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Figure 2.3: Diagram showing the camera and ground reference frame. 

or in the matrix form of 

Xcamera Xworld 

Ycamera [~ ~l Yworld 

Zcamera Zworld 

1 1 

(2.4) 

The 4x4 matrix in Equation 2.4 is often referred to as the camera extrinsic matrix 

[EXT] because it depends completely of the relative position and orientation of the 

camera with respect to the world coordinate system. 

By combining Equations 2.2 and 2.4, we get the following equation: 

Xworld 

Yworld 

Zworld 

1 

Xworld 

Yworld 

Zworld 

1 

where the perspective transformation matrix M3X4 = [1 NT][EXT]. 

10 

(2.5) 
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Figure 2.6: Images taken with the light source in five different positions (Oebevec et al., 2000). 

Light Stripe: The more common approach when using two stereo images is to 

project a light stripe on the object so to help with stereo matching (Abi-Rached et al., 

1998). Using a standard stereo geometry configuration the epipolar lines match the 

image line, the matching process can be simplified as corresponding pixels can only 

be found in the same row in both images. If a sequence of stereo images are cap­

tured with a light stripe moving over the surface, common points can be matched by 

tracking the light stripe on each horizontal scan line in each image, thereby producing 

a reconstruction of the surface (Figure 2.7). The advantage of this system is that if the 

cameras have a high capture rate and/or the stripe is moved slowly over the scene, 

a high density range map can be achieved. The disadvantage however is that this 

method is time consuming in both capturing (;::::: 10s) and processing (i.e. more than 

one image needs to be processed) as well as errors introduced by patient movement. 

\ \ ....... 
....... ) 

....... \. 
.' 

Figure 2.7: Range through triangulation using one stripe (Abi-Rached et al., 1998). 

Multiple Light Stripes: Structure light with multiple light stripes have drawn attrac­

tion because light stripe pattern is simple for image processing and it does not require 

scanning or moving mechanisms (Figure 2.8). However, since multiple light stripes 

are projected simultaneously, the index of a light stripe on which a surface point lies 

has to be identified in order to establish the association between 2D image and 3D 
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Figure 2.8: Two multi-stripe patterns with different spatial frequencies (Daley and Hassebrook, 1998). 

coordinates. For complex shapes this might become difficult due to line breaks but 

various methods are used to overcome this. One is to use reference stripes (wider 

stripe than the rest) spaced equally within the stripe sequence (TriForm, 2001). Other 

option is to use colour coded stripes as done by Zhang et al. (2002) (See Figure 2.9) . 

The advantage of this is that the acquisition speed is very fast «1s) but the resolu­

tion of the range map is dependant on the spatial frequency of the stripe pattern. If 

using colour coded stripes, resolution will also depend on the ability of the cameras 

to separate the colours. Inexpensive cameras tend to have lower accuracies when 

separating colours. 

-. ~ 
.e ...... 3-' 
t
~.. .... . . 

. :4 
_ .... 

Figure 2.9: Using colour stripes to identify stripe index (Zhang et al., 2002). 

Speckle Texture Projection: Another form of structured light is called speckle tex­

ture or speckle texture projection. It makes use of a random pattern to allow extraction 

of the exact points in two images. The stereo matching is done by comparing a pat­

tern in a small image patch around a pixel in one image and matching it to the other 

image patch. Prior to matching by a least squares method, one of the image patches 

is modified by applying a transformation (translation, rotation, sheering and scaling) 

(D'Apuzzo, 1998). The 3D map is then computed by triangulation (space intersec­

tion). The method has the advantage of fast acquisition time and dense range data 

but the processing time required is quite lengthy. However, numerous algorithms have 

16 
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Figure 2.10: Stereo pairs acquired with texture projection and multi-stripe projection (Naftel and Mao, 
2002). 
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Figure 2.11: Multi-camera setup for improved coverage (D'Apuzzo, 1998). 

been developed to improve on the processing times. One is to use a combination of 

texture projection and multi-striping to narrow search areas (Naftel and Mao, 2002) 

as shown in Figure 2.10. 

A common disadvantage of using any of the stereo photogrammetry techniques men­

tioned above, is that it can only reconstruct points which can be seen in both images. 

To improve on this one can increase the number of cameras used as shown in Figure 

2.11, therefore having better coverage of the object. 

Single Camera with Structured Lighting 

Laser Planes: Laser lighting techniques use projective geometry to solve for 3D 

coordinates. Instead of using stereo techniques (triangulation between two rays), one 

makes use of triangulation between rays and planes in space. This technique only 

17 
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Cast Laser Line 

Common Ground 
Figure 2.12: Example of a laser plane Plane 

rangefinder, the camera and 
laser can be seen mounted on 
a movable track (Sonka et al., 
1998). Figure 2.13: Rotating plane of light cast by 

laser. 

requires one camera but the parameters of the plane needs to be known. Solving 

for the Z component of the point is achieved using the fundamental triangulation 

equation between a ray and a plane in space given below: 

Z=_1_ 
W.x 

(2.13) 

where w represents the plane's coordinate vector in space and x the ray as a homo­

geneous coordinate vector. 

Typically a laser projects a sheet of light onto the scene, producing an intersection 

line between the laser plane and the object (shown as the 'Cast Laser Line' in Figure 

2.13. Using the intersection line to define the ray parameters and knowing the plane's 

parameters, using Equation 2.13, the depth can be computed. Substituting back 

into the homogenous coordinate vectors of the ray (Equation 2.10), the X and Y 

coordinates can be calculated. 

To obtain a complete range map of the object the plane must be moved through the 

object. For relatively small objects, a turntable is used to rotate the object through the 

light plane whereas for larger objects, the camera and laser unit move together over 

the surface (Figure 2.12). Both these methods usually require some sort of accurate 

18 
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Figure 2.14: Technique for shadow reconstruction (Bouguet. 1999). 

movement control system to track the position of the light plane relative to the object 

in time (i.e. particular angle of rotation for turntable or the positional shift for laser­

camera unit). A more common technique is to rotate the light source along one of its 

axes thereby allowing the light plane to sweep through the object (Figure 2.13). This 

can be accomplished by accurately controlling the movement of the light-source or a 

deflector (e.g. mirror). If however the light plane cannot be accurately controlled. the 

problem of a varying light plane can be overcome by knowing the centre of the light 

source Xs, a common plane Wg (ground plane in Figure 2.13) to which the light plane 

WI intersects and the line produced at this intersection )"-g. To infer the light plane 

parameters we use the following equation (80uguet, 1999): 

(2.14) 

where 

(2.15) 

Typically the common plane is set to be the ground plane to simplify the calculations. 

This has already been shown in Section 2.1.1 where a new coordinate system, other 

than the camera coordinate system, is defined. 

Shadow Planes: Alternatively, weak structured lighting or shadow reconstruction 

(80uguet, 1999) can be used. This method is similar to the laser system but involves 

the tracking of a shadow plane instead of a light plane (Figure 2.14). This is sub­

stantially cheaper than a laser system but the accuracy of the system is reduced due 

to the 'sharpness' of the shadow edge. Additionally, one could consider using the in-

19 
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Figure 2.15: Two line patterns superim­

posed. 
Figure 2.16: Moire fringe contouring su­

perimposed over a model 
head (3D-MATIN, 2002). 

verse, where a white light plane be tracked in a dark environment instead of a shadow 

plane in a brightly lit environment (Abi-Rached et al., 1998) . 

