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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
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IDS Ingegneria dei Sistemi SpA
Pisa, Italy

Howard Scott
Managing Director
OSYS Technology Limited
Newcastle upon Tyne, United Kingdom

Meinolf Rameil
Head of technology. / Comm. Coordination Department
Tracto-Technik Spezialmaschinen (TT Group)
Lennestadt, Germany

Dave Pinchbeck
General Secretary
GERG — The European Gas Research Group
Brussels, Belgium

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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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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1. Projekt ORFEUS

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

Evropska komise rozpoznala potencial ristu vyhledavacich technologii pro zajisténi
bezpecnosti zivotniho 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 jedind znama metoda, kterda mlze zjistit jak kovové, tak nekovové
podzemni objekty napf. vodovodni, plynovodni a kanalizaéni trouby a dalSi
inZenyrské sité z riznych materialt (obr. 1).

Obr. 1 — Lokalizace inZenyrskych siti pomoci georadaru

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



Méfi se zde Casy pfichodu odrazenych radiovych vin. V sou€asné 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 hospodafstvi
obci a Ustavu geotechniky v ramci 6. ramcového programu mezinarodni spoluprace
ve védé a technice, vyhlaSeném Evropskou Unii. Projekt byl zahajen 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 kabeld a bude poskytovat informace o
prekazkach pred a okolo vrtné hlavy a tim provadét vrty v blizkosti inZenyrskych
siti bezpecnéji (obr. 2).

Na projektu spolupracuje 9 partnert (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 udeni technické v Brng, CR.

Projekt je feSen v uzké spolupraci s koncovymi uzivateli, kterym by mél finalni
produkt slouzit k vyhledavani inzenyrskych siti. V projektu je kladen velky duraz na
jejich pozadavky a nazory, tak aby vyvinuté zafizeni pro vyhledavani inzenyrskych
siti v maximalni mife vyhovoval jejich potfebam. Tyto organizace se podili na
projektu poskytovanim dat, kterd jsou pouzivana pro vyvoj zafizeni a v zavéru i pro
jeho testovani. Mezi témito uZivateli jsou Gaz de France a Tracto-Technik
Spezialmaschinen.



lokalizace
kolem hlavy

lokalizace pted
vrtnou hlawvou

Obr. 2 — Lokalizace prfekazek pomoci georadaru okolo a pred vrtnou hlavou
u vodorovného fizeného vrtani

3. Struktura projektu

Cely projekt je rozdélen do sedmi tzv. pracovnich bali¢kl (work package — WP).
Kazdy WP se zabyva uréitou c¢asti projektu aje Fizen nékterym z partnerq.
Koordinatorem celého projektu (WP 7000) je OSYS (Anglie). ORFEUS projekt je
organizovan do:

2 dodavatelskych pracovnich bali¢ki souvisejicich s vyvojem povrchového
georadaru a georadaru ve vrtné hlavé;

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

1 univerzitniho pracovniho bali¢ku, ktery uskuteCiuje program méreni
vlastnosti zemin;

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

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

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

WP 1000 Povrchovy georadar



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

Ukolem tohoto WP je definice poZadavkd na vykon a funk&nost georadaru pro
vyhledavani vSech typu inZenyrskych siti. Dale vyvoj nového typu adaptivnich antén,
kontrolnich a fidicich systém( georadaru a laboratorni testovani charakteristik
systému. Navrzeny novy typ georadaru bude testovan v riznych typech zemin.

WP 2000 Georadar ve vrtné hlavé

- poZadavky na georadar;

- Vvyvoj 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 hlaveé, pfenosu dat z vrtné hlavy k vrtmistrovi, napéjeni georadaru
a konstrukci vrtné hlavy. Dale bude navrzen software pro analyzu ziskanych Gdajl
z georadaru. Georadar bude testovan vruznych typech zemin a pfi rdznych
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 Méreni charakteristik zemin
- vybér a implementace metod,
- program méfeni.

Cilem tohoto pracovniho balicku je méreni elektrickych parametri zemin. Méreni
bude provadéno na vybranych zeminach, pfi riznych teplotach a vlhkosti. Vysledkem
meéreni bude védecky podklad pro optimalni navrh typu georadaru pro riizné typy
zemin. Pro praktické pouZiti georadaru bude pro ¢ast Evropy zpracovana ,mapa
vhodnosti pouziti georadaru® a to z vysledkd méreni elektrickych a geotechnickych
charakteristik zemin.

WP 5000 Vyuziti

- analyza koncovych uzivatelu;
- definice produktu;

- planovani vyuZziti.



Cilem tohoto pracovniho bali¢ku je specifikace vysledného produktu po vyvoji
prototypu a vysledkul testl uskute¢nénych béhem projektu ORFEUS.

WP 6000 Zverejnéni a prezentace vysledkt
- internetové stranky;

- konference a workshopy;

- zavérecné zpravy;

- publikace.

Béhem celého projektu, a zejména v jeho finélni fazi, budou vysledky prezentovany
potencialnim uzivatelim a vyzkumnym pracovistim v celé Evropé. V roce 2009 bude
za timto Uc¢elem konana mezinarodni konference, akazdy z partnerd usporada
podobnou akci na nérodni drovni. Vysledky budou publikovany v odbornych
Casopisech, na konci projektu bude vydana zavérecna zprava, uZivatelska pfirucka
a manual k produktu. Informace o vyvinutém georadaru budou zahrnuty do
vzdeélavacich programud na evropskych vysokych Skolach.

WP 7000 Management projektu

Rizeni celého projektu zahrnuje ustanoveni systému komunikace mezi partnery,
definici pravidel aformy vyroCnich zprav, planovani a organizaci kazdoro¢niho
setkani partner(, sledovani organizace prace a vyuziti pracovnikd, sledovani
odchylek od planu prace, podavani zprav Evropské komisi, koordinace vydavanych
védeckych dokumentl a prezentace projektu a zajisténi Sifeni produktu po ukonéeni
projektu.

4. Zaveér

Prispévek stru¢né predstavuje mezinarodni projekt ORFEUS, zabyvajici se vyvojem
a zdokonalenim georadard pro vyhledavani inzenyrskych sitich ulozenych v zemi.
Jsou zde uvedeny zakladni cile projektu ORFEUS, organizace, které se na jeho
feSeni podili, struktura a soucasny stav projektu. Po jeho ukon&eni v roce 2009 bude
k dispozici nové navrzeny georadar pro vyhledavani inzenyrskych siti a pfekazek
pod povrchem a georadar ve vrtné hlavé, ktery bude zajiStovat vétsi bezpecnost pfi
vrtani v blizkosti podzemnich inZzenyrskych siti. Produkty budou uréeny zejména
provozovatelim inZenyrskych siti, stavebnim firmam a projekénim kancelarim.

Pozn. Tento Clanek byl zpracovan za podpory projektu ORFEUS, Contract No.
036856 (GOCE), feSeného v ramci 6. ramcového programu EU na UVHO a KG,
FAST VUT v Brné.

