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Introduction

A two-part feature by ROSS
DALLAS discusses a valuable
alternative to conventional survey
techniques for measuring
elevations. ‘Photogrammetry’ is
the science of measurement and
analysis from photography.
Technological advances in camera
and photogrammetric equipment
have established the technique as
the standard system for the
production of large and small-scale
maps.

There are two principal

" applications by which

photogrammetry can provide
invaluable information for the
architect. First, in the preparation
of line drawings of elevations and
sections using stercophotography.
This is a complex technique
involving specialist skills which can
produce drawings more quickly,
more accurately and probably
more economically than by using
conventional measuring systems.

- Second, and as a lower cost
i alternative, there is ‘rectified

elevation photography’. This is a

i technique for producing

approximately scaled elevation
photographs with the major
inherent errors reduced or
elimninated. It is not a particularly
accurate process, especially when
applied to buildings with a
substantial depth variation.
However, for small projects, the
technique may be applied by an
amateur photographer, though
large and complex projects—
perhaps requiring tilted

cameras and rectification—will
require a specialist. This week Part
1 describes the photogrammetric
method of preparing elevation
drawings. A future article, Part 2
‘Rectified Photography’, includes
advice on how the method can be
carried out by the architect,

R.W. A Dallas BSc is the chief
surveyor for the Photogrammetric
Unit of the Institute of Advanced
Architectural Studies, University of
York.

1 (previous page) Byland Abbey, North
Yorkshire. West front. The original
drawing was draughted at 1:50 scale. The
drawing was direct draughted in ink using
(-2 mm line width. No redraughting has
taken place. (Drawing prepared by the
Photogrammerric Unit, Institute of
Advanced Architectural Studies,
University of York. Crown copyright,
Depariment of the Environment,
Direciorate of Ancient Monwmenis and
Hisroric Buildings.)

Photogrammetry

A single photograph of a fagade 1s not an
accurate source for measurement, for
reasons discussed 1n the next article on
‘Rectified Photography’.
Photogrammetric measurements are
therefore derived using stereo pairs of
photographs. Stereo measurement 18
based on simple geometric properties of
the rriangle. If two angles and the
distance between them are known, the
other values of the triangle can be
calculated, 2. In conventional surveying
we would measure the angles at A and B
with a theodolite. A photograph can also
record the horizontal and vertical
angles, 3. A ray of light {from the abject
passes through the lens centre and is
imaged on the film. Its position can then
¢ obtained by two components at right
angles.
We can now consider how this leads to
stereo measurement. Figure & shows
how this happens initially in two
dimensions. A pair of photographs are
taken of the facade. In photograph ‘A’
light rays from the facade are imaged
and recorded on the film plane.
Similarly, for photograph ‘B’, light rays
{rom the same points of detail are
imaged and recorded on the film plane.
Following film processing, the
photographs (negatives or film positives
usually) are located in the
photogrammetric plotting instrument
and orientated in direct relation to the
original camera locations. Figure 4
shows that if we project rays of light
‘back through the two lenses the rays
from camera/projector A will intersect
with rays of camera/projector B to
| define the cross-section of the fagade.

A} Information Labrary

Srereophémgmphy with the Officine Galileo stereometric camera.

Architectural measurement
using stereo principles

i

I

Figure 6 shows how it applies equally in
elevation. In 3D this is called a stereo-
model.

This simple construction of the
stereo-model is the basis of the stereo
photogrammetric measuring process. It
has been explained here in a very
simple, graphical manner, though in
practice the system relies on an
advanced mathematical approach and
highly specialised equipment.

Stereo viewing ;
Stereo viewing is not fundamental to the |
photogrammetric measuring process but
it greatly facilitates it. It is possible to
measure co-ordinates from two |
photographs without viewing 1
stereoscopically; this can be achieved by !
computing the values needed for |
measurement. This is, however, a very
slow and complex mathematical
process.

Two types of stereoscope are shown, 7.
All stereo viewing is based on the same
principle whether 1t is a Victorian stereo
viewer, ‘Viewmaster’ cards, 3D movies
of the ’50s or advanced .
photogrammetric plotting instruments.
The practice is based on the theory of
our own eyesight. When we view an
object our brains receive two
independent views (one from cach eye)
which our brains {use into one
stereoscopic image. We are able to do
this because the separation between the
eyes causes viewing angles to be slightly
different. Our brains are capable of
‘computing’ from angles and distances

© the relative depth appreciation of

objects one from another.
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2 Properties of a triangle. Many surveying
techniques are based on the rriangle. In
surveying, 1t is usual to work on a co-
ordinate system. If A and B are given co-
ordinare values X; Y, and X, Y, we can
then compute the co-ordinates of point C
as Xy Yy, since the values of ¢, and $, and
the distance D are known.

