ABSTRACT

Ground penetrating radar is a non destructive technique for evaluation of subsurface structures in earth, or concrete. To sum that up, it lets us locate rebar, conduits, voids, and other features under the surface of the concrete. It does this by broadcasting low wattage radio waves into the ground, and timing the reflections.

It is very similar to the way that fish finders work, except that it uses radio, where fish finders use sound. In both cases, the return signal is timed very accurately, and the echoes are translated, and displayed visually, in a form that trained users can then interpret.

Radio waves travel around us constantly. They are in the air, in the earth, in electrical systems. They can penetrate surfaces that light(visible) can not. That is why you can use your cellular phone in a room with no windows.


l. INTRODUCTION

Landmines and unexploded ordinance (UXO) are a legacy of war, insurrection, and guerilla activity. Landmines kill and main approximately 26,000 people annually. In Cambodia, whole areas of arabie land cannot be farmed due to the threat of Landmines. United Nations relief operations are made more difficult and dangerous due to the mining of roads. Current demining techniques are heavily reliant on metal detectors and prodders.

Technologies used for Landmines detection are metal detectors which are capable of finding even low metal content mines in mineralized solids, Nuclear magnetic resonance, fast neutron activation and thermal neutron activation, Thermal imaging and electro-optical sensors, Biological sensors such as dogs, pigs, bees and birds, chemical sensors such as thermal florescence- detect airborne and water borne prescience of explosive vapors.

Because of the difficulty detecting the tiny amounts of metal in a plastic Landniines with a metal detector, technology development as been funded in other variety of geophysical surface imaging application including utility mapping and hazardous waste container location and has been actively applied to the problem of landmines detection for nearly 20 years. When parameters such as frequency range, antenna size, antenna separation, and system timing are optimized for detection of mine sized object in the near subsurface. GROUNDING PENITRA TING RADAR is quite effective in detective both metal and plastic Landmines in a variety of soils. In this discussion, we will concentrate on GPR.

2 BLOCK DIAGRAM

There are two distinct types of GPR system, time domain and frequency domain. Time domain or impulses GPR transmits discrete pulses of nanosecond duration and digitizes the returns at GHz sample rates. Frequency domain GPR systems transmit single frequencies either uniquely as a series of frequency steps or as a chirp. The amplitude and phase of the return signal is measured. The resulting data is converted to the time domain; GPR operates by detecting the dielectric contrasts in the soils, which allows it to locate even nonmetallic mines.

In this discussion we deal with buried anti-tank (A T) and antipersonnel (AP) Landmines which require close approach or contact to activate. AT mines ranges from about 15 to 35 cm in size. They are typically buried up to 40 cm deep. But they can also be deployed on the surface of a road to block a column of machinery. AP mines ranges from about 5 to 15cm in size. AT which are designed to kill the maim people.

GPR is quite effective in detecting both metal and plastic Landmines in a variety of soils. The depth of penetration is a function of both the frequency range produced and the soil at attenuation. Lower frequency components penetrate further, but it is a higher frequency component that is necessary to image and resolve smaller targets. Both impulses based and swept frequency GPR system have been employed in Army sponsored research program. Generally a system with a bandwidth of roughly 1 to 4 GHz is effective for detection of landmines.

Ultimately, GPR images the dielectric property of the soils and any discontinues appear as signal, if s011 were perfectly homogenous; a discontinuity caused by a landmine would stand out as an anomaly against the background. Unfortunately, even under near-ideal test track conditions, soil itself is a remarkably inhomogeneous medium, and false alarms are easily generated from the background itself.

Because of this, automatic target recognition (ATR) algorithms employed by impulses - based GPR systems typically calculate and remove background and try to detect the hyperbolic signatures that are characteristic in size and shape of landmine targets in GEO - Centers 400 series energy in focusing ground penetration radar (EFGPR) we employ a fuzzy logic- based algorithm that use protypes or feature sets, for landmines and protypes than to clutter. At each location in data set, we lock in side a neighborhood of adjacent points, extract a feature set and calculate if the feature set is closer to the mine prototypes. The output is a plan view, outputting targets reports when a blob is of an appropriate size and shape.

