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ABSTRACT
The aim of this project is to design and fabricate an electronic gadget that can measure human height with the help of the micro-controller and the ultrasonic transducers. It’s required to do research on commercially available ultrasonic transducers & Microchip’s PIC micro-controller to understand how they can be used.
The micro-controller is programmed to generate a “pulse train” on demand and then to detect the same “pulse train” reflected by an obstacle some distance away. We put the ultrasonic sensor on a before measured point(we will call ‘x’ further in programming). It starts to generate sound waves. The duration between transmission and reception sound waves gives us the distance between the body(highest point of the body) which we measure its height, and the sensor(we will call ‘y’ further in programming). The difference between‘x’ and ‘y’ gives us the height. In the end the output will be shown in the LCD screen.

The height measurement system uses an inexpensive ultrasonic height measuring device to provide an apparent height of a descending airborne object. It is straight forward to trigger a timer (stopwatch) when the sonic burst is transmitted and stop the timer when the transmitted burst is received. The development of “Ultrasonic Height Measurement” is based upon of sound waves. Ultrasound is acoustic (sound) energy in the form of waves having a frequency above the human hearing range. The highest frequency that the human ear can detect is approximately 20 thousand cycles per second (20,000 Hz). This is where the sonic range ends, and where the ultrasonic range begins. Ultrasound is used in electronic, navigational, industrial, and security applications. It is also used in medicine to view internal organs of the body.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This Chapter provides brief information about measuring height,importance of measuring and how it measured.
1.2 What is Human Height

Human height is the distance from the bottom of the feet to the top of the head in a human body, standing erect.

When populations share genetic background and environmental factors, average height is frequently characteristic within the group. Exceptional height variation (around 20% deviation from average) within such a population is sometimes due to gigantism or dwarfism, which are medical conditions caused by specific genes or endocrine abnormalities. 

In regions of extreme poverty or prolonged warfare, environmental factors like chronic malnutrition during childhood or adolescence may account for delayed growth and/or (in severe cases) marked reductions in adult stature even without the presence of any of these medical conditions.

1.3 Conditions Affecting Height
Most children and adults who are considered short have no specific disease. They have short parents (that is, they have a reduced genetic potential for tallness) or they have delayed growth and will eventually have normal adult height. Premature infants or other very small infants sometimes never completely "catch up," and although they are healthy, their adult height is shorter than would be expected based on parental height.

However, any serious illness (and sometimes the medications used to treat it) can affect development, including height. Examples include kidney failure, cystic fibrosis, and intestinal disorders that reduce absorption of nutrients. Diabetes that starts during childhood (usually type 1) used to be a common cause of and short stature in children, but early recognition and treatment has reduced this effect on height.

Other common examples of diseases that affect height include:

· Normal aging and osteoporosis — People tend to lose height as they age. This is mostly related to osteoporosis and reduced water content in the disks (so that the distance between each vertebra is reduced). On average, women lose about 2 inches over their lifetime, while men lose about 1 inch.

· Hypothyroidism — A reduction in the normal amount of thyroid hormone during childhood typically leads to short stature, among other problems, such as poor school performance, fatigue, constipation and cold intolerance. Another form, congenital hypothyroidism, is present at birth and if not detected (usually by routine blood tests), feeding problems, lethargy, an enlarged tongue and mental retardation may follow.

· Growth hormone abnormalities — Children with reduced growth hormone have a much reduced growth spurt around the time of puberty, leading to short stature. Conversely, if excessive growth hormone is present before growth plates close, "giantism" — a dramatic increase in height — may follow.

· Hypogonadism — This condition is marked by a reduction in sex hormones, including testosterone and estrogen. Affected persons may have little or no growth spurt at the time puberty is expected.

· Arthritis — When children develop joint inflammation, growth of the nearby bones are often affected. If it occurs before age 3, the affected limb may be longer than expected, but if it occurs after age 9, the growth plates may close earlier than expected, leading to reduced leg length. There is often a more generalized growth reduction in children with active arthritis.

· Corticosteroid therapy — These powerful anti-inflammatory medications can affect height through their effects on bone development. They may be prescribed for a number of conditions including Crohn’s disease, ulcerative colitis, asthma or arthritis, although usually viewed as a last resort. If taken during childhood for prolonged periods, growth retardation is common.

· Poor nutrition — If infants or children do not have adequate access to a balanced diet, or if intake is inadequate for another reason (such as depression or fear of obesity), adult height may be shorter than expected.

