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ABSTRACT

In March, 1991 the Naval Air Test Center awarded a design, development and limited
production contract to SCI Technology, Inc. for a Department of Defense (DoD)
Common Airborne Instrumentation System (CAIS). This system is being developed to
meet the flight test needs of the Air Force, Army and Navy into the 21  century.st

The CAIS will be a time-division multiplexed data acquisition system comprised of a
standard modular complement of hardware and software. These systems will be used
on both existing and future aircraft. CAIS will not be airframe or weapon system
dependent nor will its use be restricted to any Test and Evaluation activity. This paper
describes the CAIS system as specified and proposed for implementation.

BACKGROUND

Perceiving a universal need, the Office of the Deputy Director, Defense Research and
Engineering (Test and Evaluation) initiated the concept of a tri-service Common
Airborne Instrumentation System. Early in 1989, the Naval Air Test Center at
Patuxent River, Maryland was designated as the DoD lead activity. The direction
provided by the Office of the Secretary of Defense (OSD) was to develop an
adaptable, reprogrammable, airborne flight test capability which will facilitate
commonality of instrumentation among aircraft types and interoperability among test
ranges. To that end, requirements and specifications for the CAIS were developed by
the services. The procurement process was initiated and ultimately SCI Technology,
Inc. of Huntsville, Alabama was selected as the developer of CAIS. The remainder of
this paper will describe the CAIS concept, specifications and proposed solution to the
OSD directive.



SYSTEM OVERVIEW

The CAIS is a time-division multiplexed digital data acquisition system. It consists of
both airborne components/subsystems and a suite of ground based instrumentation
support equipment. The airborne system includes all equipment traditionally found
between the signal source and the telemetry transmitter or recorder.

The system is a family of modularized building blocks which are interconnected via a
distributed serial communications bus (CAIS bus). The architecture is modular and
open to allow the system to be user configured and expanded through the addition of
data acquisition units (DAU) which can be either centrally or remotely located
throughout the test aircraft. System design is flexible to allow for easy and efficient
expansion to accommodate new requirements without the need for redesign of the
existing components or architecture. Figure 1 depicts a system level block diagram.

Figure 1. System Block Diagram

 The modularized building block concept uses two levels, the line replaceable unit
(LRU) which is changeable at the aircraft and the shop replaceable unit (SRU) which
are submodules generally changeable in the shop or laboratory. LRU/SRU packaging
is accomplished using both the fixed volume and modularly expandable approaches
detailed in the specification and shown in figure 2. The open architecture readily
permits system expansibility through the definition of common interface points, that
is, the CAIS bus interface protocol and the interface definition for the signal
conditioners.



Figure 2. Packaging Concept

System programmability is accomplished through the airborne system controller
(ASC) over the CAIS bus to the various LRUs. The user has programmatic control
over such parameters as format, channel gain, offset and cutoff frequency all under
software control. The adjustment of potentiometers or jumpers on printed circuit cards
are not required to configure or maintain the system.

CAIS BUS SYSTEM

The CAIS bus as specified is a serial daisy chain with the capability to operate in a
star fashion when using bus splitter devices. The CAIS bus system proposed is
identical to that developed for the Air Force Flight Test Instrumentation System and
implemented in the Advanced Airborne Test Instrumentation System. The
command/response bus carries commands from the ASC to the various data
acquisition units and returns the collected data to the controller for formatting and
output.

The bus is a 10 Megabit per second full duplex serial bus. Command and response
functions are separate from one another. The command bus is designed to transmit
continuously, through the use of filler bits, a technique which permits all the remote
units to “lock onto” and synchronize with the system controller.

