license it was easily getting from the 

RTO office. During this , certification from the Driving School. some of them have a chance for 

fraud work, that is without drive a car or bike they will provide certificate for money ,then the 

person will easily get a driving license. These type of person have a 90% chance of accident on the 

road. By avoid these type of accident, in this paper we discuss about the driver performance 

measuring by a eligibility test kit. A driver performance measuring kit will helps to analyze the 

member who is driving the car and their driving data will be collected from the sensors to 

Microcontroller and the data is automatically updated to the test kit. 



 

CHAPTER-2 

LITERATURE SURVEY 

2.1 License Test Objectives and Test Validity 

 
The objectives of a License Test, as stated by various authors in Past reviews, Include 

determining the road Worthiness of applicant Vehicle (Lauer,1960), revenue raising (Waller, 1975) 

and Satisfying those who feel that something should be measured (Belmont Conference on State 

Road Test. 

2.2 Establishing Driver Competence 

 
In practice, the emphasis is usually on the Eizst of these two major objectives: the license test 

Is primarily seen as a means of establishing that a driver attains a certain standard of competence 

before being permitted to drive without supervision. The test might then serve to screen out 

potentially 
t
'bad

f
' drivers— those who, if licensed, would present an unacceptably high accident risk. 

For a test to serve this purpose effectively, it must be assumed that (1) the test procedure identifies 

and appror lately penalises unsafe or "bad" driving behaviour; ( 2 ) such behaviour under test 

conditions is associated with an unacceptably high rate of accident involvement under non—test 

conditions. Unfortunately, evidence to support these assumptions is lacking, for two major reasons. 

 

In relation to the first assumption, our knowledge of drivers and driving is inadequate to permit 

a clear and comprehensive description of the nature of safe oz unsafe driving behavior, independent 

OE accidents. Thus, Shaoul (1975) pointed out that in the U.K. people are taught that the correct 

way to steer a car around a corner is to use a shuffling action OE hands on steering wheel, avoiding 

crossing over the arms, and license testing officers may penal iscandidates who do not demonstrate 

what is considered to be a proper steering action, whereas in theU.S .A. , received 

3 
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wisdom is to the contrary. In fact, there is no hard evidence that one technique is safe than the 

other. The same situation holds true in relation to many other driving techniques and procedure, 

regardless of their being dear to the hearts of driving instructors throughout the world. 

The second assumption was that divers who fail or, to a lesser extent, who obtain low test 

scores, axe more likely to be involved in subsequent accidents. However, people who fail the test 

can continue to drive only under the direct supervision OE a licensed driver, which is not 

comparable to the conditions under which people passing the test can then drive. Consequently, 

those drivers who would have been expected on the basis of their poor test performance to be 

involved in the most accidents, by the license test from the sample of drivers whose subsequent 

accident record is investigated.In practice, the emphasis is usually on the Eizst of these two major 

objectives: the license test Is primarily seen as a means of establishing that a driver attains a certain 

standard of competence before being permitted to drive without supervision. The test might then 

serve to screen out potentially 
t
'bad

f
' drivers— those who, if licensed, would present an 

unacceptably high accident risk. For a test to serve this purpose effectively, it must be assumed 

that (1) the test procedure identifies and appror lately penalises unsafe or "bad" driving behaviour; 

( 2 ) such behaviour under test conditions is associated with an unacceptably high rate of accident 

involvement under non—test conditions. Unfortunately, evidence to support these assumptions is 

lacking, for two major reasons. 

 

In relation to the first assumption, our knowledge of drivers and driving is inadequate to 

permit a clear and comprehensive description of the nature of safe oz unsafe driving behavior, 

independent OE accidents. Thus, Shaoul (1975) pointed out that in the U.K. people are taught that 

the correct way to steer a car around a corner is to use a shuffling action OE hands on steering 

wheel, avoiding crossing over the arms, and license testing officers may 
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penal is candidates who do not demonstrate what is considered to be a proper steering action, 

whereas in the U.S.A. , received wisdom is to the contrary. In fact, there is no hard evidence that 

one technique is safe than the other. The same situation holds true in relation to many other driving 

techniques and procedure, regardless of their being dear to the hearts of driving instructors 

throughout the world. 

The second assumption was that divers who fail or, to a lesser extent, who obtain low test 

scores, axe more likely to be involved in subsequent accidents. However, people who fail the test 

can continue to drive only under the direct supervision OE a licensed driver, which is not 

comparable to the conditions under which people passing the test can then drive. Consequently, 

those drivers who would have been expected on the basis of their poor test performance to be 

involved in the most accidents, by the license test from the sample of drivers whose 

subsequent accident record is investigated. 

 

Another problem with the use of subsequent accident data to validate a license test is that 

performance during the test can only reflect current level of ability. However, driving ability does 

not remain static, particularly during the first few years of experience when significant 

development of driving skill (taken to include perceptual and cognitive skill as well as that related 

to vehicle control) is occurring. Thus, even given a perfectly valid and reliable test, it cannot be 

expected that, for a particular sample of drivers, the ranking of their initial test scores would 

remain much the same if they were all re—tested six months oz a year later. 

 

2.3 License Test Score and Accident Record 

 
Campbell (1958) compared a group OE drivers involved in fatal accidents with a random sample. 

The accident group were found to have a lower average passing score on their original road tests 
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than the random sample, but the groups did not differ significantly on most of the [individual     

manoeuvres  which constituted the total score . 

 

Lauer (1960) concluded that a single manoeuvre„ para.11e1 parking with six feet clearance, is 

the best indicator of competence to drive as indicated by subsequent: accident rate, with a secondary 

indication available from correct turning manoeuvres in which signals are given. He suggested that 

the actual driving test should be confined to these.Goldstein (1961) found that for two groups of 

army driversthe correlations between road test ratings and accident record were not significant. 

 

2.4  License Test Score and Driving Behavior 

 

 
If test validity cannot be judged on the basis of the relationship between test score and 

accident rate, how can validity be established? 

 

One approach is to demonstrate that a poor score on the test is positively related to the 

incidence OE unsafe driving behavior in other situations. However, driving behavior •is affected 

both by level of driving skill and by not national factors. To the extent that (a) motivation under 

license test conditions is different from under most normal driving conditions, and (b) motivation 

affects the probability of occurrence of unsafe driving behavior independently OE driving skill, then 

test performance cannot be expected to predict the occurrence of unsafe driving behavior under 

normal driving conditions 
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CHAPTER-3 

 
SYSTEM ANALYSIS 

 

3.1 Existing System 

 
In existing system there is no proper machine system to measure the driver performance till 

now it is validate by an RTO Officer manually. all the time RTO only check the driver performance 

not every performance will be checked. it was very long scheduled to check all the driver 

performance. so some of the negotiation will be there for all the driving test. So by avoiding this 

negotiation we made new project in proposed system. 

3.2 Disadvantages of Existing System 

 
 Consume More Times 

 

 Possibility for fraud work 

 

 Money Bribery for getting License 

 

 Not a Systematic Method for Providing License 

 

3.3  Proposed System 

 
In existing system there is no proper machine system to measure the driver performance till 

now it is validate by an RTO Officer manually. all the time RTO only check the driver performance 

not every performance will be checked. it was very long scheduled to check all the driver 

performance. so some of the negotiation will be there for all the driving test. So by avoiding this 

negotiation we made new project in proposed system. 
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Figure 1.1.Proposed System Flow Diagram 

 

 

3.4 Advantages of Proposed System 

 Easily fixed in the car 

 

 Error finding capacity 

 

 Less chance of accident on road 

 

 Low power conception 
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CHAPTER 4 

SYSTEM SPECIFICATION 

4.1 Hardware requirements 

4.1.1Power supply unit 

A power supply unit (or PSU) converts mains AC to low-voltage regulated DC power for the 

internal components of a computer. Modern personal computers universally use switched-mode 

power supplies. Some power supplies have a manual switch for selecting input voltage, while others 

automatically adapt to the mains voltage. The power supplyunit is often abbreviated as PSU and is 

also known as a power pack or power converter. 

 

 
Figure 1.2 Power Supply Unit diagram 

 

The power supply unit is the piece of hardware that's used to convert the power provided from 

the outlet into usable power for the many parts inside the computer case. Unlike some hardware 

components used with a computer that aren't necessarily needed, like a printer, the power supply is a 

crucial piece because without it, the rest of the internal hardware can't function. 

Most modern desktop personal computer power supplies conform to the ATX specification, 

which includes form factor and voltage tolerances. While an ATX power supply is connected to the 

mains supply, it always provides a 5 Volt standby (5VSB) voltage so that the standby functions on 

the computer and certain peripherals are powered. ATX power supplies are turned on and off by a 

signal from the motherboard. They also provide a signal to the motherboard to indicate when the 

DC voltages are in spec, so that the computer is able to safely power up and boot. 

9 
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The power supply unit is mounted just inside the back of the case. If you follow the computer's 

power cable, you'll find that it attaches to the back of the power supply. It's the backside that's 

usually the only portion of the power supply that most people will ever see. There's also a fan 

opening at the back of the power supply that sends air out the back of the computer case. 

The side of the PSU facing outside the case has a male, three pronged port that a power cable, 

connected to a power source, plugs into. There is also often a power switch and a power supply 

voltage switch. Computer power supplies may have short circuit protection, overpower (overload) 
 

protection, overvoltage protection, under voltage protection, overcurrent protection, and over 

temperature protection. 

External power supplies are beneficial because it allows the device to be smaller and more 

attractive. However, like I just described, some of these types of power supply units are attached to 

the power cable and, since they're generally pretty large, sometimes make it difficult to position the 

device against the wall. Recent power supplies have a standby voltage available, to allow most of 

the computer system to be powered off. When the computer is powered down but the power supply 

is still on, it can be started remotely via Wake-on-LAN and Wake-on-ring or locally via Keyboard 

Power ON (KBPO) if the motherboard supports it. 

Power supplies designed for worldwide use were equipped with an input voltage selector switch 

that allowed the user to configure the unit for use on local power grid. In the lower voltage range, 

around 115 V, this switch is turned on changing the power grid voltage rectifier into a voltage 

doubler in delon circuit design. As a result, the large primary filter capacitor behind that rectifier 

was split up into two capacitors wired in series, balanced with bleeder resistors and varistors that 

were necessary in the upper input voltage range, around 230 V. 

https://www.lifewire.com/power-button-and-on-off-symbols-2625969
https://www.lifewire.com/power-supply-voltage-switch-2625973
https://www.lifewire.com/power-supply-voltage-switch-2625973
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4.1.2 Transformer 

A transformer is an electrical device that transfers electrical energy between two or more 

circuits through electromagnetic induction. Electromagnetic induction produces an electromotive 

force within a conductor which is exposed to time varying magnetic fields. Transformers are used to 

increase or decrease the alternating voltages in electric power applications. 

A varying current in the transformer's primary winding reates a varying magnetic flux in the 

transformer core and a varying field impinging on the transformer's secondary winding. This 

varying magnetic field at the secondary winding induces a varying electromotive force (EMF) or 

voltage in the secondary winding due to electromagnetic induction. Making use of Faraday's Law 

(discovered in 1831) in conjunction with high magnetic permeability core properties, transformers 

can be designed to efficiently change AC voltages from one voltage level to another within power 

networks. 

For simplification or approximation purposes, it is very common to analyze the transformer as 

an ideal transformer model as presented in the two images. An ideal transformer is a theoretical, 

linear transformer that is lossless and perfectly coupled; that is, there are no energy losses and flux 

is completely confined within the magnetic core. Perfect coupling implies infinitely high core 

magnetic permeability and winding inductances and zero net magnetomotive force. 

A varying current in the transformer's primary winding creates a varying magnetic flux in the 

transformer core and a varying magnetic field impinging on the secondary winding. This varying 

magnetic field at the secondary winding induces a varying EMF or voltage in the secondary winding 

due to electromagnetic induction. The primary and secondary windings are wrapped around a core 

of infinitely high magnetic permeability so that all of the magnetic flux passes through both the 

primary and secondary windings. With a voltage source connected to the primary winding and load 

impedance connected to the secondary winding, the transformer currents flow in the indicated 

directions. 
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According to the law of conservation of energy, any load impedance connected to the ideal 

transformer's secondary winding results in conservation of apparent, real and reactive power 

consistent. 

In some applications increased leakage is desired, and long magnetic paths, air gaps, or 

magnetic bypass shunts may deliberately be introduced in a transformer design to limit the short- 

circuit current it will supply. Leaky transformers may be used to supply loads that exhibit negative 

resistance, such as electric arcs, mercury vapor lamps, and neon signs or for safely handling loads 

that become periodically short-circuited such as electric arc welders. 

Operation of a transformer at its designed voltage but at a higher frequency than intended will 

lead to reduced magnetizing current. At a lower frequency, the magnetizing current will increase. 

Operation of a transformer at other than its design frequency may require assessment of voltages, 

losses, and cooling to establish if safe operation is practical. For example, transformers may need to 

be equipped with 'volts per hertz' over-excitation, ANSI function 24, relays to protect the 

transformer from overvoltage at higher than rated frequency. 

Generation of electrical power in low voltage level is very much cost effective. Theoretically, 

this low voltage level power can be transmitted to the receiving end. This low voltage power if 

transmitted results in greater line current which indeed causes more line losses But if the voltage 

level of a power is increased, the current of the power is reduced which causes reduction in ohm ic 

or I2R losses in the system, reduction in cross sectional area of the conductor i.e. reduction in 

capital cost of the system and it also improves the voltage regulation of the system. Because of these, 

low level power must be stepped up for efficient electrical power transmission. 

This is done by step up transformer at the sending side of the power system network. As this 

high voltage power may not be distributed to the consumers directly, this must be stepped down to 

the desired level at the receiving end with the help of step down transformer. Electrical power 

transformer thus plays a vital role in power transmission. 
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Two winding transformers are generally used where ratio of high voltage and low voltage is 

greater than 2. It is cost effective to use auto transformer where the ratio between high voltage and 

low voltage is less than 2. Again a single unit three phase transformer is more cost effective than a 

bank of three single phase transformers unit in a three phase system. But a single three phase 

transformer unit is a bit difficult to transport and have to be removed from service entirely if one of 

the phase winding breaks down. 

Step Up Transformer &Step Down Transformer - Generally used for stepping up and down the 

voltage level of power in transmission and distribution power system network. 

Three Phase Transformer &Single Phase Transformer - Former is generally used in three phase 

power system as it is cost effective than later. But when size matters, it is preferable to use a bank of 

three single phase transformer as it is easier to transport than one single three phase transformer unit. 

Oil Cooled & Dry Type Transformer - In oil cooled transformer the cooling medium is transformer 

oil whereas the dry type transformer is air cooled. 

Outdoor Transformer & Indoor Transformer - Transformers that are designed for installing at 

outdoor are outdoor transformers and transformers designed for installing at indoor are indoor 

transformers. 

Two Winding Transformer & Auto Transformer - Former is generally used where ratio between 

high voltage and low voltage is greater than 2. It is cost effective to use later where the ratio 

between high voltage and low voltage is less than 2. 

4.1.3 Rectifier 

 
A rectifier is an electrical device composed of one or more diodes that converts alternating 

current (AC) to direct current (DC). A diode is like a one-way valve that allows an electrical current 

to flow in only one direction. This process is called rectification. 
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A rectifier can take the shape of several different physical forms such as solid-state diodes, vacuum 

tube diodes, mercury arc valves, silicon-controlled rectifiers and various other silicon-based 

semiconductor switches. 

Rectifiers have many uses, but are often found serving as components of DC power supplies and 

high-voltage direct current power transmission systems. Rectification may serve in roles other than 

to generate direct current for use as a source of power. As noted, detectors of radio signals serve as 

rectifiers. In gas heating systems flame rectification is used to detect presence of a flame. 

Because of the alternating nature of the input AC sine wave, the process of rectification alone 

produces a DC current that, though unidirectional, consists of pulses of current. Many applications 

of rectifiers, such as power supplies for radio, television and computer equipment, require a steady 

constant DC current (as would be produced by a battery). In these applications the output of the 

rectifier is smoothed by an electronic filter (usually a capacitor) to produce a steady current. 

Before the development of silicon semiconductor rectifiers, vacuum tube thermionic diodes and 

copper oxide- or selenium-based metal rectifier stacks were used. With the introduction of 

semiconductor electronics, vacuum tube rectifiers became obsolete, except for some enthusiasts of 

vacuum tube audio equipment. For power rectification from very low to very high current, 

semiconductor diodes of various types (junction diodes, Schottky diodes, etc.) are widely used. 

Other devices that have control electrodes as well as acting as unidirectional current valves are 

used where more than simple rectification is required—e.g., where variable output voltage is needed. 

High-power rectifiers, such as those used in high-voltage direct current power transmission, employ 

silicon semiconductor devices of various types. These are thyristors or other controlled switching 

solid-state switches, which effectively function as diodes to pass current in only one direction. 

Rectifier circuits may be single-phase or multi-phase (three being the most common number of 

phases). Most low power rectifiers for domestic equipment are single-phase, but three-phase 
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rectification is very important for industrial applications and for the transmission of energy as DC 

(HVDC) Rectifier efficiency (η) is defined as the ratio of DC output power to the input power from 

the AC supply. Even with ideal rectifiers with no losses, the efficiency is less than 100% because 

some of the output power is AC power rather than DC which manifests as ripple superimposed on 

the DC waveform. For a half-wave rectifier efficiency is very poor. 

Efficiency is reduced by losses in transformer windings and power dissipation in the rectifier 

element itself. Efficiency can be improved with the use of smoothing circuits which reduce the 

ripple and hence reduce the AC content of the output. Three-phase rectifiers, especially three-phase 

full-wave rectifiers, have much greater efficiencies because the ripple is intrinsically smaller. In 

some three-phase and multi-phase applications the efficiency is high enough that smoothing 

circuitry is unnecessary. 

A real rectifier characteristically drops part of the input voltage (a voltage drop, for silicon 

devices, of typically 0.7 volts plus an equivalent resistance, in general non-linear)—and at high 

frequencies, distorts waveforms in other ways. Unlike an ideal rectifier, it dissipates some power. 

Peak loss is very important for low voltage rectifiers (for example, 12 V or less) but is insignificant 

in high-voltage applications such as HVDC. 

Rectifiers are also used for detection of amplitude modulated radio signals. The signal may be 

amplified before detection. If not, a very low voltage drop diode or a diode biased with a fixed 

voltage must be used. When using a rectifier for demodulation the capacitor and load resistance 

must be carefully matched: too low a capacitance makes the high frequency carrier pass to the 

output, and too high makes the capacitor just charge and stay charged. 

Rectifiers supply polarised voltage for welding. In such circuits control of the output current is 

required; this is sometimes achieved by replacing some of the diodes in a bridge rectifier with 

thyristors, effectively diodes whose voltage output can be regulated by switching on and off with 

phase fired controllers. 
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4.1.4 Bridge Rectifier 

 
Bridge Rectifiers are the circuits which convert alternating current (AC) into direct current (DC) 

using the diodes arranged in the bridge circuit configuration. They usually comprise of four or more 

number of diodes which cause the output generated to be of the same polarity irrespective of the 

polarity at the input. 

A bridge rectifier circuit is a common part of the electronic power supplies. Many electronic 

circuits require rectified DC power supply for powering the various electronic basic components 

from available AC mains supply. We can find this rectifier in a wide variety of electronic AC power 

devices like home appliances, motor controllers, modulation process, welding applications, etc. 

Bride rectifiers are classified into several types based on these factors: type of supply, controlling 

capability, bride circuit’s configurations, etc. Bridge rectifiers are mainly classified into single and 

three phase rectifiers. Both these types are further classified into uncontrolled, half controlled and 

full controlled rectifiers. 

The nature of supply, i.e., a single phase or three-phase supply decides these rectifiers. The 

Single phase bridge rectifier consists of four diodes for converting AC into DC, whereas a three 

phase rectifier uses six diodes, as shown in the figure. These can be again uncontrolled or controlled 

rectifiers depending on the circuit components such as diodes, thyristors, and so on. 