1.4 Importance Of Human Height Measurement
Caused by those conditions that we mentioned above,measuring and following-up height is a must for determining if any problem during the growing. If any abnormalities occurs on normal growing rate per time doctors starts to  diagnose any diseases that we mentioned above.
1.5 How is Human Height Measured

Nowadays,a stadiometer is being used for measuring height in medical clinics, military offices and other related places.
CHAPTER 2

COMMERCIALLY AVAILABLE MEASURING HEIGHT DEVICES(STADIOMETERS)

2.1
Overview
This Chapter provides brief information about what is stadiometers and commercially available in markets.

2.2
Stadiometer
A stadiometer is a device that is used to measure height. It is most commonly found in medical facilities such as doctor’s offices. Stadiometers typically are used for regular medical exams, although they are used for other kinds of tests and experiments as well. A typical model consists of a ruler that is mounted vertically on a wall, with a movable horizontal piece that rests on the head of the person who is being measured. This piece shows the height based on its position on the ruler.

Although the mechanical, wall-mounted stadiometer has continued to be popular, there are different versions of this equipment. Some models use an electronic sensor to gauge height, which is then displayed on a digital reader. There also are lightweight, portable stadiometers that can be used against a wall or on a stand.

2.2.1 235A Heightronic Digital Stadiometer
The 235A Heightronic Digital Stadiometer utilizing the same electronic capacitor sensor system scientists use for critical measurements gives a quick digital readout accurate to .01 inch, or .01 centimeters. The 235A Heightronic was selected by the CDC and NHANES IV and is approved for pharmaceutical companies for their studies.

The Heightronic 235A Stadiometer offers superior accuracy and robust design with design features for greater measuring range, ease of use and maintenance-free dependability. The reader / headpiece glides effortlessly along the scale thanks to a more robust bearing system. Just a twist of the handle locks the headpiece where desired and inductive capacitor electronics assure the most accurate digital results. Electronic contacts are located in the back scale to virtually eliminate cleaning and maintenance of the contacts.

Includes: A standard calibration / installation tool to make accurate set-up a snap, Mounting Hardware, Installation and Use Instructions.
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Figure 2.2.1 235 Heightronic Digital Stadiometer
2.2.2 Charder HM200P Portstad Portable Stadiometer
Portable for height measuring at any location, the Charder HM200P Portstad Stadiometer disassembles into 4 sections and stores with headpiece in base. Measuring in inches and centimeters the Charder HM200P has a height range of 5 1/2 to 78 3/4 inches or 14 to 200 centimeters. This stadiometer is accurate, durable, and lightweight with all plastic construction. If measuring at a wall, the unique stabilizers give added support to the Portstadstadiometer.
[image: image18.jpg]



Figure 2.2.2 Charder HM200P Portstad Portable Stadiometer
2.2.3 Charder HM200PW wall mounted Stadiometer
The Charder HM200PW wall mounted Stadiometer features sturdy metal brackets for wall mounting. Measuring in inches and centimeters the Charder HM200PW has a height range of 5 1/2 to 78 3/4 inches or 14 to 200 centimeters and a graduation of 1/8 in (0.1 cm). Accurate and durable, the HM200PW also offers the ability to rotate out of the way to wall when not in use.
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Figure 2.2.3 Charder HM200PW wall mounted Stadiometer
2.2.4 Hite-Rite Precision Mechanical Stadiometer
The Ayrton 226, formerly known as the seca 226, Hite-Rite Precision Mechanical Stadiometer accurately measures within the nearest sixteenth of an inch. The long lasting, anodized aluminum construction of the Ayron 226, seca 226 Hite Rite Stadiometer ensures accuracy through years of consistent use. The clear plexi-slide of the Ayrton 226, seca 226 Hite Rite Stadiometer measuring device makes measurements easy to read, while assuring smooth, binding-free, movement under any environmental condition. 

The Ayrton 226 Hite-Rite Precision Mechanical Stadiometer (formerly known as the seca 226) is the economical alternative for subspecialty needs--or general practice.
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Figure 2.2.4 Hite-Rite Precision Mechanical Stadiometer
2.2.5 216 Accu-Hite Measuring DeviceStadiometer
The seca 216 with a measuring range 4 - 87" which is clearly visible in the display window which is positioned at the side of the measuring rod. The head piece has a lock knob so the result remains visible after the measuring process. A further advantage: the result is shown in either centimeters or in centimeters/inches.

[image: image21.jpg]



Figure 2.2.5 216 Accu-Hite Measuring DeviceStadiometer
2.2.6 420 Measure All - Portable Measuring Board
This sturdy, Baltic birch and maple measuring board features a water-resistant finish and an adjustable shoulder strap. It's lightweight, compact when folded and measures anyone from infants to adults. Best of all, it can be used vertically, for children and adults, or horizontally, for infants or recumbent lengths.
[image: image22.jpg]



Figure 2.2.6 420 Measure All - Portable Measuring Board
2.2.7222 Wall Mounted Stadiometer
The seca 222 Wall Mounted Stadiometer is a ful length stadiometer that raises from floor length. Made of sturdy anodized aluminum, the seca 222 wall mounted stadiometer comes with a foot plate for increased stability. seca has incorporated an additional four-inch head plate to this stadiometer to ensure further accuracy. 

