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¢ to improve the performance of
Ground Penetrating Radar
deployed on the surface to
provide accurate underground
maps;

* to develop a new underground
radar to provide a look-ahead
capability when mounted
directly on Horizontal
Directional Drilling (HDD)
equipment.

ORFEUS is a Europe-wide project
involving nine organisations. The
Consortium includes major
equipment suppliers, utilities,
consultants, industry research
groups, and academic institutions
already established in using or
supplying ‘no-dig’ technology and
GPR systems; the research
programme comprises the
development of new radar
technology and a field testing
programme.

+44 (0)191 265 4684

Optimised Radar to Find Every Utility in the Street

Street works are a familiar problem; there
are many pipes and cables buried beneath
our streets and maintaining or renewing
them causes major traffic congestion.
Across Europe, streetworks are one of the
major costs for utility, city, or highway
authorities. Recognising this, the European
Commission is supporting research into
how disruption can be reduced, with
funding from the Sixth R&D Framework
Programme (Global Change and
Ecosystems)

One of the keys to reducing problems is a
more accurate knowledge of the location of
buried plant, so that excavation is only
undertaken when absolutely necessary.

There are many techniques used to detect
buried structures and utilities; of these
Ground Probing Radar (GPR) is already
widely used because of its ability to locate
metallic and non-metallic items, such as
plastic pipes, optical fibre cables, cement
and brick structures including ducts and old

SEwers.

The ORFEUS consortium aims to solve the
practical shortcomings of present GPR
systems, so that the technique will be more

For more information or to register an interest in the User Group:
* contact the ORFEUS Consortium Project Manager howard.scott@osys.co.uk

* visit the website: www.orfeus-project.eu

effective in the complex ground conditions
and random back-fill and rubble found
under our streets. In addition to minimising
digging, the technology can assist when
HDD is used by directing bore-heads away
from vulnerable services. ORFEUS will
develop new and better systems and
subject them to a pan-European-field trial
programme. A wide range of test sites are
needed to evaluate the new GPR systems
against present day state-of-the-art
equipment.

The project team welcomes active external
interest in the requirement and evaluation
phases of the work through the ORFEUS
User Group and, in return, will share its
findings as the work progresses. Ultilities,
highway authorities, city municipalities,
mapping agencies, contractors, land
surveyors, or civil engineers who manage,
regulate, map or carry out street-works
throughout Europe are invited to
participate.

The project will run until October 2009
and the investment is €5M, 50% of which
is contributed by the European
Commission and 50% by the nine
Consortium members.
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The ORFEUS Project:

a step change In
Ground Penetrating Radar technology
to locate buried utilities

Guido Manacorda
Engineering Manager
IDS Ingegneria dei Sistemi SpA

—_—
z =
= F
= -

=



Key Issues

e Many pipes and cables are buried beneath our streets
(more than 1,370,000 km gas mains in EU15 countries)

e Damages to underground
apparatus occur frequently
(direct costs + consequential
losses in EU > €10 billion/y)

o Street works are also a familiar =
problem
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Buried assets %

Plans and other records can glve an |nd|cat|on of
what may be found in & v
the underground, but o
the location of all '
buried infrastructure
should be confirmed
by using location
systems




Current location methods

Test pits

Pipe and cable locators’
Marker/warning tapes

Buried marker systems

Acoustic systems

Ground Penetrating Radars (GPR)
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GROUND PENETRATING RADAR (GPR) @

v' The GPR transmits a very
short pulse of e.m. energy into
the material by a transmitting
antenna

v Energy reflected by
discontinuities is captured by a
receiving antenna.

v Depth range & resolution are
related to the radar frequency,
transmitted power, host
material e.m. properties and to
the shape and characteristics of
the targets.
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GPR FINAL OUTPUT

3D CAD map
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Main limitations of current GPRs

o A previous research (the GIGA project) carried out a
careful technical analysis of limitations of this
technology

— penetration depth is limited when the solil is highly
conductive (e.g. wet clay)

— In these soils, detecting any small (less than 20mm), non-
metallic objects beyond a depth of 0.5 metres Is extremely
difficult

« Without further research and development, this
technology will remain of limited use
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% The ORFEUS project

» Collaborative research project with
financial support from the EC

{ _ I{iZ ( :.'

e Started on 2006, Nov. th 1S
ending on 2009, Oct. the 315

. 9organ|za_t|ons 5M€ Investement
€7 " (50% from the EC)
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Orfeus objectives

Provide a step change in the depth penetration and spatial
resolution of GPR

Design a prototype innovative GPR-based real-time
obstacle detection system for Horizontal Directional
Drilling

To increase knowledge of the electrical behaviour of the
ground

Dissemination

— Strong user input (requirement and evaluation phases)

— Periodic user meetings (2 per year) to evaluate major achievements
— Pan-European-field trial programme
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Advanced downward-looking GPR@Q

 High performance, cost effective, ultra-wide band
Stepped Frequency Continuous Wave (SFCW) source
and receiver

e Adaptivity of the radar sensor to the variations in
ground characteristics

e Innovative ultra wide-band antenna design (to closely
match the requirements of target detection)

|

I
\

—

n 4
= -
=



The borehead GPR =

Provide durable antennas and “look-ahead” and
“look-sideways” capabilities

Design ruggedised microwave sources and
receivers

Develop new concepts for signal and data
processing algorithms g

SUROPEAL
CORU
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Ground measurements

 ORFEUS will develop methods for reliable in-situ
measurements of soil characteristics relevant to
GPR

* These measurements will also be used as an input
for the other research activities to provide
essential information on the fundamental limits of
GPR detection

|t will lead to the necessary knowledge for
developing and building a GPR applicability map

of Europe.
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 ORFEUS project addresses the requirement to Improve
the technology used to locate utilities’ buried
Infrastructure

« This will be achieved by implementing a radical change
In the fundamental technology used in GPR systems

A successful project outcome will

— enhance the safety and efficiency of Utilities’ maintenance
and replacement activities with consequent environmental and
economic benefits

— reduce the disruption, noise and congestion caused by
unnecessary street work activity

Summary
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Information resources

e WWW.Oorfeus-project.eu
e Periodic User workshops
e Join the Mailing list
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Abstract

There is a serious issue associated with the inability to detect and accurately locate buried utility assets
and, as a result, too many holes are dug in the road. This creates problems such as traffic delays,
leading to unnecessary fuel usage, and quality of life issues related to air quality, noise pollution and
lost time. This is not a single utility problem and needs to be addressed on a European basis, with
utilities working together to provide appropriate solutions.

A EC funded Specific Targeted Research Project (STREP) has recently started with the aim to develop
the next generation of ground penetrating radar (GPR) systems, by means of complementary GPR
tools. Together they will raise the probability of detection of underground buried assets and, as a result,
significantly ease their rehabilitation and/or replacement.

The project will last for 36 months and will cost €5.4 million.

Key issues

Industrial societies have grown to be dependent upon services that are delivered by infrastructure
buried in the ground, principally in roadways. The economic, environmental and safety implications of
disruption to these services can be critical.

Traditionally, work on buried plant and equipment involves digging a trench, completing the work, and
reinstating the filled hole. In recent years, the use of trenchless technology has significantly increased
because of the economic benefits, particularly a reduction in the number and extent of excavations.
Whichever method is used — trench or trenchless — there is a need to understand the nature of the
underground environment that will be disturbed when planning new installations or when excavating to
maintain existing infrastructure.



Figure 1: A typical tangle of pipes and cables under our city streets
that can result in expensive third party damage

Historically, location of underground plant and equipment has been based on record information held
by utility companies. This information, even if it exists (and much of it does not) is often inaccurate,
incomplete or out of date. It is worth noting that, in Europe, during new installations, about 90,000
incidences of third party damage to gas pipelines are reported every year and 100,000 in USA. There is
little doubt that these instances of damage would be reduced by the use of reliable location techniques.
Ground Probing Radar (GPR) is very attractive because, amongst the various state-of-the-art methods
available, it is the only non-invasive technique capable of accurately locating both metallic and non-
metallic buried objects, without prior knowledge of their position.

However, state-of-the-art GPR can provide unsatisfactory performance (especially in terms of
investigation depth and sensitivity to smaller, dielectric targets) and without further research and
development, this technology will remain of limited use.

On this respect, the Orfeus project is a European Commission funded collaborative research study with
the following three major objectives:

. To provide a step change in the depth penetration and spatial resolution of GPR used for
surveys carried out from the ground surface.

. To prototype an innovative GPR-based real-time obstacle detection system for steerable
bore- heads of Horizontal Directional Drilling (HDD) pipe and cable laying systems so that
they can operate more safely below ground.

. To increase knowledge of the electrical behaviour of the ground, by means of in-situ
measurements to enhance understanding of the sub-soil electrical environment, and to
provide information for scientifically based antenna design.

The consortium running the project comprises representatives of the major water and gas utilities
across Europe one of the world’s leading developer of GPR systems, designers and operators of one of
the world’s leading Horizontal Directional Drilling (HDD) companies, supported by a recognized
authority in GPR technology and its applications.

The technology

RADAR is an acronym that means RAdio Direction And Ranging, and it has been used since the
1930’s for the detection of aircraft, ships, vehicles. birds, rainstorms and other above-ground objects.
Many diverse applications have been developed, but all depend upon the transmission of
electromagnetic energy, usually in the form of a pulse, and the detection of a small amount of that
energy reflected from the target. The time delay of the reflection indicates the range of the target.

Buried objects may also be detected by radar methods and have been the subject of electromagnetic
probing for longer than have above-ground objects. Work reported in the fifteen years after 1910 was
devoted to the electromagnetic identification of underground regions of dissimilar conductivity (e.g.



ore deposits) or absorption compared with their surroundings, using non-pulsed methods. The first
pulsed experiments were reported in 1926 when the depths of rock strata were determined by time-of-
flight methods. It was noted that any dielectric variations, not necessarily related to conductivity
variations, could give rise to reflections and that, further, it was easier to implement directional sources
than was the case for seismic methods.

Over the next 50 years, radar pulsed techniques were developed for a range of specialised applications
such as:

ice thickness measurement

fresh water depth measurement

salt deposit thickness

desert sand layer investigations

buried plant location,

with the emphasis usually being on deep penetration sometimes up to a few kilometres. As a rule, deep
penetration requires emissions at frequencies of a few MHZ or tens of MHz, with the consequent need
for large antennas and the accompanying restriction of low resolution of the objects or interfaces
detected. Shallow objects lying in, say, the first one or two metres of the earth’s surface, which include
those of most interest to utilities, may be detected by emissions at higher frequencies, up to 1000 MHz,
for example. Systems typically intended to penetrate a few meters into the ground have become known
by the term Ground Probing Radar (GPR).

