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APPLYING IEEE 1451 STANDARD TO AATIS

Robert Sinclair Charles H. Jones, Ph.D.
Nonvolatile Electronics, Inc. 412 TW/ENTI

Eden Prairie, MN Edwards AFB, CA

ABSTRACT

Current legacy acquisition systems such as the Advanced Airborne Test Instrumentation System
(AATIS) are custom-built to each individual application with unique sensors and data modules.
Replacing, adding, or subtracting sensors requires the system to be removed from service for days,
weeks, or even months. This is a result of having to route special wires to each sensor and
reprogramming the system with sensor information, calibration data, etc. AR sensor information must be
contained in the main system since these systems do not have intelligence at the sensor level. If sensors
were to contain information in their own IEEE 1451-compliant transducer electronic data sheet (TEDS),
the main system would no longer have to be reprogrammed with this information. This information
could then be obtained directly from the sensors when they are inserted into the system. A plug-n-play
capability is being added to the system with the development of a standard interface to the system
control unit (SCU). This interface, called a Multi-Network Capable Applications Processor (Multi-
NCAP), will interface IEEE 1451-compliant smart transducer interface modules (STIMs) to the SCU in
the AATIS as well as other legacy systems. With this development, maintenance and new configuration
times for the AATIS and other legacy systems will be significantly reduced.
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INTRODUCTION

Current legacy data acquisitions systems such as the Advanced Airborne Test Instrumentation System
(AATIS) or the Common Airborne Instrumentation System (CAIS) do not have intelligence at the
sensor level. These legacy systems are designed for specific applications and do not conform to
industry-wide standards. Reconfiguring or adding new sensors to one of these individually configured
systems can result in costly design changes and the removal of the vehicle under test from service for
days or even weeks while the upgrades are being implemented. Tracking sensor inventory and
calibration of onboard systems can be both costly and time consuming. Many of the existing sensor
systems do not have the capability of being interrogated to determine their working status, their
calibration information, their serial number, or manufacturing and service history since the sensors
themselves have no intelligence. When defective sensors are detected, replacement generally requires
removing the system from service instead of simply unplugging the defective sensor and replugging the
replacement sensor or ‘hot swapping.’ A major software effort is then required in the ground support
equipment (GSE) to input each sensor’s unique characteristic on a case-by-case basis as well as perform
the calibration in the GSE.



If the information needed to describe a particular sensor were located with each individual sensor, then
the main system would no longer have to be programmed with this information. IEEE 1451-compliant
transducer electronic data sheet (TEDS) information could be located with each sensor and would be
available to the GSE when the particular sensor was inserted into the system. This capability is being
added to existing legacy systems by adding a device called a Multi-Network Capable Applications
Processor (Multi-NCAP). This device will interface Legacy sensors with their IEEE-1451 compliant
universal transducer interface modules (USTIMs) to the AATIS PL bus as well as fully IEEE-1452
compliant sensors. Using a universally accepted transducer interface standard such as the IEEE 1451 for
this development not only allows for the development of smart sensors and actuators, but leads to lower
development costs.

EEEE 1451 COMPLIANT SOLUTION

The IEEE 1451 family of standards is currently the only emerging standard to specifically address smart
transducers (i.e., sensors and actuators). As shown in Figure 1, there are four parts (referred to as the
Dot 1, Dot 2, Dot 3, and Dot 4) to the standard which are intended to act either independently or in
tandem. The Dot 1 establishes a high-level object model for smart transducers and concentrates on the
network interface as instantiated by a network capable application processor (NCAP). The Dot 2
establishes an initial level of intelligence at the sensor level by defining a smart transducer interface
module (STIM) and a set of TEDS. However, the Dot 2 maintains a point to point architecture that does
not realize one of the major expected benefits of introducing intelligence at the transducer level.
Namely, the ability to reduce cabling by daisy chaining the transducers on some type of bus. This is
exactly what the Dot 3 addresses by introducing a transducer bus interface module (TBIM). Finally, the
Dot 4 addresses the issue of maintaining a direct analog ability while realizing the benefits of a digital
interface. That is, in some sense, ‘smart’ means ‘digital’ if for no other reason than to be able to retrieve
identification information from some sort of TEDS. But this does not eliminate applications that require
access to the raw analog signal. The Dot 4 is therefore establishing a mixed-mode interface (NM) that
allows switching between analog and digital modes.