3 The geomerry of a camera. The position
of any ray can be defined on the film plane
&y a horizontal and wvertical companent,
etther the angles at the lens centre, a and
B, or by the co-ordinates X and Y on the
Sfibm plane.

A

4 The rwo photographs are set up in a
stereo-plotiing machine. The istrument 1s
designed so that the photographs can be
oriented 1o correspond 1o the taking
camera positions. The images from the
two photographs are then projecred and, as
the rays from maiching derails intersecy,
the position of the feature 1s defined.

251 AJ 30 January 1980
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5 The principle of recording in stereo.
Instead of taking only one photograph,
two photographs of the same section of
Jagade are taken from different viewpoints
as shown,

A

6 Stereo geomerry in three dimensions.
Figs 4 and 5 showed the recording and
projections of matched rays in rwo
dimenstons. The principle applies equally

7 Mirror stereoscope and hand-stereo. The
stereo photographs have an exira walue as
thev can be used for interpreation as well
as provding drawings. The larger
IHSTrUment 15 a mirror steveoscope, wohich

Af Informanon [ibrarv

well in three dimensions. The geometry
and mathematrics involved are more
complicated but the underlying principle is
the same.

B i sEI)
enables the whole area of the stereo-model
to be seen ar one time. The small hand-
stereo cartnot show the whole stereo~model
ar once (srerco-patrs for interpreration
only can be taken with any camera).

Photogrammetsy
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8 A ‘merric’ camera. These cameras are
precisely manufactured (o the finest
tolerances. A variety of models are
produced by survey instrument
manufacturers, such as Wild
(‘Hcerbru: ;') and Zeiss (‘Oberkochen’ and
Fena’). 1hc camera diustrared is as
Officine Galileo ‘Veroplast’.
‘Stereomerric’ cameras are also commonly
uscd i it coal recording. These
consist of two identical cameras rigidly
atrached to both ends of a base bar,
normally of 120 cm length. Thess cameras
are particularly sutrable when working at
close range.

9 A rypical layout of camera stations to
record a facade. A base line is laid out
parallel with the facade and a series of
photographs are taken from ir. To form
one stereo-model only half of each photo is
used, eg the right half of photo A and the
left half of photo B (from a survey of the
Deanery, Durham Cathedral, for Donald
W. Insall and Associates).

10 A4 typical stereo-pair, tak -n with an
Officine Galileo V- ' ¢’ vamcra, The
negative format of this camera is 13 cm X
18 cm and the phorographs are shown
reduced approximately by half.

11 Obtaining control measurements using
a theodolite. This technique is usually
necessary where high accuracy is required.
Four potnis per stere. -maodel are selecred
ev-bth T 77'715'; »no oy
This enables co-ordinaics 10 be compuied.

ne
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Site photography and
roduction of drawings

‘shape’ of the facade and an
approximite knowledge of its scale is
obrrained from: the photograph. This
value is not accurate enough to produce
an exact plotting scale and, (o obtain
this ‘control’, measurements must be
made on the facade. There are several
methods of providing this data, 11. The
most thorough and accuraic meiiiod of
obtaining such control muisurements is
by using a theodolite to co-ordinate
points on the fagade. This method is
usually found 1o be necessary on large or
complex buildings where several stereo-
models require joining in order to
complete the drawing,.
Stringent controls are also necessary to
determine deformation or produce
acconrate cross-ve~ s and profiles. The
introduction of complex surveying
methods may prove costly and, in many
instances, is unnecessary. Such methods
may be replaced by the relatively
inexpensive and simple practice of
providing tape distances between
identifiable marxers or narural featurce
casw ement. for s cale “ie bwild. 2.