5. Literatura



. Annex | — ,Description of Work*", 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

. Firemni literatura



KTYPHO-CTPOUTENLHBLIA YHUBEPCUTET

-

W rOCYRapCTBEHHBIR apXuTe

-

Canxr-llerepbyprexu

=
S
e
[ &]
=
| =
.
W
=
=]
o
2
Qo
=
=
1]
Q
T
=
e
[+
D
=
£=
5
Y
(=)
‘B
T
4]
=
=
—
@
prer]
E
w
(=1}
s
3
£
2]
o
2‘1
@
o
-
w

"R
151

MEXYHAPO[IHAS HAYYHO-NPAKTUYECKAS KOHDEPEHLIUA
HAYKA W UHHOBALIUWA B COBPEMEHHOM
CTPOWTENbCTBE - 2007
INTERNATIONAL SCIENTIFIC-PRACTICAL CONFERENCE
SCIENCE AND INNOVATIONS IN MODERN
CONSTRUCTION - 2007

17-19 okTa6pa / october 2007 .




el

=

I T Be

Irefimvunnep O. A., Maponos A. C. OuriMHEIAURE HICOCHAIX CHCTEM TO/AMH BOMBL..x0usesas o 171

CEEIMS 11 CHCTEMBI HHIHEOBECITEMEHHA HA OCHOBE JKOJOTHYECKH
BE3OMACHBIX TEXHOJIOTHIL H PAIIHOHATEHOIO IPHPOIOMNOIL30BAHHSA

Axwvon 1, H., Anexceen B. H. [lnexoanii ofcanombarcin OCLIKOR CTOMHBDY BOM. v ev.vensrs e 177
Bannmaros M. J1. OcHOBE! HAHOX M CTPORTEABHBIX METEPHAMOB. ....oveee e eemsssassrnasssernss 178
Bapmanan M. A. Hisneuenne TRELIEX MCTILUTOR TEXHOICHHBM OTX0M0M. « oo ivvcnencmnsssenanns s 182
Bapnunnn M. A., Bapnepecan I 11, Astonsd 3. 3, KoMmiexchbie copleHThl LM O4HCTKH
BETECOICDMALII CTOMHBIC BOM: ¢+ cvsssssstsssrarsnsnnnnsssssssssnsssrssnnnnnsssnssiosssssssnsnnnmnnssssssiss 134
Bacumres B. M., Hasnsa O, M., Beprxotypos B. I Peryimpopanne pabors KismissaioHHsIx
SECOCHBMX CTRRII 10 TORHETLIAIX KOAMEKTOPAX Iy HoK0re JAN0KEHIA. .. Tirrorrearmmeery - 3
Jamok T. A., Baciuasen B. @, Deporus B. B., Hues 1O, T1L Hnnmuxmmnmu
B OPOCKTRPOBAILHY CHCTEM BEITHIIAIIAR . oo oo vnvssssnnssisnsasnsssnssninrssnsssibinsnsnnsnssrsrsssssstinnnnsnn 190
Jsapescknil B, C., Yeprmwon H. A, [poGnes paspaborin TIIC sarpmsmonmmx semects
BRI O REITRE. - . s oo i R A A B M R A LA e A 194
Diziopak 1., Alexeev M. L, Stolzenburg (). Waste water accumulafion in storage reservoirs within
T e N A g e P e e NSy e s o f e 198
Dzjopak 1., Skyd D). HERORAIHONHEIE KOHCTPYKITHH HACOCHO-MPaBHTAINOHAED PEryITHPYKIIN
PEIEPBEYAPOR B KAHATHIAHOHHAIX CHETEMBX. 100 uncennnnssssssnsssnsssssnsssmsnssssasssssnsssnsmssassmennns 202
K A. H., Bacinses [ A. OcoBensocti BOROCHATHEHMA PAHTRHOB. ....oovvviiinniiiiniieiiiineens 206
Kosmma I 11, Mapumenxo E. E. SneprosdieKTHRHEE TCXRONOTIH TRONIBOACTEL
H HCIOIEIOREHEA WIRTCPHETHEHED PE000PAIMBES TOMITHI . . «. i vasiarsnssnsnssansnsnssssssssasssinsssssen 211
Kypranos A. M., KapamGipos C. H., Tpimkoniok C. A. BARSHNE HEYETKOTO ONpeienes
THAPARTHYECKAX TIAPAMETPOR HE PEIYIhTaTb PAc9ETa CHETEM BOMOCHAOMEHHR .uuv e eeee 215
Muponor [1. A., Muponos A. M. Cpena o0RTRIA 563 TPHOKR. ....oiommiimeimainnsiannnsnriinrans 220
Tomymxan B. H., Cyxanosa M. . Uesrpammonannas nuneySopra nponInoncTBemny
MR IRHRY - i i e i T e e P R S A T R R r.rx!
Punnapcxn . Ouenika METONOD, HCTOMLIYEMBIX TR CAHMTNN BONOTPOBOIHEN ceTell B Yexmm,
A OOIGE B YRAT 2.0 ot o m  5 Sa o S e B R S At i v A AN B Sl e 226
Panpasckn ., NMocmaums [1., Musa J1L, Crorr I, [peext «OPOEY Co — onTisaumsmpopaii
OONCKR IOMIEMITHI MERSHEPHRED. CETEM. ..o e ivinraiionssaieivsasnsnssrsssnsssssrasnsas 233
Thewes M., Bielecki R. Ecological impact of underground construction methods: Amcﬂmdnlugy
for evalusting and decision making. .. o cnd 3T
Deodanon 10, A., mmmmnkﬂ H!Hﬂmlmmpcﬁnm:umpunnl‘mml
SOERRRLI . e PR L e 244
Xwrrypuma T. M. Texnonoris rmyGokofl omeTki 00BexToB MaToll KAHATIIALIN B YOIOBLEX
RO S MBI 5.4 15w civnssimns widnmnis e S i s AP SRR Ry PR R ey e 248
CEKLHA 1V. J0OPOFKHO-TPAHCIIOPTHRIA KOMILIEKC H MEXAHH3IALIHS
CTPOHTEJILCTBA
WAB bongapenxo B. B., Peswiuenxo B, B., Maauran K. A, Maorosmepssi
......................................................................................................... 251

Euc'rpun B. A. MeTonHE:n oleHER GakTHYECKDE IHHAMHYSCKDH HAPYRCHAOCTH H pecypea
SOHCTPYKURA IKCONYATHPYEMEIX CTATLHEIX 1 CTAMRENCIOBETORHBIN MOCTOB ..0.ouurvriiresnsinn 254
Brictpon B, A, Apomrymis 1. A. MoIenspoBaame i GUSHKE ZHHAMHYCCKOTO BO3nEACTERA
LHTOTPUHCIIOPTA [ MIEMERTE MOCTOBONO MOMNOTHA B 30HE IeGOPMAIORHOTO MBA. .. ..ovvveenna 238

5



Cexyjun [Tl Crucmemst dcusneofecneieHisl Ha OCHOBE INONOZUNECKN DE30NACHBIX MeXHOR02 1
U PayUOHAILHO20 NPUPOOONONbI0EANUR

5. Raclavsky, J. et al. Baze znalosti — metody sanace vodovodnich Fadii, Sbornik «Mezindrodni vodohospodirské
kolokvium» poradané v rimei fedeni vizkumného ziméru MSM 261100006, FAST VUT v Bmég, Bmo 2001, 5. 53-58
gs.m{f]. IK..:epﬂml. F. Mikrotunelovanie a rekonftrukcia podzemmyjch vedeni. Bratislava: Alfa, 1991. 117 5. ISBN 80-