Multi-Planes: The single laser plane technique can also be expanded to a multi­

plane technique, where multiple planes could be projected onto the surface, similar 

to the multi-stripe system mentioned previously. This will involve calculating each 

plane's parameters from the scan images or in a calibration step. The advantage of 

using multi-planes is capture times are quick but spacial resolution issues arise as 

mentioned earlier with the multi-stripe pattern. 

Moire Fringe Contouring: Another method that uses striped pattern projection is 

called Moire Fringe Contouring (Creath and Wyant, 1992). Moire fringes are formed 

when one line pattern is superimposed upon a similar line pattern as shown in Figure 

2.15. These fringes represent contours, which can be used to extract 3D surface data 

as seen in Figure 2.16. 

Moire topography is used to measure and display the 3D form of an object. The for­

mation of depth contours by arranging the light source and viewing point at the same 

distance from the grid is a key feature of Moire topography. This concept was formu­

lated independently and concurrently by Meadows et al. (1970) and Takasaki (1970). 

20 
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Figure 2.17: Schematic showing the variation of the contours levels with even and uneven light­
observer positions (Paakkari, 1998). 

The shadow and projection methods are the commonly used Moire techniques for 3D 

shape measurements (Pekelsky and van Wijk, 1989). 

In the case of the shadow Moire technique one grid is used in combination with a 

light source and recording equipment, usually a CCO camera. The Moire fringe is 

generated from the shadows cast on the object and the actual grid obstructing the 

observers view. The grid needs to be installed close to the object to be measured 

and should be at least as large as the object. Figure 2.17 shows how the light rays 

are projected and the light received from the observer for two different setups. As 

can be seen, when the light source and the observer are in line, the contours Zi 

are parallel to the grid, whereas not so in the other case. Zi is calculated using the 

following equation for parallel contours since contours are not equally spaced: 

ZN = N pl 
d-Np 

(2.16) 

where N is the contour order, p is the pitch of the grating, d is the distance between 

the observer and source and I the distance from the grating to observer. The need for 

a large grid and the limitations on height variations in the object due to the proximity 

of the grid are sometimes treated as disadvantages of the shadow Moire technique. 

The optical projection Moire technique however is implemented using physical grat­

ings in both the projection and observation systems (Figure 2.18). The observation 

system is usually a twin of the projection system. The Moire contours captured by 
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Figure 2.18: A typical projection Moire system setup. 

the camera have properties analogous to those formed by the shadow technique and 

the geometrical interpretation of contour formation remains valid. The Nth contour is 

however given by Takeda (1982) as follows: 

Z 
- Nplrp(lrp - f) 

N-
df - Np(lrp - f) 

(2.17) 

where N is the contour order, p is the pitch of the grating, d is the distance between 

the optical centre of the lenses and lrp the distance from the centre of the lenses to a 

reference plane and f the focal length of the lenses. 

The temporal phase shifting technique (TPS), which analyses three or more interfer­

ograms acquired serially over time, forms the basis for most modern interferometers. 

TPS produces the highest spatial resolution and highest accuracy in the case of static 

wave fronts, 50 unless some good reason exists to use an alternative analysis tech­

nique, TPS should be used (Paakkari, 1998). 

Volume Carving: This technique uses the most simplest of structured lighting, 

namely back-lighting. An approach for the construction of volume models using mul­

tiple views was first described by Martin and Aggarwal (1983). They introduced the 

method of 'occluding contours' which uses the object silhouettes and the related cam-
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(b) 

Figure 2.19: (a) Extraction of silhouette from image, (b) Modelling error with limited views. (Niem, 
1994) 

era parameters to construct a volume model of the real object. The principle of this 

method can be divided into the following steps (Niem, 1999; Lyness et a/., 1999): 

1. Define a volume representation (e.g. octree - a tree of recursively subdivided 

cubes down to the finest resolution) 

2. Extract the silhouette from an input image 

3. Project the silhouette onto the volume representation in the 3D world 

4. Discard or 'carve off' the volume that falls outside the silhouette from the volume 

representation 

5. Repeat for images taken from multiple angles 

As more of the silhouettes are used the volume becomes a closer approximation 

of the object. Applying a surface to the volume set the object can be visualised . 

The limitations of such a silhouette based approach are primarily the inability of the 

algorithm to detect object concavities (like the hollow in a cup) and with limited views, 

models may not be correctly reconstructed (See Figure 2.19b) . 

Non Optical Methods 

Time of Flight: Time of Flight systems make use of radio waves to detect distance 

(e.g. radar, ultrasound, sonar, etc.). These systems measure the time it takes for a 

wave to travel to and from the surface and by knowing the velocity at which the wave 

travels, distance can be calculated using the following equation: 
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Probe Holder 

Ullrasound 

2·0 Images 2·0 Images 2·0 Images 

a) b) c) 

Figure 2.20: Schematic diagram of three possible methods for acquiring 20 ultrasound images nec­
essary for 3D reconstruction. a)parallel scanning; b) rotation of the probe to produce a 
sector of planes; and, c) rotation of the probe to produce an intersecting set of planes. 
(Fenster et al., 1995). 

d' f time x velocity of wave 
lstance to sur ace = 2 (2.18) 

One of the more interesting fields is that of 3D ultrasound imaging. 3D ultrasound 

data can be obtained using various methods as shown in Figure 2.20. Ultrasound 

may be used for external surface measurements but is more commonly used for in­

ternal measurement because greater information can be acquired from the reflections 

from small changes in the mediums densities (i.e. only one surface would be cap­

tured with an air to tissue interface). The problem with these methods is that the 

physical apparatus can be expensive and some deflection mechanism is required, 

which makes them sensitive to mechanical influences. They are also usually slow. 

These techniques are beyond the scope of this project so will not be discussed fur­

ther. 

2.2 Examples of Scanning Systems 

This section will give an overview of some of the scanning systems that have been 

developed for scientific experiments as well as ones that are commercially available. 

Although the surface reconstruction algorithms can be used for most camera posi­

tions, the accuracy depends on the viewing angle. This section is therefore to show 
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FAN BEAM PROJECTOR 

T.V. CAMERA 

""'"'--t~_~w==--r~SIMULATOR TRAY 

.'t'+---H--- CAMERA FiElD OF VIEW 

• • 
BED SCAHIING DIRECTION 

Figure 2.21: Schematic diagram of the contour acquisition system showing the try mounted camera 
and fan beam generator and patient lying on the simulator bed (Andrew and Aldrich, 
1989). 

the various system configurations used for the various surface measurement meth­

ods. 

2.2.1 Experimental Systems 

An early contour acquisition system is shown schematically in Figure 2.21. This sys­

tem was developed by Andrew and Aldrich (1989) to generate a template for making 

a radiation compensator from sheet lead. As shown the system uses a single camera 

imaging a defined laser plane, in this case perpendicular to the ground plane. Surface 

reconstruction is achieved by moving the patient through the laser plane by shifting 

the bed. The angle of the camera is critical in obtaining a good depth perspective, for 

this system, the angle of the camera was 30° to the horizontal and yielded accuracies 

of ±2 mm. In addition, the system can be easily converted to a sweeping fan beam 

by controlling the angle of the mirror, which is what is done in other systems. 

