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Figure 2: A simplified implementation view of Khoros and its relationship to the user's 
view, see Figure 1, of Khoros. The Core Toolbox acts as a virtual operating and window­
ing system. See Table 1 for a listing of the core toolbox programming tools. 

comprises a set of libraries, referred to collectively as program services, and program­
ming tools. While the application specific toolboxes contain visual language operators 
and interactive end-user applications. 

The visual programming capability of the core toolbox is given functionality by 
the operators of the application specific toolboxes. The operators or programs of the 
application specific toolboxes may utilize the libraries of the program services or they 
may be implemented completely independent of Khoros. This is an important feature 
that allows end-user applications to be separated from the rest of the Khoros environment. 

The relationships between the user's view and the implementation view illustrates 
how the Khoros application development environment provides the user with a broad 
technology base while hiding the complexity of the implementation from the user. A 
more detailed explanation of the features and capabilities of the Khoros core toolbox is 
given in the next section. 

4. The Khoros Core Toolbox 
The core toolbox is composed of program services and programming tools. The 

programming tools include a graphical user interface design tool, a data flow visual 
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Figure 4: A visual program is written with cantata by interactively drawing a data flow 
graph. Each node of the graph represents a processing operator, with the lines between 
the nodes representing the data flow between operators. Control operators and an expres­
sion parser extend the functionality of the underlying data flow methodology. Each oper­
ator may be "opened" to access a GUI interface from which the operator's parameters 
may be set. 

are set interactively by the user or calculated at run time via mathematical expressions 
tied to data values or control variables. 

It is very important to note that the operators do not need to be compatible with 
the Khoros data model or linked with any Khoros libraries to be usable in cantata. The 
connections of the data flow network do not impose any specific data structure or trans­
port. In summary, cantata is used by the level 2 programmer to interactively develop 
complex, distributed, and interactive applications by combining data operators and visual­
ization operators from level 1 toolboxes into a new level 1 program. 

4 J .2 . The cantata GUI Design Tool 
The visual programmer may use cantata's integrated GUI design tool to package 

a visual program into a production information processing and data visualization 
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Figure 5: Cantata is used to develop information processing and data visualization 
applications. Operators are selected from the geometry, signal, or image toolboxes and 
then placed in the data flow graph. The input and value parameters of the operator are 
accessed by "opening" the operator icon, or glyph, and then interactively setting them. 
The visual program on the left is collapsed into a front panel, labeled "X application", by 
using the integrated, interactive GUI design tool. 

application. The visual programmer has full access to all operator parameters, operator 
connections, and visual language features. This flexibility and accessibility presents too 
much complexity and requires too much learning for the level 1 end-user if the visual 
program is to be effective for production work. The GUI design tool can be used to 
design an alternate, self-contained, GUI for the visual program that allows only limited 
interaction with operator parameters. 

Operator parameters are accessed in cantata by "opening" the operator icon, or 
glyph, and then interactively setting or inputing values to the GUI objects. A visual pro­
gram with 100 operators may have over 400 GUI objects, all of which affect the results 
and operation of the program. The visual programmer builds an alternate GUI to the pro­
gram by selecting the few, most important, GUI objects and then placing them in a front 
panel, see Figure 5. The front panel can be thought of as a simplified, custom user inter­
face for the visual program. Once the front panel is finished, it is given a name so that it 
can be delivered as a stand-alone application. 

It is important to note that the front panel GUI is interpreted; no compiling is 
needed to run or deliver the front panel as a stand-alone application. Also, the application 
end-user can select the look-and-feel (Athena, Motif, OLIT) or edit the GUI to better 
meet their needs without affecting the visual program. The original visual program can 
always be accessed for further exploration of and more detailed control over the applica­
tion. 
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4.4. Overview Of The Software Development Tools (level 3) 
A toolbox programmer can use the level 3 software development tools to create 

operators for the visual language or to develop end-user applications that are completely 
independent of the visual language. The Khoros software development tools integrate in 
the access of other commonly used CASE tools to provide a complete software develop­
ment environment. The craftsman and composer tools support the iterative process of 
developing, maintaining, delivering, and sharing software in the context of Khoros. They 
improve productivity by acting as a programmer's assistant; providing automation where 
possible and enforcing consistency when necessary. In addition, they hide the complexity 
of the underlying source configuration, code generators, and documentation formatters. 

