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Indications for Use 

 

Caution must be used if the use of this software will effect a patient in any 

way.  Any results from this program that are to be applied to a patient must 

be carefully checked for accuracy before any action is taken in regard to the 

patient. 
 

510(k) Number:  K993530 

The system is intended for use by any health practitioner who has the need for any of the 

below functions: 

 

1.  The software may be used to display medical images.  The user may adjust the contrast 

of the images and image process the images with an edge enhancement algorithm.  The 

user can zoom in on a region of an image, enlarging that region on the display screen.  

Other image processing functions may be added in the future to allow the user to enhance 

some aspect of an image, such as histogram processing, spatial filtering, frequency 

filtering. 

 

2.  Images from the same series can be stacked to form a three dimensional model.  This 

will allow the use of the system to reformat images in other planes, such as coronal and 

sagittal planes. 

 

3.  Outlining tools are provided to use the system to outline regions of interest.  These 

outlines may be combined to define three dimensional shapes which can be viewed in three 

dimensional perspective views. 

 

4.  The region of interest outlines may be written back to DICOM formatted image files 

for export to other systems.   

 

5.  The system can be used to determine the stereotactic coordinates of a point located on 

an image when a stereotactic system is employed. 

 

6.  The system may be used to provide support for any stereotactic system that consists of 

fixed rods which can be uniquely located on CT and MRI images. 

 

7.  The system may be used to solve for the transformation between two images sets, 

referred to as image fusion. 

 

8.  A region of interested outlined on one image set may be transferred to a fused image 

set.   

 

9.  The system may be used as a front end to other systems that do not provide image 

fusion.  An example would be outlining a region of interest on MRI scans, transferring the 
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outlines to CT scans, and writing the outlines back into DICOM image files.  Those files 

may be available to other systems. 

 

10.  The system may be used to print hardcopy images of selected images, reformatted 

images, and three dimensional perspective views. 

 

11.  Image segmentation tools are provided to create three dimensional structures for 

viewing in three dimensional perspective views. 

 

These basic functions may be provided as a C++ object library to any party that may wish 

to use the library to build their own applications.  Those customers will be completely 

responsible for the integration, testing, use of the end product that they produce, and 

compliance with federal and state regulations. 
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Known Bugs 

 

1.  Occassionally a warning may be seen written to standard out:   

Warning: Cannot allocate colormap entry for "#608189" 

Popups and pulldowns are usually written to the overlay planes.  There are only 15 colors 

available in four overlay planes.  The message is written when the motif interface is unable 

to allocate an additional color and is of no consequence. 

 

2.  We have observed that the print screen function with Windows Vista and Windows 7 

will not capture a 3D prespective room view when hitting the keyboard 's' key to capture 

the entire application window. But the two dimensional images do show up. If you need to 

print a 3D perspective window, just click the mouse on that window (frame) and hit the 

keyboard 'p' key instead, and then add that to your report as you otherwise do. See the 

manual System2100 Manual section "Printing Images". 
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Hardware Required 

The program runs on PC’s under the Linux operating system or MicroSoft Windows.  

With MicroSoft Windows, Hummingbird Corp (now Open Text Inc.). Exceed, Exceed 

3D, and component of Exceed XDK must be installed.  A keyboard, three button mouse, 

and monitor will be needed.  The three dimensional display of shaded surfaces will require 

a 24 plane graphics display system.  With an 8 plane system, only wire frame can be 

shown. 

 

For a PC, Intel Extreme Graphics is sufficient.  For stereoscoptic vision an Nvidia quadro 

fx graphics card that supports stereoscoptic vision is required with a 3D monitor or a 

monitor capable of 120 herz, or the Planar stereo viewing system is required. 

 

Disk storage will be needed to save patient cases and image files.  A single 512 by 512 

image requires a half megabyte of disk memory.  A series with multiple images necessary 

to create a three dimensional patient model will require proportionally more disk storage 

space.  If large numbers of cases are to be handled, then at least 4 gigabytes should be 

reserved for the patient directory to store patient cases. 

 

Likewise the computer will need a large memory system if large image sets are to be dealt 

with.  Experience may be required to gauge how much memory is needed to achieve a 

desired level of performance.  We would recommend a minimum of 64 Megabytes for a 

need to handle image sets up to about 20 images.  To consider image fusion with large 

image sets of the order of 50 images in each set, we would recommend at least 256 

Megabytes of memory, possibly 512 Megabytes for optimum performance. 

 

Hardcopy will require either a Post Script printer, or GhostScript must be installed to 

convert post script files to pdf files for viewing with the a pdf file reader such as the 

Adobe reader, and printing can occur from the reader. The printed image quality will 

depend upon the technology and quality of the printer employed for this purpose.  We 

recommend that a color printer be used for the most satisfying results. 
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Main Screen 

The program runs within single a window which displays a tool bar across the top of the 

window, and screen selections down the right side of the window.  Additional pop ups are 

utilized for functions that are called from the tool bar but need a larger area.   Most of the 

area is devoted to displaying images.  You may resize this window anytime you want.  The 

button at the extreme top right on the window frame (for the X windows system) will 

maximize the window to fill the screen of your monitor.  System 2100 provides the 

imaging functions for other programs which are added under the Applications (Plans) pull 

down. 

 

The title bar of the main application window shows the selected patient’s name on the left, 

here “Aug_06_Head_Neck”, in the example below.  Next is shown the name of the 

program followed by the version of the program including the assigned date of the 

program.  The name of the current toolbar is shown to the right of the version. 
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The area under the tool bar and to the left of the Select Screen area where images are 

display is referred to here as a screen.  Each screen may be divided into frames.  Each 

frame may contain either a 2d image or a 3d view.  There may be multiple screens which 

are selected under the Select Screen control.   A set of screens belongs to a screen set.   

Some future applications may have multiple screen sets. 

Main Tool Bar 

The main tool bar is the one you see when you start the program upon typing System2100 

in a terminal window.  The tool bar consists of push buttons and pull down menus.  The 

main tool bar is at the bottom of the stack of tool bars.  Some selections from the main 

tool bar will cause the tool bar to be replaced with a new one.  The new tool bar will 

always have a return button at the extreme left.  Hitting this button will return to the prior 

tool bar.  The main tool bar has an exit button at the extreme left which will exit the 

program. 

 

Always exit the program by way of hitting the Exit button.  The program 

needs to remove a lock on the directory of the patient you are working with.  If the 

program is terminated abnormally,  you will have to manually remove the lock on 

 
The Main Screen 
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the patient’s directory that you were working on by deleting the file rlLockFile in 

the patient’s directory before you can access this patient again. 

 

Access to all available functions is available by selecting one of the options on the main 

tool bar.   Either another tool bar will replace the existing tool bar, or perhaps a popup 

will appear.  Many of the pop ups will have a Transparent toggle button if overlay planes 

are supported on the system.  The transparent button when on will make the background 

of the popup see through.  This may be useful when it is desirable to see the effects of 

some action on underlying images.   However, the transparent popup cannot be clicked 

through.  The transparency is accomplished by putting the popup into overlay planes.  If 

the computer graphics system does not have overlay planes then the transparent button 

will not appear.  Another advantage of using the overlay planes is that redraw events are 

not created under the popup when the popup is dismissed or moved.   As there is typically 

only four planes in the overlay planes, images cannot be placed in the overlay planes and 

those pop ups will use the image planes, at least for the image. 

Select Screen 

As screens are created, a button will be created for each screen on the right side of the 

main window.  The control is called a radio box in that only one button may be selected at 

a time.  Pushing a button with the mouse will select the screen.  A label is included for 

each screen beside the screen’s button.  If there is not enough vertical room to show all 

the screen buttons, than the buttons will be shown in a scrolled window. 

 

Each stacked image set will automatically create a screen to hold the images of the screen 

set.  You may create additional screens with the Screen Control button. 
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Screen Control 

Pushing the screen control button 

will bring up a popup that allows 

you to create a screen, or change 

the layout of the screen presently 

being viewed.   You cannot delete 

the screen for a stacked image set, 

but you can change its layout (but 

you cannot reduce the number of 

frames).  You can delete screens 

that you created. 

 

You can specify the number of 

frames for the screen you create.  If 

there are more columns than rows 

of frames, than the screen is shown 

in a scrolled area with a scroll bar 

that will allow you to scroll through 

the frames.   For any screen you 

create you should specify a label to 

help you remember what is under 

each screen button. 

 

Next Frame 

When the image area consists of more than one frame, in the upper right hand corner of 

the frame is a button.  Hitting this button with the mouse will cause that frame to occupy 

the entire image area of the window.  When a frame is enlarged to cover the entire image 

area the arrow buttons can be used to step to the next frame.  The up arrow button goes 

to the next frame to the left and then up a row, progressing to the next smaller frame 

number.  The down arrow button progresses to the right and down, to the next larger 

frame number.  This control is grayed out when a frame is not full screen.  Under the 

Arrow buttons is a Auto Zoom toggle button.  If the Auto Zoom is in (selected), than 

while stepping through the frames of a screen, the zoom and center of the present frame 

will be applied to the next frame.  

Contrast 

For any selected frame with a 2d image, you may adjust the contrast.  To select a frame, 

click the left mouse button in that frame.  The border of the frame will change to a 

contrasting color (red, unless someone has changed it in the X resource file 

System2100Res).  Than push the contrast button.  The contrast control will appear which 

is explained further in the chapter on Image Display. 

 
Screen Conrol Popup 
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Rotate 

For any frame with a 3d room view, hitting the Rotate button will bring up a popup with 

additional controls for controlling the point of view and the lighting used in the view. 

The Applications Pull down 

This is the socket provided for adding functions to the program for those who are using 

this program as a foundation for building their own application.  One item on the pull 

down, X/Motif widget name UserApt1, is provided for the socket.  Future applications 

built on top of this product will have entries under this pull down. 

 

The Options Pull down 

Selectable program options will appear on this pull down.  At the present the only option 

here is an option to choose a different printer que to submit print jobs.  For each available 

printer que, program resource files must have been set up. 

Help Button 

You will see a Help button on many of the toolbars and pop ups throughout the program.  

They will provide help on the specific area of the program where the button is found. 

Resizing the Window 

The program supports resize events.  You can resize the main window any time that you 

want.  In X windows, the window frame on the upper right hand corner holds the 

maximize button that will maximize the window to cover the screen of your monitor.  The 

button is square in shape and is a toggle button.  Pushing the button in maximizes the main 

window of the application.  The window can also be resized by dragging the resize handles 

on the window frame.  Those pop ups that contain images and scrolled text areas can be 

resized as well.  If a popup holds a slider, resizing the popup so that the slider gets longer 

will increase the sensitivity of the slider. 

Key Board Traversal 

X/Motif programs supports key board traversal.  That is, you can get at the buttons, pull 

down menus, and other controls using only the key board.  If you hit the tab key you will 

see key board focus moving around the controls.  The control with the focus usually will 

display an extra outline around the control.  Within a tab group, the arrow keys will move 

from button to button.  For example, the arrow key will move from the Exit button to the 

Help button because those two buttons are in the same tab group.  When the Contrast 

button has the keyboard focus, the arrow key can be used to move to the Rotate button. 

 

An exception is the menu bar, which holds pull down menus.  The F10 key will jump you 

into or out of a menu bar.  Within the menu bar you use the arrow keys to move among 

the pull down choices.  Hitting the space bar will drop the pull down.  Again the arrow 

keys are used navigate up or down the pull down menu and the space bar will select an 

item. 
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If you see a character underlined on the label of a pull down menu or on a particular item, 

than there exist a short cut method to get to that item.  On the pull down labels, holding 

down the ALT button and hitting the character will select that pull down (if nothing is 

down just the letter key will select it).  Within the pull down menu, hitting the letter on the 

keyboard will select that item.  This function is case insensitive. 

 

Use control tab or shift Tab to get out on a text field.  Shift tab will traverse the interface 

in the opposite direction. 

 

Each frame that contains an image is also a control that can receive keyboard focus.  

These areas must be enabled to receive keyboard actions as that is the method by which 

the Print Screen key works to allow you to make a hard copy of an image.  However, 

when transversing the main window with the tab key, focus will go through all the frames 

row by row as you hit the tab key.  Keyboard focus is not shown visually in the image 

frames (but note below that you will see a change while hitting the tab key).  The highlight 

outline marks the current frame, not the frame with keyboard focus.  This is why you will 

usually have to click the mouse inside a frame for the Print Screen keyboard button to 

work for that frame; it is to make the window where the image is shown the current 

window to receive keyboard events, not to make the frame the current frame in this 

application. 

 

To avoid having to circulate through a large number of frames, use Shift Tab to circulate 

backwards to get to some other user interface component. 

 

However, we will make each image frame the current image frame when it receives 

keyboard focus.  So while you are hitting the Tab key you will see each image frame 

become current (and the prior frame will turn off its highlighted border).  The point is 

however, that the highlighted border is not turned off when some other user interface 

component, such as a push button, receives keyboard focus.  The highlight around a frame 

is to show which frame is the current frame in the application.  It can and will be on when 

some other window (that is not another image frame) has keyboard focus. 

 

Keyboard traversal is not supported for any controls you see inside a frame holding an 

image.  To send a frame to full screen you must hit the button on the upper right hand 

corner with the mouse.  The same applies to any control button that might appear in the 

lower left hand corner of an image frame. 

 

Labels on the Image Frame 

Each image frame will be labeled with a frame number in the left upper corner.  For 2 

dimensional images, coordinate information will appear for images that are part of a 

stacked image set.  The normal vector will be shown to the right of the frame number 

label.  To the right of the normal vector is the coordinates of the center of the image in 

table top IEC coordinates.  Below on the next line will be the spherical coordinate angles 

for the normal vector, (theta, phi, twist). 
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Patient 

Patient Files 

All the patients are stored under a directory (folder) called the patient directory.  The 

patient directory holds sub-directories, each one for a separate patient.  The patient 

directory where all the patient’s directories are located is specified in the file 

PatientDirectory.loc in the program resource directory.  The program resource directory is 

defined in the file “rlresources.dir.loc” in the home directory.   

 

Each patient entry is also a directory, located in the patient directory, with the patient’s 

directory name made out of the patient’s name.  Changing the patient’s name will change 

the directory entry for the patient.  You can only select one patient per run of the 

program. 

Select Patient 

The patient is selected with the X/Motif file selection box shown below.  The Filter text 

box at the top of the file selection box shows the path to the current directory (folder) 

whose contents (directories only) are shown below on the left side of the file selection 

box.  Normally one would navigate either with the Filter text box by typing in a path, or 

by selections on the left.  However, the only navigation one should do is to some other 

directory that also holds patient files for this system. 

 

If there is some other folder where patient entries are also stored, you can type in the path 

to the other location in the Filter box.  For example type: 

g:\PatientDirectory\* 

and hit the Enter key if patients are also stored there.  While Unix/Linux has a directory 

tree starting at ‘/’, Windows has parallel trees starting with a letter and colon, such as c:, 

g:, etc..  In the file selection box in Windows you cannot navigate to another tree from the 

Patient Directory.  Selecting “..” will take you up a directory but not beyond the root.   

Selecting a directory will take you down into that directory.  You have to type in the new 

tree in the Filter box starting with the letter and colon, and then either type in the complete 

path or navigate from there. 
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You select the patient’s directory (folder) on the right side under “Select Patient”.   If you 

were to select on the left and hit “OK”, the path up to the directory is returned, not the 

path including the patient’s directory, and the program will probably complain about not 

finding the files it expects to find.  The patient entry is a directory, not a file, which might 

become a source of confusion because you will see the same entries on both sides of the 

file selection box. 

 

 

 
 

Directory Lock 

When the program accesses a patient directory, a lock is placed on that directory which 

prevents the program running in a different window or on a different system from 
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accessing the same patient.  The lock is accomplished by simply creating a file call 

rlLockFile in the patient’s directory.  When the program terminates normally, the lock file 

is removed.  Should there be an abnormal termination of the program, you will have to 

remove the lock file from the directory before the program can access that directory again.  

The lock file records the user, process ID, and date and time the directory is locked. 

Patient Information 

Information specific to the patient may be stored under the Patient pull down on the main 

tool bar under Edit.  Edit will push the patient information tool bar onto the tool bar stack.  

All of the information forms described below include a note area. 

 

 

Patient Number 

The patient’s social security number, department number, and hospital number may be 

stored under the Number push button.  For security reasons, only the department number 

and hospital number will be shown on the header of printouts produced by the program.  

If the numbers are not entered, than they won’t appear on printouts. 

Patient Address 

Under the Address button can be stored the patient’s address. 

Patient Phone Number 

Under the Telephone button can be stored the patient’s home, work, and hospital phone 

numbers. 

Physician 

Under the physician button is a note area were the patient’s physicians can be listed. 

Diagnosis 

A note area exist for recording diagnosis information. 

Notes 

A general note area exist. 

Print 

Under the print button the above patient information is sent to the printer. 

 
The Edit Patient Toolbar 
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Stacked Image Set 

Definition 

A stacked image set consists of a series of images taken sequentially without patient 

motion along an axis of the body.  All the images must be coplanar, but need not be the 

same size.  A stacked image set may consist of all coronal, sagittal, or transverse images, 

but not a mixture.  It is necessary that each image be specified in relationship to some 

common coordinate system.  The Dicom standard requires this for all images in the same 

series.  Such images are here considered stackable to form a three dimensional model of 

the patient.  Normally you would only pull the images from a single series.  However, the 

capability is provided to pull images together from anywhere, as might be the case if a 

body technique changed to a head technique when the head is encountered.  However, the 

head images must be specified to the same coordinate system as the body images in this 

example and so should be part of the same series.  The program has no way of knowing 

the relationship between different series, and the user must not combine images outside of 

a series unless it is known apriori that all the images meet the above conditions.  CT 

transverse scans may be taken with the gantry rotated, as long as all images are parallel to 

each other.  The program will not allow non-coplanar images to be together in a stacked 

image set.  Nor may two images occupy the same plane within a stacked image set. 

Coordinate System 

Each image file must consist of patient orientation information and the coordinates 

specifying the plane of the image relative to a common patient coordinate system.  Dicom 

3 specifies that positive Z axis pointing towards the patient’s head, with the Y axis 

pointing down (for a supine patient) in the posterior direction, X axis to the patient’s left.  

Be aware that this program uses the IEC coordinate system with the positive Z axis 

pointing anterior, Y axis toward the patient’s head, and X axis to the patient’s left.  Dicom 

2 and 1 specified images relative to the imaging equipment, not the patient.  In that 

instance we must rely on designations within the file as to feet first or head first, supine or 

prone.  

New 

To create a stacked image set select New under Stacked Image Sets on the main tool bar.  

A name unique to the patient must be provided by the user.  A patient may have any 
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number of stacked image sets.  To select images for a stacked image set, the program will 

provide a file selection box starting at the directory specified in the file 

NewImagesDirectory.loc in the program resource directory.   

 

Choosing a directory on the left of the popup will show the files in that directory on the 

right.  Navigation is also possible with the filter function at the top of the popup.  Note on 

the bottom that the files may be copied or moved into the patient directory.  Moving 

means that the file in the images directory will be erased after it is successfully copied into 

the patient’s directory under the new stacked image set name.  The entire file is copied or 

moved unchanged. 

 

 

Normally you should configure your Dicom input so that a patient’s series is stored in a 

separate directory under the new images directory. 

 
Select Images Files for a Stacked Image Set Popup 
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After you have selected all the images for a stacked image set, the images will all be 

displayed on a screen. 

Computed Scout Views 

For stacked image sets with more than one image, a coronal, sagittal, and transverse scout 

view is computed.  The plane for these scout views is through the center of the volume of 

the image set.  Each scout view is computed by considering parallel (non-diverging) rays 

through the image set and averaging the pixel value of the pixels that the ray goes through.  

Pixels with a value less than a threshold specified in the program resource file 

ComputedScoutImages are not averaged.  This is to reduce the dynamic range of the 

resulting image. 

 

Upon display of a new image set, the computed scout views may be useful in locating 

errors due to patient motion during the imaging process, as discontinuities may result and 

be discernable in the scout views. 

Orientation Labels 

For each plane displayed, the edges of the image will be labeled among anterior, posterior, 

superior, inferior, right, and left.  To see the labels you may have to enlarge the frame or 

an image to full screen by hitting the button in the upper right hand corner of the frame.  

The text for these labels comes from the program resource file PatientOrientationLabels 

(under the language subdirectory).   For oblique planes the labels may be combined for the 

dominate directions, such as Ant-Sup. 

 

It is absolutely essential that the orientation labels on the two dimensional images be 

verified.   Although one is unlikely to confuse anterior and posterior, left and right is 

another matter, particularly in the head and pelvis.   Even in the thorax, there are rare 

individuals whose organs are reversed left to right from the norm. 

 

We strongly recommend that a protocol be established with the imaging 

center to place a marker consistently on one side of the body to eliminate any 

possibility of confusion between left and right. 

 

If patient orientation is critical in any way, you must have some means of 

verifying the correctness of the orientation shown on the image display. 

 

 As a corrective measure you may flip the stacked image set across any of the three 

orthogonal planes in a x,y,z coordinate system.  However, be extremely cautious if you do 

so, as it is unlikely that the display would be wrong.  An error would have to been made 

during the imaging process in specifying the patient orientation to the imaging system, 

such as a patient placed feet first instead of head first but specified as being head first.  Or 

an error occurred in writing out the Dicom files. 
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Do not flip an image set unless you know precisely where and what caused 

the orientation labels to be wrong and that you know precisely how to flip the 

image set to correct the error.  It would not do to create a mirror image of 

the patient, or create an error when there was none, or create a different 

error. 

 

Be sure the labels are correct before you do any further processing. 

 

As an aid, routine rlDicomDump is provided to dump the contents of a Dicom image file, 

with decoding of some pertinent fields.  Type rlDicomDump followed by the file name to 

read.  rlDicomDump may be found in the subdirectory tools.dir. 

