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1.0  Introduction

Algorithm design and analysis are 
essential steps in the development 
of any communications system. 
Some modulation schemes make 
accomplishing these steps more chal-
lenging than others. A prime example 
is the Orthogonal Frequency Division 
Multiplexing (OFDM) digital multicar-
rier modulation method. Waveforms 
based on this scheme are inherently 
complex and typically require a great 
deal of customization. Until now, no 
flexible or general-purpose solution 
has been available to aid in their 
creation and analysis.

This application note presents a 
flexible solution for rapid OFDM wave-
form generation and analysis that 
employs traditional signal generation 
and analysis using a practical com-
mercial off-the-shelf (COTS) approach. 
This approach utilizes Agilent 
Technologies’ SystemVue Electronic 
System Level (ESL) environment to 
perform system modeling and 89600 
Vector Signal Analysis (VSA) software 
to troubleshoot and analyze the 
resulting waveforms. By employing 

this approach, waveforms can be 
quickly and easily created for a wide 
range of purposes, including: creating 
typical OFDM signals compatible with 
new, emerging standards; exploring 
proprietary OFDM variations and 
algorithms to suit particular applica-
tions; supporting secure and military 
formats with minimal customization; 
and creating and downloading test 
signals into measurement equipment 
for hardware verification.
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2.0  OFDM System Architecture Challenges 

OFDM has quickly gained in popularity 
for wideband digital communications. 
Providing a combination of spectral 
efficiency, flexibility and robustness, 
it is now considered the modulation 
scheme of choice for many current and 
emerging commercial standards and is 
today used in such diverse applications 
as digital television and audio broad-
casting, wireless networking, and both 
mobile and military communications. 

When designing an OFDM signal, 
there are often specific design goals 
that must be realized. Some examples 
include: creating a robust waveform 
with minimal transmission issues and 
that offers a high quality of service, 
ensuring high throughput and resis-
tance to interference, and compliance 
to standards or creation of a waveform 
that it is unique enough (proprietary) 
so as to inhibit its unauthorized 
demodulation.

To achieve these goals, many design 
options at the physical layer (PHY) 
must be considered. For example, how 
many sub-carriers will be used, should 
encoding or interleaving be employed 
and what will be the mapping type. 
Decisions must also be made regard-
ing what the preamble, payload OFDM 
symbol and pilot structure will look 
like. Once these decisions have been 
made and the waveform designed, the 
next step is to evaluate its system per-
formance. Was it designed as intended 
and did it turn out correctly? In the 
initial stages of algorithm design, the 
answer will likely be no since there are 
many challenges—like fading prob-
lems and channel effects—that are 
associated with custom OFDM com-
munications systems. Other challenges 
that may be encountered include:

• Interference issues–OFDM is 
vulnerable to frequency offset errors 
that can destroy the subcarrier 
orthogonality, resulting in intercar-
rier interference and degradation 
of system performance. Adjacent 
channel interference can also 
prove problematic. 

• Distortion—Intermodulation distor-
tion between OFDM subcarriers 
can raise the noise floor both 
in-channel and out-of-channel 
and must therefore be minimized. 
Phase distortion can also occur that 
reduces the maximum achievable 
data throughput rate.

• Synchronization issues—Issues like 
imperfect frequency synchroniza-
tion can cause a loss in subcarrier 
orthogonality, severely degrading 
system performance.

• High peak-to-average-power ratio 
(PAPR)—OFDM signals typically 
have a higher PAPR than single-
carrier signals. This can be very 
problematic for the power amplifier 
as it results in nonlinearities and 
loss of efficiency, as well as in-band 
and out-of-band distortions. 

In each case, a range of techniques 
(e.g., symbol windowing, higher order 
modulation and adjustments to the 
preamble or pilot structure) can be 
employed to ensure the quick resolu-
tion of these issues in the waveform.
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3.0  A Flexible 
Solution for OFDM 
Signal Generation 
and Analysis

Signal generation and analysis using 
the Agilent SystemVue open simulation 
and modeling environment and the 
89600 VSA signal analysis software 
offers an effective solution for rapid 
waveform design and analysis. These 
solutions are critical to quickly and eas-
ily wade through the numerous design 
considerations and overcome the 
design challenges essential to ensuring 
a robust OFDM signal.