The seca 222 Wall Mounted Stadiometer offers easier readings since the seca 222 telescopes up to eye level.
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Figure 2.2.7222 Wall Mounted Stadiometer
2.2.8202 Full-length Stadiometer
The seca 202 Wall Mounted Stadiometer is a telescopic personal measuring rod for wall mounting. The key feature of the seca 202 measuring rod is the incredible one millimeter accuracy.
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Figure 2.2.8202 Full-length stadiometer
CHAPTER 3

DESIGN OF THE ULTRASONIC MEASURING HEIGHT DEVICES
3.1 Overview
This Chapter briefly describes the features of the ultrasonic measuring height device designed and developed by the author. The actual hardware and software details of the designed system are given in later Chapters.

3.2
The Designed Ultrasonic Measuring Height Device
The block diagram of  theultrasonic measuring height device designed and developed by the author is shown in Figure 3.1.
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Figure 3.1 Ultrasonic measurement technique

The device basically consists of the following parts:
· An Ultrasonic sensor chip

· A microcontroller development system

· An LCD display
The basic operation of the device is described below:

Our sensor starts to provide sound waves untill has a matter in front of the waves.Providing sound waves and receiving the sound waves are controlled by microcontroller.The time between provided sound waves untill reflected sound waves received back gives us a “t” value which we will caculate the distance, but we have to get half of “t” value for preventig to get time two time. The calculation will be done by using general speed equation(distance=time*speed).The time “t/2” will be measured by our system,the speed of sound waves in air is 340 m/sec . By multiplying those two values, distance will be found. In the end,we can measured a height of some body by subtractcalculated distance from the height which is the sensor placed . Finally the height will be shown on the LCD.

CHAPTER 4

THE HARDWARE

4.1 Overview
This Chapter describes the function of each hardware element used in the design of the ultrasonic height measurement device.

4.2 Ultrasonic Sensor
Ultrasonic sensors (also known as transceivers when they both send and receive) work on a principle similar to radar or sonar which evaluate attributes of a target by interpreting the echoes from radio or sound waves respectively. Ultrasonic sensors generate high frequency sound waves and evaluate the echo which is received back by the sensor. Sensors calculate the time interval between sending the signal and receiving the echo to determine the distance to an object.

In our graduation project, we use PING))) Ultrasonic Distance Sensor[10].The PING)))™ Ultrasonic Distance Sensor is an all-in-one module for accurately measuring distances between itself and objects nearby. The effective range is from about 1 inch to 10 feet (2 centimeters to 3 meters). The Ping sensor consumes only modest power, and is ideal for use in mobile robots, security systems, and any other application for detecting nearby objects, or measuring their distance from the sensor.

In operation, object detection or distance measurement is initiated by sending a short high frequency (40 kHz) tone from the Ping module. The time it takes to detect the return echo represents the distance between the Ping module and any objects in front of it. Using basic arithmetic, we can convert the amount of delay of the echo to inches or centimeters. The sound frequencies used in the Ping sensor are in the ultrasonic range, and are beyond human hearing.
Our sensor is able to make those functions:

· Detects nearby objects within a range of 1 inch to 10 feet

· Measures distances using high frequency sound

· Simple signal connection requires just a single wire interface

Dimensions of The sensor;

[image: image2.emf]
Figure 4.2 Ultrasonic Sensor.a(Dimensions of The sensor)

[image: image3.emf]
Figure 4.2 Ultrasonic Sensor.b(Dimensions of The sensor)
Here is the shematic view of the our sensor;

[image: image25.emf]
         *GND- Ground (Vss)

        *5 V- 5 VDC (Vdd)

*SIG- Signal (I/O pin)

Figure 4.2 UltrasonicSensor.c(shematic view of the our sensor)
4.2.1 Theory Of Operations

The PING))) sensor detects objects by emitting a short ultrasonic burst and then "listening" for the echo.Under control of a host microcontroller (trigger pulse), the sensor emits a short 40 kHz (ultrasonic) burst.This burst travels through the air at about 1130 feet per second, hits an object and then bounces back tothe sensor. The PING))) sensor provides an output pulse to the host that will terminate when the echois detected, hence the width of this pulse corresponds to the distance to the target.
[image: image4.emf]
Figure 4.2.1 Theory Of Using Ultrasonic Sensor

