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1.   Introduction

Many kinds of devices such as telephones, personal 
computers (PCs), and televisions incorporate com-
munication functions. These devices are connected to 
the Internet through a home gateway. In this environ-
ment, a conducted disturbance that is generated by a 
fault in one device can lead to malfunctions in other 
devices such as audible noise in a telephone or a com-
munication error in a PC. 

When a malfunction occurs, the conducted distur-
bance source (i.e., the device with the fault) needs to 
be identified and then repaired or removed. However, 
in a communication environment in which multiple 
communication devices and home appliances are 
connected to the same mains and telecommunication 
network, identifying the conducted disturbance 
source can be extremely difficult. If the source cannot 
be identified, it becomes necessary to reduce the con-
ducted disturbance by inserting a noise filter, for 
instance, a common-mode choke coil, on the tele-
communication line (telephone line, Ethernet cable, 
etc.) and/or the mains line of the malfunctioning tele-
communication devices affected by the conducted 
disturbance.

However, a countermeasure based on the insertion 

of a noise suppression filter incurs a cost and might 
have to be applied to another connected device if it is 
later found to be affected by a conducted disturbance. 
Accordingly, identifying the conducted disturbance 
source and repairing or removing the source is a more 
effective countermeasure than inserting noise filters. 

Therefore, the EMC Engineering Group has pro-
posed a simple and efficient method for identifying a 
conducted disturbance source and has constructed a 
prototype device for identifying the direction of con-
ducted disturbance propagation. This article describes 
this simple method for identifying the conducted dis-
turbance source and explains the effectiveness of the 
prototype device. 

2.   Background

When responding to a malfunction in telecommuni-
cation equipment caused by a conducted disturbance, 
maintenance personnel use the following procedure 
to identify the conducted disturbance source in the 
field.
(�) Measurement of conducted disturbance:

  Measure the conducted disturbance voltage and 
frequency at the telecommunication or mains 
port of the telecommunication equipment 
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affected by the conducted disturbance. (A noise 
search tester can be easily used for measuring 
the voltage and frequency.)

(�)  Relationship between conducted disturbance 
and malfunction: 

  Confirm that the malfunction occurs synchro-
nously with the conducted disturbance.

(3)  Check the flow of the conducted disturbance 
current: 

  Compare the conducted disturbance voltage 
levels at telecommunication and mains ports. 
Estimate the conducted disturbance current 
from the comparison results.

(4)  Identify the conducted disturbance source:
  Find the conducted disturbance source with the 

highest voltage level and repair or replace it.
The conducted disturbance source can generally be 

identified by following the above procedure. How-
ever, when a malfunction is caused by a fault in the 
power supply section of a device, and multiple devic-
es are connected to the same mains line via a multi-
plug, the same conducted disturbance voltage level 
would be measured at all of the mains ports of each 
device. To identify the conducted disturbance source 
in this case, we need to turn off the power supplies of 
all connected devices. However, it is not usually pos-
sible to turn off the power supplies of all devices.

There is therefore a need for a device that can iden-
tify a conducted disturbance source and the direction 
of its propagation even when conducted disturbance 
voltage levels are identical. 

3.   Identifying conducted disturbance source

3.1   Principle
Conducted disturbance voltage measurement can 

only be applied to check the level of conducted dis-
turbance voltage, which may be ineffective for iden-
tifying the conducted disturbance source, as described 
previously. Therefore, we focus on the direction of 
conducted disturbance current. However, measuring 
only the conducted disturbance current does not 
establish which direction the current is flowing. 

To resolve this problem, we have developed a 
method for identifying the direction of conducted 
disturbance propagation by simultaneously measur-
ing conducted disturbance voltage and current [�]. A 
diagram of the proposed method is shown in Fig. 1. A 
capacitive voltage probe and current probe are used to 
measure the conducted disturbance voltage and cur-
rent.

As shown in Fig. �, the current probe has polarity. 
If this polarity points in the same direction as the flow 
of conducted disturbance current, the voltage and 
current will be in phase (the time waveforms of volt-
age and current are superposed), but if it points in the 
opposite direction, the voltage and current will be out 
of phase (the time waveforms of voltage and current 
are offset). This feature can be used to identify the 
direction of conducted disturbance propagation.