7. Raclavsky, I Rekonstrukce vodovodnich siti — studijni materigly. Celoivotni vzdélivini pro stavebni praxi a
verejnou sprivu. BVHO, FAST, VUT v Brné. 2004/07

8. CEN, EN 13689 Guidance on the classification and design of plastics piping systeme used for renovation,
CEN, Brussels 2002

9. AWWA, Manual M28, Rehabilitation of water mains, American Water Works Associntion, Denver 2001

10. EN 14409 Plastic piping systime for renovation of underground water supply networks

11. Jlirreparypa, inannas dupMasi

VIIK 658.512.6:658.527:69

xauo. mexn. vavk A. Payrascku, kano. mexn. nayx [T, Hocmawun,

kand. mexn. payk JI. Muva (Texangeckuit yuupepcuTet r. bpro, Yemckas Pecrrydmixa),
I Crxomm (OSYS Technology Ltd, Anrmus)

HPOEKT «OPOEYC» - ONITUMAJHA3HPOBAHHLIN TEOPAJIAP JULA IOHCKA
NMO/JBEMHBIX HHKEHEPHBIX CETEH

«OPOEYCy» (ORFEUS) - a10 afGpennaTypa nassammd npoekta «Optimised Radar to Find Every Utility in the
Streen wm ¢ONTHMATIBHPOBAHHLIH pafap ANA NOHCKE BCEX BHAOR INGREHePHKX CeTefl, MPONOKEHHEX N0 YIHIEMN,
ot npoekt 6wt paspabotan cosmecTHo HucTHTYTaMi 80AHONO X03MficTa HACEACHHLX MYWKTOR ¥ MEOTEXHNEH CTPOIl-
rensHOT (akynsTeta TexHigeckoro yuusepciTeta 8 BpHO Kak cocTaBian vacTk 6 PAMOYHON NPOrpaMMLL MERIYHAPO/I-
Horo coTpyamtectsa B ofNACTH HAYKH B TeXHHKR, nponoimamentol Enponefickin Cotolom, Hauano npoekty Guno
nono#eHo n gexabpe 2006 r. i OH pacuHTARH HA TPU FONA.

Street works are a familiar problem for most of us. Maintaining and renewing buried infrastructure can cause
rraffic 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 Jocation technology to safeguard the environment
and is supporting a project, under the Sixth Framewerk 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
hange 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 underiaken by a consortium of nine organisations consisting of equipment developers, user organisations
and academic institutions.

1. Mipoext «OPMEYC»

[Iposenense 3eMATHEIX padoT HA TPAHCHOPTHEIX KOMMYHHKALNAX HABIACTCH PobieMoH, 3HaKo-
MO MHOFAM K3 H4C. PeMOHT H 0GHOB/CHNE NOA3eMHOH HE(PACTPYKTYPhl MOKET BE3EIBATH H3IBLCT-
Hbie TpascnopTakie npodnems. [1pr 31oM, KomHYecTBO TpaHCHOPTHEIX cpeacTs B 1996— 2030 rr. yse-
anumtes na 50%.

Esponeiickas KOMHCCHA OIEHHNA NOTEANHA POCTA [OHCKOBEIX TeXHONOrHA 11a obecnevenns
fie30macHOCTH OKpyXKalomeii cpeIsl H Hauana puHAHCHPOBATE MPOEKT, BIUNCYEHHBI B MecTyio pa-
MOMHYIO IporpamMmy (MmodankHee A3MEHEHAS H SKOCHCTEMB!), H KOTOPEIH HAIPABRICH HA PA3BATHE H
yiyumenne Texaonorus reopanapos (GPR — ground penetrating radar).

Teopanap — 370 eIHHCTREHHBN HIBECTHRIA METOJ, KOTOPLII MO3BOAAST ONpelelnTs HAXoAIe-
HHE 1101 3eMIell Kak MEeTAUIHYECKHX, TaK § HEMETAUTAYECKHX MOI3eMHBIX 00beKTOB, TAKHX, HallpH~-
Meép, KaK BONOOPOROIHEIE, TABOBEIE H KAHATHIANHOHHEEIE TPYOHI, A TAKKE HILIC HIZKEHEPHLIE CETH,
ALIMONHEHHBIE H3 PAYIHYHBIX MaTtepHatos (pHc. 1),
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Pic. 1. Jlokanw3auns MHEACHEpHRIX ceTeil
€ 1OMOUILIO Feopanspos

[lpuuuin reopazapHoro MeTo1A OCHOBANH HA [OCHIIKE i IPHEME BEICOKOYACTOTHOTO PATHOCHT -
HANA, OTPUHEHHOTO OT TOAEMHLIX 00BEKTOB (HANp., HHAXEHEPHBIX CETEH ) 1 rPAHNIT Te0IOrHYECKOl
cpeipl. MMmynbeHsii cHrian HCTOMHAKA cHTHANOR vacToToil 10-1000 MT'n wanyuaetes nepenaw-
meit anTeHHoll Ha 3EMHYIO NOREPXHOCTS, MTOCTIE Yero, HIMEPAETCH BPeMS BOIBPALLCHISA OTPAKEHHLIN
panuosoiH. B nactoniiee BpeMs HMEIOTCH reapajaphl, KOTOPhIE HECHOCOGHE! IOCTATOTHO TOYHO JI0-
KIHIHPOBATh HEGKEHEepHEIe CeTH MO 3eMHOI 10BEPXHOCTLIO.

«OPOEYCy» (ORFEUS)— 310 aG0pesnarypa Haspanus npoekta «Optimised Radar to Find Evers
Utility in the Street» snm «OnTHMAaNH3NPOBAHHELH PALED 1A TOMCKA BeeX BHIOB HHIKEHEPHBIX ceTeil.
NPOMOHEHHEIX TIOI YITHIAaMH», DToT NpoekT G5 pazpaboTan coBMecTHo HHCTHTYTAME BOLHOTO X0+
3qitcTBa HaceJeHHBIX NYHKTOB H MEOTEXHHKH CTPOHTENLHOID (paKynsTeTs TeXHHYECKOrO VHHBEPCH-
Teta B BpHo Kak coctaBras qacTh 6 paMOMHOMN NPOTrPAMME! ME#KIVHAPOIKOTO COTPYIHIHECTRA B 00-
NIACTH HAYKH H TEXHUKH, nposo3mamentoii Erponefickiy Corosom. Hawano npoexTy G5110 HOJI0%Ke-
Ho B AexaOpe 2006 r. ¥ OH pactiTaH Ba TpH roja.

2. Heaws npoexrta «OPMHEYCy
Ueasto npoexta OPOEYC ssiasercs:

- yayumer#Ee 3GdeKTHBHOCTH re0panapos NOBEPXHOCTH;

- paspaboTKa HOBOIO panapa, KOTOphil GyaeT pasMemaThed B OVpOBOI TONOBKE YIpaBigeMblx
FOPHIOHTATBHEIX OYpHIIBHBEIX Arperaros, NpelHa3sHAYCHHLIX A% Mpokiamku Tpyd # kabeneii.
H KOTOpHIit GyaeT npenoCcTanIsTh HH(OPMAIHIO 0 IPEOATCTRHAX, HAXOMANDTNCS TEpe;] | no Bokan
rososkH Gypa, YTO NO3IBOTHT CHNIHTE PHCK NMOBPEAeHHS HHAKCHEPHEIX ceTell NpH GypeHHH B HX
HenocpeacTBeHHOMN GansocTH (pac. 2).

