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ABSTRACT 
 

 

As requirements for the amount of test data continues to increase, instrumentation engineers are 
under pressure to deploy data acquisition systems that reduce the amount of associated wiring 
and overall system complexity.  Smart sensor buses have been long considered as one approach 
to address this issue by placing the appropriate signal conditioners close to their respective 
sensors and providing data back over a common bus.  However, the inability to adequately 
synchronize the operation of the sensor bus to the system master, which is required to correlate 
analog data measurements, has precluded their use. 

The ongoing development and deployment of smart sensor buses has reached the phase in which 
integration into a larger data acquisition system environment must be considered.  Smart sensor 
buses, such as IntelliBus™, have their own unique mode of operation based on a pre-determined 
sampling schedule, which however, is typically asynchronous to the operation of the (master or 
controller) data acquisition system and must be accounted for when attempting to synchronize 
the two systems.   

IRIG Chapter 4 type methods for inserting data into a format, as exemplified by the handling of 
MIL-STD-1553 data, could be employed, with the disadvantage of eliminating any knowledge as 
to when a particular measurement was sampled, unless it is time stamped (similar to the time 
stamping function that is provided to mark receipt of 1553 command words).  This can result in 
excessive time data as each sensor bus can manage a large number of analog sensor inputs and 
multiple sensor buses must be accommodated by the data acquisition system. 

The paper provides an example, using the Boeing developed IntelliBus system and the L3 
Communications – Telemetry East NetDAS system, of how correlated data can be acquired from 
a smart sensor bus as a major subsystem component of a larger integrated data acquisition 
system.  The focus will be specifically on how the IntelliBus schedule can be synchronized to 
that of the NetDAS formatter.  Sample formats will be provided along with a description of how 
a standalone NetDAS stack and an integrated NetDAS-IntelliBus system would be programmed 
to create the required output, taking into account the unique sampling characteristics of the 
sensor bus. 
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ASSUMPTIONS 
 
A number of assumptions are required to accurately synchronize a master system with two or 
more sensor bus networks. 
 

• The NICs and IBIMs shall conform to the associated sensor bus specification. 
• The characteristics of any particular sensor bus network will be known/can be determined 

(or a default worst-case access can be assumed). 
• There shall be configuration/scheduling software, which will take into account the 

characteristics of a sensor bus network, specifically triggering mechanisms and latency, 
when generating the PCM format and sensor bus schedule(s). 

• For easy reference, the output shall use traditional PCM 
 
While these assumptions may be obvious, the fact is that the telemetry data acquisition 
application environment requires well-defined behavior to allow for tightly coupled, 
synchronized integration to ensure sampling coherency. 
 

EXAMPLE FORMAT 
 

In this example, the DAS will acquire data from three different sensor inputs including shock, 
vibration and temperature.  These measurements will be sampled uniformly according to the 
frame format outlined in Figure 1.  This section will note how the format is handled by a 
standard NetDAS stack and by an integrated NetDAS-IntelliBus system. 
 
The system controller/formatter will sample each transducer based on the frame sequence as 
shown in Figure 1.  [Note: due to document space constraints, the figure below shows one 
complete minor frame of 120 words.] The NetDAS system controller module (NDC) will take 
the transducer samples, and merge them into with the frame sync pattern (FSP), SFID, time and 
frame counter words into a PCM signal.   
 

FSP V4 V1 V2 V3 V5 V6 V7 V1 V2 V3 V8 V9 V10 

V1 V2 V3 V11 V12 V13 V1 V2 V3 V14 V15 V16 V1 V2 V3 

TempN SFID V4 V1 V2 V3 V5 V6 V7 V1 V2 V3 V8 V9 V10 

V1 V2 V3 V11 V12 V13 V1 V2 V3 V14 V15 V16 V1 V2 V3 

TimeH TimeL V4 V1 V2 V3 V5 V6 V7 V1 V2 V3 V8 V9 V10 

V1 V2 V3 V11 V12 V13 V1 V2 V3 V14 V15 V16 V1 V2 V3 

FC V4 V1 V2 V3 V5 V6 V7 V1 V2 V3 V8 V9 V10 

V1 V2 V3 V11 V12 V13 V1 V2 V3 V14 V15 V16 V1 V2 V3 
Figure 1 Frame Sequence 



The characteristics of the format include: 
• Words Per Minor Frame:  120 
• Subframe Depth   28 
• Words Per Major Frame:  3360 
• BPW:     12 
• Minor Frames Per Second:  2000 
• Major Frames Per Second:  71.4 
• Bit Rate:    2.88 Mbps 
• Bit Time:    347 nsec 
• Word Time:    4.167 usec 
• Frame Time:    500 usec 
• Words Per Second:   240000 
• FSP:     FAF320 
• FC:     24 Bit Frame Counter 
• TempN:    Multiple Independent Temperature Inputs 
• Total Number of Channels:  44 

