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[57] ABSTRACT

A reference display system that receives information

[451 Date of Patent:

from an imaging system (e.g., a CT scanner or the like),
that extracts or derives three-dimensional anatomical
and/or pathological information about a part of a body
(e.g., the brain or other organ) of a patient. The infor-
mation is digitized in the imaging system and is intro-
duced to a computer that is programmed to reformat
the digitized information to provide as output electric
signal representative of the digitized information. An
optical display system (e.g., a cathode ray tube, CRT,
and related circuitry) is connected to receive the output
of the computer and is operable to present the reformat-
ted information at a determined plane during an opera-
tive procedure. An operating microscope is freely lo-
cated in the operative location relative to the patient
during the operative procedure, the focal plane of the
microscope establishing the determined plane. A way is
provided to establish the spatial relationship among the
imaging system, the patient, and the focal plane of the
microscope; and a mechanism is provided to project the
reformatted imaging system information into the optics
and onto the focal plane of the operating microscope
during the operative procedure, the reformatted image
being displayed as an overlay upon the optical image of
the body part on which the operation is being per-
formed.

33 Claims, 17 Drawing Figures
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REFERENCE DISPLAY SYSTEMS FOR
SUPERIMPOSING A TOMAGRAPHIC IMAGE
ONTO THE FOCAL PLANE OF AN OPERATING
MICROSCOPE

The present invention relates to reference display
systems that may be used to integrate information from
three-dimensional imaging devices and an operating
microscope during an operative procedure on a patient.

Annexed hereto are appendices containing detailed
software to perform the mathematical calculations re-
ferred to later herein; the software is incorporated
herein to reduce unnecessary details in the explanation
that follows.

Although the present system is useful in other operat-
ing contexts, it is discussed herein mostly in the context
of neurosurgery, e.g., a craniotomy.

Three technologies—computer tomographic imag-
ing, stereotaxy, and microsurgery—have rapidly
evolved as important tools in clinical neurosurgery.
Advances in imaging techniques (CT, PET, MRI. ..)
now provide three-dimensional information about ana-
tomic and pathologic structures previously not realized.
Stereotaxy, through use of a three-dimensional coordi-
nate system and a mechanical frame, now allows the
delivery of a probe to an intracranial target with great
accuracy. The operating microscope provides the mag-
nification and illumination to enable surgeons to work
with significantly greater precision and safety. The
present invention integrates CT and computer technol-
ogy with stereotactic principles and the operating mi-
croscope to develop a computer-based optical system
for use during microneurosurgical procedures. This
technique has the capability to incorporate the available
computer technology with the operating room environ-
ment and many neurosurgical procedures.

At present, a neurosurgeon’s ability to perform intra-
cranial procedures for tumor, vascular disease or func-
tional disorder is dependent upon his mental integration
of the visualized operative field with his knowledge of
neuroanatomy and the available radiologic studies such
as CT scans. Available technology of the type herein
disclosed greatly improves that mental process and
achieves a far superior degree of operative precision
and safety. .

Conventional CT scans are oriented transversely to
the body axis and as the operative approach is rarely
along the axis of conventional scanning, the ability to
reconstruct a CT scan to match the surgical perspective
is highly appealing. A major objective of the present
invention is to provide a system that will superpose
reconstructed CT images over the field of view of the
operating microscope. The neurosurgeon will then see,
for example, the outline of a tumor (reconstructed by a
computer) superposed on the operative field.

There are a number of advantages of this reconstruc-
tion/projection system:

1. There need be no dependence on the surgeon’s
mental reorientation of CT scanner information;

2. The information can be displayed such that it will
not interfere with the neurosurgeon’s procedure or
require the reading of x-rays off a light screen some
distance away;

3. A computer-based anatomical atlas can be devel-
oped that will superpose on the operative field impor-
tant, but otherwise unseen, structures such as normal
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neuronal pathways and nuclei and major vascular struc-
tures; and . ‘

4. The neurosurgeon can use the superposed image as
a map accurately guiding operative procedures with
greater precision than presently possible.

CT scanning and reconstruction have become an
integral and important part of modern medicine; the
procedure used involves primarily image processing
software and computer graphics. Adaptation of stereo-
tactic technique to CT technology has been approached
in a number of ways. One useful technique developed
by others utilizes an adapted metal frame fixed to the
patient’s head at the time of scanning. Stereotactic coor-
dinates, relating the target position of CT-demonstrated
pathology to the stereotactic instrument, are generated
directly from the scans and the patient is then trans-
ported to the operating room. Other developed tech-
niques are adequate but often more cumbersome. All of
these enable stereotactic procedures generally charac-
terized by “blind” insertion of needle-like instruments
through small openings utilizing previously obtained
CT-determined landmarks. This has been a vital devel-
opment and a foundation for the present invention.
Earlier developments have not generally been amenable
to “open” procedures such as craniotomy for tumor or
vascular disease and, as previously noted, do not allow
access to CT data after selection of a target. The CT
information utilized is limited to the coordinates of a
point. All instruments select a target and set the instru-
ment accordingly; the present invention, operating in
reverse, allows free positioning of the microscope with
subsequent stereotactic positioning of the CT data.

The operating microscope has been incorporated into
CT stereotactic work described in two formal articles:
“A Stereotactic Approach to Deep-Seated Central Ner-
vous System Neoplasms Using the Carbon Dioxide
Laser” (Surg-Neurol, 15: 331-334, 1981, Kelly et al.);
and “A Microstereotactic Approach to Deep-Seated-
Arteriovenous Malformations,” (Surg-Neurol, 17:
260-262, 1982, Kelly et al.). The Kelly et al. develop-
ment has also employed surgical laser instrumentation
and shows the feasibility of achieving a synthesis of
technologies and the prospects of refining neurosurgical
operative techniques. Their technique of linking the
operating microscope and the stereotactic reference
system requires utilization of a large stereotactic frame
and does not employ a projection system. It is a further
objective of the present invention to eliminate the en-
cumbrance of such a frame and in doing so permit a
potentially widespread applicability to general neuro-
surgery.

Another objective of the present invention is to pro-
vide a system that will superpose appropriately refor-
matted, three-dimensional imaging information on the
surgical field as visualized through the operating micro-
scope.

A still further objective is to provide the capability to
present information of structure lying directly below
the focal plane of the microscope so the surgeon can
find the location on the surface directly above the re-
gion of interest.

Another objective is to present to the surgeon accu-
rate information on the boundary between different
tissues so the surgeon can locate such boundaries accu-
rately; for example, the surgeon may be debulking a
tumor and wish to know where the edge of the tumor is
relative to normal brain tissue.
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An additional objective is to overlay on the visual
field of the microscope, generic information from an
atlas of information about functional purposes of differ-
ent regions of the brain.

These and still further objectives are addressed here-
inafter.

The foregoing objectives are attained generally in a
reference display system (and method) for integrating
information from a three-dimensional imaging device
and an operating microscope during an operative proce-
dure on a patient, that includes: an imaging system (e.g.,
CT, MRI, PET, or ultrasound scanners) that contains
three-dimensional anatomical and/or pathological in-
formation about a part of the body (e.g., the brain or
other organs) of the patient; means to digitize the infor-
mation; a computer connected to receive the digitized
information (e.g., stored on tape, direct transmission, or
other ways), the computer being programmed to refor-
mat the stored information to present the same at a
determinable plane; an operating microscope positioned
in the operative location relative to the patient, the focal
plane of the microscope establishing said determinable
plane; means for determining the spatial relationships of
the imaging system, the patient, and the focal plane of
the microscope with respect to one another; and means
to project the reformatted imaging system information
into the optics of the operating microscope.

The invention is hereafter described with reference to
the accompanying drawing in which:

FIG. 1is a block diagram of a system embodying the

+ present inventive concepts, and including a reference

i system and an operating microscope;
= FIG. 1A shows schematically some of the optics of
“the operating microscope including a beam splitter;
FIG. 1B shows the beam splitter of FIG. 1A diagram-
matically;
FIG. 1C shows diagrammatically a few of the units
--shown in FIG. 1;
FIG. 1D is a diagrammatic view, partly cutaway, of

+ a commercially available operating microscope to

which has been added a beam splitter and other optical
elements needed to practice the present invention;

FIG. 2 shows schematically a portion of the system of
FIG. 1 wherein the reference system in FIG. 1 employs
acoustic transducers, including three microphones, and
three spark gaps;

FIG. 2A shows the three microphones in FIG. 2
disposed in a nonlinear configuration (i.e., at the apices
of a triangle);

FIG. 3 is a schematic representation of an articulated
structure to position the microscope of FIG. 1;

FIG. 4 shows diagrammatically the head of a patient
scanned in horizontal slices to provide feedback infor-
mation to the microscope;

FIG. 5§ shows diagrammatically the microscope of
FIG. 1 and its focal plane;

FIGS. 6A, 6B, and 6C show schematically an electro-
magnetic system (e.g., in the low frequency region of
the electromagnetic spectrum) to replace or augment
the acoustic system in FIG. 2; and

FIGS. 7A, 7B, 7C, and 7D are vector diagrams of
several coordinate systems which must be interrelated
to register the various images in accordance with the
present teachings.

In FIG. 1 the label 102 designates the important as-
pects of an operating room scene. It includes, in addi-
tion to a patient and a neurosurgeon, a reference display
system of the present invention shown to include the
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block diagram elements within the broken line enclo-
sure labeled 101. The reference display system 101 re-
ceives information from a three-dimensional imaging
device 1 (e.g., a CT, an MRI, or a PET scanner or an
ultrasonic imaging device) and it includes an operating
microscope 2. The function of the system 101 is to ex-
tract information concerning a region of the brain of the
patient by a CT scan, for example, and to present that
information in the form of an image at the focal plane
(labeled 99 in FIG. 1A) of the microscope 2 during an
operation, at the same time as the same region of the
brain is displayed as an optical image at the focal plane
99. In this way the surgeon can view simultaneously the
actual brain region as well as a reconstruction of the
brain region which highlights a problem area such as a
tumor which is to be removed. (The CT scanner 1 and
the treatment planning computer 4 actually used by the
inventors are commercially available systems.)

To simplify this explanation, the three-dimensional
imaging device 1 will be considered to be images from
a a CT scanner. The interacting elements in the system
101 serve to integrate three-dimensional anatomical
and/or pathological information derived from the
brain, or other organ or body part, by the scanner 1
with the surgical field as visualized through the micro-
scope 2 to present a composite view at the focal plane
99 to the surgeon. The scanner 1 provides image infor-
mation that is stored, e.g., on x-ray film or digital tape or
by a first computer 4. If not in digital form, the informa-
tion is digitized and the digitized information is con-
nected as input at 3 to the first computer 4 that acts as
a treatment planning computer that provides an output
5 that is transferred to a second computer 6. (The com-
puters 4 and 6 can, in fact, be the same or different
computers.) The scanner 1 can provide real time data to
the computer 4, but, typically, the information is stored
on magnetic tape and, later, it is introduced to the com-
puter 4 for processing. The computer 6 takes the infor-
mation from the computer 4 and information from refer-
ence system 11 that identifies the microscope focal
plane in the digitized information from the computer 4.
The computer 6 is programmed to reformat the digi-
tized information and to provide an output signal at 8
representing the reformatted information. The informa-
tion at 8 eventually is fed to an optical display system 7
(i.e., a cathode ray tube or CRT) which forms an image
that is displayed at a determined plane (which is at the
focal plane 99 in FIG. 1A) of the microscope 2, as now
explained.

Assuring that the image of the brain region generated
by the computer 6 and displayed by CRT 7 registers
with the image of the same brain region at the focal
plane 99 in FIG. 1A is a nontrivial problem and is a
most important aspect of the present invention, as dis-
cussed later, but first there follows an explanation of the
mechanism used to present the reformatted information
as an image at the focal plane 99. Whereas the signals at
3, 5, and 8 are electrical signals (i.e., either analog or
binary), the signal output at 9 of the CRT 7 is an optical
signal which conveys the reformatted information as an
image to the microscope 2 which receives another
image at 10 from the patient. The neurosurgeon can see
both images since they are superposed upon one an-
other.

The superposed views that radiate to the neurosur-
geon at 12 in FIGS. 1 and 1A are achieved by using a
beam splitter 98 in FIG. 1A, which is within and is part
of the microscope 2 and is introduced into the optical
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path of the microscope. The beam splitter 98 may be a .

prism (see FIG. 1B) or other beam-splitting device that
is used to superpose or add the two images. A few prop-
erties of the beam splitter used are important. It must
have a reflection-transmission coefficient ratio such that
the superposed images are not washed out or faded by
the illuminated operative field. The beam-splitting op-
tics must not introduce any visnally disturbing glare or
aberration. The additional optical path length ideally
should be less than five centimeters to maintain an ac-
ceptable surgeon eye-to-hand distance. There are also
weight and physical size constraints.

‘The computer-generated image, then, is displayed on
the display or video screen of the CRT and provides
one image that the surgeon sees. The display screen
must be bright enough to provide an acceptable super-
posed image on the image from the illuminated opera-
tive field. The CRT also has size constraints since it,
too, is mounted on the microscope 2.

The operating microscope used in experimental work
was an OPMI-1H (marketed by Carl Zeiss, Inc., One
Zeiss Drive, Thornwood, N.Y. 10594). The beam split-
ter was #474622 of the same company. The CRT used
was model #v{-1900, marketed by J.V.C. Corporation
of Maspeth, N.Y.

The beam splitter-CRT assembly must be attached to
the standard operating room microscope so that the
beam splitter is in the optical path of the microscope. In
the present configuration the beam splitter-CRT assem-
bly, consisting of the CRT 7 and the beam splitter 98 in
" FIG. 1D, is inserted between the beam-splitter mount
used for attaching cameras (e.g., a camera 96) and hold-
ing the observer’s eyepieces labeled 94A and 94B and
the structure shown at 93 in FIG. 1D containing the
objective lens and light source. The function of the
beam splitter 98 has already been described. A spacer 97
is inserted to provide a proper mechanical fit and to
permit proper operation of the focusing knob on the
microscope. The CRT 7, whose function has been de-

scribed, is attached to the beam splitter 98 through the

drawing tube 92. The drawing tube 92 contains two
lenses that can be adjusted to ensure the proper scale
and focus of the CRT image in the surgeon’s eyepieces
94A and 94B. It will be observed from the above expla-
nation and FIG. 1D that the cutaway portion (i.e., the
cross-hatched portion) of the figure contains the ele-
ments added to the commercially available microscope.

It will be appreciated, on the basis of the foregoing
explanation, that the computer-generated image of the
brain region of the patient can be precisely located at
the focal plane of the microscope because the CRT and
the beam splitter are rigidly attached to the microscope.
It remains, therefore, to bring the optical image of that
same brain region to the focal plane to effect registra-
tion of the images. This requires precise knowledge as
to the spatial location of the microscope and of the
patient relative to the microscope, as explained below,
but first there is a brief explanation with reference to
FIG. 3 of how the microscope is manipulated, it being
preliminarily noted that such systems are well-known in
the art to which the present invention pertains.

Movement of the microscope marked 2A in FIG. 3 is
effected by a six-degree of freedom, articulated struc-
ture 103 consisting of arms L1-L7 with joints J therebe-
tween. The articulated structure 103 permits movement
of the microscope 2A to a desired location for perform-
ing the operative procedure.
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‘As is indicated above, the articulated structure 103 is
a commercially available structure; the microscope 2A
is the microscope 2 of FIG. 1 with the optical display
system 7 (FIG. 1) and other attachments incorporated
therein, as shown in FIG. 1D and elsewhere. The re-
mainder of this specification is directed mostly to a
scheme for registering a computer-generated image
with the image derived from the same part of the brain
(or other body part) and viewed in the microscope, the
aim being to present to the surgeon a computer-
generated or reformatted image (from a CT scan or
other imaging system) superposed (in proper orienta-
tion and scale) upon the direct optical image from the
brain being operated on (or a reformatted image of the
direct optical image), at the image screen of the micro-
scope. It is toward that precise superposition that this
invention is directed, that is, establishing the spatial
relationship among the imaging system, the patient, and
the focal plane of the microscope.

The imaging system, as above explained, may bea CT
scan, an MRI scan, a PET scan, an ultrasonic imaging
device, or the like. The mechanism to introduce to the’
focal (image) plane 99 of the microscope 2A in FIG. §
the computer-generated image derived from the partic-
ular imaging system is described above. The mechanism
to present at that focal plane the appropriately refor-
matted computer-generated image is now discussed.

Superposition of these images requires microscope,
patient, and image data. This is accomplished by spa-
tially relating both the imaging data and the operating
microscope to the same points (hereinafter calied fidu-
cials) on the patient. The general registration procedure
involves CT scanning the patient with at least three
fiducials 22A-22C (FIG. 2) attached to the head of the
patient (the patient may be supine, as shown in FIG. 2,
or seated). The fiducials are composed of a material
(e.g., glass), that is physically detectable by the imaging
system (i.e., the CT scan at this part of the explanation)
during scanning as well as visually to the microscope
2A; they are attached at a position observable by the
microscope to permit focusing the microscope on the
fiducials (i.e., at the focal point marked 98A in the focal
plane of the microscope, as shown in FIG. 5) to achieve
registration of the computer-generated image from the
CT scan with the optical image of the same region of
the patient at the focal plane of the microscope, as now
discussed in greater detail. :

A preferred way to establish the spatial relationship
between the microscope and the fiducials, as well as to
track any subsequent movement of the microscope,
includes an ultrasonic range finder (typically using
50-60 kHz ultrasonic wave energy) or reference system
11 in FIG. 1 whose output is digitized. As shown in
FIGS. 2 and 2A, the ultrasonic range finder includes at
least three spark gaps 20A-20C (in a nonlinear configu-
ration) that serves as sources of acoustic wave energy.
Each gap emits the energy in the form of sound pulses
which are received by (at least) three microphones
21A-21C whose positions are nonlinear and fixed in the
operating room (e.g., in the ceiling marked 24 of the
room). The spark gaps are located on the microscope,
again marked 2A in FIG. 2, a fixed distance from the
focal plane of the scope. (In practice the spark gaps
20A-20C may be removed from attachment to the mi-
croscope 2A, in which instance their position and orien-
tation relative to the focal plane 99 must be re-estab-
lished for each operation.) The use of three spark gaps
allows unique delineation of both the position and the
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orientation of the microscope 2A with respect to the
three microphones 21A-21C.

To understand the details of the algorithms for calcu-
lating the proper reformatted image at 9 in FIG. 1 to
project into the focal plane 99 in FIG. 1A of the micro-
scope 2 in FIG. 1, it is useful to discuss three separate
coordinate systems and the relationships amongst them.
When three-dimensional image information of a patient
is taken, e.g., a set of CT scans, an imaging coordinate
system (the first of the three coordinate systems) can be
established, as shown in FIG. 4 (called XcT1, Ycr, ZoT
hereinafter). For convenience the z-axis can be taken as
parallel to the longitudinal axis of the patient and the x
and y axes in the transverse plane. All initial image data
is referred to this, the first, coordinate system. A second
orthogonal coordinate system can be defined in the
focal plane of the microscope z; let it be called (Xas, Yar,
Zp). The relationships between the image (or CT coor-
dinate system) coordinate system (Xcr, Yor, Zcr) and
the focal plane coordinate system (Xps, Yar, Zy) is
shown in FIG. 7A. While the image (or CT coordinate
system) is fixed with respect to the patient, the focal
plane (or microscope) coordinate system (Xas, Yar, Zar)
moves through space relative to the CT coordinate
system as the microscope 2 is moved. To reformat prop-
erly the image data, a mathematical transformation that
relates the image data to the focal plane must be found.
The information necessary to determine this mathemati-
cal relationship is found by the ultrasonic (or magnetic
or other) range finding system disclosed herein. The
details for one implementation of the ultrasonic range

- finding system are given next. Other equivalent meth-
. ods are possible and well-known in the art.

The information needed to reconstruct and display
the image information can be divided into three parts:
(1) the equation of the focal plane in FIG. 7A in CT
coordinates is necessary to determine the appropriate
reconstructed image; (2) the CT coordinates of the focal
plane must be determined such that the center of the
focal plane and the reconstructed slice will be properly
displayed; and (3) the three direction cosines (ay, ay, az
in FIG. 7A) of the Yraxis of the microscope coordinate
system with respect to the Xcr, Yer, and Zcr axes must
be known to properly orient the CT image date.

A third coordinate system, the oblique spark gap
coordinate system (Xs, Ys, Zs) as shown in FIG. 7B,
can also be defined to help determine the proper rela-
tionships. The coordinate system in FIG. 7B is defined
by the location of the spark gaps on the microscope, i.e.,
by the points 20A, 20B, and 20C in FIG. 2. The focal
point of the microscope and the microscope coordinate
system are fixed relative to the oblique spark gap coor-
dinate system.

To determine the oblique spark gap coordinates of
the focal point, the following procedure can be used.
Position a fourth spark gap (e.g., 20D in FIG. 2) at a
fixed position underneath the microphones labeled M,
M3, and M3 in FIG. 7C (that correspond to the micro-
phones 21A, 21B and 21C in FIG. 2), fire the fourth
spark gap 20D, and, using the ultrasonic digitizer, mea-
sure the slant ranges from the fourth spark gap to the
three microphones, M, M, and M3, which are located
at distances D1, Dy, D3, respectively, from focal point
F, where D1 equals the distance from any microphone
M; to the focal point (see FIG. 7C). Then focus the
microscope 2 on the tip of the fourth spark gap 20D and
fire the three spark gaps (20A, 20B, 20C in FIG. 2) on
the microscope 2. Let P (Xs, Ys, Zs), represent the
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location of any one microphone, e.g., My, in the spark
gap coordinate system (see FIG. 7D). The slant ranges,
SL,, SL,, and SLj3 to the point P (Xs, Ys, Zs), are
known from the ultrasonic digitizer measurements. To
determine the location of the microphone (Xs, Ys, Zs)
from the slant ranges, SL;, SLy, SL3, the following
equations are used.

Py = (S}, + SLi2 — SL3%)/283
Py = (8%, + SLi? — SL)/2512
Xs = (Px — Pycos w)/sin? w
Ys = (Py — Pxcos w)/sin? w

As = (SL12 — X2 — Ys? — 2Xscos w)t

All quantities are defined in FIG. 7D. The quantities
S31, S21, and w are assumed known and in practice
obtained by direct measurement with precision mechan-
ical calipers, where S3; is the distance between the first
spark gap (e.g., the spark gap 20A in FIG. 2) and the
third spark gap (e.g., the spark gap 20C in FIG. 1), Sa;
the distance between the first and second spark gaps,
and w the angle between the line S31and S71. Therefore,
if SLy, SL3, and SL; are the slant ranges to microphone
My, Xs1=Xs, Ys1=Ys, Zs1=Zs) are the coordinates
of the microphone M in the oblique spark gap coordi-
nate system. The coordinates of microphone M3 (Xs2,
Ys2, Zs2) are determined similarly. Hence, the location
of all microphones in the spark gap coordinate system is
now known.

If one lets the coordinates of the focal point in the
oblique spark gap system be denoted by (Xp, Y, Zp),
the relationship between (D1, D3, D3) which have been
measured, and (Xp, Yp, Zgp) are

Df = (Xp — X + Yp — ¥)? + Zp ~ ZgP +

2Xp — Xo) (Y — Ys) cos w
i=123

This gives three equations in the three unknowns and
can be solved for Xy, Yy, Zgp by any standard algo-
rithm, which is well-known to those skilled in the art,
for example, by using an interactive Newton method.
Hence, the coordinates of the focal point in the oblique
spark gap coordinate system is determined by ultrasonic
range finding measurements. (It should be noted that
Xfp» Y Zygp can be obtained more directly by measure-
ment of the distance from the focal point to the three
spark gaps. However, this measurement may not be
convenient to perform in the sterile environment of the
operating room, since the spark gaps and their holder
must be sterilized.)

Once the coordinates of the focal point are known in
the oblique spark gap coordinate system, it is necessary
to determine the position and orientation of the focal
plane. This information can be obtained several ways.
One procedure for accomplishing this step is to focus
the microscope on three known points (e.g., the fidu-
cials 22A, 22B, and 22C herein) located at the origin and
on the X and Y axes of an orthogonal coordinate sys-
tem. At each of these locations the spark gaps are fired
and the slant ranges recorded and stored in the com-
puter. The microscope is then carefully positioned so
the optical axis is perpendicular to the plane defined by
the X-Y axis. (This operation is made possible by a knob
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on the microscope mounting system which moves the
microscope only along this axis.) The spark gaps are
again fixed and the new slant ranges are stored. Using
equations well-known to those skilled in the art of me-
chanics and essentially equivalent to those presented
above, the equation for the focal plane, properly ori-
ented, can be determined.

As is noted above, the spatial location of the spark
gaps relative to the focal plane 99 and the relative orien-
tation of the plane defined by the three spark gaps
20A-20C and the focal plane 99 are established. The
patient is placed within the view of the microscope 2A
with the three (or more) fiducials in place and the pa-
tient’s head is fixed. The microscope is then focused on
each fiducial individually to establish the position of the
information stored in the computer 6 with the location
and orientation of the microscope relative to- the pa-
tient. As the position of each fiducial is determined
relative to the focal point 98A (FIG. 5); the spark gaps
are fired to establish position and orientation with re-
spect to the CT information stored in the computer 6
relative to the patient, thereby establishing (when all
fiducials have been located) the positions of the patient’s
head or other body part, the fiducials and the CT scan
information.

The fiducials are critical to registration of the recon-
structed CT image (or the “computer-generated image”
as it is also called herein) derived by the imaging system
1in FIG. 1 with the optical image derived by the micro-
scope 2A at the focal plane of the microscope. The
spark gaps 20A-20C (FIG. 2), as above noted, are
mounted on and in fixed spatial relationship to the mi-
croscope, and the microphones 21A~-21C are mounted
on and in fixed spatial relationship to the ceiling labled
24 (the operating table labeled 25 is also fixed spatially
within the operating room); hence, with the patient’s
head rigidly clamped to the table 25, the position of the
fiducials 22A~-22C relative to the microphones can be
determined. The positions of the microphones 21A-21C
with respect to the CT scan slices (FIG. 4) are then
determined by focusing on each fiducial separately and
the coordinates of each microphone in the CT coordi-
nate system is established.

Once these steps are completed the system is regis-
tered and the precise spatial relationships between the
fiducials located on the patient, the microphones, and
the CT data stored in the computer 6 are uniquely estab-
lished and the system is ready for use during a surgical
procedure. After normal surgical preparation, the sur-
geon positions the microscope over the region of inter-
est. When the microscope is fixed in position and not
moving, the surgeon has the sparks 20A-20C fired and,
using the algorithms described above, the position of
the focal plane is determined in CT coordinate space.
This information is passed to the image reformatting
routines in the computer 6 and the CT image for the
focal plane (or, at the neurosurgeon’s discretion, the
image of a plane at any distance below the focal plane,
or the projection of an object of interest, e.g., a tumor,
onto the focal plane) is calculated and displayed by the
optical display system 7 in FIG. 1. Each time the micro-
scope is repositioned the above procedure is repeated,
i.e., the sparks are fired again, and a new reformatted
image is calculated and displayed. There now follows a
discussion of a preferred way to establish the coordi-
nates of the microscope in the context of the operating
room.
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Returning now to FIG. 2, the mechanism to establish
the coordinate system of the microscope 2A (and hence,
coordinates of the focal plane which is what is needed)
includes the spark gaps 20A-20C and the microphones
21A-21C which form part of an ultrasonic range finder
(typically, acoustic wave energy of about 50-60 kHz is
used) whose output is digitized. The spark gaps
20A-~-20C serve as a source of sound pulses; the gaps are
located on the microscope 2A a fixed distance from its
focal plane. The position of the microphones is fixed
(and known) with respect to the operating room. The
range finder notes the time elapsed between emission of
each acoustic pulse by each spark gap and its reception
by each of the three microphones 21A-21C. Since the
speed of acoustic propagation is known, the distance,
often called the slant range, between each spark gap and
microphone is known. From this data the position of
each spark gap relative to the fixed position of the mi-
crophones can be found. (In the context of this explana-
tion, the ultrasonic range finder includes the spark gaps
20A-20C, the acoustic receiver or microphones
21A-21C and the computer 6 in FIG. 1.)

It should be noted that the speed of propagation of
acoustic energy is affected by both temperature and
humidity, but, for present purposes, humidity effects
can be neglected and corrections are made in the system
herein for temperature. Also, using three (or more)
spark gaps and three (or more) microphones (or other
transducer-receivers) in a nonlinear array permits not
only the determination of position of the focal plane of
the microscope 2A, it also permits determination of the
orientation thereof. Some general comments now fol-
low.

The reconstructed CT scan, as above indicated, must
eventually be displayed in the microscope as a two-di-
mensional CRT image. This involves converting the
reconstructed slice from a matrix of image data in three
coordinates to one of two coordinates (x, y). A micro-
scope coordinate system could represent the focal plane
as x and y, normal to the optical axis with the origin at
the focal point (see FIG. 5). This technique requires a
transformation of coordinates because the microscope
coordinate system will be constantly changing with
respect to the location of the microphones and CT scan
data of the patient as the surgeon moves the micro-
scope. Regardless of the reference frame used for recon-
structing the slice, in order to display the proper image,
the slice must be transformed into microscope coordi-
nates. The advantage of transforming all the data and
performing the calculations in the microscope coordi-
nate system is that if the surgeon moves the microscope
only slightly or along the optical axis, the reconstruc-
tion calculations can be greatly reduced and aliow the
surgeon to quickly call up new slices for viewing. A
discussion of the reference system 11, in FIG. 1, now
follows.

The reference system 11 must determine the position
of the microscope and its focal plane with respect to the
patient’s head and CT scans given the distances be-
tween spark gaps 20A-20C and microphones 21A-21C.
The purpose of this explanation is to determine the
appropriate placement and orientation of the spark gaps
given the constraints of the ultrasonic digitizer.

As mentioned earlier, at least six pieces of informa-
tion must be known about a rigid body (microscope) to
locate it in a fixed coordinate system (CT). It is easier to
determine the coordinates of three points (nine pieces of
information) rather than the coordinates of a point and
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three relative angles position of the microscope. There-
fore, three spark gaps are needed in addition to at least
three microphones. Physical and aseptic constraints in
the operating room prevent mounting either the micro-
phones or the spark gaps on the patient’s head to deter-
mine the relative microscope-CT scan positions.

The general registration procedure invoives CT scan-
ning the patient with at least three fiducials attached to
the head. With the spark gaps mounted on the micro-
- scope and microphones mounted on the ceiling, the
patient’s head will be placed in a rigid clamp which
anchors the position of the fiducials with respect to the
microphones (see FIG. 2). The positions of the micro-
phones 21A-21C with respect to the CT scans are then
determined by focusing on each fiducial, as is discussed
elsewhere herein.

The acoustic system described above can be replaced
by an electromagnetic position and orientation measure-
ment system, e.g., the system developed by Polhomus
Navigation Sciences Division, McDonnell Douglas
Electronics Company, PO Box 560, Colchester, Vt.
05446. The basic principle behind this system is to mea-
sure the back EMF (electromotive force) created in a
coil 51 by a magnetic field generated by a source coil 50.
The coil 51 is called the receiver or sensor coil or
tracker as shown in FIG. 6A. Since the magnetic field
generated by a source coil can be calculated, the volt-
age or back EMF induced in the second coil can also be
calculated. This voltage is dependent on the source
current, Isi, the number of turns in the coils 50 and 51,
the coil geometry (shown as circular in this figure), and
the separation and relative orientation of the two coils
50 and 51. A single sensor and receiver coil will not
uniquely determine the separation and orientation of the
two coils, or even the magnetic field generated by the
sensor coil at the receiving end. Since a magnetic field
has three spatial components, if three receiving coils are
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used, as shown in FIG. 6B, the magnetic field generated
by the source coil at the receiving system (consisting of
three receiving coils 51A, 51B, and 51C), can be mea-
sured, and hence, the magnetic field generated by the
source coil 50 in FIG. 6B is known.

To uniquely determine the position and orientation of
the receiver system with respect to the source system,
three source coils 50A, 50B, and 50C must be used, as
shown in FIG. 6C. To determine the position and orien-
tation of the receiver with respect to the source, the
following procedure is used. First, an alternating cur-
rent Is; is generated, and three receiving voltages (V g1,
1, VR2, 1, VR3, 1) are measured and recorded. The first
current is then turned off, and the second source cur-
rent, Is; is turned on. This current generates the three
voltages (VR1, 2, VR2, 2, VR3,2) which are measured and
recorded. Current Is; is then turned off, and current Is3
turned on, the voltages (VRr1, 3, VR2, 3, VR3, 3) are then
measured and recorded. From knowledge of the three
currents (Is1, Is2, Is3) and the nine voltages (Vg 1,
VRa,1, VR3, 1, VR, 2, VR2,2, VR3,2, VR1, 3, VR2, 3, VR3,
3), plus the number of turns for each coil and its physical
dimensions, and a basic knowledge of physics, the posi-
tion and orientation of the sensor coil and the receiving
coil can be uniquely determined. An electromagnetic
supply 53 furnishes current to the coil 50 (or 50A, S0B,
and 50C) and a signal processing circuit 54 measures
VR1...; outputs of the processor 54 are connected to
the computer 6. The system in FIGS. 6A-6C provides
exactly the same information as the acoustic spark-
microphone system, and hence, the acoustic system can
be replaced by the magnetic system.

An optical system can be used as an alternative to the
acoustic system described earlier.

Further modifications of the invention herein dis-
closed will occur to persons skilled in the art and all
such modifications are deemed to be within the scope of
the invention as defined by the appended claims.
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<0 ¢ APPENDIX C )

3n

4D ¢ THESIS TITLE: REFERENCE - DISPLAY SYSTEM FOR THE INTEGRATION OF CT
50 * SCANNING AND THE DOPERATINC MICROSCOPE

&0 7

70 / FILENAME: FPL

80

90 * PRUGRAMMER: JOIN F. HATCH

100 * DATE: AUGUST, 19u4

110

120 ¢ NOTE: REFER TD CHAPTER & IN THFESIS FOR EQUATIONS,

13D ‘ AND REFERENCE 10 FOR ALGORITHIMS.

140

150 ¢ THIS FILE DETERMINES THE COORDINATES OF THE FOCAL. )
160 / NGRMAL AND ORIENTATION PDIMTS IN OBLIGUE SPARK CAP COORDINATES
170 ‘ FOR DOTH THE SITTIMNS AND GUPINE SPARK GAP HRACKE1S,

180 ¢ THEM IN FILES SIT AMD SuUb.

170 .

200 OPTION BASE 1 ¢+ GET LOWIER ARRAY INDEX TO 1 FOR CONVEMIENCE
210

220 ¢ ALLOCCATE SPACE FOR ARRAYS

230 ‘ NOTE: ARRAY NAMES FOLLOWED BY A “#" SIGN ARE DOUBLE PRECISION
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240

250 DIM Jit(3. 3) fUACORTAN MATRIX COEFFICIENTS

2460 DIM 14#(3, 3) fJACODTAN MATRIX INVERGE

270 DIM SRMEAN(Z. )  FIEAN SLANT RANGLS

280 DIM SEATA(4, 3.3) ' SLANT RANRE DATA

2%0 DIM FQCAL (3, 3) ’ ONLIQUE SPARK GAP COORDINATES OF THE FOUAL., NORMAL
3¢o AND ORIEMTATION POINTS

310 DIM NSDL(3. 3
+ 320 DIM FX(3,3)
330 DIM MVH#(D)
340 DIM M#1100, 3
350 DIM SL(3) SUANT RANGE DATA
350 DIM T(3 ITERATION ERRORS

‘* COURDINATE SOLUTIONS TO NEWTON
370 DIM GIST(3,3) ‘ MICROPHONE-FOCAL POINT DISTANCES

FIXED GRID COORDINATE SYSTEM
ITERATION VARIANLE (N-1)
ITERATION VARIABLES

380 DIM MIKE(D, D MICROPHONE COORDINATES IN FIXED CRID CUORDINATE SYSTEM
390 DIM NPOIMNT(3) NGRHAL POINT COORDINATES IN FIXED CGRIND COORDINATE SYS
400 DIM OPOINT(3) ORIENTATION POINT COORDINATES IN FIXED GRID SYSTEM

410 DIM GRID(3, 3 COORDINATES OF MICROPHONE FLANE GRID

420 DIM SLANT(150.3) SLANT RAMGES

430 DIM F#(4) * ITERATIVE SOLUTION TO NEWTON

431 DIM CLASS(7) ‘HISTOGRAM CLASSES

432 DIM MICE(4, 3) ‘MICROPHONE ARRAY

433 DIM SMEAN(Q) ‘STANDARD DEVIATIONS OF SLANTRANGES
434 DIM DBAD(3) 'SLANTRANGES > 245HCM

435 DIM SD(3) ‘STANDARD DEVIATIONS OF SLANTRANGES

436 MICE(1, 1)=3: MICE(1,2)=4: MICE(1,3)=2: MICE(2,1)=1: MICL(, 2)=3
437 MICE(2,3)=4: MICE(3:1)=4: MICE(3J.2)=2: MICE(3,J1=1: MICE(4,11=13
438 MICE(4,2)=1: MICE(4,3)=2
439 SCALL = O

‘

443

450 ‘ MEASURED DISTANCES DETWEEN SPARK GAPS IN CM.

4460 S12=30. 041 ’ BPARK GAP 1 — SPARK GaP 2

470 S23=29. 995 ’ GPARK GAP 2 — SPARK €Al 3

480 531=29. 657 ‘ SPARK GAP 3 - SPARK GaAPR 1

470

S00 CW=(512~2+531"2-523~2)/(2#512#531) / COSINE OF ANGLE M, &-51-S3 EGN. 6.1
510 SaW=1-Cl»CW  SINE -SQUARED OF ANGIE W, S52-51-43

St1

Sta sPT = 1

513 PRINT“IF FPL FAILED PREVIOUSLY THEN YDU CAN RESUME AT ANY GTACE.
514 PRINT"ANSWER ‘Y’ IF YOU WANT TO RESUME, ANSHF“ ‘N’ IF THIG IS THE"
515 PRINT"FIRST RUN OR YOU WANT TO REDO FPL COMPLLIELY"”

516 INPUT ANSWERS

517 IF ANSHERS="N" THEN CGOTO 5L0

318 IF ANSWERICD"Y" THEN GOYO L1303

519 PRINT

520 PRINT"ENTER THE NUMBER OF YIIE CRIDPOINY FROM WHICH YOU UANT TD RESTART™
521 INPUT SPT

S22 OPEN "RESUME. DAT" FOR INPUT AS 13

523 INPUT #3, MNOT

524 INPUT #3, NUMSPAR

525 FOR LOOPL = 1 TO 3

926 INPUT #3, FOCAL(1,1.00P1)

S37 NEXT L.00OP1

528 FOR LOOPY = 1 TO SPT

ac9 FOR LOOP2 = 1 TO 3

530 FOR LOOP3 = { TO 3
531 INPUT i3, SDATA(LOORL, LOOP2, LNONT)
532 NEXT LOOP3

833 HEXT LODP2

534 NEXT LOOP1

535 CLOSE #3

536 SCALL = SPT + 1: IT¥R = 305

537 QPEN "FPL.LOG" FOR OUTFUT AS #2

538 GOTOD 2010

550

550 PRINT

570 PRINT"WHICH MICROPHONE SHOULD BE SHUT OFFF 2%

SCO INPUT MMOT

590 ¢

660 PRINT

670 PRINT"TURN ON DICITIZER AND GPARK GAP MULTIPLEXER.*

450 PRINT

690 PRINT"NOTE: THE DIGITIZER/COMPUTER COMMUNICATIONS MAY FA)L. INITIALLY. "
700 PRINT“DO NOT WORRY — THIS IS NORMAL. JUST RETYPE ’FPLﬁ Y THOUT TURNING*
710 PRINT"OFF THE DIGITIZER AND YQU SHOULD HAVE NO PROBLEN.

720

730 ¢ CALL SUBROUTINE FPLANE TO DETERMINE THE OBLIQUE SPARK GAP CODRDINATES
740 ¢ OF THE FOCAL., NORMAL AND ORIENTATION POINTS

750 7

760 308UB 1170 ‘ CALL FPLANE

770
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780 ¢ NOW THAT THE RELATIONSHIP BETWEEN THE SPARK GAPS AND THI: FOCAL PLANE
790 ¢ HAS BEEN ESTABLISHED, STOP THE PROCRAM.

gao -

810 STOP

820

830 ‘ SUBRCUTINE: DISTANCE

840 -

£50 ‘ THIS SUBROUTINE CALCULATES THE DISTANCE FROM THE FOCAL FOINT IN OBLIGUE
840 ‘ SPARK GAP COORDINATES AND THE MICROPHONES.

870 -
'890 ¢ INPUTS: FOCAL(1,COORD) -~ OBLIQUE SPARK GAP COORDINATES OF FOCAL POINT,
&70 SL(POINT) - SLANT RANGE DISTANCE TO MICROPHONES;

900 - CW - COSINE OF ANGLE W, §2-51-53 (SPARK GAPS);

910 * S2W - SINE SQUARED OF ANGLE M, S2-51-53 (SPARK GAPS)

920 * OUTPUT: D - DISTANCE FROM FOCAL POINT TO MICROPHONE

930

940 * POINT 1 - OBLIQUE MICROPHONE COORDINATES — \|

950

960 * CALCULATE PROJECTIONS OF SLANT 1 ON X AND Y SPARK AXES

970 XP1=(SL(1)~2+531°2-5L(3)~2)/(2xS31)  ‘ EGN. &.3

980 YP1=(SL(1)~2+512°2-SL(2)~2)/(2¥S12) ' EGN. &. 4

270

1000 * CALCULATE OBLIGUE COORDINATES OF PDINT 1

1010 X1=(XP1-YP 1aCW) /S2U : * EGN. 6.8

1020 Y1=(YP1-XP1#CW) /821 ¢ EGN. 6.9

1030 21=(SL(1)72-X1+2-Y1~2-2aX1#Y14CW)~ 5 ¢ EGN. 6. 12

1010 *

1050 ‘ POIMT 2 - FOCAL POINT COORDINATES

1060 ,

1070 X2=FOCAL(1.1)

1080 Y2=FOCAL(1,2)

1650 Z2=FOCAL(1.3)

1100

1110 * CALCULATE DISTANCE D USING OBLIQUE DISTANCE FORMULA, LGH & 14

1120 *

1130 D=(X2-K1)72+(Y¥2-Y1) 24 (22-21)"2+2#(X2-X1)#(YR~Y 1) aCl

1140 °

1150 RETURN

1160 *

1170 * SUBROUTINE: FPLANE

1180 ¢ .