SystemVue creates the OFDM com-
munications signals that can be 
used to model and test Layer 1 PHY 
architectures, both in simulation as 
well as when downloaded into test 
equipment (Figure 1). The VSA soft-
ware then demodulates the signal and 
performs any associated analysis. A 
link between SystemVue and the VSA 
software allows demodulation to be 
quickly set up, since the actual wave-
form parameters can just be imported 
into VSA for implementation.  

Figure 1. SystemVue creates a custom OFDM waveform that can operate in the test environment 
(simulation) or be downloaded into a signal generator to look at with a device under test (DUT) or 
analyzer to see how it performs and interoperates with any part of the block diagram.

Figure 2. With SystemVue’s open algorithmic modeling interface, designers can plug in IP models in 
a range of formats (e.g., math/MATLAB, C++ and HDL). 

4.0  Rapid OFDM Signal Generation

SystemVue is a system-level model-
ing and verification environment 
that provides a cross-domain PHY 
modeling framework for model-based 
design (Figure 2). It can be used to 
create a working PHY that integrates 
real-world baseband and RF using any 
combination of software, hardware, 
simulation, and measurements. This 

can be especially helpful when editing 
an existing baseband design or tweak-
ing an existing model to create a new 
proprietary waveform. Once in the 
SystemVue platform, the intellectual 
property (IP) can be used throughout 
the larger flow and input into other 
EDA tools or even used for testing 
and integration.
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Figure 4. SystemVue’s flexible OFDM System GUI allows manipulation of all waveform parameters.

An example of the SystemVue OFDM 
GUI is shown in Figure 4. All system 
parameters of the OFDM source are 
set in this GUI. The frame param-
eters—the switch of Preamble 1 and 
Preamble 2, Pilot 1 and Pilot 2, and 
the number of OFDM symbols of Data 
1 and 2 (if available) payload—are 
also set. Additionally, whether or not 
to use symbol windowing between 
OFDM symbols is selected. Symbol 
windowing is a technique often 
used to help obtain a sharper roll off, 
although care must be taken since 
its use may result in a reduction in 
multi-path fading immunity (Figure 5). 
The rectangular pulse shaping result-
ing from symbol windowing can also 
introduce phase discontinuity.

No window

With window

Figure 5. These images depict a waveform with 
and without symbol windowing.

Figure 3. OFDM is a multi-carrier scheme where closely spaced carriers overlap. Nulls in each carrier’s 
spectrum land at the center of all other carriers for zero inter-carrier interference.

Using SystemVue, OFDM waveforms 
can be quickly and easily created. A 
flexible OFDM graphical user interface 
(GUI) simplifies the process, allowing 
parameter data to be entered to 
configure the structure of the OFDM 
waveform or configure their own 
OFDM frames from specific require-
ments (Figure 3). The GUI features 
OFDM-specific reference models that 
have been abstracted to a higher level 
(e.g., channel coding & interleaving, 
mapping, spectrum shaping, and 
IFFT), so in-depth knowledge of OFDM 
is not required (though usually still 
useful). These models can be used to 
explore trade-offs in OFDM system 
architectures. SystemVue enables 
scenario modeling by adding fading, 
noise, interferers, and the RF effects 
necessary for realistic system analy-
sis and early R&D verification using 
connections to live test equipment.
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Figure 6.  SystemVue’s OFDM preamble construction interface shows a multi-format structure. For 
standards like IEEE 802.11a, a multi-format structure is generally desired.

Using the OFDM system GUI, the 
OFDM system parameters can be 
set and the waveform’s I-Q structure 
mapped. Once this is done, the next 
step in developing a waveform is 
to structure the preamble using 
the OFDM preamble GUI (Figure 6). 
Note that the GUI will only appear 
if the OFDM system has a preamble 
(e.g., Preamble 1, Preamble 2 or 
both). If not, the GUI will disappear. 
SystemVue’s custom OFDM source 
provides a number of parameters for 
configuring the preamble, including 
specialized indexing. 

Next, the data (payload) must be 
configured. There are two different 
options, or loads, that can be used for 
the OFDM design, Data and Data2. 
Which GUI appears depends on which 
option is selected (Data 1 and/or 
Data 2 payload), as shown in Figure 7. 
This GUI is also where the modulation 
type is specified.

