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FROM THE EDITOR

Between 3-5 of October 1991 the XIV International Symposium of
CIPA took place in Delphi.

The symposium was organized by the Laboratory of Photogrammetry
of the National Technical University of Athens under the
auspices of the Hellenic Society of Photogrammetry and Remote
Sensing, the Hellenic National Committee of ICOMOS, and the
Techhigal Chamber of Greece.

Thé theme of the Symposium was "Architectural Photogrammetry and
Information Systems", which was very well accepted from the
participants.

Already in all three previous symposia of CIPA, that is in
Granada, Sofia and especially in Krakow the need of integration
of Architectural Photogrammetric techniques and activities with
special information systems was obvious. This seems to be the
only way for efficient management of data collected by
architectural Photogrammetry.

The reports of the participants have covered as customary.a much
broader field giving emphasis to the applications and also to
the formation of simple, cheep-photogrammetric systems.
Architectural Photogrammetry will survive and serve better the
society 1if its processes become more efficient, faster and
cheeper.

The symposium has been attended by 101 participants out of whom
61 were foreigners and 40 were greeks.

Although there was a big effort to attract evenly the
participants from all interested disciplines this symposium
could not avoid the pattern of all previous CIPA meetings where
tbe magority of participants were photogrammetrists.

In connection with the XIV symposium of CIPA a two day meeting
of the CIPA committee members was organized in Athens with one
additional meeting in Delphie.

During the meeting some very important discussions took place
with the most important decision the approval of the final
version of the new status of CIPA being under examination for
about three years. :



During the meeting of the CIPA committee in Athens a special
international seminar on Architectural Photogrammetry was
organized at the Technical University of Athens. The seminar was
greatly benefited from the presence of the. CIPA Committe members
in Athens since they had assummed most of the teaching for the
Seminar. There are some thoughts for this seminar to become a
permament event in Athens. ‘

There are many institutions and persons who have contributed for
the success of the symposium. First the CIPA commnittee members
who supported in many ways the Symposium. Next Prof. Armin Gruen
President of Commission V of ISPRS has contributed considerably
to the CIPA committee meeting, the seminar, and to the
syﬁposium. Also the rector of National Technical University
Prof. N. Markatos has supported the meeting and between his
important duties he found the time to make the oppening of the
simposium in Delphi.

Many thanks belong to the National ICOMOS committee, the Greek
Society of Photogrammetry and Remote Sensing and to the
Technical Chamber of Greece, who have actively participated in
the Symposium and the later also for supporting the edition of
these proceedings.

Last but not least special thank belongs to my collegues and the
students of the Photogrammetric Laboratory, who have taken all
the burden of the Symposium.

These proceedings give the activities of the symposium from one
point of view. It is really impossible to give the excitement of
the lovely discussions and the many opportunities to exchange
jideas on architectural Photogrammetry which we have txperienced
in Delphi. We hope however that photogrammetrists, architects,
archaelogists, conserventionists and managers will benefit from
the Delphi Symposium and that they will promote the development
of architectural Photogrammetry.

Athens, October 1991

John Badekas
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' WELCOMlNG ADDRESS by ' w
Prof. J. Badekas;, NTU Athens

President of ISP@S Commiésion VI

\_ . . o . ‘ _ )
Mr. Rector of the NTU of Athens,
Mr. President of CIPA,
Mr. President of Commission V of the ISPRS
Mr. Rebresentative of the Technical Chamber of Greece,
Mrs Pre81dent of the Hellenic 8001ety for Photogrammetry and

Remote Sensing _
" Mr. President of the Hellenic Assoc1at1on of the Rural . and
Surveying Engineers, ;

At this point I regret to say that the Secretary General of
the Academy of Sciences Prof. P. Theocharis, the President of
the National Committee for ICOMOS Mr. N. Agriantonis, and the
representative . of the Archaeological Society were wunable to
come to this Opening Session, )

Dear colleagues,
Ladies and Gentlemen,

On behalf of the organizing committee I have the privilege and
the honour to welcome you all to the opening session of Tthe
X1V International Symposium of CIPA, The International
Committee of Architectural Photogrammetry. I said colleagues
but it would be most appropriate if I said friends since most
of vyou are friends for many vyears. The Symposium in
"Architectural Photogrammetry and Information Systems" is
expected to touch all recent developments in this fascinating
field and also to be a forum for discussions on present
international ' practical activities and applications. I can
hardly ,imagine any other place in the world which could be
more suitable for our meeting. Delphi is full of excellent
monuments, archaeological and artistic masterpieces and a
_cultural heritage which goes beyond Greece and goes to Europe
"and to Humanity. There is also an extremely high spiritual
heritage here since we can interpret the meaning of the oracle
which was operating here - that proper confrontation of very
complex problems goes beyond science and rationalism and
requires also an amount of devination. This can have a big
effect not only to our science and profession, but also to the
facing of the complex problems that make humanity suffer today
like environment, economy, international relations or
deteriorating cities.

Let us hope that our stay here will provide thevdevination

that everyone of us needs for making his life more meaningful
and relaxing.

13



I would ask vyou to forgive me for the emotion with which I
welcomee you today, but 17 vyears ago in the spring of 1974
again as chairman of the organizing committee I was welcoming
the participants of the 3rd International Symposium of CIPA
held in Athens. Things have changed considerably since then.
From the photogrammetric surveys we have moved to the complete
documentation of monuments and to the integration of our data
in special Geographic Information Systems. We  have the
proceedings of the 1974 symposium and very soon we will have
the proceedings of this one too. It would be very interesting
to make a careful and systematic comparison.

Our meeting seems to proceed well. We are expecting about one
hundred participants from 20 countries and 35 reports are
going to be presented, followed by a round table discussion.
Most aspects are favourable and allow us to foresee a
successful symposium. The enthusiastic presence of vyou is the
most promising factor. .

I hope that together with a successful symposium you will have
a pleasant stay and the opportunity to get some idea of the
Greek culture, of our nature and the Greek peorle. To prepare
this meeting the organizing committee and the staff of theée
Photogrammetric Laboratory have worked very hard. 1 feel
deeply obliged to them and I would 1like to thank them from
this place. ) -

I also would like to thank all our contributors with the help .
~of whom this symposium has been organized. ; -

I wish you a successful symposium and a good stay in Greece.

Thank you very much.

14
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WELCOMING ADDRESS by -
Mf. A. Velissarios, General Secretary

of the Hellenic Association of Rural & Surveying Eng.

y,

Dear Sirs,

- Our Association - the Hellenic Association of Rural and
Surveying Engineers, is aware of the fact that the National
Archaeological Heritage is 1in desperate need of the
contribution of modern Photogrammetry and Remote Sensing.

— The technological advances in computér software, photo—
grammetric equipment, information systems and CAD, enable the
realisation of programmes which Government officials describe
as imperative, but too costly for the National Budget.

— Many colleagues, most of which are in this room, have made
proposals for programmes, which were well designed, but
unfortunately remained as proosals.

We remind you a few :

- Integrated solutions for the preservation and registration
of national monuments.

— National Integrated Land Register System for monument and
Archaeologicl Sites.

— Archaeological and Cultural Land Registry. :

- Programme for the Photogrammmetric reduction of
Archaeological Sites.

— Remote Sensing for the preservation of monuments.

~ Creation of a Monument Data Base.

Therefore, all of us, independently of our position in Science
or Production, must insgsist in this: The Government agents
{Ministry of Culture, Ministry of Environment, Association of
Local Authorities, etc.) and scientific groups must support.
the transfer of knowledge and capabilities of Architectural
Photogrammetry.

Our Association has overlooked, this responsibility. Therefore
this initiative presents a challenge for all of us.