Edit 

You may edit an image set at any time.  However, we recommend that you complete the 

image set before any further processing is done.   Otherwise confusion may result, for 

example, if an outline is made on an image but then the image is deleted from the image 

set. Besides flipping an image set as described above, you can delete an image from an 

image set if there is some reason to do so.  Normally you would want the most complete 

model for the patient, but an image file may have been corrupted or mistakenly included in 

the image set. 

 

 
Edit Stacked Image Set Toolbar shown with the Flip Image Set Popup 

 

You may also add images to the image set.  But, as noted above, these images must be 

stackable, taken of the patient during the same imaging process without patient motion.  

This function is provided as a means to correct a situation where all the images were 

accidentally not included in the original selection of the image set. 
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Selection of a stacked image set 

The program allows for displaying more than one image set.  Consequently, through out 

the program there are instances where an image set must be specified.  For example, in 

reformatting an image the program has to know which image set the image is to be 

reformatted from.  Be careful of situations where an image set is selected and then a new 

tool bar is pushed.  You will operating on the selected image set. 

Stacked Image Set Options 

Controls are found under the Stacked Image Sets pulldown on the main menu and are 

described throughout this manual.   

 

Under Options is the Options toolbar. 

The options selected here are covered under the appropriate chapters in this manual for 

the particular topic that is selected for each choice presented in the toolbar. 

 

Distance Tool 

The distance tool under the Stacked Image Sets pull down will compute the distance 

between any two selected points.  You click the left mouse on the first point and then on 

the second.  The two points do not have to be on the same image but do have to be two 

points in the same stacked image set or between two fused image sets.   

 

 
 

 

 In addition to computing the geometric 

distance between the two points, the water 

equivalent path length is also computed. The 

first instance is the water equivalent computed 

path length based upon the CT number to 

density conversion curve.  The path is 

computed in the stacked image set that the 

first point was in.  The second text box below 

that is the water equivalent path also taking 

into account the density of any ROI volume 

that the path might have gone through that 

had been assigned a density.  The ratio 

between the geometric distance and the water 

equivalent distance is then also shown in the 

 
Stacked Image Set Options Toolbar 
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text box with the water equivalent path.   In this example shown here, the path did not 

transverse any ROI volumes that had an assigned density. 

 

The distance tool under the Images pull down on the Main Toolbar, simply computes the 

geometric distance between two points on the same image.  
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Other Images 

Importing Images  

Images other than those part of a stacked image set may be displayed.  Further, these 

images may be grouped together under subdirectories within the patient’s directory.  Go 

under Images on the main tool bar to Import Image Files.  In the files selection popup 

select the images. 

 

It is the user’s responsibility to be sure that only images belonging to the 

patient are selected. 

 

Once the images are selected a subdirectory will be prompted for.  The user can select an 

existing directory or specify a new one.  The images will be copied or moved into this 

directory that resides under the patient’s name. 

 

Displaying Images 

Go under Images on the main tool bar to display image file.  On the popup, select the 

directory and then select the image file.  There are other functions available on this popup.  

You may change the file name by typing in a new file name and hitting the save button to 

the right of the text field for the new file name.  You may enter a label for the image, and 

again you must hit the save button to the right of the text field for the label.  The label will 

be displayed on the top of the image.  Lastly, you may enter descriptive text for the image.  

You must then hit the save button underneath the text field for the description.   The show 

file button above the image label text field will bring up another window and run the utility 

program rlDicomDump for the selected image file in that window. 
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Select Image for Display Popup - but not a stacked image set image 
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To display the image you must have created a screen (Screen Control) with an empty 

frame.  Click the mouse on the button that occupies the blank frame and then hit the Apply 

button on the Display Image File popup. 

 

Orientation Labels 

The same warnings about the correctness of orientation labels for a stacked image set 

above apply here (see Stacked Image Set, Orientation Labels).  With these images, only 

the row and column marker from the Dicom image file is displayed.  The correctness of 

what is right and left depends on the marker being correct in the image file read.  If this 

marker is incorrect, you can use the label facility to make your own notes directly on the 

image. 

 

For any critical function that involves the patient orientation, you must have 

a means of verifying the orientation of the image, particularly in 

distinguishing right from left. 
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Image Display 

Contrast and Edge Enhancement 
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Contrast Adjustment 

To adjust the contrast of an image, hit the Contrast button on the right hand corner of the 

screen.  The preferred visual model for CT scans to use is 12 planes as the contrast can be 

changed quickly by reloading the look up table.  For an 8 or 24 plane visual, the image 

must be reloaded for each contrast change.  The action will therefore be slightly different 

depending upon the visual model for the window. 

 

 
Contrast Control Popup 
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For 12 plane visual, the first 8 planes are normally used to display the gray scale.  Here in 

the representation of the binary value of a pixel, each bit occupies one plane.  One can 

count from 0 to 255 with eight planes.  The next 3 planes are used to display colors.  The 

top plane is used for an overlay color, used when outlining for example.  When contrast is 

selected, the present image is converted to occupy all 12 planes and the look up table is 

reloaded so that the same contrast is displayed for the image.  With 12 bit planes one can 

count from 0 to 4095.  But at each address is stored the intensity of red, green, and blue 

each with an intensity of from 0 to 255.  As the contrast width and center slider is moved, 

the look up table is reloaded.   Because on Silicon Graphics computers there is only one 

12 plane look up table, the other frames will be observed to change.  The change will be 

mainly to dark because on a scale of 0 to 4095 those images have pixel values of 0 to 255.  

In the frame selected, contoured colored lines will be interpreted to have a gray color.  

When the Done button is hit on the Contrast popup, the image is recomputed to occupy 8 

bits but to show the same contrast, with the look up table correspondingly loaded to 

simply count from an intensity of 0 to 255 for each of red, green, and blue, for the first 8 

bits. 

 

With an 8 or 24 plane visual, the look up table is not reloaded.  Therefore the other frames 

will not change in appearance.  However, the contrast of the frame under adjustment will 

not change while dragging the contrast width and center sliders.  Rather, the image will be 

reloaded when you release the slider. 

 

For other images, the contrast range scales will adjust themselves to accommodate the 

range of pixel values, up to 16 bits (0 to 65535). 

Edge Enhancement 

Here we can amplify high spatial frequencies with a spatial filter, high pass frequency 

filter, or band pass filter.  These tools can be used to enhance the edges of an image.  This 

might be useful in a CT scan that includes lung, where one wants to bring out the structure 

inside the lungs, and still see details elsewhere without washing out the rest of the image. 

 

Spatial Filtering for Edge Enhancement 

 

First we low pass the image by replacing each pixel with an average over an area.  The 

size of the area is determined from the "Average Over Neighbors" parameters.  If the 

value is one then the area is a 3x3 matrix with the pixel at the center.  If 2 then the matrix 

is 5x5, and in general the side of the matrix is one plus two times the value.  As this value 

is increased, the computation times increases.  For small matrix sizes, such as a 3x3 

matrix, the spatial filter will compute faster than doing frequency filtering with the Fast 

Fourier Transform making use of the convolution theorem. 

 

The program then computes the value: 

 

edge_gain x [ pixel_value - average pixel_value ] 
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To this is added a percent of the original pixel value: 

 

And then we shift the gray scale relative to a nominal pixel value of 1024 by adding in the 

below term so that the contrast window does not need to be moved as much as it would 

otherwise: 

 

 

The final equation is: 

 

 

The resulting image data is shifted so that the most negative number is shifted to zero.  

The range will be rescaled in need be to stay in the range of a 16 bit number. 

 

For a discussion of high boost filtering, see the book Digital Image Processing by Rafael 

Gonzalez and Richard Woods, Addison-Wesley Publishing Co. (ISBN 0-201-50803-6), 

pages 195-197. 

 

Another reference would be pages 114-117 of the book from the Proceedings of the 1997 

AAPM Summer School: The Expanding Role of Medical Physics in Diagnostic Imaging. 

 

We suggest that you leave the Average Over Neighbors slider at a value of one, and try an 

edge gain greater than zero and then adjust % Image Added Back.  You may have to play 

with all the values to get what may be useful to you. 

 

If the Edge Gain is zero, then the spatial filtering is not performed. 

High Pass and Band Pass Frequency Filtering 

You also accomplish frequency filtering.  By this is meant transforming the image into the 

frequency domain, multiplying by a filter function, and then transforming back.  Only one 

filter function is provided, a Gaussian curve.  For a high pass filter, the curve, once 

reaching the value of 1.0 continues on so to the highest frequency.  The highest frequency 

is the Nyquist frequency = 0.5/pixel_size where pixel size is the pixel size of the image.  

  % Image Added Back 

  ---------------------------  x pixel_value 

     100 

  100 - % Image Added Back 

  ---------------------------------- x 1024 

             100 

  100 - % Image Added Back  

  ----------------------------------  x [ 1024 - pixel_value] + pixel_value + 

         100 

 

                                               edge_gain x [ pixel_value - average pixel_value ] 
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You can control the width and center of the Gaussian curve (width computed at ½).  In 

addition you can add a floor to the filter function, with the Gaussian ranging from the floor 

to a value of 1.0. 

 

An analogy you can think of is a piano.  A filter would be something that would amplify 

the sound from each key separately.  High boost would amplify the notes from the right 

side of the keyboard more then from the left side (which is lower frequencies).  A filter 

function would be the amplitude plotted from left to right for each key.  The keys increase 

in frequency from left to right. 

 

Images also are the summation of frequencies, which is the rapidity of the transition from 

black to white.  A smooth slow transition would be a low frequency.  A sharp edge 

requires a high frequency.  These frequencies are two dimensional. 

 

You can specify a frequency response for filtering an image.  The filter is drawn on top of 

the contrast display shown below.  Zero frequency is at the left, the highest is at the right. 

The highest frequency in an image is 0.5 X 1.0/(the pixel size), which is called the Nyquist 

cutoff frequency. 

 

A Gaussian curve is here provided for a frequency filter.  You can adjust the width of the 

curve and center.  For a high pass filter, the maximum amplitude is simply continued. 

There is also a floor control, to add in lower frequencies. 

 

The high pass filter function is thus: 

 

 

               A + [1 - A exp( -h
2
 (r-c)

2 
) ]    for  r <= c 

F(r) = 

               1.0  for  r > c 

 

where A is the floor, low pass gain, 0 to 1, and h = 1.665109222/width. 

The width computed for a value of 1/2 of the Gaussian. 

r is the radial spatial frequency in cycles/cm. 

 

For the band pass filter, the down side of the Gaussian is also used. 

 

The fast Fourier transform is used to convert the image, the filter function is multiplied, 

and then the image transformed back.  The image data is shifted so that the most negative 

number is zero, and will be scaled if need be to remain in the range of a 16 bit integer. 

 

You will have to readjust the contrast settings after the transformations.  Adjust the filter 

parameters and then hit the Apply button.  If the range of the image data is not changed, 

the contrast settings are left as before. 

 

Shown below is the contrast tool configured for the band pass filter. 
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Note that the frequency filter is plotted on top of the contrast image, ranging from zero 

special frequency on the left to the Nyquist on the right. You have to hit the apply button 

to process the image in the current frame.    

 

Unselecting any of the three image processing methods will restore the image to an 

unfiltered state. 
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Zooming 

Zooming is performed by first selecting the frame and then clicking the middle mouse in 

the frame.  Use the right mouse button to zoom back out. 

Creating a New Screen 

Hit the Screen Control button on the right lower side of the screen.  On the popup select 

New Screen.  Then select the number of frames that you want either by hitting one of the 

pre-defined buttons or typing in the number of rows and columns.   If you select more 

rows than columns, the frames will appear in a scrolled window.  For your convenience be 

sure to add a name to the screen in the text field.  Any frame in a screen that you create 

can have its contents later deleted. 

 

 

Reconfiguring an Existing Screen 

Hit the Screen Control button and 

then select the Change Screen Layout 

button.   You can specify the number 

of columns and the program will 

compute the number of rows needed 

to hold all the frames.  You can 

increase the number of frames by 

typing in a larger number of columns.  

You will not be able to reduce the 

number of frames that are actively 

being used.  The program may 

override your choice of number of 

rows to hold the present number of 

frames used on the present screen.  If 

there are more rows than columns, the 

frames will appear in a scrolled 

window. 

 

Screens that hold a stacked image set are fixed in the user of the frames.  You may not 

delete a frame (unless deleting an image from the stacked image set) and you may not use 

any frames left over. 

Display of Stacked Image Set Images 

The image is shown with coordinate information in the upper left hand corner of the 

image.  You may have to maximize an image to full screen to see the coordinates.  The 

first number top left is the frame number.  Next follows the normal vector in IEC 

coordinates.  To the right of that is the coordinates of the center of the image in 

centimeters in IEC coordinates.  The origin is the center of the stacked image set.  Below 

on the next line is the angles for the normal vector in the order of theta, phi, twist. 

 
Screen Control Popup 
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Selecting Stacked Image Set Images 

There are two ways you can copy an image from the image set to an unoccupied frame on 

a screen that you have created.  One is to use the Copy, Move, Image Plane under the 

Stacked Image Sets pull down on the main menu, and the other is to use Select Image 

From Set also under Stacked Image Sets.  With the latter, you will see a scrolled list of all 

the images.  Shown will be the IEC coordinates of the center of the image, and the 

coordinates of the image assigned by the imaging system.  For Dicom, the imaging system 

coordinates are for the upper left hand corner of the image. 

 

 
Select an Image from the Stacked Image Set Popup for Display 
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Select an empty frame you want to put the image into by clicking the mouse on the button 

that occupies the frame.  Then select the image from the list of images.  You can continue 

to select different frames and images while the popup is up. 

Reformatting Images from a Stacked Image Set 

Go under the Stacked Image Sets pulldown on the main tool bar to Select Image Plane.  

You will then select one among Transverse, Coronal, or Sagittal as a starting 

specification.  However, you can change this on the popup that comes up.  All images in a 

stacked image set are in effect reformatted images.  The plane within the stacked image set 

is specified and the image data is filled in pixel by pixel.  The images of the stacked image 

set are displayed by specifying the plane that the image occupies.   Specifying other planes 

will cause the pixel values to be filled from the stacked image set.  If a pixel falls between 

two images of the stacked image set, the pixel value can be interpolated between the two 

images.  Be aware that the interpolation is along the line perpendicular to the stacked 

images.  This applies even if the images are all leaning as they would for CT scans taken 

with a non-zero gantry angle. 
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Note that on the popup there is an option menu for choosing the image set.   

 

The slider that is perpendicular to the image plane type selected among transverse, 

coronal, and sagittal will be shown in a different color.  The computed scouts for the 

image set will be shown at the bottom of the popup, unless there was only one image in 

the image set.  As a slider is moved, the intersection of the plane specification with each 

scout view is shown.  Bare in mind that the computed scout views occupy planes that are 

through the center of the box containing all the images in the stacked image set. 

 

To display the image in the selected plane, click the mouse on an empty frame and hit the 

Apply or Done button.  Note that interpolation may be turned or off before depositing the 

plane specifications in the empty frame.  By default interpolation is on. 

 
Reformat Image Popup 
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You may also view the intersection of the plane with any image presently displayed in the 

selected image set.  Use this option if you want the image to go through some point that 

you can see on another image.  To do so select the Draw in All Screens toggle button.  

You will also have to select a screen in which images of the image set are displayed.  If the 

drawing slows down the slider too much, you can select to turn off drawing with the drag 

of the slider.  The drawing will than only occur when you release the slider after moving it. 

 

The Rotation button is provided on the popup to allow you to rotate the selected plane.  

Pushing the Rotation button will bring up an additional popup.  On this popup will be 

shown a wire frame view of the IEC coordinate system in green marked with X, Y, Z, and 

the viewing coordinate system in red marked with v, v, w.  You eye is looking down the w 

axis with the u axis horizontal. 

 
Reformat Image Rotation Control Popup 
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The angles phi and theta are specified in spherical coordinates, with theta rotation around 

the Z axis measured from the X axis, and phi rotation from the Z axis.  Twist is rotation 

around the w axis.  Any point of view can be selected with these three angles.  Note, 

however,  that a given point of view dose not have a unique set of angle coordinates. 

 

Given a point of view, you may also slide the plane specification along the w axis by 

adjusting the w vector offset scale. 

 

For each of the coordinates where is a coarse slider or thumb wheel, a fine thumb wheel, 

and a type in text field.  Note also that the wire frame view is a 3d room view window and 

includes its own thumb wheels for  selecting a point of view of the wire frame display. 

 

An Apply button is also supplied with the Rotate popup for depositing the plane 

specification in a frame. 

Reformatting an Image Set 

Under the Stacked Image Sets pulldown is Reformat Image Set.  This control may be used 

to reformat in equal increments images from the image set in parallel transverse, coronal, 

or sagittal planes.  The range may be selected over which the image set may be 

reformatted.  For example, if one selects Coronal plane type, the bordering lines will be 

shown on the scout views provided with the popup.  The minimum and maximum range 

controls may be adjusted to specify the boundaries within the image set where the images 

are to be generated.  A spacing control is also provided. 
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Given the boundaries of the selected range, the center is found.  Then image planes are 

generated toward the maximum and minimum boundaries. The last plane within the range 

is what is drawn on the scout views.  Because of this you will notice the range lines 

moving slightly as the spacing is changed.  Nor will the minimum and maximum range 

lines appearly to move smoothly as you adjust the controls because the last plane position 

within the range is what is shown.  A screen name may be optionally assigned.  Upon 

hitting the OK button, a new screen is created and the image planes are generated with the 

image data reformatted to fill in the planes. 

Selecting Other Images for Display 

This topic was covered above in the chapter on Other Images. 

 
Reformat Image Set popup control. 
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Copying Images 

 

Copy from same 

image set 

We do not copy 

images, we copy 

the plane 

specification 

within the image 

set and copy that 

plane specification 

to another frame.  

All images in a 

stacked image set 

are reformatted 

images, with the 

stacked image set 

filling in the pixel 

values.  If you 

want to display an 

image again that 

is not in a stacked 

image set, simply 

reselect that 

image again for 

display in a 

different frame 

(see the chapter 

on Other Images). 

 

Under the Stacked Image Sets pulldown in the main menu, select Copy, Move, Image 

Plane.  A popup will appear.  At the top of the popup select the stacked image set.  Click 

the mouse on the frame containing the image plane of the image set that you want to copy.  

That image will reappear in the popup.  Use the Copy To Frame button to copy the plane 

specification to some frame that you have selected. 

Copy between stacked image sets 

This function can also be used to specify the same plane, relative to the patient, in a 

different stacked image set.   The plane specification is copied from the frame where the 

mouse is clicked.  The image data comes from the stacked image set that is selected at the 

top of the popup.  The plane specification is copied to the frame when the Copy To Frame 

button is hit for the image set that is selected.  That image set will appear in the frame 

selected. 

 
Copy Move Image Plane Popup 
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Interpolate 

In both of the above cases, interpolation of pixels can be turned on or off.  Interpolation 

would occur if a pixel in the image plane falls between two images in the stacked image 

set.  By default interpolation is on. 

Contrast 

Note that the contrast of the image shown in the popup can be adjusted with the button 

provided on the popup.  The contrast button on the main screen will only work for frames 

selected on a screen. 

Saving a Frame 

You can save the image configuration for an image from a stacked image set by saving the 

frame.  Go to Save Frame under the Frame pulldown menu.  The program will require you 

to input a unique file name.  What is saved is the plane in the image set, the contrast and 

edge enhancement settings, and any zoom factor.  This information is saved under the 

image set directory.  You will have to read in the image set to restore the frame saved for 

an image set.  Note that this funciton also saves the configuration for 3d room perspective 

views of the image set.  To restore a frame, you must click the mouse on an empty frame 

that is on a screen that you created.  Then choose Restore Frame in the Frame pulldown 

menu.  You will have to pick the image set and then choose the file name that the frame 

was saved under. 
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Comparing Images 

Compare Images - Checkerboard 

This feature will allow you to create a checker board pattern, with the two images 

alternating every other square.   This may be useful for judging the goodness of a solution 

for fusion between a CT and an MRI image set.   Go under Images in the main tool bar to 

Compare Images - Checkerboard.  Two popups will appear.  One will hold the image and 

the other a control area.  To get the first image click the mouse on any frame that has a 2d 

image.  Click the mouse on any other frame that has the other image you want to compare 

to. 

 

 
Checkerboard Compare Images 
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In the control area you can adjust 

the contrast of each image 

independently of the other.  You 

can also change the size and 

number of the squares and move 

the squares sideways and up and 

down.  This last option is useful 

for moving the boundary between 

the two images. 

 

Use the Copy To Frame button to 

copy the image in the popup to a 

frame that is on a screen.  Note 

that a control button will appear 

that will allow you to bring up the 

control panel again for the 

checkerboard pattern.  The 

contrast button on the bottom 

right of the screen will not work 

with these frames (since there are 

two images mixed together).  The 

contrast of each image must be 

adjusted using the control panel. 

 

 

Compare Images - Color Mix 

Select this feature under Images on the main toolbar.  Like the checker board tool above, 

you click the left mouse on each frame that contains one of the two images that you want 

to compare.  Three color mix choices are available: 

green-magenta, blue-yellow, and red-cyan.  For example, one image is displayed in green 

and the other in magenta.  Each of the two color pairs adds to white, so that images with 

the same gray scale component on a particular pixel will show white.  This tool is useful 

for testing the goodness 

of image fusion between 

two CT scan image set.  

You can adjust the 

contrast of each image 

separately.  You use the 

Copy to Frame button to 

copy the two images to 

an empty frame.  A 

control button is created 

in the lower left hand 

 
Control for the CheckerBoard Image Compare 

 
Control for the Colormix Image Compare 
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corner to bring back up the control panel. 

Add Images 

This feature allows you to add two images together.  However, no controls are available 

to move one image in relationship to the other.  The weight of the two images added 

together may be adjusted.  The pixel values are added after the image is put through the 

contrast window.  The final pixel value shown is given by: 

 

 

where: 

 

weight2 is the weight for image 2, 

(100-weight2) is therefore the weight for image 1, pixel_1 is the pixel value from image 1 

after contrast is applied, pixel_2 is the pixel value from image 2 after contrast is applied. 

