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CAIS AIRBORNE HARDWARE

M.F. Lamy D.H. Ellis
Systems Engineer Principal Engineer

SCI Systems
Huntsville, Al 35802

ABSTRACT

The Common Airborne Instrumentation System (CAIS) is designed as a general purpose
system for flight test applications into the next century. The system has an open
architecture which readily permits the addition of new equipment as the need arises. This
paper describes the current complement of airborne hardware as well as the approach to
the design of the open architecture. This paper is presented as a companion to the CAIS
overview prepared for this conference.(1)

BACKGROUND

The CAIS is being developed to fill the need for a common set of aircraft Flight test
instrumentation equipment to facilitate commonality among aircraft types, and
interoperability among the various Army, Navy and Air Force test ranges. The system
consists of complements of airborne and associated ground equipment. The airborne
system includes all equipment that traditionally is found between the signal source and the
telemetry transmitter or recorder. Due to the general purpose nature of the system, a wide
variety of programmable devices have been developed to support various applications. The
user can mix and match the available hardware to satisfy the variety of applications. A
description of the current CAIS airborne hardware complement follows.

AIRBORNE SYSTEM

Typical Flight Test System

The airborne system consists of a family of modernized building blocks, interconnected
with a serial digital communications bus. Figure 1 is a block diagram showing a typical
flight test instrumentation system for a modern tactical fighter, employing the CAIS
airborne equipment. The architecture is modular and open, allowing the system be user
configured and expanded, through the addition of data acquisition units that are distributed 





throughout the aircraft. The system is centrally programmed and controlled from the
Airborne System Controller (ASC), the ASC interfaces with the various remote Data
Acquisition Units (DAUs) via the common CAIS control/data bus.

Data is acquired from a variety of sources, transducers and sensors, measuring analog
airframe parameters, discrete and serial digital data sources, and avionics data bus systems
and components. The following is a listing of the DAUs presently defined as part of the
CAIS Airborne capability.

C Analog/Discrete DAU (ADAU)
C Miniature DAU (MDAU)
C Discrete DAU (DDAU)
C Avionics Bus DAU (AVDAU)
C GPS DAU (GDAU)
C High Speed Data Bus DAU (HSDB DAU)

The paragraphs to follow describe the CAIS Bus, ASC and associated elements, and the
DAUs fisted above.

CAIS Bus

The heart of the airborne system operation is the CAIS bus. This bus forms the
communication link between the Control Unit and the Data Acquisition Units (DAUs). The
CAIS bus is a serial daisy chain, with the capability to operate in a star fashion, when
using splitter devices. The CAIS bus is electrically identical to that developed and
implemented in the Air Force Advanced Airborne Test Instrumentation System (AATIS).
The command/response bus carries commands from the ASC to the various DAU’s and
returns the collected data to the controller for formatting and output. Connection to the bus
provides the open architecture feature of the system.

The command bus operates continuously at 10 Mbits/sec utilizing Bi-Phase Space
modulation. Each ASC to DAU command contains 20 bit times and occurs in synchronism
with the PCM output word time. On the command bus, the gap time which exists between
the end of a command and the beginning of the next command word contains filler bits.
This is depicted in figure 2.

This scheme offers several unique system advantages. First by synchronizing the command
to the PCM, tight time correlation is maintained between actual time of sample and the
PCM output location. Secondly, by using filler bits, the Command bus operates
continuously allowing all of the remote units to “lock on” and synchronize with the ASC’s
clock. As a result, all activities of the DAU’s may be supplied with a clock of the same 



FIGURE 2 - CAIS BUS STRUCTURE

accuracy as the ASC’s master oscillator. An encoder/decoder chip to support the CAIS
bus interface has been developed and tested.

