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DISTRIBUTED INTERACTIVE SIMULATION
NETWORK INTERFACE FOR A-10 SIMULATOR
IN SUPPORT OF I/ITSEC ‘95 CONFERENCE DEMONSTRATIONS

1.0 Introduction and Background

Armstrong Laboratory maintains a Distributed Mission Training (DMT) network supporting
design, development, and test of multiplayer man-in-the-loop simulation systems. The DMT
network includes Network Interface Units (NIU) which allow various simulators to interoperate
using a common protocol.

An NIU provides individual simulation systems with the ability to interact with other simulation
systems in a common virtual environment using the Distributed Interactive Simulation (DIS)
communication standards. Each individual simulation system communicates with the NIU using
unique protocols specific to the individual simulation. The NIU translates data in real time for
communication over the DIS compliant network. Other NIU functions include remote vehicle
approximation, coordinate conversion, data filtering and entity prioritization. The modular
software architecture of the NIU reduces the effort required for implementation and modification
of these functions to suit specific requirements. The VME-based hardware design provides the
flexibility to interface using Ethernet, reflective memory, or direct integration into a host VME
backplane. In addition, the NIU is available with an integrated DIS Digital Voice system
providing a complete communication interface for DIS applications.

Unfortunately, there are several drawbacks to the existing NIU design. Network interface
improvements are necessary in order to keep the DMT network at the leading edge of this
technology. The A-10 project forced the recognition of NIU flaws and caused the first steps to
be taken toward an improved network interface. This paper addresses the problems of existing
NIU designs, presents the changes made for the A-10 network interface, and prov1des
recommendations for future network interface development.

2.0 Existing NIU Design

The NIU must communicate with the host simulator and the DIS network. On the DIS network
side, Ethernet is used for the transmission of DIS protocol data units. On the host side, either a
shared memory or Ethernet connection is used to update the host at the host frame rate. This
requires an additional interface board. The interface board communicates with the NIU
processor board over the VME backplane and passes information to the host.

The existing NIU hardware typically consists of the following major components:




- Stand-alone VME chassis

- MVME147 processor board

- CMC Ethernet card (or reflective memory card)

- MVME?712 input/output board

- MVME147 processor board for digital voice (optional)

- VIGRA audio board for digital voice (optional)

- MVME?712 input/output board for digital voice (optional)

For this NIU design, the MVME147 processor requires installation of erasable programmable
read-only memory (EPROM) chips. These EPROMs contain the pSOSystem operating system
along with the NIU executable load. Included are two kilobytes of battery-backed random access
memory (RAM) for saving specific NIU settings. No UNIX board or disk drive is present, and
new EPROMSs must be “burned” to upgrade software.

If needed, an Armstrong Laboratory digital voice “radio-like” system can be installed in the NIU
VME chassis. This system is independent of the network interface and can be completely stand-
alone. Hooks exist to allow the network interface to control the digital voice settings. The
digital voice system also runs EPROMs on its MVMEI147 card and requires use of the
pSOSystem and associated development system.

2.1 Existing NIU Design - Drawbacks

The existing NIU design requires separate stand-alone hardware. Additional hardware required
by the NIU stand-alone configuration increases system cost and reduces system performance. In
addition to the separate VME chassis, Ethernet or reflective memory boards are required by both
the NIU and the host for NIU-host communication which drives up the hardware cost. In the
Ethernet configuration, the NIU-host communication consumes valuable processing time reading
and writing data packets to and from the host at frame rates as high as 50 Hz. This can cause a
communication bottleneck during simulations that experience high network activity. Although
this stand-alone hardware configuration may be necessary in some instances, there must be an
option to integrate the network interface software into the host simulator itself.

For the existing NIU design, all software modifications must take place at Armstrong
Laboratory’s Aircrew Training Research Division (AL/HRA). Development of the NIU software
takes place on a single designated SUN SPARCstation. This is the only machine at AL/HRA
licensed to use the pSOSystem and its associated Microtec compiler. The NIU software must be
compiled on the SUN SPARCstation, then downloaded to an IBM PC computer so that two
EPROMs can be “burned.” The two EPROMSs must then be physically installed into the
MVMEI147 prior to testing software modifications. For projects that require NIU devices to be
used at other locations, NIU software modification is impossible. This is a major problem since
many DIS programs necessitate on-site, “on-the-fly” development capability.




Simple debugging is also not supported by the existing NIU design. Since the NIU load is an
embedded real-time process, debugging tools are not available to use. In an environment where
the DIS protocol has not fully matured, debugging capabilities are crucial.

Analysis of the existing NIU design also showed that more work is necessary in order to properly
comply with the DIS protocol standard regarding entity dead reckoning. It was discovered that
the NIU software allows for occasional discontinuities in the dead reckoning of external entities.
The discontinuities are a result of the NIU software architecture, and major modifications are
necessary to alleviate the problem. Specifically, time synchronization between the NIU, host
simulator, and DIS protocol messages is not being handled correctly.

Each NIU software load is tailor-made to run with a specific host simulator. This makes
configuration control very difficult. Even though it will always be necessary to customize
certain sections of software for different applications, there needs to be a common foundation.
The existing NIU software is not set up in this fashion. Further, the existing NIU software varies
significantly depending upon the exact hardware configuration. For example, the NIU software
designed to interface with its host simulator by means of reflective memory is very different
from the NIU software that communicates with its host via Ethernet.

Finally, the existing NIU software is too dependent on its operating system, pSOSystem. NIU
software has been tailored to run with pSOSystem. NIU software, as a result, is unnecessarily
complex and debugging is virtually impossible.