Figure 2.22 demonstrates the typical configuration of a stereo system. Where two 

cameras, separated by a distance, are used with a projector projecting a colour multi­

stripe pattern onto the scene. A research laboratory, 3D-MATIC, of the Department of 

Computing Science at the University of Glasgow has also developed a similar system. 

Their system, called C3D, uses random texture and least squares matching to locate 

stereo point (Figure 2.23). This system produces 3D models with an accuracy of 

around 5 mm (Siebert and Marshall, 2000). 
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Figure 2.22: Principle of the stereo system 
using active colour illumination 
(Koschan et al., 1996). 

2.2.2 Commercial Systems 

Figure 2.23: C3D modular 'pod' devel­
oped by 3D-MATIC (30-
MATIN, 2002). 

From the literature review on the scanning methodologies it was found that Cyber­

ware is one of the preferred scanning systems employed for doing anthropometric 

measurements (O'Apuzzo, 1998; Lemchen, 2000). This company designs whole sys­

tems that include both the reconstruction and motorised transport systems. As can be 

seen from the examples in Figure 2.24, these systems make use of the laser-camera 

configuration. All employ a laser plane to be moved through the object whether it 

be translation, rotation or plane sweeping or a combination (Section 2.1.3) . These 

systems have accuracies of about 1 mm (Nebel et al., 2001). Some reconstructions 

from these systems are shown in Figure 2.25. 

Similarly, a company called Wicks and Wilson has developed a system for digitising 

the surfaces of real objects. Their system called TriFormTM, makes use of mirrors to 

get two viewing angles and a multi-plane structured lighting technique (Section 2.1.3), 

to reconstruct objects. As can be seen in Figure 2.26, the use of reference stripes 

helps to index the stripes to help with plane indexing 1. Accuracies of ±2 mm for a 

single view is expected while for a full body image, ±8 mm are expected when all 

images are aligned (i.e. multiple views) . Some reconstructions from these systems 

are shown in Figure 2.27. 

Another product called Lightscribe, reconstructs objects by extracting the silhouette of 

the object as it rotates on a turntable. The silhouette is enhanced by using a back light 

1 Note how this configuration could easily be used as a stereo technique. 
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Figure 2.24: Cyberware 3D scanning systems (Cyberware, 2001) . 

Figure 2.25: Cyberware 3D scanning systems results (Cyberware, 2001). 
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Figure 2.26: TriForm non-contact 3D image capture system (TriForm, 2001). 

Figure 2.27: Triform 3D scanning systems results (TriForm, 2001) 

as shown in Figure 2.28. However, because this method cannot reconstruct concave 

surfaces on the volume, as mentioned previously in Section 2.1.3, another surface 

extraction technique is needed to help refine the reconstruction. In this case further 

refinement is done by painting the object with a stripe of laser light. The company 

claims to provide sub-millimetre accuracies from the system. 

2.3 X-Rays and 3D Surfaces 

The system or method of incorporating correlated three-dimensional surface data 

and an X-ray image has never really been exploited. The first documented use of 

this technique was in mid-1998 where it was used in the orthodontic diagnostic and 

planning industry (Lemchen, 2000). This particular system makes use of surface 

scanning technology from Cyberware. A more common application where X-rays 

and 3D surfaces have been used is in maxillofacial surgical planning (3D-MATIN, 

2002; Gross, 1998). An example is a system developed by Ayoub et al. (1996), which 
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A 

Figure 2.28: Main system components of LightScribe 3D with screenshots and example (LightScribe, 
2001). 

used two C3D systems, developed by the Turing Institute, to capture two stereo pair 

images from two sides of the patient together with an X-ray, Figure 2.29 (a). By then 

superimposing the soft and hard tissue (see Figure 2.29 (b)) an image is formed that 

can help in surgical treatment planning. Other than these mentioned cases, no other 

system has yet been found . 

Since we are working with digital X-rays in this project, an investigation into how to 

access medical images stored on digital imaging modalities is performed. Currently, 

there are a number of formats available because each individual manufacturer pro­

duces their own patient file formats for their particular digital X-ray system. However, 

there is now a big effort in the medical imaging community to define certain standards 

for patient imaging files. Some of the more common medical image format standards 

are (Clunie, 2001): 

• Digital Imaging and Communications in Medicine (DICOIVI) 

• American College of Radiologists (ACR) and the National Electrical Manufac­
turers Association (NEMA) 

• Papyrus 

• Interfile V3.3 

For more information on the image format standards refer to Clunie (2001). A short 

introduction to DICOM is given in Appendix A.2 since this is the format used by the 

LODOX system. 
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(a) System configuration. 

(b) Patient setup. (c) X-ray and 3D surface with 
superimposed image. 

Figure 2.29: System showing the use of 3D surfaces and X-rays (3D-MATIN, 2002) . 

2.4 Meshing Algorithms 

The process of reverse engineering usually results in the generation of precise 3D 

data points or point cloud from an algorithm. However, visualising a complex ar­

rangement of points may seem complicated. To make visualisation easier the point 

cloud is converted to a geometrical model of vertices and surfaces. A surface can 
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Figure 2.30: Single frame (left) from a image sequence with the extracted points from this image (in 
red) shown in complete point cloud image (right) (Sonka et al., 1998). 

be represented by means of a number of small planar triangles (polygons) each con­

necting 3 data points, but a meshing algorithm needs to be used to choose these 

points. The choice of algorithm is highly dependent on how the pOints are arranged. 

If the pOints are structured, i.e. the points are organised into a rectangular grid, the 

meshing is relatively straightforward. An example of such a system is one utilising a 

photosensitive array (e.g. a 20-charge couple device or eeO) with structured light to 

generate an image/grid. However when we have unstructured pOints (i.e. no ordering 

of points), like in the case of a touch probe system which outputs only a point cloud, 

meshing becomes complicated and time consuming. 

2.4.1 Structured Data 

The structured data format is of particular interest to this research, since many sur­

face measurement systems use ecos to obtain range maps composed of a regular 

grid of data points. A polygonal surface can be created in a straightforward manner 

by linking data points in a neighbourhood to form the mesh (Niem, 1999; Sun et al., 

2001). If an object has been digitised through the acquisition of multiple range maps, 

then an appropriate registration and alignment technique must be implemented to 

merge the adjoining polygonal domains. 

Simple Meshing Algorithm 

Systems which produce structured data are techniques that use multi-stripe patterns 

or image sequences. Multi-stripe patterns structure the data with the stripe index of 
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Figure 2.31: Calibration pattern (a) and its usage within the measurement environment (b) (Niem, 
1999). 

Surface Alignment 

Many algorithms for aligning 3D surfaces have been developed in the past (Kneoaurek 

ef al., 2000; Johnson and Hebert, 1997; Chua and Jarvis, 1996; Bergevin ef al., 1995) 

with some of the more common ones being: 

Control-point based By defining control points in the environment (e.g. markers, 

landmarks) one can find the transformation that maps the control points in the 

one image onto the ones in the other image as long as a sufficient amount of 

control points can be seen in each multiple view. An example is shown in Figure 

2.31 where the pattern on the ground serves as the control points. 

Edge based This method is usually used to register images where neat contours 

exist. An example would be to use edge extraction in the orthographic views 

and attempt a match or otherwise matching of principal curvatures. Principal 

curvatures can be selected by a three point based representation, where on the 

one mesh, three points are selected with the requirement that (1) their curvature 

values can be reliably computed; (2) they are not directly connected; and (3) the 

points are separated as much as possible. Then, under the curvature, distance, 

and direction constraints, different sets of three pOints on the model surface are 

found to correspond to the three point set on the other mesh (Chua and Jarvis, 

1996). 