We wish success to the course of the Symposium. The location,
the subjects and the contributors guarantee it.

15
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WELCOMING ADDRESS by
Mrs. M. Tsaoussi, President of .
Hellenic Society for Photogrammetry and Remote Sensi?i
\ .

I would like to welcome all of you to this symposium.

I should point .out that it is honourable for Greece to
organize the XIV Symposium of the International Committee of
Architectural Photogrammetry in this Historical Place.

For Greece Delphi has a distinguished meaning.

Here is the place where Hellenic consciense was first
stimulated. '

From all ancient Hellenic cities, Delphi was the one that
happenings had a cultural meaning. '

We all know that Greece among other countries has an
innumerable amount of ancient monuments therefore the use of
modern technigues of the Architectural Photogrammetry has a
great interest for us.

Architectural Photogrammetry should be considered an efficient

and useful: tool for Surveying Monuments, Historical and other

buildings.

Authorities and others responsible for maintaining building-

and monument heritage should give a great consideration for
the Photogrammetric methods.

Especially now that the development of computer techniques and
the implementation of CAD Systems = makes Photogrammetry
- economic and rapid and therefore attractive method to use.

I would 1like to thank all the organizers that helped
financially. : -

Thanks to all sponsors and congratulation to the organizing
committee. '

Hoping that the works of the symposium end up with positive

results and messages for Architectural Photogrammetry, I wish

Yyou a pleasant stay in Delphi.

Maria Tsaoussi

President of ‘
HELLENIC SOCIETY FOR PHOTOGRAMMETRY
AND REMOTE SENSING

17

LIRS .

e aade e



bl ke



- — N
WELCOMING ADDRESS by
Prof. A. Gruen, ETH Zurich
President of ISPRS Commission V
\ ' ' 4

Honorable Guests, Déar Friends and Colleaguez, Ladies and
Gentlemen,

This is the . fourteenth CIPA International Symposium of
Architectural Photogrammetry. The history of these symposia is
a true story of .success. They have established themselves over
the vears as key conferences for all those who.are interested
in architectural photogrammety from a scientific and practical
point of view. It has always been the particular flavour of
these meetings that scientists, developers and practitioners
from this discipline could meet people from adjacent
professional' fields in a relaxing atmosphere, created by
professionalism, creativity, mutual understanding and
friendship.

ISPRS is one of the supporting organizations of this
conference. In particular ISPRS Commission V ("Close~range
photogrammetry and machine vision") has a vivid interest in
the operations of CIPA and serves as the intermediate partner,
in terms of cooperation both on the scientific as well as on
the organisational level. .

As a matter of fact, through close cooperation between
representatives from CIPA, ICOMOS and ISPRS we are able to
finalize the draft version of new CIPA statutes during these
days. These statutes will serve as a framework for the future
operation of CIPA. If the statutes will be finally accepted by
ICOMOS and ISPRS we will see some changes, as for instance a
new election procedure for Committee Members, a change in the
structure and composition of the Committee, a stronger
involvement of non-European National Societies and experts and
a few other items of minor impact. It is the desire and
expectation of all of us, that CIPA - dressed in new
organizational and administrative clothes - will prosper and

grow in the vyears to come as it did in the past. There is no

organization throughout the world that would support and
promote the cause of architectural photogrammetry as well and
as competently as it is done by CIPA. :

The topic of our Symposium is “Architectural Photogrammmetry
and Information Systems". It is evident for quite a few years
now and it is well understood by all of us, that
photogrammetry as a whole and architectural photogrammetry as
a part of it must face an increasingly "digital' environment.
New sensors (e.g. CCD cameras) and scanners, computer

19
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platforms (workstations), image analysis and computer vision
algorithms, CAD - systems and the like are providing

surroundings, in which photogrammetry has to find its role, if
it ever seeks a chance to survive.

We are living in the information age. Nowadays we are
confronted with information systems virtually everywhere.
Spatial information systems play as GIS already an important
role in our ©profession. Architectural photogrammetry, as an
information generating process, has to adopt this new
technology, or furthermore, it has to integrate itself into
the framework of information systems.

Information systems (IS) may be used together with
architectural phétogrammetry in a fivefold way :

(a) For the recording of data : An IS5, or a CAAD, which could
be considered a part of an IS, could serve as the platform for
the initial description of the object to be recorded.

(b) For the processing and editing of data : An IS could serve
as the platform for (digital) processing of. image data in
vector'or in raster form (or both).

(c) For the analysis of data : Queries concering type,
geometry, history, preservation status and much A6 more
information about an object could be addressed:to the database
of an. IS. _ E

(d) For the.documentution and conservation fof data : The

administration an storage of an IS could serve to maintain
architectural and related information ! (geometry and

attributes) in large databases.

(e) For the presentation of data : The visualization.
capabilities of a modern computer workstation could be
utilized to display the object as a whole or in parts in
various attractive ways.

In the terms of reference of the ISPRS Working Group V/3 on
~ "Photogrammetry in Architecture and Archaeology" the "Study of

appropriate applications of CAD/CAM and LIS/GIS" was already
in 1988 identified as an important subject, which deserves
deeper studies in the future. '

It is my pleasure to see this problem being fully acknowledged
now by CIPA and it is my hope that appropriate solutions will
find their way into the . professional practice in not too
distant a future.

With the selection of the Symposium site of Delphi, _the CIPA
Committee has shown its great appreciation for both the host
country and the Director of - this meeting, Prof. Badekas,
together with the organizing group from the Laboratory of
Photogrammetry, National Technical University of Athens. i

It 1is in particularly this country - Greece — more than any
other, where we can find an .abundance of highly ranked

20
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WELCOMING ADDRESS by
Préf. M. Fondelli, University of Florence
President of CIPA R
\__ ) : : J

President, Ladies and Gentlemen, Colleagues,

The International <Committee for Architectural Photogrammetry
is 1n Greece for the second time. The first “CIPA meeting in
this historic country was seventeen yvears ago. During the past
time, the CIPA situation was very developed and today it is
characterized by a considerable expansion of the centres
producing photogrammetric surveys of architecture, a technical
evolution in favour of this field of application, but also an
efficient specialised training.

The CIPA must promote the information available to heritage
conservation experts concerning the real possibilities offered
to them by photogrammetry, remote sensing, spatial information

systems, computer graphics etc, for the knowledge measurement,

representation and conservation of monuments and sites.

CIPA objectives for the coming vyears are to extend the
international audience for the integration of the
technological development of photogrammetry and the techniques
associated with it into the applications to the architectural,
urban, archaeological and natural (sites, historic garden)
heritage.

The task of CIPA is to be a forum for discussion between
photogrammetrists and architects, historians, archaeologists
and conservationists for the exchange of ideas, problems,
knowledge, methodologies, experiences and results.

CIPA 'is not a duplicate of the ISPRS or of the ICOMOS, but an
intermediary integration system in order to combine the up-to-
date problems for heritage safeguard with photogrammetric and
‘remote sensing applied procedures. - :

From this Symposium, CIPA can verify the development and
increase of scientific knowledge and make a general balance.

Thank you for the impulse that your welcome will offer to
orientation of CIPA. I must particularly thank on behalf of
the CIPA Committee Prof. Badekas and his collaborators for the
kind and warm reception in Greece.

21
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monuments, architectural and achaeological objects and sites
and items of art. As a consequence, the World Heritage List
includes as many as eight outstanding sites in Greece. Only
three of them have so far been surveyed photogrammetrically.
With a little surprise I have realized that Delphi still
belongs to the unsurveyeéd sites. May this Symposium help to

open. the eyes of the responsible persons, may it help in !

demonstrating them what an excellent tool modern architectural
photogrammetry constitutes for the world's heritage.

