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Progress 1n
Biomechatronics

Organic control of circuits makes new generation of artificial limbs possible

t almost sounds too good to be true:

just by thinking about it, a man can

move a robotic arm. But that's what has
been accomplished at the Rehabilitation
Institute of Chicago recently.

In other labs, muscle cells are used to acti-
vate a swimming robot, and artificial legs
are made to feel and act more like living
ones.

These developments are taking place in the
emerging field of biomechatronics. It
builds on mechatronics, the synergistic
integration of mechanical engineering with
electronics and intelligent computer con-
trol in the design and manufacture of prod-
ucts and processes.

Biomechatronics is the integration of bio-
logical components with artificial devices.
The biological component contributes a
significant functional capability to the sys-
tem, often through specific cellular and tis-
sue interfaces that aid the functional adap-
tation of the mechanical component.
Embedded microprocessor control is
another important component.

The robotic arm story from Chicago starts
with an electrician, Jesse Sullivan, who lost
both arms up to the shoulders after grab-
bing a high-tension line. Doctors rewired
four nerves that once connected to his left
arm and reconnected them to certain chest
muscles. When Sullivan's brain sends sig-
nals down the nerves, the muscles react
and that triggers electrodes attached to his
chest, and a computer coverts the signals

By Paul Zukowski

into motion for the artificial arm that is
harnessed to his body.

Made of aluminum and carbon fiber, the
bionic arm weighs just 1.8 pounds and is
powered by a lithium battery. It has six
motors and sends fingertip sensations back
to Sullivan. The limb design and the sur-
gery to connect the nerves were developed
by Todd Kuiken, Director of the Amputee
Program at the Rehabilitation Institute of
Chicago.

At the Massachusetts Institute of
Technology, the Media Laboratory has a
Biomechatronics Group that is conducting
both scientific and technological programs.
One of the scientific programs involves a
swimming robot actuated by living muscle
tissue. The thought was

that muscle is potential-  garies Elastic
ly an excellent mechani-  Actuator
cal actuator based on its (SEA)
function, but there are

many scientific and

engineering challenges

to overcome. The swim-

ming robot was a proof

of concept experiment.

Using muscles from frog
legs mounted on a
Styrofoam float in a
tank of supportive solu-

tion, the muscle tissue Ankle
was stimulated by an Angle
Sensor

embedded microproces-
sor in various ways So

that the robot performed basic maneuvers
such as starting, turning, stopping and
straight-line swimming.

According to the group's website, the devel-
opment of functional biomechatronic pro-
totypes with integrated musculoskeletal tis-
sues is the first critical step toward the long-
term objective of controllable, adaptive
and robust biomechatronic robots and
prostheses.

One of the technological programs of the
Biomechatronics Group involves an ankle-
foot device known as an active orthosis to
assist drop-foot gait. With drop-foot or
“slap foot” gait, as the name implies, the
foot is not supported as the leg moves for-
ward in taking a step, and the forefoot

Ankle Foot
Orthosis
(AFO)

Capacitive
Force
Sensors

continued on page 4...
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bumps into the ground instead of the heel,
making walking an extremely difficult and
slow process.

There are three phases to a step, and the
ankle-foot device adjusts to each. During
the swing phase, a torsional spring-damper
control lifts the foot to provide toe clear-
ance. When the foot is being planted, the
torsional spring control is actively adjusted
to minimize forefoot collisions with the
ground. As the weight is put on the foot,
joint impedance is minimized.

The device consists of a plastic ankle-foot
orthosis or brace that is equipped in the
back with a spring and an elastic actuator.
Signals for adjusting the tension of the
spring come from an ankle-angle sensor
and capacitive force sensors under the foot.

By actively adjusting the joint impedance
with a variable-impedance orthosis, the
researchers found their device had certain
clinical benefits for the treatment of drop-
foot gait compared to conventional ankle-
foot braces having zero- or constant-stiff-
ness joint behaviors.

Another of the Biomechatronics Group's
technological programs involves making

artificial legs react the user in a lifelike way.
Conventional above-the-knee prostheses
tend to make amputees walk with abnor-
mal gaits, often stumbling and falling.
There are already prosthetic knees on the
market that have built-in microprocessors
that can be programmed to help the limbs
move more naturally. But MIT Professor
Hugh Herr went one step further and
added sensors that can measure how far
the knee is bent, as well as the amount of
force the user applies to it while walking.
He then programmed a computer chip to
analyze the sensor data and create a model
of the user's gait so that the mechanical
knee can adjust accordingly. This version is
available commercially.

