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Technical Progress in
Architectural Photogrammetry
Technical progress in architectural photogrammetry during
the last several years includes the general trend towards
improvement and better adaptation of equipment, the use of
all photogrammetric methods, and the expansion of fields of
application in the sphere of architecture and protection of
sites.

EQUIPMENT

T HERE ARE MANY working conditions to be
considered in architectural photogram­

metry and, because there is no univeral solu­
tion, one must accept that a range of equip­
ment is necessary. It is with this range of
equipment that photogrammetric instru­
ments have been involved. We consider
below the different technical criteria to be
satis fi ed and the di fferent sol u tions adopted
for each of them.

VARIOUS PRINCIPAL DISTANCES

In addition to phototheodolites, which
have long focal lengths and narrow fields of
view, many cameras have been produced
with short principal distances and wide fields
of view. In this category are the largest
number of instruments now being produced,
e.g., all the stereometric cameras (except the
Officine Galileo Veroplast) and some small
format individual cameras.

More recently the necessity for cameras
with much longer focal lengths (problems of
accuracy and of distance from the object being
photographed) has encouraged manufactur­
ers to build new devices with focal lengths
intermediate between those of the small
cameras and those of the phototheodolites,
the most useful ones still retaining a large

field of view. During recent years one has
been able to purchase

Officine Galileo Verostat : f = 100 mm,
9 by 12 cm format

Carl Zeiss TMK-12 : f = 120 mm,
9 by 12 cm format

Zeiss Jena UMK : f = 100 mm,
13 by 18 cm format

Hasselblad MK-70 Planar: f = 100 mm,
6 by 6 cm format

Wild P-31 : f = 100 mm,
4 by 5 in. format

(principal point off center)
Various Japanese Sokkisha cameras also
have been produced.
VARIABLE PRINCIPAL DISTANCES

It is possible to slightly modify the princi­
pal distance of some cameras in order to focus
at different distances. This facility, which is
being reexamined by the manufacturers fol­
lowing recent optical and mechanical ad­
vances, is based on four different technical
solutions: (1) displacement of the objective
lens by a spiral movement (Officine Galileo,
Hasselblad), (2) displacement by a transla­
tory movement (Zeiss Jena), (3) introduction
of rings of different thicknesses between the
camera chassis and the lens (Wild), and (4)
introduction of additional lenses in front of
the objective (Carl Zeiss).
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LARGE INCLINATIONS

Some of the older plotting instruments are
able to process photographs taken at steep
inclinations. However, these instruments are
hardly compatible with modern terrestrial

long as the photographs are taken in the nor­
mal case (i.e., parallel axes).

This solution, fi rst adopted by Carl Zeiss, is
now being used by other manuf~lcturers(Wild,
Zeiss lena, Officine Galileo, Nikon) for
single or stereometric cameras, in which the

ABSTRACT: The def,elopment ofarchitectllral pllOtogrammetry is very
important. Hou;ef,er, we do not deal here with ef,erything ac­
complished in the f,ariolls sectors of th is field ofapplication ofphoto­
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or-less standardized. We confine this short paper to the technical
progress, that is to say the increase and the better adaptation of
eqllipment, the lise of other photogrammetric methods sllch as
gra phical stereoplotti ng and rectification (orthophotographlj, aero­
trianglilation, nllmerical and analytical methods, lise of analytical
plotters, inf,erse photogrammetry) and the expansion of fields of
application (structural problems in monuments, precise determina­
tion of their geometl"ical characteristics, measurement of the surface
effects ofdisease in stone, Sll rf,eys and protection ofhistoric centres) ..

Rf~sUME: Le developpement de la photogrammetrie architecttlrale
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des domaines d'application (problemes de structure des monuments,
determination precise de lel/'rs caracteristiqlles geometriqlles, mesure
des alterations de Sll rface dlles a la maladie de la pierre, releves et
protection des centres historiques).