4.4.1. The craftsman Toolbox Manager 
A toolbox is a collection of programs that are managed independently from the 

rest of the work group's software. A work group is likely to be simultaneously creating 
and maintaining several toolboxes, or they may be preparing a toolbox for delivery. The 
toolbox programmer manages these activities using craftsman. 

A craftsman user performs operations on a toolbox such as, open, close, pack, 
unpack, delete, move, install, and copy. Figure 6 illustrates an opened toolbox. The tool­
box approach to managing software allows the work group to partition responsibilities 
and eliminate dependencies. 

User Interface Source 
Development Conflguratioa 

Documentation Code 
Generators 

Figure 6: Craftsman and composer are used to develop and manage toolbox objects 
and program objects. The following sequence proceeds from left to write: 1) the toolbox 
programmer selects and opens a toolbox icon in craftsman, 2) the opened icon reveals 
the available program objects, 3) a program object is selected causing composer to be 
invoked, and 4) the program object's configuration, documentation, code, and user inter­
face are edited using composer. 
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4.4.2. The Composer Program Manager 
A toolbox is made up of one or more program objects, where a program object is the 
composition of source code, User Interface Specification (UIS), documentation, and con­
figuration files of a single executable operator or application. Each of the program object 
components requires substantially different kinds of operations; for example, operations 
on code include generation, compiling, debugging and installation, while operations on a 
UIS include creation and editing. Composer provides the toolbox programmer con­
venient access to all of the program object components and can invoke all of the opera­
tions needed to create, edit and manage a program object. Furthermore, it manages the 
dependencies between the components as the toolbox programmer progresses through the 
software life cycle of a program object. 

One of the most important capabilities of composer is the automatic generation 
of graphical and command line user interface code. The generated code acts as an appli­
cation framework and eliminates most of the tedious work associated with developing a 
user interface. Guise is invoked by a toolbox programmer from within composer and 
then used to interactively design a GUI. The GUI is stored in the form of a UIS that is 
used as input to the code generators. 

4.43. The guise GUI Design Tool 
The level 3 programmer uses guise to create and interactively design a GUI for 

either information processing operators or data visualization operators, guise provides 
the toolbox programmer with a menu of GUI objects that can be interactively placed on a 
user interface. Once present in the UI, all of the attributes of a GUI object can be 
directly, interactively edited. An important capability of the guise and code generator 
combination is that all aspects of the UI are separated from the functionality of the appli­
cation. Thus, interactive development is supported throughout the lifetime of the applica­
tion. Figure 7 illustrates guise being used to generate an interface for an information 
processing operator. 

The GUI of a data visualization operator is relatively complex compared to the 
GUI of an information processing operator. For this reason, the UIS created by guise for 
the visualization operator is used as input to a GUI code generator to create an applica­
tion framework. On the other hand, the UIS created by guise for the information pro­
cessing operator is interpreted at run time. In either case, the UIS is also used as input to 
a command line user interface code generator. 

4.4.4. The concert Groupware System 
Concert enables any Khoros application built upon user interface services to 

operate as groupware. The distributed computing capability of foundation services and 
the user interface event recording capability of user interface services are combined to 
produce the functionality of the concert program. When concert is used to invoke a data 
visualization system or operator, or one of the programming tools, it replicates the pro­
cess to a network of machines and manages the communications between the processes. 
The result is simultaneous interaction of multiple end-users at geographically distributed 



Figure 7: Guise is shown here, upper center, being used for the creation of an interface 
for a new information processing operator called vuclass. GUI objects are interactively 
placed on the new interface, lower right. The snap to grid helps to position the GUI 
objects. Attributes such as size, text, position, default values, and range error checking 
can be interactive edited at any time during the development of the GUI. The lower left 
shows the form of attributes of an outputfile object, composer is used to configure and 
install the operator in cantata. Figure 4 shows the GUI being developed in this figure 
being accessed from within cantata. 

sites. 

5. The Application Specific Toolboxes 
An application specific toolbox is a collection of programs grouped together 

because of similar function. This document uses the following terms synonymously; pro­
grams, program objects, operators, information processing operators, data visualization 
operators, and stand-alone applications. The operator term is used in the context of the 
visual programmer, level 2, and the program term is used in the context of the level 1 
end-user or the level 3 user. The term toolbox object is synonymous with the term appli­
cation specific toolbox. 

