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ABSTRACT 
 
Serial interfaces (RS232, RS422/485) have been the standard method of communications in 
traditional data acquisition systems.  The role of these interfaces has been to supply a simple 
setup and control path between a host and the data acquisition master and little else.   
 
Today’s distributed data acquisition systems (DAS), which are comprised of many types of 
components including Ground Support Computers (GSC), Pilot Control Units (PCU), Data 
System Control Units (DSCU), Solid State Recorders (SSR), Data Acquisition Units (DAU) 
and Cockpit Instrumentation Data Systems (CIDS), are ideally suited to the use of Ethernet 
for not only setup functions, but for the distribution of acquired data and status to an unlimited 
number of users.  Besides the obvious advantage of higher data rates, Ethernet provides other 
benefits such as greater data integrity, multi-host capability, and common programming 
interfaces.  This paper details the integration of new L3 Communications – Telemetry East 
(L3-TE) Ethernet based software and hardware components that are part of the Comanche 
Data Systems equipment suite. 
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INTRODUCTION 
 

In the early 1990’s, Microcom was contracted to upgrade and expand the functionality of its 
Airborne Data Acquisition and Processing System (ADAPS) components to support the 
requirements of the prototype Comanche flight test program, which culminated with the first 
flight on January 4, 1996.  A top-level block diagram of the overall DAS supplied for the 
Comanche is shown in Figure 1.  
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FIGURE 1 – COMANCHE PROTOTYPE DAS BLOCK DIAGRAM 

 
The Microcom developed components included: 
 

a. Remote Multiplexer Units (RMU): this Data Acquisition Unit (DAU) is 
responsible for collecting information from various sensors and bus inputs and 
generating a PCM stream 

b. Data Combiner Unit (DCU): this unit is responsible for combining up to eight 
PCM streams into a single merged output, and also provides the setup path to the 
various RMU chains  

c. Pilot Control Unit (PCU): this unit is responsible for controlling recorder 
activities, initiating calibration sequences and providing status information to the 
flight crew 



d. Ground Support Computer: performs flight-line checkout role including setup of 
the DAS; also contains a bit synchronizer/frame synchronizer/decommutator 
module to support quick look verification of the DAS PCM output 

e. Data System Combiner Unit (DSCU): this was a “catchall” box, responsible for 
interfacing to the recorder, collecting status from various sources and generating a 
status message for the PCU and/or GSC; generates discrete outputs including 
controls for calibration 

 
The overall Comanche DAS also integrated components supplied by the Comanche 
development team (Boeing-Sikorsky) or other vendors, which included:  
 

a. An Ampex DCRsi Recorder 
b. Mission Equipment Package Data Acquisition System (MEPDAS), responsible for 

collecting and merging data from a number of sources, and provided the control 
and data interface to the DCRsi 

c. Custom Display & Keyboard Unit for the ACU  
 

EMD PLANNING 
 

As the Comanche program was approaching the Engineering and Manufacturing 
Development (EMD) phase, the Boeing-Sikorsky Instrumentation and Data System teams had 
to address a number of increased program requirements and functional problems associated 
with the original DAS configuration.  The items to be addressed for the EMD phase included: 
 

a. Support Increased Program Data Requirements: 
• Recording of high rate data from radar and multiple Data Flow Networks 

(DFN).  This necessitated the integration of up to four Calculex MONSSTR 
Solid State Recorders (SSR). 

• An increase in the number of Pilot Displays that could view decommutated 
data and system status 

• Sensor Inputs 
b. Size: as can be seen in Figure 2, the Comanche is a small vehicle.  The increase in 

the overall program requirements resulted in a reduction in space available to the 
DAS 

c. Recorder Control Responsiveness: a combination of the overall architecture of the 
DAS and the software design of the individual components resulted in poor 
recorder control performance 

d. Data Communication Performance: communication between all of the components 
was over serial links, which have a number of inherent limitations: 
• Speed, which limits how much information can be collected and distributed 
• Lack of data or message recovery mechanisms 