4.3 The Ready for PIC KIT Wıth  Microcontroller Development System
In our graduation project,we use ready for PIC kit with PIC18F45K22 microcontroller. That ready to pic kit is available to operate with PIC16F887 microcontroller too. During this part of our project, we will mention both microcontroller represented. Our project will be completed by combining PING))) Ultrasonic Distance Sensor and displaying height on the LCD.
First of all, we will mention about the kit that we use in our graduation project. Ready for PIC®Board[8] is the best solutionfor fast and simple development of various microcontroller applications. The boardis equipped with the PIC18F45K22(orPIC16F887)MCU that is placed in DIP 40 socket andcontains male headers and connectionpads for all available microcontroller ports.The pins are grouped according to theirfunctions, which is clearly indicated on thesilkscreen. The MCU comes pre programmedwith mikroBootloader, but it can also beprogrammed with mikroProg™ programmer.The board also contains USB-UART module,prototyping area and a power supply circuit.It is specially designed to fit into the special white plastic casing so that we can turnyour PIC project into a final product.
Here is our kit that we use in our project and its basic components;
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Figure 4.3 The Ready for PIC KIT

4.3.1 Outter screw holes
These 6mm screw holes are used for enclosing white plastic casing.

[image: image26.png]



Figure 4.3.1 Outter screw holes
4.3.2 IDC10 PORT headers
All microcontroller pins are available through four IDC10 connectors. They enable us to easily attach many peripheral modules. Our kit is created by 4 ports. Those are PORTA,PORTB,PORTC and PORTD.

[image: image27.png]



Figure 4.3.2 IDC10 PORT headers
4.3.4 Breadboard
Place our additional components on available prototyping area and expand your Ready for PIC with additional functionalities.
[image: image28.png]



Figure 4.3.4 Breadboard
4.3.4 Power LED
Power LED turns on when power supply is brought either using USB cable, or via external power connectors.

[image: image29.png]



Figure 4.3.4 Power LED
4.3.5 Crystal oscillator
On-board 8MHz crystal oscillator provides stable external clock to the PIC18F45K22 microcontroller and enables fast UART bootloader baudrates.

[image: image30.png]



Figure 4.3.5 Crystal oscillator
4.3.6 Communication LEDs
Board contains specialized RX and TX LEDs for monitoring UART communication.

[image: image31.png]



Figure 4.3.6 Communication LEDs
4.3.7 FTDI chip
FTDI chip allows your Ready for PIC board to be connected with a PC through USB cable over UART connection.

[image: image32.png]



Figure 4.3.7FTDI chip
4.3.8 USB connector
Fast on-board FTDI chip with USB connector, allow us to communicate with a PC or other UART devices using USB-UART connection.

[image: image33.png]



Figure 4.3.8 USB connector
4.3.9 Power connector
Standard power connector is available for providing external power supply to our Ready for PIC board. We can provide 7-23V AC and 9-32V DC.

[image: image34.png]



Figure 4.3.9 Power connector
4.3.10 Power Screw Terminal
For more easier connectivity Ready for PIC also contains screw terminals for providing external power supply. You can provide 7-23V AC and 9-32V DC.

[image: image35.png]



Figure 4.3.10 Power Screw Terminal
4.3.11 Power Regulator
On board power regulators for 3.3V and 5V ensure that each part of the board gets neccessary stable voltage and current levels.

[image: image36.png]



Figure 4.3.11 Power Regulator
4.3.12 mikroProg connector
We can program the board using mikroProg™ external programmer with mikroICD™ support.

[image: image37.png]~MIKROPROG |
p2 CONNECTOR





Figure 4.3.12 mikroProg connector
4.3.13 Reset Button
High quality reset button with surrounding reset circuitry ensures stable reset operation.

[image: image38.png]



Figure 4.3.13 Reset Button
4.3.14 PIC18F45K22
With just enough RAM and Flash, PIC18F45K22 microcontroller will provide us with enough power for most of your projects.

[image: image39.png]bootload





Figure 4.3.14 PIC18F45K22
A microcontroller (also MCU or µC) is a small computer on a single integrated circuit consisting of a relatively simple CPU combined with support functions such as a crystal oscillator, timers, watchdog, serial and analog I/O etc. Program memory in the form of NOR flash or OTP

HYPERLINK "http://en.wikipedia.org/wiki/ROM" \o "ROM"
ROM is also often included on chip, as well as a, typically small, read/write memory. 

Microcontrollers are used in automatically controlled products and devices, such as automobile engine control systems, remote controls, office machines, appliances, power tools, toys and our aim medicine. 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.
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Figure 4.3.14 components of a typical  microcontroller

Microcontroller Components
4.3.14.1 Read Only Memory (ROM)

Read Only Memory (ROM) is a type of memory used to permanently save the program being executed. The size of the program that can be written depends on the size of this memory. ROM can be built in the microcontroller or added as an external chip, which depends on the type of the microcontroller. Both options have some disadvantages. If ROM is added as an external chip, the microcontroller is cheaper and the program can be considerably longer. At the same time, a number of available pins is reduced as the microcontroller uses its own input/output ports for connection to the chip. The internal ROM is usually smaller and more expensive, but leaves more pins available for connecting to peripheral environment. The size of ROM ranges from 512B to 64KB.