ZUSAMMENFASSUNG: Die Entwicklung der Architektur photogrammet­
rie in der Welt ist sehr-bedelltend. Wir wollenjedoch hie'r nicht eine
f,ollstiindige Dantellllng von allen Leistungen in diesem Bereich der
Photogrammetrie vorzlIstellen. Diesel" Bericht beschriinkt sich auf
den technischen Fortschritt : das heisst, die Zlmahme lmd die bessere
Anpassung der Materiales, die Anwendung anderen photogrammet­
rischen Methoden als die zeichnerische Stereoauswertung und die
Entzernmg (Orthophotographie, Aerotriangulation, nummerischen
nnd analytischen Methoden, Verwendung analytischen Auswer­
tlmgsgeriite, Darstelllmg eines Projektes im Messbild), und auf die
Enveitenmg des Anwendungsbemiches (Strukturprobleme der De­
nkmiiler, genaue Bestimmung ihrer geometrische Charakteristik, Au­
smessung der Veriindenmgen der Oberfliische infolge der Krankheit
des Steines, Ausmesst/ng und Beschiitzt/ng der historichen Lagen).

cameras, particularly small format cameras.
An idea of Dr. H. Foramitti consists in giving
the camera a large, well-determined tilt angle,
and also in adding a simple device to the
plotting instrument in order to process the
photographs taken under these conditions, so

required inclination is obtained ether by use
of an offset level or the use ofa circular quad­
rant with identations. The additional device
for the plotting instrument is an "inclination
calculator" which is introduced between the
plotter itself and the drawing table.
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In order to be able to rectify photographs
obtained under such conditions (e.g., camera
inclinations of 30° and 60° or 30 and 70
grades), special devices must be constructed
for a particular inclination angle and a par­
ticular focal length. Only Carl Zeiss actually
markets such a device (KEG-30).

ADAPTATION OF PLOTTING INSTRUMENTS TO A

WIDE RANGE OF PRINCIPAL DISTA[';CES

The wide range of principal distances and
the resulting need to adapt the plotting in­
struments are not problems peculiar to ter­
restrial photogrammetry. lodern plotters
generally have greater versatility regarding
focal lengths (fi'Q1TI 85 to 310 mm). However,
in architectural photogrammetry, the wide­
spread use of small metric cameras necessi­
tates a further extension of plotting
capabilities towards shorter focal lengths i.e.,
in the 50 or 60 mm range. Three solutions
have been devised:

• the cunstruction of special equ ipment
solely for photography taken in the normal
case (this solution is not recent);

• the selection of a fairly wide range of
focal lengths but tending tOll;ards the shorter
unes, e.g., Zeiss Jena Technucart (focal
lengths from 50 to 215 mm); or

• the manuJacture oj additional devices
Jar the plutting of small camera photu­
graphs, e.g., Carl Zeiss devices for the
Planimat D.2.
DEPTH OF FIELD OF A SUBJECT: Z-RANGE OF

PLOTTING INSTRUMENTS

With respect to the depth of field of a sub­
ject, the simplified instruments constructed
for short principal distances and the normal
case have generally good properties; but, un­
fortunately, the capabilities of the new, more
or less universal, instruments are smaller.
They are generally limited to a z-range on the
order of 300 mm; this range is usually sufll­
cient but may not be so always, and in any
case it usually imposes restrictions on the
scale of the model formed in the instrument.
The use and development of analytic plotters
should lead to real progress in this domain
and in the domain of steep slopes.

METHODS

Plotting and rectification are the two prin­
cipal methods employed in architectural
photogrammetry, but other photogrammetric
methods are now used for the survey of
monuments and sites.

New experiments in the field of or­
thophotography have demonstrated its ac­
ceptability for architectural surveys, pro­
vided that the subject does not present sud-

den breaks in continuity. Based on. the work
of the Officine Galileo (W. Ferri) on the in­
side of the dome of Santa Maria del Fiore in
Florence, good orthophotographic surveys
have been done in Poland, by J. Jachimski
and Z. Sitek (ruins of a medieval castle, the
walls ofwhich are both complex and irregular
in fabric), and in Western Germany, by M.
Doh leI' (Roman wall) and E. Seeger (Baroque
decorative features in stucco). The surveys so
obtained were used in combination with plot­
ted line-drawings of the parts of the monu­
ment which presented too high a relief.

We should remark on the increase in the
number of cases where aerotriangulation was
used. C. Sena, in Italy, and H. Mohl and E.
Mohr, in Western Germany, have performed
experiments in the adaptation of this
technique to suit architectural surveying, and
have produced encouraging results; this
should simplify the task of measuring control
poi nts.