There are many important aspects of the separation between the Khoros core tool­
box and the application specific toolboxes. The fundamental motivation for toolboxes is 
the need to reduce and manage complexity. Many factors contribute to complexity of a 
software system; amount of source code (about 500,000 lines of code in the Khoros core 
toolbox), dependencies between components, dependencies with other systems (UNIX, 

8 
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X, data storage formats, hardware), and the number of people involved with the software 
development. Toolboxes provide a methodology for partitioning both a work group and 
the software into smaller pieces; thus reducing complexity and increasing productivity. 
The toolbox division also allows for different development schedules. 

The toolbox methodology, as supported by craftsman and composer, provides 
several other important benefits. Collaboration in the use and development of software is 
enhanced because of the consistencies that are enforced by the tools. The result is that 
diverse groups can share software and leverage each others resources. Also, portability 
and maintainability are enhanced because of the embedded source configuration system. 
Table 2 summarizes the toolboxes being developed by the Khoros group. Figures 8-11 
illustrate some different types of visualization which are possible using Khoros. The 
appendix provides a list of all of the operators in Khoros 2.0. 

There are numerous other groups developing toolboxes in application areas such 
as neural networks, process control, telecommunications, instrument control, medical 
imaging, image restoration, pattern recognition, morphology, target recognition, finite 
element analysis, simulation, and modeling. 

Khoros Application Specific Toolboxes 

Toolbox Name 
Image Processing 

Data Visualization 

Geometry Visualization 

Format Conversion 

Data Manipulation 

Description 
Image pre-processing, analysis, filtering, feature extraction, segmenta­
tion and pattern recognition. The operators in this toolbox are written 
to the image services API found in data services. 

Display, editing, and animation of images. Display and interaction with 
2D, 3D, and geometry data and device independent rendering. Note 
that this toolbox has a very close relationship to visualization services 
as presented in Figure 3 and that it utilizes the expression parser to sup­
port the object calculator. 

Display and manipulation of geometry primitives and scenes. Render­
ing of volumes, iso-surfaces, polygons, spheres, etc. The operators in 
this toolbox are written to the geometry and image services API's of 
data services. This toolbox has some overlap with the data visualiza­
tion toolbox, but is much more complete for scientific visualization. 

Conversion of popular storage formats to import and export data. This 
toolbox uses the abstract data model of data services as a virtual format 
that can be used to map one format to another. 

The data manipulation toolbox includes operators or programs that are 
basic mathematics and algebra. The operators fully support the abstract 
data model of data services. These baseline operators are used by the 
image, numerical, and signal toolboxes. The operators in this toolbox 
are written to the abstract data services API. 
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Khoros Application Specific Toolboxes 

Toolbox Name 
Numerical Analysis 

Description 
Matrix manipulation and algebra (Eigen analysis, linear ordinary differ­
ential equations, covariance, LU decomposition). The operators in this 
toolbox are written to the numerical services API. 

Table 2: Summary of the Khoros 2.0 application specific toolboxes. 
All of the programs contained in the toolboxes described in Table 2 are written using one 
of the Application Programming Interfaces (API) provided by data services. Data 
services includes image services, numerical services, geometry services, and abstract data 
services. Each service has a corresponding API that mediates between the data model 
(image, numerical, geometry, abstract) and the data processing algorithm. The image, 
numerical, and geometry data models are derived from or based on the abstract data 
model. The result is reusable and polymorphic operators. 

Figure 8: Data plotting is a common and popular type of visualization available with 
Khoros. Here, the xprism program available in the envision toolbox is used for drawing 
a number of 2D plots. Multiple plot areas allow for the easy viewing of multiple sets of 
data in relation to each other. 
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Figure 9: This figure illustrates the use of the xprism program to plot a 3D surface. 
xprism is a program object in the envision toolbox. 

Figure 10: Khoros has become very popular for medical image processing and visualiza­
tion. Here, the editimage application available in the envision toolbox is used to pseudo­
color an image showing an MRI cross-section of a skull. 
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Figure 11: The rendermonster application available in the geometry toolbox is used to 
visualize concentric iso-surfaces representing different density levels of a ytterbium atom. 
This application and the geometry toolbox is being developed in conjunction with Wes 
Bethel at Lawrence Berkeley Laboratory. 

