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Abstract

Autoutomobile security is increasingly a concern of drivers. Electronic key systems serve to
unlock the doors and start the engine with greater security and convenience. When a driver pushes
a button on the door handle, an identification card in his pocket or bag receives a low frequency (LF,
132 kHz) magnetic induction signal from the vehicle and when the identification card recognizes the
signal correctly, an ultra high frequency (UHF, 315 MHz) signal is transmitted back to the vehicle
thereby unlocking the door. When the vehcile detects the identification card inside the vehicle, the
driver is able to activate the engine just by pushing a starting button.

To efficiently design electronic key systems, locations of the LF transmitting antennas in the
vehicle must be optimized so that a minimum number of antennas assure communication everywhere
inside the vehicle. It is highly desirable that the optimized antenna locations should be determined
in an early design stage when a real vehicle does not actually exist. Since an automobile body
has complex geometry and scatters LF magnetic fields, a high-precision electromagnetic analysis
technique for LF near-field magnetic fields is required. The most advanced and well-researched
low-frequency magnetic analysis technique is the finite element method. However, at the design
stage, the available structural data on the vehicle is a metal surface, and the finite element method
requires a complex pre-processing process to generate air elements inside the vehicle. Furthermore,
the system matrix to be solved becomes enormous.

A boundary integral equation method B,, = 0 was introduced by E. Arvas in 1986, which requires
no air elements. In this study, I have found that their method does not work then the conductor
has apertures. In order to solve the problem, I have extended their method to formulate a Modified
Inductance Matrix Method (MIMM). which divides the metallic surface and the windows of the
vehicle into triangular patches, and each patch is modeled as inductively coupled coils. A source
magnetic field produced by a ferrite bar antenna is analyzed using a magnetic moment method to
compute impressed magnetic fields on ecah patch so to formulate a right-hand vector of the matrix
equation.

I have made a simplified automobile quater-model and measured leakage of magnetic fields from
windows of the model to verify the MIMM. Analyzed results were well correnponding to the mea-
sured ones within 10 % error. We have improoved the performance of the MIMM by changing the
order of matirx-computetion to achieve an interactive design of LF transmitting antennas layouts.

This method provides immediate trial-and-error designing enviroment.
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