Usually, the means of producing a transmit signal with the required frequency range useful for shallow
probing is by means of an impulse generator based upon an avalanche diode. In this method, a short
pulse is generated so that all of the frequencies within the range required are simultaneously
transmitted. Although this is a cost effective means of producing a signal with usable characteristics,
its physical mechanism is a random process that tends to produce noise and jitter. These processes
limit the inherent dynamic range of the system.

The receivers for such systems are based upon the methods used in commercially available high
frequency time domain sampling oscilloscopes which also have fundamental limits on their dynamic
range. Even the best pulse based system has a dynamic range (from the maximum signal it can handle
to its noise floor) which is unlikely to exceed 70 dB. All of this range, however, may not be available
because of other system effects due to multiple reflections of energy between the microwave system
components and between that antennas and the ground. These interactions are extended in time and
define what is known as the ‘Impulse Response’ of the system. It is also known as the ‘Clutter Profile’
and it tends to obscure signals from wanted targets and further limits the effective dynamic range of the
system.

Location and Mapping of buried utilities from the surface

The detection of buried utilities’ plant imposes a particular set of constraints on the design of an
effective GPR system. The majority of buried plant is within 1.5m of the ground surface, but it may
have a wide variation in its size, may be metallic or non-metallic, may be in close proximity to other
plant and may be buried in a wide range of soil types with implications for large differences in both the
absorption and the velocity of propagation of electro-magnetic waves.

The ground conditions may also vary rapidly within the area of a GPR survey where, for example,
variations in water content can be crucial and, particularly in urban areas, where there could be
imported backfill of inconsistent quality. Consequently, it can be extremely problematic to achieve
both adequate penetration of the radar pulse and good resolution of neighbouring plant, and some
design compromises may have to be made.

Surprisingly, latest developments in GPR are oriented towards visualisation improvement, such as 3-
dimensional plots, and GPS positioning, with no attention paid to addressing the basic radar signal
detection problem, which can be extremely challenging. Clearly, such developments will not increase
system sensitivity but will merely improve the aesthetics of the display. If the received signal is too
weak, as would be the case in wet, muddy ground, enhanced graphic software will solve neither the
basic signal problem nor the detection performance.
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unlikely that future developments in themselves will lead to any significant improvement in the

R eceiveriF eczive
=" Antenna
irteraction

Diredc
Tranzmit/F eceive
L——" Antenna leskage

R eceive

¥ I

The Ground

Artennaf
ground
interaction

Figure 2 Impulsive GPR Schema and major signal interaction paths

performance of ground penetrating radars.

For this reason, ORFEUS seeks to introduce Stepped Frequency Continuous Wave (SFCW) technology
into GPR systems as an alternative to the present one. In theory, stepped frequency microwave sources
possess superior dynamic range and stability compared to pulse systems, and permit the control of the

frequency range, thus allowing an improvement in the penetration performance.
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Figure 3 Continuous wave (CW) radar schematic diagram

A Stepped Frequency radar is similar to a CW radar with the main exception concerning the fact that
the frequency can be changed in discrete, highly repeatable and stable, steps to cover the desired
bandwidth. The phase and amplitude of the received tone is then sampled and the equivalent time-
domain sweep reconstructed via a digital Fast Fourier Transform.

Although the peak power transmittable by the SFCW radar is some 20 dB lower than that of the
impulse one, the receiver noise is greatly reduced due to the extremely narrow band filter used for
receiving the tones, thus the dynamic range is largely increased.

However, the potential advantages of the SFCW transmit and receive system, in terms of superior
dynamic range, have not been realised yet. This is because of some technical limitations (e.g. the slow
repetition rate of the frequency generator) and due to related implementation costs.

Moreover, other measures are necessary to suppress internal reflections and match the antenna to the
ground characteristics in order to optimise the propagation of the radar signal into the ground.

All these aspects will be analysed and hopefully solved along the project’s course; if so, these
improvements will lead to an improvement in the ability of GPR operating from the surface to
penetrate the ground and detect deeply buried targets.

Utilities avoidance from the underground

The Horizontal Directional Drilling (HDD) method for installing pipes and cables of various size, is
very powerful technique but its uncontrolled use can cause great damage to existing buried
infrastructures. Clearly, before this type of system can be used the operator must have an accurate
knowledge of utilities and other potential obstructions in its path. Hazards include energised power
cables, telecommunications lines (wire and fibre optic), steel and plastic gas piping, potable water and
sewer lines made from various materials including clay and concrete. Striking one of these assets can
be extremely dangerous for the safety of the operators, but can also cause huge economic losses due to
the interruption of public services.



On this respect, the second task for Orfeus is the study of a GPR-based real-time obstacle detection
system for steerable bore- heads of HDD pipe and cable laying systems so that they can operate more
safely below ground.

The bore-head radar will have the capability to look in the forward and sideways directions and to
detect objects which come within the cones of the antenna radiation patterns. Information from the
radar will be passed to the operator on the surface so that he may steer around and thus avoid objects
that would otherwise be struck.

Figure 4: Examples of objects parallel, orthogonal and angled to the bore-head

Most of the scientific and technological issues to be addressed during this part of Orfeus, will concern
the antenna design; in fact, the required performance in terms of range and sensitivity are mainly
related to the antenna radiation pattern, which is primarily governed by its shape and dimension and
these are constrained by the drilling rig size.

Furthermore, reflections from internal components (i.e. ringing) could cause a significant degradation
of the antenna performance so that the detection of non-metallic targets (that produce a weaker echo)
may be problematic.

Another significant scientific concern of the project is related to the radar data processing method.
From this point of view, the overall requirement is to set a suitable strategy for highlighting the data
that are really of relevance for the HDD operator (i.e. objects too close to the drill path), in order to
allow the immediate interruption of the drilling before hitting underground utilities. Besides that, data
processing has to be executed in real-time or in near real-time, which is a further demanding objective.

Finally, other critical, technical issues will have to be solved during the project; these comprise the
environmental characteristics and the robustness of the packing for the electronics, the heat dissipation,
the vibration damping and the transfer of the data from the bore-head to the operator seat.

Nevertheless, a successful outcome of the projectbore-head radar will encourage the use of trenchless
pipe laying methods, with the consequential benefits to society. Moreover, the additional information
from a borehole GPR, which should be able to detect exactly what is near to the bore-head, will
provide a complete map of the local underground situation that hitherto has not been available.

Characterisation of Underground Environment

The third task for Orfeus concerns the development of reliable methodologies for the in situ
measurement of soil characteristics relevant to the GPR; these measurements will also be used as an
input for the other research activities as they will to provide useful information on the fundamental
limits of GPR detection and to guide equipment design decisions.



In fact, the characteristics of GPR antennas depend strongly on the ground conditions; this
phenomenon has a direct effect on GPR penetration depth and has not been extensively studied nor
have practical solutions been implemented to improve performance.

In Orfeus a predictive model will be developed to provide the optimisation routine for adaptation of
Moreover, by combining electromagnetic characterisation, at GPR frequencies, with geo-technical
investigations and supplementing them with regional geological settings history information, a reliable
characterisation of the ground will be obtained.

It provides an indispensable service for geotechnical applications of surface GPR as well as bore-head
GPR in HDD technologies. The successful combination of these complementary sources of information
will lead to the necessary knowledge for building a GPR applicability map of Europe.

Conclusions

The ORFEUS project addresses the requirement to improve the technology used to locate utilities
buried infrastructure so that excavation cost will be lowered, economic no-dig technologies will be able
to be used with confidence and leakage, specifically from pipes that transport water, will be located
more easily than is possible with present technology.

This will be achieved by implementing a radical change in the fundamental technology used in GPR
systems designed to carry out location surveys from the ground surface and by studying a new radar
system capable of being deployed in the bore-head of no-dig equipment to provide advance warning of
obstacles in the drill path.

Moreover, a programme of measurements to establish the range of soils electrical parameters over
which the GPR’s will operate will underpin the scientific development work of the project.

This is high-risk research, and the outcome is critically dependent upon resolving several severe
technological and scientific issues. However, a successful project outcome would increase the safety of
directional drilling equipment used to install new utilities by reducing the probability of causing
damage to existing buried plant. This will benefit the safety of the operators and communities and will
help to avoid the consequential compensation costs associated with loss of services, reduce
unnecessary excavations and so maintain fuel efficient traffic flow in congested urban areas.
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Projekt ORFEUS — optimalizovany georadar pro vyhled  &vani
podzemnich inZenyrskych siti

Ing., Ph.D., Jaroslav RACLAVSKY
Vysoké uceni technické v Brné, fakulta stavebni, Ustav vodniho hospodarstvi obci,

Howard SCOTT
OSYS Technology Ltd, Anglie

1. Projekt ORFEUS

Vykopové prace v komunikacich jsou divérné znamym probléemem pro vétSinu z
nas. Udrzba a obnova podzemni infrastruktury maze zpasobovat dopravni problémy
a doprava se navic, podle vyzkumd, v letech 1996 az 2030 zvySi o 50%.

Evropska komise rozpoznala potenciél rastu vyhledavacich technologii pro zajisténi
bezpe€nosti Zzivotniho prostfedi a financuje projekt pod Sestym ramcovym
programem (globalni zména a ekosystémy), ktery je zaméfen na vyvoj a zlepSeni
technologie georadar( (GPR - ground penetrating radar).

Georadar je jedina zndm& metoda, kterd muzZe zjistit jak kovové, tak nekovové
podzemni objekty napf. vodovodni, plynovodni a kanalizacni trouby a dalSi
inZenyrské sité z riznych materialt (obr. 1).

Obr. 1 — Lokalizace inzenyrskych siti pomoci georadaru

Princip georadarové metody je zaloZzen na vyslani a zpétném pfijmu
vysokofrekvenéniho radiového signalu odrazeného od podzemnich objektd (napf.
inZenyrskych siti) a rozhrani geologického prostfedi. Zdrojovy impulzni signal o
frekvencich fadové 10 - 1000 MHz je emitovan vysilaci anténou na povrchu zemé.



MéFi se zde &asy pfichodu odrazenych radiovych vin. V souasné dobé jsou
k dispozici georadary, které nejsou schopny dostateCné presné lokalizovat
inZenyrské sité pod povrchem.

ORFEUS je akronym nazvu projektu ,Optimised Radar to Find Every Utility in the
Street”, tedy ,Optimalizovany radar k vyhledavani vSech inZzenyrskych siti v ulicich®.
Tento projekt je FeSen na stavebni fakulté VUT v Brné&, Ustavu vodniho hospodarstvi
obci a Ustavu geotechniky v ramci 6. ramcového programu mezinarodni spolupréace
ve védé a technice, vyhlaSeném Evropskou Unii. Projekt byl zahdjen v prosinci 2006
a délka jeho trvani je tfi roky.

