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ABSTRACT

In recent time, technology advancement has led to so many improvements on electronic devices
construction. Large device was seen to be built with simple circuit. Also many of these electronic
devices are built with microcontroller. Moreover, road users are poised with problem of tattered and
dirty road, rain flooding the street with broken glasses, nails and some other irons that can puncture
the tyres and may at times, can lead to the lack of sufficient pressure in the tyre. The tyre is known to
be the only components that link the vehicle with the ground and it facilitate the movement of the
vehicle. Therefore, this necessitates the design and development of microcontroller based tyre pump
guage. The microcontroller Atmega328p based was programmed with C-language and compiled using
Resonance Integrated Development Environment (RIDE). Conclusively, project has been designed to
perform the entire requirement task at the shortest time available. Result of the constructed
microntroller based tyre pump gauge is found to agree to be an improved system over the manually
designed pump gauge and has a degree of precision.
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1. INTRODUCTION

Recent technological advancements have improved the design of electrical devices with simple
circuits. Additionally, the circuit design of electrical devices has been simpler since the advent of the
microcontroller. A microcontroller is a little computer. Devices like cell phones, video cameras,
electrical appliances, and the majority of standalone electronic systems require it to function. Memory,
the central processor unit, ports, the bus, serial connection, etc. are all components of a
microcontroller. The majority of incidents on our country's roadways are related to tire failure, primarily
as a result of insufficient tire pressure. It is a vital part that connects the car to the earth and makes
moving the car easier.
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Car tyres are the only part of the car that have contact with the road. Tyres are fitted on the rims and
inflated (Fowler, 2009). Safety in acceleration, steering, cornering and braking depends on tyre's
contact with the road. There are different types of tyres, ranging from radial ply to self-supporting run
flat. These tyres must be kept at correct pressure for optimum performance. Driving over pot-holes,
kerbs, pointed objects even at low speed can cause puncture which results in flat tyres. However,
when tyre pressure decrease it makes the car to be unbalanced, it also affects the speed of the car
and can cause damage to the tyre. The only parts of the car in contact with the road are the tires after
being inflated, the tires are mounted on the rims.

The tyre's contact with the road determines safety when braking, cornering, acceleration, and steering.
Tires come in a variety of forms, from self-supporting run flat to radial ply. For best results, these tires
need to be maintained at the proper pressure. Even at low speeds, driving over potholes, curbs, and
sharp objects can puncture tires and create flat tires. On the other hand, when tire pressure drops,
the car becomes unstable, loses speed, and the tires may get damaged.

2. LITERATURE REVIEW

Tyre Pump Guage

Having flat tyre cause great inconveniences especially at night or when it is raining. Replacing a spare
tyre with a spare one is often a herculean task, it gets even worse if one does not know how to install
the spare or in a situation where one cannot vulcanize the tyre at the moment. To curb this challenge,
designed automatic tyre pressure inflation system for small cars. This is device delivers pressurize
fluid (air) to a deflated nonpunctured light vehicle tires, but takes a lot time to inflate one tyre. Designed
an emergency tire inflation tube (a pneumatic device) used to transfer air from an inflated tire to a
deflated tire using a flexible tube. The transfer tube is flexible and allows the flow of air in one direction
because it has a one way check valve intersected in the tube. This prevents loss of air from the tyres
being inflated using no gauges or mechanical devices.

The device is comprised of materials that can be easily folded and stored inside the vehicle providing
years of service, but his design method of inflating a tire with air from tyres of the same vehicle is only
a temporary measure as it reduces the air pressure in the other tyres and fails to consider a case of
deflation in all the four tires. Invented the ancient Husky 120volts tire inflators with pancake air
compressor with 50feet of orange hose. Pancake compressor weight about 70lbs, psi of about 130. It
could even be used to pump up a tire of about 18 wheelers. The husky 120volts is ideal for homes,
shops and garage. Mainly used to inflate sports equipment.