BLOCK DIAGRAM





3. WORKING OF GPR

IMPULSE GENERATOR

The pulse generator delivered by SATIS Co. produces 0.8 ns mono cycle pulses. The unique feature of this generator is its small trailing oscillations which are below 2.4% of maximum amplitude during the first 2ns and below 0.5% afterwards The advantages of monocyde in comparison with a mono piles is that the frequency spectrum of the first one decreases to zero at low frequency spectrum of the second one has a global maximum there. As a result, the magnitude of the filed radiated by a system fed by a mononpulse with the same magnitude.
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The generator spectrum covers a wide frequency band from 500MHz till 2GHz on 3 dB level. At frequencies below 1 GHz attenuation losses in the ground are small and considerable penetration depth can be achieved.However, landmines detection requires down range resolution of the order of several sentimentally that the O.8ns monocycles satisfy penetration and resolution requirements. This output signals from O.8ns generator is shown in figure. The spectrum of this pulse has a maximum at frequencies where the attenuation losses in the ground start to increase. So the spectral of the monocycle below this maximum penetrates deep into the ground and the spectral content above this maximum provides sufficient down range resolution.
ANTENNA SYSTEM

The antenna system is the one of the most critical parts GPR system because its performance depends strongly on the antenna system. The antenna system should satisfy a number of demands. The antenna system contains transmitter and receiver. The transmit antenna should:

· Radiate short ultra - wide band pulse with small ringing.

· Radiate electromagnetic energy v,:ith in a narrow cone in order to filter out undesirable back scattering from surrounding objects

· Produce an optimal footprint on the ground surface and below it.

· The waveform of the radiated field on the surface and in the ground should be the same.

The receiver antenna should:

· Allow time windowing to isolate the direct air wave form ground reflection. 
· Provide sufficient sensitivity in order to receive very fields. 
· Receive the field in a local point: effective aperture should not be larger than 1 cm.

Be elevated at least 10cm above the ground surface. Additionally a possibility to measure simultaneously backscattered field in two orthogonal polarizations are desirable.

PULSE EXTENDER

Pulse extender will amplify the ground signal up to the max level acquired by AID converter.

A/D CONVERTER

The transmitter sends out a series of electromagnetic pulses then listens with the receiver connected to high speed sampler which in turn feeds , A/D converter. A dielectric anomaly in the soil may cause the signal to be reflected back to a separate receiver antenna. This information is converted from nanoseconds to millisecond S0 that it may be digitized by a conventional AID converter for processing and display. The center frequency and bandwidth of the transmitted power can be varied by changing the antenna and are chosen with respect to the required depth of penetration, soil type and size of the objected to detect. In this experiment, we used the antennas with a center frequency l.4GHz and 80% bandwidth. The precision of the sampling converter is sufficiently high to do accurate measurements of scattered transient field. This AID converter 12 bit accuracy. This provides 66dB linear dynamic ranges. AID converter converts the signals into digital signal which passes to the processor:

PROCESSOR

A/D converter converts the signal to digital signal which passes to the processor.

Processor filters the signal. The signal shows presence or absence of surrogate mine in the soil. Processor allows passing the presence of mine detecting signal processor selects the mine detecting signal and passes to the visual display.

VISUAL DISPLAY

Visual display helps to see the targets. It display the exact position of landmine.

4. DISPLAY PROCESSOS

The measurements from a two dimensional matrix, refereed to as a radar gram or B scan and A scan used for visual inspection of data on the acqution computer and in laboratory analysis.

A SCAN

Impulse GPR produces measurements of electromagnetic field scattered from the subsurface. This is detecting the graphs as shown in figure.

A scan is a method for detecting the presence and absence of surrogate mine in clay soil. The electromagnetic field is scattered by GPR. Scattering pulses are detecting by graph. This graph is amplitude V s time. This graph is helpful to find the landmine and is used for visual inspection. The normal pulses are showing the absence of mines. The amplitude of the pulses are as compared to other area. This shows the presence of mine .So we can detect the presence of mine that clay.
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BSCAN

A scan shows the presence of mine but we cannot expect target. This problem is solving in B scan or radar gram is used to visualize the target of surrogate mine. A sample radar gram is shown in figure. This showing the target at approximately 55cm and 100cm B scan calculating the distance from the soil to the mine. In this sample radar gram showing the exact position.
A scan and B scan is used for laboratory analysis. A return at a certain position along the distance axis is called an A scan. B scan is a graph is a graph which is time delay V s distance. So B scan helps to calculate the penetration lenth. This graph helps to calculate the distance from ground to the mine.