• Point-to-point connections requiring additional wiring and lack of flexibility 
e. COTS: while most of the units integrated Commercial-off-the-Shelf components 

such as processors, many of the components were non-standard or had reached 
obsolescence 

f. Lack of Adaptability/In Field Updates: most of the units could not be updated in 
the field, programming changes would typically require that a specific unit be 
removed from the aircraft and opened 

 

 
 

FIGURE 2 – COMANCHE PROTOTYPE AIRCRAFT 
 
 

While the Boeing-Sikorsky team was satisfied with the performance and capabilities of the 
DCU and RMU (the only upgrade being the development of new strain gauge and voltage 
conditioner modules to double their channel densities, which reduced the number DAUs that 
were required), it was clear that changes to the other units would be needed. 
 
In reviewing the overall goals for the EMD phase, which included minimal changes to the 
overall architecture of the DAS, it was apparent that the use of 100 Mbps Ethernet, (now the 
standard for connecting computers, which is the what all of the affected units are), would be 
required.   
 
The use of Ethernet, however, was looked upon with some reservation by the Comanche 
instrumentation management team, as there was minimal documented history and 
environmental (EMI) data on the use of networking in flight-test applications.  The effect of 
radiated emissions on other aircraft equipment and EMI susceptibility due to the proximity of 
the Comanche’s radar were major concerns for the team. 



 
After a number of meetings and discussions between L3, Boeing-Ridley, Sikorsky, and other 
Boeing divisions that had experience in the use of 10 Mbps Ethernet on the 767 aircraft, a risk 
reduction test was performed on a new DSCU that was being developed for a new Boeing 
Chinook upgrade program.  The initial radiated EMI tests on the unit failed, mostly due to the 
leakage of a couple of frequencies in the 20-160MHz range.  A number of modifications were 
made to the unit, including temporarily closing off the air intake and exhaust openings and 
inserting a small fan to circulate air within the DSCU to prevent hot-spots from developing, 
which enabled the unit to successfully pass the second round of EMI tests. 
 
THE RAH-66 COMANCHE NETWORKED BASED DATA ACQUISITION SYSTEM 
 
While the lessons that were learned from the risk mitigation tests would be applied in the 
physical design of the various units, all-new internal system and software designs were 
required to take full advantage of a local-area-network (LAN) aboard the vehicle.  The 
benefits of the LAN that affect positively affect system and software architecture include: 
 

Function Ethernet Serial Notes 
Data Rates 10 Mbps 

(Min) 
115 kbps 

(Max) 
100 Mbps is now standard with 1 Gbps 
deployment increasing. 

Industry Standard 
API 

Yes No The TCP/IP protocol API is consistent 
across hardware and software 
platforms.  
Because the serial standards define the 
electrical characteristics of the interface 
and do not address software, drivers 
and/or APIs for serial interfaces vary 
from platform to platform if available. 

Multi Tasking Yes Limited Ethernet is ideally suited to a multi-
tasking environment, in that it allows 
each application to connect to the 
network via a unique port number over 
a single physical link.   

Automatic Data 
Integrity 

Yes No The combination of Ethernet and 
TCP/IP provides for verification and 
acknowledgment of all data packets 
transmitted, and the recovery of 
packets lost during transmission.   
 
Serial interfaces and their associated 
software drivers supply minimal error 
detection, and error correction must be 
performed specifically by the user’s 
applications. 



Function Ethernet Serial Notes 
Field Upgradeability Yes Limited Both interfaces allow for in-field 

upgrading of a unit’s functionality.  
Ethernet provides faster upgrades that 
can be done anywhere on the network. 

Expandability/Multi-
Host 

Yes Limited Because each device that connects to a 
network must conform to the industry 
standard, expansion is simple.   For 
RS232, expansion requires more 
hardware since this interface supports 
single point-to-point communications.  
RS422/485 are multi-drop interfaces, 
but the custom message protocols used 
typically prohibit the integration of 
devices from different vendors on a 
single network. 