This bridge rectifier uses diodes for rectifying the input as shown in the figure. Since the diode is a 

unidirectional device that allows the current flow in one direction only. With this configuration of 

diodes in the rectifier, it doesn’t allow the power to vary depending on the load requirement. So this 

type of rectifier is used in constant or fixed power supplies. 

In this type of rectifier, AC/DC converter or rectifier – instead of uncontrolled diodes, controlled 

solid state devices like SCR’s, MOSFET’s, IGBT’s, etc. are used to vary the output power at 
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different voltages. By triggering these devices at various instants, the output power at the load is 

appropriately changed. 

The main advantage of bridge rectifier is that it produces almost double the output voltage as 

with the case of a full wave rectifier using center-tapped transformer. But this circuit doesn’t need 

center tapped transformer so it resembles low-cost rectifier. 

The bridge rectifier circuit diagram consists of various stages of devices like transformer, Diode 

Bridge, filtering and regulators. Generally all these blocks combination is called as regulated DC 

power supply that powers various electronic appliances. 

The first stage of the circuit is a transformer which is a step-down type that changes the 

amplitude of the input voltage. Most of the electronic projects uses 230/12V transformer to step- 

down the AC mains 230V to 12V AC supply. 

Next stage is a diode-bridge rectifier which uses four or more diodes depending on the type of 

bridge rectifier. Choosing a particular diode or any other switching device for a corresponding 

rectifier needs some considerations of the device like Peak Inverse Voltage (PIV), forward current If, 

voltage ratings, etc. It is responsible for producing unidirectional or DC current at the load by 

conducting a set of diodes for every half cycle of the input signal. 

Since the output after the diode bridge rectifiers is of pulsating nature, and for producing it as a 

pure DC, filtering is necessary. Filtering is normally performed with one or more capacitors 

attached across the load, as you can observe in the below figure wherein smoothing of wave is 

performed. This capacitor rating also depends on the output voltage. 

The last stage of this regulated DC supply is a voltage regulator that maintains the output voltage to 

a constant level. 
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4.1.5 Filter 

 
The capacitor-input filter, also called the pi filter due to its shape that looks like the Greek letter 

π, is a type of electronic filter. Filter circuits are used to remove unwanted or undesired frequencies 

from a signal. 

A typical capacitor input filter consists of a filter or reservoir capacitor C1, connected across the 

rectifier output, an inductor L, in series and another filter or smoothing capacitor, C2, connected 

across the load, RL. A filter of this sort is designed for use at a particular frequency, generally fixed 

by the AC line frequency and rectifier configuration. When used in this service, filter performance 

is often characterized by its regulation and ripple. 

The capacitor-input filter operates in three steps: 

 

1. The capacitor C1 offers low reactance to the AC component of the rectifier output while it 
 

offers infinite resistance to the DC component. As a result the capacitor shunts an 
 

appreciable amount of the AC component while the DC component continues its journey to 

the inductor L. 

2. The inductor L offers high reactance to the AC component but it offers almost zero 
 

resistance to the DC component. As a result the DC component flows through the inductor 

while the AC component is blocked. 

3. The capacitor C2 shunts the AC component which the inductor had failed to block. As a 
 

result only the DC component appears across the load RL. 

 

The component value for the inductor can be estimated as an inductance that resonates the 

smoothing capacitor(s) at or below one tenth of the minimum AC frequency in the power supplied 

to the filter (100 Hz from a full-wave rectifier in a region where the power supply is 50Hz). Thus if 

https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Reactance_(electronics)
https://en.wikipedia.org/wiki/Shunt_(electrical)
https://en.wikipedia.org/wiki/Inductor
https://en.wikipedia.org/wiki/Capacitor
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reservoir and smoothing capacitors of 2200 microfarads are used, a suitable minimum value for the 

inductor would be that which resonates 2200 microfarads (μF) to 10 Hz, i.e. 115 mH. A larger value 

is preferable provided the inductor can carry the required supply current. 

Capacitor input filters can provide extremely pure DC supplies, but have fallen out of favour 

because inductors tend to be unavoidably heavy, which has led to the often-preferred choice of 

voltage regulators instead. 

4.1.6 Regulator 

 
In automatic control, a regulator is a device which has the function of maintaining a designated 

characteristic. It performs the activity of managing or maintaining a range of values in a machine. 

The measurable property of a device is managed closely by specified conditions or an advance set 

value; or it can be a variable according to a predetermined arrangement scheme. It can be used 

generally to connote any set of various controls or devices for regulating or controlling items or 

objects. 

Examples are a voltage regulator (which can be a transformer whose voltage ratio of 

transformation can be adjusted, or an electronic circuit that produces a defined voltage), a pressure 

regulator, such as a diving regulator, which maintains its output at a fixed pressure lower than its 

input, and a fuel regulator (which controls the supply of fuel). 

4.1.7 Voltage Regulator 

 
A voltage regulator is designed to automatically maintain a constant voltage level. A voltage 

regulator may be a simple "feed-forward" design or may include negative feedback control loops. It 

may use an electromechanical mechanism, or electronic components. Depending on the design, it 

may be used to regulate one or more AC or DC voltages. 

Electronic voltage regulators are found in devices such as computer power supplies where they 

stabilize the DC voltages used by the processor and other elements. In automobile alternators and 

central power station generator plants, voltage regulators control the output of the plant. In an 
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electric power distribution system, voltage regulators may be installed at a substation or along 

distribution lines so that all customers receive steady voltage independent of how much power is 

drawn from the line. 

A simple voltage/current regulator can be made from a resistor in series with a diode (or series 

of diodes). Due to the logarithmic shape of diode V-I curves, the voltage across the diode changes 

only slightly due to changes in current drawn or changes in the input. When precise voltage control 

and efficiency are not important, this design may be fine. 

Feedback voltage regulators operate by comparing the actual output voltage to some fixed 

reference voltage. Any difference is amplified and used to control the regulation element in such a 

way as to reduce the voltage error. This forms a negative feedback control loop; increasing the 

open-loop gain tends to increase regulation accuracy but reduce stability. (Stability is avoidance of 

oscillation, or ringing, during step changes.) There will also be a trade-off between stability and the 

speed of the response to changes. 

If the output voltage is too low (perhaps due to input voltage reducing or load current increasing), 

the regulation element is commanded, up to a point, to produce a higher output voltage–by dropping 

less of the input voltage (for linear series regulators and buck switching regulators), or to draw input 

current for longer periods (boost-type switching regulators); if the output voltage is too high, the 

regulation element will normally be commanded to produce a lower voltage. 

However, many regulators have over-current protection, so that they will entirely stop sourcing 

current (or limit the current in some way) if the output current is too high, and some regulators may 

also shut down if the input voltage is outside a given range. 

In electromechanical regulators, voltage regulation is easily accomplished by coiling the sensing 

wire to make an electromagnet. The magnetic field produced by the current attracts a moving 

ferrous core held back under spring tension or gravitational pull. 
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As voltage increases, so does the current, strengthening the magnetic field produced by the coil 

and pulling the core towards the field. The magnet is physically connected to a mechanical power 

switch, which opens as the magnet moves into the field. As voltage decreases, so does the current, 

releasing spring tension or the weight of the core and causing it to retract. This closes the switch and 

allows the power to flow once more. 

If the mechanical regulator design is sensitive to small voltage fluctuations, the motion of the 

solenoid core can be used to move a selector switch across a range of resistances or transformer 

windings to gradually step the output voltage up or down, or to rotate the position of a moving-coil 

AC regulator. 

Early automobile generators and alternators had a mechanical voltage regulator using one, two, 

or three relays and various resistors to stabilize the generator's output at slightly more than 6 or 12 V, 

independent of the engine's rpm or the varying load on the vehicle's electrical system. 

Essentially, the relay(s) employed pulse width modulation to regulate the output of the generator, 

controlling the field current reaching the generator (or alternator) and in this way controlling the 

output voltage producing back into the generator and attempting to run it as a motor. The rectifier 

diodes in an alternator automatically perform this function so that a specific relay is not required; 

this appreciably simplified the regulator design. 

To control the output of generators (as seen in ships and power stations, or on oil rigs, 

greenhouses and emergency power systems) automatic voltage regulators are used. This is an active 

system. While the basic principle is the same, the system itself is more complex. An automatic 

voltage regulator (or AVR for short) consists of several components such as diodes, capacitors, 

resistors and potentiometers or even microcontrollers, all placed on a circuit board. This is then 

mounted near the generator and connected with several wires to measure and adjust the generator. 

In the first place the AVR monitors the output voltage and controls the input voltage for the exciter 

of the generator. By increasing or decreasing the generator control voltage, the output 



22  

voltage of the generator increases or decreases accordingly. The AVR calculates how much voltage 

has to be sent to the exciter numerous times a second, therefore stabilizing the output voltage to a 

predetermined set point. When two or more generators are powering the same system (parallel 

operation) the AVR receives information from more generators to match all output. 

When the movable coil is positioned perpendicular to the fixed coil, the magnetic forces acting 

on the movable coil balance each other out and voltage output is unchanged. Rotating the coil in one 

direction or the other away from the center position will increase or decrease voltage in the 

secondary movable coil. This type of regulator can be automated via a servo control mechanism to 

advance the movable coil position in order to provide voltage increase or decrease. A braking 

mechanism or high ratio gearing is used to hold the rotating coil in place against the powerful 

magnetic forces acting on the moving coil. 

This is the latest technology of voltage regulation to provide real-time control of voltage 

fluctuation, sag, surge and also to control other power quality issues such as spikes and EMI/RFI 

electrical noises. This uses an IGBT regulator engine generating pulse width modulated (PWM) AC 

voltage at high switching frequency. This AC PWM wave is superimposed on the main incoming 

wave through a buck-boost transformer, to provide precisely regulated AC voltage. The regulation 

in this technology is instantaneous, thus making it suitable for electronic machines which need 

precise regulated power. 

Voltage regulators or stabilizers are used to compensate for voltage fluctuations in mains power. 

Large regulators may be permanently installed on distribution lines. Small portable regulators may 

be plugged in between sensitive equipment and a wall outlet. Automatic voltage regulators are used 

on generator sets on ships, in emergency power supplies, on oil rigs, etc. to stabilize fluctuations in 

power demand. For example, when a large machine is turned on, the demand for power is suddenly 

a lot higher. 
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The voltage regulator compensates for the change in load. Commercial voltage regulators 

normally operate on a range of voltages, for example 150–240 V or 90–280 V. Servo stabilizers are 

also manufactured and used widely in spite of the fact that they are obsolete and use out-dated 

technology. 

Voltage regulators are used in devices like air conditioners, refrigerators, televisions etc. in 

order to protect them from fluctuating input voltage. The major problem faced is the use of relays in 

voltage regulators. Relays create sparks which result in faults in the product. 

4.1.8 ARDUINO UNO 

 
Arduino is an open-source computer hardware and software company, project and user 

community that designs and manufactures microcontroller-based kits for building digital devices 

and interactive objects that can sense and control objects in the physical world. 

The project is based on microcontroller board designs, manufactured by several vendors, using 

various microcontrollers. These systems provide sets of digital and analog I/O pins that can be 

interfaced to various expansion boards ("shields") and other circuits. The boards feature serial 

communications interfaces, including USB on some models, for loading programs from personal 

computers. For programming the microcontrollers, the Arduino project provides an integrated 

development environment (IDE) based on the Processing project, which includes support for the 

Cand C++ programming languages. 
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Figure 1.3.Arduino Uno Circiut Board 

 

Table 1.1 Technical Specification Table 

 
The first Arduino was introduced in 2005, aiming to provide an inexpensive and easy way for 

novices and professionals to create devices that interact with their environment using sensors 

andactuators. Common examples of such devices intended for beginner hobbyists include 

simplerobots, thermostats, and motion detectors. 

Arduino boards are available commercially in preassembled form, or as do-it-yourself kits. The 

hardware design specifications are openly available, allowing the Arduino boards to be 

manufactured by anyone. Adafruit Industries estimated in mid-2011 that over 300,000 official 

Arduinos had been commercially produced, and in 2013 that 700,000 official boards were in users' 

hands. 



25  

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 

digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz 

ceramic resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller; simply connect it to a computer with a USB cable 

or power it with a AC-to-DC adapter or battery to get started. 

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver 

chip. Instead, it features the Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to- 

serial converter. 

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno 

and version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in 

a series of USB Arduino boards, and the reference model for the Arduino platform. 

An Arduino board historically consists of an Atmel 8-, 16- or 32-bit AVR microcontroller 

(although since 2015 other makers microcontrollers have been used) with complementary 

components that facilitate programming and incorporation into other circuits. An important aspect 

of the Arduino is its standard connectors, which lets users connect the CPU board to a variety of 

interchangeable add-on modules known as shields. Some shields communicate with the Arduino 

board directly over various pins, but many shields are individually addressable via an I²C serial 

bus—so many shields can be stacked and used in parallel. Prior to 2015 Official Arduinos had used 

the Atmel megaAVR series of chips, specifically 

The ATmega8, ATmega168, ATmega328, ATmega1280, and ATmega2560 and in 2015 units 

by other manufacturers were added. A handful of other processors have also been used by Arduino 

compatibles. Most boards include a 5 V linear regulator and a 16 MHz crystal oscillator (or ceramic 

resonator in some variants), although some designs such as the LilyPad run at 8 MHz and dispense 

with the onboard voltage regulator due to specific form-factor restrictions. An Arduino's 

microcontroller is also pre-programmed with a boot loader that simplifies uploading 
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of programs to the on-chip flash memory, compared with other devices that typically need an 

external programmer. This makes using an Arduino more straightforward by allowing the use of an 

ordinary computer as the programmer. Currently, optibootbootloader is the default bootloader 

installed on Arduino UNO. 

At a conceptual level, when using the Arduino integrated development environment, all boards 

are programmed over a serial connection. Its implementation varies with the hardware version. 

Some serial Arduino boards contain a level shifter circuit to convert between RS-232 logic levels 

and TTL-level signals. CurrentArduino boards are programmed via Universal Serial Bus (USB), 

implemented using USB-to-serial adapter chips such as the FTDI FT232. Some boards, such as 

later-model Uno boards, substitute the FTDI chip with a separate AVR chip containing USB-to- 

serial firmware, which is reprogrammable via its own ICSP header. Other variants, such as the 

Arduino Mini and the unofficial Boarduino, use a detachable USB-to-serial adapter board or cable, 

Bluetooth or other methods, when used with traditional microcontroller tools instead of the 

ArduinoIDE, standard AVR ISP programming is used. 

The Arduino board exposes most of the microcontroller's I/O pins for use by other circuits. The 

Diecimila, Duemilanove, and current Uno provide 14 digital I/O pins, six of which can produce 

pulse-width modulated signals, and six analog inputs, which can also be used as six digital I/O pins. 

These pins are on the top of the board, via female 0.10-inch (2.5 mm) headers. Several plug-in 

application shields are also commercially available. The Arduino Nano, and Arduino-compatible 

Bare Bones Board and Boarduino boards may provide male header pins on the underside of the 

board that can plug into solderless breadboards. 

There are many Arduino-compatible and Arduino-derived boards. Some are functionally 

equivalent to an Arduino and can be used interchangeably. Many enhance the basic Arduino by 

adding output drivers, often for use in school-level education to simplify the construction of buggies 

and small robots. Others are electrically equivalent but change the form factor, sometimes retaining 
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compatibility with shields, sometimes not. Some variants use completely different processors, with 

varying levels of compatibility. 

Arduino is a computer hardware and software company, project, and user community that 

designs and manufactures microcontroller kits for building digital devices and interactive objects 

that can sense and control objects in the physical world. The project's products are distributed as 

open-source hardware and software, which are licensed under the GNU Lesser General Public 

License (LGPL) or the GNU General Public License (GPL), permitting the manufacture of Arduino 

boards and software distribution by anyone. Arduino boards are available commercially in 

preassembled form, or as do-it-yourself kits. 

Arduino is open-source hardware. The hardware reference designs are distributed under a 

Creative Commons Attribution Share-Alike 2.5 license and are available on the Arduino website. 

Layout and production files for some versions of the hardware are also available. The source code 

for the IDE is released under the GNU General Public License, version 2. Nevertheless an official 

Bill of Materials of Arduino boards has never been released by the staff of Arduino. 

Although the hardware and software designs are freely available under copyleft licenses, the 

developers have requested that the name "Arduino" be exclusive to the official product and not be 

used for derived works without permission. The official policy document on use of the Arduino 

name emphasizes that the project is open toincorporating work by others into the official product. 

Several Arduino-compatible products commercially released have avoided the Arduino name by 

using -duino name variants. 

Many Arduino-compatible and Arduino-derived boards exist. Some are functionally equivalent 

to an Arduino and can be used interchangeably. Many enhance the basic Arduino by adding output 

drivers, often for use in school-level education, to simplify making buggies and small robots. Others 

are electrically equivalent but change the form factor, sometimes retaining compatibility with 

shields, sometimes not. Some variants use different processors, of varying compatibility. 
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Arduino 328P 
 

Figure 1.4.Pin Mapping 
 

The Atmel 8-bit AVR RISC-based microcontroller combines 32 kB ISP flash memory with 

read-while-write capabilities, 1 kB EEPROM, 2 kB SRAM, 23 general purpose I/O lines, 32 general 

purpose working registers, three flexible timer/counters with compare modes, internal and external 

interrupts, serial programmable USART, a byte-oriented 2-wire serial interface, SPI serial port, 6- 

channel 10-bit A/D converter (8-channels in TQFP and QFN/MLF packages), programmable 

watchdog timer with internal oscillator, and five software selectable power saving modes. The 

device operates between 1.8-5.5 volts. The device achieves throughput approaching 1 MIPS per 

MHz. 

The high-performance Atmel picoPower 8-bit AVR RISC-based microcontroller combines 

32KB ISP flash memory with read-while-write capabilities, 1024B EEPROM, 2KB SRAM, 23 

general purpose I/O lines, 32 general purpose working registers, three flexible timer/counters with 

compare modes, internal and external interrupts, serial programmable USART, a byte-oriented 2- 

wire serial interface, SPI serial port, a 6-channel 10-bit A/D converter (8-channels in TQFP and 

QFN/MLF packages), programmable watchdog timer with internal oscillator, and five software 
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selectable power saving modes. The device operates between 1.8-5.5 volts. By executing powerful 

instructions in a single clock cycle, the device achieves throughputs approaching 1 MIPS per MHz, 

balancing power consumption and processing speed. 

Key parameters 

 

CPU type 8-bit AVR 

Performance 20 MIPS at 20 MHz
[2]

 

Flash memory 32 kB 

SRAM 2 kB 

EEPROM 1 kB 

Pin count 28-pin PDIP, MLF, 32-pin TQFP, MLF
[2]

 

Maximum operating frequency 20 MHz 

Number of touch channels 16 

Hardware QTouch Acquisition No 

Maximum I/O pins 26 

External interrupts 24 

USB Interface No 

USB Speed No 

 

 
Applications 

Table1.2. key Parameters table for Arduino 

 

 

As of 2013 the ATmega328 is commonly used in many projects and autonomous systems where 

a simple, low-powered, low-cost micro-controller is needed[citation needed]. Perhaps the most 

common implementation of this chip is on the popular Arduino development platform, namely the 

Arduino Uno and Arduino Nano models. 

https://en.wikipedia.org/wiki/Instructions_per_second
https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/EEPROM
https://en.wikipedia.org/wiki/Dual_in-line_package
https://en.wikipedia.org/wiki/Quad_Flat_No-leads_package#Variants
https://en.wikipedia.org/wiki/Quad_Flat_Package
https://en.wikipedia.org/wiki/ATmega328#cite_note-m8271ds-2
https://en.wikipedia.org/wiki/USB


 

Programming 
 

Reliability qualification shows that the projected data retention failure rate is much less than 1 PPM 

over 20 years at 85 °C or 100 years at 25 °C. 

Parallel program mode
[2]

 

Programming 

signal 

 
Pin Name 

 
I/O 

 
Function 

 
RDY/BSY 

 
PD1 

 
O 

High means the MCU is ready for a new 

command, otherwise busy. 

