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ABSTRACT

The purpose of this thesis was to develop a near real time
photogrammetric PC based system to study the regional body

surface motions of human beings during respiration.

By being able to measure the body surface motion of the human
torso during breathing it is possible to evaluate the
respiratory muscle functions, i.e. the functions of the
diaphragm and intercostal muscles, the only skeletal muscles

that are essential to life and which enable us to breathe.

Previous studies in this field over the past years have
successfully employed stereophotogrammetric analysis. The
traditional photogrammetric method however was very time
consuming in that it involved the taking of stereo pictures
with 35mm cameras, developing the negatives and measuring them
in a stereocomparator. The time factor involved severely

restricted the research to physiologic studies.

For the study to be expanded so that it could be used as a
diagnostic tool in the hospital ward environment the time to
obtain the necessary results had to be considerably reduced and
simplified. A near real time photogrammetric PC based system
had to be designed to replace the traditional photogrammetric

method.
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A near real time system was developed for capturing dynamic
pictures of the breathing cycle of the patients using a pair of
video cameras, a two channel split screen vision mixer and a
video cassette recorder with digital storage, all mounted on a

custom built hospital cot for easy use in the hospital ward.

The images to be measured are selected by viewing the split
screen in dynamic stereoscopic mode and selected images are
captured on an IBM personal computer equipped with an image
processing card. A computing package called TAG has been
designed for easy use by non-photogrammetric personnel to
evaluate stored images. TAG guides the user through the
different processing stages from connecting the video machine
to the IBM computer, transferring the selected images,
measuring control and object points on the images, and

processing the data.

TAG allows for graphical and/or visual output of the results,
with the movement of the torso between the extreme breath in
and breath out being depicted as vectors superimposed on the
breath out image of the patient. The vectors, when viewed in
stereoscopic mode, clearly show the movement of the patient’s
torso during respiration. A more graphical output of the data
on a HP plotter is also possible with the plotting of XY and Z

displacement vectors and stereo pseudo vectors.

(ii)



The video process has many advantages over the photographic
process. CCD camera settings can be adjusted to obtain good
video images as the captured images are immediately visible on
the monitor. A whole series of breathing cycles is captured on
video tape and processed at a later date, whereas a normal 35mm
camera can only capture an instant in time. The video tape
serves as a permanent record for that patient and can be

compared to later video sessions.

The processing of the video session of a patient using TAG no
longer takes up a great deal of time and only takes minutes to
process. The system fulfills the requirements that were set for

it, in that it is time efficient and easy to use.

The research has opened up a door to a much wider field - the
power of three dimensional vision. This is not the type of
"three dimensional view" that is constructed on a two
dimensional computer monitor. Reconstructing truly three
dimensional vision by viewing the images from the two CCD
cameras 1n stereo, allows the mind to perceive the breathing
movements of a patient as if they were actually occurring at

that moment.

To be able to view movement as if it were occurring now in true
three dimensions and at any video play back speed, opens up a

whole new dimension to the study of motion. Simple observation
of the motion may reveal more than any analysis possibly could.

(iii)
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"Biological form and its response to both external and internal
forces has been and is one of the most engaging subjects in the

history of human thought. " (Sheffer and Herron 1989)

1. INTRODUCTION

1.1 THE NEED FOR A NEAR REAL TIME PHOTOGRAMMETRIC PC BASED

SYSTEM FOR THE STUDY OF REGIONAL BODY SURFACE MOTIONS

DURING RESPIRATION

Respiratory muscles, the intercostals and the diaphragm, are
the only skeletal muscles that are essential to life. As the
bellows in the smithy will not function without the "muscle" of
the apprentice pumping them, so the lungs will not function

without the respiratory muscles.

The lungs themselves are "flaccid bags" with very little
mobility of their own. For respiration to take place the
pleural sac containing the lungs is attached to the rib cage
and the diaphragm. The thoracic cavity is enlarged by the
intercostal muscles pulling the ribcage upward and outward and
by the diaphragm pulling down. As the thoracic cavity enlarges

the space surrounding the lungs is also enlarged and the lungs’



internal pressures drop. The air moves from the high pressure

volume outside the body to the low pressure volume inside the

lungs. As the muscles relax, the thoracic cavity is reduced in
size and the lungs "collapse" forcing out the gas within them.
Thus it can be seen that weakness or disability in these

muscles can result in respiratory failure.

By analysing regional body surface motions during breathing it
is possible to study the functions of the principal respiratory

muscles - the intercostals and the diaphragm.

To study the functions of respiratory muscles is a medical
issue, the problem of measuring regional body surface motions
can readily be answered by photogrammetry. Medical
photogrammetry, or a preferred medical term - biostereometrics,
can provide measurements of high precision which are needed in

the study of the respiratory muscles.

Medical personnel are already fully engaged with their medical
workload and with the acquisition of new knowledge and
technology in their own field; it is important therefore how
and in what manner measurement information for example is
obtained. For respiratory motion studies, criteria that are
important are firstly that medical staff must obtain the
information on the regional body surface motions for analysis
without having to acquire indepth knowledge of how this

information is arrived at and secondly that the time involved



in obtaining this information is rapid. The information must be

available for research work and also for diagnostic purposes.

Only if these criteria are met is it sensible for the
photogrammetrist to design a system for use by the medical
fraternity to study the regional body surface motions during
respiration; a system which must be "turn key" and which is
both user friendly and time efficient, and thus can be useful

as a diagnostic tool.