Herr is working to distribute sensors
beyond the knee joint so that they can
detect neural signals from the muscles near
the joint as well as the gross mechanical
forces of the body. The goal is to create
robotic prostheses that communicate with
a user's own nervous systems. One day
such biomechatronic devices could mean
that someone with a spinal-cord injury
could move their limbs again by control-
ling a robotic exoskeleton with thoughts

that trigger into nerve signals that are trans-
lated in mechanical movements.

Work in advancing artificial limb technolo-
gy is being given increased attention and
funding due to the number of injured U.S.
soldiers returning from Iraq. Herr, who
leads the MIT  Media Lab's
Biomechatronics Group, is part of a $7.2
million research project run by the U.S.
Department of Veterans Affairs.

Herr uses himself in the research, since he
lost both lower legs to frostbite in his
youth. He will have small sensors implant-
ed in the muscles of one of his legs below
the knee. The hope is that as he flexes his
leg muscles in ways that once moved his
ankle, these sensors will measure electrical
activity in the muscles and transmit data to
a computer chip in the prosthetic ankle,
giving instructions to motors so the ankle
flexes in a natural way. There is also a
chance Herr could get feedback and feeling
from the circuitry.

One day the evolution of biomechatronics
and tissue engineering could lead to the
creation of limbs that contain of both arti-
ficial materials and human tissue. B

for test reports.

D.L.S. Offers

Free EMC/Product Safety Testing
for New Low Frequency Magnetic Requirement
EN 50366:2003 for HHA Equipment

Required as of February 2006

A recent change to the HHA Low Voltage Directive added Household and Similar Electrical Apparatus
(EN 50366:2003) testing requirements. This involves low frequency testing
from 10 Hz to 400 kHz for magnetic fields that are emanating from electrical
devices. Items applicable include, but are not limited to:

Household and similar appliances

Restaurant equipment, fryers and ovens

Commercial scrubbers and cleaning equipment

Water heaters and amusement devices
For a complete listing, go to www.dlsemc.com/EN50366.htm. There is no
provision for a grandfather clause on existing certifications.

For more information call 847-537-6400 today. D.L.S. is offering a free test
of one product from each company, plus reduced pricing for additional products
until February 2006 as availability allows. There will be a nominal charge

EN 50366:2003 Testing

DLSA-

EMC & Product Safety
Testing ¢ Consulting
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This workshop will be a valuable aid to
both practicing and first-time consultants,
and for potential consultants. You will be
able to network with renowned consult-
ants and with current and former officers
and staff members of IEEE-USA. Program
topics include:

e Overview of Consulting in Today’s
Business Environment

e Licensure and Professional
Development

¢ The Importance of Networking

e Offshoring Impact on Consultants
¢ IEEE Consulting Fee Survey

® Business Structures

o Setting Appropriate Fees

® Managing Your Projects

e AND OTHER SECRETS TO
SUCCESSFUL CONSULTING

Location:

The workshop will be held in the state-of-
the-art Wojcik Conference Center at
William Rainey Harper College, 1200 W.
Algonquin Rd., Palatine, IL 60067-7398.
Abundant free parking is available.
Further facility information, including

Day Meeting

IEEE Chica gO/ Rockford Consultants’ Network a joint Affinity Group of the IEEE Chicago and Rock River Valley Sections

The 2005 Alliance of IEEE Consultants’ Network Workshop
Saturday, December 3, 2005 * 8:00 a.m. - 4:30 p.m.

maps and directions, can be found at the
conference center’s web site:
http://www.harpercollege.edu/wcc

For our Longer-Distance Participants
and their Guests:

Overnight stay arrangements, if required,
are the responsibility of each participant.
Several fine hotels are available within 5
miles of the workshop. The network sug-
gests you consider the Holiday Inn
Rolling Meadows, 3405 Algonquin Rd,
Rolling Meadows IL for your overnight /
weekend accommodations. The network
has arranged free shuttle transport to and
from the Wojcik Conference Center for
workshop participants staying at this
Holiday Inn. For more details, visit their
web site at www.ichotelsgroup.com/h/
d/hi/1/en/hd/chirm?amenitylink=true
Registrations and Professional
Development Credit Information:

The program and registration fee is
$99.00 per participant, payable by check
mailed in with the printable registration
form found below. The fee includes a clas-
sic continental breakfast and a corporate
buffet lunch in the conference center’s
executive dining room.