Figure 1.  IEEE 1451 Block Diagram

Within the context of the current effort there are two adverse factors with adopting the EEEE 1451
approach. First, although the Dot 1 and Dot 2 have been approved, the Dot 3 and Dot 4 are not expected
to be approved until 2002. Thus, many of the implementation details are not currently available. Second,



the approach does not readily adapt into legacy systems accept at the network level. That is, it is not
totally clear where a pulse code modulation (PCM) formatter like the AATIS system control unit (SCU)
fits into this architecture.

On the other hand, the IEEE 1451 family of standards addresses all the major issues of implementing
smart transducers. Thus, the current effort is taking what it can from these standards in the form of
TEDS, multidrop sensor bus, and mixed-mode interfaces required to use existing legacy sensors. This
effort then implements what other aspects need to be implemented, while attempting to maintain a
design that will allow for adaptation to the standard when it is complete. For further information on the
IEEE 1451 standards see References 1 through 4.

RESOLVING THE DILEMMA OF LEGACY SYSTEM UPGRADES

Bringing a legacy system up to the new IEEE 1451 standards without wholesale and costly replacement
of the system creates a significant challenge. Old sensors must be used since many are imbedded in the
aircraft. The existing computer system and interface controllers must be maintained in place to eliminate
a major software redesign as well as costly hardware replacements. But, from a maintenance standpoint,
it is desirable to replace and/or add sensors with all the advantages of the IEEE standards including ‘hot
swapping,’ automatic sensor identification, automatic calibration, etc. This can be accomplished by
adding a small interface module between the sensor and the legacy system that contains the ‘smarts’ for
a particular sensor. An example of such a system is shown in Figure 2. These modules contain the
intelligence and TEDS for each sensor. The modules are then connected together on their own 4 wire
bus, thus eliminating the need for the large cabling systems that are currently being used.

Figure 2.  Multi-USTIM System Diagram

Changing to the information contained in the USTIM modules can be accomplished either through the
main system, if allowed, or though a locally plugged laptop computer. Information for a particular
legacy sensor TEDS can be loaded into its respective USTIM in one of three methods. 1) It can be



downloaded from the main system; 2) it can be loaded at the factory; or 3) it can be loaded locally from
a floppy disk with a locally plugged laptop computer. In either case, a general purpose USTIM can be
used with a variety of legacy sensors with no changes to its hard circuitry. Once the USTIM is
configured, the main system will be able to detect its addition to the system and automatically download
all the information necessary to describe the sensor. Thus, no special software or hardware will be
required for the legacy systems. A block diagram of the current AATIS system is shown in Figure 3.
The UTSIMs can be inserted between the ADAU and the transducer shown in the diagram or the
USTIM can connect the respective transducers directly to the serial digital party line shown as a heavy
black line in Figure 3. If the USTIM is connected through the ADAU, a Multipurpose Network Capable
Applications Processor (Multi-NCAP) must be used to interface the USTIM to the ADAU. However, if
the USTIM is to be connected directly to the party line bus as shown in Figure 2, no additional interface
is required since the RS422 circuits are built in along with the phase encoding logic. An in-circuit
reprogrammable logic device is contained within the USTIM that can be reconfigured with a locally
plugged laptop computer to accept a variety of protocols.

A pictorial drawing of the AATIS installed in an aircraft along with its ground support equipment is
shown in Figure 4. An interface module with the respective sensor TEDS information would be located
at each sensor site.