Finally, the pilot characteristics are set
using the OFDM Pilot GUI (Figure 8). 
Note that there are two kinds of pilots 
(Pilot1 and Pilot2) supported in the Data 
1 and Data 2 payloads of the flexible 
OFDM system. Each pilot can be turned 
on or off according to each OFDM 
system’s unique pilot pattern require-
ments. The four major pilot patterns in 
current OFDM standards are: no pilot, 
continuous pilots, scattered pilots, and 
both continuous and scattered pilots. In 
general, most OFDM communications 
(e.g., IEEE 802 series) have only one 
kind of pilot, either continuous or scat-
tered. An example of a no-pilot format is 
the G3-PLC power line communications 
standard. In contrast, wireless video 
formats like DVB-T and DVBT2 typically 
have two kinds of pilot, continuous and 
scattered.

Once all necessary parameter data 
has been entered, SystemVue auto-
matically generates the waveform. It 
can then be evaluated and tweaked, 
as necessary, to ensure the result 
is exactly as intended and will work 
for the specific application in ques-
tion. SystemVue waveforms can be 
inserted anywhere in the block 

Figure 7.  The data GUI shows all the parameters of the Data 1 and Data 2 (if available) payload.

Figure 8.  The OFDM Pilot GUI provides a flexible user interface for the pilot configuration. In addition 
to supporting the four major pilot patterns, SystemVue’s custom OFDM source supports various 
random pilot patterns by allowing each pilot subcarrier index and its value to be input. 

diagram (e.g., baseband, IF, RF, analog, 
and digital) and used to help optimize 
system performance against specific 
requirements.

As previously mentioned, OFDM 
signals typically have a higher PAPR 
then single-carrier signals, which can 
be very problematic for the power 

amplifier. One way to deal with this is 
to include specific allocated pilots to 
destructively add to the OFDM wave-
form to algorithmically reduce the 
PAPR. SystemVue provides a PAPR 
reduction algorithm that supports 
this capability. The algorithm features 
reserved carriers or peak reduction 
tones and is virtually distortionless. 
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Figure 9.  Shown here are the basic steps in OFDM signal analysis.

5.0  OFDM Signal Analysis 

For convenience, SystemVue exports 
the configuration files needed to set 
up the VSA software for demodula-
tion and analysis, both for simulated 
signals, as well as for hardware 
measurements. This is done using the 
SystemVue OFDM GUI Configuration 
File screen. 

Demodulation in the VSA is done by 
first isolating the waveform for one 
symbol and synchronizing it in fre-
quency, time and phase. Next, FFT is 
performed on the down converted and 
band-filtered signal. The FFT returns 
a number of vector values (subcarrier 
I-Q values) that are mapped onto 
a QAM constellation. Finally, the 
constellation states are converted to 
data bits. 

During demodulation, the block 
of data (or time record) is used to 
produce a large number of individual 
demodulation values, one per subcar-

rier. Some are used for pilots or the 
preamble and therefore, are not trans-
mitting active data. Others, like the 
center frequency, are not transmitting 
at all. Note that there is no particular 
requirement that the modulation 
scheme on any subcarrier be the 
same as on any other subcarrier. 
Pilots, for example, often use BPSK, 
while data carriers employ more 
complicated modulation schemes.

OFDM signal analysis mimics many 
of the same steps as demodulation, 
except that rather than converting the 
constellation states to data bits, stan-
dard constellation metrics (e.g., EVM, 
SNR, etc…) are computed for each 
subcarrier in each symbol (Figure 9). 
Doing so allows an EVM result to be 
determined that provides clues to 
modulation errors. Once errors are 
identified, there are a number of ways 
to troubleshoot the possible signal 
problems.

Once the OFDM waveform is created, 
it can be demodulated with the 89600 
VSA software. The ability to accurate-
ly demodulate the waveform provides 
clues to modulation quality and aids 
in the quick identification and resolu-
tion of any potential physical layer 
signal problems. It also allows system 
performance to be optimized against 
any particular design requirements. 