[image: image4.jpg]DISTANCE [CHM]
0 1020 3040 5060 7080 90

TIME [NSEC]

0
2
3
4
5
6
7
(=)
3





5. DESCRIPTION OF GPR

Ground penetrating radar is a non destructive technique for evaluation of subsurface structures in earth, or concrete. To sum that up, it lets us locate rebar, conduits, voids, and other features under the surface of the concrete. It does this by broadcasting low wattage radio waves into the ground, and timing the reflections.

It is very similar to the way that fish finders work, except that it uses radio, where fish finders use sound. In both cases, the return signal is timed very accurately, and the echoes are translated, and displayed visually, in a form that trained users can then interpret.

Radio waves travel around us constantly. They are in the air, in the earth, in electrical systems. They can penetrate surfaces that light(visible) can not. That is why you can use your cellular phone in a room with no windows.

Of course, the penetration of radio waves is not complete. Thus, in most parking garages, and basements, the reception cuts out on your phone.

This is because the radio signals reflect, and bounce off changing surfaces, scattering in every direction. If you have a piece of technology that can accurately gauge the time it takes for the radio to travel to an object, hit that object, and scatter back to the original source, you can estimate the distance away from that object, even if you can’t see it.

RADAR is an acronym coined in 1934 for Radio Detection And Ranging. The first ground penetrating radar survey was performed in Austria in 1929 to sound the depth of a glacier. The technology was largely forgotten (despite more than 36 patents filed between 1936 and 1971 that might loosely be called subsurface radar) until the late 1950's when U.S. Air Force radar's were seeing through ice as planes tried to land in Greenland, but misread the altitude and crashed into the ice. This started investigations into the ability of radar to see into the subsurface not only for ice sounding but also mapping subsoil properties and the water table. A system much like Stem's original glacier sounder was proposed, and eventually built and flown as the Surface Electrical Properties Experiment on Apollo 17 to the moon. Before the early 1970's, if you wanted to do GPR, you had to build your own. In 1972, Rex Morey and Art Drake began Geophysical Survey Systems Inc. to sell commercial ground penetrating radar systems. Thus began an explosion of applications, publications, and research, fostered in great part by research contracts from the Geological Survey of Canada, the U.S. Army Cold Regions Research and Engineering Laboratory (CRREL), and others. There are now over 300 patents that might loosely be related to ground penetrating radar around the world, several companies making commercial equipment, many companies offering it as a service, and many institutions performing research.

Ground penetrating radar generates wave-data tables. The horizontal axis shows the distance traveled, and the vertical axis displays the time (in nanoseconds, or picoseconds) that the radio took to be broadcast, reflect, and return. In many cases, only part of the wave is reflected, allowing the rest of the signal to continue, and reflect again.

The confusing thing reading the data, is shape interpretation. Because the original signal cannot be directed down, with no spill, it actually catches reflections from a 30 degree cone below the antenna. This means that it can see the objects before it is actually directly over them, but that they appear to be deeper than they are. (because of the horizontal distance) Items that are round appear to be hyperbola's (curved geometric shapes). Pipes, hollow conduits, or large voids produce echoes as the radio waves bounce, and reflect inside of them, resulting in a shape repeating from the top of the feature, all the way to the bottom of the GPR map. Interpretation of the data is important, and difficult. For this reason, it is helpful to know what you expect to find before beginning the data collection.

With GPR, you are not looking at the objects themselves, you are looking at the surface change in dielectric properties. That is just a fancy way of saying that you are looking at differences. Extremely similar objects (ie. rock or stones in concrete) will produce little or no signal change. Objects with exceptionally different properties (air/concrete, steel/concrete) produce extremely sharp signals. This means we can see through concrete, and locate anything which is sufficiently different from concrete. We can also detect differences in density, allowing geophysical antennas to locate backfill, bedrock, and water tables.