As we commemorate this year 2500 years of . democracy, we
realize how special it is to go back to the -roots of our
European culture. At. this point we should remember that  the
Delphi oracle dates back almost another thousand.years more to
the Mycenean period. o ' : '

1 am convinced ~that this Symposium, in a environment of
unsurpassed beauty and historical spirit, will generate
another highlight in the history of Architectural
photogrammetry. . _—

My . thanks and respect go to the CIPA Committee Members who
made the wise decision to support a Symposium in Delphi.

My -particular appreciation is for John Bakekas, our dynamic
and restless symposium director and for his team of excellent
young photogrammetrists, who together have prepared this
conference.

On Dbehalf of the ISPRS and its Commission V, I wish the
organizers a smooth and successful conference, the active
participants most interesting technical sessions, the
accompanying persons good spirits for their excursions, and
all of you a most enjoyable time in this famous place, which
used to be the centre of the universe, and serves now for a
few days as the centre of the world's Architectural
Photogrammetry.

22

[ OO TS S



Integration of éomp(:ters and CAD to
Architectural Photogrammetry

'Wednesday, Octol;er 2nd, 1991, 15:00 - 16:30

- Chair: M. Fondelli







AN INTEGRATED PHOTOGRAMMETRY AND CAD SYSTEM APPLIED
TO THE RESORATION OF A SEVENTEENTH CENTURY HOUSE

Fred Aldsworth BA,FSA,MIFA, Archaeologist
The Conservation Practice, U.K.

ABSTRACT

Restoration of the important late seventeenth century mansion at Uppark, England, badly damaged by
fire in August 1989, is being greatly assisted in an accurate, cost-effective, and efficient manner by the
application of analytical photogrammetry, to capture in digital form the standing remains, and
"AutoCAD, to replicate the original design from salvaged fragments.

BACKGROUND

Photogrammetry has been used in-
connection with historic buildings for over
fifty years. David Stevens* has recently re-
emphasized the role of this technique for

recording purposes and, with William McKay -

& Daryl Fowler**, he has introduced the
idea of linking photogrammetry with CAD to
help reconstruct buildings that have been
damaged by fire.

The ability of photogrammetry to capture
raw data in a digitised form at full scale,
i.e.life size, provides the accuracy required by
the architect and engineer dealing with major
restoration projects as well as producing
basic information required by the
archaeologist and architectural historian to
distinguish periods of construction and
alteration. CAD allows the operator to
handle and edit that information to the same
degree of accuracy and the combination of
the two techniques permits accurate, life-size
reconstructions to be prepared in a digital
form for use in a variety of ways. The
integration of the two methods provides an
ideal medium for the reconstruction of
historic buildings for which information
survives as a mixture of in situ remains,
which can be captured by photogrammetry,
and salvaged fragments which can be
digitised, held in store on the computer, and
slotted into place on drawings using CAD.

* Stevens,D.,1989. Photogrammetry for the-
Record. Transactions of the Association
for Studies in the Conservation of Historic
Buildings, 14:17-21.

** Stevens,D.,McKay,W.M.,&Fowler,D.,
The combined use of photogrammetry and
CAD in the reconstruction of fire
damaged buildings. International Archives
of Photogrammetry (Zurich 1990) :77-84.

The system is being used throughout the
U.K. by The Conservation Practice, a multi-
disciplinary team of architects & specialist
consultants dealing with the restoration of
major historic buildings. This paper outlines
how the system is being operated on one of
these buildings.

THE PROJECT

Uppark House, West Sussex, England, is a
late seventeenth century country mansion,
extended and refurbished with a fine
collection of furnishings acquired on Grand
Tours undertaken by successive owners in
1749-51 & 1775-76. As a result of an unusual
series of events the house was relatively
unaltered from about 1815 until acquired by
the National Trust and placed on show to
the public in 1960.

The entire building was badly damaged by
fire in August 1989. Whilst the former
service rooms in the basement were relatively
unscathed by the fire, though affected by
water, and most of the ground level floor
survived intact, above this there was a virtual
total loss of roof, upper floors, wall finishes,
and five highly decorated & extremely
important ceilings. A salvage operation
conducted during the fire led to the saving of
most of the art treasures from the ground
floor showrooms.
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The decision to restore the house to its
former glory, wherever possible preserving in
situ fragments and re-using salvaged material,
has led to a restoration project of major
proportions and on an unprecedented scale
in the United Kingdom. The brief and
philosophy for the repairs is such that an
exceptionally high level of salvage and
recording was necessary, not only to enable
fire-damaged areas to be accurately
reinstated but also to understand the
evolution of the house and provide a basis
for the futore management of the property.

Archaeological techniques were employed for
the salvage operation during which every
item was individually recorded and a massive
sieving operation has been conducted
through the ash which had been placed in
more than 4,000 refuse bins. As a result,
over 15,000 items, ranging from floorboards,
pieces of wallpaper & panelling to metal
fittings & plaster fragments, are available for
re-use or use as models for replacements.

METHOD :

The complete absence of any plans, elevation »

drawings, or detailed drawings of the house
before the fire and the limited access
available to the structure for long periods
immediately highlighted the need for a
comprehensive study of the standing remains.
The decision was taken at a very early stage
to initiate a comprehensive programme of
photogrammetry which had to be carefully
programmed to allow maximum
photographic coverage before areas of the
building were covered in scaffolding.

The photographs and survey control now
provide not only a source for three-
dimensional photogrammetric plotting but
also a permanent record of the structure
immediately after the fire. Photogrammetry,
undertaken by Atkins AMC of Pewsey,
commenced on the exterior and this was
repeated some six months later after a
temporary scaffolding roof had been torn off
during gale force winds in January 1990. The
two sets of external records are available for
detailed three-dimensional comparison which
may be required as evidence for insurance
claims. In the interior the photogrammetry
had an extended role for not only does the
information provide basic data for the
architect and engineer but it is also providing
the detailed information which allows the

- project archaeologists to spend their time

analyzing the structure rather than recording
details by manual methods.

The total loss of both the first and second
floors in all rooms and even the ground floor
in two of the rooms made access difficult,
and over half the photography was taken

" from four and eight metre towers, as well as

from the top of the external scaffold looking
inward. The site grid was extended into the
eleven surviving internal spaces and in order-

. to complete the internal survey a total of six

hundred photographs (each 13cmsx 8cms.)
were used to provide four hundred
stereoscopic pairs. Approximately eight

hundred hours were involved in plotting and -

editing detail on CAD.

The external elevation drawings were
produced on CAD to a 1:50 compatible
specification, i.e. if two lines merged at this
scale then only one would be plotted, but the
digitised information is used at scales of up
to 1:5 for details of openings & mouldings.
The specification was extended to record in
greater detail areas where severe external
damage had been caused by the collapse of a
chimney stack and this included the plotting
of individual brick courses & cracks, and a- .
series of vertical profiles were prepared in
order to measure the amouat of distortion in
the masonry.fabric. The information
provided in digital form on AutoCAD was
layered according to the requirements of the
architect and this.provides a permanent
record of the exterior of the building
immiediately after the fire. The drawings have
subsequently been extended manually to
include a few areas inaccessible to the
camera and to complete the elevations as
they would have looked before the fire on a
separate set of layers. Additions are made
using the best available information -
measurements taken from the structure are
fed directly into the system and salvaged
items which are repeated around the building
are stored as W-block files for insertion on
any drawing in the system (Figs.1 & 2).

Plans of the building have been prepared
from horizontal sections created from
photogrammetric information and the project
has been greatly helped by the ability of the
system to produce this information at a time
when access for manual measurement was
not possible. The drawings can be used at a
variety of scales, for the whole house or for a
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single room, and for a variety of purposes, to
record the positions of salvaged floorboards
or to plan services & emergency fire exits.