OE PD2 I Output Enable (Active low) 

WR PD3 I Write Pulse (Active low) 

BS1 PD4 I Byte Select 1 (―0‖ = Low byte, ―1‖ = High byte) 

XA0 PD5 I XTAL Action bit 0 

XA1 PD6 I XTAL Action bit 1 

PAGEL PD7 I Program memory and EEPROM Data Page Load 

 
BS2 

 
PC2 

 
I 

Byte  Select  2  (―0‖  =  Low  byte,  ―1‖  =  2nd  High 

byte) 

DATA PC[1:0]:PB[5:0] I/O Bi-directional data bus (Output when OE is low) 

Table1.3. Programming Mode Table 
 

Programming mode is entered when PAGEL (PD7), XA1 (PD6), XA0 (PD5), BS1 (PD4) is set 

to zero. RESET pin to 0V and VCC to 0V. VCC is set to 4.5 - 5.5V. Wait 60 μs, and RESET is set 

to 11.5 - 12.5 V. Wait more than 310 μs. Set XA1:XA0:BS1:DATA = 100 1000 0000, pulse 
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XTAL1 for at least 150 ns, pulse WR to zero. This starts the Chip Erase. Wait until RDY/BSY (PD1) 

goes high. XA1:XA0:BS1:DATA = 100 0001 0000, XTAL1 pulse, pulse WR to zero. This is the 

Flash write command. And so on.. 

Serial Programming 

 
 

Symbol 
 

Pins 
 

I/O 
 

Description 

MOSI PB3 I Serial data in 

MISO PB4 O Serial Data out 

SCK PB5 I Serial Clock 

Table 1.4. Serial Programming Table 

 

 
Serial data to the MCU is clocked on the rising edge and data from the MCU is clocked on the 

falling edge. Power is applied to VCC while RESET and SCK are set to zero. Wait for at least 20 

ms and then the Programming Enable serial instruction 0xAC, 0x53, 0x00, 0x00 is sent to the MOSI 

pin. The second byte (0x53) will be echoed back by the MCU 

4.1.9 LCD 

 
A liquid-crystal display (LCD) is a flat-panel display or other electronic visual display that uses 

the light-modulating properties of liquid crystals. Liquid crystals do not emit light directly. LCDs 

are available to display arbitrary images (as in a general-purpose computer display) or fixed images 

with low information content, which can be displayed or hidden, such as preset words, digits, and 7- 

segment displays, as in a digital clock. They use the same basic technology, except that arbitrary 

images are made up of a large number of small pixels, while other displays have larger elements. 
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Figure 1.5.Liquid Crystal Display 

 
LCDs are used in a wide range of applications including computer monitors, televisions, 

instrument panels, aircraft cockpit displays, and indoor and outdoor signage. Small LCD screens are 

common in portable consumer devices such as digital cameras, watches, calculators, and mobile 

telephones, including smartphones. LCD screens are also used on consumer electronics products 

such as DVD players, video game devices and clocks. LCD screens have replaced heavy, bulky 

cathode ray tube (CRT) displays in nearly all applications. LCD screens are available in a wider 

range of screen sizes than CRT and plasma displays, with LCD screens available in sizes ranging 

from tiny digital watches to huge, big-screen television set. 

The Hitachi HD44780 LCD controller is limited to monochrome text displays and is often used 

in copiers,fax machines, laser printers, industrial test equipment, networking equipment, such 

as routers and storage devices. 

 

Compatible LCD screens are manufactured in several standard configurations. Common sizes are 

one row of eight characters (8x1), and 16×2, 20×2 and 20×4 formats. Larger custom sizes are made 

with 32, 40 and 80 characters and with 1, 2, 4 or 8 lines. The most commonly manufactured larger 

configuration is 40x4.characters, which requires two individually addressable 

https://en.wikipedia.org/wiki/Copier
https://en.wikipedia.org/wiki/Copier
https://en.wikipedia.org/wiki/Laser_printer
https://en.wikipedia.org/wiki/Router_(computing)
https://en.wikipedia.org/wiki/Object_storage_device


33  

HD44780 controllers with expansion chips as a single HD44780 chip can only address up to 80 

characters. A common smaller size is 16×2, and this size is readily available as surplus stock for 

hobbyist and prototyping work. 

Character      LCDs      may      have      a backlight,      which      may      be LED, fluorescent, 
 

or electroluminescent.Character LCDs use a 16 contact interface, commonly using pins or card edge 
 

connections on 0.1 inch (2.54 mm) centers. Those without backlights may have only 14 pins, 

omitting the two pins powering the light. The pinout is as follows: 

 Ground 

 

 VCC (+3.3 to +5V) 

 

 Contrast adjustment (VO) 

 

 Register Select (RS). RS=0: Command, RS=1: Data 

 

 Read/Write (R/W). R/W=0: Write, R/W=1: Read (This pin is optional due to the fact that most 

of the time you will only want to write to it and not read. Therefore, in general use, this pin 

will be permanently connected directly to ground.) 

 Clock (Enable). Falling edge triggered 

 

 Bit 0 (Not used in 4-bit operation) 

 

 Bit 1 (Not used in 4-bit operation) 

 

 Bit 2 (Not used in 4-bit operation) 

 

 Bit 3 (Not used in 4-bit operation) 

 

 Bit 4 

 

 Bit 5 

https://en.wikipedia.org/wiki/Backlight
https://en.wikipedia.org/wiki/LED
https://en.wikipedia.org/wiki/Fluorescent
https://en.wikipedia.org/wiki/Electroluminescent
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 Bit 6 

 
 Bit 7 

 
 Backlight Anode (+) (If applicable) 

 
 Backlight Cathode (-) (If applicable) 

 
The nominal operating voltage for LED backlights is 5V at full brightness, with dimming at 

lower voltages dependent on the details such as LED color. Non-LED backlights often require 

higher voltages. 

The HD44780 interface supports two modes of operation, 8-bit and 4-bit. Using the 4-bit mode 

is more complex, but reduces the number of active connections needed. For this reason, in 4-bit 

mode a command is sent in two operations. 

Because the operation mode is not defined at power-up (may be 8-bit or 4-bit), one must always 

set the operation mode using the Function Set command. 

To enable 4-bit mode requires some careful selection of commands. There are two primary 

limitations. First, with the reduced lines, the D0-D3 lines will always be low when the LCD is in 8- 

bit mode. Second, the HD44780 may be in one of three states: 

 (State1) 8-bit mode

 

 (State2) 4-bit mode, ready for first set of 4 bits

 

 (State3) 4-bit mode, already latched 4 bits

 

State 3 may occur, for example, if a prior control was aborted after sending only the first 4 bits of 

a command, while the LCD was in 4-bit mode. 



 

There is a way to ensure the LCD returns to 4-bit mode of operation, as follows: 

 

 First, set D7..D4 to 0b0011, and toggle the enable bit. From State1, the LCD will see the 

command as 0b0011_0000, and thus remain in 8-bit mode (State1). From State3, the LCD 

will see the command as 0b0011_xxxx (where xxxx are unknown bits) -- which still sets the 

LCD to 8-bit mode (State1). From State2, the bits are simply latched as the values for 

D3..D0 (State3). Therefore, after this, the HD44780 can only be in State1 or State3.

 Next, set D7..D4 to 0b0011 again, and toggle the enable bit. From State1, the LCD will 

again remain in 8-bit mode, as noted above. From State2, the LCD will see the command as 

0b0011_0011, which sets the LCD to 8-bit mode. Therefore, after second command, the 

HD44780 is guaranteed to be in 8-bit mode (State1)

 Now that the LCD is ensured to be set to 8-bit mode, it is safe to request that it change to 4- 

bit mode. To do so, set D7..D4 to 0b0010, and toggle the enable bit. The LCD will see the 

command as 0b0010_0000, which will change it to use 4-bit command mode. Therefore, 

after this third command, the HD44780 can only be in 4-bit command mode.

 Finally, it should be noted that this sets the LCD to single-line mode, using standard 5x8 

fonts, so additional FUNCTION SET commands may be needed to fully initialize the 

display.Once in 4-bit mode, character and control data are transferred as pairs of 4-bit 

"nibbles" on the upper data pins, D4-D7

 

4.1.10 Ultrasonic Sensor 

 

Ultrasonic detection is most commonly used in industrial applications to detect hidden tracks, 

discontinuities in metals, composites, plastics, ceramics, and for water level detection. For this 

purpose the laws of physics which are indicating the propagation of sound waves through solid 
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materials have been used since ultrasonic sensors using sound instead of light for detection. Sound 

is a mechanical wave travelling through the mediums, which may be a solid, or liquid or gas. Sound 

waves can travel through the mediums with specific velocity depends on the medium of propagation. 

The sound waves which are having high frequency reflect from boundaries and produces distinctive 

echo patterns. 

 

 
 

Figure 1.6.Ultrasonic Sensor 

 

Operation of ultrasonic sensors 

 
When an electrical pulse of high voltage is applied to the ultrasonic transducer it vibrates across 

a specific spectrum of frequencies and generates a burst of sound waves. Whenever any obstacle 

comes ahead of the ultrasonic sensor the sound waves will reflect back in the form of echo and 

generates an electric pulse. It calculates the time taken between sending sound waves and receiving 

echo. The echo patterns will be compared with the patterns of sound waves to determine detected 

signal’scondition 
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Three Applications involving Ultrasonic detection 

 
The distance of obstacle or discontinuities in metals is related to velocity of sound waves in a 

medium through which waves are passed and the time taken for echo reception. Hence the 

ultrasonic detection can be used for finding the distances between particles, for detecting the 

discontinuities in metals and for indicating the liquid level. 

 
 Ultrasonic Distance Measurement 

 
Ultrasonic sensors are used for distance measuring applications. These gadgets regularly 

transmit a short burst of ultrasonic sound to a target, which reflects the sound back to the sensor. 

The system then measures the time for the echo to return to the sensor and computes the distance to 

the target using the speed of sound within the medium. 

 
Different sorts of transducers are utilized within industrially accessible ultrasonic cleaning 

devices. An ultrasonic transducer is affixed to a stainless steel pan which is filled with a solvent and 

a square wave is applied to it, conferring vibration energy on the liquid. 

 
he ultrasonic distance sensors measures distance using sonar; an ultrasonic (well above human 

hearing) beat is transmitted from the unit and distance-to-target is determined by measuring the time 

required for the echo return. Output from the ultrasonic sensor is a variable-width beat that 

compares to the distance to the target. 

 
Eight Features of Ultrasonic Distance Sensor 

 
 Supply voltage: 5V (DC). 

 

 Supply current: 15mA. 

 

 Modulation frequency: 40Hz. 

 

 Output: 0 – 5V (Output high when obstacle detected in range). 
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 Beam Angle: Max 15 degree. 

 

 Distance: 2cm – 400cm. 

 

 Accuracy: 0.3cm. 

 

 Communication: Positive TTL pulse. 

 

4.1.11 GSM 

 
GSM (Global System for Mobile communication) is a digital mobile telephony system that is 

widely used in Europe and other parts of the world. GSM uses a variation of time division 

multipleaccess (TDMA) and is the most widely used of the three digital wireless telephony 

technologies (TDMA, GSM, and CDMA). GSM digitizes and compresses data, then sends it down a 

channel with two other streams of user data, each in its own time slot. It operates at either the 900 

MHz or 1800 MHz frequency band. 

 

 

 
Figure 1.7.GSM Module Circuit Board. 

 

GSM networks operate in a number of different carrier frequency ranges (separated into GSM 

frequency ranges for 2G and UMTS frequency bands for 3G), with most 2G GSM networks 

operating in the 900 MHz or 1800 MHz bands. Where these bands were already allocated, the 850 
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MHz and 1900 MHz bands were used instead (for example in Canada and the United States). In rare 

cases the 400 and 450 MHz frequency bands are assigned in some countries because they were 

previously used for first-generation systems. 

A GSM modem is a specialized type of modem which accepts a SIM card, and operates over a 

subscription to a mobile operator, just like a mobile phone. From the mobile operator perspective, a 

GSM modem looks just like a mobile phone. 

When a GSM modem is connected to a computer, this allows the computer to use the GSM 

modem to communicate over the mobile network. While these GSM modems are most frequently 

used to provide mobile internet connectivity, many of them can also be used for sending and 

receiving SMS and MMS messages.A GSM modem can be a dedicated modem device with a serial, 

USB or Bluetooth connection, or it can be a mobile phone that provides GSM modem capabilities. 

For the purpose of this document, the term GSM modem is used as a generic term to refer to any 

modem that supports one or more of the protocols in the GSM evolutionary family, including the 

2.5G technologies GPRS and EDGE, as well as the 3G technologies WCDMA, UMTS, HSDPA and 

HSUPA. 

A GSM modem exposes an interface that allows applications such as NowSMS to send and 

receive messages over the modem interface. The mobile operator charges for this message sending 

and receiving as if it was performed directly on a mobile phone. To perform these tasks, a GSM 

modem  must  support  an  ―extended  AT  command  set‖  for  sending/receiving  SMS  messages,  as 

defined in the ETSI GSM 07.05 and and 3GPP TS 27.005 specifications. 

A GSM modem could also be a standard GSM mobile phone with the appropriate cable and 

software driver to connect to a serial port or USB port on your computer. Any phone that supports 

the  ―extended  AT  command  set‖  for  sending/receiving SMS  messages,  as  defined  in  ETSI GSM 

07.05 and/or 3GPP TS 27.005, can be supported by the Now SMS & MMS Gateway. Note that not 

all mobile phones support this modem interface. 
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Due to some compatibility issues that can exist with mobile phones, using a dedicated GSM 

modem is usually preferable to a GSM mobile phone. This is more of an issue with MMS 

messaging, where if you wish to be able to receive inbound MMS messages with the gateway, the 

modem interface on most GSM phones will only allow you to send MMS messages. This is because 

the mobile phone automatically processes received MMS message notifications without forwarding 

them via the modem interface. 

It should also be noted that not all phones support the modem interface for sending and 

receiving SMS messages. In particular, most smart phones, including Blackberries, iPhone, and 

Windows Mobile devices, do not support this GSM modem interface for sending and receiving 

SMS messages at all at all. Additionally, Nokia phones that use the S60 (Series 60) interface, which 

is Symbian based, only support sending SMS messages via the modem interface, and do not support 

receiving SMS via the modem interface. 

GSM modems can be a quick and efficient way to get started with SMS, because a special 

subscription to an SMS service provider is not required. In most parts of the world, GSM modems 

are a cost effective solution for receiving SMS messages, because the sender is paying for the 

message delivery. 

GSM is a cellular network, which means that cell phones connect to it by searching for cells in 

the immediate vicinity. There are five different cell sizes in a GSM network—macro, micro, pico, 

femto, and umbrella cells. The coverage area of each cell varies according to the implementation 

environment. Macro cells can be regarded as cells where the base station antenna is installed on a 

mast or a building above average rooftop level. Micro cells are cells whose antenna height is under 

average rooftop level; they are typically used in urban areas. 

Picocells are small cells whose coverage diameter is a few dozen meters; they are mainly used 

indoors. Femtocells are cells designed for use in residential or small business environments and 
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connect to the service provider’s network via a broadband internet connection. Umbrella cells are 

used to cover shadowed regions of smaller cells and fill in gaps in coverage between those cells. 

Cell horizontal radius varies depending on antenna height, antenna gain, and propagation 

conditions from a couple of hundred meters to several tens of kilometres. The longest distance the 

GSM specification supports in practical use is 35 kilometres (22 mi). There are also several 

implementations of the concept of an extended cell, where the cell radius could be double or even 

more, depending on the antenna system, the type of terrain, and the timing advance. 

Indoor coverage is also supported by GSM and may be achieved by using an indoor picocell 

base station, or an indoor repeater with distributed indoor antennas fed through power splitters, to 

deliver the radio signals from an antenna outdoors to the separate indoor distributed antenna system. 

These are typically deployed when significant call capacity is needed indoors, like in shopping 

centers or airports. However, this is not a prerequisite, since indoor coverage is also provided by in- 

building penetration of the radio signals from any nearby cell. 

GSM networks operate in a number of different carrier frequency ranges (separated into GSM 

frequency ranges for 2G and UMTS frequency bands for 3G), with most 2G GSM networks 

operating in the 900 MHz or 1800 MHz bands. Where these bands were already allocated, the 850 

MHz and 1900 MHz bands were used instead (for example in Canada and the United States). In rare 

cases the 400 and 450 MHz frequency bands are assigned in some countries because they were 

previously used for first-generation systems. 

GSM has used a variety of voice codecs to squeeze 3.1 kHz audio into between 6.5 and 13 kbit/s. 

Originally, two codecs, named after the types of data channel they were allocated, were used, called 

Half Rate (6.5 kbit/s) and Full Rate (13 kbit/s). These used a system based on linear predictive 

coding (LPC). In addition to being efficient with bitrates, these codecs also made it easier to identify 

more important parts of the audio, allowing the air interface layer to prioritize and better protect 

these parts of the signal. 



42  

Since many GSM network operators have roaming agreements with foreign operators, users can 

often continue to use their mobile phones when they travel to other countries. SIM cards (Subscriber 

Identity Module) holding home network access configurations may be switched to those will 

metered local access, significantly reducing roaming costs while experiencing no reductions in 

service. 

GSM, together with other technologies, is part of the evolution of wireless mobile 

telemmunications that includes High-Speed Circuit-Switched Data (HSCSD), General Packet Radio 

System (GPRS), Enhanced Data GSM Environment (EDGE), and Universal Mobile 

Telecommunications Service (UMTS). 

2G networks developed as a replacement for first generation (1G) analog cellular networks, and 

the GSM standard originally described as a digital, circuit-switched network optimized for full 

duplex voice telephony. This expanded over time to include data communications, first by circuit- 

switched transport, then by packet data transport via GPRS (General Packet Radio Services) and 

EDGE (Enhanced Data rates for GSM Evolution or EGPRS). 

4.2 Software Requriements 

 
4.2.1 Arudino IDE 

 
If you haven't written "code" in any computer language yet, you'll have to get used to writing 

very specific commands to get things done. But Arduino gives you many easy to use commands. 
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Figure 1.8.Arduino Uno Programming Sketch 

 

Arduino is a tool for making computers that can sense and control more of the physical world 

than your desktop computer. Arduino is a small circuit board with an Atmel MicroController chip 

and other parts. See examples HERE. Arduino is intended for use by both non-technical people with 

no previous programming experience and seasoned pros who love to tinker. Arduino was developed 

in Italy by Massimo Banzi and a group of people who believed Hardware and Software should be 

"Open Source" and available to everyone. 

Physical Computing is quite different than writing software for personal computers where the only 

physical inputs are the Mouse and Keyboard. With Arduino you can connect and control literally 

hundreds of different devices, and write software that creates new Intelligent Devices. We can see 

how this goes together here. 



 

 

Figure 1.9.Software Implementation Diagram 

 

SENSOR INPUTS On the left are examples of some of the Input Devices you can connect. 

 

ACTION OUTPUTS On the right are examples of Output Devices you can control. 

SOFTWARE BEHAVIOR Here is where you write software (called SKETCHES in Arduino) 

that makes decisions about what things are sensed with Input Devices, and what actions will be 

taken with the Output Devices. This may be as simple as sounding a buzzer when a switch is closed. 

The Arduino IDE (Integrated Development Environment) 

This is the free software you will use to create the Behavior of your project. Here's what it includes: 

An EDITOR to create and edit the text of your software Sketch. It actively highlights Keywords in 

the language so typing errors are more obvious. 

A VERIFYsystem that runs through your Sketch, verifies that there are no errors, and then 

compiles it into the machine language program that can be Uploaded to your Arduino board over 

the USB cable. (This is often called MAKE in other systems, and actually is quite complex, running 

system preprocessor, compiler, linker etc. "Under the covers"). 

An UPLOAD system that communicates with your Arduino Board over USB, loads your program 

into Arduino memory, and starts your program running. 

A SERIAL MONITOR window that allows you to receive and send messages from programs 

running on your Arduino board. This is often used for testing and "debugging" programs. 
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Many EXAMPLE software Sketches that show how to use many different devices and techniques. 

A LIBRARY system containing many prewritten sections of software. 

A FILE system to save and retrieve Sketches. 

