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1.   Introduction

The Network Interface Engineering Group pro-
vides technical support in relation to Internet protocol 
(IP) network services such as FLET’S HIKARI 
NEXT. This includes analyzing the Ethernet interface 
between terminal equipment and telecommunica-
tions equipment as well as analog line and ISDN 
(Integrated Services Digital Network) interfaces 
comprising gateways and private branch exchange 
(PBX) equipment.

We introduce here a case study in which we applied 
our analysis methods to determine why a Group 3 
(G3) facsimile (fax) machine accommodated by PBX 
equipment would sometimes fail to transmit fax data 
to a specific party. 

2.   Case study overview and 
investigation method

The customer was using a G3 fax machine con-
nected to PBX equipment. The customer found that 
the transmission of fax data from this machine to a 
specific party would occasionally fail.

The approach taken by maintenance personnel in 

past cases of fax machine transmission problems was 
to replace the outer-line package for Hikari Denwa 
use or the extension package for fax use housed 
within the PBX equipment, or to change the transmis-
sion level of the fax signal. This time, however, the 
problem could not be solved with that approach, and 
the Technical Assistance and Support Center was 
asked to investigate the cause of the problem.

To collect data at the time of failure occurrence, we 
installed packet capture equipment in the Ethernet 
interval and a G3 facsimile tester in the analog line 
interface and proceeded to collect and analyze IP 
packets and fax signals (Fig. 1).

3.   Analysis of collected data

(1)	 Ethernet 
No anomalies were found in the Session Initiation 

Protocol (SIP) communication sequence for Hikari 
Denwa call control. In addition, no packet losses or 
abnormal packet arrival intervals that could cause the 
failure could be found in the Real-time Transport 
Protocol (RTP) packets carrying the fax signal.
(2)	 Analog line interface 

The sender fax communication sequence of the 
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reporting customer and the receiver fax communica-
tion sequence of the other party as collected by the 
G3 facsimile testers are shown in Fig. 2.
(3)	 Sender fax communication sequence 

The sender fax sends an EOP (end of procedure) 
signal after sending the image signal. However, as no 
MCF (message confirmation) signal is received from 
the receiver fax, the sender fax sends a DCN (discon-
nect command) signal and disconnects the communi-

cation (Fig. 2(a)).
(4)	 Receiver fax communication sequence 

After receiving the image signal, the receiver fax 
sends a DCN signal before receiving an EOP signal 
from the sender side and disconnects the communica-
tion (Fig. 2(b)).

Therefore, we conducted a detailed analysis to find 
out why the receiver fax was disconnecting in this 
manner.

Fig. 1.   Connection configuration and data-collection points.
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Fig. 2.   (a) Sender fax communication sequence; (b) receiver fax communication sequence.
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4.   Analysis of audio data using Audacity

We extracted RTP packets from captured Ethernet 
data on the receive side at the time of failure and ana-
lyzed the audio files saved for each call made and 
received using Audacity*1 software. In our analysis, 
we found a particular signal that could not be recog-
nized by the G3 facsimile tester (Fig. 3, red-framed 
box).

This signal differed from the TCF (training check 
function) signal and image signal transmitted by the 
sender fax, while it had the same signal transmit time 
and signal frequency as the CFR (confirmation to 
receive) signal transmitted by the receiver fax 
(Table 1, red-framed box).

The above results suggest that this signal was an 
echo*2 of the CFR signal transmitted by the receiver 
fax and that it originated in the extension package of 
the PBX equipment on the sender side (2-line/4-line 
converter), as shown in Fig. 4.

5.   Cause of failure

It was thought that a CFR echo of approximately 
–45 dBm or greater generated in the extension pack-
age of the PBX equipment (2-line/4-line converter) 
would exceed the receive-level threshold of the 

receiver fax. This echo would consequently be erro-
neously recognized as a signal from the sender fax, 
causing this failure to occur. The signal level of the 
CFR echo during normal operation was approxi-
mately –70 dBm (Fig. 5).

6.   Countermeasures

We considered that the receive-level threshold of 
the receiver fax could be raised so that the echo would 
not exceed that threshold, or that the transmit level of 
the receiver fax could be lowered so as to reduce the 
echo and prevent it from being recognized as a valid 

Fig. 3.   Results of analyzing audio file using Audacity.

R
ec

ei
ve

S
en

d
TCF

CFR DCN

Image signal

12.0

0.2

0.1

0.0

−0.1

−0.2

13.0 14.0 15.0 16.0 17.0 18.0 19.0 21.0 22.0 23.0

0.2

0.1

0.0

−0.1

−0.2

20.0

Table 1.   Results of signal analysis.

CFR Detected signal

Signal transmit time Approx. 1350 ms Approx. 1350 ms

Signal frequency Approx. 1650 Hz Approx. 1650 Hz

Signal level Approx. –18 dBm Approx. –45 dBm

*1	 Audacity: Audio editing software that allows for data editing 
while viewing graphs (waveforms/spectra) that visually represent 
the content of the audio file. http://www.audacityteam.org/

*2	 Echo: G3 facsimiles (V.17 and beyond) operate on half-duplex 
communications, which means that the transmit-control section 
uses the same frequency band for both send and receive signals. 
Consequently, if the echo is large, the echo of the transmit signal 
when transmit control switches between send and receive may be 
mistaken for a signal transmitted by the other party, giving rise to 
an anomaly in transmit control.

	 (Excerpted from CIAJ (Communications and Information Net-
work Association of Japan) standard CES-Q006-1: Guidelines on 
VoIP-TA/Facsimile Terminals When Accommodating Facsimile 
Terminals via VoIP-TA in IP-PBX, 3.1.1.3 Effects of Echo, Oct. 
2007 (in Japanese).)

	 http://www.ciaj.or.jp/gazou/guideline/guide_uns.pdf

http://www.audacityteam.org/
http://www.ciaj.or.jp/gazou/guideline/guide_uns.pdf
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signal.  
However, because the receiver fax was a model for 

which the receive-level threshold could not be changed, 
we lowered the transmit level in 1-dB increments and 
found that lowering it by 2 dB was enough to prevent 
the reoccurrence of this event. We considered that this 
was because the echo would no longer exceed the 
receive-level threshold of the receiver fax at that 
transmit level, thereby preventing the echo from 
being mistakenly recognized as a signal from the 
sender fax.

7.   Conclusion

In IP network services, devices with analog line or 
ISDN interfaces may be used in configurations con-
sisting of gateways and PBX equipment. Solving 
problems in such configurations requires a combina-
tion of measurement equipment and analysis methods 
for each type of interface. 

The case study presented here showed how analyz-
ing analog line interface signals and Ethernet data 
made it possible to solve a puzzling problem. Going 
forward, the Technical Assistance and Support Center 
aims to continue its work in solving difficult  

Fig. 4.   Echo generation at 2-line/4-line converter.
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problems through the use of diverse tools and the 
analysis of signals and data for a variety of interfaces.