1190 ‘ THIS SUBROUTINE DETERMINES THE OBLIQUE SPARK CAP COORDINATES OF THiK
1200 ‘ FOCAL. NORMAL AND ORIENTATION POINTS FOR THE SITTING UK SUPINE SPARK
1210 ' BRACKET

1220 -

1230 ‘ OUTPUT: FOCAL(POINT,COORD) - ODLIGUE SPARK GAP COORDINATES OF THE FOCAL.
1240 - NORMAL. AND ORJENTATION POINTS

1250 * SUBROUTINES NEEDED: SRINP, NEWTON, STORE, DISTANCE

1255 OPEN “FPL.LOG" FOR OUTPUT AS #2

1260 *

1261 PRINT

1262 PRINT"HOW MANY SPARKS DO YOU WANT TO FIRE (MAX. 130) 7%;
1263 INPUT MUMSPAR
1264 JF (NUMSPAR>150) OR (NUMSPAR<1) THEN GOTO 1261
1265 PRINT
1270 PRINT
1280 PRINT"ANCHOR THE FOURTH SPARK GAP UNDER THE MICROPHONES SUCH THAT IT CAN®
1290 PRINT“DE EASILY FOCUZSED UPDN. CONNECT THE SPARW GAP TO 11IE ‘SPARK GAP 1"
1300 PRINT"QUTPUT ON THE SPARK GAP MULTIPLEXER. MAKE SURE MICRUOSCOPE IS QUT OF“
1310 PRINT"THE WAY. DO NOT MOVE OR DISTURB THIS SPARK GAP WITH RESPELCTY TO THE®
1320 PRINT"MICROPHONES ONCE 1T HAS BEEN ACTIVATED (FIRED) BY 1HE DIGITIZER!®

7

1340 7 SET SPARK GAP FLAG TO 1 INDICATING ONLY ONE SPARK CAP MUST D FIRED

1350 SFLAG=1 f
’

1370 ’ FIRE FOURTH SPARAX GAP TO DETERMINE THE!DISTANCES BETWEEN THE FOCAL POINT

1380 7 AND THE MICROPHONES.
7

S
S

1399 SCALL = SCALL + 1 ‘ ot
1400 GOSUB 4070 ‘ CALL SRINP

1410 .
1420 ‘ STORE THE SGUARED SLAMT RANCES IN ARRAY DIST TO BE USHFD BY NEWION
1430 FOR M¥=1 TO 3  GIEP THHOUGH EACH MICRUPHIGHE.

1440 DIST(MA, 1)=(SRMEAN(IMK, 1))~2 ‘ MICROPHGNE — FOCAL POINT DISTANCES

1450 NEXT HK

‘ NEXT MILCROPHONE

1470 PRINT

1480 PRINT"CONRECT ALL THREE SFARK GAPS TO THE SHARK GAP MULTIPLEXER AND THENY
1490 PRINT"FOCUS THE MICROSCOFE, AT THE HIGHHEST MAGNIFICATION (2. 9), UN THE"
1500 PRINT"TIP GF THE FOURTH SPARK CAP, MAXKING SURE THE FOURTH SPARK GAP 1S*
1510 PRINT"NOT DISTURDBED. *
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1530 * COLLECT SLANT RANGES FOR FOCUSED MICROSCOPE

1539 SCALL = sCalLL ¢ 1

1540 GQOSUB 4070 ¢ CALLL SRHINE

1550

1560 ‘ CALOULATE THE OBLIQUE SPARK GAP COORDINATES OF THE il £ MICROPHONES
1570 * GIVEMN THEIR SLANT RANCES

1330

1590 FOR MH=1 TO 3 * STEP THROUGH EACH MICROPHONE

1600

16410 ‘ CALCULATE PROJVECTIONS OF SLANT RANGE 1 ON THE X AND Y GPARA Gab AXES
1620 1

14639 XP=(SRMEANIMK, 1) ~2+831"2-SRMEAN(MK, 31721 /(28631 * EGN. 6. 3
1640  YP=(SRMEAN(MK, 1)72+S51272-CRMEAN (MK, 2)7°2)/(28612) * EGN. 6.4

14,50

1640 * CALCULATE THE OBLIGQUE COCRDINATES OF MICROPHONE MA
1470 FX(MK, 1)=(XP-YP#CW) /524 ‘ EGN. 4.8

14680 FXOMK, 2)=(YP-XP#CW)} /820 ‘ EGN. 6.9

1690 FXAMA, 3I=(SRMEANIMK, 1) "2-FX MK, 1)72-FX (MY, 20 "2-24F X (MG 1) #EX I 2)#CL ~ 0
1700 * EGN. &.12

1710

1720 NEXT MWK ' OMEXT MICROPHONE

1730 ¢

1740 ' CALCULATE COORDINATES OF FOCZAL POINT IN SPARK GAP COOKDINATES BY SOLVING
1750 ¢ THREE NONLINEAR DISTANCE EQUATIONS FOR THE THREE COORDINATES

1760 *

1770 ¢ CALL SUDROUTINE NEUWTON WITH NFLAG=1 WHICH WILL TAKE T!E OBLIGUE

1780 ‘ MICROPHDWE CODRDINATES STORED IN ARRAY. FX: AND THE DISTANCES STORED IN
1790 ‘ ARRAY DIST AND SDLVE EGN. 6,13

1300

1810 NFLAC=1 * GET FLAG TO 1 SUCH THAT NEWTON SOLVES EQUATIONS 6. 13.

1020 GGSUB 5530 ‘ CALL NEWTON

1821 OPEN “FOCAL. LOG" FOR OUTPUT AS 413

1622 PRINT #3, "OHLIGUE FOCAL POINT COORDINATES®

1823 PRINT #3, "X-COCURD: ™, NSOL(1, 1) N

1824 PRINT #3, "Y-COORD: ", NSOL (1, 2}

1025 PRINT #3, “2-COCORD: ", NSOL{1,3)

1824 CLOSE 43

1027 ¢ .

1330 ¢ .

1B40 ‘ STCRE THE OBLIQUE COORDINATES OF THE FOCAL PDINT, FHOM SUBROUTINE NEWTON

1841 ¢ IN ARRAY FOCAL.

1042

16843 PRINT“THE OBLIGUE FOCAL POINT CODRDINATES DETERMINED BY FPL ARE: "

1844 PRINT“X: ", NSOL(1, 1), Y: %, NSOL{1,2)," Z:",NSOL{1,3)

1847 PRINT :

1848 PRINT"ANSWER ‘O’ IF YOU WANT TO USE THE COORDINATES DETERMINED BY"

1049 PRINT"FPL; ANSWER ‘M’ IF YCU WANT TO USE THE MEASURED CORORDIMATES":

1930 INPUT ANSS

1851 IF ANS$="M" THEN PRINT"ENTER THE X.Y.Z COURDINATES OF THE FOCAL PDINT": INPUT NSGL(1.1),
NSOL(1,2),NSOL(1., 3! GOTD 1861

1852 IF ANSECO"0" THEN GDTO 1818

1861 OPEN “RESUME. DAT® FOR OUTPUT AS #3
1062 PRINT #3, MNQT
(063 PRINT #3, NUMSPAR

1870 FCOR CONRD=1 TO 3 © STCP THROUGH X, Y, Z

1680 FUCAL(1, COORD)=NSOL (1, CODRD) ‘ GTORE COORDINATE

1631 PRINT #3, NSOL(1, COONRD)

1090 NEXT COORD ° NEXT COORDINATE

1891 CLOSE #3

1900 ¢

1910 COLLECT THE SLANT RANGE DATA FOR THE GRID COORDIMATE SYSTEM (FIG 9. 1),

© THIS DATA IS THE DISTANCES FROM EACH OF THiT THREE SPARK GAPS TO
1930 Y THE THREE MICROPHONES FOR CRID POINTS 1., 2 AND 3 (NORMAL TO THE

1|40 Z AXIS OF THE GRID COORDINATE SYSTEM)., AND THE NORMAL POINT ALONG
1930 THE QPTICAL AXIS
17940

1973 PRINT"LOCATE THE CRID COORDINATE SYSTEM WITH THE PROTRACIOR. RESET THE"
(980 PRINT"PROTRACTOR TO O DEZIGREES AND ANCHOR IT UNDER THE MICROSCOFE.
1990 PRINT

2010 ' STGRE FIXED CARTESIAMN CRID COORDINATES
2020 GRID(L, 13¥=0: GRID(1,2)=10. C44: GRID(1.31=0
Z030 GRID(2,1)=10.114: GRID(Z,2)70: GRID(2,3)=0
ZC40 GRID(3, 1)=0: GRID(3, 2)=0: GRID(3.31=0

2060 FOR PT=SPT YO 4 ‘¢ STEP THRCUGH EACH POINT

=270 IF PT=1 THEN PRINMT“FOCUS ON RT., 1"

=0B0 IF PT=2 THEN PRINT"FOCUS ON PT. 2°

=070 IF PT=3 THEN PRINT"FOCUS DN PT. 3 NORMAL TO GRID WITH VM CROSSHAIRS"



2179
2180
2190
z200
2210
zz20
=230
2240
2250
2251
2232
2253
2254
2255
2256
2257
23258
2259
2260
2241
2262
2063
264

2265

Q278
A7
2280
27290
2300
2310
2320
2330
2340
2350
23460
2370
2380
2390
2400
2310
2420
2430
2410
2450
2440
2470
2480
2490
2500
2510
2520
2530
2540
2350
2540
2570
2580
2990
2400
2610
2620
24230
2640
2640
2451
24652
2460
2661
2470
2480

2690

2700
2701
2710
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IF PT=3 THEN PRINT"IN THE MICROSCOPE AILIGNED WITH THOS¥ OF THE"

IF PT=3 THEN PRINT"PROTRACTOR SET AT O DEGREES. MAKE SURE THAT THE"

IF PT=3 THEN PRINT"FOCUSING KNOB IS TURNED SUCH THAT THE MICROSCOPE 1S
IF PT=3 THEN PRINT"aS CLOGE TO THE GRID COORDINATE SYSTRM A5 POSSIBLE. "
IF PT=4 THEN PRINT"MDVE MICROSCOPE ALONG DFTICAL AXIS, AWAY FROM GRID"
IF PT=4 THEN PRINT"BY TURNING THE MICROSCOPE FOCUSING KNOB. "

.

’ COLLECT SLANT RANGE DATA
SCALL = SCALL + 1
GOsUB 4070 ’ CALL SRINP
FOR MWk=1 TO 3 * STEP THROUGH EACH MICROPHONE
FOR SPK=1 TO 3 © STEP THROUGH EACH SPARK GAI’
 STCRE SULANT RANGE DATA IN ARNRAY SDATA
SDATA(FPT, MK, SPK)=SRMEAN (MK, SFK)
NEXT SPH ' NEXT SPARK GAP
NEXT MK  NEXT MICROPHONE

OPEN "RESUME. DAT" FOR OUTPUT AS #3
PRINT #3, MNOT

PRINT #3, NUMSPAR

FOR LOOPI=1 TO 3

PRIMT#3, FOCAL (1, LOOP1)
NEXT LOOP!
FOR LOOP1=1 TO PT
FOR LOOP2=1 TO 3
FOR LDOP3=1 TQ 3
PRINTH#3, SDATA(LONRL, LOOM2, LODRT)
MEXY LOOP3
NEXT LOOP2
NEXT L0OGP1
CLOSE 43
NEXT PT ‘ NEXT GRID POINT
‘ CALCULATE DISTANTES FROM CRID POINTS 1, 2 AND 3 10 MICKOPHONGS
FOR PT=1 TG 3  GTEP THROUGH EAIH CRID POINT
FCR MA=1 TO 3 * GTEP THROUGH EACH MICROPHONE
FOR SPK=t TO 3 * GTFP THROUGH EACH SPARK GAP
‘ STCRE SLANT RANGES IN VECIOR SL
T SIL(SPK) =SDATA(PT, MK, GPK)
NEX1 SPK ‘ NEXT SPPARK GAP
‘ CALCULATE THZ DISTANCCS FROM THE FOCAL. POIMI (POINTS 1, 2 AND 3)
* TO THE MICROPHOMES 3Y CALLIIS SUBROUTINE DISTANCE CIVZM SLANT KANGES
‘ STORED IN VECTOR SI_
GOsusB 830 ‘ CAll. DISTANCE
‘ STORE SQUARED DISTANCES GETWEEN FOCAL POINT AND MICROMICHES IN ARRAY
* DIST FOR SUBROUTINE NEWTON.
DIST(PT. iKY =D
NEXT MK Y ONMEXT MICRGIPHONE
NEXT PT * NEXT GRID POINT
* §TCRE GRID COORDINATES IMN FIXED ARRAY FOR SURRGUTING NEWTCN
FOGR PT=1 TO 3 ‘ GTEP THROUGII EACH GRID POINT
FOR COORD=! 10 3  BTEP THROUGII X, Y, Z
FX(PT. COORDY=CRID(PT., COORD? ‘ STORE GRID COOKDINATES IN ARRAY FX
NEXT COGRD  NEXT COORDINATE
NEXT PT ‘ NEXT GRID POINT
‘ CALCULATE MICROPHONE CODORDINATES
PRINT*CALCULATING MICROPHONE COORDINATES..."
NFLAG =0 ‘ SET NFLAC TO O SUCH THAT NEWTON WILL SOLVE LQUATIONS 6. 19
GOsuUl 5330 ‘ CALL NEWTON TO SOLVE FOR THE GRID MICROXHOME CODORDINATES
‘ STOGRE MICROPHONE COURDINATES
OPEN “MIKE.LOC" FOR OUTPUT AS #3
PRINT 43, ™MNOT
FOR MXk=1 TO 3  STEP THROUGH EACH MICKROMHONE
PRINT #3, NSOL (MK, 1), NSOL(MK, 2), NSOL((MK, 3)
FOR COORD=t 7O 3 ¢ STEP THROUGH X,Y.,2Z
MIKE (MK, COORD)=NSOL (MK, CODRD) * STORE NEWTON SOLUTIONS IN ARAAY MIKE
NEXT COORD ¢ NEXT COORDINATE
NEXT MK . . - NEXT MICROPHONE
CLOSE #3 : : N H

.
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2720 ' CALCULATE THE DISTANCES FROM THE NOAMAL POINT (DETERMINED WHEN THE
2730 ‘ MICROSCOPE HAS MOVED ALONG THE OPTICAL AXIS AUAY FROM THE X-Y PLANE
2740 ‘ OF THE GRID COORDINATE SYSTEM) TO EACH OF THE THREE MICROPHONES BY
2750 ¢ CALLING SUBRGUTINE DISTANCE.

2760

2770 FOR MK=1 TO 3

2780 FOR SPK=1 TO 3

2790 SL(SPK)=SDATA(4, MK, SPK)
2800 NEXT SPK

STEP THROUGI EACH M1 CROPHONE

STEP THIROUGIt EACH SPAKRK CAP

STORE SLANIT RANGE DATA IN VECTOR SL
NEXT SPARK GAP

PN

2010

2820 “ CALL SUDROUTINE DISTANCE TO DETERMING THE DISTANCES ODE1WEEN THE
2830 ‘7 NORMAL POINT AND THE MICROPHONLS. . '
27340

2d50 COSUB 830 ¢ CALL DISTANCE

23640 ¢

23870 * STCRE THE SGUARE OF THE DISTANCE IN AKRRAY DIST

2040

2670 DIST(MK, 1)=D

2700

2910 NEXT MK / NEXT MICROPHONE

2920

2930 ‘ STCRE MICROPHONE COORDINATES IN ARRAY FX FOR SUNROUTINE NEWTON
2940 ¢

2950 FOR MA=1 TO 3

2950 FOR COORD=! TO 3

2970  FX (MK, COORD)=MIKE (MK, COORD)
2980 NEXT COORD

2990 NEXT MK

3200 - .
3010 ‘ CALCULATE THE NCRMAL POINT COORDINATES IN THE FIXED GHID COORD. SYSTEM
3cao ¢

3030 PRINT"CALCULATING NOANAL POINT CODRDIMATES..."

3040 -

3050 NFLAG=2  ‘ SET NFLAC TO 2 SUCH THAT NEWTON WILL SOLVE EQUATIONS 6. 16
3060 COSUD 5530 ¢ CALL NEWION

STEP THROUGH EACH MICROFHONE
STEP THROUGH X.Y,Z

STORE COORDINATES

NEXT COORDINATE

NEXT MICROPHONE

LSNP

3070

3080 ‘ STARE NORMAL POINT GRID COORDINATES IN VECIOR NPOINY

3090 -

3100 FCR COORD=1 TO 3 ¢ S1EP THROUGH X, VY. Z

3110 NPOINT(COORD)=NSOL (1, COORD) ‘ STORE GRID COORDINATES

3120 NEXT COORD ‘ NEXT COORDINATE

3130 ¢ .
3140 ¢ THE NEXT STEP IS TO CALCULATE THE COORDINATES OF THT MICROPHONES IN THE
3150 ‘ OBLIQUE SPARK GAP CODGRDINATE SYSTEM (WITH THE MICROSCOFE AT THE NORDIAL
31460 ¢ POINT, ) WITH THESE COORDINATES IN ARRAY FX., AND THE DIGTANCES FROM EACH
3170 ¢ MICROPHONE TO THE NORMAL POINT KNOWN OY APPLYING EQUATION &.15 10O THE
3180 ‘ COORDINATES IN ARRAY MIKE ANO VECTOR NPOINT, SUBROUTINEG NEWTON WILL
3190 ¢ SOLVE THE THREE NONLINEAR EQUATIONS OF EGQUATIDN 6. 17 FOR THE OBLIQUE
3200 ‘ SPARK GAP COORDINATES OF THE NORMAL POINT.

3210 -

53220 FOR MK=1 TO 3 / STEP THRAUGH EACH MICROPHONE

3230 : '

3240 ‘ CALCULATE PROJECTION OF SLANT RANGE 1 ONTO THE X AND Y GPARK AXES

3250 -

3260 XP=(SDATA(3, MK, 1)°2+531°2-GDATA(3, MK, 3)~2)/(24531) ’ EGN. 4.3

3270 YP=(SDATA(3, MK, 1)°2+512°2-SDATA(3, MK, 2)°2)/(2#512) ' EGN. 4. 4

3280 )

5290 ‘ CALCULATE THE ODLIQUE SPARK GAP COORDINATES OF EACH MICHOPHONE AND
3300 ¢ STGRE IN ARRAY FX FOR SUHRGUTINE NEWTON.

3310 ¢
3320 FX(MK, 1)=(XP=-YPaCW) /SCW ' EGN. 6.8
3330 FX(MK, 2)=(YP-XPaCW) /32U * EGN. 6.9

3360 FX(MK, 3)=(SDATA(3, MK, 1)72-FX (MK, 1) 2-FX (MK, 2)72-28F X (MK, 1) #FX (MK, 21 #CWI1=~. 5
3350 ‘ EGN &.12

33460 - :

2370 '’ CALCULATE THE DISTANCC BETWEEN THE NORMAL POINT AND EACGHE MICROPHONE IN

3380 ¢ THE CRID COGRDINATE SYSTEM.

3090

3400 DIST(MK, 1}=(MIKE (MA, 1) -NPUINMT(1)) 2+ (MIKE (MK, 2)-NMPOINT (7)) "2+ (MIKE (MK, Q) -NPOINT(3) )72
3410

3420 NEAT MK ‘ MEXT MICROFPIHONE

3430

3440 ‘ SOLVE FOR THE OBLIGUE COGRDINATES OF THE NORMAL POINT BY CALLING
3150 ‘ SUBROUTINE MEWTON,

3450

3470 NFLAC=1 ¢ SET MNFLAG TO 1 SUCH THAT NEWTUN SULVES EQUATIONG &.17
3480 GOSUB 5530 * CALL NEWION

3490 -

3500 ¢ STORE OBLIQUE NORMAL POINT COORDINATES IN ARRAY FOCAL

3510 -

3520 FOR CCORD=1 TO 3 ‘STEP THROUGH X, Y, Z

3530 FOCAL(2, COORD)=NSZOL (1. COORD) ¢ STORE COOHDINATE
3540 NEXT COOARD ¢ NEXT COURDINATE
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3350 ¢

3560 PRINT"CALCULATING ORIENTATION POINT COOADINATES. .. "

33570

3580 CALCULATE THE COORDINATES OF THE PROJECTED CRID POINT | ONTQ THE FOCAL

3590 ‘ PLANE - WHICH IS THZ ORIENTATION POINT. SIORED IN VECIOR OPOINT
3400

3610 KK=NPOINT(1)~24NPOINT(2) 2 MPOINT(3) 72

34620 T=(-NPOINT(1)#GRID(1, 1)-NPOINT(2)4GRID(1, 2)-NPOINT(3)aGRID(1, 3)) /KK
3630 ¢ EGN 6. 26

3640

3550 FOR COORD=1 TO 3 ¢ STEP THROUGH X.Y.,2

3460 OPOINT(COORD)I=NPOINT(COORD)#T+GRID(1, COURD)

3670 NEXT COORD / NEXT COORDINATE

3680 ° :

3690 ‘ AS WITH THE NORMAL POINT, THE OBLIGUE SPARK GAP COORDINATES OF THE

3700 * ORIENTATION POINT MUST BE KNOWN. FIRST THE ODLIGUE COORDINATES OF THE
3710 ‘ MICROPHONES MUST BE DETERMIMED WITH THE MICROGCCPE FOCUSED ON THE GRID
3720 ‘ ORICIN. THEN THE DISTANCES BETWEEN THE MICROPHONES AND THE ORICNTATION
3730 ’ POINT MUST BE CALCULATED, AND THIS INFORMATION USED WITH THE SUBROUTINE
3740 ‘ NEWTON TO CALCULATE THE OBLIGUE SPARK GAP COORDINATES OF THE ORIENTATION
3750 ¢ POINT

3760 ¢ .

3770 FOR MK=1 TO 3 / STEP THROUGH EACH MICKROPHONE

3700 -

3770 ‘ CALCULATE THE DISTANCE BUTWEEN THE ORIENTATION POINT AND THE MICROPHONES

3800 DIST(MK, 1)=(MIKE(MK, 1)-0POINT (1)) 2+(MIKE(MK, 2)~ DPUINT(Q))“2+(MIKE(HK,3) ~0PDINT(3)) 2
3810 NEXT MK ‘ NEXT MICROPHONE

3620

5830 Y SUODROUTINE NEWTON WILL THEN SOLVE EQUATIONS 4. 27 FOR THE 0BLIQUE

3840 ‘ SPARK, GAP COORDINATES OF THE ORIENTATION POINT

3850

38460 NFLAC=1 ‘ SET NFLAG TO § SUCH THAT NENTDH WILL SOLVE EQUATIONS 6. 27.

3370 GOSUB 5530 “ CALL NEWTON

‘3g80 -

3890 ‘ STORE OBLIGUE ORIENTATION POINT COORDINATES IN ARRAY FOCAL
39G0 *

3910 FOR CGORD=t TO 3 / STEP THROUGH X, Y, Z

3920 FOCAL (3, COORD)=NSOL (1, COORD) ‘ STORE COORDINATE

3930 NEXT COORD - ¢ NEXT COORDINATE

3940 !

3950 PRINT

3960 PRINT"THE OBLIQUE COORDINATES OF THE FOCAL, NORMAL AND ORTENTATION
3270 PRINT"POINTS HAVE DEEN DETERMINED AND STORED IN ARRAY - “i: BRACKS
3980 PRINT

3990 PRINT"READY TO RUN FILE: REGY

4000 CLOSE #2

010 ¢

4020 COSUD 7250 ‘STORE FQCAL PLANE DATA
" 4030 PRINT"CHANGE MAME DF FILE FPL.LOG TO AVOID OVERWRITINGY
4031 PRINT

3040

4050 RETURN

4060 .

4070 ‘ SUBROUTINE: SRINP

4080 -

4090 ‘ THIS FILE OPENS THE RG-NG2 PORT FOR DIGITIZER COMMUNICATIONS,
410Q * CONTROLS THE SPARK GAP MULTIPLEXER, SIORES THE SILANT KRANGES
4110 ‘ IN AN ARRAY: AND DETERMINES THE STAMDARD DEVIATIONS AND MEANS.
4120 -

4130 ‘ INPUT: MNOT -~ IGNORED MICROPHONE

4140 * CUTPUT: SRMEAN(MIKE, SLCAP) -~ AVERAGE SLANT RANGES FUOR EACH SPARK GaP
4150

4160 PRINT

4170 PRINT "s#w#2#PRESS ANY WKEY WHEN FDCUSED/READYw#®###"
4180 PRINT '
4190 ¢
4200 ‘ PAUSE UNTIL ANY KEY IS DEPRESSED
4210 Ps=INKEYS: IF P$="" THEM 4210
t

4220 o

4230 IF SFLAG=1 THEN SMAX=0 ELSE SMAX=2 ‘ SET NUMDER OF SPARK GAPS

4240

42350 FOR SGAP=0 TO SMAX * SCT MULTIPLEXER THROUGH PARALLFL HONT b

4260 ¢ CHAMGE SGAP TO SCAR1 FOR PROPER MULTIPLEXER SEQUENCING
4270 IF SGAP=0 THEN SCGAP1=0

4230 IF SGAP=1 THEN SGAP1=2

4290 IF SGAP=2 THEN SGAP1~1

4300 -

4310 ’ WRITE THE BINARY CODE FOR SGAP1 TO THE' PARALLEL PORT ADDRESS 3BC HEX
45320 OQUT H3BC. SGAP1L

4330

4340 ’ OPEN RS-232 PORT, SET BAUD RATE AND PARITY

4350 OPEN "COM1:9600.0.7.1% AS #1

4360
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FLAC=1  INITIALIZE CHARACTER FLAG
WHILE FLAG ‘ SEARCH CHARACTER INPUT FOR'ASCII LINE FEED IF FLAG=1
S3$=INPUTS$(1, #1)
IF ASC(S$)=10 THEN FLAG=0 ELSE FLAG=1
WEND :
’

WS$=INPUTS (26, #1) - lGNORE'FIRSTlVALUES (FROM LAST SLANT RANGES)

0

FOR I=1 TO NUMSPAR ‘ FIRE EACH SPARK GAP 150 TIMES

" MONITOR COMM. BUFFCR, IF 240 CHARACFVENS IN BUFFER TURN OFF DIGITIZER
" BY WRITING BINARY CODE 10 TO ADDRESS 3FC HEX ~ THE RS-232 PORT

’

IF LOC(1)>40 THEN OUT %M3FC, 10 ELSE OUT &H3FC, 11

INPUT SLANT RANGCES AND INSERT DECIMAL POINTS TO READ DISTANCES IM CM

AT=INPUT3(26.#1)  * IMPUT 26 CHARACTER STHING (4 CLANY RANGES)

Ce=1IDS (A%, 1, 6): CLE=LEFTE(CS,3): CHE=RIGHTS(C%, 3): CCH-ClLF+". "+CRS
De=MID$(A%, 7. 6): DL$=LEFT$(D%, I): DRE<RIGHTE (D%, 3): DD%=-Di_$+" " +DA+H
E$=MID$ (A%, 13, &) EL$=LEFT$(E$, 3): EHE=RIGHTS(ES, 3): FLES=CLS+". "+ERS

F$=1MID3 (A%, 19.6): FLE=LEFT$(F$,3): FRE=RIGUTS(F$, 3): HI$=FLB+". "4+FRS

' STORE THE VALUE OF EACH CHARACTER S1iiING FCR EACH SLANY RANGE IN G1-4
G1=VAL(CCS): G2=VALL(DD%): G3=VAL (EEH): Gar VAL (FFh)

IGNORE SLANT RANGE DATA FROM MICROPIHONE MNOT AND STORE REMAINING
SLANT RANCES IN P1-3

IF MNOT=1 THEN P1=€3: PU=Q4: P3=-G2
IF MHOT=2 THEN P1=Cl: P2:-03: P3:G4
IF MHOT=3 THEN PL=G4: PO=G2: PI-G1
IF MNOT=4 THEN P1=G3: P2=Gl: P3=G2

 STCORE SLANT RANGES IN ARIAY SLANT
SLANT (I, 1)=P1: SLANT(I, 0)=P2: SLANT(I, 3)=p3

.

NEXT 1 ‘ GET HNEXT SET CF FOUR SLANT RANGLS

.

CLOSE #1 ‘ SUPPRESS DIGITIZER COMMUNICATION

* CALCULATE MEAN SLANT RANGE VALUES

‘

Ci=0: C2=0: C3=0 / IMITIALIZE SLANT RANGE SuUr
BAD(1)=0: BAD(2)=0: DAD(3)=0 ‘ INITIALTZC NAD DATA COUNILR
CNT1=0: CNT2=0: CNT3=0 - INITIALIZE NUMBER OF SULANT RANGES

FOR I=1 TO NUMSPAR ‘STEP THNROUGH EACH SLANT RANGE

* TEST EACH SLANT RANGE, IF LESS THAN MAX VAILUE OF 245 CM. ADD TGO SuM

© IF A VALUE IS GREATER THAN 245 CM., INCREMENT DAD COUNIER AND ICGNORE
‘ THE DAD DATA. IF 5 BAD VALUES ARE DETECTED, THE MICRUMIIONE IN CRROR
* MICHT BE BLOCKED, AN ERRGR MESSAGE IS DISPLAYED AND SHINP IS RECALLED
‘

IF SLANT(I,1)<245 THEN C1=C1+SLANT(I, 1): CNT1=CNT{+1: ELSE BAD(1)=BAD(1)+1

’

IF SLANT(I.2)<245 THEN C2=C2+SLANT(I,2): CNT2=CNT2+1: ELSE BAD(2)=BAD(2)+1

’

IF SLANT(I1,3)<245 THEN C3=C3+SLANT(I,3): CNT3=CNT3+1: ELSE BAD(3)=BAD(3)+1

.

NEXT I ‘ TEST NEXT SET OF SLANT RNAGES
’ s .

' CALCULATE THE AVERAGE SLANT RANCE VALUES
SMEAN(1)=C1l/CNT1: SHMEAN(2)=C2/CNT2: SMEAN(3)=C3/CNT3

* CALCULATE STANDARb DEVIATIONS COF SLANT RANGE VALUES TO DETERMINE IF
" THERE 1S UNACCEPTABLE VARIATION IN THE DATA, IE. A AIR DISTURBANCE

.

C1=0: C2=0: €30  INITIALTZE SLANT RANGE SUNM
CNT1=0: CNT2=0: CNT3=0Q * INITIALIZE NUMBER OF SLANT RANGES

FOR I=1 TO NUMN3PAR ' STEP THROUGH LACH SLAMIM RANGE

IF SLANTC(I, 1)<245 THEN C1=Cl+(SLANT(I, 1)-SMEAN(1))~2: CMT1=CNT1+1
IF SLANT(I, 2)<245 THEN C2-=C2+(SLANT(I, 2)-SMEAN(2))"2: CMI2=CNT2+1
IF SLANT(I,2)<245 THEN C3+C3+(SLANT (I, 3)-SMEAN(I))~2: CNI3=CNT3+1

I3

NEXT I © TEST NEXT SCET OF SLANT RMNAGES
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* LET Ni-3 EQUAL THE TOTAL NUMBER OF VALUES-1
NI=CNT1-1: N2=CNT2-1: N3=CNIi3-1

‘ CALCULATE STANDARD DEVIATIOMS
SDUL)=(C1/NL1)~ 5: SD(21=(C2/N2}~. 5: SD(J)=(CI/N3)I. §

GOSUB B0OGO ‘CALILL SUBROUTINE STATISTICS LOG

* ACCEPTABILITY

SDLIMIT=. 1 © SET STANDARD DEVIATION LIMIT

IF BAD(1)>=5 THEN PRINT, BAD(1), "SLANTHANGES DBETWEEN SPARKGAP", SGAP+1, " AND MIKE", MICE
(MNOT., 1), " EXCEEDED 24%cm”. PRINT"TRY AGALIN": GOTO 4170

IF BAD(2)>=5 THEN PRINT.,DAD(2), "SLANTRANGES JETWEEN SPARKGAPR", SCAP+1, " AND MIKE",MICE
(MNDT. 2), " EXCEEDED 24%cam": PRINT"TRY AGAI';": GOTO 4170

IF BAD(3)>=5 THEN PRINT,BAD(3), "SLANTRANGES BETWEEN SPARKGAS", SGAP+1, " AND MIKE", MICE
(MNOT, 3), * EXCEEDED 24%cm”: PRINT"TRY AGAL:M": 5OTO 41/0

IF SD(1)>SCLIMIT THEN PRINT"TOO MUCH VARIANCE IN SLANTRANGCES BETWEEN SPARKGAP", SGAP+1,
" AND MIKE", MICE(MNOT, 1): PRINT'TRY AGAIN": 40TO 4170

IF SD(2)>SDLIMIT THEN PRINT“TOO MUCH VARIANCE IN SLANTRANGES 3ETWEEN SPARKGAP", SGAP+T,
" AND MIKE",MICE{MNOT,2): PRINT"TRY AGAIN-“ GOTO 4170

IF SD(3)>SCOLIMIT THEN PRIMT*TOO MUCH VARIANCE IN SLANTRANGES BETWEEN SPARWGAP", SCAP+1,
" AND MIKE",MICE(MNOT.3): PRINT"TRY AGAIN': GOTO 4170

* ADD THE COUNTER DELAY EGUIVALENT OF 4.45 CM. TQ GACH MEAN SLANT RANGE
SMEAN(1)=SMEAN( 1)+4. 45: SMEAN(2)=SMEAN(2)+4. 45; SMEAN(3)=SMEAN(I) +4. 45

SP=SCAP+1 * INCREMENT SRMEAN ARRAY POINTER
‘STORE MEAN VALUES IN ARRAY SRMEAN(MIKEi SPARK#)

’

SRMEAN(1, SP)=SHMEAN(1): SRMEAN(2, SP)=SPMEAN(2): SRMEAN(3, SF)=SMEAN(3)

NEXT SGAP * FIRE NEXT SPARK GAP
%FLAC=O ‘ RESET SFLAG TO O
RETURN

 SUDRQUTINE: NEWTON

ESORE
. .

THIS SUZROUTINE SOLVES 3 SETS OF 3 NOMLINEAR CEQUATIONS FOR 3 UNKNOWNS.
USING AN ITERATIVE NEWTON’S FETHOD. DEPENDING OM THE VALUE OF

NFLAG, CWi IS SET TQ ZERQ OR TO CW SUCH THAT EGUATIOMS 6. 15 OR 4. 13
CAM BE SOLVED, RESPECTIVELY.

THE QUTPUT IS THE COORDIMATES STORED IN ARRAY NSOL.

INPUTS: FX(POINT,CODORD)- FIXED COORDINATES;
. DIST(PQINT, 3) - DISTANCES BETWEEN FOINTS;
CW = CGSINE OF ANGLE W, S2-81-83 (SPARK GAPG)
NFLAC - 1 TO SOLVE EGN. &4.1%5, 0 TO SOLVE EGM. 6.13
CUTPUT: NEOL(POINT, COURD) -~ COORDINATE SOLUTICONS
SUGRQUTINE NZEDED: INVERGE

EVALUATE THE STATUS OF NFLAC AND SET APPROPRIATE VARIADLL ES
EGNUM - NUMUDER OF SETS OF EGUATIONS TU BE SOLVED:
INIT - INITIAL VALUES FOR ITERATIVE SCLUTION.

’
‘
.
.
’
v
.
'
.
’
‘
‘
’
’
’
.

’

IF NFLAG=0 THEN CW1l:=0: COMUM=3: INIT=13
IF NFLAG=1 THEN CH1=Cil: EGMUM-=1: INIT=-30
IF NFLAG=2 THEN CW1=0: EGNUM=1: INIT=10

' SET ITERATIVE TOLERANCE AND NUMBER OF ITERATIVE STEPS
E=. Q01

ITERNUM = 35
' LOCP. THROUGH EACH SET QF EQUATIONS UP TO EGHNUM
FOR MK=t TO EQNUM
’ STORE INITIAL SOLUTIONS

FOR COGRD={ TO 3  STEP THROUGH™ X. Y, 2

M# (1, COORD)=ITER ' STORE INITAL SOLUTIGN
INEXT COGRD ‘ NEXT COORDINATE

" LOCP THROUGH UP TQO 35 ITERATIONS

FOR ITER=2 TO ITERNUM

‘ STCRE ITER-1 SOLUTION
FOR COORD=t -TQO 23 ° STEP THROUGH X,VY.,Z g
MVE(COORD)=M#(ITER-1{, COGRD) ‘' STORE MREVIOUS SOLUTION
NEXT COORD  MEXT COORDINATE

CALCULATE JACOBIAN MATRIX COEFFICIENTS FROM THE DERIVATIVES OF THE



5960
5770
3980
5990
46C00
4010
6920
£030
5040
£0350
5060
£070
6080
£090
6100
5110
6120

6130
6140
&150
&1460
&170
&80
&190
6200
6210
6120
630
&240
&250
46260
4270
&3H0
4270
&300
&310
&311
&312
6313
6314
6315
4314
6017
4318
6319
&320
6330
&340
£330
6340
&370
&280
&3720
6400
6410
6420
&430
&440
46450
&450
6470
46480
4490
&500
4510
6520
69530
6940
&350
4550
&570
&580
6990
6600
46610
6520
6630
£640
£4H50
&6560
&£670
&6:00
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EQUATIONS.

FOR I=1 TO 3
FOR J=1 TO 2
IF J=1 THEN Ji=2
IF J=2 THEN Ji=1
JE (T, JI=2% (MY (J) =FX (I, J) ) +2%CUI# (MVI(JL1)=FX(T, J1))
MHEXT J
JH(I, 3)=2# (MVH#(3)-FX(I,3)) H
NEXT I :

/ INVERT THE JACOBIAN MATRIX
GOSUB 6420 ‘ CALL INVERSE ' !

-~

‘- DETERMINE SOLUTION ITER
FOR I=1 TO 3
Fh(!)-(ﬂV“(l)-FX(Ia!))‘2+(MV”(2J—FX(I:2))‘2+(NV“(3)-FX(I 3) )2+ (MVR(1)=FX(I, 1))#
(MV#(2)=FX(1,2) }#ClN1=DIST(I . MK}

NEXT 1

FOR I=1 TO 3
MI#CITER, D)=NVRCT)-TH(I, 12#FH01)-TH(T, )FR(2)-TH (L, 3 kFH(T)
NEXT 1

CALCULATE " XTERATIVC ERROR AND SEE IF IT IS WITHIN THE SET TOLERANCE TOL
FOR I=1 TO 3

TCI)=ABS(MHBCITER, I -MVU(I) ) /AUS(MELTITER, 1))

NEXT I

~

IF ERROR 1S WITHIN TOL STORE SOLUTION OR CONTINUE TO NEXT ITERATION
IF (T(1)XE) AND (T(2)CE) AND (T(3)<E) THEN &340

.

NEXT ITER ¢ NEXT ITERATION

‘ IF ND SOLUTIOW IS REACHED AFTER 35 ITERATIGNS PRINT ERiOR MESSACE
* AND STORE LAST ITERATION

PRINT "NO SOLUTION FOR POINT #"iMK: IT1ER=35

PRINT"THE RELATIVE ERRORS ARE: "
PRINT®X~COORDINATE: ¥, T(1): PRINT"Y-COORDINATE: ., T(2)
PRINT“Z-COORDINATE: *. T(3)

PRINT

PRINT"IF YOU WANT TO DO SOME MORE ITERATIONS, ENTER HOYW MUCH®

PRINT"MORE. ELSE ENTER ‘0‘";

INPUT  ITERNUM

IF ITERNUMCS0 THEN ITERNUM=ITERNUM+2: GOTO 5870
‘

‘

‘ STORE SOLUTIONS IN ARRAY NSOL

FOR 1I=1 TO 3
NSOL (MK, I)=M#(ITER, 1)
NEXT I
NEXT MA ’ NEXT SET OF EQUATIONS
RETURN
,

FILENAME: INVERSE . .
THIS SUBROUTINE INVERTS THE JACOBIAN MATRIX USING THE CROUT ALGORITHM

’
¢ INPUT: J#(3,3) = JACOBIAN MATRIX
¢ CUTRUT: I#(3,3) — INVERTED MATRIX
‘ SET INVERSION CRITEREA BY STORING THE IDENTITY MATRIX SOLUTIONS
FOR 1=1 TQ 3
FOR J=1 TO 3
IF I=J THEN I#(I,J)=1 ELSE I#(I,J)=0

NEXT J
NEXT 1
TOL#=1E-09 ’ SET ZERD TOLERANCE FOR MATRIX SINGULARITY
FOR I=1 TO 3  ‘ SEARCH FOR LARGEST ELEMENT IN A COLUMN
X=-1 . R
FOR K=1 TO 3 ' SEARCH BELOW MAIN DIAGONAL, e
IF ABS(J#(K, 1))<=X THEN 6610
Q=K: X=ABS(JH(K, 1)) ©°@ IS ROW OF LARCEST ELEMENT

NEXT K ¢ X IS LAHGEST ELEMCEN]

© TEST FOR SINGULAR MATRIX AND S10P IF NECESSARY
IF X>=0 THEN 46690 ELSE PRINT“SINGULAR MATRIX": STOP

’ 1
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4590 IF I=G THEN &790 ‘INILERCHANGE IF NEEDED
&700
6710 FOR vu=t TO 3 ¢ MO, SWITCH ROWS I AND G

6720 T=Jdu (I, J): JHUL D) =G, J): JiQ, J)=1

&730 HNEXT J

&740 ¢

&750 FOR J=1 TO 3 :

&7&0 T=I#(1,0): I#(L, ND=T4#(Q, J): IH(GQ, I)=T ‘ SWITCH RIGHT NHAND SIDE
&770 NEXT J

4710 ¢

4770 FOR J=1 TOQ 3 ¢ ELIMIMATE O THAT UNE ROW

61300

6810 IF I<J THEN M1=I-1 ELSE PM)s:J-1 .

&820 S=0 ‘ FIND INNER PRODUCT OF ROW I AND COLUMN ¥ = S
4330

&840 FOR K={ TO MI

48350 S=3+J# (1, KIwJl (K, 1)

&060 NEXT K

&070 -

&050 JEUL, J)=J8(1, 18

&590 ¢ STOP HERE IF BELOW MAIN DIAGONAL, CHECK FOR SINCULARITY ELSE NOMMALIZC
&£900 IF I>=J THEN 6950

&0

&920 IF ABS(JH#(I, 1))<TOLS THEN PRINT"SINGULAR MAIRIX". S10P

&£930 ¢

£940 FLIGFRVIELNT IS SRVIFAVLIS FD 8! ‘ELLSE NORMALIZE

4250 NEXT J ‘ NEXT COLUMN

6960 NEXT 1 ’ NEXT COLUMN

&770 ¢ '

4980 ‘REDUCE RIGHT HAND SIDE

&790

7000 FOR J=1 TO 3 ‘ FOR EACH SET OF CONSTANTS H
7010 FOR 1=1 TO 3 ‘ LOOK DLOWN EACH COLUMN

7020 S=0 o

7030 7 }

7040 FOR K=1 70O I-1}

7050 =S+JH(T, KITH(K, J) ‘ TAKE PARTIAL INNER PRODUCT
7060 NEXT K .