2. Cile projektu
Cile projektu jsou:
- zlepsit vykon povrchovych georadaru;

- vyvinout novy radar, ktery bude umistény ve vrtné hlavé fiditelnych vodorovnych
vrtnych souprav pro pokladku trub a kabell a bude poskytovat informace o
prekazkach pred a okolo vrtné hlavy a tim provadét vrty v blizkosti inZenyrskych
siti bezpec€néji (obr. 2).

Na projektu spolupracuje 9 partnera (vyvojova pracovisté, uzivatelé a univerzity) ze 7
evropskych zemi:

- OSYS Technology Ltd, Anglie;

- Ingegneria Dei Sistemi S.p.A.(IDS), Italie;

- Gaz de France (GdF), Francie;

- Tracto-Technik Spezialmaschinen GmbH (TT), SRN;

- UK Water Industry Research Ltd (UKWIR), Anglie;

- The European Union of the Natural Gas Industry (GERG), Belgie;
- Technische Universiteit Delft, Holandsko;

- Universita Degli Studi di Firenze, Italie;

- Vysoké ugeni technické v Brné&, CR.

Projekt je FfeSen v Uzké spolupraci s koncovymi uzivateli, kterym by mél finalni
produkt slouzit k vyhledavani inzenyrskych siti. V projektu je kladen velky ddraz na
jejich pozadavky a nézory, tak aby vyvinuté zafizeni pro vyhledavani inZzenyrskych
siti v maximalni mife vyhovoval jejich potfebam. Tyto organizace se podili na
projektu poskytovanim dat, ktera jsou pouzivana pro vyvoj zafizeni a v zavéru i pro
jeho testovani. Mezi témito uZivateli jsou Gaz de France a Tracto-Technik
Spezialmaschinen.
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Obr. 2 — Lokalizace pfekazek pomoci georadaru okolo a pfed vrtnou hlavou
u vodorovného Fizeného vrtani

3. Struktura projektu

Cely projekt je rozdélen do sedmi tzv. pracovnich bali¢ka (work package — WP).
Kazdy WP se zabyva urCitou c&asti projektu aje Ffizen nékterym z partnera.
Koordinatorem celého projektu (WP 7000) je OSYS (Anglie). ORFEUS projekt je
organizovan do:

2 dodavatelskych pracovnich bali¢kd souvisejicich s vyvojem povrchového
georadaru a georadaru ve vrtné hlave;

1 uzZivatelského pracovniho bali¢ku, ktery analyzuje zkuSebni poZadavky a
nasledné specifikuje a provadi modifikaci testovacich mist;

1 univerzitniho pracovniho bali¢ku, ktery uskuteChiuje program méfeni
vlastnosti zemin;

1 spole¢ného pracovniho bali¢ku, ktery definuje vyuZiti a patentovani vysledku
vyvoje;

1 pracovniho bali¢ku, ktery je uréen pro Sifeni vysledkd vyzkumu;

1 pracovniho bali¢ku, ktery je zaméfen na management celého projektu.

WP 1000 Povrchovy georadar



- poZadavky na georadar;
- vyvoj povrchového georadaru;
- testovani georadaru.

Ukolem tohoto WP je definice pozadavk(i na vykon a funk&nost georadaru pro
vyhledavéani vSech typu inZenyrskych siti. Déle vyvoj nového typu adaptivnich antén,
kontrolnich a Fidicich systémi georadaru a laboratorni testovani charakteristik
systému. NavrZzeny novy typ georadaru bude testovan v riznych typech zemin.

WP 2000 Georadar ve vrtné hlav é

- poZadavky na georadar;

- VyVvoj georadaru do vrtné hlavy;
- testovani georadaru.

V prvni fazi budou navrzeny parametry, které musi splfiovat georadar umistény ve
vrtné hlavé pro vodorovné vrtani se zpétnym zatahovanim. Ve druhé fazi probéhne
vyvoj, ktery bude zaméren na integraci nového typu antén do vrtné hlavy, elektroniky
umisténé ve vrtné hlavé, prenosu dat z vrtné hlavy k vrtmistrovi, napajeni georadaru
a konstrukci vrtné hlavy. Dale bude navrZzen software pro analyzu ziskanych udaja
z georadaru. Georadar bude testovdn vruznych typech zemin a pfi rlznych
prekazkach.

WP 3000 Vyvoj testovaciho mista

Cilem tohoto pracovniho bali¢ku je vyvinout testovaci stanovisté pro méreni vykon(
prototypu povrchového georadaru v riznych podminkach do hloubky 1,5 m.

WP 4000 Méfeni charakteristik zemin
- vybér a implementace metod,;
- program meéreni.

Cilem tohoto pracovniho baliCku je méfeni elektrickych parametrd zemin. Méfeni
bude provadéno na vybranych zeminach, pfi raznych teplotach a vihkosti. Vysledkem
méreni bude védecky podklad pro optimalni navrh typu georadaru pro rGzné typy
zemin. Pro praktické pouziti georadaru bude pro €ast Evropy zpracovana ,mapa
vhodnosti pouziti georadaru“ a to z vysledkl méfeni elektrickych a geotechnickych
charakteristik zemin.

WP 5000 Vyuziti

- analyza koncovych uzivatelu;
- definice produktu;

- planovani vyuziti.



Cilem tohoto pracovniho baliCku je specifikace vysledného produktu po vyvoiji
prototypu a vysledku testu uskuteénénych béhem projektu ORFEUS.

WP 6000 Zverejnéni a prezentace vysledk U
- internetové stranky;

- konference a workshopy;

- zavére€né zpravy;

- publikace.

Béhem celého projektu, a zejména v jeho finalni fazi, budou vysledky prezentovany
potencialnim uZzivatelim a vyzkumnym pracovistim v celé Evropé. V roce 2009 bude
za timto UcCelem konana mezinarodni konference, a kazdy z partnerl usporada
podobnou akci na néarodni drovni. Vysledky budou publikovany v odbornych
Casopisech, na konci projektu bude vydana zavére¢na zprava, uzivatelska pfirucka
a manual k produktu. Informace o vyvinutém georadaru budou zahrnuty do
vzdélavacich program( na evropskych vysokych Skolach.

WP 7000 Management projektu

Rizeni celého projektu zahrnuje ustanoveni systému komunikace mezi partnery,
definici pravidel aformy vyro€nich zprav, planovani a organizaci kazdoro¢niho
setkani partnert, sledovani organizace prace a vyuZziti pracovnikl, sledovani
odchylek od planu prace, podavani zprav Evropské komisi, koordinace vydavanych
védeckych dokumentu a prezentace projektu a zajisténi Sifeni produktu po ukonéeni
projektu.

4. Zavér

Prispévek struc¢né predstavuje mezinarodni projekt ORFEUS, zabyvajici se vyvojem
a zdokonalenim georadart pro vyhledavani inzenyrskych sitich ulozenych v zemi.
Jsou zde uvedeny zakladni cile projektu ORFEUS, organizace, které se na jeho
feSeni podili, struktura a sou€asny stav projektu. Po jeho ukoncéeni v roce 2009 bude
k dispozici nové navrzeny georadar pro vyhledavani inZzenyrskych siti a prekazek
pod povrchem a georadar ve vrtné hlave, ktery bude zajistovat vétSi bezpecnost pfi
vrtani v blizkosti podzemnich inZenyrskych siti. Produkty budou uréeny zejména
provozovatelim inZzenyrskych siti, stavebnim firmam a projekénim kancelarim.

Pozn. Tento Clanek byl zpracovan za podpory projektu ORFEUS, Contract No.
036856 (GOCE), feSeného vramci 6. rdmcoveho programu EU na UVHO a KG,
FAST VUT v Brné.
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MPOEKT «OP®EYC» - ONTUMAJTH3HPOBAHHBIN TEOPAJIAP LIS IOMCKA
NOJI3EMHLIX HH’KEHEPHBIX CETEH

«OPOEYCy» (ORFEUS) - 510 ai6pesnarypa naspanud npoexta «Optimised Radar to Find Every Ultility in the
Streen mH «ONTHMANMIAPOBAHHLIL Palap AMA NOHCKA BCEX BHIOB HEDKEHEDHBIN CeTell, NPONOKEHHRIX M0/ YITHIIAMM,
ot mpoekT Guia paspaboTan coBMecTHO HHCTHTYTaMI BOAHOTO X03AIICTEA HACETCHHLIX MYHKTOR i FEOTEXHHEH CTPOI-
TensHOrO fhakynsTera TexHigeckoro yuHBEepcHTeTa B BpHO Kak CoCTaBHan YacThk 6 PAMOYHOI NpOrpaMMbl MERIYHAPOI-
HOFO COTPYIHMMecTRA B 0GNACTH HAYKH H TEXHHKH, npopodramenHoil Enponefickine Coosom. Hasano npoexty Geuio
nonozeHo p gexabpe 2006 r. H OH pacuHTaH HA TPU rofa.

Street works are a familiar problem for most of us. Maintaining and renewing buried infrastructure can cause
traffic congestion and the traffic is increasing, with a 50% rise in vehicles being predicted over the period from 1996 to
2030. The European Commission has recognised the potential for plant location technology to safeguard the environment
and is supporting a project, under the Sixth Framework Programme (Global Change and Ecosystems), to improve Ground
Probing Radar (GPR) technology. ORFEUS is an acronym of «Optimised Radar to Find Every Utility in the Streets, That
is a research project supported by the European Commission under the Sixth Framework Programme — Priority 4 «Global
Change and Ecosystemss. The project has two aims: to improve the performance of surface deployed GPR; to develop a
new radar to provide a look-ahead capability for Horizontal Directional Drilling equipment. ORFEUS is a Europe-wide
project being undertaken by a consortium of nine organisations consisting of equipment developers, user organisations
and academic institutions.

1. Mpoekt «OPMEYC»

[TpoBenenne 3eMAgHEIX pafoT HA TPAHCIOPTHBIX KOMMYHHKAIHAX ABIAeTCA NpobieMoii, 3Hako-
Mol MHOPHM B3 HAC. PeMoHT H 00HOB/NEHNE NOAIEMHOH HHPACTPYKTYPE! MOXKET BEI3EIBATH H3BECT-
Hbie TpascnopTabie npotnems!. [1pa 3ToM, KomH4ecTBO TpaHCIOPTHEIX cpeacTs B 1996— 2030 rr. yne-
nuumtes Ha 50%.