All mail-in registrations must be received
at IEEE-USA by Wednesday, November 30,
2005. Registrations received by close of
business Monday November 28th will be
eligible to win a valuable business-related
door prize. Participants may register on
site at the conference; however, meal
availability is not assured.

Attendance at the workshop will earn 7.0
Professional Development Hours (based
on 50 minutes / PDH), which can be
applied to calendar year 2007
Professional Engineer (PE) renewal
requirements.

Additional information:

For the latest information please visit our
workshop web site at www.bmillerengi-
neering.com/aicn/

Additional information is also available by
contacting a member of the program com-
mittee: Ben Miller at consultnet@
bmillerengineering.com, Joe Auer at
JAuerConsulting@worldnet.att.net, or
Richard Gillette at 1f.gillette@ieee.org

2005 AICN Workshop Registration Form
Saturday, December 03, 2005 * 8:00 am - 4:30 pm
Please complete the below registration form and mail it with a check for $99.00 payable to IEEE-USA to:
Marnie James * IEEE-USA » 1828 L Street NW, Suite 1202 » Washington DC 20036-5104
Please print “2005 IEEE AICN Workshop” in the Memo of your check.

PLEASE PRINT ALL INFORMATION LEGIBLY!

Q) YES, I will attend the 2005 IEEE AICN Consultants Workshop on December 3, 2005. My check for $99.00 payable to
IEEE-USA is enclosed with this form. | understand that overnight / weekend accommodations and associated costs are my
responsibility and are not included in this registration.

Full Name:

Street Address:

City: State: Zip Code:

Contact E-Mail: Contact Phone # (Optional):
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Evening Meeting

IEEE Electronics in Medicine and Biology Society

Medical Claims Excellent Adventure
Monday, December 12, 2005

About the Topic:
My personal Medical Information went to
Asia and all I got was this lousy bill!

When many Americans sign the release to
allow for processing of their insurance
claim, they have just authorized foreign

nationals to be privy to their most inti-
mate information. How is your informa-
tion being handled? Where is it going?
Why should you care? Join EMBS for a
frank discussion of healthcare transaction
processing in the twenty-first century.

Location:
DeVry-DuPage Campus
1221 N Swift Road
Addison, Illinois

Time:
7:00 - 9:00 pm

Lunch Meeting

Chicago Chapter of the IEEE Power Engineering Society
Interrupting Technology of High-Voltage Circuit Breakers
Wednesday, December 14, 2005

Thomas J. Tobin, S&C Electric Co.

About the Topic:

High-voltage circuit breakers and inter-
rupter switches are critical components in
the operation, control, and protection of
utility and industrial power systems from
4 kV to 765 kV. While they perform the
simply stated functions of energizing and
de-energizing a circuit, the technology
associated with interruption of high-volt-
age circuits is very complex requiring
sophisticated engineering to meet today's
performance requirements. Mr. Tobin will
review high-voltage interrupting tech-
nologies explaining the physics of differ-
ent interrupting media and the associated
characteristics of the switching and pro-
tective devices. You may be surprised to
learn what paper, plastics, beach sand,
and eyewash have in common with air,
oil, sulfur hexafluoride gas, and vacuum
circuit breakers.

About the Speaker:
Thomas J. Tobin received a BEEE in 1968
and a ME in Electric Power Engineering in
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1969, both from Rensselaer Polytechnic
Institute. He joined S&C Electric
Company in 1969 and has worked on fus-
ing, load-switching, and fault-interrupting
devices with ratings from 15 kV through
500 kV, and has received numerous
patents. High-voltage and high-power
testing, switchgear applications, and
switching transients calculations are a par-
ticular area of interest and expertise. He is
currently Vice President of R&D, responsi-
ble for new product development for S&C
Electric Company. Mr. Tobin is active in
the IEEE Switchgear Committee and the
High-Voltage Circuit Breaker
Subcommittee. He is on several IEC
Working Groups and is also a member of
working groups of CIGRE Study
Committee 13 for switching equipment.
He is a Registered Professional Engineer in
[llinois.