 

Simply click the mouse on two successive images to be added together. 

Difference Images 

This feature is similar to add images above, except here the difference between pixel 

values is taken.  Because we cannot display a negative pixel value the absolute value of the 

result is displayed: 

 

pixel value = min(255, pixel value) 

pixel value = [ (100-weight2) * pixel_1 + weight2 * pixel_2 ] / 100  

 
Add Images control popup. 

pixel value = Times_factor *  

               abs[ (100-weight2) * pixel_1 - weight2 * pixel_2 ] / 100 
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where: 

 

weight2 is the weight for image 2, 

Times_factor is a multiplication factor,  

(100-weight2) is therefore the weight for image 1, 

pixel_1 is the pixel value from image 1 after contrast is applied, 

pixel_2 is the pixel value from image 2 after contrast is applied. 

 

 

Note that the absolute value is 

taken of the difference in pixel 

values, and then the result is 

multiplied by the times factor 

selected on the slider below the 

weight 2 slider. 

 
Difference Images control popup. 
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To print an image on the printer, use the P (p) key on the keyboard, or the Print Screen 

button on the key board.  Or hit the S key on the keyboard to capture the main application 

window.  It is important that you click the mouse first on the frame that you want to print.  

This includes image frames on pop ups.  Clicking the mouse insures that the window in the 

frame has keyboard focus.  The P or Print Screen key will then copy the image area of the 

window.  The Print Screen Key might do other things, so the P key is better to use.  The S 

or s key will capture the main application window only if the user interface and images are 

all 24 bit true color.  This is a what you see is what you get function.  The resolution and 

image size is that when you hit the P, Print Screen, or S key.  You might want to make the 

frame bigger before doing so, but that will also make for a larger image file.  The image 

file is stored in Silicon Graphics rgb format.  SGI utilities, such as imgview and imgcopy 

can read the file produced here.  However, in general this program cannot read rgb files 

produced by other SGI utilities because those images may be stored in a compressed 

format which is not used or supported by this program.  The print image popup may be 

resized, whereas imgview will not resize an image.  When printed, the image will be sized 

to fill up the paper. A header with the patient’s name is added at the top of the page. 

Comment field. 

Note that a text area exist for making comments on the image.  The comments will be 

printed at the top of the page below the header and above the image.  On the popup note 

that the comment area and image display area are separated by a paned window.  You can 

change the proportion in addition to resizing the window.  However, the resolution of the 

image is limited by the size of the window that the image was copied from. 

 

Scaling the image. 

The default is to scale the image to fit the page.  The top of the page will contain a header 

with the current date and time stamp, the patient’s name, and other information.  Below 

that follows the comment text.  If enough is left of the first page the image will be placed 

on the same page.  By unselecting the “Fit to Paper” button, the user can specify the 

magnification of the image.  For planar images, such as a CT or MRI slice, the choice is to 

type in the magnification factor with 1.0 being life size, 0.50 being half life size.  For 

projected images, the image size is specified in terms of the source to detector distance.  

Choosing a shorter distance will result in a smaller image, a larger distance a larger image.  

For 3d solid model views, the source is the eye location and the image plane can be 

thought of as the window being viewed.  For radiographs, the source detector distance 

determines the image size.  If the type of image cannot be determined, than the default is 

to specify the magnification relative to the original size of the image.  This default would 

be taken if the source to film distance were not known for a radiograph, for example.  The 

image size on the paper is shown for the selected magnification.  Otherwise the program 

will size the image to fit.  If the user is specifying the magnification and the image will not 

fit on one page, then multiple pages are used with the image split between the pages.  For 

capture of the application window, there is only the option of fitting to the paper 

automatically. 
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Clipping the image. 

You can select an area of the image to be printed.  With the mouse click on a corner of the 

area you are interested in and drag to an opposite corner. A box will be drawn as you 

drag.  Hitting the Clip Image button will display only the area inside the box.  Only that 

area will print.  Hitting the Restore Image button will put back the entire image. 

Removing background black. 

Pushing the remove black button will remove black for all black areas that touch a border 

of the image, and replace with white.  Areas inside an image, such as lung in a CT scan 

will not be affected.  A black border is left touching all non-black areas. This feature is 

strictly for saving ink with ink jet printers.  You can deselect this feature and return to the 

original image.  What is seen on the screen is what will be printed. 

Rotate Image To Fit 

This toggle button (select in) will allow the program to rotate the image sideways on the 

paper if it would fit better there (wider than high image). However, if you only view the 

resulting PDF file (below) you might not want images rotated.  By default rotation is off. 

Post Script printers. 

This program only supports Post Script printers, but as a alternative below, GhostScript 

can be called automatically to convert a Post Script file to a PDF, where the PDF may be 

used as a pre-print preview and for entering a print job into the computer operating 

system’s printing system (Windows).  The page will be formatted in Post Script.  If you 

have more than one printer, than it is possible to choose which printer to print to.  The 

program resource files must have been set up to include the printer queues available.  

Select Printer under the Options pull down on the main menu.  A tool bar is pushed that 

includes an option menu that you may select the printer queue name with.  Once you have 

made a selection, any future print job will go to that queue. 

Non-Post Script Printers 

Use Gsview or the Adobe Reader (Evince on linux) as a print preview and print from the 

viewer (see Print Preview below). 

PDF file viewer 

You may choose to convert your print jobs to PDF format.  In this case GhostScript will 

be called to convert the Post Script file to PDF format and a PDF viewer will be called to 

display the resulting PDF file.  Set the print que name to UseAdobe.  May 2012 change: 

Once the pdf file is successfully created, the Post Scrip file will be deleted. 

Print Preview 

You may choose to use Gsview as a print preview, or a PDF reader.  Set the print que 

name to gsview or UseAdobe respectively.  In either case, you can print from the viewer 

to non-Post Script printers.  On Linux a pdf viewer must be available.  On Windows, the 

default PDF viewer will be called. 
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Print Button 

Hitting the print button will send the print job immediately to a printer or printer system.  

A Post Script file is written out in the temporary directory (see below next item). 

Add to Print Queue 

Hitting this button will queue up print jobs within the program in a single Post Script file.  

By default the file is in the temporary directory located by the tmp.dir.loc file in the 

program resources directory (located by the rlresources.dir.loc file in the current 

directory).  However this has been changed as indicated below. 

 

PatientReports.loc file 

June 2012 change:  A file called PatientReports.loc in the program resources directory will 

specify where patient reports are to go.  The file has the format: 

 
/* file format version */ 1 
//  reports go to patient folder, put  1 
//  reports go to the below directory, put 2  (next line) 
/* 1 or 2 */     1 
// alternate location if above is 2 
  <*c:/home/Reports.d*> 

 

If a patient has been selected  and the reports are to go to the patient directory, then the 

files will be created under the patient directory in a sub-folder called Reports, followed by 

a folder made of the current date that the print file is created.  For RtDosePlan and 

DosimetryCheck, printing called from a plan that is specific to the plan will be in a further 

sub-folder made from the name of plan.  Nothing will be printed until Print Queued Jobs is 

selected.  The pages will be numbered consecutively.  Other print functions may or may 

not offer the option of adding to the queued Post Script file. 

 

If to some other location, a subfolder will be made of the patient’s name in the patient 

directory, followed by a sub-directory made of the date. 

 

Print Queued Jobs 

Hitting this button will submit the accumulated Post Script file for printing.  There is also 

access to printing the queue from the Printer Toolbar shown below and other applications 

may provide other access to printing the queued job.  If you exit the program with an open 

non-empty queue, you will be given the option of printing before the program exits. 

Delete Queued Jobs 

Hitting this button will complete the current open Post Script file but will not submit it to 

be printed.  The file is in the temporary directory located by the tmp.dir.loc file in the 

program resources directory (located by the rlresources.dir.loc file in the current 

directory) or (after May 2012) will be in a subfolder of the patient’s directory. 
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Save to file. 

You may save your print screens along with your comments by hitting the Save As button 

on the popup.  The files are saved under the directory patient name/scd.d.  You may make 

subdirectories below scd.d to organize your print screen files.  In the Get File and 

Directory popup, you can type in the name of a subdirectory to add below the directory 

currently shown.  Then enter in a file name.  You may want to resize this window to show 

all the text.  Note also that you can view the complete path to a file or select to see only 

the current file names.  You cannot navigate above the scd.d directory. 

 

 

The comments you enter are stored under the file name that you specify.  The image is 

stored under the file name with the extension .rgb added.  Unix does not have a limit to 

the length of file names, but certain characters are not allowed.  The program will strip out 

illegal characters in a file name for you.  If you need to reorganize or delete files, use the 

 
Get File Name and Directory Popup 
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operating system tools provided.  On SGI you have the Desktop which is graphical, or 

you can use the standard unix and linux commands, among them are:  cd, mv, cp, rm, 

rmdir, ls.  On Windows there is Windows Explorer and similar DOS commands. 
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Printer Toolbar 

 

 
 

The Printer Toolbar is shown above.  You can select a different printer que here.  

However, this will not effect an existing queued job, only new print jobs.  Option to print 

or the delete the existing queued job is also provided here.   This tool bar is gotten to 

under the Options pull down on the main toolbar. 
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Outlining Regions of Interest 
Go to the Contouring pulldown on the main menu and select Contours to get the contour 

toolbar. 

 

Contours around a region of interest are grouped together to form a volume.  You must 

first create and name a volume.  Go under the Volume pulldown and select New Volume.  

Then add contours to that volume.  The volume is created considering the contours.  The 

contours are first sorted into coplanar groups.  Between contours in each group, the shape 

is interpolated about every millimeter.  A volume is bit mapped for each group of 

contours, dividing the volume into voxels and assigning 0 to voxels outside the volume 

and 1 to voxels inside the volume.  This is called a cuberille.  The resulting volume is the 

union of the volumes formed from each group of coplanar contours.  You can therefore 

outline a volume on successive transverse slices followed by outlining on successive 

coronal images, for example.  This might be desirable so that a volume has a rounded end 

instead of a flat end.  After the final cuberille is formed, a surface is generated for the 

volume forming a connected mesh of triangles. 

 

Because shape interpolation, bit mapping, and surface generation may take some time, 

once you begin contouring an object the generation of the volume is blocked until you are 

finished.  Turning contouring off will cause a popup to come up where you can unblock 

the forming of the volume.  This window provides other options, such as forming holes, 

which will be described below. 

 

There are six tools provided for outlining regions of interest.  Four tools for creating 

contours, one edit tool, and one tool to delete contours.  Under the Volume pulldown you 

can delete a volume and change the material properties of a volume. 

 

All the contouring tools and most of the functions under Volume pertain to the volume 

that is currently selected on the Select Volume option menu.  Note also that both the 

Select Volume option menu and the contouring tool option menu are tear off menus.  You 

may form a separate window frame around each and keep them at a convenient place on 

the screen while you are working on contours.  This will allow you to easily switch 

between volumes and contouring methods.  To tear off a tear off menu, hold the left 

mouse button down on the dotted line that appears on the pulldown menu and then 

 
Contouring Toolbar showing also the contouring methods tear off menu and select 

volume tear off. 



Section 10, Outlining Regions of Interest, page  3 

release the mouse button.  A window frame will form around the menu.  However, when 

done you should close the window using the window control on the upper left hand 

corner of the window frame. 

 

Most importantly, the contours are added to the volume that is showing when you accept 

the contours, not when you started the contouring. 

Mouse Contouring 

Selecting mouse contouring brings up a popup rather than a tool bar.  You simply select a 

frame and begin contouring with the mouse.  The cursor will turn to a pencil shape and 

you can either click with the left mouse, or hold it down and drag.  Use the middle mouse 

button to back up one point at a time.  A button is provided on the popup to do the same.  

Likewise you close the contour with the right mouse or use the close button on the popup.  

Closing the contour will cause the contour to connect to the first point entered.  Hitting 

the right mouse does not enter a new point.  After you close the contour you can still back 

the contour up, which will reopen the contour. 

 

When you are satisfied with the contour, hit the Accept 

button on the popup.  The contour will be added to the 

currently selected volume that is showing on the option 

menu for selecting volumes. 

Project Parallel Plane Contour 

As an aid, you can have projected onto the plane you are 

contouring contours from other planes that are coplanar.  

Each time you hit the Show Next button, the next closest 

parallel contour is projected onto the current frame.  These 

projected contours can be used for information which you 

can trace over or near.  Or you may hit the Use button to 

select the latest contour shown with Show Next to create a 

copy in the frame you are working in.  You will be at the 

same state with this copy as if you had just closed a 

contour.  Hit the Reset Next to erase all the projected 

contours and to allow the projection process to start over 

again. 

Edit Contour 

You may edit a contour once you have closed it by hitting 

the Edit Contour button.  With the contour editor you can 

splice the contour or add and move points.  When you hit 

the "Accept" button the contour will be added to the current 

volume selected as mentioned above, and the mouse contouring tool will return.  

Otherwise the edit contour tool works independent of the mouse contouring tool.  See the 

Edit Contour tool below. 

 
The mouse contouring 

popup tool. 
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Tolerance 

Once the contour is closed, you can adjust the number of points with the "Tolerance" 

scale.  An algorithm is used where by points can be eliminated from the contour as long 

as the eliminated point is within the tolerance distance from the resultant remaining line.  

A back up copy of the contour is kept which allows you to adjust the scale either way.  

However, if you reopen a closed contour with the "Back up one point" button, the backed 

up copy is first copied from the current contour on display. 

Accept 

If you don’t accept the contour, the contour will not be added to the volume.  Hitting the 

return button on the contouring tool bar or selecting another contouring method will 

cancel the current contour.  Also simply starting to draw in another frame will cancel the 

current contour. 

 

BE SURE WHEN YOU HIT THE ACCEPT BUTTON THAT THE 

CORRECT VOLUME IS SELECTED.  YOU MUST HIT ACCEPT TO 

SAVE THE CONTOUR. 

Ellipse/Circle Contouring 

This tool will create a contour consisting of a circle or ellipse.  You may then move 

individual points or add points to the contour.  This tool can also be used to project the 

prior contour made with this tool onto the next image plane to be used as the starting 

point for the contour in the adjoining image plane. 

 

Click the mouse in a frame showing an image of the selected image set if you do not 

currently see a circle afterselecting this tool.  Since a circle is a special case of an ellipse, 

we may refer to the contour as an ellipse.  Below we will simply refer to the contour. 

 

You can more the contour by dragging with the left mouse button, or you may use the top 

wheel controls labeled Horizontal and Vertical.  When moving points the wheel controls 

will still provide a means to move the entire contour. 
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Below that you may change the size 

of the contour and rotate it.  Below 

those two controls are Width and 

Height.  Either of these two controls 

will change the aspect ratio of the 

contour.  The width refers to the 

horizontal before the contour was 

rotated, and likewise for the height.  

These controls initially change a 

circle into an ellipse. 

 

You may change the number of 

points with the Number of Points 

slider.  To see the points push in the 

Move Points toggle button.  

However, changing the number of 

points will reset the shape back to an 

elipse as noted below. 

 

When the points are showing and the 

Move Points toggle button is 

selected, you may drag a particular 

point.  You may no longer drag the 

entire contour. 

 

Note that moving the Number of 

Points slider will also do a Reset to Shape function.  The contour will be regenerated as 

an ellipse with a different number of points.  If you have a really contorted contour to 

make, use the Mouse Contouring tool instead.  You can also accept the contour as is and 

use the edit contour control to change some part of the contour. 

 

Use the Add Points toggle button to add additional points to the contour.  When you click 

the mouse, a point will be added at the mouse location connecting to the nearest line 

segment that the point bisets.  You should position the mouse close and next to the line 

segment that you want to add the point to. If you hold the mouse down you can drag the 

point that you just added.  But to move other points you must select the Move Point 

mode. 

 

Note that you may change frames with the contour appearing on the new frame. 

 

The contour is added to the current region of interest volume only when you hit the 

Accept Contour button. 

 
Ellipse Contouring Popup Tool. 
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Auto Frame Contouring 

Use this method for automatically contouring 

an area on an image that has a contrast 

difference.  This tool works on a designated 

area whereas Auto Contour Screen below can 

find all such areas with the same threshold on 

all images on a screen. 

Threshold value 

Here you click the mouse on each side of the 

area with a contrast difference.  The pixel 

value is shown at the top of the popup for 

each point.  This is the pixel value after the 

image has been put through the contrast 

window, as the contouring is done after 

going through the contrast window.  You 

may want to first adjust the contrast to get 

better separation of the area of interest. 

 

The threshold value is initially the average of 

the pixel value of the two points you click 

on.  But you can adjust the slider provided to 

weigh toward one point or the other.  Just 

view the result until you get what you want. 

Tolerance distance 

Contour points are successively eliminated that fall within a tolerance distance.  A line is 

drawn from a point to successive points, skipping points, until a skipped point would lie 

outside the tolerance distance.  This procedure reduces the memory needed for contours 

and decreases processing time for shape interpolation later.  You can change the tolerance 

distance with the slider provided. 

Accept button 

When you are satisfied with the contour, hit the Accept button.  The contour is added to 

the volume currently selected. 

 
Auto Frame Contouring Popup Tool. 
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Auto Contour Screen 

Auto Contour Screen is a little more complicated 

than Auto Frame Contour above with additional 

features.  Here a threshold value is similarly 

determined, but the entire image is search for 

contours with the threshold value.  Further, the 

process may be repeated automatically on all 

images on the same screen. 

Trace value 

The trace value may be found by clicking the 

mouse on either side of a contrast boundary, and a 

slider is available to weight between the two 

points as in Auto Frame.  In addition you may 

simply type in the trace value.  Again, here the 

pixel values refer to the image after being put 

through the contrast window and does not refer to 

the original pixel value of the image. 

Tolerance for point elimination 

There is the same tool as in Auto Frame to control 

the tolerance for eliminating points found on the 

contours (see above). 

Keep Contours control 

Because contours are searched for over the entire 

image options are provided to select out contours.  

You may select to keep only those contours that 

are not inside another contour with Keep Outside 

Contour.  That option would be useful for finding 

a skin boundary for example.  Or you may select 

to only keep contours that are inside a contour.  In 

both cases we are referring to contours found on 

the same image during this same operation with 

the same threshold value, not to any prior 

contours.  Keep inside contours would be useful 

for contouring lung where you would want to 

reject the skin boundary. 

Locate table top 

You can also optionally locate a table top to keep contours from going below some level 

(the table top) on all the images.  This can be done on transverse or sagittal images.  The 

level found will apply to all the images contoured when applying to all the frames on the 

screen.  No contour will be permitted to go below the horizontal line defined.  We realize 

 
Auto Contour Screen PopupTool. 
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most CT and MRI couches are curved, but the option may be more useful when using a 

flat insert. 

Minimum contour size 

There is also a minimum size that can be used to reject small areas.  The default is 1 cm.  

Type in different values.  A contour that does not span this distance is not kept or shown. 

Apply buttons 

The program will not contour anything until you hit one of the two apply buttons.  Make 

selections above the apply buttons and then hit an apply button to see the result.  

Generally you should apply to the current frame only to be sure you are getting what you 

want.  Then hit the Apply to All Frames in Screen button to repeat the operation 

automatically on all the frames that are part of the current screen. 

Accept and Cancel button 

After applying you can either cancel or accept the contours.  Hit accept to keep the 

contours.  If you hit the return button on the contouring tool bar or select another 

contouring tool, the contours will also be canceled.  If you do this accidentally, the 

operation is easy enough to repeat. 

Unwanted contours 

If you get some contours you don’t want, you can accept the contours and delete the 

unwanted contours later.  For example, in contouring a skull that has a stereotactic frame 

parts of the frame may also be contoured.  You can delete and edit out the frame contours 

with the Edit and Delete tools below. 
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Edit Contours 

 

There are three methods available to you.  You may splice a 

new piece into a contour, replacing a segment, you may 

move points, or you may add new points to the contour.  

You may switch between the methods as you work on a 

contour.  The method is selected with the radio box at the 

top of the popup tool. 

Selecting a Contour to Edit: 

If you got to the editor from the mouse contouring tool, 

then a contour is all ready selected to edit.  Upon 

acceptance, this contour is added to the currently selected 

volume, rather then replacing the contour that was selected 

as below.  Otherwise first select a frame.  The current 

frame will have a high lighted (usually red) border around 

it.  Then click the mouse on the contour that you want to 

change.  You can only edit contours that belong to the 

volume that is currently selected, and the mouse must be 

clicked within the pixel distance shown on the slider.  You 

may move the slider to select a different tolerance distance.  

Only contours that lie in the plane of the image displayed 

may be edited in this manner.  When a contour is selected, 

the cursor will turn to a pencil shape and the contour will 

be high lighted in a different color (the color used when 

drawing contours). 

Splice a Contour 

Begin drawing in the section of the contour you want to replace.  Notice that the program 

will show where the contour will tie into the existing contour.  From the first point you 

enter, the closest point on the contour is found and becomes the first point of the patch 

that your are drawing. 

 

Continue drawing in your patch.  You may drag the mouse with the left button down, on 

click the mouse successively.  The middle mouse will back up one point at a time or you 

can use the Back Up push button on the pop up tool. 

 

To end the patch hit right mouse or hit the End Segment button on the popup tool. 

 

You must now click the mouse on the segment of the contour that you want to delete and 

your patch to replace.  The resultant contour will now be drawn.  You may now edit 

another portion of this same contour by repeating the above starting with entering another 

patch. 

 
Edit Contour Popup Tool. 
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Move Points 

The points will be drawn in larger splotches than the contour line.  If points are on top of 

each other, you may have to reduce the number of points first with the tolerance slider.  

Then simply click on or near a point and drag it. 

Add Points 

Simply click the mouse on the contour where you want to add the point, and continuing to 

hold the mouse button down, you may drag the point to a new location. 

