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IMPROVED SENSITIVITY IN GROUNDING SEARCH SYST
USING TV SIGNAL FOR PHASE REFERENCE

Tetsuya Tominaga

NTT Multimedia Networks Laboratories
3-9-11 Midori-cho, Musashino-shi, Tokyo 180-8585, Japan

ABSTRACT: Grounding search systems need
improved sensitivity to search more effectively for
grounding routes. The proposed method changes
the phase reference signal source from the search
signal to a TV signal. A minimum signal level of 17
dBuV at the antenna terminal is needed to obtain
the phase reference. Experimentation using the new
system demonstrated an improvement of 40 dB in the
minimum  detectable level , and the phase
measurement deviation improved from 18 degrees

to X8 degrees.

INTRODUCTION

Grounding systems are necessary to protect
equipment in buildings from electromagnetic noise
such as lightning surges and over-voltage caused by
AC power lines. A particularly strong relation exists
between appropriate grounding system design and
reduced incidence of malfunctions from these noises.
IEC and ITU-T have published specifications
governing grounding systems for effective protection
of equipment[1],[2]. A grounding system that uses a
ground riser has been applied to a
telecommunications building[3].
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However, applying these groundi
actual buildings is difficult, because
usually contain grounding wires an
grounding routes.

We had previously developed
search system for more efficient
[4]. This system uses both th
the phase data of the search sigm:
route. It obtains the phase referen:
reference signal, which is overlap
higher frequency than the
sensitivity of the system is limit
which the phase reference sig
which depends on the difference
the search signal and the phase
We focused on studying the
importance in improving searchi

Here, we propose a new
grounding routes that impro
accuracy of phase measure
the phase reference, the confi
the results of measuring th
accuracy of the phase m
described.
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1 Block diagram of our previous
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2. SIGNAL FOR PHASE SEARCH
Figure 1 is a block diagram of our previously
developed system [4]. The phase reference signal,
which uses a burst waveform, is overlapped with the
search signal. The signals are separated by a band
filter (BPF) and the phase reference signal is
generated from the burst signal. To ensure sufficiently
high sensitivity, the search signal is detected using
a lock-in amplifier. However, the lock-in amplifier
cannot be used to detect the phase reference. The
sensitivity of the system is limited to the phase
reference level that can be detected.

We investigated new phase reference sources, apart
from the search signal, to improve its sensitivity. We
examined four sources -- the AC mains wave, TV
signal, Ground Positioning System (GPS) wave, and
Long Range Navigation (LORAN) wave --
for possible application to the system. The phase of
the AC mains wave changes according to the type
of load, and the GPS and LORAN waves cannot
detect signals within a building. Therefore we selected
the TV signal for phase reference because it can be
detected in most areas of a building.

Table 1 presents the results of measuring the TV
signal. A dipole antenna was used as the receiving
antenna of the system, and the output terminal level of
the antenna was measured for the six
environments listed. The level detected was higher
than 22 dBuV.

Figure 2 depicts the NTSC signal waveform. For
the phase reference signal we used a horizontal
synchronous TV signal with a frequency of
15.7345264 kHz and a permissible deviation within
0.003% .

FIGURATT

A block diagram of the new grounding route search
system is shown in Fig. 3. The received TV signal was
amplified and detected by the TV receiver. The
horizontal synchronous signal was separated from the
base-band TV signal using a low pass filter (LPF) its a
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Fig. 3 Block diagram of the proposed
svstem.

Table. 2 Relation between TV signal and
generation of reference signal.

Input voltage Reference
(dBuV) signal
37.7
26.9
16.8
6.00
-3.83
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Fig. 4 Phase Deviation.
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cut-off frequency of 40 kHz. The Lp
reduce the phase deviation caused by tf
reference signal was generated using
and a TTL type reference signal was ge

A search signal was generated to sync
reference signal, using a phased-loc
circuit with a crystal oscillator.

The search signal was detected us
band pass filter (BPF) and two
amplifiers synchronizing the reference s

4. PE ANCE

We fabricated the new grounding route ge
and evaluated its performance. :
The relationship between the anten
voltage and the output of refere
summarized in Table 2. A level higher th;
was needed to obtain a reference signal
the level of the TV wave was above 1
shown in Table 1. This means that the
used in most areas, because the TV si
sufficiently higher than this level, as show:
A deviation in phase difference was fou
the source and the receive signal. The
was injected into a cable and measured
away. The level of the TV signal was 2
signal generator and 47 dBuV for the d
results are shown in Fig. 4. The ph
between the source signal and the
was less than 8 degrees. This means
difference improved from 36 to 16 deg
that the phase difference in this sy
generated by the TV receiver, becau
non-linear devices and BPFs are used in
The sensitivity of the system was mea
experimental setup shown in Fig. 5. A
200 Hz to 40 kHz and the search signa
directly to the receiving unit of the
experiment, the level of white noise wa
kHz. We changed the ratio of the s
the noise level. The measurement result
Fig. 6. The system reported in Ref.
comparison. For that system, the searc



the noise level by more than 15 dB.
sosed system, however, was able to detect a
gnal at levels below 25 dB. This means that
system improved the sensitivity by about 40
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. developed a new grounding route search
vith improved sensitivity and precision. A TV
| synchronous signal is used as the new
e signal. The new system improves the
, by 40 dB and reduces the phase detection
m 36 down to 16 degrees.

1}}re work we hope to reduce the phase
“; error still more.
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