 

A HELP system that includes the entire Arduino Reference document 
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CHAPTER - 5 

PROJECT DESCRIPTION 

5.1 Problem Definition 

The problem identification in this project is, During certification process from the Driving 

School. some of them have a chance for fraud work, that is without drive a car they will provide 

certificate for money ,then the person will easily get a driving license. These type of person have a 

90% chance of accident on the road. By avoid these type of accident. so the major problem issues is 

to solve the money bribery and accident met on the road 

5.2 Overview Of the Project 

 
In this project the driver performance measuring kit is fitting in the vehicle. Ultrasonic sensor is 

fitting in the four sides of the car, when the car is moving on a road the sensor will start sense . if 

wrong direction will moved, the sensor gives the wrong message in the LCD Display. Then the 

switch present in the Accelerator will give full race pressure switch will sense the data send to the 

microcontroller .after that the microcontroller will analyses the data input given. when two are more 

times the sensor will sense the microcontroller will collect the message will be automatically send to 

the information via GSM to the RTO Office. 

5.3 Module Description 

5 .3.1 RTO Officer 

The Regional Transport Office or Regional Transport Authority (RTO / RTA) is the 

organization of the Indiangovernment responsible for maintaining a database of drivers and 

a database of vehicles of India. The RTO issues driving licenses organizes collection of vehicle 

excise   duty (also    known    as vehiclesfor    variousroad    tax and road    fund    license)    and 

sells personalized.Along with this, the RTO is also responsible to inspect vehicle’s insurance and 

clear the pollution test. 
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5.3.2 Driving School 

 
Driver’s education, driver education, driving education, driver’s ed, or driving tuition or driving 

lessons is a formal class or program that prepares a   new   driver   to   obtain   a learner’s 

permit or driver’s license. The formal class program may also prepare existing license holders for 

an overseas license conversion or medical assessment driving test or refresher course. It may take 

place in a classroom, in a vehicle, online, or a combination of the above. Topics of instruction 

include trafficcode or laws and vehicle operation. Typically, instruction will warn of dangerous 

conditions in driving such as road conditions, driver impairments, and hazardous weather. 

Instructional videos may also be shown, demonstrating proper driving strategies and the 

consequences for not observing the rules. 

5.3.3 Candidate 

 
Candidate is the one of most important person in this project. In this project if the candidate is 

applying a driving License via Driving school certification. But the Existing System is the 

Candidate Applying the Driving License Via Driving school and getting the License from RTO 

office after completing the Testing. In this Existing system Drawback is increasing and We are 

rectifying that drawback by invented the New project that is License Eligibility Measurement 

System. 

https://en.wikipedia.org/wiki/Learner%27s_permit
https://en.wikipedia.org/wiki/Learner%27s_permit
https://en.wikipedia.org/wiki/Driver%27s_license
https://en.wikipedia.org/wiki/Traffic_code
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LCD 

5.4 Circuit Diagram 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.5 Software Implementation Diagram 
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5.6 Input Design 

 
In this Project the Input design is First the Candidate applying the Driving License Via Driving 

School. After Completing the time Duration of the LLR then the Candidate is drive the Car. In this 

Project the Driving License Eligibility Measurement Kit will be fixed in the car and after the 

completion of testing the measurement kit will give a result that is Eligible or Non Eligible. 

   5.6.1 OUTPUT DESIGN 

 
After the Completion of the testing the LCD give a result. that is the total count of the error is 

less than 10 then the Global System for Mobile Communication is send the Message to the RTO 

office License is Eligible for this candidate otherwise GSM is send the message to the RTO office 

License is not Eligible for this Candidate. If License is Eligible then the License is provided or the 

License is Not Eligible the Retest Process will be appear. 
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CHAPTER-6 

 
SYSTEM TESTING  

 
System testing is the stage of implementation, Which is aimed at ensuring that the system 

works accurately and efficiently before live operation commences. Testing is vital to the success of 

the system. An elaborate testing of data is prepared and the system is testing usingt this test data 

while testing errors of are noted and the corrections are mae .The users are trained to operate the 

developed system. Both hardware and software securities are made to run the developed system 

successfully in future. 

 Unit Testing 

 
 Integration Testing 

 
 Validation Testing 

 
 Output Testing 

 
 User Acceptance Testing 

 

6.1 Unit Testing 

 
Unit testing focuses verification efforts on the smallest unit of software design and the module. 

This is also known as ―Module Testing‖. The modules are tested separately. This testing is carried 

out programming stage itself. In this testing step each module is found to be working satisfactorily 

as regard to the excepted output from the module. 

6.2 Integration Testing 

 
Integration testing is a systematic technique for construction tests to uncover errors associated 

within the interface. In this project, all the modules are combined, and then the entire programs 

tested as a whole. Thus in the integration testing step, all the errors uncovered are corrected for next 

testing steps, all the errors  uncovered are corrected for the next steps. 
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6.3 Validation Testing 

 
Validation testing is the testing where requirements are established as a part of software 

requirement analysis is validated against the software that has been constructed. This test provide 

the final assurance that the software meets all functional, behavior a land performance 

requirements. T errors which are uncovered during integration testing are corrected during this 

phase. 

6.4 Output Testing 

 
After performing the validation testing. The next step is output testing of the proposed system 

since no system could be useful if it does not produced the required output in the Specific format. 

The output generated or displayed by the system under consideration is tested asking the uses about 

the format required by then. Here, the output is considered into two ways one is the screen and the 

other is in a printed format designed according to the user needs. For the hard copy also: the output 

comes out as specified by the user. Hence output testing does not result in any connections in the 

system. 

6.5 User Acceptance Testing 

 
The testing of the software began along with coding. Since the design was fully object oriented, 

first the interface were developed and tested. Then unit testing was done for every module in the 

software for various input, such that each line of code is at least once executed this testing. A 

system is the key factor for the success of any system the system under consideration is tested for 

user acceptance by constantly keeping in touch with the prospective system uses at time of 

developing and making of the Arduino programming 
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CHAPTER - 7 

 
CONCLUSION AND FUTURE ENHANCEMENT 

 
By using this measuring kit it will provide a 90% of original Driver Performance and it helps to 

avoid the Fraudulent and Accident on the road. The certification from the Driving School doesn’t 

have a chance for fraud work, that is without drive a car they will not provide a certificate for 

money ,then the person will not easily get a driving license. So avoid chance of accident on the 

road. In this project driver performance measuring kit will helps to analyze the member who is 

driving the car and their driving data will be collected from the sensors to Microcontroller and the 

data is automatically updated to the test kit. Then the Result send to the RTO office via GSM . 
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Appendix-1 

 
Source code 

 

#include <Wire.h> 

 

#include <LiquidCrystal_I2C.h> 

#include<SoftwareSerial.h> 

SoftwareSerialgsm(2,3); 

int led = 13; 

 

unsigned long delayStart = 0; // the time the delay started 

booldelayRunning = false; // true if still waiting for delay to finish 

LiquidCrystal_I2C lcd(0x27,16,2); 

#define trigPin1 5 

 

#define echoPin1 4 

 

#define trigPin2 7 

 

#define echoPin2 6 

 

#define trigPin3 9 

 

#define echoPin3 8 

 

#define trigPin4 11 

 

#define echoPin4 10 

int counter1 = 0; 

int counter2 = 0; 

int counter3 = 0; 

int counter4 = 0; 

intcurrentState = 0; 
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intpreviousState = 0; 

int currentState1 = 0; 

int previousState1 = 0; 

int currentState2 = 0; 

int previousState2 = 0; 

int currentState3 = 0; 

int previousState3 = 0; 

int currentState4 = 0; 

int previousState4 = 0; 

int total; 

void setup() { 

 

pinMode(led, OUTPUT); // initialize the digital pin as an output. 

digitalWrite(led, HIGH); // turn led on 

delayStart = millis(); // start delay 

delayRunning = true; // not finished yet 

lcd.init(); // initialize the lcd 

lcd.init(); 

// Print a message to the LCD. 

lcd.backlight(); 

pinMode(trigPin1, OUTPUT); 

pinMode(echoPin1, INPUT); 

pinMode(trigPin2, OUTPUT); 

pinMode(echoPin2, INPUT); 

pinMode(trigPin3, OUTPUT); 

pinMode(echoPin3, INPUT); 
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pinMode(trigPin4, OUTPUT); 

pinMode(echoPin4, INPUT); 

lcd.begin(16, 2); 

lcd.setCursor(0, 0); 

lcd.print("U1:"); 

lcd.setCursor(6, 0); 

lcd.print("U2:"); 

lcd.setCursor(0, 1); 

lcd.print("U3:"); 

lcd.setCursor(6, 1); 

lcd.print("U4:"); 

lcd.setCursor(13, 0); 

lcd.print("TO:") 

} 

 

void sensor1() 

 

{ 

 

long duration1, distance1; 

digitalWrite(trigPin1, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin1, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin1, LOW); 

duration1 = pulseIn(echoPin1, HIGH); 

distance1 = (duration1/2) / 29.1; 

if (distance1 <= 10){ 
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currentState1 = 1; 

 

} 

 

else { 

currentState1 = 0; 

} 

 

delay(100); 

 

if(currentState1 != previousState1){ 

if(currentState1 == 1){ 

counter1 = counter1 + 1;} 

lcd.setCursor(3,0); 

lcd.print(counter1); 

} 

 

} 

 

void sensor2() 

 

{ 

 

long duration2, distance2; 

digitalWrite(trigPin2, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin2, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin2, LOW); 

duration2 = pulseIn(echoPin2, HIGH); 

distance2 = (duration2/2) / 29 

if (distance2 <= 10){ 



 

currentState2= 1; 

 

} 

 

else { 

currentState2 = 0; 

} 

 

delay(100); 

 

if(currentState2 != previousState2){ 

if(currentState2 == 1){ 

counter2 = counter2 + 1;} 

lcd.setCursor(9,0); 

lcd.print(counter2); 

} 

 

} 

 

void sensor3() 

 

{ 

 

long duration3, distance3; 

digitalWrite(trigPin3, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin3, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin3, LOW); 

duration3 = pulseIn(echoPin3, HIGH); 

distance3 = (duration3/2) / 29.1; 

if (distance3 <= 10){ 

currentState3= 1; 
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} 
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else { 

currentState3 = 0; 

} 

 

delay(100); 

 

if(currentState3 != previousState3){ 

if(currentState3 == 1){ 

counter3 = counter3 + 1;} 

lcd.setCursor(3,1); 

lcd.print(counter3); 

} 

 

} 

 

void sensor4() 

 

{ 

 

long duration4, distance4; 

digitalWrite(trigPin4, LOW); 

delayMicroseconds(2); 

digitalWrite(trigPin4, HIGH); 

delayMicroseconds(10); 

digitalWrite(trigPin4, LOW); 

duration4 = pulseIn(echoPin4, HIGH); 

distance4 = (duration4/2) / 29.1; 

if (distance4 <= 10){ 

currentState4= 1; 

} 
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else { 

currentState4 = 0; 

} 

 

delay(100); 

 

if(currentState4 != previousState4){ 

if(currentState4 == 1){ 

counter4 = counter4 + 1;} 

lcd.setCursor(9,1); 

lcd.print(counter4); 

} 

 

} 

 

void loop() { 

sensor1(); 

sensor2(); 

sensor3(); 

sensor4(); 

lcd.setCursor(13,1); 

total=counter1+counter2+counter3+counter4; 

lcd.print(total);{ 

if (delayRunning&& ((millis() - delayStart) >= 60000)) { 

delayRunning = false; // // prevent this code being run more then once 

digitalWrite(led, LOW); // turn led off 

Serial.println("Turned LED Off");{ 

if(total<=10) 

{ 
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delay(1000); 

Serial.begin(9600); 

gsm.begin(9600); 

gsm.println("AT+CMGF=1"); 

Serial.println("AT+CMGF=1"); 

delay(1000); 

gsm.println("AT+CMGS=\"+919003446612\"\r"); //replace x by your number 

Serial.println("AT+CMGS=\"+919003446612\"\r"); 

delay(1000); 

 

gsm.println("licence is eligibile for this candidate"); 

Serial.println("licence is eligibile for this candidate"); 

delay(1000); 

gsm.println((char)26); 

delay(1000); 

} 

 

else 

 

{ 

 

delay(1000); 

Serial.begin(9600); 

gsm.begin(9600); 

gsm.println("AT+CMGF=1"); 

Serial.println("AT+CMGF=1"); 

delay(1000); 

gsm.println("AT+CMGS=\"+919003446612\"\r"); //replace x by your number 

Serial.println("AT+CMGS=\"+919003446612\"\r"); 
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delay(1000); 

 

gsm.println("licence is not eligibile for this candidate"); 

Serial.println("licence is not eligibile for this candidate"); 

delay(1000); 

gsm.println((char)26); 

delay(1000); 

} 

 

} 

 

} 

 

 

} 

 

} 
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Appendix-2 

Screen shots 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.10 Front View of  the Car 
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Figure 1.11 Back view of the car 
 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.12 Assembling of Internal Components 
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Figure 1.13 Output of the Project 
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ABSTRACT 

Now a days in current situation, test for driving license is not done before the RTO officer. it is done by the 

driving school, they provide certificate for driving. After the driving school given certificate they applied for 

driving license it was easily getting from the RTO office. During this , certification from the Driving School. 

some of them have a chance for  fraud work, that is without drive a car or bike they will  provide certificate for 

money ,then the person will easily get a driving license. These type of person have a 90% chance of accident on 

the road. By avoid these type of accident, in this paper we discuss about the driver performance measuring by a 

eligibility test kit. A driver performance measuring kit will helps to analyze the member who is driving the car 

and their driving data  will be collected from the  sensors to Microcontroller and the data is automatically 

updated to the test kit. 

Finally the data will be send to the RTO office Via GSM Technology ,after completing a driving course 

eligible candidate only getting the  driving license from the RTO office. The main aim of this  project helps to 

avoid Accident on Road and fraud done during the driving test. 

 

I. INTRODUCTION 

Now-a-days in our country most of the existing RTO 

offices didnt have systematic driving license 

verification system. If we want to get the driving 

license from RTO office, it is not a difficult task now a 

days but maintaining the original driving license is 

major task to the vehicle users . On the other side 

vehicle users are cheating the police by maintaining 

fake license which was crime. Currently driving 

license card having details like driving license 

identification number and address Details of the 

authorized vehicle Drivers are being morphed. So 

now-a-days the persons who are maintaining fake 

driving license, they are removing the authorized 

vehicle driver license photo and the details and using  

 

same license identification number . This is the 

major disadvantage for the authorized driving license 

persons and it is advantage for the persons who are 

maintaining fake driving license. In order to overcome 

these problems an authenticating driving license 

system is proposed and provided to RTOs. By making 

use of RFID reader we can maintain authenticated 

driving license system. The existing method at the road 

transport officers was we need to fill the online driving 

license application form and next step is the written 

exam, that exam issuing a driving license by taking 

photo and the details of the eligible person .So in that 

driving license as we already know there existing a 

license. This is the major drawback of the existing 

driving license issuing system. 
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But we face new issues while getting a new driving 

license test for driving license is not done before the 

RTO officer. it is done by the driving school, they 

provide certificate for driving. After the driving school 

given certificate they applied for driving license it was 

easily getting from the RTO office. During this, 

certification from the Driving School. some of them 

have a chance for  fraud work, that is without drive a 

car or bike they will  provide certificate for money 

,then the person will easily get a driving license. These 

type of person have a 90% chance of accident on the 

road. By avoid these type of accident, in this paper we 

discuss about the driver performance measuring by a 

eligibility test kit. A driver performance measuring kit 

will helps to analyze the member who is driving the 

car and their driving data  will be collected from the  

sensors to Microcontroller and the data is 

automatically updated to the test kit. 

In this project we measure the driver performance, 

and analyze how he drives a car full complete report 

will be automatically generate and send final report via 

GSM technology 

 

II. METHODOLOGY 

A.Embedded System 

An embedded system is a computer system—a 

combination of a Computer Processor, Computer 

Memory andInput Output Peripheral devices—that has 

a dedicated function within a larger mechanical or 

electrical system. It is embedded as part of a complete 

device often including electrical or electronic 

hardware and mechanical parts. Because an embedded 

system typically controls physical operations of the 

machine that it is embedded within, it often has real-

time computing constraints. 

B.Existing System  

In existing system there is no proper machine system 

to measure the driver performance till now it is 

validate by an RTO Officer manually. all the time 

RTO only check the driver performance not every 

performance will be checked. it was very long 

scheduled to check all the driver performance. so some 

of the negotiation will be there for all the driving test. 

So by avoiding this negotiation we made new project 

in proposed system. 

C. Problem Statement 
 

The problem identification in this project is, During 

certification process from the Driving School. some of 

them have a chance for fraud work, that is without 

drive a car they will provide certificate for money,then 

the person will easily get a driving license.These type 

of a person have a 90% chance of accident on the road. 

By avoid these type of accident. so the major problem 

issues is to solve the money bribery and accident met 

on the road. 

D. Proposed System  

A main aim of the project helps to measure the 

performance of a driver. in this project driver 

performance measuring kit will helps to analyze the 

member who is driving the car and their driving data  

will be collected from the  sensors to Microcontroller 

and the data is automatically updated to the test 

kit.Finally the collecting  data will be send to the RTO 

office Via GSM Technology ,after completing a 

driving course eligible candidate only getting the  

driving license from the RTO office.  

https://en.wikipedia.org/wiki/Real-time_computing
https://en.wikipedia.org/wiki/Real-time_computing
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Fig. 1. FLOWCHART FOR PROPOSED METHODOLGY 

E. Software Requirements 

1. Arduino IDE 

 

SENSOR INPUTS: On the left are examples of some 

of the Input Devices you can connect 

.ACTION OUTPUTS: On the right are examples of 

Output Devices you can control. 

SOFTWARE BEHAVIOR: Here is where you write 

software (called SKETCHES in Arduino) that makes 

decisions about what things are sensed with Input 

Devices, and what actions will be taken with the 

Output Devices. This may be as simple assounding a 

buzzer when a switch is closed 

.The Arduino IDE (Integrated Development 

Environment) 

This is the free software you will use to create the 

Behavior of your project.  

Here's what it includes: 

An EDITOR to create and edit the text of your 

software Sketch. It actively highlights Keywords in the 

language so typing errors are more obvious. 

A VERIFY system that runs through your Sketch, 

verifies that there are no errors, and then compiles it 

into the machine language program that can be 

Uploaded to your Arduino board over the USB cable. 

(This is often called MAKE in other systems, and 

actually is quite complex, running system 

preprocessor, compiler, linker etc. "Under the covers"). 

An UPLOAD system that communicates with your 

Arduino Board over USB, loads your program into 

Arduino memory, and starts your program running. 

A SERIAL MONITOR window that allows you to 

receive and send messages from programs running on 

your Arduino board. This is often used for testing and 

"debugging" programs. 

Many EXAMPLE software Sketches that show how to 

use many different devices and techniques. 

A LIBRARY system containing many prewritten 

sections of software. 

A FILE system to save and retrieve Sketches. 

A HELP system that includes the entire Arduino 

Reference document. 

F. HARDWARE REQUIREMENTS 

1.ULTRASONIC SENSORS 
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Ultrasonic sensors are used for distance measuring 

applications. These gadgets regularly transmit a short 

burst of ultrasonic sound to a target, which reflects the 

sound back to the sensor. The system then measures 

the time for the echo to return to the sensor and 

computes the distance to the target using the speed of 

sound within the medium. 

2.LCD 

 

 

A liquid-crystal display (LCD) is a flat-panel display 

or other electronic visual display that uses the light-

modulating properties of liquid crystals. Liquid 

crystals do not emitlight directly. LCDs are available 

to display arbitrary images (as in a general-purpose 

computer display) or fixed imageswith low 

information content, which can be displayed or hidden, 

such as presetwords, digits, and 7-segment displays, as 

in a digital clock. They usethe same basictechnology, 

except that arbitrary images are made up of a large 

number of small pixels, while other displays have 

larger elements. 

3.GSM 

 

GSM (Global System for Mobile communication) is 

a digital mobile telephony system that is widely used 

in Europe and other parts of the world. GSM uses a 

variation of time division multiple access (TDMA) and 

is the most widely used of the three digital wireless 

telephony technologies (TDMA, GSM, and CDMA). 

