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Welcome to  the IEEE EMC Society’s International Symposium on Electromagnetic Compatibility 
(ISEMC) in Fort Lauderdale, Florida during July 25 - 30, 2010.  The Greater Fort Lauderdale/Bro-
ward County Convention Center at  GPS, its coordinates 26° 05’ 55” N, 80° 07’ 22” W will be your 
center of activities for all symposium events. 

Around  you are  the sunny skies and palm-fringed beaches that set the scene for adventures and 
uniquely Lauderdale experiences that you will enjoy at the ISEMC.  Fort Lauderdale is located in 
the center of South Florida’s Gold Coast between Palm Beach and Miami; boasting 23 miles of sun-
kissed beaches and weather that cannot be beat! 

We have spent over a year developing the symposium program for this week! We have over 2000 
EMC professionals involved in EMC technology participating in a diverse range of sessions, meet-
ings, experiments, demonstrations, professional development, and society awards. The Technical 
Program’s theme is “Systems Engineering.” We have featured displays of highly integrated systems 
which will emphasize the innovative efforts put forth by EMC engineers to integrate large systems 
with challenging EMC designs. The technical program reflects the systems engineering theme, 
highlighting the research, development and fieldwork by our authors and speakers. The work-
shops and tutorials offer a wealth of information on basic EMC integration. The technical sessions 
will provide an in-depth coverage of system EMC and EMC management, EMI testing, and com-
ponent design challenges. New for 2010 are the visual presentations of the poster papers in the 
Exhibit Hall. Meet the authors during the first and last hours of the Exhibit Hall operation. 

For our companions we have a wide choice of tours. The symposium committee is hosting tours 
Monday through Friday with unique destinations picked out by our Floridian resident commit-
tee members. In addition, we have worked with the convention center concierge to provide group 
access to some of the best tourist experiences available to the public. Immediately after the sympo-
sium, we have arranged for a post symposium cruise to the western Caribbean; join us for a week 
of “Don‘t Worry, Be Happy,” launching from the cruise capital of the U.S. at the Miami pier. 

Our 2010 symposium committee is composed of members from across the U.S., a few of them call 
Florida home. Thanks for joining us in making Fort Lauderdale all our home for the 2010 ISEMC to 
share the latest information on EMC and network with EMC Society members and other EMC pro-
fessionals. You’ll be returning to your home technically enriched, professionally updated, person-
ally refreshed, and ready to solve any EMC challenge.
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TABLE OF CONTENTS – TECHNICAL PAPERS 
 

Scroll to the title and select a Blue link to open a paper. After viewing the paper, use the  
bookmarks to the left to return to the beginning of the Table of Contents. 

 

TUESDAY/WEDNESDAY POSTERS 

Tuesday, July 27, 2010 

TUE-AM-P, Poster Session #1, Exhibit Hall 
Chair:  John Archer, Retired 
Co-Chair:  Francesco de Paulis, University of L’Aquila 
Meet and Greet Authors 8:30 to 9:30 am Tuesday. 
Display of papers from 9:30 am Tuesday to Noon Wednesday. 

8:30 am Measurement of Differential Mode Propagation in  
Printed Circuit Board for Satellites Applications .........................................................................   1 
P. Tarquini (University of L’Aquila, L’Aquila, Italy); F. De Paulis (University of L’Aquila, L’Aquila, 
Italy); Danilo Di Febo (University of L’Aquila, L’Aquila, Italy); Giulio Antonini (University of 
L’Aquila, L’Aquila, Italy); Antonio Orlandi (University of L’Aquila, L’Aquila, Italy);  
Vittorio Ricchiuti (COMPEL S.p.A., Milano, Italy) 
Presentation Chart 

Abstract–This work deals with a test procedure for EMC/SI measurements on artificial satellites for telecommunication 
applications. This work proposes a fast method to compare the effects of different test set-ups for the measurement of 
conducted emissions and introduces a different test setup for this category of EUT 

8:30 am Analysis of Return Path Discontinuities in Multilayer PCBs and  
their Impact on the Signal and Power Integrity ...........................................................................   6 
A. Ciccomancini Scogna (CST of America Inc., Framingham, MA, United States);  
E. Bogatin (Bogatin Enterprises, Olathe, KS, United States) 
Presentation Chart 

Abstract–This paper investigates the impact of return path discontinuities on both signal and power integrity of high 
speed interconnects. A test board is built for the purpose with 4 different configurations is analyzed and correlation 
between measurements and simulations is presented. Time and frequency domain results are investigated and design 
guidelines are provided. It is observed that return path discontinuities have a sensible impact on ground bounce in single-
ended signals; however the differential signaling can drastically reduces it. Discontinuities from gaps in return paths (e.g. 
plane splits) and connectors impact the differential signals on both insertion loss and cross talk. The real value of 
return/grounding vias is to reduce the common signal noise. 