AIRBORNE HARDWARE

AIRBORNE SYSTEM CONTROLLER (ASC)

The Airborne System Controller (ASC) provides the central control for programming and
acquisition of data from the DAUs that ties all the LRU components of the system
together. The PCM output rates are programmable from 2 KBPS to 50 MBPS. The
modular approach allows the user to select the capacity and data rate for his application,
and also determine the amount of hardware required. The proposed system controller,
using the modularly expandable packaging approach, allows up to three active CAIS
buses, each with a 5 MBPS data capability, producing up to 15 MBPS PCM output. The
three bus systems with a four-input PCM combiner module extend the PCM output
capability to greater than 50 MBPS. In addition to the PCM combiner module, an airborne
processor, and a MIL-STD-1553B remote terminal are modularly available and configured
for the ASC user.

The ASC provides interfacing, data addressing and retrieval, and data formatting for PCM
outputs, data displays, Airborne Processor application, and a 1553B RT. In addition, the
ASC controls the PCM sampling format output structure for 1 of 8 selectable formats, with
PCM output word lengths of 12 or 16 bits. In addition, a 9th format is used for a Built In
Test (BIT) output which allows BIT results to be examined via telemetry or hardline
output. The ASC design encompasses both small system applications and high throughput
requirements, with the addition of slices. Each slice contains the connector for the next
slice. Figure 3 shows the ASC Core housing, with a typical add-on slice attachment.

ASC significant features:
o Functionally expandable by addition of slices
o Controls available to add new slice designs
o 78 PCM frequencies, between 2 kHz and 15 MHZ
o 2 kHz to 15 MHZ of sampled data
o 8 separate sampling formats



FIGURE 3 - ASC PACKAGE, SHOWING SLICE

o Up to 50 MHZ system, with PCMC slice added
o Operates with 3 CAIS buses, providing 15 MHZ data acquisition bandwidth
o Accesses up to 180 DAU’s
o Integral Time Code Generator - IRIG A; B; G.
o The CAIS Party Line bus is interoperable with the AATIS bus
o An Airborne Processor, with addition of a slice
o Processed data can be displayed and/or output in PCM
o Data can be displayed on analog or digital cockpit displays
o A 1553B RT, with addition of a slice

STANDALONE PCM COMBINER (PCMC)

In addition to the 4 input PCM Combiner Slice, which can be attached to the ASC core
housing for small systems, a larger capacity standalone PCM combiner (PCMC) is
provided for larger systems. The unit accepts up to 16 PCM signals with clocks and
provides outputs equivalent to the sum of the multi-channel PCM inputs. A composite
serial output and byte-wide outputs are provided for input to a high speed digital recorder.



A total composite PCM output of 50 MBPS, plus overhead, it provided to the recorder by
either PCMC unit.

ACQUISITION UNITS (DAU)

All input data channels require the use of a DAU. Included in the CAIS data acquisition
unit family are units to acquire conventional analog and discrete measurement, and units
that are used to extract data from aircraft avionics buses. In the first category are the
Analog-Discrete DAU (ADAU) and the Discrete DAU (DDAU). The Avionics bus
systems DAU (AVDAU) interfaces to the MIL-STD-1553 Bus, the F-15 avionics system
H009 bus, and the F-16 weapons system bus. A High Speed Data Bus DAU (HSDBDAU)
provides interface for fiber optic buses that are found on newer aircraft, such as the
RAH-66 and F-22. A special unit is provided to acquire data from a GPS receiver. The
unit is called the GPS DAU (GDAU). A CAIS configuration can consist of up to 180
DAU’s in any combination. The DAU’s communicate with the controller via the CAIS
bus, and all DAUs, except the MDAUs, can operate as a stand alone unit, producing a
separate output PCM. A description of the CAIS DAUs and ADAU signal conditioners
follows.

Analog/Discrete (ADAU) - used to sample analog, serial and parallel discrete, frequency,
synchro/resolver, and other sources. Also, it provides various output stimuli, including
analog and current excitation, 1553 interface, and control signals. The overhead of the
ADAU contains the power supply, format memory and control circuitry to accommodate
up to ten Signal Conditioning Cards of 18 types. The signal conditioners are described
later. The sampling rate of the ADAU is 417 KSPS. The ADAU can operate as a remote
terminal on the CAIS bus, or as a controller for other DAUs in a small system application.
The ADAU is packaged in a housing, approximately 9.9x5.25x3.70 inches. See Figure 4.