Tolerance Distance 

By adjusting the tolerance distance you can reduce the number of points on the contour.  

An algorithm is used whereby points are eliminated as long as the eliminated point is 

within the tolerance distance of the remaining resultant line.  Once you splice, move, or 

add a point to a contour, that contour becomes the orginal contour that the tolerance scale 

uses to produce a new contour.  Otherwise move the scale back toward zero will restore 

the original working contour. 

Accept Contour 

Finally, you must hit Accept to keep the changed contour or Cancel Edit to cancel the 

change to the contour.  If you hit the return button on the contouring tool bar or select a 

different contouring tool, your change will also be canceled. 

 

YOU MUST HIT THE ACCEPT BUTTON TO KEEP YOUR CHANGES. 

 

Delete Contour 

First select the volume that holds the contour you want to 

delete. You can only delete contours in the volume currently 

selected. Then click the mouse on the contour that you want 

to delete.  The contour will be redrawn in the overlay color.  

Then either hit the delete button to delete this contour, or if 

you don't want to delete the high lighted contour you can 

either hit cancel or select a different contour by clicking the 

mouse on a different contour. 

 

The scale controls how close to a contour in window pixels 

you must click in order to select a contour. 

 

When you hit the Delete Contour button, a confirming 

message will appear.  The confirm toggle button will allow 

you to delete a contour without the confirming message, so 

that you can delete contours simply by clicking on a contour.  Only use this if you don't 

need to see the contour high lighted first.  With confirm turned off you can more rapidly 

delete contours with single mouse clicks on the contours, but you have no protection from 

 
Delete Contour Popup 

Tool. 
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deleting the wrong contours (except the contour must belong to the currently selected 

volume).  

Body Surface Contouring 

This pop up is similar to the Auto Contour Screen tool.  Here however, we work on 

images BEFORE they are contrasted, that is, put through the contrast window, and we 

specifically are looking for a body surface outline. If you need to find the body surface 

outline on contrasted images, then use the Auto Contour Screen tool instead.  With that 

tool select Keep Outside Contours and you will have to define the trace value on a 

particular image. 

 

The automatic body surface outline tool goes across the top of the image and periodically 

searches down until the trace value is encountered.  Then that contour is traced 

throughout the image. 

 

If you get some contours you don't want, or the contours need some editing, first accept 

the contours and then use the Edit tool, or any other outlining tool such as the Delete tool 

or Mouse Contouring tool. 
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The Pop Up Tool for Body Outlines 

 

Voxel Values 

While the tool is up, you can click the 

mouse in any frame to get the voxel 

value, which is the pixel value of the 

image before image processing or 

contrasting.  If the image plane is 

between images of the image set and the 

image was generated with interpolation 

on, than the value reported will be an 

interpolated value.  For CT scans, a 

Hounsfield number of zero (water 

density) corresponds here to a voxel 

value of 1024, with 24 being -1000, and 

2024 being +1000 Hounsfield units.  

This tool is provided to assist you in 

determining a good trace value. 

Trace Value 

The trace value is either typed in or set 

with the slider.  A file in the program 

resources directory, "AutoBodySurface", 

sets the default value for the trace value.  

Contours are traced so that on one side 

of the contour are values less than the 

trace value, on the other side are values 

greater than the trace value. 

Tolerance 

This sets the amount of error tolerated 

when reducing the number of points for 

any found contour.  Successive points 

are eliminated as long as the points that 

are being eliminated are within the 

tolerance distance to the new line 

connecting the two points that span the eliminated points.  Decreasing tolerance will 

generate more points and slow down processing with the contours. 

Minimum Size Contour 

Since we are finding the body surface outline specifically, we can automatically eliminate 

any contours that might wrap around a small object outside the patient.  If the contours is 

smaller in size than this value, the contour will be omitted.  The default value is 1 cm. 

 
Body Outline Popup Tool. 
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Table Top 

You can set a table top limit using a transverse or sagittal image.  No contour will go 

below the line you choose.  If you set this button you will be prompted to select a frame.  

Holding down the mouse in the current frame will allow you to drag a horizontal line.  

Upon release, the line will be fixed and define a coordinate for which no contour in any 

of the images may go below.   If you want to find the table top a second time, simply 

unset the button and then reset it.  This table top tool assumes a flat table top in that it 

establishes a horizontal barrier. 

Apply Frame 

Push this button to find  contours for the current frame. 

Apply to Screen 

Push this button to find contours for all the frames on the current screen. 

Accept Contour 

Be sure the volume you want to add these contours to is the current selected volume 

showing at the top of your tool bar.  The contours are simply added to the currently 

selected volume.  If you have not made a volume yet, you can do so while this contouring 

tool is up.  Select New Volume under Volume on the top tool bar.  You should choose a 

name with body or skin surface in it. 

Cancel Contour 

You can only cancel this operation BEFORE you accept the contours.  After you accept 

contours this tool resets for a new set of contours.  Normally with only one image set you 

would only define one body surface volume. 

Volume and Surface Generation 

3d surface generation 

is blocked while in 

any contouring mode.  

Selecting Contouring 

Off or hitting the 

Return on the 

contouring tool bar 

will exit from 

contouring mode.  A 

Unblock 3d Surface 

Generation popup will 

appear.  The same 

choices can also be 

accessed under the 

Volume pulldown to 

redo surface 

generation.  After making any choices on the popup, hit the unblock or OK button to 

 
Unblock 3d Surface Generation. 
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allow 3d drawing of this region of interest volume.  The 3d surface will be created when 

drawing occurs into a 3d frame or when some other function needs the surface. 
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The controls on the surface generation popup 

Shape 
Interpolation  

A toggle button 

controls shape 

interpolation.  Shape 

interpolation can 

take some time, up to 

two minutes, for 

large volumes such 

as the body contour.  

But this process 

occurs only once 

upon first drawing 

the 3d-view (and the 

bit map is also saved 

to a disk file for later 

program runs).  

Generally leave 

shape interpolation on unless you have some reason not to. 

Voxel size slider 

Processing time will also decrease if you increase the voxel size, but you will lose volume 

resolution if you do so.  The minimum size of a voxel dimension is constrained here by 

the pixel size of the image set, and a default minimum value that is set in the program 

resource file ROIvolume.  The resolution of the cuberille determines the resolution for 

computing a volume in cc (1 cc = 1 milliliter) and for volume histograms.  You may 

increase the voxel size here with the slider. 

Maximum Dimension for Surface Generation 

After the cuberille is made, the solid surface is generated.  The maximum dimension 

determines what size cuberille the surface generating routine starts with.  If the cuberille 

from above has a dimension larger than this value, then the volume will be averaged in 

that dimension to a lower resolution.  A number here larger than the default will greatly 

increase the amount of time to generate the surface.  Only a large volume would be likely 

to exceed the default value in any case. 

 

After the surface is found, the number of triangles in the surface will reduced to form a 

lower resolution version of that surface.  The system will then pick a resolution to display 

according to the size of the triangle that projects onto the screen.  As an object occupies a 

smaller area on the screen, a lower resolution of the surface is displayed, which decreases 

 
Surface Generation Controls Popup. 
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the drawing time.  The number of pixels that a triangle or rectangular element covers on 

the screen is found by projecting the size from the center of the object. 

 

This means that as lower resolutions are displayed on the screen, details will disappear.  

You can control the resolution that is displayed by going into the contour tool bar and 

selecting Frame Control under Volumes.  You can set with the Number of Pixels the 

resolution that will be drawn, with higher resolutions being chosen as the number of 

pixels for a surface element is decreased.  This control is on a frame by frame basis, and 

controls for the current frame selected only. 

 

You might want to have a screen with only 2d views before unblocking more than one 

volume to give yourself some walk away time, as the actual generation will occur when a 

surface is needed in a 3d frame. 

Holes in Volumes 

Normally, with Allow Holes off, the toggle button out, the inside of any contour is inside 

the region of interest.  If one contour is inside a second, the inside contour will have no 

effect.  Another way of saying this for on a given plane, pixels are marked inside that are 

in the union of the inside of all contours on that plane.  In this mode you cannot create a 

hole inside a volume using only contouring. 

 

With Allow Holes on, contours are treated differently.  If one contour is inside another on 

the same plane, the inside contour becomes a hole in the volume.  The rule that applies is 

this, on a given plane any pixel that is inside an odd number of contours on that plane is 

inside the volume.  Any pixel that is inside an even number of contours is outside of the 

volume. 

 

By making a second contour inside a larger contour, the second contour will create a hole 

on that plane.  Shape interpolation will proceed unaffected. 

 

If you intend a hole inside a volume, and you also contour on another set of coplanar 

planes, then you must also contour the hole on the second set of planes.  The reason is 

that each set of coplanar planes is bit mapped and shaped interpolated separately.  Then 

the resulting volume is the union of all such sets.  If the second set of contours included 

the same region and did not have a hole, then the hole would be filled in while taking the 

union. 

 

Another way to create a hole is to contour the hole as a separate volume.  Then create a 

new volume as the first minus the second. 

 

When allowing holes be careful of the planes you choose for contouring.  If two planes 

are closer than 1 mm, or closer than the minimum voxel dimension you pick above, than 

two contours from those two separate planes may be projected onto the same plane.  Thus 

two contours there were intended to be outside contours would be projected onto the 

same plane.  The consequences will be that their overlapping area will become a hole. 
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New Volume from Other Volumes 

Under the Volume 

pulldown select New 

Volume from Old.  

This is a powerful tool 

for combining volume, 

subtracting volumes, 

and adding and 

subtracting margins to a 

volume. 

 

In the text field at the 

top of the popup supply 

a name for the new 

volume.  Choose a 

color with the push 

button to the right of 

the name text field.  

Then on the left 

selection box select the 

volumes that the new 

volume is to be a union 

of.  On the right 

selection box, select 

volumes that are to be 

subtracted.  For 

example, if one volume 

were inside another, 

this method could be 

used to create a volume that is the area inside the larger volume less the inside volume. 

 

The slider may then be used to specify a margin to add or subtract.  A positive number 

enlarges the volume, a negative number makes the volume smaller.  The new volume is 

computed by convoluting a ball of radius equal to the absolute value of the margin.  As 

the center of the ball sweeps over the entire surface of the volume, the ball either sweeps 

out an area to be added to the volume when the margin is positive, or the area to be 

subtracted from the volume when the margin is negative.  In this manner the margin is 

added or subtract in all three dimensions.  Note that the slider includes a thumbwheel for 

fine increments and a text field for typing in a value. 

 

At the bottom of the popup is an option to produce contours around the volume.  Above 

we contoured an object and then created a volume out of it.  Here we start with the 

volume and produce contours around it.  A reason for generating contours would be to 

see the contours on 2d images.  Otherwise the volume will only show up on 3d views.  

 
New Volume from Old Popup Tool 
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These contours, once generated, can be edited like any other contoured volume, with the 

volume then regenerated from the contours. 

Volume Properties 

Volume properties can be changed under the Volume pulldown. 

Name and Description 

You can change the name of a volume, but the name has to remain unique within the 

stacked image set that the volume belongs to.  You can also bring up a text field to type in 

a description for the volume. 
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Color and 

material 

properties 

There are two 

ways to change 

the color of a 

volume.  The 

first is to access 

Color under 

volume 

properties.  The 

color chosen will 

be for both the 

front and back 

surfaces of the 

volume.  By 

default the front 

and back 

surfaces have the 

same color.  You 

may access the 

material 

properties popup 

which will allow 

you to change 

the front surface 

color or back 

surface color 

separately.  You 

will not be able 

to see the back 

surface unless 

you turn on two 

sided lighting in 

a 3d view frame 

(hit the Rotate 

button and select 

Light Model).  

By default, two 

sided lighting is 

off (but the 

default is 

controlled by the 

LightModel file 

in the resources 

 
Material Properties Popup Tool 
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directory).  To see a back surface you also will probably have to cut the surface with a 

cutting plane. 

 

The material properties besides color that may be specified for the front and back surfaces 

are ambient, diffuse, and specular reflectance.  These are set the same for all three colors 

(red, green, and blue).  Emission and shininess may also be set.  The material properties 

are discussed in the Open GL reference books. 

 

You must hit the Apply button to see the effect of changes in the material properties 

popup. 

Line width 

Lastly, under volume properties, you can change the line width by which the contours are 

drawn on 2d images.  The contours will use the front face color of the volume. 
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Frame Control 

For a particular frame, the 

appearance of the volume can 

be changed.  First select a 

frame to make current (by 

clicking the mouse in the 

frame), then select Frame 

Control.  The control will be 

only for the selected frame.  A 

popup will come up. 

 

At the top of the popup is a 

toggle button for turning 

contours on or off.  On 2d 

frames the contours will be on 

by default.  The default is off 

for 3d frames (you can display 

the contours on a 3d view in 

wire frame).  You can change 

the state with the toggle button.  

These are the contours from 

which the volume was 

generated. 

Controls that pertain to 3d 

views only 

Transparency control 

The transparency of the surface can be changed with the slider.  Not all systems will 

support a different transparency for the front and back surfaces.  The transparency/opacity 

slider controls how transparent the surface appears.  The top slider sets the transparency 

for both the front and back faces of triangles.  The next two sliders will allow you to set 

the front face and back face differently.  When setting those two sliders the value on the 

top slider has no effect, although the average value is shown.  All the way to the left 

makes a surface completely transparent, and all the way to the right makes it opaque.  

Transparent back faces might not appear transparent on some, or any, systems. 

 

There are limitations on drawing transparent surfaces.  If two transparent surfaces 

intersect, the one that is drawn first can be seen inside the surface drawn second.  But the 

one that is drawn second cannot be seen inside the surface that is drawn first.  The same 

applies for one transparent surface inside another.  Any object drawn inside a transparent 

surface or further from the eye location than an intervening transparent surface after the 

transparent surface was drawn will not be visible.  For this reasons this program draws 

 
Frame Control for Outlined Volumes 
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solid objects first, then transparent objects.  However no attempt is make to order the 

drawing of transparent objects according to which is closest to the viewer, except that the 

skin surface is drawn last if transparent.  Volumes found with the body outlining tool are 

so marked to be drawn last.  To avoid confusion, select only one surface to be transparent. 

Off, Wire, Solid 

This choice should be obvious, controlling whether a solid surface is drawn or just the 

edges of the corresponding triangles or rectangles are drawn, or not to draw the surface at 

all. 

Resolution Scale 

When the solid surface is drawn, a resolution is picked so that a triangle that would be 

situated at the center of the volume will project to the display window and have a 

dimension of at least the number of pixels chosen.  Lower resolutions are found with a 

triangle simplification algorithm that is applied to the triangle mesh that covers the 

surface. 

 

As you move the slider to the right, lower resolution versions of the triangulation will be 

drawn.  The purpose of drawing lower resolution is so that as an object gets smaller on 

the screen, a smaller number of surface elements will be drawn, increasing the drawing 

speed.  The default value for this parameter can be set in the Frame3dDrawable file in the 

program resources directory. 

 

When dragging a viewing control, triangles are skipped so that only a small number of 

triangles are drawn. 

Set Active or Inactive 

This control will allow you to turn a volume off in all frames.  There is a separate toggle 

button for 2d and 3d views.  The choice is also saved, so that when the program is 

restarted and the same image set is selected, the drawing of the volume will be governed 

by the choice previously made here.  The setting here not to draw will override any choice 

made in Frame Control above. 
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Volume of a volume 

The volume in cubic centimeters (one cubic centimeter equals one milliliter) can be 

computed and displayed.  Be aware that this volume depends upon the pixel size from the 

original image files read in from the imaging system.  If the imaging system passed on an 

incorrect pixel size then the volume calculation will be incorrect as well, and so will be 

the scale shown on 2d images.  The volume is calculated by simply counting up all the 

voxels in the cuberille forming the volume and multiplying the total count by the volume 

of a voxel. 

Copy Volume 
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With this tool you can copy an 

outlined region of interest to make a 

new volume.  You can copy the 

volume into a different stacked image 

set ONLY if the two image sets were 

fused. This tool is selected under the 

Volumes pulldown menu. 

Same Image Set 

You will have to give the new 

volume a different name, since it can't 

have the existing name because each 

volume must have a unique name.  

Your only reason for copying a 

volume in the same image set would 

be to make some change to it.  Note 

also the New Volume from Old tool 

that will allow you to make a copy 

and add or subtract a margin.  Here 

the volume is copied in all respects 

except its name. 

Into a Fused Image Set 

You don't have to rename the new 

volume if the stacked image set that 

you are copying the volume into does not all ready have a volume with that name. 

 

Select the image set that you are going to copy the volume to.  Then select the image set 

you are going to copy from.  A list of the volumes that are in the "from" image set is than 

listed.  You must pick one of these volumes by clicking the mouse on that choice.  Then 

hit Copy. 

 

If the two image sets are not fused, you will get an error message. 

 

If the volume name all ready exist in the "to" image set, you will also get an error 

message.  You will then have to type in a new name that the volume is to have in the "to" 

image set, and hit the Copy button again. 

 

The new volume will come up active to draw in all 2d and 3d frames, regardless of the 

status of the volume copied from. 

 

Hit Dismiss if you decide not to copy a volume. 

 
Copy Volume Popup Tool 
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Output Contours 

This is an option under the Stacked 

Image Sets pull down menu, on the 

Stacked Image Set Options toolbar.  The 

option will allow for writing out the 

contours of the image set in two 

different forms, 2D contours coupled 

with images, and 3D contours. 

Select Volumes 

The user must select the outlined 

volumes whose contours are to be 

written out.  More than one volume may 

be chosen. 

Write Out 2D Contours 

The first option will write back out the 

Dicom image files with the contours that 

lie within each image spliced into that 

file.  Note that only contours that are 

coplanar with and lie on the image plane 

will be written out with the image.  

Other contours that do not lie in any 

image in the image set will not be 

written out, such as contours outlined on reformatted planes.  The contours will be 

written in the pixel system of the image with two coordinates per point.  Each contour 

will be labeled with the name of the outlined volume that the contour came from.  There 

is a limit of 128 contours per image file under the 50xx group tag, but you are unlikely to 

have outlined more than 128 contours on a single image in the image set. 

Write Out 3D Contours 

The second option is to write all contours out into a Dicom file that will not contain an 

image.  The file will hold all three coordinates for each point on each contour in the 

coordinate system assigned to the image by the imaging system.  The coordinates will be 

in centimeters.  As Dicom has a limit of 128 contours per file using the 50xx group tag, 

more than one file will be written out if there are more than 128 contours in total.  Each 

contour will be labeled with the name of the outlined volume that the contour came from. 

Output File 

The byte order of the file will be that of the image files for the image set that were read.  

A file header as specified by PS 3.10 will not be appended to the front of the files. 

 

In either case the user must select or create a directory to write these files to, and provide 

a root file name.  The file names will have a comma and number appended to the root 

name for each file. 

 
Output Contours Popup Tool 
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Moving an ROI Volume 

 

Simply pick any two dimensional display of the image set. Click the left mouse on the 

frame to make that frame current.  Then click the left mouse any where on that image.  

The nearest contour that is also parallel to that plane will be drawn.  As you drag the 

mouse, the contour will move.  In a plane where the contour intersects the plane (such as 

contour from a transverse plane in a coronal or sagittal view) the intersection of contours 

will be drawn with that plane.  If there are a lot of contours, some will be skipped for the 

drawing to improve the draw time.  You can change which frame you want to move in. 

 

Moving Couch Model Example 

 

An example of  dragging a TomoTherapy Couch ROI volume after selecting it from a 

template is shown below.  On a Windows machine the contour is drawn in XOR logic as 

it is dragged.  On linux you will see a red outline (in the overlay planes). 

 



Section 10, Outlining Regions of Interest, page  27 

 
 

You will drag the contour to align it with the CT image.  Be sure to check a sagittal view 

and a 3D view.   

 

In the sagittal view you will see the intersection of the contours with the plane: 
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In the case of a couch model, if the template couch model is not long enough, then simple 

go to each end CT scan.  Select Mouse Contouring, hit Show Next, then Use, then 

Accept, to add the contour in the plane you are in.  Do the same at the other end CT scan. 

 

The contours will not be redrawn until you hit the "Done" button. 

 

Beaware that contours from a prior stacked image set might not correspond to a plane in 

the new set, and so will not be drawn anywhere.  Review the ROI volume in a 3D view.  

Use frame control to display contours as well as the surface rendering. 

 

A volume that has no contours cannot be moved.  Nor can the movement be dragged in a 

3D view. 

 

Save Volume as Template 

  

This function will copy the currently selected file to a sub-directory VolumeTemplates.d 

of the data directory which is defined by the location file DataDir.loc in the progam 

resource directory (in turn defined by the file rlresources.dir.loc in the current directory 

where the software is loaded). 

 

Each ROI volume is a directory, and the directory name defines the name of the volume.  

Therefore you can rename the template by renaming the directory for that template. 

 



Section 10, Outlining Regions of Interest, page  29 

Select Template for Volume 

 

This function will allow you to select a stored template and read it in and add it as an ROI 

volume to the currently selected stacked image set. After you have done so, use the Move 

Volume on the Volume pulldown menu to move the volume to a correct location.  See the 

Help button on the move control popup.  Be aware, that a contours from a different image 

set might not correspond to any CT scan coordinate in the set you are moving to, and so 

might not show up (except when using the move function). Review the volume in a 3D 

view. 

 

See comments above in Move Volume if you are copying in a couch model. 
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IsoSurfaces 

An isosurface is created by considering the stacked image set to be a three dimensional 

array of numbers.  Each number is the pixel value of an image that makes up the image 

set.  We can specify a value and find the surface the separates regions less than the value 

from regions greater than the value.  The three dimensional surface is analogous to 

contour lines on an elevation map, where the contour lines are on a constant elevation and 

divide higher elevations from lower elevations.  An isosurface is also referred to as a 

constant level surface.  At this time we do not bit map the isosurface and so cannot refer 

to its volume. 