GSM digitizes and compresses data, then sends it 

down a channel with two other streams of user data, 

each in its own time slot. It operates at either the 900 

MHz or 1800 MHz frequency band. 

A GSM modem is a specialized type of modem which 

accepts a SIM card, and operates over a subscription to 

a mobile operator, just like a mobile phone. From the 

mobile operator perspective, a GSM modem looks just 

like a mobile phone. 

When a GSM modem is connected to a computer, this 

allows the computer to use the GSM modem to 

communicate over the mobile network.  While these 

GSM modems are most frequently used to provide 

mobile internet connectivity, many of them can also be 

used for sending and receiving SMS and MMS 

messages. 
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III. HARDWARE DESIGN 
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Fig. 2. HARDWARE DIAGRAM 

 

IV. WORKING EXPLANATION 

In this project the driver performance measuring kit 

is fitting in the vehicle. Ultrasonic sensor is fitting in 

the  four sides of the car, when the car is moving on a 

road the sensor will start sense . if wrong direction will 

moved, the sensor gives the wrong message in the 

LCD Display. Then the switch present in the 

Accelerator will give full race pressure switch will 

sense the data send to the microcontroller .after that 

the microcontroller will analyses the data input given. 

when two are more times the sensor will sense the 

microcontroller will collect the message will be 

automatically send to the information via GSM to the 

RTO Office. 

 

V. RESULTS 

By using this driver eligibility measuring kit 

certification from the Driving School doesn’t have a 

chance for  fraud work,In this paper A driver 

eligibility measuring kit will helps to analyze the 

member who is driving the car and their driving data  

will be collected from the  sensors to Microcontroller 

and the data is automatically updated to the test kit , 

the message will sent to the candidate  

.  

 

VI. CONCLUSION 

By using this driver performance measuring kit certification 

from the Driving School doesn’t have a chance for  fraud 

work, that is without drive a car they will  not provide 

certificate for money ,then the person will not easily get a 

driving license. So we avoid chance of accident on the road. 

in this paper A driver performance measuring kit will helps 

to analyze the member who is driving the car and their 

driving data  will be collected from the  sensors to 

Microcontroller and the data is automatically updated to the 

test kit. 
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ABSTRACT 

Now a days in current situation, test for driving license is not done before the RTO officer. it is done by the 

driving school, they provide certificate for driving. After the driving school given certificate they applied for 

driving license it was easily getting from the RTO office. During this , certification from the Driving School. 

some of them have a chance for  fraud work, that is without drive a car or bike they will  provide certificate for 

money ,then the person will easily get a driving license. These type of person have a 90% chance of accident on 

the road. By avoid these type of accident, in this paper we discuss about the driver performance measuring by a 

eligibility test kit. A driver performance measuring kit will helps to analyze the member who is driving the car 

and their driving data  will be collected from the  sensors to Microcontroller and the data is automatically 

updated to the test kit. 

Finally the data will be send to the RTO office Via GSM Technology ,after completing a driving course 

eligible candidate only getting the  driving license from the RTO office. The main aim of this  project helps to 

avoid Accident on Road and fraud done during the driving test. 

 

I. INTRODUCTION 

Now-a-days in our country most of the existing RTO offices didnt have systematic driving license verification 

system. If we want to get the driving license from RTO office, it is not a difficult task now a days but 

maintaining the original driving license is major task to the vehicle users . On the other side vehicle users are 

cheating the police by maintaining fake license which was crime. Currently driving license card having details 

like driving license identification number and address Details of the authorized vehicle Drivers are being 

morphed. So now-a-days the persons who are maintaining fake driving license, they are removing the authorized 

vehicle driver license photo and the details and using same license identification number . This is the major 

disadvantage for the authorized driving license persons and it is advantage for the persons who are maintaining 

fake driving license. In order to overcome these problems an authenticating driving license system is proposed 

and provided to RTOs. By making use of RFID reader we can maintain authenticated driving license system. 

The existing method at the road transport officers was we need to fill the online driving license application form 

and next step is the written exam, that exam issuing a driving license by taking photo and the details of the 
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eligible person .So in that driving license as we already know there existing a license. This is the major 

drawback of the existing driving license issuing system. 

But we face new issues while getting a new driving license test for driving license is not done before the RTO 

officer. it is done by the driving school, they provide certificate for driving. After the driving school given 

certificate they applied for driving license it was easily getting from the RTO office. During this, certification 

from the Driving School. some of them have a chance for  fraud work, that is without drive a car or bike they 

will  provide certificate for money ,then the person will easily get a driving license. These type of person have a 

90% chance of accident on the road. By avoid these type of accident, in this paper we discuss about the driver 

performance measuring by a eligibility test kit. A driver performance measuring kit will helps to analyze the 

member who is driving the car and their driving data  will be collected from the  sensors to Microcontroller and 

the data is automatically updated to the test kit. 

In this project we measure the driver performance, and analyze how he drives a car full complete report will 

be automatically generate and send final report via GSM technology 

 

II. METHODOLOGY 

A.Embedded System 

An embedded system is a computer system—a combination of a Computer Processor, Computer Memory 

andInput Output Peripheral devices—that has a dedicated function within a larger mechanical or electrical 

system. It is embedded as part of a complete device often including electrical or electronic hardware and 

mechanical parts. Because an embedded system typically controls physical operations of the machine that it is 

embedded within, it often has real-time computing constraints. 

B.Existing System  

In existing system there is no proper machine system to measure the driver performance till now it is validate 

by an RTO Officer manually. all the time RTO only check the driver performance not every performance will be 

checked. it was very long scheduled to check all the driver performance. so some of the negotiation will be there 

for all the driving test. So by avoiding this negotiation we made new project in proposed system. 

C. Problem Statement 
 

The problem identification in this project is, During certification process from the Driving School. some of them 

have a chance for fraud work, that is without drive a car they will provide certificate for money,then the person 

will easily get a driving license.These type of a person have a 90% chance of accident on the road. By avoid 

these type of accident. so the major problem issues is to solve the money bribery and accident met on the road. 

D. Proposed System  

A main aim of the project helps to measure the performance of a driver. in this project driver performance 

measuring kit will helps to analyze the member who is driving the car and their driving data  will be collected 

from the  sensors to Microcontroller and the data is automatically updated to the test kit.Finally the collecting  

data will be send to the RTO office Via GSM Technology ,after completing a driving course eligible candidate 

only getting the  driving license from the RTO office.  

https://en.wikipedia.org/wiki/Real-time_computing
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Fig. 1. FLOWCHART FOR PROPOSED METHODOLGY 

E. Software Requirements 

1. Arduino IDE 

 

SENSOR INPUTS: On the left are examples of some of the Input Devices you can connect 

.ACTION OUTPUTS: On the right are examples of Output Devices you can control. 

SOFTWARE BEHAVIOR: Here is where you write software (called SKETCHES in Arduino) that makes 

decisions about what things are sensed with Input Devices, and what actions will be taken with the Output 

Devices. This may be as simple assounding a buzzer when a switch is closed 

.The Arduino IDE (Integrated Development Environment) 

This is the free software you will use to create the Behavior of your project.  
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Here's what it includes: 

An EDITOR to create and edit the text of your software Sketch. It actively highlights Keywords in the language 

so typing errors are more obvious. 

A VERIFY system that runs through your Sketch, verifies that there are no errors, and then compiles it into the 

machine language program that can be Uploaded to your Arduino board over the USB cable. (This is often 

called MAKE in other systems, and actually is quite complex, running system preprocessor, compiler, linker etc. 

"Under the covers"). 

An UPLOAD system that communicates with your Arduino Board over USB, loads your program into Arduino 

memory, and starts your program running. 

A SERIAL MONITOR window that allows you to receive and send messages from programs running on your 

Arduino board. This is often used for testing and "debugging" programs. 

Many EXAMPLE software Sketches that show how to use many different devices and techniques. 

A LIBRARY system containing many prewritten sections of software. 

A FILE system to save and retrieve Sketches. 

A HELP system that includes the entire Arduino Reference document. 

F. HARDWARE REQUIREMENTS 

1.ULTRASONIC SENSORS 

 

Ultrasonic sensors are used for distance measuring applications. These gadgets regularly transmit a short burst 

of ultrasonic sound to a target, which reflects the sound back to the sensor. The system then measures the time 

for the echo to return to the sensor and computes the distance to the target using the speed of sound within the 

medium. 

2.LCD 
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A liquid-crystal display (LCD) is a flat-panel display or other electronic visual display that uses the light-

modulating properties of liquid crystals. Liquid crystals do not emitlight directly. LCDs are available to display 

arbitrary images (as in a general-purpose computer display) or fixed imageswith low information content, which 

can be displayed or hidden, such as presetwords, digits, and 7-segment displays, as in a digital clock. They 

usethe same basictechnology, except that arbitrary images are made up of a large number of small pixels, while 

other displays have larger elements. 

3.GSM 

 

GSM (Global System for Mobile communication) is a digital mobile telephony system that is widely used in 

Europe and other parts of the world. GSM uses a variation of time division multiple access (TDMA) and is the 

most widely used of the three digital wireless telephony technologies (TDMA, GSM, and CDMA). GSM 

digitizes and compresses data, then sends it down a channel with two other streams of user data, each in its own 

time slot. It operates at either the 900 MHz or 1800 MHz frequency band. 

A GSM modem is a specialized type of modem which accepts a SIM card, and operates over a subscription to a 

mobile operator, just like a mobile phone. From the mobile operator perspective, a GSM modem looks just like 

a mobile phone. 

When a GSM modem is connected to a computer, this allows the computer to use the GSM modem to 

communicate over the mobile network.  While these GSM modems are most frequently used to provide mobile 

internet connectivity, many of them can also be used for sending and receiving SMS and MMS messages. 

 

III. HARDWARE DESIGN 
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Fig. 2. HARDWARE DIAGRAM 
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IV. WORKING EXPLANATION 

In this project the driver performance measuring kit is fitting in the vehicle. Ultrasonic sensor is fitting in the  

four sides of the car, when the car is moving on a road the sensor will start sense . if wrong direction will 

moved, the sensor gives the wrong message in the LCD Display. Then the switch present in the Accelerator will 

give full race pressure switch will sense the data send to the microcontroller .after that the microcontroller will 

analyses the data input given. when two are more times the sensor will sense the microcontroller will collect the 

message will be automatically send to the information via GSM to the RTO Office. 

 

V. RESULTS 

By using this driver eligibility measuring kit certification from the Driving School doesn’t have a chance for  

fraud work,In this paper A driver eligibility measuring kit will helps to analyze the member who is driving the 

car and their driving data  will be collected from the  sensors to Microcontroller and the data is automatically 

updated to the test kit , the message will sent to the candidate  

.  

 

VI. CONCLUSION 

By using this driver performance measuring kit certification from the Driving School doesn’t have a chance for  fraud work, 

that is without drive a car they will  not provide certificate for money ,then the person will not easily get a driving license. 

So we avoid chance of accident on the road. in this paper A driver performance measuring kit will helps to analyze the 

member who is driving the car and their driving data  will be collected from the  sensors to Microcontroller and the data is 

automatically updated to the test kit. 
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Abstract 

The water supply shortage has increased in recent years due to overpopulation, climate 

change and obsolete water facilities, where deteriorated pipes cause most of the water leaks. The 

problem is not the size of the leak, but the time it takes to detect it. This paper presents the 

implementation of a system installed in the hydraulic facilities of a residence, to detect water leaks. 

The system consists of a water sensor installed by a water reservoir of interest, a microprocessor to 

interpret the data and evaluate whether it is a water leak or not, an SMS alert message, and an 

electrical actuator to shut off the main water supply to avoid leakage. 
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Chapter 1: Introduction and Background 

 

With the growth of the world population, the demand of fresh water has increased causing serious 

problems in the field of water supply. Therefore, control of water has become a considerable issue today. 

Scientists, technicians, politicians, and generally, many other inhabitants of the planet become 

increasingly educated on the subject. The threat of pollution hovers over and limits water supplies. The 

shortage of this vital liquid requires great attention. The proportion of fresh water found in rivers, lakes, 

and underground sources comprise only 3% of the total amount of water on earth [2]. In addition, the 

water found needs treatment for human consumption, to eliminate particles and organism harmful to 

health, and ultimately must distribute through pipes to homes safely [3]. 

This work focuses on the issue of distribution, more specifically, on the issue of “water leaks” in 

residential areas. Anyone who’s had a water heater, dishwasher or burst pipe disaster in their home knows 

how important early detection can be. Even those slow leaks that only cause mold damage require 

expenses to repair. The more water spilled (or splashed) the more money the repairs cost to residents. For 

this reason, it’s crucial to have some system installed in residences to detect water leaks. 

The water detector electronic device is designed to detect the presence of water and provide an 

alert in time to allow the prevention of water damage. A common design includes a small cable or device 

that lies flat on a floor and relies on the electrical conductivity of water to decrease the resistance across 

two contacts. The device then sounds an audible alarm together with providing onward signaling in the 

presence of enough water to bridge the contacts. These provide usefulness in a normally occupied area 

near any infrastructure that has the potential to leak water, such as HVAC, water pipes, drain pipes, 

vending machines, dehumidifiers, or water tanks. 

Water leak detection is an expression more commonly used for larger, integrated systems installed 

in modern buildings or those containing valuable artifacts, materials or other critical assets where early 

notification of a potentially damaging leak proves beneficial. Specifically, water leak detection has 

become a necessity in data centers, trading floors, banks, archives, and homes. The water leak detection 

industry, small yet specialized, has only a few manufacturers 

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Water_damage
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Alarm
https://en.wikipedia.org/wiki/HVAC
https://en.wikipedia.org/wiki/Water_pipes
https://en.wikipedia.org/w/index.php?title=Drain_pipes&action=edit&redlink=1
https://en.wikipedia.org/wiki/Vending_machines
https://en.wikipedia.org/wiki/Vending_machines
https://en.wikipedia.org/wiki/Water_tank
https://en.wikipedia.org/wiki/Water_tank


2  

operating world-wide [8]. The original application was in the void created by "computer room" 

floors in the days of large mainframe computer systems. These use a modular, raised floor based 

on structural "floor tile" usually 600 mm square and supported at the corners by pedestals [18]. 

The void created gave easy access and routing for the mass of power, networking and other 

interconnecting cables associated with larger computer systems - processors, drives, routers etc. 

mainframe computers also generated large amounts of heat so a void under the floor could also 

serve as a plenum to distribute and diffuse chilled air around the computer room. Chilled water 

pipes generally run through the void along with the drains for condensates associated with 

refrigeration plant. In addition, designers found the floor void a very convenient place to route 

other wet services feeding bathrooms, radiators and other facilities [15]. A leak occurring within 

a floor void would therefore go unnoticed until the hydrostatic head of pressure meant that the 

water found its way through to floors below where its dripping through the ceiling penetrates the 

joints and connectors of the power or network cabling and cause system failure from short 

circuits. 

Current digital water leak detection systems can locate multiple water leaks to within 1 

meter resolution over a complex network of cables running several kilometers [20]. This 

functionality reduces the downtime and potential damage caused by inaccurate reporting 

common with older analogue based systems [20]. 

The Z-Wave equipped Fibaro Flood Sensor ($59) includes a tilt sensor (so the user knows if 

someone moved it), temperature sensor, a siren, a light, a built-in Z-wave network range tester, 

and it can be wired or wireless. The company says it works with any professionally-installed 

alarm system, but the user can also set it up. With a Fibaro Relay installed, the sensor can also 

automatically shut off a solenoid valve. The Flood Sensor requires Fibaro’s Home Center 2 or 

another Z-Wave hub. 

The Wally system doesn’t use Z-Wave or Bluetooth or Zigbee. It uses a proprietary 

wireless system that takes advantage of the copper wires in your walls and treats them like 

antennas for the system. The moisture sensor (which also detects temperature and humidity) 

helps with large water emergencies and also alerts the user about slowly developing moisture— 

the kind that can lead to mold damage. The user also needs the Wally hub and the sensor for this 

system. A customer can purchase the hub with six sensors for $299. Individually the sensors cost 

$35. 

http://www.fibaro.com/us
https://www.wallyhome.com/
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This paper presents the instrumentation of a Water Leak Detection System (WLDS), a 

simple but cost effective water detection system, implemented in residential areas and offers a 

detailed description of the system throughout the following chapters. The next chapter dives into 

the WLDS system specifications and customer needs. 
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Chapter 2: Design Specifications 

Chapter 2 describes the thought process behind creating the WLDS, the customers likely to buy 

this product, and the design specifications of the product. 

 

Customer Needs Assessment 

Homeowners are the primary users of my product. When someone owns a house or, more 

specifically, any piece of property, they don’t realize how much that item means to them until 

destroyed by water damage. My family just recently had a water leak from one of the toilets in 

the upstairs bathroom that ended up dripping through the ceiling down onto the ground floor 

guest bedroom. The whole ceiling required replacement and ended up costing my parents a 

fortune. Therefore, I decided to create a low-cost water leak detection system for home owners. 

The needs of the customer include affordability, easy maintenance, easy setup, and reliability. In 

the case with my parents, the decision to purchase a low-cost leak detection system like mine and 

install it before the leaks became a significant problem would halt any of their water problems. 

Easy maintenance means that the user can keep the system running without having to put much 

work into it. Easy setup means that the time it takes to install the system should take no longer 

than 1 hour. Finally, nobody wants to buy a system that works for a month and then breaks; the 

system must be reliable, continuously running without taking up too much power and function 

properly over extended periods of time. 

 
Specifications and Requirements 

The Water Leak Detection System offers a solution to the problem. Users need an 

affordable system that draws little power to ensure low running costs [9]. The system must also 

function accurately so that when the user becomes alerted of a leak, it identifies an actual leak 

and does not make an error within the sensor. It needs to be autonomous requiring no user input 

beyond the initial installation. By owning the WLDS, users do not have to worry about checking 

their water reservoir of interest for water leaks or the wasting of water. 

The WLDS consists of an actuator installed in the main water pump of a residence, and a 

device based on sensors to detect leaks. A microcontroller processes the readings from the water 

sensor [17]. If an unusual flow of water, the system issues a warning by sending a short text 

message (SMS: Short Message Service) to the mobile phone of the user. Along with the text 

message, an electrical actuator installed at the user’s main water pump stops the flow of water so 
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that no further leakage occurs. The WLDS detects and eliminates a water leakage in a short time, 

because in most cases, the problem originates not from the leak itself, but the time to detect it. The 

microcontroller deactivates the water pump, if the water sensor detects 20mL or more water leakage. ¼ mL 

of water equals approximately a drop of water from a faucet, so 20mL of water ensures no false alarm [9]. 

The actuator and water sensor used to deactivate the water pump is small and light enough for any user to 

carry and install. The actuator can obtain power from a wall socket which negates the need for additional 

power [4]. The water sensor features battery powered hardware, allowing maximum mobility so that it may 

run for at least 30 hours. Ideally, installation only requires mounting the water sensor, installing the actuator 

into the water pump, and plugging in the motor to the nearest residential power outlet. Table 2-1 

summarizes detailed marketing requirements as well as the engineering specifications of the proposed 

WLDS. 

 
TABLE 2-1 

WATER LEAK DETECTION SYSTEM REQUIREMENTS AND SPECIFICATION 

Marketing 

Requirements 

Engineering 

Specifications 

Justification 

2,5,7 Meets standards of International 

Protection code IP51 

The unit sits in an outdoor setting exposed to 

various amounts of dust and condensation. This 

requires a level of weather resistance. 

2,5,7 Meets NFPA 70 National 

Electric Code Safety Standards 

Product uses electrical equipment. Meeting this 

standard keeps the user safe from electrical 

hazards. 

2,5,7 This product meets Functional 

Safety Listed to applicable UL 

Standards and requirements by 

UL 

Product meets UL Standards to keep user safe. 

2,3,4 Deactivates the water pump if 

the water sensor senses more 

than 1.5 mL of water 

¼ mL of water equals approximately a drop of 

water from a faucet, sink among other examples. 

Any more than 1.5 mL of water leaking/6 water 

droplets characterizes a leak. 

1,5 All materials cost less than 

$100 

The price ceiling keeps the system affordable. 

2,5,8 Requires no additional user Residents don’t have to worry about their water 
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input beyond initial installation pump system. 

