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White paper by AFRL/VAC for ART LTTP topic- 

System Speclficatlons/Requiremente 
Necessary for interfacing with D-SIx Simulation Environment 

This white paper discusses a method of Interfacing the D-Slx Simulation Environment runninq 
under MS Windows 2000 on a 1.7GHz Pentium 4 PC with existing simulator cockpits that arl 
a^ilable to ART LTTP meml>ers. For some insight into the rational for doing this, refer to the 
MiT LTTP virtiite paper tlUed "Universal Auto AitAo-Mr Reftieling Simulation". 

This paper discusses the Interface between the romputer the D-SIx Simulation Environment is 
running on (D-6) and a high fidelity simulator cockpit The methods used and lessons leaned on 
this project could be adapted by other ART LTTP members if a joint project were initiated by the 
wrarking group and if it was decided to host the joint aerial refueling (AR) project on a 0-6 system 
The simulator cockpit that D-6 was Interfaced to, provides a working example of the relative ease 
witti which the Interface can be accomplished. TTie «K*plt chosen vras osnveniently very 
modularfeed and required no harelware or software dianges to eOier of ifs tNo subsystems 
(input/output (I/O) and graphics generation). Before this project began, this modular ojckpit 
^tem was interconnected via a Shared Common RAM Network (SCRAMNet) to computerCs) 
that were nomially used to simulate the aircraft flight and mfesions. These romputers were 
removed from the SCRAMNet loop and replared with D-6. All that was required to Interface D-6 
to flie simulated ojdcpit was to install a SCRAMNet PCI card into D-6 and to write the software 
modules for D^ ttiat vrould allow It to osmmunlcate wifli ttie ojckpit I/O subsystem and the 
graphics generaflon subsystem. The primary software modules required were an MS Windows 
dnver for the SCRAMNet PCI card and a module that handled the data transfer between the 
^ndows OS and D-6. It was decWed to have the driver written by an in-house <»ntractor 
because the commercial driver vras costty and we could foresee needing many copies of it in the 
ftihjre. TTie data toansfer module was also written In-house and Is an Integral part ttie refueling 
^"^li,M°*^®" °'^' *® ^^'^P'* "*-*• ^"^ *^® graphics generator are all connected to the same 
SCRAMNet optical ring and each system has an exdusive memory partition in SCHAMHet ttiat 
only It IS allowed to write to, but that all computers on the ring are allowed to read With the 
communication setup, all that D-6 had to do was read the cockpit I/O data from SCRAMNet (it 
was wntten to SCRAMNet by the attkpit I/O subsystem once per simulation frame) and to write 
the data to SCRAMNet required by the cockplTs graphic generator subsystem (heading, pitch 
roll, X, y, z, etc. of each aircraft and ttie boom) once per simulaflon frame. 

The specifirations of ttie interface between D-6 and an external high resolution wide angle 
graphics display system and a simulated aircraft ojdcpit will be divided into ttiree parts. The first 
part vnll outtlne ttie hardware implementeflon, and will explain what hardware was used and how 
It was c»nflgured. TTie second part vwll outtlne Oie oimmunlcattons implementation, and wll 
explain what software modules are required in order to fransfer ttie nec^sary date beWeen the 
three subsystems. The third part discusses some issues relating to sharing D-6 software modules 
by ART LTTP matitere or ottier third party sources. 

M outline of ttie major steps used to implement ttie hardware interface between the D-6 system 
and the existtng graphics generator (GG) and ox^pit I/O (CIO) subsystems follows: 

• Install a PCI SCRAMNet (Shared Common RAM Networi<) card into ttie D-6 system. The 
GG and CIO eadi already had a SCRAMNet card and no change was required. 

• Connert to the SCRAMNet cards in the D-6, ttie GG, and ttie CIO Into ttie same opUcal 
ring. Tills will ftincflon as ttie c»mmunlcattons link between ttiese systems. Note that 
Ettiemet may also iroric as ttie aimmunicattons link, but has not been implemented and 
laten<^ issues will have to be checked. 
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• D-^ requires a SCRAMNet driver for ttie MS Windows 2000 to operate tlie PCI 
SCRAMNet card the was installed in ttte machine. The GG and the CIO already had the 
require drivere and no change was required. 

An outline of the major steps used to implement the communications interface between the D^ 
system, flie existing GG and CIO subsystems follows: 

• D-6 requires a module that perfonris tiie necessary calls to the respective OS in order to 
read and write data via the SCRAMNet I/O card. D^ has wizards that can assist in 
creating this module for D^. The wizard will create a generic module of the type required 
and all you have to do is modity if s code to accomplish your specific tasks. The GG and 
CIO already had ttiis module and no change was required. 

• D-6 acquires the following cockpit data by reading data from SCRAMNet that was written 
to SCRAMNet by the CIO each frame of tiie simulation. 

o   Stick pitch and roll 
o   Throttle 
o   Any other data items required from tiie cockpit 

• The GG acquires the following model/flight data by reading data from SCRAMNet that 
was calculated and written to SCRAMNet by D-6 each frame of tiie simulation. 

o    Heading, pitch, roll, X, Y, and Z of the tanker 
o    Heading, pitch, and length of ttie boom 
o    Heading, pitch, roll, X, Y, and Z of the four receivers 
o    Data items to be displayed on a HUD 

• D^ and the CIO are synchronized on tiie D-Six frame number counter which is written to 
SCRAMNet by D-6 and read from SCRAMNet by ttie CIO. 

Interfacing D-Six projects with software components from third party sources. 
• The easiest and most flexible metiiod is to share source code (C++ preferred) that has 

been developed for and debugged on a D-Six system. 
• If the source code is not sharable, the next preferred method is to share compiled object 

code in the fomi of an object module, a linkable library or a dynamically linked library 
(DLL). The program interface must be agreed upon by all users and the object module 
must have been compiled with MS Windows 2000 as ttie telnet system. This code should 
be tested and debugged on a D-Six project that is common to all users prior to ite 
distribution. 

• The least desired metiiod, but sometimes necessary in order to ftirttier protect the code; 
is to execute the code on a discrete, protected, and access conti-olled computer. The 
computers are Oien connected together via a data link (SCRAMNet, Ethernet, a link using 
ttie HLA protoojl, etc.), and only the data put on ttie data link is visible to other usere. 
The content and format of the data on the data link must be agreed upon by all usera. 

• The first two mettiods will result In tiie fastest system development because shared 
software can be ti^nsmitted via e-mail, % or physical mail and each user can run ttie 
simulation on ttieir time schedule. Whereas the third method requires operational 
pereonnel from the respective parties to meet at a common point or establish a remote 
link in order to mn the complete simulation. This is much less convenient because it 
requires more personnel and they must be simultaneously available. 
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