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ABSTRACT 

 

This paper presents an analysis of various methods to address the reproduction of recorded 

Chapter 10 data in real-time. The standard IRIG 106 Chapter 10 recording format is quickly 

becoming the most commonly used data recording format in the community. As such, a lot of 

emphasis has been put on recording requirements including time-stamping, data multiplexing, 

etc. However, there are additional needs that must be considered when using Chapter 10 as the 

only permanent data record. It is often necessary to reproduce the original data stream exactly as 

it was recorded with all its timing characteristics. This paper presents various tradeoffs 

discovered while designing a real-time playback system for recorded chapter 10 data files. In 

particular, techniques such as just-enough buffering, data re-ordering, pre-processing, etc will be 

discussed.   
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INTRODUCTION 

 

Most telemetry operation centers have a need to be able to replay a mission and to reproduce its 

real-time characteristics as closely as possible to the original mission. Playing back recorded data 

as if it was actually happening in real-time can be a challenging task. However, the introduction 

of the IRIG 106 Chapter 10 standard has greatly helped users reproduce data with very good time 

accuracy. This paper discusses a possible solution called the Intelligent Storage Module (ISM) to 

playback Chapter 10 data files with extremely low latency and accurate time reproduction. 

 

The ISM module can be used to read a Chapter 10 (CH10) file from a Stanag file system residing 

on a Fibre Channel (FC) disk (RAID or SSDDR), identify and tag data from CH10 data packets 

and write the result to a high-speed multiplexing data bus (MUXbus)  in the same time sequence 

that it was acquired (before being written to the CH10 file). 



L-3 Communications Telemetry-West, Public Domain Information 

Page 2 of 6 

The ISM uses three threads for real-time playback of CH10 data - the FC disk read thread 

(tIsmDskRd), the data packet processing thread (tIsmPbProc) and the MUXbus write thread 

(tIsmMuxWr): 

 

 
Figure 1. ISM Data Flow 

 

tIsmDskRd reads CH10 data packets from the CH10 file. This data is placed into a ring buffer 

that is monitored by tIsmPbProc. 

 

tIsmPbProc takes the CH10 packet data from the ring buffer and generates per channel linked 

lists of time-stamped/tagged data. These per channel linked lists are then serialized into time 

correlated buffers of 1 output time unit (between 50 and 100 uS) and placed into a ring buffer. 

 

tIsmMuxWr takes time correlated buffers from the ring buffer at the specified time unit. This 

thread runs off the auxiliary clock. The data from these buffers is then DMA'd to the MUXbus. 

 

 

DESIGN REQUIREMENTS 

 

• Multi-threaded 

• Fast First-In First-Out (FIFO) queues for data streaming 

• Pre-allocated, cache aligned data buffers 

• File system supports reading (writing) blocks not bytes 

• MUXbus write timing derived from high rate low latency interrupt attached to high 

priority thread 

• IRIG time for MUXbus generated from CH10 Time data packets 

• Average delta (over playback period) between CH10 Time packet source and 10 MHz 

counter used as correction factor for MUXbus write timing 

• Singly-linked list for each active channel stores up to 2 seconds of time-stamped 

MUXbus tag/data pairs 

• Use of inline functions for efficiency and readability (versus macros) 

• Statistics for all data that passes through an interface 

• Real-time trace library for debugging 

 

 

FC Disk MUXbus 

MUXbus 

Data Queue 
CH10 

Data Queue 

tIsmDskRd tIsmPbProc tIsmMuxWr 
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ISM PLATFORM 

 

The ISM consists of a Motorola MVME5500, L-3 MUXbus interface and PMC FC controller. 

The real-time operating system used for the ISM is VxWorks 5.5.1. 

 

The MVME5500 is a single-board computer based on the PowerPC MPC7455 and the Marvell 

GT-64260B Host Bridge with dual PCI interface and memory controller. The CPU runs at 1 

GHz, has 512 MB of SDRAM and 2 MB of L3 cache. The MVME5500 also has a Gigabit 

Ethernet interface. 