Location:

Chicago Bar Association, 321 South
Plymouth Court, Chicago, IL (near the
intersection of Jackson and Dearborn)

Time:

11:30 Social

12:00 Lunch (optional)
12:00 Presentation
1:00 Adjourn

Continuing Education:

IEEE technical meetings may be accept-
able as continuing education where
required for maintenance of professional
engineering licensure. Refer to the indi-
vidual state's requirements for details.

Reservations:

Please call the IEEE Business Office by
noon on Monday 12 Dec 2005 at (630)
493-4333 or (800) 898-IEEE to make
your reservation. Or, submit your data via
the Online Reservation Form.

Lunch tickets can be purchased in the
lobby bookstore ($12.00).

For more information:
For more information, including the
Online Reservation Form, please visit the
IEEE PES Chicago Chapter web site:
http://peschicago.org

k

)

Evening Meeting

Chicago Chapter of IEEE EMC Society
IEEE EMC Society Holiday Party
Tuesday, December 20, 2005

Location:
Dave & Busters

About the Topic:

The Chicago Chapter of the IEEE EMC
Society will hold its annual Holiday Party
at Dave and Busters in Addison Illinois.
Join in celebrating a truly great year for
the Chicago EMC Society. As with past
holiday parties, we will enjoy a great din-
ner, socialize with chapter members, and
hold a winner-take-all billiards tourna-
ment.

630-543-5151

Reservations:

Corporation

1155 N. Swift Rd., Addison, IL 60101,

RSVP by Monday, December 5th, 2005 to
Carla Robinson, U.S. Robotics

Time:
7:00pm-10:00pm
(Dinner served at 7:30pm)

More information:

This event is limited to the first 60 atten-
dees. Collections (cash or check) will be
accepted at Dave and Busters upon arrival.
Cash bar only.

Phone: 847-874-2063 or email:
carla_robinson@usr.com

Concerns about magnetic field exposure
addressed by new HHA requirement

n order to limit magnetic field exposure to individuals, a
Irecent addition to the low voltage directive for household and
similar appliances will go into affect February 2006. This
requirement EN 50366:2003 establishes testing methodology
and limits for magnetic field emissions from restaurant equip-
ment, fryers, ovens, commercial scrubbers, cleaning equipment,
water heaters, amusement devices, and others. D.L.S. has added
the capability for this new test to their extensive testing services.
For more information about the new requirement and about
free testing offered by D.L.S. for this standard, go to
www.dlsemc.com/EN50366 or call 847-537-6400.

EN 50366 Background Information

Over the past few years there has been a growing concern on the
potential effects on the human body posed by Low Frequency

Magnetic (LFM) fields. The European Union has chosen to limit
these fields as a precautionary requirement for appliances. The
limits and testing procedures are called out in EN 50366:2003.
These requirements become mandatory February 1, 2006.

Measurements are made over the frequency range of 10 Hz to
400kHz. The measurements are relatively simple requiring vari-
ous faces of the product to be tested. The limit and test distance
varies depending on the potential exposure a human operator
might experience. For example, appliances where a person
might be in direct contact such as a electric blanket, dental
hygiene appliances, body worn vacuum cleaners are required to
be tested at 0 cm test distance. Products where an operator is
some distance away and not in direct contact such as battery
chargers, deep fat fryers, floor polishers, food processors, ice-
cream makers, vacuum cleaners, and toasters are all tested at 50
cm. An intermediate distance of 30 cm is used for handheld
tools, induction hobs, hotplates, microwave, standard ovens,
refrigeration appliances, etc.

Other devices not described are covered by the default clause
“Appliances not mentioned require a distance determined by
the Operator distance.”

D.L.S. has the capability to assist all appliance manufactures
with a special offer for free testing for one product from each
company, plus a reduced price for additional products until
February 2006 as availability allows. There will be a nominal
charge for test reports. For manufacturers having many different
physically large products, arrangements are being made to per-
form on site-testing. M
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Sections Congress:
EEE’s Three-Year Mission

EEE may not be boldly going where no man has gone before,

but it has a very real three-year mission: To carry out or

attempt to carry out the goals of the membership as devel-
oped during the recent Sections Congress. After local discussions
and polling of the membership in the sections and subsections,
Connie Kelly, Chicago Section chair; John Zulaski, Northwest
Subsection; and Bernard Sanders, Fox Valley Subsection recently
traveled to Tampa to join almost one thousand IEEE section,
Region, IEEE-USA, and IEEE members at the triennial Sections
Congress. Renewing old friendships and viewing exhibits of IEEE
programs and meeting the faces behind the voices in the various
departments were only a small part of Sections Congress. A com-
prehensive game plan for all of IEEE was foremost on the agenda.