 

In this implementation we have restricted the isosurface generation to the images shown 

on a screen.  If the screen is that which displays all the images of a stacked image set, than 

the isosurface is made from the entire image set.  However, one could put select images 

on another screen and generate isosurfaces from just those images.  The process uses only 

images that are in parallel planes.  For example, one could reformat a series of coronal 

images on a separate screen and generate an isosurface from that. 

 

To access isosurfaces, go to Contouring on the main tool bar and select Isosurface.  On 

the isosurface tool bar, there is an option menu on the right that allows one to select an 

isosurface.  The items on the IsoSurface pulldown that is between the option menu for 

selecting the image set and option menu for selecting an isosurface, pertain to the 

currently selected isosurface in most cases. 

 

On the IsoSurface pulldown select New IsoSurface to create a new isosurface.  The color 

defaults to gray.  Specifying a name, color, material properties, a description, are similar 

to that for outlined volumes above and so we will not repeat that material here.  Likewise 

Frame Control and selecting active or inactive are the same except that an isosurface is not 

drawn in 2d images and so the 2d control has no effect. 
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Select Isovalue Popup 

To create an 

isosurface you 

must specify an 

isovalue.  The 

value we select is 

the voxel value 

for the image set.  

Typically for CT, 

the Hounsfield 

number for air (-

1000) 

corresponds to 

24,  water (0) to 

1024, and 

Hounsfield +1000 

to 2024.  Simply 

add 1024 to the 

Hounsfield 

number to get the 

pixel (voxel) 

value actually 

stored. 

 

On the IsoValue pulldown select Select Isovalue.  A popup appears whose controls we 

describe below. 

Voxel Value 

You can find the value of any voxel by simply clicking the mouse on any image in the 

current image set that you have selected.  We simply show the value at the top of the 

Select IsoValue popup. 

Select Isovalue 

You may then select the isovalue that you want to use by either sliding the scale, or 

adjusting the wheel for finer control, or by typing in the value in the text field provided.  

When typing in, you must hit the Enter key after entering the number you want. 

Volume Restriction 

You may restrict the surface found to that within a volume that you have outlined.  For 

example, if you want to see a lung isosurface (using CT), select an isovalue in the range of 

300 to 800, but restrict to inside the body surface outline.  Otherwise, you will also pick 

up the body surface since it also borders between values of the order of 1024 and 0.  For 

bone you usually need not restrict the surface to any volume.  You may have other reasons 

to restrict the surface to that within some outlined volume. 

 

 
Specify Isovalue Popup 
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The restriction is to the interior of the outlined volume, but also excluding those voxels 

that are in but on the edge of the volume.  If you later delete the volume selected, you 

won't be able to regenerate the isosurface restricting to that volume since the volume 

would now be gone.  Any further changes to the restricting outlined volume will have no 

effect upon the currently generated isosurface.  You would have to delete the isosurface 

and regenerate it if you want a change in the restricting volume to effect the isosurface. 

Maximum Size Array Dimension 

Another consideration is the maximum array dimension allowed.  If your images are 

512x512 for example and this value is set at 130, then the image data will first be reduced 

to 128x128 by averaging pixels and then an empty row of pixels is added to all sides to 

make the final result 130x130.  Increasing this value will greatly increase processing time, 

drawing time, and memory used by the system.  Averaging down the image size will 

reduce details however.  Further reductions in resolution occur with the generation of 

more than one set of surface triangles, and the result that is drawn in a window will 

depend upon the size a triangle will project to on the screen.  You have control of that in 

Frame Control.  A surface rendering algorithm is used to generate an isosurface.  The 

surface found is saved to disk and retrieved when you retrieve the image set. 

Select Inside/Outside 

For lack of a better place, we put a control here for the definition of what is the outside 

surface of an isosurface.  For bone with CT the larger number would be on the inside, 

whereas for lung, the larger number would be on the outside.  You can change this choice 

at any time, and it takes effect immediately if the surface is all ready generated.  The OK 

and Cancel buttons below have no effect and do no apply to the status of this choice. 

OK to Proceed 

When you hit the OK button the program will proceed to generate the isosurface for the 

images of the selected image set on the current screen you are looking at.  Normally you 

would pick the screen that shows all the images of the image set.  However, you may 

create and use some other screen.  However, the program can only use images that are 

coplanar.  If more than one group of coplanar images is found on the screen, the program 

will simply use the group with the largest number of images.  We do not believe any 

further sophistication is necessary as you are in control of building the screen. 

 

If none of the parameters have changed since the prior surface was generated, the 

algorithm will not be run again, regardless of any change in the screen.  You can change 

the isovalue by a single digit if you are effecting some change in the images used and want 

to force a new surface generation.  If the restricting volume has been changed, than a 

parameter has been set accordingly to generate a new surface upon hitting OK. 

Cancel 

Cancel will simply pop down the popup without anything happening. 
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3D Views 

This program provides for three dimensional solid model views.  To see these views you 

must be on a system that supports Open GL and have 24 graphics planes.  Otherwise you 

will only be able to see wire frame.  The objects seen in a 3d view are sitting in an xyz 

coordinate system.  This is referred to as the spatial space.  The X, Y, and Z axes are 

drawn in the view with the label of each axis at the positive end.  Your viewing window is 

also assigned a coordinate system.  The orthogonal axes are assigned the labels u, v, and 

w.  The u axis is horizontal across your screen from left to right.  The v axis points 

vertically upward.  The w axis points out of the screen toward you, the viewer.  The origin 

is at the center of the screen.  The view is perspective in that objects further away appear 

smaller.  The origin of the u,v,w system in the spatial system is called the principle point.  

Coming out along the w axis toward your eye, the eye position is called the center of 

perspective.  The distance from the principle point to the center of perspective is the focal 

distance. 

Creating a Room View 

On the main tool bar go under the 

Stacked Image Sets pulldown to 

Display Room View.  Select an image 

set from the option menu.  Then click 

the mouse on an empty frame where 

you want to show the room view.  If 

there are not empty frames, then make 

a new screen by hitting the Screen Control button to the right of your screen.  Screens 

which do not have a button in empty frames cannot have anything deposited in those 

frames.  This applies to the screens used to display all of the images of a stacked image 

set. 

 

 
Display Room View Popup Tool 
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After you have selected the image set and frame, hit the Apply button. 

Window Viewing Controls 

Around the perimeter of the 3d window are wheels to control the viewing angle and 

position.  The wheels control: 

left bottom wheel:  translates the principle point along the u axis in the spatial system.  The 

effect is that objects appear to move sideways. 

middle bottom wheel:  changes the focal distance.  The effect is that objects appear to get 

larger or smaller. 

right bottom wheel:  rotates around the current v axis. 

bottom vertical wheel:  rotates around the current u axis. 

middle vertical wheel:  rotates around the current w axis. 

top vertical wheel:  translates along the v axis. 

 
A 3d room view 
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Controls on the Rotate Pop Up 

When you hit the Rotate button to the right on your screen you get more controls on a 

popup. 

Rotate around x, y, z axes 

At the top are controls for rotating the object around the X, Y, and Z axes respectively. 

Theta, Phi, and Twist 

On the pop up your line of sight is converted to spherical coordinates in terms of theta, the 

rotation around the Z axis, then phi, a rotation from the Z axis.  Lastly twist is a rotation 

around that line of sight, and is a duplicate of the control on the room view window.  The 

use of spherical coordinates allows for a system to specify a specific viewing direction.  

 
3d View Rotate Control Popup 
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The order of rotation is theta, phi, and twist for computing these values.  You may specify 

these angles in any order and you will arrive at the same vector. 

 

The angles are shown in degrees.  We do not show the angle values around the u or v axes 

because the axes themselves move and because the order by which you perform rotations 

will give a different result for the same angles.  We do not show an angle of rotation 

around the x, y, or z axes for this reason also.  Rotation around the u and v axis provides 

an intuitive system where the object always appears to rotate sideways when rotating 

around the v axis, or up and down when rotating around the u axis. 

Focal Length 

This control duplicates that on the 3d view window, middle button.  The focal length is 

the distance from the eye to the principle point.  Making the focal length longer has the 

effect of making the objects look smaller.  The focal length is shown in centimeters. 

Field of View Angle 

The field of view angle is initially 25 degrees.  As you increase the focal length you will 

see more of the object as it appears to get smaller on the screen because you are moving 

further away.  Increasing the field of view angle also will make objects appear to get 

smaller.  Changing the focal length changes your perspective view whereas changing your 

viewing angle does not.  We have picked 25 degrees as a default to correspond with the 

perspective of your viewing a 28 cm high screen at a distance of about 60 cm.  The field of 

view angle is shown in degrees. 

Translate Principle Point 

The x, y, and z translate controls allow you to move the principle point in the x,y,z object 

coordinates system.  The principle point is the point in 3 space that you are looking at, and 

is dead center in the 3d frame window.  The position of the principle point is shown in 

centimeters.  The focal length is the distance from the principle point to your eye location, 

the center of perspective.  Theta, phi, and twist rotations are around this point as well as 

rotations around the u and v axis.  As mentioned above, you can also translate along the 

current u, v, and w axes.  The new principle point will be reported in x,y,z coordinates.  

The u and v controls are on the 3d window.  The w translate control is on the popup. 

Near and Far Planes 

For solid model drawing with Open GL, there is a near plane and far plane.  Only points 

inside the frustum between the near and far planes are drawn.  The near and far planes are 

computed as you move your eye location to include the objects that you are looking at.  

The distance is shown in centimeters from the eye location.  For wire frame drawn under 

the X protocol, the near and far planes have no effect. 

 

You can toggle off the near/far plane automatic computation if you want to specify the 

location of the near and far plane and not have it change as you change your viewing 

location.  Note that as you make the focal length smaller, at some point the eye location 

will have to push the near and far planes further away to keep them in front of the eye 



Section 12, 3D Views, page  5 

location.  We enforce a minimum distance of 1 cm to the near plane, and a minimum 

distance of 1 cm from the near plane to the far plane. 

 

If you don't toggle off the automatic near/far control, then as soon as you change anything 

else the near and far planes will be moved. 

Graphic Aid 

The Graphic Aid will 

show a view of the object 

and your viewing frustum 

to further assist you in 

understanding where you 

have put your eye and the 

near and far planes.  This 

view point has its own 

controls for its viewing 

location.  Your eye is 

where the four corners of 

the frustum come 

together. 

 

For further understanding 

you need to read the 

Open GL Programming 

Guide, ISBN 0-201-

63274-8, Addison-

Wesley Publishing Co., 

by Jackie Neider, Tom 

Davis, Mason Woo. 

 
3d View Graphic Aid Popup 
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Light Control 

We have provided complete control over the light model used.  To understand the 

parameters of the Open GL light model, we refer you to the Open GL Programming 

Guide whose reference was given above.  We have chosen defaults which should make it 

unnecessary for you to mess with the light model or lights. 

 

We have not fully supported all options for Open GL 

lighting.  Open GL guarantees up to 8 lights supported.  

Here we provide control for only one default light.  The 

position of the light here may only be specified relative 

to the viewer.  Also at this time we do not provide for 

spot light control.  Otherwise the lighting equation may 

be controlled.  Normally you would only provide for a 

white light, but you do have the controls to make a 

colored light.  With the light intensity popups, the top 

slider will set all three components of the color the 

same.  Adjusting any of the bottom sliders will allow for controlling the red, green, and 

blue intensities separately. 

 
Light Model Control 
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We did provide for two sided lighting.  You 

select two sided lighting under the Light 

Model.  Then for each outlined region of 

interest, go under Material Properties if you 

want to have a different color on the back 

side.  The same applies for isosurfaces. 

 
Light Control Popoup 
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Save Frame 

You can save the configuration of a 3d room view on an image set under the Save Frame 

option.  Select Save Frame under the Frame pulldown on the main menu.  What is saved is 

the point of view and the frame specific options for each object that is drawn.  This 

includes transparency status and clipping planes.  Note that the configuration of 2d images 

can also be saved with this tool.  You will have to enter a unique name for each frame that 

you want to save.  A separate list is kept under each stacked image set.  To restore select 

Restore Frame.  Click the mouse on an empty frame on a screen that you have created. 
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Material Properties 

To change the reflecting properties of the objects drawn, referred to as material 

properties, you must go to the object's control.  For region of interest contoured outlines, 

go to Contours and then look under Volume: 

 

Isosurfaces have a similar control.   

 

Color and reflectance is a global property for each object.  Transparency, wire frame 

versus solid, etc., are frame specific and can be changed under Frame Control for that 

object for application in a specific frame.  For more information look also in the above 

chapter on Outlining. 

Contouring -> Contours -> Volume -> Volume Properties -> Material Properties 
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Materials Properties Popup Control 

 



Section 12, 3D Views, page  11 

Clipping Planes 

 

Outlined regions of interest volumes and isosurfaces may be clipped.  The clipping is 

specific to the particular frame and is not a global property for the object.  You can specify 

and position up to six clipping planes.  Any part of the object on one side of the plane is 

clipped.  Everything on the other side is not clipped.  With six planes you can clip down to 

a box of interest. 

 

To clip an outlined volume select clipping under the Volume pulldown on the contouring 

toolbar.  Likewise for isosurfaces look under the IsoSurface pulldown on the isosurfaces 

toolbar. 

 

On the clipping tool bar you can select one of six clipping planes at a time.  The clipping 

plane control popup will allow you to position the clipping plane. 

 

At the top of the popup you can turn the clipping plane on or off.  By default it is off.  

Turn it on to position the plane.  A grid representing the position of the plane will be 

shown.  Use the Theta and Phi angle controls to rotate the plane.  Phi is measured from 

the z axis, and theta is rotation around the z axis. The angles shown are in degrees. 

Given a position, the Off Set control moves the plane in a direction perpendicular to the 

plane with distance shown in centimeters. 

 

There is a color button that you can use to change the color of the clipping plane 

representation.  By default, the grids will be the same color as the clipped object. 

 

 
 

Clipping Plane Toolbar and Clipping Plane Control Popup 
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Because a clipping plane is specific to a frame, nothing is saved upon program termination 

unless saved with a frame. 
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Frame Control 

Depending upon the type of 3D frame presented, there will be Frame Control pulldown 

menu as shown below: 

 

 

The top choice will be and 

Options popup which you can use 

to change the background 

between black and white, or select 

stereo mode (see below).  All 

structures that have controls for 

individual frames that are drawn in 

the frame can be selected from the 

list.  Individual structures may 

typically be turned off or on, or 

have the transparency mode 

changed.  The options available 

will vary with the type of 

structure, such as a region of 

interest outline (ROI) structure or 

an isosurface for two examples.  On the contouring toolbar there is an option to turn off 

and on ROI’s globally. 
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Stereo 

If you have a stereo graphics card and a means of mapping the output to a left eye and 

right eye view, then you can view 3D room views in stereo.  Use the Frame Control menu 

next to the room view adjusting wheels to select Option.  You will get the below popup: 

 

If the Enable Stereo is not grayed out, you 

can select stereo.  The control will be grayed 

out is a stereo visual could not be obtained.  

The program will draw to a left and right eye 

buffer, with a shift corresponding to the 

distance between a person’s eyes, here 

defaulted to 6.3 cm.  You can switch the left 

and right eye with the Switch Eyes button. 
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Points,  Labels, and Markers 

There are two facilities for locating and label points on images.  The points utility locates a 

point in three dimensions in a stacked image set.  The point will show up in any image that 

intersects the point and will show on 3d views.  The label for a point will appear close to 

the point.  Points are also used in image fusion.  Points are positioned with a left mouse 

click. 

 

Labels are specific to a plane.  For a stacked image set, the label will appear any time the 

plane is displayed.  On other images not part of a stacked image set, the labels are specific 

to the particular image.  The text for the label may be placed away from the point with a 

line drawn to the point.  Labels are position with a button down drag release sequence 

with the left mouse button. 

 

A markers is a sequence of connected points.  The marker is assigned a radius and is 

represented graphically by a cylinder which following and centered on the points, with 

joints at the points.  A marker consisting of a single point is drawn as a sphere.  

Points 

Points here are like labels, but the label stays close to the position of the point and is 

displayed in both 2-d planes and 3d views of the stacked image set.  To be displayed in a 

2d view, the plane of the 2d view must intersect the volume of the point.  The point is 

drawn smaller as the plane intersection approaches the edge of the point.  The distance the 

point is from the plane to be drawn is a parameter that can be set separately.  Points are 

 
The Points Toolbar and Locate Popup Control 



Section 13, Points, Labels, and Markers,  page  2 

displayed as spheres when they are large enough.  On 2d views they will be circles.  On 3d 

views, small points will take a diamond shape. 

 

The points toolbar is selected from the Stacked Image Set pulldown on the main toolbar.  

Select Options and then click on Points on the Options toolbar. 

Locating a Point 

Click the mouse on any plane image for the chosen stacked image set.  A temporary mark 

will appear at the position of the mouse click.  You may move this point simply by clicking 

again. 

 

You must than enter a point name.  This is the label that will appear at the position of the 

point.  Note also that a file name is made out of this label be replacing spaces with 

underscores.  Each label must have a unique file name.  The program will not allow you to 

create a point name that results in the same file name of another point. 

 

Select the diameter of the point with the slider.  Larger points will show up better on 3d 

views but may be obstructive on 2d views.  For this reason the diameter of the point that is 

drawn is specified separately for 2d and 3d views.  A 2d view is an image, whereas a 3d 

view is a perspective view. 

 

Because we are here defining a point in the three space of the stacked image set, another 

issue for 2d views is how far can the point be from the plane before it is drawn.  The 

minimum tolerance is 0.05 cm, to guarantee that round off error will not prevent a point 

from showing up when the distance from the point to a plane is computed.  Another plane 

that comes within this distance of the point will also draw the point.  However, the 

distance from the plane will reduce the radius that is drawn accordingly.  The radius of the 

intersecting circle with the plane is used.  A plane beyond the radius of the point will not 

draw regardless of the distance parameter.  There may be reasons why you would want to 

increase this tolerance, but normally you would not want to change it. 

 

Also for 2d drawing, you can specify a circle instead of a filled circle.  And you can then 

specify the line thickness of the circle.  This may be useful for outlining some particular 

point. 

 

Note that control is available to control whether points are drawn in 2d views separate 

from 3d views, under Control of the points tool bar below. 

 

You must also select a color for the point.  Once a color has been selected, you may 

continue to use the same color for other points that you create without having to reselect 

the color. 

 

To create the point whose specifications you have created, you must hit the Accept Point 

button.  Otherwise hit Dismiss to cancel or when you are done creating points.  
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Edit Point 

After a point is created and located, you may edit its characteristics such as size and color 

and the text for the label.  The only thing you can’t do is move the point.  To move a point 

delete it and create a new one.  Select Edit on the Points toolbar.  Then select the point 

from the list of points.  The edit tool will then pop up.  To change the color of a large 

number or all points, use the Control Points tool below. 

Delete Point 

Select Delete on the points toolbar.  You will be presented with a list of points.  Click the 

mouse on the items you want to delete and then hit the Delete Selected Items button.  

There will be no further confirmation. 

Control Points 

The control panel will allow you to turn on and off a point in all 2d and 3d windows.  This 

choice will not persist across termination of the program.  By default all points are shown. 

 

However, a mechanism is provided to change the color of selected or all points.  The color 

assignment will persist. 

Labels 

The labels toolbar is found under the Images pulldown on the main menu. 

 

Here you can label specific locations on an image.  The label consist 

of a line pointing to a location, that leads to a label. 

 

The label will only appear on the image you have labeled, or any other copies that you 

choose to display.  Use Points for locating points in a stacked image set that you want to 

see in 3d views.  Here labels are specifically only for two dimensional images. 

To create a label follow the steps: 

(1)  Type in the text for the label in the text field provided. 

(2)  Choose a color by hitting the Choose Color button.  Once a color is chosen, it remains 

for all additional labels you may create. 

 
The Label Toolbar, and an example label. 
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(3)  Hit the Locate button.  Then with the mouse, click and hold down the left mouse 

button on the point that you want to point to.  While continuing to hold down the mouse, 

drag to the location where you want the label to appear.  When you release the mouse you 

will have created a label. 

To change an existing label follow the steps: 

(1)  Hit the Select button.  Then click the left mouse button on an existing label.  Aim for 

the line connecting the point to the label.  The label should change color.  If you have 

selected the wrong label, simply hit the Select button again. 

 

You can now do one of three things, change the text, change the color, 

or change the location. 

 

1.  To change the text, simply edit the text field and hit the return key. 

2.  To change the color, simply hit the Choose Color button and select a new 

color. 

3.  To change the location, simply hit the Locate button and follow the rest of step 

(3) above for a new label. 

To delete an existing label: 

(1)  Hit the Select button and select the label by following the rest of step one above for 

changing an existing label. 

(2)  Then hit the Delete button.  A prompt will be made to confirm your choice to delete. 

Distances 

Distances between points can be found with the distance function.  Under Stacked Image 

Sets the distance between two points can span across images in the image set.  That is, 

one can click the mouse to locate one point on any image in the image set, and click the 

mouse to locate the second point on any other image in the image set.  Under the Images 

pulldown, both points must lie in the same image.  

 

Note that the distance computed between two points is dependent upon the 

pixel size read in the image file. 

Copying Points Between Fused Image Sets 

This is accomplished on the Fusion Options toolbar under Stacked Image Sets on the main 

tool bar. 
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On the popup tool, select 

the image set that the 

points are to copy to.  

Then select the image set 

that the points are to copy 

from.  The points in the 

copy from image set will 

be listed in the scrolled list 

area.  Select the points 

that you want copied.  

Note however, that if a 

point with the same label 

all ready exist in the copy 

to image set, that that 

point will not be copied.  

Each point, once copied, 

will become part of that 

image set’s list of points 

independent of the point in 

the image set it came 

from.  The points will be 

drawn in the image set 

along with all the other 

points in that image set.  In the copying process, the coordinates of the point will be 

transformed from the coordinates in the copy from image set to the equivalent location on 

the to image set using the fusion solution.  Any future change in the fusion solution will 

not effect the location of this point.  The point will remain fixed until you delete it. 