B paGote Haj poeKTOM COTPYAHRYAIOT 9 NapTHEPOB (MPOEKTHBIE MACTEPCKHE, TIOTBI0BATE.TH |

YHHBEpPCHTETH!) H3 7 eBponefficTKHX cTpan:

- OSYS Technology Ltd, Arrnus;

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

- Gaz de France (GdF), Ppauuns;

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

- UK Water Industry Research Ltd (UK WIR), Axrus;

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

234



Cexyun . Cucmemi scuzneobecnedents na ocHoBe IKONO2UHECKY BEIONACHBIX MEXNOIOIUT
U PAYUOHATEHOZ0 NPUPOOONOTH306AHUA

- Technische Universiteit Delft, Tonnannus;
- Universita Degli Studi di Firenze, Mranus:
- Texuuveckufl ynunepcuter 8 bpro, Yexus.

[NpoexT paspaboTal B TECHOM COTPYIAHHYECTBE ¢ (PHHATBHEIMH 110/1b30BATENAMH, KOTOpLIE Gy-
JI¥T HCTOMEI0RATH (PHAANLHLIT TPOIYKT IS NoHcKa HHMKCHEpHLIX ceTedl. IIng Toro, wrolsr papada-
TeIBAaEMOE 000pYAOBAHHE LA TOHCKA HEMKSHEPHEIX ceTell MAKCHMATBHO COOTBETCTBOBATIO MOTPeh-
HOCTAM noAb3osaTeneil, npu pazpalotxe npoexTa OoMblIOE BHUMAHKE YIEIST0CH HX TpeDOBAHHAM
1 TOMKe 3P€H“ﬂ. 31.'" 0pmun3au}m NPHHHMART YH9ACTHE B HPDEKT(‘.‘ NpPEAOCTARICHHEM TaHHLIX, KOTO=
PhIE HCMOIBLIYIOTCH NMpH pa3paloTre H HCOBITAHUAX 00opyAoBaHuA. Tarkus noTL30BaATENIMH ABIA-
wres «Gaz de Francer u «Tracto-Technik Spezialmaschineny,

Pue. 2 Jlokamimauus ¢ noMolis reopatapa npenarcTail, Haxoasuues no Goxasm i nepen
Gyposoii rofosxofl npu ropHIOHTLILHONM Gyperin
| = sokaminamms no Goram Gvposoil ronoski. 2 — nokamnauus nepen Gyposoil roroskoi

3. CrpykTypa npoexrta
Bect npoext paszenes Ha ceMb, Tak HajnBaeMmbiX, padoaux nakeros (work package — WP).
Kamariii WP nocsames onpeneieHHoll SacT# MpoeKTa W VIPaBASETCA OAHAM H3 napTHepos. Koop-
TuHaTopoM Beero npoexta (WP 7000) sngetes OSYS (Aurnua), [poext «OPOEVCy coctont n3:
- 2 moapAAnkIx pafoHHX NPOEKTA. CBA3aHHEIE ¢ pa3paboTkol reopanapa nosepxHOCTH H reopaapa
B Gyponoii rononke;
- 1 pabouero nakera oJbL30BAaTENS. B KOTOPOM aHAINIHPYIOTCH TpefoBAHHS HA HCIIBITAHIA,
a Tatke crentngUHpYIoTes H MoIHGHIHpYIOTeA pafoune MecTa JUI NPOBEIeHNA HCILITAHHI;
- | YHHBEPCHTETCKOrO MAKETa, B KOTOPOM PRATHIYETCH MPOIPAMMa H3MEpeHHS XapakTepHCTHK
IPYHTOR,
- 1 ofmero paboyero naxera, B KOTOPOM YCTaHABTHBAIOTCA HCMOIB30BANNE H ATEHTHPOBaHHE
Pe3YILTATOB paspadoTkiL:
- | paGouero nakera, KOTOpBIil MpEeARA3HAYeH 114 PACIIPOCTPAHEHHA PE3YIHTATOB HCCICIOBAHNI;
- 1 paGotero nakera, KOTOPLIT 3aAAMAETCH MEHEKMEHTOM BCETO NPOeKTa .

WP 1000 I'eopanap nopepxsHocTH
- tpefoBanng k reopanapy;
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Hayxa u unnosayuu 6 cospemennom cmpoumenscmae — 2007

- paspaboTka reopanapa noBepXHOCTH;
- HCTIBITAHHE Feopanapa.
3anaueii ganioro WP seiasercs onpefienenne TpeSoBanuil HA TPOMIBOIUTENBHOCTE H paboTy
reopajapa Uia NOHCKA BCEX THHOB HHXEHEPHBIX ceTeil, paipaGoTka HOBOIO THMA ANANTHBHBIX aH-
TeHH, CHCTEM YIpaBieHHd H KOHTPONM Teopajapa H NabopatopHble HCMBITAHAS XaPAKTEPHCTHE CHC-
Temel. PaspaboTanHelil HOBEIH THII Feopaapa OyIeT HCNEITLIBATHCA UK PA3IHYHEIN TENOB [PYHTOB,

WP 2000 Teopanap B 6yposoii rooske
- TpeDOBAHKA K reopanapy;
- pazpaboTka reopanapa wit Oyposoi NoJoBKH;
- HCIILITAHHE reopanapa.

Ha neppom atane GynyTt paspaGoTansl DApaMeTpEl, KOTOPEIM JOKEH COOTBETCTROBATE Ieopa-
2ap, pacTionoweHHLI B GypoBoil ronoBke 1A ropusonTansuoro Gypenns ¢ Bossparom. Dropas diaza
ByzeT nanpapneHa Ha paspaboTKy TeXHHYECKOrO PemleHns s pasMenicrns B Oyponoii ronoske Ho-
BOIO THIA aHTEHH, MEKTPOHHKH, CHCTeMB! mepefayn HHbopmauuy o Gypennn GypoBoMy Mactepy,
JHEPTONATAHHA Teopanapa, a TakKe KOHCTPYEUMH ronoexn. Kpome Toro, 6yner paspaborano npo-
rpamMmHoe obecredcHEE JUIT MPOBEACHHE ANATHIA ITOTYHEHHbIX ¢ HOMOLILIO Feopatapa AaHHEX. [eo-
pajap GyieT HCMEITLIBATLCA U PasIH4HEX THIIOB IPYHTOB W NPENATCTBHI.

WP 3000 Paspaborka pabounx mecr /11 HPOBEIeHHA HCNbITAHREH
Llensio narHOro pabovero nakera gRAACTCA paspaboTka paboyero MecTa AU HIMEPEHHA IIPOA3-
BOJHTE/ILHOCTH TE0PAnapa HOBEPXHOCTH B PASIHYHEIX YCIOBHAX Ha rmyOHHY o 1,5 .

WP 4000 Hamepenne xapakTepHCTHE IPYHTOB
- BEIDOp H BHEJIPEHHE METO/IOB;
- IporpaMMa H3MEpeHHH.