Optimisation The goal here is not the extraction of features but rather transforming 

one of the images and measuring the similarity between images until the best fit 

is achieved, i.e. iterative closest point algorithm (Besl and McKay, 1992). Given 

the algorithm's simplicity, it performs quite well but there are two major draw­

backs. Firstly, the one surface must be a subset of the other. The presence of 
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Figure 3.1: Sony DFW-VL500 digital camera 

ture rate of 30 fps, a very fast data transport system is required. It therefore incorpo­

rates one of the most versatile interconnect technologies available today - IEEE1394 

(FireWire) - a high-speed serial bus capable of 400Mbps. An added feature of the 

camera is that it does not need external power since power is provided through the 

FireWire cable. A PC interface card capable of supporting the transfer speed over 

inexpensive twisted-pair wire is also required. The cost of the cameras amounted to 

R14 000 each, making them the most expensive components of the system. 

3.1.2 LODOX Limited Angle Computer Tomography (LACT) 

The LODOX machine, shown in Figure 3.2, is a linear digital X-ray imaging system 

primarily designed for use in the trauma environment as a quick diagnostic tool. It can 

be used in this environment because it uses low dose X-rays to acquire X-ray images. 

The scanner acquires a radiograph by means of the horizontal movement of the C­

arm. This is necessary because the system capture the X-rays with a linear camera. 

A linear camera captures single lines of data and stacks the data together to form a 

two-dimensional image. Additionally, the system uses a laser to indicate the collima­

tor width. As the laser is used in a way that reconstruction methods use them, it was 

possible to utilise the same laser to do reconstructions without any modifications. 

The speed at which the C-arm moves is an important factor for the project as it will 

affect the resolution of the 3D image in the scanning direction. The C-arm currently 

can move at three speeds, see Table 3.1. Although these speeds are set for X-
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Figure 3.2: LODOX LACT X-ray machine 

ray scanning the actual speed can be varied to any speed at the Programmable 

Logic Controller (PLC) level. However, we will only consider these three speeds since 

the goal is to simultaneously capture the 3D surface together with the X-ray image. 

The implications involved with the limited scanning speeds will be discussed later in 

Section 6.2. 

Table 3.1: Speed classification of C-arm movement in scanning direction 

Speed Class Speed (mm/s) Change (mm)/frame at 30fps 

Normal 

Half 

Quarter 

140 

70 

35 

4.7 

2.3 

1.2 

Currently, the LODOX system stores its X-ray images in two parts: the image data in 

a Khoros visualisation image file (.viff) and a separate file for patient and configuration 

data. Although this is not a recognised medical image format the LODOX system has 

the ability to export the file in the DICOM standard. 
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Support 
Bar 

Ball and Socket joint 

Figure 3.4: Camera mounting on LODOX. 

3.1.5 Camera Mounting 

The positioning of the camera on the LODOX C-arm was achieved by connecting a 

camera to one end of a support bar, by a standard ball and socket joint, and clamping 

the other end of the bar on the top of the C-arm via the brackets (see Figure 3.4). 

The brackets were designed to allow for some degree of flexibility with regard to 

the camera position so different positions could be evaluated to see how positioning 

would affect the 3D reconstruction. There were two main configurations used, one as 

seen in Figure 3.4 where the cameras are approximately 60 0 apart and one where 

they are 1800 apart (i.e. mirror the one camera position so that its on the other side 

of the C-arm). Although the positions of the camera(s) are dependent on the type of 

scanning method chosen, the reason for choosing this configuration will be discussed 

later in Section 6.1. 

3.1.6 Radiation Protection for Camera 

Due to the position of the cameras on the C-arm, the cameras are vulnerable to 

radiation damage. Although typical CCDs can directly image X-rays, damage does 
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Figure 3.5: Leakage and scattered radiation (Fluoroscopy. 2001). 

occur by increasing the dark current (charge at zero intensity) within the exposed 

pixels (Eikenberry et al., 2001). However, more importantly, care should be taken 

to shield non-imaging parts of the CCO, such as the output amplifier, since radiation 

can adversely affect chip performance even at lower radiation doses. It is therefore 

important to investigate what protective measures need to be taken to ensure proper 

camera operations. There are two types of radiation that are of concern when mount­

ing the cameras near the tube, namely leakage and scattered radiation (also known 

as secondary radiation). See Figure 3.5. 

Leakage Radiation 

Leakage radiation is radiation that escapes from the tube itself and radiates in all 

directions mainly from the spot where electrons strike the anode (Johns and Cun­

ningham, 1983). It is widely documented that the leakage radiation from every X-ray 

tube must be contained within a protective housing that reduce the leakage radiation 

to less than 1 OOmR/hr at a distance of 1 m from the housing (Radiation, 2001; Johns 

and Cunningham, 1983). The current tube specifications for LOOOX are 65mR/hr at 

150KV, 20mA, at 1m. 

Scatter Radiation 

The main source of scattered radiation is the patient. When X-rays enter the patient, 

some are absorbed totally by certain tissues, some are partially absorbed and change 
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V7 1 1 0 

v. 
VB 1 0 0 

Figure 4.3: Index face set data structure 

Texturing of VRML Files 

Texturing is a technique used to give a triangulated surface mesh a realistic look by 

applying the colour of the surface at the time of scan onto the triangulated surface 

mesh. This is done be mapping parts of a JPEG colour image file onto the planar 

triangles of the surface. For a detailed explanation on this procedure see the VRML 

Standards (VRML-1, 1997). 

The texture file for the generated surface is extracted from the colour frames of the 

scan. The method of texturing is accomplished by a Matlab program that finds the 

edge of the laser and captures the pixel intensities at that edge. However this is 

technically impossible because the laser edge obscures the true colour of the surface. 

This can be overcome by extracting the pixel intensity a few pixels before or after the 

edge. This is possible due to the linear scanning motion of the C-arm since the pixel 

at time t is equal to the pixel at time t ± d, where d represents a time delay. To 

correct for the introduction of this delay, the final image is shifted by either adding or 

subtracting a pixel step equivalent to time d to the correct side of the image, which 

therefore aligns the texture image with the surface. 

The texturing feature also allows us to display the X-ray image together with the sur­

face structure. When this is done the surface is made semi-transparent to allow one 

to see the X-ray image through the surface. However, the X-ray image first needs to 

be converted to an image format recognised by the VRML code. The VRML code 

can only recognise images with 256 colours/grey levels, and therefore the X-ray im­

age was converted to the correct format using the appropriate Window Width and 

Window Centre as mentioned in Section A.2. Additionally, the X-ray image needs to 
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Figure 5.1: Image showing the poor contrast between the shadow and mouse. 

Capture View 3D Reconstruction 

Figure 5.2: Reconstruction of a computer mouse. 

Table 5.1: Statistics on box and mouse reconstructions. 

Mouse Box 

No. Frames 496 340 

No. of Vertices 59321 56790 

No. of Triangles 110831 110868 

Size of File (KB) 4,103 4,027 

Capture View Size 320x240 320x240 
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Capture View 3D Reconstruction 

Figure 5.3: Reconstruction of a box. 