If everything looks like the same hyperbola on GPR data maps, then how do you know what you are looking at? The answer is Interpretation. In concrete imaging, 90% or more of the time, you can locate a rebar pattern. This pattern is usually quite regular in spacing, at consistent depth. If you find a pattern like this, then it can be interpreted as rebar. Anything falling outside of this pattern must then be assumed NOT to be rebar. This means it must be one of three things:

· Voids - areas where concrete, or the bed on which the concrete rests have yroded away.

· Post-tension cables - Cables placed into the concrete and tightened to add tensile strength.

· Conduits - Ranging from electrically charged power lines, to network cables, phone, heating, even sewer lines, and other plumbing.

· A trained GPR technician and a field contact with some construction experience can work together to interpret what might be expected under the slab, or trace conduit lines back to their source. Chances are, a plumbing line wont originate at the power box, and in-floor heating wont run from one computer to another. This is what is meant by interpretation.

· Ground Penetrating Radar can be used on any surface, and in any area where radio may be broadcast. There are some limiting factors, however, that must be noted.

· GPR works best when the technician is not fighting gravity. The equipment is not light, and so working from the top down is ideal. It is technically possible to work with our GPR system along ceilings, and working on walls is quite common also, but the system is ideally designed to run upright.

· GPR doesn't like the rain. In fact, GPR doesn't like water. If the moisture content of the material being scanned is too high, or if there is standing water at the surface, the machine has too much of it's signal absorbed. This means that readings are far shallower than would otherwise be possible. In fact, GPR can be used to locate water tables because the signal is absorbed by them.

· GPR is centered around a hand held unit. In order to obtain a reading, we have to be able to reach the area in question. For floors, this is not a problem, but on walls, and ceilings, there is a certain amount of preparation that needs to be done. Ladders or cranes, fall arrest equipment etc.

· GPR requires power. The system broadcasts low wattage signals, but needs AC 11 0 to run. The integrated computer requires a steady source of electricity.

The depth of radar penetration can be quite site specific, and also depends on the broadcast frequency of the antenna.

· Low frequency antennas (less than 150MHz) can actually see quite surprisingly far into the earth. Such antennas are tuned for geophysical work, detecting deep rock structures, lava flows, caverns, sink holes, and mineral patches.
· Medium frequency antennas (250-500MHz) are ideally suited to underground utility locating, and Geo-archaeology. These antennas are also frequently used for profiling ice highways, ensuring that the ice build-up is deep enough to ensure safe driving.

· High frequency antennas( 1000 Mhz) can not see to great depths, and are really only suited to shallow structure location.
APPLICATION

GPR system is used in different types of applications. They are:

1. The GPR system used in construction field.

2. The GPR system used in military applications. Such as finding the mines of metallic and non-metallic land mines.
3. The GPR system used in the mining applications.

4. The GPR system used in refinery technology. Such as oil refinery and other types of refineries.

ADVANTAGES AND DISADVANTAGES

ADVANTAGES

· GPR has accurate measurements.
· GPR locates even small targets.

· It has been well founded by the defense.

· GPR operates by detecting the dielectric soils allows it to locate even nonmetallic mines.

· Biological sensors can only operate for limited periods, but in GPR has no such limits.

· GPR has been tested in different environmental conditions.
DISADVANTAGES

· The sensor such as GPR is larger and heavier.

· GPR is more power  hungry.

· GPR can suffer false alaram rates as high as metal detectors. 

CONCLUSION


Impulse GPR system is using for detecting anti-tank and anti-personal mines. Anti-tank mines are using for destroying the vehicles and antipersonnel mines, which are designated to kill the main people. Currently, very little technology is used in real-world deming activities. Active programes by the US Army in both landmine detection sensor development and integrations are evaluating new technologies, incrementally improving existing technologies, increasing the probability of detection, reducing the false alarm rate, and planning out useful development scenarios. Through interactive build test cycle and blind and scored testing at army mine lanes, steady progress is being made.  
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