7070 : v

7080 IH(L D=~ (TH(I, NI +8) /U1, 1)

7090 '

7100 NEXT I

7110 -

7120 FOR I=3 TO 1 STEP -1 / WUIRK BACK UP COLUMN

7130 S=0 ‘ TAKE PARTIAL INNER PRODUCTS
7140

7150 FOR K=I+1 TO 3

7160 S=8+J# (L, K)»I# (K, J)

7170 NEXT K

7180

71920 IH{I. D=-T4H(I, J)I+5

7200

7210 HNEXT 1

7220 NEXT J

7230 ¢

7240 RETURN

7250 ¢

72560 ‘ SUBROUTINE: STORE~GIT

7270 )

7280 ‘ THIS SUZROUTINE STORES THE OBL.IQUE SPARK GAP CODRDINATES OF THE FOCAL.
7270 ‘ NORMAL AWD ORIENTATION POINTS IN FILE “SIT".

7300 ¢

7310 OPEN “SIT" FOR QUTPUT AS 1 + DPEN FILE SIT TO STORY COORDINATES
7311 PRINT #i, MNOT

7320 FOR PNT=1 TO 3 © STEP THROUGHH EACH POINT
7330 FOR COORD=1 TO 3 4 STER THROUGH X, Y., Z

7340 PRINT #1,FOCAL(PNT, CGORD) + WRITE THE COORDIMATE V0 THE FILC
7350 NEXT CODORD ¢ NExT CORRDIMATE

7250 NEXT PNT 4 NEXT POINT

7370 ¢

-7380 CLOSE #1 * CLOSE FILE GIT

7390 ¢

7400 RETURM

7500 ¢

8000 ¢ SUBROUTINE: STATISTICAL LOG

£010

go1a2

§C20 FOR LY = 1 TO 3

8030 ¢

8040 FOR L2 = 1 YO 7

8050 CLASS(L2) = 0

£040 NEXT L2

8070 ¢



6080
2090
8400
8110
8120
8130
8140
8150
8160
6170
8180
8190
200
8210
8220
823

8240
8250
5260
86270
8280
8290
8300
8310
8320
£330
8340
83350
8380
2370
6380

8390

8400
6410
8420
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MIN = SLANT(1,L1): MAX = SLANT(1,L1)
4
FOR L2 = 1 TO NUMSPAR
IF SLANT(L2,L1) > 245 THEN €OTO 8210
IF SLANT(LZ,L1) > HAX THEN MAX = SLANT(LZ2.L1)
IF SLANT(L2,L1) < MIN THEN MIN = SLANT(LZ,L1)
IF SLANT(L2,L1) >(SMEAN(L1)+. O6)THEN CLASS(1)=CLASS(1)+1: GOTO 8210
IF SLANT(LZ, L1) D>(SMEAN(L1)+. O3)THEN CLASS(2)=CLAZS(2)+1: GOTO B210
IF SLANT(L2,L1) D>(3MEAN(L1)+. O1)THEN CLASS(3)=CLA3S(3)+!: GOTC 8210
IF SLANT(L2,L1) D(SMEAN(L1)~. O1)THEN CLASS(4)=CLAGS(4)+1: GOTQ 8210
IF SLANT(L2,L1) >(SMEAN(L1)~. 03)THEN CLASS(5)=CLASS(5)+1: GOTO 8210
IF SLANT(L2,L13 >(SMEAN(L1)-, O6)THEN CLASS(&)=CLASS(6)+1: GOTO 8210
CLASS(7) = CLASS(7) + 1 .
MEXT L2
i
IF SFLAG = 1 THEN PRINT#2, “SLANTRANGES BETYEEN SPARKGAP 4 AND MIKE", MICE(MNOT.,Li)
IF SFLAG=1 AND SCALL=1 THEN PRINT#2, "FOURTH SPARKCAP FIRED"
IF SFLAG=0 AND SCALL=2 THEN PRINT#2, "FOCUSED DN FOURTH SPARKGAP®
IF SFLAG=0 AND SCALL=3 THEN PRINT#2, "FOCUSED ON GHIDPOINT 1*
IF SFLAG=0 AND SCALL=4 THEN PRINT#2, "FOCUSED ON GRIDFOINT 2
IF SFLAG=0 AND SCALL=5 THEN PRINT#2, "FOCUSED ON CRIDPOINT 3, LOW POSITION®
IF SFLAG=0 AND SCALL=6 THEN PRINT#2, "FOCUSED ON GRIDFPOINT 3, HIGH POSITION®
4
PRINT#2, "SPARKCAP: ", SGAP+1, " MIKE: ", MICE(MNOT.L.1), * SPARKS: ", NUMSPAR
PRINT#2, "MEAN: *, SMEAN(L1), * STANDARD DEVIATION: *, SD(L1)
PRINT#H2, "SLANTRANGES > 245cm: ¥, BAD(L1)
PRINTH2, “MIN: ", MIN, " MAX: ", MAX
i
FOR L2 = 1 TO 7
PRINT #2. CLASS(L2)
MNEXT L2
PRINT w2, " ®
NEXT L1
PRINT 42, *
RETURN
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APPENDIX C

THESIS TITLE: REFERENCE - DISPLAY SYSTEM FOR THE INTECRATION OF CT
ECANNING AND THE OPERATING MICROSCOFE

FILENAME: REG

PROGRAMMER: JOIN . HATCH

* DATE: AUGUST, 1904

© NOTE: REFER TO CHAPIER & IN THESIS FOR EQUATIONS,

‘ AND REFERENCE 10 FOR ALGORITHMS

* THIS FILE IS THE DRIVER FDCR THE REGISTRATION PROCEDURE
OPTION BASE 1 © SET THE LOWER ARRAY INDEX T 1 f0OR COMVENIENCE
* ALLOCATE SPACE FOR ARRAYS

‘¢ NOTE: ARRAY NAMES FOLLCWED BY A "#* SIGN ARE DOUBLE PRECISION
DIM J%(3,3) ‘ JACOUBIAN MATRIX COEFFICIENIS
DIM I#(3,3) ‘ JACOBIAN MATRIX INVERSE

3) 7 MEAN SLANY RAHGES
 SLANT RANGE DATA

DIM SRMEAN(Z,
DIM SDATA(3.3.3)
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260 DIM FOCAL(3,3) * FOCAL, HMNCRMAL AND ORIENTATION FOINT COURDINATES
270G DIM NSOL (3, 3) ‘ NEWTON SOLUTIONS
280 DIM FX(3,3) ° FIXED COORDINATE SYSTEM

270 DIt MVE(3)
320 DIM M#(100,3)
310 DIM SL(3)
320 DIM Fu(4)
330 DIM DIST(3.3)

ITERATION VARTABLE (N-1)
ITERATION VARIANLES

SLANT RANGE DATA

ITCRATIVEE SOLN 10 NEWTON

 DISTANCLS USED IN NCWION

310 DIM DU  DISTANCES UGED IN DISTANCE
S0 DIM T ¢ ITERATION ERIONRS

350 DIM MIVFE(3., 3} ‘ MICROPHONE COOIDINATES

s s s

370 DM FPOINT(3) FOCAL POINT CODRDINATES
330 DIM FPLANE(4) FOCAL PLANE COEFFICIENTS
70 DIM SLANT(150.3) ‘ SLAMT RANGES

571 DIM CLASS(7) ‘CLASSES FOR HISTOGRAM OF SLANTRANGES
572 DIM MICE(4, 3) ‘MICROPIIONE ARRAY

373 DIH SMEAN(3) ‘MEAN VALUES OF SLANT RANGES

37% DIM BAD(3) ‘# OF SLANTRANGES > 245 cm

375 DIM SD(3) ‘STANDARD DEVIATIONS OF SLANTRANCES

376 MICE(1, 1)=2: MICE(1,2)=4: MICE(1,3)=3: MICE(Z2, 1)=1: MICL(2,2)=3
397 MICE(Z, 3)=4: MICE(3.1)=4: MICE(3,2)=2; MICE(3,3)=l: MICE(4, 1)=3
398 MICE(4,2)=1: MICE(4,3)e=2

379 STFL = | ‘STATISTICS FLAG

400 OPEN “REG. LOG" FOR OUTPUT AS #2

412 ’ MEASURED DISTANCES BETWEEN SPARK GAPS IN CM

420 S12=30. 041 ‘ SPARK GAP 1 - SPARK GAP 2

430 S23=29. 995 ‘ BPARK GAP 2 -~ SPARK GAP 3

440 S31=29. 657 ‘ SPARK GAP 3 ~ BPARK GAP 1

450 -

460 CH=(S12"2+631°2-823°2)/(24512%531) ‘ COSINE OF ANGLE W, 52-S1-S3 EQ. 4.1
470 S2W=1-CWx*CW ' ¢ BINE SGUARED OF ANGLE W, 52-51-83
430 - :

490 OPEN “RSLANT. MEA" FOR OUTPUT AS 43

710 GOSUB 7230 .

711 PRINT "MICROPHONE #",MMOT, " IS CURRENTLY SHUT OFF.

712 PRINT “"IF ANOTHCR MICROPHONE SIIOULD BE SHUT OFFF, FPL HAS 10D BE®
713 PRINT “DONE FOR THEZ NFY CONFIGURATION.

714 PRINT “ANSWER ‘Y’ IF YOU NRED TO DO FPL. ‘N‘ IF NO1“

715 INPUT AMNSWER% '

716 IF ANSWERS = “Y* TIEN STUP

717 'IF ANSWERS = "N" THEN GOTO0 720 ELSE GOTO 711

726 ¢

721 PRINT

722 PRINT"HOW MANY SPARKS DO YOU WANT TO FIRE (HAX. 15%0)";

723 INPUT MUMSPAR

724 IF (NUMSPARZ>150) DR (NUMHPARC1) THEN COTO 721

729 PRINT #3. MNOT

726 FOR 1=1 TO 4

727 PRINT #3. NUMSFAR

728 MNEXT 1

740 PRINT

770 PRINT “"TURN ON DIGITIZER AND SPARK GAP MULTIPI EXCR.

760 PRINT,

770 ¢

80D ‘ IF COMPUTER FAILS AFTER REGISTRATION RECALI. MICROPHGME COGRDINATLS
810 PRINT"DID THE COMPUTER FAIL AFTER FOCUSING OH THE FIDUCIALST, YES (Y)*
620 PRINT"DR NO (N)7 ANSYER ‘NO‘ TO THIS QUSSTION IF THIS IS THE FIRST TIME™
830 PRINT"RUNNING THIS PROGRAM. *;

B840 INPUT FAlLS

BsD

8L0 KFLAC=0

870 IF FAIL$="Y" THEN COSUB 7540: GDO10 900

8620 IF FAILSCO"N" THEN GOTD 010

8450 ¢

9GO CFLAG=D ' GET CALIBRATION FLAC

910 ¢

G20 PRINT

+G30 PRINT “DO YOU WANT TO TEST THE REGISTRATION SYSTEM (Y OR NI
240 INPUT TST%

950 PRINT

%60 PRINT"PRESS CTRL BREAK TO STOP AT ANY TIME"

270 PRINT R

500 ¢ i

990 IF TST$="Y" THEN GOSUD &470: GOTO 920 * CALL TEST
1000 IF TST$<CO"N“ THEN GOTO 920 '

1010 ¢

1020 * DETERMINE MICROPHONE COORDINATES IN CT COQRDINATE SYSTEM
1030 ¢ .

1040 1IF HFLAG=1 THEN GOTO 10830

1050

1060 GOSUB 4220 ' CALL REGISTER

1070 ¢

1680 PRINT

H
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1090 PRINT * BEGIN PROCEDURE - BREAK TO STOP"

1100 PRINT

1110 ¢

1120 ‘ STORE MICROPHONE COORDINATES (IN ARRAY MIKE) IN ARRAY KX FOR NEWTON
1130 ¢

1140 FOR Mu=1 TO 3 STEP THROUGH LEACH MICROPHONE

1150 FOi CoORD=1 TO 3 STEP THROUGCH X, Y, 2

1160 FX (MK, COORD)=MIKE (MK, COORD) * STORE COORDINATE

1170 NEXT COORD NEXT COODRDINATE

1180 NEXT MA NEXT MICROPHONE

1190

1200 ‘ CALL SUDROUTINE SLICE TO TAKE THE CODRDINATES OF THE MICROPHONES IN CT
1210 ¢ COORDINATES AND THE SLANT RANGE DISTANCES AMD CALCULATLE THE COORDINATES
1220 ‘ GF THE FOCAL POINT, EQUATION OF THE FOCAL PLANE AND THii THREE DIRECTION
1230 ‘ COSIMNES.

-~

-~

1240

1250 GOsuB 5080 ‘ CALL SLICH

1260

1270 ' DISPLAY THE COORDIMATES GF THE FOCAL. POINT, THE EQUATIUN OF THE FOCAL
1280 ¢ PLANE AND THE THREE DIRECTION CDSINES

1290 ¢

13C0 PRINTC

1310 PRINT"FOCAL POINT COORDINATES (X, Y, Z)"
1320 PRINT

12330 PRINT FPOINT(1), FROINT (D), FPOINT (3)

1340 FRINI

15350 PRINT"FOCAL PLANE CCEFFICIFMNTIS (A, B.C, D"
1350 PRINT . .

1370 PRINT FPLANE(1), FPLAME(2), FPLANE(Q), FPLANE(4)
1380 PRINT

1370 PRINT"X DIRECTION COSINE="; DCUSX

1400 PRINT"Y DIRECTION CUSIME="; DCOSY

1410 PRINT"Z DIRECTION COSINE="; DCOSZ

1411

1412 CLOSE #2

1413 CLOSE 43

1430 GGSUB 7850 ¢ CALL DWIPUT-RECI. DAT

1441 PRINT
42 PRINT"##% DON’'T FORGET TO RENAME FILE REG.LOC TO AVOID (VERWRITING #us"
1443 PRINT"RENAME FILE RSLANT.M:A"
1450 STOP
1

1460

1470 ' SUBROUTINE: SRINP

1480

1490 * THIS FILE OPENS THE RS5-232 PORT FOR DIGITIZER COMMUNICATIONS, %
1300 ‘ COMNTROLS THE SPARK GAP MULTIPLEXER, STORES THE SLANT RANGES

1510 “ IN AN ARRAY, AND DETERMINES THE STANDARD DEVIATIONS AND. MEANS
1520 .

1330 ¢ INPUT: MNOT - IGNORED MICROPHONE

1540 ‘ OUTPUT: SRMEAN(MIKE, SKGAP) - AVERAGE SLANT RANGES FOR EACH SPARK GAP
1550 *

1560 PRINT

1570 PRINT "#####PRESS ANY KEY WHEN FOCUSED/READY##xa='
1580 PRINT

1600 ‘' PAUSE UNTIL ANY KEY IS DEPRESSED
1510 P$=INKEY$: IF Ps="" THEN 1610
.

1630 FOR SGAP=0 TO 2 ‘' SET MULTIPLEXER THROUGH PARALLEL PORY
1440 ‘ CHANCE SGAP TO SGAP1 FOR PROPER NULTIPLEXER SEQUENCING
1650 IF SGAP=0 THEN 5GAP1=0

1660 IF SGAP=1 THEN SGAP1=2 .

14670 XF S5GAP=2 THEN SGAP1=1 ,;{3_:;
1690 * WRITE THE BINARY CODE FOR SGAP1 TO THt 'PARALLEL PORT ADDRESS 3BC HEX
1700 O0OUT LH3BC, SGAP!

1720 * QPEN RS-232 PORT, SET BAUD RATE AND PARITY
1730 OPEN "COMI:9600.0,7.,1" AS 41

1740 ¢

1750 FLAG=1 ! ‘ INITIALTZE CHARACTER FLAG

1760 WHILE FLAG ‘ SEARCH CHARACTER TNPUT FOR ASCII LINE FI'ED IF FLAG=1
1770 SH=1INPUT$(1, 1)

1780 IF ASC(5%)=10 THEN FLAG=0 ELSE FLAG=1

1790 WEND

1000 .
1910 W$=INPUTS (26, H1) ‘ ICN{IRE FIRST VALULES (FROM LAST SLAMT RANGES)
1320 - '

1040 FOR I=1 TO NUMSPAR ‘ FIRE EACH SPARK CAP 1350 TIMES

1pLs0

1860 * MONITOR COMM  BUFFCR, 1F >40 CHARACYLRS IN BUFFER TURN OFF DIGITIZER
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‘ BY WRITING BINARY CODE 10 VO ADDRESS JFC HEX — THE RS-P32 PORT
IF LOC(1)2>40 THEN OUT &HGFC, 10 ELSE DUT WHOFC, 11
 INPUT SLANT RANGES AND INGERT DECIMAL POINTS TO READ DIGTANCES IN CH

AS=INPUTS (26, #1) < INPUT 26 CHARACTER STRING (4 SLLAN1 RANGES)

’
Ct=1ID1{A%. 1, 6): CLE=LEFTL(C%,3): CH5:RICGHTH(C%,3): CCH - Cl S+, “+CR%
DE=MIDL(AS. 7.6): DLI3=LEF{4(D%,3): DHE=RICHTH(D%, 3): blrts DL+ " +Di0L

ES=MIDL(AT, 13, 6): EL®=LEFTS$(ES, 3): ER$=RIGHT®(ET, 3): LLF=ELT+", "+ERG
Fe$=MID%(AS, 19, &): FLS-LEFT$(F$,3): FRE=RIGHTS(F$,3): kI $=FL%+". "4+FRS

STORE THE VALUE OF EACH CHARACTER STRING FOR EACH SLANT RANGE 1IN G1-4
G1=VAL(CCs): C2=VAL(DD$%): G3=VAL(EES$): G4=VAL(FF$)

IGNORE SLANT RANGE DATA FROM MICROPHONE MNOT AND STORE REMAINING
SLANT RANGES IN P1-3

LR

IF MNDT=1 THGN P1=G3: PP=G4: P3=G2
IF MNOT=2 THEIN P1=Cl: P2=G3: P3:G4
IF MHOT=3 THEN P1=C4: pP2=02: P3=:Gl . "
IF MNOT=4 THEN P1=C3: P3:=-G1: P3=G2

STORE SLANT RANGES IN ARRAY SLANT
SLANT(I, 1)=P1: SLANT(I,2)=P2: GLANT(I,3)=P3

’

NEXT 1 ‘ GET NEXT SET OF FOUR SLANT RANGES

’

CLOSE #1 ‘ SUPPRESS DIGITIZER COMMUNICATION

‘ CALCULATE MEAN SLANT RANGE VALUES

¢

Ci1=0: C2=0: C3=0 Lo INITIALIZE SLANT RANGE 3UM
BAD(1)=0: BAD(2)=0: BAD(3)=0 ‘ INITIALIZE BAD DATA COUNTER
CHTI=0: CNT2=0: CNT3=0 ¢ INITIALIZE NUMDER OF SLANT RANGES
.

FOR I=1 TO NUMSPAR ‘STEP THROUGH EACH SLANT RANGE

* TEST EACH SLANT RANGE, IF LESS THAN MAX VALUE OF 245 CM. ADD TO SUM
¢ IF A VALUE IS GREATER THAN 243 CM., INCREMENT BAD COUNTER AND IGNORE

* THE BAD DATA. IF S5 BAD VALUES ARE DETECTED, THE MICROMHIONE IN ERROR
 MIGAT BE BLOCKED, AN ERROR MESSAGE IS DISPLAYED AND SRINP IS RECALLED

IF SLANT(I,1)<245 THEN C1=CI1+SLANT(1,1): CNT1=CNTi{+1: ELSE BAD1=DAD1+1

‘

IF SLANT(I.,2)<245 THEN C2=C2+SLANT(I,2): CNT2=CNT2+1: FLSE BAD2-DAD2+1

IF SLANT(I,3)<245 THEN C3-C3!SLANT(I, 3): CNTI=CNT3+1: CLSE BAD3=DBAD3+1

’

MEXT I © TEST NEXT SET CF SLANT RMAGES

’ CALCULATE THE AVERACE SLANT RAMGE VAILUEY

SMEAN(1)=C1/CNT1: SMEAN(2)=C2/CNT2: SMEAN(3)=C3/CNT3

* CALCULATE STANDARD DEVIATIONS COF SLANT RAMGE VALUES TO DETERMING IF
* THERE IS UNACCEPTADLE VARIATION IN Tiki DATA, IE. A AIR DISTURBANCE
C1=0: C2=0: C3=0 * INITIALTZE SUANY RANGE SUH

CNT1=0: CNT2=0: CNT3=0 * INITIALIZE NUFMBER OF SLAMYT RANGES

FOR I=1 TO NUMSPAR ’ STEP THROUGH FACH SLANT RANGE

IF SLANT(I,1)<245 THEN C1=C1+(SLANT(1, 1)=8SMEAN(1))~2: CNI1=CNT1+!
IF SLANT(I.2)<245 THEN C2=C2+(SLANT(I, 2)-SHEAN(2))2: CMT2=CNT2+!
IF SLANT(I,3)<245 THEN C3:C3+(SLANT(I, 2)~SMEAN(3))~2: CNI3=CNT3+]

NEXT I  TEST NEXT SET OF SLANT RNAGES
© LET M1-3 EQUAL THE TOTAL NUMBER OF VALUES-1
NI=CNT1-1: N2=CNT2-1: MN3=CNI3-1

© CTALCULATE STANDARD DEVIATIONS

SD(1)=(C1/N1)~. 5: SD(2)=(CA/N2)™. 5: SD(I)=(CI/N3)~. 5

30SUB 9000 ‘CALL SUBROUTINE STATISTICAL. LOG

* CCMPARE STANDARD DEVIATICNS TO SDLIMIT TD DETERMINE SLLANT RANGE
* ACCEPTABILITY. . A

‘

SDLIMIT=, ! ‘ SET STANDARD DEVIATION LIMIT



2721

2722

2723

2730

2740

27350

2760
2770
2780
2790
2800
2010
=820
2330
2640
2ELO
2860

21170 *

2600
213920
2700
£210
2920
2930
21740
2930
2760
2770
2980
12%90
3060
G010
3020
3230
3040
3050

© 3060

3070
3080
30%0
3100
3110
3120
G130
3140
3150
3160
3170
3180
J1%0
3200
3210
3220
3230
3240
3250
3240
3270
3280
3220
3300
31310
3320
3330
3340
3350
3360
3370
3.30
3070
3400
3410
3320
34320
3410

3450.

3460
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IF BAD(1)>=5 THEN PRINT.BAD(1), "SLANTRANGES BETWEEN SPARKGAP™, SGAP+1, " AND MIKE",MICE
(MNOT, 1). " EXCEEDED 24Scm”: PRINT"TRY AGAIN": ¢OTO 1570
IF BAD(2)>=5 THEN PRINT, BAD(2), "SLANTRANGES BETWEEN SPARKGAP", SGAP+1," AND MIKE",MICE
(MNOT, 2), " EXCEEDED 245cm": PRINT"TRY AGAIN": GOTO 1570

IF BAD(3)>=5 THEN PRINT, BAD(3), "SLANTRANGES BETWEEN SPARKGAPY, SGAP+1," AND MIKE",MICE
(MNOT, 3), " EXCEEDED 245cm”: PRINT"TRY AGAIN": GOTO 1570

IF SD(13>SDLIMIT THEN PRINT"TOO MUCH VARIANCE IN SLANTRANCES BETWEEN SPARKGAP™, SCAP+1,
" AND MIKE", MICE(MNOT, 1): PRINT"TRY AGAIN": GOTO 13570

IF SD(2)>SDLIMIT THEN PRINT"TOO MUCH VARIANCE IN SLANTRANGES BETWEEN SPARKGAP", SCAP+1,
" AND MIKE",MICE(MNOT,2): PRINT“TRY ACAIN": GOTO 1570

IF SD(3)>SDLIMIT THEN PRINT"TOO MUCH VARIANCE IN SLANTRANGES BETWEEN SPARKGAP", SGAP+1,
" AND MIKE",MICE(MNQOT.3): PRINT"TRY ACGAIN": COTO 1570

¢

‘ ADD THE COUNTER DELAY EQUIVALENT OF 4.45 CM. TD EACH MCEAN SLANT RANGE
SMEAN(1)=SMEAN(1)+4,. 45: SMEAN(2)=SMEAN(2)+4, 45: SMEAN(3)=5MEAN(3)+4, 45

¢

SP=8GAP+1  INCREMENT SRMEAN ARRAY POINTLENR
'STORE MEAN YALUES IN ARRAY SRMHEAN(MIKEN, SPARKY)
%RMEAN(I.SP)=SNEAN(I): SRMEAN(2, SP)=SMEAN(R): SRMNEAN(3, SP)=8MEAN(QJ)
wEXT SGAP ) ! FIRE NEXT SPARK GAP
RETURN

SULRUUTINE. DISTANCE

‘ THIS SUBROUTINE DETERMINCS THE DISTANCE BETWEEN TWO POINTS IN OGDLIQUE
' SPAIK GAP COORDINATES. !

INPUTS. FOCAL(POINT, COORD) - ODLIQUE GPARK GAP COORDIMATES OF FOCAL,
NORMAL  ~AND ORTENTATION POIMIS
SL(POINT) - SLANT RANGE DISTAMCES FOHR EACH POINT
CW -~ COSINE OF ANGLE W. S52-51-83 (SI'ARK GAPS);
S2W - SINE OF ANGLE W SQUARED
PFLAC = FLAG TO INDICATE REGISTRATION PROCFDUKE
OUTPUT: DI(POINT) - DISTANCES FROM FOCAL, NMORMAL AND ORIENTATION POINTS

POINT 1

CALCULATE PROJECTIONS OF SLANT 1 ON X AND Y SPARIK AXES
P1={CL{1)"2+53172-5L(3)"72)/(2%531) ‘ EGN, 6.3
Pi=(QI(1)"2+512~2-SL ()~ /(2«81 " EGN. 6.1

.
.
.
.
.
.
.
.
.
X
Y

CALCULATE OBLIGUE CONRDIMATLS OF POINIL L

X1=(XP1-YP 1 aCH) /854 CrAN. &0

Y1=(YP1-XP1uCUW) /500 fOLEQN. 4.9
Z1=(SL(1)72-X172-Y172~22X1#Y1&CW)™, 5 ‘ EUN. 6.12

* POINT 2

 FOR REGISTRATION PROCEDUKE, ONLY THE FOCAL. POINT IS NEEDED SO

‘ PTS=1, THIS IS DETERMINED DY PFLAG. . *
IF PFLAG=1 THEN PTS=1 ELSE PTS=3

FOR I=1 TO PTS ‘ STEP THROUGH FOCAL, NORMAL AND ORIENT. POINT COORDS

’

RECALL FOCAL. NDRMAL AND ORIENTATION POINT COORDINATES
X2=FOCAL (I, 1) ‘

Y2=FOCAL(I, 2)

Z2=FOCAL(1.3)

p

 CALCULATE DISTANCE D USING OBLIGUE DISTANCE FORMULA. EGN. &. 14
D(I)=(X2-X1)"2+(Y2~Y1) R+ (Z2~Z1)"2+2% (X2=X1) % (Y2~Y 1) #CH

NEXT I

RETURN

FILENAME: INVERSE

THIS SUBROUTINE INVERTS THE JACOBIAN MATRIX USING 11E CROUT ALGORITHM

FOINPUT: J#(3, 3) - JACOUIAN MATRIX
* OUTPUT: TI#(3,3) = INVERIED MATRIX

)
SET INVERSION CRITEREA BY STORING THE IDENTITY MATHIX SOLUTIONS
FCR I=1 70 3
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FOR J=1 TO 3
IF I=J THEN IH(I, J)=1 ELSE T#(I, =0
NEXT J
NEXT 1
TOLN:=1E-09 *GET ZENRD TOLCARAMCE FORR MATHIX SINCUI AlLTY
FOR I=1 70 3 * SEARCH FUR LARGEST ELIMENT INM A COULURM
X=-1
FOR #=1 TO 3  SEARCH BEI.OW MAIN DIAGONAL
IF ABS(JH# (K, I))<=X THEN 3600
G=K: X=ADS(JR(K, 1)) Q@ IS ROW OF LARGEST CLEMLNT
NEXT K 7 X IS LARGEST ELEMENT
¢ TEST FOR SINGULAR MATRIX AND STOP I& NECESSARY

IF X>=0 THEN 3650 ELSE PRINT"SINGULAR MATRIX": 510°P

.

IF I=Q THEN 3750 ‘INTERCHANGE IF NiEDED

FOR J=1 7O 3 MO, SUITCH ROWNS I AND Q
T=ul (I, J): JUCT, JI=UHCE, J) 0 JiQ, J) =T

NEXT J

.

FOR u=1 TO 3

T=I#(I.J): THCD, DI=T#(Q, J): IH#(Q, J)}=T ‘ SWITCH RIGHT HAND SIDE

NEXT J

.

FCR J=1 T0 3 ¢ ELIMINATE ON THAT ONE ROW

‘

IF I<J THEN Ml=I-1 ELSE Mi=Jd-1

§=0 ‘ FIND INMER PRODUCT OF ROW 1 AND COLUMN J

FOR k=1 T0O M1
S=5+JH (I, K)=JIW (K, J)
MEXT K

JROL, J)=URI, J) S

/ STOP HERE IF DBELOW MAIN DIAGONAL, CHECK FOR SINGULARITY ELSE NORMALIZE

IF I>=J THEN 37910
¢
IF ABS(J#(I, I1)CTOLY THEN PRINT"SINGULAR MAIRIX": ST0P
JHCT, N==J8 I, JI/JUCL T ‘ELLSE NORMALIZE
NEXT J ‘ MNEXT COLUMN
NEXT 1 * NEXT COLUMN

'‘REDUCE RIGHT HAND SIDE
’

yoToR

FOR J-1 1O 3 * FOR EACH SET OF CONSTANIS

FOR I=1 TO 3  LOOK DOWN EACH COLUNN
§=0

FOR K=1 YO I-1
S=G+JHCT KIRTH(K, J) ¢ TAKE PARTIAL INNER FRODUCT
MEXT K '

I#CT, D=L, DS 7Ju T, 1)

.

NIZXT 1
FOR I=3 70 1 STEP -1 ‘ WURK DACK UP COLUMN
5=0 ©OTAKE PARTIAL INNER PRODUCTS

FOR K=I+1 TO 3
S=G4JNCI, KIRTH(K, )
NEXLT K

’

THCT, Jy=-18H(T1, ) vy

'

MEZXT 1
NEXT U
.

RETURN

.

SUNROUTINE: REGISTLR

THIS SUBROUTINE CALCULATES THE COORDINATES OF THE TIIRFE MICROPHONES

INPUT: FOCAL(1,CO0ORD) — OBLIGUE SPARK CAP COORDINATLEG (1

* IN THE CT CODRDINATE SYSTEM AND STORES THEM IN FILE MIKE,
 OUTPUT: MIAE(MK, AX) — CT COCRDINATES OF MICHOMHOMES

FOCAL POINT
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4290 ¢ SUDROUTINES NEELED: SRINP, NEWION

4300

4310 PFLAG=1 ‘ SET FOCAL PDINT ONLY FLAG FOR SUBROUTINE DIGTANCE

43020

4330 ‘. COLLECT THE FIDUCIAL DATA IF NECESSARY ELSE READ THE

4340 ’ DATA FROM THE FILE FIDUCIALS A
4350 ¢

4260 ‘ FIND QUT IF THE FIDUCIAL PDSITION HAS BEEN ALTERED SINCE THC
L4370 ' LAST TIME THIS PRDGRAM WAS EXECUTED

43710 PRINT

4390 PRINT "THE FIDUCIALS HUST BE RESET FOR A NEW PATIENT(PQSITION)"
4400 PRINT "DO YOU WANT TO RESET THE FIDUCIALS (Y OR N)*;

4410 INPUT RESFIDS

4420 IF RECFID¢="Y" THEN STFL=2: GOBUB 8030: GOTO 4440

4430 IF RESFID$="N" THEN STFL=3: GOSUB 8310: ELSE GOTO 430

4440

4450

4460 PRINT .

4470 PRINT"CALCULATING MICROPHONE COORDINATES..."

4480 PRINT

4490 ‘ CALCULATE DISTANCES BETWEEN MICROPHONES AND FIDUCIALS
4500 H .
4510 FOR FID=1 70 3 © 4 BTEP THROUGH EACH FIbuCIaL

4520 FOR MA=1 TO 3 ‘ STEP THROUGH EACH MICROPIIONE

4530 FOR SPK=1 TO 3 4 BTEP THROUGH EACH SPARK GAP

4540 SI.(SPK)=SDATA(FIDN, MK. SPK) ¢ STORE SLANT RANGE DAJA 1IN VECTOR St
4550  NEXKT SPK * NEXT SPARK GAP

4540

4570 ' CALCULATE THE DISTANCES BETWEEN THE FIDUCIALS (FOCAL PUINT) AND THE
4580 ¢ MICROPHONES

4590 ¢

4600  GOSUB 2900 / CALL DIGTANCE

4510 ¢ -

4620 ' STORE DISTANCES TO FOCAL POINT IN ARRAY DIST

4620

4410  DIST(FID.MK)=D(1)

4650 ¢

4560 NEXT MK * NEXT MI1CROPIIONG

4570 NEXT FID ¢ MEXT FIDUCIAL

4480 ¢

44590 ¢ IF TESTING THE RECISTRATION PROCEDURE., FIDUCIAL COORDINATES ARFE
4700 ' KNOWN S50 DO NOT EMTER COORDINATES

4710 *

4720 IF CFLAG=1 THEN 4810

4730 ¢ ]

4740 ‘ ENTER FIDUCIAL COORDINATES

4750 -

4760 PRINT

4770 PRINT “"LOADING CT COORDIMATES OF THE FIDUCIALS FROM FIDOUT. DAT®
4780 ¢

4790 GOSUB 7480 ‘CALL RECALL-FIDDUT. DAT

4500 ¢

4810 ‘ CALCULATE MICROPHONE COOCRDINATES BY SOLVING THREZ NONLINEAR EQUATIONS
4820 ‘ FDOR THREE UNKNCVNS USING NEWTONS METHOD. EGN. &, 10.

4930 7

4840 GOSUB 9730 ¢ CALLL NEWTON

4G50

4950 ‘ STORE MICROPHONE COORDINATES IN ARRAY MIKE
4070 -

STEP THROUGH EACH MICHOPHONE
STEP THROUGIY X, Y. 1

STORE COORDINATE

NEXT COCRDINATE

48600 FOR 1=1 TO 3

4990 FOR COORD=1 TO 3

4500 MIKE (MK, COORD)=NSOL ( MK, COORD)
4910 NEXT COORD

LN

4920 NEXT M4 NEXT MICROPHONE }
4930 -

4940 * STORE CT CODRDINATES OF MICROPHONES IN FILE MIKE

4750

4940 OPEN “"MIKE" FOR QUTPUT AS il / OPEN FILE MIKE FOR OUTPU1
" 4970 FOR MK=1 TO 3  1.OOP THROUGH EACH MICROPHONE
4980 FOR COORD=1 TO 3 ‘ [.OOP THROUGH X, Y AND. Z
49390 PRINT #1, MIKE (MK, CODRD) ¢ WRITE EACH VALUE TO THE FILE
5C00 NEXT COORD
5010 HMNEXT MK

5020 CLOSE #1 / CLOSE THE FILE

5030

5040 PFLAG=0 / RESET FOCAL FOINT COORDINATE FLAG
5050

£060 RETURN

5070 ¢

5080 SUBROUTINE: SLICE

5090 .
5100 ‘ THIS SUBROUTINE CALCULATES THE CT COORDINATES OF THE FOCAL., NORMAL AND
- 5110 ‘ CRIENTATION POINTS TO DEFINE THE FOCAL PLANE. IT ALSO DETERMINES
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 THE FOCAL PLANE COCFFICIENTS AND THE THREE DIRECTION CUGINES

INPUTS: NMIKE(MK, AX) — CT COCRDINATES DF MICROPHOMES

FOCAL(POINT. CONRD) - OBLIQUE SPARK GAP COORDIMAIES OF THE FOCAL,

‘ NDRHAL AND DRIENTATION FPOINTS

 OBUTPUTS: FPOINT(COORD) - FOCAL POQINT COGCRDINATES;

‘- FPLANE(COUFF) - FOCAL PLANE COCLFFJCIENTS:

! ' DCOSX - X DIRECTION COSTINE OF THE FOCAL. — CRICNT. POINT VLCTOR
! DCOSY ~ Y DIRECYION COSINME OF THE FGCAL. — ORIUNT. POINT VCCTOR
! DCOSZ - Z DIRECTION COSINE OF THE [OCAL -- GRIENT. POINT VCCTOR
‘ SUBROUTINES NEEDED: SRIN?, NEWION

GET SLANT RANGES

GCGSUB 1470 ‘ CALL SRINP
FOR LOOP1=1 TO 3
FOR LOOP2=1 TO 3
PRINT #3, SRMEAN(LOOP2,LOGP1)

NEXT LOOP2
NEXT LOOP1

FOR Me=1 TO 3 © S1EP THROUGH EACH MICROPHONE
FOR SPK=1 TO 3 * S1EP THROUGH EACH SPARK CAp

! STGRE SLANT RANGE DATA IN VECTGR SL
SL(SPK)=SRMEAN (MK, SPK)
NEXT SPK ‘ NEXT SPARK GAP

‘

GOSUD 2900 ‘ CALL DISTANCE

FOR PT=: 70 3 ¢ STEP THEOUGEH EACH POINT
‘ STCRE DISTANCES IN ARKAY
DIST (MK PTI=D(PTY

NEXT PT ¢ NEXT POINY

NEXT MK ‘ NEXT MICROPHONE

GOSUB 5740 ‘ CALL NEWTON - EGN. &4.28

‘ STORE FOCAL POINT COORDINATES .
FCR COODRD=1 TO 3 ¢ STEP THROUGH X,Y,2Z *
FPOINT (COORD)=NSGL (1, COORD)

NEXT COORD ‘ NEXT COORDINATE

FOR I=1 TO 3 ‘ CALCULATE AND STORE FOCAL PLANE COGFFI1CIGNTS
FPLANE(I)=NSOL (2, I)~FPOINT(I) ’

NEXT I

’

FPLANE(4)=0

FOR I=1 TO 3 * STEP THROUGH CEACH COEFFICIENT
FPLANE(4)=FPLANE(4) +FPLANE(I)*FPOINT(I)

NEXT 1 ’ NEXT COEFFICIENT

’ CALCULATE AND STORE X, Y AND Z DIRECTIOM COSINES

.

NORM=0 ¢ INITIALIZE VECTOR NORM

FOR COORD=1 TO 3 ‘ STEP THROUGH X,Y.,Z
NGRM=NORI+ (NSOL (3, COORD) -NSOL.( 1, COORD) "2 ¢ EOGN. &.27
NEXT COORD 4 NEXT COORDINATE

‘.

NORM=NORM™, $
.

DCOSX=(NSDL(3, 1)~NSOLL(1, 1)) /NORM f FEON. 6. 30
DCOSY=(NS0L (3, 2)-NSOL (1, 2))/NORM CEGN. 6,31
DCOSZ=(NSOL (3, 3)-NSOL(1, 3))/NORM Y EGN. 6,32
‘

~

RETURMN '

‘

SUDROUTINE: HNEWTON

THIS SUBROUTIMNE SOLVES 3 SETS OF 3 NOMLINEAR EQUATIGNS FOR 3 UNKNDWNS
USING AN ITERATIVE NEUTON'S HETHOD. THE EGUATIONS ARY IN THE FORM OF
DIST=((FX1-NSOL1)"2+(FX2~-NSOL2)"2+(FX3-NSOL3)"2)~. 5, WIERE DIST AND FX
ARE ANOWN AND NSOL IS UNKNOWIN.

’

¢ INPUTS: FX(POINT,COORD)— FIXED COORDINATES:

‘ DIST(POINT, 3) - DISTANCES BETYWEEN POINTS;

¢ CW - COSINE OF AMGLE W, S2-S1-83 (SHARK GAPS)

* QUTPUT: NSOL(POINT, COORD) - COORDINATE SOL.UTIONS

* SUBROUTINE NEEDED: INVERSE

’

* SET CONSTANTS

E=.001: ITERNUM = 35 * ITERATIVE TOLERANGE AMD NUMOER OF ITERATIONS
* LODP THROUGH EACH SET OF EQUATIONS
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5700 FOR MA=1 TO 3

5910 ¢
5920 ‘ STORE INITIAL SOLUTIONS

5930 FOR PT=1 TO 3

5940  MH(L,PT)=15

5950 NEXT PT

5960 ¢

5970 ‘ LOOP THROUGH UP TO 35 ITERATIONS

5980 FOR ITER=2 TO ITERNUM

5990 ¢

£000 ¢ STORE ITER-1 SOLUTIDN

4010 FOR PT=1 TO 3

6020 MVIt(PT) =M (ITER—1,PT)

6020  NEXT PT -
6040 ¢ :

6050 ‘ CALCULATE JACOBIAN MATRIX COEFFICIENTS FROM THE DERIVATIVES OF THE
6060 ¢ EQUATIONS

6070 FOR I=1 TO 3

4080 FOR J=1 TO 3

£0%0 T, JI =24 MVICD) =FXCL, U))

6100 NEXT J

6110  NEXT I

&120 ¢

6130 ‘ INVERT THE JACDBIAN MATRIX

6140  GOSUB 3380 ¢ CALL INVERSE

£150 ¢

&160 ‘4 DETERMINE SOLUTION ITER

4170 FOR I=1 TO 3 ]

6180 FHCI) = (MVB (1) ~FX (1, 1) )22+ (MU (21 ~FX (L 2) )72+ (MVR () ~FX (1, 3))~2-DIST(I, MK)
6190 NEXT I C

&200 ¢ . .

4210 FOR I=1 TO 3 .

6220 MUCITER, 1) =MV (I ~IH(L, 1) #F#(1)~T#(I, 2)#FH(2)~14# (I, 3) #F#(I)

6230  NEXT I

6340 ¢ )

£250 ‘ CALCULATE ITERATIVE ERROR AND SEE IF IT IS WITHIN THE SET TOLERANCE TOL
6240  FOR I=1 TO 3

6270 T(I)=ABS(MHCITER, 1) =MVE (1)) /ABS(MBHCITER, 1))

6280  MEXT I

6290 ¢ !