Each Region had developed a list of concerns, actions, and pro-
grams, which it planned to lobby for during the recent meeting.
Region 4, as did every other region, had used email and meetings
to develop a raw list, which covered topics from training to mem-
bership benefits. Prior to the official start of the meeting, repre-
sentatives from Region 4 sections met with Region 4 staff and
refined the list, creating a group of recommendations to be sub-
mitted for further discussion.

These items were then sorted by category: Education & Career
Development, Industry Relations and Jobs, Membership Benefits,
Operations, Public Relations/Awareness, Recruitment/Retention
(Membership), and Volunteer Training/Knowledge Management.
Each category formed the basis of discussion for a caucus group.
These caucus groups further distilled the recommendations into
three or four per group. The resulting twenty recommendations,
which emerged from the caucus groups, were then voted upon by
the primary delegate from each section. The top ten vote getters
become the punch list for the three years until the next sections
congress.

Of the half that made the cut, the first and last were from
Membership benefits: Increasing membership value by expand-
ing the items covered by membership dues was the top vote get-
ter. A growing concern is that members who do not feel they are
getting their monies worth will not renew or convert from student
membership upon graduation. The last to make the grade,
although arguably a direct tie in to making membership more
valuable, was creation of an IEEE digital library for continuing
education and meeting enhancement.

Education and Career Development saw one of its two entries
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come in second in the voting: Development of web-based semi-
nars, and downloadable electronic presentations with an aggres-
sive CEU/PDH program is definitely a close cousin to the tasks
which made the grade in Membership Benefits.

Two entries from Industry Relations and Jobs took third and fifth
places proposing reaching out to companies regarding the value
of IEEE membership for their employees and providing incentives
to companies encouraging involvement in [EEE. Expansion and
enhancement of the IEEE Job Site was seen as a benefit to both
members and IEEE-supportive companies. The sixth place entry
from Public Relations/Awareness echoed the idea of finding ways
to increase awareness of members’ expertise and value to compa-
nies.

The Recruiting and Retention entries which placed fourth and
ninth, again saw the idea of demonstrating the value of IEEE
membership with new tools again reinforcing the value to mem-
bers and employers, and automatic seniority incentives to mem-
bers for their efforts.

Items seven and eight addressed Volunteer Training and
Knowledge Management by proposing better guidelines and
mechanisms for archiving and retrieval of the collective knowl-
edge of past and current leaders to insure that institutional mem-
ory is actively used to further our goals. Better training tools
based on these best practices to help sections function and transi-
tion leadership more efficiently build nicely on the availability of
appropriate archives.

The ten items selected for our three year mission really tine into
three topics: Effective training and member recognition, promo-
tion of the benefits of IEEE training to industry, and recognition
of the efforts of those who are striving to make IEEE a valuable
commodity.

The next three years will test the accuracy of the sections’ input. It
is not sufficient to be the largest professional, technical society in
the world. We must also be the best. Accomplishment of these
Sections’ Congress goals should put IEEE well ahead of its closest
competition.

Watch for additional information in future issues of Scanfax and
the IEEE Chicago Section Website. As you can see from the
lengthy process this is not the whim of a few people. It is the con-
sensus of the membership slowly nurtured and developed over a
period of time to insure the best possible use of the three years
until the next Sections Congress. W
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Professional ANl Business Directory

Transportation Engineering e Water Resources Engineering

ENGINEERS

CONSOER TOWNSEND ENVIRODYNE ENGINEERS, INC.
303 East Wacker Drive, Suite 600, Chicago, lllinois 60601
(312) 938-0300 www.cte-eng.com

Joseph L. Bolsinger

Territory Manager

% $&C ELECTRIC COMPANY

Specialists in Electric Power Switching and Protection

Chicago Sales Office
(630) 516-9076
Fax: (773) 381-4849

S&C Inside Sales
6601 North Ridge Boulevard
Chicago, illinois 60626-3997

ELECTRONIC INSTRUMENT ASSOCIATES

http://www.electronicinstrument.com
Manufacturer's Representative — Main office: 630.924.1600

Electromagnetic Compatibility
Power Amplifiers, Transient Generation Equipment, RF Shielded,

Anechoic, and Sound Rooms, EMC Antennas, Turntables, Antennas
Electrical Parameter Measurement

Current Voltage, Watt, VAR, etc. Transducers & Sensors, Energy
Management, Demand metering, Signal Condlitioning, Submetering

E-mail: jbolsinger@sandc.com

Web: www.sandc.com 8 o

Fax: (773) 381-4893

T&D / Products, Inc.