" leonteins the ¢orres i e

10°
The first stage in a photogrammetric
survey'is to obtain suitable
photographic coverage. Unfortunately,
conventional cameras are generally
unsuitable for this purpose and it is
necessary to use a specially
manufactured ‘metric’ camera. Metric
cameras are constructed to a particularly
rigid design with near distortion-free
lenses, enabling consistent resolution of
the geometric properties of the
photograph, 8.
The entire facade to be surveyed should
be photographed stereoscopically, 9.
This would produce three stereo-
models. For 1:50 scale drawings
photographic scafes af heiwezn 1:100
and 1:300 are usually provided,
representing photographic distances
from the fagade of between 10 m and
50 m depending on the camera used, 10.
The photography is usually taken on
black and white film or glass plates.

Lo |
RS ,(,_;/
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Plotting the drawings
Architectural survey drawings are
produced on a photogrammetric stereo-
plotting instrument, 13, 14. There are a
number of different makes of these
machines but, while appearances differ,
they all work op the same principle.

| The operator, looking through the
eyepiece, sees only a small part of the
stereo-model, 15. Viewing is enlarged
and in stereo, thus enabling depth

| appreciation and detection of any

ﬁ’ == discontinuities, cracks etc which may

£ T00 exist. In the centre of the eyepiece a very
‘ small black spot can be seen. This is

called the measuring mark or floating

point (so called because it appears to

‘float” when viewed in stereo), and to

produce 2 drawing the operator very

- carefully traces the measuring mark

"+ round all the architectural detail,
controlling it with hand wheels. The

! drawing is produced on the linked

wre=am.r | drawing table, 16. The accuracy of the

" | plotting relies on the skill of the

o operator. Any level of detail may be
.+ : drawn out from the photographs. Plans

and vertical sections can be produced or

simply the ‘depth’ or related features

recorded. The drawings are usually

produced to ‘line-width’ accuracy on

stable, transparent polyester film.

~

ity

12 For small facades or less critical
specifications, scale control can often be
provided adequately by taped distances.
Alternatively, levelling staffs can be
included in the stereo-model.
13 This diagram shows the principal parts
of the stereo-plotting machine. The
negatives or diaposirives are positioned in
projeciors calibrated to relate to the
geomeiry of the metric camera used for the
photography. The stereo-model 1s
‘projected’ into the space below (a
| mathematical projection, not a sohd
model). A binocular viewing system
enables the nperator 10 see the stereo-
model. Ic or she can scan different parts
of the storeo-model by using the hand-
wheels and foor disc.
‘ 14 A stereo-plotring instrument. This
instrument 1s a Thompson-Warts ‘Mark
L IT plotter desxgned\for aerial survey but
V1 suftable for architectural photography. If
| STEREC PLOTTER PLOTTING TABLE | compared with 13, the major paris of the
13 plotrer can be identified. Thesé machines
Bt | are referred 10 as analogue plotters. A new

I
" { . | generation of tnstruments called analyrical
o
k

|
|
|
\

plotters, based on computers and micro-

processors, are now replacing these

tnetruments, thoush the ~nalytical platrers

are based on similar principles.

15 When the oprrator looks through the

eyepieces of the machine, only a small

) . B portion of the siereo-model 1s seen. The

SN N - i black dot 1s the ‘measuring mark’.

s g 4 R : 16 When the operator controls the

: I - .\ measuring mark, a mechanical [/nkage

, l. e s ivects related mes omont of G

‘ 1 15 v sloeent.
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Xamples |

On these pages are shown some typical
examples of photogrammetric surveys.
These examples range from scales of
1:25 to 1:200, and show some of the
different types of facades which can be
surveyed photogrammetrically.

17 The south elevation of Audiey End,
Essex. In addition 1o the architectural
detail, all stonework Joints have been
shown. (Crown Copyright. Prapared on
behalf of the DOE, Directorate of Ancicnt
- Momaments and Historie Buildings, by
the Photogrammerric Unit, Institute of
Advanc. 1 Architectural Studies. )
18 A survey of buildings in the Bow Lan:
| conservation area, London. Drawn at
| 1:200 <cale. Over 50 buildings were
rece T 1in this surre ol T/u‘s (vpe of
freersei i iy iies Foci wsed
| éxlensjzr /v on zlu (% »mmm( .

Phurogianinice

Meridian Airmaps Lid, on behalf of the
Corporation of London, Department of
Architecture and Planning. Then chief
architect E. G. Chandler FRIBA,
MTP]).