The importance of polymorphism should be stressed. There is a huge amount of 
wasted energy in developing data processing algorithms that do similar things but that can 
not work together because of differences in data structures and representations. Data ser­
vices provides a solution for this problem. For example, a one-dimensional signal pro­
cessing program can operate on any dimension of a time-varying, multi-spectral image or 
it could even operate on the colors of connected array of polygons. Polymorphism across 
the different toolboxes is synergistic. 

6. History Of Khoros And Short Summary 
The scope of the Khoros Project has grown beyond the original effort to provide 

an effective tool for research in image processing. The project began in 1987 with the 
creation of XVision 1, see Figure 12. The first step taken was to identify and assemble a 
collection of fundamental algorithms for image processing. In addition, a 2D/3D plotting 
package and an interactive image display/editor were written to provide tools for visualiz­
ing image data. The goal was to bring together a library of programs with a consistent, 
easy to use interface to facilitate the quick prototyping of algorithms. 

The next major step was the search for a user-friendly interface to the growing library, 
especially as applications became more sophisticated, drawing on larger numbers of pro­
grams in more complicated combinations. Since the results of image processing pro­
grams are typically visual, it seemed particularly appropriate that the means of obtaining 
those results should be visualized also. Therefore, it was natural to look to the exciting 
new applications of computer graphics, made available with the new generation of less 
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Figure 12: Khoros has evolved from an image processing tool to a broad-based environ­
ment for application development and software integration. A major increase in the 
power of the system occurred with the creation of Khoros 2.0. 

expensive, high resolution workstations. The decision was made to base the graphical 
component on the X Windows System release 10. The result was XVision 2. 

Several different graphical user interfaces were considered, tried, and outgrown, 
with the best features of each retained for the next iteration. What finally emerged was a 
hybrid approach. A data flow graph, similar to the block diagrams already familiar to 
practitioners in the field of image/signal processing, was used to access and connect pro­
grams from the processing library. A graphical user interface was used to acquire addi­
tional information needed by those programs. 

As the visual interface to the image processing library was evolving, so were tools 
to assist in the use of the system. Complete hand coding of programs for the image pro­
cessing library gave way to the use of code generators. Development and maintenance 
tools were introduced to support the creation of command line and graphical user inter­
faces to programs. A high level user interface specification was defined as the foundation 
for defining the user interface to library functions as well as the tools themselves. These 
developments were made concrete in XVision 3. 

The original simple, pipeline concept of the visual user interface was then 
extended to a complete, high-level, visual programming language by the addition of 
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control constructs and visual hierarchy. 
Meanwhile, other high level application programs were added to the system. At 

the same time, the image processing library was expanding at a rapid pace, and was 
joined by a digital signal processing library and an image file format conversion library. 
The graphics library, the image display library, and the expression parser matured as was 
necessitated by the needs of the new high level applications that required their services. 

These concepts were part of Khoros 1.0, the first public release of the Khoros 
Group's software. Usage of the system expanded along with the library of algorithms, 
with new programs continually being added. The development of new programs was 
always been driven by a specific need. Applications in remote sensing and medical imag­
ing were primary contributors to the Khoros 1.0 library which contains over 250 
image/signal processing and pattern recognition algorithms. 

The goal of Khoros 2.0 is to cut loose of its domain specific mooring and take 
flight as a diversified software integration and development environment. This is being 
achieved by covering a very broad spectrum of application domains, by providing API's 
for data processing, software development, distributed computing, GUI building, and 
visualization, and by providing three integrated programming systems. These concepts 
are perhaps summarized better by Figures 1, 2 and 3. Khoros 2.0 is a base technology 
that provides information processing and data visualization applications, a visual pro­
gramming system, software development tools, and a program services system. 

7. Case Study : Ultrasound Image Segmentation and Volume Measurement 
This case study examines how Khoros was used as a complete software develop­

ment environment for an ultrasound medical imaging experiment. This final solution 
required the development of a new image processing operator, as well as a complete end-
user application which utilized that operator. The Khoros system was successfully used 
for each stage of this development [5]. 