£300' ¢ IF ERROR IS WITHIN TOL STORE SOLUTION OR CONTINUE TO MiXT ITERATION
6310  IF (T(1I<E) AND (T(2)KE) AND (T(3)<E) THEN 6400

6740 7

&330 NEXT ITER * NEXT ITERATION

&340

€350 ‘ IF ND SOLUTION IS REACHED AFTER 35 ITERATIONS PRINT ERRUR MESSAGE
&340 ¢ AND STORE LAGT ITERATION. '

&370 PRINT "NO SOLUTION FOR POINT 4%, MK: 1TER=35

€371 PRINT"THE RELATIVE ERRGRS ARE:“:PRINT“X--CODRDINATE: ", T(1)

6372 PRINT"Y-COORDINATE: *, T(2): PRINT“Z-CODRDINATE: ", T(3): PRINT

&373 PRINT"IF YOU WANT TO DO SOrE MORE ITERATIONS, ENTER HOW MUCH"

L374 PRINT"MORE, ELSE ENTER ‘0'";

6375 INPUT  ITERNUM

&£374 IF ITERNUMCO0 THEN ITERMUM=ITERNUM+2: GOTO 5970

&277 ¢

5380 ¢

&390 ‘ STORE SOLUTIONS IN ARRAY NSOL

&400 FOR I=1 TO 3

6410  NSOL(MK, [)=M#(ITER, I}

6420 NEXT I

6430 ¢

G440 NEXT B4 fONEXT SET OF LGQUATIONS

£450 ¢

&450 RETURN

&EN70 !

4480 ¢ SUBROUTINE: TEST

5450 ¢

4500 * THIS SUBROUTINE IS USED TO TEST THE REFERENCE SYSTEM AND REGUIRES
6510 ¢ THE TEST PHANTOM WHOSE FIDUCIAL COORDINATES AND TEST FOINTS ARE KNOWN.
£520 ¢ THE OUTPUT OF THE SUBROUTINE INCLUDES THE COORDINATES OF THE FOCAL
&530 ¢ POINT, THE FOCAL PLANE COEFFCIENTS, THE DIRECTION COSINES OF THE
6540 ‘ FDCAL -~ DRIENTATION PDINT VECTOR AND THE ALSOLUTE ERROR AT THE FOCAL
6550 ‘ POINT. .

6560 ¢

6570 ‘ SUBROUTINES NEEDED: REGISTER, SLICE

&£500 ¢

&590 IF HFLAG=1 GOTO &740

6600 PRINT :

6610 PRINT"ANCHOR THE TEST PHANTOM BLOCK WITH RESPECT TO THE MICROPHONES, *
6620 PRINT

6630 ¢

6640 ¢ STORE FIDUCIAL COORDINATES

6650 FX(1,1)=0: FX(1,2)=0: FX(1,3)=0
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FX(2. 1)=~1.671: FX(2.2)=7. L2 FX(2,3)=4, 854
FX(3.1)=1.016: FX(3,2)=15.867: FX(3,3)=—1.75

’ SET CALIBRATION FLAG FOR SUBROUTINE DISTANCE
CFLAG=1 o

’

COSUB 4220 ‘ CALL REGISTER-DEVERMINE MICRODPHONE COORDIMATES
,

FOR I=1 TO 3 * STORE MICROPHOME COORDINATES IN ARRAY FX FOR NEWTON
FOR J=1 TO 3

FX(I, J)=MIKE(I, )

NEXT J
NEXT 1

4 LOOP THROUGH UP TD 100 TEST POINTS'
FOR TPOINT=1 TO 10D

PRINT "ENTER TEST POINT # (1-5) OR FIDUCIAL il (F1-F3)";
INFUT TPT$

¢ LOGK UP KNOWN COORDINATES GF TEST PGIMT

IF TPT$="1" TIEN TX=~4, 7197, TyY=7, 62: 1I=.79: GOrQ 4970

IF TPTg="2" THEN TX=2.8%4: TY=0: TZ=0: €OTO &%70

IF TPT¢="3" THEN TX=5. 949: TY=7.462: T1=4. 854: GOTO &770

IF TPTE="4" TIEN TX=4. 024 TY=8.247: TZ:=0: GOTO 4970

IF TPT4="5" TIHN TX=1. 016: TY=15. 867: TI= 2206: GUID &970

IF TPT$="F1" THEN TX=0: TY~0: TZ=0: G070 &%970 ' FID !

IF TPTs="F2" THEN TX=-1.&71: TY=7.42: TZ=4.834. COTOQ &¥70 * FIb 2
IF TPT$="F3" THEN TX=1.,014: TY=15.84&7: TI=-1.735: GO10Q &970 ' FID 3
GOTO 4830

‘

GOSUB 5080 “ CALL GLICE TO CALCULATE VALULS

* PRIMT FOCAL PLANE COEFF1CIENTS

PRINT
PRINT"FOCAL PLANE CORFFICIENTS (A, B.C,D)"
PRINT
PRINT FPLANE(1), FPLANE(2), FPLANE(3), FPLANE(4)
’
PRINT
PRINT "DIRECTICN COSINES (X. Y, 2)*
PRIMT
PRINT DCOSX. DCOSY. DCOSZ
PRINT
* PRINT TRUE AND CALCULATED VALUES OF THE FOCAL POINT AND THE ERROR IN MM
PRINT"FOCAL POINT COORDINATES™ .
PRINT
PRINT “MEASURLCD-*; FPOINT()), FROINT(2), FPOINT(3)
PRINI TRUE="3 TX, TY, 12

ER=10#((FPDINT(1)-TX)* 2+ (FPOINT(2)-TY)"2+{FPOINT(3)-TZ2)"2)"~. O
PRINT “ERROR IN mm, ="; ER
PRINT

‘

NEXT TPQINT
RETURN

© SUBROUTINE: RECALL-SIT

‘ THIS SUDROUTINE RECALLS THE COORDINATES OF THE FOCAL. NORMAL AMD
 ORICNTATICON POINTS FOR THE “SITTING" SPARK GAP HRACKE1 FROM THE

* FILE SIT AND STORES THE COORDINATES IN ARRAY FOCAL(POINT, COORDINATE?

‘'

OPEN "S1T" FOR INPUT AS #1 ‘ OPEN FILE "SIT" TO READ IN COORDINATES

INPUT #1, MNOT ‘READ MICROPHONE WHICH WAS, SHUT OFF

FOR PNT=1 TO 3 L O0P THROUGH FOCAL, NORMAL AND ORIENT PT
FOR COORD=1 TO 3 S LOBP THROUCIL Xo Y AND Z COORDINATES

INPUT #1, FOTAL(PNT, COOHD) © GTORE DATA IN ARRAY FOCAL(POINT, COORD)

NEKT COORD COMEXT COORDIMNAE

NEXT PNT ©ONEXT POINT

CLOSE #1 | © CLOSE FILE

RETURN

SUBNOUTINE: RECALL -MIKIL

THIS SUBROUTINE RECALLS THE CT COORDIMATES OF THE HICROPHGNES THAT WERE
STOGRED 1IN CASE THE COMPUIER FAILED AFIER TiHE REGISTRATION PROCFDURE

‘
’
’
.
’

DPEN “MIKE" FO INPUT AS #) * DPEN [JLE "MIKE" TO NEAD IN CODRDINATES
FOR MK4=1 TO 3 2 LO0P THROUGH THE MICROMHONES
FOR CO9RD=1 TO 3 7 LOOP THROUGH X, Y AMD 7 COCRDIMATES

INCUT d1, MIKE (MK, COORD) ‘ STORE DATA IN ARRAY MIKL (MK, CDOKRD)



74£30
7640
7650
76560
7070
7480
7690
7700
7710
7720
7730
7740
7750
7740
7770
¥780
7790
1600
7010
20
7030
340
7850
7060
7870
7880
7890
7900
7910
7920
73930
7740
7980
7950
7970
7930
79790
8000
8010
8020
8030
OO
6950
OGO
[HOVAV]
=030
8690
B10oH
8110
9111
2112
2113
2114
31195
6120
8130
8140
8156
85140
B170
© B1EO
6150
8200
R210
ac0
8230
3240
8250
8240
8270
6280
385
BI90
8300
6310
8U20
£330
8340
8350
8340
8370
6380
6370
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NEXT COORD
NEXT MK
CLOSE #1 ¢ CLOSE IFILE
HFLAG=1 / SET RECALL FLAG EQUAL. 10
RETURN

‘ SUDROUTINE: RECALL-FIDOUT. DAT

2

*  THIS SUBROUTINE RGECALLS THE FIDUCIALS IN CT COORDINATLS THAT

‘  WERE STORED BY THE PROGRAM FIDUC. FOR
OPEN "FIDOUT. DAT" FOR INPUT AS {11

LINE INPUT #1, JUNKS

INSUT #t1, TRASH

INPUT 411, TRASH

FOR FIb=1 TD 3

INPUT 41, TRASH, FX(FID, 1), FX(FID, 2), FX(FID, D)
MEXT FID

FCR FIh={ 70 3

PRINT "FID = *, FX(FID, 1), FX(FID,2),FX(FID, 1)
NEXT FID

CLOSE 3t

RETURN

‘ “SUDROUTINE: - OUTPUT-RECI. DAT

’

‘ THIS SUBROUTINE OUTPUTS THE FOCAL PLANE COEFFICIENTS,

‘ FOCAL POINTS, AND DIRECTION COSINES INTO THE FILE REC).

’

OPEN "RECI.DAT" FOR OUTPUT AS #1

FOR FID={ TO 4

PRINT #1,USING “#i##. ##tsiisit'y FPLANE(FID)
NEXT FID

FGR FID=1 TO 3

PRINT #1, USING “#its#. sigititt®y FPOINT(FID)
NEXT FID

PRINT #1,USING "dil##. #8uuii44, DCOSX
PRINT #1,USING "#tH#. #ifatin"; DCOSY
PRINT #1, USING “#tittih, #ttisititit”; DCOSZ
CLOSE #1 .

RETURN

’

‘ SUBROUTINE: OUTPUT-FIDUCIALS

THIS SUBKOUYIHE COLLECTS FIDUCTAL DATA ARD URETES T
UATA GATHERLD TO Al GuiPul FILE CALLED FIROCTAL

Poad 1D =1 TO 3

IR
PRINT "FOCUS OGN FIDUCTAL POINT i FID
GLBUR FR70 cGnallt sRrINe

FOR LOOPL=1 TO 3

FOoRr toogrz-<1 10 3

PRINT #3, SinEanN(LOovrR, Logrs)

LUXT Loop2

HEXT 1.0OCP1

‘' STORE AVERAGE SLANT RANGE DATA IN ARRAY HDATAS
FOR MK =1 TO 3

FOR SPK =t TO 3

SDATALFID, MK, SPKT = SRMEAN(INK, SPK)
NEXT CPK

NEXT MA

NEXT FID

‘ NOW STORE TIiE DATA IN Tit: GUTPUT FiIiLE
OPEN "FIDUCIAL"™ FOR OUTPUT AS {1}

FCR FID = 1 TU 3

FOR MK = 1 TO 3

FOR SPX = 1 TO 3

PRINT 1, SDATA(FID, ML, SPK)

NEXT GPK

NEXT dil4

NEXT 1D

CLOSE 111

IF TSTé="Y" THEN STFL=1: LELSE STFL=3
RETURN

‘

SUBROUTINE: RECALL-FIDUCIALS

FIDUCIAL COLLECTION RUN SAVING THE INPUT OFF FIDUCIALS
OVCR AND DVER AGAIN, THIS IS OW PROVIDED THE PATIEMI
NOT MOVED.

.

OPEN "“FIDUCIAL" FOR INPUT AS #1
FGR FID = 1 70 3

1

DAT

THIS SUBROUTINE RECALLS THE ARRAY SDATA FROM A PREVIOUR

1,
15

o)

@

3



6400 FGR MK =
410 FOR SPK =
2420 INPUT #1, SDATA(FID, MK, SPK)
6430 NEXT SPK
8440 NEAT MWK
£450 NEXT FID
8460 CLOSE #1
€470 RETURN

9S00 ‘ SUBROUTINE: STATISTICAL LOGC

400 NEXT L1
PA10 PRINT #2, " "
Q420 RETURN

55

1 70 3
1 TO 3

SUSMEANCLLII+. 06 THEN CLASS(1)=CLALRLG(L1)Y+1: GUTO
SUOMEANILLI+. O THEN CLASS{23=CLASG{2)+1: CUTO
SCOMEANILLE I+  O1)THEN CLABS(3)=-CLASGID 41 CDI0
USMEANCLT Y= O1)THEN CLASS(A)=CLASG(A)I+ L GUID
DUSMEANILL)I=. O3 THEN CLASS(5)=CLALGL(I)+1: GUTIO
D{SMEANILLIY=. DEITHEN CLASSI&A)=TLAGEILY+1: GUTD

4,722,056
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= HLANT (1, L)

215 THEN GOTO 9210
MAX THEN MAX = SLANT{ 2.L1)
MIN THEN MIN = SLANTO 2, 01)

AT UTESIPAOINMT: " P T4%
4
{

tos "FIDUCTAL - " FID

17, "SLANTRANCES FQOIt DETERMININMG FOCAL PLANC®

PRINT#Z2, "SPARKGAP . "  GGAP41, " MIKE: *, MICE(HNOI, 1), HMARKS: *, NUMSPAR
PRIMT#2, "MEAN: ", SMEAN(L) ), " STANDARD DEVIATION: ", 4D(L 1)

> 24%cm: My BAD(L)
FIAX: " MAX

{010

?012

S020 FOR L1 =1 TO 3

9630 ¢

9040 FOR L2 = 1 TO 7

G050 CLASS(L2) = 0

060 HEXT L2

070

S090 MIN = SLANT(1,L1): MAX
9C9s

$100 FUR (.2 = 1 TO MUMCPAR
9110 IF SLANT(LO, L1) 5
9120 IF SLANT(L2,1.1) >
2130 IF SUANT(L2,L1) <
140’ IF SLANT(L2,L.1)
F150 IF SLANT(L2,L1)
9160 IF SLANT(L2, L 1)
2170 IF SLANT(L2,L1)
5160 IF SLANT(L2,L1)
9190 IF SLANT(L2.L1)

200 CLASS(7) = CLASS(7) + 1
5210 NEXT L2

G200

§230 IF STFL = 1 THEN PRINT
?240 IF STFL = 2 THFN PRIMT
9250 IF STFL = 3 THEN PRINT
19300 ¢

5310

5320

8330 PRINT#2, "SLANTRANCES
9340 PRINTH2, “MIN: *, MIN, ©
350 ¢

9260 FOR L2 =1 10 7

2370 PRINT #2, CLASSOL.D)
$3B0 NEXT L2

95390 PRINT #2," *

, . Append ix ¢

9210
2210
QL0
9210
210
2210
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Prugrammeri

Versiun: O

‘
.
.
‘

focal plane

John Fo o Hatcoh

FROGRAM Focall’lancbhefanition

(FPL)

This program determines the relative pesition of the operating microscope’s
with regpect to the triangle made up by the sparkgaps

Johann Ketteonberger
William J. Movray

Date: September 11, 170U

1

OPTION Base 1

.

‘start array indices with J instead of O

‘ask Array Declarations #esaiagt it i e s ra tRin i atARAR AR UTARRARIRAURARBANI NN AR

‘

DIM MikeGapSlant(4, 3, 300)

DIM Slantriean(4.3)

DIt Class(7)

‘holds slantrannes: 1. index: microphone,

‘@ index: spavkuyap, J.index: # of uvlantruanges
‘“to be crllected (Fiax = 1I00O)

‘holds mean slantranges talculated from the
‘slantranges in MikeGapSlant: t.aindex: micro-
‘phone, 2.index: sparkguap

‘histoyrem clasces for the statistical analysis



230 DIM

370 bIn

A20 DI

a59
440

470

460 DIM
490

500 DInM
510 DIM
520

S30

540 DIM
550

o721V)

5/0

550 DIM
S0
H00C DM
410 DIH
420 DIM
£330

610
LS50 bLIN
&£L0 DIM
570

&40

&G0

700 DI
710 DIM
720 DIt
730

740

750

760 DIM
770

700

7590 DI
800

alo

820 DIM
830

840

850

8.0 DIM
870 DIM
£30 DIM
B0 DI
935 DIM
910

?20 DIM
230

940 DIM
G50 DIM
Lo

Facal(3}

57

MikeDist(4,3)

Index(4,3)

Coan(4d)

SinA(4)

Gaploord(3. 3)

GapteCoG (3, 3)

Cot ()
D1sG(3)

TriMorm(3)
Vecl1(3. 3)

Veo2{d, 3

NewGap (3,3, 9)

NarmVec ] (3)
NarmVec2(3)
Mike(4, 3, 3)

'

StaraGap(3,3)

NewCoard (3, 3)

XAxis (3}

YAxis(3)
ZAxis(3)
XFac(3)
YFac(3)
IFac(3)

Dif{(3)

Orient(3)
Normal (3)

4,722,056
’ 58

‘of the slantrange distrilbution

‘toordiuates of 4. sparkagap (focal point) 1ia
‘the microphont coordinatle system

‘distances between microphones: | Index. micro-
‘phone being shut off, 2 1ndex: 1:distance ora-
‘qin microphone =~ X-axis microphone, c=distance
‘origin microphone — Y-axis micvophone, 3= diu-
‘tance X-axis -~ Y-axis microphane

‘changecs indices depending on which microphone
‘is shul off. 1his allows to use the same for-
‘mulas independent of the microphone being shut
‘off. 1. index: microphone shut off, 2. index:
‘1=X-axis microphdne, 2=0rigin microphone
‘3=Y—~axis microphone .

‘cosine. of angle between X—axis and Y-axis mi-
‘crophone at origin. Index. microphone shut off
‘sine af the angle described above

‘coordinates of sparkgoaps in microphone system
‘1. index: spavkgap, 2 index: coordinate (1=X,
‘2=Y. 3=1)

‘vector from a sparkyap to the midpoint of tha
‘opposite sparkgap triangle side through the
‘center of gravity of the Lriangle

1. index: sparkgap., 2. index: coordinates
‘coordinates of center of gravity of sparkgap
‘triangle

‘distances from center of gravity to sparkgaps
‘nprmal vector of spavkgap triangle

‘auxiliary vector neceded for determining the
‘correct positions af the sparkgaps

‘1, indcx: sparkgap, 2. index: coordinates

‘as Vecl

‘sct of carrected sparkgap coordinates

‘1. index: spavkgap cthosen to arient corrected
‘sparkpop triangle, 2. index: sparkgap.

‘Q.index: coovdinates

‘factors to normalirze vertors Vec!

‘factors to normalize vectars Vecd

‘microphone coordinates depending on which ane
‘de shut off. 1.index: microphone shut off,
‘2.oindex: 1=X-axis microphone, 2=Urigin micro-
‘phane., J3=Y-axis microphcene, 3. index: coord’s
‘sparkgap coordinates when microscope is
‘focused on 4. sparkgap. 1 index: sparkgap.

‘e index: coordinate

‘improved sparkgap cooardinates calculated from
‘improved slantranges. . index: sparkgap.

‘@ index: coordinates

‘X—axis of ohlique sparkgap based system to de-
‘termine the relative pouition of focal, normal
‘ond oricntation point. X-cxis gocs trom spark-
‘gap#l (origin) tu sparkgapid

‘aoes from sparkgap#l to sparkgapl

‘cross product of XAxis x YAxis

‘Factors with which XAxic,YAxis, ZAxis vectars
‘hove to be multiplied to go from sparkgaptit
‘to the focal(index=1), nermal{index=2) or
‘orientation paint(index- 3)

‘differences betwebn succensive calcu~

‘lations of sparkgap coovdinates

‘Urientation point coordinates

‘Normal vector of the focal) plane

Q70 ‘eas Arvay Initializations and CONStants #3AEkVANRARARXRNRUANRARTRANRER AR TN RER

{560 -

770 ‘Order aof Index Permutation

1000

1010 Index(l,1)=4;
1620 Index(2,1)=1:
1630 Index(3.1}=2:
1040 Index(4,1)=3

1090

Index(1,2)=3:
Index {2, 2)=4:
Inder{3,2)=1:
Index{4, 2)=2:

Index(1,3)=2
Index(2,31=3
Index (3. 3¥=4
Index(4,3)=1

1060 ‘Measured Microphone Distances "

1070 -

1080 MikeDist(l.1)=76.243: MikeDist(l,2)=100. 209: MikeDist(1,3)=137 754 ‘Lcm]
1090 MikeDist (2, 1)=101. 965: MikeDist(2,2)=96. 243: MikeDist(2, 3)=140. 952
1100 MikeDist(3.1)=95. 697: Mikellist(3,2)=101. 265: MikeDist (3, 3)=137. 754
1110 MikeDist(4,1)=100.289:MikeDist(4,2)=95. 697:MikeDist(4,31=140. 962

1120 -

1130 ‘Cosine/Sine of Angle at Origin of Microphone Coordinate System

1140

1145 FOR Mik=1 TO 4

1150 CasA(Mik)=MikeDist(Mik, 1)"24MikeDist(Mik, ) 2~MikeDist(Mik, 322
1160 CosA{Mik)=CosA(Mik)/(2#MikeDist(Mik, 1)#MikeDist(Mik, 2))

1170 SinA({Mi%)=8QR(1~CasA(Mik)*CaosA(Mik))

1175 NEXT HMik

1180

1190 ‘Distances from the Center of Gravity of the Spoarkgap Triangle to the Sparkgaps

1200

121C DisG(1)=17.341285; DisG(2)=17.204482: DisG(U)=17. 231647

1220

1230 ‘Angles needed to calculate corrected Sparkgap Positions
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CosA12=0 496B336: SinAl2=0. 8678408
CosA13=0. 5038557 : GinAl3:0. 8637378
CosAZ1=0. 49269218 : SinA21:0. 8702039
Co0s5A23-0. 4959331: SinA23=0. 8534607
CosA31=0 5071&46: SinA3i=0. H61BATY
CosA32=0. 5031794: SinA3i=0. B64182

y :

‘Microphone Coordinates
.

FOR Mik=!{ TQ 4

Mike(Mik, 1, )=MikeDist(Mik,1): Mike(Mik.,1,2):0. Mike(Mik.,]1,3)«0

Mike{Mik,2,1)=0: Mike(Mik,2,2):=-0: Mike(Mik, 2, =0

Mike(Mik, 3, 1)=MikeDist (Hik, 2)%CosAlMik): Mike(ftik, 3 R)=MikeDist(Mik, 21 *SinAlt1k]): Mrke(Mik, 3, 31=0
NEAT Mik

.

‘ant Gtart of Main Proqgram #A 82 s tsteonsnat e n g iR esaeta b2 P00 a A4 T IRNATUNRQRINAIRUD

‘Error Handling Routine

ON Ervor COTO 2230

PRINT

PRINT

PRINT"Program FPL: Definition of the microscope’s focol plane”
PRINT .

PRINT"Version: 0.1"

PRINT

OPEN "FPL.Log" FOR QUTPUT AS #2

‘Interactive Input of Micraphone to be shut off and Number of Jpavks to fare

PRINT

PRINT"Which microphone do you want to be diguoved [[-41 "
INPUT ShutOffMike

IF (ShutDffMikeCl) CR (GhutUffrike>4) COTO 15140

IF ShutOffMiked>1 THEN PRINT“Sorry, but currently only microphonettl can be switched aff;“‘ GU10 1340
PRINT

PRINT"How many sparks per sparkgap do you want to fire fMax. =3001 "y

INPUT Sparks 4

IF (Sparks<l) OR (Sparks>300) GOTO 1590

PRINT

PRINT"Switch on the digitizer and the sparkgap multiplexev.”
PRINT"If the communication between the digitizer and the"
PRINT"IDM XT fails initially then the gprogram will restart”
PRINT"itself. It can therefore happen, that the fourth"
PRINT"sparkgap is fired twice. ®

‘Step 1: Determination of the velative Focal Foint Position
GOsSun 5000
.

‘Record the Data in the File Resume.Dat

’

PRINT
PRINT"The relative facal point position is determined.®
PRINT”Factor for the X—Axis vector: ";XFac(1)

PRINT"Factor for the Y-Axis vector: ";YFac(l)
PRINT"Factor for the Z~Axis vector: ®;ZFac(l)
.

‘Step 2: Determination of the relative Normal Point Position

GOSUB 20000

PRINT

PRINT"The relative normal point position is determined. ™
PRINT"Factor for the X—-Axis vector: *; XFac(?)
PRINT"Factor for the Y-Axis vector: “;Ytac(2)
PRINT"Factor for the Z-Axis vector: “;ZFac(2)

‘Step 3: Dtermination of the relative Orientation Point Position

GOSUR 40000

PRIMT

PRINT"The relative orientation point position is determincd.
PRINT"Factor for the X=-Axis vector: *;iFac(d)

PRINT“Factor for the Y-Axis vectar: “;YFac(3)

PRINT"Factor for the Z-Axis vector: ";ZFac()

CLCSE #2

.

‘Save the Factors in the File ‘FPL.DAT’ for the Program REC

OPEN "Fopl.Dat" FOR QUTPUT AS 42
PRINT#2, Dates
PRINTH#2, Time$
PRINTH#2, ShutOFffHike
PRINTH#2, Sparks
FOR 1=t TO 3
ARINTH#2, XFac (1)
PRINTH2, YFac(1)
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PRINT#2, IFac(l)
NEXT I -
CLOSE #2

PRINT
PRIMNT"The focal, normal and orientation point data are stcred in”
PRINT"the file ‘FPL.DAT’. "

‘Error Handling Routine

IF {(Err=57) AND (Er1<10490) THEN PRINT: PRINF“The communication with the digitizer failed.": PRINT

2260 "The program has been reset and restarted. ": GapToFiresi: GOTO 10210
2270 ON Error GOTD O ‘For all the error not trapped here
Z2R0
2290 ENOD
3C00 -
SC10 ‘Subroutine: Relative Focal Point lLocation
3020
S030 ‘This subroutine determines the relative. location of the microscape’s focal
5040 ‘point with respect to the sparkgap triangle. This is achieved by calcu- --
3050 ‘lating the scalar factors with which the XAxis, YAxis and 2Axis vectors
S0580 ‘have to be multiplied in order to point- from the sparkgap #1 to the focal!l
5070 ‘point.
3080 ¢
5090 ‘Programmer: Johann i{ettenhberger
5100
5110 ‘Date: September 11, 1985
S120
SI30 /vax Start of SUDTOULINE FHMBABAHM T 050 W I AW T 7 KWW 20503 2 R
S51a0 ¢
5150 ‘User Guidance
SL&0
$170 PRINT
2180 PRINT"Please connect the A. sparkaap to the sparkgap multiplexer”
5190 PRINT"output #i. Make sure that there is a clrar line of sight”
S200 PRINT“between the 4. sparkgap and each one of the usrd aicvophones.
5210 ¢
5220 ‘Collect and Process the Slantranges
5230
3240 GapTelFire=t
S250 GOSUB 10000
3260
3270 ‘Calculate the Position of the 4 Sparkgap in Microphonr Coordinates
S290
S290 Focall{l)=(MikeDist(ShutOffMike, 1)*2+SlantMean(Index(ShutOffMike, 2), 1) 2-SlantMean(Index(ShutOffMike,
o117 2)/7(2*#MiseD1st(ShutOfFMike, 1)) .
S300 Focal(2)=(MikeDist(ShutOffMike, 2)"2+SlantMean(Index(ShutUffMike, 2), 1)"2~SlantMean(Index (ShutOffMike,
33, 1" 2) 7 (2#MikeDist(ShutOfeMike, 2))
S310 Focal(2)=(Focal(2)~Focal(1)4CosA(ShutQffMike))/SinA(ShutOffMike?
5320 Focal(3)=~SGR(SlantMean(Index(ShutOffMike, 2), 1)°2~Focalll)*2-Focal(2)°2)
5330 ¢
5340 ‘Determine the Position of the Sparkgap Triangle when the Microscope is focused
3350 ‘ on the 4. Sparkgap
5360
5370 PRINT
S330 PRINT"Connect all threa sparkgaps to the sparkgap multiplexer and focus®
S390 PRINT"on the 4. sparkgap. He sure that the micreoscope’s magnification”
SA00 PRINT"setting is at 2 5 and the microscope in its haigh position.® .
5410
S420 FOR GapToFire = 1 YO 3 ;
5430 S0SVL 10000
$440 NEXT GapToFire
5450
5450 ‘Calculate the Coordinates of the Sparkgaps in Microphone Coordinates
3470 ¢
$100 COSUB 20000
Z49Q
SS00 ‘Determine the Relativo Position of the Focal Poaint
$310 ‘Calculate the Vector Sparkgap#il - Facal, Point
S50 ¢ :
5530 Focal(li=Focal(l)—-GapCoord(l,1)
5540 Focal(2)=Focal(2)~GapCaord{(1.2)
5550 Focal(3)=Fogal(3)-GapCoord(1,3)
5560
5570 ‘Determine the Oblique Focal Point Coordinates
5580
SS90 GOSUB 25000
L00 ¢
54610 ‘Store the Solution
S&20 ¢
5630 XFac(l)=XFactor
5640 YFac(l)=YFactor
5650 ZIFac(ll)=ZFactor
SLE0
5470 RETURN
10000
10010 ‘Subroutine: Slantrange luput
10020 '

10030 ‘This subroutine inputs the slantranges measured by the vltrasonic digitizer
10040 ‘via the RS-232 serial purt of the IIM XT1. the paralle) port of the IHM XT
10050 ‘is usad to set the sparkyap multiplexerr

10640
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10070 ‘Programmer: John F. Hutch (Uilliam J. Murray, Johann Kettenberger)

10080

10090 ‘Date: September 11, 1900

10160

10110 ‘#x# Start of Subroutine RAASAI RN SRR EURASRANRARRN RS ARRQRGARRARIANIRNARIIIAGDY
10120

10130 IF GapToFire <> 1 GUTO 10210 ‘decide whether aor not Lo display message
10140 PRINT

10120 PRINT"#%4» Press any key when ready ##as”

10160 AnyKey$=1NKEY3

10170 IF AnyKey$="" €010 10140

10189 ¢

10190 ‘Translate the Gap to be fired into the praper Multiplexer Code

10200 -

10210 IF GapToFire=! TIHEN MuxCoide=0

10220 IF GapToFire=2 THEN tluxCode=2

10230 IF GapToFire=3 THEN HuxCode=1

10240

10250 ‘Set the Multiplexer via the parallel Port

10260

16270 0OUT &H3DC.1MuxCode 'HUlC: hexadecimal address of pavallel port
10280 -

10290 'Set serial Port for Digitizer Communication

10300

10310 OPEH "COMi:9&00.0.7,1" AS #i ¢
10320 R
10320 ‘Search for ASCII line feecd in incoming date .
10340 - ‘

10350 InDatas="a"

10360 WHILE (ASC(InDatas$)<>10)

10370 InDatas=INPUTS (1, #1)

103B0 WEND

103%0

10400 ‘Ignore the first Set of Data

10410 -

10420 InData$=INPUT$(24&, 81}

10430 :

10440 ‘Collect the Slantranges from the current Sparkgap
10450 -

104460 FOR 1=1 TO Sparks .
10470 IF LOC(1)>200 THEN OUT &H3FC, $0 ELSE OUT &HJFC, 11 ‘avoid comm. buffer overflow
104€0 InDatas=INPUTS(24, #1) ‘input the slantranges

10470 FOR J=1 TO 4 ‘convert the strings into real numbers
10500 IF J=ShutQfftike GATO 10550

10510 Values=tID3$(InDatas, (Jx&4&-35),6)

10520 Wholes=LEFT$(Values, 3)

1GS20 Decimals=RIGHTS(Vulues, 3)

10540 MikeGapSlant(J.GapToFire, I)=Val(Whole$+". "+Decimals)

16550 Hext J
10560 NEXT I

10570 CLOST #1 ‘suppress communication

10580 - )

10520 ‘Analyze the Slantrange Data statistically
10500 -

1C&£10 Repeat=0
10620 GOSUR 15000

L1343

19640 ‘Check if ths Data are o. k.

10650 . .
10660 IF Repeat={ THEN Print“"Slantranges between microphone "iMike;" and sparkgap#":;GapToFirei " are

greater than 202¢m. " PRINT"Try ajain®: GOTO 10140
10670 1F Repeat=2 THEN PRINT"Too much variance in slantranges between microphone “;Mikei“ and sparkgap#”
GapToFire: PRINT"“Try again" - 30TO 10140
10680
10490 ‘Store the Mean Slantranges and add the Counter Delay
10700 ¢
107106 FOR Mike=1 TO 4
10720 SlantMean(Mike: GapToFire)=SlantMean({Mike. GapToFire)+4. 45 ‘add counter delay
1C730 NEXT Mike
10740
10750 RETURN
13000
1$010 ‘Subroutine: Statistical Analysis of Slantrvange Data
15020
15030 ‘This subroutine calculates the mean from the total number of slantranges
15040 ‘collected. It sorts out the slantranges which are +/-0. 5mm off the mean
15990 ‘and calcutates thereof an improved mean. The slantranqes are classified
1S060 ‘in o histogram which is recorded in the file ‘FPL.Log”

1E070

1S080 ‘Programmer: Johann Hasttenberger

15090

15100 ‘Date: September 11, 1905

15110 * ’

1S120 ‘%22 Start of SubTOULINE HFHHAFHAEMNIE TR IR B0 S I B £33 H 234 045 R HH R R

18123¢ s

15140 ‘Calculation of the 1. Estimate of the Mean

18180

15160 FOR Mike=t TO 4

15170 IF Mike=ShutOffMike GDTD 15720

15180 SertedOut=0

15190 SlantSum=0

15200 FOR I=1 TO Sparks

15210 IF MikeGapSlant(Mike,CapToFire, I)<24% THEN SlantSune=SlantSum+MikeGapSlant(iike, GapToFire. 1)
ELSE SortedOut=SortedOQut+ti
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15220  NEXT 1

15230 IF SortedQut>(0. tuSparks) THEN Repcatwl: GOTOD 157130

15240 Slanttean(Mike, GapToFire)=SlantSum/(Sparks~SortedUut)

15250 -

15260 ‘Calculation of the Standard Deviation

15270 ¢ :

15280 SlantSum=0

15290 FDR I=t TO Sparks

15300 IF MikeGapSlant(Mike,GapToFire, 1)<245 THEN SlantSumualantSum#(HikeGapSllnt(Hii.,GapToFire,X)—
SlantMean(Mike, GapToFire))~2

15310 NEXT 1

}gggg ,StdDev=SlantSum/ (GEparks-SortedOut) -

15340 ’‘Calculation of improved Mean

15150 ¢

18760 SortedOut=0

13370 SlantSum=0

15380 FOR I={ TO Sparks

15390 Dif=ABS(MikeGapSlant(Mike, GapToFire, I} =SlantMean(Mike, GapToFire))

152?8 IF Dif<0, 05 THEN SlantSum=SlantSum+MikeGapSlant(iMike. GapToFire, ) ELSE SortedDOut=SortedOut+!

1S NEXT 1

15420 IF SartedQut> (0. 3rSparks) THEN Repeal=2: GUTO 157430

15530 SlantMean(Mike, GapToFire)=5lantSum/(Sparks—SortedOut)

15440 ¢

15450 'Classification of the Slantranges in the Histogram

15360 - '

15470 FOR I=1 TO 7

Sago Class(I)=0

12490 NEXT I

15500

15510 FOR I=1 TO Sparks

19%20 c ?;rﬁgkeGenSlant(Hike,GapToFire,I))(Slantﬂean(ﬂike.:apTuFire)r.OS) THEN Class(1)=Class(1)+1:
a 15590

15530 IF tMikeGapSlant{(Mike.GapToFire, I)>(SlantMean(Mike, SapToFivre)r. 03) THEN Class(2)=Class(R)+1:
GOTO 15590

15540 IF MikeGapSlant(Mike, GapToFire, IV (BlantMean({tike, GapToFire) r. 01) THEN Class{(3)=Class(3)41:
GQOTO 153590

15550 IF tiikeGapSlant(Mike, GapTaFire, I)>(SlantMean(Mike. GapToFire)~. 01) THEN Class(4)=Class(4)+1;
GaTD 15590

15560 IF kaeGapSlant(kae,CauTqure.I)/(Slanthcan(Mxke.Pa;ToFlre)- 03) THEN Class(5)=Class(5)+l:
GOTO 155%0

15570 IF MikeGapSlant(Mike, GapToFire, I}D>(SlantMean(Mike, GopToFire)~. 05) THEN Class{&)=Class(&)+1:
GOTO 159%0

15580 Class(7)=Class(7)+1

15%90 NEXT I

15AC0 ¢

15410 ‘Record Histogram

15620 ¢

15630 PRIMT %2, GapToaFire

L3640 PRIMT #2, Mike

134650 PRINT #2, Sparks

15660 PRINT #2., Slanttean(Mike, GopToFire)
15470 PRINT #2, StdDev

15680 FOR I=y 70 7

15690 PRINT #2, Class(I) <
15700 NEXT 1 .

15710 d

15720 MNEXT Mike

15730

15740 RETURN

0000

ZC010 ‘Subroutine: Sparkgap Coordinates

20020

20030 ‘This subroutine calculates the coordinates of the sparkgaps in the micro-
20040 ‘phone system. An iterative procedure is used to carrect for random errors
20050 ‘in the slantranges.
20060 ‘The iteration starts by calculating the sparkgap positions, It checks then
20070 ‘if the calculated sparkgap positicns form a triangle which corresponds to
20080 ‘the triangle known from measurements of the distances between the spark-
20090 ‘gaps. If this is not the case, then the center of gravity of the precise
20100 ‘sparkgap triangle is located at the center of gravity of the calculated
20110 ‘triangle and improved sparkgap locations are determined. The orientation
20120 ‘of the precise sparkgap triangle with respect to the calculated one is
20130 ‘given through the sparkgap-center of gravity vectors of the calculated
20140 ‘sparkgap triangle, Since there are three of those vectors three different
20150 ‘orientations of the precise sparkgap triangle are to be considered., This
20160 ‘results in three improved estimates of the sparkgap locztions and three
0170 'sets af improved slantrarnjges. Yhe improved slantranges for ecach micro-
Z01E80 ‘phone-sparkgap combinatien are averaged and used to compute new sparkgap
20190 ‘positions. This iterative refinement of the sparkgap locations goas on
=0200 ‘until the converagence criterium is med.
232 '
0220 ‘Programmer: Johann ilettenberger
o2 ‘ :
Z02 ‘Cate: September 12, 1789

FE Pt M

5250

ZO260 ‘#3% SEart OFf SUDTOUTIMNE WEBHSH MM MEN 1SN B0 HAI IR A © 20006 38 3630536 3 336 29036 453 76 34596 930

20270

Z0280 ‘Initial Calculation of the SGparkgap Zoordinates

20290

0300 FOR Gap=! TO 3

20310 GapCoord(Gap, 1)={MikeDist(ShutDFffMike, 1) 2+SlantMeantInder (ChutOfftiike, 20, Gapr~2-SlantMean(Index
(ShutOFFMike 1), Gao ) "2)/(2%M, \aDist (ShutOFFMike, 1))

20320 GanCoord(Gap, 2)=(MikeDist(ShutOffMike, 2)*2+SlantMean(Inder (ShutODffMike, 2), Gap)~2-SlantMean(Index

(ShutOffMake. 3), 5ap)~2) /(2% keDist(ShutOfFMike, )
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20330 GapCoord(Gap. 2)=(CapCoord(Cap, 2)~GapgCacrs(Cap, 1 1#CaosA{ShutlrfMike))/5inA(ShutOFfFMike)
20330 GapCoord(Gap, 3)==0GR(SlantMean(Index (ShutOffMike, 2), Can)~2-GapCoord{(Cap, 1)"2=CGapCooard{Gap,.2)"2)
20350 NEXT Gap

2n360 ¢ .

20370 ‘Start lteration

20380 -

20390 Busy=1

23400 WHILE Busy

20410 .

20420 ‘Calculate the Center of Gravity and the vectors from cach Sparkgap through

ZC430 ‘the Center of Gravity (Nrientation vectors)

20440

z0N4as0 FOR Coord=1 TO 3 ‘Center of Cravity and Orientation voctor from gap#l

=0440 GapTeCaG(l, Coord)=CapCoard{2, Coovrd)+. S#{(Caplaord(3,Coard)=-CapCoord(2,Coord))~Gaploord(i.Coord)
22470 CoG(Coordi=GapCoord (1, Coard)+2/39GapToCcG (!, Coord)

=030 NEXT Coord

20490 FCR Coord=1 TO 3 ’‘Orieuntation vector from gop#
205¢C0o GapToCaG(2, Coord)=CapCoord (3, Coard)+. SD(GapCoord(l Cnurd)-CapCoord(Q,Coord))-GapConrd(E Coord)
20510 NEXT Coord

20%20 FCR Coord=1l TO 3 ‘Orientation vectaer from gcpit3

»

20530 GapToCoG(3, Coord)=GapCaord(1,Coord}+. S#(CapCoord(2:Coord)-GapCoord{i,Coord))=GapCoord(3, Coord)
03540 HEXT Coord
=0550 -

203460 *Calculate the improved Sparkgap Positions lying on the Orientation vectaors
20370 -
20580 FOR Gap=1 TO 3

=05%90 FOR Coord=1 TD 3

20400 NewGap (Gap, Gap, Coord)=Col(Coord)-GapToCaC(Gap, Coord)/SGR(GapToCol(Gap, 1)~2+CapToCaG(Gap, 2}
~2+GapToCaG(Gap. 31 2)#D1sG(Gap)

20610 NEXT Coord

20620 NEXT Gap

20630

20440 ‘Calculate the Normal of the Sporkgap Triangls

20650

20660 TriNorm(1)u@apToCoC(2,2)#0CapToCo0(1,3)~GapToCoG(2, 3)xGapToCol(1,2)
204670 TriNorm(2)=GapToCoG(2, 3)#CapToCoQ{l, 1)=-GapTaCaG(2, t)eGapToCoG (L, 3}
20680 TriNorm(3)=GapToCoG(2, 1)%#GapToCoG(1,2)-CapToCoG(2, 2} #GapToCoG(l, 1)

20690

20700 ‘Calculate Vecl = TriNorm x GCapToCaG; Vec? = Vecl x TriNorm

-20710 -

.. 20720 FOR Gap={ TO 3

207390 Vec!(Gap: L1=TriNorm(2)+GapToCoG(Can, 3)~TriNorm(3)*#GapToCoL(Cap.2)
Z0740 Vecl(Gap,2)=TriNorm(3)«GapTaCoG(Gapn, 1)-TriNorm(1)«GapToCoG{(Gap, 3)
207890 Vecl(Gap, 3)=TriNoTm(t)%#CapToCoG{Gap, 2)-TriNorm(2)2CapToCoG(Gap, )
20780 NormVeg1(Cap)=SGR(Vecl(Gap, 1) "2+Vacl(Gap. 2)"2+VuciGup, 3)"2)
20770 Vec2(Gap, 1)=Veci(Gap, 2)#TriNorm(3)-Vecl(Gap, 3)#TriNorm(2)

20780 vec2(BGap, 2)=Vec!l (Cap, 2)*TriNarm(1)-Vec} (Cap, 1) *#TriNarm(3)

20790 Vec2(Gap, 3)=Vecl{Gap, 1) *TriNorm(2)-Vec) (Cap, 2)#TriMorm(1)

z08c0o NormVec2(Gap)=SAR(Ved2(Gap, 1 }"2+Vec2{(Gap, 2)"2+Vec2({Gap, 3172}

=810 NEXT Gap

.