3.0 A-10 Network Interface Goals

With knowledge of the existing NIU, the network requirements for the A-10 simulator forced a
complete change in both the hardware and software architectures of the network interface. A
decision was made to run the network interface software on a single MVME187 board inside the
A-10 simulator VME chassis. This meant that the familiar pSOSystem operating system would
be replaced by VMEexec 3.0. Since the network interface board was to be located inside the host
chassis, no additional I/O board was necessary for host communication. Software of the past
NIU designs would require complete overhaul since they were dependent upon a specific design
architecture.

Since the aggressive schedule of the A-10 project did not permit the perfect design, the following
goals were accepted for this initial phase of NIU modification:

- create hardware independent software

- create operating system independent software

- establish a practical development system

- establish better debugging capabilities

- simplify unnecessarily complex source code

- rework synchronization methods to ensure better dead reckoning

- integrate digital voice capability using an existing stand-alone system




3.1 A-10 Network Interface Redesign Efforts

In order to prevent the same mistakes of past NIU designs, the network interface software was
significantly modified so that it was no longer dependent on the pSOSystem operating system.
The code was initially developed and tested on a standard UNIX platform (SUN SPARCstation)
with the desire for the code to be operating system independent. Running on the SUN
SPARCstation allowed for easy debugging and established that the network interface software
can be independent of a specific target hardware architecture.

With a single flag setting, the modified code was recompiled and tested on the A-10 target
VMEgexec system. Further testing occurred on the target system as needed. Modifications to the
source code took place at either the SUN SPARCstation or A-10 target VMEexec system. This
by itself solved a major problem found in the prior NIU design with regard to ease of
development. For the Interservice/Industry Training Systems and Education Conference
(IITSEC) ‘95 development, this capability was essential to the success of the demonstration. In
addition, debugging capabilities that did not exist in the prior NIU design yielded crucial
programming information.

Other modifications to the network interface software were made with regard to the following:

- hardware independent host communication
- time synchronization, host synchronization
- simplified source code

Since various hardware configurations can exist for the network interface, it was decided that a
single method of communication between the host simulator and the network interface should be
devised that would work for common configurations. The network interface software must be
flexible enough to allow communication over a VME backplane, reflective memory card,
Ethernet card, or any other I/O device without the need for major software changes. For the A-
10 project, the VME backplane is utilized as an efficient communication path between the
network interface and the host simulator. However, the interface software does not rely on this
particular method of host communication. Software is written so that common methods of host
communication are supported.

Proper dead reckoning of external entities is probably the most difficult function of a network
interface. In order to render good data, timing between the host and network interface must be
precise. Time synchronization and dead reckoning in past NIU designs were not handled in a
consistent manner from one application to another. As a result, the source code for the NIU
became very complicated and host-simulator specific. For example, some NIUs dead reckoned
entities in the geodetic coordinate system, and other systems dead reckoned in the geocentric
system. Some NIUs had a single threaded process whereby software events occurred in a
predictable manner while other NIUs ran multiple processes which failed to “handshake” with
each other.




For the A-10 project, a dual process was chosen by which one process was dedicated to handling
the DIS network, and the other process handled communication with the host simulator. The two
processes were “handshaked” accordingly. Methods were also implemented which allowed for
efficient and accurate dead reckoning in the geodetic system. Simplifying the code in this
manner made it easier for proper dead reckoning to occur; however, additional work is still
needed in order to achieve perfect dead reckoning.

Finally, time did not permit redesign of the digital voice software. It was decided that the current
stand-alone configuration could be installed into the A-10 chassis, and hooks for network
interface control over the digital voice system could be used. Rehosting the digital voice
software onto an MVME187 is the eventual goal.

4.0 Results

In less than one month of development, NIU software was successfully redesigned to eliminate
several flaws with the previous NIU design. The A-10 successfully interacted with both DIS
2.03 and 2.04 network entities, and the I/ITSEC ‘95 demonstrations ran smoothly. The network
interface code that resulted is much more portable than its predecessor. Development and
debugging improved significantly. However, this was just the first step in improving the
function of the network interface.

Although the A-10 demonstrations ran successfully without incident, there are some unfinished
items and a few problems to be resolved.

Unfinished:

- Replace a faulty Motorola-supplied VMEexec 2.0 Ethernet driver
- Determine the cause of occasional jitter on network entities

- Improve filtering techniques

- Add Simulation Management (SIMAN) support

- Include electromagnetic emission support

Problems to be Resolved:

- Dual process network interface setup is unnecessary and
adds complexity to the source code.

5.0 Recommendations For Future Development

The A-10 network interface redesign will be very useful to future projects. Several hurdles that
existed with the older NIU software and hardware designs have been re-engineered. However, a
great deal of work is still necessary in order to achieve a more efficient and effective network
interface.




First, the network interface code should be transported to run with version 3.0 of VMEexec.
This is expected to eliminate a limitation that the A-10 network interface has with heavy network
load due to a faulty Motorola Ethernet driver in VMEexec 2.0.

Some additional work should be done to further simplify the network interface source code. In
particular, the dual threaded processes which handle either the network or host communications
can be combined into a single threaded process. Although in many applications, this is not the
ideal direction to follow, it greatly simplifies the complex dead reckoning process. The
advantages to having a dual threaded system do not outweigh the advantage of having easy-to-
understand source code. It is estimated that this modification will eliminate the occasional jitter
still seen with some network entities.

Finally, advanced filter techniques, simulation management support, electronic emission support,
and digital voice integration need to be added in order to have a complete network interface.
These items were selectively put on hold for the /ITSEC ‘95 demonstration since they did not
affect the demonstration’s success. However, without much additional work, the network
interface designed for the A-10 project will be an excellent foundation for future systems.