3.2   Prototype
An external view of the device used to identify the 

Fig. 1.   Basic principle of identifying direction of conducted disturbance propagation.
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direction of conducted disturbance propagation that 
we developed is shown in Fig. 2. We call this device 
a Noise Direction Detector (NDD). The NDD has 
capacitive voltage and current probes for measuring 
conducted disturbance voltage and current, a signal 
processing section that inputs measured conducted 
disturbance current and voltage, and a display section 
for presenting the results of calculating the conducted 
disturbance propagation direction. The display sec-
tion is a tablet terminal with a touch screen. 

The display section is shown in Fig. 3. If conducted 
disturbance current is flowing in the same direction 
as the orientation of the current probe, the measured 
values will be displayed in the positive direction on 
the graph. If current is flowing in the opposite direc-
tion, the values will be displayed in the negative 
direction. The results shown in Fig. 3 are those for a 

conducted disturbance current flowing in the same 
direction as the orientation of the current probe.

4.   Evaluation of NDD

We present a case study in which the NDD was 
applied and the conducted disturbance source was 
identified for a telecommunication malfunction that 
occurred inside a telecommunication building.

4.1   Malfunction overview and facility layout
A customer claimed to be experiencing telecom-

munication errors on a digital circuit that made the 
customer’s system unusable. Maintenance personnel 
checked the telecommunication conditions and con-
firmed that telecommunication errors were occurring. 
The customer’s facility layout is shown in Fig. 4. In 
this layout, the digital service unit (DSU) has tele-
communication and mains ports. The mains port of 
the DSU is connected to an uninterruptible power 
supply (UPS) in the power room via a power distribu-
tion frame.

4.2   Measurement of conducted disturbance
It was necessary to verify that the communication 

errors that were occurring were due to conducted 
disturbance. The conducted disturbance voltage was 
measured in both the telecommunication and mains 
ports of the DSU. The measurement results revealed 
conducted disturbance voltage with a peak at about 
�00 kHz superposed on the transmission band of the 
digital circuit. In addition, the conducted disturbance 
voltage level at the mains port of the DSU was higher Fig. 2.   Photo of NDD.
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than that of the telecommunication port, so it was 
inferred that the conducted disturbance was propagat-
ing via the mains port of the DSU.

4.3    Identification of conducted disturbance 
source

Conducted disturbance measurements therefore 
confirmed that the conducted disturbance was propa-
gating from the mains port of the DSU. However, 
many power supply lines and communication lines 
are laid under double floors in telecommunications 
buildings, as shown in Fig. 5, and furthermore, many 
units of communication equipment are connected via 
a power distribution frame.

Consequently, when the conducted disturbance 
voltage of power supply lines connected to the power 
distribution frame was measured, nearly the same 
level of conducted disturbance voltage was observed 
on all power supply lines that were measured. The 
NDD was therefore applied to this power distribution 
frame to determine the conducted disturbance propa-
gation path.

The orientations of current probes are shown in 
Fig. 6, and the measurement results are shown in 
Fig. 7. These results revealed that the conducted dis-
turbance was propagating from the upper side (power 
room side) of the power supply line. Then, the same 
kinds of measurements were repeated, and the source 
of the conducted disturbance was soon found to be 
the UPS unit installed in the power room. The UPS 
manufacturer was consulted, and it was found that a 
UPS component had failed. The UPS unit was 
replaced, which eliminated the malfunction in the 

DSU.

5.   Conclusion

We reported on the development of a device used 
for identifying the direction of conducted disturbance 
propagation and confirmed that the device was effec-
tive in identifying an actual communication malfunc-
tion that occurred inside a telecommunication build-
ing. We plan to develop a more compact version of 
this equipment for use in field operations.

Malfunctions in telecommunication equipment due 
to conducted disturbance can occur in all types of 
places including telecommunication buildings, inside 
homes, and even outdoors. Looking forward, the 
EMC Engineering Group of the Technical Assistance 
and Support Center is committed to participating in 
technology dissemination activities such as technol-
ogy collaboration, technology development, and 
technology seminars to contribute to the prompt reso-
lution of malfunctions in telecommunication  

Fig. 4.   Facility layout.
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equipment and the smooth provision of telecommuni-
cation services.
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Fig. 6.   Measurement system.
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Fig. 7.   Measurement results.
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