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for Receiver Testing

Welcome to the HP Wireless Symposium.  During this presentation we will focus on a new solution for
simulating real-world signals and signal environments in digital communications.

Simulating digital communications signals presents a number of new challenges in both hardware and
software.  We will be discussing a new product, the Vector Waveform Generator.
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Signal simulation for analog communications was relatively straightforward.  There are only a few basic
modulation types and they can be readily generated by a variety of signal generators.

Simulating a signal environment, however, was often much more difficult.  Multiple pieces of equipment
were usually required, along with more advanced techniques such as the use of DSP.
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________________________________________________________________________

Signal and signal environment simulation is much more complicated in digital communications.  Many
factors contribute to this complexity.  They include multiple modulation types, filter types, channel
coding, power control, etc.

The difficulty of generating a realistic signal environment is compounded by these factors as well.

Notes:
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The arbitrary signal generator (ARB) or arbitrary waveform generator (AWG) has the potential to provide
a large variety of signals for digital communications.  Its architecture is usually modeled by a data register
or registers, and a digital-to-analog converter (DAC).

Generating realistic signals with this architecture, however, proves difficult in some situations.

Notes:
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Some limitations of the traditional AWG/ARB architecture in digital communications are obvious.  The
resulting signals are static and multiple generators must be coordinated to produce I/Q output pairs.

Other limitations are less obvious, though no less fundamental.  They include memory size limitations
when producing narrowband modulation, symbol rate vs. sample rate interactions, etc.

Notes:
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The new Vector Waveform Generators are designed for digital communications applications.  Hardware
and software architecture and analog performance are designed for digital modulation and IF or I/Q
outputs.

A primary contribution is the use of sophisticated DSP to compute waveforms live or “on-the-fly.”

Notes:
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As is so often the case, necessity is the mother of invention.  Technology is the enabling element.  The
same sort of DSP technology that makes digital communications possible can also be used to produce a
signal source optimized for use in this area.

The potential exists for such a source to serve as a prototype transmitter or even an operational one.

Notes:
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Existing approaches provide good solutions for many problems.  Signal generators with digital modulation
are most common in development environments.  Test sets are often used in manufacturing.

Arb generators have been pressed into service where additional flexibility is needed, and serve well within
their limits.  Generating real-world signals may be difficult, however, and the results are not dynamic.

Notes:
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The Vector Waveform Generator is a natural fit to some of the needs of digital communications design,
development and testing.  This includes a modular structure based on multiple platforms.  This structure
can support multiple-signal/multiple-channel configurations.

This approach has limitations as well, including low frequency outputs which may require upconversion.

Notes:
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One configuration for the Vector Waveform Generator is the modular or system builder approach.  One or
more of the core component E2748A modules are installed in a VXI carrier and then in a VXI mainframe.
The user interface is a soft front panel which can control multiple Vector Waveform Generator modules.

This approach offers flexibility, large channel counts and the opportunity to perform other tasks in VXI.

Notes:
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The E2747A product configuration is an instrument rather than a system approach.  Everything is installed
and software is pre-loaded.  1-3 channels/modules are supported and a signal combiner is provided for
multi-channel configurations.

The processing load on the computer is normally light or nonexistent, so it can be used for other tasks.

Notes:
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Compared to the traditional ARB generator, the architecture of the Vector Waveform Generator is closer
to that of a real transmitter.  This makes it easier to offer a closer functional match to the target.

Notes:
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The traditional ARB approach is conceptually simple and straightforward.  If ready-made files are
available, implementation can be straightforward as well.  But ready-made files for novel new signals
are often in short supply, making the path to a solution much longer.

In any case the resulting signal is static where the need may exist for a dynamic one.

Notes:
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Creating a signal for transmission involves many operations, generally performed in succession.  It also
involves multiple signal types and frequencies

Notes:
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The traditional conceptual model for using sources in designing/testing the signal path requires a variety
of signals, formats and frequencies.  It is useful to be able to insert signals and to probe at almost any point
in the block diagram.

Doing this testing thus requires considerable flexibility in data and signal sources and formats.

Notes:
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The data multiplexer in the Vector Waveform Generator provides the data source flexibility needed to
create real-world signal sequences.  Data types can be put together in a sequence using a spreadsheet
format to match the required signal data, sequence and structure.

Data can be taken from a COM port to provide for real-time data flow, and combined with other sources.

Notes:
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The coder consists of a very general RAM-based state machine.  The simplicity of the coder structure
belies its inherent power.  Great flexibility is possible, though there may still be considerable tedium and
effort in creating a coder RAM table to implement a desired function.

The HPE2748A software reduces the difficulty of creating coder tables for some common coding functions.

Notes:
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The resampler is implemented with an HP-proprietary application-specific IC (ASIC).  This consists of a
filter which convolves the sampled input sequence with a continuous impulse response.

The output of this continuous convolution may then be computed at arbitrary instants in time.  The
HP E2748A resampler output runs at a constant 15 MHz.