EBponeiickas KOMHCCHA OlIEHHIIA NOTEHIHA POCTA [IOHCKOBBIX TEXHONOIHA 1A obecneacHlA
fe30nMacHOCTH OKpYWalomeil cpelsl B Havana (HHAHCHPOBATL MIPOEKT, BKIIOYCHHBIH B MECTyIO pa-
MOYHYIO NPOrpaMMy (rmofaibHbIe H3MEHEHHA H JKOCHCTEMBI), H KOTOPLIH HANPAR/IEH HA PAIBHTHE H
viy4merne Texaonornu reopanapos (GPR — ground penetrating radar).

leopaniap — 370 eHHCTBEHHBII H3BECTHEIT METOM, KOTOPEIH N03BONAET ONpeNeHTh HAXOKIIE-
HHE TI0J] 3eMIel KaKk METAIIHYECKAX, TAaK H HeMETA/UTHIECKHX 0N3EMHBIX 00BEKTOB, TAKHX, HallpH-
Mep, KaK BONOMPOBOJHEIE, TA0BbIE H KAHAMHIAHOHHEIE TPYORL, a TAKWE Hible HHKEHEPHEIE CETH,

BRITIOMHEHHEIE H3 PATHYHEIX MaTepHaioB (pHe. 1).
233



Hayra u unnosayun & cospemennonm cmpoumerscmge — 2007

Puc. 1. Jlokansamms nHAeHepHEIX ceTedl
C MOMOULLIO Fe0panapos

IlpuHLINI reopajiapHore METoId 0CHOBAN Ha II0CKIIKE H NPHEME BRICOKOYACTOTHOTO PATHOCHT -
Hana, OTPAAEHHOTO OT NOAZEMHBIX 00BEKTOB (HANP., HHKEAEPHBIX CeTell) M IPAHHL Te0IOrHYeCkKo!
cpespl. HmnynscHbii curnan uerounnka curnanos gacroroi 10-1000 MMy wanyuaercs nepengaro-
el anTeHHol Ha 3EMHYIO NOBEPXHOCTD, MIOCTE Yero, HAMEPAEeTCs BpeMA BO3BPALICHHA OTPAKEHHELY
PATHOBOIH. B HACTOALLEE BpeMA HMEIOTCH Me0PaTaphl, KOTOPBIE HECTI0COOHE! AOCTATOYHO TOYHO J10-
KIHIMPOBATh HEIKEHEePHBIe CETH IO 3eMHOMN [0BEPXHOCTBIO.

«OPOEYCy» (ORFEUS) - 310 aGOperunarypa Ha3paHHA npoekta «Optimised Radar to Find Ever:
Utility in the Streets uny «OnTHMANH3UPOBAHHELI PAIAD I OHCKA BCEX BHIOB HEMKCHEPHBIX ceTeil,
OPOIOKEHHBIX MO YIHUAMEY, DTOT npoekt G611 paspabotan corMecTHO MHCTHTYTAMH BOIHOID XO-
3iCTBA HACEICHHBIX MYHKTOB H Fe0TeXHHKH CTPOHTENbHOTC (aKkynkTera TeXHHYECKOro YHHBEPCH-
TeTa B bpHo Kak cocTaBHad 4acTs 6 paMoqHOH NporpaMMe! MeKIYHAPOIHOIO COTPYIHMYECTBA B 00-
JIaCTH HaYKH H TEXHHKH, nposoarnamennoii Epponefickum Coiozom. Hagano npoexTty 6610 noaoke-
HO B Aexabpe 2006 r. ¥ OH pacuHTaH HA TPH roja.

2. Heas npoexta «OPDOEYCy
Leasto npoekta OPOEYC apiaserca:

- yayumerne 3h{eKTHBHOCTH re0panapos NOBepXHOCTH;

- paspaboTka HOBOTO pajapa, KOTOphI OyZeT pasMmemarhed B GYpOBOil TONOBKE YNpaBiseMblx
TOPH30HTATBHEIX GYPH/IBHBIX arperatos, NpelHa3sHAYCHHEIX 18 MPOKTaldkH TpyD H xabeneil.
H KoTOpbIiE GyAeT npeaoCTaBaATh HHpOPMAIIHIO O PeNATCTBHAX, HAXOAAIHXCA Mepel | o Goxam
roj1oBKH Oypa, YTO MO3BOTHT CHH3NTE PHCK MOBPE#IeHHS HHXSHEPHBIX ceTell IpH OYpeHHH B HX
HenocpeacTeeHHOI GansocTi (pHc. 2).

B paore Haj npoeKTOM COTPYAHHYAIOT 9 NapTHEPOB (IPOEKTHEIE MACTEPCKHE, NOIB3IOBATEH i

YHHBEPCHTETHI) H3 7 eBPONEiCTKUX CTpaH:

- OSYS Technology Ltd, Anramns;

- Ingegneria Dei Sistemi S.p.A.(IDS), Hranus;

- Gaz de France (GdF), ®parus;

- Tracto-Technik Spezialmaschinen GmbH (TT), ®PI;

- UK Water Industry Research Ltd (UKWIR), Aurns;

- The European Union of the Natural Gas Industry (GERG), Benpris:
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- Technische Universiteit Delft, lonnasmua;
- Universita Degli Studi di Firenze, Mtanua:
- Texuuueckuil yunnepcuter B bpro. Yexus.

ITpoexT pazpaboTaH B TECHOM COTDPYAHHYSCTBE ¢ (DHHATBHBIMH MO/B30BATENAME, KOTOPEIE OY-
YT HCONB30BATH (HHATRHET TPOIVKT A4 NOHCKA HHXeHepHHIX ceTeil. [lna Toro, urodsi paspada-
TeiBaeMoOe 000PVAOBAHHE IS IOHCKA HEKCHEPHBIX CeTeil MaKCHMANLHO COOTBETICTBOBAIO NOTped-
HOCTAM Ho/Ab30BaTenedl, npu paspafoTke npoexTa Donblloe BHUMAHUE YeIA10Ch HX TpeOOBAHHAM
1 TOUKE 3penia. ITH OpraHu3alui MPHEEMAIOT YYacTHe B NPOeKTe NPel0CTABISHEEM JaHHBIX, KOTO=
phIe HCMOMBIVIOTCA NPH Pa3paboTie H HCOBITAHUAX 000pYIOBaHHA. TaKuMY TOTE30BATENAMH SBIA-
wo1es «Gaz de France» H «Tracto-Technik Spezialmaschinens.

Pue. 2 Jlokanu3aums ¢ NOMOMLIO reopasapa npenateTaiii, HaxoaAuuxen no Goxam # nepen
Gyporoil rotoskof TPH TOPHIOHTANLHOM Gypennn
| = nokamizamms no Gokam Gvposoit ronoski, 2 — nokanusaums nepen Gyposoii ronoBKo#

3. CrpykTypa npoekrta
Becns npoexT pa3jleneH HA ceMb, TAK HadniBaeMmbix, paGounx nakeron (work package — WP).
Hamasii WP nocsaineH onpeneneHHol QacTH MpoekTa M VIPaRIACTCA OIHEM H3 napTHepos. Koop-
JunaropoM seero npoexta (WP 7000) semserca OSYS (Aurnus). [lpoextr « OPOEVCH cocTouT H3:
- 2 noapAnHeEX pado4uX NPOSKTA. CBE3aHHEIE ¢ paspafoTkoii reopaaapa NOBEPXHOCTH H reopazapa
B Bypogoil rososke;
- 1 pabouero nakera 1MoNL30BaTENA. B KOTOPOM AHATHIHPYIOTCA TPeGOBAHHA HA HCIBITAHHA,
a raie creHUIHPYIoTea B MOAHdHIHPyIoTca pafoune MecTa UL NPOBSISHIA HCNEITAHHIT,
= 1 YHHBEPCHTETCKOrO MAKeTa, B KOTOPOM PEaMIYETCs MpOrpaMMa H3IMEPEHHS XapaKTepHCTHK
FPYHTOB;
- 1 omero pafouero nakeTa, B KOTOPOM YCTaHARITHBAIOTCA MCIOILIOBAHAE H TTATEHTHPOBAHHE
pe3ynLTaToB paspaboTKy;
- 1 paGouero nakeTa, KOTOpbIii MpeAHAINaYeH A1 PACHPOCTPAHEHHS PE3YNLTATOR HCCAEA0BaHHiT:
- 1 paGoyero nakera, KOTOPLIH 3aHAMAETCS MEHEKMEHTOM BCErO MPOeKTa .

WP 1000 I'eopanap nosepxHocTH
- TpefoBanHg K reopanapy;
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- paspaboTka reopajapa noBepXHOCTH;
- HCIIBITAHHE reopajiapa.
3anageil janioro WP ssnsercs onpefenenne TpefoBanyii Ha NPOH3BOIUTENBHOCTS H padoTy
reopajapa Uil MOHCKa BCEX THIOB HIDKEHEPHBIX ceTeii, paspaloTka HOBOIO THIA ANANTHBHAIX aH-
TEHH, CHCTEM YNPaBIeHKs A KOHTPO/A reopanapa H 1abopaTopHsie HCMBITAHAA XapaKTEPUCTHK CHC-
TeMsl. PaspaboTaHHbi HOBELH THI reopajiapa OyIeT HCNBITHIBATLCA [UIS PA3THYHEIX THIIOB [PYHTOB.

WP 2000 Feopanap B GypoBoii ro/iobKe
- TpeDOBaHKA K reopajapy,;
- pazpaboTka reopajapa s Oyposoii roJIoBKH;
- HCNBITAHHE reopanapa.

Ha neppom stame Oynyr paspaGoTaHbl DapaMeTphl, KOTOPBIM J0KEH COOTBETCTBOBATE reopa-
Jap, pacnionoxeHHpl B Oyposoil ronoBke 414 ropusoHTanbHOTO Oypenns ¢ Boasparom. Bropas daza
Bymer nanpasneHa Ha paspaboTKy TeXHHYECKONO PellleHHs UM pasMelneHns B Gyponoli ronosxe Ho-
BOTO THIA aHTEHH, WEKTPOHUKH, CHCTeMbl Tepeaasd HHbopmaiin o Gypennn GypoBoMy Mactepy,
SHEPrONHTAHHS Teopanapa, a TAKKe KOHCTPYKUMH ronoBkd. Kpome Toro, Gyger paspaborano mpo-
rpaMMHOC obecneycHAe JUIA TPOBEICHHE ANATH3A NMOTYHEHHBIX C NOMOLILHD reopamgapa naHHbeIX. leo-
panap GyIeT HCTIEITEIBATLCA NA PAa3IHYHAIX THIOB IPYRTOB H NPENATCTBHI.

WP 3000 Pazpaborka pabounx mMecT /Uil IPOBEIEHHA HeNbITAHWI
Llensio narnoro pabovero naketa Aengercs paspaborka pabodero MecTa [T HIMEPEHHS TPOH3-
BOJHTEILHOCTH Neopazapa MoBEPXHOCTH B PASTHYHAIX YCIOBMAX Ha rmyGumy no 1.5 M.

‘WP 4000 Hamepenne XapaKTepHCTHE IPYHTOR
- BHIOOD H BHEJPEHHE MCTO/IOB;
- IpOrpaMMa H3MEpeHHH.