8:30 am A New Common-Mode EMI Suppression Technique for GHz Differential  
Signals Crossing Slotted Reference Planes .................................................................................... 12 
Hao-Hsiang Chuang (National Taiwan University, Taipei, Taiwan);  
Tzong-Lin Wu (National Taiwan University, Taipei, Taiwan) 
Presentation Chart 

Abstract–Based on a pair of symmetric quarter-wavelength stubs parallel connected to the slot line, a new low-cost 
technique for suppressing the common-mode electromagnetic interference (EMI) is proposed for high-speed differential 
signals crossing slotted ground planes. The quarter-wavelength resonator can provide a shorting path for return current 
around the resonance frequency of the stubs, which avoids common-mode noise to become the excitation source of the 
slot. To validate this idea, a test sample with using the proposed technique and a reference board without the solution are 
fabricated. The experimental and numerical results show the radiated energy due to the common-mode noise can be 
significantly reduced in broadband frequencies by using the propose resonators. The magnitude of common-mode EMI 
at 3 meter can be suppressed more than 5 dB at the frequency range from 2.1 GHz to 3.5 GHz, and even 10 dB during 
the frequency range of 2.4 GHz to 3.25 GHz. 
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5:00 pm Enabling Terabit per Second Switch Linecard Design through  
Chip/Package/PCB Co-Design ...................................................................................................... 585 
Qinghua Bill Chen (Cisco Systems, Inc., San Jose, California, United States); Jianmin Zhang (Cisco 
Systems, Inc., San Jose, California, United States); Kelvin Qiu (Cisco Systems, Inc., San Jose, 
California, United States); Darja Padilla (Cisco Systems, Inc., San Jose, California, United States); 
Zhiping Yang (Cisco Systems, Inc., San Jose, California, United States); Antonio C. Scogna (CST of 
America, Framingham, Massachusetts, United States); Jun Fan (Missouri University of Science & 
Technology, Rolla, Missouri, United States) 
Presentation Chart 

Abstract–Widespread use of the Web 2.0 Internet applications such as video streaming and social networking are 
continuously demanding higher bandwidth network equipment. Electrical designers increasingly face more and more 
challenges to deliver higher speed products within short development cycle due to design complexity and new multi-
GHz signal integrity problems.  This paper presents a modeling and simulation methodology through chip/package/PCB 
(printed circuit board) co-design and co-optimization to enable a terabit per second network switch linecard design. 
Channel design techniques such as BGA (Ball Grid Array) pin backdrill, via tuning, and low loss interconnects are 
outlined. Full wave 3D modelling techniques with optimal model segmentation, model cascading and model 
optimization are discussed. At the end, correlation between lab measurement and simulation in both frequency and time 
domains are investigated. 

WED-PM-4, Filtering, Automotive and Cable Concerns (Sponsored by TC4),  
Room 207/208 
Chair:  John Archer, Retired 
Co-Chair:  Kermit Phipps, EPRI 

1:30 pm Noise Mitigation Analysis of a π-Filter for an Automotive Control Module ............................ 591 
Cyrous Rostamzadeh (Robert Bosch LLC, Farmington Hills, Michigan, United States);  
Flavio Canavero (Politecnico di Torino, Torino, Italy); Feraydune Kashefi (Khavaran Institute of 
Science & Technology, Mashhad, Iran) 
Presentation Chart 

Abstract–Electromagnetic interference (EMI) filters are often used on automotive 13.8 VDC power networks to reduce 
high-frequency noise from being conducted off the printed circuit boards (PCB) and resulting into EMI problems. The 
filter performance is difficult to predict and often compromised at high frequencies due to parasitics associated with the 
filter itself, or the PCB layout. The power line filters with Surface Mount Technology ferrite and Multi Layer Ceramic 
Capacitors are attractive solutions for mitigation of RF noise in high-density automotive PCBs. A lumped-element 
SPICE model is introduced for optimized Pi-filter design, including frequency-dependent ferrite component model. The 
PCB implementation of EMI filter is outlined for optimum filter performance. 

