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ABSTRACT

The chain of developmenis from analogue
photogrammetry through analytical and leading to
digital phtogrammetry is reviewed. Major advantages
anddifferencesarehighlightedwithpossibleapplicatlbn
of digital photogrammetry in the Caribbean region.

INTRODUCTION

There appears to be very little understanding about
photogrammetry outside the surveying community
thoughit has existed from the middle of the nineteenth
century as the science and technology of making
reliable measurements and collecting descriptive
informations about objects from their photographic
image. Analogue photogrammetry can be referred to
as the traditional mapping method. With the influence
of parallel developments in the computer industry,
analytical photogrammetry has developed into a viable
and more efficient alternative. The evolution of digital
photogrammetry (fig:1) closely followedthe acceptance
and use of analytical photogrammetry in the mapping
organizations. The digital approach is a recent
development and hence it is relatively new to the
surveying community as well.

The introduction and use of digital photogrammetry in
the Caribbean presents many difficult decisions. Most
of the Caribbean countries, like the rest of the world,
use analogue stereo photogrammetric methods for
their topographic mapping. This is being carried out
mostly with the assistance of extra regional mapping
organizations, except in Trinidad & Tobago, Guyana
and Jamaica, where a narrow range of state and
private sector facilities are available. The intensity of
use of the available facilities is also limited and therefore
the expertise in photogrammetry and mapping have
had little opportunity for development. This may be
attributed to the insufficient appreciation of the links
between planning and development, whetherphysical,
economical, social, or integrated and the potential
contribution of photogrammetry to such initiatives. The
evidence for these observations can be sought in the
revision cycles of available maps and the paucity of
thematic maps in the region. Nevertheless, there
appears to be an increasing awareness of the
importance of automated Geographic Information
Systems and hence awider interest inphotogrammetric
data collection systems.
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Figure 1 Evolution of Digital Photogrammetry
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Petrie (1990) quite aptly observed that “the analogue
stereo plotting instruments which have dominated
photogrammetry forthe period of over 50 years between
the mid-1920s to the beginning of the 1980s have
almost disappeared from the market place”. Now
analytical plotters have taken over the market share,
earlier held by analogue instruments. As well,
commercial production of digital plotters is expected to
increase in the near future [Dowman, 1990]. Countries
wishing to acquire or update photogrammetric
instrumentation and technology are confronted with
the dilemma of choosing an optimum system which is
field proven and at the same time appropriate for their
needs andfinancial constraints. Many countries, unlike
the Caribbean nations have to contend with the heavy
investment already made on analogue instrumentations
which have many more years of useful life remaining.
They have to decide in addition, whether to write-off
their proven work horses of analogue era and invest in
expensive computer oriented photogrammetric
hardware and know-how, conscious of the shorter life
span of computer based equipment. Neither analytical
nor digital instrumentation is available in any of the
Caribbean countries. The dilemma of the mapping
organizations is therefore clear. Configuring an
optimum system from diverse technologies and range
of instrumentation which will be appropriate to the
Caribbean environment would be a challenging task
even to the expert in the field. The first step however
is to develop an awareness about the state of art and
relative merit among alternate technologies.

This paper attempts to meet the need, conscious of the
requirement to develop awareness among the
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Figure 2 Primary Data Acquisition for Analogue &
Analytical Photogrammetry

producers and the users of the photogrammetric
products. :

1.0 BASIC CONCEPTS

Photogrammetry is based on the mathematical
relationship between the objects of interest and their
images. The image is linked to the object through the
set (bundle) of rays reflected from the object and
passed through the camera lens to form the image
during each exposure (fig:2). A bundle of rays
analogous to the original bundle can be reconstructed
by replacing the photograph inside the camera and
illuminating from behind. If in addition the camera is re-
positioned in space as at the time of photography; the
reconstructed rays would reach particular points inthe
object space, ideally of which the image was generated.
Afurther step would be to simultaneously reproject two
photographs covering the same area (at least partly)
taken from two different camera stations (fig:2), in
which case the pair of rays corresponding to the same
point in object space should intersect at that point
(ideal case). Both metric and descriptive information
canbe accurately extracted and compiled from this re-
projection. In the early days, the imaging process was
confined to photography and hence the information
extraction process was named as photogrammetry.
In modern times, the images are formed not only by
photography (optics, light and light sensitive film) but
also by various sensors and scanners imaging through
different electromagnetic corridors like radio (radar),
thermal or X-ray wave bands.