Ilensto nanHoro pabodero nakera SRISETCA H3MEPeHHE VISKTPHYECKHX NapaMeTpoB [PYHTOB.
Byztet npoH3BOANTHCSA H3MEPEHHE XAPAKTEPHCTHIK BLIGPAHHAIX TPYHTOB MPH PA3IHYHEIX TEMIEPaTy-
pax u eaaxHOCTH. Peaynsrar niMepenuil OyneT sBNseTca HayIHBIM PYHIAMEHTOM s paspaboTHy
OMTHMAJILHOTO THIIA Feopajiapa /Ul Pa3THYHBIX THIIOB IPYHTOB. I NPAKTAHECKOrO HCHOILI0BAHAS
reopazapa (Ha OCHOBAHHH Pe3yNBTATOB HIMEPEHHA JMEKTPHYECKHX H NeOTEXHHYECKHX XapaKTepH-
CTHK IPYHTOB) JU/IA 4ACTH ERPOIIB! OYIET COCTARNIEHA «KapTa BOIMOKHOCTH IPUMEHEHHA reopanapay.

WP 5000 Ilpumenenne
- AHAJTH3 PHHATEHEIX NONb30BATENCH;
- OmpedeneHHe MPOIyKTa;
- IUIAHWPOBAHHAE NIPHMEHEHHA.
IMensto gaHoro pabodero NpoekTa ARIAETCA CHELMHIHPOBAHKE (DHHATLHOTO NPOAYKTa [JIA
pa3paloTKH OPOTOTHNA M Pe3yILTATOB MCMBITAHHI, MPOBEAEHHBIX NPH paspaloTke MpoeKTa
«OPDEYCy.

WP 6000 OnyfankoBanue H nNpe3eHTANHS PEIYILTATOR
= HHTepHeT-CaiTEL,
- xoHepermun | «workshops»;
- 3aKMOYHTENBHEIE NPOTOKOIIbI;
- nyOIHKAIHH.

Ha nipoTsxenus Beeii paSoTh! Hajl IPOEKTOM, 0co0eHHO B €ro (HHAILHOM CTATHH, NONy9cHHBIE
Pe3yILTATE] OyIYT IPejoCTaBIaTLCH NOTeHUMATEHBIM I0/1B30BATEIIAM H Hay1H0-HCCIIeI0BATeNBECKHM
nenTpam Beeit EBponsl. Jing atoro B 2009 1. Gyzer nposesiesa MexIyRapoIHas KOR(epeHLINA, NOCTE
KOTOPOit Kayk/blil H3 NAPTHEPOB OpraHusyeT nojofHy0 KOH(EPEHIHIO HA HAIHOHAIBHOM YPORHE.
Pesynsrars! GyayT omyG/IHKOBaHbl B TPOMHIBHEIX YPHAIAX, 4 0 OKOHYAHHH NpoeKTa OyaeT omyd-
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Cextpuz I1I. Cucrmemst HeuzneobecnedeHia Ha 0CHOEE IKON0ZUNECKI BEI0NacHbLX MEXHON02UT
N PAyUOHATBHO20 NPUPOOONOTbIOEAHUSA

THKOBAH 3aKTHOYHTENBHEL IPOTOKOL, PYKOBOJACTBO I MOAb30BATE/A H CIIPABOYHHK [0 MPOAVKTY.
Hudopmanng o paspaGotannom reopagape OyaeT BKModeHa B yueGHYIO mporpaMuy eBponeicKux
BBICIOMX YueOHBIX 3aBeleHHT.

WP 7000 MenexsmeHT npoexTa

Vnpasierse BceM NPOEKTOM BITEO3aeT B cebs BHEApeHNHe CHCTeMb! KOMMYHHKAIHH MEKIY NapT-
HEPaMH, ONpPeIeICHHE NPABHI ¥ (JOPM rOJ0BBIX OTHETOE, TAHHPOBAHHE H OPTaHH3AUNIO SKETOIHOH
peTpeud napTHepom, HabMrOOeHWe 3a opradu3sauneil paboT M HenonsloBaHKHeM pafouero BpeMeHH
COTPYIHHKOE, KOHTPO/IL 38 CODMOISHHEM TI/IAHa BRITOIHe I padoT, nHdopmuposatue Epponefic-
xoft KoMHCCHH, KOODIHHAIHIO BBUIAYH HAYUHOH JIOKYMEHTALHH H MPe3eHTaNH MPOEKTa, a TakKe
oDecrneyeHHe PACTPOCTPaHEHHA MPOAVETA 110 OKOHYAHWH NPOSKTA.

4. 3Jakmovenne

B smarepuane xpatko fpenctasnes mesayiaponustii npoekt «OPOEVYCy, HanpanieHHEN Ha
paspaboTKy M YCOBEpLIEHCTBOBAHHE Fe0panapos A [IOUCKE HHMCHCPHLIX ceTel No NoBEPXHOCTRIO
3emMni. B HeM NpHBOZATCA OCHOBHBIE LIEIH NPOCKTa, OPraHH3alHy, NPHEHMAIONTHE YyacTHe B pabote
HaIl HEM, CTPYKTYp2 i aKTyalbHOe cocTogHHe npoekTa. Pe3vibtarom oxoH4aHHs npoexta B 2009 ¢
fyaeT MosBIEHHE HOBOTO reopaiapa AJA MOHCKa MHXEHEPHHIX ceTeil W mpenATcTBHil noa mo-
BEPXHOCTBIO 3EMIIH H reopanap B OYpoBOi ro/IOBKE, KOTOPLI MO3BONHT CHHIATE PHCK NMOBPCHICHHA
WHKEHEPHBIX ceTeli npu OypeHHH B HX HenocpeacTBeHHoi OmnzocTi. [TpoavKTe! OyIyT npejnataye-
HLL, IPEKe BCETo, 178 OPraHn3anuii, 3aHMMaAOLIHXCS IKCILTYaTatHei N013eMHbIX HIUKEHEPHEIX ce-
Teil, CTPOUTENBLHBIX (PHPM H IIPOEKTHEIX HHCTHTYTOB.

fIpuy. Jannas cmames Ovita nanucana npu neddepacre npoexma « OPOEVCy, Contract
No. 036856 (GOCE), komoputit 6611 pazpabomarn Hucmumymiarsu 60018020 x0321icmea HACETEHHBIX
IMVHKMOB U 2E0MEXHUKU cCmpoumetshozo haryismema Texuuneckozo ynueepcumema 6 Bpro u agisemcs
coCmAasHon yacmoio 6 pavounoil npozpavvst EC.

~Aurepatypa:

I. Annex | — «Description of Works, project ORFEUS - Optimised Radar to Find Every Utility in the Streeet,
Contract no. 036856, Sixth Framework Programme Priority (4), Specific Targeted Research or Innovation Project.

2. JluTepatypa, H31aHHas GUPMaMH.

UDK 658.512.6:658.527:69

prof. Dr. Markus Thewes (Institute for tunneling, pipeline construction and
construction management, Germany),

Dr. Rolf Bielecki (German Society for trenchless technologies (GSTT), Germany)

ECOLOGICAL IMPACT OF UNDERGROUND CONSTRUCTION METHODS:
AMETHODOLOGY FOR EVALUATING AND DECISION MAKING

Abstract

Interventions in nature and landscape as well as in the built environment increasingly reguire methods which are
conserving energy and natural resources. The sustainability of the intervention and the compatibility conceming the
scological balance can be guaranteed only in such a way. Various environmental effects play a role during the realisation
and exploitation phase of underground infrastructure facilities (e.g. utility networks as well as traffic tunnel) and have to
be considered during the design phase. Project-specific interventions to the environment can be detected based on
standardised rules and in terms of individual cases. Accordingly results are obtained which are essential to make up a
talance and to choose areasonable construction method. Thereby, negative effects to the ecology can already be reduced
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Ing. Pavel Drabek,
Transtechnik CS, spor. S10 '.
E-mail: drabek @vermeer.cz

, TRANSTECHMIK
Web: www vermesr.cz

CSspol. sro.

\ soucasng dobé je celosvatovym trendem zvySovani kality a produk:
ity préce pii snizujicim dopadu éinnosti na ekologii a Zivolni prostiedi.
Spolednost Transtechnik CS, spol. s r.0. si je fohoto vyvoje védoma
2 sna?i se syym zakaznikim nabidnout alternativy, klere wvyhovuji sou-
Zasnym pozadavkdm investorl a nadmérmé nezatéZuji nade okoli.
Stejné jako kaZdy rok, i v letodnim roce, bylo zorganizovano Skoleni
pro pracovniky v choru bezvykapovyeh technologii®, Ve spolupraci
< firmau Vermeer [vyrobce strojd pro bezwykopove technologie), DCI
\wyrabee |okalizaénich zarizeni) a Baroid (dodavatel vyplachavych
2difiv) jsme zorganizovali v krsném prostfedi jizni Moravy setkani pra-
covnikil v oboru fizeného horizontalniho vrténi, Skoleni probihalo v hotelu
Arkada v Bucovicich v terminu 5.- 6.3, 2007,

Utastvice nez 50t zajemed patvrdila zvySujici se zajem o tyto technolo-
e a produkty, Hlavni diraz pfi pfipravé Skoleni av prabehu piednasak
ol vénovan technikam vriani, novym strojlm a prislusenstyi a v nepo-
sledni fadé technice vrtant tvrdych hormin véetng viech jeho aspekid.
Navinkou ve vrtani Wyrdgieh hornin j& pouziti technologie ALAT.T.Jedna

SKOLENi PRO PRACOVNIKY V OBORU BEZVYKOPOVYCH TECHNOLOGII

TECHNICAL TOPICS

se 0 systém, ktery |ze pouZit | pfi ménicich se pldnich podminkach.
Doposud pfl vriani ménicich se podioZi (skala, Stérk, valouny, pisek,
jil... ) dochazelo k situaci, kdy nebylo mozné sjednotit vrtacl nastroje.
To neplali v piipadé A.AT.T, systému. Rozdil proti pouZivanému Mud
Motoru je ve znatng sniZené spotfebé wyplachové kapaling, mensim
poloméru chybu a jiz zminéném fizeni | v ménicim se podioZi. Zazna-
my prednasek a podrobngjsi informace |ze ziskat na adrese dra-
bek @vermearcz,

Setkani bylo otevieno viem pracovnikim v aboru fizengho horizontdl-
niho vrténi nezavisle na fom, jaky siroj &i technologil pouzivaji. Vyména
zkugenosti a diskuze nad vznesenymi dotazy prinesla mnohé zajima-
vé poznatky, které lze vyuzit v nadchazejicl pracovni sezoné.

\ pribénu letosnihe roku planujeme informovat zajemee o futo prable-
matiku, o novinkach, novych postupech a trendech pomoci nasich we-
bovych stranek. Blizsi informace lze rovnéz ziskat | u nasich zastupcl.