[emso nanroro pabogero makera ARIACTCH MIMEPEHNHE YIEKTPHYCCKAX NAPaMETPOB IPYHTOB.
ByzteT npon3BoaATLCS HIMEPEHHE XAPAKTEPHCTHK BLIOPAHHLIX TPYHTOB NPH PAIHIHEIX TEMIIEPATY-
pax u saaxuocTH. Peaynsrar u3mepennii OyieT ARNACTCA HayIHBIM QYHIAMCHTOM LA pazpaboTEH
ONTHMAJALHOTO THIA Teopaiapa JUIS PATHYHBIX THIIOB IPYHTOB. U1 NPaKTHHECKOTO HCNO/IBI0BAHNA
reopanapa (Ha OCHOBAHHH Pe3y/bTaTOB HIMEPEHHS 3MEKTPHYECKAX H Te0TeXHHYECKAX XapaKTepH-
CTHK TPYHTOB) fUis acTi Epponst GyleT coCTaBNeHa «KapTa BO3MOMHOCTH MPUMEHEHHA reopanapay.

WP 5000 IIpumencnue
- QHAJIH3 (HHATHHEIX I0IbI0OBaTeNeH;
- OmpeleneHHe TIPoILYKTa;
- IUIAHHPOBAHHE NPHMEHEHHA,
Tlensio ganHoro pabodero NpoexTa ARIAETCH cNeMHpUIHpORaHNe (GHHATLHOTO TIPOAYKTa 719
pa3paboTKH OpOTOTHAA W Pe3yILTATOB MCOLITAHHN, NpoBEIeHHEIX NMpH pa3paboTke npoekTa
«OPDEYCy.

WP 6000 OnyGauxopanue U Npe3edTANHA PEIyILTATOR
- HHTEpHeT-caiiThl;
- xondepenn 1 «workshops»;
- 3AKTOYHTEIRHBIE NPOTOKOEL,
- my0JHKAIHH.

Ha npomsukerun Beeit paGoTsl Hax npoeKkToM, 0cobeHEO B €T0 (PHHANLHOMN CTAmHM, TOMy9eHHbIE
PesyIBTATs! OYILyT NPeNoCTABNATHCH MOTEHIHATEHALIM IOJTB30BATENAM H HAYYHO-HCCICIOBATENBCKHM
uentpam neeit Epponet. s storo B 2009 . Gyner nposeniesa MexIyHaponHas koRdepernd, nocne
KOTOPOI Kaw/Iblil M3 NApTHEpoB opranu3yeT nogofHyi0 KOH(IEPEHIHIO HA HAIHOHATEHOM YPOBHE.
Pesynerars GyayT onybiHKkoBasbl B TPOQHILHEIX XKYPHAIAX, & 10 OKOHYAHHH MpoeKTa OyneT omyd-

236



Cenyua ITI Cucmentt HeusneoGecnedenia Ha 0CHOEE IKOT0ZUNECKI Be30NaACHBLX MEXHON02Ui
U payUeHATBHOZ0 NPUPOOONOTI0BAHUA

JHKOBAH 3aKTIOUATENHE IPOTOKON, PYKOBOJICTRO JUIR NOAB30BATEN M CIIPABOYHHE 110 MPOAVETY.
Hutopsaung o paspaGotannom reopagape Gyder Bkmiodena B yMeGHYIO MporpaMMy eBpornefickux
BhICIINX y4eOHBIX 3aBe1eHI.

WP 7000 MenexayenT npoexTa

Vripasienne sceM NPOEKTOM BETIOYaeT B ce0s BHEIPLHNE CHCTEMb! KOMMYHHKALLIH MEHIY napT-
HEPAMH, ONPELEICHHC IPABHI B (JOPM FOJOBRIX OTHCTOR, I1aH HPOBAHNE H OPTaHI3ANNIO SHRETOIROH
peTpeun naprHepos, Halmonenye 3a opranmsauneil pabor u Henonvlosannem pabouero BpeMenu
COTPYIHHKOB, KOHTPOIL 33 cOGNIONEHNEM MiaHa BeONHeHHA paboT, HHdopmiiposanie Esponefic-
s0it KOMHCCHH, KOOpIHHAIHIO BELIAYH HAYYHOH JOKYMCHTAlMH H Npe3ecHTanuil MpoekTa, a Takke
oGecnedeHNe pacnpoCcTpaHCHHA NPOIVETA 110 OKOHYAHAH NPOSKTA.

4. Jakmouenne

B marepuane xparko fpeacramied MexayHapoassti npoexkt «OPMEYCy, HanpasneHHBI Ha
pazpadoTKY H YCOBEPUISHCTBOBAHTE T20PAIapOR ITA IOHCKA HHAKECHCPHBIX ceTell Mol NoBepNHOCTE
1eni. B HeM NpHBOAATCHA OCHOBHEIE LEH [IPOCKTa, OPraHn3aliH, IPHHHMAIOMmAE yuacTHe B pabote
#al HHM, CTPYKTYpa H aKTyallbHOe cocToRHHe npockTa. PesvibTarom okordanus npoexta B 2009 .
OvIeT NOABIEHHE HOBOTO reopalapa A7 MOHCKA MEXCHEPHBIX ceTeli M mpemsTCTBHIl moa mo-
BEPXHOCTLIO 3EMITH H Teopaaap B GYPOBO roll0BKe, KOTOPbIH MO3IBOMNT CHHIHTE PHCK NOBPERICHNS
HHKCHEPHEIX ceTell npi ypeHHH B KX HenocpeacTReH ol GansocTi. [Tponyxrsr GymyT npeanasnage-
HLL TIPEKIE BCero, I OPranu3aniii, 3aHIMatOLIHNCH IKCIUTYaTalH el 10/13eMHBIX HHIKEHEPHEIX ce-
reil, CTPOHTENBHBIX HHPM H MIPOEKTHEX HHCTHTVTOB,

fTpuxn. Jaunas cmames Gvita nanucana npu nodoepxcwe npoexma «OPPEVCy, Coniract
No. 136856 (GOCE), komopwiti 6bi1 pazpabomarn Hucmimymanu 6001020 XOILRCMER HACETEHHBEY
MVHKIMOR 1 2e0mexXHuKU cmpoumetstoeo haxyrsmema Texniuveckozo ynnaepeumema 6 Bpro u seisemcs
cocagHoll yacmeto 6 pavounol npozpamst EC.

Jdutepatypa:
I. Annex 1 — «Description of Works. project ORFEUS - Optimised Radar to Find Every Utility in the Streeet,
Contract no, 036336, Sixth Framework Programme Priority (4), Specific Targeted Research or Innovation Project.

2. Jureparypa, sizauuns Gupsasse.

UDK 658.512.6:658.527:69

praf. 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

Abstraet

Interventions in nature and landscape as well as in the built environment increasingly require methods which are
conserving energy and natural resources, The sustainability of the intervention and the compatibility concerning the
zcological balance can be guaranteed only in such a way. Various environmental effects play a role during the realisation
znd 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
balance and to choose a reasonable construction method. Thereby, negative effects to the ecology can already be reduced
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Ing. Pavel Drabek,
Transtechnik CS, Spﬂf. S0
E-mail: drabek & vermeer.cz
Welr www vermesr.cz

TRANSTECHNIK
CSspol 51 0.