 

Markers 

The marker toolbar is selected from the Stacked Image Set pulldown on the main toolbar.  

Select Options and then click on Markers on the Options toolbar.  The marker toolbar 

with the Locate popup is shown below: 

 

 
Copying Points Between Fused Image Sets. 
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You can trace out and locate a marker with the mouse, edit some properties of the 

marker, delete markers, and control their display in 2D and 3D views. 

 

Locate 

The marker is located by clicking the left mouse on each successive point starting at one 

end of the marker and proceeding to the other end, although a marker can consist of a 

single point.  Dragging the mouse is not supported. 

 

For a physical object: 

If the marker intersects CT scans at a single point, then follow the marker through the CT 

scans, clicking the mouse once on each CT scan at the intersection point (you might have 

to first select the frame with the mouse).  If the marker appears in the plane of a CT scan, 

follow that section on the CT scan, using judgment as to when the marker center has 

crossed into the next CT scan space.  For a brief section, the center point may be 

sufficient. 

 

The marker is assigned a label which will appear with the marker in a particular 2D plane 

or at the beginning in a 3D view.  Marker labels must be unique.  The marker label is used 

for the file name to save the marker and the text may be changed to produce a legal file 

name. 
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The tolerance distance for the sequence is for the construction of the surface of the marker 

at a given radius.  Intermediate points are omitted if the distance of a point from the line 

connecting an earlier and later point is less than the tolerance distance. 

 

The line width selection controls the width of the line in 2D renderings and 3D wire frame 

renderings. 

 

The “Solid Fill/Wire” toggle button controls whether the marker is solid filled on 2D 

renderings or just a wire outline. 

 

The marker diameter controls the diameter of the rendered marker in 2D and 3D 

renderings. 

 

The color controls the color of the marker. 

 

To enter a marker, hit the "Start Marker" toggle button and begin to click the left mouse, 

starting at one end and proceeding to the other end.  The middle mouse button will back 

up one point at a time or use the "Backup" button on the locate popup.  The "End/Save 

Marker" is used to close the marker and save it in a file.  The right mouse button will also 

close and save the marker.  A point is not added with the right mouse button.   But with 

the “Enable Zoom with Mouse” button in, the middle mouse and right mouse will invoke 

the zoom function of the image frame rather than backup one point or end the trace.  

Leave the Enable Zoom button in if you need to zoom in on a particular spot.   The middle 

mouse button with zoom in the image with the center where you click the middle mouse 

button, the right mouse button will zoom out.  You can change the Enable Zoom button 

during a trace.   

 

The Cancel Marker button can be used to cancel a marker that has been started.  Cancel is 

also effected by unselecting the start toggle button. 

 

Edit 

All the properties of the marker can be edited except the position of the points that define 

the marker.  Delete the marker and reenter it to change the points. 

 

Delete 

You can select markers to delete. 

 

Control 

You can select specific markers to turn on and off in 2D and 3D views, and you can 

change the color of all selected markers as a group.  There is otherwise no individual 

frame control for a marker. 
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Stereotactic Frame 

Select the toolbar for the stereotactic frame under Options under Stacked Image Sets on 

the main toolbar. 

Stereotactic Frame File 

You must write a file for the stereotactic frame that you are going to use.  Example files 

are under the directory frames.d in the program resource directory.  The format of the file 

is documented in the example files.  See the ASCII file standard in the Program Resources 

Files Chapter.  The comments do not have to be present in the file but help to document 

what is in the file.  An example stereotactic frame file follows here: 

 
/* file format version: */ 1 
/* name of the system: */ <*example frame file*> 
/* Number of rods = */ 9 
 
/* Following below will be the diameter of each rod, and its 
end points.  The rods will be numbered by the below order. 
 
                     All in Centimeters 
Diameter  x       y      z        x       y       z */ 
 
0.9525  14.0     0.0    9.25    14.0     0.0    -7.65 
0.635    7.36   11.51   9.25    13.64    0.62   -7.65 
0.635    7.0    12.124  9.25     7.0    12.124  -7.65 
0.635   -7.0    12.124  9.25    -7.0    12.124  -7.65 
0.635  -13.64    0.62   9.25    -7.36   11.51   -7.65 
0.635  -14.0     0.0    9.25   -14.0     0.0    -7.65 
0.635   -7.0   -12.124  9.25    -7.0   -12.124  -7.65 
0.635    6.29  -12.124  9.25    -6.29  -12.124  -7.65 
0.635    7.0   -12.124  9.25     7.0   -12.124  -7.65 

 
The Stereotactic Toolbar 
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/* Next follows for the typical use of the frame the 
conversion matrix FROM the coordinate system of the frame TO 
patient IEC coordinates.  This matix will typically be a 
rotation matrix only.  The last row of:   0  0  0  1    is 
NOT entered.  This matrix is used for the purpose of 
displaying patient IEC axes on a 3d view of the frame along 
with the frame's coordinate system axes.  Locating the rods 
on the images will establish the actual transformation 
between the patient's coordinates and the frame's 
coordinates. 
 
Here we have a translation of (1.0, 1.0, 1.0) so that the 
two axes are not drawn on top of each other initially. 
*/ 
 
     -1.0     0.0     0.0     1.0 
      0.0     0.0     1.0     1.0 
      0.0     1.0     0.0     1.0 
 
/*  color name for the system of rods: */   <*seashell*> 
/*  color name for a picked rod: */         <*red*> 
 
/* The following are material properties for the rods: */ 
/* ambient */    0.5 
/* diffuse */    1.0 
/* specular */   0.0 
/* emission */   0.0 
/* shininess */  0.0 
/* transparency (0 clear, 1 opaque */ 0.75  
 

The above is an example file and must not be used without confirmation and testing as 

described below. 

 

In the file you must specify the coordinates of the end points of each rod and the diameter 

of each rod.  To do so you must determine each end of each rod in the coordinate system 

of the stereotactic frame.  What the program does is solve for a rigid transformation 

between the patient coordinate system and this stereotactic frame coordinate system (see 

under Image Fusion for the definition of a rigid transformation).  Points located in the 

patient system can then be reported in stereotactic coordinates. 

 

The file you write completely determines what will be the stereotactic 

coordinate system when you enter the rod coordinates.  You must test the 

result. 

 

In the file you will also provide the first three lines of the transformation matrix that will 

rotate and translate the stereotactic space to patient IEC space.  This matrix should consist 

of a 3x3 rotation matrix with the last column representing a translation.  The last row is 

the vector (0,0,0,1)  which provides for translation in matrix multiplication with vectors of 

the form (x,y,z,1) and is not written in the file.  The IEC system has the positive Y axis 
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pointing toward the patient’s head, the positive Z axis pointing anterior, and the positive X 

axis pointing to the patient’s left.  This transformation matrix must be provided so that the 

program can draw in both the patient IEC axes and the stereotactic frame axes on the 

same 3d view of the stereotactic rods.  This drawing will help you to turn the 3d view of 

the stereotactic frame so that it is positioned similarly to its presentation on the 2d images 

you will be locating the rods on.  The IEC axes will be drawn in the color used for axes 

(defined in file FrameAxesColor in the program resource directory).  The stereotactic axes 

will be drawn in the unpicked color of the rods defined, in the stereotactic frame file. 

 

The rods in the file will be numbered in the order in which they are listed in the file.  A CT 

or MRI scan will represent a plane that intersects the rods.  Where the image plane 

intersects a rod, a cross sectional image of the rod will appear in the image.  You will have 

to locate on the image which rod is rod one in the file, and then which rod on the image is 

rod 2 in the file, and so on for all the rods.  To do this you will pick each rod on a 3d view 

of the rods, and then locate the corresponding rod on the image.  It may be important that 

you can orient the 3d view of the rods to correspond to the orientation as seen from the 

images. 

 

Be aware of a rod frame design that is symmetrical.  If there is more than one 

orientation that matches the intersection with images, you could mistakenly 

match the rods up with the wrong intersection images.  To do so would result 

in an incorrect solution. 

 

Consider for example the Leksell frame made by Elekta Instruments AB (Sweden).  The 

CT rod frame consists of side pieces with two parallel lines and a connecting diagonal line.  

There is also an anterior plate again with two parallel lines connected with a diagonal line.  

However, the anterior plane can move relative to the side pieces and so moves relative to 

the coordinate system of the frame.  For our purposes this presents a problem since we 

have to know the coordinates of the end points of the lines that show up on the CT scans.  

If the anterior plane can move, than the coordinates can change and may be wrong.  

Therefore you must either not use the anterior plane or be sure that it is in a particular 

position for which you have determined the coordinates (you might consider pinning or 

fixing the plate to one position if you are going to seriously use this frame with this 

software).  But without the anterior piece, the side pieces are symmetrical; you can flip the 

system upside down (head to feet) and the rods can still be matched up to align with the 

CT scans.  But you would be matching the wrong rod with the image of a rod.  You 

would be determining stereotactic coordinates incorrectly, flipping points from anterior to 

posterior and head to toe in this case. 

 

The program solves for the orientation of the rod frame mathematically without any 

assumptions about the rod frame being parallel to or oriented in any particular way with 

the imaging system.  This removes the dependency of aligning the system in any particular 

way with the imaging system and provides for a generic approach that will work with any 

frame design.  Further, misalignments during imaging are no longer a concern. 
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But frame systems do generally attach to the patient in a particular orientation.  The 

transformation matrix between the stereotactic system and the patient IEC system 

provides a visual clue for matching up the rods correctly.  In our Leksell example above, 

the Leksell system has the positive Z axis pointing towards the patients feet, the positive Y 

axis pointing anterior, and the positive X axis pointing towards the patient’s left.  The 

rotation and translation matrix from the Leksell stereotactic coordinate system to the IEC 

system is thus: 

 

1.0 0.0 0.0 -10.0 

0.0 0.0 -1.0 +10.0 

0.0 1.0 0.0 -10.0 

0.0 0.0 0.0    1.0 

 

Note that in the file the last line of the matrix is assumed and not entered, since it will 

always be (0,0,0,1).  Multiplying this matrix on the right by the column vector (x, y, z, 

1.0) will give the result (x -10, -z +10, y -10, 1.0), where we see that the x coordinate 

remains the same, the new y coordinate is negative the z, and the new z coordinate 

corresponds to the old y.  Note that we moved the origin of the stereotactic system to the 

center of the frame in IEC coordinates.  This is just for convenience and appearance sake 

on the 3d view. 

 

After solving for the transformation between stereotactic coordinates and patient IEC 

coordinates, the patient IEC coordinate axes are redrawn in the stereotactic space on the 

3d view of the rods in the position determined by the solution.  This serves as another 

visual clue to the correctness of the solution. 

 

As noted above, you are completely responsible for testing the program with your frame 

file.  Particularly, if you are going to locate points in stereotactic coordinates you must do 

a test with a phantom to test the ability to locate points. 

 

To write a file for your frame, you could simply copy one of the example files and use it as 

a template for making the new one. 

Stereotactic Frame Test 

Procedure 

Choose a phantom of some sort that you can put in the frame and on which you can locate 

points that will show up on the scans.  For CT you can use small lead markers.  Place the 

markers on or inside the phantom.  But you will have to measure the coordinates of the 

these points in stereotactic coordinates.  You can do this either mechanically, or use a film 

method if the system provides a method for determining coordinates from orthogonal 

films.  Also consider carefully how you determined the coordinates of the rods.  A good 

test would be to use some method provided by the stereotactic system for determining the 

coordinates of the points to eliminate the possibility of performing the same error in 

determining the end points of the rods and the coordinates of the test points. 
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Scan the phantom.  You should use a small slice spacing.  Make note of the fact that the 

resolution perpendicular to the scans will depend upon the slice spacing and is generally 

larger than the resolution in the plane of the scans.  Locate the stereotactic frame and 

solve for its position.  Then use the points (under the stereotactic toolbar) popup to 

determine the stereotactic coordinates of the points visible on the images. 

Results 

If the scans are perpendicular to an axis in the stereotactic system, you may want to 

compute the distance between the two determinations of each point both in the plane of 

the scan and the three dimensional distance.  Let (stX,stY,stZ) be the coordinates of a 

point determined from direct observation of the phantom or measured with the 

stereotactic apparatus.  Let (pX, pY, pZ) be the coordinates determined with this imaging 

system from the scans.  Let us assume that transverse scans were taken and that they are 

parallel to the x,y plane of the stereotactic system.  Then for each point compute the in 

plane distance: 

 

In plane distance   =   sqrt( (stX-pX)*(stX-pX) + (stY-pY)*(stY-pY) 

 

And in three space for each point compute: 

 

Three space distance   =   sqrt( (stX-pX)*(stX-pX) + (stY-pY)*(stY-pY) + (stZ-

pZ)*(stZ-pZ) 

 

The results should be of the order of the larger of the measurement accuracy for 

determining the coordinates of the test points and the pixel size and slice spacing.  The 

accuracy in plane is limited by the pixel size of the images.  The accuracy in three space is 

limited by the the larger of either the pixel size or the spacing between the scans.  In 

general, you should be within one millimeter for most of your test points. 

 

You are responsible for establishing what the performance accuracy is for 

your equipment using the above test procedure. 

Select Frame 

Before locating a stereotactic frame you must first hit the New button on the stereotactic 

frame toolbar to choose one.  You will be presented a list of all the files that are in the 

program resource directory frames.d.  Choose the correct frame.  As there obviously can 

only be one frame bolted to the patient’s head (or one body frame in place), there is only 

one frame possible per stacked image set.  You must select the one that was used.  Most 

likely, you have only one frame to choose from. 



Section 14, Stereotactic Frames, page  6 

Locate Frame 

Hit the Locate button on the stereotactic frame toolbar to solve for the location of the 

frame relative to the patient.  The program solves for a transformation of coordinates 

between the patient space, defined by the stacked image set,  and the stereotactic space.  

The transformation is rigid, with only rotation and translation allowed. 

 

A popup will appear that will include a 3d view of the rods.  The first time you should 

check this carefully against the actual rod cage.  Carefully inspect the 3d presentation 

against the actual object.  They should agree.  Note also the direction of the stereotactic 

coordinate axes (shown in the same unpicked color) and the patient IEC axes (shown in 

 
Locate Stereotactic Frame Popup Tool 
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the default color for axes and labeled IEC).  The axes should be oriented correctly relative 

to the rods. 

 

You can select specific rods by clicking the left mouse on the 3d view of the rods.  The 

rod will change color.  You can unselect the rod by clicking again on a selected rod.  You 

can select all the rods or unselect all the rods with the SelectAll and UnSelectAll buttons. 

 

For the selected rods, click the left mouse on the corresponding image of each rod in the 

2d image from the stacked image set.  Locate the rods in the same order that you selected 

them on the 3d view of the rods.  If you had hit SelectAll, the order is the numerical order 

of the rods.  As you locate each rod on the image, that rod’s color will change back.  The 

select and unselect colors are specified in the specific stereotactic frame file that you are 

responsible for. 

 

You should locate all the rods in at least the first, middle, and last image in the series of 

stacked images.  After locating the rods on the images, hit Compute Transform to 

generate a solution.  A rigid transformation between the stereotactic frame and the 

coordinate system of the stacked image set is solved for.  The images are not solved for 

individually.  The relationship among the images is known.  If there has been patient 

movement during the imaging process some images may not align well with the solution.  

This will be evident below when you project the frame onto all the images of the stacked 

image set. 

 

From the solution, the points that were located on the images will be transformed to the 

space of the stereotactic frame and drawn in the 3d view.  Make the rods more transparent 

to increase the visibility of these points.  The points should all land within their respective 

rods. 

 

Note also that the average distance of the points from their respective rods is computed, 

along with the maximum distance seen.  This should give you some indication of how well 

things are going.  If you made an error and associated a point with the wrong rod, you 

should see a larger average distance and the maximum error seen should be large. 

 

After computing a transform you can add more rod location points and again compute the 

solution again. 

 

To remove specific points from the list used for computing a solution, simply click the left 

mouse on the point on the 2d display.  Note that the corresponding rod on the 3d display 

will not revert back to a picked status.  You can delete all location points with the Delete 

All Points button and start over again. 

Verification of Solution 

You should then verify the correctness of your solution by examining where the rod points 

you located on the 2d images fall within the 3d view of the frame on the locate popup.  

Then use Display Control to view where the rods intersect all the images of the stacked 
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image set.  In both cases the rods and their images should correspond exactly.  If you have 

made any kind of error, delete the solution and start over again.  The biggest source of 

error may be due to associating the images of a rod with the wrong rod.  Or patient 

movement may have occurred during the image scanning. 

Display Control 

Here you can control what is shown about the frame 

with the stacked image set.   The top toggle button 

controls whether or not the location points are 

drawn.  If you turn these points off, and then add 

more points, the new added points will be drawn.  

To turn them off first turn all points back on and 

then all off again to catch the additional new points. 

 

The second toggle button will allow the frame to be 

drawn where it intersects an image plane.  Use this 

feature to further check the correctness of the found 

transformation between stereotactic frame 

coordinates and all images of the image set. 

 

The last button will control the drawing of the frame in 3d views of the image set.  The 

transparency scale is for those views.  This does not effect the 3d view of the frame in the 

location popup.  At this time we don't provide separate control over individual viewing 

windows.   

 

Use these tools described here and above to check the accuracy of the stereotactic frame 

solution. 

Getting Stereotactic Coordinates of Points 

Use the Points button on the 

stereotactic tool bar to get the 

stereotactic coordinates of a 

specific point that you locate 

with the mouse on an image 

that is in the image set or is 

fused to the image set.  You 

have located the stereotactic 

frame in a stacked image set.  

Here when you locate any 

point in that stacked image set 

with the mouse the 

stereotactic coordinates of that point will be displayed. 

 

The stereotactic coordinates is the coordinate system of the stereotactic frame defined by 

the corresponding file in directory frames.d in the program resources directory.  The 

 
Stereotactic Display Control 

 
Get Stereotactic Coordinates for a Point Popup Tool 



Section 14, Stereotactic Frames, page  9 

coordinate system is defined by the coordinates of the end points of the respective rods 

used for localization of the frame. 

 

You may also locate this point in any other stacked image set that is fused to the stacked 

image set the frame was found in.  Be careful that you understand which frame 

coordinates you are locating a point in if that other fused stacked image set also has a 

frame.  You are finding the frame coordinates for a point in the frame that belongs to the 

stacked image set that was current when you selected the stereotactic frame option under 

"Options..." 

Delete Stereotactic Frame Association 

Lastly, use Delete to remove the stereotactic frame from the image set.  You should 

remove the frame if any error occurred concerning locating it.  You do not want the 

association lingering around if it is not right.  When the program is restarted and the image 

set is again selected, that association will remain unless deleted here. 
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Image Fusion 

You can fuse any two stacked image sets.  By fusion, we mean solving for a rigid 

transformation from the patient anatomy in one image set to the same anatomy in the other 

image set.  You can use the result to display the same plane in the patient in each image 

set. 

 

To accomplish image fusion there must be something in common between the two image 

sets that can form the basis of establishing the relationship between the two image sets.  

We have provided three separate tools for solving for the transformation between two 

image sets: 

 

(1)  If at least three distinct common points can be identified in each image set, the best fit 

of the transformation between the two sets of points can be solved for. 

 

(2)  If the patient had a common stereotactic frame system on for both image sets such 

that the anatomy is located identically relative to the respective stereotactic coordinates, 

 
Select image sets to fuse toolbar 

 
Select image fushion method toolbar 
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then locating the frame systems will provide a solution for image fusion.  This would 

happen, for example, if a frame system were placed on a patient who was then  imaged 

with CT and then MRI without moving the frame system.  The rod system might be 

changed out as long as they define the same coordinate system.  The program must rely on 

your knowing that the frame systems chosen for each image set in fact defines the same 

patient anatomy.   

 

Don’t use the stereotactic frame method to achieve image fusion if the frame 

systems used either doesn’t define the same anatomical points or was moved 

relative to the patient between the two stacked image sets. 

 

(3)  You may match common surfaces between the two image sets.  You will have to 

define those surfaces, either by outlining them with the outlining tools, or creating an 

isosurface.  A isosurface may be matched with an outlined volume.  Any number of 

surfaces may be matched up with a corresponding surface in the other image set for 

running a solution algorithm. 

Rigid Transformation 

By a rigid transformation we mean that only rotation and translation is allowed.  The axes 

cannot be warped or distorted.  Mathematically the upper left 3 by 3 matrix imbedded in 

the 4 by 4 transformation matrix is strictly a rotation matrix.  The columns of the 3 by 3 

matrix are unit vectors that are all orthogonal to each other.  The fourth column of the 4 

by 4 transformation matrix represents the translation.  For angles Phi (p), Theta (t), and 

Twist (tw), we can write the matrix as: 

 

 

where (xt,yt,zt) is the translation component of the transformation matrix. 

Matching Points 

This is probably the second most accurate method to find the fusion solution after making 

use of stereotactic frames.  We are going to assume here that you have distinct points that 

are visible in each image set and that you can manually match up the corresponding points 

from each image set. 

 

First you must identify and create the corresponding points in each image set.  Do that 

under the Points option for each stacked image set.  Go under Stacked Image Set on the 

main tool bar, select Options, select the appropriate image set, and then select Points.  On 

the Points toolbar hit Locate to locate the points.  Be sure to assign a name to each point 

that you will be able to relate to the corresponding point in the other image set.  You 

cos(t) cos(p) cos(tw) - sin(t) 

sin(tw) 

-cos(t) cos(p) sin(tw) - sin(t) 

cos(tw) 

cos(t) sin(p) xt 

sin(t) cos(p) cos(tw) + cos(t) 

sin(tw) 

-sin(t) cos(p) sin(tw) + cos(t) 

cos(tw) 

sin(t) sin(p) yt 

-sin(p) cos(tw) sin(p) sin(tw) cos(p) zt 

0 0 0 1 
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might also want to make sure that each set of points for each of the stacked image sets 

have a different color so that you will be able to distinguish them better when they are 

drawn on the same 3d view..  You might also want to make the diameter of the points of 

the order of 0.5 cm or larger so that they show up well on 3d displays. 