TABLE 1 – ETHERNET BENEFITS 
 
Figure 3 shows the modified Comanche DAS block diagram that incorporates a LAN, and 
highlights the new units.  Two AES1000-9 switches, which allow a maximum of sixteen 
devices to be networked, represent the centerpiece of the LAN. Switches, rather than hubs, are 
used to interconnect the various subsystems, as a switch provides a number of performance 
benefits in that it allows each link to communicate at the maximum rate and only routes data 
to the destination system(s)/link(s).  
 
Communications between the various nodes is done at the socket level using specific message 
formats, taking into account the development of a standard message protocol that has been 
performed at the Patuxent River NAWCAD.  A socket-based application interfaces directly 
with the desired protocol, typically TCP or UDP at the transport/host-to-host layer.  These 
protocols are responsible for providing the application with specific communication services. 
 

• TCP provides a one-to-one, connection-oriented, reliable communication service.  
TCP is responsible for the establishment of a TCP connection, the sequencing and 
acknowledgement of packets, and the recovery of packets lost during transmission. 

• UDP and Multicast provide a one-to-one or one-to-many, connectionless, unreliable 
communications service.  UDP is used when the amount of data to be transferred is 
small, when the overhead of establishing a TCP connection is not desired, or when the 
applications or upper-layer protocols provide reliable delivery. 

 
The TCP or UDP protocols are reliant upon the network/Internet (IP) layer protocol that is 
responsible for addressing, packaging and routing functions.  TCP is used for initialization or 
when network utilization is not critical and UDP is used for data packet transfer. 
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FIGURE 3 – COMANCHE LAN BLOCK DIAGRAM 

 
The level of changes in functionality varied from unit to unit. 
 

a. PCU: The PCU is a small PC104+ system comprised of 300 MHz Geode based 
SBC and a discrete I/O module, integrated into a custom housing that had to fit 
between the pilot’s knees. The functionality of the PCU was the least affected by 
the integration of Ethernet into the Comanche DAS architecture.  Though its main 
role of controlling calibration modes and providing the user interface to the 
recorder subsystem/mechanism remained unchanged, the PCU was additionally 
tasked to provide more useful status information to the pilot. This requirement 
could be met because the PCU could now receive and process more detailed 
information over the network than could be received over a serial link.   

 



While processing status messages over a unique network port, the PCU could 
simultaneously sending recorder control messages.  In conjunction with other 
improvements throughout the rest of the Comanche DAS, the ability for the PCU 
to multi-task, rather than run in a single serial thread, significantly enhancing the 
responsiveness of the recorder to react to control commands. 

b. DSCU: The DSCU is a four-slot 3U CompactPCI system that consists of an 800 
MHz Pentium III SBC, a discrete I/O module set providing ninety-six lines, a 
serial I/O module set providing eight RS232 and eight RS422 ports, and an L3-TE 
PMC3362-F bit synchronizer, frame synchronizer, decommutator module. 

 
The DSCU was most affected by the new program requirements and the use of 
Ethernet aboard the Comanche EMD aircraft.  The number of requirements 
assigned to the DSCU mandated that the unit’s software be multi-tasking, allowing 
one thread or process to handle each unique occurrence of a requirement.  This 
architecture could not have been sustained without the use of Ethernet and the 
operating system, which allowed for management of multiple concurrent 
communications.  
• Collect status from up to four recorders.  The use of Ethernet allowed a single 

process, consisting of multiple threads, to be assigned to the status and control 
of each recorder that was present.  This implementation allowed 
“simultaneous” communication directly with each recorder over multiple 
connections, which significantly improved the responsiveness of the system. 

• Provide a programmable network status output.  The original DSCU provided 
a fixed status message output that was only available to the current host.  The 
new DSCU collects status from a number of sources and broadcasts a user-
defined status message at a user specified periodic rate (1-10 times per 
second).   

