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In this research it has been shown that the sources of electromagnetic noise in electric power steering 
(EPS) systems can be identifi ed by measuring the distribution of magnetic fi eld strength on the substrate of the 
electronic control unit (ECU). As the first step in the electromagnetic noise source identification process, the 
distribution of magnetic fi eld strength on the ECU substrate was mapped by means of substrate noise visualization 
apparatus. Subsequently, the measured strength pattern was overlaid on the map so as to estimate the sources 
of electromagnetic noise, whereupon corrective measures were provided. It was confi rmed that the overall noise 
radiation from the system was reduced. As the establishment of technology for identifi cation of electromagnetic 
noise sources would do away with trial-and-error processes to counter electromagnetic noise, it is expected that 
such technology will help to improve effi ciency in ECU development.
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Establishment of Technology for Identifi cation of Electromagnetic 

Noise Sources in Electric Power Steering Systems

1.  Introduction
The electromagnetic environment surrounding 

automobiles has become increasingly complex with the 

spread of mobile phones, electronic toll collection (ETC) 

systems, etc. Also, as concerns over the electromagnetic 

noise environment have mounted, the representative 

international standard CISPR25
1)
 has come to demand 

reduction of even higher-frequency noises than before, 

placing increasingly strict requirements on automakers. 

In order for the requirements of these standards to be 

met, measures must be taken in the design stage to reduce 

the electromagnetic noise of electronic parts. However, 

because the cause of electromagnetic noise differs by 

electronic part design, the noise in each case differs. For 

that reason, it has been necessary to carry out trial and 

error repeatedly in the design stage for new electronic 

parts, and much time is required to reduce electromagnetic 

noise. An attempt was made to identify the noise sources 

regarding the electronic control unit (ECU) for an electric 

power steering system (EPS system), the results of which 

are presented herein.

2.  Measuring Method

2. 1 Process of Noise Source Identifi cation
Figure 1 shows the noise source identifi cation process. 

First, noise from the subject EPS system is measured, and 

then noise sources are identifi ed by the procedures below 

for noise frequencies above standard values.

⑴  Measure magnetic field strength distribution at each 

frequency utilizing a substrate noise visualization 

apparatus (Fig. 2), and perform 2-dimensional 

mapping

⑵  Identify noise sources by overlaying the magnetic fi eld 

strength distribution on the substrate image

⑶  Perform noise improvement measures to verify the 

identifi ed noise sources

⑷  Measure EPS system noise and confi rm effectiveness

If effectiveness is confirmed, a correlation between 

substrate magnetic fi eld strength distribution and the 

EPS system noise measurement results is established.

⑸  Form a database for correlation between noise 

frequencies and noise sources and for corrective 

Measure magnetic field
strength distribution

ECU substrate

Estimate noise source

Verify effects

Identify noise source

Form database

・Scan substrate by magnetic field probe

・2-dimensional mapping of magnetic 
field strength

・Estimate noise source from 
2-dimensional map

・Measure noise on EPS system

・Confirm effects at applicable frequency

・Form database concerning noise 

sources by frequencies

・Accumulate database

EPS system

・Again 2-dimensional mapping after 
corrective measure

 (check change of noise on the substrate)Implement corrective measure(s)

Fig. 1  Noise source identification process
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2. 2  Apparatus Specifi cations and Measurement 
Conditions

Specifications of the apparatus used this time are 

summarized in Table 1 together with measurement 

conditions.

The substrate noise visualization apparatus scans the 

substrate top by means of a magnetic field probe and 

measures magnetic fields generated from the substrate. 

EPS system noise measurements were performed in 

JTEKT's electromagnetic anechoic chamber (Fig. 3), 

which satisfi es both the international standard CISPR25 

and automakers' measurement standards. The subject 

ECU was designed for medium- and large-sized passenger 

cars and comprised an inverter section (power substrate) 

and control section (control substrate). The electric motor 

used a current of 1 ampere and was kept in static state.

The results of EPS system noise measurements are 

shown in Fig. 4. In this research, we have focused on 

noise source measurements in the vicinity of 2.3 MHz.

3.  Measurement Results and Discussion
First, the ECU substrate magnetic field strength 

distribution at 2.3 MHz was studied and noise sources 

were identifi ed by overlaying the magnetic fi eld strength 

distribution on the substrate image. Next, a corrective 

measure was applied on one of the identifi ed noise sources 

selected as an example case. A noise improvement effect 

was then confirmed. Finally, the change of EPS system 

noise measurement results before and after the corrective 

measure was confirmed and correlation between ECU 

magnetic fi eld strength distribution and EPS system noise 

measurement results was confi rmed as detailed below.