Figure 4.  AATIS With Ground Support Equipment

UNIVERSAL SMART TRANSDUCER INTERFACE MODULE CHARACTERISTICS

A general purpose USTIM is being developed which will satisfy the interfacing requirements of most
legacy sensors. It is being designed to be fully in-system programmable and in-system hardware
reconfigurable. It contains a large nonvolatile memory for the TEDS information, which can be
expanded to 8 megabytes within integrated circuit. Additional features include a core processor (8051-
compatible) with a fully integrated 12-bit data acquisition system, a programmable logic element, analog
inputs which have programmable gain and offsets, high speed RS422 bus interface, and 3.3 volt
operation. A preliminary design is shown in Figure 5. The unit is designed to be folded in half resulting
in a USTIM with a size of 2 inches by 1.1 inches by 0.5 inches thick. Smaller configurations are
achievable by reducing the size of the memory, the number of sensor channels, and converting the
programmable logic device (PLD) to a fuze programmed component.

Figure. 5  USTIM Breadboard, Top and Bottom Views

The programmable 8051-compatible core processor is supported by an on-chip memory consisting of
8K bytes FLASH/EE program memory, 640 bytes FLASH/EE data memory and 256 bytes of data static



random access memory (SRAM.) In the USTIM application, the TEDs can be mapped into the on-chip
640 bytes FLASH/EE data memory or the bulk external FLASH memory and the legacy transducer
interface can mapped onto the analog to digital converter (ADCs), digital to analog converter (DACs)
and input/output (I/O) lines. The unit can be configured to operate from a +3.3 volts direct current (VDQ
or +5.0 VDC supply voltage.

Figure 6.  USTIM Integration with DRUCK’s Amplified Output Pressure Transducer
Series PDCR 130 for Standard Packaging Configurations

The design contains 8 analog and 8 digital channels. Four of the analog channels are fully differential for
interfacing directly to bridge transducers while the remaining four are single ended. An eighth order
elliptic low pass switched capacitor filter is present in each of the differential analog channels serving as
a programmable anti-aliasing filter prior to quantization by the ADC. The programmable filter response
is achieved through a PLD that contains a programmable clock generator. The frequency bandwidth of
the filter is determined by the switch capacitor clock frequency.

Different housings for the USTIM can readily be adapted to different cable assemblies and connector
types. For example, for some transducer types the USTIM may be integrated as part of the cable
assembly or provided as an extension to the transducer module. The amplified output pressure
transducer from DRUCK, model number PDCR 130, is shown in Figure 6. A USTIM housing can be
designed to attach directly to the transducer module creating a new smart transducer module which is
hot swappable and complies with the IEEE 1451.2-1997 interface specification as well as the Dot 3
portion of this specification. The USTIM would also allow the transducer module to be placed on the
local party line (LPL) bus, as shown in Figure 2, or connected directly to the AATIS party line (PL) bus
with a Multi-NCAP.

SENSOR IDENTIFICATION TEDS MODULE

In the proposed system, the sensor/memory units would be connected to a Universal STIM (USTIM),
which is essentially the same as the transducer bus interface module (TBIM) that is described in the
IEEE 1451.3 D106/draft standard, which would then communicate with an NCAP. Because of the
flexibility of the USTIM, being able to accommodate a changing number and variety of sensor/memory
units, a complete TEDS, as described in the IEEE standard 1451.2-1997, can not be predetermined and
stored in the memory module. In addition, data that are not incorporated into the TEDS descriptions in
the 1451.2-1997 standard is required by the USTIM in order to properly configure the interface
hardware to the sensor/memory unit.

In order to accommodate the unique requirements of the USTIM, a method of creating the overall TEDS
and configuring its storage in the system had to be devised. In this method, all of the unique, sensor



specific information and portions of the channel TEDS (including appropriate sub-TEDS for the channel
TEDS - such as the calibration TEDS) will be stored in the memory module and the rest of the TEDS
will be stored in the USTIM. Further, portions of the TEDS will vary depending on the number and
types of sensors that are connected to the USTIM. These portions of the TEDS will be dynamically
created by the USTIM on power-up and in response to changes in the USTIM’s sensor configuration.

The memory module that is connected to each legacy sensor will contain the sensor identification TEDS
- or SITEDS. The SITEDS will contain those portions of the channel TEDS that can be predetermined,
regardless of the hardware and operation of the USTIM, as well as the sensor-specific data that are
required by the USTIM or desired for possible use at the system level. The USTIM will use the SITEDS
to create a complete channel TEDS.