The 89600 VSA is an advanced 
analysis solution that provides 
simultaneous views of virtually every 
facet of complex wireless signals, 
information that is critical to achiev-
ing the clarity needed to find the root 
cause of signal problems. The 89600 
VSA software runs on a PC or inside 
PC-based Agilent instruments and 
measures over 70 signal standards 
and modulation types covering a 
range of applications (e.g., mobile 
communications, wireless connectiv-
ity, military communications, satellite 
communications, and more). Its 
advanced troubleshooting tools quan-
tify spectral performance with high 
resolution FFT-based measurements; 
analyze time-domain signal quality 
with high quality time tools (PVT, 
CCDF, pulse, signal, capture/play); 
and characterize complex modulation 
down to the raw bits. The VSA works 
easily with spectrum analyzers, 
signal analyzers, oscilloscopes, logic 
analyzers, modular vector analyzers, 
and simulation software—more than 
30 Agilent platforms. Because of 
this flexibility, signals can be evalu-
ated anywhere in the block diagram 
including analog and digital baseband 
and IF, RF and microwave. So, VSA 
software operates inside a simulation, 
on data from an FPGA and a logic 
analyzer, on wideband baseband time-
domain data from an oscilloscope, 
or on more traditional IF data from a 
spectrum or signal analyzer.
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Troubleshooting signal problems first 
requires that the signal data errors be 
displayed. For an OFDM signal, that 
involves displaying the signal in the 
time or frequency domain. This pair of 
displays can be used to quickly under-
stand the effects of different time and 
frequency interference.

Examples of time and frequency 
domain displays are shown in Figure 10.
In the upper most time-domain display, 
the X axis represents the symbol 
number (or time), while the Y axis rep-
resents the amount of error. In other 
words, the display shows error versus 
time. The EVM numbers or values of 
each individual subcarrier are denoted 
by red dots. The RMS average is 
denoted by the heavy blue line. This 
display not only provides information 
about the kinds of errors in the signal, 
but also shows what the error spread 
looks like. For example, if an impulsive 
error was affecting a large number of 
subcarriers at a very narrow instant 
in time, the display would show one 
or two symbols as high in terms of 
error, whereas the rest of the symbols 
would be fairly low.

Figure 10.  OFDM signals can be displayed in either the time domain (upper most graph) or frequency 
domain (bottom graph). 

Figure 11.  This display can be used to measure a waveform’s modulation quality. Shown here is an 
example of an 802.11a waveform. 

In the bottom most frequency-domain 
display, the X axis represents the 
subcarrier number or frequency, while 
the Y axis represents the EVM of 
each subcarrier. The red dots denote 
individual symbols in time. As an 
example, in the case of spurious or 
narrowband interference, the interfer-
ence would be clearly visible on the 
display at a particular subcarrier(s) for 
all time.

The display in Figure 11 can also 
be used to depict OFDM signals for 
troubleshooting purposes. The upper 
left image is a composite constel-

lation showing both pilots and data 
subcarriers. The lower left image 
shows the time domain of error, while 
the upper right shows the frequency 
domain of error. The lower right image 
displays decoded data, along with a 
summary of errors (e.g., frequency 
and magnitude errors, and EVM), 
and automatically detects things like 
the modulation format. This array of 
information, coupled with engineering 
expertise of possible system impair-
ments, is very helpful in identifying 
the waveform’s potential problems 
and gauging their seriousness.
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Figure 12.  This display shows the case of a waveform experiencing amplitude and phase drift. 

6.0  OFDM Signal Troubleshooting Examples

Figure 13.  Selectable tracking allows a better understanding and ability to correct for the effects of individual impairments or defects. 

A selectable tracking feature whereby 
amplitude, phase and timing tracking 
are all selectively switched on is 
available in the analyzer (Figure 13). 
It is used for diagnostic purposes and 
to measure the effects of different 
impairments. In this case, the capabil-

When it comes to troubleshooting, 
there are a number of things that can 
be done fairly quickly and easily to 
resolve OFDM signal problems. Many 
of these things have been previously 
available for established standards, 
but can also now be used for more 
flexible OFDM schemes.

As an example, consider the issue of 
amplitude and phase drift. This might 
occur when either the channel or 
transmitters are not perfectly stable 
and often results in problems like 
amplitude droop or unwanted time-
domain effects. 