19 Part of the Great Hall, Winchester
Castle, Hampshire. Drawings ar 1:25
scale were prepared in advance of
restoration (surveyed by Photarc Surveys
Lid on behalf of Hampshire County
Council. County architect C. Stansfield
Smith MA, DipArch(Cantab), ARIBA).

is faster than conventional hand
survey

is more accurate, both locally and
overall; measurements are accurate to

one or two c¢m and cin be scaled directly

off the elevation dizwings

requires very short site times and
mvolvas ittle or no disruption on
caflelding of the butlding i«

- 100

ot

Al Information §obrary

® can produce drawings at different
scales and showing different levels of
derail from the same photographic
coverage

® s particularly useful for recording
complex features

® shows building deformarions

® cxpands the range of surveying
services avatlable to the architects, as it
enables surveys to be carried out quickly
and economically which, with
conventional survey methods, would
not be feasible.

'

3 nIssioning a
*l tog~ mmetric survay:

in general, employ a similar brief to
that used for a land survey eg RIBA
| Architect’s job book (section B4.5)
sirecify ius areas of the fagade to be
Cooversdt st licate what detail s
reqitired

AJ 30 fanuary 1980 254
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® survey to be plotted to ‘line-width’
accuracy

® indicate other information required
eg position of cross-sections

® as it is unusual ro be able to complete
a survey entirely-by photogrammetry
(trees and shrubs etc can obscure parts
of the facade) knowledge of the areas
(and indeed of the need for those areas)
to be completed by hand survey will be
useful

® 35 considerable use can bé made of
the stereo photographs, the eventual
ownership of the picrures and their
conditions of storage must be stated
clearly at the outset

@ with particular reference to the long-
term value of the photogrammetric .
survey, an evaluation of extra drawings
which may be required at a future date
will influence the scale of the
reproduced drawings requested. This
will also have a bearine on the solccted
methods of control.

255 AJ 30 Januar: 1980

Survey firms

Fairey Surveys Lid,

Reform Road, Maidenhead, Berks,
SL6 8BU (0628 213 71)

Huntings Surveys Ltd,

Elstree Way, Borehamwood, Herts,
WDé6 1SB (01-953 6161)

Meridian Atrmaps Lid,

Marlborough Road, Lancing, Sussex,
BN15 8TT (090 63 2992)

Photarc Surveys Ltd,

22 North Street, Wetherby, West
Yorks, LS22 4NN (0937 64936)
Plowman, Craven and Asseciates,
Grosvenor Building, 104-108 London
Road, St Albans, Herts, AL1 INX
(0727 65831)

J. A. Storey and Partners,

92-94 Church Road, Mitcham, Surrey,
CR4 3TD (01-640 1971)

Terrestrial Surveys Lid,

Mill{ield House, 153a Hull Re - Cork

(0904 411981)

A} Information Labrary

Acknowledgements

Professor Douglas Wise, director of Institute of
Advanced Architectural Studics; H. G. Yexley MVO,
DipArch (Oxford), RIBA, superintending architect,
Directorate of Ancient Monuments and Historic
Buildings; M. Clowes, T. Davies and J. Waywelf of the
Photogrammetric Unit; M. Grist of Meridian Airmaps
Ltd; Photarc Surveys Ltd; J. Turner of Plowman, Craven
and Associates; and G. Stoker of Terrestrial Surveys Lid,
for providing examples. Graphics by Tony Davies;
phorographs by Ross Dallas; copyright of all material
belongs to R. W. A. Dallas except where otherwise
stated.

These articles have been reproduced by kind
permission of the Architects’ Journal.

They have been reprinted by the University
of York Printing Unit, and the charge made
is to cover the costs of printing and
distribution.

Price per single copy, including post and
packaging is 50p, from the Institute of
Advanced Architectural Studies, University
of York.

Photegrromeiry




AHdVY4I010Hd Q3L

"SSUIP|ING JO SUCLJRARJD U} 3[eIS 0} PJ0IA URd
alydes3ojoyd juajadwiod ayy Moy sajes}suowiap
sejieq SS0Y S3|dI}e OM} JO PU0Ias 3y}

2B B M

|

TN

e ]

395

B4

Librn

A] Information ©

16707

Uy

AJ20T



Rectified
photography

In the first article on photogrammetry
(AJ 30.1.80 p249) the camera was
introduced as an architectural surveying
tool. It may also be used to obtain scaled
or rectified photographs. The process
does not have the accuracy of the
photogrammetric survey and is also

subject to other limitations which wilt
be described. Nevertheless, it has much
to commend it. This product is
sometimes referred 10 as rectified
photography, a term used in aerial
survey, ~vhere distortions due to camera
tilts are eliminated by a process of
reprojection through a rectifying
enlarger. However, if the photograph
taken paralle] with the fagade is printed
to scale, the process can be

simplified. It is sometimes referred to as
phota-mosaic, photo-montage, photo-
drawing or square-on photography.
Some simple elevation photography
may be carried out on a do-it-yourself
basis though a comiplex job requiringa’
high degree of accuracy should be
referrred to a photogrammetric survey
company or specialist architecrural
photographer.