V soutasne dobé je celosvatovym frendem zvysovani kvality a produk-
ity prace pii snizulicim dopadu Einnosti na ekologil a Zivolni prostredi.
Spolaénost Transtechnik CS, spal. s r.o. si je tohoto vyvoje vadoma
= =nazi se svym zakaznikam nabidnout altarnativy, klera vyhovuji sou-
Zasnym poZadavkim investord a nadmérné nezatdzuji nase okoll,
Stzjné jako kazdy rok, i v letodnim roce, bylo zarganizovéno ,Skoleni
pro pracovniky v choru bezvykopovych lechnologil”, Ve spolupraci
s firmou Vermeer (vyrobce stroju pro bezvikapove technologie), DCI
wyrabee lokalizacnich zafizeni) a Baroid (dodavatel vyplachowych
=ditiv) jsme zorganizovali v krdsném prostfedi jizni Maravy setkani pra-
covnikil v oboru Fizeného horizontalniho vrténi, Skoleni probihalo v hotelu
Arkada v Bucavicich v terminu 5.- 6. 3, 2007,
Utastvice nez 501 zajemed potvrdila zvySujici se zajem o tyto technolo-
oiz a produkty, Hlavni diraz pii pfipravé Skeleni a v pribehu prednasek
oyl vénovan technikam vrtani, novym strojim a prisiusenstyi a v nepo-
sledn| fad@ lechnice vrtani tvrdych hornin weetng viech jeho aspektl.
Navinkou va vrtani wrdyeh hornin je peuziti technologie RATT. Jedna

SKOLENI PRO PRACOVNIKY ¥ OBORU BEZVYKOPQVYCH TECHNOLOGI|

TECHNICAL TOPICS

se 0 systém, ktery |ze pouZit i pfi ménicich se phdnich podminkach.
Doposud pfi vriani ménicich se podiozi (skala, Stérk, valouny, pisek,
jil... ) dochazelo k situacl, kdy nebylo mozne sjednotit vriacl néstroje.
To neplali v piipadé A.A.T.T, systému. Rozdil proti pouZivanému Mud
Motoru je ve znaéné snizeng spotfebé wyplachove kapaling mensim
poloméru ohybu a fi2 zminéném fizeni | v ménicim se podioZi. Zazna-
my prednasek a podrobngjsi informace |ze ziskat na adrese dra-
bek @vermeer.cz.

Setkani bylo olevfene viem pracovnikim v oboru fizengho horizontal-
niho vrténi nezavisle na fom, jaky stroj & technologii pouzivajl. Viymeéna
zkuSenosti a diskuze nad vznesenymi dotazy prinesla mnohé zajima-
vé poznatky, které lze wyuzit v nadchazejici pracovni sezoné.

\ pribéhu letosniho roku planujeme informovat zajemce o tuto proble-
matiku, o novinkdch, novych postupech a trendech pomoei nasich we-
bovych stranek. Blizsi informace [ze rovnéz ziskal | u nadich zastupci.

Vermeer

Transtechnik CS, spol.s r.o.
Prib&ina 80/b, 100 00 Praha 10
Tel.: +420 2 74812221

Faw; +420 2 74814287

Email: info@lranstachnikes.cz
Web: www.vermesr.cz

Jamoslay RACLAVSKY!, Pavel POSPISIL,
Lumir MICA®, Howard SCOTT"

Abstract

Sireet works are a familiar problem for most of
u=. Maintaining and renawing buried infra-
structure can cause lraffic congestion and the
iraffic is increasing, with a 50% rise in vehic-
=5 being predicted over the period from 1996
2 2030.

The European Commission has recognised the
potential for plant location technology to safe-
cuard the environmeanl and is supporling a pro-
=ct, under the Sixth Framewark Programme
[Giobal Change and Ecosystemns), 1o improve
Ground Probing Radar (GPR) technalogy,
ORFEUS is an acronym of Optimised Radar
i Find Every Utility in the Street”. That is a
rzsearch project supported by the European

Ing., Ph.D., Viysoke uceni technicke v Brng,
fzkulta stavebni, Ustav vodniho hospodaf-
stvi obei, Zizkova 17, 602 00 Brno,

=mall: raclavshy, @fcevutbrez,

121 +420 54114 7126

BNOr, Ph.D., Vysoke uceni lechnicke
v Brné, fakulta stavebni, Ustav geatechniky
Ing., Ph.D., Vysoké uéeni tachnické v Brmé,
zkulta stavebni, Ustav geotechniky

* 05YS Technology Ltd, Anglie

Commission under the Sixth Framework
Programme - Priority 4 .Global Change and
Ecosystems”. The project has two alms:

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

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

ORFEUS is a Eurape-wide project being under-

taken by a consarlium of nine crganisations

consisting of equipment developars, user arga-
nisations and academic institutions,

1. Projekt ORFEUS

\ykopove prace v komunikacich jsou divérné
Znamym problémem pro vélginu z nés. Udrz-
ba a ohnova podzemni infrastruktury miée
zplisobovat dopravni problemy a doprava se
navic, podle vyzkumi, v letech 1996 az 2030
Zvysi 0 50%.

Evrapska kamise rozpoznala polencial risiu
yyhledavacich technologiipro zafisten| bezped-
nosti zwoiniho prastiedi a financuje projekt pod
sestym ramoovym pragramem (glabaini zmé-
na a ekosysiémy), kiary je zaméfen na vyvoj
a zlepseni technologie georadard (GPR -
ground penetrating radar),

Georadar je jedind znama metoda, ktera mixe
zjistit jak kovove, fak nekovove podzemni ob-

PROJEKT ORFEUS — OPTIMALIZOVANY GEORADAR PRO VYHLEDAVANI PODZEMNICH INZENYRSKYCH SITI

jekty napf. vadovadni, plynovadni a kanalizaé-
ni trouby a dalsi Inzenyrske sité z riznych
maferiald (obr. 1),

Ob 1 Lokalizace infenyrskych sifi pomoc! georadan)

Princip georadarove metody je zalozen na vy-
siani a zpétném prijmu vysakofrekvenéniho
radioveno signalu odrazeneho od podzemnich
objekil (napr. inzenyrskych siti) a rozhrani gao-
logického prostiedi. Zdrojovy impulsni signal
o frekvencich fadové 10— 1000 MHz je emito-
van vysilaci anténou na povrchu zemé. Méfi sa
2de tasy pfichodu odraZenyeh radiovych vin.
\ soucasné dobé jseu k dispozicl georadary,
které nejsou schopny dostatedné presné loka-
lizavat infenyrske sité pod povecham.
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ORFELS je akronym nazvu projektu Optimi-
sed Radar to Find Every Utility in the Street”,
tedy Optimalizovany radar k whledavani vsech
inZenyrskych sitl v ulicich™. Tento projekt je fagen
na stavebni fakulte VUT v Bré, Ustavu vodniho
hospodafstyobei a Ustavu gaotechniky v rdmei
6. ramcového programu mezindrodni spo-
lupréce ve védé a technice, vyhladeném Evrop-
skau Unii. Projekt byl 2ahajen v prosingl 2006 2
délka jeho trvani je 17 roky.

