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ABSTRACT

Today, the US Navy’s submarine fleet is equipped with a multitude of advanced, highly capable acoustic
sensors and systems that are utilized in many aspects of tactical, navigational, and operational Command
and Control (C2). These modern sonar systems collect, process, store, disseminate, and display sensor
data. Rapid advances in processing techniques, computing power, and sensor technology present a new
challenge — sonar operators require extensive training and experience in order to deal with an enormous
amount of acoustic data using 2D display and interaction tools, which have remained nearly unchanged in
the past 25 years. Fraunhofer CRCG and the Naval Undersea Warfare Center present a highly interactive
Large Scale Visualization Environment (LSVE) for performing the essential tasks of detection and
classification of sonar contacts. Our prototype application employs a semi-immersive 3D display system,
multiple and mixed modalities of interaction and feedback, and state-of-the-art volumetric visualization
techniques. An operator can use the LSVE to rapidly detect a contact in a low signal to noise environment
and perform the tasks of detection, tracking, and classification of contacts.

Index Terms — Data Visualization, Sonar, Interactive Data Analysis.

INTRODUCTION

Submarine sonar system technology has benefited in recent years primarily from accelerated
developments in digital signal processing, computational power, and advances in sensors. Today’s most
capable undersea platforms deploy several different acoustic sensor arrays both, hull-mounted and towed.
Each sensor suite is specifically designed for a particular mission, creating a massive amount of sensor
data to be analyzed by the sonar operators. Even though these sonar arrays and processing systems are
state-of-the-art, the presentation of acoustic data to the operator onboard these platforms has not
appreciably changed in the last 35 years.

The analysis of relatively low-level sensor data by an operator is unique today to sonar Operators must
search and evaluate acoustic energy across many frequency bands, apertures, arrays and directions,

Paper presented at the RTO IST Workshop on “Massive Military Data Fusion and Visualisation: Users Talk
with Developers”, held in Halden, Norway, 10-13 September 2002, and published in RTO-MP-105.

RTO-MP-105 1 -1



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
00 APR 2004 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Lar ge Sc_ale Interactive Data Visualization for Undersea Warfare £b. GRANT NUMBER
Applications

5¢c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Under sea Warfare Center Newport, Rhode Island USA; REPORT NUMBER

Fraunhofer Center for Research in Computer Graphics, Inc. Providence,
Rhode Island USA

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES
See also ADM 001665, RTO-MP-105 Massive Military Data Fusion and Visualization: Users Talk with
Developers., The original document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF; 17.LIMITATION OF | 18 NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THISPAGE UU 30
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Large Scale Interactive Data ga?

Visualization for Undersea Warfare Applications PREANIZNTION

and make decisions on the presence or absence of contacts of interest, largely unassisted by automation.
The sonar operator is challenged by an enormous data overload problem, coupled with antiquated,
non-intuitive display technology with restricted interaction and limited tools to accomplish the vital tasks
of detection, tracking, and classification of contacts.

To maximize performance under these conditions, the conduct of undersea warfare requires the highest
degree of information extraction and exploitation from a myriad of onboard acoustic sensors and
processing systems. A new technology and human systems approach is needed in order to focus high-
performance computing, display, and human/machine interaction technologies on the problems and tasks
faced by human operators and decision makers.

INTERACTIVE APPLICATIONS FOR SONAR DATA PROCESSING

In collaboration with the Naval Undersea Warfare Center (NUWC) in Newport, Rhode Island,
the Fraunhofer Center for Research in Computer Graphics (CRCG), Inc., has taken the approach of
developing intuitive, highly interactive analysis tools to increase the performance of the sonar operator.

Interactive Data Exploration

At the most basic level, the challenge from an interaction point of view is to provide access and
manipulation tools to find correlations that are hidden in the vast amount of data available to the user.

EZ-Grams — Exploiting Harmonic Relationships

By focusing on perceptual information cues, NUWC and Fraunhofer CRCG have developed interactive,
intuitive tools and techniques by which the operator can rapidly extract pertinent information from the raw
data within a specific task domain. Collectively, these display tools are represented as a new class of
aids called EZ-grams, which help an operator transform raw sensor data into useful information
[Barton, Rowland et al. 2000]. An EZ-Gram embodies a collection of pertinent sensor data that represents
the hypothesis that a contact is of interest. EZ-Grams allow operators to rapidly test hypotheses, search for
corroborating data, and build confidence in the solution.

One such EZ-Gram is the harmonogram, which is based upon an hypothesis that energy of interest exists
in some or all of the harmonics associated with a given or selected frequency band, or “bin.”
The frequency bins of the harmonogram are superimposed to enhance the dynamic representation of
Doppler, while reducing non-correlated data in the display. Furthermore, the harmonogram displays time-
record data through animation, allowing the user to “replay” local history and view target or contact
motion, which can provide valuable insight into signal dynamics. Subtle effects not observed in single
image data presentations are potentially quite obvious when animated.