 

The L-3 MUXbus interface is connected to the MVME5500 by the PCI expansion connector 

which is attached to a PCI-PCI bridge which is connected to PCI bus 0.0 on the Marvell host 

bridge. The MUXbus interface has a 4K word (8 bytes/word) FIFO used to buffer data that is 

written to the MUXbus. The sustained data rate to the FIFO is about 100 MB/s. The MUXbus 

write rate is limited to 8 M words/s (64 MB/s). 

 

The PMC FC controller resides in PMC slot 2 which is attached to PCI bus 1.0 on the Marvell 

host bridge. The ISM uses Raw Initiator API software for accessing the FC disk. This allows 

direct access to the disk without using a file system. 

 

VxWorks provides "a multitasking environment that allows a real-time application to be 

constructed as a set of independent tasks, each with its own thread of execution and set of system 

resources. The inter-task communication facilities allow these tasks to synchronize and 

communicate in order to coordinate their activity". Inter-task communication is facilitated by the 

use of fast semaphores. VxWorks also provides facilities for hardware interrupt handling, since 

interrupts are the usual mechanism to inform a system of external events. 

 

 

RING BUFFER DESIGN 

 

The ISM uses three threads for real-time playback of CH10 data packets. The tIsmDskRd thread 

produces CH10 data buffers, the tIsmPbProc thread consumes the CH10 data packets and 

produces MUXbus data buffers and the tIsmMuxWr thread consumes the MUXbus data buffers. 

 

Data buffers are passed between threads by using a FIFO queue. This FIFO queue is 

implemented by a ring buffer. The VxWorks msgQLib could have been used for this however 

usage statistics were required for debugging. Keeping track of read/write counts, read/write wait 

and wakeup counts are helpful in debugging the application and in analyzing the application's 

performance. 

 

The ring buffer is implemented by using write and read indices. This implementation allows for 

all entries in the ring buffer to be used, unlike some pointer only implementations. 

 

 

READ THREAD 
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Before a file is played back it is analyzed for time correctness. The first and last Time data 

packets are read and the time delta between the packets is compared against the 10 MHz Relative 

Time Counter (RTC). If these differ by more than +/- 1% the file must be played back by using 

the 'Event Block' method. If the file passes this test then a correction factor is applied to the 10 

MHz RTC to provide more accurate time stamping. 

 

The entire file or a time-slice of a file may be played back. When a time-slice is played the Time 

data packet before the start time and after the stop time are read. The same time correctness test 

is applied to the time-slice. 

 

The 'Event Block' playback method is used for CH10 files that are not time correct. A time-slice 

can be played back by specifying the start and stop logical block numbers within the file. No 

time correction factor is used for this playback method. 

 

Files with start offset (time slice or event block) 

 

If a start offset is present then the ISM seeks to the block before the offset, get an empty data 

buffer from the CH10 data queue, read CH10 data from the FC disk into the data buffer and set 

the offset and length accordingly. The buffer is then given to the processing thread and the rest of 

the file is read. 

 

Design Trade Off 

 

The alternative to reading large blocks of disk data is to have a ring of buffers that are large 

enough to hold a CH10 packet (512 KB). The read thread would be responsible for supplying 

complete CH10 data packets to the processing thread. There would be more overhead associated 

with two reads per packet, one for the header and one for the packet body. And some data would 

have to be saved and copied to the beginning of the next packet. 

 

 

PROCESSING THREAD 
 

The processing thread is responsible for converting packetized CH10 data into time correlated 

buffers of MUXbus data. 

 

Contiguous Packet Data 

 

The processing thread is responsible for building contiguous packet headers and packet bodies 

from the raw disk data. 

 

Time Correlation between Multiple Data Channels 

 

The real challenge to playing back CH10 files is time correlating data from different data 

channels. Each data channel generates CH10 data packets separately from other data channels. 