4.3.14.2 Random Access Memory (RAM)

Random Access Memory (RAM) is a type of memory used for temporary storing data and intermediate results created and used during the operation of the microcontrollers. The content of this memory is cleared once the power supply is off. For example, if the program performes an addition, it is necessary to have a register standing for what in everyday life is called the “sum” . For that purpose, one of the registers in RAM is called the "sum" and used for storing results of addition. The size of RAM goes up to a few KBs.

4.3.14.3 Electrically Erasable Programmable ROM (EEPROM)

The EEPROM is a special type of memory not contained in all microcontrollers. Its contents may be changed during program execution (similar to RAM ), but remains permanently saved even after the loss of power (similar to ROM). It is often used to store values, created and used during operation (such as calibration values, codes, values to count up to etc.), which must be saved after turning the power supply off. A disadvantage of this memory is that the process of programming is relatively slow. It is measured in miliseconds.
4.3.14.4 Special Function Registers (SFR)
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Special function registers are part of RAM memory. Their purpose is predefined by the manufacturer and cannot be changed therefore. Since their bits are physically connected to particular circuits within the microcontroller, such as A/D converter, serial communication module etc., any change of their state directly affects the operation of the microcontroller or some of the circuits. For example, writing zero or one to the SFR controlling an input/output port causes the appropriate port pin to be configured as input or output. In other words, each bit of this register controls the function of one single pin.In figure 4.3.14.4 you can see diagram of SFR
Figure 4.3.14.4 Special Function Registers (SFR)
4.3.14.5 Program Counter

Program Counter is an engine running the program and points to the memory address containing the next instruction to execute. After each instruction execution, the value of the counter is incremented by 1. For this reason, the program executes only one instruction at a time just as it is written. However…the value of the program counter can be changed at any moment, which causes a “jump” to a new memory location. This is how subroutines and branch instructions are executed. After jumping, the counter resumes even and monotonous automatic counting +1, +1, +1…

4.3.14.6 Central Processor Unit (CPU)

As its name suggests, this is a unit which monitors and controls all processes within the microcontroller and the user cannot affect its work. It consists of several smaller subunits, of which the most important are:

· Instruction decoder is a part of the electronics which recognizes program instructions and runs other circuits on the basis of that. The abilities of this circuit are expressed in the "instruction set" which is different for each microcontroller family.

· Arithmetical Logical Unit (ALU) performs all mathematical and logical operations upon data.

· Accumulator is an SFR closely related to the operation of ALU. It is a kind of working desk used for storing all data upon which some operations should be executed (addition, shift etc.). It also stores the results ready for use in further processing. One of the SFRs, called the Status Register, is closely related to the accumulator, showing at any given time the "status" of a number stored in the accumulator (the number is greater or less than zero etc.).

4.3.14.7 Input/output ports (I/O Ports)

In order to make the microcontroller useful, it is necessary to connect it to peripheral devices. Each microcontroller has one or more registers (called a port) connected to the microcontrollerpins.In figure 4.3.14.7 you can see diagram of ports

[image: image7.png]o
w
3
3 e el e Io
E ool llo ol 1|fo] 1 [seecial Function
g Ragisirs
EETTEETE &
§ [ e
8 oJoll1]1]ofl1] o] 2] "Regmier
H
e |l T nput/ Output i
"
10
w
Sonsor
|-

]

2op}





Figure 4.3.14.7Input/output ports (I/O Ports)
4.3.14.8 Oscillator

Even pulses generated by the oscillator enable harmonic and synchronous operation of all circuits within the microcontroller. It is usually configured as to use quartz-crystal or ceramics resonator for frequency stabilization. It can also operate without elements for frequency stabilization (like RC oscillator). It is important to say that program instructions are not executed at the rate imposed by the oscillator itself, but several times slower. It happens because each instruction is executed in several steps. For some microcontrollers, the same number of cycles is needed to execute any instruction, while it's different for other microcontrollers. Accordingly, if the system uses quartz crystal with a frequency of 20MHz, the execution time of an instruction is not expected 50nS, but 200, 400 or even 800 nS, depending on the type of the microcontroller.In figure 4.3.14.8 you can see diagram of oscillator
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Figure 4.3.14.8 Oscillator

4.3.14.9 Timers/Counters

Most programs use these miniature electronic "stopwatches" in their operation. These are commonly 8- or 16-bit SFRs the contents of which is automatically incremented by each coming pulse. Once the register is completely loaded, an interrupt is generated.
If these registers use an internal quartz oscillator as a clock source, then it is possible to measure the time between two events (if the register value is T1 at the moment measurement has started, and T2 at the moment it has finished, then the elapsed time is equal to the result of subtraction T2-T1 ). If the registers use pulses coming from external source, then such a timer is turned into a counter.