Vermeer

Transtechnik CS, spal.sr.o.
Prib&zna 80/b, 100 00 Praha 10
Tel: +420 2 74812221

Fax: +420 2 74814287

Emaik: info@ transtachnikes.cz
Web: waw.vermesr.cz

Jamslay RACLAVSKY", Pavel POSPISILY,
Lumir MICA®, Howard SCOTT

Abstract

Street works are a familiar problem for most of
= Maintaining and renawing buried inra-
structure can cause lraffic congestion and the
iraffic is increasing, with a 50% rise in vehic:
=5 being predicted over the period from 1996
102030,

Tha Eurcpean Commission has recognised the
potential for plant location technolagy to safe-
quard the environment and is supporling a pro-
ot under the Sixth Framewerk Programme
|Global Change and Ecosystems), 1o improve
Gmund Probing Radar (GPR) technalogy:
ORFEUS is an acronym of  Optimised Radar
i Find Every Utility in the Street”. That is a
rzsearch project supperted by the European

Ing., Ph.D., Vysoke uceni technicke v Brng,
fzkulta stavebni, Ustav vodniho hospodaf-
stvi obei, Zizkova 17, 602 00 Brno,
=mall: raclavshy,| @fcevulbrez,
12l +420 54114 7726

= BNDr., Ph.D., Vysoké uceni technicke
v Brné, fakulta stavabni, Usiav geotechniky
Ing., Ph.D., Wysoke ueni lechnicke v Brng,
zkulta stavebni, Ustav geotechniky

* 03YS Technology Ltd, Anglie

Commission under the Sixth Framework
Programme - Priority 4 (Global Change and
Ecosystemns”. The project has two aims:

— 1o improve the perfarmance of surface de-
ployed GPR;

— o develop a new radar lo provide a look-
ahead capability for Horizontal Directional
Drilling equipment.

ORFEUS is a Eurapa-wida project being under-

taken by a consortium of nine organisations

consisting of equipment developers, user orga-
nisations and academic institutions.

1. Projekt ORFEUS

\ykapove prace v kemunikacich jsou divérné
Znémjm problémem pro vétsinu 2 nas. Udrz-
ba & cbnova podzamni infrasteuktury mize
zplsobovat dopravni problémy a doprava se
navic, podle vyzkumi, v letech 1996 az 2030
2wyl 0 50%.

Evrapska komise rozpoznala polencial risiu
vyhieddvacich technologi pro zajiSian| bezped-
nosti Zivotniho prostiedi a financuje projekt pod
sestym rameovym programen (globalni zmé-
na a ekosystémy), kiery ja zaméfen na vyvoj
a zlepéeni technologie georadard (GPH -
ground penetrating radar),

Georadar je jeding znamé meloda, ktera mize
Zjistit jak kovove, tak nekovove podzemni ob-

PROJEKT ORFEUS — OPTIMALIZOVANY GEORADAR PRO VYHLEDAVANI PODZEMNICH INZENYRSKYCH SITI

jekty napf. vodovodni, plynovadni a kanalizac-
ni trouby a daléi inZenyrske sité z riznych
maferiald (obr. 1),

Obr. 1 Lokalizace inZenyrskych sitf pomoci georadan

Princip georadarové metody je zaloZen na vy-
slani a zp&tném prijmu vysokofrekvanéniho
radiovéna signélu odrazeného od podzemnich
objekil (napf.inZenyrskych siti) 2 rozhrani geo-
logického prostredi. Zdrojovy impulsni signal
o frekvencich radové 10— 1000 MHz je emito-
van vysilaci anténau na povrchu zema. Méfi sa
2de asy pfichodu odrazenych radiovych vin.
W soutasne dobé jsou k dispozicl georadary,
kters nejsou schopny dostatednd presné loka-
lizovat inzenyrske sité pod povechem.




T

ORFEUS je akronym nazvu projektu Optimi-
sed Radar to Find Every Utility in the Street’,
tedy Optimalizovany radark vyhledavani véach
ingenyrskych silv ulicich™, Tento projekt e fagen
na stavebni fakulid YUT v Brmé, Ustavu vodnino
hospodafsty oboi a Ustayu geotechniky v ramei
6. ramcového programu mezindrodni spo-
lupréce ve védé a technice, wyhladeném Evrop-
skou Unii. Projekt byl zahajen v prosinci 2006 a
délka jeho trvani je 1fi roky:

2. Cile projektu

Clle projekiu jsou:

— zlepéil wykon pourchowych georadard;

- vyvinout novy radar, ktery bude umistény
we vring hiave vrinych souprav pro pokisdku
trub a kabelu a bude poskytovat informace
o prekazkach pred a okolo vrine hlavy
a tim provadet vrty v blizkosti inZenyrskych
siti bazpeénaji (obr. 2),

Ma projektu spolupracuje 9 parinerd (vyvojova

pracoviste, uzivatelé a univerzity) ze 7 evrop-

skych zemi:

- 0SYS Technology Lid, Anglie;

- Ingegneria Dei Sistani 5.p.A.(IDS), llélie;

- (Gaz de France (GdF), Francie:

- Tracto-Technik Spezialmaschinen GmibH
{TT), SAN;

= UK Water Industry Research Lid {UKWIR],
Anglie;

- The European Union of the Natural Gas
Industry (GERG), Belgie:

- Technische Universiteit Delft, Holandsko;

~ Universita Degli Studi di Firenze, Italie;

— Vysoké uteni technické v Brné, CR.

Projekt je feden v Uzké spolupraci s koncovymi

uivateli, kterym by mé! findlni produkt slouzit

k vyhleddvani inzenyrskych siti. V' projektu je

TECHNICAL TOPICS

fiadan velky diraz na jejich poZadavky a nazo-
ry, fak aby wyvinuté zafizeni pro whledavani
inzenyrskych siti v maximalni mife vyhovoval
Jejich potfebam. Tylo erganizace se podill na
projekiu poskytovanim dat, kiera jsou pouZiva-
i pro wyvoj zafizeni a v zavéru | pro jeho testo-
vani, Mezi témito uZivateli jsou Gaz de France
a Tracto-Technik Spezialmaschingn.

3. Struktura projektu

Cely projekt je rozdélen do sedmi tzv. pracov-

nich balickd (work package — WPR). Kazdy WP

se zabyva urtitou Casti projektu a je fizen
nékterym z partnerd. Koordindtarem celeho
projektu (WP 7000) je OSYS (Anglie).

ORFEUS projek! je organizevan do:

- 2 dodavatelskych pracovnich balickl sou-
visgjicich s viyvojem povrchoveho georada-
Tu & georadar ve vring hlavé,

- 1 uzivatelského pracavniha balicku, kiary
analyzuje zkusebn| poZadavky a nasledng
specifikuje a provadi modifikaci testovacich
mist;

- 1 univerzitniho pracovnino baligku, ktery

uskuteenuje program mefeni viastnosti ze-

mir;

1 spoleéného pracovniho baligku, ktery da-

finuje wuZii a patentovani vysledkd vyvo-

je:

= 1 pracovnino balicku, klery je urden pro &i-
feni vysledkd vyzkumu;

~ 1 pracovniho balicku, kiery je zaméren na
management celého projekiu.

WP 1000 Povichovy georadar

- pozadavky na georadar;
- vyvo| pavrchoveho georadary;
- testovani georadary.

O Z Lokslzace piekaiek pomoci georadary okalo a pred vrinow hiavou u vodorouného fizengho vridni

Ukolem tohato WP je definice pozadavki na
vykon a funktnost gecradan pro wwhledavani
vaech typl inZenyrskych sitl. Dale vyvoj nového
typu adaptivnich antén, kontrolnich a fidicich
systemu georadaru a labaratorni testovani
charakteristik systému. Navrzeny nowy typ
georadaru bude testovan v riznych typech
Zemin.

WP 2000 Georadar ve vring hlave

— pozadavky na georadar;

- yyvoj georadaru do vring hlavy;

- lestovani georadaru.

V' prvni fazi budou navrzeny parametry, které
musi spinovat georadar umistény ve vring
hiavé pro vodarovné vrtani se zpétnym zataho-
vanim. Ve druné fazi probéhne vjvoj, kiery
bude zaméfen na integraci nového typu antén
do vring hlavy, elektroniky umisténa ve vring
hlavé, prenosu dat z vrtne hiavy k vrimisirovi,
napajeni georadaru a kanstrukei vring hlavy.
Dale bude navrzen sofiware pro analyzu ziska-
nych Gdaju z georadaru. Georadar bude tes-
tovan v rbznych typech zemin a pfi rlznych
piekazkach,

WP 3000 Vyvoj testovaciho mista

Cilem fohoto pracovnine balicky je vyvinout
teslovaci stanovisté pro méfeni wkonu proto-
typu povichového georadaru v riznych pod-
minkach do hloubky 1, 5 m.

WP 4000 Méfeni charakteristik zemin

— vybéra implementace metod;

- program méfen,

Cilem fohoto pracovniho balicku je méreni
elektrickych parametrd zemin. M&feni bude
provadéno na vybranych zsmindch, pfi riz-
nych tepiotach a vinkosti. Vysledkem méfeni
bude vedecky podklad pro optimalni navri typu
georadaru pro ruzné typy zemin. Pro prakticke
pouiti georadaru bude pro éast Evropy 2pra-
covana .mapa vhodnosi pouziti georadary®
a to z vystedku méfeni elekirickych a geotech-
nickych charakleristk zemin,

WP 5000 Vyuziti

- analyza koncovych uzivateld;

~ definice produkiu;

- planovani vyuziti.

Cilem tohoto pracovnino balicku je specifikace
wyslednzha produkiu po vivaji profotypu & vy-
sledki testl uskuteénénych bihem projekiu
ORFEUS.

WP 6000 Zvefejnéni a prezentace vysledki

— internefové stranky;



- konferance a workshopy:

— ZavErecne zpravy;

- publikace.

Béhem celého projekiu, a zejména v jeho final-
nifazi, budou wysledky prezentovany potencial-
nim uZivatelim a wyzkumnym pracovistim
vcelé Evropd. V roce 2009 bude za timto uge-
lem kanana mezinarodni konference, a kaidy
z partnerl uspofddd padobnou akei na narodni
Urovni, Vysledky budow publikavany v odbor-
nych éasopisech, na konei projektu bude vyda-
na zévéreéna zprava, uZivatelska prirudka
& manual k produktu. Informace o wyvinutém
georadary budou zahrnuty do vzdélavacich
programi na evropskych vysokych Skalach.

WP 7000 Management projektu

Rizeni celého projekiu zahmue Ustanoveni syste-
mu komunikace mezi partnery. definici pravidel

a formy wyrofnich zprav, planovani a organizaci
kaZdoroinino selkani partnerd, sledovani orga-
nizace prace a vyuzill pracovniky, sledovani
adchylek od planu prace, podavani zprav Evrop-
ske komisi, keordinace vydavanych vadeckych
dokumenty a prezentace projeklu a zajisténi §i-
feni produkiu po ukonceni projekiu.