2:00 pm High Speed Data Cables with Lossy Material Coating .............................................................. 597 
Eric Chikando (IBM Corporation, Durham, North Carolina, United States);  
Jay Diepenbrock (IBM Corporation, Durham, North Carolina, United States);  
Sam Connor (IBM Corporation, Durham, North Carolina, United States);  
Bruce Archambeault (IBM Corporation, Durham, North Carolina, United States) 
Presentation Chart 

Abstract–High Speed unshielded differential cables will often have unwanted, but unavoidable, common mode energy 
in the low GHz frequency range. This work examines a coating of lossy material on the cables and quantifies the amount 
of loss, and the frequency range of the loss using reverberation chamber measurements 

2:30 pm Full-Wave Investigation of EFT Injection Clamp Calibration Setup ....................................... 602 
Spartaco Caniggia (EMC Consultant, Bareggio, Milano, Italy); Eric Dudenhoeffen (Teseq AG, 
Luterbach, Switzerland); Francescaromana Maradei (Sapienza University of Rome, Rome, Italy) 
Presentation Chart 

Abstract–The paper deals with a full-wave investigation of the capacitive coupling clamp that is used in electrical fast 
transient (EFT) immunity test to inject disturbances to nominal signals. The analysis is performed by using the software 
tool MicroWave Strudio (MWS) based on the finite integration technique. The model of the injection clamp is validated 
by comparison with measurements and with the results obtained by SPICE. The full-wave model is used to investigate 
EFT injection clamp calibration setup, such as that proposed in section “6.4.2 Calibration of the capacitive coupling 
clamp” of the new Edition (the 3rd) of IEC 61000-4-4. 
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3:30 pm The Designing, Realization and Testing of a Network Filter used to Reduce 
Electromagnetic Disturbances and to Improve the EMI for Static Switching Equipment ....... 608 
Petre-Marian Nicolae (University of Craiova, Craiova, Dolj, Romania); George Mihai (University of 
Craiova, Craiova, Dolj, Romania); Ileana-Diana Nicolae (University of Craiova, Craiova, Dolj, Romania) 
Presentation Chart 

Abstract–The paper deals with the designing, realization and testing of a network filter used to reduce the electromagnetic 
disturbances produced by static switching equipment. The tests were done according to the CISPR 17 standard for the 
determination of the insertion loss for each cell, and the verifications concerning the filter’s efficiency with respect to the 
conducted and radiated disturbances produced by a static switching equipment revealed the obeying of the CISPR 11 
standard. One presents the experimental determinations previous to the network filter use. After the filter’s designing and 
realization experimental data were gathered relative to the conducted emissions. The assembling and case shielding were 
improved in order to obey the limits imposed to the radiated emissions according to the CISPR 11 standard, and consequent 
experimental determinations revealed significant improvements from the EMI point of view. 

4:00 pm Rapid Simulation of the Statistical Variation of Crosstalk in Cable Harness Bundles ........... 614 
Xiang Li (Missouri University of Science & Technology, Rolla, Missouri, United States);  
Meilin Wu (Amphenol Corporation, Nashua, New Hampshire, United States);  
Daryl Beetner (Missouri University of Science & Technology, Rolla, Missouri, United States);  
Todd Hubing (Clemson University, Clemson, South Carolina, United States) 
Presentation Chart 

Abstract–Accurate assessment of crosstalk problems in cable harnesses requires simulation methods that account for 
statistical variation in harness parameters. Use of the T-parameter method to rapidly estimate the statistical variation of 
crosstalk in cable harness bundles is outlined in the following paper. Crosstalk is calculated by segmenting the harness 
into a cascade of equal length multi-conductor transmission lines (MTLs). Methods to test the influence of the statistical 
variation in wire positions, height, and number of twists are proposed using both simulation and analytical methods. The 
analytical method uses the mean and variance of crosstalk estimated for fixed harness parameter values to estimate the 
mean and variance when parameters vary with known probability density functions. The analytic method may thus save 
additional computational resources, since simulations are only required at a relatively small number of fixed parameter 
values. A comparison of the simulation results and the analytical results shows the analytical method may accurately 
estimate statistical variation for the parameters studied. 