5,6,8 Battery powered actuator Mobile actuator incase users need to move to 

different location/pipe. 

5,6 Actuator must run for at least 30 

hours. 

Actuator must be able to run continuously for at 

least 30 hours to ensure cost effectiveness for 

the user. 

5,6 Battery powered water sensor A mobile sensor so the user doesn’t have to 

worry about plugging into a wall socket. 

5,6 Water sensor must run for at 

least 30 hours. 

The sensors must run for an extended period 

before batteries need replacement. 

1,3,5 Actuator consumes less than 

500 mW during standby 

operation 

During its inactive state, it uses minimal power 

to maintain efficient function. 

5,6,8 Installation takes less than 1 

hour for an untrained user 

The device comes ready out of the box, 

requiring only that the user install the sensors, 

attach their actuator, and plug the device in. 

5,6,8 Actuator and water sensor must 

have dimensions smaller than 

8”x5”x3” 

This size restraint ensures the device places 

easily and does not require excessive space. 

5,6,8 Actuator weighs less than 5 lbs. A user can more easily carry a lighter device. 

5,6,8 Water sensor weighs less than 2 

lbs. 

Makes sensors light enough to place at user 

friendly locations 

5,8 Speaker outputs warning beep 

no louder than 80 dB, and no 

quieter than 50 dB. 

Typical alarm clocks are built between 50-100 

dB. Warning sound must have dB in this range 

to hear from anywhere in house. 

Marketing Requirements 

1. Affordable 

2. Autonomous 

3. Low Power Consumption 

4. Accurate Pump Control 

5. Unobtrusive 

6. Easy to Install 
7. Weather Resistant 
8. User Friendly 
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Chapter 3: System Design and Functional Decomposition 

 
Chapter 3 will focus on the main design of the WLDS system and a functional breakdown of 

each component within the system. Figure 3-1 and Table 3-1 show the level 0 block diagram 

and the input signals of the WLDS system consecutively. The microcontroller within the WLDS 

relies on the data from the water sensor to accurately control the water pump. For simplicity and 

ease of use, the AC power source provides power to the fuse and actuator. The microcontroller 

then makes a decision based on the status of the sensor, and it outputs a signal to the actuator, 

sends a text alert to the user, and sounds an 80 dB alarm so the user can hear when home. 

 

Figure 3-1: Level 0 Block Diagram 
 

TABLE 3-1 

LEVEL 0 WATER LEAK DETECTION SYSTEM FUNCTIONAL REQUIREMENTS 

Module Water Leak Detection System 

Inputs -Actuator Power 

-Water Sensor: Sensitive to 1.5mL 
-Sensor Extension Cable: Extra sensing 

radius 

Outputs -SMS alert text message 
-Actuator Control: Shuts off main water 

pump when detected leak 

-Status LED: Turns red when powered 

on 

-Sound Alert: 80 dB alarm 

Functionality Water sensor detects leak at water 

reservoir. Alerts the user via sms 

message and alarm. Actuator shuts off 

main water pump. 
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Figure 3-2: Level 1 Block Diagram 

 

Figure 3-2 shows the level 1 block diagram of the system which features the major modules and 

their connections. The line voltage feeds into theAC/DC power module [4]. The resulting voltage 

powers the microprocessor and LED. The line voltage splits off to feed the actuator which relies 

on a control signal from the microprocessor to determine whether the line voltage passes on to 

stop the water pump. 

 

TABLE 3-2 

LEVEL 1 WLDS - 1A SLOBLO FUSE 

Module -1A SLOBLO FUSE 

Inputs -Power: ~80-264 VAC 50/60Hz 

Outputs -Power: ~80-264 VAC 50/60Hz 

Functionality -Protect the AC/DC converter from large 

currents 

 

Table 3-2 shows information about the 1A SLOBLO fuse. This fuse provides overcurrent 

protection for the AC/DC converter [2]. SLOBLO allows short surges of current through 

without blowing the fuse. This ensures the components can source the starting current they need. 
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TABLE 3-3 

LEVEL 1 WLDS - LED 

Module -Status LED 

Inputs -DC: 3.3 VDC 

Outputs -Red Light 

Functionality -Produce light signifying a powered system 

 

Table 3-3 shows information regarding the LED. The LED uses the power output of the AC/DC 

converter to produce light, signifying power to the system. 

 

TABLE 3-4 

LEVEL 1 WLDS - POWER MODULE 

Module -AC/DC Converter 

Inputs -Power: ~80-264 VAC 50/60Hz 

Outputs -DC: 3.3 VDC 

Functionality -Rectify the AC signal and steps down the DC 

voltage to 3.3V. 

 

Table 3-4 shows information about the AC/DC Converter module. The AWPC accepts universal 

AC input such that the AWPC could be used anywhere regardless the available local residential 

AC input. In this module the system rectify the AC signal provided by an electricity company, 

then step down the DC voltage to 3.3V [6]. 

 

TABLE 3-5 

LEVEL 1 WLDS - WATER SENSOR MODULE 

Module -Water sensor 

Inputs -Water Leak 
-Sensor Extension Cable 

Outputs -Control Signal 1: 3.3 VDC 

Functionality -Constantly monitoring for water leak. 

-Extension cable for bigger sensing radius. 
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Table 3-5 shows the module for the Water Sensor. The module monitors a given area for a water 

leak. As an example, the sensor has an output signal of 3.3V which outputs a control signal to the 

microcontroller when the system detects a leak. 

 
TABLE 3-6 

LEVEL 1 WLDS - MICROPROCESSOR MODULE 

Module -Microprocessor 

Inputs -Control Signal 1 

-Power: 1.8V~3.6 V 

Outputs -Control Signal 2 

-Water Tank Control 

-Sound Alert ~80 dB 

-LED control ~3.3 V 

Functionality -Process data from the control signal and 

sends out a control signals to other parts of 

system. 

 

Table 3-6 shows the input and output signals of the Microcontroller module. The microcontroller 

processes data acquired from the water sensor and sends an output signal to the actuator. The 

microprocessor also produces a sound alert and text alert, when it receives the input. 

 

TABLE 3-7 

LEVEL 1 WLDS - ACTUATOR MODULE 

Module -ACTUATOR 

Inputs -Power: ~80-264 VAC 50/60Hz 

-Control Signal 2 

Outputs -Main Water Pump “On/Off” 

Functionality -Shut the main water pump off when control 

signal is received. 

 

Table 3-7 shows the input and output signals information of the actuator module. This module 

waits for the controls signal 2 to activate to stop (or deactivated to start) pumping water to into 

the user's home. 
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The WLDS modules building process is recorded below in Chapter 4, as well as the estimated 

and actual cost of the project. 
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Chapter 4: Project Planning 
Chapter 4 includes the WLDS Gantt charts for Fall, Winter, and Spring Quarter. The major project 

milestones are within these Gantt charts. Along with the planning, this chapter includes cost estimates for 

each quarter and the actual cost at the end of the project. 

 

Figure 4-1: Project Gant Chart 

Figure 4-1 shows the scheduling for the major project milestones. This includes two designs and 

build iterations as well as a design review and time for ordered parts to arrive. 
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Figure 4-2: Winter 2017 Project Gantt Chart 

 

Figure 4-2 above shows certain project milestones completed by the end of winter quarter. 

TABLE 4-1 
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Project Deliverables 

Delivery 

Date 

Deliverable 

Description 

February 16 Design Review 

March 17 EE 461 Review 

w/Advisor 

March 24 EE 461 report 

April 28 EE 462 Design Review 

May 19 ABET Sr. Project 

Analysis 

June 1 Sr. Project Expo Poster 

June 15 EE 462 Report 

 

Table 4-1 above shows the milestones completed for the WLDS throughout Fall, Winter, and 

Spring quarter. 

 
TABLE 4-2 

ESTIMATED PROJECT COSTS 

 

Cost Estimates 

 
Item 

 

Cost 

System Parts   

 Enclosure Material $40 

 Controller $15 

 Circuitry & Wires $30 

 Sensors $25 

 Subtotal $100 

Testing Parts   

 Water Pump $100 

 Tubing $20 

 Containers $20 

 Subtotal $140 

 
 

 

Grand Total $240 
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Table 4-2 shows the anticipated cost estimates for the Water Leak Detection System. Simulating 

a water pump requires tubing and containers. Cost estimates include wires and circuit boards 

because the system requires wires to make connections between components and the circuit 

board to integrate the components. The section labeled other includes tools such as hot glue, and 

electric tape. And finally, the enclosure material serves as the material cost estimate for the box 

used to protect all the circuitry from the weather, dust, and water that may endanger the inner 

circuitry. 

Assuming the average electrical engineer receives a pay between $25/hr to $35/hr and an 

estimated time of 200 hours to make the product, the labor costs range from $5000 to $7000. 

Using a most likely cost of $6000, the estimated labor cost equals the most likely cost. 

 
TABLE 4-3 

WINTER 2017 PROJECT COSTS 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 4-3 above depicts the cost of the WLDS system parts for Winter 2017. 
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TABLE 4-4 
TOTAL PROJECT COSTS 

Item Cost 

Arduino Microcontroller(x2) $32 

Xbee Wifi Module $54 

Mini Usb Cable(x2) $10 

Linear Actuator $20 

Mini Water Pump $10 

PVC Tubing $8 

Piezo Buzzers $5 

Circuitry and Wires $30 

Water Sensor $10 

SMS System $50 

TOTAL COST $229 

Table 4-4 above shows the cost breakdown of the project for Fall, Winter, and Spring Quarter. 

 
 

Comparing tables 4-4 and 4-2 one will notice that the project only went over budget by 15%. 

The subsequent chapters include the bulk of the report which include design decisions, testing, 

results, and conclusions. 
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Chapter 5: System Design Decisions and Testing 

Chapter 5 includes the bulk of the report and consists of the different modules for the WLDS. This 

includes design decisions and testing for the water sensor, XBee Wi-Fi modules, buzzer alarm, SMS alert 

system, and actuator control. This chapter also includes detailed explanations of each module and system 

schematics. 

 

Module 1: Water Sensor 
 

Design 

 

The liquid level sensor, built by ALSROBOT, displays the part number RB-02S048A. Amazon or EBay 

sell this part for under $2. It's very inexpensive. The sensor outputs an analog voltage proportional to the 

amount of liquid exposed to it. The sensor has a series of parallel wires across the board. These wires sense 

the liquid level that the board is exposed to. I simply connect the analog pin, represented by an S, to an 

analog pin on the Arduino board to read the analog value. The simplicity, cost, low power consumption 

and compatibility with the Arduino makes this water sensor the best decision for the project. The sensor 

operates on 5V and needs less than 20mA for operating power current, which means the Arduino can 

easily provide this (so no external power needed to power it). The liquid level sensor has 3 pins. It's very 

basic. Figure 5-1 below shows the pinout of the sensor [25]. 

 

Figure 5-1: ALSROBOT Water Sensor [25] 

 

 
Two of the pins power the device, 1 connecting to the +5V of the Arduino and the other 

onnecting to the ground terminal of the Arduino. The other pin, with an S, stands for the signal 

pin. This pin outputs the analog voltage signal proportionate to the amount of water on the sensor 

covered with liquid. This pin connects to an analog pin on the Arduino board and monitors the 

value. 

For this circuit, the LED lights up when the liquid level of the sensor grows greater than 600. 
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This value meets the sensitivity specification because an analog value of 600 equates to 

approximately 6 droplets of water (1.5mL). After the LED worked with the Arduino for testing 

purposes, a buzzer alarm took its place. [25]. 
 

 

 

Figure 5-2: Arduino Microcontroller with Water Sensor Schematic [25] 

 

The liquid level sensor board needs 5V of power from the 5V and GND pins on the Arduino. 

The signal pin (S) gets connected to an analog pin on the Arduino board. Here we connect it to 

analog pin A0. This allows the Arduino board to read the analog voltage value. The LED light 

has its anode terminal connected to digital pin D13 and its cathode. 

Code 

/*Code for Liquid Level Indicator Circuit Built with an Arduino*/ 
 

const int sensorPin= 0; //sensor pin connected to analog pin A0 

const int ledPin= 13; //LED Pin connected to digital pin D13 

int liquid_level; 

 

void setup() { 

Serial.begin(9600); //sets the baud rate for data transfer in bits/second 

pinMode(sensorPin, INPUT); //the liquid level sensor input to the arduino 

pinMode(ledPin, OUTPUT); //the LED output 

} 
 

void loop() { 

liquid_level= analogRead(sensorPin); //arduino reads the value from the liquid level sensor 
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Serial.println(liquid_level); //prints out liquid level sensor reading for debugging 

delay(2000); //delays 2 s 

 

if (liquid_level >= 600){ 

digitalWrite(ledPin, HIGH); 

Serial.println(“Buzzer Buzzing!”); 

} 

else { 

digitalWrite(ledPin, LOW); 

} 

} 

 
 

The commented code above explains itself for the most part. The sensorPin initialized to 0 and 

LED to 13. The liquid level variable holds the value of the analog value output from the sensor, 

serving as the sensor reading representing how much water leaks on the sensor. The setup 

function sets the baud rate. 

The loop function repeats over and over. It reads the value from the sensorPin and stores it in the 

variable liquid_level. The serial monitor prints this value for debugging purposes. 

The analogRead function, the most important function for the module, reads the sensor pin and 

outputs a value anywhere from 0 to 1023, proportional to the voltage from the sensor. If the 

sensor is submerged in no liquid, the Arduino registers a 0 reading. If the sensor is fully 

submerged in liquid, it registers a full reading of 1023. A reading of approximately 600 equates 

to 1.5mL of water. Thus, when the reading grows above 600, the LED/speaker turns on, 

indicating a leak. Otherwise, the LED and speaker turn off. 
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Testing Module 1: 
 

Figure 5-3: Serial Monitor Output of Water Sensor 

Figure 5-3 above shows the analog values of the water sensor outputted to the serial monitor of 

the Arduino. A droplet of water (.25mL) was put onto the sensor using a pipette and by the 6th 

drop (1.5mL), the analog value reached 600, thus activating the buzzer speaker. The water sensor 

outputs exactly as predicted and takes water as an input, converts it to a readable voltage, and 

turns on a buzzer speaker when the water content rises above threshold. 
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Module 2: XBee Radio Communication 
 

Design 

 

Wi-Fi could work for my project but the power consumption is too high and the high data rate 

proves unnecessary. Bluetooth is useful for control but not applicable for sensor networks such 

as the WLDS. The XBee has a low data rate (250kbit/s), low power consumption, and is used to 

create mesh-type sensor networks making it the perfect fit for the WLDS. Each XBee device can 

communicate with one another, and through each other via a mesh network to devices out of 

range. 
 

Figure 5-4: Pinout of XBee S2C [27] 
 

The schematic above depicts the pinout of the XBee Radio Module. The main pins used for this project 

include the Data Out/in, Gnd, 5V, and one of the i/o pins which connects to the water sensor. The XBee, 

programmed through software called XTCU, allows users to directly assign the XBee parameters such as 

IP Address, sample rate, router/coordinator functionality. 

 

ZigBee defines three different device types: coordinator, router, and end device. 

 

Coordinator 

ZigBee networks always have a single coordinator device. The coordinator starts the network, selecting the 

channel and PAN ID. It also buffers wireless data packets for sleeping and end device children and 

distributes addresses, allowing routers and end devices to join the network. The coordinator manages the 

other functions that define the network, secure it, and keep it healthy. This device cannot sleep and must 

constantly run. 

 

Router 

A router equates to a full-featured ZigBee node. This device can join existing networks and send, receive, 

and route information. Routing involves acting as a messenger for communications between other devices 

too far apart to convey information individually. 
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Can buffer wireless data packets for sleeping end device children. Can allow other routers and end devices 

to join the network. A router cannot sleep and may have multiple router devices in a network [27]. 

 

End device 

An end device describes essentially a reduced version of a router. This device can join existing networks 

and send and receive information, but cannot act as messenger between any other devices. Cannot allow 

other devices to join the network. 

 

XBee features Transparent Mode (AT) or Application Program Interface Mode (API). The first mode 

makes sure the XBees function properly and work with XCTU software and a USB cable only. In 

transparent mode, if I sent a packet of data saying “Hello World” from the router XBee, the coordinator 

XBee should receive the information and display “Hello World” on its serial monitor. API mode utilizes 

the XBees’ data pins, allowing interfacing with a microcontroller. 

The WLDS utilizes API mode to transmit the analog data from the water sensor to a remote location via 

wireless communication [27]. 

 

The XBee transceivers have a 2mm pin spacing which does not interface with the standard 0.1 inch 

breadboard. There are several different breakout boards that bypass this spacing [27]. The various adapter 

boards also allow for connection through USB or serial to your computer. The breakout board used here has 

a UART to USB conversion circuit to connect the XBee to the computer and X-CTU software easily. 
 

Figure 5-5: Image of XBee USB Adapter [27] 

 

One can see from the image above that adapter has just the right number of pins to mount the XBee, solder 

points that make it easy to hook up the adapter to a breadboard, and most importantly a mini USB port 

used to connect the XBee directly to the computer to change parameters. 
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Testing Module 2: Connecting to and Using the XCTU Software 
 

Figure 5-6: XTCU Software Parameters 
 

The Figure above shows the configuration of two different XBees. Both XBees connect to the computer 

using the adapter shown in figure 5-5 and a USB to mini USB cable. The XBee in the top right corner 

with a C by it stands for coordinator XBee and the other with no letter stands for router XBee. Once one 

XBee initializes to the coordinator, all subsequent XBees connected automatically initialize as Routers 

unless changed within XTCU. Most of the XBEE parameters remain unchanged except for a few 

important ones. 

 
 

The PAN ID allows the XBees to find one another remotely, so this number is the same for each XBee 

connection. The Channel Verification (JV) equals zero for the coordinator and one for the router. This 

parameter makes it easier for the router to find the coordinator, maintain connection while the coordinator 

remains powered on, and disables connection otherwise. Baud Rate equals 9600 and Sampling Rate equals 

50ms [27]. 
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Testing Module 2: AT Communication Between Two XBees Using Serial Communication 
 

 
 

 
Figure 5-7: Block Diagram of XBees in Transparent Mode 

 

The block diagram above depicts a simple connection between two XBees and a computer. The 

XBees use adapters to function properly with the computer via USB. 
 

Figure 5-8: Successful Communication Between Two XBees in AT Mode 
 

Figure 5-8 above shows the router XBee communicating with the coordinator XBee in AT mode. 

The green connection button in the image shows that the connection is open between the two 

XBees. In the router’s serial console (BLUE) I typed HELLO WORLD and as seen above, the 

Coordinator processed the information wirelessly and displayed the message received from the 

router in red. 
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Testing Module 2: AT Communication Between Two XBees With Two Arduino MCU’s 
 

 

 

 

Figure 5-9: Block Diagram of Arduinos Driving XBees 

 

Figure 5-9 shows the block diagram of two XBees in AT mode each connected to a MCU and 

this time the MCU connects to the computer via USB instead of the XBee. The difference 

between this setup and the previous setup (Figure 5-7) is that instead of typing the message in via 

serial monitor and manually sending the message, this setup utilizes the Arduino MCU, crucial 

for the WLDS to work properly. The goal of this setup includes programming one Arduino to 

transmit a message and the other to receive and display the message wirelessly all through Code 

Composer Studio instead of XCTU software. 

 

Code for Arduino w/XBee router 

 

void setup () { 

Serial.begin(9600); 

 

} 

void loop() { 

Serial.println("Hello World"); 

delay(5000); 

} 

 

This code simply starts the serial monitor and prints “Hello World” to the screen every 5 

seconds. 
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Code for Arduino w/XBee Coordinator 

 

void setup() { 

Serial.begin(9600); 

} 
 

void loop() { 

if (Serial.available()) { 

Serial.write(Serial.read()); 

} 

} 

The code checks if the serial monitor’s availability. If available, the Coordinator XBee receives 

the message from the router XBee, sends it to the serial read port of the Arduino, and prints out 

“Hello World” wirelessly. 
 

