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Automating EMC Testing

(or what did we do with all the time we saved?)
BY JOE TANNEHILL

3 Days, 3 Guys, and Some Graph Paper — The Early Days

I was introduced to commercial electromagnetic interference (EMI) testing
in 1984. While working at Intergraph Corp. in Huntsville, Alabama, I got

to work in the coolest looking building in town. It was an oversized pool
cover that we called “The Bubble’ The bubble building was on a hillside that
allowed the Open Area Test Site (OATS) ground plane to be a bit above the
surrounding terrain, free of conductive building materials and large enough
for a 10 meter ellipse, though we primarily used it for 3 meter testing.

large rack mounted computer systems

that focused on high resolution graphics
and the storage required to support the
high detail needed for CAD/CAM and
geographical mapping. For instance, each
rack would contain three phase power
distribution, some hard disk drives and a
subsystem. Typically we needed racks for
the CPU, the graphics processor, storage,
and maybe a rack just for managing it all.
The main interface was a line printer or
alpha numeric monitor that would require
at least one systems engineer to type in the
boot sequence and all of the commands to
get the system to eventually print a capital
‘H’ pattern to all display and I/O devices.
Sometimes this took days to setup and
run. All of this would support a separate
graphics workstation that could have dual
high resolution displays and a large
digitizer table. All very cool stuff, but
even though it was capable of mapping
the world in 3D and color, all we got to see
were scrolling Hs.

In those days, Intergraph was producing

Once running, it was difficult to shut down
and re-start just because it was the end

‘Plotting’ along: The two taped sections of graph paper represent biconical and log periodic ranges. They are also serialized since each
antenna has to have its own graph. You can see the breaks in the limit lines here as well. Contrast the full range in the automated plot.
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of the work day. So, like all EMC guys,

our real work did not start till after 5:00
pm on Friday and of course the system
had to ship out on Monday! After over 26
years, I can see that not much has changed
about the demands on the electromagnetic
compatibility (EMC) community.

The test methodology was an exercise in
consumption of time and money and the
outpouring of expletives and sweat. We
would have one person drive the spectrum
analyzer and one person to record bogeys.
Since this was an OATS, we were subject to
the ambients found in that area. It was easy
to discern most ambients by knowing all of
the local licensed transmitters such as radio
and TV broadcasts. We could also ‘tune in’
using the demod on the Quasi Peak adaptor
to listen to the emission to determine if it
was our EUT or not. So, before the EUT
was powered on, we would do a manual
scan through the spectrum and record any
ambients that we could not identify. This
could take over three hours.

After deciding on who was going to work
the weekend, we would go through the same
scanning technique with the Equipment
under Test (EUT) fully operational with one
person calling out frequency and amplitude
and the other recording them in a table. We
would try to cross reference the ambient list
but sometimes they would sneak through.

Ambients do not matter unless it is close to
or over your limit line. To stop a test and
shutdown the EUT was the last thing we
wanted to do. Sometimes we could use a
near field probe to validate the emission was
an actual EUT product. Did I mention that
we had to test this rack mounted system in
multiple azimuths, two polarities and two
antenna ranges. To ‘go back’ to a previous
position was a horrifying contemplation!

The ‘Real Time Limit Line’ was a penciled
in line on some graph paper that would
alter the FCC Class A limit line to account
for cable loss and antenna factor. The line
would look like the contour of your factors
with the limit line break points at 88 and
216 MHz. A ruler would help for those
pesky middle frequencies.

The third person (boss) was required at
the end of the testing when all data was
captured on multiple sheets of paper. We
would sit together with one person reading
out loud each emission and amplitude
while another person cross referenced the
ambient list and the other person looked at
the graph paper to see what the delta was.
After hours of this, we would have a list of
emissions that we would have to determine
the final result using a calculator to get the
absolute value and delta to the limit. As
Kimball Williams mentions in his side bar
article, the questioning of data accuracy

and integrity was a major factor early
Monday morning! If a failure or marginal
emission was identified, we would have to
crank up the beast, and look for worst case
positioning of cables and peripherals then
take pictures of it.

The final report would include the six
highest emissions with their associated
position, polarity, and antenna height along
with the photos. We would use a Polaroid
camera with a hood on it that would fit over
the spectrum analyzer display to provide
graphical data of the top six emissions, one
at a time. Of course this was raw data, so
we would place the display line where the
corrected limit line should be. If a failure
was found, the whole process was then
called a pre-compliance engineering run.

Conducted emissions were similar since we
did not have a chamber to block ambient
signals from getting onto our power lines.