Yy

A photograph is a central projection.
This mecans that all the rays of light
from the object being photographed
pass through the centre of the lens
before being imaged on the film
emulsion. This introduces four major
drawbacks in the use of photography as
a survey medium for the architect:

» displacement of the image due to
changes in ‘depth’ in the object being
photographed, 2
- scale changes: planes of the facade at
different ‘depths’ will be imaged at
different scales, 2
® a varying scale across the photograph
caused by lack of parallelism between
the plane of thé film and the plane
of the t"agade, 3

- the camera and enlarger system may
introduce inaccuracy as the rays of light
passing through the camera lens or
enlarger lens may be distorted, 4.

1 (previous page) Ardingley Mansion,

. Wakehurst Place, rectified photography.

| A complex example of the technique. Due

1o the differens planes, several photographs
have had to be individually scaled and
matched. (Surveyed by Plowman, Craven
and Associates on behalf of the Property
Services Agency, Central Survey Branch,
SES  Deparriacn o il NN PR

o '.:,’*-) l

Wearifed
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2 Causes of scale and displacement errors.
Point A on the buttress 1s imaged at A' on
the film plane. The true position on the
Sfagade which requires to be recorded is B,
which should be imaged ar B'. The

scale of a photograph is a function of

Jocal length (f)

distance to the fagade (D)
As the front of the buttress is closer ro the
lens, 1t 1s at a larger scale on the film.

B
3 Incorrect alignment. If the [ilm plane 1s
not paralle] with the fagade, there will be a
scale change across the negative. Sections
AA! and BB! have the same lengrh, but
will be tmaged ar different scales.

4 Lens distortion. The ray of light AA’
should be a straight line, but the lens
causes the ray to be ‘bent’ so that it meets
the film plane ar B!. Distortion 1s
noticeable ar the very edge of the lens field.

Appropriate application
Simplified rectified photo_: aphy will
provide good results given the foilowiny
conditions:

when the facade is “flat’ as shown in
photographs 11 and 12

when the camera is accurately set up

parallel with the fagade in the horizontal

and vertical planes.
when the photographic equipment
.ployed is good enc ... .0 M
o T

AJ Informanen Lateary
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Equipment

Satisfactory results can be obtained with

almost any good quality modern camera

and enlarger. If a professional survey

firm is employed it may use a

-hotogrammetric camera and enlarger

“7hich will remove the principal errors

through distortions, but the use of this

~quipment cannot remove displacement

and scale errors. A 35 mm SLR, 120 roll

* film or a professional monorail camera
can all be used satisfactorily. If much
work of this type is anticipated a
monorail camera, taking cut film in the
5in X 4in format, will provide the best

| all-round results, 5. It is useful 1o have 2

| selection of lenses of varying focal

I length to provide optimum coverage,

| but no other specialised photographic

| equipment is needed.
)

[4
"Obtaining the photographs
Start by examining the fagade. Does it
have much ‘depth’? Small variations
such as string courses will not matter
but features such as buttresses, perhaps
1 m or 2 m deep, will introduce
substantial scale and displacement
errors. 1t will usually be necessary to
photograph and/or scale these features
separately. The positioning of the
. cammera will depend on the shape and
I size of the facade and the required scale
of the negative. The precise scale of the
negative 18 not critical, but the
enlargement of the final scale should not
exceed about X4 to obtain the best
quality prints, je for a 1:100 elevation
the photo scale should not be greater
than 1:400. Photographic techniques
are simmilar to those used in normal
photographic wark. Black and white
film such as Iiford FP4 or Kodak Plus-
i X will generally give the best results,

although colour film can be used.