4:30 pm Automotive EMC Case Study: HMI Graphics Influence on Radiated Emissions .................. 620 
Steven Mainville (Johnson Controls, Inc., Holland, Michigan, United States) 
Presentation Chart 

Abstract–A case study describing the influence of TFT LCD graphics on automotive radiated emissions testing and its 
impact to the FM band receiver. The underlying root-cause of the EMI issue is determined using a novel technique that 
decodes the display’s graphics into the transmitted RGB data and predicts the data’s impact to radiated emissions. The 
countermeasure implemented to resolve the issue is equally novel and does not involve any hardware optimizations. The 
use of test images to be used in component level EMC testing is also discussed. 

5:00 pm Low Frequency Electromagnetic Field Reduction Techniques for the  
On-Line Electric Vehicle (OLEV) ................................................................................................ 625 
Seungyoung Ahn (KAIST, Daejeon, Republic of Korea); Junso Pak (KAIST, Daejeon, Republic of 
Korea); Taigon Song (KAIST, Daejeon, Republic of Korea); Heejae Lee (KAIST, Daejeon, Republic 
of Korea); Jung-Gun Byun (KAIST, Daejeon, Republic of Korea); Deogsoo Kang (KAIST, Daejeon, 
Republic of Korea); Cheol-Seung Choi (KAIST, Daejeon, Republic of Korea); Eunjung Kim (KAIST, 
Daejeon, Republic of Korea); Jiyun Ryu (KAIST, Daejeon, Republic of Korea); Mijoo Kim (KAIST, 
Daejeon, Republic of Korea); Yumin Cha (KAIST, Daejeon, Republic of Korea); Yangbae Chun 
(KAIST, Daejeon, Republic of Korea); Chun-Taek Rim (KAIST, Daejeon, Republic of Korea);  
Jae-Ha Yim (KAIST, Daejeon, Republic of Korea); Dong-Ho Cho (KAIST, Daejeon, Republic of 
Korea); Joungho Kim (KAIST, Daejeon, Republic of Korea) 
Presentation Chart 

Abstract–In this paper, we introduce the On-line Electric Vehicle (OLEV) system and its non-contact power transfer 
mechanism and propose some techniques for the reduction of electromagnetic fields (EMFs) from the power line and the 
vehicle itself. By applying a metallic plate shield, horizontal/vertical shield, and connecting wire for loop cancellation, 
the low frequency EMFs have been significantly reduced. Simulation and measurement results for application to vehicles 
currently in service are also given. 
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Low Frequency Electromagnetic Field Reduction 
Techniques for the On-Line Electric Vehicle (OLEV) 

Seungyoung Ahn *, Junso Pak *, Taigon Song #, Heejae Lee *, Jung-Gun Byun #, Deogsoo Kang #, Cheol-Seung 
Choi #, Eunjung Kim #, Jiyun Ryu # , Mijoo Kim #, Yumin Cha #, Yangbae Chun #, Chun-Taek Rim #, Jae-Ha Yim #, 

Dong-Ho Cho *, and Joungho Kim *

* Department of electrical Engineering, KAIST, Daejeon, Korea 
javang@ee.kaist.ac.kr 

# On-line electric vehicle project, KAIST, Daejeon, Korea 

Abstract— In this paper, we introduce the On-line Electric 
Vehicle (OLEV) system and its non-contact power transfer 
mechanism and propose some techniques for the reduction of 
electromagnetic fields (EMFs) from the power line and the 
vehicle itself. By applying a metallic plate shield, 
horizontal/vertical shield, and connecting wire for loop 
cancellation, the low frequency EMFs have been significantly 
reduced. Simulation and measurement results for application to 
vehicles currently in service are also given. 

I. INTRODUCTION

One of the biggest issues around the world in recent years 
is environmental problems. Every country tries to adopt green 
technologies which offer the potential to improve the air 
quality in currently polluted environment and which will save 
money by reducing fossil fuel consumption. As the use of 
electric cars is expected to significantly reduce the 
aforementioned problems of air pollution and fossil fuel 
consumption costs, numerous studies on electric vehicles have 
been performed over a long period of time and numerous 
hybrid vehicles are currently sold by several vehicle 
manufacturers worldwide. 