Movable with a convenient carrying handle. One major disadvantage of this design is that it requires
an extension cord between the power source and inflator device and it cannot be plug directly into the
car cigarette lighter socket. Invented a 12V tyre inflator with sealant. This seals and inflates pneumatic
tyres that is punctured while the car is on transit. The inflating product is a condensed gas with sealant
placed in a container with a valve depressor. When a car gets flat tyre, the container burst and releases
the content through the valve to the interior part of the tyre. This condensed gas expands with sufficient
volume and inflate the tire to a drivable condition.
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At the same time, the glue like sealant material is distributed onto the interior surface of the tire and
finds the puncture in the tire because the pressurized gas is leaking through the puncture. This in turn
allows the sealant material to react with air and seal the puncture. However, the major setback in this
design is that volume of gas supplied to the interior of the tyre not be sufficient to raise the tire to the
normal tyre pressure, but only to a manageable drivable condition at a very low speed. This is because
not all the liquid sealant is converted to gas upon discharged into the tyre. This study therefore is
meant to design and fabricate a working proto-type portable car tyre inflator, powered from the 12volt
cigarette lighter port in the car. The compressor design was governed by a simple thermodynamic
principle of compression, discharge, expansion and suction of fluid (air) while the fabrication and
assembled was from the locally available materials considering the cost factor.

2.2 Microcontroller

A microcontroller (MCU for microcontroller unit) is a small computer on a single metal-oxide-
semiconductor (MOS) integrated circuit (IC) chip. A microcontroller contains one or more CPUs
(processor cores) along with memory and programmable input/output peripherals. Program memory
in the form of ferroelectric RAM, NOR flash or OTP ROM is also often included on chip, as well as a
small amount of RAM. Microcontrollers are designed for embedded applications, in contrast to the
microprocessors used in personal computers or other general purpose applications consisting of
various discrete chips.

Microcontrollers are used in automatically controlled products and devices, such as automobile engine
control systems, implantable medical devices, remote controls, office machines, appliances, power
tools, toys and other embedded systems. By reducing the size and cost compared to a design that
uses a separate microprocessor, memory, and input/output devices, microcontrollers make it
economical to digitally control even more devices and processes. Mixed signal microcontrollers are
common, integrating analog components needed to control non-digital electronic systems. In the
context of the internet of things, microcontrollers are an economical and popular means of data
collection, sensing and actuating the physical world as edge devices.

Some microcontrollers may use four-bit words and operate at frequencies as low as 4 kHz for low
power consumption (single-digit milli-watts or microwatts). They generally have the ability to retain
functionality while waiting for an event such as a button press or other interrupt; power consumption
while sleeping (CPU clock and most peripherals off) may be just nanowatts, making many of them well
suited for long lasting battery applications. Other microcontrollers may serve performance-critical
roles, where they may need to act more like a digital signal processor (DSP), with higher clock speeds
and power consumption.

The origins of both the microprocessor and the microcontroller can be traced back to the invention of
the MOSFET (metal-oxide-semiconductor field-effect transistor), also known as the MOS transistor
(Shirriff, 2016). It was invented by Mohamed M. Atalla and Dawon Kahng at Bell Labs in 1959, and
first demonstrated in 1960. The same year, Atalla proposed the concept of the MOS integrated circuit,
which was an integrated circuit chip fabricated from MOSFETs (Moskowitz, 2016). By 1964, MOS
chips had reached higher transistor density and lower manufacturing costs than bipolar chips.
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MOS chips further increased in complexity at a rate predicted by Moore's law, leading to large-scale
integration (LSI) with hundreds of transistors on a single MOS chip by the late 1960s. The application
of MOS LSI chips to computing was the basis for the first microprocessors, as engineers began
recognizing that a complete computer processor could be contained on a single MOS LSI chip (Shirriff,
2016).

