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BACKGROUND

Historically, the display and processing of test data at the NAWCWD Land Range and Electronic
Combat Range located at China Lake, and the Sea Range located at Point Mugu has been handled by
two somewhat independent organizations.  At each respective site, Telemetry (TM) data is
processed/displayed by the telemetry groups and the Time Space Position Information (TSPI) is
processed/displayed by the Range Data Systems groups.  All three sites began life as totally
autonomous ranges and were merged together as one organization within the past 7-8 years.  The net
result of having 3 previously independent ranges, each with 2 stove-piped processing groups, is 6
different data processing and display systems.  This situation has created numerous problems for
NAWCWD ranges and it’s customers:

• Downsizing and “brain-drain” have left the processing groups at each site with only fragments
of their original software development teams.  This makes maintaining the existing software
difficult, and improving it nearly impossible.

• The NAWCWD Pacific Ranges and Facilities (PR&F) Department can no longer afford the
duplicity of effort required to maintain these systems.

• Interoperability between Ranges is difficult and costly.  Many customers must pay to have their
displays built at one range, only to have to pay for it all over again when they fly at the other
ranges.  The extra money is bad enough, but the schedule delays are what the customers hate the
most.

• Computational algorithms can vary between the 3 ranges, making comparison of test results
difficult.

• Operations and maintenance personnel don’t have a clue as to how the other range’s systems
work.  This prevents the effective cross-site use of people resources when there is a surge in one
range’s workload.



• The sharing of data between the TM and TSPI systems is awkward, usually requiring some kind
of add-on software/network connection that adds latency to the shared data.

The PR&F Range Data Systems Division has recognized these problems some time ago and has
initiated a development project in an effort to solve them.   The new system would essentially
replace the entire display subsystems at each range leaving the existing TM and TSPI front-end
processors intact.  The basic architecture facilitates some interesting changes in operational
philosophy.  The most notable is that it is no longer necessary to have separate TM and TSPI display
workstations since all data sources are available to any workstation on the network.  Interoperability
will be greatly enhanced because system setup information will be easily transportable from Range
to Range.   As of this writing, the project is in the requirements gathering/prototyping stage.

We believe that this system will be a key element in networking our Ranges together in support of
large-scale joint testing exercises.  By integrating a common processing and display  system across
all NAWCWD ranges, we can seamlessly support interoperability without any special add-on
software and its associated complexities and performance penalties.  Our customers will also be able
to move from Range to Range with minimal learning curve, consistent  look and feel, and uniform
data products.

SCOPE

This project encompasses the 3 Ranges at NAWCWD: Land Range at China Lake, Sea Range at
Point Mugu, and the Electronic Combat Range at China Lake.  Some groups at the Atlantic Test
Range (Patuxent River Maryland) have also been contacted with regards to this project but are as of
yet undecided on whether to participate.  Each of the TM and TSPI display systems at these ranges
will be replaced with a common display software system that runs on very low cost workstations.
Installations at other Ranges may also be included in the scope of the project, but the impact of their
requirements will initially be regarded as somewhat secondary to the overall goal of achieving a
common display and processing system at NAWCWD/NAWCAD.  This limitation of scope is not
intended to be exclusionary towards other Ranges, but rather to keep the size of the project
manageable until the core implementations can be fielded.  Display systems at
NAWCWD/NAWCAD that are specifically being targeted are:

  Range                         TSPI Displays             TM Displays

    China Lake Land Range                 RCCS-II            DataViews, Daves-III
    Point Mugu Sea Range              GRIDS DataViews
    China Lake ECR                 YDRA/ECR         Omega-NT

APPROACH

Requirements gathering will consist of a somewhat different approach than what is considered to be
the norm these days.  Rather than gather all possible requirements up front and build a complete



system around those requirements, we have instead chosen a more iterative approach.  We first
defined a core set of requirements and then built a prototype around them.   The prototype will then
be used as a tool to gather specific requirements and feedback from each Range.   A Requirements
Questionnaire has also been developed to facilitate the requirements gathering process.  A
requirements gathering team will travel to each Range to train the technical points of contact on the
use of the prototype and facilitate the requirements gathering process.  We are optimistic that this
approach will foster a more collaborative environment in which each Range will play an active role
in defining the final product.  The basic process for gathering requirements at each site is as follows:

1. Forward the Requirements Questionnaire to the technical Points of Contacts (POC’s)
of each host Range at least 2 weeks before the requirements gathering team arrives.

2. Requirements gathering team travels to the host Range to set-up prototype, train and
interview technical POC’s.

3. Requirements gathering team maintains close contact with technical POC’s during
evaluation period.

4. Requirements gathering team returns to host Range approximately 30 days later to
collect Requirements Questionnaires and debrief with each technical POC.

5. All information is recorded and entered into the Requirements Database.

Once all requirements have been collected and documented, a “super-set” of requirements will be
translated into the final System Specification.  This will serve as the master plan for how the system
will be developed for all NAWCWD Ranges.

REQUIREMENTS

Requirements will be classified into 3 basic categories:  Core Requirements, Architectural
Requirements, and Operational Requirements.

Core Requirements are very basic and have primarily been used to define the functionality of the
prototype.  Some of the Core Requirements are:

1. Must run on a low cost PC class machine.
2. Point and click user interface.
3. Software must be object oriented and written in C++
4. TSPI displays must provide 3-D capability with plan view, rotated, wingman, chase-

plane, and cockpit views.
5. TSPI displays must support textured overlays and maps based on DFAD/DTED or

bit-mapped data.
6. TM displays must support Alphanumeric, Strip-Chart, Gauges, Dials, Limit Alarms,

and Bar-Charts.
7. Provide a “right-click” pop-up list of all available TM parameters.