However, there is no shortage of hot topics on electric 
vehicles: limitations of battery size and power, issue of battery 
weight, battery life, battery recharge time, and the availability 
of charging points. Moreover, there is also a resource issue for 
electric vehicles. As more vehicles become reliant upon 
batteries as power sources, availability of the compounds and 
metals used to make batteries may become increasingly scarce. 
Dwindling stocks of substances such as lithium could trigger 
increasingly high prices and lead to electric vehicles pricing 
themselves out of the automotive marketplace. 

The On-line Electric Vehicle (OLEV) developed by KAIST 
is an electric transport system in which the vehicles absorb 
their power from power lines underneath the surface of the 
road. Even though the basic concept was invented in 1970’s 
[1], the circuit system and power transfer system are totally 
different. Rather than relying on battery technology, OLEV 
picks up a charge using a non-contact magnetic charging 
method in which a power source is placed underneath the road 
surface and power is wirelessly picked up by the vehicle itself. 

The power supply system of OLEV generates a large 
amount of magnetic flux to transfer 100kW of power, which 
are necessary for the vehicle. The power rail is designed to 

generate the magnetic flux with a frequency of 20 kHz to the 
direction of the pickup module on the vehicle. However, there 
could be some leakage of magnetic flux, and the amount of 
leakage can exceed the limit of magnetic flux regulations. A 
great deal of research has been performed on the shielding of 
the low frequency and high power electromagnetic fields 
(EMFs) [2],[3],[4]. However, research on electromagnetic 
fields from an electric vehicle which is powered by the 
magnetic flux of the rail has not performed yet. 

In this paper, we introduce the On-line Electric Vehicle 
(OLEV) system and its non-contact power transfer mechanism 
and propose some techniques for the reduction of 
electromagnetic fields (EMFs) from the power line and 
vehicle. By applying a metallic plate shield, 
horizontal/vertical shield, and connecting wire for loop 
cancellation, the low frequency EMF has significantly reduced. 
Simulation and measurement results for application to 
vehicles currently in service are also given. 

(a)  

(b)  

Fig. 1. The On-line Electric Vehicle (OLEV) and power transfer system using 
power lines placed underneath the road surface for non-contact charging: (a) 
Side view and (b) front view. 

978-1-4244-6307-7/10/$26.00 ©2010 IEEE 625
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Fig. 2. The overall power transfer system for OLEV. 100 kW of power is 
transferred from the power lines to the pickup module without contact. 

II. POWER TRANSFER SYSTEM

The power transfer system consists of an inverter, power 
lines, pickup module, capacitors, battery, and motor, as shown 
in Fig. 2. 60 Hz of power is converted to 20 kHz at the 
inverter stage and a current of around 200A flows through the 
power lines. The magnetic flux generated from the power 
lines is gathered at the pickup module to generate DC power 
for the motor of the vehicle. The non-contact power transfer 
occurs between power lines and the pickup module generating 
huge magnetic flux. The design of power lines and the pickup 
module are the key technologies for effective power transfer 
and solution of the EMF problem. Generally, two types of 
power line / pickup module pairs are designed for non-contact 
power transfer according to the direction of the magnetic flux 
at the pickup module: vertical magnetic flux type and 
horizontal magnetic flux type. 

A. Vertical Magnetic Flux Type 

Fig. 3 shows the vertical magnetic flux type of power lines 
and pickup module. There are two power lines with opposite 
current directions underneath the road surface forming a 
current loop. Due to the current in the power lines, magnetic 
flux is induced around each power line. Between the power 
lines, the magnetic fluxes from the two power lines are added. 
The pickup module catches the vertical magnetic flux through 
copper coils around the ferrite core. This type has the 
advantage of efficient power transfer because the direction of 
the magnetic flux from the power lines is the same as the 
direction of the flux to the pickup module. 

B. Horizontal Magnetic Flux Type 

Fig. 4 shows the horizontal flux type of power lines and 
pickup module. In this type, there are four power lines 
forming two current loops. As two center conductors are 
placed close together, there are three magnetic flux loops. The 
copper coils around the horizontal ferrite core catches the 
horizontal magnetic flux to generate power for vehicles. This 
type has a disadvantage in that the power transfer is less 
efficient; however, because there are more power lines that 
have opposite current directions, the magnetic flux density 
levels cancel each other when seen from 1.7m from the road 
center, which is the observation point of EMF level 
measurement. 