The first multi-chip microprocessors, the Four-Phase Systems AL1 in 1969 and the Garrett AiResearch
MP944 in 1970, were developed with multiple MOS LSI chips. The first single-chip microprocessor was
the Intel 4004, released on a single MOS LSl chip in 197 1. It was developed by Federico Faggin, using
his silicon-gate MOS technology, along with Intel engineers Marcian Hoff and Stan Mazor, and Busicom
engineer Masatoshi Shima. It was followed by the 4-bit Intel 4040, the 8-bit Intel 8008, and the 8-bit
Intel 8080. All of these processors required several external chips to implement a working system,
including memory and peripheral interface chips. As a result, the total system cost was several
hundred (1970s US) dollars, making it impossible to economically computerize small appliances. MOS
Technology introduced sub-$100 microprocessors, the 6501 and 6502, with the chief aim of
addressing this economic obstacle, but these microprocessors still required external support, memory,
and peripheral chips which kept the total system cost in the hundreds of dollars.

22.1 Embedded design

A microcontroller can be considered a self-contained system with a processor, memory and peripherals
and can be used as an embedded system (Heath, 2003). The majority of microcontrollers in use today
are embedded in other machinery, such as automobiles, telephones, appliances, and peripherals for
computer systems.

While some embedded systems are very sophisticated, many have minimal requirements for memory
and program length, with no operating system, and low software complexity. Typical input and output
devices include switches, relays, solenoids, LED's, small or custom liquid-crystal displays, radio
frequency devices, and sensors for data such as temperature, humidity, light level etc. Embedded
systems usually have no keyboard, screen, disks, printers, or other recognizable 1/0 devices of a
personal computer, and may lack human interaction devices of any kind.

2.2.3 Interrupts

Microcontrollers must provide real-time (predictable, though not necessarily fast) response to events
in the embedded system they are controlling. When certain events occur, an interrupt system can
signal the processor to suspend processing the current instruction sequence and to begin an interrupt
service routine (ISR, or "interrupt handler") which will perform any processing required based on the
source of the interrupt, before returning to the original instruction sequence. Possible interrupt sources
are device dependent, and often include events such as an internal timer overflow, completing an
analog to digital conversion, a logic level change on an input such as from a button being pressed, and
data received on a communication link. Where power consumption is important as in battery devices,
interrupts may also wake a microcontroller from a low-power sleep state where the processor is halted
until required to do something by a peripheral event.
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2.2.4 Programs

Typically, micro-controller programs must fit in the available on-chip memory, since it would be costly
to provide a system with external, expandable memory. Compilers and assemblers are used to convert
both high-level and assembly language codes into a compact machine code for storage in the micro-
controller's memory. Depending on the device, the program memory may be permanent, read-only
memory that can only be programmed at the factory, or it may be field-alterable flash or erasable read-
only memory.

Manufacturers have often produced special versions of their micro-controllers in order to help the
hardware and software development of the target system. Originally these included EPROM versions
that have a "window" on the top of the device through which program memory can be erased by
ultraviolet light, ready for reprogramming after a programming ("burn") and test cycle. Since 1998,
EPROM versions are rare and have been replaced by EEPROM and flash, which are easier to use (can
be erased electronically) and cheaper to manufacture. Other versions may be available where the ROM
is accessed as an external device rather than as internal memory, however these are becoming rare
due to the widespread availability of cheap microcontroller programmers.

The use of field-programmable devices on a micro controller may allow field update of the firmware or
permit late factory revisions to products that have been assembled but not yet shipped. Programmable
memory also reduces the lead time required for deployment of a new product. A customized micro-
controller incorporates a block of digital logic that can be personalized for additional processing
capability, peripherals and interfaces that are adapted to the requirements of the application. One
example is the AT91CAP from Atmel.