7.1. Problem Description 
Blood clots in the brain of a premature infant can prevent the proper drainage of 

cerebrospinal fluid from the brain ventricles. This may cause the ventricles to enlarge and 
compress the brain, resulting in brain damage. This damage can be minimized by drain­
ing the cerebrospinal fluid before the ventricles become too enlarged; however, the 
drainage procedure itself presents a danger of infection. So that this procedure is per­
formed only when necessary, diagnostic ultrasound is used to visualize the brains of such 
infants. Until recently, quantitative measures of the ventricular volume were not possible. 
It was often up to a physician to visually interpret the relative sizes of the ventricles over 
a sequence of ultrasound images. The physician would then have to make a qualitative 
judgment as to when intervention was necessary. However, in a research project con­
ducted by Ben S. Brann IV, M.D. at the University of New Mexico Hospital's Department 
of Pediatrics, a method for determining quantitatively at what volume intervention is 
required was being studied [6]. 
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Figure 13: Illustration of mathematical model for calculating ventricular volumes from a 
radial sequence of ultrasound images. Each radial image plane contains ventricular 
regions which cover the r and z dimensions. Cylindrical integration over the radial 
sequence from Ql to Q2 results in the final ventricular volume. 

In these studies, the ventricular volume calculations were performed by integrat­
ing the ventricular areas over a radial sequence of ultrasound images. Using this method, 
the volume of the ventricles could be mathematically calculated within an acceptable 
degree of accuracy [6]. This model is illustrated in Figure 13. This model was verified 
using a somewhat cumbersome procedure. Ultrasound images were taken over a radial 
sequence of positions and digitized. Printouts of these images where then given to a tech­
nician who would manually trace out the ventricular regions. A computer program then 
calculated the volume according to the areas of these manually traced regions. This 
method, while successful for verification of the mathematical validity of the model, was 
deemed unsuitable for use in a clinical setting. The time delay between the acquisition of 
the ultrasound images and the generation of numerical volumes was too long, often tak­
ing over an hour, to be of clinical use. What was needed was a reliable, automated soft­
ware system for image segmentation and volume calculation. The creation of such a sys­
tem proved to be an excellent opportunity for testing the different levels of interaction 
with the Khoros system. 

7.2. Overview 
Creating the software system for the quantitative measurement of ventricular vol­

umes was a two-stage process. The initial stage was to develop an image processing 
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procedure capable of automatically segmenting the ventricular regions from a given 
sequence of ultrasound images. The next stage was to integrate that procedure into an 
end-user application which could be used for clinical diagnosis by physicians in the pedi-
atric ward. The end-user application was required to allow the physician to acquire and 
manage a sequence of ultrasound images, automatically segment those images, and then 
perform the calculation of the ventricular volume. 

The creation of this system spanned many different levels of Khoros interaction. 
The development of the segmentation procedure was accomplished at the visual program­
ming level of Khoros. Using cantata and the toolbox of image processing operators, a 
nearly complete procedure was developed. When the existing library of operators was 
found to be insufficient, a new operator was easily created by moving down to the tool­
box programming level. When the segmentation procedure was complete, the final appli­
cation was developed. The application was also created at the toolbox programming 
level; it utilized the Khoros services for doing things such as manipulating and displaying 
the ultrasound images. Note that the application was developed at the toolbox program­
ming level, but the application itself is targeted at the end-user. In this way, the creation 
of this system covered the first three levels of Khoros interaction, see Figure 1. 

73. Visual Programming Level 
The procedure for automatically segmenting an ultrasound image was developed 

at the visual programming level. Cantata, in conjunction with the operators available 
with the image processing toolbox, provide a complete experimental laboratory for inves­
tigating potential solutions. Since experiments are so easily prototyped with cantata, it 
was possible to quickly and effectively iterate through a number of different potential 
solutions. This iterative approach led to the development of a segmentation procedure 
which was able to provide reasonable results in an acceptable amount of time. A typical 
fourteen image sequence could be processed in under ten minutes. 

A block diagram of the cantata data flow is shown in Figure 14 and the corre­
sponding cantata program is shown in Figure 4. The first step of this procedure is to 
preprocess the ultrasound image in order to reduce the level of random noise. This is a 
standard image processing technique that is accomplished by passing the image through 
two median histogram filters. The result of this process is a smoother image which helps 
to improve the performance of the later components of the procedure [7]. 

