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ABSTRACT

This paper will describe a test technique developed to measure the delays caused by the
use of asynchronous multiplexers/demultiplexers. These devices are used for both signal
transmission (microwave and fiber optic) and signal recording (especially helical scan
digital recorders). The test technique involves the generation and decoding of
asynchronous telemetry signals.  The bit rates of the telemetry signals are variable.
Relative time is embedded in the telemetry signal as a 32-bit data word. The paper will
also present measured delays for two multiplexers/demultiplexers for different
combinations of bit rates.
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BACKGROUND

Digital telecommunications systems and digital data recorders are widely used for
aeronautical telemetry applications. An asynchronous multiplexer (MUX) typically is used
to multiplex several independent telemetry signals into the digital telecommunications
system or helical scan digital data recorder. A corresponding demultiplexer (DEMUX) is
used to recover the telemetry signals. The telemetry signals might include missile sensor
data and target sensor data that must be “fused” together to properly analyze what
happened during the missile’s encounter with the target. Typically, the data sources do not
include embedded time. Therefore, the timing of the events can only be reconstructed if the
delays of both signals are known quite accurately (this problem is eliminated if the delays
of both signals are the same). Unfortunately, the time delay introduced by the
asynchronous multiplexers/demultiplexers may not be the same for all telemetry signals.
Therefore, a specialized test set was developed to measure the delays introduced by these
devices. The test set described below is not the only method for measuring these delays.



Figure 1. DS2 MUX/DEMUX time delays.

The tests could be performed with pseudo-random generators plus pattern detectors at the
input and output of the device under test. The delay is the time difference between the
outputs of the detectors.

TEST SET DESCRIPTION

The test set consists of a transmitter and a receiver. The transmitter accepts four external
clock signals and generates four independent randomized non-return-to-zero level
(RNRZ-L) signals with zero degree clocks. The maximum bit rate is 10 Mbps. The data
signals are structured as telemetry minor frames. Each minor frame includes a 32-bit sync
word, a 32-bit time word, an 8-bit subframe sync word and some fill bits. The major frame
consists of 256 minor frames. The time data is generated by clocking a 32-bit counter at a
1 MHz rate. Every minor frame, the value of this counter is latched and sent out as the
32-bit time word. This method was chosen for simplicity of implementation, however,
Global Position System (GPS) time or any other time source could be used. The functions
that are common to the four channels are implemented in four identical programmable gate
array devices.

The receiver is synchronized to the transmitter by pushing a button to reset the 32-bit
counters in both the transmitter and the receiver. The receiver uses the transmitters 1 MHz
clock to clock its 32-bit counter. The receiver accepts RNRZ-L data and clock from the
device under test. The data is derandomized and the frame synchronization words are
detected. The counter value is latched at frame synchronization detection. The counter
value contained in this minor frame is subtracted from the current counter value to give the
time difference in microseconds. This value is displayed on a light emitting diode (LED)
display. The display can be updated every minor frame, every major frame, or held. The
functions that are common to the four channels are implemented in eight programmable
gate array devices. 

TEST RESULTS FOR DS2 MUX/DEMUX

Tests were performed on a DS2 rate asynchronous
MUX/DEMUX unit used for communication over
microwave and fiber optic links. The tests were
performed with the MUX/DEMUX units
connected back-to-back. Two signals at various bit
rates were applied to the DS2 multiplexer. Figure 1
shows the measured delays plotted versus input bit
rate. The delays decrease as the bit rate is
increased. The delay was 650 ms at 44 kbps and
less than 5 ms at 5 Mbps.



Figure 2. DS2 MUX/DEMUX time delays.

Figure 3. DS2 MUX/DEMUX delays (bits).

Figure 2 is an expanded version of the lower
part of figure 1. The data in figure 2 show that
the delay is not fixed for a given input bit rate
but rather is somewhat variable with a span of
up to 3 ms for the conditions tested here. The
delays increased as the sum of the bit rates
approached the maximum for this system
(5.68 Mbps). For example, the delay of a
700 kbps signal was 39.55 ms with 700 kbps
as the other input and 42.19 ms with 4 Mbps
as the other input. The variability in delays
makes it very difficult to precisely time align
signals from different sources. This problem is
especially difficult if the data rates are significantly different.