8. Provide the ability to drag TM parameters from the master list and drop them on any
display object defined in #5 above.

9. All filtering algorithms are user definable objects.
10. All display and processing functions are user definable objects so that custom

displays and functions can be easily added to the core architecture.
11. Number of TSPI participants and TM parameters limited only by system throughput.
12. Multiple display pages can be defined and are accessed via “page-up/page-down”

keys.
13. Workstation archive and playback capability.   Playback can be run at user’s desk.
14. User can build display definitions at his desk and upload to range workstations via

floppy.

Architectural Requirements refine the physical attributes of the prototype (i.e. How the
system is built).  For example:

1. Each server must support up to 50 simultaneous workstation connections.
2. Each display must support up to 4 simultaneous connections to TSPI/TM servers.
3. Must support 10/100 Base-T or Gigabit Ethernet for all workstation/server/front-end

connections.
4. Telemetry front end must support TMATS import/export.
5. Display workstations must support the option of being dual-headed.
6. Etc.

Operational Requirements refine the functions that the prototype must perform (i.e. How the
system is used).  For example:

1. History trails must be user selectable with lengths up to 60 seconds.
2. TSPI displays must support user defined labels for all participants.
3. All display windows can be toggled from opaque to transparent by the user.
4. Map labels shall be user definable and allow easy attribute modifications.
5. Loss of TSPI data shall result in the flashing of the corresponding participant vehicle

on the display.
6. All participant vehicles shall be rendered in a realistic forms representing the FA-18,

AV-8B, QF-4,  F-16, F-22,  AH-1, UH-1, Tornado, AIM-9X, AIM-120, HARM,
JDAM, JSOW, Hellfire, and Tomahawk.

7. Etc.

PROTOTYPE ARCHITECTURE

The basic architecture of the Prototype consists of four main components:  TSPI Front-end
Processor, Telemetry Front-end Processor, Data Server, and Display Workstations.  The front-end
processors are existing Range assets and will in most cases remain largely unmodified from their
present configurations.  This architecture is the simplest to implement because it is very similar to
the architectures that presently exist at all NAWCWD Ranges.  As you will see later, an architecture
that is more conducive to interoperability is planned for the future.  Specific communications objects



for each unique Front-End processor  will reside on the Data Server,  thus providing the interface
medium between the Front-ends and the Display Workstations.  Telemetry definitions will be
downloaded from the Server  to the TM front-ends using the TMATS  telemetry attributes file
format.  The Data Server will also function as a focal point for all defined telemetry parameters and
TSPI tracks that are available at a given point in time.  The key point of this architecture is that the
core systems are identical except for the server to front-end communications objects.  The
modularity of the software will permit easy customization of the system by adding application
specific display and processing modules.  A simplistic representation of the prototype system is
shown in Figure 1.  The configuration of the existing system at the China Lake Land Range is shown
in Figure 2.

Figure 1.   Common Display System Block Diagram.
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Figure 2.   Existing China Lake Land Range System Configuration.

All prototype software is currently written in Microsoft Visual C++ using Microsoft Foundation
Classes (MFC) for all man/machine interface (MMI) objects.  All 3-D graphics are written in Open
GL thus requiring a video card capable of accelerating Open-GL graphics in hardware.  Currently
the software has been successfully tested with the Diamond Fire-GL, the 3D Labs Oxygen GVX,
and the Visiontek GeForce 2/3 series of video cards.  Most cards we have tested are in the $500-600
range but some video cards that have recently hit the market and have dropped the price to around
$350 while offering a 2-3 times increase in performance.  The prototype runs surprisingly fast on
systems as slow as a 450 MHz Pentium II although for the presentation demo I’ll be using an 800
MHz Pentium III.  Interestingly enough, the prototype is noticeably faster than the RCCS-II system
which runs on the Silicon Graphics Indigo II.  The Indigo II systems were about $45K when they
were purchased new in the early/mid 90’s and were considered to be very fast at that time.  There is
consideration being given to enabling the production version of the software to run on both Linux
and Windows.  This would require that all MFC objects be replaced with a library compatible with
both operating systems.  A sizeable task, but one that may be worth undertaking in order to avoid
being locked into Microsoft down the road.
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FUTURE ARCHITECTURE

While it is essentially a given that the basic platform of this system will remain fast-but-cheap PC’s,
there will be some dramatic differences in the way the display system, and ultimately our Ranges
will be architected in the future.  NAWCWD is actively involved in the Foundation Initiative 2010
(FI2010) and is fully supportive of the tenets of that project:   Interoperability, Sharing,  and Reuse.
One of the soon to be released (October 2001) products of FI2010 is a “middleware” software layer
designed to provide standard network connectivity between range components such as servers,
displays, instruments, etc.  While it remains to be seen if this new software (AKA “Ike2”)  will be
widely accepted into the Range community, the concepts behind Ike2 are viewed as the direction of
the future.  With that in mind, the architecture of the Common Display System will eventually take
on a much more distributed nature as shown in Figure 3:

Figure 3.  Distributed Network Architecture
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CONCLUSION

This is a very ambitious project and although the payoff is potentially great, it will not be without its
challenges.  Careful attention must be paid to requirements and the operational/ cultural differences
between the Ranges.  We often quip about how technically this project is a no-brainer but the people
aspects of the project are where the real challenges lie.   Right now interconnectivity and
interoperability are a big push as we build toward the future.  Many of our customers in the next few
years will come to expect our most advanced capabilities as standard fare.   The Common Display
System at NAWCWD is viewed simply a building block towards the overall goal of having fully
connected and interoperable Ranges that support the Integrated Battlespace Arena of the future.