A display of an OFDM signal with 
amplitude and phase drift is shown 
in Figure 12. Note that the error 
vector time is displayed in the lower 
left graph and error spectrum or 
frequency-domain error in the upper 
right graph. A composite constella-
tion is shown in the upper left. The 
constellation clearly indicates some 
changes since the red dots appear to 
be moving or spiraling.

ity can be used to deal with the 
amplitude and phase drift in Figure 
12. In the upper display of Figure 13, 
the only tracking enabled is timing. In 
the center display, track phase is also 
turned on. As a result, the phase error 
that was progressing through the 
burst in Figure 12 is now tracked out 
or corrected, but there is still some 
amplitude error. To correct this error, 
amplitude tracking is enabled, as 
shown in the lower right display.
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The common pilot error (CPE) display 
in Figure 14 shows that the signal 
defect has now been removed. This 
type of display shows errors that are 
common to all of the pilots, which in 
this case is the amplitude drop. It is 
just one of a fairly large number of 
distinctive displays in OFDM analysis 
that are now available for flexible or 
custom OFDM configurations.

Another OFDM troubleshooting 
example relates to timing errors. 
Consider the display in Figure 15, 
which shows a V-shaped EVM plot 
that is V-shaped in spectrum. By 

looking at the graph in the lower 
left it is possible to discern that the 
signal gets worse over time. Note that 
there also appears to be some kind of 
phase error. Next, look at the upper 
left display, the composite constella-
tion. Because pilot phase tracking has 
been turned on in demodulation, the 
error can’t be phase noise.

Recall that each dot in the composite 
constellation is a stacked set of 
constellations for all symbol time. It 
can be restricted if desired, but in this 
case it’s the complete burst. 

Consequently, each dot corresponds 
to a point in time and frequency. 
Looking back at the V-shaped plot 
then, notice that the errors get larger 
as we move away from the center 
frequency. This suggests a couple of 
possible causes for the error, either 
an I-Q time offset or an error in the 
subcarrier spacing (symbol clock 
error). In the latter case, as you get 
farther and farther away from the cen-
ter subcarrier (typically untransmit-
ted), errors get larger and the result is 
a larger offset in terms of frequency 
or phase from that center carrier.

Figure 15.  The V-shaped EVM plot suggests some sort of error in the OFDM signal.

Figure 14.  The CPE display is possible because the pilots are demodulated separately from 
the rest of the signal.
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Figure 16. In order to demodulate custom or proprietary signals, the analyzer needs to know a range of information such as that listed above. The designer 
provides some of the information and the analyzer then figures out the rest on its own.

Figure 17. In this custom OFDM configuration window, files loaded into the analyzer are listed at 
the top of the screen (e.g., subcarrier types and preamble IQ values). The remaining fields are then 
populated in the window with basic FFT parameter information.

Figure 18. The ResourceMap configuration file describes the function of each subcarrier and every symbol.

7.0  Analyzing Proprietary OFDM Signals

Demodulator needs to know:
• basic time, freq and FFT parameters.
• which subcarriers are pilots?
• which subcarriers are preambles?
• what are the expected I-Q values for each 

preample and pilot subcarrier?
• what is the expected modulation format for 

each data subcarrier?

An example of a configuration file, 
the ResourceMap, is shown in 
Figure 18. The function of this file 
is to describe how each subcarrier 
is defined for every symbol during a 
burst. On the vertical axis, there are 
symbols numbered 0 through 5, while 
on the X-axis there are the individual 
subcarriers identified for each symbol 

as data, pilot, preamble and as an 
untransmitted subcarrier (null). With 
this ResourceMap, the modulation 
type for any subcarrier for any symbol 
can be chosen as a way to allocate 
the spectrum space in a manner that 
will provide the kind of robustness 
needed to get data transmitted in a 
suboptimal environment.

The same techniques used to analyze 
standard OFDM signals can also be 
used on custom or proprietary signals. 
One simply provides the analyzer 
with the basic parameters needed 
to perform demodulation and it then 
performs automatic detection and 
synchronization to figure out the rest 
(e.g., modulation types on pilots and 
data subcarriers, and so on). Most 
analyzers are very good at detecting 
characteristics, so the key to analyz-
ing proprietary OFDM signals lies in 
getting the basics of the signal right 
(Figure 16). 

In OFDM systems with hundreds of 
subcarriers, a preamble and various 
pilots, there can be a large number 
of parameters to tell the analyzer. 
If the waveform was generated in 
SystemVue, the configuration files 
with the necessary parameter 
information can simply be exported 
into the VSA for demodulation, thus 
eliminating the need to manually 
enter the data.