2.2.3 Other microcontroller features

Microcontrollers usually contain from several to dozens of general purpose input/output pins (GPIO).
GPIO pins are software configurable to either an input or an output state. When GPIO pins are
configured to an input state, they are often used to read sensors or external signals. Configured to the
output state, GPIO pins can drive external devices such as LEDs or motors, often indirectly, through
external power electronics. Many embedded systems need to read sensors that produce analog
signals. This is the purpose of the analog-to-digital converter (ADC). Since processors are built to
interpret and process digital data, i.e. 1s and 0s, they are not able to do anything with the analog
signals that may be sent to it by a device. So the analog to digital converter is used to convert the
incoming data into a form that the processor can recognize. A less common feature on some
microcontrollers is a digital-to-analog converter (DAC) that allows the processor to output analog
signals or voltage levels.

In addition to the converters, many embedded microprocessors include a variety of timers as well. One
of the most common types of timers is the programmable interval timer (PIT). A PIT may either count
down from some value to zero, or up to the capacity of the count-register, overflowing to zero. Once it
reaches zero, it sends an interrupt to the processor indicating that it has finished counting. This is
useful for devices such as thermostats, which periodically test the temperature around them to see if
they need to turn the air conditioner on, the heater on, etc.
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A dedicated pulse-width modulation (PWM) block makes it possible for the CPU to control power
converters, resistive loads, motors, etc., without using many CPU resources in tight timer loops. A
universal asynchronous receiver/transmitter (UART) block makes it possible to receive and transmit
data over a serial line with very little load on the CPU. Dedicated on-chip hardware also often includes
capabilities to communicate with other devices (chips) in digital formats such as Inter-Integrated
Circuit (I12C), Serial Peripheral Interface (SPI), Universal Serial Bus (USB), and Ethernet (David, 2012).

3. HARDWARE COMPONENTS ANALYSIS

The principal electronic components and devices that were put together in designing the hardware of
this project. Their functions, mode of operation and other features that the construction has will be
compared against other electronic component that could do the same job in the design. Pulley, belt,
12v compressor, 12v dc motor, hose, microcontroller. The figure 3.0 describe the components
involved in the design.

Fig 3.0: Block diagram

3.2.1 Arduino Uno

Arduino Uno is a microcontroller board based on the ATmega328P. It has 14 digital input/output pins
(of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz crystal, 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.
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Fig 3.1: Arduino Uno Board

3.2.2 Pressure Sensor

The BMP180 is precision sensor from Bosch is the best low-cost sensing solution for measuring
barometric pressure and temperature. Because pressure changes with altitude you can also use it as
an altimeter. The BMP180 is fully calibrated and can be used directly because it does not require any
external power supply. The sensor is soldered onto a PCB with a 3.3V regulator, 12C level shifter and
pull-up resistors on the 12C pins.

Fig 3.2: Pressure Sensor

3.2.3 Pulley

A pulley is a wheel on an axle or shaft that is designed to support movement and change of direction
of a taut cable or belt, or transfer of power between the shaft and cable or belt. In the case of a pulley
supported by a frame or shell that does not transfer power to a shaft, but is used to guide the cable or
exert a force, the supporting shell is called a block, and the pulley may be called a sheave. A pulley
may have a groove or grooves between flanges around its circumference to locate the cable or belt.
The drive element of a pulley system can be a rope, cable, belt, or chain.
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Fig. 3.3: Flat belt on a belt pulley

3.2.4 Belt

A belt is a loop of flexible material used to link two or more rotating shafts mechanically, most often
parallel. Belts may be used as a source of motion, to transmit power efficiently or to track relative
movement. Belts are looped over pulleys and may have a twist between the pulleys, and the shafts
need not be parallel. In a two pulley system, the belt can either drive the pulleys normally in one
direction (the same if on parallel shafts), or the belt may be crossed, so that the direction of the driven
shaft is reversed (the opposite direction to the driver if on parallel shafts). As a source of motion, a
conveyor belt is one application where the belt is adapted to carry a load continuously between two
points. The belt drive can also be used to change the speed of rotation, either up or down, by using
different sized pulleys.