AIRBORNE SYSTEM CONTROLLER

The airborne system controller is the device which ties all the LRU components of the
system together and orchestrates their operation. The system output rates are 2 KBPS
to 50 MBPS with various user programmable values. The specification takes into
consideration that many users may not require output rates exceeding 5 MBPS;



therefore, a functionally modular approach was used to allow the user to expand
bandwidth incrementally. The proposed system controller, using the modularly
expandable packing approach, employs from one to three CAIS bus systems each with
a 5 MBPS data capability. The three bus systems and a four input pulse code
modulation combiner module extend the output capability to greater than 50 MBPS.
Each CAIS bus subsystem is capable of servicing up to 63 data acquisition units. In
addition to the CAIS bus modules and the PCM combiner module, an airborne
processor, a display subsystem and a MIL-STD-1553B remote terminal are modularly
available for user configuration into the ASC. This level of “personalization” makes
this approach a technically attractive and affordable (buy only the capability required)
solution for large and small users alike.

The MIL-STD-1553B remote terminal module provides the user with the capability to
output CAIS acquired or processed data onto an aircraft data bus. The host MIL-STD-
1553B system operational software must access the CAIS remote terminal. This
feature may be used for such applications as test data display on production devices
such as HUDs.

 The ASC supports system word lengths from 12 to 16 bits and has a primary serial
IRIG PCM output operating at the selected bit rate. Also available are reduced rate
dedicated and programmable secondary output serial PCM streams. In addition to the
serial data, a parallel output compatible with MIL-STD-2179A and ANSI ID-1 rotary
head tape recorders is available.

Integral to the ASC is a high performance IRIG time code generator. This generator
may be configured to operate on elapsed time or be externally synchronized through
the application of an IRIG B signal.

The PCM combiner module and a 12 input Combiner Expander Module may be
attached to a power supply module and used a separate LRU.

DATA ACQUISITION UNITS

Included in the CAIS data acquisition unit family are units to acquire conventional
analog and discrete measurement data and units which are used to extract data from
aircraft avionics buses. In the first category are the Analog-Discrete DAU or ADAU
and the Discrete DAU or DDAU. The avionics systems DAUs include the Global
Positioning System DAU or GDAU, the MIL-STD-1553 DAU or 1553DAU, the F15
avionics system DAU or H009DAU, the F16 weapons system DAU or WDAU and a
High Speed Data Bus DAU for those newer fiber optic buses found on future aircraft
such as the LHX and ATF.



ANALOG-DISCRETE DATA ACQUISITION UNIT

The fixed volume approach to packaging was selected for the ADAU. Included are an
overhead section and a user configurable signal conditioning section containing eight
card slots. The overhead of the ADAU contains format memory and control circuitry,
a 12 bit analog to digital converter, a 32 channel differential input multiplexer for
signals which do not require other signal conditioning and the necessary interface and
control circuitry to accommodate up to four Signal Conditioning Expansion Units
(SCEU). The sampling rate specified was 200K samples per second with a design goal
to achieve 500K samples per second. The proposed system details methods which will
be studied to achieve sampling rates approaching the goal of 500K. The data paths
throughout the ADAU are 16 bits wide to facilitate growth to 16 bit analog to digital
converters as they become readily available.

SIGNAL CONDITIONING EXPANSION UNIT

Signal Conditioning Expansion Units are specified to provide more signal
conditioning capacity in a smaller volume than a ADAU. This goal is achieved by
providing a fixed volume unit which accepts any of the ADAU analog output type
signal conditioning cards without the burden of all the ADAU overhead. The analog
outputs of the signal conditioners are multiplexed and the resulting PAM signal is
routed to the ADAU for conversion and output to the ASC. The SCEU interfaces to
the CAIS bus for the purpose of obtaining format and setup information. The unit is
sized based on the requirement to house 32 channels of analog data filtering (eight
card slots).

DISCRETE DATA ACQUISITION UNIT

Again using the fixed volume approach a DAU to accept only discrete (digital) data is
being developed. This unit will have 128 input lines which will be configurable in a
variety of ways. The output of the DDAU will be in eight groups of up to 16 bits each
as requested by the ASC.