 

Then under Stacked Image Set on the main toolbar, select Fuse Image Sets.  On the next 

tool bar select the two image sets that are to be fused.  Then hit the continue button.  On 

the next toolbar select the Points method for image fusion. 

 

Three pop ups will come up.  A popup will have a list from which you can select matching 

pairs as shown below: 

 

 
 

A second contain a 3d view of the points from each image set that are selected as matched 

pairs: 
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The third popup has manual controls for you to get a good starting solution: 
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You have two options provided with the “Shift Only” toggle button shown above in the 

first pop up.   If you are only solving for shift along the x, y, and z axis, then select the 

toggle button IN.  You only need one matched pair of points to solve for a shift.   An 

average is computed if you select more than one matched pair.  Otherwise you need at 

least three points matched up to also solve for rotations.  You do not need a good starting 

solution if solving for a shift only as the computation is very simple.  The average distance 

along each of the x, y, and z axes is computed between the matched pairs of points. 

 

After selecting points to match from each image set, hit the Compute Fusion button to 

compute a transformation between the two image sets.  The average distance between the 

points will be shown after the solution and should be small of the order of 1 or 2 

millimeters.  The points drawn from the image set on the left side of the list popup will be 

moved using the solution to be drawn in the coordinate system of the second image set. 

 

If the solution fails, you may want to first try to align the two sets of points with the 

rotation and translation controls provided to provide a close starting solution.  The image 

set on the left in the list popup is moved to align with that on the right.  The horizontal, 

vertical, and twist rotations will probably be the most useful.  Use the rotation and 
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translation tools to move image set 1 to correspond to image set 2.  Horizontal rotates 

around the horizontal of the image display, vertical around the vertical, and twist around 

your line of sight.  Those controls are analogous to the controls you have on the display 

itself.   You can also rotate around the x, y, and z axes, or specify the angles in terms of 

the spherical coordinates. 

Fuse with Stereotactic Frames 

This is the simplest to use and probably the most accurate method to achieve image fusion.  

But the frame must have been in each image set in the same position on the patient.  The 

stereotactic frame must be first located on each image set.  Do this under Stereotactic 

Frame under Options under Stacked Image Set from the main tool bar and as described 

above under Stereotactic Frames.  As we noted above: 

 

The stereotactic frame used in each image set must define the same anatomy.  

This means that the frames, if not the same frame, are placed on the patient 

in the same position and the anatomy will have the same stereotactic 

coordinates in each image set.  Only the user of this software can determine if 

these conditions are met for each case. 

 

Other than that, one just selects this method and the solution is computed. 

Matching Surfaces 

This method is probably the less accurate and more prone to error method than either of 

the two methods described above.  If the patient is to be scanned sequentially with two 

imaging modalities, than you should plan on using either a common stereotactic frame of 

some sort, or create external points that will be common to both image modalities.  For 

using common points and CT to MRI for example, you will need some small external 

markers that can mark points on the skin and will show up on both CT and MRI.  The 

more such markers you use the more reliable will be the solution.  A minimum of three is 

needed but you should plan on more than that, six to eight.  However, if you did not have 

control of the imaging process you can still use internal points if they can be defined. 

 

Matching surfaces remains a final option for solving for image fusion.  You will get three 

popups like you did for the matching points method.  On one popup will be a list of all 

isosurfaces and outlined volumes for each image set.  You will then sequentially choose 

corresponding items to match up.  On the list outlined volumes are prefixed with OUT-, 

and isosurface volumes are prefixed with ISOS-.  You can match an outlined volume to an 

isosurface volume, since both have a surface. 
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Click the mouse on an item on the left stacked image set, and then select the 

corresponding item from the list on the right for the second stacked image set. 

 

If you want to remove a line in the middle matched surface list, select that line by clicking 

the mouse on it and hit the Remove button. 

 

You may specify more than one pair of structures to match. 

 

Note that you can match a surface from one list to two separate items on the other list.  

You are responsible for making sure that makes logical sense.  For instance you might 

have the complete surface in one stacked image set and two separate pieces of the 

matching structure in the other stacked image set. 

 

When you have completed the list of matched structures, you should attempt to rotate one 

set to align with the other.  The results of your manipulations will be visible in the popup 

room view provided.  The starting solution should be close for the matching algorithm to 

work.  The image set on the left in the list popup is moved to align with that on the right.  

The horizontal, vertical, and twist rotations will probably be the most useful.  Rotate 

image set 1 to correspond to image set 2.  Horizontal rotates around the horizontal of the 

image display, vertical around the vertical, and twist around your line of sight.  Those 

controls are analogous to the controls you have on the display itself.  You can also rotate 

around the x, y, and z axes, or specify the angles in terms of the spherical coordinates. 

 
Select Surfaces to Match Tool Popup 
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When done aligning the two image sets, hit the Match Surfaces button to perform the 

fusion process between the two stacked image sets.  The transformation will be searched 

for that minimizes the distances between the two surfaces.  One surface is left in tact, the 

default is to pick the surface with the larger number of triangles.  Points are selected from 

the other surface.  The closest distance from each point to the surface is measured and 

summed for all points.  The transformation that minimizes this sum is searched for.  A 

down hill search method is used for the search engine. 

 

You can override the program defaults for each matched pair by clicking on the matched 

pair in the middle scrolled list, and hit the control button.  Normally, there would be no 

reason to override the defaults except that you may want to select to use more points or 

force selection of which image set provides the surface and which the points. 

 

As an alternative you can hit the Save Solution after only manual alignment of the two 

image sets, as described below. 

 
The rotation and translation control for alligning two image sets. 
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Control for Matched Surfaces 

Hitting the control button for a 

selected match pair brings up a 

fourth popup.  On this control 

defaults for the selected matched 

pair may be changed. 

Select Surface Control 

One surface remains a surface 

defined by a collection of 

triangles, and the other surface is 

defined only by points taken from 

the list of vertices.   The surface 

with the greater number of 

triangles is taken as the default to 

remain the surface.  You may 

override this default by selecting 

the other surface with the toggle 

button provided.  Shown below 

each surface will be the number 

of vertices for that surface (the 

number of triangles is typically 

1.5 to 2.0 times the number of 

vertices).  Each vertex is unique, they are not repeated in the list. 

Number of Points 

Solution times are smaller for the smaller number of points used from the other surface.  

For the surface which is reduced to points, the slider controls the number of points used.  

A value of 1 results in all the points being used.  A value of 2 results in every other point 

being used, and so forth.  The bottom text field is simply the number of vertices divided by 

the increment, and is the number of points that will be used to compute the distance to the 

surface.  The average distance is than reported when the down hill solution algorithm is 

run. 

Points per Cell from Surface 

The surface is divided into cells of size 1/2 cm for small volumes and 1 cm for larger 

volumes.  The vertices of the surface are sorted into the respective cells that they are in.  

Given a point from the other surface, the cell is found that the point lies in.  The number in 

the slider controls how many points in the cell will be consulted to find the minimum 

distance.  The default is 10.  If there are 10 or less points in the cell all points in the cell 

are compared to the point from the other surface and the point which is closest is reported 

as the minimum distance to the surface.  If there are more than 10 points in the cell than 

some points are skipped so that the distance is computed to only 10 points, with the 

smallest distance being taken.  The more points per cell that is checked, the longer the 

solution time.  Most likely there will not be more than 10 points per cell.  Notice also that 

 
Control for a matched pair of surfaces 
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the distance to the surface is approximated from the distance to the vertices of the 

triangles that make up the surface and not to the triangle surface enclosed by the vertices.  

Computing the distance to each triangle that falls inside the cell would greatly increase the 

solution time given the large number of points and triangles.  Because of the large number 

of points, we can expect any resolution error from this approximation to average out.  

This part of the method differs from the below reference. 

Reference 

For more information on these concepts see: 

 

"Automatic three-dimensional correlation of CT-CT, CT-MRI, and CT-SPECT using 

chamfer matching", by Marcel van Herk and Hanne M. Kooy, Medical Physics, 21(7), July 

1994, pp. 1163-1178. 

An Example: CT head to MRI head 

For CT scans simply make an isosurface.  The default bone value should give a good skull 

but you might want to play with that value some.  A problem may arise if the patient had a 

stereotactic frame.  To get rid of the frame make a body outline (under Contouring to 

Contours).  Edit the contours to take out any contours that go around the stereotactic 

frame.  Then under the Volume pulldown on the contours toolbar, choose Make Volume 

from Old and make a new volume that is larger by some small margin, such as 0.5 cm.  

We will use this volume to restrict the isosurface to be within.  The reason for adding a 

margin to the body outline is that skull goes quite close to the skin and if we used the body 

outlines directly we will eliminate some skull.  Generate the isosurface restricting the 

isosurface to what is inside the body outline with margin. 

 

To generate a skull from MRI images, go under Contouring to contours.  Use the Auto 

Contour Screen tool.  Pick an image in the MRI image set and use the Contrast tool to 

reverse the contrast of the MRI image.  Adjust the contrast window width and center to 

make the black hole where the skull was (now white since we reversed contrast) to look 

as much like the skull in CT as possible.  Be sure not to create other anatomy that is not 

bone, such as the air cavities in the sinus.  You will have to compromise here.  Choose to 

keep inside contours on the Auto Screen Contour tool so you won’t also pick up the body 

outline, and hit the Apply to Frame to see what you get.  When satisfied that you have 

isolated the bone as much as possible, hit Apply to All Frames in Screen button on the 

Auto Screen Contouring tool to repeat the operation automatically on all images of the 

MRI image set.  Be sure to hit Accept Contour before dismissing the tool.  You should be 

able to generate a skull from this procedure from the MRI images. 

 

Match the isosurface skull from CT with the outlined skull from MRI.  You might also 

want to outline other structures such as the eyes to be matched up as well.  The more 

corresponding surfaces you can create the better.  You should then manually align the two 

image sets before attempting the auto algorithm. 
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Verification of Image Fusion 

After saving a solution for the transformation between two image sets you must verify the 

solution. 

 

First generate two side by side images of the same plane.  You may want to do this in 

more than one location.  Create a new screen with at least 2 frames across the top of the 

screen.  Use the Copy Move Image Plane under the Stacked Image Set pulldown on the 

main toolbar to select the plane from an existing image that is displayed for one of the 

image sets.  Deposit this image in an empty frame.  Use the Copy Move Image Plane 

popup to select the other image set and deposit that image next to the first in an empty 

frame. 

 

We would suggest that you adjust the contrast of the two images thus created to bring out 

the anatomy that is most likely to help in accessing the goodness of the fusion solution.  If 

is easier to adjust the contrast before using one of the two below compare tools, but you 

can adjust the contrast of each image separately with either of those two tools as well. 

CT to CT 

Under Images on the main toolbar use the Compare Images - Color Mix tool.  Places 

where the image data does not correspond will show as a color. 

CT to MRI 

Under Images on the main toolbar use the Compare Images - Checkerboard tool.  You 

can adjust the size and spacing of the checkerboard pattern to access how well the image 

data corresponds. 

 

Image Fusion Options 

Two options exist on the image fusion options toolbar.  This toolbar is found under the 

Stacked Image Sets pulldown. 
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Display Equivalent Planes 

Here one image set can be reformatted to display in the planes defined by the images in the 

other image set.  For every image in the copy from image set, an image will be reformatted 

in the image set selected to be displayed, regardless if that plane intersects the displayed 

image set.  An option also exist to display these equivalent planes side by side with the 

image data coming from one and then the other image set.  In either case a new screen is 

created.  For side by side images, the plane area will be the larger of the areas that 

intersect each image set.  For only showing the reformatted image set, the plane size will 

be large enough to show all of thedisplayed image set. 

 
Image Fusion Options Toolbar and the Display Equivalent Planes Popup 

Tool 
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Output Equivalent Planes. 

Selecting this option will cause the image set selected for output to be reformatted and 

written out in Dicom 3 format to correspond to the planes defined by another fused image 

set.  Like the display option immediately above, each plane of the other image set is 

copied and image data in the selected output image set is reformatted regardless of 

whether the plane actually intersects the image set.   

Plane Area 

The plane area will be defined by the image set supplying the image plane definitions, the 

copy from image set.  The plane coordinates will also be that of the copy from image set.  

Therefore the files will show the same coordinate system for the imaging system in the 

copy from image set, and pixel data from the other image set is simply substituted.  

However, the pixel size and hence image size may be different but the image area will be 

the same area (within the resolution of one pixel). 

Directory and File Name 

The user must select a directory to write these image files to and specify a file name.  

Normally a new directory should be created to hold the image files.  The directory is 

outside of the patient directory since these files are for export.  The files will have a 

comma and image number appended for each file that is written. 

Byte Order 

The user must also choose whether the output files are to be Little Endian or Big Endian.  

By default the program will pick the byte order that your computer is using.  Consider the 

 
Image Fusion Options Toolbar and the Output Equivalent Planes Popup 

Tool 
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integer number 1 which is stored in four bytes.  Big Endian would store this number as:  

00 00 00 01, most significant byte first, whereas Little Endian would store the bytes in 

reverse order:  01 00 00 00, least significant byte first, where we list the first byte first in 

the order that they appear in memory. 

 

This program can read Dicom files written with either byte order, but other systems might 

not have the flexibility.  The Dicom Standard seems to prefer Little Endian but that might 

not apply.  We suggest you use the default unless you discover the need for changing it. 

Interpolation 

As you are reformatting images, interpolation may be performed between slices.  The 

default is on and you would normally have no reason to turn it off. 

Dicom Specifics 

The Dicom file header specified in PS 3.10 is not appended to the files written out.  

Programs developed before this standard would not be able to read these files.  Hopefully, 

programs written aftewards would be able to read files with or without the header as this 

program can. 

Specific Dicom Tags 

The image type (8,8) will be: 

DERIVED\SECONDARY\REFORMATTED\FROMFUSION 

 

The instance creation date and time will be when the data is reformatted and the file is 

written out. 

 

The SOP Instance UID (unique identifier)  will consist of 1.2.840 followed by our 

company ANSI number, followed by the serial number of your computer, followed by the 

process ID (when the program was running), followed by the year, month, day, hour, min, 

second, and count within the second for each image file written out. 

 

The study and series date, times, and UID's for the same will come from a file in the image 

set that the pixel data came from.  However, the coordinates for the image will come from 

the other image set.  This is so that the source of the pixel data can be identified, but the 

image would be located relative to the image system from which the plane definitions were 

taken. 

 

All data except as noted below will from the image set providing the pixel data.  This 

includes the manufacturer's name, patient name, patient ID, and any other names.  Slice 

thickness and slice spacing will also come from the image set providing the pixel data. 

 

This computer and software will define the secondary capture device tags (18,1010), 

(18,1012), (18,1014), (18,1016), (18,1018), and (18,1019) which will also define this 

system that reformatted the images. 



Section 15, Image Fusion, page  15 

Source of Data 

The image set providing the plane definitions will provide the data for the following tags: 

(20,20), Patient Orientation (marks edge of image left, right, superior, inferior). 

(20,32), Image Position.  This is the coordinates of the upper left hand corner of the 

image. 

(20,37), Image Orientation.  This is the vectors defining in patient space the horizontal and 

vertical directions of the image. 

 

Data coming from this program are tags: 

(8,8), (8,12), (8,14), (8,16), (8,23), (8,33), (8,64), (18,1010), (18,1012), (18,1014), 

(18,1016), (18,1018), (18,1019), (20,13) image number, (28,2), (28,4), (28,10), (28,11), 

(28,30), (28,100), (28,101), (28,102), (28,103), (28,106), (28,107), (28,1052), (28,1053) 

 

All other date comes from the image set providing the pixel values. 

 

You can use the program DicomDump to view data in a Dicom file.  The syntax is: 

  DicomDump   name_of _file_to_read 

DicomDump will be found in either your home directory or in the directory tools.dir. 
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Installation Notes 

Specific installation and loading instructions should be provided with the media or form in 

which you receive the software.  After loading the software you will have to deal with the 

program resource file locators covered below, and with setting up the program to print to 

your Post Script printer, also covered below. 

 

The program is invoked by running the file System2100.  The program is linked with the 

shared library librlgen.so which must be in /usr/lib.  The program is an X/Motif program 

and X must be able to find the X/Motif resource file System2100Res.  The program will 

also look in the current directory for the file rlresources.dir.loc which will tell the program 

where a directory is that holds resource files specific to this application. 

 

The requirements are then that the file rlresources.dir.loc reside in the current directory 

when the program file System2100 is invoked.  The X resource file System2100Res must 

be in the home directory, in the /usr/lib/X11/app-defaults directory, or in a directory 

pointed to by an X environment variable.  The directory pointed to by the entry in the file 

rlresources.dir.loc contains files ending in the letters “loc” and entries in those files must 

provide the path to the directories and files that they point to.  These requirements are 

covered in more detail below. 

Single Machine Strategy. 

For a one user one machine environment it would be sufficient to simply load the program 

file into the home directory.  The file rlresources.dir.loc would be in the same home 

directory.  Those two files could also go into a subdirectory with the user doing a cd into 

that directory before invoking the program.  The X resource file System2100Res would 

reside in the home directory or in the /usr/lib/X11/app-defaults directory. 

 

If more than one user is to log into this same machine, than either all users can log into the 

same home directory, or each user’s home directory will have to have a copy of the 

rlresources.dir.loc file.  Customization for each user can be achieved by having the entry in 

the file rlresources.dir.loc point to a different directory.  If the X resource file 

System2100Res is in the directory /usr/lib/X11/app-defaults, than the file will always be 

found. 



Section 16, Installation Notes, page  2 

Network of Machines Strategy. 

With several machines tied together there are several strategies that can be used.  Each 

machine could simply have its own copy of the program and resource files.  However, the 

location files could point to common NFS mounted file systems, for example, the patient 

directory.  The executable copy could also reside on a common NFS mounted file system.  

It is only necessary that each user have the file rlresources.dir.loc in the current directory 

the user is to be in when the program is invoked, and that some means exist for X to find 

the X resource file System2100Res.  The System2100Res could either reside in the home 

directory of each user, reside in the /usr/lib/X11/app-defaults directory on each computer, 

or could reside in a common NFS mounted directory with an X environment variable for 

each user set to point to that directory.  

X Resource File 

The X resource file for the program is System2100Res.  The X system must be able to 

find this file which typically needs to be in either the home directory or in the 

/usr/lib/X11/app-defaults directory.  In Unix there are also environment variables that can 

be set to print to directories to look for X resource files.  Among these are 

XFILESEARCHPATH and XAPPLRESDIR. 

Shared Library File 

The file librlgen.so must be moved or copied to the directory /usr/lib. 

Program Resource Location Files 

A list of files used by the program is include in the next section Program Resource Files.  

Specific tailoring can be done in those files but probably will never be necessary.  Here 

however we are concerned with those files ending in the letters “loc”.  These files tell the 

program where to find other needed program files and directories.  When the program is 

installed, these files will locate files and directories relative to the home directory.  As long 

as the program is run from the home directory this will work.  However, if it is desired to 

be able to run the program from logins with other home directories, than these locations 

files should contain an absolute path to the files and directories that they point to rather 

then a path relative to the home directory.  Files and directories located with a location file 

can therefore be placed anywhere in the computer file system as long as the program has 

read access to those files.  Write access is needed to the patient directory. 

 

The locator files are: 

• rlresources.dir.loc:  This file must be in the current path when the program is invoked.  

It contains the path to the directory where the program’s resource files can be found.  

But these resource files do not include the X resource file System2100Res. 

• NewImagesDirectory.loc:  This file contains the path to where received DICOM 

image files can be found on the system.  DICOM receive should be set up to create 

subdirectories for different patients. 

• PatientDirectory.loc:  The file contains the path to the patient directory. 

• Programs.loc:  This file contains the path to the directory where other utility programs 

are kept. 
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• language.dir.loc:  Contains the path to where resource files are kept that are language 

dependent. 

• Within the language specific directory there is the file HelpDirectory.loc which 

contains the location of the Help files. 

• ps.dir.loc:  Contains the path to where information specific to the Post Script printers 

on the system are to be found. 

• tmp.dir.loc:  Contains the path to a directory that can be used for storing temporary 

files.  Note that the program will purge old files from this directory, so nothing 

permanent can be kept there.  All files to be printed are written to this directory. 

Setting up the printer resource files. 

Printers are driven from print ques.  Print jobs, consisting of a file to be printed, are 

submitted to the print que.  The program needs to know the names of the available printer 

ques, and which que is to be the default que. 

Below you will have to modify some files, where below “QueName” is to be replaced with 

the actual printer que name:  

• default.que is optional. 

• que_name_list is required. 

• QueName.resource is required. 

• QueName.leader and QueName.trailer are optional. 

• QueName.lang_prologue is optional. 

• QueName.fontlist is required. 

Setting the default que name. 

The default que name is specified in the file default.que.  This file is in the resource file 

directory, not the directory for files specific to the Post Script printer.  In this location 

different users could have different ques as the default. 

Listing other available printer ques. 

In the directory for other Post Script files, the list of available printer ques are listed in the 

file que_name_list.  If the above file default.que does not exist, than the first entry in this 

file becomes the default que name.  The default printer que name in file default.que must 

also be in this list.  Different users can use the same Post Script specific directory and yet 

have a different default que since the default.que file is in the program resource directory. 

Alternative to a Postscript Printer 

On Windows machines, use the que name of “UseAdobe”.  The program will then pipe the 

postscript file to GhostScript to convert to a pdf file. Then the pdf file will be piped to the 

Adobe Reader which you can use as a print review and print to the system printer from 

there.  

Printer que specific files. 

A particular printer may have particular characteristics.  For each printer que there must 

be a file QueName.resource, where QueName is replaced by the actual que name, such as 
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lp0.resource.  In this file the size of the printer’s print area is defined.  This file may have 

to be edited for a specific Post Script printer. 