This is only a simple explanation of the operation itself. It’s somehow more complicated in practice.In figure 4.3.14.9 you can see diagram of timer.
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Figure 4.3.14.9 Timers/Counters
4.3.14.10 Watchdog timer

The Watchdog Timer is a timer connected to a completely separate RC oscillator within the microcontroller.

If the watchdog timer is enabled, every time it counts up to the program end, the microcontroller reset occurs and program execution starts from the first instruction. The point is to prevent this from happening by using a special command. The whole idea is based on the fact that every program is executed in several longer or shorter loops.

If instructions resetting the watchdog timer are set at the appropriate program locations, besides commands being regularly executed, then the operation of the watchdog timer will not affect the program execution.

If for any reason (usually electrical noise in industry), the program counter "gets stuck" at some memory location from which there is no return, the watchdog will not be cleared, so the register’s value being constantly incremented will reach the maximum et voila! Reset occurs.

4.3.14.11 Power Supply Circuit

There are two things worth attention concerning the microcontroller power supply circuit:

· Brown out is a potentially dangerous state which occurs at the moment the microcontroller is being turned off or when power supply voltage drops to the lowest level due to electric noise. As the microcontroller consists of several circuits which have different operating voltage levels, this can causeits out of control performance. In order to prevent it, the microcontroller usually has a circuit for brown out reset built-in. This circuit immediately resets the whole electronics when the voltage level drops below the lower limit.

· Reset pin is usually referred to as Master Clear Reset (MCLR) and serves for external reset of the microcontroller by applying logic zero (0) or one (1) depending on the type of the microcontroller. In case the brown out is not built in the microcontroller, a simple external circuit for brown out reset can be connected to this pin.
4.3.14.12 Serial communication

Parallel connections between the microcontroller and peripherals established over I/O ports are the ideal solution for shorter distances up to several meters. However, in other cases, when it is necessary to establish communication between two devices on longer distances it is obviously not possible to use parallel connections. Then, serial communication is the best solution.

Today, most microcontrollers have several different systems for serial communication built in as a standard equipment. Which of them will be used depends on many factors of which the most important are:

· How many devices the microcontroller has to exchange data with?

· How fast the data exchange has to be?

· What is the distance between devices?

· Is it necessary to send and receive data simultaneously?
One of the most important things concerning serial communication is the Protocol which should be strictly observed. It is a set of rules which must be applied in order that devices can correctly interpret data they mutually exchange. Fortunately, the microcontrollers automatically take care of this, so the work of the programmer/user is reduced to a simple write (data to be sent) and read (received data).

Here you can see the pin configurations of PIC18F45K22 for serial communications;
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Figure 4.3.14.12 Serial communication

4.4 The LCD
The LCD module helps us to display output from our programs. Both text and numeric data can be displayed on the LCD screen. Most LCDs are designed using the Hitachi HD44780 controller chip. The LCD is basically parallel device and can be driven directly from the microcontroller I/O ports. The LCD used in the design was a 2 row by 16 column alphanumeric LCD. The LCD is interfaced to the microcontroller using 4 data lines and 2 control lines.

4.5
The Circuit Diagram of The Designed Ultrasonic Measuring Height Device
Here you can see fully designed ultrasonic measuring height device.The device is operated from a PIC18F45K22 type microcontroller with a 8MHz crystal clock for timing. The PING))) ultrasonic distance sensor  is connected to analog port RD0 of the microcontroller. The LCD is connected to PORT B of the microcontroller using a 4-bit data and 2-bit control lines as;
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Figure 4.5
The Circuit Diagram of The Designed Ultrasonic Measuring Height Device
CHAPTER 5

THE SOFTWARE

5.1
Overview
This Chapter is about the software of the designed ultrasonic height measurement device. The operation of the software is given in detail in the Chapter.

5.2
The Software
The software of the ultrasonic height measurement device is based on mikroC language, developed by mikroElektronika. mikroC is one of the popular C languages developed for PIC microcontrollers. The language supports a large number of library functions for peripheral devices such as RS232, RS485, CAN bus, A/D converter, USB bus, compact flash, SD card, Lcd, GLCD, and many more.

This project measures the height of a person using a microcontroller based system.
The system is based on using a microcontroller development board together with an ultrasonic distance measuring module. The operation of the project is as follows:

The ultrasonic distance measuring sensor is mounted on a frame with height H andthe person whose height is to be measured stands right under this sensor. The microcontroller operates the ultrasonic sensor and finds the distance between the sensor and person's head. If this distance is h, then the height of the person is found as:

Height of person = H - h

The READY FOR PIC development board is used in this project. This is a small development board with on-board microcontroller. The PIC18F45K22 microcontroller is used in the design. This is a high-end microcontroller, operated from an

external crystal with 8MHz. The internal oscillator frequency is multiplied by 4xand thus the operating frequency of the mirocontroller is actually 32MHz. At thisfrequency, the actual isntructio cycle time is 32/4 = 8MHz, or the period is T = 0.125 microseconds.