2. Cile projektu

Cila projektu jsou:

— Zzlepsit vykon povichovych georadard;

— vyvinout novy radar, kiery bude umistény
ve vring hiavé vringch sotprav pro pokladku
trub a kabell a bude poskytovat informace
0 prekazkach pfed a okolo vriné hlavy
a tim provadét vrty v blizkosti inzenyrskych
siti bezpadnéji (abr. 2),

Ma projektu spolupracuje 9 parinerd (vyvojova

pracovidtd, uZivatelé a univerzity) ze 7 evrop-

skych zemi:

- 08YS Technology Ltd, Anglie;

~ Ingegnaria Dai Sistemi 5.p.A.(IDS), Itafie;

- (Gaz de France (GdF), Francie;

~ Tracto-Technik Spezialmaschinan GmbH
(TT), SAN;

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

~ The European Union of the Natural Gas
Industry (GERG), Belgie;

- Technische Universiteit Dalft, Holandsko:

- Universita Degli Studi di Firenze, lialie;

— Vlysaké uteni lechnické v Bmé, CR.

Projekt je faden v Uzké spolupraci s koncowymi

uzivatel, kisrym by mé! findini produkt slouzit

k wyhledévani inzenyrskych siti, V projektu je
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kiadan velky diraz na jejich poZadavky a nazo-
ry, fak aby wyvinuté zatizeni pro wyhledavani
inZenyrskych siti v maximalni mife vyhovoval
jejich potfebam. Tyle organizace se podili na
projekiu poskytovanim dat, kiera jsou pouZivi-
N pra vyvoj zarizeni a v zavéru  pro jeho testo-
vani, Mezi témito uZivateli jsou Gaz de France
4 Tracto-Technik Spezialmaschinen.

3. Struktura projektu

Cely projeki je rozdélen do sedmi tzv. pracoy-

nich balicki {work package — WP). KaZdy WP

se zabyva urcitou casti projektu a je fizen
nekterym z partnerd, Koordinatarem celého
projektu (WP 7000) je OSYS (Anglie).

ORFEUS projek! je arganizovan do:

- 2 dodavatelskych pracovnich baligki sou-
visejicich s viyvojem povrchoveho georada-
ru & gecradaru ve vring hlavé,

- 1 uzivatelského pracavniho balicku, kiery
analyzuje zkusebn| poZadavky a nasledna
specifikuje a provadi modifikaci testovacich
mist;

- 1 univerzitniha pracouniho balicky, ktery

uskutecruje program mereni vlastnosti ze-

min;

1 spoletnéha pracovniho balitku, ktary da-

finuje wyuZiti a patentovani vysledkl vyva-

J=N

- 1 pracovniho balicku, klery je uréen pro &f-
feni wysledki vizkumu;

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

WP 1000 Povrchovy georadar

- pozadavky na georadar;
- vyvo| pavrchového georadary;
- lestovani georadary.

O 2 Loxalzace piekdZak pomos! gegradary okolo & pred vrinou hiavod U vadorouného fizengha vriand

Ukolem iohoto WP je definice pozadavki na
vykan a funkénost georadaru pro vyhledavani
v5ech typu inZenyrskych sitl. Dale wyvoj noveho
typu adaptivnich antén, kontrolnich a fidicich
systemu georadaru a laboratorni lestovani
charakieristik systému. Navrzeny novy typ
georadaru bude testovan v riznych typech
ZEMin.

WP 2000 Georadar ve vring hlavé

— poZadavky na georadar;

= wyvo) gaoradaru do vring hlavy;

- lestovani georadaru.

V prvni fazi budou navrzeny parametry, ktereé
musi spifioval georadar umislény ve vringé
hiavé pro vodorovné vriéni se zpdtnym zataho-
vanim, Ve druné fazi prob&hne vivol, kiery
bude zaméfen na integraci navého typu antén
do vring hlavy, elekironiky umisténe ve vring
hiavé, prenosu dat z vrtng hlavy k vrimistravi,
napajeni georadaru a kanstrukci vring hlavy,
Dale bude navrZen sofiware pro analyzu ziska-
nych udaju z georadary. Georadar bude tes-
tovan v ruznych typech zemin a pi riznych
piekazkach.

WP 3000 Vyvoj testavaciho mista

Cilen fohoto pracovnino balicku je wyvinout
testovaci stanovisté pro méeni vykonu prato-
typu povrchového georadaru v ruznych pod-
minkach do hloubky 1, 5 m.

WP 4000 Méfeni charakteristik zemin

- wybér a implementace metod;

- program méreni,

Gilem tohoto pracovniho balicku je méfen(
alekirickych paramstrl zemin. Méfeni bude
provadéno na vybranych zeminach, pfi riz-
nych tepiotach a vinkosti. Vysledkem méfeni
bude vedecky podklad pro optimalni navrn typu
georadary pro ruzne typy zemin. Pro prakticke
pouditi georadaru bude pro cast Evropy zpra-
covana .mapa vhodnosti pouZiti georadaru”
a 1oz vysiedkl méfeni elektrickych a geatech-
nickych charakleristik zemin,

WP 5000 Vyuziti

- analyza koncovych uZivatell;

- definice produkiu;

~ planovani vyuziti.

Cilem tohata pracovnine balicku j2 specifikace
wysledneho produkiu povyvaj pratotypu 2 vy-
sledkii testi uskuteénénych béhem projekiu
ORFEUS.

WP 6000 Zvefejnéni a prezentace vysledku

- internetove stranky;



= konference a workshopy:

- TAVErECNE ZPravy;

- publikace.

Béhern celého projekiu, a zejménav jeho findl-
nifazl, budou wsledky prezentovany potencigk
nim uZivatelim a vyzkumnym pracovistim
vcelé Evropa, V roce 2009 bude za timto Gée-
lem kon&na mezinarodni konference, a kazdy
z partnerl Uspofddd podobnou akel na narodni
Urvni, Yysiedky budou publikovany v odbor-
nych Casopisech, na konci projektu bude vyda-
na zavéraéna zprava, uZivatelska prirudka
a manual k produktu. Informace o yyvinutem
georadaru budou zahrnuty do vzdélavacich
pragrami na evropskych vysokych Skolach.

WP 7000 Management projektu

Rizeni celého projekiu zahmuje ustanoveni sysié-
mu komunikace mezi partnery, definici pravidel

a formy vyraCnich zprav, planovani a arganizac
kazdorotniho selkani partnerd, sledovéni orga-
nizace prace a vyuZill pracovniki, sledovani
odehylek od planu prace, podavani zpry Evrap-
ske komisi, koordinace wydavanych vadackych
dokumenil a prezentace projeklu a zajiglani §i-
feni produkiu po ukongeni projekiu.

4, Zavér

Prispévek siruéné predstavuje mezindrodni
projekt ORFEUS, zabyvajici se wyvojem a zdo-
konalenim georadari pro vyhledavani inzenyr-
shych sitich ulezenyich v zemi. Jsou zde uvede-
ny zakladni clle projekiu ORFEUS, crganizace,
kterg se na jeho fesen| podill, strukiura a sou-
casny stav projekiu. Po jeho ukanceni v roce
2009 bude k dispozici nové navrzeny georadar
pro vyhledavani inZenyrskych siti a prekdzek
pod pavrchem a georadar ve vring hlave, klery

TECHNICAL TOPICS

bude zajistovat vétsi bezpecnast pfi wrtani
v blizkosti podzemnich inzenyrskych sifi, Pro-
dukty budou uréeny zejmena provazovatelim
inzenyrskychsit, stavabnim firmam a projeke-
nim kancelafim.