5.1.1 Shadow Reconstruction Accuracy 

To determine the accuracy of the reconstructions a comparison of a number of mea­

surements were made on the original object and compared to the reconstruction re­

sult. The object used for the measurements was the box seen in Figure 5.3. There are 

four parameters that are used to determine the accuracy of the surface, surface noise 

and errors in the XY Z axes. The results of these measurements can be seen in Ta­

ble 5.1.1. The surface noise was calculated by taking a neighbourhood of about 100 

points on a particular plane and finding the standard deviation. The XY Z axis errors 

are the differences of the true value and the reconstructed value. To do the surface 

measurements a 3D image viewer called Actify 3D View was used. This 3D-viewing 

software has the ability to conduct a number of measurements on the reconstructed 

data points. The reconstruction therefore gives an error of about 4 mm. 

5.2 Laser Reconstruction 

To do the laser reconstruction a two camera setup was used, the majority of tests 

being conducted with the cameras 60° apart as shown in Figure 3.4. All the experi-
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Camera 1 Result Camera 2 Result Merged Result 

Figure 5.4: Result of the merged calibration object. 

hence resulting in loss of data. The loss of reconstruction where the misalignment 

does not come into play (far faces of the pyramid) can be explained by the fact that 

the faces/planes are close to parallel to the camera's view. When this occurs the laser 

edge is not seen so distinctly whereas with planes more perpendicular to the camera 

view (near face of pyramid) are very distinct. Another factor that contributes to the 

loss of reconstruction is the meshing algorithm, in that if certain points are not close 

enough together, a triangle cannot be fitted which produces holes in the surface. The 

other noticeable feature in the reconstructions is the absence of a band across the 

3D image. This is due to a function of the LODOX system in that the laser is actually 

switching off while travelling in the scanning direction. This function, set to switch the 
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laser on and off when either in the start or end set points, is used as an indicator to 

show these position for the scan. 

Table 5.3: Statistics on pyramid reconstructions. 

Camera 1 Camera 2 

No. Frames 118 116 

No. of Vertices 19937 20870 

No. of Triangles 37141 39639 

Size of File (KB) 1,763 1,867 

Capture View Size 320x240 320x240 

5.2.2 Experiment 2: Human Face 

Merged 

21190 

38389 

1,687 

Figure 5.5: Example of reconstruction of face with texturing. 

This example demonstrates the texturing of the surface to give it a more realistic 

look. A human subject was scanned from head to shoulders at the half-speed setting 

using only one camera. The result, shown in Figure 5.5, was done on the half-speed 

setting and had been smoothed three times using the smoothing algorithm described 

in Section 4.3.6. Texturing is an option available after the reconstruction and requires 

the generation of the corresponding JPEG texture file. This texture file is generated 

from the colour images recorded and relates to the natural colour of each of the laser 

lines in the set of images. Texturing a surface will usually cause the quality of the 
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(a) 

Figure 5.6: Example of head reconstruction with X-ray plane shown. 

by the camera but only the parts that are not captured from the first one. From 

the reconstruction it was seen that the added value of the second camera does not 

increase reconstruction coverage as expected. This is probably the same reason 

as mentioned before in that due to the laser line falling on oblique surfaces and not 

being reflected enough, together with a ridge edge detection algorithm, the edge 

is often not detected during the scan. This led us to experiment with a different 

setup configuration in the hope of improving either the reflection of the laser edge or 

achieving a better "line of sight". This will be demonstrated in the next experiment. 

5.2.5 Experiment 5: Different Camera Setup 

This experiment was performed to see if we could improve the reconstruction by hav­

ing the cameras separated by approximately 1800 instead of the 60 0
• As the results 

show this configuration yields better 3D surfaces than the previous setup (Figure 5.8). 
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Figure 5.7: Example of full body reconstruction. 

The increase in quality can probably be explained by the fact that the faces/planes are 

more perpendicular to the camera's view and therefore reflect more of the laser light. 

It should be noted however that this example was done with the half-speed setting so 

the quality of the reconstruction can be misleading if comparing to examples done at 

normal speed. 

5.2.6 Experiment 6: 90° Plane Reconstruction with Mirror 

One of the major drawbacks of the current scanning system is the use of a fan-beam 

laser plane, since it limits the reconstruction of vertical and near vertical surfaces. 

It was therefore decided to conduct an experiment to investigate how the algorithm 
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Figure 5.8: Reconstruction using a 1800 camera separation. 

would perform without this limitation. This was accomplished by placing a mirror as 

shown in Figure 5.9 to reflect a portion of the laser light to illuminate vertical edges. 

This configuration was set up to simulate a laser illuminating from the side. 

As Figure 5.10 shows, the results are encouraging since in the reconstruction, one 

can almost make out the word "Rooibos" on the reconstruction where the non-reflective 

regions (text) did not yield many points. However, by using this method we can also 

see that this will only improve reconstruction on vertical planes parallel to the scan­

ning direction. 

Figure 5.9: Using a mirror to illuminate vertical edges. 
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5.2.7 Laser Reconstruction Accuracy 

To determine the accuracy of the reconstructions we used the same criteria as that for 

the shadow reconstruction accuracies. However, since we expect to use two cameras 

for reconstruction, the accuracy for both is shown in Table 5.2.7. The accuracy of the 

laser reconstruction system is therefore within about 5 mm. 

5.3 Processing Time 

Processing time is important if the system is to be commercialised because one has 

a finite time to keep the operator interested. If one has to wait half an hour for an 

image to be generated or displayed users will tend to lose interest in the actual result. 

An analysis of the expected processing times has therefore been done to see where 

the bottlenecks are and where methods should be optimised. The times for each 

step are broken down into section as previously shown in the flow chart in Figure 4.1. 

It should be noted that processing times are highly dependent on the speed of the 

processing computer. The processing times mentioned in the following sections were 

achieved using a 700 MHz AMD Duron processor with 256 MB of RAM . 
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Figure 6.1: Line of sight limitation Figure 6.2: Solution to line of sight 

(Bibb et al., 2000). problem. 

• Do not interfere with the primary operation of the machine. 

Considering the first constraint, we note the cameras are the most expensive compo­

nent of the system and that by using passive techniques or stereometry, a minimum 

of two cameras are required to do a reconstruction whereas the laser-camera needs 

only one (see Section 2.1). Additionally, a laser already exists on the LODOX system 

which can be used to do the reconstruction and therefore does not add to the cost 

of the system. However, using one camera we are limited to a small reconstruction 

coverage and shadows may result in a poor reconstruction (Figure 6.1) . A two cam­

era system would therefore prove to be a better choice. Since two cameras are being 

used let us reconsider the use of stereometry. This technique, from the literature re­

view, should give a good quality 3D-image but will limit reconstruction coverage since 

stereo-photogrammetry techniques can only reconstruct pixels seen in both stereo 

image pairs. Additionally, stereo techniques require the cameras to remain stationery 

when using laser scanning (Section 2.1.3 and therefore the ability to obtain large sur­

faces with a high resolution is limited. Opting for a higher level of reconstruction 

coverage than accuracy, we therefore chose to use a two camera laser system be­

cause we maximise coverage of the object (Figure 6.2). Using the laser method also 

has the added advantage of being able to scan a larger area. 

Therefore the appropriate solution was to use a two camera, laser-camera recon­

struction system. 
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Figure 6.3: Two and three camera setup providing maximum coverage. 