In the analogue photogrammetry, the bundle of rays
linking the object and its image is re-established through
some optical and/or mechanical device (fig:3). The
functioning of this optical-mechanical device is
analogous to the original bundle of image forming rays
and hence the method is refered to as analogue
photogrammetry. Similar relationship is established in
analytical photogrammetry by representing rays with
mathematical equations of straight lines. In digital
photogrammetry the functional model remains the
same as in analytical photogrammetry but the format
of the input imagery is changed from film based
pictorial format to that of digital with raster structure.
Digital photogrammetry may be defined as the field of
three dimensional information extraction from
stereoscopic or multiple digital image coverage of
objects [Bethel, 1990]. The speed and the viability for
automation, makes the new approach of digital
photogrammetry adoptable for many more new
applications than what is possible with analogue or
analytical.

1.1 Rectification
Photogrammetry whether analogue, analytical or digital
can be classified into single image rectification and
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Figure 3 Principle of Analogue (Mechanical) Stereo Plotter

stereo photogrammetry. The latter uses two or more
images of the same object space. It is possible by
perspective transformation of a single image, to obtain
another photographic product with limited
characteristics of a map (eg: known scale and free of
camera tilt error). This process, called rectification, is
fastand economical for applications that do not require
height information or high accuacy. The rectification
approach is therefore most appropriate when applied
to flat object surfaces. However rectification may be
applied to very small (differential) areas at a time and
at different planes according to the known elevation or
depth information. This process has the effect of an
orthogonal transformation instead of the perspective
transformation as in rectification and hence called
‘orthophoto’ or ‘differential rectification’. Output of the
orthophoto process is a photographic product that has
positional accuracies of maps.

1.2 Stereo Photogrammetry

When bundle of rays from two or more photographs of
the same object space, buttaken fromdifferent camera
positions are retraced simultaneously; they intersect
and a three dimensional (stereo) model of the object
space is formed. Precise measurements (including
height), interpretations and mapping are possible from
the stereo model so formed. This procedure is refered
to as ‘stereo photogrammetry’. Here again either
analogue, analytical or digital photogrammetric
methodology can be applied. it may also be noted that
height information required for the othophotography
are normally extracted from stereo photogrammetry.

2.0 ANALOGUE PHOTOGRAMMETRY
The concept of acquiring data, both metric and
descriptive, from photographs, dates back to the

eighteenth century evenbefore the invention of aircrafts.
In Analogue photogrammetry, a model of the object
space is obtained by re-establishing the camera
positions of pair of overlapping photographs and
genarating an analogue to the bundle of rays that were
instrumental informing the photographicimage (eg: by
illuminating from behind the photograph end or
representing a single ray at a time by a straight rod
called space rod). This process is refered to as
‘analogue restitution’. Simultanious restitution of two
or more photographs of the same object space results
in the formation of a three dimensional model surface
of the object space at true scale (1:1). The distance
between the two projecting cameras is however
considerably reduced, in order to obtain a three
dimensional model having a reduced but known scale.
Metric measurements can be made on this stereo
model. The output of traditional analogue process is
generaly a graphical representation (line map) of the
object space, obtained by tracing features of interest
on the stereo model.

Restitution of single photograph (rectification) results
in arectified (free of camera tilt) photograph which may
be sufficent in flat areas when less expensive,and / or
urgent maps are required.with limited accuracy.

Another photographic product that can be obtained
from the analogue process is the orthophoto. The
terrain height profile obtained from stereo pairs of
aerial photographs are used in the differential
rectification of one of the photographs The geometric
quality of the orthophoto where height andtilt distortions
are corrected is much better than the rectified photo
where only the tilt of the camera is rectified. The size
of the small segments used as individual units of






























