
 

ABSTRACT 
 
Typical attack helicopter missions present multiple 
opportunities to increase the crew's situation awareness 
while not increasing channel saturation. The Rotorcraft 
Pilot's Associate (RPA) Three Dimensional Audio Display 
independently spatializes up to eight separate audio 
sources including the crew intercom, voice radio 
communications, and audio alerts. While research in the 
past has often focused on the improvements in target 
acquisition times provided by 3-D audio displays, the RPA 
design and implementation concentrated on the 
improvements in overall situation awareness that are 
possible through a more completely integrated cockpit 
audio display. In this immersive cockpit environment, the 
spatialized sounds and the related three dimensional visual 
information presented on the pilot's helmet mounted 
display coincide. This allows the pilot to combine the three 
dimensional audio and visual information into a natural, 
consistent, and coherent virtual environment that is 
representative of the real world mission situation. An 
examination of which alert types are aided most by the 3-D 
audio display will be studied. The effects of the 3-D audio 
system on situation awareness and crew coordination will 
be also be partially examined during more extensive full 
mission simulation evaluations of the RPA system 
scheduled for completion in March of 1998. 
 
 

INTRODUCTION 
 
In a modern attack helicopter the crew frequently 
approaches both task and channel saturation. These 
episodes are often associated with either attack segments 
of missions, or unexpected enemy contact, which are 
characterized by periods of intensive activity. Crew 
situation awareness can suffer in these instances because 
more potential information is available for display than the 
crew can process in a short time. The ability of a 3-D audio 
system to increase the effectiveness of various categories 
of audio alert information is well documented. Bronkhorst, 
Veltman, and van Breda found significant reductions in 
search times with the addition of a 3-D audio display 
compared to a baseline search task without the display. 
(Ref. 1)  Begault investigated the advantages of a 3-D 
audio display for  collision avoidance advisory messages, 

(Ref. 2 ) and found a significant reduction in search times 
of approximately 2.2 seconds when the audio advisories 
were spatialized in 3-D. Much research has been 
completed verifying results similar to the two studies 
mentioned.  
 
The RPA program sought to expand on current positive 
research findings, using them as a starting point, and 
design the 3-D audio system as an integral part of the 
advanced crew station. The program expects an increase in 
situation awareness with the addition of the 3-D audio 
display. 
(Ref. 

 
DESIGN PHILOSPHY 

 
The RPA program is an ongoing technology demonstration 
program. RPA has developed and demonstrated Cognitive 
Decision Aiding System software (CDAS), sensor and data 
fusion software and information transfer software for both 
attack and reconnaissance missions. RPA reduces crew 
taskload, improves the quality of tactical  decisions, and 
ensures a fast paced operational tempo via pilot centered 
automation, context sensitive tactical decision aids and 
cockpit information management. RPA combines 
advanced controls and displays, with intelligent 
information management to provide increased situation 
awareness to the crew.  
 
The RPA program sought to increase the information 
transfer capability of the crew station through the use of 
innovative modalities such as a Kaiser  bi-ocular Helmet 
Mounted Display (HMD), touch-sensitive Multi-Function 
Displays (MFD), voice recognition capability and the 3-D 
Audio Display. (Figure 1.) These input and output 
modalities allowed the design team to choose the most 
effective means to convey information to the crew, 
avoiding overload on any one particular channel, as well as 
allow the crew to interact quickly and effectively with the 
aircraft. (Ref. 3 ) 

 
3-D AUDIO HARDWARE DESCRIPTION 

 
The 3D system used in the RPA simulation environment is 
the Crystal River Engineering Acoustetron II. The 
Acoustetron is a stand-alone audio server that is controlled 
via RS232 serial connection from the Controls & Displays 
(C&D)  host computer, a Silicon  Graphics Onyx II, which 
allows the simultaneous spatialization of multiple sources. 
The simulation facility’s two channel intercom system was 
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modified into a virtual three channel system which allows 
communications between the two crew members,  between  
the crew and the teamplayers, including their wingmen, the 
TOC and Artillery stations, and between the Test Director 
and the crew. The output from the Acoustetron is passed 
though separate Bross headphone amplifiers and then to 
the crew’s helmets. A separate input into the amplifier is 
used to mix in the pilot’s and copilot’s microphone to 
provide audio feedback when the crew is talking. The 
amplifiers also mix the output of the Acoustetron onto a 
separate audio channel which is then connected to the Test 
Director and other operator stations allowing the 
monitoring of the crew’s audio channel. The system design 
allows the Test Director to communicate “behind the 

scenes” with the test team, wingman, and data collection 
personnel, without the crew hearing.  
Pre-recorded voice alerts are stored on the Acoustetron's 
hard drive as digital audio files, and accessed at the 
appropriate time as alerts are processed in the C&D 
software. The crew intercom and voice radio 
communications are processed in real-time through direct 
line inputs to the Acoustetron. A Polhemus head tracking 
system provides real-time (30/60 Hz) pilot head angles to 
the system for compensation. The entire audio system was 
custom designed to accommodate the various gains 
associated with the crew helmet microphones, Test 
Director microphone and the Acoustetron’s stereo output. 