The distance is found by activating the ultrasonic module and sending a pulse to the object (head in this case). The time between sending the pulse and theecho received is measured. Then half of this time is taken. By knowing the speed of sound in air we can then calculate teh actual distance to the object.The program then subtracts the found value from H and calculates the height ofthe person.

The operation of the program can be summarized as follows (this description isshown in the form of a Program Description Language):

BEGIN

  Initialize I/O ports

  Initialize LCD

  Send start-up message to the LCD

  DO FOREVER

     Send a pulse to the ultrasonic module

     Start timer

     Wait until echo pulse is received

     Calculate the elapsed time

     Divide the time by 2 to find the time to the object

     Calculate the distance to the object (h)

     Calculate the height of the person (H-h)

     Display the height of the person on the LCD

     Wait 1 second

  ENDDO

END

A 2x16 LCD is connected to PORT B of the microcontroller. This LCD shows theheight of the person in cm. In addition, the ultrasonci module is connected tobit 0 of PORT D (RD0) of the microcontroller. This pin is configured both asan input and as an output.

Timer 0 of the microcontroller is used in the project. The timer is configured tooperate in 16-bit mode and the count time of 1 microsecond. i.e. the timerPrescaler is set to 8 (8 x 0.125 = 1 microsecond). Thus, assuming that the measuredtime is Tm, then the distance to the object will be (assuming that the speed ofsound in air is 340m/s, or 34cm/ms, or 0.034cm/us):

         T = Tm/2                 (time T to the object in microseconds)

         h = 0.034 * T            (Distance = Speed x Time, where h is in cm)

Note that Tm is the total time in microseconds measured by the timer.The distance (h) in the above equation is in centimetres and the time(T) is inmicroseconds.

The above operation requires floting point arithmetic. Instead, we can use longinteger arithmetic as follows:

        h = 34 * T / 1000

where T is a long integer.

CHAPTER 6

APPLICATIONS
In this chapter,we have tested the sensitivity of our system by using it as a range finder and then we use it as a height measurement system. Firstly we put an object in front of the sensor and  further it 5cm by 5cm until 1m. Measured  values were satisfied as;

Dist(cm)              M easured Dist(cm)
5                             5

10                           10

15                           15

20                           20

25                           25

30                           30

35                           35

40                          40

45                          45

50                          50

55                          55

60                          60

65                          65

70                          70

75                         75

80                         79~80

85                         84~85

90                         89~90

95                         95~94

100                       99

As a result,the sensitivity of measurement is  ~%98 correct . After 75cm, the %2 tolerance will be occurred. This tolerance was occured caused by non-detection of object from the sensor. Because of the sensor shape ,produced sound waves expands in a wide fields after 70-80cm range, so it will be harder to detect small objects by the sensor.

After defining the sensitivity of the system,we use it as a height measurement devices. Here you can see the working of our project in each step:
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Figure 6.1 .Placing the sensor at a height of 2m
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Figure 6.2 Connecting the USB port to alaptop for supplying power..
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Figure 6.3 Taking measurement.
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Figure 6.4 Operation had been started(a).
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Figure 6.5 Displaying loading(b).
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Figure 6.6 Displaying loading(c).
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Figure 6.7 Displaying loading(d).
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Figure 6.8 Displaying loading(e).
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Figure 6.9 Experimental setup.
CHAPTER 7

RESULTS AND DISCUSSION
The device is operated from a PIC18F45K22 type microcontroller with a 8MHz crystal clock for timing. The PING))) ultrasonic distance sensor  is connected to analog port RD0 of the microcontroller. The LCD is connected to PORT B of the microcontroller using a 4-bit data and 2-bit control lines.

The device designed by the author can be improved by the following additions or modifications:

· The circuit can be implemented on a printed circuit board

· Parts of the circuit can be miniaturized by using small footprint components

· Voice messages can be added to the device to make it user friendly
· Adding our height measurement of somebody system with bone desitometry device: Bone densitometry is a machine that measures bone density to diagonese osteoporosis ın women. During each scan, the operator has to measure the patient’s weight and height and then enters to the devices. If we combine the device with weight and height measurement we can completely prevent the operator’s defect.
· Adding our height measurement system with a computer system to save the height and height changes: This combining system is able to use in peadiatrics’ clinic to measure children’s height,save the heights, compere with the latest value with the newest and then give warning  if  there was a problem during the growing rate of height.
It is hoped that the voice output novelty implemented in this design can be used by the manufacturers of the commercial measuring height devices.

CHAPTER 8

CONCLUSIONS
Overall our project went as planned.The aim of this project was to design and fabricate an electronic gadget that can measure human height with the help of the micro-controller and the ultrasonic transducers as theoretically then experimentally. 