ADAU features:
o High analog sample rate (417 KSPS)
o High accuracy, with 12-bit A-D converter
o Operates as remote unit or in a stand alone mode
o Ten general purpose signal conditioner slots
o Acts as controller for 60 other DAU’s in a stand alone mode

Miniature DAU (MDAU) - Used to sample analog, serial, parallel discrete, frequency,
synchro/resolver and other signal sources. The MDAU is a small, modularly expandable
data acquisition unit that can be mounted in remote locations on the aircraft where space is
limited. The MDAU consists of a set of core modules and signal conditioner modules. The
core section provides the common power supply, CAIS bus interface, memory and control
logic. The signal conditioner modules provide the signal input buffering, filtering, sampling 



 FIGURE 4
ANALOG/DISCRETE DATA ACQUISITION UNIT

(ADAU)



and excitation required for the sources. The MDAU is programmed and controlled by the
ASC via the CAIS bus. The MDAU housing height and width are 2.0 and 1.78 inches,
with the length dependent on the number of signal conditioner modules attached.

Discrete DAU (DDAU) - used to sample parallel discrete sources.

DDAU features:
o An LRU, capable of operating as a standard CAIS DAU or as an independent,

stand alone mode for small applications
o Up to 8 channels of 16-bit parallel discrete digital data, compatible with a variety

of signal sources

Avionics Bus DAU (AVDAU) - Configured as a base unit with add on slices- used to
monitor and capture data from avionics buses. These include the MIL-STD-1553 Bus,
H009 Bus, and F-16 Weapons Bus. The concept of a configurable avionics DAU permits
the user to “build” an avionics bus monitor through programming and the addition of bus
receiver/interface slices. These modules are connected to an overhead section in a
modularly expandable packaging arrangement. The functional and physical approach
allows mixing of bus types (MIL-STD-1553, H009, F-16 Weapons, etc.) as necessary,
within the same unit. The AVDAU base unit can be programmed to monitor two 1553,
two H009, or one F-16 Weapons Bus. Two additional 1553 buses can be accommodated
with the addition of a slice. Up to three slices can be added to the base unit for a total of
eight buses. The packaging approach is very similar to that described for the ASC
(Figure 2).

The AVDAU acquires both selected data under program memory control and 100% bus
traffic. Data memory is 32K words configurable as a write/read block or can be operated
in a double-buffered mode. The double buffering precludes inadvertent data loss, which
may occur by overwriting memory locations, before data has been read.

The discrete digital input interface provides the user with 16 DDAU type inputs. The
100% bus capture output is formatted in accordance with the IRIG 106 standard, chapter
8. The H009 and the Weapons Bus outputs are formatted similarly to the MIL-STD-1553
output.

AVDAU features:
o Avionic Bus monitoring, for selected data or 100% bus traffic
o A Programmable Base Unit, which handles two H009, two MIL-STD-1553, or

the F-16 Weapons Bus.
o Time tagging provisions are included
o Will accept IRIG A,B, or G time code



o Add-on slices to interface to additional 1553 buses
o Modular expansion, up to eight busses (3 slices)
o 32,000 word data memory
o Operates as a standard CAIS DAU or in a stand alone mode

GPS DAU (GDAU) - used to receive both standard and non-standard messages from a
Global Positioning System (GPS) receiver. This unit interfaces to the Instrumentation Port
(IP), in accordance with ICD-GPS-215, for GPS tactical receivers. The GDAU is one of
the intelligent terminals that are connected to the IP to command the receiver to supply
specific data. Data, such as time, space, position, and velocity, are available from the GPS.
The GDAU outputs are formatted and sent to the ASC, when requested. In addition, the
GDAU will synchronize to GPS time, and output time as IRIG A, B, or G. This time
output can be used by the system for time synchronization.

GDAU features:
o Overhead SRU’s are common in other LRU’s
o Operates as a standard CAIS DAU or in a stand alone mode
o Can provide time and position information
o Outputs IRIG time (A,B,or G) synchronized to GPS.