When data must be entered into the 
VSA software manually, it is done 
using the custom OFDM configuration 
window (Figure 17). Here, users can 
enter a range of information (e.g., the 
type of guard interval being used, and 
the pilot I-Q and preamble I-Q values) 
in much the same way they would fill 
out a spreadsheet. 
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Some of the features available in the
VSA to help simplify configuration 
include:
• Auto-detect pilot I-Q; 
• Auto-detect data subcarrier modu-

lation format (for any individual 
subcarrier or all of them at once); 

• A loop mode for continuously 
looping through last N symbols, 
enabling shorter configuration files; 
and

• An indexed modulation format 
table to allow fairly high flexibility 
in terms of modulation format and 
how that modulation format 
changes during the burst. The 
table can modify all data subcarrier 
modulation formats simultaneously, 
by changing one value in the table.

Once all configuration files have 
been imported into the VSA, basic 
FFT parameters have been entered, 
and all remaining information auto-
matically detected, the next step is 
troubleshooting. To do this, one might 
start by analyzing just the preamble 
and symbols one at a time, optimizing 
them until they are right. Then, this 
information can be used to verify that 
what is intended to be transmitted is 
actually being transmitted so that it is 
possible to make good quality modu-
lation measurements throughout the 
rest of the system.

8.0 Conclusion

Generating and analyzing typical and 
custom or proprietary OFDM signals 
for modern communications systems 
can be a difficult task, in large part 
due to OFDM’s inherent complexity. A 
practical COTS approach that utilizes 
the SystemVue system modeling tool 
and 89600 VSA signal analysis soft-
ware now provides an ideal solution 
to this dilemma. 



Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the 
products and applications you select.  

www.lxistandard.org
LAN eXtensions for Instruments puts 
the power of Ethernet and the Web
inside your test systems.  Agilent is a 
founding member of the LXI consor-
tium.

Agilent Channel Partners
www.agilent.com/find/channelpartners
Get the best of both worlds: Agilent’s 
measurement expertise and product 
breadth, combined with channel 
partner convenience.

For more information on Agilent 
Technologies’ products, applications or 
services, please contact your local Agilent 
office. The complete list is available at:
www.agilent.com/find/contactus

Americas
Canada (877) 894 4414 
Brazil  (11) 4197 3600
Mexico                  01800 5064 800 
United States (800) 829 4444

Asia Pacific
Australia  1 800 629 485
China 800 810 0189
Hong Kong  800 938 693
India  1 800 112 929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia  1 800 888 848
Singapore  1 800 375 8100
Taiwan 0800 047 866
Other AP Countries (65) 375 8100  

Europe & Middle East
Belgium  32 (0) 2 404 93 40 
Denmark 45 45 80 12 15
Finland 358 (0) 10 855 2100
France 0825 010 700*
 *0.125 €/minute
Germany 49 (0) 7031 464 6333 
Ireland 1890 924 204
Israel 972-3-9288-504/544
Italy 39 02 92 60 8484
Netherlands 31 (0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55
United Kingdom 44 (0) 118 927 6201
For other unlisted countries: 
www.agilent.com/find/contactus
Revised: January 6, 2012

Product specifications and descriptions 
in this document subject to change 
without notice.

© Agilent Technologies, Inc. 2012
Published in USA, January 12, 2012
5990-9757EN

www.agilent.com
www.agilent.com/find/ad

Agilent Advantage Services is committed 
to your success throughout your equip-
ment’s lifetime. To keep you competitive, 
we continually invest in tools and 
processes that speed up calibration and 
repair and reduce your cost of ownership. 
You can also use Infoline Web Services 
to manage equipment and services more 
effectively. By sharing our measurement 
and service expertise, we help you create 
the products that change our world.

www.agilent.com/quality

www.agilent.com/find/advantageservices

www.axiestandard.org
AdvancedTCA® Extensions for
Instrumentation and Test (AXIe) is 
an open standard that extends the
AdvancedTCA for general purpose
and semiconductor test.  Agilent
is a founding member of the AXIe
consortium. 

www.pxisa.org
PCI eXtensions for Instrumentation 
(PXI) modular instrumentation
delivers a rugged, PC-based high-per-
formance measurement and automa-
tion system.

Quality Management SystemQuality Management Sys
ISO 9001:2008
Agilent Electronic Measurement Group

DEKRA Certified



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


