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Abstract 
 
The IntelliBus network protocol provides an enabling technology for the next generation data 
acquisition system. IntelliBus provides greater data acquisition efficiency and reliability 
compared to other network protocols. This paper discusses the design considerations and 
implementation of a next generation Data Acquisition System incorporating IntelliBus with 
emphasis on the advantages of the new architecture over existing acquisition systems. 
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Introduction 
 
A telemetry based data acquisition system is often a key avionic component for supporting the 
development of new vehicles, be it aircraft, helicopters, rockets or missiles.  These data 
acquisition systems are used during the initial testing of vehicles and often remain in place for 
diagnostic and maintenance purposes.   Typically, a vehicle is instrumented with many different 
transducers for monitoring temperature, stress, vibration, or making other critical measurements.  
Besides transducers, vehicles also have computer systems that provide data using RS232 
communication ports, ARINC429, CAN bus, or other digital interfaces.  The data acquisition 
system is used to collect all the transducer measurements and digital data and organize this 
information into a form suitable for telemetry transmission.  
 
The key components of the data acquisition system include transducer interfaces, data formatter 
(sometimes called 'overhead controller'), and telemetry interface.  The transducer interface 
provides any necessary power and excitation reference signals to the transducers and conditions 
the transducer outputs into a suitable signal for digital conversion.  The formatter synchronizes 
the periodic sampling of the transducers and provides digital data processing.  The telemetry 
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interface is typically an IRIG PCM output although other interfaces such as Ethernet are utilized 
as well. 
 
 
Data Acquisition Metrics 
 
When evaluating the suitability of a data acquisition system for a telemetry application, there are 
a number of metrics to consider.   Size and weight are usually critical metrics since this is a 
premium commodity on an airborne vehicle.  Obviously, small and light is the preference.  
However, besides the size and weight of the Data Acquisition system, it also important to 
consider the size and weight of all the cabling that is required to the transducers.  In most 
instances, the size and weight of the cabling can actually dwarf the electronics.  The cost and 
schedule aspect of the cabling is also a prime consideration, in that it affects the installation, 
validation and calibration efforts necessary. 
 
Another important metric to consider is the customization and expansion capability of a system.  
There are a countless variety of transducers available with a variety of excitation requirements 
and signal outputs.  For each unique vehicle, there will be a custom instrumentation requirement 
based upon the number and type of transducers selected.   Data Acquisition systems have 
evolved to meet the countless permutations of channel count and transducer type.  The systems 
are usually modular, allowing signal conditioning cards for a particular class of transducer to be 
configured into a base unit.  Some key metrics to consider are how many channels can be 
supported and how many different cards are needed to cover all the different transducers for an 
application.  A multi-channel card that can be configured for a number of different transducers is 
often more cost effective. 
 
Besides modular customization and expansion within a single data acquisition unit, many 
systems allow expansion with additional remote units.  The metrics here include the number of 
remote units that are supported and the distance the remotes can be placed from the master unit.  
Often, there is a trade-off between length and data throughput to consider.    
 
Data integrity is another important design consideration when instrumenting a vehicle.    The 
accuracy and noise-free resolution of the signal conditioning is one metric to consider.  However, 
the potential noise pickup from long cable runs to the transducer is often overlooked.  A system 
that allows signal conditioning to be placed closer to the transducer is advantageous in this 
regard.   
 
Another data integrity issue to consider is the potential loss of data due to a single point of 
failure.  If a remote unit fails with a large number of signal conditioning modules installed, the 
information from all the attached transducers will be lost.  A distributed system can mitigate this 
potential loss.    
 
Important capabilities to look for in a data acquisition system are the built-in test, diagnostic and 
calibration features.  Advanced units can verify not only the proper operation of the signal 
conditioner itself but also detect malfunctioning transducers. This provides a system level “self 
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test” as part of the initial setup or maintenance operation. These advanced units will also include 
calibration to the sensor and conditioner by using on-board precision references. 
 
Besides accuracy and noise-free resolution, another data integrity issue is time synchronization.  
Data must be sampled at a known instant with respect to some time reference.   All signal 
conditioners, including those remotely located, must be able to synchronize their sampling to a 
time reference.  
 
Environmental ruggedness is another key metric to consider.  Most vehicle instrumentation 
applications present a harsh electromagnetic and physical environment.  Telemetry systems must 
be able to withstand a wide temperature range.  Units must also tolerate shock and vibration and 
electromagnetic discharges.  Conversely, data acquisition systems should not cause any 
electromagnetic interface, conducted or radiated, to any other avionic package on the vehicle. 
 