The internal elevation drawings were
produced on CAD to a 1:20 conipatible - -
specification but these are also capable of
being produced to a much larger scale and
this, again, has been beneficial in the
handling of small details, such as plaster
mouldings, which though destroyed can be
mirrored or copied in from identical in situ
fragments. Since all the floors and ceilings
above ground floor level have been
destroyed, elevation drawings include walls
of at least three levels - ground, first &
second or attic floor, and the information
can be stored and used in this form to
facilitate the recording of features which flow
from one level to another. Where
appropriate, adjoining rooms are stored
alongside one another thus allowing
complete elevations and sections through the
building to be produced. The digitised
information has been layered according to
the type of building material, brick, stone,
plaster etc., or by the form of detail, room
corner, true edge of plaster or broken edge
of plaster etc., and this allows for the
information to be edited and presented in a
variety of ways.

These photogrammetric plots, which often
record only the masonry fabric of the walls
on which the finished surfaces of plaster,
wallpaper, or panelling will be mounted,
have subsequently been upgraded using the
best available information - plaster edges,
scars, and marking-out lines, can be
measured & fed onto CAD for storage at
full scale. Details, such as cornices, dado
rails, panel mouldings, architraves, and
skirtings, are identified, classified, drawn, and
stored full-size as W-blocks. Pre-fire
photographs -have been used for general
layout & identification but difficulties have
been encountered in using this material for
photogrammetry because many have been
taken with a plate camera and tilt-back lens
which has eliminated the normal vertical
distortion found in other cameras.

Over one hundred very detailed
reconstruction drawings have already been
produced in this way and others are being
prepared. They are used at a range of scales
and forms to facilitate the needs of the
structural engineer, mechanical & electrical

- 6)

engineer, architect, & the historian (Figs.3-

TECHNICAL SUMMARY

A site grid was established to maintain a
continuous three dimensional relationship for
all the survey, architectural, & archaeological
work undertaken. The photography was
taken using a Zeiss UMK 1318 camera using
Ilford FP4 film processed in Agfa Refinal.
Photo-flood lighting was used to reduce
shutter speeds due to the non-rigid nature of
the scaffold towers. Control was installed
using a combination of techniques and

- equipment, including intersection by

theodolite and bearings & distance, mainly to
targeted points but sometimes, due to lack of
access, to photo-identified points.

All data was captured, by Atkins AMC, using
two Galileo-Siscan Digicant 40 analytical
instruments, with post-digital editing being
carried out on AutoCAD Release 10.

CONCLUSION _

The integrated system of photogrammetry
with CAD, as used at Uppark and on other
projects undertaken by The Conservation
Practice in the UK, provides an ideal
medium for the recording of historic
buildings and the production of
reconstruction drawings in an accurate, cost-
effective and efficient manner.
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Fig.1 The south elevation of Uppark House, very much reduced f; digitise:
D e o Ty mus u rom a digitised
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Fig.2 Three views of a modillion eaves bracket, stored at full size as a W-block on
CAD. Over one hundred of these have been carved to replace those Jost in
the fire. The drawing, prepared from surviving fragments, is used at full scale
for issue to the carpenter and in a reduced form many times on elevation
drawinigs.
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Fig.3 The north wall of the Dining Room and the rooms above as they survived
after the fire and captured by photogrammetry.
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Fig.4 The north wall of the Dining Room and the rooms above as reconstructed
on CAD using full scale information wherever possible.
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Fig.5 A drawing of a Corinthian capital from surviving fragments, held as a W-
. block on CAD for inclusion in elevation drawings of the Dining Room.
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Fig.6 Drawings of carved details prepared from surviving fragments, held as W-
blocks on CAD for inclusion in elevation drawings.
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ANALYTICAL PHOTOGRAMMETRY AND COMPUTER
GRAPHIC REPRESENTATION:
COMPARATIVE ANALYSIS BETWEEN DIFFERENT
SYSTEMS ON THE CITY WALLS OF CITTADELLA
(Padova) ITALY

. Laura Baratin, Clemente di Thiene
Centro Interdipartimentale di Cartografia ¢ Fotogrammetria - Istituto Universitario di Architettura - Venezia

The University of Architecture in Venice is involved in a research program on the walled city of Cittadella. A

- specific field of experiment has been tested 10 determine how 1o combine “classical” expertise with the "new” approach

of computer vision, 3D models and cost-benefit analysis. The aim of this project is to establish a precise set of
specifications for the technical approach to historical analysis and restoration. Here, photogrammetry must provide
the cartographical support and constitute the basic reference for all future interventions. At issue is the graphic model
which has 1o provide geometric information and architectural details at various scales while at the same time being
compatible with personal computers and accessible to the research programs of many different disciplines. We will test
insiruments and procedures, comparing the results of photogrammetrical restituion of walls and towers.
Summarizing briefly, our attention will be dedicated to:
1 - analytical restitution at different scales with autocad editing,
2 - different restitution systems related to photograph-based bidimensional and tridimensional digitization programs
(PHOX system, Elcovision, MR2 Rolleimetric system...)
Greas attention will be dedicated to the search for graphic quality which is both precise and affordable.

The various experiments we have conducted in
Ciuadella have given conclusive results. Within the
scope of this project we have responded to the needs
of various disciplines involved in the analysis of the
city walls by considering those procedures,costs and
instruments relative to each field of experiment,

In addition to our conclusions, outlined in this
paper, we have proposed a new set of experiments
which will be conducted in the near future.

In brief, we can simply state that the photo-
grammetrical survey of city gates and towers has to
be carried out in a different way from a survey of the
city walls. The reasons for this variation are both
technical and economical as different types of
information are required for each type of survey.

Towers and gates will be investigated using
"classic” photogrammetric methods, that is, using
large size film and interchangeable lenses, because of
their large dimension (from 14 to 20 meters in
height), their number (36), and their several relevant
architectural details. In addition, special attention has
to be given to the area of connection between these
elements and the walls since towers and gates are the
statical support of the walls, and because the greatest
number of disconnections, cracks, and deflections are
corcentrated here.

The photogrammetrical survey of these elements
is aimed at producing analytical restitution at a large
scale (1:50). Consequently, the format of the film

has to be broad in order to both reduce the number of
topographical points required and to create bigger
models which can be explored stereoscopically.
These large models are a marked advantage in a study
of such elements because of the great amount of
information which they provide.

For the walls, on the other hand, it is more
convenient to use pseudometric cameras with
interchangeable lenses that have restitution systems ™
adequate to accept the use of monoscopical
photographs. Because of the great extension of the
walls (35 sections of approximately 40 meters each),
the scale of the drawings will be 1:200. This scale is
sufficient to create a comprehensive “general map” of
the walls, but is inadequate for any detailed analysis,
either architectural or archeological. Our goal is to
simplify and to accelerate the procedures we rely on
(outlined in the following pages) and to identify the
photographical "treatment” most capable of providing
all the information, such as cracks, stratification of
the different layers of masonry, control of erosion,
and placement of the guard walk, necessary for
restoration interventions.

From the technical point of view, in order to
reduce the number of photos necessary for this
program we anticiapte the use of a lift truck. Not
only will this decrease the number of shots needed,
but it will also result in photos of the structure with
the least possible degree of distortion.
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One requirement of ‘the targets is that their form
and dimension be such that they are easily centered
when the digitizer is used for the restitution process
using printed photographs. Therefore they will have
the shape of a square of approximately 20 cm. The
usual information required for their correct
classification (number, code, date, eic.) will also be
transferred.

As far as restitution is concerned we have planned
to use stero-analytical instruments in order to achieve
a higher degree of efficiency and beiter results.