First Generation Automation

After years of doing it ‘that way’ we

finally bought an HP 9300 computer to
run a version of Hewlett Packard EMI
software so that we could at least automate
the spectrum capture and quasi peak
measurements. Though this software was
technically accurate and functional, it was
not usable for us. We found that it did not

Jos's EMIC Lab

= FCCA
— Vertical

Froquency

All the answers: This graph shows the same range on one sheet of paper compared to the graph paper which needed four sheets. This
range also takes advantage of a broadband antenna that does not have a break at 200 MHz. This type of graph can be formatted to show
EUT, Client, Date/Time and Comments so that you can see all you need to know about the test and EUT.
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have a good method for discriminating
against ambients and it was too rigid with
its process. At this time (around 1989, I
think) we realized we could still use the
computer connected to the analyzer to
automate some processes. Any time savings
was an improvement! Eventually the test
time was reduced from as long as one week
to about four hours. EUT’s also got smaller
with less complex setups.

The computer used HP Basic, also known
as Rocky Mountain Basic (RMB) operating
system. I did not have any programing
background but found it to be pretty easy
to work with. As I became the resident
code monkey on this system, I eventually
had to make it work with FCC, VDE, and
then CISPR 22 methodology and limits. By
the time I left the company in 1997, it was
mostly used for CISPR 22 testing.

The basic method that I used was to
automatically tune the system from 30 MHz
to 1 GHz in 10 MHz spans, then let the
power of the HP 8566B analyzer run marker
peak, then ‘next’ marker peak in each 10
MH?z to find all peaks in each span. This
could be done in the ambient mode and
EUT mode. The computer would compare
the ambient and EUT lists to provide a list
of suspects. The suspects were determined
by comparing the frequency and amplitude
within something like 2x the resolution BW
to see if they were the same. The suspect list
erred on the ambient side so it would always
provide more suspects for the operator to
manually discriminate. The SW would also
allow the operator to manually optimize
any emission not on the list. The SW would
then tune each suspect on the analyzer so
that the operator could manually maximize
the emission or discard it as an ambient.
Once it was maximized, the SW would run
the correction factors and determine the

delta to the limit and capture the positioner
information. At test completion, the SW
would sort the emissions by margin to

the limit and report the six highest with
positioner information for the final report.

The report was a MS word template that had
fields for the EUT variables and data. It was

a very simple method, but is still effective to
this day.

This type of computer/instrument setup
spawned many independently developed
acquisition programs across the industry
known as ‘home brew’ Home brew is still
used today and is the single largest market
share for test software. Much of today’s
home brew uses LabView.

Test Software Accuracy

The test software accuracy was dependent
on raw data plus interpolated correction

Software Validation
Relative to EMC Lab
Assessments

By Daniel D. Hoolihan

ISO/IEC Standard 17025:2005 — General
Requirements for the Competence of Testing
and Calibration Laboratories addresses
Software Validation in Clause 5.4.7.2.

Clause 5.4.7.2 says the following:

When computers or automated equipment
are used for the acquisition, processing,
recording, reporting, storage or retrieval of
test or calibration data, the laboratory shall
ensure that:

a) Computer software developed by
the user is documented in sufficient
detail and is suitably validated as
being adequate for use;

b) Procedures are established and
implemented for protecting the
data; such procedures shall include,
but not be limited to, integrity
and confidentiality of data entry
or collection, data storage, data
transmission and data processing;

c) Computers and automated
equipment are maintained to
ensure proper functioning and are
provided with the environmental

and operating conditions necessary
to maintain the integrity of test and
calibration data.

NOTE: Commercial off-the-shelf software
(e.g., word processing, database, and
statistical programs) in general use
within their designed application range
may be considered to be sufficiently
validated. However, laboratory software
configuration/modifications should be
validated as in 5.4.7.2, item a.

Most EMC software developed by EMC
equipment vendors are considered to be
lab software configurations and should be
validated as in 5.4.7.2, item a. This is also
true of software developed internal to the
EMC lab for its use.

Validation usually consists of manually
checking frequency and amplitude for
emissions being measured to assure that
the manual-check answer and the software
answer are the same.

The validation is similar for immunity
testing; if the software says it is generating
3 volts per meter in a radiated immunity
test then the manual-check with an
electromagnetic field sensor should also
indicate that the field is at 3 volts per
meter.

In rare instances, an EMC Lab may have
two software programs for the same
measurement process; in that case, the lab
can validate the numbers from program
#1 by running program #2.