 
Figure 1. RPA Cockpit Layout  
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Table 1.   RPA Voice Alerts  
RADAR -- O’CLOCK 
  RADAR – OCLOCK TRACKING 
  RADAR – OCLOCK SEARCHING 

 

LASER -- O’CLOCK 
  LASER – OCLOCK DESIGNATING 
  LASER – OCLOCK RANGING 

 

MISSILE LAUNCH -- O’CLOCK 
  IR MISSILE LAUNCH – OCLOCK 
  RF MISSILE LAUNCH – OCLOCK 

 

MISSILE TRACKING – O’CLOCK 
  IR MISSILE TRACKING -- O’CLOCK 
  RF MISSILE TRACKING -- O’CLOCK 

 

ADU_LONG – OCLOCK TRACKING 
ADU_MEDIUM – OCLOCK TRACKING  

 

MASKING  LEFT 
MASKING RIGHT  

 

MASKING DESCEND 
 

AUDIO DISPLAY INFORMATION 
 
During the design phase it was determined that three 
distinct types of audio sources would benefit from 3-D 
spatialization: alert messages, external radio 
communications, and the crew intercom. The alert 
messages include warnings from the Aircraft Survivability 
Equipment (ASE) such as missile launch warnings, and 
threat radar detection warnings. These alerts are spatialized 
based on the clock position of the appropriate warning. 
The radio and intercom are spatialized at fixed positions 
relative to the aircraft. Allowing the crew to recognize the 
sources by position alone. By independently spatializing 
different sources, the pilot is able to intuitively 
discriminate between the intercom, radio communications, 
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and audio alert messages even before the information 
contained within them is processed. For example the 
copilot sitting in the rear crew station hears the intercom 
spatialized in front of him at 12 o'clock, while the pilot 
would hear the copilot's voice coming from behind him at 
6 o'clock. Like the RAH-66, the pilot occupies the front 
crew station in RPA. At the present time all radio 
communications are spatialized at 12 o’clock for the pilot 
and 6 o’clock for the copilot. Future upgrades to the 
system will allow the dynamic spatialization of wingman 
and other radio communications based on the receiving 
radio. 
 
A typical voice alert that the crew might hear during a 
simulation test is, “RADAR 7 O’CLOCK." This alert from 
the ASE suite is alerting the crew that an emitting radar 
has been detected at a 7 o’clock position relative to the 
aircraft. This alert will be presented to the pilot also at an 
aircraft referenced position of 7 o'clock (270 Deg.) 
regardless of the pilot's head angle or continuous head 
movements. Spatializing sounds with head tracker data 
allows the pilot to more accurately fix the position of the 
alert, and more quickly orient the aircraft when needed. 
Table 1 shows a partial list of available Voice Alerts for 
the 3-D audio display. 
 
 
COMBINED 3-D AUDIO AND VISUAL DISPLAYS 
 
One of the most integrated features of the C&D and CDAS 
system is the Safe Masking cue. After the detection of 
threat the RPA system performs a function know as 
“Perform Actions on Contact.” This hybrid function allows 
the system to mode the available sensors to detect, identify 
and track the detected threat, action and mode the 
appropriate weapon and calculate a safe masking location 
given the surrounding terrain. The HMD display provides 
all the cues necessary for the pilot and copilot to either 
suppress the threat with the weapons system or proceed 

directly to the recommended masking location. Figure 2 
shows a representation of the 3-D Safe Masking cue and 
associated symbology. 
 
Once the system has calculated a masking location a voice 
alert is issued, either “MASKING LEFT/RIGHT” or 
MASKING DESCEND” if the location is directly below 
the aircraft. At the same time the 3-D masking cue is 
displayed on the HMD. In the case of “MASKING 
RIGHT,” the cue could be located from 12-6 O’clock. The 
spatialized voice alert cues the pilot to immediately begin 
maneuvering the aircraft in that direction. The HMD also 
displays a heading arrow pointing to the compass heading 
of the masking cue as well as the distance in meters to the 
center of the masking area. An exposure clock monitors 
the time the ownship is exposed to the detected threat 
based on ASE  inputs, threat location and the surrounding 
terrain. 
 
 
Audio spatialization of the Safe Masking alert allows the 
pilot to begin maneuvering to the safe masking location as 
soon as the alert is displayed and the symbol is located 
where the pilot expects to see it based on the auditory cue. 
The Safe Masking Area symbol then matches the out the 
window display allowing the pilot to fly towards the 
symbol and combine the 3-D audio alert, the 3-D masking 
symbol and most importantly the “real world” view out-
the-window, into a consistent and coherent representation 
of the mission situation. 
 

CONCLUDING REMARKS 
 
The RPA crew station integrates advanced C&D design, 
HMD symbology and 3-D audio displays to create a 
potential for greater information transfer ability to the crew 
without information overload. Preliminary program pilot 
comments and evaluations show a pilot perceived benefit 
with the 3-D audio system. During Full Mission 
Evaluations of the RPA system in February and March 
1998, the effects on the crew’s situation awareness will be 
studied as well as an investigation of which alert messages 
and radio communication types demonstrate a significant 
perceived benefit from the 3-D spatialization. The results 
will be presented at the AHS Conference in May of 1998. 
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Figure 3. Immersive 3-D Environment 
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The RPA program is sponsored by the U.S. Army's 
Advanced Avionics Technology Directorate, under 
contract number DAAJ02-93-C-0008 with McDonnell-
Douglas Helicopter Systems as prime contractor.  
                                                        

 
REFERENCES 

 
1. Bronkhorst, A., Veltman, J., van Breda, L., “Application 
of a Three-Dimensional Auditory Display in a Flight 
Task,” Human Factors, Vol. 38 (1), March 1996. 
 
2. Begault, D., ”Head-Up Auditory Displays for Traffic 
Collision Avoidance System Advisories: A Preliminary 
Investigation,” Human Factors, Vol. 35 (4), December 
1993. 
 
3. CoColucci, F. , Rotorcraft Pilot's Associate Update: The 
Army's largest science and technology program.  Vertiflite, 
March/April 1995 
 
 
 