Fig. 3.4: Belt and pulley system
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Belts are the cheapest utility for power transmission between shafts that may not be axially aligned.
Power transmission is achieved by purposely designed belts and pulleys. The variety of power
transmission needs that can be met by a belt-drive transmission system are numerous, and this has
led to many variations on the theme. Belt drives run smoothly and with little noise, and provide shock
absorption for motors, loads, and bearings when the force and power needed changes. A drawback to
belt drives is that they transmit less power than gears or chain drives. However, improvements in belt
engineering allow use of belts in systems that formerly only allowed chain drives or gears. Power
transmitted between a belt and a pulley is expressed as the product of difference of tension and belt
velocity:

P= (Tl Tz)‘b’,

where, T1 and T2 are tensions in the tight side and slack side of the belt respectively.

They are related as
T

o — eM&
> C °
where, y is the coefficient of friction, and « is the angle (in radians) subtended by contact surface at
the centre of the pulley.

3.2.5 LCD Panel Display

In this project, we use a 16*2 LCD to monitor the temperature and pressure of tire. This LCD panel
can display 16 characters per line and 2 such lines are present. This display has 5*7 pixel matrix for
each character. This LCD panel consists two registers, Data and Command. The operation of command
register is to store the command instructions which were given to LCD and data register is to store the
data and displayed on the LCD.

11ﬁe (I DIHPISH

Fig. 3.5: LCD Display Panel
3.2.6 Compressor
A compressor is a mechanical device that increases the pressure of a gas by reducing its volume. An
air compressor is a specific type of gas compressor. Compressors are similar to pumps: both increase
the pressure on a fluid and both can transport the fluid through a pipe. As gases are compressible, the
compressor also reduces the volume of a gas. Liquids are relatively incompressible; while some can
be compressed, the main action of a pump is to pressurize and transport liquids.
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Many compressors can be staged, that is, the fluid is compressed several times in steps or stages, to
increase discharge pressure. Often, the second stage is physically smaller than the primary stage, to
accommodate the already compressed gas without reducing its pressure. Each stage further
compresses the gas and increases its pressure and also temperature (if inter cooling between stages
is not used). 12V DC Compressor is used to provide compressed air in system.

Fig. 3.6: Too Compressor

3.2.7 Hose

A hose is a flexible hollow tube designed to carry fluids from one location to another. Hoses are also
sometimes called pipes (the word pipe usually refers to a rigid tube, whereas a hose is usually a flexible
one), or more generally tubing. The shape of a hose is usually cylindrical (having a circular cross
section). Hose design is based on a combination of application and performance. Common factors are
size, pressure rating, weight, length, straight hose or coil hose, and chemical compatibility. Applications
mostly use nylon, polyurethane, polyethylene, PVC, or synthetic or natural rubbers, based on the
environment and pressure rating needed. In recent years, hoses can also be manufactured from
special grades of polyethylene (LDPE and especially LLDPE). Other hose materials include PTFE
(Teflon), stainless steel, and other metals. Dredge rubber hoses have a long story, which features high
strength and flexibility. A flexible dredging hose widely used in dredgers for silt/gravels conveyance. It
is abrasion and wear-resistant to ensure long service life. Types of flexible dredge hose: floating rubber
hose, discharge hose, suction hose, armored hose, ceramic hose

Figure 3.7: PVC Hose
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3.2.8 12v DC Motor

A DC motor is an electrical machine that converts electrical energy into mechanical energy. In a DC
motor, the input electrical energy is the direct current which is transformed into the mechanical
rotation. From the above definition, we can conclude that any electric motor that is operated using
direct current or DC is called a DC motor. The DC Motor is connected to the compressor with help of
the belt and pulley. It has positive and negative terminals that are connected to the positive and
negative terminal of the DC power supply. 12V DC Motor is used to rotate the compressor.