(a) 

(b) 

Fig. 3. Vertical magnetic flux type power lines and pickup module: (a) Cross-
sectional view (b) Perspective view. 

(a) 

  
(b) 

Fig. 4. Horizontal magnetic flux type power lines and pickup module: (a) 
Cross-sectional view (b) Perspective view. 
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III. SIMULATION FOR MAGNETIC FIELD REDUCTION

Fig. 5 shows the magnetic flux density distribution of 
OLEV. In the case of the vertical magnetic flux type, there is 
one magnetic flux path between the power lines and pickup 
module where the power is transferred. The return flux comes 
back to the power lines via the sides of the main flux path. 
The horizontal magnetic flux type has two magnetic flux paths. 
The side power lines of this type have return flux paths on the 
side of the main flux path. The return flux path creates the 
fringing magnetic flux, and this flux is measured as the EMF 
level of OLEV. In this work, the target EMF level of OLEV is 
62.5 mG according to the Korea Communications 
Commission [5]. 

There are a number of well-known techniques to reduce 
radiated emissions from many studies [6]. However, one of 
the most popular methods for reducing radiated emission is 
shielding, and this method can be also applied to low 
frequency magnetic fields [7],[8],[9]. As OLEV uses a current 
source to generate a magnetic field and large currents are 
flowing in power lines and pickup coils, the EMF from OLEV 
consists more of magnetic flux than an electric field. In this 
case, high conductivity metal and highly permeability material 
can be used as a shield. For simplicity and cost effectiveness, 
we used aluminium for the shield. 

(a) 

(b) 

Fig. 5. Simulated magnetic flux density distribution for OLEV (a) Vertical 
magnetic flux type (b) Horizontal magnetic flux type. 

A. Vertical Metal Plate Shield on Vehicle 

As the vehicle should move on the road, there should be 
some space between the vehicle and the surface of the road. 
For this application, the space is 13 cm to allow the vehicle to 
move. If the vertical plate shield on the vehicle in Fig. 6 could 
be placed between vehicle bottom and the road surface, the 
EMF could be significantly reduced. Because of the space, 
however, the shield has limited length toward the road surface. 
Fig. 6 shows the effect of the vertical plate shield on the 
vehicle. When the vertical plate shield on the vehicle reaches 
the road shield, the EMF level could be reduced from 128 mG 
to 97 mG. Because of the required space between the vehicle 
and road surface, the vertical plate shield length also has a 
limit of length, and the EMF level is reduced from 128 mG to 
121 mG. 

(a) 

(b) 

(c) 

(d) 

Fig. 6. Effect of metal plate shield on the vehicle: (a) Without a shield (b) 
With a shield (c) Magnetic flux density distribution (d) Effect of the metal 
vertical plate shield on the vehicle. 
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B. Horizontal Ground Shield 

The regulation of the EMF level is designed to protect the 
human body, so the shield can be placed on the sidewalk to 
reduce the EMF levels of the observation point. Fig. 7(a) 
shows the horizontal ground shield on the sidewalk. Fig. 7(b) 
shows the magnetic flux distribution when the horizontal 
ground shield is applied. The horizontal ground shield blocks 
the leakage of magnetic flux flowing to the observation point. 
Fig. 7(c) shows the EMF level under 2.05 mG, which is much 
less than the target. In this result, we should notice that the 
simulation assumes that the power lines and pickup module 
generate Bx and By components, and that there is no Bz 
component. In real conditions, if Bx and By components are 
shielded, Bz component is dominant. 

(a) 

(b) 

(c) 

Fig. 7. Horizontal ground shield at the sidewalk: (a) Horizontal ground shield 
(b) Magnetic flux density distribution (c) EMF level. 

C. Vertical Ground Shield and Contact with the Vehicle

Similar to the horizontal ground shield, the vertical ground 
shield can be also an effective way to reduce the EMF level. 
To increase the effectiveness, we connect the vertical ground 
shield to the metallic vehicle body. The vehicle body, vertical 
ground shield, and the connection create a good shielding box, 
confining the fringing field inside the box. The EMF level at 
the observation point is greatly reduced. Fig. 8 shows the 
vertical ground shield and the effect on the reduction of the 
EMF level. The magnetic flux is reduced to 25% of that of the 
horizontal ground shield. Even though the effect of connection 
is significant, it is not easy to connect the vehicle and ground 
shield, and this is discussed in the next section. 

