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1.   Introduction

An electromagnetic disturbance generated from 
malfunctioning electric/electronic equipment may 
affect the telecommunication signals being transmit-
ted on a copper cable. An electromagnetic distur-
bance may cause problems in telecommunication 
networks such as audible noise in analog telephones, 
connection loss or quality degradation of Asymmetric 
Digital Subscriber Lines (ADSLs), and transmission 
errors on Integrated Services Digital Network (ISDN) 
lines. To solve these problems, it is necessary to iden-
tify the source of the electromagnetic disturbance and 
remove it. However, this is difficult to do in many 
cases in the field. An electromagnetic interference 
suppression (EMI) filter is useful for removing such 
disturbance when the source of the disturbance can-
not be identified. However, to use an EMI filter, ser-
vice personnel need to use special techniques, such as 
measuring the frequency of the disturbance and 
selecting the appropriate EMI filter. Moreover, if an 
electromagnetic disturbance randomly appears in the 
cable, it takes time to determine the characteristics of 
the disturbance. Therefore, Technical Assistance and 
Support Center (TASC), NTT EAST, developed a 

new measurement tool for removing electromagnetic 
disturbance last year. The tool, called intelligent noise 
filter, can be used to automatically measure the fre-
quency of the electromagnetic disturbance and auto-
matically insert the appropriate EMI filter built into 
the device into the copper cable [1]. This article 
introduces key features of and how to use the intelli-
gent noise filter.

2.   Key features of the intelligent noise filter

There are many types of EMI filters according to 
the frequency range and telecommunication services. 
Therefore, the intelligent noise filter is used to mea-
sure the frequency range of the electromagnetic dis-
turbance, making it possible to select the most appro-
priate EMI filter. 

A photograph of the intelligent noise filter is shown 
in Fig. 1(a). It is 45 mm in height, 175 mm in width, 
and 125 mm in depth and weighs about 500 g. Since 
it can operate for about 200 hours on four AA alkaline 
batteries, its power supply at the installation site is 
not a matter of concern. We also developed three 
types of EMI filters for permanent measures, as 
shown in Fig. 1(b). Each filter has the same attenuation 
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characteristic in accordance with the frequency range 
specified by the main unit of the intelligent noise fil-
ter. When the frequency range of the electromagnetic 
disturbance is determined using the intelligent noise 
filter, we can replace the built-in EMI filter with the 
appropriate newly developed EMI filter. 

2.1   Noise measurement and filter specifications
The specifications of the intelligent noise filter and 

the newly developed EMI filters are listed in Table 1. 
The intelligent noise filter detects and suppresses 
noise. To detect noise, the intelligent noise filter mea-
sures the frequency range of an electromagnetic dis-
turbance between 2 kHz to 12 MHz. This frequency 
range is also divided into three bands: 2 to 15 kHz 
(Low), 15 to 300 kHz (Mid), and 0.3 to 12 MHz 
(High). To suppress noise, the built-in EMI filters 
attenuate noise in accordance with three frequency 
bands. 

The newly developed EMI filters have the same 
specifications as the built-in EMI filters in terms of 
frequency range and attenuation level. Common 
mode attenuation, which indicates how much electro-
magnetic disturbance can be suppressed, is 40 dB or 
more in any frequency range. Differential mode 
attenuation, which indicates the attenuation of the 

telecommunication signal, is 1.5 dB or less when they 
are installed in an analog line and 3 dB or less when 
installed in a digital line. 

Both the built-in EMI filters and the newly devel-
oped EMI filters effectively suppress electromagnetic 
disturbance while minimizing its impact on commu-
nication quality. 

2.2   Noise detection
The intelligent noise filter automatically detects the 

frequency range of an electromagnetic disturbance 
and turns on an indicator corresponding to the detect-
ed frequency range (Low, Mid, or High). Electromag-
netic disturbance voltage of –20 dBV (0.1 V) or 
higher can be detected, and it is possible to adjust the 
detection voltage level from –10 dBV (0.3 V) to –40 
dBV (0.01 V) by adjusting the detection sensitivity 
volume. 

2.3   EMI-filter-installation mode
The intelligent noise filter has two modes, i.e., 

manual and automatic, to install one of the built-in 
EMI filters according to the detected frequency 
range. 
Manual mode

The appropriate built-in EMI filter can be applied 
by pressing the button corresponding to the detected 
disturbance-frequency range indicated by the illumi-
nated indicator.
Automatic mode

When an electromagnetic disturbance is detected, 
the built-in EMI filter corresponding to that frequen-
cy range is automatically applied. The application 
flow of the corresponding filter when automatic 

Fig. 1.   �(a) Intelligent noise filter and (b) newly developed 
EMI filters.

(a) Intelligent noise filter (with built-in EMI filters)

(b) Newly developed EMI filters

High

Table 1.   �Specifications of the intelligent noise filter and 
newly developed EMI filters.

Item Performance

Frequency range

Low 2 k–15 kHz

Mid 15 k–300 kHz

High 300 k–12 MHz

Common mode attenuation

Low 40 dB or more

Mid 40 dB or more

High 40 dB or more

Differential mode attenuation

Low 1.5 dB or less (600 Ω),
3 dB or less (110 Ω)

Mid 1.5 dB or less (600 Ω),
3 dB or less (110 Ω)

High 1.5 dB or less (600 Ω),
3 dB or less (110 Ω)
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mode is set is shown in Fig. 2.