3. 1  Identifi cation of Sources of Electromagnetic 
Noise from Magnetic Field Strength 
Distribution

Figures 5 (a) and (b) show results of magnetic field 

strength distribution measurements at 2.3 MHz. Figures 5 

(a) shows that noise is strong in the central ① and lower 

② areas, and Fig. 5 (b) shows it is strong in the control 

substrate ③ and power substrate ④. It is presumed that 

Scanning

Magnetic 
field probe

Fig. 2  Substrate noise visualization apparatus

measures and their effectiveness

Fig. 3  JTEKT's electromagnetic anechoic chamber

Fig. 4  EPS system noise measurement results
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Table 1   Measuring apparatus specifi cations and measurement 

conditions

Substrate noise 
visualization 
apparatus

Measurement range 200mm×200mm
Resolution 0.1mm
Measurable frequencies 0.15 MHz to 3 GHz

EPS system noise 
measurement 
environment

Applicable standards CISPR, ISO, etc.

ECU

Applicable vehicle 
models

Medium- and large-
sized passenger cars

Active voltage range 9 to 16 V
Output current 84 A

Electric motor

Type
Three-phase 
brushless motor

Rated current 84 A
Rated torque 3.8 N・m
Rated rotational speed 1 230 min−1

During measurement of ECU substrate magnetic fi eld 

strength distribution, the ECU's metallic casing was 

removed because it would prevent identifi cation of noise 

source. Also, because the polarization plane in magnetic 

fi elds varies depending on the direction of the current that 

fl ows as noise, measurement was made separately for X 

and Y direction planes of polarization.
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all these noises occur during pulse width modulation 

(PWM) control of the electric motor.

From Fig. 5 (a), it is evident that a part of the noise 

leaked from the power wire or ground (GND) wire to 

outside the GND. Therefore, this time as a corrective 

measure for noise reduction, a noise shield made of 

metallic nets was provided around the power wire and 

GND wire. Figures 5 (c) and (d) show the results of fi eld 

strength distribution after the corrective measure. These 

fi gures show that the noise that leaked through the power 

wire or GND wire is reduced.

Fig. 5  ECU substrate magnetic field strength distribution at 2.3 MHz

(a) 2.3 MHz  X direction

(c) 2.3 MHz  X direction (after corrective measure)

(b) 2.3 MHz  Y direction

(d) 2.3 MHz  Y direction (after corrective measure)

X direction

Y direction

The polarization plane 
in magnetic fields varies 
depending on the direction 
of noise current.
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Fig. 6  EPS system noise measurement results before and after improvement

−20
0.1 1 10 100 1 000

−10

0

10

20

30

40

50

60

70

N
o
is

e
 l
e
v
e
l,
 d

B
 (

µV
/m

)

Frequency, MHz

(a) Vertical polarization
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(b) Horizontal polarization
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3. 2  Checking Correlation by Noise Measurement 
on EPS System

The results of EPS system noise measurements after 

the corrective measures are shown in Fig. 6. Noise 

improvement effect was recognized within the frequency 

range of 1 to 4 MHz. Around 2.3 MHz in particular, an 

improvement effect as much as 10 dB was realized. For 

lack of space, noise source identifi cation results have been 

limited to 2.3 MHz, but in regard to other frequencies as 

well, EPS system noise was similarly improved by means 

of corrective measures against noise sources based on the 

magnetic fi eld strength distribution on the ECU substrate.
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As shown above, the EPS system noise level was 

lowered by corrective measures based on magnetic fi eld 

distribution on the ECU substrate, and therefore EPS 

system noise sources can be identifi ed from the magnetic 

fi eld strength distribution on the ECU substrate.

4.  Conclusion
In this research, it has been shown that EPS system 

noise sources can be identified by measuring magnetic 

field strength distribution on the ECU substrate and 

overlaying it on the substrate image. Noise reduction 

measures, which traditionally have been based on a 

trial-and-error approach, have been improved by this 

electromagnetic noise source identifi cation technology, so 

that the measures have been more effi cient. Furthermore, 

accumulation of a database concerning corrective 

measures and their effectiveness is expected to contribute 

to improved effi ciency in future ECU development.

In  the  fu ture ,  i t  i s  expec ted  tha t  the  use  of 

electromagnetic waves will increase and standards 

concerning the noise environment wil l  become 

increasingly severe. This has led to concerns that much 

time will be required to reduce noise in electronic 

part development, and the accumulation of noise 

countermeasure know-how to enable improvement 

of development efficiency will become increasingly 

necessary. It is hoped that the research results presented 

in this research will be helpful in that regard.
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