 
The vibration transducers will be sampled at rate of 8 Ksps, with the exception of three channels 
that are to be sampled at 40 Ksps.  Each individual temperature measurement shall be sampled at 
the major frame rate (e.g. ~71 sps).  An overview of the measurements and their sampling 
methods are as follows: 
 

• Supercommutated (more than once/minor frame):  
o 40 Ksps     V1 – V3 
o 8 Ksps      V4 – V16 

• Minor Frame:      FSP, FC, Time, SFID 
• Subcommutated (< Minor Frame Rate):  TempN 
 

The fact that the NDC has integrated time code directly on board allows an IRIG signal to be 
made available to the formatter in each stack, allowing a wide variety of (timing) functions to be 
performed, including: 

• System Wide Time Sampling Synchronization 
• Frame/Packet Tagging 
 

STANDALONE DATA ACQUISITION SYSTEM OVERVIEW  
 

In the NetDAS system, the NDC formatter executes a commutation list (a program consisting of 
a variety of instructions) that results in acquisition commands being issued to specific channel 
addresses.  The responses to these commands are data words that must be returned to the NDC 
within a specific time period.  If no response is received, then the NDC automatically inserts a 
user-programmed data value to denote a potentially dead channel.  Each module is responsible 
for all facets of the application specific input processing, including sampling, filtering and any 
custom number system formatting that may be required. 
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Figure 2 Standalone NetDAS Configuration 

 
INTEGRATED NETDAS & INTELLIBUS NETWORK 

 
In an integrated solution, the NetDAS signal conditioning input modules are replaced by their 
IBIM counterparts, with a TENIC being added to the stack that “co-ordinates” TEBus-IntelliBus 
accesses.  From the standpoint of the NDC, its commutation list will only have minor changes, if 
any are required at all, as the formatter simply collects data from addresses that represent the 
specific input channels.  Figure 3 provides a diagram of how the NetDAS and IntelliBus 
components would be connected. 
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Figure 3 Integrated NetDAS-IntelliBus System 

The NIC has the responsibility of collecting data from the IBIMs and having it available at the 
time of the associated TE Bus data acquisition command.  To accomplish this task, the NIC will 



synchronize the start of its schedule to the detection of the frame pulses that are generated by the 
NDC.  This synchronization will allow the NIC to execute the necessary IntelliBus commands to 
retrieve data from the specified IBIM channel at the appropriate time. 
 
The construction of the NIC schedule is predicated upon the following implementation details. 
(A diagram is shown in Figure 4 (note that the timing is representative and not absolute at this 
point in time): 
 

• Data returned is always 16 bits 
• An access is a command with an associated response 
• While the bit rate of the IntelliBus is 15 Mbps (for this example), the combination of 

single access cycles combined with IntelliBus transfer overhead results in an effective 
data bandwidth of 4.1667 Mbps or word response time of 3.6 microseconds. 

• A trigger word is required to initiate sampling by one or more IBIMs.   
 
The NIC synchronizes the start of its schedule execution to the receipt of the frame sync pulse 
that is provided across the TE Bus backplane (which thus provides a mechanism that allows 
multiple NIC cards in the same stack to be synchronized).  Additional information provided by 
the NDC allows NetDAS modules within the stack to also recognize the start of a major frame, 
which is important in the case of collecting measurements that are subcommutated. 
 
The example frame sequence shown in Figure 1 contains both supercommutated and 
subcommutated data.  To comply with IntelliBus data acquisition requirements, thirty-two 
unique triggers will be employed that will group the sampling of the measurements as follows: 
 

Trigger 1st 
Word 

Group Words 

T1 V4 V1, V2, V3, V5, V6 
T2 V7 V1, V2, V3, V8, V9 
T3 V10 V1, V2, V3, V11, V12 
T4 V13 V1, V2, V3, V14, V15 

T5-32 V16 V1, V2, V3, V16 Temp1-28 
Table 1 Format Trigger-Sampling Groups 
 
In this example, the individual (slow changing) temperature measurements (each one a different 
channel located in word position 21) only need to be sampled once every major frame (as 
represented by the Temp1-28 measurements). 
 