Figure 3 presents the delay of this
MUX/DEMUX unit in kilobits (kb). The delay
varied from approximately 22 kb to 34 kb with
a nominal delay of approximately 28 kb. The
maximum delays (in kb) were at bit rates of
2.4 and 3 Mbps. The minimum delays (in kb)
were at bit rates of 4 and 5 Mbps. This
multiplexer tries to keep FIFOs in both the
multiplexer and demultiplexer one-half full.
The result is a relatively constant delay in
kilobits rather than in milliseconds. This
multiplexer measures the input bit rates and
automatically configures itself to properly
merge the data into its data structure. 

The delays of the bit synchronizers used to convert the analog output of the telemetry
receiver to a digital signal and clock were also measured. A newer, mostly digital bit
synchronizer added a delay of 32 bits while an older, mostly analog bit synchronizer added
a delay of 5 bits. These delays were independent of bit rate. Both delays are very small
compared to the delays introduced by the asynchronous MUX/DEMUX.



Figure 4. Delay versus input bit rate.

Figure 5. Delay versus maximum MUX setting.

Figure 6. Delay (kb) versus maximum MUX
setting.

TEST RESULTS FOR HELICAL SCAN DIGITAL RECORDER MUX/DEMUX

Tests were also performed on a MUX/DEMUX that is used to record several
asynchronous digital signals on a helical scan digital recorder. Four independent signals
were applied to the MUX/DEMUX unit. This multiplexer must be configured by telling it
what the maximum expected bit rate is for each channel. 

Figure 4 shows the measured time delays of
the four channels plotted versus input bit rate.
The delays are not constant when plotted
versus input bit rate. Figure 5 shows the same
data plotted versus the maximum input rate
programmed into the multiplexer for each
individual test. The delays of all four channels
are the same and are a function of the largest
bit rate setting of any of the multiplexer
channels. The delays were the shortest with a
maximum setting of 10 Mbps and generally
increased as the maximum MUX setting
decreased. However, the delay at a bit rate of
approximately 5 Mbps was lower than the
delay at 6 Mbps. No performance  anomalies
were noted when the actual bit rates were less
the programmed bit rates. However, the
MUX/DEMUX did not perform properly when
the input bit rate exceeded the selected rate by
more than a few percent. This problem could
occur with the multiplexer set to the actual bit
rate, a relatively wide bit synchronizer tracking
range selected, and only noise applied to the
bit synchronizer input (for example, the
recorder is normally started before the
telemeter is turned on). The performance of
this MUX/DEMUX during and after this
condition has not been measured yet.

Figure 6 shows the time delay from figure 5
converted to kilobits at the maximum MUX
setting plotted versus maximum MUX setting.
For example, a delay of 8 milliseconds at a
MUX setting of 4 Mbps is equivalent 32 kb.



The most common value is 32 kb, however, the delay was only 20 kb at a MUX setting of
5 Mbps. The delay varied between 20 kb and 32 kb with a step size of 4 kb for all of the
conditions tested so far. 

CONCLUSIONS

The time delays introduced by the DS2 asynchronous MUX/DEMUX are a function of the
input bit rate and the percentage of the MUX/DEMUX capacity that is being used. The
delay is 650 ms at a bit rate of 44 kbps and less than 5 ms at a bit rate of 5 Mbps. The
variability in delays makes it very difficult to precisely time align signals from different
sources. This problem is especially difficult if the data rates are significantly different.

The time delays introduced by the asynchronous MUX/DEMUX used with helical scan
digital recorders are a function of the largest bit rate setting of any of the multiplexer
channels. The delays are the shortest with a maximum setting of 10 Mbps and generally
increase as the maximum MUX setting is decreased. The delays of the four individual
channels were the same for the conditions tested thus far. Therefore, the time alignment of
the signals was not changed by this MUX/DEMUX.
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