 
Limitations Of Traditional Data Acquisition Systems 
 
The traditional data acquisition system is typically either a large chassis or expandable stack that 
can be populated with modular signal conditioning cards.  There are several disadvantages with 
this architecture.  In order to accommodate a fully configured system, the base unit needs to have 
a large power supply and complicated overhead controller.  This adds unnecessary cost to 
minimally configured systems.  Another disadvantage is with the signal conditioners 
concentrated in one location, long cables runs are needed to remotely located transducers.  This 
adds cost and weight and compromises signal integrity.  Finally, there is the risk of losing all the 
data from the attached transducers due to a single point of failure in the main unit. 
 
Another characteristic of the traditional data acquisition system is the proprietary expansion bus 
used to network multiple units together in a master and remotes configurations in order to handle 
more channels of transducers.  These proprietary busses are typically synchronized to the 
telemetry bit rate and consist of a large bundle of conductors.   There are several disadvantages 
to this architecture.  Since the system bit rate is now coupled to the data rate on the external bus, 
there are trade-offs between the system bit rate and the distance to the furthest remote unit.  As 
this distance increases, the bit rate must decrease.  Alternatively, as bit rates increase, remote 
units must get closer -- this necessitates even longer cable runs to remote transducers and makes 
the wire bundle problem even worse.   
 
In integrating a proprietary bus, the end user must deal with the large number of conductors 
needed in the cable for the master to remote interface.  The large number of conductor wires 
compromises signal integrity by contributing to the EMI in the vehicle and adds to the size and 
weight.  And finally, since the bus is proprietary, interoperability with other avionics is severely 
limited. 
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A New Approach using IntelliBus 
 
In order to overcome the many limitations of the traditional data acquisition system, a new 
approach was envisioned.   The next generation system would be much smaller and lighter, 
allowing the signal conditioner to be placed in close proximity to the transducer it was attached 
to.  Rather than a centrally located unit with lots of cabling, the new system would be distributed 
with minimal cabling.  This would reduce overall cost, size, and weight, while signal integrity, 
reliability and performance would increase.   
 
A key enabling technology to fulfill this vision was a new data bus to network these distributed 
acquisition units together.  There were several characteristics that this new bus would need to 
have.  First, in order to simplify the cabling between units, it was desirable to have the smallest 
and lightest interconnect that provided both power and data to remote units.  The data network 
should not allow a single point of failure to cause multiple failures.  To further enhance data 
integrity, the network must be able to detect faults and provide recovery mechanisms without 
complicated switches, hubs or routers.  This eliminated a number of potential network candidates 
that use point-to-point technology.  The new bus must be capable of synchronization to a time 
reference in order to support simultaneous data sampling.  And most importantly, the bus would 
need to provide real-time data streaming at the full telemetry bit rates over the distance of a 
vehicle.  These last two requirements eliminated a number of promising computer based network 
technologies.  Additionally, the bus interface had to be simple enough to implement without 
demanding a large number of system resources that would take away from those needed for the 
data acquisition functions.  Finally, it was desirable to leverage an industry standard bus in order 
to maximize interoperability with other systems. 
 
The network technology that met these requirements and more is IntelliBus, an industry 
standard, and high-speed communication network protocol.  IntellliBus was developed by the 
Boeing Company to achieve single conductor communication with the intent to reduce the 
effects of instrumentation cabling on system implementations.  It was designed to support 
medium to large distributed electronic systems for telemetry, automotive, industrial control and 
health monitoring applications.   
 
 
Implementation of IntelliBus for Telemetry 
 
The IntelliBus network is a high-speed data acquisition bus that enables multiple sensors to be 
controlled on a shared communication link.  An IntelliBus system consists of a Network 
Interface Controller (NIC) that is installed into a standard Telemetry Encoder and Interface 
Modules (IBIMs) that connect directly to sensors.  A comparison of the traditional 
instrumentation system and IntelliBus enabled system is illustrated in the following Figure 1. 
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Figure 1 Traditional Versus IntelliBus Telemetry Solution  

 
 
Implementing this concept into a traditional telemetry system consists of incorporating the 
Network Interface Card (NIC) function in a NetDAS or MICRODAS as a standard interface 
option.  The NIC is programmed via the standard Telemetry software suite, gathering data and 
inserting into a telemetry format along with the standard digital interface cards available today. 
 
The IBIM combines the latest technology in signal conditioning in combination with the key 
features of IntelliBus resulting in the low cost, higher flexible solution over the tradition 
instrumentation system.   
 
