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1.0 INTRODUCTION
This report describes the techniques used and the results of an analysis of digital frames
of images obtained from at least 2 Bank ATM cameras and control images of Ryan
Madden obtained in the area in front of the ATM machines.
In total 5 separate frames were viewed and analyzed. The analysis consisted of a
photogrammetric analysis of the individual images as to provide accurate measurements.
In addition image processing techniques was used to provide for edge and feature
enhancement.

2.0 OVERVIEW OF PHOTOGRAMMETRY
Basically photogrammetry is the science and technology of obtaining reliable information
about physical objects through processes of recording, measuring, and interpreting
photographic images and patterns of electromagnetic radiant energy and other
phenomenon.
Photogrammetry can be divided into several areas of interest, aerial applications used in
the production of topographic maps and surveys, a remote sensing process that applies to
producing conventional maps, and interpretation in the areas of agriculture, forestry,
geography, GIS (Geographic Information Systems) and others.
Close range photogrammetry, also referred to as terrestrial photogrammetry, is applied to
measuring physical objects, from or near the ground at fairly close taking distances.
Close range photogrammetry is unique in that it can be applied to every area of science
and engineering, and works very well with conventional measuring methods. Areas of
application in which Gary Robertson & Assoc. Inc. are applying close range photogrammetric principles include, Aeronautical engineering, Architecture, Accident Investigation,
Archaeology, Civil engineering, Forensic Analysis, Marine engineering, Mining,
Geotechnical and Medical applications, ,.
In recent years growing interest has been expressed in the need for obtaining fast,
accurate and reliable measurements of scientific and engineering structures. Close range
photogrammetry has expanded rapidly over the last ten years due to the power and low
cost of computer hardware.
During the early nineteen eighties close range photogrammetry was selected as one of the
primary sources of quality assurance for the new generation aircraft and ships. In 1982
Northrop Corporation recognizing the benefits of close range photogrammetry wanted to
fully automate the procedure rather than using human operator measurement tasks. GRA
and Northrop developed the first fully automated close range photogrammetric system.
The F18 tooling was verified and life cycle testing can be achieved to an accuracy of
1:350,000 of the dimension of the object.
Close Range photogrammetry has been implemented by International and domestic
police forces and Investigative agencies for all Air, Road, and Rail accidents including
forensic and crime scene analysis. All of which are utilizing GRA software and
photogrammetric training.
The photogrammetry procedures and the software used for this study are the same that
was tested and bench-marked for the U.S.N. and U.S.A.F., NASA, Dept. of the Interior,
the Royal Canadian Mounted Police, Canadian Defense Department, Transportation
Safety Boards in Canada, and The United Kingdom, McDonnell Douglas Corp. Northrop,
General Dynamics. UK Ministry of Defense

A few major advantages of using the photogrammetric techniques include:
1. Photographs take little time to produce no matter how complicated the shape of
the object. This method is ideal for studies of quality control in manufacturing
where speed reduces interruption time.
2. Objects to be photographed need not be entered or touched. Thus objects can be
measured whether they are burning, glowing, exploding, radioactive or in situations where conventional measuring techniques would alter or damage the shape
of the object.
3. Objects can be photographed whether they are static or dynamic using
exposure rates from one frame per second to several hundred frames per
second.
4. Photogrammetric photographs have a high demonstrative capacity and high
information content. The objects photographed are shown objectively and in
detail.
5. Photographs permit the revision and later checking of measurements. This is
particularly true if certain details in the first measurement phase had been overlooked or seen later to be more important than first assumed.
6. Digital data is extracted from the photograph in a form suitable for computation;
several image points to several million can be measured automatically.
7. Photography and measurements are two separate operations. Therefore the
mensuration phase can be conducted with the use of archived photographs some
time later, even years later.
8. Measurements are in three dimensions X, Y, Z and computed coordinates can be
directly interfaced into CAD/CAM system.
9. Reliability, photogrammetric mensuration accuracy’s have been proven over
existing conventional mensuration techniques.
Today our methods and software are in use at universities and business in over 29
countries and has been shown in well over 140 countries TV shows like Forensic Files,
Discovery Channel, and an upcoming National Geographic program.