Figure 5-10: Successful Communication Between Two XBees Using Arduino MCU 
 

The figure above shows correct communication between XBees. First, the usbmodem numbers at 

the top of the two serial monitors differed from one another. This means that I have two 

Arduinos plugged into my laptop, one running the Coordinator Code, and the other running the 

Router code. Usbmodem1421, the coordinator XBee, clearly receives “Hello World” from the 

router XBee every 5 seconds. Wireless communication is established between the two XBees 

using only the Arduino MCU, and now the router XBee can wirelessly transmit water sensor data 

to the coordinator XBee. 
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Testing Module 2: XBee Communication Using API Mode 

 

API (Application Programming Interface) mode is a frame-based method for sending and receiving data to 

and from a radio's serial UART, an alternative to the default transparent mode [27]. 
 

The API allows the programmer the ability to: 

-Change parameters without entering command mode (XBee only) 

-View RSSI and source address on a packet by packet basis (XBee 802.15.4 only) 
-Receive packet delivery confirmation on every transmitted packet 

 

The WLDS needs API mode to function properly, because it allows transmitting of data frames between the 

water sensor, Router XBee, and Coordinator XBee. The data below shows an example of the router 

sending a message to the coordinator in frame form, how to read the frames explained in the following 

passages [27]. 

 

The data below shows the frames received by the coordinator when the router sent the message “Hello” in 

packet form. 

 
Figure 5-11: Serial Console of Router XBee 

 
 

Figure 5-11 above shows a screenshot of the router XBee’s serial console. Seen above, packet 

zero, which translates in hex to “Hello”, transmits via mesh networking to the Coordinator XBee. 
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Figure 5-12: Serial Console of Coordinator XBee 

 

As seen in the figure above, the coordinator XBee received the packet of data from the router 

XBee. 

 

Receive Packet (API 1) 

 

7E 00 11 90 00 13 A2 00 41 66 59 D2 81 3B 48 65 6C 6C 6F 37 

 

Start delimiter: 7E 

Length: 00 11 (17) 

Frame type: 90 (Receive Packet) 
64-bit source address: 00 13 A2 00 41 66 59 D2 

16-bit source address: 81 3B 

Receive options: 

RF data: 48 65 6C 6C 6F 

Checksum: 37 

 

The data above represents different information received by the Coordinator from the router. 

Each set of Bytes represent different parameters about the XBee. For this line of Bytes, the light 

blue set holds the highest precedence. This set represents the ASCII characters “H,e,l,l,o” in Hex 

starting with byte 48 and ending with byte 6F. 
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Module 3: Actuator Control 
 
 

 

Figure 5-13: 12V DC Eco-Worthy Linear Actuator [28] 

 

The figure above shows the actuator used to stop water flow when the WLDS detects a leak. The specs 

include an input voltage of 12V DC, a starting current of 0.8A, and max current of 3A. The actuator has a 

max load of 1500N/Push, a speed of 5.7mm/s, stoke length of 4 inches and duty cycle of 25%. 

 
 

Testing Module 3: Actuator Control 

 

A 2-channel relay utilizes communication between the Arduino Uno Microcontroller and the Eco-Worthy 

Actuator. The relays control the direction the actuator moves. They work by using current from the input 

source to activate an electromagnet, which pulls a switch that allows higher currents on the opposite side 

of the relay to flow. 
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Figure 5-14: Control Relay Options [28] 

 

On the control side of the relays a GND pin, IN pins numbered from 1 to 8 depending on the relay model, 

and a VCC pin exist. The relays require power to stay activated, so a stable 5V power supply works. 

Otherwise the Arduino has trouble powering the higher channel relay modules. On the control side of the 

relay, 5V power supply connects to the VCC and GND pins. Next, the IN pin connects to the corresponding 

Arduino pin, then the relays activate once the IN pins connect to the GND pins. On the relay side, there 

exist three main parts of each relay, and three screw terminals [26]. 
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Figure 5-15: 2-Channel Relay Terminals [28] 

These terminals refer to the Normally Closed (NC) connection, the top one, the Common (COM) 

connection, the middle one, and the Normally Open (NO) connection on the bottom. If no connections to 

the IN pin exist, then the relay connects between the NC and COM terminals. If the 5V power source 

connects to the IN pin, then the relay connects between the NC and COM terminals as well. Finally, the 

user connects the IN pin to the GND pin, the relay connects between the NO and COM terminals [26]. 
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Figure 5-16: Complete Setup of Actuator Control Module [27] 

Figure 5-16 above shows the complete setup of the actuator module. This tests the actuator and 

makes sure it functions properly. The code below controls the actuator using Arduino. 

const int forwards = 7; 
const int backwards = 6;//assign relay INx pin to arduino pin 

void setup() { 

pinMode(forwards, OUTPUT);//set relay as an output 

pinMode(backwards, OUTPUT);//set relay as an output 

 

} 

void loop() { 

digitalWrite(forwards, LOW); 

digitalWrite(backwards, HIGH); //Activate the relay one direction 
delay(2000); // wait 2 seconds 

 

digitalWrite(forwards, HIGH); 

digitalWrite(backwards, HIGH); //Deactivate both relays to brake the motor 

delay(2000);// wait 2 seconds 

 

digitalWrite(forwards, HIGH); 
digitalWrite(backwards, LOW); //Activate the relay the other direction 

delay(2000); // wait 2 seconds 
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digitalWrite(forwards, HIGH); 
digitalWrite(backwards, HIGH); //Deactivate both relays to brake the motor 

delay(2000);// wait 2 seconds 

 

} 

 

Module 4: Text Message Alert Module 
 

GSM 

GSM, an international standard for mobile telephones, stands for Global System for Mobile Communications, or 

also 2G. 

To use GPRS for internet access, and for the Arduino to request or serve webpages, the user needs to obtain the 

Access Point Name (APN) and a username/password from the network operator. Among other things, GSM 

supports outgoing and incoming voice calls, Simple Message System (SMS or text messaging), and data 
communication (via GPRS) [28]. 

The Arduino GSM shield 2 acts like a GSM modem. From the mobile operator perspective, the Arduino GSM 

shield looks just like a mobile phone. From the Arduino perspective, the Arduino GSM shield 2 looks just like a 

modem. 

 

GPRS 
GPRS is a packet switching technology that stands for General Packet Radio Service. It can provide idealized data 

rates between 56-114 kbit per second. The user can also access the internet using the GSM shield. Like the Ethernet 

and WiFi libraries, the GSM library allows the Arduino to act as a client or server, using http calls to send and 

receive web pages [28]. 
 

 

Figure 5-17: Arduino GSM Shield 2 



34  

Digital pins 2, 3 and 7 are reserved for communication between the Arduino and modem and cannot be used by 

one’s sketches. Software Serial library handles communication between the modem and Arduino on pins 2 and 3. Pin 

7 is used for the modem reset. When the yellow status LED turns on, it means the modem is powered, and the user 

can try connecting to the network. 

 
 

Testing Module 4: Modem and Network Connection 
 

This sketch checks the modem's IMEI number. Modems have unique IME numbers, and they use the numbers to 

identify valid devices that can connect to a GSM network. Once the modem reads the number, the Arduino prints out 

the connected network carrier and the signal strength of the network over the serial port. 

 
// import the GSM library 

#include <GSM.h> 
 

// PIN Number 

#define PINNUMBER "" 

 

// initialize the library instance 
GSM gsmAccess(true); // include a 'true' parameter for debug enabled 

GSMScanner scannerNetworks; 

GSMModem modemTest; 
 

// Save data variables 
String IMEI = ""; 

 

// serial monitor result messages 

String errortext = "ERROR"; 
 

void setup() 

{ 

// initialize serial communications 

Serial.begin(9600); 

Serial.println("GSM networks scanner"); 
scannerNetworks.begin(); 

 

// connection state 

boolean notConnected = true; 
 

// Start GSM shield 

// If your SIM has PIN, pass it as a parameter of begin() in quotes 
while(notConnected) 

{ 

if(gsmAccess.begin(PINNUMBER)==GSM_READY) 
notConnected = false; 

else 

{ 
Serial.println("Not connected"); 

delay(1000); 
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} 
} 

 

// get modem parameters 

// IMEI, modem unique identifier 

Serial.print("Modem IMEI: "); 
IMEI = modemTest.getIMEI(); 

IMEI.replace("\n",""); 

if(IMEI != NULL) 
Serial.println(IMEI); 

 

// currently connected carrier 

Serial.print("Current carrier: "); 
Serial.println(scannerNetworks.getCurrentCarrier()); 

 

// returns strength and ber 

// signal strength in 0-31 scale. 31 means power > 51dBm 
// BER, the Bit Error Rate. 0-7 scale. 99=not detectable 

Serial.print("Signal Strength: "); 

Serial.print(scannerNetworks.getSignalStrength()); 

Serial.println(" [0-31]"); 

} 
 

void loop() 

{ 

// scan for existing networks, displays a list of networks 

Serial.println("Scanning available networks. May take some seconds."); 
 

Serial.println(scannerNetworks.readNetworks()); 
 

// currently connected carrier 

Serial.print("Current carrier: "); 

Serial.println(scannerNetworks.getCurrentCarrier()); 
 

// returns strength and ber 
// signal strength in 0-31 scale. 31 means power > 51dBm 
// BER, the Bit Error Rate. 0-7 scale. 99=not detectable 

Serial.print("Signal Strength: "); 

Serial.print(scannerNetworks.getSignalStrength()); 

Serial.println(" [0-31]"); 

 
} 

After double checking the circuitry and the placement of the sim card, the program would still not run 

correctly using the Arduino GSM. I spent countless hours troubleshooting, and finally solved the problem. I 

figured out the sim card and code functions properly. Instead, the cell phone providers around the area (San 

Luis Obispo) do not support 2g anymore and the Arduino gsm shield that I had purchased only works on a 

2g network. I bought a new 3G shield and everything worked perfectly. 
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Module 4a: New 3G Text Message Alert Module: 
 

Figure 5-18: Adafruit FONA 3G [28] 

The figure above shows the important pinouts of the Adafruit FONA, used to send an automated text 

message alert when a leak is present. 

 

Device Specs 
 
 

● Quad-band 850MHz GSM, 900MHz EGSM, 1800MHz DCS, 1900MHz PCs - connect onto any 

global GSM network with any 2G or 3G SIM. 
● American Version dual-band UMTS/HSDPA 850/1900MHz WCDMA + HSDPA 

● Fully-integrated GPS (Qualcomm PM8015 GPS) controlled and query over the same serial port 
● Make and receive voice calls using a headset or an external 8Ω speaker + electret microphone 

● Send and receive SMS messages 

● Send and receive GPRS data (TCP/IP, HTTP, etc.) 
● AT command interface used with 300, 600, 1200, 4800, 9600, 19200, 38400, 57600, 115200, 

230K, 461K, 961K, 3.2M, 3.7M and 4.0Mbps 

● Native USB support - plug it into a computer an 

 

On its own, this module can't do anything. It requires a microcontroller to drive it! I chose an Arduino, but 

any 3-5V microcontroller with a UART can send and receive commands over the RX/TX pins. 
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Required accessories to make FONA 3G work  

● Required Lipoly Battery - 500mAh or larger. I used a 3.7V 1200mAh battery. 

● 3G mini sim card. At&t GO sim cards work great. 
● MicroUSB cable for charging the battery and communicating with the module over USB 

● External uFL GSM Antenna - this slim one works great (or, if the designer wants to us an SMA 

antenna - a uFL to SMA adapter cable.) 

● External Active GPS Antenna (needs a uFL to SMA adapter too) 

Below are the pinouts and a description on what each one does. 

● JST 2-pin - the battery input connector. It works with any Lipoly batteries, but, since the charge 

rate equals 500mA (and the cellular module can spike high current draw), a 

500mAh or 1200mAh batteries works best. 

● MicroUSB connector - the LiPoly/LiIon battery charging port. 

● Headset jack - the 'standard' TRRS 3.5mm phone headset jack with stereo earphone and mono 

microphone 

 
● The GSM antenna plugs in up top. To use the module for any voice or data communications as 

well as some SIM commands, the user needs an antenna. 

● The designer can either use a uFL GSM attena like this, or use a uFL to SMA adapter and then an 

SMA antenna 

 
The most important pins are broken out at the bottom of the board. All of the following fall under 3-5V 

input safe. 

 
● Vio - THE MOST IMPORTANT PIN! The designer MUST drive with an external voltage from 

3V-5V to set the logic level converter. The converter also buffers the indicator LEDs so 

NOTHING appears to work unless power reaches this pin! The user should set the voltage to 
whatever voltage the microcontroller uses for logic. A 5V micro (like Arduino) should have it set 

to 5V, a 3V logic micro should set it to 3V. 

● Key – The power on/off indicator tied to the button in the top left. Tie this pin to ground for 3 to 

5 seconds to turn the module on or off. It's not a level signal ("low means off, high means on") - 
instead the designer must pulse it for ~5 seconds to turn off/on. The module comes by default off. 
Tie this permanently to ground if the designer never wants the micro to turn off the FONA for 
power saving. 

● 5V - The USB 5V from the microUSB connector when it’s in and powered. Good if the designer 

needs to know when the microUSB plugged in and/or want to recharge the battery from an 
external plug. 

● PS - The Power Status pin. Low when the module has no power and high when the module has 

power. If using the Key button or pin, the designer monitors this pad to see when the modules 

booted up. 

● NS – The Network Status pin. It lights up/blinks to signal the status of the module and tied to 

the Net LED so for more detail see the LEDs section below. 
● Reset - Module hard reset pin. By default, it has a high pull-up (module not in reset). Toggle this 

pin low for 100ms to perform a hard reset. 
● RX (in) & TX (out) - The module uses UART to send and receive commands and data. Auto- 

baud so whatever baud rate sent "AT" after reset or boot equals the baud rate used. 

● RTSin - The hardware flow control pin. The pin stops and starts data transfer from the FONA 3G 

http://www.adafruit.com/product/1991
https://www.adafruit.com/products/851
https://www.adafruit.com/product/1578
https://www.adafruit.com/products/258
http://www.adafruit.com/product/851
http://www.adafruit.com/product/1859
http://www.adafruit.com/product/1859
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to the microcontroller 
● CTSout - The hardware flow control pin. This pin determines when the FONA 3G's serial buffer 

becomes full and when to stop and start data transfer to the FONA 3G from the microcontroller 

● DTR - The hardware flow control pin, used with the FONA 3G to hang up calls, control 

data/command mode for TCP/IP, etc. 

● RI – The Ring Indicator, basically the 'interrupt' out pin from the module. By default, high and 
designer can configure RI to go low when it receives a call. The designer can also configure RI to 

go low when an SMS received. 

● SPK+ and - : Used toconnect an external 8 ohm speaker. 
● MIC + and -: Used to connect an external electret microphone and to bias the mic with 2V. 

LEDS 

● PWR – Green. Lit when the module booted and running 

● NET – Red. The designer can use this for checking the current state without sending an AT 

command: 

Always on - module running but hasn't made connection to the cellular network yet 

800ms on, 800ms off - the module has contacted the cellular network and can send/receive voice 

and SMS 

200ms on, 200ms off - Active GPRS data connection 

By watching the blinks the designer can get a visual feedback on whats going on. 

● Charging – Orange and next to the microUSB jack. Indicates onboard charging lipo charge. 

● Done – Green and next to the JST jack. Indicates that the battery charging finished. 
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Figure 5-19: Arduino and GSM Shield Schematic 

 

The figure above is the schematic of the Arduino, FONA GSM, and computer tied together. 

Wiring with Arduino Microcontroller 
 

● Vio connects to 5V 

● GND connects to GND 

● Key connects to GND (always on) 

● RX connects to digital 2 

● TX connects to digital 3 

● RST connects to digital 4 

 

 

#include "Adafruit_FONA.h" 

#define FONA_RX 2 

#define FONA_TX 3 
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#define FONA_RST 4 

 
// a large buffer for replies 
char replybuffer[255]; 

 

// We default to using software serial. If the coder wants to use hardware serial 

// (because softserial isnt supported) comment out the following three lines 
// and uncomment the HardwareSerial line 
#include <SoftwareSerial.h> 

SoftwareSerial fonaSS = SoftwareSerial(FONA_TX, FONA_RX); 

SoftwareSerial *fonaSerial = &fonaSS; 
 

// 
// HardwareSerial *fonaSerial = &Serial1; 

Adafruit_FONA fona = Adafruit_FONA(FONA_RST); 

uint8_t readline(char *buff, uint8_t maxbuff, uint16_t timeout = 0); 
 

void setup() { 

while (!Serial); 
 

Serial.begin(115200); 
Serial.println(F("FONA SMS caller ID test")); 

Serial.println(F("Initializing ... (May take 3 seconds)")); 
 

// make it slow so its easy to read! 

fonaSerial->begin(4800); 

if (! fona.begin(*fonaSerial)) { 

Serial.println(F("Couldn't find FONA")); 

while(1); 

} 
Serial.println(F("FONA OK")); 

 

// Print SIM card IMEI number. 
char imei[16] = {0}; // MUST use a 16 character buffer for IMEI! 

uint8_t imeiLen = fona.getIMEI(imei); 

if (imeiLen > 0) { 
Serial.print("SIM card IMEI: "); Serial.println(imei); 

} 
 

Serial.println("FONA Ready"); 

} 
 
 

char fonaInBuffer[64]; //for notifications from the FONA 

void loop() { 

char* bufPtr = fonaInBuffer; //handy buffer pointer 
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if (fona.available()) //any data available from the FONA? 
{ 

int slot = 0; //The slot number of the SMS 
int charCount = 0; 

//Read the notification into fonaInBuffer 

do { 

*bufPtr = fona.read(); 

Serial.write(*bufPtr); 
delay(1); 

} while ((*bufPtr++ != '\n') && (fona.available()) && (++charCount < (sizeof(fonaInBuffer)-1))); 
 

//Add a terminal NULL to the notification string 

*bufPtr = 0; 

 

//Scan the notification string for an SMS received notification. 

// If it's an SMS message, we'll get the slot number in 'slot' 
if (1 == sscanf(fonaInBuffer, "+CMTI: \"SM\",%d", &slot)) { 

Serial.print("slot: "); Serial.println(slot); 
 

char callerIDbuffer[32]; //we'll store the SMS sender number in here 

 

// Retrieve SMS sender address/phone number. 

if (! fona.getSMSSender(slot, callerIDbuffer, 31)) { 
Serial.println("Didn't find SMS message in slot!"); 

} 
Serial.print(F("FROM: ")); Serial.println(callerIDbuffer); 

 
//Send back an automatic response 

Serial.println("Sending reponse..."); 

if (!fona.sendSMS(callerIDbuffer, "Hey, I got your text!")) { 
Serial.println(F("Failed")); 

} else { 

Serial.println(F("Sent!")); 

} 
 

// delete the original msg after processed 

// otherwise, fill up all the slots 

// SMS anymore not received anymore 

if (fona.deleteSMS(slot)) { 

Serial.println(F("OK!")); 

} else { 
Serial.println(F("Couldn't delete")); 

} 
} 

} 
} 

 

The code above checks to see if the Fona can receive and send a text. After getting the Arduino 

and Fona to work together correctly, the next step was to put all the modules together and get a 

working system, shown in detail below. 



42  

Complete System: 
 

The WLDS includes two main modules: Module 1 and Module 2. Module , the bulk of the 

system, consists of the water sensor, sms alert, buzzer alarm, and xbee router. Module 2 consists 

of the actuator, relay module, and xbee coordinator. 
 
 

 

Figure 5-20: SMS, Buzzer, XBee, and Water Sensor Network 

 

All the components in Module 1 can run off the 9V battery, but the Fona 3G requires extra 

amperage to run properly via the external LiPoly Battery. The water sensor continuously 

monitors for water at a certain sensitivity between its conducting wires. When the sensor reaches 

that certain sensitivity, the Arduino sends a signal over to the Fona through serial interface, 
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which then sends a text using it’s 3G capabilities to the user, thus notifiying the user that he/she 

has a leak and should return home shortly. The XBee Router also takes in the analog data from 

the sensor and sends it via mesh networking to the XBee Coordinator, part of Module 2 

described below. 
 