The first IBIM unit implemented was the Strain Gauge Module (IBIM-SGV), shown in Figure 2 
is an eight-channel strain gauge signal conditioner that provides a programmable interface 
between bridge type transducers and a host controller.  The interface between the IBIM module 
and the host controller is via an IntelliBus network. 
 
 
 
 

Figure 2 IBIM-SGV 
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Key Features of the IBIM-SGV 
 
The new IntelliBus enabled architecture has been incorporated into the IBIM-SGV  consists of 
the following operational characteristics: 
 

General Operational 
− 8 channel voltage inputs, each input independently programmable 
− 8 channel excitation outputs, each input independently programmable 
− Operating temperature: -40 to +85 C 
− Supply voltage: 20 to 40V 
− Total power:  10 watts 
− EMC compliance: MIL-STD-461 
− Environmental compliance: MIL-STD-810E 
− Power input transient compliance: MIL-STD-704A 
− Power-up diagnostics 
− Support for Transducer Electronic Data Sheet (TEDS) 

 
Analog Input Conditioning 
− Differential Input, +/- 10 volt peak-to-peak full signal level 
− Over-voltage protection (continuous): +/- 32V (on or off) 
− 1 M-ohm input impedance  
− Programmable input termination (required for transducers without an input bias current 

path to ground) 
− Common mode operating range:  +/- 10V  
− Common mode rejection: >90 dB (DC to 15 KHz) 
− Programmable offset adjustment: -10 Vdc to +10 Vdc 
− Combined common mode, offset plus signal operating range: +/- 10.5V 
− Programmable low-pass filter, 100 Hz to 40 KHz band-pass. 
− Programmable gain (after offset adjustment): 1 to 100, step size of 0.1 
− Optional factory configuration fixed gain (before offset adjustment) 1 to 10 
− Sample rates up to 200 Ksps 
− 16-bit data conversion result  
− Transducer and Input amplifier calibration and balance with on-board precision voltage 

reference 
 

Analog Output Excitation 
− Programmable excitation: +1 to +10Vdc, 2.44 mV steps 
− 30 mA full load 
− 45 mA current limit with fold-back 
 
IntelliBus Network 
− RS-485 physical layer (PHY)  
− Simultaneous sample capability 
− Programmable trigger 
− 16-word FIFO buffer per channel 
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Function Block Diagram of the IBIM-SGV 
 
The key components include proven signal conditioning based on the current data acquisition 
systems combined with the new technology of the IntelliBus interface.  Block diagram is shown 
in Figure 3. 
 

Figure 3 The IBIM Functional Block Diagram 
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The strain gauge signal-conditioning interface consists of a differential input and an excitation 
output with 8 identical channels available.  The excitation output is programmable under control 
of a digital to analog converter (Excit D/A) that is amplified to a full load of 30mA and current 
limited to 50mA.  Under control of the IntelliBus, the input conditioner can operate in either data 
acquisition mode or in several different modes of calibration.   
 
During normal data acquisition mode, the input multiplexer (Input Mux) switches the Transducer 
input to an instrumentation amplifier (In-Amp).  This unity gain amplifier provides differential to 
single-ended conversion, removing any common mode noise or voltage.  Programmable offset 
adjustment and gain of 1, 10, or 100 is then applied to the signal in the analog domain.   An 
additional fine-gain adjustment is programmable, further on in the digital domain.  A 4th-order 
pre-sample filter is used to prevent aliasing before analog to digital conversion is performed 
(A/D).  The filter response is Butterworth with a cut-off frequency of 10KHz.  Digital samples 
are then passed to a programmable decimation filter.  The decimation filter provides anti-aliased 
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samples at a programmable rate in order to match the rate that the channel will be sampled in the 
telemetry frame.   
 
The A/D sampling and decimation filter are synchronized to the IntelliBus TRIGGER command.  
The TRIGGER command is issued from the Master Controller (e.g. MPC800 with a NIC).  The 
NIC itself will synchronize its schedule of IntelliBus requests to the telemetry timing.  A channel 
sampled in the telemetry format will result in a synchronized TRIGGER on the IntelliBus.  This 
TRIGGER command can be issued to a group of channels to allow multiple channels to be 
simultaneously sampled.    Each TRIGGER command moves a sample from the decimation filter 
into a FIFO data structure in the SRAM Memory.  After multiple samples have been 
accumulated in the FIFO, an IntelliBus FIFO read command passes a block of data to the NIC in 
the Master Controller.  The data passes through the NIC and ultimately into the telemetry output. 
 