Every model will have to respect codified
specifications in order to guarantee uniform and
accessible data. All data will be recorded in an ASCII
file and all the specifications of file format will be
stored on disk to enable the most general use for
CAD programs, particularly AUTOCAD.

Since the ultimate goal of this process is to
produce a tridimensional "wire frame" model of the
walls, the restituted form has then to be tri-
dimensional. This means that every point has to

have three coordinates related to the general system of-

reference set up by the principal topographical net.
The lines connecting the various points of the model,
or of any other graphical entity representing an object
in the space, will then be lines in a three dimensional

In the general scope of this specific work we
intend to process all th¢ elements that are considered
significant by the various disciplines (archeology,
construction theory, chemistry, physics, etc.) into a
three dimensional model which will constitute the
"space archive" of the walls. Accordingly, ali
bidimensional drawings produced will be recorded in
an Autocad (DWG) re¢ord. Particular attention will
be dedicated to photographical rectification as it is
necessary to have a continuous image of the entire
measured object.

This restitution is problematic, however, because
the walls are not aligned rectilinearly from tower to
tower and the crenellation is not on the same plane as
the main body of the walls. The first problem can be
solved by taking a photo for every single clement of
the broken line. For the second we are trying to find
* an interesting solution thanks to new instruments
provided by the Galileo firm which we will discuss
shortly. -

The phase of restitution is divided into two parts:
1) Three dimensional restitution carried out at
different scales of representation: one for the wall's
gate and towers, and one for the masonry panels.
2) Photographic restitution (rectification) of all the
boundary walls - the aim of this experiment.

Three Dimensional Restitution

The restitution of the photograms for the gate and
the towers is carried out with a stereoscopic analytic
instrument (Kern DSR1) at a scale of 1:50. This
graphic representation is expressed as an orthoganal
projection viewed on a vertical plane and obtained
through the analytic interpolation of targets. Within
this geomeltric representation of the observable solid
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the average parallel plane to the front view of the
optical model contains all the numerical information
belonging to the survey (targets, elevations, contour
lines, etc.).

The residual error on this plane of representation
is maintained at +\-0.3 mm at the scale of design.
Diverse analytical systems were tested for restitution
of the masonry panels starting with a photograph
taken with a semi-metric camera rather than a
stereoscopic one.

In addition to the summary described above, the
general characteristics of these systems should be as
follows:

a.) the capability of using simultaneously a number
of photographs from 2 to 8;

b.) the use of a digitizer as an instrument able to
measure the two plate coordinates;

c.) the use of a personal computer as a tool of
calculation;

d.) the possiblity of interfacing with Cad programs,
preferably AutoCad;

e.) the restitution of three dimensional points.

The representation has been established at a scale

of 1:200 and the graphic information is stored both in

the system of general reference and as an orthogonal
projection on the vertical plane parallel to the single
segments of the fragmented line.

In the case of Cittadella, in order to guarantee a
great degree of control and precision in the restitution
of these points, a minimum of three photographs is
necessary in order to formulate the model. In general,
this model consists of a number of "n" photographs
covering the same segment of wall or part of that
same segment. This representation includes the
crenellation contours, all holes, targets, and the most
evident bands of stratification in the wall's diverse
layers of masonry. At a scale of 1:200, the graphic
error of this representation is always maintained
below 4 cm.

A comparative analysis of the diverse systems
available on the market (Rollei System MR2, Phox,
Elcovision 10 is part of a series of tests we are
developing with the Insitute of Topography of the
University of Bologna, on several buildings and under
different conditions), the characteristics of which will
be described later, has beén performed on a very
limited area on the internal "masonry panels” using
six targets with a (RMSE) root mean square error of 3
mm in absolute value.

One aspect of this process still under consideration
regards the stereoscopic photos. These are always
taken with a semi-metric camera which permits a
"classic" analytic restitution. This “classic"
restitution then acts as a control against which are
compared those results obtained with other systems.

Within this experiment, not only has the
restitution of targets and of the values of orientation
parameters been evaluated, but these targets and
parameters have also beenisingled out as a series of
characteristic geometric points related to the structure
of the object from which we have extrapolated three
dimensional coordinates. In particular, for the Phox
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system, photographs are taken with a Pentax camera
format 24 x 36 mm and focal length of 50 mm. The
average scale of these photograms fails between 1:500
to 1:750 with an average scale of enlargement about
five times greater than that of the negatives.

For the restitution, if three prints are used pos-
sessing targets lying on different planes which have

been partially surveyed topographically, the number

of photos required by the program, between 10 to 15
when using a non-metric camera and from 7 o 10
when. using a metric camera, can be derived
photogrammetrically from the stereoscopic photos of
the same section of wall. These photos contain
significant points identified as coordinates which are
used for the analytic restitution,

The phase of orientation is executed in two stages:
in the first phase the calculation of orientation
parameters is conducted ignoring the resulting
distortions, as all images are distorted to a certain
extent; in the second phase all parameter distortions
are accounted for and corrected. The value of the
"sigma 0" indicates the orientation's degree of
precision and the residuals of observation expressed in

digitizer units. In general, the lower this value, the-

more reliable the arientation. .

After creating the orientation without taking
distortions into account, the second phase of
calculation proceeds in a manner similar to the first
one, but in an interactive mode with a ratio of
convergency that tends towards 0. To continue, one
proceeds by establishing the constitutent elements of
the subject through a coincidence of corresponding
significant points. Related to these restored points
are the three dimensional coordinates XYZ In
correspondence with the coordinate digitizer, these
points are assigned specific values pertaining to the
residuals of observation and the value of "sigma 0"
relative to these same residuals.

If the Elcovision system is used for restitution, a
semi-metric Leica RS camera with a format of 24x36
mm and a focal length of 24 mm can be used. The
average scale of photograms, as found in the stage of
the "masonry panel" experiments, exists here at a
scale of 1:500 and 1:750 with an average scale of
enlargement from about 5 to 7 times greater than that
of the negatives. The dimensioning and positioning
of-the models is established by means of targets as
pointed out previously in the phase of the
topographical survey (6 points in total),

The preliminary phase of orientation allows one
to control the data's reliability, first providing the
residuals of the sights on the grid (Dx and Dy), then
the points of orientation relative to parallax Py and
absolute (Dx, Dy, Dz), and finally the (RMSE) root
mean square error of the calculated parameters. It is
also possible to identify the three dimensional
coordinates of the retained, significant targets of the
object and to compare them with the stereoscopic
restitution by means of a graphic editing program
developed within this system. According to the
scheme of photos necessary for restitution, those
three taken using the Rollei MR2 system are executed
with a semi-metric Rollei 6006 camera with a focal

length of 40 mm. -Here, two convergent takes are
aimed towards a central point containing the six
targets identified previously using the analogic
photographic points in the three takes. Although
this increases the number of points necessary for the
solution of the photogrammetric problem, a
maximum of eight different points, between which all
distances must be known, and a maximum of twenty
observations must always be maintained. The average
scale of the photograms remains equal to that used in
the preceding case although the restitution is
performed at an enlarged scale three times greater than
that of the negatives.

The phase of orientation occurs in different stages:
initially the model develops from two photograms to
which are then linked all the others following a pre-
established sequence until finally this set of models is
processed and placed on an average position on the
targets. The final orientation of this synthesis of
models is calculated photogram by photogram
according to the parameters of the shots, the
orientation, and the residuals of observation.

The Rollei apparatus uses the same number of
points derived from images for the acquisition and
treatment of data as those used in the preceding
experiment. The control of the design is obtained,
also in this case, by identifying and combining
points. Control of the outcome of the layout,
however, is entrusted to the sigma of the coordinates
of single points (minimum three photos) and is
automatically processed. This qualitative evaluation
of the diverse systems with which we've
experimented, which are differentiated primarily in the
final stage of the photogrammetric process, is based
on the use of simplified systems and efficient
software, but surely suitable for objects of ordinary
morphology.