In theoretically parts of our project,we have searched articles that was related our project to create an idea in our minds. Then we started to build our project by defining the equipments. In the end, we combined these equipments with each other and finished by adding future part.

In experimentally parts of our project,we have combined PING))) ultrasonic distance sensor and LCD screen to Ready For PIC KIT. Then we have programmed PIC18F45K22 microcontroller by using MicroC compiler. In the end, we have tested our system as range finder for defining its sensitivity upon any object andwe have finished our project as  using it as a height measurement device.

As a summary,we have designed and fabricated an electronic gadget that can measure human height with the following features;

· Low cost

· Portable

· Can be  operated any 9V DC adaptore or any USB/UART supply
· LCD output 
· Reliable and definite measurements
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APPENDIX

THE COMPLETE PROGRAM LISTING

// LCD module connections

sbit LCD_RS at LATB2_bit;

sbit LCD_EN at LATB3_bit;

sbit LCD_D4 at LATB4_bit;

sbit LCD_D5 at LATB5_bit;

sbit LCD_D6 at LATB6_bit;

sbit LCD_D7 at LATB7_bit;

sbitLCD_RS_Direction at TRISB2_bit;

sbitLCD_EN_Direction at TRISB3_bit;

sbit LCD_D4_Direction at TRISB4_bit;

sbit LCD_D5_Direction at TRISB5_bit;

sbit LCD_D6_Direction at TRISB6_bit;

sbit LCD_D7_Direction at TRISB7_bit;

// End LCD module connections

// Ultrasonic module connection

sbit Ultrasonic at RD0_bit;

sbitUltrasonic_Direction at TRISD0_bit;

/***************** BEGINNING OF MAIN PROGRAM *************************/

void main()

{

unsigned long Tm;

unsigned char Tl, Th;

unsignedint h;

char Txt[7];

     ANSELB = 0;                               // PORT B is digital

     ANSELD = 0;                               // PORT D is digital

Lcd_Init();

Lcd_Out(1,1,"   ***NEU*** ");

Lcd_Out(2,1,"    **BME** ");

Lcd_Cmd(_LCD_CURSOR_OFF);

Delay_Ms(10000);

Lcd_Init();

Lcd_Out(1,1," **ULTRASONIC**");

Lcd_Out(2,1,"  **PROJECT**");

Lcd_Cmd(_LCD_CURSOR_OFF);

Delay_Ms(10000);

Lcd_Init();

Lcd_Out(1,1,"KEMAL M. OZTURNA");

Lcd_Out(2,1,"  -20080063- ");

Lcd_Cmd(_LCD_CURSOR_OFF);

Delay_Ms(10000);

Lcd_Init();

Lcd_Out(1,1,"  SERIFE KABA");

Lcd_Out(2,1,"  -20080071- ");

Lcd_Cmd(_LCD_CURSOR_OFF);

Delay_Ms(10000);

Lcd_Init();

Lcd_Out(1,1,"  EZEL YILMAZ");

Lcd_Out(2,1,"  -20081148- ");

Lcd_Cmd(_LCD_CURSOR_OFF);

Delay_Ms(10000);

//

// Configure Timer 0 to operate in 16-bit mode with 1 microsecond time

//

     T0CON = 0x02;                        // Prescaler=8, 16-bit mode

//

// Start of program loop

// Send a pulse, start timer, get echo, stop timer, calculate distance and display

//

for(;;)

     {

Ultrasonic_Direction = 0;               // PORT D bit 0 in output mode

            TMR0H = 0;                              // Clear high byte of timer

            TMR0L = 0;                              // Clear low byte of timer

            Ultrasonic = 0;

Delay_us(3);

            Ultrasonic = 1;                         // Send a PULSE to Ultrasonic module

Delay_us(5);

            Ultrasonic = 0;

Ultrasonic_Direction = 1;               // PORT D bit 0 in input mode

while(Ultrasonic == 0);                 // Wait until echo is received

            T0CON.TMR0ON = 1;

while(Ultrasonic == 1);

            T0CON.TMR0ON = 0;                       // Stop timer

Tl = TMR0L;                             // Read timer low byte

Th = TMR0H;                             // Read timer high byte

            Tm = Th*256 + Tl;                       // Timer as 16 bit value

            //

            // Now find the distance

            Tm = Tm / 2;                            // Half the time

            Tm = 34 * Tm;

            Tm = Tm / 1000;                         // Divide by 1000

            h = (unsigned int)Tm;
           h= 200 – h;
            //

            // Now display the distance

            //

IntToStr(h, Txt);

Lcd_Cmd(_LCD_CLEAR);                       // Convert to string

Lcd_Out(1,1, "Distance (cm)");

Lcd_Out(2,1, Txt);                      // Display the distance

            //

            // Wait one second and repeat

            //

Delay_Ms(1000);

     }

}
BME402-Graduation Project II
Page 61