 

Some printers may need specific commands to put them into Post Script mode.  The file 

QueName.leader is provided for this purpose.  What ever is in this file is simply appended 

to the front of any print job.  For example, HP printers may have a job language command 

such as: 

 

(escape) %-12345X@PJL JOB 

@PJL ENTER LANGUAGE = POSTSCRIPT 

 

This file is optional, it does not need to exist. 

 

Likewise, the end of a print job might require some printer specific command.  For this 

purpose we have an optional QueName.trailer file.  For the above HP printer we would 

have in this file: 

 

(escape) %-12345X@PJL EOJ 

(escape)%-12345X 

 

What ever is in this file is appended to the end of each print job.  This file is also optional 

and need not exist. 

Printer language specific files. 

In this directory are files specific to the language being used.  The directory name is built 

from the entry in the ps.language file, which will normally contain the entry “English”, 

with the directory name therefore becoming English.dir. 

 

For each printer que there must be a QueName.fontlist file which list the names of the 

fonts available to be used and an abbreviation here assigned to each font name.  Normally 

the font list file provided with this program can simply be copied.  A problem would only 

arise if a font were not available, but that is not likely because the fonts initially used are 

very common.  The abbreviations are referred to in the program specific files in this same 

directory.  Either the abbreviations can be reassigned in the font list file or new 

abbreviations assigned and used in the program specific file. 

 

In this directory there is an optional file called QueName.lang_prologue.  In this file would 

go any needed additions to the Post Script file, such as loading a font.  The contents of 

this file will be added after the above leader file.  This file need not exist. 
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Program Resource Files 

The program gets its resources from various files. Below is a list and description of those 

files.  All of the below files which are ASCII text files follow the ASCII file standard 

unless noted otherwise (there are presently four exceptions).  There is generally no reason 

why a user should need to edit any of these files except for the files in the subdirectory 

frames.d which define the stereotactic frame. 

 

All files ending in .loc may have to be edited at the time the program is installed so that the 

program can find files and directories.  These files should contain the complete path to the 

directories and files that they respectively point to.  However, a relative path can be used 

if the program is always run from the same directory. 

 

Note that language is selected in three places:  in the X resource file System2001Res, in 

the language.dir.loc file, and in the ps.language file. 

ASCII File Standard 

These files are self documenting because they can contain comments that the program will 

skip over when reading the files.  Below we describe how numeric and text data is stored 

in these files, to be distinguished from comments that can be placed in the file.  The 

application determines what the format of the file is as regards the sequence and type of 

data to be stored in the file.  See the stereotactic frame example for an example file. 

White Space 

White space consist of spaces and non printable characters. 

File Format Version Number 

Every file begins with a file format version number.  This number defines the version of 

the format of the file, not the version of the file, nor the format of the file.  The format of 

the file may be defined by either the file name or the directory in which the file is found or 

the context in which the program reads and writes the file.  The version of the file would 
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be the file date that the operating system stores in the directory.  If the particular 

application requires any of this information, then that information will be included in the 

format of the file.   

 

The file format version is an integer.  The purpose of the file format version is to allow for 

upward compatibility with changes in the contents of a file in later versions of a program.  

If new data or different data is to be added to a file, then the new version of a program 

could still possibly read a file written by or for an older version of the program.  Likewise, 

an older version of a program, in seeing a format version it does not recognize, would 

know that it cannot read a file as it probably was written for a later version of the 

software. 

Integer Numeric Information 

All numeric information is to be separated by white space.  An example is: 

134   829 

 

Integers may have a leading - or + sign.   Any other characters will lead to an error 

condition. 

Floating Point Numbers 

All numeric information is to be separated by white space.  An example of floating points 

numbers are: 

 

3.14159    2.69    1234 

 

Note that a decimal point is not necessary.  Exponential notation with e or E is accepted: 

 

 3.14e+12    3.14e12    3.14E-12 

 

Numbers may have a leading - or + sign.  There can be no spaces in the number, such as 

3.14  e-12  because a space is white space and separates separate numbers, and the 

example would be interrupted as two separate numbers: 3.14 and 1.0e-12. 

Hexadecimal Numbers 

A field with base 16 numbers is supported.  The numbers are to be separated by white 

space.  A hexadecimal number is limited to no more than eight characters.  The characters 

a-f may be lower or upper case. 

Text Data 

A text string that may include any white space, spaces or non-printable characters, must 

begin with the two symbols:  <* 

 

and end with the two symbols:  *> 
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All the text between <* and *> will be considered to be part of the text string that is read 

as a single item. 

 

However, text data may also be separated with white space and the <*   *> deliminators 

not used.  In that case, the text string will start when a printable character is encountered 

and stop when white space is encountered.   Therefore it is suitable to not use the <* ... *> 

convention when the text data is to consist of a single word. 

Comment Fields 

Within the file the C and C++ methods of creating comments will be used.  All data 

starting with /* and ending with */ will be ignored, unless embedded in a text field 

between <* and *>.  Unlike C and C++, the /* ... */ may be nested.   For example: 

 

  /*  this is a comment /* this is included in the comment */   end of comment */ 

 

is all a single comment. 

 

When ever // is encountered, the rest of the line is a comment until new line is 

encountered, unless embedded in a text field. 

 

Comment lines allow these files to be documented as to their contents and format. 

Files in the Home Directory 

 

System2100:  the executable for the program.  This is what is run. 

 

rlDicomDump:  a utility program that will dump the information in a Dicom image file to 

standard output.  This program file might be found instead in a subdirectory called tools.d 

or tools.dir. 

 

System2100Res:  the X resource file, may also go in the /usr/lib/X11/app-defaults 

directory.  The format of this file is defined by X, not our ASCII file standard. 

 

X looks in the home directory and then in /usr/lib/X11/app-defaults for this file.  If the file 

is only in the home directory and the user logs in with some other home directory, then X 

will not be able to find this resource file.  If X cannot find this file the program run will not 

be useable as text for fields will not be found, and proper creation of popup windows will 

not occur.  If the user uses su to change user name, X will still look in the original home 

directory that the user logged into, not the new one. 

 

rlresources.dir.loc:  This file defines and contains the path to the directory where the 

program resource files are. 
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Program Resources Directory 

This directory is pointed to by the file rlresources.dir.loc found in the home directory.  

This directory contains files needed by the program.  These files define default values and 

text used by the program that are not found in an X resource file. 

 

AutoBodySurface:  contains information for the automatic contouring of the skin surface. 

 

ComputeScoutImages:  contains information for the computed scout images. 

 

DrawSizes:  contains information for reducing the number of triangles used in 3d displays.  

See also Frame3dDrawable. 

 

Frame3dDrawable:  contains default material properties for outlined volumes and 

isosurfaces.  Contains information to select the resolution to draw in 3d displays (see also 

DrawSizes). 

 

FrameAxesColor:  defines the color to draw a 3d display of axes in. 

 

IsoSurface:  contains default values for iso-surfaces. 

 

Light:  contains default values for the Open GL light source used in 3d displays. 

 

LightModel:  contains default values for the Open GL light model. 

 

NewImagesDirectory.loc:   contains the path to the directory where the program should 

begin looking for Dicom images that are to be imported into a patient directory.  This 

should be where new images arrive. 

 

PatientDirectory.loc:  contains the path to the patient directory.  Each patient will be a 

directory entry in this directory. 

 

Programs.loc:  this file contains the directory where other executables are to be found, 

such as program rlDicomDump, which may be elsewhere than the home directory (such as 

tools.dir or tools.d). 

 

ROIvolume:  contains default information for region of interest outlined volumes. 

 

ScreenColors.dat:  contains a definition of the colors that can be used by the program for 

graphics. 

 

StackedImageCachSize:   contains defaults values for the caching of images by the stacked 

image set class. 

 

XGLResources.dat:  contains values and default values for specifying the visual models to 

use in the program, both for the user interface and the graphics windows.  For example the 
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X or Open GL protocols may be set here.  Putting part of the user interface into the 

overlay planes is controlled here. 

 

default.que:  contains the default printer que name to use for all print jobs. 

 

frames.d:  a directory containing the files that define stereotactic frames.  Each file in this 

directory must be a rod frame definition file.  These files are written by the user. 

 

language.dir.loc:  contains the path to the directory to read files that are specific to a 

particular language.  Files in this directory would define the spelling of words to use in the 

user interface.  For example, this file might contain the entry English.d.  This language 

directory is not to be confused with the language directory used by the Post Script printer 

files below. 

 

ps.dir.loc:  contains the path to the directory where specific information exist for the 

printer. 

 

ps.language:  Contains the name of the language to use for printer applications.  If this file 

is not found in the resources directory, than it is also searched for the in the printer 

directory defined by ps.dir.loc. 

 

rlLicense.dat:  the license file for the program. 

 

tmp.dir.loc:  path to a directory to store temporary files, such as files to be printed, along 

with default values to be used in connection with temporary files.  The program will purge 

this directory automatically.  Do not use this directory for anything else that you want to 

keep. 

Program Language Directory 

This directory is pointed to by the entry in the file language.dir.loc in the resource 

directory.  Files in this directory are specific to the language to be used and define text that 

cannot be assigned in an X resource file.  Each supported language would have a separate 

directory. 

 

AutoBodyLabels:  a list of labels to search for in the name of a body or skin outline.  If the 

name of the volume does not contain one of these words, the user is prompted to be sure 

he is putting the skin boundary into the right volume. 

 

ComputedScoutLabels:  the words to use to label the coronal, sagittal, and transverse 

scout views. 

 

HelpDirectory.loc:  contains the path to the help directory (where the help files are kept).  

This directory can be anywhere but is usually in the specific language directory. 
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PatientOrientationLabels:  the labels and their abbreviations to use to label the patient 

axes, such as superior, inferior, left, right, anterior, posterior.  Other default values are 

defined as well, such as the minimum size of the window in which labels will appear. 

Help Directory 

This directory is pointed to by the file HelpDirectory.loc in the resources specific language 

directory above.  This directory contains each of the files that the program will look for 

when a help button is pushed.  The name of each file is hard coded into the program.  The 

files are numerous and will not be listed here.  This directory can be anywhere but is 

generally contained in the specific language directory. 

Post Script Printer Directory 

This directory is pointed to by the file ps.dir.loc in the resources directory.  Here files 

specific to the use of Post Scrip printers are defined.  Files are also here in a subdirectory 

that define the spelling of words for different languages.  These would be words that are 

to appear on printed pages. 

 

ps.language:   this file may also be in the resources directory instead.  It defines the name 

of the language to use.  In the Post Script Printer Directory, a directory with this name 

must appear with the suffix of .dir.  For example, for English in this file, the subdirectory 

English.dir must be present, and is described below. 

 

que_name_list:   this file contains the names of printer que names that are available.  The 

file in the resource directory, default.que, defines the que name to use from this list.  If the 

file default.que does not exist in the resources directory, than the first entry in this file is 

used for the default printer que name. 

 

 

For the next three files, the prefix is found from the default.que file in the resources 

directory.  Shown below would be the result for the entry lp0 in default.que: 

 

QueName.leader, where QueName is replaced with the actual printer que name, such as 

lp0.leader:   the contents of this file is appended to the front of any file being submitted to 

the printer.  Here for HP printers, for example, we command the printer to enter Post 

Script.  This file does not follow the ASCII standard, with the entire contents used as is.  

It is not an error if this file does not exist.  Note that the file QueName.lang_prologue in 

the Post Script specific language directory below is next added to the print file being built, 

where QueName is replaced with the specific printer que name. 

 

QueName.trailer, such as lp0.trailer:   the contents of this file is fixed to the end of any file 

submitted to the printer.  Here for HP printers we turn off the Post Script language.  This 

file does not follow the ASCII standard, with the entire contents used as is.  It is not an 

error if this file does not exist. 
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QueName.resource, such as lp0.resource:   here we define the paper size and margins for 

the particular printer que. 

 

language.dir:   this directory is defined by the entry in the file ps.language, where .dir is 

appended to the end of the language name.  For example, for the entry English in 

ps.language, the program would look for the directory English.dir in this directory. 

 

FontName.width: For each font that is on the post scrip printer that is to be specified to be 

used below, a file must exist here with the suffix .width.  For example, for Helvetica-Bold 

there must be a file:  Helvetica-Bold.width. 

The font name must correspond to the font name known to the Post Script printer. 

This file defines the width of each character in the font relative to a point size of 10.  Each 

entry in the file for a character consist of three entries, for example: 

 

83  6.67  S 

 

defines ASCII code of decimal value 83 to have a width of 6.67 points (for a font size of 

10 points) and the character is S.  The last entry is for documentation purposes only within 

this file and does not define that S has an ASCII value of 83.  For a space the letters sp 

may be used in place of the character.  The letters na may be used for printable characters 

that can’t be represented in this text file.  If no entry is made for an ASCII value, a font 

width of zero is assumed. 

Post Script Language Directory 

This is the subdirectory where language specific files are kept. 

 

QueName.lang_prologue:   this file is added to the post script file that is being built to be 

printed after the leader, QueName.leader (lp0.leader above).  This file is dumped as is and 

does not follow the ASCII file standard.  This will allow making any necessary additions 

such as loading a specific font for a specific language.  It is not an error if this file does not 

exist. 

 

lp0.fontlist:   this file name is built from the entry in file default.que, here shown for printer 

que name lp0.  The font list file contains the name of the fonts that are to be used on the 

printer, and an abbreviation for each font, for example: 

 

Helvetica HV 

Times-Bold TB. 

 

The names must correspond to the Post Script names known to the Post Script printer.  

The abbreviations are used by this application.  For each font used here, a file must exist in 

the above Post Script printer directory with the ending .width.  For example, for Helvetica 

there must be an Helvetica.width file up one directory that defines the width of characters 

in that font. 
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A directory must be assigned here whose name is hardcoded in programs, for example 

System2100.d.  The files in this directory contain the font size, font, color, and text to use 

for text printed to a Post Script printer.   The file names are also hard coded in the 

program.  A typical entry in a file contained within this directory is shown below: 

 

PatientNotes  12  TB  0 0 0 <*Notes on the Patient *> 

 

The first entry, PatientNotes, defines a name hard coded in a program for this entry.  Each 

such name must be unique within each file. 

The second entry, 12, is the font size to use. 

The next entry, TB, is the abbreviation of the font name, and must be defined in the 

QueName.fontlist file above. 

The next entries define the color to use.  The colors range from 0, 0, 0 for black to 255, 

255, 255 for white.  Each of the three numbers is the intensity, respectively, for red, green, 

and blue, in the range of 0 to 255.  

The last entry is the actual text to use (contained between <* and *> accordingly to our 

ASCII file standard above). 

 

System2100.d:  This is the directory name to use for program System2100. 

 

System2100.d/PatientReports.txt:   This file contains entries for program System2100 for 

printing patient reports.  See above for how the entries are formatted.  Different language 

directories will allow for changing the text to a spelling used by another language, and for 

specifying the fonts to use for the other language. 

 

At this time multi-byte alphabets are not supported. 
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LICENSE AGREEMENT FOR COMPUTER SOFTWARE  

THIS LICENSE AGREEMENT (“Agreement”) is made and effective as of the 
date noted below by and between MATH RESOLUTIONS, LLC, a Maryland limited 
liability company with a present mailing address of 5975 Gales Lane, Columbia, 
Maryland 21045 (“Company”), and the Customer identified below (“Customer”) 
(Company and Customer hereinafter collectively called the “Parties” and individually 
called a “Party”).  The Parties hereby agree that the following terms and conditions will 
apply to any order made by Customer for any customized software developed and 
distributed by Company (the “Software”). 

1. CUSTOMER’S COVENANTS.  Customer agrees with respect to any and all 
Software, to accept without limitation or condition all responsibility for: (a) selecting the 
Software to achieve the Customer's intended results; (b) installing and integrating the 
Software into Customer's facility; (c) for Customer’s proper or improper use of the 
Software; and (d) any and all results obtained from any such use. Customer agrees to 
check and verify all results before applying them to any patient. Customer agrees to 
read and be responsible and familiar with all Software documentation provided by the 
Company and any articles published and authored by the Company or others as 
referenced in the related documentation that describe functions of the Software 
programs or algorithms and methods employed by the Software. Customer also has the 
responsibility for the selection and use of, and the results obtained from, any other 
program or programming equipment, or services used in connection with any Software.  

2. LIMITED WARRANTIES.  Each Software program is warranted to conform to any 
Program Specifications and Terms provided by Company to Customer, when such 
Software is shipped to Customer and for a period of one (1) year thereafter, to the 
extent the Software is properly used for the duration of such period. Company does not 
warrant that the functions contained in a program will meet all the Customer's intended 
requirements except as stated in the Program Specifications, or will operate in the 
combinations which might be selected for use by the Customer, or that the operation of 
the program will be uninterrupted or error free or that all program defects will be 
corrected. If a program does not conform to its Program Specifications and it is shown 
that a problem is caused by a defect in the program, the Company will respond to such 
defect in the current unaltered release of the program by correcting such defect in any 
manner it considers desirable or by replacing the program. These services will be 
limited to two years from date of delivery of the program to the Customer.  

3. LIMITATION OF LIABILITY.  In no event shall Company be liable for any damages 
whatsoever, including, without limitation, damages for loss of business profits, business 
interruption, or other pecuniary loss, arising out of the use of or inability to use the 
Software or any portion thereof. Customer agrees to indemnify and hold harmless the 
Company from and against any claims that arise or result from the use of the Software. 
Company's entire liability and Customer's exclusive remedy shall be limited to return to 
Customer of the price paid for the  Software in question, to the extent the same is 
returned to  Company within two (2) years after the date of purchase, provided the 
failure of the Software is not due to accident, abuse, or misapplication by Customer.  
THE WARRANTIES CONTAINED HEREIN ARE IN LIEU OF ALL OTHER 
WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE 
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IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE.  

4. CONFIDENTIAL INFORMATION.  Customer further agrees and covenants to keep 
confidential and otherwise restrict access to the Software, related documentation and 
listings, and any other proprietary information and property related thereto and will not 
disclose same, except in confidence to its own personnel, and further, Customer 
agrees not to provide or otherwise make available any Software or Software 
documentation to any person other than its own personnel, except with the prior written 
consent of a duly authorized representative of Company. Customer’s obligations 
hereunder shall extend to any employees, contractors, agents and/or representatives of 
Customer, and Customer agrees to enforce this Agreement by making all such persons 
having access to this information aware of the Agreement and by holding all such 
employees liable to the Customer and to the Company for all unauthorized disclosures, 
whether or not such person remains affiliated with Customer. If any such person 
refuses to accept the terms of this Agreement, it will be the responsibility of the 
Customer to assure that such person does not gain access to the Software or any 
related documentation or information provided by Company hereunder.  

5. ASSIGNMENT.  This Agreement is not assignable by Customer.  Neither the 
Software nor any copy or version thereof (or any portion of such Software) may be 
sublicensed, assigned or transferred by Customer without the prior written consent of 
the Company. Any attempt to sublicense, assign or transfer any of the rights, duties or 
obligations under this Agreement is void and shall constitute a material breach hereof..  

6. AUTHORIZED USE.  Under this Agreement, Customer is authorized to use the 
Software in machine readable form on any designated machines in  Customer's facility 
and in conjunction therewith to store the same in, transmit them through or display 
them on units associated with such designated computers; to utilize such materials in 
printed form in support of the use of the Software; and to copy the same in machine- 
readable form into any computer readable or printed form to provide sufficient copies to 
support the Customer's use of the Software as authorized under this Agreement. No 
right to use, print, copy or display the Software and related materials, in whole or in 
part, is granted hereby except as expressly provided in this Agreement.  

7. TERM.  Setting the date back on a computer to enable the running of a program 
furnished by the Company with an expired license shall be considered a breach of this 
Agreement. Software sold or leased for a specific time period shall only be for that time 
period.  

8.   INTELLECTUAL PROPERTY.  Customer hereby acknowledges and agrees it has 
no title to or ownership interest in any intellectual property associated with the Software 
and all versions or copies thereof including, without limitation, any trademarks, 
copyrights, trade secrets and/or patents, whether or not registered.  To the extent 
Customer or its employees, contactors, agents or representatives develop any modified 
versions of the Software, all intellectual property associated with any such modified 
version shall belong to Company, and Customer shall sign any documents needed to 
evidence the same.  Customer hereby agrees to indemnify Company for any 
infringement of Company’s intellectual property associated with the Software, to the 
extent such infringement is the result if any intentional conduct or negligent act of 
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Customer or one of its employees, contractors, agents, representatives, successors or 
assigns.       

9.  MISCELLANEOUS.  Company is not responsible for failure to fulfill its obligations 
under this Agreement due to causes beyond its control including, without limitation, 
Acts of God, work stoppages, power failures, terrorist acts and boycotts.  No action, 
regardless of form, arising out of this Agreement may be brought by either Party more 
than two years after the cause of action has arisen.    This Agreement shall be 
governed by the laws of the State of Maryland.   Customer will not use the MillComp 
program to provide a compensator service to other institutions without written 
permission from Company.  

CUSTOMER ACKNOWLEDGES THAT IT HAS READ THIS AGREEMENT, 
UNDERSTANDS IT AND AGREES TO BE BOUND BY ITS TERMS AND 
CONDITIONS. FURTHER, THE CUSTOMER AGREES THAT IT IS THE COMPLETE 
AND EXCLUSIVE STATEMENT OF THE AGREEMENT BETWEEN THE PARTIES 
WHICH SUPERCEDES ALL PROPOSALS OR PRIOR AGREEMENTS, ORAL OR 
WRITTEN, AND ALL OTHER COMMUNICATIONS BETWEEN THE PARTIES 
RELATING TO THE SUBJECT MATTER OF THIS AGREEMENT.  

Institution:  

Customer signature:  

Printed:  

Title:  

Date:  

Address:  

Phone number, fax number, and email address:  

 