The quantitative analysis which appears in the
enclosed table confirms the evaluation made
previously on the described aspects of the system
keeping in mind that one must compare separately the
planimetric aspect X, Y from the altimetric Z,
However planimetric values match those values
intrinsic to the graphic tolerance of the scale of
representation and change considerably when depth is
also introduced. If, on one hand, the metric data is
obtained with sufficient approximation, the semantic
aspect is often quite deceiving, although we must
consider that we have compared two diverse
methodologies, the first being very experienced and
the second completely new.

Photographic Restitution .
The masonry curtain under consideration, as was
mentioned previously, remains the object of this test
of photographic restitution at a scale of 1:100 then
reduced to a scale of 1:200 with the proceeding photo
mechanics. The shots necessary to obtain photo-
graphic rectification of the masonry panels presented
problems as they are not rectilinear. In fact, a
shifting of pararellism with the plane of reference
creates errors in the coordinates on.the printing plane
which affects the corrected orthogonal projection. For
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this reason we have photographed separately every
fragment of the segmented line in such a way that the
optical axis of the lens was perpendicular to the wall.

The operation of rectification is carried out with
an analogic technique reproducing the original image
under particular optical and geometric conditions on
an appropriately inclined plane using the same targets
of the restitituion. The plane of projection always
corresponds to a vertical plane parallel to the segment
ignoring the plane of crenellation. Fortunately we
have today the possibility to transfer information
from photographic prints into a numerical form
which can be stored in and manipulated on a personal
computer. Furthermore we have also the capability to
test a numerical system of rectification through
digitial information. In fact, the Orthomap system,
produced by Galileo Siscam and tested by us, permits
the rectification and orthogonalization of numerical
images.

Various types of tests have been carried out:
- the creation of a digital photoplane of the same
segment of wall tested in the preceding case;
- the creation of a digital photoplane including diverse
shots in order to test the patchwork of photo-
grammetry; -
- the creation of a dlgltal photoplane of a particular
shot with a semimetric camera with a focal length of
150 mm and successive vectorialization of each
segment of the wall texture at a scale of 1:25;
- the creation of a digital ortophoto always of the
experimental segment.

The digital photo plane has been created from a
digitat image of a shot from the knowledge of the co-
ordinates of the object and the corresponding co-
ordinates of a certain number of points of the image
plane.

The procedure does away with the errors due to the
inclination of the camera but does not eliminate the
deformations due to the different inclination of the
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photographed object. For this reason we have decided
to have two different planes, one for the crenellation
and one for the wall panel, both integrated with the
coordinates given by the targets surveyed photo-
grammetrically.

The quality of the photomap is determined by the
control of the residual error resulting from the
calculation of the parameters of the homography. If
the object is similar to a plane and the coordinates of
both the object and the photo map are correct, the
residual error is close to zero.

The experiment for the digital orthophotography
has been treated on the digital image taken with the
corresponding targets and a DTM created on a regular
grid of 20 cm. This procedure eliminates the various
errors of inclination, both of the object and the
camera integrating the DTM with a file of restitution
where the lines of the elements with different depth
(such as holes, embrasures, efc.) are clearly delineated.
The measures on the orthophotography being correct
we have been able to confront these results with the
previous ones.

Drawing a conclusion at the present stage we can
state taht we do not have great differences between the
various instruments and softwares: all of them as far
as the problem of Cittadella is concemed present
tolerable errors for the scale of restitution.

The use of Rollei 6006 and MR2 system has the
advantage of a larger size of film therefore reducing
the number of photos and topographical targets.
Given the extension of the walls this is a device that
will cut down the cost drastically. .

We will develop in the near future the experiment
with Galileo Siscam in order to set up correct
specifications for the use of Orthomap system: it
looks in fact the best solution, the quickest, the most
agile and definetly adequate to the demand of the
sciemtific committee governing the conservation of
Cittadella.
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RECTIFIED IMAGE MEASURING SYSTEM BY ANALYSIS OF PERSPECTIVE

1.THE AIM OF RESEARCH

This research belongs to the studies which have been
developing by Prof.R.Di Stefano, School of Specialisation
on Restoration of monuments, University of Naples, in order
to investigate the knowledges and the methodologies for
historical cities restorations.

Studies have to provide with a complete documentation
oriented to the knowledge and preservation of the
historical city, and,therefore, to the consequent
activities of city restoring, planning, exploitation and
managing.

All data provided with the present documentation will have

‘to be, afterwards, collected in order to to be continuously
' integrated and made available with accuracy and quickness,
.making reference to every point of the city, on which it
is necessary to develop interventions designing. Hence it
follows the great matter to pick out an efficient
"and suitable informative system. To this purpose, our

{university pool found very useful the cooperation with

Galileo Siscam, and with this latter is setting up a data

‘pase alike Gart, which permits to collect data both
“alphanumerical, graphical and photographic.

It isbwell known that, in order to have a complete
documentation, it is necessary to have town planning,

"architectural and archaeological surveying, which,

obviously, consist not only of whole cartography on the
plane.

It is necessary to consider also the third dimension in
order to know "site volume", which regards both the natural
terrain on which is built and the buildings which form it.

So it is clear that, for documentation and basic knowledges
purposes, it is very important to make surveying about
ancient iconographical elements collection and "new
surveying", which may give a right representation of the
exact current shape of every element of the architectural
patrimony. :
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To these "new surveying" belong developments of facades
("courtains"™) the roads and the squares and, more
generally, the representation of all that defines "the
architectural style of a city".

Graphic representations accuracy for restorations purposes,
depending from the kind of job to be performed, for the
town planning restoration studies and for the singles
interventions depending on the methodological part we have
to carry out.

It is clear that, for example, at executive level of the
project, the surveying of the "courtains" must be very
accurate, both in the geometric data and in the
representation of every architectural elements.

In the preliminary analysis and general level of the
planning can be admissible a low accuracy.

Accuracy limits depending also on artistic and historical
values of the 2zone and on the consequent kind of
intervention which is intended to be performed.

To this purpose, in the historical centers, the "protection
degrees" ‘were located: GPl1l, that is buildings ‘of a
remarkable monumental value, monumental plants and
factories of a remarkable historical-artistic value; GP2,
that is buildings of a considerable architectural value
which, as a whole, represent very interesting architectural
expression forms and which have conserved, inside
themselves, 'very important elements that build ‘up
architectural features; GP3, that is buildings belonging: to
minor Architecture, of acceptable environing, town planning
or volumetrically value; GP4, that is building which do not
require a particular protection.

To these "protection degrees™ correspond the following
interventions: to GP1 and GP2, the most rigourous
"architectural restoration™; to GP3, "the conservative
restoration"; to GP4, "the building reconstruction" or, in
some cases, "the building replacement".

A certain approximation, on the dimensional surveying, is
admitted but homogeneous in every part of the represented
"courtain" and is admitted also a certain difference about
the details of the formal drawing of the buildings
depending on their protection degree. The surveying of
fronts development carried out by means of traditional
methodologies or by means of ordinary photogrammetric
techniques, is a very hard work from a financial point of
view, consequently it has never been possible to perform
the surveying of the "courtains", depriving the whole study
of a very important investigation tool.

41



There are also many cases where the ratio between road size
and heights of buildings doesn’t permit to perform any
traditional photogrammetric investigation.

In order to try to overcome these difficulties, it has been
decided to investigate the experiences, already done
somewhere else, to make "developments of fronts" by means
of taking sloped photographs after rectifying them,
assembling on a mosaic and, finally, representing
graphically.