The preprocessing is followed by a clustering operator which defines distinct 
regions within an image. The clustering algorithm uses a heuristic method for partitioning 
the feature space, which in this case is simply a one dimensional grey level histogram. 
This space is iteratively divided by bisecting the areas containing the largest population 
densities [8]. 

The result produced by the clustering algorithm is a new image that approximates 
the original spatial distribution of the data with a more compact representation. This new 
representation contains only essential information needed for the rest of the procedure. 
Only ventricular and non-ventricular regions with high contrast are preserved. Other 



26 

INPUT ULTRASOUND IMAGE 

J ^ L . 
IMAGE PREPROCESSING 
- median filter (3x3) 
- median filter (5x5) 

CLUSTERING 
- vector quantization 

REGION ANALYSIS 
- region labelling 
- shape analysis 

^rw= 
CLASSIFICATION 
- rule based classifier 

^ - ^ 

OUTPUT VENTRICAL IMAGE 
Figure 14: Data Flow of procedure for automatic segmentation of ventricular areas The 
visual program which implements this procedure is shown in Figure 4. 

extraneous information, such as the minor grey-level variations within the regions are 
removed by the clustering. 

Once the clustering is completed, a gray-level thresholding is performed to 
remove the brighter regions. The ventricular regions are darker than the rest of the ultra­
sound image, so by thresholding the brighter regions, the obvious non-ventricle regions 
are quickly discarded. The actual ventricular regions are then a subset of these remaining 
darker regions. 

The process of identifying the ventricular regions is accomplished in three steps. 
The first step is simply to assign a distinct numeric label to each of the regions so that the 
other algorithms can identify and distinguish them. The next step is to perform a shape 
analysis of these labeled regions. The shape analysis step assigns a vector of characteris­
tic information to each region describing its size, shape, and position. The information 
contained in this vector consists of some standard image processing shape characteristics 
such as area, x and y variance, eccentricity, overall position, and weighted area [9]. 
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Unfortunately, the final step needed for identifying the ventricular regions could not be 
accomplished using any of the existing Khoros operators. It was necessary to move down 
to the toolbox programming level in order to develop a new operator. 

7.4. Toolbox Programming Level 
Up to this point, standard Khoros image processing operators had been used to 

identify a number of potential ventricular regions. In order to distinguish the ventricular 
and non-ventricular regions, the development of a rule-based classifier was necessary. By 
using the tools and services available at the toolbox programming level, it was possible to 
quickly develop the new operator. 

Composer, used in conjunction with guise, was used to create the vuclass pro­
gram object. The command line user interface for the vuclass program and the cantata 
interface for the vuclass operator were automatically generated. The task of handling 
specific details of data file format, storage, and transport, was also abstracted away since 
all data access for the ultrasound images was handled with the image services component 
of application services. The expression parser available in foundation services provided 
the required capability for evaluating the classification rules. Using the abstractions pro­
vided by the Khoros services, the implementation itself consisted only of code which 
dealt with the functional details of the algorithm. The actual amount of custom code 
which was written to implement this classifier was under thirty lines. 

The classifier compares the characteristics of each region assigned during the 
shape analysis step to a set of experimentally determined characteristics that are atypical 
of ventricular regions. The regions that conform to these characteristics are discarded. 
The remaining regions are then classified as ventricular regions, thus completing the anal­
ysis. The rule-based classifier is illustrated in Figure 15. 

7.5. End-User Application 
With the automatic segmentation procedure completed, the final stage in the 

development was to build the end-user application. Note that it would have been possible 
to implement this end-user application at the visual programming level. The visual pro­
gram for the automatic segmentation procedure could have been created using the "front 
panel" capability in cantata. This was not done for two reasons. The workstation which 
was to be used for running the application had an extremely limited amount of disk space. 
To save on disk space, it was necessary to create a separate application which could be 
installed without the rest of the Khoros system. Secondly, there is overhead associated 
with cantata dispatching the operators as processes. This time delay was eliminated by 
implementing the procedure as a separate application using a series of library calls to the 
image toolbox library. 