4, Zavér

Prispévek struéng pfedstavuje mezinarodni
projekt ORFEUS, zabyvalici se vyvojem a zdo-
konalenim georadard pro vyhledavani inzenyr-
shych sitich ulozenych v zemi. Jsou zde uvede-
ny zakladni cile projektu ORFEUS, organizace,
které se na jeho feseni podili, struktura a sou-
casny stav projekiu. Po jeho ukangeni v roce
2009 bude k dispozici nove navrZeny gecradar
pro vyhledavani inzenyrskych siti a prekazek
pod pavrchem a georadar ve vring hlave, klery

TECHNICAL TOPICS

bude zajistovat vétsi bezpecnost pii vrtani
v blizkosti podzemnich inzenyrskych siti, Pro-
dukty budou urceny zejmena provozovatelim
inZenyrskych siti, stavebnim firmam a projake-
nim kancelafim.

Pozn.: Tento lanek byl zpracovdn za podpory
projektu ORFEUS, Conlract No. 036856
(GOCE), fesendho v ramci 6. ramcovéhio pro-
gramu EU na UVHO a UG, FASTVUT vBmé.
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VELKY TUNEL V SANGHAJI PROTLACOVANY V OCHRANNEM TRUBKOVEM PLASTI

(Vitézny projekt soutéze ISTT AWARD 2006)

Prinasime piné znéni Eldnku popisujiciho pro-
jekt soutéze ISTT NO-DIG AWARD 2008,
poctény |. cenou na lenské konferenci ISTT
v Brisbane. Jedna se o specificke zajisiéni vel-
kého tunelu pomoct bezvykopovych metad.
Pronas je zajimave | fo, Ze podobing lechnolo-
gie by se méla brzy aplikoval | v Praze.

Popis stavby

Jako duleZita soucast Ustredniho méstského
okruhu v Sanghaji nedavno dokonéeny tunel
pod kfizovatkou ulice Hengxu Road vyrazné
snizil dopravni 2dcpy ve sifedni éasti meésta.
Tunel pro komunikaci s osmi jizdnimi pruhy
ve dvou oddélenych smérech je 34 m Siroky,
7,85 m vysoky & 126 m dlouhy. Jeho vystavba
zahrnovala 1aké ulozenl 80 ocelovych trub
0 proméru 970 mm kolem obwodu funelu za
pouzitl mikrotunelovacich razicich strojd & pro-
tlageni zelezobetonového skiifiovaho prefilu
vybetovaneho v protiacovaci Sachie.

Stavba le2i v cblasti s velkym soustfedénim
hatell a vil v jihowychodni éasti Sanghaje. Po
podrobném prizkumu a rozbon jeho vysledka
byl mzhodnuio zatladit Zelezobelonovy propus-
tek skrifnoveho profilu do otvoru wyiéZeného pod
ochranou plaété vytvofengho z ocelavych trub,
aby se minimalizovale poruseni pavrchu krize-
né komunikace a jejiha okeli, zkratilo obdabi
wystavhy a snizily stavebni nakiady. Byloto prv-
ni pouzit teto metody v Cing. Kromé toho je to
protlak nejvétsihe profezu na svets, provadény
ve vrsvach zvodnéleho Jilu.

Stavba je dilezitou soucasti zapadniho Useku

Ustiedniho méstského okruhy mésta Sangha-
je. Prevadi severojizni magistralu kizujici Hon-
fxu Road pres hotel Xiliao na Beihong Road.
Pouziti protiaku skiinoveno profilu pod ochra-
nou plasté z ocelovych trub bylo navrzeno
speciaing pro futo stavbu. Jeji jizni Sachia lezi
na kiizovatca ulic Hongaiao Road a Hongxu
Road a slouzi jako startovaci 3achia jak pro
mikrotunelovani ocelavyeh truk, tak | pro pro-
tlak skfinove konstrukce, Severni Sachia lezi
na zapadni sirang femisového stiediska Xianxia
v arealu hotelu Xijiao a funguje jako cilova
Sachita, Tunel pedehazi park ebklopujici ulici
Hongqiac Hoad a hotel Xijiac.

Charakter terénu

Charakter terénu zpusobil velke probiemy jek
pi projekiu, fak i pii stavbé. Zeminy pozlsta-
vaji hlavné z jilu a prachoveho jilu s obsahem
vinkosti cea 50 %, soudrznosti 14 kPa a Ghlem
vnitinino treni 107

Technicke parametry

Tunel ma obdélnikovy prifez a je rozdélen
do 8 segmentt. Prvni a druhy segment jsou
18 m, {feti je 4 m dlouty. Delka 4. a2 7, seq-
mentu je 17,5 m. posledni osmy segment
je 15,2 m dlouhy. Strop tunelu ma toustku
1,3 m, dolni deska je 1,4 m tusta, bacni stény
jsou 1,0 m a stredni piepazka 0, 8 m flusta.

Ocelove trubky, tvofici ochranny plast {obr.1) ,
jsou celkem 130 m dlouhé a jsou rozdéleny
na 9 Osek(. Primér viech trub je 970 mm,
floustka stény je 10 mm. Horni | dolni éast
plasté maji po 34 troubdch, obé strany po

& troubdch. Aby se konstrukce .zmonolitnila*
a aby se zabrénilo prisakim vody do prosto-
ru tunelu, bylo navrzeno specialni zamkove

Oefiranny plalt ¢ ooy irubek

spojeni sousadnich trub (viz detail na obr.2),
kiere zajisti celistvost plasia behem calého pro-
Hlacovaciho procesu. Na kazdych 8 trub pfipa-
dl jeden mikrotunelovaci straj.

Hlavni technické a inZenyrské problémy

e Presnost polohy diouhych ocelowych trub
proflacovanych mékkym jilem

e Siabiiita pfi vslupu velkého skiinoveho pri-
fezu do tunelu a jeho vistupu z funelu

e Poliebna prollatovaci sila a opatfeni k
jejimu snizovani

e Hizeni protladavani velkého skfifového pri-
fezu mekkym jilem

e Siabilita Gela vykopu

e Kontrola sedani

=]
.
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Abstract— In this work an innovative clutter canceller for
Continuous Wave GPR (Ground Penetrating Radar) has been
designed and implemented. An 1Q modulator has been used to
build up the central part of the device. The 1Q modulator replaces
more expensive components like digital controlled phase shifters
and attenuators. This device also have wider dynamics with
respect to linear vectorial modulator. To prove the feasibility of
the system, the effect of signal feedthrough for 1Q modulators is
studied. Tests and measurements of the complete device are
exposed.

Index Terms—Continuous Wave, Clutter Canceller, GPR, 1Q
modulator,

[. INTRODUCTION

Generally speaking, the clutter is backreflected signal due to
the surrounding environment and not to the proper targets [1].
The clutter can be a static signal due to targets like mountains
or buildings, or can be caused by non static effects like rain, sea
waves. Furthermore, clutter definition is related to the purpose
of the radar: for example rain reflection can be clutter for a
tracking radar while can be the target signal for a
meteorological radar.

For penetrating radar, clutter is due mainly by the direct
coupling between transmitting and receiving elements of the
system or, for non contact system, the first reflection due to the
air-surface interface. For penetrating radar aimed to detect vital
signal of buried or hidden people, clutter is everything but the
signal modulated by chest or heart movement[2].

Pulse radar can exploit the Range Gate Pulse approach that
is able to cut the direct coupling and the first reflection, but it is
not effective for distributed clutter source.

Range Gate Pulse is not applicable to Continuous Wave
(CW) radar, therefore direct coupling and the first reflection
are critical problems for this kind of radar.

In this paper, the authors propose a clutter canceller for
coherent radar able to cut out all static clutter, so particularly
suitable for detecting vital signals of buried people.

II. BACKGROUND

Generally speaking, clutter suppression for radar can be
carried out by hardware and software methods. When the
problem due to the clutter is a deterioration of the resulting
radar image the software method is preferred, just because the
duty of the clutter canceller is a clearing of the unwanted data,
which in many cases can be differentiate from the target data
by the property of time variation. The hardware method is used
when the clutter problem can affect the detection of the target,

that is when the clutter radiofrequency power can reduce the
sensitivity or even saturate the receiving sub-system
components. The clutter canceller developed in this work has
to be implemented in a CW radar which is used to detect the
doppler shift of the electromagnetic wave reflected by a target.
In this case the clutter is the whole static reflection due to the
surrounding objects and to the direct coupling of the antennas.
If this radar is used in Ground Penetrating System for detecting
alive buried people, the clutter is then due mainly to the
reflection of the air-ground interface which reflects most of the
transmitted power. If this power is able to saturate the first
element of the receiving sub-system is obvious that the
detection is not more possible because a saturated device
cannot follow the tiny variation due to the movement of chest
and heart during breath and cardiac pulse. The hardware clutter
canceller developed in this work eliminates the clutter power
before it reaches the elements which can be saturated. The
physical principle used to discriminate the target data from the
received power is simple, because a CW radar which doesn’t
use distance measuring methods like Stepped Frequency or
Frequency Modulation, can only detect the instantaneous
variation of the position of the target measuring the doppler
shift of the reflected electromagnetic wave. The whole static
reflection, that is the reflection which doesn’t vary its phase,
amplitude or frequency during the measure, is clutter and then
has to be eliminated. The phasorial representation of an
example of received signal is shown in Fig. 1 :
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Fig. 1 — Phasorial representation of received signal

The vector (I) and (II) are representative of two generic
clutter signals, so they can be summed together obtaining the
dashed vector which is the total clutter. The vector (III) is the



signal due to the target which has a phase modulation due to the
movement of the interface which has produced it. An analytic
representation of the received signals is also shown in (1):

A cos(at+¢,)+ A cos(at +@,) + A, cos(wt + Ap(t))
(1

Where A; (i=1,2,3) are the amplitude of the signals, o is the
pulsation, ¢; (i=1,2) are the static phases of the clutter signals
and A@(t) is the variable phase of the wanted signal. The first
two component are the clutter signal, the third component
represents the target signal with the phase referred to the
displacement of the object. The next equation shows the
received signal in which clutter and target signal are
distinguished:

A, cos(at+@,) + A, cos(awt + Ap(t)) )

The first component represents the clutter, while the second
one is the phase varying signal. To delete the clutter signal the
canceller has to generate a signal whose phasor has same
amplitude and an opposite phase compared with the clutter
signal. This signal has to be summed with the received power
with an appropriate device, and the result is shown in the next
expression:

A, cos(at +¢,)+ A cos(at + Ap(t)) —

3
A, cos(awt +¢@,) = A, cos(at + Ap(t)) ®
The target signal is not affected by the cancellation, even
because it has got a phase modulation which has widened his
spectrum, thus the single signal produced by the clutter
canceller cannot delete this information.
Fig. 2 shows the resulting signal resulting from the clutter
cancellation:
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Fig. 2 — Received signal after clutter suppression

Dashed phasor number (I) indicates the total clutter signal
before the suppression, signal (II) is the one used to accomplish

clutter cancellation, while (III) is the signal after the
cancellation. Due to finite precision of the system, a complete
clutter cancellation is not possible, so a small clutter signal has
been represented together with phase varying signal. As it can
be seen, signal (III) needs a lower dynamics of receiver to be
correctly demodulated without reaching saturation.