1.2 ALTERNATE METHODS USED TO STUDY RESPIRATORY MOTTON

In the medical field respiratory motion is conventionally
studied using methods that measure torso circumference or
diameter or linear motion and volume displacements. These
methods do not easily distinguish between the two sides of the
body and thus can only be used to study the movements of the

diaphragm and the intercostal muscles in general.

In the past photogrammetric methods to study respiratory motion
mainly used aspects of raster photogrammetry or Moiré
topography. In these methods patterns of light are projected
onto the body surface. By measuring these patterns recorded on
photographs or video tape it is possible to reconstruct the

surface of the torso.



These methods are more appropriate for the mapping of the
chest’s surface at any stage during a respiratory cycle. They
cannot describe the movement of discrete points on the body

surface during a respiratory cycle.

Normally movements of specific points and regions of interest
are required for the elucidation of precise structure and
function relationships - for the physiologic studies of the

respiratory motion of human beings.

More recently in 1986, a stereophotogrammetric method developed
at the University of Cape Town, using conventional cameras, has
been used to measure the movement of discrete points on the

body surface.

1.3 THE TRADITIONAL CAPE TOWN PHOTOGRAMMETRIC METHOD TO STUDY

REGIONAL BODY SURFACE MOTIONS OF A HUMAN BETNG

The method developed in Cape Town used traditional
photogrammetry to study the regional body surface motion of

human beings during respiration.

Discrete points of interest were targeted on the body surface.
Using conventional cameras, stereo-photographic pairs were
taken from the front of the subject reclining in a reference

frame. Image pairs at the extremes of the breath-in and the



breath-out epochs were selected. The co-ordinates of image
points were recorded by means of a stereocomparator linked to a

computer.

Results were shown as computer generated contours and
tridimensional plots. The motions of the discrete points on the
body surface were also plotted as precise spatial motion
vectors. The vectors were computed for each point, derived from
the co-ordinates of the targets at the extremes of the
breathing cycle. The vectors were presented numerically or as
scaled arrows superimposed on the stereo photographs of the
body surface which, by closely relating displacement to

structure, facilitated data interpretation.

The Cape Town method, using traditional photogrammetry, was

extremely labour intensive and time consuming and severely

limited potential applications of the method.

1.4 THE NEAR REAL TIME PHOTOGRAMMETRIC SYSTEM TO STUDY

REGIONAL BODY SURFACE MOTIONS DURING RESPIRATION

The maxim "Time is Money" affects the medical and
photogrammetric worlds alike. Equipment and time cost money.
Time in the medical world is not only critical in the monetary
sense, but also critical for the health of the patients. With

the advent of near real time photogrammetry a whole new



dimension has been added to photogrammetry, the dimension of

speed.

The old conventional cameras are replaced by video cameras.
Photographic film is replaced by video tape. Image display
occurs through video monitors. The stereo comparator linked to
a computer is replaced by image frame grabber hardware

installed in a PC computer and digitising software.

With the new equipment the time consuming development of film
has been done away with. Images received by the video cameras
are immediately visible and bad imagery can be corrected. The
whole series of events can be recorded onto tape whereas with a

35mm camera only a single moment in time can be captured.

Any images not required can be erased and the video tape
reused. Instead of placing negatives in a stereocomparator for
measurement, the images on the video tape are transferred to
the PC computer via the frame grabber card, with no loss of
resolution. All these changes constitute a saving in both time

and money.

The remaining problem is the software to digitise the images of
the discrete points on the body surface. As near real time
photogrammetry is a fairly recent innovation, no software was

available to undertake this photogrammetric task.



A easy to use turn key system had to be developed capable of
operation by a non photogrammetrist. The system not only had to
consist of the software for digitising but also of an equipment
rig for easy set up of the video cameras and recording of

stereo images.

The scope of this thesis is to present the development of a
user friendly, time efficient, turn key system to be used by
non-photogrammetrists to study the regional body surface

motions of human beings in the hospital ward environment.

The feasibility in the development of the system not only lies
in the system facilitating the measure of regional body surface
motion but also in the visual impact of the procedure. The
power of stereoscopic vision of recorded motion at varying
speeds is as yet hardly realized, but may prove to be the most

powerful tool of the whole system.

It must be borne in mind that this research is in the realm of
the medical world. If the system is to be reproduced and used
by the medical profession in general, it must be understandable
to the medical user and thus some of the topics are approached
and presented in a more simplistic fashion than is usual in
photogrammetric research, directed specifically towards the

photogrammetrist.



2. HISTORICAL DEVELOPMENTS IN THE STUDY OF RESPIRATORY MOTION

BEFORE AND AROUND THE DEVELOPMENT OF THE CAPE TOWN METHOD

In the medical world respiratory motions are studied by:
1. the relationships between linear motion and volume
displacement (Konno & Mead 1967)
2. methods sensitive to changes in torso circumference

(Wade 1953).

2.1 LINEAR MOTION AND VOLUME DISPLACEMENT TO STUDY

RESPIRATORY MOTION

Konno and Mead (1967) studied the respiratbry movements of
human beings by analysing volume changes in different parts
of the torso wall (the rib cage and abdominal wall) and the
anteriorposterior motion of the anterior wall of the rib

cage and abdomen.

To study the relationship between motion and volume the

subject had to perform different breathing exercises.
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