Aligning the camera
Considerable care must be taken to
easure that the film plane is parallel
with the plane of the fagade both
vertically and horizontally. To achieve
this a tripod is essential, 6. By using a
bubble level the camera will be levelled
‘vertically’ to the fagade. For the film
planc to be parallel horizonrally the
whole camera must be rotated. There
are 2 number of ways of achieving this,
8. Although it is possible to rectify tilts
on an enlurger it is not recommended
that the amateur tiltsthec * at0
include upper parts of the facade.
Survey firms and professional
photographers have the equipment and
skill to remove tilts accurartely during
lenlarging, but for the asiaicur it is
| much easier to avoid the problem by
.aovirg fucther back or raising the
\

AV 20 Febory 19800




5 Monorail camera. Although these
cameras are normally only used by
professional photographers, they are quite
easy o operate in practice. The rising
Sfront and side movements are used,
allowing oprimunt coverage of the fagade
and much higher photographic quality.

397 A 20 February 1980

6 A 35 mm SLR camera, fitred with a
‘shift’ (similar to a ‘rising fronr’)* lens
which allows oprimum use of the negarive
10 be made. A ‘Kaiser’ level bubble is
Sirred 1n the accessory shoe. With the

35 mm format a gridded focusing screen s
useful.

AJ Informatson Lahrars

7 The geomerry of the rectified photograph
in three dimensions. The lines AB and

CD show the best arrangement for taping
the control, or for positioning levelling

staffs for scale. The taped distances can be
measured berween details on the facade, or
between rargers attached 1o the fagade. ‘

8 Taking the photograph. First carefully
level the camera so that the film plane ts
vertical. The camera must then be swung
so that the film plane is parallel with the
Jacade. The centre point of the gridded
screen should cotncide with the centre line
of the lens. With a 35 mm camera without
mrerchangeable screens, the centre of the
focusing area can usually be judged quite
accurately by eye. To adjust the camera,
use one of the following methods which
should cover most situations.

® 3,45’ method. Use tapes to set out a
line ar right angles to the building. Set the
camera accurately over this line with a
plumb bob. Swing the camera until the
centre point of the grid is exactly aligned
with the tape. The film plane will now be
parallel with the building fagade.

® Oprtical square. An oprical square is a
sighting device made with two prisms set
at right angles 1o each other. Either by
standing with one’s back to the fagade or
on a base line lard out parallel with the
facade, a right angle can be viewed and the |
camera aligned as above.

® [f the paraper of the building is

straight and level, swing the camera until
one of the horizontal grid lines is exactly
parallel with 11.

& Mark off two vertical equal distances

on the facade at each edge of it. Swing the :
camera until the distances seen in the '
vicwfinder are identical, using the grid of
‘dividers’.

“ A “shift’ lens is adasiable to correct the converging verticals

Wik pove the s R codesa Lt L then e
R 3
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' Measuremenc for scale
In order that the photographs can be
printed to scale, it is necessary to tape
‘control’ measurements on the fagade.
The best arrangement 10 ensure a
balance between economy and accuracy
is to have one vertical and one

| horizontal taped distance, 7. Wherc

| several photographs are to be joined

| together, the verrical measurement need
not be made for every photograph. It
may also be useful to level two points

- per photograph.

Control measurements could be

obtained by the use of a theodolite, but

it is uniikely that this would produce a

sigmficant improvement in the accuracy

of the product while greatly increasing

the cost of the survey.

| ‘rinting the negatives
Each photograph must be enlarged
exactly to scale vsing the ‘control tap e
measurements as shown in 10. i here
are three main approaches to
reproducing the scale photographs:
bromide prints: if only one copy of
| U > printis required, n la b A edire
b.araide print can be  1de as usual
«here dyeline copies of a simple
RO S O S e L O

o "

can be printed onto transparent film
® where multiple copies of a
complicated fagade are required,

- entailing the printing of a number of

photos onto the same sheet, ‘screening’
similar to newsprint must be employed
(this is a professiona! technique
involving equipment which the
architect would not normally passess).
Printing onto transparent film is a
straightforward process. Suitable films
include Agfa Gevaert Rlp, Kodak PL4
or Ozalid P3.3P. These films have
emulsions with characteristics very
similar to conventional photographic
paper, and can be exposed and
developed in the same way.