Software programs for measuring
electromagnetic emissions and for
controlling electromagnetic immunity-
test hardware for subjecting equipment-
under-test to both radiated and conducted
stresses have enabled EMC labs to test
products more efficiently and in a more
consistent manner. The danger in the
software programs comes from assuming
that they are operating correctly in every
possible scenario. Software validation is
the engineer’s way of assuring that the
software is doing what is programmed to
do.

DANIEL D. HOOLIHAN
is the Founder and
Principal of Hoolihan EMC
Consulting. He is a Past-
President of the EMC
Society of the IEEE and is
presently serving on the
Board of Directors. He is
presently an assessor for the NIST NVLAP
EMC and Telecom Lab Accreditation
program. Also, he is the Vice-Chair of the
ANSI ASC C63® committee on EMC.
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factors. The interpolation was validated

to any ‘auditor’ by having them first do

a manual calculation on any frequency,
then let the automation do the same thing
to show that it is correct. No standard

says that you have to do a mathematical
interpolation if you only have a graph of
factors to eyeball. So interpolation by eye
was and is usable though the human factor
is involved. For some reason the EMC
engineer seems to take the harsher side of
the line than the customer. Anytime there
was external test data on a EUT, we would
do an A to B to compare results. If data is in
dispute after the math has been validated,
the next step is to look at normalized site
attenuation data and antenna calibrations.
Dan Hoolihan’s side bar article provides an
auditor’s perspective on automated EMC
test software when evaluating a lab for
accreditation.

Second Generation Automation

Commercially developed test software is
available for almost any test application.
Since EMC standards have evolved to
include broader frequency ranges and more
bandwidths - automation is a requirement!
Industry auditors that protect the

integrity of the lab affiliations must review
software usage as well as lab processes and
methodology. Home brew software is at

a disadvantage during an audit since the
revision control and the developer have to
jump through a lot of hoops to show that
it is and will be in the future an accurate
method of data acquisition. If the person
leaves the company someone else has to
take over. What was an internal asset that
was probably also a hobby now becomes a
huge liability.

Commercial software is not scrutinized

at the lab level since it is widely accepted
and follows industry standards for revision
control and development. National
Instruments has developed a whole business
by providing automation options for almost
any industry. Their LabView program can
be used as an open platform for controlling

If you're reading this article, chances are you need compliance related information to do your job
and do it well. Fortunately, there’s more where this came from. As a subscriber you have access
to our monthly print publication as well as a wealth of information on line. Subscriptions are free

to qualified industry professionals.

Subscribe online at incompliancemag.com/subscribe

instruments of almost any type as long

as it can communicate with a computer.
Instrument communications have evolved
from RS-232 and GPIB to USB and
Ethernet. At this time, the communications
protocol is not a great improvement in
speed or accuracy, but it does reduce the
cost of cables and eliminates the need for
the GPIB and serial ports.

LabView is powerful but not easy for the
typical lab engineer to master and maintain.
HP VEE is another instrument centric
software program that can be used to
automate EMC testing. Like LabView, HP
VEE can be used to develop commercial

or home brew solutions. Other software is
written in C++ which is very powerful, but
requires a software engineer to develop and
maintain.

Many new instruments are PC computers
with an RF section and can provide a lot of
internal automation. The drawback to these
instruments is that they do not work well
with external equipment such as positioners
and when it goes out for calibration it is
difficult to replace with another device.
They would be adequate for bench testing
and pre-compliance work. They are

most suited for military testing since the
instruments have built in military specified
bandwidths/sweep times and allow for
inclusion of correction factors.

Instrument vendors have developed
software to take full advantage of their
products. This is a good option if the lab is
going to only use that vendor’s equipment
and has replacements available when
calibration time comes around. Other
equipment can be used with optional
drivers if available.

Immunity/Susceptibility
Testing
Immunity/susceptibility testing is even

more demanding in respect to the test
process. It is nearly impossible to do an

EN 55024 immunity calibration or test by
hand, much less a 16 point field uniformity
test. The leveling algorithms and control
injected current while increasing the
forward power to a calibrated level is a great
benefit of automation.

Benefits of Automating

T am a private pilot and can fly hundreds

of miles successfully with a compass and

a watch. However, with the availability of
GPS and autopilots it does not make sense
to fly by the old school method just because
I can. Technology allows us humans to
manage complex, repetitive, mundane, and
time consuming tasks so that we can reduce
their outputs to our level. Assurance of data
integrity is one of the things we love to do,
but not at every data point. To answer the
question of ‘What did we do with all that
time we saved’? It seems that our industry
and our bosses had no problem filling in
that space and there was never a point that
I can remember being bored because I
finished a task 75% quicker than it would
normally take. The benefit of automation is
throughput and data integrity. Time saved
always seems to take care of itself!