GLOBAL POSITIONING SYSTEM DAU

A data acquisition unit is being developed to interface with the Instrumentation Port
(IP) provided by ICD-GPS-215 Global Positioning System tactical receivers. The
GDAU will become one of the intelligent terminals connected to the IP for the
purpose of commanding the receiver to supply specific data. Data such as time, space
position and velocity are available from the GPS. The GDAU outputs are then
formatted and sent to the ASC when requested.



AVIONICS DAU

The concept of a configurable avionics DAU permits the user to “build” an avionics
bus monitor through the selection of particular bus receiver/interface modules. These
modules are connected to an overhead section in a modularly expandable packaging
arrangement. An architecture such as this allows mixing of bus types (MIL-STD-
1553, H009, F16 Weapons) as necessary within the same unit.

Basically all three avionics bus monitors are designed to acquire both selected data
and 100 percent of the bus traffic. Functionally the monitors include bus receivers,
message decom memory, data memory, time tagging provisions, 100 percent
acquisition and discrete digital interfaces. The message decom memory is used to
identify the selected data to be acquired. Data memory is used to temporarily store the
selected data prior to retrieval by the ASC. The data memory is configurable as one
write/read block or in a double buffered mode where one half is dedicated to storing
the incoming data while data is being read from the other half. These buffers then
swap functions on command. This technique is used to preclude inadvertent data loss
which could occur by writing over a memory location before it is read. The discrete
digital input interface provides the user with 16 DDAU type inputs for each DAU
slice. The 100 percent output is formatted in accordance with IRIG 106, Chapter 8.
The H009DAU and WDAU outputs are formatted in a similar manner to the MIL-
STD-1553 as detailed in chapter 8.

SIGNAL CONDITIONING

CAIS signal conditioning is designed on printed circuit cards 4.45 X 2.95 inches.
These cards are utilized in the ADAU and the SCEU. A family of 19 different signal
conditioners were specified to adequately cover the requirements of aircraft flight
testing. To satisfy the requirement 18 different cards were proposed. Each card
generally contains multiple identical circuits, with densities from one to eight
channels. The conditioners are software programmable through the ADAU. The CAIS
signal conditioners and a brief description of each are listed in Table 1.



 Signal Conditioner Feature/Characteristic

Analog Attenuator Inputs to + 175 volts
Analog Data Filter F  - 2 Hz to 10 KHz
ARINC 429 Monitor 1 K word storage capability
Auto-Range Conditioner Gain 1 to 1024, 60 K samples/second
Control Signal Generator Relay driver and TTL outputs
Digitized Audio Conditioner CVSD modulation; 16 KBPS to 35 KBPS
Direct Input Expansion Mux  Provide additional ADAU direct inputs
Event Time Recorder Time correlation to .01 millisecond
Frequency Converter/Pulse Converts 5 Hz to 256 KHz
           Totalizer 
Instrumentation MIL-STD-1553 Bus controller/monitor; 8 messages
           Transducer Interface
Parallel Digital Conditioner Versatile input configuration
Phase Sensitive Demodulator 20 Hz to 20 KHz excitation frequency
Serial Digital Conditioner Inputs up to 128 bits
Simultaneous Sample Conditioner On card 12 bit A/D
Synchro/Resolver Conditioner 15 bit resolution; 360 Hz to 1000 Hz
Thermocouple Signal Conditioner Types J,K,E,T supported; external ref.
Transducer Excitation Supply Programmable voltage supply
Variable Resistance Sensor Programmable current source
           Conditioner

c

Table 1. Signal Conditioner Characteristics

STAND ALONE MODE

The CAIS data acquisition units, in addition to operating as remote units controlled by
the ASC are capable of operating in a stand alone mode. In this mode, the DAU is
able to collect data, convert and format it and generate IRIG PCM outputs. The
ADAU is capable of operating stand alone and performing the task of controller for up
to 62 other DAUs of any combination. One signal conditioning card slot is used in the
ADAU to provide this capability. There are, however, limitations in format size,
structure and bit rate. The output rates supported by the various DAU in the stand
alone mode are listed here.