(a) 

(b) 

(c) 

Fig. 8. Vertical ground shield between the road and sidewalk, and the 
connection between the shield and the vehicle body: (a) Vertical ground 
shield (b) Magnetic flux density distribution (c) EMF level. 
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IV. MEASUREMENT

The methods shown in the previous section were 
implemented, and the EMF level of each case was measured. 
Fig. 9 shows the bottom of test vehicle, which is the same as 
the actual vehicle bottom. The EMF level is measured at the 
center in terms of length, 50 cm from the vehicle. 

(a) 

(b) 

Fig. 9. Test vehicle and measurement setup for reference. (a) The bottom 
plate of the vehicle body (b) Only the bottom plate is used for test 
measurement. 

Fig. 10. The concept of vertical ground shield under the vehicle 

Fig. 10 shows the vertical ground shield, and the marked 
metal plate is part of the vertical ground shield. Fig. 11 (a) 
shows the concept of the vertical ground shield and contacts to 
metallic bottom plate of vehicle. When the contacts are 
applied the EMF level is significantly reduced. Fig. 11 (b) 
shows the horizontal ground shield using metal meshes and 
connecting wire between metallic vehicle body and horizontal 
ground shield. As the number connection increases, the loop 
size is decreased and the EMF level is reduced. Fig. 11 (c) 
shows the brushes implemented to the real vehicle application. 
The vehicle with the brush has been now operating in Seoul 
Grand Park since 9 March 2010.  

(a) 

(b) 

(c) 

Fig. 11. Implemented horizontal ground shield (a) connecting wire for test 
vehicle (b) connecting brushes for the real application  
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We compared two cases: with and without a connection 
between the vehicle body and horizontal ground shield. Table 
1 shows a comparison of the EMF levels for different cases. 
From the reference condition, when we applied a vertical 
shield to the vehicle, as shown in Fig 6(b), even when the 
shield reached the road surface, the EMF level was reduced by 
only 6 mG, which is only 4% of the original value. When 
applying the vertical ground shield and horizontal ground 
shield, the EMF level became even larger. As the magnetic 
flux Bz component was not calculated in either case, the 
magnitude was not correctly calculated. Due to the metal plate 
for vertical and horizontal ground plates, the current induced 
by magnetic flux is generated. Because of the current 
component Ix and Iy, which were not calculated in the 
simulation, much higher EMF levels were measured than the 
reference levels. When we connected the horizontal ground 
shield to the metallic vehicle body, the EMF level was 
reduced to a lower value than the reference level. 

Even though there should be space between the vehicle and 
road surface, the soft contact between the vehicle and road 
surface can be allowable for some applications. Fig. 12 shows 
a comparison of the EMF levels for different numbers of 
connections between the metallic vehicle body and horizontal 
ground shield. When the number of connections is increased, 
the size of the loop, which consists of the metallic vehicle 
body, horizontal ground plate, and connecting wire, is 
decreased. Hence, the EMF level is also decreased. When 
eight connecting wires are applied, the EMF level is reduced 
to 35 mG, which is 25% of the reference value. 

TABLE I 
COMPARISON OF EMF LEVELS FOR DIFFERENT CONDITIONS

Fig. 12. Effect of the number of connections between the metallic vehicle 
body and the horizontal ground shield on the  EMF level. 

V. CONCLUSION

In this paper, we introduced the On-line Electric Vehicle 
(OLEV) system and its non-contact power transfer mechanism 
and proposed some techniques for the reduction of 
electromagnetic fields (EMFs) from the power line and 
vehicle itself. By applying a metallic plate shield, 
horizontal/vertical shield, and connecting wire for loop 
cancellation, the low frequency EMF was significantly 
reduced. Simulation and measurement results for application 
to vehicles currently in service are also given. 

From the result of the simulation and measurement, we 
have shown the EMF level of the OLEV can be reduced to 
less than 62.5 mG by these techniques we suggested.
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Shield 
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No space between vehicle and 
road surface 

NOT connected to vehicle body 
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(4 Connections) 
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