6.1.2 Camera Positioning 

Firstly, the cameras will be limited to be within the plane of the top of the C-arm 

so as not to interfere with the X-ray scanning operations of the LOOOX machine. 

Secondly, the cameras need to be positioned such that good depth perception can 

be achieved. Therefore the position of the cameras needs to be fairly far from the 

laser light source. A good angle to view the light plane from would be around 45° 

from the vertical. However, this would require long support beams for the camera 

which, depending on the stiffness of the beam, would make the cameras susceptible 

to bouncing. Therefore to prevent large vibrations a 30° angle was used instead. 

The angle between the two cameras is also important since for a good reconstruction 

we need to maximise object coverage. Consider the 20 problem: the absolute mini­

mum number of cameras needed is two (cameras 180° apart), although, depending 

on the shape of the object, there might be parts of the object that are inadequately 

imaged. A better solution would be a three camera setup (cameras 120° apart) as 

it will greatly increase the overall reconstruction since the whole structure is imaged 

with some redundancy. The three camera setup also improves the merging of the 3D 

images since there is a 60° overlap. The two camera setup won't be as easy (see 

Figure 6.3). However, as discussed above, we want to minimise cost so an extra 

camera would not be feasible reasonable reconstructions can be done with two. 

If we now consider the 3D problem we first note that the bottom face is impossible 

to image (due to the table) and therefore only the top face needs to be incorporated. 
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Figure 6.5: Zooming in view of the laser line in a frame. 

the centre of light beam as shown in Figure 6.4(a). However, this method also suffers 

from uncertainties. Some of these are self occlusion (Figure 6.4(b)), sharp edges 

(Figure 6.4(c)) and edge creases (Figure 6.4(d)). Although these errors are more 

common for wide light stripes where the intensity distribution is spread over many 

pixels, thin stripes will not produce large errors but the drawback is that they have 

lower intensities thereby having a lower signal-to-noise ratio. 

What was also discovered was that because of the finite resolution of the CCD, a 

slightly diagonal line is represented as a number of shorter vertical lines offset by 

a pixel (depending on the angle), see Figure 6.5. The effect of this digitisation is 

shown in Figure 6.6, where a step pattern artefact is generated on the surface due 

to the edges being detected in the same column of the image. Therefore to get 

rid of this artefact, the use of sub-pixels needs to be considered. Here one would 

use interpolation techniques to determine the edge position to a sub-pixel accuracy, 

before the triangulation of the world point is done. A few attempts were made to 

implement the code but due to time constraints, the code was eventually commented 

out. Additionally, the noise or artefact could be reduced by using a higher resolution 

setting for the cameras (i.e. 640x480), but this would only be feasible when the 

capture rate can be kept high, either by a newer capture program or faster hard drive. 

If using the higher resolution, 3D surface resolution in the scanning direction will 

diminish to about 10 mm (fps drop from 30 to 16). This can be minimised if a slower 

scanning speed is selected, but then radiation dose increases. Another trade-off in 

increasing the resolution is also that processing times become longer since four times 

the amount of data needs to be processed in each frame. 

Another source of error is when parts of the surface have a non-reflective property 

as in the case of text or hair on the surface. Since the laser light does not reflect well 
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3D pOints 

Figure 6.6: Schematic showing the reason for texture on 3D surface. 

of these areas, the localisation (if any) of the true point may fail. An example of how 

text may cause errors is shown in Figure 6.7 where text caused protrusions in the 

surface where there shouldn't be. Some solutions to this problem have be developed 

like space-time analysis (Curless and Levoy, 1995) and line shift processing (GOhring 

et al., 2000). To improve areas where hair is a problem, a simple technique of dusting 

the area with a white power may be used to improve edge detection (Bibb et al., 

2000). 

6.2.5 Meshing 

The simple meshing algorithm also has a negative effect on the reconstruction cover­

age, since it cannot reconstruct large surface gradients. This was seen in examples 

where the slope of the surface was very steep. Although the edge was detected the 

: • ~ • r I :' . 
: , : L 

I I. . 
. " 
• I' 

I ': 1 , 

(a) (b) 

(c) 

Figure 6.7: (a) Fully illuminated image. (b) Reflectance changes due to text. (c) Rendered view of the 
3D surface. 
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Table B.1: Half-value and tenth-value for filtered X-radiation under broad-beam 
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SONY 

Component I OEM 

OUTLINE 

The DFW·V5OONL500 is a fully digital camera 
which adopts the IEEE1394·1995 standard. Both 
cameras incorporate the latest 400 Mbps chip set 
and feature Sony's Wfine CCo-... which integrates 
a primary color filter ensuring high color accuracy 
square pixels and Progressive Scan technology 
which provides sharp, high resolution images, even 
of fast moving objects. Also, both models include 
an external trigger mode for asynchronous trigger 
operation that providesjitter·free pictures since 
the camera acquisition can be synchronized to full 
random events. 
Through the IEEE1394·1995 high performance 
serial bus, the DFW·V5OONL500 presents 30 fps 
in VGA (640x480) resolution format. 
The DFW·V5oo has a C type lens mount while the 
DFW·VL5oo includes a 12x zoom lens with 
motorized zoom, iris and focus. 
A latching 6·pin IEEE1394 connector is used to 
output the digital image, to power the camera and 
to control all functions of the camera through a 
computer. 

"'Wfine cco,." Is a trademark of Sony Corporation . 

• External Trigger 
• Wfine CCDTM 

104 

DIGITAL CAMERA MODULE 

DFW-VSOO 
DFW-VLSOO 

HIGHLIGHTS 

.IEEE1394 

.External Trigger 

.Wfine CCDlM 

Non_compressed 

Primary Color Filter 
Progressive Scan 
Square Pixel 

.VGA (640x480), Non·Compressed YUV(4:2:2) 
Digital Output 

.30 fps Full Motion Picture 

.400 Mbps, High Speed Data Transfers 

• Aluminum Diecasting Chassis 

.Supplied 6pin Cable with Latch Connector 

IEEE1394 
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IEEE1394-1995 

. Standard for High Performance Serial Bus 
High Speed Data Transferees: 100, 200 and 400 Mbps. The DFW-V500NL500 adopts 400 Mbps 

OS-Link Encoding for highly efficinency Data Transfer 

. Plug and Play 
No Terminator Placement 
Automatic Address Selection 

. Flexible Topology 
Allowes for Branching and Daisy-chaining: Max of 63 Nodes 

. Small Connector and Cable 
6 Conductors Including Power 

Signal 

. Addressing 

bUI#O node #0 

bus # 1 node # 1 

· · · · · · · · · · 
bus # 1022 noda#82 
bua#1023 noda#63 
(local bus) (broadCBst) 

~ "-.J ~ 
I bus I node I register space I 

. Protocol 
Two Subsections : Asynchronous 

Isochronous 

InHiBl 
memory 
space 

· · · · · 
private 

register 

~ 
CSR 

Shield 
for Signal 

IEEE 1212 
Serial Bus 

ROM 
(lst1K) 

InlUal 
units 

space 

/ 
I 

CS1 CS2 CS3 CS4 

~OD D~OIl CJ~OD~OD 
I I I I 

Cycle 1 Cycle 2 Cycle 3 Cycle 4 

o 
512 

1024 

2048 

256M 

o 

~CS DVideo-l o Video-2 D Asynchronous 

105 

• Standardized Address from IEEE1212 Architecture 

• Configuration ROM from IEEE1212 Architecture 

• Direct 64 bit Addressing (48 bits per node) 