We know that analogical numerical
stereophotogrammetry can offer a greater de­
gree of accuracy than graphical plotting
where it is required to measure celtain im­
portant features ofa building such as lengths,
distances between characteristic poi nts, di£~

ferences in hei gh t, etc.
The advantage is considerable if one de­

sires to determine the precise geometrical
characteristics of buildings dating from
periods of extreme refinement in architec­
ture, such as Archaic and Classical Greece,
and the Baroque. Thus it is normal to find the
method used in Sicily in the work being done
there by the Turin Polytechnic Institute and
the German Archaeological Institute at
Rome, and for the surveys of the Acropolis
buildings at Athens made by the French In­
stitut Geographique ational (IG ). How­
ever, numerical stereophotogrammetry also
is extremely useful for surveys in which the
reference planes are not parallel to the Carte­
sian axes of the plotting machine. Here a
numerical survey involving a very large
number of points, followed by calculations
and by drawing on an automatic tracing table,
can offer an excellent solution. The IG has
used this method for the surveying of arches
of vaults, for example, and for fac;ades which
(as in the case ofsome ofthe upper portions of
the Farnese Palace) could be photographed
only very obliquely.

An excellent example of this process is of­
fered by the photogrammetric survey of the
Jameh Mosque at Isfahan made by the Rassad
Topographical Company for the Historical
Monuments Conservation Department of
Iran. It was possible to photograph certain of
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the arches, and more particularly the plaster
decoration of the vaults and the "i wans," at a
very oblique angle in order to preclude gaps,
but nevertheless obtain complete and accu­
rate elevations, profiles, and cross-sections.

Analytical plotting methods are also used;
the advantages and limitations of these
methods are well known. Research is being
performed in Sweden and Denmark to
simplify their use and to rapidly obtain a
point-by-point survey. A drawing is then
made by a architect. Stability checks are an
important part of the application of analytical
methods; an example is offered by the suc­
cessive surveys made by the IG on the
bc;:ade and naJthex of the Abbey Church ofSt.
Denis, just outside Paris.

Experiments and works done with analyti­
cal plotters are increasing. The Historic Mon­
uments Survey Section ofCanada (R. Letellier)
uses an AP/C plotter provided by the ational
Research Council and finds the method ex­
tremely wOlthwhile. At the Turin Polytechnic
Institute, the plotter used is the Digital
Stereocaltograph (DS). C. Sena thinks that
this system renders it far easier to form and
orient the model in difficult cases (e.g., the
amphitheatre at Susa), and the obtaining of
drawings or numerical data of different kinds
directly from the plotter is a simple matter.
The value of such devices in architectural
photogrammetry is obvious. While it is true
that, owing to their scarcity and cost, they as
yet belong to the luxury category of photo­
grammetry, there can be no doubt that in due
course such drawback will disappear and
they will come into general use, to the benefit
of architectural photogrammetry as a whole.

We mention also further experiments with
aerial photographs taken at very low altitude.
The IG and the SFS in France and the Nara
Institute in Japan have taken photography
hom a helicopter with the camera fitted onto a
stabilized platform; in Bulgaria a 210 mm
camera was used, in an AH-14 plane flying at
a height of 120 m and at a speed of 130 kms
per hour, to take photography at a scale of
1:600; and the Swedish Historical Monu­
ments Department and Uppsala University
have mounted a Hasselblad MK-70 camera in
a sports-model plane. The new Japanese
stereometric camera NAB-150 has been sus­
pended £i'om a kite-balloon.

Finally, we should mention the increase in
the use of inverse photogrammetry for the
visual representation of proposed new build­
ings on photographed perspective views.

FIELDS OF ApPLICATION

We should concentrate this subject on cer-

tain given fields of application whose de­
velopment is particularly noticeable.

Surveys made for the preservation of
monuments in peril or as a prelude to the
transfer of monuments to a new site form a
very important category of application. The
most famous examples are those of the Tem­
ple of Borobudur (Indonesia) and of the
whole group of monuments at Philae (Egypt),
protected under UNESCO international
programs and surveyed by the French IGN.

Structural problems in monuments are a
sector of photogrammetric applications
which is expanding in size and now includes
studies of several different kinds. First, there
are the stability checks, already mentioned.
Next come the studies concerned with
equilibrium; an example is the detailed sur­
vey of the foundations of the church at
Deerhurst (8th and 11th centuries) by the
Royal Commission on Historical Monuments
(England), conducted in conjunction with ar­
chaeological excavations. We will also in­
clude the IGN survey of the Pantheon in
Paris, which has clearly brought out thedistor­
tions produced in the lower portions during
construction and compensated for during the
building of the upper parts. The survey
should also provide a means for calculating
the thrust exerted by the immense dome on
the four central piers of the building. We
wou Id mention, too, the work of the Warsaw
Geodesy Institute, which has re-established
the structural. features and shape of the
Wladyslaw Tower and the clock-tower of the
king's castle with the aid of old photographs.