Pozn.: Tento &ldnexk byl zpracovdn za podpory
projekiy ORFEUS, Conlract No. 036856
(GOCE), fesengho v ramci 6. rameoveha pro-
gramu EUna UVHO a UG, FAST VUT v Brmé.

5. Literatura
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ORFEUS — Optimised Radar to Find Every
Utility in the Sfreeet, Coniract no. 036858, Sixth
Framework Programme Pricrity (4), Specific
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VELKY TUNEL V SANGHAJI PROTLAGOVANY V OCHRANNEM TRUBKOVEM PLASTI

[Vitézny projekt soutéze ISTT AWARD 20086)

Prinasime piné znéni clanku popisujiciho pro-
jeki soutéze ISTT NO-DIG AWARD 20086,
poctény | cenou na lenské konferenct ISTT
v Brisbane. Jedna se o specificke zajisténi vel-
keho tunely pomocl bezvykepowich metod,
Pra nas je zajimave | fo, Ze podobna lechnalo-
gia by se méla brzy aplikovat | v Praze.

Papis stavhy

Jako dileZita soucast ustfednihe méstskeho
okruhu v Sanghaji nedavno dokonceny tunel
pod kitZovatkou ulice Hongxu Read wyrazng
snizil dopravni zdcpy ve stredni casti mesta.
Tunel pro komunikaci s osmi jizdnimi pruhy
ve dvou oddelenych smérech je 34 m Siroky,
7,85 m vysoky & 126 m dlouhy: Jeho vystavba
zahrovala 1aké uloZeni B0 ccelowych frub
o primérs 970 mm kolem obvodu tunelu za
pouZiti mikrotunelovacich razicich strojd a pro-
tiadeni 7elezobetonového skfifoveho profilu
vybetovaneno v protiacovaci Sachte.

Stavba legi v oblasti s velkym sousifedanim
hotalls a vil v jihowyehadni éasti Sanghaje. Po
podrobném prozkumu a rozhar jeho vsledkd
bylo rozhodnuio zatlacit zelezobeionowy propus-
tek skiifového profilu do otvoru vyigZeného pod
ochranou plasts vyivorengha z ncelavyeh trub,
aby se minimalizovalo poruSeni povrchu krize-
né komunikace a jejiho okoli, zkratilo obdobl
vystavby a snizily stavebni naklady. Bylo to pry-
ni pouit této metody v Ciné. Kromé toho je 1o
protlak nejvétsihe prifezu na svété, provadény
ve vrstvach zvodnéleho il

Stavba je dulezitou soucasti zapadniho Useku

tsffedniho méstského okruhu mésta Sangha-
|e. Prevadi severojizni magistralu kfizujici Hon-
xu Foad pies hotel Xiliao na Beihong Road.
Pouziti proflaku skfineveho profilu pod ochra-
nou plasté z ocelovych trub byle navrzeno
specialng pro tuto stavbu. Jeji jizni achta lezi
na kiZovaice ulic Honggiao Read a Hongxu
Road a slouzi jako startovaci Sachia jak pro
mikrotunglovan! ocelowych trub, tak [ pro pro-
tlak skfinové kanstrukce. Sevemi Sachia lezi
na zapadni sirané tenisoveho stfediska Xianxia
v arealu hotelu Xijiao & funguje jake cilova
Sachta, Tunel podchazi park obkiopujict ulici
Honggiao Aoad a hotel Xijiao.

Charakter terénu

Charakter terénu zpUsobil velké problémy jak
pii projekiu, tak i pii stavbé. Zeminy pozista-
vaji hiavneé z jilu a prachovaho jilu s absahem
vihkosti cca 50 %, soudrZnosti 14 kPa a dhlem
ynitfnino tigni 107,

Technicke parametry

Tunel ma obdélnikovy prifez a e rozdélen
do 8 segmentul. Prvni a druhy segment jsou
18 m, tieti jo 4 m dlouhy. Delka 4. az 7, seg-
mentu {& 17,5 m, posledni osmy segment
j& 152 m dlouhy. Strop funelu ma tioustku
1,3 m, dolni deska je 1,4 m tlusta, bodni stény
jsou 1,0 m a stredni piepazka 0, 8 m tlusta.

Ocelove trubky, tvarici echranny plast (obr.1)
jsou celkem 130 m dlouhé a jsou rozdéleny
na @ sekl. Primér véech trub je 970 mm,
tloustka stény je 10 mm. Horni i dolni éast
plasté maji po 34 troubdch, obé strany po

6 froubdch. Aby se konstrukce zmonolitnila”
a aby se zabrénilo prisakim vedy do prosto-
ru tunely, bylo navrzeno specidini zamhove

Detranny pladl o oosionyeh lrubek

spojeni sousednich trub (viz detail na obr.2),
Které zajisti celistvost plasté béhem calého pro-
flagavaciho procesu. Na kazdych 8 frub pripa-
dl jeden mikratunelovaci straj.

Hlavni technické a inZenyrské problémy

® Presnost polohy diouhych ocelovych trub
protla¢ovanych makkym jilem

o Siabifita pfivslupu velkého skiifoveho pri-
fezu do tunelu a jeho vystupu z tunelu

o Potfebna prollatovaci sila a opatfeni k
jejimu snizovani

® Alzeni prollacavani velkého skfinového pri-
tezu mekkym jilem

® Siabilila Gela vykopu

Kontrola sedani

Y

P |

Detail zamkovena spajeni sousecnich tru
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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 IQ 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 IQ modulators is
studied. Tests and measurements of the complete device are
exposed.

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

I. 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 :

Q A
(1)

()

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(wt + @) + A, cos(wt + ¢,) + A, cos(wt + Ap(r))
()

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 Ao(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(wt+ @)+ A, cos(at + Ap(r)) )

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(wt + @, )+ A, cos(wt + Ap(t) — G
A cos(wt+ @, )= A, cos(wt +Ap(r)) )

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:

Q 4

L 4

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 —— PA T 4 T
=

‘ RF Demodul, }—({:'I:NH RX

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 - | F'E_‘_f.:—<
| L—
- i ﬂ{p
Conmas _ 1
i A

RF Demodul. = LNA <

Fig. 4 — Phase-Amplitude configuration for clutter canceller

In Fig. 5 the configuration with the implementation of an 1Q
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).



RF Generator

RF Demodul.

Fig. 5—1Q configuration for clutter canceller

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.

I confral

P g "
N i
BE inpat RF oulpul
i
" e
e

2 coniml
Fig. 6 — IQ modulator

Fig. 6 shows the internal configuration of a generic 1Q
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:

RF Generator (—

Digital Clutter
confro B Conceller
L 3
Spectum
Anal,
QO00OD

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.

20° 1Q Plane

60°

80°

100°

120°

180°

Fig. 8 — Output of IQ modulator in 1Q plane
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Fig. 9 - Amplitude varying 1Q 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
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.

Att

RF Generator —

| pc DAC

Clutter

Coanceller

Power
Meler

Att2

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 uC 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 IQ modulator to work in high
precision zone.
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Or1imMmiseED 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

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

e Extended construction periods

e |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.

e 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

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

howard.scott@osys.co.uk

ORFEUS Wes BAseD UsSerR 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.

Itis 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.html