Future Outlook of
EMC Test Automation

It seems that standards committees are
always developing more rigorous methods
for testing systems to be compatible

with the electromagnetic environment
(EME). Since the EME is likely to become
more occupied with intentional and un-
intentional sources, the requirements to
measure and control them will need to
change as well. Test methods must adapt

to emulate the environment. We are still
using a quasi-peak measurement that was
developed to quantify the annoyance of
interference on an AM radio. Now we need
to be able to coexist with impulsive sources
that are common to cell phones and other
frequency hopping devices. Power systems
use switching that can couple over to other
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Computer Assisted
Testing (CAT)

By Kimball Williams

If you are not a ‘cat’ person, you might not
appreciate the full advantages of computer
assisted testing. I say ‘assisted’ because

the bulk of the critical elements involved
in testing remain in the preparation and
setup of each test element. To date no

one has found a way to ‘automate’ that.
What has been accomplished is to take
the repetitive drudgery out of the detail of
equipment adjustment, data reading and
data recording. Along with removing this
drudgery, computer assisted testing has
removed most of the conditions that, in
the past, resulted in the introduction of
human errors in the process.

My early experimentation with software
control of testing began in1980 with a dual
floppy drive desk top computer running
Basic programs driving a rack of receivers
(see accompanying photo) to make EMC
emissions measurements. Previous to this,
my technician and I would set up each test,
tune each frequency range searching for a
‘peak’ in the meter (Yes, a meter with a dial
and pointer!), write down the reading and
proceed to the next range and repeat the
process. To perform one scan from 10 KHz
to 1 GHz by this method then plot the data
consumed an eight hour day.

Our first scan with a single antenna
with receivers under computer control
produced a completed plot in less than

20 minutes. I recall my technician asking;
“What do I do with the rest of my career?”
With this quantum leap in test time, the
design engineers realized that EMC was no
longer just the final test their design had to
pass. EMC was now a viable development
tool. We began hiring technicians to keep
up with the demand for test services.

The increased confidence from having the
computer take the data, apply the antenna
and cable loss factors, as well as store both
the raw and the final data, removed much
of our early debates with development
engineers about “How confident are we in
the data?” By careful use of test ‘master’
artifacts (comb generators) and the use

of statistical process control (SPC) to
track system stability, questions about

the reliability of the test equipment have
almost disappeared completely. The ability
to have the system also take data and place
it into a final report ensures that nothing is
inadvertently altered or changed while it is
being ‘handled’ by humans.

However, in my opinion, the greatest
advantage with a well implemented
computer assisted test system is the ability
to free up the test technician to act as an
intelligent pair of eyes, watching the test
as it progresses and asking; “Do I believe
this?” With EMC testing, more than any
other, there is so much that can happen

to fool us into believing that a computer
drawn data chart ‘must be right’ when
there is something fundamentally not right
about the test. Our only defense against
this is the computer between our ears,
and a good sense of skepticism. A well
developed computer aided test control
system provides that freedom of action.

KIMBALL WILLIAMS

is a Technical Fellow for
Denso Americas based in
Southfield, Michigan, acting
as the engineering lead

for the EMC laboratory. He
received his BSEE degree
from Lawrence Technological
University in Southfield,
Michigan. Prior to joining
Denso Americas, he was the Principal Designated
Engineer for Underwriters Laboratories for 3
years. He began his EMC career in earnest

as the Principal EMC Engineer for Eaton
Corporation, where he remained for 26 years. He
is a Past-President of the IEEE EMC Society and
is presently serving on its Board of Directors.

devices via capacitive and inductive paths
that will radiate above the ‘conducted’
frequency range but may meet the ‘radiated’
range limits and sensitive electronics need
to be able to work in proximity to them.

This would certainly require new detection
circuits similar to the demod circuits of the
wireless electronics we use. Test frequency
ranges and limit lines will also change. The
automation will have to use multiple testing
or multiple detection during the same test
in order to make it feasible.

I do not think the manufacturers of the
measurement instruments should design
their internal computers for automation

but more for signal processing. Automation
software will have to adapt to the
instrument capabilities and focus on control
and data reduction so that us humans can
interpret and communicate the complex
data that the instruments will provide.

Interpreting and communicating the data
means that we can display the data in terms
that will indicate its compatibility to the
EME. Test reports are required by standards
to have a lot of information in them, but
the end customer of the report typically
only looks at the graphs, then the tables. So
the graphs and tables will need to be very
informative and relevant.

(the author)
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