Figure 1 shows a typical time-frequency or “waterfall” representation of acoustic sensor data presented to
a sonar operator today, in which data correlations are difficult to discern. In most cases, each gram has
time on the vertical axis, and either bearing or frequency along the horizontal. Signal intensity is
monochrome and subsampled down to only 8 levels, i.e. 3 bit resolution presentation. These displays are
the primary workplace for the sonar operators.
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Figure 1: Typical Time-History Spectrogram Sonar Display.

Figure 2 shows a harmonogram in which a selected hypothesis is clearly shown to be valid, because it is
displayed as a harmonically related frequency-frequency plot, with time history presented to the user as an
animated sequence. Note that only the data already available in the waterfall is portrayed in the
harmonogram, but the data is filtered to the hypothesis of interest, and displayed so that the information
cues that the operator is seeking are distinctly presented. NUWC is currently developing several examples
of EZ-Gram display tools for transition into current and future US Naval submarine sonar display systems.
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Figure 2: Harmonogram Representation.

Large Scale Visualization Environment

Fraunhofer CRCG and NUWC have used a two-stage approach in the development of an intuitive, highly
interactive, Large Scale Visualization Environment (LSVE) that will enable human talents, experience,
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and intuition to leverage and direct high-performance computing resources [Encarnagdo, Barton et al.
2000]. The LSVE consists of two main components, “search&detect” and “analyze&classify” which
will be discussed below. The LSVE has been implemented on a “virtual table” display device as seen in
Figure 3. The rear-projection display surface can be oriented at any angle from horizontal to nearly
vertical.

%)
X
-

Figure 3: System Setup (above). The Two-Handed Input
Device — Pen and Pad - for the Virtual Table (below).

Transparent pen and pad props made of Plexiglas have been created to display stereoscopic 3D graphics
that the user perceives as coincident with the physical position of the devices [Schmalstieg, Encarnagdo et
al. 1999]. The transparent non-reflecting surface of the pad virtually disappears when the table graphics
are switched on. The user then sees computer-generated images while the physical properties of pen and
pad are retained. In particular, pen and pad allow tactile feedback and users intuitively understand and can
easily exploit the relative position and orientation of pen, pad, and table surface.

Objects can be aligned with the surface of the pad, and also appear floating above or below the pad.
The pad essentially becomes a hand-held palette that may carry all kinds of 2D and 3D user-interface
elements (e. g., buttons, sliders, dials) as well as three-dimensional objects [Encarnagdo, Schmalstieg et al.
2000]. The pen is equipped with a single button that triggers various actions depending on the context in
which it is used.
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Data Management

The data sets examined in this effort were based on a Spatial Vernier (range focused) simulation of the
sonar space. They consisted of one broadband data set and four bands of narrowband data. The broadband
dataset is a four-dimensional dataset consisting of the dimensions time, range, beam and power. The time
dimension consists of 7000 uniformly sampled bins. The beam dimension has 360 bins, each equivalent to
an angular degree. The range bins consist of a eight focus distances between 2500.0 and 12000.0 yards.
Therefore a signal, if it exists, will be evident in all of these ranges but focused in one. The narrow band
datasets were derived from an identical simulation to the broadband data set. The difference is the
narrowband data provides information on the frequency of the signal. The narrowband data set is therefore
five-dimensional and is broken into four bands of frequency (A-D) between 6.0 and 450.0 Hz, which also
use a different number of beams (between 45 and 360). The number of frequency bins in each dataset
is 191.

Search & Detect Component

The LSVE first component (“search&detect”) aims at providing advanced visualization and
human/machine interface techniques to enable sonar operators to quickly and confidently detect and
classify contacts in low signal-to-noise dataspaces. This can be thought of as a problem of searching for
subtle contact indicators in a very large and multidimensional dataspace. The goal is to enable the operator
to focus computational resources on the volumes of interest, providing rapid initial detection.

The dataspace is represented as a set of 4D volumes, that is, 3D volumes that are dynamically updated
during the time course of an operation. Multi-sensory visualization techniques are employed to indicate
volumes of interest, which may contain a contact or contacts.

The operator is initially presented with a coarse visualization of potential areas of interest.
This visualization employs a low-resolution visual presentation for fast searches over the data space
assisting the user with the decision on where to focus attention. The visual presentation of the dataset
appears subdivided in regions with a cubic shape or ‘cells’. The smaller a cell is subdivided
(more resolution) the more interesting that volume is to be explored, according to the chosen analysis
algorithm. Within each cell a cloud of points is displayed representing information about the signal
intensity within that region. The number of points as well as the color intensity is proportional with the
signal intensity. Dense white clouds represent higher signal above threshold than sparse dull color clouds.

For the exploration of the data set, numerous interaction techniques are supported, based on the
transparent interaction props (pen and pad) described earlier. Voice input is also supported.

