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of the information is required, this process produces errors or distortions
of the original signal. SUVMMARY AND OBJECTS OF THE INVENTION It is an
object of the invention to provide a systemthat permts the use of a
channel enulator in conjunction with a protocol sinmulator in a fashion that
mtigates the distortion of the signal produced by the steps of conversion
fromdigital to analog and back to digital at the interface between the
protocol sinulator and the channel enulator. It is a further object of the
i nvention to produce a system where; when the distortion of the signal
produced by the process of the conversion fromdigital to anal og and back
to digital is mtigated, the avail able delay resolution exceeds the
sampling rate without the use of interpolation or digital filtering. 2




DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The preferred enbodi nent of the
i nvention requires synchronizing the interface between the protocol

simul ator and the channel enulator. The sinplest way to acconplish this
requirenent is to pass the inforrration across the interface in parallel
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delay resolution of the systemis O Sns. The out puts of each of the digital
to anal og converters are summed in the anal og domain to formthe conposite
signal " representing the signal generated by the protocol sinulator passing
t hrough the emul ated channel. This signal is then passed towards the device
“under test (DUT). In the return direction, the anal og signal received from
the direction of the DUT is passed to a group of analog to digital
converters, each analog to digital converter is clocked by a version of
the 200Msps sanmple clock with a delay relative to the other sanple clocks
"enpl oyed by the other 9 analog to digital converters. To achieve a del ay
resolution of O log to digital converters are enployed, with the
i ndi vi dual convemg@m E‘gT& OF THE RN VENTEON cl ock del ayed by
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di gi t dl M (ﬁheaw glr%tﬁ withoubthp luse efdiaterpiation arritigitad filtaiings Doppl er
shift nay be added. Follow ng these steps of processing, the digital words
are summed and the result is rounded to a word width conpatible with the
protocol generator. This rounded digital word along with the output sanple
clock is then passed to the protocol sinulator. As an alternative to
passing the full wdth binary level digital word back and forth between the
channel enul ator and the protocol sinulator, a nultilevel word of |ess
paral |l el signals can be passed between them If a 4 |level code is used
instead of the 2 level binary signaling, the nunber of parallel signals
required to convey the information between the channel enul ator and the
protocol sinulator is reduced by a factor of 2. Thus, a nethod for

i mprovi ng the operation of a channel enul ator has now been described. Wile
t he present invention has been descrilfed in terns of the above enbodi nents,
with specific details nmentioned, those skilled in the art wll recognize
that the present invention is not limted to the enbodi nents described. The
present invention nay be practiced with nodification and alteration within
the spirit and scope of the appended clains. The above description is thus
to be regarded as illustrative instead of restrictive with regard to the
present invention. 4 WHAT IS CLAIMED IS: 1. A systemconprising: A
channel emul ator and a protocol sinulator so interfaced as to permt the

di rect conveyance of digital information to and fro between said channel
emul ator and said protocol S|nulator 2. A systen1accord|ng to cIa|n11
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The conveyance of data at the interface between the protocol sinulator and
the channel enulator is inplenmented using nmufti-level signaling. 4. A
system according to claim1l wherein: The clock enployed to reference the |
dat a bei ng conveyed across the interface between the protocol simulator an
the channel enulator is recovered by clock recovery nmeans at the
destination side of the interface. 5. A systemaccording to claiml
wherein: A digital to anal og converter operating at a conversion rate

' [ [ he channel
faster than the then input sanpling rate is enployed by t
enul ator to convert the signal in the direction outbound fromthe channel

' I gi ting at a
enul ator and wherein an analog to digital converter opera
conversion rate faster than the output sanpling rate is enployed by the
channel emul ator to convert the signal in the direction inbound to the

lator. 5
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the invention requires synchronizing the interface between
 the protocol simulator and the channel emulator. The simplest way to accomplish this
requirement is to pass the information across the interface in parallel binary form accompanied
by the requisite clock.