3.0 Results
For any type of analysis especially from low resolution cameras and wide angle optics
that would be used in an ATM camera, we require some known information. This
information relates to camera sensor type, lens information and any control information
such as scale or height bars, or other known dimensions that would appear in the view of
the images.
For this analysis we received data for the ATM cameras and the control images. We also
obtained dimensions of the framed glass wall that appears in the background of the ATM
images.
The ATM cameras were a standard 1/3 inch sensor with a 2.8 mm lens. The control
images were obtained from a Nikon E8700 camera with a focal length of 8.9 mm lens
with a 2/3 inch sensor rated at 8 million pixels.
3D point measurement can be acquired from non calibrated lenses but to obtain the best
overall accuracy a lens calibration should be considered. Normally we would use a target
array to obtain the camera coefficients. We can also use information in the images such
as wall lines, parallel, and perpendicular planes. For this analysis we used information
obtained from the background framing. The following is information I received in regard
to the framing. The wood framing in the background is made of pieces of wood that are 1
½” across. All pieces of wood visible have the same measurement. The panes of glass in
the middle and top rows of the framed wall are held in with wood “shims” that are
recessed from the front of the frame but extend ½” into the area which holds the glass
panes. These shims are painted the same dark brown color as the pieces of wood in the
frame and are not discernible in the ATM images. The panes of glass measure 34 ½”
across and 28 ½” from top to bottom.

3.1. Background information on Calibration
A point P on the object will
project through the lens onto
the image plane as p. The
point coordinates in the
image plane (x,y) are
influenced by the point
location in object space, the
focal length f , the
coordinates of the principal
point pp, and the lens and
other image distortions.
The object point P, the lens
projection center in object
space, and the image point p
in image space lie on a
straight line. This is the socalled collinearity condition
and is given by two
equations 4.1.

The corrections due to distortion is given by:

Figure 1 shows the triangulation process, or computing the XYZ coordinates of point P
from its measured image locations in two images p1 and p2. The position and orientation,
as well as all internal parameters, for each image must be first computed from the
calibration and registration procedures.

Figure 1 Point triangulation

3.2 Modeling from a Single Image
When to use:
1. The scene consists of planer surfaces that are perpendicular or parallel to each other
(for example a standard room).
2. There is only one image available (for example the site has been destroyed or no
longer accessible).
3. Several images were taken but geometrically not suitable for simultaneous

registration (for example not enough overlap or taken at convergent angles from
each other).
The Procedure:
1. We need to establish an object-space coordinate system to which the camera position
and orientation and all other point coordinates will be referenced. There are two
possibilities:

•

There are points of known coordinates already available (for example from
another project or surveying).

•

Distances between some points are available or can be estimated (for example in
the shown image, the points 1, 2, 3, and 4 are the corner of a square. Although an
accurate distance is not required, we can assume that the distances are equal). We
can now give coordinates of these points in a right handed coordinate system such
as the one shown.

Those points will be used as control points to externally calibrate the camera.

Figure 2
2. In some cases you may have sufficient number and distribution of control points to
perform full camera calibration (internal and external parameters), Figure 3 but usually
the number of points is too small and they may all fall on one plane). This means that we
can only hope to perform external calibration. But before externally calibrating the
camera, the internal parameters are needed. This can be either manually entered using the
known camera information.

Figure 3
3.3 ATM image analysis
Using the information provided for the glass wall framing and the known camera
information I registered the image in 3D space this was used to determine the height of
the individual in the frame.

Figure 4. Height measurement 1712.618 mm

Figure 5. Height measurement 1714.207 mm
3.4 Control Image analysis

Figure 6 Height measurement 1782.104 mm

Figure 6 Height measurement 1797.268 mm

Figure 6 Height measurement 1789.406 mm

3.5. Facial feature measurements and comparison.
In order to positively identify or “individualize” images of people we can also use
measurement of facial features to identify or individualize” the subjects in the images.
This can also be based on percentile data as well.

Figure 7

Figure 8

Figure 9
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Figure 11

Figure 12

Figure 13
4.0 Conclusion:
The measured data shows the person in the ATM images is shorter than Ryan Madden in
the control image data. The individual shown in the ATM images averaged 1713.412 mm
(millimeters) in height. The control images of Ryan Madden averaged 1789.592 mm
(millimeters) in height.
Figures 7-13 illustrates some of the differences found in the facial features. One key
identifier is the area of the “Adams” apple in Figure 11-13. The individual in the ATM
does not have a prominent ‘Adams Apple’ in fact Figure 11 shows the orientation and
angle difference between the two images control image is 137.32 vs. 116.20 degrees on
the ATM image.
All measurement of the facial area were adjusted for scale and depth the overall accuracy of
the height measurements are +/- 2.0 mm
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