Manufacturers Representatives - Transmission & Distribution Electrical Equipment

1979 N. Mill Street Suite 103 Phone: (630) 305-9704
Naperville, IL 60563 Fax: (630) 305-9708
Web: www.tdproducts.com email: info@tdproducts.com

Transformers, Switchgear, Breakers, Relays, Capacitors, Harmonic Filters
Electrical Buildings, Power Resistors, Non-Seg Bus, Iso Phase Bus,

LEE BUTTER & ASSOCIATES
ELECTRICAL MANUFACTURERS REPRESENTATIVES

Batteries, Chargers, UPS Systems, Substation Design and Supply

ABB, Atkinson / EPSI, Calvert, Carter & Crawley, Central Electric, CGIT,
Cyberex, Hamby Young, IPC Resistors, MTI Technologies, Omniverter,
Phoenix Electric, Power Assets Recovery, Southwest Electric, Tierney

EA 20 S. LIVELY BLVD. Phone (847) 437-7600
ELK GROVE, IL 60007 Fax (847) 437-7609

info@leebutter.com

Advertiser Index

o9 7481 S. Sayre Ave. » Bedford Park, lllinois
mmm Phone: (708) 496-3080  Fax: (708) 496-0426
« Engineered Factory Automation
¢ PLC and Computer Programming
» Electrical Design and Drawings
e Custom Control Panels
« Motor Controls

U/L Listed
CSA Certified

IDISIElectTonic Systetnsl . X, SR T I e 4
Elite ERGINEETING . . s 5 csis i s oo s s i BC
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Midwest EMI Associates

21234 West Commercial Drive
Mundelein, Illlinois 60060

10 Meter

OA1S

| > FeC and Cispr certified site is located
miles away from urban areas
5> Automated turntable and mast

;> Customized Care for Professional Engineers
IEEE Supporter/Member @

E> Our 15th Year of Service BBB

DA ¥
. MEMBER
. I CHICAGO &
% Nemko Accredited ELA NORTHERN ILLINOIS
®

December 2005 = SCANFAX 11

(847)-918-9886
Fax: (847)-918-9719

- Web: www.midemi.com



CONTACT BETH VANDER GRINTEN at
608.222.7630 or bethv@slackattack.com

T B SipnE LAB ORATUORY

New and different products demand new and

different testing capabilities—and Elite has them.

e Enhanced High-Intensity RF (HIRF) testing
600V/m-CW/AM and 2000V/m pulsed RF

» HALT/HASS accelerated life testing via rapid
thermal cycling and six-axis vibration

* Computer simulation of EMI using software
modeling consulting services

Visit AR HE S RG] to see how our constantly
improving capabilities can meet your constantly

changing testing needs.

Elite Electronic Engineering Inc.

1516 CENTRE CIRCLE, DOWNERS GROVE, IL 60515
1-800-ELITE-11 [1-800-354-8311]

www.elitetest.com

FE Canadi CE€

Our Constantly Improving
EMC Test Capabilities

» EMC Testing Services

MILITARY AND COMMERCIAL AVIATION
600V/m-CW/AM and 2000V/m pulsed RF,
Lightning Testing, Large system capabilities
AUTOMOTIVE

DaimlerChrysler and Ford Approved,

GM Correlated, Nissan, Toyota, BMW, others
Whole Vehicle EMC Test Facility;

Truck and Ag Equipment Specialists
European Union “e-Mark” Testing for
ESA’s & Whole Vehicle

FCC, CE MARK, TELECOM

Regulatory Experts; Test Experts;

EMC Design Experts

FCC Telecommunication Certification

Body (TCB)

European Union Conformity Assessment
Body for CE Mark Approvals

» Environmental Stress Testing and
Electrical Safety Services

Full Environmental Stress Test Laboratory;
Temp, Humidity, Vibe, Shock, Rain, Dust,
Salt Fog, and many others

= Engineering Design Consulting Services

FCC/CE Mark Regulatory Experts,
EMC Design Analysis and EMI Suppression,
EMI Simulation and Circuit Modeling Services