Because all measurements are required after each trigger, Purge Mode, which is used to force a 
reset of the IBIM FIFOs, must be enabled.  This is especially important as the subcommutated 
channels, represented by the temperature measurements, are only sampled once per major frame.  
The additional triggers “generated by” V16 will result in the temperature IBIM generating an 
additional sample of the channel associated with that unique trigger. 
 



All of the channels are sampled at fixed rates across the minor frame; for V1-V3, the rate is at 
20X, for V4-V16, the rate is 4X.   This leads to a trigger rate of one every 25 usec (frame rate of 
500 usec/20), with the first being aligned with the start of the frame.  Some general format notes:  
 

• It takes (6 *3.6 usec) = 21.6 usec to accumulate the data that is required for the six 
associated PCM word slots (which takes 25 usec for output) after transmission of the 
trigger command. 

• A delay of 2 usec after the last word of each group will be inserted to maintain the 25-
usec trigger rate. 

 

GENERAL COMMENTS 
 

The sampling methods defined are tailored to the data acquisition methods implemented by the 
IntelliBus.  Other sensor bus networks will have their own unique restrictions that can be 
similarly accounted for when developing the interface to integrate them into a data acquisition 
environment. 

 
• The access rate of measurements from one IntelliBus network is fixed.  If the NetDAS 

output data rate exceeds that of the IntelliBus data bandwidth, then the format must have 
other words inserted to provide the proper interval to handle the IntelliBus access time.   

• While dissimilar sampling rates on a sensor network can be accommodated (which really 
only affects supercommutation), they generally will need to be avoided due a limited 
number of triggers that are available.   

• Each IntelliBus network is a separate independent entity. 
• With normal minor frame measurements, all data is sampled at the start of the minor 

frame.  With thirty-two triggers, a corresponding subframe depth can be accommodated 
without any other special measurement grouping.   With deeper subframes, some 
grouping of the subcommutated measurements will be needed which will necessitate 
oversampling and use of “purge mode”. 



FSP MSFormat Output FSP LS V4 V1 V2 V3

NIC Instruction

FS Pulse

4.167 us 4.167 us 4.167 us 4.167 us 4.167 us 4.167 us

V4 Access 

3.6 us

V1 Access V2 Access V3 Access V5Access 

3.6 us

T1

PCM Word Time

V6Access 

3.6 us 3.6 us 3.6 us 3.6 us

Delay.. T2

Time between triggers is 25 us. Delay = 2 usec. 

 
Figure 4 IntelliBus-NetDAS Instruction & Trigger Timing 

 
INTEGRATED NETDAS WITH MULTIPLE INTELLIBUS NETWORKS 

 
The typical data acquisition system would most likely be required to support multiple networks 
due to throughput and number of channels that can be supported by a single bus. The application 
decision would be whether there is any relationship between sensors on the two networks:  if yes, 
then the implementation may require coherent triggering on the two networks; if not, then the 
NIC trigger and sampling on the two networks could be programmed independently. 

A simple example would be to simply duplicate the above format (e.g. two similar IntelliBus 
networks containing the same sensor configuration – one for left wing, one for right wing, etc.) 
with an associated doubling of the output bit rate (increasing the word rate), as shown in Figure 
5.   This requirement would necessitate the same triggering schedule being executed by the two 
NIC interfaces. 

 



FSP MSFormat Output FSP LS V4-A V4-B V1-A V1-A

NIC-A Instruction

FS Pulse

2.083 us 2.083 us 2.083 us 2.083 us 2.083 us 2.083 us

V4 Access 

3.6 us

V1 Access V2 Access V3 Access V5Access 

3.6 us

T1

PCM Word Time

V6Access 

3.6 us 3.6 us 3.6 us 3.6 us

Delay.. T2

Time between triggers is 25 us. Delay = 2 usec. 

NIC-B Instruction V4 Access V1 Access V2 Access V3 Access V5Access T1 V6Access Delay.. T2

 
 

Figure 5 Multiple IntelliBus Network Timing 
 

SUMMARY 
 

The means to synchronize sensor buses to a master data acquisition system is available; the 
primary requirement is the detailed knowledge of each component’s characteristics.  Once these 
have been well-defined, they can be accounted for in the development of the appropriate 
interface module as well as the software that is used to program the necessary sampling 
schedules. 
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