An example of the channel TEDS data that will be determined dynamically, rather than being stored in
the USTIM of the SITEDS, is the upper range limit. While all of the data will be unitless digital data,
coming from an analog-to-digital converter (ADC), not every channel will necessarily use the full digital
range of the ADC output. Depending on the sensor output and USTIM electronics, it may not be
practical to scale the sensor signal to utilize the entire ADC output range. Thus, the USTIM will
determine the upper range limit of the channel TEDS based on the capability of its analog hardware and
on the data that it receives, from the SITEDS, concerning the output of the sensor that is connected to a
given input channel.

Because the USTIM will generate a standard format channel TEDS, as well as having a standard meta-
TEDS stored within it, the unique data set that is contained in the SITEDS, and the flexibility that it
affords in sensor configuration, will be transparent to the overall system. The collection of USTIM and
sensor/memory units will appear to the overall system to be a standard NCAP and STIM.

A preliminary listing of the unique data fields in the SITEDS includes:

1. Excitation Requirement
2. Output Type
3. Output Range
4. Sensitivity Value
5. Sensitivity Units
6. Manufacturer Cage Code
7. Serial Number
8. Model Number

Several serial EEPROMS have been identified and investigated for integration with legacy sensors. The
EEPROM will allow standard TEDS information to reside at the sensor instead of the USTIM, allowing
the legacy sensors to become more plug-n-play. Since small physical size is desirable for in-line
integration this was considered in the investigation. Figure 7 shows schematically the integration of a
serial EEPROM using a standard I2C interface with a generic legacy sensor.

It was found that several industry standard EEPROMs exists that are in most cases sufficient for the
intended application. These include the 24CXX and 25C0XX family of EEPROMs available through
several different manufactures. The 24CXX EEPROMs support an Inter IC (I2C) interface, 128 x 8 to
128k x 8 bit memory elements, and are available as surface mount 8-pin small outline integrated circuit
(SOIC), thin shrink small outline package (TSSOP) and 5-pin small outline transistor (SOT)-23
packages. The 25C0XX EEPROMs support a serial peripheral interface (SPI), 4k x 8 to 64k x 8 bit
memory elements, and are available as surface mount 8-pin SOIC and TSSOP packages.



Figure 7.  Schematic Diagram Showing Integration of Serial Electronically Erasable
Programmable Read-only Memory (EEPROM) With Legacy Sensor Technology

The Inter IC (I2C) interface is intended to maximize hardware efficiency and circuit simplicity. A simple
bi-directional 2-wire bus including a clock and serial data line defines the hardware interface. Each
device connected to the bus is software addressable by a unique address. The number of devices that can
be connected to the same bus is limited only by a maximum bus capacitance specified at 400 picofarad
(pF) for typical bus transceivers.

The memory device is accessed via a simple 3-wire serial peripheral interface (SPI), which includes a
clock (SCK), serial data in (SI), and serial data out (SO). Additional discrete control lines are available
for chip select, hold and write protection. To reduce wire count, the chip select, hold and write protect
pin, can be forced into a read only condition. In this scenario, individual clocks generated and
multiplexed in the USTIM module, where data are received via a common data in line can uniquely
address multiple EEPROM modules.

Of the two interface protocols, the I2C interface appears to be the most practical for the intended
application. The I2C interface would minimize the number of wires required to establish a bi-directional
interface. This means that an in-system-programmable module can be designed with minimum impact
on complexity. The SPI devices would require additional wires to accommodate the discrete control
lines required for in-system-programmability. Hence, the 24CXX family of serial EEPROM devices are
favored.

Additionally, the 24CXX family offers a wider range of available memory and package sizes. For
example a 24C00 provides 128 x 8 bits of memory in a small 5-pin SOT-23 package. For many sensor
types this amount of memory may be sufficient for storing TEDS information assuming calibration data
are store as coefficients as oppose to a large look-up table array.

Integration of the EEPROM into an in-line module is straight forward as indicated in Figure 7. A voltage
regulator was added to accompany the memory device to provide a stable supply. The memory circuit
could also tap the sensor excitation voltage. Since the memory is only accessed at power-up, the serial
clock and data in-lines will be held in a DC state during normal operation. Hence, cross coupling of the
digital to analog signals should not be an issue. Figure 8 shows the prototype TEDS, EEPROM module
for legacy sensors. This unit was tested on the I2C bus with another identical unit to demonstrate the
concept.