III. ARCHITECTURE
In Fig. 3 it is shown a sketch of a typical coherent CW radar:

RF Generator X

RF Demodul.
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Fig. 3 - Coherent CW RADAR

The image shows the LNA Low Noise Amplifier as first
element of a receiving sub-system, so the clutter suppression
must be achieved before this stage. Fig. 4 shows the simplest
way to generate the signal, that is to withdraw another part of
the transmitting signal, bring the needed modify and then
combine the interested signals. The duty of the clutter canceller
is to bring phase shifting and attenuation or amplification at the
RF withdrawal to generate the wanted signal. The basic
configuration includes digital controlled phase shifter and
attenuator. This configuration has the advantage in the
simplicity, on the other hand the problem consists in the digital
controls for the attenuator and the phase shifter. The precision
for these devices is limited, and unlikely exceeds 5-6 bit,
furthermore these devices are very expensive and hard to find.

RF Generator

Digital
Controls

LNA

RF Demodul.

Fig. 4 — Phase-Amplitude configuration for clutter canceller

In Fig. 5 the configuration with the implementation of an IQ
modulator is shown. This configuration allows an analog
control of the IQ modulator, so the precision of the system can
be chosen with the Digital to Analog Converter (DAC).
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Fig. 5—1Q configuration for clutter canceller
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The IQ modulator is capable of generating a wide number of
modulations, but in this application it is used to obtain a phase
shifter and an attenuator in a sole device. The modulator has
one RF input, 2 distinct low frequency inputs and an RF output.

| control

Y

RFinput RF output

i

Y

Q control
Fig. 6 — IQ modulator

Fig. 6 shows the internal configuration of a generic IQ
modulator. The RF input is splitted into two quadrature vector,
and then multiplied by two constant signals, which vary the
amplitudes and the signs of the two separate quadrature
vectors. This two signals are then summed together in order
two obtain the output signal. This device allows separate
controls for I and Q simply controlling two constant voltages.
The main difference between this configuration and the
previous one is digital interface separated from analog
interface, so now the digital precision can be chosen separately
from radiofrequency specifications. Previous works [3] uses
1Q modulator to obtain phase shifting, while amplitude control
was due to a separated attenuator, in this work the IQ
modulator functions as phase shifter and attenuator together
simplifying hardware configuration. Unlike vectorial
modulator, also used as clutter canceller [4], IQ modulator has
a wider dynamics due to the presence of mixers instead of
variable attenuator. On the other hand the presence of
non-linear devices like mixer brings some undesired effect. In
particular there will be carrier feedthrough, that is a fraction of
the input power which goes through the mixing stage without
being multiplied with the DC input. This is due to an non-ideal
input-output isolation. The carrier feedthrough has an
amplitude which depends on many factors, but for commercial

devices this characteristic is around -30+-40dB under the RF
input signal. Given that the input RF signal has to drive the
local oscillator ports of two mixers, the power level has to be
constant, so the feedthrough power become very relevant when
the output of the IQ modulator is low with respect to RF input
power. Tests are been carried out to show feedthrough
behavior against any variation of 1Q modulator output. Fig. 7
show the measurements setup used to characterize feedthrough
behavior:
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Fig. 7 — First measurement setup

The purpose of this test was to show that device feedthrough
is constant against every change of I and Q voltages, so the
feedthrough is static and can be considered clutter and then
eliminated. To obtain this measure the clutter canceller has
been driven with an amplitude constant — phase variable signal,
that in the ideal case should be a circle in the 1Q plane.
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Fig. 8 — Output of IQ modulator in IQ plane
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Fig. 9 - Amplitude varying IQ output
shows the output of the IQ modulator driven with amplitude
constant 1Q signal. In the ideal case the circle should be
centered in zero, but the feedthrough shifts the circle so that it Attl

is not centered. This happens because feedthrough signal is
constant against phase variations of output signal.

In the graph in Fig. 9 four different measurements are
shown. These measures are obtained as the previous one
driving the IQ modulator to have a constant amplitude output,
but now four different amplitudes are represented with r as an
arbitrary attenuation factor.

As it can be seen when the output power is low (r=0,15
r=0,3) the graph shows an ondulatory pattern which is due to
the phase-varying output signal summed with the static
feedthrough. This pattern diminishes when the power raises
because the feedthrough power remains constant and becomes
negligible with respect to output power.

These measurements show that feedthrough is a static signal,
with respect to any variation of output signal, so feedthrough
can be treated as clutter and appropriately cancelled.

IV. TEST MEASUREMENTS

The experimental setup which has been installed to test the
complete is shown in

Fig. 10. It uses an RF cable to simulate the clutter signal,
thus changing the length of the cable and the value of fixed
attenuators it is able to test the device with different
phase-amplitude clutter.
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Fig. 10 - Second measurement setup

Digital control of the system is performed by a
microcontroller (uC) which input is an analog voltage
proportional to the input power obtained by means of a power
meter. The program routine of the pC varies the clutter
canceller output, and then it drives the IQ modulator to obtain
the minimum power on the receiver line. On Fig. 11 final
measurements are reported. There are four different measure
obtained with four cables with different length, thus to have
four different clutter phase. Furthermore the values of two
attenuator, Attl and Att2, have been varied to have different
clutter amplitude.
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Fig. 11 — Clutter attenuation

V. CONCLUSION

Fig. 11 shows clutter attenuation against received clutter
power. The attenuation factor of the clutter canceller showed in
this paper reach the value of 60dB when the clutter power is
high (=0dBm), otherwise there is lower attenuation when the
clutter power diminishes. This is due to the finite precision of
the DAC which drives the IQ modulator. This imperfection is
much more visible when the clutter power is low, because the
relative error increases when IQ output power decreases.

To obtain maximum performances is necessary a calibration
of the system, to have the 1Q modulator to work in high
precision zone.
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OpTiMISED RADAR TO FIND
EVERY UTILITY IN THE STREET

Street works are a familiar problem for most of us; the plant
buried beneath our streets is complicated and the situation
is getting worse. Maintaining and renewing our buried in-
frastructure causes traffic congestion and the traffic is incre-
asing, with a 50% rise in vehicles being predicted over the
period from 1996 to 2030 in the UK alone. The position is
similar in the rest of the European Union.

Poor utility mapping increases risk of damaging buried in-

frastructure during street works. This can cause:

e safety problems

e |Infrastructure destruction (e.g. damaged fibre optic cables
can cause costs of several million €)

e Extended construction periods

* |nappropriate use of innovative technologies (e.g. No Dig
Technologies) causing negative image and declining
usage of those technologies

Pressure is now increasing to minimise the disruption to traf-
fic flow caused by street works, and one of the keys will be
a more accurate knowledge of what is buried where, so that
excavation is only undertaken when absolutely necessary.

GPR Technology can help avoiding these problems by gene-
rating and refining of location information and in this regard,
Ground Penetrating Radar is potentially extremely useful be-
cause of its capability to locate the increasing proportion of
non-metallic plant that has been used in recent years.

To meet the challenge of a demanding operational environ-
ment, GPR is undergoing constant refinement and develop-
ment by a number of manufactures world-wide.

The European Commission has recognised the potential of
GPR technology to safeguard the environment and is suppor-
ting a project to improve the technology under the Sixth Fra-
mework Programme (Global Change and Ecosystems)

The project (known as ORFEUS) has two main goals:

e To improve the performance of GPR deployed on the
surface to provide underground maps.

® To develop a new radar to provide a look-ahead capability
for Horizontal Directional Drilling equipment.

ORFEUS is a European-wide project being undertaken by a
consortium of nine organisations consisting of equipment de-
velopers, user organisations and academic institutions. The
intention is to develop the new equipment as described
overleaf, and then to subject it to a Europe-wide field trial
programme on a range of carefully selected test sites to eva-
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luate the performance of the new equipment against a base
line of present day state-of the art equipment.

The project is scheduled to last for three years and its total
value is €6M, 50% of which is contributed by the European
Commission and 50% by the Consortium.

An essential part of the project is to develop a strong user
input into the development and evaluation phases of the
work. We seek to develop links to create an Advisory Panel,
comprising a balanced spectrum of members from diverse
utilities and highways authorities who can both be briefed
on progress within ORFEUS, and also who can give the pro-
ject practical advice on any operational or user issues. At this
stage we would expect between six and twenty members of
this ad-hoc group

The Advisory Panel, made up from members drawn from
across the EU, will work as a primarily self-funding group.
Representatives of utilities, highway authorities and others

who manage, regulate, map or carry out streetworks throug-
hout Europe are invited to take part in this activity. Individuals
within these organisations will be invited to take part in the
activities of the Panel and have an early view of the research
and development.

Involvement in the project will:

e ensure early access to the technology

e allow you to understand its potential impact on your
business plans

e aid in planning for asset management

e provide you with an opportunity to influence the research
and the establishment of realistic test conditions for
technology evaluation

Toregister interest in joining the Advisory Panel please contact
the ORFEUS-Project manager:

howard.scott@osys.co.uk

ORFEUS WeB BASeED UserR QUESTIONNAIRE

A key objective of ORFEUS is to develop a comprehensive set of User Requirements to underpin both the development of
the new technology and the subsequent testing and evaluation of the resulting equipment. The evaluation (separate from the
testing, and carried out by the User project-partners) will benchmark the new equipment against the existing state-of-the-art

and the User Requirements.

It is essential that the User Requirements are robust, and represent the needs of as complete a cross section of potential users
as possible. To assist in the gathering of information, we have developed a questionnaire to determine what users of these
technologies would like to be able to detect. We have included such questions as:

«  What buried utilities are you interested in locating, and at what depth?

«  What other below ground features are you interested in locating?

+  What minimum level of accuracy will you require from any new locating technologies?

«  What degree of resolution is acceptable - i.e. how far apart must two objects be be-fore they are recognised

as two targets rather than one?

« Under which surfaces do you want to locate buried utilities and other buried objects?

Your involvement in completing this questionnaire will help us to develop a Specification that most closely meets the require-
ments of all users of new location technologies and services. Please assist us by visiting the web site to complete the questi-
onnaire. If you wish to receive a copy of the results analysis, then simply complete the relevant section of the questionnaire.

www.mappingtheunderworld.ac.uk/orfeus_questionnaire.himl
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