The determination of geometrical charac­
teristics with as great a precision as possible
is an application closely linked to the study of
structures. It was assigned particular impor­
tance in the work carried out jointly by the
Turin Polytechnic Institute (G. Inghilieri and
C. Sena) and the University Institute of Ar­
chaeology (G. Gullini), whether in the case of
the Greek monuments of Sicily (proportions
and optical refinements); the Roman build­
ings, in which by surveying many cross­
sections photogrammetry can ascertain the
all-i mportant internal spatial distribution; or
the ziggurats of Iraq. In this case, photo­
grammetry provided the means of com­
prehending the forms ofthe buildings, check­
ing the unit of measure used by the original
builders, and analyzing structural variations
between one story and the next.

In this matter, we should mention particu­
larly the study of the true forms of the in­
teriors of large domes. The works of the Of­
ficine Galileo (W. Ferri) and the Engineering
Faculty of Florence University (M. Fondelli)
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on the dome of Santa Maria del Fiore are well
known. Their photogrammetric surveys (ex­
tended also to other domes of Florence) were
continued by a statistical analysis of the dif­
ference between the actual form obtained by
numerical stereophotogrammetry and the
theoretical form expressed by the curve
which, for each groin, passes as nearly as pos­
sible (i.e., by least-squares) through the
points plotted.

Concerning the numerical models of
monuments, here again it was in Italy that the
idea was most clearly elucidated by a Floren­
tine research team (M. Fondelli, E. Cleur,
and F. Greco). Such models, obtained by
numerical photogrammetry (either analogi­
calor analytical), offer a means for detelmining
the essential geometrical features of a build­

ing, analyzing its profiles and proportions,
and observing the changes occurring in these
with the passing of time, with the aid of com­
puted figures and subsequently expressible
as a line-drawing either on an automatic trac­
ing table or on a screen.

Very short-range photogrammetry can be
applied to the measurement of the surface
effects ofdisease on stone. This application is
studied in France under the auspices of the
Historical Monuments Research Centre and
experiments are done on stones or sculphlres
of various churches.

Overall surveys of historic centers also are
on the increase. In various papers we have
explained the general principle of the use of
aerial photogrammetry for the making of
documents which are very useful for the
study and the management of historic cen­
ters. These documents include not only
ground plans but also cross-sections through
the center and fi'ontal elevations ("geomet­
raux") of built-up sectors. Some architects re­
sponsible for the conservation and develop­
ment of urban sites have found it useful to
adopt the normal plan-section-elevation rep­
resentation used for individual buildings to
express the volume of an historic center.

France presents many applications of this
method. In addition to Thiers and Moulins,
already discussed, frontal elevations were
produced by the IG for Saint Denis,
Rocamadour, Cahors, Beaugency, Stras­
bourg, Auxerre, Auch, and also for Athens in
Greece. In Turkey an excellent survey was

made of the Ottoman complex of Suleiman
the Magnificent in Istanbul, known as the
"Suleimaniyeh" (Pro!'. G. Tankut and the
General Directorate of Cartography). In the
United States the Ohio State University
School of Architecture (P. Borchers) has car­
ried out an ambitious program of surveys of
Indian pueblos in Arizona and New Mexico.
For this program aerial photogrammetry was
used to obtain flat projections and plan views,
but some terrestrial photography also was
done, and use was even made of some old
photographs taken before 1900, fi'om which
plotti ngs were made by hand.

It is equally interesting to prepare photo­
grammetrically produced perspective views
of the historic centers, particularly axonomet­
ric views which are perfectly suited because
ofthei r conservation of true scale in the three
coordinate directions. This experiment, con­
ducted by the IGN for the town ofCahors by
using aerial photographs and an analog pro­
cess, was recently applied to the town of Au­
xerre.

Jn this matter automatic processes can be
very interesting. At the IG ,Y. Egels has
devised a computer program of calculations
and automatic drawings which can produce
any perspective view, partial or complete, of
a historic center from numerical data stored
in a data bank.

Inverse photogrammetry is often applied
for protecting urban or natural sites in danger
of being spoilt by new buildings. But graphi­
cal perspectives are also produced on the
basis of photogrammetric data.

More generally, as the documents discuss­
ed above have accurate geometric proper­
ties, it is easy to add the drawings ofproposed
new buildings and so to study their integra­
tion into the historic setting in order to con­
sider the protection of the latter. Similar
studies can be undertaken for engineering
works and all kinds of proposed roads, new
bridges, etc. Conse(!uently, the specialists
have excellent documents at their disposal
for their study.
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