Isochronous 

• Isochronous prior to Asynchronous 

-> Realized Real Time Transfers 

• Broadcast 
• Cycle Start appears every 125~ sec. 
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IMAGE FORMAT 

. Mode-3640x480(4:2:2) . Mode_2640x480(4:1:1) 

I U 1 II U 3 U 5 II U 7 U 9 640 PIXEL I U 1 II U 5 U 9 640 PIXEL 

BBBBBBBEJEJE 
c= V1 II V5 V9 

EJEJEJBEJEJEJEJEJE 
I U641 II U643 II U645 II U647 II U649 I U641 I 

1~,l~,I~,i~:·I~:,if:·lt:,l~·I' " .. BE:~~+'" 
480 PIXEL 480 PIXEL 

Also, the DFW-V500NL500 features Mode_1 320x240 YUV(4 :2:2) and Mode_O 160 x 120 YUV(4 :4:4) 

. Mode-1 320x240(4:2:2) . Mode-O 160x120(4:4:4) 

U 1 II U 3 U 5 320 PIXEL 

[jtjtJtJ~ 
U321 II U323 I 

ai',,,, II ",,'f'''' 
Y161 Y162 I 
U161 U 162 I 
V161 V162 I 
Y321 Y322 I 
U321 U322 I 
V321 V322 I 

120 PIXEL 

240 PIXEL 

EXTERNAL TRIGGER 

The DFW-V500NL500 features on "External Trigger" , which is specified by "IEEE1394 based Digital Camera Specification 
(ver.1 .20)" . The timing of the Image data is controlled by the external trigger. The integration time is defined by the camera 
Itself. (trigger ModILO) 

. Pin Assignment 

@ @@ 

1 NC 

2 GND 

3 TRIG IN 

4 NC 

Camera Side 

. Rear Panel 

DFW-V500 DFW-VLSOO 

. Trigger vs, Packet 

Ext. Trigger 

~ 

"",~m,= T>_-.L,.---~-______ _ 
1121 

Video Packet 
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13 

-----i---l' 
t4 1 15 

t1 . min. 1 msec 

12 : typo 1.9 ~sec 
(3 integration time 

t4 : 1 to 34 msec 
tS : typo 30 msec (240 packet5) (Mode..3. 30 fpsl 
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SPECIFICATIONS 

DFW-V500 I DFW-VL500 

Interface Format IEEE1394-1995 

Data Format 640 x 480 YUV(4:2 :2), YUV 8bit each 320x240YUV(4:2:2), YUV 8bit each 

640x480 YUV(4:1:1), YUV 8bit each 160x 120YUV(4:4:4), YUV 8bit each 

Frame Rate 3.75, 7.5, 15.0, 30 fps and one shot 

Image Device 1/3" Wfine CCDw 

MinI. Senstivity 61x (F1 .2) I 14 Ix (F1.8) 

White Balance ATW, One Push, 3200'k, 5600'k, Manual 

Shutter Speed 5-1/15,1/30-1/100000 sec. 

Gamma ON/OFF1/0FF2 

Sharpness Adjustable 

Hue Adjustable 

Saturation Adjustable 

Brightness Adjustable 

Gain Automatic and Manual Control 

Lens Control N/A, C mount I 12x Zoom Lens, Automatic and Manual 

Power Supplied through IEEE1394-1995 Cable (8 to 30vdc), 4W 

Ope. Temp./Sto.Temp. -10 to +50' C/-20 to +60'C 

Weight 305g I 335g 

Supplied Accessory IEEE1394-1995 Cable with Latch Connector, (6pin). 4pin Connector 

DIMENSIONS 

[rW-J or Dr\J 

unit: mm unit : mm 

NOTICE 

. If the PC does not have an IEEE1394 connector, a Host Adapter Card is needed . 
• The DFW-V500NL500 does not come with any application software or drivers . 
• The use of the software with customer developed application software may damage hardware, 

application program and camera. Sony Corporation is not liable for any damages under these 
conditions. 

• Sony EI.etronlcs Inc, (USA) HQ 

• Sony of C.n.d. Lid. (CANADA) 
• Sony 8raadealt & Prof .. slon.' Europe HQ 

G."manv 
Frlllnce 
UK 
Nordic 
Italy 

• Sony Corp. UP Systems Co, lap Opt. (JAPAN) 

Sony.line http://www.lony.co.JpIISP/ 

1 Sony Drive Park Ridge , NJ 07656 

411 Gordon Baker Road, Willowdale, Ontario M2H 256 
15, rue Floreal76831 Paris Cede. 17, France 

Hugo-Ed<8n6r·Str. 20, 50829 Koin 
16, rue Floraal 75831 Paris Cedsx 17 
The Heights, Brooklands, Weybridge, Surrey KT13 OXW 
Per Albin Hansaons vag 20 5-214 32 Malmo Sweden 
Via Gdhlea Galilel 40 1-20092 Clnlaello Balsamo, Milano 
4-1~1 Okat8, Atsugl-shl, Kan.gewa-ken, 243--0021 
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(TEl:+1-201-930-7451) (fAX:+1-201·358-4401) 
http:Jtwww.lOOy.comJprofesalonal 
(TEL:+1-416-499-1414) (FAX:+1-41&-497·1774) 
(TEL:+33-1-40-87-35-11) (fAX:+33-1-40-87-35-17) 
httpJIwww.bpe.sony-europe.com 
(TEL+4~221-5966-J22) (FAX:"4~221·5966--491) 
(TEL:+33-1-49--45--41-62) (FAX:+33-1 -47-31-13-57) 
(TEL:+44-99C).331122) (FAX:+44-1932-811011) 
(TEL:<46-4Q.19().BOO) (FAX:'46-04Q.HlQ.450) 
(TEL:+3~2-61~31) (FAX;+39-2~16-J8.-.402) 
(TEL;+81-462·27-2345) (FAX:"81-462-27-2347) 

Design and specifICations are sub}ec110 change without notlce·198C I 
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FireBoarcfTM400 
400 Mbps IEEE-1394 (flrewlre, I-Link) PCI Host Adapter Board 

Features 

Physicai Layer 

• Supports Provisions of IEEE-1394 Standard 
and the 1394a-2ooo Supplement for High 
Performance Serial Bus. 
• Provides Three Fully Compliant Cable Ports at 
100/200/400 Megabits per Second. 
• Cable Ports Monitor Line Conditions for Active 
Connection to Remote Node. 
• 25.576 MHz Crystal Oscillator and PLL Provide 
TransmiUReceive Data at 100/200/400 Megabits 
per Second, and Link-Layer Controller Clock at 
50 MHz. 
• Node Power-Class Information Signaling for 
System Power Management. 
• Cable Power Presence Monitoring. 