In the direction from the protocol simulator to the channel emulator this can be
accomplished by passing the signal data in parallel bit words along with the clock used to
generate these words to the channel emulator. The channel emulator can then provide the needed
processing in the digital domain required to adjust the amplitude, phase, Doppler shift on a per
path basis. Each path can then be independently reconverted to analog and summed or else each
path with the same integer sub multiple of the sampling clock will be summed and passed
through a shared digital to analog converter to achieve a delay granularity less than the sampling
clock. To achieve a granularity 1/10" that of the sampling clock, 10 digital to analog conversion
stages are required with each stage of digital to analog conversion clocked by a version of the
sample clock delayed slightly from every other version of the sample clock used to clock the
other stages of digital to analog conversion. The sampling clock in the system is 200Msps
(Million samples per second) with a period of Sns. This clock is delayed into 10 clocks of the
same frequency with phase offset in steps on 0.5ns from one another using an analog delay line.
The clocks then have the delay relationship to the sampling clock of Ons, 0.5ns, 1ns, 1.5ns, 2ns,
2.5ns, 3ns, 3.5ns, 4ns, 4.5ns. Each of these clocks is used by an independent digital to analog
converter and thusly the delay resolution of the system is 0.5ns. The outputs of each of the digital
to analog converters are summed in the analog domain to form the composite signal representing
the signal generated by the protocol simulator passing through the emulated channel. This signal
is then passed towards the device under test (DUT).

In the return direction, the analog signal received from the direction of the DUT is passed
to a group of analog to digital converters, each analog to digital converter is clocked by a version
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of the 200Msps sample clock with a delay relative to the other sample clocks employed by the
other 9 analog to digital converters. To achieve a delay resolution of 0.5ns, 10 analog to digital
converters are employed, with the individual converters clocked by a version of the 200Msps
clock delayed by either Ons, 0.5ns, 1ns, 1.5ns, 2ns, 2.5ns, 3ns, 3.5ns, 4ns, 4.5ns. Using 10 analog
to digital converters with their clocks so related provides an accurate sample of the DUT signal
with a resolution of 0.5ns. Each of the 10 analog to digital converters then feed a block of
memory to provide the requisite bulk delay. In order to form a specific delay per path a
multiplexor chooses between all the available memory locations that contain delayed versions of
the signal sampled through each of the analog to digital converters. The output of the multiplexor
then forms a path that is digitally processed and scaled for amplitude, phase and to which
Doppler shift may be added. Following these steps of processing, the digital words are summed
and the result is rounded to a word width compatible with the protocol generator. This rounded
digital word along with the output sample clock is then passed to the protocol simulator.

As an alternative to passing the full width binary level digital word back and forth
between the channel emulator and the protocol simulator, a multilevel word of less parallel
signals can be passed between them. If a 4 level code is used instead of the 2 level binary
signaling, the number of parallel signals required to convey the information between the channel
emulator and the protocol simulator is reduced by a factor of 2.

Thus, a method for improving the operation of a channel emulator has now been
described. While the present invention has been described in terms of the above embodiments,
with specific details mentioned, those skilled in the art will recognize that the present invention
is not limited to the embodiments described. The present invention may be practiced with
modification and alteration within the spirit and scope of the appended claims. The above
description is thus to be regarded as illustrative instead of restrictive with regard to the present
invention.
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A channel emulator and a protocol simulator so interfaced as to permit the direct

conveyance of digital information to and fro between said channel emulator and said protocol
simulator.

2. A system according to claim 1 wherein;

A plurality of digital to analog converters are employed by the channel emulator to
convert the signal in the direction outbound from the channel emulator and wherein a plurality of
analog to digital converters are employed to convert the si gnal in the direction inbound to the
channel emulator.

3. A system according to claim 1 wherein:
The conveyance of data at the interface between the protocol simulator and the channel
emulator is implemented using multi-level signaling.

4. A system according to claim 1 wherein:
, The clock employed to reference the data being conveyed across the interface between the
protocol simulator and the channel emulator is recovered by clock recovery means at the
destination side of the interface.

5. A system according to claim 1 wherein:

A digital to analog converter operating at a conversion rate faster than the then input
sampling rate is employed by the channel emulator to convert the signal in the direction
outbound from the channel emulator and wherein an analog to digital converter operating at a
conversion rate faster than the output sampling rate is employed by the channel emulator to
convert the signal in the direction inbound to the channel emulator.