The toolbox programming level was used for the development of this application. 
By using guise, the prototype of the interface was interactively created with help from a 
physician from the Department of Pediatrics. This interface was used as input to code 
generators which created the application framework. 
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Figure 15: This figure illustrates the use of the vuclass rule based classifier. The classi­
fier takes two input parameters : a labeled image and a rule file. The labeled image con­
tains vectors of information describing the shape characteristics of each region. Regions 
are rejected if their shape characteristics do not conform to the input rules. The resulting 
image contains only the desired ventricular regions. 

The code that had to be written for the application was greatly simplified by using 
the Khoros services. Ultrasound images were stored and managed as abstract data 
objects by data services. The image graphics object available in visualization services 
provided all the functionality necessary to fulfill the application's image display require­
ments. Interactive editing was made possible with a raster drawing annotation available 
with the visualization services. Text graphics objects were used with a large font to cre­
ate a visually clear status window for reporting information to the physician. Finally, as 
mentioned earlier, the functionality of the automatic segmentation procedure was imple­
mented simply by making the appropriate series of library calls to the correct operators in 
the image processing toolbox library. This application was named ultra, see Figure 16. 

7.6. Case Study Conclusion 
The quantitative volumetric measurement of a premature infant's brain ventricles 

is possible using information from a radial sequence of ultrasound images. In order to 
perform this measurement in a reasonable amount of time, a software application was 
developed. This application utilizes an automatic segmentation procedure for identifying 
the ventricular regions on each ultrasound image. 

This procedure was developed at the visual programming level, using existing 
Khoros operators to identify a number of regions, of which the ventricular regions are a 
subset. A rule-based classifier was developed at the toolbox programming level in order 
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Figure 16: The interface for ultra. At the bottom left is the main image display where 
each ultrasound image is shown overlaid with its segmented results. At the bottom right is 
a zoom display which allows for precise checking and editing of the segmented overlay. 
The buttons Acquire and Delete allow the physician to interactively maintain a sequence 
of ultrasound images in computer memory. Once a sequence of images has been 
acquired, the physician can click on the Segment button. The physician can then review 
the results of the automatic segmentation for correctness, and make appropriate changes. 
The physician can draw in any regions that the automatic segmentation procedure may 
have missed, or can erase any extraneous areas which the automatic segmentation may 
have found. After making whatever minor corrections are necessary, the physician can 
click on the Calculate Volume button. 

to classify these regions into ventricular and non-ventricular regions. The final applica­
tion was also developed at the toolbox programming level. This application is currently 
being used at the University of New Mexico Hospital's Department of Pediatrics as a 
functional diagnostic tool. 

8. Status, Support, Documentation, Release Dates, Availability 
The Khoros system has been applied to a diverse spectrum of applications includ­

ing process control, medical imaging, automatic target recognition, sensor simulation, 
ecological research, remote sensing, virtual reality, geographic information systems, 
telecommunications, and scientific visualization. Khoros continues to evolve as the pro­
ject introduces innovations in the areas of information processing and data management, 
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software development, distributed computing, graphical user interface technology, and 
visual programming. 

Khoros is being used as a educational tool around the world. It provides a frame­
work for instruction in areas such as geometry visualization, image processing and signal 
processing. Khoros is accepted as a preferred environment by a large (over 25) consor­
tium of government agencies and industry. The next major increment in acceptance of 
the system will come with the third-party development of commercial products based on 
Khoros. 

Much of the success of the project can be attributed to the Free Access Distribu­
tion of Khoros. The Khoros developers involve the community of users in the software 
development process as much as possible. Release 1.0 of Khoros was offered free of 
charge via public ftp access on May 10, 1991; the last update was provided March 20, 
1992. The public release of Khoros 2.0 is expected to be available in early 1994. 

The documentation for the system is a combination of on-line help and printed 
manuals. The manual is made up of six separate volumes: "Readme First", "Getting 
Started Manual", "Visual Programming Manual", "Toolbox Programming Manual", "Pro­
gramming Services Manual", and "Backstage Issues". Also, journal playback files are 
provided to give the new user "live" demonstrations of the various applications. 

For current information on what platforms and architectures Khoros runs on, and 
for information on how to use anonymous ftp to obtain Khoros, please send e-mail to 
khoros-request@chama.eece.unm.edu. There is also a USENET news group, comp.soft-
sys.khoros, that actively discusses Khoros related issues. 
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