High Speed Data Bus (HSDB) DAU - used to monitor and acquire some or all data from a
high speed (50 MHZ) fiber optic avionics bus.

HSDB DAU features:
o 50 MBPS Fiber Optic Interface to monitor high speed avionics data buses
o Places selected CAIS data words from the ASC on the HSDB
o Captures all the HSDB data for “MUX Bus All” PCM output
o Traps selected words from HSDB - up to 2,048 words
o Back-up time code generating capability
o RS-422 interface to microprocessor for modification of firmware

ADAU SIGNAL CONDITIONERS

CAIS signal conditioning is built on printed circuit cards, approximately 4.9 x 3.0 inches.
These cards are utilized in the ADAU in the slots provided, and can be plugged into these
slots in any combination. A family of 18 different signal conditioning card types is defined
to adequately cover the requirements of aircraft flight testing. Generally, each card
contains multiple identical circuits, with densities from one to twelve channels. The
conditioners are software programmable through the ADAU, and the CAIS signal
conditioners can be used in any combination within the ADAU. A brief descriptions of
each signal conditioner is provided in the following table.



SIGNAL CONDITIONER SPECIFICATION

Analog Attenuator (AA) + 175 Volts input, 8 channels

Analog Data Filter (ADF) 2 Hz to 5 kHz, 6-pole, prog. for cutoff, 4
channel

ARINC 429 Monitor (A429) 1K word storage

Auto-Range Conditioner (ARC) Gain 1 to 1024 at 60 KSPS, sample and
hold

Control Signal Conditioner (CSG) Relay Driver and TTL output, 4 channels

Digitized Pilots Voice (DPV) CVSD modulation, 16 KBPS to 35 KBPS

Direct Input Expansion Mux (EMUX) ADAU direct inputs (12 Channels)

Event Time Recorder (ETR) Time correlation to 0.01 mS, 7 channels

Frequency Converter/Totalizer (FC) Converts 5 Hz to 128 kHz, 4 channels

MIL-STD-1553 Transducer I/F (1553TI) Bus Control, 8 messages of 32 words

Parallel Digital Conditioner (C) Versatile Input; 16 Bit discrete inputs

Phase Sensitive Demod (PSD) 20 Hz to 20 kHz Excitation

Serial Digital Conditioner (SDC) Inputs to 128 bits; Async or Sync, 4
channels

Simultaneous Sample Conditioner (SSC) 8 analog channels with programmable,
Gain/Offset per channel, supports
simultaneous sampling

Synchro/Resolver Conditioner (SRC) 15 bit resolve, 360 Hz to 1000 Hz, 2
channels

Thermocouple Signal Conditioner (TCSC) Types J,K,E, and T, External Reference,
10 channels

Transducer Excitation Supply (TES) Program. voltage; short circuit protection,
4 chan.

Variable Res. Sensor Conditioner (VRSC) Programmable current 2 or 4 wire, 8/4
channels



SYSTEM MAINTAINABILITY

CAIS is designed in accordance with numerous military standards and specifications, with
the objectives of built in maintainability, reliability, and producibility. Each CAIS item will
realize a Mean Time Between Failure that is greater than 1,000 hours. The system is
designed with two BIT provisions. A periodic BIT operates continuously and does not
interfere with normal system operation; an Initiated BIT interrupts system function, but
runs more extensive tests. The results of either BIT are reported via the PCM stream
during flight and are directly analyzed by the ISE, when initiated during a ground
checkout.

ENVIRONMENTAL

CAIS is designed to withstand a wide variety of adverse environmental conditions. These
include operating temperature limits of -55ºC to +85ºC, shock, and vibration (according to
guidelines found in MIL-STD-810E), and electromagnetic interference requirements, in
accordance with MIL-STD-461C.

SUMMARY

The CAIS provides a highly versatile set of common airborne hardware that can be
selected configured and programmed to meet the challenges of aircraft flight testing in the
future.
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