‘Calculate the improved Sparkgap Positions off the Oricntation vector

FOR Coorg=1 TO 3 'Orientation given by Sparkgapil

) 20960 NewGap (1, 2. Coord)=NeuCap(l, 1,Coord)+30. 041 #(SinAl2#Vec2(1l, Coord}/NormVec2(1)+CosAl2#Vec] (1.
Caord)/NnrmVecl (1)) .
0870 tewGap(1, 3. Coord)=NewSap(l, I.Coord)+29. 657 (8SinAl3aVec2(], Coord)/NormVec2(1)~CosAl34Veri(1,

Coord)/Narmvecti(1))
=2860 NEXT Coard
2089¢Q FCR Coord=t TDO 3 ‘Crientatien given by Sparkaap42

209C0 NewGap (2, 1, Coard)=NewCap(2: 2, Coord)+30. 041%(SinA21»Vec2(2, Coord)/Normiec2(2)-CosA21%Vecl(2,
Coorg)/NaoarmVecl1(2}))
20910 New3ap (2,3, Coord)=NeuCap (2, 2: Coord)+29. ?795#(CosAIINVecl(2, Coord)/NormYec 1 (2)+SinA23#Vec3(2,

Coord)/HarmvVec2(2))
20920 NEXT Coord
20930 FO® Coord=1 TO 3 ‘Oricentation given by Sparkgap#3

20740 NewGap{(3, 1. Coord)=NewCap (3.3, Loord)+29. 657+ (CosA31#Vec1(3, Courd)/hormVecl(S)*anﬂBl*Vec (3,
Coord)/NarmVec2(3) )
20950 NawlGap (3,2, Coord)=NewCap (3, 3, Coord)+29. 795#(SinAl2#Vec2(3, Coord) /NormVec2(3)~CosA32#Vec (3

Coord)/Normvec1(3))
20960 NEXT Coord

206970 ¢

27980 ‘'Calculate the improved Slantranges

20990

21000 FOR Gan=1 TO 3

21010 FOR Micre=! TO0 3

Z1C20 SiantMean{Index(ShutOffMike, Microd. Cap)=0

21030 FOR OGap=1 TO 3

21040 NewSlant=0

21050 FOR Coords! TO 2

21060 NewSlant=NewSlant+(Mike(ShutOffMike,Micro, Coord)=NewGap (QGap, Gap. Coord) )1 ~2
21070 NEXT Coord ‘
21Cceo NewSlant=SQNR{NcwSlant)

21093 SlantMean(Index(ShutGffMike, Micro), Gap)=m SIantncan(Index(ShutOFFkae,chro) Gap)+NecwSlant
21.00 NEXT OGap

21110 Slantnean(lndex(ShutOFFHike,chro),Gap)—Slantﬁean(Index(ShutOFFMxko.chro).Gap)/Q
21120 NEXT Migro

21130 HNEXT Gap

21140

21150 ‘Calculate the new Sparkgap Coordinates resulting from the new Slantranges

21160 ¢

21170 FOR Gap=1 TO 3

21180 NewCoord(Gap, 1 )={MikeDist(ShutOffMike, 1)*2+SlantMean(Index (ShutDFffMike, 2), Gap)~2-SlantMean
(Index(ShutOffMike, 1), 6ap)"2)/(2emikeDist(ShutOFféMike, 1))
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NewCoord(Gap.2)=(NikeDist(ShutUFFMike.2)‘2*51anthean(Index(ShutOfGHikc,2).059)*2-Slantnean
(Index(ShutOffMike, 3),Gap)~2)/(2 »MikeDist (ShutDFfMike, 2))

NewCoord(Gap., 2)=(NewCoord(Cap, 2)~NewCoord(Gap, 1)#CosA(ShutOFffMike))/SinA(ShutOffMike,

NewCoord(Gap, 3)==~S@R(SlantMean(Index (ShutOffMike,2), Gap)~2-NewCoord(Gap, 1) 2~NewCoord(Gap, 2)"2)
NEXT Gap

’

‘Determine the Difference to the previous Result

FOR Gap=1 TO 3 - 8 i
Dif(Gapr=0 :
FOR Coard=1 70 3
Di1f(Gap)=Dif(Cap)+(CupCoord(Gap, Coord)-NewCoord(Gep, Coord?) "2
MFXT Coord
Dif(Gap)=GQH(DIiF(Gay))
MNEXT Gap|

.

‘Determine whether or not the Convergegnce Criteria is mct
.

1IF (Dif(1)< O1)ANDIDE£(2)< O1)AND(DEFI3)<. 01) THEN Busy=0

v

‘Store the current Solution

FOR Gap=1. 70 3
FOR Coord=1 TO 3
GapCoord{(Gap, Courd)-Mewlaurd{(Gap, Cauvd)
tU.xf Coovd .
HEXT Gap

WEND

RETURN

N

‘Subroutine: Dblique Focal Point Coordinates
.

‘All positions (focal point and sparkgaps) are known in microphone coordi-
‘nates. The relative location of the foncal point is exprcosed ac a linear
‘combination of the vectors XAxis (vector sparkgaphl-spavkgapli3d}., YAxis
‘{vector sparkgaphl—sparkgap#Z) and ZAxis (crossproduct of XAxis x YAxis}).
‘These vectors form an oblique righthanded coordinate system with origin
‘at sparkgap#tl.

‘To solve is the vector cquation:

‘Focall1-3) = XFactur#XAxisC{1-31 + YFactor#YAxisL1-3]1 + IFactor#2Axisl1-3]
‘This is done using the determinant method.

.

‘Programmer: Johann Kettenberger
.

‘Date: September 13, 1985 .
‘ . 13
‘aRd Start OF SUDTOUTING A0 M0 E M2 0301620209016 0090 N 0030930 00338 4330 9 RN
.
‘Calcylate the Vectors XAxis, YAxis, ZAxis
FOR Coord = 1 YO 3
XAxis{Coord)}=GapCoord(3,Caoord)-GapCourd(i,Coord)
YAxis{Coord)=GapCoord(2,Caord}-GapCoord{(1. Caord)
NEXT Coord

ZAxis(1)=(XAxis (2)#YAxia(3)-XAxis (D)aYAXxis(2))/100
ZAxis(2)=(XAxis (3)#YAxis(1)-XAxis(1)#YAxig(3))/100
1Ax.is(3)=(XAxis (1) #YAxis(2)-XAxis(2)%YAxis(1))/100

‘Calculate Coefficient Determinant CD
.

CD=XAxis(1)#(YAxis(2)#ZAxis(3)~YAxis{3)#ZAxis(2))
CD=CD-XAxis(2)#(YAxis(1)#ZAxis(3)-YAxis(3)#ZAxis(1))
CD=CD+XAx is(3)#(YAxis(1)%ZAxis(2)-YAxis(2)#2ZAxis(1))

‘Calculate Determinant XD

XD=Focalt1)#(YAxis{2)#ZAxis (31 -YAxis(JiI#ZAxis (Z))
XD=AD-Focal (2)# (YAris (1) #ZAxis(3)-YAxis(3)#2ZAxis(1))
XD=4D+Facal (D)« (YArie (1) 42Axis(2)~YAxis(2)#2Axis (1))

v

'CalculatEIDetermlnnnt Y

YDIXAxlﬁ(l)l(rucal(“)IZAx14(3) ~Focal(U)#ZAxis(2))
YD=YD-XAxis{2)2(Focal(11#ZAxis{3)-Focal(3)+2Axis(l}))
YD=YD1XA1is(B)I(Fucal(l)ﬂZAxis(Z)-Fucal(2)*2Axis(1))

'Calcu\ate Determinant 21

ZD=XAxis (1) #(YAxis(2)#Foral (3)=-YAxis(3)#Focali(a2))
2D=20-XAxis{2)#(YAxis (1) xFocal (3)-YAxis (D) *Focal(i))
ZD=2D+XAxis{3)#(YAxis (1) #Focal (2)}-YAxis(2)#Focal(i))

.
‘Calculate the Factors
AFactor=xD/CD
YFactaor=YD/CD
ZFactar=ZD/CD

RETURM

‘

‘Subroutine: Relative Normal Point Position
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30020 ¢

30030 ‘This subroutine calculates the factors with which the vectaors XAxis, YAxis
20040 'and ZAxis have to be multiplied in order to go from sparkgap#l to the nor-
Q0S50 ’'mal point.

30060

30070 ‘Programmer: Johann Kettenmberger

o080 ¢

30090 ‘Date: September 14, 1989

30100 - .

30110 ‘w22 Start of Subroutine ARRARTHBURRADAAERRRAL R R AU R RN R BN SR IANBURR ARG AR EATA RS i
30120 ¢

30130 ‘Save the current Sparkgap Coordinates . *
30140

30150 FOR Gap=! TO 3

50140 FOR Coord=1 7O 3

30170 StoreGap(Gap,Coord)=CapCoord(Gap, Coord)

20180 MEXT Coord

30170 NEXT Gap

307200 1

30210 ‘User Guidance

30220

30230 PRINY

30240 PRINT“Please put the microscope in its low position for the determination
30250 PRINT"of the optical axis, *

30260 ’

30270 FOR GapToFire=1 TO 3

30280 GOLUB 10000

30290 NEXT GapToFire

30300 -

30310 ‘Determine the Coordinates of the Sparkpaps in the Microphone system
30320

.30330 G0OsuUB 20000

aoa40 -

30350 ‘Determine the Coordinates of the Normal Foint in the Microphone system
Q04460 ¢

30370 6asunr 35000

30180 ¢

30390 ‘Calculate the Factors for XAxis, YAxi1s and ZAxis

30400 ¢ '

30410 FOR Gap=1 TO 3

20120 FOR Coord=1 7O 3

30430 GapCoord{(Gap.Coord)=5StoreGap(Gap., Coord)

30440 NEXT Coord

30450 NEXT Gap

30440 :
32470 ‘Calculate the Vectur Sparkpap#it — Normal Point
30180 -

30490 Focal(l)=Focal{1¥--Capluord(i, )

30500 Focal(2)=Focal(2)-CapCooid(1,2)

30510 Facal(3)=Focal(3)-CapCourd(1, )}

30520 -

30530 ‘Determine relative Mormal Point Position
30540

30550 GOSUB 25000

30560

30570 ‘Store the Result

20580 - :

30590 XFac(2)=XFactor

30600 YFac(2)=YFactor

30610 ZFac(2)=ZFactor

30620

20430 RETURNM

35000 '

32010 ‘Subroutine: Absolut Focal Point Coordinates
35020

55030 ‘This subroutine calculates the coordinates of the focal point in the
335040 ‘absolute microphone coordinate system

35050 ° ’
35060 ‘Programmer: Johann Kettenberger

35070 ¢ . -

33080 ‘Date: September 14, 1980

35090

35100 ’'#a» Start OFf SubTOULING AW EHE NI R A X R4 KM D020 N NS R 00053980
35110 -

35120 ‘Calculate XAxis, YAxis and ZAxis Vectors

35130 -

35140 FOR Coord=1 7O 3

35150 XAxis(Coord)=CopCoord(3, Coord}-GopCoord(l,Coord)
351460 YAxis(Coord)=GapCoord (2, Coord)~GapCoord(1l,Coard)
35170 NEXT Coord .

35180

35190 ZAxis{1)=(XAxis(2)#YAxis(3)-XAxis(3)%YAxis(2))/100
35200 ZAzis(2)=(XAxis(3)#YAxisC(l)=XAxis(1)n1Y¥Axis(3))/100
35210 ZAxis(3)=(XAxis{1)®YAxis(2)-XAxis(2)nYAxis(1))/100
35220 “ .

35230 ‘Calculate the Focal! Point Coordinates

535240

35250 FOR Coord=1 TO 3

35260 Focal(Coord)=GapCoord(1l,Coord)+XFac(1)#XAxis({Coord)+YFac(l}aYAxis(Coord)+2ZFac(1)2ZAxis(Coord)
35270 NEXT Coord .

35280

33290 RETURN

40000

4C010 ‘Subroutine: Relative Orientation Point Position
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40020 :

40030, ‘This gubrdutlne caleulates the factors with which Lthe vectors XAxis, YAxis
40040 ‘and ZAxis have to be multiplied. The orientation point is the progjection
4G050 ‘of sparkgap®l onto the fucal plane.

40060

40070 ‘Programmer: Johann Kettenherger

40080

4C090 ‘Date: September 14, 1904

4100 ¢ ’

40110 “tam Start of SubrToutine HRRRARIXRARLIAARAIRARARIARIRAN U SR RAARTRATANRAARAR
40120 ¢
40130 ‘Calculate the Focal Hoint Coovdinates
40140 ’
40150 GOSUB 35000
40160
40170 ‘Determine the coordinates of the point in the middle between gaps 2843
409180
40190 FOR Coord=1 10 3
46200 Oraent{Coord)=CapCoord{i.Coanrd}~Focal(Coord)}
A0210 NIXY Courd
40220 ¢
40230 ‘Calculate the Normal of the Focal Plane
40240
40250 FCR Coord=1 YO 3
4020 Mormal (Coord)=CapCoard(1,Coord)+XFac(2)*XAxis(Coord)+Ytac(2)eYAx1s(Coord)+2Fac(2)4ZAxis(Conrd)
40270 Nornal(Caordi=Focal (Coovd?}~Normal (Coovrd)
45280 NEZXT Coord
46290 !
20300 ‘Calculate Projection of Orient vector onto Focal Plane
0310 *
40320 Vecl(), 1)=(Orient(2)*Normal(3)~Urient(3)aNornali2)}/10
40330 Vecl(1l,2)=(0rient(3)aeNormal (1)-Orient(l)eNormol(3})/10
40340 Vec!{1,3)=(0rient(1)#Normal(2)-Urient(2)4aNormal(1))/10
40350 . k
40340 Orient(i)={Naormal(2)wVecl(1,3)-Normal (3)#Vecl1(1,2))/40+Fucalll)
40370 Orient(2)=(Normal(3)#Vecl{l, 1)-Normal(l)#Vecl(1,3))/104lFvcal ()
40380 Orient(3)=(Normal(1)#Veci(1,2)-Normal(2)#Vecl(},1))/10+l0cal(3)
40390
40400 ‘Calculate the vector Sparkgap#!l — Orientation Point
40410 .
40420 FCR Coord=: TO 3
40430 Focal(Coord)=0Orient(Coard)-GapCoard(1,Coord)
49440 NEXT Coord

40450

40440 ‘Determine the relative Orientation Point Position
40470

40480 GOSUB 25000

40490 :

40500 ‘Store the Result H

403510 “ T

40520 XFac(3)=XFactor ‘ A

40530 YFac({3)=sYFactor

40540 ZFac(3)=IFactor

AQ590

40540 RETURN . .
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10Q ‘Program REG: Spatial Registration of the Fiducials

112

120 ‘This program determines the coerdinates of the Fiducidls in the microphone
130 ‘cocrdinate system. Additionally the fiductials are known 1n the tevtblock
140 ‘coordinate space and this allows to compute the conversion matrix which
LSO ‘transforms the coordinates of a point known in the microuphone system into
140 ‘teostblock cdordinates

1o '

ii:0 ‘Programmer: Johann Kettenherger
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‘Date. September 17, 19HY

CHTI

‘aan
.

DIt MikeGapSlant{4, 3. 300)

DIM

DIn
DIn

DIt

DIn

DM
pDIM
DIM

DIM

DIn
Dinm

DI
DM

DInM
DIN

oM
DIn
DImM

[+ 34

DIN

pin

DIM
DI
DIM
DIn
DIM
DIn
DIM
DI
DIM

DI

DIM

DIN
DM

DIM

DiM

DIM

ON Dase 1

75

Avian fleclarations

SlantMean(4, 3)

Clirgs(7)
Fucal (3}

MikeDist(4.3)

Index(4,3)

CosAl(4)
SinA(4)
GapCpoord (3, 3)

GaptoCoG(3, 3}

CoG(3)

DisC(3)
TriNaorm(3)
Vec1(3. 3)

Vec2(3. 3)
NewGap (3, 3. 3)

NarmVec1(3)
NormVec2(3)
Mike(4,3.3)

1

Storebap (3, 3)

NewCaord(3.3)

XAx1s(3)

YAx1s(3)
IAxis(3)
XFac(3)
YFac(3)
IFac(3)

Dif(3)
Orient(3)
Normal(3)
Fiducial(3.3)

TestPoint (5.3

FidPaint(3, 3)
Tecst(3)

E(4)
TranMat{(2.4,3)

FidToCoG(3, 3

NewFid(3.3,3)
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‘start arvay indices with ) anstead of O

HRARAARRREERRB R TAANRF A AR A A IR AR I IC L RIRERAIRRRR AR AIRIRD

‘halds slantranges: 1, index- micraphaone,
'eoindex: spavkgap, 3. andcx: # of slantranges
‘bu be collected (HMax = 30

‘holds mran slantranges talculated from the
‘slantranges in MikeGapSlanti 1 index: micro-
‘phone, & index. sparkgap

‘histogrem classes for the statistical analysis
‘of thr slantrange distribution

‘coardinates o«f 4. sparkgap (focal point) in
‘“Lhe micvophune conrdinate system

‘distances between micraphanes, 1! index. micro-
‘phone being shut off, 2. index: l:distance ori-
‘gin microphane — X~-axi1s microphone, 2=distance
‘origin microphone - Y-aiis microphone., 3= dis-
‘tance X-azxis — Y-axis micraphone

‘changes indices dcpending on which microphone
‘is shut off., This allows to use the same for-
‘mulas independent of thr micraophone heing shut
‘off. 1. index: wmcrophone shut off, 2 index:
‘i=X-axis microphone, 2-Crigin microphane
‘3u=Y-a3xi5 microphone

‘casine of angle betwcen X-axis and Y-axis ma-—
‘crophrne at crigin., Index. microphone shut off
‘sine of the angle described above

‘coardinates of sparkgapt in micraphone system
‘1. index. spavkgap, 2. index: caordinate (12X,
‘Y, 3=1)

‘vector from a sparkgap tu the midpoint of the
‘opposite sparkgap teiangle side thraugh the
‘center of gravity of the uvriangle

‘Y. index: sparkgap., 2. index: coardinates
‘coordinates of center of pravity of sparkgap
‘triangle

‘distances from center of yravity ta sparkgaps
‘normal vector of sparkgap triangle

‘auxiliory vector needed for determining the
‘correct positions of the sparkgaps

“1.index; sparkgap. 2.index: coordinates

‘as Vecl

‘set of caorrected sparkgcp coordinates
‘{.index: sparkgap choseun to orient corrected
‘sparkgap; triangle, 2. index: sparkgap.

"*3. index. coordinates

‘factors to normalize vecturs Vecl
‘fFactors to noimolize vectors VeacH
‘microphene coordinates Jdepending on which one
‘is shul off. §.index: microphone shut off
‘. indox: 1=X-axis micvephune, 2=Urigin micro-
‘phone, 3wY-axis microphenc, 4. index: coord‘s
‘cparkgap - coordinates when microscope is
‘fucused on 4. spavkqap. 1. index: sparkgap.
‘eindex: comdinate
‘improved spavkgap ceordinstes calculated from
‘improved slantvanges. [. iudex: sparkgap.
‘2. index: coordinates
‘X-axis of oblique sparkogen based system to de-
‘termine the vrlative position of focal., normal
‘ond orientation point. X-oxis gocs from spark-
‘gup#l (origin) to sparkyapHd
‘qoes from sparkgap+dl to sparkgapt
‘cross product of XAxis x YAxis
‘factors with which XAxic, YAxris, ZAxis vectaors
‘have Lo be multiplied to go from sparkgaphl
‘to the fecal(index=1), normal{index=2) or
‘orientation point(index=3)
‘differcnces between successive calcu-
‘lations of sparkgap ceoovdinates
‘Orientation point coordinates
‘Normal vector of the focal plane
‘Fiducial coordinates in microphone system
‘1. index: fiducial, 2.iundex: coordinate
‘Coordinates of test points in the test
‘block cgordinate system. 1. index: test point
‘2. index: coardinate
‘Fiducial coordinates 1 the test block
‘coordinate system. 1. index: fiducial
‘#oinde: cenvrdinates
‘coordinates of currermtly selected test point
‘Errors between true and measured test point
‘coordinates (subscripte 1-3) and tptal error
‘{subscript 4) -
‘coefficients for coordinate transformation
‘between microphone and test block system
‘1. indcx: Istransformation of microphone
‘coordinates intoc test block coordinates
‘2=transformation of test block coordinates
‘into microphone coordinates. 2 index:
‘1=3=unity vectors: 4=orvigin
‘3. index: coordinates
‘as GapToCoG only now the vectors refer to the
‘fiducial triangle
‘as NewGap but now refering to fiducial triangle
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1200
1210
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1280
1290
1300
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1400
1410
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1440
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1450
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1490
1500
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1585
1570
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14650
14660
1670
1680
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1700
1710
1720
1730
1740
1745
1750
1750
1770
1775
1780

1750

1800
18i0
1820
1830
1040
1650
1040
1870
1860
1890
1900
1910
1720
1930
1740
1750
1760
1970
1780
‘1990
2000
2010
2020
2030
2040
2050
20L0
=070
2080
2090
2100
2110
2120
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DIM NewSpark(3,3,3) ‘improved sparkgap coordinates resulting from
‘the improved fiducial coordinates.
‘1. index: fiducial detcrmining the orientation
‘of the fiducial triangle; 2. index:sparkgap/
‘3. index: coardinates

DIM Axis(3,3,3) ‘Vectors necded to calculate the location
‘of the sparkgaps once the improved fiductials
‘are determined. 1. index:fiduciali 2. index:
‘axis 1=XAxis, 2=YAxis, U-2Axiss 3. index: co-
‘ordinates

DIM CFid(3,3) ‘corrected fiducial coordinates. 1. index: fi-
‘duciali 2. index: coordinstes

DIM DisF(3) ‘distances from the center of gravity of
‘the fiducial triangle Lo the fiduciols

DIM AusrVec (3} ‘auxtliary vector Por conrdinate trans-—

' ‘formation

DIM MiCo(4.3) ‘microphone coordinates &5 calculated
‘from the sparkgap triangle in order to
‘determine the microphone distances

‘342 ArTay Initializations and Constants *HErERt2R 2R Au b EQRREANERAARRARANRASED

. ‘

‘Order of Index Permutation

Index(1.,1)=4; Index(l.,2 Toabex (1, 3)
Index(2,1)=1: Index(l 2 © Index(2,3)=0
Index(3, 1)=2; Index{(d, 2)=i: 1ndex(3,3)=4
Index(4,1)=3: Index(4,2)=2: Index(4,3)=1

'

3

‘Measured Microphone Distances
.

MikeDist(1,1)=96. 243: MikeDist(1,2)=100. 209: MikeDist(1,3)1=137.754 ‘lcm]
MikeDist(, 11=101. 965: MikeDist{2, 2)=96 243: MikeDist(2, 2)-140. 9462
MikeDist(3,1)=95. 697: MikeDist(3,2)=101, 765: MikeDist (3, N=137. 754
MikeDist(4,1)=100.289: MikeDist (4, 2)=95, 697 MikeDist(4,3)::140. 7962

.

‘Cosine/Sine of Angle at Origin of Microphone Coordinate Lystem
.
FOR Mik=t TO 4

CosA(Mik)=MikeDist(Mik, 1)"2+MibeDist(Mik,2)*2=-MikeDist(Mik.3)"2
CosA(Mik)=CosA(Mik)/(2#MikeDist(Mik, 1)sMikeDist(Mik,2))

SinA(Mik)=SOR(1-CosA(Mik)*CosA(Mik))

§EXT Mik

:Distunces from the Center of Cravity of the Sparkgap Triangle to the Sparkgaps
DisG(1)=17.341285: DisG(2)=17,.204482: DisG(I)=17.2314647 b

‘Angles needed to calculate corrected Sparkgap Positions

.

CasA12=0. 4968136 SinAll=0. 0470400

CosA13=0. 5030557 : SinAl3=0, 86137878
CosA21=0. 4926918 . SinAl1+~0, B702039
CosA23=0. 4999331: S5inA23=0. BA3I&07
CosA31=0. 5071644 SinAd1=0. B&18I92
CosA32=0. 5031794: SinA32=0. B64A1B2

‘Microphone Coordinates:
.
FCR Mik=1 TO &

Mike(Mik, 1, 1)=MikeDict(Mik, 1): Mike(Mik, }1.2)=0: Mike(Mik.,1,3)=0
Mike(Mik,2,1)=0: Mike(Mik,2.2)=0: Mike(Mik:2,3)=0

Mike(Mik, 3, 1)=MikeDist(Mik, 2)#CosA(Mik): Mike(Mik, 3, 2)=MikeDist{Mik, 2)9SinA(Mik):

NEXT Mik

‘Test Block Coordinates of the Fiducials

FidPoint{(1,1)=0: FidPoint(},2)=0: FidPoint(1,3)s0

FidPoint(2, 1)=-1.671: FidPoint(2, 2)=7, 62: FidPoint{2,3)* 4. 854
FidPaint(3, 1)=1. 016: FidPoint(3,2)=15. 067: FidPaint(d, D=-1.735
‘Test Dloci|Courdinates of the 1est Points

,

‘TestPoint(1, 1)-4.719: TentPoint(l,2)=7.62: TestPoint(1,3)=0. 79

TestPoint(2,1)=2. 54 : Teslloint(2.:2)-0 ¢ TestPoint(2, 3)=0
TestPoint (3. 1)1=53. 949 : TestPoint(3,2):7. 62; TestPoint(3,3)=1, 854

TestPoint(4,1)76.096 : TeutPoint(4,2)-.-0 247: TentPoint(4,1)=0
TestPoint (3, 1)=1 016 ¢ TestPoint({S, 2)=15 867: TestPoint(5H V)= 226
.
‘4%* Start of Main Program HRAEANR A BN RN FAA DS DR ERD U SRR RNT R R RRTAAR NSl
'
ON ERROR GOTO 4210 ‘avaid program crash for Forseesable errors
‘Print the Program Header
.

‘
PRINT :
PRINT"Rrogram TESTREG: Test of the registration system on the test block

PRINT
PRINT"Version 0. 1"
PRINT

.

‘Read in the data frum the file FPL.DAT if prescnt
.

OPEN "Fpl. Dat" FOR IMPUT AS 4l
INPUT#H#I, Datums
INPUTHL, Zeits
INPUTH#E, ShutOffMike
IiPUTHL, Sparks
FOR PlanePaint=] TO 3

Mike(Mik, 3.3)=0
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2170
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2200
2210
2220
2230
2240
2250
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ar70
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2020
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2800
2390
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3030°
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3100
3110

4,722,056
79 80

INPUTH1, XFac{Planeloint)
INPUTHL, YFac(PlancPoint)
IMPUTH#L, ZFac(PlancPoint)
NEXT PlanePoint
CLOSE 1 .
.

‘Inform User
.

PRINT

PRINT"The curvently availahle focal plane definition has been done”
PRINT Datum$;* at "1 Zeit$:;" with microphone #“sShutUffMixe; ™ shut off and”
PRINT Sparks:;" Sparks fired pur sparkgap."

PRINT"Do you want to use this focal plane data Ly/nl"y

INPUT Answer$

IF (Answers$="n") OR (Answer$=“N*") THEN GOTO 4UR0O

1IF (Answers$="y") OR (Answer$="Y") THEN COTO 2320

PRINT"Please answer ‘y’ or ‘n’"

GOTO 2240

‘

‘Read in the data from the file TRANMAT.DAT if present
.

OPCEN "TranMat. Dat” FOR INPUT AS 1
INPUTH1, Datum3
INPUTHL, Zeits
INFUT#1, ShutDffMike
FOR Case=1 10 2
FOR ax=1 10 4
FOR Coovd=} TO 3
INPUT#1, TranMat(Ciase, Ax,Ceoord)
NEXT Coord
NEXT Ax
NEXT Case'
CLOSE #1

‘

‘Inform User
.

PRINT
PRINT“It is possible to skip the registration procedure by using the"
PRINT“transformation matrices calculated at “iZeits:" ou “;Datums

PRINT"Are those matrices still valid [y/nl";

INPUT Answors

IFf (Answer$="y") OR (Answars="Y") THEN OPEN “Reg.log" FUN QUTPUT AS #2: GOTO 34HO
IF (Answers$="n") OR (Answer=a®N") GDTD 2590

PRINT"Please answer with ‘y’ or ‘n’"

GOTO 2930

.

‘Start of Registration of Fiducials

PRINT

PRINT"Which microphone do you want to be igunored [1-42";

INPUT ShutOffMike

IF (ShutDffMiked<l) O (ShulDffitike>4) COTO 2610

IF ShutOffMike<>l THUN PRINT“Sorry. but at the moment can only microphone #1 be switched off”: COTO
PRINT

PRINT“tHow many sparks per sparkgap do you want to five (Max.=3001";
INPUT Sparks

IF (Spaviks<l) OR (Sparks>3C0) GOTO 2470

PRINT

PRINT"Flease locate the test block under the microscope and focus on”
PRINT"the fiducials successively. "

.

'bpen the File recording the statistical Data ‘
R .

OPEN "Reg. Log" FOR QUTPUT AS 42 *
OPEN “Mike.Dis" FOR OUTPUT AS 43
.

‘Input the Slantranges of the Fiducials
FOR Fid=1 TO 3

PRINT
PRINT"Facus on fiducial #";Fid:i“please. "
FOR CapToFire=1 TO 3
GOSUB 10000
NEXYT GapToFire

.

‘Calculate the microphone distances

‘

GOSUB 95000

.

‘Calculate the Sparkgap Coordinates {n the Microphone System
‘. . .

GOSUB 20000

.

‘Calculate the Coordinates of the current Fiducial in the Microphone System
Gasun 35000

.

‘Store the riducial Coordinates

.

Frducial (Fid, 1)=Focal(l)
Fiducial (Fid, 2)=Focal(2)
Fiduciol (Fid,3)sFocal(3)

.

‘Store the Vectors XAxis,YAuis, IAxis associated with cdch fiducial

FOR Coord=1 TO 3
Axis(Fid.1,Coord)=XAxis{Coord)
Axis(Fid, 2, Coord)=YAxis(Courd)

2610
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3120 Axis(Fid, 3, Coord)=lAxic(Courd)
3130 NEXT Coord

3140

" 3190 NEXT Fid

3160 ¢

3170 ‘Improve the Fiducial Coordinates iteratively the samo way the Sparhgap
31B0 ‘Coordinates are improved

3190 ¢

3200 GOSUB 5000

3210

37220 IF Again=0 GOTO 3420

3230 PRINT

3240 PRINT"The fiducial coordinates did not converge after 10 jterations.*
3250 PRINT“The differences between the last two fiducial locations®

3260 PRINT“calculated are:*

3270 PRINT"Fiducial#if: “;Dif(1)

3280 PRINT“Fiducial2: “iDif(2)

3290 PRINT“Fiduciald3: “;iDif(d)

3300 PRINT

3310 PRINT"Do you want to iterate 10 mare times (il, usc the current fiducial”
3320 PRINT"data Lcd. or stop the program Ls)™)

3330 INPUT Answers$s .
3340 IF (Answer$="i") O (Answer$="I") GOTO 2200 4
3350 IF (Answers$="c") OR (Answer$="C") GOTO 3420

3360 IF (Answers="g"} OR (Answer$s"S") GOTO 43460

3370 PRINT"Please answer with ‘i‘, ‘c’, or ‘s’"

3380 60OTO 3330

3190

3400 ‘Calculate the Matrix converting Hi:rayhanl into Test Hlock Coordinates
3410 and vice versa 1

3420 o T

3430 GOSUD 45000 ’ HE

3440 i

3450 ‘Focus on chosen Test Points and d:termtne the Error betwcen truec and
3460 'calculated Test Point Coordinates

3470

3480 Testing=1

3490 WHILE Testing

3500 PRINT

3510 PRINT"Choose a test point please [T1-T3 or F1~-F31")

3520 INPUT Points

3530 IF (Point$a"T1") OR (Points$="t1") THEN!'P=1: GOTD 3440

3540 IF (Point3="T2") OR (Paints="t2") THEN P=2: GOTO 3640

3550 1IF (Point$="T3") OR (Point$="t3") THEN P=3: GOTO 3660

3560 IF (Pointe="T4") OR (Poiute="t4") THEN P=4; G0TD 36460

3570 IF (Point$="TS") OR (Pointe¢="t5") THEN P=5: €010 3440

3580 IF {(Point$="F1") GR (Points="f1") THEN P=1: GOTD 2420

3590 IF (Paint$="F2") O (Point$="F2") THEN P=2: GOI0O 2600

3400 IF (Point$="F3") OR (Points="#3") THEN P=3: COTO 3520

3510 ' GOTO 3510

35820 FOR Coord=t Ta 3

3630 Test(Coord}=FidPaint(#, Coord)
3540 NEXT Coord

3650 GOTD 3690

3&60 FOR Coard=1 TO 3

L70 Test{Coord)=TestPaint (P, Courd)
3680 NEXT Courd

2L90 PRINT

3700 PRINT"Focus on test point "iPaintsé

3710 ¢

3720 ‘Input the Slantranges

3730 ¢ i

3740 FOR CapToFire=i 70O O

3750 GOSUB 10000

3760 HNEXT GapTofFire

3770

3780 ‘Calculation of the microphone dicstances
3790 ¢

3500 GCSUB 55000

3810

3820 ‘Calculate the Sparkgap Coordinates
341d0

3840 GOsubd 20000

agsio0

3840 ‘Calculate the Test Point Coordinates in the Micraphane System

3n/o0 ¢

3580 GOSuUD 35000

an90

3700 ‘Convert the calculated Test Point Coordinates into the Test Block System
3910 .

3720 Casesl *

3750 GOSUB 50000

3740 ¢

3950 ‘Determine the Discrepancics between the true and measurcd Foint Coordinates
3760

3970 E(4)=0

3980 FOR Coord=1 TO 3

3990 E(Coord)=Focal(Coord)-Test(Coord}

4000 E(4)=E(4)+E(Coord)#E(CooTd)

4010 NEXT Coord

4020 E(4)=SQR(E(4))

4030

4040 ‘Display the Errvors

4050 ¢

4040 PRINT

4070 PRINI"The errors for the different coordlnatel are:

4080 PRINT"X: "“;E(1)#10: "om"

4070 PRINT"Y: *;E(2)#10; "mm" i
4100 PRINI“Z: "“JE(3)#10; "mm" L
4110 PRINT
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3120 PRINT"The total error between measured and true test point is "1E(4)«10; "mm"
4130 PRIMT

1140 PRINT"Enter ‘c’ to continuer ‘s’ to stup the program";

4150 INPUT Answers

4160 IF (Ansuwers$="s5") OR (Ancwers= S") THEN Tescting=0

4170

21U0 WEND

4190 cOTO 4380

1200

4210 ‘Error handling Routine

a0

5220 IF (Err=53) AND (Lr1=2070) THEN PRINT“Ihe file FPlL. DAT does not exist. The registration®: PRINT“procedure
cannot be done without it, ": PRINT“Please run the pvoqram FPL o create the file FI°L.DAT.": GOTQ 4380

1240 . )

3250 IF (Err=562) AND (Cr1<2160) THEN PRINT"Inhe file FPL..DA) is incomplete. Pleasce run the program”: PRINT"“FPL
to create 3 new complete file ": GOTD 4360

250

1270 IF (Err=53) AND (Er1=2340) 6Or0 2590

4280

3270 IF (Err=42) AND (Erl<2420) GOTO 2590

AZ00

2310 IF (Err=57) AND (Erl1<10490) THEN PRINT: PRINT"The communication with the digitizer failed.": PRINT"The
program has been reset and restarted. ": GapToFire={: GOI0 10210

4300

4330 ON ERROR €OTO O° ‘For all the Errors not trapped here

1330

4330

1260 CLGSE 42

4370 CLOSE 43

1380 END

5000

5010 ‘Subroutine: Iterative Improvement nf Fiducial Locations

$020 ¢

S030 ‘This subroutine improves the fiducial coordinates using the same approach
5040 ‘as was used previously for improving the sparkgap coordinates,

5050 ‘Now the iteration goes one step further because both the sparkgap triangles
5060 ‘associated with each fiducial as well as the fiducial tviangle have to
S070 ’‘match their counterparts known through measurement (sparkgap trlqngle) or
5030 ’From ¢estblock coordinates (fiducial triangle).

N0

5100 ‘Programmer: Johann Kettenberger
5110 ¢

5120 ‘Date: September 21, 1985

5130

5140 ‘##2 Start of SubToutine #ESERIEERSERRSERNAERRRESAUARESRTHSRIRERARFIARRBRRRFRARE
5150

51460 ‘Determine the data defining the fiducial triangle

5170 ¢

5180 GOSUB 30000

5190 ¢ . '

S200 ‘Start the iteration

S210 ¢

5220 Inaccurate=l -

5230

S240 WHILE Inaccurate

3250 ¢

3260 ‘Calculate the improved fiducial coordinates resulting from locating the
5270 ‘correct fiducial triangle at the center of gravity of the through the
5280 ‘acoustic system determined triangle and orienting it via the vectors from
5290 ‘the fiducial position through the center of gravity.

5300

5310 GOsUB 40000

5320

5330 ‘Calculate the three scts of improved sparkgan coordinates belonging to
$340 ‘the current' fiducial

S350 *

S340 FOR Fid=1 TO 3

3370 FO®t Orient=1 TO 3

5580 FOR Coord=1 TO 3

S390 NewSpark(Orient, 1, Coord)=NewFid(Orient,Fid,Coord)-XFac(l1)eAzis(Fid, i, Coord)=YFac(l)aAxis(Fid,2
Coord)—ZFac(1)*Az15(Fid. 3, Coord) ’

5400 NewSpark(Orient., 2. Coord)rNewSpark(Qrient, 1, Coord)+Axis(Fid, 2, Courd)

5410 tiewSpark (Orient, 3, Coord)=NewSpoark(Ovient, 1, Coord)+Axis(Fid.1,Coard)

5420 NEXT Coord

430 MEXT Orient

5440

5450 ¢

5440 ‘Calculate the set of slantranges resulting fraom the improved sparkgaps

5470

5480 FOR Gap=1 TO 3

5190 FOR Micro=! TU 3

5500 SlantMean(Index(ShutOrfMike, Micro), Bap)=0

S510 FOR Orient=1 7O 3

5520 NewSlant=0

S$530 FOR Coord=1 TO 3

5540 NewSiant=NeuSlant+(Mike(ShutOffMike, Micro, Courd)-NewSpark(Orient, Gap.Coord) )2

$5350 NEXT Coard

$5&0 NewSlant=SGR (Newiilant)

SS70 SlantMean(Index{ShutDffMike, Micro), Gapl=SlantMecan{Index(ShutDFfMike, Micro), Gap)+NowSlant

SSBO NEXT Orient

5550 SlantMean{Index(ShutOffMike.Micro), Capl=SlantMean{Index{ShutOffMike, Micro),Gap)/3

£400 MEXT Micro

5410 NEXT Gap

5520 ¢

5430 ‘Calculate the corrected sparkgap coordinates determined by the new slantranges
5540 ¢ .

S550 COSUD 20000 ®

S&60 ¢

5670 ‘Calculate the fiducial conrdinates from:the corrected sparkgaps
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5¢80
3590 GOSUB 35000
5700 ¢
5710 ‘Store the corrected fiducial coordinates
9720 ¢
5730 CFid(Fid, 1)sFocal(l)
5740 CFid(Fid,2)=Focal(2)
5750 CFid(Fid,3)=Focal(3}
5760 ¢
5770 ‘Store the axis vectors for the next iteration step
5780
5790 FOR Coord=i TD 3
5300 Axis{Fid, 1, Coord)=XAxis(Coord}
8810 Axis(Fid, 2, Coord)im¥YAxis{(Coord)
S320 Axis(Fid,3,Coord)=ZAxis(Caord)
5830 NEXT Coord
S840 — —
2450 NEXT Fid
Su60
5870 ‘Determine if the iteration can be stoppod’
S960 '
SG90 FOR Fid=1 TO 3
5900 Dif(Fid)=0
5910, FOR Coakd=1 TO 3
5920 Dif(Fid)=Dif(Fid)+{CFid(Fid,Coovd)-tidurial(lFid, Conrd)} 2
9930 NGEXT Coord
3740 Dif(Fid)=SGRIDiF(Fid))
5950 NEXT Fid
59460
5970 IF (Dif(1)<. 01) AND (Di€(2)C. 01) ANL (Dif(3)< 01} THEN Inaccurate=0
57?40 ¢
5790 ‘Store the corrected fiducial pesitions
sSuGO
A0 e pad=1 70 3
LU0 I'UH Coord=! TO 3
S Lbio Fiducial(Fid,Coord)=CFid(Fid,Coard) ;
¢ NEXT Coord
NEXT Fad
L0600
£070 WEND
6080
£090 RETURN . :
15000
100110 ‘Subroutine: Slantrange Input
shazg . .
10030 ‘Ihis subroputine inputs the slantranges measured by the uvltrasouic digitizer
10030 ‘via Lhe R5-232 serial port of the IUM XT. The parallel port of the 18M XT
10090 *is used to sct the sparkyap multiplexer.
Jahib0
10070 ‘Programmer: John F. Hatch (William J. Murray, Johann Kettenberger)
10080
10090 ‘Date: September 11, 1785
10100
10110 ’#%% Start of SubrToutine HERAARREFRAXEERER RN RR R AT K0 HHH R8N BRI HR TR0 NN
10120 -
10130 IF GapToFire <> I GOTO 10210 ‘decide whether or not to display®message
10140 PRINT
10150 PRINT"### Press any key when ready #x#"
10160 AnygKeys=INKEY3
10170 IF AnyKeys="" COTO 10160
10180
10190 ‘Translate the Cap to be Fired into the.proper Multiplexer Code
16200
10210 IF CapToFire=! THEN MuxCode=0
10220 IF GapToFire=2 THEN MuxCode=2
10230 IF GapToFire=3 THEN MuxCodco=i
10240 *
10250 ‘Set the Multiplexer via the parallel Port
10240 '
10270 OUT &H3DC,MuxCode 'H3DC: hexadecimal address of pavallel povt
10230
10990 ‘Set serial Port for Digitizer Communication
10;:00 ¢ R
100110 ONEN “CO191: 9600, 0,7, 1% AS #1 N
o '
16330 ‘Search for ASCII line feed in incoming data
10240
10350 InDatas="3a"
16360 WHILE (ASC(InData$)<{>10)
10370 InDatas=INPUTS (1,41}
10380 WEND
10390 !
10400 ‘lgnor'e the first Set of Data
10410 ¢
10420 InDatas$sINPUTS$(24, 4#1)
10130 ¢
10440 ‘Collect the Slantranges From the current Sparkgap
1CA50
1044Q FOR I=1 TO Sparks
10470 IF LDOC(1)>200 THEN OUT &H3FC, 10 ELSE OUT &H3FC. 11 ‘avoid comm. buffer overflow
10480 InDatas=INPUTS(24, #1) ’‘input the slantranges
10490 FOR J=1 TO 4 ‘convert the strings into real uwumbers
10500 IF J=ShutOfeMike GOTO 10050
10510 Values=MID$ (InDatas, (U#6-5),6)
10320 Wholes=LEF1${(Valucs, 3)
10530 Drcimal$=RIGHTS(Valucs,3)
10540 MikeGapSlant(J.GapToFire, I)=val(Unholes+". "+bpcimalt)
10550 Next J
10560 NELT 1



10970
10580
10590

10600

1CA10
10620
104830
10640
10650
10660

10670

10680
10590
10700
10710
10720
10730
1Q740
10750
15000
15010
15020
15030
15040
15950
15060
15070
15080
15090
15100
15110
15120
15130
15140
153150
15160
15170
15180
15120
13200
15210

15220
15230
..15240
L1528
15260
15270
15280
15290
15300

115310
15320
15330

15340
15350
15360
15370
15380
15390
15400
15410
15420
15430

15440
15450
15450
15470
15480
15490
15500
15510
15520
15530
15540
15550
15560
15570
15580
15590
15600
15610
15420
15630
15640
15450
15660
15470
15680
15590
15700
15710
15720
15730
15740
20000
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CLOSE #1 ‘suppress communication

.