This applied research has been carried out, under the guide
of Prof.Ing.Fondelli (Engineering Dept., University of
Florence), by a pool where technicians of Architectural
Photogrammetry Laboratory (Conservation of Architectural
and Environmental Values Dept., University of Naples),
together with those ones of Galileo Siscam S.p.A. and
Alisud S.p.A. Laboratories, have worked together.

This kind of scientific cooperation permitted to test the
possibility (both economical and technical) of new
methodology for building courtains surveying within
accuracy limits indicated for town planning restorations
works.

The first time that the present work was shown, was at the
National |Naples Congress, at Naples University,
Conservation of Architectural and Environmental Values
Dept., June 27, 1991.

2.8TATE OF THE ART FOR "COURTAINS" SURVEYING

Techniques which use the photograph as a tool for
traditional surveying methodologies find always new
applications in the architectural field. Photography, which
defines "lines" and "areas" of the architectural
composition, permits to overcome the 1limit, (existing in
the usual surveying methodologies), to locate only
"points", among which lines are laid out. It means that the
photograph provides with all the data related to
architectural elements.

This representation is obtained from a photograph through
instruments and processing which use the rules of
Perspective Geometry.

The use of photography is to mention again about the
photoplanes, obtained assembling on a base net work a set
of aerial rectified and scaled photographs.

LN
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It is possible to find a similar use of these photoplanes,
in case of building courtains in the historical centers:
this use it is already been adopted in some Countries of
Central Europe. (FIG.1,2)

In general terms the most used techhiques are:
1.stereophotogrammetric data collection
z;photographs rectifying

3.assembling on photoplanes

4 .drawing, starting from rectified photographs

5.individualization of many pointson building fronts by
arialytical photogrammetry.

Drawing scales which are most used are: 1:200 for whole
building courtains; 1:100 for partial courtains and 1:50
for particulars.

This methodology was designed over twenty years ago by Hans
Foramitti, with a clear reference to the historical
centers, where, to take photographs, is necessary to slope
a lot the camera station axis because of the dimension of
the roads. T .

In order to use these photographs, it is possible to employ
stereophotogrammetry and photographic rectification; in
this latter case, it is not theoretically necessary to have
stereoscopic photographs. From the beginning this
methodology of "photographic surveying" showed itself of a
great interest for speed execution and for low costs. It
was established, also, that the results were not perfect
mainly due to perspective deformations but the obtained
image was enough representative of the surveyed monument
and gave an accurate information of the conservative
conditions of the building.
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3 .GEOMETRIC FUNDAMENTAL

A contribution to this research can be given starting from
the courtains geometry, that shows areas and structural
elements nearly flat, and that shows vertical and
horizontal outlines (edges, windows, doors, roof eaves,
rain pipes, etc.). References elements useful for
projective and perspective procedures.

Fast developments of electronic technologies can give also
some new solutions, especially when it is possible to
employ the digital image processing of the photograph and
data collection by Personal Computer. The above techniques
are useful in order simplify photograph taken and plotting
of the acquired image and, in the meantime, we get
photographic and graphic products of a great metric
documentary value and of a great qualitative value.

A large number of photographs are hard to be managed, by
means of classic methodologies, in order to achieve
controlled mosaics and metric graphical representations.

Anyway, consequent processing resulted in a very original
form, that consisted of having a raster file by scanner
devices, from the collected images, their rectification
plottings by means of rectification,; their consequent
"electronic mosaicking"” by equalizing the different used
images, the final graphic and bidimensional numeric plot on
Personal Computer. 5

The procedure we used for rectifying was Moebius
perspective grid, in order to restore horizontal and
vertical elements that were changed by ‘the position of the
external orientation elements of the monocamera station.

In Fig.1 it is easy to verify as the perspective could
modify itself when normality could restore among different
vertical and horizontal lines intersecting themselves in
the sloped photograph. The rectifying procedure can be
integrated with a compensation algorithm for setting up
distances and lengths in horizontal, vertical and sloped
direction.

It is clear that the mosaicking can be performed always on
Personal Computer, using triangulation methodologies, to
ensure the best linkage for the whole set rectified images.

When the photographic assembling of the whole considered
courtain is finished, images restoration will have to be
performed, if necessary, to obtain a final image of the
building. This operation comes out as a preliminary in
comparison to the vector plotting and should be performed
directly on the same Computer.

Results are still on a experimental basis and so they can
be improved.
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4 .ALGORITHMS FOR RECTIFICATION METHODOLOGY

The "Rectification techniques" normally deform the original
image so to eliminate non-parallelism effects of focal
plane of the camera and of the object to survey.

Operation limits and analytical instruments costs can
strongly condition the use of these techniques in
Architecture field. These conditionings can be removed by
using electronic technology development computer’s field.

Having an image, in a raster form, there are some simple
algorithms that permit rectifying operation in a effective
way and without particular limits.

Among the points which build up an object plane and the
points which build up the image of the same object obtained
with a camera, there is a relationship that hang together
every point of the object to a point of the 1mage and vice-
versa. (FIG.4)

By means of this procedure it is possible to rebuild an
orthogonal projection starting from whatever camera picture
of the object even if very sloped. About the computation of
the parameters which defines the transformation, this is
done by writing the equations for almost four points of
known coordinates on the object and by resolving the
equation system that comes from: generally, are known more
than the four points strictly necessary: in this case, the
minimum least squares adjustment must be applied.

The geometric concept of "point" is replaced by the term
"pixel"™ (picture elements), that is the minimum unit in
which the image has been splitted once transformed from
analogical to digital. The pixels will be correctly
positioned by collineation relationship producing, because
of their information content in terms of grey levels, the
"orthogonal projection".

The same computer that performs the rectified image
provides easily the user with the possibility to perform
the graphic plotting and its storing on disc by using a
mouse which drives a cursor on the video graphic station.
The vectorial information so produced can be obviously used
independently from the image or can be associated to it for
updating purposes, control or information completeness
purposes.
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The power and the flexibility of a numeric system on
executing rectified image are remarkable, It is very
important to determine the parameters that define the
transformation of the image in another rectified one, and
for this determination we need to know the coordinates of
some object’s points.

To have this known point we have to carry out some
measurements by surveying instruments or by very complex
and expensive instruments. )

In the present algorithm we do not use any known point, but
‘only the horizontal and vertical 1line position on the
photograph to determinate the parameters for "collineation
relationship".

Once established rectifying procedures of the perspective
image, it’s necessary to have the possibility to join the
different photoplanes performed to create a mosaic.

This rectifying procedure produces images with homogeneous
scaling, so they can be joined to form a single image
in a unique reference system, that it’s true only if
overlaying are guaranteed among images.

Afterwards, it is possible to perform in the complete image
some numeric techniques to improve the image, such as grey
levels equalization, filtering and so on.

5.FIELD TEST

In order to verify the real correspondence of the relative
accuracy of the obtained drawings compared with tolerance,
we did some controls by performing some direct and indirect
measurements and by comparing some dimensions on the
drawings with those ones corresponding in reality.

Measurements were carried out by using a manual methodology
by means of double Invar meter. For the upper zones, by
using a theodolite in forward intersections, a series of
high points were measured

It was impossible to use Laser distance-meters, as the
sloping of the views, necessary in this case, were too
excessive. .

Coordinates of 25 points distributed in the front under
examination were determined and 35 distances among points
were measured directly.
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The measurements results (direct and indirect) so
performed, permitted to find a sufficient amount of
distances that were compared with those ones measured
directly on the drawings. In general terms, this comparison
showed a sufficient correspondence to the precision limits
requested and established.

Keep in mind that the current experimental research is
addressed to determine a "speedy" work methodology
effectively applicable to the environing reality of the
historical centers, not claiming to achieve high precicsion
results, as those ones provided by the classic terrestrial
photogrammetry methodology and by surveying. It is to point
out that the ratio between road size and building height
demands an amount of photographs so large to make not
proposable photogrammetry plotting data collection.