2.4   Using the intelligent noise filter
The intelligent noise filter is used according to the 

following procedure. 
(1)	� Install the intelligent noise filter on a copper 

cable, on which audible noise, transmission 
error, or other problems caused by electro-
magnetic disturbance have occurred, and 
switch its power supply on.

(2)	� When an electromagnetic disturbance occurs, 
the intelligent noise filter automatically 
detects it, and the indicator corresponding to 
the detected frequency range is illuminated. In 
manual mode, a service personnel presses the 
button corresponding to the detected frequen-
cy range to apply the appropriate built-in EMI 
filter (Low, Mid, or High). In automatic mode, 
the intelligent noise filter automatically 
applies the built-in EMI filter that corresponds 
to the frequency range of the detected noise. 

(3)	� After confirming the effect of the built-in EMI 
filter, that filter is replaced with the corre-
sponding newly developed EMI filter (Low, 
Mid, or High) for permanent measures.

3.   Countermeasures using the intelligent 
noise filter

Practical countermeasures using the intelligent 
noise filter are described in this section.

3.1   �Countermeasure against telecommunication 
problems occurring on an ADSL

A customer who uses an ADSL reported that a link 
down of the ADSL frequently occurs. Although local 
service personnel took countermeasures such as 
replacing the ADSL modem, the link down could not 
be resolved. Therefore, TASC investigated the elec-
tromagnetic disturbance and implemented a counter-
measure by using the intelligent noise filter (Fig. 3). 

First, when the intelligent noise filter was installed 
between the ADSL modem and splitter, the Mid indi-
cator was illuminated (Fig. 4(a)). Then, when the 
button of the Mid filter was pressed, i.e., the built-in 
EMI filter (Mid) was applied, the link down of the 
ADSL was resolved (Fig. 4(b)). Finally, TASC 
replaced the built-in EMI filter (Mid) with the newly 
developed EMI filter (Mid) for permanent measures.

The transmission rate of the ADSL was improved 
by installing the appropriate newly developed EMI 
filter. The results of the measured bit maps before and 

Fig. 2.   Flow of applying built-in EMI filter when automatic mode is set.
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after installing the filter are shown in Fig. 5. Trans-
mission rate increased from 400 kbit/s to 1 Mbit/s on 
the uplink and from 130 kbit/s to 3 Mbit/s on the 
downlink.

TASC also investigated the source of the electro-
magnetic disturbance and found that it was being 
generated by the power conditioner of a photovoltaic 
power system installed near the customer’s house. 
The noise was being transmitted through the power 

line cable and induced in the telecommunication 
cable, which was laid out parallel to it, thereby affect-
ing the ADSL signal.

3.2   �Countermeasure against audible noise occa-
sionally heard on 3.4k leased line

A customer who uses a 3.4k leased line between 
two locations reported an audible noise (a “bee” 
sound) mixed into the telephone signal at an occur-
rence frequency of once a week. Local service per-
sonnel had difficulty in responding to the problem 
because the audible noise was not generated when 
they visited the customer’s house. Therefore, TASC 
investigated the noise and implemented a counter-
measure using the intelligent noise filter (Fig. 6).

The intelligent noise filter was installed between 
the leased-line terminal and arrester in the customer’s 
house. Since the disturbance occurred sporadically, 
the automatic-mode button was pressed to detect and 
monitor the disturbance for one week (Fig. 7(a)). 
After that week, the customer informed us that the 
audible noise no longer occurred, so when the service 
personnel visited, the Low indicator was illuminated 
and the built-in EMI filter (Low) was applied auto-
matically (Fig. 7(b)). Subsequently, that filter was 
replaced with the newly developed EMI filter (Low). 
It was found that low-frequency noise entered the 
power line cable. Thus, the source of the disturbance 
was determined as the power-supply unit or the 
power-supply source that starts up irregularly. 

Fig. 3.   Configuration of customer’s equipment and telecommunication network.
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Fig. 4.   Operation screen of intelligent noise filter.

(a) When electromagnetic disturbance is detected

(b) When the built-in EMI filter is applied
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4.   Concluding remarks

The key features of the intelligent noise filter devel-
oped by TASC were introduced and actual counter-
measures against telecommunication problems 

caused by electromagnetic disturbance were 
described. From these countermeasures, using the 
intelligent noise filter makes it possible to recover 
from telecommunication problems caused by electro-
magnetic disturbance without the need for specialist 

Fig. 5.   Bitmaps before and after installation of the newly developed EMI filter.
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Fig. 6.   Configuration of customer’s equipment and telecommunication network.
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skills; accordingly, it is expected to alleviate the 
implementation of countermeasures against such 
problems. 

To reduce telecommunication problems caused by 
electromagnetic disturbance, radio, induction, light-
ning, etc., and improve the reliability of telecommu-
nication services, the EMC Engineering Group in 
TASC will continue to actively engage in technical 
cooperation and development and disseminate their 
technologies through activities such as technology 
seminars.
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Fig. 7.   �Operation screen of intelligent noise filter (automatic 
mode).

(a) When the automatic mode button is pressed

(b) When the built-in EMI filter (Low) is automatically applied