Notes:
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Resampling provides many benefits.  Sample and symbol timing now do not need to be related.  Precise
timing of data from the data source is not required.  Data output rates and frequencies can be changed
instantly, in minute increments.

In addition, spectral purity is enhanced by the ability to choose an optimum analog reconstruction filter.

Notes:
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The hardware block diagram allows the RAM-based functions to share the same physical memory, with
the user able to select the allocation.

Dual DACs and associated filtering provide the ability to select between IF and I/Q outputs.

Notes:
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I/Q modulation of a signal generator provides a good solution to the need for a single, modulated RF
signal.  A variety of these signal generators are available, allowing the user in some cases to expand
the use of existing hardware.

Notes:
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IF (rather than I/Q) upconversion can be accomplished using the HP 89431A/opt. AY8.  This is the RF
section of the HP 89441A Vector Signal Analyzer, and may already be available in the test lab.

Purchased solely as a single-channel upconverter, the HP 89431A is a rather expensive solution.

Notes:
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Benefits of IF upconversion using the HP 89431A are realized primarily in multi-channel environments.
Multiple IF signals can be combined and upconverted as a group to form a simulated signal environment.

IF upconversion is the preferred method for generating multiple modulated signals from the same RF
generator.  Using I/Q modulation as an upconversion method in this situation requires considerable care.

Notes:
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Where the “extra” signals produced are not a problem, simple upconversion using a mixer and signal
generator is an option worth considering.  This is an inexpensive approach that can make use of existing
hardware.

However implementing this approach requires some design and testing on the part of the user.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

6LPSOH�0L[HU�8SFRQYHUVLRQ

6LPSOH��,QH[SHQVLYH�6ROXWLRQ
7DNH�$GYDQWDJH�RI�([LVWLQJ�+DUGZDUH
/LPLWHG�$SSOLFDWLRQV

(TXDO�DPSOLWXGH�VLJQDO��;�,)�DZD\��RWKHU�VPDOOHU�VLJQDOV
&XVWRP�VROXWLRQ��PD\�UHTXLUH�ILOWHULQJ
1RW�6SHFLILHG�E\�+3

(����$
(����$

,)�2XW

5)�2XW6LJQDO�*HQHUDWRU

)LOWHU

0RGXODWHG
5)�2XW

/RFDO
�2VF�



Simulating Real-World Environments                                           �
for Receiver Testing

________________________________________________________________________

Where I and Q exist as filtered or unfiltered analog signals in the block diagram, the Vector Waveform
Generator can be used in I/Q mode to substitute for them.

Using a spectrum analyzer or a Vector Signal Analyzer, the signal can then be tracked through the rest
of the block diagram to measure a variety of signal parameters and component performance.

Notes:
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The IF output of the Vector Waveform Generator can be used at a later point in the transmitter block
diagram to substitute for a modulated IF signal.  Parameters such as modulation and filtering can be
altered to test their effect on the rest of the system.

As before, spectrum analyzers and Vector Signal Analyzers would be used to test the rest of the system.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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Using either method of upconversion, a real-world RF modulated signal can be produced to test a receiver.
The characteristics and data of this signal can then be varied to evaluate the performance of the receiver.

With the ability to provide real-world and even real-time data the Vector Waveform Generator can
function as a radio prototype after upconversion.  This provides a fast path to the prototype design stage.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

6LPXODWH�&RPSOH[�1HZ�6LJQDOV�0RUH�(DVLO\
3URYLGH�5HDO�:RUOG�6LJQDO
%XUVWV
)UDPLQJ��FRGLQJ��SURWRFRO��HWF�
5HDO�GDWD��ORQJ�PHVVDJHV
,PSDLUPHQWV��GHIHFWV

5DGLR�3URWRW\SH

$SSOLFDWLRQ���
5HFHLYHU�7HVW��0RGXODWHG�6LJQDO

5HFHLYHU�8QGHU�7HVW

(����$
(����$

,)�RU
,�4�2XW

�����5)
8SFRQYHUW

AGC Demod

IFRF



Simulating Real-World Environments                                           �
for Receiver Testing

________________________________________________________________________

The IF upconversion approach and multiple Vector Waveform Generators provide a way to test a receiver
using a complete signal environment.  This environment could include multiple modulated channels,
CW or modulated interferers and noise.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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Every technological approach has its benefits and costs.  For example, the Vector Waveform Generator
does not provide a direct RF output (above 6 MHz).

The task of generating a complete digitally-modulated signal may still be very complicated compared
to generating an analog one.  This is particularly true of new modulation, coding schemes, etc.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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Because of its architectural similarity to real transmitters, the Vector Waveform Generator can provide
important new benefits in digital communications applications.

A more detailed technical paper is available by request or as a PDF file on our web site.  The address for
that web site is on a slide to follow.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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Detailed specifications are available on the web site whose address is on the following slide.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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Final literature should be available May 1.  Please contact your HP FE or try the web address listed.

The web site contains PDF files for literature including a Product Overview, Configuration Guide,
Technical Specifications and a technical paper.

Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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Notes:

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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