5_»-'3 A3 |

Fig 3.8: 12V DC Motor
3.2.9 Relay Board
Relays are electrical switches that may be programmed and managed by Arduino or other
microcontrollers. It is used to programmatically turn on and off devices that require high current or
voltage. It serves as a link between a high-voltage device and an Arduino.
The low voltage group and the high voltage group are the two pin groups on a relay. The first one has
two input pins, In1 and In2, two ground pins, and a VCC pin for powering the module. Three pins make
up the second set, and there is a jumper between the JDVcc and the Vce pin. In this setup, the Arduino
Board provides direct power to the relay's electromagnet, therefore in the event that the relay
malfunctions, the microcontroller might sustain harm.
The Arduino is linked to three pins from the low voltage group:

Fig 3.9: Relay Board
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3.2.10 Optocoupler

A semiconductor device known as an optocoupler, sometimes referred to as an optoisolator, permits
the transmission of an electrical signal between two isolated circuits. An optocoupler consists of two
components: a photosensitive device that senses light from the LED and an LED that generates
infrared light. The two components are housed in a black box that has connecting pins. Regardless of
whether the incoming signal is AC or DC, the input circuit uses it to turn on the LED.

Fig. 3.10: Optocoupler
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4. TEST, OBSERVATION AND RESULTS

The design of the project, construction of the microcontroller based tyre pump gauge, was followed by
its construction. Many considerations were put in place in form of procedures and instructions, which
led to the successful completion of the project. The project is constructed on a Vero board, in which
the size of the main panel board was used to choose the dimension of the casing used.

4.1 TESTING
4.1.1 Purpose of Testing
Testing of components is important during construction to ensure that the works compiled together
are perfect with their specifications. Testing is also essential during operation and after the completion
of the construction made to determine the longevity of the project in order to detect common fault that
may arise. There are sequences of test needed to undergo for any successful project.

i. Component testing

ii. System testing

4.1.2 Component Testing

Every component was tested singly to ensure that each was in good condition before assembling on
the board. The major test carried out on these components was continuity testing done with the use
of multi-meter.

4.1.3 System Testing

This involves the testing of the entire circuitry and thus, examine it for errors like short-circuits, lead
flux, joining unwanted links. Proper insertion of IC pin layout and also checking if ICs of these pin
number are slotted in their proper base. After checking, cross check again before powering the system.

4.2 Casing and Packaging
The casing was constructed by a welder, in order to produce a neat and durable production.
The casing used contains a ground wire to give it a proper earthing.

Figure 4.1: Packaging of the tyre pump guage

29



social Informatics
Business, Politics, Law, Environmental Sciences & Technology

Vol 10, No 2, June, 2024 Series

4.3 Assembling Of Section
1. The sections were assembled together in the casing properly and carefully to avoid destroying
the circuit arrangements. We also ensured that the assembling does not create avenue or
chance for short circuit and so, we connect the circuit to a ground wire.

4.4 Problems Encountered
In the course of the design and implementation of this project, some problems were encountered.

They are -

e Low finance during Implementation.

e Difficulty when writing programs, debugging and interfacing

e Short Circuitry

e |nadequate and epileptic power supply.
The aforementioned problems were later taken care of during the design processes and
implementation of this project.

5. CONCLUSION

This study designed and implemented a Micro-Controller based tyre pump gauge. The Micro-Controller
Atmega 328p base was programmed with C-language and compiled using Resonance Integrated
Development Environment (RIDE). Results of computation with the new software calculator were found
to agree with the manually computed results with higher degree of precision.

REFERENCES

1. Fowler, H,W;David Crystal ed (2009).” A dictionary of modern English usage”; the classic first
edition Oxford University press London. P 655.

2. Harris D. & Harris S. (2012). Digital Design and Computer Architecture, Second Edition, p. 515.
Morgan Kaufmann. ISBN 0123944244,

3. Heath, S. (2003). Embedded systems design. EDN series for design engineers (2 ed.). Newnes.
pp. 11-12. ISBN 9780750655460.

4. Shirriff, Ken (30 August 2016). "The Surprising Story of the First Microprocessors". |EEE
Spectrum. Institute of Electrical and Electronics Engineers. 53 (9): 48-54.

30