‘Anatyze the Slantrange Data statistically

Repeat=0
GOSUD 15000

‘Check if the Data are o. k.

IF Repeat=l THEN Print"Slantranges between microphone “;Mike; " and sparkgap#";CapToFire;” are greater

than 200cn. . PRINT"Try again": GOTO 10140

IF Repeat=2 THEN PRINT“Too much variance in slantranges between microphone “;Mike; " and sparkagap
CGspToFire: PRIMT“Try again”: COTQ 10140 -

.

‘Store the Mean Slantran%es and add the Couater Delay »

FOR Mike=t TO 4.

SlantMean{Mike, GapToFire)=SlantMean(Mike,GapToFire)+4, 45 ‘add counter delay

NEXT Mike

RETURN

‘Subroutine: Statistical Analysis of Slantrange Data

.

‘This subroutine calcuvlates the mean From the total nuaber of slantranges
‘collected., 1t sorts out the slantranges which are +/-0.b5mm off the mean

‘and calculates thereof an improved mean. The slantranges are classified

‘in & histogram which is recorded in the file ‘FPL.Log’

.

‘Programmer: Johann Kettenberger

.

‘Date: September 11, 1985

‘axs Start of Subroutine #eesx

.

‘Calculation of the 1. Estimate of the Mean
'

BPEREREDBEE - "

FOR Mike=1 TO A4

IF Mike=ShutOffMike QUTO 15770
SortedOut=0
SlantSum=0Q
FOR '1=1 TO Sparks
IF MikeGapSlant(Mike,CapToFire, I)<245 THEN SlantSua=SlantSum+MikeGapSlant(Mike,GapToFire, I)
ELSE SortedOut=SortedOut+]
MNEXT I
IF SortedOut>(0. 1eSparks) THEN Repeat=l: GOTO 15730
SlantMean(Mike.,CapToFire)=SlantSum/(Sparks-Sortediut)

.

‘Calculation of the Standard Deviation
.

SlantSum=Q
FOR I=1 TD Sparks
IF MikeCapSlant(Mike, GapToFire, [){P45 THEN SlantSum=GlantSum+(MikeGapSlant(Mike,GapToFire, I}~
SlantMean(Mike, GapToFirel}} 2
NEXT 1
StdDev=SiantSum/(Sparks-GortedOut)

‘Calculation of improved Mean

Sorted0Out=0
SlantSumm0
FOR 1=1 TO Sparks
Dif=AlBS(MikecGapSlant(Mike, GapToFire. I)-SlantMean(tike, GapToFire))
IF D1#<0.05 THEN SlantSum=SlantSum<+MikeGapSlaont(Mike, CapToFire, ) ELSE SortedQut=SortedOut+l
NEXT I
IF SortedOut> (0. 3#Sparks) THEN Repeat=2: CUTO 15730
SlantMean(Mike, GapToFire)=SlantSum/(Sparks-SortedQut)

‘

‘Classification of the Slantranges in the Histogram

FOR [=1 TQ 7
Class(I)=0

NEXT I

FOR I=1 TO Sparks - ®
IF MikeCapSlantiMike, GapToFire, IN>(SlantMean(Mike,GapToFire)+ 035) THEN Class(1)=Class(1)+1:
IF MikeGapSlant(Mike,GapToFire:;I)>(SlantMean(Mike, GapToFire)+. 03) THEN Class(2)=Class{2)+1:
If MikeGapSlant(Mike,GapToFire. I)>(SlantMean(Mike,GopToFire)+ 01) THEN Class{J)=Class{3)+1:
IF MikeCapSlant(Mike,CapToFire, I)D(SlantMoan(Mike, GapToFire)—. 01) THEN Class(4)=Class(A)+1:
IF MikeGapSlant(Mike, GapToFire, I)>(SlantMean(Mike, GapToFirel—. 03) THEN Class(S)=Class(3)+1:
IF MikeGapSlant(Mike,GapToFire, I})>(SlantMean{Mike, GapToFire)=, 05) THEN Class(&)=Class(b)+1l:
Class(7)=Class(7)+1

NEXT 1

.

‘Record Histagram
.

PRINT #2. GapToFire
PRIMNT #2, Mike
PRINT #2, Sparks
PRINT #2, SlantMean(Mike, GapToFire)
PRINT #2, StdDev
FOR I=1 TO 7
PRINT #2, Class(I)
NEXT 1

NEXT Mike

RETURN

L

GOTD

cOTO
GaTo
GOTO
G070
GOTO

15590
15590
19590
15590
15590
15590



22010
20020
20039
=C040
<20s0
20060
=Q970
20080
z0090
20100
20110
20120
20130
z0140
20150
201460
20170
20180
z01%0
=0200
20210
20220
20230
25240
20250
20260
20270
=0280
20290
260300
20310

20320

20330
20340
20350
20360
20370
20380
20390
20400
20410
20420
20430
20440
20450
20450
20470
20480
20490
20500
20510
20520
20330
20540
20530
20540
20970
24580
20590
20600

204610
20620
20630
20649
20650
204660
20670
20£80
20690
20700
20710
20720
20730
20740
20750
20760
20770
20780
20790
20300
20810
20820
208320
20840
0350
20980

20870

20880
20890
20900

20910
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‘Subroutine: Sparkgap Coordinates

. N

‘This subroutine calculates the coordinates of the sparkgaps in the micro~-
‘phone system. An iterative procedure is used to corTect for randam errors
‘in the slantranges.

‘The iteration starts by calculating the sparkgap positions. It checks then
‘if the calculated sparkjap positions form & triangle which corresponds to
‘the triangle known from mecagurements of the distances between the spark-
‘gaps. 1f this 1s not the case, then the centor df gravity of the precise
‘sparkgap triangle is locoted at the center of gravity of the calculated
‘triangle and improved sporkgap lecations are determincd. lhe orientation
‘of the precise sparkgap triangle with respect to the calculated one is
‘given through the sparkgap—center of gravity vectors of the calculated
‘sparkgap triangle. Since there are three of those vectors three different
‘orientations of the precise sparkgap triangle are to be considered. This
‘results in three improved estimates of the sparkgap locations and three
‘sets of improved slantranges. The improved slantranges for esch micro-
‘phone~-sparkgap combination are averaged and used to compute new sparkgap
‘positions. This iterative refinement of the sparkgap locations gqoes on
‘until the convergence criterium is met.

‘

‘Programmer: Johann Kettenberger

.

‘Date: September 12, 1985

‘.

‘##3 Start of Subroutine * L g R R L ]

.

‘Initial Calculation of the Sparkgap Coordinates
FOR Gap=1 TD 3
GapCoord(Gap:1)-(kalbxst(ShutOfinkcn1)‘2+Slantnnan(!ndev(ShutOGFMxkt.z).Gap)“E’SlanCHean(lndex
(ShutDffMike, 1), Gap)~2)/(2#M ikeDist (ShutOfEMike, 1))
CapCoord(Cap, 2)=(MikeDist(ShutOffMike, 2)"2+SlantMean(Index (ShutOFffMike, 2), Gap)~2-SlantMean(Indesx
(ShutOffMike, 3}, Cap)~2:/(2#Mikedist(ShutOffMike, 2))
GapCoord{(Gap, 2)w(CapCoord(Cap, 2)~GapCooard(Gap, 1) #CasA(ShutOFFMike) ) /SinA(ShutDf FfMike)
GapCoord(Gap, 3)==5GR(SlantMean(Index (ShutOfeMike, 2), Gap)~2-CapCoord (Gap, 1)~2~GapCoord(Gap, 2)~2)
NEXT Gap

‘Start Iteration
.

Busy=i
WHILE Busy
) .

‘Calculate the Center of Cravity and the vectors from cach Sparkgap through
‘the Center of Gravity (Orientation vectors)

FOR Coord=1 TO 3 ‘Center of Cravity and Orientation vector from gap#l
GapToCoG(1:Coord)=CapCoord(2, Coord)+. 5#(GapCaord (3, Coord)~GapCoord(2,Coord))~GapCoord(l,Coord)
CoG(Coord)=GapCoord(l, Coord)+2/34CapToCaG(1l, Coord)

MEXT Coord

FOR Coord=t TO 3 ‘Orientation vector: from gap#2
GapToCoG(2, Coord)=CapCoord (3, Coord)+, S#({GapCoord(i, Coord}-GapCtoord(3, Coord))-GapCoord(2, Coord)

NEXT Coord

FCt Coord=1l TO 3 ‘Ovientation vector from gapil3
CapToCoC(3. Coord)=GapCoord (1, Coord)+. S#(GapCoord{2.Coord)~GapCoord(l,Coord)?-Gaploord(3,Coord)

MEXT Coord

.

‘Calculate the improved Sparkgap Positions lying on the Urientation vectors

FOR Gap#1 TD 3
FOR Coord=i TO 3

NewGap (Gap.:Gap,Coord)=CaG(Coord)-GapToloG(Gap.Courd)/SAR(GapToCoG(Gap, 1)"2+GapToCoG(Gap, 2)"2+Cap

ToCoG(Gap, 3)"2)3DisC(Gap)
NEXT Coord
NEXT Gap

.

‘Calculate the Normal of the Sparkgap Triaugle

TriNerm(1)=GapToCoC (2, ) *GupToCoG(1,3)-GapTuCoG(2, 3)«BupTaCol( L, 2)
Trilerm(2)=GapToCoG(2, ) 2xGapToCaoG(1, 1)-CapToCoG(2, {)£tapToCaG(1,3)
TriMarm(3)=CapTolaG (2, 1)2CapTeCaG (1, 2)~GapToCoG(2, 2)«RapToCaG(l, 1)

’

‘Calculate Vecl = TriNorm x GapToCoG; Vec2 = Vecl x TriNorm

FOR Gawu=t TO 3
Vecl(Gap.,1)=TriNorm{(2)}»GapToloG{Gap,3)-TriNorm(3)#RapToCoG(Cap. 2)
Vecl(Gap, 2)=TriNorm(3)#CapToCoG(Gap, 1 )=-TriNorm(1)#iapToCaGiGap.3)
Vecl(Gap,3)=TriNorm(1)#CapToCoC(Rap,2)~TriNorm(2)+GupToCoG(Gap, 1)
NormVecl(Gap)=SAR(Vecl(Gap, 1) 2+Vecl(Cap, 2)~2+Vecl (Gap, 3)~2)
Vec2(Cap, 1)aVecl(Gap, 2)#TriNorm(3)~Vecl1(Gap, 3)#TriNorm(2)
Vec2{(Gap, 2)mVecl(Qap,3)#TriNorm(1)~-Vecl(Cap, 1} #TriNorm(3)
Vec2{Gap, J)=Vec!(Gap, L) *TriNorm(2)~-Veci(Cap, 2)%TriNorm(1)
NarmVec2(Gap)=SGR (Vec2(Gap, 1) 2+Vec2(Cap, 2)"2+Vec2(Rzp, 3)°2)

NEXT Gap

,

‘Calculate the improved Sparkgap Positions off the Orientation vector

FOR Cpoordwl TO 3 ‘Orientation given by Sparkgap#i
NewGap(1,2, Coord)=NewSap(l, 1. Coord}+30. 041%(SinALl2#Vec2(1, Coord)/NormVec2(1)+CosAl2+Vec
(i.Coord)/HnrmVect (1)) .
Neucap(llB,Conrd)-Neanp(ll1.Cuord)+29.657'(SinA13lVlc2(1,Coord)/NormVl:Z(l)-CnsAlS’Vlcl
{1,Coord)/NormvVect (1))
NEXT Coord . .
FOR Coord=t TO 3 ‘Orientation given by Sparkgaph2 X
NewGap (2, 1, Coord)-Nchap(?:E:Ccurd)+30 Q41#(SinA21*Vec2(2, Coord)/NormVec2(2)~CosA21#Vec ]
{2, Coord)/NormVec1{(2))
ﬂewCap(Z.3.Coord)=N¢Uuap(2.2:Coerd)+29 P95#(CosA23#Vecl (2, Canrd)/NormV::l(2)+SinA23!Vuc2
(2,Coord)/NormvVec2(2))
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20920 NEXT Coord
20930 FOR Coordmi TO 3 ‘Oriontation given by Sparkgap#d

20940 NewGap (3, 1, Coord)mNewCap (3, 3, Coord)+27. 697« (CosA3l+Vec1 (3, Coord)/NormVecl (3)+SinA31eVec?
(3. Coord)/Normvec2t(3))
20930 Neucap(ﬂ.z.Coord)-Nchap(BnalCoord)+29 995#(SinA32#Vec2(3, Coord) /NormVec2(3)~CosA32#Vec

(3, Coord)}/NormVeci(3))
20960 NEXT Coord

20970 ¢

<0980 ‘Calculate the improved Slantranges '

20990 ¢

21000 FOR Cap=1 TD 3

21010 FOR Micro=l TO 3

21020 SlantMean(index{(ShutOf+Mike, Micro), Cap)=0

21030 FOR OCapw=t TO 3

21040 NewSlant=0

21050 FOR Coord=l TO 3

21040 NewSlant=NewSlant+(Mike (ShutQefMike, Micro.Coord)-NewCap{(0Gap, Cap, Caord))~2
21070 NEXT Coord

21080 NewSlant=S5aR (NewSlant)

21090 SlantMean{(Index(ShutDeeMike, HicTo), Gap)= SlantMean{Index(ShutOfeMike, Micro), Gap)+NauSlant
21100 NEXT OCap -

21110 SlantMean(Index(ShutO#fMike, Micro), Gap)=SlantMean(Index(ShutOFféMike, Micro), Gap)/3
21120 NEXT Micro

21130 NEXT Gap

21140

21150 ‘Calculate' the new Sparkgap Coordinates resulting from the new Slantranges
21160 1 ) .
21170 FOR Gap=1 7O 3

21180 NewCoord(Gap, 1)=(MikeDist (ShutOffMike, 11 2+SlantMean(Index (ShutOffMike, 2), Gap)~2-SlantMean
(Index(ShutDFffMike, 1), Cap)*2) /(2 «MikeDist (GrutDFFMike, 1))

21190 tiewCoord(Cap, 2)=(MikeDist(ShutOffMike, 2)*2+SlantMean(Index (ShutOffMike, 2), Gap)~2-SlantMean
(Index(ShutOffMike, 3),Gap)~2)/(23MikeDist (ChutOFéMike, 2))

21200 NewCoord(Gap, 2)=(NewCoord(Cap, 2)~NewCaord{(Gdp, 1) #CosA{ShutOFfPMike) ) /SinA(ShutOffMike)

21210 NeuCoord (Gap, J3)=~SGR(SlantMean(Indcx(ShutOFfMike, 2), Gap)~2-NewCoord(Gap/ 1) ~2~NewCoard (Gap, 2)*2)

21220 NEXT Gap

21230

2{240 ‘Determine the Difference to the previous Kesult

21250 ¢

21260 FOR Gap=t TO 3

21270 Dif(Cap)=0

21280 FOR Coord=! TO 3

21290 Di#{(Gap)=Dif(Cap)+(CapCaord{(Gap, Coard)=~NewCoard{Gap, Coord)) 2

21300 NEXT Coord

21310 Dif (Gap)=SQAR(Dif(Gap))

21320 NEXT Gap

21330

21340 ‘Determine whether or not the Convergence Criteria is met

21350

21340 IF (Dif(1)<. OLIANDIDIF (D)L O1IANDI(DI £L()1<. 01) THEN Buuy=0

21370 '

21380 ’‘Store the current Solution

21390

21400 FOR Gap=t TO 3

21410 FOR Coord=1 TQO 3

21320 GapCoord(Glp,Coord)uNcuCnord(Gip.Coord) .

..21430 MEXT Coord .

"21440  NEXT Gap .

21450 . *

21460 WEND

21470

21480 RETURN

25000

25010 ‘Subroutine: DOblique Focal Point Coordinates

25020 ¢

28030 ’'All positions (focal point and sparkgaps) are known in microphona coordi-
25040 ‘nates. The relative location of the focal point is expressed as a linear
25050 ‘ccmbination of the vectors XAxis (vector sparkgap#i~sparkgap®3), YAxis
250460 ‘(vectar sparkgap#l—sparkgap#2) and ZAxis (erossproduct of XAxis x YAxis),
25070 ‘These vectors form an oblique righthanded coordinate system with origin
23080 ‘at sparkgap#l.

25090 ‘To solve is tha vector equation:

25100 ‘Focall1~3] = XFactor#XAxis({1-3] + YFactor#YAxis(1-31 ¢ IZFactor#2Axis{l-3]
25110 ‘This is done using the determinant method.

25120

25130 ‘Programmer: Johann K.ttcnborger
25140 X
25150 ‘Date: September 13, 1985 "~"
29160

23170 ‘w2 Start Of SubTouting AN AR ARE NN LN R AR IR A AR RARN IO IUFEINHIARBAX NIRRT RANE
25180
25190 ‘Calculate the Vectors XAxis, YAxzis, ZAxis

2000 ¢

23210 FOR Coord = 1 YO 3

25220 XAxis(Coord)=GapCoord(3, Coard)~CapCourd(l.Coourd)
5230 YAxis(Coord)=CapClaovd(? Courd)~CapCoord(l.Coord)
%240 NEXT Coord

25250

25260 ZAxis({1)={XAxis(2)#YAxis(3)-XAxis (D)6YAXIs(2))/100°
25270 ZAxis(2)=(XAxis(3I#YAxis(L)~XAxis(1)aYAxis(3))/100
25280 ZAris()=(XAris(1)aYAxis(D)-XAxie(2)4YAXiIS(())/100
25290 :
25300 ‘Calculate Cocfficient beterminant CD

25310

25320 CD=XAxis(1)a(YAxis(2)w2Axis(3)-YAxis(I)#2Axis(2))
25330 CD=CD-XAxis(2)#(YAxis(1)eZAxis(3)-YAxis(3)#ZAxis(]))
25340 CD=CD+XAxis(31#(YAxis(1)wZAxis(2)-YAxis(2)#2Axis(]))
25330 .

25350 ‘Calculate Determinant XD

25370




23580
25390
25400
28410
25420
430
25440
25450
£460
23470
25480
25490
R5500
25510
25520
235530
25540
25550
25560
25570
25580
25590
25600
30000
20010
30020
30030
30040
30050
30060
30070
30080
30090
30100
30110
30120
30130
30140
30150
30160
G170
30180
30190
30200
30210
30220
30230
30240
2¢aso
50260
30270
30280
36270
30300
30310
- 30320
30330
30340
G0350
30360
30370
30380
30370
32400
30410
30420
20430
20440
30450
30460
30470
30480
50190
33500
30510
33520
30530
30540
305350
30560
395870
30580
30590
30600
30510
30620
30630
30640
30450
30660
35000
35010
35020
35030
35040
35050
35060
33070
350680
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XD=Focal (1)#(YAxis(2)#2Axis(3)-YAxis(3)#ZAxis(2))
XD=XP-Focal{(2)#(YAxis(1)%ZAxis(3)~YAxis(3)#ZAxis(1))
XD=XD+Focal (3)#(YAxis (1) #2ZAxis(2)-YAxis(2)%ZAxis (1))

’

‘Calculate Determinant YD

YDaXAxis(1)#{Focal(2)%ZAxis(3)-Focal(3)#ZAxis (1))
YD=YD-XAxis(2)%(Focal(1)3ZAxis(J)-Focal (3)*#ZAxis(1))
YD=YD+XAxis(J)#(Focal (1)#2Axis(2)~Focal (Q)#2Axis(1))

.

‘Calculate Determinant ID
.

ID=XAxis(1)#(YAXxis(2)#Foral(3)-YAxis(3)#Focal{2))
ID=2D-XAxis(2)#(YAxis(1)#Focal(3)~YAxis(3)¥Focul(l))
ID=ID+XAxis(3)#(YAxis(l)®Focal(2)-YAxis(2)*Focal(l))

‘Calculate the Factors . [y

XFactor=XD/CD
YFactor=YD/CD
IFactor=ID/CD

RETURN
.
‘Subroutine; Fiducial Triangle Dimensions and Angles

‘This subroutine calculates the distances between the fiducial points and the
‘angles enclosed between the vectors from the fiducials through the center of
‘gravity of the fiducial triangle and to ncighbouring fiducials

‘This data is needed for the iterative correction of the fiducial coordinates.

.

‘Programmer: Johann Kettenberger
.

‘Date: September 20. 1785

.

3% Start OFf SUDTOULINE X FRRNRRRERRIRNRAFRBERARNRRERSARTRRIARER RS RURRARREA NS

‘

‘Calculate the distances between the fiduciols

‘

Fi2=0: F13=0: F20=0

FOR Coord=) TO 3
F1d=F12+w(FidPoint(2, Coord)-FidPoint (1, Cuord) )2
F13=F13+(FidPoint (3, Courd)~-FidPoint (1, Coord)) "2

F23=F23+(FidPaint (3, Coord)-FidPoint (2, Coord} ) 2
NEXT Coord
F12=3QR(F12)
F13=3QR(F13)
F23=5GR(F23)
‘Calculate the coordinates of the center of gravity of the fiducial triangle
‘and the distances from the center of gravity to the fiducials
DisF{1)=0: DisF(2)=0: DitF{3)=0

FOR Coord={ TO 3
CoG{(Coord)=(FidPaint(1,Coord)+FidPoint(2,Coordi+FidPoint(3.Courd))/3
DisF{1)=DisF(1}+(FidPoint(l,Coord}~CoG(Coovd)) 2
DisF(2)=DisF(2)+{FidPoint(2,Coord}-Col(Caoyd)) "2
DisF(3)=DisF (I +(FidPoint(3,Coord)-CoG(Couord))"2

NEXT Coord

DisF(1)=SQR(DisF (1)}

DisF(2)=SGR(DisF(2))

DisF(3)=5QR(DisF(3))

‘Calculate the angles betueen the vectovr from the fiducial through the center
‘of gravity and the vector to the other fiducial
'

‘Angles at fiducial #1 cornper

CosBlaa(FI272+DisF(1)"2-DisF(2)"2)/(2nF12#DisF (1))
S$inBi2=»SGR(1-CosB12xCosB12)
CosBI3=(F13724DisF(1)72-DisF(3)°2)/(2#F13#DisF (1)}
SinB{3=SQR{1~CosB13%CosB13)

. . »
‘Angles at fiducial #2 corner

CosHDIm(FIR272+DisF()°2-DisF (1)°2)/(2xF12«DisF (2})
SinB21=SQR(1~CosB21%CosB!)
CosB23=(F2372+DisF(2)"2-DisF(3)"2)/(2aFR34DisFL(2))
SinB23=5GR{1-CosB23%CusB23)

‘Angles at fiducial #3 corner

CosB31=(F137°2+DisF(3)"2-DisF{1)"2)/{(2#F134DisF(3))
SinBl1=5SGR(1~CosB3i#Cosl3i)
CosB32={F23~2+DisF (3)72-DisF(2)"2)/(2xF3#*DisF(3))
SinB32=5GR(1-CosB324C0sB832)

RETURN

. .

‘Subroutine: Absolut Focal Point Coordinates

.

‘This subroutine calcuvlates the coordinates of the focal point in the
‘absolute microphone coordinate cystrm °
.

‘Programmer: Johann Vettonbervger
.

‘Date: Scptember 14, 19784
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35590 ¢

35100,'<mn Start Y3 GUDTOULING H R RN RN R Rt v PRI RN PR AN R P RS R UR BRI AR AD R RN
35110 -
35120 ‘Calculate XAxis, YAxis and 2Aris Vectors
35130 ¢
35140 FGR Coord=1 TO 3
35150 XAxis(Coard)=GapLloord(3, Caord)--GapCaurd(l, Caord)
25189 YAaxis{Coord)=CapCoard (2. Coord)~GapCoord{i,Coord)
35170 NEXT Coord '
33180
35190 ZAxis{1)=(XAxis(2)#YAxis(I)~XAxis(I)e4YARis(2))/7100
35200 ZAxis(2)=(XAris(3)#YAxis(1)~-XAxis(1)aYARis{(3))/100
35210 ZAxis(3im(XAris(L)wYAxis(2)~XAxio{2)eYixin(1))/100
35220 ’
35730 ‘Calculate the Focal Point Coordinates
339740
30250 FOR Coord=l TO 3
35240 Focal(Coord)=GapCoord{1.Coord)+XFac(1)#XAxis{Caoord?+VFac(1)eYAx1s(Coord)+ZiFacl(l)aZAxis(Coard)
35270 NEXT Coord
35280
35290 RETURN
40000
40010 ‘Subroutine: Improved Fiducial Coordinates
40020
40030 ‘This subroutine calculates the improved estimates of the Fiducial lacations
40040 ‘using the data provided through the subroutine “Fiducial Triangle Dimensions
40030 ‘and Angles”.
40060 ‘The calculations follow the same scheme as is used for determining the im~
40070 ‘proved sparkgap positions
.

40080

40090 ‘Programmer: Johann Fettonberper

40100 * ’
40110 ‘Date: September 21, 1985

40120 * &

40130 ‘#wx Start 0f Subroutine TS RERRFFRREARERFRERRRBRRRARDFURANBARNA KRR A RRANEHAD
40140

40150 ‘Calculate the Center of Gravity and the vectors from cach Fiducial through
401460 ‘the Center of Gravity (Orientation vectors)

40170

40180 FOIt Coord=1 TO 3 ‘Center of Gravity and Orientation vrctor from Fid#l

40190 FidToCoG(1l,Coord)mFiducial(2, Coord)+. S#(Fiducial(3.Coord)-Fiducial(2,Coord))~Fiducial(l,Coard)
40200 CoGiCoord)=Fiducialil, Coord)+2/32FidToCob(1,Coard)

40210 HEXT Coard
40220 FOR Coord=t TG 3 ‘Oricntation vector from Fid2

40230 FidToCoG(2, Coord)=Fiducial(3, Coord)+. S#{Fiducial(l,Coord)-Fiducial(3.Coord))~Fiducial(2.Caard)
40240 NEXT Coord .
40250 FOR Coord=l TQ 3 ‘Orientation vector ¢vom Fidd3d

40260 FidToCoG(3. Coard)=Fiducial(i, Coord)+, B#{Fiduciall{2,Coard)-Fiducialll.Coord))-Fiducial(d,Caoord)
40270 NEXT Coord
40280

40290 ‘Calculate the improved Fiducial Pasitions iying on the Orientation vectors
40300
40310 FOR Fid=1 7O 3

~

40320 FOR Coord=1 TO 3 .

40330 NewFid(Fid,Fid, Coord)=Co@(Coord)}~FidToCoCG(Fid,Coord)/SAR(FidTaoCoG(Fid, 1)*2+FidTaCaol
(Fid. 2)~2+FidToCoG{Fid, 3)~2)4DisF{Fid}

40340 NEXT Coord

40350 HEXT Fid

43360

40370 ‘Calculate the Normal of the Fiducial Triangle

40380

40390 TriNorm(1)=FidToCoG(2: 2)#FidToCeG(1, )~FidToCoCG(2,3)5FidToCoG (L, 2}
40400 TriNorm(2)=FidToCoG(2, J)#FidToCoG(1, 1)~FidloCaG(2, 1}xFidToCaCG(1.3)
40410 TriNorm(3)=FidToCoC(2, 1)#FidTaCoG(1,2)-FidToCoG(2. 2)&FidToCoG (1, §)

40420

40430 ‘Calculate Vecl = TriNorm x FidTeCoG; Vec2 = Vecl x TriNorm

40440

40450 FOR Fid=! TO 3

404460 Vecl(Fid, 1)=TriNorm(2)*FidToloG(Fid, 3)~TriNorm{3)«FidToCoG(Fid, 2)

40170 Vecl(Fid, 2)=TriNorm(3)#FidToCoG(Fid, 1}~1riNorm(1)2i-idToCaG(Fid, 3)

404890 - Vecl(Fid, 3)=TriNovm(1)4FidToCoG(Fid, 2)=TriNorm(2)*-idToCoG(Fid, 1)

40490 NormVec1(Fid)=SGR(Veci(Fid, 1)72+Veci(Fid. 2)"2+Vecl(Fid, 3)°2}

40500 Vec2(Fid, 1)=Vecl(Fid, 2)%#TriNorm(3)-Vecl{(Fid,3)#TriNorm(2)

40510 Vec2(Fid, 2)=Vec1(Fid, 1 #TriNormi1}-Vect{(Fid, I €IriNoyrm(3)

40520 Vec2(Fid,3)aVecl(Fid. 1) #TriNorm(2)-Veci (Fid, 2)TriNorm(1)

40530 NormVec2(Fid)=SOGR(Vec2(Fid, 1)"2+Vec2(Fid, 2)"2+Vec2(Fid, ")

40540 NEXT Fid

40550

403560 ‘Calculate the improved Fiducial Positions off the Oricntation vector

40370

49580 FOR Coord=l TO 3 ‘Orientation given by Fiducialdlt

40590 NewFid(1,2,Coord)=NewFid(1, 1, Coord)+F12%#{CosHi12*Vect(1,Coord)}/NnrmVec2(1)+5SinB12#Vectl
(1,Coord)/NormVeci(1))

404C0 NewFid(1, 3, Coord)=NewFid(1, 1, Coord)+F13%(CosDI3#Veca(1,Coord)/NormVec2(1)-5inB13»#Vecl

{1,Coord)/Normveci(l)}
40610 NEXT Coord .
40620 FOR Coord=1 TO 3 ‘Orientation given by Fiducial#i2

40530 NewFid{2, 1, Coord)sNewFid(2. 2, Coord)+F12#(CosR21#Vec(2, Coord)/NormVec2(2)~5inB214Vecl
(2, Coord)/NormVecl(2))
40640 MewFid(2, 3. Coord)=NewFid (2, 2: Coord)+F23%(5inB23*Vec1{2, Coard)/NormVecl (2)+CosB3*Vec

(2. Coord)/NormVec2(2))
40650 NEXT Coord . .
40660 FOR Coord=t TO 3 ‘Orientation given by Fiduciallid

£0670 NeuFid(3,1.Coard)tNowFid(B.B.Coord)*Fin(SinESXGVecl(3.Coord)lNormVecl(3)*CosBSf¢Vec2
) (3, Coord)/NormVec2(3))
40480 NewFid (3,2 Coord)=NewFid(3,3, Coord)+F23#(CosB32#Vecl(3, Coord)/NormVec2(3)-5inbB324Vecy

{3, Coord)/NormVec1(3)}
40690 NEXT Coord
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40700

40710 RETURN
45000

45010 ‘Subroutine: Transformation Matrix

S020

S030 ‘This subroutine calculates first the test block (microphone) coordinates
45040 ‘of the microphone (test block) coordinate system origin in order to de-
45050 ‘termine the shift between the two coordinate systems. Then it expresses
45040 ‘the unity vectors of the microphone (test black) system in terms of test
45070 ‘block (microphone) coordinates. This allows then to counvert microphone
45080 ‘(test block) coordinates into test block (microphone) coordinates.

.

45090

45100 ‘Programmar: Johann Kettenberger

45110 ¢

43120 ‘Date: September 19, 1989

45130

45140 ‘### Start of Subrouvtine # * * WA N0 ETIZ T2 NPT T AN 2R Y Y
45150 -

45160 FOR Case=i TO 2 ‘Casel: Calculate the transformation matrix to go from the
43170 ‘ microphone Lo the test block cocrdinate space
43180 ‘Casel. Calculate the transformation matrix to go from the
45190 ‘ test hlock to the microphone coordinate space
450:CO

‘Load the fiducial coordinates

1F Case=2, G010 45310

45040, .

435250 FOR Gap=! TU 3

45260 FOR Coord=1 10 3

45270 GapCoord(Gap,Coord)=Fiducial(Gap. Coard)

45280 NEXT Coord

A0NGG HEXT Cap

457300 Gl 45280

453210

39320 FOR Gap=1 T0 3

451330 FOR Coord~1 TO 0

45340 GapCoord (Gap. Loaurdi=Fidioint(Gap, Courd)

43350 NEXT Coovd

45360 NEXT Gap

45370 ¢ ' '

45380 ‘Calculate the shift between the origins and the unity vectors

45390 .

45400 FOR Ax=4 TO 1 S1EP -t

451410 ¢

45420 ‘Calculate the vector from fiducial#l to the microphone (test block) origin
5430

45440 . Focalti)=-GapCaard(1, 1)

45450 Facal (2)=-GapCoord(1,2)

45460 Focal (3)=-GapCoourd(1,3)

45470

45480 ‘Alter the vector to the origin to go to point 100 on the axis as soon as the
45490 ‘origin is determined (Ax=4: Calculate the shift betweern the coord. systems
45500 ’3<Ax<1: Eapress the X—, Y-, Z-axis vectors of the one system in coordinates of
4?510 ‘the other system

45520

45530 IF Ax<4 THEN Focal(Ax)=Focal (Ax)+100

45540

45550 ‘Calculate the factors with which the vectors XAxis (Vector from fiducial#l
45560 “to fiducial#3), YAxis (vector from fiducial#! to fiducialt2) and 2Axis

45570 ‘(crossproduct XAxis x YAxis) have to be multiplied to go from fiducial¥#i to
43580 ‘the origin or the points at 100 from the ovigin on the axis. Since the

45590 "fiducials are known in both coordinate sustems this factors are then used
45600 ‘with the same XAxis, YAxis and ZAxis vectors but now expressed in the other
45510 ‘coordinate system to determine the coordinates of the origin or the points
45620 ‘at 100 from the origin in this system

45630 ¢ .

45640 GASUB 25000

45650

45660 ‘Calculate the vectors XAxis. YAxis, ZAxis in the test block (microphone)
45670 ‘coardinate system .

45680

45690 IF Case=2 GOTO 45770

45700

45710 FOR Coord=t TO 3 -

45720 XAxis{Coord)=FidPoint(3.Coord)-FidPoint(1l,Coavd)
45730 YAris(Coord)}=FidPoint(2,Coord)-FidPoint(1i,Coord)
45740 Focal(Coord)=FidPoint(1, Coord}

45750 MEXT Caord

45760 GOTO 45830

45770

45780 FUR Coord=1 TO 3

45790 XAxis(Coord}=Fiducial(3,Coord}~Fiducial (i, Coord)
45800 YAxis(Coord)=Fiducial(d.Coord}~Fiducial(i,Coord)
S810 Focal(Coord)=Fiducial (1, Coord)

45820 NBEXT Coord

45830

45840 ZAxis{ 1) =x(XAxig (RIeYAXis () ~XAxis (D) wYAXin(2)) /100

458590 IAxis(2)=(XAxis (D) xYAxis(1)=-XAxia(1)RYAXis(3}) /2100
45840 ZAxis (1 =(XAxis (1) #YAXis(2)-XAxis (D) RYAXiIsS (1)) /7100
45870

45880 ‘Store the results

45890

45900 IF Ax<4 GQTD 45940

45910

45920 FOR Coord=1 TO 3

45930 TranMat(Case, Ax, Coord)=XFactor#XAxis(Coord)+YFactarsYAxis(Coord)+ZFactor*ZAxis(Coord)+Focal(Coord)

. 45940 NEXT Coord
45950 GOTO 46000
45940



45970
45980

45990
45000
46010
44020
44030
45040
44059
34060
46070
45080
45050
44100
45110
46120
44130
45140
46150
461460
46170
45180
45190
45200
50000
£0010
50620
50030
50040
50050
50040
50070
50080
50090
50100
50110
s0120
50139
50140
50150
0160
50170
50180
50190
50200

50210
20220
£0230
50030

55020
55030
$5040
95050
55040
58070
55080
55090
55100
55110
35120
$5130
$5140
55150
$5140
55170
55180
55190
%5200
ss210
55220
55230
55240
85250
55260
$5270
55280
55290
55300
85310
55320
55330
55340
55350
595360
85370
55380
553790
95400
55410
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FOR Coord=: TO 3

TranMat(Case, Ax,Coord)=(XFactor#XAxis(Coord)+YFartor«YAzis{Coord)+ZFactoreZAxis(Coord)+Focal,
(Coord}~TranMat(Case, 4,Coord})/100
MEXT" Coard

NEXT Ax
NEXT Case
.
‘Write the transformation matrices into file TRANMAT. DAT
‘ .

OPEN “TranMat. DAT® FOR DUTPUT AS #1
PRINT#1, Dates
PRINT#1, Time$
PRINT#1. ShutOffMike 4
FOR Casesi TO 2
FUR Ax=]1 TO 4 . %
FOR Coord=1 TO 3
PRINT#1, TranMat{Case:Ax:Coord)
NEXT Coord
NEXT Ax
NEXT Case
CLOSE #1

RETURN
.
‘Subrautine: Coordinate Transformation

‘This subrouvtine transforms microphone system coordinates into test block
‘coordinates and vice versa., The direction of the transformation is deter~
‘mined by the flag “Cage”.

‘Casext : Transformation of microphone coordinates into test block coordinates
‘Case=2 : Transformation of test block coordinates into microphone coordinates

‘Programmer: Johann Kettenberger .
‘Date: September 22, 1900

‘432 Start 0f SUDTOULING FYHSEERIER SRR FRRENARNSRRE DR RN XH SR BB EE DT BER A RDREE D0
‘

‘Transformation of the coordinates

FOR Coord=1 TO 2
AuxVec(Coord)=0
FOR Ax=1 TO 3

AuxVec(Coord}=AusVec(Coord)+Focal (Ax)aTranMat(Case, Az, Coord)
NEXT Ax
AuvxVec(Coord)=AuxVec{Coard)+TranMat(Case, 4, Canrd) ‘add shift betuwren systuems
NEXT Coord

‘Heausign the transformed conrdinate:

Focal(1)=AuxVec (1)
Focal(2)=AuxVec (2}
Focal(3)=AuxVec (3}

RETURN

P

‘Subroutine: Microphone Distances

.

‘This subroutine calculates the distances betwcen the microphones currently
‘being used. This data arc stored in the file MIKLE. DIS and are used to im-
‘prove the accuracy with which the distances are known

.

‘Programmer: Johann Kettcnbeﬁgcr

‘Date: October 2., 1985

‘438 StaTt Of SUbTOULINE NANNERANAABRARFARRARNERRARK NS RERETHENE NI RSEIHRNAREEF

‘Calculation of angle 2-1-3 of sparkgap triangle

CosW=(30. 041°2+29. 657°2-29. 995°2) / (2#30. 041#29. 657)
SinW=5QR({1-CosWx*CasH)

‘Calculation of the microphone coordinates

FOR Phone=l TO 3
IF Phone=ShutOffMike GOTD 55240
MiCo(Phone, 1)=(Slanttean(Phone, 1)*2+29. 657~2-5lantMean(Phone, 3)°21/59. 314
MiCa(Phone,2)=(SlantMeah{Phone, 1)~2+30. 041°2-SlantMean{Phone, 2)172) /&0, OB2
tiCo(Phone,2)=(MiCo(Phone, 2)~-MiCo(Phone, 1)%CasW)/SinW
fiiCo(Phone, 3)=5GR(SiantMean(Phone, 1}~2-MiCo(Phone, 1} 2-MiCo(Phone, 2)"2)
NEXT Phone

.

‘Calculate the distances between the microphones
.

FOR D=1 TO 3 .

IF D=1 THEN From=1: Ris=2
IF D=2 THEN From=1: Bis=3 X :
IF D=3 THEN From=2: Bis=3. '
Dist=0 .
FOR Coord=1 TO 3
Dist=Dist+(MiCol{Index(ShutOffMike,From), Coord)~MiCol{index{ShutOffMike,Bis),Coord) )2
NEXT Coord . .
Dist=SGR(Disl)
PRINTH#3, Index (ShutOFfMike, From), Index (ShutDffMike. Bis), Dist
NEXT D .



55420
40000
£0010
60020
£0030
60040
40250
40040
4co70
&C080
60090
60100
60110
60120
. 50130
40140
£0150
60160
60170
£0180
60190
£0200
60210
40220
60230
40240
£0250
&G260
£0270
60280
£0290
40300
40310
60320
40330
40340
50350
60360
60370
45380
40390
£0400
40410
60420
60430
60440
&£0450
40460
£0470
60480
40490
60500
60510
60520
60530
60440
40550
£0560
40570
60580
40590
50600
40410
L0620
&0630
60840
60650
60660
40670
60580
60L90
60700
£0710
e0720
60730
£0740
£0750
60760
60770
40780
60790
40800
69810
£0E20
40330
40840
40850
60860
40870
£0880
£0890
40500
60910
60720
£0930
60940
40950
£C960
£0970
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RETURN
‘o '
‘Subroutine: Focal Plane Cocfficients

‘This subroutine calculates the coeffirients nf the fornt plaone in the
‘CT coordinate space. 1his data are nccded by the reconstruction programs
‘to calculate the intersection between the tumor and the focal plane

‘Programmer: John F. Hoatch T
‘ : Johann Kettenberger

'

‘Date: October 3. 1905

‘%% Start Of SUDTOULINE HUdmtu s el it as it id i R IR AR R n s CE N E AR AR RN BN RN B RN DN
. b

‘Find out where the surgeon is looking

FOR CapToFire=1 TO 3
GOSUB 10000

NEXT GapToFire

. .