One or two photos can be printed
Jirectly onto A3 or A4 size sheets
(masking the surroundings) or
alternatively the film can be trimmed
and mounted on tracing paper with
clear aghesive. Where a number of
photos have to be matched and
durability is impio: .ant i more

complicated technique is required. Each

print on the transparent film must be

- carefully cut and martched to the
tijoining photographs, anc the ‘fecade’

"her mounted on one B = sheet. Uliis
may be too fragile to dyu.ine, and the
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9 The rectified phorograph. As z/xzsjafaa’f
has virtually no ‘depth’, measurementrs
can be scaled off quite accurarely. Because
the roofs reccde, 1heir correct height is not
recorded, their true height Is indicated by
the dashed lines.

10 Printing the photograph. Most
enlargers can be used quite sansfactorily.
Use a spirit level 1o check thai the film
plane, the lens plane and rhe easel are
parallel. The scaling is of course critical.
The raped distance should be drawn to
scale and the image size adjusted until it
exacrly maziches this distance,

reversal flins @1e only available with
very high conrtrast. To cut down on the
contrast, each photograph on the
transparent film must be ‘screened’.
This process involves fairly advanced
techniques and reprographic facilities.
The first two processes cun, however, be
carried out with a good quality enlarger
lens, and normal darkroom equipment.

Testing the equipment and
techniques

The equipment and techniques can be
tested by carrying out a trial survey, and
the most suitable type of building for
this is a modern office block. A flat front
ensures that scale and displacement
errors do not affect the result, and the
windows and panels provide a ‘grid’ for
checking the ‘squareness’ of the
negative and the final print, 11. It is
very difficult to give any absolute values
for the accuracy which can be obtained
with the rectified photography process.
Cve.y facte. Livolved introduces its own

! variables. By using good quality

equipment and technique a relatively
high order of accuracy (*40 mm at
1:50 scale) may be obraine on 2 facade
rucdepthva oon,

vosc o way of assessin
~ticular survey
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Rectified or scaled photography has the
following advantages over conventional
survey techniques:

® the equipment used is relatively
cheap, and can be used for other
purposes

® the photographic image may provide
far more information than a line
drawing

® the process can be carried out very
quickly, especially in comparison with
hand survey.

The process has the disadvantage that
its accuracy cannot be consistently
relied upon. The effect of variations in
‘depth’ on the facade lead to variable
displacements and scale changes. No
attempt has been made to quantify this
effect, because the errors depend on
several variables.

Postscript—

1

From the processes which have been _
described, it would seem that the best of |
both worlds could be the combination of |
the accuracy of the photogrammetric |
process with the advantage of a
photographic image. There is a process
which provides this, called
orthophotography. Unfortunately, itisa |
complex photogrammetric process
requiring sophisticated equipment.

The system operates by photographing
minute segments of a photograph,
individually corrected to scale when the
stereo-model is viewed. The method
therefore requires photography with a
metric camera, a stereo-plotting
instrument, and an orthophotoscope
which 1s attached to the stereo-plotter. A
number of photogrammetric companies
in Britain now have orthophoto
facilities, but very little use has been
made of thiem for architectural

surveys.

11 The off-cts of the commone<t errors in

the rectified photograph process.

1 1@ shows the correct vesult, 11 shows

the effect of not ensuring that the film

plane is vertical. An uprard tilt has

produced ‘converging verticals’. 11c shows

the effect of the camera not betng parallel |

with the wall. The scale changes across the

photograph.

12 A fine v xample of the type of

Jacade for hich rectified photography is |
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ARCHITECTURAL AND ARCHAEOLOGICAL RECORDING 109

() Recording and drawing finds. The area where photogrammetry
presents the greatest potential for the archaeologist is in the
preparation of the large scale plans and sections which are needed
in all excavations. These reco-ids must be made very thoroughly and
they represent one of the most ume consuming aspects of
archaeology. The drawing of finds is also a slow process for the
archaeologist and there would seem to be scope for introducing
photogrammetric methods into this process as well.