• Provide serial outputs.  One of the major problems of the original DSCU was 
that detailed DAS and recorder status information could not be transferred to 
the ground, so the instrumentation engineer had to rely on the pilot to 
determine what was happening on the aircraft.  Due to the limited status 
information that was supplied to the pilot, the instrumentation engineer would 
typically have to wait until the vehicle was on the ground before investigating 
a problem.   
The new DSCU has the capability of generating up to fifteen unique serial 
output streams that could contain any combination of status parameters that the 
DSCU monitors/collects/processes (one of the serial lines was dedicated to 
communications with the heritage DAU components).  These serial streams 
were then injected into an RMU serial input module, which then could make 
the status information available for output in a PCM stream for recording 
and/or transmission to the ground.  

• Provide frame data outputs.  In the original DAS architecture, a separate ACU 
was supplied that contained the necessary hardware and software to receive, 
process and display data from one of RMU or DCU PCM streams.  Due to the 



increase in the number of displays and the reduction in space for the overall 
DAS, the use of multiple ACUs was not possible. 
The solution was to add a decom module directly into the DSCU, and then 
have it multicast frames of data that would allow the GSC or CIDS display 
systems to receive and process a selected stream.  The DSCU provided a 
multiplexer that allowed for the selection of one of sixteen streams for 
processing. 

c. GSC: The GSC is a ruggedized, network-enabled Fieldworks PC that houses an L3 
Communications – Telemetry West (L3-TW) MFT-733 combination bit 
synchronizer-frame synchronizer-decommutator module and the Vista Air-Ground 
software package.  The Vista software consists of the Vista TEC package that is 
used to control all of the airborne components and provide flight-line checkout 
capability, and the L3-TW Vista VTS that provides control over the 
decommutation hardware. 

 
Similar to the PCU, the standard functionality of the GSC remained unchanged.  
However, the inclusion of networking allowed for a number of new functions to be 
included directly in the Vista TEC software. 
• The original implementation always required that a DSCU be present to 

control the recording subsystem.  The integration of the network allowed Vista 
TEC to directly communicate with one or all of the recorders. 

• Simultaneously receive the DSCU UDP status broadcasts that contained 
information gathered from any number of user-specified sources. 

• Simultaneously receive the DSCU Multicast data broadcasts that contained 
PCM frames generated from one of sixteen sources.  This functionality allows 
the GSC to receive data generated by the RMU DAUs without requiring an 
internal frame synchronizer/decommutator.  Data frames received over the 
network are routed to an internal Vista software process that only had to 
identify parameters, as the frame synchronization, subframe synchronization 
and serial-to-parallel conversion was already performed in the DSCU. 

d. SSR: Two Calculex Modular Non-volatile Solid State Recorder (MONSSTR) 
units that were configured for handling different types of inputs provided the SSR 
capability.  The use of networking in the MONSSTR allowed simultaneous status 
and control functions to be performed by multiple hosts. 

e. CIDS: The Cockpit-Instrumentation Display System base unit was provided by a 
separate vendor and housed Sikorsky developed software that would receive the 
DSCU data and status broadcasts.  A total of six CIDS units were to be installed in 
the Comanche, each being able to process and display a different subset of data 
that was available.  The use of Ethernet to distribute data and status eliminated the 
need to have a separate decom module in one or more of the CIDS, thus allowing 
the size of the unit to be constricted to solely a processor module, power supply, 
display and keypad. 

 
 



 
 

CONCLUSION AND FUTURE 
 
While the new Comanche DAS did not directly address the collection of measurement data 
from the RMU DAU units, it showed that higher speed networking could be integrated into a 
flight-test environment to significantly enhance the capabilities of the system without 
negatively affecting other aircraft operations. 
 
L3-TE had been actively collaborating with the JDANS PMO on the development of 
prototype systems for use in data acquisition applications, concentrating on critical issues 
such data distribution/packetization, time correlation and control, until the reorganization of 
that office.  After that event, L3-TE has continued its own investigation into the use of 
Ethernet and other protocol-based interfaces as the sole link between all of the DAS 
components.  The goal of these efforts has been the implementation of these capabilities into 
NetDAS, L3-TE’s latest distributed data acquisition system, as L3-TE believes that network 
connectivity and distributed processing in the flight test environment is a progressive solution 
to addressing the constantly increasing requirements of today and tomorrow’s flight test 
programs. 
 
 
 