‘Calculate the microphone distances

GDSUB 55000
’

‘Caleculate the sparkgap courdinates

¢OsSuUB 20000
¢

‘Calculate the focal point

60SUB 35000 *

‘Caleculate the normal and the orientation vectors ®
’
FOR Coord=l YO 3
Normal(Coord)=Focal({Coord)~{XFac (2)aXAxis(Coord)+YFac(2)#YAxis(Coord)+ZFac(2)%4ZAxis{Coord}))
Orient(Coord)=XFac(3)#XAxis(Caord)+YFac{3)#YAxis(Coord)+ZFac(3)%ZAxis(Coord)-Focal(Coord)
NEXT Coovd .
P

‘Transformation of the focal point and the normal and orientation vectors into
‘the CT coordinate space
¢

Case=l
GOSun 50000
.

‘Stare converted focal coordinates
.

FOR Coord=t -T0 3
Veci(1.Coord)=Focal(Coord)
Focal(Coord)=Normal{Coord)}

NEXT Coord

GOSUB 50000 o

.

‘Stare the converted normal point conrdinates

FOR Coord={ TO 3
Normall(Coord)=Focal (Couvd)
Focal(Coord}=0rient(Caonvd)

NEXT Coord

GOSUB : 50000

‘Store the converted oricntation vectlor
.

FOR Coord=1 TO 3
Orient(Coord)=Focal (Coard)
Facali(Caord)=Vecti{1i,Coord)}

NZXT Coord .

.

‘Calculate the constant cocfficient in the focal plane cgquation

D=0

FOR Coord=1 TO 3
D=D+Normal(Coord)«fFocual{Coord)

NEXT Coord

‘Calculate the direction cosines for the orientation vecior

Norm=0

FOR Coord=1 YO 3
Norm=Norm+Orient(Coord) "2

NEXT Coord

Norm=5QR (Narm)

FOR Coord=l 70 3
Orient(Coord)=0rient(Coord)/Narm

NEXT Coord

‘ODutput the data into the file RECI. DAT
'

OPEN “Reci.Dat" FOR QUTPUT AS Q14

PRINTH4, USING " Halik
PRINT#A, USTNG Rl
PRINT#4, USING"#tiitH.
PRINTH#A, USING HUHN
PRINTHA, USING"®#HHHN
PRINT#4, USTHNG  ##ti#
PRINT#4, USING Hat#
PRINT#4, USING“ ##4R.
PRINT#4, USING Rt UH

it i Normal (1)
#pddREal Normal (20
gt Normal (3)
HuBnnauE"I D
fHHUNBEN" I Focal(l)
/fEFNUBGRY Focal (2)
HHtiandR" ;i Focal (3)
RUHBINGOE" Orient (L)
dauhngint Orient(2)
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60980 PRINT#4, USING"HEHE, #HBHRHHN" 1 Orient(D)

40990 CLOSE #4 T

41000 H

41010 PRINT-

&1020 PRINT"The registration procedure is completed. The facal plane data are”
61030 PRINT“stored in the file RECI. DAT. "

61040

61050 RETURN
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e FILE NAME:  fiduc. v

:Hﬂﬂﬂ VERSION: 1.0

:Hﬂ#ﬁ PROGRAMMER: | William J. Murray

:#ﬂ"# bATE DF‘CREATIDN: 2/10/85

'zﬂﬂﬂh ENTRY POINTS: program fiduc

:Kﬂﬁ# INPUT/OUTPUT FILES: infile, fidout.dat
#
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hdr4. h
slc4. h

#ititd GLOBAL DATA STRUCTURES AND VARIABLES: #iiit#

an i1nclude file for the directory header block
integer#4 Tevnum:
: outsecu,
cpsecu,
outnum(306),
outstar (306)
common /direct/revnum, outsecu.cpsecu, outnum, outstar

an include file For the outline set header block
integer®4 - olinum, :

day.,

month,

year,

picdkey,

totslic,

slicnum(10),

routbln(10),

refdist(10)

common /headi/oclinum, day,month, year
picdkey, totslic,slicnum, routbln, refdist

character#s65 patient

character#65 scancode

character#45 hospital

character#45 consult

character*65 tumsite

character»465 comment

common /headc/patient, scancode, hospital,consult, tumsite, comment

an include file containing all slice parameters
integer#4 ctlex,
. . ctlecy,

cxleng,

cyleng,

ctwsdat,

ctypnum(8),

creldens(8),

cptsent(8),

cx (8, 500},

cy {8y 500)
common /slicei/ctlex,ctley.cxleng.cyleng, ctwsdat,
cltypnum, creldens, cptsent. cx, cy

character#4dd cdumname(8)

common /slicec/cdumname '
an include file far the reconstruction routines

real fpeqna, fpaqnb, fpeqnc, fpeqnd

real xfpt.yfpt, zfpt
real 1mb(3), mu(3), nu(l)

.resl oddfpx(8.250), 0ddfpy(B,250), oddfpz(8, 250}

real evnfpt(8,250), evnfpy(8, 250), evnfpz(8, 250)

common /rcnsr/fpeqna. fpeqnb, fpeqnc, fpeqnd, xfpt, yfpl, zfpt
Imb, mu, nu, oddfpx, oddfpy. addfpz, evnfpx, evnfpy, evnfpz

integer#4 oddpts(B8), evnpts(B),1ist, ysto, yste
integer#4 fstptx(8), fstpty(8)

common /rcnsi/oddpts, evnpts, ist, ysta, yste, Fotptx, fstpty

ﬂuu#nunuuﬂuunﬂnnnanﬂuuuunuuﬂnﬂunnnnuu#unnuuunnUﬁn#uuuununﬂuunuqnu
R TR e R AR A R R A TR A R R L i A R A A S R
Ry E RN N RS T ST VR R T N R A AT R R E S S LR LR

prggram fiduc
character#1S infile
character#! chgans,chgfid
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logical#4 filexl, filex2
integer#4 i, y»scsl, lbsgn
real zspace

real fidx(3), fidy(3), fidz(3)

include ‘.. /h/dir4.h"’
include ‘../h/hdr4.h’
include ‘.. /h/slcé.h’

chgans = 'y’
chgfid = ‘n’

# What files exist?
inquire(file=‘fidout. dat’, exist=filex2)
if(filex2 & . truve. ) <«
open(2, file=‘fidout. dat’, status=‘o0ld’,
access=’'sequential’, form='formatted’)
read(2, “(a15)’) infile
read(2, ‘(iB)’) lbsgn
# read the directory
call. rfdirect(1)

i=1
scsl = O
while (outnum(i) '= 0) <

# read the outline header
call rfouth(l,outstar(i})
do J=1,totslic {
% read the'slice
"call réslicli, outstartil, §)
# write out the fiducials
call wffidu(scsl, zspace)
scsl = scsl+l
>
i = 1+1
X

# close the slice data file
zlose (1)

.# Input the desired fiducials to write to a file
write(o, ‘("))
. write(d, ‘("From the list of possible fiducials above, select®)’}
write(b, ‘("three — fidl(x,y,2), fFid2{x,y,2), F1d3(xsy, 2). ") ")
write(s, ‘(“Input the fiducials as follows:")’)
write(&, ‘("EXAMPLE "))
write(b, ‘("fidl 7 0..,2.9,5.0")")
write(s, (" "))
do i=1,2 (
writel&, "("Fid", i1, " 7 ", $)') i
read(S, *¢3(f12.8)) %) Fidx(i), fidy(i), fidz(i)
>

write(s&, (" "))

# write to fidout. dat

redind 2

write(2, ‘(ald)’) infile

write(2, '(iB) ‘) lbsgn

write(2: “(fi2.8)’) 1space

do i=1,3 «
write(2, “(i2, ", ", 2(£12.8, %, "), £12.8)’) i, fidx (i), fidy(i), fidz (i)
>

close(2)
end

# routine to read a formatted directory sector
subroutine rfdirect(fdes)

integer#a fdes

integer+4 i

character®l start

character#2 finish

include ‘.. /h/dir4. h'

read(fdes, ‘(al) ‘) start

we
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read(fdes, ‘(if, 1x, i8,1x, iB) ‘) revnum, ovtsecu,cpsecu
=t
repeat {

read(fdes, ‘(iB, 1x,18) ‘) outnum(i),outstar(i)

i o= j+1

} until (outnum(i-1) == 0)

read(fdes, ‘{a2)’) finish
. )

return, .

end

# routine to read an unformatted outline header
subroutine rfouth(Fdes, sectnum)

integer«2 fdes

integer#q sectnum, i .

character#1l start
character#2 finish

include ‘.. /h/dird4. h’
include ‘../h/hdr4.h’

read(fdes, ‘(al)’) start

read(fdes, ‘(iB)’) olinum
read(fdes, ' (ifl, 1x, 18, 1x, 18) ') day, month, year
read(fdes, (i) ') picdkey

read(fdes, ‘(a)’} patient
read(fdes, ‘(a)*) scancode
read(fdes, ‘¢(a)’) hospital
read(fdes, ‘(a)’) consult
read{(fdes, "(a)’) tumsite
read(fdes, ‘(a)’) comment

reéd(Fdes.'(iB)’) totslic

do i=},totslic { _
read(fdes, ‘(iB, 1x, 18, 1x,iB) ‘) slicnum(i),routbln(i),vefdist(i)
>

read(fdes, ‘(a2)’) finish

return
end

# routine to read a formatted outline slice
subroutine rfslic(fdes, sectnum:. nslice)

integer#2 fdes

integer#4 sectnum,
nslice,
i,

character#] start
character#2 finish

include ‘.. /h/dird4.h’
include ‘.. /h/hdr4. h*
‘include ‘.. /h/slca i’

read(fdes, ‘(al, 1x,i8)’) start,nslice
read(fdes, ‘(i8, tx, i8, 1x, i8, 1x, i8) ") ctlex, ctley,cxleng, cyleng
read(fdes, ‘(if}) ') ctwsdat

i=t
read(fdes, ‘(iB) ‘) Lt

d ) pnum(i)
while(ctypnum(i) ! )

Yy
(0] {
iflctypnum(i) == 1) <

read (fdez, "(iB)’) cptsent(i)
) .
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else if(ctypnumii) == 2) ¢
read{(fdes, ‘(3)’) cdumname(i)
read(fdes, “(i8) ‘) creldens(i)
read(fdes, '(iB) ‘) cptscnt(i)
b

else if(ctypnum(i) == 3) (
read(fdes, ‘(a)’) cdumname(i)
read(fdes, ‘(iB)’) creldens(i)
read(fdes, ‘(iB) ‘) cptscnt(i)
b

else if(ctypnum(i) == §) <
read(fdes, ‘(a)’) cdumnameli)
read(fdes, ‘(iB)’) cptsent(i)
>

else
write(4, '("Illegal Type Number = *,iB8)’) ctypnum(i)
stop ‘rfslic error’

'y

do j=l,cptscnt(i) {
read(fdes, ‘(i8, 1x,18) ) cx (i, §)icyli, §)
>

i = i+1

read(fdes, ‘(iB) ') ctypnum(i)
3 .

read(fdes, ‘(a2)’) finish

return
end

# routine to write a formatted fiducial data set
subroutine wffidul(scsl, zspace)-
integer%4 scsl, '
iy
real xcoord,ycoord,zcoord: zspace
integer*2 setx,sety

Adnclude ‘.. /h/divr4. K’
include ‘.. /h/hdra.n’
include ‘.. /h/slca.h’

setx=0
.sety=
zcroord = real(scs))#zspace/10
’ +
i=1
while(ctypnum(i) '= Q) <
if(lctypnum(i) == 4)&&(cptscntli) == 2)) {

do J=1,cplsecnt(i) <

L0 (exdiy y) > (-1900)) &% tex (i, g) < 1900)) <
xcoovd = reallcx{i, §))/160.
setx = setx+l
if(setx > 1) «
' write(b, ‘("ervor: undetermined x coordinate”)’)
stop ‘fiduc errvor’ ’
>
>

LFC Leytis ) > (-1800)) % (eyli, g) < 1800)) |
ycoord = reallcy(i, y))/1460.
sety = sety+1
if(sety > 1) {

writel&, ‘("error: undetermined y coordinate®)’)
stop ‘fiduc error’
> .
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>
H to maintain right hand coord sys yet make up y positive
ycoord = ~1. #ycoord

write(s, (""", 812, "FID => (", 2(£10.4,", "), £10.4,")")’) cdumname (i),
xcooerd, ycoord, zcoovd) %

setx=0
sety=0
i = i+
b

return
end
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File _DUAZ: LPUBLIC. FTP. PRINTINGIRECON. Ri 1 (72462, 648680, 0), last revisad an 14-NOV-1905 13:47, is a 40 block scquential File swnod by
UIC L(FTPY. The records are variable langth with impliad (LR} carciage contral. The longest vecord iz 846 bdytas.

Job RECON (1200) queusd to LCAD on 14-NOV~1983 13:47 by user FTP, UIC [FTP), under account SYBTEM at priority 4. scarted on printer
~CAQ: on 14~NOV-1983 13:3) from guevd LCAQ,
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#

#edne FILE NAME: recon. T

Mutn VERSION: 1.0

A0S PROGRAMMER: Milliam J. Murray

Huse DATE OF CREATION: 2/10/85

?"NNN ENTRY POINIS: progvam recon

%uuu« INPUT/QUTPUT FILES: reci.dat, reco.dat

HRBHBERBUEHBRGRB B D BRI A BER N R RIERR RGBT RB BB N
HEGHBEERBHUHEBUN BB RART RS HE RO R BN LSRR R R AR
t

#HM4E INCLUDE FILES #ittnd

#

4 dird. h

#  hdra.h



#
#

Hptih GLOBAL DATA STRUCTURES AND VARIABLES:

i
i
#

slcéd. h

an include f
integersq
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HidHH

ile- for the directory header block
Tevnum,

# outsecu,

# cpsecu,

L] outnum(306a),

H outstar(306&)

# common /direct/revnum. outsecu,cpsecu, outnum, outstar

#
#

an include file for the outline set

header block

# integerx4 olinum,

T day,

i month,

# year,

# picdkey,

# totslic,

# slicnum(10),
i routbln(10),
# refdist(10)
#

common /head
picdkey., tots

i/olinum, day, month, year,
lic, slicnum: routblIln, refdist

#

{t character6y patient

## characterrhps scancode
## character#bs haspital
{f character*45 consult

## character#®&u5 tumsite

## character#45 comment

116

ft common /headc/patient, scancode, hospital,consult, tumsite. comment

an include file containing all slice parameters
- integer»4 ctlcax,
ctlcy,
cxleng.
cyleng,
ctwsdat,
ctypnum(8).,
creldens(B),
cptacnt(B),
cx (8, 500),
cy {8, 500)
¥ t
common /slicei/ctlex,ctlcy,cxleng,cyleng, ctwsdat,
ctypnum, creldens,cptscnt,cx,cy

FiFLTTTEESETS

character#45 cdumname(8)
common /slicec/cdumname . .

an include file for the reconstruction routines
real fpeqna, fpeqnb, fpeqnc, fpeqnd
real xfpt.yfpt, zfrt
real lmb(3), mui{3}:nu(3)

.rezl oddfpx(8,250), oddfpy(8,250), oddfp2(8, 250)
real evnfpx(B8,200), evnfpy(B, 250), evnfpz(B, 250)

ey  E L L

E = 3

common /rensr/{peqna, fpeqnb, fpeqne, fFpeqnd, xfpt, yfpt, z2fpt.
Imb, mu, nu, oddfpx, oddfpy, oddfpz, evnfpx, evnfpy, evnfpz

*

#

# integer#4 oddpts(B8),evnpts(B),ist, ysto, yste

# integer*4 fstptx(B), fstpty(8)

#

# common /rcnsi/oddpts. evnpts, ist, ysto, yste, fstptx, fstpty
# .
HUERUBRUGHRBRBAHHNRBBU SRR UB BN HR AR BB ARG BB BH BRI
HUHHBHBHOUBHERNRBEHE NSRS R MR RORBHHRBEOHAUHHBURBHE R HE BB
HEDHBHHE DU HHERRBRH RO GHE BRI R RGN R AU BRI BREBEBRI R RE S

prggram recon
character#15 infile
character*!l chgans
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integer+#q i, Ji ks tns, tmpns, slipts,dslipts, lbsgn
logical#q4 filexl,filex2

real magabc,eterm, zspace

real fpla, fplb, fplc

veal fplsx(10), fplsy(10), fplsz

real mfplsx{(10), mfplsy(10), mfplsz(10)
real dfplsx(10),dfplsy(10)

include ‘.. /h/dird h'
include ‘.. /h/hdrd. k'’
include ‘.. /h/slc4.h’
include ‘.. /h/recon.h’
chgans = ‘n’

# What files exist?
inquire(file=‘fidout. dat‘, exist=filex2)
if(filex2 & . true. ) A
opent2, file=‘fidout. dat’, status=‘o0ld’:
access='sequential’, form='formatted’)
read(2, ‘(al13)’) infile
read(2, ‘(if) ') lbsgn
# zspace in mm cenvert to cm
read(2, ‘(f12 B) ‘) 1space

write(& *("RECON") ")

writetbé, ‘("Current slice data file: ", a15)') infile
write(é: ‘("Number of reconstruction slices: “,18) ') lbsgn
write(é, ‘("Curgent 2 spacing(mm): ", f12.8)‘) 1spdce
writel&, (Y "))

write(4, ‘("Change current slice data(y or n)7? “,%)")
read(S, ‘(a)’) chgans

}
close () ,

# Interactive 1nput inquiry

if(lchgans == ‘y’) 1} (filex?2 & . false.)) <
writo (4, ("Changing current slice parameters. .. ") ‘)
write(é, '("Slice data file? ", %))

read (5, ‘(ald)’) infile
writedsd, ‘("Number of reconstruction slices® ", %))
read (&, “¢(i8)’) lbsgn
write(d, ‘("Enter the slice z-spacing: ", %))
road(3, ‘(f12.8)’) 1space
write(s, (" "))
chgang = ‘n’ -
)
elese «
write(d, ‘("Slice data file and z spacing remain unchanged”)’)
write(d, * (" "))
} .

inquire(file=infile, exist=Ffilexl)

ifCFilert %  true.) <
open(l, file=infile, status=‘0ld’,
access=‘sequential’, form='formatted’)
>
else ( .
write(é, ‘("The slice data file ", a15 " does not exist")’) infile
stop ‘open error’
b2

inquire(file='reci.dat’, exist=Ffilex2)
if(filex? % . true. ) <«
open(2, file='reci.dat’, status=‘o0ld’,
access=‘sequential ‘., form=‘formatted’)

read(2, ‘(f12.8B)’) fpeqna
read(2, ‘(f12.8)‘) fpeqnb
read(2, ‘(¥12.B) ‘) fpeqnc
read(a, ‘(£f12.8) ') fpeqnd
read(2, ‘(f12.8)') xfpt
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read(2, ' (f12.8)’) yfpt
read(2, ‘(f12.8) ) 1fpt
read(e, ‘(£f12.8) ‘) 1mb(2)
read(2, ‘(£12.8) %) mu(2)
read{(2, ‘(f12.8) ‘) nu(2)

write(d, ‘("The equation of the focal plane is:")’)
write(b, ‘("Axx + Bry + Cxz = D")*)

write(é, (" "))

write(&, ‘("Current information:*)’)

write(s, '(" The coefficients (A.B,C,D):") ")
write(&, ‘(3(F12.8,", "), £12.8)*) fpeqna, fpeqnb, fpeqnc, fpeqnd
writel(d, (" "))

write(bd, ‘(" The focal point (X, ¥,Z):")*)

write(d, ‘(R(£12.8, ", "), £f12.8)") xfptoyfpt, 2fpt
writeftd, (" "))

write(d, ' (" The direction cosines (aX,aY.,aZ): "))
write(d, /(2(£12.8, ", "), F12.6)/) 1ab(2), mu(2), nu{2)
write(b, (" u)y '

write(4, ‘("Change current information(y or n}? *,4)’)
read(5, ‘{a)’) chgans
}
else <
4 Interactive input inquiry
urite(&, ‘("The input file RECI.DAT was not found")’)
write(b, /(" "y’
chgans = ‘g’
}

iflchgans == ‘y’'3 (

urite(6, ‘(“The cquation of the focal plane is:*)’)
write(b, "("Aux -+ Dxy + Céz = D") )

writelé, ‘(" "))

write(&, “("Enter the following information:")’)
write(s, 7 (" The coefficients (A,B,C,D): "))
read(5, ‘(Af12.8) ') fpeqna, fpeqnb, fpeqnc, Fpeqnd
write(é, (" The focal point (X.Y,2): *“,%)’)
read (D, 7(2112.8) ) xfpt.yfpt, zfpt

write(s, ‘(" The direction caosines (aX,aY,aZ): “e%)!)
read(5, ‘(3f12.8) ) 1mb(2), mu(2), nu(2)

write(é, "(" "))

>

# assumes a blank floppy...

# starts with the first outline block

# trys to read up to 10 slices per block
# then goes on to the next outline block
# until tns is exhausted’

tns = lbsgn

tspace = zspace/10

i open the data files
open{l, file=infile., status=‘0ld‘, access=’sequential’,
form='formatted’)

inquire(file=‘reco. dat’,exist=Ffilex2)
if(filerd & . true. ) «
open(2, file=‘reco.dat’,status=‘0ld’, access=’‘sequential’,
form=‘formatted’)
rewind 2
>

‘else |
apen(2, file=‘reco.dat’,status=’new’, access=’‘sequential’,
form='formatted’)
>

# irnitialize some static array indicies
do i=1.8 {

oddpts(i) = QO
evnpts(i) = 0 )
ist = 1' l
Jsto = 1
Jste = |
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# calculate the direction cosinas for the +k’ axis \
# input units cm

magabc s (fpeqnaifpuqna)+(fpcqnb*ﬁpeqnb)+(FpeanIFpeqnc).
magabe = sqrtimagabe)

Imb(3) = fpeyna/magabe

mu(3) = Fpeqnb/magabc

nu(3) = fpeqnc/magabe

# orientation check for direction
# cosine ta find the e term
# if(fpeqnec == 0.) {

# if(fpeqnb == 0.) «
# eterm =-fpeqna
# b

# else < .

L etarm = fpeqnb
] >

L] b

# else

L] eterm = fpeqnc

] b

#

# ifceterm > 03 (

1} eterm = .

# b

# else <

# cterm = -1,

* b

#

# The above logic was to select the orientation of the 2z’
# azxisi however in practice the procedure supplied an

# interesting random sequence of mirror images. This was
# corrected by making cterm = 1} permenantly,

eterm = 1. .

# set direction

Imb{(3) = lmb({3)reterm
mu(3) = mu(3)ncterm
nui(3) = nu(3)retarm

#,calculate the direction cosines .

# for the +i‘ axis o R
4 Alsc the t term is chosen to be -1 :

# to orient the plane correctly

# for dasplay

Imb(}) = 1. 8¢ mut2)wnu(3) - mui{3)enu() )

mul) = 1. #( nu(2)#imb(3) = nu(3)elmb(2) )

nudl) = L, #0 Imb(2)#my(3) = 1mb(I)emu(2) )

call rfdirect(l)

i=]

tmpns = ins
¢plsz = O, .
while {(outnum(i) !'= 0) &% (tmpns != 0)) «

call rfouthil,outstarii))

do J=1,totslic {
call rfslic(l, outstar(i), ) .

# on a per slice basis
fpla = fpeqna
fplb = fpeqnd :
fplc = fpeqnc#fplsz - fpegnd

call'perslic(fpla, fplb, fplc, fplsx. fplsy,slipts)
call coordt(iplsx.fplsq.Fplsz.miplsx.mfplsq.melsz.slipts)

# here is where we insert the proper sorting technique
# whatever it may be, such as a store delay procedure

# if § > 1 then delay system is primed

if¢y 2 1) o
call grsort(mfplsx.méplsq.dfplsx.delsq.slipts,dslipts)
}
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# delay step forward
dslipts = slipts
da k=l,dslipts {

dfplsxtk) = mfplsx(k)

dfplsy(k) = mfplsy(k)

>

fplsz = fplsz + space
3 .

# flush the last points from the delay array
call grsort(mfplsx. mfplsy,dfplsx.dfplsy,slipts.dslipts)

tmpns = tmpns—totslic
i = j+1
>

# initialize ctypnum and cptsent
.do i=1,8 <

ctypnum(i) = O

cptsent(i) = O

}

do i=1,ist <
ctypnum(i) = |

cptsent(i) = nddpts(i) + evnpts(i)
b3

do i=1,ist (
do j=l,oddpts(i) {
if(y == 1) (
fstptx(i) = int(oddfpx (i, j)#140. )
fastptyli) = intloddfpyli, J)#8460.)
3 t
cxli.)) = int(oddFprli, j)#140.)
. eyf{i,g) = int({oddfpyl(i, J)#1560.)
> . .

do jx(oddpts(id+1),cptsentli) <
exli.g) = inttevnlpz(i, (cptscnt(id+1=4))2146Q.)
eyli,g) = intlevafpy(i, (cptsentli)+ri=4))121460.)
3

b 4

# make the cunnectinn to complete the contour
do i=1,ist ¢
cplsent({l) = cptscnt(i) + 1
cx(i,cptesent(id) = fFotptafi)
cyli.cptsent(i)) = fstptyli)
>

call wrecdir(?)
call wrecoh()
call wrecsl()

zlose(1)
tlosela)
end

# routine to read a formatted dxrcctorq sector
subroutine rfdirect(fdes)

infegers2 fdes

integuerss i

character#*l start

character«l finish

include ‘.. /h/dir4.h’

read(fdes, ‘{al)’) start
read(fdes, ‘(iB, 12, iB, 12,iB8)’) revnum: cutsecu, cpsecy
im}

repeat «
read(Fdes, '(i8, 1x,1i8)“) outnum(i), cutstar({i)

124
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im Qs

> until (outnum(i-1) == Q)

read(fdes, ‘(al)’) finish

return
end

# routine to write a formatted directory
subroutine wfdirect(fdes)

integer#l fdes

integer»4 i

include ’../h/dir4. h’

write(fdes, ‘("“d")"’)

!
write(fdes, '(iB, ", *, i8, ", ", iB) ‘) revnum. outsecu, cpsecu

vimy
repeat <
write{fdes, ‘(if, ™, ", i8) ') outnum(i),outstarii?
i o= i+
Y} until (outnum(i-{) == Q) .

write(fdes, ‘{"dd") )

return
end

# routine to read an unformatted outline header
subroutine rfouth(fdes, sectnum)

integer»2 fdes

integer#3 sectnum, i

character*! start
character#2 finish

include ‘.. /h/dird h'
include ‘.. /h/hdr4. h’ -

read(fdes, ‘{al)’) start

]
rrad(fdes, ‘(i8) ‘) olinum
read(fdes, ‘(iB. 1x.18.1x,i8) ‘) day.month, year
read(fdes, ‘(iB)*) picdkey

read(fdes, ‘(a)’) patient
read{fdes, ‘{a)’) scancode
read(fdes, ‘(a)’) hospital
read(fdes, ‘(a)’) consult
read(fdes, "(a)’) tumsite
.roead{fdes, ‘(a)’) comment

read(fdes, ‘(iB)’) totslic

do i=i, totslic (
read(fdes, ‘(if, 12,18, 1x,18)’) slicnum(i), routblin(i), refdist(i)
b

read(fdes, ‘(a2)’) finish

return
end

# routine to write a formattued outline header
subroutine wfouth(fdes, sectnum)

integersd fdes

integer#4 sectnum, i

include ‘.. /h/div4.h’
include ‘.. /h/hdr4. b/’

write(fdes, ‘("h") 1)
'
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write(fdes. €(iQ) ‘) olinum
write(fdes, ‘(i8., ", ", i8, ", ", i8) ) day,month,year
write(fdes, ‘(if1)’) picdkey

write(fdes, ‘(a)’) patient

write(fdes, ‘(a)’) scancode

write(fdes, ‘(a)“) haspital .
write(fdes., ‘(a)’) cunsult

write{(fdes, ‘(a)’) tumscite

write(fdes, ‘(a)’) comment

write(fdas, ‘(i) ‘) totslic

do i=f, totslic ¢
write(fdes, /€10, ", ", iB8, %, %, i8) ') slicnum(i),
rouvtbin(i), refdist(i)
b 4

write(fdes, ‘("hh") )

return

end .

¥ routine to read a formatted dutline slice
subroutine rfulic(fdes, sectnum, nslice)

integera? fdns
integer#4 sectnum,
R naslice.
1. )

charactersl start
character+2 finish

include ’../h/dir4 . h’
include ‘.. /h/hdr4.h’
include ‘.. /h/slc4. h’

read(fdes, ‘(al, 11, i8) ‘) start.nslice
read(fdes, “(iB. 1x,i8.12,i8.11,i8)’) ctlecx,ctleyscxlong:cyleng
read(fdes, '(if3) ') ctwsdat

im}
read{fdes, ‘(iB) ) ctypnum(i)
while(ctypnum(i) !'= 0) «

if(etypnum(i) == 1) (
read(fdes, '(18)7) cptscnt(i)

>

else iflctypnum(l) a= 2) (
read(fdes, ‘(a}’) cdumname!(i)
. rerad(Fdes, "(iB) ') creldens{i)
read(Ffdes, ‘(iB) ') cptsecnt(i)
b

else if{ctypnum(i) =wa 3) (
read(fdesa’{(a)’) cdumname(i)
¢+ read{tdes, ‘(i8)’) creldens(i)
read(fdes. ‘(i) ') cptscnt(i)
}

elae iflctypnum(i) == 4) (
read(fdes, ‘{a)’) cdumname(i)
read(fdes, '(i3)’) cptsentli) . .
b

else (
write(s, ‘("Illegal Type Number = “,i8) ‘) ctypnum(i)
stop ‘rfslic error’
. >

do )=l,cptsent(i) <
read(fdes, '(i8, 1x,i8) ‘) cx(i, y)scyli, j?
b
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i = i+l

read(fdes, '(i@)’) ctypnumli)
>

read(fdes., ‘(3a2) ') finish

return
end
]
# routine to find the intersection(s)
# of the line representing the focal plane
# on a per slice basis and the contour(s)
# within a desired slice
# output is returned within the arrays fplsx and fplsy

"subroutine perslic(fpla., fplb. fplc, fplsx, fplsy. numpts)
integer#4 i, .
integer»4 numpts

real fpla, fplh, fplc

real fplsx(10), fplsy(10)

real x1.yl, x2, yR, xseg. yseg .
real al,bl,cl,a2.b2,¢c2,deta

include ‘.. /h/diT4. h*’
include ', . /h/hdré4. h’
include ‘../h/slc4 b’

numpts = 0

a2 = fpla
b2 = fplbd
c2 = -1 #fplc

imy
while(etypnum(i) = 0) «

ifttetypnum(i) '= 4)%%(cptsent(i) D> 4)) <

i = reallex(i, 1))/71460.
yl = veallqy(i.1))/160.
g0 y=2,cptsent(i) <
x2 = realcx(i, y)1/160.
y = realleylin 3))/140.

at = yt - y2
bl = 22 - x}
€l = ytebl + xisal .

Jeta = alsb - a2wb1
1#ldeta '= 0.) (
1seq = (t2ecl « blwc2)/deta
yseg = (afi»c2 ~ a2w»ci)/deta
ifl ( (25eg >= min(xl,22)) %& (xseg < max(ai, x2)) )
( (yseg 2= min(yl, y2)) A& (yseg < maxfyl.y2)) ) ) «
numpts = numpts+i :
fplsr(numpts) = xseg
Fplsyinumpts) = yseg
>

>
if((deta == Q. )2%U(b1w=bQ)2&Alcla=c)) <

if(nuinpts == 0) (
numpts = pnumpts+1
fplsxinumpts) = x1
fplsy(numpts) = yli
)

1f((numpts > 0) %% (Ffplsx(numpts) != x1) &% (Fplsylnumpts) != y1) ) <
numpts = numpts+l '
fplsx{numpts) = x1i
fplsy(numpts) = yi
>

>

1f( (fplsx(numpts) == x1) && (fplsy(numpts) == yl) ) <



4,722,056
131 132

fplsx{numpts) = x2

 fplsy(numpts) = y2
}

else { .

numpts = numpts+!
fplsx{numpts) = x2
fplsy(numpts) = y2
>

b4

# the end of the points loap
x1 = x2
yi = y2
3}
# end of the if a legal outline section

}
B T L l
3

return

end

# subroutine to translate the 3-D CT focal plane

# paints to focal plane coordinates

subroutine coordt(fiplsx, fplsy, fplsz. mfplax. mfplsy, mfplsz. numpts)
integers4 | '

integer#*4 numpts

real fplsx(10), fplsy(10)
real mfplsx(10), mfplsy(1Q)
real fplsz.mfplsz(10)

tnclude ‘.. /h/recon. . h’
-
do i={,numpts {
mfplsx(id=lmb(1)n(fplsx(i)=xfpt)+mull)n(fplsyl(i)=-yFfpt)rnul(l)a(iplsz=2fpt)
méplsy(i)=imb(2)n(fplsx(i)=xfptirmui)#(fplaylid=yfpt)+nu(2)#(rplsa~2zfpt)
mEplsz(idmlmb () (Fplsx(id=xfpti+mui(I)#({fplsy(id-yfpt)+nui(l)=(fplsz=2(ptk)
> . .

return x
end

# routine to write a formatted directory
subrouvtine wrecdir(fdes)

integers2 fdes

integer+4 |

include ‘.. /h/dird4. b’

writel(fdes, ‘("“d")")
write(fdes. *(iB., ", %, i8,%, %, iB)’) revnum, outsecu, cpsecu

1]
outnum{l) =
outstar(l) =
outnum(2) = O
outstar(2) = 0

i=]

repeat <
write(fdes, ‘(iB, ", ", iB8) ‘) outnumi{i),outstar(i)
i = i+
} until(outnum(i-1) == Q)

write(fdes, '("*dd")"’)

return
end

# routine to write a formatted cutline header
subrouvtine wrecoh(fdes)
intageor#2 fdes

include ‘.. /h/dird. h’
include ’../h/hdr4. h’
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wr'ite(fdes, ‘(“n") )

write(fdes,
write(fdes, /
write(fdes, *
writelfdes,
write(fdes,
writedfdes,
write{fdos,
write(fdoy,
write(fdes,
write(fdes, ’
write(fdes, ’

write({fdusg, '

return
end

{igy )
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€8, ", " 18" ", i8) %) 4,30, 17

(iB) ) 2&214

‘ca)'f patient
‘{a)’) scancode
‘¢a)’) hospital
‘{a)’) consult
‘(al)’) tuasite
‘€a)’) comment

Gan) )

Cig. ", ", iB. ", " i) 1.1,0

(“nh") )

.

# routine to write o formatted outline slice
subroutine wrecsl(fdes)
integer*? fdes

integer#4 i,

]

include ‘.. /h/dird. h'
include ‘.. /h/hdrd.n’
inglude ‘. . /h/sled.h’

write(fdes,

("s ", iq) ")

Cwrite(fdes, (i, % % 0B, % %, 0B %, %, i8)7) 10, 11, 12, 13

writetfdes, *(iB)’) 14

i=m}

while(ctypnum(i) '= 0)° ¢

write(fd

es.'(iS)Jz ctypnumii)

if{ctypnum(i) == 1)

write(fdes, '(i8)’) cptsent(i)

}

else iff{

write(fdes. ‘(a)’) cdumname(i)
write(fdes, ‘(iB8)°) creldens(i)
write(fdes, '(iB)‘) cptsent(i)

b,

else if(

write{(fdes, ‘(a)’) cdumname(i)
write(fdes, ‘(iB)’) creldens(i)

writ

] >
else if¢(
wurit
writ

bs

else <(

ctypnum(i) == 2) (

ctypnum(i) == 3) <

e{fdes, ‘(i8)’) cptsent(i)

ctypnum(i) == 4) {
e{fdes, ‘(a)’) cdumname(i)
e{fdes, ‘(iB) ') cptsent(i)

write(#, ‘(“illegal type = “,iB)’) ctypnum(i}

, stop
}

if{cptae
do

‘wrecsl error’

neli) w0y (
=l.eptsent(i)
write(fdes, ’(i8, ", , i8) ")
>

cx(i, Jracyld, g)

134
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i = i+l

}

write(fdes., '(138) ‘) ctypnum(i)
write{fdes, ‘("ss")’)

return
end

# routine to sort-graph points an a slice by slice basis
# set up to use i{current) and i-i{previous) slice points
subroutine grsortimfplss, méplsy, dfplsx.dfplsy.,slipts,dslipts)

integer+4 slipts.dslipts.difé
reul mfplsa{10), mfplsy(10)
real dfplsx(10),dfplsy(i0)

include ‘.. /h/recon. b’

4
diff = abs(slipts~dslipts)
’

switch(dslipts) {

case 1 .
oddfpx(ist, ysto) = dfplsx(l)
oddfpylist, ysto) = dfplsy(l)
oddpts(ist) = oddpts(ist) + |

Jstomssto+]

case 2 :
oddfpx(ist, ysta) = dfplsxil)
oddfpylist, jsto) = dfplsy(l)
oddpts(ist) = addpts{ist) + 1

Jsto= sto+l
ovnfpx(i:t.;&to) = dfplsx(2)

evafpylist, yste) = dfplsy(2)
evnpts(ist) = evnpts(ist) + 1

Jstes ste+)
: ‘defavlt
= continue
b
return

end
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Hogitg CHITRY PODINTS. program rTecon

4

#Haed INPUT/OUTPUT FILES: 'veci.dat, reco. dat

# .
BHARBEDURENBHOBNREROBORMIDRN N HIBABERBHRBU RS OABRHBHIRE BRI BHEL DU
BROBHBRUHDRUARBORAIRBORD BN RELCHRBAR B RO ARG ERHREBASH BRIt

LI . .

#Bad4 INCLUDE FILES au#ttg

# .
. dird h
# hdrd4. h '
# slech. b
#
Aadnd CLOBAL. DATA STRUCTURES ARD VARIABLES: #uuut
L d
# an include file For the directory header block
# inteqerss revnum,
# cutsecu.
cpsecu.
cutnum(304),

outstar (304)
common /direct/revnum. cutsecu, cpsecu., outnum, outstar

an i1nclude filc For the outline set header block
integer«4 olinum,

day.

month,

year,

picdkey,

totslic,

slicnum{10),

routbIn(10),

refdist(10?

common /headi/clinum, day, month, year.
picdkey, totslic, slicnum, routdln, refdist

character®#b5 patient
character®45 scancode

T XTSTETLTETLTETTSCLET TR ETRE
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¢haractersss hospital
character#s5 consult
character#hs tumsite
charactersss camment

common /headc/patient, scancode.hospital, consult, tumsite, comment

#n 1nclude file containing all slice parameters
integers4 ctlca,

cetlcy.

cxleng:

cyleng.

ctwsdat,

ctypnum(8),

creldens(B),

cptscnt(8).

cx{8. 500},

cy (84 500)

cemmon /slicei/ctlcx,ctlcy,cxleng, cyleng, ctwsdat,
ctypnum. creldens, cptscnt,cx, ey

R AT EXEETERET SFEIT TR

characters4s cdumname (8)
common /slicec/cduinname

an include file for the reconstruction routines
real fpegna. fpeqnb, fpeqne, fpeqnd

real xfpt,yfpt.,zfpt

real 1mb(3), mu(3), nui(l)

-real addfpx(8,250), addFpy(8, 250), addfpz (B, 250)
real evnfpx(8,250), evnfpy(8, 250), evnfpz(8, 250}

common /rensr/fpeqna, fpeqnb. fpeqnc. fpeqnd, xfpt.yfpt, zfpt,
lmb. mu, nu. oddfpx, oddfpy, oddfpz. evnfpx, evnfpy, evnépz

integer+#4 oddpts(8), evnpts(B),ist, ysto, jste
integeor#d4 fstpta(B), fstpty(8)

common. /rcnsi/oddpts, evnpts, ist, ysto, yste, Ffstpta, fstpty

EHEEESTESTTE NS

RUBHRBERUGHBORIESDEEHUBEUENHREAHURDBBUAB R R BBRRNGHBURRRBOHE BN B D
HERRBHACHENBARBHON BB RGRARROR SN BB AR ISR BUED DR RN BRI SRR Nt 8
HORBRUABRABBBRBDRNBRNURBRHBRDEBBUBBRBBURBUBHIHBOOBBBRERRGBROU BB Y
pragram recan

character»1% infile

character#!l chgane

integer»q i, Js+ ks tns. tmpns, slipts,dslipts, Ibsgn

logical#d filexl,filex2

real
real
real
real
real
real
real

magabc, eterm. 2space

fpla, fplbd, fple

fplsx(10), fplsy(10), fplsz
mfplax{10), mfplsy(10), mfplsz(10)
dfplsx(10).0fplsy(10)

shift
norvecx, nNorvecy, noOrvec:
./h/4ird4 h'
./h/hdr4. h’
./h/slecqd. n'
./h/recon. h’

include
include
include
inciude

.~ & & o

chgans = ‘n’

# What files exist?

inquire(file=‘fidout.dat’, exist=filez)

if(fi1lez2 2 . trye.) (
open(2, file=’fidout. dat‘, status=‘old’

access=’‘sequential ‘. formm’formatted’)

read(2, ‘(al1%)’) infile
read(2, ‘(ig8)’) lbsgn

¥ 2space in mm convert to cm
read(2, ‘(£f12.8)’) 1space

.

write(é, ‘("RECON") ‘)
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write(&, ‘("Curnent slice data file: ", al%)’) infile
write(b, ‘(YNumbar of veconstruction slices: ",18)‘) lbsgn -~
write(&, ‘("Current z spacing(mm): ", £12.8)') 1space
writeld, ‘(" "))

writedd, ‘("Change current slice dataly or n}* ", %))
read(5, ‘(a)’) chgans

> .
close(2)

# Interactive input inquiry
if{(chgans == “y‘) !i (filex2 % . false.)) <
- write(d, ‘(“Changing current slice parameters...")’)

write(s, '("Slice data file? ".,%)%)
read(3, ‘(al18)’) infile
write(d, *("Number of reconstruction slices? “,$)’)
read(5, '(i8) ‘) lbsgn
write(é, ‘("Enter the slice z-spacing: ", %))
read(S, ‘(f12.8)°) rspace
write{&, ‘(" "))
chgans = ’'n’
}

else {
write(é, ‘("Slice data file and t spacing remain unchanged"”) )
write(é, “(" "))
M

i
inquirec(file=infile,exiat=Ffilexl)

if(filex! & . true.)  «(
open{l, file=infile, status=‘'old’,
access=‘sequential’, form=‘formatted’)
3} .
else «
write(é, ‘("The slice data file ", al5 % does not exist”)’) infile
stop ‘open error’

inquire(file=‘reci.dat’, exist=Ffilex2)
if(Filexd % . true.) (
open(2, file=‘reci.dat’, status=‘old’,
access=‘sequential’, forms‘formatted’)

read(2. '(f12.8) ') fpeqna
read(2, '(£12.8)’) fpeqnd
read (2, “(£12.8) ‘) fpeqnc
read(d., ‘(f12.8) ‘) fpeqnd
read(2, '{(£f12.8)°*) xfpt
read(2, ‘(£12.8)’) yfpt
read(2, "(£12.8)’) 1fpt
read(2, ‘(£12.8) ) lmb(2)
read(2, ‘(£f12.8)’) mu(2)
read(2, ‘(£f12.8) ) nu(2)

write(b, ‘("The equation of the focal plane is: "))
writelé, '("A»x + Day + C#z = D))

write(d, ‘(" "))

write(d, ‘("Current information:*)*)

write(b, ‘(" The coefficients (A, B,C.D): ") ")
write(s, ‘{3(f12.8.,", "), £12.8)’) fpeqna. fpeqnb, fpeqnc, fpeqnd
write(d, (" "))

write(b, " (" The focal point (X, Y.2):*)’)

write(d, “(2(£12.8, ", "), £12.8) ‘) xfpt.yfpt, 2fpt

write(b, (" "))

write(s, *(" The direction cosines (aX.aY.aZ): )’}
write(d, *(2(Ff12.8,", "), £12.8) ') 1lmb(2), mu(2), nui2)
writel{d, ‘(" "))

write(é, ‘("Change current information(y or n)? *,%)')
read(3, ‘(a)’) chgans
. ). °
else ( '
# Interactive input inquiry
write(é, ‘(*The input file RECI.DAT was not found")’)
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write(d, ‘(" *)*)
chgans = ‘y~’
N .

if({chgans == 'y’) (
write(é, ‘("The cequation of the focal plane is:")’)
write(é, "("Awx + Owsy + Caz = D“)’)
write(d, (" ")) '
write(&, ‘("Cnter the following information:")’)
write(b, (" The coefficients (A,B.C./D): ", %))
read{9, ‘(4F12.8)’) fpeqna, fpeqnb., fpeqnc, Fpeqnd

v write(d, (" . The focal point (X.Y,Z): ",$)’)

read(d, *(3£12.8)°) xfpt,yfpt,zfpt
write(sé, *(* The direction cosines (aX.aY.aZ): *",$)")
read(S5, ‘(3f12.8) ) 1mb(2), mu(2), nu(2)
writedd, ‘(" "))
b

we

writet(b, ‘("Do you want to shift the focal plane along the optical axis?", %))
read(S. (a)’) chgans .

it (chgans == ‘y’) {
writel(b, ‘(“Enter the desired shi#t in cm (+:up,=:down)",$)’)
read({S, '(£12.8)’) shift
# calculate the focal point coordinates for the shifted plane
norvecx = fpeqna/SGRT(fpeqnarfpeqna+fpeqnbafpeqnb+fpeqncefpeqnc)
norvecy = fpeqnb/SORT(fpegqnaxfpegna+fpeqnbfpeqnb+fpeqncxfpeqnc)
norvec:z = fpeqnc/SQRT(fpeqna*fpeqna+fpeqnbefpeqnb+fpeqncefpeqnc)

xfpt = xfpt + norvecx » shift
yfpt = yfpt + norvecy # shift
1fpt = 2fpt + norvecz # shift

fpeqnd = fpeqnasxfpt + fpeqnbeyfpt + fpegncwzfpt

} .