ADAU -- 1 MBPS
DDAU -- 1 MBPS
GDAU -- 1 MBPS
Avionics DAU -- 5 MBPS (selected data)

16 MBPS (100% data)
High Speed Data Bus DAU -- 20 MBPS



 INSTRUMENTATION SUPPORT EQUIPMENT

The CAIS user will be supported with a complementary suite of ground-based
Instrumentation Support Equipment (ISE). These systems range from a multi-user,
multi-tasking Laboratory Support System to a dual channel Hand Held Decom. The
support equipment systems are shown in Table 2.

Instrumentation Support Equipment Function

Laboratory Support System (LSS) Check-out/development system
Instrumentation Support Unit (ISU) Portable version of LSS
Portable Pre-Flight Unit (PFU) Hand carry; set-up, decommutate & display
CAIS Bus Decommutator (CBD) CAIS bus analysis/check-out
Signal Simulators (SS) Provide test stimuli for DAU
Time Code Head (TCH) Time Code Generator setup/display
Hand Held Decom (HHD) Dual channel raw PCM display

Table 2. Instrumentation Support Equipment Systems

LABORATORY SUPPORT SYSTEM

The key features of the LSS include; format generation and loading, airborne
processor software development, airborne system configuration verification, quick
look decommutation, semiautomatic check-out of the airborne system, exercising
initiated BIT and acceptance and fault isolation testing. The LSS employs three
computer systems (SUN SPARC station 1+ and two PC compatibles), a telemetry
front end and other commercial test equipment to perform these functions. The
operating systems used are SUN OS (UNIX) and M5 DOS. The operational software
is written in Ada with the exception of existing code.

INSTRUMENTATION SUPPORT UNIT

The ISU is intended to support an aircraft installed CAIS system in a flight line
environment. It functionally is identical to the LSS except for some fault isolation and
the acceptance test capability. The ISU is being developed in a rack-mounted
configuration for user installation in vehicles or on towable carts.



PORTABLE PRE-FLIGHT UNIT

An alternative pre-flight tool is required for those times when an ISU is unavailable or
impractical. This capability, although reduced from that of the ISU, resides in a one
person transportable system based on a Greco Systems ruggedized PC compatible.
The PFU operates from aircraft power and performs format generation and loading,
decommutation, limit checking, configuration verification and initiated BIT.

 SYSTEM DESIGN FEATURES

CAIS is designed in accordance with numerous military standards and specifications,
with the objective of building in reliability, maintainability and producibility. Each
CAIS item will exhibit a Mean Time Between Failure greater than 1000 hours. The
system is designed with Built-in-Test (BIT) provisions. Periodic BIT operates
continuously and does not interfere with normal system operation while Initiated BIT
interrupts system function but runs more extensive tests. The results of BIT are
reported via the PCM stream during flight and directly analyzed by the ISE when
initiated during a ground check-out.

CAIS is specified to withstand a wide variety of adverse environmental conditions.
Included among the specifications are operating temperature limits of 55ºC to +85ºC,-

shock, vibration and electromagnetic interference.

SOFTWARE SUPPORT

All new CAIS software is being developed to the guidelines and procedures detailed
in DOD-STD-2167A. The high order language used throughout CAIS is Ada. Some
exceptions to the Ada requirement occur when qualified Ada compilers do not exist
for particular devices or when previously developed code is being reused.

SUMMARY

In response to the OSD directive, CAIS is being developed. The system as specified
and proposed will satisfy the majority of the flight test instrumentation needs of the
Air Force, Army and Navy well into the next decade. The architecture developed
insures CAIS longevity through its openness and flexibility to accommodate future
requirements.
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