Analyze & Classify Component

In the second LSVE component (“analyze&classify”), we utilize a highly interactive 3D representation of
the tactical environment. Once an area of interest has been designated in the initial search phase,
the visualization coverts to a volumetric display of the multidimensional raw data of the corresponding
passive narrowband sensor information. Employing visual and auditory cues, the operator can then interact
with and interrogate this data cloud. Lastly, we provide aids to display non-spatial qualitative relationships
in this data set, in an attempt to capitalize on inherent human pattern recognition capabilities.

At any point in time, an area of interest can be selected and then further investigated. In analyze&classity
the visualization switches to the raw data view (Figure 4) of the corresponding passive narrow-band sensor
information. The operator can further apply many interaction and manipulation techniques for volume
data, most of which have been successfully applied in the past to the area of medical visualization.
These include defining oblique and axis-parallel cutting planes to detect tracks, maximum intensity
projection to enhance the contrast, and adjusting the intensity lookup table for certain known thresholds.

RTO-MP-105 1-5



Large Scale Interactive Data ga?

Visualization for Undersea Warfare Applications

GANIZATION

Figure 4: ‘Analyze&Classify’ Visualization: Detection of multiple threats through modification of
the volumes lookup table (left) and employing an additional harmonogram (right).

In the real world we analyze objects by grabbing, rotating and bringing them closer to our eyes to get more
details about interesting parts. We provide the same abilities in LSVE with our interaction tools.

While no formal evaluations have been conducted, users, including active or retired Naval personnel with
USW experience, were impressed by the LSVE.

DECISION-CENTERED VISUALIZATION

Often under high-stress and workload in high-risk situations, the SONAR/Control team must rapidly
achieve and maintain situation awareness — they must understand the tactical situation within the sensor
performance envelope. In such situations, operators and decision makers do not have the luxury of time
either to interactively specify an information presentation, or describe to a human operator what to display
and how to display it.

Current work in the visualization community supports highly interactive and often immersive
presentations in a variety of applications. While extensive interactive viewing and data selection is
supported, current visualization systems, for the most part, only maintain information about pixels and
polygons. They do not represent and use meta-knowledge about the data and information that is being
displayed, and thus have no capacity for actively supporting the user by:

* presenting information known to be critical for task performance,
+ alerting the user to missing data, and

* highlighting information crucial to sound decision making.

A new technology and systems approach is needed which will provide the SONAR/Control team with
interactive information visualizations that merge decision support with situational awareness.
An important approach to this problem is to embed in the visualization system knowledge of the
application domain, the key concepts and operations, its missions, tasks, and decisions.

Fraunhofer CRCG has developed a new technology called Decision-Centered Visualization (DCV), which
can provide decision makers with interactive information visualizations that merge domain knowledge and
decision support with situational awareness presentations. Please see Figure 5. Decision and task models,
knowledge of the information environment of the application domain, including concepts, events,
and operations, are tightly-coupled with the human/machine interface and the visualization architecture in
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order to produce timely, decision-centered visualizations. DCV uses knowledge to track the context of an
evolving situation, to classify and prioritize incoming operational data, and to automatically tailor and
organize presentations in context with the tasks and decisions being worked, enabling a genuine
human/machine information symbiosis. The main objectives of DCV are to reduce the information
workload of operators and decision makers by providing in-context, to-the-point information
presentations, and to reduce decision time by timely presentation of mission-relevant and mission-critical
information.
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Figure 5: High-level Architecture for Decision-Centered Visualization (DCV). The distinguishing
feature of this technology is the incorporation of knowledge modules into the visualization
system. These knowledge modules consist of domain ontology and domain
abstractions, decision requirements and decision focus.

The DCV architecture is intended to be domain-independent to support visualization in a variety of
applications. Application-specific information is localized in well-defined modules — domain ontology,
domain abstractions, and decision requirements — that are addressed early in the design phase when
developing a particular application. The DCV interaction cycle is intended to be generic and
parameterized in order to display and manipulate this application-specific information.

CONCLUSIONS AND FUTURE WORK

We have presented a variety of tools, approaches and paradigms in support of effective interactive data
analysis for the underwater sonar space. Furthermore, Fraunhofer CRCG is currently investigating the
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integration of knowledge engineering and visualization technology, to enable Decision-Centered
Visualization
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SYMPOSIA DISCUSSION - PAPER NO: 11

Author’s Name(s):

Cdr. Robert J. Barton, NUWC, Newport, USA
Mr. David Zeltzer, Fraunhofer Center for Research in Computer Graphics Inc., USA

Question:
How are the graphics displayed on the tablet?

Author’s Response:

There are not any actual graphics on the tablet. The virtual reality environment can sense where the user is
looking and can project the graphics to a location on the virtual table to make it seem like graphics are on
the tablet.

Comment:
Experience can be incorporated in the development cycle when the rules are being implemented.

Question:
Has historical data been incorporated? Can the user ask for retrospective information?

Author’s Response:
As this is a prototype, that has not yet been developed, however it would be important in an
implementation of the system.
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