The LT1129, shown in Figure 8 (top), is a micropower low dropout regulator with shutdown. This
device is capable of supplying 700mA of output current with a dropout voltage of 0.4V at maximum
output. Designed for use in battery-powered systems, the low quiescent current, 50mA operating and
16mA in shutdown, make them an ideal choice. The quiescent current does not rise in dropout as it does
with many other low dropout PNP regulators. Other features of the LT1129 include the ability to operate



with small output capacitors. They are stable with only 3.3:F on the output while most older devices
require between l0:F and 100:F for stability. Also, the input maybe connected to ground or a reverse
voltage without reverse current flow from output to input. This makes the LT1129 ideal for back up
power situations where the output is held high and the input is at ground or reversed. Under these
conditions, only 16mA will flow from the output pin to ground. The devices are available in 5-lead TO-
220, 5-lead DD, 3-lead SOT-223 and 20-lead TSSOP packages.

Figure 8.  Prototype TEDS EEPROM Adapter Top and Bottom Views

The Microchip Technology Inc. 24C01C, shown in Figure 8 (bottom), is a 1K bit serial electrically
erasable PROM with a voltage range of 4.5V to 5.5V. The device is organized as a single block of 128 x
8-bit memory with a 2-wire serial interface. Low current design permits operation with typical standby
and active currents of only 10 :A and 1 mA respectively. The device has a page-write capability for up
to 16 bytes of data and has fast write cycle times of only 1 mS for both byte and page writes. Functional
address lines allow the connection of up to eight 24C01C devices on the same bus for up to 8K bits of
contiguous EEPROM memory. The device is available in the standard 8-pin PDIP, 8-pin SOIC (150
mil), and TSSOP packages. The block diagram for this device is shown in Figure 9.

Figure 9.  Block Diagram of 24C01C

IMPLEMENTING A HYBRID AATIS IEEE 1451-COMPLIANT SYSTEM

The goal is to minimize system impact in downtime during both software and hardware modifications
during the transition to EEEE-1451 compliance. Minimizing cost during the upgrade to the IEEE 1451
standard is also important The existing AATIS system hardware will remain unchanged both during and
after the modules are added to convert the sensors to 1451 compatibility. This will be accomplished by



containing the sensor software and TEDS information in the USTIMs and using the Multi-NCAPs to
interface and format the data streams to be compliant with existing AATIS systems. Standard
CAIS/AATIS commands will be used to transfer data to and from the Multi-NCAP. Since the Multi-
NCAP contains in-circuit reconfigurable hardware, its characteristics can be modified with software to
conform to future system upgrades, bus speed improvements, etc. Figure 10 shows the system block
diagram and its connection to the Party Line bus. Power is obtained from the Mini-ADAU, but the
Multi-NCAP only transfers its data to and from the SCU via the Party Line bus. Figure 10 also shows
that the Multi-NCAP effectively isolates IEEE 1451 compatible devices from the AATIS hardware. AU
IEEE compliant sensors present a uniform software and hardware interface to the system via the Multi-
NCAP. AU the calibration, identification, etc., is located in the STIMs, USTIMs, and transducer bus
interface modules (TBIMs).

Figure 10.  System Block Diagram

EVOLUTION OF LEGACY SYSTEMS

Since fully compliant IEEE 1451 sensors can coexist with USTIM converted sensors as shown in
Figures 2 and 10, legacy systems can gradually be brought to full compliance. New compliant sensors
can be added as they become available and simply plugged into the Multi-NCAP. Since the Multi-
NCAP can be reconfigured for various bus protocols, new and faster bus systems can be incorporated
without affecting the hardware.

CONCLUSION

The development of the Multi-NCAP, USTIM, and SITEDS has paved the way to reduced installation,
maintenance, and configuration management for legacy systems such as the AATIS. With the
incorporation of these innovations, cabling systems will also be greatly reduced. A low-cost, low-impact
transition to full IEEE 1451-compliant sensors is provided by these components.
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