Under control of the IntelliBus, the Input Conditioner can enter several different modes of 
calibration.  One calibration mode is called NCAL.  During NCAL, a calibration voltage (Cal. 
D/A) can be applied to the differential input in order to deflect the resistor bridge in the 
transducer by a programmable amount of offset.  By measuring the results of this deflection, the 
IBIM can determine if there are any faults in the transducer such as a short or broken wire.  The 
IBIM can then report the status of the transducer back the Master Controller over the IntelliBus.  
During normal acquisition mode, the Cal. D/A is set to high-impedance.  Alternatively, the Cal. 
D/A can be programmed to provide a termination to ground.  This termination is necessary for 
some high-impedance transducers in order to provide a small bias current for the In-Amp input 
stage. 
 
Another calibration mode is called ZCAL.   During ZCAL, the transducer is in a known 
quiescent state.  A measurement is then taken to determine the offset voltage in the transducer.  
Alternatively, a ZCAL can be performed on the signal conditioner itself by selecting the GND 
input to the Input Mux.   
 
Further calibration and diagnostic testing is available to the signal conditioner by selecting a 
precision reference voltage (2.5V Ref.) with the Input Mux.  The Input Mux also has a feedback 
path for the Transducer Excitation output.  The feedback path allows the transducer excitation to 
be monitored for diagnostic purposes.  This allows the IBIM to detect when current limiting or 
some other fault has affected the excitation output.  As with other calibration tests, the results of 
this diagnostic are available to the Master Controller via the IntelliBus. 
 
The network cable from the Master Controller provides the bi-directional IntelliBus signal and 
the 28-volt power input.  In order to facilitate cabling, two connectors are provided to allow 
daisy chaining of one device to the next.  The two connectors are electrically identical and 
provide a single bus tap on the IntelliBus.  The IntelliBus physical layer that has been 
implemented is RS485 at 15Mbs.  The IntelliBus protocol supports other physical layers 
including LVDS at 30Mbs and single-ended at lower bit rates.   
 
The IntelliBus SERDES provides serialization and deserialization of IntelliBus commands and 
data.  The commands and data are assembled into messages and parsed by the IntelliBus Framer.  
The Framer stores messages and transmits replies by issuing requests to the Memory Controller 
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for the appropriate data structure in the SRAM Memory.  One data structure is the FIFO that 
contains the data samples.  Other data structures exist for the initialization and configuration of 
the programmable registers such as the gain, offset, and filter settings for each channel.  Other 
data structures exist for configuration of the network into addressable channels and reporting 
status. 
 
The Memory Controller provides multi-port arbitration to the SRAM Memory among the eight 
signal conditioners, IntelliBus Framer, and NIOS embedded processor.  The NIOS processor 
handles the processing of IntelliBus messages and sequences the control of the other functional 
blocks.  The Flash Memory holds non-volatile settings such as channel configuration as well as 
the NIOS program and FPGA boot image.  A Temperature Monitor allows gain and offset errors 
to be compensated over the entire operating temperature. 
 
 
Mechanical 
 
The IntelliBus module (IBIM) shown in Figure 4 is approximately 2.750 x 2.650 x 1.750 inches. 
Construction is of aircraft grade aluminum alloy, 6061-T6 for lightweight and high strength.  
 
 

Figure 4 IBIM-SGV Exploded View 
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The IntelliBus module consists of seven (7) circuit card assemblies (CCA).  
• A common Backplane provides interconnection between other modules of the system. As 

well as common addressing and logic functions. 
• A standard I/O and power supply module provides standard LEMO type circular IBIM 

connectors as well as power conversion and filtering for a package power supply. 
• A Logic module, which provides digital overhead functions. 
• Four (4) two-channel strain gauge signal conditioning modules, which each receive I/O 

through an MDM 9 pin connector 
 
 

Conclusion 
 
The IntelliBus provides the next generation data acquisition system that provides greater data 
acquisition efficiency and reliability compared to other network protocols. The advantages of 
IntelliBus over the traditional telemetry implementation have been demonstrated in cost, weight, 
and ease of installation. These are summarized below: 
 
− 25% Reduction in Hardware Costs  
− 7% Reduction in Mechanical Design Costs 
− 18% Reduction in Electrical Design Costs 
− 40% Reduction in Wire Bundle Fabrication Costs 
− 50% Weight Reduction 
− 30% Reduction in Supportability 
− Less Scar to Test Vehicle 
− Improved Data Management 
− Easily Adapts to Changing Instrumentation Requirements 
− Improved Data Accuracy/Less Noisy Data 
− Increased Diagnostic Capability 
 
This advanced technology can be used to significantly change how Flight -Test programs can be 
conducted and provides the advantages listed.  As the number of functions expands, the 
instrumentation engineer will have a full complement of hardware solutions to integrate the 
IntelliBus System. 
 