# assumes a blank Ffloppy..

1 starts with the first outline block

H trys to read up to 10 slices per block

# then gaoes on to the next outline block

# unti1l tns is exhausted

tns = lbsgn

Zspace = space/10.
- )
’ L}

# open the data files

apeni(l, -file=infile, status=’‘0ld’, access=’sequential’.

fovm=‘fovmatted ')

inquire(file=’reco. dat’',; exist=Filex)

if(filex2 2 . true. ) « .
open(2, file=‘reco. dat’,status=‘nld’, access=’'sequential”’,
form=’formatted’)
rewind 2
}

else
openi(2, file=’reco.dat’,status=‘new’, access=‘sequential’,
form='formatted’)
>

# initialize some static array indicies
do i=§{,8 {

oddpts{i) = O

evnpts{i) = O

>
ist = 1 ) . .
jste = ]
Jote = ]

# calculate the dircction cosines for the +k’ axis

B input units cn

magatc = (fpegqnaw=fpegnal+(fpeqnbefpeqndl+{fpeqncefpeqnc)
magabe = sgrtimagabe)

1mb(3) = fpeqna/magabce

mu(3) = fpegnb/magabc :

nu(3) = fpeqnc/magabc. '



4,722,056 :
145 . : 146
# oricntation check for dirvection
# cosine to find the e ternm
# if(fpeqnc == 0.}
# if{fpeqnb == 0.}
H eterm = fpeqna
# X
# else {
L] eterm = fpeqnb
L] >
# }
# else <«
# eterm = fpeqnc
* b
#
b

ifleterm > 0.) <
eterm = 1.
>
else <
eterm = -1,
b

#
]
#
®
»
#*
# The above logic was to select the orientation of the T’
# axis:; howaver in practice the procedure supplied an

# interesting random sequence of mirror images.” This was
# corrected by making eterm = § permenantly.

eterm = 1,

# set direction
Amb(J) = lmb(3)xeterm
mu(3) = mu(d)neterm

nu(d) = nu(3)waterm

# calculate the dirvection cosines '
# for the +i’' axis

# Alse the t toerm is chosen Lo be -1}

# to orient the plane correctly

# for display

Imb(1) = 1, #{ mu(2)anu(3) ~ mu(3)*nui2} )
mul(l) = 1, #{ nui(2)*1mb(3) - nui{3)*lmb(2) )
nu(l) = 1 #(.1mb(2)*mu(3) - lmb(3)#mu(2) )

call rfdirect(])

i=1

tmpns = tns

fplsz = O,

while ({autnum¢i) '= 0) %& (tmpns != 0)) (

call rfouth{l,ocutstar(i))

do j=1,totslic <
call rfslic(l, outstar(i)., )

# on a per slice basis
fpla = fpegna
fplb = fpeqnbd
fplc = fpeqnc#fplsz - Fpeqnd

call perslic(fpla, fplb, fplc, fplsx, fplsy,slipts)
call :oordt(Fplsx.Fplsq.Fplsx.mfplsx.mfplsq.melsz.sl}pts)

# here is where we insert the proper sorting technigue
# whatever it may be, such as a store delay procedure

# if y > 1 then delay system is primed

if(y > 1) «
call grsort(mfplsx,mfplsq.dfplsx.dfplsq.slipts.dslipts)
3}

t delay step forward

dslipts = slipts

do k=l.,dslipts {
dfplsx(k) = mfplsx(k)
dfplsy(k) = mfplsy(k) '
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fplsz = fplsz + ispace
}

% flush the last points from the delay array
call grsort(mfplsx, mfplsy, dfplsx,dfplsy,slipts,dslipts)

tmpns = tmpns—totslic
i = j+l '
>

# inittialize ctypnum and cptscnt
do i=1.9 ( ' ’

ctypnumli)
cpteentli)
3 .

(o] .
0 .

L]

do i=i,ist ¢
ctypnumi{(i) = 1
cpiscnt(i) = oddpts(i) + evapts(i)
}
do i=1,ist {
do J=1l,oddpts{i) (
ifty == 1) <«
fatptr(i) = int(nndfpaly, j)*160. )
fatptylii = int{oddfpyli, J)n160.)
3}

cx{1, 3) = int{oddfpxli, j)#146Q.)
cyti, g) = intloddfpyti., j)#160.)
}

do y=toddpts(il)+1),cptsent(i) {
cxti,y) = int(evnfpx(i, (cptsentlid+1-3))£140.)
' cyli,g) = int(evnfpyli, (cptsent(id+1-)))#160.)
}

}

# make the connection to complete the contour
do i=1,ist {
cptsent(i) = cptsent(i) + 1
cex(i.cptscnt(i)) = fFetptx(i)
cyli,cptsent(i)) = Fstptyli)
b .

call wrecdir(2)
call wrecoh(2)
call wrecsl(2)

close(l)
close(2)
end

# routine to read a formatted directory. so:tar
_subroutine Fédirect(fdes) .3
integer*d fdes :
integersd i

charactersl start

character»2 finish

include ‘.. /h/dir4.h’
read(fdes, ‘(al)’) start
read(fdes.'(ia.lx.iﬂllx.ia)') revnum, gutsecu, cpsecuy
im}
repeat . {

read(fdes, ‘(18, 1z, i8) ) outnumii).outstar(i)

1 = i+l

> until (outhum{i=1) == Q)

read(fdes, ‘(aa)’) finish

return
end

148
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# rautine to write a formatted directory
subroutine wfdirect(fdes) ‘
integer#2 fdes

integer=4 i

include ‘.. /h/dir4. h’
write(fdes, ‘("d") ‘)

write(fdes, “(18,", %, i8, ", ", i8) ‘) revnum, outsecu, cpsecu

i=]

‘repeat {
write(fdes, ‘(13."%, ", iB) ‘) outnum(i), outstar(i)
i = 1+1
} until (outnum(i-1) == 0)

write(fdes, '("dd") )

return ‘.
end

# routine to read an unformatted outline header
subroutine rfouth(fdes, sectnum)

integers2 fdes

integer#»4 sectnum, i

character+l start
character#2 finish

include ‘.. /h/dird4.h’
include ‘.. /h/hdr4.h’

read(fdes. ‘(al)’) start

read(fdes, '(iB)’) olinum
read(fdes, ‘(18B, 1x,1i8,1x,18) ") day, month, year
read(fdes, ‘(a) ‘) patient

read(fdes, ‘(3)’) scancode

readifdes, “(a)’) hoaspital

read(fdes, ‘(a)’) consult

read(fdes, ‘{(a)’) tumsite

read(fdes, ‘(s5)’) comment

read( Fdes. ‘(128) ') tutslic
®

do 1%, totslic ( 3
read(fdes, (18, 11, 18, 1x,:0)’) slicnuml{i),voutblunlid, refdistli,
}

read(fdes, ‘(a2)’) finish

return
end

# routine to write a formatted outline header
subroutine wfouth(fdes, sectnum)

integers2 fdes

integers=4 sectnum, i

include ’../h/dir4. h'
include ‘.. /h/hdré4 h'

write(fdes, ‘("h")’)

writel(fdes, ‘(1)) ulinum
wuritetfdes, (3G ", ", 18, ", ", 1U) ') day.month, year
writel{fdes, ‘(1) ') picdkey

writel(fdes, ‘(a)’) patient
writel{fdes, ‘(a) ‘) scancode
write(fdes, “(a)’) hospital
write(fdes, “(a)’) counsult
write(fdes, '(a)’) tumsite
write{fdes, ‘(a)’) comment
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write(fdes, "(18) ‘) totslic

do i={, totslic (
write(fdes, ‘(i8, ", ", 18, ", ", iB)*) slicnum{i),
routbln(i), refdist(i)
) ) .

write(fdes, ‘("hh") ")

Teturn
end

# routine to read a formatted outline slice
subrautine rfslic(fdes, sectnum, nslice)
integers2 fdes
integer»d sectnum,
nslice,
iaJ
## on a per slice basis and the contour(s)
# within a desired slice
# ovtput is returned within the arrays #plsx and fplsy
subroutine perslic(fpla, fplb, fplc, fplsus tplsy, numpts)
integers4 i.)
integors4 nunpts

real fpla. fplb. fplec '
real fplsx(10), fplsy(iO)

real x1.yl, 22,92, xgeg, yseyg

real al.bl.cl,22.b2,¢c2, deta

include ‘.. /h/div4. 4’
include ‘.. /h/hdr4. h°
include ‘.. /h/slca n’

numpts = O

ad = fpla
b2 u fplh
c2 = =1 #fplc
it . ]
whiletctypnum(i) '= 0 <

if¢{ctypnum(i) != 4)%Ulcptscnti{i) > 4)) <

]l = realiczli,1))/140.

gyl = reallcy(i,1))1/1560.

do y=2,cptsecnt(i) {
X2 = reallcsz(i, J))/16&0.
y2 = realley(i, 3))/160.

al = oyl = y2
bl = 22 - a1
cl = yleabl + ximal

dota = a1#bd - adwbi
1f(dete t= Q.) (
15€eqg = (bdxc) = Hlec2)/deta
yscg = (alac2 —~ a2#ci)/deta
ifC (. (xseg o= min(x1,22)) L& (1seg < max{(xl,x2)) ) i}
£ {yseg O>m minlyl, yR)) && (yseg < max(yl.y2)) ) )
numpts = numpts+l
fplsx(numpts) = xseg
fplsy(numpts) = ysag
> ]

we

}
ift(deta == 0.)%U(Dl==p2)UL(cin=ecR)) {

if{numpts == Q) <
numpts = numpts+l
fplsa{numpts) = x1
fplsy(numpts) = yi
>

if{(numpts > 0) &% (fplsx(numpts) != x1) &% (fplsy(numpts)

numpts = numpts+i
o

ctw oyl)

)

<
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fplsx(numpts) = x1 |
fplsy(numpts) = yi
>

if( (Fplsx(numpts) == x1) && (fplsylnumpts) == yl) ) «(
fplsx{numpts) = x2
fplsy{numpts) = y2
}

else

] numpts = aumpts+!
. . fplsx(numpts) = x2

fplsylnumpts) = y2
b

b2

# the end of the paints loop
11 = a2
yi = y2
} .
# end of the if a legal outline sectian
>
i = i+]

)

return

end

¥ subroutine to translate the 3-D CT focal plane

# points to focal plane coordinates

subroutine coordt{(fplisx, fplsy, fplsz. mfplsx,. mfplsy, mfplsz, numpts)
integer#4 |

integer+*d numpts

real fplsx(10), fplsy(10)
real mfplsx(1V). mfplsy(10)
real fplsz,mfplsz(10)

ingludo ‘.. /h/recon. h’

do i=1l,numpts :
mfplsx(i)=almb (1) #(fplsz(i)=xfpt)+muli)#(fplsyli)—yfptlrnu{l)n(fplaz—21fpt)
melsq(i)tlmb(a)C(Fplsx(i)-xfpt)+mu(2)i(Fplsq(i)—qut)+nu(2)l(Fplsx-z pt}
mfplsz(i)=1mb(3)#(fplex(id~xfpt)+mu(B)n(fplsy(id-yfpt)+nu(3I#(fplsz—2fpt)
3 2

return
end

# routine to write a formatted directory
subroutine wrecdir(fdes)

integer#2 fdes

integer«4 i

include ‘../h/dir4 h'’

write(fdes, "(“d") )
write(fdes, 7 (iB. ", ", i8,", ", 1i8) ‘) revinum.outsecu, cpsecu

outnum(i) = 1
outstar{(l) = |
outlnum(2) = Q
outstar(2) = O
jmi "
regcat { . . )
write(fdes, "{iB, ", ", 18)’) outnumli),outstar(i)
i = i+l -
¥} until{outnum(i-1) == Q)

urite(fdts«’("dd")()
+ L

return

end

4 ruutine to wraite o formatted outline header

subroutine wrecoh({fdes)

integers2 fdes
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include ‘. . /h/divr4.h’
include ‘.. /h/hdr4.h’

write({fdes, ‘("h") ')

writelfdes, ‘{iB)‘) 1

UY‘it!(F@(S: ‘(ig. . v, ig. %, ", iB)’) &, 30. 17

write(fdes, ‘(i8)¢) 256214

write(fdew, ‘03)) patient

wratetfdes, *(a)’) scancode

writet(fdes, *(3)’) hospital

write{fdes, ‘(a)’) consult

write(fdes, ‘{a3)’) tumsite

write{fdes, ‘(a)’) comment

ur§tc(Fdes-‘(iB)‘) 1

write(fdes, ‘{18, %, ", i8.", ", i8)") §,1.0
S write(fdes, ‘(“hh") )

return
end -

# routine to write a formatted outline slice
subroutine wrecsl(fdes),

integer#2 fdes

integer#*4 i,

include ‘.. /h/dir4. h’

include ’../h/hdr4. h’
include ‘../h/slcd4.h’

write(fdes. “("s “,i0)’) 1.

write(fdes, ‘Ci8. ", ", i8., ", “,i8. %, %, i8)") 10,11,12.13

write(fdes, ‘(i8)*) 14

~im_,

whi.e(ctypnum(i) != 0) <{
write(fdes, ‘(i8) ') ctypnum(i)

if{ctypnumti) == 1) ¢
write(fdes, ‘(iB)’) cptsenti(i)
b I X .

, 1} . "
else if(ctypnumti) == 2) (
. write(fdes, “(a)’) cdumname(i)
write(fdes, '(iB) ‘') creldens(i)

write(fdes, '(iB)*) cptsent(i}
>

else if(ctypnum(i) == 3) <
write(fdecs, ‘ta)’) cdumnameli)
write(fdes, '(if) ‘) creldens(i)
write(fdes, '(iB)‘) cptscntii)
}

else if(ttypnum(i) == 4) <

write(fdes, ‘(a)’) cdumname(i)
write(fdes, ‘(iB)‘) cptscnt(i}
} .

else «(

write(s, ‘("illegal type = %, iB)’) ctypnum(i)

stop ‘wrecsl error’
N .

if(cptsent(i) '= Q) ¢
do j=f{,cptscnt(i) <

write(fdes, (i, ", ", ig)’) Cl(ia])» Cq(it J)

156
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, 2}

i = i+l
b

write(fdes, '(i8) ) ctypnumii)
write(fdes, ‘("ss")’)

return
end

# routine to sort graph points on a slice by slice basis
# set up to use ilcurrent) and i-i{previous) slice paint?
subroutine grsort(mfplsx.méplsy,dfplsx, dfplsy,slipts,dslipts)

integer#4 slipts,dslipts,.diff
real mfplsx(10),mfplsy(10)
real dfplsx(10),dfplsy(10)

include ‘../h/recon. h’

diff = abs(slipts-dslipts)
switch(dslipts) {

" case 1 .
oddfpx(ist, yjsto) = dfplsx(1il) .
oddfpy(ist, ysto) = dfpisy(i)
oddpts{ist) = oddptstist) + 1

Jsto=x sto+i
case 2 : t
*addtpxiist, yjsto) = dfplsxii)
oddfpylist, ysto) = dfplsy(l)
' oddpts{ist) = oddpts(ist) + 1§
Jato= sior]
ovnfpalict, jste) = dfplax() .
evnfpylist, jste) = dfplsy(Q)
evnptolist) = evnpts(ist) +

Jjate=gste+l

default
continue
)
return

end :
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:uunn FILE NAME: disp.r

:nnuu VERSION: 1.0

:nnan PROGRAMMER: | William J. Murray
NNaRh DATE OF SREATION: 2/10/8%
':uuun ENIRY POINTS: progvam disp
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##UNS INCLUDE FILES #Ul##

]

%, dir2. h

W hdr2. h

# slca. h

L]

:«anu CLOBAL DATA STRUCTURES AND VARIABLES: #Runa

# an include file for the ?loppq directory

§ integersd revnum, roevision number

# outsecu, ﬂ number of outline sectors used
# cpsecu, # number aof C.P. Sectors used
4 outnum(306), # Outline Number

] outstar(304) # Start Sector

? common /dircct/revaum. outsecu. cpsecu, autnum, outstar

' .

# an include file for the outline set header block

# iptegers2 alinum, # the outline number

" day. # the day

] manth, # the month

IR ERNARE]
Teettergl}
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year., the (year — 194&8)
picdkey, the picture diameter key
totslic, the total number aof slices

the slice number
Relative outline block number
+/- distance from reference (mm/1&)

slicnum{10),
routdbln(10),
refdist(10)

tHETER

common /headi/élinum.daq.month.gear.
picdkey, totslic, slicnum, rovtbln, refdist

character=4S patient
character#és scancode
character»ss hospital
character#sd consult
character#&5 tumsite
character#&S comment

common /headc/patient, scancode, hospital,consult, tumsite, comment

an include file for current slice data

integers2 ctlcx, # current top left corner x (mm/16)
ctlcy, # current top left corner y (mm/16)
cxleng, # current x length (mm/168)
cyleng. # current y length (mm/14)

~ ctwsdat, # current total words of slice data

ctypnum(B8), # current type number
creldens(8), # current relative density
cptscnt(8), # current points count
cx (8, S00), # current x coordinate value
cy {8, S00) # current y coordinate value

common /slicei/ctlcx.ctlecy.cxleng, cyleng. ctwsdat,
ctypnum, creldens,cptscnt,cx, Cy

character#45 cdumname(8)

common /slicec/cdumname

integer#2 jcoll, jcold, jrowl, jrow2, iopt

common /ploti/ jcoll, ycol2, jrowl. jrow2, iopt

resl xmin, xmax. ymin, ymaz

real xorg, yorg. yovers, aspect

real are(2.2), theta. tx, ty. txorg., tyorg

real scalex.scaley,magfact

real xpxl.ypxl,minxout, minyout

common /plotril/ xmin, xmax, ymin. ymax, xoTg, yorg. yoverx,

aspect, are, theta, tz, ty, txorg, tyorg, scalex, scaley. magfact,
xpxl, yprxl.minzout, ainyout

BAETHEIITERXIIREARLTEITIEIAXERNLT A AT AT A A ST LLASEE TS SRR ST £ & 2 3 3¢
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program disp

integer=*4 chgflag
integer#*2 gmode, tmode, fdes
character®]l ansuwer
logical#»4 filex

include ‘.. /h/dir2 h~’
include ‘.. /h/hdr2.h’
include ‘.. /h/slc. h’
include ‘.. /h/plot. h’

answer = ‘y’
chgflag = O
fdes = 2
gmode = &
tmode = 2

# text mode
call qsmode{tmode)

# file handling
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open(l, file=‘reco. dat’, status=’0ld’, access=’sequential’,
form=‘'formatted’)
if(filex & . true.) <

open(2, file=‘rotsctr.dat’, statug=‘ald’, access=’sequential’,
form='formatted’}

b
else

open{(2, Ffile=‘ratsgtr.dat’, status=‘new’, access=‘sequential’,
form='formatted ')

call pinit(2.chygflag)
close()

open(2, files’rotsctr.dat’, status=‘old’., access=‘sequential’,
form=‘'formatted’) .

b2

# the outline number and slice number will always
{ be ! and 1 1n the reconstruction

call rfdairect(l)

call rfouth(l.outstar(l))

call réslic(l, outstar(l), 1)

# read update of plot parameters
call plotrup(fdes.chgflag)

repeat {

## graphics mode

cull qemode(gmade)

containue

call plotsloutstar(ld, 1)

writetd, ‘("Change parameters(y or n)? *,%$)’)
, Teadib “lal) ) answer '
1f(answer == ‘n’) break

call gsmode(tmade)

contihve

call menulchgflag)

>} untaltanswer !'= ‘y’)

# text mode .
call gemode({tmode)
continue

# update the parameters if they have been changed
if(chgflag != 0 {

call plotwup(fdes, chgflag)

>

close(l)
close(2)
end

# routine to read o formatted directory sector

subrouting rfdirect(fdes) . .
integers2 fdes
integereqd i

characters!l start
characters? finish

include ‘.. /h/divr2.h*
read(fdes, ‘{al)’) start

read(fdes, ‘(i8, 1x, i8, 12, iB) *). revnum, coutsecu. cpsecu
'
i=y ' ' .
repeat <{ .
' road(fdes, ‘(ifl, 12, i8) ') outnum(i), outstar(i)
i = i+l
} until (outnum(i-{) == O)

164



4,722,056
165 166

read(+fdes, ‘(a2)’) finish

return
end

‘B routine to read a formatted ocutline header
subroutine rfouth(fdes, sectnum)

inteqor#2 fdes

intagor#4 sectnum, i

character®#l start
character#*2 finish

include ‘.. /h/dir2. h’
include ‘.. /h/hdr2. h'’

read(fdes, ‘(al)’) start

read(fdes, '(iB)’) olinum
read(fdes. ‘{iB, 1%, i0. 1x.18)*) day.,month,year
read(fdes, ‘(iB)’) picdkey

read(fdes, ‘(a)’) patient
read(fdes, ‘(a)’) scancode
read(fdes, "{a)’) hospital
readi{fdes. ‘(a)’) consult
read(fdes. ‘(a)’) tumsite
read(fdes, ‘(a)’) cumment

.

read(fdes, ‘(i8) ') totslic

do i=1, totslic { ) )
read({fdes, ‘(i0, 1x.iB, 1x.i8) ") slicnum(i), routblin(id, refdist(i)
b

read(fdes, ‘(a2)’) finish

return
end

# routine to read a formatted outline slice
subroutine rfslic(fdes, sectnum. nslice)
integers2 fdes
integer+4 sectnum,
e nslice,

i;J

charactersi start
rharacter#2 finish

include ‘.. /h/dird. b’
include ‘.. /h/hdr2.,4h*
include: ' . /h/3lc2. h'’

vead{fdes. ‘(al, 1z, iB)’) start.nslice
read(fdes. “(iB8. 1x, iB, 11,38, 1x,18)*) ctlex,ctlcy.cxleng,cyleng
read{fdes, ‘(i8) ') ctwsdat . .

i=y
read(fdes, ‘(iB)’) ctypnum(i)
while(ctypnum(i) != Q) (

iflctypnumii) == 1) <

read(fdes, ‘(iB) ‘) cptscnt(i)

if(cptsent(i) € 3y
write(x, #)°* ¢
write(#,#)'Ng intersection between facal plane and tumor’
stop
b

>

else if(ctypnum(i) == 2) (
read(fdes, ‘(a)"*) cQumnamo(i)
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read(fdes, ‘(i8) ) :reldensfi)
read(fdes, ‘(iB) ') cptscntii)
>

else if(ctypnum(i) == 3) <
read{fdes, ‘(a) ‘) cdumname(i)
read (Fdes. *(iB) ) creldens(i)
read(fdes, ‘{iB}7) cptsent(i)
)

else if(ctypnum(i) == 4) <
read(fdes, ‘{a)’) cdumname(i)
read(fdes. *(i8)*) cptsent(i)
>

lse « . )
* write(d, ‘(“11l1egal Type Number = “,3i8) ) ctypnumii)

stop ‘rfslic error’
}

da y=l.cpiscntli) £ .
Jread(édes.'(ia,lx.iai‘) ext{iigdicylin g

1
des, ‘(if3)*) ctypnumii)

read(fdes, ‘{ald)’) finish

return
end

# routine to plot a formatted data set
subroutine plots{sectnum. nslice)
inteqet#4 s&ctnum,

nslice,

i

i

%,

outbnd,
. arybnd
integers2 upts, gmode, tmode, piap
real tmpzx, tmpy, px1(500), pyl(S00), px2(500), py2(50Q),piy
real xprime, yprime

sanclude ‘.. /h/dir2. h*
include ‘.. /h/hdr2. 0’
include '  /h/slc2. h’
include ‘.. /h/plot.h’

gmode = &
tmode = 2 .
call qsmode(gmode)

piop = 10pt
piy = ymaz
outbnd = O
.- d .
# call qplot plot setup T
call qplotijcoll, jcol2: yrowl, Jrow, xmin, xmax., ymin, piy. xorg, yorg, piop. yoverz, aspect)

pkl = 1max/320.
ypxl = ymaz/100.

i=t ; .
whilel(ctypnum(i) != 0) ( Lot

we

if0I((ctypnum(id=ma)tllcptscnt(i) == 2))) <

minzout = 100000,

minyout = 100000.

do J=1l,cptscnt(i) <
tmpr=real(cx{(i, J))
tmpy=real(cy(i, j))
pxl{J)=xprime{tmpx, tmpy)
pyl{j)=myprime(tmpx, tmpy)
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if( (abs{px1(y)) < minxout) &% (abs(pyl(y)) < mingout) ) {

minxout = pxi(y)
minyout = pyldly)

h B
}
# window the array values
npts=0
J=1
k=i
T e arybnd = 0

while() <=-cptsent(i)) <(

if0{pxt(y) D= xmin)&&Ulpxl{y) <= xmax)q&Ulipyl (g} D= ymindkLkipyt(y) <= ymax)) {
px2(k) = px1())
py2tk) = pyllj)
npts = npts+i
k3 k+i
, , outbnd = |
arybnd = 1
' b
else ¢
arybnd = 0
b

if¢ ((npts > O)&%larybnd==0)) {i ({npts > O)&L(y == cptscnt(il))) ) o
call qtabli(l.npts. px2, py2)
npts = 0
k= 1
b4

3= gt
= )

1 = i+l
b
iff{outbnd == 0) <
call qsmode(tmode)
continue
write(d, ‘(*"All contour values fall outside window range")’)
write(s, ‘("Minimum x = %, £12.8)‘) minxout
write(&: ‘("Minimum y = ", £f12.8)’) minyout
>

)
return
and

# routine to rcad a file containing the display parameters
subroutine platrup(fdes, chgflag)

integers2 fdes

integer®4q chgflag

we

include ‘.. /h/plot.h’

rewind &

read{fdes. '(3i8) ‘) jcoll, jycol2, yrowl. yrow, iopt
read(fdes, ‘(4£f12.6) ) xmin, xmax. ymin, ymax
read{fdes, ‘(4£f12. 6)’) xorg.,yorg,yoverx,aspect

read(fdes, '(2f12. 6)’) are(l.1),are(l.)
read(fdes. ' (2f12.6) ") are(2, 1), are(2, 2}

read({fdes, ‘(2Ff12. &6) ‘) tx. ty

read(fdes, "(2f12. 6)’) tzarg, tyorg
readbfdes, ‘(£f12.8)°) theta

read(fdes, ‘(3¢12. 4) ‘) scalex,scaley, magfact

chgflag = 0

return
end
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# routine to white a file containing the display parametars
subroutine plotwup({fdes, chgflag)

intoger«2 Fdes . -

integer#4 chgflag

include ‘../h/plot. h’

rewind 2

write(fdes, (SiB)Y‘) O, &39, O, 199, 1
Wfite(fdes.'(4F12.6)') -2515. 0, 2499.0.‘-1933.0. 1946. 0
writel(#des, ‘(4£12.46) /) 320.0. 100.0, 1.08, 1.28

write{fdes. ‘(2f12. &)%) arel(l.1),arel{l,2)
write(fdes, ‘(2Ff12. 6) ) are(2, 1), are(2,2)

writelfdes, "(2P12.6)°) tx. ty

write(fdes, ‘(2f12.4) ) txorg. tyorg
write(fdes, *(£12.6)’) theta N
write(fdes, ‘(3712.46)’) scalex, scaley. magtact

chgflag = 0

return
end'

# routine to write a file containing the display parameters
subroutine pinit(fdes., chgflag)

integer«2 fdes

integer#d chgflag

include ‘.. /h/plot. b’

write(fdes, '{5iB) ') 0, 639, 0, 199, 1
write(fdes, ‘(4£12.6)°) -2515.0, 2499.0, -1933. 0, 1944.0
write(fdes, ‘(4F12. &)°) 320.0., 100.0., 1.08, .28

write(fdes, *(2Ff12.6)°) 1.0, 0.0
writel(fdes, ‘(2F12. 46) ) 0.0, 1.07

write(fdes, ‘(2F12.6)°) 0.0, 0.0

write(fdes, "(2F12.6)') 0.0, 0.0 -
write(fdes. "(F12.86)') 0.0
write(fdes, ‘(3F12.46)°) 1.0, 1.0, 1.0

Thaflag = O

return
end

# menu interface raoutine
svbroutine menu(chgflag)
integer+d tmode '
integer#*4 chgflag, option
real phi

characters] retr

include '..(h/plnt.h'

tmode = 2 .
call gumode(tmode)

writel(é, ‘("Sclect from below the number corresponding to") ')
write(d, ‘("the parameters you wish to alter:")’)

writel(d, (" ")’)
‘writelb, ("
write(é, ‘("
write(s, *("
write(b, ‘("
write(s, " ("

Translate ")’}

Scale "))

Rotate "))

Crosshair ")*)
Magnification Factor *)')

u b e~
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write(a, ‘(" & Cancel change and redraw "))
write<s, ‘(" "))

write(b, ‘("Pize]l X dimension = ", 8112.8)°) xpxl
write(d, ‘("Pizel Y dimension = ", f12.B8}’) ypxi
write(d, ‘("Enter option selection: *,%$)’)
read(S, ‘(iB) ‘) aptian .

switch(option) <«
case 1 : :
Jwrite(d, ‘("Current origin (x1,yl) = (*, £12. &, ", ", F12. 6. ")") ‘) txorg, tyorg
uritelb, *(* ")’}
write(éd, ‘(“Enter new origin xi.,ytl: “,$)°)
read(S, ‘{f12. 6, £12. 6) ‘) txorg, tyorg
chgflag = |1

e

case 2 : . .
writel(d, ‘{“Current scale factors (sx,sy) = (", F12. 6. ", ", F12. &6, ")") ") scalex, scaley
writecd, ‘(" ")) . ’
write(é, ‘("Enter new scale factors sx.sy: ", %))

read(5, ‘(£f12. 6. Ff12.6) ) scalex,scaley

chgflag = 1

case 3 : :
writeld, ‘("Rotation is given as a constant theta # pi®)’)

write(&, ‘("where Q. 5#pi = positive 90 degrees™)’)
write(é, *("Current theta = ", £12.6)’}) theta
writeld, (* ")) - .
write(&: ‘("Enter new theta value: ", $)’)

read(S, ‘(£f12.617) theta

chgflag = 1

case 4
# the crosshair
call qsmode(b)
¥ rall qline(0. 100,439, 100.3)
call qline(320,0.320.199.3)
call yline(320. 100, 4639, 199, 3)
write(d, ‘{“Hit a key to replot“.s$)’)
read(S, ‘(a)’) retr

-?

case 5 :

write(é, ‘(“Magriification factor is a constant related to")’)

write(&, ‘(“the magnification setting on the microscope")’)

write(d, ‘("Current magnification setting = ", #12.6)°) magfact
! write(&, 7 (* "))

write{(é, ‘{"Enter ncw magnification setting: ", %))

read(S5. '(f12.6) ) magfact

chgflag = 1

default:
cantinue

3}

if{chgflag == 1) «(
phi=3, 1415927« theta .
are(l, 1)=magfactascalexscos{phi)
are(l, 2)=magfactescalexwsini{phi)
are{d, 1)==1, #magfactrscaleyssin(phi)
are(2,2)=magfactrscaleyscas(phi)
tx=-1 *txorgumagfactr*scalex*cos({phi)+tyorgsmagfactrscaley*siniphi)
ty=-1, *tyorgemagfactrscaleyscos(phil-trorgemagfactuscalexusiniphi)

return

end

# x’ function
function xprimelz,y)
real xprime, x,y
include ‘.. /h/plot.h’’

iprime = x®*are(l,1) + ysare(2.1) + tx

return
and
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# 4y’ funcilion
function ypramelz.y)
real yprime, x, y

include “. ./h/plot.h*

yprime » x#are(l,2) + qnare(2,25 + ty

return
end

What is claimed is:

1. A method of integrating image information from an
imaging device and an operating microscope during an
operative procedure on body parts of a patient compris-
ing:

positioning an operating microscope in the course of

said operative procedure at an operative location
relative to the patient;

establishing the spatial relationship among the image

information, the patient, and the focal plane of the
microscope;

introducing the image information and spatial rela-

tionship to a computer and reformatting the image
information to generate a computer-generated
image of the body part at a determined plane re-
lated to the focal plane of the microscope; and
projecting the computer-generated image into the
. -optics of the operating microscope for coordinated
viewing of the computer-generated image and the
patient.

2. A method according to claim 1 that that includes
providing a plurality of fiducials which are physicaily
detectable and which are disposed at a position exposed
to the microscope to permit positioning of the fiducials
at a fixed point in the focal plane of the microscope.

3. A method according to claim 2 comprising provid-
ing at least three fiducials.

-4, A method according to claim 2 comprising provid-
ing fiducials are spatially fixed with respect to the pa-
tient to permit accurate location of anatomic and/or
pathologic structures of interest.

5. A method according to claim 4 that compnsa

establishing the spatial reiationship between the micro-
scope, the patient, and the imaging information using a
three-dimensional ultrasonic range finder whose output
is digitized, the microscope being positioned in space
relative to the patient by placing each fiducial sequen-
tially at the focal point and then using an acoustic range
finder to determine each respective position of the mi-
croscope relative to the respective fiducial.

6. A method of referencing for integrating informa-
tion received from an imaging device and an operating
microscope during an operative procedure on 2 body
part of a patient, that comprises:

introducing said information to a computer which is

operable to reformat the received information

which is then presented as a computer-generated:

image of the body part at a determinable place;

positioning an operating microscope in the course of
said operative procedure at an operative location
relative to the patient, the focal plane of the micro-
scope being at said determinable plane;

establishing the spatial relationship among the com~

puter-generated image, the patient and the focal
plane of the microscope; and

pro_yectmg the computer-gcnerated -image into the
optics of the operating microscope.
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7. A reference display system to receive information
from an imaging system that extracts three-dimensional
information about a part of the body of a patient, the
system compnsmg

an oOperating microscope positioned in an operative

location relative to the patient;

means for establishing the spatial relationship among

the imaging system information, the patient, and
the focal plane of the microscope;

computer means connected to received the informa-

tion from the imaging system and from said means
for establishing the spatial relationship and pro-
grammed to reformat the information from the
imaging system to provide an output signal repre-
sentative of a computer-generated image corre-
sponding to a determined plane having a predeter-
mined relationship with the focal plane of the mi-
croscope; and

means to project the computer-generated image for

coordinated viewing of the computer-generated
image and the patient through the operating micro-
scope.

8. Apparatus that includes the reference display sys-
tem according to claim 7 and that further includes an
imaging system in the form of a CT scan.

9. Apparatus that includes the reference display sys-
tem according to claim 7 and that further includes an
imaging system in the form of a magnetic resonance
imaging (MRI) scanner.

10. Apparatus that includes the reference display
system according to claim 7 and that further includes an
imaging system in the form of a position emission to-
mography (PET) scanner.

11. Apparatus that includes the reference display
system according to claim 7 that further includes an
imaging system in the form of an ultrasound imaging
device.

12. A system according to claim 7 in which the means
for establishing the spatial relationship comprises a
three-dimensional ultrasonic range finder whose output
is digitized.

13. A system accordxng to claim 12 in which the
range finder operates at about 50 to 60 kHz.

14. A system according to claim 12 in which the
range finder comprises a spark gap that serves as a
source of sound puises, which spark gap is located on
the microscope a fixed distance from the focal plane of
the microscope.

15. A system according to claim 14 having at least

. three microphones to establish uniquely the location of

the spark gap with respect to three microphones whose
positions are fixed in the operating room.

16. A system according to claim 3 having three spark
gaps to determine uniqueiy the position and orientation
of the microscope with respect to the microphones.

17. A system according to claim 7 that includes a
plurality of fiducials which are physically detectabie by
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the imaging system and are disposed at a position ex-
posed to the microscope to permit positioning of the
fiducials at a fixed point in the focal plane of the micro-
-scope.

18. A system according to claim 17 comprising at
least three fiducials.

19. A system according to claim 17 wherein the fidu-

~ cials are spatially fixed with respect to the patient to
permit accurate location of anatomic and/or pathologic
structures of interest.

20. A system according to claim 17 wherein the
means for establishing the spatial relationship between
the microscope, the patient, and the imaging informa-
tion comprises a three-dimensional ultrasonic range
finder whose output is digitized and wherein the micro-
scope is positioned in space relative to the patient by
placing each fiducial sequentially at the focal point and
then using the acoustic range finder to determine each
respective position of the microscope relative to the
respective fiducial.

21. A system according to claim 20 in which the
determinable plane of the image data is established by
slant-range information from the acoustic range finder
which determines the position of the focal plane of the
microscope, that is, slant-range information and orienta-
tion information which is fed as input information to the
computer means which, on the basis of the input infor-
mation, establishes the position of the focal plane of the
microscope relative to the patient, the slant-range dis-

““tance being the distance between any spark gap and any
- microphone. ,
" 22, A system according to claim 7 in which the ap-
" propriate reformatted image at the determined plane,
based on the imaging system information, is displayed
on a cathode ray tube (CRT) which is mounted on the
' operating microscope in conjunction with a beam-split-
_ ting assembly in a way that a person looking through
.. the operating microscope sees both the operative field
. and the reformatied image superposed upon one an-
- other. '

23. A system according to claim 22 that includes an
optics system between the beam splitter and the screen
of the CRT so that the plane of the screen is in focus to
the surgeon.

24. A system according to claim 23 wherein the ap-
propriate reformatted image is determined by the posi-
tion of the microscope image plane or such other paral-
lel (or other) piane that the surgeon may request.

25. A system according to claim 7 in which the means
for establishing the spatial relationship comprises a
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three-dimensional magnetic range finder system whose
output is digitized. ,

26. A system according to claim 25 in which the
range finder comprises a source and a tracker (re-
ceiver), the source being located at a fixed spatial posi-
tion and the tracker being located on the microscope.

27. A system according to claim 26 in which the
source comprises three electrical coils, oriented at an
angle to one another, each being excited sequentially to
produce a three-state magnetic field.

28. A system according to claim 26 in which the
tracker determines uniquely the position and orientation
of the microscope with respect to the source, and com-
prises three electrical coils, oriented at an angle to one
another, in which three voltages are induced in the
tracker system by the magnetic field for each of the
source coils.

29. A system according to claim 28 in which said
angle is a right angle.

30. A system according to claim 25 in which the
range finder comprises a source and a tracker, the
tracker being located at a fixed spatial position and the
source being located on the microscape.

31. A system according to ciaim 30 in which the
source comprises three clectric coils oriented at an
angle to one another, each being excited sequerntially to
produce a three-state magnetic field, and in which the
tracker comprises three electrical coils positioned at an
angle to one another and adapted to generate a voltage
derived from an induced field on the basis of electro-
magnetic wave energy received from the source coils.

32. A system according to claim 19 wherein the
means for establishing the spatial relationship between
the source, the patient, and the imaging information
comprises a three-dimensional magnetic range finder
whose output is digitized and wherein the microscope is
positioned in space relative to the imaging system by
placing each fiducial sequentially at the focal point and
then using the magnetic range finder to determine the
position of each fiducial relative to the fixed element of
the source-tracker system.

33. A system according to claim 32 in which the
determinable plane of the image data is established by
information from the magnetic range finder which de-
termines the position of the focal plane of the micro-
scope which is fed as input information to the computer
means which, on the basis of the input information,
establishes the position of the focal plane of the micro-
scope in CT coordinate space.
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