 

Figure 5-21: Actuator Control 

 

The figure above describes Module 2 of the WLDS. After Module 1 detects a leak, the XBee 

coordinator receives this data and processes the data via the Arduino MCU. When the sensor 

detects water, the Arduino sends a signal to the relay activating the actuator and shutting off the 

main power. Once the sensor detects no water, the actuator retracts inward simulating turning the 

water back on. 
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CODE FOR MODULE 1: 

#include "Adafruit_FONA.h" 

#define FONA_RX 9 

#define FONA_TX 8 
#define FONA_RST 4 

#define FONA_RI 7 

 

#define alarmPin A4 . // defines the input pin from the FONA 

 

#define notifyPhoneA "16144609437" // tel number to notify goes here 

const int buzzer = 13; 

const int threshold = 300; // threshold value for alarm state 

char replybuffer[255]; // large buffer for replies 

// these variables change: 

int sensorValue = 600; // variable to store the value read from the sensor pin 

int var = 0; 

 

#include <SoftwareSerial.h> 
SoftwareSerial fonaSS = SoftwareSerial(FONA_TX, FONA_RX); 

SoftwareSerial *fonaSerial = &fonaSS; 

Adafruit_FONA fona = Adafruit_FONA(FONA_RST); 

void setup() { 

pinMode(FONA_RI, INPUT); 

 

pinMode(buzzer, OUTPUT); 

pinMode(FONA_RST, OUTPUT); 

digitalWrite(FONA_RST, LOW); 

delay(100); 

digitalWrite(FONA_RST, HIGH); 

while (!Serial); 

Serial.begin(115200); 

Serial.println(F("FONA SMS Alarm Notification v1")); 
Serial.println(F("Initializing. .. (May take 3 seconds)")); 

 

fonaSerial->begin(4800); 

if (! fona.begin(*fonaSerial)) { 

Serial.println(F("Couldn't find FONA")); 

while (1); 
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} 

Serial.println(F("FONA OK")); 

 

while (1) { 
uint8_t n = fona.getNetworkStatus(); 

Serial.print(F("Network status ")); 

Serial.print(n); 

Serial.print(F(": ")); 

if (n == 0) Serial.println(F("Not registered")); 

if (n == 1) Serial.println(F("Registered (home)")); 
if (n == 2) Serial.println(F("Not registered (searching)")); 

if (n == 3) Serial.println(F("Denied")); 

if (n == 4) Serial.println(F("Unknown")); 

if (n == 5) Serial.println(F("Registered roaming")); 

if (n == 1) break; 

delay(500); 

} 
 

Serial.println("FONA operational and notification system ready"); 

digitalWrite(buzzer, HIGH); 

delay(1000); 

digitalWrite(buzzer, LOW); 

} 

 

// put your main code here, to run repeatedly: 

 

void loop() { 

// read the sensor and store it in the variable sensorValue: 

int sensorValue = analogRead(A4); 

 

if (sensorValue > 36) { // if the sensor reading equals less than threshold 

var = 1; 

} else { 

var = 2; 

} 
 

switch (var) { 

case 1: 

Serial.println(sensorValue); // displays sensor reading during alarming status 

Serial.println("ALARM DETECTED!"); // displays that alarm detected 

Serial.println("Sending first notification..."); 

Serial.println(notifyPhoneA); 

digitalWrite(buzzer, HIGH); 

fona.sendSMS(notifyPhoneA, "Dear Ryan, hurry home your house has a leak! Shutting off 
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the main water pump"); 
delay(5000); // delay to check for alarm reset 

break; 

case 2: 
Serial.println("System armed - not alarming"); // displays armed status 

Serial.println(sensorValue); 

digitalWrite(buzzer, LOW);// displays sensor reading during armed status 

delay(3000); // delay to rerun program if alarm not sounding 

break; 

} 
 

 

} 

 
 

CODE FOR MODULE 2: 

 
const int forwards = 6; 

const int backwards = 5;//assign relay INx pin to arduino pin 
void setup(){ 

 

Serial.begin(9600); 
pinMode(forwards, OUTPUT);//set relay as an output 

pinMode(backwards, OUTPUT);//set relay as an output 
 

} 
 

void loop() 

{ 
if (Serial.available() >= 21) { // Make sure the frame all there 

if (Serial.read() == 0x7E) { // 7E =the start byte 
for (int i = 1; i<19; i++) { // Skip ahead to the analog data 
byte discardByte = Serial.read(); 

} 
int analogMSB = Serial.read(); // Read the first analog byte data 

int analogLSB = Serial.read(); // Read the second byte 
int analogReading = (analogLSB + (analogMSB * 256)); 
Serial.print(analogReading); 

} 

 

} 
 

if(analogReading > 36) { 

digitalWrite(forwards, HIGH); 

digitalWrite(backwards, LOW);//Activate the relay one direction, they must differ to move the motor 

delay(2000); // wait 2 seconds\ 

} 
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else{ 

digitalWrite(forwards, LOW); 
digitalWrite(backwards, HIGH);//Activate the relay the other direction, they must differ to move the 

motor 

delay(2000);// wait 2 seconds 
} 

 

 

} 
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Chapter 6: Conclusions and Recommendations 

 
The main goal of this project is to provide an autonomous system that prevents excessive water 

damage within a household. After working on this project, I better understand the difficulties people face 

when trying to create a product from scratch. The WLDS detects a water leak anywhere the user chooses 

to put it and alerts the user with a text message, in case of house vacancy. The WLDS differentiates itself 

from many products on the market today, because when leakage occurs, not only does it alert the user 

with an alarm and text message, but it also powers an actuator installed at the main water pump which 

shuts off the main water preventing further leakage. This project is more proof of theory than application, 

because of time and money constraints. This means that I only created one sensor network and created 

communication between the sensor and actuator, but if I had more time, the creation of multiple around 

the house would increase the product efficiency. In addition, incorporating the actuator into the piping 

creates a better water shutoff network because it doesn’t shut off all the water in the house, instead, just 

where leakage occurs. All the specifications listed in Table 2-1 are met besides the price constraints. The 

prices of the components used in the project totaled $229, coming in 15% over budget. The final product 

met all performance requirements after testing, using water to simulate a leak. However, future 

improvements on the WLDS can still be made. Color coding the sensors would make it even more clear 

which one goes where. This implementation would make the installation process much easier for the 

customer by reducing the chances of incorrect installation. Water resistant packaging seems crucial to the 

product working correctly and meeting NFPA safety standards. Also, the XBee ADC pin can only reach 

1.2V total, and the water sensor I used went up to 5V, so I spent too long troubleshooting this problem, 

before I realized the pin of the XBee malfunctioned instead of something wrong with my connections. To 

prevent this, incorporating a different Wi-Fi module into the system, or utilizing a simple voltage divider 

both fix the problem. Finally, the Arduino includes a low-power mode not utilized in this project. By 

changing the inputs of the sensors to interrupts, one could leave the microcontroller in low-power mode 

until it needs to perform an action. This could dramatically reduce its power usage. 
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Appendix A: Senior Project Analysis 

Project Title: Water Leak Detection System 

 

 
 

● Summary of Functional Requirements 

 

The Water Leak Detection System WLDS has a couple of main components. The water sensors, the 

microcontroller, and the DC Motor. The Motor runs off line voltages between ~80-264 VAC. The 

sensors are battery powered as well as the microcontroller. A user installs the motor directly into the main 

water pump and places the microcontroller/water sensor system around the house where they feel a water 

reservoir needs monitoring. With no further actions necessary, the WLDS monitors the water reservoir for 

any leaks present and alerts the user when it finds one. 

Responding to the found leak, the motor shuts off the main water pump preventing any further leakage. 

 

● Primary Constraints 

 

There exist both monetary and location-based constraints associated with this project. The WLDS must 

function in various countries such as the U.S. which uses 110V or Indonesia which uses 220V. One must 

also keep in mind the various wall outlet types [3]. Making the system easy to install and independent of 

the users’ water system offers yet another challenge. This may require designing protection circuitry in 

case a user makes a mistake during installation. The water sensors must also meet NEMA standards. 

Building a non-intrusive actuator system is also challenge. Non-intrusive systems exist, but they sell for a 

much greater price than intrusive systems, which indicates greater implementation difficulty. If this fails, 

I plan to relax my spec to an intrusive system. The power consumption of the WLDS also presents 

difficulty. The actuator operates off the electrical mains, but has a backup battery as well. The backup 

battery must last for at least 30 days, which sets a limit on the power consumption of the water sensor. I 

attempted to solve this problem firstly by optimizing the system to use a minimal amount of power. 

Because that didn’t meet the specification, I moved onto a more expensive battery. The microcontroller 

deactivates the water pump if the water sensor detects 20mL or more water leakage. ¼ mL of water 

equals approximately a drop of water from a faucet, so 20mL of water ensures no false alarm [9]. The 

actuator and water sensor used to deactivate the water pump is small and light enough for any user to 

carry and install. The actuator can obtain power from a wall socket which negates the need for additional 

power [4]. The water sensor features battery powered hardware, allowing maximum mobility so that it 

may run for at least 30 hours. Ideally, installation only requires mounting the water sensor, installing the 

actuator into the water pump, and plugging in the motor to the nearest residential power outlet. Table 2-1 

summarizes detailed marketing requirements as well as the engineering specifications of the proposed 

WLDS. 
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● Economic Impact 

 

As with all products, there exist many economic impacts likely to result following the implementation of 

this project. Many companies benefit from the need for goods and services associated with the project 

such as shipping, raw materials, parts, manufacturing, and labor. Almost every aspect of the creation of 

the WLDS requires labor in some shape or form making it an important aspect [20]. Local banks also 

benefit from the additional purchase made by the businesses and the product user. It saves water districts 

money that they can then allocate to other conservation efforts. The most significant economic impact, 

however, is the reduced water waste, stepping closer towards sustainable usage of the Earth’s natural 

resources [20]. 

 

Users benefit from the WLDS through using an effective and efficient water leak detector and low power 

consumption. With an effective control system in place, a water leak becomes detected and terminated 

resulting in less money used for repairs and replacements. Beside the initial investment of buying the 

product, there exist no upkeep costs beyond its use of power except for repair costs if broken down. This 

becomes increasingly likely throughout the product’s lifetime until a replacement becomes necessary. 

Users have the option of replacing the water sensors, the only replaceable part, in case they alone fail. The 

WLDS requires the user to already have a compatible water pump to use with the control box. The user 

of the WLDS, someone who seeks autonomous control of their home water system, pays low overall 

costs for the affordable product. Not including design or testing cost estimates, the estimated sum of parts 

totals $100[4]-[7]. The project takes an estimated 150 hours of development time ending around April of 

2017. 

 

● If manufactured on a commercial basis 

 

The estimated fixed costs total $9150 to design, and development a prototype followed by an 

estimated $100 per unit plus labor likely meaning $200 per unit. If each unit sells for $250, a 

positive profit margin would emerge after 185 units sold assuming inefficient manufacturing. 

Assembling this product through lean manufacturing practices on a production line would result  

in much lower production costs. However, this also results in a higher initial investment to create 

a manufacturing line. If it costs an estimated $50,000 to create a manufacturing line that reduced 

production costs to roughly $100 and the selling price remained $250, it would require 334 units 

sold to make profit. However, factories can produce at much faster rates when they use 

manufacturing lines [21]. If 500 units sell per year, the device makes $75,000 yearly profit. 

 

● Environmental Impacts 

 

The materials that make up the WLDS include electronics composed of metals mined out of the 

earth. Sometimes, these mining operations impact ecosystems quite seriously due to the overall 

destruction of the surrounding environment. The manufacturing process uses harsh chemicals, 

which if not disposed of properly, seep into water supplies contaminating drinking water for 

humans and animals alike [2]. Like all other electronics, the WLDS consumes power which puts 

pressure on power generation plants to produce more energy. This requires burning more fossil 

fuels resulting in more greenhouse gasses emitted into the atmosphere. Greenhouse gasses also 
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accumulate from the increased vehicle presence caused by the need to transport the WLDS. The 

atmosphere warms as the gasses accumulate leading to the degradation of various ecosystems reliant on 

very specific temperatures such as aquatic ecosystems [2]. Once the lifetime of the product has elapsed, the 

users must properly recycle the waste so it does not decompose quickly and release toxic chemicals. Often, 

this waste ends up in developing countries negatively affecting both the people and animals living there 

[9]. 

However, the WLDS makes its users more aware of their water usage and decreases overall usage. If the 

WLDS does indeed reduce its customers’ water usage, its benefits may outweigh its costs. Assuming it 

reduces each user’s water consumption by only 2%, 1 million installations, and an average household 

water usage of 360 gallons per day [23], we save 7.2 million gallons of water per day. These savings 

exceed the water costs to operate a large fabrication house of 

4.8 million gallons per day [22]. Increased water savings can also save energy, and outweigh the energy 

cost of manufacturing the Smart Water Meter since much of our energy goes toward transporting and 

treating water. 
 

● Manufacturability 

 

The WLDS serves as an easy-to-use control box requiring no user input beyond initial installation of the 

water sensors and motor. As a result, users likely struggle when attempting to fix malfunctions, and when 

they occur, instead buy a new unit. While this benefits profit, it also leads to less sustainability as more 

units require more resources. The WLDS must last a long period necessitating a quality build. With no 

regular maintenance required, the unit requires very little upkeep associated with the product aside from 

power costs. The product could potentially include easily replaceable internal parts as an upgrade, but this 

would drive up manufacturing costs. Also, the implementation of the electronics within the WLDS requires 

the use of rare earth metals. Users can help sustain this resource if they disable the components and recycle 

them correctly. However, this often does not happen resulting in aggressive unsustainable consumption of 

resources. The modular design of the WLDS allows the individual manufacturing of the modules. The 

circuitry likely requires the longest manufacturing time due to its small size and precision design. The 

other components such as the microprocessor and water sensors come pre-made and ready to integrate into 

the assembly. Installation of the WLDS consists of placing the water sensors, connecting the motor to the 

water pump, and supplying power from a nearby wall outlet. 

 

● Sustainability 

 

The WLDS strives to find leaks before any serious damage occurs to the user’s house. The system needs 

minimal maintenance for the sensors used to monitor leakage [7]. The system only requires connection to 

residential wall socket voltages to perform its functions. Potential improvements, the incorporation of a 

solar panel to reduce energy usage would make the product greener for the environment. However, the 

implementation of a solar panel would require a battery to store the resulting charge. The batteries contain 

chemicals such as sulfuric acid which can harm the environment. The WLDS could also potentially benefit 

from a wind generated power source depending on average weather conditions of the region. 
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● Ethical Considerations 

 

Regarding the Institute of Electrical and Electronics Engineers (IEEE) code of ethics, the WLDS upholds 

ethical principles as an ethical device. The designers of said product accept no bribery and discriminate 

against no persons based on race, religion, gender, disability, age, national origin, sexual orientation, 

gender identity, or gender expression. Designers perform research when deciding all price estimates and 

completion time estimates to ensure they honestly reflect likely end costs. Designers make the completed 

product with the welfare of the public in mind by including warning labels to help prevent incorrect usage. 

If unforeseen or unintended conflicts arise resulting from the production or use of the device, responsible 

parties must take steps to remedy said conflicts. While the designers of the project have intention to uphold 

the IEEE code of ethics, the power to do so may lie with different people. If a governing body purchased 

the WLDS in bulk and distributed them as they see fit, discrimination may become an issue. This applies to 

the acceptance of bribes and setting fair prices as well. 

 

From a utilitarian perspective, the WLDS could be either beneficial or harmful, depending on the consumers 

who utilize it. An individual user utilizing this device gains happiness by not having to constantly monitor 

his/her water system. This allows for optimal water monitoring, so the user can enjoy daily activities 

without worrying about water leaks. If someone only introduces a few devices into a community, those 

without the WLDS have greater chances of severe water damage. This could lead to unhappiness. 

However, if all members of a community used the WLDS then all members would benefit equally and the 

average happiness of the community would rise. With initial successes, the governing body of the area may 

decide to include the device as part of the water utility spreading the technology for others to benefit from 

resulting in even more happiness. According to the utilitarian ethical framework, the WLDS has overall 

utility, which makes it an ethically justified project. Several arguments exist for the good it provides. 

Saving water (and thereby energy) has utility, because California is currently in a drought and water usage 

needs reducing [23]. This also contributes to sustainability, proving very useful in the long term. In 

addition, the revenue generated by the project creates jobs and the money saved by using the product 

reduces financial strain on households [20]. Both provide good for many people. 

 

Several ethical dilemmas exist as well. Inevitably, the manufacturing process introduces new social and 

political inequities or sustains old ones. The labor involved in manufacturing typically is not paid well and 

goes to the person who accepts the least amount of money for it. Inequity created by unfair treatment of 

workers, however, diminishes when the product 

switches to manufacturing by a responsible company in the US. This costs more, but minimizes the social 

and political inequities associated with my project. Overall, the good the product provides outweighs the 

negative possibilities, assuming it is manufactured responsibly by a company that treats its workers fairly. 
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● Health and Safety Impacts 

 

The use of the WLDS helps users protect their property. Having a water leak detection system helps 

maintain public health and safety. In addition, the autonomous nature of the WLDS allows people living 

with physical disabilities or ailments to forgo the arduous work associated with periodically fixing their 

water reservoirs or losing possessions due to water damage. Not all aspects of the WLDS benefit people’s 

health. The electronics inside the WLDS require a manufacturing process reliant on harsh chemicals. This 

is dangerous to the labor force if work sites do not take proper precautions. As stated in section 5, these 

chemicals can sometimes leak into water supplies, making anyone who uses the water for drinking ill. In 

addition, the manufacturing setting generally resents a danger for workers due to the large machinery often 

present. The motor runs on high voltages which can deliver painful and dangerous shock if irresponsibly 

tampered with. Because the setting of the system necessitates placement outdoors and near bodies of water, 

the device has an increased chance of becoming wet and, therefore, higher chance of electric shock to the 

user. This same high voltage concerns during testing because wrong wire placement can result in electric 

shock nearby people and damage to surrounding components. Also, any metals the water sensors contain 

may rust and compromise the safety of the water [7]. 

 

● Social and Political Impacts 

 

The WLDS relies on a water system where a reservoir supplies water and needs a pump to move it to a 

residential storage tank. In countries like Indonesia, the government supplies the supplied water [2]. If they 

feel like this product gives users an unfair advantage over others with regarding water access, lawmakers 

may introduce new legislation. Those with expendable money can afford this product giving them an 

advantage over those who cannot afford the product. This further solidifies the relationship between money 

and power. The user benefits directly from a well working water system making him/her the main 

stakeholder. Both water districts and households are most likely to utilize the product, making them the 

main stakeholders. The WLDS has several indirect stakeholders as well though, primarily the 

manufacturing workers as well as plumbers. The WLDS has a net positive effect on plumbers, for whom it 

would create jobs. It has a net negative effect on manufacturing workers since it creates inequities, but 

those are minimized by selecting a responsible manufacturer. Other stakeholders may include any investors 

who expect a return of profit. This could potentially cause issues if investors only contribute if they can 

influence specific changes made to the product. Despite negative concerns, the implementation of the 

WLDS would introduce technology into a community simplifying otherwise difficult aspects of everyday 

activities, especially for the physically handicapped. If the governing body in an area decided to purchase 

the WLDS for all residential buildings in an area, it would help solve the issues of inequality and promote 

a sense progress in the community. Other stakeholders include companies working to manufacture the 

WLDS. With sufficient demand, the WLDS supplies opportunity for manufacturers to make money and 

create jobs. 
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● Developmental Comments 

 

The design of the project system has necessitated the research of power electronics, specifically converters 

between AC and DC voltage and DC to DC step-down [4]. The circuit designs required sensitivity analysis 

Monte Carlo simulations. The software chosen, LTspice, warranted research and practice in how to perform 

the desired analysis. This project required knowledge of new tools such as Gantt charts which helped 

establish a clear schedule of expected milestones related to the project. Other research conducted includes 

information on conditions in countries like Indonesia, existing patents related to the WLDS, datasheets for 

potential components, and worldwide wall-socket voltages. I also learned about adding new information 

flows to a system and how they can change its behavior from the Donella Meadows article [24]. This 

motivated my project to introduce real-time data in units that make sense to humans in the household water 

consumption system. Adding this information hopefully affects everyday choices that add up to a huge 

amount of wasted water and energy. 
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