On the other hand, the rectified methodology we are talking
about- is not intended to be against the traditional
analytical plotting methodologies from a single frame,which
without doubts permit more accurate results.

Local operations involve so many troubles that a
traditional geometric picture framing, in order to make
measurements of the points coordinates, may lead to so high
costs to make, practically, impossible the execution. Just
in these cases the methodology is useful to satisfy many
documentary needs.

The work methodology so improved, makes possible to enlarge
fronts surveying to the remarkable amount of building
courtains existing in the historical city because it gives
great advantages related to costs and to necessary
operation times.
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DEVELOPMENT OF A DIGITAL SYSTEM FOR ARCHITECTURAL

PHOTOGRAMMETRY

Andr€ Streilein and Horst A. Beyer

Institute of Geodesy andPhotogrammeny
Swiss Federal Institute of Technology
ETH-Honggerberg, CH-8093 Zurich, Switzerland

ABSTRACT

The availability of powerful workstations and the advent of high resolution digital imaging systems makes the
development of a fully digital systems for Architectural Photogrammetry possible. In a joint project between the
Institute of Geodesy and Photogrammetry and the Chair of Architecture and CAAD, both at the Swiss Federal

Institute of Technology in Zurich, a digital photogrammetric system is under development.

Appropriate digital imaging systems are evaluated and tested. In contrast to existing systems where an operator
is measuring all features of interest, a higher level of automation is desirable. Emphasis is placed on novel
techniques for semi-automatic measurement of architectural features. Several measurement procedures have

been developed, some of which are presented here.

A practical project is used to demonstrate the methods and the efficiency of this system, The steps from image
acquisition to the data representation in a CAAD-system are outlined. Issues of sensor resolution and accuracy
are addressed. An outlook to developments leading towards semiautomatic and fully automatic recognition and

measurement of general architectural features is given.
KEY WORDS: architeciural, CAD, CCD camera, digital system, non-metric.

1. INTRODUCTION

Improvements of the processing and storage capabilities
of workstations are occurring at a breath taking speed.
They provide the platform for processing the large
amounts of digital imagery available from a wide range ' I
of sensors. With respect to Digital Architectural  S0lid state Archi '
Photogrammetry the development of high resolution ~ Camera fc lbtgctura
digital imaging systems is of major importance. The ; Object
technology for systems with a sensor resolution i
comparable to medium format film cameras is available, ;
A Digital Photogrammetric System for Architectural
Photogrammetry must be capable to acquire imagery
with sufficient resolution, process the data with a high
level of automation, and pass it on to a CAAD-system.
The status of such a system being developed in a joint
project of the Institute of Geodesy and Photogrammetry
in cooperation with the Chair of Architecture and CAAD
at the Swiss Federal Institute of Technology in Zurich is
outlined.

Digital data

%

Processing

Digitization

2. DATA FLOW IN A DIGITAL SYSTEM FOR Digital Photogrammetrio
ARCHITECTURAL PHOTOGRAMMETRY Station

as with systems and/or cameras using solid-state sensors.
Former still provide for a higher resolution, but the film

Images can be acquired with film based cameras as well ¢
must be developed and digitized before the data can be

used in a digital system. CAAD System
A Digital Photogrammetric Station (DIPS) is used for . . .
processing. It must provide for ample storage space for Figure 1 %ﬁ%?&?&;%%‘;fgg&?n‘lgw system

the large amount of digital imagery, a tremendous
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processing performance for semi-automatic and
automatic measurement algorithms, and a high resolution
display for the visualisation of imagery, processing steps
and results.

The hardware platform of the DIPS and the CAAD-
system can be identical, but the integration of the
software of both systems into one package has not been
attempted. An interaction between and/or integration of
the CAAD-System and the photogrammetric processing
system will be necessary in the future. The CAAD-
System can support interactive measurements by an
operator and will be required to provide a priori
information for automatic measurement procedures.

All tasks, from image acquisition to the transfer of CAD-
data, are performed with the software package DEDIP
(Development Environment for Digital Photogrammetry,
Beyer, 1987). It provides, among others, modules for
image acquisition, interactive measurement of pixel
coordinates, a bundle adjustment program, and
measurement of architectural features. Figure 1 shows
data flow and hardware components involved in a digital
system for Architectural Photogrammetry.

3. IMAGING SYSTEMS FOR
ARCHITECTURAL PHOTOGRAMMETRY

Imagery for Architectural Photogrammetry can be
acquired with film cameras and subsequent digitization or
by digital imaging systems. Only the latter are addressed
here as the characteristics of the former are well known.
Devices of this type can be standard solid-state cameras
with a video.recorder or a computer with framegrabber,
still video cameras, video cameras, and several types of
high resolution cameras.

All cameras using one of the widely used video standards
provide imagery with approximately 512 x 512 pixels.
Until the availability of High Definition Television
systems, which will have 1920 x 1035:pixel, the cheap
off the shelf systems will be limited to this image size.

There are a number of cameras available which provide
for imagery with a much larger number of pixels. The
largest area array charge-coupled device available today
has 4048 x 4048 sensor elements, but the price for a
complete system with such a sensor is still in the order of
US$100.000.-.

There are several other ways to obtain imagery with more
information. The ProgRes 3000 (Kontron, 1990) uses a
sensor with very small apertures combined with a piezo
controlled displacement in the sensor plane. The partial
images are assembled thereafter. Another approach uses a
standard sensor and the reseau scanning principle
(Wester-Ebbinghaus, 1986) to attain imagery with 5500
by 7050 pixel (Rollei RSC). There are also several
systems with linear arrays and mechanical displacement
devices. All these have the disadvantage that the image
acquisition requires at least several seconds. This needs a
stationary object and constant lighting conditions.
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The current technology of still video cameras uses an
analog recording technique for intermediate storage of
the imagery. This leads to a significant degradation of the
radiometric and geometric characteristics of the imagery.
Still video cameras with digital recording techniques are
currently appearing on the market. Even currently
available still video cameras provide sufficient geometric
accuracy to map an architectural object. Well defined
points spanning several &uel can be determined with an
accuracy of 1/5" to 1/10™ of a pixel. But their resolution
is not adequate for architectural objects. For example
imaging an object of 20 m onto a 512 x 512 pixel image
requires that the features of interest span at least 20 cm on
the object. This is far too large for most applications and
renders the current still video cameras almost useless for
such tasks. This problem is demonstrated in Figure 2,
which shows on the left an image taken of a church and
on the right an enlargement of the indicated area. The
corner of the building can still be identified, but
measuring finer details of the corner is impossible.

Flgure 2 Problem of point identification due to
insufficient sensor resolution.

The possible improvement of high resolution imaging
systems is demonstrated in Figure 3. It shows zoomed
portions of a close-range testfield. The images were taken
with a standard solid-state camera (Figure 3 a) and the
high-resolution camera ProgRes 3000 (Figure 3 b). The
great difference in resolution of these two cameras is
conspicuous, This demonstrates that high resolution
cameras are required for the demanding requirements of
Architectural Photogrammetry.
#

Figure 3 Comparison of standard solid-state camera
(a) t‘z_:nd ProgRes 3000 (b) with images of a
testfield.
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Figure 4 The Digital Photogrammetric Station and its peripheral devices.,

4. THE DIGITAL PHOTOGRAMMETRIC
STATION

The data analysis is performed within the Digital
Photogrammetric Station (DIPS 11, Griin, Beyer, 1991),
as shown in Figure 4. The DIPS consists primarily of a
network of workstations from SUN-Microsystems, to
which special purpose systems like the image acqu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>