CH10 data packets should not contain more than 100 milliseconds of data and "a packet 

containing any data must be generated within 100 milliseconds from the time the first data was 



L-3 Communications Telemetry-West, Public Domain Information 

Page 5 of 6 

placed in the packet". This requirement helps to limit the amount of buffering required to time 

correlate CH10 data. 

 

Time Stamping of CH10 Data Packet Data 

 

Each CH10 packet header contains a free running 10 MHz Relative Time Counter (RTC). The 

RTC that is contained in a CH10 time packet can be used to obtain the absolute time for other 

CH10 packets. RTCs contained in intra-packet headers of CH10 data packets can be used to 

assign an absolute time to each data sample. The absolute time is the 10 MHz adjusted counter. 

 

Before the FC disk read thread starts reading CH10 data it converts the start time string, 

represented as ddd.hh:mm:ss.uuuuuu, to the internal time representation. All time stamps are 

normalized to this start time, i.e. this time is subtracted from the time stamp that is derived from 

CH10 Time packets and the RTC. 

 

Internal Time Representation 

 

The internal format that is used to represent time is a 64-bit floating-point number with units of 

nanoseconds. All time values (and the 48-bit 10 MHz counter) are converted to this format as 

soon as the conversion is possible. All time calculations use this format. This format was chosen 

due to the superior floating-point performance of the MPC7455. The floating-point unit of the 

PowerPC MPC7455 is designed such that double-precision operations require only a single pass, 

with a latency of five cycles. 

 

MUXbus Parameters 

 

The playback processing thread of the ISM decodes CH10 data packets and converts them into 

tag/data pairs that can be written to the MUXbus. This parameterization requires set up 

information from the host. For example, in order to generate IRIG time data for the MUXbus, the 

tags for the Major, Minor1 and Minor2 parameters must be known. The host software is 

responsible for conveying this information to the ISM. It is stored in memory resident data 

structures for every data channel that is being played back from the CH10 file. 

 

Packet Filtering 

 

The CH10 packet header is examined to determine if this data channel has been enabled. The 

packet is skipped if it is not an active channel. For active channels the packet type is decoded and 

the appropriate packet decoder is called. When the packet decoder encounters a data sample that 

should be parameterized (PCM for instance, the tag for this position in the frame is not zero) it 

puts the necessary information onto the Output Queue. 

 

Channel Data Processing (Time Correlation) 

 

After a packet has been processed the active channels are examined for channel data. A linear 

search is performed on the active channel lists. If all channels have a data sample, the one with 
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the lowest time value is removed from the list and added to the MUXbus output buffer. This 

operation is repeated until one of the lists is empty. 

 

Since there is a finite amount of buffering available for channel data safeguards must be put in 

place to limit buffer usage. This is accomplished via typical watermark algorithms. In this event, 

a statistic is incremented to indicate that a time correlation anomaly has occurred. 

 

 

MUXBUS WRITE THREAD 

 

The MUXbus write thread waits for a semaphore to be given by the system auxiliary clock 

interrupt service routine. When this interrupt occurs the MUXbus write thread polls the MUXbus 

data queue for another data buffer. If there is no buffer it waits for another interrupt and tries 

again. If a data buffer is present and the tick count in the data buffer is less than the tick count 

being maintained by the write thread then the data buffer is written to the MUXbus by using the 

DMA engine in the Marvell host bridge. 

 

 

CONCLUSION 

 

The ISM allows users to replay CH10 data files at high-speed and in real-time. One second of 

elapsed time during the actual mission is played back at a rate of one second exactly (with 

microsecond accuracy) in a real-time environment, therefore ensuring a deterministic output. 

 

Analog waveforms can be re-created exactly as they occurred. EU and derived algorithms can be 

applied in real-time while raw data is replayed. PCM could also be easily re-generated if 

necessary considering that a constant stream of raw data is available on the MUXbus. 
 

 