Link Layer and PCllnterface 

• Performs the Function of a1l1EEE-1394 Cycle 
Master. 
• Supports IEEE-1394 Transfer Rates of 100, 
200 and 400 Megabits per Second. 
• Provides PCI Bus Master Function for 
Supporting DMA Operations. 
• Compliant with PCI Specification 2.1. 
'Supports Distributed DMA Transfers between 
1394 and Local Bus RAM, ROM, AUX, or 
Zoomed Video 
·Extenslon Headers for the Local Bus 
'Autoboot mode capability that allows data­
moving systems to be designed to operate on the 
PCI bus without the need for a host CPU. 
Extension Capabilities 

FireBoard™ 400 can be extended In functionality 
and operability. This can be achieved combining 
the Autoboot mode capability and the Extension 
Headers of the Local Bus. You can design your 
custom system based on the PCILynx local bus 
as a biggy-back board attached to the 
FireBoard™ 400. 

\ 

Unibrain's FireBoard™40U Host Adapter 
brings high-performance IEEE-1394 (firewire, i-Link) 
technology to PCI systems. FireBoard n • 400 Doslgn Issues 

Logic Design 
The entire design of Unibrain's FireBoard™400 is based on two main IEEE-
1394 chip-sets: 

• the Texas Instruments TSB41LAB3 IEEE-1394 400Mbps PHY layer 
transceiver and 
• the Texas Instruments TSB12LV21B (PCILynx-2) IEEE-1394 link 
controller to PCI bus. 

PCB Design 
The FireBoard™400 card Is a four-layer printed circuit PCI board. Two of 
the layers provide the signal interconnections (signal layers) while the 
remaining two layers provide the required power and ground 
interconnections (plane layers) . External Power Supply 
The FireBoard™400 has an has an optional power connector in order to 
receive the cable power not only from the +12V of the PCI connector but 
also from an external power connector provided by the host PC power 
supply. 

wwwaimsoptrnnicsbe F. KinnenSlr. 30 B 1950 Kraainem TEL: 32 (0) 2 785 00 27 FAX: 32 (0)2 73 1 89 18 
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670 mm 

1 1 

Exposure Time 
100kHz CE 
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Figure E.1: Cameras positioned 1800 apart. 

Figure E.2: Cameras positioned 60 0 apart. 
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2. Select the camera, video format and mode, frame rate and speed from the 

drop-down list boxes. See camera specifications for explanation of the various 

modes. 

3. Click Start. 

- Ud~l( (ontrol!. ~ 

SeIoc:Iod c-. AlA. 

:3 Focuo 0"""" ~ 447 ~ 

VIdeo Formol 

VIdeo_ 

f,_RoII 

:3 
r- FormoI~ -

Speed 

r--:::I r_ 

Zoom 40 _' _' _. _' ~. • • , • , 1432 reoo 
IlrIctInen 0 _' _. _. _. _ •• ~ 2S5 ~ 

Shlrpnesl 0 _' _. _. _' _ •• ~ 2S5 ~ 

- 128 1 130 ro-
"':" (ulur ((lntrol'!> .: 

AlA. One Push 
" .. I. ' .. .. • ,.;:-u.ev"" 1 __ I 2S5 I 98 r 

VAl ~ 1'·····'··~ 2S5 f21i5 
1M 0 _' _' ,_,_. ~ 2S5 ~ 

SoIu'IIIon 0 _' _. '_' _' ~ 2S5 ~ 

- t Hpn~ure [ontrols .~!" 

AlA. 

"-" -127 _' _' '_'_' ~ +127 ro- w 
_ 3200... .:....:)"""'. 10us 133.27... r 
OM> OdB 1 .. · ............ , .. ladB ~ W 

HI 010 ... 0 _' _' '_'_' ~ I open ~ W 

The camera is now initialised and running. To view the camera output check the 

Viewer tick-box, this will start the following program: 

1. Check that that correct camera is selected in the Camera list box. 
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3. Next take about 5 images of the vertical edge object so that the base of the 

vertical edge can be seen together with the shadow that the edge casts. Use 

the Viewer(captures 1 lighLcaL).exe program to save with a 'lighLcaUCbmp' 

filename. 

4. The images now have to be converted to a compatible format for the calibration 

program using the converJaser.m file. This file converts the camera images 

to greyscale while light images are filtered so only the red band of the image 

remains. Both the camera and light images are also rotated to take into account 

the upsidedown position of the camera. 

With the correct files , run the calibration program to obtain the parameter files needed 

for the reconstruction program. Run the calib_tool.m file to get a dialog box as fol­

lows: 

VIII. pIuot .... 

1. Click Camera Calib to start the camera calibration. Follow the instructions for 

the calibration. 

2. Click Camera -> ASCII to write the camera calibration file, 'camera_file'. 

3. Click Light source calib to start the camera calibration. Follow the instructions 

for the calibration. 

4. Click Light -> ASCII to write the light calibration file, 'lighUile'. 

The 'camera_file' and 'lighUile' contain the camera's internal parameters and position 

of the light source with respect to the camera, respectively. These will be needed for 

the reconstruction process. The Vert. plane calib. and Plane -> ASCII are functions 

for the shadow scanner and are not used. 
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F.2 Scanning Phase 

Requires program: Fire-Lexe 

Requires files: 

Viewer (captures 300 frame) .exe 

Matlab 

converUaser. m 

1. Initialise the camera as mentioned above if not already done. 

2. Take a sequence of images while moving the laser across the scene with the 

Viewer (captures 300 frame).exe program. This program saves indexed frames 

with a filename of 'frame-XXX.bmp', where XXX is a three digit number. 

3. Convert the images as mentioned before using the conyer Jaser.m file. 

If a 3D image is required with an X-ray. This scanning phase must be done simulta­

neously when the X-ray is captured. If no X-ray is required use the Local Positioning 

Console (LPC) to move the C-arm. 

F.3 Post-Scanning Phase 

Requires program: Laser Scanner.exe 

Matlab 

Requires files: run_caLmergeJaser.m 

run_join.2_vrmls.m 

1. Start the Laser Scanner.exe pro­

gram. The initial dialog box will ap­

pear. 

2. Click the Setup button to display the 

setup dialog box where you need 

to input parameters for the scan. 

These will depend on where the 
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frames from the scan are stored, 

how many there are, what format 

and size each frame is. Click OK 

when done. 

3. Click Calibration button to display 

the calibration dialog box: 

4. Type in the path of the calibration 

files mentioned above (i.e. 'cam­

era_file' and 'lighLfile'). Click Load 

Calibration for each file. Click OK 

when done. 

5. The Min_Max button is not used in 

the Laser scanner program 

6. Click Scan Setup to define an area 

to look for the laser edge. 

7. Adjust the bounding box and click 

Show Mask to display the bound­

ing box on the first image. Click OK 

when done. 
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8. Click Scan 

9. Check that the parameters for the 

scan is set correctly (i.e. Paths, 

PXc step - related to scan speed, 

Gamma - the edge threshold value, 

Speed - no used). 

10. Click Start to process the frames. 

11. To save the 3D coordinate points as 

text files click Save Data. 

12. Set mesh parameters (i.e. Mesh 

Threshold, Texture, X-ray plane, 

Transparency) . 

13. Click Make Mesh to generate the 

VRML file. 

14. Click Exit/Close to exit we done. 

The above process needs to be completed to generate a 3D image file for each 

camera used. After the two file are generated, they need to be merged. Merging 

is currently manual and is first done be running run_caLmergeJaser.m which will 

prompt you to crop the image and step the one image to merge with the other. When 

you are satisfied with the merge, the steps will be outputted to a finaLmoves.mat 

file. Using run_join.-2_vrmls.m the two complete 3D image files will be merged into a 

new 3D image file using the previously generated finaLmoves.mat file. 
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