The equipment suitable for architectural use will in general be
sausfactory for arcnaeoiogical use, but further reference will be made to
this point. With regard to site work. the problems are rather different (o
those encountered in architectural recording. First of all. suitable methods
have to be devised for elevating the camera sufficiently high over the site 1o
allow reasonably economical photographic coverage. For most sites, an
elevation of the camera of 7m to 10 m above the surface will be required.
Photography may also have to be repeated fairly frequently over the same
area as further levels are exposed. The camera must therefore be kept on site

_and the method of elevating and manoeuvring it must be as simple and fast
as possible. Hydraulic platform: nrovid: ong ~-h~4 of mhotoaraphy, but
these are expensive and cannot usually be kept on site for very ong.
Portable scaflfold towers icnresent a cheaper aiternative. Lightweight
frames of varying design have aiso been constructed. such as the bipod
described by Whittlesey (1975). This is an A-shaped frame from which a
camera can be suspended and the frame then swung over the site. A similar
appzratus ha: been used by McFadgen (1971). but this consisis ol a morc
rigid framework with iciangular supports. For mor: exivisive sics,
balloons (Whittlesey, 1975). model aeronlanes (von Przybilla & Wester-
Ebbinghaus, 1979) or helicopters ( Poiderman, 1976) may be used to ¢cotain
photoaraphs. While alf tiiese wucinods have an application, there seems (o
be no universal system which will be suitable for every exchvation.
Photography of cross sections will not usually present such problems.
except where narrow (renches @re involved. For both plans and cros-
sections, the ability to use tilted photography may make the process more
flexible and economical. There isconsiderable scopz in nrchaeological work
for using alternative film types, such as infrared and colour for
distinguishing such features as different soil layers.

The drawing and inte | :ution of the siereomodel is an area which
presents problems which arc ulso rather different from architectural work.
[t would seem cssential that the photogrammetric plotting of the plans and
sections (s carried oul by the archaeologists during the excavations. T here
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are several reasons {or this requirement. The interpretaiion of archaeologi-
cal features requires the skills of the trained arci:icologist, as it is far more
difficult 10 interpret these features than architectural detail. The plotting
must be carried out immediately. since a much higher degree of detail wili be
missing than is usual in photogrammetric work, and the plots must be
returned to the excavauon immediately for checking and completion before
further excavatons can take place. [t is of little value taking photography
and not plotting it for some months for inevitably much detail would be
lost.

From a consideration of these pomnts. it would seem that photo-
grammetric systems must be developed which can be used on site and
directly by the archaeologists. Since archaeological budgets seem to be
perpetually underendowed, the likelihood of purchasing conventionai
photogrammetric equipment seems highly unlikely, except by a few of the
largest excavation groups. The need is for cheap. poriable systems which
can be operated by unskilled personnel. However, the pressures facing
archaeolo@ists, parucularly in urban sites. suggest that the problems will be
overcomne. The need forspeed in recording rescue cxcavations can probably
be met only through the increased adoption of photogrammetric methods.
The hkelithood seems to be that as archaeology employs more people on a
ful’ time basis. with the typical excavation employing a far smaller number
of peopie working all year round, more expenditure will have to be made on
capital equipment in order 10 increase cMciency. [t is in this context that
photogrammairy will be most likely to find greater use in archaeology.

The recording and drawing of archaco’ouical indsis another area where
photogr  netric techinigues raight be considered. Soniz of the equipment
developed for medical applications (see Chapter 6) could welt be used in
archaeology. but there is also scope for the development of simpler optical
and photographic devices. The use of plano-convex lenses to producs
orthographic projections (Williams, 1976) could be developed to help with
the dvawing of finds. The archacalogist dees not have the xnowledge of
optics or measurcment to develop and test such devices. It is not
conventiona!l photogrammetry but nevertheless 1t is an area where the
photogrammetrist has skills which could be of use to the archaeologist.



5.4 PHOTOGRAMMETRY IN ARCHAEOLOGY

The application of photogrammetric techniques to archaeological
recording is in principle straightforward. the methods following quite
closely to those already developed for architectural recording. There are
however a number of problems which have probably led to the technique
not yet being particularly widely used in archaeology.

Therange of recording needs in archaeology is vervdiverse. but there are
perhaps three major areas where photogrammetry can be of most use to the
archaeologist.

()  Aecrial photography. both vertical and obfique. tor finding and
recording sites. A considerable amount of work has been done in
this field and it is now a well established technique, frequently used
by the archaeologist. Most of this work 1s outside the scope of close
range photogrammetry, and has more in common with aerial
survey methods. One aspect of this air photography may be
considered as close range photogrammetry and this occurs when
photography is obtained at very large scales from tethered
balloons. kites, model aircraft or helicopters.

(n) Siterecording in archaeological excavations including the prepara-
tion of plans, levels and section drawing.

Reprinted from Chapter 5
"Architectural and Archaeolo_ical Recording'
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